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Wastewater from wood preserving processes that use 
creosote and/or pentachlorophenol (T) 

Bottom sediment sludges from the treatment of wastewaters 
from wood preserving processes that use creosote and/or 
pentachlorophenol {T) 

I. Summary of Basis for Listing* 

Wood preserving processes that use creo~a~~ ~r pent~-

chlorophenol as preserving agents generate a wastewater, 

which contains toxic phenolic compounds including penta-

and tetrachlorophenol and polynuclear aromatic hydrocarbon 

(PAR) components of creosote. Treatment of this wastewater 

results in the generation of a number of bottom sediment sludges 

that must be removed for ultimate disposal. The Administrator 

has determined that wastewater from these wood preserving 

processes and the resulting bottom sediment sludges from waste-

water treatment are solid wastes that may pose a substantial 

present or potential hazard to human health or the environment 

when improperly treated, stored, disposed of or otherwise 

managed, and therefore should be subject to appropriate. 

management requirements under Subtitle C of RCRA~ 

*Based on available data, and in response to industry 
comment on the proposed listing (44 FR 49403, August 22, 
1979), the Agency has modified this listing. Waste streams 
from wood preserving processes using waterborne inorganic pre
servatives are not included in the listings of this document. 
However, the Agency plans to study the sludges generated from 
these wood preserving processes (i.e., from work tanks, cyclinders 
or storage tanks), to determine whether they should also be listed. 
In addition, the Agency intends to study sludges generated from 
the periodic dredging of retoTts, cyclinders, and h~lding tanks 
in which pentachlorophenol and creosote are used in the future 
to determine whether these sludges also should be listed. 
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This conclusion is based on the following considerations: 

1) The wastewater generated from wood preserving 
processes using pentachlorophenol as a preservative 
and the sludge generated from the treatment of this 
wastewater will contain significant concentrations 
of phenolic compounds. The wastewater from wood 
preserving processes that use creosote and the 
sludges generated from the treatment of this waste
water will contain significant concentrations of 
polynuclear aromatic components of creosote. 
wastewater and the resulting sludges from wood preserving 
operations that use both creosote and pentachlorophenol 
as preservatives will generate waste streams which 
contain all or most of the above contaminants. 

2) Polynuclear aromatics, as a group, are known to be 
toxic, mutagenic, teratogenic and carcinogenic. 
Phenollcs are toxic and, in some cases, bioaccumu
lative and carcinogenic. 

3) Approximately 200,000,000 gallons of wastewater are 
generated annually from wood preserving processes 
using pentachlorophenol and creosote. About 90 
percent of this wastewater ls treated by treatment 
methods which generate a bottom sediment sludge. 
The large quantity of waste generated increases the 
opportunity for exposure if waste mismanagement occurs. 

4) Treatment of wastewater in evaporation ponds or 
lagoons could lead to the environmental release 
of hazardous constituents and result in substantial 
hazard via groundwater or surface water exposure 
pathways. Evaporation of wastewater in ponds, 
lagoons or by other treatment methods such as spray 
irrigation, if mismanaged, could also lead to the 
release of hazardous constituents into the atmosphere 
and result ln substantial hazard via an air exposure 
pathway. 

5) The Agency has also been informed that incineration 
ls another (though less frequently used) disposal 
method for these sludges. If improperly managed, 
incineration coald result in the release of hazardous 
vapors to the atmosphere, presenting a substantial 
hazard via an air exposure pathway. 

6) Off-site disposal in landfills ts the most commonly 
used disposal method for these sludges. This 
presents the possibility of the toxic components 
in the sludge migrating to nearby underground 
drinking water sources if the landfill is improperly 
designed or operated. 
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7) Several incidents of mismanagement of wood preserving 
plant wastes have occurred, demonstrating empirically 
that these wastes are capable of causing substantial 
harm if mismanaged. 

II. Sources of the Wastes and Typical Disposal Practices 

A. Industry Profile and Manufacturing Process 

There are more than 415 wood preserving plants 

operated by about 300 companies in the United States. The 

plants are concentrated in two areas, the Southeast from east 

Texas to Maryland, and along the North Pacific coast. 

These areas correspond to the natural ranges of the southern 

pine and Douglas fir-western red cedar. respectively (2). 

Approximately 250 million cubic feet of wood are treated 

each year (1), principally for railroad ties, utility poles, 

and lumber for construction materials. It is estimated that 

approximately 85 percent is treated with creosote or penta-

chlorophenol based preservatives as shown in Table 1 (4). 

The total quantity of preservative consumed in 1975 during 

these treatment cycles is shown in Table 2. 

B. Process Description 

At plants using creosote or pentachlorophenol-based 

preservatives, wood products are treated to increase their 

resistance to natural decay, attack by insects, mic~o-organisms, 
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TABLE l 

ESTIMATFD PRODUCTION OF TREATED WOOD, 1978 (43) 

Treated With 

All Creosote Penta CCA/ ACA/FCAP* 
Products Preservative sh Solutions 

------ -1,000 cu. ft. - - - - - - - - - - - -

Crossties and 
switchtiesc 106,085 103, 138 449 

Poles 64, 179 18, 237 41,905 

Cross arms 1,685 41.0 1,615 

Piling 12 ,090 9,993 1,154 

Lumber and timbers 105,305 10,779 21,209 

Fence posts 20,028 4,584 10,983 

Other productsd 18,113 7,815 2,681 

All products 327 ,485 154,587 7 9. 996 

*CCA: chromated copper arsenate, ACA: amnnniacal copper arsenate, 
FCAP: fluor-chrome-arsenate phenol 

a Volume reported for 1977 (AWAP), plus volume reported by 
respondents to Assessment Team Survey, plus volume estimated for 
nonres pendents. 

b Creosote, Penta, and CCA/ACA/FCAP only. 

c Includes landscape ties. 

d Includes plywood. 

Note: Components may not add to totals due to rounding. 
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TABLE 2 

QUANTITY OF PRESERVATIVES USED IN 1978. (44) 

Preservative 

Creosote & petrolatum 

Creosote and coal tar 

Pentachlorophenol 
(solid, solution) 

Inorganic Arsenic salts 

-5-

Quantity(million lbs/year) 

178.2 

910 

40.8 

37 .2 



or flre. Briefly, the treatment consists of debarklng, 

forming, drying, impregnatlon of preservative, and storage 

( 3 ) • 

The two major wood preserving processes, producing large 

quantities of wastewater and sediment sludge, are called steaming 

and boultonizlng.* Both of these processes are pressure processes 

and differ mainly in the way the wood ls condltioned before or 

during the application of the preservative. Figures la-le present 

flow diagrams for the major wood preserving processes (Source: 

Reference 19). 

Steaming ls used prlncipally on southern pines. In this 

process, the stock is normally steamed for 1 to 16 hours at 

about 120°C to reduce the wood's moisture content and render 

it more penetrable to preservatives. After steaming, the 

preservative ls added to the same retort. Condensate removed 

from the retort after steaming is contaminated with entrained 

oils, organic compounds, and wood carbohydrates. 

In the Boulton process, used princlpally on Western 

Douglas fir, the wood is immersed in the preservative, placed 

under vacuum, and then heated in the retort at approximately 

100°C. The vapor removed is composed of water, oils, organic 

compounds and carbohydrates from the wood. Contaminated 

vapors from both the steaming and boultonizing processes are 

*Vapor drying is another wood preserving process, also 
generating a wastewater and sludge of concern. 
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condensed and transported to an oil/water separator to reclaim 

any free oils and preserving chemicals before treatment and/or 

disposal of the wastewater.(17,18) 

c. Generation, Composition, and Management of Listed Waste 
Streams (17,18) 

1. Industry Generation of Waste 

Based on the quantity of wood treated with 

creosote or pentachlorophenol preservatives in 1975, and 

assuming that about one gallon of wastewater is generated 

per cubic foot of wood treated, over 200 million gallons of 

wastewater will be generated annually. 

Almost all of this wastewater is treated by treatment 

methods that generate a bottom sediment sludge. Over 300,000 

gallons per day of wastewater is discharged to POTW's. The 

listing covers both of these instances.* 

Table 3 shows estimates of the amounts of wastewater 

treatment sludges generated by creosote and pentachlorophenol 

preserving processes, and the amount of certain of the hazardous 

constituents contained in the wastes. 

*The listing does not include wastewater discharged from 
a point source regulated under §402 of CWA. This listing also 
does not include any wastewater which is mixed with domestic 
sewage and that passes through a sewer system before it 
reaches a publicly owned treatment works (POTW). "Domestic 
Sewage" means untreated sanitary wastes that pass through a 
sewer system, (See §261.4(a)(l)(i) and (ii)). 
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TABLE J. POTENTIALLY HAZARDOUS SOLID WASTES FROM THE 
WOOD PRESERVING INDUSTRY (8)* 

(Source: American Wood Preserver's Association (1979)) 

Total Process 
Solid Waste 

metric tons/yr 

Creosote-oil emulsion 
230-930 

Penta-oil emulsion 
600* 

Total Potentially 
Hazardous Constituents 

metric tons/yr 

Creosote 
1.1-4.6 

Pentachlorophenol 
3.0 

~: Although these wastes are listed in the table in 
terms of amounts generated per year, many of the wastes are 
generated on a periodic basis which often can be as long as 
five years (8). Thus, the sludges may be allowed to sit at 
the bottom of wastewater treatment ponds for five years at a 
time. Sometimes the bottom sediment sludges from the biological 
treatment of wood preserving wastewater are never removed. 

*Estimated maximum amount. 
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2. Composition 

The organic components of the wastewater and bottom 

sediment sludges from the wood preserving industry results from 

the different constituents in the different formulations of pent

chlorophenol and creosote and decomposition products of the 

constituents of the preservatives. 

Table 4 gives typical compositions of commercial grade 

pentachloropheno1.(35) The amount of chlorinated dibenzo-

p-dioxins and furans varies with each industrial batch, even 

when produced by the same manufacturer. In addition to the 

constituents present in commercial pentachlorophenol, other 

phenolic compounds have been found in wood preserving sludges 

and wastewater, such as unsubstituted phenol (Table 6); 2,4-

dimethylphenol; p-chloro-m-cresol; 2-chlorophenol; 2,4-

dichlorophenol; and 2,4-dinitrophenol (Table 7). These 

additional phenolic compounds may be the result of decomposition 

of the commercial pentachlorophenol. 

The consitutents of creosote are highly variable, 

depending on the source of the coal, the design and attendant 

operating conditions of the coke ovens and still, and the 

blending of various tar distillate fractions.(37) Several 

hundred constituents have been identified, with between 11-22 

percent in concentrations g~eater than 1%.(36) {Table 5). 

Benzo[a]pyrene is present at 200 ppm.(38) (The presence of 

benzo[a)pyrene as a constituent in creosote is further 

-14-



TABLE 4 

COMPOSITION OF SOME COMMERCIAL PENTACHLOROPHENOL SAMPLEs.(35) 

Dowicide EC-7 Oowicide 7 Monsanto 

Pentachlorophenol 90.4 + 1.0% 85-90% 84.6% 

Tetrachlorophenol 10.4 + 0.2% 4-8% 3% 

Trichlorophenol < 0.1% < 0.1% 

Higher Chlor opheno ls 2-6% 

Caustic Insolubles (max) 1 

2,3,7,8-Tetrachlorodibenzo-p < 0.05 ppm < 0.1 ppm 
dioxins 

Pentachlorodlbenzo-p-dioxins < 0.1 

Hexachlorodibenzo-p-dioxins 1.0 + 0.1 ppm 9.27 ppm 8 (5 p 

Heptachlorodlbenzo-p-dioxins 6.5 + 1.0 ppm 520 ppm 

Octachlorodibenzo-p-dioxins 15.0 + 3.0 ppm 575-2510 ppm 1380 ppm 

Tetrachlorodibenzofurans < 4 ppm 

Pentachlorodibenzofurans 40 ppm 

Hexachlorodibenzofurans 3.4 + 0.4 ppm Detected 90 ppm 

Heptachlorodibenzof urans 1.8 + 0.3 ppm Detected 400 ppm 

Octachlorodibenzofuran < 1 ppm Detected 260 ppm 
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TABLE 5 

CONSTITUENTS OF CREOSOTE 

MAJOR COMPONENTS REPORTED PRESENT IN WHOLE CREOSOTE {REF.36) 

Naphthalene 
2-Methylnaphthalene 
1-Methylnaphthalene 
Bi phenyl 
Dimethylnaphthalenes 
Acenaphthene 
Dibenzofuran 
Fluorene 
9,10-Dihydroanthracene 
Methylfluorene 
Phenanthrene 
Anthracene 
Acridine 
Carbazol 
Methylphenanthrenes 
2-Phenylnaphthalene 
Methylanthracenes 
P yrene 
Benzofluorenes 
Chrysene 
9,10-Benzophenanthrene 

HAZARDOUS COMPONENTS PRESENT IN SMALL QUANTITIES (less than 1%) 

IN CREOSOTE {Ref. 40, 41, 42) 

Benzo[a)pyrene 
Benz[a]anthracene 
Benzo[b]fluoranthene 
Dibenz[a,h)anthracene 
Indeno[l,2,3-cd]pyrene 
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confirmed by the detection of elevated levels of benzo[aJ 

pyrene is mussles growing near creosote treated timber pilings 

(about 50 ug/kg; 20 times background).(39,40)) Other haz-

ardous components of creosote in concentrations less than 

1% are included in Table 5 based on their detection in edible 

meat of lobsters maintained in commercial tidal compounds 

constructed of creosote treated timberC40,41), their detection 

in other coal tar fractions,{42) and in part their presence 

in some wood preserving sludges where creosote is used (Table 

8). The constituents normally occuring in coal tar are 

expected to be in the wastes of this industry, since creosote-

coal tar solutions are used more frequently than creosote-

petroleum solutions~(Table 2). 

Table 6 lists of some of the typical organic compounds 

found in wood treating plant wastewaters.* The absence in 

this Table of certain components of the original wood preserv-

ative chemicals, particularly some of the different phenolic 

compounds, probably indicates that an analysis for their 

presence was not performed rather than an actual absence of 

the component. 

*Approximately 125 wood preserving plants use both 
organic and inorganic preservatives. Although the systems 
are kept separate, cross contamination of chemicals may 
occur through exchange of dollies used to transport the wood 
and drippage from the inorganic into the organic operation. 
Thus, wastewater from organic wood treatment processes often 
contains inorganic materials. 
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TABLE 6. ORGANIC COMPOUNDS FOUND IN WOOD PRESERVING 
PLANT WASTEWATER.(18)* 

Analysis of toxic phenolic compounds from 20 steam processing 
plants. 

phenol 
pentachlorophenol 
total oil and grease 

Concentration (mg/l} 
Average High Low 

158 .o 
55.0 

7 93. 8 

501.3 
306.0 

1,902. 

1 .. 0 
l.Z 

11.0 

Analysis of toxic phenolic compounds from 5 Boulton conditioning 
plants. 

phenol 
pentachlorophenol 
total oil and grease 

491.4 
10.9 

321.5 

1272.0 
21.0 

1357. 

o.9 
0.01 

12.3 

Analysis of toxic polynuclear aromatic hydrocarbons from 9 
steam conditioning plants. 

fluoranthene 4.1 35.0 0.63 
benzo(b]fluoranthene 0.69 1.68 0.03 
benzo [a] pyr ene 1.12 2.10 0.001 
indeno [1,2,3-cd)pyrene 2.0 5.50 0.006 
benz[a]anthracene 1.53 7. 70 0.01 
dibenz[a,h]anthracene 0.43 0.43 
naphthalene 10. 5 45.0 0.38 
acenaphtylene o.79 l. 21 0.006 
chrysene 0.48 4.70 0.07 
total PAH's 3 9 .89 232.86 7.90 

Analysis of toxic polynuclear aromatic hydrocarbons from one 
Boulton conditioning plant using creosote 

fluoranthene 
benzo[b]fluoranthene 
benzo[a]pyrene 
indeno[l,2,3-cd)pyrene 
benz[a]anthracene 
dibenz[a,h]anthracene 
naphthalene 
acenaphthylene 
chrysene 
total PAH's 

o.2s2 

0.034 

3.14 
2 .06 
0. 018 
8 .16 7 

*Other relevant data for comparing th~se concentrations such 
as total daily wastewater flow and daily production volume 
may be found in the cited reference. 
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Table 7 lists toxic organic compounds which have been 

found in the various wood preserving wastewater treatment 

sludges. such as the bottom of primary oil/water separater 

treatment sludges. flocculation sediment sludges, and biological 

treatment sludges.(17,26) These contain the constituents of 

the wood preservatives and decomposition products. The 

analyses of the wood treating plant sludges did not reveal 

every constituent listed in Table 6 in every sludge. However. 

pentachlorophenol and polynuclear aromatic hydrocarbons were 

common to all sludges tested. 

Many wood processing plants, such as the two listed 

below, may use both creosote and pentachlorophenol based 

processes and thus treat the wastewater generated by these 

processes in a combined treatment system. Thus. sludge 

samples from one plant may contain both creosote compounds 

and phenolic compounds.(6) 

According to data taken from California State hazardous 

waste manifestsC7), one bottom sediment sludge from a wood 

preserving plant was found to contain 5-20% pentachlorophenol. 

3. Disposal and Waste Treatment Practices 

These plants typically send their wastewater to 

a series of treatment processes, which often generate bottom 

sediment sludges. The wastewater then is either completely 

retained and disposed of on the facility site (i.e., by 

evaporation, spray irrigation, etc.) or discharged to publicly 

owned treatment works, or navigable waterways. The wastewater 
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TABLE 7. TOXIC ORGANIC COMPOUNDS FOUND IN VARIOUS WOOD PRESERVING 
PLANT WASTEWATER TREATMENT SLUDGES (17,26) 

Polynuclear Aromatic Hydrocarbons: 

Phenolics 

Fluoranthene 
Benzo(b)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Benzo(a)anthracene 
Dibenzo(a,h)anthracene 
Acenaph.thene 
Naphthalene 
Chrysene 

Phenol 
2-Chlorophenol 
Pentachlorophenol 
2,4-dimethylphenol 

-20-
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is fitet generated at primary oil/water separation. The 

wastewater treatment sludges are generated first at oil/water 

primary separation and in subsequent treatment steps. 

The initial wastewater treatment at most facilities is a 

primary oil-water separation, where much of the wood treatment 

chemicals are recovered and recycled to the preservative 

work tank. Variations include the addition of secondary 

oil water separators, accumulation or surge tanks prior ta 

the oil water separators, or dehydrators for the oil recovered 

from the separators. These wastewater treatment processes 

each generate sludges which are periodically removed, containing 

the components of creosote and/or pentachlorophenol. An 

analysis of the sludge from the bottom of a pentachloraphenol 

oil-water separation pit showed concentrations of 1.84 ppm 

pentachlorophenol; 1,650 ppm 2,4-dichlorophenol; 5,090 ppm 

fluoranthene; 43,640 ppm naphthalene; 6G4 ppm pyrene; 8,410 

ppm anthracene/phenanthrene; and 1,690 ppm p-chloro-m-creso1.•(26) 

Flocculation or adsorption of the wood preserving oils 

by the addition of clays, resins, alum, lime, or polymers ls 

sometimes used as a secondary wastewater treatment process 

after primary oil-water separation. This process also generates 

bottom sediment sludges with a high oil and pentachlorophenol 

content. An analysis of the sludge from treating pentachloro-

*These analytical values should be used only to indicate ranges of 
concentrations. The Agency has not yet established standard pro
tocols for these analyses 
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phenol wastewater with polymeric flocculants and clay after 

two oil separation steps showed concentrations of 8.2 ppm 

2,4-dimethylphenol; 1,400 ppm fluoranthene; 3,000 ppm acenaph-

thene; 1,200 ppm naphthalene; 52 ppm pyrene; 45 ppm chrysene; 

84 ppm benzo(ghi]perylene; 1,400 ppm fluorene; 52 ppm dibenz(ah] 

anthracene; and 3,200 ppm phenanthrene.•(26). 

Biological treatment of pre-processed wastewaters is 

used at some facilities. Alternatively, the pretreated 

wastewaters are sometimes discharged to publicly owned treat-

ment works (POTWs) which use some form of biological treatment 

process. 

Two plants using biological aerated lagoons as one step 

in their wastewater treatment process were found to have 

compounds from both creosote and pentachlorophenol as con-

stituents of their sludges (Table 8). The wastewater treatment 

system for the first plant (Plant 10) generally consists of: 

(1) chemical flocculation with Bentonite clay and decantation, 

leaving a clay sludge, (2) nutrient addition and aeration of 

the clarified wastewater, generating a biological sludge, 

(3) spray pond evaporation, and (4) total retention of the 

wastewater by evaporation from the retention pond. The 

wastewater treatment system for the second plant (Plant 11) 

consists of: (1) settling in a basin where collected oil is 

recycled, (2) storage for 40 days in a pond and recycling of 

the water to the plant, (3) lagoon aeration with 60 days 

detention time, (4) spray irrigation, and (5) runoff storage. 

*These analytical values should be used only to indicate ranges of 
concentrations. The Agency has not yet established standards 
protocols for these analyses. 



TABLE 8. ORGANIC COMPOUNDS FOUND IN SLUDGES FROM AERATED 
LAGOON SECTIONS OF WASTEWATER TREATMENT FACILITIES 
(Ref. 6) 

Plant 10 
Bottom Sediment Dry Weight (ug/kg)C6) 

Polynuclear Aromatic Hydrocarbons Aerated Lagoon Final Pond 

Benz[a]anthracene* 
Chrysene* 

Phenolics 

Phenol 
2,4-dimethylphenol 
2-chlorophenol 
2,4,6-trichlorophenol 
Pentachlorophenol 

Plant 11 

3,700 
4,500 

9,030 
4,398 

396,000 
No data 
302,000 

14 9 
2,060 

16,000 
3, 418 
l,200 

25,000 
58,000 

Bottom Sediment Dry Weight (ug/kg)C6) 

Polynuclear Aromatics 

Benz(a]anthracene* 
Benzo[a]pyrene* 
Chrysene* 

Phenolics 

Phenol 
2-chlorophenol 
Pentachlorophenol 

Aerated Lagoon 

1,250 
5,980 
9,280 

4,500 
300 

4,800 

*These were the only polynuclear aromatic hydrocarbons tested 
for. These components are known to be present in creosote 
in relatively small concentrations, so that a much higher 
total polynuclear aromatic hydrocarbon concentration could 
be inferred. In any case, these concentrations of these con
stituents are significant in light of their carcinogenicity. 
See Table 10, showing carcinogenic risk from exposure to 
these components at concentrations orders of magnitude lower 
than those observed at Plant 11. 



After biological treatment, treatment by irrigation may 

be used. This process typically consists of (1) settling, 

(2) storage, (3) aerated treatment, (4) spray irrigation, 

and (5) runoff storage as described for Plant 11 above. 

The wastewater flow at this particular plant equipped with 

this type of treatment system averaged approximately 50,000 

gallons a day.(6) 

It has been argued that many of the hazardous constituents 

in wastewater are biodegradable and therefore would not be 

found in wastewater tr~atment sludges resulting from biological 

treatment. This argument i1rst of all does not apply when 

sludges are generated by non-biological treatment. Information 

available to the Agency indicates that a large percentage of 

wood treating plants practice either flocculation and/or sand 

filtration as well as primary oil/water separation treatment 

steps prior to biological treatment.(19) In any case, the Agency 

continues to believe that most biological treatment sludges still 

will contain significant concentrations of toxic phenols and 

in some instances significant concentrations of the constituents 

of creosote, since the mechanism of reduction of pentachlorophenol 

and high molecular weight toxic pollutants is thought to be 

that of adsorption upon the biomass rather than complete 

biological degradation.(19)* 

*Some comments were received stating that a hazardous 
waste designation would discourage biological treatment of 
wastewater. Where biological treatment, in fact, proves 
successful in adequately degrading hazardous constituents, 
the delisting mechanism provides generators a means of 
avoiding hazardous waste status for their treatment sludges. 
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Studies on biodegradability indicate that under specific 

idealized conditions, pentachlorophenol is biodegradable 

(9,10,11). Pentachlorophenol has been shown to be degradable 

when composted in permeable soil at pentachlorophenol concen

trations of 200 ppm or less. Under these conditions, at 

least 98% of the PCP can be destroyed in about 200 days (12). 

However, biodegradation is feasible only if the microorganisms 

have been acclimated to pentachlorophenol and the pentachloro

phenol concentration is carefully controlled (13). Another 

study found that PCP persisted in warm moist soils for a 

perio~ of 12 months (22). The sludge. therefore, would need 

to be combined with non-contaminated permeable soil in a ratio 

of 1:20 in order to ensure that the reported level of degradation 

at the disposal site is possible. 

The viability for activated sludge to be used as a 

treatment for wastewater from the wood preserving industry 

containing pentachlorophenol indeed was questioned by one 

study.{33) Initially, the acclimated biomass would 

remove large quantities of pentachlorophenol, resulting in 

effluent concentrations of less than 1.0 mg/liter. However, 

in all cases, a point was reached where additional pentachloro-

phenol was not removed. Decreasing the pentachlorophenol 

concentrations in the influent to the bioTeactor feed tended 

only to postpone when the sludge became saturated. Therefore, 

biodegradation of pentachlorophenol under the conditlons of 

this system did not appear to be occuring. 
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Furthermore, Table 8 gives sludge sample data taken at two 

plants which treated wastewater with biological processes and 

shows that phenols and polynculear aromatic hydrocarbons are 

not completing biodegraded. 

Additionally, a contractor/hauler that disposes of an 

unspecified bottom sediment sludge for a wood treatment 

plant has provided an analysis of the waste for EPA (3). 

The analysis is as follows: 

Component 

Total phenols 
Pentachlorophenol 
Dinitrophenol 
Creosote 

Concentration, mg/1(6) 

5,043 
34 
24 

10,000 

Evaporation with or without the addition of heat is 

another process used to treat wastewaters and which generates 

bottom sediment sludges. Incineration of wastewaters is 

another less frequently practiced treatment process for the 

wastewaters. Discharge to the air of decomposition products 

of pentachlorophenol, such as chlorinated dioxins and dibenzo

furans, (23,24,25) as well as the volatilized organic consti-

tuents pentachlorophenol and creosote, is possible under 

uncontrolled situations. 

III. Discussion of Basis for Listing 

A. Hazardous Properties of the Waste 

As discussed earlier, the most commonly used wood 

preservatives are creosote and pentachlorophenol. The principal 

toxic pollutants in wastewater from plants that use these 

preservatives are phenolic compounds, and polynuclear aromatic 

-26-



hydrocarbon components of creosote. Table 10 summarizes 

the concentrations of these substances in ambient water 

which have been found toxic to aquatic life or necessary to 

protect human health by the Agency's Office of Water 

Regulation and Standards.(34) Comparison of these ambient water 

criteria with the concentrations of the pollutants found in the 

wood preserving industry's wastewater and wastewater treatment 

sludges (Tables 6-9) clearly indicates the potential for 

environmental damage or harm to human health if these wastes 

are mismanaged, since the observed concentrations are many 

orders of magnitude above ambient water quality criteria 

levels for protection of potential adverse effects on human 

health. 

The World Health Organization 1970 Standards for Drinking 

Water recommends a concentration of PAHs not to exceed 0.2 

ug/l. This value is greater than the ambient water quality 

criteria given in Table 10, but is substantially less than 

the concentrations found in plant effluents (Table 6). 

EPA's Office of Water and Waste Management, Effluent 

Guide1ines Division has set a maximum limit of 100 mg/l oil 

and grease for point source effluents from the wood preserving 

industry, based on considerations of technology and economic 

feasibility. (See 40 CFR §§429.74 and 429.84.) This 100 mg/l 

oil and grease level has been found to correspond to an 

approximate 1.0 mg/l polynuclear aromatic hydrocarbon effluent 

concentration and an approximate 15 mg/l pentachlorophenol 
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TABLE 10 

AMBIENT WATER QUALITY CRITERIA & OBSERVED TOXICITY LEVELS FOR 
CONTAMINANTS PRESENT OR LIKELY TO BE PRESENT IN THESE WASTES** 
(Ref. 34) 

mg/l = 
ug/l = 
ng/l = 

milligrams per liter • 
micrograms per liter = 
nanograms per liter = 

Freshwater 
Aqua tic 
Life 

ppm = 
ppb ... 
ppt -

parts per million 
parts per billion 
parts per trillion 

Saltwater 
Aqua tic 
Life 

Human 
Health 

POLYNUCLEAR AROMATIC HYDROCARBONS (PAHs) 

PAHs (total) 

Acenaphthene 

Fluoranthene 

Isophorone 

Naphthalene 

Benzo[a)pyrene 

Dibenz[a,h]anthracene 

520 ug/l 
(acute) 

3980 ug/l 
(acute 

117,000 ug/l 
(acute) 

620 ug/l 

300 ug/l 
(acute) 

500 ug/l 
(acute) 

16 ug/l 
(acute) 

12,900 ug/l 
(acute) 

2,350 ug/l 
(acute) 

2.8 ng/l* 
(cancer risk 
of lo-6) 

• 02 mg/ 1 
(taste and odor 
only) 

42 ug/l 

5. 2 mg/ 1 

insuf f ic ien t 
data 

2.8 ng/l* 
(cancer risk 
o £ lo-6 > 

1.3 ng/l* 

*Indicates recommended criteria level to protect human health 
or aquatic organisms. The cancer risk hazards given in this 
table are for protection at the one 106 level. The Ambient 
Water Quality Criteria give ranges for protection from cancer 
~isks from 0 corresponding to zero exposure level up to 105. 

**Lowest toxicity values are cited. No entry indicates insuff i
cient data to establish a level for either acute or chronic 
toxicity. See original documents for more information. 
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PHENOLIC COMPOUNDS 

Phenol 

2-Chlorophenol 

3-Chlorophenol 

4-Chlorophenol 

2,3-Dichlorophenol 

2,4-Dichlorophenol 

2,5-Dichlorophenol 

2,6-Dichlorophenol 

3,4-Dichlorophenol 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

Freshwater 
Aquatic 
Life 

Saltwater 
Aqua tic 
Life 

2,560 ug/l 5,800 ug/l 
(acute & chronic)(acute) 

4,380 ug/l 
(acute) 

2,000 ug/l 
(flavor, fish) 

365 ug/l 
(chronic) 

0.4 ug/1 
(flavor, fish) 

970 ug/l 

-29-

29,700 ug/l 
(acute) 

(cancer risk 
of lo-6) 
Human 
Health 

J.5 mg/l* 
(toxicity) 

0.3 mg/l * 
(taste & odor) 

0/1 ug/l* 
(taste & odor) 

O.l ug/l* 
(taste and odor 

Q.l ug/l* 
(taste & oa--) 

o.4 ug/l* 
(taste & odor) 

3.09 mg/l* 
(toxicity) 

0.3 ug/l* 
(taste & odor) 

0.5 ug/l* 
(taste & odor) 

0.2 ug/l* 
(taste & odor) 

o.3 ug/l* 
(taste & odor) 

2,600 ug/l* 
(toxicity) 

L.0 ug/l* 
(taste & o ) 

1. 2 ug/ l* 
(cancer risk of 
10-6) 



2,3,4,6-
Tetrachlorophenol 

2,3,5,6-
Tetrachlorophenol 

2-Methyl-4-chlorophenol 

Freshwater 
Aquatic 
Life 

3-Methly-4-chlorophenol 30 ug/l 
(acute) 

3-Methyl-6-chlorophenol 

Nitrophenols (general) 150 ug/l 
(acute) 

Dinitro-o-cresol 

Dinitrophenol 

-30-

Saltwater 
Aquatic 
Life 

400 ug/l 
(acute) 

4,850 ug/l 
(acute) 

Human 
Health 

1.0 ug/l* 
(taste & odor) 

1.0 mg/l 
(toxicity) 

30 ug/l* 
(taste & odor) 

1800 ug/1* 
(taste & odor) 

3000 ug/l* 
(taste & odor) 

20 ug/1* 
(taste & odor) 

13.4 ug/l* 
(toxicity) 

70 ug/l* 
(toxicity) 



concentration. Actual risk assesment calculations for protecting 

the health of specific population groups were not used to calcu

late this standard. Even so, Table 5 shows that wastewater 

from this industry after primary treatment by oil/water 

separation contains higher concentrations of oil and grease 

than allowed by this standard and also higher concentrations 

of polynuclear aromatic hydrocarbons and phenolics than if 

the 100 mg/l oil and grease criteria were met. Further, the 

concentrations of polynuclear aromatic hydrocarbons and 

phenolics that correspond to 100 mg/1 oil and grease are 

much higher than the ambient water quality criteria given in 

Table 10. 

Phenolics are toxic and in some cases bioaccumulative 

and carcinogenic. Phenol, pentachlorophenol, 2,3,4,6-tetra

chlorophenol, 2,4,6-trichlorophenol, and 2,4-dichlorophenol 

are given highly toxic ratings in N. Irving Sax's Dangerous 

Properties of Industrial Materials. 2,4,6-Trichlorophenol 

has been identified by the Agency as a compound exhibiting 

substantial evidence of being carcinogenic. In addition, 

2,4,6-trichorophenol has been reported to be mutagenic, 

and pentachlorophenol has shown mutagenic and teratogenic 

effects. 

Many polynuclear aromatic hydrocarbons are known to be 

toxic, ~utagenic, teratogenic and carcinogenic. Benz(a)

anthracene and chrysene have been identified by the Agency 

as compounds exhibiclng substantial evidence of bein~ 
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carcinogenic. Additlonal informatlon and speclfic references 

on the adverse effects of the following substances can be 

found in Appendix A: These substances are also designated as 

prlority pollutants under Section 307(a) of the Clean Water Act. 

Pentachlorophenol 
Phenol 
2-Chlorophenol 
p-Chloro-m-cresol 
2.4-Dimethylphenol 
2.4-Dinltrophenol 
Trichlorophenols 
Tetrachlorophenols 
2.4-Dinitrophenol 

Creosote 
Chrysene 
Naphthalene 
Fluoranthene 
Benzo[b]fluoranthene 
Benzo[~]pyrene 

Indeno[l.2,3-cd)pyrene 
Benz[a]anthracene 
Dibenz[a]anthracene 
Acenaphthalene 

B. Migratory Potential of Hazardous Constituents 

In light of the extreme danger posed by these waste 

constituents, the Agency would require some assurance that 

these waste constltuents will not migrate and persist to warrant 

a decision not to list these waste streams. No such assurance 

appears readily available. 

Many of these waste constltuents, in fact, have proven 

capable of migration, mobility and persistence. Chrysene, 

naphthalene, benz(a)anthracene, and other polynuclear aromatic 

hydrocarbons have been detected in rivers, demonstrating 

ability to persist.C20) The migratory potential and 

persistence of phenol, trlchlorophenol and dichlorophenol 

ls confirmed by the fact that these constltuents have been 

identified in samples taken at the Love Canal slte in Niagara, 

Falls, New York.(28) Dichlorophenol has also been found in 
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school and basement air at Love Canal, demonstrating ability 

to migrate and persist in the air {See "Love Canal, Public 

Health Bomb, a Special Report to the Governor and Legislature", 

New York State Department of Health,1978.) 

The American Wood Preservers Association examined the 

leaching in soil of pentachlorophenol at concentrations that 

would appro~imate condition~ of treated wood in contact with 

the ground.(4,12) Soils containing 100 and 300 ppm penta

chlorophenol resulted in a leachate containing less than 

0.01 percent of the original concentration of the pentachloro

phenol in the soil. However, the concentration levels in these 

stud~es were less than those whlch have been found in some 

wood preserving plant wastes. Additionally, the binding 

ability of soil with phenols may be much greater than that 

of biological treatment or other residue sludges. Thus, the 

predictive ability of an experiment showing a small amount of 

leaching for pentachlorophenol contaminated soils may not be 

applicable to treatment plant sludges. That pentachlorophenol 

will leach and migrate in actual mismanagement cases is ln 

any event demonstrated by the damage incidents described 

below. 

Creosote compounds have also demonstrated the ability 

for mobility and persistence. An actual damage incident of 

surface and groundwater contamination due to improper manage

ment of wood preserving chemicals, including creosote and 

pentachlorophenol, confirms the migratory potential, mobility 

_,,_ 



and persistence of the waste constituents in these wastes. 

In the 1950's 1 waste chemicals including creosote and other 

types of wood preserving chemicals were injected into wells 

in Delaware County, Pennsylvania. The injected wastes migrated 

into groundwater, infiltrated a storm drain sewer, and discharged 

into a small stream, causing biological damage. Although 

injection of the wastes into the wells ceased in the 1950's, 

contamination was first observed in 1961.(21) Thus, the 

waste constituents proved capable of migration via both 

ground and surface waters, and were able to persist and 

cause damage for long periods of time. 

Two other mismanagement incidents demonstrate both the 

potential for migration and persistence of wood preserving 

plant wastes. In one incident, creosote was found to migrate 

from wood preserving treatment into the groundwater supply 

of a neighboring community (29). ·A very recent incident 

(September 14, 1980) of groundwater contamination by penta

chlorophenol from a wood preserving plant occurred in Jacksonville, 

Florida. This sludge dump on the company property was allegedly 

responsible for contamination levels of pentachlorophenol in 

adjacent residential property groundwater at levels as high 

as 0.50 ppm. Drinking water was so far not found to be 

contaminated at an experimental detection limit of 12 ppm 

pentachlorophenol, but nitrophenol and 2-chlorophenol were 

detected though not quantified. Soil samples at one location 

adjacent to the facility contained up to 24 ppm pentachloro

pheno1. C 30) These incidents demonstrate empirically that 
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these sludges, if mismanaged, may cause substantial harm to 

humans or other environmental receptors. 

The mobility and persistence of polynuclear aromatic 

hydrocarbons also is shown by a number of damage incidents. 

Although these incidents do not involve the wood preserving 

industry, they do show that PAHs may migrate from creosote

containing wastes, and prove persistent upon release. 

A company in Minnesota handled, stored, treated and 

disposed of coal tar, creosote oil and other products for 

over 50 years in an 80-acre site. While the operation 

supposedly included discharge of waste products into a ponding 

area, there were apparently numberous cases of spills, leaks, 

pipeline breaks, and burial of wastes over the years. As a 

result, chemicals associated with the company's process, 

among these polynuclear aromatic hydrocarbons, migrated as 

far as two miles. Five drinking water wells contaminated by 

the toxic wastes were closed in 1978 and 1979 after operations 

were stopped in 1971.(31) 

A coke company in St. Paul used a l0'xl3' unlined basin 

to dispose of oil, grease, various hydrocarbons and phenols. 

Inspection at the time of sale of this property revealed 

both soil and groundwater contamination with polynuclear 

aromatic hydrocarbons as far as 1400 feet from the pit.C31) 

Another reason for thinking that the hazardous constituents 

in these wastes could prove sufficiently mobile to reach 

groundwater is the large quantities of waste generated. We 

believe the attenuative capacity of the environment surrounding 
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these facilities could be reduced or used up, since large 

quantities of bottom sediment sludge containing such large 

concentrations of harmful constituents are disposed of in 

landfills or sometimes allowed to accumulate at the bottom 

of ponds and lagoons for long periods of time. 

Finally, many of the constituents of concern are highly 

bioaccumulative in environmental receptors. Benz(a)anthracene 

and pentachlorophenol are extremely bioaccumulative with 

octanol/water partition coefficients of 426,579 and 102,000, 

respectively. Tetrachlorophenol, trichlorophenol and dichlorophenol 

are also highly bioaccumulative with octanol/water parition 

coefficients of 12,589, 4,169 and 1,380, respectively (App. B).* 

Thus, the possibility that waste constituents could accumulate 

in harmful concentrations if they reach a receptor further 

supports a hazardous waste listing. 

In light of the above damage incidents demonstrating 

migration and persistence and the extreme dangers to human 

health and the environment posed by these constituents, a 

failure to list this waste as hazardous is not justified. 

C. Exposure Pathways 

Mismanagement of these wastes, therefore, could lead 

to environmental contamination since constituents are available 

*An octanol/water coeficient of 100 means that after an 
aqueous solution of the tet compound is intimately mixed with 
octanol and allowed to separate, there will be 100 times as 
much of the test compound in the octanol than in the water. 
Solubility of a substance in octanol models its solubility !n 
body fat tissue and is, therefore, indicative of bioaccumulation 
potential. 
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for release and are likely to persist following release. 

Thus, as previously noted, the wastewaters generated by wood 

preserving operations are typically treated by evaporation, 

combined biological and irrigation process, or incineration. 

Bottom sediment sludge, generated by the treatment of the 

wastewater, is typically disposed of in an off-slte landfill, 

after prolonged storage in holding lagoons. 

another possible disposal method. 

Incineration is 

The treatment of wastewater in ponds and/or lagoons, if 

mismanaged, could lead to the release of hazardous constituents 

by leaching from the resulting sludges, particularly in 

light of these constituents' demonstrated propensity for 

migration. These waste constituents could thus contaminate 

groundwater if ponds or lagoons are unlined or lack adequate 

leachate collection systems. Siting of wastewater treatment 

facilites in areas with highly permeable soils could likewise 

facilitate leachate migration. The bottom sediment sludges, 

which form at the bottom of wastewater treatment ponds or 

lagoons, could thus release harmful constituents and contaminate 

groundwater. As previously noted, these sludges may be 

allowed to sit at the bottom of ponds for five years or longerC8,4 4 ), 

thus increasing the potential for release of harmful constituents 

and for eventual groundwater contamination. 

There is also a danger of migration into and contamination 

of surface water if ponds and lagoons are improperly designed 

or managed. Thus, inadequate flood control measures could 



result in washout or overflow of ponded wastes. 

Disposal of bottom sediment sludge in off-site landfill, 

if mismanaged, could also lead to release of hazardous constituents. 

The waste constituents of concern may migrate from improperly 

designed or managed landfills and contaminate ground and 

surface waters. 

Transportation of these sludges off-site increases the 

likelihood of mismanafment and of their causing harm to 

human health and the environment. Mismanagement of sludges 

during transportation thus may result in hazard to human 

and wildlife through direct exposure to harmful constituents. 

Furthermore, absent proper management safeguards, the waste 

might not reach the designated disposal destination at all. 

The harmful constituents in the waste also present 

a health hazard via an air inhalation pathway. Studies on 

actual pentachlorophenol and creosote process wastewater 

samples using a laboratory scale pan evaporator indicated 

that a large percentage of the constituents of pentachloro

phenol and creosote were entrained in the vapors after several 

hours of heating at temperatures up to 88°c.(18) 

A letter from the manager of Kopper's Co., Inc. 

indicated that evaporation of pentachlorophenol effluent from 

a pan evaporator or cooling tower or other spray device could 

increase the amount of PCP discharged into the air and into 

the general environment. No supporting analytical data was 

provided (27). Thus. evaporati~a of wastewaters in ponds, 

lagoons, stripper/cooling towers, evaporation pans, and 
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incineration of wastewaters or sludges could lead to the 

release of hazardous and volatile constituents into the air. 

Disposal of sludges by incineration is another type 

of management which could lead to substantial hazard. Improper 

incineration might result in serious air pollution by the 

release of toxic fumes occurring when incineration facilities 

are operated in such a way that combustion is incomplete. 

The formation of more toxic compounds such as polychlorinated 

dibenzo-p-dioxins or dibenzo-furans during the combusion of 

pentachlorophenol mixtures is also possible.(23,24,25) These 

conditions can, therefore, result in a significant opportunity 

for exposure of humans, wildlife and vegetation, in the 

vicinity of these operations, to potentially harmful substances. 
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Response to Comments - Wood Preserving Industry 

One commenter raised a number of questions with respect to 

the hazardousness of waste KOOl (Bottom sediment sludge 

from the treatment of wastewaters from wood preserving 

processes that use creosote and/or pentachlorophenol) and 

the proposed listing (wastewater from wood preserving 
I 

processes that use creosote or pentachlorophenol). 

1. The commenter first states that RCRA was not 

intended to cover the treatment and disposal 

activities of such facilities (i.e., at wood 

preservers), but rather was designed to eliminate 

abuses in waste treatment and disposal such as 

at Love Canal. The commenter then argues that 

these wastes are already adequately regulated 

under the Clean Water Act (CWA) and that the 

listing of wastewaters resulting from wood 

preserving and the sludge generated when the 

wastewater is treated will result in an ex-

pensive burden to the wood preserving industry 

without any commensurate public benefit. 

The Agency strongly disagrees with the 

commenter's claims. The Resource Conservation 

and Recovery Act was enacted by Congress to 

control the improper management of hazardous 

wastes. Although the Act has several objectiveq 
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(including the promotion of resource recovery 

and the proper management of non-hazardous 

solid waste), Congress' overriding concern 

in enacting RCRA was to establish a national 

system which would ensure the proper management 

of hazardous waste. Nowhere in the Act or in the 

legislative history does Congress make a distinction 

between the types of treatment, storage or disposal 

facilities the Act was meant to control. T~ fact, 

the Act is quite clear as to the extent of coverage; 

all wastes identified or listed by EPA as hazardous 

will be subject to the Federal "cradle-to-grave" 

management system for hazardous wastes. Therefore, 

hazardous waste treatment, storage and disposal 

facilities at wood preserving plants clearly may 

be subject to the requirements of RCRA. 

The Agency also disagrees with the commenter's 

claim that these wastes, if managed in conformity 

with current effluent regulations, present no 

serious threat to human health and the environment. 

First, the comment is not even relevant to the 

listing of bottom sediment sludges. With regar~ to 

the proposed listing of process wastewater, it 

should be pointed out that under the CWA the Agency's 

authority is limited to the actual point source 

discharge into navigable wa~ers~ and not to the 
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industrial wastewaters upstream from the point of 

discharge. Environmental hazards posed by wastewaters 

in treatment and holding facilities--primarily 

groundwater contamination and the vaporization of 

v~latile organic mateTials--tberefore is not controlled 

under the CWA or other environmental statutes (See 

the Part 261 preamble for more detailen discussion 

of regulatory authority of wastewaters 45 FR at 

3309 (May lq, 19RO)). 

Secondly, the fact that waste effluent is 

treated prior to point source discharge does not 

guarantee that human health and the environment is 

protected adequately during the treatment process. 

EPA believes that there ts in fact a strong potential 

for hazardous volatile emissions from certain 

wastewater treatment processes using heat (i.e., 

pan evaporation or thermal ponds), which are currently 

used by the wood preserving iqdustry. For example, 

in a laboratory pan evaporator test*, pentachlorophenol 

was detected and quantitatively recovered from 

the vapor phase. In this test, large percentages 

of the original pentachlorophenol in the waste~ater 

was recovered in the volatile emissions after 3 to 

4 hours of heating at temperatures up to R8.2°C. 

* Accurex Report, 1980. 
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Emissions of naphthalene, acenaphthene, fluorene 

and phenanthrene/anthracene --all hazardous 

constituents--also were found from creosote waste-

water pan evaporator tests.* Additionally, in a 

letter from the manager of Kopper's Co., Inc.**, 

it was indicated that evaporation of pentachlorophenol 

effluent from a pan evaporator, cooling tower, or 

other spray device would increase the amount of 

pentachlorophenol discharged into the air and 

into the general environment. 

Furthermore, incineration is also used by the 

wood preserving industry as a method for managing 

wastewater (although the Agency does not currently 

know to what extent). Disposal by incineration, 

if mismanaged, could result in the release of 

toxic fumes when incineration facilities are operated 

in such a way that combustion is incomplete (i.e., 

the formation of toxic compounds such as polychlor-

inated dibenzo-p-dioxins and dihenzofurans during 

*The normal volatility of pentachlorophenol and of the 
components of creosote and pentachlorophenol would be greatly 
increased by the common phenomenon of co-distillation, or 
the additive vapor pressures of the components of the two 
phase oil/water system. (see WJ Moore, Physical Chemistry, 
or any similar undergraduate chemistry text.) Therefore, 
the Agency cannot accept data on the volatilization temper
ature of individual components of creosote and pentachloro
phenol as predicting the volatilization temperature during 
a steam distillisation process, as exists during pan 
evaporation. 

**Arenault, ~.D., Feb. 13, 1980, Private comaunication to 
n. Costle, Administrator, U.S. EPA. 
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the combustion of pentachlorophenol mixtures, as 

well as volatilizing of pentachlorophenol and 

creosote*). Therefore, the Agency strongly believes 

that mismanagement of these wastewater& could lead 

to a large amount of pentachlorophenol, creosote 

components and other volatile organics volatilizing 

into the atmosphere creating a substantial present 

or potential hazard to human health and the environ-

ment. Assertion of RCRA jurisdiction provides a 

logical means of dealing with this potential problem. 

Finally, with respect to the commenter's concern 

as to the economic impact these regulations will have 

on the wood preserving industry, the Agency has 

reviewed carefully the legislative history of RCRA 

and finds no indication that Congress intended 

adverse economic impact to be considered in imple-

menting Subtitle C of RCRA. Nor is there any 

explicit requirement in the Act directing EPA to 

consider costs in the development of its regulations, 

as appear in other environmental statutes. Rather, 

*Chemical Engineering News, Sept. 24, 1979, p. 27; Jansson, 
~. and G. Sundstrom, 197R, "Formation of Polychlorinated 
Dibenzo-p-dioxins During Combustion of Chlorophenol Formu
lations", Science Total Environment, 10, 209-217; Rappe, 
c. and M. Stellan, 1978 "Formation of"""'Polychlorinated 
nibenzo-p-dioxins (PCDDs) and Dibenzofurans (PCDFs) by 
Burning or Heating Chloroohenates", Chemosphere~ No. 3, 
p. 269. 
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the Agency is directed to protect human health and 

the environment. This being the case~ we do not 

believe consideration of economic impact to be 

relevant in making ha~ardous vaste listing deter

minat lons. 

2. ~he coamenteT then argued that the overwhelA1ng 

majorlty of data contsined in the listing background 

doc~ment on wood preserving pertains only to waste-

water treatment sludge. and not to wastewater ltself. 

In fact, the commente~ points out that only Table 5 

on pg. 155 (May 19, 1980 listing background document) 

contains any indlcation that the hazardous constituents 

may be present in wood treating wastewater. and even this 

table fails to give arty indication of the concentrations 

of those substances. Therefore, the commenter argues that 

thls limited information in no way justifies the summary 

conclusion that wood treating wastewater will contain 

"significant• concentrations of either "toxic phenolic 

compounds and volatile organic solvents such as benzene", or 

"toxic polynuclear aromatic components of creosote 

and volatile ot"ganic solvents such as tolu.ene." 

Thus, the com~enter believes the Agency has failed 

to establish any factual predicate for listlng 

wood preserving wastewater as hazardous. 

The Agency agrees with the commenter that the 

listing background document on wood preserving 
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contained only limited data on the composition and 

concentrations of the toxic constituents present 

in the wastewater. However, the Agency also believes 

that sufficient information was available in the 

record (which the commenter has been known to 

review) to support the listing of this waste stream. 

For examplet in the draft report, "Wood Treating 

Industry ~ultimedia Emission Inventory", prepared 

by the Ac:urex Corp., June 1980 (cited by the 

commenter), analysis of wastewaters from both the 

steam and boulton conditioning processes shows 

levels of phenolic compounds and polynuclear aromatic 

compounds in a number of the samples which are many 

times higher than the ambient water quality criteria 

standards. The listing background document has 

been amended by adding new data giving untreated 

waste~ater pollutant concentrations and the levels 

of these pollutants in ambient water which may 

adversely affect aquatic life and human health. 

(Reference Nos. 18,19,34). We also have reopened 

the comment period to receive addit~onal comment 

on this new data. Additionally, if wood preserving 

plant wastewater did not typically contain significant 

levels of a number of toxic contaminants, then 

effluent limitations would not have been place<l on 

this industry under the Clean Water Act. 
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3. The commenter also objected to the Agency's con-

clusion that these wastes are uniform throughout 

the country. The commenter believes that EPA 

has failed to take into account the various tech-

nologies and treatment methods used which would 

lead to variations in the concentration of the 

toxic constituents in the wastes. For example, 

the commenter indicated that sludges generated by 

evaporation wastewater disposal mechanisms such as 

cooling towers will contain relatively high concen-

trations of pentachlorophenol and certain other 

substances, whereas bottom sediment sludges from 

biological wastewater treatment lagoons generally 

contain markedly lower concentrations of pentachloro-

phenol. The sa~e lack of uniformity also applies 

to wastewater because of the variations in preserva-

tion technologies an~ wastewater treatment technologies. 

For example, the commenter indicated that the concen-

tration of pentachlorophenol in wastewater generated 

in the steam conditioning process, for instance, 

typically range from 1.2 mg/l to 106 mg/l.* Therefore, 

the commenter believes that due co the wide range 

in the concentrations of the hazardous constituents, 

*Wood Treating Industry Multimedia Emission Inventory, Corp.: 
June 1980. 
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wood preserving wastewaters and sludges do not 

exhibit sufficient uniformity to be listed as 

hazardous wastes.* 

In responding to this comment, the Agency 

emphasizes that listing of wood preserving waste

water treatment sludges and wastewaters is justified 

even if these waste streams have widely varying 

compositions, provided that wastes meeting this 

description typically or frequently are hazardous. 

More extensive review of the concentration levels 

of the constituents of concern have been included 

in the revised listing background document. These 

are contrasted with the concentration levels found 

to adversely affect aquatic organisms or human 

health which have been set as ambient water quality 

criteria levels found in Table 10 of the listing 

background document {these ambient water quality 

criteria have recently been signed by the Administrator 

and are now awaiting Federal Register publication). 

In all cases, the wastes contained several of the 

*The commenter also included data in their comments taken from 
EPA's Background Document for Effluent Limitations, Guidelines 
and Standards for Timber Products Processing (October 1979) 
which in~icates the concentration of the toxic contaminants 
in the wastewater to be low. qowever, this data represents 
the concentration of these contaminants in the treated effluent 
wastewater. The Agency believes that this data is inappro
priate on which to make a decision on the hazardousness of 
nntreate~ wastewater. 
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constituents of concern at concentration levels 

many orders of magnitude greater than those in 

Table 10. For example, compare the comnenter's 

low range concentration of 1.2 mg/1 pentachloro

phenol in untreated wastewater with the concentration 

of 3.2 ug/l (0.0032 mg/l) which has been found to 

be acutely or chronically toxic to some freshwater 

aquatic species. A hypothetical waste concentration 

of 1 mg/l polynuclear aromatic hydrocarbons should 

be compared to the ambient water quality criteria 

of 2.8 ng/l (0.0000028 mg/l) necessary to prevent 

a human cancer risk of one in 106. 

Under certain conditions, a concentration of 

a substance in a waste stream which is greater 

than the ambient water quality criteria may not 

present a threat to the environment or to human 

health. An effluent containing l mg/l polynuclear 

aromatic hydrocarbons could be released to certain 

remote navigable waters where no significant 

exposure to humans or aquatic life results. 

Alternatively, this same waste could potentially 

be managed in such a way as to significantly 

affect the quality of the environment and human 

health by, for example, drinking water contam

ination on adjacent residential property. Ue 

believe the potential causing substantial hazar~ 
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is evident, and that hazardous waste regulation 

therefore is appropriate. 

Therefore, the Agency will continue to list 

these wastes as hazardous because of their extreme 

toxicities. The Agency believes that the burden 

should be on the generator to show that their 

waste is non-hazardous through the de-listing 

process (§§260.20 and 260.22). 

4. The commenter then requested that if the Agency 

decides to list the wastewater and sludge as 

hazardous, a minimum cut-off level below which the 

waste would be considered non-hazardous should be 

set. The commenter argued that this approach is 

consistent with the factors for listing wastes as 

hazardous which are enumerated in Section 261.ll(a)(3) 

and would provide for a more rational basis for 

regulating the industry. Additionally, the comnenter 

felt that setting a minimum concentration would pro

vide owners and operators of covered facilities with 

a fixed yardstick to determine whether they produce 

hazardous wastes and provide significant incentives 

to fall below the threshold level. As a suggestion, 

the commenter recommended that the Agency adopt 

the present effluent limitations of 100 mg/l oil 

and grease for wood treating wastewater since 
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EPA's Effluent Guidelines Division has reporte~ 

that if oil and grease, as measured by Standard 

·1ethods is 100 mg/l or less, then pentachloro

phenol and total polynuclear aromatic hydrocarbon 

concentrations are usually below 15 mg/1 and 1 mg/l, 

respectively. 

The Agency agrees with the commenter that 

setting a minimum cut-off level below which the waste 

would be considered non-hazardous is desirable; 

however, the Agency has been unable to do this 

since no chronic exposure threshold levels, ex-

cept for those toxic contaminants specified in the 

National Interim Primary Drinking Water Standards 

(NIPDWS), relating to drinking water have been 

established. Additionally, the Agency is concerned 

with the possibility of volatile emissions from 

the wastes but again no chronic exposure thresh-

hold levels relating to air emission standards have 

been established. Therefore, the Agency will not 

set a minimum cut-off level for these wastes, but 

rather will continue to evaluate the hazardous-

ness of these wastes after considering the factors 

specified in §261.ll(a)(3). 

We also note that effluent discharge levels 

established by the Effluent Guidelines Division 

-54-



are not necessarily appropriate in evaluating 

whether a waste is hazardous, since the effluent 

limitation level is based on the pollutant re~uction 

achieved by Best Available Technology, which standard 

not only is technology-based, but takes economic 

considerations into account. The RCRA standard, 

"may pose a substantial present or potential hazard 

to human health or the environment when improperly 
0 

managed" (§lr04(5)(B)), is much broader since it is 

neither technology based, nor are economic consider-

rations relevant. We therefore do not accept the 

argument that effluent guideline indicator limitation 

levels should be used to gauge a waste's potential 

to cause substantial harm if mismanaged. 

5. T~e commenter also indicate~ that a number of 

fundamental mistakes were made by the Agency in 

characterizing these wastes. For example, both 

benzene and toluene are cited as present in both 

the wastewater and sludge. With respect to waste-

water, the commenter indicates that these constituents 

are likely to be found only in treating plants 

which utilize vapor drying, and thus cannot be 

considered as typical of the industry's wastes. 

Further, the commenter points out that these substances 

are likely to be present in only minute quantities. 
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ttoreover, the listing background document contains 

no evidence that either benzene or toluene are 

ever present in wood treating wastewater sludge. 

However, the commenter points out that both benzene 

and toluene are listed as constituents of concern 

for the wastewater treatment sludge. 

In re-assessing the data, the Agency agrees 

with the commenter and has revised the listing 

background document to reflect these changes. 

Additionally, benzene and toluene have been removed 

as constituents of concern for both the wastewater 

and bottom sediment sludges. 

6. The commenter also felt that data taken from the 

California state hazardous waste manifests (i.e., 

concentration data of pentachlorophenol (5-20%) 

in the botto~ sediment sludge) was inaccurate and 

refers not to the concentration of pentachlorophenol 

in the sludge, but rather to the concentration of 

pentachlorophenol in the original treatment solution. 

Therefore, the commenter requested that EPA re

examine the accuracy of this data. 

In contacting Dr. David Storm of the Depart

ment of Health, State of California, the Agency 

has confirmed the accuracy of this data. We thus 

will continue to include this data in the listing 

background document to support the listing of the 

bottom sediment sludge. 
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7. The commenter then argued that the listing back

ground document was incorrect in its statement that 

bottoo sediment sludge may accumulate in wastewater 

treatment ponds for about five years prior to 

removal (B.D., PP• 153 and 164). The commenter 

pointed out that sludge from biologically active 

lagoons may never be removed. 

The Agency has amended the listing background 

document to include this information. 

8. The commenter then felt that EPA had severely 

mischaracterized the biodegradability of penta

chlorophenol, i.e., the commenter believes that 

pentachlorophenol is "readily biodegradable." 

The Agency disagrees with the commenter's 

claim. In data submitted by the commenter, penta-

chlorophenol in concentrations of 200 ppm or less 

did not degrade for 205 days. The Agency believes 

that this period of time is not insignificant, and 

in fact, is concerned that pentachlorophenol will 

volatilize into the atmosphere or migrate into 

groundwater over this time period and will create 

a substantial hazard to human health and the environ

ment, especially due to the toxicity of pentachloro

phenol. The Agency also believes that because of 

the higher concentrations of pentachlorophenol found 

in some wood preserving sludges, the biodegradability 
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of this compound would be less, as discussed in the 

listing background document. Additionally, penta-

chlorophenol has been found to persist in warm moist 

soils for a period of 12 months,* and also has 

been detected in human and animal tissues showing 

that pentachlorophenol in its present ambient 

environmental concentrations does not degrade 

readily enough to prevent detectable levels in 

human and animal tissues.** 

The American Wood Preservers Institute itself 

has acknowledged the difficulty of biodegradation 

of sludge containing greater concentrations of 

pentachlorophenol by the following statement: 

"While the activated sludge in POTWs has 

the capacity to biodegrade penta[-chloro-

phenol], sludge from evaporative disposal 

mechanisms generally contain high concen-

trations of wood preserving materials and 

consequently will not biodegrade unless 

diluted."*** 

Finally, actual damage incidents have demon-

strated the ability of pentachlorophenol and 

*Harvey, W.A. and A.S. Crafts, 1952, "Toxicity of 
PCP and its Sodium Salt in Three Yolo Soils", 
Hilgardia 21, 487. 

**U.S. EPA, Office of Drinking Water, 1980, Penta
chlorophenol Ambient Water Criteria Document. 

***AWPI, Corn~ents on Timber Products Processing Point 
Source Category, Feb. 15, 1980. 
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creosote to persist in the environment for several 

years. These incidents show empirically that 

pentachlorophenol can persist in concentrations 

sufficient to cause substantial harm if mismanaged. 

Therefore, the Agency does not consider penta

chlorophenol ·readily biodegradable" and will 

continue to include pentachlorophenol as a consti

tuent of concern in the listing of these wastes. 

9. The commenter then argued that there is no evidence 

that tetrachlorodibenzoparadioxin (TCDD) is present 

as a constituent of wood treating wastewater or 

bottom sediment sludge as indicated in the listing 

background document (footnote no. 2. pg. 155). 

In re-evaluating the available data, the 

Agency agrees with the commenter that current data 

does not indicate the presence of tetrachlorodi

benzoparanioxin in the listed wastes except where 

these wastes are incinerated, since polychlorinated 

dibenzo-p-dioxins are formed during the incomplete 

combustion of pentachlorophenol mixtures. There-

fore, the listing background document has been 

modified to reflect this change. Other chlorinated 

dioxins have been found in commercial pentachloro

phenol (Table 4) and couln therefore be expected 

to be present in very small amounts in some wastes. 

10. The commenter also argued that EPA's biblicgraphJ 
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is incomplete and of ten contains only one side of 

the story on many issues relating to wood preserving. 

For example, the commenter pointed out that refer-

ences 15 and 16 are alarmist articles concerning 

suspected diverse health effects from penta-treated 

wood while the final report "Miami Epidemiologic 

Studies Program,"* which found no correlation with 

any regulatory used wood preserving chemical and 

no connection whatsoever with wood treating wastes, 

was not cited in the listing background document. 

Additionally, the commenter pointed out that 

several of the studies relied upon by EPA contain 

inaccuracies which have not yet been corrected 

although the Agency has been made aware of these 

problems. 

In preparing the listing background document, 

the Agency has relied for the most part on data/ 

reports that were available to the Agency. There 

may have been some studies the Agency was unaware 

of which were not included in the listing background 

docuraent. The Agency agrees with the commenter 

that as much data as possible should be considered 

*Aldrich, T.E. and R.C. Ouncan, "Investigation of 
Citizen Reported Increase of Cancer Mortality and 
Morbidity in ttadison County, Kentucky in Relation 
to Pentachlorophenol Exposure," October 24, 1979. 
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in making a determination on the hazar~ousness 

of the waste. Therefore, the Agency has modified 

the bibliography and will include other studies 

that are pertinent, including the Miami Epidemiologic 

Studies Program cited by the commenter. 

The Agency would like, however, to make a few 

comments with respect to this study. The commenter 

characterized the study as having found no correlation 

between exposure to regularly used wood preserving 

chemicals (i.e., pentachlorophenol) and chronic 

disease. While the Agency believes that this 

study may not provide the basis for proof of a 

correlation between exposure to wood treated with 

pentachlorophenol and chronic disease,• the Agency 

does believe it provides enough positive data to 

be provocative. For example, the study concluded 

that "(i]n any case, there would appear to be a 

suggestion of the need for the study of a possible 

risk between occupational exposure to pentachloro-

phenol treated materials and leukemia." Additionally, 

in the November 16, 1979, clarification memorandum 

included in this study, the statement is made by 

*Some of the reasons the Agency believes this study 
does not provide the basis of proof include its 
limited scope, the inadequate time span allowed 
from exposure to observation of ~alignant disease, 
the possibility tha~ the pentachlorophenol use~ 
at the tioe of exposure contained greater amount 
of contaminants, etc. 



the researchers "[t]hat six (five depot employees 

and one co~munity) cases from this category [chronic 

lymphocytic and chronic myelocytic leukemia] would 

have a common association to pentachlorophenol is 

remarkable." Therefore, the Agency believes that 

this study in no way conflicts with the listing 

background document, or our decision to list penta

chlorophenol as a waste constituent of concern~ 

With respect to the other studies the commenter 

cites which contain inaccuracies, the Office of 

Solid Waste has cited data only from those portions 

of the report which are accurate. Therefore, the 

Agency believes that it can continue to utilize 

this data. It should be noted, however, that the 

Agency expects to correct the inaccuracies in these 

reports as soon as possible. 

11. The commenter also argued that the Agency has 

failed to cite a single incident of mismanagement 

of sludge from wood preserving wastewater treat

ment or wood preserving wastewater which has 

resulted in any sort of environmental problem. 

The commenter pointed out that although this 

criterion is listed as relevant to a hazardous 

waste listing in §261.ll(a)(3)(ix), the absence 

of any such problems over the history of the wood 

treating innustry does not appear to have received 
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any attention from EPA. Therefore, the commenter 

believes that the Agency has failed to adequately 

assess either the potential for harm from wood 

preserving wastes or any actual harm which has 

resulted from sludges from treatment of wood 

preserving wastewater or the wastewater itself. 

The commenter misperceives the regulatory 

mechanism adopted by the Agency for identifying 

hazardous waste through the listing process. The 

factors listed in §261.ll(a)(3) need not all be 

present for a ~aste to be listed as hazardous. 

While this factor is relevant in aaking listing 

determinations, a waste need not actually have 

been mismanaged for it to be considered hazardous. 

In fact, the definition of hazardous waste cited 

in the Act supports this interpretation, since a 

a waste ls hazardous if lt ".!!!L pose a substantial 

hazard ••• if improperly managed. • • Congress 

thus clearly indicated that damage did not have 

to be demonstrated before designating a waste as 

hazardous. If this interpretation was not taken 

only those wastes which have caused environmental 

insult could be designated as hazardous. The 

entire rationale for enacting RCRA, to prevent the 

mismanagement of hazardous waste and the resulting 

potential for creatin~ substantial harm to hu~an 
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health and the environment, would be undermined. 

Therefore, the Agency believes that actual damage 

does not have to be demonstrated, but only to show 

that the waste, if improperly managed, may pose a 

substantial hazard to human health and the environ

ment which the Agency believes it has done for the 

two wastes generated from the wood preserving 

industry. 

In any case, we have considered whether these 

wastes have been involved in damage incidents, and, 

as shown in the listing background document, mismanage

ment and actual da~age have indeed occurred. We 

believe these incidents show empirically that these 

wastes are capable of posing substantial hazard if 

misManaged and thus warrant listing. 

12. The commenter argued that the Office of Solid Waste 

has failed to coordinate and take into account the 

actions of other branches of EPA (i.e., Effluent 

Guidelines Division and the Special Pesticide Review 

Division, etc.) with respect to the wood treating 

industry. More specifically, the commenter believes 

that the hazardous waste regulations have the potential 

to overlap or conflict with programs under the Clean 

Air Act, the Clean Water Act (i.e., regulations to 

be promulgated on effluent limitations applicable 

to the wood treatin8 industry) and the Federal 
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Insecticide, Fungicide and Rodenticide Act (i.e., 

the RPARs the Agency is currently considering 

against the three wood preservative chemicals, 

pentachlorophenol, creosote and the inorganic arsen

icals). Therefore, the commenter believes that any 

regulations promulgated under RCRA must be coor

dinated with other parts of the Agency to avoid 

confusion in the regulated community caused by 

conflicting and environmental programs. 

In preparing the listing background document 

on the wood treating industry (May 2, 19RO), the 

Agency had discussed the various aspects of these 

listings--wastewater and bottom sediment sludge 

from the wood treating industry--with other of fices 

within the Agency before promulgating these regula-

tions. Therefore, the Agency did attempt to avoid 

any internal inconsistencies. ~owever 1 to ensure 

that any inconsistencies that still remain are 

either straightened out or fully explained, the 

Office of Solid Waste has discussed these listings, 

along with the comments received by the American 

Wood Preservers Institute (AWPI), with both the 

Effluent Guidelines Division and the Special Pesticide 

Review Division. It should be noted, however, 

that part of the confusion expressed by the commenter 

may he due to their misunderstanding of the authorities 
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and objectives on the various pieces of environmental 

legislation (e.g., see response to comments nos. 1 

and 16 in this background document). 

13. The commenter then argued that the quantities of 

waste generated from wood preserving are not large, 

and thus do not pose the degree of risk which would 

warrant subjecting the industry to the burdensome 

reporting, monitoring, recordkeeping, financial and 

insurance requirements under Parts 264 and 265. 

Additionally, the commenter argued that wood 

preservers do not actually accumulate significant 

amounts of hazardous waste on-site since their 

treatment processes renders the waste materials 

innocuous. 

The Agency disagrees with the commenter. 

Data presented in the listing background document 

indicates that approximately 200 million gallons 

of wastewater are generated annually of which approx

imately 90 percent is treated to generate bottom 

sediment sludge. Additionally, data provided by 

the American Wood Preserver's Association indicates 

generation of total process solid wastes of between 

A30 to 1530 metric tons/yr, which in the Agency's 

opinion is a significant quantity of waste, especially 

in light of the extreme toxicities of the constituents 

of conc~rn in these parti=ular wastes. Therefore, 
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the Agency believes that these wastes are generated 

in sufficient quantity and do pose a risk substantial 

enough to warrant control under the hazardous waste 

management control system. 

With respect to the commenter's claim that 

the treatment processes render the waste materials 

innocuous, the Agency would like to make two points. 

First, the Act requires that any process which 

treats a hazardous waste requires a permit under 

RCRA, thus is subject to control under Subtitle C 

of RCRA. Second, the Agency believes that insuffi-

cient data has been submitted by the commenter to 

substantiate their claim that these treatment 

processes render the waste materials (i.e., bottom 

sediment sludge) innocuous. In this regard, we 

note that the commenters supplied almost no waste 

analytic data with their comments, even though the 

wastes were originally proposed for listing in 

August, 1979, and even though the July 1980 comoent 

periorl for comment to the Hay interim final listing 

was effectively extended to allow this industry 

time to gather and present such data. (Industry 

comments have, however, been helpful and informative 

in other respects.) Third, information available 

to the Agency indicates that currently practiced 

wastewater treatment processes (e.g., cooling/ 
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stripping towers) generate sludges which in the 

Agency's opinion are not innocuous after consideration 

of the concentrations of wood preserving oil residues. 

Indeed, even biological treatment sludges from final 

retention ponds appear to contain relatively high 

concentrations of particular waste constituents 

(see Table 7 to the listing background document). 

14. Another commenter argued that three chemicals 

mentioned in the listing background document 

(benz[a)anthracene, benzo[b)fluoranthene, and 

benzo(a)pyrene) are not commonly conseituents of 

"modern" creosote. The commenter further argued 

that reported adverse effects may have only been 

caused by certain creosote oils, e.g., those 

containing benzo[a)pyrene. 

The Agency accepts the evaluation conducted by 

the Carcinogen Assessment Group that creosote itself 

has substantial evidence of carcinogenicity, and 

that this propensity derives in part from consti-

tuents other than benzo{a]pyrene. Another component 

of creosote, chrysene, is present in large~ quanti

ties (and was listed by the commenter as a constituent 

even of "modern" creosote) than the three components 

mentioned by the commenter, and has also been 

evaluated by EPA's Carcinogen Assessment Group as 

having substantial evidence of carcinogenicity. 
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Thus, even if the commenter is correct, we would 

not alter the waste listing. 

But in any case, there is evidence that these 

compounds are indeed components of creosote. 

Furthermore, benzo[a]pyrene has been found to 

be present in creosote by sources other than the 

commenter.* It and the other components questioned 

by the commenter also have been found in both 

wastewater and bottom sediment sludges from wood 

preserving plantsC18} and has been detected in 

elevated levels in mussels growing near creosote 

treated timber pilings (39,40} and in the edible 

meat of lobsters maintained in commercial tidal 

compounds constructed of creosote treated timber. 

We thus believe these substances are 

ordinarily found in creosote and can escape into 

the environment to cause substantial harm. 

Therefore, the Agency will continue to include 

these substances as a basis for listing creosote-

containing waste-water and bottom sediment sludges 

from the wood preserving industry. 

15. The commenter argued that pentachlorophenol does 

not meet RCRA's criteria for classification as an 

acutely hazardous waste under section 261.ll(a)(2}, 

*Guerin, 1977 "Energy Sources of Polycylic Aromatic 
Hydrocarbons." Oak Ridge National LaboratoYy. 



and submitted unpublished studies showing that 

pentachlorophenol harl acute toxicity ranges outside 

of the criteria limits set in section 261.ll(a)(2). 

The commenter asserted that the Department of 

Transportation (DOT), which uses the same criteria 

in making determinations of "Poison 8" materials 

responded to the same studies by removing penta-

chlorophenol from its "Poison B list."* 

First, the Department of Transportation did 

not consider the toxicity in its delisting of 

pentachlorophenol. The published rationale for 

the DOT decision** appears instead to consider 

only the fact that pentachlorophenol is a solid, 

instead of a liquid: "This entry is listed with 

quantity restrictions and packaging requirements 

for a liquid, yet the material is a soli~. . ' 
it has therefore been deleted because of the 

uncertainty of entry description." The Agency 

is not able to acknowledge that the nor either 

performed a toxicological validation of the sub-

mitted studies or delisted pentachlorophenol for 

reasons of its correct commercial form. 

*We note in passing that this comment is actually 
addressed to the §261.33 regulation. However, 
since the comment was made in the course of comments 
on the wood preserving industry waste listing, and 
pentachlorophenol is of particular significance to 
this industry, we are responding to the comment here. 

**41 .E.R 40618 (September 20, 1976). 
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The Off ice of Pesticides Programs has assiste~ 

the Office of Solid Waste by reviewing several 

published acute toxicity studies on pentachlorophenol. 

With this validation, the Agency is able to remove 

pentachlorophenol from the acutely hazardous list. 

The studies in question are summarized below. 

One published study showing an oral lethal 

dose of 27 mg/kg was performed as a 0.5% solution 

of pentachlorophenol in fuel oil, and therefore 

was not found indicative of the toxicity of penta-

chlorophenol alone without contribution of toxicity 

from the vehicle. Resides this study, which was 

criticized by the commenter, the Agency is aware 

of two additional studies indicating the possibility 

of an Lnso value below 50 mg/kg. A recent exper-

iment* resulted in an oral LD50 of 36 mg/kg for 

pentachlorophenol ad~inistered to CS7 male mice 

in 40% ethanol. One report estimated the LD50 for 

humans to be as low as 29 mg/kg.** The Ahlborg study 

may also have had toxicity contribution from the 

vehicle. (This study would not have been available 

to the DOT for its 1976 decision.) The Dreisbach 

*Ahlborg. U.G., and K. Larsson. "Metabolism of 
Tetrachlorophenols in the Rat." Arch. Toxicology, 
40, 63 (1978). 

**Dreisbach, R.R. Handbook of Poisoning, Diagnosis 
and Treatment, p. 256 (1963). 
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listing was found too general and without supporting 

data. 

The two unpublished contract sturlies submitted 

to the Agency by the commenter were not subjected 

to validation, since published studies following 

technically more defensible protocol were available. 

For example, the material tested by both International 

BioReseach and Wil Research Laboratories for the 

commenter is described as "49-162 Pentachlorophenol 

from Reichhold Chemicals; small brown crystals 

with a pungent odor.· There is no way for the 

Agency to determine if this substance is technical 

or purified grade, or if it resembles the comoercial 

products of other companies such as Dow or Monsanto. 

No analyses of major impurities was given. The 

crystalline solid tested may have been a product 

of an isolation/purification synthesis step that 

never occurs in the preparation of concentrated 

solutions of pentachlorophenol for major industrial 

use (technical grade). Also, there exists an 

inconsistency between the two studies submitted by 

the commenter in its description of the administered 

nose. One study describes a 1.0% suspension of 

the pentachlorophenol in corn oil and the other 

describes a 50% solution of pentachlorophenol in 

corn oil. It is highly improbable that identical 

pentachlorophenol samples would not dissolve in low 
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concentrations in corn oilt but would dissolve in 

high concentrations. 

16. Finally, the American Wood Preservers Institute 

has argued both ln its comments and in other public 

forums that the Agency should not promulgate hazardous 

waste listings for this industry until the Rebuttable 

Presumption Against Registration (RPAR) process 

for pentachlorophenol and creosote is completed 

by the Agency's Office of Pesticide Programs. (The 

RPAR process is well underway, and is expected to 

be completed within the next six ~onths.) Indeed, 

it is suggested that the Agency may be precluded 

legally from listing these wastes pending completion 

of RPAR review. 

We disagree strongly. The RCRA hazardous waste 

listing process and the Federal Insecticide, Fungi

cide, and Rodenticide Act (FIFRA) cancellation 

process have different objectives and are governed 

by different statutory standards. The FIFRA review 

process balances the environmental hazards with 

the benefits of use of a pesticide. Thus, under 

FIFRA, the key determination for registration or 

cancellation of a pesticide is whether use or 

continued use "generally causes an unreasonable 

adverse effect on the environment." (FIFRA Sections 

3(d), 6(b).) An 'unreasonable adverse effect on 
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the environment' is defined as "any unreasonable 

risk to man or the environment, taking into account 

the economic, social, and environmental costs and 

benefits of the use of any pesticide."* Further, 

in determining whether to issue a notice of intent 

to cancel a registration, the Administrator must 

take into account the proposed action's impact on 

"production and prices of agricultural commodities, 

retail food prices, and otherwise on the agricultural 

economy." (FIFRA Section 6(b).) 

No such balancing is involved in -making hazardous 

waste listing determinations (or in identifying 

hazardous wastes by means of a characteristic) under 

RCRA. Wastes are to be regulated as hazardous if 

they are capable of posing a substantial threat 

to human health or the environment lf managed 

improperly (RCRA Section 1004(5)). No weighing 

of benefits is mentione~ in the statute, nor is 

such a consideration even germane, since the rlis-

position of solid or hazarrlous wastes ordinarily 

bas little if any social or economic benefit (see 

H.R. Rep. No. 94-1491, 94th Cong., 2d Sess. 4 {1976)). 

*{FIFRA 1 Section 2(bb) 1 emphasis supplied; see also 
40 CFR §162.ll{a){S)(iii) (authorizing consideration 
in determining whether to cancel a pesticide use 
of evidence of whether the "economic. social and 
environmental benefits of the use ~f the pesticide 
subj~ct to the ~resu•~t1on outweigh the risk of 
use.") 

-74-



Identification and listing of hazardous wastes 

thus is a significantly different type of deter

mination than RPAR review under FIFRA. Simply put, 

wastes from manufacture of registered pesticides 

may well be capable of posing a substantial threat 

to human health and the environment and thereby be 

listed as hazardous even if the social, economic 

and environmental benefits of use of the pesticide 

outweigh the respective risks and justify its 

continued registration. This being so, we believe 

it inadvisable to defer regulation of these wood 

preserving process wastes pending completion of 

RPAR review since neither determination controls 

the other. Indee~, under the integration provision 

of RCRA (Section 1006(b)), the Agency is to inte

grate its implementation of RCRA and other environ

mental statutes (inclurling FIFRA) "only to the 

extent that it can be done in a manner consistent 

with the goals and policies expresse~ in (RCRA) and 

in the other acts •• • As shown above, the RCRA 

listing process and the FIFRA RPAR review process 

have funda~entally different goals and policies, 

and fundamentally different substantive statutory 

standarrls. We therefore will proceed with our 

listings of these process wastes. 

-75-



We note as a further , and central, reason for 

not deferring regulation that the RPAR process will 

not consider the composition of wood preserving 

manufacturing process wastes or their potential to 

cause substantial harm if mismanaged. These process 

wastes are not pesticides; nor are they registered 

for use. Their potential to cause substantial 

environmental harm if mismanaged is not at issue, 

or even relevant to the RPAR proceeding. We thus 

do not accept the advisability, even as a pragmatic 

matter of deferring RCRA regulation pending completion 

of RPAR review. 
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Solvents in Degre.;:.ing Oparations 

The following spent halogenated solvents 
used in degreasing: tetrachloroethylene, 
trichloroethylene, methylene chloride 
1,1,l-trichloroethane, carbon tetrachlor~de, 
and chlorinated fluorocarbons; and sludg~s 
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greasing operations {T) 
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tr ichlorofluoromethane; and the still 
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benzene, ethyl ether, methyl isobutyl 
ketone, n-butyl alcohol, cyclohexanone, 
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The follo~ing spent non-halogenated solvents: 
cresols and cresylic acid and nitrobenzenei 
and the still bot~oms from the recovery of 
these solvents.(T) 

The following spent non-~alogenated solvents: 
toluene, methyl ethyl ketone, carbon disulfide, 
1sobutanol, and pyridine; and the stlll 
bottoms from the recovery of these solvents 
(I , T) 

Electropldttng and Metal Finishing Operations 

Wastewater treatment sludges from electroplating 
operations except from the following processes: 
(1) sulfuric acid anodizing of alum1num 0 (2) 
tin plating on carbon steel; (3) zinc plating 
{segregated basis) on carbon steel; (4) alumtnurn 
or z1nc-alumlnurn plating on carbon steel; 
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(R,T) 

Spent cydnlde solutions fro~ salt bath ;: -
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(except for p~ecious metal heat treati~~ 

spent cyanlde solutions from salt bath 
pot cleaning) (R,T) 

Quenching wastewater treatment sludges !=~~ 

metal heat treating operations where cy~-~des 
are used in the process (t!xcept for pre.:~.:ius 
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tions (T) 

Spent cydnlde bath solutions froa mlnerdl 
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Hazardous Waste Listing Background Document 

INTRODUCTION 

Subtitle C of the Solid Waste Disposal ~ct, as amended 

by the Resource Conservation and Recovery Act of 1976 creates 

a comprehensive "cra~le-to-grave" management control system 

for the disposal of hazardous wastes designerl to protect the 

puhlic health and the environment from the improper disposal 

of such waste. Section 3001 of that Subtitle requires EPA to 

irlentify the characteristics of and list hazardous wastes. 

Hastes identified or listed as hazardous will be included in 

the management control system created by Sections 3002-3006 

and 3010. Wastes not identified or listed will be subject to 

the requirements for non-hazardous waste imposed by the States 

under Subtitle O. 

Hazardous Waste List 

The purpose of the hazardous ~aste list as required by 

Section 3001 of RCRA is to identify those wastes which may 

present a potential hazard to human health or the environoent. 

The waste so identified is considered hazardous (unless it 

has been excluded froM the list under §§260.20 an~ 2n0.22) 

and subject to the Subtitle C regulations. A solid waste, 

or class of solid wastes is listed if the waste: 

(1) exhibits any of the characteristics identlfie~ In 

Subpart C of the final regulations; or 
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(2) meets the definition of §261.ll(a)(2) of the regu

lations (i.e., rnay cause or significantly contri

bute to, an increase in mortality or an increase 

in serious i~reversible, or incapacitating rever

sible, illness) and thus, presents an acute hazard 

to humans; or 

(3) contains any of the toxic constituents listed in 

Appendix VIII of Part 261 unless, after considering 

any of a number of factors, the Administrator con

cludes that the waste will not meet the criterion 

of §261.ll(a)(3) (i.e., ~ay pose a substantial 

present or potential hazard to human health or the 

environment when it is improperly treated, stored, 

transported, disposed of or otherwise managed). 

The Agency considered several approaches for formulating 

the list. 

types: 

0 

0 

The approaches can be broken down into three main 

~azardous Waste from Non-Specific Sources - these 

are wastes which are generated from a number of 

different sources (i.e., electroplating, etc.) 

Hazardous Waste from Specific Sources - these are 

wastes which would be generated from a very specific 

source (i.e., distillation bottons from the produc

tion of acetaldehyde from ethylene, etc.) 
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0 Conmercial Chemical Products - these are a list of 

co~rnercial che~ical prorlucts or manufacturing 

chemical inter~e<liates which if discar<led either 

as the commercial chemical or nanufacturing chemical 

intermediate itself; off-specification commercial 

chemical pro<lucts or manufacturing chemical inter

merliates; any container or inner liner re~oved 

from a container that has been used to hold these 

commercial chemical products or manufacturing 

chemical intermediate unless decontaminated; or 

any residue or contaminated soil, water or other 

debris resulting from the clean-up of a spill 

into or on any land or water, of these comnercial 

chemical products or nanufacturing chemical inter

Mediates are hazar~ous wastes. 

(This listing background document will cover the first two 

categories; the third category of hazar~ous waste is discussed 

in ~he background document entitled, "Hazardous Waste from 

niscarrling of Commercial Chemical Products and the Containers 

and Spill Residues Thereof." 

HAZARDOUS WASTE FROrt NON-SPECIFIC AND SPECIFIC SOURCES 

On 'fay 19, 198f), as part of its final and interim final 

regulations imple~enting Sections 3001 of RCRA, EPA published 
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a list of hazardous wastes which included 85 wasteq from 

manufacturing processes (§§261.31 and 261.32, 45 FR 33123-

33124). These lists were published in interim final form to allow 

the public an opportunity to commeat on additional data the 

Agency had collected on these wastes since the close of the 

initial public comment period on the proposed Subtitle C 

regulations (43 FR 58957-58959, December 18, 1978). 

At the same time, the Agency also proposed for comment 

eleven additional hazardous waste listings (45 !.! 33136-33137, 

May 19, 1980). All of these wastes were identified by the 

Agency in the course of developing the necessary technical 

data to support the May 19, 1980, interim final hazardous 

waste list. 

The background data used to support these listings came 

primarily from two sources. The majority of this data or 

information comes from studies undertaken by the Agency or 

data available to the Agency (i.e., industry assessment 

studies conducted by the Office of Solid Waste, effluent 

guidelines studies conducted by the Office of Water Planning 

and Standards, health effects and fate and transport d,ta 

compiled by the Off ice of Research and Development and Off ice 

of Water Planning and Standards, damage assessments and 

incidents compiled by the Office of Solid Waste, etc.)*. 

*It should be noted that a number of these documents (e.g., 
pesticide waste background documents) contain confidential 
information. This data has been removed from the document 
and will not be made available to the public. This data, 
however, is part of the Administrative record and is inclu~ed 
in the Agency's case to support the listing. 
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The second source of data came from information collected 

from State Agencies (i.e., manifest data, etc.). 

The Agency received a large number of comments on both 

the interim final and proposed hazardous waste listings. We 

have evaluated these comments carefully and responsed in 

detail in the listing background documents. The respective 

listing background documents have also been revised as 

appropriate and are now "final-final" documents. 
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LISTING BACKGROUND DOCUMENT 

Wastes from Usage of ijalogenated Hydrocarbon 
Solvents in Degreasing Operations 

The following spent halogenated solvents used in degreasing; 
tetrachloroethylene, methylene chloride, trichloroethylene, 
1,1,1-trichloroethane, carbon tetrachloride and the chlorinated 
fluorocarbons; and sludges from the recovery of these solvents 
in degreasing ooerations.(T)*,**•*** 

I. SUM~ARY OF BASIS FOR LISTING 

Solvent degreasing operations remove grease, wax, dirt, 

oil, and other undesirable substances from various materials. 

All ~egressing facilities which use the halogenated hydro-

carbon solvents listed above generate spent solvent solutions 

which are either discarded or processed to recover the solvent 

from the spent solution. Spent solvents include those which 

are no longer useful without further processing, either 

because they have outlasted their shelf life or because they 

have been contaminated, or so changed chemically or physically 

that they are no longer useful as solvents. The recovery 

operations invariably generate solvent sludges. 

* 
** 

*** 

In December, 1978, the Agency proposed a generic listing 
for this class of wastes. 
These solvents are often marketed under various trade 
marks; the listing obviously includes all trade mark 
solvents which have the generic chemical name listed 
above. Another point of consideration is that different 
nanes may be used to refer to the same Aolvent: 

tetrachloroethylene = perchloroethylene 
1,1,l-trichloroethane ~methyl chloroform 
carbon tetrachloride = tetrachloromethane 
methylene chloride = dichloromethane 
trichloroethylene = 1,1,2-trichloroethylene 

In response to industry comments, it should be noted 
that the Agency is no longer listing these wastes on 
the basis of ignitability or EP toxicity. ~owever, these 
solvents may be contaminated with metals (i.e., lead and 
chromiu~) in the degreasing operations; therefore, the 
generator will be responsible for determining whether the 
waste would also ~eet the EP toxicity characteristic. 



The Ad~inistrator has determined that spent halogenated 

solvents from degreasing and the sludges that result frorn 

associated solvent reclamation opeTations are solid wastes 

which may pose a substantial present or potential hazard to 

hucan health or the environment when improperly transported, 

treated, stored, disposed of, or otherwise managed; therefoTe, 

these wastes should be subject to appropriate manageAent 

requirements under Subtitle C of RCRA. 

For all of the listed waste solvents, this conclusion 

is based on the following considerations: 

1. The chlorinated hydrocarbons are toxic and, in some 
cases, genetically harmful, while chlorofluorocarbons 
may deplete the ozone layer following environmental 
release. 

2. Approximately 99,000 metric tons of waste halogenated 
solvents from degreasing operations are generated 
each year(l). There are approximately 460,000 
facilities dispersed throughout the country that 
use halogenated solvents and generate these wastes(l). 
It is estimated that about 30t000 metric tons per year 
of halogenated hydrocarbons from these facilities are 
either disposed of annually in landfills or by open
ground dumping. either as crude spent solvents 
or as sludges. The reAainder of these wastes are 
usually incinerated. The large quantity of wastes 
generated and the large nunber of disposal sites 
utilized increases the possibili~y of waste mis
manageraent and environmental release of harmful 
constituents. 

3. Since a large majority of the spent solvents and 
sludges are in liquid for~, the potential for these 
wastes to aigrate from land disposal facilities 
is high. Further, the solubility of these solvents 
is generally high, increasing their migratory 
potential. 

4. The spent solvent solution from degreasing operations 
may contain up to 90 percent of the original solvent. 
Depending on the recovery technique, sludges that result 
from reclamation processes can contain up to 50 percent 
of the original solvent. Such high concentrations 
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of haz~rdous constituents increases the c~ance of 
waste con~tituents escapin3 in harmful concentrations. 

5. Spent solvents can create an air pollution problem 
via the volatilization of the solvents from the 
wastes. 

For the five chlorinated solvents (not including chlorofluoro
carbons) found in the waste strea~s, this conclusion is 
based on the following considerations: 

6. Incomplete combustion of the spent chlorinated 
hydrocarbon solvents during incineration can 
cause emissions of the solvent and generate 
toxic degradation products (e.g. phosgene). 

7. These spent halogenated solvents can leach from 
the waste to adversely affect human health and 
the environment through the resulting contamination 
of groundwater. 

R. Current waste management practices have resulted 
in environmental namage. These incidents serve to 
illustrate that the mismanagement of these wastes 
does occur and can result in substantial environmental 
and health hazards. 

9. A number of these solvents are carcinogenic or 
mutagenic, or are suspected carcinogens or mutagens, 
and are lethally toxic to huoans and animals. 

For the chlorofluorocarbons, the Agency is basing the listing 
on the following consideration: 

10. Chlorofluorocarbons, after release at the surface of 
the earth, mix with the atmosphere and rise into 
the stratosphere where they are decomposed by ultra 
violet radiation to release chlorine atoms. These 
atoms catalytically deplete the ozone, leading to ad
verse effects, including skin cancer and climate changes. 

II. OVERALL DESCRIPTION OF INDUSTRY USAGE 

Degreasing operations are not industry specific. Degreasing 

operatlo~s are prevalent in twelve najor SIC (Standard Industrial 

Classification) categories, numerous subcategories, and auto-

motive maintenance shops. T~e pertinent industries where 

h;tlogenated hydrocarhons are used primarily are presented in 

Table l. ~ SllO'll'l:try of the nunber and types of plants that 

conduct clegre<!.c;ing operations is pre~enteri in Table L 
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Table 1 

Industries Using Halogenated Hydrocarbons 

in Degreasing Operations 

Source SIC Code 

Metal Furniture 25 

Primary Metals 33 

Fabricated Products 34 

Non-electric Machinery 35 

Electric Equipment 36 

Transportation Equipment 37 

Instruments and Clocks 38 

Miscellaneous Industry 39 

Automotive Repair Shops 75 

Automotive Dealers 55 

Automotive Maintenance Shops 

Texitile Plants (Fabric Scouring) 22 

Gasoline Stations 55 

-;t-_ ... , _ 



Table 2 - Solvent Degreasing Source Types*(l) 

Source 

Material Degreasing 

Metal Furniture 

P~ imary Metals 

Fabricated Products 

Non-electric Machinery 

Electric Equipment 

Transportation Equipiuent 

Instruments and Clocks 

Mlscellaneous 

Automotive 

Auto Repair Shops 

Automotive Dealers 

Gasoline Stations 

Maintenance Shops 

Textiles 

Textile Plants (Fabric Scouring) 

Total 

SIC 

25 

33 

34 

35 

36 

37 

38 

39 

75 

55 

55 

22 

Number of 
Plants 

9,233 

6,792 

29,525 

40, 792 

12. 270 

8,802 

5,983 

15, 187 

127,203 

121, 369 

320, 701 

7. 201 

931,513 

*Includes facllitles which do not use halogenated solvents 

Estimated Number 
of Vapor Degreasing 
Operations 

492 

1,547 

5,140 

5,302 

6, 302 

2, 559 

886 

24, 145 

Estimated Number 
of Cold Cleaning 
Operations 

22,869 

17 ,558 

76,329 

105,456 

31,720 

22,756 

15,467 

39,262 

141,977 

135 ,463 

277,440 

252,735 

1,230,006 



III. OVERALL r~OCESS DESCRIPTION, WASTE GENERATION LEVELS 
A~D GEOGRAPHIC OISTRIBUTION OF DEGREASING FACILITIES 

1. Solvents Used in Degreasing Process 

As indicated in Table 1, out of the more than 1,230,000 

non-halogenated and halogenated degreasing operations 

(see Table 2), approximately 460,000 use halogenated 

solvents(!). Table 3 breaks down the number of plants 

which use halogenated solvents to show the estiAated number 

of these plants using a particular halogenated solvent by 

their type of degreasing operation. As the table indicates, 

the largest number of these plants use cold cleaning and open 

top vapor degreasing operations (see next section for more 

detailed discussion of specific degreasing operations). 

In both of these operations, the largest number use trichloro-

ethylene and trichlorethane. Of the industries with conveyor-

ized vapor degreasing operations, the largest number use 

trichloroethylene; fabric scouring operations use principally 

tetrachloroethylene (perchloroethylene). Overall, trichloro-

ethylene is the solvent used most prevalently. 

2. Process Description 

Degreasing operations may be classified into 

four basic categories: cold cleaning, vapor degreasing 

(open top), vapor degreasing (conveyorized), and fabric 

scouring. 

In cold cleaning operations, the solvent is main-

tained well below its boiling point. The Item to be 

cleaned is either immersed. in the agitated solvent 

-{/-
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Table 3 - Estimated Number of Plants using Halogenated 

Solvents by Type of Degreasing (1974) (1) 

Vapor Vapor Fabric 
Solvent {open top) Cold Cleaning Conveyorized Scouring 

Carbon te tr achlor ide 10, 568 

Fluorocarbons* 2, 130 66,932 319 

Methylene Chloride 298 21,136 45 

!etrachloroethylene 3,121 45,795 467 2,522 

Trichloroethylene 11,440 149, 715 l, 713 693 

Tr tchloroethane 4 ,011 137,386 601 ---
Total 21,000 431,532 .3, 145 3, 215 

Note: Blanks indicate no use of specified solvent in that type 
of degreasing operation. 

*This refers to all fluorocarbons, some of which are chlorinated. 
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or suspended above the solvent where it is systematically 

sprayed in a manner similar to that of an automatic 

dish washer. Simple cold cleaning operations may 

even consist of a container of solvent in which 

items are manually immersed, as is the case in small 

auto repair shops and in service stations. 

Simple vapor degreasing (open top) is achieved by 

suspending the item to be cleaned above the boiling 

solvent in a vat. Condensation continues until the 

temperature of the object approaches that of the solvent 

vapors. Often the suspended item is sprayed with liquid 

solvent to facilitate further degreasing. In order to 

control vapor emissions, a layer of cold air is often 

maintained above the open top degreaser. 

The conveyorized vapor degreaser operates in much 

the same manner, except that the objects to be cleaned 

are continuously conveyed through the vapor zone. 

Auxiliary solvent sprays are also used to improve the 

cleaning efficiency of the operations. 

Fabric scouring operations are slightly more complex. 

Generally, the fabric is conveyed through the degreasing 

machiae, where it is sprayed with solvents. The solvents 

are then removed with an aqueous solution of alcohol. 

J. Waste Gener~tion Levels and Projected Levels 

The annual growth rate for the use of the listed 

halogenated solven: s in degreasing applicdtlons is e~pected to 



be 4 percent(!). Growth is expected to be uniform among 

the various solvents, except for trichloroethylene, which 

has been banned in several states for use in occupational 

settings because it is a carcinogen. (1,2,21). In Cali-

fornia, the use of trichloroethylene has been restricted by 

legislation, but tetrachloroethylene and 1,1,l-trichloroethane 

are exempt(l) from the restrictions and are still used in 

degreasing operations. Rhode Island has completely banned 

the use of trichloroethylene{2). 

4. Geographic Distribution of Degreasing Operations 

The location of the vapor degreasing operations has 

been determined by identifying the industries with which 

the operations are associated. There are about 24,145 

vapor degreasing operations in the United States, which 

consume about 52 percent of the total halogenated solvents 

used(l). More than 63 percent of these operations are 

found in nine states (California, Illinois, Massachusetts, 

Michigan, New Jersey, ~ew York, Ohio, Pennsylvania and 

Texas). Figure l and the associated Table 4 present the 

geographic distribution of these plants. 

There are about 431,532 operations that perform 

cold cleaning using about 35 percent of the total 

halo~enated solvent consumption, while approximately 

3,125 fabric scouring operations consume about 13 percent 

of the total halogenated solvent(l). Assuming an equal 

distribution of halogenated solvent use among cold 

cleaning and fabric scouring operations, over 59 percent 
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of the total halogenated solvent used for degreasing occurs 

in ten states (California, Illinois, Massachusetts, Michigan, 

New Jersey, New York, Ohio, Pennsylvania, Texas and North 

Carolina). 

IV. WASTE STREAM SOURCES AND DESCRIPTION 

The usefulness of a solvent decreases with time as contami-

nants adulterate and become concentrated in the solvent. When the 

boiling point of the solution (i.e., solvent and contaminants) in-

creases to about 30~C above that of the pure solvent, the solvent 

is considered spent. Halogenated solvent use pattern by type of 

degreasing operation is presented in Table 5. A ppr oxima te ly 

527,520 metric tons of halogenated solvents are used each year for 

degreasing operations(!). 

Spent solvent solutions include those solvents which are no 

longer useful without further processing, either because they 

have outlasted their shelf life or because they have been con-

taminated, or so changed chemically or physically that they are 

no longer useful as solvents. These spent solvents are either 

disposed of, reclaimed and recycled by the waste generator, or 

processed by a contract solvent reclaiming operator.* Reclamation 

is achieved via settling and/or batch distillation. The listed 

sludge results from this reclamation process. 

The composition of the spent solvent is dependent on the 

application of the degreasing operation. The spent solvent 

*At this time, applicable requirements of Parts 262 through 
265 and 122 will apply insofar as the accumulation, storage 
and transportation of hazardous wastes that are used, reused, 
recycled or reclaimed. The ~gency believes this regulatory 
coverdge is appropriate for the subject wastes. These wastes 
are hdzardous insofar ~s they are being accumulated, stored or 
transported. These wastes may not pose a substantial hazard 
dur1ne their recycling and, even though lts listed as hazardous, 
this abpect of their management is not presently being regulated. 
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Table 5 

USE PATEERN OF HALOGENATED SOLVENTS IN DEGREASING AND 

Chemical 

Halogenated hydrocarbons: 

Carbon tetrachloride 

Fluorocarbons* 

Methylene Chloride 

Percltloroethylene 

Trichloroethylene 

Trichloroethane 

TOTAL 

FABRIC SCOURING OPERATIONS IN 1974 

Total U.S. 
Consumption 
( 103 kkg) 

534.8 

428.6 

235.4 

330.2 

17 3. 7 

236.3 

1939.0 

u.s. Consumptlon 
for t>egreasing 
(103 kkg) 

Cold Vapor 

o. 72 s 

6 11.1 

46.2 10 

11.4 43 

43.8 112. 7 

78 90 

186 .12 271.8 

*This refers to all fluorocarbons, a percentage of which are chlorinated. 

U.S. Con~umptlon 
for Fabric Scouring 
(103 kkg) 

54.6 

15 

69. 6 

Total U.S. 
Cons u11Jp t lot 
fot' Uegrea( 
and Scour ir 
(103 kkg) 

s. 72 

17.l 

56.2 

109 

171.5 

168 

527. 52 



solution contains up to 90 percent of the original solvent(4), 

Depending on the recovery technique> sludges which result from 

reclamation processes contain from 1 to 50 percent of the 

original hydrocarbon solvent(S). However, because of the 

economic considerations of the reclaiming process, the solvent 

content of the sludge is seldom reduced below 10 percent. 

Heavy metal fines and other organics are also present in 

these wastes, in addition to the original solvent(3), 

V. OUANTITIES OF THE WASTE AijO TYPICAL DISPOSAL PRACTICES 

Disposal practices include overt open ground dumping, 

contatnerizerl landfilling, and incineration (J). Approximately 

99,000 metric tons of waste halo?.enated solvents froM degreasing 

operations are generated annually(!). It is estimaterl that 

about 30,000 metric tons of these are either landfilled or 

open dumped. T~e remaining quantity of waste halogenated 

solvents fro~ degreasing operations are incinerated. The 

rationale and derivation of this estimated quantity is presented 

in Appendix I. 

VI. HAZARDOUS PROPERTIES OF THE WASTES 

As indicated earlier, the spent halogenated solvents and 

sludges from the reclamation of these solvent~ contain very 

significant concentrations of the solvent itself the 

spent solvent solution contains up to 90 percent of the original 

solvent and the sludge contains a ~inimum of 10 percent of 

the original solvent. The landfilling or open ground dumping 

of these ~astes in an unsecure land ~isposal facllity nay 
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result in the migration of the toxic halogenated solvents 

into the surrounding environment, thus becoming a potential 

cont am in an t of ground w a t e'r • For example, since a large raa-

jority of these wastes are in liquid form including all of 

the spent solvents -- these wastes' physical form makes them 

amenable to migration from a land disposal facility. Addi-

tionally, the solubility in water of these halogenated solvents 

is appreciable (13): 1,1,1-trichloroethane - 950 mg/l, tetra

chloroethylene 150 mg/l, methylene chloride - 20,000 mg/l, 

carbon tetrachloride 800 mg/l, and trichloroethylene - 1,000 

mg/1(14a). These relatively high solubilities demonstrate a 

strong potential for migration of these substances from inade

quate land disposal facilities in substantial concentrations. 

Thu~, improperly constructed or managed landfills (for exampl~, 

landfills located in areas with permeable soils, or landfills 

with inadequate leachate control practices) could easily 

fail to impede leachate formation and migration. Haphazard 

dumping of the wastes is even more likely to result in migration 

of waste constituents. 

Once released from the matrix of the waste, the halogenated 

solvents could migrate through the soil to ground and surface 

waters utilized as drinking water. In the National Organics 

Monitoring Survey, the Agency detected a number of these solvents 

in drinking water samples tested over the past several years, thuP 

demonstrating the propensity of these solvents to migrate from th~ 
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waste disposal environment and to persist in drinking water follow-

ing migration* (14a, 14b, 14c 1 14e). In addition, a number 

of actual documented damage incidents show the potential for a 

very cocmon halogenated solvent, trichloroethylene, to leach 

from disposal sites into groundwater. (See Damage Incidents 

Resulting from the Mismanagement of Halogenated Hydrocarbons, 

P• 16.) 

These actual damage incidents confirm literature data points 

indicating the environmental persistence of these compounds. Thus, 

1,1,1-trichloroethane, methylene chloride, and carbon tetrachloride 

are all likely to persist in the environment long enough to reach 

environ~ental receptors (1,1,1-trichloroethane is subject to 

hydrolysis, but has a half-life in groundwater of 6 months)(37). 

Another problem which could result from improper landfilling 

of these wastes is the potential for the contaminants to volatilize 

into the surrounding atmosphere. All of the listed chlorinated 

solvents are volatile and thus could present an air pollution 

problem if they are improperly managed (for example, disposed of 

in the open, or without adequate cover), since they are uniformly 

toxic via inhalation. 

A special problem is posed by chlorofluorocarbon solvents. 

These solvents are also highly volatile, but instead of posing a 

direct toxicity hazard, they may be released at the surface of the 

earth, mix with the atmosphere and rise slowly into the stratosphere, 

*The specific solvents detected in these samples were methylene 
chloride, carbon tetrachloride, trichloroethylene, and tetra
chloroethylene and trichlorofluoromethane. 
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Damage Incidents Resulting From The Mismanagement of 

Trichloroethylene 

1. In one incident in Michigan, an- automotive parts manu-

facturing plant routinely dumped spent degreasing solu-

tions on the open ground at a rate of about 1000 gallons 

per year from 1968 to 1972. Trichloroethylene was one 

of the degreasing solvents present in the spent solutions. 

Beginning in 1973, trichloroethylene was detected at levels 

up to 20 mg/l in neary residential wells. The dump site 

was the only apparent source of possible contamin!tion (10). 

2. In a second incident, also in Michigan, an underground 

storage tank leaked trichloroethylene which was detecte~ 

in local groundwater up to four miles away from the 

land (11). 

3. In April of 1974, a private water well in Bay City, Michl-

gan became contaminated by trichloroethylene. The only 

nearby source of this chemical was the Thomas Company 

(which replaced the well with a new one). The company 

claimed that, although it had discharged trichloroethylene 

into the ground in the past, it had not done so since 

1968. Nethertheless, in May of 1975, two more wells 

were reported to be contaminated with trichloroethylene 

at concentrations of 20 mg/l and 3 mg/l, respectively 

(12). 
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In March, 1978, EPA banned the use of chlorofluoro-

carbons in aerosol propellants. The primary concern in the 

enactment of this ban was the ozone depletion effects resulting 

from chlorofluorocarbons entering the stratosphere and reaction 

with ozone. In the troposphere, chlorofluorocarbons are decom-

posed by the intense ultra violet r~diation to release chlorine 

atoms. The chlorine atoms catalytically remove ozone, thereby 

reducing the total amount of ozone in the stratosphere, leading 

to an increase in skin cancer, climatic changes and other adverse 

effects.(33,34) The Agency is therefore concerned about chloro-

fluorocarbon use and disposal. Therefore, the Agency has proposed 

the regulation of non-aerosol uses of chlorofluorocarbons.(8) 

The Agency also expects to propose regulations controlling 

the airborne emissions of these solvents and other volatile 

organics so as to reduce the air pollution problems presented 

when these solvents are used or disposed. These proposed 

regulations will apply certain standards to a number of the 

Volatile Organic Compounds (VOC) which have been demonstrated 

to be precursors of or lead to the formation of ozone and 

other photochemical oxidants in the atmosphere. Ozone air 

pollution endangers the public health and welfare and is 

thus reflected in the Administrator's promulgation of a 

National Ambient Air Quality Standard for Ozone (February 8 1 

1979, 44 FR 8202). Additionally, 1 1 1 1 1-trichloroethane and 
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methylene chlorlJe, which are not ozone percursors, are 

being regulated under the proposed rule since under EPA's 

proposed airborne carcinogen policy, a compound which shows 

evidence of human carcinogenicity is a candidate for regulation 

under Section 111 as a pollutant "reasonably anticipated to 

endanger public health and welfare". Finally, trichlorofluoro-

methane, as indicated in the earlier discussion of chlorofluoro-

carbons in general, has been implicated in the depletion of 

the stratospheric ozone layer, a region of the upper atmosphere 

which shields the earth from harmful waveleng~hs of ultra 

violet radiation, that would increase'skin cancer risks in 

humans.(33,34) 

Additionally, if these wastes are incinerated, as a 

large percentage are, and the wastes are not subject to 

proper incineration conditions (i.e., temperature and residence 

times), pollution of the environment may result from the 

airborne disposal of uncombusted halogenated organics, partially 

combusted organics and newly formed organic compounds. 

Phosgene is an example of a partially combusted chlorinated 

organic which is produced by the decomposition or combustion 

of chlorinated organics by heat(lS,16,17). Phosgene has 

been used as a chemical warfare agent and is recognized as 

extremely toxic • 

. The large quantities of the spent solvent and sludges re-

sulting fro~ the recovery of these solvents, a combined total 

of 99,0no metric tons per year, are another area of concern. 
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As previuusly indicated, these wastes are generated in 

substantial quantities and contain very high concentrations 

of the original solvent (the spent solvent solution contains 

up to 90 percent and the sludges contain up to 50 percent 

of the original solvent). The large quantities of these 

contaminants pose the danger of polluting large areas of 

ground or surface ~aters. Contamination could also occur 

for long periods of time, since large amounts of pollutants 

are available for environmental loading. All of these 

considerations increase the possibility of exposure to the 

harmful constituents in the wastes. 

VII. HEALTH AND ECOLOGICAL EFFECTS ASSOCIATED WITH THE 
CONSTITUENTS I~ THE WASTES 

The toxicity of tetrachloroethylene, methylene chloride, 

1,1,1-trichlorethane, trichloroethylene, carbon tetrac~loride 

and chlorofluorocarbons has been well documented. Capsule 

descriptions of the adverse health and environmental effects 

are summarized below; more detail on the adverse effects of 

these solvents can be found in Appendix A. 

Tetrachloroethylene has been included on EPA's list of 

chemicals which have demonstrated substantial evidence of 

carclnogenicity.(21) Repeated exposure of rats and mice 

to t~trachloroethylene in air or in the diet has resulted 

in fatty degeneration of the liver, increased kidney weight 

and toxic nephropathy.(18,19,20). Additionally, tetrachloro-

ethylene is slightly toxic to freshwater fish.(14b,22,23) 



Ue thy le 1H' chloride has been shown to be mut agenic to a 

bacterial strain, s. typhimurium.C24) In addition, acute 

exposure to methylene chloride in humans is a central nervous 

system depressant resulting in narcosis in high concentrations 

and is metabolized to carbon monoxide and causes an increase 

in carboxyhemoglobin(25). 

Although 1,1,1-trichloroethane (~C) has been shown in 

an NCI bioassay to induce a variety of neoplasms(26), these 

data were not conclusive. A high incidence of deaths in 

test animals has led to retesting of this compound by a Aanu-

facturer and the NCI(26). In vitro studies have indicated 

that MC is slightly mutagenic in the Ames test, and can cause 

mammalian cell transformation. ~uman toxic effects seen 

after exposure to 1,1,1-trichloroethane include changes in 

several central nervous system functions, including reaction 

time, perceptual speed, manual dexterity and equilibrium(27). 

In addition, animal studies have produced toxic effects in 

the central nervous system, cardiovascular system, pulmonary 

system, and induced liver and kidney damage(27). 

Trichloroethylene has been included on EPA's list of 

chemicals which have demonstrated substantial evidence of 

carcinogenicity.(21) Trichloroethylene has also been 

shown, both through acute and c~ronic exposure, to produce 

disturbances of the central nervous system and other neuro-

logical effects(28,29,30). 

Carbon tetrachloride has been include~ on EPA's list of 

chemicals which have demonstrated substantial evidence of 
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carcinogenicity.(21) In addition, toxicological data for 

non-human mammals are extensive and show carbon tetrachloride 

to cause liver and kidney damage, biochemical changes in 

liver function and neurological damage(32). 

The hazards associated with exposure to the above halo-

genated solvents have been recognized by other regulatory 

programs. Tetrachloroethylene, methylene chloride, 1,1,1-

trichloroethane, trichloroethylene 1 and carbon tetrachloride 

and the two fluorocarbons, trichlorofluoromethane and dichloro-

difluoromethane, are listed as toxic pollutants in accordance 

with §307(a) of the Clean Water Act of 1977.* Under §6 of the 

Occupational Safety and Health act of 1970, final standards 

for occupational exposure have been established and promulgated 

in 29 CFR 1910.1000 for carbon tetrachloride, methylene chlor-

ide and 1,1,1-trichloroethane. On March 17, 1979, fully halo-

genated fluorocarbons were banned by the Consumer Products 

Safety Commission as propellants in the United States, except 

for essential uses because of their threat to the ozone. In 

addition, final or pr~posed regulations in the States of 

California, Louisiana, Maryland, Massachusetts, Minnesota, 

Missouri, New Mexico, Oklahoma and Vermont define compounds 

containing one or more of the solvents tetrachloroethylene, 

methylene chloride, 1,1,l-trichloroethane, trichloroethylene, 

carbon tetrachloride and trichlorofluoromethane as hazardous 

wastes or cooponents thereof .35 

*The Agency has recently proposed to remove trichlorofluoromethane 
and dichlorodifluoromethane from the list of toxic pollutants 
under §307(a) of the Clean Water Act (45 FR 46103, July 9, 1980). 
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ATTACHMENT I 

DERIVATION OF THE ESTIMATED QUANTITIES OF THE WASTE 

I. ~~NUAL QUA~TITIES OF WASTES 

Total amount of spent solvents (Halogenated and non
halogenated) ( l) = 425,560 kkg 

Total amount of spent solvents from ~apor degreasing(!) 
.. 54,560 kkg 

Vapor degreasing units only use halogenated solvents so all 
of the 54,560 kkg from this source are halogenated solvents. 
Cold cleaners and fabric scourers use both halogenated and 
non-halogenated solvents. Assume that the spent solvent 
solutions contain solvents in the same proportion as the~r 
use. About 12 percent of solvent use in applications other 
than vapor degreasing is halogenated(!). 

• . . (425,560 kkg - 54,560 kkg) (0.12)(1) 
= 44 1 250 kkg of halogenated solvents contained in wastes 

from sources other than vapor degreasing 

54,560 kkg + 44,520 kkg • 99,000 kkg of halogenated 
solvents yr 

II. DISPOSITION OF WASTE 

The disposition of about 30 percent of these wastes can be 
derived from information which is documented in the litera
ture. The disposition of the remaining 70 percent is based 
upon extrapolations and economic consideration of waste 
management alternatives. 

A. DISPOSITION OF 30 PERCENT OF THE WASTE 

0 

0 

0 

0 

Vapor degreasers only use halogenated solvents(!) 

Virtually all metal finishing shops (SIC 35, 36, 
37, and 39), and by implication vapor degreasing 
operations, either reclaim their spent solvents 
or sell them to solvent refiners.(1,3) 

Between 50-99 percent of the solution is recovered(4,5) 

Approximately 37 percent of the plants which recover 
these solvents on-site dispose of their waste sludges 
in landfills(3). 

(amount of waste) Cl-percent recovery)(percent of 
plants with on-site recovery) x (percent of plants 
that landfill) = Amount of waste landfilled. 
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1. Assume 50 percent of the solution is recovered 

(54,560 kkg) (0.50)(0.37)(0.70) = 7,065 kkg 

2. Assume 99 percent of the solution is recovered 

(54,560 kkg) (0.01) (0.37)(0.70) = 140 kkg 

140 kkg to 7,065 kkg of halogenated solvents 
disposed of in landfills. 

About 20 percent of the solvent reclaimers which process 
the rernalning 63 percent of the solvents from this source 
also landf 111 their waste. The remaining 80 percent 
of the solvent reclaimers reportedly incinerate their 
sludges(4,S). Therefore an additional 109 to S,456 
kkg of halogenated solvents are landfilled by solvent 
reclaimers. 

B. QISPOSITION OF THE REMAINING 70 PERCENT OF THE WASTE 

The wastes generated by the plants in the SIC cate
gories delineated above represent about 60 percent 
of all vapor deg~easing operations and about 30 
per~ent of all wastes generated by all degreasers. 
Reportedly, a facility which generates at least 350 
gallons of spent halogenated solvents anually has 
economic incentive to implement a recovery strategy(4,9). 
Virtually all vapor degreasers meet this criteria. 

The disposition of spent solutions from cold cleaning 
and fabric scouring operations is not as well defined. 
In order to account for these wastes, some economic 
factors have been considered. In general, it is expected 
that a plant or industry which has a high incidence 
of use of a relatively expensive solvent will probably 
have some kind of recovery strategy, assuming the scale 
of operations permits an acceptable payback period. 
In cold cleaning and fabric scouring operations, the 
following factors are pertinent: 

0 

0 

Cold cleaning and fabric scourers use halogenated 
solvents in conjunction with inexpensive non
halogenated solvents. It has been estimated 
that these operations must have six to twelve 
times the solvent throughput of plants which 
only use halogenated solvents in order to 
economically justify a recovery strategy. 

Cold cleaning and fabric scouring operations 
represent about 94.7 percent of all facilities 
that use haloge~ated solvents but only use about 
48 percent of t~e total supply of these solvents 



that are used for degreasing. The implication is 
that, on the average, the solvent throughput 
rate is much lower in this segment of the 
degreasing industry than that of the vapor 
degreasing segment. 

Although some cold cleaning and fabric scouring 
operations probably operate on a scale that would 
make a recovery strategy economically attractive, 
it is not possible to estimate the extent of recovery 
operations in this segment of the industry. The 
economics seem to indicate that the incidence of 
recovery from these operations is probably very low. 

C. THE GROSS ESTIMATE 

In estimating the disposition of all the wastes, 
the best and worst cases pertaining to the portion 
of the waste which cannot be documented in the 
literature are considered. The ideal case is where 
all of the wastes from cold cleaning and fabric 
scouring operations are processed by contract re
cl3imer using maximum efficiency recove~y techniques 
(i.e., 99 percent recovery). The worst case would 
be where all of this waste is simply disposed of. 
The following is the basis for the estimate. 

From Section A 

249 kkg to 12,521 kkg of halogenated solvents are 
landfilled. 

Best Case for Cold Cleaning and Fabric Securing 

(amount of waste)(percent recovered)(percent 
landfilled) • amount landfilled 

(44,520 kkg)(0.01)(0.2) • 90 kkg of waste land
filled 

Worst case for cold cleaning and fabric scouring 
is when all 44,520 kkg of waste is landfilled 

The estimated best and worst cases for the disposition 
of halogenated solvents from all types of degreasing 
operations are 339-57,041 metric tons per year. It 
is unlikely that either the best or worst case is 
representative of reality. In this case, about half 
of the waste is generated by vapor degreasers where 
it is likely that the incidence of recovery is high. 
The remaining half is generated in environments Phere 
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the incidence of recovery is probably very low. A 
reasonable inference and prudent estimate based on 
available data would be about 30,000 metric tons 
per year of halogenated solvents disposed of on land. 
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WASTES FROM USAGE OF ORGANIC SOLVENTS 

I. LISTING 

The listed wastes are those oajor streams which result 

from usage of organic solvents. The listed solvents include 

both halogenated and non-halogenated organic compounds. The 

specific wastes listed are: 

The following spent halogenated solvents: tetrachloroethylene, 
methylene chloride, trichloroethylene, 1,1,1-trichloroethane, 
chlorobenzene, l,l,2-trichloro-1,2,2-trifluoroethane, o-di
chlorobenzene, trichlorofluoromethane, and the still bottoms 
from the recovery of these solvents (T); 

r The following spent non-halogenated solvents: xylene, acetone, 
:~ethyl acetate, ethyl benzene, ethyl ether, n-butyl alcohol, 

1 ~ cyclohexanone, methanol, methyl isobutyl ketone; and the 
~ still bottoms from the recovery of these solvents (I); 

The following spent non-halogeanted solvents: cresols and 
cresylic acid, and nitrobenzene; and the still bottoms from 
the recovery of these solvents (T); and 

The following spent non-halogenated solvents: toluene, methyl 
ethyl ketone, carbon disulfide, isobutanol, pyridine; and the 
still bottoms from the recovery of these solvents (I,T). 

