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ACRONYMS AND DEFINITIONS

ASTM American Society for Testing and Materials

AWQC Ambient Water Quality Criteria

CDC Centers for Disease Control

Co-Disposal ai;?t%s?éxgsggg;‘%iﬂwet;nicipal solid wastes and municipal solid
CORRE Coalition on Resource Recovery and the Environment
EP Extraction Procedure

EPA U.S. Environmental Protection Agency

ESP Electrostatic Precipitator

g grams

kg kilograms

L liter

MCL Maximum Contaminant Level

mg milligrams

Monofill ;”Aeiai\;g;‘;“ that contains only solid waste combustion ashes and
MSwW Municipal Solid Wastes

MWC Municipal Waste Combustion

MWEP Monofilled Waste Extraction Procedure, also known as SW-324
ND Not detected.

PAHs Polynuclear Aromatic Hydrocarbons

PCBs Polychlorinated Biphenyls

PCDDs Polychlorinated dibenzo-p-dioxins

PCDFs Polychlorinated dibenzofurans

pg picogram

ppb parts per billion

ppt parts per trillion

QA/QC Quality Assurance/Quality Control

RCRA Resource Conservation and Recovery Act

SMCL Secondary Maximum Contaminant Level

SW-924 Deionized Water Extraction Test Method

TCLP Toxic Characteristics Leaching Procedure Test Method
TDS Total Dissolved Solids

TE Toxicity Equivalents

TEF Toxic Equivalency Factors

TOC Total Organic Carbon

ug micrograms
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EXECUTIVE SUMMARY

This report has been prepared for the United States Environmental Protection
Agency (EPA) and the Coalition on Resource Recovery and the Environment (CORRE).
EPA and CORRE have cosponsored this study, conducted by NUS Corporation, to
enhance the data base on the characteristics of Municipal Waste Combustion (MWC(C)
ashes, laboratory extracts of MWC ashes, and leachates from. MWC ash disposal
facilities.

The Coalition on Resource Recovery and the Environment (CORRE) was established
to provide credible information about resource recovery and associated
environmental issues to the public and to public officials. in providing information,
CORRE takes no position as to the appropriateness of one technology compared to
others. CORRE recognizes that successful waste management is an integrated
utilization of many technologies which taken as a whole, are best selected by an
informed public and informed pubilic officials.

Incineration of municipal solid waste (MSW) has become an important waste
disposal alternative because it provides an effective means of reducing the volume
of MSW as well as an important source of energy recovery. Currently, 10 percent of
MSW is incinerated. Based on the number of municipal waste combustion (MWC)
facilities being planned across the country, this percentage is expected to increase to
roughly 16-25 percent by the year 2000.

As incineration has grown in popularity, so has concern over the management of
increasing volumes of ash. Ashes from MWC facilities have, on occasion, exhibited a
hazardous waste characteristic as determined by the EP Toxicity Test. The debate
regarding the regulatory status of ash and the representativeness and validity of the
EP test continues. Congress is considering several legislative initiatives that would
give EPA clear authority to develop special management standards for ash under
Subtitle D of RCRA.

To conduct this study, NUS collected combined bottom and fly ash samples from five
mass-burn MWC facilities and leachate samples from the companion ash disposal
facilities.

R339911 ES-1



The facilities sampled were selected by CORRE to meet the following criteria:

® The facilities were to be state-of-the-art facilities equipped with a variety of
pollution control equipment.

® The facilities were to be located in different regions of the United States.

¢ The companion ash disposal facilities were to be equipped with leachate
collection systems or some means of collecting leachate samples.

The identities of the facilities are being held in confidence.

The ash and leachate samples collected were analyzed for the Appendix !X
semivolatile compounds, polychlorinated dibenzo-p-dioxins/polychlorinated
dibenzofurans (PCDDs/PCDFs), metals for which Federal primary and secondary
drinking water standards exist, and several miscellaneous conventional compounds.
In addition, the ash samples were analyzed for major components in the form of
oxides. The ash samples were also subjected to six laboratory extraction procedures
and the extracts were then analyzed for the same compounds as the ash samples.
The following six extraction procedures were used during this study:

Acid Number 1 (EP-TOX).

Acid Number 2 (TCLP Fluid No. 1).

Acid Number 3 (TCLP Fluid No. 2).

Deionized Water (Method SW-924), also known as the Monofill Waste
Extraction Procedure (MWEP).

CO; saturated deionized water.

¢ Simulated acid rain.

These extraction procedures have been used separately by a variety of researchers on
MWC ashes but never have all six procedures been used on the same MWC ashes.
This study was designed to compare the analytical results of the extracts from all six
procedures with each other and with leachate collected from the ash disposal
facilities used by the MWC facilities.

R339911 ES-2



All sampling, laboratory preparation, and laboratory analysis followed stringent EPA
quality assurance/quality control (QA/QC) procedures. The work was performed in
accordance with the Work Plan (Appendix A) prepared by NUS for this project and
with a QA/QC Plan prepared by NUS and approved by EPA. A detailed listing of the
positive results is presented in a data base which is included in this Report as
Appendix B (Ash), Appendix C (Leachate), and Appendix D (Ash Extracts). The results
in the data base are presented as reported by the laboratories, complete with the
laboratory’s qualifications. Summaries of the results are presented in Sections 2.0
through 7.0. These summaries include the laboratory’s qualifiers and aiso qualifiers
placed on the data as a result of data validation.

When the laboratories did not report a positive value for a compound (i.e., the
compound was not present above laboratory detection limits), the compound was
reported as not detected (ND) in the tables in the text. The laboratory detection
limits are the method detection limits for each specific method, unless interferences
were encountered during the analysis. When interferences occurred, the laboratory
adjusted the method detection limits by an appropriate dilution factor. The
analytical methods used in this study were selected so that the method detection
limits were well below present levels of human, environmental, or regulatory
concerns.

The EPA publication “interim Procedures for Estimating Risk Associated with
Exposures to Mixtures of Chlorinated Dibenzo-p-Dioxins and Dibenzofurans (CDDs
and CDFs)” was used to evaluate the dioxin data. These procedures use Toxicity
Equivalency Factors (TEFs) to express the concentrations of the different isomers and
homologs as an equivalent amount of 2,3,7,8-Tetrachloro Dibenzo-p-Dioxin
(2,3,7,8-TCDD). The Toxicity Equivalents, as calculated by using the TEFs, are then
totaled and compared to the Centers for Disease Control (CDC) recommended upper
level of 2,3,7,8-TCDD Toxicity Equivalency of 1part per billion in residential soil
(Kimbrough, 1984).

The major features of the five MWC facilities are provided in Table ES-1, and the
major features of the MWC Ash Disposal Facilities are provided in Table ES-2.
Pertinent information regarding the operating conditions of the MWC facilities, as
well as information about the air pollution control equipment used by the facilities,
is also provided in Table ES-1.

R339911 ES-3
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TABLE ES-1

MAJOR FEATURES OF MWC FACILITIES

ilities
Operational Facilitie
t
Features za z8 zc o zE
R —
Facility Type Energy recovery, Energy recovery, Energy recovery, Energy recovery, Energy recovery,
continuous feed, reverse- | continuous feed, continuous feed, reverse- | continuous feed, continuous feed,
recipracating grate. reciprocating grate reciprocating grate. reciprocating grate. reciprocating grate.
Startup Date May 1986 Early 1987 January 1987 1975 September 1987
Capacity 275 tons/day/boiler 75 - 100 tons/day/boiler 400 tons/day/boiler 750 tons/day/boiler 750 tons/day/boiler
2 boilers 2 boilers 3 boilers 2 boilers 2 boilers
Combustion 1,800-2,000°F at stoker 1,800°F 1,750-1,800°F 1500-1700°F flue gas as it | 1,800°F at the grate
Temperature enters superheater
Temperature of ] Under fire: 250°F Under fire: ambient Under fire: 380°F Under fire: ambient ] Under fire: ambient
air entering the ] Over fire: ambient | Over fire: ambient Over fire: ambient | Over fire: ambient | Over fire: ambient
boiler
Volume of air Under fire: Under fire: Under fire: uUnder fire:
entering boiler 70,000-90,000 Ib/hour 10,890 cu fmin 34,000 ft3/min 48,000 ft3/min
Over fire: Over fire: Over fire: Over fire:
41,000 ib/hour 5,900 cu f/min 11,000 ft3/min 32,000 ft3/min

Source of ash

Floor drains, rain water.

Cooling tower and boiler

Tertiary effluent from

Cooling tower and boiter
blowdowns.

Wastewater from plant

quench water blowdowns, septic system neighboring sewage processes.
discharge, floor drains. treatment plant.

Air pollution Lime sturry is injected Dry lime is injected into fiue | Electrostatic Electrostatic precipitators | Lime slurry is injected into

control into flue gas after gas after economizer, fabric | preapitators. flue gas after economizer,

equipment economizer, fabric fiter | filter baghouses. electrostatic precipitators.

baghouses.

Fly ash has phosphoric acid Fly ash has water added to
added toitand is 1t and is agglomerated
agglomerated before being before being mixed with
mixed with bottom ash bottom ash.

Approximate Residential: 40% | Residential: 80% Residential: 60% | Residential: 90% | Residential: 65%

waste Commercial/ Commercial/ Commercial/ Commeraal/ Commeraal/

composition Light Industrial: 60% Lightindustrial: 20% Light Industrial: 40% tight industrial:  10% tight industriat.  35%
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TABLE ES-1

MAJOR FEATURES OF MWC FACILITIES

PAGE TWO

Operational
Features

Facilities

ZA

Amount of
electricity
generated

13.1 megawatts/hour

z8

2C

e
4.5 megawatts/shour

29 megawatts/hour

ZD

35 megawatts/hour

ZE

45 megawatts’hour

Amount of
electricity used
internally by
facility

1.7 megawatts/hour

0 63 megawatts/hour

2.5 megawatts/hour

251035
megawatts/hour

7 megawattsthour

Material
removed from
incoming refuse

Large appliances, other
unacceptable material
diverted to demolition
landfill.

Large appliances, material
that will not pass through
the boilers.

~arge appliances,
material that will not
pass through the bailers.

Large appliances,
matenal that will not

pass through the boilers.

Large appliances, material
that will not pass through
the boilers

Material
removed from

ash

Ferrous metal removed
from ash at the MWC
facility

None.

Ferrous metal removed
from ash at the MWC
facility.

Ferrous metal removed
from ash at the MWC
faclity.

Items greater than
10 inches in diameter
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TABLE ES-2

MAJOR FEATURES OF MWC ASH DISPOSAL FACILITIES

Facilities
Operational
Features ZA z8 2c P> ZE
Facility Type Monofill - single clay Monofill - double liner Codisposed facility - Monofill - uniined. Ashis | Monofill - double liner
liner (HDPE and compacted ull bottom-clay liner placed over trash (HDPE and clay)
soil) synthetic sidewall liners ] deposited before 1975
Startup Date 1986 October 1988 Landfill - 1984 1975 1987

Ash Disposal - 1985

Disposal Capacity

83,400 cubic yards

90,000-100,000 tons

Total capacity 9 million

Remaining capacity -

Permutted for 20 years,

tons 990,000 tons (6 years) approximately 3 8 million
tons
Amount of Ash 150 tons/day 60 tons/day 400,000 tons/year. 450 tons/day 525 tons/day
Disposed 40% ash (2/3 of ash from
2C MWC facility)
Materials other None None Non-burnable materials |} None None
than Ash from 2 MWC facihities.
disposed of Overflow from 2nd MWC
facility.
Leachate Perforated PVC pipeina | Slotted HDPE Main header - PVC None - leachate samples ] Slotted HDPE
Collection System | coarse aggregate collection trenches - were collected from well
envelope gravel with fabric filter points installed in the ash

Cover

Final cover - soil and
HDPE

Daily cover - sand. Non
working face covered by
plastic to limit leachate
generation

Daily - native soif and
shredded tires.
intermediate - native
soils.

Final - native souls.

Daily cover - soil.
Intermediate - soil
compacted to 10-6
permeability.

final - clay or HOPE.

Daily cover - soil.
intermediate - soil
compacted to 10-6
permeability.

Final - clay of HDPE

Compaction of
Ash

Only as bulldozer spreads
ashin ash fill.

Bulldozer spreads and
compacts ash in 8-12 inch
lifts.

Track mounted
compactor.

Only as bulldozer spreads
ash in ash fill.

Vibrating roller.




The major findings of the ash sampling and analyses during this study are described
in the following paragraphs.

Of the five ash samples (one from each facility) analyzed for the AppendixiX
semivolatile compounds, four samples contained bis(2-ethylhexyl)phthalate, three
contained di-n-butyl phthalate, and one contained di-n-octyl phthalate. Two PAHS,
phenanthrene and fluoranthene, were detected in only one of the five ash samples.
These semi-volatile compounds were detected in the parts per billion (ppb) range.

The results for the five ash samples (one from each facility) analyzed for
PCDDs/PCDFs are presented in Table ES-3. This table also includes the calculated
Toxicity Equivalents (TE) for each homolog of PCDD/PCDF. These TEs were calculated
using EPA’s methodology (EPA, March 1987). The data in this table indicate that
PCDDs/PCDFs were found at extremely low levels in each ash sample. The Total TE
for each ash sample was below the Centers for Disease Control (CDC) recommended
2,3,7,8-TCDD Toxicity Equivalency limit of 1part per billion in residential soil
(Kimbrough, 1984).

All 25 of the ash samples (five daily composites from each facility) were analyzed for
the metals on the primary and secondary drinking water standards lists as well as for
the oxides of five major ash components. Although, the resuits from these analyses
indicate that the ash is heterogeneous, this heterogenicity appears to have been
reduced by the care taken when compositing the ash samples during this study.
Comparison of the results of this study with results reported in the literature (EPA,
October 1987) indicates that the variability of results for each compound appears to
have been reduced in this study.

Metals showing the widest range of concentrations among samples collected at each
facility included barium (ZB); cadmium (ZB); chromium (ZD, ZE); copper (2A, ZB, ZC);
lead (ZD); manganese (ZA, ZC); mercury (ZE); zinc (2B, ZD, ZE); and silicon dioxide
(ZA).

Metals showing the widest variation of concentrations between the facilities
included barium (results for Facility ZC are lower than the results for the other
facilities); iron (results for each facility vary from all of the other facilities); lead
(results for Facility ZD are higher than the results for the other facilities); mercury
(results for Facilities ZC and ZD are lower than the results for the other facilities);

R339911 ES-7
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TABLEES-3

ASH DIOXIN RESULTS

Samples (pg/g or ppt)
Toxicity
Com nd Equivalency ZA-AH-003 28-AH-001 ZC-AH-003 ZD-AH-003 ZE-AH-003
pou Factor

TEF)1) Toxicit Toxicit Toxicit Toxicit Toxiat

Ten Value Equivale:’m Value Equuvalexts Vaiue Equlvalel):ts Value Equivalexts value Equiva(I'eryns
2,3,7,8-TCDD 1 10 10 24 24 16 16 35 35 10 10
Other TCDD 0.01 206 2.06 351 3.51 281 2.81 541 5 41 120 12
2,3,7,8-TCDF 01 263 263 617 617 236 236 626 62.6 176 17.6
Other TCDF 0001 1,688 1.69 3,721 3.72 1,208 2 2,633 2,63 1,136 114
1,2,3,7,8-PeCDD 0.5 33 16.5 118 59 71 355 ND 0 35 17.5
Other PeCDD 0 005 317 1.59 759 3.80 1,051 526 1,910 955 248 124
1,2,3,7,8-PeCDF 01 61 6.1 194 19.4 64 64 151 151 52 52
2,3,4,7,8-PeCDF 01 46 4.6 162 16.2 56 5.6 m 17.1 a3 43
Other PeCDF 0 001 484 0 484 1,527 1.53 607 0.607 1,736 174 448 0 448
1,2,3,4,7,8-HxCDD 0.04 12 048 40 16 66 2.64 86 3.44 1 044
1,2,3,6,7,8-HxCDD 0.04 17 0.68 34 1.36 90 36 148 592 11 044
1,2,3,7.8,9-HxCDD 004 28 1.12 79 3.16 120 4.8 194 776 22 088
Other HxCDD 0.0004 154 0.062 342 0.137 925 0.37 853 0.34 104 0042
1.2.3,4,7,8-HxCDF 0 01 74 074 336 336 218 2.18 654 6.54 95 095
1,2.3,6,7,8-HyCDF 001 3 1 31 524 5.24 279 2.79 660 6 60 134 1.34
1,2,3,7,8,9-HxCDF 0.01 36 0.36 127 1.27 193 193 479 4.79 45 045
2.3,4,6,7,8-HyCDF 001 5 0.05 54 0.54 70 0.70 124 124 20 020
Other HxCDF 0 0001 281 0.0281 939 00939 635 0.0635 1,686 0169 280 0028
1.2,3.4,6,7 8-HpCDD 0 001 159 0.159 319 0319 1,849 185 1,555 156 122 0122
Other HpCDD 0 00001 140 0.0014 288 0.00288 1,511 00151 1,384 00138 0 0
1,2,3,4,6,7,8-HpCOF 000t 139 0.139 539 0539 653 0.653 1,842 184 155 0.155
1,2,3,4,7,8,9-HpCOF 0 001 8 0.008 48 0.048 83 0083 119 0119 16 0016
Other HpCDF 0 00001 51 0.00051 197 000197 254 000254 384 0 00384 44 0 00044
0oCDD 0 313 0 544 0 6,906 o 4,519 0 294 0
OCDF 0 66 0 243 0 563 0 893 0 59 0
TOTAL TEs 745 21 119 189 637

) Toxicity Equivalency Factors are EPA’s current recommended Factors, (EPA, March 1987).

ND  Notdetected below 221 pg/g




sodium (results for FacilitiesZD and ZE are lower than the results for the other
facilities); calcium oxide (the results for Facilities ZA and ZB are higher than the
results for the other facilities); and silicon dioxide (the resuits for Facility 2C are
higher than the results for the other facilities).

Some additional findings of the ash sampling and analyses are as follows:
® The ashes are alkaline with the pH ranging from 10.36 to 11.85.

® The ashes are rich in chlorides and sulfates. The total soluble solids in the
ashes varied from 6,440 to 65,800 ppm.

® The ashes contained unburnt total organic carbon (TOC) ranging from
4,060 ppm (0.4 percent) to 53,200 ppm (5.32 percent).

The major findings of the leachate sampling and analysis during this study are .
summarized in the following paragraphs.

Only four Appendix IX semivolatile compounds were found in the leachates from the
ash disposal facilities. Benzoic acid was found in both leachate samples collected at
one of the five ash disposal facilities. Phenol, 3-methylphenol, and 4-methylphenol
were found in some of the leachate samples from one of the other faalities. All of
these compounds were detected at very low levels (2-73 ppb).

PCDDs/PCDFs were only found in the leachate from one facility. The homologs
found are the more highly chiorinated homologs. The data obtained during this
study appears to indicate that PCDDs/PCDFs do not readily leach out of the ash in the
ash disposal facilities. The low levels found in the leachates of the one facility
probably originated from the solids found within the leachate samples because
these samples were not filtered nor centrifuged prior to analysis.

None of the leachate samples exceeded the EP Toxicity Maximum Allowable Limits
established for the eight metals in Section 261.24 of 40 CFR 261. In addition, the
data from this study indicate that although the leachates are not used for drinking
purposes, they are close to being acceptable for drinking water use, as far as the
metals are concerned.
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Some other findings of the leachate sampling and analyses are as follows:

® Sulfate values ranged from 14.4 mg/L to 5,080 mg/L, while Total Dissolved
Solids (TDS) ranged from 924 mg/L to 41,000 mg/L.

® The field pH valuesranged from 5.2 to 7.4.

e Ammonia (4.18-77.4mg/L) and nitrate (0.01-0.45 mg/L) were present in
almost all leachate samples.

® Total Organic Carbon values ranged from 10.6 to 420 ppm.

The major findings from the analysis of the ash extracts during this study are
summarized as follows:

e Of the five composite samples of the deionized water (SW-924) extracts
analyzed for the AppendixiX semivolatile compounds (one from each
facility), only one sample contained low levels of benzoic acid (0.130 ppm).

® None of the extracts contained PCDDs/PCDFs. These data confirm the
findings of the actual field leachate samples that PCDDs/PCDFs are not
readily leached from the ash.

The data obtained during the metals analyses of the ash extracts indicate that, in
general, the extracts from the EP Toxicity, the TCLP 1, and the TCLP 2 extraction
procedures have higher metals content than the extracts from the deionized water
(SW-924), the CO3, and the Simulated Acid Rain (SAR) extraction procedures. The EP
Toxicity Maximum Allowable Limits for lead and cadmium were frequently exceeded
by the extracts from the EP Toxicity, TCLP 1, and TCLP 2 extraction procedures. One
of the extracts from the EP Toxicity extraction procedure also exceeded the EP
Toxicity Maximum Allowable Limit for mercury.

None of the extracts from the deionized water (SW-924), the CO», and the Simulated
Acid Rain (SAR) extraction procedures exceeded the EP Toxicity Maximum Allowable
Limits. In addition, the majority of the extracts from these three extraction
procedures also met the Primary and Secondary Drinking Water Standards for
metals.
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Table ES-4 compares the range of concentrations of the metals analyses of the ash
extracts with the range of concentrations for leachate as reported in the literature
(EPA, October 1987) and the range of concentrations for the leachates as
determined in this study. For the facilities sampled during this study, the data in
Table ES-4 indicate that the extracts from the deionized water (SW-924), the CO,,
and the SAR extraction procedures simulated the concentrations for lead and
cadmium in the field leachates better than the extracts from the other three
extraction procedures.
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TABLEES-4

COMPARISON OF ASH EXTRACT METAL ANALYSES RESULTS

WITH LEACHATE METAL ANALYSES RESULTS

Parameter

Samples (ug/L)

EP TOX
Extracts

TCLP1
Extracts

TCLP 2
Extracts

CO; Extracts

DI H,0
Extracts

SAR Extracts

Leachate
(Literature)(1)

Leachate
(CORRE)

Arsenic ND-31 ND ND-60 ND-53 ND-45 ND 5.218 ND-400
Barium 23-455 161-1,850 12-809 126-530 139-3,050 | 129-3,960 1,000 ND-9,220
Cadmium 251,200 | ND-1,150 | ND-1,560 ND-354 ND-7.6 ND-6.0 ND-44 ND-4
Chromium ND-86 ND-8.0 ND-799 ND-9.8 ND-16 ND-10 6-1,530 ND-32
Copper 24-5,170 5-858 5.4-1,400 8.8-620 12-534 8.5-610 22-24,000 ND-12
iron ND-82,000 | ND-7,220 | ND-162,000 | ND-304 ND-115 ND-97 12116,260 108-10,500
Lead ND-19,700 | ND-10,500 | ND-26,400 | ND-504 ND-3,410 | ND-3.940 12-2,920 ND-54
Manganese 250-8540 | ND-5170 | 387370 | ND-2,390 ND-20 ND-6.4 103-4,570 | 310-18,500
Mercury ND-203 ND-3.8 ND-4.6 ND-155 ND-0.96 ND-1.1 1-8 ND
Selenium ND ND ND ND ND ND-23 2.5-37 ND-340
Silver ND ND ND ND-16 ND ND 70 ND
codiom 33,600- 1,380,000 | 38,700- 24,800- 24,100- 24,200- 200,000- 188,000-
225,000 1640,000 | 228,000 168,000 209,000 201,000 4,000,000 | 3,800,000
Zinc 67-95,600 | 9.7-79,500 | 26-164,000 | 5-127,000 | 5.4-1,340 121,290 | ND-3,300 5 2-370
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TABLE ES-4
COMPARISON OF ASH EXTRACT METAL ANALYSES RESULTS
WITH LEACHATE METAL ANALYSES RESULTS

PAGE TWO
Samples (ng/L)
Parameter EPTOX TCLP 1 TCLP 2 DI H50 Leach Leach
Hj eachate eachate
Extracts Extracts Extracts €O, Extracts Extracts SAR Extracts (Literature}{) {CORRE)

Aluminum Oxide* | ND-150,000 | ND-62,800 | ND-152,000 | ND-90,700 | ND-203,000 | ND-118,000 NR ND-920

Calcium Oxide* 592,000- 666,000- 692,000- 398,000- 141,000- 142,000- 21000 64,600-
4,810,000 | 2,750,000 | 3,640,000 1,920,000 | 1,740,000 1,800,000 ' 8,390,000

. 27,300- _ ) ) ] ) 14,800-

Magnesium Oxide 136,000 55-375,000 | 623-137,000 | 207-59,300 21-379 12-430 NR 367 000

Potassium 10,100- 14,600- 15,100- 12,300- 13,100- 14,500- 21,500 79,700-
Monoxide* 189,000 210,000 1,110,00 155,000 189,000 181,000 : 1,620,000
Silicon Dioxide* 5.090-98,700 | 379-51,700 | 820-143,000 | 418-71,800 | 4023990 | 364-3,770 NR 470-15,300

ND  Not Detected

NR  NotReported in the literature.

1) EPA, October 1987.

* The ash extracts were analyzed as ions for these compounds and reported as oxides. The leachates were analyzed and are reported as 1ons for

these compounds.



1.0 INTRODUCTION

This report, “Characterization of Municipal Waste Combustion Ash, Ash Extracts and
Leachates,” has been prepared for the United States Environmental Protection
Agency (EPA) and the Coalition on Resource Recovery and the Environment
(CORRE) in response to Work Assignment Number 90 under EPA Contract
Number 68-01-7310.

This study was initiated by Ms. Gerry Dorian of EPA and Dr. Walter Shaub of CORRE.
1.1 BACKGROUND

Prior to the passage of the Resource Conservation and Recovery Act of 1976 (RCRA),
disposal of municipal solid waste (MSW) and the ash from municipal waste
combustion (MWC) facilities was not requlated by EPA but was regulated primarily
by individual states and local municipalities. With the passage of RCRA, the disposal
of MSW has been regulated under Subtitie D of RCRA. The regulations in Subtitie D
stipulate that any municipal waste disposal facility that does not meet the criteria
promulgated under RCRA must be closed. Because of the need to meet these
criteria, there has been a steady decrease in the number of sites available for MSW
disposal.

Incineration of municipal solid waste (MSW) has become an important waste
disposal alternative because it provides an effective means of reducing the volume
of MSW as well as an important source of energy recovery. Currently 10 percent of
MSW is incinerated. Based on the number of municipal waste combustion (MWC)
facilities being planned across the country, this percentage is expected to increase to
roughly 16-25 percent by the year 2000.

As incineration has grown in popularity, so has concern over the management of
increasing volumes of ash. Ashes from MWC facilities have, on occasion, exhibited a
hazardous waste characteristic as determined by the EP Toxicity Test. The debate
regarding the regulatory status of ash and the representativeness and validity of the
EP test continues. Congress is considering several legislative initiatives that would
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give EPA clear authority to develop special management standards for ash under
Subtitle D of RCRA.

In the meantime, EPA and CORRE have cosponsored this study conducted by NUS to
enhance the data base on the characteristics of MWC ashes, laboratory extracts of
MWC ashes, and leachates from MWC ash disposal facilities.

The Coalition on Resource Recovery and the Environment (CORRE) was established
to provide credible information about resource recovery and associated
environmental issues to the public and to public officials. In providing information,
CORRE takes no position as to the appropriateness of one technology compared to
others. CORRE recognizes that successful waste management is an integrated
utilization of many technologies which taken as a whole, are best selected by an
informed public and informed public officials.

1.2 SCOPE OF WORK

NUS collected samples of fresh ash from five mass-burn MWC facilities. All of the ash
samples coilected were combined fly ash and bottom ash samples.

The facilities sampled were selected by CORRE to meet the following criteria:

® The facilities were to be state-of-the-art facilities equipped with a variety of
pollution control equipment.

® The facilities were to be located in different regions of the United States.

® The companion ash disposal facilities were to be equipped with leachate
collection systems or some means of collecting leachate samples.

The identities of the facilities are being held in confidence.
These samples were submitted to laboratories for chemical analyses. In addition,
these ash samples were subjected to six different laboratory extraction procedures

and the extracts were then analyzed. NUS also collected leachate samples from the
five MWC ash disposal facilities used by the MWC facilities. The leachate samples
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were also sent to a labaoratory for analysis. The analyses performed on each type of
sample are outlined in Table 1-1.

Collection of the ash and leachate samples generally followed the Work Plan
prepared for this project (NUS, December 1988). A copy of this Work Plan isincluded
in Appendix A. Five composite ash samples were collected from each of the five
MWC facilities. The ash samples were collected each day over 5days (Monday-
Friday) of facility operation. Starting times for sample collection were different each
day so that a wide range of time could be covered. Ash grab samples were collected
at a fixed point each hour for 8hours. These 8 grab samples were placed in a
5-gallon container for compositing into each day’s 8-hour composite sample.

Originally, the ash samples were to be collected using the method outlined in
ASTM D234-86 Standard Method for Collection of a Gross Sample of Coal,
Condition B, full-stream cut. However, because of the configuration of the ash
handling equipment at each facility, minor modifications to this sampling method
were needed to collect the most representative samples from each facility. A
description of how the samples were collected at each facility is presented in the
appropriate Facility Description (Sections 2.0 through 6.0).

Prior to analysis, the samples were prepared in the laboratory by impiementing the
following procedures:

® Each composite sample was passed over a 2-inch screen. Material passing
the 2-inch screen was set aside. Material larger than 2 inches was subjected
to repeated blows with a 5-pound sledge hammer dropped from a height of
1 foot. If a piece did not break after being subjected to three blows of the
hammer, it was weighed, the weight recorded, and the piece was discarded.
Material that broke was then reduced in size to pass the 2-inch screen and
recombined with the original material that was smaller than 2 inches.

® Each composite sample was dried at 105°C and crushed to pass a 3/8-inch
screen and riffled or coned and quartered to obtain a 1,000 gram sample.
The sample was then properly labeled and stored in a clean, dry, cool,
secure area. For further details, see ASTM Standard D346.
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TABLE 141

SAMPLE ANALYSES

Matrix Preparation Analyses Comments

Ash Screened, Crushed, Metals(1)

Dried, Crushed, Riffled,

i (2)
or Coned and Quartered Conventionals

Appendix IX - Semivolatiles | Only 1 sample/facility

PCDDs/PCDFs Only 1 sample/facility
Oniy 1 sample from
PCBs 2 different facilities
Leachates Laboratory filtered and | Metals(3)

added HNO3 to pH <2

Laboratory added TOC; NH3-N

H,S04topH<2

(added to ZA samples

in field)

Alkalinity as CaCO3

TDS; NO3-N; SOy, POy

Cl; Kjeldahl Nitrogen
(ZA samples only)

Appendix IX - Semivolatiles

PCDDs/PCDFs
Only 1 sample from
PCBs 2 different facilities
Ash Extracts Metals(4)

Conventionais(®

Onlyon 1 composite ash

Appendix (X - Semivolatiles | [\ from each facility

Only on 1 composite ash

PCDD/PCDFs extract from each facility

Only on 1 composite ash
extract from each of
2 facilities

PCBs - Deionized water
extract - Facilities ZA and ZE

(1 Metals: As,Ba, Cd, Cr, Pb, Hg, Se, Ag, Na, Cu, Fe, Mn, and Zn. Oxides of Al, Si, Ca, Mg, K.
2)  Conventionals: TOC, total soluble salts, NH3-N, NO3-N, SO4, PO4, CO3, Cl, moisture content,
and pH.
(3}  Metals: Soluble forms of Al, As, Ba, Cd, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, Ni, K, Se, Si, Ag, Na,
Zn (Nickel analyzed only on samples from facility ZA).
() Metais: Al, As, Ba, Cd, Ca, Cr, Cu, Fe, Pb, Mg, Mn, Hg, K, Se, Si, Ag, Na, Zn.
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TABLE 1-1
SAMPLE ANALYSES

PAGE TWO

(3} Conventionals:

Facility ZA:  NO3-N, PQg, Cl,SQ4, TDS, TOC, NH3-N, Alkalinity on all extracts.

Facility ZB:  NO3-N, POg4, Cl, S04 - TCLP 1; TCLP 2; EPTOX; and CO; extracts.
NO3-N, POy, Cl, SO4, TDS, TOC, NH3-N, Alkalinity - Deionized Water extract.
PO, TOC - SAR extract.

Facilities ZC, ZD, ZE:
NO3, POy, Cl, SO4, NH3-N - TCLP 1; TCLP 2; EPTOX; and CO; extracts.
NO3, POy, Cl, SO4, TDS, TOC, NH3-N, Alkalinity - Deionized Water extract.
POg4, TOC, NH3-N - SAR extract.

Metals and Appendix IX semi-volatile compounds were analyzed in strict adherence to the EPA third
edition of SW-846.

The conventional parameters were analyzed according to the applicable methods described in the
"Methods for Chemical Analysis of Water and Wastewaters,” EPA-600/2-79-020, March 1983. Where
necessary, a DIl extraction was done on the ash, except for NH3-N where a 2M KCl solution was used.

PCBs, PCDDs, and PCDFs were analyzed in the homolog form according to the procedures described in

AppendixB of the December 1988 Work Plan. In addition, for the PCDDs and PCDFs the
concentrations of the individual 2, 3, 7, Bisomers were determined for each homolog.
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The ash samples were analyzed as outlined in Table 1-1. In addition, a portion of the
prepared samples were subjected to the following six laboratory extraction
procedures:

Acid Number 1 (EP-TOX).

Acid Number 2 (TCLP Fluid No. 1).

Acid Number 3 (TCLP Fluid No. 2).

Deionized Water (Method SW-924), also known as the Monofill Waste
Extraction Procedure (MWEP).

CO; saturated deionized water.

® Simulated acid rain.

These extraction procedures have been used separately by a variety of researchers on
MWC ashes but never have all six procedures been used on the same MWC ashes
This study was designed to compare the analytical results of the extracts from =
procedures with each other and with leachate collected from the ash disposai
facilities used by the MWC facilities.

The laboratory adhered to the appropriate Federal Register leaching requirements
for the first three methods. The extraction solutions and the extraction procedures
used for the CO; saturated deionized water and the simulated acid rain are given in
Appendix A of the Work Plan (NUS, December 1988). The SW-924 method is
described in Vol.l “Characterization of MWC Ashes and Leachates from Landfills,
Monofills, and Co-Disposal Sites,” EPA, October 1987. The extracts from the ash
were analyzed as outlined in Table 1-1.

Leachate samples were collected from the five facilities to which the individual MWC
facilities sent ashes for disposal. At two of the ash disposal facilities, two grab
samples were collected from leachate collection sumps. At another ash disposal
facility, one grab sample was collected from a valve on the leachate collection line.
At the fourth ash disposal facility, two grab samples were collected from one shallow
water quality lysimeter, and a third grab sample was collected from a second shallow
water quality lysimeter. Seven leachate samples were collected from the fifth ash
disposal facility: three in February 1988, two in November 1988, and two in
June 1989. All seven samples were grab samples collected from the same leachate
collection manhole. The leachates collected from this fifth facility were collected
and analyzed by NUS under a separate contract to EPA. The results of this study

R339911 1-6



were reported in detail in a separate report (EPA, August 1989). Since results of that
study are very pertinent to this study, the results are repeated in the present report.

The leachate samples were shipped to the laboratories for the analyses listed in
Table 1-1. Because of difficulties in shipping or obtaining preservatives, the
leachates samples collected during this study were not preserved in the field, but
were packed in ice and shipped immediately to the laboratory. The laboratories
were instructed to immediately add the required preservatives in the laboratory
after filtering, as applicable. Since the laboratories preserved the samples within
48 hours of sample collection, the samples were not adversely affected.

All sampling and analytical procedures used in this project followed stringent
Quality Assurance/Quality Control (QA/QC) requirements as outlined in a Quality
Assurance Project Plan prepared for EPA by NUS and approved by EPA’s QA Officerin
February 1988 (NUS, February 1988).

Summaries of the results of the analyses of the samples from each MWC Facility are
presented in Sections2.0 through6.0. An overaill summary is presented in
Section 7.0. The tablesin these sections are presented at the end of each section.

A detailed listing of the positive results, as reported by the laboratories, is presented
in a data base which is included in this report as Appendix B (ash), Appendix C
(leachate), and Appendix D (ash extracts). When the laboratories did not report a
positive value for a compound (i.e. the compound was not present above laboratory
detection limits), the compound was reported as not detected (ND) in the tables in
the text. The laboratory detection limits are the method detection limits for each
specific method, unless interferences were encountered during the analysis. When
interferences occurred, the laboratory adjusted the method detection limits by an
appropriate dilution factor. The analytical methods used in this study were selected
so that the method detection limits were well below present levels of human,
environment or regulatory concerns.

The EPA publication ”Interim Procedures for Estimating Risk Associated with
Exposures to Mixtures of Chlorinated Dibenzo-p-Dioxins and -Dibenzofurans (CDDs
and CDFs)” was used to evaluate the Dioxin data. These procedures use Toxicity
Equivalency Factors (TEFs) to express the concentrations of the different isomers and
homologs as an equivalent amount of 2,3,7,8-Tetrachioro Dibenzo-p-Dioxin
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(2,3,7,8-TCDD). The Toxicity Equivalents, as calculated by using the TEFs, are then
totaled and compared to the Centers for Disease Control (CDC) recommended upper
level of 2,3,7,8-TCDD Toxicity Equivalency of 1 part per billion in residential soil
(Kimbrough, 1984).
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2.0 FACILITY ZA FINDINGS

2.1 FACILITY ZA DESCRIPTION

Facility ZA consists of two mass-burn, water-wall boilers. Refuse is charged into the
boilers by overhead cranes, moves inside the boilers on grates, and is discharged into
ash quench reactors on the bottom of the boilers. A lime slurry is added to the flue
gas where it is mixed with the fly ash. This mixture is then coliected in baghouses
and mixed in with the bottom ash for disposal. The steam generated at the facility is
used to produce electricity, which is sold to a local utility. The following details
provide operational information for this facility.

Startup Date: May 1986.

Refuse Feed Rate: 275 tons/day/boiler.

Operating Temperature: 1,800° - 2,000° F at the stoker.

Residence Time: Approximately 1-1/2 hours in the boiler where

the grates can be slowed to allow wet loads
more time to dry out; 1-1/2 hours from ash
discharge to ash pile.

Backup Fuel: Natural gas - is used if operating temperature
drops below 1,500°F. Has only been used at
startups and shutdowns.

Air Temperature into Furnace: Underfire air - 250° F;
Overfire air - ambient temperature.
Air Feed Rate: Underfire air - varies, normally between

70,000-90,000 Ibs./hour.
Overfire air - 40,000 Ibs./hour.

Refuse Feed Method: Old and new refuse is mixed with an overhead
crane. Mixed refuse is loaded into boilers with
the overhead crane.

Trash Accepted: Residential, commercial, industrial waste
generated in local community. Restrictions
are listed in Table 2-1. Medical waste is being
accepted. No sewage sludge is accepted. No
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known waste oil program in the state. Some
waste oil comes into the facility.

Normal Moisture Content of Ash: 20 -30%.

(As measured by the facility)

Source of Ash Quench Water: Ash quench water consists of water from floor
drains and some rain water.

Electricity Generated: 13.1 Megawatts/hour.

Electricity Used by the Facility: 1.7 Megawatts/hour.

Ash Handling Equipment

A lime slurry is injected into the flue gas just ir -de the quench reactor to neutralize
acid gases formed in the boiler. The flue gas then passes through the baghouses,
where the fly ash-lime mixture is removed from the flue gases. This mixture is
transported back to the ash dischargers on the bottom of each boiler, where it is
mixed with the bottom ash.

The fly ash is mixed with the bottom ash in the ash discharger. From there, the ash
mixture is discharged onto a large shaker conveyor, travels to a grizzly where large
items are removed, is discharged onto a small shaker conveyor, and then is
discharged onto an inclined conveyor belt. The ferrous material is removed at the
top of the conveyor by a rotating electromagnet. The ash falls from the inclined
conveyor belt onto the ash pile. The ash is loaded onto trucks for transportation to
the ash fill. After passing through a trommel, where small particles of ash clinging to
the metal are removed, the ferrous material is trucked to a steel manufacturer.

The ash samples at this facility were collected as the ash came off the inclined belt.
The ash had a tendency to segregate itself at the top of the inclined belt, with the
larger particles coming directly off the belt and the finer, wetter particles sticking to
the belt. These fine, wet particles started back down the underside of the belt and
were scraped off the belt about 1foot below the top of the conveyor. After the
ferrous material was removed, the samples were collected so that half of each hourly
grab sample consisted of the larger particles and half of the sample consisted of the
finer particles.
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2.2 CHEMICAL CHARACTERIZATION OF ASH

Table 2-2 presents the resuits of the semivolatile analysis of the ash samples from
Facility ZA. The data presented in the table indicate that three phthalates were
detected in sample ZA-AH-003, the only sample from this facility analyzed for the
Appendix IX semivolatiles. The di-n-butyl phthalate appears to be the result of
laboratory contamination. The other compounds indicate the presence of plastic
material in the ash. This same sample also contained 107 ng/g (parts per billion
(ppb)) of dichlorobiphenyl (PCB). This was the only PCB congener detected in this
sampile.

Table 2-3 presents the results of the polychlorinated dibenzo-p-dioxin and
polychlorinated dibenzofuran (PCDD/PCDF) analyses of sample ZA-AH-003. Toxicity
equivalency values were calculated according to EPA’s methodology (EPA,
March 1987) and are also presented in this table. The data in this table indicate that
the PCDDs/PCDFs levels found in the ash are substantially below the Centers for
Disease Control (CDC) recommended upper level of 2,3,7,8-TCDD toxicity
equivalency of 1 part per billion in residential soil (Kimbrough, 1984).

The results of the metals analyses for the ash from this facility are presented in
Table 2-4. The data presented in this table indicate that, except for copper,
manganese, and silicon dioxide, the results were fairly constant during the week of
sampling.

The results for the conventional analyses are presented in Table 2-5. The data in this
table indicate that the results were also fairly constant during the week, except for
TOC, and ammonia.

2.3 CHEMICAL CHARACTERIZATION OF LEACHATES

The MSW facility unit accepting ash from MWC Facility ZA is lined and is used
exclusively for the disposal of ash from Facility ZA. The leachate from the ash
disposal facility for MWC Facility ZA was not sampled at the same time that the ash
was sampled. However, NUS collected samples of the leachate in February and
November 1988 and in June 1989 under a separate contract with EPA. The samples
are grab samples collected from the same leachate collection manhole. The
manhole was sampled, accumulated water was removed, and the manhole was
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allowed to refill with leachate that had been stored in the ash fill. The manhole was
then resampled. The results of the 1988 sampling events were reported in detail
previously (EPA, August 1989) and are summarized here, together with the results of
the 1989 sampling event.

The results for the semivolatile analysis of these samples are presented in Table 2-6.
As shown in this table, phenol was detected on two different occasions, whereas
3-methylphenol and 4-methylphenol were each detected once.

The results for the metals analysis of the leachate samples are shown in Table 2-7.
None of the metals detected exceeded the EP Toxicity Maximum Allowable Limit.
Although the leachates are not required to meet Drinking Water Standards, a
comparison of the leachate results with the Primary and Secondary Drinking Water
Standards established under the Safe Drinking Water Act (EPA: BNA, June 1989 and
EPA: BNA, October 1988) was made. This comparison indicates that the majority of
the metals results met these standards in the leachates.

Table 2-8 presents the results of the conventional analyses of the leachate samples.
TDS values ranged from 13,700 mg/L to 41,000 mg/L, and the pH values ranged
from 6.7 to 7.4. Chloride, TDS, and Sulfate exceeded their Secondary Drinking Water
Standards in all of the leachate samples.

The results of the dioxin analysis of the leachate samples are presented in Table 2-9.
This table shows that only very small amounts of the more highly chlorinated
homologs (hepta-CDD, octa-CDD, and hepta-CDF) were found in the leachate
samples.

No PCBs were detected in ZA-LE-006, the only leachate sample analyzed for PCBs.
24 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS

No PCDDs/PCDFs or PCBs were detected in the composite sample from the Deionized
Water Extracts of the ash from Facility ZA.

Table 2-10 presents the results of the AppendixIX semivolatile analysis of the

composite sample from the Deionized Water Extracts (SW-924) of the ash from MWC
Facility ZA. Benzoic acid (130 ppb) was the only Appendix IX semivolatile compound
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found in this composite sample. For comparison, this table also presents the range
of results of the AppendixIX semivolatile analyses of the actual leachate samples
from the ashfill serving this facility. The leachate from the ashfill contained very low
levels of phenol (up to 32 ppb); 3-methylphenol (up to 6 ppb); and 4-methylphenol
(up to 6 ppb).

Table 2-11 presents the range of results of the metals analyses of ash extracts from
MWC Facility ZA and the range of results for leachate samples from the ashfill
serving this facility. For comparison, this table also lists the EP Toxicity Maximum
Allowable Limits, and the Primary and Secondary Drinking Water Standards
established under the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA,
October 1988).

The results presented in Table 2-11 indicate that the extracts from the EP Toxicity
Extraction technique generally contain higher concentrations of metals than the
extracts produced by the other extraction techniques. The data in this table also
indicate that the extracts from the deionized water extraction technique (SW-924)
generally contain lower concentrations of metals than the extracts produced by the
other extraction techniques.

For this facility, the extracts from the EP toxicity extraction technique are the only
ones that exceeded the EPToxicity Maximum Allowable Limits established in
Section 261.24 of 40 CFR 261 for cadmium, lead, and mercury.

Although the ash extracts would not be required to meet Drinking Water Standards,
a comparison of the ash extract results with the Drinking Water Standards was
made. This comparison indicates that the majority of the metals results met these
standards.

Table 2-12 presents the range of results of the conventional analyses of the ash
extracts from MWC Facility ZA and the range of results of the leachate samples from
the ashfill serving this facility. For comparison, this table also lists the Primary
Drinking Water Standards for nitrate, as well as the Secondary Drinking Water
Standards for chloride, sulfate, and Total Dissolved Solids (TDS). The data in this
table indicate that the results for the conventional compounds obtained from the
deionized water extraction technique (SW-924) are generally lower than the results
from the other extraction techniques.
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TABLE 2-1

RESTRICTED WASTES
FACILITY ZA

ALL COVERED VEHICLES MUST LIFT OR ROLL BACK
TARP FOR INSPECTION AT SCALE PRIOR TO ENTERING
FACILITY OR TIP OUT ON FLOOR AS DIRECTED

PROHIBITED WASTES

Wallboard/Drywall

Nonburnable Construction Materials
Sealed Drums or Containers

Tar/Asphalt

Tires

Bales

Infectious Materials

Major Auto Parts (Batteries, Fenders, etc.)
Other Unacceptable Items

NO

NO HAZARDOUS WASTE PER STATE / FEDERAL
REGULATIONS

TRUCKS WITH UNACCEPTABLE LOADS SHALL BE:

e DENIED ENTRY OR
® RELOADED AND REDIRECTED TO LANDFILL

ALL VEHICLES
SUBJECT TO INSPECTION
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TABLE 2-2

ASH SEMIVOLATILE RESULTS - SAMPLE ZA-AH-003

FACILITY ZA
Parameter Ash Sample Resuit
(ng/kg)
Bis(2-ethylhexyl)phthalate 250,000
Di-n-octyl phthalate 2,0007
Di-n-butyl phthalate 430)8
J indicates approximate value because contaminants were

detected at leveis below Method Detection Limits, but above the
instrument detection limits.

B Laboratory identified compound as not being detected
substantially above the level reported in laboratory blanks.
Laboratory may be the source of the contamination.

