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· Subchapter O in chapter I of title 40 503.:?5 Operational standards-pathogens requirements, pollutant limits, 
of the Code of Federal Regulations is · 2nd ve~or attraction reduction. management practices, and operational 

503.26 _Frequency of monitoring. a:niinded by adding part 503, which .. - standards, for. the final usa or disposal· 503.27 Record1'eepfng:-·---- . reads as follows: of sewi:ge sludge generated during the 
503.28 ~epcrting. treatment of domestic sewage in a SU3CHAPTER 0-SEWAGE s:..UDGE Subpa:'t D-Pat.,ogens and Vector treatment works. Standards are included 

FART 503-STANOARCS FOR THE Attraction Reduction in this part far sewage sludge applied to 
USE OR DISPOSAL OF SEW A~E 503.30 Scooe. the land, placed on a surface disposal 
SLUDGE 503.31 Special definitions. site, or fired in a sewage sludge 

503.32 Pathogens. incinerator. Also included in this part 
Subpart A-General Provislcns 503.33 Vector attraction reduction. are pathogen and alternative vector 
Sec. Subpart E~ncineration attraction reduction requirements for 
503.1 Purpose and applicability. sewage sludge applied to the land or 503.40 Applicability. 
503.2 Compliance period. . 503.41 Special definitions. placed on a surface disposal site. 
503.3 Permits and di.,-ect enforceability 503.42 General requirements. (2) bl addition, the standards in this 503.4 Relationship to' other regulations. 503.43 Pollutant limits. part include the frequency of 503.5 Additional ~r more stringent 5C3.44 Operational stanc!a=.d-total · monitoring and recordkeeping requirements. hydrocarbons. :· 
503.6 Exclusions. requirements wh,m sewage sludge is 503 . .;5 Management practices. 
503.7 Requirement for a person who applied to the land, placed on a surface 503.46 Frequency of monitoring. 

prepares sewage sludge. disposal site; or fired in a sewage sludge 503.47 Recordkeeping. 
503.8 Sampiing and analysis. 503.48 Reporting. incinerator. Also included in this part 
503.9 General definitions. are reporting requirements far Class I 
Subpart B-Land. Application Appendix A to Part 503-Procedure to sludge management facilities, publicly 

Determine the '-nnual Whole Sludge owned treatment works (POTWs) with a 503.10 Applicability. 
503.11 Special definitions. Application Rate for a Sewage Sludge design flow rate-equal to or greater than 
503.li General requirements. one million gallons.per day, and P01Ws 
503.13 Folluta:it limits. Apj,endix B to Part 503-P:sthogen that serve 10,000 people or.more. 
503.14 Management practices. Treatment Processes (b) Applicability. (1) This part applies 
503.15 Operational standards-pathogens to any person who prepares sewage · and vector attractio!I. reduction. Authority: Sections 405 (d) and (e) of the 
503 6 F r · · · Clean Water A.ct, as amended by Pub. L. 95- sludge, applies sewage sludge to the . 

.l requency O rnomtonng. 217, Sec. 54(d), 91 Slat.1591 (33 U.S.C.1345 land, or fires sewage sludge in a sewage 
503.17 Recordkeeping. (d) and (ell: and Pub. L.100-4, Title IV, Sec. 
503 18 sludge incinerator and to the owner/ 

· Reporting. 406 (a), (b), 101 Stat., 71, 72 (33 U.S.C. 1251 operator of a surface dispc;,sal site. 
Subpart C-Surface Oiaposal et seq.). · 

(2) 1:"his part applies to sewage sludge ~ .. 
503.20 Applicability. . . . . applied to.theland, placed on a surface - _ 503.21 Special definitions. ··Subpart A-General Provisions O disposal site; or fired in a sewage sludge 503.22 General requirements. . • 

§ 503.1 Purpose and applicability. incinerator. · ·· · 503.23 Pollutant limits (other than domestic 
septage). · (a) Purpose. (1) This.part establislies (3) This part applies to the ·exit gas · 

503.24 Management practices. standards, which consist or general from a sewage sludge incinerator stack. 
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(4) This part applies to land where 
sewage sluage is applied, to II surface 
disposa1 site, and to a sewage sludge 
incinerator. 

f503.2 Compliance period. 
(a) Compliance with the standards in 

this part shall be achieved as 
expeditlously as practicable, but in no 
case later than February 19, 1994. When 
complianc. with the standards requires 
construction or new pollution control 
faciliUes, compliance with the standards 
shall be achieved as expeditiously as 
practicable, but in no case later than 
February 19, 1995. 
_ (b) The requirements for frequency of 

monitoring, record.keeping, and 
reporting in this part for total 
hydrocarbons in the exit gas from a 
sewage sludge incinerator are effective 
February 19, 1994 or, if compliance 
with the operational standard for total 
hydrocarbons in this part requires the 
construction of new pollution control 
facilities, February 19, 1995. 

(c) All other requirements for 
frequency or monitoring, recordkeeping, 
and reporting in this part are effective 
on July 20, 1993. 

5 503.3 Permits and direct enforceability. 
(a) Permits. The requirements in this 

part may be implemented through a 
permit: 

(1) Issued to a "treatment works 
treating domestic sewage", as defined in 
40 CFR 122.2, in accordance with 40 
CFR parts 122 and 124 by EPA or by a 
State that has a State sludge 
management program approved by EPA 
in accordance with 40 CFR part 123 or 
40 CFR part 501 or 

(2) Issued under subtitle C of the 
Solid Wasta Disposal Act; part C of the 
Safa Drinking Water Act: the Marine 
Protection, Research, and Sanctuaries 
Act of 1972; or the Clean Air Act. 
"Treetment works treating domestic 
sewage" shall submit a permit . 
applicttion !n accordance with either 40 
CFR 122.21 or an approved State 

PTo'f~ enfo~bility. ~o person 
shall use or dispose of sewage sludge 
through any practice for which 
requirements are established in this part 
except in accordance with such 
requirements. 

5503,4 RetatJonahlp tooth« regulatlona. 
Disposal of sewage sludge in a 

munl$=ipal solid waste landfill unit, as 
defined in 40 CFR 258.2, that complies 
with the requirements in 40 CFR part 
258 constitutes compliance with section 
405(d) ortha CW.A. Any person who 
prepares sewage sludge that is disrosed 
in a municipal solid waste landfil unit 

shall ensure that the sewage sludge 
meets the requirements in 40 CFR part 
258 con~eming the quality of materials 
disposed in a municipal solid waste 
landfill unit. 

S 503.5 Additional or more atringent 
requlremenu. 

(a) On a case-by-case basis, the 
permitting authority may impose 
requirements for the use or disposal of 
sewage sludge in addition to or more 
stringent than the requirements in this 
part when necessmy to protect public 
health and the environment from any 
adverse effect of a pollutant in the 
sewage sludge. 

(b) Nothing in this part precludes a 
State or political subdivision thereof or 
interstate agency from imposing 
requirements for the use or disposal of 
sewage sludge more stringent than the 
requirements irtiliis part or from 
imposing additional requirements for 
the use or disposal of sewage sludge. 

S 503.6 Exclualona. 
(a) Treatment processes. This part 

does not establish requirements for 
processes uses{ to treat domestic sewage 

. or for processes used to treat sewage 
sludge prior to final use or disposal, · 
except as provided in § 503.32 and 
§ 503.33. ----

(b) Selection of a use or disposal · 
practice. This part-does not require the 
selection of a sewage sludge use or 
disposal practice. The determination of 
the manner in which sewage sludge is 
used or disposed is a local · 
determination. 

(c) Co-firing of sewage sludge. This 
part does not establish requirements for 
sewage sludge ca:fired in an incinerator 
with other wastes or for the incinerator 
in which sewage sludge and other 
wastes are co-fired. Other wastes do not 
include auxiliary fuel, as defined in 40 
CFR 503.41(b), fired in a sewage sludge 
incinerator. 

(d) Sludge generated at an industrial 
facility. This part does not establish 
requirements for the use or disposal or 
sludge generated at an industrial facility 
during the treatment of industrial 
wastewater, including sewage sludge .. 
generated during the treatment of 
industrial wastewater combined with 
domestic sewage.. . • 

(e) Hazardous sewage sludge. This 
part does not establish requirements for 
the use or disposal of sewage sludge 
determined to be hazardous in 
accordance with 40 CFR part 261. 

(0 Sewage sludge with high PCB 
concentration. This part does not 
establish requirements for the use or 
disposal of sewage sludge with a 
concentration of polychlorinated 

biphenyls (PCBs) equal to or greater 
than 50 milligrams per kilogram of total 
solids'(dry weight basis). 

(g) Incinerator ash. This part does not 
establish requirements for the use or 
disposal of ash generated during the 
firing of sewage sludge in a sewage 
sludge incinerator. 

(h) Grit and screenings. This part does 
not establish requirements for the use or 
disposal of grit (e.g., sand, gravel, _ 
cinders, or other materials with a high 
specific gravity) or screenings (e.g., 
relatively large materials such as rags) 
generated during preliminary treatment 
of domestic sewage in a treatment 
works. · 

(i) Drinking water treatment sludge. 
This part does not establish 
requirements for the use or disposal of 
sludge generated during the treatment of 
either surface water or ground water 
used for drinking water. 

(j) Commercial and industrial septage. 
This part does not establish 
requirements for the use or disposal of 
commercial septage, industrial septage, 
a mixture of domestic septage and 
commercial septage, or a mixture of 
domestic septage and industriaheptage. 

1503.7 Requirement for• peraon who . 
prepare• aewag• aludge. 

Any person who prepares sewage 
sludge shall ensure that the applicable 
requirements in this part are met when 
the sewage sludge is applied to the land, 
placed on a surface disposal site, or 
fired in a sewage sludge incinerator. 

I 503.8 Sampling and analysis. 

(a) Sampling. Representative samples 
of sewage sludge that is applied to the 
land,,placed on a surface disposal site, 
or fired in a sewage sludge incinerator 
shall be collected and analyzed. 

(b) Methods. The materials listed 
below are incorporated by reference in 
this part. These incorporations by 
reference were approved by the Director 
of thc1 Federal Register in accordance · 
with 5 U.S.C. '552(a) and l CFR part 51. 
The materials are incorporated as they · 
exist on the date or approval, and notice 
of any change in these materials will be 
published in the Federal R.egiater. They 
are available for inspection at the Office 
of the Federal Register, 7th Floor, suite 
700, 800 North Capitol Street, NW., 
Washington, DC, and at the Office of . 
Water Docket, room lr-102, U.S. 
Environmental Protection Agency, 401 
M Street, SW., Washington, DC. Copies 
may be obtained from the standard • . 
producer or publisher listed in the 
regulation. Methods in the materials 
listed below shall be used to analyze · · 
samples of sewage slu~ge. 
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(1) Enteric: viruses. ASTM I 503.9 General deflnltiona. limited to, fruits, vegetables, and 
Designation: D 4994-89, "Standard (a) Apply sewage sludge or sewage tobacco. 
Practice for Recovery of Viruses From •• sludge applied to the land means land (m) .Ground water is water below the 
Wastewater Sludges", 1992 Annual application of sewage sludge. , land surface in the saturated zone. 
Book of ASTM Standards: Section 11- Cb) Base flood is a flood that has a one (n) Industrial wastewater is 
Water and Environmental Technology, percerifchance of occurring in -any wastewater generated in a commercial 
ASTid, 1916 Race Street, Philadelphia, given year (i.e., a flood with a or industrial process. 
PA 19103-1187. . magnitude e~ed once in 100 years). . (o) Munic:ipality means a city, town, 

(c) Class I sludge managementfacility.· borough, county, parish, district, 
(2) Fecal coliform. Part_ 9221 E. or Part is any publicly owned treatment works association, or other public body 

9222 D., "Standard Methods for the· (POTW), as defined in 40 CFR 501.2;··· (including an intennunic.1pal Agency of 
Examination of Water and Wastewater" -required to have an approved two or more of the foregoing entities) 
18th Edition, 1992, American Public pretreatment program under 40 CFR created by or under State law; an Indian 
Health Association, 1015 15th Street, 403.B(a) (including any P01W located tribe or an authorized Indian tribal 
NW., Washington, DC 2'0005. in a State that has elected to assume organization having jurisdiction over 

(3) Helminth ova. Yanko, W.A., local program responsibilities pursuant sewage sludge management; or a · · · 
"Occurrence of Pathogens in . to 40 CFR 403.l0(e)) and any treatment designated and approved management 
Distribution and Marketing Municipal works treating domestic sewage, as Agency under section 208 of the CW A, 
Sludges", EPA 600/1~7--014, 1987. defined in 40 CFR 122.2, classified as a · as amended. The definition includes a 
National Technical Information Service, Class I sludge management facility by special district created under State law, 
5285 Port Royal Road, Springfield, the EPA Regional Administrator, or, in such as a water district, sewer district, 
Virginia 22161 (PB 88-154273/ AS). .the ~ of approvttd·State programs, the· · sanitary district, utility district, drainage 

(4) Inorganic pollutants; "Test Regional Administrator in conjunction district, or similar entity, or an 
Methods for Evaluating Solid Wasta, with the State Director, because of the integrated waste management facility as 
Physical/Chemical Methods", EPA potential for its sewage sludge use or defined in section 20l(e) of the CWA, as 
Publication SW-846, Second Edition disposal practice to affect public health amended, that has as one of its principal 
(1982) with Updates I (Aprjl 198-l) and and the environment adversely. responsibilities the treatment, transport, 
II (April 1985) and Third Edition (d) Cover crop is a small grain crop, use, or disposal of sewa~e sludge. 

such as oats, wh,at, or barley, not grown (p) Permitting authontyis either EPA (November i9B6) with Revision 1 
fer harvest. · · er a State with an EPA-approved sludge (December 1987). Second Edition and 

(e) CW.-'l means the Clean Water Act · management pr~. Updates I and Il are available from the 
(formerly referred to as either the (q) Person is an individual, National Technical Information Service. 
Federal Water-Pollution Act or the association, partnership, corporation, 5285 Port Royal Road, Springfield, 
Federal Water Pollution Control Act municipality, State or Federal agency, or Virginia 22161 (PB-87-120-291). Third 
Amendments of 1972), Public Law 92- an agent or employee thereof. Edition and Revision I are available · 
500, as amended by Public Law 95-217 (r) Person who prepares sewage from Superintendent of Documents, · 
Public Law 95-576, Public Law 9s.:-483: sludge is either the person who · Government Printing Office, 941 North Public Law 97-117, and Public Law generates sewage sludge during the Capitol Street, NE., Washington, DC l0D-4. . . treatment of domestic sewage in a · 20002 (Document Number 955--001- (0 Domestic septage is either liquid or . treatment works or the p~rson who ~000D-1). solid material removed from a septic derives a material from sewage sludge. 

(5). Salmonel/a.sp. bacteria. Part 9260 tank, cesspool, portable toilet, Type m (s) Place sewage slu~ge or sewage . 
D., "Standard Methods for the marine sanitation device; or similar• sludge placed means disposal of sewage 
Examination of Water.and Wastewater" - treatirienfworkslliat receives only · sludge on a sw:face dispo~al site. .· 
18th Edition, 1992, American Public domestic sewage. Domestic septage does (!) Pollu~ant 1s an organic sub.stance, 
Health ~ociation, 1015 15th Street, not include liquid or solid material an morg~mc ~bstance_, a combination _ 
NW., Washington, DC 20005; or removed from a septic tank, cesspool, or of organic ~d mo~an1c substances, or · 

Kenner, B.A. end H.P. Clark, similar treatment works that receives a pathogemc organism that, after 
"Detection and enumeration of either commercial wastewater or discharge and upon exposure, ingestion, 
Salmonslla and Pseudomonas industrial wastewater and does not inhalation, or assimilation into an ' 
aeroginosa", Journal of the Water include grease removed from a grease org~ism either ~ir~ly from the 
Pollution Control Federation, Vol. 46, tra_p at a restaurant ... · . environment or indirectly by ingestion 
no. 9, September 1974, pp. 2163-2171. lg) Domestic: sewage is waste and . through the food chain, could, on the 
Water Environment Federation, 601 · wastewater from humans or household . basis of information available to the . 
Wythe Street, Alexandria, Virginia operations that is•discharged to or A_dministretor _of EPA, cause ~!ath, _ 
22314. otherwise enters a treatment works. disease, behavioral abnonnahties. . 

(h) Dry weight basis mesns calculated cancer, genetic mutations, physiological. 
(6) Specific oxygen uptake rate. Part on the basis of having been dried at 105 malfunctions (including malfunction in 2710 B., "Standard Methods .for the · degrees Celsius until reaching a reproduction). or physical deformations Examination of Water and Wastewater" - constanlmass (i.e., essentially 100 . in either organisms or offspring of the . · . 18th Edition, 1992, American Public percent solids content). · organisms. · . ' · · · · HealtlJ· Association,.1015 15th Street, (i) EPA means the United States (u) Pollutant limit is a numerical · ·· · : 

NW., Washington, DC 20005: Environmental Protection Agency. value that describes the am_ount ~f I!--, , !- .-~ 
(7) Total, fixed, and volatile solids. (j) Feed crops are crops produced pollutant allowed per unit amount' of -~ ·· · 

Part 2540 G., "Standard Methods for the primarily for consumption by animals. sewage sludge (e.g., milligrams per . · .. ,-;. ·: 
Examination of Water and Wastewater" (k) Fiber crops are crops such as flax kilogram of total solids); the amount of 
18th Edition, 1992, American Public and cotton. . . · e pollutant that can be applied to a unit . : .. · 
Health Association, 1015 15th Street, · (1) Food crops are crops coI?Sumed by area of land (e.g., liilograins per hectare): ·, 
NW., Washington, DC 20005. · humans. These include, but are not or the volume of a material that can btJ ... 
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appUed to a unit 11re11 of land (e.g., 
gallons per acre). 

(v) Runoff is rainwater, leachate, or 
other liquid that drains overland on any 
part of a land surface and runs off of the 
land surface. · 

(w) Sewage sludge is solid, semi-solid, 
or liquid residua generated during the 
treatment of domestic sewage in a 
c.r.atmont works. Sewage sludge 
includes, bu~ is not limited to, domestic 
septage; scum or solids removed in 
primary, secondary, or advanced 
wutowater treatment processes; and a 
material derived from sewage sludge. 
Sewage sludge does not include ash 
·generated during the firing of sewage 
sludge in a sewage sludge incinerator or 
grit and &er1H1nings generated during 
preliminary treatment of domestic 
sewage in a treatment works. • 

(x) State is one of the United States of 
America, the District of Columbia, the 
Commonwealth of Puerto Rico, the 
Virgin Islands, Guam, .American Samoa, 
the Trust Territory of the Pacific Islands, 
the Commonwealth of the Northern 
Mariana Islands, and an Indian Tribe 
eligible for treatment as a State pursuant 
to regul11Uons promulgated under the 
authority of section 518(e) of the CWA.. 

(y) Store or storage of sewage sludge 
is the placement of sewage sludge on 
land on which the sewage sludge 
remains for two yeaJ"S or less. This does 
not include the placement of sewage 
sludge on land for treatment. · 

(z) Treat or treatment of sewage 
sludg~ is the preparaUon of sewage 
sludge for final use or dispo~l. This 
includes, but is not limited to, 
thickening, stabilization, and 
dewatering of sewage sludge. This does 
not include storag& of sewage sludge. 

(111) Tttatment works is either a 
foderaJly owned, publicly owned, or 
privately owned device or system used 
to treat (Including recycle and ~claim) 
either domestic sewage or a 
combination of domestic sewage and 
industrial waste of a liquid nature. 

(bb) Wetlands means those areas that 
are inundated or saturated by surface 
waler or ground water at a frequency 
and duration to support, and that under 

. normal circumstances do support, a 
prevalence of vegetaUon typically 
adapted for life in saturated soil 
conditions. Wetlands generally include 
swamps, marshes, bogs, and similar 
areas. 

· Subpart B-Land .lppUcatlon .. 
5503.10 Appllcablllty. . . . . 

(a) This subpart applies to any person 
who prepares sewage sludge that is 
applied to the lJQd, to any person who 
applies sawage sludge to the land. to 

sewage sh1dge applied to the land, and requirements in§ 503.12 and the 
lo the land on which sewage sludge is management practices in§ 503.14 do 
applied. not apply when sewage sludge is sold or 

Cb)(l) Bulk sewage sludge. the general given away in a bag or other container 
requirements in § 503.12 and the i )' l m. anagement practices in § 503.14 do or app ication to the and if the sewage sludge sold or given away in a bag or 
not apply when bulk sewage sludge is · other container for application to the 
applied to the land if the bulk sewage land ipeets the pollutant concentratioris 
sludge meets the pollutant · § (b)( concentrations h) S 503.13(b)(3), the m 503.13 3), the Class A pathogen 
Class A pathogen requirements in . requirements in S 503.32(a), and one of 

the vector attraction reduction 
§ 503.32(a), and one of the vector attraction reduction requirements in requirements in § 503.33 (b)(l) through 
§ 503.33 (b)(l) through (b)(8). (b)(B). . . 

(2) The Regional Administrator of (f) The general requirements in . 
EPA or, in the case of State with an § 503.12 and the management practices 

8 
approved sludge management program in S 503.14 do not apply when a 
the State Director, may apply any or ali material derived from sewage sludge is 
of the general requirements in S 503•12 sold or given away in a bag or other 
and the management practices in · container for application to the land if 
§ 503.14 to.the bulk sewage sludge in the derived material meets the pollutant 
§ 503.l0(b)(l) on a case-by-case basis concentrations in § 503.13(b)(3), the 
after.determining that the general ·Class A pathogen requirements in 
requirements or management practices § 503.32(a), and one of the vector 
are needed to protect public health and attraction reduction requirements in 
the environment from any reasonably S 503.33 (b)(l) through (b)(S). 
anticipated adverse effect that may (g) The requirements in this subpart 
occur from any pollutant in the bullc do not apply when a material derived 
sewage sludge. · · _. from sewage sludge is sold or given 

(c)ll) The general requirements in away in a bag or other container for 
§ 503.12 and the management practices application to the )and if the sewage 
in§ 503.14 do n9_t_apply when a bullc sludge from which·the material is 
material derived from sewage sludge is derived meets the pollutant 
applied to the land if the derived bulk concentrations in § 503. l3(b)(3), the 
material meets the pollutant Class A pathogen requirements in 
concentrations in § 503.13(b)(3), the § 503.32(a), and one of the vector 
Class A pathogen requirements in attraction reduction requirements in 
§ 503.32(a), and one of the vector § 503.33 (b)(l) through (b)(B). 
attraction reduction requirements in 5503,11 Special deflnltJona. 
§ 503.33 (b)(l) through (b)(8). 

(2) The Regional Administrator of (a) Agricultural land is land on which 
EPA or, in the case of a State with an . a food crop, a feed crop, or a fiber crop 
approved sludge management program is grown. This includes range land and 
the State Director, may apply any or an' land used as pasture. 
of the general requirements in § 503.12 Cb) Agronomic rote is the whole 
or the management practices in§ 503.14 sludge application rate (dry weight 
to the bullc material in§ 503.l0(c)(l) on basis) designed: · 
a case-by-case basis after determining (1) To provide the amount of nitrogen 
that the general requirements or needed by the food crop, feed crop, fiber 
manageJJlent practices are needed to. crop, cover crop, or vegetation grown on 
protect public health and the thtt land; and · 
environment from any reasonably . (2) To minimize the amount of 
anticipated adverse effect that may . nitrogen in th_e sewage sludge that 
occur from any pollutant in the bullc ·· passes below the roqt zone of the crop 
sewage sludge. or vegetation grown on the land to the 

(d) The requirements in this subpart ground water. · 
do not apply when a bulk material .{c) An,,ual pollutant loading rote is 
derived from sewage sludge is applied the maximum amount of a poJlutant that 
to the land if the sewage sludge from can be applied to a unit area of land 
which the bullc material is derived during a 365 day period. . . . 
meets the pollutant concentrations in . (d) Annual whole sludge application 
§ 50~. l3(b)(3),. the Class A pathogen . rote is the maximum amount of sewage· 
requirements m § 503.32(a), and one of . sludge (dry weight basis) that can be 
the vector attraction reduction ; · applied to a unit area of land during a 
requirements in· S-503.33 (b)(l) through · 365 day period. . · . · · - .. 
(b)(8). · • . • •. {e) Bulk sewage sludge is sewage -
. (e) Sewage sludge sold or given away . sludge that is not sold or given away in 
m a bag or other container for . · · · a bag or other container for application 
application to the land. The general to the land. . . 
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(0 Cumulative pollutant loading rote (2)(i) Before bulk sewage si~i°dge 
is the maximum amount of an inorganic subject to the cumulative pollutant 
pollutant that can be applied to an area loading rates in§ 503.13(b)(2) is applied 
of land. · to the land, the person who proposes to 

(g) Forest is a tract of land thick with .... apply the bulk sewage sludge shall 
trees and underbrush. contact the permitting authority for the 

(h) Land app/ication·is the spraying-or · State in which the-bulk sewage sludge 
spreading of sewage sludge onto the will be applied to detennine whether 
land surface; the injection of sewage bulk sewago sludge subject to the 
sludge below the land surface; or the cumulative pollutant loading rates in 
incorporation of sewage sludge into the § 503.13(b)(2) bas been applied to the 
soil so that the sewage sludge can either. site since July 20, 1993. 
condition the soil or fertilize crops or (ii) If bulk sewage sludge subject to 
vegetation grown in the soil. the cumulative pollutant loading rates 

~i) Montlily average is the.arithmetic in§ 503.13(b)(2) has not been applied to 
mean of all measurements taken during the site since July 20, 1993, the 
the month. cumulative amount for each pollutant 

(j) Other contafner is ~i~er an open listed in Table 2 of§ 503.13 may be 
or closed receptac~e; This includes, but applied to the site in accordance with 
is not limited to, a bucket, a box, a § 503.13(a)(2)(i). 
carton, and a vehicle or trailer with a (iii) If bulk sewage sludge subject to 
load capacity _of one metric _ton or_ less. the cumulative pollutant loading rates 
.. (k)_ ~asture 1s land on which animals in § S03.13(b)(2) J:i~s been applied to the 

feed directly on feed _crops such as site since July 20, 1993, and the 
legumes, grasses, gram stubble, or cumulative amount of each pollutant 
stover. . . . . applied to the site in the bulk sewage 

. (1) Pub/Jc _contact s1te 1s land with a_ sludge since tliat date is known, the 
h1g_h potential for c_ontact ~y_the pubhc. cumulative amount of each pollutant 
This _includes, but 1s not hm1ted !o, applied to the site s~all be used to 
pubhc parks, ball fields, cemeteries, determine the additional amount of 
plant nurseries, turf farms, and golf . each pollutant that can ba applied to the 
courses. . . site in accordance with§ 503.13(a)(2)(i). 
. (~)Rangeland 1~ open land with (iv) If bulk sewage sludge subject to 
md1genous veg~tati'!n· . . the cumulative pollutant loading rates 

. (nJ Reclamation s~te 1s d~shcall~ in§ 503.13(o)(2) lias"been applied to the.· 
disturbed land the! l~ reclaimed u~mg site since July 20, 1993, and the 
s_e"'.age sludg~. Th~s includes, but 1s !lot cumulative amount of each pollutant 
l~m1ted to, strip mmes and construction applied.to the site in the bulk sewage 
sites. sludge since that date is not known, an_ 
§503.12 General requlrementa. additional amount of each pollutant 

(a) No person shall apply sewage shall not be applied to the site in 
sludge to the land except in accordance accordance with§ 503.13(a)(2)(i). 
with the requirements in this subpart. CO When a person who prepares bulk 

(b) No person shall apply bulk sewage sewage sludge provides the bulk sewage 
sludge subject to the cumulative . sludge to a person,who applies the bulk 
pollutant loading rates in§ 503.13(b)(2) sewage sludge to the land, the person 
to agricultural land, forest, a public who prepares the bulk sewage sludge 
contact site, or a reclamation site if any shall provide the person who applies 
of the cumulative pollutant loading the sewage sludge notice and necessary 
rates in§ 503.13(b)(2) has been reached. information to comply with the 

(c) No person shall apply domestic re91:irements in this subpart. 
septage to agricultural land, forest, or a lg.I When a perso~ who prepares 
reclamation site during a 365 day period sewage sludge provides the sewage 
if the annual application rate in sludge to another person who prepares 
§ 503.13(c) has been reached during that . the sewage sludge, the person who 
period. . provides the sewage sludge shall 

(d) The person who prepares bulk provide the person who receives the 
sewage sludge that is applied to sewage sludge notice and necessary 
agricultural land, forest, a public contact information to comply with the 
site, or a reclamation site.shall provide . requirements in this subpart. · 
the person who applies the bulk sewage (h) The person who applies bulk 
sludge written notification of the · sewage sludge to the land shall provide 
concentration of total nitrogen (as N on . the owner or lease holder of the land on 
a dry weight basis) in the bulk sewage~ which the bulk sewage sludge is applied 
sludge. · · · · · , ; - • · · notice and necessary information to 

(e)(l) The person who applies sewage comply with the requirements in this 
sludge to the land shall obtain subpart. · · ·- - ,- · -· -
information needed to comply with the (i) Any person who prepares bulk 
requirements in this subpart. - -sewage sludge that is applied to land in 

a State other than the State jn whkb the 
bulk sewage sludge is prepared shall 
provide written notice, prior to the 
initial application of bulk sewage sludge 
to the land application site by the 
applier, to the permitting authorjty for 
the State in which the bulk sewage 
sludge is proposed to be applied. The 
notice shall include: 

(1) The location, by either street 
address or latitude and longitude, of 
each land application site. 

(2) The approximate time period bulk 
sewage sludge will ~ applied to the 
site. 

(3) The name, address, telephone 
number, and National Pollutant 
Discharge Elimination System permit 
number (if appropriate) for the person 
who prepares the bulk sewage sludge. 

(4) The name, address, telephone 
number, and National Pollutant 
Discharge.Elimination System permit 
number (if appropriate) for the person 
who will apply the bulk sewage sludge. 

(j) Any person who applies bulk 
sewage sludge subject to the cumulative 
pollutant loading rates in§ 503.13(b)(2) 
to the land shall provide written notice, 
prior to the initial application of bulk 
sewage sludge to a land application site 
by the applier, to the permitting 
authority for the State in which the bulk 
sewage sludge will be applied and the 
permitting authority shall retain and 
provide access to the notice. The notice 
shall include: 

(1) The location, by either street 
address or latitude and longitude, of the 
land application site. 

(2) Tlie name, address, telephone 
number, and National Pollutant 
Discharge Elimination System permit 
number (if appropriate) of the person 
who will apply the bulk sewage sludge. · 

§ 503.13 Pollutant limits. 
(a) Sewage sludge. (1) Bulle sewage 

sludge or sewage sludge sold or given 
away in a bag or other container shall 
not be applied to the land if the 
concentration of any pollutant in the 
sewage sludge exceeds the ceiling 
concentration for the pollutant in Tabls 
1 of§ 503.13.°' . 

(2) If bulk sewage sludge is applied to 
agricultural land, forest, a public contact 
site, or a reclamation site, either: 

(i) The cumulative loading rate for 
each pollutant shall not excesd the 
cumulative pollutant loading rate for the 
pollutant in Table 2 of§ 503.13; or . 

(ii) The concentration of eac;h 
pollutant in the sewage sludge shall not 
exr.:eed the concentration for the 
pollutant in Table 3 of§ 503.13. .· · 

(3) If bulk sewage sludge is opplied to 
a lawn or a home garden, the . 
concentration of ea~ pollutant in the .:~ 
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sewage sludge shall not exceed the 
concentration for the pollutant in Table 
3 oCSso3.13. 

(4) lf sewage sludge la sold or given 
away in a bag or other container for 
application to the land, either: 

(I) The concentration of each · 
pollutant in the sewage sludge shall not 
exceed the concentration for the 
pollutant in Table 3 of S 503.13; or 

(U) Th• product of the concentration 
cf each pollutant in the sewage sludge 
and the annual whc?:, sludge 
application rate for the sewage sludge 
shall no! cause the annual polhitant 
loading rate for the pollutant in Table 4 
of§503.13 to be exceeded. The 
procadure U5ed to determine the annual 
whole sludge application rate is 
prNented in appendix A of this part. 

(b) Poliutant concentrations and 
loading rates-sewage sludge. 

(1) Ceiling concentrations. 

TABLE 1 OF §503.13.--CEILING 
CoNCENTRATIONS 

Ars.-.c-- 75 
Cadmlu'n--- 85 c:w,nJum ___ _ 

4300 ~'----
~ 

Lead----- 840 
57 Mlll'CUI",' ----
75 ~ ---tkical----- 420 Solt(lium ____ _ z..-.: ___ _ 100 

7500 

, Dly wgil ball. 

(2) Cumulative pol! ·.,t loading 
rates. 

TABt.E 2 OF § 503.13.--CU~JLATIVE 
' PolLUTANT LOADING RATES 

Cumulallve ~ 

~"',::C;;;r-·-
-----+-------

A:Hc-~ -··---·-··· -41 
=::.:::::: ~ 
eopp,, ___ 1500 
LNd ----- 300 
~ ----- 17 
~ __ :_:_:_::-::_· ., ~ 

4 
~ ____ 100 
2Jnc ----- 2800 

(3) Pollutant concentrations. 

Tt.ElE 3 OF§ 503.13.--:-f'OLLUTANT 
CoNCENTRAT~NS 

ArserJc ----·--·- 41 
Cadmium ---·---·· 
Chromium--· 

39 
1200 

~.---· 1500 

TABlE 3 OF §503.13.-POLL.UTANT 
CONCENTRATIONS--Continued 

. LMC1 --- 300 Men:uly----- 17 
Mc;lybdlrun--- 18 
Nickel ----·-- 420 
Selenium ---- 38 
2Jnc 2800 

1 Dry weigh! basis. 

(4) Annual pollutant leading rates. 

TABLE 4 OF §503.13.--ANNUAL 
POLLUTANT l.OAolNG RATES 

2.0 ArHnlc ----
1.9 Cadmium----

150 Chlomlum •. __ _ 

75 Cq)per ----
l.Ad ---- 0.85 Melcury----

0.90 

15 

Molybdenum ··--·-·--· 
21 Nickel •---······-·-·--

Selenlum ----
~ Zinc------
5.0 

(c) Domestic septage. 
The annual application rate for 

domestic septage applied to agricultural . 
land, forest; or-a reclamation site shall 
not exceed the annuel application rate 
calculated using equation (1). 

N 
AAR= Eq. (1) 

0.0026 

Where: 
AAR=Annual application rate in gallons per 

· acre per 365 day period. 
· N=Amount of nitrogen in pounds peraae 

. per 365 day period needed by the aop 
or vegetation grown on the land. 

· 5503.14 Managementpractk:a. 
(a) Bullc sewage sludge sh~ll not be 

applied to the land if it is likely to 
adversely affect a threatened or 
endangered species listed under section 
4 of the Endangered Species Act or its 
designated critical habitat. 

(b) Bulk sewage sludse shall not be 
applied to agricultural land, forest, a 
public contact site, or a reclamation site 
that is flooded, frozen, or snow-covered 
so that the bullc sewage sludge enters a 
wetland or other waters of the United 
States, as defined in 40 CFR 122.2, 
except as provided in a permit issued 
pursuant to section 402 or 404 of the 
CWA. .· .. ,. · 

(c) Bulle sewage sludge shall not be 
applied to agricultural land, forest, or a 
reclamation site that is 10 meters or less 
from waters of the United States, es 
defined in 40 CFR 122.2, unless 

otherwise specified by the permitting 
authority. 

(d) Bulle sewage sludge shall be 
applied to agricultural land, forest, a 
public contact site, or a reclamation sit 
at a whole sludge application rate that 
is equal to or Jess than the agronomic 
rate for the bullt sewage sludge, unless 
in the case of a reclamation site, 
otherwise ,pecified by the permitting 
authority. 

(e) Either a label shall be affixed to tl 
bag or other container in which sewagt 
sludge that is sold or given away for 
application to the land, or an 
information sheet shall be provided to 
the person who receives sewage sludge 
sold or given away in an other contaim 
for application to the land. The label oi 
information sheet shaJI contain the 
following information: 

(1) The name and address of the 
person who prepared the sewage sh?dg 
that i~ sold ~r given away in a bag or 
other container for application to the 
land. 

(2) A statement that application of th 
sewage sludge to the land is prohibited 
except in accordance with the 
instructions on the label or information 
sheet. ~ 

(3) The annual whole sludge 
application rate for the sewage sludge 
that does not cause any of the annual 
pollutant loading rates in Table 4 of 
§ 503.13 to be exceeded. 

f503.15 Operallonalmnctan.
pathogena and vector attraction NductJon. 

(a) Pathogens-sewage sludge. 
(l) The Class A pathogen 

requirements in § 503.32(a} or the Class 
B pathogen requirements and site 
restrictions in § 503.32(b) shall be met 
when bulk sewage sludge is applied to 
agricultural land, forest, a p~blic contac 
site, or a reclamation site. · 

· (2) The Class A pathogen ·· : · · 
requirements in § 503.32(a) shall be met 
when bulk sewage sludge is applied to 
a Ja~-n or a home garden. 
- (3) The Class A pathogen 
requirements in § 503.32(e) shall be met 
when sewage sludge is sold or given 
away in a bag or other container for 
application to the land. · • . 

(b) Patho~ens-domestic septage. · · 
The requirements in either§ 503.32 

(c)(l} or (c)(2) shall be met when 
domestic septage is applied to 
agricultural land, forest, or a 
reclamation site. 

(c) Vectorattroction reduction-
sewage sludge. . · • •:: · 

(1) One of the vector attracuon 
reduction requirements in § 503.33 
(b)(l) through (b)(lll) shaJl be met wb6n 
bulk sewage sludge is applied to · : 
agricultural land, Jorest, a public contec, 
site, or a reclamation site.·····. · 
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· · (2) One of the vector attraction 
reduction requirements in § 503.33 
{b)(l) through (b)(B) shall be met when 
bulk sewage sludge is applied to a lawn 
or a home garden. 

(3) One of the vector attraction 
reduction requirements in § 503.33 
{b)(l) through (b)(B) shall be met when 
sewage sludge is sold or given away in 
a bag or other container for application 
to the land. 

· · ·-·--(d) Vector attraction reduction-
domestic septage. The vector attraction 
reduction requirements in 
§ 503.33(b)(9), (b)(l0), or (b)(12) shall be 
met when domestic septage is applied to 
agricultural land, forest, or a 
reclamation site. 

t 503.16 FNquency of monitoring. 
(a) Sewage sludge. (1) The frequency 

of monitoring for the pollutants listed in. 
Table 1, Table 2, Table 3 and Table 4 
of§ 503.13; the pathogen density 
requirements in § 503.32(a) and in 
§ 503.32{b)(2) through (b)(4); and the 
\'ector attraction reduction requirements 
§ 503.33 (b)(l) through § 503.33(b)(8) 
shall be the frequency in Table 1 of 
§503.16. 

TABLE. 1 OF § 503.16.-FREQUENCV OF 
MONITORING-l.ANO APPLICATION 

Amount of sewage 
sludQII ' (metnc tons per Frequency 
~ day period) 

Greater than zero bill Once per year. 
less than 290. 

Equal 10 or greater than Once per quaner (lour 
290 bill less than timOs per year). 
1,500. 

EQUal to or greater then Once per 60 days (six 
1,500 but less than times p6f year). 
15,000. 

Equal 10 or greater than Once per month (12 
15,000. limes per year). 

· · ' Either lhe amount of bulk sewage sludge appflBd 
to Iha land or Ille amount of Nwage sludge racaived 
by a person who pnipares 1&wage sludge that Is 
sold or given away In a bag or olher container for 
application 10 Ille land (dry weight basis). 

(2) After the sewage sludge has been_ 
monitored for two years at the frequency 
in Table l of§ 503.16, the permitting 
_authority may reduce the frequency of 
monitoring for pollutant concentrations 
and for the pathogen density 
requirements in § 503.32 (a)(S)(ii) and 
(a)(S)(iii), but in no case shall the 
frequency of monitoring be less than .,.. 
once per year when sewage sludge is 
ap;:,lied to the land. . 

.(b) Domestic septage. If either the 
pathogen requirements in § 503.32(c)(2) 
er the vector !lttraction reduction 
requirements in § 503.33(b)(l2) are met 
when domestic septage is applied to 
agricultural land, forest, or a 
reclamation site, each container of 
domestic septage applied to the land· 

shall be monitored for compliance with · (3) If the pollutant concentrations in 
those requirements. . . § 503.13(b)(3), the Class A -pathogen , 

requirements in S 503.32(a), and the (Approved by the Office of Management and 
, , Budget under control number 2040-0157) vector attraction reduction requirements 

in either S 503.33 (b)(9) or (b)(l0) are 
1503.17 Recordk.Nplng. met when bulk sewage sludge is applied 

(a) Sewage sludge. (1) The person who .to agricultural land, forest, a public 
prepares the sewage sludge in contact site, or a reclamation site: 
§ 503.l0(b)(l) or (e) shall develop the (i) The person who prepares the bulk 
following information and shall retain sewage sludge shall develop the 
the information for five years: following information and shall retain 

(i) The concentration of each the information for five years. 
pollutant listed in Table 3 of§ 503.13 in (A) The concentration of each 
the sewage sludge. pollutant listed in Table 3 of§ 503.13 in 

(ii) The followin_g certification the bulk sewage sludge. 
statement: · (B) The following certification 

"I certify. under penalty of law, that the statement: 
Class A pathogen requ!rements in S 503.32(al ·· "I certify, under penalty oflaw, that the 
and the vector attraction reduction · · pathogen requirements in S 503.32(a) have 
requirement in (Insert one of the vector . been met. Thia determination ha• been made 
attraction reduction requirements in under· my direction and supervision in 
S 503.33(b)(1) through S 503.33(b)(B)) have accordance with the system designed to 
been met; This determination has been made ensure that qualified person~l properly 
under my direction and supervision in gather and evaluate the information used to 
accordance with the system designed to determine that the pathogen requirements 
ensure that qualified personnel properly have been met. I am aware thet there are 
gather and evaluate the information used to significant penalties for false certification 
determine that the pathogen requirements including the possibility of fine and 
and vector attraction reduction requiremei.ts imprisonm_ ent." . 
have been met. I am aware that there are 
significant penalijes for false certification (C) A description of how the pathogen 
including the possibility of fine and requirements in§ 503.32(a) are met. 
imprisonment." (ii) The person who applies the bulk 

(iii) A description of how the Class A sewage sludge shall develop the · 
pathogen requirements in § 503_32(a) are following information and sha!l retain 

the information for five years. 
m(i~) A description of how one of the (A) The following certification 
vector attraction reduction requirements statement: 
in·§ 503.33 (b)(l) throuRh (b)(8) is met. ..I certify, under penalty of law, that the 

(2) The person who d'erives the management practices in S 503.14 and the 
material in § 503.10 (c)(l) or (f) shall vector attraction reduction requirement in 
develop the following information and (insert either S 503.33 (b)(9) or (b)(t0)I have 
shall retain the information for five .· been met. This determination has been made 

under my direction and supervision in 
years: · accordance with the system designed to 

(i) The concentration of each .ensure that qualified personnel properly 
pollutant listed1n1'able 3 of§ 503.13 in gather and evaluate the information used to 
the material. determine that the man~ement practices and 

(ii) The following certification vector attraction reduction requirements have 
statement: been met. I am aware that there are 

"I certify, und~r penalty of law, that the significant penalties for false certification 
Class A pathogen requirEments in§ 503.32(a} including fine and imprisonmenl" . 
and the vector attrac~ion reduction (B) .~ description of how the 
requirement in (insert one of the vector management practices in § 503.14 are 
attraction reduction requirements in S 503.33 met for each site on which bulk sewage 
(b)(l) through (b)(B)) have been mel This sludre is applied. . · •. 
determination has been made under my (C A d • · f h th 
direction and supervision in accordance with_ escnption ° ow e vector 
the system designed to ensure that qualified . . attraction reduction requirements in 
personnel properly gather and evaluate the ·either§ 503.33U,)(9) or (b)(lO) are met 
'information used to determine that the for each site on which bulk sewage 

. . pathogen requirements and the vector sludge is applied. 
attraction reduction requirements have been (4) If the pollutant concentrations in 
mel I am aware that there are significant § 503.13(b)(3) and the Class B pathogen 
penalties for false certification including the requirements in § 503.32(b) are met 
possibility offine and imprisonment." when bulk sewage sludge is applied to 

. (iii) A descrfotion of hew the Class A agricultural land, fo~t. a public contact 
pathogen requirements in § 503.32(a) are site, or a reclamation site: · 
met. . (i) The person who prepares the bulk . 

(iv) A description of how one of the sewage sludge shall develop the · 
vector attraction reduction requirements following information and shall retain 
in § 503.33 (b)(l) through (b)(8) is met. the information for five years: 
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(A) The concenuation of eac.li 
r-oilutant listed in Te.ble 3 of§ 502.13 in 
:ho bulk sewsgts sludge. 

(B} The following certification 
st!ltament: 

"l ai::1Ify un.!or, pemhy or Jaw, that L'ie 
□ ns IS Ji81bcgC!1 requirement, in S 503.32(b) 
and 1h1 Wldor attractioo reduction 
raquln,mont I:> (inlert one oftbe ¥eCH1r 
attntctlon reductioo requlrmlents in 5·503.33 
CbXS) througb (b)(a) l!ooe oftboat 
nqulrcments !s mcll ban been met. Thi• 
d1!11n:1lnatio:i has been made u:ider my 
d!rccUon and supervision in 1a:ordance with 
the system d•lpied to ensure that quailfied 
pusonnel properly J.i!lber end evaluate the 
inSon:-.. ~wn \!Rd to det~lno that the 
pel.'i<>&.,n rur.vinum,nta land vector attraction 
roductlon niquiram:111ts lf applicable) have 
bnn mat. I am awaro th&t thora an, 
slgi:il!ka.:it pen.alti• for false a,r.ificatlon 
[nclud!ng tbol possibility oC fine ud 
lmpri,onment." 

(C) A description cf how the Class B 
paf!logen mqulremsnts in § 503.32(b) 
ara met. 

(D) When om, of the vector attraction 
• reduction requirements in § 503.33 

(b){l) through (b)(8) is met. a description 
cf how the vector attraction reduction 
~f:ement is met. 

Ui) Tho person who applies th" bu!i 
sow age sludge shall &,veiop thit 
following infonnat!on and shall retain 
the Information for fiw, years. 

(A) Tha following certification 
stat~ment: 

"1 certify, under penalty or law, that the 
management practices In 5 503.14, the site 
rcs!rlcUon, ln 5503.32(bXS), and the vector 
aU:xtion nduction ~irement1 In (lnse:1 
eilhcr5503.33 (b)(9} or (b){10), if one or those 
r.qulrcmcnts b mot) haw boen mel for each 
sl!e on which bulk 1owage sludge Is applied. 
This datonninltlon MS been made under my 
di:-cctioa and supervision In 1a:ord.mce with 
1he system designed lo ensun, thal qualified 
pcnonnel properly gather and evaluate lhe 
lnfor:natloa wed lo determine that the 
m1n.igcment pnctice1 and slle restrictions · 
land tbo Vlldor attraction reduction · 
requirements lf applicable) have been meL I 
Ml awaro that there ara significant penalties 
for f.ilso -::ertira.allon Including lbe 
pcsslblllty or fin• and Imprisonment." 

CB) A description of how the .'. 
management practices In § 503.14 are 
met for each slte on which bulk sewage 
sludse is applied. 

(C) A d ■saiption of how the site 
rest:ictions in S 503.32{b)(5) are met for 

cub site on which bulk sawege sludge 
is 5pp1l&d. · · · 

(D} Whan the vector attraction 
roduction requirement in either § 503.33 
(b)(9) (b'(13) i 5 t d • • r 

or ' me • • escnption ° 
how the vector nttraction reduction 
n;qulroment is meL 

(5) If the _,.,uin1Clents in 
. ·--s 

§ 503.13{a)(Z)(i) are met when bulk -
sowaga sludge is applied to agricultural · 

land, forest, e public contact site; (lr a 
reclamation site: 

(i) Tne person who prepares fua bulk 
sewage sludge shall cev6lcp ths 
foliowing in1ormation and shall retain 
the information for five :,ears. 

(A) The concentration of each 
pol!uta:?t listed in Table 1 of S 503.13 in 
the bulk l8Wag8 sludge. 

(B) The following certification 
statement: 

• 
... certify, uader penalty or law, that tho 

pathogen n,quirements l.IJ fiDSM ei:hi,r 
S 503.32(a) or§ 503.32(b}J and the vector 
attraction rechu:tlon requirement in (insert 
one of the vector attraction reduction 
requiremeilb in S 503.33 (b}(l) through (b)(B) 
if one cf those requirements la metl have 
IM!en met. Thia determination has been made 
under my direction and supervislon in 
aa:orcance with the system dee~ to 
ensure tba1 quallrted pemmnel properly 
gather 11nd evaluate the informatfoa. used lo 
delen:-.ine that the pathogen requirements 
(and vector altractlon reduction 
rec:;uintmentsl hive been met. I am aware th.i.t 
there are signirlcant penalties for fal5e 
certification lncludicg the possibility of fine 
a.-,d i.mprironmenL .. 

(C) A description of how the pathogen 
requirements in either § 503.32 (a} or (b} 
are met. • 

(D) When one of the vector attraction 
requirements In § 503.33 (b)(t) through 
(b}(S) is met, a description of how the 
vector attraction requirement is met. 

(ii} The person who appiies the bulk 
sewage sludgs shaH develop the 
followi.,g Information, retain !he 
information in§ 503.17 (a)(S}{ii)(A) 
th h ( }(S)( 11 •• )(G) i d fi · I d 

roug a n e nite Y, an 
retain the information in § 503.17 
(a)(S){ii}(H) through fa)(S)(ii}(M) for five 

. years. . 
(A) The location. by eithen~t 

address or latitude ar.d longitude, of 
each site on. which bulk sawag8"5ludge 
is applied. · 
· (B) The number of hectares in each 
site on which bulk sew2ge sludge is 
applied. 

(C) The date and time bulk sewage 
sludge Is applied to each site. . . 

(D) The cumulative amount of each 
pollutant (i.e., kilograms) listed in Table 
2 of§ 503.1~ in the bulk sewage sludge 
applied to each site, including the · 

t in S 503 12( 8 }( )( 0 .i) 
,amoun · 2 u • 

(E) The amount of sewage sludge (i.e., 
metric tons) applied to each site. 

(F) The following certification 
statement: · · 

"I certify, under penahy of Jaw, that the 
requirements to obtain Information In . § 503.12(e)(2} have been met for each sile on 

which bulk 1eWage sludge Is applied. This 
detennination bu been made under my 
direction and supervision in accordance with 
the system designed to ensure that qualified 
personnel properly gather and evaluate the 

iD:'cr.?lation used to detonni11e that U:a 
r..'1·,?in=ent, to obtain informaoo:1 have been 
~LI am aware that thtl!e are significant 
penalt:n for f'ais. certification ln.cludfag F..:ie 
and lmprisonmenl" 

(G) A description of how the 
reouire::nents to obtain information in 
§ 503.12{a)C2} are ceL 

(H} The fcJJoy.iog certification 
statement: 

... certify, u:ider penalty of law, lbat lhe 
mane~• practlala In 5 503.14 h9Ye been 
met for eech site on w!ilch bulk MW£ge 
1ludge 11 applied. Thia determination has 
been made under my direction and 
IUpervisicn ln aa:ordanat with the ■ystem 
desigz:ed to emure that qualified pen;o11ne! 
properly gather and evduate the Information 
used to determine tbat lhe m11Dagement 
pracicetha"-e boen met. I am aware that 
there are lfplficant penalties for &Isa 
certtrJc:atkm including &ne end 
lmprisoonleDL,. 

(I} A desaiptlon of how the 
management practices in§ 503.14 are 
met for each site on which bulk sewage 
sludge is applied. · . . 

(J} The following certification 
&tatament when the bulk se-.,,-age sludge 
meets the Class B pathogen · 
requirements in § 503.32(b): 

... certify, under penalty of law, that the 
lite restriclion& in S 503.32(b)(S) have been 
met. This deter.ninatlon has been IM!lde 
under my direction and supervision in 
acm:dsnce with the system designed to 
ensure that qualified personnel properly 
gather and evaluate the information Uled to 
determine that the site restrictions have been 
met. I am aware that the:'!! are 1igiii..'icant 
penalties ror false certification including £r.e · 
and imprisonment." 

(!() A description of how the site 
restrictions in § 503.32(b)(5) are met for 
each site on which Class lt'bulk sewage 
sludga is applied. · 

(L) The following certification 
statement when the vector atuaction 
rec!uctJon requiremant ~ either § 503.33 
(b}(9) c:.- Co)(lO) is met: 

.. I certify, under penalty of law, that the 
vector allraciion reduction requirement In 
(insert either S 503.33(b)(9) or§ 503.33(b)(10)) 
bas bnn met. Tbl.s daterminatlon bu been 
made under my direction and supervision in 
aCCQl'dance wllh the system designed to 
ensure tbatqualified personnel properly · 
gather and evaluate the information used to 
determine that the Yector attraction reductioo 
requiniment bu been met. I am awan, that : 
there ant lignilicant penalties for false . · 
certification including the possibility of fine · 
and imprisonment." . . • · . 

(M) If the vector attraction reductio:1 · 
requirements In either§ 503.33 (b)(9) or · 
(b)(l0) are met, ,: description or how the 
requirements are met. · · 

(6) If the requirements in . 
§ 503.13(a)(4}(li) are met when sewage · 
sludge is sold or given away in a bag or·• · 
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. 'Other container for application to the 
land, the person who prepares the 
-,wage tludge tnat is sold or giwn away 

.. in • hag or -other container shall develop 
the following information and shall 

- retain the information for five years; 
· {ij The annual whole -slndge 
application J'8le for the .sewage sludge 

· that does not cause the ennual pollutant 
loading rates in Table-4 of § 503. 13 to 
l>e exceeded. . 

~ii) The concentration of each 
pollutant listed in Table 4 of§503.13 in 
the sewage sludge. 

(iii) The following certification 
statement: 

•1 certify, under penalty of brw, that the 
management practice in§ 503.H{e), the Class 
A pathogen requlrmnent lD 5 503.32(-1, and 
the vector attraction reductioD nquirmMnt 
in (insert one of the vector attraction 
reduction -requinrments in§ 503.33 tb)(1) 
through (b)(8}) have been met.-"Ibis 
determination has been made Wider my 
direct.ion and supervision lnaccordancll with 
fbe-system designed to ensure that qualified 
personnel properly gather and evaluate the 
information used to <let.ermine that the 
management practice, pathogen 
requirements, and YeCtor attraction reduction 
requirements have been met. I am aware that 
there are significant penalties for false 
certlficetion including the possibility of fine 
anc11mprisomnent." 

(iv) A description of how the Class A 
pathogen requirements in § ~3.32(a) are 
met. . 

(v) A description of how one of the 
,•ector attraction TeQUirements in 
§ 503.33 (b)(l) through (b)(B) is met. 

(b) Domestic septage. When domestic 
septage is epplied to agricultural land, 
forest, or a rec lama ti on site, the person 
who applies the domestic septage shall 
develop the folloy,ing information and 
shall retain the information for five 
years: · 

(1) The location, by either street 
address or latitude and longitude, of 
each site on which domestic septage is 
applied. 

(Z) The number of acrss in each site 
on which domestic sriptage is applied. 

(3) The date and time domestic 
septage is applied to each site. • 

(4) The nitrogen requirement for the 
crop or vegetation grown on each site 
during a 365 tl~y period. 

(5) The rate, in gallons per 1lC'6 per 
365 day period, at which domestic 
septage is applied lo each site. 

(6) The following certification 
statement: · 

"I certify, under penalty of law, that the 
pathogen n,quirements in linsert either 
S 503.32(cl(1} or§ 503.32(c)(2)) and the W!ctor 
attraction reduction requirements in !insert 
§ 503.33(b){9). § S03.33{b)(10), or 
S 503.33{b)(U)I have been met. This 
determination bu been made under my 

directioq and -superviskm In acconlalice with 
the system designed to emm8 that qualified 
personnel properly~atherud evaluale tbe 
information uied to detmmim lhat Iha . 
pathbgen requirements and vec:torittraction 
reductian nqutrezomita have been met. f am 
aware that there ve significant penalties for 
false c.ertificatio11 includi1131he possibility of 
fine and imprisonment." . 

(7) A dasaiption -of bow the pathogen 
requirements iD either t 503.33 (c)(1) or 
(c)(2) are met. · · 

(B)'A desaiption ofhow·thevector 
attraction ·reduction requirements in 
§ 503.33 {b)(9), {b)(10), or {b)(t2) are 
meL 
(Approved by the Office of Management and 
Budget under control mamber ~7) 

1503.18 Reporting. 
(a) Class I ~Judge management 

· facilities, POTWa (as defined in-40 CFR 
501.2) with.a design flow rate equal to 
or greater than one millioo·gallons per 
day. and P01Ws that serve 10,000 
people or more shall submit the 
following infonnation to the permitting 
authority: - . 

(1) The information in§ 503.17(a), 
except the information in§ 503.17 
(a)(3 j(ii), {a)( 4)(ii) and iQ {a)(5)(ii), for 
the appropriate requirements -on 
February 19 oft1acb year, 

(2) The information in§ 503.17 
(a)(5)(ii)(A) through (a)(S)(ii)(G) on 
Hnsert the month and day from -the date 
of publication of this rule! of each year 
when 90 percent or more of any of the 
cumulative pollutant loading rates in 
Table 2 of § 503.13 is reached at a site. 

IAppro\'ed by the Office of Management and 
Budget under control IWI!lber .204o--0157) 
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post-graduate degree in the natural 
sciences ~r engineering who has 
sufficient training and experience in 
ground-water hydrology and related 
fields, as may be demonstrated by State 
registration, professional certification, 
or completion of accredited university 
programs, to make sound professional 
judgments regarding ground-water 
monitoring, pollutant fate and transport, 
and corrective action. 

(m) Seismic impact zone is an area 
that has a 10 percent or greater . 
probability that the horizontal ground 
level acceleration of the rock in the area 
exceeds 0.10 gravity once in 250 years. 

(n) Sewage "sludge unit is land on 
. which only sewage sludge is placed for 

final disposal. This does not include 
land on which sewage sludge is either 
atored or treated. Land does not include 
waters of the United States, as defined 
in 40 CFR 12:?.2. 

(o) Sewage sludge unit boundaryis 
the outermost perimeter of an active 
sewage sludge uniL 

(p) Surface disposal site is an area of 
land that contains one or more active 
sewage sludge units. 

(q) Unstable crea is land subject to 
natural or human-induced forces that 
may damage the structural components 
of an active sewage sludge uniL This 
includes, but is not limited to, land on 
which the soils are subject to mass 
movement. 

f 503.22 GenMil requirements. 
(e) No person shall place sawage 

sludge on an active sewage sludge unit 
W1less the requirements in this subpart 
are met. · 

(b) An active sewage sludge unit 
located within 60 meters of a fault that 
bas displacement in Holocene time; 
located in an unstable area; or located 
in a wetland, except as provided in a 
permit Issued pursuant to section 402 of 
the C\YA, shall close by (insert date one 
yoar after the effective date of thi5 Final 
rule}, unless, in the case of an active 
sawaga sludge unit located within 60 
meters or a fault that has displacement 
in Holocene time, otherwise specified 
by the pennitting authority. 

(c) The owner/operator of an active 
sewage sludge unit shall submit a 
written cloSW'9 and post closure plan to · 
the permitting authority 180 days prior 
to tlie date that the active sewage sludge 
Wlit closes. The plan shall describe bow 
the sewage sludge unit will be closed 
and, al a minimum, shall include: 

(1) A discussion of how the leachate 
collection system will be operated and 
maintained for three years after the 
sewage sludge unit closes if the sewage 

•. sludge Wlit has a liner and leachate 
collection system. 

(2) A description (',; '_uu system used 
to monitor for methane gas in the air in 
any structures within the surface 
disposal site· and in the air at the 
property line of the surface disposal 
site, as required in S 503.240)(2). 

(3) A discussion of how public access 
to the surface disposal site will be 
restricted for three years after the last 
sewage sludge unit in the surface 
disposal site closes. 

(d) the owner of a surface dfsposal 
site shall provide written notification to 
the subsequent owner of the site that 
sewage sludge was placed on the land. 

5 503.23 PoUutant llrnlta (other than 
domeatlc aeptage). 

(a) Active sewage sludge unit without 
a liner and leachate collection system. 

(1) Except as provided in S 503.23 
(a)(2) and (b), the concentration of each 
pollutant listed in Table 1 of§ 503.23 in 
sewage sludge placed on an active 
sewage sludge unit shall not exceed the 
concentration for the pollutant in Table 
1 of§ 503.23. 

TABLE 1 OF §503.23.-POU.lJT'ANT CoN
CENTRATl~ACTIVE SEWAGE SLUDGE 
UNIT WITHOUT A LINER AND LEACHATE 
CoLLECTlON 

pollutant limits in Table 1 of S 503.23 
Concentration and when the pf!!nnitting authority · <= ~ . determines that site-specific pollutant ------'----........1----- limits are appropriate for thit active 

AtHnlc ---·---- 73 sewage sludge unit. 
Chromium _______ 600 (2) The concentration of each 
Nlckel "20 pollutant listed in Table 1 of S 503.23 in ---------........1---- sewage sludge placed on an active 

'Dry weight basis. • sewage sludge unit without II liner and 

TABLE 2 OF §503.23.-POLLUTANT CoN
CENTRATIONS-ACTIVE SEWAGE SLUDGE 
UNIT WITHOlJT' A LINER ANO LEACHATE 
CoLLECTION SYSTEM THAT HAs A UNIT 
BouNoARY TO PROPERTY LINE DIS
TANCE LEss THAN 150 METERS 

Unit bouncSlry 10 POlllltanl cooc:entrallon I 
propenyline 

Chro-Atser.lc Nlckal mlum 0l&lanCe (melllll) (~g) (ffll>'kg) (~) 

0 ID leu t-.an 25 30 200 210 
25 10 1811 thin 50 34 220 240 
SO IO less than 75 39 260 270 
75 10 less lhln 

100 '6 300 320 
100 ID less lhln 

125 53 360 390 
12510 lesl lhln 

150 e2 •so ,20 

'DryW91gtllbull. 

(b) Active sewage sludge unit without 
a liner and leachate collection system
site-specific limits. 

(1) Al the time of permit application, 
the owner/operator of a surface disposal 
site may request site-specific pollutant 
limits in accordance with § 503.23(b)(2) 
for an active sewage sludge unit without 
a liner and leachate collection system 
when the existing values for site 
parameters specified by the permitting 
authority are different from the values 
for those parameters used to develop the 

(2) Except as provided in § 503.23(b), 
the concenuation of each pollutant 
listed in Table 1 of§ 503.23 in sawage 
sludge placed on an active sawage 
sludge W1it whose boundary ls less than 
150 meters from the property line of the 
surface disposal site shall not exceed 
the concentration determined using the 
following procedure. . · 

(i) The actual distance from the active 
sewage sludge unit boundary to the 
property line of the surface disposal site 
shall be determined. 

(ii) The concentration of each 
pollutant listed in Table 2 of S 503.23 in 
the sewage sludge·shall not exceed the 
concentration ~n Table 2 of§ 503.23 that 
corresponds to the actual distance in 
§ 503.23(a)(2)(i). 
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leachate collection system shall not 
exceed either the concentration for the 
pollutant determined during a site
specific assessment, as specified by the 
permitting authority, or the existing 
concentration of the pollutant in the 
sewage sludge, whichever is lower. 

5 503.24 Management practlc.a. 
(a} Sewage sludge shall not be placed 

on an active sewage sludge unit if it is 
likely to adversely affect a threatened or. 
endangered species listed under section 
:4 of the Endangered Species Act or its 
designated critical habitat. . . 

: (b) An active sewage sludge unit shall 
not restrict the flow of a base flood. 

(c) When a surface disposal site is 
located in a seismic impact zone, an 
active sewage sludge unit shall be 
designed to withstand the maximum 
recorded horizontal ground level 
acceleration. . 

(d) An active sewage sludge unit shall 
be located 60 meters or more from a · · 
fault that has displacement in Holocene 
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time, unless -otherwise specified by tbe ·· · protected from any TeaSonably · · · · · · TABLE 1 t>F §503.26.-fREOUENCYeF 
permitting authority. anticipated adverse effects of pollutants . MoNfTORING-SURFACE 01SPOS1,L 

(e) An active aewage sludge unit shall in sew~e s1udR8 when cropa are grown. 
not be located in 11D unstable area. nl Animals shall not be grazed on.an '"'9qulflc:y 

(Q An active 18Wa89 alud,ge 'ISDit shall ·- ·active Mwage aludge .unlt. unlau lbe . 
not be located in a wetland;except as owner/operatorofthe-.rmce-disposal 
provided in a permit issued pursuant to site demomtrates to the permitting 
section 4.02 or 404 of the CWA. .utbority that throuRh management 

(g)(l) Run-off from an active sewage practices public health 1IDd the 
sludge unit ahall be collected ad shall environment are proteded &om any 
be disposed in aooordaDca with re8SQD8bly anticipated advene-effectsiaf 

• National Pollutant·Dischuge · pollutants in sewage alud89 when· - · 
Elimination System permit animals are grazed. . 
requirements and any other .applicable {m) Public aa:eu to a surface disposal 
requirements. site shall be restricted for-the periocl that 

.{2) The run-off collection system for the surface disposal site contains an 'Amount cl aewage= placed on .a11 ac:11"9 
~ lklClge int (a,y buts). 

an active sewage sludge unit shall have active sewage sludge unit and far three 
the capacity to handle run-off .from a 24- years after the last active sewage 'lludp .(2) After-the sew.age sludge has beeD 
hour·, 25-year storm evenL unit in the surface disp01!81 aite clOS8L monitored far two years-at the frequency 

{h) The leachate collection system for (n)(t) Sewage sludge placecl DD m ht T.able 1 t,f S 503.26, the=ttill& 
an active sewage sludge unit that has a active sewage sludge amt ahell not authority may ndw:e the cy of 
liner and leachate collection syst~m contaminate an ~uifer. monitoring for pollotant'CODC8Dtrations 

·shall be operated and maintained during ··· ·· (2) Results-of-a ground-water and for the pathog81l d.msity . 
the period the sewage sludge unit is monitoring ·program deva1opec1 by a requirententa in §-503.32ta){SJ(ii)-and 
active and for three years after the qualified ground-water scientist or a · (a)(S)(iii), but in no·cue shall the 
sewage sludge unit closes. . certification by-e qualified ground-water fmquency of .monitoring be less than 

(i) Leachate from an active ~wage scientist -shall be used to demonstrate once par ~wben aewage sludge is 
sludge unit that bas a liner and leachate that sewage sludge placed on an active placed on an -active sewage sludge uniL 
collection system shall be collected end sewage sludge unit does not (b) Domestic -,,tage. If the vector 
shall be disposed in accordance with contaminate 8Q .aquifer. attraction reduction requilements 1D 
the _applicable requiniments~~ ~e f S03.:25 Operational atandarda- § 503.33(b)(12) are met when domestic 
penod 'the uwage sludge umt IS acti,•e pathogens and vector aaraction reduction. septage is placed on an active sewage . _ 
and for three years after the HWage sludge unit, each container of domestic 
sludge unit closes. . (a) Pmhog~nS=-~wage sludge (other_ septage shall l>e monitored for 

(j)(l) When a COYer is placed on an than domestic ~eptage-J. ~ Class A CO!ll_Filance witb those requir:ements. 
active 58Wllge sludge unit. the pathogens reqmrements m S 503.32(a) or (c) Air. Air in structures witbin a 
concentration of methane gas in air in one of the Class B pathogen surface disposal site and at the property 
any structure within the surface requirements 1n S 503.32 (b)t2) lhrough line -of the -surface disposal site shalt be 
dis osal site shall not exceed 25 percent ~)(4) shall be met ~en .sewage sludge monitmed c:ontmuously for methane gas 
of ~e lower explosive limit for methane is 1;11aced on llD active .sewage_ sludge ,during the period that the -surface 
gas during the period that the sewage unit, ~less th_f!vector~ction disposal site contains an -active sewage 
sludge unit is active and the !'9duct1on requirement m § 503.33(b){11) sludge unit -on which -the sewa_ge sludge _.,_ or---'L-- . . zsmet. 
concenu..uvn. 1 ............. e.1!as 10 ~ll' at (b) V.ec:tor.attraction reduction- is covered and for three _years a:fter a 
~e property hne of the surface -dispo~l sewage sludge (other than domestic sewage sludge unit closes ~hen .a mia1 . 
s!te_shall not exceed the l~er expl~ve septage). One of the vector attraction cover .is placed on the .sewage sluc:wa-
hm1t for methane gas~~ the r9nod reduction requit'ements in §503.33 · (Approved by :theOffioe ofManagement .. nd 
ihat the.sewage sludge ~it n actiVe. (b)(l)through (b){n)-shall be metwben Budget under a,ntrol 1:1~ber ~57) 

{2) When a final cover .1S placed on .a · . 
sewage s1udge unlt at closure, tbe sewage-sludge:is J?laced on -an -=ttve t 503.27 RecordkNj)lng. 

t . f tb • • • -sewage sludge unit. 
concen t ra 10n o. ~e ane gas m 8ll' m {c) V-ector attraction reduction- • (a) When sew.age .s1udga fother than 
~y struct~m w1thm the surface . domestic M!ptage. One of the 1"1!ctor domestic septage) is placed on an actiw · 
disposal site shall ~ot exc!8d 25 percent attraction reduction requirement in sewage .sludge unit: · 
ef the lower explos1ve llm1t for methane § 503_33 (b)(9) througli (b)(12} sha11 be (1) The person :who propues the 
gas fo,r thr~ years after the sewage • met when iiomestic-sept888 is placed 1m •wage .sludge 'Sllall .develop the 
sludge umt closes .&:°d the concentrat~on an active .sewase Jdudst, uniL following information and shall l8laiD . 
of methane gas in air at the _property line · the information .for live years. 
-of the sodaca disposal site shall not t 503.26 -Fraquency of MOnllDdng. (i) The concentrati011 .of-each 
exceed the lower explosive limit for (a) Sewage sludgeloth.erthtm . polluuiDt listed in T•ble t .of S 50!.23 .in 
methane gas for three years derthe . ,iomestic septage). · · .. the.sewage sludge when -the pollulant · .. 
sewage sludge unit doses, unless (1) The frequency of monitoring for concentrations in T-able t of §.503..23 ~ 

. otherwise specffied by the permitting the pollutants in T.ab1es ~ end 2 of meL . ' 
authority. · § 503..23; the pathogen deaSl--.Y {il1 The following amifi.cation . · 

{k) A1ood CPOp, a feed-aop,-ora 1iber mquirementsin §.503.32(8}.and in statement: · · 
crop shall- not be BfOWD 1'111111 active § 503.32 (b)(2) through Cb)(4): .ad die "I certify, Uiider penalty of Jaw, !ha! ~ 
sewage sludge unit, unless the UWJ}fJrl vector attraction teduction nquiPements pathogen requirements m Iimert .S 903.32(1), 
operator of th1,-smface disposal site in § '503.l3 (b}(l) through tb}(8-) for § 503.32(b)(2), § 503.32(b)(3), or § 503.32£b)(II) 
demonslnltes lo 1he permlttin.g authority sewage slud_ge placed on -an .active when one of those requirements ii inetJ IDd 
that through management practices sewage sludge unit shall he the the 'Vedor attraction· Tedur:timi -requfrements . 
public health and the environment are freq~ency in Table 1 of§ 503.26. in {insert ·one of the-,ectonttniction 
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Subpart ~•thogena •~ Vector 
Attractlon Reduction . 