Listing codes for the most widely used halogenated 

organic solvents are presented in Table I-1, and codes for 

widely-used non-halogenated organic solvents are in Table I-2. 

II. SUMMARY OF BASIS FOR LISTING 

Wastes resulting from usage of organic solvents typically 

contain significant concentrations of the solvent. Examples 

of wastes from usage of organic solvents include still-bottoms 



from solvei:t ceC'""ery and spent solvents fror !ry cleaning 

operations and ~aintenance and repair shops. 

The ~dministrator has determined that waste from usage 

of the 24 organic solvents listed in Tables I-1 and I-2 may 

be a solid waste, and as a solid waste, ~dY pos~ a substantial 

present or potential hazard to human health or the environment 

when improperly transported, treated, stored, disposed of or 

otherwise canaged, anrl therefore should be subject to appropriate 

management requirements under Subtitle C of RCRA. This 

conclusio~ is based on the following considerations*: 

1. Of the list of 24 solvent types presented in Tables 
I-1 and I-2, each solvent exhibits one or more 
properties (i.e., ignitability and/or toxicity) 
which pose a potential hazard. These solvents 
represent approximately 95 percent or more of 
organic solvent usage in the United States (see 
Table II-1). 

2. The use of organic solvents is widespread throughout 
the United States, and the quantities involved are 
largej according to Table II-1 the total annual 
usage of the listed materials as solvents is over 
2.8 x 106 kkg. 

3. Of the twenty-four solvents listed in Tables I-
1 and I-2, nine are listed for meeting only the 
1gn1tab1lity characterisitc. These nine spent 
solvents all have a flash point below 60°C (140°F) 
and are thus considered hazardous. 

*The Agency is presently aware that these solvents may contain 
concentr~tions of adrlitional toxic constituents listed in 
Appendix VIII of the regulations. For purposes of this 
listing, however, the Agency is only listing those wastes for 
the presence of the halogenated and non-halogenated solvents. 
The Agency expects to study these listings further to deter
mine whet~er the waste solvent and still bottom listings 
should be amenrled. 

-Z-
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TABLE I-1 

LISTING CODES FOR HALOGENATED ORGA~IC SOLVENTS* 
(in order of usage as solvent) 

Solvents 

Perchloroethylene 

'1 e t h y 1 e n e c h 1 o r i de 

Trichloroethylene 

1,1,1,-Trichloroethane 

Chlorobenzene 

l,l,2-Trichloro-1,2,2-

Trifluoroethane 

o-~ichlorobenzene 

Trichlorofluoromethane 

Listing 
Codes 

T 

T 

T 

T 

T 

T 

T 

Flash 
Point (°F) 

*All ~ata i~ thi~ table are based on information contained in 
~efarence (1). Dashes in place of data mean either the values 
~ere not available or (in the case of flash points) not 
applic.:ihle. 
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TABLE I-2 

LISTING CODES FOR NON-HALOGENATED ORGANIC SOLVENTS* 
(in order of usage as solvent) 

Solvents 

Xylenes 

?1ethanol 

Toluene 

Methyl ethyl ketone 

Acetone 

Hethyl isobutyl ketone 

Carbon disulfide 

Ethyl acetate 

Ethyl benzene 

Ethyl ether 

n-Butyl alcohol 

Isobutanol 

Cresols and cresylic acid 

Cyclohexanone 

Nitrohenzene 

Pyridine 

Listing 
Codes 

I** 

I,** 

I,T** 

I,T** 

I** 

I ** ' 
I,T** 

I** 

I** 

I** 

I** 

I,T** 

T 

I** 

T 

I,T** 

Flash 
Point (°F) 

s4C2> 

54 

39 

22(3) 

3 

61 

-25 

45(2) 

59 

_49(2) 

115 

82 

68 

* All data in this table are based on information contained in 
Reference (1) except as noted. Dashes in place of data mean 
either that the values were not available or (in the case of 
flash points) not applicable. 

**Because the listed waste typically would contain a large 
percentage of these solvents, the listed wastes would fail 
the ignitability ch~racteristic for liquids--a flash point 
less than 60°C (140°F). 

-j/-
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The fifteen solvents listed as either toxic 
or toxic and ignitable pose a further hazard to 
human health and the environoent. If improperly 
oanaged, these solvents could migrate from the 
disposal site into ground and surface waters, 
persist in the environment for extended periods 
of time, and cause substantial hazard to environ
mental receptors. 

The two fluorocarbons, l,l,2-trichloro-1,2,2-
trifluoroethane and trichlorofluoromethanes present 
a different type of hazar~. Due to their high 
volatility, these two organics can rise into the 
stratosphere and deplete the ozone, leading to 
adverse health and environmental effects. 

4. Damage incidents resulting from the mismanagement of 
waste solvents have been reported. These da~age 
incidents are of three types: 

(a) Fire/explosion da~age resulting from ignition 
of the solvents; 

(b) Contaoination of wells in the vicinity of in
adequate waste storage or disposal (with re
sulting illness in at least one instance); and 

(c) Direct entry of solvent into a waterway, resulting 
in fish kills. 

5. These damage incidents show that mismanagement 
occurs and that substantial hazard to human health 
and the environment may result there from. 

III. SOURCES OF THE WASTE AND TYPICAL DISPOSAL PRACTICES 

A. Overall Description of Industry Usage* 

The primary solvent-using industries and the quantity 

of solvents they use annually are as follows: Cl) 

*Large amounts of chemicals listed in Table II-1 are used in 
such non-solvent applications as chemical feedstock so that 
the total production of specific solvent chemicals for all 
applications is often many times larger than the amount 
use~ specifically as a solvent. 

-Y-
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Table II-1 

RANKING AND A~OU~TS OF TH~ LISTED SOLV~~rs(l) 

Chemical Name 

Xylenes 
?1e thanol 
Toluene 
Perchloroethylene 
Methylene chloride 
~ethyl ethyl ketone 
Trichloroethylene 
1,1,1-Trichloroethane 
Acetone 
Methyl isobutyl ketone 
Chlorobenzene 
Carbon disulfide 
Ethyl acetate 
Ethyl benzene 
Ethyl ether 
n-Butyl alcohol 
1 1 1,2-Trichloro-l,2,2-tri-fluoroethane 
Isobutanol 
o-Dichlorobenzene 
Cresols & cresylic acid(a) 
Cyclohexanone 
Nitrobenzene 
Trichlorofluoromethane 
Pyridine 

Amoun~ Used As 
Solvent (kkg/yr) 

4R9,900 
317,500 
317,500 
255,800 
213,200 
202,300 
188,200 
181,400 

86,200 
78,000 
77,100 
77,100 
69,900 
54,430 
54,430 
45,360 
24,040 
18,600 
11,800 
11,800 

9,072 
9,072 
9,072 

907 

(a)consumption amounts for cresol and cresylic acid were 
combined. 
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Paint Fe Allied Products and Industrial 
Operations 

Surface Cleaning 

Pesticide Production 

Laundry and Dry Cleaning Operations 

Pharmaceuticals Manufacture 

Solvent Recovery Operations {Contract and 
in-house} 

1,153,500 kkg/yr 

610,600 kkg/yr 

266,700 kkg/yr 

214,SSO kkg/yr 

34,740 kkg/yr 

499,000 kkg/yr 
(feedstock) 

Table III-1 summarizes the use pattern of the 10 most 

~i~ely used solvents in the in~ustrial categories listed 

above. These data illustrate the distinct difference between 

halogenated and non-halogenated solvents in inrlustrial usage; 

the chl~rlnated and other haloge~ated solvents in Table 

III-1 are used almost exclusively in the surface cleaning, 

laundry and dry cleaning categories, whereas the non-halo-

genated solvents are used primarily in the production cate-

gories {paint, pesticides and pharoaceuticals). The ten 

specific solvents included in this table are believed to 

account for about 80 percent of all organic solvent usage.Cl) 

The composition of the spent solvent* is dependent on its 

application, but the spent solvent contains up to 90 percent 

of the ori8inal solvent**· Depending on the recovery techniques, 

*Spent solvents Include those solvents which are no longer 
useful without further processing either because they have 
outlasted their shelf life or because they have been 
contaminaterl, or so chanRed chemically or physically that 
they are no longer useful as solvent. 

**United States Environmental Protection Agency. 1976. 
Assessrient of Industrial 11azardous Haste Practices 
:,tectroplatinp, and lletal Finishing Inrlustries - Job 
~hops P3-264-349. 
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sludges which result from reclamation processes contain from l 

to 50% of the original solvent.* However, because of the 

economic considerations of the reclaiming process, the solvent 

content of the sludge is seldom reduced below 10 percent.** 

B. Solvent Usage in Paint & Allied Products and 

Industrial Operations 

The category of Paint & Allied Products and Industrial 

Operations is taken here to include the following solvent-use 

industrial operations: 

0 Paint & Allied Products Manufacture 

0 Roll Coatings 

0 Paper Coatings 

0 Dye Manufacture 

0 Ink Manufacture 

0 Adhesive Manufacture 

0 Printing Operations 

' The Paint and Allied Products and Industrial operations 

category accounts for about half of all organic solvent utili-

zation by industry. The Paint and Allied Products portion 

of this category is the largest solvent-use subcategory, with 

Printing Operations being the second largest use subcategory. 

For the Paint & Allied Products Industry, there are 

about 1200 paint manufacturing companies that operate more 

*United States Environmental Protection Agency. 1979. 
Organic Solvent Cleaners-Background Information for 
Proposed Standards. EPA-45/12-78-045a. 

**United States Environmental Protection Agency. 1978. 
Source Assessment: Reclaiming of Waste Solvents. State 
of the Art. PB-289-934. 
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than 1500 plants. Solvents are important ingredients in 

formulations for solvent-thinned paints, lacquers, and factory-

applied coatings. 

Solvent containing wastes arise from the use of solvents 

to clean equipment, and still bottoms fro~ the recovery of the 

solvents used in production*. It is est1mated(4) that approxi-

mately one-third of the solvents used for equipment cleaning 

are reclaimed, and that 7 x 106 gallons of solvent are 

disposed of yearly from this source. 

The total quantity of solvent-containing wastes from 

the paint industry is estimated to contain 14,300 kkg/yr of 

solvents.(4) These are primarily non-halogenated solvents 

such as xylenes, methanol, acetone, toluene, MEK, etc. 

The remaining industrial processes included in this over-

all category (manufacture of inks, adhesives, dyes, and 

various types of coatings) utilize organic solvents (primarily 

non-halogenated) in much the same manner as the paint industryi 

that is, as an important component of fornulations and for 

equipment cleaning.Cl) Printing operations also use sol-

vents for cleaning operations and as dye or pigment carriers. 

The types of waste generated from these industries should be 

generally similar to those from the paint industry and include: 

Equipment cleaning wastes; 

Still bottoms from solvent recovery. 

*Additional waste streams from these industrial categories (such 
as off-specification product and spills of finished product) 
are expected to be covered by future listings. 
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Spent solv~nts used for equipment cleaning, if not re-

claimed, are dru~med and landfilledC 4 ). Most paint companies 

contract for waste disposal services. Solvent recovery still 

bottons are incinerated, landfilled, or injected into deep 

we 11 s, ( 5) 

C. Surface Cleaning 

The Surf ace Cleaning category consists of two 

inportant subcategories: 

0 Industrial Degreasing 

0 Repair work 

Industrial 'iaintenance and Repair 

Commercial Service and Repair 

Consumer-performed Maintenance and Repair 

About half of the solvents used in Surface Cleaning 

Operations, as shown in Table III-1 1 are used in Industrial 

Degreasing, (see the Listing Background Document for Solvent 

Degreasing Operations) with the other half being used in 

various types of repair work.Cl) According to Reference 

(6), the total number of degreasing operations in the United 

States for 1976 was over 1,300 1 000 1 of which nearly half 

were associated with manufacturing operations of various 

types. The major solvents used are trichloroethylene 1 1,1,1-

trichloroethane, and chlorofluorocarbons. Most of the 

solvents used in surface cleaning were halogenated, due to 

their nonflammable character; this property is especially 

i~portant ln high-temperature degreasing opetatlons. 
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Neither surface cleaning nor either of its two subcate-

gories can be classified as industry specific, per se; rather, 

these operations are conducted in a nu~ber of types of indus-

tries (i.e., primary metals, auto repair shops, textile 

plants). 

With respect to the geographic distribution, industrial 

degreasing is the most concentrated source of solvent wastes 

from the surface cleaning category since degreasing is asso-

ciated with manufacturing operations that involve metal 

finishing (including etching, plating, priming and painting) 

and electronic components manufacture. The repair 

work subcategory is much more diffuse in distribution, with 

both commercial service and repair and consumer-performed 

maintenance and repair being generally distributed in the 

saae pattern as the population itself.(S) 

The major types of wastes from solvent usage in the 

industrial degreasing subcategory are used (spent) solvent 

and solvent recovery still bottoms. Wastes from the repair 

work subcategory would include both halogenated and non-

halogenated solvents, and would take the form of relatively 

small amounts of used solvent (typically up to a few gallons), 

plus contaminated rags and other materials. 

D. Production of Pesticides, Pharmaceuticals and 

Other Organic Chemicals 

Solvent applications in the production of pesticides, 

pharmaceuticals and other organic chemicals include usage as 
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a reaction (synthesis) merlium, and usage in equipment cleaning.Cl) 

The solvents used are primarily non-halogenated and are 

typically selected for co~patibillty with the production 

process. Toluene ls the most widely used solvent in pbarma-

ceuticals manufacture, methanol is used as the reaction 

solvent in Nylon 66 production, and acetone is used as the 

solvent in the production of cellulose acetate.Cl) 

Wastes from solvent usage in these industries take the 

form of off-specification product material, equipment cleaning 

wastes, and solvent recovery still botto~s. The destination 

of all solid wastes is not known, but a large percentage is 

reclaimed either in-house or by contract recovery operations.CS) 

Solvent-containing wastes in these industries are not as 

geographically distributed as in the other categories discussed 

herein, but would be expected to follow the general geographical 

pattern of the organic chemical industry. 

E. Laundry and Dry Cleaning 

There are about 25,000 retail dry cleaning plants 

in the United States, 18 1 000 of which use between 167,000 

kkg/yrC7) and 208,000 kkg/yrCl) of perchloroethylene. Of the 

other 7000 plants, 6000 use about 72,700 kkg/yr of Stoddard's 

solvent*, (which is a petroleum distillate), and 1000 use tri

chlorofluoroethane at a rate of about 900 kkg/yr.(7) The 

*Stoddard solvent is not specifically included in the waste 
listings, houever, since this solvent has a flash point of 
of 105°F (i.e., ~eets the ignitability characteristic), 
it would also be regulated under the Subtitle C regulatory 
control system. 
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solvents a!~ :s$cd to remove dirt, grease and other materials. 

It is believ~d that 8 percentC7) of the amount of perchloro-

ethylene used in dry cleaning is disposed of along with still-

botto~ and cooker residues, so that the anount of perchloro-

ethylene discarded is between 13.4 and 16.6 thousand kkg/yr. 

The distribution of dry cleaning plants is uniform with 

respect to population and is especially associated with popu

lation in large urban areas.(7) 

Still bottoms from retail dry cleaning consist of about 

60 percent solvent and 40 percent oily residue.(7) "Cooker"* 

residues are 25 percent solvent and 75 percent spent filter 

(~ostly diatornaceous earth).(7) 

F. Solvent Recovery Operations 

Still bottoms from solvent recovery operations are 

the recaining waste streams included in this listing. Each 

of the solvent use industry categories discussed above generates 

feedstocks for solvent recovery operations. Recovery may be 

accomplished either in-house or by contract to a recovery firm. 

with regard to contract solvent recovery operations, 

there are between RO and 100 contract solvent recovery 

operations in the u.s.(4) The surface cleaning category, 

and particularly industrial degreasing operations is one of the 

largest sources of spent solvents sent to contract reclaimers. 

*A "cooker" is a type of still in which solvent-contaminated 
diatocaceous filter powder is heated to drive off the solvent 
fraction of the total liquid residue contained in the filter 
po url er. 
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Other irnportanL sources of spent solvents are the paint, ink, 

and coatings nanufacturers and ~anufacturing processes where 

very pure solvents are used in organic synthesis (e.g., the 

organic chemical and pharmaceuticals industries).(8) Some 

contrRct reclaiming of solvents is also carried out on sol-

vents fron commercial and industrial dry cleaning operations. 

The geographic distribution, by state, of contract solvent 

recovery operations is presented in Table III-2. 

The volu~e of feedstock sent to the contract solvent 

recovery industry is approximately 287,000 kkg/yr; of this 

volu~e, about 27 percent are halogenated.(4) 

Although there are approximately 100 contract solvent 

recovery companies, the total nucber of solvent recovery 

operations is much larger due to on-site recovery. Of the 

total nuMber of plants involved in "cleaning operations", 

97.89 percent perform on-premises solvent recovery.CS) 

Exclurling the dry cleaning plants, which are distributed 

geographically in the sace pattern as population, the geographic 

distribution of all solvent recovery operations is as shown 

in Table III-3. 

Solvent recovery still bottoms (sludges) from contract 

reclaining operations amount to about 73,900 kkg/yr, of which 

between 5 and 50 percent is solvent, or an average solvent 

content o: about 25 percent. (4) About 27 percent of the 

solvents !n still-bottom sludges are halogenated.(4) Thus, 

the total still bottom waste from contract reclaiming consists 

of the f0llowi:ig conponents: 
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Table III-2 

GEOGRAPHIC DISTRIBUTION OF CONTRACT SOLVENT 

RECOVERY OPERATIONs(4) 

New Jersey 9 

California 9 

Ohio 8 

Illinois 8 

Michigan 7 

New York 5 

Indiana 4 

Massachusetts 3 

Rhode Island 2 

Maryland 2 

South Carolina 2 

Georgia 2 

Kentucky 2 

Tennessee 2 

Missouri 2 

Texas 2 

Connecticut 1 

North Carolina 1 

Florida l 

Kansas 1 

Arizona l 
74 
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18,250 kkg/yr solvent, including 1~ 1 320 kkg/yr non-

halogenated and 4,930 kkg/yr halogenated; 

54,750 kkg/yr non-solvent contaninant, including oils, waxes, 

metals and chlorinated and nonchlorinaterl organics. 

The estimate of 25 percent average solvent content, as 

presented above, can probably be applied to solvent recovery 

still bottons for all of the industries discussed herein, 

since the technology used to reclaim solvents is roughly 

similar throughout U.S. in~ustry.(8) 

Waste ~anagement Practices* 

The cost widely used management practices for spent 

solvents is either recovery/reclamation (either on-site 

or by contract recovery operations), land disposal (which 

may include anything from open ground dumping to landfilling), 

or incineration. For still bottoos, about so(8) to 86(4) 

percent of these bottoms from contract solvent reclaimers 

*The Agency has concluded that it docs have jurisdiction 
under Subtitle C of RCRA to regulate waste materials that 
are used, reused, recycled or reclaimed. FurtherMore, it 
has reasoned that such materials do not becorae less hazard
ous to human health or the environment because they are 
intended to be used, reused, recycled or reclaimed in lieu 
of being discarded. Therefore, at this time, applicable 
requirements of Parts 262 through 265 and 122 will apply 
to the accumulation, storage and transportation of hazardous 
wa~tes that are used, reused, recycled or reclaimed. The 
~gency believes this regulatory coverage is appropriate to 
the subject wastes. These spent solvents and still botto~s 
from the recovery of these solvents are hazardous in so far 
as t~ey are being accumulated or storerl in rlruMs or tanks 
prior to recycling. Therefore, these wastes will be con
sldererl as hazardous whether recycled or disposed. However, 
at the present time, the management of these wastes during 
recycling operations will not be regulated. 
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are incinerat~d. Still bottom sludges from both contract 

reclaimers and from solvent recovery operations performed 

by solvent-using industries, if not incinerated, are either 

landfilled or injecterl into deep wells.Ca,5) Land disposal 

of still bottom sludges from contract reclaimers is mostly 

in landfills that are covered daily.(4) A small amount 

of sludge is used as asphalt extender (about 0.1 percent).(4) 



IV. References to Section III 

1. Lee, B.B., G.E. Wilkins and E.M. Nichols. Organic 
solvent use study. Final Report. EPA No. 560/12-790-
002. NTIS PB No. 301 342. 1979. 

2. Wildholz, M. (ed.). The Merck Index. 9th ed. Merck 
and Company. Rahway, New Jersey. 1976. 

3. Sax, N. I. Dangerous Properties of Industrial Materials. 
Van Nostrand Reinhold Publishing Company, New York. 1963. 

4. Scofield, F., J. Levin, G. Beeland and T. Laird. Assess
ment of industrial hazardous waste practices, paint & 
allied products industry, contract solvent reclaiming 
operations, and factory application of coatings. EPA 
No. 530/SW-119c. NTIS PB No. 251 669. September, 1975. 

S. Levin, J., G. Beeland, J. Greenberg, and G. Peters. 
Assessment of industrial hazardous waste practices: 
Special machinery manufacturing industries. NTIS PB No. 
262 981. March, 1977. 

6. Goodwin, o. R., and D. G. Hawkins. Organic solvent 
cleaners - Background information for proposed standards. 
EPA No. 450/2-78-045a. NTIS PB No. 137 912. October, 1979. 

7. International Fabricare Institute. Silver Spring, Maryland. 
Personal communication with B. Fisher. December, 1979. 

8. Tierney, D.R., and T.W. Hughes. Source assessment 
reclaiming of waste solvents. State of the Art. EPA 
No. 600/2-78-004£. NTIS PB No. 282 934. April, 1978. 

-µ:'-
- L/q -



IV. ijAZARDS POSED BY THE WASTES 

A. Hazardous Properties of the Solvents 

The najor halogenated solvents exhibit organic toxic 

properties which oake them potentially hazardous to human 

health and the environment. In particular, the two halo-

genated solvents, perchloroethylene and trichloroethylene 

are on CAG's List of Carcinogens and 1,1,1-trichloroethane 

is a suspect carcinogen. All of the listed halogenated 

organic solvents, except 1 1 1,2-trichloro-l,2,2-trifluoro-

ethane, are priority pollutants under Section 307(a) of the 

CUA. 

A number of the non-halogenated organic solvents also 

exhibit toxicity properties. For example, nitrobenzene has 

been identified as a suspect carcinogen. These compounds 

are toxic via one or more of the exposure routes inhalation, 

ingestion and/or through the skin. Short term human exposure 

co these compounds can have numerous adverse effects. (For 

more information on the adverse health effects of these 

halogenated and non-halogenated solvents, see Health and 

Environmental Effects, pp. 38-45. In addition, almost all 

of the non-halogenated solvents also present an ignitability 

hazard. 

In li3ht of the health hazards associated with the waste 
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solvents--particularly those which are genetically active--

and the high concentrations of hazardous solvents contained 

in the waste, the Agency believes a decision not to list 

these waste solvents as hazardous would be warranted only if 

the Administrator were convinced that waste solvents could not 

migrate and persist, reaching human or environmental receptors 

(if improperly managed). Such assurance does not appear poss!-

ble. Not only do all of the waste solvents invarying degrees, 

have significant potential for migration, Mobility, and persist-

ence, but ~any have been implicateri in actual damage incidents as 

well. The Ad~inistrator thus believes the hazardous waste 

listing to be warranted. 

In ad~ition, alMost all non-halogenated solvents also 

present an 1gnitability hazard. According to Table I-2, 

the fourteen ~ost-u~ed non-halogenated organic solvents exhi-

bit flash points of 115°F or below, and are thus well below 

the liMit set for defining an ignitable waste under RCRA 

§261.21 (flash point below 140°F); therefore, these spent 

solvents and the still bottoms from the recovery of these 

solvents are defined as hazardous. 

Based on the information in Section III, most of the 

wastes from usage of organic solvents are ldndfilled or incin-

erated. s~aller amounts of these solvent wastes are either 

placed on open land (or cfuMps),· into storm sewers, and into 

deep wells. 'fisnanagement and improper disposal of these 
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wastes by any of these methods could result in a substantial 

health and environmental hazard. 

Actual damage incidents (see pp. 32-35) involving certain 

of these listed wastes confirm the dangers of ignitability, 

and of leaching of waste constituents from landfills to 

groundwater. Improper waste incineration could also lead to 

substantial hazard. Thus, inadequate incineration conditions 

(temperature and residence time) can result in emission of 

solvents or toxic degradation products. Where a chlorinated 

solvent is involved, emissions could be more dangerous than 

the waste itself. For example, phosgene is a partially 

combusted chlorinated orgartic (halogenated solvent) -which is 

produced by the decomposition or combustion of chlorinated 

organics by heat.Cla,lb,lc) Phosgene has been 

used as a chemical warfare agent and is recognized as extremely 

toxic. 

~. Migratory Potential and Persistence of Halogenated And 

Non-Halogenated Solvents 

The following section discusses the migratory potential, 

mobility, and persistence of the individual waste solvents. 

In general, all of these solvents appear capable of sufficient 

migration, mobility and persistence to create a substantial 

hazard should waste mismanagement occur. 

Environmental fate data showing the potential for release 

of the individual halogenated and non-halogenated solvents is 
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described below and summarizerl in Table IV-1 and Table IV-2. 

Perchloroethylene 

Perchloroethylene, if not properly disposed 0£ 1 may 

~igrate from the waste into the environment via both air and 

groundwater exposure pathways. 

~aving been detected in several sites away from the 

disposal area (i.e., found in varying anounts in school 

basement air, in basement sumps, and on solid surface samples 

at the Love Canal site), perchloroethylene has indee~ been 

rlemonstrated to be quite mobile and persistent.9 

Methylene Chloride 

Hethylene chloride, if not properly managed, may migrate 

from the waste into the environment. It is very water-

soluble (20,000 mg/l), thus could leach into groundwater 

and persist there due to its stability.IO It is also very 

volatile (350 mm Hg at 20°C) and could present an air pollu-

tion problem because of its high evaporation rate (1.8 times 

the rate of ether) and its stability in air and light.IO 

Trichloroethylene 

Trichloroethylene, if not properly managed, may migrate 

from the disposal site into the environment via air and 

groundwater pathways. First, it is volatile (77 mg Hg at 

20°C, 141.04 mm Hg at 40°CR), so it aay be released from 

the waste into the Air; it has been detected in school and 

basement air at the Love Canal site.q 
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TABLE IV-1 

Halogenated Solvents* 

I Vapor Pressure Solubility in Octanol/Water 
I Compound (mm Hg) Water (mg/ 1) Partition 
I Coefficient 
l 
I Perchloroethylene I 19 at 25 •c5 150 at 2s•c5 3392 I 
I I r 
I Methylene chloride I 350 at 20°c 20,000 at 25°c5 20 I 
I I I 
I Trichloroethylene I 77 at 25°c5 1,000 at 2o•c5 1952 I 
I I 

' I 1 1 1,l-Tricbloroethane I 100 at 20°C 950 at 25°C 158 ' I I I 
l Chlorobenzene I 10 at 22 °c 488 at 25°C 690 I 
I 
I 1, 1 , 2-Tr ic hl oro- I 270 at 20°c 10 at 2S°C 100 
I 1,2,2-Trifluoroethane I 
I I 
t 1,2-Dichlorobenzene I 1.56 at 25 •cS 145 at 25°C 24002 
I 
I 1richlorof luoromethane 687 at 2o•cll 1,100 at 25•11 3392 -1. 

* Table compiled from data given in "Physical Chemical Properties of Hazardous Waste 
Constituents" (U.S. EPA, 1980) unless otherwise specified by superscript. 
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Methanol 

Toluene 

Methyl ethyl ketone 

Methyl isobutyl ketone 

Carbon disulf i~e 

Isobutanol 

Cresols and cresylic 

acid ortho (1,2) 

meta (1,3) 

para (1,4) 

Nitrobenzene 

Pyridine 

Table IV-2 

Non-Halogenated Solvents* 

Vapor Pressure 
(mm Hg) 

100 at 21.2°C 

28.4 at 25°C 

100 at 25°C 

16 at 20°c 

260 at 20°C 

10 at 25°C 

0.24 at 2s 0 cll 

0.04 at 20°cll 

0.11 at 2s 0 cl1 

l at 44.4°C 

20 at 25°C 

Solubility 
in Water 

Miscible 

470 at 2s 0 c 

100,000 at 25°C 

l'l,000 at 2s 0 c 

2,200 at 25°C 

95,000 at 18°C 

31 000 at 40°cll • 

23,500 at 20°cll 

24,000 at 40°cll 

l,QOO at 25°C 

Miscible 

Octanol/Water 
Partition Coefficient 

5 

117 

1 

1 

100 

8 

1102 

62 

5 

*Table co~pilerl from data given in "Physical Chemtc~l Properties of Hazardous 
1:ac;te r.onc;tituents" (IJ.S. EPA, 198()) unless otherwise specified by superscript. 
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It is also relatively water-soluble (1,000 mg/l), so 

that it may leach into groundwaters if not adequately contained. 

Trichloroethylene has been detected in a nunber of wells and 

residue ponds near groundwater contaminated by a chemical 

company dump, as well as in basement sumps at the Love Canal 

site, confirming its moblity and persistence in groundwater.9 

1,1,1-Trichloroethane 

1,1,1-Trichloroethane is a highly mobile compound, and 

if not properly managed, could migrate from wastes into 

the environment. It is highly volatile (100 mm Hg at 20°C; 

approximately 210 mm Hg at 40°C), so that it may be released 

from waste sites into the air. Once in the air, it will 

only decompose at elevated temperatures. Because of this, 

and the fact that 1,1,1-trichloroethane is reactive to sunlight 

at high altitudes, while stable at low altitude&, it may 

create air-pollution problems if disposed of inadequately.10 

It has been detected in school and basement air at the Love 

Canal site.9 

1,1,1-trichloroethane is also relatively water-soluble 

(950 mg/l) and ~obile, particularly where soils are low in 

inorganic content.10 It is also relatively persistent in 

groundwater where it reacts slowly, releasing hydrochloric acid.IO 

Chlorobenzene 

Chlorobenzene may migrate from the disposal site into the 

environment if inadequately disposed of. Its water solubility is 

fairly high (488 mg/l) to enable its leaching into groundwater 

where it would persist, since it is not Hnenable to hydrolysis.10 



Chlorobenzene is also volatile so it could be released from 

wastes into the air.10 · It has been detected in school 

and basement air, basement sumps, and solid surface samples 

at the Love Canal site.9 Because it does not biodegrade 

well, chlorobenzene is very persistent in the environment.10 

l,l,2-Trichloro-l,2,2-tr1fluoroethane/Trichlorofluoromethane 

These two solvents, if improperly managed, can migrate from 

the disposal site into the environment. They are extremely 

volattle (1,l,2-trichloro-l,2,2-trifluoroethane-270 mm Hg at 

20°C, to over 500 mm Hg at 40°C;l0 trichlorfluoro~ethane-

687 ~m Hg at 20°c7) and very persistent in the environment 

due to resistance to biodegradation, photodecomposition, and 

chemical degradation. 7 Because of their high volatility and 

persistence, after release at the surface of the earth, 

these solvents rise to the stratosphere where they may release 

chlorine atoms and deplete the ozone. This can lead to 

various adverse health and environmental effects resulting 

from an increase in the amount of ultraviolet radiation 

reaching the earth, as well as possible changes in the earth's 

climate induced by the "greenhouse effect".3,4 

o - Dichlorobenzene 

o - Dichlorobenzene, if disposed of improperly, may 

migrate from the disposal site into the environment by both 

air and water pathways. Having been detected at several 

sites away from the disposal area (found in school and base-

ment air, in basement suMps, and in solid surface samples at 
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the Love Canal sit~), o-dichlorobenzene has been demonstrated 

to be mobile and persistent.9 

o-Dichlorobenzenes has a very high octanol/water par-

tition coefficient of 2,400, indicating a high bioaccumulation 

potential. Thus, migration, even in small concentrations, 

could lead to a chronic toxicity hazard (Appendix A). 

Toluene 

Toluene, if improperly managed, may migrate from the 

the disposal site into the environment. It is relatively 

volatile (vapor pressure 28 mm Hg at 20°C) and so ~an migrate 

via and air pathway. It can re-enter the hydrosphere in 

rain.12 Toluene is also capable of migration via a groundwater 

pathway since it is relatively soluble (470 mg/l), and persistent 

in abiotic environments (such as most aquifers). 

Toluene has been detected in school and basement air, 

basement sumps, and solid surface samples at the Love Canal 

site, demonstrating its mobility and persistence in both air 

and groundwater.9 

Methyl Ethyl Ketone 

Methyl ethyl ketone, if disposed of inadequately may 

migrate from the disposal site into the environment. It is 

extremely soluble in water (100,000 mg/l), and therefore could 

leach into groundwater. It is also very volatile (185.4 mm 

Ilg at 40°c8), and could present an air pollution problem 

if improperly contained. Because of its high solubility 
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it coulrl be re-entrained fro~ air into the hydroshpere via 

rain. 

Methyl ethyl ketone has been detected at several sites 

near groundwater contaminated by an old chemical company 

dump, as well as in school and basement air at the Love Canal 

site, de~onstrating both its mobility and persistence.9 

Carbon Disulfide 

Carbon disulfide, if improperl~- managed, may migrate 

from the disposal site into the environ~ent. tt is extremely 

volatile (260 mm Hg at 20°C) and althouth subject to photo-

lysis, could present an air pollution problem if inal\.~uately 

contained. It is also quite solubre in water (2200 mg/l), 

and is not known to attenuate in soils; therefore it could 

leach into the groundwater, where, being unamenable to hydro-

lysis, it is likely to persist for an extended time period.lo 

Isobutanol 

Isobutanol, if improperly managed, may migrate from 

the disposal site into the environment. It is extremely 

water-soluble (95,000 mg/l); thus, if inadequately contained, 

it may contaminate surface water and adversely affect its self-

purification ability.10 In addition, isobutanol could leach 

into groundwater if disposal is inadequate, 

Cresols (and cresylic acid) 

Cres~ls, if improperly managed, may migrate from the 

rllsµo~dl site into the environment. Cresols are highly 

soluhle (23,500 to ll,000 ~g/l) and are not known to Bttenuate 



significantly in soils; thus, they could leach into groundwater 

if disposal is inadequate. Once in water, cresols rapidly 

form chlorinated compounds, which are more environmentally 

objectionable.IO Cresols are not known to hydrolyze and so 

would be likely to persist in groundwater.10 

Nitrobenzene 

Nitrobenzene, if disposed of inadequately, may migrate 

from the disposal site into the environment. It is water-

soluble (1900 mg/l) and would be mobile where soil organic 

content is low,10 and thus could leach into groundwater if 

disposal is not adequate. It is likely to be highly per-

sistent in groundwater since it is not amenable to hydrolysis 

and does not biodegrade we11.lO 

Pyridine 

Pyridine, if disposed of inadequately, may migrate from 

the disposal site. Because pyridine is miscible with water, 

it has high migratory potential. It would be mobile as well, 

unless soil has high clay content.10 Pyridine also would be 

likely to persist in the abiotic environment of most ground-

waters. 

C. Mismanagement of Wastes Destined for Land Disposal 

Documented damage incidents resulting from the mis-

management of these wastes from usage of organic solvents 

are presented below: 
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Damage Resulting from Ignitability of Wastes 

(1) A load of used pesticide containers delivered to a 

disposal site in Fresno County, California, also con-

tained several drums of an acetone-methanol solvent 

mixture. When the load was compacted by a bulldozer, 

the waste ignited, engulfing the bulldozer i~ flames 

and dispersed pesticide wastes.(13) 

(2) A large number of drums containing organic solvent wastes 

were deposited in a landfill at Contra Costa, California. 

In the immediate area were leaking containers of concen-

trated mineral acids and several bags of beryllium wastes 

in dust form. The operators failed to cover the wastes 

at the end of the day. The combination of wastes ignited 

during the night, starting a large chemical fire which 

possibly dispersed toxic beryllium oxide,(13) 

(3) Two serious fires at the Merl-Milam Landfill, St. Clare 

County, Illinois (August, 1973 and April, 1974) were 

attributed to the presence of solvent wastes from plastics 

manufacture.(13) 

Contamination of Groundwaters 

(1) In two separate instances in Michigan, trichloroethylene 

was dumped on the ground and later found to have migrated 

into groundwater. In one case, trichloroethylene dumped 

at a rate of 1000 gallons per year over a four-year 

period was detected in residential wells as much as 

1100 feet from the site of dumping. Concentrations 

ranged as high as 2~ ppm,(13) 
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In the other case, the Air Force at a base near 

Oscoda, Michigan, had problems ~ith contaMinated ground-

water because of a leaking tank which use to hold 

trichloroethylene. The problem was compounded when 

a waste hauler apparently mismanaged the trichloro-

ethylene that was hauled from the leaking tank, and 

groundwater contamination up to four miles away was 

considered one of the results.(11) 

(2) A sump overflow in 1Q71 at the Superior Tube Company 

allowed trichloroethylene wastes to leak into a cooling 

pond. Seepage from this pond was found to contaminate 

a private well 75 yards distant and a company well at 

the site. (13) 

(3) Open du~ping of wastes, including solvent wastes, from 

a chemical packing plant by u.s. Aviex Company resulted 

in entry of organic solvents into the water table and 

contamination of several nearby water wells in 1973. 

One family reported illness resulting from use of the 

contaminated well water.(13) 

(4) [Mono]chlorobenzenes, at concentrations of 5 mg/l and 

30 mg/l has been detected in the water from 2 of 21 ob-

servation well~, installed at rlepths up to 50 feet at 

v~rying distances from an industrial manufacturing com-

plex devoted to the development anrl manufacture of en-

ginecrlng plastics.(14) 
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The rlaMage incidents presented above illustrate the 

following potential hazards associated with wastes from usage 

of organic solvents: 

(1) IgnitRbility hazard during mismanagement; 

(2) Potential toxicity hazard to humans via groundwater 

exposure pathways. 
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D. Health and Environmental Effects* 

Perchloroethvlene (Tetrachloroethylene) 

Perchloro~thylene (PCE) was reported carcinogenic to 

mice.(16) It has also been identified by the Agency as a 

chemical which has deQOnstrated substantial evidence of being 

cl'lrcinogenic. PCE is chronically toxic to rats and mice, causing 

kidney and liver damage;Cl0,16,21) and to humans, causing impaired 

liver function.(2) Subjective central nervous system complaints 

were noted in workers occupationally exposed to PCE.(14) PCE 

exposure is reported to cause alcohol intolerance to humans. 

PCE is a priority pollutant under Section 307{a) of the 

Clean Water Act. 

~ethylene Chloride (Dichloromethane) 

EPA has found "suggestive" evidence of the carcinogenicity 

of methylene chloride, therefore, methylene chloride is 

considered a "suspect carcinogen" {Appendix A); methylene 

chlorirle was also reported as being mutagenic to a bacterial 

strain, ~· typhimurium. (24) It was reported to be feto- or 

enbryo-toxic to rats and mice.(23) Female workers had 

gynecological problems after prolonged exposure to ~ethylene 

chloride.(36) Methylene chloride also causes central 

nervous system de?ression and elevation of ~arboxyhemoglobin 

levels.(18) Severe contamination of food or water can 

cause irreversible renal and hepatic injury.(30) Acute 

toxicity value~ range from 147,000 to 310,000 ug/l for aquatic 

*Ethyl ~enzene, w~ich is only being listed for its ignitability 
h.1z..i.rrl, ts alc;o considered a priority pollutant under Section 
107(a) of the Clean Water Act. 



organis~s (\ppendix A) 

Trichloroethylene 

Trichloroethylene (TCE) has been reported to be carcino

genic to rnice.(15) It has also been identified by the Agency 

as a chemical which has demonstrated substantial evidence of 

being carcinogenic. (38) Industrial exposure to TCE caused 

some cases of central nervous system disturbances (headaches, 

insomnia, tremors) as well as peripheral nervous system 

i~pairment (neuritis, temporary loss of tactile sense, finger 

paralysis).Cl,13) Rare cases of hepatic damage have been re

ported followi~g repeated abuse of TCE.(6) 

TCE was found to be toxic in varying degrees to several 

freshwater organisms.(28) There was also a 50% decrease 

noted in 14c uptake by a saltwater algae at a concentration 

of 8,000 mg/1.(20)(~ppendix A) 

1,1,1-Trichloroethane (Methyl Chloroform) 

Data regarding the carcinogenicity of 1,1,l-trichloroeth-

ane is inconclusive.(17) It is mutagenic in the Ames test, 

and in a mamallian cell transformation system (See Appendix 

~). Chronic exposure, albeit is greter than ambient levels, 

can cause central nervous system disorders in humans. Animal 

studies showerl toxic effects on the central nervous system, 

car<linvascular system, pulmonary system, and induced liver 

~nd ki<lney damag~.(34) l,l,1-Trichloroethane is a priority 

;>.:>~l11t:int 11nt!er Section 307(a) of the Clean Water Act. 
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Chlorobenzene (Monochlorobenzene, MCB) 

Chlorobenzene has been found to produce histopathological 

changes in the lungs, liver, and kidneys following its inhalation 

by rats, rabbits and guinea pigs.(7) Oral administration of 

monochlorobenzene to rats was reported to cause growth retar-

dation in males.Cl!) ~CB also appears to increase the activity 

of so~e microsomal enzyme systems, w~ich enhances the metabolism 

of many drugs, pesticides, and other xenobiotics.(29)(Appendix A) 

~CB was reported to be toxic to varying degrees to 

several fresh- and salt-water organisms, including algae,C28) 

has a high biomagnification factor (Appendix B), is resistant 

to biodegradation and hydrolysis and is, therefore, persistent. 

MCB is a priority pollutant u~der Section 307(a) of the 

Clean Water Act, is a subject of TSCA section 4 Test Rule, and 

has been selected for bioassay by NCI. These regulatory actions 

point to concern regarding its toxicity. 

1,1,2 Trichloro-1,2,2 trifluoroethane 

The Agency's primary concern in listing this solvent is 

the air pollution hazard resulting from its release at the 

surface of the earth. This can have many adverse health and 

environmental effects including increased incidence of skin 

cancer, reduced producttvity in several important agricultural 

crops, and increased mortality in the larvae faros of several 

iMportanc seafood species resulting from the depletion of 

the o~one.(39,40) Because of these effects, EPA is currently 

considering regulation of CFC production and use. 



1,2-Dichlorobenzene (ortho isomer) 

Ortho 1,2-dichlorobenzene exhibits moderate toxicity via 

inhalation and oral routes. The major toxicological effect 

is injury to the liver and kidneys; it is also a central ner

vous system depressant after short periods of exposureC19,22) 

(Appendix A). 

1,2-dichlorobenzene is designated a priority pollutant 

under section 307(a) of the Clean Water Act. 

Trichlorofluoromethane 

The Agency's primary concern in listing this solvent is 

the air pollution hazard resulting from its release at the 

surface of the earth. This can have many adverse health and 

environmental effects including skin cancer resulting from 

the depletion of the ozone (Vide Sufora).(39,40) However, 

additional adverse health effects have been found and are 

presented below. 

Exposure of rabbits to trichlorofluoromethane was re-

ported to cause cardiac arrhythmias.(26) It induced 

cardiac arrhythmias, sensitized the heart to epinephrine-

induced arrhythmias, and caused tachycardia (increased 

heart rate) myocardial depression, and hypertension in the 

monkey, dog, rat and mouse.(26) 

Trichlorofluoromethane is a priority pollutant under 

Section 307(a) of the Clean Water Act.* 

*The Agency has recently proposed to remove trichlorof luoro
~ethane from the list of toxic pollutants under §307(a) of 
the Clean Water Act (45 FR 46103 1 July 9 1 1980). 



Toluene 

Toluene i~ a toxic chemical absorbed into the body by 

inhalation, ingestion, and through the skin. Data on its 

mutagenicity and carcinogenicity are inconclusive, but it 

has been reported to cause chromosomal change; teratogenic 

problems were also recently reported.(47) The acute 

toxic effect is central nervous system depression, (45) 

and irritation of eye and throat. These effects occur at 

low concentrations [200 ppm].C46) Chronic occupational 

exposure to toluene has led to the development of neuro-muscular 

disorders. Occupational exposure to female workers to toluene 

reported to cause several reproductive problems, both to the 

wo~an and the offspring.(25) Chronic toluene exposure can 

cause dermatitis, affect the immune system, and cause permanent 

damage to the central nervous system.(48) 

Since toluene is metabolized in the body by a protective 

enzyme system which is also involved in the elimination of 

other toxins, it appears that over-loading the metabolic 

pathways with toluene may greatly reduce the clearance of 

other more toxic chemicals. Additionally, the high affinity 

of toluene for fatty tissue can assist in the absorption of 

other toxic chemicals into the body. Thus, synergistic 

effect~ of toluene on the toxicities of other contaminants 

~ay render the waste stream more hazardous (Appendix A). 

Toluene is a priority pollutant under Section 307(a) of 

the Clean Water Act. 
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Methyl Ethyl Ketone 

Methyl ethyl ketone is a highly volatile ignitable liquid 

of moderate toxicity via ingestion which can affect the 

peripheral nervous system and is an experimental teratogen 

(Appendix A). I~ is also a strong irritant of the mucous 

membranes of the ~~Js and nose. A lethal dose in animals 

(LC50 - 700 ppm) has caused marked congestion of the internal 

organs and slight con~~~tio: of the brain. Lungs also showed 

emphysema (Appendix A). 

Carbon Disulfide 

Short term human exposure to low atmospheric concentrations 

of carbon disulfide may result in central nervous system de-

pression, headaches, breathing difficulty and gaRtrointestinal 

disturbances. Exposure to short term but high atmospheric 

concentrations can lead to narcosis and death. The symptoms 

of humans subjected to repeated exposure to hig~ concentrations 

or prolonged exposure to low concentrations include insomnia, 

fatigue, loss of memory, headache, melancholia, vertigo and 

loss of appetite. Visual impairment, loss of reflexes, and 

lung irritation has been reported. (19,22) Rats and mice exposed 

8 hours per day for 20 weeks to an average concentration of 37 ppm 

carbon disulfide showed evidence of toxic effects.Cl9)(Append1x A) 

Isobutanol 

Rats receiving isobutyl alcohol, either orally or subcu-

taneously, one to two times a week !~r 495 to 643 days showed 

llv~r carcinomas and s~rcoMas, spleen s~ omas and myeloid 

leukemia. (43) 
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Ingestion of one molar solution of isobutyl alcohol in 

water by rats for 4 months did not produce any inflammatory 

reaction of the liver. ~owever, rats ingesting a two molar 

solution for two months developed Mallory's alcoholic hyaline 

bodies in the liver and were observed to have decreases in 

fat, glycogen, and RNA in the liver.(43) 

Acute exposure to isobutyl alcohol causes narcotic effects, 

and irritation to the eyes and throat in humans exposed to 

100 ppm for repeated 8 hour periods. Formation of facuoles 

in the superficial layers of the cornea and loss of appetite 

and weight were reported among workers subjected to an undeter

mined but apparently high concentration, of isobutyl alcohol.(44) 

(Appendix A) 

Pyridine 

Pyridine exhibits moderate toxir_· when absorbed into 

the human body through oral, dermal, and inhalation routes.(22) 

Liver and kidney damage has been produced in animals and man 

after oral administration.Cl) In small doses, conjunctivitis, 

dizziness, vomiting, diarrhea and jaundice may appear; tremors 

and ataxia, irritation of the respiratory tract with asthmatic 

breathing, paralysis of eye muscles, vocal cords and bladder 

also have been reported.(22) 

Adverse taste in fish (carp, rudd) has been reported at 

5 ppm. Pyridine causes inhibition of cell multiplication in 

algae and bacteria at 28 and 340 ppm respectively.(35)(Appendix A) 
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Nitrobenzene 

Nitrobenzene is a suspected carcinogen.C4) When 

administered to pregnant rats, it caused abnormalities in 

some of the fetuses examined.CS) Changes were observed 

in the chorionic and placental tissues of pregnant workers 

exposed to nitrobenzene,(4) and menstrual disturbances 

after chronic exposure have been reported. Chronic exposure 

to nitrobenzene has been found to cause a variety of blood-

variety disorders. 

Nitrobenzene is toxic in varying degrees to several 

salt- and fresh-water organisms.(31) (Appendix A), and nitro-

benzene is a priority pollutant under Section 307(a) of the 

Clean Water Act. 

Cresols (Cresylic Acid) 

Cresol is highly toxic if orally administered, and 

moderately toxic if inhaled. Absorption may result in damage 

to kidney and liver as well as the central nervous system.C22) 

Exposure to cresol can cause severe skin burns and derma-

titis.Cl9,22)(Appendix A) 
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Response t~ ~owmePts (Proposed Listings (December 18, 1978)) 

0 One co~menter objected to the listing "Waste non-

halogenated solvent (sue~ as methanol, acetone, iso-

propyl alcohol, polyvinyl alcohol, stoddard solvent 

and methyl ethyl ketone) and solvent sludges from 

cleaning, compounding milling and other processes."* 

The commenter argued that without indicating the con-

centration or quantity of the solvent in the waste, 

the Agency would be listing wastes as hazardous even 

if the solvent were present in small concentrations and 

quantities. 

In the listing promulgated today for waste solvents, 

the Agency is only listing those spent solvents or 

still bottoms from the recovery of these solvents 

which would contain substantial quantities and con-

centratlons of the solvent. for exa~ple, spent solvents 

can contain up to 90% of the original solvent while 

the still bottoms may contain up to 50% of the spent 

solvent. 

0 ' nunber of commenters objected to the listing of poly-

vinyl alcohol (PVA) as a solvent. These commenters 

argued that PVA is not a solvent but is a solid and 

c~n only be used as a solute. Therefore, they recommended 

that PVA be removed from the list. 

*This ~peciflc listing will not be inclu~ed in the final 
ref;ulation; however, it will he covererl under tl1e generic 
li.c;ttn~ "The Spent non-h:ilo~enated solvents •••• " 
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The Agency agrees with the comnenters and therefore, 

has removed PVA from the listing. 

0 A number of commenters objected to the listing of waste 

halogenated/non-halogenated solvents. They felt that 

the listing was too vague and ambiguous. 

In the listings promulgated today, the Agency has 

specifically listed only those solvents for which data 

or information are available which indicates a present 

or potentt~l hazard could be posed to human health and 

the environment if improperly managed. Therefore, the 

listing description promulsated today should respond 

to the commenters' objection. 
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Response to Co~nents - Spent Halogenated and Non-Halogenated 

Solvents and the Still Bottoms/SludRes From the Recovery of 

These Solvents 

A number of comments were received with respect to wastes 

FOOl to FOOS (Spent halogenated and non-halogenated solvents 

and the still bottoms/sludges from the recovery of these 

solvents). 

1. One comoenter requested that the Agency clarify or 

define what it 111eans by the term "spent". For example, 

the comoenter questioned whether "spent" refers to the 

state of the chemical which was pure initially but 

now appears in the waste stream after being used, or 

whether it refers to the altered or decomposed state of 

a chemical which has outlasted its shelf life. 

The Agency agrees with the commenter and has 

thus included the following definition for "spent 

solvents" in the listing background documents: 

"Spent solvents include those solvents which 

are no longer useful as solvents without 

further processing (i.e., solvent reclamation), 

either because the solvents have outlasted 

their shelf life, or because the solvents 



have been contaminated or chemically or 

physically changed. 

It should be clear from this discussion that the 

wastes encompassed by this listing do not include waste 

streams where the solvent is a contaninant, such that 

the waste stream is not a spent solvent, as defined 

above. Thus, wastes which contain as constituents 

solvents which are used in the industrial process 

are not included within the scope of this listing. 

Nor are these waste streams hazardous by virtue of the 

mixing rule (§261.3(a)(2)(ii)), since a spent solvent is 

not being mixed with another solid waste. 

The Agency, however, does not believe it appropriate 

to define the term "spent solvent" by using a quantity/ 

volume cut-off (i.e., spent solvents include those 

solvents which contain x percent or more of solvent). 

As we have indicated in other support documents (see!...!£•, 

Background Document on EP toxicity), the Agency does not 

presently believe sufficient information exists to 

establish minimum waste concentration levels for toxic 

constituents, except for those regulated by the Interim 

Primary Drinking Water Standards. Ue intend to make 

case-by-case determinations via the delisting mechanism 

to remove those wastes containing mini~al concentrations 

of "spent solvent". 
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2. A~other co~raenter argued that the scope of the listing 

of both spent solvents and still bottoms/sludges from 

the recovery of solvents, is overinclusive because it 

does not recognfze that certain solvent recovery opera-

tions produce non-hazardous still bottoms.* For example, 

the commenter stated that it is possible to produce a 

nonleaching, non-ignitable fused waste solid containing 

as low as 5 percent solvent. Therefore, the commenter 

recommends that solvent recovery still bottoms be defined 

as follows: 

"Solvent recovery still bottons: residue from 

the distillation/evaporation process of re-

covered solvent which has more than 101. of 

the original solvent (excluding water) re-

maining" 

The Agency disagrees with the commenter. In the 

first place, the commenter has not correlated the 

recommended concentration of solvent with a showing that 

exposure to these levels of contaminant will not cause 

substantial hazard. ~or is there documentation for the 

claim that still bottoms containing 5'- of the listed 

solvent would be incapable of posing substantial harm if 

misn.:lnaged. Furthermore, the 'gency believes that 

* I t sh o 11 l rt he note ti th a t t 1l is co!"! n en t was directed to waste 
rno4 (the following spent non-halogen~ted solvents: cresols 
anrl cresylic ~ct~. and nitrobenze~e: and the still bottoms 
frol'I the recovery of thcc;c solvents). However, F.:PA's res
ponse i~ ~lso ~pplic~hle to wac;tes FlOl, F002 and FOOS. 



still hottoms containing 5% of the l:sted solvent 

,, a y 1 n d e e ~ p o s e a s u b s t a n t i a 1 h a z a r r , t o h um a n h e a 1 t h 

and the environment if improperly ma;,age<. ·* This premise ,, 

is based on the following factors: 

(1) The recom~ended cut-off level 0j0,000 PV_) is at least 

an order of magnitune above th1t needed to·,~ause 

acute effects, and in most cas, orders of mi.~itude 

higher (see Appendi~ A to the is~ing backgro ~~ 

document). Thur;, still bottom· with 5% concenl~1.tion 

of a listed solvent woulrl only have to leach a 

snall percentage of the conta~1ed solvent to cause 

substantial hazard. 

(2) Cresols, cresylic aci~ and nitrobenzene are all 

toxic chemicals: nitrobenzene is a suspect carcino-

gen and has been found to cac.:e a variety of blood 

<l!sorders from chronic ex:pos1 ~e. Cresols and 

cresylic acid are highly tox ~ if adninistered 

orally and moderately toxic 1f inhaled. In addition, 

cresol an~ cresylic acid may result in damage to the 

kidney and liver as well as :o the central nervous 

syste!I\. 

(3) Because of the toxicity of hese solvents, the 

concentration of solvent in the still bottoms 

(five percent) is considere significant by the 

*At <t -~perr.ent level of c;ol,1ent, the waste st re Ans nay no 
long~r he ig~ltahle as rleflnerl in ~2 ~.21. 



(4) All of these solvents have high or appreciable 

water solu~ilities (nitrobenzene: water solubility 

1900 mg/l (Appendix H); cresols and cresylic acid: 

water solubilities 23,500 and 31,000 mg/l (Appendix 

B) and therefore, could leach into groundwater under 

improper disposal conditions. 

(5) All of these solvents are likely to persist in 

groundwater; cresols, cresylic acid and nitrobenzene 

are not known to hydrolyze while nitrobenzene also 

noes not biodegrade well.~/ 

T~e Agency therefore, believes t~at still bottoms from 

the recovery of cresols and cresylic acid, and nitro-

benzene may pose a substantial hazard to hunan health 

and the environment even when five percent of solvent 

is in the waste. If an in~ividual generator believes 

~is still bottoms are non-hazardous, the generator 

should petition the Agency to de-list his waste (see 

§~26Q.20 and 260.22). 

3. One commenter criticized EPA's generic designation of 

all spent chlorinated fluorocarbons as hazarnous. 

Therefore, the commenter believes that the broad category 

(chlorinatei fluorocarbons) should be replaced by specific 

conpounds for which documente~ evidence of hazard is 

av~ilable. The co~~enter also argued more specifically 

*These data are all taken from Appendix ~ to the listing 
hac~ground document. 



t•1at trichlorofluoromethane and dichlorodifluoromethane 

are not hazardous constituents*/ and that F.PA's reason 

for regulating these materials--that they can rise into 

the stratosphere and deplete the ozone leading to adverse 

health and environmentRl effects--has not yet been 

proven. The commenter pointed out that the most sophisticated 

statistical analyses of actual ozone measurements taken 

at various places around the world have consistently 

failed to detect the depletion calculated to have 

occured to date, despite the fact that the MOSt recent 

analyses should detect this depletion even if it were 

only half the calculated amount. The commenter also 

argued that there have been growing indications that 

the current ozone depletion theory as it applies to 

chlorofluorocarbon depletion does not accurately describe 

the present-day atmosphere, or fails to consider aspects 

of atmospheric chemistry which are both significant and 

iMportant. Cited in support is the study Chlorofluoro-

carbons and Their Effects on Stratospheric Ozone (2nd Rpt.) 

Pollution Paper No. 15, nepartment of Environment, Central 

Directorate on Environmental Pollution, October 1979. 

*/The comnenter cited several reasons for this statement: 
-(1) the Health and Environmental Effects Profile (Appendix 

A) indicates that both trlchlorofluoromethane and dichloro
fluoromethane are non-toxic, (2) EPA's proposed action to remove 
these two co~pounrls from the Clean Water Act toxic pollutant 
list indicates EPA's adMission as to the innocuous nature 
of these two co~pounds in the aquatic environment, and (3) 
~PA'~ li~lted discussion of the various factors under 
§261.ll(a)(3) of RCRA indicates that wastes containing these 
two co~poun<ls pose no hazard during stora~e, transportation, 
treatment or disposal. · 
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Therefore, the commenter requested that all chlorinated 

:1uorocarbons be deleted from the FOnl and F002 generic 

waste list. 

The Agency disagrees with the commenter on both 

points. With respect to their concern regarding the 

generic designation of all spent chlorinated fluorocarbons 

as hazardous, the Agency believes that all chlorinated 

fluorocarbons share the same physiological and photo

chemical attributes of concern, namely depletion of 

the ozone. Therefore, the Agency feels justifie~ 

in listing the broad CAtegorv of chlorinated fluorocarbons 

as hazardous, rather than its individual me~bers. 

As to the hazardous nature of the listed chloro

fluoromethanes 1 t~e Agency agrees that they pose a low 

potential for adverse acute effects at ambient air 

concentrations, although there is so~e indication that 

long term exposure to very low levels (<400 ppt) will 

~ave chronic effects (Health Assessment Document, ~PA, 

October, 1980). In the present instance, however, the 

Agency's overriding concern relates to the fact that 

chlorinated tluorocarbons ~ay innirectly cause skin 

cancer rlue to the depletion of stratospheric ozone. 

c;uch rlepletion lear'ls to increaser! intensity of da!llaging 

ultraviolet light ~t the earth's surface. This, in turn, 

le,, d s to i n c re '1 " e rl s k 1 n can c er c; , re rl u c e d pro ct u c t iv i t y of 

scv.~r..i.1 irnrortl\nt l\grtc11lt11ral crops and increased 



mortality in the larval forms of several i~portant seafood 

c.;peciec;. The fact that these compounds are proposed to 

be deleted from the list of toxic pollutants under 

Section 307(a) of the Clean Water Act does not affect 

our conclusion, since Section 307 does not address 

adverse effects arising from air exposure pathways. 

The Agency has analyzed the British Ministry of 

the Environment report and has concluded that there are 

few differences in regards to the science of CFC transport 

into the stratosphere and the reactions involving ozone 

destruction between t~is report and a recent ~ational 

AcadeDy of Sciences report which provides the basis for 

EPA's regulatory action banning the nanufacturing, 

processing and distribution of chlorinated fluorocarbons 

for those non-essential aerosol propellant uses which 

are subject to T~CA authority (43 FR 11301, March 17, 1978). 

While the British ~inistry of the Environmental report 

concluded that anple cause for regulating CFCs does 

not presently exist, the Agency strongly believes that 

their is sufficient evidence to regulate and limit 

chlorinated flurocarbon e~issions. In the judgment of 

EP,, chlorinated fluorocarbons can be a significant 

conponent of a solvent waste strean, can migrate into 

the envtronraent (str~tosphere) if improperly ~anagerl, 

are persi~tent (reraai,ing intact long enough to ~igrate 

to t~e ~tratospherel, and ~ay pose a substantial hazard 
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to human health and the environment. They thus should 

be regulated as hazardous wastes.*/ We also note that 

the Food and Drug AdMinistration (FDA) has promulgated 

regulations which prohibit the use of chlorinated fluro-

carbons as propellants in containers for products subject 

to the Federal Food, Drug, and Cosmetic Act. 

4. One commenter argued that the "T" (toxic) designation 

assigned to several of the waste solvents listed under 

FnOS, is ill-conceived in light of the information 

presented in the regulations and in the background 

documents; specifically, methanol, toluene, ~ethyl 

ethyl ketone, methyl isobutyl ketone, pyridene and 

carbon disulfide. Kore specifically the commenter 

noted: 

~ethanol - this compound is not found to be 

carcinogenic, mutagenic or tera-

togenic 

Toluene - this compound is shown not to be 

carcinogenic, mutagenic nor teratogenic 

Methyl Ethyl - this compound is shown to have 
Ketone 

no chronic toxicity 

~ethyl Isobutyl - this co~pound is shown to have 
Ketone 

no chronic toxicity 

*/It should be noted that the Office of Toxic Substances/ 
U.S. Environmental Protection Agency is currently considering 
further regulation of chlorinated fluorocarbon production 
and use. 



Pyridine - this compound is not carcinogenic 

or mutagenic and the determination 

of teratogenicity is questionable 

Carbon disulfide - this compound is shown to have 

no chronic toxicity 

Therefore, the commenter recommends that these compounds 

no longer be designated as toxic wastes. 

The Agency continues to believe that all of these 

spent solvents, with the exception of methanol and methyl 

isobutyl ketone should continue to be listed as toxic, 

In reviewing the data available in the record, the 

Agency believes that there is sufficient evidence to 

continue to list these solvents as "toxic" wastes 

(except for methanol and methyl isobutyl ketone). As 

explained in the health and environmental effects section 

of the listing background document, "Waste from usage of 

organic solvents" as well as the respective Appendix A 

health profiles for these compounds, it has been reported 

that chronic low level exposure to toluene has caused 

chromosome damage in humans and has led to the development 

of neuro-muscular disorders. Toluene has also been 

reported to cause reproductive problems to female workers 

during occupational exposure. 

Methyl ethyl ketone (MEK), although only moderately 

toxic via ingestio~, can affect the peripheral nervous 

s~stem and is an experimental teratogen. In addition, 

lethal doses in animals caused marked congestion of 

t,e internal organs ~nd slight congestion of the brain. 



Chronic exposure to pyridine has produced liver 

and kidney damage in both dni~als and humans. In 

addition, small doses of pyridine have produced tremors 

and ataxia, irritation of the respiratory tract with 

asthmatic breathing and paralysis of the eye muscles, 

vocal cords and bladder. 

Chronic exposure to carbon disulfide can affect the 

cardiovascular and central nervous system, causing 

personality changes. In addition, exposure to short 

ter~, but high atmospheric concentrations can lead to 

narcosis and death. Carbon disulfide is also suspected 

of being teratogenic. Therefore, these solvents will 

continue to be listed as toxic. 

The Agency, however, agrees with the commenter that 

both spent methanol and methyl isobutyl ketone were im-

properly listed as toxic wastes. Methanol's oral toxicity 

is rate~ as low*/ and in fact is permitted in foods for 

huaan consumption as an additive. ~ethyl isobutyl ketone's 

principal toxic effects appears to be irritation of the 

eyes and mucous membranes, and gastrointestinal upset. 

Under these circumstances, we do not believe a toxicity 

listing for these solvents is appropriate, thus, the 

~gency will no longer list spent methanol and methyl 

isobutyl ketone as toxic wastes. However, both methanol 

1nd methyl i~obutyl ketone ~re ignitable (flash points 

*I Sa·:, '\. Irvi'1g. Dangerous Properties of Industrial 
·~lte:riali;. 5th ed. Van Nostrand Reinhold Co. 
'.c~ York. 1979 



of S4°F and 61°F, respectively). Thus spent Methanol and 

~ethyl isobutyl ketone will continue to he listed as 

ignitable hazarrlous wastes. 

S. One conmenter criticized the Agency's determination 

that chlorobenzene, o-dichlorobenzene, methanol, toluene, 

methyl ethyl ketone, ~ethyl isobutyl ketone, isobutanol 

anrl ethyl benzene are persistent and do not degrade 

we 11. The comnenter argued that this inclusion is 

contrary to the published literature, including this 

Agency's own stud~es 1 which shows that biodegradation is 

the preferred method of treat~ent for these compounds 

in aqueous solutions. The commenter therefore, believes 

that the degradation data within the listing background 

docu~ent should be reviewed and properly assessed in 

listing. 

~e note initially that the comnenter's claims are 

largely unsubstantiated. We note further that bio-

degradation plays a limited role in the environmental 

persistence of the waste constituents because groundwater, 

the exposure pathway of paramount concern, is abiotic. 

\s pointed out in the li~ting hackground document (pp. 

57-61) 1 a nunber of these solvents have miRrated via 

::tir and groundwater pathways, and persisted for lon~ 

periods of time, ::ind caused substanti::tl haz:trti in the 

course of ::tctual wa<;te nan.1~enent practice. Thus, 
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chlorobenzene, o-dichlorobenzene, toluene and methyl 

ethyl ketone have all been detected in basement air, 

sump pumps and/or in solid surface samples in the Love 

Canal area.:/ All of these solvents (chlorobenzene, 

o-dichlorobenzene, toluene and methyl ethyl ketone) are 

thus demonstrably persistent enough to have migrated 

from a disposal site and contaminate adjacent areas to 

create a substantial hazard. 

In addition, the following properties/character-

!sties of these compounds indicate further the persis-

tence of these solvents:**/ 

chlorobenzene - this solvent is not amenable to 

hydrolysis nor does it biodegrade very well 

and therefore is expected to persist in the 

environment. 

toluene - this solvent is persistent in abiotic 

environments (such as most aquifers) and 

therefore is expected to persist in groundwater. 

Toluene also is relatively soluble (water 

solubility 470 mg/l at 25°C), and thus would 

be expected to migrate into groundwater. 

methyl ethyl ketone - this solvent, in addition to 

being reported at Love Canal, has been de-

tected at several sites near groundwater 

*f Since methanol and methyl isobutyl ketone are no longer being 
considered toxic, a discussion on their persistence is no 
longer appropriate. 

**/These data are all taken from the listing background document, 
"Waste from usage of organic solvents". 



contaminated by an old chemical company dump, 

again showing migratory potential and per-

sistence.~/ 

With respect to isobutanol, the Agency has not 

made any claim as to the persistence of this compound; 

however, due to its toxicity and extremely high water 

solubility (water solubility 95,000 mg/lat 18°C), the 

Agency believes that this solvent may pose a substantial 

hazard to human health and the environment if improperly 

~anaged. 

Finally, ethyl benzene is being listed because of 

its ignitability hazard, not toxicity. As is indicated 

in the regulations (§261.21, 45 FR 33121-33122, Kay 19, 

1980) 1 a liquid waste is considered ignitable, and 

therefore hazardous, if it has a flash point less than 

140°F. Consequently, the persistence of ethyl benzene 

is not at all relevant. 

Therefore, absent any information provided by the 

commenter on the persistence and degradability of these 

solvents, the Agency finds no reason to change its 

original conclusions. 

~/Listing Background Document, "Wastes from usage of organic 
solvents", Section IV. B. (Migratory potential and per
sistence of halogenated and non-halogenated solvents) 
pg. 31. 



6. One comraenter criticized the Agency's conclusion, as stated 

in the listing background docunent, that "the solubility of 

t~ese solvents is uniformly high " {LBD pg. 3) and "the 

solubility in water of these halogenated solvents is 

quite high" (LRD pg. 14) when in fact, as the commenter 

points out, their solubilities vary from 10 to 20,000 mg/l 

(LBD pg. 55). The comnenter went on to argue that t~e 

Agency's determination that "these high solubilities 

demonstrate a strong propensisty to migrate from inade-

quate land disposal facilities in substantial concentrations" 

(LBD pg. 15) and "all of these waste solvents have sig-

nificant potential for migration, oobility and persistence ••• • 

(LBD pg. 52) is overstated when in fact, as the commenter 

indicates, migration, mobility and persistence differ sig-

nificantly with respect to both routes of transport and 

rates of degredation. Therefore, the commenter believes 

that the Agency needs to reassess t~ese listings. 

The Agency agrees with the commenter that the water 

solubilities of the chlorinated hydrocarbons do vary 

considerably. However, in re-evaluating the data, the 

Agency believes that the solubilities of all of these 

solvents except 1,l,2-trichloro-1,2,2-trifluoroethane 

~re generally high and do indeed indicate a potential 

for ~igration fro~ inade1uate land disposal facilities.*/ 

*/Although the water solubility for trichlorofluoro:ncthane 
- i~ ~igh, the princip~l concern with this solvent is its 

~,t~ntlal to ri~e to the •tratosphere ~here it May release 
chlorine ato~s and deplete the ozo~e. 



The Age~cy recognizes that solubility is not the sole 

p~rameter which determine~ the potential of a substance 

to migrate into the environment, i.e., Mobility and 

persistence also play a role. However, it is a key 

parameter in evaluating how likely these substances 

are to migrate from land disposal facilities. Indeed, 

this potential to migrate has been demonstrated for all 

of these solvents, except methylene chloride, in actual 

damage cases, i.e., tetrachloroethylene, trichloroethylene, 

1,1,1-trichloroethane, chlorobenzene and o-dichlorobenzene 

have all been detected to migrate at Love Canal or other 

disposal facilities. ~ethylene chloride, although not 

detected at any disposal facilities, ls highly soluble 

with a water solubility of 2Q,OOO mg/l at 25°C, and thus 

has the potential to migrate from disposal sites and create 

a problem. However, the Agency has modified the listing 

background documents as to the solubilities of these 

solvents to better reflect the Agency's conclusions. 

With respect to the solvent l,l,2-trichloro-1,2,2-

trifluoroethane, the Agency has indicated clearly that 

the potential to migrate and contaminate groundwater is 

not of concern. The primary hazard posed by the mis

nanagement of this solvent, as with all chlorinated 

fluoroc~rbons, is the potential to rise to the stratos

phere nnd in~irectly cause skin cAncer due to the 
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depletion of stratospheric ozone:/ (see Response to 

Comments ~o. 3 of this document for a oore detaile~ 

discussion). 

The Agency also agrees that its conclusions regarding 

migration, mobility and persistence are overstated. 

Therefore, the listing background documents have been 

changed to reflect the Agency's determination that, 

while the various chlorinated solvents do differ in 

their migratory potential, mobility and persistence, 

they all may pose a substantial present or potential 

hazard to human health and the environment, if improperly 

managed, w~en considering the routes and rates of transport 

and degrees and rates of degradation. 

7. One commenter believed that the Agency's decision to 

include trichloroethylene on the list of chemicals which 

have demonstrated substantial evidence of carcinogenicity 

was inaccurate. The commenter indicated that according 

to Elizabeth Weisberger of the National Institute of 

Health, whose organization did the original studies which 

classified trichloroethylene as a "merely suspicious 

carcinogen", indicated that "trichloroethylene seems 

not to be a carcinogen." The comcenter also argued 

that more extensive and recent research indicates that 

*fl,1 1 2-trichloro-l,2,2-trifluoroethane 1~ considered to be 
- extremently volatile (vapor pressure - 270 "m of Hg at 20°C) 1 

and thus is likely to rise into the at~osphere. 



trichloroethylene may not be carcinogenic after all. 

The Agency disagreees with the commenter. Trichloro-

ethylene has been designated carcinogenic by EPA's Cancer 

Assessment Group (CAG) after reviewing the available data 

in the literature. In fact, before a chemical compound 

is deemed carcinogenic by CAG, it is subject to ex-

haustive literature study and evaluation. In light of 

CAG's determination, EPA will continue to include tri-

chloroethylene as a chemical which has demonstrated 

substantial evidence of carcinogenicity. 

8. One commenter questioned the Agency's characterization 

of 1,1,1-trichloroethane as a suspect carcinogen. The 

commenter argued that 1 1 1 1 1-trichloroethane has not been 

found to be a carcinoge~. They quote the NCI Bioassay 

of 1,1,1-Trichloroethane for Possible Carcinogenicity 

(January 1977) 1 which states: 

"A variety of neoplasms were represented in both 
1 1 1 1 1-trichloroethane treated and matched-control 
rats or mice. However, each type of neoplasm has 
been encountered previously as a lesion in untreated 
rats or mice. The neoplasms observed are not be
lieved attributable to 1,1,1-trichloroethane expo
sure, since no relationship was established between 
the dosage groups, the species, sex, type of neoplasm 
or the site of occurence. !ven if such a relation
ship were infereo, it woulrl be inappropriate to 
make an assessment of carcinogenicity on the basis 
of this test, because the abbreviated life spans 
of the rats and the mice." 

The commenter also argued that EPA's own Office of Orinking 

Water, ln their appendices to Planning Workshops to 



Development Recommendations for a Groundwater Protection 

~trategy, state that raethyl chloroform (1,1,1-trichloro

ethane) is not considered to be a carcinogen (June 1980). 

Therefore, the commenter believes chat there is no support 

for the carcinogenicity of 1,1,l-trichloroethane and 

argues that it be deleted from all lists of hazardous 

wastes. 

The Agency disagrees with the commenter's claim. 

Although the NCI Bioassay Study on the carcinogenicity 

of 1,1,1-trichloroethine referred to in the listing 

background document (pg. 464) and an unpublished study 

are inconclusive, positive responses in two in vitro 

systems (a rat embryo cell transformation assay (Price 

et. al. 1978, Transforming Activities of Trichloroethane 

and Proposed Industrial Alternatives. In vitro. 14:290.) 

and a bacterial mutation assay (Simmon et. al. 1977. 

Mutagenic activity of chemicals identified in drinking 

water, In: Progress in Genetic Toxicology, ed. I.D. Scott, 

R. A. Bridges and F. H. Sobels, PP• 249-258; ttcCann, J. 

and B. Ames, 1976. ryetection of carcinogens as mutagens 

in the Salmonella Microsome test: Assay of 300 chemicals. 

Proc. Nat. Acad. Sci. 78:950.)) currently used to detect 

chemical carcinogen~, indicate that 1,1,1-trichloroethane 

has t~e potential for carcinogenicity in animals (App. A). 

Artdittonally, a two year carcinogenesis ani"al bioassay 



is being repeated at the National Cancer Institute. 

Therefore, the Agency believes that there is ample 

evidence to consider 1,1,1-trichloroethane as a suspect 

carcinogen~/, and thus will continue to include 

1,1,l-trichloroethane as a constituent of concern. 

9. One commenter also argued that the statements in the 

background document that "methylene chloride is
0 

reported 

as being ~utagenic ta a bacterial strain, s. ty~himurium", 

and "methylene chloride ••• is highly mutagenic" are 

inaccurate. The commenter pointed out that a variety 

of more detailed tests perfor~ed subsequently and not 

cited in the listing background document prove otherwise. 

For exaople, a definitive cell transformation test for 

methylene chloride was found negative. Additionally, 

many other tests have been run for carcinogenicity of 

methylene chloride with negative results. 

The Agency agrees. T~e current assessment on the 

carcinogenicity of ~ethylene chloride is only based on 

animal experiments which are so far incomplete. lfow-

ever, methylene chloride is the subject of an NCI spon-

sored bioassay. In a~rlition, EPA has found "suggestive" 

evidence of the carcinogenicity of nethylene chlo~ide 

*flt should be notea that the Agency recently determined to 
rPt~in the li~tlng of 1,1,1-trichloroethane as a toxic pollu
tant tinder §107(a) of the Cle::in Water Act. The reasons for 
that ::iction ~re incorpor~terl by reference herein. 



(App. A). The Agency cannot ignore this information. 

Therefore, the listing background document will be 

revised to indicate that methylene chloride is only a 

"suspect" carcinogen. 

10. One commenter questioned the Agency's characterization 

of tetr~chloroethylene, methylene chloride, trichloro

ethylene and 1 1 1,1-trichloroethane as aquatically toxic. 

The commenter indicated that statements relative to 

methylene chloride like "acute toxicity values range 

from 147,000 to 310,000 mg/l (correct units are ug/l) 

for aquatic organisms" are meaningless until put into 

relative significance. When compared with most common 

nonhalogenated solvents, the commenter argues, the halo

genated solvents were less toxic to the tested fish species. 

In addition, the commenter pointed out that EPA, in fact, 

concurs with this viewpoint by stating, "aquatic organisms 

tend to be fairly resistent to dichloromethane (methylene 

chloride), with acute values ranging from 193,000 to 331,000 

ug/l (EPA BD 38 at 389). Therefore, the commenter believes 

that EPA has not properly assessed the relatively low 

aquatic toxicities of these halogenated solvents. 

In re-evaluating the aquatic toxicity of tetrachloro

ethylene, methylene chloride, trichloroethylene and 1,1,1-

trichloroethane, the Agency agrees with the commenter that 

all four of these halogenated solvents are not of regu

latory concern under the hazardous waste program to 



warrant characterization as "aquatically toxic." In 

the Registry of Toxic Effects (1975 Edition), a widely 

used reference booK which is published by the National 

Institute for Occupational Safety and Health (NIOSR), 

a rating of the aquatic toxicity or non-toxicity of 

chemical substances if provided. In this rating, 

substances with an LC50 value of between 10,000 ug/l 

to 100,000 ug/1 is considered slightly toxic while 

substances with an LC50 value above 100,000 ug/l is 

practically non-toxic. ~ased upon this rating, methylene 

chloride is practically non-toxic while the other halo

genated solvents are slightly toxic. Therefore, the 

Agency will modify the listing background document to 

reflect this change. However, it should be noted that 

toxic wastes are not so designated solely on the basis 

of their aquatic toxicity. ~s discussed earlier, all 

of these halogenated solvents exhibit other toxic effects 

i.e., carcinogenicity, chronic toxicity, etc. which 

are sufficient to warrant designation of these solvents 

as toxic. 

11. One commenter also argued that the Agency has misinter

preted and overstated the bioaccumulation potential for 

both the halogenated and non-halogenated solvents, 

arguing that most of these solvents have a low bloaccumu-

latlon potential. In particular, the com~enter believes 

that the Agency has shown a lack of perspective by 



concluding that, " ••• ~ethanol could bioaccumulate 

causing numerous adverse health effects from prolonged 

and/or repeated exposure" (EPA BD-11 at 59), despite 

its reported very low K0 w of 5 and readily biodegradable. 

Therefore, the commenter believes that the bioaccumulation 

data should be reviewed and properly assessed in listing. 

As discussed in the preamble to Part 261 of the 

hazardous waste regulations (45 FR 33106-33107), the 

Agency in listing wastes for which a characteristic 

has not been developed has adopted a flexible, multiple 

factor approach to be better able to accom~odate itself 

to the complex determinations of hazard. These multiple 

factors include the type of toxic threat posed, the 

concentrations of the toxic constituents in the waste, 

the migratory potential, persistence and degradation 

of the toxic constituents, the degree to which the 

toxic constituents bioaccumulate in ecosystems, the 

plausible types of improper management to which the 

waste could be subjected, the quantities of waste 

generaterl, and other factors not explicitly designated 

by the Act. Thus, if a substance exhibits one or 

more of these properties, the Agency rnay list the waste 

as hazardous. The bioaccumulation potenti~l of a sub

~tance is not considered by the Agency as a necessary 

factor before a ~aste can be listed. Therefore, just 

because a chemical substances is not bioaccumulative 
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is no reason not to list a waste. 

With respect to the commenter's claim for methanol, 

the Agency is no longer listing this solvent for toxicity, 

but for ignitability. 51oaccumulative propensity of 

this compound thus is no longer relevant. 

12. One commenter cited some inconsistencies/errors in the 

listing background documents and suggested that the 

Agency Make the appropriate revisions. 

The Agency agrees. There were some typographical 

and transcription errors, e.~., in the methylene chloride 

background document, as well as so~e judgmental errors. 

Therefore, within the limits of its resources, the 

Agency has raade every effort to correct such errors. 

13. One commenter criticized the Agency's conclusion as 

stated in the listing background document that, "the 

chlorinated waste hydrocarbons are toxic" (EPA BD-11 

at 3) w~en in fact, as the commenter points out, that 

the oral-rat LC50 values vary by several orders of 

magnitude. Therefore, the comcenter believes that the 

li~ting of these halogenated solvents are not fully 

warranted in all cases. 

T~e Agency strongly disagrees with the commenters 

unsubstdntiate~ clal~. As discusserl in the preamble 

to the ~1ay 19, 1980 hazardous waste regulations (45 

FR 13107), the Ag~ncy listed a nu~ber of toxic wastes 
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as those "which have been shown inreputable scienti~ic 

studies to have toxic, carcinogenic, mutagenic or 

teratogenic effects on humans or other life forlll'8." 

Toxicity is defined to include systemic effects of 

chronic low level exposure, acutely toxic~/, aquatic 

toxicity, phytotoxicity or the potential (as with chlori-

nated fluorocarbons) for indirectly causing harm to 

human health or other life forms. Therefore, a substance 

with a high LC50 value is not necessarily non-toxic. 

In reviewing the data available in the record~/, 

the Agency is convinced that these substances are properly 

designated as toxic, and that improper management and 

disposal of these waste solvents may pose a substantial 

present or potential hazard to human health and the 

e n vi r o n men t • Since the commenter failed to provide 

additional toxicity data except as discussed in other 

parts to this section, the Agency finds no reason to 

change its original conclusion to list these solvents 

as toxic wastes. 

*/Acutely toxic does not include those wastes which are defined 
- in §261.ll(a)(2) as acutely hazardous. 

**/Appendix A (Health and Environmental Effects Profiles) out
lines the health and environmental effects exhibited by 
each of these compounds. 



Electroplating and Metal Finishing Operations 

Wastewater Treatment Sludges From Electroplating Operations 
except from the following processes: (1) sulfuric acid 
anodizing of aluminum; (2) tin plating on carbon steel; 
(3) zinc plating (segregated basis) on carbon steel; 
(4) aluminum or zinc-aluminum plating on carbon steel; 
(5) cleaning/stripping associated with tin, zinc and 
aluminum plating on carbon steel; and (6) chemical etching 
and milling of aluminum (T) 

Wastewater Treatment Sludges from the Chemical Conversion 
Coating of Aluminum (T)* 

Summary of Basis for Listing 

Wastewater treatment sludges from electroplating operations 

are generated by a number of industry categories located nation-

wide. These wastes contain a variety of metals such as chromium, 

cadmium, nickel, and also contain complexed cyanides. The 

Administrator has determined that solid wastes from these 

processes may pose a substantial present or potential hazard 

to human health and the environment when improperly transported, 

treated, stored, disposed of or otherwise managed, and therefore 

should be subject to appropriate management requirements under 

Subtitle C of RCRA. This conclusion is based on the following 

considerations: 

*In response to comments, this listing has been modified to 
better define those electroplating operations which generate 
hazardous waste - see Response to Comments in back of the 
background document for additional details. 

Chemical conversl~n coating of aluminum is included in 
the general category of electroplating, however, since this 
waste is being listed only for the presence of chromium and 
cyanide, the waste will be listed separately. 



l. Wastewater treatment sludges from the listed electro
plating operations contain significant concentrations 
of the toxic metals chromiun, cadmium and nickel and 
toxic complexed cyanides. 

2. Wastewater treatment sludges from the chemical con
version coating of aluminum contain significant 
concentrations of chromium, a toKic metal and 
complexed cyanides. 

J, Leaching tests using the extraction procedure specified 
in the extraction procedure toxicity characteristic 
have shown that these metals leach out in significant 
concentrations, with some samples failing the extraction 
procedure toxicity characteristic. Therefore, the 
possibility of groundwater contamination via leaching 
will exist if these waste materials are !~properly 
disposed. 

4. A large quantity of this waste is generated annually 
with amounts expected to increase substantially 
when the pretreatment standards for these sources 
become effective. 

), Damage incidents (i.e., contaminated wells, destruc
tion of animal life, etc.) that are attributable 
to the improper disposal of electroplatlng wastes 
have been reported, thus indicatlng that the wastes 
cay be mismanaged in actual practice, and are 
capable of causing substantial harm if mismanagement 
occurs. 

Sources of the Waste and Typical Disposal Practices 

The electroplating industry consists of both job shops 

and captive platers. Job shops are small. independent 

operations performing electroplating on a contract basis while 

captive facilities are part of an integrated manufacturing firm 

(i.e., electroplating operations carried-out in an automobile 

manufacturing facility, aircraft manufacturing facility, etc.). 

Of the approximately 10,000 electroplating facilities in the 
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United Seate~, it is estimated that 1,000 are job shops and 

6,100 are captive shops inclurling 400 printed circuit board 

manufacturers. Approximately 7 percent of the job shops and 

42 percent of the captive shops discharge directly to the ~aters 

of the United States.Cl) 

Process Description 

Electroplating, as defined in this document, includes a 

wide range of production processes which utilize a large num-

ber of r~w materials. Production processes include common and 

precious metals electroplating, anodizing, chemical conver-

sion coating (i.~., coloring, chromating, ~hosphattng and 

immersion plating), electroless pl~ting, chemical etching and 

milling and printed circuit board manufacturing(,), The 

pri~ary purpose of electroplating operations is to apply a 

surface coating, t_ypically by electrode decomposition, to 

provide protection against corrosion, to increase wear or 

erosion resistance, or for decorative purposes. The operation 

itself involves immersing the article to be coated/plated into 

a bath consisting of acids, bases, salts, etc. A plating line 

is a series of unit operations conducted in sequence in which 

one or more coatings are applied or a basis material is removed. 

Figure l illustrates a standard electroplating process. (For 

a more 1etaile~ discussion of the electroplating process, see 

the ~~velopment nocument for Ext~ting Source Pretreatment 

St~n<lRrds for the Electroplating Point Source Category, 'ugust 

197q ('i).) 
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The metals used in electroplating operation (both common 

and precious metal plating) include cadmium, lead, chromium 

in hexavalent form, copper, nickel, zinc, gold and silver. 

ryanides are also extensively used in plating solutions and 

in some stripping and cleaning solutions. Electroless platlng 

often uses copper, nickel and tin complexed with cyanide. 

Etching solutions are commonly made up of strong acids or 

bases with spent etchants containing high concentrations of 

spent metal. The solutions include ferric chloride, nitric 

acid, ammonium persulfate, chromic acid, cupric chloride and 

hydrochloric acid. Anodizing is usually performed on aluQinum 

parts using solutions of sulfuric or chromic acid often 

followed by a hot water bath, however, nickel acetate or 

sodium or potassium dichromate seal may alsq be used in the 

process. 

Chemical conversion coating processes apply a coating to 

the previously deposited metal or basis metal for increased 

corrosion protection, lubricity, preparation of the surface 

for additional coatings or formulation of a special surface 

appearance. This manufacturing operation includes chromating, 

phosphating, metal coloring, and immersion platings.CS) 

During the process of chromating, a portion of the base 

metal is converted to one of the components of the surface 

films by reaction with aqueous solutions containing hexavalent 

chromium (CrVI). The solutions are generally acidic and 

-//-
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Immersion tin plating baths contAin stannous chloride, potassium 

bitartrate, ammonium aluminum sulfate, sodium cyanide or 

sodium hydroxide. Typical immersion gold plating used to 

gilrl inexpensive iteas of jewelry uses solutions of gold 

chloride, potassium cyanide, or pyroohosp~ate. Typical 

process baths used in the industry are shown in Table 1.( 7 ) 

\~a s t e Gene r a t ion and Compos i t ion 

As indicated in Figure 1, the spent plating/coating 

solution and rinse water i~ chemically treated to precipitate 

out the toxic metals and to destroy the cyanide. The extent 

to which plating solution carry-over adds to the wastewater 

and enters the sludge depends on the type of article being 

?lated and the specific plating method employed. 

The composition of these slud~es will vary because of 

the nultitude of production processing sequences that exist 

in the industry. For example, printed circuit board 

Manufacture involves electroplating, etching, electroless 

plating and conversion coating, and generate one type of 

sludge. A different processing sequence, on the other hand, 

generates a sludge with a rliffering composition. However, it 

ts expected that since most platers conrluct a number of different 

electroplating operations, most of the sludges will contain 

significant concentrations of toxic metals, and may also 

contAin co~plexed cyanides in high concentrations if cyanides 

~re not properly isolated in the treatment process. 
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Table 1 (7) 

Typical Electroplating Baths and Their Chemical Composition 

Plating Compound 

1. Cadmium Cyanide 

2. Cadmium Fluoborate 

3. Chromium Electroplate 

4. Copper Cyanide 

5. Electroless Copper 

6. Gold Cyanide 

7. Acid Nickel 

8. Silver Cyanide 

9. Zinc Sulfate 

Constituents Concentration (g/l) 

Cadmium oxide 
Cadmium 
Sodium cyanide 
Sodium hydroxide 

Cadmium fluoborate 
Cadmium (as metal) 
Ammonium fluoborate 
Boric acid 
Licor ice 

Chromic acid 
Sulfate 
Fluoride 

Copper cyanide 
Free sodium cyanide 
Sodium carbonate 
Rochelle salt 

Copper nitrate 
Sodium bicarbonate 
Rochelle salt 
Sodium hydroxide 
Formaldehyde (37%) 

Gold (as potassium 
gold cyanide) 

Potassium cyanide 
Potassium carbonate 
Depotassium phosphate 

~ickel sulfate 
Nickel chloride 
Boric acid 

Silver cyanide 
Potassium cyanide 
Potassium carbonate (min.) 
Metallic silver 
Free cyanide 

Zinc sulfate 
Sodium sulfate 
Magnesium sulfate 

-$--
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22.s 
19 .s 
77.9 
14 .2 

251.2 
94.4 
59.9 
27 .o 
1.1 

172. 3 
1.3 
0.1 

26.2 
5.6 

37.4 
44.9 

15 
10 

30 
20 

100 ml/l 

8 
30 
30 
30 

330 
45 
37 

35.9 
59.9 
15.0 
23.8 
41.2 

374.5 
71.5 
59.9 



Table 2 illustrates the varying composition of these sludges 

for two of the metals in twelve different plating processes. 

There are a number of electroplating operations, however, 

wh~ch are usually conducted separately and which are not 

expected to contain significant concentrations of the toxic 

metals or cyanides. These processes (tin plating on carbon 

steel, zinc plating (segregated basis) on carbon steel, 

aluminum or zinc-aluminum plating on carbon steel, cleaning/ 

stripping associated with tin, zinc and aluminum plating on 

carbon steel, sulfuric acid anodizing of aluminum and chemical 

etching and milling of aluminum), therefore, have been excluded 

from the general category of electroplating operations. 

Wastewater treatment sludges generated from these processes 

are consequently not listed hazardous wastes, but may be hazardous 

if they fail one of the characteristics. 

The predoninant type of wastewater treatment sludge 

generated from this industry is metal hydroxide sludge (which 

results from alkaline precipation). Those electroplating 

processes using chromium all employ the hexavalent form of 

this element. Consequently the raw wastes resulting from 

this process contain chromium only in the hexavalent form. The 

efficiency of the removal of hexavalent chromium depends on 

the extent of its reduction. If reduct1on is incomplete, or 

if neutralization and metal precipitation take place too 

rdpidly, hexavalent chromium is likely to be entrained in 
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Table 2 

Heavy Metal Content for Chromium, and Cadmium 

in ElectroplatinK Sludges-Dry WeightC 4 J 

Primary Plating Process 

Se~regated 7' .. 1 nc 

Segregated Cadmium 

Zinc Plating and Chromating 

Copper-Nickel-Chromium 
on Zinc 

Aluminum Anorlizing* 
(chromic process) 

Nic~el-Chromiurn on Steel 

Multi-Process Jab Shop 

Electroless Copper on Plastic, 
Acid Copper, Nickel Chromium 

~ulti-Process with Harrel or 
Vibratory Finishing 

Prlnted Circuits 

Nickel-Chromium on Steel 

Cadmium-Nickel-Copper on 
l\rass anrl Steel 

-~ 
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Cr 

200 

62,000 

65,0nQ 

1,700 

2s,oon 

137,000 

570 

3,500 

79,200 

48,900 

Cd 

<100 

22,000 

1,100 

ND 

ND 

1,500 

ND 

<100 

<100 

sno 



the precipitation sludges, resulting in their contamination with 

hexavalent chromium. Moreover, the higher the concentration 

of hexavalent chrome in the wastewater, the greater is the 

likelihood of its inefficient or ineffective reduction, and 

the consequent likelihood of the contamination of chromium 

hydroxide sludges with hexavalent chrome. Screening studies 

have shown CrVI concentrations averaging 420 ppm in raw 

waste streams from electroplating (metal finishing) operations.(14) 

Values as high as 12,900 ppm have been reported.(14) In fact, 

sampling data show that concentrations of hexavalent chromium 

in raw waste from metal finishing operations and chromium 

concentrations in the effluent after wastewater treatment 

are positively correlated (ref. 14, p. VII-27), showing that 

inefficient reduction does occur. Although not widely used, 

when wastewater is treated by sulfide precipitation, metallic 

sulfide sludges, are also generated. 

Among those facllities which discharge to publicly 

owned treatment works (POTW's) 1 approximately 60 percent 

of the job shops and 70 percent of the captive shops do not 

presently treat their wastewater and 1 therefore, do not 

curr~ntly generate water pollution control sludges. However, 

compliance with the electroplate pretreatment standards for 

existing job shops will be required by October 1982 1 and for 

captives shortly thereafter. Thus, when the regulations are 

implcment~d, virtually all electroplaters will generate a 

sludge and drastically increase the quantity of wastewater 

tr~atment ,lud&e produced (see page 14 below). 
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Typical Disposal Practices 

A recent study (2), surveying 48 plants, indicated 

that approximately 20 percent of the electroplating facilities 

di~pose of their waste on-site while the re~aining AO percent 

haul their waste off-site to commercial or municipal disposal 

facilities. The actual disposal practices utilized by the 

industry vary greatly (i.e., lanrlfilling, lagooning, drying 

beds and drum burial). However, the Agency is aware that 

electroplating facilities are known to be using extremely poor 

hazardous waste disposal practices. For example, one printed 

circuit board manufacturer is know to dispose of its waste 

sludge~ in a dry river bed.(8) Numerous da~age incidents 

caused by industry waste disposal practices likewise indicates 

poor waste management practices. 

Hazards Posed by the Waste 

As indicated earlier in Table 2 and as shown in Tahle 3. 

wast •!Water treatment sludge from elt!c t ropla ting f acili ties 

gene"ating a listed waste contain significant concentrat1.ons 

of t1e toxic metals cadmium, chromium and nickel (with some 

levels exceeding 1,000 mg/kg (dry weight)) and cyanide. 

Tablr· 4 provides some additional analytical data on the 

comp:sition of raw wastewater from forty-six coatings plants. 

As is indicated, these toxics are present in the raw wastewater, 

and t'us can be expected to be found in the treatment sludge 

at sl;nificant levels, particularly after implementation of the 

etect·oplating industry pretreatment standards. In the 
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slurlges the metallic elements occur as hydroxides. As out-

lined above, chromium may he present as the entrained hexa-

valent species. 

Leaching tests run by the American Electroplaters' 

Society (AES) under a grant from the Industrial Environmental 

Research Laboratory (IERL) u.s. Environmental Protection 

Agency have shown that these metals leach out in significant 

concentrations with some samples failing the extraction 

procedure toxicity characteristic (Table 5). The leaching 

tests used in the AES study were performed on twelve separate 

samples using the proposed extraction procedure (43 FR 58956-

5~957). A leaching test was also performed on two samples 

using the ASTM distilled water leaching test; the results of 

this test (Table 6) indicate that two of the contaminants of 

concern (i.e., chromium and cadmium) may not solubilize in 

water to the extent found in the acid leaching test. However, 

since these sludges tend to be disposed of in acid environments 

(i.e. sanitary landfills), the acid leach test would replicate 

more closely what would be expected to happen under field 

conditions, and thus is more predictive of potential hazards 

from improper management. Cyanides have also been shown to 

leach from these wastes at concentrations ranging from 0.5 

to 170 mg/1.(6) The Public Health Service's recommended 

concentration li~it for cyanide in drinking water in n.?. 

mg/1 (12), indic~ting that cyanlrle leaching may also 

lead to a substantial hazarrl. 
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Table 3 

Projected Sludge Concentrations For Various Heavy 

Metals and Cyanides (mg/l) (S)* 

Raw Waste Cone. 
Projected Sludge Cone. 

(me an) 
Pollutant (mean) 2% Solids 20% Solids 

Cadmium 0.08 3.2 32.5 

Nie ke 1 s.o 486.2 4862.0 

Chromium, Total 3.8 36 9. 7 3697.0 

Cyanide, Total 0.4 42.9 429.2 

*Projections of sludge concentrations are based on mean raw waste 
sampled during an effluent guidelines study. This study utilized 
an 82 plant data base and the data are derived from analyses 
of actual raw waste concentration, assumptions of clarifier 
removal efficiencies (96-93%) and non-dewatered and dewatered 
sludge solids content (2% and 20%, respectively). To estimate 
pollutant concentrations in sludge, the assumption is made 
that: 

1. 1% of the influent flow goes to the sludge stream at 

2% solids. 

2. The clarifier removal efficiencies were 96-98%. 

There fore, 

Mass removed = influent flow x influent waste concentration -

(1-.01) x influent flow x effluent concentration 

And, 

mass removed 
~ludge pollutant concnetration = .01 x influent flow 
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Table 4 

Composition of Raw Waste Streams From Coating 

Processes (mg/1)(15) 

Chromium. total .19 - 79.2 

Cyanide. total .oos - 126.0 

Cyanide 9 amenable to chlorination .004 - 67.56 



Table 5 

Extract Concentrations From Electroplating Wastewater 
Treatment Sludge (mg/1)(4) 

~~imary Plating Process 

lA Segregated Zinc 

2A Segregated Cadmium 

3A Zinc Plating and Chromating 

4A Copper-Nickel-Chromium on 
Zinc 

SA Aluminum Anodizing 

6A Nickel-Chromium on Steel 

7A Multi-Process Job Shop** 

8A Electroless Copper on Plastic, 
Acid Copper, Nickel, Chromium 

9A Multi-Pocess with Barrel or 
Vibratory Finishing** 

lOA Printed Circuits 

llA Nickel-Chromium on Steel 

12A Cadmium-Nickel-Copper on 
Brass and Steel 

Cr* 

1. 22 

1.89 

85.0 

21.8 
(0.01 

25.4 

0.24 

400 

0.32 

0.12 

4.22 

4.85 

Cd* 

0.23 

126 

6.0 

2.16 

0.03 

<O. 01 

268 

Note: Those concentrations underlined would fail the Extraction 

* 

** 

Procedure Toxicity Characteristic 

These values were determined using the proposed extraction 

procedure contained in the toxicity characteristic. 

The ASTM distilled water extraction procedure was run on 

these samples with the following results: 

Plant Cr (mg/l) 

7A 0.63 

9A 0.04 

Cd (mg/ 1) 

0.03 



Once released from the matrix of the waste, cadmium, 

hexavalent chromium, nickel, and cyanide could migrate from 

the disposal site to ground and surface waters utilized as 

drinking water sources. Hexavalent chromium compounds, both 

chromates and dichromates have extremely high water solubility 

(see Attachment II). Therefore hexavalent chrome, if present 

in these wastes, will leach into groundwaters and effluent 

streams, and is likely to pollute such waters in amounts 

significantly exceeding the NIPDWS of .05 mg/l. 

Present practices associated with the landfilling, 

dumping or impounding of the waste may be inadequate to 

prevent such occurrences. For instance, selection of disposal 

sites in areas with permeable soils can permit contaminant-

bearing leachate from the waste to migrate to groundwater. 

This is especially significant with respect to lagoon disposed 

wastes because a large quantity of liquid is available to 

percolate through the solids and soil beneath the fill. 

Actual damage incidents involving electroplating wastes are 

presented in Attachment I, again showing that actual mismanage-

ment of electroplating wastes has occurred, and has resulted 

in substantial environmental hazard. 

The prevalence of off-site disposal creates a further 

potential for mismanagement and substantial hazard. Not only 

i~ there a danger of mismanagement in transport, but there is 

the further danger of unmanifeste~ wastes never reaching their 

destination or of being disposed wit~ incompatible wastes. 
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An overflow with respect to lagoon disposed wastes mi~ht 

be encountered if the liquid portion of the waste is allowed 

to reach too high a level in the lagoon; a heavv rainfall could 

cause flooding which might reach surface waters in the vicinity 

unless the facility has proper diking and other flood control 

measures. 

In addition to difficulties caused by improper site 

selection, unsecure land disposal facilities are likely to 

have insufficient leachate control practices. There may be 

no leachate collection and treatment system to diminish 

leachate percolation through the wastes and soil unrlerneath 

the site to groundwater and there ~ay be no surface run-off 

diversion system to prevent contaminants from being carried 

from the disposal site to nearby surface waters. 

With regard to the fate of these waste constitutents 

once they migrate, the heavy metal contamlnants present in 

the waste are elements which persist indefinitely in some 

form and therefore may contaminate drinking water sources 

for long periods of time. Cyanides have been shown to be 

extremely mobile in the soil environment(Q) anrl have been 

sho~n to move from soils to groundwater.(10) Thus cyanide 

i~ also available for potential release and transport to 

environmental receptors. 

The Agency has determined to list wastewater treatment 

slurlp,e~ from electroplatl~g operations as T hazardous wastes, 

on the basis of chromium, cadmiu~, nickel and cyanide, although 
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chrof'liurri and carlmium are also :i.easurable by t:ie (E) character-

istlc. Moreover, concentrations for chromium and cadmium in 

the F.P extract from this waste fro~ i~dividual sites might be 

less than lOn times the national interim primary drinking water 

standard as indicated (although the Agency's ovn extraction 

data indicates that extract concentrations have exceeded the 

lnO x benchmark for some generators). Nevertheless, the Agency 

believes that there·are factors in addition to metal concen-

trations in leachates which jnstlfy the T listing. Some of 

these factors already have been lndentifledt namely that 

present industry disposal practices have often proven inade-

quate; the presence of nickel and cyanide, often in high 

concentrations, two constitutents not caught by the (E) 

characteristic; the nondegradahility of the three heavy metals 

and the hlgh concentr.ations of cadmiu!'ll. and chromi1.1m in a.c:tual 

waste streams. 

The quantity of these wastes ~enerated is an additional 

supporting factor. As indicated above, wastewater treatment 

sludge from electroplating operations will drastically increase 

in quantity when the pretreatment standards are implemented in 

October 19R2 and these sludges will contain extremely high 

cadmium, chromium and nickel concentrations {see p. 10 above). 

Large Amounts of each of these metals are thus available for 

potential environmental release. The large quantities of 

tiese contamln~nts pose the danger of polluting large ~reas 

of grnunri and surface wAters. ContA~ination could also occur 
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for long periorls of time, since large amounts of pollutants 

are available for environmental loadin~. Attenuative capacity 

of the environment surrounding the disposal facility could 

also he reduced or used up due to the large quantities of 

pollutant available. ~11 of these considerations increase 

the possibility of exposure to the harmful constitutents in 

the wastes, and in the Agency 1 s view, support a T listing. 

Health Effects Associated with Hazardous Waste Constitutents 

The toxicity of cadmium, chromium, nickel and cyanide 

has been well documented. Capsule descriptions on the adverse 

health and environmental effects are summarized below; more 

detail on the adverse effects of cadmium, chromium, nickel, 

and cyanide can be found in Appendix ~. 

The Carcinogenicity of various hexavalent chromium com-

pounds in humans is well documented(!~), and EPA's CAG has 

determined that there is substantial evidence that hexavalent 

chromium compoun~s are carcinogenic to man. In one study 

rats showed a weak carcinogenic response to trivalent chromium 

compounds. Oral administration of trivalent chromium results 

in little chromium absorption, the degree absorption is 

slightly higher following administrtion of hexavalent compounds. 

Chronic - toxicity problems associated with chromium include 

damage to liver, kidney, skin, respiratory passages and lungs. 

Allergic oermatitis can result from exrosure to both tri- and 

hexavalent chromium. 

-~ 
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No data for chronic toxicity trivalent chromium for 

freshwater f~9h or algae are available. The chronic toxicity 

value for the freshwater invertebrate Daphia magna, based on 

a single study, is reported as 445 mg/l (CrIII) and 10 mg/l 

(CrVI), r.hronic embryo-larval tests on six species of 

freshwater fish exposed to CrVI resulted in values ranging 

from 37 to 72 mg/1.(15) 

C ad m i um shows b o t h a cu t e, a n d ch r on i c t ox i c e f f e c t s i n 

humans. The LD~o (oral, rat) is 72 mg/kg. Excessive intake 

leads to kidney damage. Cadmiu~ and its compounds have also 

been reported to produce oncogenic and teratogenic effects. 

Aquatlc toxicity has been observed at suh-ppb levels. 

Nickel has been found to bring a~out a carcinogenic 

response upon injection in a nunber of animal studies. ~ickel 

has also been demonstrated to present adverse effects in a 

three generation study with rats at a level of 5 mg/l (~ ppm) 

in drinking water. In each of the generations, increased 

number of runts and enhanced neonatal mortality were seen. 

Chronic exposure to nickel has also resulted in injury to 

both the upper and lower respiratory tract in man. 

Ferrocyanides exhibit low toxicity, but release cyanide 

ions and toxic hydrogen cyanide gas upon exposure to sunlight. 

Cyanide compounds can adversely affect a wide variety of 

organisms. ~or example, cyanide in its most toxic form can 

be fatal to humans in a few minutes at a concentration of 

301'l ppm. Cyanide is also lethal to freshwater fish at concen-
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tratlons as low as ahct1t ~n m~/l anrl has been shown to adversely 

affect invertehr~tes and fishes to concentrations of about 

in mg/l. T~e hazards associated with exposure to chromium, 

cadmium, nickel and cyanide have heen recognized by other 

regulatory programs. Chromium, cadmium, nickel and cyanide 

are liste~ as priority pollutants in accordance with ~307(a) 

of the Clean Water Act. Under ~6 of the Occupational Safety 

and ~ealth Act of 1970, a final standard for chromium has been 

pro~ulgated in 1.Q CFR 1910.1000; oermissable exposure limits 

have also been established for KCN and NaCN. The U.S. Public 

Health Service established a drinking water standard of 0.2 

mg CV/l as an acceptable level for water supplies. In addition, 

final or proposed regulations for the State of Maine, Massa-

chusetts, Vermont, Maryland, 'flnnesota, New Mexico, Oklahoma, 

an~ r.alifornia define chromium, cadmium, nickel, and cyanide 

containin~ compounds as hazardous wastes or components thereof,(11) 

-'j/!.-
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AttRchment I 

Damage Incidents Resulting From the Mismanagement 

of Electroplating WastesC13) 

Columbia County, Pennsylvania (1965) - Unlined lagoons caused 

contamination of a number of private wells in the area. The 

lagoons contained plating wastes and were leaking such 

?Ollutants a~ cyanide, copper, nickel, al~ylbenzenesulfonate 

and phosphate. 

Illinois - At a farm site in Illinois used for the ~umping of 

highly toxic industrial wastes (mostly from metal finishing 

operations), three cows died as a result of cyanide ooisoning 

and extensive danger occured to wild~ife, aquatic biota and 

vegetation. Additionally, crops cannot be safely grown in 

the area again. 

~ronson, Michigan (1939) - Since lq39, electroplating industries 

in Bronson, Michigan have experienced difficulty in disposing 

of their electroplating wastes. Originally, the wastes were 

discharged into the city's sewer system which was subsequently 

emptied into a creek. Contamination of this water resulted in 

the death of fish and cattle below ~ronson from cyanide 

poisoning. All the platin~ wastes of the company were 

subsequently discharged to ponds. 

Lawrenceburg, Tennessee - Between lqfi2 and lq72 in Lawrenceburg, 

Tennessee, an industry dumped up to 5,onn gallons of untreaterl 



metal plating waste daily into trenches n~ar the city dump; 

Significant c0ncentrations of hexavalent chromium and traces 

of cyanide were measured in an adjacent stream by several local 

residents as a drinking water supply. 

South Farmingdale, New York - An aircraft plant, operating in 

South Farmingdale on Long Island during World War II, generated 

large quantities of electroplating wastes containing chromium, 

cadmium and other metals. It has been estimated that between 

200,000 to 300,000 gallons per day of these wastes were 

discharged into unlined disposal basins throughout the 1940's. 

A treatment unit for chromium was constructed in 1949, but 

discharge of cadmium and the other metals continued. The 

local groundwater flows in three unconsolidated aquifers 

resting on crystalline bedrock. The uppermost aquifer consists 

of beds and lenses of fine-to-coarse sand and gravel and 

extends to within 15 feet of the land surface. Groundwater 

contamination by chromium was first noted in 1942 by the 

~assau County Department of Health. Extensive studies in 

1962 indicated that a huge plume of contaminated groundwater 

had been formed, measuring up to 4,300 feet long, 1,000 feet 

wide and extending from the surface of the water table to 

depths of 50 to 70 feet below the land surface. Maximum 

concentrations of both chromium and cadmium were about 10 

~g/l in 1962. (Chromium had been measured as high as 40 

ng/1 in 1949.) This huge contaminated plume cannot be removed 

or detoxified without massive efforts and will take many 

0 
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more years of natural attenuation and dilution before it 

becomes useable again. Meanwhile, the plume is still slo~ly 

moving, threatening a nearby creek and other wells in the 

area. 

Kent County, Michigan - An aquifer used for a municipal waste 

supply was contaminated by chromium leachate from a sand and 

gravel pit used as a landfill. The landfill had been taken 

from a former dumping ground for electroplating wastes. The 

fill material was removed to ameliorate the pollution problem. 

Allegan County, Michigan (1947) - Wells produced yellow water 

which contained high levels of chromium. About three years 

before any contamination appeared, a metal-plating company 

began discharging chrome-plating wastes into an infiltration 

pit and the surrounding overflow area. Discharge of plating 

wastes resulted in the contamination of the glacial-drift 

aquifer. Ile al th Department personnel estimated it would be 

about six years before the aquifer in the vicinity of the 

wells would be free of chromate. All private wells in the 

village of Douglas were condemned. 

Riverside County, California (1956) - Chrome plating wastes 

were discharged on the ground and into a cesspool. Samples 

from four wells contained concentrations of hexavalent chromium 

of as much as 3 mg/l and 18 others contained trace amounts. 

The N~tional Interim Primary Drinking Water Standard for 

total chro~lurn is 0.05 mg/l. 

0 
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Attachment II 

Solubility and Environmental Mobility Characteristics 

of Chromium Compounds 

The tripositive state is the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

compounds) with a great variety of ligands such as water, 

ammonia, urea, halides, sulfates, amines an~ organic 

aicds.(16,17) Thousands of such compounds exist. This 

complex formation underlies the tanning reactions of chromium, 

and is responsible for the stron~ binding of trivalent chromium 

by soil elements, particularly clays. 

At pH values greater than about ~. trivalent chromium 

forms high molecular weight, insoluble, "polynuclear" complexes 

of Cr(OH)3 which ultimately precipitate as Cr203.nH20• This 

process is favored by heat, increased chromium concentration, 

salinity and time.(16) ~hese chromium hydroxy complexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, and relatively unreactive, because 

the water molecules are very tightly bound. tn this form, 

Cr is therfore, resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 

~ 
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1. 

2. 

3. 

Resulting Calculate~ CrIII 
Reaction Keq. (1~) Concentration mg/1 

pH5 pH6 

Cr(OH) 3+2H+ CrOH++ +2H20 108 520 5.2 

Cr(OH) 3 
Cr+3+30H- 6. 7xlo-31 35 0.035 

Cr(OH) 3 H++cro2-+n2o Qxlo- 17 i 

*i=(0.001 mg/l 

It is apparent from these figures that, in theory, trivalent 

chromium could leach from sludges to some extent. Such 

solubilized chromium, however, is unli~ely to contaminate 

aquifers. It is complexed with soil materials, and 

tenasiously held.(16,17) Little soluble chromium is found in 

soils.(10,12) If soluble trivalent chromium is added to 

soils it rapidly disappears from solution and is transformed 

into a form that is not extracted by ammonium acetate or 

complexing agents.(12,13) However, it is extractable hy very 

strong acids, indicating the formation of insoluble 

i 

hydroxides.(19,20) Thus: above pH5, chromium(III) is immobile 

because of precipitation; below pH4, chromium (III) is immohile 

because it is strongly absorbed by soil elements; between pH4 

and 5 the combination of absorption and urecipitation should 

render trivalent chromium quite imnohile.(lQ,20) 

In contrast, hexavalent chromiura compounds are quite 

soluble, and hexavalent c~romium is not as strongly bound to 

0 
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0.052 
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Hexavalent chromium remains as such in a 

soluble form in soil for a short tine, anrl is eventually 

reduced by reducing a~ents if present.(22,23) As compared 

wlth the trivalent form, hexavalent chromium is less strongly 

adsorb?d and more readily leached from soils{l9) and thus, is 

expected to have nobility in soil materials.(19) 



Response to Comments - Wastewater Treatment Sludges from 

~lectroplating Operations 

A numher of comments have been received with respect to waste 

F006 (Wastewater treatment sludges from electroplating 

operations). 

1. 0ne commenter pointe~ out that ~PA's original proposal 

to list "electroplating wastewater treatment sludges" 

(43 FR 5~958), and the background document which accompanied 

this proposal, nid not specifically propose to include 

anodizing operations and chemical conversion coating 

operations within the electroplating vastewater treatment 

sludge designation. Therefore, the commenter argues 

that the May 19, 1980 listing expanded what was originally 

included in the proposed listing description without 

allowing for adequate public comment or clearly stating 

that this designation has been expanded. 

The Agency disagrees with the commenter. Although 

the term "electroplating" was not specifically defined 

either by the li~ting or approorlate background document, 

the term was defined by the Agency under regulations 

p~onul~ated by the Effluent ~uidelines Division (EGD). 

It has heen Ap,ency policy to use the same rlefinitions 

for the same terms throughout the Agency to avoid 

confusion among the regulated community. Only when the 

~~ency lntention~lly defines ter~s differently would 
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the Agency believe it has an obligation to inquire 

whether a listing description --in this case "electro

plating wastewater treatment sludges"-- encompassed the 

same processes as those defined under the EGD regulatory 

program. 

2. A number of commenters objected to the inclusion of the 

sulfuric acid anodizing process in the general category 

of electroplating operations, and the subsequent inclu

sion of these process sludges as hazardous wastes in 

§261.31. The commenters first point out that the ano-

dizing of aluminum is not ·an electroplating operation. 

Rather, it is an operation ~hich etches and oxidizes the 

aluminum as compared to the plating of a different metal 

which occurs in electroplating. Secondly, the commenters 

indicate that the two major processes used in aluminum 

anodizing, chromic acid process and sulfuric acid process, 

are entirely different. The chromic acid process uses 

chromium rich solutions, so that chromium would be 

expected in the waste, while the sulfuric acid process 

does not use chromium, cadmium, nickel or cyanide-rich 

solutions. Therefore, the commenters argue that wastewater 

treatment sludges from the sulfuric acid anodizing 

process would not be expected to contain significant 

concentrations of these contaminants, and thus recommend 

that wastes generated from the sulfuric acid anodizing 



process be excluded in the general category of electro-

plating operations and removed from the hazardous waste 

list. 

In reviewing the various electroplating processes, 

including the two primary processes used in aluminum 

anodizing, the Agency generally agrees with the commen-

ters and has modified the listing to exclude wastewater 

treatment sludges generated from the sulfuric acid 

anodizing processes. However, the Agency also believes 

that it may not be accurate to portray the wastes from 

either process (i.e., the chromic acid and sulfuric 

acid processes) as non-hazardous in all cases soley on 

the basis of the anodizing solution. To improve the 

corrosion resistance of anodic coatings on aluminum, 

the anodized surfac~ ls i•mersed into sligb~ly acldifed 

hot water. The sealing process converts tbe amorphous 

anhydrous aluminum oxide to the crystalline monohydrate 

(Al203.H20~. For sulfuric oxide anodized parts, 5-10% 

by weight sodium dichromate can be added (the use of 

sodium dichromate as a sealer for uncolored sulfuric 

anodizing is a recognized non-proprietary industrial 

process*), Consequently, the amount of chromium in 

sulfuTic acid anodizlng sludges may be si~nificant. 

Additionally, unsealed anodic coatings on aluminum are 

*Chuck ~ent, Reynolds Aluminum, August 27, 1q~o. Personal 
co~munication. 
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colored by immersion in a solution of organic or inor-

ganic dyes. After rinsing, the sealing of the dye is 

accomplished by immersion in a hot solution of nickel 

or cobalt acetate. Therefore, the amount of nickel in 

these sludges may also be significant. However, the 

available information indicates that both chromium and 

nickel are used infrequently as sealants in this process 

(i.e., the large majority of the industry uses a plain 

hot water bath in the sealing process). Therefore, the 

Agency will only use the characteristics (principally 

the EP toxicity characteristic)* to determine whether 

these wastes are hazardous at this time. If after 

further study, however, the Agency finds that both 

sodium dichromate and nickel acetate are commonly used 

in the sulfuric acid anodizing process and that these 

toxic contaminants end up in the waste in significant 

concentrations, the Agency will consider bringing these 

sludges back into the hazardous waste system by listing. 

3. One commenter objected to the inclusion of wastes from 

chemical conversion coating operations as hazardous 

wastes, especially with respect to coating operations 

of aluminum. The commenter argues that the listing 

background document contains a rather unspecified scenario 

*By relying on the characteristics, those sludges which con
tain significant concentrations of nickel would not be 
hruught into the hazardous waste system. 



on the potential adverse effects of cadmium, chromium, 

nickel and cyanide and that this scenario is clearly 

not appropriate for sludges from chemical conversion 

coating operations. The commenter also points out 

that neither cadmium, nickel or cyanide are present 

in wastes from the chemical conversion coating of 

aluminum in significant concentrations (the EP was 

conducted on two chemical conversion coating waste 

treatment plant sludges, and showed low concentrations 

of these metals). With repsect to chromium, the commenter 

believes that the concentrations of this contaminant in 

the E~ extract from the two sludge samples (Sample A -

3.24 mg/l Cr and Sample B - 0.1~ mg/l Cr) provides no 

basis for listing these wastes as hazardous. The 

commenter therefore recommends that the listing FQ06 

(wastewater treatment sludges from electroplating opera

tions) be revised to exclude wastes from the chemical 

conversion coating of aluminum. 

The Agency disagrees with the commenter. Although 

the listing background document does not provide a 

specific discussion on chemical conversion coating 

operations and includes only limited data on the compo

sition and concentrations of the toxic constituents in 

these sludges, data contained in the references to the 

hAckground document fully support the listing of sludges 

from chemical conversion coating operations. For example, 



in the Agency's Development nocument for Existing Source 

Pretreatment Standards for the Electroplating Point 

Source Category,(1) effluent streams from forty-six 

coatings plants were sampled and analyzed for a number 

of compounds including cyanide an~ chromium. The results 

of this sampling effort are presented below: 

Composition of Raw Waste Streams 

from Coatings Process (mg/l) 

Compound 

CR (Total) 

Cyanide 

Concentration 

.19 - 79.2 

.oos - 126.0 

As is indicated, these toxic compounds are present 

in the raw wastewater, thus can be expected to be 

found in the treatment sludges, at much higher concen

trations, after implementation of the electroplating 

pretreatment standards. The Agency believes that 

these sludges are no different (i.e, would contain toxic 

metals and complex cyanides in significant concentrations) 

than other electroplating sludges which have been shown 

to leach. Addditionally, it should be pointed out that 

conversion coating processes are usually associated with 

electroplating operations and, thus, wastes from conversion 



coating operations are most likely to be combined with 

those of other metal finishing operations of similar 

waste characteristics and treated in a single treatment 

plant. Therefore, the Agency will continue to include 

the general category of chemical conversion coating 

operations in the electroplating category, so that 

these process sludges will continue to be listed as 

hazardous wastes. However, the listing background 

document will be revised to include a more detailed 

discussion of chemical ionversion coating operations. 