T The mass spectrum does not meet EPA CLP criteria for
confirmation, but compound presence is strongly suspected.
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TABLE 2-3

ASH DIOXIN RESULTS - SAMPLE ZA-AH-003

FACILITY ZA
Ash Sample Result Toxicity Toxicity
PCDO/PCDF Homolog pa/g Equivalency Equivalent
(ppt) Factor(V) (ppt)
W

Other TCDD 206 0.01 2.06
1,2,3,7,8-PeCDD 33 0.5 16.5
Other PeCDD 317 0.005 1.59
1,2,3,4,7,8-HxCDD 12 0.04 0.48
1,2,3,6,7,8-HxCDD 17 0.04 0.68
1,2,3,7,8,9-HxCDD 28 0.04 1.12
Qther HxCDD 154 0.0004 0.062
1,2,3,4,6,7,8-HpCDD 159 0.001 0.159
Other HpCDD 140 0.00001 0.0014
OoCDD 313 0 0
2,3,7,8-TCDF 263 0.1 26.3
Other TCDF 1,688 0.001 1.89
1,2,3,7,8-PeCDF 61 0.1 6.1
2,3,4,7,8-PeCDF 46 0.1 4.6
Other PeCDF 484 0.001 0.484
1,2,3,4,7,8-HyCDF 74 0.01 0.74
1,2,3,6,7,8-HxCDF 131 0.01 1.31
1,2,3,7,8,9-HyCDF 36 0.01 0.36
2,3,4,6,7,8-HxCDF 5 0.01 0.05
Other HyxCDF 281 0.0001 0.0281
1,2,3,4,6,7,8-HpCDF 139 0.001 0.139
1.2,3,4,7,8,9-HpCDF 8 0.001 0.008
Other HpCDF 51 0.00001 0.00051
OCDF 66 0 0
Total Toxicity Equivalent 74.5 ppt

() Toxicity Equivalency Factors are EPA’s current, recommended factors
(EPA, March 1987).
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TABLE 2-4

ASH METALS ANALYSES
FACILITY ZA

Sampies

Parameter

ZA-AH-002 ZA-AH-003 ZA-AH-004 ZA-AH-005

ZA-AH-001

METALS (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Arsenic 50 49 51 45 37
Barium 529 480 554 523 436
Cadmium 43 41 56 32 41
Chromium 93 90 79 64 55
Copper 1,420 7,360 1,160 994 946
Iron 63,300 57,400 48,600 44,100 46,000
Lead 1,580 1,180 1,820 1,480 1,660
Manganese 1,020 835 849 1,360 587
Mercury 10.4 229 25.1 16.9 18.0
Sefenium ND ND ND ND ND
Silver 4.8 5.0 8.7 4.1 7.9
Sodium 10,200 9,970 11,000 9,350 10,400
Zinc 6,900 4,310 6,600 4,740 4,540

METAL OXIDES (%) (%) (%) (%) (%a)
Aluminum Oxide 8.52 9.37 9.0 9.23 9.85
Calcium Oxide 20.5 20.3 22.2 15.1 18.4
Magnesium Oxide 1.38 1.33 1.31 1.5 1.21
Potassium Monoxide 1.2 11 1.24 1.2 1.15
Silicon Dioxide 22.4 222 219 273 438

ND Notdetected.
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TABLE 2-5

ASH CONVENTIONAL ANALYSES

FACILITY ZA
Samples
Parameter Units
ZA-AH-001 | ZA-AH-002 ] ZA-AH-003 ] ZA-AH-004 | ZA-AH-005
Maoisture Content* % 09 1.9 1.6 1.1 1.7
TOC mg/kg 18,100 22,000 11,400 23,400 35,600
Total Soluble Solids | mgrkg 52,400 49,800 50,400 46,500 48,400
Ammonia mag/kg 4.47 2.89 5.98 11.5 5.98
Nitrate mg/kg 2.86 2.29 2.22 2.54 423
Ortho Phosphate ma/kg ND ND ND ND ND
Total Alkalinity ma/kg 7,540 8,000 7,730 8,100 8,050
Chloride mg/kg 18,300 17,800 23,700 19,100 16,300
Sulfate mg/kg 5,020 4,800 6,100 4,620 3,770
ND Notdetected.
* Determined after samples were prepared.

R339911
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TABLE 2-6

L L66EEY

LEACHATE SEMIVOLATILE ANALYSES

FACILITY ZA
Samples (in pg/L)
Parameter
ZA-LE-001 ZA-LE-002 ZA-LE-003 ZA-LE-004 ZA-LE-005 ZA-LE-006 ZA-LE-007
Phenol ND 19 32 ND ND 4) 2)
3-Methylphenol ND ND 6) ND ND ND ND
4-Methylphenol ND ND 6} ND ND ND ND

ND  Not Detected.
J Indicates approximate value because contaminants were detected at levels below detection limits, but above the instrument
detection limits.

Note: All Samples were collected from Manhole (1):

ZA-LE-001 was standing liquid sampled on February 11, 1988.

ZA-LE-002 was sampled on February 11, 1988 immediately after standing liquid was removed.
ZA-LE-003 was sampled on February 11, 1988 1 hour after standing liquid was removed.
ZA-LE-004 was sampied on November 29, 1988 immediately after standing liquid was removed.
ZA-LE-005 was sampled on November 29, 1988 1-1/2 hours after manhole refilled.

ZA-LE-006 was sampled on june 13, 1989 1 hour after standing liquid was removed.

ZA-LE-007 was sampled on June 13, 1989 2-1/2 hours after collecting ZA-LE-006.

'.\)
—
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TABLE 2-7
LEACHATE METALS ANALYSES
FAQILITY ZA
Samples (i pg/L) Standards/Cntena (in pgit)
Parameter EP Toxicity Safe Drinking | Safe Drinking
zat6001 | za-Le-002 | zA-le-003 | ZA-LE-004 | ZA-LE-005 ZA-LE-006 ZALE007 | o M Wa:\;'cf‘:“" Water c’t‘s‘"”
Aluminum NA NA NA NA NA 920 700 SNA SNA SNA
Arsenic 160 130 140 260 400 47 59 5,000 50 SNA
Barium NA NA NA NA NA ND ND 100,000 1,000 SNA
Cadmium ND 1.7 1 ND ND 13 14 1,000 10 SNA
Calcium NA NA NA NA NA 3,270,000 5.360,000 SNA SNA SNA
Chromium 8 32 18 16 22 ND ND 5,000 50 SNA
Copper ND ND ND ND ND ND ND SNA SNA 1,000
Iron 3,400 650 120 2,400 1,600 770 790 SNA SNA 300
Lead n 24 25 54 42 18 8 5,000 S0 SNA
Magnesium NA NA NA NA NA 51,000 70,000 SNA SNA SNA
Manganese 4,600 310 370 1,230 800 1,000 2,600 SNA SNA 50
Mercury ND ND ND ND ND ND ND 200 290 SNA
Nickel ND ND ND ND ND ND ND SNA SNA SNA
Porassium NA NA NA NA NA 525,000 516,000 SNA SNA SNA
Selenium 120 120 130 260 340 24 33 1,000 10 SNA
Silicon NA NA NA NA NA 2,100 5,700 SNA SNA SNA
Silver ND ND NO ND ND ND ND 5,000 50 SNA
Sodium NA NA NA NA NA 3,000,000 3,800,000 SNA SNA SNA
Zinc 370 250 190 130 60 250 250 SNA SNA 5,000
Blank space indicates analysts is below detection himits Note. AllSamples were collecied from Manhole (1).
NA  Notanalyzed due to differences in scope of work ZA-LE-001 was standing hiquid sampled on February 11, 1988 .
ND  Not Detected 7A LE 002 was sampled on February |1, 1988 immediately atter standing liquid was removed
SNA  Standard Not Available (A-LE 003 was sampled on bebruary 11, 1988 1 hour after standing iquid was removed

{a)  Primary Dnnking Water Standards
(b}  Secondary Dnnking Water Standordy

7A LE 004 was sampled on Noverbee 29, 1988 anineduately after standing hquid was removed
1A LE 005 was sampled on November 29, 1988 1-1/2 hours after manhole refilled

ZA LE 00b was sampled on June 13, 1989 1 hours after standing liquid was removed

2A-LE-007 was sampted on June 13, 1989 2-1/2 hours after collecting ZA-LE-006
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TABLE 2-8

LEACHATE CONVENTIONAL ANALYSES

FACIUTY ZA
Standardy/
Samples Critenia
Parameter Primary and
Secondary
Drinking Water
ZA-LE-001 ZA-LE-002 ZA-LE-003 ZA-LE-004 2A-LE-005 ZA-LE-006 ZA-LE-007 Quality

Standards
a's“ﬁ‘)"""’ - Distilled 3Smglt 23mght 26 mg/t 5.5 mgiL 53 mgit 20 mg/L 28 mgi. SNA
Organic Carbon 53 mg/L 77 mg/it 110 mg/L 17 mg/L 23mg/L 25 mg/L 420 mg/L SNA
Chlonde 22,000 mg/L 17,000 mg/t. 18,000 mg/L 7,700 mg/L 8,300 mg/L 14,000 mg/L 19,000 mg/L 250 mg/L®b)
Nitrogen, Kjeldahl 43 mg/L 34 mg/L 38 mg/L. NA NA NA NA SNA
Sulfate (SO4) 1,000 ma/L 1,500 mgiL. 1,500 mg/L 1,000 mg/L. 700 mg/L. 780 mg/L 620 mg/L 250 mg/iib}
pH 6.7 69 72 74 67 72 71 SNA
Solids, Dissolved
@ 180°C 41,000 mg/L 29,000 mg/L 32,000 mg/L 13,700 mg/L 16,300 mg/L 24,700 mg/L 31,300 mg/L 500 mg/L{b)
Specific Conductance > 10,000 umhos/cm | >10,000 ymhosicm
@25°C 46,000 uymhos/cm ] 33,000 ymhos/cm | 38,000 pmhos/cm NA NA (hreld) (field) SNA
Total Atkalinity NA NA NA 68 mg/L 44 mgiL 81 mg/t 120 mg/L SNA
Pht Alkalinity NA NA NA NA NA 0 0 SNA
Carbonate Alkalinity NA NA NA NA NA 0 0 SNA
Nitrate (as N) NA NA NA 0 2 mg/L 0.2mg/L <001 mg/L <001 mg/L 10 mg/L{a)
Phosphorus NA NA NA 018 mg/L 0 19 mg/L 1.1 mgiL 1 2mg/L SNA

Note:  Ali Sampies were collected from Manhole (1):

NA  Notanalyzed due to differences in scope of work.
SNA Standard Not Available

(a) Primary Drinking Water Standards

(b)  Secondary Drinking Water Standards

ZA-LE-001 was standing hiquid sampled on February 11, 1988
2A-LE-002 was sampled on February 11, 1988 immediately after standing hiquid was removed
2ZA-LE-003 was sampled on February 11, 1988 1 hour after standing hquid was removed

ZA LE-004 was sampied on November 29, 1988 immediately after standing hiquid was removed
ZA LE-005 was sampled on November 29, 1988 1 1/2 hours after manhole refilled

ZA-LE-006 was sampled on june 13, 1989 1 hour after standing hiquid was removed

ZA-LE-007 was sampled on June 13, 1989 2-1/2 hours after collecting ZA-LE-006
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TABLE 2-9
LEACHATE DIOXIN ANALYSES
FACILITY ZA
Samples (ppb)
Parameter
ZA-LE-001 2A-LE-002 ZA-LE-003 ZA-LE-004 ZA-LE-005 ZA-LE-006 ZA-LE-007

2,3,7,8-TCDD ND ND ND ND ND ND ND
TCDD-TOT ND ND ND ND ND ND ND
PeCDD ND ND ND ND ND ND ND
HXCDD ND ND ND ND ND ND ND
HPCDD 0.222 ND ND ND ND ND ND
OCDD 0.107 0.094 0.057 0.048 0.049 ND ND
2,3,7,8-TCDF ND ND ND ND ND ND ND
TCDF-TOT ND ND ND ND ND ND ND
PeCDF ND ND ND ND ND ND ND
HXCDF ND ND ND ND ND ND ND
HPCDF 0.076 NOD ND ND ND ND ND
OCDF ND ND ND ND ND ND ND
2,3,7,8-7CDDOY 2x 104 0.00 0.00 0.00 0.00 ND ND
equivalency ppb
ND  Not Detected.

Note: All Samples were collected from Manhole (1):

ZA-LE-001 was standing liquid sampled on February 11, 1988.
ZA-LE-002 was sampled on February 11, 1988 immediately after standing liquid was removed.
ZA-LE-003 was sampled on February 11, 1988 1 hour after standing liquid was removed.
ZA-LE-004 was sampled on November 29, 1988 immediately after standing liquid was removed.
ZA-LE-005 was sampled on November 29, 1988 1-1/2 hours after manhole refilled.
ZA-LE-006 was sampled on june 13, 1989 1 hour after standing liquid was removed.
ZA-LE-007 was sampled on June 13, 1989 2-1/2 hours after collecting 2A-LE-006.

() 2,3,7,8-TCDD Equivalency calculated using Toxicity Equivalency Factors currently recommended BY EPA (EPA, March 1987).
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TABLE 2-10

COMPARISON OF ASH EXTRACTS SEMIVOLATILE ANALYSES
WITH LEACHATE SEMIVOLATILE ANALYSES

RANGES OF CONCENTRATIONS
FACILITY ZA
Samples (ug/L)
Parameter
Deionized Water Extract Leachate
Benzoic¢ acid 130 ND
Phenol ND ND-32
3-Methyiphenol ND ND-6J
4-Methyiphenol ND ND-6J

ND Notdetected
J indicates approximate value because contaminants were detected at levels
below detection limits, but above the instrument detection limits.
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TABLE 2-11

COMPARISON OF ASH EXTRACTS METALS ANALYSES WIiTH LEACHATE METALS ANALYSES
RANGES OF CONCENTRATIONS
FACILITY ZA

Sampies (in ug/t)

Standards/Cntena {(in ug/t)

Parameter ooy | oraking | onmkng
CO, Extracts | DIH,0 Extracts | EP TOX Extracts | TCLP 1 Extracts | TCLP2Extracts | SAR Extracts Leachate() Allowable |Water Actte) | Water Act(d)

Limit MCLs SMCLs
Arsenic ND ND ND-31 ND ND ND 47-400 5,000 50 SNA
Banum 218-282 457-557 177-455 505-651 449-809 464-561 ND 100,000 1,000 SNA
Cadmium 63-108 ND-7.6 592-1,000 ND ND-695 ND ND-17 1,000 10 SNA
Chromuum ND-S 1 68-10 6-72 ND ND-20 ND-10 ND-32 5,000 S0 SNA
Copper 268-620 160-534 790-2,620 104-301 76-213 128-610 ND SNA SNA 1,000
iron 40-304 21-11S 14-21,700 6 6-46 20-75,400 ND 120-3,400 SNA SNA 300
Lead ND-40 1,960-3,410 94-11,300 ND-996 ND-174 1,740-3,940 8-54 5.000 50 SNA
Manganese 1,540-2,390 ND-20 2,450-4,030 ND-4 1 38-5,440 ND-2 8 310-4,600 SNA SNA 50
Mercury ND-155 ND 23-203 ND-3 8 ND-0 88 ND-0 81 ND 200 2 SNA
Selenium ND ND ND ND ND ND-23 24-340 1,000 10 SNA
Silver ND-16 ND ND ND ND ND ND 5,000 50 SNA
— e T | B | s | e | B | e | e | o |
Zinc 22,700-34,400 651-1,340 37,800-75,900 42-377 31-78,500 690-1,290 60-370 SNA SNA 5.000
Aluminum Oxtde 179-302 ND-195 ND-29,300 223-3,100 180-1,850 ND-166 700-920 SNA SNA SNA
e e |y | s | oen, | e | e | | |
Magnesium Oxide | 32,000-42,800 50-379 %‘39%% 74-400 623-66,900 1218 57:)'%%% SNA SNA SNA
e e [ | o | Gm | s | w | ] w |
Sihcon Dioxide 36,600-71,800 616-1,640 29,000-98,700 2,790-5,520 1,360-81,100 364-877 2,100-5,700 SNA SNA SNA

ND  Not Detected

SNA  Standard Not Available

{a)  Pumary Drinking Water Standards
(b) secondary Drinking Waier Standaids
() Results for aluminum, caloum, magnesium, polassium, and sihicon are for metals and not oxides
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TABLE 212
COMPARISON OF ASH EXTRACTS CONVENTIONAL ANALYSES WITH LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS
FACLITY ZA
Standards/Critenia (in mg/L)
Samples (in mg/L}
Parameter z:ﬁ:\ﬂg Safe Drinking | Safe Oninking
Water Actla) Water Act(b)
CO, Extracts | DiH O Extracts | EPTOX Extracts | TCIP1Extracts | TCLP2Extracts | SAR Extracts Leachate Allowable MCLs SMCLs
Limit
“:‘:‘W"""D'“"'e" 021-0 44 021-028 027-0 45 0220 38 ND-0 28 089-103 5335 SNA SNA SNA
Total Organic Carbon 239.642 153-435 2,210-2,520 2,040-2,340 2,200-2,400 128425 17 420 SNA SNA SNA
Chlonide 773-1,040 802-1,170 748-1,160 971-1,250 686-1,410 840-1,200 7,700-22,000 SNA SNA 250
sulfate 832-1,050 429-603 917-1,320 489-567 617-1,110 507-627 620-1,500 SNA SNA 250
Zé";‘;gfc’"”"’ed 3,920-4,890 2,890-4,220 8,090-11,800 | 8,820-10,700 | 9.230-11,100 2,970-4,420 13,700 41,000 SNA SNA 500
Total Alkalinity 1,240-1,630 908-1,590 1,250-2,630 2,390-3,060 2,130-3,350 856-1,710 44-120 SNA SNA SNA
Nitrate (as N) 013030 012020 011-0 21 013018 007016 304325 ND-0 2 SNA 10 SNA
Orthophosphate ND-0 09 ND ND-0 94 ND ND ND 018-12 SNA SNA SNA
Extract’s Initial pH 615625 1229-12 a8 12 08-12 31 1208-12 3} 1209-12 27 1208 1227 NA SNA SNA SNA
Extract’s Final pH 12251248 1224 1247 503697 11 23-1204 58/-1112 1204512 24 NA SNA SNA SNA

NA  Not analyzed due to differences in scope of work
ND  Not Detected

SNA Standard Not Available

(a) Pnmary Dnnking Water Standards.

(b)  Secondary Drinking Water Standards







3.0 FACILITY ZB FINDINGS

3.1 FACILITY ZB DESCRIPTION

Facility ZB consists of two mass-burn, water-wall boilers. Refuse is charged into the
boilers by front-end loaders, moves inside the boilers on grates, and is discharged
into an ash quench tank located below the boilers. Dry lime is added to the flue gas
where it is mixed with the fly ash. This mixture is then collected in baghouses and
mixed with the bottom ash for disposal. The steam generated at the facility is used
to generate electricity, which is sold to a local utility. The following details outline
the operational information for this facility.

Startup Date Early 1987.

Refuse Feed Rate: 75-100 tons/day/boiler.

Operating Temperature: 1,800° F.

Residence Time: Approximately 1/2 to 3/4 hour in the boiler, where

the grates can be slowed to allow wet loads more
time to dry out; approximately 20 minutes from ash
quench to ash pile.

Backup Fuel: Propane -- is used during start ups and shut downs.

Air Feed Information: Underfire air comes directly from the tipping floor
and is not preheated unless trash is very wet.
Overfire air comes from inside the boiler room and
is not preheated except by the heat buildup in the

building.

Air Feed Rate: Primary Air - 10,890 cubic feet/minute
Secondary Air - 5,900 cubic feet/minute

Grate Information: There are four zones on the grates: Drying Zone,

Burn Zone, Burn Down Zone, Cool Down Zone. The
speed of each zone can be maintained separately.
Refuse Feed Method: Refuse is dumped on the tipping floor, where new
refuse is mixed with old refuse with a front-end
loader. The front-end loader can only mix waste
near the working face of the pile. If the piles are
large (normal condition), the front-end loader

R339911 3-1



cannot effectively mix the refuse located on the
bottom of the pile away from the working face.
The front-end loader is also used to load the trash
into the feed hoppers. NUS personnel also observed
several trucks backing right up to the feed hoppers
and dumping the loads directly into the feed
hoppers or right in front of the hoppers. These
loads were fired directly into the boiler without any
mixing.

Trash Accepted: Residential (80%), commercial, and light industrial
(20%) waste generated in the surrounding
communities. No sewage sludge is accepted.

Normal Moisture

Content of Ash: 36-37 percent.

(As measured by the facility.)

Source of Ash Quench Water:  Ash Quench Water consists of water used to rinse
the ash bins; water draining from the ash; septic
system discharge; and blowdowns from cooling
tower and boiler.

Electricity Generated: 4.5 Megawatts/hour.

Electricity Used by Facility: 0.6 Megawatts/hour.

Ash-Handling Equipment

The bottom ash is discharged into one of two quench tanks that are equipped with
drag flight conveyors. The ash settles to the bottom of the quench tank and is
moved along by the drag flights. It then travels up an incline and is dumped into ash
bins (roll-off containers).

Dry lime is injected into the flue gas to neutralize any acidic gases. The lime-fly ash
mixture is collected in baghouses and transported back into the main building.
Phosphoric acid and water are mixed with the lime-fly ash mixture. The resulting
mixture is agglomerated and is then added to the bottom ash as the bottom ash
travels up the incline and before it is dumped into the ash bins.

The mixed ash is depasited in the ash bins in two piles. As the first pile reaches the
top of the bin, the ash conveyor is shut down so that the bin can be moved to start
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the second pile. Once the bins are full, the ash conveyor is again shut down so that
the bins can be switched. The bins are transported daily to the ash disposal facility.

The ash bins are equipped with drains so that some of the free moisture in the ash
can drain off. When the ash bins are switched, the drains on the full bins are capped,
the outside of the bin is washed off, and the full bin is moved into the yard. Once in
the yard, the ash is leveled off and covered with tarps. The ash conveyor is restarted
when the empty bin is in place and the caps on the drains are removed. This process
can take anywhere from 10 to 30 minutes. The fly ash is continually discharged onto
the incline of the drag conveyor during the changing of the ash bins.

The ash samples at Facility ZB were collected as the ash traveled up the inclined
portion of the drag conveyor, just after the fly ash was mixed with the bottom ash.
Each partial sample was collected from 1, 2, or 3 different flights, depending on the
quantity of ash present on the flights.

3.2 CHEMICAL CHARACTERIZATION OF ASH

Table 3-1 presents the results of the semivolatile analysis of the ash samples from
Facility ZB. The results in this table indicate that bis(2-ethylhexyl)phthalate was
detected in sample ZB-AH-001, the only sampie from this facility analyzed for the
Appendix IX semivolatiles. This compound appears to be the result of laboratory
contamination.

Table 3-2 presents the results of the polychlorinated dibenzo-p-dioxin and
polychlorinated dibenzofuran (PCDD/PCDF) analyses of sample ZB-AH-001. Toxicity
equivalency values were calculated according to EPA’s methodology (EPA,
March 1987) and are presented in this table. The data in this table indicate that the
PCDDs/PCDFs levels found in the ash are substantially below the Centers for Disease
Control (CDC) recommended upper level of 2,3,7,8-TCDD toxicity equivalency of
1 part per billion in residential soil (Kimbrough, 1984).

The results of the metals analyses for the ash from this facility are presented in

Table 3-3. The data in this table indicate that, except for barium, cadmium, copper,
and zinc, the results were fairly constant during the week of sampling.
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The results for the conventional analyses are presented in Table 3-4. The data in this
table indicate that, except for TOC, ammonia, chloride, sulfate, and total alkalinity,
the results were also fairly constant during the week.

33 CHEMICAL CHARACTERIZATION OF LEACHATES

The facility used for the disposal of ash from MWC Facility ZB is lined and is used
exclusively for the disposal of ash from Facility ZB.

The leachate sample (ZB-LE-001) from the ash disposal facility for MWC Facility ZB
was a grab sample coilected from a valve on the main leachate collection line. A
second sample (ZB-LE-002) was collected from the leak detection system located
under the primary liner.

No Appendix !X semivolatile compounds or PCDDs/PCDFs were detected in the
leachate sample from the ash disposal facility for MWC Facility ZB, or in the sample
from the leak detection system.

The results for the metals analysis of the leachate sample are shown in Table 3-5.
The data in this table indicate that none of the compounds exceeded the EP Toxicity
Maximum Allowable Limit. Although the leachate is not required to meet Drinking
Water Standards, a comparison of the leachate results with the Primary and
Secondary Drinking Water Standards established under the Safe Drinking Water Act
(EPA: BNA, June 1989 and EPA: BNA, October 1988) was made. This comparison
indicates that the majority of the metals results met these standards in the leachate.

Table 3-6 presents the results of the conventional analyses of the leachate sample
(ZB-LE-001). The TDS value was 40,600 mg/L and the pH of the leachate was 6.5.

The results for the metals analysis of the sample from the leak detection system
(ZB-LE-002) are shown in Table 3-7. The data in this table indicate that none of the
compounds exceeded the EP Toxicity Maximum Allowable Limit. Although this
water is not required to meet Drinking Water Standards, a comparison of the results
with the Primary and Secondary Drinking Water Standards established under the
Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA, October 1988) was
made. This comparison indicates that the results for all metals met these standards
in the sample from the leak detection system.
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Table 3-8 presents the results of the conventional analyses of the samples from the
leak detection system. The TDS value was 535mg/L and the pH of the sample
was 6.5.

The data in both Tables 3-7 and 3-8 indicate that the liner isintact and no leachate is
entering the leak detection system.

3.4 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS

No AppendixIX semivolatiie compounds or PCDDs/PCDFs were detected in the
composite sample from the deionized water extracts (SW-924) of the ash from MWC
Facility ZB.

Table 3-9 presents the range of results of the metals analyses of the ash extracts from
MWC Facility ZB and the results for the leachate sample from the ash fill serving this
facility. For comparison, this table also lists the EP Toxicity Maximum Allowable
Limits, and the Primary and Secondary Drinking Water Standards established under
the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA, October 1988).

The results presented in Table 3-9 indicate that the extracts from the EP toxicity, the
TCLP1, and the TCLP2 extraction techniques generally contain higher
concentrations of metals than the extracts produced by the other extraction
techniques. The data in this table also indicate that the extracts from the
CO; extraction technique generally contain iower concentrations of metals than the
extracts produced by the other extraction techniques.

For this facility, none of the extracts exceeded the EP Toxicity Maximum Allowable
Limits established in Section 261.24 of 40 CFR 261.

Although the ash extracts would not be required to meet Drinking Water Standards,
a comparison of the ash extract results with the Drinking Water Standards was
made. This comparison indicates that the majority of the metals results met these
standards.

Table 3-10 presents the range of results of the conventional analyses of the ash
extracts from MWC Facility ZB and the leachate sample from the ash fill serving this
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facility. For comparison, this table also lists the Primary Drinking Water standards for
nitrate, as well as the Secondary Drinking Water Standards for chloride, sulfate, and
Total Dissolved Solids (TDS). The data in this table indicate that the resuits for the
conventional compounds from the CO;, extraction technique are generally lower
than the results from the other extraction techniques.

R339911 3-6



TABLE 3-1

ASH SEMIVOLATILE RESULTS - SAMPLE ZB-AH-001
FACILITY ZB

Ash Sample Result
Parameter
(ng/kg)

Bis(2-ethylhexyl)phthalate 810JB

J Indicates approximate value because contaminants were detected
at levels below Method Detection Limits, but above the instrument
detection limit.

B8 Laboratory identified compound as not being detected
substantiailly above the level reported in laboratory blanks.
Laboratory may be the source of the compound.
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TABLE 3-2

ASH DIOXIN RESULTS - SAMPLE ZB-AH-001

FACILITY ZB
Ash Sample Result Toxicity Toxicity
PCDD/PCDF Homolog pg/g Equivalency Equivalent
(ppt) Factor(V) (ppt)
M
Other TCDD 351 0.01 3.51
1,2,3,7,8-PeCDD 118 0.5 59
Other PeCDD 759 0.005 3.80
-11,2,3,4,7,8-ch00 40 0.04 1.6
1,2,3,6,7,8-HxCDD 34 0.04 1.36
1,2,3,7,8,9-HxCDD 79 0.04 3.16
Other HxCDD 342 0.0004 0137
1,2,3,4,6,7,8-HpCDD 319 0.001 0.319
Other HpCDD 288 0.00001 0.00288
OcDD 544 0 0
2,3,7,8-TCDF 617 0.1 61.7
Other TCDF L 3,721 0.001 3.72
1,2,3,7,8-PeCDF 194 0.1 19.4
2,3,4,7,8-PeCDF 162 0.1 16.2
Other PeCDF 1,527 0.001 1.53
1,2,3,4,7 8-HxCDF 336 0.01 3.36
1,2,3,6,7,8-HxCDF 524 0.01 5.24
1,2,3,7,8,9-HxCDF 127 0.01 1.27
2,3,4,6,7,8-HxCDF 54 0.01 0.54
Other HyCDF 939 0.0001 0.0939
1,2,3,4,6,7,8-HpCDF 539 0.001 0.539
1,2,3,4,7,8,9-HpCDF 48 0.001 0.048
Other HpCDF 197 0.00001 0.00197
OCDF 243 0 0
Total Toxicity Equivalent 211 ppt

(1) Toxicity Equivalency Factors are EPA’s current recommended factors (EPA, March 1987).
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TABLE 3-3

ASH METALS ANALYSES

FACILITY ZB
Samples
Parameter
ZB-AH-001 ZB-AH-002 ZB-AH-003 ZB-AH-004 Z2B-AH-005
METALS (mg/kq) (mg/kg) (mg/kg) (ma/kg) (mgrkq)
Arsenic 28 45 31 56 54
Barium 484 322 1,000 260 283
Cadmium 52 152 64 57 58
Chromium 53 74 67 118 65
Copper 9,330 1,370 674 842 4,440
Iron 18,800 19,300 13,600 21,500 22,200
Lead 1,070 1,630 1,490 1,420 1,740
Manganese 508 559 622 846 515
Mercury 8.2 1" 7.7 8.0 12
Selenium 5.7 ND ND ND ND
Silver 6.9 9.4 6.0 10 5.4
Sodium 8,200 9,210 8,940 9,810 10,600
Zinc 8,580 6,480 4,360 15,800 6,450
METAL OXIDES (%) (%) (%) (%) (%)
Aluminum Oxide 8.46 10.3 9.35 9.26 739
Calcium Oxide 19.4 223 21.2 20.6 25.7
Magnesium Oxide 1.40 1.62 1.45 1.54 1.19
Potassium 0.941 0.827 0.938 0.912 0 866
Monoxide
Silicon Dioxide 28.9 22.1 29.4 28.2 19.0

ND Notdetected.
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TABLE 3-4

ASH CONVENTIONAL ANALYSES

FACILITY ZB
Sampies
Parameter Units
ZB-AH-001 | ZB-AH-002 | ZB-AH-003 } ZB-AH-004 ]| ZB-AH-005
pH S.U. 11.48 10.91 11.49 11.59 11.67
Moisture Content* % 4.5 5.1 2.7 38 88
TOC mgrkg 14,600 29,600 22,800 29,400 17,000
Total Sotuble Solids | mg/kg 36,700 65,800 44,000 45,300 55,300
Ammonia mg/kg 3.69 10.6 3.93 4 85 4.76
Nitrate mg/kg 2.65 2.75 1.45 209 2.87
Orthophosphate mg/kg ND ND ND ND NOD
Total Alkalinity mg/kg 4,520 1,590 5,150 6,650 6,320
Chloride ma/kg 18,600 44,200 19,500 28,000 31,400
Sulfate mg/kg 963 764 3,130 2,440 1,340
ND  Notdetected.
* Determined after samples were prepared.
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TABLE 3-5

LEACHATE METALS ANALYSES

FACILITY ZB
Sample (ug/l) Standards/Criteria (ug/L)
Parameter EP Toxicity Safe Drinking | Safe Drinking
ZB-LE-001 Maximum Water Act(a) Water Act(b)
Allowable Limit MCLs SMCLs
Arsenic ND 5,000 50 SNA
Barium 9,220 100,000 1,000 SNA
Cadmium 4.0 1,000 10 SNA
Calcium 8,390,000 SNA SNA SNA
Chromium ND 5,000 50 SNA
Copper 8.8 SNA SNA 1,000
Iron 840 SNA SNA 300
Lead ND 5,000 50 SNA
Magnesium 17,300 SNA SNA SNA
Manganese 17,600 SNA SNA 50
Mercury ND 200 2.0 SNA
Potassium 1,620,000 SNA SNA SNA
Selenium ND 1,000 10 SNA
Silicon 3,150 SNA SNA SNA
Silver ND 5,000 50 SNA
Sodium 2,450,000 SNA SNA SNA
Zinc 83 SNA SNA 5,000

ND Notdetected.

SNA Standard Not Availabie.
(a) Primary Drinking Water Standards.
(b)  Secondary Drinking Water Standards.
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TABLE 3-6

LEACHATE CONVENTIONAL ANALYSES

FACILITY ZB
Sample Standards/Criteria
Parameter Primary and Secondary
ZB-LE-001 Drinking Water Quality
Standards
Ammonia-Distilled (as N) 4.18 mg/L SNA
Organi¢ Carbon 30mg/L SNA
Temperature (field) 9°C SNA
Sulfate (5Q4) 171 mg/L 250 mg/L(b)
pH (field) 6.5 SNA
Solids, Dissolved @ 180°C 40,600 mg/L 500 mg/L{b)
Specn‘lc Conductance @ 25°C > 10,000 umhos/cm SNA
(field)
Total Alkalinity 65 mg/L SNA
Nitrate (as N) 0.45 mg/L 10 mg/L(a
Orthophosphate 0.01 mg/L SNA

SNA Standard Not Available.

(a) Primary Drinking Water Standards.
{b) Secondary Drinking Water Standards.




LEAK DETECTION SYSTEM SAMPLE METALS ANALYSES

TABLE 3-7

FACILITY ZB
Sample (ug/L) Standards/Criteria (ug/L)
Parameter EP Toxicity Safe Drinking | Safe Drinking
ZB-LE-002 Maximum Water Actfa) Water Act(b)
Allowable Limit MCLs SMCLs
Aluminum 19 SNA SNA SNA
Arsenic ND 5,000 50 SNA
Barium 64 100,000 1,000 SNA
Cadmium ND 1,000 10 SNA
Calcium 112,000 SNA SNA SNA
Chromium ND 5,000 50 SNA
Copper 5.4 SNA SNA 1,000
iron ND SNA SNA 300
Lead ND 5,000 50 SNA
Magnesium 15,700 SNA SNA SNA
Manganese 6.7 SNA SNA S0
Mercury ND 200 2.0 SNA
Potassium 10,900 SNA SNA SNA
Setenium ND 1,000 10 SNA
Silicon 3,590 SNA SNA SNA
Silver ND 5,000 50 SNA
Sodium 14,000 SNA SNA SNA
Zinc 75 SNA SNA 5,000

ND Notdetected.

SNA

Standard Not Available.

(a) Primary Drinking Water Standards.
(b)  Secondary Drinking Water Standards.
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TABLE 3-8

LEAK DETECTION SYSTEM SAMPLE CONVENTIONAL ANALYSES

FACILITY ZB
Sample Standards/Criteria
Parameter Primary and Secondary
ZB-LE-002 Drinking Water Quality
Standards

Ammonia-Distilled (as N) <0.05mg/L SNA
Organic Carbon 10.6 mg/L SNA
Temperature (field) 5°C SNA
Sulfate (SO4) 197 mg/L 250 mg/L(b)
pH (field) 6.5 SNA
Solids, Dissolved @ 180°C 535 mag/L 500 mg/L(b)
Specmc Conductance @ 25°C 880 umhos/cm SNA
(field)
Total Alkalinity 154 mg/L SNA
Nitrate (as N) 0.01 mg/L 10 mg/L(a)
Orthophosphate <0.01 mg/L SNA

(a)
(b}

SNA Standard Not Available.
Primary Drinking Water Standards.
Secondary Drinking Water Standards.
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TABLE 3-9

COMPARISON OF ASH EXTRACTS METALS ANALYSES WITH LEACHATE METALS ANALYSES
RANGES OF CONCENTRATIONS
FACILITY 28

Samples (in ug/L)

Standards/Critena (in pg/L)

Parameter E::x?r::.rt: Dr?:lineng Dr?:lileng
CO; Extracts | DI H,O Extracts | EP TOX Extracts | TCLP 1 Extracts § TCLP 2 Extracts | SAR Extracts Leachatelc) Allowable | Water Actie) | Water Act(b)
Limit MCLs SMCls .
Arsenic ND-53 ND ND ND ND ND ND 5,000 50 SNA
Banum 126-381 454-3,050 182-350 498-1,850 321-S511 1,150-3,960 9,220 100,000 1,000 SNA
Cadmium ND-9.2 ND 25-485 ND ND-833 ND 40 1,000 10 SNA
Chromium ND ND ND ND ND ND ND 5,000 S0 SNA
Copper 88-30 18-35 25-803 10-36 5 4-262 21-64 88 SNA SNA 1,000
fron ND ND ND ND ND-3,360 ND 840 SNA SNA 300
Lead ND ND-731 ND-19 ND ND ND-231 ND 5,000 50 SNA
Manganese ND-11 ND 250-1,790 ND-58 39-2,250 ND 17,600 SNA SNA 50
Mercury ND ND 0.73-98 ND-0.25 037-46 ND ND 200 2 SNA
Selenium ND ND ND ND ND ND ND 1,000 10 SNA
Silver ND ND ND ND ND ND ND 5,000 50 SNA
e | mm | mw | e | wew | e | seew | | w | wm
2inc 5-21 40-349 67-9,630 97-49 26-10,000 20-287 83 SNA SNA 5,000
Aluminum Oxide 4,990-90,700 161-48,400 ND-100 1,410-62,800 ND-7,760 102-102,000 ND SNA SNA SNA
Calciim Oxide Z;;gggb :;‘4’% 34';41%2%% 'z'gg%m zz%m 16,23'(?, st 8,390,000 SNA SNA SNA
Magnestum Oxide 207-24,600 21-68 70,400-130,000 55-920 12,400-137,000 17-65 17,300 SNA SNA SNA
Potassium Monoxide | 99,200-155,000 | |EB 00 185,000 763,000 167,000 181000 1,620,000 SNA sNA sNA
Silicon Dioxide 418-1,280 406-2,300 5,090-32,900 379-3,560 820-79,000 544-2,330 3,150 SNA SNA SNA

ND  Not Detected

SNA Standard Not Available

(a) Primary Diinking Water Standards
(b)  Secondary Drinking Water Standards
(<) Results for aluminum, calaum, magnesium, polassium, and sihicon are for metals and not uxides
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COMPARISON OF ASH EXTRACTS CONVENTIONAL ANALYSES WITH LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS

TABLE 3-10

FACILITY ZB

Samples (in mg/L)

Standards/Critena (in mgi)

Parameter E,"; Toxity Safe Drinking | %afe Dnnking
aximum .
Water Actia) } Water Ackiv)
€Oz Extracts | DIH;0Extracts | EPTOX Extracts { 1CLP 1 Extracts | TCLP 2 Extracts | SAR Extracts Leachate Allowable MCLs SMCLs
Limit
:;r;\':\)oma-Dtsmled NA 010-0 28 NA NA NA NA 418 SNA SNA SNA
Total Organic Carbon NA 3.37-6 52 NA NA NA 452115 300 SNA SNA SNA
Chlonde 1,080-2,930 1,070-3,040 1,020-3,440 1,340-3,500 1,270-2,720 NA NA SNA SNA 250
Sulfate 22 9-662 ND-119 556-950 44-524 674-1,110 NA 171 SNA SNA 250
solids, Dissolved NA 2,180-4,310 NA NA NA NA 40,600 SNA SNA 500
@ 180°C
Total Alkalhinity NA 285-996 NA NA NA NA 65 SNA SNA SNA
Nitrate (as N) 0 14-0 36 011-024 013-034 013-0 31 007-0 30 NA 045 SNA 10 SNA
Orthophosphate ND-0 01 NO 006-1 32 ND-0 01 0.01-175 ND ND-0 01 SNA SNA SNA
Extract’s Initial pH 551584 1178-1224 1183-1230 1178-12 24 117812 24 11 45-12 01 NA SNA SNA SNA
Extract’s final pH 9 39-10 61 1112-1248 577864 10 40-11 83 623953 10 83-12 42 NA SNA SNA SNA

NA  Not analyzed due to differences in scope of work

ND  Not Detected

SNA Standard Not Available

(a)  Primary Dninking Water Standards
(b)  Secondary Drinking Water Standards







4.0 FACILITY ZCFINDINGS

4.1 FACILITY ZC DESCRIPTION

Facility ZC consists of three mass-burn, water-wall boilers. Refuse is charged into the
boilers by overhead cranes, moves inside the boilers on grates, and is discharged into
ash quench units on the bottom of the boilers. Fly ash in the exhaust gas is collected
and mixed with the bottom ash for disposal. The steam generated at the facility is
used to generate electricity, which is sold to a local utility. The following details
provide operational information for this facility.

Startup Date:

Refuse Feed Rate:
Operating Temperature:
Residence Time:

Backup Fuel:

Air Temperature Into Furnace:
Air Feed Rate:

Refuse Feed Method:

Trash Accepted:

Source of Ash Quench Water:

Electricity Generated:
Electricity Used by Facility:

R339911

January 1987.

400 tons/day/boiler.

1,750-1,800° F.

Approximately 1-1/2 hours in boiler, where the
grates can be siowed to allow wet loads more time
todry out.

Natural gas - has only been used at start ups and
shutdowns.

Underfire air 380° F; overfire air not heated.
Varies--underfire air 40,000 cfm; overfire air
6,000 cfm.

Old and new refuse is mixed with an overhead
crane. Mixed refuse is loaded into boilers with the
overhead crane. Not much mixing was observed by
NUS personnel.

Any residential, commercial, or industrial waste
generated in the local community. No sewage
sludge is accepted. Some waste oil is disposed of at
the facility.

Ash quench water consists of effluent from a local
sewage treatment plant.

29 Megawatts/hour.

2-1/2 Megawatts/hour.
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Ash-Handling Equipment

The flue gas passes through electrostatic precipitators (ESPs), where the fly ash is
removed from the flue gases. The fly ash is then transported back to ash quench
reactors located at the bottom of each boiler, where it is mixed with the bottom ash.

The fly ash is mixed with the bottom ash in the ash quench reactors. From there, the
ash mixture is discharged onto a large shaker conveyor. It travels to a grizzly, where
large items are removed, is discharged onto a small shaker or pan conveyor, and is
then discharged onto an inclined conveyor belt. The ferrous material is removed at
the top of the conveyor beit by a rotating electromagnet. The ash falls from the
inclined belt onto a final shaker conveyor and then falls through one of two chutes
onto the ash pile. The ash is ioaded onto trucks for transportation to the ash fill. The
ferrous material is recycled after passing through a trommel, where small particles of
ash clinging to the metal are removed.

The ash samples at Facility ZC were collected from the final shaker conveyor after the
ferrous material was removed and before the ash passed through the chutes onto
the ash pile. The ash had a tendency to segregate itself at the top of the inclined
conveyor beit. The large particles came directly from the inclined conveyor and onto
the shaker conveyor, whereas the finer, wetter particles stuck to the belt and started
back down on the underside of the inclined conveyor. These finer particles were
scraped off the underside of the belt about 6 feet from the top of the conveyor. Ash
samples were collected both from the shaker conveyor and as the ash was scraped
off the bottom of the inclined conveyor.

During the first part of one day’s sampling, the samples were collected as the ash
came off the grizzly because the inclined conveyor was shut down for repairs. In
addition, the location of the sampling point on the final shaker conveyor changed as
the facility changed the chutes being used to deposit the ash on the ash pile.

4.2 CHEMICAL CHARACTERIZATION OF ASH
Table 4-1 presents the results of the semivolatile analysis of the ash samples from

Facility ZC. The data in this table indicate that bis(2-ethylhexyl)phthalate and
di-n-butyl phthalate were detected in sample ZC-AH-003, the only sample from this
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facility analyzed for the Appendix IX semivolatiles. These compounds appear to be
the result of laboratory contamination.

Table 4-2 presents the results of the polychlorinated dibenzo-p-dioxin and
polychlorinated dibenzofuran (PCDD/PCDF) analyses of sample ZC-AH-003. Toxicity
equivaiency values were calculated according to EPA’s methodology (EPA,
March 1987) and are presented in this table. The data in this table indicate that the
PCDDs/PCDFs levels found in the ash are substantially below the Centers for Disease
Control (CDC) recommended upper level of 2,3,7,8-TCDD toxicity equivalency of
1 part per billion in residential soil (Kimbrough, 1984).

The resuits of the metals analyses for the ash from this facility are presented in
Table 4-3. The data in thistable indicate that, except for copper and manganese, the
results were fairly constant during the week of sampling.

The results for the conventional analyses are presented.in Table 4-4. The data in this
tabie indicate that, except for nitrate, and total alkalinity, the results were also fairly
constant during the week.

4.3 CHEMICAL CHARACTERIZATION OF LEACHATES

The facility used for the disposal of ash from MWC Facility ZC is lined and is also used
for the disposal of ash from a different MWC facility. In addition, municipal waste in
excess of the capacity of the MWC facilities is disposed of at this ash disposal facility.
Of the ash disposed of at this facility, two-thirds of it comes from MWC Facility ZC.
The two leachate samples from the ash disposal facility for MWC Facility ZC were two
grab samples collected from the same leachate collection sump.

No Appendix !X semivolatile compounds or PCDDs/PCDFs were detected in the
leachate samples from the ash disposal facility for MWC Facility Z2C.

The results for the metals analysis of the leachate samples are shown in Table 4-5.
The data in this table indicate that none of the compounds exceeded the EP Toxicity
Maximum Allowable Limit. Although the leachates are not required to meet
Drinking Water Standards, a comparison of the leachate results with the Primary and
Secondary Drinking Water Standards established under the Safe Drinking Water Act
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(EPA: BNA, June 1989 and EPA: BNA, October 1988) was made. This comparison
indicates that the results for all but manganese met these standards in the leachate.

Table 4-6 presents the results of the conventional analyses of the leachate samples.
TDS values ranged from 924 mg/L to 932 mg/L, and the pH of the leachate was 6.9.

4.4 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS

No Appendix IX semivolatile compounds er PCDDs/PCDFs were detected in the
composite sample from the deionized water extracts (SW-924) of the ash from MWC
Facility ZC.

Table 4-7 presents the range of results of the metals analyses of the ash extracts from
MWC Facility ZC and the range of results for the leachate samples for the ash fill
serving this facility. For comparison, this table also lists the EP Toxicity Maximum
Allowable Limits, and the Primary and Secondary Drinking Water Standards
established under the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA,
October 1988).

The results presented in Table 4-7 indicate that the extracts from the EP Toxicity, the
TCLP 1, and the TCLP2 extraction techniques generally contain higher metal
concentrations than the extracts produced by the other extraction techniques. The
data in this table also indicate that the extracts from the deionized water extraction
technique (SW-924) and the SAR extraction technique generally contain lower metal
concentrations than the extracts produced by the other extraction techniques.

For this facility, the extracts from the EP Toxicity, as well as the TCLP 2 extraction
techniques, exceeded the EP Toxicity Maximum Allowable Limits established in
Section 261.24 of 40 CFR 261 for cadmium and lead, whereas the extracts from the
TCLP 1 extraction technique exceeded the EP Toxicity Maximum Allowable Limits
only for cadmium.

Although the ash extracts would not be required to meet Drinking Water Standards,
a comparison of the ash extract results with the Drinking Water Standards was
made. This comparison indicates that the majority of the metals results met these
standards.
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Table 4-8 presents the range of results of the conventional analyses of the ash
extracts from MWC Facility ZC and the range of results for the leachate samples from
the ash fill serving this facility. For comparison, this table also lists the Primary
Drinking Water Standards for nitrate, as well as the Secondary Drinking Water
Standards for chloride, sulfate, and Total Dissolved Solids (TDS).
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TABLE 4-1

ASH SEMIVOLATILE RESULTS - SAMPLE ZC-AH-003
FACILITY ZC

Ash Sampie Result
Parameter (ug/kg)

Bis(2-ethylhexyl)phthalate 3108

Di-n-butyl phthalate 400.8

J Indicates approximate value because contaminants were
detected at levels below Method Detection Limits, but above
the instrument detection fimits.

