
139 

Cyanides have been shown to be extremely mobile in the soil environment 
and have been shown to move from soils to groundwater. Thus, cyanide is also 
available for potential release and transport to environmental receptors. 
Cyanide has been found in several different waste streams from coal technolo- 
gies. 

Significant levels of chromium have been detected in solid residues 
Table 7.3 shows the chromium concentrations in 

These concentra- 
from various coal processes. 
leachate from certain wastes from primary plating processes. 
tions may be comparable to those found in leachate from coal ash. 

7.4 CREOSOTE PRODUCTION INDUSTRY 

The EPA has determined that solid wastes from creosote production may 
pose a substantial present or potential hazard to human health or the environ- 
ment because of the following considerations: log 

1. The hazardous substances likely to be present in the 
wastes include creosote and its constituents, benz 
(alanthracene, benzo(b)fluoranthene, and benzo(a1 
pyrene, all of which are carcinogens. Several re- 
ported cases of cancer in humans have been attributed 
to creosote exposure. 

If the lagooning/landfilling of these wastes is improper- 
ly conducted, the contamination of soil, land, and ground 

2. 

Table 7.3 Levels of Chromium (mg/L) in 
Leachat e from Electroplating 
Sludges and Coal Ash 

Primary Plating Processa 

Segregated Zinc 1.22 

Multiprocess Job Shop 0.2 
Multiprocess with Barrel 
or Vibratory Finish 0.32 / 

Printed Circuits 0.12 
- .  

Coal Ash Leachateb 

Water Quality Criteria 

0.014 - 1.0 

Surface Water (FWPCA) 0.05 
Irrigation Water (FWPCA) 

Public Water 0.05 

5.0 

aSource: Ref. 109. 

bSource: Ref. 112. 
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LJ- 
and surface water is likely to result. 
highly mobile and persistent, there is increased likeli- 
hood of hazardous waste constituents reaching environmental 
receptors. 
contamination due to improper disposal of creosote wastes, 
demonstrating that creosote is mobile and persistent and 
capable of causing substantial harm if improperly managed. 

Since creosote is 

There is a reported incident of surface water 
t 

3.  It is estimated that 60-115 million lblyear of creosote 
is contained in the listed wastewater treatment sludge. 
Thus, substantial amounts of waste constituents are po- 
tentially available for environmental release. 

7.4.1 Process Description 

Creosote is produced by the distillation of coal tar, which is produced 
by the high temperature carbonization of bituminous coal. The two waste 
streams generated in the production of creosote are: 1) the process waste- 
water and 2) the sludge resulting from the wastewater treatment plant. 

During the distillation process, an appreciable quantity of the water 
contained in the coal tar (1-2% of the total volume) is boiled off and dis- 
posed of along with other process waters. This aqueous waste from the dis- 
tillation step in the process is the source of hazardous constituents. Creo- 
sote wastewater is either discharged to publicly owned treatment works (at 
smaller facilities) or treated on site in holding ponds (at larger plants). 
Where on-site treatment is used, ponds are dredged periodically. According to 
the waste disposal practice prevalent in the chemical industry, these waste- 
water treatment sludges are transferred to a landfill for final disposal. 

On the basis of the estimated annual production of 1,150 million lb/yr 
of creosote, generation of 1 lb of creosote112 lb coal tar, and a 1-2%, by 
volume, water content in coal tar, which is boiled off in the distillation 
process and disposed of as wastewater, it is estimated that 60-115 million 
lb of creosote per year are present in the raw process wastewater sent to 
treatment. Obviously, such large quantities of this waste have the propensity 
for large-scale environmental harm. 