f 503~ . Scope/.: .. · .. 
(a) This subpart contains the · 

requirements for a sewage sludge to be 
classified either Class A or Class B with 

~~~ ~~~~nt~,~~-~~;~ite ·· • 
restrictions for land on which a Class B 
sewage sludge is applied .. ;· :; · . ,. · 

(c) This subpart contains the pathogen 
requireme~ts.for doi:nestic septage .. 

applied to agricultural land, forest, or a 
reclamation site. 

(d) This subpart contains alternative 
vector attraction reduction requirements 
for sewage sludge that is applied to the 
land or placed on a surface disposal site. 

1503.31 &pedal definitions. 

(a} Aerobic digestion is the . 
biochemical decomposition of organic 
matter in sewage sludge into carbon 
dioxide and water by microorganisms in 
the presence of air. 

(b) Anaerobic digestion is the 
biochemical decomposition of organic 
matter in sewage sludge into methane 
gas and carbon dioxide by 
microorganisms in the absence of air. 

(c) Density of microorganisms is the 
number of microorganisms per unit 
mass of total solids (dry weight) in the 
sewage sludge. 

(d) Land with a high potential for 
public exposure is land that the public 
uses frequently. This includes, but is 
not limited to, a· public contact site and 
a reclamation site located in a populated 
area (e.g, a construction site located in 
a city). 

(e) Land with a low potential for 
public exposure is land that the public 

.. uses infrequently. This includes, but is 
not limited to, agricultural land, forest, 
and a reclamation site located in an 
unpopulated area (e.g., a strip mine 
located in a rural area). 

CO Pathogenic organisms are disease
causing oraanisms. These include, but 
are not limited to, certain bacteria, . 
protozoa, viruses, and viable helmirith 
ova. 

(g) pH means the logarithm of the 
reciprocal of the hydrogen ion 
concentration. . 

(h) Specific oxygen uptake rate 
(SOUR) is the mass of oxygen consumed 
per unit time per unit mass of total . 
solids (dry weight basis) in the sewage 
sludge. · 

(i) Total solids are the materials in 
sewage sludge that remain as residue 
when the sewage sludge is dried at 103 
to 105 degrees Celsius.' 

(j) Unstabilized solids are organic 
materials in sewage sludge that have not 
been treated in either an aerobic or 
anaerobic treatment process. . . . . 

(k) Vector attraction is the . 
characteristic of sewage sludge that .· 
attracts rodents, flies, mosquitos, or 
other organisms cap~ble c-f_transpoiting 
Infectious agents. . , .... - . . . . . 

(I) Volatile solids is _the amount of the 
total solids in sewagi, sludge lost when 
the sewage sludge is combusted at 550 
degrees Celsius in the presence of 
excess air. 
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§503.32 Pllthos;ena. seconds, but less than 30 minutes, the, determine whether the sewage sludge 
(a) Sewage sludge-Class A. (1) The temperature and time period shall be contains enteric viruses. 

requirement in § 503.32(a)(2) and the determined using equation (2). · (B) When the density of enteric 
requirements in either§ 503.32fa)(3), (D) When the percent solids of the viruses in the aewage sludge prior to 
(a)(4), (a)(5), (a)(E-), (a)(7), or (a)(B) shall · sewage sludge is less than seven . pathogen treatment is less than one 
be met for a sewage sludge to be percent; the temperature of the sewage Plaque-forming Unit per four grams cf 
classified !;lass A with respect to sludge is 50 degrees Celsius or higher; total solids (dry weight basis), the 

· pathogens. · and the time period is 30 minutes or . · sewage sludge is Class A with respect to 
(2) The Class A pathogen longer, the temperature and time period enteric viruses until the next' monitoring 

requirements in § 503.32 (a)(3) through shall be determined using equation (3). episode for th·e sewage sludge. 
(a)(B) shall be met either prior to (C) When the density of enteric 

50,070,QOO __ . meeting or at the same time the vector viruses in the sewage sludge prior to 
attraction reduction requirements in D= Eq. (3) pathogen treatment is equal to or grea~sr 100·14(0 

~ § 503.33, except the vector attraction one Plaque-forming Unit per four 
reduction requirements in § 503.33 grams of total solids (dry weight basis), 
(b)(6) through (b)(S), are met. Where, the sewage sludge ls Class A with 

(3) Class A-Alternative 1. (i) Either I:=time in day~. . . respect to enteric viruses when the 
t-temperature in degrees c.elsius. . . · density of enteric viruses in the sewage the density of fecal coliform in the 

· sewage sludge shall be less than 1000 (4) Class A-Alternative 2. (i) Either • sludge after pathogen treatment is less 
Most Probable Number per gram of total the density of fecal coliform in the than qne Plaque-forming Unit J_HJr four 
solids (dry weight basis), or the density sewage sludge shall be less than 1000 grams of totaf solids (dry weight basis) 
of Salmonella sp. bacteria in the sewage Most Probable Number per gram of total and when the values or ra."lges of values 
sludge shall be less-than· three Most ··· solids (dry-weight basis), er the density- for the operating parameters for the 
Probable Number per four grams of total of Salmonella sp. bacteria in the sewage pathogen treatment process that 
solids (dry weight basis) at the time the sludge shall be less than three Most produces the sewage sludge that meets 
sewage sludge is used or disposed; at Probable Number per four grams of total the enteric virus density requirement 
the time the sewage sludge is prepai-ed solids (dry weight basis) at the time the are documented. 
for sale or give away in a bag or other sewaee sludge is used or disposed; at (D) After the enteric virus reduction 
container for application to the land; or the time the sewage sludge is prepared in paragraph (a)(S)(ii)(C) of this section 
at the time. the sewage sludge or for sale or give away in a bag or other is demonstrated for the pathogen · · 
material derived from sewage sludge is container for application to the land; or treatment process, the sewage sludge 
prepared to meet the requirements in at the time the sewage sludge or continues to be Class A with respect to 
§ 503.10 (b), (c), (e), or (f). material derived from sewage sludge is enteric viruses when the values for the 

(ii) The temperature of the sewage · prepared to-meet- the requirements in pathogen treatment process operating 
sludge that i.s used or disposed shell be § 503.10 (b). (c). (e), or (f). parameters are consistent with the 
meintnined at a specific value for a · (ii) (A) The pH of the sewage sludge values or ranges of values documented 
period of time. · that is used or disposed shall be raised in ~gra_p_h (a)(S)(ii)(C) of this section. 

(A) When the percent solids of the to above 12 and shall remain above 12 (iii}(A) The sewage sludge shall be 
sewage sludge is seven percent or for 72 hours. analyzed prior to pathogen treatment to 
higher, the temperature of the sewage (B) The temperature of the sewage determine whether the sewage sludge 
sludge shall be 50 degrees Celsius or sludge shall be above 52 degrees Celsius contains viable helminth ova. 
higher; the time period shall be 20 for 12 hours or longer during the period (BJ When the density of viable 
minutes or longer; end the temperature that the pH of the sewage sludge is helminth ova in the sewage sludge prior 
end time period shall be determined above 12. to pathogen treatment is less then one 
using equation (2), except when small (C) At the end of the 72 hour period per four grams of total solids (dry · 

· particles of sewage sludge are heated by during which the pH of the sewage weight basis), the sewage sludge is Class 
either warmed gases or en immiscible sludge is above 12, the sewage sludge_ A with respect to viable belminth ova 
liquid. shall be air dried to achieve a percent until the next monitoring episode for 

solids in the sewage sludge greater than the sewage sludge. 
131,700,000 50 percent. . . (C) When the density of viable 

D= Eq. (2) (5) Class A-Alternative 3. (i) Either belminth ova in the sewage sludge prior 
'· the density of fecal coliform in the to pathogen treatment is equal to or 

sewage sludge shall be less than 1000 greater than one per four grams of total 
Where. Most Probable Number per gram of total solids (dry weight ·basis), the sewage 
D=time in days. solids_ (dry weight basis), or the density sludge is Class A with respect to viable 
t=tcmperature in degrees O,lsius. of Salmonella sp. bacteria in sewage belminth ova when the density of viable 

(B) When the percent solids of the sludge shall be less than three Most helminlh ova in .the sewage sludge after 
sewage sludge is seven percent or higher .Probable Number per four grams of total· pathogen treatment is less than one per 
and small particles of sewage sludge are solids (dry weight basis) at the time the four grams of total solids (dry weight 
hented by either warmed gases or an " sewage sludge is used or disposed; at basis) and when the values or ranges of 
immiscible liquid, the temperature of the time the sewage sludge is prepared values for the operating parameters for 
~e sewage sludge shall be 50 degrees for sale or give away in a bag or other the pathogen treatment process that 
Celsius or higher; the time period shall container for application to the land; or produces the sewage sludge that meets · 
be 15 seconds or longer; and the at the time the sewage sludge or the viable belminth ova density 
temperature and time period sbali be material derived from sewage sludge is ~rement &re documented. . 
d_etennined using equation (2). prepared to meet the requirements in (D) After the viable belminth ova 

(C) When the percent solids of the . · § 503.10 (b), (c}; (e), or (f). . reduction in paragraph (a)(5)(iii)(C) of 
sewage sludge is less than seven percent (ii) (A) The sewage sludge shall be this section is demonstrated for the 
and the time period is at least 15 analyzed prior to pathogen treatment to pathogen treatment proet,ss, the sew:lge 
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sludge continues to be Class A with 
111spect to viable helminth ova when the 
values for the pathogen treatment 
·procesa operating parameters are 
consistent with the values or ranges of 
values documented in paragraph 
(a}[S)(iii){C) of this section, 

(15) Class A-Alternative 4. (i) Either 
th11 density of fecal coliform in the 
sewase sludge shall be less than 1000 
Most Probable Numbor per gram of total 
solids (dry weight basis), or the density 
of Salmonella sp. bacteria in the sewage 
sludge shall be less than three Most 
Probable Number per four grams of total 
solids (dry weight basis) et the time the 
sawage .sludge is used or disposed: at 
L'to Umo the sewage sludga is prepared 
for salo or givo away in a bag or other 
container for application to the land: or 
at th11 lima the sewage sludge or 
material derived from sewage sludge is 
prepared to meet the requirements in 
S 503.10 {b), (c), (e), or (f). 

(ii) The density of enteric viruses in 
the sewage sludge shall be less than one 
Plaque-forming Unit per four grams of 
total solids (dry weight basis) at the time 
the sewage sludge is used or disposed; 
at tho tlm11 the sewage sludge is 
prepared for sal11 or give away in a bag 
or other container for application to the 
land: or al the time the sewage sludge 
or material derived from sewage sludge 
is prepared to meet the requirements in 
S 503.10 (b), (c), (e), or (f), unless . 
othel"Wbe apec:ified by the permitting 
authority. 

(iii) The density of viable helminth 
O\'a in the sewage sludge shall be less 
than one per four grams of total solids 
(dry weight basis) at the time the sewage 
sludge ia used or disposed: at the time 
the sewage sludge is prepared for sale or 
give away in a bag or other container for 
application to the land; or at the time 
the ,owage sludge or material derived 
from ,ewage sludge is prepared to meet 
the requlraments in S 503.10 {b), (c), (e), 
or (n, unless otherwise specified by the 
permitting autb:>rity. 

(7) Oass A-Alternative s. (i) Either 
tlle density of fecal coliform in the 
sewage sludge shall be less than 1000 
M01t Probable Number r.:r gram of total 
.alids (dry weight basis , or the density 
of Salmonella, sp. bacteria in the sewage 
sludge shall be less than three Most 
Probable Number per four grams of total 
solids (dry weight basis) at the time the 
sawage sludge ia used or disposed; at 
the time the sewage sludge is prepared 
for salo or given away in a bag or other 
container for application to the land; or 
al the time the sewage sludge or 
matorial derived from sewage sludge is 
prepantd to meet the requirements in 
§ 503.10{b), (c), (e), or (f). 

(ii) Sewage sludge that is used or 
disposed shall be treated in one of the 
Processes to Further Reduce Pathogens 
described in ap~ndix B of this part. 

(8) Class ~Alternative 6. (i) Either 
the density of fecal coliform in the 
sewoge sludge shall be less than 1000 
Most Probable Number per gram of total 
solids (dry weight basis), or the density 
of Salmonella, sp. bacteria in the sewage 
sludge shall be less than three Most 
Probable Number per four grams of total 
solids (dry weight basis) al the time the 
sewage sludge is used or disposed; at 
the time the sewage sludge is prepared 
for sale or given away in a beg or other 
container for application to the land; or 
al the time the sewage sludge or 
material derived from sewage sludge is 

. prepared to meet the requirements in 
§ 503. lO(b), (c), (e), or (f). 

(ii) Sewage sludge that is used or 
disposed shall be treated in a process 
that is equivalent to a Process to Fu~er 
Reduce Pathogens, as determined by the 
permitting authority: 

(b) Sewage sludge-Class B. (1)(i) The 
requirements in either § 503.32(b)(2), 
{b)(3}, or (b)(4) shall be met for a sewage 
sludge to be cl~sifiad Class B with 
resP.ect to pathogens. · 

hi) The site restrictions in 
§ 503.32{b)(S) shall be met when sewage 
sludge that meets the Class B pathogen 
requirements in § 503.32(b)(2), (b}(3), or 
{b}(4) is applied to the land. 

(2) Class B-Altemative 1. 
(i) Seven samples of the sewage 

sludge shall be collected at the time the 
sewage sludge is used or disposed. 

(ii) The geometric mean of-the density 
of fecal coliform in the samples 
collected in paragraph (b)(Z)Ei) of this 
section shall be less than either 
2,000,000 Most Probeble Number per 
gram of total solids (dry weight basis) or 
2,000,000 Colony Forming Units per 
gram of total solids (dry weight basis). 
• (3) Class B-Alternative 2. Sewage 
slu_dge that is used or disposed shall be 
treated in one of the Processes to 
Significantly Reduce Pathogens 
described in appendix B of this part. 

(4) Class B-Altemative 3. Sewage 
sludge that is used or disposed shall be_ 
treated in a process that is equivalent to 
a Process to Significantly Reduce · · 
Pathogens, as determined by the 
permitting authority. . 

(5) Site Restrictions. (i) Food crops 
with harvested parts that touch the 
sewage sludge/soil mixture and are 
totally above the land surface shall not 
be hervested for· 14 months after 
application of sewa_ge sludge. . · 

(ii) Food crops w1ih harvested parts 
below the surface of the land shall not 
be harvested for 20 months after 
application of sewage sludge when the 

sewage sludge !Bmains on the land 
surface for four months or longer prior 
to incorporation into the soil. 

(iii) Food crops with harvested parts . 
below the surface of the land shall not 
be harvested for 38 months after 
application of sewage sludge when the 
sewage sludge remains on the land 
surface for less than four months prior 
to incorporation into the soiL 

(iv) Food crops, feed crops, and fiber 
crops shall not be harvested for 30 days 
after application of sewage sludge.· 

(v) Animals shall not be allowed to 
graze on the land for 30 days after 
application cf sewage sludge. 

(vi) Turf grown on land where sewage 
sludge is ~pplied shall not be harvested 
for one y·ear after application of the 
sewage sludge when the harvested turf 
is placed on either land with a high 
potantial for pubiic exposure or a !awn, 
Wlless otherwise specified by the 
permitting authority. 

(vii) Public access to land with a high 
potential for public exposure shall be 
restricted for one year after applicaticn 
of sewage sludge. · 

(\'iii) Public access to land with a low 
potential for public exposure shall be 
restricted for 30 days after application of 
sewage sludge. 

(c) Domestic septage. (1) The site 
restrictions in § 503.3Z(b)(5) shall be 
met when domestic septage is applied to 
agricultural land, forest, or a 
reclamation site: or 

(2) The pH of domestic septage · 
applied to agricultural land, forest, or a 
reclamation site shall be raised to 12 or 
higher by alkali addition and, without 
the addition of more alkali, shall remain 
at 12 or higher for 30 minutes and the 
site resLrictions in§ 503.32 (b)(S)(i) 
through {b)(S)(iv) shall be met. 

§ 503.33 Vector attraction reduction. 
(a)(l) One of the vector· attraction 

reduction requirements in § 503.3:l 
(b)(l) through (b)(lO) shall be met when 
bulk sewage sludge is applied to 
agricultural land, forest, a public contact 
site, or a reclamation site. 

(2) One of the vector attraction 
reduction requirements in .S 503.33 
{b)(l) through {b)(8) shall be met when 
bulk sewage sludge is applied lo a lawn 
or a home garden. · 

· (3) One of the vector attraction · 
reduction requirements in § 503.33 
{b)(l) through (b)(8} shall be met when 
sewage sludge is sold or given away in 
8 oog or other container for application 
to the land. 

(4) One of the vector attraction . 
reduction requirements in § 503.33 
{b)(l) throultli {b)(l 1) shall be met when .. 
sewage slucfge (other than dcmestic . 

A-14 



Federal Register / Vol. 58, No. 32 / Friday, Feh:c~J i~. 1993 / Rules ~d Regulations 9401 

septage) is placed on an active sewage 
sludge unit. 

(5) One of the vector attraction •• 
reduction _requirements in § 503.33 
(b)(9}, (b)(l0), ·or (b)(12) shall be met 
when domestic septage is applied to 
agricultural land, forest, or a 
reclamation site and one of the vector 
attraction reduction requirements in 
S 503.33 (b)(9} through (b)(12) shall be 
met when domestic septage is placed-on 
an active sewage sludge unit. 

(b)(l) The mass ofvolatile solids in 
the sewage sludge shall be reduced by 
a minimum of 38 percent (see 
calculation procedures in 
"Environmental Regulations and 
Technology-COntrol of Pathogens and 
Vector Attraction in Sewage Sludge", 
EPA-625/R-92/013, 1992, U.S. 
Environmental Protection Agency, 
Cincinnati, Ohio 45268). 

(2) When the 38 percent volatile 
solids reduction requirement in 
§ 503.33(b)(1) cannot be met for an 
anaerobically digested sewage sludge, 
vector attraction reduction can be 
demonstrated by digesting a portion of 
the previously digested sewage sludge 
anaerobically in the laboratory in a • 
bench-scale unit for 40 additional days 
at a temperature between 30 and 37 
degrees Celsius. When at the end of the 
40 days, the volatile solids in the 
sewage sludge at the beginning of that 
period is reduced by less than 17 
percent, vector attraction reduction .is 
achieved. 

(3) When the 38 percent volatile -
solids reduction requirement in 
§ 503.33(b)(l) cannot be met for an 
aerobically digested sewage sludge, 
vector attraction reduction can be 
demonstrated by digesting a portion of 
the previously digested sewage sludge 
that has a percent solids of two percent 
or less aerobically in the laboratory in 
a bem:h-scale unit for 30 additional days 
at 20 degrees Celsius. When at the end 
of the 30 days, the volatile solids in the 
sewage sludge at the beginning of that 
period is reduced by less than 15 
percent, vector attraction reduction is 
achieved. 

(4) The specific oxygen uptake rate 
(SOUR) for sewage sludge treated in an 
aerobic process shall be equal to or less 
than 1.5 milligrams of o_xygen per. hour 
per gram of total solids (dry weight 
basis) at a temperature of 20 degrees 
Celsius. 

(Sj Sewage sludge shall be treated in 
an aerobic process for 14 day:; or longer. 
During that time, the temperature of the 
sewage sludge shall be higher than 40 
degrees Celsius and the average 
temperature of the sewage sludge shall 
be higher then 45 degrees Celsius. 

· (6) The pH of sewage sludge shall be 
raised to 12 or higher by alkali addition 
and, without the addition of more alkali, 
shall remain at 12 or higher for two ... , 
hours and then at 11.5 or higher for an 
additional 22 hours. . 

(7) The percent solids of sewage 
sludge that does not contain 
unstabilized solids generated in a 
ptjmary wastewater treatment pr0C8SS 
shall ~ equal to or greater than 75. . . 
percent based on the moisture content 
and total solids prior to mixing with 
other materials. 

(8) The percent solids of sewage 
sludge that contains unstabilized solids 
generated in a primary wastewater 
treatment process shall be equal to or 
greater than 90 percent based on the 
moisture content and total aolids prior 
·to mixing with other materials. 

(9)(i) Sewage sludge shall be injected
below the surface of the land. 

(ii) No significant amount of the 
· sewage sludge shall be present on the 
land surface within one hour after the 
sewage sludge is injected 

(iii) When the sewage sludge that is 
injected below the surface of the land is 
Class A with respect to pathogens, the 
sewage sludge shall be injected below 
the land surface within eight hours after 
being discharged frqm the pathogen. 
treatment process. · 

(l0)(i) Sewage sludge applied to the 
land surface or placed on a surface 
disposal site shall be incorporated into 
the soil within six hours after . 
application to or placement on the land. 

(ii) When sewage sludge that is , 
incorporated into the soil is Class A 
with respect to pathogens, the sewage 
sludge shall be applied to or placed on 
the land within eight hours after being 
disc~arged from the pathogen treatment 
process. . 

(11) Sewage sludge placed on an 
active sewage sludge unit shall be 
. covered with soil or other material at 
the end of each operating day. 

(12) The pH of aomestic septage shall 
be raised to 12 or higher by alkali · 
addition and, without the.addition of 
more alkali, shall remain at 12 or higher 
for 30 minutes. 
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SECTION ONE 

I:NTRODUCTI:ON 

On February 6, 1989, the U.S. Environmental Protection Agency 
(EPA} proposed Standards for the Use or Disposal of Sewage Sludge 
(40 CFR Part 503} in the· Federal Register (54 FR 5746). Included 
in those standards were pollutant limits for different _sewage 
s·ludge use or disposal practices. 

Several commenters on the proposed Standards for the Use or 
Disposal of Sewage Sludge recommended that some of the organic 
pollutants for which pollutant limits were proposed be deleted from 
the final standards. The main reason for this recommendation was 
that the pollutants are either banned or restricted for use in the 
United States. 

Because of the comments received on the proposal; EPA decided 
to evaluate all of the organic pollutants in the proposed ~art 503 
standards for land application of sewage sludge and for placement 
of sewage sludge on a surface disposal site to determine whether to 
delete any of those pollutants from the final Part 503 standards. 
This paper discusses the criteria the Agency used to evaluate each 
organic pollutant; presents· the results of the evaluations; and 
provides the Agency's conclusion about deleting organic pollutants 
from the final Part 503 standards. 

The Agency also evaluated the inorganic pollutants for surface 
disposal for deletion from the final Part 503 regulation. This 
paper presents the results of that evaluation and EPA' s conclusions 
about deleting inorganic pollutants from the surface disposal 
subpart in the final Part 503 regulation. 
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SECTION TWO 

ORGANIC POLLUTANTS - LAND APPLICATION AND SURFACE DISPOSAL 

2.1 Criteria for the Deletion of An organic Pollutant. 

The Agency used three criteria to evaluate whether to delete 
an organic pollutant from the final Part 503 _.regulation. For an 
organic pollutant to be deleted from the_ regulation for a 
particular use or disposal practice.- one of the following thre_e 
criteria had to be satisfied. 

1. The pollutant has . been banned for use .in the United 
States; has restricted use in the United Stafes; or is not 
manufactured for use in the United States-. 

2. Based on the results of the National Sewage Sludge Survey 
(NSSS), the pollutant has a low percent detect in sewage 
sludge. 

3. Based on data from the•NSSS, the limit for an organic 
pollutant in the Part 503 exposure assessment by use or 
disposal practice is not expected to be exceeded : in sewage 
sludge that is used or disposed-. 

The evaluation for each of the organic pollutants for which 
pollutant limits were published in the proposed Part 503 standards 
using the above three criteria is presented below. 

2.2 Evaluation 

2.2.1 Introduction 

The first step in the evaluation of organic pollutants is to 
identify the organic pollutants for which limits were proposed in 
the February 6, 1989, proposal (54 FR 5746) for land application of 
sewage sludge and for placement of sewage sludge on a surface 
disposal site. These pollutants are presented below in Table 1 by 
use or disposal practice. 

Limits for organic pollutants also were proposed in Part 503 
for distribution and marketing of sewage sludge and for sewage 
siudge placed on a monof :\,11. The requirements for land app•lication 
and distribution and marketing are combined in the final Part 503 
regulation as are the requirements ·· for placement of sewage sludge 
on a monofill and placement of sewage sludge on a surface disposal 
site. For this reason, the organic pollutants presented below for 
land application include the organic pollutants in the proposal for 
distribution and marketing and the organic pollutants for surface 
disposal include the _organic pollutants in the prop.osal for a 
monofill. 

B-7 



TABLE 1 - PART 503 ORGANIC POLLUTANTS BY USE OR DISPOSAL 
PRACTICE 

Use or Disposal Practice 
Pollutant LA SD 

Aldrin/dieldrin (total) X 
Benzene X 
Benzo(a)pyrene X X 
Bis(2-ethylhexyl)phthalate X 
Chlordane X X 
DDT/DDE/DDD (total) X X 
Heptachlor X 
Hexachlorobenzene X 
Hexachlorobutadiene X 
Lindane X X 
N-Nitrosodimethylamine X X 
Polychlorinated biphenyls X X 

Toxaphene X X 
Trichloroethylene X X 

LA - land application 
SD surface disposal • 

The next step is to evaluate each of the organic pollutants 
using the above three criteria. 

2.2.2 Criterion 1 

Jhe organic pollutants listed in Table 2 have been banned for 
use in the United States; have restricted uses in the United 
States; or are not manufactured for use in the United States. ·· 
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TABLE 3 - PERCENT DETECT FOR ORGANIC POLLUTANTS 

Number of Percent 
Pollutant POTWs Detect* 

Aldrin/dieldrin (total) 177 8 
Benzene 178 0 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 

178 
178--. 

3 
63 

Chlordane 177 0 
DDT/DDE/DDD (total) 177 3 
Heptachlor 177 0 

-Hexachlorobenzene 178 0 
Hexachlorobutadiene 178 0 
Lindane 177 0 
N-Nitrosodimethylamine 178 0 
Polychlorinated biphenyls 177 19 

·Toxaphene 177 0 
Trichloroethylene 178 1 

* Estimated percent detect in sewage sludge used or disposed at 
publicly owned treatment works nationwide. From "Statistical 
Support Documentation for the 49 CFR Part 503 Final Standards for 
the Use or Disposal of Sewage Sludge", Volume I, U. s. Environmental 
Protection Agency, Washington, D.C., November 11, 1992. · 

A review of the above information indicates that all of the 
pollutants, except aldrin/dieldrin (total), 
bis(2-ethylhexyl)phthalate, and polychlorinated biphenyls (PCBs), 
satisfy Criteria 2 for the deletion of an organic pollutant from 
the final Part 503 standards because the pollutants have a low 
percentage of detection (i.e., five percent or less) nationwide. 
Aldrin/dieldrin (total), bis(2-ethylhexyl)phthalate, and PCBs do 
not satisfy this criterion because they have a percent detect 
.higher than five percent. -

2.2.4 criterion 3 

For the Criterion 3 evaluation, the 99th percentile 
concentrations (see Table 7-11 in the report referenced in Table 4) 
from ~he NSSS were compared to the pollutant limits from the final 
Part 503 exposure assessment by use or disposal practice. For land 
application, the comparison was made by comparing annual pollutant 
loading rates. For surface disposal, pollutant concentrations from 
the final Part 503 exposure assessment were compared to the 99th 
percentile pollutant concentrations. · 

The 99th percentile concentrations from the NSSS were 
determined using the SM-ML procedure, except for 
bis(2-ethylhexyl)phthalate. For bis(2-ethylhexyl)phthalate, the 
MLE procedure was used to determine the 99th. percentile 
concentration because the data for that pollutant appeared to be 
distributed log normally. The 99th percentile concentrations are 
presented in Table 4 and the comparisons using those concentrations 
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TABLE 2 ORGANIC POLLUTANTS THAT HAVE BEEN BANNED, HAVE 
~STRICTED USE, OR ARE NOT MANUFACTURED .. 

Pollutant Reference 

Aldrin/dieldrin (total) 
Chlordane ' * DDT/DDE/DDD (total) * 
Heptachlor * Lindane * N-Nitrosodimethylamine ** 
Polychlorinated biphenyls 40 CFR Part 761 
Toxaphene * 
* See "Suspended, Cancelled, and Restricted Pesticides, 20T::.1002, 

U.S. Environmental Protection Agency, February 1990. 

** See 11 1992 Directory of Chemical Producers", SRI International, 
Menlo Par, California, 1992. 

These eight pollutants satisfy the first criterion for 
deletion of an organic pollutant•from the final Part 503 standards 
for land application of sewage sludge and for placement of sewage 
sludge on an active sewage sludge unit. 

2.2.3 criterion 2 

The percent detect from the National Sewage Sludge survey 
(NSSS) for each of the organic pollutants in the proposed Part 503 
standards for land application of sewage sludge and for placement 
of sewage sludge on an active sewage sludge unit is presented in 
Table 3. 
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are presented below. 

TABLE 4 - 99TH PERCENTILE CONCENTRATIONS 

Pollutant Units 99th Percentile Concentration* 

Aldrin/dieldrin (total) mg/kg 0.07'\ 
Benzene mg/kg 7.0 
Benzo(a)pyrene mg/kg 43 
Bis(2-ethylhexyl) phthalate mg/kg 1000 
Chlordane mg/kg 1.8 
DDT/DDE/DDD (total) mg/kg 0.14 
Heptachlor mg/kg 0.14 
Hexachlorobenzene mg/kg 43 
Hexachlorobutadiene mg/kg 43 
Lindane mg/kg __ - 0.18 
N-Nitrosodimethylamine mg/kg 210 
Polychlorinated biphenyls mg/kg 9.1 
Toxaphene mg/kg 7.4 
Trichloroethylene mg/kg 7.0 

* From "Statistical Support Documentation for the 40 CFR, Part 503 
Standards for the Use or Disposal of Sewage", Volume I, U. s. 
Environmental Protection Agency, Washington, D.C., November 11, 
1992. Values are on dry weight basis - and are·· reported in two 
significant figures. 

2.2.4.1 Land Application Comparison 

For the purpose of comparing annual pollutant loading rates 
for land application, the annual whole sludge application rates in 
Table 5, which are from the NSSS (see Attachment A), were used in 
equation (1) below with the 99th percentile concentration from the 
NSSS to determine the calculated annual pollutant loading rates. 
The comparisons of the calculated annual pollutant loading rates to 
the annual pollutant loading rates from the Part 503 exposure 
assessment are presented Tables 6 through 9. 

TABLE 5 - ANNUAL WHOLE SLUDGE APPLICATION RATES 

Type of Land Annual ·whole Sludge Application Rate* 

Agricultural 7 
Forest 26 
Public contact site 18 
Reclamation site 74 

.-
* Metric tons per hectare per 365 day period (dry weight 

basis). 
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APLR = C X AWSAR x 0.001 (l} 

where, 

APLR = Annual pollutant loading rate in kilograms per hectare 
per 365 day period. 

c = pollutant concentration in milligrams per kilograms 
(dry weight basis}. 

AWSAR = Annual whole sludge application rate in metric tons per 
· hectare pe_r 365 day period (dry weight basis). 

0.001 = A conversion factor. 

Agricultural land: 

TABLE 6 - COMPARISON OF ANNUAL LOADS FOR AGRICULTURAL LAND 

APLR (Exposure} APLR (NSSS} 
Pollutant kg/ha/365 kg/ha/365 

Aldrin/dieldrin (total) 0.027 0.00051 
Benzo(a)pyrene 0.15 0.30 
Chlordane . 0.86 0.012 
DDT/DDE/DDD (total) 1.2 0.00098 
Heptachlor 0.074 0.00098 
Hexachlorob£. .. zene 0.29 0.30 
Hexachlorobutadiene 6.0 0.30 
Lindane 0.84 0.0012 
N-Nitrosodim~~hylamine 0.021 1.4 
Polychlorinated biphenyls 0.046 0.063 
Toxaphene 0.10 0.049 
Trichloroethy~ene 100 0.05 

The ann1.1.al pollutant loading rate for benzo (a} pyrene, 
hexachlorobe~zene, N-Nitrosodimethylamine, and PCBs calculated 
using the 99th percentil~concentration for each pollutant from the 
NSSS and an annual whole sludge application rate of seven metric 
tons per hectare per 365 day period is greater than the annual 
pollutant loading rate for those pollutants from the Part 503 
exposure ass.~ssment. For this reason, those pollutants do not 
satisfy Criterion 3 for application of sewage sludge to 
agricultural land. 
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Forest: 

TABLE 7 - COMPARISON 

Pollutant 

Aldrin/dieldrin (total) 
Benzo(a)pyrene 
Chlordane 
DDT/DDE/DDD(total) 
Heptachlor 
Hexachlorobenzene 
Hexachlorobutadiene 
Lindane 
N-Nitrosodimethylamine 
Polychlorinated biphenyls 
Toxaphene 
Trichloroethylene 

OF ANNUAL LOADS FO_R 

APLR (Exposure) 
kg/ha/365 

0.027 
0.15 
0.86 
1.2 
0.074 
0.29 
6.0 
0.84 

. -····--0. 021 
0.046 
0.10 

100 

FORESTS 

APLR (NSSS) 
kg/ha(365 

0.0019 
1.1 
0.046 
0.0036 
0.0036 
1.1 
1.1 
0.0046 
5.4 
0.23 
0.19 
0.18 

The annual pollutant loqding rate for benzo(a)pyrene, 
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene 
calculated using the 99th percentile concentration from the NSSS 
and an annual· whole sludge .. application rate .of 26 metric tons per 
hectare per 365 day period is greater than the annual pollutant 
loading rate for those pollutants from the Part 503 exposure 
assessment. For this reason, those pollutants do not satisfy 
Criterion 3 for application of sewage sludge to forests. 

Public contact site: 

TABLE 8 - COMPARISON OF ANNUAL LOADS FOR PUBLIC CONTACT SITES 

Pollutant 
APLR (exposure)· 

-·kg/ha/365 
APLR (NSSS) 

kg/ha/365 

Aldrin/dieldrin (total) 0.027_. 0.0013 
Benzo(a)pyrene 0.15 0.77 
Chlordane 0.86 0.032 
DDT/DDE/DDD(total) 1.2 0.0025 
Heptachlor 0.074 0.0025 
Hexachlorobenzene 0.29 o-~77 
Hexachlorobutadiene 6.0 0.77 
Lindane 0.84 0.0032 
N-Nitrosodimethylamine 0.021 3.7 
Polychlorinated biphenyls 
Toxaphene 

0.046 
0.10 

0.16 
0.12_ 

Trichloroethylene 100 0.13 
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The annual pollutant loading rate for benzo(a)pyrene, 
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene 
calculated using the 99th percentile concentration from the NSSS 
and an annual whole sludge .application rate of 18 metric tons per 
hectare per 365 day period exceeds the annual pollutant loading 
rate for those pollutants from the Part 503 exposure assessment. 
For this reason, those pollutants do not satisfy Criterion 3 for 
application.of sewage sludge to a public contact site. 

Reclamation site: 

TABLE 9 - COMPARISON OF ANNUAL LOADS FOR RECLAMATION SITES 

Pollutant 
APLR (Exposure) 

kg/ha/365 
APLR (NSSS) 

kg/ha/365 

Aldrin/dieldrin (total) 
Benzo(a)pyrene 
Chlordane 

0.027 
0.15 
0.86 

0.0054 
3.1 
0.13 

DDT/DDE/DDD(total) 
Heptachlor 

1.2 
0.074 

0.010 
0.010 

Hexachlorobenzene 0.29 3.1 
Hexachlorobutadiene 6.0 3.1 
Lindane 0.84 0.013 
N-Nitrosodimethylamine 
Polychlorinated biphenyls 
Toxaphene 

0.021 
0.046 
0.10 

15 
0.67 
0.54 

Trichloroethylene 100 Q.51 

The annual pollutant loading rates for benzo(a)pyrene, 
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene 
calculated using the 99th percentile concentration for each 
pollutant from the NSSS and an annual whole sludge application rate 
of 74 metric tons per hectare per 365 day period exceed the annual 
pollutant loading rates for those pollutants from the Part 503 
exposure 
satisfy 

assessment. 
Criterion 3 

For 
for 

this reason, 
application 

those pollutants do not 
of sewage sludge to a 

reclamation site. 

Annual pollutant loading rates for organic pollutants· are 
included in the final Part 503 exposure assessment only for land 
application of sewage sludge. Those rates are the same for all 
types of land on which sewage sludge is applied. For this reason, 
results of the above evaluation were combined to determine which 
pollutants satisfy criterion 3 for land application of sewage 
sludge. When this is done, the pollutants that do not satisfy 
Criterion 3 for land application of sewage sludge are 
benzo(a)pyrene, hexachlorobenzene, N-Nitrosodimethylamine, PCBs, 
and toxaphene. · 
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Sewage sludge sold or given-away in a bag or other container for 
application to the larid {formerly distribution and.marketing): 

The Part 503 exposure assessment contains limits for organic 
pollutants for sewage sludge sold or given-away in a bag or other 
container for application to the land. These limits are annual 
pollutant loading rates. 

•' 

Sewage sludge sold or given-away in a bag or other container 
for application to the land may be applied to all types of land. 
For this reason, the annual whole sludge application rates used to 
calculate the annual pollutant loading rates for the above land 
application compariso~ also were used to calculate the annual 
pollutant loading rates for sewage sludge sold or given-away in a 
bag or other container for application to the land. 

For the purpose of comparing- annual pollutant loading rates 
for sewage sludge sold or given-away in a bag or other container 
for application to the land, the highest annual whole sludge 
application rate (i.e., 74 metric tons per hectare per 365 day 
period) from the land application comparison was used in equation 
(2) below along with the 99th percentile concentrations from the 
NSSS to calculate annual pollutant loading rates. Results of the 
comparison of the calculated annual pollutant loading rates to the 
annual pollutant loading rates for sewage sludge sold or given-away 
in a bag or other container for-application to the land·from the 
Part 503 exposure assessment are presented in Table 10. 

APLR = C x AWSAR X 0.001 (2) 

where, 

APLR = annual pollutant loading rate in kilograms per hectare 
per 365 day period. 

C = pollutant concentration in milligrams per kilogram of 
sewage sludge (dry weight basis). 

AWSAR ·= annual whole sludge application rate in metric tons per 
hectare per 365 day period (dry weight basis). 

0.001 = a conversion factor. 
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TABLE 10 - COMPARISON OF ANNUAL LOADS FOR SEWAGE SLUDGE SOLD 
OR GIVEN AWAY IN A BAG OR OTHER CONTAINER FOR 
APPLICATION TO THE LAND 

APLR (Exposure) APLR (NSSS) 
Pollutant kg/hectare/365 kg/hectare/365 

Aldrin/dieldrin (total) 0.027 0.0054 
Benzo(a)pyrene 0.15 3.1 
Chlordane 0.86 0.13 
DDT/DDE/DDD (total) 1.2 0.010 
Heptachlor 0.074 0.010 
Hexachlorobenzene 0.29 3.1 
Hexachlorobutadiene 6.0 3.1 
Lindane 0.84 0.01.3 
Polychlorinated biphenyls 0.046 0.67 
Toxaphene 0.10 0.54 

The annual pollutant loading rate calculated using the 99th 
percentile concentration for benzo ( a) pyrene, hexachlorobenzene, 
PCBs, and toxaphene from the NSSS and an annual whole application 
rate of 74 metric tons per hectare per 365 day period exceeds the 
annual pollutant loading rate for those pollutants from the Part 
503 exposure assessment. For this reason, those pollutants do not 
satisfy Criterion 3 for sewage sludge sold or given away in a bag 
or other container for application to the land. 

2.2.4.2 surface Disposal 

For this disposal practice, the 99th percentile concentrations 
from the NSSS were compared to the Part 503 pollutant 
concentrations from the exposure assessment for an active sewage 
sludge un~t without a liner and leachate collection system. This 
comparison is presented in Table 11. 
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TABLE 11 - COMPARISON OF ORGANIC POLLUTANT CONCENTRATIONS FOR 
SURFACE DISPOSAL 

.. Concentration* Concentration 
Pollutant Exposure - mg/kg NSSS - mg/kg 

Benzene 140 7.0 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 
Ghlordane 

>100,000 
>100,000 
>100,000 

43 
1000 

1.8 
DDT/DDE/DDD 
Lindane 

(total) >100,000 
28,000 

0.14 
0.18 

N-Nitrosodimethylamine 0.088 210 
Polychlorinated biphenyls 110 9.1 
Toxaphene 26,000 7.4 
Trichloroethylene 9,500 7.0 

* Active sewage sludge unit without a liner and leachate 
collection system. 

N-Nitrosodimethylamine does .not satisfy Criterion· 3 for 
placement of sewage sludge on an.active sewage sludge unit because 
the 99th percentile concentration for that pollutant from the NSSS 
exceeds the concentration for that pollutant from the Part 503 
exposure assessment. All. o.f .. the.Ptner organic .pollutants for this 
practice satisfy Criterion 3. 

2.3 Evaluation results 

Following are the results of the evaluation of the organic 
pollutants for which pollutant limits were published in the 
proposed Part 503 standards to determine which of those pollutants, 
if any, to delete from the final Part 503 standards: 

o Eight of the organic pollutants for which pollutant limits 
were published in the proposed Part 503 regulation for land 
application of sewage sludge and placement of sewage sludge on 
a surface disposal site have been banned for use in the United 
States; have.been restricted for use in the United States; or 
are not manufactured in the United States. They are: 
aldrin/dieldrin (total), chlordane, DDT/DDE/DDD (total), 
heptachlor, lindane, N-Nitrosodimethylamine, polychlorinated 
biphenyls, and toxaphene. These pollutants satisfy Criterion 
1. 

o The percent detect from the NSSS for the organic pollutants 
for which limits were proposed for land application of sewage 
sludge and placement of sewage sludge on a surface dispos~l 
site are low (i.e. , five percent or less) , except for 
aldrin/dieldrin (total), bis(2-ethylhexyl)phthalate, and 
polychlorinated biphenyls •. All of the other organic 
pollutants for which limits were proposed satisfy Criterion 2. 
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o With the exception of benzo (a) pyrene, hexachlorobenzene, N
Nitrosodimethylamine, PCBs, and toxaphene, the annual 
pollutant loading rate for the organic pollutants calculated 
using the 99th percentile concentration for each pollutant 
from the NSSS and an annual whole application rate from the 
NSSS is below the Part 503 exposure assessment annual 
pollutant loading rate for each organic pollutant for sewage 
sludge applied to agricultural land, forest, a public contact 
site, o~ a reclamation site. For land application of sewage 
sludge, benzo ( a) pyrene, hexachlorobenzene, N
Nitrosodimethylamine, PCBs, and toxaphene do not satisfy 
Criterion 3. 

o With the exception of benzo(a)pyrene, hexachlorobenzene, 
PCBs, and toxaphene, the annual pollutant loading rate for the 
organic pollutants calculated using the 99th percentile 
concentration for each pollutant from the NSSS and an annual 
whole sludge application rate from the NSSS is below the final 
Part 503 exposure assessment annual pollutant loading rate for 
each organic pollutant for sewage sludge sold or given-away in 
a bag c other container for application to the land ( formerly 
distribution and marketing). For sewage sludge sold or given 
away in a bag or otjler container, benzo(a)pyrene, 
hexachlorobenzene, PCBs, and toxaphene do not satisfy 
Criterion 3. 

o With :the exception of N-Nitrosodimethylamine, the 99th 
percentile pollutant concentration from the NSSS is below the 
Part so~ exposure assessment concentration for each organic 
polluta .. t: in sewage sludge placed on an active sewage sludge 
unit without a liner and leachate collection system. For this 
practic N-Ni trosodimethylamine does not satisfy Criterion 3. 

2.4 conclusions 

Based on the results of the above evaluations, the Agency is 
deleting organic pollutants from the final Part 503 regulation, as 
indicated below, for the appropriate use or disposal practice. EPA 
concluded that because those organic pollutants satisfy one of the 
three criteria discussed above, public health and the environment 
are protected from the reasonably anticipated adverse effects of 
the organic pollutants in sewage sludge without establishing limits 
for the pollut~nts in the final Part 503 regulation. 
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Application to agricultural land, forest. a public 
contact site, or a reclamation site - pollutants deleted: 

Pollutant Criteria Met 

Aldrin/dieldrin (total) 1 and 3 
Benzo(a)pyrene -2 
Chlordane 1, _2, and 3 
DDT/DDE/DDD(total) 1, .2, and 3 
Heptachlor 1, 2, and 3 
Hexachlorobenzene 2 
Hexachlorobutadiene 2 .and 3 
Lindane 1, 2, and 3 
N-Nitrosodimethylamine 1 and 2 
Polychlorinated biphenyls 1 
Toxaphene 1 and 2 
Trichloroethylene 2 and 3 

Organic pollutant remaining: none. 

Sewage sludge sold or given-away in a bag or other container for 
application to the land (formerJ.y distribution and marketing) -
pollutants deleted: 

Pollutant Criteria Met 

Aldrin/dieldrin (total) 1 and 3 
Benzo(a)pyrene 2 
Chlordane 1, 2, and 3 
DDT/DDE/DDE (total) 1, 2, and 3 
Heptachlor 1, 2, and 3 
Hexachlorobenzene 2 
Hexchlorobutadiene 2 and 3 
Lindane 1, 2, and 3 
Polychlorinated biphenyls 1 
Toxaphene 1 and 2 

Organic pollutants remaining: none 

As indicated above, PCBs were deleted from the final Part 503 
regulation for land application because Criterion 1 is satisfied. 
PCBs are restricted for use in the United States. They can be used 
~nly in closed syste~s and the disposal of PCBs is closely 
regulated under the Toxic Substances Control Act (40 CFR Part 761). 

Based on the results of the National Sewage Sludge Survey 
(NSSS) , PCBs did not satisfy Criterion 2. PCBs are estimated to be 
detected in sewage sludge that is used or disposed at 19 percent of 
the publicly owned treatment works nationwide. To satisfy 
Criterion 2, the percent detect had to be five percent or less. 

PCBs also did not satisfy Criterion 3. If PCBs had been 
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regulated, the pollutant limit for PCBs based on results of the 
exposure assessment would be 0.046 kilograms per hectare per 365 
day period. The annual pollutant loading rate,(APLR) delivered to 
each hectare of land assuming a concentration of PCBs in the sewage 
sludge equal to the 99th percentile concentration from the NSSS 
(i.e., 9.1 milligrams per kilogram) and an annual whole sludge 
application rate of 7, 18, 26, and 74 metric tons per hectare for 
agricultural land, forest, a public contact site, and a reclamation 
site, respectively, would be 0.063, 0.16, 0.23, and 0.67 kilograms 
per hectare, respectively. 

For application to agricultural land, which is by far the most 
widely used land for application of sewage sludge, the above APLR 
calculated using the 99th percentile PCB concentration is higher 
than the pollutant limit for PCBs that would have been in the final 
Part 503 regulation by only 37 percent. The APLRs for the other 
types of land are higher than the potential Part 503 APLR by larger 
factors. However, this is mitigated by the fact that sewage sludge 
only is applied to forest, a public contact site, or a reclamation 
site at most every three to five years. In the case of a 
reclamation site, sewage sludge is applied to the site at most 
three times during the period that the land is a reclamation site. 

Another factor that mitigates the calculated APLRs is the use 
of the 99th percentile concentration for PCBs from the NSSS to 
calculate the APLRs. This concentration represents, to a large 
extent, outlier values for PCBs and, therefore, is conservative. 
rf the more reasonable worst case 90th percentile concentration for 
PCBs (i.e., 1.9 milligrams per kilogram) is used to calculate the 
APLRs, the annual amounts delivered to a hectare of land are 0. 013, 
0.034, 0.049, and 0.14 kilograms for agricultural land, forest, a 
public contact site, and reclamation site, respectively. In this 
case,the calculated APLRs for agricultural land and forest satisfy 
Criterion 3, the APLR for a public contact site is only slightly 
higher than the exposure assessment value for PCBs (i.e., _0.046 
kilograms per hectare per 365 day period), and the APLR for a 
reclamation site does not satisfy Criterion 3. 

EPA is committed to re-evaluate the decis~on not to regulate 
PCBs in the final Part 503 regulation during the next review of the 
regulation (i.e., Round II). EPA expects the concentration of PCBs 
in sewage sludge to continue to decrease. In addition, EPA will 
re-evaluate the toxicity of PCB congeners tpro~gh use of a toxicity 
equivalent factor system. Both of these factors will be considered 
in Round II. 
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surface disposal - pollutant deleted: 

Pollutant ·criteria Met 

Benzene 2 and 3 
Benzo(a)pyrene 2 and 3 

. Bis (2-ethylhexyl) phthalate ·· .· - ~-- .. ···• .. -· ~ -- ~- 3 
Chlordane 1, 2, and 3 
DDT/DOE/ODD (total) 1, 2, and 3 
Lindane 1, 2, and 3 
N-Nitrosodimethylamine 1 and 2 
Polychlorinated biphenyls 1 and 3 
Toxaphene 1, 2, and 3 
Trichloroethylene · 2 and 3 

Organic pollutants remaining-: none· 
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SECTION THREE 

INORGANIC POLLUTANTS - SURFACE DISPOSAL 

3.1 Introduction 

After reviewing results of the exposure assessment for surface 
disposal, the Agency decided to evaluate the inorganic pollutants 
to determine whether to include limits in the final Part 503 
regulation for all of the inorganic pollutants for which limits 
were included in the proposed Part 503 regulation. This evaluation 
was done for both sewage sludge and domestic septage. Results the 
evaluations and the Agency's conclusions based on those results are 
presented below. 

3.2 Evaluation - sewage Sludge 

The evaluation to determine whether to include limits for 
inorganic pollutants in sewage sludge placed on an active sewage 
sludge unit in the final Part 503 regulation consisted of comparing 
the limits from the Part 503 exp·osure assessment to the 99th 
percentile concentration for a pdllutant from the NSSS. Results of 
this comparison are present in Table 12. 
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TABLE 12 - COMPARISON OF INORGANIC POLLUTANT CONCENTRATIONS 
FOR SEWAGE SLUDGE 

Concentratipn Concentra\ion Concentrition 
Pollutant <mg/kgl (mg/kg) (mg/kg) 

Arsenic 75 73 >100,000 
Cadmium 85 >100,000 >100,000 
Chromium 1200 600 >100,000 
Copper 4300 46,000 >100,000 
Lead 840 >100,000 >100,000 
Mercury 58 >100,000' >100,000 
Nickel 420 699 >100,000 

1 - From "Statistical support Documentation !or the 40 CFR, Part 
503 Final Standards for the Use or Disposal of Sewage Sludge, 
Volume I, U.S. Environmental Protection Agency, Washington, 
D.c., November 11,1992. Pollutant concentrations are dry 
weight 99th percentile concentrations. 

2 - From F .t 503 exposure assessment for an active sewage sludge 
unit without a liner and leachate collection system (dry 
weight basis) - see technieal support document for the Part 
503 surface disposal requirements. 

3 - From Part 503 exposure assessment for an active sewage sludge 
unit with a liner and leachate collection system (dry weight 
basis) -- see technical support document for the Part 503 
surface iisposal requirements. 

Results of the above comparison indicate that the 99th 
percentile~ ~lutant concentrations are much lower than the Part 
503 exposure assessment concentrations for an active sewage sludge 
unit without a liner and leachate collection system, except for 
arsenic, chromium, and nickel. In the case of arsenic, chromium, 
and nickel, the 99th percentile concentration is either higher than 
or very close to the exposure assessment concentrations for those 
pollutants. 

The above results also indicate that the 99th percentile 
pollutant concentrations are much lower than the Part 503 exposure 
assessment concentrations for an active sewage sludge unit with a 
liner and leachate collection system. In this case, all of the 
99th percent;1e concentrations are at least an order of magnitude 
lower than th~ exposure assessment concentrations. 

3.3 Evaluation - Domestic Septage 

The evaluation to determine whether to include limits in the 
final Part 50.3 regulation for inorganic pollutants in domestic 
septage placed on an active sewage sludge unit consisted of 
comparing the limit from the Part 503 exposure assessment for 
sewage sludge placed on an active sewage sludge unit to the 98th 
percentile concentration for a pollutant in domestic septage (see 

B-24 



Attachment B). Results of this comparison are presented in Table 
13. 

TABLE 13 - COMPARISON OF INORGANIC POLLUTANT CONCENTRATIONS FOR 
DOMESTIC SEPTAGE 

Concentratipn Concentrat~on Con<?entra!ion 
EolJ:utant (mgt'.'.kg) (mgt'.'.kg) · (-mgLkg} 

Arsenic 304 73 >100,000 
Cadmium 25 >100,000 >100,000 
Chromium 110 600 >100,000 
Copper 2600 46,000 >100,000 
Lead 100 >100_, 000 >100,000 
Mercury 0.91 >100,000 >100,000 
Nickel 50 690 >100,000 

1 - Concentration on a dry weight basis (see page 26 in Attachment 
B) • 

2 - From Part 503 exposure assessment for an active sewage sludge 
unit without a liner and leachate collection system (dry 
weight basis) - see the technical support document for the 
Part 503 surface disposal requirements. 

3 - From Part 503 exposure assessment for an active sewage sludge 
unit with a liner and leachate collection system (dry weight 
basis) - see the technical support document for the Part 503 
surface disposal requirements. 

4 - Concentration is the minimum level value -(i.e. , highest 
detection limit value) because arsenic was not detected in any 
of the collected domestic septage samples. 

Results of the above comparison indicate that the 98th 
percentile pollutant concentrations are lower than the Part 503 
exposure assessment concentrations for sew~ge sludge placed on an 
active sewage sludge unit both with and without a liner and 
leachate collection system. The 98th percentile concentration that 
is the closest to the Part 503 concentration is the value for 
arsenic when compared to the Part 503 exposure· a~sessment 
c.oncentration for an active sewage sludge unit without a liner and 
leachate collection system. As indicated in a footnote above, 
arsenic was no·t ·detected in any· of -the domestic septage samples 
collected and analyzed. The concentration for arsenic in the table 
is the minimum level value (i.e., the highest detection limit) for 
arsenic in the domestic septage samples collected and analyzed. 
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3.4 Concl.usions 

3.4.1 sewage Sl.udge 

After comparing the 99th percentile concentrations to the Part 
503 exposure assessment concentrations for an active sewage sludge 
unit withQut a liner and leachate collection system, the Agency 
concluded that limits only should be included-·in the final Part 503 
regulation for arsenic, chromium, and nickel. Limits are not 
needed in the final regulation to protect public health and the 
environment from cadmium, copper, lead, and mercury in the sewage 
sludge because the 99th percentile concentration is much lower than 
the exposure assessment concentration for each of those pollutants. 
In this case, the concentration of cadmium, coppe.r, lead, and 
mercury in the sewage sludge is not expected to exceed the exposure 
assessment concentration for those pollutants. Consequently, there 
are no pollutant limits for cadmium, copper, lead, and mercury in 
the final Part 503 regulation for an active sewage sludge without 
a liner and leachate collection system. 

The Agency also concluded that no limits are needed in the 
final Part 503 regulation for inorganic pollutants in sewage sludge 
placed on an active sewage slud~e unit with a liner and leachate 
collection system to protect public health and the environment 
because the 99th percentile concentrations are much lower than the 
exposure assessment concentrations for the inorganic pollutants. 
The concentration of each of the inorganic pollutants in sewage 
sludge is not expected to exceed the exposure assessment 
concentration for the pollutant. Consequently, there are no 
pollutant limits in the final Part 503 regulation for sewage sludge 
placed on an active sewage sludge unit with a liner and leachate 
collection system. 

3.4.2 Domestic Septage 

After comparing the ~8th percentile domestic septage 
concentrations to the Part 503 exposure assessment concentrations 
for an active sewage sludge unit both with and without a liner and 
leachate collection, the Agency concluded that limits are not 
needed in the final Part 503 regulation to protect public health 
and the environment from the reasonably anticipated of arsenic, 
cadmium, chromium, copper, lead, mercury, and nickel in domestic 
septage placed on an active sewage sludge unit because the 98th 
percentile concentrations are lower than the Part 503 exposure 
assessment concentrations for those pollutants. In this case, the 
concentration of each of those pollutants is not expected to exceed 
the exposure assessment concentration for each pollutant. 
Consequently, there are no limits for inorganic pollutants in the 
final Part 503 regulation for domestic septage placed on either an 
active sewage sludge without a liner and leachate collection system 
or an active sewage sludge unit with a liner and leachate 
coll~ction system . 

. · 
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··MEMORANDUM 

Date: November 10, 1992 

To: Bob Southworth, EPA 

From: Anne Jones and Matt Murphy, ERG 

Re: Revised Mean Application Rates for Land Application 

================================================= 

We have calculated weighted mean application rates for agricultural land application, 

land application to forest sites and public contact sites, and land reclamation. The following 

methodology was used to derive these numbers. 

First, we used the analytical survey rather than the larger questionnaire survey for the 

following reason. A question on numbers of applications was critical to the calculation of 

application rates. However, respo11dents frequently, and fairly consistently, misinterpreted this 

question. We made corrections (based on call backs) to the question on number of applications, 

as well as to other questions that affected application rates, to many of the analytical survey 

observations. Thus a larger proportion of the analytical survey had application rates based on 

corrected data than the questionnaire survey. Because we had more confidence in a greater 

proportion of data in the analytical questionnaire, we preferred to use this questionnaire. 

Second, because of some remaining problems with the question on number of 

applications we limited the number _of applications to 10, that is, we allowed this number to 

range up to 10, but where any number exceeded 10, it was set to 10. This was felt to be a very 

conseivatively high estimate of numbers of applications. We feel that, if anything, this 

assumption would tend to somewhat overstate actual application rates in most cases. 

Finally, we deleted one observation, which was a PO1W practicing land reclamation. 

Thls POlW was applying sewage sludge at over 1,600 dmt/ha: · The sewage sludge fails ceiling 

concentrations, but even if it passed, it is highly unlikely that this application rate would be 

allowed under Subpart B. The mean application rate shown in the following tables reflects the 

deletion of this observation. 

Attachment A 
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We then ran the Univariate Procedure in SAS to obtain the weighted means discussed 

below and presented in the attached tables. 

The results of this analysis are as follows: agricultural rates average about 7 dmt/ha; 

rates at forest sites average 26 dint/ha; rates at public contact sites average 19 dmt/ha; and rates 

at reclamation sites average 74 dmt/ha, as shown in the attached tables. 
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The SAS System 11:50 Tuesday, November 10, 1992 

·································~·························· NEWUSE=AG ••••••·•·••••·•··•••··••••••••••••••••••••••••••••••••••••••• 

Univariate Procedure 

Variable=MTHAYR 
Weight= ANAL_WT 

Momenta auantiles(Def=5) Extremes 

N 87 Sum Wgts 3691 100!\s Max 290 99% 290 Lowest Obs 
Mean 6.768121 sum 24981.14 75!\s Q3 16,3666 95% 53.4717 0.0269041 Obs401 ~~~~~~}I 19) 
Std Dev 104.9951 Variance 11023.97 50!\s Med 7.53312 90% 43.719 0.026904 39 58.5162 51) 
Skewness . hUrtosis 25% Q1 1.61424 10% 0.13452 0.026904 73 61.2066 5g~ USS 1117136 css 948061,1 096 Min 0.026904 5!\s 0.035872 0.035872 72 75.3312 
CV 1551.318 Std Mean 11.25665 1% 0.026904 0.035872 71 290 25~ 
T:Mean=O 0.601255 Pr>ITI 0,5493 Range 289.9731 
Num "= O 87 NUIII > 0 87 03-Qt 14.75236 
M(Sign) 43.5 Pr>•IMI 0.0001 Mode 0,026904 
Sgn Rank 1914 Pr>=ISI 0.0001 

Missing Value 
count · 2 
% Count/Nobe ·2.25 

The SAS system 11:50 Tuesday, November 10, 1992 3 

•••••••• ~ ••••••••••••••••••••••••••••••••••••••••••••••••••• NEWUSE=FOR ·~·························································· 

Univariate Procedure 

Variable=MTHAVR 
Weight= ANAL_WT 

Moments Quantiles(Def=5) Extremes 

N 2 su,n Wgts 12 100!\s Max 33.63 99!\s 33.63 Lowest Obs Highest Obs 
Mean 26.06325 sum 312.759 75!\s Q3 33.63 95!\s 33.63 2 
Std Dev 26.21199 Variance 687.0685 50!\s Med 26.06325 90!\s 33,63 33,63 1 

· Skewness . Kurtosis . 25!\s Qt 18.4965 10% 18.4965 . ·······1 USS 8838.584 css 687.0685 0% Min 18.4965 5!\s 18.4965 . , ••••• :1 2 
CV 100.5707 Std Mean 18,53468 19a 18.4965 . 33.63 1 
T:Mean=O 1.406189 Pr>ITI 0,3935 Range 15, 1335 
Num "= o 2 Num>O· 2 Q3-Q1 15. 1335 
M(Sign) 1 Pr>•IMI 0,5000 Mode 18,4965 
Sgn Rank 1.5 Pr>s:ISI 0.5000 

https://11023.97
https://24981.14


Th• SAS systea 11 :SO TUHday, Hove■ bltr 10, 1992 5 

--------------··········••···········•····················· ffE\lj\JSE•PUBC ·······················-····························-······· 
Univariate Procedure 

Variable•MTHAYR 
Weight• AHAL_'HT 

Mo111ents Quantiles(Def=5) Extre1e11 

N 11 sum Wg•s 74· 100" Max - 6.194 99" 246.194 Lowest Obs 
Mean 18.67404 SUI· 1381 .an, 73'r Q3 1 •. 4.6552. '95" 246. 194 

I Std Dev 121.8776 Variance· 14854, 16 50'ii Med 55.1532 90"5 230.2534 4.0356 10 116.584 ....... ! Obs "l ~it~n ! Skewness . Kurtosis . 25'11 Q1 44.7279 10"5 4,0356 44.7279 9 12"4.8552 
USS 174346.9 css 148541.6 0'11 Min 0.38114 5"5 0.38114 51.0055 8 230.2534 
CV 852.6581 Std Mean 36.74749 1'11 0.38114 55. 1532 4 248.194 ll 
T:Mean,.O 0.508172 Pr>ITI 0.6224 Range 245.8129 
Nuat .. ,. o 11 NUii > 0 11 Q3-Q1 79.9273 
M(Sign) 5,5 Pr>•IMI 0.0010 Mode 55.1532 
Sgn Rank 33 Pr>•ISI 0.0010 

Missing Value . 
count 2 
'11 Count/Nobe 15,38 

The SAS System 11:50 Tuesday, November 10 1 1992 7 

••••••••••••••.••••.•••••••.•••.•.•.••••.....•.........•..• NEWUSE=RECL ·······•·•·•·····•·•···•·····•·····•··•••••·•·••••••••·•••·• 

Univariate Procedure 

variable=MTHAYR 
Weight,. ANAL_'HT 

Moments Quantiles(Def=5) Extremes 

N 
Mean 
Std Dev 

· Skewness 
USS 
CV 
T:Mean•O 
Num "'= o 
M(Sign) 
Sgn Rank 

7 SUIII Wgta 
74.07916 sum 

147.885 Variance . Kurtosis 
224511.1 css 

199.631 Std Mean 
1.325321 Pr>ITI 

7 NUDI > 0 
3.5 Pr>•IMI 

14 Pr>atSI 

17 
1259,346 
21869,97 . 
131219.8 
55.89527 

0.2333 
7 

0.0156 
0,0156 

100!\s Max 
75\ Q3 
50"5 Med 
255\s at 

0"5 Min 

Range 
Q3-Q1 
Mode 

420.7113 
100.89 

65.9148 
45 
45 

375.7113 
55,89 

65.9148 

99!\s 
955\s 
90"5 
105\s 

5"5 
15\s 

420.7113 
420.7113 
420.7113 

45 
45 
45 

Lowest 

45 
65.9148 
65.9148 "! 65,9148 

Obs 

7l :~~:ml 6 65.9148 
5 65.9148 
4 100.89 
3 420.7113 

Obs 

fl 



UNITED ST ATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, O.C. 20460 

:.JQV 6 1992 
OFFICEOF 

WATER 
~ORANDUM 

Subject: Summary Statistics for EP A's Study on the Quality of Domestic Septage 

From: Charles E. White, Statistician~ 
Statistical Analysis Section ~ z,,,,-,-. 

To: Alan R'ubin, Chief . 
Sludge Risk Assessment Branch 

Through: Hemy D. Kahn, Chief t+'i?t.-
Statistical Analysis Section 

• 

At your request, I will present and document summary statistics based on EP A's 
Study on the Quality of Domestic Septage ..... These summary statistics will include basic 
statistics on pollutants of concern, other requested pollutants, and the estimated relationship 
between Total Kjeldahl Nitrogen and Ammonia. EP A's Study on the Quality of Domestic 
Septage (1991) was conducted in order to support the development of hydraulic loading 
rates for the land application of domestic septage under the 40 CFR Part 503 Final Rule for 
Sewage Sludge Use or Disposal. This loading rate is intended . to be a protective and 
affordable method for regulating the beneficial reuse of septage. Development of the 
loading rate itself will not be discussed in this memo. 

Results 

There are two basic results from these analyses. First, truckloads of domestic septage 
are not expected to contain pollutant concentrations as high as could be found in sewage 
sludge used or disposed from Publicly Owned Treatment Works that practice secondary or 
better wastewater treatment. Second, Total Kjeldahl Nitrogen is found to be approximately 
43% Ammonia in wet domestic septage. 

Data 

. Nine trucks delivering domestic septage to the Madison Metropolitan Sewerage 
District (MMSD) in Madison, W°1SCOnsin were each sampled once •. As septage was being 
discharged, a grab sample was collected and delivered to the MMSD lab for splitting, 
labeling, icing, and shipping ~ appropriate labs under contract to the. EPA Each 
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independent sample was physically analyzed for 324 pollutants. Only data regarding 
pollutants of concern and some data for pollutants that are also micro-nutrients will be 
considered in this report. . 

Physical Analytical Procedures 

Physical analytical methods used here are the same' as those used for the National 
Sewage Sludge Survey (NSSS), though some pollutants are reported differently. Individual 
PCB aroclors were reported in the NSSS; total PCB aroclors are reported here. Aldrin and 
Dieldrin were reported separately in the NSSS; the totals for Aldrin and Dieldrin are 
reported here. Total Chlordane is reported in the NSSS; the alpha and gamma ponions of 

'chlordane arc reported here. DDT, DDS, and DOD are reported separately in the NSSS; 
totals for DDT, DDS, and DDD are reported here. Lindane is reported in the NSSS; 
Lindanc (G~a-BHC) is reported here. 

Some pollutant concentrations were not measured above the.Minimum Level for the 
particular pollutant. Minimum Levels are a form of "detection limit" used in physical 
analytical methods developed for the Office of Science and Technology. Under contract, 
each contractor lab must demonstrate that it is able to achieve the Minimum Levels stated 
for the particular EPA method to be used. m general, a Minimum Level is defined as the 
lowest concentration at which the physical analytical process can be-reliably cah"brated. 
Pollutant concentrations not measured above the Minimum Level for a particular pollutant 
arc not reported; the Minimum Level is re.ported instead. 

Statistical Methods ror Basic Summary Statistics . 

Statistical analysis methods were primarily selected to estimate a concentration level 
for each pollutant such that, under certain assumptions, "most" -septage concentrations· for 
a particular pollutant will be below it's respective level, i.e., we are primarily estimating 
percentiles. These methods will also be used to characterize both wet and dry weight 
pollutant concentration measurements, mixed with "detection limits." Substitution and 
Maximum Llkclihood Methods will be used to estimate summary statistics. One overall 
assumption of this study is that residential scptage samples across the country follow 
approximately the same probability distn"butions for pollutant concentrations as those 
distnbutions found in the area around Madison, Wisconsin. Additional statistical 
assumptions are discussed in the section on the Substitution Method, in the section on the 
Maximum Likelihood Method for estimating immmary statistics in. the presence of censored, 
or "non-detect," data and in the section on estimating the relationship between Ammonia 
and Total Kjcldahl Nitrogen. 

Dry WeiiWt Conversion 

Physical analyses were conducted on liquid scptage samples. However, both because 
pollutan~ are assumed to be concentrated in the solid phase of the septage sample and 
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because pollutants were reported this way in the NSSS, a dry weight conversion is also used 
in presentation of these data: More detailed discussion of the reasons for dry weight 
conversion and analyses in support of this practice are presented in the Statistical Support 
Document for the 40 CFR.Pan 503 Final RJJk fer Sewage Sb.u:Ige Use or Disposal. Conversion 
of a concentration reported in ug/1 is illustrated below: 

Let: Pollutant Cona:nmtian for Sample i =- %1 11 gll 
Solids C-OOCeTJmtion for Sample i = y1 mg/1 

D,y Weight Pollutmt Om=mation in µg(kg = z,11g/1(1,000,000 mg) 
. y rllgl]. leg 

=(1~~}g/kg 
Substitution Methods 

The substitution methods used here make no assumptions about the probability 
distnbutions of the pollutant concentration data, but they do make assumptions about the 
concentration of pollutants in samples where pollutants could not be measured above their 
"detection limit." The first of two substitution· ·methods used assumes that pollutant 
concentrations, in samples where pollutants could not be measured, are at the "detection 
limit." The second substitution method assumes that pollutant concentrations, in samples 
where pollutants could not be measured, are zero. Together, these two substitution methods 
give a kind of upper and lower bound on non-parametric summary statistics for pollutant 
concentrations in septage. More detailed discussion of these methods and the reasons for 
their selection are presented in the Slati.rtical Support Docu,-nent for the 40 CFR Part 503 
Final RllJe for Sewage Sludge Use or Disposal. • 

Tables of wet weight summary statisti.cs developed using these substitution methods 
are presented on pages 13 through 23 and tables of dry weight summary statistics developed 
using these substitution methods are presented on pages 27 through 36. 

•, 

Maximum Likelihood Estimation 

The maximum likelihood estimation (MLE) procedure used here assumes pollutant 
concentrations are approximately lognormal in probability distnbution. When this 
assumption is true, estimates produced using this procedure will be more efficient than those 
produced without assumptions about probabilitydistnbutions. The procedure uses sample 
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size, measured pollutant concentrations, and the range of possible values for "detection limit" 
data in order to pick optimum estimates for the log mean and log variance of a two 
parameter lognormal distnbution. If the assumption of a lognormal distnbution is not 
closely approximated, this procedure is expected to produce good estimates for upper 
percentiles while the mean and variance estimates may not be optimal. 

The two parameter lognormal distnbution is fully descnbed by the log mean and log 
variance, or the mean and standard deviation. Any desired "nmmacy statistic can be 
calculated using an appropriate pair of sufficient statistics. More detailed discussion of this 
method and the reasons why it was selected are presented in Statistical Support Docwnent 
for the 40 CFR Part 503 Final Rule for Sewage Sludge Use or Disposal (1992). 

In order to assess the quality of the MI.Es, cumulative probability distnbutions were 
plotted for both the wet and dry weight distnbutions. Each plot shows the estimated 
cumulative distribution for all three estimation methods. The substitution methods are 
illusircited with points for each observation. The probability plotting position for each point 
is determined by a ranking procedure developed by Blom. The line indicating the estimated 
lognormal distnbution is a plot of the 10th through 90th percentiles. These plots do not 
indicate any obvious deviations from the assumption that the pollutant concentration data 
arc approximately lognormal in distnbution. • These plots are presented in the appendix. 

Tables for wet weight summary statistics are presented on pages 10 through 12 and 
tables for dry weight summary statistics ar~ presented on pages 24 through 26. Pollutants 
measured above their sample specific Minimum Level, or "detection limit," one time or less 
are not included in these tables as it is not possible to obtain Ml.Es under those conditions. 

Note that truckloads of domestic septagc arc not expected to contain pollutant 
concentrations as high as could be found in sewage sludge used or disposed from Publicly 
Owned Treatment Works that practice secondary or better wastewater treatment. This 
statement is based on the previously mentioned distnbutional assumptions of the :MI£ 
estimation procedure and the additional assumption that domestic septage trucks across the 
country have approximately the same probability distnbution for pollutant concentrations as 
domestic scptagc in trucks found in the area around Madison, Wisconsin. This result is 
found by comparing the 98th percentile estimates from the National Sewage Sludge Survey, 
presented in Statistical Support Documentation for the 40 CFR, Part 503 Final Standards for 
the Use or Disposal of Sewage Sludge (1992), to 98th percentile estimates developed here for 
my weight concentrations of scptage. 

Statistical Methods ror Estimating the Relationship Between Ammonia & TKN 

Ammonia is the constituent of Total Kjeldahl Nitrogen (TKN) that is immediately 
available for plant uptake. Over time, Total Kjeldahl Nitrogen is expected to completely 
break down into Ammonia. The purpose of this analysis is to assist in determining an 
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appropriate hydraulic loading rate for 
Relation of Toto! Kjeldohl Nitrogen to Ammonia: 

domestic septage that allows sufficient 
100 C 

nitrogen for crop growth while not allowing 
--~ for so much nitrogen . that crop · growth . • 

would be adversely affected. The loading 
rate itself will be estimated in another 

ao 

document. 70 

the 
The observed relationship between 

Ammonia and the Total Kjeldahl 
A 

'" '" 0 

" 

eo 

,a 
C 

Nitrogen data indicates, as 
both pollutants increase 

expected, that 
together. A 

i 
a 

'° C 

C C 

statistical model was fit to these data that 30 
C 

assumes the concentration of Ammonia is 
zero when the- concentration· of TKN is··· 20 

zero, that the Ammonia concentration will' 10 

increase in a linear fashion as TKN 
increases, that the Ammonia concentrations 
about that line are approximately normal in 0 20 '° 60 80 100 120 

TatalK~,i;troqen 

. uo 160 180 

distnbution, and that the deviations from 
that line are independent and identically 

• 
u,,;ts a,e "'9/1 

distnbuted. Under these assumptio~ 
Total Kjeldahl Nitrogen is approximately 13% Ammonia in wet" domestic septage. 

Evaluation of 
Assumptions 

Analysis of Variance 

SUI of Mean For the 
Scurce DF ~res ~re F Value Prob>F assumption that the 
Model 1 3785.12042 3785.12042 9~806 0.0166 concentration of 
Error 7 2702.12438 w.01m Ammonia is zero C Total 8 6487.24480 

.w h e n t h e 
Root NSE 19.64733 1-s.q.are 0.5835 concentration of TKN Dep Mean 42.72000 Adj R-sq 0.5240 
c.v. 45.99095 is zero, a model was 

fit that estimated a P•r-ter Eati•tea 
non-:,ero constant 

Paraaeter Standard T for NO: 
Variable DF Esti•te Error Par-t....O . Prcb > ITI when TKN is zero and 

a hypothesis test was 
IIITERCEP 1 6.292426 13.34986889 0.471 0.6517 
TD 1 0.377705 0.12061931 3.131 0.0166 conducted that failed 

to reject the Variable 
Variable DF Label hypothesis that the 

c o n s t a n t w a_ s INTERCEP 1 Intercept 
TICJI 1 Total ljeldahl Nitrogen statistically different 

than zero. The 
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Analysis of Variance 
table for this model 
indicates that the 
intercept term is not 
statistically significant 
at the 0.05 level. The 
significance test used 
is robust to many 
departures from 
assumptions. 

For the 
assumption of 
linearity, both the 
Analysis of Variance 
table for the model 
with an intercept term 
and for the r.....,del 
without an intercept 
term indicate that a 

Source 

Model 
Error 
U Total 

Root NS£ 
Dep Me-, 
c.v. 

Variable DF 

TIOI 

Variable DF 

TIOI 1 

Analysis of Variance 

~of Neer, 

DF Squarea Square 

1 20124.34510 20124.34510 
8 2787.88530 348.48566 
9 22912.23040 

18.66777 R·square 
42.72000 Adj ll•aq 
43.69797 

Paraeter Esti•tea 

F Value 

57.748 

0.8783 
0.8631 

Standard T for HO: 
Error Par-ter-0 

0.427247 0.05622261 7.599 

Variable 
Label 

Total Kjeldahl Nitrogen 

Prob>F 

0.0001 

Prob> Ir: 
0.0001 

statistically significant linear relationship exists between Ammonia and TKN. Again, the 

Relation of Total Kjeldohl Nitrogen to Ammonia: 
Hormot Seo,~ -1ot of R~ from Rcqrn:sio,, 

2 

0 

H 

• , 
"' II 
I 

0 
s 
C 
0 , 
• :I 

_, 

-30 -20 -10 0 10 20 40 

R~ 

Units ore mq/1 

significance test used is robust to many 
departures from assumptions. 

For the assumption that 
Ammonia concentrations about that line 
are approximately normal in 
distnbution, the Shapiro-Wilk test for 
the normal distnbution fails to reject the 
hypoth~is that the residuals from the 
fitted line come from a normal 
distnbution. Residuals are the 
arithmetic difference between the 
observed concentration of Ammonia at 
a particular TKN concentration and the 
Ammonia concentration predicted by 
the statistical model Further evidence 
is that the plot of the residuals versus 
their expected position in a normal 
distnbution, a normal scores plot, is 
approximately linear. 

For the assumption that 
deviations from the line are 
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independent, the physical process of sampling from different truck loads of septage would 
tend to make the sample results independent. 

For the as.mmption that deviations from the line are identically distnbuted, the plot 
of residuals versus observed Ammonia values does not appear to indicate strong deviation . 
from this assumption. 

Relation of Total Kjeldohl Nitrogen to Ammonia: 
A9dua&sV•-~-
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-.a 
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Wet Weight Concentrations ot Pollutants in Septage: 
suuary statistics fro• Maxi•U11 Likelihood Est!Jaation 

sample Log Log 
Pollutant ·units size Non-Detect Mean Variance 

ALDRIN/DIELDRIH(TOTAL) -UG/L 9 7 -4.872 15.2471 
AMMONIA (AS N) MG/L 9 0 3.231 2.5560 
CADMIUM UG/L 9 6 1.207 1.1385 
CHROMIUM UG/L 9 1 3.494 0.8888 
COPPER UG/L 9 0 5.373 1.8551 
DDT,DDE,DDD(TOTAL) UG/L 9 7 -2.783 6.1436 
LEAD UG/L 9 6 3.642 0.5873 . 
LINDANE(GAMMA-BHC) UG/L 9 7 -2.360 0.2981 
MERCURY UG/L 9 4 -1.348 2.7855 
NICKEL UG/L 9 4 3.747 0.3319 

\ NITRATE+NITRITE (AS N) MG/L 9 2 -1.345 1.0699 ' PERCENT SOLIDS 9 0 -0.488 2.8024 
b:1 SELENIUM UG/L 9 7 0.442 5.4810 ' I 
.::,. TOTAL KJELDAHL NITROGEN MG/L 9 - 0 4.284 0.9236 
0 TOTAL PHOSPHOROUS MG/L 9 0 2.960 1.2521 

ZINC UG/L 9 0 7.806 2.1128 
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Wet Weight Concentrations of Pollutants in Septage: 
Summary Statistics from Maximum Likelihood Estimation 

Pollutant 

ALDRIN/DIELDRIN(TOTAL) 
.AMMONIA (AS N) 
CADMIUM 
CHROMIUM 
COPPER 
DDT,DDE,DDD(TOTAL) 
LEAD 
LINDANE(GAMMA-BHC) 
MERCURY 
NICKEL 
NITRATE+NITRITE (AS N) 
PERCENT SOLIDS 
SELENIUM 
TOTAL l(JELDAHL NITROGEN 
TOTAL PHOSPHOROUS 
ZINC 

... 

Units 

UG/L 
MG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
MG/L 
I 
UG/L 
MG/L 
MG/L 
UG/L 

Mean 

15.7000 
90. 8000 . 

5.9100 
51.3000 

545.0000 
1.3300 

51.2000 
0.1100 
1.0500 

50.0000 
0.44·50 
2.4900. 

24.1000 
115.0000 

36.1000 
7060.0000 

standard 
Deviation of 

the Mean 

10700.000 
104.0000 

2.8700 
20.5000 

422.0000 
9.5900 

15.3000 
0.0215 
1.3600 

10.5000 
0.2050 
3.2700 

., 
1i4.0000 

47.3000 
19.0000 

6350.0000 

standard 
Deviation 

32100.000 
313.0000 

8.6100 
61.4000 

1270.0000 
28.8000 
45.8000 

0.0646 
4.0800 

31.4000 
0.6160 
9.8100 

373.0000 
142.0000 

57.0000 
19000.000 

coefficient 
of 

Variation 

2050.0000 
3.4500 
1.4600 
1.2000 
2.3200 

21.6000 
0.8940 
0.5890 
3.9000 
0.6270 
1.3800 
3.9300 

15.5000 
1.2300 
1.5800 
2.7000 
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Wet Weight Concentrations ot Pollutants in Septag~: 
suuary statistics fro■ Haxi11n• Likelihood Estimation 

I 

Pollutant 

ALDRIN/DIELDRIN(TOTAL) 
AMMONIA (AS N) 
CADMIUM 

• I .. CHROMIUM 
COPPER 
DDT,DDE,DDD(TOTAL) 
LEAD 
LINDANE(GAMMA-BHC) 
MERCURY 
NICKEL 
NITRATE+NITRITE (AS N) 
PERCENT SOLIDS 
SELENIUM 

t,j 
I TOTAL KJELDAHL NITROGEN .,:,. 

N TOTAL PHOSPHOROUS 
ZINC' 

Units 

UG/L 
MG/L 
UG/L 
UG/L-
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
MG/L 

UG/L ' 
MG/L 
MG/L 
UG/L 

Median 

0.0077 
25.3000 
3. too. 

32.9000 
216.0000 

0.0619 
38.2000 

0.0944 
0.2600 

42.4000 
0.2610 
0.6140 
1.5600 

72.5000 
19.3000 

2460.0000 

90th 
Percentile 

1.1600 
197.f'OOO 

13.~JOO 
111.0000 

1240.0000 
1.4900 

102.0000 
0.1900 
2.2200 

88.9000 
0.9840 
5.2800 

31.5000 
249.0000 .. 

81.3000 
15900.000 

95th 
Percentile 

4.7200 
351. 0000 

19.3000 
155.0000 

2030.0000' 
3.6500 

135.0000 
0.2320 
4.0400 

109.0000 
1.4300 
9.6400 

'73 .2000 
352.0000 
122.0000 

26800.000 

98th 
Percentile 

23.4000 
676.0000 

30.0000 
228.0000 

3540.0000 
10.1000 

184.0000 
0.2900 
0.0200 

138.0000 
2.1800 

19.1000 
191. 0000 
523.0000 
192.0000 

48700.000 



Wet Weight concentrations of Pollutants in Septage: 
Summary statistics from Substitution Methods 

------------ Pollutant•ALDRIN/DIELDRIN(T0TAL) -- Sample Size=9 -- Units=UG/L -------------

Substitution 
Method Mean 

Standard 
Deviation of 

the Mean 
Standard 
Deviation 

Coefficient 
of 

Variation Minimum Median Maxiaum 

SM-ML 
SM-0 

0.4480 
0.3610 

0.2660 
0.2800 

0.7980 
0.8400 

178.0 
232.0 

0.1000 
0.0000 

0.1000 
0.0000 

2.500 
2.500 

---------------- Pollutant•ALPHA-CHLORDANE -- Sample ~ize=9 -- Units=UG/L ----------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.1090 0.0093 0.0280 25.6 .. 0.1000 0.1000 0.184 .. 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0~000 

---------------- Pollutant•AMMONIA (AS N) -- Sample Size=9 -- Units•MG/L -----------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimwn .Median Maximum 

SM-ML 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000 
SM-0, 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000 



Wet Weight Concentrations of Pollutants in septage: 
suuary Statistics from Substitution Methods 

-------------------- Pollutant•ARSENIC -- Sample Size•9 -- Units•UG/L --------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maxiaum 

SM-ML 20.0000 0.0000 0.0000 o.o 20.0000 20.0000 
I 

20.000 
SH-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

-------------------- Pollutant-BENZENE -- Sample Size•7 -- Units•UG/L --------------------

· standard Coefficient 
·substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 11.4000 1.4300 3.7800 33..1 io.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

---------------- Pollutant•BENZO(A)PYRENE -- Sample Size=9 -- Units•UG/L -----------------

standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 • 



Wet Weight Conc~ntrations of Pollutants in Septage: 
Summary Statistics from Substitution-Methods 

------------------- Pollutant=BERYLLIUM -- Sample Size=9 -- Units=UG/L -------------------

Substitution 
Method Mean 

Standard 
Deviation of standard 

the Mean Deviation 

Coefficient 
of 

Variation Minimum Median Maximum 

SM-ML 
SM-0 

5.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

o.o . 5.0000 
0.0000 

5.0000 
0.0000 

5.000 
0.000 

---------- Pollutant•BIS(2-ETHYLHEXYL) PHTHALATE Sample Size~9 -- Units=UG/L ---------~ 

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 .. 
SJ-0. 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000 

-----~-------------- Pollutant•CADMIUM -- Sample Size•9 -- Units=UG/L --------------------

standard Coefficient 
Substitution Deviation of standard of 

' 
Method Mean the Mean Deviation Variation Mi'nimum Median J,taximum 

SM-ML 7.1300 1.4900 4.4700 62.7 5.0000 5.0000 18.400 
SM-0 3.8000 2.1700 6.5000 171.0 0.0000 0.0000 18.400. 



Wet Weight Concentrations of Pollutants in Septage: 
suuary Statistics fro• Substitution Methods 

------------------- Pollutant•CHROMIUM· -- Sample Size•9 -- Units•UG/L ~-------------------

Standard Coefficient 
Substitution Deviation. of standard of 

Method Mean the Mean Deviation Variation Minimum Median Haxi11um 

SM-HL 46.7000 12.7000 38.1000 81.6 10.0000 33.5000 128.000 
SM-0 45.6000 13.1000 39.4000 86.5 0.0000 33.5000 128~000 

-------------------- Pollutant•COPPER -- Sample Size•9 -- Units=UG/L ---------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 
0:, 
~ 

I 

SM-ML 503.0000 223.0000 669.0000 13).0 62.0000 115.0000 1850.000 
°' SM-0 503.0000 223.0000 669.0000 133.0 62.0000 115.0000 1850.000 

--------------- Pollutant•DDT,DDE,DDD(TOTAL) -- Sample Size•9 -- Units•UG/L ---------------

standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.6850 0.2810 0.8440 123.0 0.3380 0.3380 2.880 
SM-0 0.4220 0.3230 0.9690 230.0 0.0000 0.0000 2.880 



Wet Weight Concentrations of Pollutapts in Septage: 
summary statistics from Substitution Methods 

PollutantzGAMMA-CHLORDANE -- Sample Size=9 ---------------- Units=UG/L ----------------

standard Coeffl°cient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.1230 0.0104 0.0313 25.4 0.1130 0.1130 0.207 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

----------~------- Pollutant•HEPTACHLOR -- Sample Size=9 -- Units=UG/L -------------------

Standard Coefficient 
Substitution Deviat.ion of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.0896 0.0209 0.0626 69.9 0.0630 0.0630 0.250 
SM-0 0.0278 0.0278 0.0833 300.0 p.0000 0.0000 0.250 

I 
l 

--------------- Pollutant•HEXACHLOROBENZENE -- Sample Size•9 -~ UnitsmUG/L ---------------

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000 



Wet Weight Concentrations of Pollutants in Septage: 
Sll1Dlllilary statistics fro• Substitution Methods 

Pollutant•HEXACHLOROBUTADIENE -- Saaple Size•9 -- Units•UG/L --------------

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variatic 1 Minimum Median Maxi■um 

SH-ML 11.1·000 1.1100 3.3300 30.0 10.0000 10.0000 20'.000 
SM-0 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 • 

Sample Size•9 -- Units=UG/L ------------------------------------------- Pollutant•LEAD 

Standard Coefficient 
substitution · Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 
0:, 

I 
~ 
00 SM-ML 63.4000 8.0800 24.2000 38.2 50.0000 50.0000 121.000 

SM-0 30.1000 15.7000 47.1000 157.0 0.0000 0.0000 121~000 

-------------- Pollutant•LINDANE(GAMMA-BHC) -- Sample size=9 -- Units•UG/L ---------------

Standard CQefficient 
substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximu·m 

SM-ML 0.1620 0.0170 0.0511 31.6 0.1250 0.1380 0.253 
SM-0 0.0417 0.0295 0.0884 212.0 0.0000 0.0000 0.250 



Wet Weight Concentrations of Pollutants in Septage: 
summary statistics from Substitution Methods 

-----------------•-- Pollutant=MERCURY -- sample size•9 -- units=UG/L --------------------

standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.8220 0.4200 1.2600 153.0 0.2000 0. 3000 4,'. 050 
SM-0 0.7330 0.4380 1.3100 179.0 0.0000 0.3000 4.050 

------------------ Pollutant=MOLYBDENUM -- Sample Sizea9 Untts=UG/L -------------------

Standard Coefficient 
substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum · Median Maximum 
I 

.0 
~ 

~ 
SM-ML 10.5000 0.4890 1.4700 14.0 10.0000 10.0000 14.400 .. 
SM-0 1.6000 1.6000 4.8000 300.0 0.-0000 Q.0000 14.400 

------------ Pollutant=N~NITROSODIMETHYLAMINE Sample Size•9·-- Units=UG/L -------------

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 55.6000 5.5600 16.7000 30.0 50.0000 50.0000 100.000 
SM-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000 



Wet Weight Concentrations of Pollutants in Septage: 
suuary Statistics from Substitution Methods 

-- Sample Size•9 -- Units•UG/L ----------------------------------------- Pollutant•N~CKEL 

Standard coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maxi■um 

SH-ML 54.5000 7.8300 23.5000 43.l 40.0000 41.6000 105.000 
SM-0 36.7000 13.2000 39.7000 108.0 0.0000 41.6000 105.000 

------------ Pollutant•NITRATE+NITRITE (AS N) -- Sample Sizeaa9 -- Units=MG/L -------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviatiqn Variation Minimum Median Maximum 

SM-ML 0.3890 0.0964 0.2890 7+.4 .. 0.1000 0.2000 0.900 
SM-0 0.3670 0.1050 0.3160 86.2 0.0000 0.2000 0.900 

------------------ Pollutant•PCB(TOTAL) -- Sample size•9 -- Units•UG/L ---------~---------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 1.9100 0.1630 0.4890 25.6 1.7500 1.7500 3.220 
SM-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000 



Wet Weight Concentrations of Pollutants in Septage: 
Summary Statistics from Substitution Methods 

--------------- Pollutant•PERCENT SOLIDS -- Sample Size=9 -- Units=' ,, ----------------
Substitution 

Method Mean 

Standard 
Deviation of Standard 

the Mean Deviation 

Coefficient 
of 

Variation Minimum Median Maximum 

SM-ML 
SM-0 

2.2100 
2.2100 

1.5100 
1.5100 

4.5400 
4.5400 

205.0 
205.0 

0.0653 
0.0653 

0.6580 
0.6580 

14.200 
14.200 

------------------- PollutantaSELENIUM -- Sample Size=9 

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation 

Uni~s=UG/L 

Minimum 

------------------~-

Median Maximum 

t:Xl 
I 
Vt -

SM-ML 
SM-0 

20.8000 
6.9400 

6.6400 
4.6000 

19.9000 
13.8000 

95.6 .. 
199.0 

5.oooo 
0.0000 

5.0000 
0.0000 

50.000 
32.000 

---~-------- Pollutant=TOTAL KJELDAHL NITROGEN -- Sample Size=9 -- Units=MG/L ------------

Substitution 
Method Mean 

Standard 
Deviation of Standard 

the Mean Deviation 

Coefficient 
of 

Variation Minimum Median .Maximum 

SM-ML 
SM-0 

96.4000 
96.4000 

19.2000 
19.2000 

. 57. 6000 
57.6000 

59.7 
59.7 

9.0000 
9.0000 

115.0000, 
115.0000 

175.000 
175.000. 



Wet Weight Concentrations of Pollutants in Septage: 
SW1U111ary Statistics from Substitution Methods . 

----------------- P6llutant•TOTAL PHOSPHOROUS -- Sample Size•9 -- UnitssMG/L ---------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000 
SM-0 27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000 

------------------- Pollutant•TOXAPHENE -- Sample Size•9 -- Units•UG/L -------------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 11.3000 1.6700 5.0100 44.3 0.9100 11.4000 20.900 
SM-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0!000 

---------------- Pollutant•TRICHLOROETHENE -- Sample Size=7 -- Units•UG/L ----------------

Standard coefficient 
Substitution Deviation of standard of 

Method· Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML ·11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000· • 0.0000 0.0000 0.000 



Wet Weight Concentrations of Pollutants in Septage: 
summary Statistics from Substitution Methods 

-- Sample Size=9 -- Units=UG/L ------------------------------------------- PollutantaZINC 

Standard Coefficient 
Sub~titution Deviation of Standard of 

Method Mean the Mean Deviation Variation "inimum Median Maximum 

SM-ML 5300.0000 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800.000 
SM-0 5300.0000 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800.000 

.. 

. ., 



Dry Weight Concentrations of Pollutants in Septage: 
suuary statistics fro■ Haxi11W1 Likelih~ Estiaation 

Pollutant 

ALDRIN/DIELDRIN(TOTAL) 
AMMONIA (AS N) 
CADHIQM 
CHROMIUM 
COPPER 
DDT,DDE,DDD(TOTAL) 
LEAD 
LINDANE(GAMMA-BHC) 
MERCURY 
NICKEL 
NITRATE+NITRITE (AS N) 
PERCENT SOLIDS 
SELENIUM ~ 

lit TOTAL KJELDAHL NITROGEN 
~ TOTAL PHOSPHOROUS 

ZINC 

Units 

UG/KG 
HG/KG 
MG/K' 
MG/KG 
MG/KG 
UG/KG 
MG/KG 
UG/KG 
MG/KG . 
MG/KG 
MG/KG 

MG/KG • ' 
MG/KG 
MG/KG 
MG/KG 

Sample 
Size 

9 
9 
9, 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9, 
9 
9 
9 

Non-Detect 

7 
0 
6 
1 
0 
7 
6 
7 
4 
4 
2 
0 
7 . 0 
0 
0 

Log 
Hean 

0.741-
8.325 

-1.766 
1.542 
3.559 
1.665 
0.561 
0.967 

-3.571 
1.330 
3.522 

-0.488 
-2.098 
9.378 
8.054 
5.992 

Log 
variance 

8.92238 
3.90825 
5.86238 
2 .39400' 
4.39988 
7.27425 
3.87225 
2.14650 
2.86875 
1.57612 
0.82463 
2.80237 
6.97725 
2.81813 
1.42312 
1.05525 



Dry Weight Concentrations of Pollutants in Septage: 
Summary statistics from Maximum Likelihood Estimation 

Pollutant 

ALDRIN/DIELDRIN('l'OTAL) 
AMMONIA (AS N) 
CADMIUM 
CHROMIUM 
COPPER 
DDT,DDE,DDD(TOTAL) 
LEAD· 
LINDANE(GAMMA-BHC) 

· MERCURY 
NICKEL 
NITRATE+NITRITE (AS N)-
PERCENT SOLIDS tJ:j 

I 

I.JI SELENIUM 
I.JI TOTA~ KJELDAHL NITROGEN 

TOTAL PHOSPHOROUS 
ZINC 

.• 

Units 

UG/KG 
MG/KG 
MG/KG 
MG/KG 

· MG/KG 
UG/KG 
MG/KG 
UG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG ' 
MG/KG 
MG/KG 
MG/KG 

Mean 

182.0000 
29100.000 

3.2100 
15.5000 

317.0000 
201.0000 

12.1000 
7.6900 
0.1100 
8.3200 

51.1000 
2.4900 · 
4.0200 

48400.000 
6410.0000 

678.0000 

Standard-
Deviation of 

the Mean 

5240.0000 
67800.000 

20.0000 
16.3000 

948.0000 
2540.0000 

27.8000 
7.0500 
0.1600 
5.4300 

19.3000 
3.2700 

Al·. 8000 
64000.000 
3790.0000 

309.0000 

standard 
Deviation 

15700.000 
203000.00 

60.0000 
48.8000 

2840.0000 
7620.0000 

83.3000 
21.1000 

0.4810 
16.3000 
57.9000 
9.8100 

131.0000 
192000.00 
11400.000 

928.0000 

Coefficient 
of 

Variation 

86.6000 
6.9900 

18.7000 
3.-1600 
8.9700 

38.0000 
6.8600 
2.7500 
4.0800 
1.9600 
1.1300 
3.9300 

32~7000 
3.9700 
1~7700 
1.3700 

https://192000.00
https://203000.00


Dry Weight Concentrations of Pollutants in Septage: 
suuary statistics from Maxi11u11 Likelihood Estimation 

r. 

Pollutant 

ALDRIN/DIELORIN(TOTAL) 
AMMONIA (AS N) 
CADMIUM 
CHROMIUM 
COPPER 
DDT,DDE,ODD(TOTAL) 
LEAD 
LINDANE(GAMMA-BHC) 
MERCURY 
.NICKEL 
NITRATE+NITRITE (AS N) 
PERCENT SOLIDS 
SELENIUM 

b:1 TOTAL KJELDAHL NITROGEN 
I 
VI TOTAL PHOSPHOROUS 
0\ 

ZINC 

Units 

UG/KG 
HG/KG 
HG/KG 
MG/KG 
MG/KG 
UG/KG 
MG/KG 
UG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/KG ' 
MG/KG 
MG/KG 
MG/KG 

Median 

2.1000 
4130.0000 

0.1710 
4.6700 

35.1000 
5.2900 
1.7500 
2.6300 
0.0281 
3.7800 

33.9000 
0.6140 
0.1230· 

11800.000 
3150.0000 

400.0000 

90th 
Percentile 

97.4000 
52300.000 

3.8400 
34.1000 

520.0000 
169.0000 

22.0000 
17.3000 

0.2480 
19.0000 

109.0000 
5.2800 
3.6600 

102000.00 
14600.000 
1500.0000 

95th 
Percentile 

: 286.0000 
107000.00 

9.1800 
59.6000 

1110.0000 
447.0000 

44.6000 
29.3000 

0.4560 
29.8000 

151.0000 
9.6400 
9.4600 

187000.00 
22400.000 
2170.0000 

98th 
Percentile 

972.000Q 
240000.00 

24.8000 
112.0000 

2620.0000 
1350.0000 
. 100.0000 

53.4000 
0.9140 

49.9000 
219.0000 

19.1000 
27.9000 

372000.00 
36500.000 
3300.0000 

https://372000.00
https://240000.00
https://187000.00
https://107000.00
https://102000.00


Dry Weight Concentrations of Pollutants in ~eptage: 
summary statistics from Substitution Methods 

------------ PollUtant=ALDRIN/DIELDRIN(TOTAL) -- Sample Size=9 -- Units=UG/KG ------------
: 

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 77.200 36.300 109.000 141.0 8.55000 17.6000 325.00 
SM-0 38.000 35.900 108.000 283.0 0.00000 0.0000 325.00 

--------------- Pollutant-ALPHA-CHLORDANE -- Sample Size=9 Units=UG/KG ----------------

standard Coefficient 
Substitution Deviat,l.on of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 
t,j SM-ML 44.100 19.500 58.500 133.0 .. 0. 70400 15.2000 153.00 
Ul 
I -...J SM-0 0.000 0.000 0.000 • 0.00000 0.0000 o.oo 

---------------- Pollutant•AMMONIA (AS N) -- Sample Size•9 Units=MG/KG ----------------

Standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00 
SM-0 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00 

https://61300.00
https://61300.00
https://Deviat,l.on


Dry Weight Concentrations of Pollutants in Septage: 
summary Statistics from Substitution Methods 

------------------- Pollutant•ARSENIC -- Sample Size•9 -- Units•MG/KG --------------------

standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 8.710 3.920 11.800 135.0 0.14100 3.0400 '30. 60 
SM-0 0.000 0.000 0.000 • 0.00000 0.0000 o.oo 

------------------- Pollutant•BENZENE -- Sample Size•7 -- Units=UG/KG --------------------

Standard Coefficient 
Substitution Deviation.of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum lt1 
lll 
00 SM--ML 1540.000 519.000 1370.000 89.1 -~0.40000 1080.0000 4330.00 · 

SM-0 0.000 0.000 0.000 • 0.00000 0.0000 1 0.00 

---------------- Pollutant•BENZO(A)PYRENE -- Sample Sizea9 -- UnitscUG/KG ----------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation · Minimum Median Maximum 

SM-ML .4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

https://15300.00
https://Deviation.of


-------------------

· Dry Weight Concentrations of Pollutants in Septage: 
Summary Statistics from Substitution Methods 

-----------------~ Pollutant•BERYLLIUM -- Sample Size•9 -- Units=MG/KG 

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 2.180 0.981 2.940 135.0 0.03520 0.7600 ,' 7.66 
SM-o· 0.000, 0.000 0.000 • 0.00000 0.0000 o.oo 

---------. Pollutant•BIS(2-ETHYLHEXYL) PHTHALATE -- Sample Size=9 -- Units=UG/KG ----------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

Oj SM-ML 4420.000 1950.000 5840.000 l;J2.0 70.40000 1520.0000 15300.00 
I 

• V'I SM-0 0.000 0.000 0.000 0.00000 0.0000 o.oo 
\0 

-- Sample Sizea9 -- Units•MG/KG -----~------------- Pollutant•CADMIUM -----------------~--
Standard Coefficient 

substitution Deviation of Standard of 
MElthod Mean the Mean Deviation Variation ··Minimum Median Maximum 

SM-ML 2.430 0.954 2.860 110.0· 0.03520 0.9950 7.66 
SH-0 0.632 0.349 1.050 166.0 0.00000 0.0000 2.77 

https://15300.00


Dry Weight Concentrations of Pollutants in Septage: 
summary Statist~cs from Substitution Methods 

------------------ Pollutant•CHROMIUH -- Sample Size•9 -- UnitszMG/KG -------------~-----
standard Coefficient 

Substitution Deviation of standard of 
Method Hean· the Hean Deviation Variati,..n Minimum - Median Maximum 

SH-ML 10.900 J.640 10.900 100.0 0.22600 7.6300 35.30 
SH-0 9.360 3.800 11.400 122.0 0.00000 -6.9200 ·35.30 

-------------------- Pollutant•COPPER -- Sample Size•9 -- Units•MG/KG --------------~-----
standard Coefficient 

Substitution Deviation of Standard of 
.. Method Hean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 113.000 40.900 123.000 100.0 .. 0.81000 105.0000 328.00 .. 
SM-0 113.000 40.900 123.000 100.0 0.81000 105.0000 328.00 

-------------- Pollutant•DDT,DDE,DDD(TOTAL) -- Sample Sizea9 -- Units•UG/KG --------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SH-ML 176.000 64.500 194.000 110.0 2.38000 69.3000 518.00 
SM-0 33.800 28.100 84.400 250.0 0.00000 0.0000 254.00 



Dry Weight Concentrations of Pollutants in $eptage: 
summary statistics from Substitution Methods 

--------------- Pollutant=GAMMA-C.HLORDANE -- Sample Size=9 -- Units=UG/KG ----------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 49.800 22.000 66.100 133.0 0.79600 17.2000 173.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 '• o.oo 

------------------ Pollutant=HEPTACHLOR -- Sample Size=9 -- Un}ts=UG/KG ------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 
c::t 
0\ .... 
I 

SM-ML 32.000 i2.400 37.100 116.0 o._44400 9.5700 96.50 
SM-0 5.690 5.690 17.100 300.0 0.00000 0.0000 51.20 

·-------------- Pollutant•HEXACHLOROBENZENE -- Sample Size=9 -- Units=UG/KG --------~-------
Standard Coefficient 

Substitution Deviation of Standard of 
Method .Mean the Mean Deviation Variation Minimum Medlan Maximum 

SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SM-0 0.000 0.000 0~000 0.00000 0.0000 o.oo • 

https://15300.00
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Dry Weight concentrations of Pollutants in septage: 
suuary statistics froa Substitution Methods 

_____ .., _______ 
Poliutant•HEXACHLOROBUTADIENE -- Saaple size•9 -- Units•UG/l<G 

standard Coefficient 
substitution Deviation of standard of 

Method Mean the Mean. Deviation Variation Minimum Median Maximum 

SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SM-0 0.000 0.000 0.000 0.00000 0.0000 o.oo • 

Sample Size•9 -- Units=MG/KG --------------------- PollutantaLEAD ---------------------
standard Coefficient 

Substitution Deviation of standard of 
MEithod Mean the Mean Deviation Variation Minimum Median Maximum 

SH-ML 23.800 9.600 28.800 u1.o o •. 3s200 7.6000 76.60 
SH-0 3.960 2.730 8.200 207.0 0.00000 0.0000 124. 80 

-------------- Pollutant•LINDANE(GAMMA-BHC) -- Sample Sizea9 -- Units•UG/KG --------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 61.900 26.700 80.000 129.0 0.88000 22.1000 211.00 
SM-0 2.560 2.450 7.340 287.0 0.00000 0.0000 22.10 

https://15300.00


------------------

Dry Weight Concentrations of Pollutants in Septage: 
summary Statistics from Substitution Methods 

------------------- Pollutant=MERCURY -- Sample Size=9 -- Units=MG/KG --------------------

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 0.138 0.044 0.132 95.4 0.00211 0.0760 0.35 
·SM-0 0.059 0.037 0.112 189.0 0.00000· 0.0021 0.35 

----~--·----------- Pollutant•MOLYBDENUM -- Sample siz~•9 -- UnitsaMG/ICG 

'\ Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 
0:, 

4.460 1.950 5.850 131.0 ··0.01040 1.5200 15.30 0\ 
I SM-ML . ~ ~M-0 0.328 0.328 0.984 300.0 0.00000 0.0000 11 2.95 

------------ Pollutant•M-NITROSODIMETHYLAMINE Sample Size=9 -- Units=UG/KG ------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Me~n Deviation Variation Minimum Median Maximum 

SM-ML 22100.000 9740.000 29200.000 132.0 352.00000 7600.0QOO 76600.00 
SM-0 0.000 0.000 0.000 0.00000 0.0000 o.oo • 

https://76600.00


Dry Weight Concentrations ot Pollutants in septage: 
Summary statistics fro• Substitution .Methods 

-------------------- Pollutant•NICKEL -- Sample Size•9 -- Units•HG/KG --------------------

Standard Coefficient 
Substitution Deviation.of standard of 

Method Hean the Mean Deviation Variation Minimum Median Maximum 

SH-ML 18.900 7.800 23.400 124.0 0.56200 6.0800 61.30 
SM-0 4.470 2.870 8.620 193.0 0.00000 0.5620 ·26. 80 

------------ Pollutant•NITRATE+NITRITE (ASH) -- Sample Size=9 -- UnitscMG/KG ------------

Standard . Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 68.600 17.200 51.700 75..4 ··6.34000 53.1000 1'53.00 
SM-0 36.400 11.600 34.900 95.9 0.00000 32.4000 91.20 

------------------ PollutantaPCB(TOTAL) -- Sample sizec9 Unita•UG/KG ------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation •Minimum Median Maximum 

SM-ML 771.000 341.000 1020.000 133.0 12.30000 266.0000 2680.00 
SM-0 0.000 0.000 0.000 • 0.00000 0.0000 o.oo 

https://Deviation.of


Dry Weight Concentrations of Pollutants in septage: 
summary Statistics from Substitution.Methods 

------------------- Pollutant=SELENIUM -- Sample Sizec9 -- Units=MG/KG -------------------

Substitution 
Method Mean 

standard 
Deviation of Standard 

the. Mean Deviation 

Coefficient 
of 

Variation Minimum Median Maximum 

SM-ML 
SM-0 

4.370 
0.487 

1.240 
0.335 

3.720 
1.000 

85.2 
206.0 

0.03520 
0.00000 

2.7400 
0.0000 

10.20 
2.74 

----------- Pollutant•TOTAL KJELDAHL NITROGEN -- Sample Size=9 -- Units=MG/KG ------------

Standard Coefficient 
Substitution Deviation of Standard of .. 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 23600.000 8350.000 25100.000 10 .. 6. 0 21·9. 00000 13000.0000 84200.00 
SM-0 23600.000 8350.000 25100.000 ·106. 0 218.00000 13000.0000 84200.00 

-------------- PollutantaTOTAL PHOSPHOROUS Sample Size=9 -- Units=MG/KG ---------------

I Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation variation Minimum Median Maximum 

SM-ML 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00 
SM-0 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00 

https://10700.00
https://10700.00
https://84200.00
https://84200.00


Dry Weight Concentrations of Pollutants in Septage: 
su1111ary statistics fro• Substitution Methods 

------------------ Pollutant•TOXAPHENE -- sample Size•9 -- Units•UG/KG -------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Devi8tion Variatic, Minimum Median Haxiaum 
' SM-ML 3240·.·ooo 1600.000 4800.000 148.0 80.10000 13~0.0000 15500.00 

SM-0 0.000 0.000 0.000 • 0.00000 0.0000 •· o.oo 

--------------- Pollutant•TRICHLOROETHENE -- Sample Size=7 -- Units=UG/KG ----------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Hean the Mean Deviation Variation Minimum Median Maximum 
., 

SM-ML 1540.000 519.000 1370.000 88.1 . 70.40000 1000.0000 4330.00 
SM-0 0.000 0.000 0.000 • 0.00000 0.0000 o.oo 

--------------------- Pollutant•ZINC Sample Size•9 -- Units=MG/KG ---------------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00 
SM-0 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00 

https://15500.00
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Cumulative Frequency for Ammonia (AS N) (mg/I) 
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Cumulative Frequency for Cadmium (ug/1) 
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Cumulative Frequency for Chromium (ug/1) 
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Cumulative Frequency for Copper (ug/1) 
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: Cumulative Frequency for Total DDT, DOE, and DDD (ug/1) 
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Cumulative Frequency for Total Kjeldahl Nitrogen (mg/I) 
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Cumulative Frequency for Lead (ug/1) 
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Cumulative Frequency for Undane (Gamma - BHC) (ug/1) 
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Cumulative Frequency for Mercury (ug/1) 
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Cumulaltive Frequency for Nickel (ug/1) 
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Cumulative .. Frequency for Nitrate + Nitrite (mg/I) 
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Cumulative Frequency for Total Phosphorous (mg/I) 
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Cumulative Frequency for Selenium (ug/1) 
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Cumulative Frequency for Zinc (ug/1) 
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Cumulative Frequency for Percent Solids (%) 
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-------------------

--------------------

Wet Weight Concentrations of Pollutants in Septage 

--------------- Pollutant=ALDRIN/DIELDRIN(TOTAL) ----------------

EPA 
Sample 
Number 

19974 
l..9975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

EPA 
Sa"111ple 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified 
Amount 

. . . 
2.50 
0.75 

• . . . ' 

Minimum· 
Level 

0.100 
0.100 
0.100 

• . 
0.184 
0.100 
0.100 
0.100 

Pollutant=ALPHA-CHLORDANE 

Quantified • Minimum 
Amount 

. . . . . . 
• . . 

Pollutant=AMMONIA 

Level 

0.100 
0.100 
0.100 
0.100 
0.100 
0.184 
0.100 
0.100 
0.100 

(AS 'N) 

Quantified 
Amount 

45.00 
0.48 

40.00 
11.00 
45.00 
33.00 
56.00 
54.00 

100.00 

Minimum 
Level 

. . . . . . . 

Units 

U~/L 
UG/L 
UG/L 
~G/L 

· UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

Units 

OG/L 
-UG/L 
OG/L 
UG/L 
UG/L 
OG/L 
tJG/L 
OG/L 
UG/L 

Units 

·MG/L 
.. MG/L 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
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Wet Weight Concentrations of Pollutants in Septage 

-----------------------· Pollutant=ARSENIC -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units· 

19974 20.000 UG/L 
19975 20.000 UG/L 
19976 20.000 UG/L 
19977 20.000 UG/L 
19978 20.000 UG/L 
19979 20.000 UG/L 
19980 20.000 UG/L 

.. 19981 20.000 UG/L 
19982 20.000 UG/L 

----------------------- Pollutant=BENZENE -----------------------

EPA • 
Sample Quantified Minimum 
Number Amount Level Units 

19974 .. 10.000 UG/L 
19977 . 10.000 UG/L 
19978 . 10.000 UG/L 
19979 . 20.000 UG/L 
19980 10.000 UG/L 
19981 10.000 UG/L 
19982 10.000 UG/L 

------------------- Pollutant=BENZO(A)PYRENE 

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 10.000 UG/L 
19975 . 10.000 .UG/L 
19976 . 10.000 UG/L 
19977 . 10.000 , UG/L 
19978 10.000 UG/L 
19979 . 20.000 UG/L 
19980 • 10.000 UG/L ·· 
19981 . 10.000 UG/L 
19982 . 10.000 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

---------------------- Pollutant=BERYLLnJM ----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 • 5.000 UG/L 
19975 . 5.000 UG/L 
19976 . 5.000 OG/L 
19977 5.000 OG/L 
19978 . 5.000 OG/L 
19979 . 5.000 OG/L 
19980 5.000 OG/L 

.. 19981 . 5.000 OG/L 
19982 . 5.000 OG/L 

------------- Pollutant=BIS(2-ETHYLHEXYL) PHTHALATE ------------

EPA 
sample Quantified Minimum 
Number Amount Level Units 

19974 .. 10.000 OG/L 
19975 10.000 OG/L 
19976 10.000 OG/L 
19977 10.000 OG/L 
19978 10.000. UG/L • 
19979 20.000 OG/L · 
19980 10.000 OG/L • 
19981 10.000 OG/L 
19982 10.000 UG/L • 

----------------------- Pollutant=CADMIUM -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 9.40 . UG/L 
19975 5.000 UG/L • 
19976 . 5.000 UG/L 
19977 • 5.000 OG/L 
19978 6.40 . UG/L 
19979 18.40 . UG/L 
19980 5.000 UG/L • 
19981 . 5.000 UG/L 
19982 s.ooo UG/L • 
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Wet Weight Concentrations of Pollutants in Septage 

-------------------~-- Pollutant=CHROM:IOM -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 53.90 . UG/L 
19975 . 10.000 UG/L 
19976 12.10 • UG/L 
19977 32.10 . UG/L 
19978 81.60 . UG/L 
19979 128.00 . UG/L 
19980 33.50 . UG/L 

.. 19981 50.20 • UG/L 
19982 18.7p . UG/L 

----------------------- Pollutant=COPPER ------------------------

EPA 
Sample Quantified• Minimum 
Number Amount Level Units 

19974 1340.00 . UG/L 
19975 77.iO UG/L 
19976 80.30 . UG/L 
19977 115.00 UG/L 
19978 758.00 . UG/L 
19979 174.00 . UG/L 
19980 1850.00 . UG/L 
19981 62.00 . UG/L 
19982 69.60 . UG/L 

----------------- Pollutant=DDT,DDE,DDD(TOTAL) ------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 0.338 UG/L 
19975 0.338 UG/L 

.. UG/L 19976 0.338 
19977 0.338 _UG/L 
19978 0.338 UG/L 
19979 0.92 • UG/L 
19980 2.88 • UG/L 
:!.9981 0.338 UG/L 
19982 0.338 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

------------------- Pollutant=GAMMA-CHLORDANE -------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 0.113 UG/L 
19975 • 0.113 UG/L 
19976 • 0.113 UG/L 
19977 . 0.113 UG/L 
19978 • 0.113 UG/L 
19979 0.207 UG/L· • 

'19980 . 0.113 UG/L 
.. 19981 . f 0.113 UG/L 

19982 . a 0.113 UG/L 

--------------------- Pollutant=HEP'l'ACHLOR.----------------------

EPA 
Sample Quantified • Minimum 
Number Amount Level Units 

19974 0.25 . ·uG/L 
19975 0.063 OG/L • 
19976 . . 0.063 UG/L 
19977 0.063 OG/L • 
19978 . 0.063 UG/L 
19979 0.115 UG/L • 
19980 0.063 UG/L 
19981 . 0.063 UG/L 
19982 . 0.063 UG/L 

------------------ Pollutant=HEXACHLOROBENZENE ------------------

EPA 
_Sample Quantified Minimum 
Number Amount Level Units 

19974 ·'10.000 UG/L • 
19975 . 10.000 , UG/L 
19976 . 10.000 UG/L 
19977 .·' . 10.000 ·UG/L 
19978 10.000 UG/L 
19979 20.000 UG/L • 
19980 10.000 UG/L • 
19981 10.000 UG/L • 
19982 10.000 UG/L 0 
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Wet Weight Concentrations of Pollutants in Septage 

----------------- Pollutant=HEXACHLOROBUTADIENE,-----------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 10.000 UG/L 
19975 • 10.000 UG/L 
19976 1.0.000 UG/L 
19977 10.000 UG/L 
19978 ·10. 000 UG/L • 
19979 20.000 UG/L • 
19980 10.000 UG/L 

.. 19981 10.000 UG/L 
19982 . ' 10.000 UG/L 

------------------------ Pollutant=LEAD -------------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 121.90 . UG/L 
19975 50.000 UG/L 
lQ976 . 50.000 UG/L 
_3977 . 50.000 UG/L 
19978 50.000 UG/L • 
.,q979 70.30 . UG/L 
l.~980 79.30 . UG/L 
19981 . 50.000 UG/L 
19982 . 50.000 UG/L 

----------------- Pollutant=LINDANE(GAMMA-BHC) ------------------

.t':PA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 0.138 UG/L 
19975 . 0.138 UG/L 
19976 . 0.138 UG/L 
19977 0.13 . UG/L 
19978 . 0.138 UG/L 
19979 0.253 UG/L • 
19980 0.25 . UG/L 
19981 . 0.138 UG/L 

. 19982 . o.138 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

----------------------- Pollutant=MERCORY -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 0.200 UG/L 
19975 0.200 · UG/L 
19976 0.200 . UG/L 
19977 0.30 . UG/L 
19978 0.200 . UG/L 
19979 1.30 . UG/L 
19980 0.45 . UG/L· 

.. 19981 o.so . UG/L 
19982 4-0~ . UG/L 

--------------------- Pollutant=MOLYBDENUM ----------------------

EPA 
Sample Quantified • Minimum 
Number Amount Level Units 

19974 14.40 • UG/L 
19975 . 10.000 UG/L 
19976 . 10.000 UG/L 
19977 10.000 UG/L 
19978 . 10.000 OG/L 
19979 . 10.000 UG/L 
19980 . 10. 000 · UG/L 
19981 . 10.000 UG/L 
19982 10.000 OG/L 

--------------- Pollutant=N-NITROSODIMETHYLAMINE ----------------

EPA 
Sample Quantified Minimum· 
Number Amount Level Units 

19974 . 50.000 UG/L 
19975 . 50.000. UG/L 
19976 . 50.000 ·uG/L 
19977 50.000 UG/L • 
19978 . . 50.000 UG/L 
19979 100.000 UG/L • 
19980 . 50.000 UG/L 
19981 . so.ooo UG/L 
19982 . 50.000 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

----------------------- Pollutant=NICKEL ------------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 40.000 UG/L 
19975 40.000 UG/L 
19976 40.000 UG/L 
19977 79.80 . UG/L 
19978 61.80 . UG/L 
19979 105.00 . UG/L 
19980 41.90 . UG/L 
19981 40.000 UG/L 
19982 41.60 . UG/L 

--------------- Pollutant=NITRATE+NITRITE (AS N) ----------------

EPA 
Sample Quantified. Minimum 
Number Amount Level Units 

19974 0.20 MG/L 
19975 0.100 MG/L 
19976 . 0.100 MG/L 
19977 0.90 • MG/L 
19978 0.20 MG/L 
19979 0.60 . MG/L 
19980 0.60 . MG/L 
19981 0.60 . MG/L 
19982 0.20 • MG/L 

--------------------- Pollutant=PCB(TOTAL) ----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 1.750 UG/L 
19975 1.750 UG/L 
19976 1.750 · UG/L 
19977 1.750 UG/L • 
19978 1.750 UG/L 
19979 3.218 UG/L 
19980 1.750 UG/L 
19981 1.750 U~/L 
19982 1.750 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

---------------------- Pollutant=SELEN:ro:M -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level On:i;ts 

19974 50.000 OG/L 
19975 5.000 UG/L 
19976 5.000 OG/L 
19977 5.000 UG/L 
19978 • 5.000 UG/L 
19979 30.50 • OG/L 
19980 5.000 UG/L 
19981 50.000 OG/L 
19982 32.00 • OG/L 

--------------- Pollutant=TOTAL KJELOAHL NITROGEN---------------

EPA 
Sample Quantified• Minimum 
Number Amount Level Units 

19974 142.00 . MG/L 
19975 9.00 . MG/L 
19976 55.00 . MG/L 
19977 31.00 MG/L 
19978 70.00 . MG/L 
19979 119.00 • MG/L 
19980 115.00 . MG/L 
19981 175.00 . MG/L 
19982 152.00 . MG/L 

------------------ Pollutant=TOTAL PHOSPHOROUS------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 32.00 . MG/L 
19975 1.70 . MG/L 
19976 7.00 . · MG/L 
19977 25.00 . MG/L 
19978 12.00 . MG/L 
19979 48.00 • MG/.L 
19980 36.00 . MG/L 
19981 46.00 . MG/L 
19982 41.00 MG/L • 
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Wet Weight concentrations of Pollutants in Septage 

------------------------ Pollutant=ZINc·-------------------------

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 

- 19981 
19982 

. ,• 
I 

Quantified 
Amount 

5990.00 
182.00 
519.00 

6210.00 
1120.00 

23800.00 
3810.00 
2850.00 
3190.0,0 

Minimum 
Level Units 

. tJG/L 
• tJG/L 
• tJG/L 
• tJG/L 
• tJG/L 
• tJG/L . tJG/L .. UG/L . tJG/L 
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Wet Weight Concentrations of Pollutants in Septage 

-------------------- Pollutant=TOTAL SOLIDS---------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 4880.00 . MG/L 
19975 733.00 . MG/L 
19976 
19977 

653.00 
142000.00 

. . MG/L 
MG/L 

19978 
19979 

2310.00 
18500.00 

. MG/L 
MG/L 

1.9980 11300.00 . MG/L 
.. 19981 6580.00 . MG/L 

1.9982 1.1100. ·o,o . MG/L 

---------------------- Pollutant=TOXAPHENE ----------------------

EPA 
Sample Quantified• Minimum 
Number Amount Level Units 

1.9974 11.375 . OG/L 
19975 11.375 UG/L 
19976 0.910 UG/L 
19977 11.375 UG/L 
1.9978 11.375 UG/L • 
19979 20.920 UG/L 
19980 11.375 UG/L 
19981 11.735 UG/L 
19982 11.375 UG/L 

------------------- Pollutant=TRICHLOROETHENE -------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 10.000 UG/L 
19977 . 10.000 UG/L 
19978 10.000 UG/L • 
1.9979 .20.000 ·oG/L 
19980 . 10.000 UG/L 
1.9981. . 10.000 UG/L 
19982 . 1.0.000 UG/L 
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TABLE C-1 

UPTAKE OF ARSENIC BY FORAGE 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(llg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Natural Forage Sludge · N.R. ···· 0 
3.03 

<CT.25 
<0.25 

0.001 Baxter et al .• 1983 

A Rape Sludge N.R.(3) 0 
0.4 

0.37 
0.73 

0.9 Anderson & Nilsson, 
1972, p.176 

• 
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TABLE C-2 

UPTAKE OF ARSENIC BY GARDEN FRUITS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments 

C Tomato/Fruit Lead arsenate 7.5 6.2 0.1 0.001 Elfvfng et al., 1978, p.96. 
62 0.1 

C Broccoli/Fruit Arsenic acid N.R. 200 0.4 0.002 Pyles & Woolson, 1982. 
No control data gven for 

sol or plant tissue. 
Slope calculated without 

controls. 

C Tomato/Fruit Arsenic acid N.R: 200 0.11 0.001 Pyles & Woolson, 1982. 
No control data gven for 

sol or plant tissue. 
Slope calculated without 

controls. 

C Pea/Grain Arsenic N.R. 0 0.01 0.001 Walsh et Bl, 19n. 
3od 0.18 

C Pea/Pod Arsenic N.R. 0 0.05 .0.003 Walsh et Bl, 1977. 
300 0.88 
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TABLE C-3 

UPTAKE OF ARSENIC BY GRAINS AND CEREALS 

!Study Chemical AppllcaUon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) comments 

C Millet Lead arsenate 7.5 6.2 0.2 0.013 Elfving et al., 1978, p.96. 
62 0.9 
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TABLE C-4 

UPTAKE OF ARSENIC BY LEAFY VEGETABLES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll ~tes Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (µgtg owj (2) Comments 

A Swiss Chard Sludge 5.5 0 0.16. 0.340 Fu" et Bl., 1976, p. 87. 
1.47 0.66 

A Swiss Chard Sludge 6.5 0 0.63 0.001 Fu"etal., 1976, p. 87. 
1.47 0.16 

C Swiss Chard Lead arsenate N.R. 18.8 0.001 0.004 Chisholm, 1972, p. 586. 
107.2 0.37 

C Cabbage Lead arsenate 7.5 6.2 0.1 0.001 Elfvfng et al._. 1978, p.96. 
62 0.1 

C Cabbage Arsenic acid N.R. 200 <0.01 0.001 Pyles & Woolson, 1982. 
No control data fiven for 

soil or plant tissue. 
Slope calculated without 

• controls . 

C Swiss Chard Arsenic acid N.R. 200 1 0.005 Pyles & Woolson, 1982. 
No control data (iven for 

soO or plant tissue. 
Slope calculated without 

controls. 

C Lettuce Arsenic acid N.R. 200 0.55 0.003 Pyles & Woolson, 1982. 
No control data (iven for 

son or plant tissue. 
Slope calculated without 

controls. 
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TABLE C-5 

UPTAKE OF ARSENIC BY LEGUMES 

Study Chemical Application Tissue Uptake 
Typo Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g OW) (2) Comments 

C Green Bean/ Lead arsenate· N.R. 49 0.05 0.001 Chisholm, 1972, p. 586. 
Grain 245 0.22 

C Green Bean/ Lead arsenate N.R. 49 0.08 . 0.001 Chisholm, 1972, p. 586. 
Grain 245 0.17 

C Green Bean/ Lead arsenate N.R. 18.8 0.001·· 0.001 Chisholm, 1972, p. 586. 
Grain 107.2 0.06 

C Bush Bean/ Lead arsenate 7.5 6.2 0.1 0.001 Elfving et al., 1978, p.96. 
Grain 62 0.1 

C Green Bean/ Arsenic acid N.R. 200 0.14 0.001 Pyles & Woolson, 1982. 
Grain No control data gven for 

soD or plant tissue. 
Slope calculated without 

controls. 

C Bean/Grain Arsenic N.R. 0 0.01 0.001 Walsh et al, 1977. 
300 0.07 

C Bean/Pod Arsenic N.R. 0 0.27 0.002 Walsh et al, 1977. 
300 0.79 
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TABLE C-6 

UPTAKE OF ARSENIC BY POTATOES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kgnia) (pg/g OW) (2) Comments 

C PotatofTuber Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586. 
245 0.11 

C Potato/Peel Lead arsenate N.R. 49 0.08 0.002 Chisholm, 1972, p. 586. 
245 0.56 

C Potato!Tuber Lead arsenate N.R. 18.8 0.001 0.001 Chisholm, 1972, p. 586. 
107.2 0.09 

.C Potato/Peel Lead arsenate N.R. .18.8 .0.001 0.012 Chisholm, 1972, p. 586. 
107.2 1.1 

C Potato!Tuber Lead arsenate 7.5 6.2 0.1 0.001 EJMng et al., 1978, p.96. 
62 0.1 

C Potato!Tuber Arsenic acid N.R. 200 1.19 0.006 Pyles & Woolson, 1982. 

• No control data (iven for 
soil or plant tissue. 

Slope calculated without 
controls. 

C Potato!Tuber Sodium arsenate 5.5 0 0.1 0.001 Stevens et al, 1972. 
45 0.1 Soll treated with 
90 0.002 Fe(SO(4))(3). 

180 0.002 
720 0.005 

C Potato!Tuber Sodium arsenate 5.5 0 0.1 0.001 Stevens et al, 1972. 
45 0.1 S0I7 treated with 
90 0.1 Al(2)(SO(4))(3). 

180 0.4 
720 0.006 
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TABLE C-7 

UPTAKE OF ARSENIC BY ROOTS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (1,1g/g OW) (2) Comments 

C CarroVTuber Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586. 
245 0.27 

C CarroVTuber Lead arsenate N.R. 18.8 0.001 0.003 Chisholm, 1972, p. 586. 
107.2 0.26 

C TumipfTuber Lead arsenate N:R. 18.8 0.001 0.001 Chisholm, 1972, p. 586. 
107.2 0.1 

C Turnip/Peel Lead arsenate N.R.· 18.8 0.001 0.012 Chisholm, 1972, p. 586. 
107.2 1.08 

C CarroVTuber Lead arsenate 7.5 6.2 0.1 0.014 Elfving et el., 1978, p.96. 
62 0.9 

C Onions/Bulb Lead arsenate 7.5 6.2 0.1 0.005 Elfving et al., 1978, p.96. 
• 62 0.4 

C BeeVTuber Arsenic acid N.R. 200 0.86 0.004 Pyles & Woolson, 1982. 
No control data gven for 

sou or plant tissue. 
Slope calculated without 

controls. 
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TABLE C-8 

UPTAKE OF ARSENIC BY SWEET CORN 

Study 
Type 

(1) 
PlanU 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(Jlg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
comments 

C Com/Grain Lead arsenate N.R. 49 
245 

0.05 
0.07 

0.001 Chisholm, 1972, p. 586. 

C Com/Grain Lead arsenate N.R. 18.8 
107.2 

0.001 
0.04 

0.001 Chisholm, 1972, p. 586. 

C Sweet Com/ 
Grain 

Arsenic acid N.R. 200 <0.01 0.001 Pyles & Woolson, 1982. 
No control data fjven for 

sol or plant tissue. 
Slope calculated without 

controls. 
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TABLE C-9 

UPTAKE OF CADMIUM BY FORAGE 

Study Chemical Application Tissue Uptake 
Type PlanU Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (pg/g DW) (2) Comments 

A Natural Forage Sludge N.R. 0.78 0.11 1.702 Baxter et al., 1983 
1.35 1.08 Means reported 

A Pea/Vine Sludge 5.3 0 0.02 0.049 Dowdy & Larson, 
0.83 0.13 1975. 
1.66 0.16 
3.32 0.2 

A Com/leaf Sludge 5.3 0.000 0.026 0.339 Dowdy & Larson, 
0.830 .0.027 1975. 
1.660 0.61 
3.320 1.32 

A Com/Forage Sludge 5.4 0 1 1.330 Giordano, Mortvedt, 
0.008 2.3 Mays, 1975, p. 394. 
1.6 3.3 1972 data used. 

• 3.2 5.3 

A Com Sludge 5.4 0 1 0.255 Giordano, Mortvedt, 
2.5 3.7 Mays, 1975, p. 394. 
5 3.5 1972 data used. 

10 4.1 

A Bean/Vine Compost 5.4 0 0.5 0.001 Giordano, Mortvedt, 
0.8 0.5 Mays, 1975, p. 394. 
1.6 0.5 1972 data used. 
3.2 0.5 

A Bean/Vine Compost 5.4 0 0.5 0.059 Giordano, Mortvedt, 
2.5 1.1 Mays, 1975, p. 394. 
5 1.2 1972 data used. 

10 1.2 

A Com Compost 5.4 0 1.1 0.688 Giordano, Mortvedt, 
1.6 3 Mays, 1975, p. 394. 
3.2 3.9 1973 data used. 
6.4 5.7 

A Com Sludge 5.4 0 1.1 0.299 Giordano, Mortvedt, 
5 5.9 Mays, 1975, p. 394. 

10 6.6 1973 data used. 
20 7.9 

A BeanNine Compost 5.4 0 0.3 0.130 Giordano, Mortvedt, 
1.6 0.4 Mays, 1975, p. 394. 
3.2 0.4 1973 data used. 
6.4 0.4 
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TABLE C-9 (cont.) 

UPTAKE OF CADMIUM BY FORAGE (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pglg DW) (2) Comments 

A Bean/Vine Siudge 5.4 0 0.3 0.042 Giordano, Mortvedt, 
5 1.1 Mays, 1975, p. 394. 

10 1.1 1973 data used. 
20 1.3 

A Com/Leaf Sludge 5.2-5.6 0 0.83 2.510 Pepper et al, 1983, 
Limed 0.75 3.68 p.272 

1.5 6.73 Sultan-com type. 
3 8.45 

A Com/Leaf Sludge 4.5-4.6 0 1.01 2.276 Pepper et al, 1983, 
Limed 0.75 5.11 p.272 

1.5 7.45 Sultan-com type. 
3 8.3 

A Com/Leaf Sludge 5.1-5.6 
• 
0 0.2 1.651 Pepper et al, 1983, 

Limed 0.75 0.66 p.272. 
1.5 2.08 Puyallup-com type. 
3 4.96 

A Com/Leaf Sludge 4.4-4.6 0 0.2 0.926 Pepper et al, 1983, 
Unfimed 0.75 1.2 p. 272. 

1.5 1.5 Puyallup-com type. 
3 3.09 

A Com Sludge 7.0 0 0.05 o.on Heffron et al, 1980, 
21.56 1.7 p. 59. 

A Com Sludge 5.4 0 0.29 0.142 Telford et al, 1982. 
25.3 3.88 

A Com/Grain Sludge 5.9-6.0 0 0.01 0.001 Rapppaport et al, 
0.9 0.01 1987. 1984 data used. 
1.8 0.01 

A Com . Sludge 5.9-6.0 0 0.03 0.022 Rapppaport et al, 
0.9 0.13 1987. 1984 data used. 
1.8 0.07 

A Barley . Sludge 5.9-6.0 0 0.12 0.110 Rapppaport et al, 
0.9 0.13 1987. 1984 data used. 
1.8 0.14 

A Sweet Com/ Sludge 6.5 0 0.28 0.139 Hemphill et al, 1982. 
Leaf 1.5 0.49 Portland sludge 

A Sweet Com/ . Sludge 6.5 0 0.28 0.001 Hemphill et al, 1982 . 
Leaf 1.5 0.22 Rockcreek sludge. 
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TABLE C-9 (cont.) 

UPTAKE OF CADMIUM BY FORAGE (cont.) 

Study Chemical Application Tissue Uptake 
Typo Plant/ Form Son Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (Jlg/g DW) (2) Comments 

A Sweet Com/ Sludge 6.5 0 0.28 ·0.001 Hemphill et al, 1982. 
Leaf 0.21 0.24 Sa/em sludge. 

A Ryegrass Liquid sludge 6.5 0.6 0.11 0.048 -Carlton Smith, 1988. 
4.52 0.3 Means of 5 years used. 

Sandy loam. 

A Ryegrass Bed-dried 6.5 0.6 0.11 0.014 Carlton Smith, 1988. 
Sludge 12.57 0.28 Means of 4 years used. 

Sandy loam. 

A Ryegrass Liquid sludge 6.7 1.4 0.19 0.055 Carlton Smith, 1988. 
6.7 0.48 Means of 5 years used. 

Clay. 

A Ryegrass Bed-dried 6.7 • 1.4 0.17 0.023 Carlton Smith, 1988. 
Sludge 15.12 0.48 Means of 4 years used. 

Clay. 

A Ryegrass Liquid sludge 8.0 1.44 0.04 0.020 Carlton Smith, 1988. 
5.86 0.13 Means of 5 years used. 

Calcareous loam. 

A Ryegrass Bed-dried 8.0 1.5 0.05 0.015 Carlton Smith, 1988. 
Sludge 22.12 0.35 Means of 4 years used. 

Calcareous loam. 

A Barley/Leaf Sludge 6.2-6.4 0 0.67 0.004 Sommers et al, 1991. 
23 0.76 Ohio data used. 
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TABLE C-10 

UPTAKE OF CADMIUM BY GARDEN FRUITS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemlcal 
Form 

Applled 
Soll 
pH 

Appllcatlon 
Rates 
(kg/ha) 

Tissue 
Concentration 

(1,1g/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Cantaloupe/ 
Fruit 

Sludge 4.6-6.0 0 
11 

18 
25 

0.636 Giordano et al., 1979 
Year 3 (1977) 

No heat, no lime 

A Broccoli/ 
Fruit 

Sludge 4.7-6.2 0 
11 

0.27 
0.89 

0.056 Giordano et al., 1979 
Year 2 (1976) 

No heat 

A Eggplant/ 
Fruit 

Sludge 4.7-6.2 0 
11 

0.54 
1.64 

0.100 Giordano et al., 1979 
Year 2 (1976) 

No heat 

A Tomato/ 
Fruit 

Sludge 4.7-6.2 0 
11 

0.52 
1.04 

0.047 Giordano et al., 1979 
Year 2 (1976) 

No heat 

A Pepper/ 
Fruit 

Sludge 4.7-6.2 29 0.364 Giordano et al., 1979 
Year 3 (1977) 

No heat, no lime 

A Squash/ 
Fruit 

Sludge 5.1-6.0 0 
11 

0.15 
0.27 

0.011 Giordano et al., 1979 
Year 1 (1979) 

No heat. Yellow 
Crookneck squash 

A Pepper/ 
Fruit 

Sludge 5.1-6.0 0 
11 

0.3 
1.3 

0.091 Giordano et al., 1979 
Year 1 (1979) 

No heat. California 
Wonder Variety 

A Pea/Grain Sludge 5.3 0 
0.83 
1.66 
3.32 

0.03 
0.04 
0.04 
0.04 

0.002 Dowdy & Larson, 
1975. 

A Tomato/Fruit Sludge 5.3 0 
0.83 
1.66 
3.32 

0.08 
0.2 
0.33 
0.33 

0.074 Dowdy & Larson, 
1975. 

A Pea/Pod Sludge 5.3 0.000 
0.830 
1.660 
3.320 

0.020 
0.080 
0.080 
0.060 

0.008 Dowdy & Larson, 
1975. 

A Tomato/Fruit Sludge 6.6 0 
0.7 
1.4 

0.39 
0.55 
0.5 

0.079 Keefer et al, 1986. 
Blue Plains sludge. 

Early fruiting. 
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TABLE C-10 (cont.) 

UPTAKE Of CADMIUM.BY GARDEN FRUITS (cont.) 

Study Chemical Application Tissue · Uptake 
Type Plant! Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Tomato/Fruit Sludge 6.6 0 0.32 0.057 Keefer et al, 1986. 
0.7 0.4 Blue Plains sludge. 
1.4 0.4 Late fruiting. 

A Tomato/Fruit Sludge 7.1 0 0.39 0.018 Keefer et al, 1986. 
3.1 0.75 Huntington sludge. 
6.2 0.5 Early fruiting. 

A Tomato/Fruit Sludge 7.1 0 0.32 0.029 Keefer et al, 1986. 
3.1 0.4 Huntington sludge. 
6.2 0.5 Late fruiting. 

A Tomato/Fruit Sludge 6.9 0 0.39 0.114 Keefer et al, 1986. 
0.7 0.4 Martinsburg sludge. 

• 1.4 0.55 Early fruiting. 

A Tomato/Fruit Sludge 6.9 0 0.32 0.079 Keefer et al, 1986. 
0.7 0.45 Martinsburg sludge. 
1.4 0.43 Late fruiting. 

A Tomato/Fruit Sludge 6.3 0 0.39 0.325 Keefer et al, 1986. 
0.4 0.45 Parkersburg_ sludge. 
0.8 0.65 

A Tomato/Fruit Sludge 6.3 0 0.32 0.001 Keefer et al, 1986. 
0.4 0.43 Parkersburg sludge. 
0.8 0.26 

A Tomato/Fruit Sludge N.R. 0 0.9 0.053 Lue-Hing et al, 1984. 
4 1.3 1977 data used. 
8 1.5 Nu-Earth. 

16 1.9 
20 2 
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TABLE C-11 

UPTAKE OF CADMIUM BY GRAINS/CEREALS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 

, pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Wheat/Grain Sludge N.R.(3) 0 
1.5 
6 

0.066 
0.159 
0.19 

0.017 Sabey & Hart, 1975. 

A Com/Grain Sludge 4.~.5 0 
38.6 

0.010 
0.170 

0.004 Usk et al, 1982. 

A Com/Grain Sludge 5.2-5.6 0 
0.75 

1.5 
3 

0.27 
0.41 

0.6 
0.41 

0.045 Pepper et al, 1983, 
p.272 

Sultan-com type. 

A Com/Grain Sludge 4.5-4.6 0 
0.75 
1.5 

"3 

0.29 
0.5 
0.5 
0.61 

0.094 Pepper et al, 1983, 
p.272 

Sultan-com type. 

A Com/Grain Sludge 5.1-5.6 0 
0.75 
1.5 
3 

0.12 
0.27 
0.43 
0.64 

0.173 Pepper et al, 1983, 
p.272: 

Puyallup-com type. 

A Com/Grain Sludge 4.4-4.6 0 
0.75 
1.5 
3 

0.16 
0.2 
0.39 
0.37 

0.076 Pepper et al, 1983, 
p. 272. 

Puyallup-com type. 

A Com/Earleaf Sludge 5.9-6.0 0 
0.9 
1.8 

0.07 
0.07 
0.06 

0.001 Rapppaport et al, 1987. 
1984 data used. 

A Wheat/Grain Liquid sludge 6.5 0.6 
4.52 

0.13 
0.29 

0.041 Carlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Wheat/Grain Bed-dried 
Sludge 

6.5 0.6. 
12.57 

0.14 
0.33 

0.016 Carlton Smith, 1988. 
Means of.4 years used. 

Sandy loam. 

A Wheat/Grain Liquid sludge 6.7 1.4 
6.7 

0.26 
0.52 

. 0.049 Carlton Smith, 1988 . 
Means of 5 years used. 

Clay. 

A Wheat/Grain Bed-dried 
Sludge 

6.7 1.4 
15.12 

0.26 
0.55 

0.021 Carlton Smith, 1988. 
Means of 4 years us,.ed. 

Clay. 
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TABLE C-11 (cont.) 

UPTAKE OF CADMIUM BY GRAINS/CEREALS (cont.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemlcal 
Form 

Applled 
Soll 
pH 

Application 
Rates 

(kglha) 

Tissue 
Concentration 

(llg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Wheat/Grain Liquid sludge 8.0 1.44 
5.86 

0.052 
0.15 

0.022 Carlton Smith, 1988. 
Means .of p years used. 

Calcareous loam. 

A Wheat/Grain Bed-dried 
Sludge 

8.0 1.5 
22.12 

0.08 
0.27 

0.009 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Barley/Grain Sludge 6.2-6.4 0 
23 

0.04 
0.05 

0.001 Sommers et al, 1991. 
Ohio data used. 
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TABLE C-12 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pgtg DW) (2) Comments 

A Kale Sludge 8.4 5.49 1.669 0.304 Glordano & Mays, 1977 
Year1 

Decatur sludge 

A Kale Sludge 8.4 3.92 0.004 0.001 Giordano & Mays, 1977 
Year1 

Tuscumbia sludge 

A Lettuce Sludge 8.4 5.49 7.576 1.380 Glordano & Mays, 1977 
Year1 

Decatur sludge 

A Lettuce Sludge 8.4 3.92 2.391 0.610 Giordano & Mays, 1977 
Year1 

Tuscumbia sludge 

A Spinach Sludge 8.4 "&.49 1.801 0.328 Glordano & Mays, 1977 
Year1 

Decatur sludge 

A Spinach - Sludge 8.4 3.92 0.004 0.001 Glordano & Mays, 1977 
Year1 

Tuscumbia sludge 

A Lettuce Sludge 8.4 5.49 5.929 1.080 Glordano & Mays, 1977 
Year1 

Decatur sludge 

A Lettuce Sludge 8.4 3.92 1.439 0.367 Glordano & Mays, 1977 
Year1 

Tuscumbia sludge 

·A Lettuce Sludge 5.6 1.26 0.5544 0.440 Schauereta, 1980 
Year1 

Warwick sludge 

A Lettuce Sludge 5.6 1.26 2.457 1.950 Schauereta, 1980 
Year1 

Warwick sludge 

A Swiss Chard Sludge 5.7 0.84 1.000 1.190 Chaney et at., 1978b 
Backriver sludge 

A Swiss Chard .. Sludge 5.6 2.24 2.200 0.982 Chaney et at., 1978b 
Blue Plains sludge 

A Swiss Chard -Digcompost 6.6 1.5 0.900 0.600 Chaney et at., 1978b 

A Swiss Chard •uried DC 5.5 3.3 23.298 7.060 Chaney et at., 1978c 
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TABLE C-12 (cont.) 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.) 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Swiss Chard Sludge 4.9 0.76 0.897 1.180 Chaney & Hornick, 1978 
CAST1980 

City 4 sludge 

A Swiss Chard Sludge 6.0 0.78 0.095 0.122 Chaney & Hornick, 1978 
CAST1980 

City 4L sluc!ge 

A Swiss Chard Sludge 4.9 1.48 0.049 0.033 Chaney & Hornick, 1978 
CAST1980 

City 9 Sludge 

A SwissChard Sludge 6.3 1.95 0.630 0.323 Chaney & Hornick, 1978 
CAST1980 

City 9L sludge 

A Swiss Chard Sludge 5.5 • 9.00 25.830 2.870 Chaney & Hornick, 1978 
CAST 1980 

City 13 sludge 

A Swiss Chard Sludge 6.2 6.92 2.484 0.359 Chaney & Hornick, 1978 
CAST1980 

City 13L sludge 

A Swiss Chard Sludge 5.5 3.19 4.530 1.420 Chaney & Hornick, 1978 
CAST1980 

City 1 sludge 

A Swiss Chard Sludge 6.2 4.43 1.675 0.378 Chaney & Hornick, 1978 
CAST1980 

City 1 L sludge 

A Swiss Chard Sludge 6.6 · 2.47 0.785 0.318 Chaney & Hornick, 1978 
CAST 1980 

City 1H sludge 

A &'wissChard Sludge 5.9 0.32 0.115 0.359 Chaney & Hornick, 1978 
CAST 1980 

City 19H sludge 

. A Swiss Chard Sludge 6.7 12.65 1.505 0.119 Chaney & Hornick, 1978 
CAST1980 

City 39H sludge 

A Lettuce Heat-Treated 5.3-5.4 0 1.26 0.453 Chaney et al, 1982 
Sludge 3 2.62 Romaine Lettuce 

'1981 data 
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TABLE C-12 (cont.) 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (l,lg/g DW) (2) Comments 

A Lettuce Heat-Treated 6.2 0 0.62 0.103 Chaney et al, 1982 
Sludge 3 0.93 Romaine Lettuce 

"1981 data 

A Lettuce Nu-Earth 5.3-5.6 0 1.26 1.397 . Chaney et al, 1982 

21 30.6 Romaine Lettuce 
"1981 data 

A Lettuce Nu-Earth 6.2-6.6 0 0.62 0.272 Chaney et al, 1982 

21 6.34 Romaine Lettuce 
"1981 data 

A Swiss Chard Heat-Treated 5.7 0 0.7 0.310 Chaney et al., 1982 
Sludge 3 1.63 "1978 data 

A Swiss Charcl Heat-Treated 6.7-6.8 
• 
0 0.33 0.217 Chaney et al. 1982 

Sludge 3 0.98 "1978 data 

A Swiss Chard Nu-Earth 5.7-6.3 0 0.7 0.044 Chaney et al., 1982 
21 1.63 "1978data 

A Swiss Chard Nu-Earth 6.7 0 0.33 0.031 Chaney et at., 1982 
21 0.98 "1978 data 

A Collard Greens Heat-Treated 5.5-5.6 0 0.62 0.001 Chaney et al., 1982 
Sludge 3 0.54 "1980 data 

A Collard Greens Heat-Treated 6.4-6.3 0 0.53 0.001 Chaney et at., 1982 
Sludge 3 0.42 "1980 data 

A Collard Greens Nu-Earth 5.5-6.3 0 0.62 0.107 Chaney et al., 1982 
21 2.86 "1980 

A Collard Greens Nu-Earth 6.4-6.8 0 0.53 0.080 Chaney et al., 1982 
21 2.2 "1980 

A Lettuce Sludge 4.6-6.0 0 1.18 0.656 Giordano et al., 1979 
11 8.4 Year 3 (1977) 

No heat, no lime 
Bibb lettuce 

A Lettuce Sludge 4.6-6.0 0 0.88 0.125 Giordano et al., 1979 
11 2.25 Year 3 (1977) 

No heat, no lime 
Romaine lettuce 
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TABLE C-12 (cont.) 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.) 

Study Chemical Appllcatlon Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Lettuce Sludge 4.6-6.0 0 0.95 0.195 Glordano et al., 1979 
11 3.1 Year 3 (1977) 

No heat, no lime 
Boston Lettuce 

A Cabbage Sludge 4.6-6.0 0 0.19 0.015 Glordano et al., 1979 
11 0.35 Year 3 (1977) 

No heat, no ime 

A Lettuce Sludge 4.7-6.2 0 0.86 0.245 Glordano et al., 1979 
11 3.56 Year 2 (1976) 

No heat 
Great Lakes Lettuce 

A Lettuce Sludge 5.1-6.0 • 0 0.3 0.918 Glordano et al., 1979 
11 10.4 Year 3 (1977) 

No heat, no Hme 
Great Lakes Lettuce 

A Lettuce Sludge 5.8 0 0.6 1.310 Chaney et al., 1978 
0.84 1.7 Romaine Lettuce 

. Backrfver sludge 

A Lettuce Sludge 6.0 0 0.6 0.848 Chaney et al., 1978 
2.24 2.5 Romaine lettuce 

Blue Plains sludge 

A Lettuce Sludge 6.7 0 0.6 0.333 Chaney et al., 1978 
1.5 1.1 Romaine lettuce 

DigCompost 

A Lettuce Sludge 5.6 0 0.6 5.119 Chaney et al., 1978 
5.04 26.4 Romaine lettuce 

Miloryanite 

A Lettuce Sludge 5.5 0 0.6 3.333 Chaney et al., 1978 
3.3 11.6 Romaine lettuce 

Dried DC 

A Lettuce Sludge 6.5 0 0.61 0.607 Dowdy & Larson, 
0.83 1.28 1975. 
1.66 1.72 
3.32 2.67 

A Turnip/Greens Sludge 5.8 0 1.000 0.680 Mme, & Boswe/1, 

3 3.600 19'/9, p. 1361. 
5.1 4.400 
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TABLE C-12 (cont.) 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll R!!tes Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Cabbage Sludge 6.6 0 0.08 0.014 Keefer et al, 1986. 
0.7 0.12 Blue Plains sludge. 
1.4 0.1 

A Cabbage Sludge 7.1 0 0.08 0.010 Keefer et al, 1986. 
3.1 0.11 Huntington sludge. 
6.2 0.14 

A Cabbage Sludge 6.9 0 0.08 0.014 Keefer et al, 1986. 
0.7 0.12 Martinsburg sludge. 
1.4 0.1 

A Cabbage Sludge 6.3 0 0.08 0.138 Keefer et al, 1986. 
0.4 0.14 Parkersburg sludge. 
0.8 0.19 

• 
A Lettuce Composted N.R. 0 0.5 0.664 Chang et al., 1978 

Sludge 1.6 2.2 
2.9 3.1 
5.7 4.4 

A Swiss Chard Composted N.R. 0 0.2 0.337 Chang et al., 1978 
Sludge 1.6 0.4 

2.9 0.7 
5.7 2.1 

A Turnip/Greens Composted N.R. 0 1.0 0.414 Chang et al., 1978 
Sludge 1.2 1.2 

2.2 2.7 
4.3 2.6 

A Lettuce Liquid sludge 6.5 0.6 o.n 0.406 Carlton Smith, 1988. 
4.52 2.36 Means of 5 years used. 

Sandy loam. 

A Lettuce Bed-dried 6.5 0.6 0.73 0.129 Carlton Smith, 1988. 
Sludge 12.57 2.27 Means of 4 years used. 

Sandy loam. 

A Le~ce Liquid sludge 6.7 1.4 5.72 0.313 Carlton Smith, 1988. 
6.7 7.38 Means of 5 years used. 

Clay. 

A Lettuce Bed-dried 6.7 1.4 4.65 0.079 Carlton Smith, 1988. 
Sludge 15.12 5.74 Means of 4 years used. 

Clay. 

A Lettuce Liquid sludge 8.0 . 1.44 0.63 0.172 Carlton Smith, 1988. 
5.86 1.39 Means of 5 years used. 

Calcareous loam. 
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TABLE C-12 (cont.) 

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.) 

Study 
Typa 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(Jlg/gDW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Lettuce Bed-dried 
Sludge 

8.0 1.5 
22.12 

0.62 
1.99 

0.066 Cqrlto_n Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Cabbage Liquid sludge 6.5 0.6 
4.52 

0.11 
0.15 

0.010 Carlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Cabbage Bed-dried 
Sludge 

6.5 0.6 
12.57 

0.12 
0.23 

0.009 Carlton Smith, 1988. 
Means of 4 years used. 

Sandy loam. 

A Cabbage Liquid sludge 6.7 1.4 
6.7 

• 

0.27 
0.28 

0.002 Carf!on Smith, 1988. 
Means of 5 years used. 

Clay . 

A Cabbage Bed-dried 
Sludge 

6.7 1.4 
15.12 

0.25 
0.29 

0.003 Carlton Smith, 1988. 
Means of 4 years used. 

Clay. 

A Cabbage Liquid sludge 8.0 1.44 
5.86 

0.05 
0.15 

0.023 Carlton Smith, 1988. 
Means of 5 years used. 

Calcareous loam. 

A Cabbage Bed-dried 
Sludge 

8.0 1.5 
22.12 

0.05 
0.39 

0.016 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Spinach Sludge N.R. 0 
4 
8 

16 
20 

5.4 
11.9 
18.8 
16.9 
14.6 

0.405 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 

A Swiss Chard Sludge N.R. 0 
4 
8 

16 
20 

2.2 
4.9 
8.4 
7 

10.2 

0.323 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 

C-21 



TABLE C-13 

UPTAKE OF CADMIUM BY LEGUMES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1glg DW) (2) Comments 

A Bean/ Sludge 5.1-6.0 0 0.1 0.009 Giordano et al., 1979 
Grain 11 0.2 Year 1 (1979) 

No heat 
Contender variety 

A Bean/Pod Compost 5.4 0 0.2 0.001 Giordano, Mortvedt, 
0.8 0.2 Mays, 1975, p. 394. 
1.6 0.2 1972 data used. 
3.2 0.1 

A Bean/Pod Sludge 5.4 0 0.2 0.001 Giordano, Mortvedt, 
2.5 0.2 Mays, 1975, p. 394. 
5 0.2 1972 data used. 

10 0.2 

A Bean/Pod Compost 5.4 Q 0.1 0.001 Giordano, Mortvedt, 
1.6 0.1 Mays, 1975, p. 394. 
3.2 0.1 1972 data used. 
6.4 0.1 

A Bean/Pod - Sludge 5.4 0 0.1 0.004 Giordano, Mortvedt, 
5 0.2 Mays, 1975, p. 394. 

10 0.2 1972 data used. 
20 0.2 

A Green Bean/ Sludge 6.6 0 0.1 0.001 Keefer et al, 1986. 
Pod & Seed 0.7 0.1 Blue Plains sludge. 

1.4 0.1 

A Green Bean/ Sludge 7.1 0 0.1 0.001 Keefer et al, 1986. 
Pod &Seed 3.1 0.1 Huntington sludge. 

6.2 0.1 

A Green Bean/ Sludge 6.9 0 0.1 0.001 Keefer et al, 1986. 
Pod &Seed 0.7 0.1 Martinsburg sludge. 

1.4 0.1 

A Green Bean/ ~ludge 6.3 0 0.1 0.001 Keefer eta/, 1986. 
Pod & Seed 0.4 0.1 Parkersburg sludge. 

0.8 0.1 

A Green Bean/ Sludge N.R. 0 0.1 0.012 Lue-Hing et al, 1984. 
Pod & Seed 4 0.1 19n data used. 

8 0.2 Nu-Earth. 
16 0.3 
20 0.3 
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TABLE C-13 (cont.) 

UPTAKE OF CADMIUM BY LEGUMES (cont.) 

Study Chemical Application Tissue Uptake 
Type PlanU Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Soybean/ Limed digested 7.3-7.5 0.1 0.28 0.001 Chaney et al, 1977. 
Grain sludge 0.3 0.14 For control used 

0.54 0.25 calcareous soil data. 
0.66 0,2 Chaney's values are 
1.08 0.05 means of 3 ieps. 
1.42 0.1 

A Soybean/ Limed raw 7.3-7.7 0.1 0.28 0.001 Chaney et al, 1977. 
Grain sludge 0.28 0.14 For control used 

0.32 0.09 calcareous soil data. 
0.74 0.07 Chaney's values are 

means of 3 reps. 

A Soybean/ Raw sludge 6.6-7.3 0.1 0.280 0.001 Chaney et al, 1977. 
Grain compost 0.4 0.190 For control used 

• 0.76 0.190 calcareous soil data. 
1.26 0.220 Chaney's values are 

2.620 0.280 means of 3 reps. 
4.820 0.250 

A Soybean/ Heat treated 5.9-6.0 0.140 0.140 0.027 Chaney et al, 1977. 
Grain sludge 0.860 0.110 Chaney's values are 

High pH 1.260 0.190 means of 3 reps. 
2.840 0.20 

A Soybean/ Heat treated 5.3-5.6 0.140 0.340 0.001 Chaney et al, 1977. 
Grain sludge 0.780 0.240 Chaney's values are 

LowpH 1.220 0.210 means of 3 reps. 
2.860 0.230 
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TABLE C-14 

UPTAKE OF CADMIUM BY POTATOES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (l.1g/g OW) (2) Comments 

A Potato/ Sludge 4.7-6.2 0 0.11 0.001 Glordano et al., 1979 
Tuber 11 0.1 Year 2 (1976) 

No heat 

A Potato Sludge 5.3 0 0.12 0.038 Dowdy & Larson, 
0.83 0.11 1975. 
1.66 0.021 
3.32 0.23 

A Potato/ Liquid sludge 6.5 0.6 0.15 0.01 Carlton Smith, 1988. 
Tuber 4.52 0.19 Means of 5 years used. 

Sandy loam. 

A Potato/ Bed-dried 6.5 0.6 0.16 0.003 Carlton Smith, 1988. 
Tuber Sludge 12.57 0.2 Means of 4 years used. 

Sandy loam. 

A Potato/ Liquid sludge 6.7 1.4 0.52 0.001 Carlton Smith, 1988. 
Tuber 6.7 0.49 Means of 5 years used. 

Clay. 

A Potato/ Bed-dried 6.7 1.4 0.53 0.001 Carlton Smith, 1988. 
Tuber Sludge 15.12 0.41 Means of 4 years used. 

Clay. 

A Potato/ Liquid sludge 8.0 1.44 0.06 0.014 Carlton Smith, 1988. 
Tuber 5.86 0.12 Means of 5 years used. 

Calcareous loam. 

A Potato/ Bed-dried 8.0 1.5 0.06 0.004 Carlton Smith, 1988. 
Tuber Sludge 22.12 0.15 Means of 4 years used. 

Calcareous loam. 

C Potato/ Organic, metal 6.6 39.2 0.29 0.007 Harris et al, 1978. 
Tuber contaminated Vanessa-potato type. 

soil 

C Potato/ Organic, metal 6.6 39.2 0.2 0.005 Hanis et al, 1978. 
Tuber contaminated Pentland Savein-potato 

soil type. 

C Potato/ Organic, metal 6.6 39.2 0.41 0.010 Harris et al, 1918. 
Tuber contaminated Home Guard-potato type. 

soil 

C Potato/ Organic, metal 6.6 39.2 0.15 0.004 Harris et al, 1978. 
Tuber contaminated Desiree-potato type. 

soil 
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TABLE C-14 (cont.) 

UPTAKE OF CADMIUM BY POTATOES (cont.) 

Study Chemlcal Application Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kglha) (pglg DW) (2) Comments 

C Potato/ Organic, metal 6.6 39.2 0.32 0.008 Harris et Bl, 1978. 
Tuber contaminated King Edwa~potato type. 

soH 

C Potato/ Organic, metal 6.6 39.2 0.32 0.008 Harris et al, 1978. 
Tuber contaminated Majestic-potato type. 

soil 
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TABLE C-15 

UPTAKE OF CADMIUM BY ROOTS 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g OW) (2) Comments 

A Carrot/Tuber Sludge 4.6-6.0 0 0.96 0.121 Giordano et al., 1979 
11 2.29 Year 3 (1977) 

No heat, no lime 

A Carrot Sludge 5.3 0 0.48 0.202 Dowdy & Larson, 
0.83 0.69 1975. 
1.66 0.95 
3.32 1.15 

A Radish Sludge 5.3 0 0.13 0.056 Dowdy & Larson, 
0.83 0.14 1975. 
1.66 0.18 
3.32 0.31 

A Radish/Tuber Sludge 6.6 0 0.53 0.107 Keefer et al, 1986. 
IJ.7 0.66 Blue Plains sludge. 
1.4 0.68 

A Carrot/Tuber Sludge 6.6 0 0.2 0.001 Keefer et al, 1986. 
0.7 0.32 Blue Plains sludge. 
1.4 0.2 

A Radish/Tuber Sludge 7.1 0 0.53 0.039 Keefer et al, 1986. 
3.1 0.79 Huntington sludge. 
6.2 0.77 

A Carrot/Tuber Sludge 7.1 0 0.200 0.001 Keefer et al, 1986. 
3.1 0.200 Huntington sludge. 
6.2 0.200 

A Radish/Tuber Sludge 6.9 0 0.53 0.029 Keefer et al, 1986. 
0.7 0.51 Martinsburg sludge. 
1.4 0.57 

A Carrot/Tuber Sludge 6.9 0 0.2 0.001 Keefer et al, 1986. 
0.7 0.46 Martinsburg sludge. 
1.4· i'.l.2 

A Radish/Tuber Sludge 6.3 0 0.53 0.001 Keefer et al, 1986. 
0.4 0.35 Parkersburg sludge. 
0.8 0.39 

A Carrot/Tuber Sludge 6.3 0 0.2 0.001 Keefer et al, 1986. 
0.4 0.2 Parkersburg sludge. 
0.8 0.2 

A Radish Composted N.R. 0 0.5 0.432 Chang et al., 1978 
Sludge 1.6 0.7 

2.9 1.9 
5.7 2.8 
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TABLE C-15 (cont.) 

UPTAKE OF CADMIUM BY ROOTS (cont.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applled 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(a,g/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A RadishfTuber Composted 
Sludge 

N.R. 0 
1.6 
2.9 
5.7 

0.2 
0.4 
0.6 
0.9 

0.123 Ch_an€1 et al., 1978 

A Carrot/Tuber Composted 
Sludge 

N.R. 0 
1.6 
2.9 
5.7 

0.4 
0.9 
1.6 
2.4 

0.358 Chang et al., 1978 

A Carrot Composted 
Sludge 

N.R. 0 
1.6 
2.9 
5.7 

0.5 
1.6 
2.5 
3.9 

0.594 Chang et al., 1978 

A Turnip/Tuber Composted 
Sludge 

N.R. 
• 
0 
1.2 
2.2 
4.3 

0.2 
0.3 
0.3 
0.4 

0.043 Chango! al., 1978 

A Ryegrass Liquid sludge 6.5 0.6 
4.52 

0.11 
0.3 

0.048 Carlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Red Beet/ 
Tuber 

Liquid sludge 6.5 0.6 
4.52 

0.29 
0.63 

0.087 Carlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Red Beet/ 
Tuber 

Bed-dried 
Sludge 

6.5 0.6 
12.57 

0.23 
0.69 

0.038 Carlton Smith, 1988. 
Means of 4 years used. 

Sandy loam. 

A Red Beet/ 
Tuber 

Liquid sludge 6.7 1.4 
6.7 

1.0 
1.22 

0.042 Carlton Smith. 1988. 
Means of 5 years used. 

Clay. 

A Red Beet/ 
Tuber 

Bed-dried 
Sludge 

6.7 1.4 
15.12 

0.8 
1.26 

0.034 Carlton Smith, 1988. 
Means of 4 years used. 

Clay. 

A Red Beet/ 
Tuber 

Liquid sludge 8.0 1.44 
5.86 

0.1 
0.26 

0.036 Carlton Smith, 1988. 
Means of 5 years used. 

Calcareous loam. 

A Red Beet/ 
Tuber 

Bed-dried 
Sludge 

8.0 1.5 
22.12 

0.1 
0.49 

0.018 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 
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TABLE C-15 (cont.) 

UPTAKE OF CADMIUM BY ROOTS (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Beet/ Sludge N.R. 0 0.5 0.078 Lue-Hing et al, 1984. 
Tuber 4 1 1977 data used. 

8 1 Nu-Earth. 
16 2 
20 2 

A Carrot/ Sludge N.R. 0 1 0.061 Lue-1:'ing et al, 1984. 
Tuber 4 1.3 1977 data used. 

8 1.3 Nu-Earth. 
16 1.8 
20 1.7 
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TABLE C-16 

UPTAKE OF CADMIUM BY SWEET CORN 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (llg/g DW) (2) Comments 

A Sweet Com/ Sludge 5.1-6.0 0 0.1 0.155 Giordano et sf., 1979 
Grain 11 1.8 Year 1 (1979) 

Nohest 
Silver Queen com 

A sweet Com/ Sludge 5.3 0 0.02 0.01 Dowdy & Larson, 1975. 
Grain 0.83 0.02 

1.66 0.03 
3.32 0.05 

A SWeetCom/ Compost 5.4 0 0.3 0.236 Giordano, Mortvedt, 
Graln 0.8 0.7 Mays, 1975, p. 394. 

1.6 0.9 1972 dsts used. 
3.2 1.1 

A Sweet Com/ 
Grain 

Sludge 5.4 • 0 
2.5 

0.3 
0.9 

0.08 Giordano, Mortvedt, 
Mays, 1975, p. 394. 

5 1 1972 dsts used. 
10 1.2 

A Com/Grain Compost 5.4 0 0.5 0.05 Giordano, Mortvedt, 
1.6 0.5 Mays, 1975, p. 394. 
3.2 0.6 1973 dsts used. 
6.4 0.8 

A Com/Grain Sludge 5.4 0 0.5 0.026 Giordano, Mortvedt, 
5 0.7 Mays, 1975, p. 394. 

10 1.1 1973 data used. 
20 1 

A Sweet Com/ Sludge 6.6 0 0.08 0.064 Keefer et al, 1986. 
Grain 0.7 0.16 Blue Plains sludge. 

· 1.4 0.17 

A Sweet Com/ Sludge 7.1 0 0.08 0.011 Keefer et al, 1986. 
Grain 3.1 0.1 Huntington sludge. 

6.2 0.15 

A Sweet Com/ Sludge 6.9 0 0.08 0.071 Keefer et sf, 1986. 
Grain 0.7 0.11 Martinsburg sludge. 

1.4 0.18 

A Sweet Com/ Sludge 6.3 0 0.08 0.1 Keefer et sf, 1986. 
Grain 0.4 0.11 Parkersburg sludge. 

0.8 0.16 

A sweet Com/ Sludge 6.5 0 0.05 0.026 Hemphill at 6/, 1982. 
Grain 1.5 0.09 Portland sludge. 

A Sweet Com/ Sludge 6.5 0 0.05 0.333 Hemphill et al, 1982. 
Grain 1.5 0.1 Rockcreek sludge. 
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TABLE C-17 

UPTAKE OF COPPER BY FORAGE 

Study Chemical Appllcaaon Tissue Uptake 
Type Plant/ Form Soll Rates Concentraaon Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (J,lgfg OW) (2) comments 

A Natural Forage Sludge N.R. 13.2 2.28 0.738 Baxter et al., 1983 
27.1 12.5 Means reported 

A Com/Leaf Sludge 6.6 0.000 8.0 0.001 Rappaport, 1987. 
152 6.1 1984data. 
304 4.9 

A Com/Leaf Sludge 6.6 0 7.80 0.001 Rappaport, 1987. 
1985data. 

152 7.7 
304 8.2 

A Com Sludge 6.6 0 4.90 0.001 Rappaport, 1987. 
152 5.3 1984data. 
304 4.5 

A Com Sludge 6.6 0 6.60 0.003 Rappaport, 1987. 
152 6.9 1985 data. 
304 6.7 

A Baney Sludge 6.6 0 1.0 0.006 Rappaport, 1987. 
152 2.5 1985data. 
304 2.8 

A Orchard grass Sludge 6.6-7.2 0 9.58 0.023 Alberfcl, 1989. 
50 10.72 

A Quackgrass Sludge 6.6-7.2 0 5.96 0.052 'Alberfcl, 1989. 
50 8.55 

A Bird's Foot Sludge 6.6-7.2 0 10.83 0.019 Alberfci, 1989. 
Trefoil 50 11.8 

A Tall Fescue Sludge 6.6-7.2 0 7.17 0.021 Albericl, 1989. 
50 8.22 

A Com/Leaf Sludge 5.3-6.5 2 5.4 0.020 Sheaffer et al, 1979. 
70 7.1 Appication rate 

132 8 based on measured 
DTPAsol 

values. Ambient 
data (1976) used. 

A Com Sludge 5.3-6.5 2 7.3 0.017 Sheaffer et al, 1979. 
70 7.6 Applcation rate 

132 9.6 based on measured 
DTPAsol 

values. Ambient 
data (1976) used. 
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TABLE C-17 (cont.) 

UPTAKE OF COPPER BY FORAGE (cont.) 

Study Chemlcal Appllcatfon Tissue · Uptake 
Typo PlanU Form son Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments 

A Clover Sludge 5.3-6.3 2 7.3 0.051 Sheaffer et al, 1979. 
70 10.1 Arrowleaf dover. 

132 13.9 

A Clover Sludge 5.3-6.3 2 7.1 0.018 Sheaffer et Bl, 1979. 
70 8.4 Crimson clover. 

132 9.4 

A Com/Leaf Sludge 7.0-7.1 0 9.50 0.001 Webber et al, 1983, 
67 9.5 p. 190-193. 

Bhlntford site. 

A Com Sludge 5.~.3 0 4.9 0 0.05 Webber et al, 1983, 
12 5.5 p. 190-193. 

Burington site . 

A Com/leaf Sludge 6.1-6.6 
• 

0 9.40 0.001 Webber et al, 
53 6.9 1983, p. 190-193. 

Galt site. 

A Com/Leaf Sludge 5.7-6.1 0 9.00 0.07 Webber et Bl, 
10 9.7 1983, p. 190-193. 

Georgetown site. 

A Com/Leaf Sludge 6.2-6.3 0 9.70 0.001 Webber et Bl, 
33 9.5 1983, p. 190-193. 

Guelph site. 

A Com/Leaf Sludge 6.4-6.6 0 7.20 0.001 Webber et al, 
59 6 1983, p. 190-193. 

Kitchener site. 

A Com/Leaf Sludge 6.5 0 8.0 0.001 Webber et al, 
111 7.8 1983, p. 190-193: 

Stratford ste. 

A SUdax Sludge 5.0-6.0 0 6.10 0.031 Keling et al, 
5.4 7.2 19n,p. 353. 

10.8 6.4 Atfn{ton site. 
21.5 7.3 
43 6.6 
86 9.4 

A Sudax Sludge 5.3-6.2 0 5.10 0.087 Ke!Jng et al, 
5.4 8 19n,p.353. 

10.8 9.5 Jones'4e site. 
21.5 11.5 
43 12.3 
86 14.1 
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TABLE C-17 (cont.) 

UPTAKE OF COPPER BY FORAGE (cont.) 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha} (pg/g DW} (2) Comments 

A Com Sludge 5.0-6.0 0 2.20 0.022 Kdngetal, 
5.4 2.1 1917, p. 353. 

10.8 2.2 Burfntton sit&-
21.5 2.5 4th year. 
43 2.8 
86 4 

A Com Sludge 5.3-6.2 0 2.20 0.012 Keling et al, 1977, 
5.4 2.1 p.353. 

10.8 2.1 Jonesville-
21.5 2 3rd crop. 
43 2.6 
86 3.1 

A Ryegrass Liquid sludge 6.5 42 6.40 0.071 Cartton Smith, 1988. 
120 • 11.9 Means of 5 years 

used. Sandy loam. 

A Ryegrass Bed-dried 6.5 34 6.40 0.040 Carlton Smith, 1988. 
Sludge 257 15.4 Means of 4 years 

used. Sandy loam. 

A Ryegrass Liquid sludge 6.7 50 8.4 0.037 Carlton Smith, 1988. 
147 13.5 Means of 5 years 

used. Clay. 

A Ryegrass Bed-dried 6.7 50 8.2 0.022 Carlton Smith, 1988. 
Sludge 290 13.5 Means of 4 years 

used. Clay. 

A Ryegrass Liquid sludge 8.0 33 9.6 0.034 Carlton Smith, 1988. 
113 12.3 Means of 5 years 

used. 
Calcareous loam. 

A Ryegrass Bed-dried 8.0 33 9.3 0.021 Carlton Smith, 1988. 
Sludge 381 16.7 Means of 4 years 

used. 
Calcareous loam. 

A Barley/Leaf Sludge 6.2-6.4 0 4.23 _0.003 Sommers et Bl, 1991. 
135 4.63 Ohio data used. 

B Rape Sludge 5.6 0 25.75 0.001 Narwal et al, 1983. 
34.35 7.19 1st harvest. 
68.7 6.95 

B Rape Sludge 6.0 0 11.27 0.001 Narwal et Bl, 1983. 
34.35 7.02 1st harvest. 
68.7 7.54 
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TABLE C-17 (cont.) 

UPTAKE OF COPPER BY FORAGE (cont.) 

~tudy Chemical Appflcatlon Tissue Uptake 
Type PlanU Form Soll Rates Concentration Slope Ref.,..,,ce/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

B Rape Sludge 7.5 0 6.88 0.110 Narwal et al, 1983. 
34.35 7 1st harvest. 
68.7 14.47 

B Rape Sludge 5.6 0 19.35 0.001 N11rwsl et al, 1983. 
34.35 12.36 2nd harvest. 
68.7 8.7 

B Rape Sludge 6.0 0 17.71 0.001 Narwal et al, 1983. 
34.35 8.51 2nd harvest. 
68.7 9.01 

B Rapa Sludge ·1.5 0 8.37 0.069 Nsrwsl et al, 1983. 
34.35 8.78 

. 
2nd harvest. 

68.7 
• 

13.09 
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TABLE C-18 

UPTAKE OF COPPER BY GARDEN FRUITS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(J,lg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Tomato/Fruit. Sludge 5.9-7.1 0 
17 
34 

9.3 
11.6 
11.2 

0.056 Keefer et sf, 1986. 
Blue Plains sludge. 

Early fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 0 
17 
34 

8.6 
12.7 
9.9 

0.038 Keefer et al, 1986. 
Blue Plains sludge. 

Late fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 0 
342 
684 

9.3 
11.9 
14.3 

0.007 Keefer et sf, 1986. 
Huntington sludge. 

Early fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 0 
342 
684 

8.6 
9.7 

10.6 

0.003 Keefer et sf, 1986. 
Huntington sludge. 

Late fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 cf 
24 
48 

9.3 
10 
11.3 

0.042 Keefer et sf, 1986. 
Martinsburg sludge. 

Early fruiting; 

A Tomato/Fruit -Sludge 5.9-7.1 0 
24 
48 

8.6 
11.4 
11.2 

0.054 Keefer et sf, 1986. 
Martinsburg sludge. 

Late fruiting. 

A Celery Sludge 7.3 0 
11.05 
22.1 
44.2 

4.3 
6.1 
5 
4.6 

0.001 Peterson et al, 1989. 

A Tomato/Fruit S!udge 7.3 0 
11.05 
22.1 
44.2 

16.2 
18.6 
15.7 
15.9 

0.001 Peterson et al, 1989. 

A Tomato/Fruit Sludge 5.9-7.1 0 
11 
22 

9.3 
12.9 
12.5 

0.0145 Keefer et al, 1986. 
Parkersburg sludge. 

Early fruiting. 

A Tomato/Fruit $Judge 5.9-7.1 0 
11 
22 

8.6 
11.9 
10.1 

0.068 Keefer et sf, 1986. 
Parkersburg sludge. 

Late fruiting. 

A Tomato/Fruit Sludge N.R. 0 
26 
52 

103 
129 

17 
17 · 
19 
26 
18 

0.036 Lu~ing et sf, 1984. 
19n data used. 

Nu-Earth. 
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TABLE C-18 (cont.) 

UPTAKE OF COPPER BY GARDEN FRUITS (cont.) 

Study Chemical Application TI_ssue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

8 Green Pepper/ Sludge 6.4 0 5.8 0.021 Fun-et al, 1981. 
Fruit 249 11 Acid soil, 2nd year. 

8 Green Pepper/ Sludge 6.4 0 7.1 0.01 Fun-et al, 1981. 
Fruit 249 9.6 Neutral soil, 2nd year. 

8 Pea/Grain Sludge 6.4 0 4.6 0.014 Fun-eta/, 1981. 
249 8.2 Acid soil, 2nd year. 

8 Pea/Grain Sludge 6.4 0 6.1 0.012 Fun-et al,-1981. 
249 9.1 Neutral soil, 2nd year. 
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TABLE C-19 

UPTAKE OF COPPER BY GRAINS/CEREALS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

A Com/Grain Sludge 6.6 0 4.5 0.001 Rappaport, 1987. 
152 3.8 1984 data. 
304 3.9 

A Com/Grain Sludge 6.6 0 2.2 0.004 Rappaport, 1987. 
152 2.9 1985data. 
304 2.3 

A Com/Grain Sludge 5.3-6.5 2 1.1 0.004 Sheaffer et al, 1979. 
70 1.7 Application rate based 

132 1.6 on measured DTPA 
soil values. Ambient 

temp. data (1976) used. 

A Oats/Grain Sludge 5.3-6.3 2 
7p 

1.5 
2.6 

0.008 Sheaffer et al, 1979. 

132 2.5 

A Rye/Grain Sludge 5.3-6.3 2 4.5 0.017 Sheaffer et al, 1979. 
70 6.6 

132 6.7 

A Wheat/Grain Sludge 5.3-6.3 2 2.1 0.012 Sheaffer et al, 1979. 
70 3.2 

132 3.7 

A Wheat/Grain Sludge N.R.(3) 0 3.5 0.007 Sabey and Harl, 1975, 
90 4.46 p.255. 

360 5.96 

A Rye/Grain Sludge 5.0-6.0 0 3.9 0.08 Kelling et al, 19n, 
5.4 5.8 p.353. 

10.8 7 Arlington site. 
21.5 8.2 
43 9.4 
86 11.7 

A Rye/Grain Sludge 5.3-6.2 0 5.6 0.042 Kelling et al, 19n. 
5.4 5.3 p. 353. 

10.8 5.5 Jonesville site. 
21.5 5.7 
43 7 
86 8.9 

A Com/Grain Sludge 5.0-6.0 0 1.4 0.001 Kelling et al, 19n, 
5.4 1.4 p.353 

10.8 1.2 Burlington site-4th year. 
21.5 1.1 
43 1.2 
86 1.2 
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TABLE C-19 (cont.) 

UPTAKE OF COPPER BY GRAINS/CEREALS (cont.) 

Study Chemical Application Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tls~ue Applied pH (kglha) (1,1glg DW) (2) Comments 

A Wheat/Grain Liquid sludge 6.5 42 5 0.026 Carlton Smith, 1988. 
120 7 Means of 5 years used. 

Sandy loam. 

A Wheat/Grain Bed-dried 6.5 34 5 0.013 Carlton Smith, 1988. 
Sludge 257 8 Means of 4 years used. 

Sandy loam. 

A Wheat/Grain Liquid sludge 6.7 50 6 0.010 Carlton Smith, 1988. 
147 7 Means of 5 years used. 

Clay. 

A Wheat/Grain Bed-dried 6.7 50 6 0.008 Carlton Smith, 1988. 
Sludge 290 8 Means of 4 years used. 

Clay . 

A Wheat/Grain Liquid sludge 8.0 
• 
33 5 0.013 Carlton Smith, 1988. 

113 6 Means of 5 years used. 
Calcareous loam. 

A Wheat/Grain Bed-dried 8.0 33 5 0.006 Carlton Smith, 1988. 
Sludge 381 7 Means of 4 years used. 

Calcareous loam. 

A Barley/Grain Sludge 6.2-6.4 0 3.49 0.001 Sommers et al, 1991. 
135 3.55 Ohio data used. 
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TABLE C-20 

UPTAKE OF COPPER BY LEAFY VEGETABLES 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Lettuce Heat-Treated 
Sludge 

5.3-5.4 0 
90 

7.7 
11.5 

0.042 Chaney et el .• 1982 
Romaine Lettuce 

A Lettuce Heat-Treated 
Sludge 

6.2 0 
90 

7.5 
10.5 

0.033 Cheney et el., 1982 
Romaine Lettuce 

A Lettuce Nu-Earth 5.3-5.6 0 
116 

7.7 
10.7 

0.026 Cheney et el., 1982 
Romaine Lettuce 

A Lettuce Nu-Earth 6.2-6.6 0 
116 

7.5 
8.7 

0.01 Chaney et el .• 1982 
Romaine Lettuce 

A Swiss Chard Heat-Treated 
Sludge 

5.7 0 
90 

10.3 
21.2 

0.121 Chaney et el., 1982 

A Swiss Chard Heat-Treated 
Sludge 

6.7-6.8 0 
90 

10.8. 
16.4 

0.062 Chaney et al., 1982 

A Swiss Chard Nu-Earth 5.7-6.3 0 
116 

10.3 
15.8 

0.047 Chaney et al., 1982 

A Swiss Chard Nu-Earth 6.7 0 
116 

10.8 
13.9 

0.027 Chaney et at .• 1982 

A Collard Greens Heat-Treated 
Sludge 

5.5-5.6 0 
90 

5.5 
7.5 

0.022 Chaney et al., 1982 

A Collard Greens Heat-Treated 
Sludge 

6.3-6.4 0 
90 

4.5 
6.9 

0.027 Chaney et at .• 1982 

A Collard Greens Nu-Earth 5.5-6.3 0 
116 

5.5 
6.4 

0.008 Chaney et al., 1982 

A Collard Greens Nu-Earth 6.4-6.8 0 
116 

4.5 
5.9 

0.012 Cheney et at .• 1982 

A Cabbage Sludge 5.9-7.1 0 
17 
34 

3.1 
3.4 
3.3 

0.006 Keefer et al, 19e6. 
Blue Plains sludge. 

A Cabbage Sludge 5.9-7.1 0 
342 
684 

3.1 
4.1 
4.4 

0.002 Keefer et al, 1986. 
Huntington sludge. 

A Cabbage Sludge 5.9-7.1 0 
24 
48 

3.1 
3.7 
3.4 

0.006 Keefer et al, 1986. 
Martinsburg sludge. 
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TABLE C-20 (cont.) 

UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.) 

Study Chemical Application Tissue Uptake 
Type PlanU Form SoH Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

A Cabbage Sludge 5.9-7.1 0 3.1 0.027 Keefer et al, 1986. 
11 3.4 Parkersburg sludge. 
22 3.7 

A Cabbage Sludge 7.3 0 2.9 0.001 Peterson et al, 1989. 
11.05 3.4 
22.1 3.1 
44.2 3.1 

A Lettuce Sludge 7.3 0 18.8 0.001 Peterson et al, 1989. 
11.05 16.4 
22.1 16.1 
44.2 15.7 

A Lettuce Liquid sludge 6.5 42 11 0.064 Carlton Smith, 1988. 
120 16 Means of 5 years used. 
• Sandy loam . 

A Lettuce Bed-dried 6.5 34 8 0.049 Carlton Smith, 1988. 
Sludge 257 19 Me11ns of 4 years U$ed. 

Sandy loam. 

A Lettuce Liquid sludge 6.7 50 18 0.001 Carlton Smith, 1988. 
147 18 Means of 5 years used. 

Clay. 

A Lettuce Bed-dried 6.7 50 17 0.001 Carlton Smith, 1988. 
Sludge 290 16 Means of 4 years used. 

Clay. 

A Lettuce Liquid sludge 8.0 33 13 0.013 Carlton Smith, 1988. 
113 14 Means of 5 years used. 

Calcareous loam. 

A Lettuce Bed-dried 8.0 33 13 0.009 Carlton Smith, 1988. 
Sludge 381 16 Means of 4 years used. 

Calcareous loam. 

A Cabbage Liquid sludge 6.5 42 3.7 0.015 Carlton Smith, 1988. 
120 4.9 Means of 5 years used. 

Sandy loam. 

A Cabbage Bed-dried 6.5 34 3.8 0.008 Carlton Smith, 1988. 
Sludge 257 5.6 Means of 4 years used. 

Sandy loam. 

A Cabbage Liquid sludge 6.7 50 3.3 0.015 Carlton Smith, 1988. 
147 4.8 Means of 5 years used. 

Clay. 
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TABLE C-20 (cont.) 

UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH {kg/ha) {a,g/g DW) (2) Comments 

A Cabbage Bed-dried 6.7 50 3.2 0.006 Carlton Smith, 1988. 
Sludge 290 4.6 Means of 4 years used. 

Clay. 

A Cabbage Liquid sludge 8.0 33 2.8 0.023 Carlton Smith, 1988. 
113 3.8 Means of 5 years used. 

Calcareous loam. 

A Cabbage Bed-dried 8.0 33 2.8 0.009 Carlton Smith, 1988. 
Sludge 381 5.8 Means of 4 years used. 

Calcareous loam. 

A Spinach Sludge N.R. 0 13 0.029 Lue-Hing et al, 1984. 
26 17 19n data used. 
52 20 Nu-Earth. 

103 18 
129' 18 

A Swiss Chard Sludge N.R. 0 21 0.048 Lue-Hing et al, 1984. 
26 29 19n data used. 
52 36 Nu-Earth. 

103 27 
129 32 

B Lettuce Sludge 5.8-7.7 0 17.2 0.001 Hue et al, 1988. 
19.8 26.3 Akaka Andept soil. 
39.6 18.5 
79.2 16.3 

B Lettuce S!udge 8.2-8.4 0 21 0.197 Hue et al, 198(1. 
19.8 24 Lualualei Vertical soil. 
39.6 31.8 
79.2 36 

B Lettuce Sludge 5.4-8.1 0 26.5 0.001 Hue et al, -1988. 
19.8 27.2 Wahiswa Oxisol sol1. 
39.6 24.8 
79.2 21.3 

B Lettuce Sludge 6.4 0 6.7 0.008 Furr et al, 1981. 
249 8.7 Acid soil, 2nd year. 
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TABLE C-20 (cont.) 

UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.) 

Study 
Type 

(1) 
PlanU 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatton 
Rates 

(kg/ha) 

Tissue 
Concentratton 

{pglg DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

B Spinach Sludge 6.4 0 
249 

4.2 
12 

0.031 Fu"et al, 1981. 
Acid soil, 2nd year. 

B Lettuce Sludge 6.4 0 
249 

6.5 
9.3 

. 0.011 Fu"eta/, 1981. 
Neutral soil, 2nd year. 

B Spinach Sludge 6.4 0 
249 

5.3 
11.1 

0.023 Fu"etal, 1981. 
Neutral soil, 2nd year. 
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TABLE C-21 

UPTAKE OF COPPER BY LEGUMES 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (pg/g OW) (2) Comments 