B Laboratory identified compound as not being detected
substantially above the level reported in laboratory blanks
Laboratory may be the source of the compound.
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TABLE 4-2

ASH DIOXIN RESULTS - SAMPLE ZC-AH-003

FACILITY ZC
Ash Sample Result Toxicity Toxicity
PCDOD/PCDF Homolog po/g Equivalency Equivalent
(ppt) Factor(!) (ppt)
M
Other TCDD 281 0.01 2.81
TZ,3,7,8-PeCDD 71 0.5 355
Other PeCDD 1,051 0.005 5.26
[23a78maon | 6 | oo4 264
1,2,3,6,7,8-HxCDD 90 0.04 36
1,2,3,7,8,9-HyCDD 120 0.04 4.8
Other HyCDD 925 0.0004 0.37
1,2,3,4,6,7,8-HpCDD 1,849 0.001 185
Other HpCDD 1,511 0.00001 0.0151
ocDDo 6,906 0 0
2,3,7,8-TCDF 236 0.1 236
Other TCDF 1,208 0.001 121
1,2,3,7,8-PeCDF 64 0.1 6.4
2,3,4,7,8-PeCDF 56 0.1 5.6
Other PeCDF 607 0.001 0.607
1,2,3,4,7,8-HxCDF 218 0.01 2.18
1,2,3,6,7,8-HxCDF 279 0.01 2.79
1,2,3,7,8,9-HxCDF 193 0.01 1.93
2,3,4,6,7,8-HyCDF 70 0.01 0.70
Other HxCDF 635 0.0001 0.0635
1,2,3,4,6,7,8-HpCDF 653 0.001 0.653
1,2,3,4,7,8,9-HpCDF 83 0.001 0.083
Other HpCDF 254 0.00001 0.00254
OCDF 563 0 0
Total Toxicity Equivalent 119 ppt

(M Toxicity Equivalency Factors are EPA’s current recommended factors, (EPA, March 1987).
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TABLE 4-3

ASH METALS ANALYSES
FACILITY 2C
Samples
Parameter
ZC-AH-001 ZC-AH-002 ZC-AH-003 2C-AH-004 ZC-AH-005

METALS (ma/kg) (mg/kg) (mg/kg) (mg/kq) (ma/kg)
Arsenic 31 36 30 28 29
Barium 213 193 248 314 331
Cadmium 42 49 52 47 48
Chromium 51 53 57 45 48
Copper 1,150 524 4,470 758 547
fron 21,300 20,000 23,500 22,100 25,000
Lead 2,380 2,580 1,760 2,630 1,710
Manganese 1,200 826 898 565 518
Mercury 1.8 1.1 2.3 3.2 17
Selenium ND ND ND ND ND
Silver 8.8 12 5.8 5.6 6.0
Sodium 8,630 8,940 7,940 8,040 7,370
Zinc 4,660 7,170 4,390 4,180 4,110
METAL OXIDES (%) (%) (%) (%) (%)
Aluminum Oxide 8.64 7.98 6.67 6.65 5.93
Calcium Oxide 9.7 11.4 10.8 10.3 10.6
Magnesium Oxide 1.02 1147 13 1.08 .11
Potassium 0.875 1.07 1.04 1.03 0.992
Monoxide

Silicon Dioxide 62.9 538 48.4 57.0 495

ND  Notdetected.
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TABLE 4-4

ASH CONVENTIONAL ANALYSES

FACILITY ZC
Sampiles
Parameter Units

ZC-AH-001 | 2C-AH-002 | ZC-AH-003 | ZC-AH-004 | ZC-AH-005
pH S.U. 11.75 11.82 11.58 11.82 1174
Moisture Content* % 1.0 1.5 20 0.6 14
TOC mg/kg 9,020 12,300 14,100 9,830 17,800
Total Soluble Solids | mg/kg 24,600 22,000 23,600 23,000 26,100
Ammonia mg/kg 1.49 1.86 1.40 133 2.10
Nitrate mag/kg 6.46 0.1 0.09 0.14 0.28
Orthophosphate mag/kg ND ND ND ND ND
Total Alkalinity mag/kg 2,690 2,970 1,210 2,840 3,040
Chloride mg/kg 5,180 3,870 4,180 5.860 5.280
Suifate mag/kg 7,870 5.900 7,400 9,060 10,300

ND Notdetected.

*Determined after samples were prepared.

R339911
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LEACHATE METALS ANALYSES

TABLE 4-5

FACILITY 2C
Samples (ug/L) Standards/Criteria (ng/L)
Parameter
EP Toxicity Safe Drinking Safe Drinking
ZC-LE-001 2C-LE-002 Maximum Water Act(a) Water Act(b)
Allowable Limit MCLs SMCLs
Arsenic ND ND 5,000 50 SNA
Barium 7.8 8.0 100,000 1,000 SNA
Cadmium ND ND 1,000 10 SNA
Calcium 64,600 65,800 SNA SNA SNA
Chromium ND ND 5,000 50 SNA
Copper ND ND SNA SNA 1,000
iron 108 115 SNA SNA 300
Lead ND 34 5,000 50 SNA
Magnesium 22,600 23,000 SNA SNA SNA
Manganese 493 501 SNA SNA 50
Mercury ND ND 200 2.0 SNA
Potassium 79,700 81,200 SNA SNA SNA
Selenium ND ND 1,000 10 SNA
Silicon 4,570 4,840 SNA SNA SNA
Silver ND ND 5,000 50 SNA
Sodium 188,000 191,000 SNA SNA SNA
Zinc 13 9.0 SNA SNA 5,000

ND  Notdetected.

SNA Standard Not Available.

(a) Primary Drinking Water Standards.
(o) Secondary Drinking Water Standards.
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TABLE 4-6

LEACHATE CONVENTIONAL ANALYSES

FACILITY ZC
Samples Standards/Criteria
Parameter
Primary and Secondary
ZC-LE-001 ZC-LE-002 Drinking Water Quality
Standards
Ammonia-Distilled (as N) 68.2 mg/L 77.4 mg/L SNA
Organic Carbon 47.2 mg/L 49.3 mg/L SNA
Temperature (field) 21°C NA SNA
Suifate (504) 14.5 mg/L 14.4 mg/L 250 mg/Lb)
pH (field) 6.9 NA SNA
Solids, Dissolved @ 180°C 924 mg/L 932 mg/L 500 b
(Sf?:fé;ic Conductance @25°C | 4 594, mhosicm NA SNA
Total Alkalinity 560 mg/L 566 mg/L SNA
Nitrate (as N) 0.40 mg/L 0.41 mg/L 10 mg/L(a)
Orthophosphate <0.01 mg/L <0.0Y mg/L SNA

NA Not analyzed a second time. Temperature, specific conductance, and pH were only
measured once in the field.

SNA Standard Not Available.

Q) Primary Drinking Water Standards.

(b)  Secondary Drinking Water Standards.
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TABLE &4-7

COMPARISON OF ASH EXTRACTS METALS ANALYSES WITH LEACHATE METALS ANALYSES

RANGES OF CONCENTRATIONS
FACILITY ZC
Samples (10 ug/L) Standards/Critenia (in pg/L)
Parameter f\:’arx?::«(:r:? Dl?::?ng Dnszzleng
CO, Extracts | DIH,OExtracts | EP TOX Extracts | 1CLP 1 Extracts | TCLP 2 Extracts § SAR Extracts Leachatetd Allowable | Water Acile) | Water Actib)

Lumit MCLs SMCLs
Assenic ND ND-45 ND-22 ND ND-60 ND ND 5.000 S0 SNA
Barium 148-245 139-192 23-198 197-275 *+12-223 129-182 7880 100,000 1,000 SNA
Cadmium 30-110 ND 897-1,200 646-1,020 758-1,380 ND-6 0 ND 1,000 10 SNA
Chromium 6898 86-16 36-72 5680 162-265 59.83 ND 5,000 50 SNA
Copper 33-146 12-46 929-2,300 50-291 41-1,200 8536 ND SNA SNA 1,000
lron ND-33 ND-14 3,160-24,300 ND-113 14,400-46,300 ND-97 108-115 SNA SNA 300
1 ead 44-159 ND-53 5,180-10,400 337-2,960 8,090-11,700 ND-201 ND 34 5,000 50 SNA
Manganese 788-1,420 ND-20 2,600-8,540 1,900-5,170 2,750-7,370 ND-6 4 493-501 SNA SNA 50
Mercury ND ND-0 32 ND-0 67 ND-0 49 032044 ND-11 ND 200 2 SNA
Selenum ND ND ND ND ND ND ND 1,000 10 SNA
Silver ND ND ND ND ND ND ND 5,000 50 SNA
Soduum veeooo | asos | smod | vesooo | oo | vecos | arods
2inc 4,370-127,000 37-270 57,000-80,100 | 24,300-47,400 | 51,900-94,400 30-132 9-13 SNA SNA 5,000
Aluminum Oxide 70-106 50,400-203,000 | 20,000-34,500 ND-1,320 98,200-118,000 | 74,500-118,000 ND SNA SNA
Calaum Oxide 6725'9"%%% "‘;'3%% "36%%%% '1'3'3%%00% '1',582%,%% ',';29'2)%%’ 64,600-65,800 SNA SNA SNA
Magnesium Oxide 23,200-34,700 42-318 47,800-63,000 | 39,400-375,000 | 59,700-83,600 49-430 22,600-23,000 SNA SNA SNA
Potassium Monoxide | |00 ' '52%?)% "'2‘;%%% 83,200-134.000 ,?""3?&0 'f;‘é‘%%% 79,700-81,200 SNA SNA SNA
Sihcon Dioxde 20,000-34,500 503-1,560 20,900-79,000 | 22,400-51,700 | 7.170-48,700 518-1.410 4,570-4,840 SNA SNA SNA

ND  Not Detected
SNA

Standard Not Avaitable

{a) Pramary Danbing Water Standards
(L) Secondary Dunking Water Standuards
() Results Hor sluwmnum walcum, moagnesivm, potassium, and silicon are 1or metals aind not oxides
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COMPARISON OF ASH EXTRACTS CONVENTIONAL ANALYSES WITH LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS

TABLE 4-8

FAQUITY ZC
Standards/Crtena (in mg/t)
Samples (in my/L)
EP Toxiaity
Patameter M " Safe Dankang | Safe Danking
aximus Water Acté@ | water Act®)
CO, bxtracts DiH,O kxtracts | £P TOX Latracts | 1CLP | Extracts | TCLP 2 Extracts SAR Extracts Leachate Allowable MCLs SMCLs
Limit

Al -

(d's":‘)"""’ Distiied 012019 016-024 0190 30 015-0 19 0180 32 28302 682.774 SNA SNA SNA
Total Qegani< Carbon NA 451-735 NA NA ‘NA 258554 47 2-49 3 SNA SNA SNA
Chloride 173-195 181-230 183-226 189-255 196-281 NA NA SNA SNA 250
Sulttate 587-717 187-448 727-1,650 585-984 536 1,140 NA 144145 SNA SNA 250
solids, Dissolved NA 1.050-1,320 NA NA NA NA 924-932 SNA SNA 500

@ 180°C

Total Alkahinity NA 228-696 NA NA NA NA 560-566 SNA SNA SNA
Nitrate (as N) 007159 006-094 031-0Nn 0251133 008-15 3 NA 0400 41 SNA 10 SNA
Orthophosphate ND-0 02 NOD-0 01 ND-0 22 ND-0 01 079-204 ND-0 01 ND SNA SNA SNA
Extract’s gl pH 574-593 1052-1070 10 63-10 84 4 86-5 01 328364 10 20-10 41 NA SNA SNA SNA
Extract’s Final pH 668-6 99 10 28-10 60 497-502 599-700 463479 10 25-10 63 NA SNA SNA SNA

NA  Not analyzed due to differences in scope of work
ND  Not Detected

SNA Standard Not Available

(a) Pumary Drinking Water Standards

(b)  Secondary Drinking Water Standards







5.0 FACILITY ZD FINDINGS

5.1 FACILITY ZD DESCRIPTION

Facility ZD consists of two mass-burn, water-wall boilers. Refuse is charged into the
boiler by overhead cranes, moves inside the boilers on grates, and is discharged into
an ash quench tank located below the boilers. Fly ash in the exhaust gas is collected
and mixed with the bottom ash for disposal. The steam generated by the facility is
used to generate electricity, which is sold to a local utility. The following details
outline operational information for this facility.

Refuse Feed Rate: 750 tons/day/boiler.
Operating Temperature: 2,400-2,600° F.
Residence Time: Approximately 45 minutes in boiler where the

grates can be slowed to allow wet loads more time
to dry out; approximately 10 minutes from ash
quench to ash pile.

Backup Fuel: None.

Air Feed Information: Primary air comes from the charging floor and
tipping floor. Secondary air comes from outside the
building. Neither is preheated.

Refuse Feed Method: Refuse is dumped on the tipping floor. The tipping
floor is covered, but is not totally enclosed. Old and
new waste is mixed with an overhead crane. Mixing
of the waste did not appear to be done frequently.
The overhead crane loads the waste into the feed
hopper on the boiiers.

Trash Accepted: Residential (90%) and commercial/light industrial
(10%) waste generated in surrounding
communities. No sewage sludge, pathological,
hazardous, biological, dental, or liquid wastes are
accepted.

Source of Ash Quench Water: Ash quench water consists of blowdowns from
cooling tower and boiler and cooling water. City
water is used as makeup water.
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Ash-Handling Equipment

The bottom ash is discharged into one of two quench tanks, which are equipped
with drag flight conveyors. The ash settles to the bottom of the quench tank and 1s
moved along by the drag flights, then travels up an incline, and is discharged into a
trommel with 3-inch openings. The material that is larger than 3inches in size
travels through the trommel and is deposited in a truck. This material is then sent to
an onsite magnetic separator, where the ferrous metal is removed. Any remaining
material is added to the waste in the receiving trench and is sent back through the
incinerator. The material that is smaller than 3 inches in size drops through the
trommel onto a vibrating conveyor. A rotating magnet is used to remove the ferrous
material. All other material is deposited in a truck for disposal in the ash fill.

The fly ash is removed from the exhaust gas by electrostatic precipitators (ESPs) and
is mixed with the bottom ash in the quench tanks. The drag flights are shut down
when trucks are being switched.

The ash samples at Facility ZD were collected from the vibrating conveyor just after
the electromagnet removed the ferrous material and just before the ash was
deposited in the truck used to transport it to the ash disposal facility. This MWC
facility had two ash conveyors that it could use to move the ash from the ash quench
tanks to the ash trucks. All of the samples were collected from just one ash conveyor.

5.2 CHEMICAL CHARACTERIZATION OF ASH

Table 5-1 presents the results of the semivolatile analysis of the ash samples from
Facility ZD. The data in this table indicate that some phthalates were detected in
sample ZD-AH-003, the only sample from this facility analyzed for the Appendix IX
semivolatiles. These compounds appear to be the result of laboratory
contamination. The data also indicate that low levels of phenanthrene (310 ppb)
and fluoranthene (170 ppb) were detected in sample ZD-AH-003. Phenanthrene and
fluoranthene are polynuclear aromatic hydrocarbons (PAHs) and are common
products of the combustion of organic material.

Table 5-2 presents the results of the polychlorinated dibenzo-p-dioxin and
polychlorinated dibenzofuran (PCDD/PCDF) analyses of sample ZD-AH-003. Toxicity
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equivalency values were calculated using EPA’s methodology (EPA, March 1987) and
are presented in this table. The data in this table indicate that the PCDDs/PCDFs
levels found in the ash are below the Centers for Disease Control (CDCQ)
recommended upper level of 2,3,7,8-TCDD toxicity equivalency of 1 part per billion
in residential soil (Kimbrough, 1984).

The results of the metals analyses for the ash from this facility are presented in
Table 5-3. The data in this table indicate that, except for chromium, copper, lead,
and zinc, the results were fairly constant during the week of sampling.

The results for the conventional analyses are presented in Table 5-4. The data in this
table indicate that, except for TOC, nitrate, sulfate, and chloride, the results were
also fairly constant during the week the samples were collected.

53 CHEMICAL CHARACTERIZATION OF LEACHATES

The facility used for the disposal of ash from MWC Facility ZD is unlined and is used
exclusively for the disposal of ash from Facility ZD. The leachate samples from the
ash disposal facility for MWC Facility ZD were grab samples collected from shallow
water quality lysimeters installed in the ash fill after the ash had been placed.
Samples ZD-LE-001 and ZD-LE-003 were collected from the same lysimeter in an area
of more recently disposed ash. Sample ZD-LE-002 was collected from a lysimeter in
an area of older ash. Figure5-1 gives a general description of the lysimeter's
construction.

No AppendixIX semivolatile compounds or PCDDs/PCDFs were detected in the
leachate samples from the ash disposal facility for MWC Facility ZD.

The results for the metals analysis of the leachate samples are shown in Table 5-5.
The data in this table indicate that the results for all three samples are generally
consistent. However, the resuits for ZD-LE-002, which was collected in an area of
older ash, are generally lower than the results for the other two samples.
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NOTE: ILLUSTRATION NOT TO SCALE
THICKNESS
WATER | 1oTALDEPTH | BENTONITE THICKNESS | THICKNESS OF
QUALITY BENTONITE OTTAWA
BELOW GRADE| CEMENT
LYSIMETER (Feet) CROUT SEAL SAND
1D (Feet) (Feet) (Feet)
B-3A 9.5 2.25 2.25 5.0
C-1AA 10.5 4.0 2.25 4.25
C-4A 10.0 3.5 2.0 45
E-1A 10.25 3.75 2.0 45

FIGURE 5-1
WATER QUALITY LYSIMETER INSTALLATION DETAIL
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The data in Table 5-5 also indicate that none of the metals exceeded the EP Toxicity
Maximum Allowable Limits. Although the leachates are not required to meet
Drinking Water Standards, a comparison of the leachate resuits with the Primary and
Secondary Drinking Water Standards established under the Safe Drinking Water Act
(EPA: BNA, June 1989 and EPA: BNA, October 1988) was made. This comparison
indicates that the results for all but iron and manganese met these standards.

Table 5-6 presents the results of the conventional analyses of the leachate samples.
TDS values ranged from 8,030 mg/L to 13,000 mg/L.

54 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS

No PCDDs/PCDFs were detected in the composite sample from the deionized water
extracts of the ash from MW(C Facility ZD.

Table 5-7 presents the results of the AppendixIX semivolatile analysis of the
composite sample from the deionized water extract of the ash from MWC
Facility ZD. Benzoic acid (26 ppb) was the only Appendix IX semivolatile compound
found in this composite sample. This table also indicates that no AppendixIX
semivolatile compounds were detected in the leachate samples from the ash fill
serving this facility.

Table 5-8 presents the range of results of the metals analyses of the ash extracts from
MWC Facility ZD and the range of results of the leachate samples from the ash fill
serving this facility. For comparison, this table also lists the EP Toxicity Maximum
Allowable Limits, and the Primary and Secondary Drinking Water Standards
established under the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA,
October 1988).

The results presented in Table 5-8 indicate that the extracts from the EP Toxicity, the
TCLP1, and the TCLP2 extraction techniques generally contain higher
concentrations of metals than the extracts produced by the other extraction
techniques. For this facility, the extracts from the EP toxicity, the TCLP 1, and the
TCLP 2 extraction techniques exceeded the EP Toxicity Maximum Allowable Limits
established in Section 261.24 of 40 CFR 261 for cadmium and lead.
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Although the ash extracts would not be required to meet Drinking Water Standards,
a comparison of the ash extract results with the Drinking Water Standards was
made. This comparison indicates that the majority of the metals results met these
standards.

Table 5-9 presents the range of results of the conventional analyses of the ash
extracts from MWC Facility ZD and the leachate samples from the ash fill serving this
facility. For comparison, this table also lists the Primary Drinking Water Standards
for nitrate, as well as the Secondary Drinking Water Standards for chloride, sulfate,
and Total Dissolved Solids (TDS).
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TABLE 5-1

ASH SEMIVOLATILE RESULTS - SAMPLE ZD-AH-003

FACILITY ZD
Parameter Ash Sa(r;g%egl;esult
Bis(2-ethythexyi)phthalate 390.8
Di-n-butyi phthalate 270184
Fluoranthene 1704
Phenanthrene 310)

Indicates approximate value because contaminants were
detected at levels below Method Detection Limits, but above
the instrument detection limit.

Laboratory identified compound as not being detected
substantially above the level reported in laboratory blanks.
Laboratory may be the source of the compound.

Compound was identified during data validation as not being
detected substantially above the level reported in the
laboratory blanks. Laboratory may be the source of the
contamination.



TABLE 5-2

ASH DIOXIN RESULTS - SAMPLE ZD-AH-003

FACILITY ZD
Ash Sampie Result Toxicity Toxicity
PCDD/PCDF Homolog po/g Equivalency Equivalent
(ppt) Factor(!) (ppt)

2,3,7,8-TCDD 35 1.0 35
Other TCDD 541 0.01 5.41
1,2,3,7,8-PeCDD ND 0.5 0
Other PeCDD 1,910 0.00S 955
1,2,3,4,7,8-H,CDD 86 0.04 344
1,2,3,6,7,8-HxCDD 148 0.04 592
1,2,3,7,8,9-HxCDD 194 0.04 776
Other HyCDD 853 0.0004 034
1,2,3,4,6,7,8-HpCDD 1,555 0.001 156
Other HpCDD 1,384 0.00001 00138
ocDD 4,519 0 0
2,3,7,8-TCDF 626 0.4 626
Other TCDF 2,633 0.001 263
Tk

1,2,3,7,8-PeCDF 151 041 151
2,3,4,7,8-PeCDF 171 0.1 17
Other PeCDF 1,736 0.001 174
1,2,3,4,7,8-HyCDF 654 0.01 6.54
1,2,3,6,7,8-HyCDF 660 0.01 6.60
1,2,3,7,8,9-HxCDF 479 0.01 4.79
2,3,4,6,7,8-HxCDF 124 0.01 1.24
Other HyCDF 1,686 0.0001 0169
1.2,3,4,6,7,8-HpCDF 1,842 0.001 184
1,2,3,4,7,8,9-HpCDF 119 0.001 0.119
Other HpCDF 384 0.00001 0.00384
OCDF 893 0 0
Total Toxicity Equivalent 189 ppt

ND - Not detected below 221 pg/g.

{()Toxicity Equivalency Factors are EPA’s current recommended factors (EPA, March 1987).
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TABLE 5-3

ASH METALS ANALYSES
FACILITY ZD
Samples
Parameter I Y
ZD-AH-001 ZD-AH-002 ZD-AH-003 | ZE-AH-004 | ZD-AH-005

METALS (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mgrkg)
Arsenic 30 54 43 44 36
Barium 411 440 545 434 432
Cadmium 51 66 69 42 39
Chromium 87 199 70 54 52
Copper 1,050 960 1,490 959 1,800
iron 34,600 37,100 27,400 31,100 22,900
Lead 4,090 5,040 2,980 2,860 22,400
Manganese 574 609 618 9365 636
Mercury 0.91 1.5 2.1 0.55 0.97
Selenium 29 ND 3.1 39 3.2
Silver 7.5 9.4 1" 6.3 7.6
Sodium 6,050 6,480 6,500 6,100 5,890
Zinc 5,660 6,560 8,000 4,930 4,260
METAL OXIDES (%) (%) (%) (%) (%)
Aluminum Oxide 12 12 13 99 11
Calcium Oxide 11 1" 10 12 1
Magnesium Oxide 2.0 1.9 2.2 2.2 18
Potassium 1.4 1 0.79 101 0.98
Silicon Dioxide 35 37 35 32 36

ND Notdetected.
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TABLE 5-4

ASH CONVENTIONAL ANALYSES

FACILITY 2D
Samples
Parameter Units
ZD-AH-001 § ZD-AH-002 | ZD-AH-003 | ZD-AH-004 | ZD-AH-005

pH S.U. 10.69 10.60 10.51 10.36 10.46
Moisture Content* % 04 16 1.2 1.2 0.9
ToC mg/kg | 25,800 30,000 52,100 11,400 53,200
Total Soluble Solids | mgrkg 6,850 13,200 6,440 8,740 7,150
Ammonia mg/kg 1.00 104 1.02 0.90 1.08
Nitrate mg/kg 1.59 1.14 0.44 0.96 0.72
Orthophosphate mag/kg ND 0.05 0.05 0.05 0.05
Total Alkalinity mg/kg 852 558 786 852 922
Chioride mg/kg 1,270 2,190 766 854 869
Sulfate mg/kg 2,220 5,580 1,680 2,360 1,800
ND  Notdetected.

»

R339911
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TABLE 5-5
LEACHATE METALS ANALYSES
FACILITY ZD
Standards/Criteria (ug/L)
Samples (ug/L)
Parameter i:;:;;;‘z safe Drinking | Safe Drinking
Water Act(a) Water Act(b)
ZD-LE-001 ZD-LE-002 ZD-LE-003 Allowable MCLs SMCLs
Limit

W ND ND ND SNA SNA SNA
Arsenic ND ND ND 5,000 50 SNA
Barium 40 18 38 100,000 1,000 SNA
Cadmium ND ND ND 1,000 10 SNA
Calcium 477,000 386,000 470,000 SNA SNA SNA
Chromium ND ND ND 5,000 50 SNA
Copper 12 46 73 SNA SNA 1,000
iron 187 523 21 SNA SNA 300
Lead ND ND ND 5,000 50 SNA
Magnesium 345,000 367,000 340,000 SNA SNA SNA
Manganese 795 718 857 SNA SNA 50
Mercury ND ND ND 200 0.2 SNA
Potassium 636,000 229,000 632,000 SNA SNA SNA
Selenium ND ND ND 1,000 10 SNA
Silicon 15,300 8,760 14,900 SNA SNA SNA
Silver ND ND ND 5.000 50 SNA
Sodium 2,480,000 1,340,000 2,580,000 SNA SNA SNA
Zinc 87 ND 52 SNA NA 5.000
ND  Notdetected (a) Primary Drinking Water Standards

SNA  Standard Not Available (b)  Secondary Drinking Water Standards
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TABLE 5-6

LEACHATE CONVENTIONAL ANALYSES

FACIUTY 2D
Standards/Criteria
Samples
Parameter Primary and
Secondary Drinking
ZD-LE-001 ZD-LE-002 ZD-LE-003 Water Quality
Standards
Ammonia-Distilted (as N) 4.38 mg/L 28 4 mgiL NA(2) SNA
Organic Carbon 288 mg/L 30.7 mg/L NA(2) SNA
Temperature (field) 30°C 19°C 30°C SNA
Sulfate (50,) 4,920 mg/L 4,140 mg/L 5,080 mg/L 250 mg/L(b)
pH (field) NA() NA(1) NA() SNA
Sqlids, Dissolved @ 180°C 12,700 mg/L 8,030 mg/L 13,000 mg/L 500 mg/L(b)
Specific Conductance
@ 25°C (field) > 10,000 umhos/cm 9,400 umhos/cm > 10,000 ymhos/cm SNA
Total Alkalinity 709 mg/L 744 mg/L 711 mg/L SNA
Nitrate (as N) 0.04 mg/L <001 mg/L <0.01 mg/L 10 mg/L(a)
Orthophosphate 0.24 mg/L 0.17 mg/L 0.22 mg/L SNA
* pH meter was not working properly.
(1) Not analyzed due to pH meter not working properly.
(2) Not analyzed since this sample was a duplicate of ZD-LE-001 and only selected parameters were analyzed for

SNA Standard Not Available.
(a) Primary Drinking Water Standards.
() Secondary Drinking Water Standards.




TABLE 5-7

COMPARISON OF ASH EXTRACT SEMIVOLATILE RESULTS

TO LEACHATE SEMIVOLATILE RESULTS

. FACILITY ZD
Samples (ug/L)
Parameter
Deionized Water Extract Leachate
Benzoic Acid 26T NOD
ND  Not Detected.
J indicates approximate value because contaminants were detected at levels below

Method Detection Limits, but above the instrument detection fimits.

T The mass spectrum does not meet EPA CLP criteria for confirmation, but compound

presence is strongly suspected.
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TABLES-8

COMPARISON OF ASH EXTRACTS METALS ANALYSES WITH LEACHATE METALS ANALYSES
RANGES OF CONCENTRATIONS
FACILITY 2D

Samples (1n pg/L)

Standards/Critena (in ug/l)

Parameter EP loxidty Sute Safe
Maximum Drinking Drinking
CO; Extracts | DIH0 Extracts | EP TOX Extracts | TCLP 1 Extracts | 1C1P 2 Extracts SAR Extracts i eachate(w) Allowable | Water Actte) | Water Actit)
Lt MCLs SMCLs
Arsenic ND ND ND ND ND ND ND 5.000 50 SNA
Banum 227-502 201-285 162-290 245418 110-586 166-262 18-40 100,000 1,000 SNA
Cadimium 167-354 ND 195-1,100 426-1,150 601-1,560 ND ND 1,000 10 SNA
Chiomium ND ND ND-49 ND-8 0 145-799 ND ND 5,000 50 SNA
Coppes 42-246 34.80 24-1,550 85858 125-1,400 32 82 4612 SNA SNA 1,000
fron ND-45 ND 1,200-27.100 ND-7,220 32.800- 103,000 ND 187-523 SNA SNA 300
Lead 127-504 ND 3.490-19,700 | 4.050-10,500 { 22,700-26,400 ND-43 ND 5,000 50 SNA
Manganese 931-1,420 ND 1,320-4,900 1,940-3,110 3,350 5,750 ND 718 857 SNA SNA 50
Mercury ND-0O 77 ND-0 90 ND-0 29 ND-0 53 ND 027-053 ND 200 2 SNA
Selenium ND ND ND ND ND ND ND 1.000 10 SNA
Silver ND ND ND ND ND ND ND 5,000 ) SNA
1,380,000 ] ] 1,340,000-
Sodium 24,800-49,800 | 24,100-42,600 | 33,600-52,500 430,000 38,700-68,300 | 24,200-42,100 580,000 SNA SNA SNA
2inc 15,200-30,600 54-24 30,300-95.600 | 43.400-79,500 | 61,000-164,000 12-35 ND-8 7 SNA SNA 5.000
Aluminum Oxide ND-204 71.000-97,900 | 4.870-18,200 344-6,090 | 86.600-130,000 | 72,300 84,200 ND SNA SNA SNA
398,000- 199,000- 592,000- 666,000 949,000- 194,000- 386,000-
Calaum Oxide 759,000 255,000 1,250,000 370,000 1,670,000 246,000 477,000 SNA SNA SNA
Magnesium Oxide 35,000-59,300 71-156 42,600 86,500 | 56,300.73,000 { 94,100-121,000 52 319 340.000 SNA SNA SNA
Potassum Monoxide | 12.300-33,400 | 13,100-30,400 | 17.000-38,600 | 14,600-32,000 | 15,100-40,900 f 14,500-31,200 223%%%% SNA SNA SNA
118,000-
Silicon Dioxide 24,000 29,700 402-642 27.400-49,100 | 25.600-33.400 3 000 703.989 8,760 15,300 SNA SNA SNA

ND Not Detected

SNA  Standard Not Available

(a)  Primary Drinking Water Standards
(H) Secondary Dankuy Waler Standards
(<) Resutts tor aluminum calcium, magnesium, polassium, and sithcon are jor metals wid not oxides
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COMPARISON OF ASH EXTRACTS CONVENTIONAL ANALYSES WITH LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS

TABLE 5-9

FACILTY 2D

Samples (iIn mg/tL)

Standardy/Crtena (inmg/t )

Patameter :;) ]w"“lny Safe Dnnking | Safe Dninking
aximur Water Actia) Water Activ)
€O, Extracts | DIH 0 Extracts | EP TOX Extracts | 1CLP V Extracts | FCLP2 kxtracts | SARExtracts Leachate Allowable MCLs SMCLs

Limet

A

e Distilled 0070 09 008017 012020 012014 016-0 20 35641 418284 SNA SNA SNA

Total Organic Carbon NA 919189 NA NA NA 994-197 288307 SNA SNA SNA

Chlonde 397-772 342-702 435-822 839109 56 4-141 NA NA SNA SNA 250

Sulfate 336-572 247-3N1 197-629 360-703 438-872 NA 4,140 5,080 SNA SNA 250

Sohds, Dissolved .

@ 180°C NA 598-842 NA NA NA NA 8,030 13,000 SNA SNA 500

Total Alkalinity NA 201-288 NA NA NA NA 709 /44 SNA SNA SNA

Nitrate {as N) 0 20-0 26 003-018 003-0 16 003007 001012 NA ND 0 04 SNA 10 SNA

Orthophosphadte ND 0 06 ND ND-0 06 001-004 048 166 ND 0 0% 017-024 SNA SNA SNA

Lxtract’s lontial pH 4 58-4 96 9971010 882-10 20 4 85-495 316-35S 919972 NA SNA SNA SNA

Extract’s Final pH 642671 10 18-10 44 496-518 5 69-6 34 410-4 41 988-10 31 NA SNA SNA SNA

NA  Not analyzed due to differences in scope of work

ND  Not Detected

SNA  Standard Not Available

{a) Primary Drinking Waler Standards
(b)  Secondary Drinking Water Standards







6.0 FACILITY ZE FINDINGS

6.1 FACILITY ZE DESCRIPTION

Facility ZE consists of two mass-burn, water-wall boilers. Refuse is charged into the
boilers by overhead cranes, moves inside the boilers on grates, and is discharged into
ash quench reactors on the bottom of the boilers. Dry lime is added to the flue gas
where it is mixed with the fly ash. This mixture is then collected in electrostatic
precipitators and mixed in with the bottom ash for disposal. The steam generated at
the facility is used to generate electricity, which is sold to a local utility. The
following details outline the operational information for this facility.

Startup Date:

Refuse Feed Rate:
Operating Temperature:
Residence Time:

Backup Fuel:

Air Feed Information:

Refuse Feed Method:

Trash Accepted:

R339911

September 1987.

750 tons/day/boiler.

1,800°F.

Approximately 1 hour in the boiler, where the
grates can be slowed to allow wet loads more time
to dry out.

Natural gas--is used during start ups and shut downs
and if the boiler drops below 1,800°F.

Both primary and secondary air comes from the
tipping floor. Air is not normally preheated, but the
facility has the capability to preheat air.

Refuse is dumped onto the tipping floor, where
new refuse is mixed with the old refuse with an
overhead crane. Two cranes work during the hours
in which trucks are unloading. The pit at ZE is the
largest pit of any of the facilities studied; thus it is
easier for the crane operator(s) to keep areas open
for trucks to discharge. The overhead cranes load
the refuse into the feed hoppers on the boilers.

Any residential (65% of total) and commercial/light
industrial (35% of total) waste generated in
surrounding communities. Table 6-1 lists the
material accepted at this facility.
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Source of Ash Quench Water:  Ash quench water consists of any water used in the
process (spray drier) and water used in other parts

of the plant.
Electricity Generated: 45 Megawatts/hour.
Electricity Used by Facility: 7 Megawatts/hour.

Ash-Handling Equipment

The bottom ash is discharged from the ash quench reactors onto a vibrating
conveyor. This conveyor dumps the ash onto an inclined conveyor. The inclined
conveyor discharges onto a grizzly, where large items (material greater than
10inches) are separated out. The smaller material (material less than 10inches)
passes through the grizzly and is discharged into ash bins for transportation to the
ash disposal facility.

Fly ash from the generator and the economizer areas is discharged into the ash
quench reactors, where it is mixed with the bottom ash. Fly ash from the spray drier
(where a lime slurry is injected into the flue gas) and the electrostatic precipitators is
transported to a drum, where water is added to the fly ash/lime mixture. This
mixture is then discharged onto the inclined conveyor and mixed with the bottom
ash.

The ash samples at Facility ZE were coilected from the end of the inclined belt just
before the ash passed through the grizzly into the ash bins.

6.2 CHEMICAL CHARACTERIZATION OF ASH

No Appendix IX semivolatiles were detected in sample ZE-AH-003, the only sample
from this facility analyzed for the Appendix IX semivolatiles. This sample did contain
98 ng/g (ppb) of dichlorobiphenyl (PCB). This was the only PCB cogener detected in
this sample.

Table 6-2 presents the results of the polychlorinated dibenzo-p-dioxin and
polychiorinated dibenzofuran (PCDD/PCDF) analyses of sample ZE-AH-003. Toxicity
equivalency values were calculated using EPA’s methodology (EPA, March 1987) and
are presented in this table. The data in this table indicate that the PCDDs/PCDFs
levels found in the ash are substantially below the Centers for Disease Control (CDC)
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recommended upper level of 2,3,7,8-TCDD toxicity equivalency of 1 part per billion
in residential soil (Kimbrough, 1984).

The results of the metals analyses for the ash from this facility are presented in
Table 6-3. The data in this table indicate that, except for chromium, mercury, and
zinc, the results were fairly constant during the week of sampling.

The results for the conventional analyses are presented in Table 6-4. The data in this
table indicate that, except for TOC, total soluble solids, ammonia, and total
alkalinity, the results were also fairly constant during the week.

6.3 CHEMICAL CHARACTERIZATION OF LEACHATES

The facility used for the disposal of ash from MWC Facility ZE is lined and is used
exclusively for the disposal of ash from Facility ZE. The leachate samples from the
ash disposal facility for MWC Facility ZE were grab samples collected from the same
leachate collection sump.

The results for the semivolatile analysis of these samples are presented in Table 6-5.
As shown in this table only benzoic acid was detected in both samples; 73 ppb in one
sample and 52 ppb in the second.

No PCDDs/PCDFs or PCBs were detected in the leachate samples from this ash fill.

The results for the metals analysis of the leachate samples are shown in Table 6-6.
The data in this table indicate that none of the compounds exceeded their EP
Toxicity Maximum Allowabie Limit. Although the leachates are not required to
meet Drinking Water Standards, a comparison of the leachate results with the
Primary and Secondary Drinking Water Standards established under the Safe
Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA, October 1988) was made.
This comparison indicates that the results of all but barium, iron and manganese met
these standards in the leachates.

Table 6-7 presents the results of the conventional analyses of the leachate samples.

TDS values ranged from 25,900 mg/L to 26,300 mg/L, and the pH of the leachate
was 5.2.
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6.4 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS

No PCDDs/PCDFs or PCBs were detected in the composite sample from the deionized
water extracts of the ash from MW(C Facility ZE.

Table 6-8 presents the results of the AppendixIX semivolatile analysis of the
composite sample from the deionized water extracts of the ash from MWC
Facility ZE. Benzoic acid (66 ppb) was the only Appendix X semivolatile compound
detected in this composite sample. This table also indicates that benzoic acid (52 and
73 ppb) was the only Appendix IX semivolatile compound found in the leachate
samples from the ash fill serving this facility.

Table 6-9 presents the range of results of the metals analyses of the ash extracts from
MWC Facility ZE and the range of results for the leachate sampies from the ash fill
serving this facility. For comparison, this table also lists the EP Toxicity Maximum
Allowable Limits, and the Primary and Secondary Drinking Water Standards
established under the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA,
October 1988).

The results presented in Table 6-9 indicate that the extracts from the EP Toxicity and
the TCLP 2 extraction techniques generally contain higher concentrations of metals
than the extracts produced by the other extraction techniques.

For this facility, the extracts from the EP Toxicity and the TCLP2 extraction
techniques exceeded the EP Toxicity Maximum Allowable Limits established in
Section 261.24 of 40 CFR 261 for lead.

Although the ash extracts would not be required to meet Drinking Water Standards,
a comparison of the ash extract results with the Drinking Water Standards was
made. This comparison indicates that the majority of the metals results met these
standards.

Table 6-10 presents the range of results of the conventional analyses of the ash
extracts from MWC Facility ZE and the leachate samples from the ash fill serving this
facility. For comparison, this table also lists the Primary Drinking Water Standards
for nitrate, as well as the Secondary Drinking Water Standards for chloride, sulfate,
and Total Dissolved Solids (TDS).
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TABLE 6-1

ACCEPTABLE WASTE
FACILITY ZE

Acceptable waste means household garbage, trash, rubbish and refuse.

Acceptable waste excludes: pathological and biological waste; oil sludge;
large concentrations of plastics; cesspool or other human waste; human and
animal remains; large automobile and vehicular parts; tires; trailers;
agricultural equipment; marine vessels or similar items; farm and other large
machinery; wire and cable; tree logs and wood greater than six (6) feet in
length and six(6)inches in diameter; tree stumps greater than
twelve (12) inches in diameter; liquid wastes; non-burnable construction
material and/or demolition debris; wallboard; asbestos and asbestos products;
explosives (including ammunition and firearms); chemicals (including any
empty containers thereof); radioactive materials and hazardous refuse of any
kind (including any empty containers thereof) such as cleaning fluids;
flammables; petroleum products (including drained oil); cutting oils; paints;
acids; caustics; pesticides; insecticides; poisons, drugs; or any other materials
that would be likely to cause the Facility to violate an air or water quality
effluent standard or to pose a threat to health or safety or which may cause
damage to or adversely affect the operation of the Facility.
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TABLE 6-2

ASH DIOXIN RESULTS - SAMPLE ZE-AH-003

FACILITY ZE
Ash Sample Resuit Toxicity Toxicity
PCDD/PCDF Homolog pa/g Equivalency Equivatent
{ppPV) Factor(") (ppY)
2,3,7,8-TCDD 10 1.0 10
Other TCDD 120 0.01 12
1,2,3,7,8-PeCDD 35 0.5 175
Other PeCDD 248 0.005 124
1,2,3,4,7,8-HxCDD 1" 0.04 044
1,2,3,6,7,8-HxCDD 1 0.04 044
1,2,3,7.8,9-HxCDD 22 0.04 088
Other HyCDD 104 0.0004 0042
1,2,3,4,6,7,8-HpCDD 122 0.001 0122
Other HpCDD 0 0.00001 0
0CDD 294 0 0
2,3,7,8-TCDF 176 0.1 17 6
Other TCDF 1,136 0.001 113
1,2,3,7,8-PeCT)F 52 0.1 52
2,3,4,7,8-PeCDF 43 0.1 43
Other PeCDF 448 0.001 0 448
1,2,3,4,7,8-HxCDF 95 0.01 095
1,2,3,6,7,8-HxCDF 134 0.01 134
1,2,3,7,8,9-HxCDF 45 0.01 045
2,3,4,6,7,8-HyCDF 20 0.01 0.20
Other HxCDF 280 0.0001 0028
1,2,3,4,6,7,8-HpCDF 155 0.001 0.155
1,2,3,4,7,8,9-HpCDF 16 0.001 0016
Other HpCDF 44 0.00001 0.00044
OCDF 59 0 0
Total Toxicity Equivalent 63.7 pot
(1) Toxicity equivalency factors are EPA's current recommended factors, (EPA,

March 1987).
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TABLE 6-3

ASH METALS ANALYSES

FACILITY ZE
Samples
Parameter
ZE-AH-001 ZE-AH-002 ZE-AH-003 ZE-AH-004 ZE-AH-005
METALS (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Arsenic 16 17 19 15 20
Barium 407 491 505 391 792
Cadmium 34 35 38 37 18
Chromium 665 7 87 67 70
Copper 990 1,300 1,820 1,500 930
Iron 34,600 43,000 45,100 40,200 33,900
Lead 1,550 1,380 1,170 1,170 1,600
Manganese 593 640 531 598 581
Mercury 7.6 4.7 13 4.8 3.2
Selenium ND ND ND 4.7 ND
Sitver 44 5.6 54 13 11
Sodium 6,750 6,410 7,500 5,880 7,700
Zinc 8,280 3,530 3,600 3,400 2,120
METAL OXIDES (%) (%) (%) (%) (%)
Aluminum Oxide " 9.7 10 10 10
Calcium Oxide 15 14 13 14 13
Magnesium Oxide 2.0 1.6 1.9 1.8 1.6
Foassium 1.2 1.2 1.4 0.95 10
Silicon Dioxide 31 3 35 30 32

ND

R339911

Not Detected.
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TABLE 6-4

ASH CONVENTIONAL ANALYSES

FACILITY ZE
Samples
Parameter Units

ZE-AH-001 | ZE-AH-002 | ZE-AH-003 | ZE-AH-004 | ZE-AH-00S
Moisture Content* % 2.5 1.9 1.4 1.3 0.6
TOC mg/kg | 34,000 8,920 4,060 7,290 43,300
Total Soluble Solids | mg/kg 22,900 25,900 35,500 26,100 11,200
Ammonia mg/kg 5.05 3.64 8.69 7.32 2.77
Nitrate mg/kg 290 3.19 4.51 4.10 4.23
Orthophosphate mg/kg ND ND ND ND ND
Total Alkalinity ma/kg 3,490 4,710 2,990 7,310 7,590
Chloride mg/kg 9,220 10,900 14,100 10,400 7,550
Sulfate ma/kg 2,190 1,500 2,790 2,530 2,270

ND  Notdetected.

*

R339911

Determined after sampies were prepared.
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TABLE 6-5

LEACHATE SEMIVOLATILE ANALYSES
FACILITY ZE

Samples (ng/L)

Parameter

ZE-LE-001 ZE-LE-002

Benzoic acid
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LEACHATE METALS ANALYSES

TABLE 6-6

FACILITY ZE
Samples (ng/L) Standards/Criteria (ug/L)
Parameter
EP Toxicrty Safe Drinking Safe Drinking
ZE-LE-001 ZE-LE-002 Maximum Water Act(a) Water Act(b)
Allowable Limit MCLs SMCLs
Arsenic ND ND 5,000 50 SNA
Barium 3,080 2,970 100,000 1,000 SNA
Cadmium ND ND 1,000 10 SNA
Calcium 5,670,000 5,570,000 SNA SNA SNA
Chromium ND ND 5,000 50 SNA
Copper ND ND SNA SNA 1,000
tron 10,500 7,480 SNA SNA 300
Lead ND ND 5,000 50 SNA
Magnesium 14,800 15,000 SNA SNA SNA
Manganese 17,100 18,500 SNA SNA 50
Mercury ND ND 200 2.0 SNA
Potassium 1,430,000 1,450,000 SNA SNA SNA
Selenium ND ND 1,000 10 SNA
Sificon 498 470 SNA SNA SNA
Silver ND ND 5,000 50 SNA
Sodium 2,430,000 2,470,000 SNA SNA SNA
Zinc 27 70 SNA SNA 5,000

ND  Notdetected.

SNA Standard Not Available.

(a) Primary Drinking Water Standards.
(b) Secondary Drinking Water Standards.

7339911 6-10



TABLE 6-7

LEACHATE CONVENTIONAL ANALYSES

FACILITY ZE
Samples Standardw/Criteria
Parameter
Primary and Secondary
ZE-LE-001 ZE-LE-002 Drinking Water Quality
Standards
Ammonia-Distilled (as N) 9.78 mg/L 11.4mg/L SNA
Organic Carbon 289 mg/L 25.5 mg/L SNA
Temperature (field) 23°C NA SNA
Sulfate (SOy) 312mgit 309 mg/L 250 mg/L{b)
pH (field) 5.2 NA SNA
Solids, Dissolved @ 180°C 26,300 mg/L 25,900 mg/L 500 mg/Lb)
(Sf;i):'cc;m;lc Conductance @ 25°C u?n:‘%ggg‘ NA SNA
Total Alkalinity 95.2 ma/L 117 mg/L SNA
Nitrate (as N) 0.01 mg/L 0.01 mg/L 10 mg/Lia)
Orthophosphate <0.01 mag/L <0.01 mg/L SNA

NA Not analyzed a second time. Temperature, specific conductance and pH were only measured

once in the fieid.
SNA

Standard Not Available.