7.4.2 Hazardous Components of the Waste 

The raw wastewater from the production of creosote is expected to 
contain varying amounts of creosote, the creosote constituents benz(a)anthra- 
cene, benz(b1fluoranthrene and benzo(a)pyrene, all of which are polycylic 
aromatic hydrocarbons, and other distillation intermediates. The actual 
composition of the constituents in the wastewater from creosote production 
depends on the source of the coal used to produce the tar, the design and - 
attendant operating conditions (temperature, coking time, gas collection 
systems) of the coke ovens, and the design and operating paramters of the 
still (e.g., the feed rate, temperature, and the blending of various tar 1 

distillation fractions). As a result of these factors, the fractional 
distillation is ordinarily incomplete and a certain amount of creosote residue 
is present in the raw wastewater. 
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These waste components could be released from holding ponds into the 
environment, unless proper management is assured. The migratory potential via 
ground and surface water, as well as the persistence of creosote have been 
demonstrated. Creosote and the other waste constituents may thus reach humans 
and animals in concentrations sufficient to pose a substantial hazard. 

The wastewater treatment sludges that remain after biological treatment 
are also hazardous. The carcinogenic constituents of creosote, namely 
benz(a)anthracene, benzo(b) fluoranthene and benzo(a)pyrene , are especially 
likely to be present in the treatment sludge since these constituents adsorb 
to sediments at very high levels. Where treatment is incomplete, creosote 
(which is, however, somewhat amenable to biodegradation), is projected to be 
present in the sludge. If these sludges are placed in a leaking landfill, an 
unlined holding pond, or an improperly sited facility (e.g., as in an area 
with permeable soil) the waste constituents may be released. 

7.5 WOOD PRESERVING INDUSTRY 

Wood preserving processes that use creosote or pentachlorophenol as 
preserving agents generate a wastewater that contains toxic phenolic com- 
pounds including penta- and tetrachlorophenol, volatile organic solvents such 
as benzene and toluene, and polynuclear aromatic (PNA) components of creosote. 
Treatment of this wastewater results in the generation of a bottom sediment 
sludge that must be removed for ultimate disposal. The EPA Administrator has 
determined that wastewater from these wood preserving processes and the 
resulting bottom sediment sludge are solid wastes that may pose a substantial 
present or potential hazard to human health or the environment. 

The EPA's conclusion is based on the following considerations:63 

1. The wastewater generated from wood preserving processes 
using pentachlorophenol a6 a preservative and the sludge 
generated from the treatment of this wastewater will 
contain significant concentrations of toxic phenolic 
compounds and volatile organic solvents such as benzene. 

2. 

i 

The wastewater from wood preserving processes that use 
creosote and the sludges generated from the treatment 
of this wastewater will contain significant concentra- 
tions of toxic polynuclear aromatic components of 
creosote and volatile organics such as toluene. Waste- 
water and resulting sludges from wood preserving opera- 
tions that use both creosote and pentachlorophenol as 
preservatives will generate waste streams that contain 
all or most of the above contaminants. 

13. Polynuclear aromatics, as a group, are known to be 
j toxic , mutagenic, tetratogenic , and' carcinogenic. 
1 Phenolics are toxic and, in some cases, bioaccumulative 
1 and carcinogenic substances. Benzene and toluene are 
j relatively toxic, and benzene is carcinogenic. 

14. Approximately 200 million gallons of wastewater are 
I generated annually. About 90% of this wastewater is 
, 
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treated by treatment methods that generate a bottom 
sediment sludge. 
Treatment of wastewater in evaporation ponds or lagoons 
could lead to the environmental release of hazardous 
constituents and result in substantial hazards via 
groundwater or surface water exposure pathways. Evapora- 
tion of wastewater in ponds, lagoons, or by other treat- 
ment methods, if mismanaged, could lead to the release of 
hazardous constituents into the atmosphere and result in 
substantial hazard via an air exposure pathway. 
Off-site disposal in landfills is the most commonly 
used disposal method for these sludges. 
the possibility of the toxic components in the sludge 
migrating to nearby underground drinking water sources, 
if the landfill is improperly designed or operated. 
The EPA has been informed that incineration is another 
(though less frequently used) disposal method for 
these sludges. If improperly managed, incineration 
could result in the release of hazardous vapors to the 
atmosphere, presenting a substantial hazard. 

This presents 

5 .  

6 .  

7. 