A Green Bean/ Sludge 5.9-7.1 0 10.5 0.001 Keefer et sl, 1986. 
Grain 17 9.8 Blue Plains sludge. 

34 9.5 

A Green Bean/ Sludge 5.9-7.1 0 10.5 0.001 Keefer et sl, 1986. 
Grain 342 10 Huntington sludge. 

684 10.9 

A Green Bean/ Sludge 5.9-7.1 0 10.5 0.001 Keefer et sl, 1986. 
Grain 24 10.4 Martinsburg sludge. 

48 10.3 

A Green Bean/ Sludge 5.9-7.1 0 10.5 0.001 Keefer et s1, 1986. 
Grain 11 11.3 Parkersburg sludge. 

22 10.4 

A Snap Bean/ Sludge 5.~.5 
• 

0 2.9 0.009 Dowdy et sl, 1978, 
Grain 130 8 p. 255. 

269 8.3 3rd year data used. 
520 8.5 

A Snap Bean/ Sludge 5.~.5 0 4.1 0.013 Latterell et sl, 1978, 
Grain 26.3 6.7 p. 255. 

52.6 7.4 
66 8 

105 8.8 
132 8.4 
263 8.6 

A Bean/ Sludge 7.3 0 10.7 0.339 Peterson ~t sl, 1989. 
Grain 11.05 9.9 

22.1 15.1 
44.2 24.5 

A Green Bean/ Sludge N.R. 0 10 0.001 Lue-Hing et sl, 1984. 
Pod & Seed 26 10 1977 data used. 

52 10 Nu-Earth. 
103 9 
129 9. 

A Soybean/ Limed digested 7.3-7.5 14 14.8 0.001 Chaney et al, 1977. 
Grain sludge 21 13.8 For control, used 

26 13.4 calcerous soil 
38 12.7 data. Chaney's 
56 12.6 values are 
74 13.5 means of 3 reps. 
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TABLE C-21 (cont.) 

UPTAKE OF COPPER BY LEGUMES (cont.) 

Study Chemlcal 
Type PlanU Form Soll 

(1) Tissue Applled pH 

A Soybean/ Urned raw 7.3-7.7 
Grain sludge 

A Soybean/ Raw sludge 6.6-7.3 
Grain compost 

A Soybean/ Heat treated 5.9-6.0 
Grain sludge 

High pH 

A Soybean/ Heat treated 5.3-5.6 
Grain sludge 

LowpH 

Application 
Rates 

(kg/ha) 

14 
25 
25 
47 

14 
23 
33 
38 
97 

172 

1i 
37 
40 
78 

13 
34 
46 
87 

Tissue 
Concentratlorl 

(pglg OW) 

14.8 
14.3 
14.1 
13.2 

14.8 
13.2 
12.7 
13 
13.5 
13.3 

14.5 
14.3 
14.1 
13.7 

13.7 
13.2 
12.4 
11 

_Uptake 
Slope 

(2) 
Reference/ 
Comments 

0.001 Chsney et al, 1977. 
For control, used 

calcerous soil 
data. Chaney's 

values sre 
mesns of 3 reps. 

0.001 Chaney et al, 1977. 
For control, used 

calcerous soil 
data. Chsney's 

values are 
means of 3 reps. 

0.001 Chaney et al, 1977. 
Chaney's values are 

means of 3 reps. 

0.001 Chaney et sl, 1977. 
Cheney's values are 

means of 3 reps. 
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TABLE C-22 

UPTAKE OF COPPER BY POTATOES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kgft1a) (pglg DW) (2) Comments 

A Potatofruber Liquid sludge 6.5 42 0.15 0.001 Carlton Smith, 1988. 
120 0.19 Means of 5 years used. 

Sandy loam. 

A Potatorruber Bed-dried 6.5 34 0.16 0.001 Carlton Smith, 1988. 
Sludge 257 0.2 Means of 4 years used. 

Sandy loam. 

A Potatofruber Liquid sludge 6.7 50 0.52 0.001 Carlton Smith, 1988. 
147 0.61 Means of 5 years used. 

Clay., 

A Potatorruber Bed-dried 6.7 50 0.53 0.001 Carlton Smith, 1988. 
Sludge 290 0.41 Means of 4 years used. 

Clay. 

A Potatofruber Liquid sludge 8.0 3! 0.05 0.001 Carlton Smith, 1988. 
113 0.116 Means of 5 years used. 

Caicareous loam. 

A Potatorruber Bed-dried 8.0 33 0.06 0.001 Carlton Smith, 1988. 
Sludge 381 0.15 Means of 4 years used. 

Calcareous loam. 

B Sweet Potato/ Sludge 6.4 0 3.4 0.007 Fuffet at. 1981. 
Tuber 249 5.2 Acid soil, 2nd year. 

B Sweet Potato/ Sludge 6.9 0 4.6 0.005 FUff et al, 1981. 
Tuber 249 5.9 Neutral soil, 2nd year. 

C Potatorruber Organic, metal 6.6 1504 7.71 0.005 Harris et al, 1978. 
contaminated soil Vanessa-potato type. 

C Potatorruber Organic, metal 6.6 1504 0.55 0.006 Harris et al, 1978. 
contaminated soil Pentland Javelin-

potato type. 

C Potatofruber Organic, metal 6.6 1504 8.55 0.006 Harris et al, 1978. 
contaminated soft Home Guard-

potato type. 

C Potatofruber Organic, metal 6.6 1504 8.33 0.006 Harris et al, 1978. 
contaminated soil Desiree-potato type. 

C Potatofruber Organic, metal 6.6 1504 6.76 0.004 Harris et al, 1978. 
contaminated soil King Ed..,,,-ard-

potato type. 

C Potatorruber Organic, metal 6.6 1504 9.03 0.006 Harris et al, 1978. 
contaminated soil Majestic-potato type. 
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TABLE C-23 

UPTAKE OF COPPER BY ROOTS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates ConcentraUon Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (µgig DW) (2) Comments 

A Ra<frsh/Tuber Sludge 5.9-7.1 0 3.9 0.015 Keefer et al, 1986. 
17 4.7 Blue Plains sludge. 
34 4.4 

A CarroVTuber Sludge 5.9-7.1 0 7.5 0.001 Keefer et al, 1986. 
17 6.5 Blue Plains sludge. 
34 7.1 

A Radish/Tuber Sludge 5.9-7.1 0 3.9 0.004 Keefer et st, 1986. 
342 5.4 Huntington sludge. 
684 6.4 

A CarroVTuber Sludge 5.9-7.1 0 7.5 0.007 Keefer et st, 1986. 
342 7.5 Huntington sludge. 
684 12.5 

• 
A Radish/Tuber Sludge 5.9-7.1 0 3.9 0.013 Keefer et 81, 1986. 

24 4.1 Martinsburg sludge. 
48 4.5 

A CarroVTuber Sludge 5.9-7.1 0 7.5 0.006 Keefer et al, 1986. 
24 7.8 Martinsburg sludge. 
48 7.8 

A Radish/Tuber Sludge 5.9-7.1 0 3.9 0.001 Keefer et 81, 1986. 
11 2.4 Parkersburg sludge. 
22 2.6 

A Carrotrruber Sludge 5.9-7.1 0 7.5 0.001 Keefer et al, 1986. 
11 7 Parkersburg sludge. 
22 6.2 

A Onion/Bulb Sludge 7.3 0 6.2 0.001 Peterson et al, 1989. 
11.05 5.6 
22.1 6.1 
44.2 4.6 

A Red Beet/ Liquid sludge 6.5 42 7.4 0.013 Carlton Smith, 1988. 
Tuber 120 8.4 Means of 5 years used. 

Sandy loam. 

A Red Beet/ Bed-dried 6.5 34 7.2 0.008 Carlton Smith, 1988. 
Tuber Sludge 257 8.9 Means of 4 years used. 

Sandy loam. 

A R~d Beet/ Liquid sludge 6.7 50 8.8 0.001 Carlton Smith, 1988. 
Tuber 147 8.9 Means of 5 years used. 

Clay. 

C-45 



TABLE C-23 (cont.) 

UPTAKE OF COPPER BY ROOTS (cont.) 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pglg DW} (2) Comments 

A Red Beet/ Bed-dried 6.7 50 8.6 0.001 Carlton Smith, 1988. 
Tuber Sludge 290 8.8 Means of 4 years used. 

Clay. 
A Red Beeti Liquid sludge 8.0 33 7.6 0.013 Carlton Smith, 1988. 

Tuber 113 8.6 Means of 5 years used. 
Calcareous loam. 

A Red Beet/ 
Tuber 

Bed-dried 
Sludge 

8.0 33 
381 

7.1 
9.4 

0.007 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

B Kohlrabi/ Sludge 6.4 0 1.3 0.012 Fu" et al, 1981. 
Tuber 249 4.3 Neutral soil, 2nd year. 

B Turnip/ Sludge 6.9 0 1.8 0.024 Fu"et al, 1981. 
Tuber 249 

• 
7.8 Neutral soil, 2nd year. 
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TABLE C-24 

UPTAKE OF COPPER BY SWEET CORN 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Son Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Sweet Com/ Sludge 5.9-7.1 0 2.9 0.001 Keefer et el, 1986. 
Grain 17 3.1 Blue Plains sludge. 

34 2.6 

A Sweet Com/ Sludge 5.9-7.1 0 2.9 0.001 Keefer et al, 1986. 
Grain 342 2.7 Huntington sludge. 

684 2.9 

A Sweet Com/ Sludge 5.9-7.1 O· 2.9 0.002 Keefer et al, 1986. 
Grain 24 3.1 Martinsburg 3ludge. 

48 3 

A Sweet Com/ Sludge 5.9-7.1 0 2.4 0.005 Keeferetel, 1986. 
Grain 11 3 Parkersburg sludge. 

22 3 
• 
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TABLE C-25 

UPTAKE OF LEAD BY FORAGE 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ . 

(1) Tissue Applied pH (kg/ha) (Jlgfg DW) (2) Comments 

A Natural Forage Sludge N.R. 17.531 2.3 0.001 Baxter et al., 1983 
31.8 0.75 

-A Ryegrass Liquid Sludge 6.5 56.8 2.0 0.003 Carlton Smith, 1988. 
132.8 2.2 Means of 

5 years used. 
Sandy loam. 

A Ryegrass Bed-dried 6.5 56.6 1.7 0.002 Carlton Smith, 1988. 
Sludge 218.6 2 Means of 

4 years used. 
Sandy loam. 

A Ryegra,ss Liquid Sludge 6.7 63.0 1.9 0.001 Carlton Smith, 1988. 
154.4 2 Means of 

• 5 years used . 
Clay. 

A Ryegrass Bed-dried 6.7 62.4 2.2 0.003 Carlton Smith, 1988. 
Sludge 225.4 2.7 Means of 

4 years used. 
Clay. 

A Ryegrass Liquid Sludge 8.0 111.2 3.5 0.002 Carlton Smith, 1988. 
159.6 3.6 Means of 

5 years used. 
Calcareous loam. 

A Ryegrass Bed-dried 8.0 110.6 3.3 0.002 Carlton Smith, 1988. 
Sludge 331 3.8 Means of 

4·years used. 
Calcareous loam. 

A Com Sludge 5.3-5.6 0.0 3.4 0.001 Giordano et al., 1975. 
156 1.5 
312 1.1 
624 2.5 

A Com Sludge 5.3 0.0 ~-5 0.001 Dowdy & Larson, 1975. 
58 5 

116 5 
232 4 

A Reed Canary Liquid 6.2-7.4 0 0.9 0.073 Duncomb et al., 1982. 
Grass sludge 22 2.5 
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TABLE C-26 

UPTAKE OF LEAD BY GARDEN FRUITS 

Study Chemlcal Appllcatlon Tissue _Uptake 
Type Plant/ Form Soll Rates Concentratlorl Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (pglg DW) (2) Comments 

A Pea/Grain Sludge 5.3 0 <0.1 0.001 Dowdy & Larson, 1975. 
58 <0.1 

116 <0.1 
232 <0.1 

A Tomato/Fruit Sludge 5.3 0 <0.4 0.001 Dowdy & Larson, 1975. 
58 <0.4 

116 <0.4 
232 <0.4 

A Com/Grain Sludge 5.3 0 <0.2 0.001 Dowdy & Larson, 1975. 
58 <0.2 

116 <0.2 
232 <0.2 

A Pea/Pod Sludge 5.3 Q 0.4 0.001 Dowdy & Larson, 1975. 
58 0.4 

116 0.4 
232 0.6 

A Tomato/Fruit Sludge 5.9-6.6 0 0.76 0.001 Keefer et al., 1986. 
25 0.68 Blue Plains sludge. 
50 0.82 Early fruiting. 

A Tomato/Fruit Sludge 5.9-6.6 0 0.93 0.001 Keefer et sf., 1986. 
25 0.4 Blue Plains sludge. 
50 0.62 Late fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 0 0.76 0.007 Keefer et st., 1986. 
33 0.62 Huntington sludge. 
66 1.24 Early fruiting. 

A Tomato/Fruit Sludge 5.9-7.1 0 0.93 0.011 Keefer et sf., 1986. 
33 1.58 Huntington sludge .. 
66 1.64 Late fruiting. 

A Tomat:>/Fruit Sludge 5.9-6.3 0 0.76 0.002 Keefer et st., 1986. 
32 0.56 Martinsburg sludge. 
64 0.82 Early fruiting. 

A Tomato/Fruit Sludge 5.9-6.3 0 0.93 0.001 Keefer et al., 1986. 
32 0.96 Martinsburg sludge. 
64 0.46 Late fruiting. 

I:- Tomato/Fruit Sludge 5.9-6.6 0 0.16 0.001 Keefer et st., 1986. 
55 0.82 Parkersburg sludge. 

110 0.7 Early fruiting. 
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TABLE C-26 (cont.) 

UPTAKE OF LEAD BY GARDEN FRUITS (cont.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(µg/g OW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Tomato/Fruit Sludge 5.9-6.6 0 
55 

110 

0.93 
1.42 
1.24 

0.003 Keefer et al., 1986. 
Parkersburg sludge. 

Late fruiting. 
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TABLE C-27 

UPTAKE OF LEAD BY GRAINS/CEREALS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Son 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g OW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Wheat/Grain Liquid Sludge 6.5 56.8 
132.8 

0.80 
0.8 

0.001 Carlton Smith, 1988. 
Means Qf 5_yeers used. 

Sandy loam. 

A Wheat/Grain Bed-dried 
Sludge 

6.5 56.6 
218.6 

0.80 
0.8 

0.001 Carlton Smith, 1988. 
Means of 4 years used. 

Sendyloem. 

A Wheat/Grain Liquid Sludge 6.7 63.0 
154.4 

0.80 
0.8 

0.001 Carlton Smith, 1988. 
Means of 5 years used. 

Clay. 

A Wheat/Grain Bed-dried 
Sludge 

6.7 62.4 
225.4 

0.90 
1 

0.001 Carlton Smith, 1988. 
Means o( 4 years used. 

Clay . 

A Wheat/Grain Liquid Sludge 8.0 • 111.2 
159.6 

0.80 
0.8 

0.001 Carlton Smith, 1988. 
Means of 5 years used. 

Calcareous loam. 

A Wheat/Grain Bed-dried 
Sludge 

8.0 110.6 
331 

0.90 
1 

0.001 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Com/Grain Sludge 5.3-5.6 0.0 
156 
312 
624 

0.9 
0.5 
0.6 
1 

0.001 Glordano et al., 1975. 

A Com/Grain Sludge 5.3 0.0 
58 

116 
232 

<0.2 
<0.2 
<0.2 
<0.2 

0.001 Dowdy & Larson, 1975. 

A Oat/Grain Limed digested 
sludge 

7.3-7.5 20.0 
29 
33 
42.6 
59.8 
73.4 

0.38 
0.27 
0.36 
0.97 
0.51 
0.54 

0.004 Chaney et al, 19n. 
For control, used 

calcareous soil data. 
Chaney's values 

are means of 3 reps. 

A Oat/Grain UmedraN 
sludge 

7.3-7.7 20.2 
27.6 
31.8 
51.8 

0.38 
0.4 
0.36 
0.44 

0.002 Cheney et al, 19n. 
For control, used 

calcareous soil data. 
. Cheney's values 

are means of 3 reps. 
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TABLE C-27 (cont.) 

UPTAKE OF LEAD BY GRAINS/CEREALS (cont.) 

Study Chemical 
Type Plant/ Form Soll 

(1) Tissue Applied pH 

A Oat/Grain Raw sludge 6.6-7.3 
.-::ompost 

A Oat/Grain Heat treated 5.9-6.0 
sludge 
High pH 

A Oat/Grain Heat treated 5.3-5.6 
sludge 
Low pH 

Appllcatton 
Rates 

(kg/ha) 

20.2 
33 
43.8 
63 

112.2 
186.6 

21.4 
47 
48.8 
88.8 

21.4 
43.8 
52.8 
92..8 

Tissue 
Concentration 

(JJg/g DW) 

0.38 
0.37 
0.46 
0.46 
0.39 
0.51 

0.57 
0.36 
0.03 
0.03 

0.38 
0.36 
0.4 
0.67 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

0.001 Chaney et sl. 19n. 
For control, used 

calcareous soil dsts. 
Chaney's values 

are means of 3 reps. 

0.001 Chaney et sl, 19n. 
Chaney's values 

are means of 3 reps. 

0.004 Chaney et al, 19n. 
Chaney's values 

are means of 3 reps. 
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TABLE C-28 

UPTAKE OF LEAD BY LEAFY VEGETABLES 

iStudy 
Type 

(1) 
PlanU 
TJssue 

Chemlcal 
Form 

Applied 
Soll 
pH 

Application 
Rates 
(kg/ha} 

Tissue 
Concentration 

(J,lgfg DW} 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Lettuce Heat-Treated 
Sludge 

5.3-5.4 0 
81 

1 
1 

0.001 Chaney et al., 1982 
Romaine Lettuce 

A Lettuce Heat-Treated 
Sludge 

6.2 0 
81 

1.1 
1 

0.001 Chaney et al., 1982 
RomtJ/ne Lettuce 

A Lettuce Nu-Earth 5.3-5.6 0 
87 

1 
1.1 

0.001 Chaney et al., 1982 
RomtJ/ne Lettuce 

A Lettuce Nu-Earth 6.2-6.6 0 
87 

1.1 
0.6 

0.001 Chaney et Ill., 1982 
RomtJ/ne Lettuce 

A Swiss Chard Heat-Treated 
Sludge 

5.7 0 
81 

3.4 
2.1 

0.001 Chaney et Ill., 1982 

A Swiss Chard Heat-Treated 
Sludge 

6.7-6.8 •o 
81 

2.7 
1.5 

0.001 Chaney et sf., 1982 

A Swiss Chard Nu-Earth 5.7 0 
87 

3.4 
1.2 

0.001 Chaney et Bl., 1982 

A Swiss Chard Nu-Earth 6.7-6.8 0 
87 

2.7 
1.5 

0.001 Chaney et Bl., 1982 

A Collard 
Greens 

Heat-Treated 
Sludge 

5.5-5.6 0 
81 

2.4 
1.9 

0.001 Chaney et al., 1982 

A Conard 
Greens 

Heat-Treated 
Sludge 

6.4-6.3 0 
81 

1.9 
2.5 

0.007 Chaney et al., 1982 

A Collard 
Greens 

Nu-Earth 5.5-6.3 0 
87 

2.4 
2.2 

0.001 Chaney et al., 1982 

A CoUard 
Greens 

Nu-Earth 6.4-6.8 0 
87 

1.9 
~-.9 

0.001 Chaney et Bl., 1982 

A Lettuce Liquid Sludge 6.5 56.8 
132.8 

1.3 
1.6 

0.004 Carlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Lettuce Bed-dried 
Sludge 

6.5 56.6 
218.6 

0.9 
0.9 

0.001 Carlton Smith, 1988. 
Means of 4 years used. 

Sandy loam. 

A Lettuce Liquid Sludge 6.7 63 
154.4 

2.28 
2.34 

0.001 Carlton Smith, 1988. 
Means of 5 years used. 

Cllly. 
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TABLE C-28 (cont.) 

UPTAKE OF LEAD BY LEAFY VEGETABLES (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g OW} (2) Comments 

A Lettuce Bed-dried 6.7 62.4 1.7 0.006 . Carlton Smith, 1988. 
Sludge 225.4 2.7 Means of 4 years used. 

Clay. 

A Lettuce Liquid Sludge 8.0 111.2 3.9 0.001 Carlton Smith, 1988. 
159.6 3.5 Means of 5 years used. 

Calcareous loam. 

A Lettuce Bed-dried 8.0 110.6 3.4 0.001 Carlton Smith, 1988. 
Sludge 331 3.4 Means of 4 years used. 

Calcamous loam. 

A Cabbage Liquid Sludge 6.5 56.8 0.7 0.003 Carlton Smith, 1988. 
132.8 0.9 Means of 5 years used. 

Sandy loam . 

. 
A Cabbage Bed-dried 6.5 56.6 0.8 0.001 Carlton Smith, 1988. 

Sludge 218.6 0.8 Means of 4 years used. 
Sandy loam. 

A Cabbage Liquid Sludge 6.7 63 0.7 0.001 Carlton Smith, 1988. 
154.4 0.7 Means of 5 years used. 

Clay. 

A Cabbage Bed-dried 6.7 62.4 0.8 0.001 Carlton Smith, 1988. 
Sludge 225.4 0.8 Means of 4 years used. 

Clay. 

A Cabbage Liquid Sludge 8.0 111.2 1. 0 0.002 Carlton.Smith, 1988. 
159.6 1.1 Means of 5 years used. 

Calcareous loam. 

A Cabbage Bed-dried 8.0 110.6 1.0 0.001 Carlton Smith, 1988. 
Sludge 331 1.1 Means of 4 years used. 

CEJlcareous loam. 

A Lettuce Sludge 5.3 0 1.1 0.001 Dowdy & Larson, 
58 1.4 1975. 

116 0.7 
232 0.8 

A Turnip Greens Sludge 5.2-5.8 0 7.8 0.039 Miter & Boswel, 
57 10.5 1979. 

114 12.3 

A Cabbage Sludge 5.9-6.6 0 0.58 0.001 Keef.Jr &t al., 1086. 
25 0.38 Blue Plains sludge. 
50 0.52 
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TABLE C-28 (cont.) 

UPTAKE OF LEAD BY LEAFY VEGETABLES (cont.) 

Study 
Type 

(1) 
PlanU 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue . Uptake 
Concentration Slope 

(pg/g DW) (2) 
Reference/ 
Comments 

A Cabbage Sludge 5.9-7.1 0 
33 
66 

0.58 
0.74 
0.52 

0.001 Keefer et al., 1986. 
Huntington sludge. 

A Cabbage Sludge 5.9-6.3 0 
32 
64 

0.58 
0.8 
0.84 

0.004 Keel9r et al., 1986. 
Martinsburg sludge. 

A Cabbage Sludge 5.9-6.6 0 
55 

110 

0.58 
0.72 
0.88 

0.003 Keefer et al., 1986. 
Parlcersburg sludge. 

C-55 



TABLE C-29 

UPTAKE OF LEAD BY LEGUMES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (Jlg/g DW) (2) Comments 

A Bush Bean/ Sludge 5.3-5.6 0 1.4 0.001 Giordano et sl., 1975. 
Pod 156 1.4 

312 1.2 
624 1.2 

A Green Bean/ Sludge 5.9-6.6 0 0.83 0.001 Keefer et sl., 1986. 
Pod &Seed 25 0.66 Blue Plains sludge. 

50 0.46 

A Green Bean/ Sludge 5.9-7.1 0 0.83 0.006 Keefer et sl., 1986. 
Pod & Seed 33 0.54 Huntington sludge. 

66 1.2 

A Green Bean/ Sludge 5.9-6.3 0 0.83 0.001 Keefer et sl., 1986. 
Pod & Seed 32 0.86 Martinsburg sludge. 

64 
• 

0.8 

A Green Bean/ Sludge 5.9-6.6 0 0.83 0.001 Keefer et al., 1986. 
Pod &Seed 55 0.8 Parkersburg sludge. 

110 0.98 

A Soybean/ Limed digested 7.3-7.5 20.2 0.35 0.003 Chaney et al, 1977. 
Grain sludge 29.8 0.99 For control, used 

53 0.73 used calcareous soil 
42.6 0.29 data. Chaney's vslues 
59.8 0.58 are means of 3 reps. 
73.4 0.73 

A Soybean/ Limed raw 7.~-7.7 20.2 0.35 0.001 Chaney et al, 1977. 
Grain sludge 27.6 0.62 For control, used 

31.8 0.57 used calcareous soil 
51.8 0.4 data. Chaney's values 

are means of 3 reps. 

A Soybean/ Raw sludge 6.6-7.3 20.2 0.35 0.001 Chaney et al, 1977. 
Grain compost 33 0.56 For control, used 

43.8 0.38 used calcareous soil 
63 0.46 data. Chaney's values 

112.2 0.57 are means of 3 reps. 
186.6 0.29 

A Soybean/ Heat treated 5.9-6.0 21.4 0.25 0.001 Chaney et al, 1977. 
Grain sludge 4 0.62 Chaney's values are 

High pH 48.8 0.29 means of 3 reps. 
88.8 0.27 

A Soybean/ Heat treated 5.3-5.6 21.4 0.75 0.001 Chaney et al, 1977. 
Grain sludge 43.8 0.38 Chaney's values are 

LowpH 52.8 0.25 means of 3 reps. 
92.8 0.38 
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TABLE C-30 

UPTAKE OF LEAD BY POTATOES 

~Hudy Chemical Application Tissue Uptake 
Type Plant/ Form son Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Potatoffuber Sludge 5.3 0 <0.4 0.001 Dowdy & Larson, 
58 <0.4 1975 

116 <0.4 
232 0.7 

C Potatoffuber Organic-metal 6.6 1742 0.41 0.001 Hanis et sit, 1978. 
contaminated Vanessa-potato type. 
soil 

C Potatoffuber Organic-metal 6.6 1742 0.55 0.001 Hanis et sit, 1978. 
contaminated Pentland Javelin-
soil potato K20 

C Potato!Tuber Organic-metal 6.6 1742 0.26 0.001 Hanis et alt, 1978. 
contaminated Home Guard-
soil • potato type . 

C Potatoffuber Organic-metal 6.6 1742 1.04 0.001 Hanis et all, 1978. 
contaminated Desiree-potato type. 
soil 

C Potato!Tuber Organic-metal 6.6 1742 0.66 0.001 Hanis et sit, 1978. 
contaminated King Edward-
soil potato type. 

C Potato!Tuber Organic-metal 6.6 1742 0.29 0.001 Hanis et sit, 1978. 
contaminated Majestic-potato type. 
soil 
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TABLE C-31 

UPTAKE OF LEAD BY ROOTS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g OW) (2) Comments 

A Red Beet/ Liquid Sludge 6.5 56.8 0.7 0.003 Carlton Smith, 1988. 
Tuber 132.8 0.9 Means of 5 years used. 

Sandy loam. 

A Red Beet/ Bed-dried 6.5 56.6 0.8 0.001 Carlton Smith, 1988. 
Tuber Sludge 218.6 · 0.9 Means of 4 years used. 

Sandy loam. 

A Red Beet/ Liquid Sludge 6.7 63 0.7 0.001 Carlton Smith, 1988. 
Tuber 154.4 0.8 Means of 5 years used. 

Clay. 

A Red Beet/ Bed-dried 6.7 62.4 0.8 0.001 Carlton Smith, 1988. 
Tuber Sludge 225.4 0.8 Means of 4 years used. 

Clay . 

A Red Beet/ Liquid Sludge 8.0 
• 

111.2 1.1 0.001 Carlton Smith, 1988. 
Tuber 159.6 1.1 Means of 5 years used. 

Calcareous loam. 

A Red Beet/ ·· Bed-dried 8.0 110.6 1.1 0.001 Carlton Smith, 1988. 
Tuber Sludge 331 1.1 Means of 4 years used. 

Calcareous loam. 

A Carrot/ Sludge 5.3 0 <0.4 0.002 Dowdy & Larson, 1975. 
Tuber 58 <0.4 

116 0.9 
232 0.9 

A Radish/ Sludge 5.3 0 0.5 0.001 Dowdy & Larson, 1975. 
Tuber 58 <0.4 

116 0.4 
232 0.7 

A Radish/ Sludge 5.9-6.6 0 0.7 0.001 Keefer et al., 1986. 
Tuber 25 0.62 Blue Plains sludge. 

50 0.56 

A Carrot/ Sludge 5.9-6.6 0 1.78 0.009 Keefer et sl., 1986. 
Tuber 25 0.6 Blue Plains sludge. 

50 2.24 

A Radish/ _Sludge 5.9-7.1 0 0.7 0.002 Keefer et al., 1986. 
Tuber 33 0.58 Huntington sludge. 

66 0.86 

A Carrot/ Sludge 5.9-7.1 0 1.78 0.001 KeGfer et al., 1986. 
Tuber 33 1.24 Huntington sludge. 

66 1 
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TABLE C-31 (cont.) 

UPTAKE OF LEAD BY ROOTS (cont.) 

:Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (JJglg DW) (2) Comments 

A Radish Sludge 5.9-6.3 0 0.7 0.002 Keefer et al., 1986. 
32 0.76 Martinsburg sludge. 
64 0.82 

A Carrot Sludge 5.9-6.3 0 1:1a 0.001 Keefer et al., 1986. 
32 1.4 Martinsburg sludge. 
64 1.1 

A Radish/ Sludge 5.9-6.6 0 0.7 0.003 Keefer et al., 1986. 
Tuber 55 0.92 Parkersburg ~fudge. 

110 0.96 

A Carrot/ Sludge 5.9-6.6 0 1.78 0.001 Keefer et al., 1986. 
Tuber 55 1.4 Parkersburg sludge. 

110 1.26 

• 
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TABLE C-32 

UPTAKE OF LEAD BY SWEET CORN 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Sweet Com/ Sludge 5.9-6.6 0 <0.1 0.001 Keefer et al., 1986. 
Grain 25 <0.1 Blue Plains sludge. 

50 <0.1 

A Sweet Com/ Sludge 5.9-7.1 0 <0.10 0.001 Keefer et al., 1986. 
Grain 33 <0.10 Huntington sludge. 

66 <0.10 

A Sweet Com/ Sludge 5.9-6.3 0 <0.10 0.001 Keefer et al., 1986. 
Grain 32 <0.10 Martinsburg sludge. 

64 <0.10 

A Sweet Com/ Sludge 5.9-6.6 0 <0.10 0.001 Keefer et al., 1986. 
Grain 55 <0.10 Parkersburg sludge. 

110 <0.10 

• 
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TABLE C-33 

UPTAKE OF MERCURY BY GARDEN FRUITS 

Stu<ly Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration · Slope Reference/. 

(1) Tissue Applied pH (kg/ha) (JJg/g DW} (2) comments 

A Broccort!Fruit Sludge 6.8 0 0.0031 0.018 Cappon, C. T. 1981. 
0.7804 0.0189 

A Caurrftower Sludge 6.8 0 0.0051 0.007 Cappon, C. T. 1981. 
0.7804 0.0109 

A Cucumber/ Sludge 6.8 0 0.0012 0.004 Cappon, C. T. 1981. 
Fruit 0.7804 0.0046 Slicing cucumber. 

A Cucumber/ Sludge 6.8 0 0.0080 0.001 Cappon, C. T. 1981 
Fruit 0.7804 0.0047 Pickling ~ucumber. 

A Pumpkin/ Sludge 6.8 0 0.0007 0.002 Cappon, C. T. 1981 
Fruit 0.7804 0.0025 

A Tomato/ Sludge 8.8 0 0.0015 0.008 Cappon, C. T. 1981 
Fruit •o.7804 0.0075 

B Tomato/ Sludge 5.3-7.1 0 0.1 0.043 Furr& Kelly 
Fruit 2.34 0.2 1976, p. 87. 
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TABLE C-34 

UPTAKE OF MERCURY BY GRAINS/CEREALS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (Jlg/g DW) (2) Comments 

B Millet/Grain Sludge 5.3-7.1 0 0.4 0.0427 Fu"&Kelly 
2.34 0.5 1976, p. 87. 
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TABLE C-35 

UPTAKE OF MERCURY BY LEAFY VEGETABLES 

Study Chemical AppllcaUon Tissue Uptake 
Type Plant/ Form Soll Rates ConcentraUon Slope Reference/ 

(1) Ttssue Applied pH (kg/ha) (pg/g OW) (2) Comments 

A Cabbage Sludge 6.8 0 0.0029 0.014 Cappon, C. T. 1981. 
0.7804 0.0139 

A Lettuce Sludge 6.8 0 0.0029 0.038 Cappon, C.T. 1981 
0.7804 0.0328 

A Lettuce Sludge 6.8 0 0.0046 0.046 Cappon, C. T. 1981 
0.7804 0.0405 

A Parsley Sludge 6.8 0 0.0025 0.007 Cappon, C. T. 1981 
0.7804 o.oon 

A Swiss Chard Sludge 5.5 0 1 0.001 Fu" & Stoewsand, 
1.3 0.53 1976, p. 87. 

A Swiss Chard Sludge 6.5 -0 1 0.001 Fu" & Stoewsend, 
1.3 0.93 1976, p. 87. 

A SWiss Chard Sludge 5.5-6.0 0 0.2 0.001 Cheney et al, 1978. 
0.09 0.1 Blue Plains sludge. 

A Swiss Chard Sludge 5.5-6.0 0 0.2 0.001 Cheney et al, 1978. 
0.336 <0.05 Blue Plains compost. 

8 Cabbage Sludge 5.3-7.1 0 0.3 0.001 Fuff& Kelly 
2.62 0.2 1976, p. 87. 

C-63 



TABLE C-36 

UPTAKE OF MERCURY BY LEGUMES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

A Bush Bean/ Sludge 6.8 0 0.0036 0.001 Csppon, C. T. 1981. 
Pod 0.7804 0.0045 

A Bush Bean/ Sludge 6.8 0 0.0001 0.001 Csppon, C. T. 1981. 
Grain 0.7804 0.0004 

B Bush Bean/ Sludge 5.3-7.1 0 0.300 0.001 Fu"&Kelly 
Grain 2.62 0.100 1976, p. 88 

• 
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TABLE C-37 

UPTAKE OF MERCURY BY POTATOES 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applled 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

B Potato/Tuber Sludge 5.3-7.1 0 
2.34 

0.1 
0.1 

0.001 Fun-& Kelly 
1976, p. 87. 
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TABLE C-38 

UPTAKE OF MERCURY BY ROOTS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Beet/Tuber Sludge 6.8 0 0.0025 0.006 Cappon, C. T. 1981. 
0.7804 0.0072 

·A Onion/Bulb Sludge 6.8 0 0.0067 0.013 Cappon, C. T. 1981 
0.7804 0.0171 

A Radish/Tuber Sludge 6.8 0 0.0013 0.007 Cappon, C. T. 1981 
0.7804 0.0066 Red radish. 

A Radish/Tuber Sludge 6.8 0 0.0008 0.004 Cappon, C. T. 1981 
0.7804 0.0043 White radish. 

B Carrot/Tuber Sludge 5.3-7.1 0 0.1 0.001 Fun-& Kelly 
2.62 0.04 1976, p. 87. 

B Onion/Bulb Sludge 5.3-7.1 g 0.1 0.043 Fuff& Kelly 
2.34 0.2 1976,p. 87. 
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TABLE C-39 

UPTAKE OF MOLYBDENUM BY FORAGE 

Study Chemical Appllcatfon Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (IJG/g DW) (2) Comments 

A Com Sludge 4.6-5.3 0 1.9 0.683 Pierzynski & Jacobs 
33 29.8 1986. Year 1, 
66 47 Experiment 1. 

A Com Sludge 4.7-6.4 0 7.5 2.486 Pierzynski & Jacobs 
63 265 1986. Year 2, 

141 365 Experiment 1. 

A Com Sludge 5.0-6.9 0 6 5.106 Pierzynski & Jacobs 
63 300 1986. Year 3, 

141 724 Experiment 1. 

A Com/Leaf Sludge 4.6-5.3 0 3 0.909 Pierzynski & Jacobs 
33 40.5 1986. Year 1, 
66 63 Experiment 1 . 
• 

A Com/Leaf Sludge 4.7-6.4 0 2.2 1.723 Pierzynski & Jacobs 
63 137 1986. Year2, 

141 247 Experiment 1. 

A Com/Leaf Sludge 5.0-6.9 0 8.8 4.907 Pierzynski & Jacobs 
63 265 1986. Year3, 

141 697 Experiment 1. 

A Soybean Sludge 4.6-5.3 0 2.7 0.814 Pierzynski & Jacobs 
33 43.9 1986. Year 1, 
66 56.4 Experiment 1. 

A Soybean Sludge 4.7-6.4 0 3.1 2.257 Pierzynski & Jacobs 
63 140 1986. Year 2, 

141 321 Experiment 1. 

A Soybean Sludge 5.0-6.9 0 5.4 3.229 Pierzynski & Jacobs 
63 185 1986. Year 3, 

141 459 Experiment 1. 

A Soybean/ Sludge 4.6-5.3 0 2.1 0.768 Pierzynski & Jacobs 
Leaf 33 38.1 1986. Year 1, 

66 52.8 Experiment 1. 

A Soybean/ Sludge 4.7-6.4 0 2.4 1.893 Pierzynski & Jacobs 
Leaf 63 103 1986. Year2, 

141 268 Experiment 1. 

. A Soybean/ Sludge 5.0-6.9 0 9.3 3.164 Pierzynski & Jacobs 
Leaf 63 158 1986. Year 3, 

141 452 Experiment 1. 
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TABLE C-39 (cont.) 

UPTAKE OF MOLYBDENUM BY FORAGE (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Com Sludge 4.6-5.4 0 6.6 2.050 Pierzynski & Jacobs 
42 92.7 1986. Year 1, 

Experiment 2. 
A Com Sludge 4.7-6.5 0 6.6 1.739 Pierzynski & Jacobs 

291 730 1986. Year 2, 
300 330 Experiment 2. 

A Com Sludge 5.0-7.1 0 6.6 3.293 Pierzynski & Jacobs 
291 1300 1986. Year 3, 
300 630 Experiment 2. 

A Com/Leaf Sludge 4.6-5.4 0 6.4 2.752 Pierzynski & Jacobs 
42 122 1986. Year 1, 

Experiment 2. 

A Com/Leaf Sludge 4.7-6.5 0 • 291 
6.4 

462 
1.072 Pierzynski & Jacobs 

1986. Year 2, 
300 197 . Experiment 2. 

A Com/Leaf Sludge 5.0-7.1 0 6.4 1.506 Pierzynski & Jacobs 
291 804 1986. Year3, 
300 130 Experiment 2. 

A Bromegrass Sludge N.R.(3) 0 0.33 0.375 Soon & Bates, 1985. 
4.08 1.85 Used means of cuts 

1 & 2. Calcium 
enriched sludge. 

A Bromegrass Sludge N.R. 0 0.33 0.113 Soon & Bates, 1985. 
9.44 1.4 Used means of cuts 

1 & 2. Fenic chloride 
enriched sludge. 

A Bromegrass Sludge N.R. 0 0.33 0.076 Soon & Bates, 1985. 
10.8 1.155 Used means of cuts 

1 & 2. Aluminum sulfate 
enriched sludge. 

A Com Sludge N.R. 0 0.24 0.044 Soon & Bates, 1985. 
9.68 0.67 Connestoga. Calcium 

enriched sludge. 

A Com Sludge N.R. 0 0.24 0.004 Soon & Bates, 1985. 
10 0.28 Connestoga. 

Fenic chloride 
enriched sludge. 
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TABLE C-39 (1:ont.) 

UPTAKE OF MOLYBDENUM BY FORAGE (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tls~ue Applied pH (kg/ha) (Jlglg DW) (2) Comments 

A Com Sludge N.R. 0 0.24 0.003 Sooa &_ Bates, 1985. 
12.16 0.28 Connestoga. 

Aluminum suffate 
enriched sludge. 

A Com/ Sludge N.R. 0 1.01 0.438 Soon & Bates. 
Forage 6.08 3.67 Caledon. Calcium 

enriched sludge. 

A Com/ Sludge N.R. 0 1.01 0.001 Soon & Bates. 
Forage 11.92 0.65 Celedon. 

Ferric chloride 
e(Jriched sludge. 

A Com/ 
Forage 

Sludge N.R. 0 • 12.72 
1.01 
0.72 

0.001 Soon & Bates. 
Ca!.idon. 

Aluminum suffate 
enriched sludge. 

B Alfalfa Sludge 6.0-6.6 40 201 2.887 Pierzynski & Jacobs 
88 486 1986. 2nd cutting. 

18B 659 

B Alfalfa Sludge 7.0-7.5 40 4B7 2.367 Pierzynski & Jacobs 
88 876 1986. 2nd cutting. 

18B 895 

B Alfalfa Sludge 7.7-B.2 40 4B3 2.901 Pierzynski & Jacobs 
BB n3 1986. 2nd cutting. 

1B8 944 
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TABLE C-40 

UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (Jlglg DW} (2) Comments 

A Com/Grain Sludge 4.6-5.3 0 0.2 0.027 Pierzynski & Jacobs 
33 1.5 1986. Year 1, 
66 2 Experiment 1. 

A Com/Grain Sludge 4.7-6.4 0 0.4 0.037 Pierzynski & Jacobs 
63 3.7 1986. Yesr2, 

141 5.7 Experiment 1. 

A Com/Grain Sludge 5.0-6.9 0 0.6 0.045 Pierzynsld & Jacobs 
63 3.6 1986. Year 3, 

141 6.9 Experiment 1. 

A Com/Grain Sludge 4.6-5.4 0 0.5 0.074 Pierzynsld & Jacobs 
42 3.6 1986. Year 1, 

Experiment 2 . 

A Com/Grain Sludge 4.7-6.5 
• 
0 0.5 0.029 Pierzynsld & Jacobs 

291 12 1986. Yesr2, 
300 6.3 Experiment 2. 

A Com/Grain - Sludge 5.0-7.1 0 0.5 0.041 Pierzynski & Jacobs 
291 16.5 1986. Year 3, 
300 9.2 Experiment 2. 

A Com/Grain Sludge N.R. 0 0.13 0.012 Soon & Bates, 1985. 
9.68 0.25 Connestoga. 

Calcium 
enriched sludge. 

A Com/Grain Sludge N.R. 0 0.13 0.004 Soon & Bates, 1985. 
10 0.17 Connestoga. 

Ferric chloride 
enriched sludge. 

A Com/Grain Sludge N.R. 0 0.13 0.004 Soon & Bates, 1985. 
12.2 0.18 Connestoga. 

Aluminum suffate 

-
enriched sludge. 

-
A Com Sludge N.R. 0 0.25 0.079 Soon & Bates. 

6.08 0.73 Celedon. Calcium 
enriched sludge . 

A Com . Sludge N.R. 0 0.25 0.001 Soon & Bates. 
11.92 0.25 Caledon. 

Ferric chloride 
enriched sludge. 
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TABLE C-40 (cont.) 

UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kglha) (llg/g DW) (2) Comments 

A Com Sludge N.R. 0 0.25 0.003 Soon & Bates. 
12.72 0.29 Caledon. 

Aluminum suffate 
enriched slu_dge. 

B Com Sludge 6.0-6.6 40 74 1.482 Pierzynski & Jacobs 
BB 315 1986. 2nd cutting. 

188 329 

B Com/Grain Sludge 7.0-7.5 40 260 0.674 Pierzynski &·Jacobs 
88 403 1986. 2nd cutting. 

188 383 

B Com/Grain Sludge 7.7-8.2 40 273 0.346 Pierzynski & Jacobs 
88 470 1986. 2nd cutting. 

188 362 
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TABLE C-41 

UPTAKE OF MOLYBDENUM BY LEGUMES 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) comments 

A Soybean/ Sludge 4.6-5.3 0 14.3 1.632 Pierzynski & Jacobs, 
Grain 33 70.9 1986. Year 1, 

66 122 Experiment 1. 

A Soybean/ Sludge 4.7-6.4 0 8.9 1.649 Pierzynski & Jacobs, 
Grain 63 107 1986. Year 2, 

141 241 Experiment 1. 

A Soybean/ Sludge 5.0-6.9 0 19.9 · 1.578 Pierzynski & Jacobs, 
Grain 63 114 1986. Year 3, 

141 242 Experiment 1. 

B Soybean/ Sludge 6.0-6.6 40 300 4.213 Pierzynski & Jacobs, 
Grain 88 800 1986. 2nd cutting. 

188 986 
• 

B Soybean/ Sludge 7.0-7.5 40 736 2.005 Pierzynski & Jacobs, 
Grain 88 1010 1986. 2nd cutting. 

188 1070 

B Soybean/ Sludge 7.7-8.2 40 391 1.887 Pierzynski & Jacobs, 
Grain 88 585 1986. 2nd cutting. 

188 692 
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TABLE C-42 

UPTAKE OF NICKEL BY FORAGE 

Study Chemical Application Tissue . Uptake 
Typo Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (l,lg/g OW) (2) Comments 

A Natural Forage Sludge N.R. 9.75 <0.57 0.425 Baxter et al., 1983 
15 2.8 Means reported 

A Reed Canary Sludge 6.2-7.4 0 2.4 0.154 Duncomb et al., 1982. 
Grass 1.3 2.6 

A Com/Forage Sludge 6.2-7.4 0 1 0.001 Duncomb et al., 1982. 
1.1 0.9 

A Com Sludge 6.6 0 0.23 0.018 Rappaport et al., 1987. 
8.6 0.38 Year 1. 

17.2 0.54 

A Com Sludge 6.6 0 0.75 0.034 Rappaport et al .• 1987. 
8.6 1.32 Year 1. 

H.2 1.33 

A Com/Forage Sludge 6.6 0 0.54 0.007 Rappaport et al., 1987. 
8.6 0.66 Year 2. 

17.2 0.66 

A Barley Sludge 6.6 0 0.51 0.013 Rappaport et al., 1987. 
8.6 0.92 Year 2. 

17.2 0.74 

A Ryegrass Liquid Sludge 6.5 71.4 3.2 0.331 Carlton Smith, 1988. 
84.7 7.6 Mean of 5 years used. 

Sandy loam. 

A Ryegrass Bed-dried 6.5 70.3 3.2 0.12 Carlton Smith, 1988. 
Sludge 108.5 7.8 Mean of 4 years used. 

Sandy loam. 

A Ryegrass Liquid Sludge 6.7 85.2 3.8 0.238 Carlton Smith, 1988, 
101.6 7.7 Mean of 5 years used. 

Clay. 

A Ryegrass Bed-dried 6.7 85.1 3.7 0.072 Carlton Smith, 1988. 
Sludge 140.9 7.7 Mean of 4 years used. 

Clay. 

A Ryegrass Liquid Sludge 8.0 23.7 1.6 0.139 Carlton Smith, 1988. 
40.2 3.9 Mean of 5 years used. 

Calcareous loam. 

A Ryegrass Bed-dried 8.0 23.9 1.5 0.121 Carlton Smith, 1988. 
Sludge 126.9 14 Mean of 5 years used. 

Calcareous loam. 
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TABLE C-42 (cont.) 

UPTAKE OF NICKEL BY FORAGE (cont.) 

Study Chemical 
Type Plant/ Form 

(1) Tissue Applied 

B Rape Sludge 

B Rape Sludge 

B Rape Sludge 

B Rape Sludge 

B Rape Sludge 

B Rape .Sludge 

Soll 
pH 

5.6 

6 

7.5 

5.6 

6 

7.5 

Appllcatlon 
Rates 

(kg/ha) 

0 
2.3 
4.6 

0 
2.31 
4.62 

0 
2.31 
4.62 

0 
2.31 
4.62 • 
0 
2.31 
4.62 

0 
2.31 
4.62 

Tissue 
Concentration 

(l,lg/g DW) 

1.34 
0.46 
0.93 

0.24 
0.3 
0.38 

0.11 
0.3 
0.46 

3.75 
1.42 
1.73 

1.3 
0.62 
0.81 

0.49 
0.38 
0.37 

Uptake 
Slope 

(2) 
Reference/ 
comments 

0.001 Narwal et al, 1983. 
First harvest. 

0.03 Narwal et al., 1983. 
First harvest. 

0.076 Narwal et el., 1983. 
First harvesf. 

0.001 Narwal et el., 1983. 
Second harvest. 

0.001 Na,wal et el., 1983. 
Second harvest. 

0.001 Narwel et el., 1983. 
Second harvest. 

C-74 



TABLE C-43 

UPTAKE OF NICKEL BY GARDEN FRUITS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kglha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

. 

A Tomato/Fruit Sludge 5.9-6.6 0 
8 

16 

0.61 
0.65 
0.35 

0.001 Keefer et al., 1986. 
Blue P:f a/ns sludge. 

A Tomato/Fruit Sludge 5.9-6.6 0 
8 

16 

0.43 
0.6 
0.4 

0.001 Keefer et al., 1986. 
Blue Plains sludge. 

A Tomato/Fruit Sludge 5.9-7.1 0 
1270 
2540 

0.61 
0.5 
0.5 

0.001 Keefer et al., 1986. 
Huntington sludge. 

Early fruiting. 

A 

A 

Tomato/Fruit 

Tomato/Fruit 

Sludge 

Sludge 

5.9-7.1 

5.9-6.9 

0 
1270 
2540 

• 
0 
2 
4 

0.43 
0.55 
0.45 

0.61 
0.6 
0.94 

0.001 

0.083 

Keefer et al., 1986. 
Huntington sludge. 

Late fruiting . 

Keefer et al., 1986. 
Martinsburg sludge. 

Early fruiting. 

A Tomato/Fruit Sk.Jdge 5.9-6.9 0 
2 
4 

0.43 
0.65 
0.8 

0.093 Keefer et al., 1986. 
Martinsburg sludge. 

Late fruiting. 

A Tomato/Fruit Sludge 5.9-6.3 0 
24 
48 

0.61 
0.6 
0.75 

0.003 Keefer et al., 1986. 
Parkersburg sludge. 

Early fruiting. 

A Tomato/Fruit Sludge 5.9-6.3 0 
24 
48 

0.43 
0.45 
0.4 

0.001 Keefer et al., 1986. 
Parkersburg sludge. 

p. Celery Sludge 7.3 0 
2.856 
5.712 

11.424 

<0.3 
<0.3 
<0.3 
<0.3 

0.001 Peterson et al., 1989. 

, 

A Tomato/Fruit Sludge 7.3 0 
2.856 
5.712 

11.424 

<0.3 
<0.3 
<0.3 
<0.3 

0.001 Peterson et al., 1989. 

A Tomato/Fruit Sludge N.R. 0 
9 

17 
34 
43 

1.1 
1.3 
1.1 
2.2 
1.8 

0.022 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 
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TABLE C-43 (cont.) 

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

B Green Pepper/ Sludge 6.4 0 0.4 0.05 Fu"et al., 1981. 
Fruit 38 2.3 

8 Green Pepper/ Sludge 6.9 0 0.4 0.029 Fu"et al., 1981. 
Fruit 38 1.5 

B Pea/Grain Sludge 6.4 0 1.7 0.095 J=u"et al., 1981. 
38 5.3 

B Pea/Grain Sludge 6.9 0 1.3 0.029 Fu"et al., 1981. 
38 2.4 
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TABLE C-44 

UPTAKE OF NICKEL BY GRAINS/CEREALS 

Study Chemical Application Tissue Uptake 
Type Plant/ 'form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (µgig DW) (2) Comments 

A Com/Grain Sludge 6.2-7.4 0 0.6 0.001 Duncomb et sl., 1982 
1.1 0.4 

A Com/Grain Sludge 6.6 0 o.~9 0.055 Rappaport et al., 1987. 
8.6 1.04 Year 1. 

17.2 1.34 

A Com/Grain Sludge 6.6 0 0.11 0.015 Rappaport et al., 198,. 
8.6 0.34 Year 2. 

17.2 0.37 

A Com Sludge 6.6 0 0.14 0.002 Rappaport et al., 1987. 
8.6 0.18 Year 2. 

17.2 0.18 

A Wheat/Grain Liquid Sludge 6.5 ?1.4 1.5 0.023 Carlton Smith, 1988. 
84.7 1.8 Mean of 5 years used. 

Ssndyloam. 

A WheaVGrain Bed-dried 6.5 70.3 1.3 0.005 Carlton Smith, 1988. 
Sludge 108.5 1.5 Mean of 4 years used. 

Sandy loam. 

A WheaVGrain Liquid Sludge 6.7 85.2 1.6 0.001 Carlton Smith, 1988. 
101.6 1.4 Mean of 5 years used. 

Clay. 

A WheaVGrain Bed-dried 6.7 85.1 0.9 0.009 Carlton Smith, 1988. 
Sludge 140.9 1.4 Mean of 4 years used. 

Clay. 

A Wheat/Grain Liquid Sludge 8.0 23.7 0.8 0.006 Carlton Smith, 1988. 
40.2 0.9 Mean of 5 years used. 

Calcareous loam. 

A WheaVGrain Bed-dried 8.0 23.9 0.9 0.002 Carlton Smith, 1988. 
Sludge 126.9 1.1 Mean of 4 years used. 

Calcareous loam. 
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TABLE C-43 (cont.) 

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.) 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tlssl!e Applied pH (kg/ha) (1,1gfg DW) (2) Comments 

B Green Pepper/ Sludge 6.4 0 0.4 0.05 Fu"et al., 1981. 
Fruit 38 2.3 

B Green Pepper/ Sludge 6.9 0 0.4 0.029 Fu" et al., 1981. 
Fruit 38 1.5 

B Pea/Grain Sludge 6.4 0 1.7 0.095 t=u"et al., 1981. 
38 5.3 

B Pea/Grain Sludge 6.9 0 1.3 0.029 Furretal., 1981. 
38 2.4 
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TABLE C-44 

UPTAKE OF NICKEL BY GRAINS/CEREALS 

Study 
Typo 

(1) 
PlanU 
Tissue 

Chemical 
'form 
Applled 

Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(Jlg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Com/Grain Sludge 6.2-7.4 0 
1.1 

0.6 
0.4 

0.001 Duncomb et al., 1982 

A Com/Grain Sludge 6.6 0 
8.6 

17.2 

0.~9 
1.04 
1.34 

0.055 Rappaport et al., 1987. 
Year 1. 

A Com/Grain Sludge 6.6 0 
8.6 

17.2 

0.11 
0.34 
0.37 

0.015 Rappaport et al., 1987. 
Year 2. 

A Com Sludge 6.6 0 
8.6 

17.2 

0.14 
0.18 
0.18 

0.002 Rappaport et al., 1987. 
Year 2. 

A Wheat/Grain Liquid Sludge 6.5 71.4 
84.7 

1.5 
1.8 

0.023 Carlton Smith, 1988. 
Mean of 5 yHrs used. 

Sandy loam. 

A Wheat/Grain Bed-dried 
Sludge 

6.5 70.3 
108.5 

1.3 
1.5 

0.005 Carlton Smith, 1988. 
Mean of 4 years used. 

Sandy loam. 

A Wheat/Grain Liquid Sludge 6.7 85.2 
101.6 

1.6 
1.4 

0.001 Carlton Smith, 1988. 
Mean of 5 years used. 

Clay. 

A Wheat/Grain Bed-dried 
Sludge 

6.7 85.1 
140.9 

0.9 
1.4 

0.009 Carlton Smith, 1988. 
Mean of 4 years used. 

Clay. 

A Wheat/Grain Liquid Sludge 8.0 23.7 
40.2 

0.8 
0.9 

0.006 Carlton Smith, 1988. 
Mean of 5 years used. 

Calcareous loam. 

A Wheat/Grain Bed-dried 
Sludge 

8.0 23.9 
126.9 

0.9 
1.1 

0.002 Carlton Smith, 1988. 
Mean of 4 years used. 

Calcareous loam. 
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TABLE C-45 

UPTAKE OF NICKEL BY LEAFY VEGETABLES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue AppDed pH (kg/ha) (pg/g DW) (2) Comments 

A Swiss Chard Nu-Earth '5.7-6.3 0 2.9 15.000 Chaney et al., 1982 
0.6 11.9 

A Swiss Chard Nu-Earth 6.7 0 1.7 7.167 Chaney et al., 1982 
0.6 6 

A Collard Greens Heat-Treated '5.5-5.6 0 2.9 0.001 Chaney et al., 1982 
Sludge 8 2.4 

A Collard Greens Heat-Treated '6.4-6.3 0 1.8 0.001 Chaney et al., 1982 
Sludge 8 1.5 

A Collard Greens Nu-Earth '5.5-6.3 0 2.9 2.167 Chaney et al., 1982 
0.6 4.2 

A Collard Greens Nu-Earth '6.4-6.8 0 1.8 3.500 Chaney et al., 1982 
b.6 3.9 

A Lettuce Heat-Treated '5.3-5.4 0 1.8 0.075 Chaney et al., 1982 
Sludge 8 2.4 Romaine Lettuce 

A Lettuce Heat-Treated '6.2-5.4 0 1.6 0.001 Chaney et al., 1982 
Sludge 8 0.8 Romaine Lettuce 

A Lettuce Nu-Earth '5.3-5.6 0 1.8 4.500 Chaney et al., 1982 
0.6 4.5 Romaine Lettuce 

A Lettuce Nu-Earth '6.2-6.6 0 1.6 0.001 Chaney et al., 1982 
0.6 1.6 Romaine Lettuce 

A Swiss Chard Heat-Treated 5.7 0 2.9 0.675 Chaney et al., 1982 
Sludge 8 8.3 

A Swiss Chard Heat-Treated '6.7-6.8 0 1.7 0.001 Chaney et al., 1982 
Sludge 8 1.5 

A Cabbage Sludge 5.9-6.6 0 0.2 0.025 Keefer et al., 1986. 
8 0.22 Blue Plains sludge. 

16 0.6 

A Cabbage Sludge 5.9-7.1 . 0 0.2 0.001 Keefer et al., 1986. 
1270 0.22 Huntington sludge. 
2540 0.26 

A Cabbage Sludge 5.9-6.9 0 0.2 0.005 Keefer et al., 1986. 
2 0.3 Martinsburg sludge. 
4 0.22 
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TABLE C-45 (cont.) 

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.) 

!Study Chemical Appllcatlon Tissue _Uptake 
Type Plant/ Form Soll Rates Concentratlo,i Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (l,lg/gDW) (2) Comments 

A Cabbage Sludge 5.9-6.3 0 0.2 0.003 Keefer et al., 1986. 
24 0.2 Parkersburg sludge. 
48 0.32 

A Cabbage Sludge 7.3 0 <0.3 0.002 Peterson et al., 1989. 
2.856 1.2 
5.712 0.5 

11.424 0.6 

A Lettuce Sludge 7.3 0 2 0.001 Peterson et al., 1989. 
2.856 2.6 
5.712 1.9 

11.424 1.8 

A Lettuce Llquid Sludge 6.5 71.4 1.3 0.023 Carlton Smith, 1988. 
J34.7 1.6 Mean of 5 years used. 

Sandy loam. 

A Lettuce Bed-dried 6.5 70.3 0.9 0.001 Carlton Smith, 1988. 
Sludge 108.5 0.9 Mean of 4 years used. 

Sandy loam. 

A Lettuce Liquid Sludge 6.7 85.2 2.3 0.001 Carlton Smith, 1988. 
101.6 2.3 Mean of 5 years used. 

Clay. 

A Lettuce Bed-dried 6.7 85.1 1.7 0.018 Carlton Smith, 1988. 
Sludge 140.9 2.7 Mean of 4 years used. 

Clay. 

A Lettuce Liquid Sludge 8.0 23.7 1.2 0.018 Carlton Smith, 1988. 
40.2 1.5 Mean of 5 years used. 

Calcareous loam. 

A Lettuce Bed-dried 8.0 23.9 1.3 0.012 Cerlton Smith. 1988. 
Sludge 126.9 2.5 Mean of 4 years used. 

Calcareous loam. 

A Cabbage Liquid Sludge 6.5 71.4 4 0.053 Carlton Smith, 1988. 
84.7 4.7 Mean of 5 years used. 

Sandy loam. 

A Cabbage Bed-dried 6.5 70.3 3.9 0.001 Carlton Smith, 1988. 
Sludge 108.5 3.6 Mean of 4 years used. 

Sandy loam. 

A Cabbage Liquid Sludga 6.7 85.2 2 0.110 Carlton Smith, 1988. 
101.6 3.8 Me~n of 5 years used. 

Clay. 

A Cabbage Bed-dried 6.7 85.1 2.1 0.030 Carlton Smith, 1988. 
Sludge 140.9 3.8 Mean of 4 years used. 
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TABLE C-45 (cont.) 

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g OW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

Clay. 

A Cabbage Liquid Sludge 8.0 23.7 
40.2 

0.9 
1.6 

0.042 Carlton Smith, 1988. 
Mean of 5 years used. 

Calcareous loam. 

A Cabbage Bed-dried 
Sludge 

8.0 23.9 

126.9 

1 

3.2 

0.021 Carlton Smith, 1988. 
Mean of 4 years used. 

Calcareous loam. 

A 

A 

Spinach 

Swiss Chard 

Sludge 

Sludge 

N.R.(3) 

N.R. 

0 
9 

17 
34 
43 

• 
0 
9 

17 
34 
43 

2.9 
3 
4.7 
4.8 
4.2 

2 
1.4 
1.7 
2.8 
4 

0.037 

0.051 

Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 

Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 

A Romaine Sludge 5.75-7.7 0 
3.8 

1.7 
0.7 

0.001 Chaney et al., 1982. 
Umed raw sludge. 

A Romaine Sludge 5.75-7.7 0 
3.4 

1.7 
0.5 

0.001 Chaney et al., 1982.. 
Digested sludge. 

A Romaine Sludge 5.75-7.6 0 
45 

1.7 
0.6 

0.001 Chaney et al., 1982. 
Compost sludge. 

A Romaine Sludge 5.75-6.9 0 
45 

1.7 
0.6 

0.001 Chaney et al., 1982. 
Compost sludge. 

A Romaine Sludge 5.75-5.8 0 
8.3 

1.7 
1.6 

0.001 Chaney et al., 1982. 
Heat treated sludge. 

A Romaine Sludge 5.75-6.1 0 
59 

1.7 
3.05 

0.023 Chaney et al., 1982. 
Nu-Earth. 

A Swiss Chard Sludge 5.75-7.7 0 
3.8 

2.3 
0.8 

0.001 Chaney et al., 1982. 
Limed raw sludge. 

A Swiss Chard Sludge 5.75-7.6 0 
3.4 

2.3 
1.2 

0.001 Chaney et al., 1982. 
Digested sludge. 

A Swiss Chard Sludge 5.75-7.7 0 
45 

2.3 
0.8 

0.001 Chaney et al., 1982. 
Composted sludge. 

A Swiss Chard Sludge 5.75-6.9 0 
8.3 

2.3 
4.9 

0.313 Chaney et al., 1982. 
Heat treated sludge. 
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TABLE C-45 (cont.) 

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.) 

!Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g OW) 

Uptake 
Slope 

(2) 
Reference/ 
comments 

A Swiss Chard Sludge 5.75-5.8 0 
59 

2.3 
8.95 

0.113 Chaney et al., 1982. 
"!_u Earth sludge. 

A Conard Greens Sludge 5.75-7.7 0 
3.8 

5 
5.6 

0.158 Chaney et sf., 1982. 
Umed raw sludge 

A Conard Greens Sludge 5.75-7.6 0 
3.4 

5 
6.6 

0.471 Chaney et al., 1982. 
Digested sludge. 

A Conard Greens Sludge 5.75-6.9 0 
45 

5 
6.3 

0.029 Chaney et al., 1982. 
Composted sludge. 

A Conard Greens Sludge 5.75-5.8 0 
83 

5 
7.2 

0.027 Chaney et al., 1982. 
Heat treated sludges 

A ColardGreens Sludge 5.75-6.1 0 
!i9 

5 
6.15 

0.019 Chaney et al., 1982. 
Nu Earth sludge. 

B Lettuce Sludge N.R. 
1.3 
2.6 
5.2 

0 2.1 
2.5 
2.2 
2 

0.001 Hue et sf., 1988. 
Akaka Andept-

soil type. 

B Lettuce Sludge N.R. 0 
1.3 
2.6 
5.2 

5.1 
6.9 
7.3 
5.8 

0.068 Hue et al., 1988. 
Lua/ualei Vertisol-

soi/type. 

B Lettuce Sludge N.R. 0 
1.3 
2.6 
5.2 

4.8 
10.4 
12.4 
17.2 

2.251 Hue et al., 1988. 
Wahiawa Oxisol-

soi/type. 

B Lettuce Sludge 6.4 0 
38 

0.6 
3 

0.063 Fu"et al., 1981. 

B Lettuce Sludge 6.9 0 
38 

0.8 
1.7 

0.024 Fu"et al., 1981. 

B Spinach Sludge 6.4 0 
38 

1 
3.9 

0.076 Fu"et sf., 1981. 

B Spinach Sludge 6.9 0 
38 

0.7 
3 

0.061 Fu"etal., 1981. 
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TABLE C-46 

UPTAKE OF NICKEL BY LEGUMES 

Study Chemical Application Tissue . Uptake 
Type Plant/ Form Soll . Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

A Green Bean/ Sludge 5.9-6.6 0 0.24 0.001 Keefer et al., 1986. 
Pod & Seed 8 0.26 Blue Plains aludge. 

16 0.18 

A Green Bean/ Sludge 5.9-7.1 0 0.24 0.001 Keefer et al., 1986. 
Pod & Seed 1270 0.14 Huntington sludge. 

2540 0.24 

A Green Bean/ Sludge 5.9-6.9 0 0.24 0.125 Keefer et al .. 1986. 
Pod &Seed 2 0.3 Martinsburg sludge. 

4 0.74 

A Green Bean/ Sludge 5.9-6.3 0 0.24 0.005 Keefer et al., 1986. 
Pod & Seed 24 0.3 Parkersburg sludge. 

48 0.48. 

A Bean/Grain Sludge 7.3 0 1.5 0.09 Peterson et al., 1989. 
2.856 2.3 
5.712 2.1 

11.424 2.7 

A Green Bean/ Sludge N.R. 0 2.1 0.119 Lue-Hing et al, 1984. 
Pod & Seed 9 2.8 19n data used. 

17 4.4 Nu-Earth. 
34 6.1 
43 7.1 

A Soybean/ Limed 7.3-7.5 22.6 7.41 0.23 Chaney et al., 1977. 
Grain Digested 22.6 2 For control, used cal-

Sludge 20.6 8.25 careous soil data. 
19.2 7.16 Chaney's values are 
23.8 10.37 means of 3 reps. 
24.6 7.48 

A Soybean/ Limed Raw 7.3-7.7 22.6 7.41 0.502 Chaney et al., 19n. 
Grain Sludge 22.4 6.27 For control, used cal-

23.8 7.29 careous soil c!ata. 
22 6.42 Chaney's values are 

means of 3 reps. 

A Soybean/ Raw Sludge 6.6-7.3 22.6 7.41 0.001 Chaney et al., 19n. 
Grain Compost 24 8.72 For control, u,ed cal-

28.2 6.69 careous soil data. 
37.2 7.47 Chaney's values are 
56.6 6".96 means of 3 reps. 
80 4.15 
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TABLE C-46 (cont.) 

UPTAKE OF NICKEL BY LEGUMES (c~nt.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(l,lg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Soybean/ 
Grain 

Heat Treated 
Sludge 
High pH 

5.9-6.0 24.6 
28 
20.4 
20.4 

8.13 
7.21 
5.69 
6.4 

0.198 Chaney et al., 1977. 
Chaney's values are 

means of 3 reps. 

A Soybean/ 
Gralo 

Heat Treated 
Sludge 
LowpH 

5.3-5.6 21.6 
23.8 
26 
25.4 

6.81 
9.49 
7.74 
7.78 

0.152 Chaney et al., 1977. 
Chaney's values are 

means of 3 reps. 
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TABLE C-47 

UPTAKE OF NICKEL BY POTATOES 

Study Chemical AppllcaUon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (llglg DW) (2) Comments 

A PotatofTuber Liquid Sludge 6.5 71.4 1.5 0.015 carlton Smith, 1988. 
84.7 1.7 Mean of !j years used. 

Sandy loam. 

A PotatofTuber Bed-dried 6.5 70.3 1.5 0.005 Cerlton Smith, 1988. 
Sludge 108.5 1.7 Mean of 4 years used. 

Sandy loam. 

A PotatofTuber Liquid Sludge 6.7 85.2 1.2 0.03 Carlton Smith, 1988. 
101.6 1.7 Mean of 5 years used. 

Clay. 

A PotatofTuber Bed-dried 6.7 85.1 1 0.007 Carlton Smith, 1988. 
Sludge 140.9 1.4 Mean of. 4 years used. 

Clay. 

A PotatofTuber Liquid Sludge 8.0 21.7 0.6 0.001 Carlton Smith, 1988. 
40.2 0.6 Mean of 5 years used. 

Calcareous loam. 

A PotatofTuber Bed-dried 8.0 23.9 0.7 0.001 Carlton Smith, 1988. 
Sludge 126.9 0.8 Mean of 4 years used. 

Calcareous loam. 

B Sweet Potato/ Sludge 6.4 0 0.3 0.024 Furr et al., 1981. 
Tuber 38 1.2 

B Sweet Potato/ Sludge 6.9 0 0.1 0.011 Furretal., 1981. 
Tuber 38 0.5 

C PotatofTuber Organic, metal 6.6 368 4 0.011 Harris et al, 1978. 
contaminated Vanessa-potato type. 
soil 

C PotatofTuber Organic, metal 6.6 368 4.75 0.013 Harris et al, 1978. 
contaminated Portland Javelin-potato 
soil type. 

C PotatofTuber Organic, metal ·6.6 368 4.25 0.012 Harris et al, 1978. 
contaminated Home Guard-potato 
soil type. 

C PotatofTuber Organic, metal 6.6 368 4.01 0.011 Harris et al, 1978. 
contaminated Desiree-potato type. 
soil 

C PotatofTuber Organic, me~I 6.6 368 3.47 0.009 Harris et al, 1978. 
contaminated King Edward-potato 
soil type. 
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TABLE C-47 (cont.) 

UPTAKE OF NICKEL BY POTATOES (cont.) 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
sou 
pH 

AppttcaUon 
Rates 

{kg/ha) 

Tissue 
Concentration 

(llg/gDW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

C Potato/Tuber Organic, metal 
contaminated 
soil 

6.6 368 5.46 0.015 Harris et sf, 1978. 
Msjestic-potsto 

type . 

• 
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TABLE C-48 

UPTAKE OF NICKEL BY ROOTS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 

. Soll 

pH 

AppllcaUon 
Rates 

(kg/ha) 

Tissue 
-ConcentraUon 

(l,lg/g OW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A RadishfTuber Sludge 5.9-6.6 0 
8 

16 

0.92 
1.34 
0.7 

0.001 Keefer et al., 1986. 
Blue Plains sludge. 

A Carrot/Tuber Sludge 5.9-6.6 0 
8 

16 

0.4 
0.4 
0.4 

0.001 . Keefer et al., 1986. 
Blue Plains sludge. 

A RadishfTuber Sludge 5.9-7.1 0 
1270 
2540 

0.92 
1.08 
1.92 

0.001 Keefer et al., 1986. 
Huntington sludge. 

A Carrot/Tuber Sludge 5.9-7.1 0 
1270 
2540 

0.4 
0.4 
0.4 

0.001 Keefer et al., 1986. 
Huntington sludge. 

A RadishfTuber Sludge 5.9-6.9 0 
2 
4 

0.92 
0.68 
0.72 

0.001 Keefer et al., 1986. 
Martinsburg sludge. 

A Carrot/Tuber Sludge 5.9-6.9 0 
2 
4 

0.4 
0.4 
0.4 

0.001 Keefer et al., 1986. 
Martinsburg sludge. 

A RadishfTuber Sludge 5.9-6.3 0 
24 
48 

0.92 
0.58 
0.64 

0.001 Keefer et al., 1986. 
Parkersburg sludge. 

A Carrot/Tuber Sludge 5.9-6.3 0 
24 
48 

0.4 
0.4 
0.4 

0.001 Keefer et al., 1986. 
Parkersburg sludge. 

A Red Beet/Tuber Sludge 6.2 ·O 
285 
570 

1140 

2.5 
2.5 
3.8 
6.3 

0.004 Williams, 19n. 

A Red Beet/Tuber Sludge 7 0 
285 
570 

1140 

1.3 
2.5 
6.3 
5 

0.003 Williams, 19n. 

A Onion/Bulb Sludge 6.3 0 
285 
570 

6.3 
16.3 
23.8 

0.031 Williams, 19n. 
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TABLE C48 (cont.) 

UPTAKE OF NICKEL BY RC)OTS (cont.) 

!Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Onion/Bulb Sludge 6.8 0 
285 
570 

1140 

2.5 
6.3 
7.5 

18.8 

0.014 Williams, 1977. 

A Onion/Bulb Sludge 7.3 0 
2.856 
5.712 

11.424 

<0.3 
<0.3 
<0.3 
<0.3 

0.001 Peterson et al., 1989. 

A Red BeeVfuber Liquid Sludge 6.5 71.4 
84.7 

3.4 
3.9 

0.038 Carlton Smith, 1988. 
Mean of 5 years used. 

Sandy loam. 

A Red BeeVfuber Bed-dried 
Sludge 

6.5 70.3 
10'8.5 

2.2 
2.7 

0.013 Carlton Smith, 1988. 
Mean of 4 years used. 

Sandy loam. 

A Red Beevruber Liquid Sludge 6.7 85.2 
101.6 

1.6 
2.7 

0.067 Carlton Smith, 1988. 
Mean of 5 years used. 

Clay. 

A Red BeeVfuber Bed-dried 
Sludge 

6.7 85.1 
140.9 

1.6 
2 

0.007 Carlton Smith, 1988. 
Mean of 4 years used. 

Clay. 

A Red BeeVfuber Liquid Sludge 8.0 23.7 
40.2 

1 
1 

0.001 Carlton Smith, 1988. 
Mean of 5 years used. 

Calcareous loam. 

A Red Beevrube.r Bed-dried 
Sludge 

8.0 23.9 
126.9 

1.1 
1.1 

0.001 Carlton Smith, 1988. 
Mean of 4 years used. 

Calcareous loam. 

A BeeVfuber Sludge N.R. 0 
9 

17 
34 
43 

0.4 
0.6 
0.6 
Q.9 
1.6 

0.027 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth 

A CarroVfuber Sludge N.R. 0 
9 

17 
34 
43 

1.1 
0.9 
1.5 
1.7 
2.7 

0.036 Lue-Hing et a/, 1984. 
1977 data used. 

Nu-Earth. 

B KohlrabVTuber Sludge 6.4 0 
38 

0.9 
5.3 

0.116 Fu"et al., 1981. 
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TABLE C-48 (cont.) 

UPTAKE OF NICKEL BY ROOTS (cont.) 

Study Chemical Application Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments 

B Kohlrabi/Tuber Sludge 6.9 0 0.2 0.024 Fu"etBI., 1981. 
38 1.1 

B TumipfTuber Sludge 6.4 0 0.7 0.061 Fu"et Bl., 1981. 
38 3 

B TumipfTuber Sludge 6.9 0 0.2 0.018 Fu"et Bl., 1981. 
38 0.9 
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TABLE C49 

UPTAKE OF NICKEL BY SWEET CORN 

!Study Chemical Application Tissue Uptake 
Typo Plant/ Form SoH Rates Concentration Slope Reference/ 

(1) · Tissue Applied pH (kg/ha) (pg/g OW) (2) Comments 

A sweet Corn/ Sludge 5.~.6 0 0.17 0.001 Keefer et at., 1986. 
Grain 8 0.52 Blue Plains sludge. 

16 0.1 

A sweet Com/ Sludge 5.9-7.1 0 0.17 0.001 Keefer et at., 1986. 
Grain 1270 0.14 Huntington sludge. 

2540 0.42 

A Sweet Com Sludge 5.9-6.9 0 0.17 0.001 Keefer et al., 1986. 
2 0.12 Martinsburg sludge. 
4 0.14 

A SWeetCorn/ Sludge 5.9-6.3 0 0.17 0.001 Keefer et at., 1986. 
Grain 24 0.32 Parkersburg sludge. 

48 0.12 
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TABLE C-50 

UPTAKE OF SELENIUM BY FORAGE 

Study Chemical Application Tissue Uptake 
Type · Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tlss~e Applied pH (kg/ha) (l,lglg DW) (2) Comments 

A Barley Sludge 5.8-7.0 0 <0.05 0.008 Logan et al., 1987. 
3.64 0.08 · Greenfield. 

A Barley Sludge 7 0 0.06 0.001 Logan et al., 1987. 
3.6 0.05 Domino. 

B Millet Sludge 6.8 0 0.04 0.014 Fu"et al, 1980. 
1.446 0.06 Kalamazoo sludge/ 

Teel soil. 

B Millet Sludge 5.5 0 0.03 0.001 Fu" et al, 1980. 
1.111 0.03 Indianapolis sludge/ 

Darien Soil. 
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TABLE C-51 

UPTAKE OF SELENIUM BY c:;ARDEN FRUITS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kglha) 

Tissue 
Concentration 

(i,g/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

A Broccoli/Fruit Sludge 6.8 0 
0.7804 

0.016 
0.026 

0.013 Cappon, C.T. 1981. 

A Caurrnower Sludge 6.8 0 
0.7804 

0.025 
0.0348 

0.012 Cappon, C.T. 1981. 

A Cucumber/Fruit Sludge 6.8 0 
0.7804. 

0.006 
0.0102 

0.006 Cappon, C.T. 1981. 
Slicing cucumber. 

A Cucumber/Fruit Sludge 6.8 0 
0.7804 

0.005 
0.0076 

0.004 Cappon, C.T. 1981. 
Pickling cucumber. 

A Pumpkin/Fruit Sludge 6.8 0 
0.7804 

0.012 
0.0183 

0.008 Cappon, C.T. 1981. 

A Tomato/Fruit Sludge 6.8 .o 
0.7804 

0.026 
0.0564 

0.039 Cappon, C.T. 1981. 

B Tomato/Tuber Sludge 6.8 0 
1.446 

0.03 
0.08 

0.035 Furr et al, 1980. 
Kalamazoo sludge/ 

Teel soil. 

8 Tomato/Fruit Sludge 5.5 0 
1.111 

0.01 
0.02 

0.009 Furr et al, 1980. 
Indianapolis sludge/ 

Darien Soil. 
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TABLE C-52 

UPTAKE OF SELENIUM BY GRAINS/CEREALS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue. 
· Concentration 

(llg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
comments 

A Barley/Grain Sludge 5.8-7.0 0 
3.6 

0.05 
0.05 

0.001 Logan et al., 1_987. 
Greenfield. 

A Barley/Grain Sludge 7 0 
3.6 

<0.05 
· <0.05 

0.001 Logan et al., 1987. 
Domino. 

B Millet/Grain Sludge 6.8 0 
1.446 

0.03 
0.11 

0.055 Fun- et al, 1980. 
Kalamazoo sludge/ 

Teel soil. 

B Millet/Grain Sludge 5.5 0 
1.111 

0.02 
0.03 

0.009 Fun- et al, 1980. 
Indianapolis sludge/ 

Darien Soil. 
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TABLE C-53 

UPTAKE OF SELENIUM BY LEAFY VEGETABLES 

Study Chemical Appllcatlon Tissue Uptake 
Type Plantf Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha). (IJg/g DW) (2) Comments 

A Swiss Chard Sludge 6.1-7.8 0 0.06 0.002 Logan et al., 1987. 
4.17 0.08 Romona. 
8.34 0.08 

A Cabbage Sludge 6.8 0 0.0120 0.029 Cappon, C.T. 1981. 
0.7804 0.0348 

A Lettuce Sludge 6.8 0 0.0150 0.011 Cappon, C. T. 1981. 
0.7804 0.0234 

A L~ttuce Sludge 6.8 0 0.0121 0.038 Cappon, C. T. 1981. 
0.7804 0.0414 

A Parsley Sludge 6.8 0 0.0048 0.001 Cappon, C. T. 1981. 
0.7804 0.0043 

B Cabbage Sludge 6.8 •o 0.07 0.021 Fun- et al_. 1980. 
1.446 0.1 Kalamazoo sludge/ 

Teel soil. 

B Cabbage Sludge 5.5 0 0.03 0.001 Fun- et al, 1980. 
1.111 0.03 Indianapolis sludge/ 

Darien Soil. 
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TABLE C-54 

UPTAKE OF SELENIUM BY LEGUMES 

Study Chemical Application Tissue _Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1g/g DW) (2) Comments 

A Bush Bean/ Sludge 6.8 0 0.0084 0.012 Cappon, C. T. 1981. 
Pod 0.7804 0.0174 

A Bush Bean/ Sludge 6.8 0 0.0012 0.013 Ceppon, C.T. 1981. 
Seed 0.7804 0.0110 

B Bean/ Sludge 5.5 0 0.02 0.027 Furr et el, 1980. 
Grain 1.111 0.05 Indianapolis sludge/ 

Darien Soil. 

B Bean/ Sludge 6.8 0 0.04 0.055 Furr et Bl, 1980. 
Grain 1.446 0.12 Kalamazoo sludge/ 

Teel Soil. 
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TABLE C-S5 

UPTAKE OF SELENIUM IBY POTATOES 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pglg DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

B PotatoITuber Sludge 6.8 0 
1.446 

0.03 
0.1 

0.048 Fun-et el, 1980. 
Kalamazoo sludge/ 

Teel soil. 

B Potatoffuber Sludge 5.5 0 
1.111 

0.01 
0.02 

0.009 Fu" et al, 1980. 
Indianapolis sludge/ 

Darien Soil. 
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TABLE C-S6 

UPTAKE OF SELENIUM BY ROOTS 

Study 
Type 

(1) 
Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

AppDcatlon 
Rates 
(kg/ha) 

Tissue 
Concentration 

(Jlg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 
Comments 

· 

A Radish/Tuber Sludge 6.1-7.8 0 
4.17 
8.34 

0.2 
0.21 
0.22 

0.002 Logan et al., 1987. 
Romona. 

A Beet/Tuber Sludge 6.8 0 
0.7804 

0.0033 
0.0078 

0.006 Cappon, C. T. 1981. 

A Onion/Bulb Sludge 6.8 0 
0.7804 

0.0273 
0.0467 

0.025 Cappon, C.T. 1981. 

A Radish/Tuber Sludge 6.8 0 
0.7804 

0.0271 
0.0565 

0.038 Cappon, C. T. 1981. 

8 

B 

Carrot/Tuber 

Onion/Bulb 

Sludge 

Sludge 

6.8 

6.8 

0 
1.44e 

• 
0 
1.446 

0.04 
0.11 

0.02 
0.08 

0.048 

0.042 

Fun-et al, 1980. 
Kalamazoo sludge/ 

Teel soil • 

Fun- et al, 1980. 
Kalamazoo sludge/ 

Tee/ soil. 

B Carrot/Tuber Sludge 5.5 0 
1.111 

0.02 
0.03 

0.009 Fun- et al, 1980. 
Indianapolis sludge/ 

Darien Soil. 

8 Onion/Bulb Sludge 5.5 0 
1.111 

0.01 
0.02 

0.009 Fun- et al, 1980. 
Indianapolis $Judge/ 

Darien Soil. 
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TABLE C-57 

UPTAKE OF ZINC BY FORAGE 

Study Chemical Application Tissue Uptake 
Type PlanU Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (Jlg/g DW) (2) Comments 

A Natural Forage Sludge N.R. 45.5 11.7 1.412 Baxter et el., 1983 
90.9 75.8 Means reported 

A Barley Sludge compost 7.2-7.5 0 20.3 0.031 Cheng et al, 1983. 
80 23.5 Domino loam. 

160 29 1976. 
320 30 

A Barley Sludge compost 7.0-7.1 0 14.2 0.038 Cheng et el, 1983. 
160 20 Domino loam. 
320 22.5 1977. 
640 30.2 

A Barley Sludge compost 7.1-7.3 0 17.9 0.027 Cheng et Bl, 1983. 
240 17.1 Domino loam. 
4st> 20.4 1978. 
960 43 

A Barley Sludge compost 6.8-7.1 0 23.3 0.021 Cheng et el, 1983. 
320 29.2 Domino loam. 
640 27.6 1979. 

1280 51 

A Barley Sludge compost 6.6-7.2 0 21.1 0.008 Cheng et el, 1983. 
500 25.9 Domino loam. 
800 31.6 1980. 

1600 33.6 

A Barley Sludge compost 6.4-7.1 0 20.7 0.010 Cheng et el, 198_3. 
480 15.6 Domino loam. 
960 29.5 1981. 

1920 40.7 

A Barley Liquid sludge 5.3-6.1 0 16.5 0.108 Cheng et el, 1983. 
67.7 28.8 Domino loam. 

130.4 31.8 1977. 
252.4 48.8 

A Barley Liquid sludge 5.3-5.8 0 18.4 0.014 Cheng et el, 1983. 
135.4 41.5 Domino loam. 
440.8 29.2 1978. 
504.8 34.6 

A Barley Liquid sludge 5.6-6.6 0 16.1 0.033 Chang et el, 1983. 
203.1 25 Domino loam. 
391.2 34.3 1979. 
757.2 41.2 
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TABLE C-57 (cont.) 

UPTAKE OF ZINC BY FORAGE (cont.) 

Study Chemical Application Tissue Uptake 

Type Plant/ Form Soll Rates Concentration Slope Reference/ 
(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Barley Liquid sludge 5.~.8 0 20.1 0.018 Chang etat, 1983. 
270.8 29.~ Domino loam. 
521.6 46.8 1980. 

1009.6 37.9 
A Barley Liquid sludge 5.~.9 0 24.6 0.019 Chang et al, 1983. 

338.5 37.9 Domino loam. 
652. 41.4 1981. 

1262 51.4 

A Barley Sludge composted 7.2-7.5 0 16.3 0.034 Chang et«, 1983. 
80 19.4 Greenfield sandy loam. 

160 19.8 1976. 
320 27.5 

A Barley Sludge composted 7.0-7.1 " 12.5 0.016 Chang et al, 1983. 
160 21.8 Greenfield sandy loam. 
320 22.8 19n_ 
640 24.5 

A Barley Sludge composted 7.1-7.3 0 25 0.014 Chang et al, 1983. 
240 23 Greenfield sandy loam. 
480 33.4 1978. 
960 36.5 

A Barley Sludge composted 6.8-7.1 0 21.2 0.013 Chang et el, 1983. 
) 320 31.5 Greenfield sandy loam. 

640 33 1979. 
1280 39.4 

A Barley Sludge composted 6.6-7.2 0 17.8 0.013 Chang et al, 1983. 
500 31.5 Greenfield sandy loam. 
800 33 1980. 

1600 39.4 

A Barley Sludge compo~-ted 6.4-7.1 0 22.4 0.017 Chang et al, 198'3. 
580 47.1 Greenfield sandy loam. 
960 55.9 1981. 

1920 57.3 

A Barley Liquid sludge 5.~.1 0 26.1 0.117 Chang et al, 1983. 
66.8 31 Greenfield sandy loam. 

132.5 49.5 1977. 
248.7 53 

A Barley Liquid sludge 5.3-6.2 0 19.6 0.072 Chang et al, 1983. 
133.6 35.3 Greenfield sandy loam. 
265 57.3 1978. 
497.4 49.6 
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TABLE C-57 (c:ont.) 

UPTAKE OF ZINC BY FORAGE (cont.) 

:Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll . Rates Concentration Slope Reference/ 

(1} Tissue Applied pH (kg/ha) (Jlg/g OW) (2) Comments 

A Barley Liquid sludge 5.6-6.6 0 18.4 0.031 Chang et al, 1983. 
200.4 32.1 Greenfield sandy loam. 
397.5 35.2 1979. 
746.1 43.7 

A Barley Liquid sludge 5.8-8.8 0 18.4 0.024 Chang et al, 1983. 
267.2 32.1 Greenfield sandy loam. 
530 35.2 1980. 
994.8 43.7 

A Barley Liquid sludge 5.5-6.9 0 20.9 0.047 Chang et al, 1983. 
334 43.2 Greenfield sandy loam. 
662.5 50.6 1981. 

1243.5 81.9 

A Com/Leaf Sludge 7.4 •o 14.5 0.084 Hinesly et sf, 1982. 
432 39.9 1978. 
no 61.3 

1204 118 

A Com Sludge 7.4 0 6.12 0.153 Hines/yet sf, 1982. 
432 32.9 1978. 
no 79.3 

1204 192 

A Com/Leaf Sludge 7.4 0 14.8 0.201 Hinesly et al, 1982. 
1979. 

200 75 
390 73 

· 606 139 

A Com Sludge 7.4 0 . 5.47 0.305 Hines/yet al, 1982. 
200 36.5 1979. 
390 93.2 
606 190 

A Com/Leaf Sludge 7.4 0 13.7 0.217 Hlnes/y et al, 1982. 
268 4~.2 1980. 
321 76 
537 130 

A Com Sludge 7.4 0 10.4 0.245 Hines/yet al, 1982. 
268 51.7 1980. 
321 109 
537 204 
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TABLE C-57 (cont.) 

UPTAKE OF ZINC BY FORAGE (cont.) 

Study Chemical Application Tissue . Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Com Sludge 5.3-6.5 0 22 0.576 Dowdy & Larson, 1975. 
120 79 
241 186 
482 293 

A Com Sludge 5.9-6.0 0 21 0.028 Rappaport et al, 1987. 
124 18 Year 1 (1984). 
248 28 

A Com Sludge 5.9-6.0 0 14 0.157 Rappaport et al, 1987. 
124 50 Year 1 (1984). 
248 53 

A Com Sludge 5.9-6.0 0 14 0.069 Rappaport et al, 1987. 
124 27 Year 2 (1985). 
24(1 31 

A Com Sludge 5.9-6.0 0 10 0.141 Rappaport et al, 1987. 
124 37 Year 2 (1985). 
248 45 

A Com Sludge 5.7 0 28 0.099 Hemphill et al, 1982. 
81 36 Portland sludge. 

A Com Sludge 5.7 0 28 0.029 Hemphill et al, 1982. 
35 29 Rockcreek sludge. 

A Com Sludge 5.7 0 28 0.001 Hemphill et al, 1982. 
30 25 Salem sludge. 

A Ryegrass Liquid sludge 6.5 232 25 0.264 Carlton Smith, 1988. 
395 68 Means of 5 years used. 

Sandy loam. 

A Ryegrass Bed-dried 6.5 232 24 0.091 Carlton Smith, 1988. 
Sludge 606 58 Means of 4 years used. 

Sandy loam. 

A Ryegrass Liquid sludge 6.7 276 29 0.188 Carlton Smith, 1988. 
494 70 Means of 5 years used. 

Clay. 

A Ryegrass Bed-dried 6.7 276 28 0.073 Carlton Smith, 1988. 
Sludge 702 59_ Means of 4 years used. 

Clay. 

A Ryegrass Liquid sludge 8.0 138 35 0.123 Carlton Smith, 1988. 
292 54 Means of 5 years used. 

Calcareous loam. 
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TABLE C-57 (cont.) 

UPTAKE OF ZINC BY FORAGE (cont.) 

Study 
Type 

(1) 

PlanU 

Tissue 

Chemical 
Form 

Applied 
Sol 
pH 

Application 
Rates 

(kg/ha) 

Tissue 
Concentration 

(pg/g DW) 

Uptake 
Slope 

(2) 
Reference/ 

Comments 

A Ryegrass Bed-dried 
Sludge 

8.0 138 
na 

34 
73 

0.061 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Barley/Leaf Sludge 6.2-6.4 0 
480 

18.6 
15.5 

0.001 Sommers et al, 1991. 
Ohio data used. 

• 
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TABLE C-58 

UPTAKE OF ZINC BY GARDEN FRUITS 

Study Chemical Application Tissue Uptake 

Type Plant/ Form Soll Rates Concentration Slope Reference/ 
(1) Tissue Applied pH (kg/ha) (J,lglg DW) (2) Comments 

A Squash/Fruit Sludge 5.1-6.0 0 19 0.005 Giord.an<J et al, 1979. 
403 21 Year 1 (1975). 

A Pepper/Fruit Sludge 5.1-6.0 0 36 0.022 Giordano et al, 1979. 
403 45 Year 1 (1975). 

A Broccoli/Fruit Sludge 4.7-6.2 0 87 0.030 Giordano et al, 1979. 
403 99 Year 2 (1976). 

A Eggplant/Fruit Sludge 4.7-6.2 0 15 0.017 Giordano et al, 1979. 
403 22 Year 2 (1976). 

A Tomato/Fruit Sludge 4.7-6.2 0 26 0.035 Giorda!IO et al, 1979. 
403 40 Year 2 (1976). 

A Cantaloupe/ Sludge 4.6-6.7 0 18 0.017 Giordano et al, 1979. 
Fruit 403 25 Year 3 (19n). 

A Pepper/Fruit Sludge 4.6-6.7 0 29 0.010 Glordano et al, 1979. 
403 33 Year 3 (19n). 

A Pea/Grain Sludge 5.3-6-.5 0 70 0.111 Dowdy & Larson, 
120 106 1975. 
241 105 
482 130 

A Tomato/Fruit Sludge 5.3-6.5 0 9 0.044 Dowdy & Larson, 
120 18 1975. 
241 22 
482 31 

A Pea/Pod Sludge 5.3-6.5 0 28 0.197 Dowdy & Larson, 
120 95 1975. 
241 106 
482 134 

A Tomato/Fruit Sludge 5.3-6.5 0 42 0.062 Keefereta/, 1986. 
81 59 Blue Plains sludge. 

162 52 Early fruiting. 

A Tomato/Fruit Sludge 5.3-6.5 0 38 0.056 Keefer et al, 1986. 
81 51 Blue Plains sludge. 

162 47 Late fruiting. 

A Tomato/Fruit Sludge 5.3-6.5 0 42 0.048 Keefer et al, 1986. 
238 60 Huntington sludge. 
476 65 Early fruiting. 
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TABLE C-58 (cont.) 

UPTAKE OF ZINC BY GARDEN FRUITS (cont.) 

Study Chemical Application Tissue Uptake -Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (1,1gfg DW) (2) Comments 

A Tomato/Fruit Sllldge 5.3-6.5 0 38 0.048 Keefer et al, 1986. 
238 48 Huntington sludge. 
476 46 Late fruiting. 

0 42 
A Tomato/Fruit Sludge 5.3-6.5 176 44 0.004 Keefer et al, 1986. 

352 46 Martinsburg sludge. 
Early fruiting. 

0 38 
A Tomato/Fruit Sludge 5.3-6.5 176 47 0.026 Keefer et al, 1986. 

352 47 Martinsburg sludge. 
Late fruiting. 

0 42 
A Tomato/Fruit Sludge 5.3-6.5 63 52 0.127 Keefer et al, 1986. 

126 58 Parkersburg sludge. 
Early fruiting. 

0 38 
A Tomato/Fruit Sludge 5.3-6.5 63 48 0.063 Keefer et al, 1986. 

126 46 Parkersburg sludge. 
Late fruiting. 

0 26 
A Celery Sludge 7.3 36 45 0.001 Peterson et al, 1989. 

71 31 
143 31 

0 31 
A Tomato/Fruit Sludge 7.3 36 30 0.001 Peterson et al, 1989. 

71 31 
143 28 

0 36 
A Tomato/Fruit Sludge N.R. 66 38 0.020 Lue-Hing et al, 1984. 

132 38 1977 data used. 
265 43 Nu-Earth. 
331 42 
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TABLE C-59 

UPTAKE OF ZINC BY GRAINS/CEREALS 

Study Chemical Appllcatlon Tissue Uptake 

Type Plant/ Form Soll Rates · Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (llg/g DW) (2) Comments 

A Com/Grain Sludge 7.4 0 19.5 0.015 Hinesly et al, 1982. 
432 26.3 1978. 
no· 31.2 

1204 38· 

A Com/Grain Sludge 7.4 0 12.8 0.026 Hines/yet al, 1982. 
200 21 1979. 
390 31.2 
606 27.1 

A Com/Grain Sludge 7.4 0 15.4 0.041 Hinesly et al, 1982. 
268 23.5 1980. 
321 29.4 
537 37.4 

A Com/Grain Sludge 5.3-6.5 D 41 0.049 Dowdy & Larson, 
120 47 1975. 
241 48 
482 65 

A Com/Grain Sludge 5.9-6.0 0 30 0.024 Rappaport et al, 
124 40 1987. 
248 36 Year 1 (1984). 

A Com/Grain Sludge 5.9-6.0 0 17 0.036 Rappaport et al, 
124 28 1987. 
248 26 Year 2 (1985). 

A Wheat/Grain Liquid sludge 6.5 232 29 0.184 Carlton Smith, 1988. 
395 59 Means of 5 years 

used. Sandy loam. 

A Wheat/Grain · Bed-dried 6.5 232 30 0.86 Carlton Smith, 1988. 
Sludge 606 62 Means of 4 years · 

used. Sandy loam. 

A WheEt/Grain Liquid sludge 6.7 276 32 0.101 Carlton Smith, 1988. 
494 54 Means of 5 years 

used. Clay. 

A Wheat/Grain Bed-dried 6.7 276 31 0.056 Carlton Smith, 1988. 
Sludge 702 55 Means of 4 years 

used. Clay. 

A Wheat/Grain Liquid sludge 8.0 138 38 0.071 Carlton Smith, 1988. 
292 49 Mea'!s of 5 years 

u:;ed. 
Calcareous loam. 
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TABLE C-59 (cont.) 

j, 

UPTAKE OF ZINC BY GRAINS/CEREALS (cont.) 

!Study 
Type 

(1) 

Plant/ 
Tissue 

· Chemical 
Form 

Applied 
Soll 
pH 

Application 
Rates 

(kglha) 

Tissue 
Concentration 

(1,1g/g OW} 

Uptake 
Slope 

(2) 

Reference/ 
Comments 

A Wheat/Grain Bed-dried 
Sludge 

8.0 138 
n6 

40 
61 

0.033 Carlton Smith, 1988. 
Means of 4 years 

used. 
Calcareous loam. 

A Barley/Grain Sludge 6.2-6.4 0 
480 

19.9 
0.008 

0.008. Sommers et al, 1991. 
Ohio data used. 
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TABLE C-60 

UPTAKE OF ZINC BY LEAFY VEGETABLES 

Study 
Type 

(1) 

Plant/ 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Appllcatlon 
Rates 

(kg/ha) 

Tissue 
Concentration 

(IJgfg DW) 

. Uptake 

Slope 
(2) 

Reference/ 

Cqmments 

A Lettuce Heat-Treated 
Sludge 

5.3-5.4 0 
297 

76 
225 

0.502 Chaney et al .• 1982 
Romaine Lettuce 

A Lettuce Heat-Treated 
Sludge 

6.2 0 
297 

39 
67 

0.094 Chaney et al., 1982 
Romaine Lettuce 

A Lettuce Nu-Earth 5.3-5.6 0 
414 

76 
242 

0.401 Chaney et al .• 1982 
Romaine Lettuce 

A Lettuce Nu-Earth 6.2-6.6 0 
414 

39 
74 

0.085 Chaney t?t al., 1982 
Romaine Lettuce 

A Swiss Chard Heat-Treated 
Sludge 

5.7 0 
297 

97 
420 

1.088 Chaney et al., 1982 

A Swiss Chard Heat-Treated 
Sludge 

6.7-6.8 0 
297 

38 
115 

0.259 Chaney et al., 1982 

A Swiss Chard Nu-Earth 5.7 0 
414 

97 
420 

0.78 Chaney et al., 1982 

A Swiss Chard Nu-Earth 6.7-6.8 0 
414 

38 
115 

0.186 Chaney et al .• 1982 

A Collard Greens Heat-Treated 
Sludge 

5.5-5.6 0 
297 

47 
170 

0.414 Chaney et al., 1982 

A Collard Greens Heat-Treated 
Sludge 

6.3-6.4 0 
297 

37 
74 

0.125 Chaney et al., 1982 

A Collard Greens Nu-Earth 5.5-6.3 0 
414 

47 
88 

0.099 Chaney et al., 1982 

A Collard Greens Nu-Earth 6.4-6.8 0 
414 

37 
75 

0.092 Chaney et al., 1982 

A Lettuce Sludge 6.0 0 
305.8 

47 
419 

1.216 Chaney et al., 1978 
Romaine lettuce 

A Lettuce Sludge 6.0 0 
301.3 

47 
307 

0.863 Chaney et al., 1978 
Romaine Lettuce 

A Lettuce Sludge 6.0 0 
208.3 

47 
75 

0.134 Chaney et Bl., 1978 
Romaine Lettuce 

A Lettuce Sludge 6.0 0 
79.5 

47 
187 

1.761 Chaney et al., 1978 
Romaine Lettuce 
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TABLE C-60 (cont.) 

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.) 

Study 
Typo 

(1) 

Plant! 
Tissue 

Chemical 
Form 

Applied 
Soll 
pH 

Application 

Rates 

(kg/ha) 

Tissue 
Concentration 

(IJG/g DW) 

Uptake 

Slope 
(2) 

Reference/ 

Comments 

A Lettuce Sludge 6.0 0 
72.2 

47 
209 

2.244 Chaney et al., 1978 
Romaine Lettuce 

A Lettuce Sludge 5.1-6.0 0 
403 

54 
131 

0.191 Giordano et al, 1979. 
Year 1 (1975). 

Great Lakes lettuce. 

A Lettuce Sludge 4.7-6.2 0 
403 

48 
74 

0.065 Giordano et al, 1979. 
Year 2 (1976). 

Great Lakes lettuce. 

A Lettuce Sludge 4.6-6.7 0 
403 

46 
103 

0.141 Giordano et al, 1979. 
Year 3 (1977). 

Bibb lettuce. 

A Lettuce Sludge 4.6-6.7 0 
403 

35 
53 

0.045 Glordano et al, 1fii9. 
Year 3 (1977). 

Romaine lettuce. 

A Lettuce Sludge 4.6-6.7 0 
403 

29 
116 

0.216 Giordano et al, 1979. 
Year 3 (1977). 

Boston lettuce. 

A Cabbage Sludge 4.6-6.7 0 
403 

48 
59 

0.027 Giordano et al, 1979. 
Year 3 (1977). 

A Lettuce Sludge 5.3-6.5 0 
120 
241 
482 

21 
94 

155 
225 

0.415 Dowdy & Larson, 
1975 

A Cabbage Sludge 5.3-6.5 0 
81 

162 

27 
28 
26 

0.006 Keefer et al, 1986. 
Blue Plains sludge. 

A Cabbage Sludge 5.3-6.5 0 
238 
476 

27 
26 
26 

0.001 Keefer et al, 1986. 
Huntington sludge. 

A Cabbage Sludge 5.3-6.5 0 
176 
352 

27 
35 
33 

0.017 Keefer et al, 1986. 
Martinsturg sludge. 

A Cabbage Sludge 5.3-6.5 0 
63 

126 

27 
41 
51 

0.19 Keefer et al, 1986. 
Parkersburg sludge. 
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TABLE C-60 (cont.) 

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.) 

Study 
Type 

(1) 

Plant/ 

Tissue 

Chemical 

Form 

Applied 
Soll 

pH 

Application 

Rates 
(kglha) 

Tissue 
Concentration 

(IJg/g DW) 

Uptake 

Slope 

(2) 

Reference/ 
Comments 

A Turnip/Greens Sludge 5.2-5.8 0 
170 
340 

83 
346 
421 

0.994 Miller & Boswell, 
1979. 

A Cabbage Sludge 7.3 0 
36 
71 

143 

30 
33 
32 
32 

0.009 Peterson et al, 1989. 

A Lettuce Sludge 7.3 0 
36 
71 

143 

85 
108 
85 
98 

0.039 Peterson et al, 1989. 

A Lettuce Liquid sludge 6.5 232 
395 

59 
103 

0.27 Csrlton Smith, 1988. 
Means of 5 years used. 

Sandy loam. 

A Lettuce Bed-dried 
Sludge 

6.5 232 
606 

57 
91 

0.091 Carlton Smith, 1988. 
Means of 4 years used. 

Sandy loam. 

A Lettuce Liquid sludge 6.7 276 
484 

80 
135 

0.252 Carlton Smith, 1988. 
Means of 5 years used. 

Clay. 

A Lettuce Bed-dried 
Sludge 

6.7 276 
702 

75 
106 

0.073 Carlton Smith, 1988. 
Means of 4 years used. 

Clay. 

A Lettuce Liquid sludge 8.0 138 
292 

64 
74 

0.065 Carlton Smith, 1988. 
Means of 5 years used. 

Calcareous loam. 

A Lettuce Bed-dried 
Sludge 

8.0 138 
n6 

67 
80 

0.02 Carlton Smith, 1988. 
Means of4 years used. 

Calcareous loam. 

A Cabbage Liquid sludge 6.5 232 
395 

395 
36 

0.067 Carlton Smith, 1988. 
Means of 5 years used. 

. Sandy loam. 

A Cabbage Bed-dried 
Sludge 

6.5 232 
606 

26 
38 

0.032 Carlton Smith, 1988. 
Means of 4 years used. 

Sandy loam. 
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TABLE C-60 (ci>nt.) 

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.) 

~tudy Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue AppUed pH (kg/ha) (pg/g DW) (2) Comments 

A Cabbage UqUid sludge 6.7 276 23 0.083 Carlton Smith, 1988. 
494 41 Means of 5 years used. 

Clay. 

A Cabbage Bed-dried 6.7 276 21 0.04 Carlton Smith, 1988. 
Sludge 702 38 Means of 4 years used. 

Clay. 

A Cabbage Liquid sludge 8.0 138 2 0.045 Carlton Smith, 1988. 
292 32 Means of 5 years used. 

Calcareous loam. 

A Cabbage Bed-dried 8.0 138 25 0.036 Carlton Smith, 1988. 
Sludge n6 

• 
48 Means of 4 years used . 

Calcareous loam. 

A Spinach Sludge N.R.(3) 0 166 0.487 Lue-Hing et al, 1984. 
66 310 1977 data used. 

132 523 Nu-Earth. 
265 358 
331 365 

A SWiss Chard Sludge N.R. 0 78 0.283 Lue-Hing et al, 1984. 
66 148 1977 data used. 

132 234 Nu-Earth. 
265 141 
331 225 
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TABLE C-61 

UPTAKE OF ZINC BY LEGUMES 

Study Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates · Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Bean/Pod Sludge 5.1-6.0 0 31 0.05 Giordano et al, 1979. 
403 51 Year 1 (1975). 

A Bean/Grain Sludge 5.1-6.0 0 54· 0.022 Giordano et al, 1979. 
403 73 Year 1 (1975). 

A Green Bean/ Sludge 5.3-6.5 0 39 0.001 Keefer et al, 1986. 
Grain 81 35 Blue Plains sludge. 

162 38 

A Green Bean/ Sludge 5.3-6.5 0 39 0.017 Keefer et al, 1986. 
Grain 476 47 

238 35 

A Green Bean/ 
Grain 

Sludge 5.3-6.5 0 11, 39 
42 

0.014. Keefer et al, 1986. 
Martinsburg sludge. 

352 44 

A Green Bean/ Sludge 5.3-6.5 0 39 0.024 Keefer et al, 1986. 
Grain 63 42 Parkersburg sludge. 

126 42 

A Green Bean/ Sludge 7.3 0 38 0.018 Peterson et al, 1989. 
Grain 36 52 

71 49 
143 44 

A Green Bean/ Sludge N.R. 0 34 0.006 Lue-Hing et al, 1984. 
Pod & Seed 66 36 1977 data used. 

132 38 Nu-Earth. 
265 36 
3.31 37 

A Soybean/ Limed digested 7.3-7.5 70.6 39.5 0.02 Chaney et al, 1977. 
Grain sludge 107.4 43.5 For control used ca~ 

87.2 43.1 careous soil data. 
132.4 40.4 Chaney's values are 
179.2 43.9 means of 3 reps. 
225.2 44.1 

A Soybean/ Limed raw 7.3-7.7 70.6 39.5 0.027 Chaney et al, 1977. 
Grain sludge 95.8 42.3 For control used cal-

95 42.2 careous soil data. 
151.8 42.4 Chaney's values are 

means of 3 reps. 
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TABLE C-61 (cont.) 

UPTAKE OF ZINC BY LEGUMES (cont.) 

Study Chemical Appllcatlon Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (l,lg/g OW) (2) Comments 

A Soybean/ Raw sludge 6.6-7.3 70.6 39.5 0.026 Chaney et al, 1977. 
Grain compost 101.4 44.8 For control used cal-

125.4 44.1 careous soil data. 
196.4 47.5 Chaney's values are 
318.8 45.9 means of 3 reps. 
525.6 54.5 

A Soybean/ Heat treated 5.9-6.0 75.2 44 0.055 Chaney et st, 1977. 
Grain sludge 150.2 48.5 Chaney's values are 

High pH 170.4 52 means of 3 reps. 
298.4 56.5 

A Soybean/ Heat treated 5.3-5.6 78.2 44.8 0.032 Chaney et el, 1977. 
Grain sludge 144.6 57 Chaney's values are 

LowpH 1.76 51.6 means of 3 reps. 
325 55.3 
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TABLE C-62 

UPTAKE OF ZINC BY POTATOES 

Study Chemical Appllcatlon Tissue · Uptake 

Type Plant/ Form Soll Rates concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments 

A Potato/Tuber Sludge 4.7-6.2 0 16 0.007 Giordano et at, 1979. 
403 19 Year2 (1976). 

A Potato/Tuber Sludge 5.3-6.5 0 24 0.061 Dowdy & Larson, 
120 31 1975. 
241 41 
482 53 

A Potato/Tuber Liquid sludge 6.5 232 13 0.018 Carlton Smith, 1988. 
395 16 Means of 5 years used. 

Sandy loam. 

A Potato/Tuber Bed-dried 6.5 232 13 0.008 Carlton Smith, 1988. 
Sludge 606 16 Means of 4 years used. 

• 
Sandy loam . 

A Potato!Tuber Liquid sludge 6.7 276 15 0.014 Carlton Smith, 1988. 
494 18 Means of 5 years used. 

Clay. 

A Potato/Tuber Bed-dried 6.7 276 15 0.005 Carlton Smith, 1988. 
Sludge 702 17 Means of 4 years used. 

Clay. 

A Potato/Tuber Liquid sludge 8.0 138 7 0.013. Carlton Smith, 1988. 
292 9 Means of 5 years used. 

Calcareous loam. 

A Potato!Tuber Bed-dried 8.0 138 8 0.006 Carlton Smith, 1988. 
Sludge 776 12 Means of 4 years used. 

Calcareous loam. 

C Potato/Tuber Organic, metal 6.6 3622 36.2 0.01 Harris et at, 1978. 
contaminated soil Vanessa-potato type. 

C Potato!Tuber Organic, metal 6.6 3622 48 0.013 Harris et at, 1978. 
contaminated soil Pentland Javelin-

-potato type. 

C Potato!Tuber Organic, metal 6.6 3622 55.2 0.015 Harris et at, 1978. 
contaminated soil Home Guard-

-potato type. 

C Potato/Tuber Organic, metal 6.6 3622 52.7 0.015 Harris et at, 1978. 
contaminated soil Desiree-potato type. 

C Potato/Tuber Organic, metal 6.6 3622 36.2 0.010 Harris et at, 1978. 
contaminated soil King Edward-potato type. 

C Potato/Tuber Organic, metal 6.6 3622. 43.7 0.012 Harris et at, 1978. 
contaminated soil Majestic-potato type. 
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TABLE C-63 

UPTAKE OF ZINC BY ROOTS 

Study Chemical Application Tissue Uptake 
Type PlanU Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applied pH (kg/ha) (Jllllg DW) (2) Comments 

A Carrot/Tuber Sludge 4.6-6.7 0 29 0.001 Giordano et al, 1979. 
403 30 Year3(19n). 

A Carrot/Tuber Sludge 5.3-6.5 0 23 0.164 Dowdy & Larson, 1975. 
120 53 
241 72 
482 104 

A Radish/Tuber Sludge 5.3-6.5 0 37 0.131 Dowdy & Larson, 1975. 
120 40 
241 50 
482 98 

A Radish/Tuber Sludge 5.3-6.5 0 42 0.006 Keefer et al, 1986. 
81 • 162 

43 
43 

Blue Plains sludge. 

A Carrot/Tuber Sludge 5.3-6.5 0 99 0.025 Keefer et el, 1986. 
81 232 Blue Plains sludge. 

162 103 

A Radish/Tuber Sludge 5.3-6.5 0 42 0.08 Keefer et al, 1986. 
238 52 Huntington sludge. 
476 42 

A Carrot/Tuber Sludge 5.3-6.5 0 99 0.001 Keefer et al, 1986. 
238 67 Huntington sludge. 
476 51 

A Radish/Tuber Sludge 5.3-6.5 0 42 0.054 Keefer et al, 1986. 
176 52 Martinsburg sludge. 
352 61 

A Carrot/Tuber Sludge 5.3-6.5 0 99 0.004 Keefer et al, 1986. 
176 84 Martinsburg sludge. 
352 83 

A Radish/Tuber Sludge 5.3-6.5 0 42 0.206 Keefer et al, 1986. 
63 

126 
65 
68 

Parkersburg sludge. 

A Carrot/Tuber Sludge 5.3-6.5 0 99 0.001 Keefer et al, 1986. 
63 66 Parkersburg sludge. 

126 60 

A Onion/Bulb Sludge 7.3 0 
36 

35 
31 

0.001 Peterson et al 1989. 
1 

71 29 
143 31 
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TABLE C-63 (cont.) 

UPTAKE OF ZINC BY ROOTS . (cont.) 

Study 
Type 

(1) 

Plant/ 

Tissue 

Chemlcal 

Form 

Applied 
Soll 
pH 

Application 

Rates 
(kg/ha) 

Tissue 

Concentration 
(pg/g DW) 

Uptake 
Slope 

(2) 

Reference/ 
Comments 

A 

A 

Red Beet/Tuber Liquid sludge 

Red Beet/Tuber Bed-dried 
Sludge 

6.5 

6.5 

232 
395 

232 
606 

27 
57 

25 
43 

0.184 

0.048 

Carlton Smith, 1988. 
Means ·or 5 years used. 

Sandy loam. 
Carlton Smith, 1988. 

Means of 4 years used. 
Sandy loam. 

A Red Beet/Tuber Liquid sludge 6.7 276 
494 

31 
73 

0.193 Carlton Smith, 1988. 
Means of 5 years used. 

Clay. 

A Red Beet/Tuber Bed-dried 
Sludge 

6.7 276 
702 

30 
53 

0.054 Carlton Smith, 1988. 
Means of 4 years used. 

Clay. 

A Red Beet/Tuber Liquid sludge 8.0 13.8 
292 

26 
32 

0.039 Carlton Smith, 1988. 
Means of 5 years us:.-d. 

Calcareous loam. 

A Red Beet/Tuber Bed-dried 
Sludge 

8.0 138 
n6 

25 
32 

0.009 Carlton Smith, 1988. 
Means of 4 years used. 

Calcareous loam. 

A Beet/Tuber Sludge N.R. 0 
66 

132 
265 
331 

29 
37 
44 
51 
60 

0.087 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 

A Carrot/Tuber Sludge N.R. 0 
66 

132 
265 
331 

26 
21 · 
27 
29 
30 

0.019 Lue-Hing et al, 1984. 
1977 data used. 

Nu-Earth. 
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TABLE C-4i4 

UPTAKE OF ZINC BY SWEET CORN 

Sb.Jdy Chemical Application Tissue Uptake 
Type Plant/ Form Soll Rates Concentration Slope Reference/ 

(1) Tissue Applled pH (kg/ha) (pg/g DW) (2) Comments 

A Sweet Com/ Sludge 5.1-6.0 0 25 0.037 Giordano et al, 1979. 
Grain 403 40 Year 1 (1975). 

A SWeetCom/ Sludge 5.3-6.5 0 24 0.019 Keefer et al, 1986. 
Grain 81 26 Blue Plains sludge. 

162 27 

A Sweet Com/ Sludge 5.3-6.5 0 24 0.001 Keefer et al, 1986. 
Grain 238 25 Huntington sludge. 

476 24 

A SWeetCom/ Sludge 5.3-6.5 0 24 0.02 Keefer et al, 1986. 
Grain 176 29 Martinsburg sludge. 

352 31 

A Sweet Com/ Sludge 5.3-6.5 • 0 24 0.095 Keefer et al, 1986. 
Grain 63 30 Parkersburg sludge. 

126 35 

A SWeetCom/ · Sludge 5.7 0 40 0.062 Hemphill et al, 1982. 
Grain 81 45 Portland sludge. 

A SWeetCom/ Sludge 5.7 0 40 0.001 Hemphill et al, 1982. 
Grain 35 40 Rockcreek sludge. 

A Sweet Com/ Sludge 5.7 0 40 0.001 Hemphill et al, 1982. 
Grain 30 39 Salem sludge. 
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TABLED-1 UPTAKI: OF CADMtllM SY ANIMALS 

~ 

'-"" 
~ 
11Alltity 
CIIIIINYI 

, ... 
11..ity 

lill l>Wffffl 
..... ,.,., 
~ _... 

(%) 

Tllsllt 
c-. 

""'DWI 

u,.... 
llo,e 

UMII 

"' 
,..... 
rtftrtllCft 

8 Kidney 8 Sludge amtnded diet 077 031 77.02 1~13 0.538 eo-,.r et II , 198 I (p 29e) h 
12.3 20 77.02 8703220111 

8 Kidney ~ Sludge amtnded diet 114 1.111 1.m Johnlonetal., 1981 (p,112) h 
,J.8 14.55 

Cattlt 12 Kidney 4 
4 

(lJ 2 
152 

18 
18 

0.1111 
8.44« 

270 
2250 

411 
119() 

77.02 
77.02 

1174113473 
111111.122n 

1033.943 Vrlman 1111., 1&ee h,l,m 

Cattle 8 Kidney 2 
2 

Ill 2 
32 

20 
20 

0.1 
1.8 

300 
8080 

130 
700 

77.02 
77.02 

23108 
4e8281.8 

2967113.733 V11111111 IIII., 11188 h,l,n 

II Kidney 2 Hlrborlludge 2 20 0,1 300 130 77.02 23106 280489.2111 V11111&n Ital. 1988 h,n 
1 10 21 0.4782 1670 77.02 128623,4 

II Kidney 2 s.v..g.s1uc1go 2 20 0,1 300 130 77.02 23108 53914.000 Vrtm111 II II., 1988 h,n 
2 6 21 0.2857 430 70 77.02 33118,8 

8 Muscle 8 Sludge emended dial 0.77 0.02 70.62 0.06807352 0.003 eo-,.r1t1L, 1981 (p.296) h 
12.3 0.03 . 70.62 0.10211028 

t, 
I 

\>l 

8 Muscle 3 Sludge ■ motndld diet 0.14 
10.8 

0.01 
0.03 

0.002 John■on 1111., 111111 (p.112) h 

12 MUICle 12 
12 

111 2 
152 

111 0.1111 .. . """" ......... '" 
5 . .. 70.62 

70.82 
17.01113799 
13.6147038 

0.001 Vrem■ n II IL, 111911 h,1,m 

8 Muscle 2 111 2 20 0.1 2 0 70.62 11.80735194 11.3411 Vrlmlnllll., 1988 h,1,n 
2 32 20 1.8 7 1 70.62 23.11257318 

8 Muscle 2 Hl!bor sludge 2 20 0.1 2 0 70.62 8.80735194 111.095 Vrem■ n II II., 1988 h,n 
1 10 21 0.4762 4 70.62 13.8147039 

Cattlt II MUICle 2 SIMgesludge 2 20 0.1 2 0 70.62 8.80735194 18.327 Vraman II II., 1988 h,n 
2 6 21 0.2857 3 1 70.62 10.2110279 

Clllle 8 liYlr 8 Sludge emended diet 0.77 0.08 88.98 0.2579813 0.397 eo-,.r1111., 1981 (p.286) 2 h 
12.3 1.5 88.99 4.83714931 

Clllle 8 liYlr 8 Sludge emended diet 0.14 0.111 0.452 JohlllOII 1111., 19111 {p.112) 2 h 
10.8 4.92 

12 llwr 4 111 2 111 0.1111 85 14 68.99 209.eo9803 454.892 Vremln II II., 1988 2 h,l,m 
4 152 18 8.44« 1240 200 88.99 39911.71009 

II liYlr 2 111 2 20 0.1 60 20 68.99 193.4859n 3095.778 Vr11111n II II., 1988 2 Mn 
2 32 20 1.8 1500 180 68.99 4837.14931 

8 llwr 2 Harbor sludge 2 20 0.1 60 20 68.99 193.4859n 857.218 V1911111111 IL, 1988 2 h,n 
1 10 21 0.4762 160 68.99 515.962593 

8 llwr 2 5-gesludge 2 20 0.1 60 20 68.99 193.4859n 894.565 Vl'lfflln etll., 1988 2 h,n 



TABLE D-1 UPTAKE OF CADMIUM BY ANIMALS (conl) 

--1 .. 
N 

!al 

Ttnue•...., -N 

lbl 

Chemlcal 
l'orm Ped 

Pollutant 
quantity 
(mg/day) 

l'Nd 
quantity 

(Ilg DW/day) 

l'Nd 
Cone. 
11111111 

lcl 

Tlnue Conctn1nlllcNI 

,~~~WN)lr:,-
percent 

mofltuN 
1%1 

Tlnue 
Cone. 

111911 DWI 
m 

Uplala 
Slope 

m 

Rthl'lllce UNd 
In 

l1CI 

l'ootnolle ...,._ 

2 8 21 0.2857 100 30 68.99 322.47682 

Cattle 12 Milk 12 111 2 18 0.1111 0.26 87.30 2.0.724409 0.123 VNmenetal., 1986 6 h,l,m 
12 152 18 8.-4444 0.39 87.30 3.07086614 

Cattle 8 Milk 4 111 2 20 0.1 0.15 87.30 1.18110236 0.282 Vreman et al., 1986 8 h,l,n 
4 32 20 1.8 0.20 87.30 1.57.ao315 

Cattle 8 Milk 4 Hllbor sludge 2 20 0.1 0.15 87.30 1.18110236 0.001 Vntman et al., 1986 8 h,n 
2 10 21 0.4782 0.10 87.30 0.787.a157 

c■ttte 8 Milk 4 SMagelludge 2 20 0.1 0.15 87.30 1.18110236 2.120 Vreman etal., 1988 8 h,n 
4 8 21 0.2857 0.20 87.30 1.57.a0315 

Sheep 5 Kidney Sludg, grown com silage 0.05 5.4 7.939 Heffron et al., 1980 (p.80) 3 h,o 
9 1.7 18.5 

Sheep 5 Bone Sludge grown com sllage 0.05 0.01 0.008 Hafflon et al., 1980 (p.80) h,o 
9 1.7 0.02 

Sheep 5 Llwr Sludge grown com lllage 0.05 1.2 2.788 Hlfflon II al., 1980 (p.80) 3 h,o 
9 1.7 - 5.8 

Sheep 5 Musel■ Sludge grown com 1111g, 0.05 0.005 0.003 Hafflon et.,., 1980 (p.80) 3 h,o 
9 1.7 0.01 

Pig 10 Uver CdCl(2) 0.23 0.07 71.08 0.24187975 8.318 8h■nn■ et II., 1979 4 I 
2.41 0.4 71.08 1.38217001 

10.12 17 71.08 58.7422253 

SWlne 12 Llwr CdCt(2) 0.38 
78.8 

0 
12.98 

71.08 
71.08 

0 
... asms1 

0.573 o.un■ et al., 1981 (p.1545) 
Ellperlment 1 

4 e,g 

Swine 12 Liver Sludge amended diet 0.12 0 71.08 0 0.074 Olunl_etat, 1981 (p.1_545) 4 e,g 
147.3 3.15 71.08 10.8845888 . Ellperlment 1 

Pig ~R Kidney CdCt(2) 0.23 0.2 74.73 0.58358924 18.6159 Sharmletal., 1979 4 I 
2.41 10.97 74.73 43.4111595 

10.12 42.30 74.73 187.392185 

~na 12 Kidney CdCl(2) 0.38 0 80.08 0 3.971 Olunaet ■l., 1981 (p,1545) 4 e,g 
78.8 81.95 80.08 310.682048 Ellperlment 1 

Swine 12 Kidney Sludge amlndid diet 0.12 o·. 80.08 0 0.800 Osunut ■l., 1981 (p.1545) 4 e,g 
147.3 '3.49 80.08 117.80341 Ellperlment 1 

Swine 12 Muscle CdCl(2) 0.38 0 71.95 0 0.001 Olunaet ■ I., 1981 (p.1545) 4 e,g 
78.8 0 71.95 0 Ellperlment 1 

Swine 12 Muscle Sludge amended diet 0.12 0 71.95 .o 0.001 Osuna 1111., 1981 (p.1545) 4 e,g 
147.3 0 71.95 0 Ellpartment 1 

Chicken 8 Kidney CdS0(4).8H(2)0 0.18 0.39 5.052 Le■cll et al., 1979 5 g 



TABLE D-1 UPTAKE OF CADMIUM BY ANIMALS (cont.) 

.__ 
H 

I'll 

TmN---
H 

lbl 

~ ,_ .... P'Ollvllllt 
~ 
(MFH'I) 

!'Md 
~ 

(Jctll'MNy) 

,... lk-~ 
c-. 
blt'IJ !Hltld1WW1 

!cl 

,-eNt ,... ....... 
(#,) (%) 

Tkwl 
c-. 

IIIIIIDWJ 

"' 

u,.... 
lie,-

Ill 

IWlntlct UtH 
Ill 

llct 

...... 
~ 

318 
12.18 
41.ta 

977 
<19.99 

231107 

Elq)e!lment1 

Chlcktn 5 Kidney CdS0(4) aH(2)0 007 
3.07 

12.07 
~07 

85 
30.8 
92.8 

385.11 

7.4e0 l.Nch ltll., 1979 
Experiment 2 

5 g 

K:hlcktn 12-15 Kidney CdS0(4).8H(2)0 0.22 
3.22 

12.22 
48.22 

17.1 
273.11 
708.3 
540.7 

7.523 IMc:h ltll., 11179 
Experiment 3 

5 g 

Chicken 8 l.lYlr CdS0(4),8H(2)0 0.18 
3.18 

12.18 
48.18 

0.23 
4.75 

15.13 
87.19 

1.837 LNCl1 It II., 1979 
Exptrimlnt 1 

5 g 

<::hlcken 5 l.lYlr CdS0(4).8H(2)0 0.07 
3.07 

12.07 
48.07 

.. 
1.8 

9 
26.5 
91.8 

1.858 IMc:h Ital, 1979 
Experiment 2 

5 g 

Chicken 12-15 l.lYlr CdS0(4).8H(2)0 0.22 
3.22 

12.22 
48.22 

2.99 
33.47 
41.!l 

203.54 

4.051 l.Nch It .... 1979 
Experimlnt3 

5 g 

Chicken MUICII CdC1(2) 0.32 
1.88 

13.08 

0.063 
0.140 
0.263 

75.48 
75.48 
75.48 

0.25672372 
0.57049715 
1.07171984 

0.057 Shlrmaetll., 1979 5 I 

Chicken 8 MUICII' 9<1S0(4).8H{2)0 0.18 
3.18 

12.18 
48.18 

0.07 
0.15 
0.26 
0.75 

0.014 l.Nch etll.. 1979 
E,cpertment1 

5 g 

ChlcQn 12-15 Muscle CdS0(4).8H(2)0 0.22 
3.22 

12.22 
48.22 

0.12 
0.57 
1.88 
8.48 

0.132 l.Nch ltll., 1979 
Experiment 3 

5 g 

Chicken Eggslyolk CdC1(2) 0.32 
1.88 

13,08 

0.13 
0.14 
0.15 

51.10 
51.10 
51.10 

0.281584867 
0.28829857 
0.30874847 

0.003 Shinn& It ii., 1979 7 I 

Chicken 5 Egg CdS0(4).8H(?)O 0.07 
3.07 

12.07 
48.07 

0.05 
0.08 
0.07 
0.13 

0.001 Leech It al, 1979 
Elcperiment 2 

7 g 

!Chicken 12-15 Egg CdS0(4).8H(2)0 0.22 0.18 0.002 IMc:h et al., 1979 7 g 



TABLE D-1 UPTAKE OF CADMIUM BY ANIMALS (cont) 

,,_ ..... _ S-ln Cllemlclll l'ollutallt Peed Peed TlnueConcentn6on percent Tlnue Uptau Reftrtnct UNCI l'oatnote 
N l'om, P'td quantity quantity Cone. Cone. Slope Ill Nffflncts 

(mg/day) (leg OW/day) 1""91 1111111 DWI I :, '"~c11WW) I~ malnlR 

lbl lcl m m lk1 '"'' 
3.22 0.13 E'llpertment 3 

1222 0.14 
48.22 0.22 

Guinea Pig 4 Muscle lrJ 1.2 0.1 0.001 Furn! II., 1976b h,p 
3.3 0.07 

Guinea Pig 4 Muscle [r) 1.2 0.1 0.001 Furr et 11., 1976b h,q 
4.1 0.05 

Guin• Pig 4 liver [rJ 1.2 2.0 0.001 Furr et 1I., 1978b h,p 
3.3 1.8 

GulnN Pig 4 Liver [rJ 1.2 2.0 0.138 Furret ■l., 1978b h,q 
4.1 24 

Guinea Pig 4 Kidney [rJ 1.2 8.2 0.571 Furr et 11., 1976b h,p 
3.3 7.4 

Guinea Pig 4 Kidney [rJ 1.2 8.2 1.517 Furrllal., 1976b h,q 
4.1 10.8 -

Footnotes: 
a Number cf animals studied. 
b Number fl 11mplts analyzed. 
c Whcl9 po!lutant quantity and fNd quan111y are glwn, fNd COi ICel1lrl1lon a (poftutan1 qu■ n111y)/(feed quantity). 
d, If It II not 1pec:Hled If lillu. COIICllllration II Ml or dry weight, 1hen It II trend conserYltiwl)' II being reported IS Ml Might and thin CO!Mrting ID dry Might Rlflrtncld n l'oolnollt •. 
I Nol lpacfflld whether llnUI COIICll111'■1ic>11 ls wet or dry,wlghl. 
f Tluua COIICllltlatiOII lllhlr rep0llld n dry Might or-1ed from Ml ID dry Might Ullng: dry Might COIIClldrltlon • (Ml Might concamntion)/(1100- percent mofllul9)/100) 
g Feed e011c111tration wit Might. No COINMlon performtd because no fNd moisture dltl Mlable. Not COIMltlng mulls In COIIIIM1IYI output 
h Feed oon.:antrl1ion dry Might 
I Feed COIICllllration not 1pacthd. No c:onv■rllon plfformed. 
j Uplalce ■Iopa• (dry Might tiAU■ co110111lr1tion)/(f■cd COIIOll11rltion). Unlll 119 (1111-pollullnlfg-lluul OW)/(1111-pollut■ nt/g-dlet). DttlllffllllllDr unlll my bl rm, WW or uMPICfflad ,_ tbolnolN g,h, & I). 
k '\Jlld In" lndlcllll 1hat Iha lludy II Ulld for calcullting the followfng food group uplake lklpa: 1 bNt, 2 bNf llwr; 3 lamb; 4 p011c; 5 poullry; 8 dairy; 7 aggt. 
I Cows r■d IOlubla oompoundl cf fflllllc pen1oxlda, cadmium, 'lead, and marcury acetate. 
m Grazing-■ 
n Cows klJ,t Indoors 
o Dlll COlllil1ld cf 415 oom and 1/5 toybaan ffllli. No c:onc:en1rltion for cadmium In soybean ffllll glwn, lhlr■roi. usu mad 11ma II oom. 
p SoUpH8.5 
q SoUpH5.5 
r Gulnaa pigs fed lllenlum In 9Nfll chard grown In 1M11Q9 sludge. 

Note: parcant molllUre dltl from Uln'. 1983 



TABLE D-2. UPTAKE OF MERCURY BY AMMAlS 

C1MoMlcll 
t'«IIIIPM 

....... 
~ '"" ~ 

,_. 
e-. 

1lNN Cenc.n.-. ~ ,.... _..,. n-
c-. 

u,-. .. ""'- UIM ... ....... ,.,.,._ 
l~I (lit DWlday) Im) blftWW) (41-1 (Y.) tlllltDWJ 

8 Musc:11 Sludge 002 0.01 0.003978 Johnlonltll, 1981 t,3,.,5 h 
28 002 

12 MUICII 12 [I) 02 18 0.01111 3 7082 10211027V1 .C0.84-C112 Vrtman It II., 1119S 1,3,.,5 Mm 
12 1.7 18 0 004-C-4 4 70.82 13.81470388 

8 M1IICII 2 rn 0.2 20 0.01 2 0 70.82 8.80735194 0.001 Vl'9fflln It at, 1986 1,3.',5 h,1,n 
2 1.7 20 0.085 2 1 70.82 8.80735194 

Catlle 8 MIIICII 2 Harbor wdge 0.2 20 0.01 2 0 70.62 8,80735194 0.001 Vl'9fflln It II., 1988 1,3,4,5 h,n 
1 3.1 21 0.14782 70.82 3.40387587 

8 MUICle 2 8-gealudge 0.2 20 0.01 2 0 70.82 8.80735194 0.001 Vrtm1n It II., 1988 1,3,4,5 h,n 
2 1.2 21 0.05714 2 1 70.82 8.80735194 

8 Kidney Sludge 0.02 0.09 0.755814 Johnson It al., 1981 1,3,4,5 h 
28 204 

12 Kidney 4 IQ 0.2 18 0.01111 9 48" 17.02 :Jg.18440088 783.28882 Vrtm1n It II., 1988 1,3,4,5 h,l,m 
4 1.7 18 0.09444 24 eeo 17.02 104.4388423 

t1 
I 

-..J 8 Kidney 2 
2 

IQ 0.2 
1.7 

20 
20 

0.01 
0.085 

5 
79 

1 
7 

77.02 21.75805048 
11.02 343.mms 

4293.5888 V191111n It II., 1988 1,3,4,5 Mn 

8 Kidney 2 Harbor lludge 0.2 20 0.01 5 77.02 21.75805043 1422.9313 V191111natal., 1988 1,3,4,5 h,n 
1 3.1 21 0.14782 50 77.02 217.5805048 

8 Kidney 2 5-gesludge 0.2 20 0.01 5 77.02 21.75805048 2030.7514 V191111n It al., 1988 1,3,4,5 h,n 
2 1.2 21 0.05714 27 5 77.02 117.4934728 

s u- Sludge 0.02 0.01 0.1007752 Johnton It .... 1881 2,3,4,5 h 
28 0.27 

121.Mr 4 IQ 0.2 18 0.01111 7 88.99 22.57338343 118.09158 Vremanatll., 1988 2,3,4,5 h,1,m 
4 1.7 18 0.09444 10 2 88.99 3224788204 

8 I.Mr 2 IQ 0.2 20 0.01 3 88.99 9.874298813 988.9283 V191111n It II., 1988 2,3,4,5 h,l,n 
2 1.7 20 0.085 28 7 88.99 83.84392132 

8 LIYII' 2· Harbor sludge 0.2 20 0.01 3 88.99 9.874298813 257.75813 V191111nltll., 1988 2,3,4,5 h,n 
3.1 21 0.14782 14 88.99 45.14672688 

8 I.Mr 2 5-gelludge 0.2 20 0.01 3 88.99 9.874298813 410.42479 V191111n at al., 1986 2,3,4,5 h,n 
2 1.2 21 0.05714 9 3 88.99 29.02289584 
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TABLE D-2. UPTAKE OF MERCURY BY ANIMALS (cont.) 

......... Ttaue•-- Pollutant l'Nd percent Uptab UMd Clletnlcll l'Nd Ttnue Concentnllon Tis- lllfflnMe l'aatnotll ...,._ N l'onn l'ed quantity quantity Cone. moisture Cone. Slope In 
(mt/day) (kgDWldlYI 11111111 c,r.1 1119'11 DWJ L: IIIDl!cf]WW) I r;:r, m lbl le) m lie) 

cattle 12 Milk 12 (I] 0.2 18 0.01111 2.3 0.03 87.3 18.11023622 0.001 v'reman at 11., 1988 8,7 h,1,m 

12 1.7 18 0.09444 0.9 0.10 87.3 7.08661 .. 173 

cattle 8 MRk 4 IQ 0.2 20 0.01 0.5 87.3 3.937007874 10 ... 98688 Vreman et ■I., 1988 8,7 h,1,n 

4 1.7 20 0.085 0.8 0.1 87.3 4.72«09449 

Cltlle 8 MIik 4 Ha!bOr lhldge 0.2 20 0.01 0.5 87.3 3.937007874 108.71046 Vntm111 et al., 1986 8,7 h,n 
2 3.1 21 0.14782 2 ... 0 87.3 18.8976378 

4 5-galludge 0.2 20 0.01 0.5 87.3 3.937007874 133.81986 Vntm111 at ■I., 1986 8,7 h,n cattle. 8 MIik 
4 1.2 21 0.05714 1.3 0.5 87.3 10.23822047 

GulMaPig 4 Mutele (o) 1.0 0.64 7.7142857 Furretal., 1978b 3,4,5 h,o,p 
0.93 0.10 

GulMaPig 4 Muacle [o) 1.0 0.64 0.3913043 Furnt al., 1976b 3,4,5 h,o,q 

0.54 0.48 

.. 
GulMaPig 4 llVlr [o) 1.0 0.44 0.4285714 Furr It al., 1976b 3,4,5 h,o,p 

0.93 0.41 

K)UIMI Pig 4 llVlr [o) 1.0 0.44 0.1088957 Furretll., 1978b 3,4,5 h,o,q 
0.54 0.39 

GulnN Pig 4 Kidney (o) 1.0 0.10 0.001 Furr It ■I., 197111> 3,4,5 h,o,p 

0.93 0.27 

GulMI Pig 4 . Kidney !o) 1.0 0.10 0.001 Furr et II., 1978b 3,4,5 h,o,q 
0.54 0.20 

Foomotes: 
■ Number ti ■ nlmlll studied. 
b Number ti 11mplel analyzed. 
c Where pollullnt q111ntity and l'Md qu■nllty n glvwn, fNd conce111rltlon • (poftullnt quantity)l(l'Md quantity). . 
d II' 1111 notspecfflld lllllue COl-llr■lb, II Wl!or dlywelght, then It II lrNted oonservatMly as being repor1lld ■I Wl!Wllghtand then converting ID dry weight Rlfwenced ■lfoolnala •. 
• Not specllled whllller tillue cocicentrallon II wet or dry weight 
f Tlaue COl-llrllkll, ellhlr repo!t9d ■1 dry Might or COIMll■d from WI! ID dry weight using: dry weight coc-llrallo,1 • (Wit weight coclClntnltion)/((100 • percent moillule)/100) 
g Feed cot-llrltlon Wit weight No COIMIISlon performed because no feed moisture dlt■ IYllillble. Not COIM!ting IIIUlls In OOllleMltlve output 
h Feedw.u11blllo11drywelght • 
I Feed cu,-dl ■lion not specified. NoCOIIVlll1ion performed. 
J Upllkll slope• (dry weight tillue concenllllion)l(l'Md ccuceont1011). Units ■re (IJIHlOllutantfg-tlsaul OW)l(IIIH)Ollullnttg.cfiet). DencmlnllDr units my be rm, WW or unspecified (111 foolnolM g,h, & I). 
k '\Jlld In" lndlcaltl lhlt Ille study II used for calcullllng the following food group uptake slope: 1 bNr; 2 beef IIYlr; 3 l■ mb; 4 poclc; 5 poullry; 8 dairy; 7 eggs. 
I Cows 111d soluble ccmpoundl "are■ntc pento,dde, cedmlum, lead, and mercuiy acelatl. Feed COl-llrlltlon repor1lld .. COIIClllb ■lion " mercury 1011■18. 
mGrazfngCCMS 
n Cows kept lndools 
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TABLE D-3. UPTAKE OF SELENIUM BY ANIMALS -- N 

[al 

TlnNAnllvn 
N 

lbl 

Cl!lmlCII 
Form Fed 

Pollutant 
q111ntlly 
(mgldlyl 

FNd 

quantity 
(kg DW/dly) 

Feed 

Cone. 

(llglg) 

!cl 

TluueCOneentratlon 
range 

,~g/gWW) (+/-) 

!di 

perwnt 

IIIOlllurl ,,, 
Tlnue 

Cone. 
(pg/gDW) 

m 

Uptake 

Slope 

m 

Rlflnncl UNd 
In 

lkl 

FOOlnOIII ,..,._ 

Pig Muscle Na111ral diet 0.027 
0.4113 

0.034 
0.521 

71.115 
71.115 

0.12121212 
1.85731175 

3.72571117 Ky et al., 11173 
n cited In NAS, 11180 (p.339) 

3,4,5,11,7 h 

Pig Muscft SodlumMltnltlt 0.04 
0.44 

0.12 
0.411 

71.115 
71.115 

0.42780749 
1.711221195 

3.201155111 Ky et al., 11173 
n cHlld In NAS, 11180 (p.339) 

3,4,5,11,7 h 

Pig Llwtr Sodium Mien~ 0.04 
0.44 

0.111 
0.84 

71.08 
71.08 

2.107110112e 
2.110255701 

1.118118e114 Ky et al, 11173 
n cited In NAS, 11180 (p.339) 

3,4,5,11,7 h 

Pig Kidney Sodium NltnltB 0.04 
0.44 

2.14 
2.17 

110.08 
80.08 

10.7321111111 
10.11112114711 

0.3781284 Kyetal., 11173 
n clted In NAS, 11180 (p.339) 

3,4,5,11,7 h 

Guinea Pig 4 Kidney (I) 0.08 
0.08 

1.111 
1.119 

0.001 Furr et al., 11171111 (pp.117-88) 3,5,11,7 h,l,m 

Guinea Pig 4 Muscft IQ 0.08 
0.08 

0.38 
0.37 

0.5 Furretal., 111711b(pp.117-88) 3,5,11,7 h,l,m 

Guinea Pig 4 u- IQ 0.011 
0.08 -

1.12 
0.90 

11 Furr el al, 111711b(pp.117-88) 3,5,11,7 Mm 

t1 
I 

i,... 

0 

Mouse (malt) 

Mouse (malt) 

5 
111 

111 
51 

Heart 

Heart 

Sodium atl6nilll 

Sodium Nlanetll 

0.08 
3.08 

0.08 
3.08 

0.22 
1.29 

0.10 
0.511 

73 
73 

73 
73 

0.1114111481 
4.nnn711 

0.:,7037037 
2.11151115111 

1.3201111n Schroeder & Milchen■f, 111n IP-1121 

0.11049383 Schroeder & Mllchtner, 111n (p.82) 

3,!5,11,7 

3,!5,11,7 

g,o 

11,P 

Moult tr-It) 23 
111 

HNtt Sodium Nltnlla 0.08 
3.08 

0.24 
1.20 

73 
73 

0.88811118118 
4.44444444 

1.111511152 Schroeder & Mllchtner, 111n (p.112) 3,5,8,7 II 

Moult (famalt) 111 
43 

Hetrt Sodium Mltnl19 0.08 
3.08 

0.111 
0.411 

73 
73 

0.7037037 
1.7037037 

0.3333333 Schroedtr & Milchtnaf, 111n (p.112) 3,5,9,7 II 

Moult (malt) !I 
111 

lJ,,er Sodium Mltnlte 0.08 
3.08 

0.55 
1.112 

71 
71 

1.81111551n 
11.11208811811 

1.57471211 Schroader IM~, 111n (p.112) 3,!5,11,7 . II 

MouN(malt) 111 
51 

Liver Sodium Nltnilll 0.08 
3.08 

0.15 
1.54 

71 
71 

o.51n41311 
5.310344113 

1.5077011 Sch!oadtr I Mllchtner, 111n (p.112) 3,!5,11,7 II 

Mousa tr-It) 23 
111 

u- So:llumMltntt. 0.08 
3.08 

0.54 
2.511 

71 
71 

1.11112088117 
11.1181155172 

2.344112711 Schroeder, & M~. 11172 (p.112) 3,!5,11,7 II 

Mouse tr-It) 111 
43 

u- Sodium Nltnit!I 0.08 
3.08 

0.22 
0.711 

71 
71 

0. 7511112089 
2.112011119e11 

0.112088117 Schroeder & M~, 111n (p.82) 3,5,11,7 II 

MollM(malt) 5 
111 

Kldnay Sodium Nltnlte 0.08 
3.08 

0.115 
2.34 

n 
n 

4.130434711 
10.1731113 

2.014411211 Schrotdlr& Mllchtner, 111n (p.112) 3,!5,11,7 II 

MouN(malt) 111 Kidney Sodlumlelenlte 0.08 0.44 77 1.111304348 2.3333333 Schrotdlr & Mllchtner, 111n (p.112) 3,5,11,7 II 
51 3.08 2.05 n 11.111304348 



TABLE 0-3. UPTAKE OF SELEMUM BY ANIMALS (cont.) 

,,_. ,... - 11-AMIVINI CIINllcll l'ollllllftt Fffd TIIWI~ ,-..it TINue u,.te ftlfltlla 1"'41 
N N ,_,. .. IIUIIIClt/ ~ Coftc. ,... IIIOhMII Cone. Slope l'lfM'lnC8I "' (llllld&Y) (kg OW/day) 1111111 CIIIIIWWl (+1-J I'! CIIIIIDWJ 
[1J !bl lel [di m m lkl 

~(flmale) 23 KJdney Sodkm Hlenlll o.oe 1.111 77 5.173111304 1.0571171 Schroeder & ~. 11172 (p.82) 3,5,11,7 II 
111 3.oe 1.92 77 11.34782eOQ 

~('19male) 111 l<ldnty SodkmMltnlte o.oe 0.511 77 2.434782111 0.4e:37M1 Schro.d«&~. 11172(p.112) 3,5,11,7 II 
43 3.oe 0.88 77 3.8211Qee1111 

CeUle II l<ldney Sludge wnended diet 0 1.35 77,(1'2 5.117-07383 0.51111541 Boyaretll., 111111 (p.2811) 3,5,11,7 h 
1.7 1.55 77.(1'2 11.7~ 

~tile II u....r Sludge llmanded diet 0 0.42 ee.1111 1.354401111 1.1115De04 Boyaretal., 111111 (p.298) 3,5,11,7 h 
1.7 1.05 1111.1111 3.3Se00451 

~ II Muecle Sludge IITl9llded diet 0 0.23 70.82 0.78284547 0.1401514 Boyaretll., 111111 (p.2tlll) 3,5,11,7 h 
1.7 0.30 70.82 1:021102711 

FOOlnolH: 
■ Number" ■nlmlle atudled. 
b Number" umplenn■ lynd. ,. 
c Where l)Ollulllnt qu■ntily and INd qu■ntlly are glwn, INd concentration • (pollutant qu1ntily)/('Nd quantity). 
d II It Is nota,ec:llled If llMul 001icenlnllon isMtOf dryMlghl, thin It Is lrNlld COftMMltwly n bllng l'll)Cl1ld nwltMlght andlhen CO!Mlllng ID dryw.lght. R.r-nc.d u foolnola 1 . 
• Not apecffled wtielher lftlue COIIClli!lltloft Is Mt or dry Might ti f T1Aul COl-1111111011 titlllr l'll)Cltld u dryw■lghtor conwned from wit to dry Might utlng: dry Might COl-lll ■tlon • (MtMlghtC01-illlllloo1)/((100. per-,t molsturl)/100) I ..... II FNd COl_ltl.., WlltMlght. No COIMlwkx1 petfanned bee:■.- no fNd molllture data -itlbls. Not COIMltlng !NUiis In COIIMI.-.IM CMpUt. ..... i, FNodcu-1b11io11dlywelQht · 
I FNd cu,c1nt11llo11 ~ lplCilled. No C01M1K111 perfanned. 
J Uptake llope • (dry Might tl■su■ cu_1,11loc1)/(fwld c.,ncentration). Units are (l'g-pollutlntfg-tiuue DW)l(l'g1l(lllug-d191). 09nomlnllDr unb my bl rJN, WN °' unapecffled (-t'oolnolle g,h, & 0, 
k "Ul■d 1n• lndicatn th■t the lludy Is UMcl for calcul■li"G the followmg food group uptake 1lope: 1 bNI; 2 beef llYlr, 3 l■mb; 4 poclc; 5 pouftly; II dairy; 7 eggs. 
I Gulnee plgl fad Mlenlum In Swil■ clllrd IIIOWII In -o■ lludge. 
mSoUpHU 
n Soll pH5.5 
o Mice aleo fad 2 111>'11 ■odium ltlt:Urtll. 
p Mice aleofad 2111>'11 polNalum tenur.. ■nd 5 IJll/a ohromlum. 

Nola: per-,t rnollture data from USOA, 111113. DIii for rnouM tiaue appnlldm■tlld from d ■t■ on olher ■p■cile. 
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TABLE 0-4. UPTAKE OF ZINC BY ANIMALS ._ ... Tlnut AnllVnd Chttnlt'.al Pollutant l'Nd l'Nd TlnueConcetltnlllon petCellt Tlnue Uptalra llafll- UNI! l'OCICnata 
N N l'ormfed qlllllttty quantity Cone. range mofltu19 Cone. Slope In lffllenc:n 

(fflllclayl (kgDVi/dayl 11111111 (""9WW) (41-1 (%1 ,...,. DW) 

[a !bl !cl [di Ill m 114 

petite 8 Kidney 8 Sludge 36 19.1 77.82 85.34405719 0.017963 Boyeretal., 1981 (pp.286-289) 1,8 h 
6 235 19.9 77.62 88.91867739 

Cattle 8 Kidney 8 Sludge 26.3 93 0.014306 Johnsonetal., 1961 (p.112) 1,8 h 
6 238 98 

Cattle 8 u- 8 Sludge 36 35.8 88.99 115.4466301 0.006482 Boyeretal., 1981 (pp.286-289) 2,8 h 
8 235 36.2 68.99 116. 7365388 

fCatt!• 6 liver 8 Sludge 26.3 143 0.001 Johnson et al., 1981 (p.112) 2,8 h 
8 238 132 . 

cattle 8 Muscle 8 Sludge 38 88.8 70.82 227.3655548 0.027366 Boyeretal., 1981 (pp.286-289) 1,8 h 
8 235 6U 70.82 232.8114384 

cattle 6 Muscle 3 Sludge 26.3 340 0.001 Johnson et al., 1981 (p.112) 1,8 h 
3 238 267 

Sheep 5 Kidney Sludge-grown com lllage 19 3271 17.83265 Hell'ron et 11., 1980, 1960 (p.89) 3 h,I 
9 88 4135 

.. 
SIINp 5 Bone Sludge-grown com lllage 19 825 0.755102 Heffron etal, 1980, 1960 (p.89) h,I 

9 88 662 

Sheep 5 u- Sludge-grown com lllage 19 1523 2.122449 Htll'ronltll., 1980, 1990(p.89) 3 h,I 
9 68 1827 

Sheep 5 Muscle Sludge-grown com lllage 19 108 0.877551 Htll'ron It 11., 1980, 1980 (p.89) 3 h,1 
9 68 151 

Pig 12 Kidney Sludge-grown com stlage 183.4 24.03 80.06 120.5115348 0.113588 Olunaetal, 1981 4 1,1 
773.7 37.4 80.08 187.5628881 

Pig 12 U- Sludge-grown com lllage 183.4 37.8 71.06 130.8150657 0.079025 Oluna et II., 1981 4 e,I 
773.7 51.3 71.06 177.2833034 

Pig 12 Muscla Sludge-grown com lllage 183.4 13.99 71.95 49.87522282 0.001 Oluna etll., 1981 4 e,1 
773.7 12.49 71.95 44.52762923 

Mallard duck 8 Kidney ZnC0(3) 0 27 74.73 100480825 0.116343 G..-yandBua, 1972(p.1,115) 5,7 I 
3000 413 74.73 1834.34903 
8000 453 7 4. 73 1792.839493 
9000 311 74.73 1230.70635 

12000 519 74.73 2053.818757 

Mallard duck 6 LMr ZnC0(3) 0 54 73.59 204.4880045 0.079768 Gesuwayand 81111, 1972 (p.1,115) 5,7 I 
3000 401 73.59 1518.364;!56 
8000 483 73.59 1828.852707 . 
9000 481 73.59 1745.560928 

12000 340 73.59 1287.39114 

Mallard duck 6 IIINltfflUICle ZnC0(3) 0 14 75.48 57.04971475 0.00489 0-yand Bua, 1972 (p.1,115) 5,7 I 

https://1990(p.89
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TA8LE D-4. UPTAKE OF ZNC 8Y ANIAALS (cont) 

SNclM TIMN~ ~ l'elllMllt P"41 Ti-CIIIICMlrll:IN pemM n.w. u,w. ltiltKNCe Ute4 ....... .,_ .... PM .... _,.... .....,_.. N H ....,iHy ~ c-. c-. si.,. "' ,~ (lctDWfNo/1 lmWWJ (ti-) C,.J WIDWl 
le lb! lcl ldl Ill m Ile! '""'' 

3000 32 7545 130389348 
eooo 30 75.45 122.2493888 
GOOO 34 75.45 1385493073 

12000 31 75.45 126.3243684 

~ulnel pig 4 Kklney ~ chard 159.0 111 0.0036111 Fu111t1l, 197eb(pp.87-88) h,o 
4 850 22 m 
2 1050 22 n 

K3ulnNplg 4 UYlr Sludge-grov,m clllrd 159.0 28 0.001 Fu111tll, 11178b (pp.87-88) h,o 
4 850 30 m 
2 1050 27 n 

K:lulnN pig 4 MIIICII Sludge-grov,m chlrd 159.0 15 0.001 Furnt 11., 1978b (pp.87-68) h,o 
4 850 13 m 
2 1050 18 n 

FoolnoM: 
I Number rA lnlmlll ltlldled. 
b Number rA 11mples 1n■lyztd. 
c Where pollullnt qu■ntity Ind t'Md quardy 1rw given, ft!td concent1Illon • (poftullnt quIntlty)/(1Md q111ntlty). 
d If It la not lplClflld If U.U. m:c1ut1dou la Mt or dry Might, then It II lrNlld COllMIVIIN9ly n being l9!)0ltld • Mt Might end 1111n COIM!tfng m city w.'2hl R-.nc.d • fomow •· 
1 Not speclll■d Mllttllrtilllll co11ce11t11llori II Mt or dry Might. 
f TlMul 00!-llr■llon lltlllr rwportld n dry Might or~ from Mt m dry weight using: dry weight 0011ce11t11tlon • (WII Wllghtco1101ut1111on)/((100 • l)l!'Ol!lt moillln)/100) 
g F• 00!-itl'lllonM!Wlighl NoCOIN'lrllon peifolmed becaUM not'Md mollturwdItuwltlble. NotCOOVll!tlng IWIUIII In CCIN.wMCMSM, 
h FNCICCl-itl'lllondryMlght 
I FNCI CCI-ill Ilion not specffild. No COIIWl'llon l)l!lbnned. 
J Uplllll llope • (dryWllght tllu. OOIIOlllllll!lol1)1(1'Md tOl-1bltla1). lJnlla 119 (119-poltull~ DW)l(l,IIHl(llfutlntg-dilt). Dlnomlnltor units my be rm, VfN Cl unspeclll■d ,_ foolnollll g,h, & I). 
k '\JMd In" lndk:e1N that the ltlldy la UMd for calculating the following food group uptake slope: 1 beef; 2 beaf ltv■r, 3 ilmb; 4 potfc; 5 poullry; 8 dairy; 7 eggs. 
I Dill CO!llllled rA 415 com end 115 IOybeln meet No ce1101!111'ation for zinc In soybeln meal glwn, therlbe mumld 11me n com. 

.m SoHpH8.5 
n Solt pH5.5 
o Tiuul llmplea combined for ln■lylil. 



TABLE D-5. UPTAKE OF ALDRINIDIELDRIN BY ANIMALS 

TlnueAnaNZN -- N 

la' I :1 

Chlmk:111 
Form Fed 

l"ollutlnt 
quantity 
(mg/day) 

fNd 
quantity 

(kg DW/d■y) 

Feed Tissue Concentntlon 
Cone. 1'111119 
(1111111) , .. aWW) I (+I•) 

rc1 ld1 

peteent 
molltun 

1%1 

Tlnue 
Cone. 

(llllt'11DW) 
m 

Uptake "---
Slope 

m 

Used 
In 

lk1 

Foo4noll ,..._ 

Cattle Milk fat Dleldrin 3.25 18 57 41.fl604651 12.8801 Braund et al., 1969 
11 cited In Fries, 1982 (p.15) 

4,6 e,h 

cattle Fat- Aldrin 50 31 20.21 38.8519865 0.77704 Rumsey & Bond, 1947 
as cited In Fries, 1982 (p.15) 

1,4 di 

Catt!& Fat Aldrin 10 
25 

49 
78 

1.93333 Claborn, 1956 (pp.18-23) 1,4 g 

~ttle Fat Tech. Aldrin 60% 2.5 
5 

5.2 
18 

5.12 Cllbom, 1956 (pp.18-23) 1,4 g 

~le Fat Oleldrin 1 
25 
10 
25 

6 
14.3 

44 
75 

2.80902 Claborn, 1956 (pp.18-23) 1,4 g 

Sheep 

Sheep 

Fat 

Fa1 

Dleldr1n 

Aldrin 

25 
50 

5 
10 
25 

• 

126 
191 

17 
55 
78 

2.8 OIYkleon, 1970 
11 cited In Fries, 1962 (p.15) 

1.53333 Claborn, 1956 (pp.18-23) 

3,4 

3,4 

e;h 

g 

!Sheep Fat Tech. Aldrin 60% 2.5 
5 

4.7 
6 

0.52 Clabom, 1956 (pp.18-23) 3,4 g 

Sheep Fa1 Oleklrin 1 
2.5 
10 
25 

6 
14.3 

44 
75 

2.80902 Claborn, 19!!8 (pp.18-23) 3,4 Ii 

Ra1 (lllllle) LiYef Oieldlln 0.1 
1 

10 

0.0159 
0.0155 

1.476 

71 
71 
71 

0.054827!!9 
0.05344828 
5.08965517 

0.52925 Walker et al., 1969 
a cited In EPA, 1980a (p.c-14) 

2,5 l,m 

Ra1 (female) LiYef Oleklrin · 0.1 
1 

10 

0.0348 
0.4295 

2.965 

71 
71 
71 

0.12 
1:48103448 
10.2241379 

1.00069 Walker et al., 1969 
11 cited In EPA, 1980a (p.c-14) 

2,5 1,m 

Ra1 (male) LIYef Dleldrin 0.1 
1 

10 

0.0251! 
1.493 
19.72 

71 
, 71 
71 

0.08931034 
5.14827588 

68 

6.90988 Walker et al., 1969 
11 cited In EPA, ·1900a (p.c-14) 

2,5 l,m 

Ra1 (female) LiYef Oleklrin 0.1 
1 

10 

0.8974 
13.90 
57.81 

71 
71 
71 

3.0IM48278 
47.11310345 
199.344828 

18.6072 Walker et al., 1969 
netted In EPA, 19801 (p.o-14) 

. 

2,5 1,m 



TABLE 0-5. UPTAKE OF ALDRINIDtELDRIN BY AMMALS (cont.) 

,_, n-nnw~- CMmlcal l'ollubnt perCfflt Tlnwe u,,.u ~ UIM footnoll -- H Fom,Fed ..,-Mty flUMtlty COnc. In 1"141H'MICtl H "'" fflOhern Cone. "°Pt 
(mg/day) (kg DWI-Illy) !PM) (%) Ci9'1DW) (""rd!~ I ~ ra1 lbl lcl Ill m lld 

SamCM1 Egg Dieklm 0 031 7370 1.17870722 21.5681 Mendenhall .et IL, 1983 (p.238) 1 a.n.o 
0.!511 3.11 7370 13.68e2129 

BemCM1 Egg Dleldrfn 0.20 ;_.70 0.71!045627 51.7897 Mendenhall et al, 1963 (p.238) 1 g,n,p 
I 0.58 ' 8.1 73.70 30.7964791 

Blm CM1 (fflllo) 2 CmcNa Olekkln 0 0.33 73.83 1.26008588 61.0728 Mendenhall et II., 1963 (p.237) 5 g,n 
12 0.58 9.6 73.83 38.6832251 

8am CM1 (femlle) 2 carc..a Olekkln 0 0.15 73.83 0.57317539 59.6234 Mendenhall et II., 1963 (p.237) 5 g,p 
1 0.58 9,2 73.83 35.1547574 

Foomotes: 
a Number cl anlmala studied. 
b Number cl samples analyzed. 
C Whele pollutant quantity Ind feed quantity 1119 glYer'I, feed conoenlratlon "' (pollutant quantlty)/(feed quantity). 
d II It II nut specified I tlllUe ooncenlnlllon II wet or c!!'Y weight, then It II treeted CClllletVIUYely • being reported • wet v.,laht and then 00IM!ltlng to dry weight Refelenoed • footno(e e. 
e Not lpecffled whether tillue concenlllllon II wet or dry weight 
r Ttuue cm:entratlon either l'll)Olled II dry weight or COIM!lted from wet to dry weight llllng: dry weight coooentratlon • (wet weight concenlratlon)/((100 - peroent moilture)/100) 
g Feed concenlnltlon wet weight. No 00llYfflion petfolmed becellle no feed moisture data avallable. Not conYertlng resUltl In conteMIIIW! output. 
h Feed cancentratlon dry weight 
I Feed concentration not spd\ed. No C0IM!llion pe:formed. 
j Uptaila liope • (dry weight tlslut CC1101111b1!10u)l(fged CCIICeublllon). Unltl are (11111)0lJtantlg-tllaue DW)/(1111.poQutant/g,dll), Oenomlnalor units my be rm. WW or UMpeeffied (W t'llotnotft g,h, & ij. 
k "u.ad In" lndlcetes that the ltUdy II Uled for c■lculltlng the following food group uplake llope: 1 beef flt; 2 beef IIYer; 3 lamb rat; 41)011< rat; 5 poultry flt; 6 dairy flt; 7 eggs. 
I Residue fflOltly dleldrin 
m Control llllue CCI tcentmlon glW!n but no control fe9d CCI tcenlnlllon. Control feed data therebe not presented. 
n Tlllue concentratlona ■ re geometric means, reported by authorl. 
o 1975 date. 
p 1978dltl. 

Note: percent mollture data from USO,.. 1963. Dita for rat tinue ■pp!Oldmated from data on other apeciel. Used chk:ken data for bem owl tilaue, and heavy cream data for mllk flt. 



TABLE D-t. UPTAKE OF CHLORDANE BY ANIMALS 

IDec:ln Tissue Anlllvled 
N N 

!al ]bl 

Chttmk:111 
Form Fed 

l"ollutant 
quantity 

(mg/day) 

FNd 
quantity 

(kg DW/day) 

FNd Tlnue Concentration 
cone. range 
(1111111) (ll!lfgWW) (+\.) 

(cl (di 

percent 
moisture 

(%) 

Tlnue 
Cone. 

(1911DW) 
m 

Uptake 

Slope 

Ill 

Refennc:e UNd 

In 

lk1 

Footnote 
references 

Cattle 1 Body rat [I) 1 

10 

100 

0.24 

1.40 

2.65 

20.21 

20.21 

20.21 

0.30078957 0.025198 Dorough and Hemken, 1973 

1.75480584 

3.3212182 

1,2,3,4,5 1,1 

Cattle 1 Body fat (1) 1 

10 

100 

0.47 

1.18 

3.97 

20.21 

20.21 

20.21 

0.58904625 0.042096 Dorough and Hemken, 1973 

1.47888207 

4.97556085 

1,2,3,4,5 1,1 

Co# Fat chlo!dllne 10 

25 

13 0.333333 Clabom, 1956 

18 

1,2,3,4,5 II 

Cattle 

Cattle 

1 

1 

MIik rat 

Mllkflt 

[I) 

[I) 

1 

10 

100 

1 

10 

100 

0.19 

0.87 

1.82 

0.32 

1.53 

2.98 

.. 

57 

57 

57 

57 

57 

57 

0.44186047 0.032719 Dorough and Hemken, 1973 

2.02325581 

4.23255814 

0.74418605 0.052343 Dorough Ind ~ken. 1973 

3.55813953 

8.93023256 

8,7 

8,7 

f, l,m 

f, l,n 

cattle 1 MIik rat Pl 1 

10 

100 

0.33 

2.1 

3.78 

57 

57 

57 

0.76744188 0.065296 Dorough Ind Hemken, 1973 

4.88372093 

6.74418805 

6,7 f, l,o 

Cattle 1 Mllkflt [q 1 

10 

100 

0.43 

2.53 

4.58 

57 

57 

57 

1 

5.88372093 

10.8511628 

0.07944 ~ Ind Hemken, 11173 8,7 f, l,p 

~le 1 MIik rat 

~ 

(1) 1 

10 

100 

0.48 

2.64 

4.85 

57 
. 57 

57 

1.11627907 0.084189 Dorough and Hemken, 1973 

6.13953488 

11.2790698 

6,7 f, l,q 

Sheep Fat chlordane 10 

25 
16 -0.26667 Claborn, 1956 

12 
II 

Footnol•: 
• Numbef d ■nlmale studied. 
b Number d 11mplet anaf>ized. 
c Where pollutant quantity and feed quantity are glYen, feed concentllllfon • (pollutant quantlly)/(feed quantity). 



TABLE D-f. UPTAKE OF CHLORDAN,E BY AHIMAlS (cont) 

lo&cles Tlffllel.natrztd Cl'ltffllcal l'oMIM FHd FHd Tlnlie~ Ti- u,tNe "-fl(ICl!Ce U9ICIII Fooenoll ~ 
H N form~ qwfltlty ~ Cone. range mol.teYrl Coc,c. llope .. l'fflffllCff 

(m;ldlyj (kg DWlday) MIi) C...WW) (t\.) (%) (WIDW) 

111 lbl lcl [di Ill m !kl 

d If It II not tpd',od r 11Nu1 0011011 ltllllloc, II Wit or ory weight, then 111 trN!ed ~ • bllng reported • wet weight and thin 00l1Yll1lng to ory welgtt. Referenced n loolnote e. 
e Not lpecllied whether tl&aue coooenlnit!on II wet or ory weigti. 
r Tlllue OOIIOIICUation ellherrepolted M Ot'fwelghtOC'COOYelted from WI!( lo dry weight Ullog: dry weight oooceolmloo • (Wit Wllght concentrllJon)/((100 • percent mol&turtY100) 
g Feed conoerballon WI!( weight. No 00l1Yll'llon pelfonned becauM no feed moisture data avallable. Not converting results In C00leMtlYe output. 
h Feed conoenlralloo dry weight 
I Feed conoenlrlllon not specltled. No 00IMllllon pe!f0nned. 
J UpCaklt slope• (Ot'f weight tl&aue oonoenlfatlon)l(feed concentration). Unlll ere (JJg-pollularUg-llaue CW)l(JJg-poffutant/g-dlet). Denominator unKI rrr, be rm, WN or ooapecllled (see footnotes g,h, & ij. 
k '\Md In" lndlclles lhlt the ltudy II used for Cllculetlng the l'ollowtog food group uptake elope: 1 beef rat; 2 beef Hver, 3 lamb flt; '4 po!k rat; 5 poultry rat; 8 dairy rat; 7 eggs. 
I Cattle fed HCS 3260 technk:11 glade chloldane In gelatin caplUles 

m Tklue umples analyzed Iller 3 cll'fl 
n Tlllue umples anelyZed Iller 7 days 

o Tlllue samples enalyZed Iller 15 deys 

p Tissue samples analyzed Iller 30 deys 

q Tillue umplel 1nalyZed Iller 60 deys 

Note: percent moiltul9 dell from US.DA, 1963. Used heir,y cream data for milk rat. 



TABLE D-7. UPTAKE OF DDTIDDDIDDE BY ANIMALS - N 
Tlnue Anahned 

lal 1: 
Co# Flt 

ca111e 3 Bodyf■t 

Co# Milk rat 

Co# MHkrat 

cattle 3 MHkrat 

Sheep Flt 

Sheep Fat 

t:1 .... I Sheep Flt 
00 

Bam owt (male) 2 Carcau 
12 

Hen . l.lYlr 

Hen l.lYlr 

Hen Egg yolk 

Bamowt 2 Egg■ 
12 

Cllemlc:al 
Form fed 

l"ollutant 
quantity 
(mg/day) 

FNd 
quantity 

(kgDW/d1y) 

FNcl 
Cone. 
(1111111) 

lcl 

Tissue Concentration 
range 

,..,11WW) I (+\.) 
ldl 

percent 
molstur■ 

(%) 

Tis-
Cone. 

(llllfgDW) 
m 

Uptake 
Slope 

m 

R.r.renc:e Used 
In 

lkl 

Footnota 
referanc:es 

DDT 10 6.8 2.346667 Claborn, 1958 (p.21) · 1,4 g 
25 .42 

DOE 0.62 1.37 20.21 1.71700714 3.340422 Fries and Manow, 1976 1,4 e,1,1 
3.1 7.98 20.21 10.0012533 

DOE 1.-40 6.76 57 15.7209302 11.22924 Fries et 11., 1969 4,8 e,h 
aa cited In Fries 1982 (p.15) 

DDT 1.-40 1.21 57 2.61395349 2.009967 Fries et II., 1969 4,6 e,h 
aa cited In Friel 1962 (p.15) . 

DOE 0.62 2.13 57 4.95348637 7.783196 FIie■ and Marrow, 1978 4,8 e,1,1 
3.1 10.43 57 24.255814 

DOE 0.068 0.36 22.54 0.464758 8.834647 Harrleonet ■l., 1970 3,4 e,I 
aa cited In Frlee 1982 (p.15) 

DDT 0.63 1.08 22.54 1.39428801 2.213124 Hanlton et 11., 1970 3,4 e,I 
aa cited In Frlel 1962 (p.15) 

DDT 10 3.1 o. 793333 Claborn, 1958 (p.21) 3,4 h 
25 15 

0 0.80 73.83 3.05893542 150.1483 Mendamlll et II., 1983 (p.237) 4,5 g,m,n 
2.83 112.0 73.83 427.970959 

DDT 0.004 0.17 73.59 0.843e9557 4.09428 CUmmlngletel., 1966&1987 2,5 e,l,o 
0.05 0.25 73.511 0.94661113 11 cited In 1!4Mnue, 1978 (p.87) 
0.15 0.45 73.59 1. 70390004 
0.45 0.87 73.59 2.53691783 

DDT 0.0 5.8 73.59 21.9813783 40.58902 Smllhetll, 11170 2,5 e,l,p 
1.0 8.6 73.59 24.11905339 II cited In EleYlnue, 1978 (p.87) 
2.5 9.7 73.59 38.7285119 
5.0 24.4 73.59 92.3892485 

. · 7.5 82.7 73.59 237.410072 
10.0 117.0 73.59 443.01401 

DDT 0.0 1.0 51.10 2.04498978 1.081822 Smith et II., 1970 1 e,1,p 
1.0 1.8 51.10 3.27198384 11 cited In BeYenue, 1978 (p.87) 
2:s 2.8 51.10 5.31697342 
5.0 4.8 51.10 9.40695297 
7.5 5.7 51.10 11.6584417 . 

10.0 5.9 51.10 12.0654397 

DOE 0 0.25 73.70 0.95057034 15.78688 MendenhaDetal., 1983(p.238) 7 g,m,q,t 
2.83 12 73.70 45.6273764 



TABLE D-7. UPTAKE OF DDT/DDDiDDE BY ANIMALS (cont) 

a-cl.M Tiaue&aalvHI 

N " 
111 lbl 

CMtNC8I 
forlllF'ICI 

PoHueant FMd 
~ ~ 
(~ [qDW/day) 

FMd 
COnc. 
(tin) 

!cl 

TlnUe COnclftlrltlon 

(pg/fdlWW) I ~ 
pll'Clflt 
~ 

(%) 

ns-
COftc. 

(µnDW) 
rn 

IJplalle 

~ 

m 

IWec'tnCe Used 
In 

11<1 

FooCl'lote 
ref«1oc:e1 

. 
~owl 2 Eggs ooe 0 0.«l 73. 70 1.52091255 54.5-4383 Mendenhll It II., 11183 (p.238) 7 11,r,s,u 

12 2.83 41 73.70 155.893538 

Foolncl•: 
• Number cjf ■nlmall lludled. 
b Noolber fiumples --.,zed. 
o Whn pollutant quen!Xy IOd fNd qunly .. glYen, teed ooncenllltlon • (pollutant quantlty)l(feed quantHy). 
d If I II not epdlld r1111u1 ooncernllon II WIC or dly weight, U..111 lrelted -u...eiv • being reported • Wit Wlllght IOd then oonYertlng to cllywelgtlt. Rel'ellnced III foolnotll II. 
II Not lpecillld ~ tiaul oonoenlrltlon II Wit or dly weight 
r TIIIUI oonoenll■Uon 1hr repoit■d • dlywelght or OOllYlllted from wet to dry weight Ullng: dlywelght ooncerm11on • (wit weight conoenl!ltlon)/((100. percent molllurt)/100) 
g Feed conoenlratlon Wit Wllgti. No 00rMl'llon pelfonned bllc:auN no feed moisture di!■ ■Yllllble. Not 00nYelling rNUltl In 00fllflMlllye output. 
h Feed c:onoenll■llon dly Wlllght 
I Feed 0000ef1lrltlon not specllllld. No 00IMl'llon pedormed. 
J Uptalca llope • (dlywelghtlillul 001101111111llo11)1(fwed 0011oe11lrlllon). Unite 1111 (JJg-poltnnt/g-tlaull DN)/(JJg-pollutlrU~). Denomlnetorunlll mv be rm, WNorlllwpdled (._ ~ g,h, & ~
k 'UNd In" lndlcll• lhlt the lludy II Ulld for Clllculallng Ille followlng food group uplllkB slope: 1 beef fat; 2 beef HYer; 3 lamb rat; 4 poik rat; 5 pouttry flll; 8 dllry fat; 7 eggs. 
I Cowl ■llo '9d 11me doM Illes d helmctllorobenz Aulhorl do not believe an Interaction ooc:uned. 
m 1lllul oonoentrallonl .. geometric na111 cl 9 aamplet, reported l7f 1ulhorl. 
n FNd conoenlratlonl - geomelllc nalll cl 2 aampln, reported l7f ■ulhorl. 
o FNd r■ng10.004-0.035; Ulld kMw vall,e lo bl OOfMIVltlve. 
p Lildlne ■nd dieldr1n lllo In lillld. 
q Feed 00110111lr1Uoi•-geomelllc rn.11cif 13 llll'lplel, reported l7f lulhorl. 
r Tlllue 00nOll'llrationl .. geometric m1m11 cl 13 llfflplet, reported l7f aulhorl. 
I Feed conoenlrlllionl - geomslrlo nalll cl 10 llllll)lel, reported l7f luthorl. 
I 197Sdll■. 
u 1978dll■. 

Note: perosnl mollturl data from USDA, 11183. I.lied c:h1cken data for hem owl and hen llaut, and heavy c:ream di!■ for mile I'll. 



TABLE D-1. UPTAKE OF HEPTACHLOR BY ANIMALS 

TJnul,....,.,, Ill Clllrnlal -•utan FNCI Feed Y,- C:011antnlloft petant y,- Uptalle llln'lnce UNd FCICICncM - - ,_,_ ...,__ N N quantlt}j quantity Cone. range l'IIOfMuN Cone. Slope In 
(rngfday (lraDWfdayJ llllflll (4\-J c,i,1 llltlfll DWI ~~W#)I 111 lbl lcl m m lkl 

DelryfXM 2 Body fat Hlplild1lorlpcllddl 0.5 7.1 20.21 8.89835819 7.1~ Bluceltal., 1965(p.84J 1,4,5 1,1 
1.5 14.7 20.21 18.42338132 
10 83.5 20.21 104.6497055 
50 293.4 20.21 387.7152525 

~ 20 Bodyfat Hlplachloflpcildde 0.19 1.24 20.21 1.554079459 8.179366571 Bovardltll., 1971., (p.131) 1,4,5 1,1,1 

Cow Fat Heplachlor 2.5 1.4 0.88 Claborn etal., 1960 1,4,5 II 
10 8 

Dlli!yfXM 2 Mllkfll Hlplild1lor lpcildde 0.2 4.25 57 9.88372093 21.06101184 8nlcletll., 1985(p.84) 2,4,5,8,7 1,1 
0.5 11.25 57 28.1827907 
1.5 21.7 57 50.46511628 
10 119.7 57 278.372093 
50 -480 57 1069.767442 

DlllryfXM MIik fat Hlplacl,lor lpcildde 0.5 0.38 57 0.88372093 7.256813953 Blche It IL, 1980 2,4,5,8,7 .. , 
1.0 1.94 57 4.511827907 n cltlld In Bruce It IL, 1965 (p.84) 

Shelp Fat Hlplacl1lor 2.5 2.1 0.853333333 Cllbom It al., 1980 3 II 
10 8.5 

Foolnollll: 
• Number rl enlmall lludled. 
b Numberrl urnplls 1n1lyzld. 
c Wl1ll9 poll4ltanl quantity and fNd quantity n 111wrt, fNd conc11,tr1t1011 • (pollulant q111nt!ty)l(fMd quentlly). 
d If It ii nat lpec:lled If tlMul COl-lbllioll ii Wit or dryweigN, 1111n It II nnd ~ IS blklg repclltld • Wit Might and thin COIMl1lng lo dry Might Rlflrlnced • footnollt t. 
I Not lpeclllld v.tllllllrtllsul COl-lb ■IMI IIWlt ordryw■lght. 
f Tluu■ COIICilltl ■llool .ithlrrepclltld • drywelghtorCOIIWlllid from wltlo dry weight Ullng: drywelghtcou0111bltlo11 • (Wltwalghtcoc1011llr1t1011)1((100-plil'Clil'ltll'Qlllln)/100) 
II FNd COIIClilltllllon Wltweiglt. No COIMlllon l)llfonnid blicalllli nofNd molsturw data 1111illbli. NatCOCMlting l"IIUtll In~~ 
h Flild CCIICIUflatlon dry Might 
I FNd coc1011llrllion not ll)ICillld. No COIMlllon l)llfonnld. 
J Uplall■ llopt ■ (dry weight llaue 0011c11lll'ltloc1)/(fllid COIIClillbllklll). Uni■ n (llg-potlullntfg-tlaul DW)l(llg-poffutant/. D111omlnalal units my be rm. WW 01' unlpliCltltd , ... footnal 11,h, & I). 
k "UMd In" lndlcllN that thli IIIJdr II UMd for cllculltlng thli followlng focd group upl■kli llopt: 1 bNf flt; 2 bNf llv9r; 3 llmb flt; 4 pOl1cfll; 5 poultryfll; 8 dllryfat; 7 eggs. 
I C-allofldumo doMIIINrlDOE. ~donotbilM ■ n lnllllctlonoccurr■cl. 

https://1985(p.84


TABLE D-1. UPTAKE OF HEXACHt.OROBENZEHe BY ANIMALS 

,.... ,.... ,... .,,.. , ..... a-=- c........ T1nN C111c1ntnlloll ,etCNI TlNN ~ UIM n---- ,_~ .,.,. ......._ N N tt4IMlllty c..ic. ~ c-:. Ill 
111111-NY) , .. DW141yl (Jiff) rt>) WIDWJ 
~ 

'""ldl VMl I i:; 191 1,1 !cl II Ill 11d 

~ 3 Bodyflt HC8 0.82 1.111 20.21 2.393783e82 3.481m Frlennd Murow, 1978(p.477) 1.2.4 1,1,l 
3.1 8eo 20.21 110281151 

I ... -, I 

Coll 3 Milkflt HC8 0.82 2.12 57 4.9302325511 8.4«199 Frlts Ind Marrow, 11178 (p.4m 2,4,8 •.~I 
3.1 9.01 57 20.11534S837 

Shelp Bodyflt HC8 0.1 0.11 22.54 1.18188000S S.352515 AVYlhlml Ind SINII, 1972 3,4 1,1 
1 7.5 22.54 9.882415731 • cilltd In Boolh & Mc DcMIII, 11175 (p.583) 

10 75.0 22.54 IIS.IJ24Ul731 
100 1150.0 22.54 11311.1427534 

~lclcarl Bodyflt HC8 0.02 0.7 28.111 0.1114687323 5.842785 F~WHO, 111119 5 1,1 
0.08 0.7 28.111 0.1154867323 • cilltd In Boolh & Mc 0oMII, 11175 (p.583) 
0.7 5 28.91 7.033338022 

7 211 28.111 40.79338053 

Chlcllen, broller Flt HC8 13 Delunclcl-.ttlll, 5 m 
~==!tn~. !!!94(;!.e) 

Chlcloln, hen Flt HC8 38 Del~ ..... 5 n 
• clld In Connor, 111M (p.48) 

Chlchln Bodyfll HC8 340 528 28.91 742.7204851 2.154472 F~WHO, 18811 5 t.1 
• cllld In Boolh & Mc o.-11, 11175 (p.583) 

~lchln Eggyollcl HC8 0.02 0.2 51.10 0.408897855 4.312415 F~WHO. 11189 7 1,1 
0.08 0.3 51.10 0.813488933 • cilltd In Boolh & Mc 0oMII, 1975 (p.583) 
0.7 2.0 51.10 4.08897955 

7 15 51.10 30.87484883 

K:hlchln Eggyollcl HC8 340 187 51.10 341.51321124 1.004451 F~WHO. 11189 7 1,1 
IS c:ffled In BacJ111 & Mc OIJMII, 1975 {p.583) 

Chlcun Egg HC8 8.5Dej~ltll, 7 0 
as c:ffled In Connor 11184 fD.481 

Foolno!N: 
• Numberof ■nkn■lutudltd. 
b Numberafumpl11 ■n■lyztd. 
c Wllel9 polltAlnt qull1tily end r..d qu■nlity.,. glYen. t'etd conceutratlon .. (pollutant q111nllty)l(fetd quantity). 
d If It la notlpeclfttd lfllAut OOIIClllllnlllol, II Wltordryw■lght, thin It la trNllld C0IIWYl1IYlly as being r.portad .. Wit Wllght Ind 1111n -1lng ID d!yWlighl Rer.r■nced .. fuolnol9 .. 
I Not lpecHled whellier~OOIIClllllntion IIWllordlyWlight. . 
f Tits&» CllllClllibillloii eill1'I' rwpclllld nd!yWllghtor C0ll'Mlld from Wit ID dry )oVllgllt using: dry weight COIICltitr■tion = (Wit weight COCICltltnilion)/((100 • pen:ent moilbn)/100) 
g Feld 001-•111oi1 Wll Miglt. No C0IMISlon pelfonntd because no t'etd molwr. dalll ■vallable. Not COIMl1ing l9SUlls In C0l..v■llw 0Ulpul 



TABLE D-1. UPTAKE OF HEXACHLOROBENZENE BY ANIMALS (conl) 

Tis-An-- Clllffllal Pollutant PNd PNd Tis- Col-,ti,Mlon percent Tis- Uptau Rlfffttlce l'oalnoll ....._ - N N l'cNIIIPed qllllltlty quantity Calle. I~ molsblN CoM. Slope In -
(ffllllday) (l!gDW/dayJ Im) 1%) (NlgDW) 

l~d]WW) 111 lb1 lcl m m 11d 

h FMC! concentration dry weight 
I FMC! concentration not specffild. No -..Ion pedormld. 
I Uptake slopl • (dry Might tislul COIICINllilllolt~(flld COIICllltnltion). Units IN (ltg-pollutantlg-tissue OW)l(ltg-pollutant/g-dlet). OenomlnllDr units my be r:IN, WW or IIISl)IICltied (ue foolnotes g,h, & I). 
k "UNd In" lndlclt. that lhl study II 1111d 1ar celclMng lhl following food group uptake slope: 1 beef flt; 2 belf liver; 3 llmb fat; 4 pcllll flt; 5 poultry flt; 8 dairy fat; 7 eggs. 
I CoM lllo fed llffll doll r■IN of DOE. ~ do not belM 1n Interaction occurred. 
m Ory weight uptake slopl range of 11-13 l9PC)llld. IJlld higher ID be conS4MtiYe. 
n Ory weight up11i. slopl range of 21·38 repoilld. IJMd higher to be COIIMMllive. 
o Ory weight upll• slopl 11111J1 of 4.5-8.5 llpOllld. IJMd higher ID be COIIIIMtive: 

Neu: percent mollturw dllll from USO,\ 1983. IJlld 1-r crNm dllll for mllk flt 



TABLE D-10, UPTAKE OF UNDANE BY AN~ 

Tlssw~el CMffllc:II f'ollllant fHd fHd Ti-Coflcenntlon pen:n ns- UJQU IWwlflCe UM fooenoll .. -- H H FomfN ~ ~ COnc. I~ IMblun COnc. .. ...,..._ 
(rng/dly) (qDWldly) ~ (%) {MDW) 

~d1¥ffl) It! lhl le! m m lk1 

Coll Flt Lhllne 1 2 0 1.117287 Cltbom, 1115a (p.28) 1,2,3,4,5,tl,7 g 
10 tl.3 

100 111.0 

Foolnota: 
a Number d anlmlls ltudled. 
b Numberduml)les analyad. 
o Whn f)OMn qurity and feed~.,. CIMO, feed ooocen111t1on • (pollutant quartty)l(feed quanUty). 
d tr 1111 not lpecillld I liAul conollllfallon ii wet or Iffy weigh!, then I ii lrellted ~ - being reported • wet weight and then 00l1Yt!llng lo dly weight Refel'enced II rootnote t. 
a Nat tpacllad M1elher lillua OCIICICIUllion ii wet or Iffy welgl't 
f TINua conoanll1tlon lltllf rwpoited • dly weight or converted lrom Wit to dly weight Ullng: dly weight oonoermitlon • t,w,t weight conoernlJon)/((100 • percent moictwe)l100) 
g Feed ooncenlrallon Wit Might. No COIMlllon J)lllbmed becauM no feed moi1bn dltl ..,,.liable. Nat 00fft'elting reeultl In OCIMIVIIIYe ~ 
h Feed ooncenlrallon dly welglt 
I Feed concentratJon not speclled. No 00IMl'lion pecbmed. 
J Upllle llope • (Iffy weight Ill.- conoemallon)l(Jeed oonoerb'lllon). Unitl IAI (µg-polutant/g~ OW)/~ Denomlnllor unb my be rm. WN or untpeCffled (~bmll• g,h, & I). 
k "lJled In" lndlcllee Iha! 1h11 ltudy ii UMd far caicu.Ung the foUcM1ng food group uptake llope: 1 beef flll; 2 beef liver; 3 lamb rat; 4 pork flt; 5 poultry fat; 8 dairy fat; 7 eggs. 

Nate: percent molllure dlla lrom ~ 1963 



TABLE 0-11. UPTAKE OF POLYCHLORINATED BIPHENYLS BY ANIMALS -- Tis-AnalYHd Chemical Pollutlnt FNd FNd TlaN Concentntlon percent Tluue Uptake Reference UNd Footnote 
FormF~ quantity quantity Cone. I~. moisture Cone. Slope , In ...,..IICfl 

(mgldly) (kg DW/d1y) (pg/g) (pg/gWW) (~ (%) (pglgDW) L:1 L:1 lei ldl m m lkl 

CON Body fat Alochlor1254 12.4 41.7 20.21 52.2621882 4.21469 Fries et al., 1973 (p.119) 1,2,3,4,5 e,h,I 

CON Milk fat Alochlor 1254 12.4 60.9 57 141.627907 11..4216 Fries et al, 1973 (p.119) 2,3,4,5,8,7 e,h,I 

~ MUkfat Alochlor 1254 0.22 1.0 57 2.3255814 9.71669 Willet, 1975 2,3,4,5,8,7 e,h , 

0.43 1.8 57 4.16604651 n cited In Friel, 1962 (p.15) 
0.87 3.7 57 8.60465116 

Footnote■: 

■ Numbercf ■nlmal11tudled. 

b Number c:I umple■ ■natfzed. 

C Where polullnt quantity ■nd feed quantity ■ nt glYlln, feed 00llCdlalion • (pollutant quantity)/(f9ed quanttly). 
d If It I■ not ■pecllled r lillue COIICellfllllon I■ Wit or dry weight, then It I■ treated~ n being reported" WIit weight Ind then convertilg to dry weight. Ref9nlnced n foaCnole e. 
e Not ■pecllled whether tiaue OOIIOllltration la wet or dry weight 

r Tl■■Ue conoentmlon elt1llf !lpCllted • dry weight or ~ed l'IOm Wit to dry weight Ullng: dly weight ooocentllllcn • (WIit weight oo, ,oe11batk>rl)/((100 • perceft mollhn)/100) 

g F~ COi lOailbllion Wit weight. No OOl'Mllllon perfllrmed becaUN no feed mollture data --■bl■. Not oonvertlng 11!1U111 In OOllleMIIMI output. 
ti Feed 001,oeulratlon dry~ 

I Feed OOIIOlllb ■tlon not ■pecllled. No OOIMl'llon pelfonned. 

J Uptake llope • (illy welglt lillue concerfflllon)l(feed 001 .cet ~ration). Uni■ ant (IIQ-pollulant/g-taue C1N)l(IJIH)Ollulant/g.dlel). Oenomln■lor unltl my be rm, WW or unepecllled (IN foolnole■ g,h, & I). 
k "Uled In" lndlclte■ 1h11 the ltudy I■ UMd tor celcu1at1ng the roHowt_ng food group uptake elope: 1 beef rat; 2 beef he; 3 llmb r■t; 4 pork r■t; 5 poultry fat; 6 daiy rat; 7 eggl. 

I Tllaue conoentr■tlon I■ llllhmellc n.rt repoltld b>t' luthorl. 

Note: petcerA mo1ltUre dltl fnlm USDA, 1983. IJled heavf cnlllffl data for milk fat. 
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APPENDIX E 

Results of the Plant Phytotoxicity Literature Search 
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TABLE E-1. CHROMIUM PHYTOTOXICITY DATA 

Plant Name Scientific Variety Parts Cultivation PH Soil Type 
Name 

Barley Hordeum vulgare leaves 
Cherry Prunus cerasus fruit field 
Corn Zea mays leaves,stalks,grain,husks,cobs 
Mushroom Cantharellus cibarius 
Oak, English Quercus robur leaves field 
Oak Quercus spp. leaves field 
Oats Avena sativa leaves solution 

leaves,stems serpentine soil 
Oranges Citrus sinensis leaves greenhouse 

field 
pots 

Pear Pyrus communis fruit,pericarp,peel field 
Potato Solanum tuberosum tubers 
Tobacco Nicotiana tabacum leaves.roots serpentine soil 
Wheat Triticum spp. leaves 
Corn Zea mays greenhouse 6.8 Warsaw sandy loam 

limed 

Rye Seceale cereal greenhouse 6.8 Warsaw sandy loam 
limed 

Corn Zea mays greenhouse 6.5 Warsaw sandy loam 

Rye Seceale cereal greenhouse 6.5 Warsaw sandy loam 

Corn Zea mays grain field 6.3 Sable silty clay loam 
6.8 Cisne silt loam 

6.0-6.3 Ipava silt loam 
6.2-6.3 Drummer silty clay loam 

6 Muscatine silt loam 
6.2 Hartsburg silty clay loam 

tops greenhouse 5.5 Hartsell fine sandy loam 



TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con't) 

Plant Name Treatment Concentration in soil Loading rate lant tissue concentration 
deficienc normal toxic 

Barley 7.60 ppm 
Cherry .032ppm 
Corn .44-2.07 4.0-8.0 
Mushroom .058-.135 
Oak, English 3 
Oak 4 
Oats 0.4-3.0 252 

3.0-11.0 
Oranges .20-1.00 

<10 
.20-<1.00 

Pear .03-.85 
Potato 0.002 
Tobacco 4-14 1a-34 
Wheat 4.5-14.8 
Corn fertilized <.4 

plain sludge 58ppm .7-1.6 
Cr sludge 404-1444 2.3-7.2 

Rye fertilized 0.8 
plain sludge 58 1.3 
Cr sludge 404-1444 3.2-5.1 

Corn fertilized <3 
sludge 58 <3 
Cr sludge 358-697 3-8.0 
inorganic 350-700 46 

Rye fertilized <3 
sludge 58 <3 
Cr sludge 358-697 4.8-9.5 
inorganic 350-700 25.1-58.1 

Corn .094 ug/g 
0.11ug/g 

.059-.193ug/g 

.059-.118ug/g 
0.068 ug/g 
.094 ug/g 

sludge A 68-1360 1.2-5.4 
sludge B 3-50 .6-3.5 
compost 3-50 .7-2.8 
NaCrO 1-320 1.4-1.6 2.5-29.0 
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ant Name 

Barley 
Cherry 
Corn 
~shr.oon 
Oak, Englislf'' 
Oak 
Oat1 

Oranges 

Pear 
Potato 
Tobacco 
Wheat 
Corn 

Rye 

Corn 

Rye 

Corn 

TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (oon'tl 

vjsual 

visual 

stunted,leavr · roll & "'Uple 

stunted,brownish-rad leaves 

visual 

yield 

yield 

yield 

yield 

yield 

stem retarded,no inflorescence 

reduction was attributed to others 

reduction was attributed to others 

reductlon,lowest yield in crop 11 

reduction 

reduction from 55 to 1 g/pot 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
44 
44 
44 
44 
44 
44 
45 
45 
45 
45 
45 
45 
45 
45 

187 
187 
187 
187 
187 
187 
169 
169 
169 
169 



TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH Soil Type 
Name 

Jubilee leaves, kernels field 5.8-7 .1 Willamette silt loam 

Swiss chard Beta wlgaris Fordhook Giant greenhouse 5.6-5.9 Chalmers silty clay loam and 
Russel silt loam 

Rye grass Lolium perenne greenhouse 5.6-5.9 Chalmers silty clay loam and 
Russel silt loam 

S9ybean Glycine max Corsoy· seedling tissue pot 5.9 Nicollet loam soil 

Sorghum sorghum bicolor Moench leaves,root,grain,stem field 5.8-7.2 Haynie fine sand loam 
6.9-7.7 Haynie fine sand loam 

Winter wheat Triticum aestiwm roots_,grain field 5.8-7.2 Haynie fine sand loam 
6.9-7.7 Haynie fine.sand loam 

Oat Harmon root,saed,stem field 

Lucerne Medicago eatlva Wairau whole pot 5 Waitarara sand 
5-1-5.6 Waitarara sand 

6.6 Waitarera sand 
5.2 Levin silt loam 

5.4-6.0 Lavin silt loam 
6.8, Levin silt loam 

Tomato Lycopersicon esculentum Moneymaker leaves, fruit,root pot 4.6·6.9 
Soybean Glycine max stem,laaves,seads,pods pot Ritzl/ille silt .loam 

Grass tlmothy,br.own top field 6.05 clay ~ sandy loam 
sweat vernal,blue 6.2 clay & sandy loam 

Alfalfa & red clover field 6.05 clay & sandy loam 
6.2 clay & sandy loam 

Various shoots field serpentine soil 
Wheat Triticum aestiwm HDM 1553 stem field ·a clay 

tops pot 5.0-5.5 Orentano histosol 

E-4 



TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con't) 

Plllrtt Nmm1 Trutment Concentration in soil Loading rote !ant tissue concentration 
deficienc normlll toxic 

CrSO$ 5-320 1.3·1.4 2.4-2.8 
control 0 1.3·2.1 
control .87-1.0 mmol/kg .18-.19mmol/kg 
tannery waste 1.23· 13. 7mmol/kg .12·.22mmol/kg 

Swiss chard control 12 mg/kg 8.9 
drilling fluid 96-402 mg/kg 8.0-12.2 

Rye grass control 12 mg/kg 7.5 
drilling fluid 96-402 mg/kg 8.3-10.9 

Soybean Na2Cr20 0·40 mg/kg .7-1.1 
sludge 0·432 mg/kg .7-.9 

Sorghum fertilized 29.34 0.398 
sludge 47.7 0.2 

Winter wheat- fertilized 29.34 15.47 
sludge 47.7 17.26 

Oat control .8.1-9.6 43 
25% sludge 20.3 72 
50% sludge 27.5 56 

Lucerna 0 15 .75-9.1 
5·40% sludge 19.25-49 .1-6.5 
100% sludge 100 .1-2.6 

0 30 .1-.9 
5-40% sludge 33.5-58 .1-4.7 
100% sludga 100 .1-1.0 

Tomato sludge 470 0-459 kg/ha 15 
Soybean control 59 0.095 

Cr solution 2.5 ug/g 0.15 
Grass control .18-.78 .13-1.63 

sludga .30-.94 1.39-5.84 kg/ha .11-2.07 
Alfalfa & red clover control .18-.78 .47-3.96 

sludga .30-.94 1.39-5.84 kg/ha .38-7.93 
Various natural 92-737 0-70 
Whaat contfol 17 0 7.94 

50% sludge 41.8 9.52 
66% sludge 46.6 10.6 
100% sludge 55 12.16 
10 ton/ha sludga 27 .45 kg/ha 11.08 
20 ton/he sludge 31 .90 kg/ha 20.76 
control 27.8 5 
fly ash 2% 25.6 4.1 

https://1.39-5.84
https://1.39-5.84


TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con't) 

Plant Name 

Swiss chard 

Rye grass 

Soybean 

Sorghum 

Winter wheat 

Oat 

Lucerne 

Tomato 
Soybean 

Grass 

Alfalfa & red clover 

Various 
Wheat 

yield reduction from 56 to 25 g/pot 169 
169 
226 
226 
176 
176 
176 
176 

57 
57 

127 
127 
127 
127 
73 
73 
73 

261 
261 
261 
261 
261 
261 
262 

27 
27 

147 
147 
147 
147 

5 
29 
29 
29 
29 
2?J 
29 

186 
186 
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TABLE e.1. CHROMIUM PHYTOTOXICITY DATA (oon't) 

1mt Nama Sclantific Veriaty Parts Cultivation IPH Soll Typo 
Nema 

6.1-8.3 l.empor11cchlo fluvisol 

7 ,5•8.0 Gu11rdi11 regosol 



TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con'tl 

Treatment Concentration in soil Loading rate lent tissue concentration 
deficienc normal toxic 

fly ash 5% 20.3 4.3· 
control 25.7 3.2 
fly ash 2~ 21.8 3.1 
fly ash 5% ·18.2 2.8 
control 13.9 4.9 
fly as.h 2% 14.4 3.2 
fly ash 5% 21.1 4.1 
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TABLE E-1. CHROM!UM PHYTOTOXICITY DATA (con'tl 

Plant Namo roforenco 
toms I 

186 
186 
186 
186 

., ... 
186 
186 
186 



TABLE E-2. COPPER PHYTOTOXICITY DATA 

Plant Name Scientific Variety Perts Cultivation PH 
Name 

Alfalfa Medicego setive steems,leaves, tops field 
tops control 

Apple Malus SPP: leaves field 
Avocado Persae emericene leaves field 
Berley Hordeum vulgera grain field 
Cacao Thaobrome cacao leaves field 
Cauliflower Brassies olerecea botrytis leaves field 
Cherry Prunus ceresus leaves field 
Lemon Citrus limon leaves field 
Orange Citrus sinensis leaves, Valencia end Nevel leaves field 

culture 
control 

Clovar,red Trifolium pretense tops field 
Clover ,subterranean Trifolium subterreneum leeves,tops field 
Coffee Coffee spp. beens 
Current,bleck Ribas nigrum . leaves field 
Grapes Vitis spp. leaves field 
Oats Avena setiva leevas,strew, tops,grein, field 

solution 
Peach Prunus persice leaves field 
Peer Pyrus communis leaves, wood,berk field 
Pecan Cerya illinoensis leaves field 
Pineapple Anenas comosus leaves . field 
Plum Prunus domestica apical leaves field 
Potato Solenum tuberosum tubere field. 
Rye Secale cereale grain field 

.Timothy Phleum pretense tops field . 
Tomato Lycopersicon esculentum leaves greenhouse 

fruit control 
fruit field 

Tung Aleurites fordi leaves field 
Wheat Triticum spp. straw,grain,wheat germ field 
Corn Zea mays eerleaf control ad 5.8-6.2 

5.7-6.0 
5.7-6.0 

earleaf,grein,stover field 8.6 
Barley Hordeum vulgars Henry silage field 6.6 
Reed canarygrass Phalaris arundinecea field 5.9-6.6 · 
Corn Zea mays field 5.9-6.6 

· E-10 



Plant Namo 

Alfalflt 

Apple 
Avocado 
Barley 
Cacao 
Cauliflower 
Cherry 
Lemon 
Orange 

Clover,red 
Clover,subterrane11n 
Coffee 
Currant,black 
Grape• 
Oats 

Peach 
Pear 
Pecan 
Pineapple 
Plum 
Potato 
Rye 
Timothy 
Tomato 

Tung 
Wheat 
Corn 

Barley 
Reed canarygrass 
Corn 

TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Soil Typo Treatment Concontration in •oil Loading rate 

Bojac loamy sand 
Davidson clay loam 
Groseclose silt loam 
Acredalo silt loam 
Acredale silt loam 
Hublersburg clay loam 
Hublersburg ckey loam 

304 kg/ha 
304 kg/he 
36.6 kg/ha 
7.6 kg/ha 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Namo 

Alfalfa 

Apple 
Avocado 
Barley 
Cacao 
Cauliflower 
Cherry 
Lemon 
Orange 

Clover,red 
Clover,subtorranean 
Coffee 
Currant,black 
Grapes 
Oats 

Poach 
Poer 
Pocan 
Pinoapplo 

'Plum 
Potato 
Rye 
Timothy 
Tomato 

Tung 
Wheat 
Corn 

Barley 
Reed canarygrass 
Corn 

deficienc 

1.0-4.0 

3.9 
<4.00 
<4.00 

.70-1.60 

<3.00 

2-4 
1,0-5.4 
<3.0 
1-2.5 

1.2-6.7 

3.0-4.0 

<.5 

2.6-3.1 
1.5 (grain) 

lent tissue concentration 
normal toxic 

5.10-11.5 
6-16.4 

3.2-23.0 
4-11 

6.2-11.9 
11-15 

4.8-5.4 
5-200 

8.4-8.6 
5-20 >20.00 
4-20 

3.20-15 
7.6-16.4 

3-32 
8.0-20.0 

7.5-10.00 
2.6-30.0 

7-8 
1 .1-8.8 
7-16 

5-100 
21-28 

8.6-11.5 
7.0-9.0 
2.5-5.5 
<2.0 
6.4 

3.1-12.3 
13.0-37.0 
15.0-25.0 

4.8-5.7 
3-16.7(gr1 

6.1-9.6mg/kg 
6.1-9. lmg/kg 
8.8-10,5mg/k 
4.9-8.2mg/kg 
1.0-2.8mg/kg 
8.9-32.3ug/g 
4.2-6.2ug/g 

visual 

visual 
visual 
visual 
visual 

visual 

visual 
visual 
visual 
visual 

visual 

visual 

visual 

visual 
visual 

necrotic spots,shoots die 

multiple budding.gum pockets 
dark greeen teaves,bumpy fruit 
dark greaen laaves,bumpy fruit 
dark greeen leaves,bumpy fruit 

become light, no centec markings 

leaves turn pale & mottled 

leaves roll& yellow-gray spots 
leaves roll& yellow-gray spots 

stunted,termlnal leaves die,unfruit 

terminal buds dio,leaves go yellow 

foliage le chlorotic & dwarfed 
Leaves roll,yellow,die,dry to gray 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

t=otoxiclt:i:: I rereronco ~ t:nt NMM 
typo symptoms 

Alr11lfe 35 
35 

Apple 35 
Avocado 35 
Barley 35 
Ceca~ 35 
Cauliflower 35 
Cherry 35 
Lemon 35 
Orange visual chlorosis of the foliage,yellow 35 

35 
35 

Clover,red 35 
Clover,subterranean 35 
Coffee 35 
Currant,black 35 
Grapes 35 
Oats 35 

35 
Peach 35 
Pear 35 
Pecan 35 
Pineapple 35 
Plum 35 
Potato 35 
Rye 35 
Timothy 35 
Tomato 35 

35 
35 

Tung 35 • Wheat 35 
Corn 197 

197 
197 
196 

Barley 196 
Reed canarygrass nona reported 213 
Corn none reported 213 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

lant Name Scientific 
Name 

Variety Parts Cultivation PH 

greenhouse 6.8 

Rye Seceale cereal greenhouse 6.8 

Corn Zea mays greenhouse 6.5 

Rye Seceale cereal greenhouse 6.5 

Bermuda grass 

Corn 

Tall Fescue 

Alfalfa 

Lettuce 

Cynodon dactylon 

Zea mays 

Festuca arundinacea 

Madicago sativa 

Lactuca sativa longifolia 

grain 

tops 

tops 

shoots 

field 

field 

pots 

pots 

greenhouse 

5.7-6.6 
5.4-6.2 
4.2-5.3 

6.3 
6.8 

6,0-6.3 
6.2-6.3 

6 
6.2 

7.1-7.5 
6.1-7.5 
5.5-6.0 
7.1-7.7 
6.1-7.5 
5.5-6.0 

7.5 

5.7 

Wheat Tritlcum aestiwm lnia leaves.grain greenhouse 7.5 

5.7 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

ant NllmO Soil Typo Tre11tmont 

limed W11rsaw sandy 1011m fertilized 
sludge 
Cu sludge 

.Rye 
k••·• 

lirned Warsaw 'landy loL ,; fertilized 
sludge 
Cu sludge 

Corn Warsaw sandy loam fertilized 
sludge 
Cu sludge 
Inorganic 

Rye Warsaw sandy I011m fortilizad 
sludge 
Cu sludge 
inorganic 

Bermuda grass Cecil sandy clay loam control 
Cecil sandy clay loam fertilized 
Cecil sandy clay loam sludge 

Corn Sable silty clay loam 
Cisne silt loem 
Ipava silt loam 
Drummer silty clay loam 
Muscatine silt loam 
Hartsburg silty clay I011m 

Tall Faacue fine- silty 
fine silty sludge 
stripped mind sludge 

Alfalfa fine silty 
fine silty sludge 
stripped mind sludge 

Lettuce Domino silt loam 

Radding fine sandy loam 

Wheat Domino silt loam 

Redding fine sandy loam 

Concentration in soil Lollding r11te 

46ppm 
120-343 ppm 

46ppm 
120-343 ppm 

46 
88-160 
75-150 

46 
88-160 
75-160 

1 
1 

1-4 

3.9 
19.2 
25.2 
3.9 
19.2 
25.2 
0-10 
20-80 

160-640 
0-10 
20-80 

160-640 
0-10 
20-80 

160-640 
0-10 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

lent tissue concentration 
deficienc normal toxic s 

4.4-10.4 
6.5-24.3 

>30 
Rye 7.5 

12.1 
>42 

Corn 4.4-10.4 
6.5-24.3 

16.7-22.8 
12.7-41.0 

Rye 7.5 
12.1 

14.7-17.4 
23.9-37.9 

Bermuda grass 12 
7 
6-8 

Corn 2.69 ug/g 
2.68 ug/g 

2.6-4.41 ug/g 
2.18-3.22ug/g 

2.49 ug/g 
1.67 ug/g 

Tall Fescue 9.7 
9.6-15.0 
8.6-11.6 

~lfalfa 16 
19.1-20.5 
15.1-17.8 

Lettuce 6.2-6.4 ug/g 
6.6-7 .9 ug/g 

8.2-.9,3 ug/g 
6.8-7.3 ug/g 
6.1-8.9 ug/g 

7.6-10.7 ug/g 10.7-18.3ug/g 
Wheat 10.7-11.6ug/g 

11.9-14.8ug/g 
13 .9-15.4ug/g 15.4-21.0ug/g 
10.1-10.7ug/g 
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TABlE E-2. 

~Plant Nema 

Rye 

Corn 

Rye 

Bermuda gras_s. 

Corn 

Tall Fescue 

Alfalfa 

Lettuce 

Wheat 

COPPER PHYTOTOXICITY DATA (oon't) 

rytotoxicity .::toms I referonce II 
tvpa 

44 
44 

yield reduction 44 
44 
44 

yield reduction 44 
45 
45 

yield reduction 45 
yield reduction 45 

45 
45 
45 

yield. reduction 45 
240 
240 
240 
187 
187 
187 
187 
187 
187 
230 
230 
230 
230 
230 
230 
167 · 
167 

yield significant yield reduction 167 
167 
167 

yield significant yield reduction 167 
167 
167 

yield significant yield reduction 167 
167 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name 

Snap bean 

Carrots 
Lettuce 
Peas 
Potatoes 
Radishes 
Sweet corn 
Tomatoes 
Wheat 
Pearl Millet 

Red Oak 

Black Walnut 

Wheat 

Uttle bluestem 

Black-eyed Susan 
Corn 

Oats 

Wheat 

Scientific 
Name 

Phaseolus wlgaris 

Daucus carota sativa 
Lactuca sativa 
Pisum satiwm 
Solanum tuberosum 
Raphanus satiws 
Zea mays 
Lycopersicon esculentum 
Triticum aestivum 
Pennisetum americanum 

Quercus rube 

Juglans nigra 

Tritlcum aestiwm 

Andropogon scoparius 

Rudbeckia hirta 
Zea mays 

Avena sativa 

Triticum aestivum 

Variety 

Tendergreen 

Scarlet Nantes 
Grand Rapids 
Wando 
Norland 
Sparkler 
NK-199 
Fantastic 
Centurk 

Dekalb XL:43 

Norlina 

Arthur 

Parts 

beans.leaves 
leaves, edible tissue 

tubers 
leaves 
fruit, vines,pods 
tubers 
tubers 
grain.leaves 
fruit 
grain 
leaves 

leaves 

leaves 

shoots,roots 

shoots,roots,whole 

shoots,roots, whole 
seedlings,grain,stover 

grain 

grain 

Cultivation PH 

field 5.3 
field 5.3 

field 5.3 
field 5.3 
field 5.3 
field 5.3 
field 5.3 
field 5.3 
field 5.3 
field 
field 5.3-6.9 

field 5.3-6.9 

field 5.3-6.9 

pots 5.2 
>6.5 

greenhouse 

greenhouse 4.8 
7.82 

greenhouse 4.8 
field 5.6 

6 
6.3 

field 5.6 
•5 

6.3 
field 5.6 

6 
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TABLE E-2. 

ant Nemo Soil Typo 

Snap b1111n Hubbard coer10 sand 
Hubbard co11r1e s11nd 

Carrots Hubbard coarse send 
lettuce Hubbard coarse send 
Pe1111 Hubbard coarse send 
Potatoas Hubbard coarse send 
Radishes Hubbard coarse sand 
Sweet corn Hubbard coarse sand 
Tomatoes Hubbard coarse sand 
Wheat Truckton loamy send 
Pearl Millet Downer sand 

Red Oak Downer send 

Black Walnut Downer sand 

Wheat Redding fine sandy loam 
Redding fine sandy loam 
cleyloam 

Little bluestem rural Plainfield sand 
urban Oakville sand 

Black-eyed Susan rural Plainfield sand 
Com sandy 

sandy 
sandy 

Oats sandy 
sandy 
sandy 

Wheat sandy 
sandy 

COPPER PHYTOTOXICITY DATA (con'tl 

Troatmont Concontn1tlon In ■ oil loading reto 

20-80 
160-640 

control 0 
single 26.3-105kg/ha 
anuel 66.0-263kg/ha 

fertilized 
unfertilized 
sludge 517ug/g sludge 
fertilized 
unfertilized 
sludge 517ug/g sludge 

fertiliz11d 
unfertilized 
sludge 517ug/g sludge 

100-200 ug/g . 
100-200 ug/g 

control 
0-2 cm depth 
18-20cm depth 

37 .73-47 .11 
47.25 100 ug/g 
84.88 200 ug/g 

no sludge .6-1.0 
56 metric tons 29-35 
112metric tons 58-66 
no sludge .6-1.0 
56 metric tons 29-35 
112metric tons 58-66 
no sludge .6-1.0 
56 metric tons 29-35 



•• 
•• 

•• 

•• 

TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

lent tissue concentration 

Snap bean 

Carrots 
Lettuce 
Peas 
Potatoes 
Radishes 
Sweet corn 
Tomatoes 
Wheat 
Pearl Millet 

Red Oak 

Black Walnut 

Wheat 

Little bluestem 

Black-eyed Su1&n 
Corn 

Oats 

Wheat 

deficienc normal 

10.6-10.9ug/g 

11 ug/g 
8.2-10.0 ug/g 

11.8-12.2 ug/g 
10.8-12.0 ug/g 

<.3-1.5 
1.6-11.9 
5.9-22.8 
8.6-19.0 

<.3 
8.5-15.8 

<.3 
3.50-5.96 ug/g 

5.8-7 .8 ug/g 
5.2-6.6 ug/g 

5.4-10.3 ug/g 
5.8 ug/g 
6.2 ug/g 

6.0-6.6 ug/g 
5.6 ug/g 
5.1 ug/g 

6.4-7.8 ug/g 

6.5 
8.4 
7.2 

50.59 

3.6-7.2 
10.5-14.2 
11.6-16.8 

1.5 
2.6 
2.5 
2.1 
3.2 

toxic 

11.8-42.0ug/g 

209.5 

E-20 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (oon't) 

~Plant Name ~h~otoxlcltl I reference I 
tpu, symptoms 

167 
yield significant yield red11ction 167 

S~ep bean 58 
138 .... , ... -. . . 
138 
138 

Carrots 56 
Lettuce 56 
Peas 56 
Potatoes 56 
Radishes 56 
Sweet corn 56 
Tomatoes 56 
Wheat 206 
Pearl Millet 128 

128 
128 

Red Oak 128 
128 
128 

Bleck Walnut 128 
128 
128 

Wheat· yield reduction 15· 
yield reduction 15 

126 
126 
126 

Little bluestem yield 25% yield reduction 164 
yield reduction of up to 68% 164 

Black-eyed Susan yield total mortality 164 
Corn 212 

212 
212 

Oats 212 
212 
212 

Wheat 212 
212 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

6.3 
Rye Secale cereale Balboa grain field 5.6 

6 
6.3 

Crimson clover Trifolium incarnatum Auburn whole field 5.6 
6 

6.3 
Arrowleaf clover Trifolium vesiculosum Yuchi whole field 5.6 

6 
6.3 

Carrots Daucus carota Danvers tubers,shoots field 5.5-5.8 
Radishes Raphanus sativus Cherry belle tubers,shoots field 5.5-5.8 
Tomato lycopersicon esculentum New Yorker fruit field 5.5-5.8 
lettuce lactuca sativa Salad Bowl leaves field 5.5-5.8 
Brome grass Bromus inermis Leyess field 6.7-7.9 

. Corn Zea mays stover field 6.7-7.9 

Pioneer 3369A leaveil,grain . field low 
Grain sorghum Sorghum bicolor Funk G-522 leaves,graln field low. 
Soybeans Glycine max Centennial seedlings leaves seeds field. .low 
Winter wheat Triticum spp. Anza straw field 7.6 
Swiss chard Beta wlgaris Ford Hook Giant greenhou11e 7.7 

7 
5.5 

Sweet corn Zea mays Jubilee plant, seeds field 
Alfalfa Medicago sativa Ranger leaves,stems field 
Wheat Triticum wlgare Fremont plant, seeds field 
Fodder rape Brassies napus Kenton greenhouse 5.6 

6 
7.5 

Barley Hordeum wlgare larker greenhouse 4.0-6.4 
Rye Grass lolium multifl.orum Westerwool greenhouse 4.0-6.4 
Corn Zea mays Pioneer 3517 leaves, grain · field 7.6-8.1 · 
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TABLE E-2. COPPER PHYTOTOXICtTY DATA (oon't) 

Soil Type 

sendy 
Rye sandy 

1endy 
sandy 

Crimson clover sendy 
sandy 
sandy 

Arrowleaf clover sandy 
sandy 
sandy 

Carrots E!ridgehampton silt loam 
Radishes Bridgehampton silt loam 
Tomato Bridgehampton silt loem 
Lettuce Bridgehampton silt loam 
Bromegrass Conestoga losm 

Corn Conestoga loam 

fine sandy loam 
Grain sorghum fine sandy loam 
Soybeans fine sandy loam 
Winter wheat On:mi silty clay 
Swiss chard Domino silt loam 

Hanford sandy loam 
Redding fine sand 

Sweet corn fine silt 
Alfalfa fine silt 
Wheat . fine silt 
Fodder rape sandy 

sandy 
sandy 

Barley merginally productive soil 
Rye Grass marginally productive soil 
Corn calcareous strip-mined spoil 

Treatment 

112metric tons 
no sludge 
56 metric tons 
112metric tons 
no sludge 
56 metric tons 
112metric tons 
no sludge 
56 metric tons 
112metric tons 

NH4N03 
sludge low 
sludge high 
No N 
NH4N03 
Ca sludge 
Al sludge 
Fe sludge 

dredged material 
dredged material 
control 
sludge 

Concentration in •oil Loading rete 

58-66 
.6-1,0 
29-35 
58-66 
.6-1.0 
29-35 
58-66 
.6-1.0 
29-35 
58-66 

1.6-13.8 
1.6-13.8 
1.6-13.8 
1.6-13.8 

6-13 kg/ha 
9-18 kg/ha 
13-18 kg/ha 

40-62 
.1-.4 
.2-.6 
.05-.4 
8-25 
8-25 
8-25 

86.2 kg/ha 
6.0-40.0 
6.0-40.0 
6.0-40.0 

687 mg/kg 

2.3-6.8 mg/kg 
2.7-39.6mg/kg 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

lent tissue concentration 
deficienc normal toxic 

Rye 

Crimson clover 

Arrowleaf clover 

Carrots 
Radishes 
Tomato 
Lettuce 
Bromegrass 

Corn 

Grain sorghum 
Soybeans 
Winter wheat 
Swiss chard 

Sweat corn 
Alfalfa 
Wheat 
Fodder rape 

Barley 
Rye Grass 
Corn 

3.7 
4.5 
6.6 
6.7 
7.1 
8.4 
9.4 
7.3 
10.1 
13.9 
3-11 
9-22 
10-13 
11-17 
5.9-11 

7 .3-10. 1 
9.3-14.4 
4,3:s.o 
6.1-9.4 
6.0-9.6 

6.7-11.6 
6.3-9.6 

11.3-13.5 
8.5-11.0 
10.5-29.5 

2.0-3.2 
12-19 mg/kg 
4-14 mg/kg 
12-23 mg/kg 

8.5°9.5 
8.-12 

8.0-9.5' 
6.95-25.75 
7.02-17.71 
6.88-14.47 

6-21 
9-39 
9-16 
10-15 

E-24 

https://6.88-14.47
https://7.02-17.71
https://6.95-25.75


TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

iPlant Nome r~otoxicil:z'. I raferonce II 
typo symgtoms 

212 
Rye 212 

212 

• 212 
Crimson clover 212 

212 
212 

Arrowleaf clover 212 
212 
212 

Carrots 211 • 
Radishes 211 
Tomato 211 
Lettuce 211 
Bromegrass 224 

224 
224 

Corn 224 
224 
224 
224 
224 
143 

Grain sorghum 143 
Soybeans 143 
Winter wheat 32 
Swiss chard 242 

242 
242 

Sweet corn 24 
Alfalfa 24 
Wheel 24 
Fodder rape 173 

173 
173 

Barley 41 
Rye Grass 41 
Corn 188 

188 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Name Scientific 
Name 

Variety Parts Cultivation PH 

Jubilee leaves, kernels field 5.8-7.1 

Swiss chard 

Rye Gress 

Upland cotton 

Bate wlgeris 

Lolium perenne 

Gossypium hirsutum 

Fordhook Giant 

leaves, seeds 

greenhouse 

greenhouse 

field 

5.6-5.9 

5.6-5.9 

8.2 

Timothy Phlaum pretense field 6.3 

. 6.1 

Corn Zee mays 
Pioneer 3192 

leeves,graln 
leaves, grain 

field 
field 

7 
>6.5 

>6.5 

>6.5 

Soybean 

Sorghum 

Winter wheat 

Splash pine 

Wheat 

Glycine max 

Sorghum bicolor 

Triticum 

Pinus elliottii 

Triticum aestiwm 

Corsoy 

Moench 

Vergina 

seeding tissue 

root,laaves,stems,_grein 

.root, grain 

pine needles ' 

whole 

pot 

field 

field 

field, 

field 

5.9 

6.9-7.2 
5.8-7.2 
6.9-7.7 
5.8-7.2 
4.8-5.1 
4.9-5.3 
4.8-5.2 
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TABLE E-2. COPPER PHVTOTOXICITY DATA (oon't) 

ent Name 

Swi11 chard 
,· . . · . ·•·• Rye GraH 

Upland cotton 

Timothy 

Corn 

Soybean 

Sorghum 

Winter wheat 

Splash pine 

Wheat 

Soll Type 

Wilh1m11tt11 silt loam 

Chalmers silt clay loem err' 
Russel silt loan 
Chalmers silt cle;,, loam end 
Russel silt loam 
Pima clay loam 

Dalhousie clay loam 

St, Bernard sandy loam 

Davidson silty clay 
Guernsey silt loam 

Bertie fine sandy loam 

Starr-Dyke clay loam 

Nicollet loam soil 

Hynie fine sandy loam 
Hynie fine sandy loam 
Hynie fine sandy loam 
Hynie fine sandy loam 
Troup fine sandy loam 
Troup fine sandy loam 
Troup fine sandy loam 

Tr11atm11nt 

control 
tannary waste 
-:ontrol 
..irilling fluid 
control 
drilling fluid 
control 
fertilized 
sludge 
control 
fertilized 
pig manure 
sludge 
control 
fertilized 
pig manure 
sludge 
CuS04 
control 
pig manure 
sludge 
control 
pig manure 
sludge 
control 
pig manure 
sludge 
CuS04 
sludge . fertilized 
sludge 
fertilized 
sludge 
control 
low sludge 
high sludge 
control 
low Zn polution 
med Zn polution 

Conc11ntration in soil 

8-11 umol/kg 
8· 13 umol/kg 

13 rng/kg 
10-163 mg/kg 

13 mg/kg 
10-163 mg/kg 

0.6 
2.9 
0.6 
2.9 
0.5 

1.2·2.4 
1.7-2.6 

50-80 mg/kg 
100-300 
300-600 

Loading rate 

334-415 kg/ha 

0-40 mg/kg 
0-107 mg/kg 

11·34 kg/ha 
45-56 kg/he 

0 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic toms 

.07-.08 mmol/kg 

.06-.09 mmol/kg 
Swiss chard 7.7 mg/kg 

7.6-21.4 mg/kg 
Rye Grass 6.1 mg/kg 

7.7-15.5mg/kg 
Upland cotton 8.1 mg/kg 

10.7 mg/kg 
9.2-10.1 mg/kg 

Timothy 3.9-5.lmg/kg 
4.4-5.8 mg/kg 
2.7-5.0 mg/kg 
3.4-5.2 mg/kg 
3.8-5.2 mg/kg 
3.6-5.1 mg/kg 
3.7-5.1 mg/kg 
3.8-5.9 mg/kg 

Corn 9.7-10.4 mg/kg 
8.9-9.3 mg/kg 

10.1-10.7mg/kg 
9.5-10.7 mg/kg 
6.5-9.1 mg/kg 

7.6-10.1 mg/kg 
7.6-10.0 mg/kg 
8.8-10.5 mg/kg 
9.2-10.2 mg/kg 
9.0-11 : 1 mg/kg 

Soybean 3.2-4.0 
3.3-9.4 

Sorghum 12.8 
27.5 

Winter wheat 8 
13 

Splash pine 3.6 
4.1-4.5 
4.1-4.3 

Wheat •• 
•• 
•• 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con'l) 

IPl•nt Nemo t:e r~otoxicit: I reference I 
symptoms 

226 
226 

Swiss chard 176 
176 

Ryo·Grass 176 
176 

Uplend cotton 259 
259 
259 

Timothy 257 
257 
257 
257 
257 
257 
257 
257 

Corn 183 
184 
184 
184 
184 
184 
184 
184 
184 
184 

Soybean 57 
57 

Sorghum 127 
127 

Winter wheat 127 
127 

Splash pine 144 
144 
144 

Wheat 61 
visual reduced growth 61 
visual reduced growth,chlorotic,stunted 61 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Perts Cultivation PH 
Name 

Oat Hermon root,seed,stem field 

Sudengress Sorghum bicolor Piper whole field 5.23 
5.18 

5.77-6.38 
Corn Zea mays leaves, roots, stems, husks field 6.2 

Perennial_ ryegrass Loluim perenne pot 4.3-5.26 

4.76-5.72 

6.16-7.11 

Wheat straw ,kernels greenhouse 8.1 

6.5 

field 8.1 

Brome-alfalfa whole greenhouse 8.1 

6.5 

Soybean Glycine max Bragg seed,pod wall, stem greenhouse 6.2 

Ransom· seed,pod wsll,stem greenhouse 6.2 

Maize Zee.mays whole pot 

E-30 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

ent Namo Soil Type 

Oet 

Sudengrass Wahiawa silty clay 
Wahiawa silty clay 
Wehiawa silty clay 

Corn Warsaw silt loam 

Perennial ryegrl!Bs ecid cley loam 

acid clay loam 

acid clay loam 

Wheat Lakeland calcareous fine 

Red River noncalcareous fine 

Lakeland celcareous fine 

Brome-alfalfa Lakeland calcareous fine 

Red River noncalcareous fine 

Soybean Enon sandy loam 

Enon sandy loam 

Maize sand 

Treetmont 

high Zn polution 
control 
25 °A, sludge 
50% sludge 
control 
fertilized 
sludge 
control 
sludge 
Control 
sludge 
sludge 
Control 
sludge 
sludge 
Control 
sludge 
sludge 
eimtrol 
sludge 
control 
sludge 
control 
sludge 
control 
sludge 
control 
sludge 
control 
low sludge 
high sludge 
control 
low sludge 
high sludge 
control 
low saturatrion sludge 
low saturatrion sludge 
high saturation sludge 
high saturation sludge 

Concentration In 1oil 

800-1200 
5.2-8.7 
16.6 
10.3 

51 
843 

0 
4-8% 
0.12 

0 
4-8% 
0.12 

0 
4-8% 
0.12 

2.5 
5.1-10.2 

20.3-40.7 
5. 1-10.2 

20.3-40.7 

Loading rete 

1075 tons/ha 

0 
12.15-121.5 kg/ha 

0 
12.15-121.5 kg/ha 

0 
198-396 kg/ha 

0 
12.15-121.5 kg/ha 

0 
12.15-121.5 kg/ha 

0 
10-20 kg/ha 

30 kg/ha 
0 

10-20 kg/ha 
30 kg/ha 



. \ 

TABLE E-2. COPPER PHYTOTOXICITY DAT A (con'tl 

ma lent tissue concentration 
deficienc normal toxic 

•• 
Oat 8 

27 
22 

Sudangrass 24 
20 

17-20 
Corn 10 

40 
Para.nnial rvegrass 15 

20-30 
30 
10 

20-30 
35 
10 

15-20 
30 

Wheat 1.78 
1.83-3. 13 

2.4 
1.68-3.38 

1.7-2.7 
2.5-8,3 

Brome-alfalfa 7.9 
7.9-15.0 

5.2 
5.9-12.9 

Soybean 5.66 
7.93-8,96 

10.66 
3.8 

5,73-6.33 
7.16 

Maize 6-9.0 
7-9.0 

8-13.0 
9-13.0 

15-36.0 
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TABLE E•2, COPPER PHYTOTOXICITY DATA (oon't) 

ltentNe~ I l;B t~otoxlci~ I referenco I 
symptoms 

visulll 1 /6naturel size,few reach maturity 61 
Oat 73 

73 
73 .... , 

Sudangrass 104 
104 
104 

Corn 125 
125 

Perennial ryagrass 19 
19 
19 
19 
19 
19 
19 
19 
19 

Wheet 270 
270 
270 
270 
270 
270 

Brome-alfalfa 270 
270 
270 
270 

Soybean 202 
202 
202 
202 
202 
202 

Maize 79 
79 
79 
79 

yield significant reduction 79 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Name Scientific 
Name 

Variety Parts Cultivation PH 

Lettuce Imperial 847 tops pot 

Onions Early flat Barette bulbs pot 

field 

Lettuce Imperial 847 tops greenhouse 

Lucerne 

Tomato 

Sweet corn 

Soybean 

Medicago satuva 

Lycopersicon esculentum 

Zea mays 

Glycine max 

Wairau 

Money maker 

Jubilee 

whole 

Leavas,fruit,root 
· fruit 

leaves,kernels 

stem,leaves,seeds,pods 

pot 

pot 
pot 

field 

pot 

5 
5.1-5.6 
. 6.6 

5.2 
5.4-6.0 

6.8 
4.6-6.9 
4.6-6.6 
6.6-6.~ 
6.6-6.7 

5.4 
4.7-5.1' 
5.1-5 •. 2 
5.1-5.3 

5.1 

Barley Hordeum wlgare ·Julia tops send 

Ryegress Lolium perenne S24 tops greenhouse 6 

7.6 

Lettuce · Lectuca sativa Grand rapids leaves po,_S 6,? 
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Plant Neme 

Lettuco 

Onions 

• 

Lettuce 

Lucerne 

Tomato 

Sweat corn 

Soybean 

Barley 

Ryegrass 

Lettuce 

TABLE E-2. 

Soil Typo 

loamy, fine sand 

loamy, fine send 

loamy" fine send 

sandy loam 

Waitarera send 
Waitarere send 
Waitsrere send 
Levin silt loam 
Lavin silt loam 
Levin silt loam 

Willamette silt loam 
Willamette silt loam 
Willamette silt loam 
Willamette silt loam 
Willamette silt loam 
Ritzville silt loam 

washed silver_ sand 

sandy soil 

heavy clay soil 

very fine non-calcareous 

COPPER PHYTOTOXICITY DATA (con't) 

Treatment Concontration In soil 

control 
low sludge 
high sludge 
control 
low sludge 
high sludge 
control 
sludge 
control 
sludge 
hasted sludge 

0 12 
5-40% sludge 26.9-131.2 
100% sludge 310 

0 28 
5-40% sludge 42.1-140.8 
100% sludge 310 
sludge 380 

0 
25-75% sludge 
100% sludge 
control 
fertilfzed 
Portland sudge 
Rock Creek sludge 
Salem sludge 
control 31 
Cu solution 
CuS04 3.1-13.6 
CuS04 34-100 
control 
salt 
sludge 
control 
salt 
sludge 
control 31 
low sludge 
high sludge 

Loading rate 

0 
1,31-6.55 kg/ha 

6,55-11. 79 kg/ha 
0 

1,31·6,55 kg/ha 
6.55-11.79 kg/ha 

0 
1 ,31 ·23.58kg/ha 

0 
1,31-106.11 kg/ha 
3 .93-11. 79 kg/ha 

0-388.8 kg/ha 
0 

97 ,2-291.6 kg/ha 
388.8 kg/ha 

28-55 lb/acre 
27•54 lb/acre 
11·21 lb/acre 

2.5 ug/g 

0 
13.7-110 mg/kg 
13.7-110 mg/kg 

o· 
13.7-110 mg/kg 
13.7-110 mg/kg 

0 
43.45-86.9 kg/ha 

173.8 kg/he 

https://1,31-106.11
https://6.55-11.79
https://1,31-6.55


TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic toms 

Lettuce. 6 
9-12.5 
12.5-14 

Onions 4.5 
6-6.5 
6.5-7 
4.5 

4.25-4.5 
Lettuce 6.9 

8.7-18.7 
8.1-10.8 

Lucerne 15 
16-22 

15 
9-24.0 
8.5-35 
12-20.0 

Tomato 28 
13 

18-20 
22 

Sweet corn 9 
6-7.0 

12-13.0 
11-12.0 
10-11.0 

Soybean 3.9 
1.7 

Barley 18.2-20.3 
36-100 

Ryegrass 12.4 
14.2-20.9 • 
14.8-19.9 

9.2 
12.6-21.3 
9.3-18.0 

Lettuce 5.6 
7.8-8.7 
12.8 
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TABLE E-2. COPPER PHYTOTOXICITV DATA (con't) 

tlHlt Neme Jh~otoxicit:l I reference I 
t:e symptoms 

Lettuce 54 
54 
54 

Onions 54 
54 
54 
54 
54 

Lettuce 53 
53 
53 

Lucerne 261 
261 
261 
261 
261 
261 

• Tomato 262 
262 
262 
262 

Sweet corn 121 
121 
121 
121 
121 

Soybean 27 
27 

Barley 6 
visual' death 6 

Ryegrass 43 
43 
43 
43 
43 
43 

Lettuce 271 
271 
271 



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

Carrots Daucus carota Amstal tubers pots 6.7 

Peas Pisum satiwm Thomas Laxton fruit pots 6.7 

Tomato Lycopersicon esculentum shoots greenhouse 5.33 
7.96-8.09 
8.01-8.11 

Grass timothy.brown top field 6.05 
sweet vernal,blua 6.2 

Alfalfa & red clover field 6.05 
6.2 

Duckweed whole solution • 4 
4.5 
5 

Various shoots field 
Oats Avena sativa Selma leaves pot 6.6 

6.2 

7.5 

Highbush blueberry Vaccinium corymbosum Blueray pot 3.9-7.1 

Subterranean clover Trifolium subterraneum tops field 
Arctothaca calendula tops field 
Holcus lanatus tops field 
Lolium perenne · tops field 
Plantago lanceolata tops field 

Subterranean clover Trifolium subterraneum Mt. Barker tops greenhouse 5.6-6.3 

Silver beat Beat wlgaris Fordhook Giant tops greenhouse 5.6-6.3 
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TABLE E-2. COPPER PHYTOTOX!CITY DATA (con't) 

Plant Name 

Carroll 

,. .. P11111,_ 
(' . ••··• 

Tomato 

Grase 

Alfalfa & red clov11r 

Duckw1111d 

Verious 
Oats 

Highbush blu11b11rry 

Subterranean clov11r 

Subt11rranean clover 

Silver beet 

Soil Type 

v11ry fin11 non-celcar11ou1 

· vory fine non•c.,lcer11ou: 

Elkton silt loam 
Elkton silt loam 
Elkton silt loam 
clay and sandy loam 
clay and sandy loam 
clay end sendy loem 
clay end sandy loem 
Huther's medium 
Huther's medium 
Huther's medium 
serpentin11 soil 
sandy loam 

sandy soil 

organic soil 

peat 

orchard soil 
orchard soil 
orcherd soil 
orchard soil 
orchard soil 
orcherd 

ore mineralized 

orcherd 

ore mineralized 

Treatment 

control 
low sludg11 
high sludge 
control 
low sludg11 
high sludge 
control 
low 2-6% sludge 
high 8-10% sludge 
control 
sludg11 
control 
sludge 

natural 
control 
nitrat11 compound 
control 
nitrate compound 
control 
nitrat11 compound 
control 
low CuS04 
high CuS04 

12 degrees. 
22 degrees 
12 degrees 
22 degrees 
12 d11gr11es 
22 d11grees 
12 degrees 
22 degrees 

Concentn1tloo In aoU loedlng rate 

31 0 
43.45-86,9 kg/he 

173.8 kg/ha 
31 f) 

43.45-~6.9 kg/ha 
173.8 kg/ha 

72.4 
73.46-75.58 
76,64-77.70 

.81-8.39 
.66-11.06 17.87-30.44 kg/ha 
.81-8.39 

.66-11.06 17.87-30.44 kg/ha 
1 .0-10 
1 .0-10 
1.0-10 
37-144 
10.6 
28.7 
21.5 
30.1 
28 

49.5 

2 g/pot 
4 g/pot 

155 mg/kg 
155 mg/kg 
155 mg/kg 
155 mg/kg 
155 mg/kg 
195 mg/kg 
195 mg/kg 

9 mg/kg 
9 mg/kg 

195 mg/kg 
195 mg/kg 

9 mg/kg 
9 mg/kg 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

lent tissue concentration 

Carrots 

Peas 

Tomato 

Grass 

Alfalfa & red clover 

Duckweed 

Various 
Oats 

Highbush blueberry 

Subterranean clover 

Subterranean clover 

Silver beet 

deficienc normal 

3.6 
5.5-6.7 

7.5 
5.3 

8.4-8.9 
9.5 
41 

24.6-27.1 
30.9-33.8 
5.2-17.4 
6.7-19.2 
7.2-14.2 
8.6-15.2 

31.8 prop. metal uptak 
18.2 PMUT 
5.5 PMUT 

2.0-30 
4.04-5.93 
3.15-6.36 
1.83-8.58 

3.05-10.48 
2.97-9.24 

4.82-12.87 
1.0-7 
4-8.9 

5.5-9.9 

21 
30 
9.5 
13.7 
77 
134 
6.9 
9.2 

toxic 

34.6-42.2 PMUT 
32.5-37 .1 PMUT 
30.4-33.2 PMUT 

22-30 
27-36 
35-40 

12.0-43 
12.0-34 

E-40 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

!Plant Nemo ,;11_ I reforence I rytotoxicl: •vmptoms 

Cerrota 271 
271 
271 

Pees 271 
271 
271 

Tomato 62 
62 
62 

Grass 147 
147 

Alfalfa & red clover 147 
147 

Duckweed visual became pale end dark green 168 
visual became pale and dark green 168 
visual became pale and dark green 168 

Various 5 
Oats 17 

17 
17 
17 
17 
17 

Highbush blueberry 87 
87 
87 

Subterranean clover yield probable yield reduction 161 
yield probable yield reduction 161 
yield probable yield reduction 161 
yield probable yield reduction 161 
yield probable yield reduction 161 

~ubterrenean clover 161 
161 
161 
161 

. Silver beat 161 
161 
161 
161 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Variety Parts Cultivation PH 

Long Scarlet tops greenhouse 5.6-6,3 

Fordhook Giant tops greenhouse 

4.77-6.57 
3.6-4.83 