(a) Primary Drinking Water Standards.
()  Secondary Drinking Water Standards.
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TABLE 6-8

COMPARISON OF ASH EXTRACT SEMIVOLATILE RESULTS
TO LEACHATE SEMIVOLATILE RESULTS

RANGES OF CONCENTRATIONS
FACILITY ZE
Samples (ug/L)
Parameter
Deionized Water Extract Leachates
Benzoic Acid

T The mass spectrum does not meet EPA CLP criteria for confirmation, but
compound presence is strongly suspected.
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TABLE 6-9

COMPARISON OF ASH EXTRACTS METALS ANALYSES WITH LEACHATE METALS ANALYSES
RANGES OF CONCENTRATIONS
FACILITY ZE

Samples (in py/L)

Standards/Critena (in ug/L)

EP Tomaty Sate Safe
1
Porameter Maximum Drinking Dnnking
CO, Extracts ] DI H 0 Extracts | EP TOX Extracts | TCLP 1 Extracts | TCLP 2 Extracts | SAR Extracis Leachatet©) Allowable | Waler Act(s! | Water Actih)

Limit MCLs SMCLs
Arsenic ND ND ND ND ND ND ND 5,000 50 SNA
Barium 205-530 355496 173-228 161-458 222-408 302-408 2.970-3,080 100,000 1,000 SNA
Cadmium 17-117 ND 352.724 29-349 301-685 ND ND 1,000 10 SNA
Chromium ND ND 19-86 ND 141-289 ND ND 5,000 50 SNA
Copper 76-274 123-325 484-5,170 5119 12-1.030 88-391 ND SNA SNA 1,000
Iron ND-142 ND 36,600-82,000 ND 81,500- 162,000 ND 7.480-10,500 SNA SNA 300
Lead 22-85 ND 7.580-15,400 ND-169 4,110-8,840 ND-115 ND 5.000 50 SNA
Manganese 618-1,560 ND 2,740-4,910 364-4,060 3,070 3,970 ND 17.100-18,500 SNA SNA 50
Mercury ND-6 3 ND-0.96 ND-0 65 ND 02721 022-10 ND 200 2 SNA
Selenium ND ND ND ND ND ND ND 1.000 10 SNA
Silver ND ND ND ND ND ND ND S.000 50 SNA

) 1,400,000- ] 2,430,000
Sodium 64,400-85,600 | 58,500-82,700 | 66,200-83,600 ' 590,000 66.800-86,200 | 53.20068,000 000 SNA SNA SNA
hin 2,450-9,850 2091 48.000-82,400 | 222-16,300 | 36,900-82,700 41-192 27-70 SNA SNA 5,000
Aluminum Oxde ND-52 4,570-47,400 | 46,800-150,000 ND-159 "‘;‘;mm 1,960-50,500 ND SNA SNA SNA
914,000- 343,000- 1,920,000- 1,340,000 1.990,000- 352,000- 5,570,000-

Calcum Oxide 1,200,000 538,000 2,100,000 1,730,000 2,200,000 475,000 5,670,000 SNA SNA SNA
Magnesium Oxide 36,900-47,800 100-188 74.900-103,000 | 37,600-61,000 | 89,000-116,000 59170 14,800-15,000 SNA SNA SNA
Potassum Monoxide | 38,000-57,700 | 3580061200 | 37.300-69,800 | 34500-59.400 | 35.500-64.400 | 3440046400 | 1430000 SNA SNA SNA
Silicon Dioxide 19,800-32,400 | 1,170-3,990 | 46,800-65,700 | 5,050-12,300 '123%°°°'000 911-3,770 470-498 sNA SNA SNA

ND  Not Detected

SNA Standard Not Available

(a) Pnmary Dnnking Water Standards

(b)  Secondary Drinking Water Standards

{a Resuits for aluminum, calcium, magnesium, polassium, and sihcon are for metals and 0ot oxides
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TABLE 6-10
COMPARISON OF ASH EXTRACTS CONVENTIONAL ANALYSES WITH LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS
FACILTY ZE
Standards/Critenia {in mg/L)
Samples (in mg/L)
Parameler EP Toxiaity Safe Drinking { Safe Drinking
Maximum
Waler Actia) Waler Attt}
€O, Extracts DiH,O Extracts | EPTOX Extracts | TCLP ) Extracts | TCLP 2 Extracts SAR Extracts Leachate Allowable MCLs SMCLs
Limut
a‘:‘:‘f“""o"""ed 024038 020-046 036061 021-046 026-0 50 3724 378114 SNA SNA SNA
Total Organic Carbon NA 163-233 NA NA NA 149-249 255-289 SNA SNA SNA
Chlonde 341-709 317-702 328-583 342-818 334-693 NA NA SNA SNA 250
Sulfate 635-919 140-190 719-926 891-1,230 883-1,090 NA 309-312 SNA SNA 250
Z;";‘;g,?““’"’e" NA 1,120-1,690 NA NA NA NA 25,900-26,300 SNA SNA 500
Total Alkatinity NA 162-234 NA NA NA NA 95 2-11/ SNA SNA SNA
Nitrate {as N) 039123 0 08-0 17 017-0 22 oN-on 013-018 NA om SNA 10 SNA
Orthophosphate ND ND 012-104 ND-0 02 075199 ND ND SNA SNA SNA
Extract’s Inttial pH 472-518 1127-11 52 1104-11 32 501-508 342360 11371175 NA SNA SNA SNA
Extract’s Final pH 677-717 1099-11 50 495509 710-818 451-463 1087 1138 NA SNA SNA SNA

NA  Not analyzed due to differences in scope of work
ND  Not Detected

SNA Standard Not Available

{a) Primary Dninking Water Standards

(b) Secondary Drinking Waters Standards







7.0 SUMMARY OF RESULTS

This section presents a summary of the data presented in Sections 2.0 through 6.0. It
also compares the data generated during this present study with data reported in a
previous EPA sponsored study (EPA, October 1987).

7.1 CHEMICAL CHARACTERIZATION OF ASH

Table 7-1 presents the results of the Appendix IX semivolatile analyses for the ash
samples from each facility. The data in this table indicate that phthalates were
found in the ash samples from each MWC facility, except for Facility ZE, and that two
PAHs were detected in the ash from Facility ZD.

Table 7-2 compares the range of concentrations of semivolatile compounds found in
the combined fly/bottom ash from this study with the range of concentrations found
in fly ash, and bottom ash reported in the literature, as summarized in a previous
report (EPA, October 1987). The data in this table indicate that fewer compounds
were found in the ash during this present study as compared to the data provided in
the literature. The concentrations of the compounds which were found in this study
are generally similar to those reported in the literature.

Table 7-3 presents the results of the PCDD/PCDF analyses of the ash samples from
each facility. This table also presents the Toxicity Equivalency Factor (TEF) for each
PCDD/PCDF homolog, the Toxicity Equivalency (TE) for each homolog calculated
according to EPA’s Methodology (EPA, March 1987), and a Total TE for each sample.
Although PCDDs/PCDFs were detected in each ash sample, the levels found were
below the Centers for Disease Control (CDC) recommended upper level of
2,3,7,8-TCDD Toxicity Equivalency of 1part per billion in residential soils
(Kimbrough, 1984).

Table 7-4 compares the ranges of concentrations of PCDDs/PCDFs found in ash
samples during this study with the ranges of concentrations of PCDDs/PCDFs
reported in the literature and summarized in a previous report (EPA, October 1987).
The data in this table indicate that the levels of PCDDs/PCDFs found in the ash during
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this present study are generally lower than the range of PCDDs/PCDFs found in other
ash samples, as reported in the literature.

)
Table 7-4 also presents the range of concentrations of PCBs in fly ash, bottom ash,
and combined ash. The data in this table indicate that only Dichloro Biphenyl was
found in the ash during this present study.

Table 7-5 presents the range of results of the metals analyses for the ash from each
facility. Metals showing the widest range of concentration among samples collected
at each facility included barium (ZB); cadmium (ZB); chromium (2D, ZE); copper (ZA,
Z8B, 2Q); lead (ZD); manganese (ZA, 2C); mercury (ZE); zinc (2B, ZD, ZE) and silicon
dioxide (ZA).

Metals showing the widest variation of concentrations between the facilities
included barium (results for Facility ZC are lower than the results for the other
facilities); iron (results for each facility vary from all of the other facilities); lead
(results for Facility ZD are higher than the results for the other facihties); mercury
(results for Facilities ZC and ZD are lower than the results for the other facilities);
sodium (results for FacilitiesZD and ZE are lower than the resuits for the other
facilities); calcium oxide (the results for FacilitiesZA and ZB are higher than the
results for the other facilities); and silicon dioxide (the results for Facility ZC are
higher than the results for the other facilities).

Table 7-6 compares the ranges of concentrations of metals found in the ash during
this study with the ranges of concentrations of metals found in fly ash, bottom ash,
and combined ash as reported in the literature and summarized in a previous report
(EPA, October 1987). The data in this table indicate that the results obtained during
this study are generally similar to the previous results.

Several compounds (aluminum, cadmium, calcium, mercury, and potassium)
exhibited higher levels during this study than those reported previously for
combined ash. The levels of copper found during this study are higher than the
results reported previously for combined ash, but are still lower than the resuits
reported previously for bottom ash. The magnesium results reported in this study
are higher than the results reported previously for all three types of ash. However,
the results for magnesium are close to those previously reported. The levels of
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silicon found in the ash during this study are much higher than the levels found in
previous studies.

Table 7-7 presents the range of results of the conventional analyses for the ash from
each facility. Compounds showing the widest range of values between samples at
each facility included TOC (ZA, ZB, ZD, ZE); ammonia (ZA, ZB, ZE), nitrate (2C, ZD);
total alkalinity (ZB, ZC, ZE); chloride (ZB, ZD); sulfate (ZB, ZD); and total soluble
solids (ZE).

Compounds showing the widest variation between facilities included TOC (results
for FacilitiesZD and ZE are higher than the results for the other facilities); total
soluble salts (results for Facilities ZA and ZB are higher than the results for the other
facilities); ammonia (results for Facilities ZC and ZD are lower than the results for the
other facilities); total alkalinity (resuits for Facility ZA are higher than the results for
the other facilities); chloride (results for FacilitiesZA and ZB are higher than the
results for the other facilities); and sulfate (results for Facility ZC are higher than the
results for the other facilities).

7.2 CHEMICAL CHARACTERIZATION OF LEACHATES

Table 7-8 presents the range of results of the Appendix IX semivolatile analyses for
the leachate samples from each facility. The data in this table indicate that phenols
were detected in the leachate from the ashfill serving MWC Facility ZA and that
benzoic acid was detected in the ieachate from the ashfill serving MWC Facility ZE.

Table 7-9 compares the ranges of concentrations of the semivolatile compounds
found in the leachates in this study with the ranges of concentrations of organic
compounds reported in the literature and summarized in a previous report (EPA,
October 1987). The data in this table indicate that very few semivolatile compounds
were found in the leachates during this study. The levels of phenol detected in the
leachates during this study are much lower than the levels of phenol found in the
leachates from the MSW landfills or co-disposal sites.

Table 7-10 presents the range of concentrations of PCDDs/PCDFs found in the

leachate samples from each facility. PCDDs/PCDFs were only found at extremely low
levels in the leachates from the ashfill for Facility ZA.

R339911 7-3



Table 7-11 compares the ranges of concentrations of PCDDs/PCDFs found in the
leachates during this study with the ranges of concentrations of PCDDs/PCDFs found
in leachates during a previous study (EPA, October 1987). The data in this table
indicate that the leachates did not contain significant quantities of PCDDs/PCDFs.
The data in this table also indicate that the homologs most often found in leachates
from ash monofills are the more highly chlorinated homologs (HpCDD, HpCDF,
OCDD, OCDF) which are also the homologs with the relatively lower Toxicity
Equivalency Factors (TEFs).

Table 7-12 presents the results of the metals analyses of the leachate from each
facility. For comparison, this table also presents the EP Toxicity Maximum Allowable
Limit, and the Primary and Secondary Drinking Water standards established under
the Safe Drinking Water Act (EPA: BNA, June 1989 and EPA: BNA, October 1988).
The data in this table indicate that all of the metals were below their EP Toxicity
Maximum Allowable Limit. The data in this table aiso indicate that, although the
leachates are not used for drinking purposes, the majority of the metals results met
the Primary or Secondary Drinking Water Standards.

Table 7-13 compares the ranges of concentrations of metals in the leachates from
this study with the ranges of concentrations of metals in leachates found in the
literature and summarized in a previous NUS report (EPA, October 1987). The datain
this table indicate that the EP Toxicity Maximum Allowable Limits were not
exceeded by the leachates from ash monofills in either this study or in the previous
NUS report. The data in this table also indicate that a number of compounds are
reported as having higher concentrations in the leachates from this study than the
leachates from the previous study.

Table 7-14 presents the range of results of the conventional analyses for the leachate
from each facility. Sulfate values ranged from 14.4 mg/L to 5,080 mg/L, and TDS
values ranged from 924 mg/L to 41,000 mg/L.

7.3 CHEMICAL CHARACTERIZATION OF ASH EXTRACTS
The only Appendix{X semivolatile compound detected in the deionized water
extracts (SW-924) was benzoic acid, which ranged from below the detection limits to

130 ug/L. Table7-15 compares the ranges of concentrations of semivolatile
compounds found in the deionized water ash extracts (SW-924) during this study
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with the ranges of concentrations of organics found in ash extracts from a previous
report (EPA, October 1987). All studies show that MWC ash extracts are generally
free of semivolatile compounds.

Table 7-16 compares the ranges of concentrations of the metals analyses of the ash
extracts found during this study with the ranges of concentrations of metals analyses
of extracts as reported in the literature and summarized in a previous NUS report
(EPA, October 1987). The data in this table indicate that the extracts from the
EP Toxicity, the TCLP 1, and the TCLP 2 extraction procedures contained generally
higher levels of metals than the extracts from the other extraction procedures.

The data in this table also indicate that the extracts from the deionized water
extraction procedure (SW-924), both from this study and from the literature, and the
extracts from the CO; and the SAR extraction procedures meet the EP Toxicity
Allowable Limits. The extracts from the EP Toxicity, TCLP 1, and the TCLP2
extraction procedures occasionally exceeded the EP Toxicity Maximum Allowable
Limits for some metals.

For the facilities sampled during this study, the data indicate that the extracts from
the deionized water (SW-924), the CO,, and the SAR extraction procedures
simulated the concentrations for lead and cadmium in the field leachates better
than the extracts from the other three extraction procedures.
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TABLE 7-1

COMPARISON OF ASH SEMIVOLATILE RESULTS

Samples (ug/kg)
Parameter
ZA-AH-003 ZB-AH-001 ZC-AH-003 ZD-AH-003 2E-AH-003

Bis(2-ethylhexyl)
phthalate 250,000 810)8 310J8 390i8 ND
Di-n-octyl phthalate 2,0007 ND ND ND ND
Di-n-butyl phthalate 430)8 ND 400/8 27018 ND
Fluoranthene ND ND ND 1704 ND
Phenanthrene ND ND ND 3104 ND
ND Notdetected.
J Indicates approximate value because contaminants were detected at leveis below Method

Detection Limits, but above the instrument detection limits.
B Laboratory identified compound as not being detected substantially above the level reported

in laboratory blanks. Laboratory may be the source of the compound.

By Compound was identified during data validation as not being detected substantially above
the level reported in the laboratory blanks.
contamination.

T The mass spectrum does not meet EPA CLP criteria for confirmation, but compound presence is

strongly suspected.
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TABLE 7-2

RANGES OF CONCENTRATIONS OF SEMIVOLATILES IN FLY ASH, BOTTOM ASH,
AND COMBINED ASH FROM MUNICIPAL WASTE INCINERATORS

Range, Range, Range,
Constituent Fly Ash Bottom Ash Combined Ash
(ppb) (ppb) (ppb)

Naphthalene 270-9,300 570-580 ND
Biphenyl 2-1,300 NR ND
Acenaphthylene ND-3,500 37-390 ND
Anthracene 1-500 53 ND
Fluorene 0-100 ND-150 ND
Phenanthrene 21-7,600 500-540 ND-310)
Di-n-butyl phthalate ND 360 ND-430JB
Fluoranthene 0-6,500 110-230 ND-170)
Pyrene 0-5,400 150-220 ND
Butyl benzyl phthalate ND 180 ND
Chrysene 0-690 ND-37 ND
Bis(2-ethylhexyl)phthalate 85 2,100 ND-250,000
Benzanthrene 0-300 NR ND
Benzo(k)fluoranthene ND-470 ND-51 ND
Benzo(a)pyrene ND-400 ND-S ND
Benzo(g.h,i)perylene 0-190 ND ND
Diethyl phthalate 6,300 NR ND
Acenaphthene NR 28 ND
Normat alkanes 50,000 NR ND
Chlorobenzenes 80-4,220 17 ND
Chlorophenols 50.1-9,630 0 ND
Di-n-octyl phthaiate NR NR ND-2,000T
Country aUnSc!A'I"rsea'r:Jaet:z'ejrla::;s USA and Canada USA

ND  Notdetected.

NR  Notreported in the literature.

J indicates approximate value because contaminants were detected at levels below Method

Detection Limits, but above the instrument detection limits.
B Laboratory identified compound as not being detected substantially above the level reported
in laboratory blanks. Laboratory may be the source of the compound.
T The mass spectrum does not meet EPA CLP criteria for confirmation, but compound presence

is strongly suspected.
Source: Fly ash and bottom ash ranges are from “Characterization of MWC Ashes and Leachates
from MSW Landfills, Monofills, and Co-Disposal Sites,” EPA 530-SW-87-028A,
October 1987. Combined Ash ranges are from this study.
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TABLE 2-3
ASH DIOXIN RESULTS
Samples (pg/g or ppt)
Compound EqL?::I:zcy ZA-AN-003 Z8-AH-001 2C-AH-003 7D-AH 003 ZE-AH 003
Factor (1EF)Y
o en Value EqI.ﬁ:::l:xls Value E(:::'a(ltvyus Value Eun(::la(lletry\ls Value Eq]A:::i:fy\ls Value Et:\:::l‘el:\h
2,3,7,8-TCDD 1 10 10 24 24 16 16 35 35 10 10
Other 1CDD 00 206 206 351 351 281 281 541 54 120 12
2,3.7.8-1CDF 01 263 263 617 617 236 236 626 626 176 176
QOther TCDF 0 001 1,688 169 32 372 1,208 2 2,633 263 1,136 114
1,2,3,7.8-PeCDD 05 33 165 118 59 A 355 ND 0 35 175
Other PeCDD 0 005 317 159 759 380 1,051 526 1,910 955 248 124
1,2,3,7,8-PeCDF 01 61 61 194 194 64 64 151 151 52 52
2,3.4,7.8 PeCDF 01 46 46 162 162 56 56 171 171 43 43
Other PeCDF 0001 484 0 484 1,527 153 607 0607 1,736 174 448 0 448
1,2,3,4,7.8 HxCDD 004 12 0.48 40 16 66 264 86 ja4 11 044
1,2,3,6,7,8-HxCDD 004 17 068 34 136 90 36 148 592 1] 044
1,2,3,7,89-4xCDD 004 28 112 79 316 120 a8 194 776 22 088
Other HxCDD 0 0004 154 0062 342 0137 925 037 853 034 104 0042
1,2,3,4,/,8 HxCDF 001 74 074 336 336 218 218 654 654 95 095
1,2,3,6,7,8-HxCDF 001 131 ()] 524 524 279 279 660 6 60 134 134
1,2,3,7,8,9 HxCDF o0 36 036 127 127 193 193 479 479 45 045
2,3,4.6,7,8-HxCDF o001 5 005 54 054 70 070 124 124 20 020
Other HxCDF 0 0001 281 00281 939 00939 635 00635 1,686 0169 280 0028
1,2.3.4,6,7,8,-HpCDD 0001 159 0159 319 0319 1,849 185 1,555 156 122 0122
Other HpCDO 0 00001 140 00014 288 0 00288 1,51 00151 1,384 00138 0 0
1.2,3,4,6,7.8-HpCDF 0 001 139 0139 539 0539 653 0653 1,842 184 155 0155
1.2.3.4.1.8,9 HpCDF 0 001 8 0008 48 0048 83 0 083 19 0119 16 0016
Other HpC(DF 0 00001 51 000051 197 000197 254 000254 384 000384 44 000044
oD 0 313 0 544 0 6,906 0 4,519 0 294 0
OCDF 0 66 0 243 0 563 0 893 0 59 0
Total TEs 745 m 119 189 637

(1) Tomcicty Equivalency Factors are EPA’s current recommended factors (EPA, March 1987)

NOD Not detected below 221 pg/g




TABLE 7-4

RANGES OF CONCENTRATIONS OF PCDDs, PCDFs, and PCBs IN FLY ASH, BOTTOM ASH, AND

COMBINED ASH FROM MUNICIPAL WASTE INCINERATORS

. Range, ComRbai:z:’Ash Range, ComRt::zg'Ash
Constituent F(!;:bs)h (Literature) Bot(t:;,;\sh (CORRE)
(ppb) (ppb)

Di CDD 0.4-200 NR ND NA

Tri COD 1.1-82 NR ND NA
Tetra CDD ND-250 0.14-14 <0.04-0.65 0 130-0.576
Penta CDD ND-722 1.9-50 ND-3 0 283-1.91
Hexa CDD ND-5,565 1.4-78 ND-2.3 0.148-1.28
Hepta CDD ND-3,030 1.4-120 ND-6.3 0.122-3.36
Octa CDD ND-3,152 0.84-39 ND-29 0 294-6.91
2,3,7,8-TCOD 0.1-42 0.02-0.78 <0.04-0.7 0.010-0.035
Total Poly CDD 5.23-10,883 6.2-350 ND-110 RNR
Mono CDF 41 NR 1.1 NA

Di CDF ND-90 NR 0.63 NA

Tri CDF 0.7-550 NR ND NA
Tetra CDF ND-410 2.3-91 0.15-1.4 131-434
Penta CDF ND-1,800 1.6-37 0.07-6.2 0.543-2.06
Hexa CDF Tr-2,353 1.2-35 ND-2.5 0.527-3.6
Hepta CDF Tr-666 0.62-36 ND-6.9 0.198-2.345
Octa CDF ND-362 0.18-8.4 ND-3.7 0.059-0.893
2,3,7,8-TCDF 0.1-5.4 0.41-12 ND-10 0 176-0.626
Total Poly CDF 3.73-3,187 6.14-153.9 ND-65 RNR
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TABLE 7-4
RANGES OF CONCENTRATIONS OF PCDDs, PCDFs, and PCBs
FROM MUNICIPAL WASTE INCINERATORS (ppb)

PAGE TWO
Range, Range
Range, . Range, N
Constituent Fly Ash C°'.“b'”ed Ash Bottom Ash Combined Ash
(ppb) (Literature) (ppb) (CORRE)
(ppb) (ppb)
M
Mono CB 0.29-9.5 ND ND-1.3 ND
Di CB 0.13-99 0.126-1.35 ND-5.5 98-107
Tri CB ND-25 0.35-143 ND-80 ND
Tetra CB 0.5-42 16.5-16.5 ND-47 ND
Penta CB 0.87-225 ND ND-48 ND
Hexa CB 0.45-65 NR ND-39 ND
Hepta CB ND-0.1 NR ND ND
OctaCB ND-1.2 NR ND ND
Nona CB ND NR ND ND
Deca CB ND NR ND ND
Total PCB ND-250 ND-32.15 ND-180 ND
USA, Canada,
W. Germany, USA, Canada,
Country The Netherlands, UsA Japan USA
Japan
NA Not analyzed.
ND Not detected.
NR Not reported in the literature.
RNR Results not reported in this manner. 2,3,7,8-TCDOD toxicity equivalents were caiculated
and are reported in Table 7-3.
Tr = 001<Tr<0.1 ng/g.
Source: Results in first three columns are from “Characterization of MWC Ashes and Leachates

from MSW Landfills, Monofills, and Co-Disposal Sites,” EPA, October 1987. Results in last
column are from this study.
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TABLE 7-5

ASH METALS ANALYSES
RANGES OF CONCENTRATIONS

Sampiles

Parameter

ZD-AH-001 -
ZD-AH-005

ZC-AH-001 -
ZC-AH-005

ZA-AH-001 -
ZA-AH-005

ZB-AH-001 -
ZB-AH-005

ZE-AH-001-
ZE-AH-005

METALS (ma/kg) (mg/kg) (mg/kg) (mg/kg) (ma/kg)
Arsenic 37-51 28-56 28-36 30-54 15-20
Barium 436-554 260-1,000 193-331 411-545 391-792
Cadmium 32-56 52-152 42-52 39-69 18-38
Chromium 55-93 53-118 45.57 52-199 67-665
Copper 946-7,360 | 674-9,330 524-4,470 | 959-1,800 930-1,820
ron 44,100- 13,600- 20,000- 22,900- 33,900-

63,300 22,200 25,000 37,100 45,100
Lead 1,180- 1,070- 1,710- 2,860- 1,170-
1,820 1,740 2,630 22,400 1,600
Manganese 587-1,360 508-846 518-1,200 574-965 5$31-640
Mercury 10.4-25.1 7.7-12 1.1-3.2 0.55-2.10 32-130
Selenium ND ND-5.7 ND ND-3.9 ND-4 7
Silver 4.1.8.7 5.4-10.0 5.6-12 6.3-11.0 44-130
sodium 9,350- 8,200- 7,370- 5,890- 5,880-
11,000 10,600 8,940 6,500 7,770
Zine 4,310- 4,360- 4,110- 4,260- 2,120-
6,900 15,800 7.170 8,000 8,280

METAL OXIDES (%) (%) (%) (%) (%)
Aluminum Oxide 8.52-9.85 7.39-10.3 5.93-8.64 9.9-13.0 97-110
Calcium Oxide 15.1-22.2 19.4-25.7 9.70-11.4 10.0-12.0 130-150
Magnesium Oxide 1.21-1.50 1.19-1.62 1.02-1.30 1.8-2.2 16-2.0
Potassium Monoxide 1.10-1.24 0.827-0.941 0.875-1.07 0.79-1.4 0.95-1 4
Silicon Dioxide 21.9-438 19.0-29.4 48.4-62.9 32.0-37.0 30-35

ND Not Detected.
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TABLE 7-6

RANGES OF CONCENTRATIONS OF INORGANIC CONSTITUENTS
IN FLY ASH, COMBINED ASH, AND BOTTOM ASH
FROM MUNICIPAL WASTE INCINERATORS

Combined Bottom Combined Bottom
pwamer | | anafyasn | sonoman |y s
(ppm) (ppm)
Barium 88-9,000 79-2,700 47-2,000 193-1,000
Cadmium <5-2,210 0.18-100 1.1-46 18-152
Chromium 21-1,900 12-1,500 13-520 45-665
Lead 200-26,600 31-36,600 110-5,000 1,070-22,400
Mercury 0.9-35 0.05-17.5 ND-1.9 0 55-25.1
Selenium 0.48-15.6 0.10-50 ND-2.5 ND-5.7
Silver ND-700 0.05-93.4 ND-38 41-13.0
Aluminum 5,300-176,000 5,000-60,000 5,400-53,400 593-130(M
Antimony 139-760 < 120-<260 NR NA
Beryliium ND-<4 0.1-2.4 ND-<0.44 NA
Bismuth 36-<100 NR ND NA
Boron 35-5,654 24-174 85 NA
Bromine 21-250 NR NR NA
Calcium 13,960-270,000 4,100-85,000 5,900-69,500 97-257(M
Cesium 2,100-12,000 NR NR NA
Cobalt 2.3-1,670 1.7-91 3-62 NA
Copper 187-2,380 40-5,900 80-10,700 524-9,330
lron 900-87,000 690-133,500 1,000-133,500 13,600-63,300
Lithium 79-34 6.9-37 7-19 NA
Magnesium 2,150-21,000 700-16,000 880-10,100 102-2.2(1
Manganese 171-8,500 14-3,130 50-3,100 508-1,360
Molybdenum 9.2-700 2.4-290 29 NA
Nickel 9.9-1,966 13-12,910 9-226 NA
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TABLE 7-6

RANGES OF CONCENTRATIONS OF INORGANIC CONSTITUENTS
INFLY ASH, COMBINED ASH, AND BOTTOM ASH

FROM MUNICIPAL WASTE INCINERATORS

PAGE TWO )
Combined Bottom Combined Bottom
paameter | | gty sotoman | ang e
(ppm) (ppm)

Potassium 11,000-65,800 290-12,000 920-13,133 0.79-1.4(1)
Silicon 1,783-266,000 NR 1,333-188,300 19.0-62.9(")
Sodium 9,780-49,500 1,100-33,300 1,800-33,300 5,880-11,000
Strontium 98-1,100 12-640 81-240 NA
Tin 300-12,500 13-380 40-800 NA
Titanium <50-42,000 1,000-28,000 3,067-11,400 NA
Vanadium 22-166 13-150 53 NA
Yttrium 2-380 0.55-8.3 NR NA
Zinc 2,800-152,000 92-46,000 200-12,400 2,120-15,800
Gold 0.16-100 NR NR NA
Chloride 1,160-11,200 NR NR 766-44,200
Country USA, Canada USA USA, Canada UsAa

m Results are for oxides and are expressed as percents.

NA  Not analyzed, as it was not part of the scope of work for this project.

ND Not detected.

NR  Notreported in the literature.

Source: The results in the first three columns are from “Characterization of MWC Ashes and
Leachates from MWS Landfills, Monofills, and Co-Disposal Sites,” EPA 530-SW-87-028A,
October 1987. The results in the last column are from this study.
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TABLE 7-7

ASH CONVENTIONAL ANALYSES

RANGES OF CONCENTRATIONS
Samples (mg/kg)
Parameter ZA-AH-001- | zB-AH-001- | zC-AH-001- | ZD-AH-001- | ZE-AH-001-
ZA-AH-005 | 28-AH-005 | zC-AH-005 | ZD-AH-005 | ZE-AH-005
g’:;;"”'a'm“'”ed 289-115 | 369-106 | 133210 | 090-1.08 | 277-869
. 11,400- 14,600- 9,020- 11,400- 4,060-
Total OrganicCarbon | 34 44 29,600 17.800 53,200 43,300
Chiorid 16,300- 18,600- 3,870- 766- 7,550-
orice 23,700 44,200 5,860 2,190 14,100
cuifat 3,770- 764- 5,900- 1 680- 1.500-
ultate 6,100 3,130 10,300 5,580 2,790
Solids, Dissolved 46,500- 36,700- 22,000- 6,440- 11,200-
@ 180°C 52,400 65,800 26,100 13,200 35,500
N 7,540- 1,590- 1,210- 2,990-
Total Alkalinity 8.100 6,650 3,040 558-922 7590
Nitrate (as N) 222423 | 145287 | 009-6.46 | 044-159 | 2.9-451
Orthophosphate ND ND ND ND-0.05 ND
oH 11.68-11.85 | 10.91-11.67 | 11.58-11.82 | 10.36-10.69 | 11.4-11.82

ND Not Detected.
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TABLE 7-8

LEACHATE SEMIVOLATILE RESULTS

RANGES OF CONCENTRATIONS
Sampies (ug/L)
Parameter

ZA-LE-001- 7B-LE-001 ZC-LE-001- ZD-LE-001- ZE-LE-001-

ZA-LE-007 2C-LE-002 ZD-LE-003 ZE-LE-002
Benzoic acid ND ND ND ND 52-73
Phenol 2)-32 ND ND ND ND
3-Methylphenol ND-6J ND ND ND ND
4-Methylphenol ND-6J ND ND ND ND

ND  Not Detected.
J indicates approximate value because contaminants were detected at levels below Method
Detection Limits, but above the instrument detection limit.
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CONCENTRATIONS OF ORGANIC CONSTITUENTS IN LEACHATE

TABLE 7-9

FROM MUNICIPAL WASTE LANDFILLS, ASH MONOFILLS, AND CO-DISPOSAL SITES

Range NUS NUS Ash Monofill
Constituent (Literature) Municipal Codisposal (CORRE)
(ug/L) (ug/L) (ug/l) (ug/L)
Benzene 2-6,080 ND ND NA
Benzoic Acid NR NR NR ND-73
Bromomethane 10-170 ND ND NA
1-Butanol 50-360 ND ND NA
Carbon tetrachioride 2-398 ND ND NA
Chiorobenzene 2-237 ND ND NA
Chloroethane 5-860 ND ND NA
Bis(2-chloroethoxy)methane 2-25 ND ND ND
Chloroform 2-1,300 ND ND NA
Chioromethane 10-170 ND ND NA
Delta BHC 0-5 ND ND NA
Dibromomethane 5-25 ND ND NA
1,4-Dichlorobenzene 2-37 ND ND ND
Dichlorodifluoromethane 10-450 ND ND NA
1,1-Dichloroethane 2-6,300 ND ND NA
1,2-Dichioroethane 0-11,000 ND-16 ND NA
Cis-1,2-Dichloroethene 4-190 ND ND NA
Trans-1,2-Dichlioroethene 4-2,760 ND ND NA
Dichloromethane 2-3,300 ND ND NA
1,2-Dichloropropane 2-100 ND-230 ND NA
Diethyl phthalate 2-330 ND ND ND
Dimethyl phthalate 4-55 ND ND ND
Di-n-butyl phthalate 4-150 ND-23 ND ND
Endrin 0-1 ND ND-250 NA
Ethyl acetate 5-50 ND ND NA
Ethyl benzene 5-4,900 ND ND-15 NA
Bis(2-ethylhexyl)phthalate 6-150 ND ND ND

R339911
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TABLE 7-9

CONCENTRATIONS OF ORGANIC CONSTITUENTS IN LEACHATE

FROM MUNICIPAL WASTE LANDFILLS, ASH MONOFILLS, AND CO-DISPOSAL SITES

PAGE TWO
Range NUS NUS Ash Monofill
Constituent (Literature) Municipal Codisposal {CORRE)
(ug/L) (ug/l) (ug/t) (ug/L)

isophorene 10-16,000 ND ND ND
Methyl ethyl ketone 110-28,000 290-12,000 ND-2,200 NA
Methy! isobutyl ketone 10-660 ND ND NA
3-Methylphenol NR NR NR ND-6J
4-Methylphenol NR NR NR ND-6J
Napthalene 4-68 ND ND ND
Nitrobenzene 2-120 ND ND ND
4-Nitrophenol 17-40 ND ND ND
Pentachlorophenol 3-470 ND ND ND
Phenol 10-28,800 ND-2,100 ND-2,100 ND-32
2-Propanol 94-10,000 ND ND NA
1,1,2,2-Tetrachioroethane 7-210 ND ND NA
Tetrachloroethene 2-620 ND ND NA
Tetrahydrofuran 5-260 ND ND NA
Toluene 2-3,200 ND-1,100 ND-120 NA
Toxaphene 0-5 ND-16 ND NA
1,1,1-Trichloroethane 0-2,400 ND ND NA
1,1,2-Trichloroethane 2-500 ND ND NA
Trichloroethene 1-1,120 ND ND NA
Trichiorofluoromethane 4-100 ND-230 ND NA
Vinyl chioride 0-110 ND ND NA
m-Xylene 21-79 ND ND NA
p-Xylene and o-Xylene 12-50 ND-23 ND-290 NA

NA  Notanalyzed, as it was not part of the scope of work for this study.

NR  Notreportedinthe literature.

ND Notdetected.

J indicates approximate value because contaminants were detected at levels below Method

Detection Limits, but above the instrument detection limit.
The first three columns are from "Characterization of MWC Ashes and Leachates From
MSW Landfills, Monofills, and Co-Disposal Sites,” EPA, October 1987. The last column is

Source:

from this study.
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TABLE 7-10

LEACHATE DIOXIN RESULTS

RANGES OF CONCENTRATIONSS
Samples (ppb)
Perameser | za-Le-oo1- s8.Le.001 | 2CLE001- | ZDLe-001- | zE-LE-001-
ZA-LE-007 ZC-LE-002 | ZD-LE-003 | ZE-LE-002
(2378100 ] N> | N> | N N o]
TCDD-TOT ND ND ND ND ND
PeCDD ND ND ND ND ND
HXCDD ND ND ND ND ND
HPCDD ND-0.222 ND ND ND ND
0CDD ND-0.107 ND ND ND ND
2,3,7,8-TCDF ND ND ND ND ND
TCDF-TOT ND ND ND ND ND
PeCDF ND ND ND ND ND
HXCDF ND ND ND ND ND
HPCDF ND-0.076 ND ND ND ND
OCDF ND ND ND ND ND
éf&?\ﬁgﬁ?‘;:h 2x 104 ND ND ND ND

ND  Not Detected.
M 2,3,7,8-TCDD equivalency calculated using Toxicity Equivalency Factors currently
recommended by EPA (EPA, March 1987).
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TABLE 7-11

CONCENTRATIONS OF PCDOs/PCDFs IN LEACHATES FROM ASH MONOFILLS

RANGES OF CONCENTRATIONS
Field Leachate | Field Leachate | Field Leachate | Field Leachate
Compound Monofill B Monofill C Monofill D Facility ZA
(ppb) (ppb) (ppPb) (ppb)

Total TCDD <0.06-6.6 <0.05-28 0.13-0.27 ND
Total PeCDD <0.05-25 <0.03-93 <0.22-04 ND
Total HxCDD <0.02-22 <0.02-130 2.1-2.2 ND
Total HoCDD 0.009-21 <0.02-172 8.2-88 ND-0 222
Total OCDD 0.14-14 0.06-120 23-25 ND-0 107
Total Dioxin 0.149-88.6 0.06-543 33.93-36.17 NR
2,3,7,8-TCDF <0.05-3.7 <0.08-11 0.37-0.4 ND
Total TCDF <0.05-22 <0.08-65 2.9-3 ND
Total PeCDF <0.02-17 <0.02-64 2.3-24 ND
Total HxCDF <0.01-16 <0.01-76 1.9-19 ND
Total HeCDF 0.05-9.4 <0.03-60 1.2-1.3 ND-0 076
Total OCDF 0.05-1.9 0.04-15 0.81-0.84 ND
Total Furan 0.1-66.3 0.04-280 9.21-9.34 NR
2,3,7,8-TCDD (M)
Equivalency 0.000-0.037 0.000-0.062 0.000-0.001 2x 104
(ugskg or ug/L)

ND  Notdetected.

NR  Notreported, since the results were reported in another fashion.
& 2,3,7,8-TCDD equivalency calcuiuated using Toxicity Equivalency Factors currently
recommended by EPA (EPA, March 1987).

Source:

The results for Monofili B, Monofill C, and Monofill D are from “Characterization

of MWC Ashes and Leachates from MSW Landfills, Monofills and Co-Disposal
Sites,” EPA, October 1987. The results from Facility ZA are from this study.
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TABLE 7-12

LEACHATE METALS ANALYSES
RANGES OF CONCENTRATIONS

Samples (in ug/l) Standards/Critena (in pg/L)
Parameter iz::;::':x Sate Danking | Sate Drnking

ZA-LE-001- 2B8-LE-00] ZC Lt 001- ZD-LE-001- 2€ LE 001- Allowable Water Actle) | Water Activ)

ZA-LE-007 ZC-LE-002 ZD-LE-003 ZE LE-002 Limit MCis SMCLs
Arsenic 47-400 ND ND ND ND 5,000 50 SNA
Barium ND 9,220 7880 18-40 2,970-3,080 100,000 1,000 SNA
Cadmium ND-1 7 40 ND ND ND 1,000 10 SNA
Chromium ND-32 ND ND ND ND 5,000 50 SNA
Copper ND 88 ND 46-12 ND SNA SNA 1,000
lron 120-3,400 840 108-115 187-523 7,480-10,500 SNA SNA 300
lead 8-54 ND ND-34 ND ND 5,000 50 SNA
Manganese 310-4,600 17,600 493-501 718-857 17,100-18,500 SNA SNA 50
Mercury ND ND ND ND ND 200 2 SNA
Selenium 24-340 ND ND ND ND 1,000 10 SNA
Silver ND ND ND ND ND 5,000 50 SNA
Sodium 3,000,000- 3,800,000 2,450,000 188,000-191,000 1,340,000-2,580,000 2,430,000-2,470,000 SNA SNA SNA
Zinc 60-370 83 9-13 5287 2/-70 SNA SNA 5,000
Aluminum 700-920 ND ND ND ND SNA SNA SNA
Calaum 3,270,000-5,360,000 8,390,000 64,600-65,800 386,000-477,000 5,570,000-5,670,000 SNA SNA SNA
Magnesium 51,000-70,000 17,300 22,600-23,000 340,000-367,000 14,800-15,000 SNA SNA SNA
Polass;um 516,000-525,000 1,620,000 79,700-81,200 229,000-636,000 1,430,000-1,450,000 SNA SNA SNA
Sthcon 2,100-5,700 3,150 4,570-4,840 8,760-15,300 470 498 SNA SNA SNA

ND  Not Detected

SNA  Standard Not Avatlable

(a) Primary Drinking Water Standards
(L) Secondary Drinking Water Standards




TABLE 7-13

RANGES OF LEACHATE CONCENTRATIONS
OF INORGANIC CONSTITUENTS FROM MONOFILLS

. Concentration Concentration E’\:;?:;Sg Primary Drinking
Constituent (th;r;;tf;e) (COI?rFT(‘Z/SSde) Allowable Limit Wate(;nS;;/aLn)dard
(mg/L)
Arsenic 0.005-0.218 ND-0.400 5.0 0.050
Barium 1.0 ND-9.22 100.0 1000
Cadmium ND-0.044 ND-0.004 1.0 0010
Chromium 0.006-1.53 ND-0.032 5.0 0 050
Lead 0.012-2.92 ND-0.054 5.0 0 050
Mercury 0.001-0.008 ND 0.2 0 002
Selenium 0.0025-0.037 ND-0.340 1.0 0010
Siiver 0.07 ND 5.0 0050
Aluminum NR ND-0.920 SNA SNA
Beryllium NR NA SNA SNA
Boron NR NA SNA SNA
Calcium 21 64.6-8,390 SNA SNA
Cobalt NR NA SNA SNA
Copper 0.022-24 ND-0.012 SNA SNA
Iron 0.168-121 0.108-10.5 SNA SNA
Lithium NR NA SNA SNA
Magnesium NR 14.8-367 SNA SNA
Manganese 0.103-4.57 0.310-18.5 SNA SNA
Molybdenum NR NA SNA SNA
Nickel ND-0.412 NA SNA SNA
Potassium 215 79.7-1,620 SNA SNA
Sodium 200-4,000 188-3,800 SNA SNA
Strontium NR NA SNA SNA
Tin NR NA SNA SNA
Silicon NR 0.470-15.3 SNA SNA
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TABLE 7-13
RANGES OF LEACHATE CONCENTRATIONS
OF INORGANIC CONSTITUENTS FROM MONOFILLS

PAGE TWO
' Coqcentration Concentration EJ;?:S:: Primary Drinking
Constituent (Lt‘:renr;/t:)re) (CO?;Z/SLt)udy) Allowable Limit Wate(n;:;sdard
(ma/L)
Vanadium NR NA SNA SNA
Yttrium NR NA SNA SNA
Zinc ND-3.3 0.0052-0.370 SNA SNA
Chioride 1,803-18,500 7,700-22,000 SNA SNA
Sulfate 94 14.4-5,080 SNA SNA
pH 8.04-8.3 5.2-7.4 SNA SNA
TDS 11,300-28,900 924-41,000 SNA SNA

ND  Notdetected.

NR  Notreportedin the literature.

NA  Notanalyzed, as it was not part of the scope of wark for this study.

SNA Standard Not Available.

Source: First column is from “Characterization of MWC Ashes and Leachates from MSW
Landfills, Monofills, and Co-Disposal Sites,” EPA, October 1987. Second coiumn is
from this study.
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TABLE 7-14

LEACHATE CONVENTIONAL ANALYSES
RANGES OF CONCENTRATIONS

Samples (in mg/L)

Standards/Catena (in mg/L)

Parameter :::::‘: Sate Dnnking | Sate Dnnking
ZA-LE-001- 2B-LE-001 ZC-LE-001- 20-LE-001- 2E-LE-001- Allowable Water Act{s) | Water Actib)
ZA-LE-007 2C-LE-002 ZD-LE-003 ZE-LE-002 Limat MCLs SMCts
Ammonia-Distitled (as N) 5335 418 682774 438284 978114 SNA SNA SNA
Total Organic Carbon 17-420 30 47 2-493 288307 255-289 SNA SNA SNA
pHi (held) (standard units) 6774 65 69 NR 52 SNA SNA SNA
Sulfate 620-1,500 7n 144145 4,140-5,080 309-312 SNA SNA 250
Sohds, Dissolved @ 180°C 13,700-41,000 40,600 924-932 8,030-13,000 25,900-26,300 SNA SNA 500
Total Alkaliniy 44-120 65 560-566 709-744 95 2-117 SNA SNA SNA
Nitrate (as N) ND-0 2 04 0 40-0 41 ND-0 04 001 SNA 10 SNA
Osthophasphate ¢18-12 o0 ND 017-024 ND SNA SNA SNA
Specific Conductivity 33"?"00":5/6(:‘00 > 10,000 umhos/cm 1,800 ymhos/cm 9?‘:';:/2':00 >10,000 SNA SNA SNA
Chionde 7.700-22,000 NA NA NA NA SNA SNA 250
Temperatuse (°C) (field) NA 9 1 19-30 23 SNA SNA SNA
Kjeldahl Nitrogen 34-43 NA NA NA NA SNA SNA SNA

NA  Notanalyzed, due 10 differences in scope of work.

ND  Notdetected

NR  Notreported; pH meter not working properly
SNA Standard nol available

{a) Primary Drinking Wadter Standards
(b) Secondary Drinking Water Standards




RANGES OF EXTRACT CONCENTRATIONS OF ORGANIC CONSTITUENTS

TABLE 7-15

FROM MUNICIPAL WASTE INCINERATOR COMBINED FLY ASH AND BOTTOM ASH

FOR THREE LEACHING PROCEDURES

Range of Concentrations (ppm)
Deionized Water , '
Constituents Extra(thiit(:r: ai;orcee)dure ;E::;rcae?:::: CharTa?tuecristic De\«l\?arl(ezre ‘
Test Leaching Extraction
First Second | (Literature) (tir:ecrzc'ia::) "CoRRE)
Extraction Extraction
Naphthalene ND ND ND-8 ND ND
Methyl naphthalene ND-0.080 ND ND-18 ND ND
Oiley! Alcohol(! ND-0.088 ND ND ND ND
Methoxy ethane(2) ND ND ND ND ND
Methoxy ethanol ND ND-0.006 ND ND-0.013 ND
Dimethy! propdiol(3) ND-0.160 ND-0.140 ND-0.190 ND-0.140 ND
Phenol ND ND-0.033 ND ND ND
Bis oxy ethanol(4) ND-0.096 ND-0.018 ND ND ND
Ethoxy ethanol(3) ND-0.310 ND-0.390 ND ND ND
Cycloocta deconet®) ND-0.580 ND-1.2 ND ND ND
M. Furan dione(”) ND ND ND ND ND
E. Dim dioxane(® ND-0.510 ND ND ND ND
Benz, Di carboxy A ND ND-0.002 ND ND ND
Benzoic acid NR NR NR NR ND-0.130

ND Not detected.

NR Not reported in the literature.

Source: "Characterization of MWC Ashes and Leachates From MWS Landfills, Monofills, and
Co-Disposal Sites,” EPA, October 1987. Last column are the resulits of this study.

(1) (2)-9 Octadecen-1-01 (CAS 143-28-2).

(2} 1-Methoxy-2-(methoxy methoxy)ethane (9C1) (CAS 74498-88-7).

(3) 2,2-Dimethyl-1,3-propanedial (CAS 162-30-7).

4y 2,2-{1,2-Etharediylbis (oxy) bis-}ethanol (CAS 112-27-6).

(5} {2)-9 Octadecer-1-01 (CAS 143-28-2).

) 1,4,7,10,13,16-Hexaoxa cycloocta decane (CAS 17455-13-9),

7y 3,4-Dimethyi-2,5-furadione (9C1) (CAS 766-39-2).