7.5.1 Industry Profile 

There are approximately 415 wood preserving plants operated by a>out 
300 companies in the United States. The plants are concentrated in two areas, 
the Southeast from east Texas to Maryland and along the Northern Pacific 
coast. These areas correspond to the natural ranges of the southern pine and 
Douglas fir-western red cedar, respectively. 

Approximately 250 million cubic feet of wood are treated each year, 
principally for railroad ties, utility poles, and lumber for construction 
materials. Of this amount, it is estimated that approximately 85% is treated 
with creosote or penthachlorophenol-based preservatives. The total quantity 
of preservative consumed in 1975 during these treatment cycles exceeded 200 
mil 1 ion pounds. 

7.5.2 Process Description 

At plants using creosote or pentachlorophenol-based preservatives, wood 
products are treated by chemical processes t o  increase their resistance to 
natural decay, attack by insects, microorganisms, or fire. Briefly, the 
treatment consists of debarking, forming, drying, impregnation of preserva- 
tives, and storage. 

The two major wood preserving processes, producing large quantities of 
wastewater and sediment sludge, are called steaming and boultonizing. Both 
of these processes are pressure processes and differ mainly in the way the 
wood is conditioned before or during the application of the preservative. 

? 

Steaming is used principally on southern pines. In this process, the LJ 
stock is normally steamed for 1 t o  16 hours at about 120°C to reduce the 
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wood’s moisture content and render it more penetrable to preservatives. After 
steaming, the preservative is 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 principally on Western Douglas fir, the 
wood is already 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 condensed and 
transported to an oil/water separator to reclaim any free oils and preserving 
chemicals before treatment and/or disposal of the wastewater, usually an 
oil/water emulsion. 

7.5.3 Hazardous Waste Constituents 

Bottom sediment sludge from wood preserving plants contains primarily 
creosote, polynuclear aromatics (creosote compounds), chlorinated phenols, and 
volatile organic solvents such as toluene and benzene. 

EPA has tested samples df bottom sediment sludge and found that it 
contains polynuclear aromatic hydrocarbons (see below). Many wood processing 
plants 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 com- 
pounds and phenolic compounds, as shown in the following table: 

Bottom Sediment 
Polynuclar Aromatic Dry Weight (mg/kg), 
Hydrocarbons (PAH) Aerated Lagoon 

Benz( a)Anthracene 1250 
Chrysene 9280 
Benz(a)pyrene 5980 

The following ‘table shows that benzo(a) rene may be found in lower 
concentrations in both oil shale and some coals. PB 

Oil Shale Materials 
TOSCO I1 retorted shale 
GCR retorted shale 
Raw shale oil (Colorado) 
Crude shale oil (TOSCO 11) 
Hydrotreated shale oil (0.25X N) 
Hydrotreated shale oil (0.054; N) 

( ppb) 

15 
30,000 - 40,000 

3,130 
6,900 

690 

13 - 100 
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Coals ppb 

High volatile bituminous 4,200 
Low volatile bituminous 3,150 

Coal tar 
Lignite 1,200 

3 x lo6 to 8 x 106 

The formation of PAHs in coal conversion processes has been well documented, 
and several studies have been undertaken for PAH identification and character- 
ization in a number of waste streams at pilot gasification plants.53 Mass 
spectroscopic analysis of tars produced in a synthane gasifier have indicated 
the presence of PAHs. In general, the quantities, chemical structures, and 
fate of PAHs in coal conversion operations are not well defined and are 
expected to vary among different plants, depending on the type of coal used, 
coal conversion process employed, and operating conditions. 

, 
Benzo(a)pyrene has been determined to be carcinogenic to experi- 

mental animals. It can induce-a cancerous skin tumor in mice when 0 .25  
mg is injected subcutaneously.109 Benzo(a)pyrene is the most widely accepted 
indicator of PAH content and biological activity. 