With respect to the specific category of chemical 

conversion coating of aluminum, the Agency also has de

cided to continue to include these sludges as part of the 

hazardous waste listing. This decision is based, after 

careful review of the process, on the frequent use of 

chromate compounds in the various conversion coating 

operations on aluminum. Thus, sodium chromate or pota

ssium dichromate is used in common oxide-conversion 

coating solutions, potassium dichromate ls used in 

phosphate-conversion coating solutions, and sodium 

dichromate is used in chromate-conversion coating solu

tions. (25) Although limited analytical data is available, 

the Agency believes that the chromium used in the process 

will end up in the raw wastewater and subsequently 

precipitate out into the treatment sludges. In data 

submitted by one commenter, the level of chromium found 
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in the EP extract from one sludge sample was 3.24 mg/l 

(approximately 6~ times the NIPDWS), a level considered 

significant by the Agency.•(24) Additionally, cyanides 

are known to be used in the coloring of anodized alumi-

num.CS) Therefore, the Agency will continue to list 

sludges from the chemical conversion coating of aluminum. 

However, since this waste is not expected to contain 

significant concentrations of cadmium and nickel, the 

ARency has decided to list these sludges separately for 

the presence of chromium and cyanide as the only constit-

uents of concern. 

4. Several commenters felt that the listing "Wastewater 

treatment sludges from electroplating operations~ was 

overly broad. More specifically, the commenters indicate 

that the listing will require industry to manage the 

following electroplating baths, sludges and solutions as 

hazardous wastes: (1) tin plating on carbon steel, (2) 

zinc plating (segregated basis) on carbon steel, (3) 

aluminum or zinc-aluminum plating on carbon steel (4) all 

cleaning and stripping associated with tin, zinc and aluminum 

plating on carbon steel and (5) chemical etching and 

milling of aluminums. Commenters argue that these 

*Data was also submitted by the commenter which indicates that 
the level of chromium found in the EP extract (0.16) can be 
insignificant, However, this one data point is insufficient 
to remove all sludges from this process from the hazardous 
waste listing. 
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processes do not use chromium, cadmium, nickel and 

cyanide solutions, and thus that these compounds are 

not expected to be present in the sludges, and also 

that no data was presented in the listing background 

document to support the inclusion of these processes in 

the listing. Therefore, they recommend that the Agency 

revise the listing to exclude the plating of tin, zinc 

(segregated basis) and aluminum on carbon steel and 

chemical etching and milling of aluminum from this 

listing. 

In reviewing the various electroplating processes, 

the Agency agrees with the commenters that the above 

electroplating processes would not generate a sludge 

which would contain significant concentrations of chro

mium, cadmium, nickel and cyanide. We have consequently 

rnodif ied the listing to exclude wastewater treatment 

sludges generated from: (1) tin plating on carbon steel, 

(2) zinc plating (segrated basis) on carbon steel, 

(3) aluminum or zinc-aluminum plating on carbon steel, 

(4) all cleaning/stripping associated with tin and 

aluminum on carbon steel, and (5) chemical etching and 

milling of aluminum from the hazardous waste listing. 
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Listing Background Document 

SPENT WASTE CYANIDE SOLUTIONS AND SLUDCES 

1. LISTING 

The listed wastes are those waste streams, from several 

industry segments which specifically contain cyanide salts 

or complexed cyanide compounds. These listing descriptions 

have been modified to make it clear that only those processes 

which use cyanide salts or complexed cyanide compounds are 

covered by the listing. These wastes are generically listed 

as follows: 

Cyanide Salts 

Electroplating 

Spent cyanide plating bath solutions (except for 
precious metals electroplating spent cyanide plating 
bath solutions)(R,T)* 

Plating bath sludges from the bottom of plating 
baths where cyanides are used in the process (except 
for precious metals electroplating plating bath 
sludges)(R,T) 

Spent stripping and cleaning bath solutions where 
cyanides are used in the process (except for precious 
metals electroplating spent stripping and cleaning 
bath solutions)(R,T) 

Metal Heat Treating 

Quenching bath sludge fro~ oil baths where cyanides 
are used in the process (except for precious metals 
heat-treating quenching bath sludge)(R,T) 

Spent cyanide solutions from salt bath pot cleaning 
(except for precious metals heat-treating spent 
solutions from salt bath pot cleaning)(R,T) 

*Spent plating bath solutions and plating bath sludge from the 
bottom of plating baths also contain complexed cyanides, but 
are more significant as sources of cyanide salts. 



Mineral Metals Recovery 

Spent cyanide bath solutions (R,T) 

Complexed Cyanides* 

Metal Heat Treating 

Quenching wastewater treatment sludges where cyanides 
are used in the process (except for precious metals 
heat-treating quenching wastewater treatment sludges)(T) 

Mineral Metals Recovery 

Cyanidation** wastewater treatment tailing pond sediment (T) 

II. SUMMARY OF BASIS FOR LISTING 

A number of different industry categories located nation-

wide dispose of spent or waste cyanide solutions and sludges, 

the most prevalent being electroplating, metal heat treating 

and mineral metals recovery operations. Cyanide is present 

in these wastes in the form of either (1) alkali-metallic or 

alkaline earth cyanide salts such as sodium, potassium, and 

calcium cyanide or (2) as heavy metal cyanides, ferro- and 

ferricyanides, and ferric ammonium ferrocyanide (iron blue) 

referred to as complexed cyanides.Cl) 

The Administrator has determined that wastes from these 

processes may be solid wastes, and as solid wastes may pose 

a substantial present or potential hazard to human health and 

*In response to comments, two of the listings (•Flotation 
tailings from selective flotation from mineral metals recovery 
operations" and "Dewatered air pollution control scrubber 
sludges from coke ovens and blast furnaces") which were 
promulgated on May 19, 1980 (45 FR 33123) have been deleted 
from the hazardous waste list. See Response to Comments in 
back of the background document for details. 

**Cyanidation as described in this background document is meant 
to include the recovery of gold via a caustic cyanide leach. 
Cyanidation can also be used to recover silver; however, do
mestically little if any silver is recovered by cyanidatlon 
eKcept when silver is recovered as a by-product from gold re
covery operations.Cl) 



the environment when improperly transported, treated, stored, 

disposed of or otherwise managed, therefore should be subject· 

to appropriate management requirements under Subtitle C of 

RCRA. This conclusion is based on the following considerations: 

1. Each of the wastes exhibits either reactive or 
toxic properties or both due to their cyanide 
content. 

2. These wastes generally contain high concentrations 
of cyanide. Additionally, land disposal of cyanide 
wastes is widespread throughout the United States 
with 769 kkg of cyanide (CN-) contained in 
these wastes annually. Thus, the high cyanide 
concentration levels and the large annual generation 
rate, increases the likelihood of exposure and 
possibility of substantial hazard. 

3. Cyanides can migrate from the waste to adversely 
affect human health and the environment by the 
following pathways, all of which have occured in 
actual management practice: 

(a) generation of cyanide gas resulting from the 
reactive nature of cyanide salts when mixed 
with acid wastes; 

(b) contamination of soil and surface waters in the 
vicinity of inadequate waste disposal resulting 
in destruction of livestock, wildlife, streao
dwelling organisms, and local vegetation; and 

(c) contamination of private wells and community 
drinking water supplies in the vicinity of 
inadequate waste disposal. 

Ill. SOURCES OF CYANIDE WASTE AND TYPICAL DISPOSAL PRACTICES 

A. Overall Description of Industry Sources 

Waste cyanide solutions and sludges containing both 

cyanide salts and co~plexe~ cyanides are generated by a nu~her 

of different ln~ustries including electroplating, metal heat 

treating and ~ineral metals recovery operations. Approxi~ately 
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- I '-I I~ -



20 1 000 facilities in the United States use one or more electro-

plating or heat treating processes in manufacture of primary 

metals, fabricated metals, machinery, and electronics equipment.(6) 

An additional 5 facilities use cyanide in the process of 

recovering precious metals, particularly gold and silver. 

(Complexed cyanide waste solutions or sludges containing only 

co~plexed cyanide are generated by a number of other industrial 

processes, principally iron blue manufacturing.*) 

Table 1 lists the equivalent cyanide (CN-) consumed 

annually by each of these processes including the specific 

types of cyanide salts and complexed cyanides used. Table 2 

indicates the number of facilities and types of waste associaterl 

with these different sources. Industrial processes which 

generate these waste cyanide solutions and sludges are further 

<lescribed below. 

B. Waste Generation, Waste Stream Description and Waste 

Management Practices 

The ~ajar processes which generate cyanide salt-con-

taining waste include (1) electroplating using cyanide plating 

baths or cyanide stripping or cleaning baths, (2) metal heat 

treating using cyanide quenching baths, and (3) mineral metals 

recovery using cyanide plating baths. Cornplexerl cyanide 

wastes (primarily ferro and ferricyanides) are generated fro~ 

*Iron blue manufacturing is discussed in the chromiuM pigments 
hackground rlocu~ent anrl thus is not presenterl here. 

-~ 
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Table 1 

Equivalent Cyanide (CN-) Consumed Annually By 

Process and By Specific Type (Salts or Complexed)C 4 > 

Mineral 
and 

Electro- Heat Metals 
Cyanide Salts elating Treating Recovery 

NaCN 10,292 1,428 unknown Ca) 

KCN 72 65 

CaCN2 

Complexed Cyanides 

Heavy Metal 2,346 

Ferrocyanides 65 

Ferricyanides 

TOTAL 12. 7 10 1,SSS 

(a)MRI (1976) has estimated that about 650 kkg of NaCN is 
used for precious metal cyanidation;Cl) however, one of 
the cyanidation precious metal operations uses a copper 
ore and, thus, an unknown fraction of this total is not 
used primarily for precious metals recovery. 



Table 2 

CYANIDE WASTE SOURCES 

Source Number of Facilities 

Electroplating 13, ooo(a) 

Minerals and Metals 5(1) 
Recovery 

Metal Heat Treatment 7,ooo(a) 

Types of Wastes(s) 

Cyanide salts and 
complexed cyanides 
(Solution and sludge) 

Cyanide salts and 
complexed ferro 
and ferricyanide 
(solutions and 
sludges in tailing 
ponds) 

Sodium and potassium 
cyanide (solution 
and sludge) 

(a)sased on Oct. 1979 Effluent Guidelines document estimates. (~.s. 
Environme~tal Protection Agency. Oct., 1979. Draft Development 
for Effluent Limitations Guidelines, New Source Performance Stan
dards and Pretreatment Standards for the Photographic Processing 
Point Source Category. Washington, D.C.). 



(1) treatment of electroplating wastewater (2) treatment of 

quenching process wastewater from the metal heat treating 

industry and (3) treatment of cyanidation wastewater 

from mineral metals recovery operations. 

1. Electroplating 

a. Generation of Spent Plating, Stripping and Cleaning 
Bath Solutions 

Electroplating, as defined in this document, in-

eludes both common and precious metal electroplating, anodizing, 

chemical conversion coating (i.e., coloring, chromating, 

phosphating and immersion plating), chemical etching and 

milling, electroless plating, and printed circuit board 

manufacturing. The primary purpose of electroplating opera-

tions is to apply a surface coating, typically by electrode 

decomposition, to provide protection against corrosion, to 

increase wear or erosion resistance, to restore worn parts 

to their original dimensions, or for decoration.(7) The 

operation itself involves immersing the article to be coated/ 

plated into a bath consisting of acids, bases, salts, etc. 

A plating line consists of a series of unit operations 

conducted in a sequence in which one or more coatings are 

applied or a basis material is removed. (For a more detailed 

discussion of the electroplating process see the Development 

Document for Existing Source Pretreatment Standards for the 

Electroplating Point Source Category, August 1979).(7) 



Figure I-1 in Appendix I illustrates a standard elec~ro-

plating process. Cyanides may be used to make-up the various 

plating/coating solutions and stripping and cleaning bath 

solutions.(7) For example, the electrolytic baths used 

in both chromium and precious metal electroplating typically 

consist of cyanide salts of sodium, potassium, cadmium, 

zinc, copper, silver, and gold.Cl) After extended use, 

plating baths become deficient in the specific ion being 

plated/coated, leaving cyanides in solution either as simple 

ions or in complexes. After extended use of stripping and 

cleaning solutions, metals begin to accumulate so that further 

removal of metal coatings on articles becomes difficult. 

At that point these solutions are either processed for metal 

recovery (this is particularly true of precious metal plating 

operations) or discarded. Untreated spent plating, stripping 

and cleaning bath solutions, when discarded, represent the 

major sources of cyanide salt containing wastes generated 

in electroplating operations* (and a minor source of co~plexed 

cyanides). 

*Another major source of cyanide salt waste is the rinse water 
contacinated by the solution remaining on the article that 
has been plated, stripped, or cleaned. This rinsewater is 
either treated and present in wastewater treatment sludge, 
in which case it is part of a listed waste, or discharged 
directly to a POTW. Rinsewater which is mixed with domestic 
se~age that passes through a sewer system before it reaches 
a POTW for treatment is excluded from subtitle C regulation 
under §261.4(a)(l). The Agency is in the process of developing 
pre-treatment standards for the electroplating industry. 
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b. Management of Spent Plating, Stripping and Cleaning 
Bath Solutions, and Generation of Treatment Sludges 

Spent plating, stripping and cleaning bath solutions 

a1 1 rinse waters containing cyanide compounds are chemically 

treated, primarily with hypochlorite or chlorine, to convert 

cyanide compounds to carbon dioxide, metal salts, nitrogen, 

and water.(7) 

Complexed cyanides that are present in hypochlorite-

treated bath solutions and rinse waters are precipitated as 

part of the sludge during any additional wastewater treatment 

(see Figure I-2 in Appendix I). Even though the cyanide is 

treated, a certain percentage of the complexed cyanide is 

not destroyed and thus may be present in the sludges.(1,8) 

These sludges are typically disposed of in a sanitary 

landfi11.(l,8) 

c. Plating bath sludge from the bottom of cleaning 
baths 

Additionally, cyanide plating solutions that have 

been restored several times often leave a sludge in the 

bottom of the bath which must be cleaned out when spent 

solutions are discarded. These sludges often contain cyanide 

salts and complexed cyanides when cyanide solutions are used 

in the process and typically are placed in drums for chemical 

landfill disposa1.(l) 

-~ 
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Available plant information indicates that nearly all 

of the cyanide-containing mate~ials discharged to the environ-

ment are treated, although it is possible that some small 

plnting shops may either discharge directly to municipal 

sewer systems or landfill spent solutions.Cl)* 

2. Metal Heat Treatment 

a. Generation of Cyanide-Containing Quenching Bath 
Sludge and Spent Solutions from Salt Bath Pot Cleaning 

case hardening by carburizing adds carbon to the 

surface of stee1.(7) Liquid carburizing uses cyanides as 

the source of carbon. Liquid carburizing is accomplished by 

submerging the metal in a molten salt bath containing sodium 

cyanide (6-23%). Figure I-3 in Appendix I illustrates the 

liquid carburizing process. Sodium cyanide is also used in 

the case hardening of steel using either the liquid nitriding 

or·carbonitriding processes. 

Cyanide salt-containing wastes from this process generally 

arise from two sources: (1) quenching sludge and (2) pot 

cleanout. In the quenching process, oil is used as the 

quenching media. The sodium cyanide adhering to the 

case hardened steel during oil quenching is not soluble and 

*However, since 60 to 80 percent of these small plating shops 
have shifted to non-cyanide baths (such as zinc), the quantity 
of untrea~ed cyanide waste landfilled from electroplating 
operations is getting smaller.Cl) 
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~c..·t11P~ 1,• tht• lhHLom of th1• rpu·nchlnr. titnk .1s a sludge. Another 

" n 11 r c e ,1 f ,. y ..111 id e w a s t e ( .1 1 t ho 11 y, h gen er a t e d 1 n 1 e s s v o 1 u me 

th:rn thl' q11c11rhing sludge) r~sults from rleaning out salt bath 

pots. 

b. Generation of Quenching Wastewater Treatment Sludge 

~here process wastewaters containing cyanides are 

chemically treated, sludges from these operations are typically 

disposed of in landfllls.(10) During waste treatment some 

of the untreated cyanide may complex with heavy metals and 

precipitate in the sludge.(7) 

3. Mineral and Metals Recovery 

Cyanides are used extensively in the extraction and 

beneficiation of gold and silver from ore. 

a. Generation and Management of Cyanidation Wastewater 
Tailings Pond Sediment 

Use of cyanide (cyanidation) in the recovery of 

gold and, to a lesser extent, silver, varies in process 

complexity depending on the ore matrix. Generally, the ore 

is pulverized to expose gold and silver deposits prior to 

leaching oy caustic cyanide solutions.Cl) The gold or 

silver-laden caustic cyanide ,solution is then electrolyzed, 

and :he gold or silver is deposited on stainless steel wool 

cathodes (see Figure I-4 in Appendix I). The cyanide bath is 

t,=n cheroically treated with hypochlorite or chlorine to 

-i,? 
- I St..J -



destroy cyanide salts and complexes. The resulting wastewater 

tailings pond sediment is a listed waste. Ferrocyanide and 

f erricyanide complexes formed in tailings pond sediment are 

periodically dredged and disposed of in landfills.Cl) 

b~ Generation of Spent Cyanide Bath SolutionsCl) 

This waste stream also arises from the cyanidation 

process described above. Some minerals and metals recovery 

plants, however, instead of chemically treating spent cyanide 

bath solutions, discharge the waste directly to tailing ponds 

where oxidation and sunlight are relied upon to convert 

cyanide salts to complex cyanides which precipitate into the 

pond sediment. In this case, the listed waste stream is the 

spent cyanide bath solution. 

c. Waste Characteristics and Quantities 

Waste cyanide solutions and sludges are generated 

nationwide with most disposal occuring in EPA Regions I 

through IV and in Region Ix.(10) The quantity and types of 

wastes that result from any of these processes are variable 

and depend upon operation conditions at each facility, but 

significant cyanide concentrations in all of these waste 

streams are anticipated.· Nearly all cyanide processes include 

some form of chemical treatment which destroys most of the 

cyanide prior to precipitaion of solids and heavy metals. Of 

the total 14,260 kkg equivalent cyanide consumed annually, 
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12.710 kkg is used by the electroplating industry.(4) A large 

percentage of that is either oxidized by electrolysis in the 

plating bath, destroyed during alkali~e chlorination or 

ozonation prior to wastewater discharge.Cl) This means 

that approximately 127 kkg of equivalent cyanide (CN-) 

(probably in the salt form) is disposed of annually on land 

by this industry. Of the remaining 1,557 kkg (from the 

total of 14,260 kkg) equivalent cyanide (CN-) consumed 

annually, about 41 percent (769 kkg - 127 kkg • 642 

kkg) is disposed of on land as solutions or sludges.(4) 

The balance is either recovered or chemically dest~oyed by 

alkaline chlorination, electrolysis, or ozonation. Sixty-seven 

percent of this 642 kkg of CN- disposed of (by industries 

other than electroplating) is in complexed cyanide form. 

Table 3 lists the types of cyanide wastes generated, the 

range of quantity disposed of in solid waste streams by an 

individual facility, and the total quantity of waste for each 

of the contributing sources of manufacturing processes. 

These quantities are considered significant in light of 

cyanide's migratory potential (see p. 21-24) and high toxicity. 

The fact that disposal occurs nationwide is also significant, 

since the wastes are exposed to many differing environmental 

conditions and management situations, increasing the possibility 

of mismanagement. 
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Cyanide is expected to be present in most of these waste 

streams in high concentrations. Table 3A contains cyanide 

salt and complexed cyanide concentration data from listed 

electroplating and metal heat treating wastes. Concentrations 

~ange from 38 ppm to 92,300 ppm, with most concentrations 

exceeding 1,000 ppm. In light of the health dangers associated 

with cyanide (see pp. 27-28 below), these concentrations are deemed 

to be of regulatory concern. 

The Agency presently lacks concentration data on the 

cyanidation wastes generated by the mineral metals recovery 

industry, although concentrations are believed to be high 

based on the large quantity of cyanides disposed of annually. 

(See Table 3) 

D. Typical Disposal Practices 

In general, waste management of cyanide solutions 

and sludges relies primarily on disposal in municipal, 

chemical, or company-owned landfills.Cl) 

Facilities using only one process, sometimes find it 

more cost effective to landfill spent cyanide salt solutions 

(without any chemical treatment) along with cyanide sludges.Cl) 

Of course, as described above, most spent solutions are managed 

initially in holding ponds, which are treatment facilities 

under RCRA. 

Spent cyanide solutions and sludges from electroplating 

operations are generally treated by alkaline chlorination 

prior to discharge into municipal sewer systems or landfill 

disposal. Data characterizing the disposal practices in some 

states indicate, however, that some small plating shops dispose 

of spent plating solutions and sludges which still contain 

untreated cyanide in landfills.Cl) 



Source 

Electroplating 

Mineral and 
Metals 
Recovery 

Metal Heat 
Treating 

Type of Waste 

Spent plating, 
Stripping and 
Cleaning hath 
solutions; plating 
bath sludge; plating 
bath and rinse 
water treatment 
sludge 

Cyanidation waste
water treatment 
sludge 

Quenching bath 
sludge and spent 
bath solution and 
quenching waste
water treatment 
sludge 

Table 3 
Waste Characteristica (l,2,7,10) 

Annual Waste 
Quanity/Facility 

kkg 

2s-1,2s0Ca> 

Cyanide (CN-) 
Quantity Used/ 

Facility 
(kkg) 

20-Joo(d) 

o. 2-i.1(b) 

Total Annual 
Waste Quantity 

(kkg) 

42,000 (b) 

6, 12s< lO) 

Cyanide Salts 
(en-) 

Disposed 
Annually 

(kkg) 

0 

Complexed 
Cyanides 
(CN) 
01 sposed 
Annually 

(kkg) 

1-10< j) 

aQuantities based on the range 
bTotal based on estimated 16.8 
basis)ClO) (see figure 1) 

in number of number of employees per facility 10-500 employeesC7) 
employees per facility(!); 10,000 facilities{7); and 2.s kkg/yr-employee (wet 

cTotal based on estimated 62% of total consuption 
(continr ., 

of 20,500 kkg (CN) and 1% disposal(!) 
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-15S 



Table 3 (Continued) 

:ircital baHed orL mining capacity: estimated total consumption is 650 kkg.(l) 
eso% of N~GH Flulvalent consuption<lJ 
fRange of total annual waste for facilities included in a composite of state wste disposal applications 
assuming waste density 4kg/gallonC2). Based on total waste disposal estimates average quantity per 
facility is 3.5 kkg/yr(lO). 

gTatal based on estimated 25 employees per facility; 7,000 facilities of which 254 use cyanide(!); 
0.14 kkg/yr-employee(lO) (See figure 1) 

hRange of content of waste per facility for facilities iincluded in a composite of state 
waste disposal applications assuming waste density and kg/gallon(2) 

iTatal based on estimate that 13% of waste are cyanide wastes and 25% of all cyanide waste ls 
destroyed. 

J&stimate basad on raw waste load data from "'Development document for interim final and proposed 
effluent llmi tat ions guidelines and new source performance standards for the ore mln lng and 
dressing industry point source category." Volume L 
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~ 11dus try 

Met.:..l Heat Trt:.:itlne 

1: lee ti" .1 r- La ting 

ElectLoplating 

r:;ectroplating 

E1 ectropl n.t tng 

.,. bctroplating 

dectroplating 

Electroplating 

Electroplating 

Metal Heat Treating 

Source~' 

Cyanide Salts 

Quenching Bath sludge 
and Spent Solution 

Quenching Bath sludges 

Spent Cleaning Bath 
Soll.it ion 

Spent Cleaning Bath 
Solution 

Spent Plating Bath 
Solution 

Plating Bath Sludge 

Complexed Cyanides 

Plating Bath Treatment 
Sludge 

Spent Plating nath 
Solution 

Spent Plating Bath 
Solution 

Plating Bath Treatment 
Sludge 

Quenching Wastewater 
Treating Sludge 

Table 3A 
Cyanide Wastes<2~ 

Cone en tr at tons 

Typed of 
Waste/Form** 

Potassium and 
Sodium Cyanide/ 
So lid** 

Potassium and 
Sodium Cyanide/ 
S ludgP. 

Sodium Cyanide/ 
Solution 

Cyanide Salts/ 
Solution 

Sodium Cyanide 
Solution 

Metal Salts/Sludge 

Complex Metal 
Cyanide/Solution 

Complex Metal 
Cyanide/Solution 

Complex Metal 
Cyanide/Solution 

Complex Metal 
Cyan !de/Sludge 

Comples Metal 
-~vanldc Solids*** 

-I&.\. 

Annual Disposal 
in Gallons 

3,000 

13,200 

22,500 

14,000 

6,600 

1,000 

15,600 

6,600 

36,000 

12,000 

6,600 

Cyan Lde 
Concentrations 

ppm 

92,300 

8, 530 

350,000 

38 

14,547 

64 

80 

H, 329 

2,000 

1,681 

26,803 



Industry 

Metal Heat Treating 

Source* 

Quenching Wastewater 
Treatment Sludge 

Table 1A 
Cyanide WastesC2) 

Concentrations 
Continuert 

Type of 
Waste/Form** 

Complex 'Met.<\l 
Cyan toes/Sludge 

Annual Disposal 
in Gallons 

5,500 

Cvanicie 
Concert t rat ions 

ppm 

R,400 

*Source iiescrlptions lnclurlecl in special waste rlispos:il applicAtions were not :ilways the same :ts those 
prcsenterl in the listing(2). An attempt was macie to classify the waste in lts approximate category 

** These descriptions were taken directly from the special waste diqposal applicationsC2). 
*** Solie\ cyanide wastes ate placed in drums and disposed of. Solid ~ste qnant1.t1es are expresserl in 

gallons related to the size of the drum used to containerize wastP for disposal. 
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Mineral and ~etals recovery wastes from extraction of 

gold and s~lver (cyai idat1on) are d1posed of in tailing 

ponds whic~ m2y be lined with clay and are sometimes constructed 

to control r"n-off and dam seepage.Cl) The size, construction, 

and location of tailing ponds and retention of waste _solutions 

in ponds varles from site to site. When wastes are not 

alkaline chlorinated to destroy cyanide prior to disposal, 

tailing pones are used as holding ponds where natural air 

oxidization and sunlight destroy the cyanide or where the 

cyanides are co~plexed with metals in solution and by attach-

ment to gangue materials.Cl) 

This d&ta suggests that cyanide-containing wastes are 

sometimes managed properly. Many da~age incidents involving 

cyanide-containing wastes (set forth at pp. 25-27 below)* 

indicate, however, that waste mismanagement may occur and 

cause substantial hazard. Furthermore, proper management of 

wastes capable of causing substantial hazard if mismanaged 

does not make a waste non-hazardous under the definition of 

hazardous waste con~ain~d in Section 1004(5) of RCRA. In 

fact, industry management practice described above suggests 

strongly that industry itself regards these wastes as hazardous 

an(. requiring careful management. 

IV, HAZARDS POSZD BY THE WASTES 

Cyanide salt-containing wastes exhibit both reactive 

and toxic properties which Make them potentially hazardous to 

*Additlonal ~RMage tn=tdcnts are describe~ in the electroplating 
1.;r<'ste baC"h.grc-1"1r doc11mcnt. 



human health and the environment. If exposed to mild acid 

conditions, these wastes can react to generate toxic hydrogen 

cyanide gas. Cyanide wastes are land disposed and if improperly 

managed, cyanide can migrate from these wastes as toxic hydrogen 

cyanide gas or in a soluble form into groundwater or surface 

water supplies. Adverse health effects on landfill operators 

and environmental stress to avian and possibly human 

populations is possible if hydrogen cyanide is generated. 

This most toxic form of cyanide can be fatal to humans in a 

few minutes at concentrations of 300 ppm. Soluble cyanides, 

while less toxic, are also fatal to sensitive species of fish 

~t levels between 0.05 and 0.10 mg/l and are rapidly fatal for 

most fish species above 0.2 mg/1.(5) Further evidence of 

the potential hazard of disposed cyanide wastes is the 

fact that cyanide salts and complexed cyanides may: (1) 

migrate from disposal sites in substantial concentrations, 

(2) may be improperly managed, and (3) have proved hazardous 

to human health in actual waste management incidents.• 

1. Hazards via a Groundwater Exposure Pathway 

These wastes contain high concentrations of cyanide, a 

highly toxic substance. As illustrated in Table 3A above, 

*Additional damage incidents are described in the electroplating 
waste background document. 
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cyanide concentrations in these wastes may vary from 38 ppm 

to 350,000 ppm -- highly elevated concentrations in light of 

cyanide's extreme toxicity (see App. A and pp. 27-28). The u.s. 

~ublic Health Service recommended standard for cyanide in 

drinking water, for example, is 0.2 mg/l (App. A). Thus, 

these cyanide concentrations in and of themselves are of 

considerable regulatory concern. 

Furthermore, cyanide is present in these wastes in 

soluble form. Table 4 contains simulated leachate extract 

data for the waste streams contained in Table 3A. The 

extraction procedure is based upon the acidic envjronment 

utilized in the Subtitle C EP. This data indicates that the 

complexed cyanides tend to be relatively soluble and the 

cyanide salts were highly soluble in this environment. In 

all cases, cyanide leached from the waste in concentrations 

exceeding the u.s. Public Health Service recommended standard, 

in most cases, by many orders of magnitude. Thus, cyanide is 

fully capable of migrating from disposed wastes. 

Cyanide would be capable of migrating from these wastes 

if improperly disposed, for example, if disposal occured in 

areas with permeable soils, or if adequate leachate control 

measures are not adopted. The migrating cyanide is likely to 

be highly mobile, since cyanides have been shown to be 

extremely mobile in the soil environment. pH appears to 

influence the mobility, with greater mobility at high pa.(14) 



Table 4 
LEACHARLE CYANIDE WATEs(2) 

l.eachable 
Cyanide/ 
Metals 
(pH 5.5 

Annual Cyanide Conditions) 
Type of Disposal Concentrations Within These 

Industry Source * Waste/Form** in Gallons ppm Wastes~) 

(Cyanide Salts) 

Metal Heat Treating Quenching Bath Potassium and 3,000 92,300 
Sludge and Spent Sodium Cyanide/ 
Solution Solid*** 

Metal Heat Treating Quenching Bath Potassium and 13,200 8,530 8,530 
Sludge Sodium Cyanide/ 

Sludge 

Electroplating Spent Cleaning Sodium Cyanide/ 22,500 350,000 18, 000 
Bath Solution Solution 

Electroplating Spent Cleaning Cyanide Salts/ 14 ,ooo 38 28 
Bath Solution Solution 

Electroplating Spent Plating Cyanide Salts/ 6,600 14. 547 9,048 
Bath Solution Sodium 

Electroplating Plating Bath Metal Sal ts/ 1,000 64 49 
Sludge Sludge 

(Complexed Cyanides) 

Electroplating Plating Bath Complex Metal 15,600 80 0.5 
Treatment Sludge Cyanide/Solution 

Electroplating Spent Plating Complex Metal 6,600 14, 329 119 
Bath Solution Cyanide/Solution 

--vi-
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Table 4 (Continued) 

Annual Cyanide 
Type of Disposal Concentrations 

Industry Source * Waste/Form** in Gallons ppm 

Electroplating Spent Plating Complex Metal 36,000 2,000 
Bath Solution Cyan !de/Solution 

Electroplating Plating Bath Complex Metal 12,000 1,681 
Treatment Sludge Cyan lde/Solution 

Metal Heat Treating Quenching Waste- Complex Metal 6,600 26,803 
water Treatment Cyanide/Solids*** 
Sludge 

Metal Heat Treating Quenching Waste- Complex Metal 5,500 8,400 
water Treatment Cyanide/Sludge 
Sludge 

*Source descriptions included ln special waste disposal applications were not always the same es 
those presented in the listtns(l). An attempt was made to classify the waste inits appropriate 
category. 

**These descriptions were taken directly from the special waste disposal applicationsC2). 
***Solid cyanide wastes are placed in drums and disposed of. Solid waste quantities are expressed 

in gallons related to the size of the drum used to containerize waste for disposal. 

-~ 

Leachable 
Cyanide/ 
Metals 
(pH 5.5 
Condi tior1s) 
Within Ti;.es•· 
Wastes ( j>pm: 

80 

170 

915 

9,3 



Even clay liner systems nay not adequately impede migration, 

as in the presence of water, ~ontmorillonite clays (which 

have high surface areas) sorbed cyanide only weakly.(15) 

Cyanide has also been shown to move through soils into 

groundwater.Cl6) In light of the extreme toxicity of this 

waste constituent in the environment, its migratory potential 

in both salt and complexed forn, and its environmental 

persistence and mobility, it strongly appears that waste 

~ismanagement can result in substantial potential hazard. 

Certainly the Adninistrator cannot with assurance state 

that cyanide will not migrate from these wastes and persist 

in the environment; yet such assurance is required to justify 

a decision not to list these wastes. 

In any case, actual damage incidents involving cyanide-

containing wastes, including some of the wastes listed here, 

confirm that cyanide can migrate, persist, and contaminate 

groundwater, public drinking water, soil, and vegetation. 

For example, a landfill site in Gary, Indiana, in which large 

quantities of cyanide electroplating wastes have been disposed, 

has leached into groundwater supplies.(17) 

A total of 1,511 containers (mostly 55 gallon and 30 

gallon drums) of industrial waste containing cyanides, heavy 
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metals, and miscellaneous other materials were disposed of 

improperly on a farm near Bryon, Illinois. Leachate entering 

nearby surface water was responsible for the death of three 

~nws and substantial damage to wildlife (birds, downstream 

aquatic community, stream bottom-dwelling organisms) and 

local vegetation. Pathological examinations established 

that the cattle died of cyanide poisoning.(12) 

In 1965, unlined lagoons in Columbia County, Pennsylvania, 

caused contamination of private wells in the area. The 

lagoons were leaking plating wastes containing cyanide, 

copper, nickel allkylbenzenesulfonate, and phosphate.(12) 

A landfill in Monroe County, Pennsylvania, that accepts 

plating process wastes such as hydrocyanic acid, has created 

a groundwater pollution problem in the area.(12) 

Between 1962 and 1972 in Lawrenceburg, Tennessee, an 

industry dumped up to 5,000 gallons of untreated metal plating 

waste daily into trenches near the city dump. Trace quantities 

of cyanide were measured in private wells and in an adjacent 

drinking water supply.(12) More recently, cyanide wastes were 

disposed down boreholes in Pittston, Pennsylvania, which 

discharged directly into a nearby waterway.(13) 

2. Reactivity Hazard 

Cyanide salt-containing wastes (although not complexed 

cyanide wastes) pose a reactivity hazard as well. These are 

cyanide bearing wastes which when exposed to mild acidic 

conditions react to release toxic hydrogen cyanide gas, and 
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thus possess the characteristic of reactivity (see §261.23 

(a)(;)). 

Documented damage incidents resulting from mismanagement 

of wastes from disposal of cyanide salts are presented below: 

Damage Resulting from Reactivity of Wastes 

(1) A tank truck emptied several thousand gallons of 

cyanide waste onto refuse at a sanitary landfill 

in Los Angeles County, California. Another truck 

subsequently deposited several thousand gallons of 

acid waste at the same location. Reaction between 

the acid and the cyanide evolved large a~ounts of 

toxic hydrogen cyanide gas. A potential disaster 

was averted when a local chlorine dealer was 

quickly called to oxidize the cyanide with 

hydrogen chlorine solution.(12) ijydrogen cyanide 

gas can be fatal to humans in a few minutes at 

a concentration of 300 ppm. The average fatal 

dose is 50 to 60 mg. 

(2) A standard procedure at a Southern California dispo-

sal site for handling liquid wastes containing 

cyanides and spent caustic solutions was to inject 

these loads into covered wells dug into a completed 

section of a sanitary landfill. Routine air saopling 

in the vicinity of the wells detected more than 

1000 ppm RCN. No cyanide was detected during 

addition of the spent caustic to a new well. On 



the basis of these discoveries, use of the wells 

was discontinued. The cyanide gas was apparently 

formed in the well as a result of lowering of the 

pR of the waste by co 2 and organic acids produced 

in the decomposition of refuse.(12) 

V. HEALTH EFFECTS 

The toxicity of both cyanides and hydrogen cyanide have 

been well documented. Cyanide in its most toxic form can be 

fatal to humans in a few minutes at a concentration of 300 

ppm. Cyanide is also lethal to freshwater fish at concen-

trations as low as about 50 mg/l and has been shown to 

adversely affect invertebrates and fish at concentrations of 

about 10 mg/l. Hydrogen cyanide is also extremely toxic to 

humans and animals, causing interferences with respiration 

processes leading to asphyxiation and damage to several organs 

and systems. Toxic effects have also been reported at the 

very low exposure level of less than 1 mg/kg.(15,16) 

The hazards associated with exposure to cyanide and 

hydrogen cyanide have also been recognized by other regulatory 

programs. Congress listed cyanide as a priority pollutant 

under §307(a) of the Clean Water Act of 1977. In addition, the 

U.S. Public Health Service established a drinking water 

standard of 0.2 mg/l as an acceptable level for cyanide in 

water supplies. The Occupational Safety and Health Administration 

(OSHA) has established a permissible exposure limit for KCN 

and NaCN at 5 mg/m3 as an eight-hour time-weighted aveTage. 
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Additionally, the OSRA permissible limit for exposure to RCN 

is 10 ppm (11 mg/m3) as an eight-hour time-weighted average. 

DOT re~uires a label stating that HCN is a poisonous and 

flammable gas. 

Finally, final or proposed regulations of the states of 

California, Maine, Maryland, Massachusettes, Minnesota, 

Missouri, New Mexico, Oklahoma and Oregon define cyanide 

containing compounds as hazardous wastes or components 

thereof.(17) 

A more detailed discussion of the health effects of 

cyanide is contained in Appendix A. 
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Response To Cooments 
on Proposed Li~tings (necenber l~, 1978) 

l. One comnenter suggested that the listings of "Spent or waste 
cyanide solutions or sludges" should be modified so as to 
include solutions or sludges containing small amounts of 
cyanide formed during one or more proces operations. The 
following language was recommended: 

0 

"Spent or waste cyanide solutions or sludges 
resulting from cyanide-based processes (RtT)" 

The Agency agrees with the commenter that solutions or 
sludges that contain minute quantities of cyanide should 
not and are not intended to be included in the above 
listing. Howevert to limit the listing to just those 
processes which result from cyanide-based processes may 
leave out several waste strea~s from RCRA control wich 
could present a problemt if improperly ~ana~ed. For 
exaMplet during blast furnace operations nitrogent water 
and carbon combine to produce hydrogen cyanide. Desul
furization scrubbers installed on many of the blast 
furnace stacks scrub HCN scrubber liquor is rarely treated. 
Thus, if the scrubber liquor is dewatered, the cyanide is 
likely to end up in the sludge at concentrations high 
enough to be of concern (see discussion under Coke Oven 
and Blast Furnace, p. 15, for more details). 

2. A number of com~ents suggested that the definition of cyanide 
bearing wstes should distinguish between "free cyanide" and 
"ferro cyanide", since the latter would not be available to 
generate hydrogen cyanide under mild, acidict or basic conditions. 

0 The Agency agrees that only cyanide salt-containing wastes 
pose a reactivity hazard, and the listing descriptions 
reflect this distinction, since no complex cyanide wastes 
are listed for reactivity. 
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Response to Comments - Spent Waste Cyanide Solutions and 
Sludges [Interim Final Regulation, May 19, 1980) 

A number of com~ents have been received with respect to wastes 

F007 to F016 (Spent plating bath solutions from electroplating 

operations; Plating bath sludges from the bottom of plating baths 

from electroplating operations; Spent stripping and cleaning bath 

solutions from electroplating operations; Quenching bath sludge 

from oil baths from metal heat treating operations; Spent solutions 

from salt bath pot cleaning from metal heat treating operat1onsi 

Quenching wastewater treatment sludges from metal heat treating 

operations; Flotation tailings from selective flotation from mineral 

metals recovery operations; Spent cyanide bath solutions from 

mineral metals recovery operations; and Dewatered air pollution 

control scrubber sludges from coke ovens and blast furnaces). 

l. A nunber of commenters have indicated that the Agency, in 

listing wastes F007 to F013, has inadvertantly included wastes 

generated by processes that do not use cyanide or cyanide 

compounds and, thereby, describe wastes that do not contain 

cyanide salts or complexes. Therefore, the commenters recommend 

that the listing descriptions for wastes F007 to F013 to be 

modified to make it clear that only those processes which use 

-~-
-17:5-



cyanide salts or complexes would be covered by the 

listing.* 

The Agency agrees with the commenters. In promulgating 

these waste listings, the Agency only intended to describe 

wastes that may contain cyanide salts or complexes. There-

fore, the Agency has redefined the subject wastes to indicate 

that only wastes from processes utilizing cyanides are 

included. Specific wording changes in the listing descrip-

tlon are set out below (the changes to these definitions 

are underlined): 

EPA Hazardous 
Waste Number 

F007 

FOOS 

Hazardous Waste 

Spent cyanide plating bath 
solutions from electro
plating operations (except 
for precious metals electro
plating spent cyanide plating 
bath solutions) 

Plating bath sludges from 
the bottom of plating baths 
from electroplating operations 
where cyanides are used in the 
process (except for precious 
metals electroplating plating 
bath sludges) 

*Among the processes cited as not always using cyanides are: 
(1) aluminum anodizing process (electroplating), (2) chemical 
conversion coating operations (electroplating), (3) tin plating 
on carbon steel (electroplating), (4) zinc plating (segregated 
basis) on carbon steel (electroplating), (5) aluminum or zinc
aluminurn plating carbon steel (electroplating), (6) cleaning/ 
stripp1ng associated with tin, zinc and aluminum plating on 
carbon steel (electroplating), (7) netal heat treating operations, 
and (8) selective flotation from ~ineral metals recovery operations. 
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EPA Hazardous 
Waste Number 

F009 

FOlO 

FOll 

F012 

F013 

Hazardous Waste 

Spent stripping and cleaning 
bath solutions from electro
plating operations where 
cyanides are used in the 
process (except for precious 
metals electroplating spent 
stripping and cleaning bath 
solutions) 

Quenching bath sludge from 
oil baths from metal heat 
treating operations where 
cyanides are used in the 
process (except for precious 
metals beat-treating quenching 
bath sludge) 

Spent cyanide solutions from 
salt bath pot cleaning from 
~etal heat treating operations 
(except for precious metals heat
treating spent solutions from 
salt bath pot cleaning) 

Quenching wastewater treatment 
sludges from metal heat treat
ing operations where cyanides 
are used in the process (except 
for precious metals heat-treating 
quenching wastewater treatment 
sludges) 

Waste is being removed from the 
list- see No. 4 of this section 
for more details 

2. One commenter objected to the inclusion of solutions and 

sludges extracted or emanating from precious metals electro-

plating and metal heat treating operations. The commenter pointed 

out that these solutions and sludges are richly impregnated 

with precious metals--gold, silver, platinum and its deriv-

atives, or rhodium and thus are never discarded (to the 
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commencet"s knowledge), but are always sent to metal recovery 

or reclamation. Therefore, the commenter argues that these 

solutions and sludges are not "solid wastes", as that term is 

defined in §261.2 of the Subtitle C regulations. 

In evaluating the commenters arguments, the Agency agrees 

with the commenter that both the solutions and sludges extracted 

from precious aetals electroplating and metal heat treating 

operations are not solid wastes, and therefore, have been 

excluded from the hazardous waste listings F007 to F012. The 

primary argument on which the Agency based its decision is 

the extremely high value of the precious metals and the fact 

that most if not all of these facilities could not afford to 

discard these solutions and sludges. As pointed out by the 

commenters, these solutions and sludges are never discarded, 

thus, these materials do not meet the current definition of 

solid waste (45 FR 33119). Therefore, the Agency has excluded 

solutions and sludges from precious metals electroplating and 

heat treating operations from these listed waste categories. 

Residues from reclamation of these solutions and sludges are 

solid wastes, however, and must be tested against the 

characteristics of hazardous waste to determine if they are 

hazardous. 

We note further that the definition of "solid waste" may 

be amended in the future, and that these materials may be 

solid wastes under the amended definition. In that event, 
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we do not intend to repropose this listing for comment, in 

light of our earlier proposal and interim final promulgation 

when the opportunity for comment was utilized fully. 

3. A number of commenters argued that the Agency should dif feren-

tiate between the form of cyanide present in the waste (i.e., 

complex cyanides vs. free cyanides). The commenters point out 

that complex cyanides are considerably less toxic than free 

cyanides (the commenters do not disagree that free cyanides 

are toxic). They argue in addition that complex cyanides are 

generally insoluble and environmentally stable. Therefore, 

the commenters recommend that wastes listed for complexed 

cyanides by removed from the hazardous waste listings. 

The Agency disagrees with the commenters. First of all, 

it should be pointed out that the Agency has already differen-

tiated between the form of cyanide present in the waste i.e., 

only cyanide salt-containing wastes (free cyanides) are listed 

as posing a reactivity hazard. 

Second, although complexed cyanides are less toxic than 

free cyanides, this simple statement does not adequately 

address the potential for harm posed by complexed cyanide-bearing 

wastes because complexed cyanides undergo photodecomposition 

resulting in extremely toxic hydrogen cyanide and free cyanide 

decomposition by-products.~/ 

~/ These toxic photodecomposition residuals (chiefly RCN) have been 
shown to be resistant to naturally occurring wavelengths reaching 
the earth's surface. (Frank, S.N., anrl D.J. Bard. 1977. Hetero
geneous photocatalytic oxidation of cyanide ion in aqueous solution 
of titanium dioxide powder. Jour. Amer. Chem. Soc. 99(1): 303-304. 
Thus, these residuals will not photolyse further so that this degrada
tion mechanism will not further affect toxicity in waste management 
settings. 



This phenoNenon is especially well documented for iron 

cyanides, the most prevalent form of complexed cyanide in 

the wastes listed here. (See E~ological Analysts, Inc., 

Cyanide, an Overview and Analysis of the Literature on 

Chemistry, Fate, Toxicity, and Detection in Surface Waters, 

prepared for the Inter-Industry Cyanide Group, and sources 

there cited (June, 1979). While no photodegradation rate 

constant is indicated in these sources, it has been shown 

in laboratory experiments that the rate of generation of 

hydrogen cyanide and free cyanide via photodecomposition of 

complexed cyanides exceeds the rate of cyanid~ loss from 

solution via volatilization. Thus, we can clearly envision 

situations where mismanaged wastes containing complexed 

cyanides cause substantial environmental harm due to photolysis 

and subsequent migration of HCN and free cyanides. 

Damage incidents involving disposal of complexed cyanide-

containing wastes bear out our concern. Thus, a series of 

oassive fish kills have been reported presumably caused by 

the photodecomposition of iron cyanides. (See Doudoroff, 

1976, Toxicity to Fish of Cyanide and Related Compounds--A 

Review (prepared for U.S. EPA, EPA 600/3-76-038). In one 

such incident, fish mortalities occurred in the summer of 

1949 in Tulpehocken Creek, Lebanon County, Pennsylvania, and 

were believed to have been due to pollution escaping from 

a leaking waste-treatment lagoon accepting complexed cyanide 

wastes. "Appreciable amounts of ferro- and ferricyanide" 
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were said to have been found in the seepage from the waste-

treatment lagoon and in a heavy silt deposit in the stream 

bottom. Cyanide was found in the tissues of dead fish in 

amounts believed to have been sufficient to have caused 

death, and local residents reported that all the fish mortal-

!ties occurred at midday on bright, sunny days (emphasizing 

the role of photodecomposition). 

Therefore, the Agency will continue to list wastes 

which contain complexed cyanides since they do have the 

potential to migrate, photodecompose and generate HCN and 

present a substantial hazard to human health and the 

environment. 

4. A large number of commenters have also objected to the 

inclusion of "flotation tailings from selective flotation 

from mineral metals recovery operations" on the hazardous 

waste list. The commenters argue that the Agency's rationale 

for listing this particular waste is objectionable both on 

procedural grounds and technical grounds. With respect to 

the procedural arguments, the commenters claim that this 

particular listing was never proposed as a hazardous waste 

prior to its listing, thus, the requirements under the 

Administrative Procedure Act has not been followed. 

The commenters also argued substantively that available 

scientific and technical data do not support listing this 

waste as hazardous. Their specific claims are: 
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a. Nature of the_Toxicity: Flotation tailings will only 

contain complex cyanides, not highly toxic free cyanides. 

b. Concentration of Cyanide Waste: Concentration of cyanide 

in the tailings is so low as not to pose any threat. A 

number of commenters provided specific analytical data 

on the concentration of of cyanide in the waste. These 

concentrations ranged from 10 ug of CN-/1 to 1 mg of 

c. Potential to Migrate: Complex cyanides are generally 

stable and even when they do disassociate the percent-

age of free cyanide produced from the complex cyanide 

is small. 

d. Persistence: Cyanides have a low degree of persistence 

in the environment. 

e. Potential to Degrade into Non-harmful Constituents: 

Cyanide is amenable to a number of natural treatment 

methods including air oxidation, sunlight and biode-

gradation. 

f. Bioaccumulation: Cyanide does not bioaccumulate. 

g. Improper Management: It is virtually impossible to 

improperly manage disposal of this waste stream (no 

explanation was provided concerning this statement). 

h. Reported Damage: No known cases of damage to human 

health or the environment caused by cyanide from 

tailings are cited in the background document. 
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Therefore, the commenters recom~end that the Agency 

remove its classification of flotation tailings as a 

hazardous waste. 

The Agency strongly disagrees with the commenters 

that the Agency has failed to follow the procedures required 

by the Administrative Proedures Act (APA). On December 18, 

1978, the Agency proposed a list of approximately 200 hazardous 

wastes, including "Spent or waste cyanide solutions or sludges 

(R,T)" (see proposed §250.14(a) [45 FR at 58957). As a result 

of this proposed listing, a number ~f comments were received 

which suggested that the Agency list those specific cyanide 

wastes of regulatory concern, instead of a listing solely on 

a generic basis. In response to comments, the Agency therefore 

listed ten (10) specific cyanide-containing wastes, including 

the flotation tailings. Additionally, in promulgating this 

particular waste interim final on May 19, 19RO (45 FR 33123), 

the Agency allowed an additional opportunity to comment 

before promulgating the listing as a "final-final" regulation. 

Therefore, the Agency believes that sufficient opportunity 

for coArnent was provided. 

However, we are persuaded by the commenters technical 

argunents, and therefore will remove waste F013 (flotation 

tailings from selective flotation from mineral metals recovery 

operations) from the hazardous waste list. Ye are convinced 

that cyanide concentrations in this waste stream ordinarily 

are too low to be of regulatory significance. Analytical 
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data submitted by commenters and results of a study conducted 

by Battelle,* indicate that concentration of cyanides found 

in this waste are very low and are present in a stable form, 

so that migration of free cyanides from this waste is unlikely 

to occur.** We thus do not believe that this waste would pose 

a substantial hazard to human health and the environment, if 

improperly managed. 

S. One commenter also argued that waste F014, "Cyanidation waste-

water treatment tailing pond sediment from mineral metals 

recovery operations" is not hazardous. The commenter raised 

many of the same arguments advanced to challenge the listing 

of flotation tailings (F013), but provided no analytical data 

in support. 

After again reviewing the various processes that would 

use cyanide (cyanidation) and generate a cyanidation wastewater 

treatment tailing pond sediment, the Agency continues to 

believe that this waste will contain significant concentrations 

of cyanide, based on the large quantity of cyanides disposed. 

For example, data provided in the listing background document 

indicates that between 1-10 kkg of complexed cyanides 

are disposed of by these facilities. We thus will continue 

*Mezey, E.J., G.R. Smithson, and James F. Shea, Draft Final Report 
on Phase II, "Treatabllity and Alternatives for NaCn for Flotation 
Control," IERL/EPA, Cincinnati, Ohio. January 31, 1980. 

**Analysis of the flotation tailings for cyanidea provided by the 
commenters were (.01 ug CN-/g, .58 mg CN-/1 and 1 mg of CN-/1. 
Data provided in the Battelle Report.indicated that most if not 
all mines using cyanide use cyanide in "almost starvation amounts." 

-µ-
- ,~ .. ,-



to include this particular waste in Part 261.31. In addition, 

the Agency believes that the conditions of disposal/storage 

are ripe for the complexed cyanides to photolyze to free 

cyanides which are extr~mely toxic and highly mobile due to 

the practice in the industry to use sunlight as part of the 

treatment process for cyanides (see pg. 12). 

Moreover, we note the absence of any supporting data 

in the comment showing empirically that this waste typically 

contains insignificant concentrations of cyanide. The Agency 

will continue to list this waste until such a showing is 

made. 

6. Another commenter objected to the inclusion of waste F016, 

"Dewatered air pollution control scrubber sludges from coke 

ovens and blast furnaces." The commenter first argued that 

the cyanide compounds present in coke oven and iron blast 

furnace scrubber sludges are iron cyanide complexes which are 

"non-toxic." The commenter then pointed to several studies 

commissioned by EPA to evaluate the potential hazardousness 

of steel industry wastes. The first study* concluded that 

the level of heavy metals, cyanide and phenols in iron blast 

furnace dust and sludge leachate, were less than 10 times the 

1977 EPA Drinking Water Quality Standard. The other study** 

also concluded that iron blast furnace sludge was not found 

to leach toxic constituents in significant concentrations. 

Furthermore, the commenter argued that while some pertinent 
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leachate data for a coke oven sludge is presented, the 

concentration of total cyanide found in the coke oven 

leachate is relatively small (0.613 mg/1),*** Finally, a 

number of steel companies analyzed the eleuate of their waste 

by means of the EP test and showed an insignificant concentration 

of total cyanide in the leachate.**** Therefore, the commenter 

recommends that this waste be deleted from §261.31. 

After reviewing these data, it appears that these wastes 

contain small concentrations of cyanide, and that the cyanide 

present has very limited migratory potential. Ye therefore 

are not listing this waste strea~ as hazardous. It should be 

pointed out that the Agency is making this decision to de-list 

all scrubber sludges from blast furnaces and coke ovens mainly 

on data from iron blast furances. However, the Agency would 

expect to find similar concentrations of cyanide from both 

blast furnaces and coke ovens because the underlying 

* Enviro Control, Inc., Hazardous Waste Listings: Fully Integrated 
Steel Mills (Aug. 1978), prepared for EPA under Contract No. 68-
01-3937. 

** Calspan Corp., Assessment of Industrial Hazarrlous Waste Practices 
in the !fetal Smelting and Refining Industry, Volume III, Ferrous 
Smelting and Refining at 17 {April 1977), prepared for EPA, 
PR 276161 

*** Composite of State Files of "Special Waste Disposal ApplicatioTh." 
1976-1979. Results of Lechate Tests on Cyanide Wastes from 
Illinois, Iowa, Kansas, and Pennsylvania. 

****Analysis of the eleuate from various iron blast furnace 
sludges extracted by means of the EP test were 0.091 mg/1, 
0.086 mg/l and 0.005 mg/l of total cyanide. 
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process is essentially similar. If the Agency identi-

fies data to contradict this assumption, we will con-

sider bringing appropriate sub-categories of these 

wastes back into the hazardous waste regulatory control 

systeltl. 
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LISTING BACKGROUND DOCUMENT 

Chromium Pigments and Iron Blues 

Wastewater treatment sludge from the productlon of chrome 
yellow and orange pigments (T) 

Wastewater treatment sludge from the production of molybdate 
orange pigments (T) 

Wastewater treatment sludge from the production of zinc 
yellow pigments (T) 

Wastewater treatment sludge from the production of chrome 
green pigments (T) 

Wastewater treatment sludge from the production of chrome 
oxide green pigments (anhydrous and hydrated) (T) 

Wastewater treatment sludge from the production of iron blue 
pigments (T) 

Oven residue from the production of chrome oxide green pig
ments (T) 

Summary of Basis for Listing 

The above listed wastewater treatment sludges are gen-

erated when wastewaters from chromium pigments production 

are treated to remove heavy metals. Oven residue from hydrated 

chromic oxide manufacture is generated when the raw materials 

are heated together to form the pigment product. The Admini-

strator has determined that these wastewater treatment sludges 

and oven residues are solid wastes which may pose a substantial 

present or potential hazard to human health or the environment 

when improperly transported, treated, stored, disposed of or 

otherwise managed and therefore should be subject to appropriate 



Inorganic Chemicals 



management r~quirements under Subtitle C of RCRA. This con-

cluslon ls based on the following considerations: 

1. These wastewater treatment sludges contain substantial 
amounts of the toxic metals lead and chromium (to some 
extent in hexavalent form) and also contain ferric 
ferrocyanlde when iron blue pigments are produced. The 
oven residue contains a substantial amount of hexavalent 
chromium. 

2. If these wastes are managed improperly, toxic chromium 
and lead may leach from the waste and migrate to the envi
ronment. Ferrocyanide will decompose upon exposure to 
sunlight, releasing cyanides and hydrogen cyanide gas. 

3. A significant quantity of these sludges ls generated 
annually, and the amount is expected to increase. When 
industry wastewater treatment standards based on best 
practicable technology are implemented, approximately 
4300 metric tons of sludge will be generated per year. 
Currently 50-60% of that amount is generated. 

4. These wastes are frequently disposed of in unlined lagoons 
and landfills, or dumped in the open. These management 
practices may not be adequate to prevent toxic constituents 
from being released to the environment. 

Profile of the Industry (1,2) 

Chrome pigments are used extensively in paints, printing 

ink, floor covering products and paper. They may also be 

used in ceramics, cement and asphalt roofing. Eleven plants 

currently manufacture chromium pigments; two also manufacture 

iron blue pigments. Individual plant production rates range 

from a low of 9 metric tons per day to a high of 79 metric 

tons per day. Total yearly industry-wide production is 

estimated at 64,500 metric tons; approximately 60% of that 

total ls manufactured by two plants in the northeastern 

United States. All other plants are located in the midwest 

and south. 
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Manufacturing Processes 

1. Manufacture of Chrome Yellow and Orange Pigments 

Chrome yellow and orange pigments are produced by reacting 

sodium dichromate, caustic soda and lead nitrate as follows (1): 

(a) 2HN03 + PbO ----> Pb(N03)2 + H20 

(b) Na2Cr207 + 2NaOH + 2Pb(N03)2 -----> 2PbCr04 + 4NaN03 + H20 

Lead chromate (a hexavalent chromate) is formed as a precipitate 

and is recovered by filtration, then treated, dried, milled 

and packaged. The filtrate, containing lead and hexavalent 

chromium compounds, is sent to a wastewater treatment facility. 

A process flow diagram is given in Figure 1 (3). 

2. Manufacture of Molybdate Orange Pigments 

Holybdate orange pigment is made by the co-precipitation 

of lead chromate (PbCr04) and lead molybdate (PbMo04). Molybdic 

oxide is first dissolved in aqueous sodium hydroxide; sodium 

chromate is then added. This solution is mixed and reacted 

with a solution of lead oxide in nitric acid. The reactions, 

all involving hexavalent chromium compounds, are as follows (1): 

a. Mo03 + 2NaOH ----> Na2Mo04 + H20 

b. PbO + 2HN03 ----> Pb(N03)2+ H20 

c. Na2Mo04 + Pb(N03)2 ----) PbMo04 + 2NaN03 

d. NazCr04 + Pb(N03)2 ----> PbCr04 + 2NaN03 

e. PbMo04 + PbCr04 ----) PbCr04 . PbMo04 

The precipitate (lead chromate and molybdate) is filtered, 

washed, dried, milled and packaged. The filtrate, containing 

lead and hexavalent chromium compounds, is sent to the wastewater 
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treatment facility. A flow diagram is given in Figure 2 (3). 

3. Manufacture of Zinc Yellow Pigments 

Zinc yellow pigment is a complex compound of the oxides 

of zinc, potassium and hexavalent chromium. It is produced 

by the reaction of zinc oxide, hydrochloric acid, sodium di-

chromate (a hexavalent chromium compound) and potassium 

chloride (1): 

a. 2KCL + 2HC1 + 2Na2Cr207 • H20 ----> K2Cr4013 + 4NaCl + 3H20 

b. 4Zn0 + K2Cr4013 + 3H20 ----> 4Zn0 • K20 • 4Cr03 • 3H20 

The product forms as a precipitate and is filtered, washed, 

dried, milled and packaged. The filtrate, containing hexavalent 

chromium compounds are sent to the wastewater treatment 

facility. A flow diagram is given in Figure 3 (3). 

4. Manufacture of Chrome Green Pigments 

Chrome green pigments are co-precipitates of chrome 

yellow and iro.n blues. They include a wide variety of hues, 

from very light to very dark green. Chrome green is produced 

by mechanically mixing chrome yellow and iron blue pigments 

in water. The coprecipltate formation of chrome green, a hexa-

valent chromium compound, is given by the following reaction (1): 

The co-precipitate is filtered, dried, ground, blended and 

packed. The filtrate, containing lead and hexavalent chromium, 

is sent to wastewater treatment for removal of suspended 

pigment particles. Figure 4 gives a process flow diagram 

for the manufacture of chrome green (3). 
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S. Manufacture of Anhydrous and Hydrated Chrome Oxide Green 
Pigments. 

Anhydrous chrome oxide, a trivalent chromium pigment, 

is produced by the calcination of sodium dichromate, a hexa-

valent chromate, with sulfur or carbon according to either 

of the following reactions (1): 

a. Na2Cr207 + S ----> Cr203 + Na2S04 

b. Na2Cr207 + 2C ----> Cr203 + Na2C03 + CO 

The recovered trivalent chromium oxlde is slurried with 

water, filtered, washed, dried, and packaged. The washwaters, 

probably containing some unreacted hexavalent chromate materials, 

are sent to wastewater treatment. A process flow diagram is 

given ln Figure 5 (3). 

Hydrated (trivalent) chrome oxide Ls made by reacting sodium 

dichromate with boric acid as follows (1): 

The raw materials are blended in a mixer. then heated in an 

oven at sso• C. Oven residues, which contain hexavalent and 

trivalent chromium, remain to be disposed of as wastes. The 

reacted material is slurried with water and filtered. The 

filtered solids are washed, dried, ground, screened and 

packaged. The filtrate and washwater are treated to recover 

boric acid. The waste stream from the boric acid recovery 

unit and washwaters from the filtration step, containing a 

hexavalent chromium compound, are sent to wastewater treatme·t. 

A process flow diagram is given in Figure 6 (3). 
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TABLE 1 

Composition of Wastewater Treatment 
Sludge and Oven Residue from Chromium 

Pigments Production(3) 

SOURCE OF SLUDGE 

Production of Chrome 
Yellow and Orange Pigments 

CONTAMINANTS IN SLUDGE 
Mass units/1000 mass units product. 

I 30 PbCr04 (Lead chromate) 
I 10.4 Cr(pR)3 (Chromium hydroxide) 

~~~~~~~-~~~~~~~~~l~~---2~·-5~P_b~(~o-·a~>~z._ (Lead hydroxide) 

Production of 
Molyhdate Orange Pigments 

Production of 
Zinc Yellow Pigments 

Production of 
Chrome Green Pigments 

Production of 
Anhydrous Chromic Oxide 
Pigments 

Production of Hydrated 
Chromic Oxide Pigments 

Production of 
Iron Blue Pigments 

Oven Residue from 
Production of Chromic 
Oxide Pigments 

I 20 PbCr04 • PbMo04 (Molybdate Orange) 
I 10 Cr(OH)3 (Chromium hy~roxide) 
I 2.5 Pb(OH)2(Lead hydroxide) 

-i--
1 20 4?.nO.K20.4Cr03.3H20 (Zinc Yellow) 
I 48 Cr (OR)3 (Chromium hydroxide) 

5 PbCr04Fe(NH4)rFe(CN)6l (Chrome Green) 

22 Cr(OH)3 (Chromium hydroxide) 

66 Cr(OH)3 (Chromium hydroxide) 

25 Fe4(Fe(CN)6)3 (Ferric Ferrocyanide) 

Cr (VI) 
as1. of total Cr 

48.5 

23.4 

100 

0 

0 

* 

0 

*Iron blue wastewater treatment sludge will contain chromium compounds when sodium 
chromate is used as an oxidizing agent. Generators, should they seek to delist their 
iron blue waste streams should thus address hexavalent chromium concentrations as well 
as cyanide concentrations in their wastes. 
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G. Manufacture of Iron Blue Pigments 

Iron blue pigments are produced by the reaction of so-

dium ferrocyanide with an aqueous solution of iron sulfate 

and ammonium sulfate. The precipitate formed is separated 

and oxidized with sodium chlorate or sodium chromate, a 

hexavalent chromium compound, to form iron blues (Fe(NH4 

[Fe(CN)6]). The product is filtered, dried and packaged 

as shown in Figure 7. The filtrate, containing ferric ferro-

cyanide (and hexavalent chromium when sodium chromate is used 

as an oxidizing agent) is sent to wastewater treatment. 

Waste Generation and Composition 

Some plants produce different pigments in sequence, 

while others manufacture several pigments concurrently and 

combine the wastewaters for treatment at a single facility. 

The wastewaters contain unreacted materials, by-products of 

reaction, and unprecipitated pigment products. Wastewater 

treatment generally involves reduction of metal ions (such as 

chrome VI) if necessary, neutralization, and precipitation of 

metals with lime or caustic soda. 

The efficiency of the removal of hexavalent chromium 

depends on the extent of its reduction. If reduction is 

incomplete, and if neutralization and metal precipitation 

take place too rapidly, hexavalent chromium is likely to be 

entrained in the precipitating sludges, resulting in their 

contamination with hexavalent chromium. The higher the concen-

tration of hexavalent chrome in the wastewater, the greater 
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is the likelihood of its inefficient or ineffective reduc-

tion, and the consequent likelihood of the contamination of 

chromium hydroxide sludges with hexavalent chrome. Screening 

and verification data frcm three chrome pigment plants 

show appreciable concentrations of chromium in raw waste 

streams: (55-310 ppm), presumably in hexavalent form.Cl) 

At one facility treated waste effluent contained 130 ppm of 

chromium.Cl) 

The composition of the wastewater treatment sludge from 

chromium pigments production is dependent upon the pigments 

which are being manufactured, as shown in Table 1 below, and 

whether wastes from multi-process plants are combined for treat-

ment. ~ith regard to the waste constituents of regulatory con-

cern, chromium is usually present and lead may also be found. 

Ferric ferrocyanide is a component of the sludge when iron 

blues are produced. Table 1 lists the chromium, lead and 

cyanide-containing compounds in the respective sludges, and 

their amounts relative to the amount of the sludges. 

The Agency lacks data on the precise total amounts of 

hazardous constituents in the sludges. These amounts, 

however, are believed to be substantial. Data indicates 

that wastewaters from all chromium pigment plants accumulate 

8,450 lbs. of chromium, 2,538 lbs of lead and 157 lbs of 

cyanide per day (2). Because treatment of the wastewaters 

is effected by consolidation of contaminants in the sludge, the 

sludge is expected to contain much higher concentTations of 



those contaminants. Moreover, as shown by the material 

balances indicated on Figures 1-7 above, and the data of 

Table 1, compounds of hexavalent chromium and lead are 

significant constituents of the treatment sludges, and are 

estimated to be present in substantial concentrations. 

Except for the production of chromic oxide pigments, and 

the production of iron blue pigments if sodium chromate is 

not used, the untreated wastewater from chromate pigment 

production contain chromium in the hexavalent form (see Table 

1), the manufacture of these different products typically 

occurs either in alternating or simultaneous mode at the same 

production facility. Thus, even though some individual 

product lines may not result in wastes containing hexavalent 

chrome, the sludges io toto are expected to be contaminated. 

The remaining listed hazardous waste, oven residue fro~ 

the production of hydrated chrome oxide green pigments, is 

generated when sodium dichromate and boric acid are heated to 

form the pigment product. A chromium containing compound 

(probably containing unreacted hexavalent chrome)CS) is found 

in the oven residue as a result of chromium in the feed 

material. 

The amount of sludge generated is quite substantial. 

The Agency estimates that approximately 2,100 to 2,600 metric 

tons of sludge are currently generated per year by treatment 

of wastewaters from the manufacture of chromium pigments.(4) 

The amount of wastewater treatment sludge is expected to 

increase significantly in the near future. Treatment standards 



based on Best Practicable Technology (BPT) are being developed 

for the chromium pigments industry, and compliance will result 

in removal of at least 95% of the chromium and lead from 

wastewaters. Using current production figures, the Agency 

estimates that about 4300 metric tons per year (dry weight) 

of sludge will be generated by the industry when BPT standards 

are implemented.(!) 

The Agency emphasizes, however, that the amounts of the 

hazardous constituents lead and hexavalent chromium in these 

sludges appear to be sufficiently high to be of regulatory 

sign if ic a nee. 

Current Waste Management Practice 

A report by the Versar Corporation in 1975 indicates 

that, at that time, eight companies manufacturing chromium 

pigments disposed of their wastewater treatment sludge on 

land.(3) Two companies disposed on-site, one by ponding and 

the other using landfill after treatment. Six companies disposed 

off-site, one to a municipal landfill, one to a land dump and 

four to private landfills. Another company discharged to the 

sewer and one claimed to recover its wastes.(3) 

Hazards Posed by These Wastes 

These wastes may pose a substantial threat to human 

health and the environment if the hazardous constituents are 

released to the environment, and environmental release may 

occur as a result of waste mismanagement. In the sludges, 

lead and chromium occur as pigment particles, as hydroxides, 
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and presumably, as entrained hexavalent chromium; these 

compounds may be solubilized if the wastewater treatment 

sludges are improperly managed. (See Attachment I to this 

document.) Solubilization of lead is pH-dependent, and 

increases as the pH of the solubilizing medium decreases.Cl) 

If the sludges are exposed to acidic conditions (which might 

occur due to co-disposal with waste acids, or in municipal 

landfills or in areas where acid rain is prevalent), this 

toxic metal could be released from the waste martrix. 

Furthermore, lead hydroxide if present in sufficient quantities, 

is soluble enough in water to exceed the National Interim 

Primary Drinking Water Standard (NIPDWS) of 0.05 mg/1.(5) 

Most hexavalent chromium compounds, both chromates and 

dichromates have very high water solubility. Therefore 

hexavalent chrome, if present in these wastes, will leach 

into groundwaters and effluent streams, and is likely to 

pollute such waters in amounts significantly exceeding the 

NIPDWS of 0.05 mg/l. 

Water is likely to come into contact with the waste in 

several ways. Open dumping or improper management of a 

landfill may permit percolation of rainwater through the 

waste pile or allow surface run-off to solubilize hazardous 

constituents. Placement of the waste below the water table 

could result in leaching of the lead (and possibly chromium) 

by groundwater. Clearly, wastes that require ponding are in 

contact with a substantial amount of liquid, which could 

-w-
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en~ourage leaching or form a head, facilitating leachate 

~i~ration to groundwater. If control practices are nonexistent 

~r inadequate, contaminant-bearing leachate, run-off or 

ic?oundment overflow may reach ground and surface waters, 

~o:luting valuable water supplies for a considerable period 

of time. 

Wastewater treatment sludges from iron blues production 

~a: release cyanides to air or groundwater and thus also 

create a substantial hazard if improperly managed. Ferric 

f e=rocyanide itself has little migratory potential. It is 

insoluble in water and has been observed to be quite immobile 

in soil column studies (Appendix A). Ferrocyanides, however, 

u~~ergo decomposition upon exposure to sunlight, releasing 

cyanide and hydrogen cyanide gas. Once released from the 

~a:rix of the waste, hydrogen cyanide gas will volatilize 

and enter the atmosphere. Cyanide, once released, appears 

to be fairly mobile in soils (Appendix A). Even clay liners 

be~eath a disposal site might not impede cyanide migration 

si6nificantly; in the presence of water, montmorillonite 

clays sorbed cyanide weakly (6). Cyanide thus is capable of 

migrating from the waste disposal site to ground and surface 

wa:ers. 

Since lead is an element, it does not decompose, and 

wi:l not degrade with the passage of time. If it escapes 

fr~m the disposal site, it will continue to provide a 

~o:ential source of long-term contamination. Lead is bio-



accumulated a;.d passed along the food chain but is not biomagnified. 

The Agency has determined to list chromium pigments and iron 

blues as T hazardous wastes on the basis of lead, hexavalent 

chr ium, and ferrocyanide constituents (for iron blues), although 

two of these constituents are also measurable by the EP extraction 

procedure toxicity characteristic. There are other factors (in 

addition to those measured by the EP toxicity characteristic) 

which justify the T listing. Some of these factors already have 

been identified, namely the non-degradability of these substances, 

indications of lack of proper management of the wastes in actual 

practice and the presence of ferrocyanide as a waste constituent 

in iron blues. The quantity of these wastes generated is an 

additional supporting factor. 

As indicated above, wastes from the production of chromium 

pigments and iron blues are generated in very substantial quantities 

and the amounts generated are expected to increase. Each waste • 

contains substantial amounts of lead, chromium, or ferrocyanides, 

and several wastes contain more than one of these contaminants. 

Most of the chromium in the sludge will be in the trivalent 

form, but, as explained above, it is expected that regulatorily 

significant concentrations of hexavalent chromium will remain. 

Large amounts of each of these contaminants are thus available 

for potential environmental release, posing the danger of polluting 

large areas of ground or surface waters. Contamination could 

also occur for long periods of time, since large amounts of 

pollutants are available for environmental loading. Attenuative 



capacity of the environment surrounding the disposal facility 

could also be reduced or exhausted by large quantities of 

pollutants released from the waste. 

All of these considerations increase the possibility of 

exposure to the harmful constituents in the wastes, and in 

the Agency's view, support a T listing. 

Adverse Health Effects of Constituents of Concern 

Ingestion of drinking water from ground and surface 

waters contaminated by lead and hexavalent chromium threatens 

human health. Aquatic species exposed to the heavy metals 

may also be adversely effected. 

Carcinogenicity of various hexavalent chromium compounds 

in humans is well documented,(18) and EPA's CAG has determined 

that there is substantial evidence that hexavalent chromium 

compounds are carcinogenic to man. In one study rats showed 

a weak carcinogenic response to trivalent chromium compounds. 

Oral administration of trivalent chromium results in little 

chromium absorption. The degree of absorption is slightly 

higher following administration of hexavalent compounds. 

Chronic toxicity problems associated with chromium include 

damage to liver, kidney, skin, respiratory passages and lungs. 

Allergic dermatitis can result from exposure to both tri- and 

hexavalent chromium. 

No data for chronic toxicity of trivalent chromium for 

freshwater fish or algae are available. The chronic toxicity 
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value for the freshwater invertebrate Daphnia magna; based on 

a single study, is reported as 445 mg/l. (CRiii) and 10 ug/l 

(CrVI). Chronic embryo-larval tests on six species of 

freshwater fish exposed to Cr VI resulted in values ranging 

from 37 to 72 ug/l. 

Ferrocyanides exhibit low toxicity, but release cyanide 

ions and toxic hydrogen cyanide gas upon exposure to sunlight. 

Cyanide compounds can adversely affect a wide variety of 

organisms because of their inhibition of respiratory metabolism. 

Appendix A contains a more detailed discussion of the adverse 

health and environmental effects of chromium and of cyanide. 

The hazards associated with lead, chromium, and cyanide-

containing compounds have been recognized by other regula-

tory programs. Lead and chromium are listed as priority 

pollutants in accordance with §307 of the Clean Water Act, 

and National Interim Primary Drinking Water Standards (NIPDWS) 

have been established pursuant to the Safe Drinking Water 

Act. 

The ambient water quality criterion for hexavalent 

chromium is recommended to be identical to the existing 

NIPDWS for total chromium, which is 50 ug/l. For total 

recoverable hexavalent chromium the criterion to protect 

freshwater aquatic life is 0.29 ug/l (24 hour average), not 

to exceed 21 ug/l at any time. To protect saltwater aquatic 

life the corresponding concentrations are 18 ug/1 and 1260 

ug/ l. 
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The OSHA time-weighted average exposure criterion for 

chromium {carcinogenic compounds) is 1 ug/m3; for the "non-

carcinogenic" class of chromium compounds the criterion is 25 

ug 1 .1.(19) 
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Attachment I 

~O~UBILITY AND ENVIRONMENTAL MOBILITY . -

CHARACTERISTICS OF CHROMIUM COMPOUNDS 

The tripositive state is the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

compounds) with a great variety of ligands such as water, 

ammonia, urea, halides, sulfates, amines and organic acids.Cl0,11) 

Thousands of such compounds exist. This complex formation 

underlies the tanning reactions of chromium, and is responsible 

for the strong binding of trivalent chromium by soil elements, 

particularly clays.(13,15) 

At pH values greater than about 6, trivalent chromium 

forms high molecular weight, insoluble, "polynuclear" complexes 

of Cr(OH)3 which ultimately precipitate as Cr203.nH20• This 

process is favored by heat, increased chromium concentration, 

salinity and time.(10) These chromium hydroxy complexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, and relatively unreactive, because 

the water molecules are very tightly bound. In this form Cr 

is therefore resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 

- 2 J J-



Cr Ill concentr~clon calculated from 
Keq (mg/l). 

Reaction ~(18) Concentration (mg/1) 

pH5 ~ .f!!2. 

l. Cr(OH) 3+2H+ croa++ 2H o + 2 10 8 520 5.2 0.052 

2 • Cr(OH) 3 Cr+3+30H- 6.7xlo- 31 35 0 .. 035 i* 

3. Cr (OH) 3 H+ +CrO 2 - +H20 9xlo- 19 1 1 i 

*i=<0.001 mg/l 

It is apparent from these figures that, in theory, trivalent 

chromium could leach from sludges to some extent. Such 

solubilized chromium, however, is unlikely to contaminate 

aquifers. It is complexed with soil materials, and tenaciously 

held.(10,15) Little soluble chromium is found in soils.(10,12) 

If soluble trivalent chromium is added to soils it rapidly 

disappears from solution and is transformed into a form that 

is not extracted by ammonium acetate or complexing agents.(12,13) 

However, it is extractable by very strong acids, indicating 

the formation of soluble hydroxides.(13,15) Thus: above pH S, 

chromium (III) is immobile because of precipitation; below 

pH 4 chromium (III) is immobile because it is strongly adsorbed 

by soil elements; between pH 4 and 5 the combination of 

adsorption and precipitation should render trivalent chromium 

0 
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quite immobile.(13,15) 

In contrast, hexavalent chromium compounds are quite 

soluble, and hexavalent chromium is not as strongly bound to 

soils.(13,15) Hexavalent chromium remains as such in a 

soluble form in soil for a short time, and is eventually 

reduced by reducing agents if they are present.(12,14) As 

compared with the trivalent form, hexavalent chromium is less 

strongly adsorbed and more readily leached from so!ls.ClS) 

and thus is expected to have high mobility in soil materials.(15) 

A,,-1 
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ORD-F-4 

LISTING BACKGROUND DOCUMENT 

ACETALDEHYDE PRODUCTION 

Distillation bottoms from the production of acetaldehyde from ethylene (T) 

Distillation side cuts from the production of acetaldehyde from ethylene (T) 

I. Summary of Basis for Listing 

Distillation bottoms and distillation side cuts from acetaldehyde 

production from ethylene contain suspected carcinogens such as chloroform, 

and formaldehyde and contain other toxic materials as well. 

The Administrator has determined that the still bottoms from 

acetaldehyde production from ethylene may pose a substantial present or 

potential hazard to human health or the environment when improperly trans-

ported, treated, stored, disposed of or otherwise managed, and therefore 

should be subject to appropriate management requirements under Subtitle 

C of RCRA. This conclusion is based on the following considerations: 

1. The wastes contain chloroform and formaldehyde which have 
been identified by the Agency as exhibiting substantial 
evidence of carcinogenicity. as well as other toxic 
materials, including methylene chloride, methyl chloride, 
paraldehyde, and formic acid. 

2. The wastes are held in settling ponds prior to deep well injec
tion or they are disposed of in lagoons. While in the settling 
ponds and lagoons, there is the potential for ground and surface 
water contamination by leachlng and flooding. Additionally, 
there is risk of volatilization of the toxic waste components from 
the settling ponds and human exposure via inhalation. 

3. The wastes are persistent in the environment and tend to bio
accumulate so that there is a potential for widespread ex
posure through volatilization or drinking water contamination. 



II. Source of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

Acetaldehyde (CH3CHO) is a high-volume production chemical 

intermediate used principally in the manufacture of acetic anhydride, 

butyraldehyde, chloral, pyridines, and other chemical derivatives. Most 

acetaldehyde is manufactured by the liquid-phase oxidation of ethylene.Cl) 

Acetaldehyde is produced in three plants in the u.s., which utilize 

ethylene for starting materia1.(2) 

Table 1 provides a list of the ethylene-based plants, their 

locations, and their production capacities. 

TABLE 1 

Acetaldehyde Producer Locations, Annual Production Capacities 
and Raw Materials Used (2)(4) 

Company Facility 

Celanese Corp. 
Celanese Chem. Bay City, Tx. 
Co. Div. Clear Lake, Tx. 

Eastman Kodak Co. 
Eastman Chemical 
Products, Inc., 
subsid. Texas 
Eastman Co. Longview, Tx. 

Total 

1978 
Production 

Capacity 
(Gg/Yr) 

(metric tons/yr x 103) 

-')L 
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136 
277 

277 

690 

Rav 
Material 

Ethylene 
Ethylene 

Ethylene 
(90%); ethyl 

alcohol (10%) 



B. Manufacturing Process 

The direct liquid-phase oxidation of ethylene is the most 

widely used method for the manufacture of acetaldehyde. Ethylene is 

catalytically oxidized with air in a dilute hydrochloric acid solution 

containing the chlorides of palladium and copper.(3,4,5) 

The process involves the oxidation of ethylene by palladium chlo-

ride to form product acetaldehyde, palladium metal and hydrogen chloride: 

+ 

ethylene palladium 
chloride 

+ Pd 

acetaldehyde metallic 
palladium 

+ 2HC1 

hydrochloric 
acid 

Cupric chloride is used as the second component of the catalyst 

system to reoxldize the palladium metal to palladium chloride: 

2CuC1 2 + Pd 0 ---> PdC1 2 + 2CuCl 

cupric chloride palladium cuprous 
chloride chloride 

The cuprous chloride thus formed is, in turn, reoxidized in the 

second stage regeneration unit to cupric chloride: 

2CuCl + 1/2 02 + 2HC1 ---> 2CuC12 + H20 

cuprous 
chloride 

cupric 
chloride 



C. ~aste Generation, Waste Composition and Waste Management 

1. Waste Generation and Composition (3,4,5) 

The process which generates the subject waste is shown in Figure 1. 

Ethylene feed gas goes to a tubular reactor wbere it ~ixes with palladium 

chloride and copper chloride in solution at 9 atmospheres of pressure 

and a temperature of 1J0°C. The reaction products are flash evaporated 

and the product acetaldehyde passes overhead to the crude distillation 

colu?11n. The aqueous bottoms go to a reactor where the palladium. catalyst 

is regenerated and recycled to the acetaldehyde reactor. The overhead from 

the crude dlstillation coluun is condensed; unreacted ethylene and light 

hydrocarbons (including a small amount of acetaldehyde) are vented. The 

crude acetaldehyde from the bottom of this column then goes to final 

distillation. Purified ·acetaldehyde is distilled overhead. Two wastes 

are obtained: the side-cuts and the bottoms. The distillation bottoms 

(discharge wastewater) contalning high-boiling organic impurities leaves 

the still at the, bottom; and the side-cut stream consists of higher boiling 

organic and chl:~inated organics is removed as a side stream higher up the 

column. (4,7) 

Table 2 shows the analytical composition of waste discharges for the 

two streams. 

Table 3 presents data on 1978 acetaldehyde production capacity, 

estimated production, and estimated generation of still bottom and side 

cut wastes for the three plants which produce acetaldehyde by direct 

liquid-phase oxidation of ethylene. 

-j/-
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TABLE 2 

Uncontrolled Waste Discharge Ratio (4) 
(g of discharge par kg of acetaldehyde) 

Distillation 
Bottoms 

(Discharge Distillation 
Component Formula 'Wastewater) Side-Cut 

Ethylene C2Rt. 

Acetaldehyde C2ffl+O 7.8 

Acetic Acid C2H402 13.9 0.6 

Chloroacetaldehyde C2H30Cl 5.5 

Acetyl chloride C2H30Cl 4.2 5.0 

Chloral C2HOCl3 2.1 3.4 

Par aldehyde (C2llt.0)3 1.6 

Other organics (including chloro- 4.0 2.0 
form, formaldehyde and methylene 
and methyl chloride) 

TOTAL Volatile Organics: 25.8 24.3 

Water H20 795~6 ~.:2-5 .s 
TOTAL' STREAM: 821.4 49.8 

*)These totals are combined because combination of the two waste 
is a known method disposal. (4) 
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- 2 A.1 -

Combined *> 

7.8 

14.5 

5.5 

9.2 

5.5 

1.6 

6.0 

50.1 

821.1 

871.2 

streams 



Table 3 
Estlmated Stlll Bottom Generation from Acetaldehyde Production - 19788 

Estimated Estimated 
1978 Still-Bot torn Side-Cut 

Production Estimated Wastewater Waste 
Capacity Productionb Generated Generatedc Total 

Company Location (1000 Kr/yr) (1000 Mt/yr) ( 1000 Mt'/ yr) (1000 Mt/yr) (1000 Mt) 

Celanese Chemical Bay City, TX 136 97 111 5 116 

Celanese Chemical Clear Lake City, 277 197 227 10 237 
TX 

Texas Eastman Longview, TX 277 197 227 10 237 --· 
TOTAL: 690 491 565 25 590 

8 Based on data from reference 4. 

bBased on 1976 industry average of 71% production, 1000 l!IT/yr. 

ceased on Figures in Table 2, 1000 Kr/yr. 



2. Waste Management 

Reported disposal of the side cuts has been by deep well injec-

tion.C4) Wastewater from the distillation bottoms has been disposed of both 

by deep well inject~on and in anaerobic lagoons.(4) One of the three 

domestic plants producing acetaldehyde from ethylene disposes of both 

side cuts and wastewater by deep well injection.C4) This plant combines 

the two wastes prior to injection.(4) Deep well injection requires 

waste presettling and flow equalization via ponding prior to injection 

to avoid well obstruction. So that the wastes from this plant are also 

managed at least for a time in holding ponds. 

The waste constituents of concern are chloroacetaldehyde, 

paraldehyde, chloroform, formaldehyde, methylene chloride, methyl 

chloride and formic acid. Acetyl chloride and chloral, although dangerous, 

are expected to hydrolise rapidly upon aqueous disposal, so that there 

is little possibility of migration and exposure (App. B.) (42). 

-r-
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III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

The toxic components present in these wastes include the compounds 

listed below in Table 4. 

Table 4. Toxic Components in the Waste 

o Chloroform o Paraldehyde 
o Formaldehyde o Formic acid 
o Methylene chloride o Chloroacetaldehyde 
o Methyl chloride 

A number of these compounds are known or suspected carcinogens or mutagens 

while all exhibit toxic properties. 

These waste constituents are capable of migration by leaching or by 

volatilization from lagoons or holding ponds {the management method for 

both waste Streams, see p. 8 above), and of reaching environmental receptors 

should the wastes be improperly managed. 

As to the migratory potential of waste constituents, chloroacetaldehyde, 

which is present in high concentrations (4), is highly soluble (App. B.). 

Although subject to degredation, the most significant degredation mechanism 

for chloroacetaldehyde is biodegration, and thus chloroacetaldehyde would 

be expected to persist for long periods in the abiotic conditions of an 

aquifer. (42) Further, chloroacetaldehyde is highly volatile (vapor pressure 

100 mm Hg), and thus could migrate via an air exposure pathway. (42) Chloro-

acetaldehyde is in fact an extremely noxious vapor, with a TLV of l ppm. 

-)"-
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(42) Thus, this threshold could be exceeded in areas in the vicinity of 

the lagoon if chloroacetaldehyde were to volatilize at rates four levels 

of magnitude less than its actual volatility potential. (42) 

Paraldehyde, another waste constituent present in high concentrations 

(4), is capable of migrating via ground or surface water, since it is 

extremely soluble (120,000 ppm). (42) Bacterial degradation is the chief 

degredation mechanism (42), so this compound would likely persist in an 

abiotic environment such as that of most groundwaters. 

Other contaminants of concern are likewise capable of migrating and 

persisting via water or air exposure pathways. Chloroform, for example 

is highly soluble (8200 ppm). Although it adsorbs to organic-soil 

constituents and to clay surfaces, management could occur in areas with 

highly permeable soil or soils low in organic content, so that mobility 

would not be significantly impeded. Chloroform hydrolises slowly, and so 

could persist for substantial periods in ground and surface waters (half 

life of 18 months in dark water). (42) 

Thus, virtually all chloroform emitted from a' lagoon is expected 

to persist in groundwater or reach surface waters via groundwater move-

ment (App. B.). Such behavior is likely to result in exposure to humans 

using such groundwater sources as drinking water supplies within adjacent 

areas. Such movement and persistence of chloroform has been observed.(17) 

Chloroform has been detected in groundwater supplies in Miami, Florida.(18) 

Movement of chloroform within surface water is likely to result 

in exposure to aquatic life forms in rivers, ponds, and reservoirs (App.B.). 

Similarly, potential exposure to humans is likely where water supplies are 

drawn from surface waters. 



Chloroform is projected to be released to the atmosphere from 

surface ~ater systems (App. B.). Although chloroform decomposes slowly in 

air when it is exposed to sunlight, the photochemical degradation pt'oducts 

are carbon tetrachloride, a carcinogen, (47) and phosgene, a highly 

toxic gas. In addition, photochemical degradation mechanisms result in 

chlorine burden. At stratospheric levels, atomic chlorine reduces the 

levels of ozone which shields the earth from harmful radiation.{20) 

Formaldehyde is also capable of migrating and reaching environmental 

receptors via a groundwater exposure pathway since it is miscible. 

Biodegradation is the most significant degradation mechanism, so that 

formaldehyde would be likely to persist in groundwater. (33) Formaldehyde 

also oxidizes to form toxic formic acid, increasing the liltelihood of 

exposure to that substance. (33)> 

Formic acid could itself migrate via both an air and water pathway. 

being both highly volatile and tr&iscible. (33) rorod.c acid would have 

high mobility so long as soils were not basic and were low in organic 

content. (ll) 

Both methylene chloride and methyl chloride also are capable of 

migrating and persisting via air and water exposure pathways, as both 

vaste constituents are quite soluble (although methylene chloride is 

significantly more soluble than methyl chloride), and also highly volatile 

(33). 

>Soil atten~t1on would not significantly i~pede formaldehydefs migratory 
potential in areas where soil is highly permeable or low in organic 
constituents (33). 



Virtually all of the methylene chloride and methyl chloride 

discharged from a lagoon is expected to persist in groundwater or reach 

surface waters via groundwater movement (App. B.). Such behavior is 

likely to result in exposure to humans who use such groundwater sources 

as drinking water supplies within adjacent areas. 

Both methylene chloride and methyl chloride are likely to be 

released to the atmosphere from surface water systems (App. B.). 

Furthermore, there may be high local concentrations of these compounds 

near disposal sites due to their high volatility which could also result 

in serious adverse effects to individuals residing near such sites, due 

to exposure to high vapor concentrations. 

The persistence of many of the contaminants of concern has been 

demonstrated through analysis of leachates from actual disposal sites. 

Chloroform has been found in PPM concentrations at Love Canal, while 

methyl chloride levels reached 180 ppb. (43,44,45) Leachate from the 

Story chemical site included methylene chloride in the ppm range. (46) 

As demonstrated above, therefore, the waste constituents of concern 

are capable of migrating and persisting if these wastes are managed 

improperly. Improper management is certainly reasonably plausible or 

possible. Thus, lagoons or holding ponds may be sited in areas with 

highly permeable soils, and may lack adequate leachate control features. 

There may be inadequate cover to impede migration of volatile waste 

constituents. There may also be inadequate flood control measures to 

impede waste washout in the event of heavy rainfall. Thus, mismanagement 

could realistically occur, resulting in substantial hazard. 

-lZ-
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The Agency is aware that most of the waste constituents of concern 

(with the exception of chloroacetaldehyde and paraldehyde) are likely to 

be present in small concentrations. In light of the high potential for 

substantial hazard associated with these materials, the concentrations 

are deemed sufficient to warrant regulation as hazardous. The Agency's 

policy for carcinogens in water, for example, is that any exposure to 

a carcinogen will induce an oncogenic response in a human receptor, 

and that the greater the concentration of the carcinogenic substance, 

the greater the likelihood of response. (See 44 !!. 15926, 15940 

(March 15, 1979)). In light of the carcinogenic potential of many 

of these waste constituents, therefore, even small ((100 ppm) concen

trations are considered significant. 

Furthermore, the wastes are generated in significant quantities 

(see Table 3 above) so that large amounts of all waste constituents 

are available for environmental release, increasing the likelihood of 

exposure. There is also more chance of a major damage incident should 

wastes be mismanaged. The quantity of waste generated is thus a 

further reason supporting the hazardous waste listing of these two 

waste streams from production of acetaldehyde. 

B. Health and Ecological Effects 

1. Chloroform 

Health Effects - Designated a priority pollutant by U.S.E.P.A., 

chloroform has been judged as having high carcinogenic potential in humans 

on the basis of substantial evidence of its carcinogenicity. (10,11,47) 

Chloroform also is considered a toxic chemical (oral rat LD50~ 800 mg/Kg]. 



Other studies have demonstrated that chloroform can cause 

a variety of teratologlcal and other effects in animals, such as missing 

ribs, delayed skull ossification, maternal toxicity, and fetotoxicity, 

when lt is a~ministered orally or in a vapor phase. (12,13) Occupational 

exposure situations have resulted in damage to liver and kidneys with 

some signs of neurological disorder. (14) Manifestation of the toxic 

nature of chloroform is, in part, attributable to the observation that 

metabolism results in toxication rather than detoxicatlon.(15,16) 

Additional information and specific references on the adverse effects of 

chloroform can be found in Appendix A. 

Ecological Effects - Chloroform has been found to be acutely 

toxic at high concentrations to bluegill and rainbow trout. 

Industrial Recognition of Hazard - Chloroform has been given a 

moderately toxic hazard rating via oral and inhalation routes by Sax in 

Dangerous Properties of Industrial Materials. 

Regulations - OSHA has set the TWA at 50 ppm. 

2. Methylene chloride and methyl chloride 

Health Effects - Methylene chlor1de(21) and methyl chloride 

are mutagenic.(22,23) Methylene chloride was also reported to be feto-

or embryo-toxic to rats and mice.(48) 

Exposures to high vapor concentrations of methylene chloride 

can produce dizziness, nausea and numbness of the extremities;C24) 

prolonged exposure to concentrations near 500 ppm could result in central 

nervous system depression and elevated levels of carboxyhemoglobin, 



levels that reduce the blood's ability to carry oxygen and thus cause 

asphyxiation. Similar toxicological effects are expected with exposure 

ta methyl chloride. Severe contamination of food or water can result in 

irreversible renal and hepatic injury.(25) 

Exposure to high concentration can cause death.(26) Additional 

information and specific references on the adverse effects of ID!thylene 

chloride and methyl chloride can be found in Appendix A. 

Ecological Effects - In laboratory tests, high concentra

tions of methyl chloride are acutely (96-hours) toxic to aquatic organisms, 

e.g., the blueg111.(27) Similarly, methylene chloride also is actively 

toxic.(28,29) 

Regulations - The OSHA standard adopted for methylene chloride 

is TWA 500 ppm. The OSHA standard for methyl chloride is 100 ppm. 

Industrial Recognition of Hazard - Sax, Dangerous Properties 

of Industrial Materials, designates methylene chloride as highly toxic via 

inhalation and moderately toxic via oral and skin routes. Methyl chloride 

is designated highly toxic via inhalation. 

3. Formaldehyde 

Health Effects - Ponnaldehyde has been reported to be car

cinogenic, (30, 31) mutagenicC32) and teratogenic.(33) The Agency has also 

identified formaldehyde as a compound which exhibits substantial evidence 

of being carcinogenic. It is toxic (oral rat LD50 • 600 mg/Kg) causing 

inflammatory effects in many mammalian species.(34) Additional informa

tion and specific references on the adverse effects of formaldehyde can 

be found in Appendix A. 



Ecological Effects - Formalin, an aqueous solution of for

maldehyde, can cause toxic effects to exposed aquatic life.(35) It is 

lethal to Daphnia magna.(36) 

Regulations - OSHA has set a standard air TWA limit of 3 ppm 

for formaldehyde. 

Industrial Recognition of Hazard - Sax, Dangerous Properties 

of Industrial Materials, lists formaldehyde as highly toxic to skin, eyes 

and mucous membranes. 

4. Chloroacetaldehyde 

Health Effects - Chloroacetaldehyde ls a toxic chemical which 

is mutagenic and a proposed carcinogen.(37,38,39) It is extremely corrosive 

upon contact and can cause severe effects to the skin, eyes, and respiratory 

tract. Upon decomposition, conversion to methyl chloride takes place 

and, as previously discussed, methyl chloride ls a known mutagen. Additional 

information and specific references on the adverse effects of chloroacetalde-

hyde can be found in Appendix A. 

Regulations - The OSHA standard for chloroacetaldehyde is 

l ppm in air. 

Industrial Recognition of Hazard - Chloroacetaldehyde is 

designated as a highly toxic irritant in Sax, Dangerous Properties of 

Industrial Materials. 

-~-
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5. Paraldehyde 

Health Effects - Paraldehyde is a toxic chemical [oral 

rat LD50 = 1530 mg/Kg]. It has been implicated in human fatalities in 

which congestion of the llDlgs and dilation of the right side of the 

heart occurred following oral ingestion of the chemica1.(41) 

Additional information and specific references on the adverse effects 

of paraldehyde can be found in Appendix A. 

6. Formic Acid 

Health Effects - Formic acid is toxic [oral rat LD50 • 

1,210 mg/Kg] and ingestion of even small amounts for short periods may 

cause permanent injury or severe damage to skin, eyes, and mucosal 

membranes. Because it is rapidly absorbed through the lungs, chronic 

exposure to formic acid vapors can result in blood in urine. The OSHA 

(1976) and ACGIH (1977) standards for the workplace are 5 ppm. Additional 

information and specific references on the adverse effects of formic acid 

can be found in Appendix A. 

Regulations - The OSHA standard for formic acid is a TWA 

of 5 ppm. 

Industrial Recognition of Hazard - Formic acid is designated 

as highly toxic via ingestion, moderately toxic via inhalation and moderately 

toxic as a skin irritant in Sax, Dangerous Properties of Industrial Materials. 
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LISTING BACKGROUND DOCUMENT 

ACRYLONITRILE PRODUCTION* 

Rottom stream from the wastewater stripper in the production of 
acrylonitrile (R,T) 

Bottom stream from the acetonitrile column in the production of 
acrylonitrile (R,T)** 

Bottoms from the acetonitrile purification column in the production 
of acrylonitrile (T)** 

I. Summary of Rasis for Listin~ 

The hazardous wastes generated in the production of acryl~nitrile 

contain the toxic constituents acrylonitrile, acrylamide, hydrocyanic 

acid, and acetonitrile. The Administrator has determined"that the subject 

waste from acrylonitrile production may pose a substantial present or 

potential hazard to human health or the environment when improperly 

transported, treated, stored, disposed of or otherwis~ managed, and 

therefore should be subject to appropriate management requirements under 

Subtitle C of RCRA. This conclusion is based on the following considerations: 

1) Of the constituents present in these wastes, 
acrylonitrile has been identified by the Agency as a 
substance exhibiting substantial evidence of being 
a carcinogen and is extremely toxic. Acrylamide is 
regulated as a carcinogen by OSHA. Hydrocyanic acid is 
extremely toxic, as is HCN gas. Acetonitrile is also 
toxic. 

*In response to comments received by the Agency on the interim final list 
of hazardous wastes (45 FR 33123, May 19, 1980), the listing of still 
bottoms from final purification of acrylonitrile has been removed from 
the hazardous ~aste list (see Response to Comments at the back of this 
listing background document for details). 

**These waste streams were originally proposed in a single listing 
description, and are now listed separately for purposes of clarity. 
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2) The botto~ streams from the wastewater stripper and the 
acetonitrile column, and the bottoms from the aceton1-
trile purification column are tyoically stored and settled 
in ponds prior to deep well disposal. If improperly stored, 
leachate from such systems could persist in groundwater, 
causing potential exposure through drinking water. Volatili
zation of toxic compounds from the pond also poses a risk to 
humans. 

3) The bottom streams from the wastewater stripper and the 
acetonitrile column contain substantial concentrations of 
hydrocyan1c acid, which can be released as hydrogen 
cyanide gas, an extremely toxic gas, if these wastes are 
exposed to mildly acidic conditions. 

4) The aqueous wastes from this process are generated in 
substantial quantities, increasing the possibility of 
exposure should mismanagement occur. 

II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

Acrylonitrile is produced in the u.s. by four producers oper-

ating six plants (Table 1). All six plants use the(SOHIO) Standard Oil of 

Ohio process for ammoxidation of propylene. The chemical reaction 

in the form of acrylonitrile may be represented by the following 

equatlon: 

The reaction of propylene and ammonia results in acrylonitrile (70-80 

percent), acetonitrile (3 percent), and hydrogen cyanide (HCN) 

(~-11 percent).(3)(4)(5) (Acetonitrile and hydrogen cyanide would 

-~ 
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TARLE 1 

u.s. Producers of Acrylonitrile 

I 
Produce!' Location Capaclty I 

I 
l 

American Cyanamid Co. New Ol'leans, LA 265 MM lbs/year- l , 
E.r. QuPont de Nemours Memphis, TN 27'1 MK lbs/year I 

& Co111pany, Inc. I 
I 

E.I. ~uPont rle Nemours '!Jeaumont, T~ 350 MM lbs/year I 
& Company 1 Inc. I 

I 
Monsanto Company Chocolate Rayou, TX 440 1-fli 1 bs I year t 

I 
Monsanto r::ompany Texas City, TX 42'l MM lbs/year I 

I 
Vistron Cmupany 1..ima, Ohio 400 MM lbs/year I 

I 
2,145 MM lbs/year I 

' Source: Reference 2 



result from the reaction of acrylonitrile and water. forming 

cyanohydrinacetaldehyde, which decomposes to form acetaldehyde and hydrogen 

cyanide. The acetaldehyde reacts with ammonia and further decomposes to 

~orm acetonitrile and water.) 

By-product hydrogen cyanide ls currently recovered by American 

Cyanamid, duPont, Monsanto, and Vlstron. Acetonitrile by-product is recovered 

by duPont and Vistron.(3)(4)(5) 

B. Manufacturing Process 

A flow sheet of a typical acrylonitrile plant is shown in 

Figure 1. The hazardous waste streams of interest are described in 

Section C. 

c. Waste Generation and Manegement 

1. Rottom stream from waste water stripper in acrylonitrile 
production. (Stream 14, Figure 1) 

Gases from the acrylonitrile reactor are cooled and neutral-

ized in a quench column with a sulfuric acid solution. Quenched product 

gases then pass to the absorber where a:ylonitrile, acetonitrile and 

hydrogen cyanide are recovered by absorption in water. 

Quench column bottoms are sent to the wastewater stripper 

column where volatile organics are stripped with steam an~ recycled to 

the quench tower. The aqueous bottoms (Stream 14) which contain some 

of the catalyst. Ammonium sulfate and heavy organics, are generated at the 

rate of about 3600 g/~g. of acrylonitrile product(7). Applying this 

ratio to the 1977 production figure for acrylonitrile gives a yearly pro-

duction rate of about 6000 MM lbs/year of waste. A typical flow rate is 

about 15, gallons per minute.(8) 
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Table 2 summarizes the co111position of this waste stream. The waste 

constituents of concern are acrylonitrile, acetonitrile, and hydrocyanic 

acid. 

I 
I Acrylonitrile 
I 
I Acetonitrile 
I 
IHCN 
I 
I Sulfates 
I 
I Ammonia 

J 

TABLE 2 

Typical Composition of Aqueous Bottom 
Stream from Wastewater Stripper (R) 

mg/l 

500 or less 

3,000 

7,000 

32,000 

15,000 

---,-

!Additional non-toxic solids 
I 

40,000 approximately 

Hastewater stripper column bottoms are sent to a settling 

pond where they are co-mingled with other process wastes. After the 

solids settle, the liquid waste is injected into disposal wells.CR) 

The acrylonitrile facility which deviates from this process is duPont in 

Memphis. At this facility, the wastes are treated by alkaline hydrolysis. 

The biodegradable effluent is disposed of in a municipal sewer.CB) 

2. Bottom Stream from Acetonitrile Column (Stream 15, Figure 1). 

The crude acetonitrile obtained as hottoms from the recovery 

column goes to the acetonitrile column for separation of water (which 

is recycled to.the absorber). This waste stream is also aqueous. 



This stream ts typically produced at a rate of 1003 g. per kg. acrylonitrile 

product.C6) Applying this factor to the total na~eplate capacity of 

the acrylonitrile producers who are recovering acetonitrile results in an 

upper limit estimate of 675 MM lb. of the waste stream produced per year. 

At the Vistron plant, approximately 180 gallons per minute of column 

bottoms are produced.(R) 

A typical composition of this waste stream is sho\11\ in Table 3. 

TARLE 3 

Typical Composition of Bottom Stream from 
Acetonitrile Column (R) 
(waste constituents of concern only) 

HCN 
Acrylonitrile 
Acetonitrlle 

mg/l 

225 
QO 
3~ 

This waste stream is combined with other process wastes (streams 

14 and 16, Figure 1) and sent to a settling pond. followed by final 

disposal, as previously described (see page 6). 

3. 'ottoms from Acetonitrile Purification Column (Stream 16, ~ig. 1). 

This stream is generated in the puriflcatfon of crude acetonttrile 

obtained as bottoms from the recovery column, after water separation in 

the acetonitrile column. This waste stream is not expected to be present 

in large quantities, since acetonitrile is a minor by-product of acryloni-

trile production. 



The waste is expected to contain substantial concentrations of 

acetonitrile (since purification would probably not be complete), and 

acrylamide (which as a heavy compound would be found in the purification 

residue). This waste is generally mixed with aqueous process waste and 

sent to the settling pond, followed by final disposal (see page 6). 

Although waste streams 14, 15, and 16 (the two aqueous bottom wastes, 

and the acetonitrile purification column bottoms) are reported to be mingled 

in process and co-disposed, the Agency has determined to list each waste 

stream separately for purposes of clarity. There may also be situations 

of which the Agency is unaware when one or another of these waste streams 

is ls not co-disposed, in which case the individual listing description 

prevents a lapse in regulatory coverage. 

III. Qiscussion of Basis for Listing 

A. Toxicity Hazard Posed by Wastewater Strip~er Stream, Acetonitrile 
Column Stream, and Acetonitrlle Purification Column Bottoms 

These three waste streams are commonly co-mlnged in a single 

settling pond, where solids are allowed to settle (see page 6), and 

therefore are discussed together. The wastes are certainly capable of 

creating a substantial hazard if improperly ponded. 

As described above, these waste streams contain acrylonitrlle, 

a substance identified by the Agency as exhibiting substantial evidence 

of being carcinogenic; acrylamide, which is regulated by OSHA as a 

carcinogen; highly toxic hydrocyanic aci~; and acetonitrlle, which is also 

toxic (see page 13 below). These waste constituents are deemed to be 

present in suf ficent concentrations to he of regulatory concern. Even in 



these highly diluted waste streams*, acrylonitrile is present in concentra-

tions up to 500 ppm (Table i, p. 6).** Hydrocyanic acid may be present in 

concentrations of 7000 ppm. Concentrations of these constituents ln pond 

sediments are likely to be sig1·ificantly higher, since pond sediments are 

much more concentrated than aqueous waste streams. 

These wastes are also generated in very substantial quantities. 

Thus, the quantities of hydrocyanic acid, acrylonitrile and acetonitrile 

discharged to a common holding pond annually, from just one plant, are 

very substantia1.(8) 

Compound 

Hydrocyanic ~cid 
Acrylonitrile 
Acetonitrile 

Amount/Year 

5 mil lion pounds 
300,000 pounlts 
2 million pounds 

Very large amounts of hazardous waste constituents are thus potentially 

available for environmental release. If mismanagement occurs, large 

expanses of groundwater, surface water and soils may be contaminated. 

Contamination will probably he prolonged, since large amounts of 

pollutants are available for loading. Site attenuative capacity may 

be exhausted as well, again increasing the risk of exposure. All of 

these factors strongly support the listing. 

Waste constituents, moreover, have high migratory potential. 

Acrylonitrile, acrylamide, and acetonitrile are all highly soluble 

(App. B). (Acetonitrile, in fact, is miscible.(46)) In addition, 

*Acetonitrile purification column bottoms are not aqueous, but probably are 
mixed with other aqueous waste strea~s, and so are included in the 
discussion in the•text. 

**The Agency policy is that carcinogens have no safe level of exposure. 
See 44 FR 15921;, 15930 (March 1979). Thus, minute concentrations of 
carcinogens may well be of regulatory concern. In any case, the Agency 
regar~s acrylonitrile concentrations in these wastes to be relatively 
substantial for purposes of making a hazardousness determination. 



acrylamide and acrylonitrile tend to volatilize (46), and so could pose 

a hazard via an air inhalation pathway. They may be highly mobile as 

well, particularly in areas with highly permeable soils, or where soils 

are low in organic content.C46) Acrylamide has in fact been documented 

to have moved from a sewer grouting operation through the soil to a 

private water we11.(l8) These waste constituents also may persist 

after migrating from the waste site. The major degradation 

mechanism for acrylamide and acetonitrile is biodegradationC46), which 

would not affect these constituents in the abiotic conditions of an 

aquifer. Acetonitrile also degrades (although slowly) to highly toxic 

cyanide (46), increasing the opportunity for hazard if •tis released. 

The major degradation mechanism for acrylonitrile is photodetoxificationC13,14), 

which again would not affect this compound's persistence in groundwater. 

Hydrocyanic acid, the other major waste constituent, is 

also highly mo~ile and persistent. Free cyanides, which may migrate from 

these wastes, have been shown to be extremely mobile in soil; pH appears 

to influence the mobility with greater mobility at high pH.(11) Also, 

cyanide has been shown to move through soils into groundwater.(14) In 

surface waters, cyanide often volatizes. The hydrogen cyanide vapors 

pose a hazard to workers or nearby populations because of their 

extreme toxicity. 

An actual damage incident involving wastes containing hydro

ocyanlc acid confirm that cyanide can migrate, persist and contaminate 

groundwater, public drinking water, and soil. A landfill in Monroe 

County, Pennsylvania, that accepts plating process wastes such as hydro

cyanic acid, has created a groundwater pollutlon problem in the area.(44) 



Thus, these wastes could clearly create a substantial 

hazard via a groundwater exposure pathway if improperly ponded, or 

if concentrated liquid from the holding pond is improperly well 

injecterl. Improper ponding also could result in a hazard via a surface 

water pathway. If flooding occurs due to heavy rainfall, these hazard-

ous chemicals could enter surf ace water unless adequate waste management 

methods are utilized. As most of the acrylonitrile plants are located 

in Texas and Louisiana Gulf Coast area where average yearly rainfall is 

heavy and the groundwater is close to the surf ace, the likelihood of 

groundwater contamination is very high. 

The Agency therefore regards these three wastes as toxic. 

B. Reactivity Hazard Posed by Wastewater Stripper Stream and 
Acetonitrile Column Stream 

Both of these waste streams contain hydrocyanic Acid, which is 

hydrogen cyanide gas in liquid form. If these wastes are exposed to 

relatively mild acidic conditions, ~ydrogen cyanide gas will be released. 

The wastes thus meet the characteristic of reactivity contained in 

Part 261.23(a)(b) and are listed accordingly. 

IV. Health and Ecological Effects 

1. Acrylonitrile 

Health Effects - Industry-sponsored studies and other 

studies of data on exposed workers and animal tests strongly indicate that 

acrylonitrile is carcinogenic in humans.(20,24) It has also been identified 

by the Agency as a compound exhibiting substantial evidence of being a 

carcinogen. Evidence has also developed from positive laboratory tests in 



several organisms that acrylonitrile is a mutagen.(25,27) It has 

also been reported to be teratogenic and toxic to mothers.(29) 

Acrylonitrile is an extremely toxic chemical by inhalation, ingestion, or 

dermal routes following exposure to small quantities (oral rat LD50=82mg/kg.); 

it is rapidly absorbed and distributed widely in the body, and acts by 

damaging respiratory processes (causing asphyxia) and many tissues in a 

manner similar to cyanide poisoning.(30,33) 

Ecological Effects - The fathead minnow has an observed 96-

hour LC-50 of 10-18 mg/1.(34) A bluegill in a 28-day study bioconcencrated 

acrylonitrile 48-fold(3S). 

Priority Pollutant - Acrylonitrile is designated as a priority 

pollutant under Section 307(a) of the CWA. 

Regulations - Acrylonitrile is regulated by the Office of 

Water and Waste Management under the Clean Water Act (304(a) and 311). The 

Office of Toxic Substances has regulated acrylonitrile under FIFRA and has 

requested additional testing under Section 4 of the Toxic Substances Control 

Act. The OSHA TWA is 2 ppm. 

Industrial Recognition - Sax, Dangerous Properties of Indus-

trial Materials designates acrylonitrile as highly toxic by oral and dermal 

routes. The Handbook of Industrial Toxicology designates acrylonitrile as 

extremely toxic via ingestion, inhalation, and percutaneous routes. Addi-

tlonal information on the adverse effects of acrylonitrile can be found in 

Appendix A. 

2. Acrylamide 

Health Effects - Acrylamide is regulated by OSHA as a carcinogen 

under OSHA Standard 1910.lOOO(g). Acrylamide is a highly toxic chemical by 



inhalation, ingestion or dermal routes (oral rat LD50=170 mg/Kg). 

Fatal intoxication has been reported following industrial exposure.(37) 

The ability of acrylamide to alkylate tissue proteins and 

nucleic acids would suggest that investigations in these areas are nee-

essary.(36) 

Regulations - Acrylamide is regulated by OSHA as a carcinogen 

under OSHA Standard 1910.lOOO(g). The Offic~ of Toxic Substances has 

requested additional information and testing under Section 4(e) of TSCA. 

The OSHA TWA is 300 micro-g/m3 (skin). 

Industrial Recognition of Hazard - Sax, Dangerous Properties 

of Industrial Materials, recognizes acrylamide as a highly toxic hazard 

upon ingestion, inhalation and skin absorption. 

3. Hydrocyanic Acid/Hydrogen Cyanide (HCN) 

Health Effects - Hydrocyanic acid in acrylonitrile produc-

tion wdstes is extremely toxic to humans and animals via ingestion, causing 

interference with respiration processes leading to asphyxiation and damage 

to several organs and systems. Toxic effects have been reported in humans 

at the very low exposure level of less than l mg/kg.(40,41) Human poisonings, 



including several involving deaths, have been re?orted since the 1920's. 

HCN in gaseous state is extremely toxic (LC50 = 544 ppm.) to humans. In 

addition the U.S. Public Health Service established a drinking water standard 

of 0.2 mg/l as an acceptable level for cyanide in water supplies. 

Priority Pollutant - Cyanide is a priority pollutant under 

Section 307(a) of the CWA. 

Regulations - The OSHA permissible limit for exposure to 

HCN is l~ ppm (skin) (11 mg/m3) as an eight hour time weighted average. 

DOT requires a label stating that RCN is a poisonous and flammable gas. 

Industrial Recognition of Hazard - Sax, nangerous Properties 

of Industrial Materials lists HCN as highly toxic through ingestion, inhal-

ation and skin absorption. AdditionRl information on the adverse effects 

of cyanide can be found in Appendix A. 

4. Acetonitrile 

Exposure to acetonitrile occurs primarily through vapor 

• 
inhalation and skin absorption. ~xposure may cause liver and kidney 

damage, disorders of the central nervous system, car~iovascular system and 

gastrointestinal system. It is the release of the cyanide from 

acetonitrile that is believed to cause these effects. Acute poisoning 

and death have occured in workers inhaling acetonltrile in industry.(4R) 

Acetonltrile is a component of clp,arette smo~e and is absorbed hy the oral 

t!ssues.(47,50) ~itriles and their metabolic products have heen 

detected in the urine, bloorl, and tissues.(50) In a two year study 

with rats, carcinogenesis was not shown for the chemica1.(4Q) Mutagenic 

-1)1-
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effects have not been demonstrated. Teratogenic effects in rats include 

fetal abnormalities in pregnant ratsC49) and skeletal abnormalities.(53) 

from chronic exposure, rat developed liver and kidney lesions, and 

monkeys showed poor coordination.(52) Until recently, acetonitrile 

has been investigated by toxicologist chiefly because of its relationship 

to thyroid metabolism.(51) 
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- ~SI -



IV. 

1. 

.., 
- . 
3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

References 

Not used in text. 

Stanford Research Institute. 1979 Directory of chemical producers • 
SRI International. Menlo Park, California. 1979. 

Blackford, Judith L. Chemical conversion factors and yields. Chemical 
Information Services. Stanford Research Institute. Menlo Park, 
California. 1977. 

Lowenheim, F.A. and M.K. Moran. Faith, Keyes & Clark's industrial chemicals. 
4th ed. John Wiley and Sons, New York. 1975. 

Not used in text. 

Hobbs, F. D. and J. A. Key. Emission control options for the synthetic 
organic chemicals manufacturing industry. Acrylonitrile Product 
Report. EPA Contract 68-02-2577. Hydrosctence. August, 1978. (Draft) 

Hughes, T. W., and D. A. Horn. Source assessment: Acrylonitrile manu
facture (air emissions). EPA No. 600/2-77-107j. September, 1977. 

Lowenbach, w., and J. Schlesinger. Acrylonitrile manufacture: Pollu
tant prediction and abatement. Mitre Technical Report MTR-7752. 
February, 1.978. 

Not used in text. 

Not used in text. 

Alessi, B.A., and W.H. Fuller. Tile mobility of three cyanide 
forms in soil. pp. 213-223. In: Residual management by land disposal. 
W.H. Fuller, ed. Environmental Protection Agency. Cincinnati, OH. 
NTIS PB No. 256 768. 1976. 

Not used in text. 

U.S. EPA. Water-related environmental fate of 129 priority pollutants. 
EPA No. 440/4-79-029a. 1979. 

U.S. EPA. Tile prevalence of subsurface migration of hazar~ous chemical 
substances at selected industrial waste land disposal sites. EPA No. 
530/SW-634. 1977. 

Not used in text. 

Not used in text. 



17. Not used in text. 

18. Igisu, Hideki, et al. Acrylamide encephaloneuropathy due to 
well water pollution. J. of Neurology, Neurosurgery and Psychiatry 
38:581-584. 1975. 

:. ~ .. Not used in text. 

20. O'Berg, M. Epidemiologic studies of workers exposed to acrylonitrile: 
preliminary results. E. I. duPont de Nemours. 1977. 

21. Not used in text. 

22. Not used in text. 

23. Not used in text. 

24. Malton! et al. Carcinogenicity bioassays on rats of acrylonitrile 
administered by inhalation and by ingestion. La Medicina del Lavoro 
68:401. 1977. 

25. Benes and Sram. Mutagenic activity of some pesticides in Drosophila 
melanogaster. Ind. Med Surg 38:442. 1969. 

26. ~ot used in text. 

27. Venitt, et al. Mutagenicity of acrylonitrile (cyanoethylene) in 
Escherichia coli. Mut. Res. 45:283. 1977. 

28. Not used in text. 

29. llfurray F.J., et al. Teratogenicity of acrylonitrile given to rats by 
gavage or by inhalation. Ed. Cosmet. Toxicol. 16:547-551. 1978. 

30. NIOSH. A recommended standard for occupational exposure to acrylonitrile. 
NIOSH #78-166. 1978. 

31. Not used in text. 

32. Not used in text. 

33. Sakurai, H., and M. Kusumoto. Epidemiological study of health impairment 
among acrylonitrile workers. Rod. Kagaku 48:273. 1972. 

34. Henderson, et al. 'Ille effect of some organic cyanides (nitriles) 
on fish. Eng. Bull. Ext. Ser. Purdue Univ. No. 106:130. 1961. 

35. U.S. EPA. In-depth studies on health and environmental impacts 
of selected water pollutants. U.S. EPA. Contract 68-01-4646. 
1979. 



36. Not userl in text. 

37. U.S. EPA. Investigation of selected environmental contami
nants: Acrylamides. NTIS PB No. 257 704. 1976. 

38. NIOSH. Registry of toxic effects of che~ical substances. 
DHEW Pub. No. 79-100. p. 51. 197R. 

39. Not used in text. 

40. ~IOSij. Criteria for recommended standard occupational exposure to 
HCN and cyanide salts. #77-108. 1976. 

41. Henderson, et al. The effect of some organic cyanides (nitriles) on 
fish. Eng. Bull. Ext. Ser. Purdue University. No. 106:130. 1961. 

42. Not used in text. 

43. Not used in text. 

44. U.S. EPA. Open files. ~azardous Site Control Rranc~, WH-548, U.S. 
EPA. 401 M St., S.W., ~ashington, D.C. 20460. Contact Hugh Kauffman. 
(202) 245-3051. 

45. Not used in text. 

46. Not used in text. 

47. Dalhamn, T., et al. Mouth absorption of various compounds in cigarette 
smoke. Arch. Environ. Health 16:831. 1968. 

48. Dequidt, J., et al. Intoxication with acetonitrile with a report on 
a fatal case. Eur. J. Toxicol. 7:91. 1974. 

49. Not used in text. 

50. HcKee, H.C., et al. Acetonitrile in body fluids related to 
smoking. Public Health Rep. 77:553. 1962. 

51. Patty, F. A., ed. Industrial hygiene and toxicology. V.II. 
Interscience Publishers, New York. 1963. 

52. Pozzani, V.C., et al. An investigation of the mammalian toxicity of 
acetonitrile. J. Occup. Med. 1:634. 1959. 

53. Schmidt, w., et al. Formation of skeletal abnormalities after treatment 
with aminoacetonltrile and cycylophosphamide during rat fetogenesis. 
Verh. Anat. 71:635-638(Ger.) Chem. Abst. 1515w. 1976. 



Response to Comments - Bottom Stream from the Wastewater Stripper, Still 
Bottoms from the Final Purification of Acrylonitrile, Bottom Stream from 
the Acetronitrile Column and Bottoms from the Acetronitrile Purification 
Column in the Production of Acrylonitrile 

A number of comments were received with respect to wastes KOll to K014 

(wastes Renerated in the production of acrylonitrile). 

1. One commenter felt that the Agency has improperly placed the 

responsibility for determining the degradability of acrylonitrile 

and acrylamide for these particular wastes in the de-listing 

process rather than in the listing process (i.e., the commenter 

believes that acrylonitrile and acrylamide, two of the constituents 

of concern in these listings are "readily degradable" in the 

environment). The commenter also disagrees with the Agency that 

acrylonitrile and acrylamlde are toxic to fish. The commenter, 

therefore recommends that both acrylonitrile and acrylamide be 

deleted as a basis for listing wastes KOll to K014. Further, the 

commenter notes that both the Health and Environmental Effects 

profile for acrylamide and the CAG carcinogen report for acrylonitrile 

were unavailable for comment. 

The Agency disagrees with the commenter's unsubstantiated 

claims as to degradability. In the listing background document, 

the Agency has clearly discussed the degradability or non- degrad-

ability of these compounds in the environment. In summary, 

the major degradation mechanisms for acrylonitrile and acrylamide 

are biodegradation and photodetoxification, respectively, neither 

of which would be strongly operative in the abiotic conditions of 

an aquifer. 



Acrylarnide has in fact been documented to contaminate groundwater 

(a private water well). If these wastes were improperly managed, 

they could clearly create a substantial hazard via a groundwater 

exposure pathway. This ooint is especially true for thes~ wastes 

since most of the dcrylonitrile plants are located on the Texas 

and tousiana Gulf Coast area where the average yearly rainfall is 

heavy and the groundwater is close to the surface. Therefore, the 

probability that these toxic constituents will migrate and reach 

an abiotic environment and not degrade is high. 

With respect to the aquatic toxicity of the two c~~stituents, 

the Agency argrees with the commenter that both acrylonitrile and 

acrylamide are not toxic to fish. In the Registry of Toxic Effects 

(1975 Edition), a widely used reference book which is published by 

the National Institute for Occupational Safety and Health (NIOSH), 

a rating of the aquatic toxiclty or non-toxicity of chemical 

substances is provided. In this rating, substances with an LC50 of 

between lO,onn ug/l to 100,00n ug/l are considered slightly toxic 

(acrylon!trile (g6-~r LC50 10-18 mg/I) and acry1amtde (R9-IOO 

mg/l)]. Therefore, the Agency will modify the listing background 

and ~elete all reference to both acrylonitrile and acralamide as 

being toxic to fish •. However, both these compounds are recognized 

as carcinogens: acrylamide is regulated by OSHA as carcinogenic 

while acrylonitrile has been recognized by the Cancer Assessment 

Group to be carcinogenic. Consequently, the Agency believes that 

both of these compounds are sufficiently toxic to present potential 

harm to human health and the environment, and will continue to 



include both acrylonitrile and acrylim!de as constituents of 

concern in thesP. particular listings. 

'Finally, the Agency admits_ that the 'ileaJ.t'• -.:,d P.nvironmental 

Effects profile for acrylamide and the CAG carcinogen report for 

acrylonitrile were unavailable for comment when the regulations 

were promulgated. However, the Agency strongly believes that 

sufficient information on the toxicity/carclnogenicity of these 

two compounds were presented in the listing background document 

for acrylonitrile production and the Health and Enviromw. :_ d 

Effects profile on acrylonitrile to support the inclusion o! 

these toxic constituents. It should be note~ that the CAG carci

nogen report for acrylonitrile has been available for review since 

June 1 l CJ R 0 • 

2. One commenter requested that the Agency reassess the listing of 

"Still bottoms from the final purif !cacion of acrylonitrile in 

the production of acrylonitrile" (K102) as hazardous in Section 

2~1.32. The commenter pointed out that this particular stream 

is an integral part of the acrylonitrile manufacturing process 

and does not meet the "sometimes dlscarded" provision of Section 

261.2(b)(3); therefore, they argued that waste K012 should be 

removed from the list of hazardous wastes. 

1n re-assessing the ultimate disposition of this particular 

waste, the Agency agrees with the commenter and, therefore, has 

removed waste K012 from the hazardous waste list. In contacting 

all the producers of acrylonitrile. the Agency has learned that 

this stream meets the provision in Section 261.2(c)(3) 1 "an inter-
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mediate manufacturing or mining product which results from one of 

the steps in a manufacturing or mining process and is typically 

processed through the next step of the process within a short 

time." More specifically: 

American Cyanimid Co. (New Orleans, La.) - still bottoms from the 
final purification of acrylonitrile are recycled hack into the 
quench neutralizer which then flows into the wastewater column. 

E.I. DuPont de Nemours and Co., Inc. (Memphis, Tenn. and ~eaumont, TX.)
still bottoms from the final purification of acrylonitrile are 
routed directly to the wastewater column. 

~onsanto Co. (Cholocate Rayou and Texas City; TX) - still bottoms 
from the final purification of acrylonitrile are routed directly to 
the wastewater column. 

Vitron Corp. (Lima, Ohio) - still bottoms from the final purification 
of acrylonitrile are routed directly to the wastewater column. 



LISTING BACKGROUND DOCUMENT 

BENZYL CHLORIDE 

Still Bottoms from the Distillation of Benzyl Chloride (T) 

1. Summary of Basis for Listing 

Production of benzyl chloride results in the generation of still bottoms 

which contain hazardous aromatic compounds that include toxic organic sub-

stances, carcinogens and suspected carcinogens. The waste constituents of 

concern are benzyl chloride, toluene, chlorobenzene, and benzotrichloride. 

The Ad~inlstrator has determined that the still bottoms from benzyl chlo-

ride production may pose a substantial present or potential hazard to human 

health or the environment when improperly transported, treated, stored, dis-

posed of or otherwise managed, and therefore should be subject to appropriate 

management requirements under Subtitle C of RCRA. This conclusion is based on 

the following considerations: 

1. Still bottoms from the distillation of benzyl chloride contain benzyl 
chloride, benzotrichloride (when the dark chlorination, (i.e., 
catalytic light process is used), toluene, and chlorobenzene isomers. 
Benzyl chloride has been identified as a carcinogen and a mutagen; 
the other compounds are toxic. 

2. Total quantities of benzyl chloride and benzotrichloride generated 
per year in this waste equal approximately 90,000 polUlds. 

), Oisposal of waste in improperly designed or operated landfills could 
result in substantial hazard via groundwater or surface water exposure 
pathways. Disposal by incineration, if mismanaged, can also result 
in serious air pollution through release of hazardous vapors, due 
to incomplete combustion. Storage of the wastes before incineration 
presents a potential for contamination of surface or groundwater. 

4. The hazardous waste constituents such as chlorobenzene are likely 
to persist in the environment and to bioaccumulate in environmental 
receptors. 



II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

~cnzyl chloride (C6H5CH2Cl) is used as a raw material for pharmaceuticals 

and as an intermediate in t'"ne preparation of p-benzylphenol and benzyl alco

ho1. (l) The major use for the chemical, however, is in the production of butyl 

benzyl phthalate, which is a plasticizer used in the manufacture of vinyl 

products.(2) 

Significant production of benzyl chloride is reported by two plants re

sponding to the Clean Water Act Section 308 BAT questionnaire of 1979. These 

plants reported only one process route: toluene chlorination. Total reported 

production was 223,000 lb/day (100,000 kg/day), which is equivalent to 73.6 

million lb/yr (33.4 million kg/yr).(5) Both plants that reported production 

of benzyl chloride also provided data on average production per day. Indi

vidual plant production ranges from 25,000 to 198,000 lb/day (11,400 to 89,900 

kg/day), and averages 112,000 lb/day (50,600 kg/day).(5) 

B. Manufacturing Process (1,2) 

Benzyl chloride is produced from the chlorination of toluene. Chlorina

tion may either be by UV light (photochlorination) or by the catalytic process. 

Catalytic chlorination requires more severe reaction conditions. There are 

certain differences in waste composition depending on which type of chlorina

tion is used. These differences are described more fully below. The overall 

process, however, may be generally described. 

Chlorine is fed to a heated reactor containing boiling toluene (see Figure 

1). For production of benzyl chloride, the reaction is allowed to continue 

until there is a 37.5% increase in weight; at this point, a mild alkali is 

added to neutralize the acid formed. The by-product hydrogen chloride vapors 
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from the reactor may be passed to a hydrochloric acid plant or recovered as 

compressed gas. 

The following equation shows the main reactions: 

+ Cl2 
Chlorine 

-----> 

One side reaction is as follows: 

C6H5CHCl2 + 
Benzyl 

Dichloride 

Cl2 
Chlorine 

-----> 

C6H5CH2Cl 
Benzyl Chloride 

+ 

C6H5CCl3 + 
Benzotrichloride 

HCl 
Hydrogen 
Chloride 

HCl 
Hydrogen 
Chloride 

Reactor products are passed to a toluene-removal vacuum distillation 

column, where unreacted toluene is removed overhead and recycled to the re-

actor. Crude benzyl chloride from the bottom of the toluene column is then 

purified under vacuum in the product-fractionation column. Here, benzyl 

chloride product is drawn off as a sidestream and the listed waste stream, 

the still bottom stream, is generated. 

c. Waste Composition, Generation and Management 

1. Waste Composition and Generation 

The still bottoms waste consists predominantly of chlorinated benzene 

molecules. If the photochlorination process is used, waste constituents will 

be benzal chloride (not a waste constituent of concern), and smaller concen-

trations of benzyl chloride (the product), a range of chlorinated benzenes 

(from toluene feed stock impurities), and some residual feedstock toluene.(2) 

The chlorinated benzenes in the still bottoms will probably be chiefly the 

heavier chlorinated benzenes (tri, tetTa, penta, and hexa) since lighter 

chlorobenzenes will go overhead with the product. 

It is estimated that benzal chloride will be present in concentrations 

of .02 kg/kg product, and additional constituents will be present in concen-

tr~tions of .005 kg/kg product. (Modified from 2, 23) 



If the llquid uhas~ catalytic chlorination process is used, these same 

waste constituents will be present.(2) In addition, benzotrichloride will be 

formed due to the severer reaction conditions.(2) (The reaction pathway for 

benzotrichloride is indicated on p. 3 above.) Benzotrichloride and benzal 

chloride are expected to be present in the still bottoms in the amount of 

0.01 kg/kg and 0.1 kg/kg respectively. (Modified from 2, 23) 

Waste quantities are expected to be significant. To gain a rough idea of 

waste loading, one can assume that half the industry uses the photochlorination 

process while the other half uses the catalytic process. Therefore, based 

on total industry annual production of 33.4 mtllion kg (p.2), waste loads 

from the catalytic process will be over 2 million kg annually (assuming 

benzal chloride is not recovered) with hazardous waste constituent loading 

exceeding '!00 1 noo kg a year. Wastes from the photochlorination 'Process 

would he generated in quantities of approximately 3.3 million kg annually 

(assuming benzal chloride is not recovered), with hazardous waste loadings 

of approximately 80,000 kg annually. 

2. Waste Management 

Two operating benzyl chloride plants reported that incineration of the 

waste was their usual practice.(24) A third company is temporarily using 

landfills until incineration equipment can be obtained.(24) Because of the 

high chlorine content of the waste, an incinerator with alkali scrubbing of 

off-gases is necessary for proper environmental control. 

During incineration, supplemental fuel is usually necessary because of 

the small heat content of the waste. Flame-out and consequent release of un-

hurned toxic chlorinated hydrocarbons is not uncommon in such situations. 



111. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

As noted above, the principal waste components are benzyl chloride and 

benzotrichloride. Toluene and chlorobenzene are also reported to be present, 

since they are present as feedstock materials. Benzyl chloride has been 

identified as a carcinogen and benzotrichloride is structurally similar to 

other demonstrated carcinogens. (See pp. 9-11 following.) Chlorobenzene 

and toluene are toxic chemicals. 

1. Exposure Pathways 

As noted, the typical disposal method for these wastes is discharge to a 

holding pond or other temporary storage area prior to incineration. One com-

pany curr~ntly landfills these toxic wastes. 

The waste constituents of concern may migrate from improperly designed or 

managed holding ponds or landfills and contaminate ground and surface waters. 

First of all, the waste constituents are soluble in significant concentrations. 

Benzyl chloride is extremely soluble in water (solubility 330,000 mg/1), while 

toluene and chlorobenzene are also very soluble (470 mg/l and 488 mg/l respec-

tively). (Appendix B.) Toluene would also tend to promote solubillzing of 

other waste constituents, since it is a widely-used commercial solvent. 

Thus, these waste constituents could leach into groundwater if holding 

ponds or landfills are inadequatedly designed and constructed, or lack 

adequate leachate collection systems.* Siting of waste management facilities 

in areas with highly permeable soils could likewise facilitate leachate 

migration. Disposal or storage in improperly designed or managed ponds 

*Some of these waste constituents' mobility are effected by certain soil 
attenuation mechanisms. (App. B) Pollutant mobility could be high, however, 
where soil attenuation would be slight; for example, where soil is low in 
organic content, highly permeable, or where attenuative capacity is exhausted. 



could similarly promote leachate formation and mi~ration (indeed, the large 

quantity of percolating liquid available could facilitate environmental 

release by acting as a hydraulic head). 

There is also a danger of migration into and contam~nation of surface 

water if holding ponds are improperly designed or managed. Inadequate 

flood control measures could result in washout or overflow of ponded wastes. 

The migratory potential of chlorobenzenes and toluene is confirmed by 

the fact that chlorobenzenes (mono, dl, tri, tetra, and penta) and toluene 

have all been detected migrating from the Love Canal site into surrounding resi-

dential basements and solid surfaces, demonstrating ability to migrate through 

and persist in soils. ("Love Canal 'Public Health Bomb"~ A Special Re,,ort to 

the Governor and Legislature, New York State Oepartment ot Health (197~}}. 

Benzyl chloride, although subject to hydrolyzation (App. B), has also been 

identified as leaching from the Hyde Park Site. (OSW Hazardous Waste Div!-

sion, Hazardous Waste Incidents~ Open File, 197~.) 

Once these three contaminants migrate from the matrix of the waste, they 

are likely to persist in groundwater (see App. 8). Chlorobenzene, toluene, 

and benzyl chloride have in fact been shown to persist in soil and ground-

water, as demonstrated by the above-described damage incidents.* 

*The above discussion does not consider benzotrichloride, another waste constit
uent of concern. This waste constituent is relatively insoluble, not very vo
latile, and tends to degrade in water. It is, however, relatively bioaccumula
tive (App. B). Thus, this i.Taste constituent shows a lesser propensity to m!g~~te 
and reach environmental receptors, but could accumulate in harmful concentrations 
if it reached a receptor. Furthermore, benzotrichloride has been identified as 
migrating from the Love Canal site (OSW Hazardous Waste 'Division, Hazardous Waste 
Incirlents, supra), demonstrating some ability to migrate and persist if im
properly managed. 
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There also ~ay be a danger of migration and exposure via an air inhalatio~ 

pathway if disposal sites lack adequate cover. Tolu~n~ ls relatively volatile 

(App. B), and is mobile and persistent in air, havlng been found in school and 

basement air at Love Canal ("Love Canal 'Public Health Bomb", supra). Chloro-

benzenes and benzyl chloride, while less volatile (Ap~. B), are also mobile and 

persistent in air. Chlorobenzene (mono through penta) have been identified 

in school and basement air at Love Canal ("Love Canal Public Uealth Bomb,'" 

supra), while benzyl chloride has been shown to persist in the atmosphere in 

the New Jersey area for considerable periods of time.CG) Thus, these hazard-

ous constituents could migrate from uncovered landfills or holding pond.s 

and persisit for long periods in the environment. 

Disposal by incineration, if mismanaged, also can result in serious air 

pollution through the release of toxic fumes. This may occur when incinera-

tion facilities are operated in such a way that combustion is incomplete (i.e., 

inadequate conditions of temperature, mixing, and residence time) resulting in 

airborne dispersion of hazardous vapors containing undestroyed waste constit-

uents. This could present a significant opportunity for exposure of humans, 

wildlife and vegetation in the vicinity of these operations to hazardous 

constituents through direct contact and also through pollution of surface 

waters. 

The waste constituents in the still bottoms from benzyl chlori~e produc-

tion are of the highest regulatory concern. For example, there is no known 

safe level of exposure for carcinogens (see 44 Fed. Reg. 15926, 15940, 

(M~rch 15, 1979).). The Administrator would require assurance that these 

waste constituents could not migrate and persist to justify a determination 

not to list this waste stream. These waste constituents, to the contrary, 



have migrated and persisted to cause substantial hazard in actual instances. 

The waste is therefore deemed hazardous.* 

B. Health and Ecological Effects 

1. Benzyl Chloride 

Health Effects - Benzyl chloride has been identified as a 

carcinogen(R), and is also mutagenic(9). Additional information and specific 

references on the adverse effects of benzyl chloride can be found in Appendix A. 

Regulatory Recognition of Hazard - The OSHA TWA for benzyl chloride 

is 1 ppm. DOT requires labeling as a corrosive. The Office of Water and Waste 

Management, EPA, has regulated benzyl chloride under Section 311 of the Clean 

Water Act. l>reregulatory assessment has been completed by the Office of Air, 

Radiation and Noise under the Clean Air Act. The Office of Toxic Substances 

has requested additional testing under Section 4 of the Toxic Substances Con-

trol Act. 

Industrial Recognition of Hazard - Benzyl chloride is listed in 

Sax's Dangerous Properties of Industrial Materials as highly toxic via inhala-

tion and moderately toxic via the oral route. 

2. Cblorobenzene 

Health Effects - Chlorobenzene is a toxic chemical absorbed into 

the body by inhalation, ingestiont and through the skin. Doses of chloroben-

zene have been reported to cause liver damage in animals. abnormal dumping of 

porphyoin pigments from the liver, weakness an~ stupor. Additional information 

*Furthermore, the waste constituents are generated in large annual quantities, 
thus incre~Ring the possibility of exposure if the wastes are managed 
improperly. These large quantities of hazardous constituents potentially 
available for release further justify a hazardous listing. 

+ 
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and specific references on the adverse effects of chlorobenzene can be found 

in Appendix A. 

Environmental Effects - Chlorobenzenes are toxic to lower order 

organisms and aquatic toKicity of chlorobenzene ls lndlcated from studlea 

with saltwater shrimp species. Chlorobenzene has been shown to bioaccumulate 

in fish(lS). 

Regulations - The OSHA TWA in air is 75 ppm. Chlorobenzene is 

designated as a priority pollutant under Section 307(a) of the CWA. (10, 11, 

12, 13, 14) 

Industrial Recognition of Hazard - Chlorobenzene is listed in 

Sax's Dangerous Properties of Industrial Materials as a dangerous chlorine 

compound. 

3. Toluene 

Health Effects - Toluene is a toxic chemical absorbed into the 

body by inhalation, ingestion, and through the skin. The acute toxic ef-

feet of toluene in humans is primarily depression of the central nervous 

systemC16). Chronic occupational exposure in shoe workers was reported to 

lead to the development of neuro-muscular disorders, such as abnormal ten-

don reflexes and decreased grasping strength(l7). In animal studies, pre-

liminary evidence of bone marrow chromosomal abnormalities was report-

ed(l8, 19). 

Since toluene is metabolized in the body by a protective enzyme 

system which is also involved in the elimination of other toxins, it appears 

that overloading the metabolic pathways with toluene will greatly reduce the 

clearance of other, more toxic chemicals. Additionally, the high affinity of 

toluene for fatty tissue can assist in the absorption of other toxic chem!-



cals into the body. Thus, synergistic effects of toluene on the toxic!-

ties of other contaminants may render the waste stream more hazardous. Be-

yond these considerations, toluene, by virtue of its solvent properties. can 

facilitate mobility and dispersion of other toxic substances, assisting 

thelr movement towa~d ground or surface waters. ?aluene ls designated as 

a priority pollutant under Section 307(a) of the CWA. Additional informa-

tion and specific references on the adverse effects of toluene can be found 

in Appendix A. 

Ecological Effects - Toluene has been shown to be acutely toxic 

to freshwater fish and to marine fish. Chronic toxicity la also reported 

for marine fish(20), The USEPA recommended criterion levels to protect 

aquatic life are: freshwater 1 2.3 mg/l, and marine, 100 mg/1(20). 

Regulations - Toluene has an OSHA standard for air (TWA) of 200 

ppm. The Department of Tranaportati~n requires a "flammable ltquidM label. 

Industrial Recognition of Hazard - Toluene.is listed as having a 

moderate toxic hazard rating via oral and inhalation routes (Sax, Dangerous 

Properties of Industrial Materials). 

4. Benzotrichloride 

Health Effects - Benzotrichloride is toxic with vapors that are 

highly irritating to the skin and mucous membranes. In addition, large doses 

have caused central nervous system depression in experimental animals(2l). In-

halation of lZS ppm for 4 hours was lethal to ratsC22). Benzotrichloride has 

been designated as a priority pollutant under Section 307(a) of the CWA. 

Additional information and specific references on the adverse effects of benzo-

trichloride can be found in Appendix A. 



Industrial Recognition of Hazard - Benzotrichloride has a high 

toxicity rating via inhalation (Sax, Dangerous Properties of Industrial Ma

terials). 

-17-



IV. References 

l. Rirk-Othmer. Encyclopedia of chemical technology. 5. John Wiley and 
Sons, Inc., New York. 1964. 

2. Lowenheim, r. A. and M. K. Moran. Faith, ~eyes and Clark's industrial 
chemistry. 4th ed. John Wiley and Sons, Inc., New York. 1975. 

3. Not used in text. 

4. Not used in text. 

5. Individual Plants' Responses to F.PA's 308 questionnaire. 

6. Altshuller, A. P. Lifetimes of organic molecules in the troposphere 
and lower stratosphere. Environmental Science and Technology. 1980. 
In press. 

7. Not used in text. 

8. Druckrey, R., q. Druse, R. Pruessmann, S. Ivankovic, C. Landschutz. 
Carcinogenic alkylating substances --- III. Alkyl-halogenides, -sul
fates, -sulfonates and strained heterocyclic compounds. z. Krbsforsch 
74:241-70. 1970. (Ger). 

9. Mc:Cann, J., E. Choi, E. Yamasaki, ~. N. Ames. Detection of carcinogens 
as mutagens in the Salmonella/microsome test - Assay of 300 chemicals. 
~roe. National Academy of Sciences VSA 72:5135-39. 1975. 

10. U.S. EPA. Investigation of selected potential environmental contaminants: 
Ralogenated benzenes. EPA No. 560/1-77-004. 1977. 

11. Lu, A.Y.~ •• et al. Liver microsomal electron transport syste~s. 
!II. Involvement of cytochrome Bs in the ijADR-supported cytochrome 
p5-4SO dependent hydroxylation of chlorobenzene. Biochem. Biphys. 
Res. Comm. 61:1348. 1974. 

12. Brodie, ~. B., et al. Possible mechanism of liver necrosis caused 
by aromatic organic compounds. Proc. Natl. Acad. Sci. 68:160. 1971. 

13. Knapp, w. R., Jr., et al. Subacute oral toxicity of monochloro
benzene in dogs and rats. Toxicol. Appl. Pharmacol. 19:393. 1971. 

14. Irish, n. D. Halogenated hydrocarbons: II. Cyclic._!!!. Indus
trial hygiene and toxicology. V.II, 2nd ed. F. A. Patty, ed. 
Interscience. New York. p. 1333. 1963. 

IS. Lu, P., and Metcalf. Environmental fate and biodegradability of 
benzene derivatives as studied in a nodel aquatic ecosystem. 
Environ. Health Perspect. 10:269-285. 1975. 

16. U.S. EPA. Toluene: Ambient water quality criteria. NTIS PB No. 
296 805/SBE- 1979, 

- -,, I -



17. Matsushita, T., et al. Hematological and neuro-muscular response of 
workers exposed to low concentration of toluene vapor. Ind. Health. 
13:115. 1975. 

18. Dobrokhotov, V. B., and M. I. F.nikeev. ~utagenic effect of ben-
zene, toluene, and a.mixture of these hydrocarbons in a chronic experi
m&nt. Gig. Sanit. 1:32. 1977. 

19. Lyapkalo, A. A. Genetic activity of benzene and toluene. Gig. Tr. 
Prof. Zabol. 17:24. 1973. 

20, U.S. EPA. Toluene: Hazard profile. Environmental Criteria and Assessment 
Office, U.S. EPA. Cincinnati, Ohio. 1979. 

21. Windholz, M., ed. 1976 Merck Index, 9th ed. Merck and Co., Inc., 
Rahway, NJ. 1976. 

22. ~ax, ~. r. Dangerous properties of industrial materials, 5th ed. Van 
Nostrand Reinhold Co., New York. 191q, 

23. Groggins. Unit processes on organic synthesis, 2nd ed. 1938. 

24, U.S. Department of Health, Education, and Welfare. Criteria for a recom
mended standard - Occupational exposure to benzyl chloride. Washington, 
D.C. 1978. 



LISTING BA.CKGROUND DOCUMENT 
CARBON TETRACHLORIDE PRODUCTION 

Heavy ends or distillation residues from the production of 
carh~~ tetrachloride (T) 

I. Summary of Basis for Listing 

Heavy ends o.r distillation residues from carbon tetrachloride produc-

tion contain carcinogenic and toxic organic substances. These include 

carbon tetrachloride, hexachlorobutadiene, hexachlorobenzene, 

perchloroethylene and hexachloroethane. 

The Administrator has determined that the solid waste from carbon 

tetrachloride production may pose a substantial present or potential hazard to 

human health or the environment when improperly transported, treated, 

stored, disposed of or otherwise managed, and therefore should be subject 

to appropriate management requirements under Subtitle C of RCRA. This 

conclusion is based on the following considerations: 

1. The heavy ends or distillation residues from the various carbon 
tetrachloride production processes contain some or all of the 
following constituents: ?erchloroethylene, carbon tetrachloride, 
hexachlorobutadiene, hexachlorobenzene, and hexachloroethane. 
All of these substances except hexachloroethane bave been 
identified by the Agency as compounds which have exhibited 
substantial evidence of being carcinogenic; hexachloroethane is 
a suspect carcinogen. Hexachlorobenzene is also a teratogen. All 
of these compounds are very toxic as well. 

2. Approximately ~.6 million pounds/year of waste containing these 
hazardous compounds are generated in the United States by six 
manufacturers at 10 plants. 

3. Disposal of these wastes in drums in improperly designed or 
operated landfills represents a potential hazard due to the 
probable corrosion of drums and the resulting leaching into 
groundwater of these hazardous compounds. 



4. Mismanagement of incineration operations and volatilization from 
landfills could result in the release of hazardous vapors to 
the atmosphere, and present a significant opportunity for 

/ 

exposure of humans, wildlife and vegetation in the vicinity of 
these operations to potentially harmful substances. 

S. The components of concern are persistent in the environment, 
thus increasing the chance for exposure. 

6. The components of concern have been implicated in actual 
damage incidents. 

II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

There are six major corporations involved in the production of 

carbon tetrachloride. The locations and annual capacity for each plant 

are listed in Table 1. 

The current principle use of carbon tetrachloride is in the 

manufacture of chlorofluoromethanes used in refrigeration and aerosols. 

Other uses include grain fumigation and a variety of solvent and chemical

manuf acturing applications.(2) 

B. Manufacturing Process 

Carbon tetrachloride is produced principally via four processes: 

direct chlorination of methane, pyrolysis or chlorinolysis of hexachloro-

ethane with simultaneous chlorination of perchloroethylene, direct 

chlorination of propane (in which perchloroethylene is produced as a 

co-product), and direct chlorination of carbon disulfide. These processes, 

and the listed waste streams generated thereby, are discussed below.•(4,2,31) 

* These processes generally involve production of a range of chlorinated 
organic products as well as carbon tetrachloride 



TABLE 1 

Plant Sites for Carbon Tetrachloride Production<3) 

Company Location 
I 

I Annual Capacity I 
!(Millions of Pounds)! 

I 
Allied Chemical Corp. I ~oundsv1lle 1 WV 8 I 

Specialty Chemicals! I 
Division I I 