8) S-Ethyl-2,2-dimethyi-1,3,-dioxane (3C1) (CAS 25796-26-3).
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TABLE 7-16

ASH EXTRACTS METALS ANALYSES
RANGES OF CONCENTRATIONS

COMPARISON OF LITERATURE VALUES WITH RESULTS OBTAINED DURING CORRE STUDY

Samples {(in pg/t)

Standards/Critena

Parametes SW-924 DIH,0 EPTOX EP TOX TCLp TP TCLP2 TQe TCLP 2 ova)
(DI H;0) Extracts Extracts Extracts Extracts Extracty Extracts Extracts Extracts CO, bxtracts | SAR Lxtracts | EP Toxaty Maximum
{Literature) {CORRE) {Literature) {CORRE) {Literature) | (Literature) § (Literature) {CORRE) (CORRE) Allowable Limit
Arsenic 5.50 ND-45 5.100 ND-31 537 10-30 10-100 ND ND 60 ND 53 ND 5,000
Barium 150-390 | 139-3.050 | 27-6300 23-455 NR 100-3,260 50-630 161-1,850 12-809 126-530 129 3.960 100,000
Cadmium 530 ND-76 10-3,940 251,200 25-3,320 30 1,900 10-470 ND 1,150 | ND-1,560 ND-354 ND6 0 1,000
Chromium 2520 ND-16 5 9-460 ND-86 25-439 200-320 10-160 ND-80O ND-799 ND 9B ND-10 5,000
Copper 25.190 12534 39-1,190 24.5.170 2519 50-90 20-20 5858 5 4-1,400 88620 85610 SNA
Won 2538 ND-115 “"35‘&0 ND-82,000 | 828-60,600 ;‘;zm 2.180-6,330 | ND7.220 | np 62000 no 308 ND 97 SNA
Lead 752980 | ND3.410 | 2034000 | ND-19.700 | 655.30,100 | 900 47,000 | 506,100 | ND 10,00 | ND 26,400 | ND 504 ND 3 940 5,000
Manganese ND 10 ND-20 | 3.6006.240 | 250 8,540 ]4.200.11.900 | 7.040-7,470 | 3.2203.340 | NDS51/0 | 387370 | NO 2,190 ND b4 SNA
Metcury 10 100 NDOS6 | ND-6000 ND 203 a4 $0-60 ND-100 ND 38 ND4 6 ND-155 ND 11 200
Selerum 2550 ND 2-100 ND 25 25 1010 10-50 ND ND ND ND 23 1,000
Silver ND-50 ND 1-100 ND NR 2040 1050 ND ND ND-16 ND $,000
codwom o8, 300 24.100- 49,900- 33.600- MR 103,000 | 1,410,000- | 1.180.000- 38, /00- 24,800- 24, 200- A
85 300 209,000 100,000 225.000 110 000 1500000 | 1640 000 228.000 168,000 201,000
Zine 15 960 541,340 ;;égg(‘) 67 95,600 3273';?330 22322%% ?2?)%% 9779500 | 26 164000 | 5127000 12-1,290 SNA
Alurunum Omde 170 29.400 | np-203,000 i;m ND- 150,000 NR 3302% 90-90 N0-62,800 | ND 152,000 | §D-90,700 | wo 118,000 SNA
Calrum Onde 122,000 141,000- 77,000- 592,000~ NR 1.930,000- | 362,000- 666,000- 692,000 398,000 142,000 SNA
536,000 1,740,000 | 1740000 | 4.810,000 1990000 | 1430000 | 2750000 | 3.640000 | 1920000 | 1.800.000
Magnesium Oxide ND 190 21379 izz%% ‘23703330 NR 41700 1 140-22.900 | 55 375,000 | 623-137,000 | 207-59.300 12 440 SNA
Polassium Monoxide 85,200- 13,100- 10,000- 10,100- NR 106,000- 86,500- 14,600 15.100- 12,300 14 500- A
120,000 189,000 154,000 189,000 111,000 93,900 210,000 1.110,000 155,000 181,000
Silicon Dioxide NR 402-3,990 NR 5,090-98,700 NR NR NR 379.51.700 | 820 143,000 | 418-71.800 | s64 3,770 SNA

ND  Not detected

NR Not reported in the hterature
SNA  Standard not available
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1.0 INTRODUCTION

This work plan has been prepared for the United States Environmental Protection Agency (EPA) and
the Coalition on Resource Recovery and the Environment (CORRE) in response to a jointly-sponsored
EPA and CORRE study to characterize the composition of municipal waste combustion (MWC) ashes
and associated leachates from the corresponding monofills.

The objective of this study is to collect ash samples from five MWC facilities and subject them to
laboratory analysis and several laboratory extractions, as well as to collect natural leachates from the
MWC Ash Monofilis in which these ashes are disposed. Results of this study wiil enhance the data
base on the characteristics of MWC ashes, extracts, and leachates from MWC ash monofills. The data
obtained in this study must be of high quality, from the perspective of both sampling and chemical
analysis. Table 1-1 provides a summary of the number of sampies to be taken and the types of
anaiyses to be performed.

This phase of the project concentrates on five MWC facilities. Additional facilities may be added to
the study at a later date by the study sponsors.

All information obtained throughout this study, including the identification of the facilities
participating in this study, will be treated with utmost confidentiality. Only selected NUS personnel
will have access to the data. Except for these selected NUS project team membaers, no one, inciuding
the EPA sponsors of the study, will have access to the data. All project data will be kept in a secure
locked file or work area at all times. Access to this area will be strictly limited.

Section 2.0 of this work plan addresses the scope of work. Recommendations inciuded in the EPA
publication entitied “Sampling and Analysis of Municipal Refuse Incineration Ash® will be adhered
to. Section3.0 describes the analytical protocois; Section 4.0 delineates data validation and
evaluation; Section 5.0 describes the content of the draft and final reports to be produced; ard
Section 6.0 addresses the study schedule.
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TABLE 1-1

SAMPLING AND ANALYSIS SUMMARY

CORRE

Sampling

Number of
Faciities

Number of
Sampies per
Facility

Total
Number of
Sampies

Types of Analysis

I MWCTOTAL ASH
S 5Q) 25 Metais(!) and conventionais(2)
2 1(3) 2 PCBs
5 143) S PCDOWPCDFs
5 143) ] Semivolatiles (Appendix IX)
n. MWC ASH EXTRACTS
5 53) 150 Mctals{ Y and convcntno_nals@ uuli;ang the
extraction procedures listed in Section 2.2.2
5 13 5(4) Semivolatiles and PCODyYPCDFs
2 1) 28 PCBs
M. FELD LEACHATES
4 2 8 Metais(!) and conventionais(2)
1 2 2 PCBs
4 2 8 PCDOyPCDFs
4 2 8 Semivolatiles

m

2)

3)
(4)

R33949

Includes metals on primary and secondary drinking water standard lists and others as

follows: As, Ba, Cd, Cr, Pb, Hg, Se, Ag, Na, Cu, Fe, Mn, and Zn; Al, Si Ca, Mg, K.

Includes the foilowing conventional parameters: TOC, total solubie saits, NH3=N, NO3-N,

S0¢, PO, CO3, C, and pH.
£ach sampie represents a composite of 8 individual samples coilected per day.

A composite of the extracts from only one extraction procedure will be analyzed for
semivolatiles, PCODYPCDFs and PCBs. The extraction procedure to be chosen will be
determined at a later date based on results obtained for metals and conventional

paramaeters.




2.0 DETAILED SCOPE OF WORK

This section provides the program elements for sampling and analysis of MWC ashes from five
facitities and MWC Ash Monofill leachates from four facilities. It also provides the scope of work for
data evaiuations and interpretation, reporting, and the QA/QC elemaents necessary for ensuring a
meaningful program.

It is assumed in this Work Plan that the five MWC facility and associated MWC Ash Monofill sites will
be selected by CORRE. Site locations and a contact person at each factlity will be identified by CORRE
and provided to NUS.

2.1 FIELD SAMPLING

The purpose of this task is to perform the actual coiiection of leachate from four MWC Ash Monofills
and ash sampies from five MWC facility sites, document the sampling, and handle and ship the
sampies in accordance with the foilowing procedures.

2.1.1 mpling Pr r

2.1.1.1  Sampie Collection

Leachate Sampi \lecti

Four MWC facilities will be chosen for leachate sampling. Leachates will be collected from the
leachate coilection system of the MWC Ash Monofill. Two sampies will be coilected at each of the
four facilities for laboratory analysis of metals, conventional parameters, PCDOWPCDFs, and
Appendix IX semivolatiles. Two samples collected from oniy one facility will be analyzed for PCBs.

Leachate sampies will be taken from the collection system as grab sampies. Candidate sampiing
locations include collection sumps and/or drainage ditches. The NUS onsite person wiil select the
sampling points in cooperation with facility personnel. Preferably, the sampies will be coilected by
submerging the sample containers. Alternatively, they will be collected using stainiess-steel buckets
attached to an aluminum handle or a polyethylene rope.
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All sample containers will be filled to capacity to prevent oxidation and precipitation of dissoived
metals.

Samples destined for metal analyses will be filtered in the field prior to acidification, if possible. I
impracticabie to filter in the field, samples will not be acidified in the field but only cooied and
Instructions sent to the !aboratory (VERSAR) to filter and acidify upon receipt of sample.

All sampies destined for samivolatile analyses (Appendix iX), PC2OWPCDFs and PCBs if found to be
turbid, will be centrnfuged by the analyzing laboratories (VERSAR and BATTELLE) prior to being
extracted for analysis. Only the liquid will be analyzed. instructions to centrifuge will be sent from
the field with the applicable samples by the NUS Sampler.

Leachate sampling wiil be performed by NUS personnel. Tabie 2-1 lists the number of samples,
analytical paramaeters, containers, and preservatives applicable to coilection of the leachate sampies.
These samples will be anaiyzed for metais and conventional parameters, PCDDs, PCDFs, and
Appendix iX semivolatile compounds. One sampie per site from only two facilities will be analyzed
for PCBs.

MWC A mpi ilection

Five ash composite sampies wiil be collected at five MWC facilities. Ash sampies wili be collected
from a conveyor. Sam = ng will be performed by fac s personnel. An NUS sampling expert will be
on site during the ash s.mpiing.

The following procedures will be empioyed during ash sampling:

@ Samples wiil be collected with a shovel.

® Grab samples will be taken from the conveyor using “ASTM D2234-86 Standard Methods
for Collection of 3 Gross Sample of Coal,” Condition 8, full-stream cut.

o Collection will be done at a fixed point each hour for 8 hours.
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TABLE 2-1

ANALYTICAL PARAMETERS, CONTAINERS, AND PRESERVATIVES
CORRE

Number
of Type of Analysis
Samples

Container(s)(!) Preservativeld)

SOURCE: MWC MONOFILL LEACHATE

8 Metals(3) One 1-liter poiyethyiene HNOj to pH <2
8 TOC, NH3 -N One 1-liter poiyethylene M504 to pH <2
8 TDS, NO3=N, SO4, PO, One 1-liter poiyethyiene

8 CO, One 500-mL polyethyiene HNOjtopH <2
2 PCBs Two 1/2-gallon amber glass

8 PCDOYPCDFs Two 1/2-galion amber glass

8 Semivolatiles (Appendix IX) Two 1/2-gailon amber glass

SOURCE: MWC ASH

Metals(3), samivoiatiles (Appendix IX),
PCDODwPCDFyPCBs, and

200(9) | conventionai(4) parametersin ash and | 1 quart
in ash extractons listed in
Section 2.2.2

Mm All containers will have Teflon-lined, screw-on lids.

(2 All sampies will be cooled to 4°C.

€} As, Ba, Cd, Cr, Pb, Hg, Se, Ag, Na, Cu, Fe, Mn, and Zn; Oxides Al, Si, Ca, Mg, K.

(@) TOC, total soluble salts, NH3=N, NO3=N, SO4, POq, CO3, Cl, and pH.

(5)  The 200 samples will be grouped as 8-hour composites yielding a total of 25 sampies. Two of
the 25 composite samples extractions will also be analyzed for PCBs and S will be anaiyzed for
PCDOWPCDFs and semivoliatiles (Appendix 1X).
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® The eight sampies will be scooped nto a 5-gallon container and will be composited into an
8-hour compaosite sample. The container will be sealed, labeled, and stored for shipment

at the end of the S days of sampiing. Sample handling and shipping will be done by NUS
personnel.

® Sampies will be collected each day over S days of facility operation. Starting time for
sampie collection will be one 1 hour later each day. For exampie, Monday sample
coilection will begin at 8:00 a.m., Tuesday at 9:00 a.m , etc.

Table 2-1 lists the number of sampies, anaiytical parameters, containers, and preservatives for the
leachate and ash sampies.

2.1.2 Sampie Numbering

All sampies will be assigned a field identification number to inciude codes for the site name, sample
type, and station number. The site name may be abbreviated using a two- or three-ietter code, such
as ML. The sampie type will be denoted as either LE, for leachate sampies, or AH, for ash samples.
The station number wiil refer to a specific sampling location, if applicable.

Additional codes will be utilized for identifying the first hour of ash sampling and the date. The date
will be noted by two digits for the month, day, and the year; the hour of day will be designated by
four digits. For exampie, an ash sample collected at the first location on December 20, 1988, at
10:00 a.m., wouid be designated as foilows:

o ML-AH-001
¢ 12-20-88-1000

213 sample Documentation
All site activity and sampling will be documented in a waterproof, bound, log book to be compieted
by the NUS onsite personnel. Additionally, the following documents will be prepared to track each

sample through shipping and analysis:

¢ Sampie iabels - One per sample container; information on the label will include date, time,
sample number, analysis, and preservative.

o Traffic report formg - Individual forms for each individual |aboratory.
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o Chain-of-cystody forms - One per sample shipment to an individual laboratory.

o (Chain-of-cystody segls - Two per cooler, affixed so that the cooler cannot be opened
without breaking the seais.

® Airbills - One per sample shipment to an individual |aboratory.

2.1.4 Sample Handling

All liguid sampies will be placed on ice in a cocler immediately after collection. Required
preservatives for the liquid sampies will be added as soon as possible after coliection. The
subsequent list of procedures will then be followed: :
o Compiete proper decontamination.
e Tighten and secure the lid of each container.

® Seal each container in a watertight plastic bag.

Sampies will be shipped the day they are collected via a qualified carrier for next-day delivery. Ash
samples wiil be shipped to the VERSAR laboratory upon completion of sampling at each facility.

2.1.8% Sampie Packaqing ang Shipping

To ensure that the laboratories will receive enocugh sample voiume, all samples will be treated as
environmental samples. The following steps will be taken during packaging and shipping:

¢ Plug the drain and line the cooler with a large, impervious plastic sheet.
o Place samplesin the cooler.

¢ Include several watertight ice packs.

® Fill with a light, absorbent, packing material such as vermiculite.

o Place laboratory copies of sample documentation in a sealed plastic bag and tape to the
cooler lid.
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e Affix custody seals.
¢ Secure the cooler with strapping tape.

o The traffic report forms will indicate whaether the field team believes that a sampie 1s of
medium concentration.

2.1.6 Equipment ntamination

Dedicated disposable or laboratory-cieaned equipment will be used to collect all sampies. After use,
any nondisposabie equipment, such as a shovel, will be decontaminated using the following steps, as
applicable:

Tap water and |aboratory-grade soap wash
Tap water rinse

10 percent nitric acid solution rinse

Di water rinse

Soivent rinse

Di water rinse

Air dry

Foii wrapping and storage in a secure area

2.2 SAMPLE HANDUNG AND PREPARATION

Samples collected during the field sampling will consist of two basic types of media: field leachate
and MWC ash samples.

All field leachate samples except those to be analyzed for PCBs and PCOOYPCDFs wiil be shipped to
VERSAR. Sampiles t0 be anaiyzed for PCBs and PCODYPCDFs will be shipped to Battelle Columbus.
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2.2.1 Ash i@ Preparation

All field MWC ash samples will be sent to VERSAR. VERSAR will prepare these sampies for analysis by
implementing the following procedures:

® Each composite wiil be passed over a 2-inch screen. Material passing the 2-inch screen will
be set aside. Material larger than 2inches will be subjected to repeated blows with a
S-pound siedge hammer dropped from a height of 1 foot. If a piece does not break after
being subjected to three biows of the hammaer, it will be weighed, the weight recorded,
and discarded. Materal that breaks will then be reduced in size to pass the 2-inch screen
and recombined with the original material smailer than 2 inches.

® Each composite sample wiil be dried, crushed to pass a 3/8-inch screen and riffled or coned
and quartered to obtain a 1,000-gram sample. The sampie will then be properly labeied
and stored in a clean, dry, cool, secure area. For further details, see ASTM Standard D346.

Selected portions of five |eachate extractions for each of the extraction methodoiogies will be sent
to Battelle Columbus for PCOD/PCOF and PCB analysis. Table2-2 summarizes the analysis by
laboratortes.

2.2.2 Extraction Sampie Preparation
VERSAR wiil extract ash samples using six different extraction methods, as follows:

Acid No. 1 (EP-TOX)

Acid No. 2 (TCLP Fluid No. 1)
Acid No. 2 (TCLP Fluid No. 2)
Method 924

CO; saturated deionized water
Simulated acid rain

The laboratory wiil adhere to the appropriate Federal Register leaching requirements for the first
four methods. The extraction solutions and the extraction procedures for the CO, saturated
deionized water and the simulated acid rain are given in Appendix A.
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TA:LE2-2

SAMPLE PREPARATION AND CHEMICAL ANALYSIS 8Y LABORATORIES

CORRE
sample Media Preparation Analysis*

MWC Totai Ash VERSAR VERSAR: Metals,* Conventionals.” Semivolatiles*”
BATTELLE COLUMBUS: PCBs, PCODYWPCDFs

MWC Ash Extractions VERSAR VERSAR: Metals, Conventionais, Semivoiatiies
BATTELLE COLUMBUS: PCBs, PCDDYPCDFs

Field Leachates VERSAR VERSAR: Maetais, Conventionals, Semivoiatiies
BATTELLE COLUMBUS: PCBs, PCDDyPCDFs

*  See footnotes to Tabie 2-1 for detailed individual analyses of metals and conventional
parameters.
** Appendix IX.
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VERSAR will analyze the extracts for metals, conventional parameters, and the semivoiatile
compounds on the Appendix IX list and will ship the selected extract sampies to Battelle Columbus
for PCB, PCDF, and PCDD analyses.

223 Field Legchate Anaiysis

Leachate sampies collected from the field wiil be anaiyzed for metals, conventionai parameters, and
semivolatile compounds by VERSAR and for PCBs and PCODY/PCDFs by Battelle Columbus.

- 1-11 A -f.
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3.0 SAMPLE ANALYSES

All analyses except for PCBs, PCOO/PCDFs, and conventional parameters will be conducted in strict

adherence to the EPA third edition of SW-84§ and will include ail deliverables specified by the
applicable method.

The conventional parameters will be analyzed according to the applicable methods described in the
"Methods for Chemical Analvsis of Water 3nd Wastewaters,” EPA-600/4-79-020, March 1983.

PCBs, PCDDs, and PCOFs will be analyzed in the homolog form according to the procedures described
in Appendix8. In addition, for the PCDOs and PCDFs the concentrations of the individual
2,3,7,8isomaers will oe determined for each homolog.
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4.0 DATA EVALUATION AND ANALYSIS

Results obtained from the laboratories will be validated, according to EPA national validation
guidelines; evaiuated; and interpreted. The data will be compiled into a single data base.

Results of laboratory analyses will be validated by qualified NUS chemists, according to QA standards
established by EPA. The data validation is independent of internal validation performed by the
faboratories invoived, and is intended to assure high qualiity data.

The validated data will be compiled into a singie data base. These data wiil be compared with
literature information and with Appiicable or Relevant and Appropriate Requirements (ARARsS).

Attempts will be made to evaluate the environmental effects of the ashes and the leachates.

Operating data for the sampled facilities during the sampiing period wiil be provided, as availabie,
from the facility personnel.
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5.0 REPORTS

NUS will prepare a draft report, which will contain the following descriptions:

o MWC faclities sampled. Facility identification will be kept in confidence, and onty codes
will be used.

o MWC ash monofills sampied. Facility location wil! be limited to idenufication by codes
only.

® Sampling procedures.
¢ Analytical procedures.
® Resuits.

o Evaluation of resuits.

The draft report will be submitted for review by EPA and CORRE. A final report will be 1ssued upon
receipt of comments from EPA and CORRE.

EPA and CORRE may provide a list of three potential peer reviewers who will be given the
opportunity to comment on the draft report. The peer reviewer's comments will also be
Incorporated in the final report.

i
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APPENDIX A
CARBON-DIOXIDE-SATURATED DEIONIZED WATER

AND SIMULATED ACID RAIN EXTRACTION SOLUTIONS
AND EXTRACTION PROCEDURES



CO; SATURATED ELUANT

The intent of this eluant formation is to simulate a relatively “natural” low pH rainwater without the
use of atmospheric man-made contaminants common such as HC! and SQq.

Step ! One must develop a “pH-time of purging” relationship curve. This s done simply by
plotting obsarved pH to deita ume during purge of distiiled water with compressed
CO;. Pursuant to Henry's gas law (attached text) an equilibrium of CO; at controlled
ambient temperature in liquid from gas will be reached--at this time pH and time of

purge should be recorded and thereafter used as a reference for preparing the CO;
saturated distilled water solutions.

Step2 After obtaining the reference pH and CO, time, use the prepared eluant per SW-846
procedures.

SYNTHETIC ACID RAIN ELUANT

The intent of this eluant formation is to simulate an acid rain representative of the Northeastern
United States according to the National Atmosphere Deposition Program (NADP) quality reference.

Step ! Prepare the following primary solution

Parameter Units

Distilled water 4liters

NaNO; o.M soinms (gm)

KNO; 0.2196gm

NH{NOy 0.648gm

MgC1t; 0.0821 gm

H3804 0.1755 gm of (98 percent]
CasQ, 0.1087 gm

Step2 To achieve a more reasonabie pH represemtative of the Northeast, dilute the solution
prepared in Step 1 by ten (10) fold.

Step3 Utilize the eluant prepared form Step 2 pursuant to SW-846 procedures.
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the pure component, the conditions are favoruble for phase sparstion. Phass
separadon occurs when the Gibbe energy of the twosphsss systema is lower than
that of the hamogeneous systam. Figure 5.9¢ shows the typs of phass diagram that
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of immiscibility of the twe liquids.

It is iznportant 10 nodes that in all of thase four diagrams ths vapor presmure of
the component prwsent at higher concentratdoa approaches the values given by
Raouit's law as its mole fraction approaches unity. Other types of deviadeons fom
Raoult's law are also found. A compooent may show positive deviatdens in diiute
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Up to & presmwe of | atm Henry’s law halds withia | w0 37, for many dighdy
soluble gnees.

Tahie 88 Hearys Law Consman f¢ Gesm at 23 °Q*
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For the disociation of aa acid wi '
= H* + A°B40 (6.6)

ths thermodynamic disociadon constant X, , 4 is given by

o (AEBALN
x,...ﬁl-(zml-‘u* ool - X Lasy )
-y '-Q

Substituting equation 6.5 and reasrranging yields

, P = plras = Syl (88)

Emamgle .3 Racimate pX, sad pK, for HoPO, st 23 °C and 0.01 icaie serength.

p&: @ pKieg = (28 + l)(:.“l) 0.01)® « pf1eq = (18 + 1)0.068

pk @ 2.148 = 0.046 = 2.108
pKe @ 1198 = $(0.040) = 7.080

3 CARBON DIOXIDE, CARBONIC
ACID, AND BICARBONATS 1ON
THERMODYNAMIOS

The equilibria discusmed in this section are of {nterest becawse of ths importance of

COq in the regulaton of the pH of blood. The kinstics of thase reactions are
discussed in Section 168.6,

C- es @« cum il foe colom ofob o MITALITE RSNy

s lare TRAE o Boonod te cahim’e . otd
Y & ShhMAL) M BN UM VB WS Ay WA Y

& Lpdiatid W0 it ssad.

(6.9)

. #ﬁﬂ (8.10)

A28 °C, X, = 0.00R 34. The suandard enthalpy change and the standasxd entropy
change are both unfhvorable for the hydreton reaction, as shown by the valum in
Table 6.2; asverthelems, CO, has 10 be hydraced in order for the disselved OO,
produced by metabolism in our tisuss t© be convertad 9 HOO,* and be trane-
porwd w our lungs The enwropy changs for reactien 6.9 is segasive, because
jolning two moleculs © form coe reduces the transational and romtional degres
of fresdom of the syssem. AC), is negadve because H O + COy can abserd mere
beat per degres increnss in cemperacure than H OO,
Carbonis acid is o semewhat strenger acid than scetis seid.

(6.11)
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(6.6)

(6.7)
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Tabie 62 Thermodynamic Queatities at 29 °C and Zero lonis Srengras?

Equilibrium Conscans pK ac AN ase ac3
K = “\* = 2.9 389 1,180 -8 -6
Koo, = LnHCO .77 370 L0100 14 -2
K = il HEO) €352 8686 220 218 -0
ry = JCOL 10529 14092 3,808 -2 -6

*Trem . T. Rdnail, COy: Chemisel, Dischomicel, md Pysisiagicel
‘AP ad AN n al meict; A and ACT 1n aal KV mal et

Ageru, NASA 52108, 1900,
\t 23 °C, the acid dimociaton constant Kg.cg, = 1.72 x 10°¢ (pX @ 3.77).
{owever, this is nef the acid dimocistion constant you will ind if you look in tables,
ad it is net the ons you would use in the laboratory to do calculations o bi-
arbonate buffers. The reason is that in the laboratory you are not ordinarily able
o distinguish berween disolved CO, and H,CO, and smply lump thess two
pecies together by counting all dimelved CO, as H,CO,.

The first acid dimociation consant X, for carbeaic acid is defined as

H*)(HOO, " +)(HCO,-
K. = T+ 168 = oo (o &4

s "mmuu NalOy
"‘Wﬁ (6.14)
wmx,mmm«xm °C that are given abgve, ¥
pucm » tieratis
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mthM - ~ h\v CRRSEAL: 3.15)&&1‘
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"m“ ::x:::“r*ﬂ Sweure of carbion donids 18 the

.00 ' . 18 mmem 2 our blood &
»mun-.unmusmum

,a.,x,-pu;mg!% 74 » 61 + log igry (619

ines 6.1 is the value of pX, 83 0.1 moil L3 ionic strength and (H,00,) « (COy).
i we hyperventilste (breathe bard), reaction 6.9 chifa © the leR; this e
vaction 6.11 to shift to the left and, as & result, the pif riam. If the conematration
of HOO,; * in cur hicod ia too high, the blood pH is t00 high and the body incresem
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64 RELATION RETWEEN
MICROSOOPIC DISSOCIATION
CONSTANTS AND MACROSCOPIC
DISSOCIATION CONSTANTS

mmmmdmw*mnmmdmm
between what are called microscopic dimociadon comstan® and macroscopic
mma.wwdumnmmund
mmmwmmmmwﬂy.xnm
dimociaten of glycine

*HNCH,CO,*

K "/: '8 .n\\" K

*HNCH,COK e nwemcor  @s

Kis ’.\-. %lh Ko

-
H,NCH,CO.X

the microscopic constants Are Ky, Kige Koty Koo and K,
Wheaclydmhﬁnnd.wdomhnmuns&numwdwmnd
the dipolar fom, *HNCHCO, ", and the uncharged maleculs, HNCH,CO,H,
mnmmmmuwm&.ww
constant, by
x H’ * * +
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Ky + Ky = 10-s00 N (‘J’)
mx.‘uxumawwmu:umm
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Ky = Ve
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e ) (1817)
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QO ) (18.19)
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(16.20)
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Table 183 HalfLives R the
Resction for
COy==HCO,* as28 *°C

hn

0.0086 »
0.008
oA
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the half-lifs of such a reaction is given by

""'l—'t?? (16.21)
Applying this reladon to the hydmdea of CO,,
0.603
e = =3 +h,.+L,
0.889
- s (16.22)
0.0875 + -%,IF-“ + 8.08 x 10%(H?)
Valum of the haif-lifs caleulated with this equation are given in Tabls 16.2, The
reaction
on-+x-xoo.-§-"-l-‘:-%:'-=='=cor+ HO (18.29)
bes 9 be considered a¢ higher pH veluss

7 ACED AND MR CATALYIS

Acids and bases estalyns many reactions in which they are not consumed. Supposs
the rams of ol e substance § (oftan called the substrass of the catalytic
reaction) is first erder in 8; —~¢(8)/@ = £(S). The Srve-erder rase conseant & for
the meamien in & buflir solution ey be & linesr function of (H*), (OH*), (HA),
wad (A), where HA is the weak acld in the buffer and A is the cervespending
saien,

ko by @ byo(H*) + bege (OR") + bygs(HA) + §,2(A°) (1684

1a this expremics &, is the firvi-erdar rase constan: st sufciantly low conomtrasions
dnﬂdhnﬂyﬁqﬁ.ﬂ‘.Oﬂ'.MuﬂA‘.ﬂ.mm
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148 KINETICS OF THR
RYDRATION OF CO, AND
DERYDRATION OF K.CO,

In water CO,; exism largely as dismolved CO4 (e Sectien 6.3) inseead of as H,CO,,
The haiflife for the hydration-dehydration reaction depends on the pH, and at
neutral pH valum i loag enough that it may be studied with simple equipment.
f¢is the slownam of this reaction that accouns for the Ading of the endpoint when
carbonats los is tdtrated with acid, The hall-tme for this uncatalysed reaction in
aqueous buffers is of special interest becauss it is 100 long 1 secount for the process
of slimination of CO, in our lungs. [a living things this reaction is catalysed by the
ensyme carboaic anhydrass so thas COq may be hydrted, and H,CO, dehydrasd,

more rapidly.
In order 10 discum the kinetia of the uacatalysed hydrudoa of CO,, it is necemary
to consider the following reactions.

oYY T
m,«;-H.O H,C0,
u.:-n
Noldx (P
bee = &7 8 109 (mad L) o0
o &8 u 08 (mal het)t gt
OH"~ + CO, samme——omwssms: HCO,"

[SC R R R T

The ruts comstants are for 23 °C.
The rate equation for CO, s

4O @ —1,(00y + k., (OO - 1,(OH")(COy) + £-o(HOO") (18.17)
The reasdem H*® + HCO," w HCOy cosurs w0 rapidly thet it remaine ia

aquilibwinm in an srserimant ia which we filow the bydrdon of OO, Sines
H&.‘ﬂﬂ@.mﬂhqﬂhﬁnwm“ﬂ@.hud

%ﬁl « Knon = 1.70 x 10°¢ (16.18)

YUCPA w (b, + 4 (OHY(O0D + o0 + by (H*) KnomHOO)  (1819)

Sinee the ol cencentration of dimalved CO, is (00,) + (M, COy) + (HOO")
(COy) + (HOO,"), this equadien bas the form

48w _ain) » 0w (16.90)

H* » HCOy~ (16.16)
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APPENDIX B

PCDD/PCDF AND PCB ANALYTICAL PROCEDURES
AND QA/QC PROTOCOLS



METHOD AND QUALITY ASSURANCE
FOR

DETERMINATION OF 2,3,7,8 SUBSTITUTED POLYCHLORINATED
OIBENZO-P-DIOXINS AND 2,3,7,8 SUBSTITUTED POLYCHLORINATED
DIBENZOFURANS IN ENVIRONMENTAL SAMPLES BY
HIGH RESOLUTION GAS CHROMATOGRAPHY-

HIGH RESOLUTION MASS SPECTROMETRY



INTRODUCTION

The purpose of this document is to describe the procedures used
f. - determining the levels of 2,3,7,8 substituted polychlorinated dibenzo-p-
dioxins and 2,3,7,8 substituted polychlorinated dibenzofurans (2,3,7,8-
PCOD/PCOF) in water, ash, laboratory extracts, and soil samples. The
procedure used for determination of the total levels of polychlorinated

dibenzo-p-dioxin and polychlorinated dibenzofuran (PCDD/PCOF) congener
classes is also described.

SAMPLE HANDLING

Upon receipt, the samples are kept continuously in either locked
storage or under supervision of a sample custodian. When notified of sample
receipt, the designated sample custodian picks up and logs in the samples,
assigning each a unique number. After the samples are logged in, they are
transferred to the extraction lab following chain of custody and are
assigned a new designated custodian. When the extractions are completed,
the remaining samples are transferred in the original containers back to the
original sample custodian for permanent storage. The sample extracts are
transferred via chain of custody to the mass spectrometry laboratory for
analysis by the MS sample custodian who, upon completion of the group of
analyses, transfers the extracts back to the original sample custodian for
storage.

EXTRACTION PROCEDURE

Aqueous Samples. Samples containing sediment are filtered and the
sediment saved for extraction. Aliquots of the sample are spiked with the 5
to 40 ng of the 13C12 internal standards listed in Table 1.

The samples are extracted three times with methylene chloride, the
extracts combined, and then concentrated to 5 sl in a Kudurna-Danish
apparatus. The dried sediments are added to thimbles containing 0.5 inches
of silica gel and then extracted with benzene in a soxhlet extractor for 18
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hours. The extracts are concentrated to approximately 10 mL with three-
stage Snyder columns, and then added to the corresponding water extracts.
The combined extracts are then further concentrated to approximately 4 mL.

Ash and Soil Samples. Ten gram aliquots of sample are spiked with
the same levels of the tetra- through octa-13C12 dioxins and furans used for
the aqueous samples. The Soxhlet extractor is assembled and the sample
extracted for 18 hours with 250 mL of benzene. After extraction, the
benzene extract is concentrated to approximately 5 mL with a 3-stage Snyder
column. Method blank and native spike samples are extracted at the
same time as the test samples.

The sample extract is diluted to 50 to 60 mL with hexane and
washed with 1 to 5§ 10 mL aliquots of concentrated sulfuric acid. The
combined acid washes from each extract are extracted with hexane, which is
combined with the corresponding sample extract. The combined extract is
concentrated to 5 mL and transferred to a multilayered silica gel columm.
The first layer contains 44 percent sulfuric acid on silica gel while the
second contains activated silica gel, 44 percent concentrated sulfuric acid
on silica gel, and 33 percent IM sodium hydroxide on silica gel. The
purpose of these columns is to remove acidic and basic compounds and easily
oxidized materials from the extracts. The silica gel support provides a
large surface area for contact with the sample extracts, thus improving the
cleanup efficiency. The PCDD/PCDF isomers are eluted from the columns with
70 mL of hexane and the entire eluate, including the original extract
volume, is collected. The hexane eluate is then concentrated to 2-3 mL with
a gentle stream of nitrogen.

The hexane solution is fractionated on a column containing
approximately 5 g of activated basic alumina with 10 mL of hexane/methylene
chloride (97:3, v/v) and 40 ml of hexane/methylene chloride (1:1, v/v) as
elution solvents. The eluate is collected, concentrated to near dryness,
and diluted to 2 sL with hexane.

This eluate is then fractionated further on a column containing
approximately 2 g of activated basic alumina with 3 sl of hexane/methylene
chloride (97:3, v/v) and 50 mL of hexane/methyiene chloride (1:1, v/v) as
elution solvents. The eluate is collected, concentrated to near dryness,
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and dissolved in S0 4L of n-decane containing 5 to 10 ng of an absolute
recovery standard, 1,2,3,4-TCOD-13C12. This solution is stored at 0 C and
protected from light until analysis.

If the sample is still not suitable for analysis, additional
cleanup may be used. As part of this procedure, the extract is fractionated
on a column containing 1 g of activated florisil with 15 mL of hexane, 20 mL
of ethyl ether/hexane (6:94, v/v), and 75 mL of methylene chioride/hexane
(3:1, v/v) as elution solvents. The eluate is then taken to near dryness
and brought up in 50 4L of n-decane before analysis.

ANALYSIS

The extracts are quantified for 2,3,7,8-PCDD/PCOF and/or total
PCODs/PCDFs by combined capillary column gas chromatography/high resolution
mass spectrometry (HRGC/HRMS). THe HRGC/HRMS system consists of a Carlo
Erba Model 4160 gas chromatograph interfaced directly into the source of a
VG 7070 mass spectrometer. A 60 meter DB-5 capillary column is used to
accomplish the chromatographic separations. Helium is used as a carrier gas
in both types of analyses with a flow velocity of approximately 30 cm/sec.
The mass spectrometer is operated in the electron impact (El) ionization
mode at a mass resolution of 9,000-12,000 (M/AM, 10 percent valley
definition). The operating parameters of the HRGC/HRMS system are
summarized in Table 2. All HRGC/HRMS data are acquired by multiple-ion-
detection (MID) with a VG Model 11-250) OData System. The exact masses
monitored are shown in Table 3.

QUALITY ASSURANCE

The operation of the HRGC/HRMS is evaluated each day for accuracy
of quantification and isomer resolution by analyzing a standard mixture
containing PCOD and/or PCDF isomers. When the analysis is for determination
of 2,3,7,8-PCDOD/PCDF, the mixture contains isomers listed in Table 1 along
with the unlabelled isomers listed in Table 1A. The retention times for
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each of the 2,3,7,8 isomers, relative to the corresponding isotopically
labeled congener, are also determined from this standard mixture of isomers.

Other native PCDO/PCOF isomers may also be included in this
mixture but not quantified. Mixtures of selected PCDO/PCOF isomers are also
analyzed once or twice a week to evaluate the stability of the
chromatographic elution windows. The stability of the mass focus is assured
by use of a PFK "lock mass" to correct for any mass focus drift.

Native spike and laboratory blank samples are processed during the
extraction and cleanup of the samples. The native spike samples are used to
evaluate the accuracy of quantification, while the method blank samples are
used to demonstrate freedom from contamination.

RECOVERIES OF INTERNAL STANDARDS

The relative response factors used in determination of the
recoveries of the isotopically labelled internal standards which are spiked
into the samples (Table 1) are calculated by comparison of the responses
from the internal standards to the response from the external standard,
1,2,3,4-TC00-13C12, which is added following the sample extraction. The
formula for this response factor calculation is:

Rf = Ais x Q1234
x Qis

Rf = Response factor
Ais = Sum of integrated areas for isotopically labelled internal
standards
Q1234 = Quantity of 1,2,3,4-TCD0-13C)2
A1234 = Sum of integrated areas for 1,2,3,4-TCDO-13C)2
Qis = Quantity of isotopically labelled internal standard.

where:

The values for the response factors are calculated for each daily standard
analysis. The average value is used in determining the recovery of the
isotopically labelled internal standards. The recoveries are calculated by
comparing the sum of the responses from the two ions monitored for each
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isotopically Tabelled internal standard to the sum of the responses from the
two ions for the 1,2,3,4-TC00-13C12 external standard. The formula used in
the recovery calculation is:

Recovery (%) = Ais x Q1234 x 100
A X S X a

where:
Ais = Sum of integrated areas for internal standard
Q1234 = Quantity of 1,2,3,4-TCD0-13C12
100 = Conversion factor for %
A1234 = Sum of integrated areas for 1,2,3,4-TCDD-13C)2
Qis = Quantity of isotopically labelled internal standard
Rfa = Average response factor.

QUANTIFICATION

A relative response factor is calculated for each individual
2,3,7,8 isomer by comparing the sum of the responses from the two ma:-es
monitored for each class, at the appropriate retention time, to the sum of
the responses from the two ions for the corresponding isotopically labelled
internal standard in each daily standard analysis. The formula for the
response factor calculations:

Rf %?3529&%
where:
Rf = Response factor
An = Sum of integrated areas for native isomer
Qis = Quantity of internmal standard
Ais = Sum of integrated areas for internal standard
Qn = Quantity of native isomer.

The values calculated for the daily response factors are then averaged and
this average is used in all calculations used to quantify the data.
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The PCDD/PCOF isomers are then quantified by comparing the sum of
the responses from the two ions monitored for each class, at the appropriate
retention time, to the sum of the responses from the corresponding
isotopically labelled congener. The octa-CD0-13C12 is used to quantify the
octa-COF. The formula for quantifying the PCDD/PCOF isomers is:

Concentration (ppb) = ___An x Qis
is x W x Rfa

where:
Conc. = Concentration in parts-per-billion (ppb) of target isomer or
congener class
An = Sum of integrated areas for the target isomer or congener class

Qis = Amount of internal standard in grams

Ais = Sum of integrated areas for the target isomer or congener class
Sample weight in grams

Rfa = Average response factor.

x
[}

Each pair of resolved peaks in the selected-ion-current
chromatogram is evaluated manually to determine if it meets the criteria for
a PCOD or PCOF isomer. By examining each pair of peaks separately,
quantitative accuracy is improved over what is obtained when all the peaks
in a selected chromatographic window are averaged. When averaged data are
used, it is possible for pairs of peaks with high and low chlorine isotope
ratios to produce averaged data that meet the isotope ratio criterion. For
example, two pairs of peaks having chlorine isotope ratios of 0.56 and 0.96,
both outside of the acceptable range, would have an average ratio of 0.76.

The criteria that are used to identify PCOD and PCOF isomers are:

(1) Simultaneous responses at both ion masses;

(2) Chlorine isotope ratio within + 15% of the
theoretical value;

(3) Chromatographic retention times with in
windows determined from analyses of standard
mixtures;
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(4) Signal-to-noise ratio equal to or greater than
2.5 to 1.

The 2,3,7,8-substituted PCDD/PCDF isomers and the octa-CDD include

the additional criterion that they coelute within + 2 seconds of their
isotopically labelled analogs.

A most possible concentration (MPC) is calculated for samples in
which isomers of a particular chlorine congener class are not detected. The
formula used for calculating the MPC is:

MPC (ppb) = Hn x Qis x 2.5
His x W x RT

where:
MPC = Single isomer most possible concentration (ppb);

Hn = Height of congener class isomers;
Qis = Quantity of internal standard (ng);
His = Peak height of internal standard;

W = Sample weight (g)

Rfa = Average response factor; and
2.5 = Signal-to-noise ratio.

ACCURACY AND PRECISION

The recovery of the 13C labelled internal standards which
experience the entire sample preparation is measured by comparison to the
response of 1,2,3,4-TCDD-13C12 which is added to the extract immediately
prior to analysis. Recoveries range between 70 and 120 percent, depending
on the sample matrix. Those samples which require additional clean-up are
spiked with 2,3,7,8-TCD0-37Cl4 as another reference for recovery
calculations.

Duplicate analyses are performed periodically as another means of
insuring method performance. Daily standard analysis provides a check of
instrument performance and precision. Response factor calculations are
compared with established values and are not to exceed 20 percent
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difference. Three and five point calibration curves are periodically
performed to demonstrate instrument linearity.



TABLE 1. LABELLED ISOMERS FOR SAMPLE QUANTIFICATION

Isomer

Approximate Spiking Level (ng)

2,3,7,8-tetra-COF-13C12
2,3,7,8-tetra-C00-13C12
1,2,3,7,8-penta-COF-13Cy2
1,2,3,7,8-penta-C0D-13Cy2
1,2,3,4,7,8-hexa-COF-13Cy2
1,2,3,6,7,8-hexa-CD0-13C12
1,2,3,4,6,7,8-hepta-C00-13C)2
1,2,3,4,6,7,8-hepta-CDF-13C12
Octa-CoD-13C)2

10
10
10
10
35
10
25
25
25
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TABLE 1A. NATIVE ISOMERS FOR RESPONSE FACTORS AND
RETENTION TIMES

[somer Approximate Spiking Level (ng)
2,3,7,8-tetra-COF 10
2,3,7,8-tetra-CDD 10
1,2,3,7,8-penta-CDF 10
2,3,4,7,8-penta-CDF 10
1,2,3,7,8-penta-C00 10
1,2,3,4,7,8-hexa-COF 10
1,2,3,6,7,8-hexa-COF 10
1,2,3,7,8,9-hexa-CDF 10
2,3,4,6,7,8-hexa-COF 10
1,2,3,6,7,8-hexa-CDD 10
1,2,3,4,7,8-hexa-C0D 10
1,2,3,7,8,9-hexa-CDD 10
1,2,3,4,6,7,8-hepta-COF 25
1,2,3,4,7,8,9-hepta-COF 25
1,2,3,4,6,7,8-hepta-CDD 25
Octa-CDD 25

Octa-COF 25
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TABLE 2. HRGC/HRMS OPERATING PARAMETERS

Mass Resolution

Electron Energy
Accelerating Voltage
Source Temperature
Preamplifier Gain
Electron Multiplier Gain
Column

Transfer Line Temperature,
0B-5

Injector Temperature,
0B-5

Column Temperature-Initial,
08-5

Column Temperature-Program,
DB-5

Carrier Gas

Flow Velocity
Injection Mode
Injection Yolume

9000-12000 (M/AM, 10% valley definition)

70 eV

4000 volts (7070H) or 6000 volts (7070E)

225-250 C

10-7 amp/volt

~106

CP Sil 88 50M or DB-5 60M

300 C
300 C
160 C

20 C/min to 240 C hold for 40 min
20 C/min to 320 C hold for 30 min

Helium

~30 cm/min
Splitless
0.5-2 4wl
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TABLE 3. EXACT MASSES USED FOR THE DETERMINATION OF PCDD AND PCOF

Accurate Mass

Theoretical Isotope Ratic

Compound Mass 1 Mass 2 Mass 1/Mass 2
Tetrachlorodibenzo-p-dbexins 319.8965 321.8936 0.77
Tetrachlorodibenzofurans 303.9016 305.8987 0.77
Pentachlorodibenzo-p-dioxins 355.8546 357.8517 1.54
Pentachlorodibenzofurans 339.8597 341.8567 1.54
Hexachlorodibenzo-p-dioxins 389.8156 1391.8127 1.23
Hexachlorodibenzofurans 373.8207 1375.8178 1.23
Heptachlorodibenzo-p-dioxins 423.7766 425.7737 1.03
Heptachlorodibenzofurans 407.7817 409.7788 1.03
Octachlorodibenzo-p-dioxins 457.7377 459.7347 0.88
Octachlorodibenzofurans 441.7428 443.7398 0.88
Tetrachlorodibenzo-p-dioxin-13C12  331.9367 333.9338 0.77
Tetrachlorodibenzofuran-13Cy2 315.9418 317.9389 0.77
Pentachlorodibenzo-p-dioxin-13C12  367.8948 369.8918 1.54
Pentachlorodibenzofuran-13Cy2 351.8999 353.8969 1.54
Hexachlorodibenzo-p-dioxin-13C12  401.8558 403.8529 1.23
Hexachlorodibenzofuran-13C12 385.8609 387.8580 1.23
Heptachlorodibenzo-p-dioxin-13C12 435.8168 437.8139 1.03
Heptachlorodibenzofuran-13C12 419.8219 421.819%0 1.03
Octachlorodibenzo-p-dioxin-13C12  469.7779 471.7749 0.88

—
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1. SCOPE AND APPLICATION

1.1. This method provides procedures for identification and msasurement
of polychlorinated biphenyls (PCBs) and the pesticides listed delow.
This nethod is applicable to samples containing PC3s as single congeners
or as complex mixtures, such as cammercial Aroclors. PCBs ars identified
and seasured 1s isomer groups (i.e., by level of chloriration). The
existence of 209 possible PC3 congeners makes impractical the listing
of the Chemical Abstracts Service Registry Number (CASRN) for sach
potential method analyte. Because PC3s are identified and measured
as isomer groups, the non-specific CASRN for each level of chlorination
is used to describe methed analytes.

Analyte(s) Pormula CASRN
Aldrin CqygHgClg 309=-00=-2
BHC, alpha CegHgClg 319-84-6
BHC, beta CgHglleg 319-85%«7
BHC, delta CgHeClg 319-86-8
BHC, gamma CgHgClg $8-89-9
Chlordane, alpha CqyoHgClg 5103=71-9
Chlordane, gamma CqyoHgClg $103=74~2
4,4'-00D C1‘a1°C1‘ 72=54~-8
4,4'~0DE C14HgCly 72=5%=9
4,4'-0D0T CyqloCls 50-29+3
Dieldrin Cy2HgClgO 60=57-1
Endosulfan I CoHgClg01S 959-98-8
Endosulfan II CgRgClg03S 33213-65-9
Endosulfan sulfate CqH 4Clg04S 1031~07-8
Endrin C412HgClgO “2-20-8
Endrin katone C.,4gClg0 53494-70-5
Heptachler C. HeCly 76449
Heptachlor epoxide C -HegCl90 1024257 -3
Methoxychlor C16H18C1302 72-4: 5
Nonachlor, trans C1oRsClyg 39765-8C 5
PCBs
Monochlorobiphenyls Cq2HoCl 27323~18-8
Dichlorobiphenyls Cqy2HgCly 25512-42-9
Trichlorobiphenyls Cy2H9Cly 25323-68-6
Tetrachlorobiphenyls Cq2HgCly 26914=33-0
Pentachlorobiphenyls Cq9HsClg 25429-29-2
Hexachlorobiphenyls Cy2H4Clg 26601-64~9
Heptachlorobiphenyls C4283Cly 28655-71-2
Octachlorobi phenyls Cqy282Clg 31472-83-0
Nonachlorobiphenyls Cy3KCly $3742=07=7
Decachlorobiphenyl C42C140 2051=24~3

1.2 Detection limits vary among method snalytes and vith sample matrix,
sample preparation procedures, and individual samples, depending on the
type and quantity of other sample components. The following guidance is
based on numercus analyses of calibration solutions vith one iastrusent
over a period of approximately six sonths. Pesticide analytes other than
endosulfans I and II can be identified and accurately msssured when the
injected aligquot contains 2 ng of each analyte; the eadcsulfans require



about 4 ng each. Detection limits for individual PCB congeners increass
with increasing nuaber of chlorine atame, with the detection limit for
decachlorobiphenyl being about $-10 times higher than that of a monochloro=
biphenyl. A monochlorobiphenyl can be identified and msasured when the
injected extract aliquot contains ! ng. The detection limit for total PC3g
will depend on the number of individual PCB congeners present.