7.6 PHENOL/ACETONE PRODUCTION INDUSTRY 

Distillation bottom tars from the production of phenol/acetone from 
cumene (heavy tars) contain toxic and potentially carcinogenic organic sub- 
stances, including phenol and polycyclic aromatic hydrocarbons. EPA's deter- 
mination of this solid waste as hazardous is based on the following considera- 
t ions : 109 

1. Approximately 100-200 million pounds of these wastes 
containing phenol and PAHs from tars are generated 
annually at 11 plants in the United States. 

2.  Tars containing PAHs are demonstrated carcinogens and 
mutagens as well as being toxic. Phenol is a suspected 
carcinogen and is toxic. 
There is potential for mismanagement of the waste by 
leakage during transport or storage, by improper 
disposal allowing leaching , or by incomplete inciner- 
ator combustion. 

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. 

3. 

7.6.1 Process Description 

There are two steps in the manufacturing process: 1) oxidation of 
cumene to cumene hydroperoxide; and 2 )  cl'eavage of the hydroperoxide to form 
phenol and acetone. Cumene hydroperoxide is the first main reaction product 
when cumene is oxidized with air at 130 "C in an aqueous sodium carbonate 

t 
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medium. The reaction mix is circulated to a vacuum column where unreacted 
cumene is separated from the mix And a cumene hydroperoxide concentration of 
about 80% is obtained in the bottom product. Recovered cumene is recycled to 
the reactor. Any a-methylstyrene contained in the recovered cumene is 
separated by distillation and sold or incinerated. However, not all of the 
a-methylstyrene may be separated at this point. The 80% cumene hydroperoxide 
cumene mixture is then reacted with 10-25% sulfuric acid at 60 "C and co-mixed 
with an inert solvent (such as benzene) to extract organic material from the 
aqueous acid. The acid phase is separated 
out and recycled to the process. The remaining organic layer is neutralized 
with dilute sodium hydroxide. The resultant aqueaus 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 
waste scrubber to remove residual acetone and inorganic salts. They then pass 
to a series of columns where the lower boiling hydrocarbons, solvents, cumene, 
and a-methylstyrene are successively removed, then recovered and sold or 
recycled and disposed of. The bpttoms from the last of the series of columns 
contain crude phenol, which is refined in the next distillation column from 
which the purified phenol is removed overhead. 

The mixture is allowed to settle. 

7.6.2 Hazardous Properties of the Waste 

The bottoms from the phenol still contain phenol, acetophenone, cumyl 
phenol, phenyl dimethyl carbinol, higher boiling phenolic compounds, and 
polymers. This mixture may be futher distilled to recover the acetophenone. 
The still bottoms remaining at the completion of distillation are the waste 
streams of concern. 

The distillation bottoms are a tarry solid in physical form. An EPA 
study states that these wastes (i.e., the tars generated at the bottom of 
the acetophenone distillation column) amount to 50-110 g tar/kg of phenol 
prodcut (100-220 lb tar/ton of phenol). 

The waste tars are expected to contain large concentrations of poly- 
cyclic aromatic hydrocarbons for the following reasons. Cumene (the essential 
feedstock material) is itself a polynuclear aromatic hydrocarbon. In the 
successive steps of hydroperoxidation and acid cleavage, the aromatic ring can 
open, and other polyaromatic ring structures formed. These are high-boiling 
substances and will be found in the distillation bottom tars. 

7.7 SECONDARY LEAD SMELTING INDUSTRY 

The emission control dust/sludge from reverberatory furnace smelting of 
secondary lead products is generated when lead, cadmium, and chromium contami- 
nants 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 
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usually disposed of on land; 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 
lead, cadmium, and chromium is disposed of on land. The EPA has determined 
that these dusts and sludges are solid wastes that may pose a substantial 
present or potential hazard to human health or the environment. This conclu- 
sion is based on the following considerat ions :Io9 

h-.': 
1 

1. 

2. 

3.  

4. 

5 .  