~~~~~~~~~'~~~~~~~~~----~~~~~~~' 
I 

Dow Chemical, U.S.A. 

E.I. duPont de I 
Nemours & Co., Inc.I 
Petrochems Dept. I 

Freon& Prod. Div.I 
I 

Stauffer Chemical Co.I 
Ind. Chems. Div. I 

I 

Vulcan Material Co. 
Chemical Div. 

FMC Corporation 

:reeport, TX 
?ittsburg, CA 
?laquemine, LA 

Corpus Christi, TX 

Le Mogne, AL 
Louisville, lCY 

C.eismar, LA 
~ichita 1 KA 

s. Charleston, WV 

Total 

,¥ 
- 2. 7S-

135 I 
~o I 

i2s I 

500 

200 
70 

90 
60 

300 

1,568 



1. Direct Chlorination of Methane (31) 

The sequence of reactions for production of carbon 

tetrachloride from the direct chlorination of methane is: 

CH4+Cl2 -------> CH3Cl+HCl 

CH3Cl+Cl2 -------> CHzCl2+HCl 

CH2Clz+Cl2 -------> CHCl3+HCl 

CHCl3+Cl2 -------> CCl4+HCl 

The reaction is conducted adiabatically at temperatures ranging from 

350° - 370°C and at approximately atmospheric pressure. In this process, 

methyl chloride, methylene chloride and chloroform are usually 

co-produced with carbon tetrachloride. The ratio of formation of 

these reaction products may be controlled to favor production of higher 

chlorinated products (e.g., carbon tetrachloride) by recycle of less 

chlorinated products (e.g., methyl chloride). Typical yields range from 

85% to 95% based on methane. 

Figure 1 represents a simplified process for production of carbon 

tetrachloride via direct chlorination of methane. Methane is mixed with 

chlorine, preheated and fed to a reactor fitted with mercury arc lamps 

to enhance disassociation of chlorine. Chlorine is the limiting 

reactant and about 65% of the methane reacts. A typical range of 

products leaving the reactor is: methyl chloride - 58.5%; methylene 

chloride - 29.3%; chloroform - 9.77.; and carbon tetrachloride - 2.31.. 

The effluent gases from the reactor also contain unreacted methane 

and hydrogen chloride which are separated by scrubbing the reacted 

gases with a mixture of liquid chloromethanes, usually a refrigerated 

JI 
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mixture of chloroform and carbon tetrachloride. Methane and hydrogen 

chloride are not absorbed and go overhead. Hydrogen chloride is 

removed by scrubbing with water and methane is rec1cled. The enriched 

chloromethane solvent absorber effluent is stripped of methyl chloride 

and some methylene dichloride. The stripped solvent bottoms are 

recycled to the absorber. The overhead product is condensed and 

purified successively by a hot water wash (to remove residual hydrogen 

chloride), an alkali wash, and a strong sulfuric acid wash (to dry the 

chlorinated organic stream). The stripped methyl chloride, methylene 

chloride and any heavy ends are separated by fractional distillation. 

A portion of the bottoms from the stripping column together with 

some or all of the recovered methyl chloride and methylene chloride 

is then fed to a secondary reactor where chlorination is again carried out 

photochemically. but this time in the liquid phase. Hydrogen chloride is 

vented from the reactor. The reaction products are purified and separated 

by a sequence similar to that used for methyl chloride and methylene 

chloride, except that any product less chlorinated than chloroform may 

be recycled. Desired quantities of chloroform are removed by distillation, 

and the remaining material is chlorinated in a third reactor to produce 

carbon tetrachloride. The effluent from the third reactor is distilled 

to recover carbon tetrachloride. The heavy bottoms from this tower is 

the process waste. 

Waste constituents predicted to be present in heavy ends from this 

process in substantial concentrations are hexachloroethane, hexachlorobuta-

diene, perchloroetnylene (tetrachloroetnylene), and carbon tetrachloride.* 

*As presented in Table 2, little or no carbon tetrachloride was recorded 
found in the air, aqueous and solid emissions. However, based on industry 
process, this constituent ts predicted to be present in the waste. Further, 
the presence of even very small concentrations of this very potent carcinogen 
are of concern to the Agency. 



Hexachloroethane would result from chlorination oi C2 molecules, which 

could be formed from methyl radicals. ~he same general type of reaction 

would also result in formation of hexachlorobutadienes, except that C4 

molecules (rather than c2 molecules) would be chlorinated. Perchloro-

ethylene is expected to result from the dechlorination of hexachloroethane. 

A literature source estimating emissions from direct chlorination 

of methane is set forth in Table 2. 

2. Chlorinolysis of Hydrocarbon Feedstocks 

Chlorinolysis* processes, in fact, make up the bulk of carbon 

tetrachloride (perchloroethylene is a co-product) capacity in the United 

States. Feedstocks for this process include aliphatic hydrocarbons 

(e.g., .propane), chlorinated aliphatic hydrocarbons, and chlorinated 

aromatic hydrocarbons. Use of chlorinated feedstocks is particularly 

valuable for control of residues from other chlorination processes, 

which otherwise would pose a difficult disposal problem. 

The conditions necessary for chlorinolysis of hydrocarbon feedstocks 

are somewhat more severe than those of direct chlorination of methane; 

both higher temperatures and higher molar ratios of chlorine to hydrocarbon 

are used. The product distribution is quite dependent on the feedstock used 

and varies from over 90% carbon tetrachloride (propane) to over 90% 

perchloroethylene (propene). 

*Chlorinolysis reactions refer to those chlorination reactions which 
result in extensive rupture of carbon-carbon bonds. 
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TABLE 2 ESTIMATED EMISSIONS FROM THF.RMAL CHLORINATION OF METHANE · 

EMISSIONS kR/Mg of product! 

Species Air Aqueous Solid 

Methane 2R 39 

Methyl chloride trace 

Carbon tetrachloride n.3 

Perchloroethylene 17 

Hexachloroethane 16 

Sodium chloride 16 

Sodium hydroxide 0.6 

33 

1urce: Wasselle, "Chlorinated Hydrocarbons", Process Economics Program Report No. 126, Stanford Research Institute, 
1enlo Park, CA, August, 1978. 

lased on hydrogen chloride product. To convert from 
1ydrocarbon product, the following factors are used: 

hydrogen chloride product 
0.72 lhs HCl/lb Ch3Cl 

0.86 lbs HCl/lb CH3c12 

0.92 lbs HCl/lh CH 2c13 

0.9S lbs HCl/lb CCl4 

~ 
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In basic terms, the chlorinolysis involves the fracturing of carbon 

bonds (at severe reaction conditions), followed by rechlorination of the 

fractured portions. Waste residues result from incomplete chlorina-

~~on of the cracked hydrocarbon!, Hydrocarbon chlorinolysls reactions 

thus tend to produce similarly-composed residual wastes. Waste con-

stituents predicted to be generally present are hexachlorobenzene, 

hexachloroethane, perchloroethylene, hexachlorobutadiene, and carbon 

tetrachloride. Two principal chlorinolysis processes for the 

production of carbon tetrachloride are described more fully below. 

a. Chlorinolysis of Propane (31) 

The basic chemical equation representing the direct chlorination of 

propane to produce carbon tetrachloride and perchloroethylene is: 

C3Hs +8Cl2 

C2Cl4+Cl4 

------> 

------> 
-----> 

C2Cl4+Cl2 

C2Cl6 

C4Cl6+clz 

Figure 2 is a simple block flow diagram for the production of carbon tetra-

chloride and perchloroethylene by the direct chlorination of propane. 

Feedstock chlorine, together with recycled chlorine, and propane are introduced 

into a vaporizer where they are mixerl with recycled chlorocarbons. Chlorine 

is used in approximately 10% to 25% excess. The rnixed gases react adiabatl-

cally at atmospheric pressure in a refractory-lined reactor at temperatures 

ranging from SS0°C and 700°C (controlled by the diluent action of 

recycled streams). Tiie recycle ratio also affects the product distribution. 

Effluent from the rector (nainly carbon tetrachloride, perchlorethylene, 

hydrogen chloride, chlorine, and unreacted hydrocarbon) is quenched with 

perchloroethylene to minimize formation of by-products. 

Carbon tetrachloride, separated by fractionation, is condensed and 
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withdrawn. ~ydrogen chloride and chlorine are separa~ed and scrubbed with 

water in a hydrogen chloride absorber to remove HCl as hydrochloric acid 

by-product. The carbon tetrachloride column retu~ns bottom liquid that is 

rich in perchloroethene to the heavy ends colunn. Light enrls from this 

column are recycled to the reactor. In the heavy ends column, the 

perchloroethylene-rich stream is distilled to remove the heavy ends that 

are returned for recycle. Overhead from the heavy ends column is 

fractionated in the perchloroethylene column where the desired 

quantity of perchlorethylene is removed as bottoms and the overhead, 

containing largely carbon tetrachloride, is sent to recycle. The final 

product mix is controlled by the amounts of product recycled to the 

reactor. Estimated emissions from this process are shown in Table 3.* 

The reaction pathways for these waste constituents are as follows: 

Hexachloroethane results from the chlorination of product perchloroethylene. 

Free radical reactions will result in the formation of hexachlorobutadiene 

(see p. 9 where the reaction chemistry is described). Hexachlorobutadiene 

could also be formed by chlorination of ethylene radicals under chlorinolysis 

con~itions. Hexachlorobenzene would result fro~ the cyclization and 

chlorination of C2 molecules under the high temperature reaction conditions 

via a Diels-Alder reaction, whereby a cyclic coMpound is formed from 

double bond systems. 

*As presented in Table 1, little or no carbon tetrachloride was recorded 
found in the air, aq~eous and solid emissions. However, based on 
industry process, this constituent is predicted to be present in the 
wa~te. further, the presence of even very sMall concentrations of 
this very potent carcinogen are of concern to the Agency. 



TABLE 3 

ESTIMATED EMISSIONS FROM CARRON TETRACHLORIDE MANUFACTURE: Chlorlnolysis of Propane 

EMISSIONS kg/Mg 

Species Air Aqueous Solid 

Carbon tetrachloride trace 

Hexachloroethane trace 

Hexachlorobutadiene 3.3 

Hexachlorobenzene 3.3 

Tars 3.0 

Sodium hydroxide t. t 

10 

Source: Elkin, "Chlorinated Solvents," Process Economics Program Report No. 4R, Stanford Research 
Institute, Menlo Park, CA, 1969 



b. Chlorinolysis of hexachloroethane with simultaneous 
~hlorination of perchloroethylene (4,2) 

Expected ~aste constituents of concern from this process (Figure 4) 

ac~ hexachlorobenzene, hexachloro~1tadiene, hegachloroethane, and carbon 

tetrachloride.~ Some carbon tetrachloride is expected to be present in 

distillation bottoms since it is the product and would not be completely 

removed from the bottoms. Hexachloroethane is a feedstock and thus is 

also expected to be found in the waste. Bexachlorobenzene will result 

from the cyclization and chlorination of C2 molecules under high tempera-

tm-e pyrolysis conditions. 

The final production process considered is the production of carbon 

tetrachloride by chlorination of carbon disulfide. 

3. Carbon Tetrachloride by Chlorination of Carbon Disulfide (3) 

Direct chlorination of carbon disulfide to carbon tetra-

chloride is a long-established process which, until challenged by 

chlorination of methane and chlorinolysis of hydrocarbons, was the sole 

source of carbon tetrachloride. Chlorination of carbon disulfide does 

have certain advantages: hydrocarbon co-products or by-products and 

hydrogen chloride are not formed. Because sulfur must be recoveTed and 

recycled ho~ever, this process is presumed to be integrated with a carbon 

disulfide production facility. 

The overall chemistry of this process is represented by the following 

equations: 
-----> 

*Additional heavy chlorinated hydrocarbons will probably also be 
present, but their existence is more speculative since they would probably 
"'crack" into lower molecular weight compounds under chloriaolysis conditions. 
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The sulfur monochloride formed reacts with a fresh feed of carbon disulfide 

to form additional carhon tetrachloride: 

This reaction. in contrast to the first reaction, goes only to about 75% 

completion. The sulfur formed is recyled to carbon disulfide production. 

Reaction yield is about 95% based on carbon disulfide. 

Carbon disulfide. a recycle stream of carbon disulfide/carbon tetra-

chloride/sulfide monochloride from dechlorination, and chlorine {approx. 

1% wt over the stoichiometric requirement) react in the chlorinator at 

an approximate temperature and pressure of l00°C and 1 atm., respectively. 

The reaction goes to near completion and the crude product consists 

principally of carbon tetrachloride and sulfur monochloride, and a small 

amount of carbon disulfide (>0.1% wt ). Sulfur dichloride formation is 

minimized by the presence of the carbon disulfide. 

The crude product is fractionated into an overhead stream of carbon 

tetrachloride and a bottom stream of sulfur monochloride and carbon 

tetrac~loride. Chlorine is added to the bottom stream to form small 

amounts of sulfur dichloride which catalyzes the subsequent dechlorination 

reaction. The dechlorination reactor operates under reflux conditions 

using the bottom stream as a feedstock. After dechlorination, the reaction 

product is separated: the overhead stream (CCl4/CS2/S2Cl2) ls recycled 

to the chlorination reactor; the bottom stream. which is largely sulfur, 

is purified and recycled to carbon disulfide production. Crude carbon 

tetrachloride. separated as an overhead stream from the distillation of 

the chlorination mixture, is washed with either a dilute solution of 

sodium hydroxide or a suspension of calcium hydroxide to decompose sulfur 



monochloride and dichloride. This stream is distilled and water, carbon 

tetrachloride, and carbon disulfide are removed as an overhead stream. 

Water is decanted, and the organic layer distilled. The bottom stream 

rrom this column is sent to carbon tetrachloride storage. 

When properly conducted, this process would probably be waste free. 

However, if conducted inefficiently, heavy ends could be generated consist-

ing of sulfur monochloride and carbon tetrachloride, probably in equal 

concentrations. Obviously, the Agency is only listing this process when 

waste heavy ends are actually-generated. 

c. Waste Generation and Management 

The distillation residue waste from the direct chlorination 

or chorinolysis of hydrocarbons thus consist of heavy chlorinated hydro-

carbons, such as hexachlorobenzene, perchloroethylene, hexachlorobutadiene, 

carbon tetrachloride, and hexachloroethane. These wastes are generated 

in large quantities. Based on U.S.I.T.C 1978 production figures of 

334,00n metric tons of carbon tetrachloride(35) and the waste emission 

factors set forth above, an estimated 3200 metric tons of waste is 

generated each year. This estimate may be conservative, since waste 

emission factors were not calculated for wastes from carbon tetrachloride 

production by pyrolysis of hexachloroethane. In any case, this is a 

significant annual quantity of waste generated, and it must further be 

remembered that this waste will accumulate in greater quantities over 

time. 

Heavy ends from carbon tetrachloride production have typically 

been disposed of in drums in land disposal facilities, or have been 

lncinerated.(4) 



III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

The waste constituents of concern, which as shown above are 

present in these wastes in substantial concentrations, are: 

o Hexachlorobenzene 
o Hexachlorobutadiene 
o Carbon Tetrachloride 
o Hexachloroethane 
o Perchloroethylene 

All of these substances except hexachloroethane have been identified 

by the Agency as being carcinogenic and they are all very toxic. 

Hexachlorobenzene is also a teratogen. Generation and accumulation of 

large quantities (over 3000 MT annually, see p. 16) of wastes containing 

these constituents is itself a reason for imposition of hazardous status. 

The large quantities of these contaminants pose the danger of polluting 

large areas of ground or surface ~aters. Contamination could also 

occur for long periods of time, since large amounts of pollutants are 

available for environmental loading. Attenuative capacity of the environment 

surrounding the disposal facility could also be reduced or used up due 

to the large quantities of pollutant available. All of these considerations 

increase the possibility of exposure to the harmful constituents in the 

wastes, and in the Agency's view, support a hazardous listing. 

In light of the extreme danger posed by these waste constituents, 

and the large quantities of waste generated, a decision not to list 

these waste would be justified, if at all, only if waste constituents 

were demonstrably unable to migrate and persist. This is not the 

case, however, since most of these waste constituents have migrated 

and persisted in actual damage incidents, via both groundwater and air 



exposure pathways. 

Carbon tetrachloride, for example, has been identified as present 

in school and basement air at Love Canal, as has hexachlorbutadiene and 

perchloroethlyene • (Source: "Love Canal, Public Health Bomb", a Special 

Report to the Governor and Legislature, New York State Department of 

Health, 1978.) Carbon tetrachloride has also been implicated in two 

groundwater contamination incidents in Plainfield, Connecticut, where 

drinking water sources were adversely affected (Table 1, Reference 31). 

Heaxchlorobutadiene, hexachlorbenzene and hexachlorethane also have 

been shown to migrate from waste disposal sites to groundwater. EPA 

conducted groundwater monitoring in the vicinity of an (unnamed) chemical 

waste disposal site in an effort to quantify migrating organic waste 

constituents. These waste constituents were all found to have migrated 

(Table 7.2, Reference 31). 

Another incident illustrates even more dramatically the migraory 

potential of these waste constituents. Chemical wastes from Hooker 

Chemical's disposal sites at Montague, ~ichigan have migrated from 

landfills and underground injection wells, moved through and contaminated 

groundwater supplies, and contaminated a recreational lake. The contaminated 

plume is 2,000 ft. wide and extends for over 1 mile. Among waste 

constituents present in the plume are hexachlorobutadiene, hexachlorbenzene 

and carbon tetrachloride. (31) 

Hexachlorobenzene may also pose a hazard through volatilization. 

A case history of environmental damage in which air, soil, and vege-



tation over a~ area of 100 square miles was contaminated by hexachloro-

benzene (HC~) occurred in 1972.(7) There was volatilization of HCB 

from landfilled wastes and subsequent bioaccumulation in cattle grazing 

in the eventually contaminated areas. Accumulation in tissues of cattle 

occurred, so that the potential risk to humans from eating contaminated 

meat and other foodstuffs is significant. 

These waste constituents thus have proven capable of migration, 

mobility and persistence, and are demonstratably capable of causing 

substantial hazard via groundwater, surface water and air exposure 

routes, if improperly managed. Disposal by incineration is another type 

of management which could lead to substantial hazard. Improper incinera-

tion can result in serious air pollution by the release of toxic fumes 

occuring when incineration facilities are operated in such a way that 

combustion is incomplete. In the incineration of wastes containing 

carbon tetrachloride, phosgene (a highly toxic gas) is likely 

to be emitted under incomplete combusion conditions.(32,33,34) 

These conditions can, therefore, result in a signifcant opportun-

ity for exposure of humans, wildlife and vegetation, in the vicinity 

of these operations, to potentially harmful substances. 

B. qealth and Ecological Effects 

1. Hexachlorobenzene 

Health Effects - Hexachlorobenzene has been found to be 

c~rcinogenic in animals.(8,9) It has also been identified by the Agency 

as ~ compound which exhibits substantial evidence of heing carcinogenic. 

1)( 
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This chemical is reportedly teratogenic, known to pass through placental 

barriers, producing toxic and lethal effects in the fetus.(10) Chronic 

exposure to HC~ in rats has been shown to r~sult in damage to the live~ 

and spleen.Cll) It has been lethal in humans when ingested at one-twentieth 

the known oral tn50 dose for rats.<12> It has also been demonstrated 

that at doses far below those which are lethal, HCB enhances the body's 

capability to toxify rather than detoxify other foreign organic compounds 

present in the body through its metabolism.(13) Hexachlorobenzene is 

designated a priority pollutant under Section 307(a) of the CWA. 

Additional information and specific references on the adverse effects of 

hexachlorobenzene can be found in Appendix A. 

Ecological Effects - Hexachlorobenzene is likely to contaminate 

accumulated bottom sediments within surface water systems and bioaccumulate 

in fish and other aquatic organisms.(6) 

Regulations - Hexachlorobenzene is a chemical evaluated by 

CAG as having substantial evidence of carcinogenicity. Ocean dumping of 

of hexachlorobenzene is prohibited. An interim food contamination toler-

ance of 0.5 ppm has been established by FDA. 

Industrial Recognition of Hazard - According to Sax, Danger-

ous Properties of Industrial Chemicals, HCB is a fire hazard and, when 

heated, emits toxic fumes. 

2. Rexachlorobutadiene (HCBD) 

Health Effects - Hexachlorobutadiene (HCBD) has been found 

to be carcinogenic in animals(14). It has also been identified by the 

~ 
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Agency as a compound which exhibits substantial evidence of being 

carcinogenic. It is an extremely toxic chemical (LD50 (rat)- 90 mg/kg) 

via ingestion. Upon chronic exposure of animals in tests conducted by 

the Dow Chemical Company and otherst the kidney appears to be the organ 

most sensitive to HCBo(l4,1Stl6), Effluents from industrial 

plants have been found to have HCBD concentrations as high as 240 g/lt(l9) 

more than 200 times the recommended criterion level. HCBD is considered 

a priority pollutant tmder Section J07(a} of the CWA. Additional in-

formation and specific references on the adverse effects of hexachloro-

butadiene can be found in Appendix A. 

Ecological Effects - HCBD is likely to contaminate accumu-

lated bottom sediments within surface water systems and is likely to 

bioaccumulate in fish and other aquatic organismsC6). 

The USEPA (1979) has estimated the BCF at 870 for the edible 

portion of fish and shellfish consumed by Americans. Hexachlorobutadiene 

is persistent in the environmentClB). 

Industrial Recognition of Hazard - Hexachlorobutadiene is con-

sidered to have a high toxic hazard rating via both oral and inhalation 

routes (Saxt Dangerous Properties of Industrial Materials). 

3. Carbon Tetrachloride 

Health Effects - Carbon tetrachloride is a very potent carc1n

ogen (l9) and has been identified by the Agency as a compound which exhibits 

substantial evidence of being carcinogenic. It has also been shown to 

be teratogenic in rats when inhaled at low concentrations.(20) 



Chronic effects of this chemical in the human central nervous system 

have occurred following inhalation of extremely low concentrations (20 

ppm]C21) with death at 1000 ppm.(22) Adverse effects of carbon 

tetrachloride on liver and kidney functionsC23) and on respiratory 

and gastrointestinal tractsC23,24) have also been reported. Death has 

been caused in humans through small doses.(25) The toxic effects of 

carbon tetrachloride are amplified by both the habitual and occasional 

ingestion of alcohol.(26) Especially sensitive to the toxic effects 

of carbon tetrachloride are obese individuals because the compound 

accumulates in body fat.(16) It also causes hannful effects in 

undernourished humans, those suffering from pulmonary diseases, gastric 

ulcers, liver or kidney diseases, diabetes, or glandular disturbances.(27) 

Carbon tetrachloride is a priority pollutant under Section 307(a) of the 

CWA. Additional information and specific references on the adverse 

effects of carbon tetrachloride can be found in Appendix A. 

Ecological Effects - In measurements made during the National 

Organics Monitoring Survey of 113 public water systems sampled, 11 of 

these systems had carbon tetrachloride at levels at or exceeding the 

recommended safe limit.(28) 

Regulations - OSHA has set a TWA for carbon tetrachloride 

at 10 ppm. Carbon tetrachloride has been banned under the Hazardous Sub-

stances Act by the Consumer Product Safety Commission. 

Industrial Recognition of Hazard - According to Sax, Danger-

ous Properties of Industrial Materials, carbon tetrachloride is considered 

a high systemic poison through ingestion and inhalation. 



4. Hexachloroethane 

Health Effects - Hexachloroethane has been reported to be 

carcinogenic to animals, meaning that humans may be similarly affected(25), 

Humans exposed to vapors at low concentrations for long periods have had 

liver, kidney and heart degeneration and central nervous system damageC26), 

Hexachloroethane is slightly toxic via ingestion. It is a priority 

pollutant under Section 307(a) of the CWA. Additional information and 

specific references on the adverse effects of hexachloroethane can be 

found in Appendix A. 

Regulations - OSHA has set a TWA for hexachloroethane at l 

ppm {skin). 

Industrial Recognition of Hazard - According to Sax, Danger-

ous Properties of Industrial Materials, hexachloroethane has a moderate 

toxic hazard rating. 

s. Perchloroethylene (Tetrachloroethylene) 

Health Effects - Perchloroethylene (PCE) was reported 

carcinogenic to mice (36). It has also been identified by the Agency 

as a compound which exhibits substantial evidence of being carcinogenic. 

PCE is chronically toxic to rats and mice, causing kidney and liver damage 

(36,37,38), and to humans, causing impaired liver function (39). 

Subjective central nervous system complaints were noted in workers occupa-

tionally exposed to PCE (40). PCE is also reported acutely toxic in 

varying degrees to several fresh and salt water organisms, and chronically 

toxic to salt wate~ organisms (41,42). 

~ 
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Resoonse to Coc~ents - Heav: ~nds or Distillation ~e=idues from 

the Production of Car'!lon Te• ~chloride 

One co~rnenter requeste1 that the Agency reassess its interpretation 

of wi'iat materials actually c nstitute ~'8Ste in the production of carbon 

tetrachloride. 'n1e comrnent1 pointed out that many of these materials 

are not d1scarded and never ecorne wastes; that instead. they are further 

processed within a short tir to other products and manufacturing interm.e

diates. 

In reviewing the avail, le information, the Agency has evidence to in

dicate that these wastes ha· typically been disposed of in drums in land 

disposal facilities. or haq1 been incinerated. therefore. these wastes are 

"discarded and. thus, meet 1 e definition of a solid waste (~261.2) and will 

continue to be listed as ha· rdous. ~owever. this waste is not al;.rays discarded, 

as evidenced by the comment· received (i.e., these wastes cay be used, 

reused, recycled or recla1~4 ). As discussed in the preanble to the Part 

261 regulations promulgated n May 1q, 1980 (45 FR 330?1 - 33095), the 

Agency has concluded that i does have jurisdiction under Subtitle C of 

RCRA to regulate waste mate als that are used. reused, recycled or 

reclaimed. A large number • comments have been received, however, which 

challenge this conclusion. he Agency is giving these comr.ients serious 

consideration but has not p sently fina!izerl this portion of the 

regulation~. Therefore, un 1 a final decision is reached with respect 

to Materials which are used reuserl. recycled or reclai~ed, the follo\ling 

g11i.rlance is offerei! to indi dual plants to 3Ssist ther.i in dete't"11\ining 
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their responsibilities under the hazardous waste regulacions: 

0 

0 

0 

If the list~d waste is always discarde~ at th~ individual 

plant, the waste is always subject to :~e full set of ha:drdous 

waste regulations. 

If the listed waste is sometimes discarded at a particular 

plant, but is sometimes used, reused, recycled oc reclaimed, 

(not used as an intermediate), the waste would only be subject 

to the full set of hazardous waste regulations when discarded. 

When used, reused, recycled or reclaimed the waste would be 

subject to the special requirements for listed wastes contained 

in §2~1.~(b) of the hazardous waste regulations (45 FR 33120). 

If the listed waste is typically processed through the 

next step of the process within a short time, the material 

does not meet the definition of a solid waste, i.e., is 

an intermediace product, and is therefore not subject 

co the hazardous waste regulations (45 FR 33119, and see 

discussion at 45 FR 33093-33094). 



ORD-A-02 

LISTING BACKGROUND DOCUMENT 

Er- ~O !...ORORYDRIN PRODUCTION 

Heav~ ~ads (still bottoms) from the pu:~fication column in the production of 
epichlorohydrin. (T) 

t. Summary of Basis for Listing 

Heavy ends from the fra~tionator column in the production of epichlorohydrin 

contain carcinogens, mutagens, and toxic organic substances. These include 

epichlorohydrin, trichloropropane and dichloropropanol, and the chloroethers, 

as pollutants of concern. 

The Administrator has determined that the solid waste from epichlorohydrin 

production may pose a substantial present or potential hazard to human health 

or the environment when improperly transported, treated, stored, disposed of 

or otherwise managed, and therefore should be subject to appropriate management 

requirements under Subtitle C of RCRA. This conclusion is based on the 

following considerations: 

1. The heavy ends from the production of epichlorohydrin 
contain epichlorohydrin and chloroethers which have been 
identified by EPA's Cancer Assessment Group as substances 
exhibiting substantial evidence of carcinogenicity. 
These compounds ha'le also been reported in the literature 
to show mutagenic potential. The waste also contains 
trichloropropane and dichloropropanols which are very 
toxic. 

2. Approxiaately 12,500 tons of the heavy bottoms were 
generated in 1978 by two manufacturers at three 
locations along the Gulf Coast. 

3. The heavy wastes are stored in holding ponds prior to 
incineration; durin~ storage there is the potential for 
ground and surface water contamination by leaching. 
Epichlorohydrin in the Yaste also Yould tend to volatilize 
and could present an air pollution hazard. If incineration 
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is incomplete, airborne dispersion of hazardous vapors presents 
a potential of human risk. 

4. Incidents oE epichlorohydrin contamination of water supplies 
have occurred. 

II. Sources of Wastes and Typical Disposal Practices 

A. Industry Profile 

Epichlorohydrin is manufactured by Dow, U.S.A. at Freeport, 

Tex. and by Shell Chemical Co. at Deer Park, Tex., and Norco, La.(25) 

The capacities of these plants range from 55 to 275 million pounds per 

year. About 470 million pounrls of epichlorohydrin were produced in 

1978.(26,27) 

Epichlorohydrin is used mainly as an intermediate for the manufacture 

of glycerin and epoxy resins.(25) It is also used in the manufacture 

of plasticizers, surfactants, stabilizers, and ion exchange resins.(25) 

Growth is expected at 6 to 7% per year.(25) 

B. Manufacturing Process 

Epichlorohydrin is produced by the following reaction sequence: 

Step 1: 

Cl2 + R20 ----------) ROCl + HCl 
(Chlorine) (Water) (Hypochlorous (Hydrochloric 

Step 2: 

CR2 - CH-CH2Cl 
(allyl chloride) 

Acid) Acid) 

+ HOC! -----> 
HCl 
hypochlorous acid 
and hydrochloric 
acid 

-r-

CH20HCHClCH2Cl (65-70%) + CH2ClCijOHCH2Cl(3r -5%) 
1,2-dichloropropanol-1) (1,3-dichloroprop .-2 



Step 3: 

CH20HCHClCH2Cl 
(1,2-dichloropropanol-l) 

+ CH2ClCHOHCH2Cl +NaOH ------> CH2-CH-CH2Cl+NaCl+R20 
(l,3-dichloropropanol-2) (Epichlorohydrin) 

By-products produced in small quantities are 1,2,3-trichloro-

propane (CH2Cl CHClCH2Cl) and chloro-ethers such as: 

bis-2,3-dichloropropyl ether bis-1,3-dichloropropyl ether 

A process flow diagram is shown in Figure l attached. 

The mixture of hypochlorous acid and hydrochloric acid react-

ants is produced by absorbing chlorine in water. This acid mixture 

plus allyl chloride are then fed to the reactor. After chlorination, 

the reaction mixture (containing the dichloropropanols, some feed 

materials and reaction by products) is sent to the separator. The top 

aqueous layer containing hydrochloric and hypochlorous acids is then 

recycled to the absorber; the bottom organic layer is sent to the 

dehydrochlorinator where the dichloropropanols are dehydrochlorinated 

using sodium hydroxide. 

The reactant mixture from the dehydrochlorinator is steam 

stripped. An azeotropic mixture is formed consisting of water and 

crude epichlorohydrin. This mixture is taken overhead, condensed, and 

sent to a liquid/liquid separator. 

-;Y-
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The waste water from the bottom of the steam stripper(l) is stripped 

in the aqueous phase stripper where small amounts of epichlorohydrin 

are recovered overhead and recycled to the steam-stripper condenser; 

t.1e bottom stream is discharged as water waste.* 

The bottom organic phase from the liquid/liquid separator is fed 

to the organic phase stripper where residual water is removed overhead.(2) 

The bottom stream of crude eplchlorohydrio is fed to the purification column 

where it is purified by fractlonation(3) Purified epichlorohydrin ls 

distilled overhead. The bottom stream from the purification column 

is the waste stream of concern in t·his document. 

c. Waste Generation and Management 

The waste stream from this process is the heavy organic 

bottoms (stream 3) from the product purification column. Three plants 

(two in Texas, one in Louisiana) generated 12,500 tons of heavy ends (still 

bottoms) in the production of 469.6 million lbs. of epichlorohydrin 

in 1978(26,27). The primary disposal technique (1979) was reported to be 

incineration. lt is assumed, based on usual waste management practice, that 

the heavy ends are stored in holding ponds or other temporary storage 

facilities prior to incineration. 

III. Discussion of Basis for listing 

A. Hazards Posed by the Waste 

Epichlorohy<lrin purification column bottoms typically contain the follow-ing 

contaminants in the inrlicated concentrations:(27) 

*This water stream is not presently listed as hazardous. 
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Percent 

Epichlorohydrin 2 

Chloroethers 14 

Trichloropropane 70 

Dichloropropanol 10 

Chlorinated aliphatics 4 

100 

The ~aste constituents of concern are epichlorohydrin, the chloroethers, 

trich~orpropane and dichloropropanol. Epichlorhydrin has been identified 

as a substance exhibiting substantial evidence of carcinogenicity by 

EPA's Carcinogen Assessment Group. It ls also an animal mutagen and 

is very toxic. The chloroethers are likewise recognized by the 

Agency as known animal and likely human carcinogens. Their toxicity 

is likewise high. (See pp. 9-13 following.) Trichloropropane and 

dichloropropanol are very toxic. Large quantities are therefore available 

for environmental release in high concentrations. 

These waste constituents are present in very substantial 

concentrations and are generated in large quantities (12,500 tons ln 

1978). There is thus a strong likelihood that the waste constituents 

will reach environmental receptors and cause substantial hazard if 

waste constituents are mismanaged. 

+ 
-30~-



Waste mismanagment may certainly occur. As noted above, the 

primary disposal for this waste is by incineration prior to which 

the waste may be stored in holding ponds or other temporary storage 

containers. Disposal by incineration, if mismanaged, could result in 

serious air pollution through release of toxic fumes. This may occur 

when incineration facilities are operated in such a way that combustion 

is incomplete (i.e. inadequate conditions of temperature, mixing and 

resi~ence time) resulting in airborne dispersion of hazardous vap~rs 

containing waste constituents of concern, as well as other newly formed 

harmful organic substances. Phosgene is an example of a partially 

combusted chlorinated organic which is produced by the decomposition 

of chlorinated organics by heat.(32,33,34) This could present a significant 

opportunity for exposure of humans, wildlife and vegetation in the 

vicinity of these operations to risk through direct contact and also 

through pollution of surface waters. 

Temporary storage, if not properly managed, may also lead to the 

release of harmful constituents. Thus, if holding ponds lack proper 

flood control design features, there is a danger that the organics, 

during periods of heavy precipitation could be emitted due to flooding 

of the ponds. Should flooding occur, epichlorohydrin is stable enough 

to be transported to surface waters. (Appendix B) This eventually 

could result in drinking water contamination. Actual contamination of 
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a public water supply by epichlorohydrin occured on January 23, 1978, 

when a tank car derailed, spilling 197,000 pounds of epichlorohydrin in 

West Virginia.* Nearby wells at a depth of 25 feet were heavily contaminated, 

demonstrating' ability to be mobil ln soils. A similar hazard could result 

if epichlorohydrin-containing wastes were disposed in an uncontrolled 

pond or lagoon. 

The chloroethers are also capable of significant migration via 

surface water pathways.(4) They have been found in surface and groundwaters 

at concentrations exceeding the USF.PA recommended maximum allowable concen-

tration levels in drinking water of 0.42mg/l, demonstrating a propensity 

to migrate and persist.(6)** 

Waste constituents might also escape from the holding pond via 

a groundwater pathway if storage is improper (for instance using ponds in 

locations with permeable soils). Epichlorhydrin is highly soluble (66,000 

ppm), and is thus capable of migration. It absorbs to organic constituents 

in soil, and so mobility would be high where organic content is low.C2~) 

The chloroethers are also highly soluble (Appendix B) and, although tending 

to absorb to soils, have been shown to be mobile and persistent enough to 

be found in groundwater at concentrations exceeding the proposed human 

health water quality criteria, as noted above.** 

* OSW Hazardous Waste Division, Hazardous Waste Incidents, unpublished, 
open file, 197R. 

** The Agency is not using these standards as quantitative benchmarks, but 
is citing them to give some indication that very low concentrations of 
these contaminants may give rise to substantial hazard. 



From the holding ponds or in surface water, most of the chlorin-

ated propanols would under~o hydrolysis and biodegradation. The dissolved 

portion, however, could move with a water front through the soil profile. 

Under some conditions, the chlorinated propanols could reach a ground 

water aquifer (Appendix B). Degradation of chlorinated propanols in 

groundwaters would be much slower as evidenced by the observance of 

many related chlorinated ethanes, ethylenes, in Love Canal leachate, 

methanol, ethanol and isopropyl alcohol some 30 years after disposal. 

(29,30,31) 

Data show that chemical analogs, dichloroethaneC 7) an~ 

dibromochloropropane,(8) have permeated the soil mantle to contaminate 

groundwater, again suggesting a similar behavior for propanols. In 

addition the chloropropanols tend to bioaccumulate in aquatic 

organisms,(9) thus increasing potential exposure to higher levels of 

the food chain, including man. 

~pichlorohydrin could also pose a threat via an inhalation exposure 

pathway due to its relatively high volatility. (28) Thus, lack of adequate 

cover could result in air pollution to surrounding areas. 

~ 
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B. Health and Ecological Effects 

1. Epichlorohydrin 

Health Effects - Epichlorohydrin has been demonstrated to 

be carcinogenic in animals(l) upon inhalation of vapors. This compound 

has also been recognized by the Agency as a chemical compound which has 

exhibited substantial evidence of carcinogenicity. (35) Epichlorohydrin 

is very toxic (oral rat LD50=90mg/Kg]. Both respiratory cancers and 

leukemia are in excess among some exposed worker populations.(10,11) 

Epichlorohydrin vapor also has been demonstrated to induce aberrations in 

humans and animal chromosomesC12,13) and has induced birth defects in 

animal studies conducted by the Dow Chemical Company. It is a known mutagen 

to non-mammalian species.(7) Several investigators have found that epichloro

hydrin possesses anti-fertility propertiesClO). Altered reproducttve 

function has been reported for workers occupationally exposed to epichloro-

hydrin. Dow Chemical Company researchers have observed degenerative changes 

in nasal tissue; severe kidney and liver damage has also been found in 

animals exposed to vapors of epichlorohydrin.(16,17) Additional 

information and specific references on the adverse effects of epichlorohydrin 

can be found in Appendix A. 

~egulatory Recognition of Hazards - The OSHA time weighted 

average for skin contact with epichlorohydrin in air is 5 ppm. DOT 

requires a label warning that this chemical is a poison and a flammable 

liquid. 

-1-f(-
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Industrial Recognition of Hazards - Epichlorohydrin is intensely 

irritating and moderately toxic by the oral, percutaneous and subcutaneous 

routes as well as by inhalation of the vapors (Fassett and Irish, Industrial 

Hygiene and Toxicology). ~lunkett considers it highly toxic in his 

Handbook of Industrial Toxicology. 

2. Chloroethers - bis (chloromethyl) ether and bis (2-chloroethyl) 
ethers 

Health Effects Both bis (chloromethyl) ether and bis (2-

chloroethyl) ethers are identified as carcinogens in animalsC18,19) 

under laboratory conditions. These che~icals have also been recognized 

by the Agency as demonstrating substantial evidence of carcinogenicity. 

Bis (chloromethyl) ether is very toxic {oral rat LD50=210 mg/Kg~ inhalation 

rat LD50=7ppm/7~1· Bis (2chloroethyl) ether is also very toxic (oral 

rat Ln50=75mg/Kg]. Epidemiological studies of workers in the United 

States, Germany and Japan who were occupationally expose~ to both ethers 

indicate that they are human carcinogens.(20) They have also been 

shown to be mutagens in bacterial screening systems.(20) Additional 

information and specific references on the adverse effects of chloroethers 

can be found in Appendix A. 

Regulatory Recognition of Hazard - Chloroethers are designated 

as priority pollutants under Section 307(a) of the CWA. Bis (chloroethyl) 

ether has a designated OSHA ceiling of 15 ppm. His (chloromethyl) ether 

is designated by OSHA as a carcinogen and is required by DOT to carry 

labels that say "flammable liquid" and "poison". 
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Industrial Recognition of Hazard - Sax (Dangerous Properties 

of Industrial Materials) states that bis (chloromethyl) ether has an 

unknown systemic toxic hazard rating but it is a carcinogen. ~is 2 

(chloroethyl) ether is highly toxic via ingestion, inhalation and skin 

absorption. ~oth chemicals are listed as priority pollutants by the EPA. 

3. Trichloropropane 

Health Effects - 1,2,l-Trichloropropane is a strong irritant 

and can be toxic by oral ingestion, inhalation, or dermal application.(21,22) 

Trichloropropane is very toxic [oral rat LDso=320 mg/Kg]. Tsulaya et a1C23) 

observed significant changes in central nervous system function, as well as 

enzyme changes in blood, liver, and lungs. Additional information and specific 

references on the adverse effect of trichloropropane can be found in Appendix A. 

Regulations - The OSHA TWA for trichloropropane in air is 50 ppm. 

Industrial Recognition of Hazard - Trichloropropane is designated 

in Sax, Dangerous Properties of Industrial Materials, as a highly toxic 

skin irritant, moderately toxic systemic poison via oral, inhalation and 

skin absorption routes and as a cumulative toxin. 

4. Dichloropropanols 

Health Effects - Roth industrially occurring isomers, 1,3-dichloro-

propanol-2 [oral rat LD50=90 mg/Kg] and 1,2-dichloropropanol-3 [oral rat LD50= 

490 mg/Kg] are very toxic to laboratory animals, causing systemic as well 

as local toxic effects. The toxic symptoms caused by the 1,3 isomer have 
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been compared to that of the liver toxin carbon tetrachloride which causes 

acute and often irreversible hepatic failure. Both compounds are potent 

s!~in and lung irritants, absorbed by all routes of exposure and tend to accum-

ulate in the organism.(24) Additional information and specific references 

on the adverse effects of dichloropropanols can be found in Appendix A. 

Industrial Recognition of Hazard - Dichloropropanol is desig-

nated in Sax, Dangerous Properties of Industrial Materials as moderately 

toxic via inhalation and highly toxic via ingestionC24). 

-~ 
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Response to Comments - Heavy Ends (Still Bottoms) from 
the Purification Column in the Production of Epichlorohydrin 

Heavy ends (still bottoms) from the purification 

column in the production of epichlorohydrin (K017) are listed 

as hazardous because they contain a number of toxic constituents, 

including eplchlorohydrin. One commenter objected to the 

inclusion of epichlorohydrin as a constituent of concern in 

this particular listing. The commenter argued that since 

there are only two manufacturers at a total of only three 

sites in the u.s., the li~elihood that the waste constituents, 

especially epichlorohydrin, will reach environmental receptors 

and cause substantial hazard ls small especially since the 

commenter believes that epichlorohydrin is "readily degradable" 

(i.e., the commenter believes that the statement in the 

listing background document that "epichlorohydrin is stable 

enough to be transported to surface waters" (EPA BD-11 at 

302) is unsupported by the absence of any hydrolysis rates, 

microbial degradation rates, photolysis rates or oxidation 

rates). Further, the commenter believes that the Agency may 

have misinterpreted the toxicological studies of epichlorohydrin 

conducted by the Dow Chemical Co. The commenter therefore 

recommends that epichlorohydrin be deleted as a basis for 

listing waste K017. 

The Agency strongly disagrees with the commenter's 

unsubstantiated conclusion. While manufactured at only three 

sites, these plants are all located on the Texas/Louisiana 
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Gulf Coast area where the average yearly rainfall is heavy 

and the groundwater is close to the surface. The waste 

constituents, i~cluding epichlorohydrin, are also present in 

substantial concentrations and are generated in large quanti

ties. T~erefore, Rhould the large amounts of waste constituents 

be exposed to a leaching media and be released as a result of 

mismanagement, large areas of ground and surface waters may 

be affected in the Texas/Louisiana Gulf Coast area. Additionally, 

while information may be limite~ on hydrolysis rates, microbial 

degradation rates, photolysis rates and oxidation rates, 

epichlorohydrin has in fact been documented to migrate and 

contaminate drinking water. further, as noted in the back-

ground document, the primary disposal for this waste is by 

incineration prior to which the waste may be stored in holding 

ponds or other temporary storage containers. Disposal by 

incineration, if mismanaged, could result in the release of 

toxic fumes when incineration facilities are operated in 

such a way that combustion is incomplete; phosgene is an 

example of a partially combusted chlorinated organic which 

is produced by the decomposition of chlorinated organics by 

heat. 

Finally, the Agency, in assessing the toxicity/carcino

genicity of epichlorohydrin, used a number of studies, 

including some conducted by the Dow Chemical Co. in arriving 

at the conclusion that epichlorohydrin is toxic/carcinogenic. 

In fact, before a chemical compound is deemed carcinogenic 



by CAG, it is subject to much detailed study of the literature, 

thus, is unlikely that the Agency has misinterpreted the 

commenter's data. The Agency, therefore, will continue to 

include epichlorohydrin as a constituent of concern in this 

particular listing. 
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LB:37-2 
LISTING BACKGROUND DOCUMENTS 

ETHYL CHLORIDE PRODUCTION 

Heavy Ends from the Fractionation Column in Ethyl Chloride Production (T) 

T 
~- SUMMARY OF BASIS FOR LISTING 

The heavy ends or bottoms from the fractionation column used in 

the production of ethyl chloride contains l,2-dichloroethane, trichlor-

ethylene and many other heavy chlorinated organics. The Administrator 

has determined that these sludges are solid wastes which may pose a 

present or potential hazard to human health and the environment when 

improperly transported, treated, stored, disposed of or otherwise managed 

and therefore should be subject to appropriate management requirements 

under Subtitle C of RCRA. This conclusion is based on the following 

considerations: 

(1) The fractionation column bottoms or heavy end sludges contain 
3% ethyl chloride*, 22% dichloroethanes, 32% trichloroethylene, 
and 43% heavy chlorinated organics. l,2-Dichloroethane is a 
suspected carcinogen and trichloroethylene and many of the 
heavy chlorinated organics in the wastes have been identified 
by the Agency as exhibiting substantial evidence of being 
carcinogenic. 

(2) The wastes traditionally have been managed by land disposal. 
Information obtained from telephone contacts with manufacturers** 
indicates that some of the wastes are also incineTated in 
thermal destruction facilities. The substances in the wastes, 
if not managed properly, could be emitted to the air if the 
wastes are inadequately incinerated or improperly land disposedt 
or could leach from improperly managed or designed landfills 
and injection wells to reach humans and other environmental 
receptors. Hexachlorobenzene (a typical heavy chlorinated 
organic in column bottoms) has been shown to bioaccumulate in 
animal and human tissues through inhalation following mismanagement 

*The Agency is aware that ethyl chloride is highly ignitable, with a flash 
point of -58°F. Generators are, of course, responsible for determining 
if these wastes are ignitable, even though listed for toxicity only. 

**Those manufacturers requested to remain anonymous. 



during transportation and improper disposal. Trichloroethylene 
(another waste component) has shown to have leached into well 
water from waste disposal sites. 

(3) A large quantity (a combined total of about 35,000 metric 
tons per year) of these wastes are generated annually. 

II. INDUSTRY PROFlLE 

In 1979, ttere were reported to be six plants in the U.S. with capacity 

to produce about 330,000 metric tons/year of ethyl chloride.Cl) Two of the 

plants are located in Texas, two in Louisiana, one in New Jersey and one in 

California. The average plant produces about 64,000 metric tons/year. The 

range for individual plants is about 35,000 to 100,000 metric tons/year. 

Since most of the ethyl chloride produced is used for the manufacturing of 

tetraethyl lead, production is on the decline. 

III. MANUFACTURING PROCESS DESCRIPTION 

Most of the ethyl chloride produced is manufactured by catalytic 

hydrochlorination of ethylene.Cl) A process flow diagram is given in 

Figure 1. Ethylene and anhydrous hydrogen chloride gases are mixed and 

reacted at 35-40°C in the presence of an aluminum chloride catalyst. The 

reaction is exothermic. The vaporized products are fed into a column or 

"flash drum" where crude ethyl chloride is separated from heavier 

polymers. The polymer bottoms are a salable by-product. Finally, the 

crude ethyl chloride is refined by fractionation. The fractionation waste 

(on figure 1), or heavy ends, is composed of 3% ethyl chloride, 22% dichloro-

ethanes, 32% trichloroethylene, and 43% heavy chlorinated organics.(2) Thia 

is the waste stream listed in this document. 

IV. WASTE GENERATION AND 1".ANAGEMENT 

The heavy ends from the fractionating column are generated at a rate 
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of about .093 cuns per ton of ethyl chloride produced.{2) 1he total 

quantity of waste produced is, therefore, approx.imately 35,000 metric 

tons per year (based on the 1979 production figures). 

The wastes from ethyl chloride manufacture are usually combined for 

disposal with chlorinated hydrocarbon wastes of similar composition 

generated in the manufacture of chlorinated solvents {chloromethanes) at 

the same plant site. In 1973, it was reported that the combined wastes 

were sent to land d1sposa1.(2) More recent information indicates that 

some wastes are being incinerated in thermal destruction facilities 

(see p. 1 1 above). 

vr. DISCUSSION OF BASIS FOR LISTING 

A. HAZARDS POSED BY THE WASTE 

As indicated earlier 1 the heavy ends from fractionation in 

ethyl chloride production contain 22% dichloroethanes, 32% trichloro-

ethylene, and 43% heavy chlorinated organics (such as hexacblorobutadiene. 

and hexa.chlorobenzeneC2)) many of which have been identified by the Agency 

as substances which exhibit substantial evidence of carcinogenicity. 

Further, all of the chlorinated organic constituents in the waste 

demonstrate acute aquatic toxicity, generally showing increasing 

toxicity with increasing chlorination. Should these compounds reach 

environmental recepters, the potential for resulting adverse effects 

would be extremely high. 

These waste constituents are capable of migration. The solubility 

in water of these chlorinated compounds is quite high: dicbloroethane -

8700 ppm{4). trichloroethylene - 1000 ppm(S), and hexachlorobenzene -

500 ppmC 4>. the high solubilities of these constituents indicate a 



strong propensity to migrate from inadequate land disposal facilities. 

Thus, improperly constructed or mangaged landfills (for example, landfills 

located in areas with permedble soils, or with inadequate leachate control 

practices) could easily fail to impede leachate formation and migration. 

Once released from the matrix of the waste, these constitutents 

could migrate through the soil to ground and surface waters utilized as 

drinking water sources. A number of actual damage incidents documenting 

the leaching of constituents from waste sites and subsequent to ground-

water contamination (see Damage Incidents pp. 6-8) have occurred. These 

damage incidents also confirm that many of these chlorinated compounds 

are environmentally persistent, since they obviously persist in the 

environment long enough to reach environmental receptors. 

Another problem which could result from improper landfilling of 

these wastes is the potential for contaminants to volatilize into the 

surrounding atmosphere. Volatilized waste constituents, hexachlorobenzene 

in particular, have caused actual damage (see Damage Incidents, 1-3, PP• 

6-7). 1,2-Dichloroethane (60 mm Hg at 20°C)C4) is also highly volatile, 

and therefore, could volatilize and thus present an air pollution problem 

if improperly managed (for example, if landfilled without adequate cover). 

More recent information indicates that some wastes are being 

incinerated in thermal destruction facilities. Inadequate incineration 

conditions (temperature plus residence time) can result in incomplete 

combustion and air emission of the harmful chemical substances contained 

in the wastes as well as degradation products. 

The large quantities (a combined total of about 35,000 metric tons 

per year) of this waste disposed of annually is another area of concern 

to the Agency. As previously indicated, there are substantial concentrations 
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of these toxic constitutents (22% dichloroethanes, 32% trichloroethylene, 

43% heavy chlorinated organics) in the waste stream. The large quantities 

of these contaminants pose the danger of polluting large areas of 

ground and surface waters. Contamination could also occur for long 

periods of time, since large amounts of pollutants are available 

for environmental loading. All of these considerations increase the 

possibility of exposure to the harmful constituents in the wastes. 

B. DAMAGE INCIDENTS 

The constituents found in the ethyl chloride fractionation column 

wastes have been implicated in a number of past damage incidents. 

There have been three damage incidents caused by one of the 

substances present in the heavy ends, hexachlorobenzene(3): 

(1) In Louisiana, hexachlorbenzene (HCB), a toxic industrial 

by-product, was dumped in a rural landfill where it sublimated. Cattle 

absorbed HCB in their tissues and 20,000 animals were quarantined by the 

State Department of Agriculture (Lazar, 1975). This incident illustrates 

the ability of HCB to bioaccumulate. 

(2) In Southern Louisiana, industrial wastes containing 

hexachlorobenzene (HCB), a relatively volatile material, were transported 

over a period of time to mlDlicipal landfills in uncovered trucks. High 

levels of HCB have since been reported in the blood plasma of individuals 

along the route of transport. In a sampling of 29 households along the 

truck route, the average plasma level of HCB was 3.6 ppb with a high of 

23 ppb. The average plasmal level of HCB in a control group was 0.5 ppb 

with a high of 1.8 ppb (Farmer et al., 1976). This incident illustrates 

the ability of HCB to get into the blood stream from inhalation. 
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(3) Hexachlorobenzene wastes were disposed in landfill sites 

in southern Louisiana. Some of the waste was covered following disposal, 

and some was not. Soil and plant samples taken near the landfill area 

showed a decreasing HCB content as distance from the landfill increased. 

The RCB levels in the plasma of landfill workers was reported to range 

from 2 to 345 ppb; the average level in a control group was 0.5 ppb with 

a high of 1.8 ppb. A study of the land disposal of the hexachlorobenzene 

wastes indicated that uncovered wastes released 317 kilograms per hectare 

per year (kg/ha/yr). This incident further illustrates the ability of 

HCB to present a hazard due to improper landfill management and inhalation. 

There have also been three damage incidents resulting from the 

mismanagement of trichloroethylene 1 another waste constituent. 

(l) In one inciden~ in Michigan, an automotive parts manu-

facturing plant routinely dumped spent degreasing solutions on the open 

ground at a ~ate of about 1000 gallons per year from 1968 to 1972. 

Trichloroethylene was one of the degreasing solvents present in the spent 

solutions. Beginning in 1973, trichloroethylene in nearby residential 

wells was detected at levels up to 20 mg/l. The dump site was the only 

apparent source of possible contamination (6). This illustrates the 

migratory potential and persistence of improperly disposed trichloro-

ethylene. 

(2) In a second incident, also in Michigan, an underground 

storage tank leak~d trichloroethylene which was detected in local ground

water up to four miles away from the land(7). This also illustrates the 

migratory potential of trichloroethylene. 

(3) In April of 1974, a private water well in Bay City, Michigan 

became contaminated by trichloroethylene. The only nearby source of this 

-Y-
- 32~-



chemical was the Thomas Company (which replaced the well with a new one). 

The company cl.aimed that, although it had discharged tr ichloroethylene 

into the ground in the past, it had not done so since 1968. Nevertheless, 

in May, 1975, two more wells were reported to be contaminated with tri

chloroethylene at concentrations of 20 mg/l and 3 mg/l, respectively.(3) 

This further illustrates the migratory potential and persistence of this 

compound. 

c. Health and Ecological Effects 

1. 1,2-Dichloroethane 

Health Effects - 1,2-Dichloroethane is a carcinogen.(9) In 

addition, this compound and several of its metabolites are highly mutagenic 

(10, 11). 1,2-Dichloroethane crosses the placental barrier and is embryo

toxic and teratogenic (12 - 16), and has been shown to concentrate in the 

milk of nursing mothers.(17) Exposure to this compound can cause a variety 

of adverse health effects including damage of the liver, kidneys and other 

organs, internal hemorrhaging and blood clots (18). 1,2-Dichloroethane 

is a designated priority pollutant under Section 307(a) of the .CWA. 

Additional information and specific references on adverse health effects 

of 1,2-dichloroethane can be found in Appendix A. 

Ecological Effects - Values for a 96-hour static LC50 for 

bluegills ranged from 236 to 300 mg/1.(19) 

Regulations - OSHA has set the TWA at 50 ppm. DOT requires 

the containers for this chemical to carry a warning that it is a flammable 

liquid. 
The Office of Air, Radiation and Noise has completed pre-

regulatory assessment of 1,2-dichloroethane under Sections 111 and 112 

of the Clean Air Act. Pre-regulatory assessments are also being conducted 

-JY-
-327-



u' EPA's Office of Water and Waste Management under the Safe Drinking 

Water Act and by the Office of Toxic Substances under the Toxic Substances 

Control Act. 

Industrial Recognition of Hazard - Sax, in Dangerous Properties 

of Industrial Materials, rates 1 1 2-dichloroethane as highly toxic upon 

ingestion and inhalation. 

2. Trichloroethylene 

Priority Pollutant - Trichloroethylene is listed as a 

priority pollutant in accordance with §307(a) of the Clean Water Act of 

1977. { 20) 

Health Effects - Trichloroethylene is identified as a 

carcinogen.(39) It has also been identified by the Agency as a compound 

exhibiting substantial evidence of carcinogenicity. Trichloroethylene 

has been shown, both through acute and chronic exposure, to produce 

disturbances of the central nervous system and other neurological 

effects(22,23,24). Trichloroethylene has been found to cause 

heptacellcer cancinoma in mice. Additional information on the adverse 

effects of trichloroethylene can be found in Appendix A. 

3. Hexachlorobenzene (HCB) 

Priority Pollutant - HCB is listed as a priority pollu-

tant under Section 307(a) of the Clean Water Act. 

Health Effects - Hexachlorobenzene (HCB) has produced cancers 

in animal species(25,26) and has been recognized by the Agency to be 

carcinogenic.(39) Other animal studies have shown that HCB crosses 

the placental barrier to produce toxic effects and was lethal to fetuses.(27) 

Hexachlorobenzene is stored for long periods in body fat. Chronic exposure 



to HCB has been shown to result in damage to the liver and spleen.(28) 

It has also been demonstrated that at doses far below those which are lethal, 

HCB enhances the body's ca?ability to toxify, rather than detoxify, other 

foreign organic compounds prcs~nt in the body through its metabollsm.(29) 

The recommended ambient criterion(31) level for HCB in wastes 

is 1.25 nanograms per liter. Actual measurements, on the other hand, of 

finished drinking water in certain geographic areas have been measured 

at levels up to six times the recommended criterion designed to protect 

human health, demonstrating the mobility and persistence of the mater1a1.(38) 

Ecological Effects - Hexachlorobenzene is very persistent.{32) 

It has been reported to move through the soil into the groundwater.(21) 

Movement of hexachlorobenzene within surface water systems is projected 

to be widespread.(30) Movement to this degree will likely result in 

exposure to aquatic life forms in rivers, ponds, and reservoirs. 

Similarly, potential exposure to humans is likely where water supplies 

are drawn from surface waters. 

Hexachlorobenzene is likely to contaminate accumulated bottom 

sediments within surface water systems and bioaccumule in fish and other 

aquatic organisms.{30) 

Regulatory Regulation of Hazard - Ocean dumping of hexa-

chlorobentene is prohibited. An interim food contamination tolerance of 

0.5 ppm has been established by FDA. 

Additional information on the adverse effects of hexachlorobenzene 

can be found in Appendix A. 

4. Hexaclorobutadiene(HCBD) 

Priority Pollutant - Hexachlorobutadiene is considered a priority 

pollutant under Section 307(a) of the CWA. 



Routes of Exposure - oral-very toxic 

Health Effects - Hexachlorobutadiene (HCBD) has been found 

to be carcinogenic in animals.(23,39) Upon chronic exposure of animals 

by the DOW Chemical Company and others, the kidney appears to be the 

organ most sensititve to HCBn.(34,35,36,37) 

The proposed human health criterion level for this compound 

in water is .77 ppb. 

Ecological Effects - Movement of HCBD within surface water 

systems is projected to be widespread.(30) 

HCBD is likely to contaminate accumulated bottom sediments 

within surface water systems and is likely to bioaccumulate in fish and 

other aquatic organisms.(30) 

The USEPA (1979) has estimated that the BCF is 870 for the 

edible portion of fish and shellfish consumed by Americans. 

Hexachlorobutadiene is persistent in the envirorunent.C32) It 

has been reported to move tht'ough soil into g-roundwater. 

Industrial Recognition of Hazard - Hexachlorobutadiene is considered 

to have a high toxic hazard rating via both oral and inhalation routes (Sax, 

Dangerous Properities of Industrial Material). 

Additional information on the adverse effects of hexachlorabutadiene 

can be found in Appendix A. 
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Response to Cn!;r!ients - Heavy Ends or Distillation Residues from the 

Production of Ethyl Chloride 

One comm~nt2r requested that the Agency reassess its interpretation of 

what materials actually constitute waste in the production of ethyl chloride. 

The commenter pointed out that many of these materials are not discarded and 

never become wastes; instead, they are further processed within a short 

time to other products and manufacturing intermediates. 

In reviewing the available information, the Agency has evidence to 

indicate that these wastes traditionally have been managed by land 

disposal. Additionally, information obtained from telephone contacts 

with manufacturers of ethyl chloride indicates that some of these wastes 

are also incinerated in thet'lllal destruction facilities. Therefore, these 

wastes are "discarded" and, thus, meet the definition of a solid waste 

(§261.2) and will continue to be listed as hazardous. However, this 

waste is not always discarded, as evidenced by the comments received 

(i.e., these wastes may be used, reused, recycled or reclaimed). As 

discussed in the preamble to the Part 261 regulations promulgated on May 

1q, 1980 (45 FR 33091 - 33095) 1 the Agency has concluded that it does 

have jurisdiction under Subtitle C of ~CRA to regulate waste materials 

that are used, reused, recycled or reclaimed. A large number of comments 

have been received, however, which challenge this conclusion. The Agency 

is giving these comments serious consideration, but has not presently 

finalized this portion of the regulations. Therefore, until a final 

decision is reached with respect to materials which are used, reused, 

recycled or reclaimed, the following guidance is offered to individual 

plants to assist them in determining their responsibilities under the 

hazardous waste regulations: 
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o If the listed waste is always discarded at the individual 

plant, the waste always is subject to the full set of 

hazardous waste regulations. 

o If the listed waste is sometimes discarded at a particular 

plant, but sometimes used, reused, recycled or reclaimed, 

(not used as an intermediate) the waste would only be subject to 

the full set of hazardous waste regulations when discarded. 

When used, reused, recycled or reclaimed the waste would be 

subject to the special requirements for listed wastes contained 

in §261.6(b) of the hazardous waste regulations (45 FR 33120). 

o If the listed waste is typically processed through the next ste? 

of the process within a short time, the material does not meet 

the definition of a solid waste (i.e., is an intermediate product), 

and is therefore not subject to the hazardous waste regulations 

(45 FR 33119, and see discussion at 45 FR 33093-094). 
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ORD-A-4 

LISTING BACKGRO•. ND DOCUMENT 

ETHYLENE DICHLORIDE AND VINYL 1;HLORIDE MONOMER PRODUCTION 

Heavy ends from the distill1tion of ethylene dichloride in 
ethylene dichloride producti~n. (T) 

Heavy ends from the distillition of vinyl chloride in vinyl 
chloride monomer production. (T) 

Summary of Basis for Listin: 

The heavy ends from the dis1,llation of ethylene dichloride in 

ethylene dichloride (EDC) production, ind the distillation of vinyl chloride 

in production of vinyl chloride monome (VCM) contain toxic chemicals 

and chemicals that are carcinogenic, mL:agenic, or teratogenic. The 

waste constituents of concern are ethyl!ne dichloride, trichloroethanes 

(1,1,1/1,1,2), tetrachloroethanes (1,l,!,2/l,l,1,2), vinyl chloride, 

vinylidene chloride, chloroform, and ca 'on tetrachloride. 

The Administrator has determi1:d that the heavy ends generated 

during the purification (distillation) l: crurle EDC and VCM is a solid 

waste stream which may pose a substanti · present or potential hazard to 

human health or the environment when in°:operly transported, treated, 

stored, disposed of, or otherwise manaE•i, and therefore should be subject 

to appropriate management requirements 1.1der Subtitle C of RCRA. This 

conclusion is based on the following crsiderations: 



1. Of the compounds present in the ethylene dichloride 
and vinyl chloride monomer wastes, many are known or 
suspected carcinogens, and several are mutagenic and/or 
teratogenic. 

2. Disposal of these wastes is accomplished partially by use 
of landfills, whichJ if improperly designed or operated, 
could result in leaching of hazardous substances into 
ground or surface water and subsequent risk of human 
exposure to the dangerous components of the waste. 

J. Hydrocarbons, such as those predominating in this waste, 
are highly mobile and persistent in the soil profile 
and saturated subsurface, and have been responsible for 
many reported cases of ground water pollution. Enhancing 
this potential for ground and surface water pollution is 
the fact that most of this waste is produced and disposed 
of in Gulf coastal areas where water tables and rainfall 
are generally high. 

4. The total combined waste generation for the balanced EDC/VCM 
process is estimated to be 170-370 million lb./yr. Such a 
large volume of w·aste containing dangerous constituents 
justifies imposition of strict controls. 

II. Source of the Wastes and Typical Disposal Practices 

A. Profile of the Industry (1,2) 

Ethylene dichloride (EDC) and vinyl chloride monomer (VCM) 

are produced at 20 plants within the United States. Table 1 presents a 

list of EDC and VCM producers. EDC is produced by ~oth the direct 

chlorination of ethylene and the oxychlorination of ethylene. VCM is 

produced by the thermal cracking (dehydrochlorination) of EDC. The waste 

streams listed in this document thus arise in many cases out of a common 

production process. Figure t presents a summary of the chemical reactions 

involved in prorlucing EDC and VCll.J. 

Production in 1978 was 6.346 million metric tons for ~DC 

and 3.776 million metric tons for VCM (Table 1). 
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TABLE 1. PRODUCERS AND 1978 PRODUCTION CAPACITIES OF 
ETHYLENE DICHLORIDE AND VINYL CHLORIDE MONOMER 

(metric tons/yr) (1, 2) 

Ethylene Vinyl chloride 
Company Plant location dichloride monomer 

Allied Baton Rouge, Louisiana 272,000 136,000 
Borden Geismer, Louisiana 136,000 
Conoco Lake Charles, Louisiana 54'•,000 318,000 
Diamond Shamrock Deer Park, Texas 145,000 

LaPorte, Texas 454,000 
Dow Freeport, Texas 726,000 91,000 

Oyster Creek, Texas 499,000 318,000 
Plaquemine, Louisiana 590,000 363,000 

Ethyl Baton Rouge, Louisiana 318,000 136,000 
Pasadena, Texas 113,000 

Goodrich Calvert City, Kentucky 454,000 454,000 
PPG Lake Charles, Louisiana 585,000 181,000 

Guayanilla, ~uerto Rico 485,000 277,000 
Mono chem Gelsmar, Louisiana 136,000 
Shell Oeer Park, Texas 635,000 381,000 

Norco, Louisiana 544,000 318,000 
Stauffer Long Reach, California 141,000 77,000 
Union Carbide Taft, Louisiana 68,000 

Texas City, Texas 6R,noo 
Vulcan Geismar, Louisiana 159,000 

TOTALS 6,346,000 3,77fl,OOO 
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ETHYLENE DICHLORIDE VIA DIRECT CHLORINATION OF ETHYLENE 

ETHYLENE DICHLORIDE VIA OXYCHLORINATION OF ETHYLENE 

VINYL CHLORIDE MONOMER VIA THERMAL CRACKING OF ETHYLENE DICHLORIDE 

ETHYLENE DICHLORIDE AND VINYL CHLORIDE MONOMER 
VIA THE BALANCED PROCESS 

Figure 1. Alternative methods of producing ethylene 
~!chloride and vinyl chloride monomer. 
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Manufacturing Process, Waste Composition and Waste Management (1, 65, 66) 

As noted above, ethylene dichloride (EOC) is produced by two 

processes: the direct cblorination of ethylene and the oxychlorination of 

ethylene. Vinyl chloride monomer (VCM) is produced by the thermal cracking 

of EDC yielding hydrogen chloride (HCL) as a by-product. In the "balanced 

process", ethylene is converted to EDC in two equally sized production 

units utilizing direct chlorination and oxychlorination of ethylene. The 

HCl by-product produced by the thermal cracking of EOC to form VCM and by 

·direct ethylene chlorination is used as feed for the oxychlorination 

unit. The flow diagram for the balanced process is given in Figure 2. 

For those VCM plants that purchase EDC, the by-product HCL is recovered 

and sold or used in other hydrochlorination processes. 

1. EDC Production by Direct Chlorination of Ethylene 

The chemical reaction for the direct chlorination of ethylene 

to produce ethylene dichloride is equation (l) in Figure l. Ethylene is 

chlorinated catalytically in a vapor- or liquid-phase reaction, in the 

presence of ethylene dibromide to prevent polychlorination, at temperatures 

ranging between 50°C and l50°C and at 10 to 20 psig pressure. The catalysts 

used are metallic chlorides; e.g., ferric, aluminum, copper, or antimony. 

Commercially, ferric chloride is employed as a catalyst in the liquid-phase 

system. Yields are reported at approximately 90% based on ethylene.(3) 

Chlorine is mixed with ethylene and fed to a reactor where the 

reaction takes place in the liquid phase with an excess of EDC. The 

reaction is exothermic (217.6 MJ/mole or 52 kcal/mole), and heat is 

removed by jacketed walls, internal cooling coils, or external heat 
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exchange. A liquid and a vapor stream are obtained from the reactor. 

The overhead vapor effluent from the reactor is condensed in a 

water-cooled or refrigerated heat exchanger to condense any ethylene 

dichloride present in the vapor stream. Noncondensables are sent through 

a scrubber fed with diluted sodium hydroxide to remove small amounts of 

hydrogen chloride and chlorine gas before venting to the atmosphere. 

Liquid effluent from the reactor, consisting mainly of crude 

ethylene dichloride, is cooled, then washed with a 6% to 8% caustic solution. 

Water is removed either by coalescing and phase separation, or by phase 

separation and light ends distillation. Ethylene dichloride is obtained 

as overhead in a heavy ends distillation column. Based on common practice 

in the chlorinated hydrocarbon industry, these distillation bottoms, consist-

ing of heavy ends, are sent to disposal or used as a feedstock in another 

process; this is the first waste stream of concern in this document. 

A list of the pollutants found in the distillation column heavy 

ends in the direct chlorination process are presented in Table 2, along 

with their amounts. 

Table 2. HEAVY ENDS FROM DIRECT CHLORINATION [l) 

Ethylene dichloride - 3.3 lb/ton of ethylene dichloride 
1,1,2 Trichloroethane - 5.39 lb/ton of ethylene dichloride 
Tetrachloroethane - 5.39 lb/ton of ethylend dichloride 
Tars - trace 



2. EDC Production by Oxychlorination of Ethylene 

The chemical reaction for the oxychlorination of ethylene to pro-

duce ethylene dichloride follows is presented as equation (2) in Figure 1. 

Air and hydrogen chloride react with ethylene in a fluidized-

or fixed-bed catalytic process to produce ethylene dichloride. The 

catalyst used is a mixture of copper chloride and other chlorides. 

Reactor temperature varies between 1~0°C and 280°C, and pressure ranges 

from 340 to 680 kPa gauge (50 to 100 psig). Yields are over 90% based 

on ethylene, depending on the presence of excess ethylene or hydrogen 

chloride. Excess hydrogen chloride favors the reaction • 
. 
St~ichiometric amounts of ethylene, anhydrous hydrogen chloride, 

and.atr'~~~~f.d to a catalytic reactor. The air is compressed and preheated 

prior.Fo ~!lng the reactor as a means of initiating the reaction. Con

ver;itci\.'.of .l;t-hylene is virtually complete in one pass through the reactor. 

The rea~1o,n is highly exothermic, and heat is recovered as steam, with 

internal cooling, using coils or fixed-bed multitube reactors which resemble 

a heat exchanger, with the catalyst contained inside the tubes, while 

coolant flows through the shell.(3) 

Effluent from the reactor is cooled by either direct water quench 

or indirect heat exchange. Condensed effluent is sent to a phase separator. 

Noncondensable gases consisting mainly of nitrogen are contacted in an 

absorber with either water or aromatic solvent for removal of HCl and 

recovery of ethylene dichloride hefore venting to the atmosphere. The 

organic liquid product obtained in the phase separator joins the stream 

of the product from direct chlorlnatlon and is contacted with aqueous 
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caustic soda to neutralize any remaining hydrogen chloride. 

Effluent from the neutralizer is distilled for removal of light 

ends consisting of water and light chlorinated hydrocarbon impurities. The 

. * light ends are recovered as overhead and sent to waste disposal. Bottoms 

from the distillation column, which consist mainly (96% to 98%) of ethylene 

dichloride, are sent to the final products purification or distillation 

column. Pure ethylene dichloride is obtained as overhead and sent to storage. 

The heavy ends from the EDC purification (or distillation) column are the 

waste stream at issue here. Table 3 indicates pollutants contained in the 

EDC heavy ends from the oxychlorination process. 

Table 3. HEAVY ENDS FROM OXYCHLORINATION [2) 

Ethylene dichloride - 4.6 lb/ton of ethylene dichloride 
Trichloroethane - 4.6 lb/ton of ethylene dichloride 
Heavy chlorinated compounds - S.8 lb/ton of ethylene dichloride 

Disposal of these wastes is expected to be by incineration or landfilling, 

based on common practice in the chlorinated hydrocarbon industry or used 

as a feedstock in another process. 

3. VCM Production 

Vinyl chloride is produced from purified EDC. The purified 

EDC is thermally cracked to yield crude VCM and hydrochloric acid (HCl). 

The HCl is recovered and used as feed to the oxychlorination reactor. 

*I This waste stream is not presently listed as hazardous. 



~Lude VCM is distilled to yield pure VCM. Heavy ends from VCM distillation 

are disposed of as waste or are recycled for additional thermal cracking 

and/or further chlorination to form other chlorinated organic products. 

It should be noted that the balanced process generates both EDC 

heavy ends and VCM heavy ends. In an integrated plant some heavy ends 

from the VCM plant are cycled to the ethylene dichloride still. In a 

non-integrated plant, they are stripped of the ethylene dichloride, 

which is to be recycled to the VCM unit. In either case, the ultimate 

resldue when wasted is expected to be disposed of by incineration or 

landfill, based on common practice in this industry (i.e., the chlorinated 

hydrocarbon industry). 

The bottoms from the ethylene dichloride plant are partially 

cycled to a downstream chlorination unj.t where.~]:cs.idual heavy ends 

are partially ietained and partially 9-nt to wz-=rr ·Based OD common 

industry practice, disposal is expected to be by'INE'ineration or land-

fill. 

The heavy ends waste discharge (for both EDC heavy ends and VCM 

heavy ends) for a plant producing ethylene dichloride and vinyl chloride 

monomer by the balanced process is estimated to consist principally of 

the components listed in Table 4 below: 

Table 4 Estimated Heavy Ends Waste Discharge for EDC 
and VCM Production by the Balanced Process 

Ethylene Dichloride 3-S lb/ton of EDC 

Trichloroethane 4-5 lb/ton of EDC 

Tetrachloroethane 2-5 lb/ton of EDC 

Heavy Chlorinated Compounds (Tars) 3-6 lb/ton of EDC 



This estimate assumes that the major constituents of EOC heavy 

ends and VCM heavy ends will be the same - a reasonable supposition since 

not all the carbon bonds in the EDC feedstock will be cracked by 

dehydrochlorination, so that these waste constituents will remain to be 

separated as heavy ends in the VCM distillation step. 

The quantities shown in Table 4 are averages derived from the heavy 

end composition data shown in Tables 2 and 3. Relative concentrations of 

major waste constituents may be determined from the amounts of constituents 

shown in Tables 2-4. 

In addition to the major components listed in Table 4, the combined 

ethylene dichloride - vinyl chloride monomer heavy ends waste discharge also 

is expected to contain lesser quantities of the following compounds: 

Vinyl Chloride 

Vinylidene Chloride 

Trichloroethylene 

Tetrachloroethylene 

Chloroform 

Carbon Tetrachloride 

The postulated reaction pathways for these constituents (briefly 

stated) are as follows. Vinyl chloride is likely to be present since it 

is the product and would not be removed completely in the distillation step. 

Vinylidene chloride would result from the dehydrochlorination of trichloro-

ethylene (a major constituent of EDC heavy ends) trichloroethylene would 

result from the dehydrochlorination of tetrachloroethane (another major 



constituent of EOC heavy ends). Trichloroethylene could in turn be 

chlorinated to form tetrachloroethylene. Chloroform could result from 

the dehydrochlorination of feedstock EDC, and could in turn be chlorinate~ 

to form carbon tetrachloride. 

III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

1. Quantities of Wastes Generated 

Based on annual production capacities of approximately 14 

billion pounds (6.35 million metric tons) for ethylene dichloride inter-

mediate and 8.3 billion pounds (3.78 metric tons) for vinyl chloride 

monomer end product, as much as 30 million pounds of ethylene dichloride 

and 30 million pounds each of trichloroethane and tetrachloroethane may 

be present in the heavy ends waste generated from the production of these 

substances each year. Very large quantities of other waste constituents 

will also be generated. Thus, extremely large quantities of waste consti-

tuents are available for environmental release. Additionally, ethylene 

dichloride, 1,1,2-trichloroethane, and 1,1,2,2-tetrachloroethane--also 

present in high concentrations--are known carcinogens, while 1,1,1-tri-

chloroethane and 1,1,1,2-tetrachloroethane, also present in high concen-

trations, are suspected carcinogens. In addition, the waste also contains 

lesser quantities or vinyl chloride, vinylidene chloride, tetrachloroethylene, 

trichloroethylene, and chloroform, all of which are known carcinogens. A 

number of the compounds found in this waste also exhibit mutagenic or 

tetraogenic effects, including 1,1,1,-trichloroethane, 1,1,2-trichloroethane, 

and the tetrachloroethanes. Should release occur, large-scale contamination 

of the environment is likely. Moreover, contamination will be prolonged, 
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since large a.:nounts of the pollutants are available for environmental loading. 

Attenuative capacity of individual disposal sites also could be exhausted 

due to the large quantities of pollutants available. These considerations 

themselves justify hazardous waste listing status. 

Further, as shown below, the waste constituents are capable of 

migration, mobility, and persistence if improperly managed. Indeed, numer-

ous damage incidents involving these waste constituents have actually 

occurred. 

2. Exposure Pathways of Concern 

Based on common industry practice, current methods for disposal 

of this waste are by incineration or landfilling. Improper management 

of either method can result in substantial hazard. Improper incineration 

could result in serious air pollution through release of toxic fumes. 

This may occur when incineration facilities are operated in such a way 

that combustion is incomplete (i.e., inadequate conditions of temperature, 

mixing and residence time) resulting in airborne dispersion of hazardous 

vapors containing partially combusted organics, newly formed organic 

compounds, and hydrogen chloride. Phosgene is an example of a partially 

chlorinated organic which is produced by the decomposition or combustion 

of chlorinated organics by heat.(61, 62) Phosgene has been used as a 

chemical warfare agent, and is extremely toxic. Improper incineration 

thus could present a significant opportunity for exposure of humans, 

wildlife and vegetation in the vicinity of these operations to risk 

through direct contact. 

Improper disposal in landfills can also lead to substantial 

environmental hazard. Migration to and subsequent contamination of ground 



and surface waters is a particular danger. All of the waste constituents 

of concern tend to be highly soluble in water (with the exception of 

vinyl chloride, which is a gas), with solubilities ranging from 800 mg/l 

(carbon tetrachloride) to 8700 mg/l (ethylene dichloride (Appendix B). 

Thus, these waste constituents will tend to migrate in high concentrations 

under even relatively mild enviromnental conditions. Improperly sited 

landfills (for example, in areas with highly permeable soils, or in areas 

where soil is low in attenuative capacity) or improperly managed (for 

instance, landfills with inadequate leachate collection or monitoring 

systems) could easily prove inadequate to prevent waste migration. 

Once these waste constituents migrate from the waste, they are 

likely to persist in groundwater for long periods of time (App. B). 

Thus, improperly designed landfills could well lead to human and 

environmental exposure, and attendant substantial hazard in light of the 

hazardous nature of the waste constituents. 

An air inhalation pathway is an additional exposure route of 

concern. Of the waste constituents, ethylene dichloride, the trichloro-

ethanes, the tetrachloroethanes, chloroform, and carbon tetrachloride all 

tend to be relatively to highly volatile, with vapor pressures ranging 

from Smm Hg. (tetrachloroethanes) to 116 mm Hg. (chloroform) (App. B.). 

Vinyl chloride is already a gas, so it also poses a substantial air pollu-

tion hazard. Inadequate site cover could therefore lead to escape of 

volatile waste constituents and resulting contamination of air in the 

vicinity surrounding the site. 

There is, therefore, a strong potential that landfilling of 

these wastes will ultimately result in pollution of nearby groundwater 



by ethylene dichloride, the trichloroethanes, the tetrachloroethanes, 

and other similar waste components. This is enhanced by the fact that 

most of this waste is produced and, presumably, disposed of in Gulf 

coast areas (see Table 1) where water tables are generally shallow and 

rainfall is relatively high. 

There is also the possibility that components of this waste 

could enter surface waters, either by mishandling of the waste prior to 

disposal or by migration of individual compounds through groundwater to 

points of discharge to surface waters. 

In surface waters, the chlorinated ethanes and ethylenes will 

tend to volatize due to their high vapor pressures. However, traces will 

probably remain for extended periods of time. ~hloroform, one of the 

waste components, in fact, has been shown to persist almost indefinitely 

in surface water. (App. B) 

3. Actual Damage Incidents 

Actual damage incidents confirm these waste constituents' 

ability to migrate and persist and cause substantial hazard if improperly 

managed. The chlorinated ethanes and ethylenes-such as those which 

predominate in this waste-are the classes of organic pollutants being 

identified far more often than any other pollutant types in current 

groundwater pollution incidents. For example, ethylene dichloride, 

(l,2-dichloroethane) has been found in groundwater from public water 

supply wells at Bedford, Massachusetts, where the source is believed to 

be industrial operatlons upstream.(4) 

At the Llangollen landfill in Oelaware, dichloroethane (ethylene 
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dichloride and/or 1,1-dichloroethane) has been found migrating from the 

landfill through nearby ground water.(5) In new Jersey, seepage from 

landfilled wastes near the CPS chemical company resulted in contamination 

of nearby ground water by trichloroethane and tetrachloroethane.(6) 

1,1,1-Trichloroethane was detected in ground water at Acton, Massachusetts, 

where the source is believed to be a settling lagoon at a nearby manufacturing 

plant.(4) Extensive contamination of ground water by trichloroethylene 

has also been reported in southeast Pennsylvania.(7) Trichloroethylene 

has also been found in school and basement air, and in residential 

basements in Love Canal.(64) 

Field reports such as t~ese clearly indicate that the release of 

low molecular weight chlorinated hydrocarbons into the soil will result 

in pollution of groundwater with the potential risk of substantial adverse 

health effects. This is further substantiated by recent laboratory studies 

in which l,l,2-trichloroethane, chloroform, and similar compounds were 

observed to move through a four foot profile of sandy soil with little 

retardation relative to water and no apparent degradation.(~) Also, 

field studies in the Netherlands and California have shown that low 

molecular weight chlorinated hydrocarbons, such as those occurring 

in this waste, are highly mobile and persistent in the saturated ground 

water environment.(9, 10) 

In light of the highly dangerous character of the constituents of 

concern in the waste, some of which are likely to be present in high 

concentrations, the Agency would require strong assurance that these 

constituents will not migrate and persist if improperly landfilled or 

incinerated. Data in fact indicate that these constituents may well 

migrate and persist via a number of exposure pathways. Thus, these 
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wastes clearly should be listed as hazardous. 

B. Health and Ecological Effects 

l. Ethylene Dichloride 

Health Effects - Ethylene dichloride (l,2-dichloroethane) 

has been shown to cause cancer in laboratory animals.(11) Ethylene 

dichloride is extremely toxic (oral rat LD50 a 12 mg/Kg). In addition, 

this compound and several of its metabolites are highly mutagenic.(12) 

1,2-Dichloroethane crosses the placental barrier and is embryotoxic and 

teratogenic.(13-17) It has also been shown to concentrate in milk.(18) 

Exposure to this compound can cause a variety of adverse health effects 

including damage to the liver, kidneys and other organs. It can also 

cause internal hemorrhaging and blood clots.(19) Ethylene dichloride 

(1,2-dichloroethane) is designated as a priority pollutant under section 

307(a) of the CWA. Additional information and specific references on 

adverse effects of ethylene dichloride can be found in Appendix A. 

Ecological Effects - Values for a 96 hour static LC50 

for bluegills range from 256 to 300 mg/1.(20) 

Regulatory Recognition of Hazard - OSHA has set the 

TWA at SO ppm. DOT requires the containers for this chemical to carry a 

warning that it is a flammable liquid. The Office of Air Pollution and 

Noise has completed the preregulatory assessment of 1,2-dichloroethane 

under sections 111 and 112 of the Clear Air Act. Preregulatory assessments 

are also being conducted by EPA's Office of Water and Waste Management 

under the Safe Drinking Water Act and by the Office of Toxic Substances 

under the Toxic Substances Control Act. Ethylene dichloride is currently 

being studied by the Consumer Product Safety Commission under the Consumer 

Product Safety Act. 
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Industrial Recognition of Hazard - Sax in Dangerous Properties 

of Industrial Materials rates 1,2-dichloroethane as highly toxic upon 

ingestion and inhalation. 

2. 1,1,l-Trichloroethane (Methyl Chloroform)* 

Health Effects - The area of greatest health concern 

regarding 1.1,1-trichloroethane exposure involves its potential for 

mutagenlc, teratogenic and carcinogenic effects. In vitro studies 

have indicated that 1,1,1-trlchloroethane is slightly mutagenic with or 

without activation.(2~,57,58) These studies were performed using the 

Ames system which is characteristically insensitive to chlorinated 

hydrocarbons. 1,1,1-Trichloroethane was also positive in an in vitro 

mammalian cell transformation assay.(19) However, the results of two 

animal carcinogen bioassay studies were inconclusive due to design and 

experimental problems.(la,20,56) The NCI is currently re-evaluating 

the carcinogenic potential of l,lt1-trichloroethane. Studies of the 

teratogenic potential of 1,1,1-trichloroethane are also suggestive; 

however, more studies are needed to make a conclusive statement.(56) 

Other than pschophysiolog1cal effects, 1,1~1-trichloroethane 

exposure at or below the OSHA-PEL (350 ppm) does not result in either 

acute or chronic toxic complications. At very high concentrations 

(710,000 ppm), ~owever, 1,1,l-trichloroethane produces cardiovascular 

and CNS narcotic effects, and can cause death from cardiac failure. 

Animal studies as well as accidental human exposure, have shown that, 

*The discussion on the health and environmental effects of 1,1,1-trichloro
ethane has been modified as a result of comments received on the hazard
ousness of 1,1,1-trichloroethane on other listings. 



at these high inhalation concentrations, 1 1 1,1-trirhloroethane produces 

a "chlorinated hydrocarbon" type of microscopic pathology liver and 

kidneys (fatty infiltration, cellular necrosis) which is characterized 

as being much less severe than that produced by carbon tetrachloride 

or trichlorethylene. Additional information and specific references 

on the adversion effects of 1,1,1-trichlorethane can be found in 

Appendix A. 

Ecological Effects - Lethal concentrations (LC50, 96 

hour values) are reported ranging from 33 mg/l (Dab), and 70 mg/1 

(Sheepshead minnow) to 69.7 mg/1 (Bluegill) and 105 mg/l (Flathead 

minnow).(24,56) 

1,1,1-Trichloroethane in common with other volatile hydrocarbons, 

volatilizes from water to an appreciable extent. However, retrans-

port to water from the atmosphere and decreased volatilization rates 

from stagnant water render the aquatic compartment an important sink 

for 1,1,1-trichloroethane. The major ecological concern, however, 

ls its possible role as an ozone depleter. In recent years there has 

been considerable concern over human activities appreciably altering 

the levels of ozone in the stratosphere. The tropospheric lifetime of 

1,1,1-trichloroethane is believed to be in the range of 4-12 years, and 

it has been estimated that 10-20 percent of the 1,1,1-trlchloroethane 

molecules released at the earth's surface will eventually reach the 

stratosphere.(59) Studies simulating conditions obtained at high 

altitudes have shownC60) that the lax resident time of 1,1,1-trichloro-

ethane in the stratosphere and the hig~ solar uv intensity will result 

in its eventual total destruction yielding free Cl atoms which are known 

to destroy stratospheric ozone. 



Regulations - 1,1,1-Trichloroethane is designated as a priority pollutant 

under Section 307(a) of the CWA. OSHA has set the TWA at 350 ppm. EPA 

has recommended an am~ient water quality criterion at 15.7 mg/l. ~ecause 

of wide use and exposure, and the inadequacy of currently available 

information, the TSCA Interagency Testing Committee has recommended (55) 

further evaluation to establish the carcinogenicity, mutagenicity and 

teratogenicity and other chronic effects of 1,1,1-trichloroethane. 

Industrial Recognition of Hazard - Sax Dangerous Properties 

of Industrial Matrials lists 1,1,1-trichloroethane as carcinogenic and 

moderately toxic. 

3. 1,1,2-Trichloroethane 

Health Effects - 1,1,2-Trichloroethane has been 

shown to cause cancer in mice.(27) It has also been identified by the 

Agency as a compound exhibiting substantial evidence of carcinogenicity. 

(67) There is evidence that 1,1,2-trichloroethane is mutagenic and 

may be embryo toxic or cause teratogenic effects.(13-17,2R-30) 

1,1,2-Trichloroethane is considered toxic [oral rat LD50 = 1140 mg/Kg]. 

Like the other compounds of this type, the trichloro-

ethanes are narcotics, produce central nervous system effects, and can 

damage the liver, kidney and other organs.(lQ) 1,1,2-Trichloroethane is 

designated as a priority pollutant under Section 307(a) of the CWA. 

Additional information and specific references on the adverse effects of 

1,1,2-trichloroethane can be found in Appendix A. 

F.cological Effects - Aquatic toxicity data are limited 

with only three acute studies in freshwater fish and invertebrates with 
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doses ranging from 10, 700 to 22,000 mg/1.(20) 

Regulations - OSHA has set the TWA at 10 ppm (skin). 

Indus~rial Recognition of Hazard - Sax, Dangerous 

Properties of Industrial Materials, lists 1,1,2-trichloroethane as being 

moderately toxic by inhalation, ingestion and skin absorption. 