5.6-8.00 
4.9-6.9 

4.8-6.75 
3.6-5.05 
4.3-5.95 

5.35-7.75 
4.8-6.65 

Long scarlet 
Asgrow UH7 

tops 
whole 

greenhouse 
greenhouse 6.3 

Grand Rapids 
Forcing 

Garry 

Clark 

894A 

whole 

straw 

shoot• 

whole 

greenhouse 

field 

field 

field 

5.9 
6.5 
6.3 
5.9 
6.5 

5.09 
5.84 

6 
6.9 

0 6.6 
6.4 

5.9-7.4 
7.0-7.7 
6.9-7.6 
5.8-7.1 
5.7-6.0 
5.1-5.3 
8'.4-6.6 
5.7-5.9 
7.2-7.4 Helianthus annuus 

Plant Name 

Radishes 

Silver beat 

RadishflB 
Corn 

Lettuce 

Oats 

Soybean 

Scientific 
Name 

Rhaphanus sativus 

Beta wlgaris 

Rhaphanus satiws 
Zea mays 

Lactuca sativa 

Avena sativa 

Glycine max 

Sunflower 

E-42 



TABLE E-2. COPPER PHYTOTOXICllY DATA (oon't) 

tNemo Soil Typo 

Radl1he1 orchard 

oro mineralized 

various 
various 
various 
various 

Silver beat various 
various 
various 
various 
various 
Dystric Xeropsamment 

Radishoa Dystric Xeropsemment 
Corn Grenville loam 

Rideau clay 
Rideau clay 

Lettuce Grenville loam 
Rideau clay 
Rideau clay 

Oats peet 
muck 
mucky poet 

Soybean Sassafras fine sandy loam 
Sassafras fine sandy loam 
Sassafras fine sandy loam 
Christiana fine sandy loam 
Christiana fine sandy l~em 
Christiana fine sandy loam 
Christiane fine sandy loam 
Christiane fine sandy loam 
Christiane fine sandy loam 
Christiana fine sandy loam 
Christiane fine sandy loam 

Sunflower irrigated loamy fine send 

Treatment 

12 degrooa 
22 degroas 
12 dogroos 
22 degrees 
control 
sulfuro 
CaC03 
waterlogging 
control 
Sulfure 
Gypsum 
CaC03 
waterlogging 
sulfate 
sulfate 
control 
fertilized 
sludgo 
sludge 
sludge+lime 
sludge 
sludge 
sludge+ lime 
CuS04 
CuS04 
CuS04 
control 
sludge 
sludge 
control 
limed-digested 
limed-raw 
limed-composted 
heated 
heated 
Nu-earth 
Nu-earth 
control 
Cu Sulfate 

Concentration In soil Loading reto 

195 mg/kg 
195 mg/kg 

9 mg/kg 
9 mg/kg 
43-295 
43-295 
43-295 
43-295 
43-295 
43-295 
43-295 
43-295 
43-295 

250 mg/kg 
250 mg/kg 

0-480 
0-480 

0-480+ 12 
0-480+ 12 
0-480+ 12 
0-480+12 
0-480+ 12 
0-480+ 12 

22-1177 13-1659 ug/g 
152-1187 135-1745 ug/g 
158-583 81-1063 ug/g 

0 
123.2 kg/ha 
246.4 kg/ha 

0 
14.5-116 kg/he 
15.5-62.0 kg/ha 
15.3-184.1 kg/ha 
22.6-90.5 kg/he 
22.6-90.5 kg/ha 

58-116 kg/he 
58-116 kg/ha 

0 
3.0 kg/he 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (can't) 

me lant tissue concentration 
deficienc 

Radishes 

Silver beat 

Radishes 
Corn 

Lettuce 

Oats 

Soybean 

normal 

19 
26 
6.5 
6.8 
16 
39 
13 
20 
63 
63 
68 
35 
74 

4.5 
2.4-3.1 
4.3-5.0 
4.6-5.5 
3.1-5.4 
12.8 

11.3-15.7 
11.0-12.9 
8.0-9.6 
4.8-5.4 
6.0-7.4 
8.1-8.7 
8.6-8.9 
9.0-9.5 
7.4-8.1 
7.9-8.5 
7.4-8.0. 
7.0-7.6 
7.0-7.9 
6.6-8.3 
7.6-8.2 
7.1-7.5 

9.8 
10.5 

toxic toms 

5.7-8.6 
4.9-5.5 

13.8-22.0 

Sunflower 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (oon'tl 

f11ntName r:z'.!otoxicl~ I reforonoe I 
type symptoms 

Redl1h111 161 
161 
161 
161 ..... 
162 
162 
162 
162 

Silver beat 162 
162 
162 
162 
162 

yield death of all plants 162 
Radishes yield death of all plants 162 
Corn yield 23-50% reduction in yield 146 

yield 25-49.6% reduction in yield 146 
146 
146 
146 

Lettuce yield 20.7-58.6% reduction in yield 146 
146 
146 

Oats • 7 
7 
7 

Soybean 89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 

Sunflower 93 
93 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

6.0-6.3 

8.4 

6.0-6.2 

Barley Hordeum vulgare M ariout grain field 5.3 
4.7-4.9 
4.4-4.5 

5.3 
6.4-6.5 
6,5-6.6 

Oats Avena sativa Clintford stover field 5 
.6.5 
6.7 
5.4 
6.7 

Wheat Triticum aestiwm Potomac stover field 5 
6,5 
6.7 
5.4 
6.7 

Chard Beta wl_garis Fordhook Giant Swiss whole field 5 
.6.5 
6.7 
5.4 
6.7 

Carrots Caucus carota Gold Pak 128 leaves field 5.11 
5.08 
5.11 
5.05 
5.89 
5.79 
5.89 
5.79 

Beans Phaleolus wlgaris Tender crop fruit. pot 5 
5.3 

Cabbage B;assica oleracea Golden Acre leaves · pot 5 
5.3 
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TABLE E-2. COPPER PHYTOTOXtclTY DATA (oon't) 

nt Nmne Soil Type 

dry lollllly fim, tend 

dry fine sandy loam 

Irrigated fine sandy loam 

Barfey Dublin loam 
Dublin loam 
Dublin loam 
Dublin loam 
Dublin loam 
Dublin loam 

Oats Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 

Wheat Galestown Evesboro loamy send 
Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 

Chard Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Gal!'stown Evesboro lo·emy send 
Galestown Evesboro loamy send 

Carrots peat 
peat 
peat 

peat 

.muck 
muck 
muck 
muck 

Beens Arkport fine sandy loam 
Arkport fine sandy loam 

Cabbage Arkport fine sandy loam 
Arkport fine sandy loam 

Treatment 

control 
Cu Sulfate 
control 
Cu Sulfate 
control 
Cu Sulfate 
Oakland sludga control 
low sludge 
high sludga 
Pechao sludge control 
low sludge 
high sludge 
control 
control + lime 
lime raw 
digested 
limed + digested 
control 
control + lime 
lime raw 
digested 
limed + digested 
control 
control + lime 
lime raw 
digested 
limed + digested 
control 
lowCuS04 
med CuS04 
high CuS04 
control 
lowCuS04 
med CuS04 
high CuS04 
peat 
sludge 
peat 
sludge 

Concentration In toll Loeding rate 

0 
3,0 kg/ha 

0 
3,0 kg/ha 

0 
3,0 kg/ha 

0 
27-54 kg/ha 

. 81-108 kg/ha 
0 

8.1-16.2 kg/ha 
24.3-40.5 kg/ha 

DTPA: 3.1 
1.9 
3.4 
6.3 
7.4 

DTPA: 3.1 
1.9 
3.4 
6.3 
7.4 

DTPA: 3.1 
1.9 
3.4 
6.3 
7.4 

12.6-30.8 
83.0-209.5 
113.4-669.0 
338.0-1659 
135.4-170.7 
244.1-292.7 
311.8-610.3 
746.4-1745.0 

42.35 
107 

42.35 
107 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

Barley 

Oats 

Wheat 

Chard 

Carrots 

Beans 

Cabbage 

8.8 
8.8 
18.2 
17.9 
8.8 
8 
10 

11.0-12 
10.0-13.0 

10 
12.0-13.0 
13.0-14.0 

2.6 
3.1 
2.7 
3.5 
3.3 
2.1 
2.1 
2.4 
3.2 
2.8 
14 

19.2 
23 

27.2 
25.8 
3.77 
4.95 
5.74 
6.82 
17.26 
16.08 
11.55 
7.62 
3.2 
3.6 

.6-3.0 
1.8-2.9 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

1--:-_ _.,.-;.hyt=o~to;.;.;Xl;;.;.ct;;.;"ty..._.;--t-oms-----tl roforence I 
11 

Barley 

Oats 

Wheat 

Chard 

Carrots 

Beans 

Cabbage 

93 
93 
93 
93 
93 
93 
246 
246 
246 
246 
246 
246 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
157 
157 
157 
157 
157 
157 
157 
157 
68 
68 
68 
68 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Scientific 
Name 

Carrots Caucus carota 

Millet Echinochloa crusgalli 

Onions Allium cepa 

Potatoes Solanum tuberosum 

Tomatoes Lycopersicon esculentum 

Celery Apium graveolens 

Ryegrass lolium perenne 
Timothy Phleum pretense 
Meadow grass Poe annua 

Perennial ryegrass Lolium perenne 

Wheat Tritlcum aestiwm 

Cabbage Brassies Parachinansis 

Tomatoes Lv::opersicon esculentum 

Wheat Triticum aestiwm 

Variety 

Scarlet Nantes 

Japanese 

Downing Yellow Sweet 
Spanish 
Katahidin 

Vendor 

Utah 52-70 

Melle 

HOM 1553 

Flowering Chinese 

Fireball 

Parts 

tubers 

edilbe tissue 

fruit 

tubers 

fruit 

leaves 

whole 

leaves 

stem 

leaves 

leaves 

tops 

Cultivation PH 

pot 

pot 

pot 

pot 

pot 

field 

field 

5 
5.3 
5 

5.3 
5 

5.3 
5 

5.3 
5 

5.3 
6.88 
5.68 
6.91 
5.4 

5.9 

pot 7 

field 8 

pot 

sand 

6.35 
5.8-6.32 
5.82-6.27 
6.55-7.32 
6.18-7.33 

pot 5.0-5.5 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (oon't) 

ent N11mo Soil Typo 

C11rrot1 Arkport fino sandy loam 
Arkport fine 111ndy loam 

Millot Arkport fino 111ndy loam 
Arkrort fine snn<:ly loam 

Onions o I Arkport fine s11ntly loam 
Arkport fino sandy loam 

Pot11to111 Arkport fino sandy loam 
Arkport fine sandy loam 

Tomatoes Arkport fine sandy loam 
Arkport fino sandy loam 

Celery muck soil 
muck soil 
muck soil 

Ryegrass Devon sandy clay 
Timothy 
Meadow grass 

Devon clay 

Perennial ryegr11ss Sutton sandy loam 

Wheat clay. 

Cabbage redyellow podzol soil 
redyellow podzol soil 
redyellow podzol soil 
redyellow podzol soil 
redyellow podzol soil 

Tomatoes Hoagland solution 

Wheat Orenteno histosol 

Trc11tmont 

p1111t 
sludge, 
p1111t 
.. ludge· 
p1111t 
sludge 
pc11t 
sludge 
peat 
sludge 
control 
high metal soil 
limed high metal soil 
control 
pig slurry low 
pig slurry high . 
control 
pig slurry low 
pig slurry high 
control 
low sludg 
medium sludge 
high sludge 
control 
50% sludge 
66% sludge 
100% sludge 
1 O tons/he sludge 
20 tons/ha sludge 
control 
activated sludge 
digested sludge 
chicken manure 
pig manure 
control 
CuS04 
CuS04 
control 
fly esh 2% 

Concontr11tion In 1<>11 Loading r11t11 

42.35 
107 

42.35 
107 

42.35 
107 

42.35 
107 

42.35 
107 
46 
657 
575 

0 
50-100 m3/ha 

200 m3/ha 
0 

50-100 m3/ha 
200 m3/he 

39 0 
229 
409 132 kg/he 
715 
23.4 0 
38.2 
63.8 
77.2 
40.1 4.28 kg/ha 
72.8 8.56 kg/ha 
22.33 

32.5-50.0 
14.25-86.75 

18.5-37.5 
52.5-75.0 

0 
3 
6 

44.5 
46.2 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Name lent tissue concentration 
deficienc normal toxic 

Carrots 2 
2 

Millet 2.4 
2.6 

Onions 3.4 
1.2 

Potatoes 3.1 
4.6 

Tomatoes 2.2 
1.7 

Celery 15 
12 
15 

Ryegrass 3.5 
Timothy 6.0-8.1 
Meadow grass 16.7 

6,6 
.. 

8.1-9.7 
21.7 

Perennial ryegrass 19.8 
22 32.4 

34,9 
39.6 

Wheat 6.14 
6.84 
1.18 
10.94 
8.12 
9.96 

Cabbage 
100-250 

30 100-150 
25-30 

10.0-30 
T'>matoes •• 

•• 
• • 

Wheat 19.4 
18.6 
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TABLE E--2. COPPER PHYTOTOXICITY DATA loon't) 

r:otoxici; rororonco 
typo 1r;ngtom1 

t•nt Nomo I ij 
Carrots 68 

68 
Millot 68 

68 
Onions 68 

68 

Potatoes 68 
68 

Tomatoes 68 
68 

Celery 16 
16 
16 

Ryegrass 182 
Timothy 182 
Meadow grass 182 

182 
182 
182 

Perennial ryegrass 50 
yield 28% reduciton 50 
yield 43% reduction 50 
yield 57% reduciton 50 

Wheat 29 
29 
29 
29 
29 
29 

Cabbage 36 
visual small,short,young budding stage 36 
visual opaque granulate deposits 36 

36 
36 

Tomatoes 193 
yield 33% reduced dry weig!it 193 
yield 62% reduced dry weight 193 

Wheat 186 
186 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

6.1-8.3 

7.5-8.0 

Bush bean Phaseolus vulgaris improved trifoliate leaves solution 4 
Tendergreen 

8 

4 

8 

Soybean Glycine max Coker 237 leaves field 6 

Spinach Spinecia oleracea Symphony leaves field 6 

oS.09 

Bush been Phaseolus vulgaris Bulgarian leaves field 6.33 

Corn Zea mays Pioneer 3369A whole pot 6.4 
6.3 

• 6.2 
Highbush blueberry Vaccinium corymbosium Blueray whole pot 3.8-4.0 

4.6-5.0 
5.4-6.4 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plent Nsmo Soll Typo 

Lamporecchio fluvisol 

Guardia ragosol 

Bush bean solution 

solution 

N-deficient solution 

N-deficient solution 

Soybean loamy sand 

Spinach muck peat 

peat 

Bush bean sand,loam,clay 

Corn vsrious 
V!lrious 
various 

Highbush blueberry Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 

Treetment 

fly ash 5% 
control 
fly ash 2% 
fly ash 5% 
control 
fly ssh 2% 
fly ssh 5% 
control 
CuS04 
CuS04 
control 
CuS04 
CuS04 
control 
CuS04 
CuS04 .. 
control 
CuS04 
CuS04 
control 
CuS04 
Cu-EDTA 
Cu-heptogluconato 
control 
Cu solution 
Cu solution 
Cu solution 
control 
Cu solution 
Cu solution 
Cu solution 
control 
sewage sludge 
control 
CuS04 
sludge 
control 
control 
control 

Concentration in soil loading rato 

47,9 
55.3 
46.9 
42.4 
28,2 
34.4 
42 

0 
0,0001 
0.00025 

0 
0.0001 
0.00025 

0 
0.0001 

0.00025 
0 

0.0001 
0,00025 

0 
5.6 kg/ha 

.4-.7 kg/ha 

.2-.5 kg/ha 
158. 1 0 
212.6 81 ug/g 
316.9 
582.5 1063 ug/g 
22.4 0 
125.7 13 ug/g 
359.8 
1177.1 1659 ug/g 

.69 umol/kg 
22.4 umo!/kg 

0 
1 69-183 kg/ha 
169-183 kg/ha 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

lent tissue concentration 
deficienc 

Bush bean 

Soybean 

Spinach 

Bush bean 

Corn 

Highbush blueberry 

normal 

17.8 
17.5 
13.5 
11.9 
21.5 
16.4 
16.2 
5.9 

3.2 
14.2 
16.7 
6.5 

6.2 
9.7 
13.9 
10 
12 
11 

10.0-15 
16.03 
14.73 
15.32 
15.9 
9.85 

11.58 
15.76 
19.3 

4.0-6.0 
6.0-14.0 
5.0-9.0 
7.5-8.0 
7.0-9.0 
3.0-6.0 

toxic 

17.9 
49.8 

45.4 
26 

495.0 nmol/g 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (oon't) 

~Plant Nemo ._ __ typo __ _.,j~hyt=o.:;:to~xl;.:c;.:il.1..Y-;;--t-o-ms-----11 reference ij 
186 
186 
186 
186 

' I 186 
186 
186 

Bush bean 253 
yield 17% reduced by dry weight of leaf 253 
yield 73% reduced dry weight of leaf 253 

253 
253 
253 
253 

yield 21 % reduced dry weight of leaves 253 
yield 84% reduced dry weight of leaves 253 

253 
253 
253 

Soybean 114 
114 
114 
114 

Spinach 165 
165 
165 
165 
165 
165 
165 
165 

Bush bean 82 
possible yield reduction 82 

Corn 129 
129 
129 

Highbush blueberry 86 
86 
86 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't) 

Plant Name Scientific 
Neme 

Variety Perts Cultivation PH 

Barley 
Oats 
Wheat 
Flex 
Cenola 

Hordeum vulgere 
Avena sativa 
Triticum aestivum 
Linum usitetissimum 
Srassice cempestris 

Conquest 
Hudson 
Neepawa 
Dufferin 
Torch 

greenhouse 
greenhouse 
greenhouse 
greenhouse 
greenhouse 

3.8-4.0 
4.6-5.0 
5.4-6.4 
3.8-4.0 
4.6-5.0 
5.4-6.4 

6.1 
6.1 
6.1 
6.1 
6.1 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (oon't) 

ant Name 

Barley 
Oats 
Wheat 
Flax 
Canols 

Soil Typo 

Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 
Tempolton silt loam 
Tempelton silt loam 
Cu deficient soil 
Cu deficient soil 
Cu deficient soil 
Cu deficient soil 
Cu deficient soil 

Trsetment Concentration in •oil 

CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 
CuS04 

Loll<fing rats 

2 gfm3 
2 gfm3 
2 gfm3 
4 gfm3 
4 g/m3 
4 gfm3 

0-5.8 ugfg 
0-5.8 ugfg 

0-11.5 ugfg 
0-64 ugfg 
0-16 ugfg 
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

10.0-11.0 
9.0-10.0 
3.5-7.5 

12.5-13.5 
10.0-12.0 

4.0-9.0 
Barley 1.3-2.3 2.3-3.7 visual bending,gray leaf margins,necrotic 
Oats 1. 1-1 .7 1.7-2.5 visual bending,whitish margins,necrotic 
Wheat 1.4-3.0 3.0-4.9 visual bending.grayish margins,necrotic 
Flax 1.0-2.4 2.4-3.5 visual interveinal chlorosis,obtuse stem 
Canola 1.2-1.7 1.7-2.7 visual interveinal chlorosis,large leaves 
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TABlE E-2. COPPER PHYTOTOXICITY DATA (oon'tl 

EntNemo [ type r:otoxicity symptoms 

Barley 
Oats 
Wheat 
Flax 
Canola 

I reference I 
86 
86 
86 
86 
86 
86 
159 
159 
159 
159 
159 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA 

Plant Name Scientific Variety Parts Cultivation PH Soil Type 
Name 

Alfalfa Medicago sativa tops field 
Alyssum Alyssum berthollnii leaves,seeds field 
Apricot Prunus armeniaca fruit field 
Barley Hordeum wlgare leaves field 
Bean Phaseolus spp. seeds field 
Bog asphodel Narthecium spp. leaves,stems field 
Buckwheat Fagopyrum spp. seeds field 
Bulrush Scirpus caespitosus leaves,stems field 
Cabbage Brassica oleracea cepitele tops field 
Carrot Deucus carota sativa roots,leaves field 
Cherry Prunus cerasus fruit field 
Citrus fruits citrus spp. leaves greenhouse 

field 
pots 

Clover,bur Medicago hispida tops field 
Clover,red 
Coffee 

Trifolium pretense 
Coffee spp. 

tops .. beans 
field 
field 

Corn Zee mays grain field 
Cress, water Rorippa nasturtium-aquaticum tops,leaves field 
Fig Ficus carica fruit field 
Grasses Anthoxanthum odoratum sweet vernal tops field 

various spp. tops field 
Heather Heath Calluna vulgaris tops field 

Erica cinerea > • 
Erica tetralix 

tops 
tops 

field 
field 

Mushroom · Cantharellus cibarius buttons field 
Oats Avena sativa leaves,grain,tops field 

pots 
Onion Allium cepa bulbs field 
Pea Pisum sativum seeds field 
Peer Pyrus communis fruit field 
Potato Solanum tuberosum tubers field 
Rice Oryza sativa grain field 
Sedge Carex spp. tops field 
Soybean Glycine soja seeds field 
Spinach Spinacia olerecea tops field 
Squash Cucurbita spp. fruit field 
Tee Cemillia sinensis leaves field 
Timothy Phleum pretense tops field 
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TABlE E-3. NfCKEL PHYTOTOXICITY DATA (con't) 

ent NMlO 

Alfelfa 
Alysaum 
Apricot 
Barley 
Been 
Boo asphodel 
Buckwheat 
Bulrush 
Cabbage 
Carrot 
Cherry 
Citrus fruits 

Clover,bur 
Clover,red 
Coffee 
Corn 
Cress,water 
Fig 
Gr&sses 

HeAther Heath 

Mushroom 
Oats 

Onion 
Pea 
Pear· 
PotEto 
Rice 
Sedge 
Soybean 
Spinach 
Squash 
Tea 
Timothy 

Treatment Concentration In soil Loeding rate 
deficie 

• I 

. 

ant tissue concentration 
normal toxic 

1-4 
4000 
0,65 
4-6 

o.59 
.4-5.3 
1.34 
.3-3.0 
3.3 
1.8 
0.5 

.4-1.0 55-140 

.4-4.0 

.7-1.8 
1.0-2.0 

1.9 
0.4 

0.14 
0.13 
1.2 

.7-1.7 
.2-56.0 
.6-2.6 

1 .5-1.7 
1. 1-1.5 

3.5 
7-134 

84-340 
0.16 

2 
1.3 

.08-.37 
0.02 

.20-3.2 
3.9 
2.4 
4.6 

3.0-5.0 
0.46 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Plant Name 

Alfalfa 
Alyssum 
Apricot 
Barley 
Bean 
Bog asphodel 
Buckwheat 
Bulrush 
Cabbage 
Carrot 
Cherry 
Citrus fruits 

Clover,bur 
Clover,red 
Coffee 
Corn 
Cress, water 
Fig 
Grasses 

Heather Heath 

Mushroom 
Oats 

Onion 
Pea 
Pear 
Potato 
Rica 
Sedge 
Soybean 
Spinach 
Squash 
Tea 
Timothy 

reference 
toms 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

Visual Chlorosis,necrosis,death 35 
35 
35 
35 
35 

.35 
35 
35 
35 
35 
35 
35 
35 
~5 
35 
35 
35 
35 
35 
35 
35 
3!5 
35 
35 
35 
35 
35 
35 
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TABLE E-3. NICKEL PHYTOTOX!CITY DATA (con'l) 

ant Name S~ntiftc 
Nomo 

Verioty Perts Cultivation PH Soil Type 

Tom11to 
Welnut 
Wh1111t 
Corn 

Berley 
Corn 

Lycopor1icon osculontum 
Juglens regle 
Tritlcum 1pp. 
Zee meys 

Hordeum vulgere 
Zea mays 

Henry 

fruit 
loeves,me11ts 
grein 
e11rleefs,grain 

earlesfs,grein,stover 
silage 

fiold 
field 
fiold 
field 

field 
field 

greenhouse 

5.8-6.2 
5.7-6.0 
5.7-6.0 

6.6 
6.6 
6,8 

BoJ11c loemy send 
Davidson clay loam 
Groseclose silt 1011m 

Acred11le silt 1011m 
Acredele silt loam 

limed Warsew sandy loam 

Rye Seceele cerllel greenhouse 6.8 limed Wersew sandy loam 

Corn Zea mays 

.. 
greenhouse 6.5 Warsaw sandy loam 

Rye Seceale cereal greenhouse 6.5 Warsaw sandy loam 

Tell fescue 

Alfalfa 

Lettuce 

Festuca arundinecea 

Medicago· satlva 

Lactuca setiva longifolia 

tops ,, 

tops 

shoots 

pots 

pots 

greenhouse 

7.1-7.7 
6.1-7.5 
5.5-6.0 
7.1-7.7 
6.1-7.5 
5.5-6.0 

7.5 

fine silty 
fine silty 

stripped mined 
ffne silty 
fine silty 

stripped mined 
Domino silt loam 

5.7 .Redding fine sandy loam 

Wheat Triticum eestivum lnie leaves grain greenhouse 7.5 Domino silt loam 

5.7 Redding fine sandy loam 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Plant Name Treatment Concentration in soil Loading rate lent tissue concentration 
deficienc normal toxic 

Tomato .01-.15 
Walnut .9-5.0 
Wheat .35-35.0 
Corn .54-1.0mg/kg 

.2-.41 mg/kg 
• 28-.46mg/kg 

17.2 kg/ha .23-1.3mg/kg 
Barley 17.2 kg/ha .51-.92mg/kg 
Corn fertilized <4.5 

sludge 22 ppm <4.5 
Ni sludged 37-81ppm 5.7-15.5 

Rye fertilized <4.5 
sludge 22 ppm 5 

Ni sludge · 37-81 ppm 15.4-34. 1 
Corn fertilized <4.5 

sludge 22 <4.5 
Ni sludge 22-36 4.6-6.5 
inorganic 15-30 4.5-5.5 

Rye fertilized 4.5 
sludge 22 5 

Ni sludge 22-36 10.1-15.3 >20.9 
inorganic 15-30 5.5-14.1 

Tai! fescue 1 .3 4.1 
sludge 7.9 2.8-3.8 
sludge 12.2 4.2-9.0 

Alfalfa 1.3 5.7 
sludge 7.9 5.5-8.1 
sludge 12.2 5.6-14.8 

Lettuce 0-10 4.5-8.8 ug/g 
20-80 9.5-23 ug/g 

160-640 29-81 ug/g 61-166ug/g 
0-10 3.5-9.9 ug/g 
20-80 19-41 ug/g 41-241 ug/g 

160-640 345-1 150ug/g 
Wheat 0-10 3.2-3.4 ug/g 

20-80 3.6-4.3 ug/g 
160-640 6.8-18 ug/g 18-41 ug/g 

0-10 2.3-4.3 ug/g 
20-80 5.7-46 ug/g >46 ug/g 
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TABlE E-3. NICKEL PHYTOTOXICITY DATA (con't) 

Plant Name 

Tomato 
Walnut 
Wheat 
Corn 

Barley 
Corn 

Rye 

Corn 

Rye 

Tall fescue 

Alfalfa 

Lettuce 

Wheat 

yield 

yield 

-

yield 

yield 

yield 
yield 

yield 

yield 

toms 

reduction attributed to other 

reduction attributed to other 

reduction 

significant yield reduction 

significant yield reduction 
significant yield reduction 

significant yield reduction 

significant yield reduction 

refer&OCe 

35 
35 
35 
197 
197 
197 
196 
196 
44 
44 
44 
44 
44 
44 
45 
45 
45 
45 
45 
45 
45 
45 
230 
230 
230 
230 
230 
230 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
167 
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Scientific 
Name 

Corn Zea mays 

Bush Bean Phaseolus wlgaris 

Pearl Millet Pennisetum americanum 

Red Oak Queracus rube 

Bleck Walnut Juglans nigra 

Wheat Trlticum aestiwm 

Corn Zea mays 

Oats Avena sativa 

Rye Secale cereale 

Wheat Tritlcum aestivum 

Crimson clover Trifolium incarnatum 

TABLE E-3. 

Variety 

Dekalb XL-43 

Norlina 

Balboa 

Arthur 

Auburn 

NICKEL PHYTOTOXICITY DATA (con't) 

Parts 

grain 

Forage,grein 

vines,pods 

leaves .. 

leaves 

leaves 

seedlings,grein,stover 

grain 

grain 

grain 

whole 

Cultivation 

field 

field 

field 

field 

field 

field 

pots 

field 

field 

field 

field 

field 

PH 

6.3 
6.8 

6.0-6.3 
6.2-6.3 

6 
6.2 
5.4 

5.4 

5.3-6.9 

5.3-6.9 

5.3-6.9 

5.2 
<6.5 
5.6 
6 

6.3 
5.6 
6 

6.3 
5.6 
6 

6.3 
5.6 
6 

6.3 
5.6 

Soil Type 

Sable silty clay loam 
Cisne silt loam 
Ipava silt loam 

Drummer silty clay loam 
Muscatine silt loam 

Hartsburg silty clay loam 
Sango sil 

Sango sil 

Downer sand 

Downer sand 

Downer sand 

Redding fine sandy loam 
Redding fine sandy loam 

sandy 
sandy 
sandy 
sandy 
sendy 
sandy 
sandy 
sandy 
sandy 
sandy 
sandy 
sandy 
sandy 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (oon'l) 

Pl,mt Name Troetment Conoentretlon in soil Loedlng rete lent tinue concentration 
defioienc normel toxic 

160-640 125-294 ug/g 
Corn 0,91ug/g 

0.78 ug/g 
.49-,58ug/g 

' ' .79•1.43ug/g 
0,78 ug/g 
1.03 ug/g 

control 1 .1 4.4 
Zn504 1.3-1.9 3.0·3,6 

compost 1.3-2.1 2.4-4.6 
sludge 1.4-2.1 2.6-4.5 

Bush Bean control 1.1 5 
Zn504 1.3-1.9 4,1·4.6 

compost 1.3-2.1 3.7-4.8 
sludge 1.4-2.1 .9-5,8 

Pearl Millet fertilized .. .4-4.9 
unfertilized .2-7.5 

sludge 69 ug/g sludge .9-5.9 
Red Oak fertilized 1.1 

unfertilized 1.5 
sludge 69 ug/g sludge 1.3-2.0 

Black Walnut fertilized 1.3 
unfertilized 1.1 

Wheat 
sludge 69 ug/g sludge 

20-80 ug/g 
20-80 ug/g 

1.2·1.8 

•• 
•• 

Corn no sludge .. 2·.4 1.2 
56 metric tons 1.3-1.7 1.6 
112metric tons 2.5-2.8 2.1 

Oats no sludge .2·.4 0.7 
56 metric tons 1.3-1.7 5.3 
112metric tons 2.5-2.8 6.9 

Rye no sludge .2·.4 0.4 
56 metric tons 1.3-1.7 1. 1 
112metric tons 2.5-2.8 1.9 

Wheat no sludge .2·.4 0.4 
56 metric tons 1.3-1.7 1.3 
112metric tons 2.5-2.8 2.2 

Crimson clover no sludge .2·.4 1.4 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't) 

Plant Name 

Corn 

Bush Been 

Pearl Millet 

Red Oak 

Black Walnut 

Wheat 

Corn 

Oats 

Rye 

Wheat 

Crimson clover 

toms 

yield significant yield reduction 

yield reduction 

reference 

167 
187 
187 
187 
187 
187 
187 
74 
74 
74 
74 
74 
74 
74 
74 
128 
128 
128 
128 
128 
128 
128 
128 
128 
1,5 
15 

212 
212 
212 
212 
212 
212 
21,2 
212 
212 
212 
212 
212 
212 
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TABLE E•3, NICKEL PHYTOTOXICITY DATA {eon't) 

ant Name Soh,ntific Variety Parts Cultivation PH Soil Type 
Nllmll 

6 Hndy 
6.3 Hndy 

Arrowleaf clover Trlfollum veslculosum Yuchl whole field 5,6 sendy 
6 sandy 

6.3 sandy 
Carrots Caucus carota Danvers tubers,shoots field 5.5-5,8 Bridgehampton silt loem 
R11dishe11 Raphanus satlvus Cherry belle tubers.shoots field 5.5•5,8 Bridgehampton silt loam 
Tomato Lycopersicon escu:entum New Yorker fruit field 5.5-5.8 Bridgehampton silt loam 
Lettuce Lactuca saliva Salad Bowl leaves field 5.5-5,8 Bridgehampton silt loam 
Bromegress Bromus inermis Leyess field 6.7-7.9 Conestoga loam 

Corn Zea mays stover field 6.7-7.9 Conestoga loam 

Feflcue grass Fertuca arundinecea .. pot 6.6 Norfolk fine loamy 
Cecil sandy clay loam 

Norfolk fine loamy 
Norfolk fine loamy 

Winter wheat Triticum 1,1pp. Anze straw field 7.6 Omni silty clay 
Swiss chard Beta wlgeris Fordhook Giant greenhouse 7.7 Domino silt loam 

7 Hanford sandy loam 
5.5 Redding fine sandy loam 

Fodder rape Brassies napus Kenton greenhouse 5.6 sandy 
6 sandy 

7.5 sandy 
Barley Hordeum vulgare Larker greenhouse 4.0-6.4 marginally productive soil 
Rye grass Lolium multiflorum Westerwool greenhouse 4.0-6.4 marginally productive soil 
Corn Zea mays Pioneer 3517 leaves, grain field 7.6-8.1 calcareous strip-mined spoil 

Fodder repe Brassies napus Kenton greenhouse 5.6 sandy 

6 sandy 

7.5 sandy 

Swiss chard Beta wlgaris Fordhook Giant greenhouse 6.6-5.9 Chalmers silty clay loam end 
Russel silt loam 

Rye grass Lolium perenne greenhouse 5.6-5.9 Chalmers silty clay loam and 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't) 

Plant Name Treatment Concentration In soil Loading rate lent tissue concentration 
deficienc normal toxic 

56 metric tons 1 .3-1.7 2.9 
112metric tons 2.5-2.8 3.5 

Arrowleaf clover no sludge .2-.4 2.3 
56 metric tons 1.3-1.7 6.5 
112metric tons 2.5-2.8 10.7 

Carrots .3-3.2 5-11 
Radishes .3-3.2 4-22 
Tomato .3-3.2 1.6-6.9 
Lettuce .3-3.2 5.2-9.6 
Bromegre:is NH4N03 .7-1.3 .7-.8 

Ca sludge .6-44.5 2.6-6.0 
Al sludge 4.5-5.2 .8-1.7 
Fe sludge 1.2-3.0 .6-1. 1 

Corn no N 0.8 
Ca sludge .6-27.8 2.3 

Fescue grass 6.5-18 
5-10 

surface 11.2-31.6 
Incorporated 5.4-8.2 

Winter wheat 93-106 20.6 kg/ha <5.0 
Swiss chard .6-6.6 .4-200.0 5-39 mg/kg 

1.4-32.0 .4-200.0 100-41 0mg/kg 
.6-43.0 .4-200.0 100-340 mg/kg 

Fodder rape 46 mg/kg .46-3.75 
.24-1.30 
.11-.49 

Barley dredged matsrlal · .37-2.9 
Rye grass dredged materiel 1.4-10.8 
Corn control 4.4-5.7 .4-2.6 

sludge 3.9-11.3 .5-2.6 
Fodder rape control 20.4 mg/pot 39.6 ug/pot 

sludge 26.2-31.9mg/pot 35.2-51.4ug/pot 
control 20.4 mg/pot 24.9 ug/pot 
sludge 26.2-31.9mg/pot 18.1-24.0ug/pot 
control 20.4 mg/pot 9.2 ug/pot 
sludge 26.2-31.9mg/pot 12.8-18.3 ug/pot 

Swiss chard control 15 mg/kg 4.4 mg/kg 
drilling fluids 9-18 mg/kg 4.4-13.0 mg/kg 

Rye grass control 15 mg/kg 4.4 mg/kg 
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TABLE E-3. NICKa PHVTOTOxtCITY DATA (con't) 

nt N11mo 

Arrowloef clover 

Carrots 
Radishes 
Tomato 
Lettuce 
BromegraSB 

Corn 

• Fescue grass 

Winter whellt 
Swiss cherd 

Fodder rape 

Barley 
Rye gress 
Corn 

Fodderrepe 

Swiss cherd 

Rye grass 

d11ficienc 

toms 

.. 

yield reduction 
yieold reduction 

rofor11nC1 

212 
212 
212 
212 
212 
211 
211 
211 
211 
224 
224 
224 
224 
224 
224 
123 
123 
123 
123 
32 
242 
242 
242 
173 
173 
173 
41 
41 

188 
188 
215 
215 
215 
215 
215 
215 
176 
176 
176 
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TABLE E-3. NICKEL PHVTOTQXICITY DATA (con't) 

Plar.t Name Scientific Variety, Parts Cultivation PH Soil Type 
Name 

Russel silt loam 
Upland cotton Gossypium hirsutum seeds field 8.2 Pima clay loam 

Soybean Glycine max Corsoy seedling tissue pot 5.9 Nicollet loam soil 
Sorghum Sorghum bicolor Moench root,leoves,stem,grain field 6.9-7.7 Haynie fine sand loam 

5.8-7.2 Haynie fine sand loam 
Winter wheat Triticum aestivum root,grain field 6.9-7.7 Haynie fine sand loam 

5.8-7.2 Haynie fine sand loam 
Oat Harmon root,seed,stem field 

Corn Zea mays leaves,roots,stems,husks field 6.2 Warsaw silt loam 

Perennial ryegrass Loluim perenne pot 4.3-5.26 acid clay loam 

~ 

4.76-5.72 acid clay loam 

6.16-7.11 acid clay loam 

Soybeen Glycine max Bragg seed,pod wall,stem greenhouse 6.2 Enon sandy loam 

Ransom seed,pod walls,stem greenhouse 6.2 Enon sandy loam 

Oat Avena sativa Victory roots greenhouse 5.2-7.0 solution 

Lettuce Imperial 847 tops pot laomy fine sand 

Onions Early flat Barette bulbs pot loamy fine sand 

Lettuce Imperial 847 tops field loamy fine sand 
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TABLE E-3. NICKEL PHYTOTOXfCITY DATA (con'tJ 

ant Nema Treatment Concentration In 1oil Loading rate ant tl111.1e concentration 
dafician normal toxic 

drilling fluids 9·18 mg/kg 4.1-6.3 mg/kg 
Upland cotton control 1.05 mg/kg 

fertilized 1.38 mg/kg 

Soybeen 
sludge ,., 
NiCl2 0-40 mg/kg 

• 70• 1.08mg/kg 
2.8-10.6 

Sorghum fertilized 12.31-15.96 0.053 
sludge 11.90-18.58 0.059 

Winter wheat fertilized 12.31-15.96 3.18 
sludge 11.90-18.58 4.53 

Oet control 5.7-10.4 14 
25% sludge 7.5 21 
50% sludge 8.6 17 

Com control 71.5 2 
sludge 147 1990 ton /ha 2 

Perennial ryagraee control 0 20 
sludge 4-8% .. 225-300 
sludge 0.12 350 
control 0 15 
sludge 4-8% 200-280 
sludge 0.12 300 
control 0 10 
sludge 4-8% 115-200 
sludge 0.12 250 

Soybean control 0 8.1 
low sludge 2.8-5.6 kg/ha 11.83-13.83 
high sludge 8.4 kg/ha 15.93 

control 0 3.3 
low sludge 2.8-5.6 kg/ha 9.30-14.5 
high sludge 8.4 kg/ha 20.26 

Oat OuM .2-.4umol/gDWh 
5-15 uM .7-1 .3 umol/gDWh 

20-30 uM 1.8 umol 
Lettuce control 0 1.5 

low sludge .34-1.7 2.0-4 
high sludge 1.7-3.06 4.0-6 

Onions control 0 4.5 
low sludge .34-1.7 5.5-7.5 
high sludge 1.07-3.06 7.5-10 

Lettuce control 0 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Uplend cotton 

Soybean 
Sorghum 

Winter wheat 

Oet 

Corn 

Perennial ryegrass 

Soybean 

Oat 

Lettuce 

Onions 

Lettuce 

yield decreases yield 
yield reduction in yield 

yield decreases yield 
yield reduction in yield 

yield reduction in yield 

reference 

176 
2~9 
259 
259 
57 
127 
127 
127 
127 
73 
73 
73 
125 
125 
19 
19 
19 
19 
19 
19 
19 
19 
19 

202 
io2 
202 
202 
202 
202 

4 
4 
4 

!?4 
54 
54 
54 
54 
54 
54 
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TABlE E•3. N¾CKEL PHYTOTOXICITY DATA (oon'tJ 

ont Nemo Scientific Veriety Perts Cultivetlon PH Soll Typo 
Nome 

Onion Eerly flat Barette bulbs field loamy fine 111nd 

Lettuce Imperial 847 tops greenhouse sandy loam 

Lucerne Medic11go s11tiv11 W11ir11u whole pot 5 Walterere sand 
5.1-5.6 Weit11rere sand 

6.6 W11iterere sand 
5.2 Levin silt loam 

5.4-6.0 Levin silt loam 
6,8 Levin silt loam 

Tomato Lycoparsicon escuientum Money maker leaves, fruit.root pot 4.6-6,9 
fruit pot 4.6-6.6 

6.6-6,9 

.. 6,6-6.7 
Soybean Glycine max stem,leaves,seeds,pods pot Ritzville silt loam 

Barley Hordeum wlgare Julia tops send washed Silver sand 

Ryegr11ss Lolium perenne S24 tops pot 6 Hndy soil 

7.6 heavy clay soil 

Tomato Lycopersicon esculentum shoots greenhouse 5.33 Elkton silt loam 
7.96-8.09 Elkton silt loam 
8.01·8.11 Elkton silt loam 

Grass timothy,brown top field .6.05 clay & S11ndy loams 
sweet vernal,blua 6.2 clay & r.andy loams 

Alfalfa & red clover field 6.05 clay & sandy loams 
6.2 clay & sandy loams 

Barley Hordeum wlgare Onda shoots solution solution 

Alyssum murals leaves field serpentine soil 
Rumex scutatus leaves field serpentine soil 

Corn Zea mays Asgrow UH7 whole greenhouse 6.3 Grenville loam 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Plant Name Treatment Concentration in soil Loading rate lent tissue concentration 
deficienc normal toxic 

sludge .34-6.12 1.0-2 
Onion control 0 0.5 

sludge .34-6.12 0.75 
Lettuce control 0 1 .46 

sludge .34-27 .54 kg/ha 1.78-44.8 
heated 1.02-3.06 kg/ha 1.79-2.69 

Lucerne 0 7 3.5 
5-40% sludge 8.25-17.0 2.1-3.5 
100% sludge 32 1.8 

0 12 .5-2 
5-40% sludge 13.0-20 .5-3.25 
100% sludge 32 .1-2 

Tomato sludge 210 0-189 kg/ha 3.4 
0 0 0.7 

25-75% sludge 47.25-141.75 kg/ha .95-1.9 
100% sludge 189 kg/ha 2.4 

Soybean Control 28 0.62 
Ni solution 2.5 ug/g 14.3 

Barley NiCl2 2-8.9 10.8-13.0 
NiCl2 24-90 250-850 

· Ryflgrass control 0 2.47 
salt 2.5-20 mg/kg 4.65-54.4 

sludge 2.5-20 mg/kg 4.17-11.3 
control 0 2.3 

salt 2.5-20 mg/kg 2.7-13.9 
sludge 2.5-20 mg/kg 2.8-4.9 

Tomato control 154.6 14.91 
low 2-6% sludge 157.6-163.7 8.81-8.84 

high 8-10% sludge 166.8-169.8 9.82-10.68 
Grass control .26-2.5 .64-4.10 

sludge .49-3.05 1.26-2.51 kg/ha .57-5.89 
Alfalfa & red clover control .26-2.5 2.24-5.71 

sludge .49-3.05 1.26-2.51 kg/ha 2.55-5.92 
Berley 0 Ni 0-100 ppb 

1.0 uM Ni 100-400 ppb 
natural 728-2093 • 10317 
natural 728-2093 <252 ppm 

Corn control 0-480 0.6 1 .6-78.1 
fertilized 0-480 0.6 1.5-166.1 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (oon't) 

ant Nemo defici11nc reference 
toms 

54 
Onion 54 

54 
Lettuce 53 

53 
53 

Lucerne 261 
261 
261 
261 
261 
261 

Tomato 262 
262 
262 
262 

Soybean 27 
27 

Barley 6 
visual death 6 

Ryegrass 43 
43 
43 
43 
43 
43 

Tomato 62 
62 
62 

Grass 147 
147 

Alfalfa & red clover 147 
147 

Berley yield/visual 30% lessness green.smeller 21 
21 

none mentioned 5 
5 

Corn yield 32-91 % reduction In yield 146 
yield 22-97 .6% reduction in yield 146 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH Soil Type 
Name 

5.9 Rideau clay 
6.5 Rideau clay 

Lettuce Lactuca sativa Grand Rapilds whole greenhouse 6.3 Grenville loam 
Forcing 5.9 Rideau clay 

6.5 Rideau clay 
Soybean Glycine max Clark shoots field 6.9 Sassafras sandy loam 

6.6 Sassafras sandy loam 
6.4 Sassafras sandy loam 

5.9-7.4 Christiana fine sandy loam 
7.0-7.7 Christiana fine sandy loam 
6.9-7.6 Christiana fine sandy loam 
5.8-7 .1 Christiana fine sandy loam 
5.7-6.0 Christiana fine sandy loam 
5.1-5.3 Christiana fine sandy loam 
6.4-6.6 Christiana fine sandy loam 

~ 5.7-5.9 Christiana fine sandy loam 
Beans Phaleolus wlgar!s Tender crop fruit pots 5 Arkport fine sandy loam 

5.3 Arkport fine sandy loam 
Cabbage Brassies oleracea Golden Acre leaves pots 5 Arkport fine sandy loam 

5.3 Arkport fine sandy loam 
Carrots Daucus c11rota Scarlet Nantes tubers pots 5 Arkport fine sandy loam 

5.3 Arkport fine sandy loam 
Millet Echinochloa crusgalli Japanese edible tissue pots 5 Arkport fine sandy loam 

5.3 Arkport fine sandy loam 
Onions ,Allium cepa Downing Yellow Sweet fruit· pots 5 Arkport fine sandy loam 

Spanish 5.3 Arkport fine sandy loam 
Potatoes Solanum tuberosum Katahdin tubers pots 5 Arkport fine sandy loam 

5,3 Arkport fine sandy loam 
Tomatoes Lycopersicon esculentum Vendor fruit pots 5 Arkport fine sandy loam 

S.3 Arkport fine sandy loam 
Celery Apium graveolens Utah 52-70 leaves field 6.88 muck soil 

5.68 muck soil 
6.91 muck soil 

Perennial ryegrass Lolium perenne Melle leaves pot 7 Sutton sandy loam 

Lettuce Lactuca sativa Climax solution 6.2 Hoagland solution 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

nt Noma Treatment Coneontretion in •oil Lo.ding rate 11nt tinuo conc1tntr11tlon 
doflcie normal toxic 

1ludg11 0-480+1 0.5 1.5-19.1 
sludge 0-480+1 .6-1.4 21.9-637.8 

sludga+lima 0-480+ 1 0.4 1.2-6.8 
Lettuce sludge 0-480+1 1.3 6.1-133.1 

., I 

sludge 0-480+ 1 1.3-51.0 3619 
sludge+lima 0-480+ 1 1.6-31.8 

Soybean control 0 2.5-2.8 
sludge 9.52 kg/ha 3.8-4.6 
sludge 19.04 kg/ha 5.1-6.1 
control 0 5.8-8.2 

limed-diqested .84-6.72 kg/ha 3.7-6.9 
limed-raw .95-3.81 kg/ha 3.2-4.4 

limed-compost 11.26-135 kg/ha 2.5-7.8 
heated sludge 2.07-8.29 kg/ha 4.4-7.7 
heated sludge 2.07-8.29 kg/ha 7.9-12.6 

Nu-Earth 15.1-30,2 kg/ha . 7.6-7.7 
Nu-Carth 15.1-30.2 kg/ha 9.6-11.3 

Beans peat 15.31 3.9 
sludge 28.9 11.3 

Cabbage peat 15.31 1.9-2.1 . 
sludge 28.9 3.3-10.0 

Carrots peat 15.31 2.7 
sludge 28.9 3.8 

Millet peat 15.31 1.4 
sludge 28.9 1.9 

Onions peat 15.31 2.2 
sludge 28.9 3 

Potatoes peat 15.31 0.8 
sludge 28.9 1.8 

Tomatoes peat 15.31 0.5 
sludge 28.9 1.3 

Celery control 54 5 
high metal soil 6000 78 

limed high metal soil 5550 66 
Perennial ryegrass control 43 0 11 

low sludge 86-129 46-79 
medium sludge 210-372 356 kg/ha 90 126-222 

high sludiJe 537 305 
Lettuce 20 ueg/1 20-45 ueg/1 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl 

Plant Name deficienc reference 
toms 

yield 19.6-88% reduction in yield 146 
yield 71.4-88.9% reduction in yield 146 
yield 15.3-42% reduction in yield 146 

Lettuce yield 31-41 % reduction in yield 146 
yield 20.9% reduction in yield 146 

146 
Soybean 89 

89 
89 
89 
89 
89 
89 
89 
89 
89 
89 

Beans 68 
68 

Cabbage 68 
68 

Carrots 68 
68 

Millet 68 
.68 

Onions 68 
68 

Potatoes 68 
68 

Tomatoes 68 
68 

Celery 16 
visual stunting,cupping,& foliar necrosis 16 

16 
Perennial ryegress 50 

50 
yield 28% reduction 50 
yield 57% reduction 50 

Lettuce yield 70% reduced root length 10 
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Tomato 

Soybe1m 

Wheat 

Peas 

Corn 

Soiontifio 
Name 

Lycopersicon 111culentum 

Glycine max 

Triticum eestiwm 

Pisum satiwm 

Zea mays 

TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'U 

Vorioty 

Fireball leaves 

Harcor leaves 

tops 

.. 
Dark Skin Prefection 

Lexton's Progress 

Pioneer 3369A whole 

Cultivation 

sand 

sand 

pot 

perlite 

perlite 

pot 

pot 

PH 

5.0-5.5 

6.1-8.3 

7.5-8,0 

6.4 
6.3 
6.2 

7.3-8.1 

Soll Typo 

Hoagland 1olution 

Hoagland solution 

Orentano histosol 

Lamporecchlo fluvisol 

Guardia regosol 

Hoaglands solutions 

Hoaglands solution 

various 
various 
various 
various 
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (cor)'tl 

Plant Name Treatment Concentration in soil Loading rate lent tissue concentration 
deficienc normal toxic 

Tomato control 
NiS04 

0 
1.5 

•• 
•• 

NiS04 7.5 •• 
NiS04 37.5 •• 

Soybean control 
NiS04 

0 
0.3 

•• 
•• 

NiS04 0.9 •• 
NiS04 1.5 •• 

Wheat control 24.1 6.7 
fly ash 2% 29 7.7 
fly ash 5% 30.2 6.8 

control 53.8 11.7 
fly ash 2% 42.7 9.6 
fly ash 5% 38.4 7.7 

control 23.1 16.4 
fly ash 2% 26.6 12.2 
fly ash 5% 28.8 9.1 

Peas control 0 0 
NiS04 10-100 umol 8.5-40.1 
NiS04 1000 umol •• 
control 0 0 
NiS04 10-100 umol 9.9-53.7 
NiS04 1000 umol •• 

Corn control 0 <.1-2.7 
NiS04 14.5-16.4 kg/ha <.1-2.7 
sludge 14.5-16.4 kg/ha <.1-2.7 

Ni(N03)2 20.0-44.0 3.0-5.5 
Ni(N03)2 53.0-54.0 4.2-6.4 
Ni(N03)2 74.0-90.0 4.5-7.1 
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TABLE E-3, NICKEL PHYTOTOXICITY DATA (con'tJ 

11nt Name 

Tom11to 
visulll 44.3% l1111f 11re11 Injury-necrosis 
visulll 57.9% le11f 11re11 Injury-necrosis 
visulll de11th 91 % yield reduction 

Soybe11n 

Wheat 

Pees 

visual extreme le11f necrosis & abscission 

visuel extreme leaf necrosis & abscission 
Corn 

r11f11reno1 

193 
193 
193 
193 
193 
193 
193 
193 
186 
186 
186 
186 
186 
186 
186 
186 
186 
179 
179 
179 
179 
179 
179 
129 
129 
129 
207 
207 
207 
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TABLE E-4. ZINC PHYTOTOXICITY DATA 

Plant Name Scientific Variety Parts 
Name 

Alfalfa Medicago sativa tops,top half of shoots 

Apple Malus spp. leaves,stems 
Apricot Prunus armeniaca leaves,stems 
Avocado Persea emericana leaves 
Clover,Subter. Trifolium subterraneum leaves 

tops 
Corn Zea mays leaves 
Flax Linum usitatissimum tops 

· Oats Avena sativa leaves,plant 
Orange Citrus sinensis leaves 
Peach Prunus persica leaves,stems 
Pear Pyrus communis leaves 
Pecan Carya illinoensis leaves,leaflets,petioles,shoots 
Pineapple Ananas comosus leaves,stems 
Potato Solanum tuberosum leaves 
Tomato Lycopersicon esculentum lealll,s 

Tung Aleurites fordi leaves,petioles 

Walnut Juglans regia leaves,stems 
Corn Zea mays earleaf,grain 

earleaf,grain,stover 
Berley Hordeum vulgare Henry silage 
Reed canarygrass Phalaris arundinacea 
Corn Zea mays 
Radish Raphanus sativus Cherry Belle leaf,tuber 
Swiss Chard Beta vulgere Fordhook 
Corn Zea mays stover ,grain 

Rye Seceale cereal 

Corn Zee mays 

E-86 

Cultivation 

field 
control 

field 
field 
field 
field 

solution 
field 
pots 
sand 
field 
field 
field 
field 
field 
field 
field 
sand 

solution 
field 
sand 
field 

controled 

field 
field 
field 
field 
field 
field 
field 

greenhous_e 

greenhouse 

greenhouse 

10:21 AM 11 /9/92 

PH 

5.8-6.2 
5.7-6.0 
5.7-6.0 

6.6 
6,6 

5.9-6.6 
5.9-6.6 

6.2 
6.8 

6.8 

6.5 



TABLE E-4. ZINC PHYTOTOXICITY DATA (oon't) 

ant NllmO Soil Typll Tr1111tm11nt Concontr11tion in toll Loading r11t11 

Alfalfa 

Appl11 
. Apricot 

Avocado 
Clover,Subter. 

Corn 
Flax 
Oats 
Orange 
Peach 
Peer 
Pecan 
Pineapple 
Potato . 
Tomato 

Tur·g 

Walnut 
Corn Bojao loamy sand 

Davidson clay loam 
Groseclose silt loam 
Acredale silt loam 248 kg/ha 

Berley Acredela silt loam 248 kg/he 
Reed canarygrass Hublersburg clay loam 73.0 kg/he 
Corn Hubl11rsburg clay loam 30.6 kg/ha 
Radish Ramone sandy loam 950 mg/kg 
Swiss Chard Ramona sandy loam 950 mg/kg 
Corn Waukegan fina silty over loam 106-384 kg/ha 

limed Warsaw sandy loam fertilized 
sludge 113 

Zn sludge 410-1302 
Rye limed Warsaw sandy loam fertilized 

sludge 113 
Zn sludge 410-1302 

Corn Warsaw sandy loam fertilized 
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TABLE E-4. ZINC PHVTOTOXICITY DATA (can't) 

Plant Name lant tissue concentration 
deficienc normal toxic 

Alfalfa 8 13.8 
13 39-48 

Apple 1.2-54 4-80 

Apricot 24-30 19-31 

Avocado 4-15 50 

Clover ,Subter. <15 
24-25 76-90 

Corn 9-15.1 15-36 

Flax 18 32-83 
Oats <20 20 1700-7500 
Orange 3.8-26 7.8-200 200-300 
Peach 3.5-25.4 66.0-140 
Pear 9.9 16 
Pecan trace-7 .O 66-202 
Pineapple 4-26 4-44 
Potato 30-87 
Tomato 6.0-8.7 13 

14.4 26.9 
9-15 65-198 526-1489 

Tung 3.6-26 15.7-229 
485 

Walnut 11-22 16-30 
Corn 56-71mg/kg 

21-28mg/kg 
22-48mg/kg 
10-53mg/kg 

Barley 12-35mg/kg 
Reed canarygrass 41 .14-90.19ug/g 

Corn 18.32-45.15ug/g 
Redish 425 mg/kg 
Swiss Chard 610 mg/kg 

Corn 18.5-154 mg/kg 
26-42 ppm 

164-225 ppm 
296-959 ppm 

Rye 45 
125 

396-948ppm 
Corn 26-42 

visual 
visual 
visual small stiff and mottled leaves 
visual 
visual 
visual 
visual 
visual light yellow streaks,chlorotic strip 
visual grayish-brown spots,turns white 
visual turn pale green,collapsed areas,gray 
visual leaves become chlorotic,mottled 
visual mottling.narrow crinkled leaves 
visual 
visual yellow mottling.rosettes 
visual 

.. visual slow growth,brownish chlorosis,curl 
visual · slow growth,brownish chlorosis,curt 
visual slow growth,brownish chlorosis,curt 
visual leaf bronzing,necrosis,spotting 

visual 
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TABlE E-4. ZINC PHYTOTOXICITY DATA (oon't) 

e!rf!otoxicl~ tantNeme I roforonco ! 
typo I symptoms 

Alfalfa 35 
35 

Apple. 35 
Apric;ot 35 
Avocado 35 
Clover,Subter. 35 

35 
Corn 35 
Flex 35 
Oats visual leaves show Iron chlorosis 35 
Orange visual leaves show iron chlorosis 35 
Peach 35 
Peer 35 
Pecan 35 
Pineapple 35 
Potato 35 
Tomato 35 

35 
visual 35 

Tung 35 
visual 35 

Walnut 35 
Corn 197 

197 
197 
196 

Berley 196 
Reed cenerygress none reported 213 
Corn none reported 213 
Redish none reported 34 
Swiss Chard none reported 34 
Corn no significant differences 12 

44 
44 

yield up to 78% reduction 44 
Ryf' 44 

44 
yield up to 57% reduction 44 

Corn 45 
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Plant Name 

Rye 

Corn 

Bermuda grass 

Tell fescue 

Alfalfa 

Corn 

Lettuce 

Wheat 

Scientific 
Name 

Seceale cereal 

Zea mays 

Cynodon dactylon 

Festuca erundinacea 

Medicago sativa 

Zee mays 

Lactuca setiva 

Triticum aestiwm · 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Variety Parts Cultivation PH 

greenhouse 6.5 

longifolia 

leaf,grain 

tops" 

tops 

grain 

shoots 

field 

field 

pots 

pots . 

field 

greenhouse 

5.0-5.9 
6.8-7.7 
6.7-7.6 
5.7-6.0 
5.4-6.0 
4.2-5.3 
6.1-6.6 
5.8-6.2 
4.8-5.2 
7.1-7.7 
6.1-7.5 
5.5-6.0 
7.1-7.7 
6.1-7.5 
5.5-6.0 

6.3 
6.8 

6.0-~.3 
6.2-6.3 

6 
6.2 
7.5 

5.7 

lnle leaves, grain greenhouse 7.5 

5.7 
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TABLE E-4. ztNC PHYTOTOXICITY DATA (oon't) 

ant Name Soil Type Tre11tm11nt Concentration in soil Loading r11t11 

sludge 113 
Zn sludga 327-618 
inorganic 300-600 

Rye Warsaw sandy loam fertilized 
sludge 113 

Zn sludge 327-618 
inorganic 300-600 

Corn Blount silt loam 12.1-277.2 
Blount silt loam 5.99-227 
Blount silt loam 4.82-140 

Bermuda grass nonlimed Cacil sandy clay loam control 1-4 
nonlimed Cecil sandy clay loam fertilized 1-4 
nonlimed Cecil sandy clay loam sludge 34-54 

limed Cecil sandy clay loam control 1-6 
limed Cecil S!Jndy clay loam fertilized 1-8 
limed Cecil sandy clay loam sludge .. 26-43 

Tall fascue fine silty 7.5 
fine silty sludge 506.7 

stripped mined sludge 543.4 
Alfalfa fine silty 7.5 

fine silty sludge 506.7 
stripped mined sludge 543.4 

Corn Sable silty clay loam 
Cisne silt loam 
Ipava silt loam 

Drummer silty clay loam 
Muscatine silt loam 

Hartsburg silty clay loam 
Lettuce Domino silt loam 0-10 

20-80 
160-640 

Redding fine sandy loam 0-10 
20-80 

160-640 
Wheat Domino silt loam 0-10 

20-80 
160-640 

Redding fine sandy loam 0-10 
20-80 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lant tissue concentration 
deficienc normal toxic 

164-225 
280-520 
273-591 

Rye 45 
125 

317-833 
564-1031 

Corn 28.3-381 
23-145 

18.3-115 
Bermuda grass 33 

19 
34-285 

27 
19 

34-192 
Tell fescue 50.3 .. 

52.4-54.2 
51.6-62.7 

Alfalfa 103.5 
92.6-108.3 
141.8-237.9 

Corn 16.4 ug/g 
18.8 ug/g 

15.7-20.1 ug/g 
18.6-20.7 ug/g 

16.9 ug/g 
17. 1 ug/g 

Lettuce 78-98ug/g 
105-146ug/g 
190-380ug/g 380-1 265ug/g 
139-172ug/g 
195-520ug/g 

1058-1973ug/g 
Wheat 63-67 ug/g 

68-87 ug/g 
108-189 ug/g 189-412 ug/g 
58-70 ug/g 

76-131 ug/g 
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TABLE E-4. ZWC PHYTOTOXICITY DATA (con't) 

:hj'.!otoxlcli I reference I tent Name: ;; I symptoms 

45 
yield reduction 45 
yield reduction 45 

Rye 45 
45 

yield reduction 45 
yield reduction 45 

Corn no significant differences 111 
no significant differences 111 
no significant differences 111 

Bermuda grass 240 
240 
240 
240 
240 
240 

Tell fescue 230 
230 
230 

Alfalfa 230 
230 
230 

Corn 187 
187 
187 
187 
187 
187 

Lettuce 167 
167 

yield significant yield reduction 167 
167 
167 

yield significant yield reduction 167 
Wheat 167 

167 
yield significant yield reduction 167 

167 
167 
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TABLE E-4, ZINC PHYTOTOXICITY DATA (con'tl 

ama Scientific 
Name 

Variety Parts Cultivation PH 

Snap bean Phaseolus vulgaria Tendergreen beans.leaves 
leaves,edible tissue 

field 
field 

5.3 
5.3 

Barley 
Corn 

Hor~eum vulgare 
Zea mays 

Liberty 
forage.grain 

greenhouse 
field 

7.2 
5.4 

Bush beens Phaseolus vulgaris vines.pods field 5.4 

Corn Ze11 mays forage,grain field 5.4 

Bush beans Phasaolus vulgaris vines, pods field 5.4 

Carrots 
Lettuce 
Peas 
Potatoes 
Radishes 
Sweat corn 
Tomatoes 
Wheat 
Corn 

Daucus carota sotive 
Lactuca sativa 
Pisum setivum 
Solanum tuberosum 
Rephenus setivus 
Zea mays 
Lycopersicon asculentum 
Trlticum eastivum 
Zee mays 

Scarlet Nantes 
Grand Rapids 
Wendo 
Norland 
Sparkler 
NK-199 
Fantastic 
Canturk 

tuhers 
leaves 
fruit,vines,pods 
tubers 
tubers 
grein,leavas 
fruit 
grain 
tops 

field 
field 
field 
field 
field 
field 
field 
field 

greenhouse 

5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.5 

leaves,grain field nuatral 

Pearl millot Pennisatum Americanum leaves field 5.3-6.9 
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TABLE E-4. ZINC PHYTOTO)OCITY DATA (oon'tl 

ant Name Soil Type Treatment Concentratlon In soil Lodng rate 

160-640 
Snep been Hubbard coarse send 1520 kg/ha 

Hubbard coarse sani' control 0 
single 149-597 kg/he .. anuel 379· 1518kg/ha 

Berley Humus loem coarse sand 
Corn Sango sit control 4 0 

ZnSo4 28-106 40-160 ppm 
Compost 32-80 40-160 
Sludge 29-93 40-160 

Bush beans Sango sil control 4 0 
ZnS04 28-106 40-160 

Compost 32-80 40-160 
Sludge 29-93 40·160 

Corn Sango sil control 6 0 
ZnSo4 53-164 80-320 

Compost 70-156 80-320 
Sludge 68-206 80-320 

Bush beans Sango sil control 6 0 
ZnS04 53-164 80-320 

Compost 70-156 80-320 
Sludge 68-206 80-320 

Carrots Hubbard coarse sand 
Lettuce . Hubbard coarse sand 
Peas Hubbard coarse sand 
Potatoes Hubbard coarse sand 
Radishes Hubbard coarse sand 
Sweet corn Hubbard coarse sand 
Tomatoes Hubbard coarse sand 
Wheat Truckton loamy sand 
Corn Hartsell fine sandy loam Sludge A 70-1400 

Sludge B 11-210 
Compost 6·120 
ZnS04 12-1400 
control 0 

Blount silt loam none 72-83 
middle 124-270 

maximum 257-451 
Pearl millet Downer sand fertilized 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic toms 

224-655ug/g 
Snap been 11 2-115 ug/g 

29.5-32.3 ug/g 
57 .2-60.4 ug/g 
58.5-117.4ug/g 

Berley 106-295 
Corn 41 

227-475 
77-100 
94-97 

Bush beans 60 
184-328 
52-84 
158 

Corn 53 

126-184 
202-241 

Bush beens 48 

55-61 
211-225 

Carrots 23-103 
Lettuce 21-225 
Peas 49-327 
Potatoes 24-53 
Radishes 37-98 
Sweet corn 22-293 
Tomatoes 9~31 
Wheat 34.8-54.2 
Corn 196-508 

60-186 
31-92 
104 

14-18 
21-42 

23-112 
45-145 

Pearl millet 56 ug/g 

>655 ug/g 

328-499 

164-189 

509-1025 

305-634 

313 

1604-10178 
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TABLE E-4. ZINC PHYTOTOxtclTY DATA (oon'l) 

phytotoxicit: 
tvga I symptom, 

EntNamo I rafaranoa ~ 

yiald significant yield reduction 167 
Snap bean 58 

none mentioned 138 
none mentioned 138 
none mantioned 138 

Berley 124 
Corn 74 

74 
74 
74 

Bush beans 74 
yield vine & pod yield reduction 74 

74 
yield pod yield reduction 74 

Corn 74 
yield up to 59% yield reduciton 74 

74 
74 

Bush beans 74 
yield up to 99% yield reduction 74 

74 
74 

Carrots 56 
Lettuce 56 
Peas 56 
Potat_oes 56 
Radishes 56 
Sweet corn 56 
Tomatoes 56 
Wheat 206 
Corn 169 

yield reduciton attributed elsewhere 169 
169 

yield reduction of 10-96% 169 
169 
96 
96 
96 

Pearl millet 128 
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lent Name 

Red oak 

Black Walnut 

Wheat 

Lettuce 

Cabbage 

Scientific 
Name 

Quercus rube 

Juglrms nigra 

Triticum aestivum 

Lactuca sativa 

Brassies oleracea 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Variety Parts 

leaves 

leaves 

Bibb leaves 

Romaine leaves 

Boston leaves 

capitata edible parts 

Cultivation 

field 

field 

pots 

field 

field 

field 

field 

PH 

5.3-6.9 

5.3-6.9 

5.2 
>6.5 

6.5 

6.5 

6.5 
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TABLE E•4, ZINC PHYTOTOXICllY DATA (con't) 

ent Nemo Soll Type Treatment Concentration in ■ oil Loading rate 

unfertilized 
sludge 2154ug/g sludge 

Red oak Downer send fertilized 
unfertilized 

sludge 2154ug/g sludge 
Bleck Walnut Downer send fertilized 

unfertilized 
sludge 2154ug/g sludge 

Wheat Redding fine sandy loam 100-200 ug/g 
100-200 ug/g 

Lettuce Sango sil no lime:no heat 
heat 

sludge 
sludge.heat 

Sango sil limed : no heat 
heat . 

sludge 
sludge.heat 

Sango sil no lime:no heat 
heat 

sludg,; 
sludge,heat 

Sengo sil limed : no heat 
heat 

sludge 
sludge.heat 

Sango sil no lime:no heat 
heat 

sludge 
sludge.heat 

Sengo sil limed : no heat 
heat 

sludge 
sludge,heat 

Cabbage Sango sil no lime:no heat 
heat 

sludge 
sludge,heat 

Sango sil limed : no heat 
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TABLE E-4. ZINC PHYT0TOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

47-61 ug/g 
51-81 ug/g 

Red oak 20 
25 

22-24 
Black Walnut 29 ug/g 

43 ug/g 
37-47 ug/g 

Wheat •• 

Lettuce 46 
74 
103 
121 
43 
40 .. 68 
93 
35 
43 
53 
128 
31 
49 
51 
79 
29 
88 
116 
125 
31 
50 
63 
64 

Cabbage 29 
34 
46 
41 
48 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (oon'l) 

lfentNMTIO t:e j phytotoxiclty •citoms I referonce ~ 

128 
128 

Rod oek 128 
128 

.• 
I 128 

Black Walnut 128 
128 
128 

Wheat yield reduction 15 
15 

Lettuce 75 
75 
75 
75 
75 . 75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 

Cabbage 75 
75 
75 
75 
75 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name 

Carrot 

Cantaloupe 

Pepper 

Lettuce 

Corn 

Squash 

Scientific 
Name 

Daucus carota sotiva 

Cucumis melo 

Capsicum spp. 

Lactuca sative 

Zee mays 

Cucurbita pepo 

Variety 

Hal's Best 

California 
Wonder 

Great lakes 

Silver Queen 

Yellow 
Crookneck 

Parts 

edible parts 

edible perts 

edible parts 

leaves 

.. edible tissue,foliaga 

edible tissue ,foliage 

Cultivation PH 

field 

6.5 

field 

6.5 

field_ 

6.5 

field 

'field 

field 
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TABtE E-4. ZINC PHYTOTOXICITY DATA (oon't) 

Carrot 

Cantaloup a 

Peppor 

Lettuce 

Corn 

Squash 

Soil Typo 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Sango sil 

Treatment 

heat 
sludga 

sludgo,heat 
no lime:no heat 

heat 
sludge 

sludge,heat 
limed : no heat 

heat 
sludge 

sludge,heat 
no lime:no heat 

heat 
sludge 

sludge,heat 
limed : no heat,. 

heat 
sludge 

sludge,heet 
no lime:no heat 

heat 
sludge 

sludge,heat 
limed : no heet 

heat 
sludge 

sludge,heat 
no heet 

heat 
sludge 

sludge,heat 
no heat 

heat 
sludge 

sludge,heat 
no heat 

heat 
sludge 

sludge,heat 

Conc11ntr11tion In toll Loading rata 
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TABLE E-4. ZINC PHYT0T0XICITY DATA (con't) 

Plant Name lent tissue concentration 
deficienc normal toxic 

64 
59 
53 

Carrot 22 
20 
29 
25 
39 
34 
30 
40 

Cantaloupe 18 
15 
20 
24 
18 
12 .. 
25 
30 

Pepper 24 
33 
29 
29 
29 
26 
33 
37 

Lettuce 48-54 
41-44 

74-131 
70-142 

Corn 52 
54 
142 
178 

Squash 48 
88 
120 
121 
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TABlE E-4. ZINC PHYTOTOXICITY DATA (con'tJ 

~Plant Nemo __ t_yp__....,.._p_hyt..,_ot_o_xi_c_ity.__:--tom-,-----tl rcforonco ~ 
11 1 1 

Carrot 

Cantaloupe 

Pepper 

Lettuce 

Corn 

Squash 

75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Scientific Variety Parts Cultivation PH 
Name 

Pepper Capsicum spp. California edible tissue,foliage field 
Wonder 

Beans Phaseolus vulgaris Contender edible tissue,foliage field 

Broccoli Brassies oleracea edible tissue field 

Eggplant Solanuni melongena Black Beauty edible tissue,foliage field 

Tomatoes Lycopersicon esculentum Better Boy edibl8' tissue,foliage field 

Potatoes Solal"um tuberosum red Irish edible tissue, foliage field 

Little bluestem Andropogen scoparius whole greenhouse 4.8 
7.82 

Black-eyed Susan Rudbeckia hirta whole greenhouse 4.8 
7.82 

Wheat Trlticum eestivum shoots.roots greenhouse 

Corn Zea mays Dekald XL-43 seedllngs,grain,stovers field 5.6 
6 

6.3 
Oats Avena sativa Norlina grain field 5.6 

6 
6.3 

. Wheat Trlticum aestivum Arthur grain field 5.6 
6 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (eon't) 

nt Name Soll Type TreetmGnt ConcentreUon In soil loedlng rete 

Popper Sengo ail no he11t 
hoet 

sludge 
iiludgo,ho11t 

... - .. Beans S11ngo sil no he11t 
heat 

sludge 
sludge,hoat 

Broccoli Sango sil no heat 
h11at 

sludge 
sludge,heet 

Eggplant Sango sil no heat 
heat 

sludge 
sludge,heat ,. 

Tomatoes Sango sil no heat 
heat 

sludge 
sludgo,hoat 

Potatoes Sengo sil nc heat 
heat 

sludge 
sludge,heat 

Little bluestem rural Plainfield sand ZnCl2 2000-4000ug/g 
urban Oakville sand ZnCl2 2000-4000ug/g 

Black-eyed Susan rural Plainfield sand ZnCl2 2000-4000ug/g 
urban Oakville sand ZnCl2 2000-4000ug/g 

Wheat clay loam control 
0-2 cm depth 

18-20cm depth 
Corn sandy no sludge 1.0-1.6 

sandy 56 metric tons 42.0-52.0 
sandy 11 2 metric tons 84.0-99.0 

Oats sandy no sludge 1.0-1.6 
sandy 56 metric tons 42.0-52.0 
sandy 112 metric tons 84.0-99.0 

Wheat sa~dy no sludge 1.0-1.6 
sandy 56 metric tons 42.0-52.0 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

Pepper 

Beens 

Broccoli 

Eggplant 

Tomatoes 

Potatoes 

Little bluestem 

Black-eyed Susan 

Wheat 

Corn 

Oats 

Wheat 

71 
64 
96 

109 
37 
46 
71 
62 
87 
93 
99 

130 
21 
19 
22 
25 
38 
41 
32 
47 
27 
39 
33 
65 

52 
81.1 
87.5 
42-86 

289-405 
331-411 

13 
39 
42 
19 
61 

.. 
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TABtE E-4. ZINC PHYTOTOXICITY DATA loon't) 

Peppor 

Be11ns 

Broccoli 

Eggplant 

Tomatoes 

Potatoes 

Little bluestem 

Black-eyed Susan 

Wheat 

Corn 

Oats 

Wheat 

_____ .. p_hyt.._o_to_x_ici__.ty._ _______ l referonoo d 
typo ! •vmgtoms _ ! U 

75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 
75 

yield lack of germination 164 
yield lack of germination 164 
yield lack of germination 164 
yield lack of germination 164 

126 
126 
126 
212 
212 
212 
212 
212 
212 
212 
212 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Perts Cultivation PH 
Name 

6.3 
Rye Secele cereale Balboa grain field 5.6 

6 
6.3 

Crimson clover Trifolium incarnatum Auburn whole field 5.6 
6 

6.3 
Arrowleaf clover Trifolium vesiculosum Yuchi whole field 5.6 

6 
6.3 

Carrots Daucus carota Danvers tubers,shoots field 5.5-5.8 
Radishes Rephanus sativus Cherry belle tubers.shoots field 5.5-5.8 
Tomatoes Lycopersicon esculentum New Yorker fruit field 5.5-5.8 
Lettuce Lactuca sativa Salad bowl leaves field 5.5-5.8 
Brome grass Bromus inermis Leyes field 6.7-7.9 

.. 
Corn Zea mays grain field 6.7-7.9 

leaves, kernels field 5.7 

Foscue grass Festuce erundinacea pot 6.5 
6,5 
6.5 
6.5 

Corn Zea mays Pioneer 3369A leaves field low 
Grain Sorghum Sorghum bicolor Funk G-522 leaves field low 
Soybeans Glycine max Centennial seedlings field low 
Berley Hordeum vulgare Barsoy leaves,straw, grain pot 6 

.• 

Briggs leaves, strew,grain pot 6 
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TABlE E-4. ZINC PHYTOTOXfCITY DATA (oon't) 

Plant Nemo Soil Typo 

a11ndy 
Ryo aendy 

sandy 
sandy 

Crimson clovor sandy 
sandy 
sandy 

Arrowleaf clover sandy 
sandy 
sandy 

Carrots Bridgehampton silt loam 
Radishes Bridgehampton silt loam 
Tomatoes Bridgehampton silt loam 
Lettuce Bridgehampton silt loam 
Brome grass Conestoga loam 

Corn Conestoga loam 

Willamette silt loam 

Fescue grass Norfolk fine loamy 
Cecil sandy clay loam 

Norfolk fine loamy 
Norfolk fine loamy 

Corn fine sandy loam 
Grein Sorghum fine sandy loam 
Soybeans fine sandy loam 
Berley Ramone sandy loam 

Ramone sandy loam 

Troatmmt 

112 motric ton, 
no sludge 

56 motric tons 
112 metric tons 

no sludge 
56 metric tons 
112 metric tons 

no sludge 
56 metric tons 

11 2 metric tons 

NH4N03 
sludge low .. 
sludge high 

NH4N03 
Ce sludge 
Al sludge 
Fe sludge 

control 
NHSO 

Portland sludge 
Rock Creek sludge 

Salum sludge 

swine sludge 
municipal sludge 

control 
sludge low 
sludge high 

control 
sludge low 
sludge high 

Concontr11tion in soil Loading rate 

84.0-99,0 
1.0-1.6 

42.0-52.0 
84.0-99.0 

1.0-1.6 
42.0-52.0 
84.0-99.0 

1.0-1.6 
42.0-52:0 
84.0-99.0 
2.3-11.7 
2.3-11.7 
2.3-11 .7 
2.3-11.7 

4-7 

45-249 
6-9 

32-89 
66-156 
63-92 

27-59 
38-87 
23-38 

2800mg/kg 
2200mg/kg 
1670mg/kg 

76 kg/ha 
88 kg/ha 

E-111 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name lent tissue concentration 
deficienc normal toxic 

72 
Rye 21 

91 
94 

Crimson clover 50 
102 
112 

Arrowleaf clover 51 
187 
312 

Carrots 23-79 
Radishes 62-164 
Tomatoes 35-49 
Lettuce 46-133 
Brome grass 17-25 

19-27 
26-31 

Corn 21 
22-24 
20-27 
25-30 
26-41 
33-62 
53-84 
41-70 
29-66 

Fescue grass 15-43 
22-50 
18-46 
20-47 

Corn 37-200 
Grain Sorghum 50-200 
Soybeans 45-223 
Barley 30 

41 
52 
24 
31 
61 

.. 

400-707 

778-1188 
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TABLE E•4, ZINC PHYTOTOX!CITY DATA (oon'tJ 

ijPlent Name ~i!otoxic!t:t: I refaronc1 I I t:e 1 •vmgtom• 

212 
Rye 212 

212 
212 

Crimson clover 212 
212 
212 

Arrowleaf clover 212 
212 
212 

Carrots 211 
Radishes 211 
Tomatoes 211 
Lettuce 211 
Brome grass 224 

.. 224 
224 

Corn 224 
224 
224 
224 
92 
92 
92 
92 
92 

Fescue grass 123 
123 
123 
123 

Corn yield reduction in certain years 143 
Grein Sorghum 143 
Soybeans yield/visual to 48% reduciton/ chlorosis/death 143 
Barley 31 

31 
31 
31 
31 
31 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name 

Winter wheat 
Swiss chard 

Sweet corn 
Alfalfa 
Wheat 
Corn 

Fodder rape 

Barley 
Rye grass 
Barley 

Corn 

Fodder rape 

Scientific 
Name 

Triticum spp. 
Beta wlgilris 

Zea mays 
Medicago sativa 
Triticum wlgere 
Zea mays 

Bralisica napus 

Hordeum wlgare 
Lolium multiflorum 
Hordeum wlgare 

Zea mays 

Brassies nepus 

Variety 

Florida 103 

Larker 

Briggs 

Anza 
Fordhook Giant 

Jubilee 
Ranger 
Fremont 
Pride 110 

Kenton 

larker 
Westerwool 

Pioneer 3517 

Jubilee 

Kenton 

Parts 

leaves,straw ,grain 

leaves,straw ,grain 

leaves,straw ,grains 

straw.grain 

plent,seeds 
leaves,stems 
plant,seeds 
leaves,kernels 

leaves 

leaves,grain 

leaves,kernels 

Cultivation 

pot 

pot 

pot 

field 
greenhouse 

field 
field 
field 
field 

gree'nhouse 

greenhouse 
greenhouse 

field 

field 

field 

greenhouse 

PH 

6 

6 

7.1 

7.8 

7.6 
7.7 
T 

5.5 

6.5 

6,5 

5.6 
6 

7.5 
4.0-6.4 
4.0-6.4 
5.5-7.0 

7.6-8.1 

5.8-7. 1 

5.6 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (oon'tl 

Plant Nemo Soil Typo 

Remona sandy loam 

Ramona sandy loam 

Greenfield aendy loam 

Domino loam soil 

Winter wheat 
Swiaa chard 

Sweet corn 
Alfalfa 
Wheat 
Corn 

Omni silty clay 
Domino silt loam 

Hanfor~ sandy loam 
Redding fine send 

fine silty 
fine ailty 
fine silty 

Sulton silt loam 

Puyallup fine sandy loam 

Fodder rape 

Barley 
Rye graH 
Barley 

sandy 
sandy 
sandy 

Marginally productive soil 
Marginally productive soil 

Domino loam soil 

Greenfield sandy loam 

Corn calcareous strip-mined spoil 

Willeme~te silt loam 

Fodder rape sandy 

Tr111tment 

control 
aludge low 
aludge high 

control 
sludge low 
sludge high 

control 
sludge low 
sludge high 

control 
sludge low 
sludge high 

limed 
unlimed 
limed 

unlimed 

dredged material 
dredged material 

compost 
liquid 

compost 
liquid 

control 
sludge 
control 

NH4N03n 
tannery waste 

control 
sludge 

Concentration In soil Loading rate 

98-177 567 kg/ha 
20-160. 

20-160 
20-160 

25-74 
25-74 
25-74 

0-449 "g/h:: 
0-448 kg/he 
0-448 kg/ha 
0-448 kg/ha 

417mg/kg sludge 
417mg/kg sludge 
417mg/kg sludge 

2000 kg/ha 
2000 kg/ha 
2000 kg/ha 
200(? kg/ha 

3.4-9.5mg/kg 
3.6-114mg/kg 
1 1-14umol/kg 

9 umol/kg 
9-26umol/kg 
125 mg/pot 

240-354mg/pot 
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TABLE E-4. ZINC PHVTOTOXICITY DATA (con't) 

Plant Name lant tissue concentration 
deficienc normal toxic 

Winter wheat 
Swiss chard-

Sweet corn 
Alfalfa 
Wheat 
Corn 

Fodder rape 

Barley 
Rye grass 
Berley 

Corn 

Fodder rape 

29 
51 

121 
26 
35 
67 
16 
26 
57 
16 
23 
32 

22-45 
80-170 
75-250 

31-67 
21-38 
23-75 

26.8-342.6 
28.0-587.7 
27.3-508.7 
28.7-677.3 
34.8-70.5 
21.8-41.2 
17.6-27.8 
· 24-200 
41-258 

14.2-51.0 
16.1-51.4 
12.5-57.3 
18.4-81.9 

13-33 
34-200 

.44-.46mmol/kg 

.43-.46mmol/kg 

.55-.67mmol/kg 
1318 ug/pot 

1698-2545ug/pot 

250-360 
300-600 

200-291 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

f•ntName :h:t!otoxlci~ ; I reference ~ 
typo j • toms 

31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 
31 

Winter wheat 32 
Swiss chard 242 

yield reduction 242 
yield reduction 242 

Sweet corn 24 
Alfalfa 24 
Wheat 24 
Com 185 

185 
185 
185 

Fodder rape 173 
173 
173 

Barley 41 
Rye grass visual chlorosis 41 
Barley 33 

33 
33 
33 

Corn 188 
188 
226 
226 
226 

Fodder rape 215 
215 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Scientific 
Name 

Variety Perts Cultivation PH 

6 

7.5 

Swiss chard Beta vulgeris Fordhook Giant greenhouse 5.6-5.9 

Rye grass Lolium perenne greenhouse 5.6-5.9 

Upland cotton Gossypium hirsutum leeves,seeds field 8.2 

Timothy Phleum pretense field 6.3 

6.1 

Tomato 

Bell pepper 

Cos lettuce 

Heed lettuce 

Lycopersicon lycopersium 

Capsicum annuum 

Lactuca sativa 

Lectuca sativa 

Tropic 

California 
Wonder 

Cos Paris White 

Great Lakes 118 

leaves, fruit 

leaves,fruit 

leaves 

leaves 

greenhouse 

greenhouse 

greenhouse 

greenhouse 

7.9 
7.8 
7.6 
6.9 
7 

6.5 
7.9 
7.8 
7.6 
6.9 
7 

6.5 
7.9 
7.8 
7.6 
6.9 
7 

6.5 
7.9 
7.8 
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TABLE E-4. ztNC PHYTOTOXICITY DATA (oon't) 

Name 

,' ·• I ... ,. Swill chard·•. I 

Ryo gr1111 

Uplend cotton 

Timothy 

B11ll.pepp11r 

Cos lettuce 

Head lettuce 

Soil Typo Treatment Conc11ntr11tion In toll Loading reto 

111ndy control 125 mg/pot 
sludge 240-354mg/pot 

111ndy control 125 mg/pot 
sludge 240-354mg/pot 

Chalm11rs 1ilty cl11y loam ond control 62 mg/kg 
RusS11I silt loam drilling fluid 35-6170mg/kg 

Chalmers silty clay loam and control 62 mg/kg 
Russel silt loam drilling fluid 35-6170mg/kg 
Pima clay loam control 

fertilized 
sludge 

Dalhousie clay loam control 
fertilized 

pig manure 
sludge 

St. Bernard S11ndy loam control 
f11rtllizad 

pig manure 
sludge 

La; Vi;gi;;as I fine lo&my 
Las Vlrginos II fine lo11my 

Domino I fine loamy 
Domino II fine loamy 

Groanfiold I coarse-loamy 
Gr1111nfield II coarse-loamy 
Las Vlrgines I fine loamy 
Las Virglnas II fine lo11my 

Domino I fin11 loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Groenfield II coarse-loamy 
Las Virginos I fine loamy 
Las Vlrginas II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Las Virginas I fine loamy 
Las Virglnes II fine loamy 



TABLE E-4. ZINC PHYT0T0XICITY DATA (con'tl 

lant Name lant tissue concentration 
deficienc normal toxic 

Swiss chard 

Rye grass 

Upland cotton 

Timothy 

Tomato 

Bell pepper · 

Cos lettuce 

Head lettuce 

1177 ug/pot 
1025-1322ug/pot 

641 ug/pot 
7 49-1157ug/pot 

72 mg/kg 
72-2072 mg/kg 

43 mg/kg 
43-995mg/kg 
42.8 mg/kg 
39.5 mg/kg 

41 .1-49. 1 mg/kg 
19-30 mg/kg 
19-25 mg/kg 
20-27 mg/kg 
19-29 mg/kg 
22-29 mg/kg 
21-28 mg/kg 
23-34 mg/kg 
24-33 mg/kg 

22 
20 
68 

99.5 
92.3 
121 

178.8 
108· 

242.8 
205 

195.3 
195.8 
52.5 
58 

75.8 
137 

116.3 
354 
53.5 
57.3 

E-120 



TABLE E-4. ZWC PHYTOTOXICrTY DATA (oon't) 

fentNeme __ tvg_e _ __,; .... l>h_vt._ot_o_xi_oi_ty._.;--~-to_me ______ , reference I 

Swiss chard 

Rya grass 

Upl11nd cotton 

Timothy 

Tomato 

Bell pepper 

.Cos lettuce 

Head lettuce 

215 
215 
215 
215 
176 
176 
176 
176 
259 
259 
259 
257 
257 
257 
257 
257 
257 
257 
257 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 

S:_1 ')1 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

7.6 
6.9 
7 

6.5 
Radishes Rephenus setiws Cherry Belle leaves, tubers greenhouse 7.9 

7.8 
7.6 
6.9 
7 

6.5 
Potato Solanum tuberosum Gold Russet leaves.tuber greenhouse 7.9 

7.8 
7.6 
6.9 
i 

6.5 
Corn Zea mays Golden leaves greenhouse 7.9 

Bantam 7.8 
7.6 
6.9 
7 

6.5 
Wheat Triticum aestiwm Anza leaves,seeds greenhouse 7.9 

7.8 
7.6 
6,9 
7 

6.5 
Swiss chard Beta wlgaris Large White leaves greenhouse 7.9 

7.8 
7.6 
6.9 
7 

6.5 
Broccoli Brassica oleracea Green Comet leaves, fruit greenhouse 7.9 

7.8 
7.6 
6.9 
7 
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TABLE E-4. ZINC PHYTOTOXlCITY DATA (oon't) 

Radishes 

Potato 

Corn 

Wheat 

Swiss chard 

Broccoli 

Soil Type 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Las Vlrgines I fine loamy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Las Virgines I fine loamy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Les Virgines I fine loemy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Las Virgines I fine loamy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Les Virgines I fine loamy 
Les Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 
Greenfield II coarse-loamy 
Las Virgines I fine loamy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Greenfield I coarse-loamy 

Treatment Concentration In toll Lolldlng rato 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

Radishes 

Potato 

Corn 

Wheat 

Swiss chard 

Broccoli 

83.5 
143.8 
177 
281 
56.5 
48.8 
168 

246.8 
200.8 
332.8 
21.5 
26.5 
23.3 
27.5 
31 

50.5. 
63.3 
47 

129.3 
154.8 
125.5 
239.5 
34.5 
42.5 
89.5 
130.5 
102.3 
210 
39.5 
33.5 

250.8 
349.8 
412.3 
884 
14.3 
19 

75.5 
167.8 

91 
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TABlE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

__ : __ ......,p_h~.__ot_o_xi_c __ ity.__ _______ l roferenco I fntNamo I tygo I :ymgtom1 _ _ 

, .. ,, . ' ···• Radishes 

Potato 

Corn 

Whoat 

· Swiss chard 

Broccoli 

122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122· 
122 
122 
122 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

6.5 
Carrot Daucus carota lmperator leaves, tubers greenhouse 7.9 

7.8 
7.6 
6.9 
7 

6.5 
Beet Beta vulgaris Red Detroit leaves,tubers greenhouse 7.9 

7.8 
7.6 
6.9 
7 

6.5 
Corn Zea mays leaves,grain field 7 

Pioneer 3192 leaves,grain field >6.5 

>6.5 

>6.5 

Soybean Glycine max Corsoy Seedling tissue po_t 5.9 

Corn Zea mays leaves,greln field 

Sorghum Sorghum bicolor Moench roots,leaves,stem,grain field 6.9-7.7 
5.8-7.2 

Winter wheat Trlticum aestiwm grain, roots field 6.9-7.7 
5.8-7.2 

Corn Zea mays field 6.5 
5.1-5.5 

Lettuce Lactuca sativa whole field 7.56 
7.06 
8.53 
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TABLE E-4. ZINC PHYTOTOXtclTY DATA (oon't) 

■ nt Namo Soil Type Treatment Concentration in soil Loading rate 

Greenfield II coarse-loamy 
Carrot Las Virgine1 I fins loamy 

Las Virglnes II fine loamy 
Domino I fins loamy 
Domino II fins loamy 

Grssnfield I coarss-loemy 
Grsenfield II coarss·loamy 

Bset Les Virgines I fins loamy 
Las Virgines II fine loamy 

Domino I fine loamy 
Domino II fine loamy 

Gresnfisld I coarse-loamy 
Gresnfield II coarse-loamy 

Corn Davidson silty clay control 
ZnS04 695-897kg/ha 

Gusrnsey silt loam control 
pig manure 

CuS04 
Bertie fine sandy loam control 

pig manure 
CuS04 

Starr-Dyke clay loam control 
pig manure 

CuS04 
Soybean Nicollet loam soil ZnS04 0-72 mg/kg 

sludge 0-92 mg/kg 
Corn Blount silt loam control 68 

1 /4 max sludgs 188 
1 /2 max sludge 326 

maximum 454 
Sorghum Haynie fine sandy loam fertilized 0.8 

Haynie fine sandy loam sludge 10.2 
Winter wheat Haynie fine sandy loam fertilized 0.8 

Haynie fine sandy loam sludgs 10.2 
Corn Bount silt loam control 0 

Bount silt loam sludge 0-2358 kg/ha 

Lettuce land fill control 2169 
land fill sludge 1824 

clay control 117 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lant tissue concentration 
deficienc normal toxic 

288 
Carrot 51 

47.8 
91 

109.5 
98.5 
155.5 

Beet 51.8 
48.3 
286.3 
446.5 
363.5 
1023.3 

Corn 19.2-19.6 mg/kg 
21.1-54.3mg/kg 

45 
41 

38-39 
45 
37 

44-48 
25 
17 

25-26 
Soybean 32-55 

32-112 
Corn 14.5-28.3 

32.0-84.4 
43.7-156.1 
61.8-281-.8 188.8-217.2 

Sorghum 50 
101 

Winter wheat 28 
56 

Corn 28-60 
85-381 

Lettuce 26.93 
39.21 
11.3 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

eh~otoxlcit:t rant Name I reference ! 
t)pe I symgtoms 

122 
C11rrot 122 

122 
122 
122 
122 
122 

Beet 122 
122 
122 
122 
122 
122 

Corn 183 
183 
184 
184 
184 
184 
184 
184 
184 
184 
184 

Soybean 57 
57 

Corn 95 
95 
95 

yield/visual yield reduction/delayed flowering 95 
Sorghum 127 

127 
Winter wheat 127 

127 
Corn 94 

94 
lettuce 72 

72 
72 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

8.06 
6.8 

6.86 
6.74 
7.32 

Tomato Lyc~persicon esculentum fruit field 7.56 
7.06 
8.53 
8.06 
6.8 

6.86 
6.74 
7.32 

Wheat Triticum aestiwm grain, whole field 7.5~ 
7.06 
8.53 
8.06 
6.8 

6.86 
6.74 
7.32 

Onion Allium cepa root, whole field 7.56 
7.06 
8.53 
8,06 
6.8 

6.86 
6.74 
7.32 

Radish Raphanus sativa root,whole field 7.56 
7.06 
8.53 
8.06 
6.8 

6.86 
6.74 
7.32 

• Splash pine Pinus elliotttii pine needles field 4.8-5.1 
4.9-5.3 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (oon't) 

ant Name Soil Typo Treatment Concentration In 1oil loading rate 

clay sludge 150 
brown loam control 176 
brown loam sludge 335 

black top soil •control 97 
~ f • I ... , . black top soil sludge 200 

Tomato hmd fill control 2169 
lend fill sludge 1824 

clay control 117 
clay sludge 150 

brown loam control 176 
brown foam sludge 335 

black top soil control 97 
black top soil sludge 200 

Wheat land fill control 2169 
land fill sludge 1824 
.clay control 117 
clay sludge 150 

brown loam control 176 
brown loam sludge 335 

black top soil control 97 
black top soil sludge 200 

Onion land fill control 2169 
land fill sludge 1824 

clay control 117 
clay sludge 150 

brown loam control 176 
brown loam sludge 335 

black top soil control 97 
black top soil sludge 200 

Radish land fill control 2169 
lend fill sludge 1824 

clay control 117 
clay sludge 150 

brown loam control 176 
brown loam sludge 335 

black top soil control 97 
black top soil sludge 200 

Splash pine Troup fine sandy loam control 0.9 
Troup fine sandy loam low sludge 7.7-12.6 49-146 kg/ha 

0 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

lent tissue concentration 
normal toxic 

10.14 
25.4 

14.07 
8.76 
6.75 

Tomato 2.99 
3.45 
2.14 
2.68 
2.87 
2.74 
2.04 
2.65 

Wheat 233.3 
148.4 
50.3 
78 

77.9 
67.6 
50.9 
59.6 

Onion 10.19 
11.38 
4.29 
6.06 
12.91 
6.52 
6.09 
7.17 

Radish 6.67 
6.07 
7.58 
11.05 
6.89 
9.42 
4.44 
7.01 

Splash pine 36 
41-74 
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TABlE E-4. ZtNC PHYTOTOXICITY DATA (oon't) 

IPlent Neme --=-_ ...... p_hyi,.___ot_o_xi_c_it:..._ _______ I reference n ~typo ! _sxmgtoms _ H 
0 

Tomato 

Wheat 

Onion 

Radish 

Splash pine 

72 
7Z 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
144 
144 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Perts Cultivation PH 
Name 

4.8-5.2 
Oats Harmon root,seed,stem field 

Sudangress Sorghum bicolor Piper whole field 5.32 
5.18 

5.77-6.38 
Corn Zee mays stems,roots,leaves,husks,grain field 6.2 

Perennial ryegress Loluim perenne pot 4.3-5.26 

4.76-5.72 

6.16-7.11 

Swiss chard Beta vulgaris leaves pot 4.9-5.5 
5.2-6.2 
5.2-5.8 
5.2-5.7 
5.1-5.7 

Tobacco Nicotiane tebecum Virginie 115 and leaves field 5.9-6.2 
Island gold 

Wheat kernels,stra'w greenhouse 8.1 

6.5 

field 8.1 

Brome alfalfa whole greenhouse 8.1 

6.5 

perennial ryegrass pot 5.5 
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TABLE E-4, ZtNC PHYTOTOXICITY DATA (oon't) 

■ nt Name Soil Typo Treatm.nt Concontration in 10H Looding rato 

Troup fino ~endy loem high 1ludgo 8.3-13.3 195-244 kg/ha 
Oets control 25-31.1 

25 % sludge 42.8 
50% sludge 81.4 

Sudengrass Wehiawa silty elev control 
Wahiawa silty elev fertilized 
Wahiawe silty cley sludge 

Corn Warsew silt loem control 158 
sludge 2065 1010 tons/ha 

Perennial ryogress Acid clay loam Control 0 
sludge 4-8% 
sludge 0.12 

Acid clay loam Control 0 
sludge 4-8% 
sludge 0.12 

Acid clay loam Control 0 
sludgo 4-8% 
sludge 0.12 

Swiss chard Puyallup sendy loam sludge 40·145 0-246 kg/ha 
Sultan silt lo!!m sludge 50-150 0-246 kg/he 
Schalcar muck sludge 95-185 0-246 kg/ha 

Chehalis clay loam sludge 75-195 0-246 kg/ha 
Olympic clay loam sludgo 70-225 0-246 kg/ha 

Tobacco fine sandy loem control 0 
Zn sulfate 6.7-20.1 kg/ha 
Zn sulfate 26.8-40.2 kg/ha 

Wheat Lakeland calcareous fine control 0 
sludge 87.75-877.5 kg/ha 

Red River noncalcareous fine control 0 
sludge 87.75-877.5 kg/ha 

Lakeland calcareous fine control 0 
sludge 824-1648 kg/he 

Brome alfalfa Lakeland calcareous fine control 0 
sludge 87 .75-877 .5 kg/he 

Red River noncalcareous fine control 0 
sludgo 87.75-877.5 kg/he 

perennial ryegress sandy soil control 89 mg/pot 
sludge 712 mg/pot 126 g/pot 
sulfate 712 mg/pot 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name lent tissue concentration 
deficienc normal toxic 

73-85 
Oats 42 

68 
99 

Sudengress 129 
176 

115-172 
Corn 165 

320 
Perennial ryegress 80 

250-365 
500 

60-75 
200-300 

400-450 
40 

100-150 
250 

Swiss chard .10-.86 mg/g 
.10-.86 mg/g 
.60-1.3 mg/g 
.10-.60 mg/g 
.10-.40 mg/g 

Tobacco 16.8-27.0 
22.1-53.8 

43.2-114.6 
Wheat 15.9 

23.0-52.0 
30.3 

30.9-64.5 
32-44 
45-96 

Brome alfalfa 14 
22.0-61.0 

21 
33-66 

perennial ryegress 35 mg/pot 
68 mg/pot 
150 mg/pot 
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TABLE E~. ZINC PHYTOTOXICITV DATA (con't) 

__ = __ ..,...p_h..,yt_o_to_x_ici_· ... ty ________ l refercmoe I rant Name ~ typo I •ymgtome _ " 

, . 
.-·•. . . -1·1 

Oats 

Sudangrass 

Corn 

Perennial ryegrass 

Swiss chard 

Tobacco 

Wheat 

Brome alfalfa 

perennial ryegrass 

yield 

yield 

yield reduces again 

yield reduces again 

144 
73 
73 
73 
104 
104 
104 
125 
125 
19 
19 
19 
19 
19 
19 
19 
19 
19 
134 
134 
134 
134 
134 
80 
80 
80 
270 
270 
270 
270 
270 
270 
270 
270 
270 
270 
55 
55 
55 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Scientific Variety Perts Cultivation PH 
Name 

Soybean Glycine max Bragg seed, pod well, stem greenhouse 6.2 

Ransom seed, pod well, stem greenhouse 6.2 

White pine Pinus strobus leaves, roots greenhouse 

Red maple· Acer rubrum leaves, roots greenhouse 

Norway spruce Picee ables leeves,roots greenhouse 

Lettuce Imperial 847 tops pot 

Onions Early flat Barette bulbs pot 

Lettuce Imperial 847 tops field 

Onions Early flat Barette bulbs field 

Lettuce Imperial 847 tops greenhous~ 

Lucerne Medicego setive Weirau whole pot 5 
5.1-5.6 

6.6 
5.~ 

5.4-6.0 
6.8 

Tomato Lycopersicon esculentum Money maker leeves,fruit,root pot 4.6-6.9 
fruit pot 4.6-6.6 

6.6-6.9 
6.6-6.7 
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TABLE E--4. ZINC PHYTOTOXICITY DATA (oon't) 

Plant Name Soil Type 

Soybean Enon sandy loem 

Enon sandy loam 

White pine sand 

Red maple sand 

Norway spruce sand 

Lettuce loamy fine send 

Cnloiio loamy fina sand 

Lettuce loamy fine send 

Onions loamy fine send 

Lettuca send loam 

Lucerne Waite·rere send 
Weitarere sand 
Waiterere send 
Levin silt loam 
Levin silt loam 
Levin sj(t loam 

Tomato 

Treatment 

combination 
control 

low sludge 
high sludgo 

control 
low sludge 
high sludge 
Zn solution 

Zn solution 

Zn solution 

Control 
low sludge 
high sludge 

coiltiol 
low sludge 
high sludge 

control 
sludge 
control 
sludge 
control 
sludge 

heated sludge 
0 

5-40% sludge 
100% sludge 

0 
5-40% sludge 
100% sludge 

sludge 
0 

25-75% sludge 
100% sludge 

Concentration in toll Loading rate 

712 mg/pot 
0 

12.2-24.4 kg/ha 
36.6 kg/ha 

0 
12.2-24.4 kg/ha 

36,6 kg/ha 
0 

6,25-50 ugn 
100-400 ugn 

0 
6.25-50 ugn 
100-400 ug~ 

0 
6.25-50 ugn 
100-400 ugn 

0 
3.68-18.4 kg/ha 
18.4-33.12 kg/ha 

"' V 

3.68-18.4 kg/ha 
18.4-33.12 kg/ha 

0 
3.68-66.24 kg/ha 

0 
3.68-66.24 kg/ha 

0 
3.68-289.08 
11.04-33.12 

37 
95.15-502.2 

1200 
65 

121.75-519 
1200 
380 0-378 kg/he 

0 
94.5-283.5 kg/ha 

378 kg/ha 
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TABLE E-4. ZINC PHVTOTOXICITY DATA (con'tl 

ant Nome lent tissue concentration 
deficienc normal toxic 

Soybean 

White pine 

Red maple 

Norway spruce 

Lettuce 

Onions 

Lettuce 

Onions 

Lettuce 

Lucerne 

Tomato 

17 mg/pot 
53.33 

60.66-62.33 
61.3 
52 

57 .33-57 .66 
63.33 
98.8 

128.3-433.8 
647.1-1005.5 

49.3 
147.5-381.3 
260.8-385.8 

133.8 
165.0-242.5 

0 
50 

87-220 
220-300 

35 
60-120 

120-180 
40 
40 
17 

14-18 
55 

85-698 
·117-169 
80-180· 
130-880 

. 150-350 

84 
110-280 

170 
62 
46 

42-51 
56 

1005.5-2650 

421.3 

621.3 
496.3-1625.0 
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TABlE E-4. ZWC PHYTOTOXICITY DATA (oon'tl 

tcntNamo 

-. 

Soybean 

White pine 

Red mapls 

.·1·.·. 
'. •,r-.-. Norway spruce 

Lettuce 

Onions 

Lettuce 

Onions 

Lettuce 

, i 

Lucerne 

Tomato 

,.., ---:---..,~P:,;.hyt'-,;,;;o.;.;to:.;.x;;.;ici:,;."ty;;.L.._ymg __ to-ms-----~1 refer1noo ~ 
0 

visual 

visual 

visual 
visual 

1 

foliar toxicity/interveinal chlorosis 

foliar toxicity/intsrvelnal chlorosis 

foliar toxicity/ stunted growth 
foliar toxicity/stunted growth 

55 
202 
202 
202 
202 
202 
202 
166 
166 
166 
166 
166 
166 
166 
166 
166 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
53 
53 
53 

261 
261 
261 
261 
261 
261 
262 
262 
262 
262 
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TABLE E-4. ZINC PHYT0T0XICITY DATA (con't) 

Plant Name Scientific 
Name 

Variety Parts Cultivation PH 

Sweet corn 

Soybean 

Endive 

Zea mays 

Glyci.ne mex 

Picee ebies 

Chicorium endivie 

Jubilee 

Florida Deepheert 

leaves.kernels 

stem,leeves,seeds,pods 

needles 

leaves 

field 

pot 

field 

greenhouse 

5.4 
4.7-5.1 
5.1-5.2 
5.1-5.3 

5.1 

4.5-4.9 

Barley 

Rye grass 

Hordeum wlgare 

Lolium perenne 

Julia 

524 

tops 

tops 

sand 

greenhouse 6 

7.6 

Lettuce Lactuce sativa Grand rapids leaves pots 6.7 

Carrots Caucus carota Amstel tubers pots 6.7 

Peas Pisum satiwm· Thomas Laxton fruit pots 6.7 

Tomato 

Lettuce 

Lycopersicon esculentum shoots 

tops 

greenhouse. 5.33 
7.96-8.09 
8.01-8.11 

4.9 

7.7 
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Pl11nt N1mo 

Sw1111t corn 

,' 
1' I 

Soybean 

Endive 

Barley 

Rye grass 

Lettuca 

Carrots 

Peas 

Tomato 

Lettuce 

TABLE E-4. 

SoH Typo 

Willamotto slit I011m 
Willamott11 silt loam 
Willamott11 silt loam 
Willam<'ttl'l silt 10111 . 

o I Willamette silt loam 
Rizvllle silt loam 

Merrimac loamy send and 
Suffield loam and 

Hadley silt loam 

washed silver sand 

sandy soil 

heavy clay soil 

very fins non-calcaraous 

very fine non-calcareous 

very fine non-calcareous 

Elkton silt loam 
Elkton silt loam 
Elkton silt loam 

Steinhof sandy loam 

Erlach soil 

ZINC PHYTOTOXICITY DATA (con't) 

Tro11tment Concentration In 1011 

control 
fertilized 

Portland sludge 
Rock Cr1111k sludgo 

Salam sludge 
control 

Zn solution 
control 
polluted 
control 
ZnS04 
ZnS04 
sludge 

sludge + ZnS04 
sludge + ZnS04 

ZnS04 
ZnS04 
control 

salt 
s!udge 
control 

salt 
sludga 
control 

low sludga 
high sludge 

control 
low sludge 
high sludga 

control 
low sludge 
high sludge 

control 
low 2-6% sludge 

high 8-10% sludge 
NaN03 

NaN03 

74 

3.5-12.6 
430-1500 

99 

99 

99 

82.2 
88.1-101.8· 

108.3-114.9 
0-60 

60-144 
60-144 
144-475 

Loeding rate 

88-177 lb/ucre 
40-80 'b/acr11 
26-5~ lb/acre 

2.5 ug/g 

0 
100-400 mg/kg 

800 mg/kg 
16 mg/kg_ 

100-400 + 16 mg/kg 
800 + 16 mg/kg 

0 
51-410 mg/kg 
Sl-410 mgf.cg 

0 
51-410 mg/kg 
51-410 mg/kg 

0 
160.6-321.2 kg/ha 

642.4 kg/ha 
0 

160.6-321.2 kg/ha 
642.4 kg/ha 

0 
160.6-3Z 1.2 kg/ha 

642.4 kg/ha 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name lent tissue concentration 
deficienc normal toxic 

Sweet corn 47 
54-59 

130-164 
108-118 
79-95 

Soybean 12.1 
10.4 
65 

30-70 
Endive 250 

290 

Barley 124-220 

Rye grass 69 
117-1001 
99-232 
32.4 

62.4-163 
55.4-100.7 

Lettuce 35 
135-181 

320 
Carrots 11 

35-43 
53 

Peas 83 
52-61 

67 
Tomato 334.6 

87.5-101.4 
114-119.2 

Lettuce 50-200 

75-200 

500-900 
115-1500 

600-1000 
1500 

2000-19000 

200-800 

200-1000 
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TABlE E•4. ZINC PHYTOTOXICITY DATA (oon'tJ 

fsnt Nemo eh~otoxici!:z'. ; : I typll I • toms 
I referenc:I 

Sweet corn 121 
121 
121 
121 
121 

Soybean 27 
27 
112 
112 

Endive 165 
yield 6-57.5% reduction 165 
yield 54% reduction/death 165 

165 
yield 23.5-41 % reduction 165 
yield 64% reduction 165 

Barley 6 
visual death 6 

Rye grass 43 
43 
43 
43 
43 
43 

Lettuce 27·1 
271 
271 

Carrots 271 
271 
271 

Peas 271 
271 
271 

Tomato 62 
62 
62 

Lettuce 78 
visual phytotoxic 78 

78 
visual phytotoxic 78 



TABLE E-4. ZINC PHYTOTOXICITY DAT A (con'tl 

Plant Name i>cientific Variety Parts Cultivation PH 
Name 

6.9 

Red clover tops 5.7 

7.3 

Grass timothy,brown top field 6.05 
sweet vernal,blue 6.2. 

Alfalfa & Red clover field 6.05 
6.2 

Wheat Triticum aestivum Gamenya seedlings solution 3.5-6.0 

Dwarf beans Phaseolus vulgaris Limburgse vroege leaves solution 

Various shoots field 
Oats Avena sativa Selma leaves pot 6.6 

6.2 

7.5 

Eucalyptus Eucalyptus maculata Hook leaves greenhouse 6.5-7.5 

Eucalyptus marginata Donn leaves greenhouse 6.5-7.5 

Eucalyptus patens Benth leaves greenhouse 6.5-7.5 

Wheat Trlticum eastivum Gamenya leaves greenhouse 6.5-7.5 

Highbush blueberry Vaccinium corymbosum Blueray pot 3.9-7.1 
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TABLE E•4, ztNC PHYTOTOXICITY DATA (con't) 

ant Nemo Soll Typo Troetment Concontretlon In toil Loading rato 

L11 Ch11t11~ge soil NaN03 144-210 
210-350 

Red clover Gensemoos soil control 68 
low NaN03 77-106 
high NaN03 219 

Erh1ch soil control 61 
low NaN03 70-96 
high NaN03 202 

Grass clay and sandy loams control .4-4.5 
clay 11nd sandy loams sludge .6-5.94 27.39-62.77 kg/h11 

Alfalfa & Red clover clay and sandy loams control .4-4.5 
clay and sandy loams sludge .6-5.94 27.39-62.77 kg/he 

Wheat solution control 0 
sulfate .05• 1 .O uM hat( plant 
sulfate 1.0 uM whole plant 

Dwarf beans Hoaglands Zn504 solution 0-1.9 
3.8-15.3 

0 19.1-30.6 
Various serpentine soil natural 30-79 
Oats sandy loam control 36.9 

nitrate compound 67.4 
sandy aoil control 20.8 

nitrate compound 46.4 
organic soil control 72.9 

nitrate compound 122.2 
Eucalyptus sand control 0 

sulfate 50-200 ug/3kg 
sulfate 600-1200 ug/3 kg 

sand control 0 
sulfate 50-200 ug/3kg 
sulfate 600-1200 ug/3 kg 

sand control 0 
sulfate 50-200 ug/3kg 
sulfate 600-1200 ug/3 kg 

Wheat sand control 0 
sulfate 50-200 ug/3kg 
sulfate 600-1200 ug/3 kg 

Highbush blueberry peat control 
low MnCl2 4 g/pot 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lant tissue concentration 
deficienc normal toxic 

75-200 
200-425 

Red clover 132 
235-428 

1364 
57 

61-70 
94 

Grass 15.8-31.7 
14.9-29.5 

Alfalfa & Red clover 19.9-39.3 
15.8-50.1 

Wheat 11.0-15 
18-47 
62-72 

Dwarf beans 25-35 
50-226 226-300 

226-500 
Various 18-75 
Oats 13.5-27.3 

62.3-126.9 
10.3-23.7 

90.0-330.9 
20.5-37.3 
38.0-56.7 

Eucalyptus 9.1 
5.5-7.5 

12.4-29.9 
2.6 

2.0-2.4 
15.2-36.6 

5.2 
3.8-6.8 

13.8-28.4 
Wheat 4.8 

4.4-5.8 
17.4-25.4 

Highbush blueberry 25-37 
32-49 

visual/yield 
visual/yield 

visual/yield 
visual/yield 

visual/yield 
visualMeld 

visual/yield 
visual/yield 

necrotic,purple/2% shoot weight 
necrotic,purple/4% ahoot weight 

nacrotic,purple/26% shoot weight 
necrotic,purple/29% shoot weight 

necrotic,purple/3% shoot weight 
necrotic,purple/16% shoot weight 

necrotic,purple/5% shoot weight 
necrotic,purple/8% shoot weight 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (oon't) 

rent Name --t-x,g-,,-....... , .... e_h..,yt_o_to_x_ic_l_.ty_::--,om-,-----1 refr,rr,nce I 

\ , 
•• -1 ,..1. 

Rod cfover 
visual 

yiold 

Grass 

Alfalfa & Red clover 

Wheat 

Dwarf beans 

Various 
Oats 

yield 
yield 

Eucalyptus 

Wheat 

Highbush blueberry 

phytotoxic 

71.4% yield roduction 

20-30% reduction in shoot length 
20-55% reduction In shoot length 

78 
78 
78 
78 
78 
78 
78 
78 
147 
147 
147 
147 
142 
142 
142 
243 
243 
243 

5 
17 
17 
17 
17 
17 
17 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
51 
87 
87 
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Name Scientific Variety Parts Cultivation PH 
Name 

Corn Zea mays Asgrow UH7 whole greenhouse 6.3 

5.9 
6.5 

Lettuce Lactuca sativa Grand Rapids Forcing whole greenhouse 6.3 
5.9 
6.5 

Barley Hordeum wlgare straw field 6.0-7.4 

4.5-5.5 

Oats Avena sativa Gerry straw field 5.09 
5.84 

6 
Soybean Glycine max Clerk shoots field 6.9 

6.6 
6.4 

5.9-7.4 
7.0-7.7 
6.9-7.6 
5.8-7 .1 
5.7-6.0 
5.1-5.3 
6.4-8.8 
5.7-5.9 

Sunflower Helienthus annuus 894A whole field 7.2-7.4 

6.0-6.3 

8.4 

6.0-6.2 

Berley Hordeum wlgare Meriout grain field 5.3 
4.7-4.9 
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TABLE E-4, ZINC PHYTOTOXICITY DATA (oon't) 

ant Nemo Soil Type Treetmont Concentration In 1oll Loading r ■ te 

high MnCl2 8 g/pot 
Corn Grenville loam control 0·480ppm 

fertilizc,d 0·480 ppm 
sludge 0-480 + 18 ppm 

Ride11u clay sludge 0·480 + 18 ppm 
Rldo11u cl11y sludgo + limo 0-480 + 18 ppm 

Lottuce Grenvill11 loam sludge 0-480 + 18 ppm 
Rideau clay sludge 0-480 + 18 ppm 
Rideau clay sludgo + limo 0-480 + 18 ppm 

B11rloy Dublin loam Pacheco sludge control 0 
low sludge 21.6-64.8 kg/hll 
high sludge 86.4-108 kg/ha 

Dublin loam Oakland sludge control 0 
low sludge 172.8·518.4 kg/ha 
high sludge 691.2 kg/ha 

Oats .peat CuS04 54 0 
muck CuS04 85 0 

mucky peat CuS04 46 0 
Soybean Sassafras sandy loam control 0 

Sassafras sandy loam sludge 246.4 kg/ha 
Sassafras sandy loam sludge 492.8 kg/ha 

Christiana fine sandy loam control 0 
Christiana fine sandy loam limed·digestod 35.8-286.3 kg/ha 
Christiana fine sandy loam limed-raw 33.5-134.2 kg/ha 
Christiana fine sandy loam limed-compost 40.9-491.2 kg/ha 
Christiane fine sandy loam heated sludge 74.5-297.9 kg/ha 
Christiana fina sandy loam heated sludge 74.5-297.9 kg/ha 
Christiana fine sandy loam Nu-Earth 207-414 kg/ha 
Christiana- fine sandy loam Nu-Earth 207-414 kg/ha 

Sunflowor irrigated loamy fine send control 0 

Zn sulfate 5 kg/ha 
dry loamy fine send control 0 

Zn sulfate 5 kg/ha 
dry fine sandy loam control 0 

Zn sulfate 5 kg/ha 
irrigated fine send control 0 

Zn sulfate 5 kg/he 
Berley Dublin loam Oakland sludge control 0 

Dublin loam low sludge 176-352 kg/he 
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Plant Name 
deficienc 

Corn 

Lettuce 

Berley 

Oats 

Soybean 

Sunflower 

Berley 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

lant tissue concentration 
normal toxic 

40-54 
48-709 
28-292 436 
28-260 
37-190 469 
21-107 
75-159 259-578 
87-241 417-1821 
61-217 

30.5-97.6 
43.7-92.7 
41.5-89.3 

37.1-116.0 
76.2-461.6 
113.0-820.1 
54.9-66.5 
43.1-53.7 
65.4-76.2 

24-26 
80-103 
134-165 

29-70 
35-46 
31-37 
40-54 
57-62 

85-153 
70-74 
81-95 

42 
54 
39 
48 
22 
24 
56 
67 
38 

46-47 



__ 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

1rent Name t------T"p,_h_yt_o_t_ox_i_ci_ty,__ _______ -tl reference 11. 
type I symptoms _ 

Corn 

Lettuce 

Berley 

yield 

yield 

yield 
yield 

Oats 

Soybean 

Sunflower 

Barley 

20% yield reduction 

12% yield reduction 

32-81 % yield reduction 
54.7-95% yield reduction 

87 
146 
146 
146 
146 
146 
146 
146 
146 
245 
245 
245 
245 
245 
245 
7 
7 
7 

89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
89 
93 
93 
93 
93 
93 
93 
93 
93 
246 
246 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

4.4-4.5 
5.3 

6.4-6.5 
6.5-6.6 

Oats Avena sativa Clintford stover field 5 
6.5 
6.7 
5.4 
6.7 

Wheat Triticum aestiwm Potomac stover field 5 
6.5 
6.7 
5.4 
6.7 

Chard Beta wlgaris Fordhook Giant Swiss whole field 5· 

6.5 
6.7 
5.4 
6.7 

Snapbeans Bush Blue Lake 47 field 6.6 

6.7 

6.7 

Bush bean Phaseolus wlgaris Tender crops beans pots 5 
5.3 

Cabbage Brassica oleracea Golden Acre leaves pots 5 
5.3 

Carrots Daucus carota Scarlet Nantes tubers pots 5 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name Soil Type 

Dublin loam 
Dublin loam 
Dublin loam 
Dublin loam 

Oets 
.... , 

Galestown Evesboro loamy send 
Galestown Evesboro loamy send. 
Galestown Evesboro loamy send 
Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 

Wheat Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 
Galestown Evesboro loamy sand 
Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 

Chard Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy send 
Galestown Evesboro loamy sand 
Galestown Evesboro loamy send 

Snapbeans Pope silt loam 

Chenango silt loam 

Leek Kill Chennery silt loam 

Bu1h bean Arkport fine uod loam 
Arkport fine ,and loam 

Cabbloe Arkport fine Hnd loam 
Arkport fino Hnd loam 

Ca-rro11 Arkport flna· •and lo«n 

Treatment 

high sludge 
Pacheco sludge control 

low sludge 
high sludge 

control 
control + lime 

limed-raw 
digested 

limed-digested 
control 

control + lime 
limed-raw 
digested 

limed-digested 
control 

control + lime 
limed-raw 
digested 

limed-digested 
control 
Zn504 
ZnCl2 
ZnO 

Zn chelate 
control 
Zn504 
Zntl2 
Zn0 

Zn chelate 
control 
ZnS04 
ZnCl2 
ZnO 

Zn chelale 
poet 

sludge 
pe,t 

sludge 
peat 

Concentration in soil Loading rate 

528-_704 kg/he 
0 

19.8-39.6 kj/he 
59.4-9!:' kg/he 

DTPA: 3.7 
3.4 
4.2 
10.2 
14.5 

DTPA: 3.7 
3.4 
4.2 
10.2 
14.5 

DTPA: 3.7 
3.4 
4.2. 

10.2 
14.5 

0 
5.6-11.2 kg/he 

11.2 kg/he 
11.2 kg/ha 
11.2 kg/ha 

0 
5.6-11.2 kg/ha 

11.2 kg/ha 
11.2 kg/ha 
11.2 kg/ha 

0 
5.6-11.2 kg/ha 

11.2 kg/ha 
11.2 kg/ha 
11.2 kg/ha 

162 
357 
162 
357 
162 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal toxic 

65-70 
31 

31-32 
35-39 

Oats 35.3 
20.5 
5.3 

171.2 
· 71.4 

Wheat 42.8 · 
42.2 
5.3 

76.4 
69.7 

Chard 142 
158 
53 

322 
254 

Snapbeans 32 
44.0-62.4 

51.6 
45.8 
34.6 
21.2 

19.8-24.4 
23 

22.2 
20.6 
22 

22.4-24.2 
24.8 
23.2 
23.2 

Bush bean 44 
79 

Cabbage 68-204 
1086-1640 

Carrots 122 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name 

Oats 

Wheat 

Chard 

Snepbeens 

Bush bean 

Clbbege 

Carrot• 

246 
246 
246 
246 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
214 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
68 
68 
68 
68 
68 



• 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name 

Millet 

Onions 

Potatoes 

Tomatoes 

Cocoa 

Bush beans 

Celery 

.Perennial ryegrass 

Wheat 

Lettuce 

Cabbage 

Scientific 
Name 

Echlnochloa crusigelli 

Allium cepa 

Solenum tuberosum 

Lycopersicon esculentum 

Theobroma cacao 

Phaseolus wlgaris 

Aplum graveolens 

Lollum perenne 

Triticum· eestiwm. 

Lactuca sativa 

Brassies Parachinensis 

Variety 

Japanese 

Downing Yellow Sweet 
Spanish 
Ketehdin 

Vendor 

Amazon 

Amelonado 

Contender 

Utah 52-70 

Melle 

HDM 1553 

Climex 

flowering Chinese 

Perts 

edible tissue 

fruit 

tubers 

fruit 

seedlings 

seedlings 

leaves 

leaves 

leaves 

stem 

leaves 

Cultivation 

pots 

pots 

pots 

pots 

pot 

pot 

solution 

field 

pot 

field 

solution 

pot 

PH 

5.3 
5 

5.3 
5 

5.3 
5 

5.3 
5 

5.3 
6.4 

6.4 

5 

6.88 
5.68 
6.91 

7 

8 

6.2 

6.35 
5.8•6.32 

5.82-6.27 
6.55-7.32 
6.18-7.33 

https://6.18-7.33
https://6.55-7.32
https://5.82-6.27
https://5.8�6.32


TABLE E-4. 

Plant Name Soil Type 

Arkport fin!' sand loam 
Millet Arkport fine sand·loam 

Arkport fine sand loam 
Onions Arkport fine sand loam 

Arkport fine sand loam 
Potatoes Arkport fine sand loam 

Arkport fine sand loam 
Tomatoes Arkport fine sand loem 

Arkport fine sand loam 
Cocoa sandy loam 

sandy loam 

Bush beans Hoaglands solution 

Celery muck soil 
muck soil· 
muck soil 

Perennial ryegrass Sutton sandy loam 

Wheat clay 

Lettuce Hoagland solution 

Cabbage redyellow podzol soil 
redyolow podzol soil 
r~wpodzolloil 
redyellow podzol soil 
redyollow podzol soil 

ZINC PHYTOTOXICITY DATA (con'tl 

Treatment Concentration in soil 

sludge 357 
peat 162 

sludge 357 
peat 162 

sludge 357 
peat 162 

sludge 357 
peat 162 

sludge 357 
control 0 
ZnS04 5.0-10.0 
ZnS04 20-50 
control 0 
ZnS04 5.0-10.0 
ZnS04 20-50 
control 

low ZnS04 
medium ZnS04 

high ZnS04 
control 190 

high metal soil 287 
limed high metal soil 265 

control 148 
low sludge 309-446 

medium sludge 707-1307 
high sludge 1979 

control 22.2 
50% sludge 34.6 
66% sludge 80 
100% sludge 85.2 

10 ton/he sludge 47 
20 ton/ha sludge 81.8 

control 68 
activated sludge 51.0·82.0 
digested sk.ldge 81.0-204.5 
chicken manure 8,33-55.5 

pig menure 55.75-70.25 

Loading rate 

2 uM/14I 
6.6 uM/14I 
9.6 uM/14I 
13.5 uM/14I 

342 kg/he 

0 

5.62 kg/he 
11.24 kg/ha 

• 

https://55.75-70.25


TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name lent tissue concentration 
deficienc normal 

56 
Millet 290 

491 
Onions 288 

174 
Potatoes 34 

35 
Tomatoes 18. 1 

17.4 
Cocoa 30 

20-24 
46-54 

20 
16-18 

36-76 
Bush beans 70 

115 

Celery 77 
92 
86 

Perennial ryegrass 89 
140 

Wheat 76.38 
84.86 
94.86 
117 .61 

91. 1 
104.54 

Le~uca <63 ueg/1 
450-500 

Cabbage 
300 

250-400 
125-300 
100-125 

toxic 

visual sickle shapes leaves 
visual sickle shapes leaves 

visual sickle shapes leaves 
visual sickle shapes leaves 

150 
160 

143-186 
247-390 

425 · 

>63 ueg/1 
500-525 

480-1470 
500 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name 
toms 

Millet 

Onions .... ,. 
Potatoes 

Tomatoes 

Cocoa 

Bush beans · 

yield 21 % growth reduction in leaves 
yield 21 % growth reduction in leaves 

Celery 

Perennial ryegrass 
yield 0-10% reduction 
yield 10-40% reduction 
yield 40-60% reduction 

Wheat 

Lettuce yield 60% reduced root length 
yield 10% yield roductlon 

Cabbage 
vlsutl .mall,,hort,young budding s-teoe 
vl1t1el opaque a<enlu•t• ~Iii• 

reference 

68 
68 
68 
68 
68 
68 
68 
68 
68 
39 
39 
39 
39 
39 
39 
205 
205 
205 
205 
16 
16 
16 
50 
50 
50 
50 
29 
29 
29 
29 
29 
29 
10 
9 

36 
38 
36 
36 
36 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Scientific Variety Parts Cultivation PH 
Name 

Wheat Triticum aestiwm WH-147 whole pots 7.9 

Corn Zea mays shoot greenhouse 

Barley Hordeum wlgare UC 566 tops greenhouse 7.9 

5 

Brittlebush Encelia farinosa leaves greenhouse 7.9 

5 

Wheat Triticum aestiwm tops pots 5.0-5.5 

6.1.-8.3 

7.5-8.0 

Corn Zea mays Early American shoots . pot 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Soil Type Treatment Concentration in soil Loading rate 

Wheel loamy send soil control 0-.01 kg/ha 
farm yard manure .25-1.2 kg/ha 

dhaincha .1-.6 kg/he 
wheat strew .04-.36 kg/he 

Corn Chalmers Indiana control 0 
sludge 340 kg/he 

Celine Michigan control 0 
sludge 340 kg/ha 

Celina Ohio control 0 
sludge 340 kg/ha 

Plano Wisconsin control 0 
sludge 340 kg/ha 

Barley Arizo sandy loam control 
fly ash 2-8% 

Red!1ing loam control 
fly ash 2-8% 

Brittlebush Arizo sandy loam control 
fly ash 2-8% 

Redding loam control 
fly ash 2-8% 

Wheat Orentano histoeol control 208.8 
fly ash 2% 181 
fly aeh 5% 183 

Lamporecchio fluvisol control 169.1 
fly ash 2% 143 
fly ash 5% 143.1 

Guardia regosol control 64.6 
fly ash 2% 88.8 
fly ash 5% 110 

Corn Low carbonate clay loam control 0 
low ZnS04 2.5 mg/kg 

mlKlium ZnS04 5 mg/kg 
high ZnS04 10 mg/kg 

medium carbonate sandly loam control 0 
low ZnS04 2.5 mgi1<g 

m!Klium ZnS04 5 mgA<g 
hl<JhZnS04 10 mg.1<g 

high 01tbonete clay loam control 0 
lowZnS04. 2.5 mg/kg 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Name lent tissue concentration 
deficienc norm el toxic 

Wheat 

Corn 

Berley 

Brittlebush 

Wheat 

Corn 

14.30-61.97 
18.11-70.07 
17.64-72.93 
13 .82-51.92 
1.33 umol/g 
6.10 umol/g 
1.24 umol/g 
2.91 umol/g 
1.44 umol/g 
2.15 umol/g 
2.38 umol/g 
5.46 umol/g 

280-325 
50-110 

125-140 
80-85 

290-320 
100-150 
200-270 
120-170 

51.9 
51.2 
47.8 
34.4 
33.2 
32.9 
36.3 
35.4 
33.4 
183 
224 
333 
460 
118 
171 
238 
293 
53 
84 

https://17.64-72.93
https://18.11-70.07
https://14.30-61.97


TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

reference 

Wheat 

Corn 

Barley 

Brittlebush 

Wheat 

Corn 

195 
195 
195 
195 
171 
171 
171 
171 
171 
171 
171 
i7i 
63 
63 
63 
63 
63 
63 
63 
63 
186 
186 
186 
186 
186 
186 
186 
186 
186 
178 
178 
178 
178 
178 
178 
178 
178 
178 
178 



TABLE E-4. ZINC PHYTOT0XICITY DATA (con'tl 

Plant Name Scientific Variety Parts 
Name 

Mol 17 x H98 leaves 

/ 

0h545 x B73 leaves 

Pioneer 3369A whole 

Highbush blueberry Vaccinium corymbosium Blueray whole 

Corn Zea mays FRM017 x H98 shoots 

Cultivation PH 

field 7.4 

field 7.4 

pot 6.6-6.7 
6.2-6.6 
5.8-6.4 
6,:2-6,4 
6.1-6.3 
6.5-6.6 
6,2-6.3 
6.2-6.4 
6.3-6.5 
6.3-6.4 
6.4-6.5 
5.7-6.2 

6.4 
6.3 

6.1-6.5 
6.2-6.4 
6.2-6.3 
6.0-6.6 

pot 3.8-4.0 
4.6-5.0 
5.4-6.4 
3.8-4.0 
4.6-5.0 
5.4-6.4 
3.8-4.0 
4.6-5.0 
5.4-6.4 

greenhouse 5.5-7,1 
7.0-7.4 
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.1 

Plant Name 

.,.•I 

Highbush blueberry 

Corn 

TABLE E-4. 

Soil Type 

Blount silt loam 

Blount silt loam 

Rutledge 
Rutledge 
Rutledge 
Evesboro 
Evesboro 
Evesboro 
Downer 
Downer 
Downer 

Collington 
Collington 
Collington 

Manor 
Manor 
Manor 

Myersville 
Myersville 
Myersville 

Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 
Tempelton silt loam 
Tempelton slit loam 
T llf'lljalton 111t loam 
Tempelton silt loam 
Tempelton sit loam 

vMlou• 
variou• 

ZINC PHYTOTOXICITY DATA (con'tl 

Treatment Concentration in soil Loading rate 

medium ZnS04 5_mg/kg 
high ZnS04 10 mg/kg 

control 73-79 0 
· 1-/4 sludge 200-268 634-72~ kg/ha 

1/2 sludge 321-390 1269-1446 kg/he 
max sludge 537-606 2537-2891 kg/he 

control 73-79 0 
1/4 sludge 200-268 634-723 kg/ha 
1/2 sludge 321-390 · 1269-1446 kg/ha 

max sludge 537-606 2537-2891 kg/he 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 0 
ZnS04 - 457-470 kg/ha 
sludge 457-470 kg/ha 
control 
control 
control 
ZnS04 4g/m3 
ZnS04 4g/m3 
ZnS04 4g/m3 
Zn504 8 g/m3 
ZnS04 8 ghn3 
Zn504 8 ghn3 
control 36-120 

control + lkno 

r ,.,..., 



Plant Name 
deficienc , 

Highbush blueberry 

Corn 

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

lent tissue concentration 
normal toxic toms 

98 
123 

15.9-19.3 
51.6-56.5 
77.6-89.3 
138-173 

13.7-14.8 
39.9-49.2 
61.3-76.0 
118-139 

17-23 
81 166 

71-122 
18-19 
152 

46-60 350 
17-19 

123-145 
65-72 
14-17 

131-175 
80-107 
15-18 

113-144 
70-85 
15-17 

86-100 
76-95 
32-36 
42-47 
26-39 
45-47 
50-55 
30-47 
57-59 
56-62 
34-51 

22-108 
28-74 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl 

Plant Name 

l;'iald 40% r!!duction 

yield 53% reduction 

Hlghbush blueberry 

Com 

178 
178 
98 
98 
98 
98 
98 
98 
98 
98 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
129 
86 
86 
86 
86 
86 
86 
86 
86 
86 
151 
151 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name Scientific Variety Perts 
Name 

Swiss chard Beta wl_geris Fordhook Giant 

Ryegress S24 

Cultivation PH 

3.6-7.5 
5.8-7.3 

greenhouse 5.5-7 .1 
7.0-7.4 
3.6-7.5 
5.8-7.3 

pots 4.7-5.8 
6.0-7.8 
4.9-5.7 
5.9-7.3 
4.7-5.8 
6.1-7.2 
4.6-5.6 
6.0-7.4 
5.3-6.0 
6.2-7.3 
4.9-5.2 
6.0-7.4 
4.9-5.5 
5.8-7.2 
5.5-5.6 
6.2-7.0 
4.9-5.5 
5.9-7.3 
5.3-5.7 
6.3-7.2 



TABLE E-4. 

Plant Name Soil Type 

variqus 
various 

Swiss chard various 
various 
various 
various 

Ryegrass silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty clay loam 
silty-clay loam 

sandy loam 
sandy loam 
sandy loam 
sandy loam 
sandy loam 
sandy loam 
sandy loem 
sendyloam 
sandy loam 
sandy loam 

* 

ZINC PHYTOTOXICITY DATA (con't) 

Treatment Concentration in soil Loading rate 

sludge 90-500 
sludge + lime 

control 36-120 
control + lime 

sludge 90-500 
sludge + lime 

no sludge 57 
no sludge 57 

low metal sludge 86 
low metal sludge 86 

Zn sludge 470 
Zn sludge 470 
Cu sludge 70 
Cu sludge 70 
Ni sludge 86 
Ni sludge 86 
no sludge 42 
no sludge 42 

low metal sludge 64 
low metel sludge 64 

Zn sludge 360 
Zn sludge 360 
Cu sludge 57 
Cu sludge 57 
Ni sludge 80 
Ni sludge 80 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

lent Name lent tissue concentration 
deficienc normal toxic 

68-726 
68-232 

Swiss chard 53-159 
32-46 

78-1810 
51-142 

Ryegrass 47-49 
31-43 

152-204 
57-111 
1190 2840 

389-945 
156-170 
63-120 
124-150 

60-91 
30-34 
25-42 

120-143 
61-137 

1240-1525 
443-1140 
188-210 
63-142 
110-183 

51-92 



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't) 

Plant Name 

none mentioned 

Swiss chard 
none mentioned 

.. •• .... , 

Ryegrass 

yield 50-100% yield reduction 

151 
151 
151 
151 
151 
151 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
210 
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TABLE F-1. CHROMtUM DATA 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR oH % % % ma/ka 

1 HINESLY 1985 CORN 3.4 283 
2 HINESLY 1985 CORN 3.4 283 - ,--
3 . HINESL'i' 1985 l:JRN . ·3.4 283 

... ,. • .. ,1 4 HINESLY 1985 CORN 3.4 283 
5 HINESLY 1985 CORN 3.4 283 
6 HINESLY 1985 CORN 3.4 283 
7 HINESLY 1985 CORN 3.4 283 
8 HINESLY 1985 CORN 3.4 283 
9 HINESLY 1985 CORN 3.4 283 
10 HINESL Y 1985 CORN 3.4 283 
11 HINESLY 1985 CORN 3.4 263 
12 HINESLY 1985 CORN 3.4 263 
13 HINESLY 1985 CORN 3.4 263 
14 HINESLY 1985 CORN 3.4 263 
15 HINESLY 1985 CORN 3.4 263 
18 HINESL Y 1985 CORN 3.4 263 
17 HINESLY 1985 CORN 3.4 283 
1S HINESLY 1985 CORN 3.4 283 .... 19 HINESLY 1985 CORN ....... 283 
20 HINESLY 1985 CORN 3.4 263 
21 HINESLY 1985 CORN 3.4 263 
22 HINESLY 1985 CORN 3.4 263 
23 HINESLY 1985 CORN 3.4 263 
24 HINESLY 1985 CORN 3.4 263. 
25 HINESLY 1985 CORN 3.4 263 
26 HINESLY 1985 CORN 3.4 263 
27 HINESLY 1985 CORN 3.4 283 
28 HINESLY 1985 CORN 3.4 283 
29 HINESLY 1985 CORN 3.4 283 
30 HINESLY 1985 CORN 3.4 263 
31 HINESLY 1985 CORN 3.4 263 
32 HINESLY 1985 CORN 3.4 263 
33 HINESLY 1985 CORN 3.4 283 
34 HINESL Y 1985 CORN 3.4 263 
35 HINESLY 1985 CORN 3.4 263 
36 HINESLY 1985 CORN 3.4 263 
37 HINESLY 1985 CORN 3.4 263 
38 HINESL Y 1985 CORN 3.4 263 

F-1 



TABLE F-1 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

1 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
2 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
3 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
4 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
5 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
6 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
7 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
8 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
9 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
10 2963 1422 4.5 5.9 · 318 . 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
11 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
12 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
13 . 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
14 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
15 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
16 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
17 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
18 2963 1422 4.5 5.9 316 3.5 1135 50S9 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
19 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
20 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMN'r, ANAEROBIC .DIGESTION 
21 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
22 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
23 2983 1422 ~.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

24 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC.DIGESTION 

25 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND-TRTMNT, ANAEROBIC DIGESTION 
28 2983 1422 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 

27 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
28 2983 1422 4.5 5.9 ·315 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
29 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
30 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
31 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
32 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
33 2983 1422 4.5 5.9 316 3..S 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

34 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

35 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

38 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03, 2ND TRTMNT, ANAEROBIC DIGESTION 

37 2983 1422. 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

38 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE F-1 (oonL) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOit. SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABIUZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE "' 
1 CENT POLY, FECL3 0 0 NA BlOUNT SIL 
2 CENT POLY, FECL3 0 0 NA BLOUNT SIL 

·3 CENT POLY, FECL3 0 0 NA BlOUNT SIL 
4 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
5 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
8 · CENT POLY, FECL3 0 0 NA BLOUNT SIL 
7 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
8 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
9 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
10 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
11 CENT POLY, FECL3 14.5 31.8 0 BLOUNT SIL 
12 CENT POLY, FECL3 11.1 42.9 0 BLOUNT SIL 
13 CENT POLY, FECL3 15.3 58.2 0 BLOUNT SIL 
14 CENT POLY, FECL3 0 58.2 1 BLOUNT SIL 
15 CENT POLY, FECL3 0 58.2 2 BLOUNT SIL 
18 CENT POLY, FECL3 ·O 58.2 3 BLOUNT SIL 
17 CENT POLY, FECL3 0 58.2 4 BLOUNT SIL 
18 CENT POLY, FECL3 0 58.2 5 BLOUNT SIL 
19 CENT POLY, FECL3 0 58.2 8 BLOUNT SIL 
20 CENT POLY, FECL3 0 58.2 7 BLOUNT SIL 
21 CENT POLY, FECL3 29 83.8 0 BLOUNT SIL 
22 CENT POLY, F.ECL3 22.2 85,8 0 BLOUNT SIL 
23 CENT POLY, FECL3 30.8 118.4 0 BLOUNT SIL 
24 CENT POLY, FECL3 0 .118.4 1 BlOUNT SIL 
26 CENT POLY, FECL3 0 118.4 2 BLOUNT SIL 
28 CENT POLY, FECL3 0 118.4 3 BLOUNT SIL 
27 CENT POLY, FECL3 0 118.4 4 BLOUNT SIL 
28 CENT POLY, FECL3 o. 118.4 5 BLOUNT SIL 
29 CENT POLY, FECL3 0 118.4 8 BLOUNT SIL 
30 CENT POLY, FECL3 0 118.4' 7 BLOUNT SIL 
31 CENT POLY, FECL3 57.8 127 0 BLOUNT SIL 
32 CENT POLY, FECL3' 44.4 171.4 0 BLOUNT SIL 
33 CENT POLY, FECL3 81.1 232.5 0 BLOUNT SIL 
34 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
35 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
38 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
37 CENT POLY. FECL3·. 0 232.5 1 BLOUNT SIL 
38 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
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TABLE F-1 (cont.) 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/kg % pH RATE (kg/he) EXTRACT ANT mg/kg mg/kg SAMPLED 

1 0.85 7.8 0 HCL-HF 39 1 LEAF 
2 0.9 6.9 0 HCL-HF 36 1.3 LEAF 
3 0.94 7.6 0 HCL-HF 50 0.9 LEAF 
4 0.93 7.6 0 HCL-HF 35 <.6 LEAF 
5 0.92 7.8 0 HCL-HF 54 0.7 LEAF 
6 0.87 7.5 0 HCL-HF 48 <.6 LEAF 
7 0.9 7.6 0 HCL-HF 45 1.3 LEAF 
8 0.88 7.5 0 HCL-HF 54 <.6 LEAF 
9 0.73 7.6 0 HCL-HF 49 <.6 LEAF 
10 1 7.4 0 HCL-HF 40 <.1 LEAF 
11 1.06 7.7 133 HCL-HF 74 0.8 LEAF 
12 1.11 6.9 146 HCL-HF 57 1.5 LEAF 
13 1.18 7.5 168 HCL-HF 73 1.2 LEAF 
14 1.4 7.5 168 HCL-HF 75 <.6 LEAF 
15 1.16 7.6 168 HCL-HF 82 1.6 LEAF 
16 1.08 7.5 168 HCL-HF 82 <.6 LEAF 
17 1. 18 7.7 168 HCL-HF 75 0.8 LEAF 
18 1.23 7.6 168 HCL-HF 95 <.6 LEAF 
19 1.09 7.5 168 HCL-HF 89' <.8 LEAF 
20 1.32 7.3 188 HCL-HF 83 0.2 LEAF 
21 1.38 7.8 265 .HCL-HF 109 1 LEAF 
;1.2 1. 12 7 292 HCL-HF 74 1.4 LEAF 
23 1.29 7.4 335 HCL-HF 118 1.8 LEAF 
24 1.83 7.3 335 HCL-HF 97 0.7 LEAF 
25 1.38 7.5 335 HCL-HF 114 0.8 LEAF 
26 1.34 7.2 335 HCL-HF 99 0.7 LEAF 
27 1.8 7.4 335 HCL-HF 107 0.9 LEAF 
28 1.31 7.3 335 HCL-HF 145 <.8 LEAF 
29 1.54 7.1 335 HCL-HF 104 <.8 LEAF 
30 1.82 7.1 335 HCL-HF 87 <.1 LEAF 
31 1.82 7.8 529 HCL-HF 180 1 LEAF 
32 1.63 8.8 583 HCL-HF 135 1. 1 LEAF 
33 1.94 7.3 670 HCL-HF 178 1 LEAF 
34 2.5 7.2 670 HCL-HF 199 0.8 LEAF 
35 1.83 7.3 670 HCL-HF 175 1.2 . LEAF 
36 1.88 7.2 670 HCL-HF 175 <.6 LEAF 
37 2.03 7.3 670 HCL-HF 180 ... 1.1 LEAF 
38 1.6 7.1 670 HCL-HF 201 <.6 LEAF 
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TABlE F-1 (oont.) 

EXPERIMENT AL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

1 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
2 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
3 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
4 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
5 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
8 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
7 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
8 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
9 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
10 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
11 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
12 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
13 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
14 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
15 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
18 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
17 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
18 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
19 SLUDGE,FIELD,MATURITY 0 GRAIN 0 STOVER NO. 
20 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
21 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
22 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
23 SLUDGE, FIELD, MATURITY 0 GRAIN 0 . STOVER NO 
24 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
25 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
28 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
27 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
28 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
29 SLUDGE, FIELD. MATURITY o· GRAIN 0 STOVER NO 
30 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
31 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
32 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
33 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
34 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
35 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
38 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
37 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
38 SLUDGE FIELD. MATURITY 0 GRAIN 0 STOVER NO 



TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

1 JOLIET, ILLINOIS 
2 JOLIET, ILLINOIS 
3 JOLIET, ILLINOIS 
4 JOLIET, ILLINOIS 
5 JOLIET, ILLINOIS 
6 JOLIET, ILLINOIS 
7 JOLIET, ILLINOIS 
8 JOLIET, ILLINOIS 
9 JOLIET, ILLINOIS 
10 JOLIET, ILLINOIS 
11 JOLIET, ILLINOIS 
12 JOLIET, ILLINOIS 
13 JOLIET, ILLINOIS 
14 JOLIET, ILLINOIS 
15 JOLIET, ILLINOIS 
16 JOLIET, ILLINOIS 
17 JOLIET, ILLINOIS 
18 JOLIET, ILLINOIS 
19 JOLIET, ILLINOIS 
20 JOLIET, ILLINOIS 
21 JOLIET, ILLINOIS 
22 JOLIET, ILLINOIS 
23 JOLIET, ILLINOIS 
24 JOLIET, ILLINOIS 

.25 JOLIET, ILLINOIS 
26 JOLIET, ILLINOIS 
27 JOLIET, ILLINOIS 
28 JOLIET, ILLINOIS 
29 JOLIET, ILLINOIS 
30 JOLIET, ILLINOIS 
31 JOLIET, ILLINOIS 
32 JOLIET, ILLINOIS 
33 JOLIET, ILLINOIS 
34 JOLIET, ILLINOIS 
35 JOLIET, ILLINOIS 
36 JOLIET, ILLINOIS 
37 JOLIET, ILLINOIS 
38 JOLIET, ILLINOIS 
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TABlE F-1 (oont.J 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOLSOUDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/ka 

39 HINESLY 1985 CORN 3.4 283 
40 HINESLY 1985 r.ORN 3.4 263 - -41 HINESLY 1985 1. :•RN 3.4 263 ' 

~ ,. I 
I ··' .. 42 HINESLY 1985 CORN 3.4 263 • 

43 HINESL Y 1985 CORN 3.4 283 
44 HINESLY 1985 CORN 3.4 263 
45 HINESLY 1985 CORN 3.4 263 
48 HINESLY 1985 CORN 3.4 263 
47 HINESLY 1985 CORN 3.4 263 
48 HINESLY 1985 CORN 3.4 263 
49 HINESLY 1985 CORN 3.4 263 
50 HINESLY 1985 CORN 3.4 263 
51 HINESLY 1985 CORN 3.4 263 
52 HINESLY 1985 CORN 3.4 263 
53 HINESLY 1985 CORN 3.4 263 
54 HINESLY 1985 CORN 3.4 263 
55 HINESLY 1985 CORN 3.4 263 
56 HINESLY 1985 CORN 3.4 263 
57 HINESLY 1985 CORN 3.4 263 
58 HINESLY 1985 CORN 3.4 263 
59 HINESLY 1985 CORN 3.4 263 
so· HINESLY 1985 CORN 3.4 263 
61 HINESLY 1985 CORN 3.4 283 
62 HINESLY 1985 CORN 3.4 263· 
63 HINESLY 1985 CORN 3.4 263 
64 HINESLY 1985 CORN 3.4 283 
65 HINESLY 1985 CORN 3.4 263 
68 HINESLY 1985 CORN 3.4 283 
67 HINESLY 1985 CORN 3.4 283 
88 HINESLY 1985 CORN 3.4 283 
69 HINESLY 1985 CORN 3.4 283 
70 HINESLY 1985 CORN 3.4 283 
71 HINESL Y 1985 CORN 3.4 283 
72 HINESLY 1985 CORN 3.4 263 
73 HINESLY 1985 CORN 3.4 283 
74 HINESLY 1985 CORN 3.4 263 
75 HINESLY 1985 CORN 3.4 263 
76 HINESLY 1985 CORN 3.4 263 
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60 
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75 

TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka - % % ma/ka ma/ka mg/kg ma/ka CONTNT PROCESSING 

39 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

41 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
42 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
43 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
44 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
46 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
47 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
48 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
49 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
51 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
52 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
53 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
54 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
56 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION · 
57 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
58 2963 1422 4.5 5.9 316 3.5 1135 . 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
59 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
61 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
62 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC .DIGESTION 
63 2963 1422 4.5 5.9 316 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
64 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
88 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
67 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
68 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
69 2963 1422 4.5 5.9 316 ·3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 . 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
71 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
72- 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
73 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
74 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03- 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

76 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
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TABLE F-1 (cont.t 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABIUZATN Mn/ha Mo/ha APPLICATN NAME NAME TEXTURE % 

39 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
CENT POLY, FECL3 a 232.5 1 BLOUNT SIL 

41 CENT POLY, FECL3 0 0 NA EUIOT SIL 
42 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
43 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
44 CENT POLY, FECL3 0 0 NA ELLIOT SIL 

CENT POLY, FECL3 0 0 NA ELLIOT SIL 
48 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
47 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
48 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
49 CENT POLY, FECL3 0 0 NA ELLIOT SIL 

CENT POLY, FECL3 0 0 NA ELLIOT Sil 
51 CENT POLY, FECL3 14.5 31.8 0 ELLIOT SIL. 
52 CENT POLY, FECL3 11 .1 42.9 0 EUIOT SIL 
53 CENT POLY, FECL3 15.3 58.2 0 ELLIOT SIL 
64 CENT POLY, FECL3 0 58.2 1 ELLIOT SIL 

CENT POLY, FECL3 0 58.2 2 ELLIOT Sil 
58 CENT POLY, FECL3 0 58.2 3 EUIOT Sil 
57 CENT POLY, FECL3 0 58.2 4 !:WOT SIL 
68 CENT POLY, FECL3 0 58.2 5 ELLIOT SIL 
69 CENT POLY, FECL3 0 58.2 8 ELLIOT SIL 

CENT POLY, FECL3 0 58.2 7 ELLIOT SIL 
81 CENT POLY, FECL3 29 83.6 0 ELLIOT SIL 
62 CENT POLY, FECL3 22.2. 85.8 0 ELLIOT SIL 
63 CENT POLY, FECL3 30.6 116.4 0 ELLIOT SIL 
64 CENT POLY, FECL3 0 116.4 1 ELLIOT Sil 

CENT POLY, FECL3 0 116.4 2 ELLIOT Sil 
66 CENT POLY, FECL3 0 116.4 3 EWOT Sil 
87 CENT POLY, FECL3 0 118.4 4 ELLIOT SIL 
68 CENT POLY, FECL3 0 118.4 5 ELLIOT SIL 
69 CENT POLY, FECL3 0 116.4 6 EUIOT SIL 

CENT POLY, FECL3 0 116.4 7 ELLIOT SIL 
71 CENT POLY, FECL3 57.8 127 0 ELLIOT SIL 
72 CENT POLY, FECL3 44.4 171.4 0 ELLIOT SIL 
73 CENT POLY, FECL3 61.1 232.5 0 ELLIOT SIL 
74 CENT POLY, FECL3 69.8 302.3 0 ELLIOT SIL 

CENT POLY, FECL3 54 356.3 0 ELLIOT Sil 
76 CENT POLY. FECL3 72 428.3 0 ELLIOT SIL 
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TABLE F-1 (cont.) 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/ka % DH RATE (ka/hal EXTRACT ANT ma/ka ma/ka SAMPLED 

39 1.54 7.1 670 HCL-HF 126 <.6 LEAF 
40 ; 1.84 7 670 HCL-HF 121 0.2 LEAF 
41 1.64 7.6 0 HCL-HF 31 1 LEAF 
42 1.61 6.8 0 HCL-HF 37 2.2 LEAF 
43 1.54 7.2 0 HCL·HF 40 1.1 LEAF 
44 1.53 7.2 0 HCL-HF 34 <.6 LEAF 
45, 1.54 7 0 HCL·HF 42 2.1 LEAF 
48 1.51 7 0 HCL-HF 41 <.6 LEAF 
47 1.58 7.4 0 HCL-HF 38 2.7 LEAF 
48 1.54 7.2 0 HCL-HF 50 <.6 LEAF 
49 1.51 7 0 HCL-HF 60 <.8 LEAF 
50 1.62 7 0 HCL-HF 37 <.1 LEAF 
51 1.64 7.3 133 HCL-HF 64 1 LEAF 
52 1.84 6.8 146 HCL-HF 73 1.5 LEAF 
53 1.74 7.1 168 HCL·HF 65 0.9 LEAF 
54 2.18 7.1 223 HCL-HF 73 <.6 LEAF 
55 1.86 7.2 266 HCL-HF 74 0.8 LEAF 
56 1.87 7.2 321 HCL·HF 74 <.6 LEAF 
57 1.83 7.5 321 HCL-HF 88· <.6 LEAF 
58 1.55 7.2 321 HCL·HF 90 <.6 LEAF 
59 1.68 7 321 HCL-HF 81 0.7 LEAF 
60 1.89 7.1 321 HCL-HF 71 <.1 LEAF 
61 1.97 7.8 285 HCL-HF 121 1.2 LEAF 
62 1.81 7 292 HCL-HF 98 1.3 LEAF 
63 1.88 7.3 335 HCL-HF 106 1.4 LEAF 
64 2.21 7.3 440 HCL-HF 99 <.6 LEAf 
65 1.99 7.4 525 HCL-HF 118 2.9 LEAF 
68 1.89 7.3 635 HCL-HF 112 <.6 LEAF 
67 1.94 7.4 635 HCL-HF 102 2.1 LEAF 
68 1.72 7.4 635 HCL-HF 155 <.6 LEAF 
69 1.79 · 7.2 635 HCL-HF 110 <.6 LEAF 
70 1.87 7.2 635 HCL·HF 91 <.1 LEAF 
71 2.23 7.5 529 HCL·HF 216 1.2 LEAF 
72 2.22 6.4 583 HCL-HF 145 1.2 LEAF 
73 2.28 6.5 670 HCL-HF 174 1 . LEAF 

74 2.61 6.5 880 HCL-HF 188 <.6 LEAF 

75 2.74 6.5 1050 HCL-HF 242 1 LEAF 

76 2.94 5.9 1269 HCL-HF 248 <.6 LEAF 
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T A8lE F-1 (oont.) 

EXPERIMENT AL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

39 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO 
SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

41 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
42 SLUDGE, FIELD.MATURITY 0 GRAIN 0 STOVER NO 
43 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
44 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
46 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
47 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
48 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
49 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
51 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
52 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
53 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
54 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE,.FIELD, MATURITY 0 GRAIN 0 STOVER NO 
56 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
57 SLUDGE, FIELD, MATURITY 0 G ....... 

"'""' 
,. 
V STOVER NO 

58 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
59 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
61 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
62 SLUDGE, FIELD, MATURITY. 0 GRAIN 0 STOVER NO 
63 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
64 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
66 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
67 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
68 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
69 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
71 SLUDGE, FIELD MATURITY 0 GRAIN NA STOVER NO 
72 SLUDGE, FIELD MATURITY 0 GRAIN 0 STOVER NO 
73 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
74 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
76 SLUDGE. FIELD MATURITY 0 GRAIN 0 STOVER NO 
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TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

39 JOLIET, ILLINOIS 
40 JOLIET, ILLINOIS 
41 JOLIET, ILLINOIS 
42 JOLIET, ILLINOIS 
43 JOLIET, ILLINOIS 
44 JOLIET, ILLINOIS 
45 JOLIET, ILLINOIS 
46 JOLIET, ILLINOIS 
47 JOLIET, ILLINOIS 
48 JOLIET, ILLINOIS 
49 JOLIET, ILLINOIS 
50 JOLIET, ILLINOIS 
51 JOLIET, ILLINOIS 
52 JOLIET, ILLINOIS 
53 JOLIET, ILLINOIS 
54 JOLIET, ILLINOIS 
65 JOLIET, ILLINOIS 
56 JOLIET, ILLINOIS 
57 JOLIET, ILLINOIS 
68 JOLIET, ILLINOIS 
59 JOLIET, ILLINOIS 

.. 60 JOLIET, ILLINOIS 
61 JOLIET, ILLINOIS 
62 JOLIET,. ILLINOIS 
.63 JOLIET, ILLINOIS 
64 JOLIET, ILLINOIS 
65 JOLIET, ILLINOIS 
68 JOLIET, ILLINOIS 
67 JOLIET, ILLINOIS 
68 JOLIET, ILLINOIS 
69 JOLIET, .ILLINOIS 
70 JOLIET, ILUNOIS 
71 JOLIET, ILLINOIS 
72 JOLIET, ILLINOIS 
73 JOLIET, IUINOIS 
74 JOLIET, IUINOIS 
75 JOLIET, ILLINOIS 
78 JOLIET, ILLINOIS 
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TABLE F-1 (oon:t.) 

SLUDGE SLUDGE SLUDGE SLUOGE 
LITERATURE PLANT SLUDGE VOLSOUDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % malka 

77 HINESLY 1985 CORN 3.4 263 
78 HINESLY 1985 CORN 3.4 263 
79 .HINESLY 1985 , '>RN 3.4 263 
80 .... , HINESLY 1985 CORN 3.4 263 .-·'· 
81 HINESLY 1985 CORN 3.4 263 
82 HINESLY 1985 CORN 3.4 283 
83 HINESLY 1985 CORN 3.4 263 
84 HINESLY 1985 CORN 3.4 263 
85 HINESLY 1985 CORN 3.4 263 
86 HINESLY 1985 CORN 3.4 263 
87 HINESLY 1985 CORN 3.4 263 
88 HINESLY 1985 CORN 3.4 263 
89 HINESLY 1985 CORN 3.4 263 
90 HINESL Y 1985 CORN 3.4 263 
91 HINESL Y 1985 CORN 3.4 263 
92 HINESLY 1985 CORN 3.4 263 
93 HINESLY 1985 CORN 3.4 263 
94 HINESL Y 1985 CORN 3.4 263 
95 HINESLY 1985 CORN 3.4 263 
98 HINESLY 1985 CORN 3.4 263 
97 HINESLY 1985 CORN 3.4 263 
98 HINESLY 1985 CORN 3.4 263 
99 HINESL Y 1985 CORN 3.4 263 
100 HINESLY 1985 CORN 3.4 263. 
101 HIN ESL Y 1985 CORN 3.4 263 
102 HINESL Y 1985 CORN 3.4 283 
103 HINESLY 1985 CORN 3.4 263 
104 HINESLY 1985 CORN 3.4 263 
105 HINESLY 1985 CORN · 3.4 263 
108 HINESLY 1985 CORN 3.4 263 
107 HINESLY 1985 CORN 3.4 283 
108 HINESLY 1985 CORN 3.4 283 
109 HINESLY 1985 CORN 3.4 263 
110 HINESLY 1985 CORN 3.4 283 
111 HINESLY 1985 CORN 3.4 283 
112 HINESL Y 1985 CORN 3.4 263 
113 HINESL Y 1985 CORN 3.4 263 
114 HINESLY 1985 CORN 3.4 263 
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TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/kg mg/ka % % ma/ka ma/ka ma/kg ma/ka CONTNT PROCESSING 

77 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
78 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
79 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
80 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
81 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
82 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
83 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
84 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
85 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
88 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
87 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION · 
88 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
89 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
90 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
91 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
92 2983 1422 4.5 5.9 · 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
93 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
94 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
95 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
98 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
97 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION 
98 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
99 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
100 2963 1422 4.5 5.9 316 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
101 2963 1422 4.5 5.9 316 3.5 1135 6059 0.03 2ND :TRTMNT, ANAEROBIC DIGESTION 
102 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
103 2963 1422 4.6 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
104 2963 1422 4.6 5.9 "316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
105 2963 1422 4.5 5.9 316 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
108 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
107 2963 1422 4.5 5.9 316 •3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
108 2963 . 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
109 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
110 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
111 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
112 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03. 2ND TRTMNT, ANAEROBIC DIGESTION 
113 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
114 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE F-1 (cont.I 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOil SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABIUZATN Ma/ha Ma/1111 APPLICATN NAME NAME TEXTURE % 

77 CENT POLY, FECL3 0 428.3 1 EWOT SIL 
78 CENT POLY, FECL3 0 428.3 2 ELLIOT SIL 
79 CENT POLY. FECL3 0 428.3 3 EWOT Sil 
80 CENT POLY. FECL3 0 428.3 4 EWOT SIL 
81 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
82 CENT POLY, FECL3 -0 0 NA PLAINFIELD SL 
83 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
84 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
85 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
88 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
87 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
88 CENT POLY FECL3 0 0 NA PLAINFIELD SI. 
89 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
90 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
91 CENT POLY, FECL3 14.5 31.8 0 PLAINFIELD SL 
92 CENT POLY, FECL3 11.1 42.9 0 PLAINFIELD SL 
93 CENT POLY, FECL3 15.3 58.2 0 PLAINFIELD SL 
94 CENT POLY, FECL3 0 58.2 1 PLAINFIELD SL 
95 CENT POLY, FECL3 0 58.2 2 PLAINFIELD SL 
98 CENT POLY, FECL3 0 58.2 3 PLAINFIELD SL 
97 CENT POLY, FECL3 0 58.2 4 PLAINFIELD SL 
98 CENT POLY, fECL3 0 58.2 5 PLAINFIELD SL· 
99 CENT POLY, FECL3 0 58.2 8 PLAINFIELD SL 
100 CENT POLY, FECL3. 0 58.2 7 PLAINFIELD SL 
101 CENT POLY, FECL3 29 63.8 0 PLAINFIELD SL 
102 CENT POLY, FECL3 22.2 85.8 0 PLAINFIELD SL 
103 CENT POLY, FECL3 30.8 118.4 0 PLAINFIELD SL 
104 CENT POLY, FECL3 0 118.4 1 PLAINFIELD SL 
105 CENT POLY, FECL3 0 118.4 2 PLAINFIELD SL 
108 CENT POLY, FECL3 0 116.4' 3 PLAINFIELD SL 
107 CENT POLY, FECL3 0 118.4 4 PLAINFIELD SL 
108 CENT POLY, FECL3 0 116.4 5 PLAINFIELD SL 
109 CENT POLY, FECL3 0 116.4 6 PLAINFIELD SL 
110 CENT POLY, FECl3 0 116.4 7 PLAINFIELD SL 
111 CENT POLY, FECL3 57.8 127 0 PLAINFIELD SL 
112 CENT POLY, FECL3 44.4 171.4 0 PLAINFIELD SL 
113 CENT POLY, FECL3 61. 1 232.5 0 PLAINFIELD SL 
114 CENT POLY. FECL3 69.8 302.3 0 PLAINFIELD SL 
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80 

85 

90 

95 

100 

105 

110 

TABLE F-1 (cont.I 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/ka % PH RATE (ka/hal EXTRACT ANT ma/ka ma/ka SAMPLED 

77 3.92 5.9 1269 HCL-HF 294 0.6 LEAF 
78 3.77 5.8 1269 HCL-HF 432 <.6 LEAF 
79 2.6 6.1 1269 HCL-HF 193 0.6 LEAF 

3.2 6. 1 1269 HCL-HF 220 0.2 LEAF 
81 0.39 7.8 0 HCL-HF 22 1.1 LEAF 
82 0.17 7.1 0 HCL-HF 16 1.4 LEAF 
83 0.26 7.3 0 HCL-HF 23 1 LEAF 
84 0.27 6.8 0 HCL-HF 25 <.6 LEAF 

0.33 7.6 0 HCL-HF 31 0.8 LEAF 
86 0.27 7.5 0 HCL-HF 22 <.6 LEAF 
87 0.29 7.5 0 HCL-HF 16 2.4 LEAF 
88 0.42 7.4 0 HCL-HF 29 <.6 LEAF 
89 0.49 7.4 0 HCL-HF 38 0.7 LEAF 

0.64 7.3 0 HCL-HF 25. 0.2 LEAF 
91 0.36 7.6 133 HCL-HF 67 1.2 LEAF 
92 0.28 7.1 146 HCL-HF 38 0.9 LEAF 
93 0.61 7.4 168 HCL-HF 48 1.2 LEAF 
94 0.91 7.3 223 HCL-HF 58 0.7 LEAF 

0.56 7.4 266 HCL-HF 59· 0.8 LEAF 
96 0.58 7.1 321 HCL-HF 55 <.8 LEAF 
97 0.45 7.5 321 HCL-HF 43 1.3 LEAF 
$8 0.34 7.7 321 HCL-HF 55 <.6 LEAF 
99 0.47 7.4 321 HCL-HF 85 0.8 LEAF 

0.83 7.4 321 HCL-HF 52 0.8 LEAF 
101 0.58 7.6 285 HCL-HF 129 1.7 L'EAF 
102 0.44 8.9 292 HCL-HF 56 1.4 LEAF 
103 0.81 7.1 • 335 HCL-HF 83 1 LEAF 
104 0.95 8.8 440 HCL-HF 83 0.8 LEAF 

0.75 7.1 625 HCL-HF 103 1.3 LEAF 
108 0.96 7.1 635 HCL-HF 69 <.8 LEAF 
107 0.59 6.9 .. 835 HCL-HF 91 1.3 LEAF 
108 0.89 7 835 HCL-HF 90 <.6 LEAF 
109 0.81 7.1 635 HCL-HF 105 0.8 LEAF 

0.52 7.1 635 HCL-HF 39 <.1 LEAF 
111 0.9 7.6 629 HCL-HF 273 1 LEAF -
112 0.6 6.6 583 HCL-HF 93 1.1 LEAF 
113 2.4 6.8 670 HCL-HF 226 1.2 LEAF 
114 1.85 6.5 880 HCL-HF 93 <.6 LEAF 
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T ABlE F-1 (cont.) 

EXPERIMENTAL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

77 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
78 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
79 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
80 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
81 SLUDGE, FIELD, MATURITY NA GRAIN 0 STOVER NO 
82 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
83 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
84 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
85 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
86 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
87 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
88 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
89 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
90 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
91 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
92 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
93 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
94 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 
95 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
96 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
97 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER . NO 
98 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
99 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
100 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
101 SLUDGE, FIELD, MATURITY NA GRAIN NA STOVER NO 
102 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
103 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
104 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
105 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
106 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
107 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
108 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
109 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
110 SLUDGE, FIELD, MATURITY .o GRAIN 0 STOVER NO 
111 SLUDGE, FIELD, MATURITY NA GRAIN NA STOVER NO 
112 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
113 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
114 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 
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TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

77 JOLIET, ILLINOIS 
78 JOLIET, ILLINOIS 
79 JOLIET, ILLINOIS 
80 JOLIET, ILLINOIS 
81 JOLIET, ILLINOIS 
82 JOLIET, ILLINOIS 
83 JOLIET, ILLINOIS 
84 JOLIET, ILLINOIS 
85 JOLIET, IUINOIS 
88 JOLIET, ILLINOIS 
87 . JOLIET, ILLINOIS 
88 JOLIET, ILLINOIS 
89 JOLIET, ILLINOIS 
90 JOLIET, ILLINOIS 
91 JOLIET, ILLINOIS 
92 JOLIET, ILLINOIS 
93 JOLIET, ILLINOIS 
94 JOLIET, ILLINOIS 
95 JOLIET, ILLINOIS 
98 JOLIET, ILLINOIS 
97 JOLIET, ILLINOIS 
98 JOLIET, ILLINOIS 
99 JOLIET, IUINOIS 
100 . JOLIET, ILLINOIS 
.101 JOLIET, IUINOIS 
102 JOLIET, ILLINOIS 
103 JOLIET, ILLINOIS 
104 JOLIET, IUINOIS 
105 JOLIET, ILLINOIS 
108 JOLIET, ILLINOIS 
107 JOLIET, ILLINOIS 
108 JOLIET, IUINOIS 
109 JOLIET, ILLINOIS 
110 JOLIET, ILLINOIS 
111 JOLIET, IUINOIS 
112 JOLIET, ILLINOIS 
113 JOLIET, ILLINOIS 
114 JOLIET. ILLINOIS 
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T ABt.E F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOLSOUOS Al Ca Cd 

CITATION NAME CULTIVAR DH "" % ma/lea " 
HINESLY 1985 CORN 3.4 283 

118 HINESLY 1985 r.oRN 3.4 283 
117, HINESLY 1985 l~RN ' 3.4 263 

... ,_ ·•··• 
119 HINESLY 1985 CORN 3.4 263 

HINESLY 1985 CORN 3.4 263 
121 HINESL Y 1985 CORN 3.2 265 
122 HINESLY 1985 CORN 3.2 265 
123 HINESL Y 1985 CORN 3.2 265 
124 HINESL Y 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
128 HINESLY 1985 CORN 3.2 285 
127 HINESLY 1985 CORN 3.2 265 
128 HINESLY 1985 CORN 3.2 265 
129 HINESLY 1985 CORN 3.2 265 

HIN ESL Y 1985 CORN 3.2 285 
131 HINESLY 1985 CORN 3.2 265 
132 HINESL Y 1985 CORN 3.2 285 

118 HINESLY 1985 CORN 3.4 263 

..... ,,.,,., HINESL Y 1985 CORN 3.2 265 
134 HINESLY 1985 CORN 3.2 265 

HINESL Y 1985 CORN 3.2 285 
138 HINESLY 1985 CORN 3.2 265 
137 HINESLY 1985 CORN 3.2 265 
138 HINESLY 1985 CORN 3.2 265· 
139 HINESL Y 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
141 HINESLY 1985 CORN 3.2 265 
142 HINESLY 1985 CORN 3.2 285 
143 HINESLY 1985 CORN 3.2 285 
144 HINESL Y 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 285 
148 HINESLY 1985 CORN 3.2 285 
147 HINESL Y 1985 CORN 3.2 265 
148 HINESLY 1985 CORN 3.2 285 
149 HINESLY 1985 CORN 3.2 265 

HINESL Y 1985 CORN 3.2 265 

151 HINESL V 1985 CORN 3.2 265 

152 HINESL V 1985 CORN 3.2 265 
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115 

120 

125 

130 

135 

140 

145 

150 

TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
116 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
117 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
118 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
119 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
121 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
122 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
123 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
124 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
126 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
127 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
128 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
129 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
131 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
132 2846 1311 4.2 5.5 305 3.3 1169 4768 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
133 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
134 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNt, ANAEROBIC DIGESTION 

2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
136 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
137 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
138 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
139 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND ,TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
141 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
142 2848 1311 4.2 5.5 '305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
143 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
144 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
146 2846 . 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
147 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
148 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
149 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2848 1311 4.2 5.5 305 3.3 1169 . 4769 0.03, 2ND TRTMNT, ANAEROBIC DIGESTION 
151 2848 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION 
152 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION 
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TABLE F-1 (cont.) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND 
CHEM4CAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE % 

115 CENT POLY, FECL3 54 358.3 0 PLAINFIELD SL 
116 CENT POLY, FECL3 72 428.3 0 PLAINFIELD SL 
117 CENT POLY, FECL3 0 428.3 1 PLAINFIELD SL 
118 CENT POLY. FECL3 0 428.3 2 PLAINFIELD SL 
119 CENT POLY, FECL3 0 428.3 3 PLAINFIELD SL 
120 CENT POLY, FECL3 0 428.3 4 PLAINFIELD SL 
121 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
122 CENT POLY, FECL3 0 0 NA BLOUNT· SIL 
123 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
124 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
125 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
126 CENT POLY, FECL3 26.2 40.1 0 BLOUNT SIL 
127 CENT POLY, FECL3 8.1 48.2 0 BLOUNT SIL' 
128 CENT POLY, FECL3 14.7 62,9 0 BLOUNT SIL 
129 CENT POLY, FECL3 17.7 80,6 0 BLOUNT Sil 
130 CENT POLY, FECL3 13.1 93.7 0 BLOUNT SIL 
131 CENT POLY, FECL3 52.4 80.2 0 BLOUNT SIL 
132 CENT POLY, FECL3 16.2 98.4 0 BLOUNT SIL 
133 CENT POLY, FECL3 29.4 125.8 0 BLOUNT SIL 
134 CENT POLY, FECL3 36.4 161.2 0 BLOUNT SIL 
135 CENT POLY, FECL3 26.2 187.4 0 BLOUNT SIL 
138 CENT POLY, FECL3 104.8 160.4 0 BLOUNT SIL 
137 CENT POLY, FECL3 32.4 192.8 0 BLOUNT SIL 
138 CENT POLY, FECL3 68.8 261.6 0 BLOUNT SIL 
139 CENT POLY, FECL3 70.8 322.4 0 BLOUNT SIL 
140 CENT POLY, FECL3 62.4 374.8 0 BLOUNT SIL 
141 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
142 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
143 CENT POLY, FECL3 0 0 NA EWOT SIL 
144 CENT POLY, FECL3 0 0 NA EWOT SIL 
145 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
148 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
147 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
148 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
149 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
160 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
151 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
152 CENT POLY, FECL3 26.2 40.1 0 ELLIOT Sil 
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TABLE F-1 (cont.I 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC QC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/kg % pH RATE (kg/he) EXTRACT ANT ma/ka mg/kg SAMPLED 

1.78 6.1 1050 HCL-HF 218 1.3 LEAF 
116 1.96 6.2 1269 HCL-HF 224· 0.7 LEAF 
117 2;84 6 1269 HCL-HF 268 0,9 LEAF 
118 3.35 5.9 1269 HCL-HF 522 <.6 LEAF 
119 2.1 6.2 1269 HCL-HF 234 <.6 LEAF 

3.03 6.1 1269 HCL-HF 352 0.3 LEAF 
121 1.19 NA 0 HCL-HF 36 1 LEAF 
122 1 .01 7.1 0 HCL-HF 28 1.1 LEAF 
123 0.93 7.5 0 HCL-HF 47 1.2 LEAF 
124 1.05 7.7 0 HCL-HF 40 0.6 LEAF 

1.07 7.3 0 HCL-HF 47 0.9 LEAF 
126 1.29 NA 138 HCL-HF 54 1 LEAF 
127 1.06 7.2 148 HCL-HF 50 1.1 LEAF 
128 1. 1 7.6 167 HCL-HF 83 0,9 LEAF 
129 1.29 7.6 218 HCL-HF 71 0.8 LEAF 

1. 17 7.6 261 HCL-HF 103 1.3 LEAF 
131 1.38 NA 276 HCL-HF 71 1 LEAF 
132 1. 15 7.1 296 HCL-HF 56 0.9 LEAF 
133 1.29 7.6 334 HCL-HF 95 1.8 LEAF 
134 1.58 7.6 436 HCL-HF 93 <.8 LEAF 

1.75 7.5 521 HCL-HF 146 0,7 LEAF 
136 1.63 NA . 551 HCL-HF 110 1 LEAF 
.137 1.28 8.9 591 HCL-HF 96 1.1 LEAF 
138 ; 1.59 7.5 887 HCL-HF 150 1.1 LEAF 
139 1.9 7.5 872 HCL-HF 142 0.7 L1:AF 

2.56 7.3 1042 HCL-HF 329 0.7 LEAF 
141 1 .51 NA 0 HCL-HF 31 0.9 LEAF 
142 1.34 7 0 HCL-HF 27 1 LEAF 
143 1.29 7.2 0 HCL-HF 47 1.2 LEAF 
144 1.45 7.1 0 HCL-HF 35 0.9 LEAF 

1.3 7.6 0 HCL-HF 48 <.8 LEAF 
148 1.3 7 0 HCL-HF 48 <.8 LEAF 
147 1 .41 7.2 0 HCL-HF 45 <.8 LEAF 
148 1.32 8.7 0 HCL-HF 49 <.8 LEAF 
149 1.38 7 0 HCL-HF 44 <.8 LEAF • 

1.69 7 0 HCL-HF 38 0.2 LEAF 
151 1.48 7.4 0 HCL-HF 45 NA LEAF 
152 1.52 NA 138 HCL-HF 53 1 LEAF 
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TABLE F-1 (cont.} 

EXPERIM£NTAL YIELD YIELD YlELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

SLUDGE, FIELD MATURITY 0 GRAIN 0 STOVER NO 
116 SLUDGE,FIELD,MATURITY 0 GRAIN 0 STOVER NO 
117 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
118 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
119 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
121 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
122 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
123 SLUDGE, FIELD MATURITY 0 GRAIN 0 STOVER NO 
124 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
128 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
127 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
128 SLUDGE, FIELD, MATURITY 0 GRAIN 37• STOVER •NO 
129 SLUDGE, FIELD, MATURITY so• GRAIN 0 STOVER •NO 

SLUDGE, FIELD, MATURITY 29• GRAIN 0 STOVER •No 
131 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
132 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
i33 SLUDGE, FIELD, MATURiTY 0 GRAIN 22• STOVER "NO 
134 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
138 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
137 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
138 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
139 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
141 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
142 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
143 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
144 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
148 SLUDGE, FIELD, MATURITY 0 GRAIN. 0 STOVER NO 
147 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
148 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
149 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
151 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
152 SLUDGE FIELD MATURITY 0 GRAIN NA STOVER NO 
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TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

JOLIET, ILLINOIS 
116 JOLIET, ILLINOIS 
117 JOLIET, ILLINOIS 
118 JOLIET, ILLINOIS 
119 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
121 JOLIET, ILLINOIS 
122 JOLIET, ILLINOIS 
123 JOLIET, ILLINOIS 
124 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
126 JOLIET, ILLINOIS 
127 JOLIET, ILUNOIS 
128 ·DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
129 •DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 

•DOSE RESPONSE ANO TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
131 JOLIET, ILLINOIS 
132 JOLIET, ILUNOIS 
133 •DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
134 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
136 JOLIET, ILUNOIS 
137 JOLIET, ILUNOIS 
138 ; ; JOLIET, ILUNOIS 
139 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
141 JOLIET, ILUNOIS 
142 JOLIET, ILUNOIS 
143 JOLIET, ILUNOIS 
144 JOLIET, ILUNOIS 

JOLIET, ILUNOIS 
146 JOLIET, ILUNOIS 
147 '. JOLIET, ILLINOIS 
148 JOLIET, ILUNOIS 
149 JOLIET, ILLINOIS 

JOLIET, ILUNOIS 
151 JOLIET, ILLINOIS 
152 JOLIET. ILLINOIS 
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TABLE F-1 (oont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CUL TIVAR DH % % % ma/lea 

153 HINESLY 1985 CORN 3.2 265 
154 HINESLY 1985 CORN 3.2 265 -

HINESLY 1985 - ''JAN 3.2 265 
.. ,., ,··•. 156 HINESLY 1985 CORN 3,2 265 

157 HINESLY 1985 CORN 3.2 265 
158 HINESLY 1985 CORN 3.2 265 
159 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
161 HINESLY 1985 CORN 3.2 265 
162 HINESLY 1985 CORN 3.2 265 
163 HINESL Y 1985 CORN 3,2 265 
164 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
166 HINESLY 1985 CORN 3,2 265 
167 HINESLY 1985 CORN 3.2 265 
168 HINESLY 1985 CORN 3.2 265 
169 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
171 HINESLY 1985 CORN 3.2 265 
172 HINESLY 1985 CORN 3.2 265 
173 HINESLY 1985 CORN 3.2 265 
174 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 ·coRN 3.2 265 
178 HINESLY 1985 CORN 3.2 .265-
177 HINESLY 1985 CORN 3.2 265 
178 HINESLY 1985 CORN 3.2 265 
179 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 CORN 3.2 265 
181 HINESLY 1985 CORN 3.2 265 
182 HINESLY 1985 CORN 3.2 265 
183 HINESLY 1985 CORN 3.2 265 
184 HINESLY 1985 CORN 3.2 265 

HINESLY 1985 CORN 3,2 265 
186 HINESLY 1985 CORN 3.2 265 
187 HINESLY 1985 CORN 3.2 265 
188 HINESLY 1985 CORN 3.2 265 
189 HINESLY 1985 CORN 3.2 265 

HINESL V 1985 CORN 3.2 265 
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TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

153 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
154 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
156 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
157 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
158 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
159 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
161 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
162 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
163 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION 
164 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
166 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
167 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
168 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
169 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
171 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
172 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
173 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
174 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
176 : 2846 1311 4.2 5.5 305 3.3 : 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
177 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
178 2848 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
179 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 6.5· ·305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
181 2846 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
182 2846 1311 4.2 6.5 305 3.3 1169 4769 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
183 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TR:rMNT, ANAEROBIC DIGESTION 
184 2846 . 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
186 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
187 2846 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
188 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
189 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION 
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TABLE F-1 (oonL) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXOf.lOMIC SERIES SOIL CONTENT 

STABIUZATN Mo/he Ma/ha APPLICATN NAME NAME TEXTURE % 

153 CENT POLY, FECl3 8.1 48.2 0 EWOT SIL 
154 CENT POLY, FECL3 14.7 62.9 0 ELLIOT SIL 

CENT POLY, FECL3 17.7 80,6 0 ELLIOT SIL 
156 CENT POLY, FECL3 13.1 93.7 o EWOT Sil 
157 CENT POLY, FECL3 17.8 111.5 0 EWOT Sil 
158 CENT POLY, FECL3 0 111 .5 1 ELLIOT Sil 
159 CENT POLY, FECL3 0 111 ,5 2 ELLIOT Sil 

CENT POLY, FECL3 0 111.5 3 ELLIOT. Sil 
181 CENT POLY, FECL3 0 111 .5 4 ELLIOT Sil 
182 CENT POLY, FECL3 0 111 .5 5 ELLIOT Sil 
183 CENT POLY FECL3 52.4 80.2 0 ELLIOT Sil 
184 CENT POLY, FECL3 18.2 98.4 0 ELLIOT SIL 

CENT POLY, FECL3 29.4 125.8 0 ELLIOT SIL' 
166 CENT POLY, FECL3 35.4 161.2 0 ELLIOT Sil 
167 CENT POLY, FECL3 26.2 187.4 0 ELLIOT SIL 
168 CENT POLY, FECL3 35.6 223 0 ELLIOT Sil 
169 CENT POLY, FECL3 0 223 1 ELLIOT SIL 

, ... 
, I 

CENT POLY, FECL3 
CENT POLY, FECL3 

0 
0 

223 
223 

2 
3 

ELLIOT 
ELLIOT 

Sil 
SIL 

172 CENT POLY, FECL3 0 223 4 ELLIOT Sil 
173 CENT POLY, FECL3 0 223 5 EWOT SIL 
174 CENT POLY, FECL3 104.8 160.4 0 EWOT Sil 

CENT POLY, FECL3 32.4 192.8 0 ELLIOT Sil 
176 CENT POLY, FECL3 58.8 251.6 0 : ELLIOT SIL 
177 CENT POLY, FECL3 70.8 .. 322.4 0 ELLIOT Sil 
178 CENT POLY, FECL3 . 52.4 374.8 0 ELLIOT SIL 
179 CENT POLY, FECL3 71.2 446 0 ELLIOT SIL 

CENT POLY, FECL3 0 446 1 ELLIOT SIL 
181 CENT POLY, FECL3 0 446 2 ELLIOT SIL 
182 CENT POLY, FECL3 0 446 3 EWOT SIL 
183 CENT POLY, FECL3 0 446 4 ELLIOT Sil 
184 CENT POLY, FECL3 0 446 5 EWOT SIL 

CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
186 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
187 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
188 CENT POLY, FECL3 0 ·o NA PLAINFIELD SL 
189 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 

CENT POLY FECL3 0 0 NA PLAINFIELD SL 

F-27 



155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-1 (cont.I 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/ka % pH RATE (kg/hal EXTRACT ANT ma/ka ma/ka SAMPLED 

153 1.4 6.9 148 HCL-HF 42 0.9 LEAF 
154 1.35 7.2 167 HCL-HF 64 1.7 LEAF 

1.58 . 7.4 218 HCL-HF 65 2 LEAF 
156 1.54 7.1 261 HCL-HF 84 <.6 LEAF 
157 1.64 6.9 318 HCL-HF 99 0.6 LEAF 
158 1.69 6.9 318 HCL-HF 94 1.4 LEAF 
159 1.91 7 318 HCL-HF 116 <.6 LEAF 

1.66 7.3 318 HCL-HF 110 <.6 LEAF 
161 2.05 7.1 318 HCL-HF -100 <.1 LEAF 
162 1.95 7.2 318 HCL-HF 78 NA LEAF 
163 1.71 NA 276 HCL-HF 65 1.1 LEAF 
164 1.57 6.9 296 HCL-HF 51 1 LEAF 

1.57 7.3 334 HCL-HF 85 1.6 LEAF 
166 1.79 7.1 436 HCL-HF 83 0.9 LEAF 
167 1.93 6.9 521 HCL-HF 117 <.6 LEAF 
168 2.09 6.6 634 HCL-HF 99 1.2 LEAF 
169 2.37 6.4 634 HCL-HF 145 1 LEAF-

2.4 6.4 634 HCL-HF 235 1.8 LEAF 
171 2.4 6.8 634 HCL-HF 173 <.6 LEAF 
172 2.38 6.8 634 HCL-HF 122 0.2 LEAF 
173 2.48 7.2 634 HCL-HF 131 NA LEAF 
174 ·2.06 NA 551 HCL-HF 91 1 LEAF 

2 6.4 591 HCL-HF 106 1.1 LEAF 
176 ; 1.76 6.4 667 ; HCL-HF 106 1.9 LEAF 
177 2.67 6.2 872 HCL-HF 149 0.8 Li:AF 
178 2.72 8.1 1042 HCL-HF 235 0.8 ·LEAF 
179 3.53 5.4 1268 HCL-HF 311 1.9 LEAF 

3.35 5.5 1268 HCL-HF 272 0.8 LEAF 
181 3.29 5.8 1268 HCL-HF 314 2.6 LEAF 
182 2.68 6 1268 HCL-HF 207 <.8 LEAF 
183 3.02 6 1268 HCL-HF 179 0.2 LEAF 
184 2.2 6.3 1268 HCL-HF 132 NA LEAF 

0.36 NA 0 HCL-HF 12 1.1 LEAF 
186 0.17 7 0 HCL·HF 13 1.4 LEAF 
187 0.21 7.2 0 HCL-HF 22 1.2 LEAF 
188 0.42 7.1 0 HCL-HF 19 <.8 LEAF 
189 0.44 7 0 HCL-HF 29 <.8 LEAF 

0.56 6.9 0 HCL-HF 15 <.6 LEAF 
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T ABI..E F-1 (cont.) 

EXPERIMENT AL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

153 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
154 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY so• GRAIN 0 STOVER •No 
156 SLUDGE, FIELD, MATURITY 29• GRAIN 0 STOVER •No 
157 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 
158 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
159 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
161 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
162 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 
163 SLUDGE FIELD, MATURITY 0 GRAIN NA STOVER NO 
164 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
166 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
167 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
168 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
169 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
171 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
172 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO : 

173 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
174 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
176 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER ; NO 
177 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
178 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
179 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
181 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
182 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
183 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
184 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
186 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
187 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
188 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
189 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 

SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO 
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TABLE F-1 (cont.I 

LOCATION 
OF 

COMMENTS STUDY 

153 JOLIET, ILLINOIS 
154 JOLIET, ILLINOIS 

_) 

•DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
158 •oosE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
157 JOLIET, ILLINOIS 
158 JOLIET, ILLINOIS 
159 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
161 JOLIET, ILLINOIS 
162 JOLIET, ILLINOIS 
163 JOLIET, ILLINOIS 
164 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
168 JOLIET, ILLINOIS 
167 JOLIET, ILLINOIS 
188 JOLIET, ILUNOIS . 
169 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
171 JOLIET, ILLINOIS 
172 JOLIET, ILLINOIS 
173 JOLIET, ILLINOIS 
174 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
178 ; JOLIET, ILLINOIS ; 

H7 JOLIET, ILUNOIS 
178 JOLIET, ILLINOIS 
179 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
181 JOLIET, ILLINOIS 
182 JOLIET, ILLINOIS 
183 JOLIET, ILLINOIS 
184 JOLIET, IWNOIS 

JOLIET, ILLINOIS 
188 JOLIET, ILLINOIS 
187 JOLIET, ILLINOIS 
188 JOLIET, ILLINOIS 
189 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
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TABlE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % ma/ka 

191 HINES LY 1985 CORN 3,2 265 
192 HINESLY 1985 CORN 3.2 265 
193 HINESLY 1985 ~ RN 3,2 285 . 

·• I ,··'· .. 194 HINESLY 1985 CORN 3,2 265 
195 HINESLY 1985 CORN 3.2 265 
196 HINESLY 1985 CORN 3.2 265 
197 HINESLY 1985 CORN 3.2 285 
198 HINESLY 1985 CORN 3,2 265 
199 HINESLY 1985 CORN 3,2 265 
200 HINESLY 1985 CORN 3.2 265 
201 HINESLY 1985 CORN 3.2 265 
202 HINESLY 1985 CORN 3.2 265 
203 HINESLY 1985 CORN 3.2 265 
204 HINESLY 1985 CORN 3.2 265 
205 HINESLY 1985 CORN 3,2 265 
206 HINESLY 1985 CORN 3.2 265 
207 HINESLY 1985 CORN 3.2 265 
208 HINESLY 1985 CORN 3.2 265 
209 HINESLY 1985 CORN 3.2 255 
210 HINESLY 1985 CORN 3.2 265 
211 HINESLY 1985 CORN 3.2 265 
212 HINESLY 1985 CORN 3.2 265 
213 HINESLY 1985 CORN 3.2 265 
214 HINESLY: 1985 CORN 3.2 265-
215 HINESLY 1985 CORN 3.2 265 
218 HINESLY 1985 CORN 3.2 265 
217 HINESLY 1985 CORN 3.2 265 
218 HINESLY 1985 CORN 3.2 265 
219 HINESLY 1985 CORN 3.2 265 
220 HINESLY 1985 CORN 3.2 265 
221 HINESLY 1985 CORN 3.2 265 
222 HINESLY 1985 CORN 3.2 285 
223 HINESLY 1985 CORN 3.2 285 
224 HINESLY 1985 CORN 3.2 265 

225 HINESLY 1985 CORN 3.2 265 
226 HINESLY 1985 CORN 3.2 265 
227 HINESLY 1985 CORN 3.2 265 

228 HINESLY 1985 CORN 3.2 265 



TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

191 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
192 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
193 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
194 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
195 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION 
196 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
197 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
198 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
199 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT,.ANAEROBIC DIGESTION 
200 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
201 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
202 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
203 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
204 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
205 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
206 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
207 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION 
208 2846 . 1311 4.2 5.5 305 3.3 1169 47~9 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
209 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
210 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC 'DIGESTION 
211 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION 
212 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
213 · 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
214 2846 1311 4,2 : 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC 'DIGESTION 
215 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND:TRTMNT, 'ANAEROBIC DIGESTION 
218 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
217. 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
218 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
219 2848 1311 4.2 5.5 305 3.3 1169' 4769 2ND TRTMNT, ANAEROBIC DIGESTION 
220 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
221 2848 1311 4.2 5.5 305 • 3.3 1169 4769 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION 
222 2846 . 1311 4.2 5.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
223 2846 1311 4.2 5.5 305 , 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
224 2846 1311 4.2 5.5 305 3,3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
225 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
226 2846 1311 4.2 5.5 305 3.3 1169 4769 0,03. · 2ND TRTMNT, ANAEROBIC DIGESTION 

227 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

228 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION· 
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TABLE F-1 (cont.) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABILIZATN Ma/ha Mn/ha APPUCATN NAME NAME TEXTURE % 

191 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
192 CENT POLY, FECL3 0 0 NA PLAINAELD SL 
193 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 

·194 CENT POLY, FECL3 0 0 NA PLAINFIELD · SL 
195 CENT POLY, FECL3 0 0 NA PLAINFIELD SL 
196 CENT POLY, FECL3 26.2 40.1 0 PLAINFIELD SL 
197 CENT POLY, FECL3 8.1 48.2 0 PLAINFIELD SL 
198 CENT POLY, FECL3 14.7 62.9 0 PLAINFIELD SL 
199 CENT POLY, FECL3 17.7 80.6 0 PLAINFIELD SL 
200 CENT POLY, FECL3 13.1 93.7 0 PLAINFIELD SL 
201 CENT POLY, FECL3 17.8 111.5 0 PLAINFIELD SL 
202 CENT POLY, FECL3 0 111.5 1 PLAINFIELD SL 
203 CENT POLY, FECL3 0 111.5 2 PLAINFIELD SL' 
204 CENT POLY, FECL3 0 111.5 3 PLAINFIELD SL 
205 CENT POLY, FECL3 0 111.5 4 PLAINFIELD SL 
206 CENT POLY, FECL3 0 111.5 5 PLAINFIELD SL 
207 CENT POLY, FECL3 52.4 80.2 0 PLAINFIELD SL 
208 CENT POLY, FECL3 16.2 96.4 0 PLAINFIELD SL 
209 CENT POLY, FECL3 29.4 125.8 0 PLAINFIELD SL 
210 CENT POLY, FECL3 35.4 161.2 0 PLAINFIELD SL 
211 CENT POLY, FECL3 26.2 187.4 0 PLAINFIELD SL 
212 CENT POLY, FECL3 35.6 223 0 PLAINFIELD SL 
213 CENT POLY, FECL3 0 223 1 PLAINFIELD SL 
214 .CENT POLY, FECL3 0 223 2 : PLAINFIELD SL : 

215 CENT POLY, FECL3 0 223 3 PLAINFIELD SL 
218 CENT POLY, FECL3 0 223 4 PLAINFIELD SL 
217 CENT POLY, FECL3 0 223 5 PLAINFIELD SL 
218 CENT POLY, FECL3 104.8 160.4 0 PLAINFIELD SL 
219 CENT POLY, FECL3 32.4 192.8 0 PLAINFIELD SL 
220 CENT POLY, FECL3 58.8 251.6 0 PLAINFIELD SL 
221 CENT POLY, FECL3 70.8 322.4 0 PLAINFIELD SL 
222 CENT POLY, FECL3 52.4 374.8 0 PLAINFIELD SL 
223 CENT POLY, FECL3 71.2 446 0 PLAINFIELD SL 
224 CENT POLY, FECL3 0 446 1 PLAINFIELD SL 
225 CENT POLY, FECL3 0 446 2 PLAINFIELD SL 
228 CENT POLY, FECL3 · 0 446 3 PLAINFIELD SL 
227 CENT POLY, FECL3 0 446 4 PLAINFIELD SL 
228 CENT POLY, FECL3 0 446 5 PLAINFIELD SL 
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TABLE F-1 (cont.} 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/ka % pH RATE (ka/he} EXTRACT ANT ma/ka ma/ka SAMPLED 

191 0.48 7 0 HCL-HF 34 0.8 LEAF 
192 0.75 7 0 HCL-HF 54 1.2 LEAF 
193 0.76 7 0 HCL-HF 46 0.7 LEAF 
194 1.21 6.9 0 HCL-HF 46 0.4 LEAF 
195 0.84 7.1 0 HCL-HF 53 NA LEAF 
196 0.31 NA 138 HCL-HF 29 1.2 LEAF 
197 0.44 7.2 148 HCL-HF 37 1.4 LEAF 
198 0.63 7.3 167 HCL-HF 68 1.2 LEAF 
199 0.67 7.5 218 HCL-HF 52 1.2 LEAF 
200 0.78 7 261 HCL-HF 97 1.3 LEAF 
201 0.8 7 318 HCL-HF 87 1.7 LEAF 
202 0.99 6.6 318 HCL-HF 105 6.2 LEAF 
203 1.42 7.1 318 HCL-HF 135 0.9 LEAF 
204 1.71 7.2 318 HCL-HF 179 <.6 LEAF 
205 1.82 7.2 318 HCL-HF 153 0.8 LEAF 
206 1.96 7.1 318 HCL-HF 119 NA LEAF 
207 0.43 NA 276 HCL-HF 47 1.5 LEAF 
208 0.51 7.1 298 HCL-HF 60 1 LEAF 
209 0.94 7 334 HCL-HF 106· 1.2 LEAF 
210 1.16 7.2 436 HCL-HF 102 0.8 LEAF 
211 1.4 7 521 HCL-HF 151 4 LEAF 
212 1.75 6.4 634 HCL-HF 183 0.8 LEAF 
213 2 6.3 634 HCL-HF 189 0.8 LEAF 
214 2.16 8.8 : 834 HCL-HF 207 <.6 : LEAF 
215 2.02 6.8 834 HCL-HF 250 0.7 LEAF 
216 2.33 7.1 834 HCL-HF 212 <.1 LEAF 
217 1.66 7 634 HCL-HF 199 NA . LEAF 
218 0.73 NA 551 HCL-HF 115 1 LEAF 
219 0.57 6.8 591 HCL-HF 75 1.3 LEAF 
220 1.3 6.7 887 HCL-HF 138 1.2 LEAF 
221 1.42 6.6 872 HCL-HF 189 0.8 LEAF 
222 2.4 6.4 1042 HCL-HF 341 <.6 LEAF 
223 2.76 8.1 1288 HCL-HF 327 0.6 LEAF 
224 3.44 5.8 1268 HCL-HF 344 3.8 LEAF 
225 3.18 5.9 1268 HCL-HF 452 1.3 . LEAF 
228 3.28 8.2 1268 HCL~HF 334 0.7 LEAF 
227 3.1 6.4 1268 HCL-HF 347 <.1 LEAF 
228 3.15 6.5 1268 HCL-HF 379 NA LEAF 
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TABLE F-1 (cont.) 

EXPERIMENT AL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

191 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
192 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
193 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO 
194 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
195 SLUDGE, Fll:LD, MATURITY 0 GRAIN 0 STOVER NO 
198 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 

·197 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
198 
199 
200 

SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

0 
so• 
so• 

GRAIN 
GRAIN 
GRAIN 

0 
0 
0 

STOVER 
STOVER 
STOVER 

NO 
•NO 
•No 

201 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
202 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
203 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
204 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
205 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
206 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
207 SLUDGE,.FIELD, MATURITY NA GRAIN NA STOVER NO 
208 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
209 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
210 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
211 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
212 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
213 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
214 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
215 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
216 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
217 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
218 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO 
219 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
220 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
221 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
222 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
223 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
224 SLUDGE, FIELD, MATURITY ,0 GRAIN 0 STOVER NO 
225 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
226 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
227 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO 
228 SLUDGE FIELD. MATURITY 0 GRAIN 0 STOVER NO 
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TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

191 JOLIET, ILLINOIS 
192 JOLIET, ILLINOIS 
193 JOLIET, ILLINOIS 
194 JOLIET, ILLINOIS 
195 JOLIET, ILLINOIS 
196 JOLIET, ILLINOIS 
197 JOLIET, ILLINOIS 
198 JOLIET, ILLINOIS 
199 •DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