The emission control dusts and sludges contain significant 
concentrations of the toxic heavy metals lead, cadmium, 
and chromium. 
Waste leaching solutions from acid leaching of the 
emission control dusts and sludges contain significant 
concentrations of lead, cadmium, and chromium, since the 
acid leaching medium dissolves these heavy metals. 
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 sludge 
leached significant concentrations of lead, cadmium, 
and chromium from the dust. 
The emission control sludge and the waste leaching 
solutions are typically disposed of in unlined lagoons, 
thus posing a realistic possibility of migration of lead, 
cadmium, and chromium to underground drinking water 
sources. Further, these metals persist in the environ- 
ment, thereby posing a real danger of long-term contamina- 
t ion. 
Very large quantities of these emission control dusts and 
sludges are generated annually (7,151,600 metric tons of 
sludge and 127,158,000 metric tons of dust in 1977) 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. 

7.7.1 Process DescriDtion 

Emission control dust and sludge are generated from the manufacture of 
refined lead, lead oxide, and lead alloy in reverberatory furnaces. In the 
production process, "soft lead" (low antimony lead) is smelted in a rever- 
beratory furnace from lead residues, scrap lead. In the case of lead alloy, 
recycled secondary lead emission control dust is a source material. The soft 
lead is then further processed to either refined lead or lead oxide. In the 
scrubbing of reverberatory furnace emissions, cadmium, chromium, and lead 
entrained in the fumes are collected by either wet scrubbing or by baghouse, 
resulting in a sludge or dust that may be discarded. The EPA attributes the 
presence of lead, cadmium, and chromium in the waste stream to their presence 
in the source materials. P 

t 
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7-7.2 Hazardous Waste Constituents 

The EPA presently does not have data for this industry on the heavy 
metal concentrations in the waste leaching solution from an operational land- 
fill. Concentrations of these heavy metals in the waste leaching solution, 
however, can be expected to be significant since the acid leaching medium will 
readily dissolve heavy metals. Since lead is more soluble in acid than in 
distilled water, the concentrations of these constituents. in the dilute 
sulfuric acid leaching solution can be expected to. be at least as great as, 
and more likely higher, than concentrations in the distilled water extract. 
Lead can be bioaccumulated and passed along the food chain but not biomagni- 

, 
I 
I f ied . 

Some states are currently operating hazardous waste management programs 
specifically to regulate cadmium, chromium, and lead compounds as hazardous 
wastes. Maryland, Minnesota, New Mexico, Oklahoma, and California have final 
regulations, and Maine, Massachusetts, Vermont, and Louisiana have proposed 
regulations. 

7.8 PRIMARY ZINC SMELTING AND REFINING INDUSTRY 

The primary zinc industry is composed of plants that employ one of two 
major zinc manufacturing processes -- electrolytic or pyrometallurgical 
processing - to recover zinc metal from ore concentrates. Cadmium and lead 
contaminants found in the raw materials are carried through numerous processes 
and are subsequently found in high concentrations in the wastewater treatment 
sludge generated by the treatment of process wastewater and/or acid plant 
blowdown, in the electrolytic anode slimes and sludges, and in cadmium plant 
leach residues (iron oxide). These wastes have been determined to be poten- 
tially hazardous to human health or the environment. The EPA's conclusions 
are based on the following considerations: 

1. The wastes contain significant concentrations of the 
toxic heavy metals cadmium and lead. 

2. Cadmium and lead have been shown to leach from samples . 
of these wastes in significant concentrations when 
the samples were subjected to a distilled water extraction 
procedure 

1 3. These wastes are currently stockpiled on site and/or 
I hauled off site to landfills in a manner that could 
I allow the lead and cadmium wastes to leach to ground- 

water * 

7.8.1 Process Description 

Pyromettallurgical processing entails the following steps: sintering, 
retorting, refining, and casting. Sintering develops the desired characteris- I n  tics for pyromettallurgical smelting of the calcine by processing the calcine 

I in a sinter machine where the calcine burns automatically and is fused into 
hard, permeable sinter. Retorting consists of reducing the calcine in the 
sinter with carbon in a retort to produce zinc metal. Preheated feed of 