4. Tetrachloroethanes 

Health Effects - 1,1,2,2-Tetrachloroethane has been 

shown to produce liver cancer in laboratory mice.(31) It has also been 

identified by the Agency as a compound exhibiting substantial evidence of 

being carcinogenic. (67) It is also shown to be very toxic [oral rat 

LD50 m 200 mg/Kg]. In addition, passage of 1,1,l,2-tetrachloroethane 

across the placental barrier has been reported.(29) In Ames Salmonella 

bioassay 1,1,2,2-tetrachloroethane was shown to be mutagenic.(32) 

Occupational exposure of workers to 1,1,2,2-tetrachloroethane produced 

neurological damage, liver and kidney ailments, edema, and fatty degeneration 

of the heart muscle.(33) Both 1,1,1,2-tetrachloroethane and 1,1,2,2-

tetrachloroethane are designated as priority pollutants under Section 

307(a) of the CWA. Additional information and specific references on 

the adverse effects of the tetrachloroethanes can be found in Apendix A. 

Ecological Effects - Freshwater invertebrates are 

sensitive to 1,1,2,2-tetrachloroethane with a lethal concentration of 

7-8 mg/l being reported.(20) USEPA estimates the BCF to be 18. 

Regulations - OSHA has set the TYA at S ppm (skin) for 

1,1,2,2-tetrachoroethane. 

Industrial Recognition of Hazard - Sax, Dangerous 

Properties of Industrial Materials, lists 1,1,2,2-tetrachloroethane as 
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being highly toxic via ingestion, inhalation and skin absorption. 

5. Trichloroethylene 

Health Effects - Trichloroethylene has been demonstrated 

to induce liver cancer in mice.(34) It has also been identified by the 

Agency as a compound exhbiting substantial evidence of c~cinogenicity.(67) 

This compound may be absorbed into the body by inhalation, by ingestion, 

or by absorption through the skin.(34) 

An excess of lung, cervical, and skin cancers and a 

slight excess of leukemias and liver cancers were observed in a study of 

330 deceased la\Uldry and dry-cleaning workers who had been exposed to 

carbon tetrachloride, trichloroethylene, and tetrachloroethylene.(35) 

Trichloroethylene is mutagenic in bacteria and yeast 

and in spot tests for somatic mutations in mice.(36) 

Numerous fatalities resulting from anesthesia with tri-

chloroethylene and from industrial intoxications have been reported.(34) 

Acute and chronic inhalation of trichloroethylene effects the central 

nervous system. Toxic effects on the liver and other organs can occur 

from exposure by any route, and there is an indication that the hepa-

totoxic effect of trichloroethylene is enhanced by concomitant exposure 

to ethanol or isopropyl alcoho1.(34,36) Additional information and 

sepcific references on the adverse effects of trichloroethylene can be 

found in Appendix A. 

Ecological Effects - Freshwater fish (bluegill) are 

poisoned by trichloroethylene during a 96 hour exposure to 40-60 mg/l 

concentration range.(37) 

Regulations - OSHA has set a TWA at 100 ppm. 
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Industrial Recognition of Hazard - Sax, Dangerous 

Properties of Industrial Materials, lists trichloroethylene as a high 

systemic toxicant via inhalation and moderat~ via ingestion. 

6. Tetrachloroethylene 

Health Effects - Tetrachloroethylene is a carcinogen 

in laboratory mice.(38) It has also been identified by the Agency as a 

compound exhibiting substantial evidence of carcinogenicity.(67) The 

compound can be absorbed into the body via inhalation, by ingestion, 

and through the skin to increase its toxic effects.(30) 

It has also been reported to be mutagenic and to cause 

transformation of mammalian cells.(30) An excess of lung, cervical and 

skin cancers and a slight excess of leukemias and liver cancers were observed 

in a study of 330 deceased laundry and dry-cleaning workers who had been ex-

posed to carbon tetrachloride, trichloroethylene, and tetrachloroethylene.(35) 

There is some evidence that tetrachloroethylene may be 

teratogenic. Repeated exposures to tetrachloroethylene vapors produced a 

variety of pathological change in the liver ranging from fatty degeneration 

to neurosis in rats, rabbits and guinea pigs. Exposure to this compound 

may also effect the kidneys and other organs. It also causes central 

nervous system effects and gastrointestinal symptoms.(30) 

A case of "'obstructive jaundice" in a six week old 

infant has been attributed to tetrachloroethylene in breast milk.(40) 

Additional information and specific references on the adverse effects of 

tetrachloroethylene can be found in Appendix A. 

7 • Vinyl Chloride {V CM) 

Health Effects - Vinyl Chloride has been shown to be 
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a carcinoee~ in 1-~oratory st~dies.(41,42) It hRs ~lso been identified 

by the Agency as a cumpound exhibiting substantial evidence of carcino-

genicity.(67) This finding has subsequently been supported by epidemological 

findings.< 43• 44 > Vinyl chloride is very toxic [oral rat LD50 

= 500 mg/Kg]. Acute exposure to vinyl chloride results in anaesthetic 

effects as well as uncoordinated muscular activities of the extremeties, 

cardiac arrythmiasC45) and sensitization of the myocardium.(46) In severe 

poisoning, the lungs are congested and liver and kidney damage occur.(47) 

A decrease in white blood cells and an increase in red blood cells was 

also observed and a decrease in blood clotting ability.(48) Vinyl chloride 

is designated as a priority pollutant under Section 307(a) of the CWA. 

Additional information and specific references on the adverse effects of 

vinyl chloride can be found in Appendix A. 

Industrial Recognition of Hazard - Sax, Dangerous 

Properties of Industrial Materials, lists vinyl chloride as having a 

moderate toxic hazard rating via inhalation. 

8. Vinylidene Chloride 

Health Effects - Vinylidene chloride has been shown to 

cause cancer in laboratory animals.(49,50) It has also been identified 

by the Agency as a compound exhibiting substantial evidence of carcinogencity. 

(6 7) It is very toxic [oral rat Ln50 a 200 mg/Kg)C 49 >. Chronic exposure 

to vinylidene chloride can cause damage to the liver and other vital 

organs as well as causing central nervous system effects. Additional 

information and specific references on the adverse effects of vinylidene 

chloride can be found in Appendix A. 

Regulations - OSHA has set the TWA at 10 ppm. 



Industrial Recognition of Hazard - DOT requires containers 

to be labeled "flammable liquid". 

The toxic hazard of vinylidene chloride is suspected of 

being similar to vinyl chloriie which is moderately toxic via inhalation, 

Sax, Dangerous Properties of Industrial Materials. 

9. Chloroform 

Health Effects - Chloroform has been shown to be carcinogenic 

in animals and is recognized as a suspect human carcinogen.(51) It has also 

been identified by the Agency as a compound exhibiting substantial evidence 

of carcinogenicityC67). Tangential evidence links human cancer epidemiology 

with chloroform contamination of drinking water.(52,53) Chloroform has 

also been shown to induce fetal toxicity and skeletal malformation in 

rat embryos.(54,55) Chronic exposure causes liver and kidney damage and 

neurological disorders.(52) Additional information and specific references 

on the adverse effects of chloroform can be found in Appendix A. 

Ecological Effects - USEPA has estimated that chloroform 

accumulates fourteenfold in the edible portion of fish and shellfisb.(52) 

The USEPA has recommended that contamination by chloroform not exceed 

500 mg/l in freshwater and 620 mg/l in marine environment.C52) 

Regulations - OSHA has set the TWA at 2 ppm. FDA pro-

hibits use of chloroform in drugs, cosmetics, and food contact materials. 

The Office of Water and Waste Management has proposed regulation of 

chloroform under Clean Water Act 311 and is in the process of developing 

regulations under Clean Water Act 304(a). The Office of Air, Radiation, 

and Noise is conducting preregulatory assessment of chloroform under the 

Clean Air Act. The Office of Toxic Substances has requested additional 
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testing of chloroform under Section 4 and is conducting a preregulatory 

assessment under the Federal Insecticide, Fungicide and Rodentic!de 

Act. 

Industrial Recognition of Hazard - Chloroform has been 

given a moderate toxic hazard rating for oral and inhalation exposures, 

Sax, Dangerous ~roperties of Industrial Materials. 

10. Carbon Tetrachloride 

Health Effects - Carbon tetrachloride is estimated to 

occur in this waste stream in low concentrations, but is a very potent 

carcinogen.(56) lt has been identified by the Agency as a c0111pound 

exhibiting substantial evidence of carcinogenicity.(67) The toxic effects 

{oral rat LD50 = 2800 mg/Kg} of carboq tetrachloride are amplified by 

both the habitual and occasional ingestion of alcohoI.(57) 

Obese individuals are especially sensitive to the 

toxic effects of carbon tetrachloride because the compound accu•ulatea 

in body fat.Ci~) It also causes harmful effects in humans as the 

undernourished, those suffering from pulmonary diseases, gastric ulcers, 

liver and kidney diseases, diabetes, or glandular disturbances.(59) 

The recommended criterion level in water designed to 

protect humans from the toxic effects of carbon tetrachloride is 2.6 

mg/1.(57) In measurements made during the N~ttonal Organics Monitoring 

Survey of 113 public water systems sampled, ll"of these systems had carbon 

tetrachloride at levels at or exceeding the recommended safe 11mit.C60) 

Carbon tetrachloride is a priority pollutant under Section 307(a) of the 

CwA. Additional information and specific references on the adverse 
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effects of carbon tetrachloride can be found in Appendix A. 

Ecological Effects - Movement of carbon tetrachloride 

within surface water systems is projected to be widespread. (See App. B) 

~ovement to this degree will likely result in exposure to aquatic life 

forms in rivers, ponds and reservoirs. 

Carbon tetrachloride is likely to be released to the 

atmosphere from surface water systems. In the atmosphere, carbon tetra-

chloride is slowly decomposed to phosgene, a highly toxic gas. In the 

incineration of carbon tetrachloride-containing wastes, phosgene is 

likely to be emitted under incomplete combustion conditions. 

Regulations - OSHA has set a TWA for carbon tetrachloride 

at 10 ppm. Carbon tetrachloride has been banned by the Consumer Product 

Safety Commission under the Hazardous Substances Act. 

Industrial Recognition of Hazard - According to Sax, 

Dangerous Properties of Industrial Materials, the oral toxicity rating is 

high. 
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Response to Comments - Heavy Ends from the Distillation of Ethylene 

Dichloride in Ethylene Dichloride Production and Heavy Ends from the 

Distillation of Vinyl Chloride in Vinyl Chloride Monomer Production 

One commenter raised several questions with respect to wastes K019 and 

K020 (Heavy ends from the distillation of ethylene dichloride in ethylene 

dichloride production and heavy ends from the distillation of vinyl 

chloride in vinyl chloride monomer production). 

1. The commenter first requested that the Agency reassess its 

interpretation of what materials actually constitute waste 

in the production of ethylene dichloride and vinyl chloride 

monomer. The commenter pointed out that many of these materials 

are not discarded and never become wastes; instead they are further 

processed within a short time to other products and manufacturing 

intermediates. 

In reviewing the available information, the Agency has evidence 

that these wastes traditionally have been managed by incineration 

or landfilling. Therefore, these wastes are "discarded" and, 

thus, meet the definition of a solid waste (§261.2) and will continue 

to be listed as hazardous. However, this waste is not always 

discarded, as evidenced by the comments received (i.e., these 

wastes may be used, reused, recycled or reclaimed). As discussed 

in the preamble to the Part 261 regulations promulgated on May 19, 

1980 (45 FR 33091-33095), the Agency has concluded that it does 

have jurisdiction under Subtitle C of RCRA to regulate waste materials 

that are used, reused, recycled or reclaimed. A large number of 
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comments have been received, however, which challenge this conclusion. 

The Agency is giving these comments serious consideration but has 

not presently finalized this portion of the regulations. Therefore, 

until a final decision is reached with resepct to materials which 

are used, reused, recycled or reclaimed, the following guidance is 

offered to individual plants to assist them in determining their 

responsibilities under the hazardous waste regulations: 

0 If the listed waste is always discarded at the individual 

plant, the waste always is subject to the full set of hazardous 

waste regulations. 

0 

0 

If the listed waste is sometimes discarded at a particular 

plant, but sometimes used, reused, recycled or reclaimed 

(not used as an intermediate), the waste would only be subject 

to the full set of hazardous waste regulations when discarded. 

When used, reused, recycled or reclaimed the waste would be 

subject to the special requirements for listed wastes contained 

in §261.6(b) of the hazardous waste regulations (45 FR 33120). 

If the listed waste is typically processed through the next 

step of the process within a short time, the material does 

not meet the definition of a solid waste (i.e., is an inter

mediate product), and is therefore not subject to the 

hazardous waste regulations (45 FR 33119, and see discussion 

at 45 FR 33093-094). 

2. The commenter then questioned the Agency's assessment of the 

toxicity of chloroform and objects to the inclusion of chloroform 



as a constituent of concern in this particular listing. Also, the 

commenter believes that EPA has no perspective of the significance 

of the aquatic toxicity data. 

The Agency strongly disagrees with the commenter. Chloroform 

has been designated carcinogenic by the Cancer Assessment Group 

(CAG) after much detailed study of the literature, including the 

National Cancer Institute bioassay test results (see reference 

material on CAG assessment for more details). Additionally, chloro

form has been shown to induce fetal toxicity and skeletal malforma

tion in rat embryos. Although research regarding other types of 

toxicity are still being conducted, the Agency believes that there 

is sufficient justification so as not to remove chloroform as a 

basis for listing wastes K019 and K020. 

The comment regarding EPA's lack of perspective on aquatic 

toxicity data is unclear and lacks supporting data, thus, no 

further comment will be made. 
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LISTING BACKGROUND DOCUMENT 

FLUOROCARBON PRODUCTION 

Aqueous spent antimony catalyst waste from fluoromethanes 
production. (T) 

I. Summary of Basis for Listing 

The production of chlorofluoromethanes via the liquid phase 

fluorination process results in the generation of an aqueous 

spent antimony catalyst waste which contains both toxic organic 

and inorganic substances, two of which are carcinogenic. The 

waste constituents of concern are antimony compounds. chloro-

form and/or carbon tetrachloride. 

The Administrator has determined that the wastewater from 

the production of chlorofluoromethanes via the liquid phase 

fluorination process is a solid waste which may pose a sub-

stantial present or potential hazard to human health or the 

environment when improperly transported. treated, stored, dis-

posed of or otherwise managed, and therefore should be subject 

to appropriate management requirements under Subtitle C of 

RCRA. This conclusion is based on the following considerations: 

(1) The waste stream contains significant quantities of antimony 
compounds, chloroform and/or carbon tetrachloride.• 

*Depending on the type of fluorocarbon being produced, either 
chloroform or carbon tetrachloride will be used as a raw material 
and appear in the waste stream as an excess reactant (see dis
cussion, "Industry Profile and Process Description," below). 



(2) Chloroform, carbon tetrachloride, and antimony compounds are 
highly toxic. Chloroform and carbon tetrachloride has been 
evaluated by EPA as substances exhibiting substantial evidence 
of carcinogenicity. Carbon tetrachloride has been shown to be 
teratogenic. 

\~) Chloroform and carbon tetrachloride are resistant to water 
treatment methods and are therefore likely to appear in drink
ing water if allowed to migrate from the waste into drinking 
water sources. These two constituents are also volatile and 
may pose a threat to human health via an air exposure pathway 
if not properly managed. Antimony compounds will persist in 
the environment (in some form) vitually indefinitely; therefore, 
if allowed to migrate from the waste may contaminate drinking 
water sources for long periods of time. 

(4) It is estimated that approximately 30,000 to 60,000 lbs. of 
spent catalyst is generated annually by the two plants using 
liquid phase fluorination and will be in the aqueous waste 
stream. The substantial quantity of waste generated increases 
the possibility of exposure should mismanagement occur. 

(S) Damage incidents involving the contamination of groundwater 
by antimony compounds, chloroform and carbon tetrachloride 
confirm the ability of these waste constituents to be mobile, 
persistent, and cause substantial harm.• 

II. Industry Profile and Process Description (29 1 30) 

Chlorofluoromethanes are manufactured by the fluorination of 

chlorocarbons. Two different fluorination processes may be used: 

liquid phase or vapor phase. This document is concerned solely with 

the aqueous spent catalyst waste from the manufacture of the 

*Although no data on the corrosivity of spent antimony 
catalyst is currently available, the Agency believes that 
this waste stream may have a pH greater than 12.5 and may 
therefore be corrosive. Under §§261.22 and 262.11, generators 
of this waste stream are responsible for testing their wastes 
in order to determine whether their waste is corrosive. 
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chlorof luoromethanes that are produced via liquid phase 

fluorination.* The commercial products produced by this 

segment of the fluorocarbon industry include chlorotrif luoro-

methane (CClF3), dichlorodifluoromethane (CCl2f2) 1 trichloro

fluoromethane (CCl3F), and chlorodifluoromethane (CHClF2)· Of 

the five (5) companies that manufacture these prod~cts, it is 

believed that two have plants that use the liquid phase fluorina-

tion process and generate the waste stream of concern: 

(1) 

(2) 

(3) 

(4) 

( 'i) 

Company 

DuPont 

Al lied Chemic a 1 

Kaiser Aluminum 
& Chemical 

Pennwalt 

'R.acon, Inc. 

** 

** 

(Source: reference 31) 

Location 

Antioch, CA 
Deepwater, NJ 
East Chicago, IN 
Louisville, KY 
Matague, MI 

Baton Rouge, LA 
Danville, IL 
Elizabeth, NJ 

'El Segundo CA 

Gramercey, LA 

Calvert City, KY 
Th.rough fare, NJ 

Wichita, KS 

Plant Size - Million 
'Pounds 'Per Year 

500 

190 

80 

60 

50 

Total: 880 

*In the vapor phase fluorination process, a proprietary, 
largely insoluble, metallic catalyst is used in place of the 
antimony catalyst. The vapor phase catalyst will tend to la~t 
longer and have lower concentrations of the constituents of con
cern than the antimony cat~lyst use~ in liquid phase fluorination. 

**These two plants use liquid phase f luorination and generate 
spent antimony chloride catalyst waste. 

1 
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The cblorofluoromethanes in the product family of concern are 

manufactured by fluorinating either carbon tetrachloride (CCl4) or 

chloroform (CHCl3) using hydrogen fluoride (HF) and antimony penta-

chloride (SbCl5) as a catalyst (see Figure 1). Carbon tetrachloride 

ls used as a starting material when trichlorofluoromethane (CC13F), 

dichlorodifluoromethane (CC1 2r 2 ), and chlorotrlfluoromethane (CC!F 3) 

are the desired products. (Tetrafluoromethane (CF4) is also formed 

as a co-product waste.) Chloroform ls used as feedstock when 

chlorodifluoromethane (CHClF2) and dichlorofluoromethane fCHCl2f) 

are the desired products. (A s~all amount of trichlorotrifluoroethane 

(C2Cl3F3) and trifluoromethane (CHF3) are formed as co-product wastes.) 

In both processes, the chlorine (Cl) in the starting materials is 

successively replaced with fluorine (F). For example, starting with 

carbon tetrachloride (CCl4), and hydrogen fluoride, the reaction ls 

carried out continuously to produce the product mi~ desired, usually 

a 50/50 blend of trichlorofluoromethane (CCl3F) and dichlorodifluoro

methane ccc12~2) as illustrated by the following equations: 

(1) CCl4 + HF --------> Cl3C-F + HCl 

(2) Cl3C-F + HF ------> CCl2F2 + RCl 

The main features of the process are shown in FiguTe 1. 

During the process, the antimony pentachloride catalyst 

(SbCl5) is reduced to antimony trichloride (ShCl3)• A slip 

1 
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stream is taken from (F) (see Figure 1.) to remove an aliquot 

portion of the spent catalyst. After washing, the aqueous 

!.. ~.?nt catalyst wastes (G) are sent to pits (H) where they are 

either disposed of or stored until further treatment. {The 

bulk of the antimony trichloride is recovered by the catalyst 

filter and dried and reactivated by chlorination to form antimony 

pentachloride, which is recycled to the fluorinator.) 

III. Waste Composition, Generation and Management 

Based on knowledge of process chemistry and best engineering 

judgment, the spent catalyst wastewater from liquid phase 

fluorination is expected to contain significant concentrations 

of the following constituents: 

(1) Spent antimony chloride catalyst not recovered by the 

catalyst filter. This spent catalyst wastewater will contain 

antimony tr1chlor1de as a metallic ion and other antimony 

compounds. 

(2) Organic residues from feedstock materials. These 

will include either carbon tetrachloride or chloroform, 

depending on which fluorocarbons are being produced. 

Based on an estimated production of 100 million lb/yr 

(at the Dupont, Louisville, and Racon plants), it is estimated 

,K 
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that 30-60 thousand lbs. of spent catalyst are generated annually 

and will be contained in the spent catalyst wastewater.* The 

wastewater will also contain dissolved chloroform and carbon 

tetrachloride in maximum concentrations of about 0.8 gms/100 gms 

of wastewater (based on these constituents water solubilities). 

Undissolved chloroform and carbon tetrachloride will also be 

entrained in the wastewater unless the orPanic layer of the 

aqueous wastestream has been separated prior to disposal. 

These wastes are typ'cally discharged to clay-lined pits 

(26) either for disposal or storage until further treatment. 

IV. niscussion of Basis for Listing 

A. Hazards Posed by Waste 

As noted above, the waste components of concern are 

antimony compounds. carbon tetrachloride and/or chloroform. 

Antimony compounds. chloroform and carbon tetrachloride are 

highly toxic. Chloroform is a suspected carcinogen. Carbon 

tetrachloride is a very potent carcinogen and has also been 

shown to be teratogenic. 

*This estimate is also based on data in "Fluorocarbon 
Hydrogen Fluoride Industry", EPA-600/2-77-023 February 1977. 
This quantity is believed significant, since large quantities 
of hazardous waste constituents are available for environmental 
release, increasing the risk of exposure should mismanagement 
occur. 



B· Expcsure pathways and migratory poteacial 

The waste constituents of concern may migrate f~om 

contaminate ground and surface waters. Antimony trichloride 

is extremely soluble (601.6 gm/100 gm H20 @ OaC), chloroform 

is highly soluble (2200 mg/l@ 25°C), and carbon tetrachloride 

is quite soluble (800 mg/l@ 20°C). Chloroform and carbon 

tetrachloride are also highly volatile: 160 mm Hg@ zo•c and 

91 mm Rg @ 20aC, respectively (water has a volatility of about 

17.s mm Hg@ 20°C).C28) 

Storage or disposal in clay-lined pits is the •ost usual 

management method for these wastes. ?his practice may be 

adequate to prevent soil and/or groundwater contamination if 

pits are not properly constructed, they can develop cracks or 

leaks through thin points in the wall with subsequent release 

of the waste into the environment, in light of the waste con-

stituents 1 migratory potential· In any case, wastes are hazard-

ous under RCRA even if they are properly managed in fact. The 

potential of the waste to cause substantial harm is the key 

factor, and these wastes are believed to have ample potential 

to cause substantial haza~d. 

These wastes also oay cau$e barm via additio~al exposure 

pathways. There is also a danger of migration into or contamina-

tian cf s~rfa~e ~at~rs if the ~its are i•properl1 deaig~ed 

or managed. Thus inadequate flood control measures could 

result in washout or overflow of the wastes. If the wastes 

r 
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are allowed to reach too high a level in the pits, the pits 

may overflow during periods of heavy rain, releasing their 

contents which may find their way into and contaminate 

surface water. 

There is also a danger of migration into the atmosphere 

if the disposal sites are inadequately designed or managed. 

Since chloroform and carbon tetrachloride are highly volatile, 

they may escape into the air and present a hazard to human 

health via an air inhalation pathway. Thus, these hazardous 

constituents could migrate from disposal sites with inadequate 

cover. 

Actual damage incidents confirm that these waste 

constituents are mobile, persistent and cause substantial 

hazard if improperly managed. The migratory potential of 

antimony compounds is confirmed by the fact that groundwater 

contamination from disposed antimony sludges has been observed 

in an Iowa incident (2). 

The migratory potential via an air pathway of chloroform 

and carbon tetrachloride is confirmed by the fact that both 

constituents have been identified as air contaminants in both 

schools and basements of homes located at Love Canal, 

New York ("Love Canal Public Health Bomb", A Special Report 

to the Governor and Legislature, New York State Department 

of Health, 1978). Chloroform has also migrated from the 

8 
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Love Canal site into surrounding basement sumps, demonstrating 

ability to migrate through soils. (Id.) Other incidents of 

groundwater contamination due to improper storage and burial 

of chloroform-containing wastes further confirm chloroform's 

ability to migrate through soils and contaminate groundwater. 

In one incident, chloroform was detected in a well at 

Dartmouth, MA. In a similar incident at Woburn, MA., chloro-

form migrated from an underground burial site to contaminate 

a municipal well in the vicinity (4). 

Antimony, since it is an elemental metal, will persist 

indefinitely in some form in the environment. Antimony 

trichloride also reacts vigorously with moisture, generating 

heat and highly irritating hydrogen chloride gas. The antimony 

component which results from this reaction can also cause 

systemic effects (27). 

The carbon tetrachloride and chloroform in the waste are 

volatile and if stored in an open clay pit will tend to slowly 

evaporate. Should the chloroform or carbon tetrachloride reach 

ground or surface water prior to evaporation, as both have been 

known to do (see above and p. 12), they could travel significant 

distances due to their resistance to microbial degradation 

( 3 ) • In addition, carbon tetrachloride and chloroform are 

resistant to water treatment and, if they are present in 

drinking water sour~es, are likely to appear in drinking 

water.(19,18) The incidents of the migration of these harm-

ful constituents previously mentioned (see p. ~) demonstrate 



that they may persist long enough to reach and cause harm to 

a receptor, via either a water (ground or surface) or air 

pathway. 

c. Health and Ecological Effects 

l. Chloroform 

Health Effects - Chloroform has been recognized 

and regulated as a suspected carcinogen (32). It is also con-

sidered toxic (oral rat LD5o=ROO mg/kg] and has been evaluated 

by CAG as having substantial evidence of carcinogenicity. 

Tangential evidence links human cancer epidemiology with chloro-

form contamination (6) of drinking water. In laboratory studies, 

chloroform induces liver cancers in mice and causes kidney tumors 

in experimental rats (7). Chloroform was shown to induce fetal 

toxicity and skeletal malformation in rat embryos (S,9). Chloro-

form is a priority pollutant under Section 307(a) fo the CWA. 

Additionaly information on the adverse health effexts of chloro-

form can be found in Appendix A. 

Ecological Effects - The u.s. EPA has determined 

that chloroform accumulates fourteen-fold in the edible 

portion of fish and shellfish (10). 

Regualtions - OSHA has set the time weighted average 

at 50 ppm. 

Industrial Recognition of Hazard - Chlorofrom has 

been given a toxic hazard rating via oral routes by Sax in 

Dangerous Properties of Industrial Materials. 



2. Carbon Tetrachloride 

Health Effects - Carbon tetrachloride is a very 

potent carcinogen (11) and has also been shown to be teratogenic 

in rats when inhaled at low concentrations (12). It has also 

been evaluated by CAG as having substantial evidence of carcino-

genicity. Chronic effects of this chemical on the human central 

nervous system have occurred following inhalation of extremely 

low concentrations (20 ppm), with death at 1000 ppm (13). 

Adverse effects of carbon tetrachloride on liver and kidney 

function (acute and often irreversible hepatic failure), and on 

respiratory and gastrointestinal tracts (14,15) have also been 

reported. The toxic effects of carbon tetrachloride are ampli-

fled by both the habitual and occasional ingestion of alcohol 

(16). Especially sensitive to the toxic effects of carbon 

tetrachloride are obese individuals because the compound 

accumulates in body fat (17). It also causes harmful effects 

in undernourished humans, those suffering from pulmonary 

diseases, gastric ulcers, liver or kidney diseases, diabetes, 

or glandular disturbances (18). CaTbon tetrachloride is a 

priority pollutant under Section 307(a) of the CWA. Additional 

information and specific refeTences on the adveTse effects of 

carbon tetrachloride can be found in Appendix A. 

Ecological Effects - In measurements made during the 

National Organics Monitoring Survey of 113 public water systems 

samplerl. 11 of these systems harl carbon tetrachloride at levels 

at or exceP.ding the ~ero-~ended safe limit (19). 
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Response to Comments - Aqueous Spent Catalyst Waste from 

Fluoromethanes Production 

Aqueous spent catalyst waste from fluoromethanes production 

(K021) is listed as hazardous because it contains a number of 

toxic constituents, including chloroform. One commenter 

objected to the inclusion of chloroform as a constituent of 

concern in this particular listing. Also, the commenter 

believes that EPA has no perspective of the significance of 

the aquatic toxicity data. 

The Agency strongly disagrees with the commenter. 

Chloroform has been designated carcinogenic by the Cancer 

Assessment Group (CAG) after much detailed study of the 

literature, including the National Cancer Institute bioassay 

test results (see reference material on CAG assessment for 

more details). Additionally, chloroform has been shown to 

induce fetal toxicity and skeletal malformation in rat 

embryos. Although research regarding other types of toxicity 

are still being conducted, the Agency believes that there is 

sufficient justification to continue to include chloroform 

as a basis for listing waste K02l. 

The comment regarding EPA's lack of perspective on 

aquatic toxicity data is unclear and lacks supporting data, 

thus, no further comment will be made. 



LISTING BACKGROUND DOCUMENT 

PHENOL/ACETONE PRODUCTION 

0 Distillation ~ottom Tars from the Production of Phenol/ 
Acetone from Cumene. (T)~ 

I. Summary of Basis for Listing 

Distillation bottom tars from the production of phenol/acetone from 

cumene contains toxic and potentially carcinogenic organic substances. 

These include phenol and polycyclic aromatic hydrocarbons (PAR) as 

the pollutants of concern. 

Tbe Administrator has determined that the solid waste from phenol/ 

acetone production may pose a substantial present or potential hazard 

to human health or the environment when improperly transporte~, treated, 

scored, disposed of or otherwise manage~. and therefore should be sub-

ject to appropriate management requirements under Subtitle C of RC!tA. 

Thia conclusion is based on the following considerations: 

1. Approximately 100-220 million pounds of these wastes containing 
phenol and polycyclic aromatic hydrocarbons from tars are 
generated per year at 11 plants in the United States. 

2. Tars containing polycyclic aromatic hydrocarbons are demon
strated carcinogens and mutAgens 1 as well as being toxic. 
Phenol is toxic. 

3. There is potential for mismanagement of the waste by leakage 
during transport or storage, by improper disposal allowing 
leaching, or by incomplete incineration or combustion. 

ll"fhe Agency believes that the listing descr{ption ndistillatlon 
bottom tars" is more accurate than the originally proposed descrip
tion "heavy tars". The stream listed in this document does not, how
ever, differ from the one initially proposed. 



4. The waste tars persist in the environment, and phenol can spread 
rapidly in ground or surface water, posing a risk of exposure 
to these hazardous compounds to humans. 

II. Sources of Waste and Typical Disposal Practices 

A. Profile of the Industry 

Phenol/acetone is produced from cumene in eleven manufacturing 

plants scattered throughout.nine states. Production data from 1978 

have been reported to be 1,915 MM* lb phenol and 1,171 MM lb acetoneCl). 

B. Manufacturing ProcessC13,14) 

There are two steps in the nanufacturing process: (1) oxida-

tion of cumene to cumene hydroperoxide, and (2) cleavage of the hydro-

peroxide to form phenol and acetone. (A process flow chart is contained 

as Figure I below.) Cumene hydroperoxide is the first main reaction 

product when cumene is oxidized with air at 130°C in an aqueous sodium 

carbonate medium. The reaction mix is circulated to a vacuum column 

where unreacted cumene is separated from the mix and a cumene hydroper-

oxide concentration of about 80% is obtained in the bottoms product. 

Recovered cumene is recycled to the reactor. Any alpha methyl styrene 

contained in the recovered cumene is separated by distillation and 

sold or incinerated. However, not all of the alpha methyl styrene 

may be separated at this point. The 80% cumene hydroperoxide cumene 

mixture is then reacted vith 10-25% sulfuric acid at 60°C and co-mixed 

vith an inert solvent (such as benzene) to extract organic material 

from the aqueous acid. The mixture is allowed to settle. The acid 

phase is separated out and recycled to the process. The organic 

layer remaining is neutralized with dilute sodium hydroxide. The 

*MM - one million 
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resultant aqueous waste stream containing sodium sulfate, sodium 

phenate, phenol, acetone, and sodium stearate is separated and sent 

to wastewater treatment.* The crude, neutralized organic layer is 

then sent to a series of distillation columns where acetone, cumene, 

phenol and acetophenone and the solvent are recovered. The first 

column separates a crude acetone product overhead that is further 

purified by distillation. The bottoms from the acetone distillation 

column pass through a water scrubber to remove residual acetone and 

inorganic salts. They then pass to a series of columns where the 

lower boiling hydrocarbons, solvents, cumene, and alphamethyl styrene 

are successively removed, recovered and sold, or recycled or disposed. 

The bottoms from the last of the series of columns is crude phenol. 

It goes to a crude phenol surge where any remaining water is settled 

out. The crude phenol is refined in the next distillation column 

from which the purified phenol is removed overhead. 

The bottoms fr~m the phenol still contain phenol, acetophenone, 

cumyl phenol, phenyl di-methyl carbinol, higher boiling phenolic 

compounds, and polymers. This mixture may be further distilled to 

recover the acetophenone. The still bottoms remaining at the comple-

tion of distillation are the waste streams of concern in this document. 

c. Waste Generation and Management 

The distillation bottoms are a tarry solid in physical 

*The Agency is not listing this wastewater stream at the present time, 
but solicits data regarding waste composition and quantity, waste con
stituent concentrations, and waste management practices. 



form. An EPA study (Monsanto Research Study Vol. 6) states that 

these wastes (1.e, the tars generated at the bottom of the aceto-

phenone distillation column) amount to 50 - 110 8 tar/Kg (100-220 

lb taT/ton of phenol) of phenol product. The reported analysis and 

quantification breakdown of this residue is: 

Acetophenone 

Phenol 

Cumyl phenol 

Total tars 

1.9 g/Kg (3.8 lb/ton) phenol 

0.75 g/Kg (l.S lb/ton) phenol 

o.as g/Kg (1.7 lb/ton) phenol 

50 - 110 g/Kg (100-220 lb/ton) phenol 

The relative concentrations of the various waste constituents can 

thus be calculated from these production figures. 

As is shown above, the waste tars are expected to contain 

large concentrations of polycyclic aromatic hydrocarbons for the 

following reasons. Cumene (the essential feedstock material) ta 

itself an aromatic. In the successive steps of bydroperoxidatlon 

and acid cleavage, the aromatic ring can open, and polyaromatic ring 

structures formed. These are high-boiling substances and will be 

found ln the distillation bottom tars. 

The subject bottom tar resldue is generally incinerated in combined 

organic wastes incinerators within plant limits.(2) Plants which do 

not have incinerators hire contract waste haulers/landfillers.(2) 

III. Discussion of Basis for Listing 

A. Hazards posed by the Wastes 

Based on 1977 product production levels (p. 2), the u.s. prod-

uction of phenol/acetone from cumene generates an estimated 100-220 

~illion lbs of the subject waste annually. The principal waste 



components of concern a~e phenol and tars.(3) Phen~l is toxic. 

The tars are suspect carcinogens due to the presence of polycyclic 

aromatic hydrocarbons (PAH). These waste constituents are capable 

of migration from the waste to groundwater. Phenol is extremely 

soluble (67,000 ppm in water) (App B). PAH's contained in tars are 

less subject to migration, but are highly persistent. (See p. 8 

below.) Actual damage incidents and field measurements confirm pre-

dictions that waste constituents are capable of migration, mobility, 

and persistence. Phenol has been found in ppb and ppm concentrations 

in leachate from sites such as Love Canal, Story Chemical and La 

Bounty in Charles City, Iowa.(13) Levels some eight times above 

the proposed water quality criteria were found in runoff 1.5 miles 

from a disposal site near Byron, Illinois.(13)~ Residuals and 

ppb levels of PAH's have been found in leachate samples from the 

Wade Site (Chester, PA), Reilly Tar and Chemical Co. (St. Louis 

Park, MN), and Kin-Bue Landfill (Middlesex, NJ)Cll). 

The primary means of disposal of residue are landfilling or in-

cineration,(2) prior to which the wastes are held temporarily in stor-

age containers. Mismanagement by leakage during transport or storage, 

improper disposal allowing leaching, or incomplete incinerator com-

bustion may all realistically occur, with resulting high potential to 

cause serious human health effects and exposure of animals in the area 

through direct contact and through, pollution of surface and groundwater. 

*The reference to the proposed water quality criteria in the text is 
not meant to use the proposed standard as a regulatory benchmark, 
but to indicate qualitatively that phenol may cause a potential 
hazar~ if 1t migrates from the waste in small concentrations. 



Thus, disposal in a landfill, even if plastic-lined drums are used, 

represents a potential hazard due to the leaching of toxic compounds 

if the landfill is improperly designed or operated (i.e., drums 
. 

corrode in the presence of even small amounts of water). Landfills 

may, for example, be sited in areas with highly permeable soils, 

allowing leachate to migrate to groundwater. Proper leachate control 

and monitoring may not be in current use, again facilitating leachate 

migration to groundwater, and resulting in migration to environmental 

receptors. Storage prior to incineration or off-site disposal could 

lead to similar hazards as improper landfilling, since improperly 

stored wastes are capable of leaking and contaminating soil and ground-

water. 

Transport to off-site disposal sites by contract haulers also 

could result in mismanagement and environmental insult. Not only 

could these wastes be mishandled in transit, but (absent of proper 

regulatory control) there is no assurance that these wastes will 

arrive at their intended destination. As a result, they may become 

available to do harm elsewhere. 

Mismanagement of incineration operations resulting from 

improper combustion conditions related to temperature, residence time 

and mixing, could lead to the release into the atmosphere of vapors 

containing hazardous products of incomplete combu~tion, including 

the waste constituents of concern. 

Should waste constituents be released from the management envi-

ronment, they are likely to persist and reach environmental receptors, 

as shall!\ by the data presented on p. 6 above. Degradat-ive processes 



do not appear to appreciably reduce dangers of exposure. Phenol 

biodegrades at a moderate rate in surface water and soil, but moves 

readily (App. B.). Even with persistence of only a few days, the 

-apid spreading of phenol (due to its very high solubility) could 

cause widespread damage of the ecosystem and contamination of potable 

water supplies. A phenol spill accident in Wisconsin resulted in the 

movement of phenol into groundwater and contamination of well water 

for more than 1000 ft. from the spill. Phenol poisoning symptoms in 

hucans developed from consumption of the well water.CS) Phenols 

were also implicated in one of the damage incidents mentioned in 

the principal Congressional report on RCRA, again indicating their 

likelihood to migrate and persist if mismanaged. (See H. Rep. No. 

94-1491, 94th Cong., 2nd Sess., 21.) High local concentrations from 

indiscriminate dumping could easily exceed the limit. If phenol 

were to migrate to its limit of solubility, concentration levels 

would be over 10,000 times the proposed human health water quality 

criteria, indicating a potential chronic toxicity bazard.*(16) 

Tar substances of the subject type generally contain polycyclic 

aromatic hydrocarbons (PAH) which are classified as priority pollutants. 

The PAH's are limited in movement, but persistent in the environment. 

*The reference to the proposed water quality criteria in the text is 
not meant to use the proposed standard as a regulatory benchmark, but 
to indicate qualitativly that phenol may cause a substantial hazard 
if it migrates from the waste in small concentTations. 



PAH's are tightly absorbed by fine particles, and so are most likely 

associated with stream, river, and lake sediments.(15) Aquatic animal 

and plant species living in these media could suffer serious adverse 

effects. Furthermore, substantial hazard is associated with exposure 

to extremely small PAR concentrations (concentrations of PAR estimated 

to result in additional lifetime cancer risks of 1 in 100,000 at 9.7 

ng/1(15)) so that only minute concentrations need migrate to create 

substantial harm.ClS)* 

B. Health and Ecological Effects 

1. Tars 

Health Effects - Tars containing polycyclic aromatic hydro-

carbon&•
1
(PAH) are suspected carcinogens and mutagens, as well as bein1 

I I 

toxic.(15) 

Tars, in an oily waste containing petroleum lubricants, 

are very toxic chemicals. They are absorbed into the body by inhala-

tion, ingestion, and through the skin. The oral LD50 in animals (dog, 

rabbit) is 600 mg/kg(6). Long term dermal exposure (1-43 years) to 

coal tar has been reported to cause malignant tumors on hands 1 face, 

and neck of briquette factory workersC7). The u.s.E.P.A. Cancer As-

sessment Group has recommended 9.7 ng/l total PAH limit for water cri-

teria. The limit was based on animal test data and designed to mini-

mize lifetime cancer risk at a rate below l in 100 1 000(8). The limit 

might reasonably be expected to be exceeded in cases of inadequate 

*The reference to the pl'Oposed water quality criteria in the text 
is not meant to use the proposed standard as a regulatory benchmark, 
but to indicate qualitatively that PAH's may cause a potential hazard 
if they migrate from the waste in small concentrations. 
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industrial waste disposal. Polycyclic aromatic hydrocarbons are desig

nated as priority pollutants (acenaphthylene, anthracene, benzo(a) 

anthracene, benzo(a)pyrene, benzofluoranthene, benzo perylene, chry

sene, dibenzo(a, h) anthracene, fluorene, indenopyrene, phenathrene, 

pyrene) under section 307(a) of the CWA. Additional information and 

specific references on the adverse effects of PAH tars can be found in 

Appendix A. 

Ecological Effects - When small amounts of coal tar were 

mixed with food and fed to ducks, the toxicologic effect was anemia 

and extensive liver damage.(9) 

Regulations - The NIOSH recommended standard for occupa

tional exposure to tar products shall be controlled so employees are 

not exposed to substances at a concentration greater than 0.1 mg/rrrl for 

a ten-hour work shift. PAH's are regulated by the Office of Water and 

Waste Management of EPA under the Clean Water Act. 

Industrial Recognition of Hazard - According to handbook 

used by industry Sax, Dangerous Properties of Industrial Chemicals, 

petroleum tar is a recognized carcinogen. 

2. Phenol 

Health Effects - Prolonged exposure to phenol vapors 

has resulted in human digestive disturbances and skin eruptionsClO). 

Damage to liver and kidneys from this exposure can lead to death.(10) 

Exposure to phenol can result in chronic and acute poisoning. It 

can be absorbed into the body by inhalation. ingestion. or through 

the skin. Phenol is very toxic [oral Lo 50 in rats is 414 mg/kg].(ll) 

Additional infor:nation -and specific references on the adverse effects 



of phenol can be found in Appendix A. 

Ecological Effects - S mg/l phenol is the median lethal 

toxicity (Lc50 ) value for the rainbow trout.< 4> 

Regulatory Recognition of Hazard - OSHA has set a TLV for 

phenol at 5 ppm. EPA's draft criterion for phenol in ambient water is 

3.4 mg/l, and 1.0 mg for those waters which may be subject to chlori

nat1on. C4) The interim drinking water standard for phenol is 1 ug/1. 

The aquatic draft criterion for protecting freshwater organisms is 

600 ug/1, not to exceed 3,400 ug/1.(4) 

Industrial Recognition of Hazard - Phenol is listed as a 

dangerous disaster hazard, according to the handbook, Dangerous Proper

ties of Industrial ChemicalsClO). 

-~ 
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Response to _C~mments - Distillati~n Bottom Tars from the 

Production of Phenol/Acetone from Cumene 

Distillation bottom tars from the production of phenol/acetone 

from cumene (K022) are listed as hazardous because they contain both 

phenol and polycyclic aromatic hydrocarbons (PAHs). One commenter 

objected to the inclusion of phenol as a constituent of concern in 

this particular listing. The commenter argued that since phenol has 

not been established as a carcinogen, the compound is not of significant 

toxicity to be included as a basis for listing. The commenter also 

pointed out some inconsistencies between the aformentioned listing 

background document and the Health and Environmental Effects Profile 

on phenol. 

The Agency strongly disagrees with the commenter. While the 

carcinogenicity of phenol has not been firmly established, both liver 

and kidney damage to humans will result from the chronic exposure to 

phenol with death a potential consequence. In addition, the acute 

toxicity of phenol results in central nervous system (CNS) depression 

with symptoms severe enough to earn phenol an acute toxicity rating 

of "high" in Sax.ClO) This widely accepted reference indicates 

that "death or permanent injury may occur due to exposure at normal 

use ••• Therefore, the Agency will continue to include phenol as a 

constituent of concern in this particular listing.* 

*It should be noted that the Agency recently determined to retain 
the listing of phenol as a toxic pollutant under ~307(a) of the Clean 
Water Act. The reasons for that action are incorporated by reference 
herein. 



HAZARDOUS WASTE BACKGROUND DOCUMENT 
PHTHALIC ANHYDRIDE PRODUCTION 

Distillation light ends from the production of phthalic 
anhydride from naphthalene (T) 

Distillation bottoms from the production of phthalic 
anhydride from naphthalene (T)* 

PS-15-01 

Distillation light ends from the production of phthalic 
anhydride from ortho-xylene (T) 

Distillation bottoms from the production of phthalic 
anhydride from ortho-xylene (T)** 

I. Summary of Basis for Listing 

The production of phthalic anhydride via vapor 

phase oxidation of naphthalene or ortho-xylene results in the 

generation of distillation residues which contain carcinogens 

and toxic organic compounds. The residues of concern are 

the light ends and bottoms which result from the distillation 

step in which crude phthalic anhydride is purified. The 

waste constituents of concern are phthalic anhydride, maleic 

anhydride. and 1 1 4-naphthoquinone. 

*On May 19, 1980, EPA promulgated in interim final form, 
"Distillation bottoms from the production of phthalic 
anhydride from naphthalene" as hazardous because it contains 
among other things naphthoquinones. In re-evaluating the 
process chemistry, however, the Agency believes that 1,4-
naphthoquinone will be the predominent isomer found in 
this waste and, thus is modifying the constituent of concern 
to refer to 1,4-naphthoquinone rather than the general class 
of napthoquinones. 

**The Agency listed quinones as a hazardous constituent of 
concern for hazardous waste listing No. K094 (Distillation 
bottoms from the production of phthalic anhydride from orth
xylene). In re-evaluating the toxicity of these compounds, 
the Agency believes that insufficient data is currently 
available regarding the acute and chronic effects of the 
higher molecular weight quinones and their derivatives to 
support designating them as toxic constituents of a waste. 
The Agency would only expect to find the higher molecular 
weight quinones ir chis waste, based on the process chemistry. 
Therefore, the Agency has removed quinones as a constituent 
of concern for chis waste scream. 



With respect to the commenter's concern as to inconsistencies 

between the listing background document and the Health and Environmental 

Effects Profile on phenol, the Agency will make the appropriate 

corrections. 



The Administrator has determined that these distill-

ation residues are solid wastes which may pose a substantial 

present or potential hazard to human health or the environment 

when improperly transported, treated, stored, disposed of or 

otherwise managed, and therefore should be subject to appro-

pria~e management requirements under Subtitle C of RC&A. 

This conclusion is based on the following considerations: 

(1) The light ends from both processes contain phthalic 
anhydride and maleic anhydride while the heavy ends from both 
processes will contain phthalic anhydride. The heavy 
bottoms from the naphthalene-based process will also contain 
1,4-naphthoquinone. 

(2) Phthalic anhydride, maleic anhydride and 1,4-naphthoquinone 
are organic toxicants. 1,4-Naphthoquinone and maleic anhydride 
are also animal carcinogens. 

(3) More than 16 million pounds of the constituents of 
concern will be generated annually and require disposal ae 
a result of phthalic anhydride production (assuming plante 
are operating at production capacity). 

(4) Disposal of these wastes in improperly designed or operated 
landfills could result in substantial hazard via groundwater 
or surface water exposure pathways. Disposal by incineration 1 

if mismanaged, can result in serious air pollution through 
release of hazardous vapors, due to incomplete combustion. 
transportation of wastes off-site by contract haulers 
increases the possibility of mismanagement.* 

II. Sources of Waste and Typical Disposal Practices 

A. Industry Profile 

The major use of phthalic anhydride is in the 

manufacture of plastics, plasticizers, paints and synthetic 

*Although no data on the corrosivity of these waste 
streams are currently available, the Agency believes that 
phthalic anhydride, maleic anhydride and 1,4-naphthoquinone 
are highly corrosive materials, and that these waste streams 
may therefore be corrosive. Under· §262.11, generators of 
these waste streams are responsible for determining whether 
their wastes meet any of the characteristics. 



resins (3). Producers of phthalic anhydride from ortho-xylene 

or naphthalene and the production capacities of these plants 

are listed in Table 1. About 70% of industry capacity is 

ortho-xylene-based. 

Manufacturing Process 

Phthalic anhydride is manufactured by the vapor phase 

oxidation of ortho-xylene or naphthalene (see Figures 1 and 

2 for flow diagrams). The primary naphthalene-based processes 

use fluidized bed reactors. All xylene-based processes incor-

porate tubular fixed bed reactors. Except for the reactors 

and catalyst handling and recovery facilities required for 

the fluid unit, these vapor phase processes are similar (3). 

The two basic reactions are as follows: 

Napthalene-based 

.i.v...~~1:~-v: 

Ortho-xylene based 

0 
~ 

.C. 

~/""' I r, c • .... 

V"'/ c 
II 
0 

In the naphthalene-based process, naphthalene is introduced 

into a fluidized bed reactor near the catalyst bed. In the 

xylene-based process, o-xylene is mixed with air and introduced 

into a fixed bed tubular reactor (in which the catalyst · is con-

t ~ in e rl in th e tuh es ). Bot h pro cesses t ypi ca lly use a vanadium 



Table 1. Producers of phthalic anhydride 

Producer Location 

Allied Chem. Corp. 
Specialty Chems. Div. El Segundo, Calif. 

BASF Wyandotte Corp. 
Colors and Intermediate Group 

Intermediates Div. 
Exxon Corp. 

Exxon Chem. Co., div. 
Exxon Chem. Co. U.S.A. 

Koppers Co., Inc. 
Organic Materials Group 

Monsanto Co. 
Monsanto Chem. Intermediates Co. 

I 
Occidental Petroleum Corp. 

Hooker Chem. Corp., subaid. 
Hooker Chems. and Plastics Corp. 

subs id. 
Puerto Rico Chem. Co., subsid. 

Standard Oil Co. of California 
Chevron Chem. Co., subald. 

Petrochem. Div. 
Stepan Chem. Co. 

Surfactant Dept. 
United States Steel Corp. 

USS Chems., div. 

Source: Reference 1 

Kearny, N.J. 

Ba ton Rouse , t.a • 

Bridgeville, Pa. 

Cicero, Ill. 

Bridgeport, M.J. 
Texas City, Tex. 

Areclbo, P.a. 

Richmond, Calif. 

MUlsdale, Ill. 

Nev 11 le I a land , Pa. 

TOTAL 

Annual Capacity 
(Millions of Pounds) 

36 

150 

130 

90 

235 

85 
150 

87 

so 

100 

205 

1318 

-4!. -LfO"")-

Raw Material 

o-xylene 

o-xylene 

o-xylene 

Deaulfurized coal-tar 
naphthalene 
o-xylene or 
naphthalene 

Petroleum naphthalene 
o-xylene 

o-xylene 

o-:xylene 

a-xylene 

De sulfur lzed coal tar 
naphthalene 

~ 
I 

' 
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The r~actor effluent from both processes will contain 

phthalic anhydrid~, maleic anhydride*, and miscellaneous organ-

ics (including tused-ring compounds). The ortho-xylene based 

process will generate quinones** as part of its waste stream. The 

naphthalene-based process will generate naphthoquinones.(3) 

Crude phthalic anhydride is condensed by passing through 

a series of switch condensers. (The condenser effluent gases 

are normally water scrubbed and/or sent to an incinerator 

before being released to the atmosphere.) As part of the purl-

fication process, the crude product is first distilled to 

remove light ends. The stripped crude phthalic anhydride is 

then distilled in a second column where heavy bottoms will 

remain once the pure product is removed.(3) These distillation 

residues are the waste streams of concern. 

11. Waste Generation and Management 

Some actual plant data describing light ends and bottoms 

generation are available. One naphthalene-based plant, with a 

published production capacity of 125 million pounds/year 

phthalic anhydride, reported to dispose of 58,000 pounds/month 

of light ends and 400,000 pounds/month of bottoms. This plant had 

these wastes hauled off-site by a contractor (3), probably for 

disposal by landfill. 

*Process chemistry indicates that maleic anhydride will 
be present in lower concentrations in the effluent generated 
from ortho-xylene based phthalic anhydride production. 

**As indicated earlier, the Agency would only expect to find 
the higher molecular weight quinones in this waste based on the 
process chemistry. In re-evaluating the toxicity of these higher 
molecular weight quinones, we believe that insufficient data is 
currently available regarding the acute and chronic effects of 
these compounds; therefore, quinones will not be included as a 
constituent of concern. 



A second naphthalene-based plant, with nominal capacity 

of 90 million pounds/year, reported a combined total waste 

load of 45,000 pounds/month. This plant utilized an on-site 

landfill for solid waste disposal.(3) 

One plant using ortho-xylene as a raw material reported 

a light and heavy ends generation rate of 0.02 tons/ton of 

phthalic anhydride produced. Another ortho-xylene plant 

reported that it generated 0.002 tons of distillation bottoms 

per ton of phthalic anhydride produced. Both plants reported 

that these wastes are sent off-site for disposa1C3). 

Based on typical material balance dataC3)•, it can be 

estimated that the following amounts of the constituents of 

concern will be contained in the distillation residues 

generated as a result of total phthalic anhydride production 

(assuming all plants are operating at production capacity): 

Constituent Amount from xylene-based production 
(million lbs./yr.) 

Amount from Napthalene-based 
(million lbs./yr.) 

light ends heavy bottoms light ends heavy bottoms 

phthalic 
anhydride )4.9 >0.9 >0.2 )2.5 

maleic 
anhydride ** )1.9 

l,4-naphthoquinone )2.5 

*Estimates based on typical material balance data for average plants 
producing 130 million lbs./yr of phthalic anhydride from ortho-xylene 
and from naphthalene. Source: reference 3. 

**Process chemistry indicates that maleic anhydride will be present 
in lower concentrations in the light ends generated from phthalic 
anhydride production from ortho-xylene than from naphthalene, due to 
the nature of the basic chemical reactions. 

-y-
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Disposal practices for distillation residues will 

vary. Light ends, either in a vapor or liquid state, are 

usually incinerated. However, as noted above, one plant 

reported having this waste, along with the heavy ends, hauled 

off-site by a contractorC3), probably to a landfill disposal site. 

Distillation bottoms may also be incinerated, but are typically 

disposed of in landfills either on or off-site.(3) 

III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

As noted above, distillation residues (light ends 

and heavy bottoms) from phthalic anhydride production contain 

the following components as they are discharged from the 

plant distillation units: 

Phthalic anhydride 
Maleic anhydride * 

1,4-Naphthoquinone 

All of the above waste constituents are toxic. 1,4-Naphthoquinone 

and maleic anhydride are also demonstrated carcinogens. 

These waste constituents appear capable of migration, 

mobility and persistence if mismanaged, creating the potential 

for substantial hazard in light of the dangers associated with 

contact with the waste constituents. As previously noted, dis-

posal of these wastes may be by incineration, on-site landfilling, 

*Maleic anhydride, while an animal carcinogen, hydrolizea 
and photolyses rapidly to non-toxic maleic acid and thus is not 
expected to pose a hazard via a water or air exposure pathway. 
It may, however, prove hazardous during waste transport to 
off-site disposal. 

-~ 



or off-site 1 disposal (probably a landfill). Improper design and 

management of land disposal facilities could lead to the release 

of hazardous constituents and pose a hazard via a groundwater 

exposure pathway. Some of the waste.constituents have in fact 

proved capable of migration, mobility and persistence via this 

pathway. For example, phthalic anhydride has been identified in 

finished drinking water.(14) 

1,4-Naphthoquinone is relatively soluble (about 200 mg/1) 1 

and thus may also migrate from the matrix of the waste. 

Disposal by incineration, if mismanaged, can present a 

health hazard via an air inhalation pathway. Incomplete 

combustion of the distillation residues from phthalic anhydride 

production can result in the formation of various phthalate 

esters which will be released from the incinerator into the 

air. (These esters would be formed from the reaction of 

phthalic acid with alcohols.) Certain phthalates have shown 

mutagenic effects. Phthalates have also been shown to produce 

teratogenic effects in rats. Chronic toxicity includes toxic 

polyneuritis in workers exposed primarily to dibutyl phthalate 

(see Appendix A). 

Contract hauling, in particular, presents an additional 

potential for mismanagement in the transportation and handling 

operations. Transportation of these wastes off-site, if not 

properly managed, increases the likelihood of their causing harm 

to human health and the environment. The mismanagement of wastes 

during transportation thus may result in hazard to human health 

- ])(-
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and wild:ife thro~~~ direct exposure to the harmful constituents 

listed above (eithe= by direct contact ~1th the waste or through 

wind-carried particulate matter and vapors). Furthermore, absent 

proper management safeguards, the wastes might not reach the 

designated destination at all, thus making them available to do 

harm elsewhere. It should be noted that maleic anhydride, which 

is not otherwise a constituent of concern due to its lack of 

persistence, could prove hazardous during transport and handling, 

since the possibility of immediate exposure exists. 

The large quantity of waste generated and requiring disposal 

is another factor which increases the likelihood of exposure to 

the harmful constituents in the waste via the various exposure 

pathways. Should the large amounts of waste constituents exposed 

to leaching activity be released as a result of mismanagement, 

large areas of ground and surface waters may be affected. Con tam-

lnation could also occur for long periods of time, since large 

amounts of pollutants are available for environmental loading. 

Attenuative capacity of the environment surrounding the disposal 

facility could also be reduced or used up due to the large quan

tities of pollutants available over long periods of time. All 

of these considerations, in the Agency's view, strongly support 

a hazardous waste listing. 



B. Health and Ecological Effects 

1. Maleic Anhydride 

Health Effects - Maleic anhydride can produce 

cancers follo~ing subcutaneous injections in rats.CS) Maleic 

anhydride is also highly toxic [ORAL rat LDSO • 481 mg/Kg) and 

is known to cause acute irritation of the eyes, skin and upper 

respiratory tract. There is also evidence that this compound may 

cause reproductive impairment in male rats (4). Additional infor-

mation and specific references on the adverse health effects of 

maleic anhydride can be found in Appendix A. 

Regulations - OSHA has set a standard for air of 

TWA at 0.25 ppm for an 8-hour day.(7) 

Industrial Recognition of Hazard - In Sax, Dangerous 

Properties of Industrial Materials, Maleic anhydride is desig-

nated as highly toxic by ingestion, and also as an irritant. 

Fassett and Irish in Industrial Hygiene an~ Toxicology state 

that maleic anhydride can produce severe eye and skin burns. 

Plunkett, in his Handbook of Industrial Toxicology designates 

maleic anhydride as a causal agent of severe eye and skin 

burns. 

2. Phthalic Anhydride 

Health Effects - There is evidence that phthalic 

anhydride may act as a teratogen in chick embryosC6). It is 

a potent irritant of the skin, eyes, and upper respiratory 

tract. Exposure has been reported to produce progressive 

respiratory damage, including fibroses of the lungsC8,9). 

In addition, degeneration of liver, kidney and myocardium 
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occured(6). There is also evidence that this compound may 

cause reproductive impairment in male ratsC4). Additional 

information and specific references on the adverse effects of 

phthalic anhydride can be found in Appendix A. 

Regulations - OSHA has set a TWA for an 8-hour 

exposure at 2 ppm.(7) 

Industrial Recognition of Hazard - Sax (Dangerous 

Properties of Industrial Materials) lists phthalic anhydride 

as having a moderate toxic hazard rating via oral routes. 

3. 1,4-Naphthoquinone 

Health Effects - 1,4-Naphthoquinone has been demonstrated 

to be a carcinogen when applied to the skin of test animals(5). 

This chemical is extremely irritating to the skin, mucous mem

branes and respiratory tract. It can cause skin and pulmonary 

sensitization resulting in asthmatic and allergic responses. 

Changes in the blood that reduce its oxygen carrying capacity 

have also been demonstrated following 1,4-naphthoquinone exposure 

which may develop into hemolytic anemia. 1,4-Naphtoquinone is also 

suspected of causing adverse reproductive effects. Additional 

information and specific references on the adverse effects 

of 1,4-napthoquinone can be found in Appendix A. 

Ecological Effects - Naphthoquinone, at a concentration 

of 1.0 mg/l will cause death within 3 hours for bluegill and 

trout, and 14 hours for larval lamprey (10). 

Industrial Recognition of Hazard - 1,4-Naphthoquinone 

is designated in Sax's Dangerous Properties of Industrial Materials 

as a moderately toxic irritant to skin, eyes, and the upper 

respiratory tract. 
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Response t~ Go~oents - Distillation Light Ends and Bottoms 

from the Pruduction of Phthalic Anhydride fron Naphthalene 

One commenter raised several questions with respect to 

wastes K023 and K024 (Distillation light ends and bottoms 

from the production of phthalic anhydride from naphthalene). 

1. The commenter first argued that inclusion of wastes 

from the production of phthalic anhydride appear to 

be based generally on the nature of known acute 

hazards from the pure or technical grade components 

of chemicals found in the waste rather than the toxicity 

of the waste itself, i.e., the commenter indicated that 

the actual waste contains considerable amounts of inert 

materials rejected from the process. Additionally, the 

commenter felt that the listing background document 

did not adequately address the solubility and actual 

hazards of the waste. Needing an explanation of this 

particular comment, the Agency contacted the commenter 

and requested further clarification. The commenter 

indicated that the hazardousness of the waste should be 

determined by taking a representative sample of the 

waste, applying the extraction procedure (EP), and the 

decision as to whether the waste is hazardous be based 

on the results of the EP test". 

The commenter quite simply misperceives the sepa

rate regulatory mechanisms of identifying hazardous 

wastes through individual listings or through charac

t~r ist lcs. (This distinction is explained in detail 



In t~c p:~Jmble to Part 261 and in the Background Docu

ments concerning the Criteria for Listing and the EP 

Toxicity Characteristic.) In initially developing the 

toxicity characteristic, the Agency intended the extrac

tion procedure (EP) to identify toxic contaminants 

other than those specified in the National Interim 

Primary Drinking Vater Standards (NlPDWS). However, 

the Agency was unable to do this, because no other 

chronic exposure threshold levels relating to drinking 

water consumption have been established for other contami

nants. More importantly, the Agency was not fully 

confident that it could suitably define and construct 

testina protocols to accurately assess the hazards 

presented by these other toKic contaminants. the~efore, 

the Agency presently has decided to regulate wastes 

containing non-drinking water standard contamlnants 

through the listing process. 

The criteria for listing toxic wastes are intended 

by EPA to identify all those wastes which are toxic, 

carcinogenic, mutagenic, teratogenic. phytotoxlc or 

toxic to aquatic species. These criteria provide that 

a waste will be listed where it contains any of a number 

of de9ignated toxic constituents-unless, after consideration 

of certain specified factors (see §26L.ll(a)(3) for list 

of factors), the Agency concludes that the waste does not 

meet Part B of the statutory definition of hazardous waste. 



The A&e·1~y has adopted this flexible, multiple factor 

approach to listing toxic wastes rather than the formulaic 

approach embodied in the characteristics because it 

considers this approach to be better able to accomodate 

itself to complex determinations of hazard. EPA further 

believes that this multiple factor approach was to some 

extent contemplated by Congress (see the preamble to the 

Part 261 regulations for a more detailed discussion). 

In using this approach, the Agency has listed 

both distillation light ends and bottoms from the pro

duction of phthalic anhydride from naphthalene as 

hazardous because: (1) these wastes contain a number 

of toxic constituents which have been identified by the 

Agency (i.e., phthalic anhydride, maleic anhydride and 

1,4-naphthoquinones. and (2) after considering a number 

of the factors specified in §261.ll(a)(3) including 

the toxicity presented by the constituents, the capability 

of the toxic constituents in the waste to migrate from 

the waste and be mobile and persistent in the environment, 

the quantities of toxic contaminants generated in the 

waste, plausible types of improper management to which 

the waste could be subjected, etc., the Agency believes 

that these wastes, if improperly managed, could present 

a substantial hazard to human health or the environment. 

~owever, it should be noted that one of the constituents 

of concern, tars, has been removed as a basis for listing. 



In re-evaluating ·he toxicity of these chemical tars, 

the Agency beliF ·~ that insufficient data is currently 

available :~ con~idrr ·~emical tars as suspect carcinogens 

(i.e., all the data on the carcinogenicity of these 

tars is on coal tars~ chemical tars). Therefore, 

the listings distillation light ends and bottoms from 

the production of phthalic anhydride from napthalene 

have been amended to remove tars as a constituent 

of concern. 

(2) The commenter then argued that wastes which are 

properly managed (1.e., by incineration) should not 

be classified as hazardous because, incineration is 

a proper management technique. In def tntng a hazardou1 

waste, the Agency has attempted to reach those vaste1 

which are hazardous if misnanaged under some likely 

mismanagement scenario. This of course ta what the 

statute requires, see Section 1004(5) of RCRA. The 

purpose of this definition is to bring these wastes 

into the hazardous waste management system set up by 

Sections 3002 through 3005 of RCRA--not to specify 

management practices. If management practices were 

made part of the definition so that properly managed 

wastes were excluded from the definition, the effective

ne~s of the management system created under Sections 

3002 through JOOS might well be vitiated, since properly 

managed wa~tes would be excluded at the outset from the 



continuing supervision and control provided by the 

management system thus prejudicing the Agency's ability 

to ensure continued compliance with these proper manage

ment practices. The regulations promulgated under 

§§3004 and 3005 on May 19, 1980 (45 FR 33154-33588), 

and those to be promulgated in the future will be 

sufficiently flexible to accommodate wastes which are 

properly managed and allow these facilities to continue 

their present operations. 

Based on the foregoing discussion, the Agency will 

continue to list wastes K023 and K024 (Distillation light 

ends and bottoms from the production of phthalic anhydride 

from naphthalene) as hazardous. 
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LISTING BACKGROUHD DOCUMENT 

NITROBENZf.NE PRODUCTION 

Distillation bottoos from the prorluction of nitrobenzene 
by the nitration of benzene (T) 

I. Summary of Basis for Listing 

Distillation bottoms from the production of purified nitrobenzene by 

the nitration of benzene contain carcinogenic, mutagenic, and toxic organic 

substances. These include meta-dinitrobenzene and 2,4-dinitrotoluene as 

the pollutants of concern. 

The Administrator has detet'l!l.ined that the distillation bottoms 

from nitrobenzene production by the nitration of benzene may pose a 

substantial present or potential hazard to hucan health or the environ-

ment when improperly transported, treated, stored, disposed of or 

otherwise mismanaged, and therefore should be subject to appropriate 

management requirements under Subtitle C of RCRA. This conclusion 

is based on the following considerations: 

1) Tile waste contains meta-dinitrobenzene which is extremely 
toxic and 2,4-dinitrotoluene, a carcinogen and mutagen. 

2) 'nle distillation bottoms from the distillation of nitro
benzene are currently disposed of in drums in private land
fills. However, these drums have a limited life-time and 
eventual rupture is likely. When this occurs, the potential 
for ground water contamination is high if the landfill is 
not properly designed or operated. Such nitrobenzene accidents 
have actually occurred. 

3) The wastes in this stream biodegrade very slowly, thereby in
creasing the chances for exposure and posing a risk to humans. 

II. Sources of Waste and Typical Disposal Practices 

A. Profile of the Industry 

The major use of nitrobenzene (C6H5N02) (about 97%) 

ls as an 1ntel"1'1ed1ate in the Manufacture of aniline rlyes.Cl) 

The balance is purified for use chiefly as a solvent or in the manufac-



ture of pharmaceuticals. Nitrobenzene is manufactured in seven 

plants, all located in the eastern and southern regions of the 

u.s. Table 1 lists these plants and their production capaclttea. 

TABLE 1. Nitrobenzene Producer Locations and Production CapacitiesC2) 

Company 

American Cyanamid Co. 
Organic Chems Div. 

E.I. DuPont deNemours 
& Co., Inc. 

Chems. Dyes and 
Pigments Dept. 
Indust. Chems. Dept. 

First Mississippi Corp. 
First Chem. Corp., 
Subs id. 

Mobay Chem. Corp. 
Polyurethane Div. 

Rubicon Chems., Inc. 

Facility 

Bound Brook, NJ 

willow Island, WV 

Beaumont, TX 

Gibbstown, NJ 

Pascagoula, MS 

New Martinsville, WV 

*Cg ~ billion grams or 1000 metric tons (mt). 
mt = 2,200 pounds. 

1978 
Production 

Capacity 
(Gg)* 

48 

33 

140 

go 

151 

61 

34 

TOTAL 557** 

**The 1978 u.s. production of nitrobenzene by the nitration of benzene 
was 260 {103) mt.(2) 



The production of nitrobenzene has been fairly st~0 ble and can 

be expected to grow in relation to the growth in demand for aniline 

production that requires nitrobenzene as a feedstock. 

Based on a total nitrobenzene production of 260 Gg/yr (286,000 

tons), the amoW\t of nitrobenzene subject to purification by distillation 

is 3% of production, or 7.8 Gg/yr (8580 tons).(22) 

B. Manufacturing Process (21) 

Nitrobenzene is made by the direct nitration of benzene using 

a sulfuric-nitric acid mixture (Fig. 1). Commercial specification for 

the benzene raw material is: 

Benzene 99.8% 

Toluene 0.1% Maximum 

Saturated hydrocarbons O.U Maximum 

Thiophene 1 ppm 

Benzene is added to a slight excess of the sulfuric-nitric 

acid mixture (SJ-60% sulfuric acid; 32-39% nitric acid; 8% water; 

a stochiometric excess of nitric acid is used) slowly with agitation 

and heat removal. The reaction residence time is 2-4 hours. At 

the end of this time, the mixture is allowed to settle and the crude 

nitrobenzene is withdrawn; the separated, mixed acids (mostly sulfuric) 

are then sent to acid recovery and reused. The small amount of 

organic material contained in this stream is recovered from the acid 

concentration plant and recycled. The crude nitrobenzene is first 

washed with dilute sodium carbonate solution to neutralize acids, 

thea distilled. The nitrobenzene is recovered as an overhead product. 

Distillation bottoms, the listed waste stream, are then disposed of 

as waste. 
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c. Waste Generation and Management 

The distillation bottoms are deemed to consist primarily of 

nitrobenzene, meta-dinitrobenzene, and 2,4-dinitrotoluene. Meta-

dinitrobenzene and 2,4-dinitrotoluene are the waste constituents of 

concern. 

2,4-Dinitrotoluene is predicted to be present from the nitra-

tion of impurities in feedstock benzene, chiefly toluene (0.1%) and 

paraffinic hydrocarbons of the C6 to Ca range (0.1%). (See p. 3, 

above). 

Meta-dinitrobenzene is predicted to result from the dinitra-

tion of benzene feedstock. Based upon reaction and equilibrium chemis-

try, it is estimated that approximately 2-3% of the benzene feedstock 

will produce dinitrobenzene. 

The potential amowits of carcinogenic and/or toxic chemicals 

that will be in the waste from the distillation of 7.8 Gg/yr of crude 

nitrobenzene (p. 3) are estimated to be: 

meta-dinitrobenzene 

2,4-dinitrotoluene 

Total 

156-195 mt/yr 

10 mt/yr 

166-205 mt/yr* 

The usual disposal method of the subject distillation bottoms that 

cannot be recovered or used directly as a chemical intermediate is 

disposal in drums in private landf111&.C3) 

*These estimates assume that all contaminants will be separated from 
the product by distillation, and consequently will all be present in 
the waste. 



III. Discussion of Basis for Listing 

A. Hazards Posed by Waste 

As stated above, the constituents of concern in this waste are 

meta-dinitrobenzene, an acutely toxic compound, and 2-4-dinitrotoluene 

a carcinogen and mutagen. Both of these constituents are estimated 

to be present in substantial concentrations, and to be generated 

ln large quantities annually. This information itself ls sufficient 

to warrant hazardous waste listing, in light of the danger posed by 

the waste constituents*, unless it can be demonstrated that the waste 

constituents will not migrate and come in contact with environmental 

receptors. 

No such assurance appears possible, as both waste constituents 

are projected to have migratory potential and to be mobile and persistent 

in ground and surface water (App. B), so that they can create a 

substantial hazard if disposal landfills are not properly designed 

and operated. Thus, meta-dinitrobenzene, which ls highly water 

soluble (3000 ppm), can migrate without degradation through unsaturated 

sandy soils, and resist degradation in ground and surface waters 

(App. B).** 21 4-Dinitrotoluene is also highly soluble (2000 ppm in 

water), and has been demonstrated to migrate through unsaturated 

sandy soil, and to be persistent in the environment. (App B). 

*For example, it is Agency policy that there is no safe exposure level 
for carcinogens, i.e., a single dose in any concentration being suffi
cient to cause cancer in some part of the exposed population. 

**For example, meta-dinitrobenzene has been demonstrated to be onl{ 
slowly biodegradable in a synthetically prepared sewage effluent.( t5,6) 



If the wastes are landfilled. even in plastic-lined drums, they 

create a potential hazard. All drums have a limited life span. for the 

exterior metal corrodes in the presence of_ even small amounts of moisture. 

When this occurs·the potential for groundwater contamination is high if 

the landfill is not properly designed or operated. It shoulu be noted 

that all of the subject production facilities are located in regions of 

significant rainfall (Gulf Coast. NJ, WV), so that ample percolating 

liquid is available for leachate formation. (In any case. there is no 

reason to believe that wastes will be containerized at all. since, 

absent Subtitle C regulation. wastes could be landfilled in a 

variety of improper ways.) 

Nitrobenzenes have in fact migrated from landfills. persisted 

in and contaminated groundwater in actual waste management practice. 

Nitrobenzenes and other wastes from a Monsanto Chemical dump migrated 

into and caused contamination of groundwater in E. St. Louis. Illinois.* 

At the La Bounty dump along the Cedar River in Charles City, Iowa, 

130,000 kg of nitrobenzenes were disposed of along with several 

other chemicals. Groundwater collected between the La Bounty dump 

and the Cedar River contained considerable concentrations of the 

chemicals including nitrobenzenes.* 

These waste constituents, therefore, are capable of migrating 

from improperly designed and operated landfills, and reaching environ-

mental receptors. Drumming of these wastes, as occurs in actual prac-

•osw Hazardous Waste Division, Hazardous Waste Incidents, Unpublished, 
Open File, 1978. 
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tice, Ls not an adequate precaution as demonstrated by the Love 

Canal incident, a100ng others. 

These wastes may also create a substantial hazard via a sur-

face water exposure pathway. Should the disposal site be flooded and 

the wastes come into contact with the surface water, the nitrobenzenes 

and nitrotoluenes will resist evaporation due to their weight relative 

to air and their low vapor pressure. As they are also soluble and 

only slowly degradable (App. B), they have the potential for wide

spread exposure should surface waters become contaminated. 

B. Health and Ecological Effects 

1. Heta-dinitrobenzene 

Real.th Effects - Meta-dinitrobenzene is extremely toKic 

[LD50 rat 30mg/Kg.] acting as a potent methemoglobin-forming agent, 

1.e., an agent that reduces the oxygen-carrying capacity of the blood, 

a condition that can rapidly lead to death.(7) Heta-dinitrobenzene 

can also cause liver damage, serious visual disturbances, and severe 

anemia, as well as a variety of central nervous system and gastrointes

tinal symptoms.(7)(8) Meta-dinltrobenzene can be stored in body fat. 

Exposure to sunlight or ingestion of alcohol may potentiate or increase 

the adverse effects of poisoning.(7) Meta-dinltrobenzene is designated 

as a priority pollutant under Section 307(a) of the CWA. Additional 

information on the adverse effects of meta-dinitrobenzene can be found 

in Appendix A. 

Ecological Effects - Concentrations of from 2 to 12 mg/l 

of unspecified isomers of dinitTobenzene have been reported lethal to 

fish.{9)(10) Meta-dinitrobenzene has been shown to inhibit photosyn

thesis lo algae.(7) 



Regulatory Recognition of Hazard - OSHA has set the TWA 

for dinitrobenzene at 0.15 ppm. Dinitrobenzene is regulated by the 

Office of Water and Waste Management of EPA under the Clean Water Act• 

Section 311. Technical assistance has been requested to obtain data 

on environmental effects. hlgh-volu~e production~ aud spill reports. 

Industrial Reco_guition of Hazard - According to handbQoks 

used by industry such as, Sax, Dangerous Properties of Industrial 

Che1111cal&.(ll) ~be oral ~oxlc 'nazara rating is high for dinltro-

benzene. When hea~ed, it is dangerous, decomposing to emit toxic 

fumes; it also pos$eses an explosion hazard. Accordi~g to Plunkett, 

~andbook of Industrial Toxicology, (8) lll""dinitrobenzene is extremely 

toxic by oral. inh3latlon, and percutaneous routes. According to 

Patty, Industrial Toxicology, (13) m-dinitrobenzene it highly toxic. 

2. 2,4-Dinitrotoluene 

Health Effects This compound has been shown co be a 

carcinogen{l~)(l5) and a mutagen.Cl6,l7) 2,4-Dtnitrotoluene 

also causes a decrease in spen11 production and atrophy of the testes.(14,15) 

2,4-Dinit~otoluene is very toxic [LD50 (rat) - 268 mg/Kg]. 

Effects of exposure include ~e~he'!'llOglobine\':\i& foll~wed by cyanoaia, 

liver damage, anemia and other abnormalities of the blood and effects 

on t~e cent~al ne~vous system and digestive tract. DinitTotoluene is 

also an irritant and an allergen. Alcohol produces a synergistic or 

aggravated effect on the toxicity.(18,19) 2,4-Dinitrotoluene 

is designated as a priority pollutant under ~ection J07{a) of the 

CWA. Additional lnfot"lllatlon on the adverse effects of 2,4-dini-

trotoluene can be found in Appendix A. 



Ecological Effects - An aquatic toxicity for 2,4-dinitrotoluene 

of 10-100 ppm has been establ1shed(20). 

Regulatory lecoguition of Hazard OSHA bas aet the TWA for 

2,4-d!nitrotoluene in air at 1500 micro-g/ml (skin). 

Industrial Recognition of Hazard - According to handbooks used 

by industry, such as Sax, Dangerous Properties of Industrial Materials(l2), 

the oral toxic hazard rating for 2,4-dinitrotoluene is very high. 
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LISTING BACKGROUND DOCUMENT 

METHYL ETHYL PYRIDINE PRODUCTION 

Stripping Still Tails from the Production of Methyl 
Ethyl Pyridine (T) 

I. SUMMARY OF BASIS FOR LISTING 

Thia waste consists of the stripping still tails generated 

in the production of methyl ethyl pyridine. The waste is 

expected to contain toxic organic materials -- paraldehyde, 

pyridine(s), and picoline(s) -- baaed on a review of the 

process involved. The Administrator has determined that 

this is a solid waste which may pose a substantial present or 

potential hazard to human health or the environment when impro-

perly transported, treated, stored, disposed of or otherwise 

managed, and therefore should be subject to management controls 

under Subtitle C of RCRA. Thia conclusion is baaed on the 

following considerations: 

1) The waste is expected to contain the following 
toxic organic chemicals: paraldehyde, pyridines, 
and picolines. Paraldehyde is included on the 
NIOSH list of suspected carcinogens. The constit
uents also exhibit human and aquatic toxicity. 

2) The constituents in the waste could migrate to 
groundwater by leaching from improperly managed 
lagoons or landfills, due to their high solubilities. 
Release to the atmosphere is also probable due to the 
high volatility of these compounds; volatization 
poses the risk of direct inhalation of these toxic 
organic chemicals. 

3) An appreciable amount of the waste is produced 
(calculated to be 720 metric tons in 1973). Approxi
mately 75% of the total generated is paraldehyde. 



II. INDUSTRY AND PROCESS DESCRIPTION 

A. Profile of the Industry 

Methyl ethyl pyridine (MEP) is a cyclic intermediate 

produced commercially by synthesis. Only limited infor-

mation is available from which to draw an industry 

profile. A 1976 study(l) indicated that the 1973 

U.S. production capacity was about 18,000 metric tons 

(40 million pounds). A more recent statistical review 

of the cyclic intermerliates industryC2) does not include 

methyl ethyl pyridine among the cyclic intermediates 

for which production and sales data are available. 

The TRW study (1) identified nnion Carbide 

as a major producer of 2-methyl-5-ethyl pyridine 

(Oiagram I, below). This appears to be the isomer of 

major commercial importance.Cl,3) Koppers Company, 

Inc., Nepara Chemical Company, Inc., and Reilly T•r and 

Chemical were cited as other producers. Chem Sources-USA, 

1980 editionC4) lists RIT-Chem Company, Inc. as a 

producer of 4-methyl-3-ethyl 
-- .... -_:_: .. CC!l2CR3 

H
3
c N 

(f.) 

No important commercial end uses of MEP have been 

idencified.(3,5) 2-Methyl-~-ethyl pyridine is a raw 

material used for the industrial prorluction of 

nicocinic acid (3-pyridien-1-carhoxylic acid) by 



nitric acid oxidation and decarboxylation.(3) It is 

also a precursor for 2-methyl-5-vinyl pyridine (MVP), 

which is used in acrylic fiber manufacture and in some 

styrene/butadine polymer formulations. Producers 

of HEP end products identified in Chem Sources-USA(4) 

are Vitamins, Inc. (nicotinic acid) and Philips Chemical 

Company (methyl vinyl pyridine). 

B. Manufacturins Process 

Methyl ethyl pyridine is among the pyridine bases 

that are produced commercially by synthesis (l,3,5), 

rather than by isolation from coal tar. 

Figure 1 is the process diagram for MEP production. 

In the initial steps of MEP production, paraldehyde is 

usually generated at the plant site by reacting acetalde-

hyde with sulfuric acid to produce crude paraldehyde. 

A portion of the crude paraldehyde is used in the 

production of MEP, while the remaining portion is used 

for the production of refined paraldehyde. The batch 

still tails from paraldehyde production are sent to a 

wastewater treatment sytem.* 

*This waste stream is sent, along with the listed waste stream, 
to a lagoon. At this time, data is not available on the 
constituents in this waste stream. However, since the waste 
stream is mixed with the listed waste stream, the resulting 
mixture is defined by the Agency as being a hazardous waste, 
unless generators demonstrate otherwise. 
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After the production of the crude paraldehyde, 

2-methyl-5-ethyl pyridine is synthesized in high yield 

from the liquid phase reaction of paraldehyde and 

ammonia acetate, aluminum oxide, ammonium fluoride 

or cobalt chloride cayalyst.(1) This proces~ which takes 

III. 

place in the reactor is shown by equation (1).(1) 

---:> 

As shown in the equation, an identified by-product 

in the reaction is 2-methyl pyridine ( < -picoline). 

The resulting process fluid is then transferred.to an 

ammonia stripping still for ammonia recovery. The 

remaining fraction goes to a cl.eaner (decanter). The 

cleaned MEP fraction residue is further refined by a 

batch still.* The residue from the cleaner is processed 

by a water layer stripping still. The stripping stili 

tails from this process are !~helled (1) in Figure 1. 

WASTE GENERATION AND MANAGEMENT 

The stripping still tails are generated at a rate of 

approximately 0.04 Kg/Kg of refined MFP.(1) This amounts 

*The process effluent stream indicated as "MEP residues" from 
the batch still is not included in the waste listing because 
rlata is not yet available on the constitutents in this waste 
stream. 
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to 720 metric tons of waste in 1973. 

The TRW Study(!) identifies the following as the major 

contaminants in the listed waste stream: 

par aldehyde 

sulfuric acid 

pryidiaes and plcolines 

soluble acetates 

phenol 

0.03 Kg/Kg MEP 

0.003 Kg/Kg HEP 

0.0025 Kg/Kg HEP 

o.002s Kg/Ks ME? 

0.0000003 Kg/Kg KEP* 

This data indicates that approximately 75 percent of the 

total waste accounted for is paraldehyde. 

According to the 1976 study, industry practice is to 

manage the process effluent waste stream by sending it to 

wastewater treatment. As part of the ~astewater treatment 

system, the waste is most likely stored/treated in lagoons. 

IV. HAZARDOUS PROPERTIES OP THE WASTE 

The waste is considered to pose a potential hazard to 

human health or the environment because of tbe presence of 

toxic organics. 

All of these waste constituents are acutely or chroni-

cally toxic, and paraldehyde is included in the NIOSR list 

of suspect carcinogens (see pp. 11-16 for further health 

*Phenol, while a hazardous waste constituent, is not deemed 
to be present in sufficient concentration to be of regulatory 
concern. 



effects). The waste constituents are present in the wastes 

in high concentrations (seep. 6), and are also generated in 

fairly substantial quantities annually, so that there is a 

gre~ter possibility of the hazardous constituents reaching 

environmental receptors should improper management occur. 

Exposure should also take place over longer periods of time, 

since substantial quantities of pollutants are available for 

environmental loading. Thus, the Agency would require some 

assurance that waste components will not ~!grate and persist 

to warrant a decision not to list this waste stream. No 

such assurance appears possible. 

Each of the identified waste constituents has extremely 

high water solubility (indeed, pyridene and 2-picoline are 

infinitely water-soluble). (See Tahle 1.) 

As a result of this high constituent solubility, this 

waste is likely to leach harmful constituents even under 

relatively mild environmental conditions, and to be highly 

mobile in ground and surface waters* (App. ~). If these 

wastes are exposed to more acidic environments, such as 

environments subject to acidic rainfall, the potential for 

waste migration increases. (See Table 1.) 

Current waste management practices involve wastewater 

treatment in lagoons. The potential for environmental 

*Mobility through soil is expected to be high in light of 
these waste constituents' high solubilities. Further, 
disposal could occur in areas with permeable soils, so 
that mobility of waste constituents would not be 
substantially affected. 

-7-
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Table l 

Physical/Chemical Properties of Organics Identified 
in Stripping Still Tailsa 

Compound: par aldehyde pyridine 2-picolineb 

Structure: 

,(11 
11 C N' 

3 

Formula: C6H1203 C5H5M C6H7N 

NW: 132 79 93 

B.P., OC: 128 115 129(143) 

Vp, mm, 25 °C: 10 22 10 

Sat'd. vapord 71 93 50 
conc'n, 25°C, g/m3: 

Water solubilitye: v inf. v (inf.) 

Octanol/waterf 2.S(est.) 4.5 13 
partition co-
efficient: 

Acid dissociation s.2 s.9 
constant8: (5.7; 

a Except as noted, data are from Weast, Ref. 6 

b Moat data are available for 2-picoline. This is also the 
identified by-product of MEP production and therefore the 
isomer most likely present in the waste. Values in paren
theses are for 3- and 4-picoline which have the same B.P. 
solubility 

c Calculated from data in WeastC6) pD-123. 
VP MW 

d Calculated from vapor pressure data: g/ml 760 x RT 

6.0) 



Table 1 (Continued) 

e v a very soluble (probably > 1%) 
inf • infinitely soluble 
s a soluble (probably > 0.1%) 

f Source, Reference 7. 

8 For pyridine and picoline, value indicated is pka of the 
conjugate acid. Source, References 8,9. 



contamination exists from improper lagooning, or through 

subsequent improper disposal of wastewater treatment sludges. 

Thus, improperly designed or managed lagoons - for example, 

thnqe located in areas with permeable -soils, or those lacking 

leachate control features -- could fail to prevent leachate 

migration into the environment in light of the solubility of 

the waste constituents, and the large amounts of available 

percolating liquid in the lagoon. Exposure via a surface 

water pathway is also possible if lagoons are constructed 

without proper flood control or wash out measures 

If waste sludges are improperly landfilled they present 

a similar potential hazard. Lack of leachate control or improper 

siting thus could lead to waste migration. 

Another pathway of concern is through airborne exposure 

to these volatile organics present in the stripping still 

tails. Some physical/chemical properties of the organic 

species that are relevant to their potential for adverse 

environmental impact are indicated in Table 1. Each of the 

organic species listed is highly volatile, with vapor pressures 

corresponding to saturation concentrations in the range of 

grams per cubic meter at 25°C (1 ppm (v/v) corresponds to 

about 1 milligram per cubic meter). Pyridine and 2-picoline 

are particularly volatile. Substantial fractions of contam

inants present in the waste could thus volatilize to the 

atmosphere from lagoons and landfills that are not properly 

designed and operated, increasing the risk of inhalation·of 

waste contaminants. 



Once released from the matrix of the waste these constituents 

can persist and reach environmental receptors. Available data 

(21) indicates that biodegradation is the chief degradation 

m~~hanism with respect of paraldehyde and pyridine. Thus, 

these constituents could persist in the abiotic conditions of 

an aquifer similarly, persistence in air may occur. 

V. HEALTH AND ENVIRONMENTAL EFFECTS 

There is substantial evidence concerning the toxic 

effects of the organic species 0€ concern. Table 2 summarizes 

some data from the Registry of Toxic Effects of Chemical 

Substances.Cll) Paraldehyde is included in the NIOSH List 

of Suspected Carcinogens.(12) 

1. Paraldehyde 

Paraldehyde exhibits moderate toxicity when injested 

and low toxicity when applied to the skin.(13) Signs and 

symptoms of paraldehyde poisoning are uncoordination and 

drowsiness, followed by sleep. With larger doses, the 

pupils will rlilate and reflexes will be lost; comotosis 

will follow. The symptoms of chronic intoxication from 

this material are disturbances of digestion, continued 

thirst, general emaciation, muscular weakness and mental 

fatigue.(13) Sax also warns that paraldehyde is dangerous 

and should be kept away from heat and open flames, 

because when heated, it emits toxic flames.ClJ) 



PARAMETER 

LDLo• oral-human 
mg/kg 

LD50, oral-rat 
mg/kg 

OSHA standard 
(TLV) ppm./(v/v) 

Aquatic Toxicity 
96 hr TLm, 
ppm(w/v) 

Table 2 

Summary of Data on Toxicity of Organics 
Identified in Stripping Still TailaCll) 

Compound 
Paraldehyde Pyridine 2-Picoline 

L4 500 

1530 891 790 

5 

100-1000 



2. Pyrines 

Pyrines exhibit moderate toxicity when introduced 

to the human through oral, dermal and inhalation routes.(13) 

Liver and kidney damage have been produced in animals and 

in man, after oral administration.(14) In smaller doses, 

conjunctivitis, dizziness, vomiting, diarrhea and jaundice 

may appeari(l5) also tremors and ataxia (deffective control 

of muscles), irritation of the respiratory tract with 

asthemic breathing, parlysis of eye muscles, paralysis 

of vocal chords and paralysis of bladder have been 

reported.(15) Threshold llmlt values (TLV) have been 

established by a number of countries for the protection 

of employees. These values should not be exceeded for 

an 8-hour shift of a 40-hour week: 

USSR: 1.5 ppm • 5 mg/cum 

USA: 5 ppm • 15 mg/cum 

BRD*: 5 ppm • 15 mg/cum 

Sweden: ppm • 15 mg/ cum 

In drinking water pyridene produces a faint odor at 

0.0037 ppm and is a taste and odor problem at 0.8 ppm.(16) 

Adverse taste in fish (carp, rudd) ls reported at 5 ppm.(16) 

Pyridine causes inhibition of cell multiplication algae 

* Federal Republic of Germany 

-~-
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(Michrocystis aeruginosa) and bacteria (Pseudomas 

putida) at 2R and 340 ppm, respectively. SaxC11) 

reports a number of other hazards assoiated with pyrid~nes: 

(1) fire hazard, that is dangerous ~hen it is exposed 

to heat- flame or oxidizer; (2) e~plosive hazard, that is 

severe when it is in the form of a vapor and is exposed to 

flame or spark; and (3) disaster hazard, that is dangerous 

when heated to decomposition, the pyridine emits highly 

toxic fumes of cyanides. 

An EPA reportC20) suggests that, ~aserl on health 

criteria, the ambient level of pyridines in water should 

not exceed 207 mg/L. On an ecological basis, it should not 

excee~ soon mg/L. 

3. Picolines 

Picolines as a class exhibit high toxicity via 

der~al route and ~oderate toxicity via oral and inhalation 

routes.(13) b -picolines, o( -picolines andj3 -picolines 

are dangerous when heated to decomposition because 

of the emission of toxic fumes of NOx· The USSR has 

established a threshold limit value at 5 mg/ml for 

mixed isomers.(16) 

An EPA reportC20) suggests that, based on a health 

criteria, the ambient levels of picolines in water should 

not exceed 316 mg/l. 
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LISTING BACKGROUND DOCUMENT 
TOLUENE DIISOCYANATE PRODUCTION 

ORD-E-08 

Centrifuge and distillation residues from toluene diisocyanate production (R,T)* 

I. Summary of Basis for Listing 

The centrifuge and distillation residues from the production of 

toluene diisocyanate (TOI)** contain toxic organic substances, mutagenic 

substances, and substances that are probably carcinogenic. The wastes 

are also highly reactive upon contact with water. These wastes result 

from the production of toluene diisocyanate through the coupling of 

toluene diamines and phosgene. 

The Administrator has determined that toluene diisocyanate wastes 

may pose a substantial present or potential hazard to human health or the 

environment when improperly transported, treated, stored, disposed of or 

otherwise managed, and therefore should be subject to appropriate manage-

ment requirements under Subtitle C of RCRA. This conclusion is based on 

the following considerations: 

1) The TOI centrifuge and vacuum distillation wastes consist of 
toluene diisocyanates which are toxic and toluene diamines 
which are suspected carcinogens. 

2) "ore than 6000 metric tons of Tnt production wastes are 
produce~ per year. 

3) Storage in drums in a landfill, a past management method 
for this waste, poses a risk because toluene diisocyanate 
(TOI) is a highly re~ctive, pressure-generating compoun~ 
which has caused explosion of drums. Several such damage 

*This listing description has been clarified, in response to comments, to 
indicate that wastes from both centrifup,e and distillation processes 
~re included. 

**This compound is al~o referred to as tolylene diisocyanate or tolyl 
diisocvanate. 

L.1 &:::"I _ 



incidents have occurred demonstrating the potential for 
improper disposal of diisocyanate wastes. 

4) In a~dition to the reactivity hazard, this waste could leach 
toxic toluene diamine into groundwater, if improperly managed, 
posing a human health risk.-

II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

Toluene diisocyanate (TDI) production in the United States 

in 1973(1) was 330,000 metric tons (661 million pounds). The major 

producers of mixed toluene diisocyanate isomers(!) in 1979 were 

Allied Chemical Corporation (Specialty Chemicals Division), BASF 

Wyandotte Corporation, E. I. duPont de Nemours and Company, Inc., now 

Chemical, U.S.A., Mobay Chemical Company, Olin Corporation, Rubicon 

Chemicals Inc., and Union Carbide Corporation. Toluene diisocyanate 

is the major intermediate for the production of polyurethanes. A 

typical TOI continuous process plant ca~acity is 27,500 metric tons 

(60 million pounds per year). The process is illustrated in Figure t. 

B. Manufacturing Process (9,10) 

The starting raw materials for a continuous process plant are 

a solution of toluene-2,4-diamine, 2,6-toluene-diamine, or an 80:20 

mixture of the two, an inert solvent (o-dichlorobenzene) and gaseous 

phosgene. These compounds are fed to two jacketed, agitator-equipped 

reactor kettles, in series, along with recycled solvent where the 
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following r~actions shown in Figures 2 and 3 take place. An excess of phosgene 

is used in this process step. The unreacted phosgene and hydrogen chloride 

formed by the reaction constitute the major components of the gas stream 

exiting the second reactor. The reactor exit gas goes to a phosgene 

recovery/by-product hydrochloric acid recovery system. All equipment 

is vented to scrubbers. The phosgene and hydrogen chloride are recovered 

in the scrubbers. 

The recovered phosgene is recycled as a solution in the recovered 

solvent to the first reactor. The by-product hydrochloric acid (2.32 Kg 

of 37.5 percent HCl/Kg TDI product) is recovered from the gas stream 

after removal of the phosgene and is stored or sold. The waste gas 

scrubber effluent, containing residual hydrogen chloride (0.025 Kg/Kg 

TDI product) dissolved in water, is neutralized and then sent to the 

plant industrial outfall. 

The dehydrochlorination to form TD! takes place after the reactor 

liquid (from Reactor 2) has been fed to the degasser. The reaction 

products from the second reactor are dehydrochlorinated by blowing an 

inert gas such as natural gas through the solution to remove HCl. The 

degasser gas is then sent to the phosgene and HCl recovery system, where 

the HCl and phosgene are recovered as noted above and the inert gas is 

recyled. 

The crude TDI solution from the degassers is fe~ to the stills 

and evaporators to recover o-dichlorobenzene solvent and purify the T!>I. 

The purified TDI ls sent to storage. The recovered solvent is recycled 

for use in recovery of phosgene and as a solvent for the toluenediamine 



~-coc: 

c 
H 

Ci-C CJ-1, 

:...'.0:-..;..::·:-:C: 
h j· 

i: b 

(;:.:;.c1cn 11 

.,.. ~HCI 

NHCOC: 

... coc::---~ 

- co::~ 

CH: 

Oi.:CO 
~2HC:I 

# 
NCO 

-$-



fee~. The liquid evaporator residue containing some TDI and waste products 

is then further processed by either centrifugation or vacuum distillation 

to recover additional TOI product. "nle Temaining centrifugation or vacuum 

distillation residue is the waste stream listed in this document. 

c. ~aste Generation and Management 

Approximately 0.021 Kg of waste are generated per Kg of TDI pro

duced. (11) Based on 1973 production, this results in an excess of 

6000 metric tons of ~entrifuge and distillation residues requiring disposal. 

The material contains 90 percent polymers and tarlike matter, 6 percent 

ferric chloride (largely from process impurities) and 1 percent waste 

isocyanates. (11) 

The wastes have been known to be disposed of in both on- and 

off-site landfills, and on occasion to be containerized in drums prior 

to landfilling. (See pp. 437-438 following.) Current industry practice, 

however, as determined through a poll of its member companies by the 

International Isocyanate Institute, Inc. indicates that storage of residues 

in drums in landfills is not a known management method.(14) 

III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

As shown above, the 6000 metric tons of TDI production wastes 

that are generated annually are expected to contain the fo~loving comp-

onents: 

o Polymers and tarlike materials - 901. 
o Ferric chloride 61. 
o IJaste isocyanates (including TOI) - 3~ 



The waste isocyanates are toxic and the fre~ isocyanate& 

are potentially highly reactive with other materials, inc1 uding water. 

1. Reactivity Hazard 

Toluene diisocyanate, and other free isocyanate& present in 

TOI waste, are known to react violently upon contact with ~ater. The 

reaction of free isocyanate groups with water usually occurs very rapidly, 

is exothermic, and results in the violent formation of aromatic diamines 

and carbon dioxide gas. The disposal of these residues is potentially 

hazardous to the people handling them, since, should water come in 

contact with the waste, there could be explosive release of toxic and 

potentially carcinogenic aromatic chemicals over a wide area. A similiar 

danger exists even if the wastes are drummed, since if water enters, 

dangerously high pressures can result in rupture of the drum, followed 

by explosive release of the contaminants. For this reason, long-term 

storage of these wastes in steel drums at waste disposal sites is 

considered extremely hazardous if containment is breached and water 

infiltrates the drum. 

There have been several damage incidents associated with 

improper disposal of toluene diisocyanate wastes, which confirm that this 

waste stream is reactive. tn California in 1978, a drum containing TnI 

waste was picked up by a scavenger waste hauler and placed in an unprotected 

storage area. After having been exposed to rain, the drum was then removed 
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to a Class : landfill where it exploded, requiring the hospitalization of 

several people.* In Detroit in May of 1978, a tank truck waiting to 

dispose of a quantity of !DI waste experienced a boil-over. As a result 

nine people exposed to the toxic fumes were hospitalized.* 

These damage incidents illustrate the hazards created by impro-

per treatment, storage or disposal of TOI production waste. In view of 

the above information, it is apparent that the waste meets the standard 

for reactivity set in §261.23(a) (2) and (4). 

2. Toxicity Hazard Via Ground and Surface Water Exposure Pathways 

These wastes also pose a hazard via ground and surface water 

pathways due to their toxicity and potential for genetic harm. The 

principal component of concern for this route of exposure is toluene-2,4-

diamine, which is produced by the reaction of diisocyanates with water, 

and is a suspect carcinogen.** (See pp. B-10 following.) 

This substance is capable of migrating from improperly designed 

and managed waste disposal sites. Toluene-2,4-diamine, produced by the reaction 

of the diisocyantes with water (12), is very soluble (13). 

Thus, if waste disposal sites are designed improperly or are 

improperly managed--for example sited in areas with highly permeable 

*OSW Hazardous Waste Division, Hazardous Waste Incidents. unpublished, 
open file, 1978. 

**Toluene diisocyanate, while toxic, is too reactive to persist in water, 
and so probably would not pose a toxicity hazard via water. It may, 
however, pose a toxicity hazard in direct handling of the waste. 



soils, or constructed with~ut naL~ca: or artificial liners--there is a 

possibility of escape of waste constituents to groundwater. A further 

possibility of substantial hazard arises during transport of these wastes 

to off-site disposal facilities. This increases the likelihood of their 

being mismanaged, and may result either in thelr not being properly 

handled during transport or ·in their not reaching their destination at 

all. thus making them available to do harm elsewhere. A transport mani-

fest system combined with designated standards for the management of 

these wastes will thus greatly reduce their availability to do harm to 

human beings and the environment. The damaRe incidents described above 

in fact demonstrate hazards which may arise during off-site transpor-

cation and management. 

The Agency presently lacks reliable datB as to the environmental 

persistence of the waste constituents of concern. It is assumed however, 

that waste constituents are persistent enough to remain in the environment 

long enough to cause substantial hazard, a conclusion supported by the 

actual damage incidents involving these wastes. 

A final reason for listing these wastes as hazardous is the 

quantity of wastes generated. The wastes are generated in fairly sub-

stantfal quantity--6,000 MT annually. Thus, large quantities of hazardous 

constituents are available for environmental release, increasing the 

likelihood of exposure if the wastes are mismanagerl. Large expanses 

of gro~ndwater could similarly be polluted. Contaminant migration 

also may occur for long periods of time, since large amounts of pollutants 



are available for environmental loading. All of these considerations 

increase the possibility of exposure, and support a hazardous waste 

listing. 

B. Health and Ecological Effects 

1. Toluene Diisocyanate 

Health Effects - TOI is toxic [inhalation rat L05oa60f)ppm/6hr.1 

and is an irritating material, both in its liquid and airborne forms, 

because of its high reactivity. It can produce skin and respiratory 

tract irritation, and can cause sensitization so that sensitized individuals 

are subject to asthmatic attacks upon re-exposure to extremely low concen

trations of TDI. Additional information and specific references on tbe 

adverse effects of TOI can be found in Appendix A. 

Regulations - The OSHA standard for toluene diisocyanate 11 ~ 

ppb, with a ceiling of 20 ppb in in minutes. 

Industrial Recognition of Hazard - Sax's Dangerous Properties of 

Industrial Materials(2) designates toluene diisocyanate as au emitter of 

highly toxic fumes containing hydrogen cyanide when heated to deconipoa1t1on. 

2. Toluene-2 1 4-diamine 

Health Effects - Toluene-2 1 4-diamine is a suspect carcino

gen(3). Although it did not cause cancer in animals upon skin painting,(4) 

it increased the incidence of lung cancer in the test animals. Toluene 

diamine was also shown to induce liver tumorsCS) 1~ rats,C6) morphological 



aberrations in mammalian cells(7), and causes bacterial mu:ation in the 

Ames test. (8) Additional information and specific references on the ad-

verse effects of toluene 2,4-diamine can be found in Appendix A. 

Industrial Recognition of Hazard - Toluene-2,4-diamine is 

designated in Dangerous Properties of Industrial Materials (Sax)C2) as 

moderately toxic when inhaled. 

-µ'-
-L./(QI-
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Response to Comments - Centrifuge Residue from Toluene Diisocyanate 
Production 

Several comments were received with respect to waste K027 (Centrt~uge 

residue from toluene diisocyanate production). 

1. One commenter requested a clarification on the scope of waste 

listing K027. The commenter pointed out that the listing 

background document included both centrifuge and distillation 

residues as hazardous wastes, while the regulations specified 

only centrifuge residues. Therefore, the commenter felt it was 

unclear as to whether the Agency intended to limit the scope of 

the listed material to only wastes generated via a centrifuge 

unit operation. 

In reviewing both the waste listing description as cited in 

the hazardous waste regulations (45 FR 33123) and the listing 

background document on toluene diisocyanate production, the 

Agency agrees that clartfiction is needed on the scope of 

waste listing K027. The Agency 1felieves, however, it is quite 

clear from the listing hackground document that the listing 

was meant to include residues from both the centrifuge and 

distillation column since the composition/hazardousness of 

the waste when using either the centrifuge or distillation 

unit will not differ significantly {see listing background 

rlocument TDI production: pg. 3, Figure 1 and pg. 6, 1st 

paragraph). This latter point was confirmed by ~r. Lee Hughes 

of the Mobay Chemical Corp., who explained that wastes from 

both a centrifuge and distillation column are comparable and 

that the type of waste generated depends on the type of 



equipment used at the particular plant.Cl4) The final-final listing 

description, therefore, will be amended to include wastes 

generated from both the centrifuge and distillation column in 

the production of toluene diisocyanate. 

2. The commenter also requested clarification as to whether the 

listing "centrifuge residue from toluene diisocyanate production· 

is limited to the undeactivated material as it is directly 

discharged from the distillation or centrifuge unit or whether 

it also would apply to de-activated material that results from 

any treatment of the waste (viz., the cotnlllenter indicated that 

each TnI producer de-activates TnI residues differently i.e., 

by wet quenching or aging, after generation of the final dis

tillation or centrifuge bottoms). 

The listing of waste from TDI production ls limited to thoae 

undeactlvated residues which are directly discharged from the 

centrifuge or distillation unit operation. Any deactivation 

of these residues would be considered a treatment process and 

would require a permit. Any producer which believes the treat

ment of these residues would render the waste non-hazardous 

non-reactive (i.e., no longer meeting the characteristic of 

reactivity) should submit a de-listing petition under ~6260.20 

and 260.22. It should be note~, howevert that to de-list 

sucessfully residues which are generated from the centrifuge 

or distillation unit from the hazardous waste system, a 

generator must demonstrate that the waste is both non-reactive 

and non-toxic. 



3. The listing "Centrifuge residue from toluene diisocyanate 

production" is listed as hazardous because it contains 

a number of toxic constituents. including toluene diisocyanate, 

toluene-2,4-diamine and tars (benzidimidazapone). A number of 

commenters objected to the inclusion of these compounds as 

constituents of concern in this particular listing or had 

specific questions with respect to these toxic constituents. 

More specifically: 

-Toluene-2,4-diamine- The commenter indicates, that this com

pound is either not present in the waste or, if present, is 

only there in low concentrations (i.e., low ppm concentrations). 

Mr. Lee Hughes of the Mobay Chemical Co. indicated in conversa

tion that most waste streams would not contain toluene-2,4-diamine 

since, among other things, it is not economical for the producer 

to waste the starting material. Additionally, the commenter 

indicated that analytical techniques used to conduct this 

determination are subject to variability. 

-Toluene diisocyanate - The commenter indicates, that this com

pound is not a suspect carcinogen; the commenter also asserts 

that recent study results show that TDI is not carcinogenic 

and not mutagenic (it should be noted that the commenter did 

not provide any data or reference to any specific tests to 

support its claim). 

- Tars (benzidimidazapene) - the commenter indicated that although 

benzidimidazapene is cited as the principal component in these 

tars, the commenter is not aware of the existence of this substance 

or any data to substantiate the claim that it is mutagenic or 

carcinogenic. 



Therefore, the commenters recommend that all three of these toxic 

constituents be deleted as a basis for listing this waste. 

The Agency disagrees with the commenter's first two points. 

Toluene-2,4-diamine has produced carcinogenic effects in rats and 

mice in a long-term feeding study (i.e., a suspect carcinogen) 

and was found to be mutagenic.(15) Additionally, it was 

found to be hepatotoxic to rats and mice and also hastened the 

development of chronic renal disease and accelerated animal 

morbidity.(15) Therefore, toluene-2,4-diamine is considered 

very toxic by the Agency, even at minimal levels. This is parti

cularly true where the waste constituent is a suspect or proven 

carcinogen. As the Agency has stated, "There is no scientific 

basis for estimating 'safe' levels of carcinogens. The draft 

criteria for carcinogens therefore state that the recommended 

concentration for maximum protection of human health is zero"*· 

Consequently, even if toluene-2 1 4-diamine is present at low con

centrations (low ppm) as claimed by the industry, the waste may 

well present a substantial hazard to human health and the environ

ment should this waste constituent migrate and reach a receptor. 

Yith respect to the commenter's concern on the variability of 

the analytical technique for toluene-2,4-diamine, the Agency has 

provided an analytical procedure for analyzing toluene-2,4-diamine 

(45 FR 33131: Appendix III, Table 1), and we will (necessarily) 

accept results obtained from use of this method. If an equivalent 

*EPA µater Quality Criteria, 44 F~ 15Q2~. 15Q30 (~arch 15, lq79)). 



'J' superior method is developed by the industry, a petition for 

eqJivalent testing or analytical methods can be submitted under 

~~260.20 and 260.21. 

Toluene diisocyanate, while not a proven carcinogen (although it 

is still being evaluated). is nevertheless sufficiently toxic to 

present a substantial present or potential ~azard to human health 

anct the environment should it migrate from the waste (i.e •• toluene 

niisocyanate exposure produces respiratory sensitization, decreased 

lung function. and exposure to high concentrations can result in 

pulmonary edema or death). Additionally. the reaction of free 

isoc:yariate groups with water usually occurs very rapidly. is exo

thet-:nic, and results in a possible explosive release of toxic and 

potentially carcinogenic aromatic chemicals. In talking with ~r. Lee 

Hughes of the Mohay Chemical Corp •• (14) he indicated that toluene 

d11sacyanate although present in the waste, is generally encapsu

laLed or other~ise not available for human exposure. however. no 

data was submitted to support their contention. Therefore, the 

A~ency believes that toluene diisocyanate is of regulatory concern, 

esoecially in light of past damage incidents, and will continue to 

in~l~dc tt as a constituent of concern in this particular listing. 

Ho~~ver 1 the Agencv, will delete all reference to toluene diisocya

nate as being a suspect carcinogen in the background document 

until a more definitive determination is made. 

The listing of this waste stream for the presence of tars and the 

extstence of "benzicf1midazapene" cannot be confirmed. Additionally, 

ha~~grouncf i~formation on chemical tars docs not exist at this 



tlme. Tars (benzidlmidazapene) therefore, will be removed 

as a constituent of concern in this particular listing. 

4. Finally, one commenter argued that dtsposition of raw centrifuge 

residue in drums in a landfill is generally not practiced as a 

"known management method for this waste." This point was 

confirmed by the International Isocyanate Institute through a 

poll of its member companies (see.!!~ communication from. 

Rebecca Fields with "r. Lee Hughes of the Mobay Chemical Co., 

August llth> lQRQ.) 1he~efore, the commenter believes that the 

background document needs to be amended to reflect this 

information. 

While disposal of these residues in dru•s in & landfill 

may not reflect current industry practice, the fact that past 

damage has occure4 from this disposal method is evidence that 

improper management of these wastes in a probable mismanagement 

scenario may present s substantial present or potential hazard 

to human health and the environment (i.e., if these wastes are 

not controlled as hazardous, centrifuge residues may be sent 

to a sanitary landfill with no controls). Therefore, the 

Agency will continue to cite disposal of these residues in 

drums in a landfill as a possible mismanagement scenario.· 

Rowever, the Agency will amend the listing background document 
• 

to indicate that disposal of these centrifuge residues in 

drums in a landfill is not a current disposal option, but has 

been practiced in the past. 



LISTING BACKGROUND DOCUMENT 

TRICHLOROETHANE PRODUCTION 

0 Waste from the product steam stripper in the production of 
1,1,1-trichloroethane (T) 

0 Spent catalyst from the hydrochlorinator reactor in the pro
duction of 1 1 1,1-trichloroethane via the vinyl chloride 
process (T) 

0 Distillation bottoms from the production of 1,1,1-trichloro
ethane (T) 

0 Heavy ends from the production of 1 1 1 1 1-trichloroethane {T) 

I. Summary of Basis for Listing 

Waste from the heavy ends column, distillation column, and 

product steam stripper, and spent catalyst from the hydrochlorinator 

reactor in the production of 11 1 1 1-trichloroethane contain carcinogenic, 

mutagenic, teratogenic or toxic organic substances. The waste stream 

constituents of concern are l,~-dichloroethane, 1,1 11-trichloroethane, 

1,1 1 2-trichloroethane, 1,1,1,2-tetrachloroethane, and 1,1,2,2-tetra-

chloroethane, vinyl chloride, vinylidene chloride, and {possibly) 

chloroform. 

The Administrator has determined that these solid wastes from 1 1 1 1 1-

trichloroethane production may pose a substantial hazard to human health 

or the environment when improperly transported, treated, stored, dis-

posed of or otherwise managed, and therefore should be subject to ap-

propriate management requirements under Subtitle C of RCRA. This con-

clusion is based on the following considerations: 

1) These wastes are listed as hazardous because they are likely to 



contain 1 1 2-dichloroethane; 1 1 1 1 1-trlchloroethane; 1 1 11 2-tri
chloroethane; 1,1,1,2-tetrachloroethane; 1,1,2,2-tetrachloroethane; 
vinylidene chloride; vinyl chloride and chloroform •. Of these 
substances, 1,2-dichloroethane, 1,1,2-trichloroethane, vinyl
idene cbloride, vinyl chloride and chloroform are recognized 
carcinogens and 1,1,1-trichloroethane is a suspected car-
cinogen; also a number of these chemicals have been found to 
be mutagenic in laboratory studies; the chlorinated ethanes 
also pass the placental barrier and several have been docu-
mented to produce teratogenic effects. 

~) Significant quantities of wastes containing these hazardous 
compounds may be generated each year, increasing the possi
bility of exposure should mismanagement occur. 

3) Mismanagement of incineration operations could result in 
the release of hazardous vapors to the atmosphere and 
present a significant opportunity for exposure of humans, 
wildlife and vegetation in the vicinity of these operations 
to potentially harmful substances through direct contact 
and also through pollution of surface waters. Disposal of 
these wastes in improperly designed or operated landfills 
could create a substantial hazard due to the potential of 
waste constituents to migrate and persist in aqueous 
environments. 

4) Damage incidents illustrating the mobility and persistence of 
chloroethanes have occurred which resulted in surf ace and 
groundwater contamination. 

II. Sources of the Yaste and Typical Disposal Practices 

A. Profile of the Industry 

Currently, there are three producers of 1 1 1,1-trichloroethane 

in the United States. Table l lists the producers, sites, and esti-

mated capacities of each plant. Actual production of this compound in 

197R was 644,475,000 pounds(3). 

The production of 1 1 1,1-trlchloroethane has shown a steady in-

crease in production as shown in Table 2. It is mainly used (92%) for 

metal degreasing and for electrical, electronic and instrument cleaning. 

Growth in the use of 1,1,1-trichloroethane is being accelerated because 

of the potentially greater health hazard exhibited by trichloroethylene. 



TABLE 1 

l,l,l-Trichloroethan1 Producers, Sit••• Capacitl•• and Proc111e1 (1,Z) 

I 
Coapany 'Loca tlon I Anmaal C&pacltJ I Proc••• I 

I ~Kt11toa1 of PoulMl1} I I 
I I ' Dow Chemical Freeaport, Tl I 450 I ,,. ,,.,1 I 

u.s.A. Pla~ueatne, I.A I ., I ChlorUe I 
I I I 

PPG lndua- Lake Charle1 1 I HO Vta 9ln7l I 
tries LA I Chlorl4e I 

I I 

Vulcan C:ellaar 1 U ~5 I Vla Chloro-1 
Haterlall I aattoa of I 

I ethane I 
I I 

TOTAL I 11 1A• I 
I I 

+ 
-~71-



TABLE 2 

U.S. International Trade Commission 

1,1,1,-Trichloroethane Production (3) 

Year (Millions of Pounds) 

1968 29q.4 

196q 324.3 

1970 366.3 

1971 374.6 

1972 440.7 

1973 548.4 

r 1974 590.8 
I 
I 1975 
I 
I 1976 631.2 
I 
I 1977 634.8 

., 



Other solvent uses are in formulating a variety of products includins 

adhesives, spot cleaners and printing inks. 

B. Manufacturing and Waste Generation Process* 

Tbe bulk of 1,1,1-trichloroethane production in the United States 

is based upon the vinyl chloride process; minor amounts (-- 10%) are 

made by the ethane process. In the vinyl chloride process, vinyl 

chloride reacts with hydrogen chloride to form 1 1 \-dichloroethane, 

which is then thermally chlorinated to produce 1,1,1-trichloroethane. 

The yields based on vinyl chloride are approximately 95%. 

1,1,1-Trichloroethane is also produce~ by the noncatalytic 

chlorination of ethane. Ethyl chloride, vinyl chloride, vinylidene 

chloride, and 1,1-dichloroethane are produced as co-products. When 

l,l,l-trichloroethane is the only desired product, vinyl chloride and 

vinylidene chloride are hydrochlorinated to 1,1-dichloroethane and 

1,1,l-trichloroethane respectively; ethyl chloride and 1,1-dichloroe-

thane are recycled to the chlorination step (Kahn and Hughes, Monsanto 

Research Corp., Source Assessment: Chlorinated Hydrocarbons Manufac-

ture, E~A 600/2-78-004, 1978). 

Vinyl Chloride Process 

The chemical reaction fo~ the hydrochlorination of vinyl chloride 1a: 

FeCl3 
H2C-CHCl+HCl ----------> CH3HCl? 

35-40°C 

*Based on the process description in Key, J.A. and Standifer, ~.L., 
Emissions Control Options for the Synthetic Organic Chemicals 
Manufacturing Industry," U.S. f.nvironmental Protection Agency, 
EPA 68-02-2577, July 1979 

+ 
-Y13-



ChlorinatiL~ of 1,1-dichloroethane is represented as: 

Figure 1 represents a simplified process for production of '71,1,1-tri-

chloroethane via the vinyl chloride process. Vinyl chloride and hy-

drogen chloride* (and the recycled overhead stream from the light ends 

column) react at 3~-40°C in the presence of ferric chloride. the re-

actor effluent is neutralized with ammonia. The resulting solid com-

plex (residual ammonium chloride, ferric chloride, and ammonia) is 

removed by the spent catalyst filter as a semisolid waste stream 

(Stream G, Fig. 1). The filtered hydrocarbon stream is then distilled 

in the heavy ends column and high-boiling chlorinated hydrocarbons 

(tars) are removed as a waste stream (Stream H, Fig. 1). The 

overhead from this column is further fractionated in the light 

ends column into two streaas: 1,1-dichloroethane and the lighter 

components (primarily unreacted vinyl chloride). The lighter components 

are recycled to the hydrochlorination reactor. The 1,1-dichloroethane 

product is removed as the bottom stream and is then reacted with 

chlorine in the chlorination reactor at a temperature of about 400°C. 

The products from this reaction are distille~, and hydrogen chloride 

*The hydrogen chloride (HCl) used for vinyl chloride hydrochlorination 
is often a by-product from the chlorination of 1,2 dichloroethane 
or from other processes in the plant complex. ,If by-product HCl is 
used, it can contain as much as 3.5% of 1,2-trichloroethane which 
will carry forward to the product stream stripper waste streams. 
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and low boiling organic hydrocarbons are taken overhead in the HCl 

column. (This stream may be recycled to supply the hydrogen chloride 

required in the hydrochlorination step, or used for other chlorinated 

organic processes directly (e.g. 1 oxy-chlorination processes)). The 

bottom stream from the hydrogen chloride column is further fractionated 

to recover 1,1,1-trichloroethane as the overhead product, which, 

after the addition of a stabiliier, is stored. The bottom stream 

from the 1,1,l-trichloroethane column is comprised largely of 1,1 1 2-

trichloroethane, tetrachloroethanes, and pentachloroeth~nes (stream 

14, Fig. 1). (These bottoms may be used as a feedstock for produc

tion of other chlorinated hydrocarbons (e.g., perchloroethylene-tri

chloroethylene, vinylidene chloride), in which case they will not be 

discarded.) Estimated emissions from this process are shown in Table 

3. The listed waste streams are shown in Figure 1 as follows: 

spent catalyst wastes are noted as stream G, heavy ends 

as stream H1 and distillation bottoms as stream 14. 