200 •DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
201 JOLIET, ILLINOIS 
202 JOLIET, ILLINOIS 
203 JOLIET, ILLINOIS 
204 JOLIET, ILLINOIS 
205 JOLIET, ILLINOIS 
206 JOLIET, ILLINOIS 
207 JOLIET, ILUNOIS 
208 JOLIET, IWNOIS 
209 JOLIET, ILLINOIS 
210 JOLIET, ILUNOIS 
211 JOLIET, ILLINOIS 
212 ) JOLIET, ILLINOIS 
213 JOLIET, ILLINOIS 
214 : JOLIET, ILLINOIS 
216 JOLIET, ILLINOIS 
218 . JOLIET, ILLINOIS 
217 JOLIET, ILLINOIS 
218 JOLIET, ILLINOIS 
219 JOLIET, IWNOIS 
220 JOLIET, ILUNOIS 
221 JOLIET, ILLINOIS 
222 JOLIET, ILLINOIS 
223 JOLIET, ILLINOIS 
224 JOLIET, ILLINOIS 
225 JOLIET, ILLINOIS 
226 JOLIET, ILLINOIS 
227 JOLIET, ILLINOIS 
228 JOLIET. ILLINOIS 
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TABLE F-1 (cont.) 

.,I 
I 

229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
280 
281 
282 
283 
284 
265 
268 

LITERATURE 
CITATION 

CHAKRABARTI, C. & T. CHAKRABARTI, 1988. 129 
CHAKRABARTI, C. & T. CHAKRABARTI, 1988. 12q_ 
CHAKRAB,.[!TI, C. & T. CHAKRABARTI, 1988. /I " 

·• GILLIES ET AL 1989 
GILLIES ET AL 1989 
GILLIES ET AL 1989 

KIRKHAM 1983 
KIRKHAM 1983 

HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 
HAM &DOWDY 1978 

WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972: 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 
WEBBER 1972 

PIETZ ET AL. 1991 
PIETZ ET AL. 1991 
PIETZ ET AL. 1991 
PIETZ ET AL. 1991 
PIETZ ET AL. 1991 
PIETZ ET AL 1991 
PIETZ ET AL. 1991 
PIETZ ET AL. 1991 

SLUDGE SLUDGE SLUDGE SLUDGE 
PLANT SLUDGE VOLSOUOS Al Ca Cd 
NAME CULTIVAR pH % % % molka 

WHEAT HDM 1553 8.4 
WHEAT - HDM 1553 
\.,'EAT. HOM 1553 

OAT HARMON 4.6 
OAT HARMON 4.6 
OAT HARMON 4.6 

SORGHAM MOENCH. 6.7 29.2 
SORGHAM MOENCH. 6.7 29.2 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
SOYBEAN MERRILL 1.41 4.98 12 
RED BEET 
RED BEET 
RED BEET 
RED BEET 
RED BEET 
RED BEET : 

CELERY 
CELERY 
CELERY 
CELERY 
CELERY 
CELERY 
CORN PIONEER 3517 7.6 46 1.4 3.3 285 
CORN PIONEER 3517 7.8 48 1.4 3.3 265 
CORN PIONEER 3517 7.8 48 1.4 3.3 285 
CORN PIONEER 3517 7.8 48 1.4 3.3 180 
CORN PIONEER 3517 7.6 48 1.4 3.3 180 
CORN PIONEER 3517 7.8 20 3.1 0.71 71 
CORN PIONEER 3517 7.8 20 3.1 0.71 71 
CORN PIONEER 3377 7.6 30 3.1 0.71 71 
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230 

235 

240 

245 

250 

255 

260 

265 

TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

m11/ka ma/ka % % m11/ka m11/ka m11/ka ma/ka CONTNT PROCESSING 

229 N/0 10 30 Well Water(Control) 
45 428 562 Wall Watar + 10 t/ha aludga 

231 45 428 562 Well Water + 20 t/ha sludge 
232 191 143 26.3 27200 194 420 
233 191 143 26.3 27200 194 420 
234 191 143 26.3 27200 194 420 

851 375 35.6 21300 124 1890 
236 ·951 375 35.6 21300 124 1890 
237 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
238 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
239 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 

1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
241 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
242 1100 2020 1.6 2,73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
243 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
244 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 

1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
246 1100 2020 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
247 
248 240 1100 210 3000 
249 9750 795 130 900 

9750 795 130 900 
251 240 1100 210 3000 
252 9750 795 130 : 900 : 

253 
254 240 1100. 210 3000 

9750 795 130 900 
256 9750 795 '130 900 
257 240 1100 210 3000 
258 9750 795 130 900 
259 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 

3505 . 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
261 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DiGEST, LAGOON 
262 3505 1471 4.3 4.5 425 3.42 850 3600 0,05 SECONDARY, ANAER DIGEST, LAGOON 
263 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON 
264 775 460 2.2 0.5 116 0.87 293 1100 0.68. SECONDARY, ANAER DIGEST, LAGOON 

775 460 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON 
266 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY. ANAER DIGEST. LAGOON 
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230 

235 

240 

245 

250 

255 

260 

265 

TABLE F-1 (cont.) 

SLUDGE ANNLSLUDGE CUMMl SLUDGE YEARS SOIL SOil SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABIUZATN Mg/ha Ma/ha APPLICATN NAME NAME TEXTURE % 

229 Clayey 
10 10 0 Clayoy 

231 20 20 0 Clayoy 
232 0 0 
233 75 75 
234 150 150 

0 0 Typic Udifluvent Haynia fine, sandy loam 
238 32 128 Typic Udlfluvent Haynie, fine, sandy loam 
237 0 0 0 TYPIC TAPLUOOLL WAUKEGAN SIL 
238 25 25 0 TYPIC TAPLUDOLL WAUKEGAN Sil 
239 50 50 0 TYPIC TAPLUDOLL WAUKEGAN SIL 

100 100 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
241 200 200 0 TYPIC TAPLUDOLL WAUKEGAN Sil· 
242 0 0 1 TYPIC TAPLUOOLL WAUKEGAN SIL 
243 25 25 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
244 50 50 1 TYPIC TAPLUDOLL WAUKEGAN SIL 

100 100 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
246 200 200 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
247 0 0 0 
248 125.5 125.5 2 
249 125.5 125.5 2 

125.5 125.5 2 
251 31.4 94.2 0 
252: 31.4 94.2 : 0 : 

253 0 0 0 
254 125.5 125.5 2 

125.5 125.5 2 
256 125.5 125.5 2 
257 31.4 94.2 0 
258 31.4 94.2 0 
259 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 

POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
261 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
262 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
263 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
264 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 

POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
266 POLYMER FECL3 0 0 0 STRIP MINE SPOIL 
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TABLE F-1 (cont.) 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC QC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/ka % PH RATE (ka/hal EXTRACT ANT ma/ka ma/ka SAMPLED 

229 0.7 8 HCL04/HN03 17 3 Earheed 
0.7 8 HCL04/HN03 27 3.1 Earhaad 

231 0.7 8 HCL04/HN03 31 3.4 Earhaed 
232 28 9.6 43 Root 
233 72 Root 
234 56 Root 

· 7 0 0.2 0.398 Leaves 
236 5.9 108.9 0.24 0.2 Leaves 
237 6.5 0 N.L. 3.3 LEAF 
238 6.5 28 N.L. 3.8 LEAF 
239 6.5 55 N.L. 6.9 LEAF 

6.5 110 N.L. 7.4 LEAF 
241 6.5 220 N.L. 11.9 LEAF 
242 6.5 0 N.L. 0.7 LEAF 
243 6.5 28 N.L. 0.7 LEAF 
244 6.5 55 N.L. 0.8 LEAF 

6.5 110 N.L. 0.8 LEAF 
246 6.5 220 N.L. 0.5 LEAF 
247 6.1 0 .5MHOAC N.R.-
248 NR 29 • 5MHOAC N.R . 
249 NR 552 • 5MHOAC N.R . 

NR 1104 • 5MHOAC N.R . 
251 NR 22 .SMHOAC N.R. 
252 ; NR 104 .SMHOAC N.R. ; 

253 6.1 0 .5MHOAC N.R. 
254 NR 29 .5MHOAC N.R. 

NR 552 .5MHOAC N.R. 
258 NR 1104 .SMHOAC N.R. 
257 NR 22 .SMHOAC N.R. 
258 NR 104 .SMHOAC N.R. 
259 0.44 7.5 0 0.1 M HCI 6.5 0.87 LEAF 

0.36 7.5 0 0.1 M HCI 5.2 0.79 LEAF 
261 0.36 7.5 0 0.1 M HCI 4.2 6.47 LEAF 
282 0.46 7.5 0 0.1 M HCI 5.3 8.03 LEAF 
263 0.46 7.5 0 0.1 M HCI 4.97 7.15 . LEAF 
264 0.73 7.5 0 0.1 M HCI 4.03 0.44 LEAF 

0.73 7.5 0 0.1 M HCI 10.5 0.3 LEAF 
266 0.7 7.5 0 0,1 M HCI 9.17 0.24 LEAF 
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TABlE F-1 (oont.) 

EXPERMENT AL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

229 SALT, FIELD, MATURITY 0 Whole P111nt 0 GRAIN 
SALT, FIELD, MATURITY 0 Whole Plllnt 0 GRAIN 

231 SALT FIELD, MATURITY 0 Whole Plant 0 . GRAIN 
232 FIELD, SLUDGE, MATURITY 0 GRAIN 
233 FIELD, SLUDGE, MATURITY 0 GRAIN 
234 FIELD, SLUDGE, MATURITY 0 GRAIN 

FIELD, SLUDGE, MATURITY NOT REPORTED 
236 FIELD, SLUDGE, MATURITY NOT REPORTED 
237 SLUDGE, FIELD, MATURITY 0 GRAIN 
238 SLUDGE, FIELD, MATURITY 0 GRAIN 
239 SLUDGE, FIELD, MATURITY 0 GRAIN 

SLUDGE, FIELD, MATURITY 0 GRAIN 
241 SLUDGE, FIELD, MATURITY 0 GRAIN 
242 SLUDGE, FIELD, MATURITY 0 GRAIN 
243 SLUDGE, FIELD, MATURITY 0 GRAIN 
244 SLUDGE, FIELD, MATURITY 0 GRAIN 

SLUDGE, FIELD, MATURITY 0 GRAIN 
246 SLUDGE, FIELD, MATURITY 0 GRAIN 
247 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 
248 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 
249 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 

SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 
251 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 
252 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS NO 
253 SLUDGE, FIELD, MATURITY 0 STALKS NO 
254 SLUDGE, FIELD, MATURITY 0 STALKS NO 

SLUDGE, FIELD, MATURITY 0 STALKS NO 
256 SLUDGE, FIELD, MATURITY 0 STALKS NO 
257 SLUDGE, FIELD, MATURITY 0 STALKS NO 
258 SLUDGE, FIELD, MATURITY 0 STALKS NO 
259 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 

FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
261 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
262 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
263 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
264 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 

FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
266 FIELD SLUDGE, MATURITY 0 GRAIN 0 STOVER 

F-41 



TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

229 India 
230 India 
231 India 
232 Canada 
233 Canada 
234 Canada 
235 Manhattan, Kansas 
236 Manhattan, Kansas 
237" MINNESOTA 
238 MINNESOTA 
239 MINNESOTA 
240 MINNESOTA 
241 MINNESOTA 
242 MINNESOTA 
243 MINNESOTA 
244 MINNESOTA 
245 MINNESOTA 
248 MINNESOTA 
247 LEEDS, U.K. 
248 LEEDS, U.K. 
249 LEEDS, U.K. 
250 LEEDS, U.K. 
251 LEEDS, U.K. 
252 : LEEDS, U.K. 
253 LEEDS, U.K. 
254 LEEDS, U.K. 
255 LEEDS, U.K. 
258 LEEDS, U.K. 
257 LEEDS, U.K. 
258 LEEDS, U.K. 
259 FULTON COUNTY, ILLINOIS 
280 FULTON COUNTY, ILLINOIS 
261 FULTON COUNTY," ILLINOIS 
262 FULTON COUNTY; ILLINOIS 
263 FULTON COUNTY, ILUNOIS 
264 FULTON COUNTY, ILLINOIS 
265 FULTON COUNTY, ILLINOIS 
266 FULTON COUNTY ILLINOIS 
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TABLE F-1 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOLSOUOS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % mo/ka 

267 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 63 
268 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
269 · PIETZ ET AL. 1991 .. ·RN PIONEER 3517 7.6 46 1.4· 3.3 265 

" •.. ,. . . 270 ·•·PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
271 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1 :4 3.3 160 
272 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
273 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
274 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
275 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 
276 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 63 
277 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
278 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
279 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
280 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
281 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
282 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
283 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
284 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 
285 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 
286 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
287 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 415 1.4 3.3 265 
288 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 415 1.4 3.3 265 
289 PIETZ ET AL, 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
:290 PIETZ ET AL. 1991 CORN PIONEER 3617 7.6 ·48 1.4 3.3 160. 
291 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
292 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 
293 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 30 3.1 0.71 71 
·294 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 20 0.87 3.9 53 
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TABLE F-1 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/kg mg/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

267 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST,·LAGOON. · 
268 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 
269 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
270 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
271 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
272 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON 
273 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON 
274 775 460 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON 
275 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
278 679 454 1.9 0.5 121 0.82 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON 
277 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 
278 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
279 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
280 3505 1471. 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
281 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON 
282 775 460 2.2 0.5 116 0.87 293 1100 0.68 SECONDARY, ANAER DIGEST, LAGOON 
283 775 460 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY; ANAER DIGEST, LAGOON 
284 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
285 879 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON 
286 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 
287 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
288 3505 1471 4.3 4.5 425 3.42 850 3600 0.051 SECONDARY, ANAER DIGEST, LAGOON 
289 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
290 3505 1471: 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST; LAGOON 
291 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON 
292 775 460 2.2 0.5 118 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON 
293 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
294 679 454 1.9 0.5 . 121 0.62 259 1146 0.69 SECONDARY. ANAER DIGEST. LAGOON 
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TABt.E F-1 (cont.) 

SLUDGE ANNLSLUDGE CUMMLSLUDGE YEARS SOIL SOIL SAND 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT 

STABIUZA TN Mo/ha Ma/ha APPLICATN NAME NAME TEXTURE % 

267 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
268 POLYMER,FECL3 17.4 115.3 0 STRIP MINE SPOIL 
269 POLYMER,FECL3 11.4 126.7 0 STRIP MINE SPOIL 
270 POLYMER,FECL3 16.8 143.5 0 STRIP MINE SPOIL 
271 POLYMER,FECL3 17.9 161.4 0 STRIP MINE SPOIL 
272 POLYMER,FECL3 16.8 178.2 0 STRIP MINE SPOIL 
273 POLYMER,FECL3 16.8 195 0 STRIP MINE SPOIL 
274 POLYMER,FECL3 16.8 211.8 0 STRIP MINE SPOIL 
275 POLYMER,FECL3 16.8 228.6 0 STRIP MINE SPOIL 
276 POLYMER,FECL3 16.8 245.4 0 STRIP MINE SPOIL 
277 POLYMER,FECL3 34.8 235.7 0 STRIP MINE SPOIL 
278 POLYMER,FECL3 22.8 258.5 0 STRIP MINE SPOIL 
279 POLYMER,FECL3 34.9 293.4 0 STRIP MINE SPOIL 
280 POLYMER,FECL3 35.8 329.2 0 STRIP MINE SPOIL 
281 POLYMER,FECL3 33.6 362.8 0 STRIP MINE SPOIL 
282 POLYMER,FECL3 33.6 396.4 0 STRIP MINE SPOIL 
283 POLYMER,FECL3 "33.6 430 0 STRIP MINE SPOIL 
284 POLYMER,FECL3 33.6 463.6 0 STRIP MINE SPOIL 
285 POLYMER,FECL3 33.6 497.2 0 STRIP MINE SPOIL 
288 POLYMER,FECL3 69.8 471.4 0 STRIP MINE SPOIL 
287 POLYMER,FECL3 45.5 516.9 0 STRIP MINE SPOIL 
288 POLYMER,FECL3 68.8 585.7 0 STRIP MINE SPOIL 
289 POLYMER,FECL3 71.7 657.4 0 STRIP MINE SPOIL 
290 POLYMER,FECL3 67.2 724.6 0 STRIP. MINE SPOIL 
291 POLYMER,FECL3 67.2 791.8 0 STRIP MINE SPOIL 
292 POLYMER,FECL3 67.2 859 0 STRIP MINE SPOIL 
293 POLYMER,FECL3 67.2 926.2 0 STRIP MINE SPOIL 
294 POLYMER FECL3 67.2 993.4 0 STRIP MINE SPOIL 
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TABLE F-1 (cont.I 

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT 
CONTENT CONTENT CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE 

% % cmol/kg o,(, pH RATE (kg/ha) EXTRACT ANT mg/kg mg/kg SAMPLED 

267 0.7 7.5 0 0.1 M HCI 13.7 1.66 LEAF 
268 0.94 7.5 438.2 0.1 M HCI 27.6 0.8 LEAF 
269 0.67 7.5 473.2 0.1 M HCI 16.8 1.14 LEAF 
270 0.67 7.5 534.4 0.1 M HCI 13.8 2.96 LEAF 
271 0.87 7.5 577.8 0.1 M HCI 20.7 6.78 LEAF 
272 0.87 7.5 616.8 0.1 M HCI 16.7 6.25 LEAF 
273 1.41 7.5 654.7 0.1 M HCI 24 0.43 LEAF 
274 1.41 7.5 699.5 0.1 M HCI 28.3 0.43 LEAF 
275 1.25 7.5 747.6 0.1 M HCI 27.4 0.4 LEAF 
276 1.25 7.5 759 0.1 M HCI 33.8 1.03 LEAF 
277 1.56 7.5 876.4 0.1 M HCI 62.9 0.69 LEAF 
278 1.56 7.5 946.3 0.1 M HCI 42.9 0.67 LEAF 
279 1.04 7.5 1068.8 0.1 M HCI 33.4 1.95 LEAF 
280 1.04 7.5 1155.5 0.1 M HCI 52.7 8.32 LEAF 
281 1.48 7.5 1233.6 0.1 M HCI 41.5 3.64 LEAF 
282 1.48 7.5 1309.5 0.1 M HCI 43.7 0.39 LEAF 
283 2.15 7.5 1399 0.1 M HCI 54.7 0.29 LEAF 
284 2.15 7.5 1495.2 0.1 M HCI 51.4 0.2 LEAF 
285 1.9 7.5 1518 0.1 M HCI 71. L58 LEAF 
286 3.02 7.5 1752.7 0.1 M HCI 118.8 0.77 LEAF 
287 1.58 7.5 1892.6 0.1 M HCI 88.8 0.51 LEAF 
288 1.58 7.5 2137.5 0.1 M HCI 55.1 2.11 LEAF 
289 2.38 7.5 2311 0.1 M HCI 107.7 3.98 LEAF 
290 2.38 7.5 2467.2 0.1 M HCI 79.8 10.8 LEAF 
291 3.47 7.5 2818.9 0.1 M HCI 99.8 0.43 LEAF 
292 3.47 7.5 2797.9 0.1 M HCI 89.7 0.27 LEAF 
293 2.77 7.5 2990.4 0.1 M HCI 93.9 0.45 . LEAF 
294 2.77 7.5 3038 0.1 M HCI 114 1.31 LEAF 
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TABLE F-1 (cont.) 

EXPERIMENTAL YIELD YIELD YIELD YIELD 
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL 
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY 

267 FIELD. SLUDGE, MATURITY 0 GRAIN 0 STOVER 
268 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
269 FIELD, SLUDGE. MATURITY 0 GRAIN 0 STOVER 
270 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
271 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
272 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
273 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
274 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
275 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
276 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
277 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
278 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
279 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
280 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
281 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
282 FIELD, SLUDGE MATURITY 0 GRAIN 0 STOVER 
283 FIELD, Sl,.UDGE, MATURITY 0 GRAIN 0 STOVER 
284 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
285 FIELD, SLUDGE, MATURITY 43.7 GRAIN 0 STOVER 
286 FiELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
287 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
288 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
289 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
290 FIELD, SLUDGE, MATURITY 0 GRAIN : 0 STOVER 
291 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
292 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
293 FIELD, SLUDGE, MATURITY 0 GRAIN 0 STOVER 
294 FIELD SLUDGE. MATURITY 59.2 GRAIN 0 STOVER 
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TABLE F-1 (cont.) 

LOCATION 
OF 

COMMENTS STUDY 

267 FULTON COUNTY, IWNOIS 
268 & FULTON COUNTY, ILUNOIS 
269 FULTON COUNTY, ILLINOIS 
270 FULTON COUNTY, IUINOIS 
271 FULTON COUNTY, ILUNOIS 
272 FULTON COUNTY, IUINOIS 
273 FULTON COUNTY, ILLINOIS 
274 FULTON COUNTY, IUINOIS 
275 FULTON COUNTY, ILLINOIS 
276 FULTON COUNTY, ILLINOIS 
277 FULTON COUNTY, ILLINOIS 
278 FULTON COUNTY, ILUNOIS 
279 FULTON COUNTY, IUINOIS 
280 FULTON COUNTY, IUINOIS 
281 FULTON COUNTY, ILLINOIS 
282 FULTON COUNTY, ILLINOIS 
283 FULTON COUNTY, IUINOIS 
284 FULTON COUNTY, ILUNOIS 
285 FULTON COUNTY, ILLINOIS 
286 FULTON COUNTY, ILUNOIS 
287 FULTON COUNTY, IUINOIS 
288 FULTON COUNTY, IWNOIS 
289 FULTON COUNTY, IUINOIS 
290 : : FULTON COUNTY, ILUNOIS 
291 FULTON COUNTY, IWNOIS 
292 FULTON COUNTY, ILUNOIS 
293 FULTON COUNTY, IUINOIS 
294 FULTON COUNTY, IUINOIS 
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TABlE F-2. COPPER DATA 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ce Cd Cr Cu 
CITATION NAME CULTIVAR DH % % % mo/ko malka mon<a 

1 GIORDANO AND MAYS 1977 BEANS 
2 GIORDANO .~ND MAYS 1977 BEANS -- 6.6 2.5 50 350 730 

( '· 
3 
4 

.· G!ORDANO .\ND MAYS 197i' 
GIORDANO AND MAYS 1977 

BEANS 
OKRA 

'6.1 1.7 '40 400 520 

5 GIORDANO AND MAYS 1977 OKRA 6.6 2.5 50 350 730 
6 GIORDANO AND MAYS 1977 OKRA 6.1 1.7 40 400 520 
7 GIORDANO AND MAYS 1977 PEPPERS 
8 GIORDANO AND MAYS 1977 PEPPERS 6.6 2.5 50 350 730 
9 GIORDANO AND MAYS 1977 PEPPERS 6.1 1.7 40 400 520 
10 GIORDANO AND MAYS 1977 TOMATO 
11 GIORDANO AND MAYS 1977 TOMATO 6.6 2.5 50 350 730 
12 GIORDANO AND MAYS 1977 TOMATO 6.1 1.7 40 400 520 
13 GIORDANO AND MAYS 1977 SQUASH 
14 GIORDANO AND MAYS 1977 SQUASH 6.6 2.5 50 350 730 
15 GIORDANO AND MAYS 1977 SQUASH 6.1 1.7 40 400 520 
16 GIORDANO AND MAYS 1977 TURNIP 
17 GIORDANO AND MAYS 1977 TURNIP 6.6 2.5 50 350 730 
18 GIORDANO AND MAYS 1977 TURNIP 6.1 1.7. 40 400 520 
19 GIORDANO AND MAYS 1977 KALE 
20 GIORDANO AND MAYS 1977 KALE 6.6 2.5 50 350 730 
21 GIORDANO AND MAYS 1977 KALE 6.1 1.7 40 400 520 
22 GIORDANO AND MAYS 1977 OKRA 
23 GIORDANO AND MAYS 1977 OKRA 6.8 2.5 50 350 730 

24 GIORDANO AND MAYS 1977 OKRA 6.1 1.7 40 400 520 

25 GIORDANO AND MAYS 1977 PEPPER 
26 GIORDANO AND MAYS 1977 PEPPER 6.6 2.5 50 350 730 

27 GIORDANO AND MAYS 1977 PEPPER 6.1 1.7 40 400 520 

28 GIORDANO AND MAYS 1977 TOMATO 
29 GIORDANO AND MAYS 1977 TOMATO 6.6 2.5 50 350 730 

30 GIORDANO AND MAYS 1977 TOMATO 6.1 1.7 40 400 520 

31 GIORDANO AND MAYS 1977 SQUASH 
32 GIORDANO AND MAYS 1977 SQUASH 6.6 2.5 50 350 730 

33 GIORDANO AND MAYS 1977 SQUASH 6.1 1.7 40 400 520 

34 GIORDANO AND MAYS 1977 LETTUCE 
35 GIORDANO AND MAYS 1977 LETTUCE 6.6 2.5 50 350 730 

36 GIORDANO AND MAYS 1977 LETTUCE 6.1 1.7 40 400 520 

37 HINESL Y 1985 CORN 3.4 263 2963 1422 
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TABLE F-2 (cont.J 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZA TN 

1 
2 1.7 2.3 20 1.6 530 1800 
3 1.5 2.1 40 1.3 1600 1800 
4 
5 1.7 2.3 20 1.6 530 1800 
6 1.5 2.1 40 1.3 1600 1800 
7 
8 1.7 2.3 20 1.6 530 1800 
9 1.5 2.1 40 1.3 1600 1800 
10 
11 1.7 2.3 20 1.6 530 1800 
12 1.5 2.1 40 1.3 1600 1800 
13 
14 1.7 2.3 20 1.8 530 1800 
15 1.5 2.1 40 1.3 1800 1800 
18 
17 1.7 2.3 20 1.6 530 1800 
18 1.5 2.1 40 1.3 1600 1800 
19 
20 1.7 2.3 20 1.8 530 1800 
21 1.5 2.1 40 . 1.3 1600 1800 
22 
23 1.7 2.3 20 1.6 530 1800 
24 1.5 2;1 40 1.3 1600 1800 · 
25 
26 1.7 2.3 20 1.6 530 1800 
27 1.5 2.1 40 1.3 .1600 1800 
28 
29 1.7 2.3 20 1.6 530 1800 
30 1.5 2.1 40 1.3 1800 1800 
31 
32 1.7 2.3 20 1.6 530 1800 
33 1.5 2.1 40 1.3 1600 1800 
34· 
35 1.7 2.3 20 1.6 530 1800 
38 1.5 2.1 40 1.3 1600 1800 
37 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY. FECL3 
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TABLE F-2 (cont,) 

ANNLSLUOGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 

Mn/ha Mo/ha APPLICATN NAME NAME TEXTURE % % % cmol/ka 

1 0 0 SANGO SIL 
2 112 112 0 SANGO SIL 
3 112 112 0 SANGO Sil 
4 0 0 SANGO Sil 
5 112 112 0 SANGO Sil 
6 112 112 0 SANGO Sil 
7 0 0 SANGO SIL 
8 112 112 0 SANGO Sil 
9 112 112 0 SANGO Sil 
10 0 0 SANGO Sil 
11 112 112 0 SANGO SIL 
12 112 112 0 SANGO SIL 
13 0 0 SANGO Sil 
14 112 112 0 SANGO Sil 
15 112 112 0 SANGO SIL 
16 0 0 SANGO Sil 
17 112 112 0 SANGO Sil 
18 112 112 0 SANGO Sil 
19 0 0 SANGO SIL 
20 112 112 0 SANGO Sil 
21 112 112 0 S~NGO Sil 
22 0 0 SANGO Sil 
23 112 112 1 SANGO SIL 
24 112 112 1 SANGO Sil 
25 0 0 SANGO Sil 
28 112 112 1 SANGO SIL 
27 112 112 1 SANGO SIL 
28 0 0 SANGO Sil 
29 112 112 1 SANGO SIL 
30 112 112 1 SANGO Sil 
31 0 0 SANGO Sil 
32 112 112 1 SANGO Sil 
33 112 112 - 1 SANGO Sil 
34 0 0 SANGO Sil 
35 112 112 1 SANGO Sil 
36 112 112 1 SANGO Sil 
37 0 0 NA BLOUNT Sil 
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TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

QC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% DH RATE (ka/hel EXTRACT ANT ma/ka ma/ko SAMPLED EXPERIMENTAL DESIGN % 

1 6.4 0 0.5 M HCL 4 6 LEAF FIELD, SLUDGE, MATURITY 0 
2 6.4 82 0.5 M HCL 41 7.8 LEAF FIELD, SLUDGE, MATURITY 0 
3 6.4 58 0.5 M HCL 17 5.8 LEAF FIELD, SLUDGE, MATURITY 14.3· 
4 6.4 0 0.5 M HCL 4 6.9 LEAF FIELD, SLUDGE, MATURITY 0 
5 6.4 82 0.5MHCL 41 10 LEAF FIELD, SLUDGE, MATURITY 8.3• 
6 6.4 58 0.5 M HCL 17 7.1 LEAF FIELD, SLUDGE, MATURITY 8.3• 
7 6.4 0 0.5 M HCL 4 19 LEAF FIELD, SLUDGE, MATURITY 0 
8 6.4 82 0.5M-HCL 41 21 LEAF FIELD, SLUDGE, MATURITY 0 . 
9 6.4 58 0.5MHCL 17 18 LEAF FIELD, SLUDGE, MATURITY 13• 
10 8.4 0 0.5 M HCL 4 19 LEAF FIELD, SLUDGE, MATURITY 0 
11 6.4 82 0.5MHCL 41 22 LEAF FIELD, SLUDGE, MATURITY 0 
12 6.4 58 0.5 MHCL 17 18 LEAF FIELD, SLUDGE, MATURITY 0 
13 6.4 0 0.5 M HCL 4 14 LEAF FIELD, SLUDGE, MATURITY. 0 
14 6.4 82 0.5MHCL 41 19 LEAF FIELD, SLUDGE, MATURITY 0 
15 6.4 58 0.5 M HCL 17 15 LEAF FIELD, SLUDGE, MATURITY 0 
16 6.4 0 0.5 M HCL 4 6.3 LEAF FIELD, SLUDGE, MATURITY 0 
17 8.4 82 0.5MHCL 41 9.4 LEAF FIELD, SLUDGE, MATURITY 0 
18 6.4 58 0.5 M HCL 17 7.3 LEAF Fl.ELD, SLUDGE, MATURITY 0 
19 8.4 0 0.5 M HCL 4 8 LEAF FIELD, SLUDGE, MATURITY 0 
20 8.4 82 0.5MHCL 41 8.1 LEAF FIELD, SLUDGE, MATURITY 0 
21 6.4 58 0.5MHCL 17 7.8 LEAF FIELD, SLUDGE, MATURITY 0 
22 5.8 0 0.6MHCL 4 15.4 LEAF FIELD, SLUDGE, MATURITY 0 
23 6.8 82 0.6MHCL 41 14.1 LEAF FIELD, SLUDGE, MATURITY 0 
24 6.8 58 0,5MHCL 17 14.1 LEAF FIELD, SLUDGE, MATURITY ·o 
25 5.8 0 0.6MHCL 4 14.7 LEAF FIELD, SLUDGE, MATURITY 0 

28 6.8 82 0.6 MHCL 41 15.4 LEAF FIELD, SLUDGE, MATURITY 0 
27 6.8 58 0.5MHCL 17 15.4 LEAF FIELD, SLUDGE, MATURITY 25• 

28 6.8 0 0.6MHCL 4 21.4 LEAF FIELD, SLUDGE, MATURITY 0 
29 6.8 82 0,6MHCL 41 19.4 LEAF FIELD, SLUDGE, MATURITY 0 
30 5.8 58 0.5MHCL 17 22.8 LEAF FIELD, SLUDGE, MATURITY 0 
31 5.8 0 0.6MHCL 4 16.1 LEAF · FIELD, SLUDGE, MATURITY 0 
32 6.8 82 0.5MHCL 41 12.1 LEAF FIELD, SLUDGE, MATURITY 0 
33 6.8 58 0.5MHCL 11· 9.4 LEAF FIELD, SLUDGE, MATURITY 21. 1 • 
34 5.8 0 0.5MHCL 4 17.4 LEAF FIELD,.SLUDGE, MATURITY 0 
35 5.8 82 0.5 M HCL 41 18.1 LEAF FIELD, SLUDGE, MATURITY 0 
38 5.8 58 0.5MHCL 17 12.7 LEAF FIELD, SLUDGE, MATURITY 0 

37 0.85 7.8 0 HCL-HF 22 9 LEAF SLUDGE. FIELD MATURITY 0 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 • 24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

YIELD 

COMPONENT 
MEASURED 

EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 
EDIBLE PART 

GRAIN 

TABLE F-2 (cont.) 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

NO 
NO 
•NO 
NO 
"NO 
"NO 
NO 
NO 
"NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
•No 
NO 
NO 
NO 
NO 
NO 
"NO 
NO 
NO 
NO 

0 STOVER NO 
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10 

15 

20 

25 

30 

35 

TABLE F-2 (cont.) 

COMMENTS LOCATION 

1 
2 
3 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
4 

•NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
6 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
7 
8 
9 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 

11 
12 
13 
14 

16 
17 
18 
19 

'1..1 .... ,. 21 -·- . i 
22 l~~~ ! 

23 ' 
24 : 

28 
27 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
28 
29 

31 
32 
33 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
34 

38 
37 JOLIET ILLINOIS 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOLSOUOS Al Ce Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % malka malka malka 

38 HINESLY 1986 CORN 3.4 263 2963 1422 
39 HINESLY 1985 CORN 3.4 263 2963 1422 _ 40. .... Hl~E:SLV 1985 CO~N 3.4 282 2963 1422 

.. ••. 41 HINESL'V 1985 CORN 3.4 263 2963 1422 
42 HINESLY 1985 CORN 3.4 283 2963 1422 
43 HINESLY 1985 CORN 3.4 283 2963 1422 
44 HINESLY 1985 CORN 3.4 283 2963 1422 
45 HINESLY 1985 CORN 3.4 263 2963 1422 
48 HINESLY 1985 CORN 3.4 263 2963 1422 
47 HINESLY 1985 CORN 3.4 263 2963 1422 
48 HINESLY 1985 CORN 3.4 263 2963 1422 
49 HINESLY 1986 CORN 3.4 263 2963 1422 
so HINESLY 1986 CORN 3.4 263 · 2963 1422 
51 HINESLY 1985 CORN 3.4 263 2963 1422 
52 HINESLY 1985 CORN 3.4 263 2963 1422 
53 HINESLY 1985 CORN 3.4 283 2983 1422 
54 HINESLY 1985 CORN 3.4 283 2983 1422 
55 HINESLY 1985 CORN 3.4 263 2983 1422 
58 HINESLY 1985 CORN 3.4 . 283 2963 1422 
57 HINESLY 1985 CORN 3.4 283 2983 1422 
58 HINESLY 1985 CORN 3.4 283 2983 1422 
59 HINESLY 1985 CORN 3.4 263 2983 1422 
60 HINESLY 1985 CORN 3.4 283 2983 1422 
61 HINESLY 1985 CORN 3.4 283 2963 1422· 
62 HINESLY 1985 CORN 3.4 283 2963 1422 
63 HINESLY 1985 CORN 3.4 263 2963 1422 
64 HINESLY 1985 CORN 3.4 283 2963 1422 
65 HINESLY 1985 CORN 3.4 283 2983 1422 
66 HINESLY 1985 CORN 3.4 283 2963 1422 
67 HINESLY 1985 CORN 3.4 283 2963 1422 
68 HINESLY 1985 CORN 3.4 283 2963 1422 
69 HINESLY 1985 CORN 3.4 283 2963 1422 
70 HINESLY 1985 CORN 3.4 283 2963 1422 
71 HINESLY 1985 CORN 3.4 263 2963 1422 
72 HINESLY 1985 CORN 3.4 263 2963 1422 
73 HINESLY 1985 CORN 3.4 263 2983 1422 
74 HINESLY 1985 CORN 3.4 263 2963 1422 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

p 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 
Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

38 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
39 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
41 4.6 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
42 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
43 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAE_ROBIC DIGESTION CENT POLY, FECL3 
44 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
48 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
47 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
48 4.5 5.9 316 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
49 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
51 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
52 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
53 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
54 4.5 6.9 316 3.5 1135 5059 0.03 2NI) TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
56 4.5 5.9 316 3.5. 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
57 4.5 6.9 316 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
58 4.5 6.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
59 4.5 6.9 3.16 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
61 4.6 6.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION . CENT POLY, FECL3 

62 4.5 6.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC .DIGESTION CENT POLY, FECL3 
83 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION, CENT POLY, FECL3 

84 4.5 6.9 318 3.5 1135 5069 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

68 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY,.FECL3 

87 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

88 4.5 6.9 318 3.5 1135 5059 0.03· 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

89 4.5 5.9 318 · 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

71 4.5 6.9 316 3.5 1135 5069 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

72 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

73 4.6 6.9 318 3.5 1136 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

74 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY. FECL3 
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TABlE F-2 (oonL) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SANO SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Ma/ha Mo/ha APPLICATN NAME NAME TEXTURE % % % cmol/ka 

38 0 0 NA BLOUNT Sil 
39 0 0 NA BLOUNT Sil 

0 0 NA BLOUNT SIL 
41 0 0 NA BLOUNT SIL 
42 0 0 NA BLOUNT SIL 
43 0 0 NA BLOUNT SIL 
44 0 0 NA BLOUNT SIL 

0 0 NA BLOUNT SIL 
46 0 0 NA BLOUNT SIL 
47 14.5 31.8 0 BLOUNT SIL 
48 11.1 42.9 0 BLOUNT SIL 
49 15.3 58.2 0 BLOUNT Sil 

0 58.2 1 BLOUNT Sil 
51 0 58.2 2 BLOUNT SIL 
52 0 58.2 3 BLOUNT SIL 
53 0 58.2 4 BLOUNT SIL 
54 0 58.2 5 BLOUNT SIL 

0 58.2 6 BLOUNT Sil 
58 0 68.2 7 Bl.CUNT SiL 
57 29 83.8 0 BLOUNT SIL 
58 22.2 85,8 0 BLOUNT SIL 
59 30.8 118.4 0 BLOUNT SIL 

0 118.4 1 BLOUNT SIL 
61 

; 
0 118.4 2 

; 
BLOUNT SIL 

62 0 118.4 · 3 BLOUNT Sil 
63 0 118.4 4 BLOUNT SIL 
64 0 118.4 5 BLOUNT SIL 

0 118.4 8 BLOUNT SIL 
88 0 118.4 7 BLOUNT Sil 
67 57.8 127 0 BLOUNT SIL 
68 44.4 171.4 0 BLOUNT SIL 
69 81.1 232.5 0 BLOUNT Sil 

0 232.5 1 BLOUNT SIL 
71 0 232.5 ·1 BLOUNT SIL 
72 0 232.5 1 BLOUNT SIL 
73 0 232.5 1 BLOUNT Sil 
74 0 232.5 1 BLOUNT SIL 
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TABLE F-2 (cont.) 

SOIL CUMM CU S'olL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% PH RATE (kg/he) EXTRACT ANT ma/kg mg/kg SAMPLED EXPERIMENT AL DESIGN % 

38 0.9 6.9 0 HCL-HF 20 11.8 LEAF SLUDGE, FIELD, MATURITY 0 
39 0.94 7.6 0 HCL-HF 28 9.3 LEAF SLUDGE, FIELD, MATURITY 0 
40 0.93 7.6 0 HCL-HF 22 11.4 LEAF SLUDGE, FIELD, MATURITY 0 
41 0,92 7.8 0 HCL-HF 24 7 LEAF SLUDGE, FIELD, MATURITY 0 
42 0.87 7.5 0 HCL-HF 21 10.6 LEAF SLUDGE, FIELD, MATURITY 0 
43 0.9 7.6 0 HCL•HF 25 6.1 LEAF SLUDGE, FIELD, MATURITY 0 
44 0.88 7.5 ·o HCL-HF 26 3.4 LEAF SLUDGE, FIELD, MATURITY 0 
45 0.73 7.6 0 HCL-HF 22 8.3 LEAF SLUDGE, FIELD, MATURITY 0 
46 1 7.4 0 HCL·HF 28 8,5 LEAF SLUDGE, FIELD, MATURITY 0 
47 1.06 7.7 51.5 HCL-HF 42 11.4 LEAF SLUDGE, FIELD, MATURITY 0 
48 1.11 6.9 59.8 HCL-HF 28 12.2 LEAF SLUDGE, FIELD, MATURITY 0 
49 1.18 7.5 70 HCL-HF 42 8.7 LEAF SLUDGE, FIELD, MATURITY 0 
so 1.4 7.5 70 HCL-HF 40 9.6 LEAF SLUDGE, FIELD, MATURITY. 0 
51 1.16 7.6 70 HCL-HF 42 7.7 LEAF SLUDGE, FIELD, MATURITY 0 
52 1.08 7.5 70 HCL-HF 38 7.9 LEAF SLUDGE, FIELD, MATURITY 0 
53 1.18 7.7 70 HCL-HF 45 5.9 LEAF SLUDGE, FIELD, MATURITY 0 
54 1.23 7.8 70 HCL-HF 44 3,8 LEAF SLUDGE, FIELD, MATURITY 0 
55 1.09 7.5 · 70 HCL-HF 36 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
56 1.32 7.3 70 HCL-HF 45 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
57 1.38 7.6 103 HCL-HF 60 11.9 LEAF SLUDGE, FIELD, MATURITY 0 
58 1.12 7 119.8 HCL-HF 38 14 LEAF SLUDGE, FIELD, MATURITY 0 
59 ·1.29 7.4 140 HCL-HF 57 8.7 LEAF SLUDGE, FIELD, MATURITY 0 
80 1.83 7.3 140 HCL-HF 67 9.7 LEAF SLUDGE, FIELD, MATURITY 0 
81 1.38 7.5 140 HCL-HF 56 9.8 LEAF' SLUDGE, FIELD, MATURITY 0 
82 1.34 7.2 140 HCL-HF 49 7.9 LEAF SLUDGE, FIELD, MATURITY 0 
83 1.8 7.4 140 HCL-HF 84 8.9 LEAF SLUDGE, FIELD, MATURITY 0 
64 1.31 7.3 140 HCL-HF 68 3.9 LEAF SLUDGE, FIELD, MATURITY 0 
85 1.54 7.1 140 HCL-HF 48 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
66 1.62 7.1 140 ·HCL-HF 87 8.9 LEAF SLUDGE, FIELD, MATURITY 0 
87 1.62 7.6 206 HCL-HF 102 10.7 LEAF SLUDGE, FIELD, MATURITY 0 
88 1.63 8.8 239 · HCL-HF 6~ 14.9 LEAF SLUDGE, FIELD, MATURITY 0 
69 1.94 7.3 280 HCL·HF 91 9.4 LEAF SLUDGE, FIELD, MATURITY ,0 
70 2.5 7.2 280 HCL-HF 116 11.2 LEAF SLUDGE, FIELD, MATURITY 0 
71 1.83 7.3 280 HCL-HF 91 10.3 LEAF SLUDGE, FIELD, MATURITY 0 
72 1.88 7.2 280 HCL-HF 88 9.2 LEAF SLUDGE, FIELD, MATURITY' 0 
73 2.03 7.3 280 HCL-HF 106 7.3 LEAF SLUDGE, FIELD, MATURITY 0 
74 1.6 7.1 280 HCL-HF 94 4.5 LEAF SLUDGE FIELD MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

38 GRAIN 
39 GRAIN 

GRAIN 
41 GRAIN 
42 GRAIN 
43 GRAIN 
44 GRAIN 

GRAIN 
46 GRAIN 
47 GRAIN 
48 GRAIN 
49 GRAIN 

GRAIN 
51 GRAIN 
52 GRAIN 
53 GRAIN 
54 GRAIN 

GRAIN 
5S GRAIN 
57 GRAIN 
58 GRAIN 
59 GRAIN 

GRAIN 
61 GRAIN 
82 GRAIN 
63 GRAIN 
84 GRAIN 

GRAIN 
66 GRAIN 
67 GRAIN 
68 GRAIN 
69 GRAIN 

GRAIN 
71 GRAIN 
72 GRAIN 
73 GRAIN 
74 GRAIN 

TABlE F-2 (cont.) 

YIELD 

REDUCTION 
% 

0 
0 
0 
0 
0 
0 
0 
0 
0 

NA 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NA 
0 
0 
0 
0 
0 
0 
0 
0 
0 

NA 
0 
0 
0 
0 
0 
0 
0 

YlaD 

COMPONENT METAL 
MEASURED PHYTOTOXICITY 

STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO ' 
STOVER N"' ... 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 

· STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
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TABLE F-2 (cont.) 

COMMENTS LOCATION 

38 JOLIET, ILLINOIS 
39 JOLIET, ILLINOIS 
40 JOLIET, ILLINOIS 
41 JOLIET, ILLINOIS 
42 JOLIET, ILLINOIS 
43 JOLIET, ILLINOIS 
44 JOLIET, ILLINOIS 
,45 JOLIET, ILLINOIS 
46 JOLIET, ILLINOIS 
47 JOLIET, ILLINOIS 
48 JOLIET, ILLINOIS 
49 JOLIET, ILLINOIS 
50 JOLIET, ILLINOIS 
61 JOLIET, ILLINOIS 
52 JOLIET, ILLINOIS 
53 JOLIET, ILLINOIS 
64 JOLIET, ILLINOIS 
55 JOLIET, ILLINOIS 
56 JOLIET, ILLINOIS 
57 JOLIET, ILLINOIS 
68 JOLIET, ILLINOIS 
69 JOLIET, ILLINOIS 
80 JOLIET, ILLINOIS 
81 

; 
JOLIET, ILLINOIS 

82 JOLIET, ILLINOIS 
83 JOLIET, ILLINOIS 
84 JOLIET, ILLINOIS 
85 JOLIET, ILLINOIS 
86 JOLIET, ILLINOIS 
67 JOLIET, ILLINOIS 
68 JOLIET, ILUNOIS 
69 JOLIET, ILLINOIS 
70 JOLIET, ILLINOIS 
71 JOLIET, ILLINOIS 
72 JOLIET, ILLINOIS 
73 JOLIET, ILLINOIS 
74 JOLIET. ILLINOIS 
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TABLE F-2 (oont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOLSOUDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR DH % % % mo/ko mo/ko malko 

75 HINESLY 1985 CORN 3.4 283 2983 1422 
76 HINE'3LY 1985 CORN 3.4 263 2983 1422 ·--77,• ; . HIUEJLY 198S COllf.! ' 3.4 263 2963 1422 ... ,. 
78 HINESLY 1985 CORN 3.4 263 2963 1422 
79 HINESLY 1985 CORN 3.4 283 2963 1422 
BO HINESLY 1985 CORN 3.4 263 2963 1422 
81 HINESLY 1985 CORN 3.4 263 2963 1422 
82 HINESLY 1985 CORN 3.4 263 2963 1422 
83 HINESLY 1985 CORN 3.4 263 2963 1422 
84 HINESLY 1985 CORN 3.4 263 2963 1422 
85 HINESLY 1985 CORN 3.4 263 2983 1422 
86 HINESLY 1985 CORN 3.4 263 2983 1422 
87 HINESLY 1985 CORN 3.4 263 '2983 1422 
88 HINESLY 1985 CORN 3.4 283 2963 1422 
89 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
90 HINESLY 1985 CORN 3.4 263 2963 1422 
91 HINESLY 1985 CORN 3.4 263 2963 1422 
92 HINESLY 1985 CORN 3.4. 263 2963 1422 
93 HINESLY 1985 CORN 3.4 283 2963 1422 
94 HINESLY 1985 CORN 3.4 263 2963 1422 
95 HINESLY 1985 CORN 3.4 263 2963 1422 
96 HINESLY 1985 CORN 3.4 283 2963 1422 
97 HINESLY 1985 CORN 3.4 283 2983 1422 
98 HINESLY 1985 : CORN : 3.4 283 2983 1422 
99 HINESLY 1985 CORN 3.4 283 2983 1422 
100 HINESLY 1985 CORN 3.4 263 2983 1422 
101 HINESLY 1985 CORN 3.4 263 2963 1422 
102 HINESLY 1985 CORN 3.4 283 2963 1422 
103 HINESLY 1985 CORN 3.4 263 2963 1422 
104 HINESL Y 1985 CORN 3.4 263 2983 1422 
105 HINESLY 1985 CORN 3.4 283 2963 1422 
108 HINESLY 1985 CORN 3.4 283 2963 1422 
107 HINESL Y 1985 CORN 3.4 283 2983 1422 
108 HINESLY 1985 CORN 3.4 283 2963 1422 
109 HINESLY 1985 CORN 3.4 283 2983 1422 
110 HINESLY 1985 CORN 3.4 263 2963 1422 
111 HINESL Y 1985 CORN 3.4 263 2963 1422 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p 

% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 
Fe N NI Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3. 
78 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
77 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
78 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
79 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
81 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
82 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
83 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
84 4.5 5.9 318 3.5 1135 5059 · 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
88 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
87 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
88 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
89 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
91 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
92 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY, FECL3 
93 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
94 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
98 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
97 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
98 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION . CENT POLY, FECL3 
99 4.6 5·,9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 6.9 318 3.5 1135. 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION. CENT POLY, FECL3 
101 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
102 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
103 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
104 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
108 4.6 · 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
107 4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
108' 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
109 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3 
111 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY FECL3 
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TABLE F-2 (oont.1 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOAONG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Mon,a Man,a APPLICATN NAME NAME TEXTURE % % % cmollka 

0 232.6 1 BLOUNT SIL 
76 0 232.5 1 BLOUNT SIL 
77 0 0 NA EWOT SIL 
78 0 0 NA EWOT SIL 
79 0 0 NA ELLIOT SIL 

0 0 NA EWOT SIL 
81 0 0 NA ELLIOT Sil 
82 0 0 NA ELLIOT Sil 
83 0 0 NA ELLIOT SIL 
84 0 0 NA ELLIOT Sil 

0 0 NA ELLIOT SIL 
86 0 0 NA ELLIOT Sil 
87 14.5 31.8 0 ELLIOT Sil 
88 11.1 42.9 . 0 ELLIOT SIL 
89 15.3 58.2 0 ELLIOT SIL 

0 58.2 1 ELLIOT SIL 
91 0 58.2 2 ELLIOT SIL 
92 0 58.2 3 ELLIOT SIL 
93 0 58.2 4 Ell.IDT SIL 
94 0 58.2 5 EWOT SIL 

0 58.2 8 EWOT SIL 
98 0 58.2 7 ELLIOT SIL 
97 . 29 83.8 0 ELLIOT SIL 
98 22.2 85.8 0 

; 
Ell.lOT SIL 

99 30.8 118.4 · 0 ELLIOT SIL 
0 118.4 1 Ell.lOT SIL 

101 0 118.4 2 ELLIOT SIL 
102 0 118.4 3 EWOT SIL 
103 0 118.4 4 ELLIOT SIL 
104 0 118.4 5 ELLIOT SIL 

0 118.4 8 ELLIOT SIL 
108. 0 118.4 7 ELLIOT SIL 
107 57.8 127 0 ELLIOT SIL 
108 44.4 171.4 ·O ELLIOT SIL 
109 81.1 232.5 0 ELLIOT SIL 

69.8 302.3 0 ELLIOT Sil 
111 54 356.3 0 Ell.IDT Sil 
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TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% DH RATE (ka/hel EXTRACT ANT ma/ka ma/lea SAMPLED EXPERIMENTAL DESIGN % 

1.54 7.1 280 HCL-HF 62 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
76 1.84 7 280 HCL-HF 86 8.7 , LEAF . SLUDGE, FIELD, MATUR11Y 0 
77 1.64· 7.6 .. , o· HCL-HF 19 I 10.2 LEAF SLUDGE, FIELD, MATURITY 0 
78 1.61 6.8 0 HCL·HF 27 11.6 LEAF SLUDGE, FIELD, MATURITY 0 
79 1.54 7.2 0 HCL-HF 26 5.8 LEAF SLUDGE, FIELD, MATURITY 0 

1.53 7.2 0 HCL-HF 20 11.1 LEAF SLUDGE, FIELD, MATURITY 0 
81 1.54 7 0 HCL-HF 22 9.5 LEAF SLUDGE, FIELD, MATURITY 0 
82 1.51 7 0 HCL·HF 18 8 LEAF SLUDGE, FIELD, MATURITY 0 
83 1.58 7.4 0 HCL-HF 23 5.3 LEAF SLUDGE, FIELD, MATURITY o. 
84 1.54 7.2 0 HCL-HF 26 3.7 LEAF SLUDGE, FIELD, MATURITY 0 

1 .51 7 0 HCL-HF 19 8.6 LEAF SLUDGE, FIELD, MATURITY 0 
86 1.62 7 0 HCL-HF 26 7.8 LEAF. SLUDGE, FIELD, MATURITY 0 
87 1.64 7.3 51.5 HCL-HF 39 13.2 LEAF SLUDGE, FIELD, MATURITY 0 
88 1.84 6.8 59.8 HCL-HF 32 9.6 LEAF SLUDGE, FIELD, MATURITY 0 
89 1.74 7.1 70 HCL-HF 39 7.5 LEAF SLUDGE, FIELD, MATURITY 0 

2.18 7.1 70 HCL-HF 32 9.8 LEAF SLUDGE, FIELD, MATURITY 0 
91 1.86 7.2 70 HCL-HF 44 8.6 LEAF SLUDGE, FIELD, MATURITY 0 
92 1.67 7,2 70 HCL-HF 38 6.9 LEAF SLUDGE, Fll:LD, MATURITY 0 
93 1.83 7.5 70 HCL-HF 49 6.4 LEAF SLUDGE, FIELD, MATURITY 0 
94 1.55 7.2 70 HCL-HF 44 4 LEAF SLUDGE, FIELD, MATURITY 0 

1.68 7 70 HCL-HF 36 9.1 LEAF SLUDGE, FIELD, MATURITY 0 
96 1.89 7.1 70 HCL-HF 51 7.7 . LEAF SLUDGE, FIELD, MATURITY 0 
97 1.97 7.8 103 HCL·HF 65 12.8 LEAF SLUDGE, FIELD, MATURITY 0 
98 1 .81 7 : 119.6 HCL-HF 41 12.7 : LEAF SLUDGE, FIELD, MATURITY 0 
99 1.88 7.3 140 HCL-HF 64 9.9 LEAF SLUDGE, FIELD, MATURITY 0 

2.21 7.3 140 HCL·HF 62 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
101 1.99 7.4 140 HCL·HF 59 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
102 1.89 7.3 140 HCL-HF 56 8 LEAF SLUDGE, FIELD, MATURITY 0 
103 1.94 7.4 140 HCL·HF 61 7.8 LEAF SLUDGE, FIELD, MATURITY 0 
104 1.72 7.4 140 HCL·HF 68 4.4 LEAF SLUDGE, FIELD, MATURITY 0 

1.79 7.2 140 HCL-HF 50 8.4 LEAF SLUDGE, FIELD, MATURITY 0 
108 1.87 7.2 140 HCL-HF 54 8.7 LEAF SLUDGE, FIELD, MATURITY 0 

· 107 2.23 7.5 206 HCL-HF 150 6.4 LEAF SLUDGE, FIELD, MATURITY 0 
108 2.22 8.4 239.2 HCL-HF 64 13.9 LEAF SLUDGE, FIELD, MATURITY 0 
109 2.28 6.5 280 HCL-HF 92 5.6 LEAF SLUDGE, FIELD, MATURITY 0 

2.61 6.5 397 HCL-HF 112 9 LEAF SLUDGE, FIELD, MATURITY 0 
111 2.74 6.5 482 HCL-HF 117 12.4 LEAF . SLUDGE FIELD MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

GRAIN 
76 GRAIN 
77 GRAIN 
78 GRAIN 
79 GRAIN 

GRAIN 
81 GRAIN 
82 GRAIN 
83 GRAIN 
84 GRAIN 

GRAIN 
86. GRAIN 
87 GRAIN 
88 GRAIN 
89 GRAIN 

GRAIN 
91 GRAIN 
92 GRAIN 
93 GRAIN 
94 GRAIN 

GRAIN 
. 96 GRAIN 

97 GRAIN 
98 GRAIN 
99 GRAIN 

GRAIN 
101 GRAIN 
102 GRAIN 
103 GRAIN 
104 GRAIN 

GRAIN 
106 GRAIN 
107 GRAIN 
108 GRAIN 
109 GRAIN 

GRAIN 
111 GRAIN 

T ABlE F-2 (cont.) 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER No· 
0 STOVER NO 
0 STOVEP. NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
: 0 STOVER NO 

0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 . STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
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TABLE F-2 (cont.) 

COMMENTS LOCATION 

JOLIET, ILLINOIS 
76 JOLIET, ILLINOIS 
77 JOLIET, ILLINOIS 
78 JOLIET, ILLINOIS 
79 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
81 JOLIET, ILLINOIS 
82 JOLIET, ILLINOIS 
83 JOLIET, ILLINOIS 
84 JOLIET, ILLINOIS 

JOLIET, ILUNOIS 
86 JOLIET, ILLINOIS 
87 JOLIET, ILLINOIS 
88 JOLIET, ILLINOIS 
89 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
91 JOLIET, ILLINOIS 
92 JOLIET, ILLINOIS 
93 JOLIET, 11.A.INOIS 
94 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
96 JOLIET, ILLINOIS 
97 JOLIET, IWNOIS 
98 : : JOLIET, ILUNOIS 
99 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
101 JOLIET, IWNOIS 
102 JOLIET, ILLINOIS 
103 JOLIET, ILLINOIS 
104 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
108. JOLIET, ILLINOIS 
107 JOLIET, ILLINOIS 
108 JOLIET, ILLINOIS 
109 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
111 JOLIET ILLINOIS 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR DH % % % molka ma/ka malka 

112 HINESLV 1985 CORN 3.4 263 2963 1422 
113 HINESL V 1985 CORN 3.4 263 2963 1422 
114 HINESLV 1985 CORN 3.4 263 2963 1422 
115 HINESLV 1985 CORN 3.4 263 2963 1422 
116 HINESLV 1985 CORN 3.4 263 2963 1422 
117 HINESLV 1985 CORN 3.4 263 2963 1422 
118 HINESL V 1985 CORN 3.4 263 2963 1422 
119 HINESLV 1985 CORN 3.4 263 2963 1422 . 
120 HINESL V 1985 CORN 3.4 263 2963 1422 
121 HINESLV 1985 CORN 3.4 263 2963 1422 
122 HINESLV 1985 CORN 3.4 263 2963 1422 
123 HINESLV 1985 CORN 3.4 263 2963 1422 
124 HINESLY 1985 CORN 3.4 263 2963 1422 
125 HINESLY 1985 CORN 3.4 263 2963 1422 
126 HINESL V 1985 CORN 3.4 263 2963 1422 
127 HINESLY 1985 CORN 3.4 263 2963 1422 
i.28 HINESLY 1985 CORN 3.4 263 2963 1422 
129 HINESLY 1985 CORN 3.4 263 2963 1422 
130 HINESLY 1985 CORN 3.4 263 2963 1422 
131 HINESLY 1985 CORN 3.4 263 2963 1422 
132 HINESLY 1985 CORN 3.4 263 2963 1422 
133 HINESLY 1985 CORN 3.4 263 2983 1422 
134 HINESLY 1985 CORN 3.4 283 2963 1422 

: 135 HINESLY 1985 CORN· 3.4 283 2983, 1422 
136 HINESLY 1985 CORN 3.4 283 2983 1422 
137 HINESLY 1985 CORN 3.4 263 2983 1422 
138 HINESLY 1985 CORN 3.4 283 2983 1422 
139 HINESLY 1985 CORN 3.4 283 2963 1422 
140 HINESLY 1985 CORN 3.4 283 2983 1422 
141 HINESLY 1985 CORN 3.4 283 2983 1422 
142 HINESLY 1985 CORN 3.4 263 2983 1422 
143 HINESLY 1985 CORN 3.4 283 2983 1422 
144 HINESLY 1985 CORN 3.4 263 2983 1422 
145 HINESLY 1985 CORN 3;4 283 2963 1422 
146 HINESLY 1985 CORN 3.4 283 1963 1422 
147 HINESLV 1985 CORN 3.4 263 2963 1422 
148 HINESLY 1985 CORN 3.4 263 2963 1422 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

% % ma/ka ma/ka mo/ka mo/ka CONTNT PROCESSING STABILIZATN 

112 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY; FECL3 
113 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
114 4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
115 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
116. 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
117 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
·118 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
119 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
120 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
121 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
122 4.5 5.9 318 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
123 4.5 5.9 316 3.5 . 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENl= POLY, FECL3 
124 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
125 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
126 4.5 5.9 316 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
127 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
128 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
129 4.5 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
130 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
131 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
132 4.5 5.9 316 3.5. 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, .FECL3 

133 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
134 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
135 4.5 5.9 316 3.5 1135 5059 : 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY,'FECL3 
136 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
137 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

138 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

139 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

140 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

141 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

142 4.5 5.9 318 3.5 1135 5059. 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

143 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

144 4.5 5.9. 318 3.5 1135 5059 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

145 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

148 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

147 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

148 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY. FECL3 
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TABLE F-2 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Ma/ha Mg/ha APPLICATN NAME NAME TEXTURE % % % cmol/ko 

112 72 428.3 0 ELLIOT Sil 
· 113 0 428.3 1 ELLIOT SIL 
114 0 428.3 2 ELLIOT SIL 
115 0 428.3 3 EWOT Sil 
116 0 428.3 4 ELLIOT SIL 
117 0 0 NA PLAINFIELD SL 
118 0 0 NA PLAINFIELD SL 
119 0 0 NA PLAINFIELD SL 
120 0 0 NA PLAINFIELD SL 
121 0 0 NA FLA INFIELD SL 
122 0 0 NA PLAINFIELD SL 
123 0 0 NA PLAINFIELD SL 
124 0 0 NA PLAINFIELD SL 
125 0 0 NA PLAINFIELD SL 
126 0 0 NA PLAINFIELD SL 
127 14.6 31.8 0 PLAINFIELD SL 
128 11.1 42.9 0 PLAINFIELD SL 
129 15.3 58,2 0 PLAINFIELD SL 
130 0 58.2 1 PLAINFIELD SL 
131 0 58.2 2 PLAINFIELD SL 
132 0 58.2 3 PLAINFIELD SL 
133 0 58.2 4 PLAINFIELD SL 
134 0 58,2 5 PLAINFIELD SL 
135 : 0 58.2 8 : PLAINFIELD SL : 

138 0 58.2 7 PLAINFIELD SL 
137 29 83.8 0 PLAINFIELD SL 
138 22.2 85.S 0 PLAINFIELD SL 
139 30.8 118.4 0 

. 
PLAINFIELD SL 

1-40 0 118.4 1 PLAINFIELD SL 
141 0 118.4 2 PLAINFIELD SL 
1<42 0 118.4 3 PLAINFN:LD SL 
1<43 0 118.4 4 PLAINFIELD SL 
1.« 0 118.4 6 PLAINFIELD SL 
145 0 1H5.4 8 PLAtNRElD SL 
1-48 0 118.4 7 PLAWRELD SL 
147 57.8 127 0 PLAIHREt.O SL 
us «.4 171.4 0 PLAINFIELD Sl 

, 
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TABLE F-2 (cont.I 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% PH RA TE (ka/hal EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % 

112 2.94 5.9 609 HCL-HF 151 9.2 LEAF SLUDGE, FIELD, MATURITY 0 
113 3.92 5.ta 609 ' HCL-HF 22 B.4 LEAF SLUDGE, FIELD, MATUtUTY 0 
114 · 3.77 ·s.s··. .. , 609 HCL··HF 214 9.4 LEAF SLUDGE, FIELD, MATURITY 0 
115 2.6 6.1 609 HCL-HF 125 10.3 LEAF SLUDGE, FIELD, MATURITY 0 
116 3.2 6.1 609 HCL-HF 184 11.2 LEAF SLUDGE, FIELD, MATURITY 0 
117 0.39 7.8 0 HCL-HF 10 5 LEAF SLUDGE, FIELD, MATURITY NA 
118 0.17 7.1 0 HCL-HF 9 10.5 LEAF SLUDGE, FIELD, MATURITY 0 
119 0.26 7.3 0 HCL-HF 12 7.9 LEAF SLUDGE, FIELD, MATURITY 0 
120 0.27 8.8 0 HCL-HF 5 5.6 LEAF SLUDGE, FIELD, MATURITY 0 
121 0.33 7.6 0 HCL-HF 12 5.4 LEAF SLUDGE, FIELD, MATURITY 0 
122 0.27 7.5 0 HCL-HF 8 5 LEAF SLUDGE, FIELD, MATURITY 0 
123 0.29 7.5 0 HCL-HF 10 4.5 LEAF SLUDGE, FIELD, MATURITY 0 
124 0.42 7.4 0 HCL-HF 12 2.7 LEAF SLUDGE, FIELD, MATURITY 0 
125 0.49 7.4 0 HCL-HF 12 5.8 LEAF SLUDGE, FIELD, MATURITY 0 
126 0.64 7.3 51.5 HCL-HF 21 5.6 LEAF SLUDGE, FIELD, MATURITY 0 
127 0.38 7.8 59.8 HCL-HF 36 9 LEAF SLUDGE, FIELD, MATURITY 0 
128 0.28 7.1 70 HCL-HF 14 12.5 LEAF SLUDGE, FIELD, MATURITY 0 
129 0.61 7.4 70 HCL-HF 27 B.7 LEAF SLUDGE,- FIELD, MATURITY 0 
130 0.91 7.3 70 HCL-HF 37 6.2 LEAF SLUDGE, FIELD, MATURITY 0 
131 0.56 7.4 70 HCL-HF 28 4.4 LEAF SLUDGE, FIELD, MATURITY 0 
132 0.58 7.1 70 HCL-HF 26 6.5 LEAF SLUDGE, FIELD, MATURITY 0 
133 0.45 7.5 70 HCL-HF 25 3.6 LEAF SLUDGE, FIELD, MATURITY 0 
134 0.34 7.7 70 HCL-HF 33 3.1 LEAF SLUDGE, FIELD, MATURITY 0 
135 0.47 7.4 70 : HCL·HF 36 7.5 LEAF SLUDGE,FIELD,MATURITY 0 
136 0.83 7.4 70 HCL·HF 37 6 LEAF SLUDGE, FIELD, MATURITY 0 
137 0.58 7.5 103 HCL-HF 68 9 LEAF SLUDGE, FIELD, MATURITY NA 
138 0.44 8.9 119.8 HCL·HF 36 16.2 LEAF SLUDGE, FIELD, MATURITY ·o 
139 0.81 7.1 140 HCL-HF 47 10.1 LEAF · SLUDGE, FIELD, MATURITY 0 
140 0.95 8.8 140 HCL-HF 47 10.9 LEAF. SLUDGE, FIELD, MATURITY · 0 
141 0.75 7.1 140 HCL-HF 46 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
142 0.96 7.1 140 HCL·HF 37 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
143 0.59 8.9 140 HCL·HF 52 5 LEAF · SLUDGE, FIELD, MATURITY 0 
144 0.89 7 140 HCL-HF 50 3.2 LEAF SLUDGE, FIELD, MATURITY 0 
145 0.81 7.1 140 HCL-HF 52 8.4 LEAF SLUDGE, FIELD, MATURITY 0 
146 0.52 7.1 140 HCL-HF 36 5.9 LEAF SLUDGE, FIELD, MATURITY 0 
147 0.9 7.6 206 HCL-HF 154 10.6 LEAF SLUDGE, FIELD, MATURITY NA 
148 0.6 8.6 239 HCL-HF 42 12.2 LEAF SLUDGE, FIELD. MATURITY 0 
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115 

120 

125 

130 

135 

140 

YIELD 

COMPONENT 
MEASURED 

112 GRAIN 
113 GRAIN 
114 GRAIN 

GRAIN 
116 GRAIN 
117 GRAIN 
118 GRAIN 
119 GRAIN 

GRAIN 
121 GRAIN 
122 GRAIN 
123 GRAIN 
124 GRAIN 

GRAIN 
126 GRAIN 
127 GRAIN 
128 GRAIN 
129 GRAIN 

GRAIN 
131 GRAIN 
132 GRAIN 
133 GRAIN 
134 GRAIN 

GRAIN 
138 GRAIN 
137. GRAIN 
138 GRAIN 
139 GRAIN 

GRAIN 
141 GRAIN 
142 GRAIN 
143 GRAIN 
144 GRAIN 
1 ◄5 GRAIN 
1 ◄8 GRAIN 
1 ◄7 GRAIN 
1 ◄a GRAIN 

TABLE F-2 (cont.I 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER 1 NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

. 0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
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115 

120 

125 

130 

135 

140 

145 

TABLE F-2 (cont.) 

COMMENTS LOCATION 

112 JOLIET, ILLINOIS 
113 JOLIET, ILLINOIS 
114 JOLIET, ILLINOIS 

JOLIET, ILUNOIS 
116 JOLIET, ILLINOIS 
117 JOLIET, ILUNOIS 
118 JOLIET, ILLINOIS 
119 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
121 JOLIET, ILLINOIS 
122 JOLIET, ILUNOIS 
123 JOLIET, ILUNOIS 
124 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
126 JOLIET, ILLINOIS 
127 JOLIET, ILLINOIS 
128 JOLIET, ILLINOIS 
129 JOLIET, ILUNOIS 

JOLIET, ILLINOIS 
131 JOLIET, ILUNOIS 
132 JOLIET, ILUNOIS 
133 JOLIET, ILUNOIS 
134 JOLIET, ILLINOIS 

; JOLIET, ILUNOIS 
136 JOLIET, ILUNOIS 
137 JOLIET, IWNOIS 
138 

,, 

JOLIET, IWNOIS 
139 JOLIET, IWNOIS 

JOLIET, ILUNOIS 
141 JOLIET, ILUNOIS 
142 JOLIET, IWNOIS 
143 JOLIET, ILUNOIS 
144 JOLIET, ILUNOIS 

JOLIET, ILLINOIS 
146 JOLIET, IWNOIS 
147 JOLIET, ILLINOIS 
148 JOLIET. ILLINOIS 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR PH % % % ma/ka ma/ka ma/ka 

149 HINESLY 1985 CORN 3.4 263 2963 1422 
150 HINESLY 1985 CORN 3.4 263 2963 1422 
151 HINESLY 1985 CORN 3.4 263 2963 1422 
152 HINESLY 1985 CORN 3.4 263 2963 1422 
153 HINESLY 1985 CORN 3.4 263 2963 1422 
154 HINESLY 1985 CORN 3.4 263 2963 1422 
155 HINESLY 1985 CORN 3.4 263 2963 1422 
156 HINESLY 1985 CORN 3.4 263 2963 1422 
157 HINESLY 1985 CORN 3.2 265 2846 1311 
158 HINESLY 1985 CORN 3.2 265 2846 1311 
159 HINESLY 1985 CORN 3.2 265 2846 ~311 
160 HINESLY 1985 CORN 3.2 265 2846 1311 
161 HINESLY 1985 ·CORN 3.2 265 2848 1311 
162 HINESL Y 1985 CORN 3.2 265 2846 1311 
163 HINESLY 1985 CORN 3.2 265 2846 1311 
164 HINESLY 1985 CORN 3,2 265 2848 1311 
165 HINESLY 1985 CORN 3,2 265 2848 1311 
168 HINESLY 1985 CORN 3,2 285 2846 1311 
167 HINESLY 1985 CORN 3.2 285 2848 1311 
168 HINESLY 1985 CORN 3.2 265 2848 1311 
169 HINESLY 1985 CORN 3.2 265 2848 1311 
170 HINESLY 1985 CORN 3.2 285 2848 1311 
171 HINESLY 1985 CORN . 3.2 285 2848 1311 
172 HINESLY 1985 CORN 3.2 285 2840 1311 
173 HINESLY 1985 CORN 3.2 285 2848 1311 
174 HINESLY 1985 CORN 3.2 285 2848 1311 
176 HINESLY 1985 CORN 3.2 285 '2848 1311 
178 HINESLY 1985 CORN 3.2 285 2848 1311 . 177 HINESLY 1985 CORN 3.2 285 2848 1311 
178 HINESLY 1985 CORN 3.2 2&5 2848 1311 . 179 HINESLY 1985 CORN 3.2 285 2848 1311 
180 HlNESLY 1985 CORN 3,2 285 214& 1311 
181 HlNESLY 1985 CORN 3.2 285 2148 1311 
182 HlN-Est.Y 1985 CORN 3.2 285 2U8 1311 
183 HWESLY 1985 CORN 3.2 285 '214& 1311 
184 HtNESLY1985 CORN 3.2 285 2848 1311 
185 HiHESLY 1985 CORN 3.2 285 2848 1311 
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150 

155 

160 

165 

170 

175 

180 

185 

TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

p 

% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 
Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

149 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

151 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
152 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
153 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
154 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
156 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
157 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
158 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
159 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENl' POLY, FECL3 
161 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
162 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

163 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

164 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
166 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

167 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
168 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

169 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

171 4.2 5.5 305 3.3 1169 4769 0.03 2ND1'RTMNT, ANAEROBIC DIGESTION· CENT POLY, FECL3 
: 172 4.2 5.5 305 3.3 1169 4769 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

173 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

174 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY~ FECL3 

178 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC OJGESTION CENT POLY, FECL3 

177 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ~N • -~ ·"" fl)JGESTION CENT POLY, FECL3 

178 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, 4NAEROBle DIGESTION CENT POLY, FECL3 

179 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

181 4.2 5.5. 305 3.3 1169 4769 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

182 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

183 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION . CENT POLY, FECL3 

184 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3 
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TABLE F-2 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Mo/ha Mo/ha APPLICATN NAME NAME TEXTURE % % % cmol/ko 

149 61.1 232.5 0 PLAINFIELD SL 
150 69.8 302.3 0 PLAINFIELD SL 
151 54 356.3 0 PLAINFIELD SL 
152 72 428.3 0 PLAINFIELD SL 
153 0 428.3 1 PLAINFIELD SL 
154 0 428.3 2 PLAINFIELD SL 
155 0 428.3 3 PLAINFIELD SL 
156 0 428.3 4 PLAINFIELD SL 
157 0 0 NA BLOUNT Sil 
158 0 0 NA BLOUNT SIL 
159 0 0 NA BLOUNT Sil 
160 0 0 NA BLOUNT SIL 
161 0 0 NA BLOUNT SIL 
162 26.2 40.1 0 BLOUNT SIL 
163 8.1 48.2 0 BLOUNT SIL 
164 14.7 62.9 0 BLOUNT SIL 
165 17.7 80.6 0 BLOUNT SIL 
166 13. 1 93.7 0 BLOUNT SIL 
167 52.4 80.2 0 BLOUNT SIL 
168 18.2 98.4 0 BLOUNT SIL 
189 29.4 126.8 0 BLOUNT SIL 
170 35.4 181.2 0 BLOUNT SIL 
171 28.2 187.4 0 BLOUNT SIL 
172 104.8 160.4 0 BLOUNT SIL : 

173 32.4 192.8 0 BLOUNT SIL 
174 58.8 2s1.e 0 BLOUNT SIL 
176 70.8 322.4 0 BLOUNT SIL 
178 
177 

62.4 
0 

374.8 
0 

0 
NA . BLOUNT 

EWOT 
SIL 

• SIL 
178 
179 

0 
0 

0 
0 

NA 
NA . EWOT 

EWOT 
SIL 
SIL 

180 0 0 NA ELUOT SIL 
181 0 0 NA EWOT SIL 
182 0 0 NA ELLIOT SIL 
183 0 0 NA ELLIOT SIL 
184 0 0 NA EWOT SK. 
185 0 0 NA auor SIL 



TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% PH RATE (kg/hal EXTRACT ANT mg/kg mg/kg SAMPLED EXPERIMENTAL DESIGN % 

149 2.4 6.8 397 HCL-HF 118 11.1 LEAF SLUDGE, FIELD, MATURITY 0 
150 1.85 6.5 482. HCL-HF . 60 -- 11.9 LEAF SLUDGE, FIELD, MATURITY 0 
151•' 1:18 8.1 ~I·• I 609 HCL-liF 104 13.2 LEAF SLUDGE, FIELD, MAYURITY 0 
152 1.96 6.2 609 HCL-HF 116 15.3 LEAF SLUDGE, FIELD, MATURITY 0 
153 2.84 6 609 HCL-HF 164 9.3 LEAF SLUDGE, FIELD, MATURITY 0 
154 3.35 5.9 609 HCL-HF 245 5.9 LEAF SLUDGE, FIELD, MATURITY 0 
155 2.1 6.2 609 HCL-HF 150 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
156 3.03 6.1 609 HCL-HF 224 7.1 LEAF SLUDGE, FIELD, MATURITY 0 
157 1.19 NA 0 HCL-HF 20 8.9 LEAF SLUDGE, FIELD, MATURITY 0 
158 1.01 7.1 0 HCL·HF 15 11.2 LEAF SLUDGE, FIELD, MATURITY 0 
159 0.93 7.5 0 HCL·HF 19 10.3 LEAF SLUDGE, FIELD, MATURITY 0 
.160 1.05 7.7 0 HCL·HF .20 9.8 LEAF SLUDGE; FIELD, MATURITY 0 
161 1.07 7.3 0 HCL·HF 22 10.6 LEAF SLUDGE, FIELD, MATURITY 0 
162 1.29 NA 52 HCL·HF 30 9.4 LEAF SLUDGE, FIELD, MATURITY 0 
163 1.06 7.2 58 HCL·HF 24 11.7 LEAF SLUDGE, FIELD, MATURITY 0 
164 1.1 7.6 67 HCL·HF 35 6.9 LEAF SLUDGE, FIELD, MATURITY 0 
165 1.29 7.6 96 HCL·HF 39 11.8 LEAF SLUDGE, FIELD, MATURITY eo• 
166 1.17 7.8 117 HCL·HF 47 10.4 LEAF SLUDGE, FIELD, MATURITY 28• 
167 1.38 NA 105 HCL·HF 44 9.7 LEAF SLUDGE, FIELD; MATURITY 0 
168 1.15 7.1 116 HCL·HF 27 12.6 LEAF SLUDGE, FIELD, MATURITY 0 
169 1.29 7.6 135 HCL-HF 45 6.2 LEAF SLUDGE, FIELD, MATURITY 0 
170 1.58 7.8 192 HCL-HF 52 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
171 1.75 7.5 235 HCL-HF 75 11.3 LEAF SLUDGE, FIELD, MATURITY 0 
172 1.63 NA 210 HCL-HF' 68 9.3 LEAF SLUDGE, FIELb, MATURITY 0 
173 1.28 8.9 232 HCL-HF 50 .14.3 LEAF SLUDGE, FIELD, MATURITY 0 
174 1.59 7.5 270 HCL·HF 76 8.1 LEAF SLUDGE, FIELD, MATURITY 0 
175 1.9 7.5 384 HCL·HF 78 11.1 LEAF SLUDGE, FIELD, MATURITY 0 
176 2.58 7.3 489 HCL-HF 133 13.1 LEAF SLUDGE, FIELD, MATURITY 0 
177 1.51 NA 0 HCL·HF 19 9 LEAF SLUDGE. FIELD, MATURITY 0 
178 1.34 7 0 HCL-HF 13 10.1. LEAF SLUDGE, FIELD, MATURITY 0 
179 1.29 7.2 0 HCL·HF 18 4.6 LEAF SLUDGE, FIELD, MATURITY 0 
180 1.45 7.1 0 HCL·HF 19 10 LEAF SLUDGE, FIELD, MATURITY 0 
181 1.3 7.8 0 HCL·HF 22 8.3 LEAF SLUDGE, FIELD, MATURITY 0 
182 1.3 7 0 HCL·HF 19 8.3 LEAF SLUDGE, FIELD, MATURITY 0 
183 1.41 7.2 0 HCL·HF 20 8 LEAF SLUDGE, FIELD, MATURITY 0 
184 1.32 8.7 0 HCL·HF 24 6.5 LEAF SLUDGE, FIELD, MATURITY 0 
185 1.38 7 0 HCL·HF 23 8.4 LEAF SLUDGE FIELD. MATURITY 0 
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150 

155 

160 

165 

170 

175 

180 

185 

YIELD 

COMPONENT 
MEASURED 

149 GRAIN 
GRAIN 

151 GRAIN 
152 GRAIN 
153 GRAIN 
154 GRAIN 

GRAIN 
156 GRAIN 
157 GRAIN 
158 GRAIN 
159 GRAIN 

GRAIN 
161 GRAIN 
162 GRAIN 
163 · GRAIN 
164 GRAIN 

GRAIN 
166 GRAIN 
187 GRAIN 
188 GRAIN 
169 GRAIN 

GRAIN 
171 GRAIN 
172 GRAIN 
173 GRAIN 
174 GRAIN 

GRAIN 
178 GRAIN 
177 GRAIN 
178 GRAIN 
179 GRAIN 

GRAIN' 
181 GRAIN 
182 GRAIN 
183 GRAIN 
184 GRAIN 

GRAIN 

TABLE F-2 (cont.I 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 

37• STOVER •NO 
0 STOVER •NO 
0 STOVER •NO 

NA STOVER NO 
0 STOVER NO 

22• STOVER •No 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
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150 

155 

160 

165 

170 

175 

180 

185 

TABLE F-2 (cont.) 

COMMENTS LOCATION 

149 JOLIET, ILLINOIS 
JOLIET, ILLINOIS 

151 JOLIET, ILLINOIS 
152 JOLIET, ILLINOIS 
153 JOLIET, ILLINOIS 
154 JOLIET, ILLINOIS 

JOLIET, IWNOIS 
156 JOLIET, ILLINOIS 
157 JOLIET, ILLINOIS 
158 JOLIET, IWNOIS 
159 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
161 JOLIET, ILLINOIS 
162 JOLIET, ILLINOIS 
163 JOLIET, ILLINOIS 
164 ·DOSE·RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 

·DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
166 ·DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
167 JOLIET, ILLINOIS 
168 JOLIET, ILLINOIS 
169 •DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
171 JOLIET, IWNOIS 
172 

; 
JOLIET, ILLINOIS 

173 JOLIET, IUINOIS 
174 JOLIET, IWNOIS 

JOLIET, ILLINOIS 
176 JOLIET, IWNOIS 
177 JOLIET, ILLINOIS 
178 JOLIET, ILLINOIS 
179 JOLIET, IWNOIS 

JOLIET, ILLINOIS 
181 JOLIET, ILLINOIS 
182 JOLIET, ILLINOIS 
183 JOLIET, ILLINOIS 
184 JOLIET, ILLINOIS 

JOLIET ILLINOIS 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR pH % % % ma/lea ma/lea ma/ka 

186 HINESLY 1985 CORN 3.2 265 2848 1311 
187 HINESLY 1985 CORN 3.2 265 2846 1311 
188 HINESL Y 1985 CORN 3.2 265 2846 1311 
189 HINESL Y 1985 CORN 3.2 265 2846 1311 
190 HINESLY 1985 CORN 3.2 265 2846 1311 
191 HINESLY 1985 CORN 3.2 265 2846 1311 
192 HINESLY 1985 CORN 3.2 265 2846 1311 
193 HINESLY 1985 CORN 3.2 265 2846 1311 
194 HINESLY i985 CORN 3.2 265 2846 1311 
195 HINESLY 1985 CORN 3.2 265 2846 1311 
198 HINESLY 1985 CORN 3.2 265 2846 1311 
197 HINESLY 1985 CORN 3.2 265 2846 1311 
198 HINESLY 1985 CORN 3.2 265 2846 1311 
199 HINESLY 1985 CORN 3.2 265 2846 1311 
200 HINESLY 1985 CORN 3.2 265 2846 1311 
201 HINESLY 1985 CORN V 3.2 265 2846 1311 
202 HlNESLY 1985 CORN 3.2 265 2846 1311 
203 HINESLY 1985 CORN 3.2 265 2846 1311 
204 HINESLY 1985 CORN 3.2 265 2846 1311 
205 HINESLY 1985 CORN 3.2 265 2846 1311 
208 HINESLY 1985 CORN 3.2 265 2846 1311 
207 HINESLY 1985 COAN 3.2 265 2846 1311 
208 HINESLY 1985 CORN 3.2 265 2846 1311 
209 HINESLY 1985 CORN 3.2 265 2846 1311 
210 HINESLY 1985 CORN 3.2 265 2846 1311 
211 HINESLY 1985 CORN 3.2 265 2846 1311 
212 HINESLY 1985 CORN 3.2 265 ·2846 1311 
213 HtNESLY 1985 CORN 3.2 265 2846 1311 
214 HINESLY 19B5 CORN 3.2 285 2848 1311 
215 HINESLY 1985 CORN 3.2 265 2846 1311 
216 HINESLV 1985 CORN 3.2 265 2B46 1311 
217 HINESLY 19B5 CORN 3.2 265 2848 1311 
211 HtNESLY 1985 CORN 3.2 265 2848 1311 
219 HmESLV 1985 CORN 3.2 26S 2846 1311 
220 ~ESLY1985 CORN 3.2 265 "2846 1311 
221 HtNESLY 19B5 CORN 3.2 265 2846 1311 
222 HtNESLY 1985 CORN 3.2 265 2846 1311 



TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

p 

% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 
Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

186 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
187 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
188 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
189 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
190 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
191 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
192 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
193 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
194 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
195 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
196 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
197 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
198 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
199 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
200 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
201 4.2 5.5 305 3.3 1169 4769 0.03 2ND TPTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
202 4.2 5.5 305 3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
203 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
204 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
205 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
206 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
207 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
208 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
209 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
210 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
211 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
212 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
213 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
214 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
215 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
216 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
217 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
218 4.2 5.5. 305 3.3 1169 4769 0.03' 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

219 4'.2 S.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

220 4.2 15.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
221 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

222 4.2 : 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3 
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TABLE F-2 (oontJ 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY son. 
LOAONG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE % % % cmol.lko 

186 0 0 NA ELLIOT SIL 
187 0 0 NA ELLIOT Sil 
188 26.2 40.1 0 ELLIOT SIL 
189 8.1 48.2 0 ELLIOT SIL 
190 14.7 62.9 0 ELLIOT SIL 
191 17.7 80,6 0 ELLIOT SIL 
192 13.1 93.7 0 ELLIOT SIL 
193 17.8 111.5 0 ELLIOT Sil 
194 0 111.5 1 ELLIOT Sil 
195 0 111.5 2 ELLIOT SIL 
196 0 111.5 3 ELLIOT SIL 
197 0 111.5 4 ELLIOT SIL 
198 0 111.5 5 ELLIOT Sil 
199 52.4 80.2 0 ELLIO'r Sil 
200 18.2 96.4 0 ELLIOT SIL 
201 29.4 125.8 0 ELLIOT SIL 

.. 
202 35.4 161.2 0 ELLIOT· SIL 
203 26.2 187.4 0 ELLIOT SIL 
204 35.8 223 0 ELLIOT Sil 
205 0 223 1 ELLIOT Sil 
206 0 223 2 ELLIOT Sil 
207 0 223 3 ELLIOT SIL 
208 0 223 4 ELLIOT Sil 
209 0 

; 
223 5 ELLIOT 

; 
SIL 

210 104.8 180.4 0 ELLIOT SIL 
211 32.4 192.8 0 ELLIOT SIL 
212 58.8 251.6 0 ELLIOT SIL 
213 70.S 322.4 0 ELLIOT SIL 
214 52.4 374.8 0 ELLIOT . SIL 
215 71.2 448 0 ELLIOT SIL 
218 0 446 1 ELLIOT SIL 
217 0 448 2 ELLIOT SIL 
218 0 446 3 ELLIOT SIL 
219 0 446 4 ELLIOT Sil 
220 0 446 5 ELLIOT SIL 
221 0 0 NA PLAINFIELD SL 
222 0 0 NA PLAINFIELD SL 
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TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

QC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% pH RA TE (ka/h!II EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % 

186 1.69 7 0 HCL-HF 23 -- 8.3 LEAF SLUDGE, FIELD, MATURITY 0 
187 1.48 7.4 0 - HCL-HF 22 -- NA LEAF SLUDGE, FIELD, MATURITY 0 
188' f.52 NA ' ' 52 HCL-HF 30 9.6 LEAF SLUDGE, FIELD, MATURITY 0 
189 1.4 6.9 58 HCL-HF 20 10.7 LEAF SLUDGE, FIELD, MATURITY 0 
190 
191 

1.35 
1.58 

7.2 
7.4 

67 
96 

HCL-HF 
HCL-HF 

27 
36 

6.2 
9,8 

LEAF 
LEAF 

SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

0 
so• 

192 1.54 7. 1 117 HCL-HF 52 13.2 LEAF SLUDGE, FIELD, MATURITY 28• 
193 1.64 6.9 146 HCL-HF 50 9.7 LEAF SLUDGE, FIELD, MATURITY 0 
194 1.69 6.9 146 HCL-HF 54 9.7 LEAF SLUDGE, FIELD, MATURITY 0 
195 1 .91 7 146 HCL-HF 45 4.8 LEAF SLUDGE, FIELD, MATURITY 0 
196 1.66 7.3 146 HCL-HF 67 6.8 LEAF SLUDGE, FIELD, MATURITY 0 
197 2.05 7.1 146 HCL-HF 63 6.4 LEAF SLUDGE, FIELD, MATURITY 0 
198 1.95 7.2 146 HCL-HF 48 NA LEAF SLUDGE, FIELD, MATURITY 0 
199 1.71 NA 105 HCL-HF 38. 10.8 LEAF SLUDGE, FIELD, MATURITY 0 
200 1.57 6.9 116 HCL-HF 28 12.4 .. LEAF SLUDGE, FIELD, MATURITY 0 
201 1.57 7.3 135 HCL-HF 41 5.8 LEAF SLUDGE, FIELD, MATURITY 0 
202 1.79 7.1 192 HCL-HF 46 10.3 LEAF SLUDGE, FIELD, MATURITY 0 
203 1.93 6.9 235 HCL-HF 64 11.7 LEAF • SLUDGE, FIELD, MATURITY 0 
204 2.09 6.6 292 HCL-HF 80 14.7 LEAF SLUDGE, FIELD, MATURITY 0 
205 2.37 6.4 292 HCL-HF 96 10.8 LEAF SLUDGE, FIELD, MATURITY 0 
208 2.4 6.4 292 HCL-HF -101 8. 1 LEAF SLUDGE, FIELD, MATURITY 0 
207 2.4 8.8 292 HCL-HF 108 8.1 LEAF SLUDGE, FIELD, MATURITY 0 
208 2.38 6.8 292 HCL-HF 91 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
209 2.48 7.2 292 HCL-HF 

; 89 NA LEAF SLUDGE, FIELD, MATURITY 0 
210 2.06 NA 210 HCL-HF 60 .10.4 LEAF SLUDGE, FIELD, MATURITY 0 
211 2 6.4 232 HCL-HF 50 11 LEAF SLUDGE, FIELD, MATURITY 0 
212 1.76 8.4 270 HCL-HF 56 8.2 LEAF SLUDGE, FIELD, MATURITY 0 
213 2.67 8.2 384 HCL-HF 90 11,7 LEAF SLUDGE, FIELD, MATURITY 0 
214 2.72 6.1 469 HCL-HF 115 12.2 LEAF SLUDGE, FIELD, MATURITY 0 
215 3.53 5.4 584 HCL-HF 171 11 .6 LEAF SLUDGE, FIELD, MATURITY 0 
218 3.35 5.5 584 HCL-HF 171 11.3 LEAF SLUDGE, FIELD, MATURITY 0 
217 3.29 5.8 584 HCL-HF 148 8.7 LEAF ·SLUDGE, FIELD, MATURITY 0 
218 2.68 8 584 HCL-HF 140 8.9 LEAF SLUDGE, FIELD, MATURITY 0 
219 3.02 6 584 HCL-HF 188 8.2 LEAF SLUDGE, FIELD, MATURITY 0 
220 2.2 8.3 584 HCL-HF 97 NA LEAF SLUDGE, FIELD, MATURITY .o 
221 0.38 NA 0 HCL-HF 7 7.3 LEAF SLUDGE, FIELD, MATURITY 0 
222 0.17 7 0 HCL-HF 7 10.4 LEAF SLUDGE, FIELD. MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

186 GRAIN 
187 GRAIN 
188 GRAIN 
189 GRAIN 
190 GRAIN 
191 GRAIN 
192 GRAIN 
193 GRAIN 
194 GRAIN 
195 GRAIN 
196 GRAIN 
197 GRAIN 
198 GRAIN 
199 GRAIN 
200 · GRAIN 
201 GRAIN 
202 GRAIN 
203 GRAIN 
204 GRAIN 
205 GRAIN 
206 GRAIN 
207 GRAIN 
208 GRAIN 
209 GRAIN 
210 GRAIN - 211 GRAIN 
212 GRAIN 
213 GRAIN 
214 GRAIN 
215 GRAIN 
216 GRAIN 
217 GRAIN 
218 GRAIN 
219 GRAIN 
220 GRAIN 
221 GRAIN 
222 GRAIN 

TABLE F-2 (cont.I 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER •No 
0 STOVER •No 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER 1110 
0 STOVER NO 

NA STOt>ER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
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190 

195 

200 

205 

210 

215 

220 

TABLE F-2 (cont.) 

COMMENTS LOCATION 

186 JOLIET, ILLINOIS 
187 JOLIET, ILLINOIS 
188 JOLIET, ILLINOIS 
189 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
191 "DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
192 "DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
193 JOLIET, ILLINOIS 
194 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
196 JOLIET, ILLINOIS 
197 JOLIET, ILLINOIS 
198 JOLIET, ILLINOIS 
199 JOLIET, ILLINOIS . JOLIET, ILLINOIS 
201 JOLIET, ILLINOIS 
202 JOLIET, ILLINOIS 
203 JOLIET, ILLINOIS 
204 JOLIET ILLINOIS 

JOLIET, ILLINOIS 
206 JOLIET, ILLINOIS 
207 JOLIET, ILLINOIS 
208 JOLIET, ILLINOIS 
209 : : JOLIET, IWNOIS 

JOLIET, ILLINOIS 
211 JOLIET, IWNOIS 
212 JOLIET, ILLINOIS 
213 JOLIET, ILLINOIS 
214 JOLIET, ILLINOIS 

JOLIET, ILUNOIS 
216 JOLIET, ILLINOIS 
217 JOLIET, ILLINOIS 
218 JOLIET, ILLINOIS 
219 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
221 JOLIET, ILLINOIS 
222 ' JOLIET. ILLINOIS 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOlSOUOS Al Ce Cd Cr Cu 

CITATION NAME CULTIVAR pH % % % mo/ko molko ma/ka 

223 HINESLY 1985 CORN 3.2 265 2846 1311 
224 HINESLY 1985 CORN 3.2 265 2848 1311 
225 HINESLY 1985 CORN 3.2 265 2846 1311 
226 HINESLY 1985 CORN 3.2 265 2846 1311 
227 HINESLY 1985 CORN 3,2 265 2846 1311 
228 HINESLY 1985 CORN 3.2 265 2846 1311 
229 HINESLY 1985 CORN 3.2 265 2846 1311 
230 HINESLY 1985 CORN 3.2 265 2846 1311 
231 HINESLY 1985 CORN 3.2 285 2846 1311 
232 HINESLY 1985 CORN 3.2 265 2848 1311 
233 HINESLY 1985 CORN 3.2 265 2848 1311 
234 HINESLY 1985 CORN 3.2 265 2848 1311 
235 HINESL Y 1985 CORN 3,2 265 2848 1311 . 236 HINESL Y 1985 CORN 3.2 265 2848 1311 
237 HINESLY 1985 CORN 3.2 265 2846 1311 
238 HINESLY 1985 CORN 3.2 265 2848 1311 
239 HINESLY 1985 CORN 3.2 265 2848 1311 
240 HINESLY 1985 CORN 3.2 265 2848 1311 
241 HINESLY 1985 CORN 3.2 285 2846 1311 
242 HINESLY 1985 CORN 3.2 265 2848 1311 
243 HINESL Y 1985 CORN 3.2 265 2848 1311 
244 HINESL Y 1985 CORN 3.2 265 2848 1311 
24S HINESL Y 1985 CORN 3.2 265 2848 1311 
2413 H!NESLY 1985 CORN : 3.2 265 '2848 1311 
247 HINESL Y 1985 CORN 3.2 265 2846. 1311 
248 HINESLY 1985 CORN 3.2 265 2846 1311 
249 HINESLY 1985 CORN 3.2 285 '2846 1311 
250 HINESLY 1985 CORN 3.2 285 2848 1311 
251 HINESLY 1985 CORN 3.2 285 2846 1311 
252 HINESLY 1985 CORN 3.2 265 2846 1311 
253 HINESLY 1985 CORN 3.2 285 2846 1311 
254 HINESLY 1985 CORN 3.2 265 2848 1311 
255 HINESL Y 1985 CORN 3.2 265 2848 1311 
256 HINESL Y 1985 CORN 3.2 265 2848 1311 
257 HINESLY 1985 CORN 3.2 265 2846 1311 
258 HINESLY 1985 CORN 3.2 265 2848 1311 
259 HINESLY 1985 CORN 3.2 265 · 2846 1311 
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225 

230 

235 

240 

245 

250 

255 

TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABIUZATN 

223 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
224 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
226 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
227 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
228 4.2 5.5 30!. 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

·229 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

231 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION · CENT POLY, FECL3 
232 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
233 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
234 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
236 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
237 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
238 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
239 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
241 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
242 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
243 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
244 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
248 4.2 5.5 305 3.3 

; 
1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

247 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
248 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
249 4.2 5.5 305 3.3 1169 4789 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1189 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
251 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
252 4.2 5,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
253 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
254 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5. 305 3,3 1169 4789 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
256 4.2 5.5 305 3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
257 4.2 5,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
258 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
259 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3 
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225 

230 

235 

240 

245 

250 

255 

TABLE F-2 (cont.) 

ANNLSLUOGE CUMML SLUOC:iE: YEARS SOIL SOil SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOlL CONTENT CONTENT CONTENT CEC 
Mn/ha Ma/ha APPLICATN NAME NAME TEXTURE % % "' cmol/ka 

223 0 0 NA PLAINFIELD SL 
224 0 0 NA PLAINFIELD SL 

0 0 NA PLAINFIELD SL 
226 0 0 NA PLAINFIELD SL 
227 0 o. NA PLAINFIELD SL 
228 0 0 NA PLAINFIELD SL 
229 0 0 NA PLAINFIELD SL 

0 0 NA PLAINFIELD SL 
231 0 0 NA PLAINFIELD SL 
232 26,2 40.1 0 PLAINFIELD SL 
233 8. 1 48.2 0 PLAINFIELD SL 
234 14.7 62.9 0 PLAINFIELD SL 

17.7 80,6 0 PLAINFIELD SL 
236 13.1 93.7 0 PLAINFIELD SL 
237 
238 

17.8 
0 

111.5 
111.5 

0 , PLAINFIELD 
PLAINFIELD 

SL 
SL 

239 0 111.5 2 PLAINFIELD SL 
0 111.6 3 PLAINFIELD SL 

241 0 111.5 4 PLAINFIELD SL 
242 0 111.5 5 PLAINFIELD SL 
243 52.4 80.2 0 PLAINFIELD SL 
244 18.2 96.4 0 PLAINFIELD SL 

29.4 125.8 0 PLAINFIELD SL 
246 35.4 161.2 : 0 PLAINFIELD SL : 

247 28.2 187.4 0 PLAINFIELD SL 
248 35.6 223 0 PLAINFIELD SL 
249 0 223 1 PLAINFIELD SL 

0 223 2 PLAINFIELD SL 
251 0 223 3 PLAINFIELD . SL 
252 0 223 4 PLAINFIELD SL 
253 0 223 5 PLAINFIELD SL 
254 104.8 160.4 0 PLAINFIELD SL 

32.4 192.8 0 PLAINFIELD' SL 
256 58.8 251.8 0 PLAINFIELD SL 
257 70.8 322.4 0 PLAINFIELD SL 
258 52.4 374.8 0 PLAINFIELD SL 
259 71.2 446 0 PLAINFIELD SL 
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TABLE F-2 (cont.) 

SOIL CUMM cu SOIL CU PLANT CU PLANT YIELD 

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% DH RATE (ka/hel EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % 

223 0.21 7.2 0 HCL-HF 6 7.9 LEAF SLUDGE, FIELD, MATURITY 0 
224 0.42 7.1 0 HCL-HF 9 7 LEAF SLUDGE, FIELD, MATURITY 0 
225" 0.44 ·1 ,.•I 0 HCL-HF 14 5.7 LEAF SLUDGE, FIELD, MATURITY 0 
226 0.56 6.9 0 HCL-HF 6 7.7 LEAF SLUDGE, FIELD, MATURITY 0 
227 0.48 7 0 HCL-HF 14 4.6 LEAF SLUDGE, FIELD, MATURITY 0 
228 0.75 7 0 HCL-HF 7 4.5 LEAF SLUDGE, FIELD, MATURITY 0 
229 0.76 7 0 HCL-HF 22 7.2 LEAF SLUDGE, FIELD, MATURITY 0 
230 1.21 8.9 0 ·HcL-HF 24 5.6 LEAF SLUDGE, FIELD, MATURITY 0 
231 0.84 7.1 0 HCL-HF 30 NA LEAF SLUDGE, FIELD, MATURITY 0 
232 0.31 NA 52 HCL·HF 23 9.1 LEAF SLUDGE, FIELD, MATURITY 0 
233 0.44 7.2 58 HCL-HF 23 12.4 LEAF SLUDGE, FIELD, MATURITY 0 
234 0.63 7.3 67 HCL-HF 33 5.9 LEAF SLUDGE, FIELD, MATURITY 0 
235 0.67 7.5 96 HCL-HF 28 8.1 LEAF SLUDGE, FIELD, MATURITY so• 
238 
237 

0.78 
0.8 

7 
7 

117 
146 

HCL-HF 
HCL-HF 

45 
42 

11.1 
9.7 . LEAF 

LEAF 
SLUDGEl FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

so• 
0 

238 0.99 8.8 146 HCL-HF 82 :7.8 LEAF SLUDGE, FIELD, MATURITY 0 
239 1.42 7.1 146 HCL-HF 71 3 LEAF SLUDGE, FIELD, MATURITY 0 
240 1.71 7.2 146 HCL-HF 92 8.5 LEAF SLUDGE,·FIELD, MATURITY 0 
241 1.82 7.2 148 HCL-HF 93 7.3 LEAF SLUDGE, FIELD, MATURITY 0 
242 1.98 7.1 146 HCL-HF 69 NA LEAF SLUDGE, FIELD, MATURITY 0 
243 0.43 NA 105 HCL-HF 35 9.6 LEAF SLUDGE, FIELD, MATURITY NA 
244 0.51 7.1 116 HCL-HF 28 12.4 LEAF SLUDGE, FIELD, MATURITY · 0 
245 0.94 7 135 HCL-HF 53 7.9 LEAF SLUDGE, FIELD, MATURITY ' 0 
246 1.18 7.2 192 HCL-HF 57 10 LEAF SLUDGE, FIELD, MATURITY 0 
247 1.4 7 235 HCL-HF 85 10.8 LEAF SLUDGE, FIELD, MATURITY 0 
248 1.75 6.4 292 -HCL-HF 99 13 LEAF SLUDGE, FIELD, MATURITY 0 
249 2 6.3 292 HCL-HF 111 9.7 LEAF SLUDGE, FIELD, MATURITY 0 
250 2.18 8.8 292 HCL-HF 102 5.3 LEAF SLUDGE, FIELD, MATURITY 0 
251 2.02 6.8 292 HCL-HF 151 8.4 LEAF SLUDGE, FIELD, MATURITY 0 
252 2.33 7.1 292 HCL-HF 148 6.9 LEAF SLUDGE, FIELD, MATURITY 0 
253 1.88 7 292 HCL-HF 124 NA LEAF SLUDGE, FIELD, MATURITY 0 
254 0.73 NA 210 HCL-HF 81 9.9 LEAF SLUDGE, FIELD, MATURITY 0 
255 0.57 8.8 232 HCL-HF 33 14.8 LEAF SLUDGE, FIELD, MATURITY 0 
258 1.3 8.7 270 HCL-HF 73 8.8 LEAF SLUDGE, FIELD, MATURITY 0 
257 1.42 6.8 384 HCL-HF 77 13.3 LEAF SLUDGE, FIELD, MATURITY 0 
258 2.4 8.4 469 HCL-HF 182 14.7 LEAF SLUDGE, FIELD, MATURITY 0 
259 2.78 8.1 584 HCL-HF 155 17.2 LEAF SLUDGE, FIELD MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

223 GRAIN 
224 GRAIN 
225 GRAIN 
2,.6 GRAIN 
227 GRAIN 
228 GRAIN 
229 GRAIN 
230 GRAIN 
231 GRAIN 
232 GRAIN 
233 GRAIN 
234. GRAIN 
235 GRAIN 
236 GRAIN 
237 GRAIN 
238 GRAIN 
239 GRAIN 
240 GRAIN 
241 GRAIN 
242 GRAIN 
243 GRAIN 

. 244 GRAIN 
245 GRAIN 
246 GRAIN 
247 GRAIN 
248 GRAIN 
249 GRAIN 
250 GRAIN 
251 GRAIN 
252 GRAIN 
253 GRAIN 
254 GRAIN 
2.55 GRAIN 
256 GRAIN 
2.57 GRAIN 
268 GRAIN 
259 GRAFN 

TABLE F-2 (cont.I 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER •NO 
0 STOV!R •NO 
0 STOVER NO 
0 STOVER NO· 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 

; 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 

NA STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 
0 STOVER NO 



225 

230 

235 

240 

245 

250 

255 

TABLE F-2 (cont.I 

COMMENTS LOCATION 

223 JOLIET, ILLINOIS 
224 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
226 JOLIET, ILLINOIS 
227 JOLIET, ILLINOIS 
228 JOLIET, ILLINOIS 
229 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
231 JOLIET, ILLINOIS 
232 JOLIET, ILLINOIS 
233 JOLIET, ILLINOIS 
234 JOLIET, ILLINOIS 

"DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
236 "DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
237 . JOLIET, ILLINOIS 
238 JOLIET, ILLINOIS 
239 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
241 JOLIET, ILUNOIS 
242 JOLIET, ILLINOIS 
243 JOLIET, IWNOIS 
244 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
: 246 ' JOLIET, ILUNOIS 

247 JOLIET, ILLINOIS 
248 JOLIET, ILLINOIS 
249 JOLIET, ILUNOIS 

JOLIET, ILLINOIS 
251 JOLIET, ILLINOIS 
252 JOLIET, ILLINOIS 
253 JOLIET, ILLINOIS 
254 JOLIET, ILLINOIS 

JOLIET, ILUNOIS 
256 JOLIET, ILLINOIS 
257 JOLIET, ILUNOIS 
258 JOLIET, ILLINOIS 
259 JOLIET, ILLINOIS 
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260 

265 

270 

275 

280 

285 

290 

295 

TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR pH % % % ma/kg ma/ka ma/ka 

HINESLY 1985 CORN 3.2 265 2846 1311 
261 HINESL Y 1985 CORN 3.2 265 2846 1311 
262 HINESLY 1985 CORN 3.2 265 2846 1311 
263 HINESLY 1985 CORN 3.2 265 2846 1311 
264 HINESLY 1985 CORN 3.2 265 2846 1311 

DAVIS 1981 HERBAGE 1040 
266 DAVIS 1981 HERBAGE 1040 
267 DAVIS 1981 HERBAGE 1040 
268 DAVIS 1981 HERBAGE 1040 
269 DAVIS 1981 HERBAGE 1040 

DAVIS 1981 HERBAGE 1040 
271 DAVIS 1981 HERBAGE 1040 
272 DAVIS 1981 HERBAGE 1040 .. 
273 DAVIS 1981 HERBAGE 1040 
274 DAVIS 1981 HERBAGE 1040 

DAVIS 1981 HERBAGE 1040 
27G DAVIS 1981 HERBAGE 1040 
271 DAVIS 1981 HERBAGE 1040 
278 DAVIS 1981 HERBAGE 1040 
279 DAVIS 1981 HERBAGE 1040 

HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
281 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
282 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
283 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 

; 
4.98 12 1100 2020 

2S4 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 

288 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 '1100 2020 
287 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2.02.0 
288 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
289 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2.020 

KtNG &. MORRIS 1972 RYE 1.42 453 
291 KING le MORRIS 1972 RYE 1.42 453 
292 KING&. MORRIS 1972 RYE 1.42 453 
293 KJNG le MORRIS 1972 RYE 1,42 453 . 
294 KfNG & MORRIS 1972 RYE 1.42 ,453 

KING&. MORRIS 1972 RYE 1.42 ,453 

2915 KtffG fl MORRIS 1972 RYE 1.42 453 
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260 

265 

270 

275 

280 

285 

290 

295 

TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Fe N !Ji p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % mg/kg mg/ka mg/ka ma/ka CONTNT PROCESSING STABILIZATN 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
261 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
262 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
263 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
264 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

DIGESTED. 

266 DIGESTED 
267 DIGESTED 
268 DIGESTED 
269 DIGESTED 

DIGESTED 
271 DIGESTED 
272 DIGESTED 
273 DIGESTED 
274 .. DIGESTED 

DIGESTED 
276 DIGESTED 
277 DIGESTED 
278 DIGESTED 
279 DIGESTED 

1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 

281 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
282 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
283 1.6 2.73 4.4 4.37' 2560 2130 AIR DRY ANAEROBIC DIGESTED 
284 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 

1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
286 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
287 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
288 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 

289 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
2.96 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 

291 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 

292 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 

293 2.96 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 

294 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 

296 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
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260 

265 

270 

275 

280 

285 

290 

295 

TABLE F-2 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT cec 
Ma/ha Mg/ha APPLICATN NAME NAME TEXTURE % % % cmol/kg 

0 446 1 PLAINFIELD SL 
261 0 446 2 PLAINFIELD SL 
262 0 446 3 PLAINFIELD SL 
263 0 446 4 PLAINFIELD SL 
264 0 446 5 PLAINFIELD SL 

0 0 0 LANDFILL CAP CLAY 
266 53 53 0 LANDFILL CAP CLAY 
267 107 107 0 LANDFILL CAP CLAY 
268 213 213 0 LANDFILL CAP CLAY 
269 426 426 0 LANDFILL CAP CLAY 

0 0 1 LANDFILL CAP CLAY 
271 53 53 1 LANDFILL CAP CLAY 
272. 107 107 1 LANDFILL CAP CLAY 
273 213 213 1 LANDFILL CAP .. CLAY 
274 426 426 1 LANDFILL CAP CLAY 

0 0 2 LANDFILL CAP CLAY 
276 53 53 2 LANDFILL CAP CLAY 
277 107 107 2 LANDFILL CAP CLAY 
278 213 213 2 LANDFILL CAP CLAY 
279 426 426 2 LANDFILL CAP CLAY 

0 0 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
281 25 26 0 TYPIC T.APLUDOLL WAUKEGAN SIL 

: 
282 
283 

50 
100 

50 
100 

0 
0 

TYPIC TAPLUOOLL 
TYPIC TAPLUOOLL 

WAUKEGAN 
WAUKEGAN 

SIL 
SIL 

. 
284 200 200 0 TYPIC T.APLUDOLL WAUKEGAN SIL 

0 0 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
288 25 25 1 TYPIC T .APLUDOLL WAUKEGAN SIL 
287 50 50 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
288 100 100 1 TYPIC T.APLUDOLL WAUKEGAN • SIL 
289 200 200 1 TYPIC TAPLUDDLL WAUKEGAN SIL 

0 0 0 TYP1C HAPLUDULT CECIL SCL 
291 28.6 28.5 0 TYPIC HAPLUOULT CECIL SCL 
292 52.5 52.5 0 TYPIC HAPLUDULT CECIL SCL 
293 60 60 0 TYPIC HAPLUDULT CECIL SCL 
294 120 120 0 TYP1C HAPt.UOUlT CECll SCL 

0 0 0 TYf>tC HAPLUDULT CECU. SCL 
298 16.1 41.8 0 TYPIC HAPt.UDUL T CECIL SCL 

F-93 



TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% pH RATE (ka/ha) EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % 

260 3.44 5.8 584 HCL-HF 199 13.3 LEAF SLUDGE, FIELD, MATURITY 0 
261 3.16 5.9 584 HCL-HF 17: 8.6 LEAF SLUDGE, FIELD, MATURITY 0 
262' a:.28 6.2 ., 584 HCL-I-IF 202 10.9 LEAF SLUDGE, FIELD, MA rURITY 0 
263 3.1 6.4 584 HCL-HF 236 8.3 LEAF SLUDGE, FIELD, MATURITY 0 
264 3.15 6.5 584 HCL-HF 236 NA LEAF SLUDGE, FIELD, MATURITY 0 
265 7.9 0 4.8 LEAF FIELD, SLUDGE, MATURITY 0 
266 7.9 55 5 LEAF FIELD, SLUDGE, MATURITY. 0 
267 7.9 111 6 LEAF FIELD, SLUDGE, MATURITY 0 
268 7.9 222 7 LEAF FIELD, SLUDGE, MATURITY 0 
269 7.9 443 '6.5 LEAF FIELD, SLUDGE, MATURITY 0 
J.70 7.9 0 7.4 LEAF FIELD, SLUDGE, MATURITY 0 
271 7.9 55 7.3 LEAF FIELD, SLUDGE, MATURITY 0 
2.72 7.9 lH 6.2 LEAF FIELD, SLUDGE, MATURITY 0 
273 7.9 222 5 LEAF FIELD, SLUDGE, MATURITY 0 
274 7.9 443 5.5 .. LEAF FIELD, SLUDGE, MATURITY 0 
275 7.9 0 ,5 LEAF FIELD, SLUDGE, MATURITY 0 
276 7.9 55 5 LEAF FIELD, SLUDGE, MATURITY 0 
277 7.9 111 4.9 LEAF FIELD, SLUDGE, MATURITY 0 
278 7.9 222 4.8 LEAF FIELD, SLUDGE, MATURITY 0 
279 7.9 443 5.3 LEAF FIELD, SLUDGE, MATURITY 0 
280 . 6.5 0 N.L. 5 LEAF FIELD, SLUDGE, MATURITY 0 
281 6.5 50 N.L. 6 LEAF FIELD, SLUDGE, MATURITY 0 
282 6.5 100 N.L, 9 LEAF FIELD, SLUDGE, MATURITY 0 
283 : 6.5 200 N.L. : 10 LEAF FIELD, SLUDGE, MATURITY o' 
284 6.5 400 N.L 15 LEAF FIELD, SLUDGE, MATURITY 0 
285 6.5 0 N.L. 17 LEAF FIELD, SLUDGE, MATURITY 0 
286 6.5 50 N.L. 15 LEAF FIELD, SLUDGE, MATURITY 0 
287 6.5 100 N.L. 14 LEAF FIELD, SLUDGE, MATURITY 0 
288 6.5 200 N.L 11 LEAF FIELD, SLUDGE, MATURITY 0 
289 6.5 400 N.L. 10 LEAF FIELD, SLUDGE, MATURITY 0 
290 5.2 0 NR NR FIELD, SLUDGE, MATURITY 0 
291 NR 13 NR NR FIELD, SLUDGE, MATURITY 34• 
292 NR 26 NR NR FIELD, SLUDGE, MATURITY 0 
293 NR 34 NR NR FIELD, SLUDGE, MATURITY 0 
294 NR 68 NR NR FIELD, SLUDGE, MATURITY 0 
295 5.2 0 NR 10 FORAGE FIELD, SLUDGE, MATURITY 0 
296 5.1 32 NR 11 FORAGE FIELD. SLUDGE. MATURITY 4,-



260 

265 

270 

275 

280 

285 

290 

295 

TABLE F-2 (cont.) 

YIELD 

COMPONENT 
MEASURED 

GRAIN 
261 GRAIN 
262 GRAIN 
263 GRAIN 
264 GRAIN 

BIOMASS 
266 BIOMASS 
267 BIOMASS 
268 BIOMASS 
26$ BIOMASS 

BIOMASS 
271 BIOMASS 
272 BIOMASS 
273 BIOMASS 
274 BIOMASS 

BIOMASS 
276 BIOMASS 
277 BIOMASS 
2.78 BIOMASS 
279 BIOMASS 

GRAIN 
.281 GRAIN 
282 GRAIN 
283 GRAIN 
284 GRAIN 

GRAIN 
288 GRAIN 
287 GRAIN 
288 GRAIN 
289 GRAIN 

FORAGE 
291 FORAGE 
292 FORAGE 
293 FORAGE 
294 FORAGE 

FORAGE 
298 FORAGE 

YIELD 

REDUCTION 
% 

0 
0 
0 
0 
0 

YIELD 

COMPONENT METAL 
MEASURED PHYTOTOXICITY 

STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 
STOVER NO 

• 

I 

NO 
NO• 
NO 
NO 
NO 
NO 

NO• 
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TABLE F-2 (cont.) 

COMMENTS LOCATION 

JOLIET, ILLINOIS 
261 JOLIET, ILUNOIS 
262 JOLIET, ILLINOIS 
263 JOLIET, ILLINOIS 
264 JOLIET, ILLINOIS 

YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYEI UNITED KINGDOM 
266 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE =OATS/RYE) UNITED KINGDOM 
267 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYE) UNITED KINGDOM 
268 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGEz:OATS/RYE) UNITED KINGDOM 
269 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYEI UNITED KINGDOM 

YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGEmOATS/RYE) UNITED KINGDOM 
271 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYE) UNITED KINGDOM 
272 YIELDS DRAMATICAUY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE•OATS/RYE) UNITED KINGDOM 
273 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFIU CAP (HERBAGE•OATS/RYE) I UNITED KINGDOM 
274 YlaDs DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (MERBAGE•OATS/RYE) UNITED KINGDOM 

YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFIU CAP (HERBAGE .. OATS/RYEI UNITED KINGDOM 
276 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE•OATS/RYE) UNITED KINGDOM 
277 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE• OATS/RYE) UNITED KINGDOM 
278 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE•OATS/RYE) UNITED KINGDOM 
279 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE•OATS/RYE) UNITED KINGDOM 

MINNESOTA 
281 MINNESOTA 
282 MINNESOTA 

: 283 MINNESOTA 
284 MINNESOTA 

MINNESOTA 
286 MINNESOTA 
287 MINNESOTA 
288 MINNESOTA 
289 MINNESOTA 

GEORGIA 
291 •DOSE RESPONSE NOT CONSISTENT GEORGIA 
292 GEORGIA 
293 GEORGIA 
294 GEORGIA 

GEORGIA 
296 *DOSE RESPONSE & TISSUE CU CONCENTRATION ARE NOT CONSISTENT, PH<5.5 GEORGIA 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR DH 'l(, 'l(, % mg/kg ma/ka malka 

297 KING & MORRIS 1972 RYE 1.42 453 
298 KING & MORRIS 1972 RYE 1.42 453 
299 KING & MORRIS 197 2 RYE 1.42 453· 
300 KING & MORRIS 1972 RYE 1.42 453 
301 KING & MORRIS 1972 RYE 1.42 453 
302 KING & MORRIS 1972 RYE 1.42 453 
303 KING & MORRIS 1972 RYE 1.42 453 
304 KING & MORRIS 1972 RYE 1.42 453 
305 WEBBER 1972 RED BEET 
306 WEBBER 1972 RED BEET 240 1100 
307 WEBBER 1972 RED BEET 175 11300 
308 WEBBER 1972 RED BEET 175 11300 
309 WEBBER 1972 RED BEET 240 1100 
310 WEBBER 1972 RED BEET .. 175 11300 
311 WEBBER 1972 CELERY 
312 WEBBER 1972 CELERY 240 1100 
313 WEBBER 1972 CELERY 175 11300 
314 WEBBER 1972 CELERY 175 11300 
315 WEBBER 1972 CELERY 240 1100 
318 WEBBER 1972 CELERY 175 11300 
317 WEBBER 1972 CELERY 
318 WEBBER 1972 
319 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
320 PIETZ ET AL. 1983' CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
321 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.3 3.3 307 3505 1471 
322 PIETZ ET AL 1983 CORN PIONEER 3517 7.6 46 1.6 3,3 307 3505 1471 
323 PIETZ ET AL 1983 CORN PIONEER 3517 7.8 46 1.5 3.3 307 3505 1471 
324 PIETZ ET AL. 1983 CORN PIONEER 3517 7.8 46 1.4 3.3 307 3505 1471 
325 PIETZ ET AL, 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
328 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3,3 307 3505 1471 
327 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3605 1471 
3:lS PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 
329 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.4 3.3 307 3505 1471 
330 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
331 PlfTZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.3 3.3 307 ~505 1471 
332 PtETZ ET AL 1983 CO·RN PIONEER 3517 7.8 4tS 1.6 3.3 307 3505 1471 
333 PIETZ ET AL 1983 CORN PIONEER 3517 7.8 46 1.5 3.3 307 3505 1471 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLlJDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE. 

p Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZA TN 

297 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
298 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
299 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
300 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
301 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
302 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
303 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
304 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED 
305 
306 210 3000 
307 104 3900 
308 104 3900 
309 210 3000 
310 104 3900 
311 • 
312 210 3000 
313 104 3900 
314 104 3900 
315 210 3000 
316 104 3900 
317 
318 
319 5.1 5.1 369 3.42 1258 4872 0.04: SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
320 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 

321 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

322 5,1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

323 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

324 5.1 5. 1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

325 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

326 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 

327 5. 1 5. 1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 

328 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

329 5,1 5.1, 369 3.42 1258 4872 0.04' SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

330 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

331 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

332 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

333 5.1 5.1 · 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST LAGOON POLYMER.FECL3 
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TABLE F-2 (cont.) 

ANNLSLUOGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Matha Mathe APPLICATN NAME NAME TEXTURE % % % cmol/ka 

297 30 82.5 0 TYPIC HAPLUDUL T CECIL SCL 
298 60 120 0 TYPIC HAPLUDUL T CECIL SCL 
299 120 240 0 TYPIC HAPLUDUL T CECIL SCL 
300 0 0 0 TYPIC HAPLUDUL T CECIL SCL 
301 15. 1 41.6 0 TYPIC HAPLUDUL T CECIL SCL 
302 30 82.5 0 TYPIC HAPLUDUL T CECIL SCL 
303 60 120 0 TYPIC HAPLUDUL T CECIL SCL 
304 120 240 0 TYPIC HAPLUDUL T CECIL SCL 
305 
306 

0 
125.5 

0 
125.5 

0 .. 
' 307 125.5 125.5 2 

308 125.5 125.5 2 
309 31.4 94.2 0 
310 31.4 94.2 0 .. 
311 0 0 0 
312 125.5 125.5 2 
313 125.5 125.5 2 
314 125.5 125.5 2 
315 31.4 94.2 0 
316 31.4 94.2 0 
317 
318 
319 0 0 STRIP MINE SPOIL 12,8 
320 0 0 . STRIP MINE SPOIL : 12.15 
321 0 0 STRIP MINE SPOIL 12.15 
322 0 0 STRIP MINE SPOIL 12.e 
323 0 0 STRIP MINE SPOIL 12.e 
324 3 3 STRIP MINE SPOIL 12,8 
325 12.B 15.8 0 STRIP MINE SPOIL 12.8 
328 12.4 28.1 0 STRIP MINE SPOIL 12.8 
327 14.3 42.4 0 STRIP MINE SPO!t. 12.e 
328 19.5 81.9 0 STRIP MfNE SPOIL 12.e 
329 e e 0 STRIP MINE SPOIL 12.e 
330 25.S 31.5 0 STRPP MfNE SPOIL 12.e 
331 29.8 81.3 0 STRIPMWf:Sl'Ofl. 12.e 
332 21.e 89.9 0 STRtP MINE SPOIL 12.e 
333 39 128.9 0 STRIP MINE SPOIL 12.e 
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TABLE F-2 (cont.) 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% PH RA TE (kg/ha) EXTRACT ANT mg/kg mg/k.g SAMPLED EXPERIMENTAL DESIGN % 

297 NR 64 NR -- 12.5 . -=oRAGE FIELD, SLUDGE, MATURITY 0 
298 4.5 102 ' - NR 14.5 • .=ORAGE FIELD, SLUDGE, MATURITY 0 

· 299•' ' ·' 4.2 ., ' 184 NR 20 FORAGE FIELD, SLUDGE, MATURITY 80 
300 LIMED 0 NR 10.2 FORAGE FIELD, SLUDGE, MATURITY 0 
301 LIMED 32 NR 10.2 FORAGE FIELD, SLUDGE, MATURITY 0 
302 LIMED 64 NR 11.5 FORAGE FIELD, SLUDGE, MATURITY 0 
303 LIMED 102 NR 12 FORAGE FIELD, SLUDGE, MATURITY 0 
304 LIMED 184 NR 16 FORAGE FIELD, SLUDGE, MATURITY 58 
305 6.1 0 .5M HOAC 1.1 SLUDGE, FIELD, MATURITY 0 
306 NR 138 .SMHOAC 7.3 SLUDGE, FIELD, MATURITY 0 
307 NR 502 .5 MHOAC 36 SLUDGE, FIELD, MATURITY 0 
308 NR 1004 .SM HOAC 76 SLUDGE, FIELD, MATURITY 64 
309 NR 104 .5 MHOAC 6 SLUDGE, FIELD, MATURITY 0 
310 
311 

NR 
6.1 

502 
0 

.5 M HOAC 

.5 M HOAC 
14.5 
1.1 . SLUDGE, FIELD, MATURITY 

SLUDGE, FIELD, MATURITY 
0 
0 

312 NR 138 • SM HOAC 7.3 SLUDGE, FIELD, MATURITY 0 
313 NR 502 .SMHOAC 36 SLUDGE, FIELD, MATURITY 0 
314 NR 1004 .5 MHOAC 76 SLUDGE, FIELD, MATURITY 0 
315 NR 104 .5 MHOAC 6 SLUDGE, FIELD, MATURITY 0 
316 NR 502 .5 MHOAC 14.5 SLUDGE, FIELD, MATURITY 0 
317 
318 
319 0.25 7.B 0 0.1 MHCI 3.3 12 LEAF FIELD, SLUDGE, MATURITY 0 

. 320 0.25 : 7.8 0 0.1 MHCI 3,6 16 LEAF FIELD, SLUDGE, MATURITY 0 
321 0.33 7.8 0 0.1 MHCI 2.3 . 12 LEAF FIELD, SLUDGE, MATURITY 0 
322 0.33 7.8 0 0.1 M HCI 6.8 13 LEAF FIELD, SLUDGE, MATURITY 0 
323 0.33 7.8 0 0.1 M HCI 4 9 LEAF FIELD, SLUDGE, MATURITY 0 
324 0.33 7.8 2.8 0.1 M HCI 2.7 15 LEAF FIELD, SLUDGE, MATURITY 0 
325 0.27 7.B 25 0.1 M HCI 5.3 10 LEAF FIELD, SLUDGE, MATURITY 0 
326 0.41 7.8 48 0.1 M HCI 7.8 11 LEAF FIELD, SLUDGE, MATURITY 0 
327 0.41 7.8 73 0.1 MHCI 14.6 13 LEAF FIELD, SLUDGE, MATURITY 0 
328 0.59 7.8 107 0.1 M HCI 9.4 11 LEAF FIELD, SLUDGE, MAtlJRITV 0 
329 0.35 7.8 5.6 0.1 M HCI 3.3 16 LEAF FIELD, SLUDGE, MATURITY 0 
330 0.3 7.8 50 0.1 M HCI 5.6 10 LEAF FIELD, SLUDGE, MATURITY 0 
331 0.3 7.8 96 0.1 M HCI 19.4 11 LEAF FIELD, SLUDGE, MATURITY 0 
332 0.5 7.8 146 0.1 MHCI 19.5 13 LEAF FIELD, SLUDGE, MATURITY 0 
333 0.5 7.8 214 0.1 M HCI 14 13 LEAF FIELD, SLUDGE, MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

297 FORAGE 
298 FORAGE 
299 FORAGE 
300 FORAGE 
301 FORAGE 
302 FORAGE 
303 FORAGE 
304 FORAGE 
305 TOTAL BIOMASS 
306 TOTA!. BIOMASS 
307 TOTAL BIOMASS 
308 TOTAL BIOMASS 
309 TOTAL BIOMASS 
310 TOTAL BIOMASS 
311 · STALKS 
312 STALKS 
313 STALKS 
314 STALKS 
315 STALKS 
316 STALKS 
317 
318 
319 GRAIN 
320 GRAIN : 

321 GRAIN 
322 GRAIN 
323 GRAIN 
324 GRAIN 
325 GRAIN 
326 GRAIN 
327 GRAIN 
328 GRAIN 
329 GRAIN 
330 GRAIN 
331 GRAlH 
332 GRAfN 
333 GRAtN 

TABLE F-2 (cont.) 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

NO 
NO 

POSSIBLE 
NO 
NO 
NO 
NO 

POSSIBLE 
NO 
NO 
NC 

POSSIBLE 
NO .. NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
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300 

305 

310 

315 

320 

325 

330 

TABLE F-2 (cont.) 

COMMENTS LOCATION 

297 GEORGIA 
298 GEORGIA 
299 PH<5.5 (=4.21 GEORGIA 

GEORGIA 
301 GEORGIA 
302 GEORGIA 
303 GEORGIA 
304 LOADING IN EXCESS OF AGRONOMIC RATES, PH UNKNOWN AND QUESTIONABLE GEORGIA 

LEEDS, U.K. 
306 LEEDS, U.K. 
307 LEEDS, U.K. 
308 HIGH CU SLUDGE (11300 MG/KGIBLENDED WITH LOWER ZN SLUDGE WAS USED LEEDS, U.K. 
309 LEEDS, U.K. 

LEEDS, U.K. .. 311 LEEDS, U.K • 
312 LEEDS, U.K. 
313 LEEDS, U.K. 
314 LEEDS, U.K. 

LEEDS, U.K. 
316 LEEDS, U.K. 
317 
318 
319 FULTON CO., ILLINOIS 

: : FULTON CO., ILi.lNOIS 
321 FULTON CO., ILLINOIS 
322 FULTON CO., ILLINOIS 
323 FULTON CO., ILLINOIS 
324 FULTON CO., ILLINOIS 

FULTON CO., ILUNOIS 
326 FULTON CO., ILLINOIS 
327 FULTON CO., llLINOIS 
328 FULTON CO., ILLINOIS 
329 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
331 FULTON CO., ILUNOIS 
332 FULTON CO., ILLINOIS 
333 FULTON CO. ILLINOIS 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR DH % % % m11/k11 m11/k11 ma/ka 

334 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
335 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
336 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471 
337 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471 
338 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 
339 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
340 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
341 PIETZ ET AL. 1~91 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
342 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
343 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
344 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 150 3505 1471 
345 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
348 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
347 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
348 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460 
349 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 879 454 
350 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
351 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471 
352 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 3505 1471 
353 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 265 3505 1471 
354 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
355 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 160 3505 1471 
358 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 3505 1471 
357 PIETZ ET AL.1991 CORN PIONEER 3517 7.8 ·20 3.1 0.71 71 775. 480 
352 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 480 
359 PIETZ ET Al, 1991 CORN PIONEER 3377 7.8 30 3,1 0.71 71 775 480 
380 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 20 0.87 3.9 53 '879 454 
381 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471 
382 PIETZ ET AL 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 265 3505 1471 
383 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471 
384 PIETZ ET AL 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471 
385 PfETZ ET AL 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471 
388 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 3505 1471 
387 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 3505 1471 
388 PlcTZETAL 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 775 4&0 
389 PfETZ ET AL 1991 CORN P10NEER 3517 7.8 2.0 3.1 0.71 71 775 480 
370 PtETZ ET AL 19i1 COON P10NEER33n 7.8 30 3.1 J.71 71 775 480 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % mg/kg ma/kg mg/kg ma/kg CONTNT PROCESSING STABILIZATN 

334 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
335 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
336 5.1 5.1 369 3.42 1258 4872 0,04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
337 5.1 5,1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
338 - 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
339 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
340 4.3 4.5 425 3.42 850 3600 0,05 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
341 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
342 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
343 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
344 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
345 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
346 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
347 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
348 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
349 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
350 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
351 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
352 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
353 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER.FECL3 
354 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
355 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
358 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
357 2.2 '0.5 116 0.87 293 1100 0.88 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
358 2.2 0.5 118 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
359 2.2 0,5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

380 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
361 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

362 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
363 4.3 4.5 425 3.42 850 3800 0.054 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 

364 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

365 4.3 4.5 425 3.42 , 850 3800 0,052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

366 4.3 4.5 425 3.42 850 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

367 4.3 4.5 425 3.42 850 3600 0,046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

368 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

369 2.2 0.5 118 0.87 293 1100 0.85 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

370 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY ANAER DIGEST LAGOON POL YMER,FECL3 
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TABLE F-2 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Mg/ha Ma/ha APPLICATN NAME NAME TEXTURE % % % cmol/ka 

334 11.9 11.9 0 STRIP MINE SPOIL 12.8 
335 51 62.9 0 STRIP MINE SPOIL 12.6 
336 59.6 122.5 0 STRIP MINE SPOIL 12.6 
337 57.1 179.6 0 STRIP MINE SPOIL 12.6 
338 78 257.6 0 STRIP MINE SPOIL 12.6 
339 0 0 0 STRIP MINE SPOIL 
340 0 0 0 STRIP MINE SPOIL 
341 0 0 0 STRIP MINE SPOIL 
342 0 0 0 STRIP MINE SPOIL 
343 0 C 0 STRIP MINE SPOIL 
344 0 0 0 STRIP MINE SPOIL 
345 0 0 0 STRIP MINE SPOIL 
346 0 0 0 STRIP MINE SPOIL 
347 0 0 0 STRIP MINE SPOIL .. 
348 0 0 0 STRIP MINE SPOIL 
349 0 C, 0 STRIP MINE SPOIL 
350 16.1 78 0 STRIP MINE SPOIL 
351 19.9 97.9 0 STRIP MINE SPOIL 
352 17.4 115.3 0 STRIP MINE SPOIL 
353 11.4 126.7 0 STRIP MINE SPOIL 
354 16.8 143.5 0 STRIP MINE SPOIL 
355 17.9 181.4 0 STRIP MINE SPOIL 
356 Hl,8 178.2 0 STRIP MINE SPOIL 
357 16.8 ·195 0 STRIP MINE SPOIL : 

358 16.8 211.8 0 STRIP MINE SPOIL 
359 115.B 228,8 0 STRIP MINE SPOIL 
360 18,8 245.4 0 STRIP MINE SPOIL 
361 32.2 181.1 0 STRIP MINE SPOIL 
382 39,8 200.9 0 STRIP MINE SPOIL 
3153 34,8 235.7 0 STRIP MINE SPOIL 
3154 22.8 258,5 0 STRIP MINE SPOIL 
385 34.9 293.4 0 STRIP MINE SPOll 
315e 35.8 329., 0 STRIP MtNE SPOll. 
3157 33,15 382.8 0 STRIP MtNE SPOIL 
381 33.15 398.4 0 STRIPMNESP<XL 
389 33.15 430 0 STRW MWE SPOff. 
370 33.15 483.6 0 STRIP MINE SPOU. 

F-105 



335 

340 

345 

350 

355 

360 

365 

370 

TABLE F-2 (cont.I 

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% DH RATE (ka/ha) EXTRACT ANT mg/ka ma/ka SAMPLED EXPERIMENTAL DESIGN 'll, 

334 0.33 7.8 11.2 0.1 MHCI 3.7 11 LEAF FIELD, SLUDGE, MATUFUTY 0 
0.33 7.8 100 0.1 M HCI 6. --- 11 LEAF FIELD, SLUDGE, MATURITY 0 

~· 336 0.76 7.8 · 192 0.1 M HCI 39.6 12 LEAF FIELD, SLUDGE, MATURITY 0 
337 0.76 7.8 292 0.1 MHCI 32.6 14 LEAF FIELD, SLUDGE, MATURITY 0 
338 1.22 7.8 428 0.1 M HCI 29.8 15 LEAF FIELD, SLUDGE, MATURITY 0 
339 0.33 7.5 0 0.1 M HCI 11.7 8 LEAF FIELD, SLUDGE, MATURITY 0 

0.44 7.5 0 0.1 M HCI 9.5 10 LEAF FIELD, SLUDGE, MATURITY 0 
341 0.44 7.5 0 0.1 M HCI 11.5 14 LEAF FIELD, SLUDGE, MATURITY 0 
342 0.36 7.5 0 0.1 M HCI 13.3 12 LEAF FIELD, SLUDGE, MATURITY 0 
343 0.36 7.5 0 0.1 MHCI 11.9 9 LEAF FIELD, SLUDGE, MATURITY 0 
344 0.46 7.S 0 0.1 M HCI 14.3 8 LEAF FIELD, SLUDGE, MATURITY 0 

0.46 7.5 0 0.1 M HCI 16.4 11 LEAF FIELD, SLUDGE, MATURITY 0 
346 0.73 7.5 0 O.lMHCI 18.8 11 LEAF FIELD, SLUDGE, MATURITY 0 
347 
348 

0.73 
0.7 

7.5 
7.5 

0 
0 

0.1 M HCI 
0.1 M HCI 

24.6 
26.2 

10 
6 . LEAF 

LEAF 
FIELD, SLUDGE, MATURITY 
FIELD, SLUDGE, MATURITY 

0 
0 

349 0.7 7.5 0 0.1 M HCI 29.3 9 LEAF FIELD, SLUDGE, MATURITY 0 
0.59 7.5 140 0.1 M HCI 19.8 8 LEAF FIELD, SLUDGE, MATURITY 29.5 

351 0.94 7.5 175 0.1 M HCI 23.4 9 LEAF FIELD, SLUDGE, MATURITY NA 
352 0.94 7.5 206 0.1 M HCI 51 11 LEAF FIELD, SLUDGE, MATURITY 0 
353 0.67 .7.5 228 0.1 M HCI 41.5 12 LEAF FIELD, SLUDGE, MATURITY 0 
354 0.67 7.5 264 0.1 M HCI 38.2 7 LEAF FIELD, SLUDGE, MATURITY 0 

0.87 7.5 289 0.1 M HCI 50.6 8 LEAF FIELD, SLUDGE, MATURITY 0 
356 0.87 7.5 313 0.1 M HCI 51.2 15 LEAF FIELD, SLUDGE, MATURITY 0 

'357 1 .41 7.5 334 0.1 M HCI 72.T 11 LEAF FIELD, SLUDGE, MATURITY : 
0 

358 1.41 7.5 351 0.1 M HCI 80.1 10 LEAF FIELD, SLUDGE, MATURITY 0 
359 1.25 7.5 373 0.1 M HCI 76.2 6 LEAF FIELD, SLUDGE, MATURITY 0 

1.25 7.5 387 0.1 M HCI 69.7 9 LEAF FIELD, SLUDGE, MATURITY 0 

361 0.94 7.5 280 0.1 M HCI 40.5 10 LEAF FIELD, SLUDGE, MATURITY 21.5 

362 0.94 7.5 350 0.1 M HCI 37.2 13 LEAF FIELD, SLUDGE, MATURITY NA 
363 1.56 7.5 412 0.1 M HCI 103 14 LEAF FIELD, SLUDGE, MATURITY 0 

364 1.56 7.5 456 0.1 M HCI 89 13 LEAF FIELD, SLUDGE, MATURITY 0 

1.04 7.5 528 0.1 M HCI 84.4 12 LEAF · FIELD, SLUDGE, MATURITY 0 

366 1.04 7.5 578 0,1 M HCI 106 10 LEAF FIELD, SLUDGE, MATURITY 0 

367 1.48 7.5 626 0.1 M HCI 112 14 LEAF FIELD, SLUDGE, MATURITY 0 

368 1.48 7.5 668 0.1 M HCI 128 11 LEAF FIELD, SLUDGE, MATURITY 0 

369 2.15 7.5 702 0.1 M HCI 148 13 LEAF FIELD, SLUDGE, MATURITY 0 

2.15 7.5 746 0.1 M.HCI 123 5 LEAF FIELD, SLUDGE MATURITY 0 
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YIELD 

COMPONENT 
MEASURED 

334 GRAIN 
335 GRAIN 
336 GRAIN 
337 GRAIN - 338 GRAIN 
339 GRAIN 
340 GRAIN 
341 GRAIN 
342 GRAIN 
343 GRAIN 
344 GRAIN 
345 GRAIN 
348 GRAIN 
347 GRAIN 
348· GRAIN 
349 GRAIN 
350 GRAIN 
351 GRAIN 
352 GRAIN 
353 GRAIN 
354 GRAIN 
355 GRAIN 
356 GRAIN 
357 : GRAIN 
358 GRAIN 
359 GRAIN 
380 ·GRAIN 
381 GRAIN 
382 GRAIN 
383 GRAIN 
384 GRAIN 
385 GRAIN 
388 GRAIN 
387 GRAIN 
388 GRAIN 
369 GRArN 
370 GRAIN 

TABLE F-2 (cont.) 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STO\IER 
0 STOVER 
0 STOVER 
0 STOVER 

NA STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 ~TOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 

NA STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
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335 

340 

345 

350 

355 

360 

365 

370 

TABLE F-2 (cont.I 

COMMENTS LOCATION 

334 FULTON CO., ILLINOIS 
FULTON CO., ILLINOIS 

336 FULTON CO,. ILLINOIS 
337 FULTON CO., ILLINOIS 
338 FULTON CO., ILLINOIS 
339 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
341 FULTON CO., ILLINOIS 
342 FULTON CO., ILLINOIS 
343 FULTON CO., ILLINOIS 
344 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
346 FULTON CO., ILUNOIS 
347 FULTON CO., ILLINOIS 
348 .. FULTON CO., ILLINOIS 
349 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
351 FULTON CO., ILLINOIS 
352 FULTON CO., ILLINOIS 
353 FULTON CO., IWNOIS 
354 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
356 FULTON CO., ILLINOIS ' 

: : 357 FULTON CO., ILLINOIS 
358 FULTON CO., ILLINOIS 
359 FULTON CO., IWNOIS 

FULTON CO., ILUNOIS 
361 FULTON CO., ILLINOIS 
a82 FULTON CO., ILLINOIS 
383 FULTON CO., ILLINOIS 
364 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
368 FULTON CO., ILLINOIS 
367 FULTON CO., ILLINOIS 
368 FULTON CO., ILLINOIS 
369 FULTON CO., ILLINOIS 

FULTON CO., ILLINOIS 
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TABLE F-2 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
CITATION NAME CULTIVAR pH % % % malka malka ma/ka 

371 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 
372 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 2.65 3505 1471 
373 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 2.65 3505 1471 
374 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 2.65 3505 1471 
375 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 285 3505 1471 
376 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 265 3505 1471 
377 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
378 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
379 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
380 PIETZ ET AL. 1991 CORN PIONEER 3517 7.5 20 3.1 0.71 71 775 460 
381 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 776 460 
382 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 
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TABLE F-2 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
%, % mg/ka mg/kg mg/ka ma/kg CONTNT PROCESSING ST ABILIZATN 

371 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
372 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
373 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
374 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
375 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
378 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
377 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
378 4.3 4.5 425 3.42 850 3600 0.048 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
379 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
380 2.2 0.5 11/3 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
381 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
382 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST LAGOON POLYMER.FECL3 
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TABLE F-2 (cont.I 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL 

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC 
Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE % % % cmol/ka 

371 33,6 497.2 0 STRIP MINE SPOIL 
372 64.3 321.9 0 STRIP MINE SPOIL 
373 79.7 401.6 0 STRIP MINE SPOIL 
374 69.8 471.4 0 STRIP MINE SPOIL 
375 45.5 516.9 0 STRIP MINE SPOIL 
376 68.8 585.7 0 STRIP MINE SPOIL 
377 71.7 657.4 0 STRIP MINE SPOIL 
378 67.2 724.6 0 STRIP MINE SPOIL 
379 67.2 791.8 0 STRIP MINE SPOIL 
380 67.2 859 0 STRIP MINE SPOIL 
381 67.2 · 926.2 0 STRIP MINE SPOIL 
382 67.2 993.4 0 STRIP MINE SPOIL 
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TABLE F-2 (cont.) 

SOIL CUMM cu SOIL CU PLANT CU PLANT YIELD 

oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION 
% PH RATE (kg/hal EXTRACT ANT mg/kg ma/ka SAMPLED EXPERIMENTAL DESIGN % 

371 1 .9 7.5 774 0.1 M HCI 131 8 LEAF FIELD, SLUDGE, MATURITY 43.7 
372 1.22 7.5 560 0.1 M HCI 63.7 11 LEAF FIELD, SLUDGE, MATURffY 23 

.373 ,' 
,--

374 
3.02· 
3.02 

7;5 
7.5 

700 
824 

0.1 MP.CI 
0.1 M HCI 

74.2 
203 

18 
19 

LEAF 
LEAF 

FIELD, SLUDGE, MATIJRITY 
FIELD, SLUDGE, MATURITY 

NA 
0 

375 1.58 7.5 912 0.1 M HCI 176 17 LEAF FIELD, SLUDGE, MATURITY 0 
376 1.58 7.5 1056 0.1 M HCI 140 15 LEAF FIELD, SLUDGE, MATURITY 0 
377 2.38 7.5 1156 0.1 MHCI 204 13 LEAF FIELD, SLUDGE, MATURITY 0 
378 2.38 7.5 1252 0.1 M HCI 200 17 LEAF FIELD, SLUDGE, MATURITY 0 
379 3.47 7.5 1336 0.1 M HCI 262 12 LEAF FIELD, SLUDGE, MATURITY 0 
380 3.47 7.5 1404 0.1 M HCI 240 14 LEAF FIELD, SLUDGE, MATURITY 0 
381 2.77 7.5 1492 0.1 M HCI 229 6 LEAF FIELD, SLUDGE, MATURITY 0 
382 2.77 7.5 1548 0.1 M HCI 201 7 LEAF FIELD, SLUDGE. MATURITY 59.2 
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YIELD 

COMPONENT 
MEASURED 

371 GRAIN 
372 GRAIN 
373 GRAIN 
374 GRAIN 
375 GRAIN 
376 GRAIN 
377 GRAIN 
378 GRAIN 
379 GRAIN 
360 GRAIN 
381 GRAIN 
382. GRAIN 

TABLE F-2 (cont.I 

YIELD YIELD 

REDUCTION COMPONENT METAL 
% MEASURED PHYTOTOXICITY 

0 STOVER 
0 STOVER 

NA STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
0 STOVER 
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TABLE F-2 (cont.) 

COMMENTS LOCATION 

371 FULTON CO., ILLINOIS 
372 FULTON CO., ILLINOIS 
373 FULTON CO., ILLINOIS 
374 FULTON CO., ILLINOIS 
375 FULTON CO., ILLINOIS 
376 FULTON CO., ILLINOIS 
377 FULTON CO., ILLINOIS 
378 FULTON CO., ILLINOIS 
379 FULTON CO., ILLINOIS 
380 FULTON CO,, ILLINOIS 
381. FULTON CO., ILLINOIS 
382 FULTON CO. ILLINOIS 
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TABLE F-3. NICKEL DATA 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR PH % % % mg/kg mg/kg ma/ka 

1 GIORDANO&MAYS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
2 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
3 GIORDANO&MAYS 1977 CORN SIL VER QUEEN 6. 1 1.7 40 400 520 
4 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 

GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
6 GIORDANO&MA YS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
7 GIORDANO&MA YS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
8 GIORDANO&MJ\ YS 1977 CORN SIL VER QUEEN 6, 1 1.7 40 400 520 
9 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 

GIORDANO&MAYS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
11 GIORDANO&MA VS 1977 CORN SILVER QUEEN 6.i 1.7 40 400 520 
12 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6. 1 1.7 40 400 520 
13 GIORDANO&MAVS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
14 GIORDANO&MAVS 1977 CORN SIL VER QUEEN 6.1 - 1.7 40 400 520 

GIORDANO&MAYS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 
16 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
17 GIORDANO&MA VS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
18 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
19 GIORDANO&MAVS 1977 CORN SIL VER QUEEN 6.1 1.7 40 400 520 

GIOROANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520 
21 GIOROANO&MA VS 1977 CORN SILVER QUEEN 8.1 1.7 40 400 520 
22 GIORDANO&MAVS 1977 CORN SILVER QUEEN 8.1 1.7 40 400 520 
23 GIOROANO&MAVS 1977 CORN SILVER QUEEN 8.1 1.7 40 400 520 
24 GIORDANO&MAVS 1977 CORN SILVER QUEEN 8.1 1.7 40 400 520 

GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 ·400 520 
28 GIORDANO&MAVS 1977 ·coRN SILVER QUEEN 6.1 1,7 40 400 520 
27 GIOROANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 . 400 520 
28 GIORDANO&MAYS 1977 CORN SILVER QUEEN 8.1 1.7 40 400 520 
29 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 

GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 
31 GIOROANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
32 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 
33 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 620 
34 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 
315 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1,7 . 40 400 520 
38 GIOflOANO&MAVS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 
37 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
38 GIOROANOIIMAYS 1977 BEANS WHITE HALF RUNffl:R 6.1 1.7 40 400 520 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 

1 1.5 2.1 40 1.3 1600 1800 
2 1.5 2.1 40 1.3 1600 1800 
3 1.5 2.1 40 1.3 1600 1800 
4 1.5 2.1 40 1.3 1600 1800 
5 1.5 2.1 40 1.3 1600 1800 
6 1.5 2.1 40 1.3 1600 1800 
7 1.5 2.1 40 1.3 1600 1800 
8 1:5 2.1 40 1.3 1600 1800 
9 1.5 2,1 40 1.3 1600 1800 
10 1.5 2.1 40 1,3 1600 1800 
11 1.5 2.1 40 1 ,3 1600 1800 
12 1.5 2.1 40 1.3 · 1600 1800 
13 1.5 2.1 40 1.3 1600 1800 
14 1.5 2.1 40 1.3 1600 1800 
15 1.5 2.1 40 1.3 1600 1800 
16 1.5 2.1 40 1.3 1600 1800 
17 1.5 2.1 40 1.3 1600 1800 
18 1.5 2.1 40 1.3 1600 1800 
19 1.5 2.1 40 1.3 1600 1800 
20 1.5 2.1 40 1.3 1600 1800 
21 1.5 2. 1 40 1.3 1600 1800 
22 1.5 2.1 40 1.3 1600 1800 
23 1.5 2.1 40 1.3 1600 1800 
24 1.5 2.1 40 1.3 1600 1800 
25 1.5 2.1 40 1.3 1600 1800 
26 1.5 2.1 40 1.3 1600 1800 
27 1.5 2.1 40 1.3 1600 1800 
28 1.5 2.1 40 1.3 1600 1800 
29 1.5 2.1 40 1.3 1600 1800 
30 1.5 2.1 40 1.3 1600 1800 
31 1.5 2.1 40 1.3 1600 1800 
32 1.5 2.1 40 1.3 1600 1800 
33 1.5 2.1 40 1.3 1600 1800 
34 1.5 2.1 40 1.3 1600 1800 
35 1.5 2.1 40 1.3 1600 1800 
36 1.5 2.1 40 1.3 1600 1800 
37 1.5 2.1 40 1.3 1600 1800 
38 1.5 2.1 40 1.3 1600 1800 
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TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
I.OADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Mg/ha Ma/ha APPLICATN NAME NAME TEXTURE 

1 0 0 SANGO Sil 
2 50 50 0 SANGO Sil 
3 100 100 0 SANGO Sil 
4 200 200 0 SANGO Sil 
5 0 0 SANGO Sil 
6 0 . 0 SANGO SIL 
7 50 50 1 SANGO SIL 
8 100 100 1 SANGO Sil 
9 200 200 1 SANGO Sil 
10 50 100 0 SANGO Sil 
11 100 200 0 SANGO SIL 
12 200 400 0 SANGO SIL 
13 0 0 SANGO SIL 
14 0 0 '6ANGO Sil 
15 50 50 2 SANGO SIL 
16 100 100 2 SANGO Sil 
17 200 200 2 SANGO SIL 
18 50 150 0 SANGO SIL 
19 100 300 0 SANGO SIL 
20 200 600 0 SANGO SIL 
21 0 0 SANGO SIL 
22 0 0 SANGO SIL 
23 50 50 3 SANGO SIL 
2.4 100 100 3 ; SANGO SIL 
2S 200 200 3 SANGO SIL 
28 50 200 0 SANGO SIL 
27 100 400 0 SANGO SIL 
28 200 800 0 SANGO SIL 
29 0 0 SANGO SIL 
30 50 50 0 SANGO SIL 
31 100 100 0 SANGO SIL 
32 200 200 0 SANGO SIL 
33 0 0 SANGO SIL 
34 0 0 SANGO SIL 
36 50 60 1 SANGO SIL 
38 100 100 1 SANGO Sil 
37 200 200 1 SANGO Sil 
38 so 100 0 SANGO SIL 

F-117 



TABLE F-3 (cont.) 

.SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC. OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ko % DH RA TE (ko/ha) EXTRACT ANT ma/ka mg/ko SAMPLED 

1 4.9 0 0.5 M HCI 1.1 4.4 FORAGE FIELD, SLUDGE, MATURITY 
2 5,3 . 2 0.5M' ~I 1.8 

-1-
2 •. .FORAGE FIELD, SLIJDGE, MATURITY 

~- 3,· .. 5.3· 4 0.5M,:CI 1.4 4.5 FORAGE FIELD, :RUDGE, MATURITY 
4 5.6 8 0.5 M HCI 2.1 3.1 FORAGE FIELD. SLUDGE, MATURITY 
5 4.9 0 0.5 M HCI 0.8 1.5 FORAGE FIELD, SLUDGE, MATURITY 
6 4.9 0 0.5 M HCI 0.7 1.4 FORAGE FIELD, SLUDGE, MATURITY 
7 5.3 2 0.5 M HCI 1 2.3 FORAGE FIELD, SLUDGE, MATURITY 
8 5.3 4 0.5 MHCI 1.5 1.7 FORAGE FIELD, SLUDGE, MATURITY 
9 5.6 8 0,5 M HCI 1.8 2.2 FORAGE FIELD, SLUDGE, MATURITY 
10 5.6 4 0.5 M HCI 1.9 2 FORAGE FIELD, SLUDGE, MATURITY 

11 5.6 8 0.5 M HCI 1.9 1.7 FORAGE FIELD, SLUDGE, MATURITY 

12 5.6 16 0.5 M HCI 4.5 1.6 FORAGE FIELD, SLUDGE, MATURITY 
13 6.5 0 0.5 M HCI 1.2 1.1 FORAGE FIELD, SLUDGE, MATURITY 

14 6.5 0 0.5 MHCI 1.3 1.4 FORAGE FIELD, SLUDGE, MATURITY 
15 5.2 2 0.5 M HCI 1 .7 .1.3 FORAGE FIELD, SLUDGE, MATURITY 
16 5.6 4 0.5 M HCI 1.9 1.2 FORAGE FIELD, SLUDGE, MATURITY 

17 5.9 8 0.5 M HCI 2.3 1.2 FORAGE FIELD, SLUDGE, MATURITY 
18 6 6 0.5 M HCI 2.3 1.2 FORAGE FIELD, SLUDGE, MATURITY 

19 5.9 12 0.5 M HCI 3 1.6 FORAGE FIELD, SLUDGE, MATURITY 
20 6.3 24 0.5 MHCI 8.3 1.2 FORAGE . FIELD, SLUDGE, MATURITY 

21 6,3 0 DTPA 0.1 0.8 FORAGE FIELD, SLUDGE, MATURITY 
22 5.8 0 DTPA 0,1 0.8 FORAGE FIELD, SLUDGE, MATURITY 
23 5.5 ·2 DTPA 0.3 0,9 FORAGE FIELD, SLUDGE, MATURITY 

24 5.7: 4 DTPA 0.4 1 : FORAGE FIELD, SLUDGE, MATURITY 
25 6. 1 8 DTPA 0.5 1.2 FORAGE FIELD, SLUDGE, MATURITY 
26 5 8 DTPA 0,8 0.8 FORAGE FIELD, SLUDGE, MATURITY 

27 5.3 18 DTPA 0.7 0.9 FORAGE FIELD, SLUDGE, MATURITY 

28 5.7 32 DTPA 1 .5 1.2 FORAGE FIELD, SLUDGE, MATURITY 

29 4.9 0 0.5 M HCI 1.1 5 VINES FIELD, SLUDGE, MATURITY 

30 5.3 2 0.5 M HCI 1.8 8.7 VINES FIELD, SLUDGE, MATURITY 

31 5.3 4 0.5 MHCI 1.4 5.5 VINES FIELD, SLUDGE, MATURITY 

32 5.6 8 0,5 M HCI 2. 1 5.8 VINES FIELD, SLUDGE, MATURITY 

33 4.9 0 0,5 MHCI 0.8 2.9 VINES FIELD, SLUDGE, MATURITY 
34 4.9 0 0,5 M HCI 0.7 2 VINES FIELD, SLUDGE, MATURITY 

35 5.3 2 0.5 M HCI 1 6.7 VINES FIELD, SLUDGE, MATURITY 

36 5.3 4 0.5 MHCI 1.5 8.4 VINES FIELD, SLUDGE, MATURITY 

37 5,6 8 0.5 M HCI 1.8 5,3 VINES FIELD, SLUDGE, MATURITY 

38 5.6 4 0.5 M HCI 1.9 4.5 VINES FIELD SLUDGE MATURITY 
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TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

1 0 STOVER NO 
2 0 STOVER NO 
3 0 STOVER NO 
4 0 STOVER NO 
5 0 STOVER NO 
6 0 STOVER NO 
7 0 STOVER NO 
8 0 STOVER NO 
9 0 STOVER NO 
iO 0 STOVER NO 
11 0 STOVER NC 
12 0 STOVER NO 
13 0 STOVER NO 
14 0 STOVER • NO 
15 0 STOVER NO 
16 0 STOVER NO 
17 0 STOVER NO 
18 0 STOVER l NO 
19 0 STOVER NO 
20 o STOVER NO 
21 0 STOVER NO 
22 0 STOVER NO 
23 11.3• STOVER •No 
24 0 STOVER : NO 
25 0 STOVER NO 
28 14.2· STOVER •NO 
27 17.8• STOVER •NO 
28 0 STOVER NO 
29 0 VINES o PODS NO 
30 0 VINES 11.1• PODS •No 
31 0 VINES 35.3· PODS •NO 
32 0 ~ES 55• PODS •NO 
33 0 VINES 0 PODS NO 
34 0 VINES 0 PODS NO 
35 0 VINES 25.4· POOS 'NO 
38 0 VINES 0 PODS NO 
37 0 VINES 2s.s• PODS 'NO 
38 0 VINES 0 POOS NO 



TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY . 

1 MUSCLE SCHOALES, AL 
2 MUSCLE SCHOALES, AL 
3 MUSCLE SCHOALES, AL 
4 MUSCLE SCHOALES, AL 
5 MUSCLE SCHOALES, AL 
6 MUSCLE SCHOALES, AL 
7 MUSCLE SCHOALES, AL 
8 MUSCLE SCHOALES, AL 
9 MUSCLE SCHOALES, AL 
10 MUSCLE SCHOALES, AL 
t 1 MUSCLE SCHOALES, AL 
12 MUSCLE SCHOALES, AL 
13 MUSCLE SCHOALES, AL 
14 MUSCLE SCHOALES, AL 
15 MUSCLE SCHOALES, AL 
16 MUSCLE SCHOALES, AL 
17 MUSCLE SCHOALES, Al 
18 MUSCLE SCHOALES, AL 
19 MUSCLE SCHOALES, AL 
20 MUSCLE SCHOALES, AL 
21 MUSCLE SCHOALES, AL 
22 MUSCLE SCHOALES, AL 
23 • DOSE RESPONSE & TISSUE NI NOT CONSISTENT MUSCLE SCHOALES, AL 
24 : MUSCLE SCHOALES, AL 
25 MUSCLE SCHOALES, AL 
28 •TISSUE NI INCONSISTENT, ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH<5.5 MUSCLE SCHOALES, AL 
27 •TISSUE NI INCONSISTENT, ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH<5.5 MUSCLE SCHOALES, AL 
2& MUSCLE SCHOALES, AL 
29 MUSCLE SCHOALES, AL 
30 •TISSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL 
31 *TISSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL 
32 •TISSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL 
33 MUSCLE SCHOALES, Al 
34 MUSCLE SCHOALES, AL 
35 •DOSE RESPONSE & TISSUE NI CONCENTRATION INCONSISTANT MUSCLE S~OALES, AL 
36 MUSCLE SCHOALES, AL 
37 ·DOSE RESPONSE & TISSUE NI CONCENTRATION INCONSISTANT MUSCLE SCHOALES, AL 
38 MUSCLE SCHOALES, AL 

F-120 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al C11 Cd Cr Cu 

CITATION NAME CULTIVAR 1>H % % % ma/ka ma/ka ma/ka 

39 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
40 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
41 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
42 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
43 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
44 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
45 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
46 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
47 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 t.7 40 400 520 
48 GIORDANO&MA YS 197i Bf.:ANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
49 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
50 GIORDANO&MAYS 1977 BEANS WHITE l:!ALF RUNNER 6.1 1.7 40 400 520 
51 1;. GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
52 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 • 1.7 40 400 520 
53 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
54 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
55 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 400 520 
56 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520 
57 GIORDANO & MAYS 1977 BEANS 
58 GIORDANO & MAYS 1977 BEANS 6.8 2.5 60 360 730 
59. GIORDANO & MAYS 1977 BEANS 6.1 1.7 40 400 520 
60 GIORDANO & MAYS 1977 OKRA 
61 GIORDANO & MAYS 1977 OKRA 6.6 2.5 60 350 730 
62 GIORDANO & MAYS 1977 OKRA ; 6.1 1.7 40 400 : 520 
63 GIORDANO & MAYS 1977 PEPPERS 
64 GIORDANO• MAYS 1977 PEPPERS 8.6 2.5 50 350 730 
155 GIORDANO• MAYS 1977 PEPPERS 15.1 1.7 40 . 400 520 
68 GIORDANO• MAYS 1977 TOMATO 
67 GIORDANO la MAYS 1977 TOMATO 8.8 2.6 50 350 730 
158 GIORDANO I& MAYS 1977 TOMATO 6,1 1.7 40 400 520 
69 GIORDANO & MAYS 1977 SQUASH 
70 GIORDANO Ii MAYS 1977 SQUASH 8.15 2.5 50 350 730 
71 GIORDANO Ci MAYS 1977 SQUASH 6.1 1.7 40 400 520 

72 GIORDANO Ci MAYS 1977 TURNt? 
73 GIORDANO Ci MAYS 1977 TURNfP 6.15 2.5 so . 350 730 
74 GIORDANO le MAYS 1977 TURNfP 15.1 1.7 -40 400 520 
75 GIORDANO r. MAYS 1977 KALE 
7f$ GIORDANO & MAYS 1977 KALE 6.15 2.5 so 350 730 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p Fe N Ni Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 

39 1.5 2.1 40 1.3 1600 1800 
1.5 2.1 40 1.3 1600 1800 

41 1.5 2.1 40 1.3 1600 1800 
42 1.5 2.1 40 1.3 1600 1800 
43 1.5 2.1 40 1.3 1600 1800 
44 1.5 2.1 40 1.3 1600 1800 

1.5 2.1 40 1.3 1600 1800 
46 1.5 2.1 40 1.3 1600 1800 
47 1.5 2.1 40 1.3 1600 1800 
48 1.5 2.1 40 1.3 1600 1800 
49 1.5 2.1 40 1.3 1600 1800 

1.5 2.1 40 1.3 · 1600 1800 
51 1.5 2.1 40 1.3 1600 1800 
52 1.5 2.1 40 1.3 1600 1800 
53 1.5 2.1 40 1.3 1600 1800 ~ 

54 1.5 2.1 40 1.3 1600 1800 
1.5 2.1 40 1.3 1600 1800 

56 1.5 2.1 40 1.3 1600 1800 
57 
58 1.7 2.3 20 1.6 530 1800 
59 1.5 2.1 40 1.3 1600 1800 

; 

61 1.7 2.3 20 1.6 530 1800 
62 : 1.5 2.1 40 1.3 1600 1800 : 

63 
64 1.7 2.3 20 1.6 530 1800 

1.5 2.1 40 1.3 1600 1800 
66 
67 1.7 2.3 20 1.6 530 1800 
68 1.5 2.1 40 1.3 1600 1800 
69 

1.7 2.3 20 1.6 530 1800 
71 1.5 2.1 40 1.3 1600 1800 
72 
73 1.7 2.3 20 1.6 530 1800 
74 1.5 2.1 40 1.3 1600 1800 

76 1.7 2.3 20 1.6 530 1800 
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TABLE F-3 (cont.I 

ANNLSLUOGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
I.OADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

39 100 200 0 SANGO Sil 
40 200 400 0 SANGO Sil 
41 0 0 SANGO Sil 
42 0 0 SANGO SIL 
43 50 50. 2 SANGO Sil 
44 100 100 2 SANGO Sil 
45 200 200 2 SANGO SIL 
46 50 150 0 SANGO Sil 
47 100 300 0 SANGO Sil 
48 200 600 0 SANGO Sil 
49 0 0 SANGO Sil 
50 0 0 SANGO SIL 
51 50 50 3 SANGO Sil 
52 100 100 3 SANGO Sil 
53 200 200 3 SANGO Sil 
54 50 200 0 SANGO SIL 
55 100 400 0 SANGO SIL 
56 200 BOO 0 SANGO SIL 
57 0 0 SANGO SIL 
58 112 112 0 SANGO SIL 
59 112 112 0 SANGO SIL 
60 0 0 SANGO SIL 
81 112 112 0 SANGO SIL 
82 : 112 112 0 : SANGO SIL : 

83 o· 0 SANGO SIL 
64 112 112 0 SANGO SIL 
85 112 112 0 SANGO SIL 
88 0 0 SANGO SIL 
87 112 112 0 SANGO SIL 
88 112 112 0 SANGO SIL 
89 0 0 SANGO SIL 
70 112 112 0 SANGO SIL 
71 112 112 0 SANGO SIL 
72 0 0 SANGO Sil. 
73 112 112 0 SANGO Sit. 
74 112 112 0 SANGO sn. 
75 0 0 SANGO SlL 
78 112 112 0 SANGO SIL 

F-123 



40 

45 

50 

55 

60 

65 

70 

75 

TABLE F-3 (cont.I 

SOIL· SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % DH RATE (ka/ha) EXTRACT ANT ma/ka ma/ka SAMPLED 

39 5.6 8 0.5 M HCI 1.9 4.8 VINES FIELD, SLUDGE, MATURITY 
5.6 . 16 0.5 M ~-~J__~ 4.5 7. VINES FIELD, SLUDGE, MATURITY 

41. ,__ 6.5 0 0.5 M 1CI 1.2 2.9 VINES FIELD, SLUDGE, MATURITY 
42 6.5 0 0.5 M HCI 1.3 2.5 VINES FIELD, SLUDGE, MATURITY 
43 5.2 2 0.5 M HCI 1.7 5.3 VINES FIELD, SLUDGE, MATURITY 
44 5.6 4 0.5 M HCI 1.9 4.7 VINES FIELD, SLUDGE, MATURITY 

5.9 8 0.5 M HCI 2.3 5 VINES FIELD, SLUDGE, MATURITY 
46 6 6 0.5 MHCI 2.3 5.5 VINES FIELD, SLUDGE, MATURITY 
47 5.9 12 0.5 M HCI 3 5.9 VINES FIELD, SLUDGE, MATURITY 
48 6.3 24 0,5 M HCI 6.3 5.7 VINES FIELD, SLUDGE, MATURITY 
49 6.3 0 DTPA 0.1 2.2 VINES FIELD, SLUDGE, MATURITY 

5.8 0 DTPA 0.1 2.2 VINES FIELD, SLUDGE, MATURITY 
51 5.5 2 DTPA 0.3 4.5 VINES FIELD, SLUDGE, MATURITY 
52 5.7 4 DTPA 0.4 4.9 VINES FIELD, SLUDGE, MATURITY 
53 6,1 8 DTPA 0.5 3,7 VINES FIELD, SLUDGE, MATURITY 
54 5 8 DTPA 0.6 4.4 VINES FIELD, SLUDGE, MATURITY 

5.3 16 DTPA 0.7 4.6 VINES FIELD, SLUDGE, MATURITY 
56 5.7 32 DTPA 1.5 5.5 VINES FIELD, SLUDGE, MATURITY 
57 ,6.4 0 0.5 M HCL 1 2.6 LEAF FIELD, SLUDGE, MATURITY 
68 6.4 2.2 0.5 MHCL 2.7 3,5 LEAF FIELD, SLUDGE, MATURITY 
69 6.4 4.4 0,5 M HCL 1.8 2.4 LEAF FIELD, SLUDGE, MATURITY 

6.4 0 0.5 M HCL 1 1,9 LEAF FIELD, SLUDGE, MATURITY 
61 6.4 ·2.2 0.5 M HCL 2.7 2.8 LEAF FIELD, SLUDGE, MATURITY 
62 6.4 : 4.4 0.5 MHCL 1.8 1.8 : LEAF FIELD, SLUDGE, MATURITY 
63 6.4 0 0.6 M HCL 1 1.7 LEAF FIELD, SLUDGE, MATURITY 
64 6.4 2.2 0.5 MHCL 2.7 2.7 LEAF RELD, SLUDGE, MATURITY 

6.4 4.4 0.5 MHCL 1.8 2.1 LEAF RELD, SLUDGE, MATURITY 
66 6.4 0 0.5 MHCL 1 1.5 LEAF FIELD, SLUDGE, MATURITY 
67 6.4 2.2 0.5 M HCL 2.7 2.3 LEAF FIELD, SLUDGE, MATURITY 
68 6.4 4.4 0.5 M HCL 1.8 1.6 LEAF FIELD, SLUDGE, MATURITY 
69 6.4 0 0.6 M HCL 1 1.7 LEAF FIELD, SLUDGE, MATURITY 

6,4 2.2 0,5 M HCL 2.7 4 LEAF FIELD, SLUDGE, MATURITY 
71 6.4 4.4 0.5 MHCL 1.8 2.2 LEAF FIELD, SLUDGE, MATURITY 
72 6.4 0 0.5 M HCL 1 2.9 LEAF FIELD, SLUDGE, MATURITY 
73 6.4 2.2 0.5 MHCL 2.7 4 LEAF FIELD, SLUDGE, MATURITY 
74 6.4 4.4 0.5 M HCL 1.8 2.9 LEAF FIELD, SLUDGE, MATURITY 

6.4 0 0.5 M HCL 1 1.8 LEAF FIELD, SLUDGE, MATURITY 
76 6.4 2.2 0.5 M HCL 2.7 3.5 LEAF FIELD, SLUDGE MATURITY 
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TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

39 0 VINES 0 PODS NO 
40 0 VINES 60.4· PODS •NO 
41 0 VINES 0 PODS NO 
42 0 VINES 0 PODS NO 
43 30.S• VINES 37.s• PODS •NO 
44 0 VINES 0 PODS NO 
45 0 VINES 0 PODS NO 
46 0 VINES 0 PODS NO 
47 0 VINES 0 PODS NO 
48 0 VINES 0 PODS NO 
49 0 VINES 0 PODS NO 
so 0 VINES 0 PODS NO 
51 26.2• VINES 0 PODS •No 
52 14.S• VINES 0 PODS •No 
53 0 VINES 0 

.. PODS NO 
54 ·21• VINES 0 PODS •NO 
55 35• VINES 36,B• PODS •NO 
56 32,s• VINES 42.8• PODS •NO 
57 0 EDIBLE PART NO 
58 0 EDIBLE PART NO 
59 14.3· EDIBLE PART •No 
60 0 EDIBLE PART NO 
81 8.3• EDIBLE PART •No 
82 8.3· EDIBLE PART : •No 
83 0 EDIBLE PART NO 
84 0 EDIBLE PART NO 
85 13• EDIBLE PART •No 
88 0 EDIBLE PART NO 
87 0 EDIBLE PART NO 
88 0 EDIBLE PART NO 
89 0 EDIBLE PART NO 
70 0 EDiBLE PART NO 
71 0 EmBLE PART NO 
72 0 EDIBLE PART NO 
73 0 EOI.BLE PART NO 
74 0 EDiBtE PART NO 
75 0 EDIBLE PART N-0 
78 0 EDlBI.E PART NO 
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TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"" MEASURED PHVTOTOXICITV COMMENTS 

381 NO 
382 NO 
383 NO 
384 NO 
385 NO 
386 NO 
387 NO .. 
388 NO 
389 NO 
390 NO 
391 NO 
392 NO 
393 NO 
394 NO 
395 NO 
398 ~ NO 
397 NO 
398 NO 
399 NO I, 

"°° NO 
401 NO 
402 NO 
403 NO 
404 : NO : 

405 NO 
408 NO 
407 NO 
408 NO 
409 NO 
410 NO 
411 NO 
412 NO 
413 NO 
414 NO 
415 NO 
416 NO 
417 NO 
418 NO 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

381 212 Leaf SLUDGE, FIELD, MATURITY 0 Grdin 
382 88 14.5 SLUDGE, FIELD, MATURITY NOT REPORTED 
383 88 18 SLUDGE, FIELD, MATURITV NOT REPORTED 
384 88 18.5 SLUDGE, FIELD, MATURITY NOT REPORTED 
385 88 18 SLUDGE, FIELD, MATURITY NOT REPORTED 
388 88 28.3 SLUDGE, FIELD, MATURITY NOT REPORTED 
387 88 14.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
388 88 22.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
389 88 17.5 SLUDGE, FIELD, MATURITY NOT REPORTED 
390 88 17.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
391 68 20 SLUDGE, FIELD, MATURITY NOT REPORTED 
392 88 19.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
393 88 17.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
394 88 18.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
395 88 17.1 SLUDGE, FIELD, MATURITY NOT REPORTED 
398 88 18.7" SLUDGE FIELD, MATURITY NOT REPORTED 
397 88 18.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
398 88 15.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
399 88 12.9 SLUDGE, FIELD, MATURITY NOT REPORTED 
400 81 18 SLUDGE, FIELD, MATURITY NOT REPORTED 
401 88 15.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
402 188 78.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
403 188 14.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
404 188 : 83.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
405 188 43.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
408 188 84.7 SLUDGE, FIELD, MATURITY NOT REPORTED 
407 188 60.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
401 181 64.5 SLUDGE, FIELD, MATURITY NOT REPORTED 
409 188 51.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
410 118 51.6 SLUDGE, FIELD, MATURITY NOT REPORTED 
411 111 40.3 SLUDGE, FIELD, MATURITY NOT REPORTED 
412 1U 41.1 SLUDGE, FIELD, MATURITY NOT REPOflTED 
413 118 41.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
414 181 37.2 SLUOGE, FIELD, MATURITY NOT REPORTED 
415 111 32.5 SLUDGE, AflO, MATURITY NOT REPORTED 
418 1U 35.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
417 111 40.1 SLUOGE FIELD MATURtTY NOT REPORTED 
411 1BS 36.8 SLUDGE, Fl'ELD MATURITY NOT REPORTED 
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400 

405 

410 

TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

cmol/ka nH RATE (ka/hal "' "' "' "' 
381 1201 
382 
383 
384 

386 
387 
388 
389 

391 
392 
393 
394 

.. 398 
397 
398 
399 

401 
402 
403 
404 : : 

408 
407 
408 
409 

411 
412 
413 
414 
416 
418 
417 
418 
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TABLE F-4 (cont.I 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

381 53 153 0 Aerie Oehr11au11lf Blount silt loam 
382 0 7 Aerie Ochraqualf Blount silt loam 
383 0 7 Aerie Ochraaualf • Blount ■lit loam 
384 0 7 Aerie Ochr11au11lf Blount 1ilt loam 
385 0 7 Aerie Ochraaualf Blount ■ ~t loam 
388 0 7 Aerie Oehr11au11lf Blount 1ilt loam 
387 0 7 Aerie Oehraaualf Blount ■ ilt loam 
388 0 7 Aerie Ochraaualf Blount ■ ilt loam 
389 0 7 Aerie Oehraqualf Blount •~t loam 
390 0 7 Aerie Ochr11au11lf Blount ■ilt loam 
391 0 7 Aerie Ochr11qu11lf Blount ■ ilt loffll 
392 0 7 Aerie Ochr11au11lf Blount ■ilt loam 
393 0 7 Aerie Ochr11qu11lf Blount ■ilt loam 
394 0 7 Aerie Ochr11au11lf Blount ■ ilt loam 
395 
398 

0 
0 . 7 

7 
Aerie Ochraqualf 
Aerie Ochraaualf 

Blount 
Blount 

■ ill loam 
■lit loam 

397 0 7 Aerie Ochraaualf Blount ■ Ill loam 
398 0 7 Aerie Ochraaualf Blount ■lit loam 
399 0 7 Aerie Ochraaualf Blount elk loam 
400 0 7 Aerie Ochraaualf Blount ■lltlOICfTI 

401 0 7 Aerie Ochraaualf Blount ■ilt loam 
402 17.76 7 Aerie Ochraoualf Blount ■ Ht loam 
403 17.76 7 Aerie Ochraaualf Blount ■ lit loam 
404 17.76 7 Aerie Ochr.,...elf Blount ■ilt loam 
406 17.76 7 Aerie Ochraaualf Blount ■lit loam 
408 17.76 7 Aerie Ochrequlllf Blount ■llt loam 
407 17.76 7 Aerie Ochraaualf Blount ■lit loam 
408 17.76 7 Aerie Ochraaualf Blount ■ilt loam 
409 17.76 7 Aerie Ochraaualf Blount ■lit loam 
410 17.76 7 Aerie Ochraouelf Blount lilt loam 
411 17.76 7 Aerie Ochraauelf Blount ■ilt loam 
412 17.76 7 Aerie Ochraouelf Blount ■ill loam 
413 17.75 7 Alric Ochr.aouelf Bloont litloam 
414 17.76 7 A1rie Oohranuelf 8'ount ■ill loam 
416 17,75 7 A1rlo Oohraooalf Blount ■ltloam 

4HI 17.75 7 Alfie Ochranualf BCount ■ilt loam 
417 17,75 7 A.aria Oohr.MXJal-f Blount ~loam 
411 17.75 7 AINlc Ochr .,,., ■If BCount ..a11oam 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka mn/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

381 Liquid digested ■ ludae 

382 Control 

383 Control 
384 Control 

385 Control 

388 Control 

387 Control 

388 Control 

389 Control 

390 Control 

391 Control 

392 Control 

393 CQntrol 

394 Control 

395 Control 

399 .. Control 

397 Control 

398 Control 

399 Control 

400 Control 

401 Control 

402 Ono-quarter maximum 

403 One-auartar maximum 

404 : : One-quarter maximum : 

406 One-quarter maximum 
408 Ono-auarter maximum 

407 One-quarter maximum 

408 Ono-quarter maximum 

409 One-auarter maximum 

410 Ono-quarter maximum 

411 Ono-quarter maximum 

412 Ono-auarter maximum 

413 Ono-quarter maximum 

414 Ono-quarter maximum 

416 One-auorter maximum 

418 Ono-quarter maximum 

417 One-au11rter maximum 

418 One-quarter maximum 
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385 

390 

395 

400 

405 

410 

TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/ka 

381 Hinellv, T.D. et al., 1977. 194 Corn 
382 Hlnellv, T.D. et al., 1978. 195 Corn Oh43 
383 Hinelly, T.D. et el .• 1978. 195 Corn R806 
384 Hinellv. T.D. et al .• 1978. 195 Corn H98 

Hine ■ lv, T.D. et el., 1978. 195 Corn A619 
388 Hinaalv, T.0. et al., 1978. 195 Corn Mo17 
387 Hine ■ lv, T.D. et el., 1978. 195 Corn Oh545 
388 Hinellv, T.0. et al., 1978. 195 Corn 837 
389 Hine.iv, T.0. et al., 1978. 195 Corn R805 

Hinellv, T.0. et al. 1978.- 195 Corn Ve26 
391 Hinellv, T.D. et al., 1978. 195 Corn H100 
392 Hinellv, T.D. et el., 1978. 195 Corn B73 
393 Hine ■ lv, T.D. et al., 1978. 195 Corn B14 
394 Hinellv, T.D. et al., 1978. 195 Corn A632 

Hinellv, T.D. et el., 1978. 195 Corn N28 
398 Hine1ly, T.D. et el., 1978. 195 ,. Com W84A 
397 Hinealv, T.D. et el., 1978. 195 Com RB02A 
398 Hin11lv, T.D. et al., 1978. 195 Corn H99 
399 Hinellv, T.D. et el., 1978. 195 Com H98 

Hineelv, T.D. et al., 1978. 195 Corn R177 
401 Hinellv, T.0. et al., 1978. 195 Com B77 
402 Hlnealv, T.D. et al., 1178. 195 Corn Oh43 
403 Hinealv, T.D. et al., 1178. 195 Com RBotS 

: 404 Hlnellv, T.D. et al., 1978. 196 Cem H98 : 

Hinealv, T.D. et al., 1978. 195 Com A619 
408 Hine1lv, T.D. et al., 1178. 195 Com Mo17 
407 Hinellv, T.D. 1t II., 1171. 195 Com Oh545 
408 Hinealv, T.D. et II,, 1171. 195 Corn 837 
409 Hlnealv, T.0. 1t II., 1178, 195 Corn R805 

Hlnealv, T.0. et II., 1171. 195 Com v,2e 
411 Hlnealv, T.0. 1t II., 1171. 195 Com H100 
412 Hlnealv, T.D. et el., 1171. 116 Com 873 
413 Hlnealv, T.D. et II., 1171. 195 Corn 814 
414 Hlnee!v, T.D. et II., 1171. 115 Com A832 
416 Hlneelv, T.D. et II., 1171. 05 Corn N21 
418 H4new, T.O. et e1 .. 1111. n5 Com W84A 
417 HinNiv. T.D. et e1 .. 1111. ns Com RS02A 
411 Hm.w. T.D. at el .. 1171. 195 Com Htt 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

343 India 
344 Canada 
345 Canada 
346 Canada 
347 Canada 
348 Canada 
349 Canada 
350 Canada 
351 Balt11vlll1, MD 
352 Beltavllle, MD 
353 Baltavllle, MD 
354 Baltevllle, MD 
355 Baltevllle, MD 
358 Baltevllle, MD 
357 Beltavllla, MD . 358 Baltavllle, MD 
359 Baltavllle, MD 
380 Beltavllle. MD 
381 Balt11vllle, MD 
382 Balt11vllle, MD 
383 Baltavllle, MD 
384 Baltavllle, MD 
385 Baltavllle, MD 
368 Baltevlll11, MD 
387 Baltavllle, MD 
388 Baltavllle, MD 
369 Baltavllle, MD 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 Joliet, Ill. 
380 Joliet, Ill. 
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TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

343 0 GRAIN NO 
344 NO 
345 NO 
348 NO 
347 NO 
348 NO 
349 NO 
3SO NO 
351 NO 
352 NO 
353 NO 
354 NO 
355 NO 
358 NO 
357 NO 
358 NO : 

359 NO 
380 NO 
381 NO 
382 NO 
383 NO 
384 NO 
385 NO 
388 : NO : 

387 NO 
388 NO 
389 NO 
370 NO 
371 NO 
372 NO 
373 NO 
374 NO 
376 NO 
378 NO 
377 NO 
371 NO 
371 NO 

380 NO 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUGTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN "" MEASURED 

343 HCL04/HN03 81.8' 88.14 Earhead SLUDGE, FIELD, MATURITY 0 Whole Plant 
344 42.8 30 Stem 0 GRAIN 
345 81.4 43 Stem 0 GRAIN 
346 25.2 15 Stem 0 GRAIN 
347 28.4 Leef 0 Leaf 
348 42.6 Leaf 0 Leaf 
349 51.9 Leaf 0 Leaf 
350 78.7 Leaf 0 Leaf 
351 46 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
352 40 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
353 35 Shoot1 SLUDGE, FIELD, MATURITY 0 Shoots 
354 45 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
355 44 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
356 34 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
357 31 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
358 ~7 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
359 54 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
380 50 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
381 46 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
382 40 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
383 48 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
384 57 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
385 82 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
388 :82 Shoots SLUDGE, FIELD, MATURITY : 0 Shoots 
387 85 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
388 108 Shoots SLUDGE, FIELD, MATURITY 0 Shoots 
389 153 Shoots SLUDGE, FIELD, MATURITY 0 Shoot• 
370 SLUDGE, FIELD, MATURITY 0 GRAIN 
371 SLUDGE, FIELD, MATURiTY 0 GRAIN 
372 SLUDGE, FIELD, MATURITY 0 GRAIN 
373 SLUDGE, FIELD, MATURITY 0 GRAIN 
374 SLUDGE, FIELD MATURITY 0 GRAIN 
375 SLUDGE, FIELD, MATURITY 0 GRAIN 
376 SLUDGE, FIELD, MATURITY 0 GRAIN 
377 SLUDGE, FIELD, MATURITY 0 GRAIN 
378 SLUDGE, FIELD, MATURITY 0 GRAIN 
379 SLUDGE, FIELD, MATURITY 0 Grein 
380 SLUDGE. FIELD MATURITY 0 Grein 
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TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

"' "' "' cmol/ka 'l(, DH RATE lka/hal 

343 0.7 8 
344 36.7 
345 35.7 
348 28 
347 2-2.5 5.9-6.2 6.7 
348 2-2.5 5.9·6.2 20.1 
349 2-2.5 5.9-6.2 26.8 
350 2·2.5 5.9-6.2 40.2 
351 7 
352 7.4 
3,:.,, -- 1.e 
354 7.7 
355 7.6 
358 6.9 
357 7.4 
358 - 7.8 
369 5.8 
380 8. 1 
381 8.8 
382 7 
383 7. 1 
384 5.8 
386 5.7 
388 : : 8 
387 6.2 
381 5.3 
3119 5.1 
370 0 
371 0 
372 0 

373 10 
374 197 
376 300 
378 159 
3n 39-4 
371 eoo 
379 317 
3IO 787 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

ST ABILIZATN Ma/he Ma/he APPLICATN NAME NAME TEXTURE 

343 20 20 0 Clevev 
344 75 75 
345 150 150 
348 0 0 
347 1981 Orthic Podzol Lynd11l11 Sendv Loam 
348 1981 Orthic Podzol Lynd11l11 Sandy Loam 
349 1981 Orthic Podzol LYnd11l11 Sendv Loam 
350 1981 Orthic Podzol Lyndsie Sandy Loam 
351 58 58 1978 TVPic Paleudults Clvfsti11n11 fine sandy loam 
352 112 112 1978 Typic Palsudults Christiana fine sandv loam 
353 224 224 1978 Tvoie Peleudults Christiane fins 111ndy loam 
354 338 338 1978 Typic Paleudults Chri1tisna fine 111ndy loam 
355 448 448 1978 Tvoie Paleudults Christiana fine Hndv loam 
358 58 58 1978 Tvoie Paleudulte Christiana fine 111ndy loam 
357 112 112 1978 Typic Paleudults Christiane fine sandy loam 
358 224 .. 224 1978 Twie Palsudult1 Christiana fine 111ndv loam 
359 58 58 1978 Tvoie Paleudults Christiane fine 111ndy loam 
380 112 112 1978 Typie Paleudults Christiana fine Hndy loam 
381 224 224 1978 Tvoie Paleudults Christiane fina send't loam 
382 448 448 1978 Tvnle Palsudults Christiana fine Hndy loam 
383 872 872 1978 Tvoie Peleuduhs Christiana fine Hndv loam 
384 68 58 1978 Typic Paleudults Chri1tl11na fine 111ndy loam 

385 112 112 1978 TVDie Paleudults Chri1tlan11 fine Hndy loam 
388 224 : 224 1978 Tvnle Palaudulta Chri1tlana fine HndY loam 
387 58 58 1978 TVDie Paleudulta Chri1tl11na fine 1ondy loam 

388 112 112 1978 Tvoie Paleudult1 Chri1tl11n11 fine 111ndv loam 
389 224 224 1978 Typie Paleudult1 Chrl1tlan11 fin• eandy loam 

370 0 0 0 Aerie Oehrequalf Blount 1ilt loam 

371 0 0 0 Aerie Oehraaualf Blount 1ilt loam 

372 0 0 0 Aerie Oehraqualf Blount 1iit loam 

373 13 13 0 Aerie Oehrequalf Blount 1ilt loam 

374 12 25 0 Aerie Oehreaualf Blount 1ilt loam 

375 14 38 0 Aerie Oehrequalf Blount 1ilt loam 

378 28 28 0 Aerie Oehrequelf Blount eilt loam 

377 24 50 0 Aerie Ochreauelf Blount eilt loam 

378 27 77 0 Aerie Ochreaualf Blount silt loam 

379 52 52 0 Aario Oehr11au11lf Blount silt loam 

380 48 100 0 Aerie Ochraaualf Blount silt loam 
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345 

350 

355 

360 

365 

370 

375 

TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE. SLUDGE 
Cr Cu 'Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka "' "' mg/ka ma/ka ma/kg mg/kg CONTNT PROCESSING 

343 45 428 562 Weil Water + 20 t/he eludge 
344 191 143 26.3 27200 194 420 Sludge 

191 143 26.3 27200 194 420 Sludge 
346 0.05 0.073 0.086 23.8 0.094 0.313 lrriaation Water 
347 N.P.K.S. Fertilizer 
348 N.P.K.S. Fertilizer 
349 N.P.K.S. Fertilizer 

N.P.K.S. Fertilizer 
351 259 15 217 639 Limed-diaeeted 
352 259 15 217 639 Limed-diae1ted 
353 259 15 217 639 Umed-diae1ted 
354 259 15 217 639 Umed-dige1ted 

259 15 217 639 Umed-diae1ted 
356 277 17 215 599 Umed-Raw 
357 277 17 215 599 Umed-Rew 
358 277 •17 215 599 Umed-Raw 
359 274 201 272 731 Umed-Comooet 

274 201 272 731 Umed-Comooet 

361 274 201 272 731 Umed-Comnoet 

362 274 201 272 731 Umed·ComDOat 
363 274 201 272 731 Umed-Comooet 

364 404 37 360 1330 HHt·TrHted, High pH 

404 37 360 1330 Heat-Treated, High DH 

366 404 37 360 1330 : HHt-Treated, High DH 

367 404 37 360 1330 Heat-Treated, Low pH 

361 404 37 360 1330 HHt-TrHted, Low DH 

369 
. 

404 37 360 1330 Heat-Treated, Low pH 
Uquld digeeted 1ludoe 

371 Unuia dioe1ted 1ludae 

372 Uauld diae1ted ~Uttae 

373 Uould dloeeted lludge 
374 Uould dlouted .iooo. 

Uauld dlaHted 11udoe 

376 Unuld dinaeted idud.n.a 

377 Unuldc!ioMtedwJc!M 

371 . Uauid d~tted 1kldae 

379 l.l.tiuiddi<>Mtadd!JdM 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/ka 

343 Chllkrebartl, C, and T. Chakrebertl, 1988. 129 Wheat HDM 1553 
344 Glllla1. J.A. et el., 1989. 173 Oat Hermon 4.6 
345 GUIIH, J.A. 1t el., 1989. 173 Oat Hermon 4.6 
346 GIIIIH. J.A. 1t el .. 1989. 173 Oat Hermon 0.014 
347 Gupta, Umnh C., end W.J. ArHneult, 1986. 180 Tobacco 
348 Guota, Ume1h C., end W.J. Araeneult, 1986. 180 Tobacco 
349 Guote, Ume1h C .. and W.J. Araenault, 1988. 180 Tobacco 
350 Gupta, Ume1h C., and W.J. ArHnault, 1988. 180 Tobacco 
351 Heckman. J.R. 1t el., 1987. 189 Soybean Marr. 5.9 
352 Heckman, J.R. 1t el., 1987. 189 Sovbeen Merr. 5.9 
353 Heokmen, J.R. et el., 1987. 189 Soybean Merr. 5.9 
354 Heokmen, J.R. et al., 1987. 189 Sovbean Marr. 5.9 
355 Heckman, J.R. et al., 1987. 189 Sovbean Marr. 5.9 
356 Heckman, J.R. et al., 1987. 189 Soybean Marr. 4.9 
357 
358 

Heckman, J.R. et el., 1987. 189 .. Heckman, J.R. et el., 1987. 189 
Soybean 
SoybHn 

Marr. 
Marr. 

4.9 
4.9 

359 Heckman, J.R. et el. 1987. 189 Sovbaan ' ! Marr. 7.2 
360 Heokmen J.R. et el., 1987. 189 SovbHn Marr. 7.2 
381 Heckman, J.R. et el., 1987. 189 Soybean Marr. 7.2 
382 Heckman, J.R. et el .. 1987. 189 Sovbean Marr. 7.2 
383 Heckman, J.R. et el., 1987. 189 Sowean Marr. 7.2 
384 Heckman, J.R. et al., 1987. 189 Sowean Marr. 8.3 
385 Heckman. J.R. et al .. 1987. 189 SowhAan Marr. 8.3 
388 Heckman, J.R. et el., 1987. 188 Sovbean Marr. : 8.3 
387 Heckman J.R. et el., 1987. 189 Soween Marr. 8.3 
388 Heckman. J.R. et al .. 1987. 189 Sovb■1n Marr. 8.3 
389 Heckman, J.R. et el., 1987. 189 Sovbean Marr. 8.3 
370 Hlne1lv, T.D. et al,, 1977. 194 CORN 
371 Hlnelly, T.D. et el., 1977. 194 CORN 
372 Hlnellv, T.D. et al., 1977. 194 CORN 
373 Hlne1lv, T.D. et el., 1977. 194 CORN 
374 Hinealy, T.D. et al., 1977. 194 CORN 
375 HlnHIV, T.D. et el., 1977. 194 CORN 
376 Hlne1lv, T .D. et el., 1977. 194 CORN 
377 Hlne1ly, T.D. et al., 1977. 194 CORN 
378 Hine ■ lv, T.O. et el., 1977. 194 CORN 
379 HlnHIV, T.O. et el., 1977. 194 Corn 
380 Hineelv. T.D. et 111 .. 1977. 194 Corn 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

305 JOLIET, ILLINOIS 
306 JOLIET, ILLINOIS 
·307 JOLIET, ILLINOIS 
308 JOLIET, ILLINOIS 
309 JOLIET, ILLINOIS 
310 JOLIET, ILLINOIS 
311 JOLIET, IWNOIS 
312 JOLIET, ILLINOIS 
313 JOLIET, ILLINOIS 
314 JOLIET, ILLINOIS 
316 JOLIET, ILLINO!S 
3HI JOUET, ILLINOIS 
317 JOLIET, ILLINOIS 
318 JOLIET, ILLINOIS 
319 JOLIET, ILLINOIS ,~ 
320 JOLIET, ILLINOIS 
321 JOLIET, IWNOIS 
322 JOLIET, ILLINOIS 
323 JOLIET, ILLINOIS 
324 JOLIET, ILLINOIS 
325 JOLIET, ILLINOIS 
326 JOLIET, IWNOIS 
327 JOLIET, ILLINOIS 
328 : JOLIET, IWNOIS 
329 JOLIET, ILLINOIS 
330 JOLIET, IWNOIS 
331 JOLIET IWNOIS 
332 JOLIET, IWNOIS 
333 JOLIET ILLINOIS 
334 JOLIET, ILLINOIS 
336 JOLIET, IWNOIS 
336 JOLIET, ILLINOIS 
337 JOllET, ILLINOIS 
331 JOllET, ILLINOIS 
339 JOUET IWNOIS 
3'40 JOllET, N.UNOIS 
341 lndl ■ 
342 mdla 
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305 

310 

315 

320 

325 

330 

335 

340 

TABLE f-4 (cont.I 

"' 
YIELD YIELD 

REDUCTION COMPONENT METAL 
MEASURED PHYTOTOXICITY COMMENTS 

0 STOVER NO 
' 

308 0 STOVER NO 
307 0 STOVER NO 
308 NA STOVER NO 
309 0 STOVER NO 

0 STOVER NO 
311 0 STOVER •NO •DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
312 0 STOVER •NO •DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
313 0 STOVER NO 
314 0 STOVER NO 

0 STOVER NO 
318 0 STOVER NO 
317 0 STOVER NO 
318 0 STOVER NO 
319 NA STOVER NO . 0 STOVER NO 
321 0 STOVER NO 
322 0 STOVER NO 
323 0 STOVER NO 
324 0 STOVER NO 

0 STOVER NO ' 
328 0 STOVER NO 
327 0 STOVER NO 
328 0 : STOVER NO : 

329 0 STOVER NO 
NA STOVER NO 

331 0 STOVER NO 
332 0 STOVER NO 
333 0 STOVER NO 
334 0 STOVER NO 

0 STOVER NO 
338 0 STOVER NO 
337 0 STOVER NO 
338 0 STOVER NO 
339 0 STOVER NO 

0 STOVER NO 
341 0 GRAIN NO 
342 0 GRAIN NO 
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T ASI.E F-4 (oont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOit. CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACTANT mo.1ta rnai1<a SAMPLED EXPERIMENTAL DESIGN % MEASURED 

305 HCL·HF 77 52 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
308 HCL·HF 11 39 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
307 HCL•HF 90 NA LEAF SLUDGE, FIELD, MATURlr.f 0 GRAIN 
308 HCL·HF 81 38 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
309 HCL·HF 88 42 LEAF SLUDGE FIELD MATURITY 0 GRAIN 
310 HCL·HF 126 94 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
311 HCL·HF 111 92 LEAF SLUDGE, FIELD, MATURITY eo• GRAIN 
312 HCL-HF HIS 11 LEAF SLUDGE, FIELD, MATURITY eo• GRAIN 
313 HCL·HF 149 151 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
314 HCL•HF 193 102 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
315 HCL·HF 238 78 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
318 HCL·HF 314 93 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
317 HCL·HF 305 57 LEAF SLUDGE FIELD, MATURITY 0 GRAIN 
318 HCL·HF 234 NA LEAF SLUDGE, FIELD. MATURITY 0 GRAIN 
319 HCL·HF 60 62 LEAF SLUDGE, FIELD, MATURITY NA GRAIN 
320 HCL·HF 122 80 ~ LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
321 HCL·HF 192 171 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
322 HCL-HF 243 98 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
323 HCL·HF 238 178 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
324 HCL·HF 338 435 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
325 HCL·HF 335 188 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
328 HCL-HF 320 154 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
327 HCL·HF 644 153 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
328 HCL·HF 482 119 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
329 HCL·HF 431 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
330 HCL·HF 286 87 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
331 HCL-HF 133 124 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
332 HCL-HF 227 133 LEAF SLUDGE, AELD, MATURITY 0 GRAIN 
333 HCL-HF 293 138 LEAF SLUDGE, AELD, MATURITV 0 GRAIN 
334 HCL-HF 608 398 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
336 HCL-HF 500 540 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
338 HCL-HF 689 358 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
337 HCL·HF 823 192 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
338 HCL·HF 823 310 LEAF SLUDGE, AELD, MATURITY 0 . GRAIN 
339 HCL-HF 723 225 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
340 HCL-HF 753 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
341 HCL04/HN03 22.2 43.32 Earhead SLUDGE, FIELD, MATURIT'l 0 Wholi, Plant 

342 HCL04/HN03 47 60.54 Earhead SLUDGE. FIELD. MATURITY 0 Whole Plant 
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TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

cmol/ka pH RATE lka/hal "' "' "' "' 
305 0.78 7 0 ,---· 
308 1.21 6.9 0 
307 0.84 7.1 0 
308 0.31 NA 225 
309 0.44 7.2 259 
310 0.83 7.3 314 
311 0.87 7.5 402 
312 0.78 7 463 ' 
313 0.8 7 531 
314 0.99 8.8 531 
315 1.42 7.1 531 
318 1.71 7.2 531 
317 1.82 7.2 531 
318 1.96 7.1 531 
319 0.43 NA 449 . 320 0.51 7.1 517 
321 0.94 7 828 
322 1.18 7.2 804 
323 1.4 7 928 
324 1.75 8.4 1063 
326 2 8.3 1063 
328 2.18 8.8 1083 
327 2.02 8.8 1083 
328 : 2.33 7.1 :1083 
329 1.118 7 1083 
330 0.73 NA 898 
331 0.57 8.8 1033 
332 1.3 8.7 1257 
333 1.42 8.8 1807 
334 2.4 8.4 1852 
335 2.78 8.1 2130 
338 3.44 5.8 2130 
337 3.18 5.9 2130 
338 3.28 8.2 2130 
339 3.1 8.4 2130 
340 3.15 8.5 2130 
341 0.7 8 
342 0.7 8 
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TABLE f.4 (oontJ 

SLUDGE ANNLSLUDGE CUMMt. SLUDGE YEARS SOM.. SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERll!S SOIL 

STAB4UZATN Ma/ha Ma/ha APPUCATN NAME NAME TEXTURE 

306 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
308 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
307 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
308 CENT POLY, FECL3 28.2 40.1 0 PLAINAELD LS 
309 CENT POLY, FECL3 8,1 48.2 0 PLAINFIELD LS 
310 CENT POLY, FECL3 14.7 82.9 0 PLAINFIELD LS 
311 CENT POLY, FECL3 17.7 80.8 0 PLAINFIELD LS 
312 CENT POLY, FECL3 13.1 93.7 0 FlAINFIELD lS 
313 CENT POLY, FECL3 17.8 111.6 0 PLAINAELD lS 
314 CENT POLY, FECL3 0 111.6 1 PLAINFIELD LS 
315 CENT POLY, FECL3 0 111.6 2 PLAINFIELD LS 
318 CENT POLY, FECL3 0 111.5 3 PLAINFIELD LS 
317 CENT POLY, FECL3 0 111.5 4 PLAINFIELD LS 
318 CENT POLY, FECL3 0 111.5 6 PLAINFIELD LS 
319 
320 

CENT POLY, FECL3 
CENT POLY, FECL3 

62.4 
18.2 . 80.2 

98.4 
0 
0 

PLAINFIELD 
PLAINFIELD 

LS 
LS 

321 CENT POLY, FECL3 29.4 125.8 0 PLAINFIELCI LS 
322 CENT POLY, FECL3 35.4 181.2 0 PLAINFIELD LS 
323 CENT POLY, FECL3 28.2 187.4 0 PLAINFIELD LS 
324 CENT POLY, FECL3 35.8 223 0 PLAINFIELD LS 
326 CENT POLY, FECL3 0 223 1 PLAINAELD LS 
328 CENT POLY FECL3 0 223 2 PLAINFIELD LS 
327 CENT POLY FECL3 0 223 3 PLAINFIELD LS 

. 328 
329 

CENT POLY, FECL3 
CENT POLY, FECL3 

0 
0 

223 
223 

4 
5 

: PLAINFIELD 
PLAINFIELD 

LS 
LS 

330 CENT POLY, FECL3 104.8 180.4 0 PLAINFIELD LS 
331 CENT POLY, FECL3 32.4 192.8 0 PLAINFIELD LS 
332 CENT POLY, FECL3 58.8 251.8 0 PLAINFIELD LS 
333 CENT POLY, FECL3 70.8 322.4 0 PLAINFIELD LS 
334 CENT POLY, FECL3 52.4 374.8 0 PLAINFIELD LS 
:,35 CENT POLY, FECL3 71.2 448 0 PLAINAELD LS 
338 CENT POLY. FECL3 0 448 1 PLAINFIELD LS 
337 CENT POLY, FECL3 0 448 2 PLAINFIELD LS 
338 CENT POLY, FECL3 0 448 3 PLAINFIELD LS 
339 CENT POLY, FECL3 0 448 4 PLAINFIELD LS 
340 CENT POLY, FECL3 0 448 6 PLAINFIELD LS 
341 Clavav 
342 10 10 0 Clavev 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fa N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka 'I(, 'I(, ma/ka malka ma/ka ma/ka CONTNT PROCESSING 

305 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
306 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
307 2848 1311 4.2 6.5 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
308 2848 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
309 2848 1311 4.2 6.5 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC D!GESTION 
310 2846 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
311 2848 1311 .4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
312 2848 1311 4.2 5.6 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DtGESTION 
313 2848 1311 4.2 6.6 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
314 2848 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
316 2848 1311 4.2 6.5 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
316 2848 1311 4.2 6.6 306 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
317 2848 1311 4.2 5.6 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
318 2848 1311 4.2 6.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
319 2848 1311 4.2 6.6 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
320 2848 1311 4.2 6.6 • 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
321 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
322 2848 \311 4.2 6.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
323 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
324 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
326 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
328 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
327 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
328 2848 1311 4.2 6.6 306 : 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
329 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
330 2848 1311 4.2 6.5 306• 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
331 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
332 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
333 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
334 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
336 2848 1311 4.2 6.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
338 2848 1311 4.2 6.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
337 2848 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
338 2848 1311 4.2 6.6 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
339 2848 1311 4.2 6.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
340 2848 1311 4.2 6.5 306 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION· 
341 NIP 10 30 Wall Watar(Control) 
342 45 428 682 Well Water + 10 t/he eludae 

t) 
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TABlE F-4 (oont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR PH mofica "' "' "' 
305 HINESLY 198S CORN 3.2 285 
308 HINESLY 1985 CORN , 3.2 285 
307 HINESLY 1985 CORN 3.2 285 
308 HINESLY 1985 CORN 3.2 265 
309 HINESLY 1985 CORN 3.2 265 
310 HINESLY 1985 CORN 3.2 265 
311 HINESL Y 1985 CORN 3.2 265 
312 HINESLY 1985 CORN 3.2 265 
313 HINESLY 1985 CORN 3.2 265 
314 HINESLY 1985 CORN 3.2 265 
316 HINESLY 1985 CORN 3.2 265 
318 HINESL Y 1986 CORN 3.2 265 
317 HINESLY 1985 CORN 3.2 265 
318 HINESL Y 1985 CORN 3.2 265 
319 HINESL Y 1985 CORN 3.2 265 
320 HINESL Y 1985 .. CORN 3.2 265 
321 HIN ESL Y 1985 CORN 3.2 265 
322 HINESL Y 1985 CORN 3.2 265 
323 HINESLY 1985 CORN 3.2 265 
324 HINESL Y 1985 CORN 3.2 265 
326 HINESL Y 1985 CORN 3.2 285 
328 HINESL Y 1985 CORN 3.2 265 
327 HINESL Y 1985 CORN 3.2 265 
328 : HINESL Y 1985 CORN : 3.2 : 265 
329 HINESL Y 1985 CORN 3.2 285 
330 HINESL Y 1985 CORN 3.2 285 
331 HINESLY 1986 CORN 3.2 285 
332 HINESL Y 1986 CORN 3.2 285 
333 HINESL Y 1985 CORN 3.2 285 
334 HINESL Y 1985 CORN 3.2 285 
335 HINESLY 1985 CORN 3.2 285 
338 HINESL Y 1985 CORN 3.2 285 
337 HINESL Y 1985 CORN 3.2 285 
338 HINESL Y 1985 CORN 3.2 285 
339 HINESL Y 1985 CORN 3.2 285 
340 HINESL V 1985 CORN 3.2 285 
341 Chekrabartl, C. and T. Chakrabartl, 1988. 129 Whaat HOM 1553 8.4 
342 Chakrabartl C. and T. Chakrabarti 1988. 129 Wheat HOM 1553 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

267 JOLIET, ILLINOIS 
268 JOLIET, ILLINOIS 
269 JOLIET, ILLINOIS 
270 JOLIET, ILLINOIS 
271 JOLIET, ILLINOIS 
272 JOLIET, ILLINOIS 
273 JOLIET, ILLINOIS 
274 JOLIET, ILLINOIS 
275 JOLIET, ILLINOIS 
278 JOLIET, ILLINOIS 
277 JOLIET, ILLINOIS 
278 JOLIET, ILLINOIS 
279 JOLIET, ILLINOIS 
280· JOLIET, ILLINOIS 
281 JOLIET, ILLINOIS . 282 JOLIET, ILLINOIS 
283 JOLIET, ILUNOIS 
284 JOLIET, ILLINOIS ,, 
285 JOLIET, ILLINOIS 
281 JOLIET, ILLINOIS 
287 JOLIET, ILLINOIS 
288 JOLIET, IWNOIS 
289 JOLIET, ILUNOIS 

: 290 JOLIET, ILUNOIS 
291 JOLIET, ILUNOIS 
292 JOLIET, IWNOIS 
293 JOLIET, ILLINOIS 
294 JOLIET, ILUNOIS 
295 JOLIET, ILUNOIS 
298 JOLIET, ILUNOIS 
297 JOLIET, ILLINOIS 
298 JOLIET, ILLINOIS 
299 JOLIET, ILLINOIS 
300 JOLIET, ILLINOIS 
301 JOLIET, ILLINOIS 
302 JOLIET, ILLINOIS 
303 JOLIET, ILLINOIS 
304 JOLIET, ILLINOIS 
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TABLE F-4 (cont,) 

YlflD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

287 0 &TOYER •No "DOSE RESPONSE AND TISSUE ZN CO~CENTRATION NOT CONSISTENT 
288 0 STOVER •NO "DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
289 0 STOVER NO 
270 0 STOVER NO 
271 0 STOVER NO 
272 0 STOVER NO 
273 0 STOVER NO 
274 0 STOVER NO 
276 NA STOVER NO 
27& 0 STOVER NO 
277 0 STOVER NO 
278 0 STOVER NO 
279 0 STOVER NO 
280 0 STOVER NO 
281 
282 

0 
0 

STOVER 
STOVER 

NO 
NO 

. 
283 0 STOVER NO 