1 
I I -  

~~ I 



148 

s i n t e r  and coal o r  coke are fed i n t o  the  top of t he  r e t o r t ;  t he  ins ide  t e m -  
pera ture  reaches 1300 "C - 1400 "C. Because of z inc ' s  low bo i l ing  point (906 
"C), i t  i s  v o l a t i l i z e d  as soon as it  i s  formed. In  t h i s  way, t he  z inc  is  
pu r i f i ed  by separa t ing  it from the  gangue i n  t h e  ca lc ine .  Zinc from the  
r e t o r t  smelting may need f u r t h e r  p u r i f i c a t i o n  f o r  some commercial uses  and 
i s  p u r i f i e d  by d i s t i l l a t i o n  i n  a g r a p h i t e  r e t o r t .  Molten z i n c  from t h e  
g r a p h i t e  r e t o r t  i s  e i t h e r  poured i n t o  b a r s  o r  b l o c k s  o r  i s  a l l o y e d  w i t h  
o ther  metals and cas t .  

The sources of hazardous so l id  waste generated by the  pyrometallurgical 
process are: 1) co l l ec t ion  and treatment of acid plant  blowdown; and 2)  
leaching of high-cadmium dus t s  i n  the cadmium plan t .  

I n  pyrometallurgical p lan ts ,  r o a s t e r  off-gas is t r e a t e d  i n  s u l f u r i c  
acid p l an t s  t o  cont ro l  s u l f u r  dioxide emissions. The acid p l an t s  produce a 
s a l a b l e  s u l f u r i c  a c i d  b l e e d  stream t h a t  must b e  n e u t r a l i z e d .  The p l a n t  
neu t r a l i ze s  the  blowdown with l i m e ,  which leads t o  the  generat ion of s e t t l e d  
s l u d g e .  The s ludge  c o n t a i n s  s i g n i f i c a n t  c o n c e n t r a t i o n s  o f  cadmium and 
lead. 

1) 
2)  

The sources of s o l i d  waste generated by the  e l e c t r o l y t i c  process are: 
treatment of preleach res idue  ( t h i s  operat ion occurs a t  only one p l an t ) ,  
the  co l l ec t ion  and treatment of ac id  p lan t  blowdown and miscellaneous * 

s l u r r i e s ,  3 )  t h e  c l e a n i n g  o f  t h e  e l e c t r o l y s i s  c e l l s  (anode s l imes and 
s ludges) ,  and 4) the  f i l t r a t i o n  of  t he  leach so lu t ion .  

e 
A l l  z inc  concentrat ions received a t  z inc  p l an t s  are roasted t o  d r ive  

o f f  s u l f u r  and convert the  z inc  s u l f i d e  i n  the  concentrate  t o  an impure zinc 
oxide called ca lc ine .  The conversion t o  ca l c ine  i n  the  r o a s t e r  produces a 
r o a s t e r  off-gas stream containing enough s u l f u r  dioxide t o  permit s u l f u r  
recovery as s u l f u r i c  acid.  The acid production r e s u l t s  i n  a weak acid waste 
stream from the  scrubbing columns t h a t  c lean  the  off-gas. This waste i s  
r e fe r r ed  t o  as a bleed stream o r  acid p lan t  blowdown. The acid p lan t  blow- 
down i s  neut ra l ized  and thickened, and the  s o l i d s  are recycled o r  disposed o f .  
Treatment of  acid p lan t  blowdown generates  sludge t h a t  has been designated as 
hazardous. 

A l l  e l e c t r o l y t i c  p l a n t s  a l s o  g e n e r a t e  a waste of  anode sl imes o r  
sludges from cleaning of t he  e l e c t r o l y t i c  c e l l s .  Anode slimes/sludges have 
been designated as hazardous. 