2. SUMMARY OF METHOD

Sample extract camponents are separated with capillary colusn gas chramatography
(GC) and identified and measured with low resolution, electron ionization mass
spectrametry (MS). An interfaced data system (DS) to control data acquisition
and to store, retrieve, and manipulate aass spectral daca is essential. Two
surrogate cmp?gndn are added to : ot samples before sample preparation; these
compounds are “Cy,-4,4'-DDT and “Cg-gamma~BHC. Tvo internmal standards,
chrysene=-dy, and phenanthrene=dqg, are added to each sam;le and blank extrace
before GC/MS analysis and are used to calibrate MS resporse. CLach concentration
measurement is based on an integrated ion abundance of one characteristic ion.

All pesticides are identified as individual compounds, and a concentration is
calculated by relating the MS response of each campound to the MS response of

one of the two internal standards, usually the internal standard with GC retention

time nearer that of the pesticide analyte. This has been predetermined by
order of library entries with the specialized softwars for automated identifi~
cations and measurements.

PCBs are identified and msasured as isomer groups (i.e., by level of chlorinaticn).

A concentration is msasured for sach PCB isomer group; total PCB concentration
in each sample extract is obtained by sumning isomer group concentrations.
Nine seleacted PCB congeners are used as calibration standards, and one internal
standard, chrysene-dy;, is used to calibrate MS response.

3. DEFINITIONS

3.1 Concentration calibration solution (CAL) == A solution of PCB calibration
congeners, pesticide analytes, surrogate campounds, and internal standards
used to calibrate the mass spectrometer response.

3.2 Congener number == Throughout this method, individual PCBs are described
with the number assigned by Ballschmiter and 2ell (1). (This number is

also used to describe PCB congeners in catalogs produced by Ultra Scientific,

Hope, RI.)

3.3 Internal standard =-- A pure campound added to each sample and blank extract
in nown amounts and used to calidbrate concentration msasureamsnts of
PCBs and pesticide analytes that are sample components. The internal
standard sust be & coampound that is not a sample camponent.

3.4 Llaboratory psrformance check solution (LPC) == A solution of method analytes,

surrogate campounds, and internal standards used to evaluate the performance
of the GC/MS/D8 with respect to & defined seto@f method criteria.

3.5 Laboratory reageant blank (LRB) == An aliguot of extraction solvent
that is exposed to all glassware, apparatus, equipmsnt, mathod reagents,
etc., that a sample extract solvent wvould be exposed to. All internal
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standards and surrogates are used with the LRS solvent, which is
concentrated to the final volume of & sample extract and is analyzed
exactly the same as an sample extract.

Laboratory surrogate spike - msasured value (LS1) =~ The surrogate

campound concentration msasured with the game procodu:u used to measure
sample components.

Laboratory surrogate spike - theoretical value (LS2) -~ The known or true
value of the concentration of surrogate compound added %o the environmental
sample The known value is determined from standard gravimetric and/or
volumetric techniques used during sample fortification.

Surrogate campound -« A campound that is not expected to be found in the
sample, is added to the original environmental sample to monitor performance,
and is measured with the same procedures used to measure sample components.
Associated with the surrogate compound are two values, laboratory surrogate
spike - measured value (LS') and laboratory surrogate spike - theoretical
value (1LS2).

4. INTERFERENCES

4.1

Interferences may be caused by contaminants in solvents, reagents, glassware,
and other sample processing equipment. All of these materials must be
demonstrated to be free of interferences by routine analysis of laboratory
solvent blanks (LSB).

Por both pesticides and PCBs, interferance can be caused by the presencs
of much greater quantities of other sample components that overload the
capillary column; additional sample extract preparation procedures must
then be used to eliminate interferences. Capillary column GC retsntion
times and the campound-spscific characteristics of aass spectra eliainate
many interferences that formerly were of concern with pesticide/PCB
determinations with electron capture detection. The approach and identi-
fication criteria used in this method for PCBs eliminate interferencs by
most chlorinated campounds other than other PCBs. With the isomer group
approach, coeluting PCBs that contain the same mumber of chlorines are
identified and msasured together. Therfore, coeluting PCBs are a problem
only if they contain different mumber of chlorine atoas. This interference
problem is obviated by the rigorous identification criteria incorporated
into the specialized softwars.

S« APPARATUS AND BQUIPMENT

S.1

COMPUTERIZED GC/M8 SYSTIM

S.1.1 The GC must be capable of tempsrature programming and bs eguipped

wvith all required accessories, such as syringes, gases, and a capillary
column. The GC injection port must be dasigned for capillary columns.
Manual splitless injections were used to acguire data used as the Dasis
for quality control requirements. An sutomatic injector, however, is
desirable, because it should provide more precise reteation times and
areas. On-columm injection techniques are encouraged because they
ainimize high mass dsscrimination and analyte degradatiom problems.



5.2

5'3

with eome GCs, however, the irreproducibility of the low initial
teaperature required for on=column injections will cause irrepro-
ducible retention times (RTs) and relative retention times (RRTs).
That can result in an inability to distinguish betwveen two closely
eluting pesticide isomers. Splitting injections are not recommsnded.

§,1.2 Full range mass spectra are obtained with electron ionization at a
naminal electron energy of 70 eV. To ensure sufficient precision of
mass spectral data, the required MS scan rate must allow acquisition
of at least five full-range aass spectra while a sample component
elutes from the GC. The MS must produce a mass spectrum meeting al.
usual criteria for <20 ng of decafluorotriphenylphosphine (DFTPP)
introduced through the GC inlet.

$.1.3 An interfaced data system (DS) is required to acquire, store, reduce,
and cutput mass spectral data. The DS must be capable of searching
a data file for specific ions and plotting ion abundances versus tinme
or spectrum number to produce extracted ion current profiles (EICPs!.
Also regquired is the capability to obrain chramatographic peak areas
between specified times or spectrim numbers in CICPs. Total data
acquisition time per cycle should be >0.5 s and must not exceed 1.5 s.

GC COLUMN == A 30 m X 0.32 mm ID fused silica capillary column coated with
a 0.2%5 um or thicker film crosslinked phenyl mathyl silicone (such as
Durabond=5 (DB=5), J and W Scientific, Rancho Cordova, CA) or polydiphenyl
vinyl dimethyl siloxane (such as SE-54, Alltech Associates, Deerfield, IL)
is required. Operating conditions known to produce acceptable results with
these columns are shown in Table 1; separation of pesticide analytes and PCB
calidration congeners with a D3-S5 column and those operating conditions is
shown in Pigure 1. Retention times have been reported (2) for all 209 PC3
congeners with an SE=54 column, which provides the same retention order for
PCBs and essentially the same separation capabilities as a DB=5 column.

MISCELLANEQUS EQUIPMENT
5.3.1 Volumetric flasks - various common sizes with ground glass stoppers

§.3.2 Microsyringes - various common sizes

REAGENTS AND CONSUMABLE MATERIALS

6.1

6.2

6.3

6.4

SOLVENTS == High purity, distilled-in-qlass.

MS PERFORMANCE CHECK SOLUTION -~ Prepare a 10 ng/ul solution of decafluoro-
triphenylphosphine (DFTPP) in an appropriate solveat.

INTERIAL STANDANDS == Chrysene=-dq; and phenanthrene=dqy are used as internal
standards. They are added to each sample extract just before analysis and are
contained in all concentration calidbration and performance check solutions.

A solution of internal standards is grovided.

SURROGATE CONFOUMDS =~ '3C,,-4,4°-00T and 'Ic-gamma=3EC are added to every
blank and to most samples before extraction and are included in every concen-
tration calidration/ performance check solution. Required solutions of
surrogate campounds are provided.



6.5

-s-

PCB CONCENTRATION CALIBRATION CONGENERS -~ The nine individual PCH congeners
listed in Table 2 are used as concentration calibration compounds for PCB
determinations. One isomer at each level of chlorination is used as the
concentration calibration standard for all other isowers at that level of
chlorination, except that dscachlorobiphenyl (Clqyg) is used for both Cl,
and Clyg {somer groups. The needed solution of PCP® congeners is provided.

PESTICICE CALIBRATION SOLUTION =« Provided.

CALIBRATION SOLUTIONS (CALs) == Five hexane solutions are required.
Instructions for preparation of CALS are provided with the PCB calibration
congener solution. CALs contain a constant concentration of the ISs
(chrysene=d,45 and phenanthrene-=d,g) and varying concentrations of the
individual -esticide analytes,_the nine PCB galibtltion congeners, and

the two surrogate campounds ( “Cy5-DDT and ! Cg-gamma~BHC). (Composition and
CoOncentrations are given in Table 3.) Each solution contains both ISs, both
surrogate campounds, the nine PCB concentration calidration congeners, and
each of the single-campound pesticide analytes. The lowest concentration
solution contains each individual pesticide analytes and PCB calibration
congener at a concentration near but greater than its anticipated detection
limit. (Because MS response to PCBs decreases vwith increasing level of
chlorination, PCB congener concentrations in CALS increase with level of
chlorination.) Components of the highest concentration CAL are present at

a concentration that allows injections of 2-ul aligquots without MS saturation
or GC column overloading.

LABORATORY PERFORMANCE CHECK SOLUTION == The medium concentration CAL (#3,
Table J) is used as the laboratory performance check solution (LPC) to verify
response factors and to dsmonstrate adequate GC resolution and MS performance.

CALIBRATION

Demonstration and documentation of initcial calibration are required before any
samples are analyzed and intermittently throughout sample analyses as dictated by
results of contimiing calibration checks. After initial calibration is success~
fully performed, a continuing calibration check is required at the beginning and
end of each 12-h period during which analyses are performed.

7.1.

INITIAL CALIBRATION

7.1.1 Calibdrate and tune the MS with standards and procedures prescribed
by the mamufacturer vith any necessary sodifications to mset USEPA
regqui rements.

7.1.2 Inject a 2-ul aliquot of the 10 ng/ul. DFTP? solution and acquire a
mass spectruam that includes data for a/s ¢5-450. If the spectrum
does not meet all usual criteria, the M3 must be hardware tuned to
meet all criteria before proceeding with calibration.

7.1.3 Inject a 2-ul aliquot of the medium concentration CAL and acquire
data fram Ws 45 to 510. Acquire >3 spectra during elution of each
GC psak. Total cycle tims should be >0.5 s and £1.5 s.



7.1.4 Performance Criteria

7.1.4.1 GC performance -- baseline separation of Deta=BHC and
qamma=-8HC) baseline separation of endrin ketone and
chrysene=dyy; height of Cl,-PCB peak >80% beta=BAC peak
height; height of chrysene=dy 3 peak >20% of the peak height
of methoxychlor coeluting with the Clg=PCB congener. (If
nethoxychlor and Clg=PCB are resolved, chrysene=-d;, peak
height = 140V of each.)

7.1.4.2 MS sensitivity -- Signal/noise ratioc of >S5 for m/z 499 of
PCB congener #209, Clyo-PCB3.

7.1.4.3 MS calidbration == Abundance of 240% and <606 of m/z 502
relative to a/z 498 for PC3 congener #209.

7.1.4.4 Lack of degradation of endrin. Examine an extracted ion
current profile (EICP) for m/z 67 in the retention time
window between 4,4-DDE and endosulfan sulfate: confirm
that the abundance of m/z 67 at the retention time of
endrin aldehyde (See Figure 1) is <10V of the abundance of
m/z 67 produced by endrin.

7.1.4.%5 Lack of degradation of 13:,2-4,4'-001'. Examine EICPs for
m/z 258 and ma/z 247 in the retention time window that
includes 4,4'-DDD, 4,4'-DDE and 4,4'-DDT; %z 258 would be
produced by c,z-d,d'bbt. and m/z 247 by Cyqy=4,4'-00D.
Confirm that the total abundance of both ions is <50 of
8/t 247 produced by '°c,,-4,4'=DOT.

Replicate Analyses of CALs =~ If all performance criteria are met,
analyze each of the other four CALs.

Response Factor Calculation

7.1.6.1 Calculate five response factors (RPs) for each pesticide
analyte, PCP® calibration congener, and surroqate campound
relative to either phenanthrene~dyg or chrysene=d,;.
(Phenanthrene=d(g is used for pesticides eluting defore
heptachlor epoxide; Chrysene~dyy is used for all PCBs and
for heptachlor epoxide and later eluting pesticides.)
Use standard Incos procedures to calculate each RF:

RPF = Ay Qig / Atg O

wvhere Ax = integrated ion abundance of quantitation
ion for a pesticide, a ICB calibration

congener Or a surrogate compound,

Ajg = integrated ion abundance of a/3 240, the
quantitation ioa vhen chrysene-dy; is used
as the internal standard or a/s 188, the
quantitation ion vhea m:hnao-dm
is used as the internal standard,
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Q19 = injected quantity of chrysene=dyy or
phenanthrene=dyg,

Qx ©® injected quantity of pesticide analyte, PCP
calibration congener or surrogate coapound.

RP is & unitless number, units used %o express quantities
aust be eruivalent.

Response Pactor Reproducibility <= Por each pesticide analyte, PCB
calibration congener and surroqate compound, calculate the mman RF
fram analyses of each of the five CALS. wWhen the RSD exceeds 20%,
analyze additional aliquots of appropriate CALS %o obtain an acceptably
RSD of RFs over the entire concentration range, or take action %o
iaprove GC/MS performance.

Record a spsctrunm of each CAL component. (Background subtraction
and spectrum averaging may be needed.) Judge the acceptability of
rscorded spectra by comparing them to spectra in libraries and by
using information in Tables 4=6. 1If an acceptable spectrm of

a pesticide analyte or PCB® calibration congener is not acquired,
take necessary actions to correct GC/MS performance. If pesrformance
cannot be corrected, report sample extract data for the particular
campound(s), but document the affected campound(s) and the nature
of the problesm.

7.2, CONTINUING CALIBRATION CEECK

7.201

7.2.4

7.2.9

7.2.6

7.2.7

Wwith the following procedures, verify initial calibration at the
beginning and end of each 12-h period during which analyses are to
be performed.

Calibrate and tune the MS with standards and procedures prescribed
by the manufacturer.

Analyze a 2-ulL aliquot of the DFTPP solution and ensure
accesptable M8 calibration and performance.

Inject a 2=ul aliquot of CAL #3 (Table )) and analyze with the same
conditions used during Initial Calibration.

Demonstrate acceptable performance for criteria described in Sect.
Teleds

Determine that neither the area measured for a/z 240 for chrysene=d,;
nor that for s/s 188 for phenanthrene=d¢p has decreased by sore than 231
from the area msasured in the most recent previcus analysis of a
calibration solution and by more than 508 from the mean aresa measured
during initial calidration.

RP Reproducibility - Por an acceptable Continuing Calibratioa Check,
the measured RP for each analyte/surrogate campound must be within
+208 of the msan value calculated (Sect. 7.1.6) during Iaitial
Calibration. If not, remedial action must be taken; recalibration
sAYy be necessary.



7.2.8 Remedial actions sust be taken if criteria are not met; possible
remadies are:

T7e2.8.1 Check and adjust GC and/or MS operating conditions.
7.2.8.2 Clean or replace injector liner.

7.2.8.13 Flush column with solvent according to manufacturers
instructions.

7.2.8.4 Break off a short portion (approximately 0.33 m) of the
column; check column performance dy analysis of performance
check solution.

7.2.8.5 Replace GC column: performance of all initial calibration
! procedures then required.

7.2.8.6 Adjust MS for greater or lesser resolution.
7.2.8.7 Calibrate MS mass scale.

7.2.8.8 Perform initial calibration procedures.

8. PROCEDURES

8.1 GC/MS ANALYSIS

8.1.1 Remove the sample extract or blank from storage and allow it to warm
to ambient laboratory teamperature if necessary. With a streaa of
dry, filtered nitrogen, reduce the extract/blank volums to the
appropriate volums. PFinal volume for all blanks and all samples
except ORD=11 is 1 mlL; final volume for ORD=11 is 10 alL. (See
attached flow chart for extract preparation schems for solid samples.)
If sample ORD~11, add 200 ulL of the IS solution; othervise, add 20 ulL
of the IS solution. Internal standard concentration = 7.5 ng/ulL of
extract.

8.1.2 Inject a 2=-ul aliquot of the extract/blank into the GC operated under
conditions used to produce acceptable results during calibration.

8.1.3 Acquire mass spsctral data vith the same data acquisition time and
GC/MS operating conditions previcusly used to determine response
factors.

2.

8.1.4 ©Examine data for saturated ions in mass spectra of target campounds,
if saturation occurred, dilute and reanalyse the extract after the
quantity of the ISs is adjusted appropriately.

8.1.5 Por each IS, determine that the area msasured in the sample extract
has not decreased by >2%0 from the area msasured during the most
recent previocus analysis of a calibratica solutiom or by >50% from
the mean area measured during initial calibration. If either criterio
is not met, remedial action must be takeam to improve semsitivity,
and the sample extract sust be reanalysed.



8.2 IDENTIFPICATION AND MEASUREMENT PROCEDURES ~- Use software for asutomated
identification and ssasurement of PCBs and pesticides. (See Users' Guide)

8.2.1 Use the grand msan RF calculated during Initial Calibration.
CAUTION: Por PCB analyses with automated data interpretation a
linear fit algorithm will produce erronecus concentration data.

8.2.2 EZxanmine results obtained on the status report (for individual
camponents identified as PCBs) and the quantitation report (for
pesticide analytes) and PCB igomer groups. Individual spectra
should be examined and compared to appropriate spectrs acquired
during calibration.

8.2.2 Report calculated values to three significant figures.
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Table ‘. Recammsnded GC Operating Conditions

Column Type: SE=54 or D9-5
Pilm Thickness: 20.25 ua
Column Dimensions: 30X 0.32 mm
Helium Linear Velocity: 28-29 =/sec
at 250°¢C
Teaperaturs Program for Splitless Inject at 80°C and hold | min;
Injection: increase at 3}0¢/min to 160°C and
(Analysis time = hold 1 min; :=crease at 3*/min to
approximately 40 mun) 310°C.
ar

Inject at 80°C and hold ! min; heat
rapidly to 160°C and hold ' min:
increase at )*/min to 310°C.
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Table 2. PCB Congeners Used as Concentration Calibration Standards

Congener Chlorine Approx.

Isomer Group Number Substitution RRTS
Monochlorobiphenyl 1 2 0.30
Dichlorobiphenyl 5 2,3 0.43
Trichlorobiphenyl 29 2,4,5 0.54
Tetrachlorobiphenyl S0 2,2',4,6 0.56
Pentachlorobiphenyl 87 2,2',3,4,%" 0.80
Haxachlorobiphenyl 154 2,2',4,4',5,6' 0.82
Heptachlorobiphenyl 188 2,2',3,4',5,6,6' 0.88
Octachlorobiphenyl 200 2,2',3,3',4,5',6,6' 1.03

Nonachlorobiphenyl?® - - -

Decachlorobiphenyl 209 2,2',3,3',4,4',5,5',6,6' 1.3

Retention time relative to chrysene=d,, with a 30 a X 0.31 mm ID SE-54
fused silica capillary column and the 5ollov1nq GC conditions: splitless
injection at 80°C; hold for 1 min; heat rapidly to 160°C and hold 1t amin;
increase at 3°C/min to 310°C.

b Decachlorobiphenyl is used as the calidbration congener for both nona-
and dscachlorobiphenyl isocmer groups.
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Table 4. Known Relative Adundances of Ions in IKC3 Molecular lon Clusters

Relative
m/2 Intensity
Monochlorobiphenyls
188 100
189 13.5
190 33.4
192 4.4
Dichlorobiphenyls
222 100
2213 13.95
224 66.0
228 8.82
226 11.2
227 1.44
Trichlorobiphenyls
256 100
257 13.5
258 968.6
259 13.2
260 32.7
261 4,31
262 3.73
263 0.47
Tetrachlorobiphenyls
290 76.2
291 10.3
292 100
293 13.4
294 49.4
295% 6.57
296 11.0
297 1.43
298 0.9%
Pentachlorobiphenyls
324 61.0
328 8.26
326 100
327 13.8
3 68.7
329 8.78
330 21.7
3 2.86
32 .62
333 0.4%"
334 0.2%

Source: J. W. Rote and W. J. Morris, J.

Relative
m/g Intensit
Hexachlorobiphenyls
358 $0.9
359 6.89
360 100
361 13.5
362 8.0
363 11,0
364 36.0
3es 4.7
366 8.92
367 1. 17
368 1.20
369 0,18
Heptachlorobiphenyls
392 43.7
393 $.91
394 100
39S 13.5
396 98.3
397 13.2
398 53.9
399 7.16
400 17.7
401 2.34
402 3.52
403 0.46
404 0.40
Octachlorobiphenyls
426 33.4
427 4.51
428 87.3
429 11.8
430 100
431 13.4
432 65.6
433 8.76
434 26.9
433 3.57
436 7.10
437 0.9
438 1.1
429 0.18
440 0.1’

Assoc. Offiec.

Relative
n/z lntensit
Nonachlorobiphenyls
460 26.0
461 3.51
462 76.4
463 10.3
464 100
4653 13.4
466 76.4
467 10.2
468 37.6
469 $.00
470 12.4
471 1.63
472 2.72
473 0.35
474 0.39
Decachlorobiphenyl
494 20.8
495 2.81
496 68.0
497 9. 17
498 100
499 13.4
500 87.3
501 11.7
502 $0.0
503 6.67
504 19.7
508 2.61
506 S.40
s$07 0.7
L] 1.02
509 0.13

Anal. Chem. 6, 188, 1973.



ol f=

Table 3. Quantitation, Confirmation, and Interference Check lons for PCls,
Internal Standards, and Surrogate Campounds

M=70 Interfer:
Analyte/ Approx. Nom. Quant. Confirm. Expected Accept. Confirm. Check I
1S/Surr. RRT Range ] Ion Ion Raziod Ratiod Ion M+e70 M-

PCB lsomer Group

c1, 0.30-0.35 188 188 190 3.0 2.5-3.8 152° 256 22
c1; 0.38<0.50 222 S 222 224 1.5 1.3=1.7 152 292 25
Cl,y 0.46-0.64 256 256  2%8 1.0 0.8-1.2 186 326 29
Clq 0.55-0.82 290 292 290 1.3 1.1=1.5 220 360 32
Clg 0.64=C.92 324 3126 324 1.6 1.4=1.8 254 394 36
Clg 0.75=1.1 358 360 362 1.2 1.0=1.4 288 430 39
Cly 0.88-1.2 392 94 396 1.0 0.8-1.2 322 464 43
Clg 0.99-1.21 426 430 428 1.1 0.9=1.3 356 498 46
Clg 1.16=1.28 460 464 466 1.3 1.1=1.8 190 - &
Clyg 1.3 494 498 500 1.1 0.9=1.3 a2¢ - -

Internal standard

Chrysene=d 240 240 241 5.1 4.3-5.9 - - -
Phenanthrene=dqg 188 188 189 6.6 6.0-7.2 - - -

Surrogate campound
13 - - - -
13c5-’-?.‘ 294 187 199 t.1=1,.4
Cu-l.l -D0? 364 247 249 1.5 1:2=1.8 - - .

& Ratio of quantitation ion to confirmationa ion
b Monodichlorobiphenyls lose EC1 to produce an ion at w/sz 152.
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Table 6. Quantitation and Characteristic lons for Pesticids Analytes, Internal
Standards and Surrogate Compounds (Ordered Dy Retention Time)

Analyte/Internal Std/

Surrogate C 4 (M)

Alpha=BHC
Beta~BHC
Gamma~BHC

3¢ g-gqunma-nic
Phenanthrene=dq,
Delta=BHC
Heptachlor

Aldrin

(362)
(288)
(288)
(294)
(188)
(288)
(379)

(362)

Reptachlor epoxide(386)

Gamma-chlordane
Endosulfan 1
Alpha=chlordane
Trans-nonachlor
Dieldrin
4,4'-DDR
Endrin
Endosulfan II
4,4'-DDD

tndrin aldehyds

{406)
(404)
(406)
(440)
(378)
(316)
(378)
(404)
(318)

(378)

Endcsulfan sulfate(420)

4,4'-D07

3¢, ,~¢,4=00?
Endrin ketone
Chrysene=dq3
Methoxydchlor

(352)
(364)
(378)
(240)

(344)

Ions (Approximaste
Relative Adbundance)

Approx. Quant.
RRT lon
0.43 219
0.47 219
0.48 219
0.48 228
0.49 188
0.51 219
0.58 272
0.64 263
0.70 353
0.74 m
0.76 198
0.76 n
0.77 409
0.80 79
0.81 246
0.83 81
0.83 198
0.87 238
0.8¢ 67
0.92 272
0.93 238
0.93 247
0.99 67
1.00 240
1.03 227

181 (100), 183 (90), 219 (70)
181 (100), 183 (90), 219 (70)
181 (100), 183 (90), 219 (7%5)
187 (100), 189 (90) 225 (80),
188 (100), 189 (18),

181 (100), 183 (90), 219 (70)
100 (100), 272 (60), 274 (40)
66 (100), 263 (40), 265 (29%)
81 (100), 353 (80), 388 (63)
373 (100), 373 (9%)

195 (100), 339 (50), 341 (38)
373 (100), 378 (9%)

409 (100), 407 (8S)

79 (100), 263 (10), 108 (15)
246 (100), 248 (65)

81 (100), 263 (7%)

19% (100), 339 (50), 341 (39)
238 (100), 237 (68), 1635 (63)
67 (100), 345 (30)

272 (100), 274 (80), 387 (50)
238 (100), 237 (€5), 163 (635)
247 (100), 249 (63)

67 (100), 317 (59)

240 (100), 241 (20)

227 (100), 228 (13)

227 (40)
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APPENDIX B
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(ZA) ASH

GAMPLE NUMBER -
DHUTION FACTOR:
DESCRIPTION:
UNITS:

*#¥% BASE/NEUTRALS *xk
PP CAS NO COMPOUND

66B 117-81-7  BIS(2-ETHYLHEXYL)PHTHALATE
698 117-84-0  DI-N-OCTYL PHTHALATE
68B B4-74-2 DI-N-BUTYL PHTHALATE

1-8

ZA AH 001

ASH
UG/KG

£3

ZA AH 002

ASH

NA
NA

ZA-AH-003
1

ASH

G /7KG

20007
430JB

ZA AH-003D
20

ASH

UG/KG

250000

ZA -AH-004

ASH

NA
NA

ZA-AH-005

ASH
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(ZA) ASH

SAMPLE NUMBER:
DELUTION FACTOR:
DESCRIPTION:
UNITS:

t4& ACIDS 4%

PP CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

ZA AH 001

ASH
UG/KG

ZA AH-002

ASH

ZA AH 003

ASH
UG/KG

ZA AN 003D

ASH
HG/KG

ZA- AN 004

AGH

ZA-AH-005

ASH
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(ZA) ASH

SAMPLE NUMBER: ZA-AH-001 ZA-AH-002 ZA-AH-003 ZA-AH-003D ZA-AH-004 ZA-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH ASH
UNITS: UG/KG UG/KG UG/KG

%ok PESTICIDES ok
PP CAS NO COMPOUND

DICHLOROBIPHENYL NA NA 107 NA NA NA
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(2A) ASH

SAMPLE NUMBER:

DILUTION FACTOR:

DESCRIPTION:

UNITS:
2378 TCDD
TOTAL TCDD
2378 TCDF
TOTAL TCDF
12378 PeCDD
TOTAL PeCDD

12378 PeCDF
23478 PeCDF
TOTAL PeCDF
123478 HxCDD
123678 HxCDD
123789 HxCDD
TOTAL HxCDD
123478 HxCDF
123678 HxCDF
123789 HxCDF
234678 HxCDF
TOTAL HxCDF
1234678 HpCDD
TOTAL HpCDD
1234678 HiCDF
1234789 HpCDF
TOTAL HpCDF
ocDD

OCDF

Dioxin Results are in pg/g

ZA AH-001 ZA- AH-002 ZA-AH-003 ZA- AH-003D Z4-AH-004 ZA-AH-9005
ASH ASH ASH ASH ASH ASH

198
313
66

Note: Omly 1 Ash Sample From This Facility Was Analyzed For Dioxins.
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(ZA) ASH

SAMPLE NIMBER: ZA AH 001 ZA Al 002 ZA AH 003 4A AH-003D ZA -Al-004 ZA-AH-005
PILUTION FACTOR:

DESCRIPTION: ASH ASH ASH AGH ASH ASH
UNITS: MG/RG MG/KG MG/KG MG/KG HG/KG

PP CAS NO OOMPOUND
3 ARSENIC 50 19 51 45 a7
4 BARIUM 529 400 554 523 436
6 CADMIWY 43 41 56 32 41
8 CHROMIM 93 90 79 64 55
10 COPPER 1420 7360 1160 994 946
11 IRON 63300 57400 48600 44100 46000
12 1EBAD 1580 1180 1820 1460 1660
14 MANGANESE 1020 835 849 1360 587
15 HERCURY 10.4 22.9 25.1 16.9 18.0
19 SILVER 4.8 5.0 8.7 4.1 1.9
20 SODIU 10200 9970 11000 9350 10400

24 ZINC 6900 4310 6600 4740 4540



(ZA) ASH

SAMPLE NUMBER: ZA-AH-001 ZA-AH-002 ZA-AH- 003 ZA- AH-003D ZA-AH-004 ZA-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH ASH
UNITS: MG/KG MG/KG MG/KG MG/KG MG/KG

PP CAS NO COMPOUND

P 11.83 11.85 11.79 11.80 11.68
MOISTURE CONTENT X 0.9 1.9 1.6 1.1 1.7
TOC 18100 22000 11400 23400 35600
TOTAL SOLUBLE SOLIDS 52400 49800 50400 46500 48400
AMONIA 4.47 2.89 5.98 11.5 5.98
NITRATE 2.86 2.29 2.22 2.54 4.23
ORTHO PHOSPHATE <0.05 <0.05 <0.05 <0.05 <0.05
TOTAL ALKALINITY 7540 8000 7730 8100 8050

¢ CHLORIDE 18300 17800 23700 19100 16300

o SULFATE 5020 4800 6100 4620 37170
ALUMINU OXIDE X 8.52 9.37 9.0 9.23 9.85
CALCIUM OXIDE % 20.5 20.3 22.2 15.1 18.4
MAGNESTUM OXIDE X 1.38 1.33 .1.31 1.50 1.21
POTASSIUM HONOXIDE % 1.20 1.10 1.24 1.20 1.15

SILICON DIOXIDE X 224 22.2 21.9 27.3 43.8



(ZB) ASH

GAMPLE NUMBER: ZB-AH- 001 ZB AH- 002 ZB-AH-003 ZB AH-004 ZB-AH-005
DILUTTON FACTOR:
DESCRIPTION: ASH ASH ASH ASH ASH
UNITS: UG/KG
*+% BASE/NEUTRALS **x

pp CAS NO COMPOUND

66B 117-81-7  BIS(2-ETHYLHEXYL)PHTHALATE 810J8 NA NA NA NA

(-8



(ZB) ASH

SAMPLE NUMBER: ZB-AH-001 ZB AH-002 ZB AH -003 ZB-AH-004 ZB AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNITS: UG/KG

NO PARAMKTERS DETECTED FOR THIS CATEGORY

8-8
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(ZB) ASH

SAMPLE NUMBER:
DILUTION FACTOR:
DESCRIPTION:
UNITE:

2378 TCDD
TOTAL TCDD
2378 TCDF
TOTAL TCDF
12378 PeCDD
TOTAL PeCDD
12378 PeCDF
23478 PeCDF
TOTAL PeCDF
123478 HxCDD
123678 HxCDD
123789 HxCDD
TOTAL HxCDD
123478 HxCDF
123678 HxCDF
123789 HxCDF
234678 HxCDF
TOTAL HxCDF
1234678 HpCDD
TOTAL HpCDD
1234678 HpCDF
1234789 HpCDF
TOTAL HpCDF
oCDD

OCDF

Dioxin Results are in pg/g

A - N _2_. 2 a _a od - t ol -rs

ZB AH @01

ASH

242

ZB- Al 002

ASH

ZB AH-002

ASH

ZB Al 0v4q

ACH

ZB-AH ees

ASH
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(ZB) ASH

SAMPLE NUMBRER: ZB AH 0V1
DILUTION FACTOR:
DESCRIPTION: ASH

UNITS: MG/KG

PP CAS NO COOMPOUND
3 ARSENIC 28
4 BARIUM 484
6 CADMIUM 52
8 CHROMIUM 53
10 OOPPER 9330
11 IRON 18800
12 LEAD 1070
14 MANGANESE 508
15 HERCURY 8.2
18 SELENIW 5.7
19 SILVER 6.9
20 S0DItY 8200

24 ZINC 8580

ZR AH 002

ASH

MG/KG

4%
322
152

1370
19300
1630
559
11

9.4
9210
6460

ZB AH 003

ASlH
MG/KG

ZB-AH 004 ZB AH 005

ASH ASH

MG/KG HG/KG
56 54
260 283
&7 58
118 65
842 4440
21500 22200
1420 1740
846 515
8.0 12
10 5.4
9810 10600
15800 6450



(ZB) ASH

SAMPI.E NUMBER: ZB-AH-001 ZB-AH 002 ZB AH-003 ZB-AH-004 ZB-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNTTS: MG/KG MG/KG MG/KG MG/KG MG/KG

PP CAS NO COMPOUND
pH 11.48 10.91 11.49 11.59 11.67
MOISTURE CONTENT X 4.5 5.1 2.7 3.8 8.8
T0C 14600 29600 22800 29400 17000
TOTAL SOLUBLE SOLIDS 36700 65800 44000 45300 55300
AMONIA 3.69 10.6 3.93 4.85 4.76
NITRATE 2.65 2.75 1.45 2.09 2.47
ORTHO PHOSPHATE <0.05 <0.05 <0.05 <0.05 <0.05
TOTAL ALKALINITY 4520 1690 5150 6650 6320
o CHLORIDE 18600 44200 19500 28000 31400
- SULPATR 963 764 3130 2440 1340
= ALUMINUM OXIDE % 8.46 10.3 9.35 9.26 7.39
CALCIUM OXIDE % 19.4 22.3 21.2 20.6 25.7
MAGNESIUM OXIDE %X 1.40 1.62 1.45 1.54 1.19
POTASSIUM MONOXIDE % 0.941 0.827 0.938 0.912 0.886

SILICON DIOXIDE X 28.9 22.1 29.4 28.2 19.0



(2C) ASH

SAMPLE NUMBER: ZC-AH-001 ZC AH-002 ZC- AH- 003 ZC-AH 004 ZC-AH-005
DILUTION FACTOR: 1
DESCRIPTION: ASH AGH ASH ASH ASH

PP CAS NO COMPOUND
66B 117-81-7  BIS(2-ETHYLHEXYL)PHTHALATE NA NA 310J8 NA NA
688 84-74-2 DI-N-BUTYL PHTHALATE NA NA 400JB NA NA

ci-4



(ZC) ASH

SAMPLE NUMBER: ZC AH-001 ZC AH 002 ZC AH 003 Z2C AH-004 ZC- AH-005
DELUTION FACTOR:
DEGCRIFTION: ASH ACH ASH ASH ASH

UNITS: UG/KG

NO PARAMETERS DETECTED FOR THIS CATEGORY

£1-4



-4

(ZC) ASH

SAMPLE NUMBER: ZC-AH-001 ZC-AH-007 ZC-AH-003 ZC -Ali -004 2C AH-005

DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH SH

UNITS:
2378 TCDD 16
TOTAL TCDD 297
2378 TCDF 236
TOTAL TCDF 1444
12378 PeCDD 71
TOTAL FeCDD 1122
12378 PeCDF 64
23478 PeCDF 56
TOTAL PeCDF 727
123478 HxCDD 66
123678 HxCDD 90
123789 HxCDD 120
TOTAL HxCDD 1201
123478 KxCDF 218
123678 HxCDF 279
123789 HxCDF 193
234678 HxCDF 70
TOTAL HxCDF 17395
1234678 HpCDD 1849
TOTAL HpCDD 3360
1234678 HpCDF 653
1234789 HpCDF 83
TOTAL HpiDF a90
oCDD 6906
OCDF 563

Dioxin Results are in pg/g
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ST-8

(2C) ASH

LANPLE NUMBER: Z2C- Al 001
DILUTION FACTOR:
DESCRIPTION: ASit

UNLTS: HG/KG

PP CAS NO OOMPOUND

3 ARSENIC 31
1 BARIWY 213
6 CADHIUY 42
B CHROMIUH 51
10 COPPER 1150
11 TRON 21300
12 LEAD 2360
14 MANGANESE 1200
15 HERCURY 1.8
19 SILVER 8.8
20 sS0DIM 8630

24 ZINC 4660

ZC AH 002

ASH

MG/KG

2 AH 003

ASI
HG/KG

Z2C Al-004

ALl
MG/KG

7¢ AH -00%

ASH
MG/KG



(ZC) ASH

SAMPLE NUMBER: ZC-AH-001 ZC-AH- 002 ZC-AR-003 ZC-AH-004 ZC-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNITS: MG/KG MG/KG MG/KG HMG/KG MG/KG

PP CAS NO COMPOUND
P 11.75 11.82 11.58 11.82 11.74
MOISTURE CONTENT X 1.0 1.5 2.0 0.6 1.4
ToC 9020 12300 14100 9830 17800
TOTAL SOLUBLE SOLIDS 24600 22000 23600 23000 26100
AMONIA 1.49 1.86 1.40 1.33 2.10
NITRATE 6.46 0.11 0.09 0.14 0.28
ORTHO PHOSPHATE <0.05 <0.05 <0.05 <0.05 <0.05
TOTAL ALKALINITY 2690 2970 1210 2840 3040
o CHLORIDE 5180 3870 4180 5860 5280
P~ SULFATE 7870 5900 7400 9060 10300
AUMINUM OXIDE % 8.64 7.98 6.67 6.66 5.93
CALCIUM OXIDE % 9.7 11.4 10.8 10.3 10.6
MAGNESIUM OXIDE X 1.02 1.17 1.3 1.08 1.11
POTASSIUM MONOXIDE % 0.875 1.07 1.04 1.03 0.992

SILICON DIOXIDE X 62.9 53.8 4.4 57.0 49.5



(ZD) ASH

SAMPLE NUMBER:
PILUTION FACTOR:
DESCRIPTION:
UNITS:

pP CAS NO OOMPOUND

66B 117-81-7 BIS(2-ETHYLHEXYL)PHTHALATE
688 84-74-2 DI -N-BUTYL PHTHALATE

398 206-44-0  FLUORANTHENE

818 85-01-8 PHENANTHRENE

L1-8

ZD-AH-001

ASH

NA
NA
NA

ZD-AH 002

A

NA
NA

ZH-AH-003
1

ASH

UG/KG

390J8
270
170J
3104

ZD-AH 004

ASH

NA

¥ S

ZD-AH-005
ASH

NA
NA
NA



(2D) ASH

SAMPLE NUMBER: ZD AH-001 ZD AH 002 2D AH-003 - 2D-AH-004 ZD-AH -005
BILIITION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNITS: UG/KG

NO PARAMETERS DETECTED FOR THIS CATEGORY

81-4



61-8

(ZD) ASH

SAMPLE NUMBER: 2D-AH 001 2D AH- 002 ZD AH-003 ZD AH- 004 ZD-AH-005

DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNITS:
2378 TCDD 35
TOTAL TCDD 576
2378 TCDF 626
TOTAL TCDF 3259
12378 PeCDD ND
TOTAL PeCDD 1910
12378 PeCDF 151
23478 PeCDF 171
TOTAL PeCDF 2058
123478 HxCDD 86
123678 HxCDD 148
123789 HxCDD 194
TOTAL HxCDD 1281
123478 HxCDF 654
123678 HxCDF 660
123789 HxCDF 479
234678 HxCDF 124
TOTAL HxCDF 2603
1234678 HpCDD 1555
TOTAL HpCDD 2939
1234678 HpCOF 1842
1234789 HpCDF 119
TOTAL HpCDF 2345
0oCDD 4519
OCDF 893

Dioxin Results are in pg/g

Note: Only 1 Ash Sample From This Facility Was Analyzed For Dioxins.



0c-8

(ZD) ASH

SAMPLE NIRMBER: Zh- AH 001
DILUTEON FACTOR:

DESCRIPTION: ASt
UNITS: MG/KG

PP CAS NO COMPOUND
3 ARSENIC 30
4 BARIUY 411
6 CADMItRY 51
8 CHROMI WY 87
10 COPPER 1050
11 IRON 34600
12 LEAD 4090
14 MANGANESE 574
15 MERCURY 0.91
18 SELENIRY 2.9
19 SILVER 7.5
20 Sop1M 6050

24 ZINC 5660

b Al 002

ASH
MG/KG

ZD AH-003

ASH

MG/KG

43
545
69

70
1490
27400
29680
618

3.1
11

8000

Zb- AR-004

ASH
MG/KG

44
434

54
969
31100

965
0.55
3.9
6.3
6100
4930

ZD AH-005

SH
MG/KG



(ZD) ASH

SAMPLE NUMBER: ZD- AH -001 ZD-AH -002 ZD-AH-003 ZD-AH-004 ZD-AH-005
DILUTION FACTOR:
DESCRIPTION: ASH ASH ASH ASH ASH

UNITS: M /KG MG/KG MG/KG MG/KG MG/KG

PP CAS NO COMPOUND
o 10.69 10.60 10.51 10.36 10.48
MOISTURE CONTENT X 0.4 1.6 1.2 1.2 0.9
T0C 25800 30000 52100 11400 53200
TOTAL SOLUBLE SOLIDS 8850 13200 6440 8740 7150
AONIA 1.00 1.04 1.02 0.90 1.08
RITRATE 1.59 1.14 0.44 0.96 0.72
ORTHO PHOSPHATE <0.05 0.05 0.05 0.05 0.05
TOTAL ALKALINITY 852 558 786 852 922
P CHLORIDE 1270 2190 766 854 869
N SULFATE 2220 5580 1680 2360 1800
ALUMINU OXIDR X 12 12 13 9.9 11
CALCIUM OXIDE % 1 1 10 12 1
MAGNESIUM OXIDE X 2.0 1.9 2.2 2.2 1.8
POTASSTUM MONOXIDE % 1.4 11 0.79 1.1 0.98

SILICON DIOXIDE X 35 37 35 32 36



(ZR) ASH

SAMPLE NUMBER: ZE-AH- 001 ZE-AH 002 ZE AH-003 ZE AH-004 ZE-AH-005
DILUTION FACTOR:

DRSCRIPTION: ASH ASH ASH ASH ASH
UNITS:

PP CAS NO OOMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

¢



(ZE) ASH

GAMPLE NUMBER: Z2E-AH-001 ZE AH-002 ZE-AH-003 ZE-AH-004 ZE- AH-005
DPILUTION FACTOR:

DESCRIPTION: ASH AGH ASH ASH ASH
UNITS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

£€2-4



¥e-4

(ZE) ASH

SAMPLE NUMBER: ZE-AH-001 ZE-AH-002 ZE-AH-003 ZE-AH-0904 ZE-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH
UNITS:

ik PESTICIDES okx
PP CAS NO COMPOUND

DICHLOROBIPHENYL NA NA 98 NA NA



S2-1

(ZE) ASH

Sahbi.e WuLER: ZE-AH-0061 ZE-AH-002 ZE-AH-003 ZE-AH-004 ZE-AH-005

DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH

UNITS:
2378 TCDD 10
TOTAL TCDD 130
2378 TCDF 176
TOTAL TCDF 1312
12378 PeCDD 35
TOTAL PeCDD 283
12378 PeCDF 52
23478 PeCDF 43
TOTAL PeCDF 543
123478 HxCDD 11
123678 HxCDD 11
123789 HxCDD 22
TOTAL HxCDD 148
123478 HxCDF 95
123678 HxCDF 134
123789 HxCDF 45
234678 HxCDF 20
TOTAL HxCDF 574
1234678 HpCDD 122
TOTAL HpCDD 122
1234678 HpCDF 155
1234789 HpCDF 16
TOTAL HpCDF 215
0oCDD 294
OCDF 59

Dioxin Results are in pg/g

Note: Only 1 Ash Sample From This Facility Was Analyzed For Dioxins.



92-8

(ZE) ASH

SAMPLE NUMBER: ZE-AH 001
DILUTION FACTOR:
DESCRIPTION: ASH

UNITS: : MG/KG

PP CAS NO OOMPOUND
3 ARSENIC 16
4 BARIWM 407
6 CADMIR 34
8 CHROMIM 665
10 COPPER 990
11 1RON 34600
12 LEAD 1550
14 MANGANESE 593
15 HERCURY 7.6
18 SELENIUM
19 SILVER 4.4
2 50D 6750

2 ZINC /280

MG/KG

ZE-AH-002

ASH

ZE-Al- 003

19
505
38

87
1820
45100
1170
531
13

5.4
7500
3600

ZE AH 004 ZE- AH- 005

ASH ASH

MG/KG MG/KG
15 20
391 792
37 18
67 70
1500 930
40200 33900
1170 1600
598 581
4.8 3.2
4.7
13 11
5880 7700
3400 2120



(ZE) ASH

SAMPLE NUMBER: ZE- aH-001 ZE -AH-002 ZE-AH-003 ZE-AH-004 ZE-AH-005
DILUTION FACTOR:

DESCRIPTION: ASH ASH ASH ASH ASH
UNITS: MG/KG MG/KG MG/KG MG/KG MG/KG

PP CAS NO COMPOUND
pH 11.61 11.69 1.7 11.40 11.82
MOISTURE CONTENT X 2.5 1.9 1.4 1.3 0.6
TO0C 34000 8920 4060 7290 43300
TOTAL SOLUBLE SOLIDS 22900 25900 356500 26100 11200
AMMONIA 5.05 3.64 8.69 7.32 2.77
NITRATE 2.9 3.19 4.51 4.10 4.23
ORTHO PHOSPHATE <0.05 <0.05 <0.05 <0.05 <0.05

? TOTAL ALKALINITY 3490 4710 2990 7310 7590
CHLORIDE 9220 10900 14100 10400 7550

B SULFATE 2190 1500 2790 2530 2270
ALUMINUM OXIDE % 1 9.7 10 10 10
CALCIUM OXIDE % it 14 13 14 13
MAGNESIUM OXI1DE X 20 1.6 1.9 1.8 1.6
POTASSTUM HONOXIDE X 1.2 1.2 1.4 0.95 1.0

SILICON DIOXIDE % 31 31 35 30 32






APPENDIX C

LEACHATE RESULTS

(FACILITIES 2B, 2C, 2D, ZE)

R339911



(ZB) LEACHATE

CAMPLE NIRMBER:
DITUTION FACTOR:
DESCRIPTION:
UNITS:

*¥v BASE/NEUTRALS ***

pp CAS NO COHPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

B LE 001

LEACHATE

4B LE 002

LEACHATE



(ZB) LEACHATE

SAMPLE NUMBER : . ZB LE 003}
MIUTION FACTOR:

BESCRIPTION: ‘ LEACHATE
UNITS:

sre ACIDS wa¥
Pp CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

ZB LE o0z

LLEACHATE



(ZB) LEACHATE

GAMPLE NUMBER: . 8 LF 001 ZB LE 002
DILUTION FACTOR:
DESCRIPTION: ’ LRACHATR LEACHATE

UNITS: UGt uG/i.

PP CAS NO COHMPOUND

1 AL INUY 19

4 BARIUM 9220 64

6 CAIMIRY 4.0

0 CAICTWR 83130000 112000
10 COPPER 8.8 54
11 1RON B840

13 HMAGNES UM 17300 16700
14 HANGANESE 17600 67
17 PUTASSIUH 1620000 10300
20 SODIUH 2450000 14000
21 ZINC 8.3 74

SILICON 3160 3LYO



| fat?)