Certain 1,1,1-trichloroethane production processes use a steam 

stripper prior to final distillation and recovery of 1,1,l trichloro

ethane, in which case a separate waste stream is generated. The 

attached Figure 2 shows a process where a steam stripper is used. 

Chlorination of Ethane 

The main sequence of reactions occurring during the free radical 

chlorination of ethane is: 

C2H6 + Cl2 -------> CH3CH2Cl + CH3CHCl2 + CH3CCl3 + HCl 

C2H4 + Cl2 -------> CH2HCl + CH2CCl2 + HCl 



TABLE 3 

ESTIMATED EMISSIONS FROM l, 1,1-'fRICHLOROETHANE MANUFACTURE: Vinyl Chloride Process 

Sr>ecies 

Hydrogen chloride 

F.thane 

Ethene 

1,1-Dichloroethane 

1,1-Dichloroethene 

1,2-Dichloroethane 

1,1,1-Trichloroethane 

1,1,?.-TGrichloroethane 

1,1,1,2-Tetrachloroethane 

1,1,2,2-Tetrachloroethane 

Pentachloroethane 

Sodium hydroxiite 

Sodium chloride 

Air 

1.6 

2. '-

3.5 

F.MISSIONS kRfMR 
Attnenus 

33.7 

44q. 

Source: F.lkin, L.M. "Chlorinated Solvents," Process Economic ProRram Report No. 4B, 
Stanford Research Institute, Menlo Park, California, Pebruary, 1969. _,_ 

... ~,,_ 

0.8 

0.11 

3.9 

51.2 

35.3 

1.8 



Small amouu:s of l,i-dichloroethane and 1,1,?.-trichloroethane are also 

formed in minor amourts. The product mix, h~wever, can be varied some

what by operating conditions. Furthermore, to maximize 1,1,l-trichloro

ethane production, ethyl chloride and 1,1-dichloroethane are recycled 

to the chlorination reactor; vinyl chloride and vinylidene chloride 

are catalytically hydrochlorinated to 1,1-dichloroethane and 1,1,1-

trichloroethane respectively: 

FeCl3 

FeCl3 

Figure 3 represents a simplified process for production of l,t,1-trichloro

ethane via direct chlorination of ethane. Chlorine and ethane react in 

an adiabatic reactor at an approximate temperature of 400°C and a pres

sure of 6 atmospheres with a residence time of approximately 15 seconds. 

The reactor effluent (containing unreacted ethane, ethylene together 

with vinyl chloride, ethyl chloride, vinylidene chloride, 1,1-dichloro

ethane, 1,2-dichloroethane, 1,1,2-trichloroethane, 1,1,1-trichloroethane, 

a small amount of higher chlorinated hydrocarbons, and hydrogen chloride) 

is quenched and cooled. The bottom stream from the quench column, consisting 

primarily of tetrachloroethane and hexachloroethane, is removed. The 

overhead product from the quench column is fractionated into a chlorin-

ated hydrocarbon stream and light products -- ethane, ethylene, and 

hydrogen chloride. A portion of the crude hydrogen chlortde stream 

is used in subsequent hydrochlorination reactions; excess hydrogen 

chloride is purified for reuse or resale. The bottom stream from 

-v<-
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the hydrogen chloride column is further separated by distillation 

in to various products. The lower boiling hydrocarbons are re111oved 

as an overhead product in the first column. The bottoms contain 

substantially .ill the heavy waste materials (tetrachlorinated ethanes 

and higher). ·~he bottoms may be disposed of as waste or used in 

other cblor.ina:~ed hydrocarbon processes as a feedstock. These 

bottoms are th1;; Yaste stream of concern from the ethane chlorination 

process. (The remaining process description is provided for 1nforma-

tional purposes.)) 

The overh•:!ad product (principally 1,1,l-tricholroethane, vinyl 

chloride, vinylidene chloride, ethyl chlo~tde, and l,1-dic:hloroethane) 

ts fr actionate•:i and 1 1 l, l-tricbloroethane removed as a bottom product. 

The overhead stream from the 1,l,1-trichloroethane column is fed to 

the ltl-dichloroethane column, where 1,1-dichldroethane is separated 

P. 07 

as the bottoms stream and is recycled as a feedstock to the chlorination 

reactor. Vinyl chloride, vinylidene chloride, and ethyl chloride 

(the overhead stream) are fed to the hydrochlorinacion reactor, 

where vinyl chloride and vinylidene chloride react with hydrogen 

chloride to form 1,1-dtchloroethane and l,l,1-trichloroethane 

respectively. Approximate hydrochlorination reaction conditions 

are at a tempe~ature of 65°C and 4 atm. 

The reactor effluent stream from the hydrochlorination reactor 

is neutralized with ammonia. The resulting comple~ (ammonium chlor1de-

ferric chloride - ammonia) is removed by the spent catalyst filter 

as a seadsolid waste. (This is the analogous stream to the spent 

catalyst waste in the vinyl chloride process (see Fig. 1), but ts not 
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listed as hazardous when arising in the ethane chlorination process 

since it consists principally af iron chloride and hydrogen chloride 

(see T4ble 4))• The filtered hydrocarbon stream is fractionated 

further: the battom fraction (primarily 1,1,1-trichloroethane) is 

recycled to the trichloroethane colulll&l. The overhead stream (priaiarily 

ethyl chloride and 1,1-dtchloroetbane) is recycled to the chlorination 

reactor. Table 4 sullllll8rizes the estl~ated emissions fro.a thia process. 

As shown, p~edicted waste constituents are 1~2-dichloroethane, 1,1,1-

trichloroethane and higher boiling ethanes which are expected to 

comprise the major percentage of the waste. 

Table 5 summarizes waste consituents and estimated waste 

constituent a~ounts in waste streams generated by each process. 

C. Raste Management Practices 

The Agency presently lacke reliable information as to the ~anage 

ment practices for these wastes, but based on typical waste management 

practices in t~e chlorinated organic manufacturing industry it is 

likely that distillation bottoms and heavy ends are landf11led 

(perhaps in dru~s). Aqueous wastes a~e probably sco~ed on site in 

pits that equallze surges in the waste flow to landfill operations. 

Some wastes also uiay be inciue~ated. 

III. Discussion of Basia for Listing 

A. Hazards Posed by the Waste 

The various waste streams from the productloa of 1,1,l-

trichloroethane are likely to be generated in large quantities, as 

indicated by a c:omparison of the ~aste e~ission factors contained in 

Tables 3, 4, and ~ and the production data in Table 2. Such substantial 
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F.STIHATF.O F.HISSIONS FROM l,t,1-TRICllLOROP!THANF. HANllFACTllRE: Chlorf.n11.tton of 'F.thane 

Species 

F.thene 

1,1-Dichloroethane 

1,2-Dlchloroethane 

1,1,l-Trlchloroethane 

l, 1,2-Trichloroethane 

Tetrachloroethanes 

HexAchloroethanes 

Iron (III) chloride 

Hydrogen Chloride 

Source: Elkin, 1969 

Air 

2.4 

EMISSIONS kg/Mg 
Aqueous Solirl 

trace 

3n.7 

39 .o 

49.7 

51.4 

173.6 



Waste Stream 

Distillation bottoms and 
heavy ends 

Waste from product stream 
stripper* 

** Spent catalyst 

Vaste Stream 

Heavy ends 

TABLE 5 

Via Vinyl Chloride Process 

Compound 

11 1,2-trichloroethane 
1,1,1,2-tetrachloroethane 
1,1,2,2-tetrachloroethane 
Pentachloroethane 

l,i-dichloroethane 
1,1,1-trichloroethane* 

Via Chlorination of Ethane 

Compound 

1,1-dichloroethane 
1,2-dichloroethane 

1,1,1-trichloroethane 
1,1,2-trichloroethane 

tetrachloroethanes) 
hexachloroethanes ) 

kg/Mg of 
1,1,1-Trichloroethane 

51.2 
35.3 
40.8 
1.8 

kg/Mg of 
1,1,1-trichloroethane 

trace 
30.7 
49.7 
49.7 

51.4 

*The spent steam stripper waste is also expected to contain small concentrations 
of vinyl chloride, vlnylidene chloride and chloroform. Vinyl chloride ls expected 
to be present since it is a feedstock constituent. Vinylidene chloride is a 
by-product from the dehydrochlorinatlon of 1,1,2-trichloroethane. Chloroform 
is another predicted reaction by-product, and is expected to be formed frOll 
the splitting off of vinyl chloride monomer and ethane into single carbons, 
which are subsequently chlorinated. 

**The spent catalyst waste ls also expected to contain small concentrations of 
vinyl chloride feedstock, 1,1,1-trichloroethane product and some polymeric 
materials. 



waste quantities are themselves of regulatory concern in light of 

the hazardous constituents present. Thus, waste mismanagement 

poses the threat of contaminating large expanses of groundwater, 

surface water and air, and of reaching large numbers of environmental 

receptors. 

Of the chemicals potentially present in the wastes, 1,2-dichloro-

ethane, 1,1,2-trichloroethane, 1,1,2,2-tetrachloroethane, vinylidene 

chloride, vinyl chloride and chloroform are on the CAG carcinogen 

list; 1,1,1-trichloroethane is a suspected carcinogen and 1,1,1-

tetrachloroethane is toxic.* Some of these chemicals are also 

suspected mutagens and teratogens. Should these compounds reach 

human receptors, the potential for resulting adverse health effects 

would be extremely high. These constituents are capable of migration. 

For example, 1,2 dichloroethane, the trichloroethanes, and the 

tetrachloroethanes all are relatively soluble in water (solubility 

ranging from 200 ppm - 8700 ppm) (App. B), and thus, these compounds 

are capable of causing chronic toxicity via a water exposure pathway. 

Indeed, if they solubilize these compounds could pose a substantial 

hazard at a level many orders of magnitude less than their solubility 

limits. In addition, 1 1 2-dichloroethane and 1,1,2-trichloroethane 

are fairly volatile as well (vapor pressure 60 mm Hg.)**: thus, 1,1,2-

trichloroethane and the tetrachloroethanes may pose a chronic toxicity 

*Pentachloroethane poses some threat of chronic exposure via an 
inhalation pathway, but is not presently considered to pose 
sufficient danger to be listed as a waste constituent of concern. 

**1,1,l trichloroethane is also volatile, but is expected to photolyse 
rapidly so probably would not pose a substantial hazar~ via air in
halation beyond the immediate disposal site (App. B.). 

-v-
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problem via inhalation as we11.(47) 

These waste constituents are capable of mobility and persistence 

as well, as s~own by numerous damage incidents involving these waste 

constituents. Chlorinated ethane and ethylene contamination of 

groundwater in areas adjacent to disposal sites in fact is not uncommon. 

For example, 1,1,1-trichloroethane ~as been detected in groundwater 

in Acton, MA, where residents believe the source is a disposal site 

at a nearby manufacturing facility.(4) In New Jersey, seepage 

from landfilled wastes near the CPS Chemical Company also resulted 

in well contamination by trichloroethylene, tetrachloroethane, and 

methylene chloride(S). 1,2-dichloroethane has also been detected 

in groundwater supplies in Bedford, 'MA, where the source of contam

ination has not been positively identified but is believed to be due 

to industrial uses upstream.(4) ~ichloroethanes are among the waste 

constituents which have migrated from Hooker Chemical's facility at 

Montague, Mich., contaminating large expanses of ground and surface 

water.(48) Trichloroethane has also rnigraged and contaminated 

private drinking wells in Canton, Connecticut.C4A) 

Thus, these wastes are capable of causing substantial hazard un

le~s properly managed, and the possibility of mismanagement and en

vironmental release of contaminants is certainly plausible. Some 

portion of these wastes are expected to be landfilled, while other 

residues are expected to be incinerated. Impr~per landfilling -

siting in areas with per:neable soils, inadequate leachate control or 

monitoring, lack of landfill cover, and the like -- could allow 

waste constituents to leach into groundwater, or escape via volatilization. 



Even if plastic lined drums are used for disposal, they represent a 

potential hazard if the landfill is improperly designed or operated 

(1.e. 1 drums corrode in the presence of even small amounts of water). 

The current disposal sites (the Gulf Coast) receive considerable 

rainfall and have a high ground water table creating a potential for 

drum corrosion. 

Given the presence of the chlorinated ethanes and ethylenes and 

the potential for drum degradation, it is likely that these wastes, 

if improperly landfilled (i.e., !~properly designed or operated 

landfill), would come into contact with ground water. This is par-

ticularly true of deeper deposits or those in cooler climates where 

vapor losses will be mimimized. In these two cases, the waste con-

stituents will readily move with the groundwater, just as they have 

have been observed to do at sites such as Love Canal, the Kin-Rue 

Landfill, and Story Chemical in Michigan County, Michigan.C49,SO,Sl,~2) 

The above damage incidents support laboratory findings that any 

released 1,1,2-trichloroethane and 1,2-dichloroethane will pass 

through sandy soils with less than a SO percent loss due to volati-

lizationC6). 

In addition to landfilling, the 1,1,1-trichloroethane steam strip-

per bottoms which are recycled or incinerated is of ten stored temporarily 

at the prlductlon site. Should leaks occur, similar problems to 

those from landfills could be expected. 

~ismanagement of incinerating operations could result in the re-

lease of hazardous vapor9, containing arnong other substances the 

waste constituents of concern, to the atmosphere and present a signifi-



cant opportunity for exposure of humans, wildlife and vegetation in 

the vicinity of these operations to potentially harmful substances 

through direct contact and also through pollution of surface waters. 

Finally, should these waste constituents migrate into the environ

ment they can be expected to persist, thus increasing the likelihood 

of reaching environmental receptors an~ causing substantial harm. 

The damage incidents above demonstrate environmental persistence of the 

released constituents. All of these waste constituents are expected, 

on the basis of literature degradation values, to persist in groundwater. 

(1,1,2-Trichloroethane is subject to hydrolysis, but baa a hydrolysis 

half-life of 6 months. 1,1,2-Trichloroethane may also persist in air as 

well (App. B)). Again, the persistence of these constituents la 

evidenced by the measurable concentrations of these chealcala in Lo'98 

Canal leachate s01Tae thirty years after disposat.(49.50.51) In aay 

case. in light of the hazardous character of these waste constituents. 

the Agency could not justify a decision not to list these wastes 

absent assurance that waste constituents are incapable of migration 

and persistence. As demonstrated above, such assurance is not possible. 

8. Health and Ecological Effects 

t. 1,2-Dichloroethane 

Health Effects - 1,2-Dlchloroethane is a carcinogen;C7) 

it has also been identified by the Agency as demonstrating substantial 

evidence of carcinogenicity.C54) In addition. this compound and 

several of its metabolites are highly mutagenic C~,9). 1,2-Dichloro

ethane crosses the placental barrier anct is embryatoxic and terato

genic (l0-14), and has been shown to concentrate in the milk of 



nursing mothers.(15) Exposure to this compound can cause a 

variety of adverse health effects including damage to the liver, 

kidneys and other organs, internal hemorrhaging and blood clotsC16). 

1,2-Dichloroethane is designated a priority pollutant under Section 

307(a) of the CWA. Additional information and specific references 

on·the adverse health effects of 1,2-dichloroethane can be found in 

Appendix A. 

Ecological Effects - Values for a 96-hour static <LC50 

for bluegills ranged from 236 to 300 mg/t.Cl7) 

Regulations - OSHA has set the TWA at 50 ppm. DOT re-

quires the containers for this chemical to carry a warning that it is a 

flammable liquid. 

The Office of Air, ltadiation and Noise has completed pre-

regulatory assessment of 1,2-dichloroethane under Sections 111 and 112 

of the Clean Air Act. Pre-regulatory assessments are also being con-

.ducted by EPA's Office of Water and Waste Manage~ent under the Safe 

nrinking tJater Act and by the Office of Toxic Substances under the 

Toxic Substances Control Act. 

Industrial Recognition of Hazard - Sax, in Dangerous Proper-

ties of Industrial Materials, rates 1,2-dichloroethane as highly toxic 

upon ingestion and inhalation. 

2. 1,1,1-Trichloroethane (Methyl Chloroform) 

Health Effects - The area of greatest health concern 

regarding 1,1,1-trichloroethane exposure involves its potential for 

mutagenic, terarogenic and carcinogenic effects. In vitro studies 

have indicated that l,l,l-trlchloroethane is slightly mutagenic with 



or without activation.(20,57,58) These studies were performed 

using the Ames system which is characterically insensitive to 

chlorinated hydrocarbons. 1,1,1-Trichloroethane was also positive in 

an in vitro mammalian cell transformation assay.(19) However, the 

results of two animal carcinogen bioassay studies were inconclusive 

due to design and experimental problems.Cl~,20,56) The NCI is 

currently re-evaluating the carcinogenic potential of 1,1,1-tri

chloroethane. Studies of the teratogenic potential of 1,1,1-tri

chloroethane are also suggestive; however, aore studies are needed to 

make a conclusive statement.C56) 

Other than psychophysiological effects, 1 1 1 1 1-trichloroethane 

exposure at or below the OSHA-PEL (350 ppm) does not result in 

either acute or chronic toxic complications. At very high concentrations 

(710,000 ppm), however, 1,1,1-trichloroethane produces cardiovascular 

and CNS narcotic effets, and can cause death from cardiac failure. 

Animal studies as well as accidental human exposure, have shown that, 

at these high inhalation concentrations, 1,1,1-trichloroethane produces 

a "chlorinated hydrocarbon" type of microscopic pathology liver and 

kidneys (fatty infiltration, cellular necrosis) which is characterized 

as being much less severe than that produced by carbon tetrachloride 

or trichloroethylene. Additional information and specific references 

on the adversion effects of 1,1,l-trichloroethane can be found in 

Appendix A. 

Ecological Effects - Lethal concentrations (LC50, 96 

hour values) are reported ranging from 33 mg/l (Dab), and 70 mg/l 

(Sheepshead minnow) to 6Q.7 mg/1 (Bluegill) and lOi mg/l (Flathead 



minnow). (24, 56) 

1,1,1-Trichloroethane in common with other volatile hydrocarbons, 

volatilizes from water to an appreciable extent. However, retrans-

port to water from the atmosphere and decreased volatilization rates 

from stagnant water render the aquatic compartment an important sink 

for 1,1,1-trichloroethane. 'nte major ecological concern, however, 

is its possible role as an ozone depleter. In recent years there 

has been considerable concern over human activities appreciably 

altering the levels of ozone in the stratosphere. The tropospheric 

lifetime of 1,1,1-trichloroethane is believed to be in the range of 

4-12 years, and it has been estimated that 10-20 percent of the 1,1,1-

trichloroethane molecules released at the earth's surface will 

eventually reach the stratosphere.(59) Studies simulating conditions 

obtained at high altitudes have shownC60) that the lax resident time 

of 1,1,1-trichloroethane in the stratosphere and the high solar uv 

intensity will result in its eventual total destruction yielding free 

Cl atoms which are known to destroy stratospheric ozone. 

Regulations - 1,1,1-Trichloroethane is designated as a 

priority pollutant under Section 307(a) of the CWA. OSHA has set the 

TWA at 350 ppm. EPA has recommended an ambient water quality criterion 

at 15.7 mg/l. Because of wide use and exposure, and the inadequacy 

of currently available information, the TSCA Interagency Testing 

Committee has recommendedC55) further evaluation to establish the 

carcinogenicity, mutagenicity and teratogeniclty and other chronic 

effects of 1,1,1-trichloroethane. 

-~-
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Industrial Recognition of Hazard - Sax (Dangerous Properties 

of Industrial Materials) lists 1,1,1-trichloroethane as moderately toxic 

via inhalation. 

3. 1,1,2-Trichloroethane 

Health Effects - 1,1,2-Trichloroethane has been shown to 

cause cancer in micei(25) it has also been identified by the Agency 

as demonstrating substantial evidence of carcinogenicity.(54) There 

is evidence that 1,1,2-trichloroethane is mutagenic and may be embryo

toxlc or cause teratogenic effecta.(26,27) 

Like the other compounds of this type, the trichloroethanes are 

narcotics that produce central nervous system effects, and can damage 

the liver, kidney and other organs.(15) 

1,1,2-Trichloroethane is designated as a priority pollu

tant under Section 307(a) of the CW'A. Additional information and 

specific references on the adverse effects of 1 1 1,2-trichloroethane 

can be found in Appendix A. 

Ecological Effects - Aquatic toxicity data are limited 

with only three acute studies in freshwater fish and invertebrate•, 

with doses ranging from 10,700 to 22,noo ug/1.(17) 

Regulations - OSHA has set the TWA at 10 ppm (akin). 

4. Vinylidene Chloride 

Health Effects - Vinylidene chloride has been shown to 

cause cancer in laboratory animals (2Q,29) and to be mutagenic.(28) 

It has also been identified by the Agency as demonstrating substan

tial evidence of carcinogenicity.C54) It is very toxic (Ln50 

(rat) = 200 mg/kg] and chronic exposure can cau~e damage to the 



liver and other vital organs as well as causing central nervous 

sy~tem effects. Additional information and specific references on 

the adverse effects of vinylidene chloride can be found in Appendix 

~egulations - DOT requires containers to be labeled "flam-

mable liquid." OSRA has set the TWA at 10 ppm. 

Industrial Recognition of Hazard - The toxic hazard of vinyli-

dene chloride is suspected of being similar to vinyl chloride which is 

moderately toxic via inhalation (Sax, Dangerous Properties of Industrial 

Materials)C30). 

5. Vinyl Chloride 

Health Effects - Vinyl chloride has been shown to be a 

carcinogen in laboratory studies;C31,32,33) it has also been ident1-

fied by the Agency as demonstrating substantial evidence of carcino-

genicity.(54) This finding has subsequently been supported by 

epidemiological findings.(33-37) 

Vinyl chloride is very toxic [LD50 (rat) = 500 mg/kgl and 

acute exposure results in anaesthetic effects as well as uncoordinated 

muscular activities of the extremities, cardiac arrythmiasC38) and 

sensitization of the myocardium.(39) In severe poisoning, the lungs 

are congested and liver and kidney damage also occur.(40) A decrease 

in white blood cells and an increase in red blood cells was also 

observed, as well as a rlecrease in blood clotting ability.(41) 

Vinyl chloride is designated as a priority pollutant under Section 

307(a) of the Cl~A. Additional information and specific references 

on the adverse effects of vinyl chloride can be found in Appennix A. 

-'0-
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Regulations - OSHA has set the TWA at l ppm with a 5 ppm 

ceiling over' 15 minutes. DOT requires this to be labeled "flammable 

gas." 

Industrial Recognition of Hazard - Vinyl chloride has a 

~oderate toxic hazard rating via inhalation (Sax, Dangerous Properties 

of Industrial Materials). 

6. Chloroform 

Health Effects - Chloroform has been shown to be carcino

genic C 42, 54) and tansential evidence links human cancer epidemiology 

with chloroform contamination of drinking water.(43,44) Chloroform 

has also been shown to induce fetal toxicity and skeletal malforma

tion in rat embryos.(45,46) Chronic exposure causes liver and kidney 

damage and neurolo1ical diaorders.(43) Additional information and 

specific references on the adverse effects of chloroform can be found 

in Appendix A. 

Ecological Effects - The u.s. EPA has estimated that 

chloroform accumulates fourteen-fold in the edible portion of fish 

and shell fish.(43) The U.S. EPA has also recommended that 

contamination by chloroform not exceed 500 ug/1 in freshwater and 

620 ug/l in marine environments.(43) 

Regulations - Chloroform has been designated as a priority 

pollutant under Section 307(a) of the CWA. OSHA has set the TWA at 

2 ppm. FDA prohibits use of chloroform in drugs, cosmetics and food 

contact material. The Office of Water and Waste Management has pro

posed regulation of chloroform under Clean Water Act Section 311 and ls 

ln the process of developing regulations under Clean Water Act 304(a). 



The Office of AiT 1 Radiation and Noise is conducting preregulatory 

assessment of chloroform under the Clean Air Act. The Office of Toxic 

Substances has requested additional testing of chlotofo'C'lll under Section 

4 of the Toxic Substances Control Act and is conducting pre-regulatory 

assessment under the 1ederal Insecticide, Fungicide and Rodenticide Act. 

Industrial 'Recognition of Hazard - Cbloroform has ~een 

given a moderate toxic hazard rating for oral and inhalation exposures 

(Sax, Dangerous Properties of Industrial Haterials).(30) 

7. Tetrachloroethanes 

Health Effects - 1,1,2,2-Tetrachloroethane has been 

shown to produce liver cancer in laboratory mice;(31) it has also 

been identtf!ed by the Agency as demonstrating substantial evidence 

of carcinogenicity.(54) It is also sbovn to be very toxic [oral rat 

Ln50 • 200 mg/Kg·l· In addition, passage of 1 1 1,1,2-tetrachloroethane 

across the placental barrier has been reported.(29) In Ames Salmonella 

bioassay l,1,2,2-tetrachlo~oethane was shown to be mutagenic.(32) 

Occupational exposure of workers to 1,1,2,2-tetrachloroethane produced 

neu~ological damage, liver and kidney ailments, ede~a, and fatty de

generation of the hear muscle.(33) Both 1,1,1,2-tetrachloroethane 

and 1,1,2,2-tetrachloroethane are designated as priority pollutants 

under Section 307(a) of the CWA. Additional information and specific 

references on the adverse effects of tetrachloroethanes can be found 

in Appendix A. 

Ecological Effects - Freshwater invertebrates are 

sensittve tv 1,1 1 2,2-tetrac~loroethane with a lethal concentration 

of 7-8 mg/l being reported.(20) USEPA estimate~ the BCF to be lR. 



Regulations - OSHA has set the TWA at 5 ppm {skin) for 

1,1,2,2-tetrachloroethane. 

Industrial Recognition of Hazard - Sax, Dangerous 

Properties of Industrial Materials, lists 1,1,2,2-tetrachloroethane 

as being highly toxic via ingestion, inhalation and skin absorption. 
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Response to Comments - Waste from the Product Steam Stripper 

and Spent Catalyst from the Hydrochlorinator Reactor in the Production 

of 1,1,1-Trichloroethane 

One commenter raised several questions with respect to wastes 

K028 and K029 (Uaste from the product steam stripper and Spent catalyst 

from the hydrochlorinator reactor in the production of 1,1,1-tri

chloroethane). 

1. The commenter first questioned the Agency's characterization 

of 1,1,1-trichloroethane as a suspect carcinogen. The 

commenter argues that based on their evaluation of the avail

able data, 1,1 1 1-trichloroethane has not been found to be 

carcinogenic (1.e., the commenter believes that the Agency 

has incorrectly assessed the data). 

The Agency disagrees with the commenter's claim. Although 

the NCI Hioassay Study on the carcinogenicity of 1,1,1-tri

chloroethane referred to in the listing background document 

(pg. 464) and an unpublished study are inconclusive, positive 

responses in two in vitro systems (a rat embryo cell trans

formation assay (Price et. al. 1978) and a bacterial mutation 

assay (Simmon et. al. 1977; McCann and Aines, 1976)) currently 

used to detect chemical carcinogens, indicate that 1,1,1-

trichloroethane has the potential for carcinogenicity in 

animals. Additionally, a two year carcinogenesis animal 

bioassay is being repeated at the National Cancer !n~titute. 

Therefore, the Agency helieves that there is ample evidence 



to consider 1,1,1-trichloroethane as a suspect carcinogen.* 

The listing background document on trichloroethane production 

and the Health and Environmental Effects Profile on 1,1,l-

Trichloroethane will be modified to discuss these findings. 

2. The commenter then criticized the Agency's characterization 

of 1, 1, 1-trichloroethane as "very toxic to aquatic life" and 

noted that the toxicity levels reported do not warrant this 

characterization. 

In re-evaluating the aquatic toxicity of 1 1 1,1-trichloro-

ethane, the Agency agrees with the commenter that 1,1,l-trl-

chloroethane is not sufficiently toxic to fish to warrant 

characterization as "very toxic .•• ". In the Registry of Toxic 

Effects (1975 Edition), a widely used reference book which is 

published by the National Institute for Occupational Safety and 

Health (NIOSH), a rating of the aquatic toxicity or non-toxicity 

of chemical substances is provided. In this rating, substances 

with an LC50 of between 10,000 ug/l to 100,000 ug/l is considered 

slightly toxic [1,1,1-tr!chloroethane (96 hour LC50 26-58 

mg/1)]. Therefore, the Agency will modify the listing background 

document to reflect this change. 

The Agency will, however, continue to include 1,1,1-trichloroethane 

as a constituent of concern in this particular listing. 

*It should be noted that the Agency recently determined to retain 
the listing of 1,1,1-trichloroethane as a toxic pollutant under 
~307(a) of the Clean Water Act. The reasons tor that action are 
incorporated by reference herein. 
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LISTING BACKGROUND DOCUMENT 

TRICHLOROETHYLENE AND PERCHLOROETHYLENE PRODUCTION 

Column bottoms or heavy ends from the combined 
production of trichloroethylene and perchloroethylene (T) 

Summary of Basis for Listing 

The column bottoms or heavy ends from the combined pro-

duction of t.r-ichloroethylene and perchloroethylene are generated 
( 

when recycling streams from the chlorination and oxychlorination 

processes become contaminated and must be removed and disposed. 

The Administrator has determined that these heavy ends are 

solid wastes which may pose a present or potential hazard to 

human health and the environment when improperly transported, 

treated, stored, disposed of or otherwise managed and therefore 

should be subject to appropriate management requirements 

under Subtitle C of RCRA. This conclusion is based on the 

following consideration: 

(1) The column bottoms or heavy ends from combined 
trichloroethylene and perchloroethylene production 
contain significant concentrations of 1,1,2,2-tetra
chloroethane, hexachlorobutadiene, and hexachloro
benzene1 each of which are carcinogenic. Also, 
1 11,2 1 2-tetrachloroethane is a known mutagen. All 
of these substances are also toxic to aquatic life 
and bioaccumulate in living tissues. In addition, 
the waste contains smaller amounts of ethylene di
chloride 1 hexachloroethane and 1,1,1,2 tetrachloro
ethane, all substdnces with carcinogenic and/or 
mutagenic properties. 

(2) A large quantity (a combined estimated total of at 
least 15,000 metric tons) of these wastes is generated 
a~nually. 



(3) The wastes are disposed of primarily through 
incineration or landfilling. Smaller amounts are 
deep well injected into limestone formations. If 
not managed properly, these hazardous contaminants 
could be emitted to the air from inadequate incinera
tion or improper land disposal or leach from landfills 
and injection wells to expose humans and other life. 
The chlorinated organics 1,1,2,2-tetrachloroethane, 
hexachlorobutadiene, and hexachlorobenzene, as well 
as ethylene dichloride, are water soluble and there
fore could migrate from the wastes to contaminate 
groundwater in concentrations sufficient to cause 
substantial hazard. 

Industry Profile(l,2,3,4) 

Perchloroethylene and trichloroethylene are produced in 

a combined process by seven companies at ten manufacturing 

locations primarily situated in the Texas and Louisiana Gulf 

area. The location of the facilities, their annual production 

capacity, and estimated 1979 production are shown in Tatile 1 

and Figure 1. As shown in Table 1, the estimated 1979 production 

for perchloroethylene and trichloroethylene are 367,500 and 

125,300 MT, respectively. The annual production levels for 

each individual plant are variable and range from 12,600 to 

63,700 MT for perchloroethylene producers and 14,000 - 63,700 

MT for manufacturers of trichloroethylene. Average annual 

per plant production figures are 36,750 MT for perchloroethylene 

and 41,400 MT for trichloroethylene. 

There currently is excess capacity within this industry 

for both the production of perchloroethylene and trichloroethylene. 

Increased regulatory pressures from both the Environmental 

Protection Agency (EPA) and the Occupational Safety and Health 



TABLE 1 

ESTIMATED CAPACITY AND PRODUcrION 

PERCHLOROETHYLENE AND TRICHLOROETHYLENE 

1979 CAPACITY (MT/YR)B 1979 PRODUCTION (MT/YR) 
COM:PAN't l.OCA.T10N k'ERC\\LOROE't\\'iLENE 'tRlC\U .. OROETWCLENE PERC\ll..09.0l!.TH.'ll.ENE 'r \llC\\LOROETH'l LENE 

Diamond Shamrock Deer Park, TX 

Oow 'FY eep()Tt, TX. 

Pittsburg, CA 

Plaquemine, LA 

Dupont Corpus Christi, 1X 

Ethyl Baton Rouge, LA 

PPG Lake Charles. LA 

Stauffer Lou! sV'il le, KY 

Vulcan Gelsmar, LA 

Wichita, KS 

7 5 ,ooo 

68,000 

18,000 

54,000 

7 3,000 

23,000 

91,000 

32,000 

68,000 

23,000 

525,00C 

A2J,OOO-MT/yr. capacity unit placed on standby in early 1978 
8MT "" Me tr le tons 
SOURCE: References 1, 2, 3, 4 

A 

68,000 

20,000 

--)'- - ~07-

47,600 

12,600 

37,800 

51,100 

16. 100 

63, 700 

22,400 

47,600 

16 ,100 

367,500 

1+7,&00 

14 ,000 

63,700 

125,300 
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FIGURE 1 

LOCATIONS OF PLANnMA .. \'UFACTURING 
PERCHLOROETHYLENE AND !RICHLORO£!Hi'LENE 

1) Diamond Shamrock Corp., Deer Park, TX 
2) Do• Chemical Co., Freeport, TX 
3) Dow Che::iic:il Co. , Pit ts burs, CA 
4) Do-.• Chemical Co. , Plaquemine, . LA 
5) DuPont, Corpus Christi, TX 
6) Ethyl Corp., Be;. ton Roug~, LA 
7) PPG Industries, Inc., Lake Charles, LA 
8) Stauf fe:- Chemical Co., Louisville, k"-Y 
9) Vulcan ~~terials Co., Geis:-nar, LI\ 
10) Vulcan Materials Co., Wichita, KS 

A a ?erchloroechylene, B • crichloroethylenc 

SOURC E: Refe:-ence 9 

• Chemicals Produced 
A 

A,B 
A 
A 
,\ 

A,B 
A,B 

A 
A 
A 



Administration (OSHA) are serving to inhibit future growth in 

demand for these chemicals. It is anticipated that short-

and long-term growth will average 1-2% and that the industry 

output can be represented by a flat growth curve. 

Manufacturing ProcessC3) 

Perchloroethylene and trichloroethylene are produced 

either separately or as co-products by either the chlorination 

or oxychlorination of ethylene dichloride or other C2-

chlorinated hydrocarbons. The ratio of raw material feed 

determines the relative yields of perchloroethylene and 

trichloroethylene. Perchloroethylene is also prorluced by the 

chlorinolysis of light hydrocarbons with by-product production 

of carbon tetrachloride. 

This list1n~ document covers wastes generated by the 

co-production process. 

0 Direct Chlorination of Ethylene Dichloride {See Figure 2) 

Perchloroethylene and trichloroethylene are produced by 

a single-stage oxychlorination process from ethylene dichloride 

and chlorine. Ethylene dichloride, chlorine, oxygen, and 

recycled chlorinated organics are fed to a fluid bed reactor. 

An inexpensive oxychlorination catalyst (e.g., copper chloride) 

i~ used and the reactor is maintained under pressure at 

ahollt 425°C. FePrl adjustments mav he employed to vary product 

-Y-
- socii -



F[GURE 2 I 
DIRECT CllLORINATtON OF ETIIYtnNh DICUJ.ORIDE 
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ratios, depending upon producer requirements. 

The condensed crude and weak acid are then phase-separated 

wi1: the crude, being dried by azeotropic distillation. In 

the perchlor-trichlor column, the crude is split into two streams, 

one trichlor-rich and the other perchlor-rich. The perchlor-

r ich stream, containing midboilers and heavies, is fed to the 

heavies column where high boilers (1 1 1 1 2 1 2- and 1 1 1 1 1 1 2-

tetrachloroethane, pentachloroethane, hexachloroethane, dimers, 

tar and carbon) are removed as bottoms and flashed to remove 

tars and carbon. Midboilers are concentrated in the overheads 

and recycled. Perchlor recovered from the bottoms of the 

still is neutralized with ammonia, washed, and dried. 

The crude trichlor stream is fed to the trichlor product 

still, where low boilers, such as dichloroethylenes, are 

removed overhead and recycled to the reactor. Trichlor is 

removed from the bottom, neutralized with ammonia, washed, 

and dried. 

This process description is an example of one of several 

processes for the manufacture of perchloroethylene and tri

chloroethylene from ethylene dichloride. Similar waste con

stituents (i.e •• a range of chlorinated organic hydrocarbons, 

including 1.1,2,2-tetrachloroethane, hexachlorobutadiene, 

and hexachlorobenzene), are expected regardl~ss of the 

process. 

-~511-



Waste Generation and Management 

1. Waste Generation 

The column bottoms or heavy ends from the combined pro

duction of perchloroethylene and trlchloroethylene can contain 

a wide variety of chlorinated hydrocarbons. A typical chemical 

compositlon for the waste stream, often referred as hex waste, 

is shown in Table 2 with composition presented in terms of 

weight and mole percent.C2,9) This information indicates 

that the primary constituents of the waste stream are 1,1,2,2-

tetrachloroethane, hexachlorobutadiene, and hexachlorobenzene. 

(Table 2 also includes solubilities of the waste stream 

constituents.)(2,9,20) 

The information presented in Table 2 was employed to cal

culate the expected quantities of each hazardous component which 

is generated on an annual basis. Pe~sonal communications(S,6,7) 

with selected chemical manufacturers and a review of the 

available literature indicate that the quantity of still 

bottoms which becomes contaminated and must be disposed can 

approach 3-5 percent of production. Assuming that these wastes 

are generated at a rate of 3% of production, the estimated 

quantity of each component is presented in Table 3. The 

estimated annual generation rates are shown to range from 

88-4996 metric tons for the individual waste components. 

2. Waste Management (5,6,7) 

Additional information was collected to assess the current 

practices employed for handling these waste streams on an 



l'ABLE 2 

TYPICAL COMPOSITION OF HEX-WASTES 

MOLE % WEIGHT % SOLUBILITY g/lOOg in 
distilled water PPM* 

Ethylene Dichloride 1.4 0.6 .ao 8,000 

be~a-Trichloroethane 7.2 4.S .so 5,000 

Perchloroethylene S.7 4.S .01 100 

1 1 1,l,2-Tetrachloroethane 7. 9 6.3 .01 100 

1,l,2t2-Tetrachloroethane 29.1 23.0 .29 2.900 

Pentachloroethane 2.1 3.3 (.OS (500 

Hexachlorobutadlene 27.5 33.8 .oooooos o.oos 

Hexachlorobenzene 14.9 20.0 (.OS (500 

Hexachloroethane 3.6 4.0 Very low 
TOTAL 100.0 100. 0 

SOURCE: References 2,9 

* Converted to PPM, Value = g/ lOOg x 104 

SOLUBILITY OF PARTICULAR HEX WASTE CONSTITUENTS 

IN PPM (DISTILLED WATER) 

Ethylene Dichloride 8,690 

beta-Trichloroethane 4,500 

Perchloroethylene 150 - 200 

l,1 1 2 1 2-Tetrachloroethane 2,900 

Hexachlorobutadiene 2 

Hexachlorobenzene 0.006 - 0.020 

Hexachloroethane 50 

SO~RCE: Reference 20 

-JY'-
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Table 3 

PROJECTED QUANTITIES OF INDIVIDUAL HEX-WASTE COMPONENTS 

MOLE % WEIGHT % ANNUAL PRODUCTION 

Hexachlorobutadiene 27.5 33.8 

1,1,2,2-Tetrachloroethane 29.1 23.0 

Hexachlorobenzene 14. 9 20.0 

1,1,1,2-Tetrachloroethane 7.9 6.3 

Hexachloroethane 3.6 4.0 

Ethylene Dichloride 1.4 0.6 

Perchloroethylene 5. 7 4.5 

beta-Trichloroethane 7. 2 4.5 

Pentachloroethane 2. 7 3,3 

TOTAL 100.0 100.0 

SOURCE: Estimate based on Table 2 and waste generation 
rate of 3% of production. (Waste streams are, 
however, subject to variation in terms of both 
composition and rate of generation.) 

4,996 

3,400 

2,956 

931 

591 

88 

665 

665 

448 

14,780 

(MT) 
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individual baeis. The available information indicates that 

these wastes are either beins tncinerated or disposed of 

through landfill or deep well injection lnto limestone for-

rr ·tone. Table 4 identifies the estimated quantities of 

~aste being gene~ated at each productton facility and the 

(KT current procedures for disposing of t~ese wastes. As shown -
in Table 4 1 approximately 1Q~ of the wastes are incinerated, 

with 22~ going to Landfill and 7% to deep well injection. 

Hazards Posed by ~aste 

As noted above, most of these heK wastes are incineratad. 

Inadequate inc1~erat1on conditions -- 1.e., tempe~&ture and 

~esidence times--can ?esutt ln t~e aitborne dis~osa1 of uncom-

busted chlorinated organics, partially co~busted or~anics 

and nevly formed organic coa~ounds. ~hos~ene is an example 

of a partially combusted chlorinated organlc ~hlch is produced 

by tne decomposition OT combustion of chlorinated o~ganics 

by heat.(10,11,12) Phosgene has been used as a chemical 

waxfa~e agent a~d is recognige4 as extremely to~ic. 

The landfiJling of column bottoms or heavy ends in an 

unsecure land dispo&al facility may result in groundwater 

contamtnatton caused by migration of the toxic chlorin•ted 

organics from tl1e waste into the surrounding en~ironment. 

The most carcinogenic wastestrean pGllutant, 1,1 1 2,2-tet~a-

chlo~oerhsne 1 ia highly eoluble in water. as shown in table 2. 

Ethylene dichloride, another carctnagen found in the waste-

st~eam, is even ~ore saluhLe and thus would also ten~ ~o migrate 

-~-
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Diamond Shamrock CorporatiGn 

Dow C~~m!cal V.S.A. 

E.l~ DuPont de Nemours 
Companyt l'l\e• 

Ethyl Corporation 

PPG lnduatrles 

Seauffer Chemical CompaBy 

Vulcan Material Company 

I - Incineration 
DWI - Deep Well Injection 
LF - Landftl l 

SOURCE: References 5, 6, 7 

'l'A&LB 4 

WASl'E CEN&RAnON RATES AND MANAGEMENT PllOCEDURES 

Location 

Deer Park, TX 

i'"r 1:t: por t , TX 

Pi ttabllt'g, CA 

Plaquemine t LA 

corpus Christi, YX 

~ton llouge 11 LA 

Lake. Char lea• LA 

LOulsville 1 KY 

l'.;e.1 SIDaT > 1.A. 

Wf.chlta, KS 

Waste Production 
Ml' 

1.570 

2,850 

370 

1,130 

940 

3,820 

670 

1,420 

480 

TOTAL 14,780 

-12'-
--Sl4'-

Current Disposal 
PTactice 

LF 

I 
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I 

I 

DWI 

1 

LF 

I 

I 
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from the waste. The remaining chlorinated organics in the waste 

stream are also water soluble to some extent (see Table 2). 

These compounds also have demonstrated potential for mobility 

through soils and persistence in groundwater.(17) (See 

also information summarized at pp. 15-20 below.) Thus, it 

appears likely that hazardous constituents may escape from 

this waste stream and contaminate groundwater. There clearly 

is insufficient justification to warrant finding that waste 

constituents will not migrate into groundwater if improperly 

managed. It should be noted that many facilities generating 

these wastes are located in the Texas and Louisiana Gulf 

area (see Figure 1) where rainfall precipitation is heavy, 

so that the wastes are exposed regularly to solubilizing media. 

Another problem with the landfilling of these wastes is 

the potential for these contaminants, particularly hexachloro-

benzene, to volatilize into the surrounding atmosphere. An 

actual damage incident confirms this risk. In the Louisiana 

area in the early 1970's, hex wastes containing hexachlorobenzene 

(HCB), a relatively volatile material, were transported over 

a period of time to municipal landfills in uncovered trucks. 

High levels of HCB have since been reported in the blood 

plasma of individuals along the route of transportC8). 

In a sampling of 29 households along the truck route, the 

average plasma level of HCB was 3.6 ppb with a high of 23 ppb, 

while the average plasma level of HCB in a control group was 

0.5 ppb with a high of 1.8 ppb (Farmer et. al., 1976). 
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Additionally, cattle in the surrounding area absorbed UCS in 

their tissue and 20,000 animals were quarantined by the State 

Department of Agriculture (Lazar 1975)(8). 

The deep well injection of these wastes in permeable 

limestone formations is also practiced by the industry and 

could result in the migration of the hazardous constituents 

from the waste and present the same type of problems presented 

when these wastes are insecurely landfilled. 

An additional reason for listing these wastes as hazardous 

are the large volumes generated annually. The estimated 

quantities of hex wastes disposed of by each producer range 

from 370 to 3,820 metric tons per year (Table 4). This is a 

significant quantity of waste disposal by individual generators 

in the same area. It is expected that producers will use the 

same disposal facility for long periods of time, causing more 

exposure over longer time periods to populations in the same 

disposal facility areas if wastes are improperly managed. 

Also, more exposure would be expected along prevalent migration 

and transport routes. 

Additional health and environmental fate information on 

the listed constituents of concern is presented in the following 

section of this document. In general, this information indicates 

qualitatively that these constituents are sufficiently mobile and 

persistent to reach environmental receptors. In light of the ex

treme dangers to human health and the environment posed by these 

constituents, there is insufficient indication of environmental 

degredation to justify a failure to list this ~aste as hazardous. 



Health and Ecological Effects 

1. Hexachlorobenzene (HCB) 

Priority Pollutant - HCB is currently listed as a pri-

ority pollutant under Section 307(a) of the Clean Yater Act. 

Health Effects - Hexachlorobenzene (HCB) bas produced 

cancers in animal species.(13,14) Other animal studies have 

shown that HCB crosses the placental barrier to produce toxic 

effects and fetal mortality.(15) Hexachlorobenzene is stored 

for long periods in body fat. Chronic exposure to HCB has 

been shown to result in damage to the liver and spleen.Cl6) 

It has also been demonstrated that at doses far below those 

which are lethal, HCB enhances the body's capability to 

toxify, rather than detoxify, other foreign organic compounds 

present in the body.(17) 

Virtually all hexachlorobenzene emitted from an uncontrolled 

landfill is expected to persist in groundwater or reach 

surface waters via groundwater movement.(18) Such behavior 

is likely to result in exposure to humans using potable 

water supplies within the exposed adjacent areas. 

The recommended ambient criterionC19) level for HCB in 

water is 1.25 nanograms per liter. Actual measurements, on the 

other hand, of finished drinking water in certain geographic 

areas have been measured at levels six times the recommended 

criterion designed to protect human health, demonstrating the 

mobility and persistence of the material (See Appendix A.) 
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EcoloRical E~~~~!.! - Hexachlorobenzene is very persistent.(20) 

It has been reported to move through the soil into the ground

water. C 21) Movement of hexachlorobenzene within surface 

water systems is projected to be widespread.(lR) Movement to 

this degree will likely result in exposure to aquatic life 

forms in rivers, ponds, and reservoirs. Similarly, potential 

exposure to humans is likely where water supplies are drawn 

from surface waters. 

Hexachlorobenzene is likely to contaminate accumulated 

bottom sediments within surface water systems and bioaccumulate 

in fish and other aquatic organisms.(l~) 

Regulatory Recognition of Hazard - As indicated in Appendix 

A, hexachlorobenzene is a chemical evaluated by CAG as having 

substantial evidence of carcinogenicity. Ocean dumping of 

hexachlorobenzene is prohibited. An interim food contamination 

tolerance of n.s ppm has been established by FOA. 

Additional information on the adverse effects of 

hexachlorobenzene can he found in Appendix A. 

2. Hexachlorobutadiene (HCBD) 

Priority Pollutant - Hexachlorobutadiene is a priority 

pollutant under Section 307(a) of the CWA. 

Health Effects - Hexachlorobutadiene (HCBD) has been found 

to be carcinogenic in animals.(7-2) Upon chronic exposure to 

animals by the DOW Chemical Company and others, the kidney 

appears to be the organ most sensitive to HCBo.(22,23,24,25) 

The recommended human health criterion level for this compound 



in waLcrt is .77 ppb. (See 44 Fed. Reg. 15926, 15954 (March 

15, 1979).) 

Virtually all HCBD emitted from the waste management 

scenario described previously is expected to persist in 

groundwater or reach surface waters via groun~water movement.Cl8) 

Such behavior is likely to result in exposure to humans 

using such groundwater sources as drinking water supplies 

within adjacent areas. 

Ecological Effects - Movement of HCBD within surface water 

systems is projected to be widespread.(18) 

HCBD is likely to contaminate accumulated bottom sediments 

within surface water systems and is likely to bioaccumulate in 

fish and other aquatic organisms.(18) 

The USEPA (1979) has estimated that the BCF is at 870 for 

the edible portion of fish and shellfish consumed by Americans. 

Hexachlorobutadiene is persistent in the environment.(20) 

It has been reported to move through soil into groundwater 

from Hooker Chemical's Hyde Park waste disposal site,* and 

thus is mobile enough to migrate from improperly managed 

landfills into the environment. 

Industrial Recognition of Hazard - Hexachlorobutadiene is 

considered to have a high toxic hazard rating via both oral 

and inhalation routes (Sax, Dangerous Properties of Industrial 

Materials). 

Additional information on the adverse effects of hexa-

*OSW Hazardous Waste Division, Hazardous Waste Incidents, Un
published, Open File, 1978. 
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chlorobutadiene can be found in Appendix A. 

3. Hexachloroethane 

Priority Pollutant - Hexachloroethane is a priority 

po . :. u tan t under Sec t ion 3 0 7 ( a ) of the CW A • 

Health Effects - Hexachloroethane has been reported to be 

carcinogenic to animals, meaning that humans may be similarly 

affected.(27) Humans exposed to vapors at low concentrations 

for short periods have had liver, kidney and heart degeneration 

and central nervous system damage.C2R) 

Virtually all hexachloroethane emitted from a landfill 

is expecte~ to persist in groundwater or reach surface waters 

via groundwater movement.ClA) Such behavior is likely to 

result in exposure to humans using such groundwater sources as 

drinking water supplies within adjacent areas. 

Ecological Effects - Movement of hexachloroethane within 

surface water systems is projected to be widespread.CIR) 

Movement to this degree will likely result in exposure to 

aquatic life forms in rivers, ponds, and reserv,oirs. 

Hexachloroethane is likely to be released to the atmosphere 

from surface water systems.(18) 

Regulatory Recognition of Hazard - OSHA has set a TWA for 

hexachloroethane at 1 ppm (skin). ~easurements of this 

compound in finished drinking water have shown that hexachloro

ethane occurs at least at the recommended water criterion 

leve1,(2A) confirming that this compound may persist in 



dangerous concentrations. 

Additional information on the adve~se effects of hexa-

chloroethane can be found in Appendix A. 

4. Tetrachloroethanes 

Priority Pollutant - Roth 1,1 1 1,2-tetrachloroethane and 

1,1,2,2-tetrachloroethane are designated as priority pollutants 

under Section 307(a) of the CWA. 

Health Effects - 1,1,2,2-Tetrachloroethane has been shown 

to produce liver cancer in laboratory mice.(29) In addition~ 

passage of 1,1,1,2-tetrachloroethane across the placental 

barrier has been reported.(30) In an Ames Salmonella hioassay 1 

1,1,2,2-tetrachloroethane was shown to be mutagenic.f31) 

Occupational exposure of workers to 1,1,2,2-tetrachloroethane 

produced neurolo~ical damage, liver and kidney ailments, lung 

e<lema and fatty degeneration of the heart muscle.(32) 

EcoloRical Effects - Freshwater invertabrates are sensitive 

to 1,1,2,2-tetrachloroethane with a lethal concentration of 7-

B mg/l being reported.(33) USEPA estimates the RCF to be l~.(33) 

Regulations - OSHA has set the TWA at 5 ppm (skin) for 

1,1,2,2-tetrachloroethane. 

Additional information on the adverse effects of tetra-

chloroethanes can be found in Appendix A. 

fi. F.thylene Dichloride 

Priority Pollutants - Ethylene dichloride (1,2-dichloroethane) 

is designated as a priority pollutant under Section 307(a) o{ 



the CWA. 

Health Effects - Ethylene dichloride has been shown to 

cause cancer in laboratory animals.(34) In addition, this 

compound and several of its metabolites are highly mutagenic.(35) 

Ethylene dichloride crosses the placental barrier and is 

embryotoxic and teratogenic.(36,37,3~,39,40) It has also 

been shown to concentrate in milk.(41) Exposure to this 

compound can cause a variety of adverse health effects 

including damage to the liver, kidnevs and other organs. It 

can also cause internal hemorrhaging and blo6d clots.{42) 

Regulatory Recognition of Hazard - OSHA has set the 

TWA at 50 ppm. The Office of Air, Pollution and Noise has 

completed a preregulatory assessment for ethylene dichloride 

under Sections 111 and 112 of the Clean Air Act. Prere~ulatory 

assessments are also being conducted by EPA's Office of 

Water and Waste Management under the Safe Drinking Water Act 

and by the Office of Toxic Substances under the Toxic Sub

stances Control Act. 

Industrial Recognition of Hazard - Sax in Dangerous 

Properties of Industrial Materials rates ethylene dichloride 

as highly toxic upon ingestion and inhalation. 

Additional information on the adverse effects of ethylene 

dichloride can be found in Appendix A. 
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LlSTINC. BACKGROUND DOCUMENT 

~SHA A.ND CACODYLIC ACID PRODUCTION 

By-product Salts Generated in the Production of MSMA and Cacodylic Acid. (T) 

I. Summary of Basis for Listing 

The hazardous waste generated in the production of USMA (monosodium 

rnethanearsonate) and cacodylic acid is an arsenic-contaminated salt by-product. 

Tbe Admitli.stratoi: has determined that tile solid <waste ftom tlSMA an~ cacodylic 

acid production cay pose a substantial present or potential hazard to hu~an 

healt~ or the environment "1hen improperly transported, treated, stored, 

disposerl of or other'iltise managerl, and therefore should be s~bject to a~pro-

priate rnanage~ent requirements under Subtitle C of RCRA. Tllis conclusion is 

baserl on the fnllowin3 ~onsl~erations: 

1. These wastes contain very substantial concentrations of 
arsenic, which is an extremely toxic heavy metal. Arsenic 
has also been shown to be carcinogenic, mutagenic, an~ 
terato~enic. The waste generated at one plant ~as con
taminated with arsenic at a conce~tr~tion of &300 mg/I. 

2. Large quantities of arsenic-conta~inated v.lstes are generate~ 
annually in the production of ~fSUA and cacodylic acid. Further
more, large quantities are often disposed of at individual sites. 
Approximately 190,000,000 lbs of arsenic-contaminated salt 
have been stored in an open, uncovered pile in Wisconsin. 

3. In mildly reducing environments, prevailing in most shallow 
groundwaters, arsenic is most likely to be present as the 
very toxic arsenite, to be relatively mobile, and to ~ersist 
virtually indefinitely, 

li. Several incidents of environmental cont.amination have occurred 
O.ue to t'ne leac'ning of i"rn"I'V.!cacodylic acid wastes disposed of 
in landfills, resulting in adverse hurnan health effects. 



IL Sources nf ":ile Waste 

A. Profile of the Industry - MSHA is used primarily as a 

herbicide, and is also an intermediate in the production of cacodylic acid. 

~tSltA is produced in the U.S. by Dianond Shamrock (Green Bayou, Texas); 

Crystal Chemical (Houston, Texas); and Vineland Chemical (Vineland, New 

Jersey). Estimated production of itSMA in 1cn4 was 35 million pounds.Cl) 

Roth Crystal Chel'lical and Vineland Chemical also manufacture cacodylic 

acid which results in a sil'lilar arsenic-contaminated salt by-product. 

Co:"lbination of the salt by-products from both the manufacture of rtS'tA and 

cacorlylic acid probably occurs at most manufacturing sites, a supposition 

could not be confirmed for all sites.* 

B. 'tanufacturing Process and Waste Composition - The manufacture 

of ~tS~tA involves the reaction of arsenic trioxide and liquid caustic 

soda to forl'I sodium arsenite. This solution of arsenite is then reacted 

with l'lethyl chloride to form a disodium methylarsenate (nSUA) slurry. 

This slurry is concentrated, cooled and centrifuged with the DS~tA cake 

going to acidifying tanks ancl the liquid going to storage for reuse. 

The DC)ttA cake is then acidified to form monosodium methylarsenate ("1S~tA). 

T'iis slurry is concentrated, cooled and centrifuged, with the monosodiul'I 

methylarsenate in the liquid phase being transferred to a formulating 

tan'<., and the resulting salt cake being collecterl for disposal. The 

fir1a.l '1~'ll\. nrociuct is formulctted to various strengths and is shipped in 

etther bulk fom or containers. Arsenic is persent in the salt by-prorluct 

~crv~t~l (hcm1cRl evt<lentlv CDMbines it5 two waste strea~s, ~ince its 
~tnte dispo~nl r~rMit provides for rlisposal of the combined waste 
., t r.~.1115. 



in substantial concentrations, since lt is a prevalent feedstock con-

stituent. The production scheme for MS~t"- is ciepicted in Figure 1. 

The Manufacture of cacodylic acid involves the reduction of MSMA 

using sulfur dioxide. This reduced USHA is neutralized with caustic soda 

and then reacted with methyl chloride to form cacodylic acid. 'nte cacodylic 

acirl is concentrateo, cooled and centrifuged. The cacodylic acid in the 

liquid phase goes to a formulating tank and the salt cake is collecterl for 

disposal. Again, it is reasonable to expect that arsenic is heavily 

concentrated in the waste because it is a dominant feedstock constituent. 

The presence of arsenic in the waste in high concentrations is 

conf !rmed by an analysis of '1S~1A salt cake waste generatetl by Crystal 

Chemical and provirled to the Texas DepartMent of Water Resources. This 

analysis indicates that the waste contains arsenic concentrations of 6,300 

mg/l (6). The National Interim Primary Drinking Water Standard for 

arsenic 1 a standard regulatory benchmark for measuring arsenic contamination 

in drinking water, is .05 mg/1 1 demonstrating the significant concentration 

level of arsenic in the waste streaa.• 

The Agency does not presently possess waste concentration data 

for cacodylic acid waste, but arsenic concentrations are similarly believed 

to be high, in light of arsenic presence as an essential feedstock ~aterial. 

Further, it is believed that the MS~ and cacodylic acid wastes are often 

conblneri for diSf'Osal (see page 2), again s11~~esting that the waste streal"IS 

will contain substantial concentrations of arsenic. 

*With regard to the co~parison of 1mste concentrntions an~ the Drinking 
·~rttl..!r c;c:mdardc;, whf ch assu:ie environ1entAl release, although not all 
the ~rsenic contained in the 1~ste iq 11kelv to be released froM the 
••,1c;te fnto the environncnt, :trc;l"nic: in these 1.1astes r>1ay well be released 
in cnncentr~tfons well ~hove ,15 ng/l. (c;ee p. 2 following}. 
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C. Waste Generation and l1anagement Practices and Quantites of Wastes 
Managed 

There are a number of waste ~anagement practices in current 

rndustry use, W\ich are discussed below. In addition to these described 

practices, however, there is a history of waste mis~anagement resulting 

in environmental harm. Descriptions of damage incidents resulting from 

~isnanagement of these wastes are set forth at pp. 6-7 following. 

Vineland Chemical has disposed of its solid waste in several 

landfills in Pennsylvania. ln May, 1979 1 Vineland received a permit 

from the State of Pennsylvania to dispose of 3,000 tons of arsenic con-

taminated waste.(4) 

Diamond Shamrock has a permit from the Texas Depart~ent of Water 

Resources to dispose a monthly average of 481 tons of solid waste from 

the production of various compounrls.(5) 

* (2) 

Crystal Chemical has a state per~it for deepwell injection of 

MSHA-cacodylic acid solid wastes which are slurried with liquid wastes 

and rainwater and are injected 3500 to 4500 feet below the surface in 

the Frio Formation (Attachment I). Prior to obtaining this permit, the 

company utilized unlined earthen holding ponds for waste management in 

conbination with an off-site disposal program in commercial facilities. 

III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

The Agency has a number of reasons for listing these wastes 

*The underlined daa are those obtrlined from propriet~ry reports and data 
files 



as hazardous. First, tnese waste streams have been implicated in a number 

of actual damage incidents, demonstrating the potential for substantial 

hazard if these wadtes are improperly managed. 

Second, the concentrations of arsenic contained in these wastes 

are very significant, so that if even a small percentage of the arsenic 

escapes from the waste, it will enter the environment in high enough 

concentrations to cause substantial harm. Further, arsenic is likely to 

be mobile, and will be highly persistent upon escaping from the waste, 

thus increasing the likelihood of it reaching receptors in concentrations 

sufficient to cause a substantial hazard. Certainly, there is insufficient 

evidence to indicate that arsenic will not migrate from the waste, and 

in light of the known dangers of this contaminant and its high concentra

tions in the waste, such assurance is necessary to justify not listing 

these wastes. 

Finally, these wastes contain large quantities of arsenic 

(as well as high concentrations), and wastes containing large quantities 

of arsenic are often disposed of at individual sites, thus increasing 

the likelihood of a major damage incident. 

1. Incidents Involving Mismanagement of These Wastes. 

A history of mismanagement of solid waste from the manufacture 

of MSMA and cacodylic acid has been documented. It has been reported 

that Ansul Company, a former raanufacturer of MSMA and other arsenical 

compounds, has Stored 95,000 tons of arsenic-contaminat~d salt on 

company pro~rty in Marinette, Wisconsin. Until recently, this stockpile 



was left open to the weather with no containt11ent of runoff, The State 

cf ~lsconsin TleiJart~ent of l'!at~ral 'Reso~rces has ordered Ansul to eo~er 

the pile as an interim meas~re and to truck the waste to a landfill in 

Illinois.C2R) 

A report from the files of the Texas Department of Water 

Resources (Attachment I) indicates that a landfill containing these waste 

streams was subject to overflow conditions during high rainfall periods, 

causing waste washout, soil contamination, and potential leaching hazard. 

The report indicates that elevated levels of arsenic were detected to 

"depths of several feet" in soil surrounding the landfill. This could 

result in the leaching of arsenic into groundwater and potable vater 

supplies. 

2. ~azards ~ased on Arsenic Concentrations in These Wastes 
an~ Likely Environmental fate of ~eleased Wastes 

As noted above, arsenic is present in these waste streams ln 

very high concentrations. Thus, improper management of these wastes, for 

example in unlined landfills, could easily result in a substantial hazard 

to human health and the environment. in light of the health hazards 

?Osed by arse~ic (s~e ?P• q-11 follc'Wing). 

Two likely exposure pathways for the leaching of arsenic are 

into ground~ater and surface water. The potential for this to occur from 

a waste/soil 111atrix depends o'n the concentratlon of arsenic in the soil, 

soil tyoe (clay, sand, loam, etc.), the soil pH, as well as the concen-

tratiuns of ca~Mium, mJgnesium, iron, anrl aluminum in the soil. Arsenic 

ls not easily leached in fine-text~red soils (clay materials) but ma~ 

he lo?,lcl,e<l <lo'..'TlWA!"n io sandy or loam soils. (10) 



Once arsenic escapes from these wastes and migrates to groundwater, 

it can be expecterl to be both Mobile and persistent. Thus, in mildly reducing 

~,vironMents present in most shallow groundwaters, arsenic is most likely to 

be present in the form of arsenite, a Mobile and highly toxic compound.(7) 

As an elemental heavy Metal, arsenic will persist in some form virtually 

indefinitely. 

The propensity for arsenic to Migrate through soil and groundwater 

and to persist is illustrated by an arsenic poisoning incident occurring in 

;tinnesota in 1972.(8) In this case, eleven persons became seriously ill 

by drinking water froM a well 31 feet deep. Water froM this well was found 

to contain up to 21,000 rng/l of arsenic. The source of the arsenic was 

established to be some SO pounds of arsenic-containing grasshopper bait 

buried in a seven foot trench near the well about 40 years previously. 

Significant pollution of groundwater by arsenic moving from the 

La Bounty landfill in Iowa has also been noted recently(9), and the potential 

for Movement of this element through the soil profile has been illustrated by 

its appearance in increased concentration in groundwater at a land treatment 

site for Municipal wastewater.ClO) 

A second exposure pathway of concern is surface water. These 

wastes, unless properly managed to prevent washout or runoff, could easily 

contaminate surface waters. Indeed, two of the incidents ~escribed above 

illustrate potential surface water contamination as a result of improper 

Management of these wastes (AttachMents I and II). 

3. Quantities of the Waste Generaterl 

M~~ and cacodylic aci~ by-product salts are generated in large 



concentrations, and also are disposed of in large quantites at individual 

sites. The above described damage incident from t1arinette, Wisc., indicates 

that 95,000 tons of these wastes were stored (improperly) at a single site. 

Similarly, Vineyard disposes of 3,000 tons of these wastes each year.C4) 

Obviously, such large quantities of this hazardous constituent has the pro-

pensity for large-scale environmental harm--for instance, there is a greater 

chance of exposure, and that environmental leaching will continue for longe~ 

periods. The large quantities of waste generated is thus a further reason 

for listing these wastes. 

B. Health and Ecological Effects 

1. Arsenic 

Health Effects - Arsenic is extremely toxic in animals and 

hu~ansCll). Death in humans has occurred following ingestion of very 

small amounts (Smg/Kg) of this chemica1Cl2). Several epidemiological 

studies have associated cancers with occupational exposure to arsenic(l3-15), 

including those of the lung. lymphatics and blood(l6,17). Certain 

cases involving a high prevalence of skin cancer have been associated 

with arsenic in drinking waterCl8), while liver cancer has developed in 

several cases following ingestion of arsenic(l9). Results from the 

administration of arsenic to animals in drinking water or by injection 

supports the carcinogenic potential of arsenic. 

Occupational expo~ure to arsenic has resulted in chromosomal 

damageCZO), while several different arsenic co~pounrls have demonstraterl 

positive "lutagenic effects in lahoratory sturlies(21-23). 

The teratogenicity of arsenic anrl arsenic conpounrls is 

well establisherl (2 4-26) anrl inclurles rlefects of the skull, brain, kidneys. 

-7-
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gonads, eyes, ribs and genito-urinarv syste~. 

The effects of chronic arsenic exposure inclu~e skin diseases 

progressing to gangrene, liver damage, neurological disturbancesC27) 

and cardiovascular disease(l3). 

Arsenic is designated as a priority pollutant under Section 

307(a) of the CWA, Additional information and specific references on the 

adverse effects of arsenic can be found in Appendix A. 

Ecological Effects - Tite data base for the toxicity of 

arsenic to aquatic organis~s is more coMplete for freshwater organisms, 

where concentrations as low as 128 ng/1 have been acutely toxic to freshwater 

fish. ~ single marine species produced an acute value in excess of 8,000 

ngll. 3ased on one chronic life cycle test using naphnia ~agna, a chronic 

value for arsenic was esti~ated at 853 ng/1.(28) 

~ioaccuMulation factors can reach 11,nno in oysters, 8,600 

in lobsters, and 23,nnn in ~ussels.(28) 

'R.egulations - OSHA has set a stanrlard air TWA of 500 mg/ttl 

for arsenic. DOT requires a "poison" warning label. 

The Office of Toxic Substances under FIFRA has issued a 

pre-RPAR. The Carcinogen Assessment Group has identified arsenic as a com

poun<l ~nich exhibits substantial evidence of carcinogenicity. The Office of 

Drinkin~ l~ater has regulated arsenic under the Safe Drinking Water ~ct due to 

its toxicity and the Office of Air Quality Planning and Standards has begun a 

rireregulatory asscssfllent of arsenic baseil on its suspecteil carcinogenic 

e~fect5. The Office of Water Planning 11nil Stanrlarrls un:ler c;ection 304(a) 

of the C:l~iP1 ~·at~r Act has hep,1m developr:ie11t of a reRulation based on 

- . ,/_ 



health effects other than on carcinogenicity and environmental effects. 

Finally, the Office of ToKic Substances has completed Phase 1 assessment 

of arsenic under TSCA. 

In addition, the states of Pennsylvania, Texas, and Wisconsin 

obviously deem this waste tc require careful management to prevent 

substantial environmental harm (see attachment I and II). 

Industrial Recognition of Hazard - Arsenic is rated as 

highly toxic through intra-muscular and subcutaneous routes in Sax, 

Dangerous Properties of Industrial Materials.(29) Arsenic is also rated 

as highly toxic through ingestion, inhalation, and percutaneous routes 

in Patty, Industrial Hygiene and Toxicology. 

-1,l'-
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ATTACHMENT I 

Plant located in west Harris County. Crystal manufactures arsenic

based pesticide chemicals for sale. The proposed well will be used to 

dispose of water which has been contaminated as a result of these 

manufacturing processes. To the present time, the Company has utilized 

only unlined earthen holding ponds for wastewater management, in combination 

with a program of off-site disposal in commercial waste facilities. 

Efforts to minimize the volume of contaminated waste water in the Company's 

ponds by evaporation, are thwarted by the heavy rainfalls which occur in 

the Houston area. Site inspection after such rainfall typically reveals 

that water, tinged an orange-brown color, covers much of the site, and in 

some instances, slowly drains off-site. Analyses of soil samples fl:om 

the plant indicate elevated levels of arsenic compounds in the soil to 

depths of several feet. To prevent further soil and water pollution, the 

Company has undertaken the waste disposal well project as the most 

environmentally safe method of plant waste disposal. Along with the 

!mplerne~tation of the proposed injection operatlons, it will be necessary 

to correct the existing pollution by closing the ponds, and diking and 

paving the plant area. Effective control of rainfall runoff will prevent 

off-site discharge of arsenic-contaminated waters. Evaluation of the 

disposal well project plans follow. 

CHARACTERISTICS AND COMPOSITION OF THE WASTE WATER 

Manufacturing Process - Listed below is a summary of operations at Crystal's 

RogerJale Roarl facility. 



MSMA - Arsenic trioxide and liquid caustic soda are reacted to 

form sodium arsenite. This solution of sodium arsenite is then reacted 

with methyl chloride to form a DSMA (disodium methylarsenate) slurry. 

This slurry is concentrated, cooled and centrifuged with the DSMA cake 

going to acidizing tanks and the liquid going to storage for reuse. The 

DSMA cake is acidized to form monosodium methylarsenate. This slurry is 

concentrated, cooled and centrifuged with the mono~odium methylarsenate 

in the liquid phase being transferred to a formulating tank, and the 

resulting salt cake being collected for disposal. The final MSMA product 

is formulated to various strengths and is shipped in either bulk form or 

containers. 

Dinitro General - Dinoseb (2-Sec-Butyl-4, 6-Dinitrophenol) is 

dissolved in a solvent, an emulsifier is added, and the product is shipped 

in either bulk or containers. 

Dinitro 3 - Dinoseb is reacted with triethanolamine to form the 

triethanolamine salt of Dinoseb. A surfactant is added and the material 

is shipped in bulk or containers. 

Naptalam - Alphanaphthyl amine and phthalic anhydride are reacted 

in a closed system to form sodium naphthylphthalamate. This material is 

one of the ingredients of a product produced under the trade name NAPTRO. 

Naptro - Naptalam, caustic soda, and Dinoseb are mixed to form 

NAPTRO. This material is solid in 5 gallon and in 30 gallon containers. 



Dimethoate 267 - Technical dimethoate is dissolved in a solvent 

and emulsifiers are added. The product is then either drummed at the 

plant or shipped in bulk form to a packager. 

Cacodylic Acid - MSMA is reduced using sulfur dioxide. This 

reduced MSMA is neutralized with caustic soda and then reacted with methyl 

chloride to form cacodylic acid. The cacodylic acid 1s concentrated, 

cooled and centrifuged with the cacodylic acid in the liquid phase ga1ng 

to a formulating tank and the salt cake collected for disposal. 

Chemical Analysis - Samples from the Company's existing waste 

water holding ponds have yielded the following analysis. 

MSMA Wastewater Wastewater 
Salt Cake (Pond) (Sume> 

pH 7.9 9.8 9.4 
Total Residue (105°C) 30% 7.7% 5,100 mg/l 

Alkalinity, as CaC03 
Hydroxyl 0 mg/l 3,000 mg/l 0 Tlg/ l 
Bicarbonate 1,800 0 220 
Carbonate 3,920 8,000 1,080 

Chloride 78,000 20,800 850 

Ni tr ate N Q.60 0.26 0.16 

Sulfate 103,000 11 ,600 564 

Total Organic Carbon 2,400 2,000 180 

Metals 
Arsenic 6,300 6,900 1,500 
Barium (0.5 <0.5 (0.5 
Boron (0.02 O.OB o.oa 
Cadmium 4.6 0.13 <0.01 
Calcium 116 65 2.4 
Chromium 26 5 0.6 



Treatability Studies - Various alternative methods of disposal and treat

ment of the waste streams have been investigated. While some of these 

various methods could be marginally successful in eliminating the waste, 

each produces contaminated sludge or residue. Therefore, deep well 

injection is judged to be the most practical and economic solution for 

disposal of this waste stream. 

The following methods were investigated as an alternative to 

injection: 

1. Solar evaporation - The efficiency of solar evaporation is 

related to temperature, humidity and rainfall rate, among other factors. 

The annual rainfall rate at the plant site is in excess of 50" per year 

while the evaporation rate is approximately 43"' per year. Evaporation 

would also produce a concentrated, contaminated precipitate which would 

pose additional disposal problems. 

2. Stream stripping - Little, if any, of the contaminants would 

be removed and an extremely high level of energy consumption would be 

required. 

J. Spray evaporation - Spray evaporation, while more effective 

than solar ponds, will also be inefficient because of the humid climatic 

conditions. Spray evaporation has a potential for air pollution and will 

produce a contaminated sludge. Large surface areas would be required for 

this type of system and these areas are not available at the plant site. 



ATTACHMENT II 

PHONE LOG 



MEMORANDUM OF ORAL ADVICE 

Bureau of Solid Waste Management 
Division of Hazardous Waste Management 
State of Pennsylvania 
Department of Environmental Resources 

Name: Kurti Shah, 717-787-7361 

Re: Vineland Chemical Solid Waste 
~~--~~~~~~.,....-~""'"""',.,-~~-~ 

(MSMA & Cacodylic Acid) 

Date : __ ..;;J_a_n_ua_r_,y.__3_1 ... 1 _1_9_8_0 __ 

Telephone IXXI Conference 1:::1 

Facts and Query: ------------------------------------------------
Quantity, Composition and Present and Past Disposal Practices for 

Disposal of MSMA and Cacodylic Acid Waste in Pennsylvania. 

Ia this information Public Record? Yes. 

Answer: Disposed of in past at Grove Sanitary Landfill (used a process 

developed by Stobatrol Corporation to encapsulate waste. Monitoring 

wells in area show high sulfates and chlorides. No arsenic yet. 

State may order recovery of waste) and at Lyn.cott Landfill (uses 

terra-tite system). 

By: E.c. Monnig 

Comments: Waste is said to be 60% NaCl, 40% Na2S04 and less than 1% 

arsenic (according to Vineland). Vineland permitted to dispose of 

1,000 tons (850 ydl) in August, 1977. May 1979 - permit to dump 2,000-

3,000 pounds of solid waste from MSMA and Cacodylic Acid production. 



MEMORANDUM OF ORAL ADVICE 

Date: December 18, 1979 

Name: David Barker, TDWB. 512-475-5633 

Re: MSMA Waste - Diamond Shamrock Telephone IXXI Conference i,:::1 

Facts and Query: Quantity, Composition and Disposal practices of MSMA 

solid waste -- Diamond Shamrock. 

Answer: Waste contains NaCl-Na2S04 and arsenic. Relative concentration 

unknown. Diamond Shamrock permitted to dispose on-site and off-site. 

Off-site permit allows 481 tons on a monthly average. 

By: E.c. Monnig 



MEMORANDUM OF ORAL ADVICE 

Date: December 31, 1979 

Name: David Jeffrey TD!!l 

Re : __ C.;..a.;..c;;...;o~d..c.y...;l..;.i..;.c...;A~c;;..;;i;;.;d;;...;...;a;;.;o...;d_MS=MA;.;:;.:....;W;.;;a;.;;s;.:t~e-- Telephone I xxl Conference 1=1 

Facts and Query: 1) Is the Crystal Chemical Solid waste report a matter 

of public record? Yes. 

2) Does MSMA salt also contain Cacodylic Acid by= 

products? Probably. 

Answer: -----------------------------------------------------------

By: E.C. Monnig 

Comments: 
----------------------------------------------------~ 

- S~rl -



LISTING BACKGROUND DOCUMENT 

CHLORDANE PRODUCTION 

Wastewater and Scrub Water from the Chlorination of 
Cyclopentadiene in the Production of Chlordane (T) 

Wastewater Treatment Sludges from the Production of Chlordane (T) 

Filter Solids from the Filtration of Hexachlorocyclopentadiene 
in the Production of Chlordane (T) 

Vacuum stripper discharges from chlordene chlorinator in 
the production of chlordane (T) 

I. SUMMARY OF BASIS FOR LISTING 

The hazardous waste streams generated from chlordane 

production include process wastewater and scrubwater 1 waste-

water treatment sludge, filter solids, and vacuum stripper 

discharges. These waste streams contain hexachlorocyclopenta-

diene 1 chlordane, heptachlor 1 and other chlor~nated organics. 

The Administrator has determined that the solid waste 

from chlordane production may pose a substantial present or 

potential hazard to human health or the environment when 

improperly transported, treated, stored, disposed of or 

otherwise managed, and therefore should be subject to appro-

priate management requirements under Subtitle C of RCRA. 

This conclusion is based on the following considerations: 

1. Wastewater and scrubwater from the chlorination of 
cyclopentadiene, wastewater treatment sludge and 
filter solids from hexachlorocyclopentadiene 
filtration contain hexachlorocyclopentadiene. 
Hexachlorocyclopentadiene is very toxic. 

2. The vacuum stripper discharges from chlordene 
chlorinator waste is expected to contain chlordane, 
heptachlor 1 and other chlorinated organics. 
Chlordane and heptachlor have been reported to 
be carcinogenic and/or mutagenic. 



3. 
* 

4. If the wastes are mismanaged, the toxic constituents 
in the waste could migrate from the waste and 
contaminate groundwater.· Certain constituents 
of the waste (e.g., chlordane and heptachlor) are 
projected to be persistant in groundwater. 

II. SOURCES OF THE WASTE AND TYPICAL DISPOSAL PRACTICES 

A. Profile of the Industry 

According to SRI Directory of Chemical Producera(l) 

and two other sourcesC2,3), chlordane is produced by 

only one company, Velsicol Chemical Company (a subsidiary of 

Northwest Industries) at a plant in Marshall, Illinois. The 

chlordane industry production capacity is estimated at 13,600 

metric tons/yr ClS,000 tons/yr).(3) 

(4) 

Chlordane is a versatile, broad-spectrum insecticide 

which has been in commercial use for more than 20 years.Cl) 

It is used to protect a large variety of food crops, lawns, 

turf, ornamental and shade trees, and the like from parasitic 

insect life. In 1972, nonagricultural uses of chlordane 

accounted for an estimated 80 percent of total u.s. consumption 

of chlordane in that year.Cl) 

B. Manufacturing Process 

Figure 1 presents a generalized production and waste 

schematic for chlordane. As shown in Figure 1, the first 

production step involves chlorination of cyclopentadiene to 

* All underlined information is from properietary reports 
and data files. 
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(A) 

(B) 

to obtain hexachlorocyclopentadiene. The hexachlorocyclopen-

tadiene is then condensed with cyclopentadiene to form chlor-

dene via the Diels Alder reaction. The chlordene is chlori-

nated to form chlordane. The main process reactions are as 

fol lows : C 3) 

::o:I 
CYCLOPENiADIENE 

Cl2 

HEXACHLO?.OCYCLOPENTAOIEN E 

C\ 

.,. 

DIELS Cl 

\ \ '\ ALD~::\ ! 
l \ U C:>N~:t-:s,:.T~C~~ l 
~ Cl 

I\ 

c: 

0 - -N-· n·-N\.:~v ~""..:1 o=o""vrL --· ,,...,.,c::.1 .: ... ~V•·- II"'-"'""' ·-· 
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Cl 

(C) 

Cl 
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Cl 
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+ 

Cl 

Cl 
Cl 

CHLOi=\DAN: 
C1 
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Cl 



These process reactions indicate the sources of the 

hazardous constituents in the wastes. They are marked A, 

B and C in Figure 1 to illustrate precisely where the 

r~actions take place in the process. 

c. Waste Generation and Management 

1. Waste Streams 

The four waste streams from the production of chlor

dane which are listed as hazardous are: 

• 

• 

• 

• 

Wastewater and scrub water from the chlorination 

of cyclopentadiene 

Wastewater treatment sludges 

Filter solids from the filtration of hexachlorocyclo

pentadiene 

Vacuum stripper discharges from chlordene chlorina~or 

in the production of chlordane 

Hexachlorocyclopentadiene is the constituent of concern 

in the first three listed wastes; chlordane, heptachlor, and 

other chlorinated organics are the constituents in the last 

listed waste. 

Each of the wastes--wastewater and scrubwater, wastewater 

sludges, filter solids and vacuum stripper dischargea--are 

marked I, II, III and IV respectively, in Figure 1. 

Wastewater and scrubwater (I) are generated during the 

chlorination of cyclopentadiene and subsequent separation 

steps. 
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(4). The cyclopentadieoe contains 

nd~erous cyclic compounds, which when chlotlnated result ln 

a multiplicity of toxic chlorinated cyclic compounds, among 

which bexachlorocyclopentadtene predominates. aince it 1& the 

J:iPcipal reaction product. Wastewate~ ftom ~eacto~ cleanup, 

decanting and vent acrubb1ng thus contain significant amounts 

of these components. As shown in Figure 1 1 this waste 1• 

sent to a settling pond. 

The second listed waste (II) is a result of the treataent 

of the wastewater which contains hexachlorocyclopentad1ene aad 

other to~ic chlorinated orgauica. Since, bexachlorocyclopent-

adiene 18 relatively 1naoluable (25mg/l) (29) and ts amenable 

P. 13 

to biodegradation due to its physical chemical form, the Aaenc7 

expects this toxic orsaa1c to be present tn the eludge. 

Furthermore. concentrations of he~achlorocyclopeutadi~ue tu 

the sludge woul~ be expected to be significantly higher than 

in waatewaters due to che undiluted composttioa of this V••ta. 

~----------~--~--------~-----(_4 __ ) Wastewater treatment aludse i• 

sent to an off-site laudf11l for diapoaa1.(3) 

tbe third waste, namely filter aol14a fro• the f11trat1aQ 

of hexachlorocyclopentad1ene (III) results when the crude 

hexachlorocyclopentadiene 11 filtered before it 1a reacted to 

form cb1ordeue (before reaction J), the filtrattou process 18 

intended to re~ove organic impurities, including hexachloro

cyclapentadiene. It is th~s expected that this constituent 

-Ji"-
- SS?-
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will be prese.nt in this waste, probably in significant concen

trations. Thia solid vaste 1a sent to a commercial landfill 

for disposal. (3) 

Vacuum stripper wastewater (IV) from the chlordene 

chlorinator vent vacuum scrubber contains chlordaae (which 

would not be ~ompletely stripped) and heptachlot (the 

principal reaction product) in dissolved or suspended states. 

Thia waste go~s to a holding pond pr1or ta treatmenc.Cl) 

While the precise concentration of waste constituents 

1n these wast~ stream• are not presently available, even 

very small cor1centrat1ops are of concern due to these compounds' 

extreme toxicity and capacity for senetic harm, aa well aa the 

history of ~aute mismanagement associated ~1th the sole 

producer of cblorodaue (see PP• 12-13 below). In any case, 

concentTationu of these waste consti~uent• are probably 

quite substantial, since the identified vaate constituents 

are either principal reaction by product& (hexachloro

cyclopeutadiene, heptachlo~). or the ead produ~t (chlordane). 

111. DISCUSSION or BASIS roa LISTING 

A. !!!.!&rd• Posed by the Wastes 

A• previously mentioned, the ltated wastes contain 

one or more oi: the hasardous constituents hexacblorocyclopenta

dieQe, chlordane and hepcachlor. 

Chlordane and heptachlor have been well documented as 

having lethal effects in humans when ingested in emall a~ounte, 

and he~ach1oropentadlene has been docu~ented to alter kidney 

-r-
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functions, and cause eye and throat irritation and headache 

in humans. (For further information. see Health and Ecological 

!ffect of Constituents pp. 14-lR.) 

1. Risks in Waste Mana1ement 

As previously indicated, (figure 1) 1 the wastevaters 

from chlordane manufacture are discharged to a holding pond and 

filtered prior to disposa1.CJ) Sludges from this holding pond 

and filter solids fro~ hexachlorocyclopentadiene filtration 

are taken off-site for disposa1,(3) Disposal of the latter in 

landfills, even if plastic-lined drums are used, represents a 

potential hazard if the landfill is improperly deaigned or 

operated (t.e., dru•a corrode in the presence o~ even small 

aeounts of water), This can result in the leaching of hazardous 

compoun~s and the subsequent contamination of groundwater. The 

holdinR pond presents a co~pareble risk if not properly uanaged. 

Further, damage incidents indicate (see Damage Incidents, 

PP• 10-14) that hexachlorocyclopentadiene and heptachlor 

contaminated waates have been disposed of in improperly 

~esigned and managed disposal facilities, which resulted in the 

contamination of the air and drinking water in the area. The 

possibility of improper ~anagemant of theae wastes and the 

resulting associated hazard, is thus highly realistic. 

A further conside~ation is the act~al transportation of 

these wastes to off-site disposal facilities. This increases 

the likelihood of their being mismanaged, and may result 
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either tn the1~ not belng properly handled durins transport 

or in their not reaching their deatination at all (tbu• 

making them available far harm elaewbere). A transport 

maalfest system coabined with doaignatad 1tandarda for the 

manasement af these waetea v111 greatly reduce their ava11abtl1tp 

to do harm to human beings and the environment. In reference 

to this particular consideration, there was a damage incident 

in Hemphle 1 Tenneaaee (dtacuaaed in detail ou P• 12), due to 

si~tlar, uDmanifeated waste being illegally transported and 

ell a posed. 

2. Fate of Conatltuenta in Waite Strea• 

!be waete constituents appear to be fully able to 

migrate. paaa through aoila, and persist in the environment 

to an extent which could cause aubatantlal harm to human 

health and the environment. Althou1h beptacblor and c~lordane 

are relatively insoluble, their ability to mig~ate bas been 

demonst~ated by documented damage incidents (see PP• 10-14). 

Based upon estimates by BPA.(6) the couatitueuta chlordane 

and heptachlor in theae waete streams are projected to be 

persistent in ground water, and exposure co humans ~•ins 

drinktng water dTawn from around water 1n areas adjacent to 

disposal s1cea ts likely. Movement of all the coaatitueate 

identified ~n the waste stream i& projected to be w1deapre&d 

within aurf11ce ~ater systems, reaulttns In likely exposure 

to aquatic life farms tn r1vera, ponds, aa4 ~eaer~o1ra. 

Concentrationa up to 0.8 mg(l and 0.04 mg/1 of chlor4afte and 

-r-
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heptachlor respectively, have been observed in surface waters, 

confirming these compounds' mobility and persistence.(7,8) 

Chlordane is a persistent chlorinated hydrocarbon 

insecticide. It persists in the soil for more than one year, 

sometimes for many years. Its overall rate of degradatlon 

is low.(29) 

Further damage incidents (see Damage Incidents, below) 

illustrate that hexachlorocyclopentadiene and heptachlor have 

posed a hazard via air exposure to workers in contaminated 

areas; they have also migrated from disposal sites to surface 

and ground waters resulting in the contamination of drinkins 

water sources in the vicinity. 

3. Damage Incidents 

The most serious wastewater and solid waste disposal 

problema from the manufacture of chlordane result from the 

synthesis of the hexacblorocyclopentadiene lntermediate. 

The wastes from this process step contain highly toxic hexa-

chlorocyclopentadiene reaction product. The link between 

disposal and management of heptachlorocyclopentadlene contam-

inated wastes and the hazardous implications of the leachina 

of the toxic organic into drinking water and/or air is well 

documented by the damage incident described below. Further, 

the vacuum stripper discharges from the chlordene chlorinator 

are of particular concern to the Agency because there also 

have been documented damage incidents which show the mis-

-is'-
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management, mobility and persistence of heptachlor contaminated 

waste streams (also described below). 

Sometime during March, 1977, an unknown toxic substance 

began entering the Morris Forman waste treatment plant in 

Louisville Kentuc~y. As a result, employees on sight suffered 

from eye, nose, throat, lung, and skin irritation. It was 

found that many wastewaters from this plant contained con

stituents that are toxic. One of the predominant contaminants 

identified was hexachlorocyclopentadiene. Upon an investiga

tion to determine the point of entry of these contaminants 

into the sewer system, it was found that a local waste handler 

had storage facilities for industrial wastes in the Louisville 

area. An investigation of five sights suspected to be used 

by the local disposal company confirmed the existence of 

hexachlorocyclopentadiene at one or more of the locations. 

Drums out in the open, buried drums and barrel storage were 

some of the implemented storage facilities and thus the points 

of release of these contaminants. As a result, towns whose 

water comes directly from the Ohio River had been alerted to 

the flow of raw sewage containing the contaminant hexachloro

cyclopentadiene into the river at Louisville. Many of these 

toxic constituents were thus available for release due to 

improper management and disposal practices and even in minimal 

concentrations, may cause a potential health or environmental 

hazard via air exposure or contamination of drinking water 

sources.(2~) 



Further, the same type of waste as the toxic heptachlor 

reaction by-products from chlordane production was generated 

by Velsicol in Memphis, Tennessee in the production of hepta-

chlor. This waste material from the Memphis plant was one 

of the industrial wastes which was illegally dumped into the 

Louisville, Kentucky sewer by a contract waste disposal 

company. Aaain, the specific results were the killing of 

all sewage treatment plant biota and a resulting water con-

tamination problem. The cost of decontamination was in 

excess of one million dollars and many workers were exposed 

to this toxic material.* 

Velsicol's Memphis plant has also created groundwater 

contamination problems resulting in several wells becomiog 

contaminated following disposal of highly toxic heptachlor 

containin& vaate.* Disposal of this waste in either deep 

wells or even in clay-lined pits can, and has, resulted lo 

contamination problems. 

In another serious instance of waste mismanagement 

involving both hexachlorocyclopentadlene containing wastes 

and Velisicol. Velsicol buried chlorinated pesticide waste 

containing hexachlorocyclopentadiene in drums at a Hardenman 

County site be&inning in 1964. A u.s.G.s. Study (1966-1967) 

revealed that the wastes had migrated vertically to a depth 

of 90 feet and laterally to a distance of 25 feet. Hexachlaro-

cyclopentadiene and other chlorinated hydrocarbons were also 

• OSW Hazardous Waste Division, Hazardous Waste Damage 
Incidents, unpublished, open file 1978. 



detected in surface runoff. Samples of adjacent w~ter wells 

taken in April-May of 1978 showed contamination by the wastes. 

The contamination was sufficient to advise the wel! owners 

not to drink the water. At the time of the report a line 

was being laid to connect these owners with the Town County 

Water Supply. The cost of cleaning up the damage was $741,000 

plus an outlay of $120,000 to supply water for the residents. 

(Source: United State Geological Survey (1966-1967); OSW 

Hazardous Waste Division, Hazardous Waste Incidents, unpublished, 

open file, 1978). This damage incident again illustrates the 

hazardousness of the waste, since upon mismanagement, waste con

stituents (including hexachlorocyclopentadiene) proved capable 

of migrating, persisting, and causing substantial hazard. 

Past waste management practices of waste containing the 

constituents of concern have presented special problems. (For 

a more detailed discussion, see the report on Hazardous Waste 

Disposal, Subcommittee on Oversight and Interstate and Foreign 

Commerce, 96th Congress lat seas. 4,10,17). As stated there, 

16.5 million gallons of waste contaminated with heptachlor, 

endrin, benzene, and aldrin was dumped at a Rardenman County 

du~p site. The dump site was ordered closed by the State of 

Tennessee in 1972, but local drinking is contaminated and 

unusable. This further indication of waste mismanagement by 

the sole producer of chlordane production wastes confirms 

the need for hazardous waste designation of these wastes. 

Thus, these damage incidents illustrates the potential 



environmental and health hazard resulting from leaching 

contaminants from these improperly disposed and managed 

wastes. 

a. Health and Ecological Effects of Constituents 

1. Chlordane 

Health Effects - Chlordane is a very toxic chemical 

[oral rat LD50 • 283 mg/Kg] with lethal effects in humans 

when ingested in small amounts.(9) Chlordane administered 

orally in mice is carcinogenic causing liver cancers in both 

sexes.ClO) Chlordane has also been evaluated by CAG as having 

substantial evidence of carcinogenicity. Chlordane has been 

mutagenic in certain human cell assays.Cll) Repeated do1e1 

of chlordane have altered blood protein, blood glucose and 

certain enzymes in gerbils.(12) 

Chlordane is designated as a priority pollutant under 

Section 307(a) of the CWA. Additional information and 

specific references on adverse effects of chlordane can be 

found in Appendix A. 

Ecological Effects - Chlordane is acutely toxic to mo1t 

aquatic animal life. Lethal concentrations to freshwater 

fish are in the microgram/liter range. Invertebrate• appear 

to be more sensitive to chlordane.(13) Similarly, salt 

water fish and invertebrates have been shown to be very 

sensitive to chlordane.(14) Chronic aquatic toxicity of 

this compound is even more severe across all freshwater and 
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marine animal life.(14) In particular, fish embroyos appear 

to suffer devastating damage from as little as a tenth of a 

microgcam of chlordane.(14) The aquatic damage is amplified 

by the bioaccumulation factor of chlordane, i.e., scuds 

bioaccumulate chlordane 7,400 fold, freshwater algae bioaccumulate 

133,000 fold. Chlordane is slightly toxic to birds, moderately 

toxic to wild mammals, highly toxic to soil insects, and 

moderately toxic to some soil bacteria and to earthworms. 

Regulations - The OSHA standard for amounts of chlordane 

in air is a TWA of 600 n/m3 (skin), based on the "one hit" 

model of chemical carcinogenesis. The US~PA has estimated 

levels of chlordane in ambient water which will result in a 

risk of ln-6 cancer incidence of n.1?. nanograms/liter. 

Presently, a limit of 3 nanograms/liter for chlordane has 

been suggested under the Interim ~rimary Orinking Water 

Standarri. The Canadian Drinking Water Standard is also 3 

nanograms/liter. To protect freshwater life, the 24-hour 

average is 0.24 micrograms/liter and may not exceed n.36 

micrograms/liter. For saltwater species, the draft criterion 

is 0.0091 micrograms/liter for a 24-hour average, not to exceed 

O.lR micrograms/liter.ClS)• 

*The Agency is not using the proposed water quality cri
teria as a regulatory benchmark, but is ref erring to them here 
to illustrate a potential substantial hazard if it migrates from 
the waste at small concentrations • 

. / 



Industrial Recognition of Hazard - Sax, Dangerous Proper-

ties of Industrial Materials, designates chlordane as highly 

toxic systematically via oralt skin absorption and inhalation 

routes of exposure. 

2. Heptachlor 

Health Effects - Heptachlor is extremely toxic in 

animals [oral rat LD50 = 40 mg/Kg), also causing deaths in 

humans following ingestion of very small amouncs.(16) 

Heptachlor is carcinogenic, causing liver cancer in mice.(17) 

Heptachlor has also been evaluated by CAG as having substantial 

evidence of carcinogenicity. 

This chemical ls mutagenic and teratogenic in animals, 

causing resorbtion of fetusesC18), chromosomal abnormalities 

in bone marrow cells in adults, and cataracts in offspring.(19) 

Heptachlor has caused a marked decrease in litter size and 

lifespan in newborn rats.(20) It also causes abnormal 

DNA synthesis in human cell cultures.(32) 

Heptachlor is a convulsantC21) and also interferes with 

glucose metabolism when administered in chronic studies.(22) 

Additional information and specific references on adverse 

effects of heptachlor can be found in Appendix A. 

Regulations - The OSHA standard for heptachlor is TWA 

(air) 500mg/m3. 

Industrial Recognition of Hazard - Sax, Dangerous Proper-

ties of Industrial Materials, designates heptachlor as highly 

toxic via oral and dermal routes. 

-~-
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LISTING BACKGROUND DOCUMENT 

DISULFOTON PRODUCTION 

Wastewater Treatment Sludges from the Production of Disulfoton (T) 

Still Bottoms from Toluene Reclamation Distillation in the Production 
of Disulfoton (T) 

1. SUMMAB.1 OF BASIS FOB. LIS'EING 

The organic waste streams from disulfoton production contain a 

variety of intermediate products which are toxic (i.e., toluene and 

o,o,o-triethyl ester of phosphorodithioic acid). 

The Administrator has determined that the solid waste from disulfoton 

production may pose a substantial present or potential hazard to human 

health or the environment when improperly transported, treated, stored, 

disposed of or otherwise managed, and therefore should be subject to 

appropriate management requirements under Subtitle C of RCRA. This 

conclusion is based on the following considerations: 

I. It is estimated that disulfoton production is responsible for 
generating approximately 300 lbs/day of wastewater treatment 
sludges. The sludge is expected to contain the toxic constituents 
toluene and o,o,o triethyl eater of phosphorodithioate. 

2. It ls estimated that 120 metric tons/yr of still bottoms con
taining 0 1 0 1 0-triesters of phosphorodithioic acid and toluene 
are generated from the production of disulfotoa.* 

*The Agency is aware that these wastes also contain the toxic organic, disulfo
ton. However, due to the propensity of disulfoton to rapidly hydrolize, it 
w111 not persist in the waste for extended periods of time. Based on this 
fact, the Agency will not presently regulate these wastes on the basis of 
disulfoton contamination. 



3. Disposal of these wastes, even in drums, in improperly designed . 
..,r o;>erated. landfills represents a potential hazard due to the 
migratory potential of these hazardous compounds. 

II. SOURCES OF THE WASTE AND TYPICAL DISPOSAL PRACTICES 

A. Profile of the Industry 

Disulfoton is produced in this country by only one manuf ac-

turer, Mobay Chemical Corporation, at its Chemagro Agricultural Division 

in Kansas City, Missouri.Cl) Production for 1974 was estimated at 10 mil

lion pounds .(2) 

Disulfoton is a systemic insecticide, primarily used to control 

sucking insects, especially aphids and plant-feeding mites. It was de-

veloped in the 1950's and has been in commercial use for about 15 years. 

Agricultural uses accounted for almost all of the estimated u.s. consump-

tion in 1972. Small quantities are used on ornamentals in the home and 

garden market in the form of dry granules of very low active ingredient 

content.(3) 

B. Manufacturing Process 

Disulfoton is produced according to the following three-step 

scheme (4 >: 

Toluene 
(A) P2S5 + 4C2H50H + 2NaOH ----------> 2(C2H50)zP(S)SNa + HzS + 2Hz0 

Solvent 
Ethanol ''Diethyl Salt" (DES) 

* The underlined data are those obtained from proprietary reports and 
data files. 



"Thio-Alcohol" "Chloro Thio Alcohol" (CTA) 
(C) (C2850)2P(S)SNa + ClC2H4-S-C2H5 --) (C2H50)~(S)-S-C2H4-S-C2B5 + NaCl 

DES CIA Disulfoton 

A process flow diagram and waste schematic is shown in Figure 1. 

The reaction between P2S5 and ethanol in toluene solvent occurs and 

produces the diethyl phosphorodithioic acid. The major side product of 

the reaction is the o,o,o--triethylester of the phosphorodithioic acid*. 

The dithioic acid is next converted on the diethyl salt (DES) with caustic 

soda. These two substeps are summarized in reaction (A) {see equation 

on page 2 and corresponding (A) in Figure 1). 

The DES is separated in the toluene recovery unit while the Temaining 

mixture of toluene, triester, and other organic residues is sent to a 

toluene recovery unit. The toluene is recycled to the salt production process 

and the still bottoms (Waste Stream II in Figure 1) containing o,o,o-triethyl 

ester of phosphorodithioic acid go to disposal. 

PCl3 and thio alcohol are tben reacted to form tbe chloroetbyl 

thioethyl ester ("chloroethyl thioethyl alcohol, CTA") and phosphorous 

acid {Reaction B, above, and corresponding (B) in Figure 1). 

The third step of the production process, reaction C above, involves 

the reaction between ·the diethyl salt (DES) and chlorothio-alcohol 

(CTA) to form disulfoton and sodium chloride. This is shown in Figure l 

as the disyston unit, and marked (C). 

*Also referred co in this document as o,o,o-triester. 
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Treatment of waste water from the manufacturing process result& 

in a sludge (Waste Stream I in Figure 1). 

c. Waste Generation and Management 

As indicated in Figure 1 1 the diethyl salt from the DES unit is 

separated for further processing and the toluene. triester and other 

waste solids are sent to a toluene recovery unit. The recovered toluene is 

recycled back to the production process; the waste stream from this process 

(Stream 11 1 Figure 1) is composed of the unrecovered toluene, 0 1 0 1 0-trlester 

of phosphorodithioic acid and associated organic residues. This waste 

is combined with waste solids from the downstream disyston recovery unit 

and sent for burial in landfills.CS) 

The disystoo unit process water, along with wastewater from the 

toluene recovery unit, is sent to the disyston solvent recovery unit where 

some disulfoton is recovered and recycled to the disyston wiit. 

The sludge from wastewater treatment (Waste Stream I in Figure l) is 

disposed of by landfill; 

(11) 

*/ The waste stream from the disyston recovery unit is not specificically 
listed as hazardous, but the combined waste stream is deemed hazardous 
under the 'mixing' provision of §261.3. 
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lit. DISCUSSION or IASlS 101 LISTING 

A. ,!!Jzard• Poaed by tbe Waatea 

There are two aolid waste 1treame whlch are considered in 

this documant. .\9 previously meatioaed, both waste atream11 caataiQ 

toxic conetf.tuanta whtch pose a poteut:lal hasa-rd U 111propHly 111auaged 

and dhpoeed. 

The •till bottoa1 froa the toluene recovery wait (Was~e Stream II) 

are ezpected to coatala trleater• and U1areacte4 toluene. There 11 

little illfH•tloCl OCL tu to•tctt,. of tha trhetar1; howver 1 tba 

compoun4 i• •tructurally •lllS.lar to 0.01.-trtethyleater, a member of 

• family of C011po•d which te very toxic (LDso • 80 11111ka after 8 

day1)C22). TolueDe ia a toxic chemical with •uch acute toxic effects 

in h\Ulana ezpo1ed to lov coacentrat:lona (200 ppm) aa ex:ce1•tve depre11ion 

of the n•rvo~• ayate11.Cl6) 

The wa1tevater treatment sludae• (Waste Stre .. l) aleo coQtai~ 

tolueue aalvent and a,o.o-trtethylester of pho1pborodlthioic actd, 

which is a p~oce•• intermediary. (For 1nformat1oQ oQ the toJCie effect• 

of these compounda, aee Section III B.) 

1. !!J,oaure Pathway• 

A• noted abcwe, the typical disposal 11ethod for both of theae 

wastes 1a in lan.dfUla. Dhposal of these vaete• 1n la11dfills, even if 

,. 
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plastlc l1ned drums are. used~ reprasents a potential hazard if the landfill 

ts 1mproi:>eTlY designed or operaced {the drums cor~ode 1n the presence of 

even small amounts of water). This cau result in leaching of hazardous 

eompotlCds and a~bsequent contam1nat1o~ of around water. 

As a result, tbe vast:e constituents of eoncern ni~y m1grate from 

improperly designed and ma~aged landfills aad contaminate ground and 

surface waters. Toluene is highly soluble (470 ppm)C24) &nd by 

virtue of its solve~t properties, can facilitate mobility and 

dispersion of ather toxic conetttutenta assisting their move•ent towa~d 

ground aud surface wateta. Tl\e mi~&toty potent1al of toluene ia confir111ed 

by the fact that toluene ha.a beeu detected mig'Cating fTom the Love Canal 

Bosb''. 4 Special B.eport to the GOvej!'maent and Legislature. New York 

State Deparr.11ent~ of Health (1978) ). Thu•~ once toluene migrates from 

the matrix of tbe waste, it ta likely to persist ta soil and groundwater. 

TheTe also may be a danaer of toluene migration and exposure via an 

air inhalation pathway lf dlspoaal sites lack adequate caver. Toluene 

is telatlvely va.1.at11e (28.4 mm Hg (24)) and is mobile and perslsteut 

1~ air, having been found 1a schaol and baaeoont air at Love Canal 

("t.ove Canal PubJ.ic Health Bomb•, &Upra). 

Although very little 1Rformation la available on the cbaracterisc1cs 

of o,a,o-tTiethyleatere, the Aaancy is aware of the hazardous charactertstice 

of the same family of compoUPds aB this particular trieeter. the Aseucy 

t 
- S7'1-



AUG-24-2006 THU 03:58 PM P. 21 

would require some assurance that the waste coaponenta will not m1grata 

and persist to warrant a decialon oot to list the waste. No aucb aaauranc:• 

appear• readily available. 

Thus, these waste conatituent1 could leach into groundwater lf 

l&ndf illa ate ,llftlined, o~ have inadequate leacb.ate collection 111tema. 

Waste mano9,geme~t faciltttee located in areas vi.th highly permeable 

soils ~culd l1kewiae facilitate leachate 11t1gration. 

There also may be a danser of toluene •lsracioQ and expoalll'e via an 

air 1ahalac1on pathway if disposal altea lack adequate cover. ?olueQe 

ls relatively volatile (28.4 111111 Rg (24)) and is •ob1le aad persiatent 

tn air. hav1n,g beea found 1n achaol and basement air at Love Canal 

("Love Canal P~~lic Health loab," supra). 

a. Health &Ad lcoloatcal Bffecta 

11 Toluene 

Heal~h Effects - Toluene 1s a ~oxic chemical absorbed luta 

the body by inhalation. ingestion. and tbrough the akin. The acute tozlc 

effect 1Q humaus ls exceaaive depreaL10a of the central nervous ayetem.Cl5) 

and tbia occ~a at low conceutTationa [200 ppm].(16) Cbrontc occu1»4ttoual 

exposure to toluene'haa led to the develop1118nt of aeuro-muscular disorders. 

Siace toluene la metabolized in the body by a pTotectlve 

enzyme system which ta also involved in the elindoation of ether tox.ta•t 

1t appears that over-load11l8 the Q&tabo11c pathwa7s with toluene ~1ll greatl.J 

reduce the clearance of othe%, 1110re toxlc chemicals. Additionally, the high 

af f tnity of toluene for fatty tieeue can assist in the absoTpt1oa of other 
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toxic chemicals into the body. Thus, synergistic effects of toluene on the 

coxicities of other contaminants may render the vaates more hazardous. 

:Toluene is designated as a priority pollutant under Section 307(a) of the 

·CWA. Additional information and specific refereuces on the adverse 

effects of toluene can be found 1n Appeudix A. 

Ecological Effects - Toluene has been shown to be acutely 

toxic to fresh11Jater fish and to 111Brine fish. Chronic tox.1c1ty 18 also 

reported for marine fish. (18) 

Regulations - Toluene baa an OSHA standard for air TWA of 

200 pplll• The Departlllent of Transportation requires a "flauimable liquid" 

label. 

Industrial Recogn.itioo of B,azard - roluene ia listed aa 

havins a moder1:1te toxic hazard rating via oral and inhalation route• (Sax, 

nan1eroua Propeirtiea of Industrial Materials). 

2. Phosphorodithioic and Phosphorothioic Ac1~ Esters (Trte1ter1~ 

Health Effects - The -•.a-methylene 0 10 10 10-tetraetbyl 

ester is extremely toxic by various routes of adll1n1strat1on to animals 

[oral rat LD50 • ll lll81k.sJ•(l9) Toxic effect• in the blood of humans have 

been observed at ~tnute dosea (100 micrograms/kgJ,(20) while huaan death 

from ingestion of this chemical has also occurred at low dose• (SO •s/kaJ.(21) 

The phospho~oth1o1c acid -0.0 1 0-triethyleater is a member of a family of 

compounds, which, when given orally to rats is very toxic (LD50 • 80 

mg/kg after 8 daysJ.(22) The -0 1 0 1 a-trimethyl ester ia extremely toldc 

to rats (LDso • ~5 mg/kg].< 23> 4cldtttonal information and specific 

references on adverse effects of phosphorodithio1c and phosphorothlo1c 

- 591-, 
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ac14 esters cen be found tn Appendix A. 

Industrial Recogaitiop of Hasard - Sax (Dangerous Proee:

ties of Industrial Materials), 11ata trtethyl phospharoth1oate (phosphoro

th1o1c acid, a,o,o-tr1ethyl eecer) a& being highly toxic via insestton 

aud inhalation. 
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(ORD D-1) 

LISTING BACKGROUND DOCUMENT 

PRORATE PRODUCTION 

vasuwater Treat1111mt Sludges from the Production of Phorate (T) 

Filter Cake from t:he 'Filtration of Diethylphosphorod1th1o1c Acid 
in the Pro~uction of ~horate (T) 

wute"7ater from the t"7ashing and Stripping of Phonte Pl"oduction (T) 

1. Su111mary of J:asis for Listina 

The hazardo~s wastaa from phorate production are: (l) wastewater 

treatment sludges fro~ the production of pho~ate. (2) filter cake from the 

filtration of diethylphosphorodithio!c acid, and (3) wastewater from the 

washing and stripping of phorate product. 

The Administrator has determined that these solid waatea f~om phorate 

prodt1ct1on may pose a aubstanttal preaent or potential hazard to human 

health or the envii~onment when improperly transported, treatedt stored, 

disposed of or othnrwtae managed, aad therefore should be s~'bject to appro-

priate management requirement• under S~'bcitle C of !CRA. This conclusion 

is based on the following considerations: 

1) Wastes f'roaa the ptoduction of phorate may contain phorate 1 for
maldehyde, esters of phosphorod1th1o1c acid and phosphoroth1oic 
acid. 

2) Phorate is extremely toxic and formaldehyde has been evaluated 
by the Agency as exh1bit1ng substantial evidence of carcinogen
icity. The other co~stituents expected to be present 1n the 
waste are also toxic. 

3) Disposal of these wastes in 1mpToperly destined or operated 
landfil 11~ p?"esents a potenti•l hazard due to the risk of 
these ha;:ardous compounds leaching into gt'oundwater. ·As 

P. 26 
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thE:se hazardous co:apounds are likely to persist in ground
water, drinking water supplies derived from these sources 
arti likely to be contaminated. 

P. 27 

5) M111management of incineration operations could result in the 
release of hazardous vapors to the at~osphere and present a 
significant opportunity for exposure of humans, ~ildlife and 
veuetation in the vicinity of these operations to potentially 
ha1:i1ful substances. 

II. Sources of the Wastes and Typical Disposal Practices 

A. Profile of the Industry 

The principal use of phorate is as a soil and systemic insect-

icide used to control a wide range of insects on a variety of ctopa: 

alfalfa, barley, beans, corn, cotton, hopat lettuce, peanuts, potatoes, 

rice, sorghum, ausar, beets, sugar cane, tomatoes and wbeatC3). 

Phc>rate is produced in this country by two manufacturers, Amer

ican Cyanamid at Hannibal, Ko(l,6) and Mobay Chemical 1n Kansas City, MO.* 

B. Manufacturing Process 

A generalized p~oduction and waste schematic for phorate is 

shovn :ln Figuz:e 1. Phorate is made by the reactioa of o,o-diethyl hydro-

gen phosphorodithioate with fo?'llaldehyde, followed by the addition of 

ethyl mercaptE1n (ethanethtol). The o.o-diethyl hydrogen phosphorodi-

thloate is condensed with formaldehyde and ethyl mercaptan. The reaction 

chemistry is 21s followsC4): 

* 
(2) The Agency has been 1nformed, however, iiiit 

American Cyanamid no longer produces phorate. 

A 11 underUne·d infon11ation is from proprietary reports and data. 

~-
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P2S5 
phosphorous 
pentasulfide 

s 

(C2H50)21>SH 
0,0-diethyl 
hydrogen 
phosphoro
d i thioa te 

s 

+ 

+ 

s 

C2H50H----------> 2 (CzH~0)2PSH + H2S 
ethanol o,o-diethyl 

hydrogen 
phosphorodithioate 

s 

H2C=O ----------> (C2H50)2PS-CH20H 
formaldehyde dithiophosphate 

s 

(C5H50)2PS-CH20H + C2H5SR -----------------> (C2H50)2P-SCH2SEt + H20 
dithiophosphate ethyl 

mercaptan Phorate 

These reactions indicate the source of the waste constituents of concern. 

c. Waste Generation and Management 

Based on the generalized flow diagram shown in Figure 1, 

three hazardous waste streams from the production of phorate are expected 

to be generated. (See figure 1.) These are: 

* 

(a) Process wastewater: The wastewater is likely to con-
tain significant concentrations of phorate, and lesser 
concentrations of other process waste constituents inclu
ding formaldehyde, phosphorodithioc and phosphorothloc acid 
esters, and other main ~eaction byproducts. 

* 
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(b) Filter Cake: The filter cake is expected to contain 
high concentrations of esters of phosphorodithioic 
acid and esters of phosphorothioic acid. These esters 
are formed immediately prior to filtration in the dithio 
acid unit, and filtration is intended to remove the esters 
from the process stream. 

(c) Wastewater Treatment Sludges: Wastewater treatment sludRes 
result from the treatment of process waters. The sludges 
are expected to contain high concentrations of phorate because 
of its relative insolubility in water (about 50 ppm).(7) 
Lesser concentrations of other process constituents are also 
expected to he found in the sludge. 

Ill. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 

These waste streams contain phorate, which is extremely toxic, and 

formaldehyde, a CAG carcinogen, and 0 1 0 1 0-triethyl esters of both phosphoro-

thioic acid and phosphorodithioic acid (as well as other triethyl esters 

which may be present), which are toxic. The presence of phorate and formalde-

hyde in particular, even in small concentrations, is of considerable regulatory 

concern, and the Administrator would require strong assurance that these waste 

constituents are incapable of migration, mobility, and persistence if improperly 

managed, before determining not to list these wastes as hazardous. 

Such assurance is not forthcoming. Of the constituents likely to 

be found in the waste stream, phorate, 0 1 0 1 0-triethyl esters of both phosphoro-

th1oic acid, and formaldehyde are able to reach environmental receptors upon 

release, and can persist. Phorate is moderately soluble (50 ppm), could be 

transported through permeable soil, and, although subject to some hydrol-

-Y-
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yzation and biodegradation, will persist for weeks in both surface waters 

and groundwater(38). o,o,o,-Triethyl esters of phospborothioic acid 

are soluble and persist in both surface water and groundwaters.(38) 

Formaldehyde is quite soluble and has great migratory potential.(38) If 

disposed of in areas with inorganic or permeable soils, it could become 

highly mobile. Formaldahyde also persists in surface and groundwatersC3A). 

Based upon estimates of EPA,(7) exposure to these compounds is likely via 

drinking water supplies derived from groundwater sources within areas adjacent 

to mismanaged land disposal sites. The projected widespread movement of 

these compounds when discharged to surface waters will also probably result 

in exposure of aquatic life forms in rivers, ponds, and lakes. Another 

waste constituent, o,o-diethyl ester of phosphorodithioic acid, is less 

persistent than the prevously discussed compounds, but sufficiently soluble 

and resistant to degradation to result in widespread movementC7). Thus, 

if improperly managed, these constituents are fully capable of migration, 

mobility, and persistence in substantial concentrations. 

As the subject waste streams contain extremely hazardous 

constituents which may be mobile and persistent upon release, disposal of 

these wastes in landfills can create a potential hazard if landfills are 

improperly designed or operated. Disposal of these wastes in lagoons or 

treatment of wastes in hol~ing ponds prior to final disposal, also presents 

substantial potential hazards as well. Unless lagoons are properly designed 

and operated (e.g., by lining the site with appropriate liners and employing 

leachate collection systems), a strong potential exists for contamination of 

soil and groundwaters via leachate percolation. Heavy precipitation 



may result in flooding of the lagoon, thus, surface waters can become 

contaminated. 

In light of the hazards associated with these waste constituents, 

and their potential for mobility and persistence in substantial concentra-

tions if mismanaged, the wastes are deemed to be hazardous. 

B. Health and Ecological Effects 

1. Phorate 

Health Effects - Phorate is extremely toxic in animals by 

all routes of administration [oral rate Ln 50 • 1.1 mg/kg].(ll) Death 

in humans has been reported as a result of ingestion of extremely small 

doses. (12) Inhalation of phorate by mice caused adverse effects on 

reproductive performance at very low concentrations (3.0 ppm), (13) while 

the lethal dose by inhalation in rats is also very low [11 mg/kgJ.(14) 

Phorate metablites are at least twice as toxic as phorate.Cll,17) 

Additional information and specific references on adverse effects of 

phorate can be found in Appendix A. 

Industrial Recognition of Hazard - Sax (Dangerous Properties 

of Industrial Materials) lists the toxic hazard rating of phorate as very 

high via oral and dermal routes. 

2. Formaldehyde 

Health Effects - Formaldehyde is reportedly carcinogenicC18) with 

-7'-
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nasal cavity tumors detected in two studies. It has also been mutagenic in 

several bacterial and human cell culture assays.(19,22) Formaldehyde is very 

toxic to animals by all routes of administration (23,27)t causing death in 

humans in small amounts (36 mg/kg).(28) Additional information and speclfic 

references on adverse effects of formaldehyde can be found in Appendix A. 

Ecological Effects - Formalin, an aqueous solution of formaldehyde 

ls lethal to Daphnia Magna.(30) 

Regulatory Recognition of Hazard - Formaldehyde is a chemical 

evaluated by CAG as having substantial evidence of carcinogenicity4(39) 

OSHA has set a standard ai~ TWA limit of 3 ppm for formaldehyde. 

Industrial Recognition of Hazard - Sax. Dangerous Properties 

of Industrial Materials, lists formaldehyde as highly toxic to skin, 

eyes, and mucous membranes. 

J. Phosphorodithioic and Phosphorothioic Acid Esters 

Realth Effects - The phoaphorodithioic acid s,s'-methylene-

0,0,0',0 1-tetraethyl ester is extremely toxic by various routes of admini

stration to animals [oral rat Ln 50 m 13 mg/kg].Cll) Toxic effects 

in the blood of humans have been observed at minute doses (100 ug/kg)C34), 

while human death from ingestion of this chemical has also occurred at 

low doses {50 mg/kgJ.(35) 

The phosphorothioic acid 0 10,0-triethyl ester is similar to the 



o,o,s-triethyl ester, which is very toxic when given orally to rats {LD50 • 

RO mg/kg].CJ~) The o,o,s-triethyl ester is extremely toxic to rats (LD~n a 

l~ mg/kgl.(37) Additional infortDation and specific references on the 

adverse effects of phosphorodithioic and phosphorothioic acid esters can 

be found ln Appendix A. 

Industial Recognition of Hazards - Sax, Dangerous Properties of 

Industrial Materials, lists triethyl phosphorothioate (phosphorothioic acid, 

o,o,o-triethyl ester) as being highly toxic via ingestion, inhalation and 

skin absorption. 

_,,_ 
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LISTING BACKGROUND DOCUMENT 

TOXAPRENE PRODUCTION 

Wastewater Treat~ent Sludge from the Production of Toxaphene (T) 

Untreated Process Wastewater from the Production of Toxaphene (T) 

I. Summary of Basis for Listing 

The production of toxaphene, a chlorinated hydrocarbon pesticide, 

results in the generation of process wastewater containing heavily diluted 

concentrations of toxaphene, and wastewater treatment sludges that contain 

approximately one percent of toxaphene by weight. 

The Administrator has determined that process wastewater and waste-

water treatment sludge from toxaphene production may pose a substantial 

pt'esent or potential hazard to human health or the environment when 

improperly transported, treated, stored. disposed of or otherwise managed., 

and therefore should be subject to appropriate management requirements 

under Subtitle C of RCRA. This conclusion is based on cbe folloving 

considerations: 

\) Toxaphene is present in each of these waste streams; in the 
case of the wastewater treatment sludge, if it is found in 
very high concentrations. Toxaphene has been reported to 
cause cancer in laboratory animals and is extremely toxic. 
Toxapbene has also been Tecognized by the Agency as exhibi
ting substantial evidence of being carcinogenic. It has also 
been shown to be mutagenic. 