7.8.2 Hazardous Proper t ies  of  Waste 

Current s o l i d  waste cont ro l  p rac t i ces  are f a i r l y  uniform throughout t h e  
zinc industry.  Of the  t o t a l  s o l i d  waste generated,  about 90% is  cont ro l led  
through on-site s tockpi l ing ,  7% is removed by p r iva t e  and municipal organiza- 
t i o n s  and i n d i v i d u a l s  f o r  v a r i o u s  u s e s  ( such  a s  w i n t e r  road  s a n d ) ,  and 
the  remaining 3% i s  hauled and l a n d f i l l e d  by p r iva t e  cont rac tors .  

a 

Water ex t r ac t ions  of  t he  wastes have shown t h a t  t he  wastes could leach 
p o t e n t i a l l y  hazardous concentrat ions of tox ic  metals. This i nd ica t e s  t h a t  
under the  mildest  environmental condi t ions (e.g., neu t r a l  pH r a i n f a l l )  a t  a 
mono-disposal s i te ,  the  wastes may leach contaminants t o  the groundwater i n  

Li 
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concentrations that could be harmful to human health and the environment. 
Where conditions tend to be acidic, the release of heavy metals over the 
lifetime of a landfill is expected to be even higher than indicated by the 
water extraction data, since Pb solubilities increase with a decrease in pH. 
Lead is poisonous in all forms; it is one of the most hazardous of the 
toxic metals because it accumulates in many organisms, and the deleterious 
effects are numerous and severe. Lead may enter the human system through 
inhalation, ingestion, or skin contact. Ingestion of contaminated drinking 
water is a possible means of exposure to humans a s  a result of improper 
management of their wastes. 

I Table 7.4 compares the levels of lead leaching from coal ash those from 
solid wastes from the primary zinc smelting and refining industry. These 
levels appear to be comparable. 1 

I 

~ 

Table 7.4 Levels of Lead (mg/L) In Leachate From 
Coal Ash and Zinc Smelting Processes 

Sludges from Sludges from Acid 
Acid Plant Plant Blowdown Coal Ash Leachatea 

Spent Solids Fly Blowdown (Pyromettalurical Anode Slimes and I *  I Residue Ash (Electrolyticlb PlantIb Sludgesb 
I 

1 :  1.1 1.6 1.0 - 2.1 1.3 2.0 

I aSource: Ref,. 112. 

bSource: Ref. 109. I 



150 

REFERENCES 

1. U.S. Department of Energy, AmaZ Report 50 Congress, Volume 3, Supple- 
ment 1, Energy Information Administration, Washington D.C., DOE/EIA - 
0173/3-S1 (1978). 

2. 45 FR 33089 (May 19, 1980). 

3. 45 FR 33123 (May 19, 1980). 

4. Toxic Substances Control Act, PL 94-469, Sec. 6(a). 

5. Toxic Substances Control Act, PL 94-469, Sec. 4(a). 

6. Toxic Substances Control Act, PL 94-469, Sec. 6(e)(l). 

7. 43 FR 7150 (February 17, 1978). 

8. A complete description of these rules is found in Annex I-VI, 4 FR 7159- 
7164 (February 17, 1978). 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

44 FR 31514 (May 31, 1979). 

45 FR 33086 (May, 19, 1980). 

45 FR 33067 (May 1.9, 1980). 

Hazardous Waste flews, 11(2), Business Publishers, Inc., Silver Spring, 
Md., p. 82 (May 12, 1980). 

45 FR 33071 (May 19, 1980). 

45 FR 33171-3 (May 19, 1980). 

43 FR 58922 (December 18, 1978). 

45 FR 33173 (May 19, 1980). 

45 FR 33109 (May 19, 1980). 

40 FR 59566 (December 24, 1975). 

43 FR 58956 (December 18, 1978). 

45 FR 33110 (May 19, 1980) IV, E. 

45 FR 33105 (May 19, 1980). 

45 FR 33121 (May 19, 19801, Subpart B, Section 251.11(a)(2). 

c 

23. 45 FR 33122 (May 19, 1980) Appendix VIII. 

24. 45 FR 33122 (May 19, 1980). 



151 

‘U 
25. 

A 

* 

i 

.c 

L 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. , w  47. 