284 0 STOVER NO 
285 0 STOYER NO 
288 NA STOVER NO 
287 0 STOVER NO 
288 0 STOVER NO 
289 0 STOVER NO 
290 : 0 STOVER NO : : 

291 0 STOVER NO 
292 0 STOVER NO 
293 0 STOVER NO 
294 0 STOVER NO 
295 0 STOVER NO 
298 0 STOVER NO 
297 NA STOVER NO 
298 0 STOVER NO 
299 0 STOVER NO 
300 0 STOVER NO 
301 0 STOVER NO 
302 0 STOVER NO 
303 0 STOVER NO 
304 0 STOVER NO 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/kg SAMPLED EXPERIMENT AL DESiGN "" MEASURED 

267 HCL-HF 138 70 LEAF SLUDGE, FIELD, MATURITY 60· GRAIN 
268 HCL-HF 166 192 LEAF SLUDGE, FIELD, MATURITY 2s• GRAIN 
269 HCL-HF 206 92 LEAF SLUDGE, FIELD, MATURllY 0 GRAIN 
270 HCL-HF 180 89 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
271 HCL-HF 202 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
272 HCL-HF 216 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
273 HCL-HF 219 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
274 HCL-HF 167 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
276 HCL-HF 169 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
276 HCL-HF 131 97 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
277 HCL-HF 143 89 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
278 HCL-HF 171 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
279 HCL-HF 216. 139 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
280 HCL-HF 270 191 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
281 -HCL-HF 294 163 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
282 HCL-HF 394 11 i, LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
283 HCL-HF 361 107 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
284 HCL-HF 287 70 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
286 HCL-HF 303 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
286 HCL-HF 215 97 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
287 HCL-HF 215 160 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
288 HCL-HF 193 176 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
289 HCL-HF 333 149 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
290 HCL-HF 368 268 LEAF : SLUDGE, FIELD, MATURITY 0 GRAIN : 

291 HCL-HF 563 294 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
292 HCL-HF 643 278 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
293 HCL-HF 594 204 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
294 HCL-HF 442 171 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
296 HCL-HF 482 141 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
296 HCL-HF 331 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
297 HCL-HF 56 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
298 HCL-HF 24 17 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
299 HCL-HF 22 23 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
300 HCL-HF 32 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
301 HCL-HF 43 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
302 HCL-HF 46 32 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
303 HCL-HF 65 17 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
304 HCL-HF 75 34 LEAF SLUDGE FIELD MATURITY 0 GRAIN 

F-258 



T ABtE f.4 (oont.) 

SAND SILT CLAY SOIL SOil C\JMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmollkn % DH RATE lk11/hal 

287 1.58 7.4 "402 
288 1.54 7.1 483 
289 1.84 8,9 631 
270 1.89 8.9 531 
271 1.91 7 531 
272 1.88 7.3 531 
273 2.05 7.1 531 
274 1.95 7.2 531 
276 1.71 NA 449 
278 1.57 8.9 517 
277 1.67 7.3 828 
278 1.79 7.1 804 
279 1.93 8.9 926 
280 2.09 8.8 1063 
281 2.37 8.4 1063 .. 282 2.4 8.4 1063. 
283 2.4 8.8 1063 -
284 2.38 8.8 1063 
265 2.48 7.2 1083 
288 2.08 NA 898 
287 2 8.4 1033 
288 1.78 8.4 1257 
289 2.87 8.2 1807 
290 : : 2.72 8. 1 1852 
291 3.53 5.4 2130 
292 3.35 5.5 2130 
293 3.29 5.8 2130 
294 2.88 8 2130 
295 3.02 8 2130 
298 2.2 8.3 2130 
297 0.38 NA 0 
298 0.17 7 0 
299 0.21 7.2 0 
300 0.42 7.1 0 
301 0.44 7 0 
302 0.58 8.9 0 
303 0.48 7 0 
304 0.75 7 0 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Mo/ha Ma/ha APPLICATN NAME NAME TEXTURE 

267 CENT POLY, FECL3 17.7 80.6 0 ELLIOT Sil 
268 CENT POLY, FECL3 13.1 93.7 0 ELLIOT SIL 
289 CENT POLY, FECL3 17.8 111.5 0 ELLIOT Sil 
270 CENT POLY, FECL3 0 111.5 1 ELLIOT SIL 
271 CENT POLY, FECL3 0 111.5 2 ELLIOT Sil 
272 CENT POLY, FECL3 0 111.5 3 ELLIOT Sil 
273 CENT POLY, FECL3 0 111.5 4 ELLIOT Sil 
274 CENT POLY, FECL3 0 111.5 5 ELLIOT Sil 
275 CENT POLY, FECL3 62.4 80.2· 0 ELLIOT Sil 
278 CENT POLY, FECL3 HU 98.4 0 ELLIOT SIL 
277 CENT POLY, FECL3 29.4 125.8 0 ELLIOT SIL 
278 CENT POLY, FECL3 36.4 181.2 0 ELLIOT SIL 
279 CENT POLY, FECL3 28.2 187.4 0 ELLIOT Sil 
280 CENT POLY, FECL3 35.8 223 0 ELLIOT Sil 
281 CENT POLY, FECL3 I 

I 0 223 ! 1 ,, ELLIOT SIL 
282 CENT POLY, FECL3 0 ,. 223 2. ELLIOT SIL 
283 CENT POLY, FECL3 0 223 3 ELLIOT SIL 
284 CENT POLY, FECL3 0 223 4 ELLIOT Sil 
286 CENT POLY, FECL3 0 223 6 ELLIOT SIL 
288 CENT POLY, FECL3 104.8 180.4 0 ELLIOT SIL 
287 CENT POLY, FECL3 32.4 192.8 0 ELLIOT SIL 
288 CENT POLY, FECL3 68.8 261.8 0 ELLIOT SIL 
289 CENT POLY, FECL3 70.8 322.4 0 ELLIOT Sil 

: 290 CENT POLY, FECL3 52.4 374.8 : 0 ELLIOT : SIL 
291 CENT POLY, FECL3 · 71.2 448 0 ELLIOT Sil 
292 CENT POLY, FECL3 0 448 1 ELLIOT SIL 
293 CENT POLY, FECL3 0 448 2 ELLIOT Sil 
294 CENT POLY. FECL3 0 448 3 ELLIOT Sil 
296 CENT POLY, FECL3 0 448 4 ELLIOT SIL 
298 CENT POLY, FECL3 0 448 6 ELLIOT SIL 
297 CENT POLY, FEC.L3 0 0 NA PLAINFIELD LS 
298 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
299 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
300 CENT POLY, FECL3 0 0 NA PLAINFIELD : LS 
301 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
302 CENT POLY, FECL3 0 0 NA PLAINFIELD · LS 
303 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
304 CENT POLY FECL3 0 0 NA PLAINFIELD · LS 
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T AetE F-4 (cont,) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

molka mo flea % % malka malka ma/lea mo/ka CONTNT PROCESSING 

267 2846 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
268 2846 1311 4.2 6.5 305 3.3 1169, 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
269 2846 1311 4.2 6.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
270 2846 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
271 2846 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
272 2846 1311 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
273 2846 1311 4.2 6.6 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
274 2846 1311 4.2 6.6 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
276 2846 1311 4.2 6.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
276 2848 1311 4.2 5.5 305 3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
277 2846 1311 · 4.2 6.5 305 3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
278 2848 1311 4.2 5.6 306 3.3 1169 4769 0,03 2ND TRTMNT ANAEROBIC DIGESTION 
279 2848 1311 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION -
280 2848 1311 4.2 6.6 305 3.3 1189 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
281 2848 1311 4.2 5.6 305 3.3 1Hl9 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
282 2848 1311 4.2 6.6 "306 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
283 2846 1311 4.2 6.6 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
284 2846 1311 4.2 5.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
285 2845 1311 4.2 '6.6 306 3.3 1Hl9 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
286 2846 1311 4.2 5.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
287 2848 1311 4.2 5.5 306 3.3 1189 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
288 2846 1311 4.2 5.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
289 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
290 2846 1311 4.2 5.5 306 3.3 1Hl9 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
291 2848 1311 4.2 6.6 306 3.3 1189 4789 0.03 2i'-ID TRTMNT, ANAEROBIC DIGESTION 
292 2846 1311 4.2 6.6 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
293 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

294 2846 1311 4.2 5.6 306 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION 

296 2846 1311 4.2 6.5 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

298 2848 1311 4.2 6.5 306 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
297 2846 1311 4.2 5.6 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

298 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

299 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

300 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

301 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

302 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

303 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

304 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH , % % % ma/kn 

267 HINESL V 1985 CORN 3.2 265 
268 HINESLY 1985 CORN 3.2 265 
269 HINESLY 1985 CORN 3.2 265 
270 HINESLY 1985 CORN 3.2 265 
271 HINESL Y 1985 CORN 3.2 265 
272 HINESLY 1985 CORN 3.2 265 
273 HINESLY 1985 ·coRN 3.2 265 
274 HINESLY 1985 CORN 3.2 265 
275 HINESL Y 1985 CORN 3.2 265 
276 HINESLY 1985 CORN 3.2 265 
277 HINESL Y 1985 CORN 3.2 265 
278 HINESL V 1985 CORN 3.2 265 
279 HINESL Y 1985 CORN 3.2 265 J;, 

280 HINESL Y 1985 CORN 3.2 265 
281 HINESL Y 1985 CORN 3.2 265 . 282 HINESLY 1985 CORN 3.2 265 
283 HINESL Y 1985 CORN 3.1 265 
284 HINESL V 1985 CORN 3.% 265 
285 HINESL Y 1985 CORN 3.2 265 
288 HINESL V 1985 CORN 3.2 265 
287 HINESL Y 1985 CORN 3.2 265 
288 HINESLY 1985 CORN 3.2 265 
289 HINESL Y 1985 CORN 3.2 265 
290 HINESLY 1985 CORN : 3.2 265 
291 HINESL V 1985 CORN 

; 
3.2 265 

292 HINESLY 1985 CORN 3.2 265 
293 HINESL Y 1985 CORN 3.2 265 
294 HINESL Y 1985 CORN 3.2 265 
295 HINESLY 1985 CORN 3.2 265 
296 HINESL V 1985 CORN 3.2 265 
297 HINESL Y 1985 CORN 3.2 265 
298 HINESL Y 1985 CORN 3.:l 265 
299 HINESL Y 1985 . CORN 3.2 265 
300 HINESLY 1985 .CORN 3.2 265 
301 HINESL Y 1985 CORN 3.2 265 
302 HINESL Y 1985 CORN 3.2 265 
303 HINESLY 1985 CORN 3.2 265 
304 HINESLV 1985 CORN 3.2 265 
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TABlE F-4 (cont.) 

LOCATION 
OF 

STUDY 

229 JOLIET IUINOIS 
230 JOLIET, ILLINOIS 
231 JOLIET, IUINOIS 
232 JOLIET, ILLINOIS 
233 JOLIET IUINOIS 
234 JOLIET, ILLINOIS 
235 JOLIET, ILLiNOIS 
238 JOLIET, ILLINOIS 
237 JOLIET, ILLINOIS 
238 JOLIET, ILLINOIS 
239 JOLIET, ILLINOIS 
240 JOLIET ILLINOIS 
241 JOLIET, ILLINOIS 
242 JOLIET, IUINOIS 
243 JOLIET, ILLINOIS 

. 244 JOLIET, IUINOIS 
245 JOLIET ILLINOIS 
248 JOLIET ILLINOIS 
247 JOLIET, IUINOIS 
248 JOLIET, ILUNOIS 
249 JOLIET, ILLINOIS 
250 JOLIET, IUINOIS 
251 JOLIET, IUINOIS 
,252 JOLIET, IUINOIS 
253 JOLIET, IUINOIS 
254 JOLIET, ILLINOIS 
255 JOLIET, ILLINOIS 
258 JOLIET, IUINOIS 
257 JOLIET, IUINOIS 
258 JOLIET, IUINOIS 
259 JOLIET, ILUNOIS 
280 JOLIET, IUINOIS 
2151 JOLIET, IUINOIS 
282 JOLIET, ILLINOIS 
283 JOLIET, ILLINOIS 
284 JOLIET, ILLINOIS 
285 JOLIET, IUINOIS ' 266 JOLIET ILLINOIS 
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TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMB~TS 

229 0 STOVER NO 
230 0 STOVER NO 
231 0 STOVER NO 
232 0 STOVER NO 
233 NA STOVER NO 
234 0 STOVER NO 
235 0 STOVER NO 
238 0 STOVER. NO 
237 0 STOVER NO 
238 NA STOVER NO 
239 0 STOVER NO 
240 37• STOVER •NO ·DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
241 0 STOVER •NO ·DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
242 0 STOVER · •NO ·DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
243 NA STOVER NO 
244 0 STOVER NO w 

245 22• STOVER •NO •DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 
248 0 STOVER NO 
247 0 STOVER NO 
248 NA STOVER NO 
249 0 STOVER NO 
250 0 STOVER NO 
251 0 STOVER NO 
262 :0 STOVER NO : : 

263 NA STOVER NO 
264 0 STOVER NO 
265 0 STOVER NO 
268 0 STOVER NO 
267 0 STOVER NO 
268 0 STOVER NO 
269 0 STOVER NO 
280 0 STOVER NO 
281 0 STOVER NO 
282 0 STOVER NO 
283 0 STOVER NO 
264 NA STOVER NO 
265 0. STOVER NO 
266 0 STOVER NO 
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T ABU: F-4 (cont.) 

SOIL Zn PlANTZn PlANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACTANT molka ~a SAMPLED EXPERIMENTAL DESIGN % MEASURED 

229 HCL·HF 472 . 280 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
230 HCL·HF 104 245 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
231 HCL·HF 442 382 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
232 HCL·HF 539 124 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
233 HCL·HF 73 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
234 HCL·HF 72 18 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
235 HCL·HF 87 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
238 HCL·HF 72 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
237 HCL·HF 69 14 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
238 HCL·HF 105 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
239 HCL·HF 103 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
240 HCL·HF 113 4S LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
241 HCL·HF 147 54 LEAF SLUDGE, FIELD, MATURIT\' 80" GRAIN 
242 HCL·HF 1SO 70 LEAF SLUDGE, FIELD, MATURITY 29• GRAIN 
243 HCL·HF 174 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
244 HCL·HF 122 87• LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
245 HCL·HF 155 88 LEAF SLUDGE, FIELD, MATURITf 0 GRAIN 
246 HCL·HF 198 83 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
247 HCl·HF 250 112 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
248 HCL-HF 241 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
248 HCL-HF 220 116 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
2S0 HCL-HF 270 130 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
261 HCL-HF 308 117 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
262 : HCL-HF 432 179 LEAF : SLUDGE, FIELD, MATURITY 0 GRAIN: 
253 HCL·HF 85 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
254 HCL-HF ea 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
266 HCL-HF 84 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
258 HCL-HF 70 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
257 HCL-HF 74 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
258 HCL-HF 79 25 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
259 HCL-HF 80 21 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
280 HCL·HF 74 24 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
251 HCL-HF 81 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
262 HCL-HF 77 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
253 HCL-HF 81 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
254 HCL-HF 102 65 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
255 HCL-HF 105 52 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
266 HCL-HF 96 63 LEAF SLUDGE FIELD MATURITY 0 GP.AIN 
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230 

235 

240 

245 

250 

255 

260 

265 

TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/ka % DH RATE (kg/h11I 

229 2.84 6 2167 
3.35 5.9 2187 

231 2.1 6.2 2167 
232 3.03 8.1 2167 
233 1.19 NA 0 
234 · 1.01 7.1 0 

0.93 7.5 0 
238 1.05 7.7 0 
237 1.07 7.3 0 
238 1.29 NA 225 
239 1.06 7.2 259 

1.1 7.6 314 
241 1.29 7.8 402 
242 ' 1.17 7.6 463 
243 1.38 NA 449 
244 - 1.15 7.1 517 

1.29 7.8 828 
246 1.58 7.8 804 
247 1.75 7.5 928 
248 1.83 NA 898 
249 1.28 8.9 1033 

1.59 7.5 1257 
251 1.9 7.5 1607 
252 : 2.58 7.3 1852 
253 1.51 NA 0 
254 1.34 7 0 

1.29 7.2 0 
258 1.45 7.1 0 
257 1.3 7.6 0 
258 1.3 7 0 
259 1.41 7.2 0 

1.32 8.7 0 
281 1.38 7 0 
282 1.69 7 0 
263 1.48 7.4 0 
284 1.52 NA 225 

1.4 6.9 259 
266 1.35 7.2 314 
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TABLE F_. (cont.I 

SLUDGE ANNLSLUDGE CUMMLSLUOGE YEARS SOIL SOIL 
CHEMICAL LOAONG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABtUZATN Mo/ha Ma/ha APPLICATN NAME NAME TEXTURE 

229 CENT POLY FECU 0 428.3 1 PLAINFIELD LS 
230 CENT POLY, FECU 0 428.3 2 PLAINFIELD LS 
231 CENT POLY, FECL3 0 428.3 3 PLAINFIELD LS 
232 CENT POLY, FECL3 0 428.3 4 PLAINFIELD LS 
233 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
234 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
235 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
238 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
237 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
238 CENT POLY, FECL3 28.2 40.1 0 BLOUNT Sil 
239 CENT POLY, FECL3 8.1 48.2 0 BLOUNT Sil 
240 CENT POLY, FECL3 14.7 82.9 0 BLOUNT SIL 
241 CENT POLY, FECL3 17.7 80.8 0 BLOUNT Sil 
242 CENT POLY, FECL3 13.1 93.7 0 BLOUNT Sil 
243 CENT POLY, FECL3 62.4 80.2 0 BLOUNT Sil 
244 CENT POLY, FECL3 18.2 98.4 0 BLOUNT SIL 
246 CENT POLY, FECL3 29.4 125.8 0 BLOUNT Sil 
248 CENT POLY, FECL3 36.4 181.2 0 BLOUNT Sil 
247 CEniT FuLY, FECL3 28.2 187.4 ,. 

" 9LOUl'IT SIL 
248 CENT POLY, FECL3 104.8 180.4 0 BLOUNT Sil 
249 CENT POLY, FECL3 32.4 192.8 0 BLOUNT SIL 
250 CENT POLY, FECL3 58.8 251.8 0 BLOUNT Sil 
251 CENT POLY, FECL3 70.8 322.4 0 BLOUNT Sil 
252 CENT POLY, FECL3 52.4 374.8 0 BLOUNT : SIL 
253 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
264 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
266 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
268 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
267 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
258 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
269 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
280 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
281 CENT POLY, FECL3 ·O 0 NA ELLIOT SIL 
282 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
283 CENT POLY. FECL3 0 0 NA ELLIOT Sil 
284 CENT POLY, FECL3 28.2 40.1 0 ELLIOT Sil 
285 CENT POLY, FECL3 8.1 48.2 0 ELLIOT Sil 
266 CENT POLY FECL3 14.7 62.9 0 ELLIOT Sil 
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TABLE F,4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

mo/ko mn/ko "" "" ma/ka malko ma/ka mo/ka CONTNT PROCESSING 

229 2963 1422 4.6 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
2:JO 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
231 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 · 2ND TRTMNT, ANAEROBIC DIGESTION 
232 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
233 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
234 2848 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT; ANAEROBIC DIGESTION 
235 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
238 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC D!GESTiON 
237 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
238 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
239 2848 1311 4.2 6,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
240 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
241 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
242 2848 1311 4.2 6,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
243 2848 1311 ·4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
244 2848 1311 4.2 5.5 • 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
245 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
248 2848 1311 4.2 · 5,5 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
247 2848 1311 4.2 5.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
248 2848 1311 4.2 5.5 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
249 2848 1311 4.2 5.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
250 2848 1311 '4.2 5.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
261 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
252 2848 1311 4.2 : 5.5 306 3,3 1169 4789 0.03 : 2ND TRTMNT, ANAEROBIC DIGESTION 
253 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
254 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
255 2848 1311 4.2 5.5 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
258 2848 1311 4.2 5.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
267 2848 1311 4.2 5.5 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
258 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
259 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
260 2848 1311 4.2 5,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
281 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
262 2848 1311 4.2 5.5 306 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
283 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
264 2848 1311 4.2 5.5 305 3.3 1169 4789 · 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
265 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
286 2846 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE 14 loonL) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al C1 Cd 

CITATION NAME CUlTIVAR pH % % % mo/ka 

229 HINESLV 1985 CORN 3.4 253 
230 HINESLV 1185 CORN 3.4 253 
231 HINESL V 1 SB5 CORN 3,4 283 
232 HINESLY 1985 CORN 3.4 263 
233 HINESL Y 1985 CORN 3.2 265 
234 HINESL Y 1986 CORN 3.2 265 
235 HINESL V 1985 CORN 3.2 265 
230 HINESLV 1985 CORN 3.2 265 
237 HINESLY 1985 CORN 3.2 265 
238 HINESL Y 1985 CORN 3.2 265 
239 HINESLY 1985 CORN 3.2 265 
2'40 HINESL Y 1985 CORN 3.2 265 
241 HINESL Y 1985 CORN 3.2 265 
242 HINESL Y 1985 CORN 3.2 265 
243 HINESL Y 1986 CORN 3.2 265 

-244 HINESL Y 1985 CORN 3.2 265 
245 HINESL V 1986 CORN 3.2 285 
248 HINESLY 1985 CORN 3.2 285 
247 HINESLY 1985 CORN 3.2 255 
248 HINESLY 1985 CORN 3.2 265 
249 HINESLY 1985 CORN 3.2 265 
260 HINESL Y 1985 CORN 3.2 265 
261 HINESL Y 1985 CORN 3.2 285 
252 HINESLY 1985 CORN : 3.2 285 
253 HINESL Y 198S CORN 3.2 285 
254 HINESLY 1985 CORN 3.2 285 
255 HINESLY 1985 CORN 3.2 26S 
258 HINESL Y 1985 CORN 3.2 265 
257 HINESL V 1985 CORN 3.2 285 
258 HINESL Y 1985 CORN 3.2 265 
259 HINESL Y 198S CORN 3.2 26S 
280 HINESL Y 1985 CORN 3.2 285 
261 HINESL V 198S CORN 3.2 285 
282 HINESL Y 1985 CORN 3.2 285 
283 HINESLY 1985 CORN 3.2 285 
284 HINESL Y 1985 CORN 3.2 285 
285 HINESL Y 1985 CORN 3.2 285 
268 HINESLY 1985 CORN 3.2 285 
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191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 . 208 
207 
208 
209 
210 
211 
212 
213 
214 
215 
218 
217 
218 
219 
220 
221 
222 
223 
224 
225 
228 
227 
228 

TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

JOLIET, ILLINOIS 
JOLIET, ILtlNOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IUINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS \ 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IUINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IUINOIS 
JOLIET ILLINOIS 
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TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMHffS 

191 0 STOVER NO 
192 0 STOVER NO 
193 0 STOVER NO 
194 0 STOVER NO 
195 0 STOVER NO 
196 0 STOVER NO 
197 0 STOVER NO 
198 0 STOVER NO 
199 0 STOVER NO 
200 0 STOVER NO 
201 0 STOVER NO 
202 0 STOVER NO 
203 NA STOVER NO 
204 0 STOVER NO 
206 
208 

0 
0 

STOVER 
STOVER 

NO .. 
NO 

207 0 STOVER NO 
208 0 STOVER NO 
209 0 STOVER NO 
210 0 STOVER NO 
211 0 STOVER NO 
212 0 STOVER NO 
213 NA STOVER NO 
214 : 0 STOVER NO : : 

216 0 STOVER NO 
218 0 STOVER NO 
217 0 STOVER NO 
218 0 STOVER NO 
211 0 STOVER NO 
220 0 STOVER NO 
221 0 STOVER NO 
222 0 STOVER NO 
223 NA STOVER NO 
224 0 STOVER NO 
226 0 STOVER NO 
228 0 STOVER NO 

227 0 STOVER NO 
221 0 STOVER NO 

-
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT mg/kg mg/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

191 HCL-HF 428 212 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
192 HCL-HF &51 148 LEAF SLUDGE, FIELD, MATURIT'f 0 GRAIN 
193 HCL-HF 40 22 LEAF SLUDGE, FIELD, MATURITY NA GRAIN 
194 HCL-HF 30 14 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
195 HCL-HF 33 18 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
196 HCL-HF 23 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
197 HCL-HF 33 24 LEAF SLUDGE, FIELD, MATURITY 0 GFIAIN 
198 HCL-HF 21 24 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
199 HCL-HF 24 15 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
200 HCL-HF 35 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
201 HCL-HF 61 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
202 HCL-HF 68 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
203 HCL-HF 130 70 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN._ 
204 HCL-HF 70 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
205 HCL-HF 102 66 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
206 HCL-HF 158 43• LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
207 HCL-HF I 104 38 LEAF I SLUDGE, FIELD, MATURITY 0 GRAIN 
208 HCL-HF 104 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
209 HCL-HF 93 30 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
210 HCL-HF 137 45 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
211 HCL-HF 143 73 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
212 HCL-HF 129 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
213 HCL-HF 244 111 LEAF SLUDGE, FIELD, MATURITY NA GRAIN 
214 HCL-HF 117 80 LEAF : SLUDGE, FIELD, MATURITY 0 GRAIN 
215 HCL-HF HIS 184 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
218 HCL-HF 175 103 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
217 HCL-HF 185 68 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
218 HCL-HF 139 90 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
219 HCL·HF 188 41 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
220 HCL·HF 199 51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
221 HCL·HF 203 100 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
222 HCL·HF 139 62 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
223 HCL-HF 600 138 LEAF SLUDGE, FIELD, MATURITY NA GRAIN 
224 HCL-HF 180 155 LEAF SLUDGE, FIELD, MATURITY 0 GFIAIN 
225 HCL-HF 449 239 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
228 HCL·HF 248 143 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
227 HCL·HF 323 307 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
228 HCL·HF 374 513 LEAF SLUDGE FIELD MATURITY 0 GFIAIN 
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TABLE F-4 (cont.} 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

cmol/ka DH RATE (kg/ha} "' "' "' "' 
191 2.8 8.1 2167 
192 3.2 8.1 2167 
193 0.39 7.8 0 
194 0.17 7.1 0 
195 0.28 7.3 0 
198 0.27 6.8 0 
197 0.33 7.6 0 
198 0.27 7.5 0 
199 0.29 7.5 0 
200 0.,2 7.4 0 
201 0.49 7.4 0 
202 0.84 7.3 0 
203 0.38 7.8 213 
204 0.28 7.1 281 
205 0.81 7.4 323 
208 0.91 7.3 323 .. 
207 0.58 7.4 323 
208 0.58 7.1 323 
209 0.45 7.5 323 ·-
210 0.34 7.7 323 
211 0.47 7.4 323 
212 0.83 7.4 323 
213 0.58 .7.5 425 
214 : ,0.44 8.9 521 
216 0.81 7.1 845 
218 0.95 8.8 845 
217 0.75 7.1 845 
218 0.98 7.1 845 
211 0.59 8.9 845 
220 0.89 7 845 
221 0.11 7.1 845 
222 0.52 7.1 845 
223 o., 7.8 aso 
224 0.8 8.8 1042 
225 2.4 8.1 12.JO 
228 1.15 8.5 1841 
227 1.71 8.1 1194 
221 1.9~ 8.2 2187 
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TABLE F-4 (cont.) 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Mania Mania APPLICATN NAME NAME TEXTURE 

191 CENT POLY, FECL3 0 428.3 3 ELLIOT SIL 
192 CENT POLY. FECL3 0 428.3 4 ELLIOT SIL 
193 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
194 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
195 CENT POLY FECL3 0 0 NA PLAINFIELD LS 
196 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
197 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
198 CENT POLY FECL3 0 0 NA PLAINFIELD LS 
199 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
200 CENT POLY FECL3 0 0 NA PLAINFIELD LS 
201 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
202 CENT POLY, FECL3 0 0 NA PLAINFIELD LS 
203 CENT POLY, FECL3 14.6 31.8 0 PLAINFIELD LS 
204 CENT POLY, FECL3 11.1 42.9 0 PLAINFIELD LS 
205 
206 

CENT POLY, FECL3 
CENT POLY, FECL3 

16.3 
0 

68.2 . 68.2 
0 
1 

PLAINFIELD 
PLAINRELD 

LS 
LS 

207 CENT POLY, FECL3 0 58.2 2 PLAINFIELD LS 
208 CENT POLY, FECL3 0 68.2 3 PLAINFIELD LS 
209 CENT POLY, FECL3 0 68.2 4 PLAINFIELD LS 
210 CENT POLY, FECL3 0 68.2 6 PLAINFIELD LS 
211 CENT POLY, FECL3 0 68.2 8 PLAINFIELD. LS 
212 CENT POLY, FECL3 0 68.2 7 PLAINFIELD LS 
213 CENT POLY, FECL3 29 83.8 0 PLAINFIELD LS 
214 CENT POLY, FECL3 22.2 : 85.8 ·o PLAINRELD LS. 
216 CENT POLY, FECL3 30.8 116.4 0 PLAINFIELD LS 
218 CENT POLY. FECL3 0 118.4 . 1 PLAINFIELD LS 
217 CENT POLY, FECL3 0 116.4 2 PLAINFIELD LS 
218 CENT POLY, FECL3 0 118.4 3 PLAINFIELD LS 
219 CENT POLY, FECL3 0 116.4 4 PLAINFIELD LS 
220 CENT POLY, FECL3 0 116.4 6 PLAINFIELD LS 
221 CENT POLY, FECL3 0 118.4 6 PLAINRELD LS 
222 CENT POLY, FECL3 0 116.4 7 PLAINFIELD LS 
223 CENT POLY, FECL3 67.8 127 0 PLAINFIELD LS 
224 CENT POLY, FECL3 44.4 171.4 0 PLAINFIELD LS 
226 CENT POLY, FECL3 81.1 232.6 0 PLAINFIELD LS 
228 CENT POLY, FECL3 69,8 302.3 0 PLAINFIELD LS 
227 CENT POLY, FECL3 64 356.3 0 PLAINFIELD LS 
228 CENT POLY FECL3 72 428.3 0 PLAINFIELD LS 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE. 
Cr . Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % mo/ko ma/ka ma/ko mo/ka CONTNT PROCESSING 

191 2963 1422 4,5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
192 2963 1422 4.6 5,9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
193 2963 1422 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
194 2983 1422 4.5 6.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
195 2983 1422 4.6 6.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
196 2983 1422 4.6 6,9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
197 2983 1422 4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
198 2983 1422 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
199 2983 1422 4.6 5.9 318 3.5 1135 • 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
200 2983 1422 4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
201 2983 1422 4.5 5.9 318 3.5 1135 5069 0.03 2ND TRTMNT. ANAEROBIC DIGESTION 
202 2983 1422 4.5" 6.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
203 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
204 2983 1422 4.5 5.9 318 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
205 2983 1422 4.5 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
208 2983 1422 4.6 6.9 • 318 3.6 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
207 2983 1422 4.5 6.9 318 3.6 1135 5069 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
208 2983 1422 4.6 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
209 29113 1422 4.5 6.9 318 3.6 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
210 2983 1422 4.5 6.9 318 3.6 1136 6069 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
211 29113 1422 4.6 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
212 2983 1422 4.5 6.9 318 3.6 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
213 29113 1422 4.6 5.9 318 3.6 1135 5059 0.03 2t!D TRTMNT, ANAEROBIC DIGESTION 
214 2983 1422 4.6 5.9 318 3.5 1135 5059 : 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
21!5 29113 1422 4.6 6.9 318 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
218 2983 1422 4.5 6.9 318 3.6 1136 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
217 29113 1422 4.6 5.9 318 3.6 1136 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
218 2983 1422 4.6 6.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

219 2983 1422 4.6 6,9 318 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
220 2983 1422 4.6 6.9 318 3.6 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
221 2983 1422 4.6 6.9 318 3,6 1136 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
222 2883 1422 4.6 6.1 318 3.6 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
223 29113 1422 4.6 5.9 318 3.6 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
224 29113 1422 4.5 6.9 318 3.5 1135 6059 0.03 2NO TRTMNT, ANAEROBIC DIGESTION 
225 2i83 1422 4.6 6.1 318 3,6 1136 6059 0.03 2NO TRTMNT, ANAEROBtC o+GESTION 
228 29113 1422 4.5 5.9 318 3.5 1135 6069 0.03 2ND TRTMNT ANAERC>me DIGESTION 
227 29'83 1422 4.6 6.t 318 3.6 1135 6059 0.03 2ND TRTMNTt ANAEROBCC DIGESTION 
221 2983 1422 4.6 5.9 318 3.5 1135 6059 0.03 2ND TRTMHT ANAEROBIC DIGESTION 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH mg/kg °"' "' "' 
191 HINESLY 1985 CORN 3.4 263 
192 HINESLY 1985 CORN 3.4 263 
193 HINESLY 1985 CORN 3.4 263 
194 HINESLY 1985 CORN 3.4 263 
195 HINESLY 1985 CORN 3.4 263 
196 HINESLY 1985 CORN 3.4 263 
197 HINESLY 1985 CORN 3.4 263 
198 HINESL Y 1985 CORN 3.4 263 
199 HINESLY 1985 CORN 3.4 263 
200 HINESL Y 1985 CORN 3.4 263 
201 HINESLY 1985 CORN 3.4 263 
202 HINESLY 1985 CORN 3.4 263 
203 HINESL Y 1985 CORN 3.4 263 
204 HINESLY 1985 CORN 3.4 263 
205 HINESL Y 1985 CORN 3.4 263 . 
206 HINESL Y 1985 CORN 3.4 263 
207 HINESLY 1985 CORN 3.4 263 
208 HINESL Y 1985 CORN 3.4 263 
209 HINESL Y 1986 CORN 3.4 263 
210 HINESL Y 1985 CORN 3.4 263 
211 HINESL Y 1985 CORN 3.4 263 
212 HINESLY 1985 CORN 3.4 263 
213 HINESLY 1985 CORN 3.4 263 
214 : HINESLY 1985 CORN : 3.4 263 : 
215 HINESLY 1985 CORN 3.4 263 
218 HINESLY 1985 CORN 3.4 283 
217 HINESL Y 1985 CORN 3.4 263 
218 HINESLY 1985 CORN 3.4 283 
219 HINESLY 1985 CORN 3.4 263 
220 HINESLY 1985 CORN 3.4 283 
221 HINESLY 1985 CORN 3.4 263 
222 HINESLY 1985 CORN 3.4 263 
223 HINESLY 1985 CORN 3.4 263 
224 HINESL Y 1985 CORN 3.4 263 
225 HINESL Y 1985 CORN 3.4 283 
226 HINESL Y 1985 CORN 3.4 263 
227 HINESL Y 1985 CORN 3.4 263 
228 HINESL Y 1985 CORN 3.4 263 
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153 
154 
155 
158 
157 
158 
159 
180 
181 
182 
183 
184 
185 
1815 
187 
188 
189 
170 
171 
172 
173 
174 
175 
178 
177 
178 
179 
180 
181 
112 
183 
114 
185 
188 
187 
188 
11:1 
190 

TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILUNOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, ILLINOIS 
JOLIET, IWNOIS 
JOLIET, IWNOIS 
JOLIET, IWNOIS 
JOLIET, IWNOIS 
JOUET. IWNOIS 
JOLIET, IWNOIS 
JOUET, IWNOIS 
JOLIET. UINOIS 
JOLIET, IWNOIS 
JOLIET, IWNOIS 
JOUET, ILLJNOIS 
JOUET, M..UNOIS 
JOUET, IWNOIS 
JOUET. IWNOl'S 
JOLIET. tl.UNOIS 
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155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

153 0 STOVER NO 
154 0 STOVER NO 

0 STOVER NO 
156 0 STOVER NO 
157 0 STOVER NO 
158. 0 STOVER NO 
159 0 STOVER NO 

0 STOVER NO 
161 0 STOVER NO 
162 0 STOVER NO 
163 NA STOVER NO 
164 0 STOVER NO 

0 STOVER NO 
166 0 STOVER NO 
167 0 STOVER NO 
168 0 STOVER NO 
169 0 STOVER NO .. 

0 STOVER NO 
171 0 STOVER NO 
172 0 STOVER NO 
173 NA STOVER NO 
174 0 STOVER NO 

0 STOVER NO 
176 0 STOVER NO : : 

177 0 STOVER NO 
178 0 STOVER NO 
179 0 STOVER NO 

0 STOVER NO 
181 0 STOVER NO 
182 0 STOVER NO 
183 NA STOVER NO 
184 0 STOVER NO 

0 STOVER NO 
188 0 STOVER NO 
187 0 STOVER NO 
188 0 STOVER NO 
189 0 STOVER NO 

0 STOVER NO 
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155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT mg/kg m11/k11 SAMPLED EXPERIMENTAL DESIGN % MEASURED 

153 HCL-HF 64 ·51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
154 HCL-HF 81 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 75 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
156 HCL-HF 75 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
157 HCL-HF 73 29 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
158 HCL-HF 70 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
159 HCL-HF 66 16 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 79 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
161 HCL-HF 80 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
162 HCL-HF 84 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
163 HCL-HF 127 105 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
164 HCL-HF 136 67 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 132 40 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
166 HCL-HF 185 63 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
167 HCL-HF 152 68 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
168 HCL-HF 143 38 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
169 HCL-HF 151 37 .. LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 187 30 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
171 HCL-HF 144 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
172 HCL-HF 187 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
173 HCL-HF 226 124 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
174 HCL-HF 179 102 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 207 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
: 176 HCL-HF 228 64 : LEAF SLUDGE, FIELD, MATURITY 0 : GRAIN 

177 HCL-HF 210 78 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
178 HCL-HF 214 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
179 HCL-HF 200 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 263 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
181 HCL-HF 196 67 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
182 HCL-HF 184 56 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
183 HCL-HF 418 168 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
184 HCL-HF 259 187 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 315 147 LEAF . SLUDGE, FIELD, MATURITY 0 GRAIN 
186 HCL-HF 386 95 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
187 HCL-HF 375 205 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
188 HCL-HF 468 323 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
189 HCL-HF 582 193 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 673 279 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
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155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/ka % DH RATE (ka/h11l 

153 1.64 7.6 0 
154 1.61 6.8 0 

1.54 7.2 0 
156 1.53 7.2 0 
157 1.54 7 0 
158 1.51 7 0 
159 1.58 7.4 0 

1.54 7.2 0 . .161 1.51 7 0 
162 1.62 7 0 
163 1.64 7.3 213 
164 1.84 6.8 261 

1.74 i.i 323 
166 2.18 7.1 323 
167 1.86 7.2 323 
168 1.67 7.2 323 
169 . 1.83 7.5 323 

1.55 7.2 323 
171 UIS 7 323 
172 1.89 7.1 323 
173 1.97 7.8 425 
174 1.81 7 521 

1.88 7.3 845 
176 : : 2.21 7.3 645 
177 1.99 7.4 845 
178 1.89 7.3 845 
179 1.94 7.4 645 

1.72 7.4 845 
181 1.79 7.2 645 
182 1.87 7.2 845 
183 2.23 7.5 850 
184 2.22 8.4 1042 

2.28 8.5 1290 
188 2.81 8.5 1849 
187 2.74 8.15 1894 
188 2.94 5.9 2187 
189 3.92 5.9 2167 

3.77 6.S 2167 
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TABLE F-4 (cont.) 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Mo/ha APPLICATN NAME NAME TEXTURE 

153 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
154 CENT POLY, FECL3 0 0 NA ELLIOT Sil 

CENT POLY, FECL3 0 0 NA ELLIOT Sil 
156 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
157 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
158 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
159 CENT POLY, FECL3 0 0 NA ELLIOT Sil 

CENT POLY, FECL3 0 0 NA ELLIOT Sil 
161 CENT POLY, FECL3 0 0 NA ELLIOT Sil 
162 CENT POLY, FECL3 0 0 NA ELLIOT SIL 
163 CENT POLY, FECL3 14.5 31.8 0 ELLIOT SIL 
164 CENT POLY, FECL3 11.1 42.9 0 ELLIOT SIL 

CENT POLY, FECL3 15.3 58.2 0 ELLIOT SIL 
166 CENT POLY, FECL3 0 58.2 1 ELLIOT Sil. 
167 CENT POLY, FECL3 0 58.2 2 ELLIOT Sil 
168 CENT POLY, FECL3 0 58.2 3 ELLIOT Sil 
169 CENT POLY, FECL3 0 58.2 4 ELLIOT SIL 

CENT POLY, FECL3 0 58.2 5 ELLIOT Sil 
171 CENT POLY, FECL3 0 58.2 6 ELLIOT Sil 
172 CENT POLY, FECL3 0 58.2 7 ELLIOT SIL 
173 CENT POLY, FECL3 29 63.6 0 ELLIOT SIL 
174 CENT POLY, FECL3 22.2 85.8 0 ELLIOT SIL 

CENT POLY, FECL3 30.6 116.4 0 ELLIOT Sil 
176 CENT POLY, FECL3 0 : 116.4 1 : ELLIOT SIL 
177 CENT POLY, FECL3 0 116.4 2 ELLIOT Sil 
178 CENT POLV, FECL3 0 116.4 3 ELLIOT SIL 
179 CENT POLY, FECL3 0 118.4 4 ELLIOT Sil 

CENT POLY, FECL3 0 116.4 5 ELLIOT Sil 
181 CENT POLY, FECL3 0 118.4 6 ELLIOT Sil 
182 CENT POLY, FECL3 0 116.4 7 ELLIOT SIL 
183 CENT POLY, FECL3 57.8 127 0 ELLIOT SIL 
184 CENT POLY, FECL3 44.4 171.4 0 ELLIOT Sil 

186 
CENT POLY, FECL3 
CENT POLY, FECL3 

61.1 
69.8 

232.5 
302.3 

0 
0 

. ELLIOT 
ELLIOT 

Sil 
SIL 

187 CENT POLY, FECL3 54 356.3 0 ELLIOT Sil 
188 CENT POLY, FECL3 72 428.3 0 ELLIOT SIL 
189 CENT POLY, FECL3 0 428.3 1 ELLIOT Sil 

CENT POLY, FECL3 0 428.3 2 ELLIOT Sil 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

mg/kg mg/kg % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

153 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
154 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
155 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
156 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
157 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
158 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
159 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
160 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
161 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
162 2963 ·1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
163 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
164 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
i65 2563 i422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
166 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
167 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
168 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
169 2963 1422 4.5 5.9 316. 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
170 2983 1422 4.5 5.9 316 3.5 1135 5059; 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
171 2963 1422 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
172 2963 1422 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC"DIGESTION 
173 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
174 2983 1422 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
175 2983 1422 4.5 5,9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
178 2983 1422 : 4.5 5.9 316 3.5 1135 5059 :0,03 2ND TRTMNT, ANAEROBIC"DIGC:STION 
177 2963 1422 4.5 5,9 318 3.5 1135 5059 0,03 2ND.TRTMNT, ANAEROBIC DIG!:STION 
178 2983 1422 4.5 5.9 318 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
179 2983 1422 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
180 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
181 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
182 2983 1422 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
183 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
184 2983 1422 4.5 5,9 318 3.5 1135 6059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION 
185 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
188 2983 1422 4.5 5.9 318 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
187 2983 1422 4.5 5.9 318 3.5 1135 6059 0,03 2ND TRTMNT, ANAEROBK: DIGESTION 
181 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03. 2ND TRTMNT. ANAEROBIC DIGESTION 
189 2983 1422 4.5 5.9 318 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBfC DIGESTION 
190 2.983 1-422 4.5 5,9 318 3.5 1135 5059 0.03 2NO TRTMNT ANAEROBIC DIGESTION 
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TABLE F-4 {cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/ka 

153 HINESL Y 1985 CORN 3.4 263 
154 HINESL Y 1985 CORN 3.4 263 

, HINESLY 19EJ!'i CORN 3.4 263 
'156 HIN ESL Y 1985 CORN 3.4 263 
157 HINESLY 1985 CORN 3.4 263 
158 HINESL Y 1985 CORN 3.4 263 
159 HINESLY 1985 CORN 3.4 263 

HIN ESL Y 1985 CORN 3.4 263 
161 HIN ESL Y 1985 CORN 3.4 263 
162 HINESLY 1985 CORN 3.4 263 
163 HINESL Y 1985 CORN 3.4 263 
164 HIN ESL Y 1985 CORN 3.4 263 

HIN ESL Y 1985 CORN 3.4 263 
166 HINESLY 1985 CORN 3.4 263 
167 HIN ESL Y 1985 CORN 3.4 263 
168 HINESL Y 1985 CORN 3.4 263 
169 HIN ESL Y 1985 CORN 3.4 263 .. 

HINESLY 1985 CORN i 3.4 263 
171 HINESL Y 1985 CORN 3.4 263 ' 
172 HINESLY 1985 CORN 3.4 263 
173 HINESLY 1985 CORN 3.4 263 
174 HINESL Y 1985 CORN 3.4 263 

HINESLY 1985 CORN 3.4 263 
176 : HINESLY 1985 CORN : 3.4 263 : 

177 HINESLY 1985 CORN 3.4 263 
178 HINESLY 1985 CORN ' 3.4 263 
179 HINESLY 1985 CORN 3.4 263 

HINESLY 1985 CORN 3.4 263 
181 HINESL Y 1985 CORN 3.4 263 
182 HINESLY 1985 CORN 3.4 263 
183 HINESLY 1985 CORN 3.4 283 
184 HINES LY 1985 CORN 3.4 263 

HINESL Y 1985 CORN 3.4 263 
186 HINESL Y 1985 CORN 3.4 263 
187 HIN ESL Y 1985 CORN 3.4 263 
188 HINESL Y 1985 CORN 3.4 263 
189 HINESL Y 1985 CORN 3.4 263 

HINESL Y 1985 CORN 3.4 263 
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TABLE F-4 (cont.) 

LOCATION 
OF 

STUDY 

JOLIET, ILLINOIS 
116 JOLIET, ILLINOIS 
117 JOLIET, ILLINOIS 
118 JOLIET, ILLINOIS 
119 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
121 JOLIET, ILLINOIS 
122 JOLIET, ILLINOIS 
123 JOLIET, ILLINOIS 
124 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
126 JOLIET, ILLINOIS 
i2i JOLIET, ILLINOIS 
128 JOLIET, ILLINOIS 
129 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
131 JOLIET, ILLINOIS 
132 JOLIET, ILLINOIS 
133 JOLIET, ILLINOIS 
134 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
136 JOLIET, ILLINOIS 
137 JOLIET, ILLINOIS 
138 JOLIET, ILLINOIS 
139 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
141 JOLIET, ILLINOIS 
142 JOLIET, IUINOIS 
143 JOLIET, ILLINOIS 
144 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
1415 JOLIET, IUINOIS 
147 JOLIET, IWNOIS 
14a JOUET, ILUNOIS 
149 JOUET, IWNOIS 

JOLIET, IWNOIS 
151 JOLIET, M.UNOIS 
152 JOUET. IWNOIS 
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TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

0 STOVER NO 
116 0 STOVER NO 
117 0 STOVER NO 
118 0 STOVER NO 
119 0 STOVER NO 

0 STOVER NO 
121 0 STOVER NO 
122 0 STOVER NO 
123 NA STOVER NO 
124 0 STOVER NO 

0 STOVER NO 
126 0 STOVER NO 
127 0 STOVER NO 
128 0 STOVER NO 
129 0 STOVER NO 

0 STOVER NO 
131 0 STOVER NO . 
132 0 STOVER NO 
133 NA STOVER NO 
134 0 STOVER NO 

0 STOVER NO 
136 0 STOVER NO 
137 0 STOVER NO 

: 138 0 STOVER . NO : : 

139 0 STOVER NO i 

0 STOVER NO 
141 0 STOVER NO 
142 0 STOVER NO 
143 NA STOVER NO 
144 0 STOVER NO 

0 STOVER NO 
146 0 STOVER NO 
147 0 STOVER NO 
148 0 STOVER NO 
149 0 STOVER NO 

0 STOVER NO 
151 0 STOVER NO 
152 0 STOVER NO 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT m11/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

HCL-HF 82 21 LEAF SLUDGE, FIELD, MATURITY 0 "GRAIN 
116 HCL-HF 79 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
117 HCL-HF 84 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
118 HCL-HF 73 35 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
119 HCL-HF 66 21 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 81 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
121 HCL-HF 89 32 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
122 
123 

HCL-HF 
HCL-HF 

87 
138 

25 
80 

LEAF 
LEAF 

SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

0 
0 

GRAIN 
GRAIN . 

124 HCL-HF 124 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
HCL-HF 130 47 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

126 HCL-HF 169 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
127 HCL-HF 143 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
128 HCL-HF 154 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
129 HCL-HF 147 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 180 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
131 HCL-HF 134 46 . LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
132 HCL-HF 159 34 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
133 HCL-HF 195 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
134 HCL-HF 167 85 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 168 58 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
136 HCL-HF 270 55 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
137 HCL-HF 201 63 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

I 138 HCL-HF 200 38 : LEAF SLUDGE, FIELD, MATURITY 0 : GRAIN 
139 HCL-HF 215 33 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 267 25 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
141 HCL-HF 178 50 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
142 HCL-HF 240 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
143 HCL-HF 319 145 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
144 HCL-HF 257 108 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

HCL-HF 327 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
1415 HCL-HF 451 113 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
147 HCL-HF 314 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
148 HCL-HF 319 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
149 HCL-HF 351 45 LEAF SLUDGE,FIELD,MATURITY 0 GRAIN 

HCL-HF 379 34 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
161 HCL-HF 2315 152 LEAF SLUOGE,FIELD,MATURITY 0 GRAIN 
152 HCL-HF 313 43 LEAF SLUDGE FIELD. MATURITY 0 GRAIN 
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TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/ka % oH RATE (ka/ha) 

0.94 7.6 0 
116 0.93 7.6 0 
117 0.92 7.8 0 
118 0.87 7.5 0 
119 0.9 7.6 0 

0.88 7.5 0 
121 0.73 7.6 0 
122 1 7.4 0 
123 1.06 7.7 213 
124 1.11 6.9 261 

1.18 7.5 323 
126 1.4 7.5 323 
127 1.16 7.6 323 
128 1.08 7.5 323 
129 1.18 7.7 323 

1.23 7.6 323 
131 . 1.09 7.5 323 
132 1.32 7.3 323 
133 1.38 7.6 425 
134 1.12 7 521 

1.29 7.4 645 
136 1.83 7.3 645 
137 1.36 7.5 645 
138 : : 1.34 7.2 645 
139 1.6 7.4 645 

1.31 7.3 645 
141 1.54 7.1 645 
142 1.62 7.1 645 
143. 1.62 7.6 850 
144 1.63 6.8 1042 

1.94 7.3 1290 
146 2.5 7.2 1290 
147 1.83 7.3 1290 
148 1.88 7.2 1290 
149 2.03 7.3 1290 

1.8 7.1 1290 
151 1.54 7.1 1290 
152 1.84 7 1290 
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TABLE F-4 (cont.) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

CENT POLY, FECL3 0 0 NA BLOUNT Sil 
116 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
117 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
118 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
119 CENT POLY, FECL3 0 0 NA BLOUNT Sil 

CENT POLY, FECL3 0 0 NA BLOUNT Sil 
121 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
122 CENT POLY, FECL3 0 0 NA BLOUNT SIL 
123 CENT POLY, FECL3 14.5 31.8 0 BLOUNT Sil 
124 CENT POLY, FECL3 11. 1 42.9 0 BLOUNT Sil 

CENT POLY, FECL3 15.3 58.2 0 BLOUNT SIL 
126 CENT POLY, FECL3 0 58.2 1 BLOUNT Sil 
127 CENT POLY, FECL3 0 56.2 2 BLOUNT Sil 
128 CENT POLY, FECL3 0 58.2 3 BLOUNT SIL 
129 CENT POLY, FECL3 0 58.2 4 BLOUNT SIL 

CENT POLY, FECL3 0 58.2 5 BLOUNT Sil 
131 CENT POLY, FECL3 0 ,68.2 6 BLOUNT SIL 
132 CENT POLY, FECL3 0 58.2 7 I BLOUNT Sil 
133 CENT POLY, FECL3 29 83.6 0 BLOUNT SIL 
134 CENT POLY, FECL3 22.2 85.8 0 BLOUNT Sil 

CENT POLY, FECL3 30.6 116.4 0 BLOUNT Sil 
136 CENT POLY, FECL3 0 116.4 1 BLOUNT SIL 
137 CENT POLY, FECL3 0 116.4 2 BLOUNT SIL 
138 CENT POLY, FECL3 0 : 116.4 3 BLOUNT SIL 
139 CENT POLY, FECL3 0 118.4 4 BLOUNT SIL 

CENT POLY, FECL3 0 118.4 5 BLOUNT SIL 
141 CENT POLY, FECL3 0 116.4 8 BLOUNT SIL 
142 CENT POLY, FECL3 0 116.4 7 BLOUNT SIL 
143 CENT POLY, FECL3 57.8 127 0 BLOUNT SIL 

144 CENT POLY, FECL3 44.4 171.4 0 BLOUNT SIL 
CENT POLY, FECL3 81.1 232,5 0 · BLOUNT SIL 

1-18 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 
147 CENT POLY, FECL3 0 232,5 1 BLOUNT SIL 
148 CENT POLY, FECL3 0 232.5 1 BLOUNT Sil 
1-19 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL 

CENT POLY, FECL3 0 232.6 1 BLOUNT SIL 
151 CENT POl Y, FECL3 0 232.5 1 BLOUNT SIL 
152 CENT POLY, FECL3 0 232.5 1 Bl.OU-NT SIL 
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TABLE F-4 (cont.) 

• 
SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 
mg/ka ma/ka % % ma/ka mg/kg ma/ka ma/ka CONTNT PROCESSING 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
116 2963 1422 4.5 5.9 316 - 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
117 2963 1 · i.22. · 4.5 5.9 316 .. 3.~ ,1135 5059. 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
118 2963 1422. 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
119 2963 1422 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT,.ANAEROBIC DIGESTION 

2.963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
121 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
122 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
123 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
124 2963 1422 4.5 : 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5,9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
126 2963 1422 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGL!STION 
127 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
128 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
129 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
131 2963 1422 4.5 5.9 316" 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
132 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
133 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
134 2963 1422 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2983 1422 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
136 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
137 2963 1422 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
138 2963 1422 : 4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION-
139 2963 1422 4.5 5,9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
141 2983 1422 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
142 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
143 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
144 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
148 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
147 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
148 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
149 2963 1422 4.6 5.9 316 3.5 1135 6059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 

2963 1422 4.6 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
151 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
152 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOlSOLIOS Al Ca Cd 

CITATION NAME CULTIVAR PH % % % moJka 

HINESLY 1985 CORN 3.4 263 
116 HINESLY 1985 CORN 3.4 2113 
117 HINESLY 1985 CORN 3.4 263 
118 HINESLY 1985 CORN 3.4 263 
119 HINESLY 1985 CORN 3.4 263 

HINESLY 1985 CORN 3.4 263 
121 HINESLY 1985 CORN 3.4 263 
122 HINESLY 1985 CORN 3.4 263 
123 HINESLY 1985 CORN 3.4 263 
124 HINESLY 1985 CORN 3.4 263 

HINESLY 1985 CORN 3.4 263 
126 HINESLY 1985 CORN 3.4 283 
127 HINESLY 1985 CORN 3.4 263 
128 HINESLY 1985 CORN 3.4 263 
129 HINESLY 1985 CORN 3.4 283 

HINESLY 1985 CORN 3.4 263 
131 HINESLY 1985 ,. CORN 3.4 263 
132 HINESLY 1985 CORN 3.4 283 
133 HINESLY 1985 CORN 3.4 263 
~34 HINESLY 1985 CORN 3.4 283 

HINESLY 1985 CORN S.4 283 
138 HINESLY 1985 CORN 3.4 283 
137 HINESL Y 1985 CORN 3.4 283 
138 : HINESLY 1985 CORN : 3.4 263 
139 HINESLY 1985 CORN 3.4 293 

HINESLY 1985 CORN 3.4 283 
141 HINESLY 1985 CORN 3.4 263 
142 HINESLY 1985 CORN 3.4 283 
143 HINESLY 1985 CORN 3.4 263 
144 HINESLY 1985 CORN· 3.4 263 

HINESLY 1985 CORN 3.4 263 
148 HINESLY 1985 CORN 3.4 263 
147 HINESLY 1985 CORN 3.4 263 
148 HINESLY 1985 CORN 3.4 263 

149 HINESLY 1985 CORN 3.4 283 

HINESLY 1985 CORN 3.4 263 

151 HINESLY 1985 CORN 3.4 263 

152 HINESLY 1985 CORN 3.4 263 

F-226 



TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

77 MUSCLE SCHOALES, AL 
78 MUSCLE SCHOALES, AL 
79 MUSCLE SCHOALES, AL 
80 MUSCLE SCHOALES, AL 
81 MUSCLE SCHOALES, AL 
82 MUSCLE SCHOALES, AL 
83 MUSCLE SCHOALES, AL 
84 MUSCLE SCHOALES, AL 
85 MUSCLE SCHOALES, AL 
86 MUSCLE SCHOALES, AL 
87 MUSCLE SCHOALES, AL 
88 MUSCLE SCHOALES, AL 
89 MUSCLE SCHOALES, AL 
90 MUSCLE SCHOALES, AL 
91 MUSCLE SCHOALES, AL 
92 MUSCLE SCHOALES, AL 
9,3 MUSCLE SCHOALES, AL 
94 MUSCLE SCHOALES, AL 
95 MUSCLE SCHOALES, AL 
96 MUSCLE SCHOALES, AL 
97 MUSCLE SCHOALES, AL 
98 MUSCLE SCHOALES, AL 
99 MUSCLE SCHOALES, AL 
100 MUSCLE SCHOALES, AL 
101 MUSCLE SCHOALES, AL 
102 MUSCLE SCHOALES, AL 
103 MUSCLE SCHOALES, AL 
104 MUSCLE SCHOALES, AL 
105 MUSCLE SCHOALES, AL 
106 MUSCLE SCHOALES, AL 
107 MUSCLE SCHOALES, AL 
108 MUSCLE SCHOALES, AL 
109 MUSCLE SCHQALES, AL 
110 MUSCLE SCHOALES, AL 
111 MUSCLE SCHOALES, AL 
112 MUSCLE SCHOALES, AL 
113 JOLIET, ILLINOIS 
114 JOLIET, ILLINOIS 
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TABlE F-4 (cont,) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

77 NO 
78 NO 
79 NO 
80 NO 
81 NO 
82 NO 
83 •No •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS 
84 NO 
85 NO . 
86 NO 
87 NO 
88 NO 
89 •No •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS 
90 NO 
91 
92 . NO 

NO 
93 NO . 
94 NO 
95 •No •AUTHORS STATE YIELD REDUCTIONS.NOT ATTRIBUTABLE TO METALS 
.96 NO 
97 NO 
98 NO 
99 •No •AUTHORS STATE YIELD REDUCTIONS NOT ATTRIBUTABLE TO METALS 

: 100 NO : : 

101 NO 
102 NO 
103 •No *AUTHORS STATE YIELD REDUCTIONS NOT ATTRIBUTABLE TO.METALS 
104 NO 
105 NO 
108 NO 
107 NO 
108 NO 
109 NO 
110 NO 
111 NO . 
112 NO 
113 0 STOVER NO 
114 0 STOVER NO 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENT AL DESIGN % MEASURED 

77 0.5 M HCL 89 113 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
78 0.5 M HCL 5 56 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
79 0.5 M HCL 97 53 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

0.5 M HCL 89 76 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
81 0.5 M HCL 5 61 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
82 0.5 M HCL 97 153 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
83 0.5 M HCL 89 130 LEAF FIELD, SLUDGE, MATURITY 25• EDIBLE PART 
84 0.5 M HCL 5 36 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

0.5 M HCL 97 79 LEAF FIELD, S~UDGE, MATURITY 0 EDIBLE PART 
86 0.5 M HCL 89 61 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
87 0.5 M HCL 5 112 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
88 0.5 M HCL 97 233 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
89 0.5 M HCL 89 287 LEAF FIELD, SLUDGE, MATURITY 21. 1 • EDIBLE PART 

0.5 M HCL 5 109 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
91 0.5 M HCL 97 166 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
92 0.5 M HCL 89 316 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
93 .5 M HCL 2 54 . LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
94 • 5 M HCL 2.9 44 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 

.5 M HCL 112.8 142 LEAF FIELD, SLUDGE, MATURITY 15.4· TOTAL PLANT 
96 .5 M HCL 74.2 131 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
97 .5 M HCL 2 71 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
98 .5 M HCL 2.9 64 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
99 .5 M HCL 112.8 98 LEAF FIELD, SLUDGE, MATURITY 10• TOTAL PLANT 

: .5 M HCL 74.2 109 : LEAF FIELD, SLUDGE, MATURITY 0 : TOTAL PLANT 
101 .5 M HCL 2 37 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
102 .5 M HCL 2.9 48 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
103 .5 M HCL 112.8 62 LEAF FIELD, SLUDGE, MATURITY 12.5• TOTAL PLANT 
104 .5 M HCL 74.2 71 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 

.5 M HCL 2 52 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
106 .5 M HCL 2.9 54 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
107 .5 M HCL 1.12.8 178 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
108 .5 M HCL 74.2 142 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
109 .5MHCL 2 48 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 

.5 M HCL 2.9 88 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
111 .5 M HCL 112.8 121 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT 
112 .5 M HCL 74.2 120 LEAF FIELD, SLUDGE, MATURln' 0 TOTAL PLANT 
113 HCL-HF 72 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
114 HCL-HF 83 24 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
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TABlE F-4 (cont.) 

SANO SILT CLAY SOIL SOil CUMM Zn 
CONTENT CONTENT CONTENT CEC oc son. LOADING 

% % % omol/ka % DH RATE lka/he) 

77 8.4 202 
78 5.8 0 
79 5.8 202 
80 5.8 202 
81 5.8 0 
82 5.8 202 
83 5,8 202 
84 5.8 0 
85 5.8 202 
86 5.8 202 
87 5,8 0 
88 5.8 202 
89 5.8 202 
90 5.8 0 
91 5.8 202 
92 • 5.8 202 
93 .. 5.1 0 
94 i 5.1 0 
95 5.1 403 
96 5.1 403 
97 5.1 0 
98 5.1 0 
99 5.1 403 
100 : : 5.1 403 
101 5.1 0 
102 5.1 -0 
103 5.1 403 
104 5.1 403 
105 5.1 0 
108 5.1 0 
107 5.1 403 
108 5.1 403 
109 5.1 0 
110 . 5.1 0 

111 5.1 403 
112 5.1 403 
113 0.85 7.8 0 
114 0.9 6.9 0 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

77 112 112 0 SANGO Sil 
78 0 " -- SANGO Sil 
79. .. 112 l2 : 1 SANGO Sil 
80 ' . 112 112 1 SANGO Sil 
81 0 0 SANGO Sil 
82 112 112 1 SANGO Sil 
83 112 112 1 SANGO 3il 
84 0 0 SANGO Sil 
85 112 112 1 SANGO Sil 
86 112 112 1 SANGO Sil 
87 0 0 SANGO Sil 
88 112 112 1 SANGO Sil 
89 112 112 1 SANGO Sil 
90 0 0 SANGO Sil 
91 112 112 1 SANGO Sil 
92 112 112 1 SANGO Sil 
93 0 .. 0 SANGO Sil 
94 0 0 SANGO SIL 
95 224 224 0 SANGO Sil 
96 224 224 0 SANGO SIL 
97 0 0 SANGO Sil 
98 0 0 SANGO Sil 
99 224 224 0 SANGO Sil 
100 224 : 224 0 : SANGO SIL 
101 . 0 0 SANGO SIL 
102 0 0 SANGO SIL 
103 224 224 0 SANGO Sil 
104 224 224 0 SANGO Sil 
105 0 0 SANGO SIL 
106 0 0 SANGO SIL 
107 224 224 0 SANGO Sil 
108 224 224 0 SANGO Sil 
109 0 0 SANGO Sil 
110 0 0 SANGO Sil 
111 224 224 0 SANGO Sil 
112 224 224 0 SANGO Sil 
113 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
114 CENT POLY, FECL3 0 0 NA BLOUNT Sil 
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TABlE F-4 (cont,) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr cu Fo N NI p Pb Zn SOLIDS BIOlOGICAL 

ma/ka molka % % ma/ka mo/ka ma/l<a ma/ka CONTNT PROCESSING 

77 400 520 1.5 2.1 40 1.3 1600 1800 
78 
79 350 730 1.7 2.3 20 1.6 530 1800 
80 400 520 1.5 2.1 40 1.3 1600 1800 
81 
82 350 730 1.7 2.3 20 1.6 530 1800 
83 400 520 1.5 2.1 40 1.3 1600 1800 
84 
85 350 730 1.7 2.3 20 1.6 530 1800 
86 400 520 1.6 2.1 40 1 .3 1600 1800 
87 
88 350 730 1.7 2.3 20 1.6 530 1800 
89 400 520 1.5 2.1 40 1.3 1600 1800 
90 
91 350 730 1.7 2.3 20 1.6 630 1800 
92 400 520 1.5 2.1 40 1.3 1600 1800 
93 350 730 1.7 2.3 2(2 16000 530 1800 
94 350 730 1.7 2.3 20 16000 530 1800 
95 350 730 1.7 2.3 20 16000 530 1800 
98 350 730 1.7 2.3 20 16000 530 1800 
97 350 730 1.7 2.3 20 16000 530 1800 
98 350 730 1.7 2,3 20 16000 530 1800 
99 350 730 1.7 2.3 20 16000 530 1800 
100 350 730 1.7 2.3 : 20 16000 530 1800 : 

101 350 730 1.7 2.3 20 16000 530 1800 
102 350 730 1.7 2.3 20 - 16000 530 1800 
103 350 730 1.7 2.3 20 16000 530 1800 
104 350 730 1.7 2.3 20 16000 530 1800 
105 350 730 1.7 2.3 20 16000 530 1800 
108 350 730 1.7 2.3 20 16000 530 1800 
107 350 730 1.7 2.3 20 16000 530 1800 
108 350 730 1.7 2.3 20 16000 530 1800 
109 350 730 1.7 2.3 20 16000 530 1800. 
110 350 730 1.7 2.3 20 16000 530 1800 
111 360 730 1.7 2.3 20 16000 530 1800 
112 350 730 1.7 2.3 20 16000 530 1800 
113 2983 1421 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION 
114 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION 
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TABLE F-4 (cont.) 

. SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ce Cd 
CITATION NAME CULTIVAR DH % % % ma/ka 

77 GIORDANO & MAYS 1977 KALE 6.1 1.7 40 
78 GIORDANO & MAYS 1977 OKRA 
79 GIORDANO & MAYS 1977 OKRA 6.6 2.5 50 
80 GIORDANO & MAYS 1977 OKRA 6.1 1.7 40 
81 GIORDANO & MAYS 1977 PEPPER 
82 GIORDANO & MAYS 1977 PEPPER 6.6 2.5 50 
83 GIORDANO & MAYS 1977 PEPPER 6. 1 1.7 40 
84 GIORDANO & MA VS 1977 TOMATO 
85 GIORDANO & MAYS 1977 TOMATO 6.6 2.5 50 

. 86 GIORDANO & MA VS 1977 TOMATO 6.1 1.7 40 
87 GIORDANO & MA VS 1977 SQUASH 
88 GIORDANO & MAYS 1977 SQUASH 6.6 2.5 50 
89 GIORDANO & MA VS 1977 SQUASH 6. 1 1.7 40 

~ 90 GIORDANO & MA VS 1977 LETTUCE 
91 GIORDANO & MA VS 1977 LITTUCE 6.6 2.5 50 
92 GIORDANO & MAYS 1977 LITTUCE 6.1 1.7 40 
93 GIORDANO&MAYS 1977 "1.ITTUCE 6.6 2.5 50 
94 GIORDANO&MAYS 1977 LITTUCE 6.6 2.5 50 
95 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 
96 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 
97 GIORDANO&MAYS 1977 PEPPER 6.8 2.5 50 
98 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50 
99 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50 

100 : GIORDANO&MAYS 1977 PEPPER : 6.6 2.5 : 50 
101 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50 
102 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50 
103 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50 
104 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50 
105 GIORDANO&MAYS 1977 CORN 6.6 2.5 50 
108 GIORDANO&MAYS 1977 CORN 6.6 2.5 50 
107 GIORDANO&MAYS 1977 CORN 6.6 2.5 50 
108 GIORDANO&MAYS 1977 CORN 6.6 2.5 50 
109 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 
110 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 
111 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 
112 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 
113 HIN ESL Y 1985 CORN 3.4 263 
114 HINESLY 1985 CORN 3.4 263 
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75 

TABlE F-4 (cont.) 

LOCATION 
OF 

STUDY 

39 MUSCLE SCHOALES, AL 
MUSCLE SCHOALES, AL 

41 MUSCLE SCHOALES, AL 
42 MUSCLE SCHOALES, AL 
43 MUSCLE SCHOALES, AL 
44 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
46 MUSCLE SCHOALES, AL 
47 MUSCLE SCHOALES, AL 
48 MUSCLE SCHOALES, AL 
49 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
51 MUSCLE SCHOALES, AL 
52 MUSCLE SCHOALES, AL 
53 MUSCLE SCHOALES, AL 
54 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
56 MUSCLE SCHOALES, AL 
57 MUSCLE SCHOALES, AL 
58 MUSCLE SCHOALES, AL 
59 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
61 MUSCLE SCHOALES, AL 
82 MUSCLE SCHOALES, AL : 

63 MUSCLE SCHOALES, AL 
84 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
66 MUSCLE SCHOALES, AL 
67 MUSCLE SCHOALES, AL 
68 MUSCLE SCHOALES, AL 
69 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
71 MUSCLE SCHOALES, AL 
72 MUSCLE SCHOALES, AL 
73 MUSCLE SCHOALES, AL 
74 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
76 MUSCLE SCHOALES AL 
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TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

39 0 PODS NO 
60,4• PODS •No ·DOSE RESPONSE & TISSUE CONCENTRATION INCONSISTANT 

41 0 PODS NO 
42 0 PODS NO 
43 37,5• PODS •NO ·DOSE RESPONSE NOT CONSISTANT, PH<5.5 
44 0 PODS NO 

0 PODS NO 
46 0 PODS NO 
47 0 PODS NO 
48 0 PODS NO 
49 0 PODS NO 

0 PODS NO 
51 0 PODS •NO ·DOSE RESPONSE & TISSUE ZN CONCENTRATION NOT CONSISTANT 
52 0 PODS •NO •DOSE RESPONSE & TISSUE ZN CONCENTRATION NOT CONSISTANT 
53 0 PODS NO 
54 0 PODS POSSIBLE SOIL PH<5.5, SLUDGE LOADING EXCEEDS AGRONOMIC RATES 

36_8 PODS POSSIBLE SOIL PH<5.5, SLUDGE LOADING EXCEEDS AGRONOMIC RATES 
56 42.8 PODS POSSIBLE SLUDGE LOADING EXCEEDS AGRONOMIC RATES 
57 NO 
58 NO 
59 •NO •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 

NO 
61 •No •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
62 •NO : •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
63 NO 
64 NO 

.•No •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS 
66 NO 
67 NO 
68 NO 
69 NO 

NO 
71 NO 
72 NO 
73 NO 
74 NO 

NO 
76 NO I 
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TABlE F-4 (oont.t 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACTANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

39 0.5 MHCI 75 230 VINES FIELD, SLUDGE, MATURITY 0 VINES 
0.5 MHCI 206 211 VINES FIELD. SLUDGE, MATURITY 0 VINES 

41 0.5 MHCI 7 53 VINES FIELD. SLUDGE, MATURITY 0 VINES 
42 0.5MHCI 7 63 VINES FIELD, SLUDGE, MATURITY 0 VINES 
43 0.5 M HCI 20 282 VINES FIELD, SLUDGE, MATURITY 30.8" VINES 
44 0.5 MHCI 40 254 VINES FIELD, SLUDGE, MATURITY 0 VINES 

0.5 MHCI 62 296 VINES FIELD, SLUDGE, MATURITY 0 VINES 
46 0.5 M HCI 143 404 VINES FIELD, SLUDGE, MATURITY 0 VINES 
47 0.5MHCI 261 410 VINES FIELD, SLUDGE, MATURITY 0 VINES 
48 0.5MHCI 774 338 VINES FIELD, SLUDGE, MATURITY 0 VINES 
49 DTPA 2 42 · VINES FIELD, SLUDGE, MATURITY 0 VINES 

DTPA 2 36 VINES FIELD. SLUDGE. MATURITY 0 VINES 
51 DTPA 9 128 VINES FIELD, SLUDGE, MATURITY 26.2" VINES 
52 DTPA - 19 141 VINES FIELD, SLUDGE, MATURITY 14.5" VINES 
53 DTPA 25 128 VINES FIELD, SLUDGE, MATURITY 0 VINES 
54 DTPA 69 304 VINES FIELD, SLUDGE, MATURITY 27 VINES 

DTPA 77 325 VINES FIELD, SLUDGE, MATURITY 38 VINES 
56 DTPA 157 308 VINES FIELD, SLUDGE, MATURITY 32.8 VINES 
57 0.5 M HCL 5 40 LEAF FIELD, SLUDGE, MATURITY · 0 EDIBLE PART 
58 0.5MHCL 97 179 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
59 0.5MHCL 89 95 LEAF FIELD, SLUDGE, MATURITY 14.3" EDIBLE PART 

0.5MHCL 5 41 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
81 0.5MHCL 97 94 LEAF FIELD, SLUDGE, MATURITY 8.3• EDIBLE PART 
82 0.5MHCL 89 : 55 LEAF FIELD, SLUDGE, MATURITY : 8.3• EDIBLE PART 
63 0.5MHCL 5 68 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
M 0.5 M HCL 97 143 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE .PART 

0.5 M HCL 89 92 LEAF FIELD, SLUDGE, MATURITY 13" EDIBLE PART 
86 0.5 M HCL 5 49 LEAF FIELD, SLUDGE, MATURITY . 0 EDIBLE PART 
67 0.5 MHCL 97 77 LEAF FIELD. $LUDGE, MATURITY 0 EDIBLE PART 
68 O.SMHCL · 89 55 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
89 0.5MHCL 5 93 • LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

O.SMHCL 97 233 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
71 0.5MHCL 89 226 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 
72. 0.5MHCL 5 52 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

73 0.5MHCL 97 194 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

74 0.5 MHCL 89 96 LEAF FIELD, SLUDGE, MATl:IRITY 0 EDIBLE PART 

0.5 MHCL 5 33 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART 

76 0.5 M HCL 97 161 LEAF FIELD. SLUDGE. MATURITY 0 EDIBLE PART 
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TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/ka % DH RA TE Cka/h11) 

39 5.6 360 
40 •. 

-- 5.6 720 
41 ·- 6.5 0 

. 42 ' ., .. , 8.5 0 
43 5.2 90 
44 5.6 180 
45 5.9 360 
46 6 270 
47 5.9 540 
48 8.3 1080 
49 8.3 0 
50 5.8 0 
51 ·5.5 90 
52 5.7 180 
53 8.1 360 
54 5 360 
55 5.3 720 
56 5.7 1440 1i. 
57 8.4 0 
58 8.4 202 
59 8.4 202 
60 8.4 0 
81 8.4 202 
82 : : 8.4 202 
83 8.4 0 
84 8.4 202 
85 8.4 202 
88 8.4 0 
87 8.4 202 
88 8.4 202 
89 8.4 0 
70 8.4 202 
71 8.4 202 
72 8.4 0 
73 8.4 202 
74 8.4 202 
75 6.4 0 
76 6.4 202 
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TABlE F-<l (cont.) 

SLUDGE ANNLSLUOGE CUMML SLUOGE YEARS SOll SOIL 
CHEM1CAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

39 100 200 0 SANGO SIL 

"'° 200 400 0 SANGO SIL 
41 0 0 SANGO SIL 
42 0 0 SANGO SIL 
43 50 50 2 SANGO SIL 
44 100 100 2 SANGO SIL 
45 200 200 2 SANGO SIL 
46 50 150 0 SANGO SIL 
47 100 300 0 SANGO SIL 
48 200 600 0 SANGO SIL 
49 0 0 SANGO SIL 
50 0 0 SANGO SIL 
51 50 50 3 SANGO SIL 
52 100 100 3 SANGO SIL 
53 200 200 3 SANGO Sil 
54 50 200 0 SANGO Sil 
55 100 400 0 SANGO SIL 
56 200 800 0 SANGO SIL 
57 0 0 SANGO SIL 
58 112 112 0 SANGO S" , .. 
59 112 112 0 SANGO Sil 
60 0 0 SANGO SIL 
81 112 112 0 SANGO SIL 
62 : 112 112 0 : SANGO Sil 
63 0 0 SANGO SIL 
84 112 112 0 SANGO Sil 
85 112 112 0 SANGO Sil 
88 0 0 SANGO Sil 
67 112 112 0 SANGO Sil 
68 112 112 0 SANGO Sil 
89 0 0 SANGO SIL 
70 112 112 0 SANGO Sil 
71 112 112 0 SANGO Sil 
72 0 0 SANGO Sil 
73 112 112 0 SANGO Sil 
74 112 112 0 SANGO Sil 

75 0 0 SANGO Sil 

76 112 112 0 SANGO Sil 
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TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni Pb Zn SOLIDS BIOLOGICAL p 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

39 400 520 1.5 2.1 40 1.3 1600 1800 
40 400 520 1.5 2.1 40 1.3 1600 1800 
41 400 520 1.5 2.1 40 1.3 1600 1800 

. 42 400 520 1.5 2.1 40 1.3 1600 1800 
43 400 520 1.5 2.1 40 1.3 1600 1800 
44 400 520 1.5 2.1 40 1.3 1600 1800 
45 400 520 1.5 2.1 40 1.3 1600 1800 
46 400 520 1.5 2.1 40 1.3 1600 1800 
47 400 520 1.5 2.1 40 1.3 1600 1800 
48 400 520 1.5 2.1 40 1.3 1600 1800 

· 49 400 520 1.5 2.1 40 1.3 1600 1800 
50 400 520 1.5 2.1 40 1.3 1600 1800 
51 400 520 1.5 2.1 40 1.3 1600 1800 
52 400 520 1.5 2.1 40 1.3 1600 1800 
53 400 520 1.5 2.1 40 1.3 1600 1800 
54 400 520 1.5 2.1 40 1.3 1600 1800 
55 400 520 1.5 2.1 40 1.3 1600 1800 
58 400 520 1.5 2.1 40 1.3 1600 1800 .... 
57 
58 350 730 1.7 2.3 20 1.8 530 1800 
59 400 520 1.5 2.1 40 1.3 1800 1800 
80 
81 350 730 1.7 2.3 20 1.8 530 1800 
82 400 520 1.5 2.1: 40 1.3 1600 1800 : 

83 
64 350 730 1.7 2.3 20 1.6 530 1800 
65 400 520 1.5 2.1 40 1.3 1800 1800 
88 
87 350 730 1.7 2.3 20 1.8 530 1800 
88 400 520 1.5 2.1 40 1.3 1800 1800 
69 
70 350 730 1.7 2.3 20 1.6 530 1800 
71 400 520 1.5 2.1 40 1.3 1600. 1800 
72 
73 350 730 1.7 2.3 20 1.6 530 1800 
74 400 520 1.5 2.1 40 1.3 1600 1800 
75 
76 350 730 1.7 2.3 20 1.6 530 1800 
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TABLE F-4 (oont.l 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % malka 

39 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6,1 1.7 40 
40 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
41 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
42- GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
43 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
44 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
45 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
46 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
47 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
48 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
49 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
50 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
51 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
52 GIORDANO~MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
53 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
54 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 .1.7 40 
55 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 8.1 1.7 40 
56 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
57 GIORDANO & MA VS 1977 BEANS 
58 GIORDANO & MAYS 1977 BEANS 6.6 2.S so 
59. GIORDANO & MAYS 1977 BEANS ,S.1 1.7 40 
80 GIORDANO & MAYS 1977 OKRA 
61 GIORDANO & MAYS 1977 OKRA 6.8 2.5 50 

: 62 GIORDANO & MAYS 1977 OKRA 8.1 : 1.7 40 
63 GIORDANO & MA VS 1977 PEPPERS 
84 GIORDANO & MAYS 1977 PEPPERS 8.8 2.5 50 
65 GIORDANO & MAYS 1977 PEPPERS 8.1 . 1.7 40 
66 GIORDANO & MAYS 1977 TOMATO 
67 GIORDANO & MAYS 1977 TOMATO 6.6 2.5 50 
68 GIORDANO & MAYS 1977 TOMATO 6.1 1.7 40 
89 GIORDANO & MA VS 1977 SQUASH 
70 GIORDANO & MA VS 1977 SQUASH 6.6 2.5 50 
71 GIORDANO & MA VS 1977 SQUASH 6.1 1.7 40 
72 GIORDANO & MA VS 1977 TURNIP 
73 GIORDANO & MA VS 1977 TURNIP 6.6 . 2.5 50 
74 GIORDANO & MAYS 1977 TURNIP 6.1 1.7 40 

75 GIORDANO & MAYS 1977 KALE 
76 GIORDANO & MAYS 1977 KALE 6.6 2.5 50 
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TABLE F-4 (cont.) 

LOCATION 
OF 

STUDY 

1 MUSCLE SCHOALES, AL 
2 MUSCLE SCHOALES, AL 
3 MUSCLE SCHOALES, AL 
4 MU.SCLE SCHOALES, AL 
5 MUSCLE SCHOALES, AL 
6 MUSCLE SCHOALES, AL 
7 MUSCLE SCHOALES, AL. 
8 MUSCLE SCHOALES, AL 
9 MUSCLE SCHOALES, AL 
10 MUSCLE SCHOALES, AL 
11 MUSCLE SCHOALES, AL 
12 MUSCLE SCHOALES, AL 

• 13 MUSCLE SCHOALES, AL 
14 MUSCLE SCHOALES, AL 
15 MUSCLE SCHOALES, AL 
16 MUSCLE SCHOALES, AL 
17 MUSCLE SCHOALES,·AL 
18 MUSCLE SCHOALES, AL 
19 MUSCLE SCHOALES, AL 
20 MUSCLE SCHOALES, AL 
21 MUSCLE SCHOALES, AL 
22 MUSCLE SCHOALES, AL 
23 MUSCLE SCHOALES, AL 
24 MUSCLE SCHOALES, AL 
25 MUSCLE SCHOALES, AL 
26 MUSCLE SCHOALES, AL 
27 MUSCLE SCHOALES, AL 
28 MUSCLE SCHOALES, AL 
29 MUSCLE SCHOALES, AL 
30 MUSCLE SCHOALES, AL 
31 MUSCLE SCHOALES, AL 
32 MUSCLE SCHOALES, AL 
33 MUSCLE SCHOALES, AL 
34 MUSCLE SCHOALES, AL 
35 MUSCLE SCHOALES, AL 
36 MUSCLE SCHOALES, AL 
37 MUSCLE SCHOALES, AL 
38 MUSCLE SCHOALES AL 
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TABLE 14 (ccnL) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

1 NO 
2 NO 
3 NO 
4 NO 
5 NO 
6 NO 
7 NO 
8 NO 
9 NO 
10 NO 
11 NO 
12 NO 
13 NO 
14 NO 
15 NO 
18 NO 
17 NO 
18 NO I 
19 NO 
20 NO 
21 NO 
22 NO 
23 •No •YIELD REDUCTION NOT CONSISTANT WITH DOSE RESPONCE RELATIONSHIP 
24 : NO : 

25 NO 
26 POSSIBLE ANNUAL LOADING EXCEEDS AGRONOMIC RATES SOIL PH<5.5 
27 POSSIBLE ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH< 5.5 
28 NO 
29 0 PODS NO 
30 11.1• PODS •NO •TISSUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA 
31 35.3· PODS •NO •;nssUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA 
32 55• PODS •NO •TISSUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA 
33 0 PODS NO 
34 0 PODS NO 
35 25.4· PODS •No •DOSE RESPONSE & TISSUE CONCENTRATION INCONSISTANT 
36 0 PODS NO 
37 28.5• PODS •No •oosE RESPONSE & TISSUE CONCENTRATION INCONSISTANT 
38 0 PODS NO 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

1 0.5M HCI 4 41 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER· 
2 
3 
4 

0.5MHCI 
:0.5MHCI 
0.5MHCI 

,, 

29 
: 53 
93 

94 
95 
97 

F"RAGE -- . 
F-t.::AGE, 
FORAGE 

FIELD, SLI )GE, MATURITY 
FIELD, SLUDGE, MATURITY 
FIELD, SLUDGE, MATURITY 

0 
0 
0 

STOVER 
STOVER 
STOVER 

5 0.5 MHCI 6 47 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
6 0.5 MHCI 6 53 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
7 0.5 MHCI 18 153 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
8 0.5 MHCI 54 184 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
9 0.5MHCI 73 207 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
10 0.5 M HCI 68 225 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
11 0.5 MHCI 75 202 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
12 0.5 MHCI 206 241 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
13 0.5 MHCI 7 28 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
14 0.5M HCI 7 28 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
15 0.5MHCI 20 98 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
18 0.5 MHCI 40 94 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
17 0.5 MHCI 62 130 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
18 0.5 MHCI 143 172 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
19 0.5 MHCI 261 221 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
20 0,5 MHCI 774 250 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
21 DTPA 2 30 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
22 DTPA 2 46 FORAGE FIELD, SLUDGE, MA Tl:IRITY 0 STOVER 
23 DTPA 9 130 FORAGE FIELD, SLUDGE, MATURITY 11,3• STOVER 
24 DTPA 19 : 158 FORAGE FIELD, SLUDGE, MATURITY' 0 STOVER 
25 DTPA 25 172 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
26 DTPA 69 313 FORAGE FIELD, SLUDGE, MATURITY 14.2 STOVER 
27 DTPA 77 450 FORAGE FIELD, SLUDGE, MATURITY 17.6 STOVER 
28 DTPA 157 400 FORAGE FIELD, SLUDGE, MATURITY 0 STOVER 
29 0.5 M HCI 4 60 VINES FIELD, SLUDGE, MATURITY 0 VINES 
30 0.5 MHCI 29 158 VINES FIELD, SLUDGE, MATURITY 0 VINES 
31 0.5 M HCI 53 189 VINES FIELD, SLUDGE, MATURITY 0 VINES 
32 0.5 MHCI 93 164 VINES FIELD, SLUDGE, MATURITY 0 VINES 
33 0.5 MHCI 6 .. 44 VINES FIELD, SLUDGE, MATURITY 0 VINES 
34 0.5 MHCI 6 48 VINES FIELD, SLUDGE, MATURITY 0 VINES 
35 0.5 M HCI 18 171 VINES FIELD, SLUDGE, MATURITY 0 VINES 
36 0.5 MHCI 54 184 VINES FIELD, SLUDGE, MATURITY 0 VINES 
37 0.5 MHCI 73 187 VINES FIELD, SLUDGE, MATURITY 0 VINES 
38 0.5 M HCI 68 225 VINES FIELD SLUDGE, MATURITY 0 VINES 
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TABLE F-4 (oont.) 

SAND SM.T CLAY SOIL SOit. CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOlL LOADING 

% % % omol/ka % oH RATE Cka/ha) 

1 4.9 0 
2 5.3 90 
3 5.3 180 
4 5.6 360 
5 4.9 0 
6 4.9 0 
7 5.3 90 
8 5.3 180 
9 5.8 360 
10 5.8 180 
11 5.8 360 
12 5.8 720 
13 8.5 0 
14 5;5 0 
15 5,2 90 
18 5.8 180 
17 5.9 360 
18 8 270 
19 5.9 540 
20 e.3 1oeo 
21 8.3 0 
22 5.8 0 
23 5.5 90 
24 : : 5.7 180 : 

25 8.1 380 
28 5 380 
27 5.3 720 
28 - 5.7 14410 
29 4.9 0 
30 5.3 90 
31 5.3 180 
32 5.8 380 
33 4.9 0 
34 4.9 0 
35 5.3 .90 
38 5.3 180 
37 < 5.6 380 
38 5.6 180 
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TABLE F-4 (cont.I 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME· TEXTURE 

1 0 0 SANGO Sil 
2 50 50 0 SANGO Sil 
3 100 100 0 SANGO Sil 
4 200 200 0 SANGO SIL 
5 0 0 SANGO Sil 
6 0 0 SANGO Sil 
7 50 50 1 SANGO Sil 
8 100 100 1 SANGO SIL 
9 200 200 1 SANGO Sil 
10 
11 

50 
100 

100 
200 . 0 

0 
SANGO 
SANGO 

Sil 
Sil 

12 200 400 0 SANGO Sil 
13 0 0 SANGO Sil 
14 0 0 SANGO SIL 
15 50 50 2 SANGO Sil 
16 100 100 2 SANGO SIL 
17 200 200 2 SANGO Sil 
18 50 150 0 SANGO Sil 
19 100 300 0 SANGO SIL 
20 200 600 0 SANGO SIL 
21 0 0 SANGO Sil 
22 0 0 SANGO Sil 
23 50 50 3 SANGO SIL 

24 : 100 100 3 : SANGO SIL 

25 200 200 3 SANGO SIL 

26 50 200 0 SANGO SIL 

27 100 400 0 SANGO Sil 

28 200 800 0 SANGO SIL 

29 0 0 SANGO Sil 

30 50 50 0 SANGO SIL 

31 100 100 0 SANGO SIL 

32 200 200 0 SANGO Sil 

33 0 0 SANGO SIL 

34 0 0 SANGO Sil 

35 50 50 1 SANGO Sil 

36 100 100 1 SANGO Sil 

37 200 200 1 SANGO Sil 

38 50 100 0 SANGO Sil 



TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p Cr Cu Fe N Ni Pb Zn SOLIDS BIOLOGICAL 

mg/ka mg/kg % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

1 400 520 1.5 2.1 40 1.3 1600 1800 
2 400 520 1.5 2.1 40 1.3 1600 1800 
3 400 520 1.5 2.1 40 1.3 1600 1800 
4 400 520 1.5 2.1 40 1.3 1600 1800 
5 400 520 1.5 2.1 40 1.3 1600 1800 
6 400 520 1.5 2.1 40 1.3 1600 1800 
7 400 520 1.5 2.1 40 1.3 1600 1800 
8 400 520 1.5 2.1 40 1.3 1600 1800 . 9 400 520 1.5 2.1 40 1.3 1600 1800 
10 400 520 1.5 2.1 40 1.3 1600 1800 
11 400 520 1.5 2.1 40 1.3 1600 1800 . , ... " 400 520 1.5 2.1 40 1.3 1600 HlOO 
13 400 520 1.5 2.1 40 1.3 1600 1800 
14 400 520 1.5 2.1 40 1.3 1600 1800 
15 400 520 1.5 2.1 40 1.3 1600 1800 
16 400 520 1.5 2.1 40 1.3 1600 1800 
17 400 520 1.5 2.1 40 1.3 1600 1800 
18 400 520 1.5 2.1 40 1.3 1600 1800 
19 400 520 1.5 2.1 40 1.3 1600 1800 
20 400 520 1.5 2.1 40 1.3 1600 1800 
21 400 520 1.5 2.1 40 1.3 1600 1800 
22 400 520 1.5 2.1 40 1.3 1600 1800 
23 400 520 1.5 2.1 40 1.3 1600 1800 
24 400 : 520 1.5 2.1 40 1.3 1600 : 1800 
25 400 620 1.6 2.1 40 1.3 1600 1800 
28 400 520 1.5 2.1 40 1.3 1600 1800 
27 400 520 1.5 2.1 40 1.3 1600 1800 . 
28 400 520 1.5 2.1 40 1.3 1600 1800 
29 400 520 1.5 2.1 40 1.3 1600 1800 
30 400 520 1.5 2.1 40 1.3 1600 1800 
31 400 520 1.5 2.1 40 ·1.3 1600 1800 
32 400 520 1.5 2.1 40 1.3 1600 1800 
33 400 520 1.5 2.1 40 1.3 1600 1800 
34 400 520 1.5 2.1 40 1.3 1600 1800 . 35 400 520 1.5 2.1 40 1.3 1600 1100 
38 400 520 1.5 2.1 40 1.3 1600 1800 
37 400 520 1.5 2.1 40 1.3 1600 1100 
38 400 520 1.5 2.1 40 1.3 1600 1800 



TABLE F-4. ZINC DATA 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ce Cd 

CITATION NAME CULTIVAR pH % % % mg/kg 

1 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
2 GIORDANO&MA VS 1977 CORN SIL VER QUEEN 6.1 1.7 40 
3 GIORDANO&MAVS 1977 CORN SIL VER QUEEN 6.1 1.7 40 
4 GIORDANO&MA VS 1977 CORN SIL VER QUEEN 6.1 1.7 40 
5 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
6 GIORDANO&MA VS 1977 CORN SILVER QUEEN 6.1 1.7 40 
7 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
8 GIORDANO&MA VS 1977 CORN SILVER QUEEN 6.1 1.7 40 
9 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
10 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
11 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
12 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
13 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 . 40 
14 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
15 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7. 40 
16 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
17 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
18 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
19 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
20 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
21 GIORDANO&MAVS 1977 CORN SILVER QUEEN 6.1 1.7 40 
22 GIOROANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
23 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
24 : GIORDANO&MA YS 1977 CORN S.ILVER QUEEN 6.1 1.7 : 40 
25 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
26 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
27 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
28 GIORDANO&MA YS 1977 CORN SILVER QUEEN 6.1 1.7 40 
·29 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
30 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
31 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
32 GIORDANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
33 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
34 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
35 GIOROANO&MA YS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
36 GIORDANO&MAVS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
37 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 
38 GIORDANO&MA VS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 



TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

533 FULTON COUNTY, ILLINOIS 
534 FULTON COUNTY, ILLINOIS 
535 FULTON COUNTY, IWNOIS 
636 FULTON COUNTY, ILLINOIS 
537 FULTON COUNTY, ILLINOIS 
538 FULTON COUNTY, ILLINOIS 
639 '' FULTON COUNTY, ILLINOIS 
640 FULTON COUNTY, ILLINOIS 
541 FULTON COUNTY, ILLINOIS 
642 FULTON COUNTY, ILLINOIS 
643 FULTON COUNTY, ILLINOIS 
544 FULTON COUNTY, ILLINOIS 
645 FULTON COUNTY, ILLINOIS 
546 FULTON COUNTY, IWNOIS 
647 FULTON COUNTY, ILLINOIS 
648 FULTON COUNTY, ILLINOIS 
649 FULTON COUNTY, ILLINOIS 
660 I FULTON COUNTY, ILLINOIS 
551 FULTON COUNTY, ILLINOIS 
652 FULTON COUNTY, ILLINOIS 
553 FULTON COUNTY ILLINOIS 
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TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

533 NA GRAIN NA STOVER 
534' 0 C.:~AIN 0 S OVER 
535 0 tiAIN 0 S'10VER 

I 536 0 GRAIN 0 STOVER 
537 0 GRAIN 0 STOVER 
538 0 GRAIN 0 STOVER 

· 539 0 GRAIN 0 STOVER 
540 0 GRAIN 0 STOVER 
541 0 GRAIN 0 STOVER 
542 43.7 GRAIN 0 STOVER 
543 23 GRAIN 0 STOVER 
544 NA GRAIN NA STOVER 
545 0 GRAIN 0 STOVER 
548 0 GRAIN 0 STOVER 
547 0 GRAIN 0 STOVER 
548 0 GRAIN 0 STOVER 
549 0 GRAIN 0 STOVER 
550 0 GRAIN 0 STOVER 
551 0 GRAIN 0 STOVER 

.- 552 0 GRAIN 0 STOVER 
553 59.2 GRAIN 0 STOVER 



TABLE F-3 (cont.) 

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % DH RATE lka/hal EXTRACT ANT ma/ka ma/ka SAMPLED 

533 0.94 7.5 84 0.1 M HCI 12.9 0.6 LEAF FIELD, SLUDGE, MATURITY 
534 1.66 7.6 100 0.1 M HCI 21.5 0.8 LEAF FIELD, SLUDGE, MATURITY 
535 1.66 7.5 110 0.1 M HCI 23.9 3 LEAF FIELD, SLUDGE, MATURITY 
536 1.04 7.5 126 0.1 M HCI 21.2 1.4 LEAF FIELD, SLUDGE, MATURITY 
537 1.04 7.5 140 0.1 M HCI 24.9 2.8 LEAF FIELD, SLUDGE, MATURITY 
538 1.48 7.5 154 0.1 M HCI 23.6 3.3 LEAF FIELD, SLUDGE, MATURITY 
539 1.48 7.5 162 0.1 M HCI 22.5 1.3 LEAF FIELD, SLUDGE, MATURITY 
540 2.15 7.5 170 0.1 M HCI 33.1 1.9 LEAF FIELD, SLUDGE, MATURITY 
541 2.15 7.5 180 0.1 M HCI 25.8 0.7 LEAF FIELD, SLUDGE, MATURITY 

-542 1.9 7.5 186 0.1 M HCI 31 1 LEAF FIELD, SLUDGE, MATURITY 
543 1.22 7.5 148 0.1 M HCI 18.8 0.9 LEAF FIELD, SLUDGE, MATURITY 
644 3.02 7.5 168 0.1 M HCI 18.8 0.9 LEAF FIELD, SLUDGE, MATURITY 

645 3.02 7.5 200 0.1 M HCI 42.4 1.1 LEAF FIELD, SLUDGE, MATURITY 
546 1.58 7.6 220 0.1 M HCI 39.9 3 LEAF FIELD, SLUDGE, MATURITY 

547 1.58 7.5 252 0.1 M HCI 31.4 0.6 LEAF FIELD, SLUDGE, MATURITY 

548 2.38 7.5 280 0.1 M HCI 44.8 2.3 LEAF FIELD, SLUDGE, MATURITY 

549 2.38 7.5 308 0.1 M HCI 39.1 12 LEAF FIELD, SLUDGE, MATURITY 

550 3.47 7.5 324 0.1 M HCI 47.4 1.6 LEAF FIELD, SLUDGE, MATURITY 

551 3.47 7.5 340 0.1 M HCI 49.3 1.9 LEAF . FIELD, SLUDGE, MATURITY 

552 2.77 7.6 360 0.1 M HCI 41s.4 1.1 LEAF FIELD, SLUDGE, MATURITY 
553 2.77 7.6 372 0.1 M HCI 43.8 1 ' LEAF FIELD, SLUDGE, MATURITY 
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TABLE F-3 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Mg/ha Mg/ha · APPLICATN NAME NAME TEXTURE 

533 39.8 200.9 o· STRIP MINE SPOIL 
534 34.8 235.7 0 STRIP MINE SPOIL 
535 22.8 258.5 0 STRIP MINE SPOIL 
536 34.9 293.4 0 STRIP MINE SPOIL 
537 35.8 329.2 0 STRIP MINE SPOIL 
538 33.6 362.8 0 STRIP MINE SPOIL 
539 33.6 396.4 0 STRIP MINE SPOIL 
540 33.6 430 0 STRIP MINE SPOIL 
541 33.6 463.6 0 STRIP MINE SPOIL 
542 33.6 497.2 0 STRIP MINE SPOIL 
543 64.3 321.9 0 STRIP MINE SPOIL 
544 79.7 401.6 0 STRIP MINE SPOIL 
545 69.8 471.4 0 STRIP MINE SPOIL 
546 45.5 516.9 0 STRIP MINE SPOIL 
547 68.8 585.7 0 STRIP MINE SPOIL 
548 71.7 657.4 0 STRIP MINE SPOIL 
549 67.2 7.24.6 0 STRIP MINE SPOIL 
550 67.2 791.8 0 STRIP MINE SPOIL 
551 67.2 859 0 STRIP MINE SPOIL 
552 67.2 926.2 0 STRIP MINE SPOIL 
553 67.2 993.4 0 STRIP MINE SPOIL 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka mg/ka ma/ka CONTNT PROCESSING STABILIZATN 

533 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POL VMER,FECL3 
534 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
535 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
536 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
537 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
538 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
539 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
540 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
541 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 • 
542 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
543 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
544 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
545 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
646 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
647 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
548 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
549 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
550 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
551 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
552 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
553 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY ANAER DIGEST LAGOON POLYMER FECL3 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ce Cd Ct Cu 

CITATION NAME CULTIVAR DH % % % ma/ka ma/ka ma/ka 

533 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 · 1471 
534 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265. 3505 1471 
535 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
536 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
537 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3,3 160 3505 1471 
538 PIETZ ET AL. 1991 · CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
539 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
540 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
541 PIETZ ET AL 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460 
542 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 
543 PIETZ El' AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
544 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
545 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265. 3505 1471 
546 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
547 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
548 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3,3 160 3505 1471 
549 PIETZ ET AL. 1991 ·coRN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
550 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
551 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
552 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460 
553 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 



TABLE F-3 (cont.) 

COMMENTS 

495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
611 
612 i 
513 
514 
615 
&HS 
617 
1518 : 

519 
620 
521 
522 
523 
624 . 525 
628 
527 
528 
1529 
530 
531 
532 

LOCATION 
OF 

STUDY 

FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, IUINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULiON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY, IWNOIS 
FULTON COUNTY, IWNOIS 
FULTON COUNTY, IWNDIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY, ILLINOIS 

• FULTON COUNTY, IWNOIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY, ILLINOIS 
FULTON COUNTY, IWNOIS 
FULTON COUNTY, IWNOIS 
FULTON COUNTY, ILUNOIS 
FULTON COUNTY. lilLINOiS 



495 
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505 
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515 
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530 

TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

, 0 GRAIN 0 STOVER 
496. 0 "RAIN -- 0 ! "OVER 
497 0 JRAIN 0 STOVER 
498 0 GRAIN 0 STOVER 
499 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
501 0 GRAIN 0 STOVER 
502 0 GRAIN 0 STOVER 
503 0 GRAIN 0 STOVER 
504 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
506 0 GRAIN 0 STOVER 
507 0 GRAIN 0 STOVER 
508 0 GRAIN 0 STOVER 
509 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
511 0 GRAIN 0 STOVER 
512 0 GRAIN 0 STOVER 
513 0 GRAIN 0 STOVER 
514 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
518 0 GRAIN 0 · STOVER 
517 0 GRAIN 0 STOVER 
518 0 GRAIN: 0 STOVER 
519 0 GRAIN 0 STOVER 

0 GRAIN 0 · STOVER 
521 29.5 GRAIN 0 STOVER 
522 NA GRAIN NA STOVER 
523 0 GRAIN 0 STOVER 
524 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
526 0 GRAIN 0 STOVER 
527 0 GRAIN 0 STOVER 
528 0 GRAIN 0 STOVER 
529 0 GRAIN 0 STOVER 

0 GRAIN 0 STOVER 
531 0 GRAIN 0 STOVER. 
532 21.5 GRAIN 0 STOVER 



TABLE F-3 (cont.) 

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % DH RATE (ka/ha) EXTRACT ANT ma/ka ma/ka SAMPLED 

495 12.6 0.33 7.8 0.8 0.1 M HCI 3.9 1.8 LEAF FIELD, SLUDGE, MATURITY 
496 12.6 0.27 .7.8 5.1 0.1 M HCI 5.4 0.8 LEAF FIELD, SLUDGE, MATURITY 
497 12.6 0.41 7.8 11 0.1 M HCI 5.7 0.5 LEAF FIELD, SLUDGE, MATURITY 
498 12.6 0.41 7.8 18 0.1 M HCI 7.5 0.8 LEAF FIELD, SLUDGE, MATURITY 
499 12.6 0.59 7.8 28 0.1 M HCI 5.3 0.7 LEAF FIELD, SLUDGE, MATURITY 
500 12.6 0.35 7.8 1.6 0.1 M HCI 5.4 2.6 LEAF FIELD, SLUDGE, MATURITY 
501 12.6 0.3 7.8 10.2 0.1 M HCI 5.7 0.7 LEAF FIELD, SLUDGE, MATURITY 
502 12.6 0.3 7.8 22 0.1 M HCI 8.3 0.8 LEAF FIELD, SLUDGE, MATURITY 
503 · 12.6 0.5 7.8 36 0.1 M HCI 8.9 0.7 LEAF FIELD, SLUDGE, MATURITY 
504 12.6 0.5 7.8 56 0.1 M HCI 7.1 0.9 LEAF FIELD, SLUDGE, MATURITY 
505 12.6 0.33 7.8 3.2 0.1 M HCI 4.8 1.6 LEAF FIELD, SLUDGE, MATURITY 
506 12.6 0,33 7.8 20.4 0.1 M HCI 6 0.5 LEAF FIELD, SLUDGE, MATURITY 
507 12.6 0.76 7.S 44 0.1 M HCI 11.3 0.8 LEAF FIELD, SLUDGE, MATURITY 
508 12.6 0.76 7.8 72 0.1 M HCI 10.8 1 .1 LEAF FIELD, SLUDGE, MATURITY 
509 12.6 1.22 7.8 112 0.1 M HCI 13.2 0.9 LEAF FIELD, SLUDGE, MATURITY 
510 0.33 7.5 0 0.1 M HCI 7.9 0.8 LEAF FIELD, SLUDGE, MATURITY 
511 0.44 7.5 0 0.1 M HCI 6 0.6 LEAF FIELD, SLUDGE, MATURITY 
512 0.44 7.5 0 0.1 M HCI 7 0.6 LEAF FIELD, SLUDGE, MATURITY 
513 0.36 7.5 ·o 0.1 M HCI 7.7 2.9 LEAF FIELD, SLUDGE, MATURITY 
514 0.38 7.5 0 0.1 M HCI 9.1 0.9 LEAF FIELD, SLUDGE, MATURITY 
515 0.48 7.5 0 0.1 M HCI 7.8 1.8 LEAF FIELD, SLUDGE, MATURITY 
518 0.48 7.5 0 0.1 M HCI 7.7 8 LEAF FIELD, SLUDGE, MATURITY 
517 0.73 7.5 0 0.1 M HCI 7.9 1.8 LEAF FIELD, SLUDGE, MATURITY 
518 0.73 7.5 0 0.1 M HCI : 9.4 1.5 LEAF FIELD, SLUDGE, MATURITY 
519 0.7 7.5 0 0.1 M HCI 7.7 1.1 LEAF FIELD, SLUDGE, MATURITY 
520 0.7 7.5 0 0.1 M HCI 9.8 1.3 LEAF FIELD, SLUDGE, MATURITY 
521 0.59 7.5 37 0.1 M HCI 11.3 0.8 LEAF FIELD, SLUDGE, MATURITY 
522 0.94 7.5 42 0,1 M HCI 11.2 0.8 LEAF FIELD, SLUDGE, MATURITY 
523 0.94 7.5 50 0.1 MHCI 15.8 0.7 LEAF FIELD, SLUDGE, MATURITY 
624 
626 

0.87 
0.87 

7.6 
7.6 

55 
83 

0.1 M HCI 
0.1 M HCI . 13.3 

9.8 
3.7 
1.9 

LEAF 
LEAF 

FIELD, SLUDGE, MATURITY 
FIELD. SLUDGE, MATURITY 

628 0.87 7.6 70 0.1 M HCI 15.2 2.8 LEAF FIELD, SLUDGE, MATURITY 
627 0.87 7.6 77 0.1 M HCI 12.9 6.2 LEAF FIEU), SLUDGE, MATURITY 
628 1.41 7.6 81 0,1 M HCI 12.7 1.3 LEAF FIELD, SLUDGE. MATURITY 
529 1.41 7.6 86 0.1 M HCI 18.6 2.2 LEAF FlcLD, SLUDGE, MATURITY 
630 1.25 7.6 90 0.1 M HCI 11!.4 0.9 LEAF FIELD, SLUOGE, MATURITY 
631. 1.25 7.5 93 0.1 MHCI 18.2 0.5 LEAF FIELD, SLUOGE, MATURITY 
632 0.94 7.5 74 0.1 M HCI 14.4 0.8 LEAF FrELD. SLUOGE, MATURITY 



495 

500 

505 

510 

515 

520 
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TABLE F-3 (cont.I 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

3 3 STRIP MINE SPOIL 
496 12.8 15.8 0 STRIP MINE SPOIL 
497 12.4 28.1 0 STRIP MINE SPOIL 
498 14.3 42.4 0 STRIP MINE SPOIL 
499 19.5 61.9 0 STRIP MINE SPOIL 

6 6 0 STRIP MINE SPOIL 
501 25.5 31.5 0 STRIP MINE SPOIL 
502 29.8 61.3 0 STRIP MINE SPOIL 
503 28.6 89.9 0 STRIP MINE SPOIL 
504 39 128.9 0 STRIP MINE SPOIL 

11.9 11.9 0 STRIP MINE SPOIL 
506 51 62.9 o. STRIP MINE SPOIL 
507 59.6 122.5 0 STRIP MINE SPOIL 
508 57.1 179.6 0 STRIP MINE Si>OIL 
509 78 257.6 0 STRIP MINE SPOIL 

0 0 0 STRIP MINE SPOIL 
511 0 0 0 STRIP MINE SPOIL 
512 0 0 0 STRIP MINE SPOIL 
513 0 0 0 STRIP MINE SPOIL 
514 0 0 0 STRIP MINE SPOIL 

0 0 0 STRIP MINE SPOIL 
516 0 0 0 STRIP MINE SPOIL 
517 0 0 0 STRIP MINE SPOIL 
518 0 0 : 0 STRIP MINE SPOIL : 

519 0 0 0 STRIP MINE SPOIL 
0 0 0 STRIP MINE SPOIL 

521 18.1 78 0 STRIP MINE SPOIL 
522 19.9 97.9 0 STRIP MINE SPOIL 
523 17.4 115.3 0 STRIP MINE SPOIL 
524 11.4 126.7 0 STRIP MINE SPOIL 

16.8 143.5 0 STRIP MINE SPOIL 
526 17.9 161.4 0 STRIP MINE SPOIL 
527 16.8 178.2 0 STRIP MINE SPOIL 
528 18.8 195 0 STRIP MINE SPOIL 
529 16.8 211.8 0 STRIP MINE SPOIL 

18.8 228.8 0 STRIP MINE SPOIL 
531 16.8 245.4 0 STRIP MINE SPOIL 
532 32.2 161.1 0 STRIP MINE SPOIL 



495 

500 

505 

510 

515 

520 

525 

530 

TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% "" ma/ka mg/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 

5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
496 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
497 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
498 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
499 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
501 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
502 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
503 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 ' 
504 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
506 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
507 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON . POLYMER,FECL3 
508 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
509 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 

4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
511 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
512 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
513 4;3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 
·514 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL YMER,FECL3 

4.3 4.6 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
516 4.3 4.6 425 3.42 850 3600 0.048 SECONDARY, ANAER DIGEST, LAGOON POLVMER,FECL3 
617 2.2 0.6 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POL VMER,FECL3 
518 2.2 : 0.6 116 0.87 293 1100 0.65 :SECONDARY, ANAER DIGEST, LAGOON POLVMER,FECL3 
619 2.2 0.6 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POi.VMER,FECL3 

1.9 0.6 121 0.62 259 1148 0.69 SECONDARY, ANAER DIGEST, LAGOON POL VMER,FECL3 
521 4.3 4.6 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON • POLVMER,FECL3 
522 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLVMER,FECL3 • 
623 4.3 4.6 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLVMER,FECL3 
524 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POL VMER,FECL3 

4.3 4.5 425 3.42 850 3l!OO 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
526 4.3 4.6 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 
527 4.3 4.5 426 3.42 850 3600 0.046 SECONOARY, ANAER DIGEST, LAGOON POL VMER,FECL3 
628 2.2 0.5 116 0.87 293 1100 o.ee SECONOARY, ANAER DfGEST, LAGOON POLVMER,FECL3 
629 2.2 0.5 11 e 0.87 293 1100 o.es SECONDARY, ANAER DIGEST, LAGOON • POl VMER,FECL3 

2.2 0.5 116 0.17 293 1100 0.3 SECONDARY, ANAER DfGEST. LAGOON POlVMcR,FECL3 
531 1.9 0.5 121 o.e2 259 1146 0.69 SECONDARY, ANAER DfGEST LAGOON POl VMER FECL3 
532 4.3 4.5 425 3.42 a-so 3600 0.0,45 SECONDARY, ANAER DIGEST. LAGOON POL VM'ER FECL3 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % ma/ka ma/ka ma/ka 

PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 . 3505 1471 
496 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
497 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471 
498 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471 
499 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 

PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
501 · PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
502 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.3 3.3 307 3505 1471 
503 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471 
504 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 

. PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
506 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
507 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307, 3505 1471 
508 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471 
509 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 4.6 1.4 3.3 265 3505 1471 
511 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 

•· 512 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 
513 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 3505 1471 
514 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 265 3505 1471 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 180 3505 1471 
518 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 

517 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.; 0.71 71 775 460 
518 PIETZ ET AL. 1991 : CORN PIONEER 3517 7.6 20 : 3.1 · 0.71 71 775 460 
519 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460 

PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 
521 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 3505 1471 

522 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 3505 1471 

523 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 285 3505 1471 

524 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 

PIETZ ET AL. 1991 CORN PIONEER
0 

3517 7.6 46 1.4 3.3 265 3505 1471 

526 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 
527 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471 

528 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 
529 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460 

PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460 

531 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454 

532 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471 



TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

457 WOODTHORNE, U.K. 
458 WOODTHORNE, U.K. 
459 WOODTHORNE, U.K. 
·460 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (114001 WOODTHORNE, U.K. 
461 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (114001 WOODTHORNE, U.K. 
462 WOODTHORNE, U.K. 
463 WOODTHORNE, U.K. 
464 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 
465 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (114001 WOODTHORNE, U.K. 
466 MINNESOTA 
467 MINNESOTA 
468 MINNESOTA 
469 MINNESOTA 
470 MINNESOTA 
471 MINNESOTA 
472 MINNESOTA 
473 MINNESOTA 
474 I MINNESOTA 
475 MINNESOTA 
478 LEEDS, U.K. 
477 LEEDS, U.K. 
478 HIGH NI SLUDGE (5100 MG/KGIBLENDED WITH LOWER NI SLUDGE WAS USED LEEDS, U.K. 
479 HIGH NI SLUDGE (5100 MG/KGIBLENDED WITH LOWER NI SLUDGE WAS USED LEEDS, U.K. 
480 : : LEEDS, U.K: 
481 LEEDS, U.K. 
482 LEEDS, U.K. 
483 LEEDS, U.K. 
484 
485 HIGH NI SLUDGE (5100 MG/KGIBLENDED WITH LOWER NI SLUDGE WA~ _lt"" 

--- - . 
-· 

LEEDS, U,K. 
LEEDS, U.K. 

488 LEEDS. U.K. 
487 LEEDS, U.K. 
488 
489 
490 FULTON COUNTY, IWNOIS 
411 FULTON COUNTY, N.UNOIS 
412 . FULTON coumv, WNOIS 
493 FULTON COUNTY. Ul'NOIS 
4i4 FULTON COUNTY. ILUNOIS 

C..tC!I') 



TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

457 0 BULB NO 
458 0 'EAF NO 
459 0 .• EAF NO 
460 30 LEAF POSSIBLE 
461 96.3 LEAF POSSIBLE 
462 0 LEAF NO 
463 0 LEAF NO 
464 23.7 LEAF POSSIBLE 
465 28.4 LEAF POSSIBLE 
466 0 GRAIN 
467 0 GRAIN 
468 0 GRAIN 
469 0 GRAIN 
470 0 GRAIN 
471 0 GRAIN 
472 0 GRAIN 
473 0 GRAIN 
474 0 GRAIN 
475 0 GRAIN 
476 0 TOTAL BIOMASS NO 
477 0 TOTAL BIOMASS NO 
478 48 TOTAL BIOMASS POSSIBLE 
479 100 TOTAL BIOMASS POSSIBLE 
480 : 0 TOTAL BIOMASS : NO 
481 0 TOTAL BIOMASS NO 
482 0 STALKS NO 
483 0 STALKS NO 
484 0 STALKS NO 
485 70 STALKS POSSIBLE 
486 0 STALKS NO 
487 0 STALKS NO 
488 
489 
490 0 GRAIN 0 STOVER 
491 0 GRAIN 0 STOVER 
492 0 GRAIN 0 STOVER 
493 0 GRAIN 0 STOVER 
494 0 GRAIN 0 STOVER 



TABLE F-3 (cont.I 

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SC!!.. LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka 'l(, DH RATE (ka/hal EXTRACT ANT mg/kg mg/kg SAMPLED 

457 1.2 7.2 1140 .5 MHOAC 68 NL SLUDGE, FIELD, MATURITY 
458 1.2 6.5 0 .5 MHOAC 4 NL SLUDGE, FIELD, MATURITY 
459 1.2 6.5 285 .5 M HOAC 36 NL SLUDGE, FIELD, MATURITY 
460 1.2 6.5 570 .5 M HOAC 55 NL SLUDGE, FIELD, MATURITY 
461 1.2 6.5 .1140 .5 MHOAC 101 NL SLUDGE, FIELD, MATURITY 
462 1.2 7 0 .5 MHOAC 4 NL SLUDGE, FIELD, MATURITY 
463 1.2 7 285 .5 MHOAC 36 NL SLUDGE, FIELD, MATURITY 
464 1.2 7 570 .5 MHOAC 55 NL SLUDGE, FIELD, MATURITY 
465 1.2 7 1140 .5 MHOAC 101 NL SLUDGE, FIELD, MATURITY 
466 6.5 0 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
467 8.5 11 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
468 8.5 22 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
469 6.5 44 N.L. NR LEAF SLUDGE, FIELP, MATURITY 
470 6.5 88 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
471 ·6.5 0 N.L. 10 LEAF SLUDGE, FIELD, MATURITY 
472 6.5 11 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
473 6.5 22 N.L. 13 LEAF SLUDGE, FIELD, MATURITY 
474 6.5 44 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
475 8.5 88 N.L. NR LEAF SLUDGE, FIELD, MATURITY 
478 6.1 0 .5 MHOAC 2.1 SLUDGE, FIELD, MATURITY 
477 NR 26 .5 MHOAC 7 SLUDGE, FIELD, MATURITY 
478 NR 251 .5 MHOAC 57 SLUDGE, FIELD, MATURITY 
479 NR 502 .5 MHOAC 91 SLUDGE, FIELD, MATURITY 
480 NR 20 .5 MHOAC 8.2 SLUDGE, FIELD, MATURITY 
481 NR 31.4 .5MHOAC 21 · SLUDGE, FIELD, MATURITY 
482 8.1 0 .5 MHOAC 2.1 SLUDGE, FIELD, MATURITY 
483 NR 28 .5 MHOAC 7 SLUDGE, FIELD, MATURITY 
484 NR 251 ,5MHOAC 67 SLUDGE, FIELD, MATURITY 
485 NR 502 .SMHOAC 91 SLUDGE, FIELD, MATURITY 
488 NR 20 .SMHOAC 8.2 SLUDGE, FIELD, MATURITY 
487 NR 31.4 ,5MHOAC . 21 SLUDGE, RELD, MATURITY 
488 
489 
490 12.8 0.25 7.8 0 0.1 M HCI 4.4 2.8 LEAF FIELD, SLUDGE. MATURITY 
-191 12.8 0.25 7.8 0 0.1 M HCI 5.4 0.4 LEAF AELD. SLUDGE. MATURITY 
-1S2 12.8 0.33 7.1 0 0,1 MHCf 4.4 0.8 LEAF AELD. SLUDGE. MATURITY 
-1Sl3 • 12.8 0.33 7.1 0 0.1 M HCI 5.7 0.8 LEAF AELD, SLUDGE. MATURITY 
-194 12.8 0.33 7.S 0 0,1 M Ha 2.5 0.5 LEAF FIELD SLUDGE. MATURITY 

F-190 



460 

465 

470 

475 

480 

485 

490 

TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL "" "" "" Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

457 224 224 11 LS 
458 0 0 12 LS 
459 56 56 12 LS 

112 112 12 LS 
461 224 224 12 LS 
462 0 0 12 LS 
463 56 56 12 LS 
464 112 112 12 LS 

224 224 12 LS . 
466 0 0 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
467 25 25 0 TYPIC T APLUDOLL WAUKEGAN SIL 
468 50 50 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
469 100 100 0 TYPIC TAPLUDOLL WAUKEGAN Sil 

200 200 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
471 0 0 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
472 25 25 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
473 50 50 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
474 100 100 1 TYPIC TAPLUDOLL WAUKEGAN SIL 

200 200 1 TYPIC TAPLUDOLL WAUKEGAN SIL 
.476 0 0 0 
477 125.5 125.5 2 
478 125.5 125.5 2 
479 125.5 125.5 2 

31.4 94.2: 0 : 

481 31.4 94.2 0 
482 0 0 0 
483 125.5 125.5 2 
484 125.5 125.5 2 

125.5 125.5 2 
486 31.4 94.2 0 
487 31.4 94.2 0 
488 
489 

0 0 STRIP MINE SPOIL 
491 0 0 STRIP MINE SPOIL . 
492 0 0 STRIP MINE SPOIL 
493 0 0 STRIP MINE SPOIL 
494 0 0 STRIP MINE SPOIL 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 

457 5100 11400 AIR DRIED 
458 5100 11400 AIR DRIED 
459 5100 11400 AIR DRIED 
460 5100 11400 AIR DRIED 
461 5100 11400 AIR DRIED 
462 5100 11400 AIR DRIED 
463 5100 11400 AIR DRIED 
464 5100 11400 AIR DRIED 
465 5100 11400 AIR DRIED 
466 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
467 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
468 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
469 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
470 1.6 2.73 4.4 4.37. 2560 2130 AIR DRY ANAEROBIC DIGESTED 
471 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
472 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
473 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
474 us 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
476 us 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
476 
477 210 3000 
478 3900 6100 
479 3900 6100 
480 : 210 3000 : 

481 3900 6100 
482 
483 210 3000 
484 3900 5100 
485 3900 6100 
488 210 3000 
487 3900 6100 
488 
◄ 89 
490 6.1 6.1 389 3.42 12.58 4172 0.04 SECONDARY, ANAER DIGEST, LAGOON POl YMER,FECl3 
491 6,1 15. 1 3851 3,42 1258 4172 0.04 SECONDARY, ANAER DIGEST, LAGOON POI.YMfR,FECL3 
492 6.1 6.1 389 3.42 1258 4172 0.04 Sl:CONOARV ANAER DIGEST. LAGOON POL YMER,FECL3 
493 6.1 6.1 389 3.42 1258 4172 0.04 SECONDARY, ANAER DIGEST, LAGOON POl.YMER,FECL3 
494 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER D!GEST. LAGOON POLYMER FECL3 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT . SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % mg/kg ma/ka ma/ka 

457 WILLIAMS 1977 SWEDE 100 
458 WILLIAMS 1977 LETTUCE 100 
459 WILLIAMS 1977 LETTUCE 100 
460 WILLIAMS 1977 LETTUCE 100 
461 WILLIAMS 1977 LETTUCE 100 
462 WILLIAMS 1977 LETTUCE 100 
463 WILLIAMS 1977 LETTUCE 100 
464 WILLIAMS 1977 LETTUCE 100 
465 WILLIAMS 1977 LETTUCE 100 
466 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
467 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
468 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
469 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 . 1100 2020 

. 470 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
471 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
472 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
473 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020 
474 HAM &DOWDY 1978 SOYBEAN MERRILL I 1.41 4.98 12 1100 2020 
475 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 ···-2020 

476 WEBBER 1972 RED BEET 
477 WEBBER 1972 RED BEET 240 1100 
478 WEBBER 1972 RED BEET 200 670 
479 WEBBER 1972 'RED BEET 200 670 
480 WEBBER 1972 RED BEET : 240 1100 
481 WEBBER 1972 RED BEET 200 670 
482 WEBBER 1972 CELERY 
483 WEBBER 1972 CELERY 240 1100 
484 WEBBER 1972 CELERY 200 870 
485 WEBBER 1972 CELERY 200 870 
486 WEBBER 1972 CELERY 240 1100 
487 WEBBER 1972 CELERY 200 870 
488 WEBBER 1972 CELERY 
489 WEBBER 1972 CELERY 
490 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
491 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471 
492 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471 

493 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471 

494 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471 
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TABLE F--3 (cont.I 

LOCATION 
COMMENTS OF 

STUDY 

419 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN 1114001 WOODTHORNE, U.K. 
SLUDGE UNUSUALLY Hlf''i INN' '51001 AND ZN 1114001 WOOOTHORNE, U.K. 

. . 421 - 422 
' ., 

; ·sLUDGE UNUSUALLY H ,,HIN N1 ,.:.100) ·AND ZN (11400) WO1lDTHORNE, U.K, 
WOODTHORNE, U.K • 

423 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (114001 WOODTHORNE, U.K. 
424 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 

SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 
426 WOODTHORNE, U.K. 
427 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K. 
428 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 
429 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 

WOODTHORNE, U.K. 
431 WOODTHORNE, U.K. 
432 WOODTHORNE, U.K. 
433 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 WOODTHORNE, U.K. 
434 WOODTHORNE, U.K. 

WOODTHORNE, U.K. 
436 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11400) WOODTHORNE, U.K. 
437 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11400) . WOODTHORNE, U.K. 
438 WOOOTHORNE, U.K. 
439 WOOOTHORNE, U.K. 

WOODTHORNE, U.K. 
441 · SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOOOTHORNE, U.K. 
442: : WOODTHORNE, U.K. : 
443 WOODTHORNE, U.K. 
444 WOODTHORNE, U.K. 

SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K. 
446 · WOOOTHORNE, U.K. 
447 WOOOTHORNE, U.K. 
448 WOODTHORNE, U.K. 
449 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOOOTHORNE, U.K. 

WOOOTHORNE, U.K. 
451 WOODTHORNE, U.K. 
452 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K. 
453 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOOOTHORNE, U.K. 
454 WOOOTHORNE, U.K. 

WOODTHORNE, U.K. 
456 WOODTHORNE U.K. 
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TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

419 94.5 ROOT POSSIBLE 
99.3 ROOT POSSIBLE 

421 100 ROOT POSSIBLE 
422 0 ROOT NO 
423 36 ROOT POSSIBLE 
424 . 69.4 ROOT POSSIBLE 

93.2 ROOT POSSIBLE 
428 0 ROOT TUBER NO 
427 88.1 ROOT TUBER POSSIBLE 
428 92.9 ROOT TUBER POSSIBLE 
429 98.7 ROOT TUBER POSSIBLE 

0 ROOT TUBER NO 
431 0 ROOT TUBER. NO 
432 0 ROOT TUBER NO 
433 52.8 ROOT TUBER POSSIBLE 
434 0 BULB NO 

0 BULB NO 
436 77.6 BULB POSSIBLE 
437 93.9 BULB POSSIBLE 
438 0 BULB NO 
439 0 BULB NO 

0 BULB NO 
441 38.1 BULB POSSIBLE 
442 0 BULB : NO 
443 0 BULB NO 
444 0 BULB NO 

99 BULB POSSIBLE 
448 0 BULB NO 
447 0 BULB NO 
448 0 BULB NO 
449 38.4 BULB POSSIBLE 

0 BULB NO 
451 0 BULB NO 
452 70.3 BULB POSSIBLE 
453 100 BULB POSSIBLE 
454 0 BULB NO 

0 BULB NO 
456 0 BULB NO 
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TABlE F-3 (cont.) 

SOIL SOIL CUMM Iii SOil Ni PLANT NI PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % r,H RATE lka/hal EXTRACTANT ma/ka malka SAMPLED 

419 1.2 6.8 285 .5 MHOAC 29 N.L. SLUDGE, FIELD, MATURITY 
1,2 5.S 570 .5MHOAC 50 N.L. SLUDGE, FIELD, MATURITY 

421 1.2 6.8 1140 ,5 M HOAC 85 N.L. SLUDGE, FIELD, MATURITY 
422 1.2 8.8 0 .5 MHOAC 2 N.L. SLUDGE, FIELD, MATURITY 
423 1.2 8.8 285 ,5 MHOAC 29 N.L. SLUDGE, FIELD, MATURITY 
424 1.2 8.6 570 .5 MHOAC 50 N.L. SLUDGE, FIELD, MATURITY 

1.2 8.6 1140 .5 MHOAC 85 N.L. SLUDGE, FIELD, MATURITY 
426 1.2 8.2 0 .5 M HOAC NL 2.5 ROOT TUBER SLUDGE, FIELD, MATURITY 
427 1.2 8.2 285 .5 MHOAC NL 2.5 ROOT TUBER SLUDGE, FIELD, MATURITY 
428 1.2 8.2 570 .5 MHOAC NL 3.8 ROOT TUBER SLUDGE, FIELD, MATURITY 
429 1.2 8.2 1140 .5MHOAC NL 6,3 ROOT TUBER SLUDGE, FIELD, MATURITY 

1.2 7 0 .5MHOAC NL 1.3 ROOT TUBER SLUDGE, FIELD, MATURITY 
431 1.2 7 285 .5MHOAC NL 2.5 ROOT TUBER SLUDGE, FIELD, MATURITY 
432 1.2 7 570 ,5 MHOAC NL 6.3 ROOT TUBER SLUDGE, AELD, MATURITY 
433 1.2 7 1140 ,5 MHOAC NL 6 ROOT TUBER SLUDGE, FIELD, MATURITY 
434 1.2 8.2 0 NL NL SLUDGE, FIELD MATURITY 

1.2 6,2 285 NL NL SLUDGE, FIELD, MATURITY 
436 1.2 8.2 570 NL NL SLUDGE, FIELD, MATURITY 
437 1.2 8.2 1140 NL NL SLUDGE, FIELD, MATURITY 
438 1.2 1 0 NL NL SLUDGE, FIELD, MATURITY 
439 1.2 7 285 NL NL SLUDGE, FIELD, MATURITY 

1.2 7 570 NL NL SLUDGE, FIELD, MATURITY 
441 1.2 7 1140 NL · NL SLUDGE, FIELD, MATURITY 
442 1.2 8,3 0 : NL 6.3 BULB : SLUDGE, FIELD, MATURITY 
443 1.2 8.3 285 NL 18.3 BULB SLUDGE, FIELD, MATURITY 
444 1.2 8.3 570 NL 23.8 BULB SLUDGE, AELD, MATURITY 

1.2 8,3 1140 NL NL BULB SLUDGE, FIELD, MATURITY 
446 · 1.2 8,8 0 NL 2.5 BULB SLUDGE, FIELD, MATURITY 
447 1.2 8,8 285 NL 8,3 BULB SLUDGE, FIELD, MATURITY 

448 1.2 8,8 570 NL 7.5 BULB SLUDGE, FIELD, MATURITY 

449 1.2 8,8 1140 NL 18.8 BULB SLUDGE, FIELD, MATURITY 

1.2 8.7 0 ,5MHOAC 4 NL SLUDGE, FIELD, MATURITY 
451 1.2 8.7 285 .5MHOAC 23 NL SLUDGE, FIELD, MATURITY 
452 1.2 ·8.7 570 .5MHOAC 42 NL SLUDGE, FIELD, MATURITY 
453 1.2 8.7 1140 .5MHOAC 68 NL SLUDGE, FIELD, MATURITY 
454 1.2 7.2 0 .5 MHOAC 4 NL SLUDGE, FIELD, MATURITY 

1.2 7.2 285 .5 MHOAC 23 NL SLUDGE, FIELD, MATURITY 
456 1.2 7.2 570 ,5 MHOAC 42 NL SLUDGE AELD. MATURITY 
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TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Mg/ha Mg/ha APPLICATN NAME NAME TEXTURE 

419 56 56 8 LS 
112 112 8 LS 

421 224 224 8 LS 
422. 0 0 8 LS 
423 56 56 8 LS 
424 112 112 8 LS 

224 224 8 LS 
426 0 0 9 LS 
427 56 56 9 LS . 
428 112 112 9 LS 
429 224 224 9 LS 

0 0 9 LS 
431 56 56 9 LS , ...... 
432 112 112 9 LS 
433 224 224 9 LS 
434 0 0 10 LS 

56 58 10 LS 
438 112 112 10 LS 
437 224 224 10 LS 
.438 0 0 10 LS ·• 

439 56 58 10 LS 
112 112 10 LS 

441 224 224 10 LS 
442 0 : 0 13 : LS 
443 56 56 13 LS 
444 112 112 13 LS 

224 224 13 LS 
446 0 0 13 LS 
447 58 56 13 LS 
448 112 112 13 LS 
449 224 224 13 LS 

0 0 11 LS 
451 56 56 11 LS 
452 112 112 11 LS 
453 224 224 11 LS . 
454 0 0 11 LS 

56 58 11 LS 
456 112 112 11 LS 
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TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N NI p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESStNG STABIUZATN 

419 5100 11400 AIR DRIED 
5100 11400 AIR DRIED 

421 5100 11400 AIR DRIED 
422 5100 11400 AIR DRIED 
423 6100 11400 AIR DRIED 
424 5100 11400 AIR DRIED 

6100 11400 AIR DRIED 
426 5100 11400 AIR DRIED 
427 5100 11400 AIR DRIED 
428 6100 11400 AIR DRIED 
429 5100 11400 AIR DRIED 

5100 11400 AIR DRIED 
431 6100 11400 AIR DRIED 
432 6100 11400 AIR DRIED 
433 5100 11400 AIR DRIED 
434 5100 11400 AIR DRIED 

5100 11400 AIR DRIED 
436 5100 11400 AIR DRIED 
437 6100 11400 AIR DRIED 
438 6100 11400 AIR DRIED 
439 5100 11400 AIR DRIED 

6100 11400 AIR DRIED 
441 6100 11400 AIR DRIED 
442 : 5100 11400 AIR DRIED : 

443 6100 11400 AIR DRIED 
444 6100 11400 AIR DRIED 

6100 11400 AIR DRIED 
446 5100 11400 AIR DRIED 
·447 5100 11400 AIR DRIED 
448 5100 11400 AIR DRIED 
449 5100 11'400 AIR DRIED 

5100 11400 AIR DRIED 
451 5100 11400 AIR DRIED 
452 5100 11400 AIR DRIED 
453 5100 11400 AIR DRIED 
454 5100 11400 AIR DRIED 

5100 11400 AIR DRIED 
456 5100 11400 AIR DRIED 
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TABLE F-3 (cont.) 

LITERATURE 
CITATION 

419 WILLIAMS 1977 
WILLIAMS 1977 

421 WILLIAMS 1977 
422 WILLIAMS 1977 
423 WILLIAMS 1977 
424 WILLIAMS 1977 

WILLIAMS 1977 
426 WILLIAMS 1977 
427 WILLIAMS 1977 
428 WILLIAMS 1977 
429 WILLIAMS 1977 

WILLIAMS 1977 
431 WILLIAMS 1977 
432 WILLIAMS 1977 
433 WILLIAMS 1977 
434 WILLIAMS 1977 

WILLIAMS 1977 
436 WILLIAMS 1977 
437 WILLIAMS 1977 
438 WILLIAMS 1977 
439 WILLIAMS 1977 

WILLIAMS 1977 
441 WILLIAMS 1977 
442 WILLIAMS 1977 : 
443 WILLIAMS 1977 
444 WILLIAMS 1977 

WILLIAMS 1977 
446 WILLIAMS 1977 
447 WILLIAMS 1977 
448 WILLIAMS 1977 
449 WILLIAMS 1977 

WILLIAMS .1977 
451 WILLIAMS 1977 
452 WILLIAMS 1977 
453 WILLIAMS 1977 
454 WILLIAMS 1977 

WILLIAMS 1977 
456 WILLIAMS 1977 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 
NAME CULTIVAR DH % % % ma/ka ma/ka ma/ka 

CARROT 100 
CARROT 100 
CARROT 100 
CARROT 100 

.CARROT 100 
CARROT 100 
CARROT 100 

BEET 100 
BEET 100 
BEET 100 
BEET 100 
BEET 100 
BEET ··100 
BEET 100 
BEET 100 

ONION 100 
ONION 100 
ONION I 100 
ONION ·100 
ONION· ····100 
ONION 100 
ONION 100 
ONION 100 
ONION : 100 
ONION 100 
ONION 100 
ONION 100 
ONION 100 
ONION 100 
ONION 100 
ONION 100 
SWEDE 100 
SWEDE 100 
SWEDE 100 
SWEDE 100 
SWEDE 100 
SWEDE 100 
SWEDE 100 
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TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

381 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
382 YIELD N"'T DETi:stMINED KINGSTON, RHODE ISLAND 
383 : YIELD I .>T DET c. ,MINED KINGSTON, RHODE ISLAND 
384 ·•· ' YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
385 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
386 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
387 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
388 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
389 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
390 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
391 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
392 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
393 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
394 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
395 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
396 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
397 Viralnla 
398 Viralnla 
399 Viralnla 
400 Viralnla 
401 Viralnla 
402 Viralnla 
403 Viralnla 
404 : : Viralnla 
405 Viralnla 
408 Viralnla 
407 Viralnla 
408 Virginia 
409 Viralnla 
410 Virginia 
411 Viralnla 
412 Viralnla 
413 Viralnla 
414 Viralnla 
415 Adantlc Coastal Plain 
416 Adantic Coa1tal Plain 
417 Adantlc Coastal Plain 
418 WOODTHORNE. U.K. 
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TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

381 
382 
383 
384 
385 
388 
387 
388 
389 
390 
391 
392 
393 
394 
395 
398 
397 
398 
399 
400 
401 
402 
403 
404 : 

405 
408 
407 
408 
409 
410 
411 
412 
413 
414 
415 0 Stover 
418 39 Stover 
417 29 Stover 
418 0 ROOT NO 
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TABLE F-3 (eont.) 

SOIL SOIL CUMM NI SOil NI PLANTM PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % 1>H RATE lka/hal EXTRACT ANT ma/ka mo/ka SAMPLED 

381 2.8 6,8 33 DTPA 1.8 8.2 Leef SLUDGE, FIELD, MATURITY 
382 2.8 6,8 0 DTPA 0.9 6.8 Leef SLUDGE, FIELD, MATURITY 
383 2,8 6,6 11 DTPA 2.1 7.8 Leef SLUDGE, FIELD, MATURITY 
384 2.8 6.6 33 DTPA 3.2 9.6 Leef SLUDGE, FIELD, MATURITY 
385 2.8 5,8 0 DTPA 0.6 4 Leef SLUDGE, FIELD, MATURITY 
386 2.8 6.8 11 DTPA 1 9 Leef SLUDGE, FIELD, MATURITY 
387 2.8 5.8 33 DTPA 1.8 14 Leef SLUDGE, FIELD, MATURITY 
388 2.8 5.6 0 DTPA 0.9 20 Leef SLUDGE, FIELD. MATURITY 
389 2.8 5.6 11 DTPA 2.1 21 Leef SLUDGE, FIELD, MATURITY 
390 2.8 6.6 33 DTPA 3.2 22 Leef SLUDGE, FIELD, MATURITY 
391 2.8 6.6 0 DTPA 0.6 6 Leef SLUDGE, FIELD, MATURITY 
392 2.8 5.6 11 · DTPA 1 6 Leef SLUDGE, FIELD, MATURITY 
393 2.8 5.8 33 DTPA 1.8 7 Leef SLUDGE, FIELD, MATURITY 
394 2.8 5.8 0 DTPA 0.9 8 Leef SLUDGE, FIELD, MATURITY 
395 2.8 6.6 11 DTPA 2.1 8 Leef SLUDGE, FIELD, MATURITY 
396 2.8 5.8 33 DTPA 3.2 11 Leef SLUDGE, FIELD, MATURITY 
397 5.4 16 8,1 0 0.54 Earleaf 
398 5.4 18 6.2 8.6 1.02 Earlaaf 
399 5.4 18 8.1 17.2 0.88 Earleaf 
400 5.4 18 5.S 25.8 0.94 Earleaf 
401 5.4 us 8 34.4 0.8 Earleaf 
402 5.4 18 8 43 0.84 Earleaf 
403 12.5 18 5.7 0 0.38 Earleaf 
404 12.5 18: 8 8.6 0.4,1 Earle ■f 
405 12.6 18 5.8 17.2 0.38 Earle ■f 

406 12.6 18 6,9 25.8 0.31 Earleaf 
407 12.6 18 5.9 34.4 0.2 Earlaaf 
408 12.6 18 5.9 43 0.23 Earleaf 
409 9.3 25 5.7 0 0.28 Earleaf 
410 9.3 25 8 8.6 0.39 Earleaf 
411 9.3 25 5.9 17.2 0.42 Earlaaf 
412 9.3 25 5.9 25.8 0.35 Earleaf 
413 9.3 25 5.9 34.4 0.38 Earlaaf 
414 9.3 25 5.9 43 0.46 Earleaf 
415 6.9 23 6.6 0 0.54 Earlaaf 
416 6.9 23 6.6 8.6 · 0.66 Eerleef 
417 6.9 23 6.6 17.2 0.66 Eerleef 
418 1.2 5.8 0 • 5 M HOAC 2 N.L • SLUDGE. FIELD MATURITY 
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TABLE F-3 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

381 60 60 0 Typic Dvstrochrept Bridgehampton silt loam 34 58 8 
382 0 0 1 Typic Dystrochrept Bridaehampton silt loam 34 58 8 
383 20 20 1 TVPic Dystrochrept Bridaehampton silt loam 34 58 8 
384 60 60 1 Typic Dystrochrept Bridgehampton silt loam 34 58 8 
385 0 0 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8 
386 20 20 0 Typic Dvstrochrept Bridgehampton silt loam 34 58 8 
387 60 60 0 Typic Dvstrochrept Bridgehampton silt loam 34 58 8 
388 
389 

0 
20 

0 
20 

1 
1 

Typic Dvstrochrept 
Typic Dvstrochrept 

Bridaehampton 
Bridaahampton 

silt loam 
silt loam 

34 
34 

58 
58 

8 
8 . 

390 60 60 1 Typic Dvstrochrept Bridgehampton silt loam 34 58 8 
391 0 0 0 Twic Dvstroehrept Bridaahampton silt loam 34 58 8 
392 20 20 0 Twie Dvstroehrept Bridaehampton silt loam 34 58 8 
393 60 60 0 Typie Dystroehrept Bridgehampton silt loam 34 58 8 
394 0 0 1 Typie Dystroehrept Bridgehampton silt loam 34 58 8 
395 20 20 1 Typie Dvstroehrept Bridgehampton silt loam 34 58 8 
396 60 60 1 Typie Dvstroehrept Bridgehampton silt loam 34 58. 8 
397 0 0 Typie Hapludult BoJae loamvsand 64 27.8 8.2 
398 42 42 Typie Hapludult Boise loamvaand 64 27.8 8.2 
399 84 84 Typie Hapludult Boiao loamv111nd 84 27.8 8.2 
400 126 126 Typie Hapludult Boise loamvaand 64 27.8 8.2 
401 168 188 Twle Hapludult Boise loamv111nd 64 27.8 8.2 
402 210 210 Typle Hapludult Bojao loamv111nd 64 27.8 8.2 
403 0 0 Rhodie Palaudult Davidson elavloam 15.3 47.1 37.6 
404 42 : 42 Rhodie Paleudult : Davidson clay loam 15.3 47.1 37.6 : 

405 84 84 Rhodie Palaudult Davidson elavloam 15.3 47.1 37.6 
406 128 126 Rhodie Paleudult Davidson elavloam 15.3 47.1 37.6 
407 168 168 Rhodie Palaudult Davidson elavloam 15.3 • 47.1 37.8 
408 210 210 Rhodie Paleudult Davidson clavloam 15.3 47.1 37.8• 
409 0 0 Tvoie Hapludult Groaaelosa silt loam 20.7 59.3 20 
410 42 42 Typle Hapludult Groaaeloaa silt loam 20.7 59.3 20 
411 84 84 Typlc Hapludult Groaaelon silt loam 20.7 59.3 20 
412 126 128 Typic Hapludult Groaacloae silt loam 20.7 59.3 20 
413 188 168 Typie Hapludult Groaaelosa silt loam 20.7 59.3 20 
414 210 210 Twie Hapfudult Groaaeloae silt loam· 20.7 59.3 20 
415 0 0 Tvoie Oehraaualfs Aeradala silt loam 37.8 •52.3 9.9 
418 42 42 Tvoie Oehraaualfs Aeredala eilt loam 37.8 52.3 9.9 
417 84 84 Twic Ochraqualfs Acredale silt loam 37.8 52.3 9.9 
418 0 0 8 LS 
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TABt.E F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUOGE SLUDGE SLUDGE SLUDGE 
Fo N NI p Pb Zn SOLIDS BIOLOGICAL CHEMCAL 
% % maJka ma/ka maJka ma/ka CONTNT PROCESSING STABIUZATN 

381 3 560 1630 ANAEROBICALLY DIGESTED 
382 3 560 1630 ANAEROBICALLY DIGESTED 
383 3 560 1630 ANAEROBICALLY DIGESTED 
384 3 560 1630 ANAEROBICALLY DIGESTED 
385 3 560 1630 ANAEROBICALLY DIGESTED 
386 3 560 1630 ANAEROBICALLY DIGESTED 
387 3 560 1630 ANAEROBICALLY DIGESTED 
388 3 560 1630 ANAEROBICALLY DIGESTED 
389 3 560 1630 ANAEROBICALLY DIGESTED 
390 3 560 1630 ANAEROBICALLY DIGESTED 
391 3 560 1630 ANAEROBICALLY DIGESTED 
392 3 560 1630 ANAEROBICALLY DIGESTED 
393 3 560 1630 ANAEROBICALLY DIGESTED 
394 3 560 1630 ANAEROBICALLY DIGESTED 
395 3 560 1630 ANAEROBICALLY DIGESTED 
396 3 560 1630 ANAEROBICALLY DIGESTED 
397 0 0 All 1ludae data In ka/ha 
398 8.8 126 n m1tal1 ennlied to 10II• 
399 17.2 248 from 1ludae 1nolic11tion. 
400 25.8 372 
401 34.4 496 
402 43 620 
403 0 0 
404 8.15 : 125 : 

405 17.2 248 
406 25.8 372 -
407 34.4 4915 •• =-. --
408 43 1520 

·409 0 0 
410 8.6 125 
411 17.2 248 
412 26.8 372 
413 34.4 496 
414 43 820 
415 No 1ludae d11t11 given 
416 
417 
418 6100 11400 AIR DRIED 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % ma/ka ma/ka mo/ko 

381 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520 
382 Schauer, at al. 1980 Carrots Danvers 4.7 67.5 21 2520 
383 Schauer, at al. 1980 Carrots Danvers 4.7 67.5 21 2520 
384 Schauer, at al. 1980 Carrots Danvers 4.7 67.5 21 2520 
385 Schauer, at 111. 1980 Radishes Charrvbella 4.7 67.5 21 2520 
386 Schauer, et 111. 1980 Radishes Cherrvbelle 4.7 67.5 21 2520 
387 •Schauer, at al. 1980 Radishes Cherrvt>ella 4.7 67.5 21 2520 
388 Schauer, et al. 1980 Radishes Cherrvt>ella 4.7 67.5 21 2520 
389 Schauer, at al. 1980 Radishes Cherrvt>ella 4.7 67.5 21 2520 
390 Schauer, at al. 1980 Radishes Charrvballa 4.7 67.5 21 2520 
391 Schauer, at al. 1980 lettuce Salad Bowl 4.7 67.5 21 2520 
392 Schauer, et al. 1980 Lettuce Salad Bowl 4.7 67.5 21 2520 
393 Schauer, et al. 1980 Lettuce Salad Bowl 4.7 67.5 21 s,2520 
394 Schauer, at al. 1980 Lettuce Salad Bowl 4.7 67.5 21 2520 
395 Schauer, et al. 1980 lettuce Salad Bowl 4.7 67.5 21 2520 
396 Schauer, at al. 1980 Lettuce Salad Bowl 4.7 67.5 21 2520 
397 RAPPAPORT ET AL 1988 Corn 0 0 
398 RAPPAPORT ET AL 1988 Corn I 0.9 153 
399 RAPPAPORT ET AL 1988 Corn 1.8 304 
400 RAPPAPORT ET AL 1988 Corn 2.7 456 
401 RAPPAPORT ET AL 1988 Corn 3.6 608 
402 RAPPAPORT ET AL 1988 Com 4.5 760 
403 RAPPAPORT ET AL 1988 Corn 0 0 
404 RAPPAPORT ET AL 1988 Corn, 0.9 153 
405 RAPPAPORT ET AL 1988 Corn 1.8 304 
406 RAPPAPORT ET AL 1988 Com 2.7 456 
407 RAPPAPORT ET AL 1988 Corn 3.6 608 
408 RAPPAPORT ET AL 1988 Corn 4.6 760 
409 RAPPAPORT ET AL 1988 Corn 0 0 
410 RAPPAPORT ET AL 1988 Corn 0.9 153 
411 RAPPAPORT ET AL 1988 Corn 1.8 304 
412 RAPPAPORT ET AL 1988 Corn 2.7 458 
413 RAPPAPORT ET AL 1988 Corn 3.6 608 
414 RAPPAPORT ET AL 1988 Corn 4.5 760 
415 RAPPAPORT ET AL 1987 Corn 
416 RAPPAPORT ET AL 1987 Corn 
417 RAPPAPORT ET AL 1987 Corn 
418 WILLIAMS 1977 CARROT 100 

J 

F-175 



-- -

TABLE F-3 (-oonL) 

LOCATION 
COMMENTS OF 

STUDY 

343 Saskatoon, Can 
344 BoltlVille, MD 

,_345 '3oltsville, MD 
346 ·•··• Beltsville, MO 
347 Belt1ville, MD 
348 Beltsville, MD 
349 Beltsville, MD 
350 Belt1ville, MD 
351 Belt1vill1, MD 
352 Beltsville, MD 
353 Beltsville, MD 
354 Belt1ville, MD 
355 Belt1ville, MD 
358 Belt1ville, MD 
357 Belt1ville, MD 
358 Beltsville, MD 
359 Belt1ville, MD 
360 Belt1vllle, MD 
381 Belt1ville, MD 
382 Beit1viU1, MO 
383 Bolt1vllle, MD 
384 Belt1viHe, MD 
365 Belt1ville, MD 
388 : : Beltsville, MD : 

367 Belt1ville, MD 
368 Beltsville, MD 
389 Manhattan, Kenan 
370 Manhattan, Kanan 
371 Dayton, Ohio 
372 Dayton, Ohio 
373 Oakland, CA 
374 Oakland, CA 
375 Oakland, CA 
376 Oakland, CA 
377 Oekland,CA 
378 Oakland, CA 
379 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND 
380 YIELD NOT DETERMINED KINGSTON RHODE ISLAND 
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TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

343 0 Whole plant 
344 0 Shoots 
345 0 Shoots 
348 0 Shoots 
347 0 Shoots 
349· 0 Shoots 
349 0 Shoots 
350 0 Shoots 
351 0 Shoots 
352 0 Shoots 
353 0 Shoots 
354 0 Shoots 
355 0 Shoots 
358 0 Shoots 
357 0 Shoots 
358 0 Shoots 
359 0 Shoots 
380 0 Shoots 
381 0 Shoots 
382 0 Shoots 
383 0 Shoots 
384 0 Shoot• 
385 0 Shoots 
388 0 Shoot• : 

387 0 Shoots 
388 0 Shoots 
389 
370 
371 Leaves 
372 Leaves· 
373 0 Grain 
374 0 Grain 
375 0 Grain 
378 0 Grain 
377 0 Grain 
378 0 Grain 
379 
380 
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345 

350 

355 

360 

365 

370 

375 

380 

TABLE F-3 (oont.) 

SOIL SOIL CUMM Nl SOIL NI PLANT NI PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % pH RATE lka/hel EXTRACTANT ~/ka malka SAMPLED 

343 35.7 8.6 17 Root 
344 6.9 6.8 Shoota 

7.4 8.2 Shoot■ 
346 7 6.9 Shoot■ 
347 7.4 5.8 Shoota 
348 7.8 3.7 Shoot■ 
349 7.7 4.7 Shoota 

7.8 3.3 Shoota 
351 8.9 4.4 Shoota 
352 7.4 3.2 Shoot■ 

353 7.8 3.2 Shoots 
354 5.8 7.8 Shoot■ 

8.1 4.8 Shoots 
356 6.8 4.8 Shoots 
357 7 2.5 Shoots 
358 7.1 3.3 Shoota 
359 5.8 7.7 Shoots 

5.7 4.4 Shoot■ 
361 8 4.4 Shoots 
362 5.2 12.6 Shoots 
363 5.3 7.9 Shoots 
384 5.1 9.8 Shoots 

8.4 7.7 Shoot■ 
368 : 8.8 7.8 Shoot■ 
387 5.9 9.8 Shoot■ 
388 6.7 11.3 Shoota 
389 0.9 5.9 11.9 0.059 I.eave• 

0.9 5.9 11.9 4.53 Roota 
371 8.2 71.5 2 Leave■ 
372 8.2 147 2 Leave■ 

373 0 93 <5.0 Straw 
374 0 94 <5.0 Straw 

5 106 <5.0 Straw 
378 9.9 99 <5.0 Straw 
377 15.5 104 <5.0 Straw 
378 20.8 105 <5.0 Straw 
379 2.8 5.8 0 DTPA 0.8 6.2 Leaf SLUDGE, FIELD, MATURITY 

2.8 5.6 11 DTPA 1 6 Leaf SLUDGE, FIELD. MATURITY 
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345 

350 

355 

360 

365 

370 

375 

380 

TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC· SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

343 150 
344 0 0 Typic Paleudults Christiana fine sandy loam 

0 0 Typic Paleudults Christiana fine sandy loam 
346 56 56 Typic Paleudults Christiana fine sandy loam 
347 112 112. Twic Paleudults Christiana fine sandy loam 
348 224 224 TV1>lc Paleudults Christiana fine sandy loam 
349 336 336 TVl>lc Palaudults Christiana fine sandy loam 

351 
448 
56 

448 
56 

TV1>ic Paleudults 
TV1>ic Paleudults 

Christiana 
Christiana 

fine sandy loam 
fine sandy loam . 

352 112 112 Typic Palaudults Christiana fine sandv loam 
353 224 224 Typlc Palaudults Christiana fine sandv loam 
354 56 56 Typlc Paleudults Christiana fine sandy loam 

112 112 TV1>io Palaudults Christiana fine sandy loam 
356 224 224 TV1>io Paleudults Christiana fine sandy loam 
357 448 448 TV1>io Palaudults Christiana fine sandy loam 
358 672 672 TV1>io Paleudults Christiana fine sandy loam 
359 56 56 Tvoio Paleudults Christiana fine sandy loam 

112 112 Tvoio Palaudults Christiana fine sandy loam 
361 224 224 Tvoio Paleudults Christiana fine sandy loam 
362 56 56 Twio Paleudults Chrlatlana fine sandy loam 
363 112 112 Typic Paleudults Chrl1tian11 fine Hndv loam 
364 224 224 Typio Paleudulta Christiana fine sandy loam 

50 50 Tvoio Paleudulta Christiana fine 911ndy loam 
366 100 100 : TV1>lo Paleudults Christiana fine SllndY loam 
367 50 50 Tvoio Paleudults Christiana fine sandy loam 
368 100 100 Typic Paleudults Christiana fine 911ndy loam 
369 32 128 Twio Udifluvant Havnla fine sandy loam 

32 128 Typio Udifluvent Havnla fine sandy loam 
371 28 980 Warsaw slltloam 
372 0 0 Warsaw silt loam 
373 0 0 4 Auvaquantio Haplaquplls Omni ailtv clay 
374 O+NPK O+NPK 4 Auvaquantio Haolaquolls Omni alltv clay 

33 33 4 Auvaauantio Haolaquolla Omni siltv clay 
376 66 66 4 Auvaauantio Haolaquolls Omni slltv clay 
377 107 107 4 Fluvaquentio Haplaquolls Omni siltv elev . 
378 147 147 4 Auvaquentic Haplsquolls Omni silty clay 
379 0 0. 0 TV1>io Dystroohrept Bridgehampton silt loam 34 58 8 

20 20 0 Twio Dvstroohreot Brldaehamoton silt loam 34 58 8 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N NI p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % malka ma/ka malka ma/ka CONTNT PROCESSING STABILIZATN 

343 28.3 6620 184 420 
344 Control, low DH 
345 Control hlah DH 
346 15 217 639 Umed-dlaeated 
347 15 217 639 Umed-diaeated 
348 15 217 639 Umed-diaested 
349 15 217 639 Umed-diaeated 
350 15 217 639 Umed-dlaested 
351 17 215 599 Umed-raw 
352 17 215 599 Umed-raw 
353 17 215 599 Umed-raw 
354 201 272 731 Umed-compoat 
355 201 272 731 Umed-compoat 
356 201 272 731 Umed-compoat 
357 201 272 731 Umed-compoat 
358 201 272 731 Umed-compoat 
359 37 360 1330 Heat-traated, high pH 
360 37 360 1330 Haat-treated, hlah DH 
361 37 360 1330 Heat-treated, high pH 
362 37 360 1330 Heat-treated, low DH 
383 37 360 1330 Heat-treated, low pH 
364 37 360 1330 Heat-treated, low DH 
385 590 865 4140 Nu-Earth, hlah DH 
388 : 590 885 4140 : Nu-Earth, hlah DH : 

387 590 865 4140 Nu-Earth, low DH 
368 590 865 4140 Nu-Earth, low DH 
369 35.8 21300 124 1890 aeroblcallv diaeated 
370 35,8 21300 124 1890 eeroblcallv dlaaated 

·371 20370 24000 6940 8390 28t/ha/yr at 35 year■ 
372 20370 24000 6940 8390 Control 
373 No sludge data given 
374 No 1ludae data given 
375 No aludga data given 
378 No 1ludge data alven 
377 No 1ludae data alven 
378 No 1ludge data alven 
379 3 560 1630 ANAEROBICALLY DIGESTED 
380 3 560 1630 ANAEROBICALLY DIGESTED 
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360 

365 
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380 

TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR pH % % % ma/ka ma/kg mg/kg 

343 GILLIES ET AL 1989 Oat Harmon 4.6 191 · 143 
344 HECKMAN ET AL 1987 Soybean Clark 

HECKMAN ET AL 1987 Soybean Clark 
346 HECKMAN ET AL 1987 Soybean Clark 5.9 259 
347 HECKMAN ET AL 1987 Soybean Clark 5.9 259 
348 HECKMAN ET AL 1987 Soybean Clark 5.9 259 
349 HECKMAN ET AL 1987 Soybean Clark 5.9 259 

HECKMAN ET AL 1987 Soybean Clark 5.9 259 
351 HECKMAN ET AL 1987 Soybean Clark 4.9 277 
352 HECKMAN ET AU 987 Soybean Clark 4.9 277 
353 HECKMAN ET AL 1987 Soybean Clark 4.9 . 277 
354 HECKMAN ET AL 1987 Soybean Clark 7.2 274 

HECKMAN ET AL 1987 Sovbean Clark 7.2. ·274 
356 HECKMAN ET AL 1987 Soybean Clark 7.2 274 
357 HECKMAN ET AL 1987 Soybean Clark 7.2 274 
358 HECKMAN ET AL 1987 Soybean · Clark 7.2 274 
359 HECKMAN ET AL 1987 Soybean Clark 13.4 404 

HECKMAN ET AL 1987 Soybean Clark I 13.4 -:404 
361 HECKMAN ET AL 1987 Soybean Clark 13.4 404 
362 HECKMAN ET AL 1987 Soybean Clark 13.4 404 
363 HECKMAN ET AL 1987 Soybean Clark 13.4 404 
364 HECKMAN ET AL 1987 Soybean Clark 13.4 404 

HECKMAN ET AL 1987 Soybean Clark 210 1160 
366 HECKMAN ET AL 1987 Soybean : Clark : 210 1160 
367 HECKMAN ET AL 1987 Soybean Clark 210 1160 
368 HECKMAN ET AL 1987 Soybean Clark 210 1160 
369 KIRKHAM 1983 Sorghum Dekalb C-46 Plus 6.7 1110 man 29.2 861 376 

KIRKHAM 1983 Winter Wheat Newton 8.7 7770 man 29.2 861 376 
371 KIRKHAM 1975 Corn 830 6900 6020 
372 KIRKHAM 1975 Corn 830 5900 8020 
373 CHANG ET AL 1982 WinterWeat Anzli 
374 CHANG ET AL 1982 WinterWeat Anza 

CHANG ET AL 1982 WinterWeat Anza 
376 CHANG ET AL 1982 Winter Waat · Anza 
377 CHANG ET AL 1982 WinterWaat Anza 
378 CHANG ET AL 1982 Winter Waat Anza 
379 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520 

Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520 
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310 

315 

320 

325 

330 

335 

340 
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TABLE F-3 (cont.I 

LOCATION 
COMMENTS OF 

STUDY 

JOLIET, IUINOIS 
306 JOUF.T, IUINOIS 
307 JOLIET, ILLINOIS 
308 ., I JOLIET, ILLINOIS 
309 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
311 •oosE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
312 •oosE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
313 JOLIET, ILLINOIS 
314 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
316 JOLIET, ILLINOIS 
317 JOLIET, ILLINOIS 
318 JOLIET, ILLINOIS 
319 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
321 JOLIET. ILLINOIS 
322 JOLIET. ILLINOIS 
323 JOLIET, ILLINOIS 
324 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
328 JOLIET, ILLINOIS 
327 JOLIET, ILLINOIS 
328 : : JOLIET, ILLINOIS 
329 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
331 JOLIET, ILLINOIS 
332 JOLIET, ILLINOIS 
333 JOLIET, IUINOIS 
334 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
338 JOLIET, ILLINOIS 
337 JOLIET, IUINOIS 
338 JOLIET, ILLINOIS 
339 JOLIET, IUINOIS 

JOLIET, ILLINOIS 
341 Saskatoon, Can 
342 Saskatoon Can 
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315 
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340 

TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

0 GRAIN 0 STOVER NO 
306 0 GRAIN 0 STOVER NO 
307 0 GRAIN 0 STOVER NO 
308 0 GRAIN NA STOVER NO 
309 0 GRAIN 0 STOVER NO 

. 0 GRAIN 0 STOVER NO 
311 50• GRAIN 0 STOVER •No 
312 so• GRAIN 0 STOVER •No 
313 0 GRAIN 0 STOVER NO 
314 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
318 0 GRAIN 0 STOVER NO 
317 0 GRAIN 0 STOVER NO 
318 0 GRAIN 0 STOVER NO 
319 NA GRAIN NA STOVER NO 

0 GRAIN 0 STOVER NO 
321 0 GRAIN 0 STOVER NO 
322 0 GRAIN 0 'STOVER NO 
323 0 GRAIN 0 STOVER NO 
324 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
328 0 GRAIN 0 STOVER NO 
327 0 GRAIN 0 STOVER NO 
328 0 GRAIN : 0 STOVER NO 
329 0 GRAIN 0 STOVER NO 

0 GRAIN NA STOVER NO 
331 0 GRAIN 0 STOVER NO 
332 0 GRAIN 0 STOVER NO 
333 0 GRAIN 0 STOVER NO 
334 O· GRAIN· 0 STOVER NO 

0 GRAIN 0 STOVER NO 
338 0 GRAIN 0 STOVER NO 
337 0 GRAIN 0 . SJOVER NO 
338 0 GRAIN 0 STOVER . NO 

339 0 GRAIN 0 STOVER NO 
0 GRAIN 0 STOVER NO 

341 0 Whole plant 
342 0 Whole plant 
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310 

315 

320 

325 

330 
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340 

TABLE F-3 (cont.I 

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % PH RATE (ka/hel EXTRACT ANT ma/ka ma/ka SAMPLED 

0.76 7 0 HCL-HF 19 <.6 LEAF SLUDGE, FIELD, MATURITY 
306 1.21 6.9 0 HCL·HF 20 <.6 LEAF SLUDGE, FIELD, MATURITY 
307 0.84 7.1 0 HCL·HF 24 <.6 LEAF SLUDGE, FIELD, MATURITY 
308 0.31 NA 12.6 HCL-HF 15 1.3 LEAF SLUDGE, FIELD, MATURITY 
309 0.44 7.2 13.4 HCL-HF 31 1.4 LEAF SLUDGE, FIELD, MATURITY 

0.63 7.3 15.3 HCL-HF 12 0.9 LEAF SLUDGE, FIELD, MATURITY 
311 0.67 7.5 21 HCL-HF 12 <.6 LEAF SLUDGE, FIELD, MATURITY 
312 0.78 7 26.3 HCL-HF 20 0.8 i.EAF SLUDGE, FIELD, MATURITY 
313 0.8 7 34 HCL-HF 19 NA LEAF SLUDGE, FIELD, MATURITY 
314 0.99 6.8 34 HCL-HF 25 <.6 LEAF SLUDGE, FIELD, MATURITY 

1.42 7.1 34 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY 
318 1.71 7.2 34 HCL-HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY 
317 1.82 7.2 34 HCL-HF 34 <.6 LEAF SLUDGE, FIELD, MATURITY 
318 1.98 7.1 34 HCL-HF 31 <.6 LEAF SLUDGE, FIELD, MATURITY 
319 0.43 NA 25.2 HCL-HF 13 1.5 LEAF SLUDGE, FIELD, MATURITY 

0.51 7.1 26.8 HCL·HF 20 1.1 LEAF SLUDGE, FIELD, MATURITY 
321 0.94 7 30.6 HCL-HF 16 1.6 LEAF SLUDGE, FIELD, MATURITY 
322 1 .18 7.2 41.9 HCL·HF 22 <.8 LEAF SLUDGE, FIELD, MATURITY 
323 1.4 7 52.5 HCL·HF 24 NA LEAF SLUDGE, FIELD, MATURITY 
324 1.75 6.4 68 HCL·HF 35 1.7 LEAF SLUDGE,FIELD,MATURITY 

2 6.3 88 HCL-HF 32 2 LEAF SLUDGE, FIELD, MATURITY 
328 2.18 8.8 68 HCL·HF 38 0.7 LEAF SLUDGE, FIELD, MATURITY 
327 2.02 8.8 68 HCL·HF 51 0.7 LEAF SLUDGE, FIELD, MATURITY 
328 2.33 7.1 68 HCL-HF 53 <~8 LEAF SLUDGE, FIELD, MATURITY 
329 1.88 7 68 HCL·HF 45 <.8 LEAF SLUDGE, FIELD, MATURITY 

0.73 NA 50.4 HCL-HF 21 1.3 LEAF SLUDGE, FIELD, MATURITY 
331 0.57 8.8 53.5 HCL·HF 37 1.8 LEAF SLUDGE, FIELD, MATURITY 
332 1.3 8.7 81,1 HCL·HF 18 1.2 LEAF SLUDGE, FIELD, MATURITY 
333 1.42 8.8 83.7 HCL-HF 34 <.8 LEAF SLUDGE, FIELD, MATURITY 
334 2.4 8.4 105 HCL·HF 40 2.8 LEAF SLUDGE, FJELD, MATURITY 

2.78 8.1 135.9 HCL·HF 45 3.8 LEAF SLUDGE, FIELD, MATURITY 
338 3.44 6.8 135.9 HCL-HF 49 1.8 LEAF SLUDGE, FIELD, MATURITY 
337 3,18 5.9 135.9 HCL•HF 82 1.7 LEAF SLUDGE, FlaD, MATURITY 
338 a.2s· 8.2 135.9 HCL·HF 52 0.9 LEAF SLUDGE,AELD,MATURITY 
339 3.1 8.4 135.9 HCL·HF 154 <.8 LEAF SLUDGE, AELD, MATURITY 

3.15 8.5 135.9 HCL·HF 70 NA LEAF SLUDGE, FlaD, MATURITY 
341 34.IB 10.4 14 Root 
342 38,7 7.5 21 R()Ot 
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TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

0 0 NA PLAINFIELD SL 
306 0 0 NA PLAINFIELD SL 
307 0 0 NA PLAINFIELD SL 
308 26.2 40.1 0 PLAINFIELD SL 
309 8.1 48.2 0 PLAINFIELD SL 

14.7 62.9 0 PLAINFIELD SL 
311 17.7 80.6 0 PLAINFIELD SL 
312 13.1 93.7 0 PLAINFIELD SL 
313 17.8 111.5 0 PLAINFIELD · SL . 
314 0 111.5 1 PLAINFIELD SL 

0 111.5 2 PLAINFIELD SL 
316 0 111.5 3 PLAINFIELD SL 
317 0 111.5 4 PLAINFIELD SL 
318 0 111.5 5 PLAINFIELD SL 
319 52.4 80.2 0 PLAINFIELD SL 

16.2 96.4 0 PLAINFIELD SL 
321 29.4 125.8 0 PLAINFIELD SL 
322 35.4 161.2 0 PLAINFIELD SL. 
323 26.2 187.4 0 PLAINFIELD ·sL 

. 324 35.6 223 0 PLAINFIELD SL 
0 223 1 PLAINFIELD SL 

326 0 223 2 PLAINFIELD SL 
327 0 223 3 PLAINFIELD SL 

: 328 0 223 4 : PLAINFIELD SL : 

329 0 223 5 PLAINFIELD SL 
104.8 160.4 0 PLAINFIELD SL 

331 32.4 192.8 0 PLAINFIELD SL 
332 58.8 251.8 0 PLAINFIELD SL 
333 70.8 322.4 0 PLAINRELD SL 
334 52.4 374.8 0 PLAINRELD SL 

71.2 446 0 PLAINFIELD SL 
336 0 446 1 PLAINFIELD SL 
337 0 446 2 PLAINFIELD SL 
338 0 446 3 PLAINFIELD SL 
339 0 446 4 PLAINFIELD SL . 

0 446 5 PLAINRELD SL 
341 0 
342 75 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
'll, 'll, mg/kg mg/kg mg/kg mg/kg CONTNT PROCESSING STABILIZA TN 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
306 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
307 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
308 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
309 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
312 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
313 4.2 5,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
314 4.2 5.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
316 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
317 4.2 5.5 305 . 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
318 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
319 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
321 4.2 5,5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
322 4.2 5,5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
323 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
324 4.2 5.5 305 3.3 1169 4789 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 5.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
328 4.2 5.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
327 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
328 4.2 5.5 305 3.3 1189 : 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION : CENT POLY, FECL3 
329 4.2 6.6 306 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 6.6 306 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
331 4.2 6,5 305 3.3 1189 4789 0,03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY, FECL3 
332 4.2 5,6 305 3.3 1U59 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

. 333 4.2 6.5 306 3.3 1189 4789 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POI.Y, FECL3 
334 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.2 6.6 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POI.Y, FECL3 
336 4.2 6.5 ao6 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
337 4.2 6.6 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
338 4.2 6.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
339 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POI. Y, FECL3 

4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMHT, ANAEROBIC DIGESTION CENT POI.Y, FECL3 

341 28.3 6820 184 420 
342 26.3 8820 184 <120 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % mg,1cg mg,1cg mg/kg 

HINESLY 1985 CORN 3.2 265 2846 1311 
306 HINESLY 1985 CORN 3.2 265 2846 1311 
307 HINESLY 1985 CORN 3.2 265 2846 1311 
30.8 HINESLY 1985 CORN 3.2 265 2846 1311 
309 HINESLY 1985 CORN 3.2 265 2846 1311 

HINESL Y 1985 CORN 3.2 265 2846 1311 
311 HINESLY 1985 CORN 3.2 265 2846 1311 
312 HINESLY 1985 CORN 3.2 265 2846 1311 
313 HINESLY 1985 CORN ,3.2 265 2846 1311 
314 HINESLY 1985 CORN 3.2 265 2846 1311 

HINESL Y 1985 CORN 3.2 265 2846 1311 
316 HINESL Y 1985 CORN 3.2 265 2846 1311 
317 HINESLY 1985 CORN 3.2 265· 2846 1311 

•,,, 318 HINESLY 1985 CORN 3.2 265 2846 1311 
319 HINESLY 1985 CORN 3.2 265 2846 1311 

HINESLY 1985 CORN 3.2 265 2846 1311 
321 HINESLY 1985 CORN 3.2 265 2846 1311 
322 HINESLY 1985 CORN I 3.2 265 2846 1311 

, 323 HINESLY 1985 CORN 3.2 265 2846 1311 
324 HINESLY 1985 CORN 3.2 265 2846 1311 

HINESLY 1985 CORN 3.2 265 2846 1311 
326 HINESLY 1985 CORN 3.2 265 2846 1311 
327 HINESLY 1985 CORN 3.2 265 2846 1311 
328 HINESLY 1985 CORN : 3,2 265 : 2846 1311 
329 HINESL Y 1985 CORN ·3.2 265 2846 1311 

HINESLY 1985 CORN 3.2 265 2848 · 1311 
331 HINESLY 1985 CORN 3.2 265 2846 1311 
332 HINESLY 1985 CORN 3.2 265 2846 1311 
333 HINESLY 1985 CORN 3.2 265 2848 1311 
334 HINESLY 1985 CORN 3.2 285 2848 1311 

HINESLY 1985 CORN 3:2 265 2846 1311 
336 HINESLY -1985 CORN 3.2 265 2848 1311 
337 HINESLY 1985 CORN 3.2 265 2848 1311 
338 HINESLY 1985 CORN 3.2 265 2846 1311 
339 HINESLY 1985 CORN 3.2 265 2848 1311 

HINESLY 1985 CORN 3.2 265 2846 1311 
341 GILLIES ET AL 1989 Oat . Harmon 4.6 19.1 143 
342 GILLIES ET AL 1989 Oat Harmon 4.6 191 143 
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TABLE F-3 (cont.I 

LOCATION 
COMMENTS OF 

STUDY 

267 ·DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
268 •DOSE RESPONSE AND TISSUF ll CON-':NTRATION NOT CONSlt "ENT -- JOLIET, ILLINOIS 
269 .. ; JOLIET, ILLINOIS 
270 JOLIET, ILLINOIS 
271 JOLIET, ILLINOIS 
272 JOLIET, ILLINOIS 
273 JOLIET, ILLINOIS 
274 JOLIET, ILLINOIS 
275 JOLIET, ILLINOIS 
276 JOLIET, ILLINOIS 
277 JOLIET, iLLINOIS 
278 JOLIET, ILLINOIS 
279 JOLIET, ILLINOIS 
280 JOLIET, ILLINOIS 
281 JOLIET, ILLINOIS 
282 JOLIET, IWNOIS 
283 JOLIET, IWNOIS 
284 JOLIET, ILLINOIS 
285 JOLIET, ILLINOIS 
286 JOLIET, IWNOIS 
287 JOLIET, IWNOIS 
288 JOLIET, IWNOIS 
289 JOLIET, IWNOIS 

: 290 : JOLIET IWNOIS 
291 JOLIET, IWNOIS 
292 JOLIET, IWNOIS 
293 JOLIET, IWNOIS 
294 JOLIET, IWNOIS 
296 JOLIET, IWNOIS 
298 JOUET, UJNOIS 
297 JOLIET, llUNOIS 
298 JOUET, tWNO¾S 
299 JOllET, IWNOIS 
300 JOUET, IWNOIS 
301 JOLIET, R.UNOIS 
302 JOUET, IWNOIS 
303 JOUET,IWNOIS 
30<l JOUET IWNOIS 



TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

267 so• GRAIN 0 STOVER •NO 
268 28• GRAIN 0 STOVER •NO 
269 0 GRAIN 0 STOVER NO 
270 0 GRAIN 0 STOVER NO 
271 . 0 GRAIN 0 STOVER NO 
272 0 GRAIN 0 STOVER NO 
273 0 GRAIN 0 STOVER NO 
274 0 GRAIN 0 STOVER NO 
275 0 GRAIN NA STOVER NO 
276 0 GRAIN 0 STOVER NO 
277 0 GRAIN 0 STOVER NO 
278 0 GRAIN 0 STOVER NO 
279 0 GRAIN 0 STOVER NO 
280 0 GRAIN 0 STOVER NO 
281 0 GRAIN 0 STOVER NO 
282 0 GRAIN 0 STOVER NO 
283 0 GRAIN· 0 STOVER NO 
284 0 GRAIN 0 STOVER NO 
285 0 GRAIN 0 STOVER NO 
286 .o GRAIN NA STOVER NO 
287 0 GRAIN 0 STOVER NO 
288 0 GRAIN 0 STOVER NO 
289 0 GRAIN 0 STOVER NO 
290 0 GRAIN 0 :STOVER NO 
291 0 GRAIN 0 STOVER NO 
292 0 GRAIN 0 STOVER NO 
293 0 GRAIN 0 STOVER NO 
294 0 GRAIN 0 ·STOVER NO 
295 0 GRAIN 0 STOVER NO 
296 0 GRAIN' 0 STOVER NO 
297 0 GRAIN NA STOVER NO 
298 0 GRAIN 0 STOVER NO 
299 0 GRAIN 0 STOVER NO 
300 0 GRAIN 0 STOVER NO 
301 0 GRAIN 0 STOVER NO 
302 0 GRAIN 0 STOVER NO 
303 0 GRAIN 0 STOVER NO 
304 0 GRAIN 0 STOVER NO 



TABLE F-3 (cont.) 

SOIL SOIL CUMM Ni SOIL NI PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % DH RATE (ka/hel EXTRACT ANT ma/ka mg/ka SAMPLED 

267 1.58 7.4 21 HCL-HF 39 0.6 LEAF SLUDGE, FIELD, MATURITY 
268 1.54 7.1 26.3 HCL-HF 32 0.9 LEAF SLUDGE, FIELD, MATURITY 
269 1.64 6.9 34 HCL-HF 31 <.6 LEAF SLUDGE, FIELD, MATURITY 
270 1.69 6.9 34 HCL-HF 32 0.8 LEAF SLUDGE, FIELD, MATURITY 
271 1.91 7 · 34 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
272 1.66 7.3 34 HCL-HF 33 <.6 LEAF SLUDGE, FIELD, MATURITY 
273 2.05 7.1 34 HCL-HF 32 NA LEAF SLUDGE, FIELD, MATURITY 
274 1.95 7.2 34 HCL-HF 34 <.6 LEAF SLUDGE, FIELD. MATURITY 
275 1.71 NA 25.2 HCL-HF 22 1.5 LEAF SLUDGE, FIELD MATURITY 
276 1.57 6.9 26.8. HCL-HF 29 1.3 LEAF SWDGE, FIELD, MATURITY 
277 1.57 7.3 30.6 HCL-HF 24 1.2 LEAF SLUDGE, FIELD, MATURITY 
278 1.79 7.1 41.9 · HCi..-HF 41 0.5 tEAF SLUDGE, FIELD, MATURITY 
279 1.93 8.9 52.5 HCL-HF 35 <.8 LEAF SLUDGE, FIELD, MATURITY 
280 2.09 8.6 68 HCL-HF 37 1 LEAF SLUDGE, FIELD, MATURITY 
281 2.37 8.4 68 HCL-HF 39 1.1 LEAF SLUDGE, FIELD, MATURITY 
282 2.4 6.4 68 HCL-HF 49 0.7 LEAF SLUDGE, FIELD, MATURITY 
283 2.4 6;8 68 HCL-HF 41 NA LEAF SLUDGE, FIELD, MATURITY 
284 2.38 6.8 68 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY 
285 2.48 7.2 68 HCL-HF 44 <.6 LEAF SLUDGE, FIELD, MATURITY 
286 2.06 NA 50.4 HCL-HF 27 1.3 LEAF SLUDGE, FIELD, MATURITY 
287 2 6.4 53.5 HCL-HF 27 1.4 LEAF SLUDGE, FIELD, MATURITY 
288 1.76 6.4 61.1 HCL-HF 30 1.2 LEAF SLUDGE, FIELD, MATURITY 
289 2.67 6.2 83.7 HCL-HF 41 <.6 LEAF SLUDGE, FIELD, MATURITY 
290 2.72 6,1 105: HCL-HF 44 0.8 LEAF: SLUDGE, FIELD, MATURITY 
291 3.53 5.4 135.9 HCL-HF 52 1.5 LEAF SLUDGE, FIELD, MATURITY 
292 3.35 5.5 135.9 HCL-HF 55 1.7 LEAF SLUDGE, FIELD, MATURITY 
293 3.29 5.8 135,9 HCL-HF 51 NA LEAF SLUDGE, FIELD, MATURITY 
294 2.68 8 135.9 HCL-HF 48 1 LEAF SLUDGE, FIELD, MATURITY 
295 3.02 6 135.9 HCL-HF 47 0.7 LEAF SLUDGE, FIELD, MATURITY 
296 2.2 8.3 135.9 HCL-HF 48 0.8 LEAF SLUDGE, FIELD, MATURITY 
297 0.38 NA 0 HCL-HF 11 1.2 LEAF SLUDGE, FIELD, MATURITY 
298 0.17 7 0 HCL-HF 12 1.6 LEAF SLUDGE, FIELD, MATURITY 
299 0.21 7.2 0 HCL-Hf 8 0.6 LEAF SLUOGE,AELD,MATURITY 
300 0.42 7.1 0 HCL-HF 13, <.6 LEAF SLUDGE, FIELD, MATURITY 
301 0.44 7 0 HCL-HF 16 0.7 LEAF SLUDGE, FJELD, MATURITY 
302 0.58 6.9 0 HCL-HF 33 <.6 LEAF SLUDGE,FIELD,MATURITY 
303 0.48 7 0 HCL-HF 16 NA LEAF SLUDGE, AELD, MATURITY 
304 0.75 7 0 HCL-HF 19 0.8 LEAF SLUOGE FIELO, MATURITY 
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TABLE F-3 (cont.I 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE .. 
267 17.7 80.6 0 ELLIOT Sil 
268 13.1 93.7 0 ELLIOT SIL 
269 17.8 111.5 0 ELLIOT Sil 
270 0 111.5 1 ELLIOT SIL 
271 0 111.5 2 ELLIOT Sil 
272 0 111.5 3 ELLIOT SIL 
273 0 111.5 4 ELLIOT Sil 
274 0 111.5 5 ELLIOT Sil 
275 52.4 80.2 0 ELLIOT Sil . 
276 16.2 96.4 0 ELLIOT Sil 
277 29.4 125.8 0 ELLIOT SIL 
278 35.4 161.2 0 ELLIOT SIL 
279 28.2 187.4 0 ELLIOT SIL 
280 35.8 223 0 ELLIOT SIL 
281 0 223 1 ELLIOT SIL 
282 0 223 2 ELLIOT Sil 
283 0 223 3 ELLIOT SIL 
284 0 223 4 ELLIOT SIL 
285 0 223 5 ELLIOT SIL 
286 104.8 160.4 0 ELLIOT SIL 
287 32.4 192.8 0 ELLIOT SIL 
288 58.8 251.6 0 ELLIOT SIL 
289 70.8 322.4 0 ELLIOT SIL 
290 52.4 374.8 0 : ELLIOT SIL : 

291 71.2 446 0 ELLIOT SIL 
292 0 446 1 ELLIOT SIL 
293 0 446 2 ELLIOT SIL . 
294 0 446 3 ELLIOT SIL 
295 0 446 4 ELLIOT SIL 
296 0 446 5 ELLIOT SIL 
297 0 0 NA PLAINFIELD SL 
298 0 0 NA PLAINFIELD SL 
299 0 0 NA PLAINFIELD SL 
300 0 0 NA PLAINFIELD SL 
301 0 0 NA PLAINFIELD SL ' 
302 0 0 NA PLAINFIELD SL 
303 0 0 NA PLAINFIELD SL 
304 0 0 NA PLAINFIELD SL 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING STABILIZATN 

267 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
268 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
269 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
270 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
271 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
272 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
273 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
274 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
275 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
276 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
277 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
278 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
279 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
280 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
281 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
282 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
283 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
284 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
285 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
286 4.2 5.5 305 3.3 1169 4769 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
287 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
288 4.2 5.5. 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
289 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
290 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
291 4.2 5.5· 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
292 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
293 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
294 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3 

295 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

296 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

297 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

298 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECU 

299 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

300 4.2 5.6 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBtC DIGESTION CENT POLY, FECL3 
301 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

302 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAER<>mc DIGESTION CENT POLY, FECL3 
303 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMHT, ANAEROBIC DIGESTION CENT POLY, FECL3 
304 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROO.C OfGESTlON CENT POlY FECL3 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % mai1<a mai1<a mai1<a 

267 HINESLY 1985 CORN 3.2 265 2846 1311 
268 HINESLY 1985 CORN 3.2 265 2848 1311 
269 HINESLY 1985 CORN . 3.2 265 2848 1311 

.270 HINESLY 1985 CORN 3.2 265 2846 1311 
271 HINESLY 1985 CORN 3.2 265 2846 1311 
272 HINESLY ·1985 CORN 3.2 265 2846 1311 
273 HINESLY 1985, CORN 3.2 265 2846 1311 
274 HINESLY 1985 CORN 3.2 265 2846 1311 
275 HINESLY 1985 CORN 3.2 265 2846 1311 
276 HINESLY 1985 CORN 3.2 265 2846 1311 
277 HINESLY 1985 CORN 3.2 265 2848 1311 
278 HINESLY 1985 CORN 3.2 265 2848 1311 

.. 279 HINESLY 1985 CORN 3.2 265 2848 1311 
280 HINESLY 1985 CORN 3.2 265 2848 1311 
281 HINESLY 1985 CORN 3.2 265 2848 1311 
282 HINESLY 1985 CORN 3.2 265 2848 1311 
283 HINESLY 1985 CORN 3.2 285 2848 1311 
284 HINESLY 1985 CORN I 3.2 285 2848 1311 
285 HINESLY 1985 CORN 3.2 265 2848 1311 
286 HINESLY 1985 CORN 3.2 285 2848 1311 
287 HINESLY 1985 CORN 3.2 285 2848 1311 
288 HINESLY 1985 CORN 3.2 285 2848 1311 
289 HINESLY 1985 CORN 3.2 265 2848 1311 
290 HINESLY 1985 CORN : 3.2 265 2848 1311 
291 HINESLY 1985 CORN ·3.2 285 2848 1311 
292 HINESLY 1985 CORN 3.2 265 2848 · 1311 
293 HINESLY 1985 CORN 3.2 285 2848 1311 
294 HINESLY 1985 CORN 3.2 265 2848 1311 
295 HINESLY 1985 CORN 3.2 285 2848 1311 
298 HINESLY 1985 CORN 3.2 285 2848 1311 
297 HINESLY 1985 CORN 3.2 285 2848 1311 
298 HINESLY l 985 CORN 3.2 265 2848 1311 
299 HINESLY 1985 CORN 3.2 265 2848 1311 
300 HINESLY 1985 CORN 3.2 265 2848 1311 
301 HINESLY 1985 CORN 3.2 265 2848 1311 
302 HINESLY 1985 CORN 3.2 265 2848 1311 
303 HINESLY 1985 CORN 3.2· 265 2848 1311 
304 HINESLY 1985 CORN 3.2 265 2846 1311 



-- -

TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

229 JOLIET, ILLINOIS 
230 JOLIF.T, ILLINOIS 
231 JOLIET, ILLINOIS 

.-232 ·••·I JOLIET, ILLINOIS 
233 JOLIET, ILLINOIS 
234 JOLIET, ILLINOIS 
235 JOLIET, ILLINOIS 
236 JOLIET, ILLINOIS 
237 JOLIET, ILLINOIS 
238 JOLIET, ILLINOIS 
239 JOLIET, ILLINOIS 
240 "DOSE RcSPONSE AND TISSUE NI CONCENTRATION ~JOT CONSISTENT JOLIET, ILLINOIS 
241 •DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
242 •DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
243 JOLIET, ILLINOIS 
244 JOLIET, IWNOIS 
245 ·DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS 
246 JOLIET, ILLINOIS 
247 JOLIET, ILLINOIS 
248 JOLIET, ILLINOIS 
249 JOLIET, ILLINOIS 
250 JOLIET, ILLINOIS 
251 JOLIET, ILLINOIS 
252 : JOLIET, IWNOIS 
263 JOLIET, ILUNOIS 
254 JOLIET, ILLINOIS 
265 JOLIET, IWNOIS 
268 JOLIET, IWNOIS 
267 JOLIET, ILLINOIS 
258 JOLIET, IWNOIS 
259 JOLIET, IWNOIS 
2&0 JOLIET, lll!NOIS 
281 JOLIET, IWNOIS 
282 JOLIET, IWNOIS 
283 JOLIET, IWNOIS 
284 JOUET, llUNOIS 
285 JOUET, lWNOIS 
268 JOUET ILUNotS 

F-158 



TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

229 0 GRAIN 0 STOVER NO 
230 0 GRAIN 0 STOVER NO 
231 0 GRAIN 0 STOVER NO 
232 0 GRAIN 0 STOVER NO 
233 0 GRAIN NA STOVER NO 
234 0 GRAIN 0 STOVER NO 
,235 0 GRAIN 0 STOVER NO 
236 0 GRAIN 0 STOVER NO 
237 0 GRAIN 0 STOVER NO 
238 0 GRAIN NA STOVER NO 
239 0 GRAIN 0 STOVER NO 
240 0 GRAIN 37• STOVER •NO 
241 eo• GRAIN 0 STOVER •NO 
242 21• GRAIN 0 STOVER •No 
243 0 GRAIN NA STOVER NO 
244 0 GRAIN 0 STOVER NO 
245 0 GRAIN 22• STOVER •NO 
246 0 GRAIN 0 STOVER NO 
247 0 GRAIN 0 STOVER NO 
248 0 GRAIN NA STOVER NO 
249 0 GRAIN 0 STOVER .NO 
250 0 GRAIN 0 STOVER NO 
261 0 GRAIN 0 STOVER NO 
262 0 GRAIN :0 STOVER NO 
263 0 GRAIN -NA STOVER NO 
254 0 GRAIN 0 STOVER NO 
256 0 GRAIN 0 STOVER NO 
256 0 GRAIN 0 STOVER NO 
257 0 GRAIN 0 STOVER NO 
258 0 GRAIN 0 STOVER NO 
259 0 GRAIN 0 STOVER NO 
260 0 GRAIN 0 STOVER NO 
261 0 GRAIN 0 STOVER NO 
262 0 GRAIN 0 STOVER NO 
263 0 GRAIN 0 STOVER NO 
264 0 GRAIN NA STOVER NO 
265 0 GRAIN 0 STOVER NO 
266 0 GRAIN 0 STOVER NO 



230 

235 

240 

245 

250 

255 

260 

TABLE F-3 (cont.I 

SOIL SOIL CUMM Ni SOIL Ni· PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/kg % pH RATE (ka/hsl EXTRACT ANT ma/ka mg/kg SAMPLED 

229 2.84 6 135.5 HCL-HF 38 2.5 LEAF SLUDGE, FIELD, MATURITY 
3.35 5.9 135.5 HCL-HF 73 1.7 LEAF SLUDGE, FIELD, MATURITY 

231 2.1 6.2 135.5 HCL-HF 39 1.4 LEAF SLUDGE, FIELD, MATURITY 
232 3.03 6.1 135.5 HCL-HF 63 <.6 LEAF SLUDGE, FIELD, MATURITY 
233 1.19 NA 0 HCL-HF 22 1.3 LEAF SLUDGE, FIELD, MATURITY 
234 1.01 7.1 0 HCL-HF 25 1.4 LEAF SLUDGE, FIELD, MATURITY 

0.93 7.5 0 HCL-HF 25 1.1 LEAF SLUDGE, FIELD, MATURITY 
236 1.05 7.7 0 HCL-HF 33 <.6 LEAF SLUDGE, FIELD, MATURITY 
237 1.07 7.3 0 HCL-HF 21 0.8 LEAF SLUDGE, FIELD, MATURITY 
238 1.29 NA 12.6 HCL-HF 26 1.3 LEAF SLUDGE, FIELD, MATURITY 
239 1.06 7.2 13.4 HCL-HF 33 1.6 LEAF SLUDGE, FIELD, MATURITY 

1.1 7.6 15.3 · HCL-HF 29 0.9 LEAF SLUDGE, FIELD, MATURITY 
241 1.29 7.6 21 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
242 1.17 7.6 26.3 HCL-HF 29 0.7 LEAF SLUDGE, FIELD, MATURITY 
243 1.38 NA 25.2 HCL-HF 29 1.2 LEAF SLUDGE, FIELD, MATURITY 
244 1.15 7.1 26,8 HCL-HF 32 1.1 LEAF SLUDGE, FIELD, MATURITY 

1.29 7.6 30,6 HCL-HF 28 0.9 LEAF SLUDGE, FIELD, MATURITY 
246 1.58 1.e 41.9 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
247 1.75 7,5 52.5 HCL-HF 36 0.6 LEAF SLUDGE, FIELD, MATURITY 
248 Ul3 NA 50.4 HCL-HF 31 1.2 LEAF SLUDGE, FIELD, MATURITY 
249 1.28 8.9 53.5 HCL-HF 41 1.6 LEAF SLUDGE, FIELD, MATURITY 

1.69 7.5 61.1 HCL-HF 38 0.9 LEAF SLUDGE, FIELD, MATURITY 
251 1.9 7.6 83.7 HCL-HF 45 <.8 LEAF SLUDGE, FIELD, MATURITY 
252 2.68 7.3 105 HCL-HF 48 0.9 : LEAF SLUDGE, FIELD, MATURITY 
253 1.61 NA 0 HCL-HF 20 1.3 LEAF SLUDGE, FIELD, MATURITY 
254 1.34 7 0 HCL-HF 24 1.15 LEAF SLUDGE, FIELD, MATURITY 

1.29 7.2 0 HCL-HF 25 0.7 LEAF SLUDGE, FIELD, MATURITY 
258 1.45 7.1 0 HCL-HF 31 <.8 LEAF SLUDGE, FIELD, MATURITY 
257 1.3 7.8 0 HCL-HF 20 0.8 LEAF SLUDGE FIELD, MATURITY 
258 1.3 7 0 HCL·HF 38 <.8 LEAF SLUDGE, FIELD, MATURITY 
259 1.41 7.2 0 HCL-HF 23 0.7 LEAF SLUDGE,FIELD,MATURITY 

1.32 8.7 0 HCL-Hf 24 0.8 LEAF SLUDGE. FIELD, MATURITY 
281 1.38 7 0 HCL-HF 21 <.8 LEAF SLUDGE, FIELD, MATURITY 
282 1.89 7 0 HCL·HF 23 <.8 LEAF SWDGE. FIELD, MATURITY 
283 1.48 7.4 0 HCL-HF 29 NA LEAF SLUOGE, AELD, MATURITY 
284 1.62 NA 12.8 HCL-HF 22 1.2 LEAF SLUDGE, FIELD. MATURITY 
285 1.4 8,9 13.4 HCL-HF 32 1 LEAF SLUDGE. FIELD, MATURITY 
21111 1.35 7,2 15.3 HCL-HF 22 0,9 LEAF SLUDGE. AaD MATURITY 



TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Ma/ha Mg/ha APPLICATN NAME NAME TEXTURE 

229 0 428.3 1 PLAINFIELD SL 
230 0 428.3 2 PLAINFIELD SL 
231 0 428.3 3 PLAINFIELD SL 
232 0 428.3 4 PLAINFIELD SL 
233 0 0 NA BLOUNT Sil 
234 0 0 NA BLOUNT SIL 
235 0 0 NA BLOUNT SIL 
236 0 0 NA BLOUNT SIL 
237 0 0 NA BLOUNT Sil . 
238 28.2 40.1 0 BLOUNT SIL 
239 8.1 48.2 0 BLOUNT Sil 
240 14.7 62.9 0 BLOUNT SIL 

·'· 241 17.7 80.8 0 BLOUNT SIL· 
'.:. ·242 13.1 93.7 0 BLOUNT SIL 

243 52.4 · 80.2 0 BLOUNT SIL 
244 18.2 98.4 0 BLOUNT SIL 
245 29.4 125.8 0 BLOUNT SIL 
248 35.4 181.2 0 BLOUNT SIL 
247 28.2 187.4 0 BLOUNT SIL 

.248 104.8 180.4 0 BLOUNT SIL 
249 32.4 192.8 0 BLOUNT SIL 
250 58.8 261.8 0 BLOUNT SIL 
251 70.8 322.4 0 BLOUNT. SIL 
252 62.4 374.8 0 : BLOUNT SIL : 

253 0 0 NA ELLIOT SIL 
254 0 0 NA ELLIOT SIL 
256 0 0 NA ELLIOT SIL . 
258 0 0 NA EWOT SIL 
257 0 0 NA EWOT SIL 
258 0 0 NA EWOT SIL 
259 0 0 NA ELLIOT SIL 
280 0 0 NA ELLIOT SIL 
281 0 0 NA ELLIOT SIL 
282 0 0 NA ELLIOT SIL 
283 0 0 NA EWOT SIL . 
284 28.2 40.1 0 ELLIOT SIL 
285 8.1 48.2 0 ELLIOT SIL 
268 14.7 62.9 0 ELLIOT SIL 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Ni p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % maA<a man<a mgA<a maA<a CONTNT PROCESSING STABILIZATN 

229 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
230 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
231 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
232 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY, FECL3 
233 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
234 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
235 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
236 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
237 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
238 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
239 4.2 5.5 305 ,3,3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
240 4.2 5.5 305 -3.3 1169 476S 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
241 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
242 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
243 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
244 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
245 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
246 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
247 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
248 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
249 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
250 4.2 5.5- 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
251 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
252 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION : CENT POLY, FECL3 
253 4.2 6.5" 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
254 4.2 6.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
255 4.2 6.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
258 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
·257 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
258 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
259 4.2 5.S 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
280 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
281 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DtGESTION CENT POLY, FECL3 
282 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3 
283 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC D¼GESTION CENT POLY, FECL3 
284 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POI.V, FECL3 
265 4.2 5.15 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROWC DiGESTION CENT POLY, FECL3 
268 4,2 5.15 305 3.3 1189 4769 0.03 2ND TRTMNT ANAEROBJC DIGESTION CENT POt.V, FECL3 