2) Approximately 7 tons of wastewater treatment sludge containing 
about 140 lbs. of toxaphene are generated per production day. 
About 19,000 tons of sludge are already disposed of in a land
fill in r..eorgia. (S) 
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3) 

4) 

Disposal or treatment of these wastes in improperly designed 
or operated landfills or unlined lagoons could result in 
substantial hazard if toxaphene migrates via groundwater or 
surface water exposure pathways. 

Toxaphene is highly persistent in the environment and 
bioaccumulates greatly in environmental ~eceptors. 

II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

Toxaphene is produced in this country by two manufacturers: 

Hercules, Inc. at its Brunswick, Georgia plant, and Vertac Chemical 

Company at its Vicksburg, Mississippi plant.Cl) 

.(2,3) 

Toxaphene is a complex mixture of polychlorinated camphenes 

containing 67 to 69 percent chlorine and has the approximate composition 

of C10H10Cls· It has been used exclusively as a non-systemic and persistent 

contact and ingestion insecticide. Toxaphene is marketed as a 90 percent 

toxaphene-10 percent solvent solution using mixed or modified xylene 

as the solvent. This solution is then formulated by various companies 

into emulsifiable concentrates, either alone or with other insecticides. 

Little or no toxaphene is currently being used in dust, wettable powder, 

or granule formulations. 

*All underlined data are obtained from proprietary reports and data. 



B. Manufacturing Process 

Toxaphene is produced in essentially the same manner by both domestic 

manufacturers. The reaction chemistry ls as follows:Cl9) 

C1a 

uvo~ c:.1. 

c. Waste Generation and Management* 

At the Hercules plant, wastewater is generated from the toxaphene 

production process (leaks, spills and washdowns), as well as from the scrubbing 

of vent gases in the RCl absorption and recovery step (see Figure 1). 

(2) 

(3) 

(2) The treated wastewater 
~~~~~~~~~~~~~~~~~~~~-

is directly discharged to a navigable waterway. 

In Hercules' toxaphene wastewater treatment system, an average 

of 7 tons/day of wastewater treatment sludge (settled solids) is 

generated.(4,S)• The sludge results from the addition of diatomaceous earths 

*Variations in wastewater treatment systems or in wastewater sources at 
the two plants may result in different concentrations of toxaphene in the 
wastewater treatment sludges. 
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and lime to the wastewater as sorption agents for the removal of toxaphene 

from the wastewater.CS) The solids are allowed to settle in holding 

ponds and may remain there for months at" a time.{13) After the basin 

is filled with solids it is taken off line and the sludge is allowed to 

dry to approximately 50% solids.CS) Analyses of the sludge performed 

by Hercules indicate that the sludge contains approximately one percent 

taxaphene by weight, or 10,000 mg toxaphene/kg of sludge.CS) Some 

140 lb/day of taxaphene are generated and will be contained in this waste 

stream.(4 ,5) 

The ultimate destination of the toxaphene wastewater treatment 

sludge generated at the Hercules plant is a state-approved landfil1.C6) 

The landfill is known as the "009" landfill and is a privately owned 

site operating under Georgia permit. It is used exclusively for the 

disposal of the toxaphene wastewater treatment sludge generated at the 

Hercules Plant.C6) The "009" landfill used for disposal of the 

Hercules toxaphene wastewater treatment sludge has a bentonite clay 

liner, and has 6 monitoring wells which are monitored 4 times per year. 

To date, no toxaphene has been detected in the wells.(6) 

(3). 

(5) 
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(3 ,S) 

(3) 

----------------------------------------
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·* This pond, OT lagoon, is unlined.(14) Tile tteated waste-. 

water is discharged to the Mississippi River. 

II!. Discossion of Basis for Listlng 

A. Hazards Posed by the Waste 

As noted above, tn the Rerculea toxaphene ~astewater treatment 

system, an average of 7 tons/day of waste sludge are generated.(4,S) 

'I'hP. to~aphene content in the waste sludge is approximately at one percent 

by ~e~~ht or 10,000 mg/Kg sludge. ~igh concentrations of toxaphene 

are undoubtedly present in process wastewater to account for such high 

concentrations in the sludge. 

Toxaphene is an exceptionally dangerous waste consitutent. It 

is extremely toxic, highly bioaccumulative~ and bas been reported to cause 

rarce= ln laboratory animals. It has also been shown to be mutagenic. 

Toxaphene is regulated as a toxic pollutant under §307(a) of the Clean 

Water Act. After an adjudiciative proceeding, a discharge concentration 

"No rla: · .urrently availa.ble on the amount of wastewater treatment 
~ludge . . ~~: tled solids) generated at the Vertac plant. Nor is any data 
availall~ ~ the concentrations of toxaphene in these sludges. 



limitation of 1.5 ppb has been established for toxapi1ene discharges into 

navigable waters, and this discharge limitation was 1udicially upheld in 

Hercules, Inc. v. EPA, 598 F. 2d 91 (D.C. Llt ~978). (The administrative 

and judicial records are incorporated by reference into this listing 

background document.} The Agency has also established a national interim 

primary drinking t.rater standard of .005 Ng/l for toxaphene. ('Mlat admini-

strative record is likewise incorporated by reference.) 

Tile wastes are listed as toxic 'based on the ~otentlal for waste 

mismanagement and resulting environmental hatm. Toxaphene is both mobile 

and persistent, having frequently been found in clarified and treated 

municipal drinking water.(18) Existing ~aste manag~ent methods could 

lead to release of waste toxaphene. Wastewaters are presently treated 

in holding ponds. Waste treatment sludge, if generated, is now disposed 

in landfills and unlined lagoGns. Disposal in landfills represents 

a potential hazaTd if the landfill ls i-mproperly designed or Gperated. 

Til.is can result in leaching of hazardous compounds and subsequent 

contamination of groundwater. Disµosal in unlined lagoons also represents 

a potential hazard since the wastes may leach directly into the ground, 

resulting in possible groundwater contamination. Care must be taken to 

ensure that the lagoons and landfills used for stor~ge or disposal of 

the toxaphene product wastes are properly designed and operated (e.g., 

lined with an appropriate thickness of tmper~ious ~ate~ials or provided 

with leachate collection/treatment systems) to prevent contamination 

of ground~ater or surface water. 



Prior to disposal in the "009" landfill, the Hercules plant 

treats these wastes in holding ponds which, if not properly designed and 

operated, may result in groundwater or surface water contamination. The 

nigh water table and the sandy composition of the soil at the location 

of the Hercules plant in Brunswick, Ga., make careful managment of these 

* wastes particularly important. (13) 

Wastewater treatment sludge could also create a hazard if improperly 

managed. Although the sludges appear to be managed properly at the present 

time (suggesting that industry regards these wastes as hazardous), proper 

management of an otherwise hazardous waste does not make the waste non-

hazardous. 

One final reason for regulatory concern is noteworthy. Since 

toxaphene bioaccumulates in environmental receptors by factors of as 

much as 300,000(7), if only a small amount leaches into the enviro1111ent1 

a serious health hazard would be created. In the soil, toxaphene .. Y 

persist from several months to more than 10 years (soil half-life i1 11 

years, Appendix B). It has also been shown to persist for up to 9 years 

in lakes and ponds.(7) Thus, the potential for human exposure is con-

siderable. The potential for substantial hazard is, therefore, very hf.ah· 

The need for the most careful management of toxaphene-containiug 

substances is thus well-establilshed. In light of the documented health 

and environmental hazards associated with toxaphene. and the fact that 

substantial hazard is caused by ingestion of extremely suiall (ppb) toxa-

phene concentrations, the Agency believes it is justified in listing 

this waste. 

*It should be noted that Hercules' past effluent management practices ha~a 
not always been adequate. as Hercules has conceded that its pdst effluent 
discharge "'had an adverse effect upon the ecology' of local waters." (18) 



R. Health and Ecological Effects 

1. Joxaphene 

Health Effects - Toxaphene is extremely toxic (oral rat LD50 

= 40 mg/kg]. CB) Death in humans from ingestion of this dosage has also 

been reported. (9) Toxaphene is also lethal to animals by inhalation and 

skin absorption at dosages of 1 g/kg or less.(10) 

Toxaphene ls carcinogenic in rats anrl mice, causing a significant 

increase in the incidence of thyroid and liver cancers when administered 

in the rliet. (12) A significant increase in liver cancer has been 

reported in mice at ~ietary levels of 50 pnrn.(15) 

Toxaphene and its subfractions have been found mutap,enic in the 

stanrlard bacterial assay (~. typhimuriuml'l, strain TAlOO). (16) 

Ecological Effects - Toxaphene is extremely toxic to fish, and 

toxic to lower aquatic organisms, birds, and wild animals. 'nle LC50 

(96-hour) of toxaphene in static bioassays is 3.5, 5.1 and 14 ng/l for 

bluegills, fathead ~innows, and goldfish, respectively.C 7> Toxaphene 

is also capable of producing deleterious effects in fish at levels as 

low as 0.39 ng/l, and bioaccumulates by factors of as much as 300,000.( 7) 

Regulations - Toxaphene has an OSHA standard for air, TWA at 

500 mg/m3 (Skin, SCP-F). Toxaphene is listed as a priority pollutant in 

accornance with §307(a) of the Clean Water Act of 1977. A O.QOS mg/l EPA 

National Interim Primary Drinking Water <itandarrl has been established 

for toxaphene. 
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Industrial Recognition of Hazard - Toxaphene has been rated by 

Sax, Dangerous Properties of Industrial Materials(l5) to be highly toxic 

through ingestion, inhalation, and skin absorption. 

Additional information and specific references on adverse 

effects of toxaphene can be found in Appendix A. 
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LISTING BACKGROUND DOCUMENT 

2,4,5-T PRODUCTION 

Heavy Ends or Distillation Residues from the Distillation of 
1ettac~lo~obenzene in the !toduc~1on of l,4.S-T(T) 

I. Summary of Basis for Listing 

Tl\e hazardous waste from. 2,4,5-Trichlorophenoxyacetic acid (2 1 4 1 5-T) 

production consista of tne heavy ends Dr distlllation residues from the 

distillation of tetrachlotobenzene in the first step of 2.4,5-T 

manufacture. 

The Administrator has determined that the tetrachlorobenzene dis-

tillation heavy ends in 2.4,5-T production may pose a substantial pres-

ent or potential hazard to human health or the environment when i~ 

properly transported, treated, stored, disposed of or otherwiae man-

aged, and therefore should be subject to appropriate management re-

quirements under Subtitle C of RCRA. This conclusion is based ou 

the following considerations: 

l. The heavy ends from. distillation of tetrachlorobenzeue con
tain several chlorinated benzenes including hexachloroben
zene and ortho-dichlorobenzene. 

2. Hexachlorobenzene !s a reported carcinogen. Ortbo-dtchloroben
zene is cbronlcally toxic. 

J. Disposal of these wastes in improperly designed or operated 
landfills could create a substantial hazard due to the 
migratory potential and environmental persistence of these 
hazardous compounds. Both groundwater and surface water 
are exposure pathways of concern. 

4. Volatili~atien of the waste constltuents fTcm landfills, as has 
been rlocumented, could result in the release of hazardous 
vapors to the atmosphere and present a significant opportun~ty 
for exposure of humans, wildlife, and vegetation in the , 
vicinity of these operations to potentially harmful substa~ces. 



II. Sources of the Waste and Typical Disposal Practices 

A. Profile of the Industry 

The 2,4,5-trichlorophenol (TCP) salts and esters, including 

2,4,5-T, are selective herbicides used to control woody plants, es-

pecially on ran3e land and rights-of-way, where 2,4-D is not effective. 

The properties and actions of these compounds are similar to 2,4-D for-

mulations. These compounds are used extensively in forest conifer 

control and for weed control, and for rice crops.CB) 

B. Manufacturing Process 

Figure 1 is the process flow diagram of the manufacture of 

2,4,5-T (2,4,5-trichlorophenaxyacetic Ac1d).C7) The first step in 

2,4,5-T manufacture is the reaction of chlorobenzene with chlorine 

to foT'tD tetrachlorobenzene (TCB). ~istillation is then used to sep-

arate the TCB from other chlorobenzenes. The waste of concern is gen-

erated at this point in the process, and consists of the distilla-

tion residues. Fallowing this, the distilled TC~ is hydrolyzed to 

form TCP and then esterified to form 2,4,5-T.(7) 

*The underlined data are those obtained from proprietary reports and 
data files. 

tSorne of the companies listed above may no longer produce 2,4,5-T 

t 



I I 

I~~ 
~l 
I I 

MONOCtfLOROOENZcNE---• 

flEACTOn 

CHLORINE ---• 

TETnACI ILOOOOENZENE 

-----... TETnACllLOnODENZENE 

Dl5TILLATION 
COLUMN 

HEAVVENDS 
(OISTILLl\TION nESIOUE) 

TO LANDFILL 

Figura 1. GENERATIO~J OF llEAVY ENDS (DISTILLATION BOTTOMS) FROM 
- TETR/\CHLORODENZC:NE MANUfACTUOE JN TUE2, 4, 6-T PROCESS (7) 



c. Waste Generation and Management 

The heavy ends or distillation residues generated •D separating 

TCB from other chlorobenzene make up the hazardous waste stream 

_f concern. 'ntese residues are likely to contain all of the benzene 

chlorination by-products including those higher than chlorobenzene. 

such as ortho-dichlorobenzene and hexachlorobenzene. Further. since 

the waste consists largely of heavy chlorinated organic by-products, 

concentrations of these constituents will probably be high. 

Rased on current industry practice involving similar wastes, 

the distillation residues are probably managed by landfilling. 

Disposal may involve surface placement, uncontained burial, or burial 

in barrels in a landfill. 

III. Olscussion of Baals for Listing 

A. Hazards Posed by the Waste 

The heavy ends discussed above contain hazardous compound• 

which can be expected to pose a serious threat to the environment lf 

improperly managed or disposed. Among the compounds expected to be 

present are hexachlorobenzene and ortho-dichlorobenzene. 

Hexachlorobenzene ls believe~ to be carcinogenic and terato-

genie, while o-dichlorobenzene may pose a chronic toxicity hazard via 

a water exposure pathway.* To warrant a decision not to list this 

waste, therefore, the Administrator would require assurance that the 

waste constituents are incapable of migration and mobility even ft 

improperly managed, and that these constituents will not persist if 

they are released into the environment. 

* It is projected that o-dichlorobenzene could create a chro1&ic tox
icity hazard if it migrated at several orders of magnitude less thet; 
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T'~ications are that these waste constituents are capable 

of migration, mobility and persistence to cause substantial hazards. 

The grouradwa ter exposure pathway is of principal concern. Hexachloro-

benzene, while relatively insoluble, has been detected to have 

migrated via a groundwater patrr~ay from Hooker Chemical Corpora-

tion' s s area, Hyde Park, and 102d St. landfills in Niagara, New York.(37) 

Orthodichlorobenzene is relatively soluble (App. B), and thus may be 

available for environmental release. 

Present waste disposal practices may be inadequate to prevent 

waste migration. Certainly, improper management may result in re-

lease of harmful constituents. Thus, uncontained landfill burial 

would not impede leachate migration in areas with relatively or high-

ly permeable soils, or where the water table is so high that ground-

water acts as a leaching medium.* Containerization in landfilled 

drums could still result in contaminant release, since all drums have 

a limited life span as the exterior metal corrodes in the p:esence 

of even small amounts of moisture. When this occurs, the potential 

for groundwater contamination is high if the landfill is not properly 

designed and operated. Improper disposal techniques in surface 

containment sites may also present the possibility of surface runoff 

contamination. A break in a pond dike or rainwater flowing over an 

improperly covered landfill containing the process wastes may allow 

migration to surface soils and surface water. 

*Laboratory studies of the behavior of chlorinated benzenes in soil 
that is high in sand and low in organic content indicate that hexa
chlorobenzene would be likely to exhibit slow but measureable mobility 
in these soils again indicating that soil attenuation will not 
prevent environmental release of migrating contaminants.Cl) 
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H~xachlorobenzene may also pose a substantial hazar~ via an air 

inhalation pathway if landfills are not adequately convered, as shown 

by a number of actual damage incidents. In Kay, 1976, hexachloroben-

zene-containing wastes from a Vulcan plant in Louisiana volatilized 

and resulted in the death of cattle grazing in contaminated areas.(39) 

A similar case history of environmental damage in which air, soil, 

and vegetation over an area of 1no square miles were contaminated by 

hexachlorobenzene (HCB) occurred in 1972.(Jq) There was volatiliza-

tion of HCB from landfilled wastes and subsequent bioaccumulation in 

cattle grazing in the eventually contaminated areas. Accumulation in 

tissues of cattle occurred, so the potential risk to humans from eat-

ing contaminated meat and other foodstuffs is significant. 

The waste constituents of concern also can be expected to persist 

should they migrate from the matrix of the waste. Rexacblorobenzeue 

is very persistent.* (App. B) 0-dichlorobenzzene is subject to cer-

tain degredative processes, but would be likely to persist in ground-

water. (App. B.) Rexachlorobenzene, in addition to being persistent, 

is very bioaccumulative, increasing its likelihood to cause harm 

should it migrate. (App. B) 

s. Health and Ecological Effects 

1. Hexacblorobenzene 

Health Effects - Hexachlorobenzene has been shown to be 

carcinogenic in animals(l9,20) and has been identified by the Agency 

to be carcinogenic. This chemical is reportedly teratogenic, \nown 

*Evidence of mobility and resistance to degradation has been shown 
by identification of chlorobenT.ene isomer~ in ground water in Florida.(36) 
Chlorinated benzenes are likely to persist in the environment and to 
bioaccuraulate.(17) 



to pass through placental barriers, producing toxic and lethal effects 

in the fetus.(21) Chronic exposure to HCR ~n ~ats ~As been 

shown to result in damage to the liver and spleen.(2!) It has 

been lethal in humans when ingested at one-twentieth the known oral 

tn50 dose for rats.< 23> It has also been de~onstrated that at doses 

far below those which are letbal~ HC8 enhances the body's capability 

to toxify rather than detoxify other foreign organic compounds 

present in the body through its oetabolism.C24) Additional inform.a-

tion and specific references on the adverse effects of hexachloroben-

c 
zene can be found in Appendix A. 

Ecological Effects - Hexachlorobenzene is li~ely to con-

taminate accumulated bottom sediments within surface water systems and 

bioaccumulate in fish and other aquatic organisms.Cl~) 

Regulatory Recognition of Hazard - Rexachlorobenzene is a 

chemical evaluated by CAG as having substantial evidence of carcinogen-

icity. Ocean dumping of hexachlorobenzene is prohibited. An interim 

food contamination tolerance of 0.5 ppm has been established by FDA. 

Industrial Recognition of Hazard - According to Sax, Danger-

ous Properties of Industrial Chemicals, HCB is a fire hazard and, when 

heated, emits toxic fumes. 

2. ryrtho-dichlorobenzene 

Health Effects - Ortho-dichlorobenzene is very toxic in 

rats [oral LD 50 m SOO mg/Rgl.(ZS) Hurnan death has also occurred at 

this leve1.CZ6) Chronic occupational exposure to this chemical and its 

isomer has resulted in toxicity to the liver, central nervous system 

and respir~tory system.(27) Chronic oral feeding of ortho-dichloro-

I 



benzene to rats in small doses has caused anemia as well as liver 

damage and central nervous system depression.(28) AdditiObdl !~for

mation and specific references on the adverse effects of ortho-dichloro

~1enzene can be found in Appendix A. 

Regulatory Recognition of Hazard - Ortho-dichlorobenzene 

has been designated as a priority pollutant under Section 307(a) of 

the CWA. The OSHA standard for 0-dichlorobenzene is 50 ppm for an 

8 ho~r TWA. It has been selected by NCI for Carcinogenesis Dioassay, 

September, 1978. 

T1ie Office of Yater and Waste Management has completed 

pre-regulatory assessment of 0-dichlorobenzene under the Clean Water 

Act and the Safe Drinking Water Act. TJnder section 311 of the Clean 

Water Act, regulation has been proposed. The Office of Research and 

Development has begun pre-regulatory assessment of 0-dichlorobenzene 

under the Clean Air Act. 

Industrial Recognition of Hazard - Sax, Oangerous Proper

ties of Industrial Materials, lists the toxic hazard ratings for 0-di

chlorobenzene as moderate via inhalation and oral routes. 
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Response to Comments - Heavy Ends or Distillation Residues from 

the Distillation of Tetrachlorobenzene in the Production of 2,4,5-T 

Heavy ends or distillation residues from the distillation of 

tetrachlorobenzene in the production of 2,4,5-T (K042) is listed as 

hazardous because it contains a number of chlorinated benzenes 

including hexachlorobenzene and ortho-dichlorobenzene. One commenter 

objected to the inclusion of ortho-dichlorobenzene as a constituent 

of concern in this particular listing. The commenter argued that 

compounds with an LD50 of 500 mg/kg, the oral LD50 of ortho-dichloro-

benzene, is considered by "toxicologists" to be only slightly or moderately 

toxic. The commenter, therefore, recommends that ortho-dichlorobenzene 

be deleted as a basis for listing waste K042. 

The Agency disagrees with this unsubstantiated conclusion. A 

number.of standard references, in evaluating acute toxicity, consider 

compounds with an oral LD50 of 500 mg/kg to be "very toxic." For 

example, "Clinical Toxicology of Commercial Products", Gleason, et. 

al., 3rd Edition, Baltimore, Williams and Wilkins, 1969, considers 

compounds which have an oral LD50 (as determined using rats) in 

the range of 50 mg/kg to 500 mg/kg to be very toxic. Additionally, 

in the Registry of Toxic Effects, a widely used reference book which 

is published by the National Institute for Occupational Safety and 

Health (NIOSa), guidelines for evaluating acute* dosages differentiating 

relatively toxic from non-toxic substances have heen set; the LD50 

*Applies to those substances for which acute or short t~rm toxi~ity 
characterizes the response. 



level in~lcated is 5000 mg/kg. The Agency, therefore, could continue 

to incl11de ortho-d!chlorobenzene as a constituent of concern in this 

partir•!lat' listing, on the basis of acute toxicity effects alone. 

Furthermore~ o-dicblorobenzene is chronically toxic (see Background 

Document, PP• 603-04), a point ignored by the commeuter. Listing of 

this compound as a constituent of concern is consequently further 

justified. 
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LISTING BACKGROUND DOCUMENT 

2,4-D PRODUCTION 

2,6-Dichlorophenol waste from the Production of 2,4-D (T) 

Untreated Wastewater from the Production of 2,4-D (T) 

I. Summary of Basis for Listing 

These wastes from 2,4-D production may contain a number 

of toxic constituents, including 2,4-dichloroph~nol, 2,6-

dichlorophenol, 2,4,6-trichlorophenol and chlorophenol 

polymers. 

The Administrator has determined that the subject solid 

wastes from 2,4-D production may pose a substantial present or 

potential hazard to human health or the environment when 

improperly transported, treated, stored, disposed of or 

otherwise managed, and therefore should be subject to appropri-

ate management requirements under Subtitle C of RCRA. This 

ronclusicn is based on the following considerations: 

l. The wastewater generated from the production of 
2,4-D contains 2,4-dichlorophenol, and 2,4,6-trl
chlorophenol. 2,6-Dlchlorophenol waste contains 
substantial concentrations of 2,6-dichlo~ophenol, 
2,4,6-trichlorophenol and 2,4-dlchlorophenol. 

2. 2,4,6-Trichlorophenol has been identified by EPA's 
Carcinogen Assessment Group as a substance which 
has exhibited substantial evidence of carcinogenl
ci ty. It has also been cited in the literature as 
being mutagenic. 2,4-Dichlorophenol and 2,6-di
chlorophenol are toxic. 

3. Management of these wastes in treatment lagoons or 
~andf1lls creates the potential for soil or ground
Jater contamination via leaching if mismanagement 
ccurs. 



II. Sources of Yastes and Typical nisposal Practices 

A. Profile of the Industry 

2,4-D is a selective herbi.:ii·.· ·gist red for •r<Je on 

grasses, barley. corn, oats, sorghum, wh~dt a~d non-crop areas 

for post-emergent control of weeds.(7) 

l • 

B. Manufacturing Process 

In the 2,4-D manufacturing process, benzene is 

chlorinated to produce monochlorobenzene, which is hydrated to 

produce pheno1.(2a) Chlorination of phenol also leads to the 

generation of by-product 2,~-dichlorophenol and other chloro-

phenols (principally 2,4,6-trichlorophenol).(2a) Figure l 

illustrates an example of th1s manufacturing process. 

c. Waste Generation 

1. CeneTation of 2,6-dichlorophenol waste. 

Chlorination of phenol inevitably leads to the genera

tion of by-product 2 1 6-dichlorophenol and other chloro?henols.{2a) 
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Figure 1, 2,~-dichlorophenol is taken off overhead from 

th~ chlorophenol unit as a by-product. This 2,6-dichlorophenol 

by-product ~s used in the production -0f pentachlorophenols 

11. Je pldnt, and therefore is not a waste; in two other 

2,4-D plants, the 2,6-dichlorophenol by-product is disposed 

of as a waste,* and is included in this listing. This waste 

is composed of 2,6-dichlorophenol, 2,4,6-trichlorophenol, 

2,4-d~chlorophenol, and chlorophenol polymers (see page 5).(8,10) 

Various 2,6-Dichlorophenol generation rates have been 

reported. 

(10) 

(8) 

2. Generation of wastewater. 

*The Transvaal (Vertac) plant does not reuse 2,~-dic~lorophenol 
as feekstock material, so it is quite likely that this plant 
generates 2,~-dichlorophenol waste. 

t 
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(8) Procesa wastewatar ia removed 
~~~~~~~~~~~~~ 

for treatment. This wastewater, prior to treatment, is listed 

as hazardous. 2,4-Dlchlorophenol is the intermediate used in 

the production of 2,4-D; some of this chemical becomes entrained 

in the wastewater. It is expected that some quantities of 

2,6-dichlorophenol are also carried forward (see Fig. 1). 

D. Waste Management 

{10) 

Wastewater from Dow Chemical's 2,4-D unit is first 

chemically treated, then passed through a trickling filter on 

the vay to a central biological waste treatment plant.(2a) 

Biological treatment sludges from the production of 2,4-D at 

the Dow plant are limestone-treated and disposed in an on-site 

landfill. At the Transvaal, Inc. (Vertac) plant, wastewater 

goes to a neutralization ditch. 

(9) 

III. Discussion of Basis for Listing 

A. Hazards Posed by the Waste 



(~I 1 't) 

(The waste constituents of concern are 2,4,6 trichlor~-

phenol and 2,4 dichlorophenol.)* 

Disposal in 

landfills, even .if plastic lined drums are used, could create 

a potential hazard if the landfill is improperly designed or 

operated (i.e., drums corrode in the presence of even small 

amounts of water). This can result in leaching of hazardous 

compounds with resultant contamination of surface and ground 

waters. 

A similar potential hazard exists when wastewaters from 

2,4-D production are impounded in treatment lagoons. The 

*Other waste constituents are not deemed present in sufficient 
concentrations to be of regulatory significance. 

' - ~l.7-



same hazar~ous constituents are present in the solids that 

will settle to the bottom of the lagoon. The concentrations 

of the hazardous constituents in the settled solids are expected 

to be much higher than those found in the wastewater itself, 

which obviously contains a much greater volume of water*. 

Hazardous constituents may leach from the lagoon bottom to 

contaminate groundwater. In addition, possible incomplete 

treatment in biological treatment lagoons may allow these 

hazardQus constituents to reach the ultimate disposal site, 

where the potential for leachate exposure exists. 

An example of the consequences which may result when 

these wastes are mismanaged occured at the Transvaal, Inc. 

plant, which produces 2,4-D, in Jacksonville, Arkansas. 

Sludge from 2,4-D manufacture is sent to a chemical landfill 

adjacent to the plant. Soil and groundwater near the chemical 

landfill hav~ been found to be contaminated with toxic chloro-

phenols from 2,4-D manufacture.** 

As this incident illustrates, waste constituents may well 

prove mobile and persistent. As to mobility, the chlorinated 

phenols present in the waste may undergo bio-degradation in 

*This indicates that the dredged sludges from lagoons are 
not expressly listed here. These sludges are nevertheless 
reached by this listing; Section 261.3 of the Regulations 
provides that the solid wastes discharged from a hazardcu~ 
waste treatment facility are also considered hazardous 
unless the generator demonstrates otherwise. 

**OSW Hazardous Waste Division, Hazardous Waste incidents, un
published open file 1978. 

t 
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soil if pr~sent in low concentrations. ~5) lt seems 

likely, how~ver. tne rates of degradation of these compounds 

in the soli profile would be low becau~e of repression of 

soil micr..1 1,1a.L activity by these and other waste components. 

\ ~so, m~smanagement could occur ln areas where soil is low 

in organic content, so mobility in soil would not be sub

stantially eff~cted.) All of these compounds also are quite 

soluble in water [for 2,4-dichlorophenols-4,500 mg/1 at 25°C 

1~d ~,600 mg/1 at 2o~c]28 and do not exhibit a high propensity 

to adsorb in soils.(25) Hence, they would be expected to 

·move readily into groundwater. The potential for movement 

of these compounds into and through groundwater is illustrated 

~y a case history in California, where long-term pollution 

of groundwater by phenolic substances occurred because of 

release into the soil of water containing 2,4-dichlorophenol 

·rom 2,4-D nanufacture.(26) High waste loads such as 

landfill dumping would inhibit degradation and therefore 

increase the likelihood of adverse environmental effects. 

B. Health and Ecological Effects 

1. 2,4-Dichlorophenol/2,6-dichlorophenol 

Health Effects - 2,4-Dichlorophenol has high 

oral toxicity [oral Ln 50 (rats) a 580 mg/kg],(12) In addition, 

this chemical promotes UMRA-initiated skin cancer in mice.Cl3) 

It is also reported to adversely affect carbohydrate meta

bolism. ( 14, l 5) 2,6-Dichlorophenol is also toxic in animals; 



it inl•!bits liver mitochondrial respiration, and, at relatively 

high concentrations affects the nervous system.(29) Additional 

information and specific references on the adverse effects 

of 2,4- and 2,6-dichlorophenol can be found in Appendix A. 

Ecological Effects - Small doses of 2 1 4-dichloro

phenol have been lethal to fresh water fish and invertebrates.(17) 

Regulatory Recognition of Hazard -

2,4-Dichlorophenol is designated as .a priority pollutant 

under Section 307(a) of the CWA. The Office of Water and 

Waste Management has completed a pre-regulatory assessment 

and proposed water quality criteria for Z,4-dichlorophenol 

under sections 304(a) and 311 of the Clean Water Act. The 

Office of Research and Development is presently conducting 

a pre-regulatory assessment of 2,4-dichlorophenol under the 

Clean Water Act. 

Industrial Recognition of Hazard - Sax, Dangerous Pro~erties 

of Industrial Materials, designates a toxic hazard rating of 

moderate toxicity for 2,4-dichlorophenol. However, chlorinated 

phenols are designated as highly toxic local and systemic 

compounds. 

2. 2,4 1 6-Trichlorophenol 

Health Effects - 2,4 1 6-trichlorophenol induced 

cancer in mice during long-term oral feeding studies.(18) 

This compound has also been identified by EPA's Carcinogen 

Assessment Group as exhiblting substantial evidence of 



carcinogenicity.(i7) It is acutely lethal to humans 

by ingestion at 60 percent of the oral LD50 dose in rats 

[SOO mg/Kg) (19) and is mutagenic to yeast,C20) and 

adversely affects cell metabolism.(21,22) Additional 

information and specific references on the adverse effects 

of 2,4,6-trichlorophenol can be found in Appendix A. 

Ecological Effects - Very small concentrations 

of 2.4,6-trichlorophenol are lethal to freshwater fish 

[LC50 a 426 ug/l); it is also lethal to freshwater invertebrates 

at very low concentrations.(24) 

Regulatory Recognition of Hazard - 2,4,6-Trichloro

phenol has been designated as a Priority Pollutant under 

Section 307(a) of the CWA. Based on carcinogenicity, EPA has 

recommended 12 ug/l as the ambient water quality criterion 

for the ingestion of fish and water.(28) 

I.ndustrial Recognition of Hazard. Sax, in Dangerous 

Properties of Industrial Materials, lists 2,4,6-trlchloro-

phenol as moderately toxic via the oral route. 
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lesponse to Comments - 2,6-Dichlorophenol WastP from 

the Production of 2,4-D 

One commenter raised several questions with res~~ct to weste 

K043 (2,6-Dichlorophenol waste from the production of 2,4-D). 

1. 2,6-Dichlorophenol waste from the production of 2,4-D 

(K043) is listed as hazardous because it contains 

substantial concentrations of 2,6-dichlorophenol, 

2,4 1 6-trichlorophenol and 2,4-dichlorophenol. The 

commenter objected to the inclusion of 2,4-dichloro

phenol as a constituent of concern in this parttcular 

listing. The commenter argued that compounds with an 

LDso of 580 mg/kg, the oral LD50 of 2,4-dichlorophenol, 

is considered by toxicologists to be only slightly or 

moderately toxic. The commenter, therefore, recommends 

that 2,4-dichlorop~enol be deleted as a basis for listing 

waste K043. 

The Agency disagrees with this unsubstantiated conclu

sion. A number of standard references, in evaluating 

acute toxicity, consider compounds with an oral LD50 

of 580 mg/kg to be "toxic". For example, "Clinical 

toxicology of Commercial Products", Gleason 

et. al., 3rd Edition, Baltimore, Williams and Wilkins 1 

1969, considers compounds which have an oral LD50 (as 

determined using by rats) in the range of 500 mg/kg to 

s,noo mg/kg to be toxic to moderately toxic; however, 



it should be noted that 2,4-dichlorophenol is at the 

higher end of the range and would tend to be considered 

toxic rather than moderately toxic. Additionally, 

in the Registry of Toxic Effects, a widely used 

reference book which is published by the National 

Institute for Occupational Safety and Health (NIOSH), 

guidelines for evaluatin~ acute* dosages differentiating 

relatively toxic from nontoxic substances have been set; 

the LD50 level indicated is S,nno mg/kg. The Agency, 

therefore, could continue to include 2,4-dichlorophenol 

as a constituent of concern in this particular listing, 

on the basis of acute toxicity effects alone. 

Furthermore, 2,4-dichlorophenol is chronically 

toxic (see Background Document pp. 8-9), a point ig-

nored by the commenter. Listing of this compound as 

a constituent of concern is consequently further justified. 

2. The commenter pointed out that EPA's Health and Environ-

mental Effects Profile on "Chlorinated Phenols" contains 

only a general discussion of chlorinated phenols, and that 

rlata on the specific dichlorophenols is lacking. While the 

Health and Environmental Effects Profile on "Chlorinated 

Phenols" does not contain a great deal of toxicity data 

*Applies to those substances for which acute or short term 
toxicity chRracterizes the response. 



on the dichlorophenols, the health and ecological effe~ts 

of the dichlorophenols are discussed more fully in the 

spec1~1c llsting background document on 2,4-D production. 

As tuere indicated, both 2,4-dichlorophenol and 2,6-di

chlorophenol are toxic and 2,4-dichloropbenol is carcinogenic 

(based on studies in which the skin of mice is exposed 

to the chemical in small doses). The Agency, however, 

~111 modify the Health and Enviro~mental Effects Profile 

on Chlorinated Phenols to include more of a discussion 

on the dichlorophenols. 

3. The ~ommenter argues that no direct mention is made of 

the degradability or adsorptive ·properties of 2;4 .. 

and 2,~-dichlorophenol in the listing background documeut 

on 2, 4-n production despite th·e conclusion for both 

compounds that "the potential for degradation or 

elimination is high and movement is projected to be 

limited." (BD-13 at 209, 215 respectively.) 

The Agency strongly disagrees with the commenter. In 

a number of places in the listing background document, 

the degradability/perslstence, adsorptive properties 

and mobility of these compounds are discussed. For 

example, on pp. 7 and R, several damage incidents were 

discussed which illustrate groundwater contamination and, 

thus, confirms empirically the mohillty and persistence of 



these compounds. A discussion on the low degradability 

of these compounds in soils is also included on pg. 8. 

Finally, in determining the solubilities of the dichloro

phenols, the Agency found that their water solubilities 

are significant [e.g., 4,500 mg/lat 25°C and 4,600 mg/l 

at 20°C for ?,4-dichlorophenolal and that in groundwater 

(where photodecompoaition is absent) these compounds 

would be expected to migrate and persist. With respect 

to the commenter's quote cited from RD-13, the Agency 

finds that the quote does not even relate to chlorinated 

phenols. 

4. The commenter took objection to EPA'a assertion that 

"very small concentrations" of 2,4,6-trichlorophenol 

have been lethal to freshwater fish (LC5~•426 mg/l). 

The commenter maintains that at this level, the chemical 

is virtually non-toxic. 

Upon scrutiny of this comment, the Agency reaffirms 

its position on the aquatic toxicity of 2,4,6-

trichlorophenol. EPA's Draft Ambient ~ater Quality 

Criteria Document for Chlorinated Phenols (1979) 

reports that the LC50 value for 2,4,6-trichlorophenol 

is 426 ug/l. This value is three orrlers of magnitude 

less than that stated by the commenter and is con

sidered quite toxic. ~elative to this, the Agency 

notes that an error ~as made in the listing background 



document in reporting the LC50 value of 2,4,6-trichloro

phenol as 426 ng/l (pg. 10). The Agency will correct 

this typographical error. 

Based on the forgoing discussion, the Agency will continue 

to list waste K043 (2,6-dichlorophenol waste from the production 

of 2,4-D) as hazardous and include 2,4-dichlorophenol, 2,6-

dichlorophenol and 2,4 1 6-trichlorophenol as a basis for 

listing. 
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LISTING BACKGROUND DOCUMENT 

EXPLOSIVE INDUSTRY 

Wastewater Treatment Sludges from the Manufacture and Processing 
of Explosives (R) 

Spent Carbon from the Treatment of Wastewater Containing 
Explosives (R) 

Wastewater Treatment Sludges from the Manufacture, Formulation 
and Loading of Lead-lased l~itiatlng Compounds (T) 

Pink/Red Water from TNT Operations (R) 

I. SUMMARY OF BASIS FOR LISTING 

Explosives manufacturing produces wastewaters which are 

often sent to treatment facilities; the resulting wastewater, 

spent carbon, and/or wastewater treatment sludges resulting 

from the production of explosives have been found to contain 

explosive components which can pose an explosive hazard; one 

of the listed wastes contains the toxic heavy metal lead, 

and therefore, poses a toxicity hazard. The Administrator 

has determined that the explosives industry generates solid 

wastes ~hich may pose a substantial present or potential 

hazard to human health or the environment when improperly 

transported, treated, stored, disposed of or otherwise managed, 

and therefore should be subject to appropriate management 

requirements under Subtitle C cf RCRA. This conclusion is 

based on the following considerations: 

1. Wastewater treatment sludges from the manufacturing and 
processing of explosives contain significant concentra· 'ens 

\ of explosive compounds which could pose an explosion hazard. 



If improperly managed, this waste could thus present a 
substantial hazard to human heal:~ '~i ~~e environm~~t. 
Therefore, this waste meets the r@activ~ty characteris
tic (§261.23). 

2. Spent carbon columns from the treatment or wastewater 
containing explosives are saturated with explosive com
pounds (i.e., RDX, TNT, etc.). This waste, if improperly 
managed, could pose a substantial health and environmental 
hazard due to the explosive potential of the constituents 
in this waste. Therefore, this waste meets the reactivity 
characteristic (§261.23). 

3. Wastewater treatment sludges from the manufacture, formu
lation, and loading of lead based initiating compounds 
contain substantial concentrations of the' toxic heavy metal 
lead. the lead is in a relatively soluble form, and could 
migrate from the disposal site into groundwater. Therefore, 
if this waste is improperly managed and disposed, it could 
pose a substantial hazard to human health and the environ
ment. 

4. Pink/red water from TNT operations contains high concen
trations of the explosive compound TNT. If improperly 
managed, this waste could thus present an explosive 
hazard, resulting in a substantial hazard to human health 
and the environment. Therefore, this waste meets the 
reactivity characteristic (§261.23). 

II. OVERALL DESCRIPTION OF INDUSTRY 

The explosives industry is comprised of those facilities 

engaged in the manufacture and load, assemble, and pack (LAP) 

of high explosives, blasting agents, propellants, and initiatini 

compounds. High explosives and blasting agents are substances 

which undergo violent, rapid decomposition upon detonation by 

heat, friction, impact or shock. Initiating compounds, on the 

other hand, are used to initiate or detonate large quantities 

of less sensitive propellants or explosives. 

Explosives are manufactured in both the commercial and 



military sectors. Those companies (approximately 40) that 

commercially manufacture explosives are situated geographically 

in 104 facilities* located in 30 states throughout the country. 

:e states with the greatest number of facilities are 

California, Utah, Missouri, and Pennsylvania. The military 

sector of the explosives industry ls segregated into two 

groups: Government Owned and Contractor Operated (GOCO) plants 

and Government Owned and Government Operated plants (GOGO). 

The number of military plants in these two segments is 

estimated to be between 23 and 35. The states with major 

GOCO installations are Tennessee, Wisconsin, Virginia, and 

Illinois. 

Approximate production ranges of individual explosive 

products are grouped below: 

Production 

Manufacture of Explosives 

Manufacture of Propellants 

Manufacture of Initiating 
Compounds 

P~oduction (average daily production 
Range while operatins in lb/day) 

1,000 to over 40,000 

200 to over 30,000 

under 1 to over 300 

According to the u.s. Bureau of Minesl, total consumption 

of explosives and blasting agents in 1978 was approximately 

1.8 million metric tons. This figure only represents domestic 

sales by commercial producers. Production of explosives by 

*The Bureau of Alcohol, Tobacco and Firearms lists 621 explo
sive manufacturer~, including licensees and permittees for 
manufacture of explosives, distributors, users and mix and 
blend operators (LAP). 



'· I 

the military sector is not currently available. 

In terms of growth, total commercial consumption of 

explosives and blasting agents has increased each year over 

_.1e 1973-1978 period. Consumption has risen from approximately 

1.3 million metric tons in 1973 to 1.8 million metric tone in 

1978, representing an increase of 38 percent. 

Out of the total 1978 consumption figure, consumption of 

"peroissibles"* and "other high explosives" were approximately 

19,000 metric tons and 81,000 metric tons respectively. Over 

the 1973-1978 period, consumption of permissibles has fluctuated 

from year to year; in 1978 consumption was approximately 7 

percent less than in 1973. However, consumption of permissible& 

is expected to increase in the future due to increased coal 

mining activity to satisfy energy demands. Over the same 

five year period, consumption of "other high explosives• baa 

declined each year; in 1978 consumption was approximately 32 

percent below 1973 levels. This downward trend is largely 

attributable to the increase use of water gels (permissiblea 

in a slurry form). 

A. Manufacturing Process** 

For the purpose of discussing specific manufacturing 

processes, explosives can be subcategorized into the following 

three groups: explosives manufacturing (for example, TNT and 

*High explosives approved by the u.s. Bureau of Mines for the 
Safety and Health Administration for use in underground coal 
mines. 

**This document describes only a few processes in the explosives 
industry. For a more detailed description, see Reference 22. 
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ROX), explosives processing (for example, dynamite and 

nitrocellulose-base propellants) and initiating compounds 

(for example, lead azide). 

Explosives Manufacturing 

Moat explosive compounds are manufactured in a nitration 

reaction. The raw material varies, but always includes a 

nitrating acid, usually nitrtc acid or a mixture of nitric 

and sulfuric acids or nitric and acetic acids with various 

organic compounds (i.e., toluene, cellulose, glycerin, etc.). 

The major explosives produced are nitroglycerine (NG), nitro

glycerine ethylene glycol dinitrate (NG/EGDN), pentaerythritol 

tetranitrate (P!TN), nitrocellulose (NC), trinitrotoluene (TNT), 

cyclotrimethylene trinitraaine (RDX), and cyclotetramethylene 

tetranitramine (HMX) (see Table 1). Figures l and 2 represent 

typical production diagrams for NG and RDX, respectively. 

Explosives Processing (Dynamite and Propellants) 

Two types of explosive processes will be discussed below 

as examples; dynamite and nitrocellulose-base propellants. 

Dynamite - Dynamite formulations are usually composed of 

several dry ingredients in varying proportions and nitro

glycerin (see Tables 2 and 3). In the formulation of 

dynamite, all ingredients except for nitroglycerin and/or 

ethylene glycol are premixed in batch dry blenders in 

buildings called "dope houses". The dope and the nitro

glycerine and ethylene glycol are then batch blended in 

the mix house. The mix is transported to packaging 



houses wher~ they are loaded into waxed c1rdboard boxP.s 

or plastic tubes.16 

Nitrocellulose-Based Propellants 

Nitrocellulose-based propellants can be divided into single, 

double, and multi-based propellants. These propellants are 

made by colloiding and molding processes not unlike those 

used in the plastics industry. Single base propellants are 

compositions consisting mostly of nitrocellulose with minor 

amounts of plasticizers, stabilizers, burning rate catalysts, 

etc. Double base implies nitrocellulose plus a liquid nitrate 

ester, usually nitroglycerin, with stabilizers, catalysts, 

etc.; and multi-base implies a combination of several ni~cJ~c 

materials such as nitrocellulose, nitroglycerin, nitroguanidine, 

triethyleneglycol dinitrate, with stabilizers and the like.26 

Initating Compounds 

Initiating compounds are manufactured by nitrating the 

starting materials (see Table 4) and precipitating the 

explosive. The three general steps are: (1) reacting the 

starting ingredients and precipitating the product in a 

kettle; (2) filtration; and (3) washing the product to 

remove impurities. Typical initiating compounds include 

tetracene, trinitroresorcinol (TNR), lead azide, lead 

styphnate, lead monomitroresorcinate (LMR), tetry and nitro-

mannite. Figures 4 and S are typical flow diagrams for the 

production of initiating compounds, illustrating typical 

lead azide and lead mononitrorescorcinate production schema-

tics respectively. 



B. Waste Generation and General Description 

Four solid wastes generated in the explosives industry have 

been identified and are described below. The production and waste 

treatment methods which generate these wastes are not usually found 

in any single facility. 

Wastewater Treatment Sludges from the Manufacturing 

and Processing of Explosives* 

Sludges are generated when wash waters pass through settling 

or catch basins or screens to remove particulate explosive residues. 

Some, but not all of the concentrated sludges are returned to the 

process. For clarity, explosive manufacturing and explosive pro-

cessing will be discussed separately. 

Explosive Manufacturing 

As illustrated in Figures 1 and 2 1 during the manufacturing 

of explosive compounds, wastewaters are generated durins the 

filtration/washing and the cleaning of the production equip-

ment and facilities. Such wastewaters consist of particles 

of the explosive compound suspended in the wastewater along 

with solvents and cleaning agents. The particles of explo-

sives are removed by gravity separation in catch basins or 

settling tanks. The resulting sludges contain significant 

concentrations of the explosive compound (i.e., nitro-

glycerine, TNT, RDX/HMX, etc.). While some of these sludges 

may be recycled back to the process, they are generally too 

*Catch basin materials in RDX/HMX production was proposed as 
a hazardous waste on December 18 1 1978 (43 FR 58959). This 
waste stream will not be listed in the final regulations since 
it is already incorporated in this listed waste stream. 
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conta~lndced with extraneous material to be reused. These 

sludge; constitute the first listed waste stream and are 

marke~ T in Figures 1 and 2.* 

Explosive Processing (e.g., blasting agents and ordinance) 

During the processing of explosive compounds into commercial 

and military explosive agents and propellants, wastewaters 

containing explosive compounds are produced during several 

operations. Among these operations are the following: 

° Cleaning of blending, packaging and handling equip
ment and storage facilities; 

0 Wet milling of propellant castings; 

0 Operation of air pollution control devices which 
employ wet scrubbers to control emissions and 
dust inside production buildings; 

0 Loading, assembling and packaging of ordinance. 

Treatment of these wastewaters also produces a wastewater 

t(eatment sludge.(14) 

Spent Carbon from the Treatment of Explosives Containing 

Wastewaters 

Because of the potential hazard that might result from 

the discharge of wastewater contaminated with explosives, 

a number of military installations employ carbon treatment 

*The other waste which is generated (as shown in Figures 1 and 2) 
consists of spent acid solutions resulting from the nitration 
step. Acidic wastes are usually recovered for reuse following 
acid reconcentration or reprocessing. Presently, the Agency does 
not have any data to justify listing this waste. However, if these 
spent acids are hazardous as defined in Subpart C of Part 261, the 
generator would be responsible for managing these wastes under the 
Subtitle C regulatory control system. 



of these wastewaters, which result from the loading, assembling, 

and packaging operations. This treatment ls designed to 

remove organic contaminants (including those that are explosive) 

from the wastewater after the initial settling (see Wastewater 

Treatment Sludges from the Manufacturing and Processing of 

Explosives). 

During carbon treatment, the aqueous waste is passed 

through chambers or columns containing activated carbon. The 

explosives and other organic contaminants are then abosrbed 

into the carbon. After the carbon becomes saturated, it is 

removed from the chamber or column; fresh carbon is then 

added and the spent absorbant discarded. At this point, 

the carbon contains high concentrations of explosive com

pounds. 

Wastewater Treatment Sludges from the Manufacture, Formulation 

and Loading of Lead-Based Initiating Compounds 

During the various stages in the manufacture and 

formulation of lead-based initiating compounds and their 

fabrication into finished products, wastewater contaminated 

vith the initiating compounds and their feedstock ls produced. 

These wastewatera are treated in a catch basin and the re

sulting sludges treated with either sodium hydroxide or heat 

to remove any residual explosive material. However, while 

this process removes any possible reactivity hazard, the 

sludge still contains substantial quantities of leachable 

lead. 

-Y-
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During the production and formulation of TNT and TNT-

containing formulations and prodt1ct1, ,.·, ·-11 .• line, red-coJored 

aqueous waste is generated. This Wc5 . ;ere·~ i~ cou.~os~1 of 

TNT purification filtrates, air pollu~ion co~trol scrubber 

effluents, washwater from cleaning of equipment and facilities, 

and washwater from product washdown operations (e.g., cleaning 

of loaded shells prior to packaging). The pink or red 

coloration of the waste stream results from contamination of 

the water with traces of TNT (solubility of TNT in water is 

1 mg/liter). Red water is more concentrated, and thus more 
. 

contaminated than the pink water. 

c. Quantities of Waste Generation 

It is estimated that the total amount of hazardous waste 

generated by all commercial and GOCO facilities is approximately 

21,500 tons (19,350 metric tons dry basis) per day.5 Approxi-

mately eight percent of the waste is from commercial sources 

and 92 percent is from military and GOCO sources (Table 5). 

IV. CURRENT DISPOSAL PRACTICES 

Current disposal practices for the four listed wastes may 

be summarized as follows: 

0 Wastewater treatment sludges from the manufacturing 
and processing of explosives. 

In explosives manufacturing, the wastewater treat-

ment sludges removed from the manufacturing of explosives 

are typically disposed of by open burning. Some plants, 

however, make use of percolation/evaporation ponds for 

-¢-
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final disposal of compounds like NG, where the liquid 

leaches into the ground. Another technique employed by 

some plants is the discharge of wastewater to earthen 

sumps where, twice a year, the sumps are allowed to dry 

up and the sediments decontaminated for residual NG and 

DNG (dinitroglycerin); decontamination usually involves 

placing the explosives on the bottom of the sump and 

detonating the explosives. 

0 Spent carbon from the treatment of wastewater con
taining explosives 

At present, the spent carbon are typically disposed 

of through open burning or incineration. 

0 Wastewater treatment sludges from the manufacture, 
formulation and loading of lead-based initiatlna 
compounds. 

The wastewater treatment sludges are treated by 

boiling and/or the addition of a caustic solution, 

usually sodium hydroxide and aluminum, to decompose any 

residual explosive compounds. After treatment, the 

sludges are sent to a lagoon. The sludges from the 

lagoons are removed every few years and disposed of in 

a landfil1.(4) In some cases, however, the sludses 

from the sumps and storage tanks will be sent directly 

to a landfill after treatment. 

0 Pink/red water from TNT operations * 

*The Agency is aware that under full productlon, AAP's have 
used the rotary kiln to incinerate pink and red water. 
However, presently the Agency does not have adequate lnformation 
on the residual ash to warrant a listing. 

-~ 



Disposal practices that have been used include 

the placing of pink/red water in evaporation ponds.* 

v. DISCUSSION OP BASIS FOR LISTING 

A. Hazardous Properties of the Wastes 

Solid waste materials generated by the explosives 

industry contain a number of explosive components which, if 

improperly managed. could pose a substantial hazard to human 

health or the environment. Data presented in Tables 7-10 

support the listing of these waste streams. 

1. Wastewaters generated from the manufacturing and 

processing of explosives have been found to contain 

significant concentrations of explosive compounds 

such as nitroglycerine, nitrocellulose, TNT, RDX, HMX, 

and other nitrated compounds (Table 7). These explo-

sives are highly sensitive to impact, heat, and friction. 

Most of these compounds are relatively insoluble in 

water (see Table 6); thus they are expected to settle-

out of the wastewater and be present in the waste-

water treatment sludges. The presence of these ex-

*The disposal of pink/red water in evaporation ponds generates 
a bottom sludge which is typically removed and open burned.(22) 
These sludges are included in the first listed waste stream 
(i.e., "Wastewater Treatment Sludges from the Manufacture and 
Processing of Explosives." The industry practice of open burn
ing these wastes is employed because it is by far the safest 
method of handling these highly reactive wastes. This cautious 
disposal practlc~ by the industry sub~tantiates further the 
hazards posed by these wastes if they are not properly disposed 
of and managed. 

-}f-
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plosives in the sludges pose a substantial explosive 

hazard to human health and the envrionment; therefore, 

this waste meets the reactivity characteristic (§261.23). 

2. The spent carbon, when wasted, are saturated with 

high concentrations of explosive compounds (i.e., TNT 

and ROX) (Table 8). These compounds are highly reactive/ 

explosive, and thus, the presence of these explosives 

in the spent carbon would thus pose a substantial hazard 

to both human health and the environment; therefore, this 

waste would meet the reactivity characteristic (2~1.23). 

l. Wastewater treatment sludges from the manufacture, 

formulation, and loading of lead based initiating com-

pounds have been shown to contain significant concentra

tions of lead (Table 9). This waste, if improperly 

managed, could pose a substantial hazard to human health 

and the environment. Typical industry disposal of this 

waste is in a landfill, which, if subjected to an acidic 

environment, will certainly enhance the solubility of lead 

and other heavy metals, since their solubility ls pH de

pendent (i.e., solubility increases as the pH decreases).(27) 

The hazard associated with the leaching of lead from 

improperly designed and operated landfills is the migra

tion of this contaminant into ground and surface wate~s. 

Thus, if solids are allowed to be disposed of in areas 

with permeable soils, the solubilized lead could migrate 

fro~ the site to an aquifer. Surface waters may also 

become contaminated if run-off from the landfill is not 



controlled by arpTopriate rlivc~si~~ &}Stems. 

Compounding this problem, ard G~ imr~rtant considera-

tion for the futuret is the Fact that should the lead 

escape from the disposal site. it will not degrade with 

the passage of time, but will provide a potential source 

of long-term contamination. 

4. Finally, red and pink water from TNT operations ha~e 

been shown to contain significant concentrations of TNT, 

which is an explosive (Table 10). These compounds are 

also highly reactive/explosive, and thus, the presence 

of TNT in the pink/red water would also pose a substantial 

ba~ard to both human health and the environment; therefore, 

tbls waste would meet the reactivity characteristic (~261.23). 

B. Health and Environmental Effects 

Lead is a toxic compoun~ that could threaten the health 

of both humans and other organisms. The hazards associated 

wit~ lead include neurological damage, renal damage and 

adverse reproductive effects. In addition, lead is carcino-

genie to laboratory animals, and relatively toxic to fresh-

water organis~s. It also bioaccumulates in many species. 

Additional information on lead can be found in Appendix A. 

Hazards associated with exposure to lead has been 

recognized by other regulatory programs. For example, Congress 

designated lead as a priority pollutant under ~307(a) of the 

Clean Water Act and an interim drinking water standard of 

0.0) ppm has also been promul~ated by EPA. Under 1\6 of the 

-Y.:-
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Occupational Safety and Health Act of 1970, a final standard 

for occupational exposure to lead has been established.(23,24) 

Also, a nattonal ambient air quality standard for lead has 

been announced by EPA pursuant to the Clean Air Act.C24) 

In addition, final or proposed reg~lation of the states of 

California, Maine, Maryland, Massachusetts, Minnesota, 

Missouri, New Mexico, Oklahoma and Oregon define lead con

taining compounds as hazardous wastes or components thereof .(25) 

-~ 
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TABLE 7. 

1. Wastewater treatment sludges from the manufacture 
and processing of explosives (i) 

Process 

Nitration of cellulose 
(Note: nitrocellulose 
is used in a number of 
industries)l9 

Nitrocellulose 
(NC) Productions 

Nitroglycerin (NG) productions 

Nitroglycerin production2 

TNT production2 

Nitrocellulose production2 

Batch Nitroglycerin Production' 

Combined wastewater of Radford 
AAP continuous NG Nitration and 
Spent Acid7 

RDX/HMX product1on7 

Waste (Concentration) 

Sludge (25% water and 
75Z nitrocellulose) &t 
60 ton/yr at one plant 

NC fines lost in overflow 
will be picked up in settle 
basin or other waste water 
sludge and is estimated at 
1 metric ton (2200 lbs) per 
day per line or about 0.072% 
of NC output. 

NG lost to wastewater at 
0.006 kg per Kg NG produced 

NG discharges in wastewater: 
as high as 1000 ms/l 

100 mg/l of TNT to wastewater 

NC fines can produce levels of 
solids from 1000 to 10.000 mg/l 

Wastewater (31S to 12,700 ppm) 

Nitroglycerin in wastewate~ 
(800 to 1,800 ppm) 

Catch basins remove JJ 
percent of RDX and 62 
percent of HMX fTom 



TABLE 8. 

). Spen~ carbon from the treatment of wastewater containing 
explosives (R) 

..>cess 

LAP Melt loadin~ of 
105mm Cartridge 

LAP 40mm Cartridge5 

Waste (Concentration) 

Composttion B* washings 
to Carbon Columns at a 
rate of J.64 kg per 10,000 
loaded rounds 

Composition B to Carbon 
Columns at a rate of 0.45 
kg per 10,000 loaded rounds 

*Composition B--60% Rox. 39% TNT, 1% Wax 

-'4Z-
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TABLE 9. 

4. Wastewater treatment sludges from manufacture, formu
lation and loading of lead based initiating compounds (T) 

Process 

Initiating Compoundsl9 

Initiating compoundsl9 

Initiating Compoundal9 

Production of lead azide 
and lead styphnate2 

-2?-
-c.<o~ -

Waste (Concentration) 

Aqueous waste containing 
Q.3% Pb @ at one plant 
that produced 300 M gal 
per year 

Precipitate 100%. Pb co 3 , 
one plant produced 1 ton 
per year. 

Aqueous Waste (Pb 1.2 ppm) 
one plant producing 12.5 M 
ga 1/ yr 

200 mg/1 in wastewater which 
contributes approximately 
2 lbs a day of Pb 



TABLE 10. 

5. Pink/red water from TNT opetation~ (R) 

Process 

TNT Pt"oductionS 
( b a t ch pr o c e s s ) 

TNT Productions 
(continuous pt'ocess) 

TNT Production6 

Evaporator Condensate7 
(A source of pink water) 

Jaste (Concentration) 

Red water solids are 
produced at a rate of 
(0.2398 kg per Kg TNT 
produced) 

Red water pToduced at 
a rate of )0.50 kg per 
kg TNT) produced which 
contains 6% TNT isomers 
and alpha- TNT 

Pink water with about 
4.5% TNT (2.4,6-TNT) 
and by products (isomers) 

Red water (0.34 kg per ~s 
produced TNT) 

Pink water (as high as 150 
mg/l of TNT) 

Note: Despite the relatively low TNT concentration of 
evaporator condensate, the mass discharged may be substantial. 
For example, at full TNT production the condensate discharged 
for Joliet AAP is projected at 325 gals per minute. A TNT 
concentration of 4 mg/1 1 this represents a daily-discharged 
of 15.6 pounds of TNT.7 
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Response t~ Ca~ments - Explosives Industry 

Wastewater treatment sludges from the manufacturing and 

processing of explosives (K044), spent ce.rbon fro:n the trt!atme:nt 

of wastewater containing explosives (K045) and pink/red water 

from TNT operations (K047) are listed as hazardous because 

tnese wastes have been found to contain significant concentrations 

of explosive components which can pose an explosive hazard; 

thus, meets the reactivity characteristic (§261.23). One 

commenter disagrees with the Agency since these wastes are 

not reactive as determined by DOD test methods and, thus, 

recommends that these wastes be removed from Section 261.32. 

Specifically, in reference to hazardous waste listing 

No. K045, the commenter stated that filtration of pink water 

through carbon absorption columns results in the accumulation 

of spent carbon (i.e., granulated carbon contaminated with 

TNT/RDX/HMX). Further, regular disposition of wet spent 

carbon is by open burning. In testing spent carbon, the 

results indicate that this material is insensitive to initiatio~ 

when wet (25-30 percent H20). 

In reference to hazardous waste listing No. K047, the 

commenter has tested the waste using detonation propagation 

tests and reported results which have shown that aqueous 

slurries will not support a propagating detonation at concen

trations of 30 percent or lower (i.e., less than 31% TNT in 

water) in either a gelled or settled condition. Similarly, 
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aqueous gelled slurries of RDX and HMX at concentratioL• of 

20 percent and HMX at 5 percent or less concentration ~ce 

non-propagating. Further, data on 35 .percent TNT liq~.r 

inci:cated that the waste stre~m was insensitive to fri~tion 

pendulum, drop weight, rifle bullet, sliding rod, and confined 

steel pipe tests. 

Finally, for hazardous waste listing No. KQ44, no direct 

comment was put forth except that the background documentation 

is insufficient to support the listing and that the determination 

of whether it be listed should wait further documentation. 

Two other points were made in the comments on the explosive 

listing. First, red water has been previously sold as a raw 

material to the paper industry and therefore is not a manufac

turing by-product which has been typically discarded. Secondly, 

rather than a blanket inclusion of these wastes (K044, K045, aud 

K047) in the hazardous waste list, the commenter suggests t~~t 

the determination of whether and when the above listed waAtes 

are subject to the hazardous waste rules is best made (on a 

case by case basis) by each generator, in light of whether 

his waste exhibits at any time any of the hazardous waste 

characteristics set forth in Subtitle c. 

The Agency agrees with the commenter that those explor.jv~ 

industry wastewaters, wastewater sludges, and spent carbon 

which contain a significant amount of water will not be 



rP-1ily senoiti~e to detonation. For example, spent carbon 

· - .. taining 25-30 percent or more of water and TNT sludges 

c 1ntaining 65 percent or more or water would be difficult to 

detonate. 

The Agency is aware,(as is the commenter) however, that 

a problem does arise when the spent carbon and wastewater 

~ludges are allowed to dry; the drier the material, the more 

reactive the substance. This point was confirmed during 

a telephone discussion with the Department of Army.28,29 

An additional consideration is that this particular comment 

was restricted to TNT, HMX, and RDX, which leaves a large 

segment of the explosive industry without comment. For example, 

nitroglycerine shavings from the production of rocket motors 

being practically insoluble in water presents a different 

nan d l in g pr ob le m t ha n the TNT 1 i q u or ( r e d w a t er ) • The m 111 e d 

shaving are easily separated from the water stream and may, 

over time, self-ignite. 

Therefore, the Agency believes, in light of plausible 

mismanagement practices (for example, the deposition of red 

water in sanitary landfills or surface impoundments), that 

sludges, generated from the manufacturing and processing of 

explosives, red/pink water from TNT operations, and spent 

carbon from the treatment of wastewater containing explosives 

will dewater over time and accumulate solids thus resulting 

in an increased reactivity hazard. Surface impoundments 
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have been used in the past for the deposition of red/pink water, 

and a bottom sludge has accumulated over the years which tends 

to dry over the depth of the sludge. Further, the TNT sludge 

is not readily degraded, becomes reactive when dry, and is 

somewhat toxic. Dry TNT, is also classified as a Department 

of Transportation-Explosive A.24 

In view of the above discussion, the Agency will maintain 

the current listings of the explosive industry (K044, K045, and 

K047). The Agency recommends that individual explosive plants 

who believe their waste stream(s) has properties which are 

fundamentally different from those which the Agency has cited 

in the background document as the basis for listing should 

file a petition for delisting in accordance with Sections 

260.20 and 260.22 (petitions to amend Part 261 to exclude a 

waste produced at a particular facility). 



LISTING BACKGROUND DOCUMENT 

PETROLEUM REFINING 

API s~parator Sludge From the Petroleum Refining Industry (T) 

Dissolved Air Flotation (DAF) Float From the Petroleum 
Refining Industry (T) 

Primary Oil/Solids/Water Separation Sludge From The 
Petroleum Refining Industry (T)* 

Secondary (Emulsified) Oil/Solids/Water Separator Sludge 
From The Petroleum Refining Industry (T)* 

Slop Oil Emulsion Solids From The Petroleum Refining 
tndustry (T) 

Heat Exchanger Bundle Cleaning Sludge From The Petroleum 
Refining Industry (T) 

Tank Bottoms (Leaded) From The Petroleum Refining Industry 
(T) 

*Note: The Agency, on May 19, 1980, promulgated as interim 
final hazardous waste listings the waste streams "Dissolved 
air flotation (DAF) float from the petroleum refining industry• 
(K048) and "API separator sludge from the petroleum refining 
industry" (K051). The Agency is now promulgating these listings 
as "final-final" regulations. In addition, in response to a 
petition for rulemaking, the Agency is proposing to expand 
these listings to include additional waste streams which are 
said to be identical in composition because they derive from 
the same st•ps and serve the same functions in the treatment of 
wastewater in the petroleum refining industry. These addi
tional listings are the other sludges from the primary and 
secondary treatment of wastewater in the petroleum refining 
industry. 

Throughout this background document, the Agency now 
refers to all primary and secondary wastewater treatment 
sludges in the aggregate, thus including the API and DAF 
sludges. We think this approach proper, since we believe 
the same rationale encompasses the listing of all primary 
and secondary sludges. We repeat, however, that we are 
accepting comments on the proposed listing of the other 
pri~ary and secondary wastewater treatment sludges, and we 
will revise this proposal to the extent it is demonstrated 
that other primary and secondary wastewater treatment sludges 
differ significantly from those generated by API separators 
and the DAF. 

**These wastes also contain concentrations of certain other heavy 
metals listed in Appendix VIII of Part 261. However, in the 
Administrator's view, the concentrations of these waste con
stituents are insufficient to warrant regulatory concern. 



Summary_of -~-s_!~ __ f_o.!. Listing 

The listed wastas discussed in this document are sludges 

which arise either from the treatment of wastewater generated 

during petroleum refining operations (i.e. 1 primary oil/solids/ 

water separation sludge, secondary (emulsified) oil/solids/water 

separator sludge and slop oil emulsion solids) or from the 

clean-up of equipment/storage tanks used in the refinery 

(i.e., heat exchanger bundle cleaning sludge and tank bottoms 

(leaded)). The Administrator has determined that these 

sludges are solid wastes which may pose a substantial present 

or potential hazard to hu~an health or the environment when 

improperly transported, treated, stored, disposed of, or 

otherwise managed, and therefore should be subject to manage-

ment under Subtitle C of RCRA. This conclusion is based on 

the following considerations: 

1. These wastes contain significant concentrations of 
the toxic metals, lead and chromium. In some waste 
streams, the concentrations of lead and chromium exceed 
1,000 mg/kg (dry weight). In addition to being toxic, 
lead has been shown to be potentially carcinogenic and 
bioaccumulative; hexavalent chromium compounds are 
carcinogenic. 

2. Large quantities (a combined total of approximately 66,610 
metric tons (dry weight)) of these wastes are generated 
annually. 

3. Chromium and lead have been shown to leach from the 
waste API separator slurlge and DAF float in significant 
concentrations when subjected to a waterwashing step 
which simulates leaching activity. The Agency would 
also expect the other sludges from the primary and 
secondary treatment of wastewater to leach chromium and 
lead in significant concentrations since these sludges 
are likely to be identical in composition and form. 
Furthermore, if the last three listed wastes are disposed 
of in an acidic environment, the solubility of the lead 
will certainly be enhanced, since the solubility of 
this toxic metal is pH dependent (i.e., solubility 
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increases cis tne pH decreases). Most hex3valent chrom1J~ 
compound~ aTe extreMely water soluhl~ at all pH value~. 

Therefore, these metals could pot~~tl~lly migrat~ from 
the waste into the environment. p, ,'ltion.,lly, if 
these wastes are incinerated witl101.;t ;irope.r air po.:..lu:: ~on 
control equipment, the possibility ~ .. <!.;:;ts t-hcit lea~! a .. ~ 
hexavalent chromium compounds will be releAsed into the 
environment and create an air pollution problP~. 

4. Current disposal methods such as landfilling, land
farming, lagooning and incineration, if not properly 
designed and operated, can lead to the conta~~natian of 
surf ace water and groundwater either by the overflowing 
of wastes or the leaching of harmful constituents from 
the disposal sites into the environment thereby constituting 
a potential substantial hazard to human health and the 
environment. 

Profile of the Industry 

Industry Structure 

The petroleum refining industry is perhaps one of the 

most co~plex and technically sophisticaterl in the United 

States. There are some 250 to 300 refineries in the United 

States, ranging in size from about 400,000 BPD* to only a few 

hundred BPD. These refineries vary from a fully integrated, 

high-complexity plant capable of producing a complete range 

of petroleum products and some petrochemicals, to very simple 

plants capable of producing only a very small number of 

products. Some refineries are modern and of recent construe-

tion, while others contain at least some operating process 

units constructed 40 or ~ore years ago. The crude slates 

for refineries vary widely. The product mixes, and to 

some extent the product properties, also vary from refinery 

to refinery. Because of this, each refinery is characterized 

by a unique capacity, processing configuration, and product 

*BPD ~ Barrels per day 
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distributi~~. A survey of operating refineries in the United 

St~tes between 1962 and 1972 is presented in Table 1 and the 

geographic distribution of these plants are shown in Figure 1. 

Based on the Bureau of l'.!nes figures for 1974, total 

U.S. refining capacity for 1974 was 14,486,000 BPD. As 

presented in Figure 2, District Ill* has by far the greatest 

capacity (6,086,000 BPD). The four other districts, arranged 

in decreasing order of capacity, are District II (3,950,000 

BPD), District V (2,289,000 BPD), District I (1,643,000 BPD) 

and Distric IV (518,000 BPD). (Figure 2 indicates which 

states are included in each region.) In the period between 

1960 and 1974, Districts II, III, and V experienced the 

greatest growth. 

A typical breakdown of refinery capacity is shown in 

Table 2 and indicates that a majority (55%) of the 

individual plants are in the size range of 10 - 100,000 BPD 

while a majority of total capacity (57%) lies in those 

facilities which are greater than 100,000 BPD. 

Future Trends 

The number of refineries in the United States has 

decreased in the last few decades (see Table 1), while the 

average size of a refinery has increased. Few new refineries 

have been built in the past five years; however, changes 

* For purposes of collecting statistics on the refining 
industry, the U.S. have been divided into several refining 
regions called Petroleum Administration for Defense (PAD) 
districts. 
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TABLE 2 

SU~VEY OF U.S. REFINING INDUSTRY 
BY CAPAC!TY AND NUMBER OF PLANTS 

Under 
PLANT SIZE, BPD: 10,000 10,000-100,000 

No. of plants 74 141 

Total Refining Capacity, 
1,000 BPD 348 6,032 

% of Plants 28 55 

% of Capacity 2.3 40.7 

Over 
100,000 

44 

8,465 

17 

57.0 

Source: The Oil and Gas Journal, Annual Refining Survey (11~5). 



have been made in existing refineries to reflect changing 

te·hnology and product demand, largely through expansion and 

revamping nf units of existing refineries. Although there 

a several new facilities in the planning stages, many such 

projects have been either cancelled or greatly delayed primarily 

because of the uncertainty caused by unresolved energy and 

e~vironmental issues. 

Growth in petroleum demand within the next 10 years is 

expected to be lower than historical growth rates, thus 

reducing projected waste generation rates for the industry.* 

Processing Operations 

A petroleum refinery is a complex combination of 

interdependent operations engaged in the separation of crude 

oil by molecular cracking, molecular rebuilding and solvent 

refinishing, to produce a varied list of intermediate and 

finished products, including light hydrocarbons, gasoline, 

c1esel and jet fuels, light distillate fuel as well as heavy 

residual fuel oil. During the processing of the crude oil, a 

number of waste streams are generated either from the clean-

up of equipment/storage tanks used in the refining process or 

from the treatment of wastewater generated during petroleum 

refining operations. The remainder of this document will 

discuss these particular waste streams and provide reasons 

*Projected decrease in growth is due to a number of factors: 
(1) improved fuel economy for automotive engines (2) the 
trend among consumers to purchase smaller cars (3) slow down 
in jet fuel (4) rapid increase in the construction costs of 
petroleum refineries and (5) scarcity of capital (Reference S). 



for identifying these wastes as hazardous. (~ detailed 

description of the petroleum refining process is not included 

in this document. ~owever, to assist the reader in understand-

ing some of the basic processing operations carried out in a 

petroleum refinery, a brief description of some of the individual 

operations is included as Attachment I.) 

Waste Generation and Management<1> 

1. Waste Streams 

The five waste streams listed as hazardous are: 

o Primary oil/solids/water separation sludge 

o Secondary (emulsified) oil/solids/water separator 
sludge 

o Slop Oil Emulsion Solids 

o Heat Exchanger Bundle Cleaning Sludge 

o Tank Bottoms (Leaded) 

Lead and hexavalent chromium are the constituents of 

concern in these waste streams. Lead in the waste streams 

comes predominantly from the use of tetraethyl lead in the 

blending of leaded products. Chromium in the waste stream 

comes predominantly from blowdown of cooling towers that 

use hexavalent chromium compounds as a corrosion inhibitor.* 

Concentration ranges for lead and total chromium in represen-

tative samples of each waste are presented in Table 3. 

*The Agency recognizes that refineries not implementing these 
systems will have lower concentrations levels of these toxic 
metals. The delisting provisions of §260.20 and 260.22 are 
available to generators with fundamentally different waste 
streams to justify delisting of their wastes. 



Primary u1.L 1 ;;u.1.lu~,·waler separation sludge - The primary 

oil/solids/water separator provides f\.r p ·lLHry refiner:,.• 

wastewater treatment. The separators .~~.i usu ..• ly connect.::d 

to the oily water plant sewer. As a re~ult, the resultant 

sludges contain a mixture of all sewered waste, including 

tank bottoms, boiler blow-down, desalter wastes, and also 

traces of all chemical elements which enter the refinery 

process. 

Oil that is present in the sludge will most likely be 

present in the form of heavy tars since the surface oil is 

skimmed periodically from the primary oil/solids/water 

separator. Oil content of the sludge is approximately 23% 

by weight while water and solids constitute approximately 

53% and 24%, respectively. Most of the solids content is 

silt and sand, but a significant amount of heavy metals are 

also present in the sludge. 

This waste stream is listed because it contains significant 

concentrations of the two metals, chromium (presumably in 

part hexavalent, since it derives from cooling tower blowdown) 

and lead. (Table 3 lists the concentration ranges of the 

constituents of concern in each waste stream.) 

Secondary (emulsified) oil/solids/water separator sludge -

Some refineries utilize secondary treatment of their wastewater 

(i.e., dissolved air flotation (DAF) 1 induced air flotation 

(IAF), parallel plate flotation separators, etc.) following 

separation in the primary oil/solids/water separator to 

-J,.(-
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TABLE 3 

RANGE* IN CONCENTRATION** FOR CONSTITUENTS OF CONCERN 

<----------------------------------SOURCE--------------------------------------------------> 

AP!*** 
Contaminant separator DAF**** Slop Oil Bundle Sludge 

No. of Samples 12 5 q 2 

Chrol'lium .10-6,7QO 2R-260 1-1, 750 310-311 

Lead .25-1,2CJO 2.3-1,250 .25-580 

*Range values represent high and low concentrations for samples of each waste Atream 

**Concentration in mg/kg dry weight, including inert solids but excluding oil 

***API separator ts only one of many processes which function as a primary oil/ 
solids/water separator 

****DAF is only one of many processes which function as a secondary (emulsified) 
.>tl/Hc,l~1 P/water se1•£!"..: _: ... 

SOURCE: Reference 1 

Tank Rottoms 

2 

15R-1,420 



remove au. ... ::ional oil and solids. The process brings finely 

~~vided oil and solid particles to the surface where they 

·; skim~Pd for disposal. 

Water typically constitutes 82% by weight of this waste 

stream, while oil and solids constitute approximately 12.5% 

~n~ 5.5% respectively. The solids are generally fine silts 

which did not have sufficient residence t~me in primary 

~eparators to settle; the waste stream contains the toxic 

metals chromium (presumably in part hexavalent, again derived 

~ostly from cooling tower blowdown) and lead, for which it 

is liste'.i. 

Slop Oil Emulsion Solids - The skimmings from the primary 

oil/solids/water separator generally consist of a three-phase 

mixture of oil, water and a third emulsified layer. The oil 

ls returned to crude storage, the water discharged to the 

wastewater treatment system. while the emulsion (oil, water 

and solids) becomes a process waste stream. A typical combi-

na~ion of the waste streao by weight is 40% water, 431. oil 

and 12% solids. Among the solids are compounds of the metals 

chromium (presumably in part hexavalent) and lead, for which 

the waste is listed. 

Heat Exchanger Bundle Cleaning Sludge - Heat exchanger bundles 

are cleaned during plant shutdown to remove deposits of scale 

and sludge. Depending upon the characteristics of the 

deposits, the outside of the tube bundles may be washed, 



brushed. or ~andblastP~, while the tube insiries c~n be ~i~~1, 

brushP.d, or ro~derl out. Sludge resulting fro~ the cleaning 

process has approx!Mat~ly 53% water, 11% oil an~ 36% solins. 

These solids are conposed largely of silt precipitated 

from the water. The metals present are mostly corrosion 

products or scale deposits from the heat exchanger bundle tubes. 

Chromium presumably partly in hexavalent form, is present in 

the waste in substantial concentrations, and the waste is 

listed due to the presence of this constituent. 

Tank Bottoms (Leaded) - The petroleum products (or fractions) 

after being separated in the distillation column have to be 

cooled before they are sent out or used for ~aking other by-

products. This is done in product storage tanks. As cooling 

occurs, the water separates from the hydrocarbon phase and is 

continually drained from the tanks to the refinery water 

treatment system. Solids formed as products of corrosion and 

rust in the tanks contain toxic metals, and are periodically 

renoved. This waste is being listed because it contains 

lead. 

In summary, the contaminants in these wastes which 

caused EPA to identify these wastes as hazardous are as 

f 011 OWS: 

?rimary oil/solids/water separator sludge - hexavalent 
chromiu~ and lead 

Secondary (emulsified) oil/solids/water separator sludge -
hexavalent chromium an~ lead 

Slop Oil F.mulsion Solids - hexavalent chromium and lead 

Heat Exchanger Bundle Cleaning Sludge - hexavalent chromiu~ 

Tank Bottons (leaded) - lead 
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2. Waste Generation Ratio and Composition 

Many factors can affect the quantity and quality of 

individual waste streams. Factors that affe~! quality include 

crude oil characteristics, compositioL uf process wastewdLer, 

occurence of spills and leaks, composition of cooling water 

blowdown, use of corrosion inhibitors and the use of tetraethyl 

lead for specific products and modifications. In particular, 

it is expected that the concentration of sulfite in these 

wastes (and therefore the proportion of hexavalent chromium 

in their chromium loadings) will vary with the feedstocks 

used. ~actors that affect both the quantity and quality of 

the individual waste stream include the refinery size and 

age, the segregation of refinery oil drains, and the actual 

quantity of process wastewater (Reference 2). 

The constituents of concern in the individual waste 

streans are shown in Table 3. As this data illustrates, 

although each waste stream varies with regard to lead and 

chromium concentrations, these metals are found generally in 

high concentrations with so~e levels exceeding 1000 mg/kg 

dry weight.* The reference for the data in Table 3 reports 

analyses for total chromiuo, but infers the presence of more 

of this element in the trivalent form. This reference was 

based on knowledge of the process, possible reductive reactions 

(e.g. by algae, as a tonsequence of corrosion inhibition, or the 

*The Agency is aware that these wastes generally contain very 
high concentrations of zinc. 7.inc is one of the secondary 
drinking water standard parameters, with an MCL of 5 mg/l. 
At this time, however, the Agency does not believe that ex
posure to concentrations of zinc which may leach from the 
waste will result in a huMan health hazarrl, and therefore 
is not pres~ntly designating zinc as a constituent of concern 
tn these wastec:. 
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presence ~- . · 1firl •s).(12) Since the chromium in thes~ WRstes 

derives sol~ly fro~ (hexavalent) chromates, and the assum~~ • 

~Pductive raactions are only incidental, we strongly ~:11~~e 

that significant concentrations of hexavalent chromium will 

be present in the waste. 

The estimated quantities of individual waste streams 

range from 600 - 33,000 kkg per year (dry weight) (includlr.g 

inert solids but excluding oil). The combined total estimated 

quantity is 66,610 kkg per year (dry weight)(including inert 

solids but excluding oil) based upon capacity of 14,200,000 

BPCD*. 

The relative quantities of waste for the individual 

waste components for each waste stream, shown in Table 4, 

indicate that the primary oil/solids/water separator, slop 

oil and the secondary (emulsified) oil/solids/water separator 

are the major waste generating streams in terms of quantity. 

Additionally, the data indicates that chromium (presumabl; 

largely in the hexavalent form) and lead are present in 

substantial quantities in these wastes. 

A second source of data, the American Petroleum Institute 

(API), performed an extensive survey of the quantities of 

each waste component present in two of the waste streams 

from Petroleum Refining Processes. 

*BPCD - Barrels per Calendar Day 



As s~u~~ in Table 5, the API data on the API separator 

~ludge* and the dissolved air flotation (DAF) float* generally 

'•"PPOrts the data found in Table 3. (It is important to 

·~~ognize that the API data reflects a much larger sampling 

effort relative to that encompassed in the EPA survey.) 

c.1rrent Disposal Practice - There are currently four principal 

methods for disposing of petroleum refinery solid wastes. 

These processes include land treatment, landfilling, lagooning 

and incineration, and may be conducted either on-site or off-

site, depending upon the particulars of a given operation. 

The results from both the EPA and API studies are 

presented in Table 6 to provide comparisons regarding the 

disposal methods currently employed for refinery wastes. 

Land treatment and landfilling appear to be the most widely 

employed disposal processes. 

Hazards Posed by Waste 

As indicated earlier (Table 3), the five waste streams for 

the petroleum refining industry contain significant concentrations 

of the toxic metals lead and chromium, (presumably partly in 

hexavalent form), with some levels exceeding 1,000 mg/kg 

(dry weight). Additionally, information submitted by the 

API for two of the waste streams (API separator sludge and 

the DAF float) in which a water-washing step was conducted 

to simulate leaching (see Table 7), indicates that lead and 

*As already indicated, API separators and DAF are only one 
of many processes which derive from the same step and serve 
the same function in the treatment of wastewater as other 
primary oil/solids/water separators and secondary (emulsified) 
oil/solid/water separators, respectively. 
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TABLE 4 

TOTAL QUANTITIES OF EACH WASTE COMPONENT 

Metric Tone/Yr (nry Wei.p,ht)*,** 

H~AT F.XCHANGER SOT.IDS TANK ROTTOMS 

.4 

1.1 

OURCE: Reference 1 

F.xclurles inert solirls and oil 

Even though the quantity of heavy metals from any one waste generated at any particular petroleum refinery 
may be small, these wastes are normally disposed of together; therefore, the total contribution and impact of 
these heavy metals at ;my individual refinery woulct be substantial. 

-~-
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... ,RLE 5 

RESULTS OF API SllRVF.Y 

TOTAL WF.IGHT 
METRIC TONS/YR 

l\P[ qepar11tor sluctr,e*** DAI"'**** 

Chromium R.n 

Lead 2.4 .23 

*Sample size ranges from n1-nR 

**Sample size ranges from 13-15 

***API separator is only one of many processes which function as a 
a primary oil/solids/water separator 

****DAF is only one of many processes which function as a 9econ~ary 
(emulsified) oil/solids water separator 

SOURCE: Reference 3 

-Jlf-
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APT*,*** 
separator sludge 

0-10,ROO 

0-6200 

CONCENTRATION 
mg/kg 

OAF**,**** 

0-300:1 

0-540 



TABLE 6 

DISPOSAL METHODS FOR REFINERY WASTES 8 

EPA Surveyb API 

Disposal Method On-Site Off-Site on-Site 

Landfill 5 14 

Lagoon 3 2 

Incineration 1 0 

Land treatmentd 10 n 

aReported in terms of number of refineries. 

bNineteen refineries report~d. 

cseventy-five refineries reported. 

d~ercent refineries using land treatment on-site plus 
off-site. Jacobs 10 of 19 equal 53 percent. API 30 of 
75 equals 40 percent. 

SOURCE: Reference 3. 
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15 

3 

27 

Surveyc 

Off-Site 

36 

4 

Q 

3 



TABLE 7 

MEAN WASTE EXTRACT CONCENTRATIONS (WATER EXTRACTNANT) 
(mg/l) 

Contaminant API*•*** DAF**,**** 

Chromium (total) 1.9 

Lead 'L3 2.1 

*Sample size: 60-63 

**Sample size: 12-15 

••*API separator is only one of many processes which function 
as a primary oil/solids/water separator 

****DAF is only one of many processes which function as a 
secondary (emsulfied) oil/solids/water separator 

SOURCE: Reference 3. 
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chromiun will leach from the waste in significant concentrations 

(between 10 and 100 times the National Interim Primary Drinking 

Water Stanrlard) even when these ~etals are subjected to mild 

envJronmental condit:f.ons. In view of the relative insolubility 

of trivalent chromium compounds (see Attachment II), the water-

extractable chromium in these wastes points to the presence 

of hexavalent chromium. In many cases, off-site waste disposal 

is implemented and these sites may be characterized by acidic 

environments (for instance, if they contain domestic refuse 

or other acidic wastes) in which case the hazardous constituents 

would be released for environmental migration. 

Although leaching data for the other waste streams (including 

other sludges from the primary and secondary treatment of 

wastewater) is not presently available, the Agency believes 

that the contaminants found in these wastes would also tend 

to migrate from the waste based on the solubility of the 

conta~inants. An additional factor supporting this belief 

is the fact that chromium and lead have been shown to Migrate 

in significant concentrations from the API separator sludge 

and DAF float, and since the other waste streams are of 

roughly similar composition and are generated as part of the 

same production process, migration patterns of these similar 

waste streams can be readily anticipated. Solubilization of 

lead is pH dependent, and increases as the pH of the solubilizing 

medium decreases.CS) If the sludges are exposed to acidic 

conditions (which could occur due to co-disposal with waste 



acids, or in municipal landfills or in areas where acid ral~ 

is prevalent) this toxic metal could h? r~lei.sed form the 

waste matrix. Furthermore, lead hydrc~'. -~, present in these 

wastesC2), is sufficiently soluble to e~ceed the National 

Interim Primary Drinking Water Standard (NIPDWS} of 0.05 mg/1(11). 

Hexavalent chromium compounds are highly soluble and mobile 

(Attachment II). 

Once released from the matrix of the waste, lead and 

chromium can migrate from the disposal site to ground 

and surface waters utilized as drinking water sources. 

Present practices associated with landfilling, land treatment 

or impounding the waste may be inadequate to prevent such an 

occurrence. While the Agency is presently unaware of all 

~anagement practices employed for these wastes, since there 

are a great number of generating and management sites and 

because wastes that are disposed of off-site out of the 

generator's personal supervision are particularly susceptible 

to misnanagement, there is a strong likelihood that some of 

these wastes are not properly managed in actual practice. 

One exanple of inadequate management would be improper selection 

of disposal sites in areas with permeable soils, permitting 

contaminant-bearing leachate from the waste to migrate to 

groundwater. This is especially significant with respect to 

lagoon-disposed wastes because a large quantity of liquid is 

available to percolate through the solids and soil beneath the 

fill. 



An ovP~~l~w problem might also be encountered if th~ 

liquid portion of the waste has been allowed to reach too 

high a level in a lagoon. Under these circumstances, a 

heavy rainfall could cause flooding which might reach surf~-e 

wa~ers in the vicinity. 

In addition to difficulties caused by improper site 

selection, unsecure landfills are likely to have insufficient 

leachate control practices, There may be no leachate colleccion 

and treatment system to diminish leachate percolation through 

the wastes and soil underneath the site to groundwater, and 

there may be no surface run-off diversion system to prevent 

contaminants from being carried from the disposal site to 

nearby ground and surface waters, thereby increasing the 

likelihood of drinking water contamination. Further, once 

lead and chromium have escaped from the disposal site, they 

will persist in the environment (in some form) for virtually 

indefinite periods, since they are elements and not subject 

to degradation. 

Additionally, if these wastes are incinerated without 

proper air pollution control equipment, the possibility extsts 

that lead (a volatile heavy metal*) will be released into the 

environment and create an air pollution problem. Also, 

incineration of chromium-bearing wastes results in the oxidation 

of chromium to the carcinogenic hexavalent form. 

A further possibility of substantial hazard arises during 
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transpor~aci·>n_of these wastes to off-site disposal facilities. 

T~is increases the likelihood of their being mismanaged, and 

~dY result either in their not being properly handled during 

ransport or in their not reaching their destination at all, 

thus making them available to do harm elsewhere. A transport 

~anifest system combined with designated standards for the 

management of these wastes will thus greatly reduce their 

availability to do harm to human beings and the environment. 

The Agency has determined to list these wastes as 

hazardous wastes on the basis of lead and hexavalent chromium 

constituents, even though these constituents are also measurable 

by the characteristic of extraction procedure toxicity.** 

Although the concentrations of these constituents in an EPA 

extract of wastes from individual sites might be less than 

100 times the National Interim Primary Drinking Water Standards, 

the Agency, nevertheless, believes that there are factors in 

addition to metal concentrations in leachate which justify 

the T listing. Some of these factors already have been 

identified, namely the significant concentrations of chromium 

(presumably in part in hexavalent form) and of lead in the 

*An incinerator operating to destroy organic materials operates 
in the range of 1000° C - 1200° C. This would cause lead to 
evaporate out of the equipment as fast as water would· evaporate 
at 11° C. The temperature at which vapor pressure equals 10 mm 
Hg for water is 11° C and for lead is 1162° C (11). 

**Hexavalent chromiuM, although not currently measurable by 
the characteristic of EP toxicity, the Agency has proposed 
to amend to characteristic of EP toxicity to apply to hexa
valent chromium rather than total chromium (45 FR 72029, 
October 30, 1980). 
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five waste ~lrea~-, th~ non-degradability of these substanc~s, 

and the possibility cf i~proper rnanage~ent of the wastes in 

actual practice. 

The quantity of these wastes generated (a combined total 

of approximately 66,610 metric tons dry weight) is an additional 

supporting factor. As previously indicated, the wastes from 

petroleum refining industry contain significant concentrat-

ions and quantities of chromium and lead. Large amounts of 

these metals from the five waste streams are thus available 

for potential environmental release. The large quantities 

of these contaminants pose the danger of polluting large 

areas of ground or surface waters. Contamination could also 

occur for long periods of time, since large amounts of pollutants 

are available for environmental loading. Attenuative capacity 

of the environment surrounding the disposal facility could 

also be reduced or used up due to the large quantities of 

pollutant available. All of these considerations increase 

the possiblility of exposure to the harmful constituents in 

the wastes, and in the Agency's view, support a T listing. 

Health Effects of Waste Constituents of Concern 

Toxic properties of chromium and lead have been well 

documented. Hexavalent chromium is toxic to man and lower 

forms of aquatic life. Lead is also poisonous in all forms. 

It is one of the most hazardous of the toxic metals because 

it accumulates in many organisms, and its deleterous effects 
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are nu.-ieL .... ~--. az.!. i;::.ve:re. Lead may enter t'1e hul'la.n system 

through inhalatiun, ingestion or skin r:ntac~. Illlproper 

~anageraent of these sludges may lead tG inges:ion of 

contaminated drinking water. Additiona_ information on 

adverse health effects of chromium and lead can be found in 

Appendix A. 

The hazards associated with exposure to lead and chromium 

have been recognized by other regulatory programs. Lead and 

chromium are listed as priority pollutants in accordance with 

§307 of the Clean Water Act of 1977. Under Section 6 of the 

Occupational Safety and Health Act of 1970, final standards 

for Occupational Exposure have been established and prol'lulgate~ 

in 29 CFR 1910.1000 for lead and chromium. Also, a national 

ambient air quality standard for lead has been announced by 

EPA pursuant to the Clean Air Act (9). In addition, final 

or proposed regulations of the States of California, Maine, 

~assachusettes, Minnesota, Missouri, New Mexico, Oklahoma 

and Oregon define chromium and lead containing compounds as 

hazardous wastes or components thereof (10). 

-p/-
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Wast~~ from Petroleum Refining Process - Response 

to Comments from Proposed Regulations 

(December 18, 1980) 

l. A number of commenters stated that the proposed listing 

"SLC 2911 API separator sludge (T,O)" should not apply to 

all wastes from API separators but only to waste generated 

from petroleum refineries*. The comAenters argued that API 

separators are used in numerous industries and processes 

(~.e, the food industry, soap and detergent industry, etc.) 

which generate sludges of widely differing characteristics. 

These separators, however, do not necessarily generate a 

hazardous waste (i.e., the term does not automatically suggest 

that the sludge from any use of such a piece of equipment 

would be a hazardous waste). Therefore, the commenters want 

the listing to be either clarified to indicate that the API 

separator sludge is meant to be specific to separators used 

in the petroleum refining industry; or otherwise, want the 

~rocess deleted from the hazardous waste list in Section 

250.14. 

o The Agency agrees with the commenters. The listing 

has therefore been clarified to indicate that the 

API separator sludge is meant to be specific to 

separators used in the petroleum refining industry. 

*A note appeared before the listed waste in §250.14 which 
specified that the SIC code used in the listing was for 
ease of reference only. Thus, the SIC classification of 
the industry generating the w~ste would have no effect on 
the listing of that process waste as hazardous. 
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2. One commenter suggested that additional wastes from the 

petroleum refining industry be added to the hazardous waste 

list. These wastes included: (1) petroleum refining sulfur 

removal, (2) petroleum refining wastewater treatment sludges, 

(3) petroleum refining boiler cleaning, (4) petroleum refining 

alkylation* and (5) petroleum refining-coke from asphalt 

cracking. Data was submitted along with the suggested 

listings. 

o After evaluating all the available data on the 

additional listed wastes, the Agency has decided 

not to add these wastes at the present time due 

to the lack of supporting data. However, the 

Agency will reconsider these liAtings at some later 

time once sufficient data becomes available. 

3. One co3menter objected to the proposed listing "SIC 2911 

Petroleum refining lube oil filtration clays" due to the lack 

of supporting data. 

o The Agency, in re-evaluating the available data, has 

decided to defer the listing "SIC 2911 Petroleum 

refining lube oil filtration clays" until additional 

data is collected by the Agency on which to make a 

decision. 

*This waste was listed in the December proposal (43 FR 5R959). 



Attachment I 

The refinery process can be categorized i.1to the following 

individual operations which are d1spla;2: schematically in 

Figure A-l. 

o Separation 

o Tt'eating 

o Conversion 

o cracking 

o combination 

o rearrangement 
o Blending 

o Auxiliary Process 

o Storage 

Separation 

The individual process steps and operation in this area 

inc 1 ude: 

o Topping Unit - This unit se?arates the crurle in an 

atmospheric stage. The process streams from this unit normally 

include fuel gas, naphtha. middle distillates, and distillated 

fuel oil. The naphtha may be split into light and heavy 

fractions and the fuel oil into light, middle, and heavy 

distillate components. 

o Vacuum Towers - Vacuum tovers are utilized for 

separation of the heavier fractions from the entire crude 

stream. For a comparable crude input, these unit8 are capable 

-~-
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of produc1~g a broader spectrum of process streams than a 

t~pping unit. For example, these units may either recover 

rl~itional gas oil from the reduced crude while producing a 

vy vacuum residual or may separate the reduced crude into 

special lube oil cuts with an accompanying residual stream. 

Cne of two stages may be utilized, depending upon the individual 

end-product requirement. 

o Light Ends Recovery - This operation is sometimes 

referred to as vapor recovery and involves the separation of 

refinery gases from the crude distillation unit and other 

units into indivirlual component streams. The separation 

phase is accomplished by absorption and/or distillation, 

jepending upon the desired purity of the product stream. 

Treating 

o Gas Treating - The major component of the various 

species separated in the crude distillation unit or produced 

in the various processing units is hydrogen sulfide. Acid 

~ases, such as H2S 1 normally are removed from the light ends 

fraction by absorption with an aqueous regenerative solvent. 

There is a variety of treating processes available with the 

most common refinery operations based upon amine-based 

solvents. 

o Hydrotreating - Hydrotreating involves the catalytic 

conversion of organic nitrogen, sulfur, and oxygen compounds 

into hydrocarbons and the more readily removable sulfides, 

ammonia, and water. Various process streams normally are 

-}a'-
-70~-



treated separately because of various fuel specifications and 

the wide range of catalysts and reactor conditions required 

to hydrotreat the various petroleum fractions. 

Conversion 

Conversion processes typically involve cracking, 

combination, and rearrangement. 

o Cracking 

Thermal Cracking - This is a relatively simplistic 

process which involves the heating of hydrocarbon fractions 

in the absence of catalysts. A modification to this traditional 

process, known as vis-breaking, is used to minimize coke 

formation. The moderate heating to 880°F is employed to 

reduce the feed viscosity and, therefore, reduce the quantity 

of blending stock required to upgrade the feed to fuel oil 

specifications. Delayed coking uses severe heating conditions 

(1800°F-2000°F) to crack feedstock to coke gas, distillates, 

and coke. Fluid coking is a recent innovation which converts 

the feed stream to higher valued products and produces less 

coke. 

Hydrocracking - This process involves the cracking 

of feedstocks in the presence of a high hydrogen partial 

pressure. This process normally is employed on a high sulfur, 

straight-run gas or on a gas-oil effluent from another cracking 

process. 

Catalytic Cracking - Catalytic cracking involves the 

application of cataly~ic reactions to reduce heavy oils maxi-
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mizlng proJu~ttoc of ~ight C4 hydrocarbons an~ C5 and C5 

gasoline com~ounds. This process ls primarily e~ployed to 

naximum gasoline prorluction. 

o Combination - These processes involve the combination 

of two light hydrocarbons through polymerization or alklation 

to produce a gasoline-range hydrocarbon. The polymerization 

process combines two or more gaseous olef ins into a liquid 

product, while the alkylation process joins an isoparaffin 

and olefin. The feedstock origin is either a catalytic or 

hydrocracker and the catalysts include phosphoric, sulfuric, 

or hydrofluoric acid. 

o Rearrangement - This process involves the application 

of catalytic reforming and isomerization to rearrange the 

molecular structure of a feedstock to produce a high quality 

stream for gasoline blending. 

Catalytic reformers create high octane naphthas (rich in 

benzene, toluene, and xylene) from a desulfurized, straight-

run, or cracked naphtha. Hydrogen also may be produced as 

part of the reforming operation and other end-products, 

including non-aromatics. 

Isomerization units are used to increase the octane 

ratings of pentane and hexane fractions to produce a gasoline-

blending stock having an octane nunber of 80-85. The reaction 

is conducted at elevated temperatures C> 300°F) and pressure 

(400 psig) over a chlorinated-platinuQ-aluminum-oxide catalyst. 
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Blending 

The typi~al in-line blending operations most commonly 

involve the final processing of gasoline prior to storage. 

variety of gasoline components, such as cracked gasoline, 

reformate, isomerate, alkylate, and butane, are combined with 

selective additives in the necessary proportions to meet 

marketing specifications. 

Auxiliary Operations 

o Crude Desalting - This process involves the separation 

of inorganic salts and brines from an incoming crude to 

prevent process fouling, corrosion, and catalyst poisoning. 

The desalting process can be conrlucted either electrically or 

chemically with the former being the more prevalent. In the 

electric process, the raw crude is heated, emulsified with 

water, and routed through a high-voltage vessel where the 

electric field rlemulsifies the oil and water. In the chemical 

version of this process, coalescing agents are applied to 

demulsify the two-phase aqueous-organic system. 

o Hydrogen Generation - Large quantities of hydrogen 

are consumed in numerous refinery operations, including 

hydrotreating, hydrocracking, and isomerization. The proper 

maintenance of a hydrogen balance within the typical refinery 

requires that the hydrogen available from the catalytic 

reformers be supplemented by either stream-hydrocarbon 

reforming or partial oxidation. The selection of either 
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process de~~~ds upon the characteristics of the raw feedstock 

material. 

o Sulfur Recovery - This process involves the application 

of specific processes, such as the Claus process, to convert 

the hydrogen sulfide content of acid gas to elemental sulfur. 

In t~is process, the hydrogen sulfide is combusted in an 

oxygen-deficient atmosphere to produce sulfur, sulfur dioxide, 

and water. Additional sulfur recovery is obtained in a series 

of catalytic reactors through reaction of hydrogen sulfide 

and sulfur dioxide. The tail gas from the Claus unit may be 

treated further through a variety of processes. 

o Power Generation - The major factor affecting power 

~eneration in refining operations is the requirement for 

steam and the overall facility steam balance. Facility 

requirements can range from a si~ple back-up boiler for 

operations where there are significant aMounts of by-product 

steam to other situations where continuous steam generation 

is necessry. 

Storage Technologies 

o No Storage - Raw material is not stored, but is pumped 

directly from an adjacent process area or petroleum refining 

facility where it is produced. This procedure is employed 

when the production in two process areas in integrated to the 

degree that simultaneous operations occur and no inte~mediate 

storage is necessary. Material transfer would occur by 
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pumping through steel or ocher piping from o:,e process area 

directly to the other. 

o Tank Storage 

Fixed Roof - These cylindrical steel tanks have 

permanently attached conical steel roofs. The rtgid construction 

of these tanks necessitates that the roof be installed with 

pressure-vacuum valves set at a few inches of water to contain 

minor vapor volume expansion. Greater losses of vapor 

resulting from tank filling should be controlled with an 

attached vapor recovery unit. 

Floating Roof - Unlike fixed roof tanks, these tanks 

are equipped with a sliding roof that floats on the surface 

of the product and eliminates the vapor space between product 

and roof. A sliding seal attached to the roof seals the 

annular space between the roof and vessel wall from evaporation. 

Internal Floating Cover - To remedy the problems of 

snow and rain accumulation encountered with floating roofs, 

this design utilizes both a fixed outer roof and an internal 

floating cover. Again, the floating cover is equipped with 

sliding seals to prevent annular space evaporation. 

Variable Vapor Space - These tanks may appear in two 

basic designs: lifter roof and diaphragm. The lifter roof 

type utilizes a telescopic roof, free to travel up or down as 

the vapor space expands or contracts. The diaphragm design 

has an internal flexible diaphragm to accomodate vapor volume 

changes. 
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Pre~~ - These tanks are especially useful for 

storing highly volatile materials. These tanks come in a 

wide variety of shapes and are designed ~~ eliminate vapor 

emissions by storing the product under pressure. These tanks 

may be designed for pressures up to 200 psi. 

It has been noted that fixed roof 1 floating roof 1 and 

internal floating cover tanks are the most common varieties 

in use for storage of organic materials. These tanks may 

range in size from 20,000 to 500,000 bbl. ana average 70,000 

bbl. 
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Attachment II 

SOLUBILITY AND ENVIRONMENTAL MOBILITY 

CHARACTERISTICS OF CHROMIUM COMPOUNDS 

The tripositive state is the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

compounds) with a great variety of ligands such as water, 

ammonia, urea, halides, sulfates, amines and organic 

acids. (a,b) Thousa,nds of such compounds exist. This 

complex formation underlies the tanning reactions of chromium, 

and is responsible for the strong binding of trivalent chromium 

by soil elements, particularly clays.(c,d) 

At pR values greater than about ~. trivalent chromium 

forms high molecular weight, insoluble, "polynuclear" complexes 

of Cr(OH)3 which ultimately precipitate as Cr203.nH20· This 

process is favored by heat, increased chromium concentration, 

salinity and time.Ca) These chromium hydroxy complexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, and relatively unreactive, because 

the water molecules are very tightly bound. In this form, Cr 

is therefore resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 



Keq.ClR) 
Cr(III) Concentration 

Reaction Calculated from keq (mg/1) 

pHS pH6 pR7 

1. Cr(t"'H)3+2H+ CrOH++ +2H20 108 520 5.2 0.052 

2. Cr\mn, cr+3+30H- 6.7xlo-31 35 0.035 i* 

3. Cr(OH) + -H Cr02 +H2o 9xlo-17 1 i i 

*1= (Q.001 mg/l 

It is apparent from these figures that, in theory, trivalent 

chromium could leach from sludges to some extent. Such 

solubilized chromium, however, is unlikely to contaminate 

aquifers. It is complexed with soil materials, and tenasiously 

held.(a,d) Little soluble chromium is found in soils.Ca,e) 

If soluble trivalent chromium is added to soils it rapidly 

disapperas from solution and is transformed into a form that 

is not extracted by ammonium acetate or complexing agents.Cc,e) 

However, it is extractable by very strong acids, indicating 

the formation of insoluble hydroxides.Cd,e) Thus: above pH5, 

chromium(III) is immobile because of precipitation; below 

pH4, chromium(III) is immobile because it is strongly absorbed 

by soil elements; between pH 4 and ~ the combination of 

absorption and precipitation should render trivalent chromium 

quite immobile.Cc,d) 

In contrast, hexavalent chromium compounds are quite 

soluble, and hexavalent chromium is not as strongly hound to 
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soils.(c,d) ijexavalent chromium remains as such in a 

soluble form in soil for a short time, and is eventually 

reduced by reducing agents if present.Ce,f) As compared 

with the trivalent form, hexavalent chromium is less strongly 

adsorbed and more readily leached from soils(d) and thus, is 

expected to have mobility in soil materials.Cd) 

0 
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COKING 

Ammonia Still Lime Sludge (T) 

1. Summary of Basis for Listing 

Ammonia still lime sludge is generated when by-products 

are recovered from coke oven gases. The Administrator has 

determined that ammonia still lime sludge may pose a present 

or potential hazard to human health or the environment when 

improperly transported, treated, stored, disposed of or 

otherwise managed, and therefore should be subject to appropri-

ate management requirements under Subtitle C of RCRA. This 

conclusion is based on the following considerations: 

1. These sludges contain the hazardous constituents cyanide, 
naphthalene, phenolic compounds, and arsenic which adhere 
to the lime floes and solids in significant concentrations. 

2. Cyanide and phenol leached in significant concentrations 
from an ammonia still lime sludge waste sample which was 
tested by a distilled water extraction procedure. 
Although no leachate data is currently available for 
naphthalene and arsenic, the Agency strongly believes 
that based on constituent solubilities, the high concen
tration of these constituents in the wastes, and the 
physical nature of the waste, these two constituents 
are likely to leach from the wastes in harmful concentra
tions when the wastes are improperly managed. 

3. It is estimated that a very large quantity, 963,000 
tons (1), of ammonia still lime sludge 15% solids by 
weight) is currently generated annually, and that this 
quantity will gradually increase to 1.45 million tons (5% 
solids by weight) per year as the remaining coke plants 
add fixed ammonia removal capability to comply with BPT 
limitations (1). There is thus the likelihood of large
scale contamination of the environment if these wastes 
are not managed properly. 

4. Coke plant operators generally dispose of these sludges 
on-site in unlined sludge lagoons or in unsecured land-
fill operations. These management methods may be in-



adequat~ * to impede leachate migration . 

II. Industry Profile and Process Descrintion 

The stripping of ammonia during the hy-product cokemaking 

process is currently practiced at 39 faci:ities, distributed 

across 17 different states, with about half of the operating 

plants located in Pennslyvania, Ohio and Alabama (1). These 

plants are currently producing 4~ 1 000,ono tons of coke per 

year (1). (Coke, the residue from the destructive distillation 

of coal, serves both as a fuel and as a reducing agent in the 

making of iron and steel.) Of the 39 plants which practice 

ammonia recovery, 31 use lime, generating, in the process, an 

ammonia still lime sludge.** 

During the recovery of chemical by-products from the 

cokemaking process, excess ammonia liquor is passed through 

stills to strip the NH3 from solution for recovery as ammonium 

sulfate, nhosphate or hydroxide. About half of the ammonia 

originally present (5,000 mg/l) strips readily, but the 

remaining fraction can only be recovered by elevating the pH 

*Although no data on the corrosivity of ammonia still lime 
sludge are currently available, the Agency believes that 
these sludges may have a pH greater than 12.5 and may, there
fore, be corrosive. Under ~262.11, generators of this waste 
stream are responsible for evaluating their waste in order 
to determine whether their waste is corrosive. 

**Eight plants currently use sodium hydroxide as their alkali 
and produce about 1/5 of the sludge volumes common to lime 
systems (1). These eight plants tend to be smaller in capacity, 
with lesser volumes of process wastewater to treat. The Agency 
believes that this sludge will be similar in composition to the 
ammonia still lime sludge, and plans on collecting additional 
data to determine whether this waste should also be listed. 
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of the w~~te liquor to 10-12 through the addition of lime, 

and passing additional steam through the solution. This 

stripping transfers some of the contaminants to tbe gas stream, 

but enough remains behind for the itme sludges to contain high 

levels of hazardous constituents (i.e., cyanide, naphthalene, 

phenol and arsenic; see page 6, following). 

II. Waste Generation and Management 

Ammonia still lime sludge is generated ln the recovery 

of ammonia, by the addition of lime, from coke manufacturing 

operations. Currently it is estimated that 963,000 tons of 

ammonia still lime sludges (5% solids by weight) are generated 

annually, and this amount will gradually increase to about 

1.45 million tons per year as the remaining coke plants add 

fixed ammonia removal capabilities to comply with BPT 

limitations (1). Based on process wastewater analytical 

data at 9 coke-making plants, an estimated industry total 

of 1,468 tons (dry weight) of cyanide, naphthalene, phenolic 

compounds, and arsenic result each year from ammonia still 

lime sludges (1). 

Cyanide, naphthalene, phenol and other organic constituents 

are formed as a result of the destructive dlstillation of 

coal and are present in the ammonia liquor. Arsenic, on the 

other hand, is present along with other naturally occuring 

metallic contaminants in the coal and is also present in the 

ammonia liquor. (Although other metals are present in the 

waste, only arsenic is deemed present in sufficient concen-
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trations t~ present a problem (1).) 

Review of the chemical mechanisms, pH and operating tem-

peratures at which the ammonia stripping process is conducted 

fndicates that cyanide, naphthalene, phenol and arsenic tend 

to remain relatively chemically unreactive in the ammonia 

still stripping process. As a result, the presence of these 

four pollutants in the ammonia still lime sludge is predictable. 

Sludges are typically settled out in sedimentation basins, 

from which settled material is periodically removed for 

disposal (1). Figure l presents a process schematic of the 

ammonia still recovery process. 

Current Disposal Practices 

Of the 39 ammonia recovery operations, approximately 30 

plants presently dispose of the ammonia still lime sludges iu 

on-site unlined sludge ponds.Cl) Lined lagoons or carefully 

controlled landfills have not been routinely used by the 

industry to dispose of these sludges (1). 

Hazardous Properties of the Waste 

Using data collected by EPA at coking operations from the 

process wastewater samples taken before and aft~r the addition 

of lime(l), an accounting of the differences in pollutant mass 

before and after the lime addition reveals that 13,640 ppm of 

cyanide, 4,770 ppm naphthalene, 680 ppm of phenols*, and 1,086 

*The mass of phenolic compounds present in the sludge is 
estimated and has been adjusted for partial volatilization 
of the phenol in the stripper. 
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ppm of ar~~1i~ a•c present in the ammonia still lime sludge.* 

A separate study of ammonia still ltme sludge indicated 

phenol and cyanide concentrations rangi~~ from ~10 ppm to 

lQln ppm for phenol and 343 ppm to iq40 ppm for cyanide (?). 

Leaching tests (distilled water) were also performed on 

thls waste sample. Results of these test revealef leachate 

concentrations of 19R ppm for cyanide and 20 ppm for phenol 

( 2). 

The concentration of cyanide in the leachate is far in 

excess of concentrations in water considered harmful to 

human health and the environment. For example, the u.s. 

Public Health Service's recommended standard for cyanide in 

drinking water is 0.2 mg/l. The proposed EPA Water Ouality 

Criteria limits the level of cyanide at 0.2 mg/l and phenol 

at 1 ppm for domestic water supply.** 

Although no leachate data is currently available for naph-

thalene and arsenic, the Agency strongly believes that these 

constituents will leach in harmful concentrations from these 

wastes if not properly managed. Some com~ounds of arsenic are 

quite soluble. Arsenic trioxide has a solubility of 12,000 

mg/l at n°c, and arsenic pentoxide has a solubility of 2,300 g/1 

at 20°C (Appendix A). The solubility, the high concentrations 

*These concentration figures are not contained in reference 
1 but are calculated using data contained in that reference. 

**The Agency is not using these standards as quantitative 
benchmarks, but is citing them to give some indication that very 
low concentrations of ~-hese contaminants may give rise to a 
substantial hazard. 



of arsenic in the ammonia still lime sludge and arsenic's ex-

treme toxicity make it likely that it will leach from the wastes 

in harmful concentrations (i.e.t a small quantity of arsenic 

is .~fficient to present a problem to human health and the 

environment) if the wastes are not properly managed. Naphthalene 

is water soluble, with solubility ranging from 30,000 g/l 

to 40,~00 g/l. The solubility of naphthalene in water and 

its presence in such high concentrations in the waste make 

it likely that it will also leach from the waste in harmful 

concentrations if the wastes are not properly managed. 

In addition, cyanide, phenol, naphthalene and arsenic 

tend to remain chemically unreactive in the ammonia still 

lime sludge. Since lime is a relatively porous substance, 

constituents in the lime sludge will themselves therefore 

tend to be released when the waste sludge is exposed to 

a leaching medium. 

As previously discussed, a very large quantity of ammonia 

still lime sludge is produced annually, and is thus available 

for large scale contamination of the environment. Such large 

quantities of waste likewise present the danger of continued 

migration of and exposure to waste constituents. These wastes 

consequently present a serious hazard to human beings if not 

properly managed. 

Current practices of disposing of these wastes in fact 

appear ina~equate. Disposal of ammonia still lime sludge in 

unlined sludge lagoons or unsecured landfills (see p. 4 above) 



makes it likely that the hazardous constituents in the wastes 

will leach out and migrate into the environment, possibly 

contaminating drinking water sources. 

An overflow problem might also be encountered if the 

Liquid portion of the waste has been allowed to reach too 

high a level in the lagoon; a heavy rainfall could cause 

flooding which might result in the contamination of surface 

waters in the vicinity. Given the large quantities of this 

waste produced, other types of mismanagement are likely to 

result and to cause damage to the environment. 

As demonstrated above, the waste constituents appear 

capable of migrating from the waste in harmful concentrations. 

The waste constituents are also persistent, and thus have an 

increased likelihood of reaching an environmental receptor. 

Arsenic, as an element will persist indefinitely in some 

form. Cyanides also tend to persist after migration (aee 

background document "Spent or Waste Cyanide Solutions and 

Sludges" for further information supporting this conclusion). 

Cyanide and phenols have been implicated in actual damage 

incidents as well, again confirming the ability of these 

waste constituents to be mobile, persist, and cause substantial 

harm. For example, 

A firm in Houston, Texas, as early as 1968, was made 
aware that its practices of discharging such hazardous wastes 
as cyanide, phenols, sulfides, and ammonia into the Houston 
Ship Channel was creating a severe environmental hazard. The 
toxic wastes in question were derived from the cleaning of 
blast furnaces from coke plants. According to expert testimony, 
levels as low as 0.05 mg/l of cyanide effluent are lethal to 
shrimp and small fish. The court ordered the firm to cease 
discharging these wastes into the ship channel. (EPA open files) 
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In l9ii a n~~1 1 urilled industrial wtll in an artesian 
aquifer in Garfield, New Jersey, contained water with an 
unacceptably high cu1a:entration of phcn;:,ltc mciterials. The 
pollutants originated from nearby industrial waste lagoons. 
(Draft Environmental Impact Statement, .. ;;nuary, 1979). 

Fifteen thousand drums of toxic and corrosive metal 
industrial wastes were dumped on farmland in Illinois in 
1972. As a result, large numbers of cattle died from cyanide 
poisoning and nearby surface water was contaminated by runoff. 
(House Report Number 94-1491, 94th Congress, 2nd Session, page 19). 

Health and Ecological Effects 

Cyanide 

~ Congress listed cyanide as a priority pollutant under 

§307(a) of the Clean Water Act. 

The toxicity of cyanide has been well documented. 

Cyanide in its most toxic form can be fatal to humans in a 

few minutes at a concentration of 300 ppm. Cyanide is also 

lethal to freshwater fish at concentrations as low as about 

50 mg/l and has been shown to adversely affect invertebrates 

and fish at concentrations of about 10 mg/l. 

The hazards associated with exposure to cyanide have 

also been recognized by other regulatory programs. The u.s. 

Public Health Service established a drinking water standard 

of 0.2 mg/l as an acceptable level for water supplies. The 

Occupational Safety and Health Administration (OSHA) has 

established a permissible exposure limit for KCN and NaCN at 

5 mg/m3 as an eight-hour time-weighted average. 

Finally, final or proposed regulations of the states of 

California, Maine, Maryland, Massacusetts, Minnesota, Missouri, 
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New Mexicu, Oklahoma, and Oregon define cyanide containing 

compounds as hazardous wastes or components thereof. Additional 

information and specific references on the adverse health 

effects of cyanide can be found in App~ndix A. 

Phenol 

Congress designated phenol a priority pollutant under 

§307(a) of the Clean Water Act. Phenol is readily absorbed 

by all routes. It is rapidly distributed to mammalian tissues. 

This is illustrated by the fact that acutely toxic doses of 

phenol can produce symptoms within minutes of administration 

regardless of the route of entry. Repeated exposures to 

phenol at high concentrations have resulted in chronic liver 

damage in humans.Cl) Chronic poisoning, following prolonged 

exposures to low concentrations of the vapor or mist, results 

in digestive disturbances (vomiting, difficulty in swollowing, 

excessive salivtiou, diarrehea), nervous disorders (headache, 

fainting, dizziness, mental disturbances), and skin eruptions.(4) 

Chronic poisoning may terminate fatally in some cases where there 

has been extensive damage to the kidneys or liver. 

Phenol biodegrades at a moderate rate in surface water and 

soil, but moves readily. Even with persistence of only a few 

days, the rapid spreading of phenol could cause widespread 

damage of the ecosystem and contamination of potable water 

supplies. 

OSHA has set a TLV for phenol at 5 ppm. 

Phenol is listed in Sax's Dangerous Properties of 

Industrial Materials as a dangerous disaster hazard because 



when heated it emits toxic fumes. Additional information and 

specific references on the adverse effects of phenol can be 

[ound in Appendix A. 

Arsenic 

Congress has designated arsenic as a priority pollutant 

under Section 307(a) of the Clean Water Act. 

Arsenic is extremely toxic in humans and animals. 

Death in humans has occurred following ingestion of very 

small amounts (Smg/kg) of this chemical. Several epidemiolog-

ic;l studies have associated cancers with occupational expoure 

to arsenic, including those of the lung, lymphatics and 

blood. Certain cases involving a high prevalence of skin 

cancer have been associated with arsenic in drinking water, 

while liver cancer has developed in several cases following 

ingestion of arsenic. Results from the administration of 

arsenic in drinking water or by injection in animals supports 

the carcinogenic potential of arsenic. 

Occupational exposure to arsenic has resulted in 

chromosomal damage, while several different arsenic compounds 

have demonstrated positive mutagenic effects in laboratory 

studies. 