(ZB) LEACHATE

SAMPLE NUMBER:
DILUTION FACTOR:
DESCRIPTION:
UNITS:

AMONIA

NITRATE

ORTHO PHOSPHATE

TOTAL ALKALINITY

SULFATE

DS

FIELD PH

SPECIFIC CONDUCTIVITY UtOS/CM
TEMPERATURE (C)

ZB LE 001

LEACHATE

MG/L

Jo.o
4.18
0.45
0.01
65.0
171
40600

>10000

ZB -LE-002

LEACHATE
MG/L



(ZC) LRACHATE

SAMPLE NUMBER: . ZC-LE-001 2C- LE-002
DILUTION FACTOR:

DESCRIPTION: ' LEACHATE LEACHATE
UNITS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

S-J



(ZC) LEACHATE

HAMPLE NUMBER: ZC LE-001 7C LE 002
DILUTION FACTOR:
DESCRIPTION: LEACHATE LEACHATE

UNITS:

ok ACIDS *xs
PP CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

9-J



(ZC) LEACHATE

SAMPLE NWRBER: : ZC LE 001 ZC LE 002
DILUTION FACTOR:
DESCRIPTION: LEACHATE LEACHATE

UNITS: UG/L. UG/,

#4¢ INORGANICS #x%

ee CAS NO COMPOUND
4 BARIWY 1.8 8.0
7 CALCIUM 64600 65800
11 ITRON 108 115
12 LEAD 34
13 MAGNBSIUM 22600 23000
14 MANGANESE 493 501
17 POTASS1 RS 19700 81200
20 S0D1U 188000 191000
24 ZINC 13 90

SILICON 4570 4840



(ZC) LEACHATE

SAMPLE NWRMBER:
DILUTION FACTOR:
DESCRIPTION:
UNITS:

AMMON]A

NITRATE

ORTHO PHOSPHATE

TOTAL ALKALINITY

SULPATE

TDS

FIELD PH

SPECIFIC CONDUCTIVITY WHOS/(M
TEMPERATURE (C)

8-)

ZC LE-001}

LEACHATE

MG/L

47.2
68.2
0.40
<0.01

14.5
924
6.9

21

ZC LE-002
LEACHATE
MG/L



(ZD) LEACHATE

SAMPLE N\MBER: . Zb LE-001 ZD-LE 002 ZD-LE 003
DHUTION FACTOR:

DESCRIPTION: LEACHATE LEACHATE LEACHATE
UNITS:

¢+% BASE/NEUTRALS *%x

NO PARAMETERS DETECTED FOR THIS CATEGORY

6-J



(Z2D)

SAMPLE NUMBER:
DILAMTION FACTOR:
DESCRIPTION:
UNITS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

01-0

LEACHATE

ZD-LE-001

LEACHATE

2ZD-LE 002
LEACHATE

2D 1E-003
LEACHATE



11-2

(ZD) LEACHATE
SAMPLE NUMBER: 2D- LE 00t
DILUTION FACTOR:
DESCRIPTION: LEACHATE
UNITS: UG/L
+++ INORGANICS »%
PP CAS NO OOMPOUND
] BARIUM 40
7 CALCIW 477000
10 COPPRR 12
11 IRON . 187
13 MAGNESIUM 345000
14 MANGANESE 795
17 POTASSIW 636000
20 SODIUM 2480000
24 ZINC 8.7

SILIOON 15300

ZD LE 002 ZD LE-003
LEACHATE LRACHATE
UG/L uG/L

18 38
386000 470000
4.6 7.3

523 211
367000 340000
718 857
229000 632000
1340000 2580000

5.2

8760 14900



(ZD) LEACHATE

SAMPLE NUMBER: . ZD-LE-001 ZD LE 002 Zb- LE-003
DILUTION FACTOR:
DESCRIPTION: LEACHATE LEACHATE LEACHATE

UNITS: MG/L MG/L MG/L

PP CAS NO COMPOUND

T0C 28.8 30.7 NA
AIONIA 4.38 28 4 NA
NITRATR 0.04 <«0.01 <0.01
ORTHO PHOSPHATE 0.24 0.17 0.22
TOTAL ALKALINITY 709 744 11
SULPATE 4920 4140 5080
™S 12700 8030 13000
vigw o ¥ - -

o SPECIFIC CONDUCTIVITY UMHOS/Qf >10000 9400 >10000

L TEMPERATURE (C) 30 19 30

N

+* PH meter Aot WIL"} ffup/‘),ﬁ



€1-)

(7F) TEAWHATL

SAMPLE NUMBEK:
DIHUTION FACTOR:
DESCHIPTION:
UNIIS:

#3+ BASE/NEUTRALS $#3

re CAS NO COMBPOUND

65-85-0 BENZOIC ACLID

IE-1E-001
|

IFACHATE
UG/1

73

k-4 E-002
1
| FACHATE
UG/

52



-0

(7E) LEACHATY

SAMPLE NUMBER.
PHTLTTON FACTOR:
IESCRIPTION:
UNIES:

BEE ACIDS #xx

e CAS NO COMPOUND

NO PARAMETERS DETFCTED FOR THIS CATEGORY

JE-1LF-00]
LEACHATE
UG/,

/b 1F-002

FEACHATE



St-)

(ZE) LEACHATE

SAMPPLE NUMBER :
IHEWTFON FACTOR:
DESCRIPTION:
UNIIS:

e CAS NO COMPOUND
1 BARIUM
7 CALCIUM
1 1RON
14 MAGNESIUN
14 MANGANESE
17 POTASSIUM
20 SODIUM
24 ZINC
SILICON

7k LE 001

LEACHALE
uG/i.

3080
5670000
10500
14800
17100
1430000
2430000
217

198

JE LE-002

LEACHATE
uG/1.,

2970
5570000
7480
15000
18500
1450000
2470000
70

470



(ZE) LEACHATE

SAMPLE NUMBER:

DILUTION FACTOR:

DFSCRIPTION:
UNITS:

91-)

PARAMETERS **%

COMPOUND

TOC

AMMONI] A

NITRATE

ORTHO PHOSPHATE

TOTAL ALKALINITY

SULFATE

TDS

FLELD PH

SPECIFIC CONDUCTIVITY UMHOS/(M
TEMPERATURE (C)

7 -LF-001 /E-LF-002
LEACHATE LEACHALK
MG/ MG/L
28.9 25.5
9.78 11.4
0.01 0.01
<0.01 <0.01
95.2 117
312 309
26300 25900
5.2
> 10000
23






APPENDIX D

ASH EXTRACT RESULTS

R339911



1-g

S\MI'LE NUMBER:
DITETHON FACTOR:
DESCRIPTION:
UNITS:

¥#4 BASE/NEUTRALS *#%

e CAS NO COMPOUND

66-85-0 BENZOIC ACID

ZA-A- 00102

ASH EXTRACT

ZN AN DOIDIHZ0 ZA-AH-001FPTON ZA-AlI-001SAR

\SH FY TR

130

ASH EXTRNCT

ASH EATRACT

ZA-AH-001TCLPY ZA-AH-001TCLP2

ASH FNTRACUT ASH EXTRACT



SAMPLE NUMBEE:
PHTETION FACTOR.
DESCRIPTION:
UNITS:

$% AC|DS x%%

rp CAS NO COMPOUND

NO PARAMETFRS DFTECTED FOR THIS CATEGORY

¢

LA-AH-000¢ 02

ASH FATHRANY

2V W-001DIHZO ZA-AHN-001FPTOY ZA-AH-001SAR

ASH FATRAC

ASH FVIRMCT \SH FATRACT ASH EXTRACT

JA-AH-001TCLPL ZA-AN-00LTCLP2

ASH EXTRAMT



£

SAMPLE NUMBREFR JA ML ODICOT 20 UL O0TTHZO 78 AL ODTEFTON 74 A0 OUTSAR /4 A O0TTCLEY 70 \-001T1¢ 1LP2
BULLLTON § Ao

ESCRTTTON SHE TN VSH VIR ASH ENIRACE NI RNTTAYE S FN IO ASHEVITRACT
ENR RN Vi /) ViL/) X v/ 16/4 /1,

TS INORGANICS a8

(4K LAS NO ¢ OMPOUNY

| BRARITUM 260 ) 175 1848 (N 700
" CADMI'M 108 I.o 66 4 136
R CHROMIUM GoR [} 10 12
10 COPPLR 1Y 181 110 114 101 C |
1 JRON 1 [ 21700 1N 77100
12 LILAD 10 2200 6110 2200 110
11 MANGANESE 2260 6. 1030 1.t 5110
o MERCUIRY [ Y 0.H) o,

1] SERENTHN (]
20 SORINN LOROOG 10000 V26000 FOROO0 1520000 1 10000

] /7 EN(¢ 2u200 H (1 1on 6Ly [ 7LO00)



SIWMEEE ANUMBER.

JA- -0 ooz

DEEETLHON FACTOR:

DESERIPTION.
INTLS.

53 GEOCHEMICAL

(B € AS NO

v-a

ASH ENTRC

PARAMFTERS #%*

COMPOUND

100 21.2
AMMONT A (U
NITRATE 0.15
ORTHO PHOSPH\TE <(1.01
TOTAL ALRALINITY 1210
CHLOR1DE 773
SULFATE BI6
ALUMINUM OVIDE X 251
CALCEUM OXI1hE % 693000
MAGNESIUM OXEDE X 32000
POTASSIUM MONONIDE % 111000
SHETCON DIOVIDE X 62 100
ns 3920

3 AH OUIDEHZO /A

VSH O ENTRACT

17.1
0.21
012
<0.01
908
950
21h
195

HX 1000
121
111000
75

1220

VoH ENTRAC

2500
0.31
0.12
0,31
1450
K54
1120
18100
3030000
58900
128000
94700
9720

V-0 TEPTON 7% AN G0TSAR

ASH ENTRAC

.0

0.8%
1.1
.01
B
810
a7
166
1100000
18
121000
875

2970

N AH-00LTOL

\SH RNIRACT
tu/l

2110
.41
0.17%
<002
2190
971
052
3100
669000
100
1671000
5520
HH20

J7A-W-001T0 P2

ASH FAVITRACT

2230
0. 20
0.10
«0.02
21130
1010
IBRLY
112
2910000
66900
112000
G320
10200



S-a

(LAOOZ) ASH EXTRACT

SAMPLE NUMBER:
DILULTON FACTOR:
DESCRIPTION:
UNITS:

¥%% BASE/NEUTRALS #%%

e CAS NO COMPOUND

NO PARAMETERS DETECTED FOR TH1S CATEGORY

JA-AH-OD20 02

ASH EXTHACYT

LA AH-DUZDENZO JA-AH-DUZEPTOX LA-AH-00Z2SAR
ASH FXTRACT ASH FXTRACT ASH EXTRACT

TA-AN-D02TCLPY ZA-AH-002TCLP2
ASH EXTRACT ASH EXTRACT



(7A002) ASH ENIRACT

SAMPIE NUMBER:
DILULION FACTOR:
DESCHIPTION.
UNITS:

Bk ACIDS %%

re CAS NO COMPOUND

NO PARAMETERS DETFCTED FOR THIS CATEGORY

9-0

ZA-AH- 002002

ASH FXTRACT

ZA-AR-00ZUHTHZ0 7A-AH-002FPPTOX 7A-AH-002S5AR

ASH FNIRACT

ASHE EVTRACT

ASH EXTRACT

TA-AN-002TCLPY 7A-AH-002TCLP2

ASH EXTRACT ASH EXTRACT



L-a

SAMITLE NUMBENR:
MLUTTON FACTOR:

IHSCRIPTION:
UNLIS:

¥t [ NORGANIUS

e CAS NO

{(2A002)

s

COMPOIIND

BARIUM
CADMIUM
CHROMI UM
COPPER
JRON
1LEAD
MANGANESE
MERCURY
SELENIUM
SODIUM
7INC

ASH

/A AN D202

ALIL ENTRRACH
G/t

268
LR

4.2
116
RIE}

1930
166

152000
22400

AN QOZDITHZ20 78 AN 002 PPTON 74 Al OOZ5AR

ASIE ENTRACT

G/,

In7
P.6
1t}
274
63
1960
H.0

174000
R0

ASH FXTRAC

G/l

N o~
-

l
7
6.0
791
14
94
2750
208

150000
37800

ASH EXTRACH
uG/1

161

9.2
291

2670
23

160000
Hi

/A AN B021ICLP]
ASHOEXTHACT
LG/

()]

J01
6.6
Ju0

0.21

1 190000
o6

/A AR-002TCLP2
ASH FXTRACT
UG/,

643
213

20

228004
A1



(ZA002) ASH EXTRACT

SAMI'LEF NUMBER: /A-AR-002002 JA-AH DOZDTHZG FA-AR DOZEITON ZA Al-UOU25AR LA -AH-0LZLCEPY ZA-AH-002TCLP2
DHLUTTON FACTOR :

DESCRIPTION: ASH EXTRACH ASIE FNTRAC] ASH EXTRAMCT ASH FXTRACT ASH FNTRACT ASH FXTHACT
LNLDS:

3% GFOCHEMICAL PARAMETERS *%%

8-a

(K1 CAS NO COMPOUND
ToC 55. 1 33,9 2490 33.4 2330 2240
AMMON1 A 0.26 0.2} 0.27 1.00 0.22 0.28
NITRATE 0.14 0.11 0.14 3.09 0.14 0. 14
ORTHO PHOSPHATE 0.06 .01 <0G.,01 <0.01 <0.01 .01
TOTAL ALKALINITY 1630 1590 2630 1710 3060 2390
CHLORIDE 1010 1170 1020 1200 1080 1110
SULFATE 856 603 1190 627 567 617
ALUMINUM OXIDE % 02 <34 <20 <28 238 1450
CALCIUM OXIDE X 697000 699000 2330000 1800000 2220000 3210000
MAGNESIUM OXIDF X 39100 124 27300 12 74 623
POTASSIUM MONOXIDE X 113000 168000 104000 160000 179000 221000
SILICON DIOXTDE X 71800 616 29000 364 2850 5950

rns 1860 1220 11800 1120 9620 10900



(Z7A003) ASH FNIRAC)

SAMPLE NLMBRER: JA- AN BOdenL AA-AH OOADEIZO ZA- A BUSEPION JA-AH GO ISR ZA-AN-0031CEPY 7A-AH-Q03TCLP2
DIFLTTON FACTOR:

BESCRIPTION: ASH FXTRAM | ASH O FVERAL ASHE ENThHACT ASH EXNTRACY ASH FXTRACL ASH FNIRACT
ENT S

5% PASK/NFUTRALS #%%

Pe CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATRGORY

6-0



(Z7A004) ASIE FAIRACT

GAMPPLE NUMBER: / V- AH-00730 02 ZA-AH DOSDTRZO ZA-A 003 FPTON ZA-AN-0035AR A AH-008TCT L ZA- A -003TCLPZ
DELTTON FACTOR:

MESCRIPLHION: ASH O EXTRACT ASH BNTRACT ASIE FVITRACI ASH FXTRACT Aslt FXERAC] ASH EVITHACT
UNITS:

¥k AUIDS *¥*%x%

P CAS NO COMPOUND

NO PARAMETERS DETECTFD FOR THIS CATEGORY

o1-a



11-a

(ZAD04) ASIE EXITHALT

SAMPLE NUMBER:
DETUTEON FACTOR:
PESERIPTION:
UNIIS:

EE INORGANECS $#8%

e CAS NO COMPOUND
3 ARSENIC
! BARIUM
6 CADMIUM
[} CHROMEUM
10 COPPER
H FHON
12 LEAD
(B MANGANESF
1H MERCURY
20 SODLUNM

P TINC

/A A Do

ASHE ENITRA D
16 /1

214
85

310
219

2260
21

F2 000
doo

74 AN DODIHZO LA-AH O03EEITON 7A Al OUASAR

ASH ENTRACY
Da/t

9.4
160
kY
HENLL]

119000
1310

ASI EXTHAUY
(HVaN

R1
100
1000
72
1480
12000
t 1300
3190
6l
1OR000O
75900

ASH FXIRAUT
(IS4 R

518

128
1910
0.20

LELO0O
1290

7V AN OU31CLp)

ASH EYTRACY

e/l

H95

163
»

HEIN

1520000
X7

LA-AH-0031CLP2

ASH EXTRACT
uG/i.

RO9
695

[N}

aa
41400
i
3960
0.88
123000
76400



(7A003) ASH EXTRACI

SAMPLE NUMBER: JA-AN-00% 02 JA-AN 003DEHZ0 7A-AH-003EPTON 7A-AH-008SAR JA-AH-003TCEPY 7A-AH-003TC1LP2
PITHETON FACTOR:

DESCRITTION: ASH FXIRACT ASHE FXITRAC ASH FXTRACT ASH FXTRACT ASH FVIRACT ASH EXTHACT
LNITS:

3% GFOCHFMICAL PARAMETFRS *%%

PP CAS NO COMPOUND

TOC 23.9 15.3 2460 12.8 2010 2250
AMMONI A 0.35 0.28 0.35 0.90 0.38 0.22
NITRATF 0.13 0.12 0.11 3.20 0.14 0.07
ORTHO PHOSPHATE 0.02 0.1 0.94 <0.01 <0.02 <0.01
TOTAL ALKALINITY 1560 20 1550 1100 2500 2340
CHLORIDE 1010 1080 890 1030 1250 965
SULFAiIL 1050 nh2 1320 530 527 1100
ALUMINUM OXIDF X 300 7l 29300 73 223 1580

? CALCIUM OXIDE % 694000 695000 3050000 1340000 2380000 JO70000

bt MAGNESTUM ONIDE X 33000 a7 46000 14 to 62300

N POTASSTUM MONOXIDE X 136000 164000 119000 1 10000 210000 133000
SILICON DIOXIDE % 36600 1640 69400 190 2790 3740

s 48490 1620 9620 1650 9420 11000



(Z2AD04) ASH EATRAUT

SAMPILE NUMBFR:
DHUTION FACTOR:
DESCRIPTION:
UNHIS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

£1-0

/A-AH-00 102 JA-AN 0D IDIHZO ZA-AH-001EPTOX ZA-AIT-00 1SAR IA-A-GOITCTPE ZA-AH-004TCL P2

ASH FXTRAC | ASH FXNTHACY ASH FXIRACT ASH FXTRACTI ASH FXTRACT ASH EXTRACT



(ZA001) ASH EVTRACE

SAMI'LE NUMBFR:
BHLUTION FAC TOR.
DESCREPTION:
UNITS:

¥ ACIDS #x%

NO PARAMETERS DETECTED FOR THIS CATEGORY

vi-g

ZA-AH-00c02

ASH FNTRAL L

CA-AH O0IDIHZO ZA-AH 00 TFPIOX Z7A-AH-0045AR

ASH O BNTRACT

ASH FATRACT

ASH FXTRACT

ZA-AH-0031TCL It

ASH FXNTRACE

LA-AR-004TCLP2

ASH FXTRACT



SI-0

(ZA001) ASIE EVIRACT

SAWMPEE NUMBEN :
BLLUTTON BACTOR:
ESCHEPTION:
UNTIES:

15 INORGANIECS 3%

COMIPPOUND

re CAS NO

| RARRIUIM

(8} CADMIUM

B CHROMI UM
(KU COPUFR

] 1RON

12 LEAD

1 MANGANESE
1H MERCURY

18 SELENIUM

20 SODIUM
21 7INC

A AN Qoo
AL EN TR

I/t

202

60

268
1.4

2490

F11000
J2oon

A MEODEDERZO 20 AR SO PEON 70 AR QU SAR

ASH ENERAC

[KIVAR

R.5
i
9

P

2210

15000
651

G/l

302
haz
17
2620
10800
)
Joio
24

108000
H 1800

ALGH FNTRACT

ASH EXNTRACT
/4.

g

H.H
HiR

2800
2.5

H.0O
121000
i0in

A A B0Icn)

ASTE FATRACH
Ha/l,

L2

|(l7

4

3.4

1160000
12

/A-AH-00A1CLP2

ASIE EXTRACT
G/

119
14

20
7.6
49100
b7
2660

71700
JiT00



SAMPLE NUMBER:

(7A0041)

PHWTION FACTOR:
DESCRIPTION:

ENTLS:

ASH FXTRACT

5% GROCHEMICAL PARAMETERS *#%

91-a

COMPOUND

roc

AMMON] A

NETRATE

ORTHO PHOSPHATE
TOTAL ALKALINITY
CHLORIDE

SULFATF

ALUMINUM OXIDE %
CALUILM OXIDE X
MAGNESIUM OXIDF X

POTASSIUM MONOXIDE X

SILICON DIOXIDE X

rus

/A-AN- 0010027

ASH FNTRACH

34.9
0.44
0.16
0.06
1600
960
832
179
699000
42800
131000
57000
1660

ZA-AI-OUIDINZO ZA-AH DOTEITTOYX ZA-Al- DO ISAR

ASH ENTRACT

26.2
0.27
0.13
.01
910
BO2
129
116
684000
50
134000
60
2H90

ASH FATRACH

2210
0.15
0.20
0.13
1250
718
917
16100
2500000
50800
10100
75300
8090

ASH FXTRACT

27.4
1.00
3.25
<. 0
1060
901
512

94
11950000
18
118000
877
3270

/1A

ASH FYIRACT

2100
0.47
0.11
.02
2510
1020
18Y
1170
671000
219
157000
4710
9060

AH-00 1O P 74 A-001TCLP2

ASH EATRACT

2200
0.22
u.16
.01
3150
6H6
980
798
6492000
11500
64300
1360
92.30



(7A005) ASH FATRACT

SAMPLE NUMBFR: 7A-AN- 005002 I8 A -ODDDINZD ZA-AR-005FPTON JA-AN-DDLSAR LA-AH-DOSICLPY JA-AH-00OTULPR
DELUTTON FACTOR:

PESCRIPTION: ASH EXTRACT ASH EXTHALT ASH EXIRACT ASH FATRAC ASH EMTRACT ASH BXTRACT
UNITS:

%% BASE/NEUTRALS #%*

pp ( AS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

L1-a



(ZA005) ASH EXTRACT

SAMPLE NUMBERKR:
DELUTLON FACTOR .
DESCRIEPTTON:
UNLES:

K55 ACIDS K%#

Iy CAS NO (¢ OMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

81-a

ZA-AN-005002

ASH EXTRACHE

ZA-AH QULHDTHZO /A-AH-00LEPTON 2 \-AlE-005SAR

ASH FYTRACH

ASH EXTRACT

ASH FXFRACT

JA-AN-0001CLPY

ASH FXTRACT

JA-AH 0051CLP2

ASIH ENTRACT



610

(72A005) ASIL EXTHRACH

SAMELE NUMBER: LA AN 00502
DHLGTION JACTOR:

DESCRIPITON: ASHE FXIRAC)
UNLIS: LG /1

11 INORGANICS #3x

re CAS NO COMIOUND
4 BARIUM 261
6 CADMIUM 63
8 CHROMEUM 5.1
10 COPER 620
R} TRON 168
12 LEAD
H MANGANESE 1540
15 MERCURY 8.9
8 SELENIUM
19 SLLVER 16
20 SODIUM 1733000
24 7 INC 24100

JAAE QOLDITNZO Z7A AN BOGEPTON 7A AL QULSAR

ASHE LA IERAC

UG/,

117000
1070

ASH FEXTRACH

U/t

194
677
414
791
94630
4150
2450
23

116000
54500

ASH FXTRACT
G/

a6l

q.n
610

1740
2.8

150000
690

ZA-AH 00D1CLEY JA-AN-0051CLI2

ASH EXTRACT ASH FXTHACT
UG/, G/,
a0 798
455
16
196 27
12 PALTH
271 174
2920
0.24
1450000 129000
163 78500



(ZA000H) ASH BNTRACT

SAMPLE NUMBER:

BLLVWIION FACTOR:

BESCRIPTION:
UNITS.

2 GROCHFMICAL

re CAS NO

0c-a

PARAMETERS *%%

COMPOUND

TOC

AMMONI A

NITRATE

ORTHO PHOSPHATE
TOTAL ALKALINITY
CHILORIDE

SULFATF

ALUMINUM OXIDF X
CALCIUM OXIDE X
MAGNESTUM OXIDE X
POTASSTUM MONOXIDE X
SHICON Dovibe X
1Ds

LA=AH-005002

ASH EMIRACT

64.2
0.21
0.30
0.09
1590
1030
958
268
697000
34500

1 19000
65100
1730

ASH FXTRACT

13.5
0.26
0.20
<¢.01
1440
RIN
550
81
645000
379
14H0GOO
6494
$HLH0

ASH FXTRACI

2520
0.40
0.21
0.47
2090
1160
1130
12600
3580000
58800
154000
9HT700
11100

ZA-A-ODSDTHZO ZA-AH-005FPTOX ZA-AH-005S5AR

ASH FATRACT

12.5
1.03
3.21
<0.0})
1330
1180
547

50
1620000
15
168000
261
1100

ZA-AH-00LTCLIM

ASH EXTRACT

2310
0.34
.18
<0.01
3050
1020
529
3056
677000
92
113000
1600
10700

LA-AH-0USTCLP2

ASH FXTRACT

2400
0. 10
0.16
<0.01
2310
8649
1080
180
1510000
55400
128000
81100
11100



(ZBOO1) ASH EXTRACT

SAMPLE NUMBER:
DITUTTON FACTOR:
DESCRIPTION:
UNETS:

+¥¥ BASE/NEUTRALS *¥¥

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

1e-0

/B-Al-001¢02

ASH EXTRACT

/B-AH-001DIN20 ZB-AH-001EPTOX Z8-AH-001SAR ZB-AH-001TCLP1 ZB-AH-001TCLP2

ASH FXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT



(7BO01) ASIt FATRACT

SAMPPLE NUMBFR:
DHLUTION FACTOR:
DESCRIPTION:
UNITS.

k% ACIDS *%x%

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

a2

ZB-AH-001C02 LB=AN-001IDIH20 ZB-AH-001FPTOX ZB~AH-001SAR ZB-AH-001TCLPL ZB-AH-001TCLP2

ASH FATRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH FXTRACT ASH EXTRACT



€20

(ZB001) ASH EVIRACT

SAMILE NUMBER:
DILUBION FACTOR:
PESCHIPYION:
UNLIS:

51 INORGANICS $#%

re CAS NO COMPOUND
1 BARLUM
6 CADMIUM
10 COPPER
7] 1RON
12 LEAD
X} MANGANESE.
15 MEHCURY
20 SODIUM
24 ZINC

0= Do

ASH EXTRAL]
U/ 4.

126
9.2
30

111000
|

JR AN DOIRDIHZO /B

ASIE EXTRACT
U/,

2090 °
18
29

123000
H4

v/l

ASH EATRACT

182
J0]
(1K)

19
1790
0.73%
12R000
Y630

AN DRIEPTON 70 A OISR B AH QOLICLPE 7B-AH-00LTCLP2

ASEE EXTRACT ASH EXTRACT ASIE EXTRACT

tG/t UG/l UG/
3960 198 167
118
Gl 19 5.4
1160
h.8 2060
0.25 0. 37
1 18000 1110000 116000
H1 30 6110



(/BO0L) ASH EATRACT

SAMPLE NUMBER:

DILOTEON FACTOR:

DESCRIPTION:
UNBES:

*x¢ GEOCHEMICAL

PP CAS NO

| (4]

PARAMETERS **%

COMPOUND

TOC

AMMONT A

NITRATE

ORTHO PHOSPHATE
TOTAL ALKALINITY
CHLORIDE

SULFATE .
ALUMINUM OXIDE X
CALCIUM OXIDE %
MAGNESTUM OXIDE X
POTASSIUM MONOXIDE X
SILICON DIOXIDE X
TDS

/B-AH-00100Z

ASH FXTRACT

NA

NA
0.36
0.01
NA
1100
513
4990
9049000
24600
99200
1280
NA

JIG-AH-001D 120 7B-AH-001EPTOY /B-AH-001SAR

ASH FXTHACT

ASH EXTRACT

ASH EXTRACI

LB-AH-001TCLPL ZB- AH-001TCLP2

ASH FXTRACT

ASH EXTRACT

6.52
0.18
0.24
Q0. 01
337
1200
3.6
1850
810000
24
108000
1470
2180

NA
NA
0.13
1.32
NA
2160
556

3240000
127000
101000
32900
NA

30400
817000
36
111000
1420
NA

NA

NA
g.31
0.01
NA
1490
363
62800
1970000
920
122000
473

NA

NA
NA
Q.30
1.75
NA
1270
728

3210000
117000
100000
42600
NA



(72B00Z) ASH FATRACT

SAMPLE NUMBER: /B-AH-00 02 ZB-AN-002DTH20 7B-AH-00ZFPTON /7B-AH-0025AR JH-AH 0021010 P) ZB-AN-002TCLP2
DLTUTTON FACTOR:
DESCRIPTION: ASH FATRACT AsH O FVIRACT ASH FXTRACT ASH FVIERACT ASH FXTRACT ASH EXTRACT

UNLLS

*¥% BASE/NFUTRALS *%%

pp 'AS NO COMPOUND

NO PARAMETFRS DFTECTED FOR THIS CATEGOR\Y

S¢-Q



(7B002) ASH EXTRACI

SAMP'LE NUMRER:
BIFUTTON FACTOR.
DESCRIPTION:
ENTLS:

¥EE ACIDS #%%

P CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGOR)Y

9¢-0

JB-AL- 002002

ASH EVERACH

J0 AW QU2DEHZO 78~ \-0028 PTON ZR-AR- 0025AR

Al FXERACT

ASH EXTRACT

ASH FATRACT

JB-Al-00ZTo

ASH FATRAC]

(B AH-002TCLP2

ASH FXTRACT



2-a

(7R002) ASH ENITHACD

HAMPLE NEMRER:
HACTEON FACTOR:
IHSCRITPTION:
UNIIS:

TE1 INORGANILS *%%

I CAS NO COMPOUND
| BARIUM
G CAUMLUM
10 COPPER
H 1RON
] MANGANESE
15 MERCHIY
20 SODIUM
2\ LN

/- A n02en?

A BN
[1IYva ]

16ROO0O
5.0

ZICAH OUZDEHZGO Z7B-AH 00281 TON 718 Al Q028

Avolb ENVITIACH

Ha/l,

150

209000
1

AHIL ENITRACH
uaG/i,

350
185
70

1150
0. 90
225000
1330

ASH FXYTRACH
UG/t

2770

201000
20

BN 0021 /B A-002TCL12

AGH ENTRACE ASH RNVERACT
ta/l UG/l
(ISR HA R
Ri3
RI 262
EH90
5.8 2250
1.2
1150000 111000
tl 10000



(/7BO0Z) ASH FNTKAC

SAMPLE NUMBER:

DITTHION FACTOR:

BESCREPTION:

8-0

PARAME FRRS *x%

COMPOUND

TOC

AMMON | A

NITRATE

ORTHO PHOSPHATE
TOTAL ALKALINITY
CHEORTDF

SULFATH

ALUMINUM OMNIDE %
CALUTUM ONIDY 2
MAGNFSIUM ONVIDEF X
POTASS HIM MONOXIDE %
SILICON PlOXIDE X
bs

/B-AH-00Z2002

ASH Fyikacd

NA

NA
0.144
<«0.M
NA
2930
H07
26200
1920000
HHHO
155000
494

NA

JH-AL OLUZDITHZ2O0 7B-AH-002EPTON Z8-AH-0025\K

ASH Ex e

3492
0.2H
0.17
.0l
285
3010
2.6
1H400
1710000
68
189000
(R
i

ASH FNVTROMCE

NA
NA
0.3
0.10
NA
3110

yle

1810000
110000
189000
21500
NA

ASH FYTwACH

7.541
NA

NA

<. 01
NA

NA

NA
102000
§ HH0000
60
167000
AR

NA

ASH FATRAC]

A

NA
0.16
«).01
NA
1500
24
62300
2750000
887
170000
379

NA

JRh-A-002TCL T /B-AH-Q02TCLP2

ASH FXTRACT

NA
NA
0.15
.01
NA
2720
671

3610000
12100
127000
79000
NA



(ZB003) ASH RN IRACT

SAMPLE NUMBFR:
DITLTION FACTOR:
DESCRIPTION:
ENETS:

% RASE/NFUTRAILS %%

vy CAS NO C OMPOUND

NO PARAMFTFRS DFTECTED FOR THIS CATEGORY

620

Z18- \H- 003002

ASH FATRACH

JB-AN 004BTHZO 7H-AH 003EPTON /B AMI-00135AK

ASH BMIRACTE

ASH Fu AL

ASH FYXTRAL

ZB-AH 00 SFCEPD /B-AH-00YTCLDR

ASH FNERACT ASIHE EXTRACT



(Z7BO0OR) ASH FATRACI

SAMPEE NUMBER : FR-AH-0030 02 ZB A OOSDEHZO /ZB- AH-0031P1ON 7B~AT-00 35\R /B AH-003CERT ZR-AR-00310LP2

BITUBTON FACTOR:
DESCRIPTION:
INTTS:

ASH EXTRACT ASH EYIRACH ASH FNTRACT ASH BXTRAC ASH ENTRACT ASH FXTIACT

NO PARAMETERS DETECTED FOR THES CATEGORY

0c-a



10

(780043)

SWEEE NUMBEN:
LV HION FACTON:
DBESCREPIION:
ENTLS:

81 INORGANICS *%%

20

BARLUM
CADMIUM
COrPER
1LEAD
MANGANESE
MERCUIY
SO UM
ZINC

AGH FNTRACT

/A 0002

ALDH TN TRAC
LG/,

L

132000
19

B AL QO UNIEO /1

AL FNERACH
UG /1

21
17

F 26000
10

ASH ENIRACH
UG/t

(K1
25

HY |

250
30
161000
67

Al OO3EITTON /718 AR U ILAR

ASIHE BYIRACH
UG/

1390
RE
22

117000
24

Z1 AN 00O 2i-ANH- 0031012

AL EXITRAC

UG/,

1140000
9.7

ASH FXTRACT
/1.

121
132
10

1710
0.74
141000
1540



(ZBOOY) ASH L XTRACT

SAMPEE NUMBER:
HEULION FACTOR:
DESCRTPTION:
UNLIS:

$+¥ GFOCHEMICAL PARAMETERS #%%

e CAS NO COMPOUND

TOC

AMMONI A

NITRATE

ORTHO PHOSPHATE
TOTAL, ALKALINITY
CHLORIDE

SULFATE

ALUMINUM OMIDE %
CALCIUM OXIDE X
MAGNESTUM OXIDE X

cta

SITLICON DIOMIDE X
s

POTASSIUM MONOXIDE %

/B A0 3coL /B AH 0USDIHZO Z8-AH-00 3 PTON 7B-AH-0035A1 LB-AH-0031CLPY ZB-AN-008TC L2

ASH RXTRAC ASH FYLRACT ASIH FXTRACT ASH EXNTRACT ASH EXTRACT ASH FXTRACT
NA H.52 NA 7.07 NA NA

NA .10 NA NA NA NA

0.21 0.12 0.17 NA 0.13 0.07
<0.01 <0.01 0.06 <0.01 <0.01 0.04

NA 430 NA NA NA NA

1310 1070 1020 NA 1340 1290
662 11y 950 NA 180 1110
26700 213 100 5950 6770

1060000 811000 3720000 699000 1860000 3610000
1090 37 119000 55 692 137000
124000 108000 134000 115000 146000 127000
958 2300 5090 2330 3560 26800

NA 2190 NA NA NA NA



SAMPLE

(/7B001) ASH FNIRAC]T

NUMBER :

BIVUTEON FACTOR:
PESCRTPTION:

ENEIS:

6t BASE/NFUTRALS #%%

£e-a

CAS NO COMPOUND

NO PARAMETERS DETFCTED FOR THIS CATEGORY

/B-AH-00 02

ASH EXTRACT

1 A O0TDIHZO Z7B- AH-003EPTOX 7B-Al1- 00 15AR

ASIHE FXTRAC ASH ENTRACT ASH EXTRACT

[R=AH-004TC1 ]

ASH FXIRACT

/B-AH-001TC L2

ASH FXTRACT



(7ZB004) ASH EXTRACT

SAMPLE NUMBFR:
DULUTION FACTOR:
DESCRIPTION:
ONLIS:

XE ACIDS *##

'y CAS NO COMPOUND

NO PARAMETERS DETECTED FOR TH1S CATEGORY

¥t

JH-All- 00 1coz

ASH FYIRACT

LBR=AN 00 IDIHZO ZB-A-004RPFOX 7 B-AH-004SAR

ASH EXTRACL ASHE EXTRAC]

ASH EXTRACT

LH-AH-00TCLPY ZB-AH-004TCLP2

ASH FXTRACT ASH FXTRACT



se-a

{(78B001) ASH EXTRACH

SAMI'LE. NUMBER: JHOAN 00102 Z1 AN BOINIHZ20 ZB-AE DDTEION 7B AL BO1LAR B AN 0DNCLPY Z7B-AN-001PCLP2

DILUHITON FACTOR:

DESURIPTION: ASIE PN THACY AU FXIHACY ASHE EXHRACH ASIE BXNTHACE ASH EXIRACY ASH EXTRACT
uG/t Ha/L

UNIES: YA R 16/,

uG/l.

t4E INORGANICS $%#

re CAS NO COMPOUND
i) ARSENIC N}
4 BARIUM i 1020 242 1980 1850 101
[} CADNIUM 549
10 COPPER 1 21 43 24 15 21
12 LEAD RMY 224
H MANGANESE 518 19
15 MERCURY 1.9 1.7
20 SODHM 127000 157000 149000 151000 1130000 156000
21 ZINC 21 a1y 422 168 19 26



(7B001) ASH FXTRACT

SAMPLE NUMBER: IR AI-00 02 ZB-AH D0 IDIH20 7R-AH-004E1MTON ZB-AH 00 1SAR JR-AH-00HECTRPT ZB-AN-001TCLP2
BITUTTON FACTOR:

IFSCRIPTTON: ASH EXIRACT A EATRAC ASH PXTHACT ASH EXTRACT ASIE FXTRACT ASH FVIRACT
UNETS:

5% GHOCHEMICAL PARAMFTERS *#x%

PP CAS NO COMPOUND

TOC NA 3.37 NA 5.73 NA NA
AMMON] A NA 0.11 NA NA NA NA
NITRATE 0.14 0.11 0.15 NA 0.15 0. 14
ORTHO PHOSPHATE «1.01 <(.0l 0.06 <0.01 <0.01 0.03
TOTAL ALKALINITY NA 072 NA NA NA NA
(HLORIDE 1080 1320 1280 NA 1530 1500
SULFATE 22.9 0.5 881 NA 10.4 720
ALUMINUM OXIDF % 30700 167 501 1410 7760

? CALCIUM OXiDF X 737000 1250000 3630000 1160000 1810000 3260000
MAGNFSIUM OXIDE X 207 21 765100 8 55 30600

g POTASS UM MONOXIDE X 124000 134000 129000 152000 163000 148000
SILICON DIOXIDE X 118 H91 10100 714 2060 820

™s NA 4270 NA NA NA NA



(Z8005) ASH FNTRACT

SAMPLF NUMBER: 7R~ AH-004007 /B AH-005D1TH20 7B-AH-000FPTIOX 7B-AH-000HSAR LB-AH 005 tCTHPY /7B-AH-0056TC LP2
DILUIION FACTOR:

DESCRIPTION: ASH ENTRAC T ASH EXTRACT ASH EXTRACT ASH FNTHACT ASH FXTRACT ASH FXIRACT
UNITS:

*¥% BASE/NEUTRALS **x%

re CAS NO COMPOUND

NO PARAMETERS DFTECTED FOR THIS CATEGORY

£



(ZBOOL) ASH EMIRACT

SAMI'F NUMBFR:
DILETION FACTOR:
DESCRIPTION:
UNLIES:

HE ACIDS $¥%

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

8e-a

/B-A-000002

ASH ENTRACY

ZH=AIE 00HDTNHZ20 /78-AH-005FPTON  ZB-A-0005AR /B-AH-005TCLIMT ZB-AN-005TCLE2

ASH EYTRACH

ASH FXTRACT

ASH FXTRACT ASH EXTRACT ASH EXTRACT



6€-a

(/78005) AN FXTHAC)

SWI'LE NUMRER:
DITUEION FACIOR:
DESCRIPYION:
UNELS:

ttE INORGANICS 3%%

re CAS NO COMIXUND
4 BARIUM
@ CADMIUM
10 COPPER
12 LEAD
) MANGANESE
In MERCURY
20 SODIUM

21 71INC

Zit Al by
ASH X TRAC

ra/l.

210

130000
H.6

Z00 A QOaDTHZ0 /3 AR DGSEPTOY /18- 3H DOLSAR

ASHEENTRACT

UG/,

10330

179000
AR

ASIE BEVITRACL
[LItYAR

244
H1t)
24

3496
9.8
1HHHOD
4457

ASIE FXTRACT
UG/

1150
16
293

1HOBOY
287

/1AL oOSITCLE

ASH PAIRACT

1590

16

0.20

) 130000

a7

/R A-005TCLP2

ASIE EXERACT
UG/t

188
15

26

I8
1.6
1HI000
o0



(ZB00O5S) ASH EXIRACT

SAMPLE NUMBER:
DITUTTON FACTOR:
DESCRIPIION:
UNIES:

5% GROCHEMICAL PARAMETERS *%%

PP CAS NO COMPOUND

TOC

AMMONI A

NITRATE

ORTHO PHOSPHATE
TOTAL ALNALINITY
CHLORIDE

SULFATE

ALUMINUM OXIDE X
CALCIUM OXIDE X
MAGNFSIUM OMIDE X

ov-a

SHICON IHOXIDE X
ibs

POTASS UM MONOXFDE X

LB-AH-00HC02

ASH EXTRACL

NA

NA
0.17
<0.01
NA
1570
129
47700
873000
247
128000
627

NA

.28
0.10
0.15
.01
9496
2170
9.0
161
1300000
21
156000
106
17050

ASH ExTRACY

ASH FXTRACT

NA
NA
0.20
0.06
NA
1740
BO4

4000000
70400
170000
7570

NA

/B AH-005DIHZ20 ZB- AH-000FPTOX 7B-AH-005SAR

ASH FXTRACI

LB-AR-000TC LR

ASIHE EXITRACT

7B-AI-00STCLP2

ASH EATRACT

4.52

<«().01

102
1530000
17
181000
641

NA

NA

NA
0.15
<0.01
NA
2030
1.4
17600
1960000
70
2013000
1400
NA

NA

NA
0.19
0.02
NA
2080
743
1760
3640000
68000
167000
1160
NA



{2C001) ASH EXTRACT

SAMPLE NUMBER: LC-AH-001002
DILUTION FACTOR:

DESCRIPTION: ASH FATRACT
UNETS:

k%% BASE/NEUTRALS #**¥

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

Iv-a

20-AU-001DIHZ20 ZC-AH-001EPTOX 7C-AH-001SAR LC-AH-001TCLP] ZC-AH-001TCLP2

ASH EXTRAUCT ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT



(2C001) ASH FATRACT

SAMPLE NUMBER:
DILUTTON FACTOR:
DFESCRIPTION:
UNILS:

#¥x ACLDS %%

Pp CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

-

/C-A-001002

ASH O EXTRACT

JC-AH-001DIHZO 7¢-AH-001FPTOX 2C-AN-001SAK JC-AH-001FCEPD LC-AN-001TCL P2

ASH FXTRACT ASH BFATRACT ASH FXTRACT ASH FXIRACT ASH FXTRACT



ev-a

(2C00)1) ASH EXERAC)H

SAMPPLE NUMBER:
DITUFTON FACTION:
DESCRIPITON:
UNIES:

45 INORGANICS $%%

" CAS NO COMPOUND
R ARSENIC
4 BARIUM
6 CADMIUM
L] CHROMI UM
10 COPPER
It TRON
¥ LEAD
1 MANGANESE
15 MERCURY
20 SODLIM

21 IALL

JC Al QU0

ASH EXBRACT
0/t

19K
i
f. 4
Hi
H.7
R

1420

139000
Vihoo

Z4 AI-Q0IDBITNZO 7¢ A0 DDTEPIOY 70 -Al GO 5HAR

AL FXTRACH
[IVAR

[}

24

7.0

TH9000
[RE

ASNH FXTHAC
nua/

43

GUH

69
1600
3160
%1
5170
0.67
158000
HH100

ASH EVIRACH

[}
6.0
H.3
(N

10
.21

136000
30

270 AH-D011CLPY 20 -AR-001TCHI2

ASIHE X TRAC
G/l

215
693
5.6

H0

1940
2600

1560000
33700

ASH EXTRACT
uG/u,

60

10
980
221
1200
23800
1o
7370
0.1
168000
81200



(70001) ASH ENIRACT

SAMPTE NUMBFR : /U-Al- 00102 /C A OOTDTHZO ZC=-AH-001FPFOX 7C-AH-001SAK JC-AH-00ETCL P 7C-AR-00H1CLP2
DILUTTON FACTOR:

BESCRIPTION: ASH BNTRACT ASH FVIRACT ASH FXTHACT ASH FXTRACT ASH FNTHAC ASH FXTRACT
UNITS:

2% GEOCHEMICAL PARAMELERS *%%

e CAS NO COMIPPOUND

TOC NA 7.22 NA 5.54 NA N4
AMMONI[ A 0.14 0.16 0.30 2.80 0.19 0.32
NITRATE 0.19 0.94 0.71 NA 0.2H 15.3
ORTHO PHOSPHATE 0.01 0.01 0.20 0.01 0.01 1.67
TOTAL ALKALINITY NA 228 NA NA NA NA
CHLORIDF 173 210 226 NA 232 249
SULFATE 658 118 H7Y NA 893 945
ALUMINUM OXIDF X 71 67800 31400 118000 116000

? CALCIUM OXIDE X 662000 192000 1550000 183000 1270000 1750000

: MAGNESIUM OXIDE % 23200 97 63000 49 375000 BUY00
POTASS UM MONOXIDE X 108000 150000 118000 109000 120000 126000
SILICON DIOXIDE X 20000 1520 79000 965 22400 43000

Ds NA 1320 NA NA NA NA



(20002) ASH EXTRM |

SAMPEE NUMBER: JC-AH-D02C02 Z0 AR QOZDINZO Z70-AM0 002E1PTOXN ZC-AN-002SAR JC-AH-00Z21CLPY /¢ -AH-002TC1LP2
DELEETON FACTOR.

BESCRIPTION: ASH EXTRAC ASH EVIRACT ASH EXTHRAC ASH FXTRACT ASH FXTRACT ASH FXIRACT
UNETS:

t5% PASF/NEUTRALS **#

re CAS NO COMPOUND

NO PARAMETERS DFTRCTED FOR THIS CATEGORY

Sv-a



{Z0002) ASH EXIRACT

SAMPLE NUMBER: JC-\- 002002 2¢ A0 OOZDIHZ0 7C-AH-002b1PTOX 7C-AH-0025AR LC-AN-002PCLEL 7¢-AH-002TCLP2
PHUTTON FACTOR:

DESCRIPPTON: ASH FXTRACIT Vol FANTRAC ASH FMIRACT ASH FXTRAC] ASH FEXTRACT ASH FXTRACT
INLES:

ek ACIDS #%¢

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

9%-a



Ly-a

(Z0002) ASH FVIRACH

SAMUTE NUMBER: UM 2ZE02 7 AN QUZDIHZO 70 AH O0ZEPLOX 70 M1 DOZSAR 7C A QUZ2HCLPL LC-AN-002'1 1.P2

DEEUVEHON FACTOR:

IESERIVITON: AL ENIRAC ASIE EVIRACY ASIV EVTRAUT ASIE T XTRACH ASID INIRACT ASHE EXARACT
UG/,

BN IS UG/, luG/i

1./, G/ LG /1L

211 INURGANILS t¢s

re CAS NO COMIPOUND
3 ARSENIC I 20 17
1 BARIUM 192 192 187 16 197 142
G CADMIUM Y] 1120 GG 1130
H CHROMI UM 8.8 12 72 7.5 6.6 213
10 COPIER (A} i 1010 a6 71 150
1 IRON 1540 11100
12 LEAD 11 10400 i 347 (Rt
) MANGANESE 972 20 H#540 1200 5700
in MERCURY 0.21 0.21 0.42
20 SObIUM 150000 171000 144000 129000 15 10000 144000

24 ALS 1370 270 62700 96 24300 78600



(2¢002) ASIE FXTRACT

SAMPLE NUMBERI: JC-AN-0021 0. J0-AH DOUZDTHZ20 7C-AN-OU2FP10X 70-A-0028AR JU-AH-0021001T 70-AH-002101 P2
BHLUTTON FACTOR:

DESCRIPTION: ASH FXTRACT ASIE FVIRACE ASHE FXTRACT ASH BXTRACTE ASIHE FYIRAC) ASH O FEXTRACT
UNELS.