F-1152 



230 

235 

240 

245 

250 

255 

260 

265 

TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE · SLUDGE 
.. .• LITERATURE PLANT SLUDGE VOL.SOLIDS Al Ca Cd ·. : .cer '. Cu 

CITATION NAME CULTIVAR DH .: .'l(, % %. ·ma/ka ma/ka ma/ka 
~ - .:· , . 

229 HINESLY 1985 . CORN 3.4 263 2963 1422 
HINESLY 1985 CORN 3.4 263 . 2983 ·1422 

231 HINESLY 1985 CORN 3.4 283 2983 1422 
232 HINESLY 1985 CORN 3.4 283 ; 2963' 1422 
233 HINESLY 1985 CORN 3.2 265 2848 1311 
234 HINESLY 1985 CORN 3.2 255· 2846 1311 

HINESLY 1985 CORN 3.2 265. 2848. 1311 
236 HINESLY 1985 CORN 3.2 285 2848 ·1311 
237 · HINESLY 1985 CORN 3.2 265 :2848· 1311 
238 HINESLY 1985 CORN 3.2 285 2848' 1311 
239 HINESLY 1985 CORN 3.2 285 2848 - 1311 

HINESLY 1985 CORN 3.2 285 2848 · 1311 
241 HINESLY 1985 CORN 3.2 285 2848 1311 
242 HINESLY 1985 CORN 3.2 285 2848 1311 
243 HINESLY 1985 CORN 3.2 285 .2848 1311 
244 HINESLY 1985 CORN 3.2 285 ·2848' 1311 -

HINESLY 1985 CORN 3.2 285 2848 1311 
248 HINESLY 1985 CORN l 3.2 285 2848 1311 
247 HINESLY 1985 CORN 3.2 285 2846. 1311 
248 HINESLY 1985 CORN· 3.2 285 · 2848 1311 
249 HINESLY 1985 CORN 3.2 285 ·2848 1311 

HINESLY 1985 CORN 3.2 285 · 2848 1311 
251 HINESLY 1985 CORN 3.2 · 285 2848 1311 
252 HINESLY 1985 CORN : 3.2 : 285. 2848 1311 · 
253 HINESLY 1985 CORN :3.2 . 285 2848· 1311 
254 HINESLY 1985 CORN 3.2 285 2848, 1311 

HINESLY 1985 CORN 3.2 ·285 2848 1311 
258 HINESLY 1985 CORN 3.2 285 -2848 1311 
257 HINESLY 1985 CORN · 3.2 ·285 2846 1311 
258 HINESLY 1985 CORN 3.2 2.85 · .-2,949 1311 
259 HINESLY 1985 CORN 3.2 285 28.48 1311 .. 

- HINESLY .1985 CORN 3.2 285 2848 .. 1311 
281 HINESLY 1985 CORN ·. 3.2 285 2848 1311 
262 HINESLY 1985 CORN 3.2 285 · 2848 1311 
263 HINESLY 1985 CORN 3.2 285 · . "2846 1311 
284 HINESLY 1985 CORN 3.2 285" .2848 1311 

HINESLY 1985 CORN 3.2. 285 2848 1311 
268 HINESLY 1985 CORN 3.2 265 2848 1311 
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TABLE F-3 (cont.I 

LOCATION 
COMMENTS OF 

STUDY 

191 JOLIET, ILLINOIS 
192 JOLIET, ILLINOIS 
193 : ,IOLIET, ILLINOIS ... , 194 JOLIET, IWNOIS 
195 JOLIET, ILLINOIS 
196 JOLIET, ILLINOIS 
197 JOLIET, ILLINOIS 
198 JOLIET, ILLINOIS 
199 JOLIET, ILUNOIS 
200 JOLIET, ILUNOIS 
201 JOLIET, ILLINOIS 
202 JOLIET, ILLINOIS 
203 JOLIET. ILLINOIS 
204 JOLIET, ILLINOIS 
205 JOLIET, ILUNOIS 
2015 JOLIET, ILUNOIS 
207 JOLIET, ILLINOIS 
208 JOLIET, ILLINOIS 
209 JOLIET, ILUNOIS 
210 JOLIET, ILLINOIS 
211 JOLIET, ILUNOIS 
212 JOLIET, IWNOIS 
213 JOLIET, ILUNOIS 
214 : JOLIET, IWNOIS 
216 JOUET, IWNOIS 
2115 JOLIET, IWNOIS 
217 JOLIET, IWNOIS 
218 JOLIET, IWNOIS 
219 JOLIET, IWNOIS 
220 JOLIET, IWNOIS 
221 JOUET, IWNOIS 
222 JOLIET, H.LINOIS 
223 JOUET, IWNOIS 
224 JOLIET, IWNOIS 
225 

. JOLIET, IWNOIS 
2215 JOUET, IWN·OIS 
227 JOUET, IW'N~ 
228 JOUET. IWNotS 

F-150 



TABLE F-3 (cont.) 

LITERATURE 
CITATION 

229 HINESLY 1985 
230 HINESL Y 1985 
231 HINESLY 1985 
232 HINESL Y 1985 
233 HINESLY 1985 
234 HINESLY 1985 
235 HINESLY 1985 
238 HINESLY 1985 
237 HINESL Y 1985 
238 HINESL Y 1985 
239 HINESLY 1985 
240 HINESLY 1985 
241 HINESLY 1985 
242 HINESLY 1985 
243 HINESL Y 1985 
244 HINESLY 1985 
245 HINESLY 1985 
248 HINESLY 1985 
247 HINESLY 1985 
248 HINESLY 1985 
249 HINESLY 1985 
250 HINESLY 1985 
251 HINESLV 1985 
252 HINESLY 1985 
253 HINESLY 1985 
254 HINESLY 1985· 
·255 HINESLY 1985 
258 HINESLY 1985 
257 HINESLY 1985 
258 HINESLY 1985 
259 HINESLY 1985 
260 ,. HINESLY. 1985 
261 HINESLY 1985 
262 HINESLY 1985 
263 HINESLY 1985 
284 HINESLY 1985 
265 HINESLY 1985 
266 HINESLY 1985 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE ·SLUDGE 
PLANT SLUDGE VOL.SOLIDS .Al. Ca Cd .; .:-Cr Cu 
NAME CULTIVAR pH .-.% % "% ma/ka ma/ka ma/ka 

.. .. . 
. . CORN 3.4 263 2963 1422 

CORN 3.4 263 . 2963 1422 
CORN 3.4 263 2963 ·1422 
CORN . 3.4 263 . 2963' 1422 
CORN 3.2 265. · 2846 1311 
CORN 3.2 265' 2846 1311 
CORN 3.2 265 ·2848 . 1311 
CORN 3.2 265 2846 1311 
CORN 3.2 265. -2848 1311 
CORN 3.2 265 2846. 1311 
CORN 3.2 265 2848 1311 
CORN 3.2 265 2848 · 1311 
CORN 3.2 265 .2848 1311 
CORN 3.2 265 2846 . \311 
CORN 3.2 265 2848 1311 
CORN 3.2 265 · 2848" 1311 -
CORN 3.2 285 2848· 1311 
CORN 3.2 285 2848· 1311 
CORN 3.2 285 2848 1311 
CORN 3.2 265 · 2848. 1311 
CORN 3.2 265 ,2848 1311 
CORN 3.2 265 · 2848 1311 
CORN 3.2 · 285 2848 1311 
CORN : 3.2 : 285. ·2848 1311 · 
CORN :3.2 . 285 2945:· 1311 
CORN 3.2 285 2848, 1311 
CORN 3.2 '285 2848 1311 
CORN 3.2 285 .. 2848 1311 
CORN · 3.2 285 2848 1311 
CORN 3.2 285 ·' 2848 1311 
CORN 3.2 285 28148 1311 
CORN 3.2 265 2848 .. 1311 
CORN· 3.2 265 2848 1311 
CORN 3.2 •. 265- 2848 1311 
CORN 3.2 285 · . '2848 1311 
CORN 3.2 265" 2848 1311 
CORN 3.2. 265 2848 1311 
CORN 3.2 265 2848 1311 

C.1C:1 
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TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

191 JOLIET, ILLINOIS 
192 JOL1ET, ILLINOIS 
l93 : : ,IOLIET, ILLINOIS ' .,•I 194 JOLIET, ILUNOIS 
195 JOLIET, ILUNOIS 
196 JOLIET, ILLINOIS 
197 JOLIET, ILLINOIS 
198 JOLIET, ILUNOIS 
199 JOLIET, ILLINOIS 
200 JOLIET, ILLINOIS 
201 JOLIET, ILUNOIS 
202 JOLIET, IWNOIS 
203 JOLIET, ILLINOIS 
204 JOLIET, ILUNOIS 
205 JOLIET, ILLINOIS 
208 JOLIET, ILUNOIS 
207 JOLIET, ILLINOIS 
208 JOLIET, IWNOIS 
209 JOLIET, ILUNOIS 
210 JOLIET, ILLINOIS 
211 JOLIET, IWNOIS 
212 JOLIET, ILUNOIS 
213 JOLIET, ILUNOIS 
214 : JOLIET, IWNOIS 
216 JOLIET, IWNOIS 
2HS JOLIET, IWNOIS 
217 JOLIET, ILUNOIS 
218 JOLIET, IWNOIS 
219 JOLIET, IWNOIS 
220 JOLIET, ILLINOIS . 221 JOLIET, IWNOIS 
222 JOLIET, H.UNOIS 
223 JOLIET, H.UNOIS 
224 JOUEr, ILUNOIS 
225 JOUET, twNOIS 
228 JOUfT, IWNOIS 
227 JOUET, IWNCMS 
228 JOllET, llUNOIS 

F-150 



TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

191. 0 GRAIN 0 STOVER NO 
192 0 GRAIN 0 STOVER NO 
193 NA GRAIN 0 STOVER NO 
194 0 GRAIN 0 STOVER NO 
195 0 GRAIN 0 STOVER NO 
196 0 GRAIN 0 STOVER NO 
197 0 GRAIN 0 STOVER NO 
198 0 GRAIN 0 STOVER NO 
199 0 GRAIN 0 STOVER NO 
200 0 GRAIN 0 STOVER NO 
201 0 GRAIN 0 STOVER NO 
202 0 GRAIN 0 STOVER NO 
203 0 GRAIN NA STOVER NO 
204 0 GRAIN 0 STOVER NO 
205 0 GRAIN 0 STOVER NO 
206 0 GRAIN 0 ' STOVER NO 
207 0 GRAIN 0 STOVER NO 
208 0 GRAIN 0 STOVER NO 
209 0 GRAIN 0 STOVER NO 
210 0 GRAIN 0 STOVER NO 
211 0 GRAIN 0 STOVER NO 
212 0 GRAIN 0 STOVER NO 
213 NA GRAIN NA STOVER NO 
214 0 GRAIN 0 : STOVER NO 
215 0 GRAIN 0 STOVER NO 
216 0 GRAIN 0 STOVER NO 
217 0 GRAIN 0 STOVER NO 
218 0 GRAIN 0 STOVER NO 
219 0 GRAIN 0 STOVER NO 
220 0 GRAIN 0 STOVER NO 
221 0 GRAIN 0 STOVER NO 
222 0 GRAIN 0 STOVER NO 
223 · NA GRAIN NA STOVER NO 
224 0 GRAIN 0 STOVER NO 
225 0 GRAIN 0 STOVER NO 
226 0 GRAIN 0 STOVER NO 
227 O· GRAIN 0 STOVER NO 
228 0 GRAIN 0 STOVER NO 
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TABLE F-3 (cont.) 

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/kg % pH RATE (kg/ha) EXTRACT ANT mg/kg mg/kg SAMPLED 

191 2.6 6.1 135.5 HCL-HF 51 0.6 LEAF SLUDGE, FIELD, MATURITY 
192 3.2 6.1 135.5 HCL-HF 68 <.6 LEAF SLUDGE, FIELD, MATURITY 
193 0.39 7.8 0 HCL-HF 17 1.3 LEAF SLUDGE, FIELD, MATURITY 
194 0.17 7.1 0 HCL-HF 14 1.2 LEAF SLUDGE, FIELD, MATURITY 
195 0.26 7.3 0 HCL-HF 14 <.6 LEAF SLUDGE, FIELD, MATURITY 
196 0.27 6.8 0 HCL-HF 10 <.6 LEAF SLUDGE, FIELD, MATURITY 
197 0.33 7.6 0 HCL-HF 15 <.6 LEAF SLUDGE, FIELD, MATURITY 
198 0.27 7.5 0 HCL-HF 14 0.8 LEAF SLUDGE, FIELD, MATURITY 
199 0.29 7.5 0 HCL-HF 8 1.4 LEAF SLUDGE, FIELD, MATURITY 
200 0.42 7.4 0 HCL-HF 14 <.6 LEAF SLUDGE, FIELD, MATURITY 
201 0.49 7.4 0 HCL-HF 16 <.6 LEAF SLUDGE, FIELD, MATURITY 
202 0.64 7.3 0 · HCL-HF 20 <.6 LEAF SLUDGE, FIELD, MATURITY 
203 0.36 7.6 12.1 HCL-HF 16 1.2 LEAF SLUDGE, FIELD, MATURITY 
204 0.28 7.1 13.2 HCL-HF 22 1.4 LEAF SLUDGE, FIELD, MATURITY 
205 0.61 7.4 14.5 HCL-HF 15 <.6 LEAF SLUDGE, FIELD, MATURITY 
206 0.91 7.3 14.5 HCL-HF 16 - <.6 LEAF SLUDGE, FIELD, MATURITY 
207 0.56 7.4 14.5 HCL-HF 17 <.6 LEAF SLUDGE, FIELD, MATURITY 
208 0.58 7.1 14.5 HCL-HF 16 2 LEAF SLUDGE, FIELD, MATURITY 
209 0.45 7.5 14.5 HCL-HF 9 0.8 LEAF SLUDGE, FIELD, MATURITY 
210 0.34 7.7 14.5 HCL-HF 18 <.6 LEAF SLUDGE, FIELD, MATURITY 
211 0.47 7.4 14.5 HCL-HF 19 1.8 LEAF SLUDGE, FIELD, MATURITY 
212 0.83 7.4 14.5 HCL-HF 24 <.6 LEAF SLUDGE, FIELD, MATURITY 
213 0.58 7.5 24.2 HCl:.-HF 16 1.8 LEAF SLUDGE, FIELD, MATURITY 
214 0.44 8.9 : 26.4 HCL-HF 24 5.3 : LEAF SLUDGE, FIELD, MATURITY 
215 0.81 7.1 29 HCL-HF 18 3.4 LEAF SLUDGE, FIELD, MATURITY 
218 0,95 8.8 29 HCL-HF 15 1.1 LEAF SLUDGE,FIELD,MATURITY 
217 0.75 7.1 29 HCL-HF 22 <.8 LEAF SLUDGE, FIELD, MATURITY 
218 0.98 7.1 29 HCL·HF 15 1.2 LEAF SLUDGE, FIELD, MATURITY 
:!19 0,59 8.9 29 HCL-HF 15 1.8 LEAF SLUDGE,FIELD,MATURITY 
220 0.89 7 29 HCL-HF 17 <.8 LEAF SLUDGE,FIELD,MATURITY 
221 0.81 7.1 29 HCL-HF 17 <.8 LEAF SLUDGE, FIELD. MATURITY 
222 0.52 7.1 29 HCL-HF 17 <.8 LEAF SLUDGE, RELD, MATURITY 
223 0.9 7.8 48.4 HCL-HF 43 1.4 LEAF SLUDGE, FIELD, MATURITY 
224 0.8 8.8 52.7 HCL·HF 34 2 LEAF SLUDGE FIELD, MATURITY 
225 2.4 8.8 57.9 HCL·Hf 32 2.4 LEAF SLUDGE, FIELD, MATURITY 
228 1.ltS 8.5 82.1 HCL-Hf 14 0.9 LEAF SLUDGE. FIELD, MATURITY 
227 1.78 8.1 103.4 HCL-HF 32 <.8 LEAF SLUDGE, FIELD, MATURITY 
228 1.98 8.2 135.5 HCL-HF 32 8.2 LEAF SLUDGE. FIElD MATURITY 



TABLE F-3 (cont.) 

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

M11/ha Ma/ha APPLICATN NAME NAME TEXTURE 

191 0 428.3 3 ELLIOT SIL 
192 0 428.~ 4 ELLIOT Sil 
193 0 0 NA PLAINFIELD SL 
194 0 0 NA PLAINFIELD SL 
195 0 0 NA PLAINFIELD SL 
196 0 0 NA PLAINFIELD SL 
197 0 0 NA PLAINFIELD SL 
198 0 0 NA PLAINFIELD SL 
199 0 0 NA PLAINFIELD SL 
200 0 0 NA PLAINFIELD SL 
201 0 0 NA PLAINFIELD SL 
202 0 0 NA PLAINFIELD SL 
203 14.5 31.8 0 PLAINFIELD SL 
204 11.1 42.9 0 PLAINFIELD SL 
205 15.3 .. 58.2 0 PLAINFIELD SL 
206 0 58.2 1 - PLAINFIELD SL 
207 0 58.2 2 PLAINFIELD SL 
208 0 58.2 3 PLAINFIELD SL 
209 0 58.2 4 PLAINFIELD SL 

. 210 0 58.2 5 PLAINFIELD SL 
211 0 58.2 8 PLAINFIELD SL 
212 0 58.2 7 PLAINFIELD SL 
213 29 63.8 0 PLAINFIELD SL . 

214 22.2 85.8 0 : PLAINFIELD SL : 

215 30.8 116.4 0 PLAINFIELD SL 
216 0 116.4 1 PLAINFIELD SL 
217 0 116.4 2 PLAINFIELD SL . 
218 0 116.4 3 PLAINFIELD SL 
219 0 118.4 4 PLAINFIELD SL 
220 0 118.4 5 PLAINFIELD SL 
221 0 118.4 8 PLAINFIELD SL 
222 0 118.4 7 PLAINFIELD SL 
223 57.8 127 0 PLAINFIELD SL 
224 44.4 171.4 0 PLAINFIELD SL 
225 61.1 232.5 0 PLAINFIELD SL . 
228 69.8 302.3 0 PLAINFIELD SL 
227 54 356.3 0 PLAINFIELD SL 
228 72 428.3 0 PLAINFIELD SL 
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TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
p Fo N NI Pb Zn SOLIDS BIOLOGICAL CHEMICAL 

% % mo/ka malka ma/ka malka CONTNT PROCESSING STABIUZATN 

191 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
192 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
193 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
194 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
195 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
196 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
197 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
198 4.5 5.9 3113 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

199 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
200 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

201 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
202 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
203 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENTPOLY, FECL3 
204 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
205 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
206 4.5 5.9 316 3.5 1135 5059 0.03 " 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

207 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
2.08 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
209 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, fECL3 
210 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
211 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
212 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
213 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
214 ; 4.5 5.9 316 3.5 1135 5059 ; 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
215 4.5 5.s· 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
216 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
217 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
218 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

·219 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
220 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
221 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
222 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

223 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
224 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

225 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
226 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

227 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

228 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECL3 

F-146 



TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % ma/ka ma/ka ma/ka 

191 HINESLY 1985 CORN 3.4 263 2963 1422 
192 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
193 HINESL Y 1985 CORN 3.4 263 2963 1422 
194 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
195 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
196 HINESL Y 1985 CORN 3.4 263 2963 1422 
197 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
198 HINESL Y 1985 CORN 3.4 263 2963 1422 
i99 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
200 HINESL Y 1985 CORN 3.4 263 2963 1422 
201 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
202 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
203 HINESLY 1985 CORN 3.4 263 2963 1422 
204 HIN ESL Y 1985 CORN 3.4 263 2963 ' 1422 ; 

205 HINESL Y 1985 CORN 3.4 263 2963 1422 . 208 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
207 HINESLY 1985 CORN 3.4 263 2983 1422 
208 HINESL Y 1985 CORN I 3.4 283 2983 1422 
209 HINESL Y 1985 CORN 3.4 263 2983 1422 
210 HINESLY 1985 CORN I 3.4 263 2983 1422 
211 HINESL Y 1985 CORN 3.4 263 2983 1422 
212 HIN ESL Y 1985 CORN 3.4 283 2983 1422 
213 HINESL Y 1985 CORN 3.4 263 2983 1422 
214 HINESL Y 1985 CORN 3.4 283 2983 1422. 
215 HIN ESL Y 1985 CORN 3.4 263 2983 1422 
216 HINESL Y 1985 CORN 3.4 263 2983, 1422 
217 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
218 HINESL Y 1985 CORN 3.4 263 2983 1422 
219 HINESLY 1985 CORN 3.4 263 2963 1422 
220 HIN ESL Y 1985 CORN 3.4 263 2983 1422 
221 HINESL Y 1985 CORN 3;4 263 2963 1422 
222 HINESL Y .1985 CORN 3.4 263 2983 1422 
223 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
224 HIN ESL Y 1985 CORN 3.4 263 2983 1422 
225 HINESL Y 1985 CORN 3.4 263 2983 1422 
226 HIN ESL Y 1985 CORN 3.4 263 2963 1422 
227 HINESL Y 1985 CORN 3.4 263 2963 1422 
228 HINESLY 1985 CORN 3.4 263 2963 1422 
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155 

160 

165 

170 

175 

180 

185 

190 

--

TABLE F-3 (oonL) 

LOCATION 
COMMENTS OF 

STUDY 

153 JOLIET, ILUNOIS 
154 JOLIET, ILUNOIS 

JOLIET, ILLINOIS 
156 ' . JOLIET, ILLINOIS 
157 JOLIET, ILLINOIS 
158 JOLIET, ILLINOIS 
159 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
161 JOLIET, ILLINOIS 
162 JOLIET, ILLINOIS 
163 JOLIET, ILLINOIS 
164 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
166 JOLIET, ILLINOIS 
167 JOLIET, ILLINOIS 
168 . JOLIET, ILLINOIS 
169 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
171 JOLIET, ILLINOIS 
172 JOLIET, ILLINOIS 
173 JOLIET, ILLINOIS 
174 JOLIET, ILLINOIS 

" JOLIET, ILLINOIS 
176: JOLIET, ILLINOIS 
177 JOLIET, ILLINOIS 
178 JOLIET, ILLINOIS 
179 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
181 JOLIET, ILLINOIS 
182 JOLIET, ILLINOIS 
183 JOLIET, ILLINOIS 
184 JOLIET, ILLINOIS 

JOLIET. ILLINOIS 
186 JOLIET, ILLINOIS 
187 JOLIET, ILLINOIS 
188 JOLIET, ILLINOIS 
189 JOLIET, ILLINOIS 

JOLIET. ILLINOIS 
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155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

153 0 GRAIN 0 STOVER NO 
154 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
156 0 GRAIN 0 STOVER NO 
157 0 GRAIN 0 STOVER NO 
158 . 0 GRAIN 0 STOVER NO 
159 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
161 0 GRAIN 0 STOVER NO 
162 0 GRAIN 0 STOVER NO 
163 0 GRAIN NA STOVER NO 
164 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
166 0 GRAIN 0 STOVER NO 
167 0 GRAIN 0 STOVER NO -168 0 GRAIN 0 STOVER NO 
169 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
171 0 GRAIN 0 STOVER NO 
172 0 GRAIN 0 STOVER NO 
173 0 GRAIN NA STOVER NO 
174 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
176 0 GRAIN : 0 STOVER NO 
177 0 GRAIN 0 STOVER NO 
178 0 GRAIN 0 STOVER NO 
179 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
181 0 GRAIN 0 STOVER NO 
182 0 GRAIN 0 STOVER NO 
183 0 GRAIN NA STOVER NO 
184 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
186 0 GRAIN 0 STOVER NO 
187 0 GRAIN 0 STOVER NO 
188 0 GRAIN 0 STOVER NO 
189 0 GRAIN 0 STOVER NO 

0 GRAIN 0 STOVER NO 
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TABLE F-3 (cont.) 

SOIL SOIL CUMM Nl SOIL Ni PlANTNf PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmollka % PH RATE lkanial EXTRACT ANT ma/ka ma/ka SAMPLED- . 

153 1.64 7.8 0 HCL·HF 18 1.2 LEAF SLUDGE, FIELD, MATURITY 
154 1.61 6.8 0 HCL·HF 23 0.8 LEAF SLUOGE,FIELD,MATURITY 

1.54 7.2 0 HCL·HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY 
156 1.53 7.2 0 HCL-HF 28 0.6 LEAF SLUDGE, FIELD, MATURITY 
157 1.54 7 0 HCL-HF 23 <.6 LEAF SLUDGE, FIELD, MATURITY 
158 1.51 7 0 HCL-HF 25 0.7 LEAF SLUDGE, FIELD, MATURITY 
159 1.58 7.4 0 HCL-HF 18 <.6 LEAF SLUDGE, FIELD, MATURITY 

1.54 7.2 0 HCL-HF 29 <,6 LEAF SLUDGE, FIELD, MATURITY 
161 1 .51 7 0 HCL-HF 28 <.6 LEAF SLUDGE, FIELD, MATURITY 
162 1.62 7 0 HCL-HF 31 <.6 LEAF SLUDGE, FIELD, MATURITY 
163 1.64 7.3 12.1 HCL-HF 24 1.2 LEAF SLUDGE, FIELD, MATURITY 
164 1.84 6.8 13.2 HCL-HF 24 0.6 LEAF SLUDGE, FIELD, MATURITY 

1.74 7.1 14.5 HCL-HF 36 1.7 LEAF SLUDGE, FIELD, MATURITY 
166 2.18 7.1 14.5 HCL-HF 28 <.6 LEAF SLUDGE, FIELD, MATURITY 
167 
168 

1.86 
1.67 

7.2 
7.2 

14.5 
14.5 

HCL-HF 
HCL-HF 

26 
30 . <.6 

0.8 
LEAF 
LEAF 

SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

169 1.83 7..5 14.5 HCL-HF 22 0.6 LEAF SLUDGE, FIELD, MATURITY 
1.55 7.2 14.5 HCL-HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY 

171 1.68 7 14.5 HCL-HF 23 <.6 LEAF SLUDGE, FIELD, MATURITY 
172 1.89 7.1 14.5 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
173 1.97 7.8 24.2 HCL-HF 29 1.6 LEAF SLUDGE, FIELD, MATURITY 
174 1.81 7 26.4 HCL-HF 40 1.3 LEAF SLUDGE, FIELD, MATURITY 

UIS 7.S 29 HCL-HF 27 1.5 LEAF SLUDGE, FIELD, MATURITY 
176 2.21 7.3 29 HCL-HF 36 : <.6 LEAF SLUDGE, FIELD, MATURITY 
177 1.99 7.4 29 HCL-HF 26 <.6 LEAF SLUDGE, FIELD, MATURITY 
178 1.89 7.3 29 HCL-HF 34 0.8 LEAF SLUDGE, FIELD, MATURITY 
179 1.94 7.4 29 HCL-HF 26 2.4 LEAF SLUDGE, FIELD, MATURITY 

1.72 7.4 29 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
181 1.79 7.2 29 HCL-HF 27 <.6 LEAF SLUDGE, FIELD, MATURITY 
182 1.87 7.2 29 HCL-HF 41 <.6 LEAF SLUDGE, FIELD, MATURITY 
183 2.23 7.5 48.4 HCL-HF 37 1.2 LEAF SLUDGE, FIELD, MATURITY 
184 2.22 6.4 52.7 HCL-HF 40 1.4 LEAF SLUDGE, FIELD, MATURITY 

2.28 6.5 57.9 HCL-HF 36 1.2 LEAF SLUDGE, FIELD, MATURITY 
186 2.61 6.5 82.1 HCL-HF 44 <.6 LEAF SLUDGE, FIELD, MATURITY 
187 2.74 6.5 103.4 HCL-HF 41 <.6 LEAF SLUDGE, FIELD, MATURITY 
188 2.94 5.9 135.5 HCL-HF 49 2.7 LEAF SLUDGE, FIELD, MATURITY 
189 3.92 5.9 135.5 HCL-HF 60 1.4 LEAF SLUDGE, FIELD, MATURITY 

3.77 5.8 135.5 HCL-HF 75 <.6 LEAF SLUDGE FIELD, MATURITY 
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TABLE F-3 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Mg/ha Ma/ha APPLICATN NAME NAME TEXTURE 

153 0 0 NA ELLIOT Sil 
154 0 0 NA ELLIOT Sil 
155 0 0 NA ELLIOT Sil 
156 0 0 NA ELLIOT Sil 
157 0 0 NA ELLIOT Sil 
158 0 0 NA ELLIOT Sil 
159 o· 0 NA ELLIOT Sil 
160 
161 

0 
0 

0 
0 

NA 
NA 

ELLIOT 
ELLIOT 

Sil 
Sil . 

162 0 0 NA EUIOT Sil 
163 14.5 31.8 0 ELLIOT SIL 
164 11. 1 42.9 0 ELLIOT SIL 
165 15.3 58.2 0 ELLIOT SIL 
166 0 58.2 1 ELLIOT SIL 
167 0 58.2 2 ELLIOT SIL -168 0 58.2 3 ELLIOT Sil 
169 0 58.2 4 EUIOT Sil 
170 0 58.2 5 ELLIOT SIL 
171 0 58,2 6 ELLIOT SIL 
172 0 58.2 7 ELLIOT SIL 
173 29 63.6 0 ELLIOT SIL 
174 22.2 85.9 0 EUIOT SIL 
175 30.6 116.4 0 ELLIOT SIL 
176 0 116.4 1 ELLIOT SIL : 

177 0 118.4 2 ELLIOT SIL 
178 0 116.4 3 EUIOT Sil 
179 0 11&.4 4 ELLIOT SIL 
1S0 0 116.4 5 ELLIOT SIL 
181 0 118.4 6 EUIOT SIL 
182 0 116.4 7 ELLIOT SIL 
183 57.8 127 0 EUIOT SIL 
184 44.4 171.4 0 EUIOT SIL 
185 61. 1 232.5 0 ELLIOT SIL 
186 69,8 302.3 0 ELLIOT SIL 
187 54 358.3 0 ELLIOT SIL . 
,as 72 428.3 0 ELLIOT SIL 
189 0 428.3 1 ELLIOT SIL 
190 0 428,3 2 ! .EUIOT SIL 
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TABlE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N NI p Pb Zn SOLIDS BIOLOGfCAL CHEMICAL 
% % molko mo/ko mo/ko moJko CONTNT PROCESSING STABILIZATN 

153 4.5 5.9 318 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

154 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
156 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
157 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

158 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

159 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

161 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

162 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

163 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

164 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

166 4.5 5.9 316 3.5. 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

167 
168 

4.5 
4.5 

5.9 
5.9 

316 
316 

3.5 
3.5 

1135 
1135 

5059 
5059 

0.03 
0.03 

2ND TRTMNT, ANAEROBIC DIGESTION . 2ND TRTMNT, ANAEROBIC DIGESTION 
CENT POLY, FECL3 
CENT POLY, FECL3 

169 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

171 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

172 4.5 5.9 315 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

173 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3 

174 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

176 4.5 5.9 318 3.5 :1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

177 4.5 5.9· 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

178 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

179 4.5 5.9 315 .3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

i81 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 . 
182 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

183 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTIO.N CENT POLY, FECL3 

184 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

188 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

187 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

188 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

189 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECL3 

F-140 



155 

160 

165 

170 

175 

180 

185 

190 

TABLE F-3 (oont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % mg/ka ma/ka ma/lea 

153 HINESL Y 1985 CORN 3.4 263 2963 1422 
154 HINESL Y 1985 CORN 3.4 263 2963 1422 

HINESL Y 1985 CORN 3.4 263 2963 1422 
156 HINESL Y 1985 CORN 3.4 263 2963 1422 
157 HINESL Y 1985 CORN 3.4 263 2963 1422 
158 HINESL Y 1985 CORN 3.4 263 2963 1422 
159 HINESL Y 1985 CORN 3.4 263 2963 1422 

HINESL Y 1985 CORN 3.4 263 2963 1422 
;61 HINESL Y 1985 CORN 3.4 263 2963 1422 
162 HINESL Y 1985 CORN 3.4 263 2963 1422 
163 HINESLY 1985 CORN 3.4 263 2963 1422 
164 HINESL Y 1985 CORN 3.4 263 2963, 1422 

HINESL Y 1985 CORN 3.4 263 2963 1422 
166 HINESL Y 1985 CORN 3.4 263 2963 1422 
167 HINESL Y 1985 CORN 3.4 263 2963 1422 
168 HINESLY 1985 CORN 3.4 263 2963 1422 
169 HINESL Y 1985 CORN 3.4 263 2963 1422 - HINESLY 1985 CORN I 3.4 263 2963 1422 
171 HINESL Y 1985 CORN 3.4 263 2963 1422 
172 HINESL Y 1985 CORN 3.4 263 2963 1422 
173 HINESL Y 1985 CORN 3.4 263 2963 1422 
174 HINESLY 1985 CORN 3.4 263 2983 1422 

HINESLY 1985 CORN 3.4 283 2963 1422 
176 HINESL Y 1985 CORN : :3,4 263 2963 1422 
177 HINESLY 1985 CORN -3.4 263 2963 1422 
178 HINESLY 1985 CORN 3.4 263 2983. 1422 
179 HINESLY 1985 CORN 3.4 '263 2963 1422 

HINESL Y 1985 CORN 3.4 283 2963 1422 
181 HINESL Y 1985 CORN 3.4 263 2963 1422 
182 HINESLY 1985 CORN 3.4 263 2963 1422 
183 HINESL Y 1985 CORN 3.4 283 2963 1422 
184 HINESL Y .1985 CORN 3.4 263 2963 1422 

HINESLY 1985 CORN 3.4 263 2963 1422 
186 HINESLY 1985 CORN 3.4 263 2963 1422 
187 HINESL Y 1985 CORN 3.4 263 2963 1422 
188 HINESLY 1985 CORN 3.4 263 2963 1422 
189 HINESLY 1985 CORN 3,4, 263 2963 1422 

HINESL Y 1985 CORN 3.4 263 2963 1422 
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TABLE F-3 (oont.) 

LOCATION 
COMMENTS OF 

STUDY 

JOLIET, ILLINOIS 
116 JOUl:T, ILUNOIS 
117 J'JUET, ILUNOIS .. 
118 JOLIET. IWNOIS 
119 JOLIET, IWNOIS 

JOLIET, ILLINOIS 
121 JOLIET, ILLINOIS 
122 JOLIET, ILLINOIS 
123 JOLIET, ILLINOIS 
124 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
126 JOLIET, ILLINOIS 
127 JOLIET, ILLINOIS 
128 JOLIET, ILLINOIS 
129 JOLIET, ILLINOIS 

" JOLIET, ILI.INOIS 
131 JOLIET, ILLINOIS 
132 JOLIET, ILLINOIS 
133 JOLIET, ILLINOIS 
134 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
136 JOLIET, ILLINOIS 
137 JOLIET, ILLINOIS 
138 : : JOLIET, ILLINOIS 
139 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
141 JOLIET, ILUNOIS 
142 JOLIET, ILLINOIS 
143 JOLIET, ILLINOIS 
144 JOLIET, IWNOIS 

JOLIET, ILLINOIS 
146 JOLIET, ILLINOIS 
147 JOLIET, ILLINOIS 
148 JOLIET, ILLINOIS 
149 JOLIET, ILLINOIS 

JOLIET, ILLINOIS 
151 JOLIET, ILLINOIS 
152 JOLIET, ILLINOIS 
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TABLE F-3 (cont.) 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

115 0 GRAIN 0 STOVER NO 
. 116 0 GRAIN 0 STOVER NO 

117 0 GRAIN 0 STOVER NO 
118 0 GRAIN 0 STOVER NO 
119 0 GRAIN 0 STOVER NO 
120 · 0 GRAIN 0 STOVER NO 
121 0 GRAIN 0 STOVER NO 
122 0 GRAIN 0 STOVER 'NO 
123 0 GRAIN NA · STOVER NO 
124 0 GRAIN 0 STOVER NO 
125 0 GRAIN 0 STOVER NO 
126 0 GRAIN 0 STOVER NO 
127 0 GRAIN 0 STOVER NO 
128 0 GRAIN 0 STOVER NO 
129 0 GRAIN 0 STOVER NO 
,130 0 GRAIN 0 • STOVER NO 
131 0 GRAIN 0 STOVER NO 
132 0 GRAIN 0 ·sTOVER NO 
133 0 GRAIN NA STOVER NO 
134 0 GRAIN 0 STOVER NO 
135 0 GRAIN 0 STOVER NO 
136 0 GRAIN 0 STOVER NO 
137 0 GRAIN 0 STOVER NO 
138 0 GRAIN : 0 STOVER NO 
139 0 GRAIN 0 STOVER NO 
140 0 GRAIN 0 STOVER NO 
141 0 GRAIN 0 STOVER NO 
142 0 GRAIN 0 STOVER NO 
143 0 GRAIN NA STOVER NO 
144 0 GRAIN 0 STOVER NO 
145 0 GRAIN 0 STOVER NO 
146 0 GRAIN 0 STOVER NO 
147 0 GRAIN 0 STOVER NO 
148 0 GRAIN 0 STOVER NO 
149 0 GRAIN 0 STOVER NO 
150 0 GRAIN 0 STOVER NO 
151 0 GRAIN 0 STOVER NO 
152 0 GRAIN 0 STOVER NO 
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TABLE F-3 (oont.) 

SOIL SOIL CUMM Ni SOIL NI PlANTM PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % oH RATE lka/he) EXTRACT ANT ma/ka ma/ka SAMPLED 

0,94 7.6 0 HCL·HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY 
116 0.93 7.6 0 HCL-HF 31 <.6 LEAF SLUDGE, FIELD, MATURITY 
117 0.92 7.8 0 HCL-HF 25 <.6 LEAF SLUDGE, FIELD, MATURITY 
118 0.87 7.5 0 HCL-HF 27 0.7 LEAF SLUDGE, FIELD, MATURITY 
119 0.9 7.6 0 HCL-HF 22 1.1 LEAF SLUDGE, FIELD, MATURITY 

0.88 7.5 0 HCL·HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY 
121 0,73 7.6 0 HCL-HF 26 <.6 LEAF SLUDGE, FIELD, MATURITY 
122 1 7.4 0 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY 
123 1.06 7.7 12.1 HCL·HF 28 1.3 LEAF SLUDGE, FIELD, MATURITY 
124 1.11 6,9 13.2 HCL-HF 20 1 LEAF SLUDGE, FIELD, MATURITY 

1.18 7.5 14.5 HCL-HF 35 2.4 LEAF SLUDGE, FIELD, MATURITY 
126 1.4 7.5 14.5 · HCL-HF 42 <.6 LEAF SLUDGE, FIELD, MATURITY 
127 1.16 7.6 14.5 HCL-HF 25 <.6 LEAF SLUDGE, FIELD, MATURITY 
128 1.08 7.5 14.5 HCL-HF 33 0.9 LEAF SLUDGE, FIELD, MATURITY 
129 1.18 

1.23 
7.7 
7.6 

14.5 
14.5 

HCL-HF 
HCL-HF 

26 
32 .. 1.2 

<.6 
LEAF 
LEAF 

, SLUDGE, FIELD, MATURITY 
SLUDGE, FIELD, MATURITY 

131 1.09 7.5 14.5 HCL-HF 27 <.6 LEAF SLUDGE, FIELD, MATURITY 
132 1.32 7.3 14.5 HCL-HF 38 <.6 LEAF SLUDGE, FIELD, MATURITY 
133 1.38 7.b 24.2 HCL-HF 28 1.4 LEAF SLUDGE, FIELD, MATURITY 
134 1.12 7 26.4 HCL-HF 19 0.9 LEAF SLUDGE, FIELD, MATURITY 

1.29 7.4 29 HCL-HF 44 2 LEAF SLUDGE, FIELD, MATURITY 
136 1.83 7.3 29 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY 
137 1.36 7.5 29 HCL-HF 21 <.6 LEAF SLUDGE, FIELD, MATURITY 
138 1.34 :7,2 29 HCL-HF 28 <.6: LEAF SLUDGE, FIELD, MATURITY 
139 1.6 7.4 29 HCL-HF 26 0.8 LEAF SLUDGE, FIELD, MATURITY 

1.31 7.3 29 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY 
141 1.54 7.1 29 HCL-HF 27 <.6 LEAF SLUDGE, FIELD, MATURITY 
142 1.62 7.1 29 HCL-HF 39 <.6 LEAF SLUDGE, FIELD, MATURITY 
143 1.82 7.6 48.4 HCL-HF 37 1.2 LEAF SLUDGE, FIELD, MATURITY 
144 1.63 6.8 52.7 HCL-HF 30 1. 1 LEAF SLUDGE, FIELD, MATURITY 

1.94 7.3 57.9 HCL-HF 42 2.3 LEAF SLUDGE, FIELD, MATURITY 
146 2.5 7.2 57.9 HCL-HF 44 0.7 LEAF SLUDGE, FIELD, MATURITY 
147 1.83 7.3 57.9 HCL-HF 36 <.8 LEAF SLUDGE, FIELD, MATURITY 
148 1.88 7.2 57.9 HCL-HF 37 0.8 LEAF SLUDGE, FIELD, MATURITY 
149 2.03 7.3 57.9 HCL-HF 33 0.8 LEAF SLUDGE, FIELD, MATURITY 

1.8 7.1 57.9 HCL-HF 40 <.8 LEAF SLUDGE, FIELD, MATURITY 
151 1.54 7.1 57.9 HCL-HF 28 <.8 LEAF SLUDGE, FIELD, MATURITY 
152 1.84 7 57.9 HCL-HF 43 <.8 LEAF SLUDGE, FIELD MATURITY 
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TABLE F-3 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % % 

Mg/ha Ma/ha APPLICATN NAME NAME TEXTURE 

0 0 NA BLOUNT Sil 
118 0 0 NA BLOUNT Sil 
117 0 0 NA BLOUNT Sil 
118 0 0 NA BLOUNT Sil 
119 0 0 NA BLOUNT Sil 

0 0 NA BLOUNT SIL 
121 0 0 NA BLOUNT . SIL 

122 0 0 NA BLOUNT Sil 
123 14.5 31.El 0 BLOUNT SIL 
124 11.1 42.3 0 BLOUNT SIL 

15.3 58.2 0 BLOUNT Sil 
128 0 58.2 1 BLOUNT Sil 
127 0 58.2 2 BLOUNT Sil 
128 0 58.2 3 BLOUNT Sil ., 

129 0 58.2 4 BLOUNT SIL 
0 58.2 5 • BLOUNT SIL 

131 0 58.2 8 BLOUNT SIL 
132 0 58.2 7 BLOUNT SIL 
133 29 63.6 0 BLOUNT Sil 
134 22.2 85.8 0 BLOUNT SIL 

30.,) 116.4 0 BLOUNT SIL .. 

136 0 11CU 1 BLOUNT SIL 
137 0 116.4 2 BLOUNT SIL· 

:138 0 116.4 3 : BLOUNT SIL : 

139 0 116.4 4 BLOUNT SIL 
0 116.4 5 BLOUNT SIL 

141 0 116.4 6 BLOUNT SIL 0 

·142 0 116.4 7 BLOUNT Sil 
143 57.8 127 0 BLOUNT SIL 
144 44.4 171.4 0 BLOUNT SIL 

61. 1 232.5 0 BLOUNT Sil 
146 0 232.5 1 BLOUNT Sil 
147 0 232.5 1 BLOUNT Sil 
148 0 232.S 1 BLOUNT SIL 
149 0 232.5 1 BLOUNT Sil . 

0 232,5 1 BLOUNT SIL 
151 0 232.5 1 BLOUNT Sil 
152 0 232.5. 1 BLOUNT Sil 
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TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N Nf Pb Zn SOLIDS BIOLOGICAL CHEMICAL p 

% % ma/ka ma/ka ma/ka nm/ka CONTNT PROCESSING STABILIZATN 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

118 4.5 5.9 316 3,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
117 4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
118 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
119 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
121 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
122 4.5 5.9 316 3.5 1135 5059 0,03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
123 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

124 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3 
4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

126 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
127 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
128 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
129 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 • 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
131 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
132 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
133 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
134 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
136 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

137 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

:138 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

139 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

141 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

·142 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

143 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

144 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

146 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

147 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

148 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

149 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

151 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 

152 4.5 5,9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3 
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TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 

LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR pH % % % ma/ka ma/ka ma/ka 

HINESLY 1985 CORN 3.4 263 2963 1422 

116 HINESLY 1985 CORN 3.4 263 2963 1422 

117 HINESLY 1985 CORN 3.4 263 2963 1422 

118 HINESLY 1985 CORN 3.4 263 2963 1422 

119 HINESLY 1985 CORN 3.4 263 2983 1422 

. HIN ESL Y 1985 CORN 3.4 263 2963 1422 

121 HINESLY 1985 CORN 3.4 263 2963 1422 

122 HINESL Y 1985 CORN 3.4 263 2963 1422 

,.23 HIN ESL Y 1985 CORN 3.4 263 2963 1422 

124 HINESLY· 1985 CORN 3.4 263 2963 1422 

HINESL Y 1985 CORN 3.4 263 2963 1422 

12& HIN ESL Y 1985 CORN 3.4 263 2963 1422 

127 HIN ESL Y 1985 CORN 3.4 263 · 2963 1422 

128 HINESLY 1985 CORN 3.4 263 2983 1422 

129 HINESLY 1985 CORN 3.4 263 2963 1422 
HINESL Y 1985 CORN 3.4 263 2983 1422 

131 HINESLY 1985 CORN 3.4 283 2983 1422 

132 HINESLY 1985 CORN l 3.4 263 2983 1422 
133 HINESLY 1985 CORN 3.4 283 2963 1422 
134 HINESL Y 1985 CORN 3.4 283 2963 1422 

HINESLY 1985 CORN 3.4 283 2983 - 1422 

136 HINESL Y 1985 CORN 3.4 263 2983 1422 
137 HIN ESL Y 1985 CORN 3.4 263 2983 1422 
138: HINESLY 1985 CORN : 3.4 263 ,2983 1422 
139 HINESLY 1985 CORN ·3,4 283 2983 1422 

HINESLY 1985 CORN 3.4 283 2983 1422 
141 HIN ESL Y 1985 CORN 3.4 283 2983 1422 
142 HINESLY 1985 CORN 3.4 263 2963 1422 
143 HINESLY 1985 CORN 3.4 263 2963 1422 
144 HIN ESL Y 1985 CORN 3.4 283 2983 1422 

HINESLY 1985 CORN 3.4 263 2983 1422 
148 HINESLY 1985 CORN 3.4 263 2983 1422 
147 HINESLY 1985 CORN 3.4 263 2963 1422 
148 HINESLY 1985 CORN 3.4 263 2963 1422 
149 HINESLY 1985 CORN 3.4 263 2963 1422 

HINESL Y 1985 CORN 3.4 263 2983 1422 
151 HIN ESL Y 1985 CORN 3.4 · 263 2963 1422 
152 HINESL Y 1985 CORN : 3.4 263 2963 1422 
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TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

77 MUSCLE SCHOALES, AL 
78 MUSCLE SCHOALES, AL 
79 MUSCLE SCHOALES, AL 

' MUSCLE SCHOALES, AL 
81 MUSCLE SCHOALES, AL 
82 MUSCLE SCHOALES, AL 
83 "NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS MUSCLE SCHOALES, AL 
84 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
86 MUSCLE SCHOALES, AL 
87 MUSCLE SCHOALES, AL 
88 MUSCLE SCHOALES, AL 
89 "NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
91 MUSCLE SCHOALES, AL 
92 - MUSCLE SCHOALES, AL 
93 MUSCLE SCHOALES, AL 
94 MUSCLE SCHOALES, AL 

"AUTHORS STATE YIELD REDUCTIONS NOT ATTRIBUTABLE TO METALS MUSCLE SCHOALES, AL 
96 MUSCLE SCHOALES, AL 
97 MUSCLE SCHOALES, AL 
98 MUSCLE SCHOALES, AL 
99 "AUTHORS STATE YIELD REDUCTIONS NOT ATTRIBUTABLE TO METALS MUSCLE SCHOALES, AL 

: MUSCLE SCHOALES, AL 
101 MUSCLE SCHOALES, AL 
102 MUSCLE SCHOALES, AL 
103 "AUTHORS STATE YIELD REDUCTIONS NOT ATTRIBUTABLE TO METALS MUSCLE SCHOALES, AL 
104 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
106 MUSCLE SCHOALES, AL 
107 MUSCLE SCHOALES, AL 
108 MUSCLE SCHOALES, AL 
109 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
111 MUSCLE SCHOALES, AL 
112 MUSCLE SCHOALES, AL 
113 JOLIET, ILLINOIS 
114 JOLIET, ILLINOIS 
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TABLE F-3 (cont.I 

YIELD YIELD YIELD YIELD 
REDUCTION COMPONENT REDUCTION COMPONENT METAL 

% MEASURED % MEASURED PHYTOTOXICITY 

77 0 EDIBLE PART NO 
78 0 EDIBLE PART NO 
79 0 EDIBLE PART NO 
80 0 EDIBLE PART NO 
81 0 EDIBLE PART NO 
82. 0 EDIBLE PART NO 
83 25• EDIBLE PART •No 
84 0 EDIBLE PART NO 
85 0 EDIBLE PART NO 
86 0 EDIBLE PART NO 
87 0 EDIBLE PART NO 
88 0 EDIBLE PART NO 
89 21.1 • EDIBLE PART •No 
90 0 EDIBLE PART NO 
91 0 EDIBLE PART NO -92 0 EDIBLE PART NO 
93 0 TOTAL PLANT NO 
94 0 TOTAL PLANT NO 
95 15.4· TOTAL PLANT •No 
96 0 TOTAL PLANT NO 
97 0 TOTAL PLANT NO 
98 0 TOTAL PLANT NO 
99 10• TOTAL PLANT *NO 
100 0 TOTAL PLANT : NO 
101 0 TOTAL PLANT NO 
102 0 TOTAL PLANT NO 
103 12.s• TOTAL PLANT *NO 
104 0 TOTAL PLANT NO 
105 0 TOTAL PLANT NO 
106 0 TOTAL PLANT NO 
107 0 TOTAL PLANT NO 
108 0 TOTAL PLANT NO 
109 0 TOTAL PLANT NO 
110 0 TOTAL PLANT NO 
111 0 TOTAL PLANT NO 
112 0 TOTAL PLANT NO 
113 0 GRAIN 0 STOVER NO 
114 0 GRAIN 0 STOVER NO 
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TABlE F-3 (cont.) 

SOit. SOit. CUMM NI SOIL Ni PLANT Ni PLANT DESIGN 
CEC oc SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY 

cmol/ka % PH RATE lka/hel EXTRACT ANT mo.lka malka SAMPLED 

77 6.4 4.4 0.5 M HCL 1.8 2.4 LEAF FIELD, SLUDGE, MATURITY 
7.9 5.8 0 0.5 M HCL 1 1 .8 LEAF FIELD, SLUDGE, MATURITY 
79 5.8 2.2 0.5 M HCL 2.7 1.7 LEAF FIELD, SLUDGE, MATURITY 
80 5.8 4.4 0.5 M HCL 1.8 1.8 LEAF FIELD, SLUDGE, MATURITY 
81 5.8 0 0.5 M HCL 1 2.3 LEAF FIELD, SLUDGE, MATURITY 
82 5.8 2.2 0.5 M HCL 2.7 3 LEAF FIELD, SLUDGE, MATURITY 
83 5.8 4.4 0.5 M HCL 1.8 2.4 LEAF FIELD, SLUDGE, MATURITY 
84 5.8 0 0.5 M HCL 1 2.5 LEAF FIELD, SLUDGE, MATURITY 
85 5.8 2.2 0.5 M HCL 2.7 2.8 LEAF FIELD, SLUDGE, MATURITY 
86 5.8 4.4 0.5 M HCL 1.8 2.2 LEAF FIELD, SLUDGE, MATURITY 
87 5.8 0 0.5 M HCL 1 2.6 LEAF FIELD, SLUDGE, MATURITY 
88 5.8 2.2 0.5 M HCL 2.7 4.4 LEAF FIELD, SLUDGE, MATURITY 
89 5.8 4.4 0.5 M HCL 1.8 2.9 LEAF FIELD, SLUDGE, MATURITY 
90 5.8 0 0.5 M HCL 1 3.9 LEAF FIELD, SLUDGE, MATURITY 
91 
92 

5.8 
5.8 

2.2 
4.4 

0.5 M HCL 
0.5 M HCL 

2.7 
1.8 

4.4 .. 4.9 
LEAF 
LEAF 

FIELD, SLUDGE, MATURITY 
FIELD, SLUDGE MATURITY 

93 5.1 0 .5 M HCL 0.6 3.5 LEAF FIELD, SLUDGE, MATURITY 
94 5.1 0 .5 M HCL 0,6 3 LEAF FIELD, SLUDGE, MATURITY 
95 5.1 4.5 .5 M HCL 1.6 6.3 LEAF FIELD, SLUDGE, MATURITY 
96 5.1 4.5 .5 M HCL 1.2 7.4 LEAF FIELD, SLUDGE, MATURITY 
97 5. 1 0 .5 M HCL 0.6 4.8 LEAF FIELD, SLUDGE, MATURITY 
98 5.1 0 .5 M HCL 0.6 3.1 LEAF FIELD, SLUDGE, MATURITY 
99 5. 1 4.5 .5 M HCL 1.6 3.3 LEAF FIELD, SLUDGE, MATURITY 
100 5.1 : 4.5 .5 M HCL 1.2 2.9 : LEAF FIELD, SLUDGE, MATURITY 
101 5.1 0 .5 M HCL 0.6 3.7 LEAF FIELD, SLUDGE, MATURITY 
102 5.1 0 .5 M HCL 0.6 4.6 LEAF FIELD, SLUDGE, MATURITY 
103 5.1 4.5 .5 M HCL 1.6 3.7 LEAF FIELD, SLUDGE, MATURITY 
104 5.1 4.5 .5 M HCL 1.2 4.1 LEAF FIELD, SLUDGE, MATURITY 
105 5.1 0 .5 M HCL 0.6 2.2 LEAF FIELD, SLUDGE, MATURITY 
106 5.1 0 .5 M HCL 0.6 2.4 LEAF FIELD, SLUDGE, MATURITY 
107 5.1 4.5 .5 M HCL 1.6 2.2 LEAF FIELD, SLUDGE, MATURITY 
108 5. 1 4.5 .5 M HCL 1.2 2.2 LEAF FIELD, SLUDGE, MATURITY 
109 5.1 0 .5 M HCL 0.6 3 LEAF FIELD, SLUDGE, MATURITY 
110 5.1 0 .5 M HCL 0.6 3.3 LEAF FIELD, SLUDGE, MATURITY 
111 5.1 4.5 .5 M HCL 1.6 3.5 LEAF FIELD, SLUDGE, MATURITY 
112 5.1 4.5 .5 M HCL 1.2 3.3 LEAF FIELD, SLUDGE, MATURITY 
113 0.85 7.8 0 HCL-HF 24 1.2 LEAF SLUDGE, FIELD, MATURITY 
114 0.9 6.9 0 HCL-HF 27 0.9 LEAF SLUDGE FIELD, MATURITY 
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TABLE F-3 (cont.) 

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT 
· LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % %. % 

Ma/he Ma/he APPLICATN NAME NAME TEXTURE 

77 
78 

112 
0 

. 112 
o· 

0 SANGO 
SANGO 

Sil 
Sil 

79 112 112 1 SANGO Sil 
80 112 112 1 SANGO Sil 
81 0 0 SANGO Sil 
82 112 112 1 SANGO Sil 
83 112 112 1 SANGO Sil 
84 0 0 SANGO Sil 
85 112 112 1 SANGO Sil 
86 112 111 1 SANGO Sil 
87 0 0 SANGO Sil 
88 112 112 1 SANGO Sil 
89 112 112 1 SANGO SIL 
90 0 0 SANGO Sil 
91 112 112 1 SANGO SIL 
92 112 112 1 SANGO Sil 
93 0 0 SANGO Sil 
94 0 0 SANGO SIL 
95 224 224 0 SANGO SIL 
96 224 224 0 SANGO Sil 
97 0 0 SANGO SIL 
98 0 0 SANGO SIL 
99 224 224 0 SANGO SIL 
100 224 224 0 : SANGO SIL : 

101 0 0 SANGO SIL 
102 0 0 SANGO SIL 
103 224 224 0 SANGO SIL 
104 224 224 0 SANGO SIL 
105 0 0 SANGO SIL 
106 0 0 SANGO SIL 
107 224 224 0 SANGO SIL 
108 224 224 0 SANGO SIL 
109 0 0 SANGO SIL 
110 0 0 SANGO SIL 
111 224 224 0 SANGO Sil 
112 224 224 0 SANGO Sil 
113 0 0 NA BLOUNT Sil 
114 0 0 NA BLOUNT Sil 
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TABLE F-3 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Fe N NI p Pb Zn SOLIDS BIOLOGICAL CHEMICAL 
% % mo/ko mo/ka ma/lea ma/ka CONTNT PROCESSING STABIUZATN 

77 1.5 2.1 40 1.3 1600 1800 
78 
79 1.7 2.3 20 1.6 530 1800 
80 1.5 2.1 40 1.3 1600 1800 
81 
82 1.7 2.3 20 1.6 530 1800 
83 1.5 2.1 40 1 .3 1600 1800 
84 
85 1.7 2.3 20 1.6 530 1800 
86 1.5 2.1 40 1.3 1600 1800 
87 
88 1.7 2.3 20 1.6 · 530 1800 
89 1.5 2.1 40 1.3 1600 1800 
90 
91 1.7 2.3 20 1.6 530 1800 
92 1.5 2.1 40 1.3 1600 1800 

~ 

93 1.7 2.3 20 1.6 530 1800 
94 1.7 2.3 20 1.6 530 1800 
95 1.7 2.3 20 1.6 530 1800 
98 1.7 2.3 20 1.6 530 1800 
97 1.7 2.3 20 1.6 530 1800 
98 1.7 2.3 20 1.6 530 1800 
99 1.7 2.3 20 1.6 530 1800 
100 : 1.7 2.3 20 1.6 530 1800 : : 

101 1.7 2.3 20 1.8 530 1800 
102 1.7 2.3 20 1.6 530 1800 
103 1.7 2.3 20 1.6 530 1800 
104 1.7 2.3 20 1.8 530 1800 
105 1.7 2.3 20 1.6 530 1800 
108 1.7 2.3 20 1.8 530 1800 
107 1.7 2.3 20 1.6 630 1800 
108 1.7 2.3 20 1.6 530 1800 
109 1.7 2.3 20 us 530 1800 
110 1.7 2.3 20 1.6 530 1800 
111 1.7 2.3 20 1.6 530 1800 
112 1.7 2.3 20 1.6 530 1800 
113 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3 
114 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3 
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80 

85 

90 

95 

100 

105 

110 

TABLE F-3 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd Cr Cu 

CITATION NAME CULTIVAR DH % % % ma/ka mall<a ma/ka 

77 GIORDANO & MAYS 1977 KALE 6.1 1.7 40 400 520 
78 GIORDANO & MAYS 1977 OKRA 
79 GIORDANO & MAYS 1977 OKRA 6.6 2.5 50 350 730 

GIORDANO & MAYS 1977 OKRA 6.1 1.7 40 400 520 
81 GIORDANO & MA VS 1977 PEPPER 
82 GIORDANO & MA VS 1977 P::PPER 6.6 2.5 50 350 730 
83 GIORDANO & MA VS 1977 PEPPER 6.1 1.7 40 400 520 
84 GIORDANO & MA VS 1977 TOMATO 

GIORDANO & MAYS 1977 TOMATO 6.6 2.5 50 350 730' 
86 GIORDANO & MA VS 1977 TOMATO 6.1 1.7 40 400 520 
87 GIORDANO & MAYS 1977 SQUASH 
88 GIORDANO & MAYS 1977 SQUASH· 6.6 2.5 50 350 730 
89 GIORDANO & MAYS 1977 SQUASH 6.1 1.7 40 400 520 

GIORDANO & MAYS 1977 LETTUCE 
91 GIORDANO & MAYS 1977 LETTUCE 6,6 2.5 50 350 730 
92 GIORDANO & MAYS 1977 LETTUCE 6.1 1.7 40 400 520 
93 GIORDANO&MAYS 1977 LITTUCE 6.6 2.5 50 350 730 
94 GIORDANO&MA VS 1977 LETTUCE 6.6 2.5 50 350 730 

GIORDANO&MA VS 1977 LETTUCE 6.6 2.5 50 350 730 
.96 GIORDANO&MA VS 1977 LETTUCE 6.6 2.5 50 350 730 
97 GIORDANO&MAVS 1977 PEPPER 6.6 2.5 50 350 730 
98 GIORDANO&MA YS 1977 PEPPER 8.6 2.5 50 350 730 
99 GIORDANO&MA VS 1977 PEPPER 6.6 2.5 50 350 730 

GIORDANO&MAYS 1977 PEPPER : 6.8 2.5 50 350 730 
101 GIORDANO&MAYS 1977 BEAN 6:e 2.5 50 350 730 
102 GIORDANO&MAYS 1977 BEAN 8.8 2.5 50 350 730 
103 GIORDANO&MAVS 1977 BEAN 8,8 2.5 50 350 730 
104 GIORDANO&MA YS 1977 BEAN 8.6 2.5 50 350 730' 

GIORDANO&MA YS 1977 CORN 6.6 2.5 50 350 730 
106 GIORDANO&MA VS 1977 CORN 6.6 2.5 50 350 730 
107 GIORDANO&MAVS 1977 CORN 6,6 2.5 50 350 730 
108 GIORDANO&MAVS 1977 CORN 6.6 2,5 50 350 730 
109 GIORDANO&MAVS 1977 SQUASH 6.6 2.5 50 350 730 

GIOROANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730 
111 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730 
112 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730 
113 HINESL V 1985 CORN 3.4 263 2963 1422 
114 HINESLY 1985 C.ORN 3.4 263 2963 1422 

i:. 1 ?7 



40 

45 

50 

55 

60 

65 

70 

75 

TABLE F-3 (cont.) 

LOCATION 
COMMENTS OF 

STUDY 

39 MUSCLE SCHOALES, AL 
·DOSE RESPONSE & TISSUE NI CONCENTRATION INCONSISTANT MUSCLE SCHOALES, AL 

41 MUSCLE SCHOALES, AL 
42 MUSCLE SCHOALES, AL 
43 ·DOSE RESPONSE NOT CONSISTANT, PH<S.5 MUSCLE SCHOALES, AL 
44 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
46 MUSCLE SCHOALES, AL 
47 MUSCLE SCHOALES, AL 
48 MUSCLE SCHOALES, AL 
49 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
51 •DOSE RESPONSE & TISSUE NI CONCENTRATION NOT CONSISTANT MUSCLE SCHOALES, AL 
52 ·DOSE RESPONSE & TISSUE NI CONCENTRATION NOT CONSISTANT MUSCLE SCHOALES, AL 
53 MUSCLE SCHOALES, AL 
54 •TISSUE NI NOT CONSISTANT, SOIL PH<5.5, SLUDGE LOADING EXCEED5 AGRONOMIC RATES MUSCLE SCHOALES, AL 

•TISSUE NI NOT CONSISTANT, SOIL PH<5.5, SLUDGE LOADING EXCEEDS AGRONOMIC RATES MUSCLE SCHOALES, AL 
56 •TISSUE NI NOT CONSISTANT, SLUDGE LOADING EXCEEDS AGRONOMIC RATES MUSCLE SCHOALES, AL 
57 MUSCLE SCHOALES, AL 
58 MUSCLE SCHOALES, AL 
59 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
61 •NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS MUSCLE SCHOALES, AL 
62 •NOT TESTED STATISTICAUY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS MUSCLE SCHOALES, AL 
63 MUSCLE SCHOALES, AL 
64 MUSCLE SCHOALES, AL 

• NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS MUSCLE SCHOALES, AL 
66 MUSCLE SCHOALES, AL 
67 MUSCLE SCHOALES, AL 
68 MUSCLE SCHOALES, AL 
69 MUSCLE SCHOALES, AL 

MUSCLE SCHOALES, AL 
71 MUSCLE SCHOALES, AL 
72 MUSCLE SCHOALES, AL 
73 MUSCLE SCHOALES, AL 
74 MUSCLE SCHOALES, AL 

MUSCLE SCHOA1.£S, AL 
76 MUSCLE SCHOALES AL 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

381 Joliet, Ill. 
382 Joliet, Ill. 
383 Joliet, Ill. 
384 Joliet, Ill. 
385 Joliet, Ill. 
386 Joliet, Ill. 
387 Joliet, Ill. 
388 Joliet, Ill. 
389 Joliet, Ill. 
390 Joliet, Ill. 
391 Joliet, Ill. 
392 Joliet, Ill. 
393 Joliet, Ill. 
394 Joliet, Ill. 
395 Joliet, Ill. 

"398 Jciliet,111. 
397 Joliet, Ill. 
398 Joliet, Ill. 
399 Joliet, Ill. 
400 Joliet, Ill. 
<101 Joliet, Ill. 
<102 Joliet, Ill. 
<103 Joliet, Ill. 
<104 : Joliet, Ill. 
<105 Joliet, Ill. 
<108 Joliet, Ill. 
<107 Joliet, Ill. 
<108 Joliet, Ill. 
<109 Joliet, Ill. 
410 Joliet, Ill. 
411 Joliet, Ill. 
412 Joliet, Ill. 
413 Joliet, Ill. 
414 Joliet, Ill. 
415 Joliet, Ill. 
418 Joliet, Ill. 
417 Joliet, Ill. 
418 Joliet Ill. 
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420 

425 

430 

435 

440 

445 

450 

455 

TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al C■ Cd 

CITATION NAME CULTIVAR DH "" "" "" mn/ka 

419 Hlnellv. T.O. et al., 197&. 195 Com H98 
Hlnealv. T.D. et al., 1978. 195 Com R177 

421 Hlnellv. T.D. et ■I .. 1978. 195 Corn B77 
422 Hlne■ly, T.D. et al., 1978. 195 Com Oh43 
423 Hlnealv, T.D. et al,, 1978. 195 Com R808 
424 Hlne ■lv, T.D. et el., 1978. 195 Corn H98 

Hlne ■ly, T.D. et al., 1978. 195 Corn A819 
428 Hlne■lv, T.D. et al. 1978. 195 Corn Mo17 
427 Hlne ■lv, T.D. et el., 1978. 195 Corn Oh545 
428 Hlne■lv, T.D. et al., 1978. 195 Corn 837 
429 Hlne ■lv, T.D. et el., 1978. 195 Corn R805 

Hlnealy, T.D. et al., 1978. 195 Com Ve28 
431 Hlne ■ lv, T.D. et el., 1978. 195 Corn H100 
432 Hlne ■ly, T.D. et al., 1978. 195 Corn B73 
433 
434 

Hlne ■lv, T.D. et el., 1978. 195 
Hlne ■lv, T.D. et al., 1978, 195 . Corn 

Corn 
B14 
A832 

Hlne ■lv, T.D. et al,, 1978. 195 Corn N28 
438 Hlne ■lv, T.D. et al., 1978. 195 Corn W84A 
437 Hlne ■lv, T.D. et al .. 1978. 195 Corn R802A 
438 Hln■■IY, i.D. et al., 1978. 195 Corn H99 
439 Hlne■lv, T.D. et el. 1978. 195 Corn H98 

Hlne ■lv, T.D. et al., 1978. 195 Corn R177 
441 Hlne ■ly, T.D. et al., 1978. 195 Corn B77 
442 Hlne ■lv. T.0, et el., 1978. 196 Corn Oh43 : 

443 Hlne■ly, T.D. et al., 1978. 195 Corn R808 
444 Hlne ■lv, T.D. et al., 1978. 195 Corn H98 

Hlne■lv, T.D. et el., 1978. 195 Corn A819 
448 Hlne ■ly, T.D. et el., 1978. 195 Corn Mo17 
447 Hlne ■lv, T.D. et el., 1978. 195 Corn Oh545 
448 Hlne ■lv, T.D. et al., 1978. 195 Corn 837 
449 Hlne ■lv, T.D. et al., 1978. 195 Corn R805 

Hine■lv, T.D. et al., 1978. 195 Com Va28 
451 Hlnelly, T.D. et al., 1978. 195 Corn H100 
452 Hlno ■ lv, T.D. et el., 1978. 195 Corn B73 
453 Hlne ■ly, T.D. et el., 1978. 195 Corn B14 

◄54 Hlne■lv, T.O. et al., 1978. 195 Corn A832 
. Hlne ■IY, T.D. et al., 1978. 195 Corn N28 

458 Hlneslv. T.D. et 111 •• 1978. 195 Corn W84A 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka 'II, % ma/ka ma/ka mg/kg mg/kg CONTNT PROCESSING 

419 One-quarter maximum 
420 One-quarter maximum 
421 Ona-quarter maximum 
422 One-half maximum 
423 One-half maximum 

424 Ona-half maximum 

425 Ona-half maximum 

426 One-half maximum 

427 One-half maximum 

428 One-half maximum 

429 One-half maximum 

430 One-half maximum 

431 One-half maximum 

432 Ona-half maximum 

433 One-half maximum 

434 w One-half maximum 

435 One-half maximum 

438 One-half mexlmum 

437 One-half maximum 

438 One-half maximum 

439 One-half maximum 

440 One-half maximum 

441 One-half maximum 

442 : Maximum 

443 Maximum 

444 Maximum 

445 Maximum 

448 Maximum 

447 Maximum 

448 Maximum 

449 Maximum 

460 Maximum 

451 Maximum 

452 Maximum 

453 Maximum 

454 Maximum 

455 Maximum 

456 Maximum 
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420 

425 

430 

435 

440 

445 

450 

455 

TABt.E F-4 (oooi.l 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADHGRATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Mania Mn/ha APPLICATN NAME NAME TEXTURE 

419 17.75 7 Aerie Ochraauelf Blount tilt loam 
17.76 7 Aerie Ochreouelf Blount tHt loam 

421 17.76 7 Aorie Oehraoualf Blount tilt loam 
422 36.6 7 Aerie Oehraouelf Blount tilt loam 
423 36.6 7 Aerie Oehraouelf Blount tilt loam 
424 36.6 7 Aerlo Oehraauelf Blount tilt loam 

36.6 7 Aerie Oehraaualf Blount 1ilt loam 
426 36.6 7 Aerlo Ochreauelf Blount 1ilt loem 
427 35.6 7 Aerlo Ochreouelf Blount 1ilt loam 
428 36.5 ' 7 Aerie Oehraauelf Blount lilt loam 
429 36.5 7 Aerie Ochraauelf Blount 1ilt loam 

35.5 7 Aerie Oehraoualf Blount tilt loam 
431 35.6 7 Aerie Ochraaualf Blount silt loam 
432 35.5 7 Aerie Oehr111JtJelf Blount silt loam 
433 35.6 7 Aerie Oehraauelf Blount tilt loam 
434 35,5 .. 7 Aerie Ochraaualf Blount tilt loam 

36.5 7 Aerie Oehranualf Blount 1ilt loam 
43& 35.6 7 Aerie Oehraaualf Blount tilt loam 
437 35.5 7 Aerie Oehraaualf Blount tilt loam 
438 35.5 7 Aerie Oehraauelf Blount tilt loam 
439 35.5 7 Aerlo Ochraauelf Blount tilt loam 

35.5 7 Aerlo Oehramllllf Blount 1ilt loam 
441 35.5 7 Aerie Oehraauelf Blount 1ilt loam 
442 : 71 7 : Aerlo Oehraauaif Blount tilt loam : 

443 71 7 Aerie Oehraauelf Blount 1ilt loam 
444 71 7 Aerie Oehraoualf Blount tilt loam 

71 7 Aerie Oehraaualf Blount tilt loam 
44& 71 7 Aerie Oehraoualf Blount tilt loam 
447 71 7 Aerie Ochraoualf Blount 1ilt loam 
448 71 7 Aerie Oehraaualf Blount 1ilt loam 
449 71 7 Aerie Ochraouelf Blount 1ilt loam 

71 7 Aerie Oehreauelf Blount tilt loam 
451 71 7 Aerie Ochraoualf Blount tilt loam 
452 71 7 Aerie Oehranualf Blount silt loam 
453 71 7 Aerie Ochraauelf Blount tilt loam 
454 71 7 Aerie Ochraaualf Blount tilt loam 

71 7 Aerie Oehreauelf Blount silt loam 
456 71- 7 Aerie Ochraauelf Blount silt loam 
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TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% cmol/ka pH RATE (ka/h11l "' "' "' 
419 
420 
421 
422 
423 
424 
425 
428 
427 " 
428 
429 
430 
431 
432 
433 ,. 
434 '· 

i 

435 
438 
437 
438 
439 
440 
441 i ' 
442 : : 

443 
444 
445 
448 
447 
448 
449 
460 
451 
452 
453 
454 
455 
458 
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TABlE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YlaD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMf'ONENT 

EXTRACTANT moJka molka SAMPLED EXPERIMENTAL DESIGN " MEASURED 

419 188 43.3 SLUDGE FIELD MATURITY NOT REPORTED 
420 118 34.3 .SLUDGE, FIELD, MATURITY NOT REPORTED 
421 188 32 SLUDGE, FIELD, MATURITY NOT REPORTED 
422 328 142.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
423 328 158.1 SLUDGE, FIELD, MATURITY NOT REPORTED 
424 328 112.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
425 328 82 SLUDGE, FIELD, MATURITY NOT REPORTED 
428 328 107.1 SLUDGE, FIELD, MATURITY NOT REPORTED 
427 328 89.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
428 328 99 SLUDGE, FIELD, MATURITY NOT REPORTED 
429 328 91 SLUDGE, FIELD, MATUnlTY NOT REPORTED 
430 328 77.1 SLUDGE, FIELD, MATURITY NOT REPORTED 
431 328 85.9 SLUDGE, FIELD, MATURITY NOT REPORTED 
432 328 77.7 SLUDGE, FIELD, MATURITY NOT REPORTED 
433 328 71 SLUDGE, FIELD, MATURITY NOT REPORTED 
434 328 52,8 SLUDGE, FIELD, MATURITY NOT REPORTED 
435 328 58.7 SLUDGE FIELD, MATURITY NOT REPORTED 
438 328 55.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
437 328 86.3 SLUDGE, FIELD, MATURITY NOT REPORTED 
438 328 47.9 SLUDGE, FIELD, MATURITY NOT REPOR~D 
439 328 83.6 SLUDGE, FIELD, MATURITY NOT REPORTED 
440 328 84.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
441 328 43.7 SLUDGE, FIELD, MATURITY NOT REPORTED 
442 454 281.8 ' SLUDGE, FIELD, MATURITY NOT REPORTED ' 443 454 288.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
444 454 217.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
445 454 193.3 SLUDGE, FIELD, MATURITY NOT REPORTED 
448 454 188.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
447 454 170.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
448 464 184.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
449 454 148.1 SLUDGE, FIELD, MATURITY NOT REPORTED 
460 464 144.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
451 454 140.1 SLUDGE, FIELD, MATURiTY NOT REPORTED 
452 464 133.7 SLUDGE, FIELD, MATURITY NOT REPORTED 
453 464 130.2 SLUDGE, FIELD, MATURITY NOT REPORTED 
454 454 113 SLUDGE, FIELD, MATURITY NOT REPORTED 
455 454 109.4 SLUDGE, FIELD, MATURITY NOT REPORTED 
456 454 107.2 SLUDGE. FIELD, MATURITY NOT REPORTED 
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420 

425 

430 

435 

440 

445 

450 

455 

TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

419 NO 
NO 

421 NO 
422 NO 
423 NO 
424 NO : 

NO 
426 NO 
427 NO 
428 NO 
429 NO 

.. NO 
431 NO 
432 NO I 

433 
434 

NO . NO 
NO 

.;: 436 NO 
437 NO 
438 NO 
439 NO 

NO 
441 NO 
442 NO : : 

443 NO 
444 NO 

NO 
448 NO 
447 NO 

.. 448 NO 
449 NO 

NO 
451 NO 
452 NO 
453 NO 
454 NO 

NO 
456 NO !' 
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419 
420 
421 
422 
423 
424 
425 
428 
427 
428 
429 
430 
431 
432 
433 . 
434 
436 
438 
437 
438 
439 
440 
441 
442 
443 
444 
446 
448 
447 
448 
449 
450 
451 
452 
453 
454 
455 
455 

TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, UI. 
Joliet, Ill. 
Joliet, HI. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, HI. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, HI. 
Joliet, Ill. 
Joliet, Ill. 
Joliet, Ill. 
Joliet. NI. 
Joliet, Ill. 
Joliet, Ill. 
Joliet II. 
Joliet, Ill. 
Joliet, If. 
Joliet, Kl. 
Joliet, If. 
Joliet, II. 
Joliet, Nt 
Joliet, II. 
Joli.to ... 
Joll1t ••• 
Jollat. •• 
Joiat. •• 
.k>let •• 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/ka 

457 Hine ■ lv, T.D. et el., 1978. 195 Corn R802A 
458 Hlnelly, T.D. et al., 1978. 195 Corn H99 
459 Hlne ■ IY, T.D. et el., 1978. 195 Corn H96 
460 Hlne1ly, T.D. et el.; 1978. 195 Corn R177 
461 Hlne1IY, T.D. et el., 1978. 195 Corn B77 
482 Hue, N.V., 1988. 1104 Sudanara11 Piper 0.97 5 
463 Hue, N.V., 1988, 1104 Sudanaras ■ Piper 0.97 5 
464 Hua, N.V., 1988. 1104 Sudanare11 Piper 0.97 5 
465 Hue, N.V., 1988. 1104 Sudanara11 Piper - 0.97 5 
488 Kirkham, M.B., 1976 1125 Corn 
467 Kirkham, M.B., 1976 1125 Corn 
488 Kirkham, M.B., 19761126 Corn 830 
469 Kirkham, M.B., 1983 1127 Sorahum Dekalb C-46 Plu1 6.7 7770 29.2 
470 Kirkham, M.B., 1983 1127 Sorahum 01kalb C-46 Plu ■ 6.7 7770 29.2 
471 Maclean, K.S. et al., 1987. 1147 legume 8-17.8 
472 Maclean, K.S. at al., 1987. 1147 leaume 8-17.8 
473 Maolaan, K.S. et el., 1987. 1147 GRASS 8-17.8 
474 Maclean. K.S. et al., 1987. 1147 GRASS 8-17.8 
475 Slkore, Lawrance J. et el. 1980. 1214 Oat1 Cllntford 11.2 19 2 
478 Sikora, Lawrence J. et al., 1980. 1214 OatI Cllntford 6.9 22 18 
477 Sikora. Lawrence J. et el., 1980. 1214 Wheat Potomac 11.2 19 2 
478 Sikora, Lawrem:c J. et el., 1980, 1214 Wheat Potomac 8.9 22 18 
479 Sikora. Lawrence J. et al., 1880. 1214 Chard Fordhook Giant Swl■■ 11.2 19 2 
480 Sikora, Lawrence J. et el., 1980. 1214 Chard Fordhook Giant Swi11 8.9 22 18 
481 Vlarnl1, J. et el., 1985. 1245 Barlev MARIOUT 
482 Vlarnl1, J. et el., 1985. 1245 Barley MARIOUT 
483 Vlarnl1, J. et al., 1985. 1245 Barley MARIOUT 
484 Vlarnl1, J. et al., 1985. 1245 Barley MARIOUT 
485 Vlarnl1, J. et al., 1985, 1245 Barley MARIOUT 
488 Vlarnl1, J. et al., 1985. 1245 Barley MARIOUT 
487 Vlarnl1, J. et el., 1985. 1245 Barley MARIOUT 
488. Vlarnl1, J. et el., 1886. 1245 Barley MARIOUT 
489 Vlaml1, J. et al., 1985. 1245 Barley MARIOUT 
490 Vlaml1, J. et al., 1985. 1245 Barley MARIOUT 
491 Vleml1, J. at al., 1985. 1245 Barley MARIOUT 
492 Vlaml1, J. et el., 1985. 1245 Barlav MARIOUT 
493 Vlaml1, J. etal., 1985. 1245 Barley MARIOUT 
494 Vlami ■. J. et al. 1985. 1245 Barlev MARIOUT 
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TABLE F·4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE· SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS · BIOLOGICAL 

ma/ka ma/ka 'II, 'II, ma/ka mg/ka ma/ka ma/ka CONTNT PROCESSING 

457 Maximum 
458 Maximum 
459 Meximum 
460 Maximum 
461 Maximum 
462 440 5 29 640 
463 440 5 29 640 
464 440 5 29 640 
465 440 5 29 640 
466 control 
467 supernatant 

468 5900 eo20 ND 24000 8390 sludge 

469 851 375 35.8 21300 124 1890 Sludna-treated soil 

470 851 375 35.8 21300 124 1890 Control 

471 31-130 398-678 28-58 288-684 810-1398 Treated with ■ludae 

472 31-130 398-678 '28-58 288-684 810-1398 Untreated 

473 31-130 398-678 28-56 288-684 810-1398 TrHted with ■ludge 

474 31-130 398-878 28-58 288-884 810-1398 Untreated 

475 200 400 Limed raw sludge 

478 827 2050 Dlaeated ■ludo• 

477 200 400 Urned raw eluda ■ 

478 827 2050 Digested aludae 

479 200 400 Urned raw ■ludo• 

480 827 : 2050 : DlgNted ■ludo• 

481 
482 
483 
484 
485 
488 
487 
481 
411 
490 
4a1 
412 
4S3 
4!4 



TABLE F-4 Ceont.) 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

457 71 7 Aerie Oehraqualf Blount 1ilt loam 

458 71 7 Aerie Oehraqualf Blount 1ilt loam 

459 71 7 Aario Oehraqualf · Blount silt loam 

460 71 7 Aerie Oehraquelf Blount eiltloam 

481 71 7 Aerie Oehraqualf Blount 1ilt loem 

462 0 0 3 Trooeotie Eutrustox Wahlawa 1iltv elev 

483 46 45; 3 Trooaptlo Eutrustox Wahiawa 11!tv elev 
484 90 90 3 Tropeptle Eutrustox Wahiewa 1iltv elev · 

485 180 180 0 Tropaptio Eutrustox Wahiawa · 1lltv clay 

468 0 8 Wareaw . 1ilt loam 

487 8 Wareaw 1ilt loom 

488 1010 8 Wareaw 1llt loam 

489 32 128 Typlo Udlfluvent Haynie vf 1andv loam 

470 32 128 ,Twlo Udifluvent Havnla vf ea11dv loam 

471 
472 

44.9(WET WT.) 

0 
44.9(WET WT.) .. 

0 
1-2 Y88fl 

1-2 veare 

CL,SL 
CL,SL 

473 CL,SL 

474 CL,SL 

476 Galastown-Ev111boro loamveand 
478 
477 
478 
479 
480 : 

481 0 0 DUBLIN L 
482 0 0 DUBLIN L 
483 0 0 DUBLIN L 

484 0 0 DUBLIN L 
485 0 0 DUBLIN L 

488 0 0 DUBLIN L 

487 0 0 DUBLIN L 

488 0 0 DUBLIN L 

489 0 0 DUBLIN L 

490 0 0 DUBLIN L 

491 0 0 DUBLIN L 

492 0 0 DUBLIN L 

493. 0 0 DUBLIN L 

494 0 0 DUBLIN L 
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460 

465 

470 

475 

480 

485 

TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

'lE, 'lE, 'lE, cmol/ka % oH RA TE lka/hal 

457 
458 
459 

481 
482 1.14 5.32 0 
483 1.22 5.77 29 
484 1.34 6.03 58 

1.8 6.38 118 
466 21.1 3.9 6.2 
487 5.9 
468 5.9 10850 
469 5.9 

7 
471 
472 . 6.98 

7.48 
6.2 
6.05 

473 6.98 6.2 
474 7.48 6.05 

6.7 
476 6.7 
477 6.7 
478 6.7 
479 6.7 

: : 6.7 
481 20 5.5 0 
482 20 5.5 0 
483 20 5.5 0 
484 20 5.5 0 

20 5.5 0 
486 20 5,6 0 
487 20 6.5 0 
488 20 5.6 0 
4H 20 5.5 0 
410 20 5.5 0 
~1 20 6.5 0 
492 20 6.5 0 
~3 20 5.5 0 
"94 20 5.5 0 



TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIElD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN "" MEASURED 

457 454 104.9 SLUDGE, FIELD, MATURITY NOT REPORTED 
458 464 102.9 SLUDGE, FIELD, MATURITY NOT REPORTED 
459 454 94.3 SLUDGE, FIELD, MATURITY NOT REPORTED 
460 454 88 SLUDGE, FIELD, MATURITY NOT REPORTED 
461 454 61.8 SLUDGE, FIELD, MATURITY NOT REPORTED 
462 DTPA 3.7 176 ABOVE GROUND SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
463 DTPA 8.1· 150 ABOVE GROUND SLUDGE; FIELD, MATURITY 0 TOTAL BIOMASS 
464 DTPA 10.3 115 ABOVE GROUND SLUDGE, FIELD, MATURITY 0 TOTAL 610MASS 
465 DTPA 13.8 172 ABOVE GROUND SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
466 TOTAL 158 67 LEAF ' SLUDGE, FIELD, MATURITY NOT REPORTED 
467 TOTAL 988 202 LEAF SLUDGE, FIELD, MATURITY NOT REPORTED 
468 TOTAL 2065 196 LEAF SLUDGE, FIELD, MATURITY NOT REPORTED 
469 10.2 37 Leaf SLUDGE, FIELD, MATURITY NOT REPORTED 
470 0.8 37 Leaf SLUDGE; FIELD, MATURITY NOT REPORTED 
471 .1 N HCL 2.57 28.4_ Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED 
472 .1 N HCL 2.2 25.9 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED 
473 .1 N HCL 2.57 20.8 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED 
474 .1 N HCL 2.2 23 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED 
476 4.2 5.3 Stover SLUDGE, FIELD, MATURITY 
471 14.5 71.4 Stover SLUDGE, FIELD, MATURITY 
477 4.2 5.3 Stover SLUDGE, FIELD, MATURITY 
478 14.6 69.7 Stover SLUDGE, FIELD, MATURITY 
479 4.2 63 Whole SLUDGE, FIELD, MATURITY 
480 14.6 : 254 Whole SLUDGE, FIELD, MATURITY : 

481 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
482 58 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
483 71 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
484 51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
485 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
488 116 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
487 88 LEAF. SLUDGE, FIELD, MATURITY 0 GRAIN 

488 90 LEAF SLUDGE, FIELD, MATURITY ·o GRAIN 
489 45 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
490 47 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

491 47 LEAF SLUDGE, FIELD, MATURITY 0 GR"IN 
492 32 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

493 : 73 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

494 61 : LEAF SLUDGE. FIELD. MATURITY 0 GRAIN 



TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

457 NO 
458 NO 
459 NO 
460 NO 
461 NO 
462 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION 
463 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION 
464 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION 
485 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION 
468 NO -
487 NO 
468 NO 
469 NO 
470 NO 
471 NO 
472 NO • 
473 NO 
474 NO 
475 NO 
478 NO 
477 NO 
478 NO 
479 NO 
480 : NO : 

481 NO 
482 NO 
483 NO 
484 NO ' 
485 NO 
488 NO 
487 NO 
481 NO 
489 NO 
490 NO 
491 NO 
492 NO 
4$3 NO 
494 NO 



TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

457 Joliet, Ill. 
458 Joliet, Ill. 
459 Joliet, Ill. 
460 Joliet, Ill. 
461 Joliet, Ill. 
462 OAHU, HAWAII 
463 OAHU, HAWAII 
464 OAHU, HAWAII 
465 OAHU, HAWAII 
468 Davton, Ohio 
467 Davton, Ohio 
468 Davton, Ohio 
469 Manhattan, Kanaa1 
470 Manhattan, Kanau 
471 Plctou county, Nova Scotia 
472 Plctou countv, Nova Scotia 
473 Plctou county, Nova Scotia 
474 Pictou county, Nova Scotia 
475 Beltavilla, Marvland 
476 Belt1vllle, Maryland 
477 Beltavllle, MaNland 
478 Beltevllle, Maryland 
479 Beltavllle, Marvland 
480 Beltlvllle, Manllend 
481 BERKELEY, CALIFORNIA 
482 BERKELEY, CALIFORNIA 
483 BERKELEY, CALIFORNIA 
484 BERKELEY, CALIFORNIA 
485 BERKELEY, CALIFORNIA 
488 BERKELEY, CALIFORNIA 
487 BERKELEY, CALIFORNIA 
488 BERKELEY, CALIFORNIA 
489 BERKELEY, CALIFORNIA 
490 BERKELEY, CALIFORNIA 
491 BERKELEY, CALIFORNIA 
492 BERKELEY, CALIFORNIA 
493, BERKELEY, CALIFORNIA 
494: BERKELEY CALIFORNIA 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR PH % 'l(, % malka 

495 Vlaml1, J. et al., 1985. 1245 Barlev MARIOUT 37 
498 Vlarnl1 J. et al., 1985. 1245 Barley MARIOUT 37 
497 Vlaml1, J, et al., 1985. 1245 Barlev MARIOUT 37 
498 Vlaml1, J. et al,, 1985. 1245 Barley MARIOUT 37 
499 Vleml1, J. et el., 1985. 1245 Barlev MARIOUT 37 
500. Vlaml1, J. et al., 1985. 1246 Barlev MARIOUT 37 
501 Vlaml1. J. et al,, 1986. 1246 Barley MARIOUT 37 
502 Vlaml1, J. et al., 1985. 1245 Barlev MARIOUT 37 
503 Vlaml1, J. et al., 1986. 1246 Barley MARIOUT. 37 
504 Vl1ml1, J. et el., 1986. 1246 Barlev MARIOUT 37 
505 Vl ■ml1, J. et el., 1985, 1246 Barley MARIOUT 37 
506 Vlemli=, J. et cl., 1985. 1245 Barley MARIOUT 37 
507 Vl1ml1, J. et al,, 1986. 1246 Barlev MARIOUT 37 
508 V11ml1, J. et al,. 1986, 1245 Birley MARIOUT 37 
509 Vlami1, J. et al., 1986. 1245 Barlev MARIOUT 37 .. 610 Vl ■mi1, J. et al., 1986. 1246 Barley MARIOUT 37 
511 V11ml1. J. et al., 1986. 1246 lllarlev MARIOUT 37 
612 Vleml1, J. et el,. 1986. 1245 Barlev MARIOUT 37 
613 Vleml1, J. It .... 1986. 1246 Barley MARIOUT 37 
614 Vleml1, J, et al., 1985. 1246 Barlev MARIOUT 37 
516 Vleml1, J. et al., 1986, 1245 Barley MARIOUT 37 
618 Vleml1 J. et el., 1986. 1246 Barlev MARIOUT 37 
517 Vlemle, J. et al., 1986. 1246 Barley MARIOUT 37 
618 Vleml1, J. et al .. 1986. 1246 a.r11v MARIOUT : 37 
619 Vleml1 J. et al., 1985. 1245 Barlev MARIOUT 37 
520 Vleml■ J, et el., 1985, 1245 Barlev MARIOUT 37 
521 Vleml1, J. et al., 1985. 1245 Barley MARIOUT 37 
622 Vlemle, J. et al., 1985. 1245 Barlev MARIOUT 37 
623 Vl ■mle, J. et al., 1985. 1245 Barley MARIOUT 37 
624 Vleml1, J. et al. 1986. 1245 Barl1v MARIOUT 37 
525 Vleml1 J. et el., 1985, 1245 Barlev MARIOUT 37 
528 Vlaml1, J. et el., 1915. 1245 Barlev MARIOUT 37 
527 Vlaml1, J. et al. 1985. 1245 Barley MARIOUT 37 
621 Vlaml1. J, et al., 1986. 1245 Badey MARIOUT 37 
529 Vlamt1, J. et al., 1915. 1245 Bariey MARIOUT 37 
530 Vlamt1, J. et al .. 1985. 1245 Bariav MARIOUT 
531 Vlamll, J. et el .. 1H5. 1245 BM!ev MARK>UT 
632 VIMl'd J. et al .. 1985. 1245 BM!ev MAR!OUT 



TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N NI p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % "" ma/ka ma/ka mg/ka mg/kg CONTNT PROCESSING 

495 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
496 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
497 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
498 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
499 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
500 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY 
501 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY 
502 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
503 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
504 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
506 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
508 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
507 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY 
508 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY 
509 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
510 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
511 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
512 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
513 1470 800 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
514 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY 
515 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY 
618 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
517 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
518 1470 600 2.2 3.3 180 : 1.8 1090 3910 0.2 PRIMARY 
519 1470 600 2.2 3.3 180. 1.8 1090 3910 0.2 PRIMARY 
620 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
521 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY 
622 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY 
523 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
524 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
526 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
528 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY 
527 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY 
528 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY 
529 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY 
530 
531 
532 
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TABLE F-4 (cont.I 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL L0ADNG RATE L0ADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/he Ma/he APPLICATN NAME NAME TEXTURE 

495 45 45 0 DUBLIN L 
498 45 90 0 DUBLIN L 
497 45 135 0 DUBLIN L 
498 45 180 0 DUBLIN L 
499 45 225 0 DUBLIN L 
500 45 270 0 DUBLIN L 
501 45 315 0 DUBLIN L 
502 90 90 0 DUBLIN L 
503 90 180 0 DUBLIN L 
504 90 270 0 DUBLIN L 

·~ 505 90 360 0 DUBLIN L 
508 90 450 0 DUBLIN I. 
507 90 640 0 DUBLIN L 
508 90 830 0 ; DUBLIN L 
509 135 135 0 DUBLIN L 
610 135 .. 270 0 DUBLIN L 
511 136 405 0 DUBLIN L 
512 135 640 0 DUBLIN L 
613 136 875 0 UUBLIN L 
514 135 110 0 DUBLIN L 
615 135 946 0 DUBLIN L 
618 180 180 0 DUBLIN L 
617 180 380 0 DUBLIN L 
618 180 : 640 0 DUBLIN L 
619 180 720 0 DUBLIN l 
620 180 1100 0 DUBLIN L 
621 180 1080 0 DUBLIN L 
622 110 1280 0 DUBLIN L 
623 226 225 0 DUBLIN L 
624 225 450 0 DUBLIN L 
625 226 876 0 DUBLIN L 
628 226 IOO 0 DUBLIN L 
527 226 1126 0 DUBLIN L 
621 225 1350 0 DUBUN L 
621 225 1676 0 DVBUN L 
630 0 0 DUBLIN L 
631 0 0 OOBUH L 
632 0 0 DUBLIN L 



TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn . CONTENT CONTENT CONTENT CEC oc SOIL LOADING 
cmol/ko DH RATE (ko/hal "' "' "' "' 

495 20 5 176 
496 20 5 352 
497 20 5 528 
498 20 5 686 
499 20 5 815 
500 20 5 995 
501 20 5 1210 
502 20 5,2 352 
503 20 5.2 704 
504 20 5.2 1058 
505 20 5.2 1373 
506 20 5.2 1630 
507 20 5.2 1989 
508 20 5.2 2419 
509 : 20 4.5 628 -610 20 4.5 1058 
611 20 4.6 1594 
612 20 4.6 2059 
613 20 4.5 2445 
614 20 4.6 2984 
616 20 4.6 3029 
618 20 4.5 704 
617 20 4.5 1408 
618 : 20 : 4.6 2112 
619 20 4.5 2748 
620 20 4.6 3261 
621 20 4.5 3979 
622 20 4.6 4839 
523 20 NR 880 
624 20 NR 1780 
626 20 NR 2840 
628 20 NR 3432 
527 20 NR 4078 
528 20 NR 4974 
629 20 NR 6050 
530 20 5.5 0 

531 20 5.5 0 
532 20 5.5 0 



TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka mn/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

495 76 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
496 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
497 90 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
498 100 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
499 127 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
500 147 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
501 149 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
502 92 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
503 85 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
604 115 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
605 131 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
608 127 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
607 333 LEAF SLUDGE, FIELD, MATUR!TY 0 GRAIN 
608 238 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
609 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
510 15i LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
511 215 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
612 259 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
613 361 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
614 435 LEAF SLUDGE, AELD, MATURITY 0 GRAIN 
616 482 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
618 113 LEAF SLUDGE,AELD,MATURITY 0 GRAIN 
517 160 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 

: 618 248 : LEAF SLUDGE, FIELD, MATURITY 0 : GRAIN 
619 341 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
620 402 LEAF SLUDGE, AELD, MATURITY 0 GRAIN 
621 ◄ 55 LEAF SLUDGE, AELD, MATURITY 0 GRAIN 
522 820 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
623 NR LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
624 NR LEAF SLUDGE, AELD, MATURITY 0 GRAIN 
625 NR LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
5::t8 NR LEAF SLUDGE AELD, MATURITY 0 GRAIN 
627 NR LEAF SLUDGE,AELD,MATURITY 0 GRAIN 
621 NR LEAF SLUOGE. AELD, MATUfllTY 0 GRACN 
629 NR LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
63-0 45 LEAF SLUOGE,RELD,MATURITY 0 GRAIN 
631 41 LEAF SLUDGE. FIELD, MATURITY 0 GRAIN 
532 62 LEAF SLUOGE. FIELD MATURITY 0 GRAIN 



TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

495 NO 
496 NO 
497 NO 
498 NO 
499 NO 
500 NO 
501 NO 
502 NO 
503 NO 
504 NO 
505 NO 
506 NO 
507 NO 
508 NO .. 
509 NO 
510 NO 
51\ NO 
612 NO 
513 NO 
514 NO 
615 NO 
518 NO 
517 NO 
518 :NO : 

519 NO 
520 NO 
521 NO 
522 NO 
523 NO 
524 NO 
525 NO 
528 NO 
627 NO 
528 NO 
529 NO 
530 NO 
531 ; NO : 
532 NO i 



495 
496 
497 
498 
499 
500 
501 
502 
503 
504 
505 
508 
507 
608 
609 
510 
511 
512 
513 
514 
515 
516 
617 
618 
519 
620 
521 
522 
623 
624 
625 
626 
527 
521 
529 
530 
531 
532 

TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY CALIFORNIA 
BERKELEY. CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY. CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELfY. CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY. CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CALIFORNIA 
BERKELEY, CAUfORNIA 
BERKELEY, CAUfORNfA 
BERKELEY, CALIFORNIA 
BERKELEY. CALlfORNIA 
BERKELEY, CALlfORNfA 
BERKELEY CAUfORN4A 



TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH 'II, 'II, 'II, ma/ka 

533 Vlaml1, J. et al., 1985. 1245 Barley MARIOUT 
534 Vleml1. J. et at. 1985.1245 Barley MARIOUT 
535 Vlmnl1, J. et al. 1985. 1245 Barley MARIOUT 
538 Vlaml1, J. et al. 1985. 1245 Barley MARIOUT 
537 Vleml1, J, et al., 1985. 1245 Barley MARIOUT 
538 Vlaml1, J. et el., 1985. 1245 Barley MARIOUT 
539 Vleml1, J. et al., 1985. 1245 Barley MARIOUT 
540 Vlaml1, J. et el., 1985. 1245 Barlev MARIOUT 
541 Vlaml1, J. et al., 1985. 1245 Barley MARIOUT 
542 Vlaml1, J. et 111., 1985. 1245 Barley . MARIOUT 
543 Vlemi1, J. et al., 1985. 1245 Barley MARIOUT 
544 Vlaml1, J. et al., 1985. 1245 Barley MARIOUT 8 
545 Vl11mi1, J, et al., 1985. 1245 Barley MARIOUT 8 
546 Vlami1, J. at al., 1985. 1245 Barley MARIQUT 8 
547 Vlaml1, J. et GI., 1985. 1245 Barley MARIOUT 8 
548 Vlaml1, J. et al., 1985, 1245 e.tey MARIOUT 8 

549 Vl11ml1, J. et al., 1985. 1245 Barley MARIOUT 8 
550 Vlaml1, J. et tal., 1985. 1245 Barley MARIOUT 8 
551 Vlaml1, J. et al .. 1985. 1245 Barley MARIOUT 8 
552 Vlamla, J, et el., 1985, 1245 Barley MARIOUT 8 
553 Vleml1, J. at al,, 1985. 1245 Barley MARIOUT 8 
654 Vlemla, J. et Ill., 1985, 1245 Barley MARIOUT 8 
555 Vleml1, J, at al .. 1985. 1245 Barley MARIOUT 8 
551 Vlamll, J. et al., 1985. 1245 Barley : MARIOUT : 

557 Vlaml1, J, et al,, 1985, 1245 Barlev MARIOUT 
658 Vlaml1, J. et al., 1985. 1246 Barley MARIOUT 
559 Vlaml1,·J, et el., 1985. 1245 Barley MARIOUT 
560 Vlilfflil, J. et 111., 1985, 1245 Barlev MARIOUT 
561 Vleml1, J. et al., 1985. 1245 Barley MARIOUT 
562 Vlaml1 J, et al,, 1985, 1245 Barl1y MARIOUT 
563 Vlaml1, J, at 111., 1985, 1245 Barley MARIOUT 
584 Vlamll, J. et al.. 1985. 1245 Barley MARIOUT 
585 Vlaml1 J. et al., 1985. 1245 Barley MARIOUT 
566 Vlami1, J. et at. 1985. 1245 Barley MARIOUT 
587 Vlami1, J. et al., 1985. 1245 Barley MARIOUT 
568 Vl11ml1, J. et al, 1985. 1245 Barley MARIOUT 
569 Vlami1, J, et 111., 1985. 1245 Barley MARIOUT 
570 : Vlami11, J. et al. 1985. 1245 Berlev MARIOUT 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

malka malka "" "" ma/ka ma/ka mnfttn ma/ka CONTNT PROCESSING 

533 
534 
535 
536 
537 
538 
539 ; 

540 
541 
542 
543 
544 40 180 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 
545 40 180 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 
546 40 180 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 
547 40 180 1.2 1.1 40 0.4 250 ~ 

440 1 COMPOSTED 
548 40 110 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 
549 40 180 1.2 1. 1 40 0.4 2150 440 1 COMPOSTED 
550 40 180 1.2 1.1 40 0.4 260 440 1 COMPOSTED 
551 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 
552 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 
553 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
554 40 180 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 
665 40 110 1.2 1 .1 40 0.4 260 440 1 COMPOSTED 
558 40 110 1.2 1.1 40 0.4 260 440 1 COMPOSTED 
567 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 
661 40 110 1.2 1 .1 40 0.4 260 440 1 COMPOSTED 

559 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 
580 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 

581 40 110 1.2 1.1 40 0.4 260 440 1 COMPOSTED 

682 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 

683 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 

664 40 110 1.2 1.1 40 0.4 250 440 1 COMPOSTED 

585 40 110 1.2 1. 1 40 0.4 250 440 1 COMPOSTED 

61!6 40 110 1.2 1. 1 40 0.4 260 440 1 COMPOSTED 

687 40 1IO 1.2 1.1 . 40 0.4 260 440 1 COMPOSTED 

561 40 110 1.2 1.1 40 0.4 2SO 440 1 COWOSTED 
681 ,40 1IO 1.2 1 .1 40 0.4 260 440 1 COMPOSTED 

570 40 1IO 1.2 1.1 40 0.4 260 440 1 COMf'OSTEO 



TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

533 0 0 DUBLIN L 
534 0 0 DUBLIN L 
535 0 0 DUBLIN L 
536 0 0 DUBLIN L 
537 0 0 DUBLIN L 
538 0 0 DUBLIN L 
539 0 0 DUBLIN L 
540 0 0 DUBLIN L 
541 0 0 DUBLIN L 
542 0 0 DUBLIN L 
543 0 0 DUBLIN L 
544 45 45 0 DUBLIN L 
645 46 90 0 DUBLIN L 
546 i 45 13:S 0 ~ ! DUBLIN L 
547 45 180 0 DUBLIN L 
648 45 225 0 DUBLIN L 
649 45 270 0 DUBLIN L 
660 45 316 0 DUBLIN L 
561 90 90 0 DUBLIN L 
662 90 180 0 DUBLIN L 
653 90 270 0 DUBLIN L 
654 90 360 0 DUBLIN L 
665 90 460 0 DUBLIN L 
656 90 : 640 0 : DUBLIN L 
667 90 630 ·O DUBLIN L 
668 136 135 0 DUBLIN L 
659 135 270 0 DUBLIN L 
660 136 405 0 DUBLIN L 
661 135 640 0 DUBLIN L 
662 135 675 0 DUBLIN L 
563 136 810 0 DUBLIN L 
564 135 945 0 DUBLIN L 
565 180 180 0 DUBLIN L 
566 180 360 0 DUBLIN L 
567 180 540 0 DUBLIN L 
568 180 720 0 DUBLIN L 
569 180 900 0 DUBLIN L 
570 180 1080 0 DUBLIN L 



TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC QC SOIL LOADING 

% % % cmol/ka % DH RA TE lka/hal 

533 20 5.5 0 
534 20 5.5 0 
535 20 5.5 0 
536 20 5.5 0 
537 20 5.5 0 
538 20 5.5 0 
539 20 5.5 0 
540 20 5.5 0 
541 20 5.5 0 
542 20 5.5 0 
643 20 5.5 0 
644 20 7 20 
545 20 7 40 
648 20 7 80 
647 20" 7 92 
548 20 7 109 
649 20 7 130 
660 20 7 152 
561 20 7 40 
662 20 7 79 
653 20 7 119 
664 20 7 183 
556 20 7 218 
668 : 20 : 7 269 
657 20 7 302 
551 20 7 59 
569 20 7 119 
580 20 7 178 
681 20 7 275 
682 20 7 326 
663 20 7 311 
684 20 7 464 
586 20 7 H 
SM 20 1 111 
687 20 7 217 
651 20 7 428 
639 20 7 -494 
570 20 7 577 

F-3015 



TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT malka ma/ka SAMPLED EXPERIMENTAL DESIGN "" MEASURED 

533 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
534 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
535 98 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
536 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
537 69 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
538 39 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
539 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
540 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
541 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
642 96 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
543 45 LEAF SLUDGE, FIELD MATURITY 0 GRAIN 
544 66 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
645 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
546 52 LEAF. SLUDGE, FIELD, MATURITY 0 GRAIN 
547 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
548 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
549 93 LEAF: SLUDGE, FIELD, MATURITY 0 GRAIN 
550 54 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
551 69 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
552 49 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
553 44 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN 
554 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
565 39 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
568 : 83 LEAF' SLUDGE, FIELD, MATURITY : 0 GRAIN 
557 51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
558 73 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
569 59 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
580 61 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
581 39 LEAF SLUDGE, FIELD, MATURITY .0 GRAIN 
582 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
583 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
564 61 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
585 79 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
566 55 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
587 63 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
588 49 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
569 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
570 89 LEAF SLUDGE FIELD MATURITY 0 GRAIN 

F-307 



TABLE F-4 (oont,l 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

633 NO 
634 NO 
535 NO 
536 NO 
637 NO 
538 NO 
639 NO 
640 NO 
541 NO 
542 NO 
643 NO 
544 NO 
645 NO 
648 NO 

" 
647 NO 
548 NO 
549 NO 
550 NO 
651 NO 
652 NO 
553 NO 
554 NO 
555 NO· 
568 : NO : 

567 NO 
568 NO 
569 NO 
580 NO 
681 NO 
582 NO 
583 NO 
584 NO 
685 NO 
588 NO 
687 NO 
688 NO 
689 NO 
570 NO 

F-308 



TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

533 BERKELEY, CALIFORNIA 
534 BERKELEY, CALIFORNIA 
535 BERKELEY, CALIFORNIA 
538 BERKELEY, CALIFORNIA 
537 BERKELEY, CALIFORNIA 
538 BERKELEY, CALIFORNIA 
539 BERKELEY, CALIFORNIA 
540 BERKELEY, CALIFORNIA 
541 BERKELEY, CALIFORNIA 
542 BERKELEY, CALIFORNIA 
543 BERKELEY, CALIFORNIA 
544 BERKELEY, CALIFORNIA 
545 BERKELEY, CALIFORNIA 
5411 BERKELEY, CM.IFORNIA 
547 BERKELEY, CALIFORNIA 
548 BERKELEY, CALIFORNIA 
549 BERKELEY, CALIFORNIA 
550 BERKELEY, CALIFORNIA 
551 BERKELEY, CALIFORNIA 
552 BERKELEY, CALIFORNIA 
553 BERKELEY, CALIFORNIA 
554 BERKELEY, CALIFORNIA 
556 BERKELEY, CALIFORNIA 
5611 BERKELEY, CALIFORNIA 
567 BERKELEY, CALIFORNIA 
668 BERKELEY, CALIFORNIA 
569 BERKELEY, CALIFORNIA 
6110 BERKELEY, CALIFORNIA 
5111 BERKELEY, CALIFORNIA 
5112 BERKELEY, CALIFORNIA 
663 BERKELEY, CALIFORNIA 
564 BERKELEY, CALIFORNIA 
565 BERKELEY, CALIFORNIA 
586 BERKELEY, CALIFORNIA 
567 BERKELEY, CALIFORNIA 
568 BERKELEY, CALIFORNIA 
569 BERKELEY, CALIFORNIA 
570 BERKELEY CALIFORNIA 

F-309 
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TABLE f.4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % maJka 

571 Vllffll1. J. et al., 1985. 1245 B■rl ■v MARIOUT 8 
572 VJ ■rni., J •• , .... 1985. 1245 B■rlov MARIOUT 8 
573 Vllffll1, J. et II., 1985. 1245 B■ rl11v MARIOUT 8 

574 Vlaml1, J. et II., 1985. 1245 Barl11v MARIOUT 8 

575 Vllffll ■• J. et al., 1985. 1246 Barlov MARIOUT 8 

576 Vl ■mi■, J. at el., 1985. 1246 Barlev MARIOUT 8 

577 VJIIIToi ■, J. •t .... 1985. 1245 Barlev MARIOUT 8 

578 Vl ■ml• J. et al., 1985. 1245 Barlev MARIOUT 8 
579 R■oo ■oort, B.D. et el., 1987. 1197 Corn Pioneer 3192 
580 Rann..iort, B.D. et al., 1987. 1197 Corn Pioneer 3192 
581 Rann■oon, B.D. et al., 1987. 1197 Corn Pioneer 3192 
682 Reoo ■oort, B.D. et II., 1987.1197 Carn Pioneer 3192 
583 R,onnanort, B.D. et al., 1987. 1197 Corn Pioneer 3192 
584 Rann.anon, B.D. et al., 1987, 1197 Corn Pioneer 3192 
685 Reonaoon, B.D. et el., 1987. 1197 Corn Pioneer 3192 
588 Rannaoort, B.D. et el,, 1987. 1197 Corn Pioneer 3192 
687 R11nn1111ort, B.D. et el., 1987. 1197 Corn Pione ■ r 3192 
688 Rannanort, B.D. et II., 1987.1197 Corn Pioneer 3192 
589 RannMKirt, B.O. etel., 1987.I197 Corn Pioneer 3192 
690 Raonaoon, B.D. et al •• 1987. 1197 Com Pioneer 3192 
591 R-..M>O,t, B.D. et al., 1987. 1197 Com Pioneer 3192 
692 Rmnanon, B.D. et el., 1987. 1197 Com · Pioneer 3192 

593 Raonaoon, B.D. et al., 1987. 1197 Com Pioneer 3192 

: 594 R - B.D. et II. 1987. 1197 ,Com Pioneer 3192 : 

696 Rmnanon, 8.0. et el., 1987. 1197 Com Pioneer 3192 
598 RannMlft,t, 8.0. et al., 1987. 1197 Com Pioneer 3192 
697 BIDWELL AND DOWDY, 1987 CORN 139 
598 BIDWELL AND DOWDY, 1987 CORN 139 

599 BIDWELL AND DOWDY, 1987 CORN 139 

800 BIDWELL ANO DOWDY, 1987 CORN 139 

801 BIDWELL AND DOWDY, 1987 CORN 139 

802 BIDWELL AND DOWDY, 1987 CORN 139 

803 BIDWELL AND DOWDY, 1987 CORN 139 

804 BIDWELL AND DOWDY, 1987 CORN 139 

805 BIDWELL AND DOWDY, 1987 CORN 139 

808 BIDWELL AND DOWDY, 1987 CORN 139 

607 BIDWELL AND DOWDY, 1987 CORN 139 

608 BIDWELL AND DOWDY. 1987 CORN 139 

F-310 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

mg/kg mg/kg % % mg/kg mg/kg mg/kg mg/kg CONTNT PROCESSING 

571 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
572 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
573 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
574 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
575 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
576 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
577 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
578 40 · 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED 
579 
580 
581 
582 
583 
584 .. 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 : : 

595 
598 
697 1987 
598 1987 
599 1987 
eoo 1987 
801 1987 
802 1987 
603 1987 
804 1987 
805 1987 
80e 1987 
607 1987 
608 1987 
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TABLE F--4 (cont.I 

SLUDGE ANNLSLUOGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Mn/ha Ma/ha APPLICATN NAME NAME TEXTURE 

671 180 1260 0 DUBLIN L 
672 225 225 0 DUBLIN L 
673 226 450 0 DUBLIN L 
674 225 875 0 DUBLIN L 
675 226 900 0 DUBLIN L 
578 226 1125 0 DUBLIN L 
577 226 1350 0 DUBLIN L 
678 225 1575 0 DUBLIN L 
679 Twlc Hapludult Boiac lo11mv111nd 
680 Typlc Hapludult Botac loamy1■nd 

581 Twio HIIPludult Bojac loamy ■ and 

682 Twic Hapludult Boiac loamy1■ nd 

583 
684 . Twlo Haoludult 

Twlo HIIPludult 
Bolac 
Bojac 

loamyHnd 
loamy ■ and 

685 Rhodie Paleudult Davidson clay loam 
688 Rhodie Pal1udult David1on clay loam 
687 Rhodie Paleudult David1on clavloam 
688 Rhodie Pal1udult David1on clay loam 
689 Rhodie Paleudult David1on clay loam 
690 Rhodie Paleudult DINidlOn davloam 
691 Twlc Hllllludult Gro1acloH lilt loam 
692 Twlo Haoludult Gr01aclo1 ■ 1llt loam 
693 Twlo Haoludult GrOleclOH 1ilt loam 
694 : Twlo Haoludult : Gro ■ aclo ■ a lilt loam 
696 Tvnlo HIIPludult Gr01ecloH lilt loam 
698 Twlo Haoludult Gro1ecloH lilt loam 
697 0 1 Twlo Hapludoll Waukeaan 1ilt loam 
698 80 1 Tvnlo Haoludoll Waukegan 1ilt loam 
699 120 1 Twlo Hapludoll Waukeaan 1iltloam 
800 180 1 Typlo Hapludoll Waukeaan 1llt loam 
801 0 2 Twlo HaDludoll Waukeoan 1llt loam 
802 80 2 Twlo Haoludoll Waukegan 1iltloam 
803 120 2 TYPic HaPludoll Waukegan 1llt loam 
804 180 2 Typic Haoludoll Waukeaan 1ilt loam 
805 
808 

0 
. 80 

3 
3 

Typlc Hapludoll 
Twlc Har>ludoll 

Waukegan 
Waukegan 

1iltloam 
lilt loam 

807 120 3 Twic Hapludoll Waukegan 1ilt loam 
808 180 3 TY!lic Hapludoll Waukeaan silt loam 
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TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

'l(, 'l(, 'l(, cmol/ko 'l(, DH RATE (kan,a) 

571 20 7 884 
572 20 7 119 
573 20 7 238 
574 20 7 358 
575 20 7 518 
576 20 7 602 
577 20 7 706 
578 20 7 815 
578 64 27.8 8.2 5.4 8.1 0 
580 64 27.8 8.2 5.4 6.2 125 
581 64 21.e 8.2 5.4 8.1 248 
582 64 27.8 8.2 6.4 5.8 372 
583 64 27.8 8.2 5.4 6 498 
584 64 27.8 8.2 -6.4 6 620 
585 15.3 47.1 37.6 12.5 5.7 0 
588 15.3 47.1 37.6 : 12.5 6 125 
587 15.3 47.1 37.6 12.5 5.8 248 
588 16.3 47.1 37.6 12.6 5.9 372 
589 16.3 47.t 37.6 12.5 5.9 496 
590 15.3 47.1 37.6 12.6 5.9 620 
591 20.7 59.3 20 9.3 5.7 0 
592 20.7 69.3 20 9.3 6 125 
593 20.7 59.3 20 9.3 5.9 248 
594 20.7 59.3 20 : 9.3 : 5.9 372 
595 20.7 59.3 20 9.3 5.9 498 
596 20.7 59.3 20 9.3 5.9 620 
597 8.2 0 
698 6.2 108 
599 6.2 219 
600 6.2 348 
601 6.2 0 
602 8.2 106 
603 6.2 219 
804 8.2 348 
605 8.2 0 
606 8.2 108 ' 
807 8.2 219 
808 6.2 348 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT mnllco mglka SAMPLED EXPERIMENTAL DESIGN "' MEASURED 

571 68 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
572 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
573 58 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
574 66 LEAF SLUDGE FIELD, MATURITY 0 GRAIN 
675 51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
575 -46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
577 88 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
578 77 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
579 66 Ear L1111f SLUDGE FIELD, MATURITY 0 GRAIN 
580 69 Ear L1111f SLUDGE, FIELD, MATURITY 0 GRAIN 
581 68 Ear L1111f SLUDGE, FIELD, MATURITY 0 GRAIN 
582 66 Ear Leaf SLUDGE, FIELD, MATURITY 0 GRAIN 
583 60 Ear L1111f SLUDGE, FIELD, MATURITY 0 GRAIN 
584 71 Ear L1111f SLUDGE, FIELD, MATURITY 0 GRAIN 
585 21 E ■ r Leaf -SLUDGE, FIELD, MATURITY 0 GRAIN 
586 21 Ear Leaf SLUDGE, FIELD, MATURITY 0 GRAIN 
587 25 Ear Lll11f SLUDGE, FIELD, MATURITY 0 GRAIN 
588 26 Ear Leaf SLUDGE, FIELD, MATURITY 0 GRAIN 
589 28 Ear Lll11f SLUDGE, FIELD, MATURITY 0 GRAIN 
590 27 Ear L■ af SLUDGE. FIELD, MATURITY 0 GRAIN 
591 22 Ear L■ af SLUDGE, FIELD, MATURITY 0 GRAIN 
592 28 Ear LHf SLUDGE, FIELD, MATURITY 0 GRAIN 
593 39 Ear Leaf SLUDGE, FIELD, MATURITY 0 GRAIN 

: 594 "° ,Ear Leaf SLUDGE, FIELD, MATURITY 0 ' GRAIN 
595 -48 Ear LHf SLUDGE, FIELD, MATURITY 0 GRAIN 
599 -46 Ear LHf SLUDGE, FIELD, MATURITY 0 GRAIN 
597 20 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
598 89 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
599 101 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
600 1-40 Stov11r SLUDGE, FIELD, MATURITY 0 STOVER 
601 32 Stov11r SLUDGE, FIELD, MATURITY 0 STOVER 
602 73 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
603 119 Stov11r SLUDGE, FIELD, MATURITY 0 STOVER 
604 153 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
605 19 Stov11r SLUDGE, FIELD, MATURITY 0 STOVER 
608 61 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
607 87 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
608 121 Stover SLUDGE FIELD MATURITY 0 STOVER 
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TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

571 NO 
572 NO 
573 NO 
574 NO 
575 NO 
578 NO 
577 NO 
578 NO 
579 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
580 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
581 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
582 0 STOVl:R NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
583 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
584 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
585 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
588 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
587 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
588 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
589 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
590 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
591 0 STOVER NO YIELD.REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
592 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
593 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
594 0 STOVER: NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
595 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
598 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRITTEN STATEMENT 
597 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
598 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
599 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH MET .A.LS BY AUTHORS 
eoo 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
801 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
802 43• GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
803 2e• GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
804 24• GRAIN "NO •GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
805 0 GRAIN· NO 
608 22• GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
607 5• GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
608 9• GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS 
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TABLE F·4 (cont.) 

LOCATION 
OF 

STUDY 

571 BERKELEY, CALIFORNIA 
572 BERKELEY, CALIFORNIA 
673 BERKELEY, CALIFORNIA 
574 BERKELEY, CALIFORNIA 
575 BERKELEY, CALIFORNIA 
578 BERKELEY, CALIFORNIA 
577 BERKELEY, CALIFORNIA 
678 BERKELEY, CALIFORNIA 
679 COASTAL PLAIN VIRGINIA 
680 COASTAL PLAIN VIRGINIA 
681 COASTAL PLAIN VIRGINIA 
682 COASTAL PLAIN VIRGINIA 
683 COASTAL PLAIN VIRGINIA 
684 COASTAL PLAIN VIRGINIA 
685 PIEDMONT VIRGINIA 
588 PIEDMONT VIRGINIA 
587 PIEDMONT VIRGINIA 
588 PIEDMONT VIRGINIA 
689 PIEDMONT VIRGINIA 
690 PIEDMONT VIRGINIA 
691 FOOTHILLS VIRGINIA 
692 FOOTHILLS VIRGINIA 
693 FOOTHILLS VIRGINIA 
694 FOOTHILLS VIRGINIA 
595 FOOTHILLS VIRGINIA 
598 FOOTHILLS VIRGINIA 
597 MINNESOTA 
698 MINNESOTA 
599 MINNESOTA 
800 MINNESOTA 
801 MINNESOTA 
802 MINNESOTA 
803 MINNESOTA 
804 MINNESOTA 
805 MINNESOTA 
808 MINNESOTA 
607 MINNESOTA 
608 MINNESOTA 
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TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % mg/kg 

609 BIDWELL AND DOWDY, 1987 CORN 139 
610 BIDWELL AND DOWDY, 1987 CORN 139 
611 BIDWELL AND DOWDY, 1987 CORN 139 
612 BIDWELL AND DOWDY, 1987 CORN 139 
613 BIDWELL AND DOWDY, 1987 CORN 139 
614 BIDWELL AND DOWDY, 1987 CORN 139 
615 BIDWELL AND DOWDY, 1987 CORN 139 
616 BIDWELL AND DOWDY, 1987 CORN 139 
617 BIDWELL AND DOWDY, 1987 Com 
618 BIDWELL AND DOWDY, 1987 Com 
619 BIDWELL AND DOWDY, 1987 Com 
820 BIDWELL AND DOWDY, 1987 Corn 
821 RAPPAPORT ET AL 1987 Corn 
622 RAPPAPORT ET AL 1987 Com -
823 RAPPAPORT ET AL 1987 Corn 

j 824 CHANG ET AL 1983 BARLEY i 72 53 
625 CHANG ET AL 1983 BARLEY 72 53 
828 CHANG ET AL 1983 BARLEY 72 53 
827 CHANG ET AL 1983 BARLEY 72 53 
828 CHANG ET AL 1983 BARLEY 72 53 
829 CHANG ET AL 1983 BARLEY 72 53 
830 CHANG ET AL 1983 BARLEY 72 53 
831 CHANG ET AL 1983 BARLEY 72 53 
832 ; CHANG ET AL 1983 BARLEY ; 72 53 
833 CHANG ET AL 1983 BARLEY 72 53 
834 CHANG ET AL 1983 BARLEY 72 53 
835 CHAl\!G ET AL 1983 BARLEY 72 53 
838 CHANG ET AL 1983 BARLEY 72 53 

837 CHANG ET AL 1983 BARLEY 72 53 

838 CHANG ET AL 1983 BARLEY 72 53 

839 CHANG ET AL 1983 BARLEY 72 53 

840 CHANG ET AL 1983 BARLEY 72 53 
841 CHANG ET AL f983 BARLEY 72 53 
642 CHANG ET AL 1983 BARLEY 72 53 
843 CHANG i:T AL 1983 BARLEY 72 53 
844 CHANG ET AL 1983 BARLEY 72 53 
645 CHANG ET AL 1983 BARLEY 72 53 
646 CHANG ET AL 1983 BARLEY 72 53 
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TA BU: F-4 (eonL) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

mo/ka molka "' "' malka malka molka ma/ka CONTNT PROCESSING 

809 1987 
610 1987 
611 1987 
612 1987 
613 1987 
614 1987 
615 1987 
616 1987 
617 Control 
618 Year 1, Year, 2 and 3 
619 Year 1, Year, 2 and 3 
620 Year 1, Year, 2 ind 3 
621 
622 
823 . 
824 1437 898 0.6 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
625 1437 898 0.6 373 0.8 1153 3648 60 AEROBICALLY DIG. COMPOSTED 
628 1437 898 0.6 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
627 1437 898 0.6 373 o.e 1153 3648 80 AEROBICALLY DIG. COMPOSTED 
628 1437 898 0.6 373 0.8 1163 3648 60 AEROBICALLY DIG. COMPOSTED 
829 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
830 1437 898 0.5 373 0.8 1153 3648 60 AEROBICALLY DIG. COMPOSTED 
831 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
832 1437 898 ; 0.5 373 0,8 1153 3648 : 60 AEROBICALLY DIG. COMPOSTED 
833 1437 898 0.5 373 0.8 1163 3548 60 AEROBICALLY DIG. COMPOSTED 
834 1437 898 0.5 373 0.8 1153 3648 eo AEROBICALLY DIG. COMPOSTED 
836 1437 898 0.5 373 o.8 1153 3648 60 AEROBICALLY DIG. COMPOSTED 
838 1437 898 0.5 373 0.8 1153 3548 eo AEROBICALLY DIG. COMPOSTED 
837 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
838 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
839 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
840 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
841 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
642 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
843 1437 898 0.5 373 0,8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
844 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
645 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
646 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Mg/ha Mg/ha APPLICATN NAME NAME TEXTURE 

609 0 4 Typic HaDludoll Waukeaan silt loam 
610 60 4 Typic Hapludoll Waukegan silt loam 
611 120 4 Typic Hepludoll Waukegan silt loam 
612 180 4 Typlc Ha0ludoll Waukegan silt loam 
613 0 5 Typic Hapludoll Waukeaan silt loam 
614 60 5 TVDic Hapludoll Waukegan silt loam 
615 120 5 Twic Hapludoll Waukegan silt loam 
616 180 5 TVDic Ha0ludoll Waukeaen silt loam 
617 0 0 6 Typic Hapludoll Waukegan silt loam 
618 30,15 60 6 Typlc Hapludoll Waukegan silt loam 
619 60,30 120 6 Typic Hapludoll Waukeaan silt loam 
620 90,45 180 6 Typic Hapludoll Waukeaan silt loam 
621 
622 

0 
42 . Typic Ochraqualfs 

Typic Ochraaualfs 
Acradale 
Aoradale 

silt loam 
silt loam 

623 84 Typic Ochraqualfs Acradale silt loam 
624 0 0 0 XEROUIC CALCIOTHID DOMINO LOAM 
625 22.5 22.5 0 XEROUIC CALCIOTHID DOMINO LOAM 
626 45 45 0 XEROLUC CALCIOTHID DOMINO LOAM 
627 90 90 0 XEROLLIC CALCIOTHID DOMINO LOAM 
628 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
829 22.5 45 0 XEROLLIC CALCIOTHID DOMINO LOAM 
830 45 90 0 XEROLLIC CALCIOTHID DOMINO LOAM 
831 90 180 0 XEROLLIC CALCIOTHID DOMINO LOAM 
832 0 : 0 0 XEROUIC CALCIOTHID : DOMINO LOAM 
633 22.5 68 0 XEROLLIC CALCIOTHID DOMINO LOAM 
834 45 135 0 XEROUIC CALCIOTHID DOMINO LOAM 
835 90 271 0 XEROLLIC CALCIOTHID DOMINO LOAM 
638 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
637 22.5 90 0 XEROLLIC CALCIOTHID DOMINO LOAM 
638 45 180 0 XEROLLIC CALCIOTHID DOMINO LOAM 
639 90 361 0 XEROLLIC CALCIOTHID DOMINO LOAM 
840 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
841 22.5 113 0 XEROLLIC CALCIOTHID DOMINO LOAM 
642 45 226 0 XEROUIC CALCIOTHID DOMINO LOAM 
843 90 451 0 XEROLLIC CALCIOTHID DOMINO LOAM 
644 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
645 22.5 135 0 XEROLUC CALCIOTHID DOMINO LOAM 
646 45 271 0 XEROLLIC CALCIOTHID DOMINO LOAM 
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TABLE F-4 (cont.I 

SANO SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

"% % % cmol/ka % pH RATE lka/hal 

809 8.2 0 
810 8.2 108 
811 8.2 219 
812 8.2 348 
813 6.2 0 
814 6.2 106 
815 6.2 219 
8115 6.2 348 
817 6.2 0 
818 8.2 106 
819 6.2 219 
820 6.2 348 
821 37.8 62.3 9.9 6.9 8.8 0 
822 37.8 62.:! 9.9 8.9 8.8 124 
623 37.8 62.3 9.9 e":9 6.6 248 
824 40 7.5 0 
825 40 7.4 80 
828 40 7.4 180 
627 40 7.2 320 
828 40 7.1 0 
829 40 7 180 
830 40 7.1 320 
831 40 7.1 840 
832 : 40 : 7.3 0 
833 40 7.2 240 
834 40 7.1 480 
836 40 7.1 980 
838 40 7.1 0 
837 40 7 320 
838 40 6.9 840 
839 40 8.8 1280 
840 40 7.2 0 
841 40 8.9 400 
842 40 6.8 800 
843 40 6.6 1800 
844 40 7 0 
845 40 16.9 480 
646 40 6.6 960 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

609 31 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
610 88 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
611 105 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
612 107 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
613 26 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
614 112 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
615 114 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
616 154 Stover SLUDGE, FIELD, MATURITY 0 STOVER 
617 18.5 Stover SLUDGE, FIELD, MATURITY 0 Stover 
618 66.6 Stover SLUDGE, FIELD, MATURITY 0 Stover 
619 75.8 Stover SLUDGE, FIELD, MATURITY 0 Stover 
620 105 Stover SLUDGE, FIELD, MATURITY 0 Stover 
621 0.2 14 Earleaf SLUDGE, FIELD, MATURITY 0 Stover 
822 27 Earleaf .SLUDGE, FIELD, MATURITY 0 Stover 
623 26 31 Earleaf. SLUDGE, FIELD, MATURITY 0 .. Stover 
824 4 N HN03 20 LEAF; SLUDGE, FIELD, MATURITY 0 TOT AL BIOMASS 
825 4 N HN03 24 LEAF SLUDGE, FIELD, MATURITY 0 TOT AL BIOMASS 
828 4 N HN03 29 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
827 4 N HN03 30 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
828 4 N HN03 14 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
829 4 N HN03 20 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
830 4 N HN03 23 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
831 4 N HN03 30 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
832 4 N HN03 18 : LEAF SLUDGE, FIELD, MATURITY 0: TOTAL BIOMASS 
633 4 N HN03 17 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
834 4N HN03 20 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
835 4 N HN03 43 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
838 4 N HN03 23 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
837 4 N HN03 29 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
838 4 N HN03 28 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
839 4 N HN03 51 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
840 4 N HN03 21 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
841 4 N HN03 26 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
842 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
643 4 N HN03 34 LEAF SLUDGE, FIELD, MATURITY 0 TOT AL BIOMASS 
844 4 N HN03 21 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
845 4 N HN03 26 LEAF SLUDGE, FIELD, MATURITY 0 TOT AL BIOMASS 
646 4 N HN03 30 LEAF SLUDGE, FIELD MATURITY 0 TOT AL BIOMASS 
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TABLE F-4 (oont.J 

YIELD. YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

609 0 GRAIN NO 
810 0 GRAIN NO 
811 0 GRAIN NO 
812 0 GRAIN NO 
613 0 GRAIN NO 
614 0 GRAIN NO 
815 0 GRAIN NO 
618 0 GRAIN NO 
817 0 GRAIN NO 
818 0 GRAIN NO 
819 0 GRAIN NO 
820 0 GRAlt.l NO 
821 NO 
822 NO 
823 NO 
824 NO 
825 NO 
828 NO 
827 NO 
828 NO 
829 NO 
830 NO 
831 NO 
832 NO : 

833 NO 
634 NO 
e3s NO 
838 NO 
837 NO 
638 NO 
839 NO 
fS40 NO 
e41 NO 
842 NO 
6<13 NO 
644 NO 
645 NO 
646 NO 
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TABLE F-4 (cont.) 

LOCATION 
OF 

STUDY 

609 MINNESOTA 
610 MINNESOTA 
611 MINNESOTA 
612 MINNESOTA 
613 MINNESOTA 
614 MINNESOTA 
615 MINNESOTA 
816 MINNESOTA 
817 MINNESOTA 
818 MINNESOTA 
819 MINNESOTA 
620 MINNEso·rA 
821 Adantlc Coutal Plain 
622 Atlantic Coaatal Plain 
823 Atlantic Coaatal Plain 
824 Riveralde, California 
825 Riveraide, Californie 
828 Rlveraide, California 
827 Riveralde, California 
828 Riveralde, California 
829 Rlveralde, California 
830 Riveralde, California 
831 Riveraide, California 
832 Riveraide, California : 
833 Rlveraida, California 
834 Riveralda, California 
835 Riveralde, California 
838 Riveralde, California 
837 Riveraide, California 
638 River■ lde, California 
639 Riveraida, California 
640 Riveraide, California 
841 Riverside, California 
642 Rivereide, California 
843 River•ide, California 
844 River■ ide, California 
645 Riverside, California 
646 Riverside, California 
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TABlE F-4 (oont.J 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ce Cd 

CITATION NAME CULTIVAR 11H % % % mo/ka 

647 CHANG ET AL 1983 BARLEY 72 53 
648 CHANG ET AL 1983 BARLEY 72 53 
649 CHANG ET AL 1983 BARLEY 72 53 
650 CHANG ET AL 1983 BARLEY 72 53 
651 CHANG ET AL 1983 BARLEY 72 53 
652 CHANG ET AL 1983 BARLEY 72 53 
653 CHANG ET AL 1983 BARLEY 72 53 
654 CHANG ET AL 1983 BARLEY 72 53 
655 CHANG ET AL 1983 BARLEY 72 53 
656 CHANG ET AL 1983 BARLEY 72 53 
657 CHANG ET AL 1983 BARLEY 72 53 
658 CHANG ET AL 1983 BARLEY 72 53 
659 CHANG ET AL 1983 BARLEY 72 53 
(160 CHANG ET AL 1983 BARLEY 72 53 
661 CHANG ET AL 1983 BARLEY 72 53 
682 CHANG ET AL 1983 BARLEY 72 53 
863 CHANG ET AL 1983 BARLEY 72 53 
664 CHANG ET AL 1983 BARLEY 72 53 
G65 CHANG ET AL 1983 BARLEY 72 53 
868 CHANG ET AL 1983 BARLEY 72 53 
867 CHANG ET AL 1983 BARLEY 72 53 
888 CHANG ET AL 1983 BARLEY 72 53 
869 CHANG ET AL 1983 BARLEY 72 53 
870 CHANG ET AL 1983 BARLEY : 72 53 
871 CHANG ET AL 1983 BARLEY 72 53 
'572 CHANG ET Al 1983 BARLEY 75 126 
1173 CHANG ET AL 1983 BARLEY 75 128 
674 CHANG ET AL 1983 BARLEY 75 128 
675 CHANG ET AL 1983 BARLEY 75 126 
678 CHANG ET AL 1983 BARLEY 75 126 
877 CHANG ET AL 1983 BARLEY 75 128 
378 CHANG ET AL 1983 BARLEY 75 126 
679 CHANG ET AL 1983 BARLEY 75 126 
680 CHANG ET AL 1983 BARLEY 75 126 
&81 CHANG ET AL 1983 BARLEY 75 126 
682 CHANG ET AL 1983 BARLEY 75 128 
683 CHANG ET AL 1983 BARLEY 75 128 
684 CHANG ET AL 1983 BARLEY 75 126 

F-324 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

647 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
648 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
649 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
650 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
651 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG; COMPOSTED 
652 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
653 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
654 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
655 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
656 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
657 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
658 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
659 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
660 1437 898 0.5 373 0.8 1153 • 3548 60 AEROBICALLY DIG. COMPOSTED 
861 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
662 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
663 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
864 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
665 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
868 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
867 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
888 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
889 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
870 1437: 896 0.5 373 0.8 1153 : 3548 60 AEROBICALLY DIG. COMPOSTED 
871 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED 
872 2092 1800 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED 
873 2092 1800 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED 
874 2092 1800 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED 
875 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 

678 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
877 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 

678 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
879 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
680 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
681 2092 1800 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED 

682 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 

683 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
684 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
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TABlE F-4 (cont.) 

SLUDGE ANNLSLUDGE CUMMl SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Mn/he Mn/ha APPLICATN NAME NAME TEXTURE 

647 90 541 0 XEROLUC CALCIOTHID DOMINO LOAM 
648 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
849 22.5 22.5 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
850 45 45 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
651 90 90 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
652 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
653 22.5 45 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
654 45 90 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
655 90 180 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
656 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
657 22.5 68 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
658 45 135 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
659 90 271 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
860 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
661 22.5 90 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
662 45 180 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
663 90 381 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
684 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
865 22.5 113 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
668 45 226 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
887 90 451 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
668 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
889 22.5 135 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
670 : 45 271 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
871 90 541 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
872 0 0 0 XEROLUC CALCIOTHID DOMINO LOAM 
873 18 16 0 XEROWC CALCIOTHID DOMINO LOAM 
874 30 30 0 XEROUIC CALCIOTHID DOMINO LOAM 
875 60 60 0 XEROLLIC CALCIOTHID DOMINO LOAM 
676 0 0 0 XEROLUC CALCIOTHID DOMINO LOAM 
877 11S 32 0 XEROLUC CALCIOTHID DOMINO LOAM 
678 30 81 0 XEROLLIC CALCIOTHID DOMINO LOAM 
879 60 120 0 XEROLLIC CALCIOTHID DOMINO LOAM 
680 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
681 18 47 0 XEROLLIC CALCIOTHID DOMINO LOAM 
682 30 92 0 XEROLLIC CALCIOTHID DOMINO LOAM 
683 60 180 0 XEROLLIC CALCIOTHID DOMINO LOAM 
684 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
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TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
' CONTENT CONTENT CONTENT CEC QC SOIL LOADING 

' % 'II, % cniol/kg 'II, DH RATE (ka/h11I 

647 40 6.4 1920 
648 16 6.3 0 
649 16 6.5 80 
650 16 6.6 160 
651 16 6.7 320 
652 16 6.3 0 
853 ; 16 6.5 160 
664 16 6.5 320 
865 16 6.5 640 
668 16 6.6 0 
857 16 7 240 
868 16 6.9 480 
859 18 6.9 960 
860 ,. 18 6.7 0 
681 16 6.8 320 
862 16 6.7 640 
883 18 6.7 1280 
884 18 8.9 0 
885 16 8.7 400 
888 18 8.8 800. 
887 18 8.7 1800 
888 1G 7 0 
889 18 8.7 480 
870 : 18 : 6.8 960 
871 18 8.3 1920 
872 40 7.2 0 
873 40 8.7 88 
874 40 8 130 
876 40 6.7 262 
878 40 7.5 0 
877 40 6.6 136 
878 40 5.9 261 
879 40 5.7 504 
880 40 7.2 0 
881 40 8.4 203 
882 40 6 391 
683 ! 40 6.1 756 
684 ' 40 7. 1 0 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT I YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN "' MEASURED 

647 4N HN03 41 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
· 848 4N HN03 18 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 

849 4NHN03 19 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
850 4N HN03 20 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
851 4N HN03 28 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
652 4N HN03 13 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
853 4N HN03 22 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
854 4NHN03 23 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
855 4N HN03 25 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
858 4N HN03 25 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
857 -· 4N HN03 23 .LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
858 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
859 4N HN03 37 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
880 4N HN03 21 LEAF .SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
881 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
882 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
883 4N HN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
884 4N HN03 18 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
8115 4NHN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
888 4NHN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
887 4NHN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
888 4N HN03 22 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
8119 4N HN03 47 LEAF SLUDGE,FIELD,MATURITY 0 TOTAL BIOMASS 
870 4N HN03 511: LEAF SLUDGE, FIELD, MATURITY :0 TOTAL BIOMASS 
871 4NHN03 57 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
872 4NHN03 17 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
873 4NHN03 29 LEAF SLUDGE,FIELD,MATURITY 0 TOTAL BIOMASS 
874 4NHN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
876 4N HN03 49 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
878 4N HN03 11 LEAF SLUDGE FIELD, MATURITY 0 TOTAL BIOMASS 
877 4NHN03 42 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
871 4NHN03 29 LEAF SLUDGE. Fl£LD. MATURITY 0 TOTAL BIOMASS 
871 4NHN03 35 LEAF SLUDGE FIELD. MATURITY 0 TOTAL BIOMASS 
CHO 4NHN03 18 LEAF SLUDGE. FIELD, MATURITY 0 TOTAL BIOMASS 
811 4NHN03 25 LEAF SLUDGE. FIELD MATURITY 0 TOTAL B40MASS 
812 4NHN03 34 LEAF SLUDGE, AELD MATUfflTY 0 TOTAL BtOMASS 
813 4NHH03 41 LEAF SLUDGE. AELD, MATlMITY 0 TOTAL BIOMASS 
814 4NHN03 20 LEAF SLUDGE AELD. MATURITY 0 TOTAL BIOMASS 



TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

647 NO 
~48 NO 
649 NO 
650 NO 
651 NO 
1352 NO 
653 NO 
654 NO 
855 NO 
1156 NO 
557 NO 
858 NO 
859 NO 
680 NO -
881 NO 
382 NO 
163 NO 
884 NO 
885 NO 
888 NO 
887 NO 
888 NO 
989 NO 
870 NO : 

871 NO 
872 NO 
873 NO 
874 NO 
175 NO 
878 NO 
877 ' NO 
878 NO 
S79 NO 
880 NO 
881 NO 
882 NO 
683 NO ' 
684 NO ; 
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TABLE F-4 (cont.) 

LOCATION 
OF 

STUDY 

647 Riverside, California 
648 Riverside, C111ifoml11 
849 Riv11ralde, California 
650 Riveralde, California 
651 Riv11ralde, California 
852 Riveraide, California 
853 Riveralde, California 
854 River■ lde, California 
855 River11de, California 
858 Rlv11rlid1, California 
857 Riv11rlld11, California 
858 Riverlida, California 
859 Riv1rlid11, Celifornl ■ 
880 Riverlida, California 
881 Riv11r11d1, California 
882 Rivar■lda, California 
883 Riverlida, California 
884 Rlvarlide. California 
885 Rlvar■lda, California 
888 Riv1r■ld1, California 
887 River1ld1, California 
888 River11d1, California 
889 Riverelde, C■llfornia 
870 Rlver■ lda, California : 

871 Rlvarelde, California 
872 Riverekle, California 
873 Rlverelde, California 
874 Riverside, California 
875 Riveralde, California 
878 RiVflllda, California 
877 Rlverlkla, California 
871 Rlvfllkla, California 
879 Rlvereld1, California 
880 Rlwralda, CaKfornla 
1!11 RI~. CalifOfM 
812 Rlwfalde, CaifOfM 
813 ruv,ffl<f ,, Califom■ 
!84 Rlvarlkla. Caliloma 



TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR oH % % % ma/ka 

685 CHANG ET AL 1983 BARLEY 75 126 
686 CHANG ET AL 1983 BARLEY 75 126 
687 CHANG ET AL 1983 BARLEY 75 126 
688 CHANG ET AL 1983 BARLEY 75 126 
689, CHANG ET AL 1983 BARLEY 75 126 
690: CHANG ET AL 1983 : BARLEY 75 126 
691 CHANG ET AL 1983 BARLEY 75 128 
692 CHANG ET AL 1983 BARLEY 75 150 
693 CHANG ET AL 1983 BARLEY 75 150 
694 CHANG ET AL 1983 BARLEY 75 150 
696 CHANG ET AL 1983 BARLEY 75 150 
696 CHANG ET AL 1983 BARLEY 75 150 
697 CHANG ET AL 1983 BARLEY 75 150 .. ' 
698 CHANG ET AL 1983 BARLEY 75 150 
699 CHANG ET AL 1983 BARLEY 75 150 
700 CHANG ET AL 1983 BARLEY 75 150 
701 CHANG ET AL 1983 BARLEY 75 150 
702 CHANG ET AL 1983 BARLEY 75 150 
703 CHANG ET AL 1983 BARLEY 75 150 

704 CHANG ET AL 1983 BARLEY 75 150 

705 CHANG ET AL 1983 BARLEY 75 150 

706 CHANG ET AL 1983 BARLEY 75 150 
707 CHANG ET AL 1983 BARLEY 75 150 
708: CHANG ET AL 1983 BARLEY 75 : 150 
709 CHANG ET AL 1983 BARLEY 75 150 
710 CHANG ET AL 1983 BARLEY 75 150 
711 CHANG ET AL 1983 BARLEY 75 150 
712 CHANG ET AL 1983 BARLEY 70 83 
713 CHANG ET AL 1983 BARLEY 70 83 

714 CHANG ET AL 1983 BARLEY 70 83 
716 CHANG ET AL 1983 BARLEY 70 83 
716 CHANG ET AL 1983 BARLEY 70 83 
717 CHANG ET AL 1983 BARLEY 70 83 
718 CHANG ET AL 1983 BARLEY 70 83 
719 CHANG ET AL 1983 BARLEY 70 83 
720 CHANG ET AL 198:l BARLEY 70 83 
721 CHANG ET AL 1983 BARLEY 70 83 
722 CHANG ET AL 1983 BARLEY 70 83 



TABLE F-4 lcont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

malka ma/ka % % ma/ka ma/ka mg/ka mg/kg CONTNT PROCESSING 

685 2092 HOO 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
686 2092 HOO 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
687 2092 1800 8.5 592 1.5 781 4266 2.1 ANAEROBICALLY DIGESTED 
688 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
689 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
890 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
691 2092 1600 8,5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED 
692 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED 
693 2053 1745 8,5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED 
894 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED 
895 2053 1745 8.5 608 1.5 693 4388 2.1 ANAEROBICALLY DIGESTED 
896 2053 1745 8.5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
897 2053 1745 8,5 608 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED 
898 2053 1745 8.5 608 1.5 893 , 4368 2.1 ANAEROBICALLY DIGESTED 
899 2053 1745 8.5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
700 2053 1745 8,5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
701 2053 1745 8.5 608 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED 
702 2053 1745 8.5 608 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED 
703 2053 1745 8,5 608 1.5 693 4388 2.1 ANAEROBICALLY DIGESTED 
704 2053 1745 8.5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
705 2053 1745 8,5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
708 2053 1745 8,5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
707 2053 1745 1.5 608 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED 
708 2053 1745 8,5 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
709 2053 1745 8.6 608 1.5 893 4368 2.1 ANAEROBICALLY DIGESTED 
710 2063 1745 8.6 608 1.6 893 4368 2.1 ANAEROBICALLY DIGESTED 
711 2053 1745 8,6 608 1.6 893 4368 2.1 ANAEROBICALLY DIGESTED 
712 2681 1293 4.6 542 1. 1 930 4164 2.1 ANAEROBICALLY DIGESTED 
713 2681 1293 4.5 542 1.1 930 4164 2.8 ANAEROBICALLY DIGESTED 
714 2681 1293 4.5 542 1.1 130 4164 2,1 ANAEROBICALLY DIGESTED 
715 2511 1293 4.6 542 1.1 130 4164 2.1 ANAEROEMCALL Y DIGESTED 
718 2681 1293 4.5 542 1.1 930 4164 2.1 ANAEROBICALLY DIGESTED 
717 2681 1293 4.6 542 1.1 130 4164 2.1 ANAEROBICALLY DIGESTED 
718 2681 1293 4.6 542 1.1 130 4164 2.8 ANAEROBl~LL Y DIGESTED 
711 2681 1293 4.6 642 1.1 130 4164 2.1 ANAEROBICALLY DIGESTED 
720 2581 1293 4.5 542 1.1 130 4164 2.1 ANAEROBfCALLY DIGESTED 
721 2681 12113 4.6 542 1. 1 930 4164 2.1 ANAEROBICALLY DKiESTED 
722 2561 1293 4.6 542 1.1 530 4164 2.8 ANAEROBICALLY DIGESTED 



685 

690 

695 

700 

705 

710 

715 

720 

TABLE F-4 (cont.I 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEAR~ SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

16 34 0 XEROLLIC CALCIOTHID DOMINO LOAM 
686 30 122 0 XEROLLIC CALCIOTHID DOMINO LOAM 
687 60 240 0 XEROLLIC CALCIOTHID DOMINO LOAM 
688 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
689 16 50 0 XEROLLIC CALCIOTHID DOMINO LOAM 

30 152 0 XEROLLIC CALCIOTHID DOMINO LOAM 
891 60 300 0 i XEROLLIC CALCIOTHID DOMINO LOAM 
692 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
693 HS 16 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
894 32 32 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 

59 59 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
898 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
897 16 32 0 . TYPIC HALOXERALF GREENFIELD SANDY LOAM 
898 32 ;64 0 .. · TYPIC HALOXERALF GREENFIELD SANDY LOAM 
899 59 119 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 

0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
701 16 48 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
702 32 96 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
703 59 177 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
704 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 

18 64 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
708 32 128 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
707 59 238 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
708 : 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
701 16 80 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 

32 160 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
711 59 · 295 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
712 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
713 16 16 0 XEROLLIC CALCIOTHID DOMINO LOAM 

714 33 33 0 XEROLLIC CALCIOTHID DOMINO LOAM 
63 63 0 XEROLLIC CALCIOTHID DOMINO LOAM 

718 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
717 18 31 0 XEROLLIC CALCIOTHID DOMINO LOAM 
718 33 66 0 XEROLLIC CALCIOTHID DOMINO LOAM 
719 83 126 0 XEROLLIC CALCIOTHID DOMINO LOAM 

0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM 
721 18 47 0 XEROLLIC CALCIOTHID DOMINO LOAM 
722 33 96 0 · XEROLLIC CALCIOTHID DOMINO LOAM 



TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING' 

% % % cmol/ka % DH RA TE (ko/h11l 

685 40 6.3 271 
888 40 6 622 
687 40 5.9 1008 
888 40 7.3 0 
889 40 6. 1 339 
890. 40 5.9 852 
891 40 5.5 1262 
892 18 6.1 0 
893 18 5.8 87 
894 18 5.4 133 
895 18 5.3 249 
898 18 8.2 0 
897 18 5.8 134 
898 ,H 5.8 285 
899 18 5.3 497 
700 18 6.8 0 
701 18 5.7 200 
702 18 5.7 398 
703 18 5.8 748 
704 18 8.8 0 
705 18 8 287 
708 18 5.9 530 
707 18 5.11 995 
701 : : 18 8.9 0 
709 18 5.9 334 
710 18 5.8 883 
711 18 5.5 1244 
712 40 7.4 0 
713 40 8.9 85 
714 40 8.4 140 
716 40 8.1 262 
718 40 5.7 0 
717 40 8.1 130 
711 40 8.8 279 
711 40 8.3 503 
720 40 7.1 0 
721 40 8.9 198 
722 40 8.6 419 



TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

685 4N HN03 30 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
-686 4N HN03 47 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
687 4N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
688 4N HN03 25 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
689 4N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
690 4N HN03 41 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
691 4N HN03 51 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
692 4N HN03 26 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
893 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
894 4N HN03 50 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
695 4N HN03 53 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
696 4N HN03 20 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
697 4 N HN03 35 : LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
698 4 N HN03 51 LEAF "SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
699 4N HN03 50 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
700 4N HN03 18 LEAF SLUDGE, FIELD, MATURITY O· TOTAL BIOMASS 
701 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
702 4N HN03 36 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
703 4N HN03 44 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
704 4 N HN03 18 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
705 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
706 4N HN03 35 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
707 4N HN03 44 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
708 4N HN03 : 21 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
709 4N HN03 43 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
710 4N HN03 51 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
711 4N HN03 82 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
712 4N HN03 29 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 

713 4 N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
714 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
716 4N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
718 4N HN03 20 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 

717 4N HN03 35 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
718 4N HN03 37 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
719 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
720 4N HN03 23 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
721 4N HN03 27 : LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 

722 4N HN03 27 LEAF SLUDGE FIELD MATURITY 0 TOTAL BIOMASS 



TABLE F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

MEASURED PHYTOTOXICITY COMMENTS "" 
685 NO 
688 NO 
era NO 
688 NO 
689 NO 
690 NO 
6S1 NO 
692 NO 
893 NO 
694 NO 
895 NO 
698 NO 
697 NO 
698 NO 
699 NO 
700 NO 
701 NO 
702 NO 
703 NO 
704 NO 
705 NO 
708 NO 
707 NO 
701 : NO : 

709 NO 
710 NO 
711 NO 
712 NO 
713 NO 
714 NO 
716 NO 
718 NO 
717 NO 
711 NO 
711 NO 
720 NO 

721 NO 
722 NO 



TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

685 Riverside, California 
686 Riverside, California 
687 Rlveralde, California 
688 Riverside, California 
689 Rlveralde, California 
690 Riverside, California 
691 Riverside, California 
692 Riverside, California 
693 Riverside, California 
694 Riverside, California 
695 Riverside, California 
698 Riverside, California 
897 Riverside, California 
698 Riverside, California 
899 Riverside, California 
700 Riverside, California 
701 Riverside, California 
702 Riverside, California 
703 Riverside, California 
704 Riverside, California 
705 Rlveralda, California 
706 Rlvarslda, California 
707 Riverside, California 
708 Rlval'lide, California 
709 Riverside, California 
.710 Riverside, California 
711 Riverside, California 
712 Riverside, California 
713 Riverside, California 
714 Rlveralde, California 
715 Riveralde, California 
718 Riverside, California 
717 . Riverside, Celifornla 
718 Rlveralde, California 
719 Riverside, California 
720 Riverside, California 
721 Riverside, California 
722 Riverside, California 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR DH % % % ma/kg 

723 CHANG l:T AL 1983 BARLEY 70 83 
724 CHANG ET AL 1983 BARLEY 70 83 
725 CHANG ET AL 1983 BARLEY 70 83 
728 CHANG fl AL 1983 BARLEY 70 83 
727 CHANG ET AL 1983 BARLEY 70 83 
728 CHANG ET AL 1983 BARLEY 70 83 
729 Chana, A.C. et al., 1983 133 BARLEY 70 83 
730 Chana, A.C. et el., 1983 133 BARLEY 70 83 
731 Chana, A.C. at el., 1983 133 BARLEY 70 83 
732 Chana, A.C. et al., 1983 133 BARLEY 70 ee 
733 Chang, A.C. at el., 1983 133 BARLEY 70 88 
734 Chang, A.C. et el., 1983 133 BARLEY 70 88 
735 Chana, A.C. et el., 1983 133 BARLEY 70 88 
738 Chano, A.C. et el., 1983 133 BARLEY 70 SIS -
737 Chang, A.C. et el., 1983 133 BARLEY 70 88 
738 Chana, A.C. at el., 1983 133 BARLEY 70 88 
739 Chana, A.C. et al., 1983 133 BARLEY 70 86 
740 Chana, A.C. et el., 1983 133 BARLEY 70 88 
741 Chana, A.C. et el., 1983 133 BARLEY 70 88 
742 Chana, A.C. et al., 1983 133 BARLEY 70 88 
743 Chann, A.C. et al,, 1983 133 BARLEY 70 88 
744 Chana, A.C. ~t al., 1983 133 BARLEY 70 88 
745 Chana, A.C. et el., 1913 133 BARLEY 70 88 
7415 Chana, A.C. et al., 1983 133 : BARLEY 70 : 88 
747 Chana, A.C. at al., 1983 133 BARLEY 70 SIS 
748 Chana, A.C. et el., 1983 133 BARLEY 70 88 
749 Chana, A.C. et el., 1983 133 BARLEY 70 88 
760 Chann. A.C. et el. 1983 133 BARLEY 70 88 
761 Chana, A.C. et al., 1983 133 BARLEY 70 88 
762 Peoo.,,t.L et al., 18811186 Com Pride 110 
763 Paooar,I.L et al., 1111 1186 Corn Prid ■ 110 
754 P-,t.L. et al. 19811185 Com Pride 110 
756 Paaoat,I.L. et al., 11811185 Corn Pride 110 
758 Peppa.r,f.L. et al., 1111 1185 Corn Pride 110 
767 Peooaf,t.L et al., 1181 1115 Corn Pride 110 
76JS p_., t.L et al., 11H 1115 Corn Pride 110 
759 PeooM,1.L at el., 19SI 1115 Com Pride 110 
7&0 P-.t.L. at al., 1988 1185 Com Prido 110 



725 

730 

735 

740 

745 

750 

755 

TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka mg/ka "" "" mg/kg ma/ka ma/ka mg/kg CONTNT PROCESSING 

723 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
724 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 

2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
726 2581 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
727 2581 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
728 2581 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
729 2561 1293 4.5 542' 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 

2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
731 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED 
732 2639 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
733 2839 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
734 2639 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 

2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
738' 2639 1383 4.5 534 1. 1 902 ' 4002 2.8 ANAEROBICALLY DIGESTED 
737 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
738 2839 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
739 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 

2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
741 · 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
742 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALL V DIGESTED 
743 2839 1383 4.5 634 1.1 902 4002 2.8 ANAEROBICALL V DIGESTED 
744 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 

2639 1383 4.5 634 1. 1 902 4002 2.8 ANAEROBICALLY DIGESTED 
748 2639 1383 4.5 534 1. 1 902 4002 2.8 ANAEROBICALLY DIGESTED 
747 2839 1383 4.5 634 1. 1 902 4002 2.8 ANAEROBICALL V DIGESTED 
748 2839 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED 
749 2839 1363 4.5 534 1. 1 902 4002 2.8 ANAEROBICALL V DIGESTED 

2839 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALL V DIGESTED 
751 2839 1383 4.5 634 1.1 902 4002 2.8 ANAEROBICALL V DIGESTED 
752 Unlimed •ludae, 1978 
763 Unlimed ■tudae, 1978 
754 Unllmed ■ludae, 1978 

Unlimed •ludae, 1976 
768 - Unlimed ■tudae, 1976 
757 Unlimed •ludg11, 1978 
758 Unlimed aluda11, 1978 
759. Unlimed sludge, 1978 
760: Unlim11d eluda11 1977 

C "l":>Q 



TABLE F-4 (cont.) 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Mg/ha Mg/ha APPLICATN NAME NAME TEXTURE 

723 63 189 0 XEROLLIC CALCIOTHID DOMINO LOAM 
724 0 0 1 XEROLLIC CALCIOTHID DOMINO LOAM 
725 0 47 1 XEROLLIC CALCIOTHID DOMINO LOAM 
728 0 98 1 XEROLLIC CALCIOTHID DOMINO LOAM 
727 0 189 1 XEROLLIC CALCIOTHID DOMINO LOAM 
728 0 0 2 XEROLLIC CALCIOTHID DOMINO LOAM 
729 0 47 2 · XEROLLIC CALCIOTHID DOMINO LOAM 
730 0 96 2 XEROLLIC CALCIOTHID DOMINO LOAM 
731 0 189 2 XEROLLIC CALCIOTHID DOMINO LOAM 
732 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
733 18 HS 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
734 32 32 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
735 88 88 0 ;TYPIC HALOXERALF GREENFIELD SANDY LOAM 
738 0 0 0 . TYPIC HALOXERALF GREENFIELD SANDY LOAM 
737 18 33 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
738 32 84 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
739 88 131 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
740 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
741 18 49 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
742 32 98 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
743 88 197 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
744 0 0 1 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
745 0 49 1 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
748 : 0 98 1 TYPIC: HALOXERALF GREENFIELD SANDY LOAM 
747 0 197 1 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
741 0 0 2 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
749 0 49 2 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
750 0 88 2 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
751 0 197 2 TYPIC HALOXERALF GREENFIELD SANDY LOAM 
752 0 Fluvantlc Halooxerolla Sultan lilt loam 
763 22.4 0 Auwntlo Halooxerolla Sultan dtlo.n 
764 44.8 22.4 Ruvantlo Halooxe<ola Sultan atltlo.n 
765 19.8 44.1 Fluvantlc Halooxe<ola Sultan 141t loam 
751S 0 89.8 Aoulc x.,onuv.nu Puyallup fine uodv loam 
767 22.4 0 Aoulc X1roffuven11 Puvalluo fine e«ldv loam 
761 44.1 22.4 Aoulc Xe,011cJvant1 PuvaMup fineundvlo«n 
759 It.IS 44.1 Arnc X.,offuvM\ta Puvalklo fine undy loMTI 
7&0 0 89.8 FluwnbC H.&ooxetolll Sullen dtloam 



TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/ka % DH RA TE lko/hal 

723 40 6.4 755 
724 40 7.2 0 
725 40 8.6 196 
726 40 6.5 419 
727 40 6.4 755 
728 40 7.5 0 
729 40 6.9 196 
730 40 6.7 419 
731 40 6.5 755 
732 16 8 0 
733 16 5.8 65 
734 18 5.7 132 
735 16 5.7 269 
736 16 8.5 0 
737. 18 8.4 130 
738 18 8.2 284 
739 18 6.1 538 
740 18 8.5 0 
741. 18 8.3 196 
742 18 6.1 397 
743 18 6 807 
744 16 8.6 0 
745 18 6.3 196 
746 : :16 8.1 397 : 

747 18 6 807 
748 18 8.8 0 
749 16 8.4 198 
760 18 8.2 397 
751 16 6.2 807 
752 13.7 4.6 0 
753 13.7 4.6 65 
754 13.7 4.6 110 
765 13.7 4.6 220 
756 9.1 4.7 0 
757 9.1 4.7 55 
758 9.1 4.7 110 
759 9.1 4.7 220 
760 ' 13.7 4.6 .0 

F-341 



TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT ! YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

723 4 NHN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
724 4 N HN03 21 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
725 4 N HN03 28 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
726 4 N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
727 4N HN03 35 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
728 4N HN03 25 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
729 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
730 4 N HN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
731 4N HN03 41 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
732 4N HN03 30 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
733 4 NHN03 26 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
734 4N HN03 40 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
735 'IN HN03 52 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
736 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
737 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
738 4N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
739 4N HN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
740 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
741 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
742 4N HN03 33 LEAF SLUDGE, RELD, MATURITY 0 TOTAL BIOMASS 
743 4 N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
744 "4N HN03 19 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
745 4N HN03 28 · LEAF SLUDGE, RELD, MATURITY 0 TOTAL BIOMASS 
746 4N HN03 : 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
747 4 N HN03 34 LEAF SLUDGE,FIELD,MATURITY 0 TOTAL BIOMASS 
748 4N HN03 24 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
749 4N HN03 37 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
760 4NHN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
751 4NHN03 46 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
752 0 2.2 28 Leaf SLUDGE, FIELD, MATURITY 
763 55 10.3 114.7 Leaf SLUDGE, FIELD, MATURITY 
754 110 17 182.7 Leaf SLUDGE, AELD. MATURITY 
755 220 49,4· 423.9 Leaf SLUOGE, FIELD, MATURITY 
758 
757 
751 

0 
55 
110 

3.4 

• 19.6 

28.7 
136.6 
193 

Leaf 
Leaf 
Leaf 

SLUDGE,FIELD,MATUruTY 
SLUOGE. FIELD. MATUfUTY 
SLUOGE, AELD, MATURITY 

759 220 34.6 375 Leaf SLUOGE,RclO,MATimlTY 
760 0 <t9.7 lea{ SlUOGE. AELD. MATURITY 



725 

730 

735 

740 

745 

750 

755 

760 

TABLE F-4 Ccont.1 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

723 NO 
724 NO 

NO 
726 NO 
727 NO 
728 NO 
729 NO ; 

NO 
731 NO 
732 NO 
733 NO 
734 NO. 

NO 
736 NO ; .. 
737 NO 
738 NO 
739 NO 

NO 
741 NO 
742 NO 
743 NO 
744 NO 

NO 
746 : NO : 

747 NO 
748 NO 
749 NO 

NO 
751 NO 
752 NO YIELD NOT DETERMINED 
753 NO YIELD NOT DETERMINED 
754 NO YIELD NOT DETERMINED 

NO YIELD NOT DETERMINED 
756 NO YIELD NOT DETERMINED 
757 NO YIELD NOT DETERMINED 
758 NO YIELD NOT DETERMINED 
759 NO YIELD NOT DETERMINED 

NO : YIELD NOT DETERMINED 



723 
724 
725 
728 
727 
728 
729 
730 
731 
732 
733 
734 
735 
738 
737 
738 
739 
740 
741 
742 
743 
744 
745 
748 
747 
748 
749 
760 
751 
752 
753 
754 
755 
753 
757 
751 
759 
760 

TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

Riverside, California 
Riverside, California 
Riverside, California 
Riversida, California 
Riversida, California 
Riverside, California 
Riversida, California 
Rlvarside, California 
Riverside, California 
Riverside, California 
Rivarside, California 
Riverside, California 
Riverside, California 
Riverside, California 
Riverside, California 
Riverlide, California 
Riverside, California 
Rlverlide, Callfornla 
Rlverlida, Cellfornla 
Rlverlide, California 
Riv■ rslda, California 
Riv11rlid1, California 
Riv■ rlide, California 

: Riv1r1id11, California 
Riwrside, California 
Riv■ r■lde, Clllfornl• 
Riv1r■ide, Clllfornl• 
Riv■rllde, California 
Rivfllide, California 
~. Wuhington 
"'_ ........... Wnhlngton 
Puyalfun, WNhinaton 
ftlyalluo, WNhino1on 
Puyallup, Wuhlnmon 
Po _ _,.,.,. Washlnmon 

Puvalon, WNhlnaton 
~. Wlfillno1on 
Puvallurt Wam!naton 



TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR PH % % % ma/ka 

761 P-r.l.L. :,t el., 1988 1185 Corn Pride 110 
762 P-r.l.L. et el., 1988 1185 Corn Pride 110 
763 Penoar,I.L. et el., 1988 1185 Corn Pride 110 
764 PODDer,I.L. et el., 1988 1185 Corn Pride 110 
765: Peoner,I.L. et al., 1988 1185 Corn Pride 110 
766 ; Penner,I.L. et el., 1988 1185 Corn Pride 110 
767 ' Peoper,I.L. et iii., 1988 1185 : Corn Pride 110 
768 Scheuer, P.S. et el., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
769 Scheuer, P.S. at el., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
770 Schauer, P.S. at al., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
771 Schauer, P.S. at el., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
772 Scheuer P.S. et el., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
773 Schriuer, P.S. et al., 1980 1211 Lettuce Salad Bowl 4.7 67.5 21 
774 Schauer, P.S. et al., 1980 1211 ' Radi1h Cheuvbella 4.7 67.5 21 
775 Schauer, P.S. et al., 1980 1211 Radi1h Charrweile 4.7 67.5 21 
778 Schauer, P.S. et el., 1980 1211 Radl1h Cham,balle 4.7 87.5 21 
777 Schauer, P.S. et el., 1980 1211 Radi1h Cherrybella 4.7 87.5 21 
778 Scheuer, P.S. et el., 1980 1211 Radi1h Chorrybolla 4.7 87.5 21 
779 Scheuer, P.S. et al., 1980 1211 Radi1h Chorrvbella 4.7 87.5 21 
780 Scheuer, P.S. et el., 1980 1211 ' Carrot i.)anvera 4.7 87.5 21 
781 Schauer, P.S. et al., 1980 1211 Carrot Denver• 4.7 87.5 21 
782 Scheuer, P.S. et el., 1980 1211 Carrot Denver• 4.7 67.5 21 
783 Schauer, P.S. et el., 1980 1211 Carrot D1nvar1 4.7 67.5 21 
784 Schauer, P.S. et el., 1980 1211 : Carrot Denver• 4.7 87.5 21 
786 Scheuer, P.S. et al., 1980 1211 Carrot Denver• 4.7 87.5 21 
788 Latterell, J.J. et el., 1978 1138 Sn111> Bean Tenderareon 2.81 8 
787 Latterell, J.J. et el., 1978 1138 Snap Bean Tendergreon 2.81 8 
788 Lettarell, J.J. et al., 1978 1138 Snap Been Tandergroen 2.81 8 
789 Latterell, J.J. et al., 1978 1138 Snan Bean Tendergroen 2.81 8 
790 Latterell, J.J. et al., 1978 1138 Sn1D Bean Tanderareon 2.81 8 
791 Latterell, J.J. et al., 1978 1138 Sn11> Bean Tandarareen 2.81 8 
792 Latterell, J.J. et al., 1978 1138 Sn10 Bean Tendergroen 2.61 8 
793 Latterell, J.J. et al., 1978 1138 Snip Bean Tenderarean 2.61 8 
794 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 
795 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 
798 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 . 12 
797 HAM &DOWDY 1978 SOYBEAN MERRILL 1 .41 4.98 12 
798 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 



TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka 'll, 'll, ma/ka malka ma/ka ma/ka CONTNT PROCESSING 

761 Unlimed 1ludae, 1977 
762 Unlimed 1luda11, 1977 
763 Unlimed 1luda11, 1977 
7a4 Unlimed 1ludae, 1977 
765 Unlimed 1luda11, 1977 
766 Unlimed 1luda11, 1977 
767 Unlimed 1luda11, 1977 
768 2520 560 1630 ANAEROBICALLY DIGESTED 
769 2520 560 1630 ANAEROBICALLY DIGESTED 
770 2620 560 1630 ANAEROBICALLY DIGESTED 
771 2520 560 1630 ANAEROBICALLY DIGESTED 
772 2520 660 1630 ANAEROBICALLY DIGESTED 
773 2520 660 1630 ANAEROBICALLY DIGESTED 
774 2520 660 Hl30 ANAEROBICALLY DIGESTED 
776 2620 560 11530 ANAEROBICALLY DIGESTED 
778 2520 660 11530 ANAEROBICALLY DIGESTED 
777 2620 660 11530 ANAEROBICALLY DIGESTED 
778 2520 660 11530 ANAEROBICALLY DIGESTED 
779 2620 660 11530 ANAEROBICALLY DIGESTED 
780 2620 660 11530 ANAEROBICALLY DIGESTED 
781 2620 660 11530 ANAEROBICALLY DIGESTED 
782 2520 660 11530 ANAEROBICALLY DIGESTED 
783 2620 660 11530 ANAEROBICALLY DIGESTED 
784 2620 : 660 11530 : ANAEROBICALLY DIGESTED 
786 2620 660 11530 ANAEROBICALLY DIGESTED 
7815 110 190 16 610 1080 Anaeroblcllllv Dlanted 
787 110 190 16 610 1010 Anaeroblcallv DiaHted 
78B 110 190 16 610 1080 Anaeroblcallv Dlnatted 
789 110 190 16 510 1080 Anaeroblcallv DlaHted 
790 110 190 16 610 1080 Anaeroblcallv ninuted 
791 110 190 16 510 1010 AllMloblctllv Dlnaated 
792 110 190 16 610 1080 Anaeroblcallv DIMated 
793 110 190 16 610 1080 Anaeroblcellv DiaHted 
794 1100 2020 1.15 2.73 4.4 4.37 2560 2130 MR DRY ANAEROBIC DIGESTED 
795 1100 2020 1.8 2.73 4.4 4.37 2560 2130 AtR DRY ANAEROBIC DIGESTED 
ne 1100 2020 1.e 2.73 4.4 4.37 2560 2130 AtR DRY ANAEROBIC DIGESTED 
717 1100 2020 1.8 2.73 4.4 4.37 2560 2130 ANl DRY ANAEROBtC DIGESTED 
794 1100 2020 1.e 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DtGESTEO 



TABLE F-4 (cont.) 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE 

761 22.4 Fluventic Halooxerolls Sultan 1ilt loam 
762 44.8 Fluventic Halooxerolls Sultan 1lltloam 
763 89.6 Fluventic Halooxerolla Sultan 1ilt loam 
764 0 Aquio Xerofluvanta PuvalluD fina Hndv loam 
765 22.4 Aauic Xerofluventa PuvallUD fina Hndv loam 
766 44.8 Aaulc Xerofluventa Puvalluo fine aandv loam 
767 89.6 Aquic Xerofluventa Puvalluo fine sandv loam 
768 0 0 0 Typio Dvstrochraot Bridaehamoton 1ilt loam 
769 20 20 0 Tvolo Dv1trochreot . Bridaehamoton 1ilt loam 
770 60 60 0 Tvoic Dvstrochreot Brldaah•mnton 1ilt loam 
771 0 0 1 Typlo Dvatrochreot Bridaahamoton silt loam 
772 20 20 1 Tvolc Dvstrochreot Bridaahamoton 1ilt loam 
773 60 60 1 Tw,ic Dvstrochreot Bridaahamoton 1ilt loam 
774 0 0 0 .. Tvoic Dvstrochreot Bridaah1mDton silt loam 
775 20 20 0 Tvolc Dvatrochreot BridaahllfflDton 1ilt loam 
778 60 60 0 Typic Dv1trochreot Bridaahamnton 1ilt loam 
777 0 0 1 Tvoic Dvatrochniot Brida.ahamoton 1ilt loam 
778 20 20 1 Typio nv.trochraot BridaahllfflDton 1ilt loam 
779 80 60 1 Typlc Dvatroohraot Bridaahemoton 1ilt loam 
780 0 0 0 Tvnlc Dvatrochraot Bridaahamoton 1ilt loam 
781 20 20 0 TVDio Ovatrochraot Bridaahamoton 1ilt loam 
782 60 60 0 Typlc Dvatroohreot Brldaahamoton 1ilt loam 
783 0 0 1 Tvolo Ovatrochreot Bridaahamoton 1ilt loam 
:784 20 20 1 Typlc Dvatrochraot Bridaelwnoton : 1ilt loam 
786 60 60 1 Typlo Dvatroohraot Brldaahamoton 1ilt loam 
788 0 NA Udonhantic Haoloboroll . Hubbard coarH Hnd 
787 0 NA Udorthantic Haoloboroll Hubbard coarH Hnd 
788 122 0 Udorthantlc Haoloboroll Hubbard coarHHnd 
789 225 0 Udorthantlc Haoloboroll Hubbard coarH Hnd 
790 450 0 Udorthantlc Hanloboroll Hubbard coarH Hnd 
791 350 1 Udorthantic Heoloboroll Hubbard coar1a 111nd 
792 700 1 Udorthantlc Haoloboroll Hubbard coarH 111nd 
793 1400 1 Udorthantic Haoloboroll Hubbard coarH 111nd 
794 0 0 0 TYPIC TAPLUDOLL WAUKEGAN SIL 
795 25 25 0 TYPIC TAPLUDOLL WAUKEGAN Sil 
796 50 50 0 TYPIC T APLUDOLL WAUKEGAN Sil 
797 100 100 0 TYPIC T APLUDOLL WAUKEGAN Sil 
798 200 200 0 TYPIC T APLUDOLL WAUKEGAN Sil 
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TABLE F-4 (cont,) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % omol/ka % DH RATE lka/hal 

761 13.7 4.8 55 
782 13.7 4.6 110 
783 13.7 4.6 220 
784 9.1 4.7 0 
785 9.1 4.7 55 
766 9.1 4.7 110 
787 9.1 4.7 220 
788 34 68 8 2.8 5.8 0 
789 34 68 8 2.8 5.8 33 
770 34 68 8 2.8 5.8 99 
771 34 68 8 2.8 5.8 0 
772 34 58 8 2.8 6.8 33 
773 34 58 8 2.8 5.8 99 
774 34 58 8 2.8 5.8 0 ~ 

775 34 58 8 2.8 5.8 33 
778 34 58 8 2.8 5.8 99 
777 34 58 8 2.8 5.8 0 
778 34 58 8 2.8 5.8 33 
779 34 58 8 2.8 5.8 99 
780 34 58 8 2.8 5.8 0 
781 34 58 8 2.8 5.8 33 
782 34 58 8 2.8 5;5 99 
783 34 58 8 2.8 5;8 0 

: 784 34 58 8 : 2.8 · 5.8 33 
785 34 58 8 2.8 5.8 99 
788 1.2 5.3 0 
787 1.2 5.3 0 
788 1.2 5.3 149 
789 1.2 5.3 298 
790 1.2 5.3 597 
791 1.4 5.3 379 
792 1.9 5.3 758 
793 3.2 5.3 1518 
794 8.5 0 
795 8.5 52.5 
798 8.5 105 
797 8.5 210 
798 6.5 420 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

761 112 136.8 Leaf SLUDGE, FIELD, MATURITY 
762 224 338 Leaf SLUDGE, FIELD, MATURITY 
763 448 587.7 Leaf SLUDGE, FIELD, MATURITY 
764 0 55.8 Leaf SLUDGE, FIELD, MATURITY 
765 112 186 Leaf SLUDGE, FIELD, MATURITY 
766 224 486.3 Leaf SLUDGE, FIELD, MATURITY 
767 448 677.3 Leaf SLUDGE, FIELD, MATURITY 
768 DTPA 3.4 so Leaf SLUDGE, FIELD, MATURITY 
769 DTPA 5.9 66 Leaf SLUDGE, FIELD, MATURITY 
770 DTPA 11.7 90 Leaf SLUDGE, FIELD, MATURITY 
771 DTPA 4.6 46 Leaf SLUDGE, FIELD, MATURITY 
772 DTPA 8.2 73 Leaf SLUDGE, FIELD, MATURITY 
773 DTPA 15.2 133 Leaf SLUDGE, FIELD, MATURITY 
774 DTPA 3.4 62 Leaf " SLUDGE, FIELD, MATURITY 
775 DTPA 5.9 73 Leaf SLUDGE, AELD, MATURITY 
778 DTPA 11.7 74 Leaf. SLUDGE, FIELD, MATURITY 
777 DTPA 4.8 70 Leaf SLUDGE, FIELD, MATURITY 
778 DTPA 8.2 88 Leaf SLUDGE, FIELD, MATURITY 
779 DTPA 15.2 164 Leaf SLUDGE, FIELD, MATURITY 
780 DTPA 3.4 32 Leaf SLUDGE, FIELD, MATURITY 
781 DTPA 5.9 42 Leaf SLUDGE, FIELD, MATURITY 
782 DTl"A 11.7 59 Leaf SLUDGE, FIELD, MATURITY 
783 DTPA 4.8 40 Leaf SLUDGE, FIELD, MATURITY 
784 DTPA 8.2 55 Leaf . SLUDGE, FIELD, MATURITY 
785 DTPA 15.2 79 Leaf SLUDGE, FIELD, MATURITY 
786 DTPA 32 Leaf SLUDGE, FIELD, MATURITY 
787 DTPA 30 Leaf SLUDGE, FIELD, MATURITY 
788 DTPA 57 Leaf SLUDGE, FIELD, MATURITY 
789 DTPA 59 Leaf SLUDGE, FIELD, MATURITY 
790 DTPA 80 Leaf SLUDGE, FIELD, MATURITY 
791 DTPA 59 Leaf SLUDGE, FIELD, MATURITY 
792 DTPA 92 Leaf SLUDGE, FIELD, MATURITY 
793 DTPA 117 Leaf SLUDGE, FIELD, MATURITY 
794 N.L. 205 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
795 N.L. 203 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
798 N.L. 223 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
797 N.L. 278 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
798 N.L. 331 LEAF SLUDGE FIELD MATURITY 0 GRAIN 
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TABlE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

"' MEASURED PHYTOTOXICITY COMMENTS 

7151 NO YIELD NOT DETERMINED 
782 NO YIELD NOT DETERMINED 
783 NO YIELD NOT DETERMINED 
784 NO YIELD NOT DETERMINED 
7155 NO YIELD NOT DETERMINED 
11515 NO YIELD NOT DETERMINED 
7157 NO YIELD NOT DETERMINED 
7158 NO YIELD NOT DETERMINED 
7159 NO YIELD NOT DETERMINED 
770 NO YIELD NOT DETERMINED 
771 NO YIELD NOT DETERMINED 
772 NO YIELD NOT DETERMINED 
773 NO YIELD NOT DETERMINED 
774 NO . YIELD NOT DETERMINED 
775 NO YIELD NOT DETERMINED 
776 NO YIELD NOT DETERMINED 
777 NO YIELD NOT DETERMINED 
778 NO YIELD NOT DETERMINED 
779 NO YIELD NOT DETERMINED 
780 NO YIELD NOT DETERMINED 
781 NO YIELD NOT DETERMINED 
782 NO YIELD NOT DETERMINED 
783 NO YIELD NOT DETERMINED 
784 NO : YIELD NOT DETERMINED 
785 NO YIELD NOT DETERMINED 
788 NO YIELD NOT DETERMINED 
787 NO YIELD NOT DETERMINED 
788 NO YIELD NOT DETERMINED 
789 NO YIELD NOT DETERMINED 
790 NO YIELD NOT DETERMINED 
791 NO YIELD NOT DETERMINED 
792 NO YIELD NOT DETERMINED 
193 NO YIELD NOT DETERMINED 
794 NO 
795 NO 
798 NO 
797 NO 
798 NO 
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761 
762 
763 
764 
765 
766 
767 
768 
789 
770 
771 
772 
773 
774 
775 
778 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
798 
797 
798 

TABLE F-4 lcont.l 

LOCATION 
OF 

STUDY 

Puyallup, Washington 
Puyallup, Washinaton 
Puyallup, Washinaton 
Puyallup, Washlnaton 
Puyallup, Washington 
Puyallup, Washinaton 
Puyallup, Washinaton 

KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RPIODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON RHODE ISLAND 
KINGSTON, RHODE ISLAND 
KINGSTON, RHODE ISLAND 

Elk River, Minne■ ota 

Elk Rivar, Minn111ota 
Elk River, Mlnne■ ota 

Elk River, Minn111ota 
Elk River, Mlnne■ ota 

Elk Rivar, Minn111ota 
Elk River, Minn111ota 
Elk Rivar, Minn111ota 

MINNESOTA 
MINNESOTA 
MINNESOTA 
MINNESOTA 
MINNESOTA 
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800 

805 

810 

815 

820 

825 

830 

835 

T A8U: F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % molko 

799 HAM •DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 
HAM •DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 

801 HAM •DOWDY 1978 SOYBEAN MERRIU 1.41 4.98 12 
802 HAM &DOWDY 1978 SOYBEAN MERRIU 1.41 4.98 12 
803 HAM &DOWDY 1978 SOYBEAN MERRIU 1.41 4.98 12 
804 WILLIAMS 1977 CARROT 

WILLIAMS 1977 CARROT 
805 WILLIAMS 1977 CARROT 
807 WILLIAMS 1977 CARROT 
808 WILLIAMS 1977 CARROT 
809 WILLIAMS 1977 CARROT 

WILLIAMS 1977 CARROT 
811 WILLIAMS 1977 CARROT 
812 WILLIAMS 1977 BEET .. 
813 WILLIAMS 1977 BEET ; 

814 WILLIAMS 1977 BEET 
WILLIAMS 1977 BEET 

815 WILLIAMS 1977 BEET 
817 WILLIAMS 1977 BEET 
818 WILLIAMS 1977 BEET 
819 WILLIAMS 1977 BEET 

WILLIAMS 1977 ONION 

821 WILLIAMS 1977 ONION 
822 WILLIAMS 1977 ONION : 

823 WILLIAMS 1977 ONION 

824 WILLIAMS 1977 ONION 
WILLIAMS 1977 ONION 

825 WILLIAMS 1977 ONION 

827 WILLIAMS 1977 ONION 

828 WILLIAMS 1977 ONION 

829 WILLIAMS 1977 ONION 
WILLIAMS 1977 ONION 

831 WILLIAMS 1977 ONION 

832 WILLIAMS 1977 ONION 

833 WILLIAMS 1977 ONION 

834 WILLIAMS 1977 ONION 

WILLIAMS 1977 ONION 

836 WILLIAMS 1977 SWEDE 
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TABLE F·4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

799 1100 2020 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED 
800 1100 2020 1.6 2.73 4.4 4.37 2580 2130 AIR DRY ANAEROBIC DIGESTED 
801 1100 2020 1.6 2.73 4.4 4.37 2580 2130 AIR DRY ANAEROBIC DIGESTED 
802 1100 1020 1.8 2.73 4.4 4.37 2580 2130 AIR DRY ANAEROBIC DIGESTED 
803 1100 2020 1.6 2.73 4.4 4.37 2580 2130 AIR DRY ANAEROBIC DIGESTED 
804 100 6100 11400 AIR DRIED 
805 100 5100 11400 AIR DRIED 
808 100 5100 11400 AIR DRIED 
807 100 5100 11400 AIR DRIED 
808 100 5100 11400 AIR DRIED 
809 100 5100 11400 AIR DRIED 
810 100 5100 11400 AIR DRIED 
811 100 5100 11400 AIR DRIED 
812 100 5100 ' 11400 AIR DRIED 
813 100 ' 5100 ; 11400 AIR DRIED ' 
814 100 6100 11400 AIR DRIED 
815 100 5100 11400 AIR DRIED 
818 100 6100 11400 AIR DRIED 
817 100 5100 11400 AIR DRIED 
818 100 5100 11400 AIR DRIED 
819 100 5100 11400 AIR DRIED 
820 100 5100 11400 AIR DRIED 
821 100 5100 11400 AIR DRIED 
822 100 6100 11400 AIR DRIED : 

823 100 5100 11400 AIR DRIED 
'824 100 5100 11400 AIR DRIED 
826 100 6100 11400 AIR DRIED 
828 100 5100 11400 AIR DRIED 
827 100 5100 11400 AIR DRIED 
828 100 5100 11400 AIR DRIED 
829 100 5100 11400 AIR DRIED 
830 100 6100 11400 AIR DRIED ' 
831 100 5100 11400 AIR DRIED 
832 100 5100 11400 AIR DRIED 
833 100 5100 11400 AIR DRIED 
834 100 5100 11400 AIR DRIED 
835 100 5100 11400 AIR DRIED 
836 100 5100 11400 AIR DRIED 
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800 

805 

810 

815 

820 

825 

830 

835 

TABLE F-4 (cont.) 

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

ST ABILIZATN Ma/ha Un/ha APPLICATN NAME NAME TEXTURE 

799 0 0 1 TYPIC TAPLUOOLL WAUKEGAN SIL 
25 25 1 TYPIC TAPLUOOLL WAUKEGAN Sil 

801 60 so 1 TYPIC TAPLUOOLL WAUKEGAN Sil 
802 100 100 1 TYPIC TAPLUDOU WAUKEGAN SIL 
803 200 200 1 TYPIC T APLUDOLL WAUKEGAN Sil 
804 0 0 8 LS 

SIS 56 8 LS 
801S 112 112 8 LS 
807 224 224 8 LS 
808 0 0 8 LS 
809 SIS SIS 8 LS 

112 112 8 LS 
811 224 224 8 LS 

812 0 0 9 - LS 
813 SIS SIS 9 LS 
814 112 112 9 LS 

224 224 9 LS 
818 0 0 9 LS 
817 68 58 9 LS 
818 112 112 9 LS 
819 224 224 9 LS 

0 0 10 LS 
821 68 51S 10 LS 
822 112 :112 10 : LS 
823 224 224 10 LS 
824 0 0 10 LS 

58 51S 10 LS 
828 112 112 10 LS 
827 224 224 10 LS 
828 0 0 13 LS 
829 58 66 13 LS 

112 112 13 LS 
831 224 224 13 LS 
832 0 0 13 LS 
833 66 SIS 13 LS 
834 112 112 13 LS 

224 224 13 LS 
836 0 0 11 LS 
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TABLE F-4 (cont.I 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % cmol/kg % pH RATE (kg/ha) 

799 6.5 0 
800 6.5 52.6 
801 6.5 105 
802 6.5 210 
803 6.5 420 
804 1.2 5.8 0 
805 1.2 5.8 640 
808 1.2 5.8 1280 
807 1.2 5.8 2560 
808 1.2 6.6 0 
809 1.2 8.6 840 
810 1 .2 8.8 1280 
811 1.2 8.8 2560 
812 .. 1.2 6.2 0 
813 1.2 8.2 640 
814 ! 1.2 6.2 1280 
816 1.2 8.2 2560 
818 1.2 7 0 
817 1.2 7 840 
818 1.2 7 1280 
819 1.2 7 2560 
820 i 1.2 8.2 0 
821 1.2 8.2 840 
822 : : 1.2 8.2 1280 

823 1.2 8.2 2560 

824 1.2 7 0 
826 1.2 7 840 
828 1.2 7 1280 

827 1.2 7 2560 

828 1.2 8.3 0 
829 1.2 6.3 840 
830 1.2 8.3 1280 
831 1.2 8.3 2560 
832 1.2 6.8 0 
833 1.2 6.8 840 
834 1.2 8.8 1280 
835 1.2 6.8 2560 
838 1.2 6.7 0 
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TABlE f.4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACTANT mn/ka ma/lea SAMPLED EXPERIMENTAL DESIGN % MEASURED 

799 N.L. 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
800 N.L. 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
801 N.L. 88 LEAF SLUDGE FIELD, MATURITY 0 GRAIN 
802 N.L. 76 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
803 N.L. 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN 
804 .6MHOAC 29 N.L. SLUDGE FIELD, MATURITY 0 ROOT 
806 .SMHOAC 112 N.L. SLUDGE, FIELD, MATURITY 94.6 ROOT 
808 .6MHOAC 212 N.L. SLUDGE, FIELD, MATURITY 99.3 ROOT 
807 .6MHOAC 350 N.L. SLUDGE, FIELD, MATURITY 100 ROOT 
808 .6MHOAC 29 N.L. SLUDGE, FIELD, MATURITY 0 ROOT 
809 .6MHOAC 112 N.L. SLUDGE. FIELD, MATURITY 38 ROOT 
810 .6MHOAC 212 N.L. SLUDGE, FIELD, MATURITY 69.4 ROOT 
811 .6MHOAC 350 N.L. SLUDGE, FIELD, MATURITY 93.2 ROOT 
812 .6MHOAC NL 83 ROOT TUBER SlUDGE, FIELD, MATURITY 0 ROOT TUBER 
813 .5MHOAC NL 95 ROOT TUBER SLUDGE, FIELD, MATURITY 88.1 ROOT TUBER 
814 .6MHOAC NL 124 ROOT TUBER SLUDGE, FIELD, MATURITY 92.9 ROOT TUBER 
816 .6MHOAC NL 93 ROOT TUBER SLUDGE, FIELD, MATURITY 98.7 ROOT TUBER 
SUS .5MHOAC NL 48 ROOT TUBER SLUDGE, FIELD, MATURITY 0 ROOT TUBER 
817 .6MHOAC NL 72 ROOT TUBER SLUDGE, FIELD, MATURITY 0 ROOT TUBER 
818 .6MHOAC NL 87 ROOT TUBER SLUDGE, FIELD, MATURITY 0 ROOT TUBER 
819 .SMHOAC NL 112 ROOT TUBER SLUDGE, FIELD, MATURITY 62.8 ROOT TUBER 
820 NL NL SLUDGE, FIELD, MATURITY 0 BULB 
821 NL NL SLUDGE, FIELD, MATURITY 0 BULB 
822 NL NL : SLUDGE, FIELD, MATURITY 77.8 : BULB 
823 NL NL SLUDGE, FIELD, MATURITY 93.9 BULB 
824 NL NL SLUDGE. FIELD, MATURITY 0 BULB 
825 NL NL SLUDGE, FIELD, MATURITY 0 BULB 
828 NL NL SLUDGE. FIELD, MATURITY 0 BULB 
827 NL NL SLUDGE, FIELD, MATURITY 38.1 BULB 
828 NL 48 BULB SLUDGE, FIELD, MATURITY 0 BULB 
829 NL 141 BULB SLUDGE, FIELD, MATURITY 0 BULB 
830 NL 139 BULB SLUDGE, FIELD, MATURITY 0 BULB 
831 . NL NL BULB SLUDGE, FIELD, MATURITY 99 BULB 
832 NL 64 BULB SLUDGE, FIELD, MATURITY 0 BULB 
833 NL 71 BULB SLUDGE, FIELD, MATURITY 0 BULB 
834 NL 114 BULB SLUDGE, FIELD, MATURITY 0 BULB 
835 NL 136 BULB SLUDGE, FIELD, MATURITY 36.4 BULB 
836 .5 M HOAC 31 NL SLUDGE FIELD MATURITY 0 BULB 

F-356 



800 

805 

810 

815 

820 

825 

830 

835 

TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

'll, MEASURED PHYTOTOXICITY COMMENTS 

799 NO 
NO 

801 NO 
802 NO 
803 NO 
804 NO 

POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
806 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
807 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
808 NO 
809 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 

POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
811 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
812 NO .. 
813 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN (114001 
814 POSSIBLE ; SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN (114001 

POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN (114001 
816 NO 
817 NO 
818 NO 
819 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN I 114001 

NO 
821 NO 
822 POSSIBLE : SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN 1114001 
823 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN (114001 
824 NO 

NO 
826 NO 
827 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (61001 AND ZN (114001 
828 NO 
829 NO 

NO 
831 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001 
832 NO 
833 NO 
834 NO 

POSSIBLE SLUDGE UNUSUALLY HIGH IN NI 151001 AND ZN (114001 
836 NO 

F-357 



TABlE f.4 (cont.I 

LOCATION 
OF 

STUDY 

799 MINNESOTA 
800 MINNESOTA 
801 MINNESOTA 
802 MINNESOTA 
803 MINNESOTA 
804 WOODTHORNE, U.K. 
805 WOODTHORNE, U.K. 
808 WOODTHORNE, U.K. 
807 WOODTHORNE, U.K. 
808 WOODTHORNE, U.K. 
809 WOODTHORNE, U.K. 
810 WOODTHORNE, U.K. 
811 WOODTHORNE, U.K. 
812 WOODTHORNE, U.K. 
813 WOODTHORNE, U.K. 
814 WOODTHORNE, U.K. 
816 WOODTliORNE, U.K. 
818 WOODTHORNE, U.K. 
817 WOODTHORNE, U.K. 
818 WOODTHORNE, U.K. 
819 WOODTHORNE, U.K. 
820 WOODTHORNE, U.K. 
821 WOODTHORNE, U.K. 
822 WOODTHORNE, U.K. 
823 WOODTHORNE. U.K. 
824 WOODTHORNE, U.K. 
825 WOODTHORNE, U.K. 
828 WOODTHORNE, U.K. 
827 WOODTHORNE, U.K. 
828 WOODTHORNE, U.K. 
829 WOODTHORNE, U.K. 
830 WOODTHORNE, U.K. 
831 WOODTHORNE, U.K. 
832 WOODTHORNE, U.K. 
833 WOODTHORNE, U.K. 
834 WOODTHORNE, U.K. 
835 WOODTHORNE, U.K. 
836 WOODTHORNE U.K. 
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TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR pH % % % ma/ka 

837 WILLIAMS 1977 SWEDE 
838 WIWAMS 1977 SWEDE 
839 WILLIAMS 1977 SWEDE 
840 WIWAMS 1977 SWEDE 
841 WILLIAMS 1977 SWEDE 
842 WILLIAMS 1977 SWEDE 
843 WILLIAMS 1977 SWEDE 
844 WILLIAMS 1977 LITTUCE 
845 WILLIAMS 1977 LITTUCE 
848 WIUIAMS 1977 LETTUCE 
847 WILLIAMS 1977 LETTUCE 
848 WILLIAMS 1977 LITTUCE 
849 WILLIAMS 1977 LITTUCE 
850 WILLIAMS 1977 LITTUCE .. 
851 WILLIAMS 1977 LETTUCE I 

852 KING & MORRIS 1972 RYE 1.42 
853 KING & MORRIS 1972 RYE 1.42 
854 KING & MORRIS 1972 RYE 1.42 
855 KING & MORRIS 1972 RYE 1.42 
858 KING & MORRIS 1972 RYE 1.42 
857 KING & MORRIS 1972 RYE 1.42 
858 KING & MORRIS 1972 RYE 1.42 
859 KING & MORRIS 1972 RYE 1.42 
880 KING & MORRIS 1972 RYE : : 1.42 
881 KING & MORRIS 1972 RYE 1.42 
882 KING & MORRIS 1972 RYE 1.42 
883 KING & MORRIS 1972 RYE 1.42 
884 KING & MORRIS 1972 RYE 1.42 
985 KING & MORRIS 1972 RYE 1.42 
888 KING & MORRIS 1972 RYE 1.42 
887 WEBBER 1972 RED BEET 
888 WEBBfR 1972 RED BEET 
889 WEBBER 1972 RED BEET 
870 WEBBER 1972 RED BEET 
871 WEBBER 1972 RED BEET 
872 WEBBER 1972 RED BEET 
873 WEBBl:R 1972 CELERY 
874 WEBBER 1972 CELERY 
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TABLE 14 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka mallca % % ma/ka ma/ka malka ma/ka CONTNT PROCESSING 

837 100 6100 11400 AIR DRIED 
838 100 5100 11400 AIR DRIED 
839 100 6100 11400 AIR DRIED 
840 100 6100 11400 AIR DRIED 
841 100 6100 11400 AIR DRIED 
842 100 6100 11400 AIR DRIED 
843 100 6100 11400 AIR DRIED 
844 100 6100 11400 AIR DRIED 
845 100 5100 11400 AIR DRIED 
846 100 5100 11400 AIR DRIED 
847 100 5100 11400 AIR DRIED 
848 100 5100 11400 AIR DRIED 
849 100 6100 11400 AIR DRIED 
850 100 6100 • 11400 AIR DRIED 
861 100 6100 11400 AIR DRIED 
852 463 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
863 463 2.98 25 0,79 2415 0.08 ANAEROBICALLY DIGESTED 
854 453 2.98 26 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
865 453 2.98 25 0,79 2415 0.08 ANAEROBICALLY DIGESTED 
858 463 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
867 453 2.98 25 0.79 2415 0.06. ANAEROBICALLY DIGESTED 
858 453 2.98 25 0,79 2415 0.08 '. ANAEROBICALLY DIGESTED 
869 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
880 463 2.98 : 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
881 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
882 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
883 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
884 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
885 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
888 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED 
887 
888 240 1100 210 3000 
889 eo 4600 58 48000 
870 eo 4600 58 48000 
871 240 1100 210 3000 
872 eo 4600 58 48000 
873 
874 240 1100 210 3000 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

ST ABILIZATN Ma/he Ma/ha APPLICATN NAME NAME TEXTURE 

837 56 56 11 LS 
838 112 112 11 LS 
839 224 224 11 LS 
840 0 0 11 LS 
841 58 56 11 LS 
842 112 112 11 LS 
843 224 224 11 LS 
844 0 0 12 LS 
845 58 56 12 LS 
848 112 112 12 LS 
847 224 224 12 LS 
848 0 0 12 LS 
849 58 58 12 LS 
850 112 112 12 - LS 
851 224 224 12 LS 
852 0 0 0 TYPIC HAPLUDUL T CECIL SCL 
853 28.5 28.5 0 TYPIC HAPLUDULT CECIL SCL 
854 52.5 62.5 0 TYPIC HAPLUDULT CECIL SCL 

- 855 80 80 0 TYPIC HAPLUDULT CECIL SCL 
858 120 120 0 TYPIC HAPLUDUL T CECIL SCL 
857 0 0 0 TYPIC HAPLUDULT CECIL SCL 
858 15.1 41.8 0 TYPIC HAPLUDULT CECIL SCL 
859 30 82.5 0 TYPIC HAPLUDULT CECIL SCL 
880 80 : 120 0 TYPIC HAPLUDULT : CECIL SCL 
881 120 240 0 TYPIC HAPLUDULT CECIL SCL 
862 0 0 0 TYPIC HAPLUDULT CECIL SCL 
883 15.1 41.8 0 TYPIC HAPLUDUL T CECIL SCL 
884 30 82.5 0 TYPIC HAPLUDUL T CECIL SCL 
865 80 120 0 TYPIC HAPLUDUL T CECIL SCL 
868 120 240 0 TYPIC HAPLUDULT CECIL SCL 
887 0 0 0 
868 125.5 125.5 2 
869 ·125.5 125.5 2 
870 125.5 125.5 2 
871 31.4 94.2 0 
872 31.4 94.2 0 
873 0 0 0 
874 125.5 125.5 2 
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T ABlE F-4 (oont.J 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

% % % omol/ka % DH RATE lka/ha) 

837 1.2 6.7 640 
838 1.2 6.7 1280 
839 1.2 8,7 2580 
840 1.2 7.2 0 
841 1.2 7.2 640 
842 1.2 7.2 1280 
843 1.2 7.2 2560 
844 1.2 6.5 0 
845 1.2 8.5 840 
848 1.2 6.5 1280 
847 1.2 6.5 2560 
848 1.2 7 0 
849 1.2 7 640 
850 1.2 7 1280 
851 1.2 7 2560 
852 5.2 0 

853 NR 71 
854 NR 142 
855 NR 180 
856 NR 360 
857 5.2 0 
858 5.1 171 
859 NR 342 
880 : : 4.5 486 
861 4.2 972 
862 LIMED 0 
863 LIMED 171 
864 LIMED 342 
865 LIMED 486 
886 LIMED 972 
867 6.1 0 

868 NR 377 
869 NR 1004 
870 NR 2008 
871 NR 283 
872 NR 1004 
873 6.1 0 

874 NR 377 
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TABLE F-4 (cont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT mg/kg mg/kg SAMPLED EXPERIMENTAL DESIGN % MEASURED 

837 .5MHOAC 90 NL SLUDGE, FIELD, MATURITY 0 BULB 
838 .5MHOAC 168 NL SLUDGE, FIELD, MATURITY 70.3 BULB 
839 .5 MHOAC 278 NL SLUDGE, FIELD, MATURITY 100 BULB 
840 .5MHOAC 31 NL SLUDGE, FIELD, MATURITY 0 BULB 
841 .6MHOAC 90 NL SLUDGE, FIELD, MATURITY 0 BULB 
842 .6MHOAC 168 NL SLUDGE, FIELD, MATURITY 0 BULB 
843 .5 MHOAC 278 NL SLUDGE, FIELD, MATURITY 0 BULB 
844 .5MHOAC 47 NL SLUDGE, FIELD, MATURITY 0 LEAF 
845 .6MHOAC 115 NL SLUDGE, FIELD, MATURITY 0 LEAF 
846 .5MHOAC 194 NL SLUDGE, FIELD, MATURITY 30 LEAF 
847 .6MHOAC 334 NL SLUDGE, FIELD, MATURITY 96.3 LEAF 
848 .5MHOAC 47 NL SLUDGE, FIELD, MATURITY 0 LEAF 
849 .SMHOAC 115 NL SLUDGE, FIELD, MATURITY 0 LEAF 
850 .5MHOAC 194 NL ,. SLUDGE, FIELD, MATURITY 23.7 LEAF 
851 .5 MHOAC 334 NL ' SLUDGE, FIELD, MATURITY 28.4 LEAF 
852 NR NR ' SLUDGE, FIELD, MATURITY 0 FORAGE 
853 NR NR SLUDGE, FIELD, MATURITY 34• FORAGE 
864 NR NR SLUDGE, FIELD, MATURITY 0 FORAGE 
855 NR NR SLUDGE, FIELD, MATURITY 0 FORAGE 
858 NR NR SLUDGE, FIELD, MATURITY 0 FORAGE 
857 NR 32 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
868 NR 150 FORAGE SLUDGE, FIELD, MATURITY 41" FORAGE 
869 NR 232 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
860 NR 340 : FORAGE SLUDGE, FIELD. MATURITY 0 FORAGE· 
881 NR 776 FORAGE SLUDGE, FIELD, MATURITY 80 FORAGE 
862 NR 30 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
863 NR 108 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
864 NR 188 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
865 NR 251 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE 
868 NR 679 FORAGE SLUDGE, FIELD, MATURITY 58 FORAGE 
867 .6MHOAC 8.9 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
868 .SMHOAC 91 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
889 .6 MHOAC 485 SLUDGE, FIELD, MATURITY 58 TOTAL BIOMASS 
870 .5MHOAC 744 SLUDGE, FIELD, MATURITY 100 TOTAL BIOMASS 
871 .6MHOAC 81 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
872 .SMHOAC 147 SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS 
873 .5MHOAC 8.9 SLUDGE, FIELD, MATURITY 0 STALKS 
874 .5 M HOAC 91 SLUDGE FIELD. MATUR1TY 0 STALKS 

F-363 



T ABlf F-4 (cont.) 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHVTOTOXICITV COMMENTS 

837 NO 
838 POSSIBLE SLUDGE UNUSUAU Y HIGH IN NI (51001 AND ZN (11-4001 
839 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11-4001 
840 NO 
841 NO 
842 NO 
843 NO 
844 NO 
845 NO 
846 POSSIBLE SLUDGE UNUSUAUY HIGH IN NI (51001 AND ZN 111-400) 
847 POSSIBLE SLUDGE UNUSUAUY HIGH IN NI (51001 AND ZN (11-4001 
848 NO 
849 NO 
850 POSSIBLE SLUDGE UNUSUAUY HIGH IN NI 151001 AND ZN (11-4001 
851 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI 151001 AND ZN 111-4001 
852 NO . 
853 NO• •DOSE RESPONSE NOT CONSISTENT 
854 NO 
855 NO 
856 NO 
857 NO 
858 NO• "DOSE RESPONSE & TISSUE ZN CONCENTRATION ARE NOT CONSISTENT, PH<S.5 
859 NO : ; 

890 NO : ' 
881 POSSIBLE PH<S.5 1•4.21 

862 NO 
863 NO 
884 NO 
865 NO 
866 POSSIBLE LOADING IN EXCESS OF AGRONOMIC RATES, PH UNKNOWN AND QUESTIONABLE 
867 NO 
888 NO 
889 POSSIBLE HIGH ZN SLUDGE 148000 MG/KGIBLENDED WITH LOWER ZN SLUDGE WAS USED 