The teratogenicity of arsenic and arsenic compounds is 

well established and includes defects of the skull, brain, 

gonads, eyes 1 ribs and genico-urinary system. 

The effects of chronic arsenic exposure include skin 

diseases progressing to gangrene, liver damage, neurological 
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disturbances, red blood cell production, and cardiovascular 

disease. 

OSHA has set a standard air TWA of 500 mg/m3 for arsenic. 

DOT requires a "poision~ warning l~bel. 

The Of ftce of Toxic Substances undec YIFRA has issued a 

pre-RPAR for arsenic. The Carcinogen Assessment Group has 

evaluated arsenic and has determined that it exhibits sub-

stantial e~idence of carcinogenicity. The Office of Drinking 

~ater has regulated arsenic under the Safe Drinking Water 

Act due to its toxicity and the Off ice of Air Quality Planning 

and Standards has begun a pre-regulatory assessment of arsenic 

based on its suspected carcinogenic effects. The Office of 

Water Planning and Standards under Section 304(a) of the 

Clean Water Act has begun development of a regulation baaed 

on health effects other than on oncogenicity and environme'ntal 

effects. Finally, the Office of Toxic Substances has completea 

Phase I assessment of arsenic under TSCA. Additional informa-

tion and specific ref e~ences on the adverse effects of arsenic 

can be found in Appendix A. 

Naphthalene 

Naphthalene is designated a priority pollutant under 

Section 307(a) of the CWA. 

Systemic reaction to acute exposure to naphthalene 

includes nausea, headache, diaphoresis, hematuria, fever, 

anemia, liver damage, convulsions and coma. Industrial 

exposure to naphthalene appears to cause increased incidence 

of cataracts. Also~ hemolytic anemia with associated 
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jaundice and occdsslonally renal disease from precipitated 

hemoglobin has been described in newborn l~fants, children, 

and adults after exposure to naphthalen~ ~y ingestlon, 

inhalation, or possibly by skin contact. 

OSHA's standard for exposure to vapor for a time-weighted 

industrial exposure is 50 mg/m1. 

SaxClO) warns that naphthalene is an experimental neo-

plastic substance via the subcutaneous route; that is, it 

causes formation of non-metastasizing abnormal or new growth(s). 

Additional information and specific references on the adverse 

effects of naphthalene can be found in Appendix A. 
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LISTING BACKGROUND DOCUMENT 

ELECTRIC FURNACE PRODUCTION OF STEEL 

Emission control dusts/sludges from the primary 
production of steel in electric furnaces (T)* 

Summary of Basis for Listing 

Emission control dusts/sludges from the primary production 

of steel in electric furnaces are generated when particulate 

matter in the gases given off by electric furnaces during the 

production process is removed by air pollution control equip-

ment. Dry collection methods generate a dust; wet collection 

methods generate a sludge. The Administrator has determined 

that these dusts/sludges are soli~ wastes which may pose a 

present or potential hazard to human health and the environ-

ment when improperly transported, treated, stored, disposed 

of or otherwise managed and therefore should be subject to 

appropriate management requirements under Subtitle C of RCRA. 

This conclusion is based on the following considerations: 

(1) The emission control dusts/sludges contain signifi
cant concentrations of the toxic metals chromium, 
lead, and cadmium. 

(2) Lead, chromium and cadmium have been shown to leach 
in harmful concentrations from waste samples subjected 
to both a distilled water extraction procedure and 
the extraction procedure described in ~250.13(d) 
of the proposed Subtitle C regulations. 

*This listing was originally proposed on December lR, 1Q78 
(43 FR ~895q) under SI~ Code 331? and states as "Iron 
Making: Electric furnace dust and sludge." In response to 
a comment submitted hy the American Iron and Steel Institute 
that the electric furnace process is used for steelmaking 
only, not iron and steelmaking as was previously listed, the 
A8ency modified the listing on May lq, lqRo (45 FR 33124) as 
"Emission control dusts/sludges from the electric furnace 
production of steel." In further response to a comment submitted 
by the American Foundryman's Society, the Agency is again modi
fying the listing to make it clear that this listing is meant 
to apply to primarly steel producers only(see Response to 
Comments in.back of this document for more detailed discussion). 



(3) A large quantity of these wastes (a combined total 
of approximately 337 1 000 metric tons) is generated 
annually and is available for disposal. There is 
thus a likel1hood of large scale contamination 
of the environment if these wastes are mismanaged. 

(4) The wastes typically are disposed of by being dumped 
in the open, either on-site or off-site, thus 
posing a realistic possibility of migration of 
lead, cadmium, and chromium to underground drinking 
water sources. These metals persist virtually 
indefinitely, presenting the serious threat of 
long-term contamination. 

(5) Off-site disposal of these wastes will increase 
the risk of mismanagement during transport. 

I. Profile of the Industry 

The electric furnace (arc) process is one of the three 

principal metho~s of producing steel in the United States. 

In lq74, the iron and steel industry had the capacity to 

produce approximately 27 1 oon 1 onn metric tons/year of steel 

via the electric furnace process (1). 

Plants are located in 31 different states, with 70~ of 

the estimated capacity located in Ohio, Pennsylvania, Illinois, 

Texas, Michigan and Indiana (1). A typical integrated electric 

furnace steel plant has an electric furnace capacity of 

about 500 1 000 metric tons/yr (1). Capacities at different 

plants range from about 50 1 000 to 2,000 1 000 metric tons/yr (2). 

11. Manufacturing Process 

The raw materials for the electric arc steelmaking 

process include cold iron and steel scrap, and fluxes such 

as limestone and/or fluorspar. The raw materials are charged 

into a refractory-lined cylindrical furnace and melted by 
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oassing an electric current (arcing) through the scrap steel 

by means of three triangularly spaced carbon electrodes 

inserted through the furnace roof. The orocess proceeds at 

high temperatures and an oxidizing atmosp~Pre (air or pure 

oxygen are used).(2) The electrodes are consumed at a 

rate of about 5 to 8 kg/kkg of steel, with the emission of 

CO and C02 gases. The hot gases entrain finely divided 

particulate, 70% of which (by weight) are less than 5 microns 

in size, the majority of this less than 0.5 microns. The 

particulate fume or dust consists primarily of iron oxides, 

silica and lime, with significant concentrations of the 

toxic metals lead, chromium and cadmium (1). 

III. Waste Generation 

The waste products from the electric carbon furnace 

process is a mixture of gases consisting of smoke, slag, 

carbon, nitrogen, ozone and oxides of iron as well as other 

metals. (2) The parti~ulates produced during the electric 

furnace steelmaking process are removed from the furnace 

off-gases by means of baghouse filters, electrostatic preci-

pitators, or high-energy Venturi scrubbers. The baghouse 

filters and electrostatic precipitators, which are used by 

93% of electric arc steelmaking furnaces, produce an emission 

control (dry) dust for disposal at a rate of 12.R kg of dust 

per metric ton of steel produced. Scrubbers, used by the 

remaining 7% of the steelmaking industry, produce slurries 

or sludges for disposal at a rate of about 8.7 kg (dry solids 



Lasis) pt::1 metric ton of steel produced. 

Based on an electric furnace steelmaking capacity of 

27,000,000 kkg/yr (see p. 2 above), and assuming that the 

electric furnaces that use dry air poll~tlon control 

equipment represent Q3% of that capacity, the industry-wide 

estimated quantities of emission control dusts and sludges 

p~oduced at full operating caoacity are 321,000 kkg/yr, 

and 16,000 kkg/yr (dry solids basis), respectively. 

The Agency has information indicating that these wastes 

are typically dumped in the open at on-site or off-site 

disposal facilities (1,2). The emission control sludges, 

however, are also amenable to other forms of disposal, such 

as disposal in lagoons or surface imooundments. The large 

quantities of these wastes generated annually, combined with 

the fact that other emission control dusts/sludges generators 

handle their wastes in this manner, nake this type of management 

situation plausible. (See, for examnle, Secondary Lead 

Hazardous Waste Listing Background Document). 

IV. Hazardous Properties of the Wastes 

1. Migrating Potential of Waste Constituents 

An analysis of the electric furnace dust supplied by 

U.S. Steel Corporation is given in Table 1 (3). As the data 

indicate, two of the toxic metals of concern, lead and chromium. 

are present in significant concentrations. Lead, for example, 

which has a usual range of lead-in-soil concentrations of 2 
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to 200 ppm (4), is present in this waste sample at a con-

centration of 1,400 ppm.* 

Another analysis of waste samples from both electric 

furnace dusts and sludges also shows lead and chromium to be 

present in the wastes in significant amounts. The analysis 

of the emission control dust waste sample revealed chromium 

to be present at 13RO ppm and lead to be present at 24,220 

ppm. The analysis of the emission control sludge sample 

revealed total c~romium to be present in the waste ~t 2,690 

ppm and lead at 7,90n ppm (1). 

The metal oxide particulates in these dusts are formed 

at high temperatures in an oxidizing atmosphere. Such 

conditions are known to result in the oxidation of chromium 

to its hexavalent form.(16) The dusts and sludges, therefore, 

are presumed to contain hexavalent chromium compounds. 

The presence of such high concentrations of lead and 

(presumably hexavalent) chromium in this waste stream, in and of 

itself, raises regulatory concerns. Furthermore, the Agency has 

data see table 2, p. 8) from the proposed EPA Extraction Proce-

dures (Samples 1-4) and an industry-conducted water extraction 

(Sample 5) which show that learl, chromium and cadmium may 

*The absence of cadmium from the waste samnle described in 
Table 1 may be attributable to the fact that 291. of the 
constituents (by weight) of the waste sample are not accounted 
for, or the fact that the composition of electric furnace 
dust can vary considerably depending on the type and quantity 
of cold scrap used to charge the furnace. Cadmium is a demon
strated waste constituent as evidenced by its presence in 
significant concentrations in the leachate tests on electric 
furnace dusts shown in Table 2 below. 
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Table 1 

Composition of an Electric Furnace Dust* 

Parameter Weight % (not intended 
total 

Fe (total) 35.34 

MnO 8.2Q 

Si02 s.61 

Al203 0.62 

Cao 12.n1 

Cr203 2. 6Q 

Cun n.12 

Ni t) • 5 q 

Pb 0.14 

Zn 0.3Q 

F s.oq 

Total 70.89 

Source: Reference 3 

*Although the data in Table 1 is presented for the 
electric furnace dusts collected by ba~house filters or 
electric precipitators anrl not for the sludges produced 

100%) 
to 

by Venturi scrubbers, the solids composition of the sludges 
produced by scrubbers can be assumed to be virtually the same 
as that of the electric furnace ~usts since both wet and dry 
air pollution systems entrain the same heavy metal particulate. 
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leach from electric furnace dusts in significant concentr~tions. 

1n view of the relative insolubility of trivalent chromium 

(see Attachment I), the demonstrated leaching of chromium in 

these tests points to the probable prese~ce in these ~actes 

of hexavalent chromium. All of the waste extracts--either 

by the EPA EP procedure which uses acetic acid as its leaching 

solution, or by the industry test which uses distilled water--

contain contaminants in concentrations which are either 

equal to or, for the most part, exceed EPA's National Interim 

Primary Drinking Water Standards, in some instances by several 

orJers of magnitude. The distilled water extraction shown 

in Sample 5 of Table ~ indicates that these wastes may leach 

harmful concentrations of lead, cadmium, and (presumably 

hexavalent) chromium even under relatively mild conditions. 

This conclusion is further supported by different 

solubility tests done on electric furnace emission control 

dust waste samples, also using water as the leaching merlium 

(1). In this test, lead was again found to leach at dangerous 

concentrations, e.g. l~O ppm. Another water solubility test 

done on an electric furnace sludge waste sample likewise 

showed chromium and lead to leach from the sludge in signifi-

cant concentrations of q4 ppm and 2.0 ppm, respectively (1). 

If these wastes are exposed to more acidic environments 

{landfills or disposal environments subject to acid rainfall) 

these metals' concentrations in leachate would likely be 

higher, since most compounds of learl, cadmium, and chromium 

are more soluble in acid than in distilled water (~,6,7). 
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Table 2. 

Leach Test Results (mg/l) on Electric Furnace Emission Dusts 

N~t!onal Interim 
PrimRry 

.:>ntaminant 
Drinking Water 
Standard 

Sample 
l* 

Sample 
2* 

Sample 
3* 

Sample 
4* 

Cd 

Cr 

Pb 

0.01 o.os 2.84 3.85 4.R-13.4 

o.os (0.1 0.48 0.05 

o.os o.s 0.06 36.7 (0.2 

*EP extraction data submitted by an American Iron and Steel Institute 
letter to John P. Lehman from Earle F. Young, Jr., dated May 15, 1979. 

**Yaste Characterization Data for the State of Pennsylvania, 
Department of Environmental Resources. The data for Sample 5 
was supplied by Allegheny Ludlum Steel Corporation from a 
water extraction procedure. The apparent discrepancy between 
the result obtained for chromium in Sample 5 and those obtained 
for chromium in Samples 1-4 may be attributable to the particu
lar type anrl quantity of scrap metal used in the steelmaking 
processes which produced these waste samples. 

***Source: Reference 1 water extraction. 
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Sample 
5** 

1,248.0 

0.1 

Sample 
6*** 

120.0 
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Many of the states in which the majority of these wastes 

are generated, including Ohio, Pennsylvania, Illinois and 

Indiana, are known to experience acid rainfall (R). 

A further indication of the migratory potential of the 

waste constituents is the physical form of the waste itself. 

These waste dusts/sludges are of a fine particulate composition, 

thereby exposing a large surface area to any percolating 

medium, and increasing the probability for leaching of hazardous 

constituents from the waste to groundwater. 

2. Substantial Hazard from Waste Mismanagement 

In light of the demonstrated migratory potential of 

harmful concentrations of the waste constituents, im-

proper management of these wastes could easily result in the 

release of contaminants. For instance, selection of disposal 

sites in areas with permeable soils can permit contaminant-

bearing leachate from the waste to migrate to surface water 

and/or grounnwater. The possihility of groundwater contami-

nation is especially significant with respect to disposal of 

these wastes in surface impoundments, since a large quantity 

of liquid is available to percolate through the solids and 

soil beneath the fill. 

An overflow problem might also be encountered if these 

wastes are ponded and the liquid portion of the waste has 

been allowed to reach too high a level in the lagoon; a 

heavy rainfall could cause flooding which might result in 

the contamination of soils and surface waters in the vicinity. 
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In addition to difficulties caused by improper site 

selection, unsecure landfills in which dusts and dredged 

solids could be disposed of are likely to have insufficient 

leachate control practices. There may be no leachate collection. 

ar. treatment system to diminish leachate percolation through 

the wastes and soil underneath the site to groundwater and 

there may not be a surface run-off diversion system to prevent 

contaminants from being carried from the disposal site to 

nearby surface waters. 

In addition to ground and surface water contamination, 

airborne exposure to lead, chromium, or cadmium particulate 

escaping from mismanaged emission control dusts is another 

pathway of concern. These minute particles could be dispersed 

by wind if waste dusts are piled in the open, placed in 

unsecure landfills or improperly handled during transportation. 

As a result, the health of persons who inhale the airborne 

particulates would be jeopardized. This is especially true for 

hexavalent chromium compounds, whose carcinogenicity via 

inhalation is especially well substantiated. 

Transportation of these wastes to off-site disposal 

facilities increases the likelihood of their causing harm to 

human beings and the environment. The mismanagement of these 

wastes during transportation may thus result in an additional 

hazard. Furthermore, absent proper management safeguards, 

the wastes might not reach the designated destination at 

all, thus making them available to do harm elsewhere. 
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The ~ea1 rhrom!1•~ an~ cadmium that may migrate from 

the waste t~ th~ envfronment as a result of such improper 

~isposal practices ar~ elecental metals t~at persist inde-

finitely in the environment in some form. Therefore, 

contaminants migrating from these wastes may pollute the 

environment for long periods of time. 

3. Justification for T Listing 

The Agency has determined to list emission control dusts/ 

sludges from the primary production of steel in electric furnaces 

as a T hazardous waste on the basis of lead, chromium and 

cadmium constituents, although these constituents are also 

measurable by the E toxicity characteristic. Although concen-

trations of these constituents in an EP extract from waste 

streams from particular sites may not always be greater than 

100 times the National Interim Primary Drinking Water Standards, 

the Agency believes that there are factors in addition to 

metal concentrations in leachate which justify the T listing. 

Some of these factors have already been identified, namely 

the high concentrations of cadmium, chromium and lead in the 

actual waste and in leachate samples, the non-degradability 

of these substances, and the strong possibility of the lack 

of proper management of the wastes in actual practice. 

The quantity of these wastes generated is an additional 

supporting factor. As indicated above, electric furnace 

emission control dusts/sludges are generated in very substan-

tial quantities, and contain high concentrations of the 



toxic metals 1~~rl, chromium and cadmium. Large a~ounts 

of each of these metals are available for environmental 

release. The large quantities of these (~ntam~nants pose 

the danger of polluting large areas of 6:ound or surface 

waters. Contamination could also occur for long periods of 

time 1 since large amounts of pollutants are available for 

environmental loading. Attenuative capacity of the 

environment surrounding the disposal facility could also be 

reduced or used up due to the large quantities of pollutant 

available. All of these considerations increase the possibility 

of exposure to the harmful constituents in the wastes, and 

in the Agency's view, support a T listing. 

v. Hazards Associated with Lead, Chromium, and Cadmium 

Lead is poisonous in all forms. It is one of the most 

hazardous of the toxic metals because it accumulates in many 

organisms, and its deleterious effects are numerous and severe. 

Lead may enter the human system through inhalation, ingestion 

or skin contact. Rexavalent chromium is toxic to man and 

lower forms of aquatic life. Cadmium is also a cumulative 

poison, essentially irreversible in effect. Excessive 

intake leads to kidney damage, and inhalation of dusts also 

damages the lungs. Additional information on the adverse 

health effects of lead, chromium, and cadmium can be found 

in Appendix A. 

The hazards associated with exposure to lead, chromium, 

and cadmium have been recognized by other regulatory programs. 

-~ 
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Lead, chroilllum tnd cadmium are listed as priority pollutants 

in accordance with §307(a) of the Clean Water Act of 1977. 

Under §6 of the Occupational Safety and Health Act of 1970, a 

ftnal standard for occupational exposure to lead has heen 

established and a draft technical standard for chromium has 

been developed (9, 10). Also, a national ambient air quality 

standard for lead has been announced by EPA pursuant to the 

Clean Air Act (9). In addition, final or proposed regulations 

of the State of California, Maine, Massachuse~ts, Minnesota, 

Missouri, New Mexico, Oklahoma and Oregon define chromium and 

lead containing compounds as hazardous wastes or components 

thereof (11). 

EPA has proposed regulations that will limit the amount 

of cadmium in municipal sludge which can be lanrlspread on 

cropland (12). The Occupational Safety and Health Administration 

(OSHA) has issued an advance notice of proposed rulemaking 

for cadmium air exposure based on a recommendation by the 

National Institute for Occupational Safety (13). EPA has also 

prohibited the ocean dumping of cadmium and cadmium compounds 

except when present as trace contaminants (14). EPA has 

also promulgated pretreatment standards for electroplaters 

which specifically limit discharges of cadmium to Public 

Owned Treatment ~orks (15). 
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Attachment t 

SOLIJJHl ITY AND ENVIRONMENTAL lfOBILITY 

CHARACTERISTICS OF CHROMIUM C~MPOUNDS 

The tripositive state is the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

compounds) with a great variety of ligands such as water, 

ammonia, urea, halides, sulfates, amines and organic 

acids.Ca,b) Thousands of such compounds exist. Th1s 

complex formation underlies the tanning reactions of chromium, 

and is responsible for the strong binding of trivalent chromium 

by soil elements, particularly clays.Cc,d) 

At pH values greater than about 6, trivalent chromium 

forms high ~olecular weight, insoluble, "polynuclear" complexes 

of Cr(OH)3 which ultimately precipitate as Cr203.nH20• This 

process is favored by heat, increased chromium concentration, 

salinity and time.Ca) These chromium hydroxy complexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, anrl relatively unreactive, because 

the water molecules are very tightly bound. In this form, Cr 

is therefore resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 

A.Ii 
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Cr(III) Concentration 
Reaction Keq.(18) Calculated from keq (mg/l 

pH5 pH6 pH7 

1. Cr(OH) 3+2H+ CrOH++ +2H20 108 520 5.2 0.052 

2. Cr{OH) 3 cr+3+30H- 6.7xio-31 35 0.035 1* 

3. Cr{OH) + -H Cr02 +H 2o 9xlo-17 i i 1 

*i= <0.001 mg/l 

It is apparent from these figures that, in theory, trivalent 

chromium could leach from sludges to some extent. Such 

solubilized chromium, however, is unlikely to cont~Minate 

aquifers. It is complexed with soil materials, and tenasiously 

held.(a,d) Little soluble chromium is founrl in soils.Ca,e) 

If soluble trivalent chromium is added to soils it rapidly 

disapperas from solution and is transforme~ into a form that 

is not extracted by ammonium acetate or complexing agents.Cc,e) 

However, it is extractable by very strong acids, indicating 

the formation of insoluble hydroxides.Cd,e) Thus: above pHS, 

chromium(III) is immobile because of precipitation; below 

pH4, chromium(III) is immobile because it is strongly absorbed 

by soil elements; between pH 4 and 5 the combination of 

absorption and precipitation should render trivalent chromium 

quite immobile.Cc,d) 

In contrast, hexavalent chromiuM coMpounds are quite 

soluble, and hexavalent chromium is not as strongly bound to 

A;A. 
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soils.Cc,d) ijexavalent chromium remains as such in a 

soluble form in soil for a short time, and is eventually 

reduced by reducing agents if present.Ce,f) As compared 

with the trivalent form, hexavalent chro~ium is less strongly 

adsorbed and more readily leached from soils(d) and thus, is 

expected to have mobility in soil materials.Cd) 



Response to Comments-Emission ~ontrol nust/Sludge from the 
Electric Furnace Production of Steel 

One commenter requested a clarification on the scope of 

waste K061 (Emission control dust/sludge from the electric 

furnace production of steel). The commenter indicated that 

it was not clear whether the listing description applied 

only to primary steel production or to both primary steel 

producers and to foundries using steel scrap in their electric 

furnace production. 

In listing waste K061 (Emission control dust/sludge from 

the electric furnace production of steel), the Agency intended 

only to include wastes from primary steel prorluction. This 

intent is reflected in the listing hackground document, which 

refers throughout to primary steel production. The Agency 

is uncertain whether foundry electric furnace emission control 

dust~ and sludges are sufficiently similar in composition to 

warrant inclusion in the same listing, and so we are evaluating 

the potential hazardousness of foundry industry wastes in 

separate actions. (See 44 FR at 49404 (August 22, 1979), and 

4, FR at 47R36 (July 16, 19Rn).) 
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LISTING BACKGROUND DOCUMENT 

Steel Finishing 

Spent Pickle Liquor (C) (T)* 

I. Summary of Basis for Listing: 

Spent pickle liquor is generated in the pickling of 

iron and steel to remove surface scale. The Administrator 

has determined that spent pickle liquor is a solid waste 

which may pose a present or potential hazard to human health 

and the environment when improperly transp~rted, treated, 

stored, disposed of, or otherwise managed, and, therefore, 

should be subject to appropriate management requirements 

under Subtitle C of RCRA. This conclusion is based on the 

following considerations: 

1. Spent pickle liquor is corrosive (has been shown to 
have pH less than 2), and contains significant 
concentrations of the toxic metals lead and 
chromium. 

2. The toxic metals in spent pickle liquor are present 
in highly oobile form, since it is an acidic solution. 
Therefore, these hazardous constituents are readily 
available to migrate from the waste in harmful 
concentrations, causing harm to the environment. 

*In response to comments received by the Agency on the 
interim final list of hazardous waste (45 FR 33124, May 19, 
lqRO), sludge from lime treat~ent of spent pickle liquor 
has been removed from the hazardous waste list (see Response 
to Comments at the back of this listing background document 
for more details). 



3. Current waste management practices of untreated spent 
pickle liquor consist pri~arily of land disposal 
either in unlined lanrlfills or unlined lagoons 
which may.be inadequate to prevent the migration of 
lead and chromium to underground drinking water 
sources. Treatment of the spent pickle liquor by 
neutralization is also commonly practiced by the 
industry in which case, a lime treatment sludge is 
generated. 

4. A very large quantity (approximately 1.4 billion 
gallons of spent pickle liquor) is generated 
annually. There is a great likelihood of 
large-scale contamination of the environment 
if these wastes are not managed properly. 

5. DaMage incidents have been reported that are 
attributable to the improper disposal of poorly 
treated spent pickle liquor. 

II. Industry Profile and Process Description 

Pickling operations are very widespread across the 

United States. ~pent pickle liquor is generated at 240 plants 

located in 34 states. Approximately 70% of these plants are 

situated in Pennsylvania, Ohio, Illinois, Indiana and Michigan. 

Pickling capacity within the iron and steel industry, according 

to the type of acid used, is shown in Table 1 below.Cl) 

The pickling operation involves the immersion of oxidized 

steel in a heated solution of concentrated acid or acids (the 

pickling agent) to remove surface oxidation or to impart specific 

surface characteristics. At integrated steel plants, acid pickle 

liquors are used in cold rolling mills and galvanizing Mills. 

Depending on the type of steel being processed, or the type 

of surface quality desired, different types of acids may be 

used. For example, most carbon steels are pickled in sulfuric 



or hydrochloric acids, while most stainless and alloy steels 

are pickled in a mixture of nitric and hydrofluoric acids.Cl) 

After a certain concentration of metallic ions build up in 

the pickling bath, the solution is considered spent or exhausted 

and must be replaced. 

Table 1 

Number of Annual Capacity, 
Pickling Agent Plants* tons of steel/yr 

HCl 43 30,000,000 

H2S04 14 9 28,000,000 

Mixed acid 
(e.g. HF-HN03) 15 2 6,000,000 

III. Waste Generation and Management 

Approximately 1.4 billion gallons of spent pickle liquor 

are generated annually: 500 million gallons of spent sulfuric 

acid, 800 million gallons of spent hydrochloric acid, and 74 

million gallons of a combination (mixed) of pickling acids.** 

When treated with lime, spent pickle liquors form a spent pickle 

liquor lime treatment sludge. 

The spent pickle liquor is a strongly acid solution (pH (1) 

containing very high concentrations of dissolved iron, and 

*If the same plant uses two or three pickling agents, it is 
listed once for each agent used. 

**Estimates based on waste generation data contained in 
Reference 1. 
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significant amounts of many other metals, including chromium 

(26-4250 ppm).(l) Hexavalent chromium concentrations are 

rarely reported, but since steel is manufactured in an oxidiz

ing environ~ent, and at high temperatures, and since it is the 

purpose of the pickling operation to remove residual metal 

oxides from the steel surface, it is expe~ted that the pickling 

liquor will, in fact, contain significant amounts of hexavalent 

chrome. 

Approximately 40% of the mills utilizing the sulfuric 

acid pickling process discharge these and other pickling 

wastes after treatment to a receiving body of water. Another 

45% of these mills have the spent pickle liquor hauled off

site by private contractors. Outside contract disposal 

services generally neutralize spent pickle liquors in unlined 

lagoons.(2) The remaining 15% of the sulfuric acid 

pickling mills either utilize deep well disposal, engage in 

acid recovery, or discharge the treated waste to Publicly 

Owned Treatment Works (POTWs) along with other pickling 

wastes which have undergone varying degrees of treatment. 

Disposal practices of combination acid pickling mills and 

hydrochloric acid pickling mills are known to be similar to 

those used by sulfuric acid pickling mills.Cl) 

IV. Hazardous Properties of the Waste 

The pickling process requires highly acidic solutions; 

hence, spent pickle liquors are highly corrosive, with a 

,, 



pH of less than 2 (see Table 2). Therefore, this waste 

meets the corrosivity characteristic (§261.22) and is thus 

defined as hazardous. In addition, Agency data indicate that 

significant levels of the toxic metals lead and chrooium are 

found in the spent pickle liquor (see Table 2 below). 

Table 2 

Typical Concentratons of Lead and Chromium in 
Spent Pickle Liquors(mg/l) 

Parameter HCL Bath Mixed Acid Bath 

pH 1.0-2.0 1.0-4.S 1.3-1.S 

Cr 26-269 2-37 3300-4250 

Pb ND*-2 2-1550 1-4 

*ND=Nondetectable 

Source: Reference 1 

Based on the higher concentration levels listed in 

Table 2 for chromium and lead (4250 and 1550, respectively), 

if only .12% of the chromium (if hexavalent) and .33% of the 

lead leach from the spent pickle liquor, this amount would 

exceed the permissible concentrations of chromium and lead 

in the EP extract.* Since the spent pickle liquor is a 

highly acidic solution, these toxic metals are readily 

available to migrate into the environment, as they are more 

*The concentrations of lead and chroMium in these wastes can vary, 
depending upon the composition of the raw materials used to nanu
facture the steel and the particular type of steel pickled. 
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soluble in acidic environments.(6) In particular, since 

trivalent chromium has only slight solubility in acids and 

the hexavalent form is extremely soluble, the chromium in 

the acid leachate will be overwhelmingly hexavalent. Thus, 

disposal of this waste in landfills or lagoons, if improperly 

managed, is likely to lead to the migration of harmful canst!-

tuents into the environment and pose a substantial hazard 

via a groundwater exposure pathway. 

Possible Types of Improper Management and Available 
Pathways of Exposure 

As shown above, disposal of spent pickling liquors 

creates the potential for leaching of the toxic metals 

(presumably hexavalent) chromium and lead to groundwater, a 

cocmon source of drinking water. In addition, improper 

storage and/or disposal of spent pickling liquor poses paten-

tial hazards stemming from the high acidity of the wastes. 

In particular, if not segregated in a landfill, spent pickle 

liquors can extract and solubilize toxic contaminants (especially 

metals) from other wastes disposed in the landfill. In view 

of the low solubility of most trivalent chromium compounds, 

and the high solubility of most hexavalent forms (see Attachment I), 

the leachate is expected to contain predominately the hexavalent 

form. If not stored in special containers, pickle liquors 

can, over time, corrode the containers, resulting in leakage 

and potential acid burns to individuals who may come in 

contact with the waste. 

Transportation of about 45% of the spent pickle 



neutralization (see p.4, above) increases the likelihood of 

their causing harm to people and the environment. Improper 

containment of these wastes may result in their doing harm to 

individuals or to the environment during transportation to their 

designated destination. Moreover, mismanagement of these wastes 

during transportation may result in their not reaching their 

designated destination at all, thus making them available to do 

harm elsewhere. 

Once released from the matrix of the waste, lead and (presumably 

hexavalent) chromium can migrate from the disposal site to ground 

and surface waters used as or constituting potential drinking 

water sources. Present practices associated with landfilling 

or impounding the waste may be inadequate to prevent such an 

occurence. For instance, selection of disposal sites in areas 

with permeable soils can permit contaminant-bearing leachate 

from the waste to migrate to groundwater. 

An overflow problem might also be encountered if the liquid 

portion of the waste has been allowed to reach too high a level 

in the lagoon. Thus, a heavy rainfall could cause flooding 

which might reach surface waters in the vicinity. 

In addition to difficulties caused by improper site selection, 

unsecure landfills in which wastes may be disposed of are likely 

to have insufficient leachate control practices. Available 

information, in fact, indicates that liners are not presently 

used in the landfilling or lagooning of these wastes.Cl) 

There may be no leachate collection and treatment system to 

diminish leachate percolation through the wastes and soil 
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underneath the site to groundwater and there may be be no 

surface run-off diversion system to prevent contaminants 

from being carried from the disposal site to nearby surface 

waters. 

An additional regulatory concern is the huge quanti

ties of these wastes generated annually. Spent pickle liquor 

is generated in very large quantities. The large quantities 

of this waste and the contaminants it contains pose a serious 

danger of polluting large areas of ground or surface waters. 

Contacination could also occur for long periods of time 

since large amounts of pollutants are available for environ~ental 

loading. Attenuative capacity of the environment surrounding 

the disposal facility could also be reduced or used up due 

to the large quantities of pollutants available. 

V. Hazards Associated with Lead and Chromium 

The lead and chromium that may migrate from the wastes 

to the environment as a result of such improper disposal 

practices are metals that persist in the environment in some 

form and, therefore, may contaminate drinking water sources 

for long periods of time. Hexavalent chromium is toxic to man 

and lower forms of aquatic life. Lead is poisonous in all 

forms. It is one of the most hazardous of the toxic metals 

because it accumulates in many organisms, and its deleterous 

effects are numerous and severe. Lead may enter the human 

system through inhalation, ingestion or skin contact. 



Improper management of these wastes may lead to ingestion of 

contaminated drinking water. Aquatic toxicity has been observed 

at sub-ppb levels. Additional information on the adverse health 

effects of chromium and lead can be found in Appendix A. 

The hazards associated with lead and chromium have been 

recognized by other regulatory programs. Lead and chromium 

are listed as priority pollutants in accordance with §307(a) of 

the Clean Water Act of 1977. National Interim Primary Drinking 

Water Standards have been established for both parameters. 

Under §6 of the Occupational Safety and Health Act of 1970, a 

final standard for occupational exposure to lead and chromium 

has been established and promulgated in 19 CFR 1910.lOOQ.(8,9) 

Also, a national ambient air quality standard for lead has been 

announced by EPA pursuant to the Clean Air Act. (8) In addition, 

final or proposed regulations of the States of California, Maine, 

Massachusetts, Minnesota, Missouri, New Mexico, Oklahoma and 

Oregon define chromium and lead-containing compounds as hazardous 

wastes or components thereof.(10) 

VI. Damage Incidents* 

These damage incidents are attributable to the improper 

disposal of spent pickle liquor. They are just a few 

examples of the damage which may result if these wastes are 

mismanaged. 

*Draft Environmentdl Impact Statement for Subtitle C, Resource 
Conservation and Recovery Act of 1976, Appendices-Reference 7. 
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0 In Washington County, Pennsylvania, leachate from a 

landfill has entered the groundwater and has contaminated 

a farmer's well and spring a half mile away. The 

landfill accepts sludges containing heavy metals and 

poorly neutralized pickle liquor from steel mills. 

0 In April, 1975. An employee in York County, Pennsylvania, 

siphoned wastes from a company's settling pond into a 

storm drain emptying into a fishing creek. The acidity 

of the drained wastes caused a fish kill in the creek. 

The waste and sludge in the ponds were spent pickle 

liquors which had allegedly been neutralized. The 

sludge is to be hauled to a landfill and the lagoons 

are to be lined. 
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Attach~ent I 

SOLUBILITY AND ENVIRONMENTAL MOBILITY 

CHARACTERISTICS OF CHROMIUM COMPOUNDS 

The tripositive state ls the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

compounds) with a great variety of ligands such as water, 

ammonia, urea, halldes, sulfates, amines and organic 

acids.Ca,b) Thousands of such compounds exist. This 

complex formation underlies the tanning reactions of chromium, 

and is responsible for the strong binding of trivalent chromium 

by soil elements, particularly clays.(c,d) 

At pH values greater than ~bout 6, trivalent chromium 

forms high Molecular weight, insoluble, "polynuclear" co~plexes 

of Cr(OH)3 which ultimately precipitate as Crz03.nHzO. This 

process is favored by heat, increase~ chromium concentration, 

s~linity and time.Ca) These chro~ium hydroxy co~plexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, and relatively unreactive, because 

the water molecules are very tightly bound. In this form, Cr 

is therefore resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 



Crlll1} ~~~cencration 
Rea,tion Keq. (18) Calculated from 

pH5 1)H6 

1. Cr(OH)3+2u+ CrOil+-1- +2H20 108 520 5.2 

2. Cr(OH) 3 cr+3+30H- 6. 7xl0-31 3'.> u.035 

3. Cr(OH) + -H Cro2 +H2o 9xlo-17 i i 

*i= <0.001 mg/1 

It is apparent from these figures that, in theory, trivalent 

chromium could leach from sludges to some extent. Such 

solubilized chromium, however, is unlikely to contaminate 

aquifers. It is complexed with soil materials, and tenasiously 

held.(a,d) Little soluble chromium is found in soils.(a,e) 

If soluble trivalent chromium is added to soils it rapidly 

disapperas from solution and is transformed into a form that 

is not extracted by ammonium acetate or complexing agents.Cc,e) 

However, it is extractable by very strong acids, indicating 

the formation of insoluble hydroxides.Cd,~) Thus: above pffS, 

chromium(III) is immobile because of precipitation; below 

pH4, chromium(III) is immobile because it is strongly absorbed 

by soil elements; between pH 4 and 5 the combination of 

absorption anrl precipitation should render trivalent chromium 

quite imoobile.Cc,d) 

In contrast, hexavalent chromium COMpoun~s are quite 

soluble, and hexavalent chroMium is not as strongly bound to 

keq (mg_~l)-

pH7 

0.052 

i* 

i 



soils.Cc,.!) Hexavalent chromium remains as such in a 

soluble form in soil for a short time, and is eventually 

reduced by reducing agents if present.Ce,f) As compared 

with the trivalent for~, hexavalent chromium is less strongly 

ad£~rbed and more readily leached from soils(d) and thus, is 

expected to have mobility in soil materials.Cd) 
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3pent Pickle Liquor a~d Sludge 

·.um Lime Treat.nent .;f Spent Pickle Liquo~---~n Steel 

Finishing Operations 

Spent Pickle Liquor from Steel Finishing Operations (K062) 

One commenter requested that this particular listing be 

deleted, in its entirety, from the hazardous waste regula-

tions. In the comment, it is pointed out that spent pickle 

liquor is widely used to precipitate phosphorous from wastewater 

in publicly owned treatment plants (POTW's). The commenter 

also states that pickle liquor is used for sludge conditioning. 

These practices have been the subject of numerous demonstration 

grants, research reports, major technology transfer promotions, 

etc., and the commenter argues that if pickle liquor is desig

nated as hazardous, then many POTW's may be considered unrealis

tically to be starers and treaters of hazardous waste. 

Finally, the commenter indicates that in several literature 

reviews, including several EPA reports, it is stated that 

inorganic coagulants, precipitants and sludge conditioners, 

such as pickle liquor, contribute to the removal and precipita

tion of various components from wastewaters that were originally 

present from other natural sources and are not in themselves 

a significant source of toxic heavy metals such as Cr and Pb. 

T~e short answer to this comment is that POTW's using 

spent pickle liquor in treatment operations are deemed to have 
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a permit by rule, subject to the conditions specified in 

§122.26(c) (45 FR 33435). Thust the commenter's principal 

concerns have already been dealt with. 

Moreover, the comment is misplaced !n that it fail~ 

to challenge the Agency's determination that spent pickle 

liquor is hazardous. The Agency continues to stand on 

its finding that this waste stream is indeed hazardous. We 

note in this regard, that the American Iron and Steel 

Institute, whose members are among the principa( generators 

of this waste, does not challenge the listing. 

It may be that the commenter is arguing that the 

reuse of spent pickle liquor should not be deemed hazardous 

waste management. 

As discussed in the preamble to the Part 261 regulations 

promulgated on May 19, 198~ (45 FR 33091-33095), the Agency 

has concluded that it does have jurisdiction under Subtitle C 

of RCRA to regulate waste materials that are used, reused, 

recycled or reclaimed. Furthermore, we reasoned that 

such materials do not become less hazardous to human health 

or the environment because they are intended to be used, 

reused, recycled or reclaimed in lieu of being discarded. 

Although the materials after being recycled and reclaimed 

may not pose a hazard, the accumulation, storage and transport 

of a hazardous waste prior to use, reuse, recycle or ~eclamation 

will present the same hazard as they would prior to being 

discarrled. In adoition, the act of use, reuse, recycling or 
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rec"1matio~, in many cases, poses a hazard equivalent to 

tha enountered if the waste were discarded. Thus, the 

Ag~ncy believes it has a strong environmental rationale for 

r. lating hazardous wastes that are used, reused, recycled 

;r reclaimed. 

Por the particular wastes at issue, the Agency found 

that this waste for most rt all of its existence prior to 

heing recycled is sto;~d in tanks or drums. If not stored 

in special contalr~rs, pickle liquors can corrode the containers, 

resulting in ~~akage and potential acid burns to individuals 

who may coA~ in contact with the waste. Consequently, the 

waste must be considered a hazardous waste in this environment. 

Sludge from Lime Treatment of Spent Pickle Liquor from 

Steel Finishing Operations 

A number of comments were received which objected to the 

listing of sludge from lime treatment of spent pickle liquor 

from steel finishing operations as a hazardous waste. The 

commenters argue that the Agency's rationale for listing 

this particular waste is objectionable both on procedural 

grounds and on technical grounds. With respect to the pro

cedural arguments, the commenters point out that the Agency 

has failed to articulate the bases for its conclusion, effec-

tively precluding meaningful comment. In addition, they 

argue that in analyzing the listing background document, the 

Agency has ignored its own standards and procedures for de

termining hazardousness; and thus, they claim that the Agency 



has violatPd fundamental principles of administrative law. 

and that its decision to list sludge from lime treatment of 

·n?nt pickle liquor is unlawful. 

On the technical side. the commenters argue that the Agency 

has relied on inadequate or inappropriate data to reach its con

clusions, and that to the extent that the conclusion is discussed, 

none of the assertions are adequately substantiated in the 

listing background document or references cited therein. 

For example, the commenter points out that the listing 

background document does not show the specific data or go 

through the calculations from which EPA derived the "average" 

chromium and lead concentrations in the sludge. The most 

important objection, however, relates to the use of a single 

leaching test, using the Illinois EPA extraction procedure, 

to make the statement that leaching of chromium and lead has 

been shown to occur. The commenters took special exception 

to the use of the Illinois EPA extraction procedure, a test 

which calls for the addition of an unlimited amount of acid 

to maintain a pH of 4.9 to 5.2, rather than the u.s. EPA 

extraction procedure which calls for maintenance of acid 

conditions, but allows only limited acid addition. To refute 

the leaching argument, one commenter submitted data on leachate 

tests carried out by a number of steel companies using the 

Agency's extraction procedure {see Table 1). 
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Sludge 
Sample 

6 
12 
28 

1 
2 

Table l 
Leachate Analysis Using EPA's Extraction 

Procedure on Sludge from the LJ~~ Treatme~t 
of Spent Pickle Liq•10.c 

Cr(mg/l) 

0.002 
0.002 
0.002 
o.os 
0.03 

Pb(mg/l) 

0.006 
0.004 
0.002 
0.15 
0.19 

The commenter felt that these data indicate that the 

sludge from lime treatment of spent pickle liquor is not 

hazardous because all concentrations are well below EPA's 

promulgated limit for classification as a hazardous waste. 

Therefore, the commenters recommended the sludge from lime 

treatment of spent pickle liquor be deleted from the list of 

hazardous waste. 

The Agency strongly disagrees with the commenter that 

the Agency has ignored its own standards and procedures for 

determining the hazardousness of the waste. This particular 

waste (K063) was assigned a "T" hazard code, indicating a 

toxic waste. The listing criteria for toxic wastes provide 

that a waste will be listed as hazardous where it contains 

any of a number of designated toxic constituents, unless 

after consideration of certain specified factors (261.ll(a)(3)), 

the Agency concludes that the waste does not meet part [B] of 

the statutory definition of hazardous waste. 



In waste K061, the Agency identified two toxic constic~ents 

(chromium and lead) ir. the waste. The Agency then evaluated 

the toxicity of this waste based on a nu~oer of the factors 

cited in ~261.ll(a)(l) (i.e., concentration of the constituent 

in the waste, potential of the constituents to migrate from 

the ~aste, the persistence of the toxic constituents, plausible 

types of improper management, etc.). Based on the available 

data, the Agency felt that sludge from lime treatment of spent 

pickle liquor may present a suhstantial hazard to human health 

or the environment, if improperly managed. With respect to 

the commenters objection to consideration of data derived from 

use of the Illinois EPA extraction procedure, the Agency strongly 

believes that any extraction testing, whether used by the States, 

industry or Federal government, may be considered by the Agency in 

evaluating the migratory potential of the toxic constituents 

in the waste. §261.ll(a)(3)(iii) does not require the 

Agency to use the EP but rather to assess " ••• the potential 

of the constituent or any toxic degradation product of the 

constituent to migrate from the waste into the environment 

under the types of improper management considered in paragraph 

(a)(3)(v1i) of this section." Por this particular waste, the 

Illinois EPA extraction procedure may he most appropriate for 

determining the potential mobility of the heavy metals in the 

waste hecause of the potential for this waste to be mixed with 

other acid wastes or the potential for the spent ptckle liquor 

to be poorly neutralized (see section VI of the background document). 
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Hovever, in recognition of the com~enter's data, the 

Agency has d~cided to delete this waste from the interim 

final hazardous waste list, and to rely on the provisions of 

s2~~.3 to bring these wastes within the hazardous waste 

management system. Since these li~e treatment sludges are 

generated from the treatment of a listed hazardous waste 

(K062), they are considered to be hazardous wastes (§261.3(c)(2)) 

and will remain as hazardous unless and until they no longer 

meet any of the characteristics of hazardous waste and are 

delisted (~261.3(d)(2)). The Agency does not believe that 

sufficient information has been submitted to exclude totally 

the waste from the hazardous waste regulations, however the 

Agency would consider an industry-wide rulemaking petition to 

exclude these wastes from Subtitle C jurisdiction if the 

industry presents representative data showing the wastes are 

not hazardous. It should be noterl that the lime treatment 

itself will require a hazardous waste management permit. 

since it constituents'treatment of a hazardous waste. 



Non-Ferrous Smelting and Refining Industry 



SJ-22-rt2 

Pl:U~ARY COPPER SMELTING A'!D REFINING 

Acid plant blowdown slurry/sludge resulting from 
the thickeni~g cf blowdown slurry (T) 

Summary of Rasis for Ltsting 

Acid plant blowdown slurry/sludge, resulting from 

the thickening of the blowdown slurry, is a waste stream 

from the treatment of the acid plant blowdown slurry at 

facilities where primary copper is s~elterl in a reverberatory 

furnace. The Administrator has determined that these 

sludges are solid wastes which pose a substantial present or 

potential hazard to human health or the environment w~en 

improperly transported, treated, stored, disposed of or 

otherwise managed and, therefore,"should be subject to 

appropriate management requirements under Subtitle C of 

~CRA. This conclusion is based on the following considerations: 

1) Acid plant blowdown slurry contains high concentrations 
of the toxic heavy metals lead and cadmium.* 

2) A large quantity of these wastes is generated annually 
(approximately 286,000 MT (dry weight) was produced in 
1977) and this quantity is expected to increase to 
360,360 MT by 19R3. 

3) A soluhility study has shown that lead anrl cadmium can 
he le~~hed from these sludges by even a mild (distilled 
water) leaching media. Therefore, even under the mild 
conditions, the possibility of groundwater contami-

*For concenrrations of other listed toxic heavy metals that 
rlo not warrAnt waste listing, ~ee Attachment 1. 
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nation via leaching will exist if these waste materials 
are improperly disposed. 

4) Current waste management practices consist of storage or 
disposal in unlined lagoons. These waste management 
practices may not be adequate to prevent a hazard 
to human health and the environment. 

Discussion 

A. Profile for the Industry 

A 1977 review (1) indicated that there were 15 primary 

copper smelters in the United States operated by eight 

companies. A more recent source (2) identifies seventeen 

primary smelters operated by nine companies. Table 1 lists 

the seventeen plants and their production capacities. Almost 

all of the smelting capacity is concentrated in the south-

western United States, primarily Arizona and New Mexico. An 

average smelter can be assumed to have a capacity of 100,000 

metric tons per year (1). Total national production of 

copper is increasing, based on a comparison of total capacities 

cited by References l and 2. 

B. Manufacturing Process 

Processing of copper includes mining, concentrating of 

ores, smelting and refining. The smelting process involves 

two basic steps (3). First, the copper concentrate is melted 

in a reverberatory furnace to yield matte, which is essentially 

a mixture of copper and iron sulfides. The matte is then 

fed to converters in which air oxidation converts the copper 

sulfate to impure copper and the iron sulfide to an iron 
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oxide/silicate slag that can be separated from the copper. 

The product resulting from the reverberatory furnace converter 

smelttng is blister copper. Depending on the intended final 

use, the blister copper is purified by fire refining and 

electrolytic refining. A flow diagram for the primary copper 

smelting process is shown in Figure 1. 

The source of the listed waste stream is also indicated 

in Figure 1. (Note that the reverberatory furnace slag is 

not included in the listing since data submitted during the 

comment period indicated that the contaminants in the slag 

tend not to migrate out of the waste.) Lead and cadmium, 

the metals that constitute the basis for listing, are always 

in the waste since they are always present in the basic raw 

material, namely copper ore. 

c. Waste Generation and Management 

As indicated in Figure 1 1 the listed waste addressed in 

this document arises from the acid plant which constitutes 

the principal controller for removal of sulfur dioxide from 

furnace and converter off-gases (3). The converter off-gases 

typically contain 5% or more of sulfur dioxide (3). According 

to the Calspan report (1), the acid plant for an average 

100,000 metric ton/year smelter generates a blowdown slurry 

at a rate of about 2,270 cubic meters/day. After thickening, 

the bulk of the solid content of slurry is recycled to the 

-7-
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reverberatory furnace.* The overflow from the thickener -

about 2 1 200 cubic meters per day, coo=aining 0.77 metric tons 

of suspended solids and 40 metric tor.~ of dissolved solids -

is sent to a lagoon for settling. The suspended solid content 

is eventually recovered and recycled to the smelter.* The 40 

metric tons/day of dissolved solids remain in the aqueous la-

goon effluent which is discharged to the main tailings pond. 

Available documentation (1) indicates that this sludge 

is allowed to accumulate, along with the tailings waste, in 

the tailings pond. There is no evidence that this sludge/ 

tailings mixture is dredged out for further treatment or 

disposal. Available documentation also indicates that 

these tailings ponds are unlined. These unlined tailings 

ponds are, therefore, the point of disposal for the 40 MT/day 

of material from the acid plant blowdown slurry that is 

~ recycled. In comparison, 46 MT/day of thickener 

underflow solids and 0.8 MT/day of the overflow suspended 

*At this time, applicable requirements of Parts 262 through 
265 apply insofar as the accumulation, storage and transpor
tation of hazardous wastes that are used, reused, recycled, 
or reclaimed. The Agency believes that this regulatory 
coverage is appropriate for the subject wastes. The slurry/ 
sludge is hazardous insofar as they are being accumulated 
and stored in surface impoundments and insofar as they may 
be stored in piles prior to recycling. This waste may not 
pose a substantial hazard during the recycling and, even 
though listed as a hazardous waste, this aspect of their 
management is not now being regulated. 



Table 1 

GEOGRAPHICAL DISTRIBUTION AND CAPACITIES OF 

Company 

Anaconda 

ASARCO 

Cities Service 

Copper Range 

Hecla Mining 

Inspiration 

Kennecott 

Magma 

Phelps Dodge 

* MT - metric tons 

PRIMARY COPPER SMELTERS 

Location 

Anaconda, MT 

Hayden, AZ 
El Paso, TX 
Tacoma, WA 

Copper Hill, TN 

White Pine, MI 

Casa Grande, AZ 

Miami, AZ 

Garfield, Utah 
Hurley, NM 
Hayden, AZ 
Mc Gill, NV 

San Manuel, AZ 

Morenci, AZ 
Hidalgo, NM 
Douglas, AZ 
Ajo, AZ 

Smelting 
Capacity (MT*/yr) 

198,000 

180,000 
115,000 
100,000 

22,000 

90,000 

31,000** 

150,000 

280,000 
80,000 
80,000 
50,000 

200,000 

177,000 
140,000 
127,000 

70,000 

** Smelting is done by a leach process, but the plant has an 
acid plant associated with the roaster. 
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solids ate eventually recycle~ during treatment of the acid 

plant blowdown slurry. 

Table 2 summarizes the total quantities of acid plant 

blowdown slurries (and miscellaneous other small volume 

slurries) that are generated. A total of 286,000 metric 

tons (dry weight) of waste sludge from primary copper 

smelters was generated in 1977. It is estimated (1) that 

this quantity will increase by about 26% to 360,360 metric 

tons by 1983. The total quantity of waste sludge disposed 

of (not recycled) by primary copper smelters in 1977 was 

128,400 metric tons (dry weight). 

D. Hazards Posed by the Waste 

1. Concentrations of Lead and Cadmium in the Waste Stream 

The listed waste has been analyzed (1) and found 

to contain toxic metals. The concentrations found are 

summarized in Table ~. 

Sludges also have been sub~ected to leaching tests 

and have heen shown (1) to leach lead and cadmium in 

significant concentrations. The leaching tests in the 

Calspan Study (1) was performed on one sample by 

agitating one part waste with two parts distilled water 

(initial pH 5.5) for 72 hours. The mixture was then 

filtered and analyzed. Table 4 presents the concentrations 

found in the leachate from the sludge sample. 

As shdwn by the test results in Table 4, cadmium 

appears in concentrations 17,000 times the EPA 

National Interim Primary Water Standard, and lead 

-/-
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TABLE 2 

ESTIMATED TOTAL WASTE SLUDGES FROM PRIMARY COPPER SMELTERS 
IN 1977* (METRIC TONS - DRY WEIGHT) 

Total Blowdown 
State Slurry Total Disposed 

Tennessee 2t300 1,000 

Michigan 17' 500 7,900 

Texas 14,800 6,700 

New Mexico 24,800 11,200 

Montana 28,500 13t000 

Utah 34,300 15,000 

Arizona 143,600 64,600 

Nevada 6, 100 2,700 

Washington 14,100 6,300 

Total 286,000 128,400 

*A number of copper smelters which were in existence in 1974 
are no longer in operation, thus, the wastes produced by 
thes~ smelters are not included in this table. 

Source: Reference 1, Table 7d 
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TABLE 3 

CONCENTRATIONS OF HEAVY METALS IN WASTE 

SLUDGES FROM PRIMARY COPPER SMELTERS (PPM) 

Metal Sludges 

Cadmium 520 

Lead 8000 

Source: Reference 1 

-j'-
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appears in concentrations 150 times the National 

Interim Primary Standard. 

The distilled water leaching procedure used in 

the Calspan tests (1) thus inrlicates that lead and 

cadmium will leach from the waste even when subjected to 

mild environmental conditions. A more aggressive leaching 

agent may lead to more substantial release of the toxic 

metals. Disposal/storage in a surface impoundment or 

landfill with an acidic environment will certainly 

enhance the solubility of lead and other metals, since 

their solubility is pH dependent (i.e., solubility 

increases as the pH decreases (4)). 

The information on the solubility of the compounds 

coupled with the fact that solubilization can occur more 

readily due to the fine particulate composition of the 

sludges suggests that the metals present in the listed 

waste may be released from the acid plant blowdown 

under improper storage/disposal conditions. 

Once released from the matrix of the waste, the 

toxic metals can migrate from the disposal/storage site 

to ground and surface waters utilized as drinking water 

sources. Present practices associated with impounding 

the waste may he inadequate to prevent such an occurence. 

For instance, selection of disposal sites in areas with 

permeable soils can permit contaminant-bearing leachate 

-~-
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!able 4 

CONCENTRATIONS OF HEAVY METALS IN FILTERED DISTILLED 

WATER LEACHATE, PPM 

Sludges 

Cadmium 8.4 

Lead 7.8 

Source: Reference 1 
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from the waste to migrate to groundwater. This is 

especially significant with respect to ponded wastes 

because a large quantity of liquid i~ availahle 

to percolate through the solids an~ soil benea~h 

the fill. 

In addition to difficulties caused by improper 

site selection, the lagoon/tailing ponds are llkely to 

have insufficient leachate and surface run-off control 

practices. Therefore, there may be no leachate collection 

and treatment system to diminish leachate percolation 

through the wastes and soil underneath the site to 

groundwater. Further, there may be no surface run-off 

diversion system to prevent contaminants from being 

carried from the disposal site to nearby surface waters. 

An overflow problem would thus be encountered if 

the liquid portion of the waste has been allowed to 

reach too high a level in the lagoon/tailings pond; a 

heavy rainfall could cause floodin~ which might reach 

surface waters in the vicinity. 

Should lead and cadmium migrate from this waste, 

they would persist in the environment (in some form) 

virtually indefinitely anrl, therefore, may contaminate 

drinking water sources for long periods of time. 

Furthermore, cadmium is bioaccumulated at all tropic 

levelc;. Lead can be bioBccumulated and passed along 



the food chRin, but not biomagnified. 1~e liklihood 

of human exposure is thus increased. 

The large quantities of this Wdste stream generdted 

(a total of approximately 28~,000 MT (dry weight) in 1977) 

is an ·additional factor supporting the listing of this 

solid waste as hazardous. As previously i~dicated, the 

waste from primary copper smelting is generated in 

substantial quantities and cont~i~s significant concen-

trations (See Table 3) of cadmium and lead. Large 

amounts of these metals from the waste sludge are thus 

available for potential environmental release. The large 

quantities of these contaminants pose the danger of 

polluting large areas of ground or surface waters. 

Contamination could also occur for long periods of time, 

since lar~e amounts of pollutants are availahle for 

environmental loading. Attenuative capacity of the 

environment surrounding the disposal facility could 

also be reduced or used up due to the large 

quantities of pollutants available. All of these 

considerations increase the possiblity or exposure 

to harmful constituents and, in the Agency's view, 

support a T listing. 

~. ~azards Associated with Lead and Cadmium 

As presented below, The actual toxicity of these 

har~ful constituents is well documented. 

-~ 
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A 1977 review (~) summarizes much of the available data 

on the toxicity of lead and cadmium. Capsule descriptions 

of adverse health and environmental effects based on Reference 

- Jre summarized below; more detail on the adverse effects 

of lead, and cadmium can be found in Appendix A. 

Lead is poisonous in all forms. It is one of the most 

hazaroous of the toxic metals because it accumulates in many 

organisms, and its deleterous effects are numerous and severe. 

Lead may enter the human system through inhalation, ingestion 

or skin contact. Lead is a cumulative poison in humans, 

leading to damage in kidneys, liver, gonads, the nervous 

system and blood vessels. Lead compounds also have been 

reported to cause oncogenic and teratogenic effects in animals. 

Toxicity to aquatic organisms occurs at ppb concentrations. 

Cadmium shows both acute and chronic toxic effects in 

humans. The LD50 (oral, rat) is 72 mg/kg of CdO. Cadmium 

and its compounds have been reported to produce oncogenic 

and teratogenic effects. Aquatic toxicity has been observed 

at sub-ppb levels. 

The hazards associated with exposure to lead, and cadmium 

have been recognized by other regulatory programs. Lead and 

cadmium are listed as priority pollutants in accor<lance with 

~307(a) of the Clean Water Act of 1977. Under ~6 of the 

Occupational Safety and Health Act of lq7n, a final standard 

for occupational exposure to lead has been established (7,8). 

Also, a national ambient air quality standard for lead has 

-Lt-
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been announced by EPA pursuant to the Clean Air Act (R). In 

addition, final or proposed regulations of the States of 

California, Maine, Maryland, Massachusetts, Minnesota, Missouri, 

Mexico, Oklahoma and Oregon define cadmium or lead containing 

compounds as hazardous wastes or components thereof (9). 

-~-
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Attachment 1 

These wastes contain measurable concentrations of certain 
other constituents listed in Appendix \i~II of Part 261, in
cluding arsenic, chromium, mercury and selenium. The concen
trations of these constituents in both the waste and distilled 
water leachate samples are, however, deemed insufficient to 
warrent listing the wastes on basis of these additional 
constituents, as demonstrated by the following tables: 

CONCENTRATIONS OF HEAVY METALS IN WASTE SLUDGES 
FROM PRIMARY COPPER SMELTERS (PPM) 

Metals Sludges 

Chromium so 

Mercury n.A 

Selenium 

Source: Reference 1. 
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LISTING BACKGROUND DOCUMENT 

PRIMARY LEAD SMELTING 

Surface impoundment solids contained in and dredged from surface 
i~poundments at primary lead smelting facilities.(T) 

Summary of Basis for Listing 

The smelting of primary lead produces a number of 

wastewaters and slurries, including acid plant blowdown, 

slag granulation water, and plant washwater. These waste-

waters and slurries are sent to treatment and storage 

impoundments to settle out the solids. The solids may be left 

in the lagoons, or they may be periodically dredged and 

disposed of elsewhere. 

The Administrator has determined that the solids con-

t~ined in and dredged from surface impoundments used to 

treat or store wastewaters and slurries from primary lead 

smelting may pose a present or potential hazard to human 

health or the environment when improperly managed and 

therefore should be subject to appropriate management 

requirements under Subtitle C of RCRA. This conclusion 

is based on the following considerations: 

1. The waste contains significant concentr~
tions of the toxic metals, lead and cad1 I·~· 



2. Significant concentrations of lead and 
cadmium have been shown to leach from samples 
of the waste which were subjected to an extrac
tion procedure designed to predict the release 
of contaminants into the environment. If the 
wastes are not properly man~ged, leachate 
could migrate from the waste disposal site 
and contaminate underlying drinking water 
sources. Further, lead and cadmium do not 
degrade, so that contamination, and the oppor
tunity for contaminant contact with living 
receptors, will be long-term. 

3. Estimates indicate that large quantities 
of the waste are generated each year 
(more than 49,100 tons in 1978) and that the 
typical waste management practices may be 
inadequate to prevent substantial environ
nental harm caused by lead and cadmium 
Migration. 

Manufacturing Process and Sources of Hazardous Wastes (1) 

The primary lead facilities that generate the 

hazardous wastes that concern EPA are four integrated 

lead smelter/refineries. These facilities are located in 

Missouri and Idaho. Production capacity ranges from 110,000 

to 225,000 tons per year. Total primary lead production 

{fro~ the four integrated s~elter/refineries 1 two smelters 

and one refinery) was 611,650 tons in 1977. Forecasts ibdicate 

that noMestic demand Will increase to 1,030 1 000 - 2,l4Q,0QQ 

tons in the year 2000. 

-i--
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All J~~esc~L smelters and refineries produce lead 

by pyromet3llurgical smelting and refining processes. The 

major process s~eps ar~ the same at all the smelters, with 

the exception that those that treat n~1~-Missouri ore 

concentrates use auxiliary operations Lo recover valuable 

metals or remove undesirable impurities. The following is 

a step-by-step description of the manufacturing process 

as presented in Figure 1. This description includes the major 

process steps for all primary lead smelting and refining plants. 

During the smelting process, concentrates p~oduced by 

the beneficiation of various lead bearing ores are converted to 

an impure lead bullion suitable for refining. The ore concen-

trate is the major feedstock material. Other raw materials 

that may be added during the process include iron, silica, 

limestone flux, coke, soda, ash, pyrite, zinc, caustic, and 

particulates and sludges collected in pollution control devices. 

The ore concentrate and the pollution control dusts and sludges 

are the primary sources of lead and cadmium found in the 

settled solids from the surface impoundments. 

The first of the processes in smelting is sintering 1 an 

opera~ion which agglomerates the fine particles, converts metallic 

sulfides to oxides, drives off volatile metals, and eliminates 

most of the sulphur as sulphur dioxide. Off-gases from 

sintering may contain sulphur dioxides in concentrations that 

-~ 
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are practical for recovery. Of particular concern, though, are 

the lead and cadmium entraine~ in those off-gases. Four 

plants have sinter machines designed to produce an off-gas 

~~ntaining enough sulphur dioxide to permit recovery of 

sulphur as sulphuric acid. The sulphur recovery operation 

generates a stream of weak acid called acid plant "blowdown". 

The acid plant blowdown stream contains lead and cadmium. 

Neutralization of the blowdown with lime usually generates 

a slurry destined for an on-site surface impoundment. 

This waste stream, resulting ·from the sulphur recovery 

operation, requires proper management. 

In the second step in primary lead SAelting and refining, 

sinter is charged to the blast furnace and smelted to crude 

lead bullion that can be further refined. During this 

reduction process, the components of the sinter are separated 

into four distinct layers, bullion, speiss, matte and slag. 

The two layers of concern are the bullion layer and the slag 

layer which result from the interaction of fluxes and 

metal impurities. The crude lead bullion is charged to 

drossing (the fourth step in this process.) The blast furnace 

slag may be disposed of or sent to a zinc fuming furnace (an 

interim step) for recovery of lead and zinc, rather than 

opting for direct disposal. The zinc fuming process, in turn, 

Also generates a slag. Blast furnace slag and zinc fuming 

slag disposal practices are similar. The waste is ~ither 
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sent rlirectly to a slag pile or granulated in a water jet 

before being transported to the slag pile. The granulation 

process cools newly generated, hot slag with a water spray. 

·ag granulation water is often transported to surface impound-

ments for settling. 

The blast furnace bullion undergoes "drossing" (Step 4) 

to remove common metallic impurities. Dross separated from 

tfie le~d bullion must be further treated in a reverberatory 

drossing furnace (Step 5) to recover metal values. Rough-

dressed lead bullion, still containing copper, is decopperized 

(Step 6) before further refining. One of three usual processes 

is then used to remove metals that cause lead to harden. This 

process is called softening (Step 7). Softenerl lead bullion 

contains precious metals, gold, and silver, which are 

recovered for their economic value through the Parkes 

desilverizing process (Step 8). To remove the excess zinc 

adrled during desilverization, a dezincing process (Step 10) 

which removes the bismuth, which is in excess of the 0.15 

percent specification for desilvered and dezinced lead bullion. 

Lead bullion from dezincing or debismuth!ng is combined with 

flux to remove remaining impurities before casting (Step 11) 

and, finally, the refined lead bullion iR cast into ingots 

for sale (Step 12). 

The listed hazardous wastes generated by primary lead 



s~elting plants ·re ~e~tled sol1ds fro~ surface impoundments. 

The impoundments Are use~ to collect ~ ,·•ds from Miscellaneous 

slurries, such as acid plant blowdown, ;lag granulation 

water and plant washings. Plant washing is a housekeeping 

process; plant washdown normally contains a substantial 

amount of lead and other process material, 

Data indicate that in 1978 four integrated smelter/refineries 

that process lead ore concentrates combined to produce more 

than 49,100 tons of impound~ent solids considered hazardous. 

The data also indicate that the bulk of this waste is generated 

and rnanased at three plant locations. 

The waste contains high concentrations of lean and cadmium. 

The presence of such high concentrations of toxic metals. 

in a waste stream in and of itself raises regulatory concerns. 

Furthermoret distilled water extraction test data indicate 

that these rlangerous constituents may leach from the waste 

in harmful concentrations unless the wastes are properly 

Waste Generation and Management (1) 

As previously mentioned, the miscellaneous slurries 

generate~ by pri~ary le~d smeltering plants are settled in 

-/-
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surface impoundments. Typically a minimal effort is expended 

for impoundment site selection. Site selection is based 

primarily on convenience. Site preparation usually consists 

of simply scooping out earth to form impoundments. EPA is 

unaware of any sealants or liners being employed beneath 

disposal areas. leachate or groundwater monitoring is not 

adequately utilized, or not utilized at all. 

Four facilities have surface impoundments. Currently, 

some of the i~poundments are dredged of their accumulated 

solids on an as needed" basis. Dredging is done with 

common equipment at frequencies from once per year to once 

every 3 years or longer. The dredged material is either 

dumped beside the impoundment or trucked to an on-site dump. 

Some of this material may be recycled to sintering if it 

contains enough metals.~ 

Hazardous Properties of the Waste (3) 

EPA has sampled process wastewater before and after 

treatment in an effort to quantify the amounts of lead and 

cadmium likely to be in the waste. The settled solids are 

assumed to contain the pollutants removed from the process 

wastewater. The data are summarited as follows: 

_,See "Response to Comments" at the end of this document for a 
discussion on the coverage of those materials recycled back 
to the process. 

-'l-
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Plant A 

Flow = 1,300,000 gpd (gallons per day) 

I Influent Effluent lbs/day inl 
I Metal Concentration Concentration Difference solids I 
I I 
I Cd 0.89 ppm 0.044 ppm 0.846 ppm I 9.172 I 
I I I 
I Pb 17 ppm 0.925 ppm 16. 07 5 ppm 1174.3 I 
I I I 
I I I 

'Dlant B 

Flow = 280,000 gpd 

Influent Effluent lbs/day inl 
~te ta l Concentration Concentration Difference solids I 

Cd 15 ppm 0.43 ppm 14.57 ppm I 34 
I 

Pb 50 ppm 0.39 ppm 49.61 ppm 1115.85 
I 
I 

Based on continuous year round plant operation, these 

data show that approximately 3300 lbs/yr of cadmium accumu-

late in an impoundment in Plant A and approximately 12,400 

lbs/yr accumulate in Plant B. Lead in the impoundment 

solids from Plant A accunulates at a rate of almost 64,000 

lbs/yr., and at a rate of almost 42,300 lbs/yr at Plant B. 

Should only one percent of each metal leach from the settled 

solids from Plant B, the result would be 124 lbs/yr of cad~ium 

-1-
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and 423 lbs/yr of lead potentially available to the environment 

from that one plant. 

The above evidence indicating that significant amounts 

of lead and cadmium are present in the settled solids is 

supported by actual waste analyses which reveal that the 

waste does in fact contain high concentrations of these 

toxic metals. The Calspan Corporation tested samples of the 

i~poundment dredgings at two plants and found the following 

concentrations of lead and cadmium:(2) 

Hazardous Constituents of Impoundment Dredgings (ppm) 

Cd Pb 

700 115,000 
Plant I 

640 140,000 
Plant II 

Calspan Corporation also subjected a sample of the waste 

believed to be representative of the lagoon dredgings to a 

water extraction to determine whether the toxic metals could 

leach from the waste. Approximately 50 grams of a sample 

was placed in a 200 milliliter jar and two parts by weight 

of water were added. The bottle was gently agitated on a 

rotary tumbler for 72 hours. The extract was then filtered 

through a 0.45 micron micropore filter and the filtrate was 

analyzed for toxic metals. This waste leached 11 ppm of 

-]/1'-
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cadMium (1,100 times the amount permitted by the National 

Interim Primary Drinking Standard) and 4.5 ppm of lead (90 

times the amount permitted by the National Interim Primary 

Drinking Standard). Ther~fore, cadmium ann lead are likely 

to be leached from the waste in harmful concentrations even 

when they are placed in a monodisposal site subject to mild 

environmental conditions. If these wastes are placed in 

acidic environments such as disposal sites subject to acid 

rainfall or co-disposal with acids, the concentrations will 

probably be higher, since lead and cadmium compounds are 

generally more soluble in acid than in distilled water. 

The hazard associated with leaching of hazardous 

constituents from the impoundments during the interim storage 

period is the migration of those constituents to ground and 

surface waters. The miscellaneous slurries are probably 

composed of particulates of various sizes, ranging from dust 

particles to fine slag from slag granulation water. The 

potential of the hazardous constituents being released from 

the matrix is influenced by the physical form of the waste. 

For instance, wastes composed of fine particles provide 

greater surface area on which a solubilizing medium can act 

and therefore the probability is increased that hazardous 

constituents will leach from the waste. Contaminant-bearing 

leachate can then migrate to ground and surface water. 

-~-
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Thus, improper disposal of surface i~poundment soli~s 

may result in contamination of ground and surface waters by 

lead and cadoiuo. Aquatic species might be affected, 

and, where ground and surface waters are sources of drinking 

water, ingestion of the contaminants by humans could 

occur. For this reason, proper waste management is essential 

and of major concern to EPA.(2) 

Present management practices appear to be inadequate 

to prevent contamination of ground and surf ace waters used 

as drinking water sources. Presently, if solids are allowed 

to settle in unlined and unsealed impoundments in areas 

with permeable soils, the solubilized lead and cadmium in 

the liquid phase could migrate from the site to an aquifer. 

Groundwater contamination might also occur if the dredged 

solids are dumped on permeable soils since no provision 

presently appears to be made to prevent percolation of 

rainfall through the waste or to collect resulting leachate. 

Surf ace waters may become contaminated if run-off from 

dumping sites and overflow from surface impoundments are not 

controlled by appropriate diversion systems.(2) 

Compounrling this problem, anrl an important consideration 

for the future, is the fact that should lead or cadmium 

escape from the rlisposal site, they will not degrade with 

-V--
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the passage of time, but will provide a potential source of 

longteTm contamination, 

Further, as indicated previously, the cadmium and 

particularly the lead found in the impoundments are generated 

in very substantial quantities. Large amounts of each of 

these metals are thus available for potential environmental 

release. The large quantities of these contaminants pose 

the danger of polluting large areas of ground and surface 

waters. Contamination could also occur for long periods 

of time, since large amounts of pollutants are available 

for environmental loading. The attenuation capacity of 

the environment surrounding the disposal facility could 

also be reduced or exhausted by such large quantities of 

of pollutants. All of these considerations increase the 

possibility of exposure to harmful constituents in the 

wastes, and in the Agency's view, demand recognition. 

Adverse Health Effects Associated with Lead and Cadmium 

Lead and cadmium are toxic metals that threaten both 

human health and that of other organisms. The hazards of 

huMan exposure to lead include neurological damage, renal 

dnMage and arlverse reproductive effects. In adrlition, lead 

ls carcinogenic to laboratory animal~, and relatively toxic 



to freshwater organisms. It also bioaccumulates in many 

species. Additional information on lead can be found in 

Appendix A. Cadmium (see Appendix A for more information) 

also can cause toxic effects in many species. It is bio-

accumulated at all trophic levels and has been shown to be 

mutagenic and teratogenic in laboratory animals. 

Hazards associated with exposure to lead and cadmium 

have been recognized by other regulatory programs. For 

exa~ple, Congress designated lead and cadmium as priority 

pollutants under §J07(a) of the Clean Water Act. The 

Occupational Health and Safety Administration has a final 

exposure standard for lead and a draft standard has been 

developed for cadmium under §6 of the Occupational Safety 

and Health Act of 1970. The states of Maine, Vermont, New 

Mexico, Missouri, Massachusetts, Minnesota, Oklahoma, Oregon, 

and California either regulate or are considering regulation 

of lead and cadmium as hazardous waste. The implications of 

these regulations or considerations thereof are obvious: 

unregulated lead and cadrniu~ management is a real and recog-

nized hazard. 
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2. u.s. EPA. Office of Solid Waste. Assessment of hazardous 
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3. u.s. EPA. Office of Water Planning and Standards, Effluent 
Guidelines Division. Draft development document for 
effluent limitations guidelines and standards for the 
nonferrous metals manufacturing point source category. 
EPA No. 440/l-79/019c. September, 1979. 



Response to Comments (Proposed Listings; December 18, 1980) 

1. One commenter indicated that the listed waste (surface 

impoundment solids contained in and dredged from surface 

impoundments at primary lead smelting facilities) was 

recycled at his facility and, therefore, should not be 

listed as a hazardous waste. 

The Agency has concluded that it does have juris

diction under Subtitle C of RCRA to regulate wastewater 

treatment sludges and other ~aste materials that are 

used, reused, recycled or reclaimed. Furtherrtore, it 

has reasoned that such materials ~o not become less 

hazardous to human health or the environment because they 

are intended to be used, reused, recycled or reclaimed 

in lieu of being discarded. Although the materials 

recycled and reclaimed may not pose a hazard, the accumu

lation, storage and transport of a hazardous waste prior 

to use, reuse, recycle or reclamation will present the 

same hazard as they would prior to being discarded. In 

addition, the act of use, reuse, recycling or reclamation, 

in many cases, poses a hazard equivalent to that encountered 

if the waste were discarded. Thus, the Agency believes 

it has a strong environmental rationale for regulating 

hazardous wastes that are used, reused, recycled or 

reclaimed. 
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For the particular waste at issue, the Agency recog

ni~es that it is a wastewater treatment sludge and for 

most or all of its existence prior to being recycled, it 

is deposited in a surface impoundment where the potential 

for leaching of the hazardous constituents is real and 

significant. Consequently, the waste must be considered 

a hazardous waste in this environment; to avoid listing 

it as a hazardous waste would be unjustified. Likewise, 

if the waste is piled and stored on the land, prior to 

recycling, the potential of leaching of its hazardous 

constituents into the environment would still prevail and 

avoiding its regulations would be unjustified. 

The key question, therefore, is not whether or not 

it is a hazardous waste and should be listed as a hazardous 

waste, but whether or not or to what degree it sh-ould be reg

ulated during recyclingi that is, should the recycling 

process and facility be considered a hazardous waste 

management operation and facility required to obtain 

interim status and eventually a permit and required to 

meet the standards set forth in Parts 264 and 265 of the 

regulations. At this time~ the Agency has deferred 

regulation of such facilities because it recognizes that 

the full set of Subtitle C management requirements may 

not be necessary. As and when it concludes that regulation 

of these facilities is necessary, it will terminate this 



deferral and impose either the requirement of Parts 264 and 265 

(as well as 122) or special tailored requirements under 

Part 266. 

At this time. applicable requirement of Farts 262 

through 265 and 122 will apply insofar as the accumulation, 

storage and transportation of hazardous wastes that are 

used, reused, recycled or reclaimed. The Agency believes 

this regulatory coverage and the above described deferral 

of regulated coverage is appropriate to the subject 

wastes. These sludges are hazardous insofar as they are 

being accumulated and stored in surface impoundments and 

insofar as they may be stored in piles prior to recycling. 

Therefore. these sludges should be listed as hazardous 

waste. These sludges may not pose a substantial hazard 

during their recycling and, even though listed as 

hazardous waste, this aspect of their management is not 

now being regulated. 

- ~o,-



LISTING BACKGROUND DOCUMENT 

PRIMARY ZINC SMELTING AND REFI~ING 

Sludge from treatment of process wastewater and/or 
acid plant blowdown (T) 

Electrolytic anode slimes/sludges (T) 

Cadmium plant leach residue (iron oxide) (T) 

Summary of Basis for Listing 

The primary zinc industry is comprised of 7 plants that 

enploy one of two major zinc ~anuf acturing processes--electro-

lytic or pyroMetallurgical processing. The five electrolytic 

and two pyrometallurgical plants recover zinc metal from ore 

concentrates. Cadmium and lead contaminants found in the raw 

materials are carrierl through numerous processes and are sub-

sequently found in high concentrations in the wastewater treat-

ment sludge generated by the treatment of process wastewater 

and/or acid plant blowdown, in the electrolytic anode slimes/ 

sludges and in cadmium plant leach residue (iron oxide). 

The Administrator has determined that these wastes are 

solid wastes which may pose a substantial present or potential 

hazard to human health or the environment when iMproperly 

transported, treated, stored, disposed of or otherwise manaRed, 

and therefore should be sub;ect to appropriate Management 

requirements under Subtitle C of RCRA. This conclusion is 

based on the following considerations: 

1) The wastes contain significant concentrations of the 
toxic metals cadMiuM and lead. 

2) Cadmium and lead have been sho~n to leach from 
s~mples of these wastes in significant concentrations 

-- c::i '" 



the neutralization and precipitation reactions in the WWTP, 

is continuously removed and hauled to an off-site landfill 

operated by a private contractor. At the plant that uses 

preleaching, the WWTP sludge also contains solids from acid 

plant blowdown, anode slimes (electrolytic cell cleanings), 

and miscellaneous slurries. The available information indicates 

that q,400 tons of WWTP sludRe is generated annually by this 

plant (3). 

All zinc concentrates received at zinc plants are roasted 

to drive off sulfur and convert the zinc sulfide in the con-

centrate to an impure zinc oxide called calcine (3).· The 

conversion to calcine in the roaster produces a roaster off-

gas stream containing enough sulfur dioxide to permit sulfur 

recovery as sulfuric acid. All electrolytic plants treat the 

roaster offgas in sulfuric acid plants to produce a saleable 

sulfuric acid. The acid production results in a weak acid 

waste stream frol'l the scrubbing columns that clean the off-gas. 

This waste is referred to as a bleed stream or acid plant 

blowdown. The acid plant blowdown is neutralized and thickened, 

and the solids are allowed to settle in ponds (3). Whether or 

not the solids are being stored for recycling, the solids do 

constitute a solid waste as defined by §261.2*. Treatment of 

*The Agency has concluded that it does have jurisdiction under 
Subtitle C of RCRA to regulate wastewater treatment sludges and 
other waste !llaterials that are used, reused, recycled or reclaimed. 
Furthernore, it has reasoned that such materials do not become 
less hazardous to hul'lan health or the environ!llent because they 
are intended to be used, reused, recycled or reclaimed in lieu 
of hei:1g dic;carded. Therefore, at this til'le, applicable require
ments of Parts 262 through 2~5 and 122 will apply insofar as the 
accunul?.tion, storage and transportation of hazardous wastes 
ch~c are used, reused, recycled or reclaimed. 



~,e acid plant blowdown generates an estimated 1,400 tons of 

:ludge per year, (3) which has been designated as hazardous. 

All electrolytic plants also generate a waste of anode 

:limes or sludges from cleaning of the electrolytic cells. 

A~ode slimes/sludges consist of gangue material that is 

=assed through earlier process steps but is not plated 

=~t, or electrolyzed, in the electrolysis step. It is 

estimated that anode slimes/sludges ~ake up 2,600 tons of 

~,e annual solid waste produced (3). This waste is also 

:esignated as hazardous.* 

Pyrometallurgical Process 

There are two pyrometallurigical zinc plants with a combined 

~~nual production rate of about 261,000 tons of zinc metal (3). 

:~ese plants account for approximately 51 percent of the total 

=roduction of zinc metal by the primary zinc industry, but 91 

=ercent of the total solid waste produced by the industry. 

~lthough the two plants use the same basic processes (see Fig-

~re 2), they differ greatly in the quantities of solid waste 

~~nerated and in the ultimate disposal or control of the waste (3). 

Pyrometallurgical processing entails the following steps: 

;intering, retorting, refining and casting. Sintering develops 

:,e rlesired characteristics for pyrometallurgical smelting of the 

:alcine by processing the calcine in a sinter ~achine where the 

*All electrolytic plants also generate a leach restrlue 
~~om filtration of the leach slurrv, which ts not currently 
:isted as hazardous and will not be further discussed in this 
:ackground document. 
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calcine burns autother=ally and is fused into hard, permeable 

sinter. Retorting cons:..s:s of reducing the calcine in the 

sinter with carbon in a r:tort to produce zinc metal. Pre-

heated feed of sinter a~d coal or coke is then fed into the 

top of the retort; the :e~perature reaches 1300°C-1400°C 

inside. Because of the zinc's low boiling point (906°C), it 

is volatilized as soon as it is formed. In this way the 

zinc is purified by separating it from the gangue material 

in the calcine. Zinc f roo the retort soelting may need 

further purification fo~ some commercial uses. The zinc is 

purified by distillatio~ :..~ a graphic retort. Molten zinc 

from the ~raphic retort is either cast pure into bars or 

blocks or is alloyed wi:h other metals and cast. 

The sources of soli~ ~aste generated by the pyrometallurgical 

process which are hazar~ous are: (1) collection anrt treatment 

of acid plant blowdown, and (2) leaching of high-cadmium dusts 

in the cadMium plant (3).* 

Both pyrornetallurgical plants treat roaster off-gas in 

their sulfuric acid pla~ts to control sulfur dioxide emissions. 

The process is the same as the one described above for electrolytic 

plants. The acid plants produce a saleable sulfuric acid and 

a bleed stream (acid pla~t blowdown) that Must be neutralized. 

One plant neutralizes t~e ,lowdown with lime, which leads to 

t 1· e genera t 1 on of an es : i::: ate d l (), n n 0 tons per ye a r of sett 1 e d 

*Two bther wastes ge,erated hy t~is process (i.e., residue 
from the production of z~~c oxide in Waelz Kins (one plant 
on 1 v ) an rl t' 11 r n ace res i .~ .: e : r o M the opera t ion of retort an rt 
oxlrllzlng furnace~) are ~o: curre~tly listed as hazardous and 
··•ill not he further rli.:::: 1:sed in this background docuMent. 



sludge, half of whlch ls recycled to the process. The sludge 

contains signlficant concentrations of cadmium and lead and 

is designated as hazardous. 

The other pyrometallurgical plant uses the acid plant 

blowdown to cool and humidify the roaster off-gas in a humi-

difying scrubber. Acid plant blowdown from the scrubber is 

thickened and then cooled before being recycled to the 

scrubber. A bleed stream from the thickener bottoms is sent 

to the cadmium plant for cadmium recovery. This acid plant 

process generates no wastes. 

Both of the pyrometallurgical plants operate cadmium 

plants to process dusts with high cadmium content that are 

collected from the sinter machine off-gas. Processing in 

the cadmium precipitation to produce a cadmium sponge. The 

leaching steps produce two residues. One contains relatively 

large quantities of lead, silver, and gold, and is sold as a 

by-product. The other residue constitutes a solid waste 

that contains cadmium and lead and is generated at a rate of 

200 tons per year.(3) The latter residue has been classified 

as hazardous. 

Waste Generation and Management (3) 

At both the electrolytic and pyrometallurgical facilities 

off-gases from the roaster are treated in sulfuric acid 

plants to control sulfur dioxide ernlssions. This process 

generates acid plant blowdown which may be mixed wlth the 

process wastewater prior to treatment by lime precipitation. 



The resulting sludge contains significant levels of lead and 

cadmium and is designated as hazardous. 

Electrolytic refining generates a waste of anode slimes/ 

sludges from cleaning the electrolytic cells. These slimes/ 

sludges consist of gangue material that has passed through 

the earlier process steps but was not plated out in the 

electrolysis step. This waste also contains significant 

amounts of lead and cadmium and is designated as hazardous. 

Pyrometallurgical plants process high cadmium dusts 

collected from the sinter baghouse to recover cadmium. 

Processing involves acid leaching which produces two residues. 

One contains significant amounts of lead, silver and gold; 

this residue is sold as a by-product. The other residue is a 

solid waste designated as hazardous because of its lead and 

cadmium content. 

Current solid waste control practices are fairly uniform 

throughout the zinc industry~ Of the total solid waste gen-

erated, about 90 percent is controlled through on-site stockpiling, 

7 percent is removed by private and municipal organizations 

and individuals for various uses (such as winter road sand), 

and the remaining 3 percent is hauled and landfilled by private 

contractors. 

Control Practices at Electrolytic Plants (3) 

Electrolytic zinc plants produce solid waste consisting 

of anode "slimes/sludges", neutralized acid plant blowdown, 

surface impoundment dredgings, wastewater treatment sludge, 

and goethite residue. 



Two of the electrolytic plants use wastewater treatment 

plants (WWTP) to treat plant wastewater and various process 

sludges. At both of these plants, the WWTP sludge is 

re~oved and hauled to off-site landfills. One of the two 

plants removes this sludge continuously as it is filtered 

(rlewatered). There is no on-site storage or disposal at this 

plant. This particular sludge contains solirls from anode 

sludge, neutralization of acid plant blowdown, i~poundment 

dredgings, and sludge generated from the treatment of a 

preleach slurry. The other plant using a WWTP piles WWTP 

sludge on-site temporarily for drying prior to removal and 

transportation to an off-site landfill. This particular 

sludge contains solids from the neutralization of aci~ plant 

blowdown and solids precipitated from plant runoff and washdow~. 

At this plant, anode sludge is not create~ in the WWTP but 

is stockpiled on site. The WWTP sludge from these two plants 

amounts to about 31 percent of the solid waste generated at 

electrolytic plants. All of this sludge is hauled to off-site 

landfills, either immediately or after temporary on-site 

storage. Because the WWTP at each of these plants treats 

acid plant blowdown, the WWTP sludges generated containing 

cadmium and lead, are considered hazardous. 

Two of the remaining three electrolytic plants stockpile 

rlredgings from surface i~poundments on-site. One of these 

plants generates t~o additional solirl wastes that none of 

the other plants generate. These two wastes, goethite and a 

sulfur resirlue, are also stockpilerl on-site. 

1A 
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Three of the four electrolytic zinc plants operating 

through 19i8 used lined surface impoundments. Two of these 

plants use synthetic liners; the other uses a clay liner. 

The fourth plant has an unlined surface impoundment. Moni

toring wells are used by at least one plant.(3)• 

It is assumed(3) that the fifth plant, one which has 

recently come on-line and will have a WWTP, will generate a 

sludge which will be Temo~ed to an off-site landfill. lt is 

also assumed(3) chat this plant will use a lined surface 

i~poundment which treats the anode sludge, acid plant blowdown, 

impoundme~t dredgings, and plant wastewater in the WWTP. 

These assumptions, based on plant similarities indicated in 

the available literature(3), were necessary to estimate 

quantities of solid waste generation at this new facility. 

In order to avoid underestimation, the new plant is also 

assumed to generate a solid waste (such as goethite residue) 

that is stockpiled on-slte. 

Control Practices at Pyrometallurgical Plants 

The two pyrometallurgical zinc plants produce acid plant 

blowdown, furnace (retort, oxide, and Waelz kiln) residue, 

scrap furnace brick. and a cadmium plant residue. One of 

these plants has a relatively small solid waste stockpile. 

The other pyrometallurgical plant has an extremely large 

stockpile of solid waste. This plant alone generates about 

89 percent of the solid waste produced by all primary zinc 

~~--;t'"file~g~ndwater monitoring system at this one plant may 
not be sufficient to adequately monitor leaching from the 
surface impo1J11d:nent. 



plants(3). Solid waste stockpile sites are selected primarily 

for convenience. No site prep~ration is conducted other 

than clearing and grubbing. 

~oth plants have surface impoundments. The impoundment 

at one plant is lined with synthetic material; the impoundment 

at the other is not lined. At one plant, the impoundment 

collects acid plant blowdown and plant water. At the other 

plant, acid plant blowdown is not slurried to the i~poundment, 

but is instead sent to the cadmium plant for further processing. 

nredgings frorn both impoundments are controlled on-site. One 

plant recycles all dredgings to the process; the other recycles 

about half of the dredgings and stockpiles the remainder. One 

of the plants also stockpiles cadmium plant residues on-site. 

These plants do not use surface water control by collection 

and diversion ditching to its fullest potentia1.(3) Neither do 

the plants currently use barriers to prevent seepage from 

solid waste stockpiles, or wells to monitor or collect any 

seepage or leachate()). 

Hazardous Properties of the Wastes 

The Administrator has classified the process wastewater 

and/or acid plant blowdown treatment sludge, electrolytic 

anode slimes/sludge~, and the cadmiun plant leach residue 

(iron oxide) as hazardous because of the high levels of 

toxic carl~ium and lead found in the wastes. In EPA's "Assessment 

of Hazardous Waste Practices in the Metal Smelting and Refining 

In<l11o;try," Calspan Corporation testeri samples of the wastes 



and performed extraction :-asts on the wastes using distilled 

water as the extraction oe :Hum (1). The results are as 

follows: 

t..'aste _!_:'lalysis (ppm) Extract Analysis ( l'pm) 

Cd Pb Cd Pb 

Sludge fron acid <l () 98 2.1 
plant blowdown (li1 1750 1. 0 
(Electrolytic 550 l~.100 
Plant) 

Sludge from acid 2000 4350 <0.01 1. 3 
plant blowdown 6l<1 4280 
(Pyrol!letallur-
gical Plant) 

Ano rte sli,,,es/ 12 170,000 1~ 2.0 
sludges 1400 8CJ 1 000 

Cadmium Plant 28 0 215.000 <0.01 9.0 
Residue 

Calculations of s:..:dge contents from lime-and-settle 

wastewater treatment also indicate that significant amounts 

and concentrations of lea= and cadmium are present in these 

wastes ( 2) • 

Plant 
Ill 

Cont a-:i nan ts 
Cad mi-..::J. 

Percent in Sludge 
4.0% 

Lead 2. '5 % 
lf2 Cac"!'l~ ..::!! 2.6% 

Lear\ 1. 7% 

Cadmium and lead ~re alwavs expected to be tn the 

sludges after treat~en: :~cause 1) the treat~ent processes are 

designerl to remove such c:ements from the wastewater to meet 

vr 
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effluent standards, and 2) cadmiuo and lead will not be lost 

(e.g., volatilized) in the treatment process. 

Based on the data presented above, the waste is classified 

as hazardous because it contains significant concentrations 

of cadmium and lead which are toxic and because the extraction 

tests performed on these wastes indicate that the cadmium 

and lead may be in a soluble form and could be released to 

the environment in harmful concentrations. The fact that 

water extractions of the wastes have shown that the wastes 

could leach potentially hazardous concentrations of toxic 

metals indicates that under the Mildest environmental condi-

tions (e.g., neutral pH rainfall) at a Mono-disposal site, 

the wastes may leach contaMinants to the groundwater in con-

centrations which would be harmful to human health and the 

environment. Where conditions tend to be aci~ic, the release 

of these toxic metals over the lifetine of a landf 111 is 

expected to be even higher than indicated by the water extrac-

tion data, since cadmium and lead solubilities increase with 

a decrease in pH (4). I 

On-site stockpiling is most likely not an environmen-

tally acceptable means of disposing of a waste which contains 

lrhe Agency has determined to list wastes froM priMary 
zinc snelting and refining as a "T" hazardous waste, on the 
basis of lead and cad~iu~ constituents, although these con
stituents are also ~easureable by the EP toxicity character
istic. The Agency believes that there are factors in addition 
to Metal concentrations in leachate which iustify the "T" 
listing. Some of these factors are the high concentrations 
of lead Rnrl carlmiun in actual wastes streaMs, the non-rlegrada
bility of these substances and indications of lack of proper 
management of the wastes in actual practice. 



significant concentrations of toxic Metals that have been 

shown to migrate fro~ the waste. Surface water can becone 

contaminated with contaMinants from these wastes via runoff 

from rainfall. Similar hazards exist if these wastes are 

disposed of in improperly managed landfills or surface 

impoundments; leaching, run-off, or overflow may result in 

contamination of surface and groundwaters. 

The cadmium and lead that may migrate from the waste to 

the environment as a result of improper disposal practices 

are toxic metals that persist in the environment and therefore 

rnay contaminate drinking water sources for extremely long 

periods of ti'lle. Cadmium is toxic to practically all systems 

and functions of the human and animal organism(5). .A.cute 

poisoning ~ay result from the inhalation of cadmiuM dusts 

anrl fumes (usually cadmium oxide) and from ingestion of 

cadmium salts(6). Lead is poisonous in all forms; it is one 

of the most hazarrlous of the toxic metals because it accuMu-

lates in many organisns and the deleterious effects are 

nunerous and severe. Lead nay enter the human system through 

inhalation, ingestion or skin contact. Ingestion of contami-

nated drinking water is a possible neans of exposure to 

hu~ans as a result of improper management of these wastes. 

Arlrlitional information on the arlverse health effects of 

cadmium anrl lead can be foun~ in Appenrlix A. 

The haz~rrls associ.:i.ted with exposure to ca<i111i11rn and lead 

have heen recognized ~y other regulatory programs. Lead and 

1/ 
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cadmium are listed as Priority Pollutants in accordance with 

§307(a) of the Clean Water Act of 1977. Under §6 of the 

Occupational Safety and Health Act of 1970 1 a final standard 

for occupational exposure to lead has been established (7). 

Also, a national ambient air quality standard for lead has 

been announced by EPA pursuant to the Clean Air Act (7). 

In addition, final or proposed regulations of the State of 

California, Maine, Massachusetts, Minnesota, Missouri, New 

Mexico, Oklahoma and Oregon define cadmium and lead-containing 

compounds as hazardous wastes or components thereof (8). EPA 

has proposed regulations that will limit the amount of cadmium 

in municipal sludge which can be landspread on crop land (9). 

The Occupational Safety and Health Administration (OSHA) has 

issued an advance notice of proposed rulemaking for cadmium 

air exposure based on a recommendation by the National 

Institute for Occupational Safety and Health (NIOSH) (10). 

EPA has ~rohibited ocean dumping of cadmium and cadmium 

compounds except as trace contaminants (11). EPA has also 

promulgated pretreatment standards for electroplaters which 

specifically limit discharges of cadmium to Public Owned 

Treatment Works (12). 

iA 
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Response to Co~ments to Proposed Regulations (December 18, lq78) 

Comments were received from three companies pertaining 

to the listing of wastes from the primary zinc industry. 

The comments address the following general points: 

1. Listed wastes are recycled and not discarded. 

2. Listed wastes are being stored on-site but will 
eventually be recycled. 

The Agency has concluded that it does have jurisdiction 

under Subtitle C of RCRA to regulate wastewater treatment 

sludges and other waste materials that are used, reused, 

recycled or reclaimed. Furthermore, it has reasoned that 

such naterials do not become less hazardous to human health 

or the environnent because they are intended to be used, 

reused, recycled or reclaimed in lieu of being discarded. 

Although the ~Rterials recycled and reclaimed may not pose a 

hazard, the accumulation, storage and transport of a hazardous 

waste prior to use, reuse, recycle or reclamation will present 

the same hazard as they would prior to being discarded. In 

addition, the act of use, reuse, recycling or reclamation, 

in many cases, poses a hazard equivalent to that encountered 

if the waste were discarded. Thus, the Agency believes it 

has a strong environmental rationale for regulating hazardous 

wastes that are used, reused, recycled or reclaimed. 

For the particular wastes at issue, the ARency recognizes 

that these wastes for most or all of its existance prior to 

being recycled is deposited in a surface impoundment when the 



potential for leaching of the hazardous constituents is real 

and significant. Consequently, the waste Must be considered 

a hazardous waste in this environment; to avoid listing it as 

a hazardous waste would be unjustified. Likewise, if the 

waste is piled and stored on the land, prior to recycling, 

the potential of leaching of its hazardous constituents into 

the environment would still prevail and avoiding its regu

lation would be unjustified. 

The key question, therefore, is not whether or not it 

is a hazardous waste anrl should be listed as a hazardous 

waste, but whether or not to what degree it should be regu

lated during recycling; that is should the recycling process 

and facility be consirlered a hazardous waste Management opera

tion and facility required to obtain interim status and event

ually a permit and required to meet the standards set forth 

in Parts 264 and 265 of the regulations. At this time, the 

Agency has deferred regulation of such facilities because it 

recognizes that the full set of Subtitle C management require

ments may not be necessary. As and when it concludes that 

regulation of these facilities is necessary, it will terminate 

this deferral and impose either the requirements of Parts 264 

anrl 265 (as well as 122) or special tailored requirements 

under Part 266. 

At this time, applicable requirements of Parts 262 

through 265 and 122 will apply insofar as the accu~ulation, 

~torage and transportation of haiarrlous wastes that are used, 



reused, recycled or reclaimed. The Agency believes this 

regulatory coverage and the above described deferral of 

regulated coverage is appropriate to the subject wastes. 

These sludges are hazardous insofar as they are being ac

cumulated and stored in surface inpoundments and insofar 

as they may be stored in piles prior to recycling. There

fore, these sludges should be listed as hazardous waste. 

These sludges may not pose a substantial hazard during their 

recycling and, even though listed as hazardous waste, this 

aspect of their management is not now heing regulated. 



LISTING BACKGROUND DOCUMENT 

SECONDARY LEAD SMELTING 

Emission control dust/sludge from secondary lead smelting (T) 

Waste leaching solution from acid leaching of emission 
control dust from secondary lead smelting (T) 

I. Summary of Basis for Listing 

The emission control dust/sludge from reverberatory furnace 

smelting of secondary lead products is generated when lead, 

cadmium, and chromium contaminants found in the source materials 

are entrained in the furnace fumes during the smelting process 

and subsequently collected by air pollution control equipment. 

Dry collection methods generate a dust as a solid residue; 

wet collection methods generate a sludge as a solid residue. 

The sludge is usually land disposed as a waste. The dust is 

usually recycled for further lead smelting; before recycling, 

however, the dust may be leached with acid for zinc recovery, 

and the resulting waste acid leaching solution containing 

cadmium, chromium and lead is land disposed. The Administrator 

has determined that these dusts/sludges and the waste acid 

leaching solutions from acid leaching of these dusts/sludges 

are solid wastes which may pose a substantial present or poten-

tial hazard to human health or the environment when improperly 

transported, treated, stored, disposed of or otherwise managed, 

and therefore should be subject to appropriate management 

requirements under Subtitle C of RCRA. This conclusion is 

based on the following considerations: 

1) The emis~ion control ~usts/sludges contain significant 
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concentrations of the toxic metals le3d, cadmium 
and hexavalent chro~ium. 

2) Waste leaching solutions from acid leaching of the 
e~ission control dusts/sludges likewise contain 
significant concentrations of lead, cadmium, and 
hexavalent chromium, since the acid leaching medium 
solubilizes these heavy metals. 

3) The hazardous constituents of these waste streams 
may migrate from the waste in harmful concentrations, 
since distilled water extraction procedures performed 
on samples of the emission control dust and slud~e 
leached significant concentrations of cadmium and 
lead from the sludge and si~nificant concentrations 
of lead, cadmium, and chro~ium from the dust. 

4) The emission control sludge an~ the waste leaching 
solutions are typically disposed of in unlined 
lagoons, thus posing a realistic possibility of 
migration of lead, carlmium and hexavalent chromium 
to underground drinking water sources. Further, 
these elemental metals persist in the environment, 
thereby posing a real danger of long-term contamination. 

5) Very large quantities of these emission control dust/ 
sludges are generated annually (7,151,600 metric 
tons of sludge and 127,158,700 metric tons of dust 
in iq77) and are available for disposal as solid 
waste. There is thus greater likelihood of large 
scale contamination of the environment if these 
wastes are not managed properly. 

lTidustrv Profile anrl Hanufacturin~ Process \{.o\vC\ 
Eighty-two plants located in 27 states manufacture 

secondary lead products. The major production centers are 

located in the Great Lake States, in Texas and in Louisiana 

Plant locations by state are shown in Table 1. 

Plant capacities range from 25,onn to 4n,oon metric tons 

of lead per year (l,~). The total quantity of lead produced 

by the secondary lea~ industry was 75q,ooo metric tons in 

1Q78 and the estimate for iq7q is 7~n,n00 metric tons (4). 



Table 1 (1) 

Distribution of Secondary Lead Smelters by State 

State 

Alabama 
California 
Colorado 
Delaware 
Florida 
Georgia 
tllinois 
Indiana 
Kentucky 
Louisiana 
Maryland 
Massachusettes 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Jersey 
New York 
North Carolina 
Ohio 
'Pennsylvania 
Texas 
Tennessee 
Virginia 
Washington 
Wisconsin 

No. of Plants 

-Y-
- "'ds'-1-

2 
R 
2 
1 
'.\ 
3 
7 
4 
1 
2 
1 
2 
4 
1 
1 
2 
2 
3 
4 
2 
6 
7 
9 
2 
1 
1 
l 



Four prorlucts are manufacture~ in the secondary le~d 

industry: refined lead, learl oxide, antimonal lead and lead 

alloy. Individual plants may produce any or all of the 

products. As shown in Figure 1, t~e source materials will 

vary for each. Discarded batteries comprise the major source 

material. Other source materials are lead residues, lead 

slags and scrap iron. 

II. Generation and Management of Listed Waste Streams 

1. ~mission Control nust/Sludge 

F.mission control dust/sludge is generated from the 

manufacture of refined lead, lea~ oxide, and lead alloy in 

reverberatory furnaces. In the production process, "soft 

lead" (low antimony lead) is smelted in a reverberatory 

furnace from lead residues, scrap lead, and, tn the case of 

lead alloy, recycled secondary lead emission control dust 1s 

a source material. The soft lead is then further processed 

to either refined lead or lead oxide. In the scrubbing of 

reverberatory furnace emissions, cadmiu~, chromium and lead 

entrained in t~e fumes are collected by either wet scrubbing 

or by baghouse, resulting in a sludge or dust that may be 

discarded. The Agency attributes the presence of lead, 

cadmium and chromium in the waste stream to the!~ presence in 

the source material5. (See p. ll below confirming the presence 

of these toxic metals in the waste stream in significant 

concentrations.) The smeltin~ proce~ses takes place at high 

-7-
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temper~tures, and in oxidizing atmospheres. Such connitions are 

known to cause oxidation of chronium to the hexavalent form.(12) 

Three plants in the industry use wet scrubbing which 

generates a sludge. The sludge is typically disposed in 

unlined lagoons (1,5). 

nry collection methods (i.e., ~aghouses) are used by all 

other plants, generating a dust as a solid residue. This dust 

is available for disposal or for recycling. 

i. Waste Leachin~ Solution 

Emission control dusts are of ten recycled for use as input 

material for lead alloy ("white metal") production. The recy-

cling nrocess, however, ~enerates a separate waste stream which 

is listed along with emission control dust/slud~e. Re fore 

the dust is recycled to the remelt kettle for lead alloy produc-

tion, it is leached with dilute sulfuric acid to remove zinc. 

The waste leaching solution contains chromium, cadmium, and lead 

leached from the emission control dust. Since trivalent chromium 

has only slight solubility in dilute sulfuric acid, and the 

hexavalent form is extremely soluble, the chromium in the acid 

leachate will be overwhelmingly hexavalent. 

11ith regard to the management of the waste leaching 

solution, EPA is presently aware that a plant in New Jersey 

receives secondary lead emission dusts for recycling. The 

dusts are leached, ~nd the waste acid solution is ~isposed of 

on-site in unlineo lap,oons (3). EPA presently lacks information 



on otner wasc~ .1.~dl;11.1.11J( :ouJ.ul..1.1111 ~cucLc:sl.J.u.a=. ... v ......... vuai ...... 

management practices. 

The Agency wishes to make clear that it is not regulating 

those wastes which are recycled directly to the process as a 

hazardous waste. However, if the dusts are stor~d prior to 

recycling, they are defined as solid wastes and are subject 

to Subtitle C jurisdiction.* 

3. Secondary Lead Smelting Industry Waste Generation Levels 
and Trends 

Generation of emission control dust/sludges from 

reverberatory furnaces is already very substantial, and is 

expected to increase in the future. Table 2 shows the historic 

sludge/dust generation from wet and dry scrubbing of 

reverberatory furnaces (5). Historic quantities are given 

for 19~7 and 1977 as well as minimum and maximum generation 

projections predictions for 19RO, lqR4, and 1QR7. The total 

dust/sludge generation for 1977 (dry weight basis) was 

1,7,15~,700 metric tons. ~hile not all of these materials 

are disp~sed (due to dust recycling), it is nevertheless clear 

that substantial quantities of wastes are generated annually.** 

*At this time, requirements of Parts 262 through ?65 and 
122 will apply to the accumulation, storage, and transportation 
of hazardous wastes that are use<l, reused, recycled or reclaimed. 
The Agency believes this regulatory coverage is appropriate to 
the subject waste. These dusts/sludges are defined as hazardous 
only if they are being accumulated and stored in piles prior to 
recycling. These dusts may not pose a su'i)stantial hazard during 
their recycling and, even though listed as a hazardous waste, this 
aspect of their management is not now being regulated. 

**The Agency presently lacks data to estimate the percentage 
of ~econdary lead smelting emission control dust which is 
recycler!, although a ma;or percentage of dusts generated 
~av he recycled. In light of the large quantities of <lust 
Reneraterl, the Ap,ency believes large a~ounts of these 
rl11c:ts are rnana~erl as wastf's, anrl not recvclecL 
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These quantities can be expected to increase--particularly 

dust generation. First, Ne~ Source Performance Standards 

will limit particulate emissions from new reverberatory furnaces, 

resulting in increased collection of pa~ticulate wastes. Since 

baghouses are the most cost-effective means of meeting NSPS, 

it ls expected that dry collectioo of emissions will continue 

to be used in the industry and lead to increased generation 

of emission control dusts (5). 

Production of secondary lead is also increasing, again 

with the likely result of increasing emission control 

dust/sludge generation. Secondary lead production in fact 

inc·reased by 200% between 1969 and 1979 (5). Projected 

dust/slurlge generation levels (estimated on a minimum/maximum 

bBsis) are 145,319,AOO - 274,475,700 metric tons (dry weight) 

by 19R7 (Table 2).* 

1II. Hazardous Properties of the Wastes 

1. Concentrations of Lead, Cadmium and Chromium in the Waste 
Streams. 

Agency data indicates that significant levels of the toxic 

metals lead, cadmium and chromium are found in the emission 

control dust/sludge. As indicated in Table 3, lead may compTise 

as much as 5 - 12% of the entire waste stream. Chromium and 

cadmium concentrations are also high (although nowhere near 

so elevated): 

*The Agency does not presently have data showing 
quantities of waste leaching ~olution generated. Increased 
rate of emission control dust recycling May, however, lead 
to increased generation of waste leaching solution. 
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Table 3 (1) 

Waste Analysis (ppm) 

Emlssion Control Sludge 
From Soft Lead Smelting 

Emission Control Dust 
From Lead Alloy Smelting 

Cd 
340 

900 

Pb Cr 
sf-:ooo 30 

120,000 150 

The Agency does not have metal concentration data for 

the waste leaching solution. Concentrations of these toxic 

metals in the waste leaching solution, however, can be expected 

to be significant since the acin leachin~ medium will solubilize 

cadmium, lead anrl hexavalent chromium fairly agp,ressively --

indee~, it is intended to perform this function. Some concrete 

idea of concentrations in the waste leaching solution can be 

gained from comparision of a distilled water extract of 

emission control dust presented in Table 4 below. Since 

lead and cadmium are more soluble in acid than in distilled 

water (7,8), and since most hexavalent chromium compounds are 

extremely soluble in all aqueous media (see Attachment I), 

the concentrations of these constituents in the dilute sulfuric 

acirl leaching solution can be expected to be at least as 

great as, and more likely higher than concentrations in the 

distilleri water extract. 

2. Propensity of Lead, Carlmtu~, and Hexavalent ChroMlum to 
Migrate from the Wastes in nangerous Concentrations and 
Possible Pathways of Exposure of Improoerly ~anaged 
Wastes. 

-y(-
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The presence of such high concentrations o1 toxic metals 

in a waste stream may pose a serious threat to human health 

an~ the envlron~ent should these toxic metals he released. 

Furthermore, distilled water extraction test data indicate 

that these toxic constituents may leach from the waste in 

harmful concentrations unless the wastes are properly managed. 

Thus, a distilled water extract from samples of the secondary 

lead emission control dust and emission control sludge presented 

in Table 3 indicates that lead, cadmium, and (in the case of 

the emission dust) chromium may solubllize from the waste in 

concentrations several orders of magnitude greater than 

Interim ~rimary Drinking Water Standards. See Table 4. 

Tahle 4(1) 

Oistilled Water 
Extract Analvsis (ppm) 

Emission Control Sludge 
From Soft Lead Smelting 

Emission Control Dust 
From Lead Alloy Smelting 

Interim Primary Drinking 
Water Standard 

Cd 

5 

230 

.n1 

Pb Cr (total) 

2.5 .OS 

24.0 12.n 

.ns .OS 



l1hile the Agency has not perforraerl any analvses of the 

waste acid leaching solution, as noted above, the Agency 

believes lead, hexavalent chromium and cadmium concentrations 

in waste acld leaching solution will probably be higher than 

in the distilled water extract of the emission control dust. 

Furthermore. since the waste leaching solution may be disposed 

of in liquid form, ~. with harmful constituents already 

soluhilized and available for migration into the environment, 

there is a corresponding danger of exposure to harmful concen-

trations of these metals if the waste is improperly managed. 

T,us, these wastes may leac~ harmful concentrations of 

lead, cadmium, and hexavalent chromium even under relatively 

~ild environrnental conditions. If these wastes are exposed 

to more acidic disposal envlronments, for example disposal 

environments subject to acid rainfall. these metals would 

cost likely be solubilized to a considerahle extent, since 

learl, and cadmium (including their oxides), as well as 

oost chromium compounds, are more soluble in acid than in 

distilled water (~.7,8, and Attachment I). (~ee Table 1 

indicating that a number of seco~dary lead plants are located 

in ~tates known to ex?erience acid rainfall including New Jersey, 

Ohio, Illinois, and Indiana.) 

A further indicatio~ of the migratory potential of the 

waste constituents is the physical form of the waste itself. 

The5e ~aste <lu5t/slurlges are of a fine particulate composition. 

t~ereby exposing a large surface area to any percolating medium, 



and increasing the probahility for leaching of hazardous 

constituents from the waste to groundwater. Waste acid 

leaching solution, as noted above, is disposed of in liquid 

form with harmful constituents directly available for migration. 

The Agency thus believes that emission control dust/sludge, 

and waste acin leaching solution may pose a threat of serious 

contamination to groundwater unless proper waste management 

is assured. These wastes do not appear to be properly managed 

at the present time. Thus, present industry practices of 

disposing of these wastes in unlined lagoons (see P• 7 above) 

may well not be environmentally sound. For example, location 

of disposal sites in areas with permeable soils could permit 

contaminant-bearing leachate from the waste to migrate to 

the groundwater in harmful concentrations. This is a parti-

cular concern for lagoon-disposed wastes because a large 

quantity of liquid is available to percolate through the 

solids and soil beneath the fill, increasing heavy metal 

solubilization and migration. 

The Agency is also concerned that the lagooned wastes 

could contaminate surface waters if not managed to prevent 

flooning or total washout. While the A~ency is not aware 

whether disposal lagoons presently have diking or other con-

trol mechanisms to prevent washout, it is certainly possible, 

given the number of sites, that in some cases, present flood-

co~trol measures are inadequate. Nor can proper flood manage-

ment (or leachate control, for that ~atter) be assured without 

regulation. 
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Another pathway of concern is through airborne ex~osure 

to lead, chromium, or cadmium particulates escaping from 

emission control dust. These particulates could escape if 

waste dusts are piled in the open, or placed in uncontrolled 

landfills. For cadmium and hexavalent chromium compounrls this 

pathway is known to be particularly dangerous (see Appendix A, 

Health Effects BO). Although the Agency is not aware whether 

waste dusts are managed in this manner, this type of improper 

management situation appears plausible in light of the large 

quantities of ecission control dust generated annually. 

Should lead, cadmiu~, or hexavalent chromium escape from 

the disposal site, they will persist in the environment and 

therefore may contaminate drinking water sources for extremely 

long periods of time. Cadmium is bioaccumulated at all trophic 

levels (Q, 10). Lead can be hioaccumulate~ and passed along 

the food chain but not biomagnified. 

3. The Large Quantities of Waste Dust/Sludge Generated Are 
A Further Factor Supporting a "T" Listing of These Wastes 

The Agency has determined to list secondary lead emission 

control sludge/dust as a "T" hazardous waste, on the basis of 

lead, hexavalent chromium, and cadmium constituents, although 

these constituents are also measurable by the EP toxicity 

characteristic. Moreover, concentrations of th~se constituents 

in an EP extract from waste streams from indivtrlual sites 

might be less than in~ times interim primary drinking water 
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standards (although the Agency's own extraction data suggests 

that extract concentrations may exceed the inn x benchmark for 

some generators). Nevertheless, the Agency believes that there 

are factors in addition to metal concentrations in leachate 

which justify the "T" listing. Some of these factors already 

have been identified, namely the high concentrations of cadmium 

and chromium (presumably largely in hexavalent form), and 

especially lead in actual waste streams, the non-degradability 

of these substances, and indications of lack of proper manage

ment of the wastes in actual practice. 

The quantity of these wastes generated is an additional 

supporting factor. 

As indicate~ above, secondary lead emission control 

dust/sludge is generated in very substantial quantities, and 

contains very high lead concentrations, as well as elevated 

concentrations of carloium and (presumably hexavalent) chromium. 

(See p. 11 above.) Large amounts of each of these metals are 

thus available for potential environmental release. The 

large quantities of these contaminants pose the rlanger of 

polluting large areas of ground or surface waters. Contami-

nation could also occur for long periods of time, since 

large amounts of pollutants are available for environmental 

loaning. All of these considerations increase the possibility 

of exposure to the harmful constituents in the wastes, and 

in the Agency's view, support a "T" listing. 

IV. Hazarrls 'ssociated With Lead, Chromium and Cadmium 

Lead fs poisonous in all forms, and is one of the most 

hazardou~ nF the to~ic metals hecause it accumulates in many 
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organisl'ls. Its deleterious effects are numerous and severe. 

Lead may enter the human system through inhalation, inge~tion 

or skin contact. 

The carcinogencitv of cadmium and its compounds, and of 

various hexavalent chromium compounds in humans is well 

documented;(l3) EPA's CAG has determined that there is 

substantial evidence that cadmium and its compounds, as well 

as hexavalent chromium compounds are carcinogenic to man. 

The degree of ahsorption of hexavalent chromium compounds is 

higher than that for trivalent chromium, except when the 

latter is in some specific chemically-complexed form. Chronic 

toxicity problems associated with hexavalent chromium include 

damage to liver, kidney, skin, respiratory passages and lungs. 

Allergic dermatitis can result from exposure to both tri- and 

hexavalent chromium. Cadmium is toxic to practically all 

systems and functions of human and animal organisms(Q). 

Acute poisoning may result from the inhalation of cadmium 

dusts and fumes (usually cadmium oxide) and from ingestion 

of cadmium salts (10). Additional information on the adverse 

health effects of cadmium, chromium, and lead can be found 

in Appendix A. 

Lean, canl'lium, and chromium historically have been regarded 

as toxic. Thus, EPA has establishen maximum concentration 

li~its for lead, cadmium anrl chromium in effluent limitations 

~uirlellnes adopted pursuant to Section 104 of the Clean Water 

Act, ~nrl under ~ational Interim Primary Orinking Uater 
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Standards adopted pursuant to the Safe Drinking Water Act. 

Lead also is regulated under the New Source Performance 

Standards of the Clean Air Act. 

The Occupational Safety and Health Administration (OSHA) 

has set a work place standard for exposure to lea~, cadmium 

and hexavalent chromium compounds. 

In addition, several states that are currently operating 

hazardous waste management programs specifically regulate 

cadmium, chromium, and lead containing compounds as hazardous 

wastes or components thereof. These states include Maryland, 

Minnesota, New Mexico, Oklahoma and California (final regula-

tions), and Maine, Massachusetts, Vermont, and Louisiana 

(proposed regulation). 
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AttachMent I 

SOLUBILITY AND ENVIRONMENTAL tlOBILITY 

CHARACTERISTICS OF CHROMIUM COMPOUNDS 

The tripositive state is the most stable form of chromium. 

In this state chromium forms strong complexes (coordination 

co~pounds) with a great variety of ligands such as water, 

aMmonia, urea, halides, sulfAtes, amines and organic 

acids.Ca,b) Thousands of such compounds exist. This 

complex formation underlies the tanning reactions of chromium, 

and is responsible for the strong binding of trivalent chromium 

by soil elements, particularly clays.(c,d) 

At .pH values greater than about 6, trivalent chromiun 

forms high nolecular weight, insoluble, "polynuclear" complexes 

of Cr(OH)3 which ultimately precipitate as Cr203.nH20• This 

process is favored by heat, increased chromium concentration, 

salinity ann time.Ca) These chromium hydroxy complexes, 

formed during alkaline precipitation treatment of Cr-bearing 

wastes, are very stable, and relatively unreactive, because 

the water molecules are very tightly bound. In this form, Cr 

is therefore resistant to oxidation. Three acid or base 

catalyzed reactions are responsible for the solubilization of 

chromium hydroxide: 



Cr(III) Concentration 
Reaction Keq.ClA) Calculated from keq (mg1 

pHS pH6 pH7 

1. Cr(OH)
3
+2H+ CrOH++ +2H2o io8 520 5.2 o.os: 

2. Cr(OH) 3 cr+3+30H- 6.7x10-31 35 0.035 

3. Cr(OH) + -H Cro2 H1 2o 9xlo-17 i i 

*1= <0.001 mg/l 

It is apparent from these figures that, in theory, trivalent 

chromium could leach froM sludges to some extent. Such 

solubilized chronium 1 however, is unlikely to contaminate 

aquifers. It is complexed with soil material~, and tenasiously 

held.(a,d) Little soluble chroMiuM is found in soils.Ca,e) 

If soluble trivalent chromium is added to soils it rapidly 

~isapperas from solution and is transformed into a form that 

is not extracten by ammonium acetate or complexinR agents.Cc,e) 

However, it is extractable by very strong acids, indicating 

the formation of insoluble hydroxides.(d,e) Thus: above pHS, 

chromium(III) is immobile because of precipitation; below 

pH4 1 chrom1um(III) is immobile because it is strongly absorbed 

by soil elements; between pH 4 and 5 the combination of 

absorption and precipitation shoulrl render trivalent chromium 

q11it~ iillMohile.(c,d) 

In contrast, hexavalent chromium compounrls are quite 

soluhl~, and hexavalent chromium is not as strongly hound to 
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ls.Cc,d) Hexavalent chromium remains as such in a 

.oluble form 1n soil for a short t1~e, and 1s e~entually 

reduced by reducing agents if presenc.(e,f) As compared 

with the trivalent form, hexavalent chromium is less strongly 

adsorbed and more readily leached from so1ls(d) and thus, is 

expected to bave mobility in soil ~aterials.(d) 
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