6t GFOCHEMICAL PARAMETERS x%%

e CAS NO COMPOUND

Toe NA 1.51 NA 3.87 NA NA
AMMONIT A 0.2 0.149 g.25 3.02 0.16 0.18
NITRATE 0.20 0.40 0.15 NA 0.74 0.23
ORTHO PUOSPHATE 0.01 .01 0.22 0.01 .01 2.04
TOTAL ALKALINITY NA 5498 NA NA NA NA
CHLORIDE 193 191 202 NA 255 256
SULFATE 709 187 27 NA 761 H#93
ALUMINUM OXIDE % 70 203000 31500 106000 118000

? CALCIULM OVIDE X 737000 141000 1600000 142000 1190000 1820000
MAGNFSTUM OXIDE X 26800 418 61800 G4 10300 . 81600

g POTASS !N MONOXIDE X 121000 111000 111000 109000 123000 1110000
SILICON DIOXIDE % 25100 o8 75700 722 21300 8000

s NA 1190 NA NA NA NA



(Z7¢003) ASH FNTRAC

SAMPLE NUMBER: JC-AH- 00 3002 7€ M BOTHZO /C-AH-003FPTON 7C-Al-00 3SAR Ze-Al O3 PL 20 AH-0031CLP2
BITUTYON FACTOR.

DESCRIPTION. ASH FXIRACTE ASH FYTRACT ASH EXTHACT ASH EXTRAC L ASH O FXTRACT ASH FXTRACT
UNLTS:

¥¥% PASE/NFUTRALS ¥%%

e CAS NO COMPOUND

NO PARAMFTERS DFTECTED FOR THIS CATEGORY

6¥-a



(7€003) ASH FNTRAC]

SAMPLE NUMBEFR:
BHUTHON FACTOR:
DESCRIPTION:
ENBIS:

X A(|DS *%%

P CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

0s-a

ZU-AH-U0 302

ASH O EXTRACT

ZC=AIE QUSDEHZO Z7¢-AME-003EPTOX 20 -AH-001SAR

ASH FNTRACT

ASH FXTRACT ASH FXTRACT

7C-AN-003TCLPT 7C-AN-004TCLP2

ASH FXTRACT ASH EXTRACT



150

(/¢ 003) ASH

SAMPLE NUMBER
DIEUITON FACTOR:
BESCREPTION:
UNDES:

5+ INORGANI(S *#%%

re (AS NO

1 ARSENIC

! BARIUM

6 CADMIUM

8 CHROMEUM
1 COPPER

] 1RON

12 LEAD

14 MANGANESF.
15 MERCURY
20 SODIUM

4 7 INC

I YERACT

/0 AN D02

ASHE FNERAC Y
"G /1,

COMPOUND

206
BN

7.0
116
5.6
e
1 1HO

111000
1100

/¢ AH-003DIHZ20

ASH EVTRACT
/1

1]
(B

16
17

1.7
0,32
155000

Oh

7C-AH OD3FPION 2t

ASIE FYTRACH

uG/1.

JHY
1070
42

929
14500
6900
3440
0.23
129000
H9700

ASIE ENERACY
uG/.

16y
5.3
5.9

i

21

20
6.1
1.1
121000

4

Al QOISAR

7€ -Al-00

ueG/i.

2514
1020
6.3
151

7
RERDY]
0.1l
1510000
32600

ASH EXTHACT

HCLEL ZC-AR-003TCLP2
ASH EXIRACT
UG/,

54

12
11380
265
1200
21300
Bi190
1910
0.32
170000
91100



(Z2C003) ASH EXTRACT

SAMILE NUMBER:

DILUTION FACTOR:

DESCRIPTION:
LNITS:

%% GFOCHEMICAL

[l CAS NO

¢s-a

PARAMETERS **%

COMPOUND

AMMONI A

NI1TRATE

ORTHO PHOSPHATE
TOTAL ALKRALINITY
CHLORIDE

SULFATE

ALUMINUM OMDBPE X
CALCIUM OXIDE X
MAGNESTUM OXIDE X
POTASSIIIM MONOXIDE X
SILICON DMOXIDE X
™S

LC-AH-003002

ASH EXTRACT

NA
0.16
0.40
a.01
NA

178
751

79
759000
30100
116000
28900
NA

ASH FXTHACT

7.35
0.16
0.06
.01
179
181
412
R9900
193000
72
139000
HB8
1050

ASH EXTRAC!

NA
0.22
0.31
.04
NA

188
756
20000
1300000
52300
110000
64500
NA

7C-AH-00SDTHZO 2¢ ~AH-00 3LPTOX 70C-AH-003SAR

ASH FXTRACT

3.26
2.81
NA
<0.01
NA

NA

NA
88200
199000
116
108000
H18

NA

20 - AH-004TCLPY

ASH EXTRALT

NA
0,15
0.76
.01
NA
215
944

1240000
46,400
124000
26800
NA

70C-AH-003TCLP2
ASH EATRACT

NA
0.21
0.25
1.48
NA

208
962
118000
1690000
B0800
145000
14700
NA



{ZCO0d) ASIE FXTRACT

SAMPLE NUMBER : 2O -Al- DU CO2 ZC-AH-001DTHZ20 /¢ AR 0O 1FPTOX ZC-Al QUASAR /C=AH-001TCEPT Z2€-AH-004TCLPZ

DLLUTLION FACTOR:
DESCRIPTION: ASIHE FXTRACT ASH EXTHAC ASH EATRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT

ENITS:

$5%x HASE/NEUTRALS *¢%

rp CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

£S-0



(20004) ASH FATRACT

SAMPIE NUMBER:
DITUTION FACTOR:
DESCRIPTION:
UNITS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

¥s-g

Z0-AR-00 1002

ASH EXTRACT

ZC-AH-00IDTHZO LO=-A O0TEPTOX 7C~AN-UV01SAKR

ASH EXFRACT ASH EXTRACT ASH EXTRACT

JC AN-0UATCLPL LOC-AH-00¥TCLP2

ASH FXTRACT ASH FXTRACT



§S-0

(7C001) ASIE EXTRACT

SAMI'LE NUMBER :
BILUTION FACTOR:
DESERIPTION:
UNLES:

% [NORGANICS #%%

re CAS NO COMPOUND
3 ARSENIC
[} BARITUM
6 CAUMIUM
A CHROMEUM
10 COPPER
11 I RON
12 LEAD
11 MANGANESE
i5 MERC URY
20 SODBIUM

2| ZINC

7C AH 00102

ASIE PNERACY
o/

240
Ho
9.8
33
]
1ot
THH

151000
121000

ZC AN ORIDTHZ20 /0

ASH EXTHACE

UG/t

8.6
12

653

2.1

0. 32
110000
kY

ASH EXITRAC
UG/t

194
H9i
36
2300
24300
5180
2950

140000
51000

AH- 00 P1OYX /¢ AlE BOISAR

ASH FXTRACT
UG/

142

6.2
14
72

127000
89

JC A 0011CHL 70 -AH-004 1CLP2

ASH EXTIRACTY ASH EXTRACT

He/t. UG/t
253 221
970 758
6.1 162
G6 41

46300
1610 9470
51170 2750
0.19
1610000 123000
47100 H1900



SAMPLE NUMBER:

(ZCO04) ASH FXTRACI

DITUTION FACTOR:

DESCRIPTHON:
INITS:

5% GEOCHEMICAL PARAMETERS #*%%

pe CAS NO

95-0

COMPOUND

TOC

AMMONI A

NITRATE

ORTHO PHOSPHATE
TOTAL ALKALINITY
CHLORIDE

SULFATE

ALUMINUM OXIDE X
CALCIUM OXIDE X
MAGNESIUM OXIDE %X
POTASSTUM MONOX(DE %
SILICON DIOXIDF X
TS

24 -AH-004C02
ASH FXTRACT

NA
0.19
0.07
<0.01
NA

87
H87
106
621000
34700
119000
34500
NA

LC-AH-004DI0Z20 ZC-AR-001FPTOX ZC-AH-0045AR

ASH FNTRACT

5.08
0.22
0.15
0.01
696
193
287
155000
193000
96
116000
503
1160

ASH FXTRACT

ASH FNIRACT

LU-AH-004TCLPY ZC-AH-004TCLP2

ASH FXTRACT

ASH EXTRACT

NA
0.21
0.36
<0.01
NA

183
1460
23700
1310000
47800
112000
69100
NA

2.58
2.88
NA
<0.01
NA

NA

NA
74500
170000
375
104000
1330
NA

NA
0.19
1.33
<0r.0}
NA
228
948

1330000
42300
134000
29400
NA

NA
0.22
0.08
0.79
NA
196
536
98200
1590000
59700
91200
17700
NA



(7C005) ASH EXTRAMT

SAMPLE NUMBER: L0 -AN-00500 02 ZC-AI-005DENZG 7C-AH-005FPTOX 7€ -AN -0055AR LC-AH-00LFCLPL 72¢ -AH-005TCLP2
PILUTTON FACTOR:

DESCRIPTION: ASH FXIRAC AHBH ENTRACH ASH FXTRACT ASH FATRACT ASH FVIRACT ASH FXIRACT
UNEES:

55 BASE/NEUTRALS #%%

re 'AS NO COMPOUND

NO PARAMETFRS DETECTED FOR THIS CATEGORY

50



(ZCO05) ASH FATRACI

SAMPLE NUMBER:
DHLUTTON FACTOR:
bESCRIPTION:
LNITS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

85-a

70 -AN- 005002 JC-AH-GOHHITHZO /¢ -AH-0050FPTON 7C-AH-005SAR 7C-AH-065TCLPL 7C-AH-005TCLP2

ASH I XTRACT ASH FATRAC] ASH FXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT



6S-0

(70000) ASH EXIRACT

SAMIPLE NUMItER:
IHIUTEON EACTOR:
BESCRITPTTON:
LNLES:

51 INORGANIUS #%3%

re A5 NO COMPOUND
1 ARSFNIC
! BARIUN
6 CADMIUM
H CHROMIUM
|} COPPER
i 1 RON
12 LEAD
1 MANGANESE
15 MERCURY
20 S0B1UM

21 7.INC

VAR Y I TR TE Ve

ASIE BN

UG/|

[ REL
3]
H.5H
i
12
109
B4

66000
7740

7C A QUSDEIZO AL

ASH EXIRACT

LG/,

I
12

184000
143

ASIE LA TRACH

22

248
§200
65
1190
4670
6HI0
2600
0.56
155000
66500

AL OOHEPTON 70 -AHE DDLEAR

ASH EXTRAC)

[HVAR

129

7.9
H.5H
97

1 60000
112

LU A 00

ASH EXNTRACH

201
ih)
H.0
299
(RN
2960
1900

1560000
12500

SCLEPE 7¢-A0-0051CLI2

ASH FXIHACT
HG/ L

24

28
1260
214
H68
26800
/8090
1760

161000
86000



{(70005)

SAMPLE NUMBFR:
DEELTYTON BACTOR
DESCRIPTION:
UNETES:

ASH EXiract

#53% GROCHEMICAL PARAMETFRS **¥%

09-a

COMPOUND

roc

AMMON] A
NI'TRATE

ORTHO PHOSPHATE
TOTAL ALKRALINITY
CHLORIDE

SULFATE

ALUMINUM OXIDE X
CALCTUM OXIDE X
MAGNESIUM OXTDE X

POTASSIUM MONOXIDE X

SILICON
rns

DIOXIDE X

/U - MW-005002

ASH FXTRACT

NA
0.15
1.5Y9
0.02
NA

195
717

RhH
684000
25800
142000
26900
NA

/C

5.82
0.24
0.10
0.01
164
207
38R
50100
145000
92
159000
1560
1120

ASIE ENTRACH

ASH FATRACI

NA
0.19
0,56
0.1l
NA

190
1650
32300
1450000
53300
127000
20900
NA

AlE-00IDITHZO 20 -AH-003FPTON 70 ~AH-00HSAK

ASH EXTRACT

82100
173000
430
136000
1410
NA

J0-AH-005TCLP]

ASH FMIRACT

NA
0.16
0.78
(.01
NA
189
585
1320
1110000
39400
83200
51700
NA

7C-AH-005TCLP2

ASH FYIRACT

NA
0.21
0.21
1.12
NA

281
1110
110000
1500000
71800
126000
7170
NA



SIMPPLE NUMBER:
PLHELTION FACTOR:
DESCRIPTION:
UNITS:

65-85-0 BENZOIC ACID

19-a

LD-AH-001C02

ASH EXTRACT

ZD-AH-001DIHZO ZD-AH-001EPTOX ZD-AH-0015AR

ASH FNTRACT

ASH FXTRACT

ASH EXNTRACT

ZD-AH-001TCLP1 ZD-AH-001TCLP2

ASH EXTRACT ASH EXTRACT

26JT



SAMPHE NUMBER:
DILVTIUN FACTOR:
DESCRIPTION:
INTTS:

NO PARAMETERS DETECTED FOR THIS CATEGORY

29-0

ZP-AH-001c 02 7D-AH-00IDIH20 ZD-AH-O0O01EPTON 7D-AH-001S4AR LD-AN-001TCLPY ZD-AN-001TCLPZ
ASH EXTRACT ASHL EATRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT



£9-G

SAMIMTE NUMBER :
MLRIION FACTOR:
DESCRIPIION:
UN11S:

15 NORGANICS *##

re CAS NO COMPOUND
1 BARIUM
H CADNIUM
] CHROMIU'M
1 COPPER
B 1RON

o LEAD
K] MANGANESE
I MERCURY
20 SODIIM
21 7 ENC

Zh-Al Duicn?

SIHEFYTRACT
/1

278
251

e
[

Irl
201
1130
0.17
10100
26100

0 A QOIDEHZO ZD-\1E QOTEPTON 7D AlF OUBTSAR

ASH EXIRACT

UG/,

201

32500
I

ASH FXTHACT
UG/,

290
195

21
27100
3490
1320

J7200
30300

ASHE FYITRACT
uG/L,

262

0.7
6600

kI

ASIH FXTRACT
UG/

314
129
8.0
R
1220
10500
1910

11RO00O0O
H6900

ZD-AIL QORTCLEPE ZD-AN 0011 1LP2

ASH EXNTRACT
UG/t

111
636
1913
178
5500
26400
3150

16200
85000



SAMI'IF NUMBER : LD A-001co2 7D-AH-00TDIHZO 2D -AH-00TFPEON Z0-\H-001SAR ZD-AH-00ITCEPL ZD-\H-001TCLP2
DHUTION FACTOR:

DESCRIPTION: ASH ENTRACT ASH FYTIRACI ASH FyTiACT ASH EXTRACT ASH FATRACT ASH FXTRACT
INDTS,

ee CAS NO COMPOUND
ToOC NA 8.9 NA 19.7 NA NA
AMMONIT A 0.09 0.11 0.12 1.10 0.12 0.16
" NITRATE 0.20 0.14 0.16 NA 0.05 0.04
ORTHO PHOSPHATE 0.06 <0.01 0.01 <0.01 0.04 1.13
TOTAL ALKALINITY NA 254 NA NA NA NA
CHLOR1DE 63.6 55.5 43.5 NA 99.1 81.9
SULFATE 375 21 197 NA 160 417
ALUMINUM OXIDE X 204 85200 4870 72300 6090 #8600
? CALCIUM OXIDE X 173000 203000 601000 246000 666000 344000
MAGNESIUM OXIDE X 11300 91 51000 113 624900 101000
g POTASSIUM MONOVIDE X 25300 20500 19200 21100 18700 23500
SILICON DIONIDE X 29700 102 29100 880 33100 129000

s NA 625 NA NA NA NA



S9-a

(7b002) ASH EXTRACT

SAMPLE NUMBER:
PDHUTION FACTOR:
DESCREPTION:
UNILES:

¥ RASE/NEUTRALS %%

Py CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

7D-Ah-002c02 7D-AH 00Z2DTH20 7D-AH-002EPTOX Z0-AH-002SAR LD-AH~002TCLP1 ZD-AH-002TCLP2

ASH EXTRACT ASH FXTRAC] ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT



(20002) ASH EXIRACT

SAMPLEF NUMBER: IN-AR-0020 02 /D-AH-00ZDIHZO 7h-AH-00ZEPTON LD-AH-0025AR LO-AH-Q02TCLPT ZD-AN-U02TCLP2
DITUTTON FACTOR:
BESCRIPTION: ASHE FNTRAC) ASH FXTRACH ASIE EFXTRACT

UNI TS

ASH FXTRACI ASIL EXTRACT ASH EXTRACT

¥ ACIDS **x

re CAS NO COMPOLUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

990



190

(ZB0A2Z) ASH EXIRACY

SAMPLF NUMBER: /i Al 002002 7D-A-002DbHII20 20 AN 0OOZEPTOY 7D AN O02SAR 70 AR V021CLET LD -AH-002TCLIY2
DITUITTON FAUCTOR:

DESCREPTTON: ASH FYIRAC ASH ENIRACT ASIHE EYTRACT ASIE FXCHeN F ASH FNVERACT ASH FXTRACT
LN IS . /4 (L[WAR 1a/n LG/ G/, UG/l

Y FNORGANICS %¥%

e CAS N0 COMPOUND
| BARIUM 129 2hY 162 209 118 110
6 CADMILM 451 1100 10RO 1560
H CHUROMIUM 49 799
1o COPPER g Vi 672 70 HH 125
1 I RON 1200 32800
12 LEAD $n6 19700 10200 23900
N MANGANESE 9141 2710 2080 1750
15 MERCURY 0.52 0.90 0.217 0.13
<0 SOhIUM 19400 12600 52000 12100 1130000 GHI00
21 7INC JO600 9.7 95600 33 75100 164000



(ZD002) ASH PNIRMT

SAMPLE NUMBFR: Zh- At ouzeos Z-AE 002DTHZO 7 -A-002F1TON 7D - AH-0025AR (D=AI-0021CTPT /D-AR-002T0E P2
BHETION FACTUR:
PESURTPLTON: ASH T XTRM I ASHE EYERMCT ASH FATRACT ASH PNTRACT ASH EXIRACT ASH FXTRACT

UNTES:

A6 GROCHFMICAL. PARAMFTERS #%%

re CAS NO COMPOUND

Toe NA 9. 19 NA 9.9 NA NA
AMMON A 0.07 0.11 0.15 3.717 0.12 0.19
NITRATE 0.26 0.11 .06 NA 0.06 0.12
ORTHO PIIOSPHATE <0.01 <0.01 0.06 <0.01 0.01 .48
TOTAL ALKALINITY NA 249 NA NA NA NA
CHLORIDF 7.2 70.2 82.2 NA 108 111
SULFALE 572 371 66 NA 701 Bi2
ALUMINUM OMNIDE X HHH00 18200 84200 62 103000

? CALCTIUM OXIDF X 79000 25H080 1160000 241000 9 14000 1470000
MAGNESIUM OXIDE X 13100 83 78700 h2 70200 121000

g POTASSIUM MONOXIDF X 34400 30400 34100 31200 32000 109400
SILICON DIONTDE % 27900 479 45000 802 32100 143000

ws NA 842 NA NA NA NA



(70003) ASH EXNTRACH

SWMPLE NUMBER.
BIEBTION FACIOR:
DESCRIPTTON:
ENLIS:

4% PASE/NEUTRALS #*%

e CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

69-0

Z1-AH-00 302

ASH FNIRAC T

Z0-A BOsBHIEZO LD

ASH O ENVERACT

ASH FATRACT

MO0 DTN Z7D-AH 00 1SR LD-AH-00 810 I

ASH FXTRACT ASH EXIRACT

- AR-00 1 TCLE2

ASH FYIRACT



{7B003) ASH FXTRAU)

SAMPIE NUMBEFR:
W 110N FACTOR:
DESCRIPTION:
ENLES:

¥HE A DS #%%

rp CAS NO COMPOUND

NO PARAMFTERS DETECTFD FOR THIS CATEGORY

0-a

/- - 00 o

ASH BN TRACH

ZD-AH-003D 20 /D -AH-003FPTOY 7D-M-003SAR

\SH O ENTRAC T

ASH FXTHACI

ASH FATRAC

J0-AlL-00 3 FCLP]

ASH FXTRACT

LD-AR-0031CTH P2

ASH EXTRACT



1/

(70003) ASH FMIRACH

SAMILE NUMBFH : A B0 ca2 ZD A 00 BENZO /D A QO SERPTON 70 Al DOSSAR /D AE-003LCLPYE 2D -AN-003TCLI2
DEELUTTON JACIOR:

DESCRIPELON: AGHE B ASH EXTRACL ASIE EVIRACH AGIL EXIRACT ASH ENTRAMY ASIE EXTRACT
UNT S La /i G/l U/l uG/t, /1 uG/1.

148 INORGANICS $3%

re CAS NO COMPOUND
1 BARIUM i 258 190 216 Wi 3an
t CADMI UM T YLD t1s0 1400
n CHROMBUM 232
14 COPPER 12 41 1550 32 7l 102
R 1RON [NRTHE 1ih00
2 LEAD 12i 110 [ G610 25700
[} MANGANESE. H 2070 o 1780
14 MERCUIY .29 0.459 0.03 0.63
20 S0p1UM ZA8R00 J1000 Ji600 29600 1100000 18600
21 7TINC 26 100 5.1 SH.3900 21 79500 131000



(7D003) ASH FXTRACE

SAMPEE NUMBER:

THTETTON T A TOR.

I SCRTPTHON:
ENTLS,

EE GEOCHEMIEC AL

e CAS NO

¢La

PARAME FERS %%%

COMPOUND

rocC

AMMONI A

NITRATE

ORTHO PHOSPHATE
TOTAL ALRALINITY
CHLORIDE

SULFATF

ALUMINGM ONTDE X
CAICHM OXIDy X
MAGNESTUM OVIDF X

POTASSITUM MONOXIDE X

SILICON DIONEDE 2
ms

LB-AN-0u 02

ASHE EXTIC

NA
0.07
0.24
<0,01
NA
39.7
336
1]
198000
35000
15900
23000
NA

/DA 00 IDTNHZ0 L= M- 00 41 PFON ZD-AIE-00 35AR

ASH ENTHAC

10.7
0.11
0.18
<0.01
ZHH
H1.5
247
47900
199000
71
18800
118
(i)

ASHE PN TRACT

NA
0.15
0.03
<h.0l
NA
48. 3
238
16500
592000
12600
17000
27400
NA

ASH EXTRACT

10.2
3.06
NA

<. 01
NA

NA

NA
73800
209000
9K
20000
984
Nl\

/B AR OUHICER

ASH BTk

N'\
a.11
a.07
0. 01
NA
104
625
KRR
HE 1000
73000
21500
14200
NA

AR VTR K L

ASH FXTRACT

N!\
0.20
0.01
1.66
NA
BY.3
497
130000
195000
D706
2200
116000
NI\



€40

(7D001} ASH FVIRACI

SAMPLE NUMBFR:
U TTON FACTOR:
DESCRIPTION:
ENETS:

¥+ BASE/NEUTRALS *x%

e CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

D -AR-00 o2

ASH EXTRACT

A0 A-D0TDEHZO Z70-AH-001FPION 71 -AH-00 1SAK

ASH BXTRACH

ASH FATRACT ASHL EXTRACT

JD-AH-0011CLEPT 7D-AH-004TCLPZ

ASH EATRACT ASH FXTRACT



(ZDO01) ASH FAIRM

SAMI'LE NUMBFR:
DIFUTTON FACTOR:
DESCRIPTION:
UNIDS:

FEE ACINS ¥%x

[ME CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

| /A ]

/D-AH-00 1002

ASH ENTRACT

ZD=AH-00ADITHZO ZD-AI-004F PYOX /D=-AH-0015AR ZD=AH-001TC1 P

ASH FXTRACT

ASH FXTRAUT ASH EXTRACT ASHE FXIRACT

7D-AH-0B0TCLP2

ASH FXTRACT



S/-Q

(7bOU1) ASH ENIRACY

SAMPLE NUMItE R : 7D AN 0D G2 Z0 N OOADEHZO 7D A GO TEPION 7D AL OO0 ESAR 0 AN QUEECLRE 7D-AI-00 8 FCLP2
BUHITUTION FACTONR:

BESCRIEPEION: ASH PN ERACT A RXERACH ASHE EYIRAC) ASH FXIRAC ASH FVIRACY ASH FXTRACT
UNEIS: U,/ LiG/1 UG /1. v/t Ut /1. UG/l

34 INORGANICS $3#

re ('AS NO COMPOUND
i BARITUM 227 210 2N 22 282 290
6 CAIMIUM (1] (AR ] h22 702
H CHROMIUM H.7 (2L
10 COPPER 2t R RLL] 14 23 HR K]
¥} HON HIGO 53000
12 LEAD 202 12900 1050 22700
t MANGANESE 100 29480 2560 J900
K} MERCURY 0.77 0.27 0.24 0.27
20 SObHIN 29500 24100 37800 25600 1426000 10100
21 LINC 15200 21 70500 12 HHI00 70600



(ZD0041) ASH EXIRACI

SAMPLE NUMBFR: JALER I EVIVE [RVY Z0-AH-004DEHZO Z0-AI-004F1PTON 70=AH-0015AR /D-AH-0041CLPE ZD-AH-001TC) P2
LEHION FACTOR:

DESCRIPTION: ASH BXieadl AT RN TRAC ASIL FXTRACT ASH ENVTRACT ASH FVHRACT ASH EXIRACT
ENTIS:

x5 GFOCHEMICAL PARAMETERS *%%

[N CAS NO COMPOUND

roc NA L1 NA 15.2 NA NA
AMMONT A 0.07 U.08 0.14 1.9 0.13 0.19
NITRATE 0.256 0.03 0.06 NA 0.05 0.03
ORTHO PHOSPHATE <0.01 <0.01 .08 <0.01 0.01 1.56
TOTAL ALRALIMTY NA 201 NA NA NA NA
CHLORIDF 45.9 3t.2 G8.7 NA 83.9 GH.6
SHLFATE 5213 265 629 NA 660 637
ALUMINUM OXIDE X 39 71000 16200 74800 422 96400

? CALCTUM OXIDEF X 550000 200000 1250000 202000 970000 1670000

- MAGNESTUM OXIDF X 451300 166 85100 319 61200 108000

- ) POTASSTUM MONOXIDE X 17700 13100 19300 16500 16900 18600
SILICON DIOX1bE %X 26100 642 49100 703 27500 123000

s NA 98 NA NA NA NA



(70005) ASH FATRACT

SAMPLE NUMBER: /D-AH- 00502 JD~AH-00LDTH20 ZD-AH-GOLEPTON ZD-AH- O0LSAR LD AR-OULNTCEPY ZD-al BOSFCLPZ
DITETTON FACTOR:

DESCHEPTION: ASH FXTRACT ASH Y ERACH ASIHE FXTRACT ASH EXTRACT ASH EXTRACY ASH FXTRACT
UNE LS

s+ RASE/NFUTRALS #%%

rr CAS NO COMPOUND

NO PARAMETERS DETFCTED FOR THIS CATEGORY

L-a



(20005) ASH EXIRACT

SAMPLE NUMBER: LD-AH-00L 02 ZD-AH-00LDIHZO ZD-AH-000EP1OX ZD-AH-00HSAR ZD-AN O0LTCLEPT LD-AH-005TCLP2
DILULTON FACTOR:

DESCRIPTION: ASH EXTRACT ASH FXTRACT ASH FXTRACI ASIL EXTRACT ASH O EXYIRACT ASH EXIRACT
ENVITS:

¥ ACIDS *¥%%

re CAS NO COMPOUND

NO PARAMETERS DEFECTED FOR THIS CATEGORY

8.0



6.-0

(ZhO0G) ASH ENERACE

SAMPLE NUMBER: Al DULE 02 /0 AH QUADENZO 7D AN QOGERLOY 7D AN D0DSAR ZD- AR 0051€1 P Zh-AD-0051CLP2
IMTHHTON FACTOR:
IESCHEPTION: ASHE FYERACH ASH FXTRACT ASH BEXTRACH ASH EXTRAC ASH EXNTRACT ASH EXTRACT

lINDES: uG/i U/t UG/l ra/i. UG /1. uG/1.

1 INORGANTCS ®3¢

e CAS NO COMUUIND
1 BARIUM 502 285 219 166 245 H86
6 CAIMIUN 16 7o 126 601
8 CHROMIUM 155
10 COPPER 62 #0 HOH G5 8.5 1100
] FRON 10800 1010 103000
12 LEAD 170 2070 GOGH 25200
K] MANGANESE 1420 4900 1950 5700
15 MERCUERY 0.29 0.2
20 SODIUM 260 34700 36600 24200 14100008 JHT00
24 ZINC 1HBO0 19 50300 16 43100 61000



(7D005 ) ASH FXIRAC]

SAMPLE NUMBFR: 7D-AH-005002 LD-AH-000D1TH20 ZD-AH-005EPTON ZD-AH-00H51R JD=A 0051CLET ZD-AH-0051CLP2
IHILBTTON FACTOR:

DESCRIPTION: ASH FXTRRAC S RATRAC ASH BMTRACT ASH BVITRACT ASH FVTRACT ASH EXTRACT
UNITS:

245 GROCHEMICAL PARAMETERS #%%

re CAS NO COMPOUND

TOC NA 17.0 NA 14.3 NA NA
AMMONI A 0.08 0.17 0.20 3.74 0.13 0.18
NITRATE 0.24 0.04 0.08 NA 0.03 0.03
ORTHO PHOSPHATE <0.01 <0.01 0.02 0.01 0.01 1.38
TOTAL ALKALINITY NA 212 NA NA NA NA
CHLORTOE 44.6 54.1 73.8 NA 90.8 56,4
SULFATE 144 251 440 NA 5131 448
ALUMINUM OXIDF X 80600 12600 77900 3370 102000

? CALCIUM OXIDF X 506000 208000 935000 194000 796000 961000

8 MAGNESTUM OXNIDF X H9300 114 86500 145 56300 94100
POTASSIUM MONOXiDF X 12300 17900 38600 11500 114600 15100
STLICON DIOXIDE X 29000 626 38000 B77 25600 118000

™ns NA 640 NA NA NA NA



SAMPLE NUMBER: LE-Al-001002 LE-AH-O00IDTH20 ZE~-AH-001EPTOX ZE-AH-001SAR 7E-AH-00ITCLP) ZE-AH-001TCLP2
DHUTION FACTOR:
DESCRIPTION: ASH EXTRACT ASH EXTRAC T ASH EXTRACT ASH EXTRACT ASH EXTRACT ASH EXTRACT

UNITS:

**3 BASE/NEUTRALS #%%

ee CAS NO COMPOUND

65-85-0 BENZOIC ACID 66T

18-0



SAMP'LE NUMBER:
DEHUTION FACTOR:
DESCRIPTION:
INFIS:

55 ACIDS ¥%x

er CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGORY

28—

ZF-\H-001002

ASH ENTRACT

JF-AH-UOIDIHZO 7F-AH-001FPTON 7F-A-0018AR 7E-AH-001TCLPL ZF-AH-001TCLP2

ASH FATRACT ASH EXTRACT

ASH FATRACT ASH EXTRACT ASH EXTRACT



£8-0

SWEEE NUMRBER:
DHVIION FACTOR:
DESCRIPTION:

(S RN

LA R]

INORGANFCS s##

COMIPOUND

BARIUM
CAIMIUMN
CUROMIUM
(OPPI'ER
IRON

LEAD
MANGANESE
MERCUIRY
SOBIUM
LINC

ZE M 00102

S ENTRAC]
VG

182
(]

9049

BH600
Hy 10

ZF A OOIDIZO ZF A OQOTEPTON ZF-A OO15AR

ASIE EMVTRACL
[RIVA

196

ASH FVHACH
uG/L

228
637
7Y
141
2200
10700
2740
0.41
82800
82400

AGIE BNTRACH
(LA

37

'(l'

1.0
HHOVY
11

S EYTRACE
UG/

218
319

HL]

l (ll’
1350

150000
11900

ZE AN ODLRCLPL JE-AB-QDITCLP2

ASIE EVTRACT
UG/

140
575
289

50
136000
HH 1O
h60
0.53
H6200
82700



SAMPTE NEMBER:
PITLTION FACTOR:
DESURTPTION:
ENTES.

J1-Z-001002 FE-A-O0TDIRCEO Z1 - AH-001TEPTON b -A-DO TSR LE-Al QOVICLEY ZF -AH-001 T LP2

ASH EATHAC ] ASH ENTRWT ASIE BNTRACT ASH FATRACT ASH FATRAC] ASH EATRACT

3% GFOCHEMICAL

PARAMETFRS *%%

rp ¢'\AS NO COMPOUND
ToC NA 21,4 NA 20.8 NA NA
AMMONITA 0.27 0.27 L0l 1.11 0.32 0.44
NITRATE 0.39 0.08 0.17 NA 0.16 0.16
ORTHO T'HOSPHATF <0.01 <0.01 0.50 <0.0} <0.01 1.99
TOTAL ALRALINITY NA 169 NA NA NA NA
CHLORIDE 186 448 387 NA 419 470
SULFATE 697 161 825 NA 1020 1010
ALUMENUM OXIDE X 47400 90600 50000 86 152000

? CALCIUM OXIDE %X 1020000 313000 2030000 352000 1360000 2110000
MAGNESIUM OMIDE X 15000 LS 100000 136 61000 116000

2 POTASSIUM MONOXIDF X 55400 16600 54400 15700 12900 50200
SILICON DIOXIDE X 25000 1320 50900 1100 11500 120000
TDS NA 1130 NA NA NA NA



(/E002) ASH EXTRACT

SAMEPLE NUMBER: LE-AH-002002 JF-AH-D02DEHZ0 7F-AH-002EPT0X ZF-AH-0025AR 7E=-AN-002TCLPL LF-AH-002TCLP2
DILUTTON FACTOR:

DESCREPTION: ASH FXTFRACT ASH FYTRAC T ASH ENXTRACT ASH X TRACT ASH EXTRACT ASH EXIRACT
INIIS:

6% BASE/NFUTRALS *#%%

re CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS CATEGURY

$8-0



(78002) ASH FNTRMCT

SAMPEE NUMBER:
IHLLFTON FACTOR:
DESCHIEPTLON:
UNITS:

5 ACIDS #*xx

Py CAS NO COMPOUND

NO PARAMETERS DETECTED FOR THIS ¢ ATEGORY

98-0

/b A-002E02

ASH FXTRAC L

ZE - 002D1H20 7F-AR-002EPT0N 7F-All O0ZSAR 7E-AH-002TCLPY 7F-AH-002TC LP2

ASH EXTRACL ASH FXTRACT ASH FXTRACT ASH EXTRACT ASH FXTRACT



80

(76002) ALEL EMTRACL

SAMPEE NUMBEIR:
DLETON TACTOR:
PESCEEPTION:

UNI LG

YO INORGANICS t%%

re CAS NO COMPOUND
| BARIUM
[ CADMIEUM
H CHROMI UM
(1Y COPPER
] 1RON
Vg LEAD
I MANGANESE.
15 MECURY
20 SOBIUM
ot ZINC

A soZeol

AL FAVITRA)
RV

170
1

184

22
(AL}

6RT00
2150

ZE A OUTDEHZO 70 A 0028100 71 A DOZSAR /8 AR-0021C000F 78 AR-002 1P

ASIE BNTRACH ASH T ATIACH ASH BN IACE ASH EVERAE L ASIE EXTRACT
UG/ LG/ UG/ UG/ LG/
190 175 108 161 219
724 2.3 685
He 216
123 ni70 127 10 1030
19100 81500
96440 RH 6340
4910 1180 J810
LHO 0.24 0,18 2.1
61300 83600 6.4600 1 100600 #0100
R 57600 (71 16300 54700



(7F002)

SAMPLE NUMBER:

DITUTTON FACTOR:

DESCRIPTION:

5% GRFOCHEMICAL

i'p CAS N

880

PARAMFTERS *%%

COMPOUND

TOC

AMMONI1 A

NITRATE

ORTHO PHOSPUHATE
TOTAL ALKALINITY
CHLORIDE

SULFATE
ALUMINUM OXIDE X
CALCIUM OXIDE X

MAGNESTUM ONIDE X
POTASSIUM MONOXIDF %
SILICON DIOXIDE X

rhs

ASH EATRAC]

Jh-AH Q002

ASH EXTRACT

NA
0.28
0.39
<0.01
NA
171
635

920000
11300
12600
139800
NA

ZE A-Q0ZIHHZO Z2F-AH DO2EPTON 78 - AB-D025AK

ASH ENTRAC

6.1
0. 30
0.09
<0.01
171
115
10
19600
164000
i1
37700
1870
1110

ASH FNIRACT

Nl\
0.39
0.19
1.01
NA

181
BOZ
117000
2100000
97600
69800
57300
NA

ASH ENTRAC

17.8
J.87
NA
<0.01
NA

NA

N/\
3R100
HRI000
128
41900
1260
NA

ZE-AN-002100 1

ASH FNTRACT

NA
.32
0.12
<«0.01
NA
160
911

1340000
54500
36400
9620

NA

LE-AN-002101 P2

ASH EXIRACT

NA
0.34
0.16
.43
NA
Hid
9426
138000
2110000
113000
61100
123000
NA



{(7F003) ASH FAIRACH

SAMPLE NUMBRER: Jh- A 00002 ZE-AH 003DNH20 ZE-AH-003F 110N ZE-AH 00 35AR ZF-AN-003TCLPE ZF-AH-003TCLP2
DI VTTON FACTOR.

DESCRIEPEION: ASH BN TRACH ASH ENTRAC) ASH FMIRACH ASIE FVERACT ASIE FNTRACT ASIE FNTRACT
ENEITS:

155 BASF/NEUTRALS *#*#

e CAS NO COMPPOUND

NO PARAMETERS DFTECTED FOR THIS CATEGORY

68-0



(7R003) ASH ENIRACT

SAMPLE NUMBER: b AH-00 300
DHTEHION FALTOR:

DESCRIPTHON ASHE BT Ieve o
LADDS.

5% ALIDS %3%

p CAS M) C OMPPOUND

NO PARAMETERS DFTECTED FOR THES CATEGOR)Y

06-0

ZE=AN-QORDITHZO 7F =AW -003EPTON ZF-AH O03SAR

ALIE ENTRACH

ASH ENTRACT

ASIE FVIRACT

Jh-AH- 004 1C LY

ASH FNTRACH

/- AN-00ATCLP2

ASH EXTRACT



16-0

{7EOU3) ASH EXTRACY

SAMPLE NUMBER:
DILUTTON FACTOR:
DESCRIPTION:
UNHIS:

6E [NORGANICS *3%

Iy CAS NO COMINIUND
£} BARIUM
t CAIMIUM
[} CHROMIUM
1) COIrPER
1 LRON
12 LEAD
14 MANGANESE
15 MERCURY
20 SODLUM
24 ZINC

ZE A-O0 102 LF -AN-003D1120- 2E- AH-003FPTOX ZF - All- 00 1SAR

ASH 1TXIRACH ASH ENTRACT
/1 UG/
178 128
1
112 134
112
40
1560
6.1 0.96
79100 82700
9850 15

ASH ENTRACT

uG/1,

206
678
84
2220
55100
7790
2710
0.5%9
BUR0O0O
48000

ASH EXITRACT

UG/l

a30

88

0.64

62200
LY

L¥-AH-00TFCLPL 76-AH-003TCLP2

ASH EXTHACT

G/t

158
24

19

164

1590000
222

ASH EXTRACT
uG/1.

384
524
239

19
162000
1110
3970
0.27
85000
56700



(ZEOO3) ASH FXTRACT

SAMPLE NUMBFR: ZE-Al-003¢ 02 7k -AH-0UIDITHZO [Eh-AH-003EPTOX LE-AH-003SAR ZE-AH-003TCLPY /E-AH-003TCLP2
DHUTION FACTOR:

DESCRIPTION: ASH FXTRACT ASH EXTRACT ASH EXTRACT ASH FXTRACT ASH EXTRACT ASH EXTRACT
LUNITS:

% GEOCHEFMICAL PARAMETERS *##

re CAS NO COMPOUND

TOoC NA 7.8 NA 14.9 NA NA
AMMONI A 0.30 0.46 0.44 3.98 0.35 0.44
NITRATE 0.41 0.17 0.19 NA 0.21 0.13
ORTHO PHOSPHATE <0.01 <0.0) 0.95 <0.01 0.02 1.59
TOTAL ALKALINITY NA 162 NA NA NA NA
CHLORIDE 709 702 583 NA 818 693
SULFATE 650 169 719 NA 891 935
ALUMINUM OXIDE X% 51 27800 150000 50500 159 123000

? CALCIUM OXIDE X 1200000 538000 2100000 475000 1710000 2200000

D MAGNESIUM OXIDE % 36900 188 82400 170 37600 98900

N POTASSIUM MONOXIDE X 57700 61200 57000 46400 59400 56900
SILICON DJOXIDE X 31300 170 65700 911 50560 123000

TOS NA 1690 NA NA NA NA



(ZF004) ASH FATRACT

SAMPLE NUMBER:
IHITUTTON FACTOR:
DESCHTPTION
ENITS:

5% BASE/NEUTRALS ##¥*

P 'AS NO COMPOUND

NO PARAMETERS DETECTED FOR TilIS CATEGORY

€60

/E-AN- 00 b 02

ASH BXTRACE

ZE-AH OO0 IDTHZO ZF-A-001FP 10X ZE-AN-0015AR

ASH FXTHAC]

ASH ENIRACT ASH FXTRACT

JE-AH-001TCLPY ZE-AH-004TCLP2
ASH FNERACT ASH FXTRACT



(7FO01) ASIE FATRACT
ZE-AH-O0TTCERPY ZF-Al-0041CLP2

LE A OGADTHZO 71 -AH-00 1 PTON ZR-AH-001S5AR
S RATRAC ASHE FXTRACT ASH ENTRACT ASH FXTRACTE

ZE-AH-00 102
ASHL FYTRACT

SAMIYLE NUMBER:
DHGITON FACTOR:
ASH FXTRM T

LESCRIPTION:
CANEES:

¥ A DS *%%

P CAS MO COMPOLND

NO I'AllMil-,'l'F,RS bETECTED FOR TH1S CATEGORY

¥6-0



S6-0

(ZFOGL) ASH EXNTHAC )

SAMPEE NUMMR:
DILETVON FACTOR :
NESCHRIPTION:
INIIS:

11 JNORGANICS ¥4

' A5 NO COMPOUND
| NARITUN
6 CADMIUNM
R CHROMI UM
10 COPPER
it 1RON
12 LEAD
tl MANGANESE
15 MERCURY
20 SODIUM

24 71NC

/1 AN D002
ALH EXNENRAC)
LG/

H10
A2

186

6Y
857

74100
26RO

Jb AP O0IDNIZO Lk

ASIE EYIRACY

LG/l

325

G900
91

ASIE FVTRACY

G/

173
99
LR}
1GHO
RzZHU0)
15400
29480
0.65
74300
54600

AL OOTERPLON /1 M OO 4SAR

ASH FVTRAC
HG/1

102

Jult
12
0.22

62100
192

1./

L -AH BOECLP)

AGH PV TRACH

29
198

6

i
1060

1490000
3790

LE-AH-00400 L2

ASH EXNTRACY
UG/t

408
169

187

12
122000
LHY0
3.460
.80
71000
49800



(Z7EO01) ASIE FNTRM

SIMPLE NUMBER: ZE-AlE DODICOZ ZF-A-00IDTHZO /ZF-AH-001EPTONY 7E-A-00 1SAR ZE-AN-000TCLPE 78 -AH-0011C) P2
DEHLUTION FACTOR:

DESCKRIPTHON: ASH FNTRAC ) ASHE TYTIAC T ASH | XTRAC) ASH FVHRAC] ASH EXNIRACT ASH FXTRACT
UNLS:

25 GROCHEMICAL PARAMETERS *%%

re CAS NO COMPOUND

TOC NA 213.3 NA 24.9 NA NA
AMMONIT A 0.38 .42 0.61 1.04 0.16 0.50
NITRATE .24 0.16 0.22 NA a.11 0.18
ORTHO PHOSPHATE <0.01 <0.01 0.74 <0.01 0.02 1.0%
TOTAL ALKALINITY NA 164 NA NA NA NA
CHLORIDF, 429 137 392 NA 477 416
SULFATE 919 144 926 NA 1230 1090
ALUMINUM OMIDE % 20500 134000 1960 106000

? CALCIUM OXIDE %X 1170000 377000 2050000 473000 1730000 2200000
MAGNESTUM OXIDE X 11300 100 103000 841 57300 L6000

* POTASSTUM MONOXIDE X 16800 43800 15200 41200 42000 10800
STLICON DIOXIDE X 26700 2200 61100 2660 10100 123000

rns NA 1120 NA NA NA NA



(7EO0L) ASIHE FNERAC

SAMPUE NUMBER: JE=AH-000002 ZE A0 DOLGDIHZO ZF-AL QO PTON ZE-AB-00455AK Z0 A D0LTCLEL ZF-AH QUL TCLPZ
BHELTION FACTOR:

DESCRIPETON: ASHOFVERYM S EXRAC ASH ENTRACH A FATRM T ASIE EXTRACT ASH FXTRACT
LNTIS:

Pk RASE/NEUTRALS *¥%

PP CAS NO COMPOUND

NO PARAMFTERS DETECTED FOR THIS CATEGOR)Y

L6-0



(ZEOODH) ASH ENTRACH

SWMIPEE NUMBER : JE-AlE 00L002
PEHLUEION FACTOR:

D SURIPTION: ASH O FNVIRAC Y
UNLS,

€% AC JDS ¥¥x

re CAS NO COMPOLND

NO PARAMETERS DETECTED FOR THIS CATEGORY

86-C

Z1 A0 0OLDEHZO Z7F AH-003FPTON k- Al-005S W

S ENTRAC

ASH FXTRACT

ASH O FNTRALTY

ZE=AH-0ULECLP]

ASH EXTRAUT

Lk -AH-005TCLP2

ASH BENERACT



66-0

{7R005) ASI FNIRACH

SAMPLE NUMBFR: /F AN Loy 0 AH QULDENLO ZF- A GOGEFPTON 78 AL QOGS Z0 AL OUSTCRIT 7t -Al-005 10312

DITUTION FACTOR: }

M SCRIPTTON: ASH FVERAC ASH FXERACT ASH N THAC T ASH EXTRACL ASH EXNTRACH ASH EXTRACT
vG/k uG/L

NS tu/. Ut/ UG/l

[NEVA N

11 I NORGANICS %%

P CAS NO COMPOUND
I BARIUM 200 Ah0 LR 110 170 222
0 CADMIUM 29 a52 81 301
H CHROMIUN 19 141
10 COPI'ER 76 (BN 3020 17 5.0 1
1 1RON 36600 #2300
12 LEAD 31 TOHH0O [REO HY 6830
1 MANGANESE 1010 3000 o490 3070
5 MERCURY 0.14 0.27
20 SUIM UM 61100 58500 66200 H 3200 1410000 GLROO
21 LINC 4250 6h 18000 101 1RGO 16900



001-a

LFe0 1T

T
1

-

(/7FGOL} A\SH kNIRACT

SAMPLE NOMBER:

BISUTTON FACTOR:
DESCRIPTION:

X6 LEOCHEMIC AL PARAME [FRS *%#

[RE 'AS NGO COMPPOUND
roc
AMMONI] A
NITRATE
ORTHO PHOSPHATE
TOTAL ALKALINITY
CHLORIDF
SULFATE
ALUMINGM OXIDE X
CALCIUM OXNIDEF X
MAGNESTUM OMDE X
POTASSTUM MONOXIDEF X
SHLICON DIONEDE X
ns
=
28
oy oom TR
I
T 9< 12
N 7
R
oo
e
R 2
?;‘ =
o e
SR A
T (RN
joe —
- -
LU
& o
4o
- ¥
!
x>
::‘;

Jat

N
o

069.C
foumdy VOTH

Jh-Al- 0050 02

ASHE PN IR

NA
0.29
0.14
<0.01
NA
31
GHR
52
91 1000
17R00
AR000
32100
NA

Al

VS RN ERAC

16.6
0.20
.16
<B.01
2
37
190
1570
376000
100
SH800
1990
1160

ASH N TRACH

NA
0.46
0.18
0.12
NA
128
798
16800
1920000
74900
17300
16800
NA

AH- OULDIHZ20 7k -AH-OULGEPTON ZF-AH-008AK

ASH EXTRACT

15.8
3.72
NA
<0.01
NA
NA
NA
3780
161000
59
34400
3770
NA

LE-AH-000 10 LP]

ASH EVIRACH

NA
0.21
0.18
.02
NA
J42
961

1350000
52900
31500
12300

NA

78 -AH-0051CLIP2

ASH EXTRACT

NA
0.26
0.16
0.7H
NA
334
Hy3
101000
1990000
BY000
354500
136000
NA