870 POSSIBLE HIGH ZN SLUDGE 148000 MG/KGIBLENDED WITH LOWER ZN SLUDGE WAS USED 
871 NO 
872 NO 
873 NO 
874 NO 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

837 WOODTHORNE, U.K. 
838 WOODTHORNE, U.K. 
839 WOODTHORNE, U.K. 
840 WOODTHORNE, U.K. 
841 WOODTHORNE, U.K. 
842 WOODTHORNE, U.K. 
843 WOODTHORNE, U.K. 
844 WOODTHORNE, U.K. 
845 WOODTHORNE, U.K. 
848 WOODTHORNE, U.K. 
847 WOODTHORNE, U.K. 
848 WOODTHORNE, U.K. 
849 WOODTHORNE, U.K. 
850 WOODTHORNi, U.K. 
851 WOODTHORNE, U.K. 
852 GEORGIA 
853 GEORGIA 
854 GEORGIA 
855 GEORGIA 
858 GEORGIA 
857 GEORGIA 
858 GEORGIA 
859 GEORGIA 
880 GEORGIA 
881 GEORGIA 
882 GEORGIA 
883 GEORGIA 
884 GEORGIA 
885 GEORGIA. 
888 GEORGIA 
887 LEEDS, U.K. 
888 LEEDS, U.K. 
889 LEEDS, U.K. 
870 LEEDS, U.K. 
871 LEEDS, U.K. 
872 LEEDS, U.K. 
873 LEEDS, U.K. 
874 LEEDS U.K. 
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875 

880 

885 

890 

895 

900 

905 

910 

TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CUL TIVAR pH mo/ka "' "' "' 
WEBBfR 1972 CELERY 

8715 WE8BeR 1972 CELERY 
877 WEBBER 1972 CELERY 
878 WEBBER 1972 CELERY 
879 WEBaER 1972 CELERY 

WEBBER 1972 
881 PIETZ ET Al. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 
882 PIETZ ET Al. 1983 CORN PIONEER 3S17 7.6 46 1.4 3.3 307 
883 PIETZ ET AL. 1983 CORN PIONEER 3S17 7.6 48 1.3 3.3 307 
884 PIETZ ET AL. 1983 CORN PIONEER 3S17 7.6 48 1.8 3.3 307 

PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1 .s 3.3 307 
888 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 
887 PIETZ ET AL. 1983 CORN PIONEER 3S17 7.6 46 1.4 3.3 307 
888 PIETZ ET AL. 1983 CORN PIONEER.3517 7.6 48 1.3 3.3 307 
889 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1 .6 3.3 307 

PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.5 3.3 307 
891 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.4 3.3 307 
892 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 
893 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 
894 PIETZ ET AL 1983 CORN PIONEER 3517 7.6 46 1.8 3.3 307 

PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 
896 PIETZ ET AL. 1983 CORN PIONEER 3617 7.6 46 1.4 3.3 307 
897 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 
898 PIETZ ET Al. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 
899 PIETZ ET Al. 1983 CORN PIONEER 3617 7.6 46 1.6 3.3 307 

PIETZ ET Al. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 
901 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 
902 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 28S 
903 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 

904 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 28S 
PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 

908 PIETZ ET AL. 1991 CORN PIONEER 3S17 7.6 46 1.4 3.3 160 
907 .PIETZ ET AL. 1991 CORN PIONEER 3S17 7.6 46 1.4 3.3 160 
908 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
909 PIETZ ET Al. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 

PIETZ ET Al. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 
911 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 . 20 0.67 3.9 53 

912 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
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880 

885 

890 

895 

900 

905 

910 

TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu Fe N Ni p Pb Zn SOLIDS BIOLOGICAL 

ma/ka ma/ka % % ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

60 4600 58 48000 
876 60 4600 58 48000 
877 240 1100 210 3000 
878 60 4600 58 48000 
879 

881 3505 1471 6.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
882 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
883 3505 1471 6.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
884 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 6.1 5.1 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
888 3505 1471 5.1 6.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
887 3505 1471 6.1 6.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
888 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
889 3505 1471 5.1 5.1 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 6.1 6.1 369 3.42 ·1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
891 3505 1471 6.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON -r.. 

892 3505 1471 6.1 5.1 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
893 3505 1471 6.1 6.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
894 3505 1471 5.1 5.1 389 3.42 1268 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
898 3505 r471 6.1 5.1 • 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
897 3505 1471 6.1 5.1 . 389 3.42 .1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
898 3505 1471 6.1 5.1: 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
899 3505 1471 5.1 5.1 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 5.1 5.1 389 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON 
901 3505 1471 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON 
902 3505 1471 4.3 4.5· 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
903 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 
904 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
908 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
907 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON 
908 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON 
909 775 460 2.2 0.5 116 ·o.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON 

775 480 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
9n 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON 
912 3505 1471 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST LAGOON 
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TABlE F•4 (cont.I 

SLUDGE. ANNLSLUDGE CUMM.SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOAONG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABIUZATN Miti1\a Mi'li1\a APPLICATN NAME NAME TEXTURE 

875 125.5 125.5 2 
876 125.5 125.5 2 
877 31.4 94.2 0 
878 31.4 94.2 0 
879 
880 
881 POLYMER,FECL3 0 0 STRIP MINE SPOIL 
882 POLYMER,FECL3 0 0 STRIP MINE SPOIL 
883 POLYMER,FECL3 0 0 STRIP MINE SPOIL 
884 POLYMER,FECL3 0 0 STRIP MINE SPOIL 
886 POLYMER,FECL3 0 0 STRIP MINE SPOIL 
886 POL YMER.FECL3 3 3 STRIP MINE SPOIL 
887 POLYMER,FECL3 12.8 15.8 0 STRIP MINE SPOIL 
888 POL YMER,FECL3 12.4 28.1 0 STRIP MINE SPOIL 
889 POL YMER,FECL3 14.3 42.4 0 STRIP MINE SPOIL 
890 POLYMER,FECL3 11.6 81.9 0 STRIP MINE SPOIL 
891 POL YMER,FECL3 8 8 0 STRIP MINE SPOIL 
892 POL YMER,FECL3 26.6 31.6 0 STRIP MINE SPOIL 
893 POL YMER,FECL3 29.8 91.3 0 STRIP MINE SPOIL 
894 POL YMER,FECL3 28.8 89.9 0 STRIP MINE SPOIL 
895 POLYMER,FECL3 39 128.9 0 STRIP MINE SPOIL 
898 POL YMER,FECL3 11.9 11.9 0 STRIP MINE SPOIL 
897 POLYMER,FECL3 61 82.9 0 STRIP MINE SPOIL 
898 POLYMER,FECL3 69.8 : 122.6 0 STRIP MINE SPOIL : 

899 POLYMER,FECL3 67.1 179.8 0 STRIP MINE SPOIL 
900 POLYMER,FECL3 78 257.8 0 STRIP MINE SPOIL 
901 POLYMER FECL3 0 0 0 STRIP MINE SPOIL 
902 POL YMER,FECL3 0 0 0 STRIP MINE SPOIL 
903 POL YMER,FECL3 0 0 0 STRIP MINE SPOIL 
904 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
906 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
906 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
907 POL YMER,FECL3 0 0 0 STRIP MINE SPOIL 
908 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL 
909 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
910 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL 
911 POL YMER,FECL3 0 0 0 STRIP MINE SPOIL 
912 POL YMER.FECL3 16.1 78 0 STRIP MINE SPOIL 
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880 

885 

890 

895 
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905 

910 

TABLE F-4 (cont.) 

SAND SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

'l(, 'l(, 'l(, cmol/ka 'l(, oH RATE (ka/hal 

-
NR 1004 

878 NR 2008 
877 NR 283 
878 NR 377 
879 

881 12.8 0.25 7.8 0 
882 12.8 0.25 7.8 0 
883 12.8 0.33 7.8 0 
884 12.8 0.33 7.8 0 

12.8 0.33 7.8 0 
888 12.8 0.33 7.8 15 
887 12.8 0.27 7.8 79 
888 12.e 0.41 7.8 142 
889 I 12.8 ! 0.41 7.8 212 

12.8 0.59 7.8 331 
891 12.8 0.35 7.8 30 
892 12.8 0.3 7.8 158 
893 12.8 0.3 7.8 284 
894 12.8 0.5 7.8 424 

12.8 0.5 7.8 882 
898 

., 12.8 : 0.33 7.8 80 
897 12.8 0.33 7.8 316 
898 : 12.8 : 0.78 7.8 588 
899 12.8 0.78 7.8 848 

12.8 1.22 7.8 1324 
901 0.33 7.5 0 
902 0.44 7.5 0 
903 0.44 7.5 0 
904 0.38 7.5 0 

0.38 7.5 0 
908 0.48 7.5 0 
907 0.48 7.5 0 
908 0.73 7.5 0 
909 0.73 7.5 0 

0.7 7.5 0 
911 0.7 7.5 0 
912 0.59 7.5 415 
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TABLE F-4 (oont.) 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACTANT mo/ko mo/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED 

875 .5MHOAC 485 SLUDGE, FIELD, MATURITY 0 STALKS 
878 .5MHOAC 744 SLUDGE, FIELD, MATURITY 58 STALKS 
877 .6MHOAC 81 SLUDGE. FIELD, MATURITY 0 STALKS 
878 .6MHOAC 147 SLUDGE, FIELD, MATURITY 0 STALKS 
879 
880 
881 0.1 M HCI 3.4 15 LEAF FIELD, SLUDGE MATURITY 0 GRAIN 
882 0.1 M HCI 4.6 13 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
883 0.1 M HCI 3.9 21 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
884 0.1 M HCI 9.5 33 LEAF FIELD SLUDGE, MATURITY 0 GRAIN 
885 0.1 M HCI 9.4 33 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
888 0.1 M HCI 4.3 34 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
887 0.1 M HCI 8.6 43 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
888 0.1 M HCI 20.8 74 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
889 0.1 M HCI 30.8 109 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
890 0.1 M HCI 18.1 81 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
891 0.1 M HCI 3.7 43 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
892 0.1 M HCI 9.1 51 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
893 0.1 M HCI 50.3 93 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
894 0.1 M HCI 43.3 124 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
895 0.1 M HCI 32.8 132 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
898 0.1 M HCI 3.8 BO LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
897 0.1 M HCI 10.3 72 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 

: 898 0.1 M HCI 114 121 : LEAF FIELD, SLUDGE, MATURITY 0 : GRAIN 
899 0.1 M HCI 82 191 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
900 0.1- M HCI 77.5 200 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
901 0.1 M HCI 14 49 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
902 0.1 M HCI 20.4 85 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
903 0.1 M HCI 25.8 42 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
904 0.1 M HCI 22.5 54 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
906 0.1 M HCI 22.3 53 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
906 0.1 M HCI 28.1 34 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
907 0.1 M HCI 33.4 56 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
908 0.1 M HCI 42 88 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
909 0.1 M HCI 58.8 24 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
910 0.1 M HCI 58.3 28 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
911 0.1 M HCI 74.5 31 LEAF i:IELD, SLUDGE, MATURITY 0 GRAIN 
912 0.1 M HCI 49.8 114 LEAF FIELD SLUDGE. MATURITY 29.5° GRAIN 
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910 

TABLE F-4 (cont.I 

YIELD YIELD 
REDUCTION COMPONENT METAL 

% MEASURED PHYTOTOXICITY COMMENTS 

NO 
876 POSSIBLE HIGH ZN SLUDGE (48000 MG/KGIBLENDED WITH LOWER ZN SLUDGE WAS USED 
877 NO 
878 NO 
879 . 

881 0 STOVER NO 
882 0 STOVER NO 
883 0 STOVER NO 
884 0 STOVER NO 

0 STOVER NO 
886 0 STOVER NO 
887 0 STOVER NO 
888 0 STOVER NO .. 
889 0 STOVER NO 

0 STOVER NO 
891 0 STOVER NO 
892 0 STOVER NO 
893 0 STOV!:R NO 
894 0 STOVER NO 

0 STOVER NO 
898 0 STOVER NO 
897 0 STOVER NO 
898 0 STOVER NO : : 

899 0 STOVER NO 
0 STOVER NO 

501 0 STOVER NO 
102 0 STOVER NO 
903 0 STOVER NO 
904 0 STOVER NO 

0 STOVER NO 
908 0 STOVER NO 
907 0 STOVER NO 
908 0 STOVER · NO 
909 0 STOVER NO 

0 STOVER NO 
911 0 STOVER NO 
912 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSIST ANT OTHER FACTORS 
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TABlE f.<J (cont.I 

LOCATION 
OF 

STUDY 

LEEDS, U.K. 
878 LEEDS, U.K. 
877 LEEDS, U.K. 
878 LEEDS, U.K. 
879 

881 FULTON COUNTY, ILUNOIS 
882 FULTON COUNTY, IWNOIS 
883 FULTON COUNTY, ILUNOIS 
884 FULTON COUNTY, IWNOIS 

FULTON COUNTY, ILUNOIS 
886 FULTON COUNTY, ILUNOIS 
887 FULTON COUNTY, ILLINOIS 
888 FULTON COUNTY, lLLINOIS 
889 FULTON COUNTY, ILLINOIS 

FULTON COUNTY, IWNOIS 
891 FULTON COUNTY, ILUNOIS 
892 FULTON COUNTY, ILUNOIS 
893 FULTON COUNTY, ILUNOIS 
894 FULTON COUNTY, ILUNOIS 

FULTON COUNTY, IWNOIS 
898 FULTON COUNTY, IWNOIS 
897 FULTON COUNTY, IWNOIS 
898 FULTON COUNTY, IWNOIS 
899 FULTON COUNTY, IWNOIS 

FULTON COUNTY, IWNOIS 
901 FULTON COUNTY, ILUNOIS 
902 FULTON COUNTY, ILUNOIS 
903 FULTON COUNTY, ILUNOIS 
904 FULTON COUNTY, ILUNOIS 

FULTON COUNTY., IWNOIS 
908 FULTON COUNTY, IWNOIS 
907 FULTON COUNTY, IWNOIS 
908 FULTON COUNTY, IWNOIS 
909 FULTON COUNTY, ILUNOIS 

FULTON COUNTY, ILLINOIS 
911 FULTON COUNTY, ILLINOIS 
912 FULTON COUNTY ILLINOIS 

F-372 



915 

920 

925 

930 

935 

940 

TABLE F-4 (cont.I 

SLUDGE SLUDGE SLUDGE SLUDGE 
LITERATURE PLANT SLUDGE VOL SOLIDS Al Ca Cd 

CITATION NAME CULTIVAR PH % % % ma/ka 

913 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 
914 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 265 
916 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 265 
917 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
918 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 
919 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 
921 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 
922 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.87 3.9 53 
923 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 285 
924 PIETZ l!T AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 
928 PIETZ ET AL. 1991 CORN PIONEEll 3517 7.6 48 1.4 3.3 285 
927 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 
928 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 
929 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 
931 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 
932 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 30 3.1 0.71 71 
933 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 20 0.87 3.9 53 
934 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.8: 48 1.4 3.3 285 
938 : PIETZ ET AL. 1991 CORN : PIONEER 3517 7.8 48 1.4 3.3 :285 
937 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 
938 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 
939 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 

PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 
941 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 
942 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71 
943 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 30 3.1 0.71 71 
944 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 20 0.87 3.9 53 
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TABLE F-4 (cont.) 

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 
Cr Cu F• N NI p Pb Zn SOLIDS BIOLOGICAL 

rnolka malka " " ma/ka ma/ka ma/ka ma/ka CONTNT PROCESSING 

913 3605 1471 4.3 4.5 425 3.42 860 3600 0,05 SECONDARY ANAER DIGEST, LAGOON 
914 3505 1471 4.3 4.5 425 3.42 850 3600 0,054 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
916 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
917 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST LAGOON 
918 3605 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON 
919 775 4eo 2.2 0.5 118 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON 

775 4eo 2.2 0.6 118 0.87 293 1100 0,85 SECONDARY, ANAER DIGEST, 1.AGOON 
921 775 4eo 2.2 0.6 118 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
922 679 454 1.9 0.5 121 0.82 259 1148 0.69 SECONDARY, ANAER DIGEST, LAGOON 
923 3505 1471 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON 
924 3505 1471 4.3 4.5 425 3.42 850 3600 0,05 SECONDARY, ANAER DIGEST, LAGOON 

3505 1471 4.3 4.5 425 3.42 860 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON 
926 3506 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY ANAER DIGEST, LAGOON 
927 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
928 3505 1471 4.3 4.6 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON 
929 3506 1471 4.3 4.5 426 3.42 850 3600 0,048 SECONDARY, ANAER DIGEST, LAGOON 

776 4eo 2.2 0,6 118 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON 
931 775 480 2.2 0.5 118 0.87 293 1100 0,65 SECONDARY ANAER DIGEST, LAGOON 
932 775 4eo 2.2 0.6 118 0.87 293 1100 0.3 SECONDARY ANAER DIGEST, LAGOON 
933 679 454 1.9 0.5 121 0.62 259 1146 0,69 SECONDARY, ANAER DIGEST, LAGOON 
934 3505 1471 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON 

3506 1471 4.3 4.5 425 3.42 850 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON 
936 3505 1471 4.3 4.5 425 3.42 850 :3600 0.054 SECONDARY. ANAER DIGEST, LAGOON 
937 3505 1471 4.3 4.5 425 3.42 850 3800 0.052 SECONDARY, ANAER DIGEST, LAGOON 
938 3505 1471 4.3 4.5 426 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON 
939 3506 1471 4.3 4.5 425 3.42 850 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON 

3506 14n 4.3 4.6 425 3.42 850 3800 0.048 SECONDARY ANAER DIGEST, LAGOON 
941 775 4eo 2.2 0,5 118 0.87 293 1100 0.68 SECONDARY, ANAER DIGEST, LAGOON 
942 776 4eo 2.2 0.5 118 0.87 293 1100 0.85 SECONDARY, ANAER DIGEST, LAGOON 
943 775 480 2.2 0.5 118 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON 
944 879 454 1.9 0.6 121 0.82 259 1148 0.69 SECONDARY ANAER DIGEST. LAGOON 
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TABLE F-4 (cont.I 

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL 
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL 

STABILIZATN Ma/h11 Ma/h11 APPLICATN NAME NAME TEXTURE 

913 POL YMER,FECL3 19.9 97.9 0 STRIP MINE SPOIL 
914 POL YMER,FECL3 17.4 115.3 0 STRIP MINE SPOIL 

POLYMER,FECL3 11.4 126.7 0 STRIP MINE SPOIL 
918 POL YMER,FECL3 18.8 143.5 0 STRIP MINE SPOIL 
917 POL YMER,FECL3 17.9 161.4 0. STRIP MINE SPOIL 
918 POL YMER,FECL3 16.8 178.2 0 STRIP MINE SPOIL 
919 POL YMER,FECL3 18.8 195 0 STRIP MINE SPOIL 

POL YMER,FECL3 16.8 211.8 0 STRIP MINE SPOIL 
921 POL YMER,FECL3 18.8 228.8 0 STRIP MINE SPOIL 
922 POL YMER,FECL3 18.8 245.4 0 STRIP MINE SPOIL 
923 POL YMER,FECL3 32.2 181.1 0 STRIP MINE SPOIL 
924 POLYMER,FECL3 39.8 200.9 0 STRIP MINE SPOIL 

POLYMER,FECL3 34.8 235.7 0 STRIP MINE SPOIL 
928 POLYMER,FECL3 22.8 258.5 0 .. STRIP MINE SPOIL 
927 POL YMER,FECL3 34.9 293.4 0 STRIP MINE SPOIL 
928 POLYMER,FECl.3 35.8 329.2 0 STRIP MINE SPOIL 
929 POLYMER,FECL3 33.8 382.8 0 STRIP MINE SPOIL 

POLYMER,FECL3 33.8 398.4 0 STRIP MINE SPOIL 
931 POLYMER,FECL3 33.8 430 0 STRIP MINE SPOIL 
932 POLYMER,FECL3 33.8 483.8 0 STRIP MINE SPOIL 
933 POLYMER,FECL3 33.8 497.2 0 STRIP MINE SPOIL 
934 POLYMER,FECL3 84.3 321.9 0 STRIP MINE SPOIL 

POLYMER,FECL3 79.7 401.8 0 STRIP MINE SPOIL 
938 POLYMER FECL3 89.8 471.4 0 : STRIP MINE SPOIL 
937 POL YMER,FECL3 45.6 618.9 0 STRIP MINE SPOIL 
938 POLYMER,FECL3 88.8 685.7 0 STRIP MINE SPOIL 
939 POLYMER,FECL3 71.7 867.4 0 STRIP MINE SPOIL 

POLYMER,FECL3 87.2 724.8 0 STRIP MINE SPOIL 
941 POLYMER,FECL3 87.2 791.8 0 STRIP MINE SPOIL 
942 POLYMER.FECL3 87.2 859 0 STRIP MINE SPOIL 
943 POL YMER,FECL3 87.2 928.2 0 STRIP MINE SPOIL 
944 POL YMER.FECL3 87.2 993.4 0 STRIP MINE SPOIL 
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TABLE F__. (cont.) 

SANO SILT CLAY SOIL SOIL CUMM Zn 
CONTENT CONTENT CONTENT CEC oc SOIL LOADING 

omol/l<a DH RATE lka/hal " " " " 
913 0.94 7.6 608 
914 0.94 7.6 692 
915 0.117 7.6 1135 
9111 0.117 7.6 1195 
917 0.87 7.6 749 
918 0.87 7.6 795 
919 1.41 7.6 851 
920 1.41 7.6 890 
921 1.26 7.6 940 
922 1.26 7.6 973 
923 C.94 7.6 830 
924 0.94 7.6 10111 
925 1.68 7.6 1184 
929 - 1.68 7.5 1270 
927 1.04 7.6 1390 
928 1.04 7.6 1492 
929 1.48 7.6 1690 
930 1.48 7.6 1702 
931 2.16 7.6 1780 
932 2.16 7.6 1880 
933 1.9 7.6 1949 
934 1.22 7.6 1990 
936 3.02 7.5 2032 
938 : : 3.02 7.6 :23118 
937 1.58 7.6 2540 
938 1,68 7.6 2780 
939 2,38 7.6 2984 
940 2.38 7.6 3180 
941 3.47 7.6 3404 
942 3.47 7.6 3590 
943 2.77 7.5 3790 
944 2,77 7.6 3892 
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TABLE F-4 (cont.I 

SOIL Zn PLANT Zn PLANT YIELD YIELD 
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT 

EXTRACT ANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN 'I(, MEASURED 

913 0.1 M HCI 59.7 101 LEAF FIELD, SLUDGE, MATURITY NA GRAIN 
914 0.1 M HCI 133 97 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 

0.1 M HCI 90.8 76 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
916 0.1 MHCI 82.2 53 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
917 0.1 M HCI 118 60 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
918 0.1 M HCI 113 94 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
919 0,1 M HCI 171 88 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 

0.1 M HCI 198 34 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
921 0.1 M HCI 175 41 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
922 0,1 M HCI 174 38 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
923 0,1 M HCI 89.1 201 LEAF FIELD, SLUDGE, MATURITY 21,5• GRAIN 
924 0.1 M HCI 102 197 LEAF FIELD, SLUDGE, MATURITY NA GRAIN 

0.1 M HCI 288 183 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
928 0:1 M HCI 211 115 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN 
927 0,1 M HCI 195 132 LEAF FIELD, SLUDGE, MATURITY . 0 GRAIN 
928 0.1 M HCI 289 121 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN 
929 0.1 M HCI 2111 174 LEAF FIELD, SLUDGE MATURITY 0 GRAIN 

0.1 M HCI 317 128 LEAF FIELD. SLUDGE MATURITY 0 GRAIN 
931 0,1 M HCI 328 55 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
932 0,1 M HCI 293 42 LEAF FIELD SLUDGE MATURITY 0 GRAIN 
933 0,1 M HCI 335 41 LEAF FIELD, SLUDGE, MATURITY 43,7• GRAIN 
934 0.1 M HCI 182 317 LEAF FIELD SLUDGE MATURITY 23• GRAIN 

0.1 M HCI 214 348 LEAF FIELD SLUDGE, MATURITY NA GRAIN 
938 0.1 M HCI : 358 325 LEAF FIELD SLUDGE,: MATURITY 0 GRAIN 
937 0.1 M HCI 442 252 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
938 0,1 M HCI 332 245 LEAF FIELD SLUDGE, MATURITY 0 GRAIN 
939 0.1 M HCI 534 294 -LEAF FIELD, SLUDGE. MATURITY 0 GRAIN 

0.1 M HCI 491 298 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
941 0.1 M HCI 889 195 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
942 0,1 M HCI 398 87 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
943 0,1 M HCI 492 84 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN 
944 0.1 MHCI 619 48 LEAF FIELD SLUDGE MATURITY 69.2· GRAIN 
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TABLE F-4 (contJ 

YIELD YIELD 
REDUCTION COMPONENT METAL 

" MEASURED PHYTOTOXICITY COMMENTS 

913 NA STOVER NO 
914 0 STOVER NO 

0. STOVER NO 
9111 0 STOVER NO 
917 0 STOVER NO 
918 0 STOVER NO 
919 0 STOVER NO 

0 STOVER NO 
921 0 STOVER NO 
922 0 STOVER NO 
923 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSISTANT OTHER FACTORS 
924 NA STOVER NO 

0 STOVER NO 
9211 0 STOVER NO .. 
927 0 STOVER NO 
928 0 STOVER NO 
929 0 STOVER NO 

0 STOVER NO 
931 0 STOVER NO 
932 0 STOVER NO 
933 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSISTANT, OTHER FACTORS 
934 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSISTANT, OTHER FACTORS 

NA STOVER NO 
931 0: STOVER NO : : 

937 0 STOVER NO 
938 0 STOVER NO 
939 0 STOVER NO . 

O· STOVER NO 
941 0 STOVER NO 
942 0 STOVER NO 
943 0 STOVER NO 
944 0 STOVER "NO "DOSE RESPONSE.& TISSUE ZN CONCENTRATION NOT CONSISTENT OTHER FACTORS 
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TABLE F-4 (cont.I 

LOCATION 
OF 

STUDY 

913 FULTON COUNTY, ILLINOIS 
914 FULTON COUNTY, ILLINOIS 

FULTON COUNTY, ILLINOIS 
918 FULTON COUNTY, ILLINOIS 
917 FULTON COUNTY, ILUNOIS 
918 FULTON COUNTY, ILUNOIS 
919 FULTON COUNTY, ILLINOIS 

FULTON COUNTY, ILLINOIS 
921 FULTON COUNTY, ILLINOIS 
922 FULTON COUNTY, ILLINOIS 
923 FULTON COUNTY, ILLINOIS 
924 FULTON COUNTY, ILLINOIS 

FULTON COUNTY, ILLINOIS 
928 FULTON COUNTY, ILUNOIS 
927 FULTON COUNTY, ILLINOIS 
928 FULTON COUNTY, ILLINOIS 
929 FULTON COUNTY, ILLINOIS 

FULTON COUNTY, ILLINOIS 
931 FULTON COUNTY, ILUNOIS 
932 FULTON COUNTY, ILLINOIS 
933 FULTON COUNTY, ILLINOIS 
934 FULTON COUNTY, IWNOIS 

FULTON COUNTY, ILUNOIS 
938: FULTON COUNTY, ILLINOIS 
937 FULTON COUNTY, ILLINOIS 
938 FULTON COUNTY, ILLINOIS 
939 FULTON COUNTY, IWNOIS 

FULTON COUNTY, IWNOIS 
941 FULTON COUNTY, ILUNOIS 
942 FULTON COUNTY, ILUNOIS 
943 FULTON COUNTY, ILUNOIS 
944 FULTON COUNTY IWNOIS 
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APPENDIX G 

ACCUMULATION OF POLLUTANT IN TREATED SOIL, AND 
CALCULATION OF "SQUARE WAVE" FOR GROUND-WATER PATHWAY 

Derivation of reference application rates is based on t~e concept that both metals and 

organic pollutants accumulate in soil with repeated application of sewage sludge. It is assumed 

that all competing loss processes for pollutant in soil can be approximated as first-order, and 

that coefficients descnbing the rate of loss to each process can be summed to yield a total or 

"lumped" coefficient for first-order loss. 

For organic pollutants, it is assumed that sewage sludge will be applied repeatedly until 

steady-state is achieved. In other words, organic pollutants will accumulate in the soil until total 

yearly losses through erosion, degradation, leaching, and volatilization (which are assumed to be 

proportional to the concentration in soil) catch up with yearly loadings of pollutant to soil. 

All loss processes are assumed to be first-order, and are combined into a "lumped" first

order loss process for which losses at any time t can be descnbed as: 

d~ (1) -=-~~ 
dt 

where: 

= mass of pollutant in treated soil at time t (kg/ha) 
= lumped, first-order loss rate for pollutant (yr1

) 

Figure G-1 shows expected concentrations of BAP in treated soil as a function of time, 

based on a unit yearly loading of 1 kg/ha and a yearly total loss rate of 0.484. At the beginning 

of each year, a new application of sludge raises the concentration by about 1 kg/ha. Subsequent 

losses to leaching, degradation, erosion, and volatilization (at total estimated rate of Ku,,=0.484 

yr·1
) then reduce the concentration until the next year's application. If pollutant loading to 
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Figure G-1. BAP in soil by time (kg/ha), per annual loading (1 kg/ha). 
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treated soil is approximated as a continuous process, the mass of pollutant in soil after t years of 

sewage sludge applications can be approximated by: 

(2) 

where: 

mass of pollutant in treated soil at time t (kg/ha) M. = 
AR = annual loading of pollutant to soil (kg/ha •yr) 
Kio, = lumped, first-order loss rate for pollutant (yr"1

) 

As t approaches infinity M. approaches ARIK...t and yearly loss approaches yearly loading. 

Figure G-2 plots annual losses of BAP as a function of the number of repeat 

applications of sewage sludge (and 1 kg/ha.annual loading of BAP). As can be seen from the 

graph, the theoretical limit of 1 kg/ha annual loss has been nearly achieved after about 10 years 

of repeat applications. Because BAP has the-lowest estimated- total loss rate of any organic 

pollutant considered in this analysis, other organic pollutants should approach steady-state 

conditions more quickly. Calculation of reference application of pollutant is based on the 

assumption that steady-state has been achieved. 

For metals, the reference application of pollution is expressed in terms of cumulative 

loadings. According to the loss coefficients calculated for metals in this analysis, arsenic is lost 

most rapidly from treated soil, and lead least rapidly. Figure G-3 shows how the cumulative 

loading of arsenic in treated soil would vary wiJh 50 years of repeat applications of sludge with 1 

kg/ha loading of arsenic. With a total loss rate of 0.12 per year, arsenic approaches a steady

state concentration equal to about 8 times its annual loading. Figure. G-4 shows corresponding 

yearly losses of arsenic. After about 10-20 years, yearly losses closely approximate yearly 

loadings of 1 kg/ha. Lead, the least mobile of the metals evaluated, is depleted from treated 

soil at an estimated annual rate of only 0.0073 per year. Under an idealized scenario of 

unlimited applications of sludge (not used for this analysis) and a unit loading of 1 kg/ha, the 

accumulation of lead in soil would be descnbed by Figure G-5. Because of its low rate of loss, 
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Figure G-2. Annual loss of BAP from soil (kglha•yr), per annual loading (1 kg/ha). 
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Figure G-3. Arsenic in soil as fun~ion of time given 20 applications (1 ~ •yr). 
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Figure G-5. Arsenic in soil as function of time, given unlimited applications (1 lcglha). 
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lead concentrations would increase significantly each year for the first 500-600 years of repeat 

applications. As shown in Figure G-6, yearly losses would not begin to approximate yearly 

loadings for several centuries. 

Reference application rates of pollutant for metals are based on cumulative loadings to 

treated soil, but the contamination of well-water or surface water bodies is also affected by the 

period of time in which this cumulative loading takes place. Assumptions are therefore 

required if maximum allowable cumulative loadings are to be calculated. It is assumed that 

metals are loaded into treated soil through 20 consecutive, yearly applications of sewage sludge; 

after 20 years, applications are discontinued. Figure G-7 and Figure G-8 show how these 

assumptions affect the predicted concentration and annual losses of arsenic for these 

calculations. With 20 consecutive loadings of arsenic at 1 kg/ha, yearly concentrations and losses 

are expected to increase each year, until they reach a maximum of about 0.9 kg/ha in the 20th 

year. Thereafter, annual losses decline as the store of accumulated arsenic is depleted from the 

soil. 

Ideally, derivation of reference application rates would be based on functions similar to 

the one graphed in Figure G-8, but for computational reasons a simplified loading is used as 

input for the unsaturated zone (V ADOFI) component of the ground-water model. It is 

assumed that pollutant is loaded into the top of the unsaturated zone as a "square wave" of 

constant magnitude and finite duration. To capture the risks associated with the peak rate at 

which pollutant leaves the soil layer, the peak loss rate ( calculated for the 20th year of 

application) is used for the calculations. To conserve mass, the assumed duration of this loading 

is constrained so that the product of the loss rate and the length of the square wave is equal to 

the cumulative total mass of pollutant loading for the site. For arsenic, the peak loss rate is 

calculated as: 

L ,. 1- e<--0.20 x 20) 
aax (3) 

= 0.909(kg/ha·yr) 

where: 

maxim1Jm loss rate of pollutant (kg/ha •yr) 
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At this maximum rate, a cumulative loading of 20 kg/ha would be depleted in: 

:E Ay(kg/ba) = ~ = 22yr (4) 
l..i.wc(kg/ha ·yr) 0.909 

where: 

maximum loss rate of pollutant (kg/ha •yr) 

The square wave thus computed for arsenic is included in Figure G-8. 

As mentioned earlier, reference application rates for organic pollutants on land 

application sites are derived for steady-state conditions. At steady state, the amplitude of the 

"square wave" pulse for the groundwater pathway model is therefore equal to the unit loading of 

pollutant (1 kg/ha) multiplied by the fraction of annual loss attributable to leaching. The length 

of the square wave is equal to the length of the simulation (300 years). For landfills and surface 
• 

impoundments, both organic and metal pollutants are regulated based on the concentration of 

pollutant in the sludge. Steady-state assumptions are therefore inappropriate, and the loading 

of both organic and metal pollutants to the unsaturated zone is represented as a square wave. 

In summary, all of the calculations in our derivation of reference application rates are based on 

the assumption that pollutant losses to competing loss processes can be described as first-order. 

All calculations within the mass balance, air pathway, and erosion pathway components of our 

model arc based on first-order loss processes. Calculation of a reference application rate for 

the groundwater pathway also involves the assumption that losses are first-order, but a 

simplifying step is required in executing the groundwater pathway model. For metals in land

applied sewage sludge, and for both metals and organic pollutants in sewage sludge disposed in 

landfills or surface impoundments, the pollutant pulse into the unsaturated zone is 

approximated as a square wave. Dimensions of this square. wave pulse are set to approximate 

conditions based on first-order, mass balance calculations. 
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APPENDIXH 

PARTITIONING OF POLLUTANT AMONG AIR, WATER, 
AND SOLIDS IN SOIL 

Calculations used to derive reference application rates for ground water, surface water, 

and air pathways are based on the assumption that equihl>rium is maintained between 

concentrations of pollutant in the air-filled pore space, the water-filled pore-space, and the solid 

particles of soil. Equilibrium partitioning between dissolved and gaseous phases is described by 

Henry's Law constants; partitioning between adsorbed and dissolved phases is descnbed by soil

water partition coefficients. From these assumptions and the definitions of concentration are 

derived the equations used to descnbe partitioning. 

MCII M_ Mca 
C = C =- C =- (1) 

• M • V - • V 
I 

and: 

. M 
C =_.!! 

t V 
t 

(2) 

v. + v .. + v. 
where: 

c. = concentration of adsorbed pollutant on soil particles (kg/kg) 
mass of adsorbed pollutant (kg) Ma = 
mass of soil (kg) M. = 

c... = concentration of dissolved pollutant in soil (kg/m3
) 

M.. = mass of dissolved pollutant (kg) 
v. = volume of water in soil (m3

) 

c. = concentration of gaseous pollutant in soil Qcglm3
) 

= mass of gaseous pollutant (kg) ~ 
v. = volume of air in soil (m3

) 

Ci = total concentration of pollutant in soil (kg/m3
) 

Mee = total mass of pollutant in soil (kg) 
v, = total volume of soil (m3

) 

v. = volume of solids in soil (m3
) 
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The equilibrium distn"bution coefficient between adsorbed and dissolved phases (KD, m3/kg) can 

be defined as: 

(~) 

KD•~ 
(3) 

Mc:a v .. =---

where: 
KD = partitioning coefficient between solids and liquids (I/kg) 
M.. = mass of adsorbed pollutant (kg) 

mass of soil (kg) M. = 
M.. = mass of dissolved pollutant (kg) 
v .. = volume of water in soil (m3

) 

The dimensionless Henry's Law constant (H) descn"bing the partitioning between gaseous and 
• dissolved phases is defined as: 

. c. (~) H., - ., 

c .. (~) (4) 

where: 
Ma = mass of gaseous pollutant (kg) 
v. = volume of air in soil (m3) 

M._ = mass of dissolved pollutant (kg) 
v. = volume of water in soil (m') · 

The bulk density of soil (BD, ~m3
) is defined as: 

M 
BD •-• (5) 

Vt 

where: 
BD = bulk density of soil in mixing zone (kg/m3

) 

mass of soil (kg) M. = 
V, = total volume of soil (m3

) 
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The air-filled porosity of soil (BJ is defined as: 

v. 
8 = (6) 

a V 
t 

where: 
= air-filled porosity of soil (unidess) 
= volume of air in soil (m3

} 

= total volume of soil {m3
} 

as: 

v.,, 
8 =- (7) ,.. V 

t 

where: 
= water-filled porosity of soil (unidess) 
= volume of water in soil (m3

} 

= total volume of soil (m3
) 

and, the total porosity of soil (BJ is defined as: 

e = _(V_,_-_V_) 
t V 

t (8) 

= e. + e.,, 
where: 

8, = total porosity of soil {unidess) 
V, = total volume of soil {m3

) 

v. = volume of air in soil (m3
} 

8. = air-filled porosity of soil (unidess) 
8,.. = water-filled porosity of soil {unitless) 

The above definitions can be combined to yield: 

Ct = KD BD + 8.,, + 8 (9) 
c. ii ii • 

and: 

c, . 
-=BDKD+8 +H8 (10) 
C • • .. 

and: 
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Cc e. e. ii 
-=BD+-+- (11) 
c. KD KD 

where: 
total concentration of pollutant in soil (kg/m.3) Ci = 

c.; • = concentration of gaseous pollutant in soil (kg/m3
) 

KD = soil-water distn'bution coefficient for pollutant (m3/kg) 
BD = bulk density of soil (kg/m3

) 

:A: = nondimensional Henry's Law constant for the pollutant 
e. = water-filled porosity of soil (unitless) 
e. = air-filled porosity of soil (unitless) 
C. = concentration of dissolved pollutant in soil (kg•pollutant/m3

) 

c, = concentration of adsorbed pollutant in treated soil (kg/kg) 

These relations arc used throughout the calculations used to derive reference application rates. 

Where dry-weight concentrations of pollutant in sewage sludge or sewage sludge-treated soil are 

involved, the equations are modified slightly, based on the definition: 

Met 
Cc1w =

M. 

Met 
=--

V,BD 

c, --BD 

where: 
c .. = 
Mu = 
M. = 
V, = 
BD = 
Ci = 

(12) 

chy-weight concentration of pollutant in soil (kg pollutant/kg) 
total mass of pollutant in soil (kg) 
mass of soil (kg) 
total volume of soil (m3

) 

bulk density of soil (kg/m3
) 

total concentration of pollutant in soil (kg/Jn3
) 
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APPENDIX I 

DERIVATION OF FIRST-ORDER COEFE1CIENT 
FOR LOSSES TO LEACIDNG 

U.S. EPA (1987e) provides an equation for computing·a first-order loss rate to leaching 

for pollutant in treated soil: 

(1) 

where: 

Ktec = first-order loss rate coefficient for leaching (yr1) 

NR = annual recharge rate (m/yr) 
BD = bulk density of soil (kg/m3

) 

KD = soil-water distnoution coefficient for pollutant (m3/kg) 
d; = depth of incorporation of sewage sludge (M) 

This appendix descnoes a modified version of that equation. 

The basic strategy for deriving a coefficient for first-order loss to leaching is to estimate 

the mass of pollutant expected to be lost each year aild divide by the available mass of pollutant. 

The mass of pollutant that will be lost to leaching in any interval of time can be descnoed by 

the volume of water percolating through the treated so~ multiplied by the average concentration 

of pollutant in that water: 

FAaw = NR c_ 1,000 (2) 

where: 

F~w = flux of leached pollutant from treated soil (kg/ha •yr) 
NR = recharge to ground water beneath the treated soil (m3/m2•yr, or m/yr) 
½,,, = concentration of pollutant in water infiltrating through the treated soil 

(kg/m') 
1,000 = constant to convert units from (kg/m2•yr) to (kg/ha •yr) 
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From Appendix H, the concentration of pollutant in leachate is related to the total 

concentration (by volume) of pollutant in soil as: 

~ c_ = ____ (3) _B_D_·_KD--+--"-8-+_H e-
w • 

where: 

c... = concentration of dissolved pollutant in soil (kg•pollutant/m3
) 

Ci = total concentration of pollutant in treated soil (kg/m3
) 

BD = bulk density of soil (kg/m3
) 

KD = soil-water distn"bution coefficient for pollutant (m3/kg) 
e. = water-filled porosity of soil (unidcss) 
:A: = Henry's Law Constant for pollutant (unidess) 
e. = air-filled porosity of soil (unidcss) 

This flux of pollutant must be translated into a first-order loss coefficient so tha~: 

dCt 
--=-'ll"' C (4) 
dt '"'"'Sect 

where: 

Ci = total concentration of pollutant in treated soil (kg/m3) 

t = time {yr) 
first-order loss rate coefficient for leaching (yr"1) ~ = 

~ is estimated with the approximation: 

(5) 

where: 

first-order loss rate coefficient for leaching (yr"1
) ~ = 

total concentration of pollutant in treated soil {kg/m3
) Ci = 

t = time (yr) 
.1.t = one year 

mass of pollutant in soil (kg} Mu = 
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The volume of treated soil beneath one square meter of soil surface ( m3/m2) is equal to 

the depth to which sewage sludge has been incorporated into the soil (d;, m). The total mass of 

pollutant beneath one square meter of surface can therefore be descnbed by: 

(6) 

Combining these equations with results from Appendix H yields: 

FAcJw 10-3 NR ½ec NR ¾c "' ----= -----"- = --------- (7) 
Mee Ct Vt (BD KD + e. + H·e.) d1 
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APPENDIXJ 

INPUT PARAMETERS USED TO DERIVE REFERENCE APPLICATION 
RATES FOR PATHWAYS 12 THROUGH 14 

This appendix discusses input parameters used to derive reference application- rates for 

land application. 

J.1 SITE PARAMETERS 

Values for input parameters used to characterize land application sites are listed in 

Table J-1, and discussed below. 

J.1.1 Area of Land Application Site! 

The land application site area (A_) off~074 ha is based on an analysis of the National 

Sewage Sludge Suivey (NSSS) and represents the 90th percentile of land area estimated to have 

been treated by those POTWs in the analytic component of the survey reporting the application 

of sewage sludge to agricultural land 

J.1.2 Watershed Area 

The area of the watershed (A..w) is assumed to be 440,300 ha, the mean size hydrologic 

cataloguing unit as defined by the U.S Geological Survey (U.S. EPA. 1990a). It is assumed that 

the entire watershed is w,ed for agricultural purposes, so that the topography, cover, and other 

characteristics of the remainder of the watershed are identical to those of the sludge 

management area (SMA). 
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SITE AND SLUDGE PARAMETERS FOR LAND APPLICATION 

Sludge Management Arca (A. ha) 1,074• 

Watershed Arca (Aws, ha) 440,JOOI' 

Depth of Incorporation for Sewage Sludge ( ~ ID) o.1sc 
Lateral Distance to Well (m) 0 

Width of Buffer Zone (m) 10 

Wind Velocity (wm/sec) 4.54 

Average Air Temperature (T, °K) ~ 

Number of Applications of Sewage Sludge W' 

Yearly Loss to Soil Erosion (d., Ill/yr) 0.()()()6()1 

• 90th percentile of land area estimated to be treated annually by those P01Ws in the 
analytic component of the National Sewfgc Sludge Survey. 
11 Mean size hydrologic cataloging unit (U.S. EPA, 1990a). 
c U.S. EPA (1987e). 
• Typical value for U.S. (U.S. EPA. 1990c)~ 
• Federal &gister (1986c). 
1 1:ypfcal site life (U.S. EPA. 1983d). 
1 USDA (1987). 
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J.1.3 Depth of Incorporation for Sludge 

It is assumed that sewage sludge. is incorporated into treated soil to a depth ( d;) of 6 

inches or 15 cm (U.S EPA, 1987e). 

J.1.4 Distance to Well 

As a worst-case exposure scenario, it is assumed that the highly exposed individual lives 

at the down-gradient edge of the land application site: ~e distance &om the down-gradient edge 

of the SMA to the potential well is assumed to be 0 meters. 

J.1.S Width of Buffer Zone 

The width of the buffer zone between the SMA and the nearest body of surface water is 

assumed to be 10 meters. A buffer zone of identical width is also assumed to protect an· 

remaining surface water within the watershed. 

J.1.6 Velocity of Wind at the Ground Surface 

Wind velocity (w) affects the transport _o,fvolatilized pqllutant &om the site. A value of 

45 m/sec (10 mph) has been selected for wind velocity at the ground surface. This value 

represents a typical annual wind speed in the United States (U.S. EPA, 1990c). 

J.1.7 Air Temperature 

The model air temperature (T) of 15°C represents the annual average for the U.S: 

(Federal Register, 1986c). 
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J.1.8 Number of ApplicatioruJ of Sludge 

For organic pollutants, reference application rates are expressed as an annual loading 

(kg/ha •yr) at which sewage sludge can be applied indefinitely without exceeding reference water 

or air concentrations. For metals, reference application rates are expressed as a maximum 

cumulative loading {kg/ha) independent of the number of times sewage sludge is applied. 

Nevertheless, deriving reference application rates for metals requires that the number of 

applications of sewage sludge be specified to determine the length of time required for pollutant 

to be depleted from the site. It is assumed that the modeled land application site receives 

annual applications of sewage sludge for 20 oonsecutive years. This value M is oonsistent with 

the "useful life of application sites• descn"bed by U.S. EPA (1983d). 

J.1.9 Yearly 1..-0ss of Soil to Erosion 

The model erosion rate ( d.) of 0.00060 m/yr represents a weighted average of annual soil 

loss rates presented in the Soil Conservation Survey Summaiy Report (USDA, 1987). The 

average value has been converted from 3.8 tons/acre•yr based on an assumed bulk density of 

1,400 kg/m3 for treated soil. 

J.2 SOIL PARAMETERS 

The unsaturated zone is characterized by pore space containing both air and water, 

whereas the pore space in the saturated zone contains water only: Because of differences in 

fluid mechanics, these two zones require different equations and input parameters for tracking 

poJlutant transport. A simplifying assumption used for deriving reference application rates is 
.. 

that the basic soil characteristics (including soil type, porosity, and bulk density) of the two 

zones are identical. Values for parameters descn"bing the mixing, unsaturated, and saturated 

soil zones are provided in Table J-2. 
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TABLE J-2 

SOIL AND HYDROLOGIC PARAMETERS 
FOR LAND APPLICATION 

Soil Type 

Porosity of Sewage Sludge/Soil 

Bulle Density of Sewage Sludge/Soil (kg/m3
) 

Bulle pensity of Soil in Unsaturated and Saturated Zones 
(kg/m') 

Saturated Hydraulic Conductivity of Soil (m/hr) 

Water Retention Parameters 

8, 

J3 
Fraction of Organic Carbon in Soil or Sewage Sludge 

Mixing Layer 

Unsaturated Zone 

Saturated Zone 

Depth to Groundwater (m) 

Net Recharge or Seepage (m/yr) 

Thickness of Aquifer (m) 

Hydraulic Gradient 

Total Suspended Solids in Surface Water (mg/1) 

• Todd (1980), Carscl and Parrish (1988). 
b Chaney (1992b ). 
• Based on porosity of 0.4. Frcc:zc and Cherry (19.,9). 
d 95th percentile value from Carsel and Parrish (1988). 
0 Mean values reported for sand in Carsel and Parrish (1988). 
r Lower bound of range reported in Federal Register (1986c). 
1 Conservative value. 
1, Average of range reported in Federal Register (1986c). 
i Average value for groundwater surveyed in Federal Register (1986c). 

Sand 

0.4· 

1400b 

1600° 

0.045° 

14.5° 

2.68° 

0.01 

0.001 r 

0.0001 

0.00S' 

10 

i Geometric mean of values reported in U.S. EPA's STORET data base, U.S. EPA (1992a). 
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J.2.1 Soil Type 

The type of soil in the mixing zone, unsaturated and saturated zones affects the ability of 

a pollutant to move vertically to the aquifer and laterally to a nearby well. In general, the 

pollution potential of a soil is largely affected by the type of clay present, the shrink/swell 

potential of that clay, and the grain size of the soil; that is, the less the clay shrinks and swells 

and the smaller the grain size of the soil, the less the pollution potential associated with that 

soil. Soil types in the unsaturated zone in order of increasing pollution potential are: (1) 

nonshrinking clay, (2) clay loam, (3) silty loam, (4) loam, (S) sandy loam, (6) shrinkir_ig clay, (7) 

sand, (8) gravel, and (9) thin or absent soil (U.S. EPA, 1985a). 

Sand has been selected as a reasonable worst case soil to use in model scenarios for 

defining numerical reference application rates for sludge. Wherever possible values for 

parameters descnbing soil characteristics for model simulations are based on values estimated 

for sand 

J.2.2 Porosity of Sewage Sludge/Soil Mixture 

Porosity is the ratio of the void volume of a given soil or rock mass to the total volume 

of that mass. If the total volume is represented by V, and the volume of the voids by Vv, the 

porosity can be defined as 8,= Vv / V,. Porosity is usually reported as a decimal fraction or 

percentage, and ranges from zero (no pore space) to one (no solids). For soil types with small 

particle sizes such as clay, porosity increases to a maximum of around 0.5. Porosities of coarser 

media like gravel decrease to a minimum of around 0.3. 

For deriving reference application rates, a total porosity of 0.4 has been taken from 

Todd (1980). This value is consistent with the average value for sand (0.43) reported in Carsel 

and Parrish (1988). It is used to represent total porosity within the mixing unsaturated and 

saturated soil zones. 
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Effective porosity (8.) is calculated as the difference between the average saturated water 

content and the approximate average residual water content, and refers to the amount of 

interconnected pore space available for fluid flow. For deriving reference application rates, 

average residual water content in the unsaturated zone is assumed to be less than 0.05, and 

effective porosity has been approximated with the same value used for total porosity (0.4) in 

mass balance and ground-water transport calculations. 

J.2.3 Bulk Density of Sludge/Soil 

The bulk density of soil (BD) is defined as the mass of dry soil divided by its total (or 

bulk) volume. Bulk density directly influences the retardation of solutes and is related to soil 

structure. In general, as soils become more compact, their bulk density increases. Bulk density 

can be related to the particl~ density and porosity of a given soil as: 

BD = p.,(1 - 8.) (1) 

where: 

BD = bulk density of soil (kg/m3
) 

= particle density of soil (kg/m3
) 

= porosity of soil (unitless) 

Typical mineral soils have particle densities of about 2,650 kg/m3 (Freeze and Cherry, 

1979). This value and a soil porosity of 0.4 suggest a bulk density of about 1,600 kg/m3 for pure 

soil, somewhat higher than the 1,300-1,SOO kg/m3 range typically encountered for soil mixed with 

sewage sludge (Chaney, 1992b). For deriving reference application rates, it is assumed that the 

bulk density of the mixing zone is 1,400 kg/m3
, and the bulk density of soil in the unsaturated 

and saturated zones is 1,600 kg/m3
• 
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J.2A Saturated Hydraulic Conductivity of Soil 

Saturated hydraulic conductivity refers to the ability of soil to transmit water, which is 

governed by the amount and interconnection of void spaces in the unsaturated or saturated 

zones. These voids may occur as a consequence of inter-granular porosity, fracturing, or 

bedding planes. In general, high hydraulic conductivities are associated with high potential for 

pollution. The value for saturated hydraulic conductivity used for deriving reference application 

rates (0.61 m/hr) is the 95th percentile of a probability distnbution for hydraulic conductivity in 

sand derived by Carsel and Parrish (1988). It thus represents a conservative or "reasonable 

worst case" value. 

J.25 Unsaturated Hydraulic Conductivity of Soll 

The hydraulic conductivity or effective permeability of soil in the unsaturated zone is a 

function of its moisture content, which is in tum a function of pressure head. These 

relationships are central to the simulation of water flow through the unsaturated zone. The 

V ADOFf model used to derive reference application rates accepts as inputs sets of data points 

descnbing effective permeability-saturation curves and the saturation-pressure head curves. 

Alternatively, it accepts van Genuchten water retention parameters defining the curves (U.S. 

EPA, 1989c; Carsel and Parrish, 1988); this latter option is used for deriving reference 

application rates. 

Based on soils data from the USDA Soil Conservation Survey (SCS), Carsel and Parrish 

(1988) derived distn'butions for the three parameters required (8., a, and fj) according to twelve 

SCS textural classifications. Values used for deriving reference application rates (0.04S, 

145. m·1, and 2.68 for 8., a, and {J, respectively) correspond to mean values reported for sand. 
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J.2.6 Fraction of Organic Carbon in Soil or Sludge 

The model combines the fraction of organic carbon in the soil with each pollutant's 

organic carbon partition coefficient to determine the partitioning of pollutant belv.'.een soil and 

water. In general, a lower fraction of organic carbon implies greater mobility for organic 

pollutants. The organic carbon content for sludge varies among sludge types, with mean values 

for various types showing a relatively narrow range of 27.6-32.6 percent (U.S. EPA, 1983d). It is 

conservatively assumed that soil within the upper 15 cm of the soil column (or "mixing zone") 

contains 1 percent organic carbon. A value of 10-3 has been selected for the fraction of organic 

carbon in the unsaturated zone because it is a typical value for sand, and falls at the lower end 

of the range (0.001-0.01) reported for soil beneath hazardous waste disposal facilities (Federal 

Register, 1986c). The fraction of organic carbon (U in the saturated zone is expected to be 

lower than that of the unsaturated zone, and has been assigned a value of 10"", or one-tenth the 

fraction assumed for the unsaturated zone. 

J.2.7 Depth to Ground Water 

The depth to ground water is defined as the distance from the bottom of the mixing 

zone to the water table. The water table is itself defined as the subsurface boundary between 

the unsaturated zone (where the pore spaces contain both water and air) and the saturated zone 

(where the pore spaces contain water only). It may be present in any type of medium and may 

be either permanent or seasonal. The depth to_ ground water determines the distance a 

pollutant must travel before reaching the aquifer, and affects the attenuation of pollu~ant 

concentration during vertical transport. As this depth increases, attenuation also tends to 

increase, thus reducing potential pollution of the ground water. A conservative value of 1 m is 

assumed for the distance between treated soil and ground water. 
. \ 
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J.3 HYDROLOGIC PARAMETERS 

Key hydrologic parameters include net recharge or seepage, the thickness of the aquifer, 

and the hydraulic gradient. Values used to derive reference application rates are included in 

Table J-2 and discussed below. 

J.3.1 Net Recharge 

The primary source of most ground water is precipitation, which passes through the 

ground surface and percolates to the water table. Net recharge is the volume of water reaching 

the water table per unit of land, and determines the quantity of water available for transporting 

pollutants vertically to the water table and laterally within the aquifer. The greater the recharge 

rate, the greater the potential for pollution, up to the point at which the amount of recharge is 

large enough to dilute the pollutant. Beyond that point, the pollution potential ceases to 

increase and may actually decrease (U.S. EPA. 1985b). 

For land application sites, the selected net recl1arge rate (NR), (O.S m/yr) represents the 

average of a range of values presented in (Federal Register, 1986c). 

J.3.2 Thickness of Aquifer 

Saturated zones are considered aquifers unless they lack the permeability to yield 

sufficient water. Only true aquifers are considered when selecting input parameters for 

calculating reference application rates. For deriving reference application rates, the thickness of 

the aquifer is assumed to be 1 m. This thickness is assumed to represent reasonable worst-case 

conditions and has b~n selected as a matter of policy to ensure that reference application rates 

for sewage sludge are sufficiently protective. 
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J.3.3 Hydraulic Gradient 

The hydraulic gradient is a function of the local topography, ground-water recharge 

volumes and locations, and the influence of withdrawals (e.g., well fields). It is also very likely 

to be indirectly related to properties of porous media. Although steep gradients are rarely 

associated with very high conductivities, no functional relationship exists to express this 

relationship. 

The hydraulic gradient value selected for deriving reference application rates is 0.005 

m/m or 0.5 percent, and is based on an average value for ground waters surveyed for the 

Hazardous Waste Management System I.and Disposal Restrictions Regulation (Federal Register, 

1986c). 

J.3A Total Suspended Solids 

Calculating the amounts of pollutant partitioning to liquid and solid phases in surface 

water requires a value for suspended solids content. Raw data for total suspended solids in 

streams and rivers in the U.S. were obtained from the EPA's STORET data base, under the 

field "Total Residue" (U.S. EPA, 1992a). The data consist of annual mean total residues for the 

U.S. for the years 1903 through 1991. The geometric mean of these annual values is calculated 

as 16.2 mg/I and the median as 16.41 mg/I. A rounded value of 16 mg/I is chosen for the total 

suspended solids (TSS) content of the surface water modeled-for this analysis.· 

J.4 CHEMICAL-SPECIFIC PARAMETERS 

J.4.1 Distribution Coefficients 

Pollutant transport in soil systems is influenced by interactions between the pollutant and 

soil. The affinity of pollutants for soil particles may result from ion exchange on charged sites 

or adsorption due to surface forces. When the soil's capacity to attract pollutant is exceeded, 
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soluble pollutants will move through the soil at the same velocity as the bulk leachate. The 

affinity between a soil and a pollutant is characterized by the distn"bution coefficient (KD). 

Representative KD values (I/kg or m3/kg) are defined as the equilibrium ratio of the pollutant 

concentration in soil (mg/kg) to that in associated water (mg/1 or mg/m3
). Values used for this 

analysis are listed in Table J-3. 

For organic pollutants KD is calculated from a pollutant's partition coefficient between 

organic carbon and water: 

KD = KOC foe (2) 

where: 

KD = equilibrium partition coefficient for pollutant (m3/kg) 
KOC = organic carbon partition coefficient (m3/kg) 
f..c = fraction of soil consisting of organic carbon 

As discussed in Section J.2.6, f..c values of 0.01, 0.001 and 0.0001 are assumed for the mixing, 

unsaturated, and saturated zones, respectively. 

The organic carbon partition coefficient for a pollutant is estimated from its octanol

water partition coefficient, as measured in laboratory experiments. Values of KOC used to 

determine reference application rates are shown in Table J-4, and are calculated from the 

following regression equation by Hassett et al. (1983): 

log(KOC) = 0.0884 + 0.909log(KOW) (3) 

where: 

KOW = octanol-water partition coefficient for pollutant 

With the exception of PCBs, the KOW values used for this analysis have been obtained from 

the CHEMEST procedures in the Graphical Exposure Modeling Systems (GEMS and 

PCGEMS), U.S. EPA (1988d, 1989c). 
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TABLE J-3 

DISTRIBUTION COEFFICIENTS FOR ORGANIC AND INORGANIC POLLUTANTS 

Within Sludge Unsaturated Saturated 
Management Area Zone Zone 

(I/kg) (I/kg) (I/kg) 

Arsenic 20 20 20 

Cadmium 431 431 431 

Chromium 59 59 59 

Copper 98 98 98 

Lead 621 621 621 

Mercury 330 330 330 

Nickel 63 63 63 

Benzene 1.06 0.106 0.0106 
• 

Benzo( a )pyrene 4,480 448 44.8 

Bis(2-ethylhexyl)phthalate 541 54.1 5.41 

Chlordane 1,330 133 13.3 

DDT 7,720 772 77.2 

Lindane 23.4 2.34 0.234 

n-Nitrosodimethylamine 0.00371 0.000371 0.0000371 

Polychlorinated biphenyls 15,100 1,510 151 

Toxaphene 295 29.S 2.95 

Trichloroethylene 1.94 0.194 0.0194 

Note: The distnoution coefficient for organic pollutants (KD) is the product of the organic 
carbon partition coefficient (KOC) and the fraction of organic carbon in the medium (foe)• 
Assumes foe of 1 percent for mixing layer, and 0.1 percent and 0.01 percent in the 
unsaturated and saturated soil zones, respectively. Distribution coefficients for metals are 
geometric means of values reported for "sandy loam" soil in Gerritse et al. (1982). 
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TABLE J-4 

OCTANOL-WATER AND ORGANIC CARBON PARTITION COEFFICIENTS 
FOR ORGANIC POLLUTANTS 

Benzene 

Benzo(a)pyrcne 

Bis(2-ethylhexyl)phthalate 

Chlordane 

DDT 

Lindanc 

n-Nitrosodimcthylaminc 
• 

Polychlorinatcd biphcnyls• 

Toxaphene 

Trichloroethylenc 

Lo& of Octanol- Organic Carbon 
Water Partition Partition 

Coefficient"' Coefficient• 

2.13 106 

6.12 448,000 

5.11 54,100 

5.54 133,000 

6.38 772,000 

3.61 2,340 

-0.57 0.371 

6.70 1,510,000 

4.82 29,500 

2.42 194 

• All values except for PCBs taken from the CHEMEST procedure of the Graphical Exposure 
Modeling System (GEMS), U.S. EPA (1989c). 
• KOC for organic pollutants derived from KOW with Equation 6 from Chapter 15 of Hassett et 
al. (1983): log(KOC)= 0.0884 + 0.909 log(KOW). 
• Based on aroclor 1254, the most common PCB in sewage sludge. Derived from O'Connor 
(1992) and representative values from Anderson and Parker (1990). 
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Polychlorinated biphenyls (PCBs) are a class of chemicals containing 209 possible 

congeners. The most common constituent of PCB mixtures is Aroclor 1254, which is dominated 

by penta-congeners, with about equal amounts of tetra- and hexa-congeners. In a well-aged soil 

contaminated with PCBs, however, Aroclor 1260, which contains more penta- and hexa

congeners than tetra-congeners, is more representative (O'Connor, 1992). To determine a 

representative organic carbon partition coefficient for PCBs, an average has been calculated 

from log KOW coefficients listed in Table J-5 (from Anderson and Parker, 1990). The log 

KOW for the penta-congener has been estimated to be approximately 65 by noting that the log 

KOW values are approximately linearly related to the number of chlorines in the congener. 

Averaging that value with the hexa-congener value gives 6.7 for the log KOW. As with other 

organic pollutants, the regression equation from Hassett et al. (1983) is used to convert this 

KOW value to an estimate of KOC. 

For metals, separate KD values are used to descnbe the partitioning between water and 

soil within the mixing, unsaturated, and saturated zones, and the partitioning between water and . . 

sediment in the surface water. Values for KD in the mixing zone and the soil zones are taken 

from a study by Gerritse et al. (1982) and represent the results of laboratoiy tests with a sludge

amended sandy loam topsoil. These values are listed in Table J-3, and represent geometric 

means of the ranges provided by Gerritse et al. (1982). Partition coefficients for metals in 

surface water are calculated according to the following regression equation provided in (U.S. · 

EPA, 1982c): 

(4) 

where: 

KD. = partition coefficient for pollutant in stream (m3/kg) 
TSS = total suspended solids content of the stream (mg/1) 
a,P = pollutant-specific empirical constants 

Values for the regression constants for each pollutant are based on data for streams (U.S. EPA, 

1982c), and are presented in Table J-6. Estimates are based on an assumed Total Suspended 

Solids (TSS) of 16 mg/I, as discussed in Section J.3.4. 
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TABLEJ-5 

OCl'ANOL-WATER PARTITION COEFFICIENTS 
FORPCBS-

Congener Number of Chlorines LogKOW 

2,4' 2 5.1 

2,2',S.s' 4 6.1 

All Penta s 6.5" 

2,2',4,4' ,s,s• 6 6.9 

Avcragec S.5 6.7 

• Source: Anderson and Parker (1990). 
" Estimated based on apparent linear relationship between number of chlorines on 
oongener and log KOW. . 
0 log KOW values for penta- and hexa-oongeners averaged for representative log KOW. 
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TABLE J-6 

STATISTICAL PARAMETERS FOR PREDICTING 
THE EQUILIBRIUM PARTITIONING OF METALS IN SURFACE WATER• 

a 

Arsenic 0.48xl011 

Cadmium 4.00xl011 

Chromium 3.36xl011 

Copper l.04xl011 

Lead 0.3lxl011 

Mercwy 2.9lxl011 

Nickel 0.49xl011 

• Source: U.S. EPA (1982c). • 
b KD._. as KD.,.=aTSS11• Assumes TSS=l6 mg/I. 

J-17 

KD_ 
p (llkgt 

-0.7286 63,700 

-1.1307 174,000 

-0.9304 255,000 

-0.7436 132,000 

-0.1856 185,000 

-1.1356 125,000 

-0.5719 100,000 



J.4.2 Degradation Rates 

Pollutant concentrations in the subs_urface regime may be decreased by various 
" 

degradation processes, including abiotic hydrolysis and aerobic or anaerobic microbial 

degradation. Although rates of hydrolysis are dependent only on pH and temperature ( and can 

be estimated with reasonable accuracy), estimates of rates for mi.~obial degradation are fraught 

with uncertainty. This uncertainty is due to many confounding influences in the field, such as 

substrate availability (fraction of organic carbon present), temperature, the microbial 

consortium, and microbial acclimation to a given pollutant. Nevertheless, the range of microbial 
II 

degradation rates obtained in the laboratory by measuring the rate of disappearance of a 

pollutant in various soil and water grab samples, soil column studies, etc., provides a rough 

estimate of the rate at which microbial activity is likely to degrade a particular pollutant in the 

field. 

As shown in Table J-7, this work utilizes several sources for representative microbial 

degradation rates. Where a range of values is reportc~ by these sources, values from the lower 

end of the range have been selected to derive estimates most protective of public health. 

Studies of biodegradation in soil have been favored over studies of biodegradation in aquatic 

·environments. If estimates of only aerobic biodegradation rates are available for a given 

pollutant. a half-life for anaerobic biodegradation has been conservatively estimated to be four 

times longer (Howard et al., 1991a.) However, if available data fail to show any indication that 

a pollutant degraded in a particular regime, a value of zero has been assumed for the 

degradation rate. 

For the zone of incorporation for land treated with sewage sludge, estimated rates of 

degradation are based on studies of microbial degracfation under anaerobic conditions. 

For the unsaturated soil zone, aerobic microbial degradation and hydrolysis are assumed 

to be the two dominant degradation processes. Llndane and trichloroethylene are the only two 

compounds that undergo hydrolysis: since hydrolysis rates are far more accurately quantifiable 

than microbial degradation rates, hydrolysis rates are used for these. two chemicals. For the 

other eight organic pollutants, 10 percent of the aerobic biodegradation decay rate is assumed to 
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TABLEJ-7 

DEGRADATION RATES ~) 

Unsaturated Saturated 
Aerobic Anaerobic Zone Zone 

Degradation Degradation Degradation Degradation 
Rate (yr"1)" Rate (yr"1)~ Rate (yr"l)c Rate (yr"1)~ 

or Benzene 16° 1.6 0.8 

Benzo(a)pyrene 0.48' Q.}2b 0.048 0.084 

Bis(2-ethylhexyl) phthalate llii Qt.I 1.1 0.55 

Chlordane om 36' 0 18 

DDT 0.041
· 251< 0.004 13 

Lindane 1.zm 83a 1.2 4.8 

n-Nitrosodimethylamine 5.1° 13b 0.51 0.9 

PCBs 0.063P 0.0006311 0.0063 0.0035 

• Toxaphene 1.2'1 6' 0.12 3.1 

Trichloroethene 0.78' 33' 0.78 2.0 

• Based on microbial degradation rates, except for lindane and trichloroethene, where hydrolysis rates 
are used. 
b Based on microbial degradation rates. 
c Estimated as 10 percent of aerobic biodegradation rates. Hydrolysis rates for lindane and 
trichloroethene assumed same as aerobic rates. 
d Estimated as arithmetic average of the unsaturated zone degradation rates and the anaerobic 
degradation rate. 
• Vaishnav and Babeu (1987). 
c Horowitz et al. (1982). 
1 Coover and Sims (1987). 
b Anaerobic rate assumed to equal 25 percent of aerobic rate; see text for discussion. 
i Howard et al. (1991a). 
i Shelton et al (1984b). 
1t Castro and Yoshida (1971). 
1 Stewart and Chisholm (1971). 
m Ellington et al. (1988). 
a Zhang et al. (1982). 
0 Tate and Alexander (1975). 
P Fries (1982). 
" Consensus value agreed upon by the PRC at their March 8, 1991 meeting. 
r Howard (1991a). 
• Dilling et al. (1975). 
' Bouwer and McCarthy (1983). 
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be appropriate for the unsaturated zone. This decision is based on the observation that foe tends 

to decrease with depth in the soil, thereby reducing the amount of suitable substrate for 
"' 

microbial populations which might degrade these chemicals (O'Connor, 1992). 

In the saturated zone, all three degradation processes can occur be~use some ground 

water is anaerobic and some aerobic. To capture this mix of processes, an arithmetic mean has 

been calculated from the aerobic and anaerobic biodegradation decay rates discussed above. 

For lindane and trichloro~thylene, the only two chemicals where hydrolysis is a significant 

degradation process, estimated anaerobic decay rates are significantly higher than hydrolysis 

rates. 

For PCBs, it is difficult to assign an anaerobic degradation rate. Highly chlorinated 

congeners may be partially degraded very slowly in reducing conditions, but then oxidative 

conditions must be established for further degradation to occur. Inadequate information on 

anaerobic degradation rates exists in the scientific literature. For deriving reference application 
• 

rates, it is conservatively assumed that anaerobic degradation 0£ PCBs occurs at 1 percent of the 

aerobic biodegradation rate. 

J.4.3 Molecular Weight 

The values presented in Table J-8 are standard molecular weights for the pollutants of 

concern. These weights are used in the vapor loss component of the mass-balance calculations. 

JAA Henry'• Law Constants 

Henry's Law constants are used to calculate the rate at which organic pollutants 

volatilize from sludge. Determining appropriate values for these constants is complicated by the 

wide variation in estimates prO\lided by various sources. Table J-9 shows values taken from four 

different sources, along with the value selected for this analysis. Whenever possible, values are 

taken from Lyman et al. (1990); Otherwise values are taken from: the GEMS data base (U.S. 
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TABLE J-8 

MOLECULAR WEIGHTS FOR ORGANIC POLLUTANTS 

Benzene 

Benzo( a )pyrene 

Bis(2-ethylhexyl)phthalate 

Chlordane 

DDT 

Lindane 

n-Nitrosodimethylamine 

Polychlorinated biphenyls (Aroclor 1254) 

Toxaphene 

Trichloroethylene 

Molecular Weight 

78.1 

252.3 

390.6 

409.8 

354.5 

290.8 

74.1 

325.1 

431.8 

131.4 

• Calculated according to WiUce and Lee's method, as descnbed in Lyman et al. (1990~. 
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TABLE J-9 

HENRY'S LAW CONSTANTS 

Lyman et Aquatic Selected 
GEMS<-..> PCGEMS<.,.> at.<'> Fate<.,.> Values(!) 

(atm•m,/mol) (atm•m,/mol) (atm·m,/mol) (atm•m,/mol) (unitles1) Reference 

Benzene 3.5xl0·' 5.6xl0·3 (M) 5.5xl0., 5.5xl0·' 2.3x10·1 (d) 

Bcnzo(a)pyrcno 1,2x10·10 8.0xl0·' (a) 

Bi1(2-ethylhexyl)phthalatc 4,4x10 .. 1.Sxl0·' 3.0xIO·' l.9xl0" (a) 

Chlordane 4.9x10·' oo 9.4x10·' 3.0xIO·' (c,e) 

DDT 2.8xl0-a 3.8x10·' l.6xl0·' 1.6xl0·' (d) 

n-Nitrosodimethylamine 6.5xl0_. 2.6xl0·7 3.3xl0"' l.lxI0·' (c) 

Lindane 4.3xl0" l.4xt0·' 418x10·7 2.0xt0·' (d) 

Polychlorinatcd biphcnyls 1.4xl0·2 (g} 

Toxaphcne 6.0xI0" (M) 2.lxto·• 2.5xl0_. (c) 

Trichlorocthylenc 2.9x10·3 l.0x10·2 (M) I.0x10·2 9.lxl0·3 4.2xt0·1 (d) 

• CHEMEST procedure in U.S. EPA (1988d). 
b Values estimated using H = VP/WSOL where VP is the vapor pressure and WSOL is the water solubility, unless designated as a 
measurement (M). 
° CHEMEST procedure in U.S. EPA (1989c). 
d Lyman, Reehl and Rosenblatt, Handbook of Chemical Property Estimation Methods, McGraw-Hill, 1990. 
• U.S. EPA (1982b). 
r Converted to non-dimensional value using H = H/(RT) where T = 288°K, R is the Universal Gas Constant and His the dimensional Henry's 
Law constant. · 
'Average values from Anderson and Parker (1990) adjusted to 15°C. 



EPA. 1988d), the PCGEMS data base (U.S. EPA. 1989c), or the Aquatic Fate Process Data for 

Organic Priority Pollutants (U.S. EPA. 1982b). The decision process is as follows: if a value is 

published in Lyman et al. (1990) it is used. If not, but if two values are similar, the mean of 

those two values is used. If there is no value in Lyman et al. (1990) and no two values agree, a 

measured value is chosen in preference to an estimated one. If only estimated, dissimilar values 

are available, the value most conservative for ground water (i.e., the lowest Henry's Law 

constant) is chosen. This last circumstance occurs only for n-nitrosodimethylamine and bis(2-

ethylhexyl)phthalate. 

The only exception to the decision process descnbed above is for polychlorinated 

biphenyls (PCBs), which include a variety of possible congeners with different chemical 

characteristics. Anderson and Parker (1990) provides a compilation of nondimensional Henry's 

Law constants for one penta-congener and three hexa-congeners. To derive a representati'(e 

Henry's Law Constant for PCBs, the three values for hexa-congeners were averaged to a single 

value which was then averaged with the penta-congener value to obtain the single constant . . 

reported in Table J-9. 

For all organic pollutants except PCBs, the dimensioned estimate of Henry's Law 

Constant reported in Table J-9 has been converted to an equivalent nondimensional constant 

based on an assumed temperature of 15°C (288°K) and the following equation: 

. H. 
H= (5) 

RT 

where: 

T = Temperature (assumed to be 288°K) 
R = Universal Gas Constant (m3 •atm/mol•K) 
H = dimensional Henry's law constant (m • atm/mol) 
ii = nondimensional Henry's Law constant (unitless) 

Because Anderson and Parker (1990) report nondimensional values for PCBs at 25°C, the 

average value derived from this source has been adjusted to an equivalent nondimensiorial value 

at 15°C. 
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J.4.5 Diffusion Coefficients 

As discussed elsewhere in this report, the volatilization of pollutant from a land 

application site is modeled with equations provided by Hwang and Falco (1986). These 

equations require estimates for the diffusivity of each pollutant in air. Wilke and Lee's method 

provides estimates for the diffusivity of each pollutant in air and Hayduk and Laudie's method 

provides estimates for each pollutant's diffusivity in water (Lyman et al., 1990). The resulting 

estimates, which are based on a temperature of 15°C, are listed in Table J-10 . 

. 
J.4.6 Reference Water Concentrations for G1'0und Water 

For the ground-water pathway of human exposure, reference application rates are 

calculated based on the reference water concentration or adjusted reference water concentration 

(RC'"' mg/1). Reference application rates fof land application of sludge are calculated to result 

in ground-water concentrations equal to or less than the RC.., at the receptor well. Values for 

RC'"' are listed in Table J-11. 

For all pollutants except n-nitrosodimethylamine, the reference water concentration for 

ground water has been calculated by adjusting the maximum pollutant level for background 

concentrations of pollutant expected i~ground water. For n-nitrosodimethylamine, the RC'"' 

has been derived from the human cancer potency. It is assumed that the highly exposed 

individual ingests 2 1 of water per day and weighs 70 kg. The RC.., for n-nitrosodimethylamine 

is calculated based on a risk level of lo-'. 

To ensure that well water does not exceed the: MCI.., any pre-existing ground-water 

concentrations must be considered in addition to pollutant contnoutions from the surface 

disposal of sewage sludge. Metals are ubiquitous in the environment, and can be expected to 

occur naturally in ground water; values for background concentrations of inorganic pollutants in 

ground water arc taken from the National Inorganic and Radionuclides Survey, and presented in 

Table J-11. Where concentrations of a given metal in a particular sample fall beneath the limit 

of detection, a value of 1/2 the detection limit has been assigned to the sample to derive these 
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TABLE J-10 

DIFFUSION COEFFICIENTS FOR CONTAMINANT IN AIR 

Diffusivity in 
Air 

(cm2/sec)• 

Benune 9.06 X 10"2 

Benzo(a)pyrenc 4.58 X 10"2 

Bis(2-cthylhcxyl)phthalatc 3.27 X 10"2 

Chlordane 4.51 X 10"2 

DDT 4.13 X 10"2 

Lindanc 4.98 X 10"2 

n-Nitrosodimcthylaminc 9.29 X 10"2 

Polychlorinatcd biphcnyls 5.69 X 10"2 

Toxaphcnc 5.25 X 10"2 

Trichloroethylcnc: 8.18 X 10"2 

• Calculated according to Wilke and Lee's method, as described in Lyman ct al. 
(1990). 
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TABLE J-11 

ADJUSTED REFERENCE WATER CONCENTRATION FOR GROUND WATER 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Niclcel 

Benzene 

Benzo(a)pyrene 

Bis(2-cthylhexyl)phthalate 

Chlordane 

DDT 

Lindane 

n-NitrosodimethyJamindl 

Polychlorinated biphmyla 

Toxaphenc 

Trichloroethylene 

Reference Water 
Concentration-

(mg/I) 

0.05 

0.005 

0.1 

1.3 

0.015 

0.002 

• 0.1 

0.005 

0.0002 

0.004 

0.002 

0.0102 

0.0002 

0.00007 

0.000454 

0.003 

0.005 

Background 
Concentration in Adjusted 

Ground Reference Water 
Wa~ Concentrationc 
(mg/I) (mg/I) 

0.0032 0.0468 

0.0011 0.0039 

0.0014 0.0986 

0.0499 1.2501 

0.003S 0.0llS 

0.0001 0.0019 

0.0030 0.097 

0 0.005 

0 0.0002 

0 0.004 

0 0.002 

0 0.0102 

0 0.0002 

0 0.00007 

0 0.0004S4 

0 0.003 

0 0.00S 

• All values excq,t thoee for DDT and n-ni~ybanine ue based on the maximum conuiminant 
level (MCL) under the Safe DrinJciq Water Act (SDWA). . 
" National Inorpnic and RadiODUClides Survey 
• Values rcpreamt the RWC lea becJc&round concentrations (see Section A.5.4) 
' Calculated from human cancer potency at the 10'4 risk level. 
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averages. Organic pollutants are less likely to be found in uncontaminated sources, so 

background concentrations are assumed to equal zero. 

J.4.7 Reference Water Concentration for Surf.ace Water 

The reference water concentration for the surface water pathway is based on either 

human health criteria, adjusted for total background intake, or chronic fresh water criteria, 

whichever is more limiting. The calculation of human health criteria for surface water is similar 

to the calculation for ground water, with the additional exposure 1hrough fish consumption. 

Concentration of pollutants in ingested fish are calculated from the expected concentration in 

surface water, the bioconcentration factor (BCF) and a food chain multiplier (FM) for each 

pollutant. The ratio between concentratioi;is in the edJ.ole and total fish (P,) is also considered. 

Estimated values for BCF and FM are listed in Table J-12. With the exception of PCBs, 

the pollutant concentration in fillet is assum~d equal to the pollutant concentration in the whole 

fish (P1=1). This is a worst-case assumption, because many pollutants are known to 

bioconcentrate in nonedJ.ole tissues and organs. Based on data for dioxin (Branson et al., 1985), 

the concentration in the fillet for PCBs is assumed to be 50 percent of the concentration of the 

whole fish (Pr = 0.5). 

Table J-13 lists calculated human health criteria, chronic fresh water criteria, and the 

limiting reference water concentration for each pollutant in surface water. The fresh water 

criteria are based on chronic freshwater criteria from the latest Ambient Water Quality Criteria, 

where available. Where chronic values are not available, acute values are substituted. If no 

criteria are available, the Lowest Observable Adverse Effect Level (LOAEL) is used. For 

chemicals with hardneu-dependent chronic or acute freshwater criteria, a hardness of 100 mg/I 

is assumed. The human body weight (BW) is set to 70 kg; the water ingestion rate (lw) at 2 

I/day; and the daily consumption of fish (le) at 40 g/day (Javitz, 1980). 
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TABLE J-12 

DATA FOR REFERENCE WATER CONCENTRATIONS FOR SURFACE WATER 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Nickel 

Benzene 

Bcnzo( a )pyrcne 

Bis(2-cthylhcxyl)phthalate 

Chlordane 

DDT 

Llndanc 

n-Nitrosodimcthylamine 

Polychlorinatcd biphcnyls 

Toxaphcne 

Trichlorocthylcne 

Bioconcentration Food Chain 
Factor- Multiplier" 
(Vkg) (unitless) 

350 1 

330 1 

130 1 

120 1 

180 1 

100 1 

50 1 

7.6 1 • 
11,000 10 

1,700 10 

3,700 10 

17,000 10 

110 1 

0.056 1 

31,000 10 

1,000 1 

13 ·1 

• BCF values for inorganic contaminants are taken from U.S. EPA (1989b). BCF values 
for organic contaminants arc derived from the following regression equation, taken from 
U.S. EPA (1990b): log(BCF) = 0.79 log(K_) - 0.40 - log(7.6/3.0). The log(K_) values are 
presented in Table J-4. 

Food chain multipliers are determined from the procedure in U.S. EPA (1990b), 
assuming a Trophic Level of 3 for fish. 

J-28 



TABLE J-13 

DATA FOR. R.EFER.ENCE WATER. CONCENTR.ATIONS FOR SURFACE WATER 
R.EFER.ENCE WATER CONCENTR.ATIONS FOR SURFACE WATER 

Chronic 
Freshwater Human Health Limiting Reference 
R.derence Criteria• Water 

Application (mg/I) Concentration 
R.ates• (mg/I) (mg/I) 

Arsenic l.90x10•l c 3.40x10·2 1.90xl0"1 

Cadmium- l.l0xl0·3 2.52x10·3 l.l0xl0"' 

Chromium 2.10x10·1 1.07x10·1 l.07x10·1 

Copper l.20xl0"2 d 2.45xl0° 1.2ox10·2 

Lead J.20xl0"3 d l.00x10·2 3.20xl0"3 

Mercury l.20x10•S l.29xl0-4 l.20xI0·' 

Nickel l.60xl0"1 d 4.17xl0"1 l.60x10·1 

Benzene 5.30xl0° • l.1Sxl0·1 l.15xl0·1 

Benzo(a)pyrene r 9.82xl0-6 9.82xl0-6 

Bis(2-ethy lhexy l)phthalate r 1.77x10·2 l.77x10·2 

Chlordane 4.30x10-6 1.9lxl0"7 l.9lxl0·1 

DDT l.00xl0-6 l.92xl0"7 l.92xl0·7 

Lindane 8.00xIO•s 2.63x10·3 8 .. oox10·' 

n-Nitrosodimethylamine 5.85xl0° • 6.86xlO·S 6.86xIO·' 

Polychlorinated biphenyls l.40xlO·s l.46xl0-a 1.46xl0-a 

Toxaphene 2.oox10·1 2.4lxlO·S 2.00xlO·' 

Trichloroethy lene 4.s0x101 • 2.88x10·1 2.88x10·1 

• Chronic fresh water criteria based upon latest Ambient Water Quality Criteria. Because chronic 
values were not available for benzene. n-nitrosodimethylamine. and trichloroethylene. acute values 
were used instead. No values were found for benzo(a)pyrcne and bis(2-ethylhexyl)phthalate. 
b Human health criteria calculated using assumed rates of water and fish consumption, 
bioconcentration fu:tors and food chain .multipliers for fish. 
0 based on arsenic (V) 
d Hardness dependent (assumed 100 mg/1) 
• No criteria available; value given is a LOAEL 
r No criteria available. 
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J.4.7 Bloconcentration Factors and Food Chain Multipliers 

Bioaccumulation in surface water is the process by which aquatic organisms accumulate 

pollutants, from both water and food, at concentrations higher than the ambient concentration. 

The process by which a compound is absorbed from water through gill membranes or other 

external body surfaces is termed bioconcentration, and the measure of a chemical's tendency to 

bioconcentrate is dcscn'bed by the bioconcentration factor. Biomagnification, in contrast, 

denotes the process by which the concentration of a compound increases in different organisms 

occupying successive trophic levels. The combined aocumulation from these two sources is 

represented by the _bioaccumulation factor, which is calculated as the product of the 

bioconcentration factor and a food chain multiplier (U.S. EPA. 1990b): 

BAF "'FM BCP (6) 

where: 

BAF = bioaccumulation factor (]/kg) 
FM = food chain multiplier {kg/kg) 
BCF = bioconcentration factor (]/kg) 

The food chain multiplier and the bioconcentration factor are both derived from the 

pollutant's octanol-water partition coefficient (KOW). In addition, the food-chain multiplier is a 

function of the trophic level of the species under consideration. Based on a trophic level of 3 

for fish, U.S. EPA {1990b) recommends the following values: 

Range of Food Chain 
log(KOW) Multiplier 

~s 1 
-5- s.s 10 
~s.s 10 

According to U.S. EPA (1990b), BCF values can be calculated from the log of KOW values 

{based on a 3 percent lipid content) according to the following regression equation: 

(7) 
3.0 

log(BCP) ""0.79 Joi(KOW) - 0.40 - tog(7·6) 
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The BCF and the FM values used to derive criteria are listed in T-able J-12. BCFs for 

organic pollutants are calculated from the regression equation above using the KOW values 

. presented in Table J-4. For metals, BCF values are taken from U.S. EPA (1989b). 

J.4.8 Reference Air Concentration 

Reference application rates for the air pathway are derived based on calculations of 

reference air concentrations (RCair µ.y/m3
} for each pollutant. Reference application rates are 

calculated such that the concentration of each pollutant in ambient air at the point of 

compliance is not expected to exceed the reference concentration. 

Values for the reference air concentration of all organic pollutants are calculated from 

the pollutants' estimated human cancer potencies, as summarized in Table J-14. Estimates are 

based on a risk level of lo-4 and a body weight of 70 kg. The highly exposed individual is 

assumed to inhale 20 m3 of contaminated ai; daily for his or her entire lifetime. 
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TABLE J-14 

REFERENCE AIR CONCENTRATIONS 

Benzene 

Benzo(a)pyrene 

Bis(2-ethylhexyl)phthalate 

Chlordane 

DDT 

lindane 

n-Nitrosodimcthylamine 

Polychlorinated biphenyls 

Toxaphene 

Trichloroethylene 

Human Cancer Potency 
(mg/kg•day)"' 

0.029 

11.S 

0.0141 

1.3 

0.34 

1.33 

51 

7.7 
• 

1.1 

0.011 

Reference Air 
Concentrations• 

(p,g/m:s) 

12.0 

0.032 

25.0 

0.27 

1.0 

0.26 

0.0071 

0.04S 

0.32 

32.0 

• Calculated from Human Cancer Potency based on a risk level of lo-4, body weight of 70 
kg, and inhalation volume of 20 m3/day. 
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SECTION ONE 

INTRODUCTION 

On February 6, 1989, the U.S. Environmental Protection Agency 
(EPA} proposed Standards for the Use or Disposal of Sewage Sludge 
(40 CFR Part 503) in the Federal Register (54 EB 5746). Included 
in those standards were pollutant limits for different sewage 
sludge use or disposal practices. 

In the Part 503 proposal, septage was included in the 
definition of sewage sludge. For this reason, the requirements for 
the use or disposal of sewage sludge also applied to the use or 
disposal of septage. Several commenters on the proposal indicated 
that it is not feasible for the use or disposal of septage to be 
subject to the same requirements as the use or disposal of sewage 
sludge. Those commenters indicated that the proposed Part 503 
requirements were too costly for the use or disposal of septage. 
Also, the requirements may have a negative affect on the 
environment because they could lead to illegal use or disposal of 
septage or result in a lower frequency of pumping for septic tanks. 

After reviewing the comments on the Part 503 proposal, the 
Agency decided to re-examine the pollutant limits for land 
application of domestic septage. A new approach to the pollutant 
limits was published in the Federal Register on November 9, 1990, 
(55 FR 47240) and comments were requested on that approach. 

Under the new approach, the volume (i.e., gallons} of domestic 
septage that can be applied to an acre of land in a year would be 
calculated using an equation in the final Part 503 regulation. 
This volume would be based on the amount of nitrogen needed by the 
crop or vegetation grown on the land where the domestic septage is 
applied and on the concentration of available nitrogen. 

There are two important aspects about the annual application 
rate approach for land application of domestic septage. First, the 
approach only applies to domestic septage. Domestic septage is 
either liquid or solid material removed from a septic tank, 
cesspool, portable toilet, Type III marine sanitation device, or 
similar treatment works that receives only domestic sewage. 

The annual application rate approach does not apply to land 
application of commercial or industrial septage or to land 
application of a combination of domestic septage and either 
commercial or industrial septage. The reason for this is that the 
final Part ~03 regulation does not apply to the use or disposal of 
commercial or industrial septage. Commercial and industrial 
septage have characteristics that are different than the 
characteristics of domestic septage. Because those characteristics 
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are different, the pathway exposure analyses used to develop the 
Part 503 land application pollutant limits, which were used to 
justify the annual application rate for domestic septage, are not 
applicable to the use or disposal of commercial and industrial 
septage. 

The second aspect is that the annual application rate approach 
only is applicable to domestic septage applied to agricultural 
land, forest, or a reclamation site. This approach does not apply 
to domestic septage applied to a public contact site or placed on 
a surface disposal site. In these two cases, the requirements in 
the final Part 503 regulation for application of sewage sludge to 
a public contact site and placement of sewage sludge on a surface 
disposal site, respectively, have to be met. 

Most of the commenters on the annual application approach for 
domestic septage agreed with the approach. Several of the 
commenters indicated that, in addition to limiting the volume of 
domestic septage that can be applied to the land per year, the 
domestic septage also must meet pathogen and vector attraction 
reduction requirements. The Agency agrees and included pathogen 
and vector attraction reduction requirements in the final Part 503 
regulation for domestic septage applied to agricultural land, 
forest, or a reclamation site •• These requirements are discussed in 
the technical support document for the Part 503 land application 
requirements and in the technical support document for the Part 503 
pathogen and vector attraction reduction requirements. 

EPA decided to use the approach in the November 9, 1990, 
notice for domestic septage applied to agricultural land, forest, 
or a reclamation site in the final Part 503 regulation. This paper 
discusses the equation in the final Part 503 regulation used to 
calculate the annual application rate for land application of 
domestic septage; presents an example that illustrates how to use 
the equation; and presents results of an evaluation to determine 
whether the annual application rate protects public health and the 
environment from reasonably anticipated adverse effects of 
pollutants in domestic septage that is applied to agricultural 
land, forest, or a reclamation site. 
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SECTION TWO 

ANNUAL APPLICATION RATE 

2.1 Equation 

The following equation is used to calculate the annual 
application rate for domestic septage applied to agricultural land, 
forest, or a reclamation site. 

, AAR = N (1) 
ANC X 8.34 

Where: 

AAR = Annual application rate in millions gallons per acre per 
year. 

N = Amount of nitrogen needed by the crop or vegetation grown 
on the agricultural land, forest, or reclamation site in 
pounds per acre per year. 

ANC = Available nitrogen concentration in milligrams per liter. 

8.34 = A conversion factor. 

2.2 Amount of Nitrogen 

The amount of nitrogen needed depends on the crop or 
vegetation grown on the land where the domestic septage is applied. 
This amount is published for the crop yield desired by various 
government agencies (e.g., the Agriculture Extension Service). 

2.3 concentration of Available Nitrogen 

Various assumptions were made to determine the available 
nitrogen concentration (ANC) in equation (1). These assumptions 
are discussed below. · 

The available nitrogen concentration consists of the 
concentration of ammonia-nitrogen in the domestic septage and the 
concentration of organic nitrogen that becomes available over time. 
Together, ammonia-nitrogen and organic nitrogen are Total Kjeldahl 
Nitrogen (TKN). To determine the TKN concentration in domestic 
septage, a sampling and analyses program was conducted. Nine 
samples of domestic septage were collected and analyzed for TKN. 
The Agency chose to use only data from these nine samples to 
estimate the TKN concentration in domestic septage because EPA has 
knowledge of how those samples were collected and how the samples 
were analyzed. 
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summary statistics were developed for the analytical results 
from the nine samples of domestic septage. This information is 
presented in Appendix A. 

As shown in Appendix A, the 95th percentile concentration for 
TKN is 352 milligrams per liter. EPA believes that this value is 
a conservative estimate of the TKN concentration in domestic 
septage because 95 percent of the domestic septage is expected to 
have a TKN concentration of 352 milligrams per liter or less. That 
value is used, therefore, as the value for the TKN concentration in 
domestic septage for this analysis. 

The relationship between ammonia-nitrogen and TKN is 
represented by equation (2), which was derived during the 
development of the summary statistics for the analytical results of 
the nine domestic septage samples. 

Ammonia-N = TKN x 0.427247 (2) 

Using equation (2), the estimated ammonia-nitrogen concentration in 
domestic septage is 150 milligrams per liter (i.e., 352 x 
0.427247). 

Subtracting the ammonia-~itrogen concentration for the TKN 
concentration leaves 202 milligrams per liter for organic nitrogen 
in domestic septage. Fifty percent of the organic nitrogen is 
assumed to become available to the crop or vegetation in the first 
year after application of domestic septage; 20 percent in the 
second year; 10 percent in the third year; and the remainder at 
three percent per year until no more of the organic nitrogen from 
a particular application of domestic septage remains. For the 
purpose of this analysis, the concentration of organic nitrogen 
available to the crop or vegetati4::>n in the fourth year and 
subsequent years after application the domestic septage was assumed 
to be zero because of the low concentration of organic nitrogen 
remaining in those years. 

Another assumption for the calculation of the available 
nitrogen concentration is that the domestic septage is injected 
below the land surface. In that case, none of the ammonia-nitrogen 
is lost through volatilization. In addition, the Agency assumed 
that none or the ammonia-nitrogen is lost through volatilization if 
the pH of the domestic septage is raised to 12, which is one of the 
alternative pathogen and vector attraction reduction requirements 
in the final Part 503 regulation for domestic septage applied to 
agricultural land, forest, or a reclamation site. ·These two 
assumptions lead to a conservative estimate of the ammonia-nitrogen 
available to the crop or vegetation grown on the land where the •·· 
domestic septage is applied. 

The available nitrogen concentration used in equation (1) was 
calculated as shown below. 
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. 
GIVEN: Domestic septage is injected below the land surface. 

TKN = 352 mg/1 
NH3 = 150 mg/1 

Organic-N = 202 mg/1 

Year 1 Year 2 Year 3 

Ammonia-N 150 150 150 
Organic-N 101 101 101 

41 41 
21 

Total 251 292 313 

Beginning with the third year, the Agency assumes "steady 
state conditions" are achieved with respect· to the available 
nitrogen concentration. After three years, the available nitrogen 
concentration is equal to 313 milligrams per liter each year. This 
is the value used in equation (1). 

2.4 Calculation of Annual Application Rate 

Substituting 313 milligrams per liter for ANC in equation (1) 
results in the following equation: 

AAR = N (3) 
0.0026 

Where: 

AAR = annual application rate in gallons per acre per year. 

N = amount of nitrogen needed by the crop or vegetation 
grown on the land in pounds per acre per year. 

0.0026 = a factor obtained by multiplying 313 mg/1 times 
8.34/1,000,000. 

Note that the annual application rate in equation (3) is in 
gallons per acre per year not million gallons per acre per year. 
Equation (3) is included in the land application subpart (Subpart 
B) of the final Part 503 regulation. 

2.s Example Calculation 

. The following example illustrates how to calculate the annual 
application rate for domestic septage applied to agricultural land, 
forest, or a reclamation site using equation (3). 
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GIVEN: 

Number of acres in application site= 3 
Amount of nitrogen needed by the crop = 100 pounds per acre 

RATE: 

Annual application rate= 100 
0.0026 

X 3 

Annual application rate= 38,462 gallons x 3 acres 
acre 

Annual application rate for the site= 115,386 gallons 

For this example, 115,386 gallons of domestic septage can be 
applied to a three acre site on which a crop that requires 100 
pounds of nitrogen per acre is grown. This is the application rate 
for a single year. In subsequent years, the annual application 
rate has to be re-calculated using the amount of nitrogen needed by 
the crop or vegetation grown on the site that year. 
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SECTION THREE 

JUSTIFICATION FOR ANNUAL APPLICATION RATE 

As discussed above, EPA decided to use the annual application 
rate approach for the pollutant limit in the final Part 503 
regulation for domestic septage applied to agricultural land, 
forest, or a reclamation site after receiving favorable comment on 
this approach in the November 1990 Notice of Availability of Data 
from the National Sewage Sludge survey (55 EB 47210). To use that 
approach, the Agency has to justify that applying domestic septage 
at an annual application rate protects public heal th and the 
environment from reasonably anticipated adverse effects of 
pollutants in domestic septage. This justification is presented 
below. 

Step 1 

The first step in the justification is to determine the 
concentration of-each pollutant listed in Table 2 of the final Part 
503 regulation in domestic septage. EPA used the 95th percentile 
estimate for the nine domestic septage samples discussed above for 
those pollutant concentrations (see Attachment A). The ~aximum 
likelihood estimation (MLE) procedure was used to develop the 95th 
percentile values. These values are presented below in Table 1. 

TABLE 1 - POLLUTANT CONCENTRATIONS IN DOMESTIC SEPTAGE 

Pollutant Concentration Cmg/1)* 

Arsenic** 0.02 
Cadmium 0.02 
Chromium 0.16 
Copper 2.0 
Lead 0.14 
Mercury 0.004 
Molybdenum*** 0.02 
Nickel 0.11· 
Selenium 0.07 
Zinc 27 

* Values are reported to two significant figures and may not 
be the same as the values reported in Attachment A because of 
rounding. 

** Value is the detection limit because the pollutant was not 
detected in any of the samples. 

*** Value is the maximum observed value for the nine samples 
of domestic septage collected. 
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Step 2 

The second step is to calculate an annual application rate for 
a high crop nitrogen reguirement. For this justification, 300 
pounds of nitrogen per acre for orchard grass was used. This is 
considered a conservative value for the amount of nitrogen because 
most crops require less than this amount of nitrogen. The annual 
application rate for a 300 pound nitrogen requirement is: 

Annual application rate= 300 (3) 
0.0026 

Annual application rate= 116,000 gallons per acre 

step 3 

The third step of the justification is to calculate the annual 
load for each of the pollutants listed in Table 1 above in the 
domestic septage applied to the land. This was done using the 
following equation: 

AL= PC X AAR X 8.34 (4) 
• 

Where: 

AL= annual loading rate for each pollutant in pounds per 
acre per year. 

PC• 95th percentile concentration for each pollutant in 
milligrams per liter (see Table 1 above). 

AAR = annual application rate in million gallons per acre 
per year. 

8.34 = a conversion factor. 

The annual loading rates for the pollutants listed in Table 1 
above calculated using an application rate of 116, 000 gallons 
(i.e., 0.116 million gallons) in equation (4) are presented in 
Table 2. 
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TABLE 2 - CALCULATED ANNUAL POLLUTANT LOADING RATES 

Pollutant Concentration (mq/1)* Loading Rate•• 

Arsenic 0.02 0.02 
Cadmium 0.02 0.02 
Chromium 0.16 0.15 
Copper 
Lead 

2.0 
0.14 

1.9 
0.14 

Mercury 
Molybdenum 

0.004 
0.02 

0.004 
0.02 

Nickel 0.11 0.11 
Selenium 0.07 0.07 
Zinc 27 26 

• From Table 1 above. 
•• Pounds.per acre per year - calculated using equation (4). 

Step 4 

The fourth and final step is to divide the annual pollutant 
loading rate in Table 2 above into the cumulative pollutant loading 
rate for the pollutant from Table 2 in the final Part 503 
regulation. This provides the number of years that domestic 
septage with the pollutant concentrations in Table 1 above can be 
applied to the land at a rate of 116,000 gallons per year without 
causing the cumulative pollutant loading rate for the pollutants in 
Table 2 from the final Part 503 regulation to be exceeded. Results 
of this calculation are presented below in Table 3. 

TABLE 3 - YEARS DOMEST:IC SBPTAGB CAN BE APPL:IED TO THE LAND 

Pollutant Part 503 Loading Rate• Years•• 

Arsenic 36 1800 
Cadmium 32 1600 
Chromium 2670 17800 
Copper 1335 702 
Lead 267 1907 
Mercury 15 3750 
Molybdenum 16 800 
Nickel 373 3390 
Selenium 89 1271 
Zinc 2492 96 

* pounds per acre 

** Part 503 cumulative pollutant loading rate in pounds per 
acre divided by calculated annual loading rate (i.e. , pounds 
per acre per year) in Table 1 above. 
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As shown in Table 3, domestic septage with the pollutant" 
concentrations in Table 1 can be applied to agricultural land, 
forest, or a reclamation site for 96 years at a rate of 116~000 
gallons per year without causing any of the cumulative pollutant 
loading rates in Table 2 of the final Part 503 regulation to be 
exceeded. After 96 years, the cumulative pollutant loading rate 
for zinc is exceeded. 

The Agency concluded that domestic septage most likely will 
not be applied to the same site for 96 years at a rate of 116,000 
gallons per year. EPA also concluded that domestic septage will be 
not applied to most sites at rate of 116,000 gallons per year 
because the nitrogen requirement of the crop grown on the land most 
likely will be less than 300 pounds, which is the amount of 
nitrogen used to calculate the 116,000 rate. 

For the above reasons and because a conservative value for 
available nitrogen was used to calculate the constant in equation 
(3), the Agency concluded that public health and the environment 
are protected from reasonably anticipated adverse effects of 
arsenic, cadmium, chromium, copper, lead, mercury, molybdenum, 
nickel, selenium, and zinc in domestic septage applied to 
agricultural land, forest, or a reclamation site when the domestic 
septage is applied at a rate that is equal to or less than the rate 
calculated using equation (3). • Part 503 requires, therefore, that 
the annual volume of domestic septage applied to agricultural land, 
forest, or a reclamation site be equal to or less than the volume 
determined using equation (3) above. 
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UNITED ST ATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, O.C. 20460 

:.JQV 6 1992 
OFFICE OF 

WATER 
MEMORANDUM 

Subject: Summary Statistics for EPA's Study on the Quality of Domestic Septage 

From: Charles E. White, Statistician~ \,a 

Statistical Analysis Section ~ z;.., 

To: Alan Rubin, Chief 
Sludge Risk Assessment Branch 

Through: Henry D. Kahn, Chief t+'f)t
Statistical Analysis Section 

At your request, I will present and document summary statistics based on EP A's 
Study on the Quality of Domestic Septage. These ,umrnary statistics will include basic 
statistics on pollutants of concern, other requested pollutants; and the estimated relationship 
between Total Kjeldahl Nitrogen and Ammonia. EP A's Study on the Quality of Domestic 
Septage (1991) was conducted in order to support the development of hydraulic loading 
rates for the land application of domestic septage under the 40 CFR Part 503 Final Rule for 
Sewage Sludge Use or Disposal This loading rate is intended to be a protective and 
affordable method for regulating the beneficial reuse of septage. Development of the 
loading rate itself will not be discussed in this memo. 

Results 

There are two basic results from these analyses. First, truckloads of domestic septage 
are not expected to contain pollutant concentratiom as high as could be found in sewage 
sludge used or disposed from Publicly Owned Treatment Works that practice secondary or 
better wastewater treatment. Second, Total Kjeldahl Nitrogen is found to be approximately 
43% Ammonia in wet domestic septage. 

Data 

Nine trucks delivering domestic septage to the Madison Metropolitan Sewerage 
District (MMSD) in Madison, Wiscomin were each sampled once. ~ septage was being 
discharged, a grab sample was collected and delivered to the MMSD lab for splitting, · 
labeling, icing, and shipping to appropriate labs under contract to the EPA. Each 
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independent sample was physically analyzed for 324 pollutants. Only data regarding 
pollutants of concern and some data for pollutants that arc also micro-nutrients will be 
considered in this report. . 

Physical Analytical Procecfores 

Physical analytical methods used here are the same as those used for the National 
Sewage Sludge Survey (NSSS), though some pollutants are reported differently. Individual 
PCB aroclors were reported in the NSSS; total PCB aroclors are reported here. Aldrin and 
Dieldrin were reported separately in the NS5S; the totals for Aldrin and Dieldrin are 
reported here. Total Chlordane is reported in the NSSS; the alpha and gamma ponions of 
chlordane are reported here. DDT, DDS, and DOD arc reported separately in the NSSS; 
totals for DDT, DDS, and DOD are reported here. Llndanc is reported in the NSSS; 
Lindane (Gam.ma-BHq is reported here. 

. Some pollutant concentrations were not measured above the Minimum Level for the 
particular pollutant. Minimum Levels are a form of "detection limit" used in physical 
analytical methods developed for the Office of Science and Technology. Under contract, 
each contractor lab must demonstrate that it is able to achieve the Minimum Levels stated 
for the particular EPA method to be used. In general, a Minimum Level is defined as the 
lowest concentration at which the physical analytical process can be reliably cah'brated. 
l>ollutant concentrations not measured above the Minimum Level for a particular pollutant 
arc not reported; the Minimum Level is reported imteacl. 

Statistkal Methods for Basic Sarnrnasy Statisticl 

Statistical analysis methods were primarily selected to estimate a concentration level 
for each pollutant such that, under certain assumptions, "most" septage concentrations for 
a particular pollutant will be below it's respective level, i.e., we arc primarily estimating 
percentiles. These methods will also be used to characterize both wet and dry weight 
pollutant concentration measurements, mixed with "detection limits." Substitution and 
Maximum Likelihood Methods will be used to estimate summary statistics. One overall 
assumption of this study is that residential septagce samples across the country follow 
approximately the same probability distnbutions for pollutant concentrations as those 
distnbutions found in the area around Madison, Wisconsin. Additional statistical 
assumptions are dbcussed in the section on the Substitution Method, in the section on the 
Maximum Likelihood Method for estimating SUIDJDaIY statistics in the presence of censored, 
or "non:cletect, • data and in the section on estimating the relationship between Ammonia 
and Total Kjeldahl Nitrogen. 

Pa WeiiJJt Conversion 

Physical analyses were conducted on liquid septage samples. However, both because 
pollutants are assumed to be concentrated in the solid phase of the septage sample and 
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because pollutants were reported this way in the'NSSS, a dry weight conversion is also used 
in presentation of these data. More detailed discussion of the reasons for dry weight 
conversion and analyses in support of this practice arc presented in the Statistical Support 
Document for tM 40 C-FR Part 503 Final Rwe for Sewage Sludge Use or Disposal. Conversion 
of a concentration reported in ug/1 is illustrated below: 

Let: Pollutant Cooo:ntratiai far Sample i • z1 J,Lg/1 
Solids Cooo:ntration far Sample i • y1 mg/I 

Dry Weight Pollutmt ~-in JI.A• ;~~(l,000,: mg) 

-( 1,~~}r/q 
Substitution Methods • 

The substitution methods used here _make no assumptions about the probability 
distnbutions of the pollutant concentration data, but they do make assumptions about the 
concentration of pollutants in samples where pollutants could not be measured above their 
"detection limit." The first of two substitution· methods used assumes that pollutant 
concentrations, in samples where pollutants could not be measured, are at the ~detection 
limit." The second substitution method assumes that pollutant concen~tions, in ·samples 
where pollutants could not be measured, are zero. Together, these two substitution methods 
give a kind of upper and lower bound on non-parametric ,ummary statistics for pollutant 
concentrations in septage. More detailed discussion of these methods and the reasons for 
their selection are presented in the Statistical Support Documfflt for the 40 CFR Part 503 
Final Ruk for Sewage Sludge Use or Disposal. 

Tables of wet weight ,ummsry statistics developed using these substitution methods 
are presented on pages 13 through 23 and tables of dry weight summary statistics developed 
using these substitution methods are presented on pages 27 through 36. 

Maximum J Jlrelihood Estimation 

The maximum likelihood estimation (MI..E) procedure used here assumes pollutant 
concentrations are approximately lognonnal in probability distnbution. When this 
assumption is true, estimates produced using this procedure will be more efficient than those 
produced without assumptions about probability distnbutions. The procedure uses sample 
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size, measured pollutant concentrations, and the range of possible values for "detection limit" 
data in order to pick optimum estimates for the log mean and log variance of a two 
parameter lognormal distnbution. If the assumption of a lognonnal distnbution is not 
closely approximated, this procedure is expected to produce good estimates for upper 
percentiles while the mean and variance estimates may not be optimal. 

The two parameter lognormal distnbution is fully descnbed by the log mean and log 
variance, or the mean· and standard deviation. Any desired summary statistic can be 
calculated using an appropriate pair of sufficient statistics. More detailed discussion of this 
method and the reasons why it was selected are presented in Statistical Suppon Document 
for 1M 40 CFR Part 503 Final Rule for Sewage Sludge Uu or Disposal (1992). 

In order to assess the quality of the ~ cumulative probability distnbutions were 
plotted for both the wet and dry weight distnbutions. Each plot shows the estimated 
cumulative distnbution for all three estimation methods. The substitution methods are 
illustrated with points for each observation. The probability plotting position for each point 
is determined by a ranking procedure developed by Blom. The line indicating the estimated 
lognormal distnbution is a plot of the 10th through 90th percentiles. These plots do not 
indicate any obvious deviations from the assumption that the pollutant concentration data 
are approximately lognormal in distnbution. These plots are presented in the appendix. . 

• 
Tables for wet weight summary statistics are presented on pages 10 through 12 and 

tables for dry weight summary statistics are presented on pages 24 through 26. Pollutants 
me&ured above their sample specific Minimum Level, or "detection limit," one time or less 
are not included in these tables as it is not possible to obtain ML.Es under those conditions. 

Note that truckloads of domestic septage are not expected to contain pollutant 
concentrations as high as could be found in sewage sludge used or disposed from Publicly 
Owned Treatment Works that practice secondary or better wastewater treatment. This 
statement is based on the previously mentioned distnbutional assumptions of the MLE 
estimation procedure and the additioml;l assumption that domestic septage trucks across the 
country have approximately the same probability dist11bution for pollutant concentrations as 
domestic septage in trucks found in the area around Madison, Wisconsin. This result is 
found by comparing the 98th percentile estimates from the National Sewage Sludge Survey, 
presented in Statimcal Support Documentation for tJw 40 CFR, Part 503 Final Standards for 
the Use or Disposal of Sewage Sb.,;dge (!992), to 98tll ~rcentile estimates developed here for 
dry weight concentrations of septage. .. 

Statistical Methocll ror Estimatin& the Relationship Between Ammonia & TKN 

Ammonia is the constituent of Total Kjeldahl Nitrogen (TKN) that is immediately 
available for plant uptake. OYer time, Total Kjeldahl Nitrosen is expected to completely 
break down into Ammonia. The purpose of this analysis is to assist in determining an 

K-16 

,., 



appropriate hydraulic loading rate for 
Relation of Total Kjeldahl Nitrogen to Ammonia: 

domestic septage that allows sufficient 100 0 

nitrogen for crop growth while not allowing 
90 for so much nitrogen that crop growth 

would be adversely affected. The loading 
rate itself will be estimated in another 

10 

document. 70 

the 
The observed relationship between 

Ammonia and the Total Kjeldahl 

,. ... ... 
0 ,. 

10 

,0 

0 
0 

Nitrogen data indicates, as expected, that 
both pollutants increase together. A 

i 

• 0 

0 0 

statistical model was fit to these data that JO 
0 

assumes the concentration of Ammonia is 
zero when the concentration of TKN is 20 

zero, that the Ammonia concentration will 10 

increase in a linear fashion as TKN 
increases, that the Ammonia concentrations 
about that line are approximately normal in 0 10 10 100 120 uo 110 110 

distnbution, and that the deviations from 
that line are independent and identically 

UM•ore "'9/1 

distnbuted. Under these assumptions, 
Total Kjeldahl Nitrogen is approximately 43% Ammonia-in wet domestic septage. 

Evaluation of 
Assumptions 

Analyst• of variance 

llaof ....,, For the 
Source DF Sq.ares Sq.are F Value Prob>F assumption that the 
Nodal 1 3785.12042 3785.12042 9.ID6 0.0166 concentration of 
Error 7 2702.12431 316.01777 Ammonia is zero C Total a 6417.24480 

when the 
loot NSI 19.64733 ........ 0.5135 concentration of TKN Dep....,, 42.72000 Adj 1•911 0.5240 
c.v. 45.99095 is zero, a model was 

fit that estimated a ,.,._tar Eati•t• 
non-zero constant 

,.,._t.,. ltenderd T for IIO: when TKN is zero and Verflble DF htf•t• Error P•r-ter-c> Prab > ITI 
a hypothesis test was 

IIITEICIP 6.292426 13.349116889 0.471 0.'517 ' conducted that failed TD 1 0.377705 0.12061931 3.131 0.0166 
to reject the 

Variable 
Verflble DF Libel hypothesis that the 

constant was IIITEICIP 1 Intercept 
TD 1 Total Kjeldllll lftroean statistically different 

than zero. The 

K-17 



Analysis of Variance 
table for this model Anely1li1 of Varlence 
indicates that the 
intercept term is not Scurce DF F Value Prob>F 

statistically significant Model 1 20124.34510 20124.34510 57.743 0.0001 
at the 0.05 level. The Errw a 2787.88530 348.48566 

u Total 9 22912.2304-0 significance test used 
is robust to many loot NSE 1a.66m 0.8783 

09')...., 42.nooo 0.5631 departures from c.v. 43.69797 
assumptions. 

Standard For the Varieble DF Error Prob> ITI 
assumption of 

TO 0.427247 0.05622261 7.599 0.0001 linearity, both the 
Analysis of Variance varfeble 

Varieble DF Label table for the model 
with an intercept term TO 1 Total Kjeldllhl lftrogen 

and for the model 
without an intercept 
term indicate that a 
statistically significant linear relationship exists between Ammonia and TKN. AgaLn, the 

significance test used is robust to many 
departures from assumptions. 

Relation of Total Kjeldahl Nitrogen fo Ammonia: 
Norm<II Sco,n Plot of "niduola froffl Re-;,_..,. 

For the assumption that 
Ammonia concentrations about that line 
are approximately normal in 
distnbution, the Shapiro-Wilk test for 
the normal distnbution fails to reject the 
hypoth~is that the residuals from the 

N fitted line come from a normal • , distnbution. Residuals are the 
"' 
I • arithmetic difference between the 
s 

0 
observed concentration of Ammonia at 

• 
C 

, a particu.Jar TKN concentration and the 
• Ammonia concentration predicted by • 

_, the statistical model. Further evidence 
is that the plot of the residuals versus 
their expected position in a normal 
distnbution, a normal scores plot, is 
approximately linear. 

-30 -20 -10 0 10 20 30 40 

Rniduol For the assumption that 
deviations from the line are U,.'11 ... ""II/I 

K-18 

/,' 
~ 



independent, the physical process of sampling from different truck loads of septage would 
tend to make the sample results independent. 

For the assumption that deviations from-the line are identically distnbuted, the plot 
of residuals versus observed Ammonia values does not appear to indicate strong deviation 
from this assumption. 

Relation of Total Kjeldohl Nitrogen to Ammonia: •-v..-~-

0 

lO 

20 
0 

0 

• • • i 

10 • 
0 

d .. 
• I 

0 

0 
0 
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0 
0 
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W~t Weight Concentrations of Pollut~nts in Septage: 
Likelihood Esti■ ation Suuary Statiatics fro■ 

Pollutant Units 

ALDRIH/DIBLDRIN(TOTAL) UG/L 
AMMONIA (AS N) MG/L 
CADMIUM UG/L 
CHROMIUM UG/L 
COPPER UG/L 
DDT,DDl,DDD(TOTAL) UG/L 
LEAD UG/L 
LINDAHE(GAMMA-BHC) UG/L 
MERCURY UG/L 
NICKEL UG/L ' ' NITRATE+HITRITE (AS N) MG/L ' 
PERCENT SOLIDS I 
SELENIUM UG/L 

~ TOTAL KJELDAHL NITROGEN MG/L 
N 
N 

TOTAL PHOSPHORCUS MG/L 
ZINC UG/L 

Maxi■u■ 

Saaple 
Size 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Non-Detect· 

7 
0 
6 
l 
0 
7 
6 
7 
4 
4 
2 
0 

.. 7 
0 
0 
0 

Log 
Mean 

-4.872 
3.231 
1.207 
3.494 
5.373 

-2.783 
3.642 

-2.360 
-1.348 

3.747 
-1.345 
-0.488 

0.442 
4.284 
2.960 
7.806 

Log 
Variance 

15.2471 
2.5560 
1.1385 
0.8888 
1.8551 
6.1436 
o. 5873 ' 
0.2981 
2.7855 
0.3319 
1.0699 
2.8024 
5.4810 
0.9236 
1.2521' 
2.1128 



1 
~et Weight concentrations of Pollutants in Septage: 

Summary Statistics fro• Maxi■u■ Likelihood Estimation 

Standard ·coefficient 
Deviation of Standard of 

Pollutant Units Mean the Mean Deviation Variation 

ALDRIN/DIELDRIN(T01'AL) UG/L 15.7000 10700.000 32100.000 2050.0000 
AMMONIA (AS N) MG/L 90.8000 104.0000 313.0000 3.4500 
CADMIUM UG/L 5.9100 2.8700 8.6100 1.4600 
CHROMIUM UG/L 51.3000 20.5000 61.4000 1.2000 
COPPER- UG/L 545.0000 422.0000 1270.0000 2.3200 
DDT,DDE,DDD(TO'l'AL) UG/L 1.3300 9.5900 28.8000 21.6000 
LEAD UG/L 51.2000 15.3000 45.8000 0.8940 
LINDANE(GAMMA-BHC) UG/L 0.1100 0.0215 0.0646 0.5890 
MERCURY UG/L 1.0500 1.3600 4.0800 3.9000 
NICKEL UG/_L 50.0000 10.5000 31.4000 0.6270 
NITRATE+NITRITE (AS N) MG/L 0.4450 0.2050 0.6160 1.3800 
PERCENT SOLIDS I 2.4900 .. 3.2700 9.8100 3.9300 
SELENIUM UG/L 24.1000 124.0000 373.0000 15.5000 
TOTAL KJELDAHL NITROGEN MG/L 115.0000 47.3000 142.0000 1.2300 ~ 

N TOTAL PHOSPHOROUS MG/L 36.1000 19.0000 57.0000 . 1.5800 
~ 

ZINC UG/L 7060.0000 6350.0000 19000.000 2.7000 



W~t Weight Concentrations of Pollutants in Septage: 
Swraary Statistics troa Maxiau. Likelihood Estiaation 

90th 95th 98th 
Pollutant Units Median Percentile Percentile Percentile 

ALDRIN/DIELDRIN('.rOTAL) UG/L 0.0077 1.1600 4.7200 23.4000 
AMMONIA (AS N) MG/L 25.3000 197.0000 351.0000 676.0000 
CADMIUM UG/L 3.3400 13.2000 19.3000 30.0000 
CHROMIUM UG/L 32.9000 111.0000 155.0000 228.0000 
COPPER UG/L 216.0000 1240.0000 2030.0000 3540.0000 
DDT,DDE,DDD(TOTAL) UG/L 0.0619 1.4900 3.6500 10.1000 
LEAD UG/L 38.2000 102.0000 135.0000 184.0000 

. LINDANE(GAHMA-BHC) UG/L 0.0944 0.1900 0.2320 0.2900 
MERCURY UG/L 0.260,0 2.2200 4.0400 8.0200 
NICICEL UG/L 42.4000 88.9000 109.0000 138.0000 

'· NITRATE+NITRITE (AS N) MG/L 0.2610 0.9840 1.4300 2.1800 
PERCENT SOLIDS 0.6140 5.2800 9.6400 19.1000 
SELENIUM UG/L 1.5600 .. 31.5000 73.2000 191.0000 ' 
TOTAL KJELDAHL NITROGEN MG/L 72.5000 249.0000 352.0000 523.0000 

N 
~ TOTAL PHOSPHOROUS MG/L 19.3000 81.3000 122.0000 192.0000 
~ ZINC UG/L 2460.0000 15900.000 26800.000 48700.000 



Wet Weight Concentrations of Pollutants in Septage: 
su-ary Statistics fro■ Substitution Methods 

------------ PollUtant•ALDRIN/DIELDRIN(TOTAL) -- Sa■ple Sizes9 -- Units=UG/L -------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Hean the Mean Deviation Variation Minimum Median Naxi■ua 

SN-NL 0.4480 0.2660 0.7980 178.0 0.1000 0.1000 2~500 
SN-0 0.3610 0.2800 0.8400 232.0 0.0000 0.0000 2.500 

---------------- Pollutant•ALPHA-CHLORDANE -- Sample Size=9 -- Units=UG/L ----------------

'~ standard Coefficient 
' Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maxi ■WII .. 
SN-NL 0.1090 0.0093 0.0280 25.6 0.1000 0.1000 0.184 ~ I 

N SN-0 0.0000· 0.0000 0.0000 • 0.0000 0.0000 0.000 ,; 
U\ 

---------------- Pollutant•AMMONIA (AS N) -- Saaple Sizes9 -- Units•MG/L -----------------

standard Coefficien~ 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■u■ Median Maxi■u■ 

SN-NL 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000 
SN-0 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000 



Wet Weight Concentrations ot Pollutants in septage: 
Suaary Statistics froa Substitution Methods 

-----------------~-- Pollutant-ARSENIC -- sa■ple Size•9 -- Units•UG/L --------------------

Standard Coefficient 
Sub ■titution Deviation ot Standard of 

Method Hean the Mean Deviation Variation Miniau■ Median Maxi■u■ 

SM-ML 20.0000 0.0000 0.0000 o.o 20.0000 20.0000 20·. 000 
SM-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000 

-------------------- Pollutant•BENZENB -- Saaple Size•7 -- Units•UG/L --------------------

-~ Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■u■ Median Maxi■WI 
.. 

N 
~ SM-ML 11.4000 1.4300 3.7800 33.l 10.0000 10.0000 20.000 
0\ SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

______________ , ___ 
Pollutant•BENZO(A)PYREHE -- Sa■ple Size•9 -- Units•UG/L -----------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation variation Mini■Ull Median Maxi■Ull 

SN-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 



Wet Weight Concentrations of Pollutants in septage: 
Summary Statistics from Substitution-Methods 

-----------------·- Pollutant•BER~LLIUM -- Sample Size•9 -- Units=UG/L -------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Nean the Mean Deviation Variation Minimum Median Maxi■u■ 

SM-ML 5.0000 0.0000 0.0000 o.o 5.0000 5.0000 5.000 
SM-0 0.0000 0.0000 0.0000 . . o. 0000 0.0000 0.000 

---------- Pollutant•BIS(2-ETHYLIIEXYL) PHTHALATE Saaple Sizea9 -- Units•UG/;t.. ---------.-

' ~ . Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum .. 
SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 0.0000 0.0000 0.000 • . 

-- Sample Size•9 -- UnitssUG/L -----------------------~---------------- Pollutant•CADMIUM 

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum 

SM-ML 7.1300 1.4900 4.4700 62.7 5.0000 5.0000 18.400 
SM-0 3.8000 2.1?00 6.5000 171.0 0.0000 0.0000 18.400 



W~t Weight Co-ncentration• of Pollutants in Septage: 
Swm.ary Statistic■ fro• Sub■titution Methods 

-----------------~- Pollutant•CHROMIUM -- Sople Size•9 -- Units•UG/L --------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Ncsn the Mean Deviation Variation Mini■ua Median Maxi■ua 

SM-ML 46.7000 12.7000 38.1000 81.6 10.0000 33.5000 120~000 
SM-0 45.6000 13.1000 39.4000 86.5 0.0000 33.5000 128.000 

-------------------- Pollutant•COPPBR -- Saaple Size•9 -- Units•UG/L ---------------------

Standard Coefficient '~ Substitution Deviation of Standard of ' 
Method Mean the Mean Deviation Variation Mini■Ull Median Maxiaum 

• 

SM-ML 503 .. 0000 223.0000 669.0000 133.0 62.0000 115.0000 1850.000 ~ 
N 
00 SM-0 503.0000 223.0000 669.0000 133.0 62.0000 115.0000 1850.000 

-------------- Pollutant•DDT,DDl,DDD('l'OTAL) -- sa■ple Size•9 -- Units•UG/L ---------------

standard Coefficient 
Subatitution Deviation of standard of 

Method Mean the Mean Deviation Variation Mini■Ull Median Maximum 

SK-KL 0.6850 0.2810 0.8440 123.0 0.3380 0.3380 2.880 
SM-0 0.4220 0.3230 0.9690 230.0 0.0000 0.0000 2.880 



Wet Weight Concentrations of Pollutants in Septage: 
SU1111ary Statistics fro■ Substitution Methods 

---------------- Pollutant-GAMMA-CHLORDANE -- Sa■ple Sizea9 -- Units•UG/L ----------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Nean the Mean Deviation Variation Minimum Median Naxi■Ull 

SM-ML 0.1230 0.0104 0.0313 25.4 0.1130 0.1130 0.207 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

------------------ Pollutant•HBPTACHLOR -- sa■ple Size•9 -- Units•UG/L -------------------

standard Coefficient ' Substitution Deviation of standard of 
Method Mean the Mean Deviation Variation Minimum Median MaximUlll .. 

~ SM-ML 0.0896 0.0209 0.0626 69.9 0.0630 0.0630 0.250 
N 
\D SM-0 0.0278 0.0278 0.0833 300.0 0.0000 0.0000 0~2so 

--------------- Pollutant•HBXACHLOROBENZENE sa■ple Size•9 -- Units•UG/L ---------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Miniau■ Median Maximum 

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 



W~t Weight concentration• of Pollutants in Septage: 
Su.aary Statistics fro• Substitution Methods 

--------------- Pollutant~HEXACHU>ROBUTADIENE -- Saaple Size•9 -- Units•UG/L --------------

standard Coefficient 
Sub■titution Deviation of standard of 

Method Hean the Mean Deviation Variation Miniaua Median Maxi■llll 

SM-HL 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 

--------------------- Pollutant•LEAD -- Saaple Size•9 -- Units•UG/L ----------------------

Standard Coefficient '~, Subatitution Deviation of Standard of 
Method Mean the Mean Deviation Variation Mini■Wll Median Maxillllll .. 

~ SN-ML 63.4000 8.0800 24.2000 38.2 50.0000 50.0000 121.000 
0 SN-0 30.1000 15.7000 47.1000 157.0 0.0000 0.0000 121'.ooo 
l.,J 

-------------- Pollutant•LINDANE(GAMMA-BHC) -- Saaple Size•9 -- Units•UG/L ---------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■UII Median Maxi■llll 

SM-ML 0.1620 0.0170 0.0511 31.6 0.1250 0.1380 0.253 
SM-0 0.0417 0.0295 0.0884 212.0 0.0000 0.0000 0.250 



W~t Weight Concentrations of Pollutants in Septage: 
su-ary Statistics fro■ Substitution Methods 

-----------------i..-- Pol_lutant•MERCURY -- Saaple Size•9 -- Unitsz:UG/L --------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Naxi■ua 

SN-NL 0.8220 0.4200 1.2600 153.0 0.2000 0.3000 4'.050 
SN-0 0.7330 0.4380 1.3100 179.0 0.0000 0.3000 4.050 

------------------ Pollutant•NOLYBDBNUM -- sa■ple Size•9 -- Units•UG/L -------------------

Standard Coefficient \ Substitution Deviation of standard of 
Method Mean the Mean Deviation Variation Minimum Median Maximum 

~ 
t;) SN-NL 10.5000 0.4890 1.4700 14.0 10.0000 10.0000 14.400 
~ SN-0 1.6000 1.6000 4.8000 300.0 0.0000 0.0000 14.400 

------------ Pollutant•N-NITROSODIMB'l'IIYLANINB Sa■ple Size•9 -- UnitsmUG/L -------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Nini■um Median Maximua 

SN-NL 55.6000 5.5600 16.7000 30.0 50.0000 50.0000 100.000 
SN-0 0.0000 't,0.0000 0.0000 . 0.0000 0.0000 0.000 



W~t Waight Concentrations of Pollutants in Septag•e: 
SWlllllry Stati■tic■ fro■ Substitution Methods 

------------------ Pollutant-NICKEL -- Saapl• Size•9 -- Unite•UG/L ---------------------

standard Coefficient 
Substitution Deviation of standard of 

Method Kun ,, Mini■ua Median Maxiau■ tbll Hean Deviation Variation 

SH-ML 54.5000 7.8300 23.5000 43.1 40.0000 41.6000 105.000 
SH-0 36.7000 13.2000 39.7000 108.0 0.0000 41.6000 105.000 

------------ Pollutant•HITRATB+NITRITE (ASH) Sa■ple Size•9 -- Units•MG/L -------------

' 
standard Coefficient 

Substitution Deviation of Standard of 
Method Hean the Hean Deviation Variation Mini■WI Median Maxi■Ull 

SM-ML 0.3890 0.0964 0.2890 74.4 0.1000 0.2000 0.900 
SM-0 0.3670 0.1050 0.3160 86.2 0.0000 0.2000 o,.900 

------------------ Pollutant•PCB('l'OTAL) -- Sa■ple Size•9 -- Unita•UG/L -------------------

Standard Coefficient 
Sub■titution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■ua Median Maxi■WI 

SM-ML 1.9100 0.1630 0.4890 25.6 1.7500 1.7500 3.220 
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 



' 

W~t Weight Concentrations of Pollutants in Septage: 
Summary Statistics from Substitution Methods 

--------------- Pollutant•PERCENT SOLIDS -- Sample Size=9 -- Units=' I'---~------------
Standard Coefficient 

Substitution Deviation of Standard of 
Method Kean the·Mean Deviation Variation Minimum Median Maxi■Ull 

SM-NL 2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200 
SM-0 2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200 

------------------- Pollutant•SELENIUN -- Saaple Size•9 -- Units•UG/L --------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum .. 
SM-ML 20.8000 6.6400 19.9000 95.6 5.0000 5.0000 50.000 
SM-0 6.9400 4.6000 13.8000 199.0 0.0000 0.0000 32.000 

------------ Pollutant-TOTAL KJELDAHL NITROGEN Saaple Size•9 -- Units•MG/L ------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Miniaum Median Maximllll 

SM-ML 96.4000 19.2000 57.6000 59.7 9.0000 115.0000 175.000 
SM-0 96A4000, 19.2000 57.6000 59.7 9.0000 115.0000 175.000 



Wet Weight Concentrations of Pollutants in septage: 
Smmary Stati~tics fro• Substitution Methods 

--------------- Pollutant-TOTAL PHOSPHOROUS -- Saaple Size•9 -- Units•MG/L ---------------

standard Coefficient 
substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Miniaua Median Maxiawa 

SK-ML 27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000 
SK-0 27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000 

------------------- Pollutant-TOXAPHENE -- Sa•ple Size•9 -- Units•UG/L -------------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median MaxiaUll .. 
SM-ML 11.3000 1.6700 5.0100 44.3 0.9100 11.4000 20.900 
SK-0 0.0900 0.0000 0.0000 . 0.0000 0.0000 0.000 

---------------- Pollutant-TRICHIDROETHENB -- Saaple Size•7 -- Unita•UG/L ----------------

Standard Coefficient 
Subatitution Deviation of standard of 

Method Mean the Kean Deviation Variation Mini■ua Median Haxi■WI 

SM-ML 11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000 
SK-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000 



w,t Weight Concentrations of Pollutants in Septage: 
SUllllary Statistics fro■ Substitution Methods 

--------------------- Pollutant•ZINC --.sa■ple·Size•9 -- Units=UG/L ----------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maxi■um 

SM-ML 5300.0000 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800·. 000 
SM-0 5300.0000 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800.000 

:,• 

~ '• 



Dey W,eight Concentrations of Pollutants in septage: 
Sumaary Statistics fro■ Haxi■u■ Likelihood Esti■ ation 

sa■ple Log Log 
Pollutant Unit• Size Non-Detect Hean Variance 

ALDRIN/DIILl>RIN('l'OTAL) UG/ICG 9 7 o. 741 8.92238 
AMMONIA (AS N) MG/KG 9 0 8.325 3.90825 
CADMIUM MG/ICG 9 6 -1.766 5.86238 
CHROMIUM MG/ICG 9 1 1.542 2. 39400' 
COPPER MG/KG 9 0 3.559 4.39988 
DDT,DDl,DDD('l'OTAL) UG/ICG 9 7 1.665 7.27425 
LEAD MG/KG 9 6 0.561 J.87225 
LINDAHB(GAMMA-BHC) UG/KG 9 7 0.967 2.14650 
MERCURY MG/KG . 9 4 -3.571 2.86875 
NICKEL MG/ICG 9 4 1.330 1.57612 

' ' NITRATE+NITRITB (AS N) MG/ICG 9 2 J.522 0.82463 
PERCENT SOLIDS 9 0 -0.488 2.80237 
SELENIUM MG/ICG 9 .. 7 -2.098 6.97725 ' 
TOTAL KJBLDAHL NITROGEN MG/ICG 9 0 9.378 2.81813 ~ w TOTAL PHOSPHOROUS MG/ICG 9 0 8.054 1.42312 

°' ZINC MG/ICG 9 0 5.992 1.05525 



Dry Weight Concentrations of Pollutants in Septage: 
Sunary Statistics fro■ Maxi■u■ Likelihood Estimation 

Standard Coefficient 
Deviation of Standard of 

Pollutant Units Mean the Mean Deviation Variation 

ALDRIH/DIELDRIH(TOTAL) UG/ICG 182.0000 ·,5240.0000 15700.000 86.6000 
AMMONIA (ASH) MG/ICG 29100.000 67800.000 203000.00 6.9900 
CADMIUM MG/ICG 3.2100 20.0000 60.0000 18.7000 
CHROMIUM MG/ICG 15.5000 16.3000 48.8000 3.1600 
COPPER MG/KG 317.0000 948.0000 2840.0000 8.9700 
DD'l',DDl,DDD('l'OTAL) UG/ICG 201.0000 2540.0000 7620.0000 38.0000 
I.EhD MG/KG 12.1000 27.8000 83.3000 6.8600 
LINDAHB(GAMNA-BHC) UG/ICG 7.6900 7.0500 21.1000 2.7500 

· MERCURY MG/KG 0.1180 0.1600 0.4810 4.0800 \ HICKEL MG/KG 8.3200 5.4300 16.3000 1.9600 
HITRATl+HITRITE (AS N) MG/KG 51.1000 19.3000 57.9000 1.1300 
PERCENT SOLIDS I 2.4900 .. 3.2700 9.8100 3.9300 
SELENIUM MG/KG 4.0200 43.8000 131.0000 32.7000 
TOTAL KJILDAIIL HITROGEH MG/KG 48400.000 64000.000 192000.00 3.9700 ~ 

~ 
-..J TOTAL PHOSPHOROUS MG/KG 6410.0000 3790.0000 11400.000 1.7700 

ZIHC MG/KG 678.0000 309.0000 928.0000 1.3700 

https://192000.00
https://203000.00


Dey Weight Concentrations of Pollutants in Septage: 
SWU1ary Statistics fro• Haxiaua Likelihood Estiaation 

90th 95th 98th 
Pollutant Unit■ Median Percentile Percentile Percentile 

ALDRIN/DIELDRIN(TOTAL) UG/KG 2.1000 97.4000 286.0000 972.0000 
AMMONIA (AS N) 
CADMIUM 
CHROMIUM 
COPPER 
DDT,DDE,DDD(TOTAL) 
LEAD 
LINDANE(GAMMA-BHC) 
MERCURY 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
UG/KG 
MG/KG 
UG/KG 
MG/KG 

4130.0000 
0.1710 
4.6700 

35.1000 
5.2900 
1.7500 
2.6300 
0.0281 

52300.000 
3.8400 

34.1000 
520.0000 
169.0000 

22.0000 
17.3000 
0.2480 

107000.00 
9.1800 

59.6000 
1110.0000 
447.0000 

44.6000 
29.3000 

0.4560 

240000.00 
24.8000 

112.0000 
2620.0000 
1350.0000 

100.00()0 
53.4000 

0.9140 
'i-- NICKEL 

NITRATE+NITRITE (AS N) 
MG/KG 
MG/KG 

3.7800 
33.9000 

19.0000 
109.0000 

29.8000 
151.0000 

49.9000 
219.0000 

PERCENT SOLIDS ' 0.6140 5.2800 9.6400 19.1000 

~ 
\M 
00 

SELENIUM 
TOTAL l<JBLDAHL NITROGEN 
TOTAL PHOSPHOROUS 
ZINC 

MG/KG 
MG/KG 
MG/KG 
MG/KG 

0.1230 
11800.000 
3150.0000 
400.0000 

.. 3.6600 
102000.00 
14600.000 
1500.0000 

9.4600 
187000.00 
22400.000 
2170.0000 

27.9000 
372000.00 
36500.000 
3300.0000 



----------------

----------------

Dry Weight Concentrations of Pollutants in Septage: 
suuary Statistics fro■ Substitution Methods 

------------ PollutantaALDRIN/DIELDRIN(TOTAL) -- Sample Size•9 -- Units=UG/KG ------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Hean the Mean Deviation Variation Minimum Median Maxi■ua 

SM-NL 77.200 36.300 109.000 141.0 8.55000 17.6000 325.00 
SM-0 38.000 35.900 108.000 283.0 0.00000 0.0000 325.00 

--------------- Pollutant•ALPHA-CHLORDANE -- Saaple Size•9 Units•UG/KG 

Standard Coefficient \ Substitution . Deviation of Standard of 
Method Mean the Mean Deviation Variation Minimum Median Maximum . 
SM-ML 44.100 19.500 58.500 133.0 0.70400 15.2000 153.00 

~ ,o.oo I.H SM-0 o.oco 0.000 0.000 . 0.00000 0.0000 
\0 

---------------- Pollutant•AMNONIA (AS N) -- Sample Size•9 Units-MG/KG 

Standard Coefficient 
Substitution Deviation of standard ot 

Method Mean the Mean Deviation variation Minimum Median Maxiaum 

SM-ML 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00 
SM-0 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00 

https://61300.00
https://61300.00


Dey Weight Concentrations ot Pollutants in septage: 
Suaaary Statistics fro■ Substitution Methods 

-----------------•- Pollutant•ARSENIC -- Sa■ple Size•9 -- Units•MG/KG --------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Ken the Mean Deviation Variation Mini■u■ Median Maxi■u■ 

SM-ML 8.710 3.920 11.800 135.0 0.14100 3.0400 30.60 
SM-0 0.000 0.000 0.000 0.00000 0.0000 o.oo • 

------------------- Pollutant•BENZENE Sa■ple Size•7 -- Units•UG/KG --------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimua Median Maxiaua 

SM-ML 1540.000 519.000 1370.000 • 89.1 70.40000 1080.0000 4330.00 

0 
~ SM-0 0.000 0.000 0.000 • 0.00000 0.0000 I 0.00 

---------------- Pollutant•BENZO(A)PYREHE -- sa■ple size•9 -- Units•UG/KG ---------------~ 
standard Coefficient 

Substitution Deviation of Standard of 
Method Mean the Mean Deviation Variation Mini11ua Median MaXiJIWI 

SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

https://15300.00


Dry Weight Concentrations of Pollutants in Septage: 
· SUIUlary Statistics fro■ Substitution Methods 

-----------------~·Pollutant-BERYLLIUM -- Sample Size•9 -- Units-MG/KG-------------------

standard Coefficient 
Substitution Deviation of standard of 

Method Nesn the Mean Deviation Variation Minimum Median Naxi■u■ 

SN-NL 2.180 0.981 2.940 135.0 0.03520 0.7600 '7.66 
SN-0 ·o.c;,oo 0.000 0.000 • 0.00000 0.0000 o.oo 

--------- Pollutant•BIS(2-ETHYLHEXYL) PHTIIALATE -- sa■ple Size•9 -- Units=UG/KG ----------

standard Coefficient 
\ Substitution Deviation of standard of ' 

Method Mean the Mean Deviation Variation Minimum Median Maximum . 
SM-NL 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 

.... ~ SN-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

------------------- Pollutant-cADMIUM -- sa■ple Size•9 -- Units•MG/KG --------------------

Standard Coefficient 
Sub•titution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■um Median Maximum 

SN-NL 2.430 0.954 2.860 118.0 0.03520 0.9950 7.66 
SM-0 0.632 0.349 1.050 166.0 0.00000 0.0000 2.11 

https://15300.00


Dry Weight Concentrations of Pollutants in Septage: 
Swmary Statistics fro• Substitution Methods 

------------------- Poll~tant-cHROMIUM -- Saaple Size•9 -- Units-MG/KG-------------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean· the Hean Deviation Variation Hiniaua Median Maxiaua 

SH-ML 10.900 3.640 10.900 100.0 0.22600 7.6300 35.30 
SM-0 9.360 3.800 11.400 122.0 0.00000 6.9200 ·35.30 

-------------------- Pollutant•COPPER -- Saaple Size•9 -- Units•MG/KG --------------------

Standard Coefficient ' . 

' •. Substitution Deviation of Standard of 
Method Mean the Hean Deviation Variation Minimum Median Maximum 

.. 
~ SM-ML 113.000 40.900 123.000 108.0 0.81000 105.0000 328.00 
N SM-0 113.000 40.900 123.000 108.0 0.81000 105.0000 3~8.00 

--------------- Pollutant•DM',DDB,DDD('l'OTAL) Saaple Size•9 ~- Units•UG/KG --------------

Standard Coefficient 
Sub■titution Deviation of Standard of 

Method Hean the Mean Deviation Variation Hiniau■ Median Maxi■Ull 

SH-ML 176.000 64.500 194.000 110.0 2.38000 69.3000 518.00 
SH-0 33.800 28.100 84.400 250.0 0.00000 0.0000 254.00 

• 



----------------

------------------

Dry Weight Concentrations of Pollutants in septage: 
Summary statistics fro■ Substitution Methods 

--------------- P6llutant•GAMMA-CHLORDANE -- Sample Size=9 -- Units=UG/KG 

standard Coefficient 
Substitution Deviation of Standard of 

Method Nean the Mean Deviation Variation Minimum Median Maxi■WI 

SM-ML 49.800 22.000 66.100 133.0 0.79600 17.2000 173.00 
SM-0 0.000 0.000 0.000 • 0.00000 0.0000 o.oo 

------------------ Pollutant•HEPTACHLOR -- Sample Size•9 Unitsa:UG/KG 

standard Coefficient 
Substitution Deviation of standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximum . 
SN-ML 32.000 12.400 37.100 116.0 0.44400 9.5700 96.50 
SN-0 5.690 5.690 17.100 300.0 0.00000 0.0000 51.20 

·-------------- Pollutant•HEXACHLOROBENZENE -- Sample Size•9 -- Units•UG/KG ---------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation variation Minimum Median Maximum 

SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SN-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

https://15300.00


Dey Weight Concentrations of Pollutants in septage: 
su-ary statistics froa Substitution Methods 

------------- Pollutant•HEXACHLOROBUTADIENE -- Saaple Size•9 -- Units•UG/KG --------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Hean the Hean Deviation Variation Minimua Median Maxiaua 

SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

--------------------- Pollutant•LEAD -- Saaple Size•9 -- Units•HG/KG ---------------------

Standard Coefficient 
\ Substitution Devia~ion of Standard of 

Method Mean the Mean Deviation Variation Minimu• Median Maxiaum . 
~ SM-ML 23.800 9.600 28.800 121.0 0.35200 7.6000 76.60 

SM-0 3.960 2.730 8.200 207.0 0.00000 0.0000 24.80 

-------------- Pollutant•LINDANE(GAMMA-BHC) -- Saaple Sizea9 -- Units•UG/KG --------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■u■ Median Maxi■Ull 

SN-ML 61.900 26.700 80.000 129.0 0.88000 22.1000 211.00 
SM-0 2.560 2.450 7.340 287.0 0.00000 o.cooo 22.10 



------------------

Dry Weight Concentrations of Pollutants in Septage: 
summary Statistics from Substitution Methods 

------------------- Pollutant-MERCURY -- Sample Size•9 -- Units=MG/KG --------------------

standard Coefficient 
Substitution Deviation of standard of 

Methc.d Nean the Mean Deviation Variation Mini ■u■ Median Naxi■um 

SN-ML 0.138 0.044 0.132 95.4 0.00211 0.0760 · 0.35 
SN-0 0.059 0.037 0.112 189.0 0.00000 0.0021 0.35 

------------------ Pollutant•NOLYBDENUN -- sa■ple Size•9 -- Units•MG/KG 

Standard Coefficient 
" \ 

' Subatitution Deviation of standard of 
Method Mean the Mean Deviation Variation Mini■u■ Median Maxi ■ua 

-~ SM-ML 4.460 1.950 5.850 131.0 0.07040 1.5200 15.30 J:. 
VI SN-0 0.328 0.328 0.984 300.0 0.00000 0.0000 '2.95 

------------ Pollutant•N-NITROSODIMETHYLAIUNE Sample Size•9 -- Units•UG/KG ------------

standard coefficient 
Substitution Deviation of Standard ot 

Method Mean the Mean Deviation Variation •Minimum Median Maxim1111 

SN-ML 22100.000 9740.000 29200.000 132.0 352.00000 7600.0000 76600.00 
SN-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

https://76600.00


Dry Weight Concentrations ot Pollutants in Septage: 
Swmary Statistics fro■ Substitution Methods 

------------------ Pollutant•NICKEL -- Sa■ple Size•9 -- Units•MG/KG --------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method liun the Mean Deviation Variation Mini■u■ Median Maxi■llll 

SH-ML 18.900 7.800 23.400 124.0 0.56200 6.0800 61.30 
SH-0 4.470 2.870 8.620 193.0 0.00000 0.5620 ·26.80 

------------ Pollutant•NITRATE+NITRITB (AS N) sa■ple Size•9 -- Units•MG/KG ------------

Standard Coefficient ' ~. Substitution Deviation of standard of 
Method Mean the Mean Deviation Variation MinimWI Median Maximum .. 
SM-ML 68.600 17.200 51.700 75.4 6.34000 53.1000 153.00 ~ 

0\ SM-0 36.400 11.600 34.900 95.9 0.00000 32.4000 91.20 

------------------ Pollutant•PCB(TOTAL) -- Suple Size•9 -- Unita•UG/KG ------------------

Standard coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation MiniaWI Median Maximu■ 

SM-ML 771.000 341.000 1020.000 133.0 12.30000 266.0000 2680.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 



Dry Weight Concentrations of Pollutants in Septage: 
Summary Statistics fro■ Substitution.Methods 

------------------- Poll~tant•SELENIUM -- Saaple Size•9 -- Units=MG/KG -------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Kean the Mean Deviation Variation Minimum Median Maxiawa 

SM-ML 4.370 1.240 3.720 85.2 0.03520 2.7400 10.20 
SM-0 0.487 0.335 1.000 206.0 0.00000 0.0000 2.74 

----------- Pollutant-TOTAL KJBLDAHL NITROGEN Sample Size•9 -- Units•MG/KG ------------

standard Coefficient 
''I. 

' Substitution Deviation of Standard of 
Method Mean the Mean Deviation Variation Minimum Median Maximum . 
SM-ML 23600.000 8350.000 25100.000 106.0 218.00000 13000.0000 84200.00 ~ 8350.000 25100.000 106.0 

-..J SM-0 23600.000 218.00000 13000.0000 84200.00 

___ .. ___________ 
Pollutant-TOTAL PHOSPHOROUS -- Sample Size•9 -- Units•MG/KG ---------------

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Minimum Median Maximllll 

SM-ML 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00 
SM-0 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00 

https://10700.00
https://10700.00
https://84200.00
https://84200.00


----------------

Dry Weight Concentrations of Pollutants in Septage: 
SUJ1:aary Statistics fro• Substitution Methods 

-----------------~ Pollutant-TOXAPHEHE -- Saaple Size•9 -- Units•UG/KG -------------------

Standard Coefficient 
Substitution Deviation of standard of 

Method Kean the Mean Deviation Variation Mini■u• Median Maxi■u• 

SM-ML 3240.000 1600.000 4800.000 148.0 80.10000 1390.0000 15500.00 
SM-0 0.000 0.000 0.000 0.00000 0.0000 o.oo • 

--------------- Pollutant-TRICHLOROETHEHE -- Sa■ple Size•7 -- Units•UG/KG 

standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation Variation Mini■WI Median Maximum 
.. 

SM-ML 1540.000 519.000 1370.000 89.1 70.40000 1080.0000 4330.00 
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 o.oo 

--------------------- Pollutant•ZINC Sa■ple Size•9 -- Units•MG/KG ---------------------

Standard Coefficient 
Substitution Deviation of Standard of 

Method Mean the Mean Deviation variation Minimum Median Maximum 

SM-ML 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00 
SM-0 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00 

https://15500.00
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Cumulative Frequer.cy for Total Aldrin/Dieldrin (ug/1) 
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Cumulative Frequency for Ammonia (AS N) (mg/1) 
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Cumulative Frequency for Cadmium (ug/1) 
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Cumulative Frequency for Chromium {ug/1) 
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Cumulative Frequency for Copper (ug/1) 
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Oumulative Frequency 1ot 'total COT. ODE, and DOD (ug/l) 
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Cumulative Frequency for Total Kjeldahl Nitrogen (mg/I) 
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Cumulative Frequency for Lead (ug/1) 
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Cumulative Frequency for Mercury (ug/1) 
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Cumulaltive Frequency for Nickel (ug/1) 
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Cumulative Frequency for Nitrate + Nitrite· (mg/1) 
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Cumulative Frequency for Total Phosphorous (mg/I) 
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Cumulative Frequency for Selenium (ug/1) 
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Cumulative Prequency for Zinc (ug/1) 
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Cumulative Frequency for Percent Solids (%) 
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Wet Weight Concentrations of Pollutants in Septage 

--------------- Pollutant=ALDRIN/DIELDRIN(TOTAL) ---------------

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

EPA 
sample 
Humber 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified Minimum 
Amount Level Units 

0.100 UG/L 
0.100 UG/L 
0.100 UG/L 

2.50 . UG/L 
0.75 UG/L 

0.184 UG/L 
0.100 UG/L 
0.100 UG/L 
0.100 UG/L 

Pollutant=ALPHA-CHU>RDANE 

Quantified Minimum 
Amount Level Units 

. 0.100 UG/L 
0.100 UG/L . 0.100 UG/L . 0.100 UG/L . 0.100 UG/L . 0.184 UG/L . 0.100 UG/L . 0.100 UG/L . 0.100 UG/L 

Pollutant-AMMONIA (AS N) --------------------

Quantified Minimum 
Amount Level Units 

45.00 . MG/L 
0.48 . MG/L 

40.00 . MG/L 
11.00 . MG/L 
45.00 . MG/L 
33.00 . MG/L 
56.00 . MG/L 
54.00 . MG/L 

100.00 . MG/L 
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Wet Weight Concentrations of Pollutants in septage 

----------------------- Pollutant=ARSENIC -----------------------

EPA 
Sample Quantified Minimum 
Number Amount I.evel Units 

19974 20.000 UG/L 
19975 . 20.000 UG/L 
19976 20.000 UG/L 
19977 . 20.000 UG/L 
19978 . 20.000 UG/L 
19979 . 20.000 UG/L 
19980 20.000 UG/L 
19981 • 20.000 UG/L 
19982 . 20.000 UG/L 

----------------------- Pollutant•BENZENE -----------------------

EPA 
Sample Quantified Minimum 
Number Amount• I.evel Units 

19974 . 10.000 UG/L 
19977 10.000 UG/L 
19978 . 10.000 UG/L 
19979 . .20.000 UG/L 
19980 . 10.000 UG/L 
19981 . 10.000 UG/L 
19982 10.000 UG/L 

------------------- Pollutant•BENZO(A)PYRENE 

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 10.000 UG/L 
19975 . 10.000 UG/L 
19976 . 10.000 UG/L 
19977 . 10.000 UG/L 
19978 10.000 UG/L 
19979 20.000 UG/L • 
19980 . 10.000 UG/L 
19~81 . 10.000 UG/L 
19982 10.000 UG/L • 
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Wet Weight Concentrations of Pollutants in Septage 

---------------------- Pol ·l utant=BERYLL.ItJM ----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 5.000 UG/L 
19975 5.000 UG/L 
19976 5.000 UG/L 
19977 5.000 UG/L 
19978 5.000 UG/L 
19979 5.000 UG/L 
19980 5.000 UG/L 
19981 5.000 UG/L 
19982 5.000 UG/L 

--------~---- Pollutant=BIS(2-ETHYLHEXYL) PHTHALATE -------------

EPA 
Sample Quantified Minimum 
Number Amount• Level Units 

19974 . 10.000 UG/L 
19975 . 10.000 UG/L 
19976 . 10.000 UG/L 
19977 . 10.000 UG/L 
19978 . 10.000 UG/L 
19979 . 20.000 UG/L 
19980 . 10.000 UG/L 
19981 10.000 UG/L 
19982 10.000 UG/L 

----------------------- Pollutant•CADMrCJM -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 9.40 UG/L 
19975 . 5.000 UG/L 
19976 5.000 UG/L • 
19977 . 5.000 UG/L 
19978 6.40 . UG/L 
19979 18.40 . UG/L 
19980 . 5.000 UG/L 
19981 . 5.000 UG/L 
19982 . 5.000 UG/L 
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Wet weight concentrations of Pollutants in Septage 

---------------------- Pollutant•CHROMIUM -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 53.90 . UG/L 
19975 . 10.000 UG/L 
19976 12.10 . UG/L 
19977 32.10 . UG/L 
19978 81.60 . UG/L 
19979 128.00 . UG/L 
19980 33.50 . UG/L 
19981 50.20 . UG/L 
19982 18.70 . UG/L 

----------------------- Pollutant•COPPER ------------------------

EPA 
Sample Quantified Minimlllll 
Number Amount. Level Units 

19974 1340.00 . UG/L 
19975 77.10 UG/L 
1.9976 80.30 . UG/L 
19977 115.00 . UG/L 
19978 758.00 . UG/L 
19979 174.00 UG/L 
19980 1850.00 . UG/L 
19981 62.00 UG/L 
19982 69.60 . UG/L 

----------------- Pollutant•DDT,DDE,DDD('l'O'rAL) 

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 0.338 UG/L 
19975 . 0.338 UG/L 
19976 . 0.338 UG/L 
19977 . 0.338 UG/L 
19978 . 0.338 UG/L 
19979 0.92 . UG/L 
19980 2.88 . UG/L 
19981 0.338 UG/L 
19982 0.338 UG/L 
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Wet Weight Concentrations of Pollutants in septage 

-------------------Pollutant-GAMMA-CHLORDANE-------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 0.113 UG/L 
19975 0.113 UG/L 
19976 . 0.113 UG/L 
19977 0.113 UG/L 
19978 . 0.113 UG/L 
19979 . 0.207 UG/L 
19980 . 0.113 UG/L 
19981 0.113 UG/L 
19982 0.113 UG/L 

--------------------- Pollutant•HEPTACHLOR ----------------------

EPA 
Sample Quantified Minimum 
Number Amoun-t; Level Units 

19974 0.25 • UG/L 
19975 • 0.063 UG/L 
19976 . 0.063 UG/L 
19977 . 0.063 UG/L 
19978 . 0.063 UG/L 
19979 . 0.115 UG/L 
19980 . 0.063 UG/L 
19981 . 0.063 UG/L 
19982 0.063 UG/L 

Pollutant•HEXACHLOROBENZENE 

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 10.000 UG/L 
19975 . 10.000 UG/L 
19976 .. 10.000 UG/L 
19977 . 10.000 UG/L 
19978 . 10.000 UG/L 
19979 . 20.000 UG/L 
19980 10.000 UG/L • 
19981 . 10.000 UG/L 
19982 . 10.000 UG/L 

.. 
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Wet Weight Concentrations of Pollutants in Septage 

-----------~----- Pollutant•HEXACHLOROBUTADIENE -----------------

EPA 
Sample Quantified Minimum 
Number Amount 1:.evel Units 

19974 . 10.000 UG/L 
19975 . 10.000 UG/L 
19976 . 10.000 UG/L 
19977 . 10.000 UG/L 
19978 . 10.000 UG/L 
19979 . 20.000 UG/L 
19980 . 10.000 UG/L 
19981 . 10.000 UG/L 
19982 . 10.000 UG/L 

------------------------ Pollutant•LEAD -------------------------
EPA 

Sample Quantified Minimum 
Number Amount• r..evel Units 

19974 121.00 . UG/L 
19975 . 50.000 UG/L 
19976 . !50.000 UG/L 
19977 . 50.000 UG/L 
19978 . 50.000 OG/L 
19979 70.30 . UG/L 
19980 79.30 . UG/L 
19981 . 50.000 UG/L 
19982 50.000 UG/L 

----------------- Pollutant•LJ:NDANE(GAMMA-BHC) 

EPA 
Sample Quantified Minimum 
Numl:)er Amount Level Units 

19974 . 0.138 UG/L 
19975 . 0.138 UG/L 
19976 0.138 UG/L 
19977 0.13 . UG/L 
19978 . 0.138 OG/L 
19979 . 0.253 UG/L 
19980 0.25 . UG/L 
19981 . 0.138 UG/L 
19982 . 0.138 UG/L 
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Wet Weight Concentrations of Pollutants in septage 

----------------------- Pollutant•MERCURY -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 0.200 UG/L 
19975 . 0.200 UG/L 
19976 . 0.200 UG/L 
19977 0.30 • UG/L 
19978 0.200 UG/L 
19979 1.30 . UG/L 
19980 0.45 . UG/L· 
19981 0.50 UG/L 
19982 4.05 . UG/L 

--------------------- PollutantzMOLYBDENUM ----------------------

EPA 
Sample Quantified Minimum 
Number Amount• Level Units 

19974 14.40 . UG/L 
19975 10.000 UG/L 
19976 10.000 OG/L 
19977 10.000 UG/L 
19978 10.000 UG/L 
19979 10.000 UG/L 
19980 10.000 UG/L 
19981 10.000 UG/L 
19982 10.000 UG/L 

--------------- Pollutant•N-NITROSOOIMETHYLAMINE ----------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 . 50.000 OG/L 
19975 50.000 UG/L 
19976 . 50.000 UG/L 
19977 . 50.000 OG/L 
19978 . 50.000 UG/L 
19979 . 100.000 UG/L 
19980 . 50.000 UG/L 
19981 50.000 OG/L 
19982 . 50.000 OG/L 
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Wet Weight Concentrations of Pollutants in Septage 

----------------------- Pollutant•NICKEL ------------------------
. EPA 

Sample Quantified Mlnimum 
Number Amount Level Units 

19974 ◄,O. 000 UG/L 
19975 40.000 UG/L 
19976 ◄,O. 000 UG/L 
19977 79.80 . UG/L 
19978 61.80 UG/L 
19979 105.00 . OG/L 
19980 41.90 . UG/L 
19981 40.000 UG/L 
19982 41.60 . UG/L 

--------------- Pollutant=NITRATE+NITRITE (AS N) ----------------

EPA 
Sample Quantified Mj,nimum 
Number Amount • I..evel Units 

19974 0.20 . MG/L 
19975 . 0.100 MG/L 
19976 0.100 MG/L 
19977 0.90 . MG/L 
19978 0.20 . MG/L 
19979 0.60 . MG/L 
19980 0.60 . MG/L 
19981 0.60 . MG/L 
19982 0.20 MG/L 

--------------------- Pollutant•PCB(TOTAL) ----------------------

EPA 
·sample Quantified Minimum 
Number Amount . J.,evel units 

19974 1.750 UG/L 
19975 . 1.750 UG/L 
19976 . 1.750 UG/L 
19977 . 1.750 UG/L 
19978 . 1.750 UG/L 
19979 • 3.218 UG/L 
19980 . 1.750 UG/L 
19981 . 1.750 UG/L 
19982 ~ 1.750 UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

-----~---------------- Pollutant=SELENITJM -----------------------

EPA 
Sample Quantified Minimum 
Number Amount Level Units 

19974 50.000 UG/L 
19975 s.ooo UG/L 
19976 s.ooo UG/L 
19977 s.ooo UG/L 
19978 5.ooo UG/L 
19979 JO.SO . UG/L 
19980 s.ooo OG/L 
19981 50.000 UG/L 
19982 32.00 . UG/L 

--------------- Pollutant-TOTAL KJELDAHL NITROGEN---------------

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified 
Amount• 

142.00 
9.00 . 55.00 

31.00 
70.00 

119.00 
115.00 
175.00 
152.00 

Minimum 
Level Units 

. MG/L 
• MG/L 
• MG/L . MG/L . MG/L 
• MG/L . MG/L . MG/L . MG/L 

------------------ Pollutant-TOTAL PHOSPHOROUS ------------------
EPA 

Sample 
Humber 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified 
Amount 

32.00 
1.70 
7.00 

25.00 
12.00 
48.00 
36.00 
46.00 
41.00 

K-75 
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Wet Weight Concentrations of Pc)llutants in Septage 

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Pollutant-TOTAL l,OLIDS 

Quantified M.inimum 
Amount Level 

4880.00 
733.00 
653.00 

142000.00 
2310.00 

18500.00 
11300.00 

6580.00 
11700.00 

Units 

MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 
MG/L 

---------------------- PollutantzTOXAPHENE ----------------------

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

EPA 
Sample 
Number 

19974 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified M.inimum 
Amount Level 

• . 11.375 
11.375 . 0.910 . 11.375 . 11.375 . 20.920 . 11.375 . 11.735 . 11.375 

Pollutant-TRICHLOROETHENE 

Quantified Minimum 
Amount Level 

10 .. 000 . 10.000 . 10.000 
20.000 • 
10.000 • 
10.000 • 
10.000 • 

Units 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

Units 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
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Wet Weight Concentrations of Pollutants in Septage 

------------------------ Pollutant.•ZINC -------------------------

EPA 
Sample 
Number 

19974 
19975 
19976 
19977 
19978 
19979 
19980 
19981 
19982 

Quantified 
Amount 

5990.00 
182.00 
519.00 

6210.00 
1120.00 

23800.00 
3810.00 
2850.00 
3190.00 

Minimum 
Level 

. . 
• . . . . . 

Units 

UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 
UG/L 

• 
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APPENDIX L 

Calculation of the Amount of Sewage Sludge Used or Disposed 
for the Part 503 Frequency of Monitoring Requirements 



CALCULATXON OF THE AMOtnrr OP SEWAGE SLUDGE USED OR DXSPOSED 
FOR THE PART 503 FREQUENCY OP HONXTOIUNG RBQUXRBMENTS 

Office of Science and Technology 
u.s. Bnvironmental Protection Agency 

401 K Street, s.w. 
Washington, D.c. 204&0 

November 23, 1992 



CALCULAT:ION OP 'l'BE AMOUNT OP SEWAGE SLUDGE USED OR D:ISPOSED 
FOR TJIB PART 503 FREQUENCY OP MON:ITOR:ING RBQU:IRBMBNTS 

:INTRODUCT:ION 

The Standards for the Use or Disposal of Sewage Sludge in 40 
CFR Part 503 contain· frequency of monitoring requirements for land 
application of sewage sludge, placement of sewage sludge on a 
surface disposal site, and firing of sewage sludge in a sewage 
sludge incinerator. These requirements indicate how often sewage 
sludge has to be monitored for pollutant concentrations, pathogen 
densities, and vector attraction reduction. They are based on the 
amount of sewage sludge used or disposed during a 365 day period. 

For land application, the frequency of monitoring requirements 
are based either on the amount of bulk sewage sludge applied to the 
land or the amount of sewage sludge received by a person who 
prepares the sewage sludge for sale or give away in a bag or 
similar enclosure for application to the land. As those amounts 
increase, the frequency of monitoring increases. 

For surface disposal and firing of sewage sludge in a sewage 
sludge incinerator, the frequ~ncy of monitoring requirements are 
based on the amount of sewage sludge placed on a surface disposal 
site and the amount of sewage sludge fired in a sewage sludge 
incinerator, respectively. For these two practices, the frequency 
of monitoring also increases as the amount of sewage sludge used 
or disposed increases. 

This document discusses calculation of the amounts of sewage 
sludge used or disposed for the Part 503 frequency of monitoring 
requirements. The assumptions on which those requirements are 
based and the calculations for the amounts used or disposed are 
presented below. Also presented below are the Part 503 frequency 
of monitoring requirements. 

ASSUMPT:IONS 

o Wastewater is treated in "typical" secondary wastewater 
treatment plant (i.e., primary settling followed by 

•biological treatment followed by secondary settling). 

o Sewage sludge is stabilized in an anaerobic digester 
prior to use or disposal. 

o Influent wastewater BODS concentration= 200 mg/1. 

o Effluent wastewater BODS concentration= 30 mg/1. 

o Influent wastewater TSS concentration= 200 mg/1. 

o Effluent wastewater TSS concentration= 30 mg/1. 
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o TSS percent removal in primary treatment process= 60. 

o Percent volatile solids in the influent to digester = 60. 

o Percent volatile solids reduction in digester= 38. 

o Percent fixed solids in the influent to digester= 40 

Solids concentration factor during 
secondary settling = 0.9 

CALCOLATIONS lQR TREATMENT WORD Wl'.'l'JI A PLOW RA'l'E OF ONE MGD 

o TSS removal in primary treatment process: 

Influent TSS x Flow rate x Conversion factor x Percent removal 

200 mg/1 x 1 MGD x 8.34 x 0.6 = 1.000 pounds per day. 

o BODS removal through secondary settling process: 

Influent BODS - Effluent BODS = 200 - 30 = 170 mg/1 

Concentration removed x FlQW rate x Conv. fact. x Cone. fact. 

110 mg/1 x 1 MGD x 8.34 x o.9 = 1,276 pounds per day. 

o Sewage sludge to the digester: 

Primary settling sludge+ secondary settling sludge= total 

1,000 + 1,276 = 2,276 pounds per~ 

o Amount of sewage sludge used or disposed: 

Fixed solids= total amount x percent of total solids. 

Fixed solids s 2,276 x 0.4 = 210 pounds per day. 

Volatile solids= total amount x percent of total solids x 
percent remaining after digestion. 

Volatile solids = 2,276 x 0.6 x (LO - 0.38) =~pounds/day 

Total amount used or disposed == Fixed solids + volatile 
solids 

910 + 847 = 1,757 pounds per day 

Total amount - 1,757 pounds x 365 days x 1 metric ton 
days year 2,200 pounds 

Total amount for 1 MGD = 292 metric tons per year. 
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Report amount in two significant figures: 

Use 290 metric tons per year for 1 ·MGD treatment works (dry 
weight basis) 

CALCULATION FOR A TREATMENT WORltS WITH A FLOW RATE OF F:IVE MGD 

Total amount.= Amount for 1 MGD treatment works times 5 

Total amount= 290 x 5 = 1.450 metric tons per year 

Report amount in two significant figures: 

Use 1.500 metric tons per year for five MGD treatment works 
(dry weight basis) 

CALCULATION PORA TREATMENT WORltS WITH A PLOW RATB OP 50 MGD 

Total amount= Amount for 1 MGD treatment works x 50 

Total amount= 290 x 50 = 14.500 metric tons per year 

Report amount in two significant figures: .. 
Use 15.000 metric tons per year for 50 MGD treatment works 
(dry weight basis) 

PART 503 FREQUENCY OF MONITORING REQUIREMENTS 

Results of the above calculations were used as the basis for 
the frequency of monitoring requirements in Part 503. Those 
frequencies are presented below. 

FREQUENCY OF MONITORING 

Amount of sewage sludge used or disposed 
<metric tons per 365 day period-dry weight) Frequency 

Greater than zero but once per year 
less than 290 

Equal to or greater than once per quarter 
290 but less than 1,500 (four times per year) 

Equal to or greater than once per 60 days 
1,500 but less t~an 15,000 (six time per year) 

Equal to or greater than once per month. 
15,000 (12 times per year) 
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