45 F R  33131 (May 19, 19801, Appendix VII. 

45 F R  33124 (May 19, 1980). 

U.S. Environmental Protection Agency, Test Methods for Evaluating SoZid 
Wastes: Physical/Che&cal Methods, Office of Water and Waste Managment, 
Washington, D.C. , SW-846 (May 1980). 

44 F R  69464 (December 3, 1979) as corrected in 44 FR 75028 (December 18, 
1979). 

45 FR 33130 (May 19, 1980). 

Burd, R.M. and J.M. Riddle, Evaluation of Solid Waste Extraction 
Procedures and Vamhs Hazardous Waste Identif <cation Tests, 
No. 68-01-4725 (September 1979). 

Electric Power Research Institute , Proposed RCRA Extraction Procedure: 
ReproducibiZity and Sensit ivity (November 1979). 

EPA Contract 

Meier, E.P., et al., Emhation of the Procedures for Identification of 
Hazardous Waste Interim Report, EPA, Las Vegas (August 1979). 

44 F R  53439 (September 13, 1979). 

44 F R  53440 (September 13, 1979). 

44 F R  53444 (September 13, 1979). 

44 FR 53441 (September 13, 1979). 

44 F R  53438 (September 13, 1979). 

44 F R  53461 (September 13, 1979). 

44 FR 53443 (September 13, 1979). 

44 F R  53445 (September 13, 1979). 

44 F R  53462 (September 13, 1979). 

44 F R  53463 (September 13, 1979). 

44 F R  53458 (September 13, 1979). 

Cummings, R.E. and R . J .  Wigh, Everything You Need t o  Know About RCR4 
Camptiance, Waste Age, 12 :1 (January 1980). 

U. S. Environmental Protect ion Agency, C2assifyirtg solid Waste Lhkposal 
Faci l i t ies  - A Guidance Manuat, SW-828 (1980). 

45 FR 33156 (May 19, 1980). 

45 F R  33157 (May 19, 1980). 



152 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

45 FR 33160 (May 19, 1980). 

U.S. Environmental Protection Agency, Sit ing of Hazardous Waste Manage- 
ment FaCitities and Public Opposition, SW-809 (1980). 

Hazardous Waste Nms, 2(14), Business Publishers Inc., Silver Spring, 
Md., p. 107 (June 2, 1980). 

w* 
2 

Mather, B., Nature of Distribution of Particles of Var6ous S h e s  i n  
F l y  Ash, Corps. of Engineers, Vicksburg, Miss., Technical Report No. 60583, 
1961 (quoted in Ref. 70). 

Natusch, D.F.S., J.R. Wallace, and C.A. Evans, Tox& Trace Elements: 
Preferential Concentration i n  Respirable Particles, Science 133:202-204 
(1974). 

Braunstein, H.M. , et al., Envirbrunental, Health, and Controz Aspects of 
Coal Conversion: An I n f o m t i o n  Overvim, Oak Ridge National Laboratory, 
prepared for the U.S. Energy Research and Development Administration, 
(ORNL/EIS-94, UC-11, -41, -48, -9Oi) (April 1977). 

Fred'C. Hart Associates, Inc., The Impact of RCRA (PL 94-580) or U t i Z i t y  
Solid Wastes, For Electric Power Research Institute, Palo Alto, Calif., 
EPRI FP-878, TPS 78-779 (August 1978). 

4 

Kaakinen, J.W., et al., Trace Element Behavior i n  Coal  Fired Coal Plant, 
Environmental Science and Technology, 862 (1975). 

# 

Klein, D.H., et al., Pathways of Thirty-Seven Trace Elements Through 
Coal-Fired Power Plants, Environmental Science and Technology, 973 
(1975). 

Coles , D. G. , et a1 . , The Behavior of the Natural Radionuclides i n  
Western Coal-Fired Power Plants, Lawrence Livermore Laboratory 
(December 21, 1976). 

Mason, B., PrincipZes of Geochemistry, John Wiley and Son, New York 
(1966). 

Van Hook, R.L., Oak Ridge National Laboratory, unpublished information 
(October 11, 1976). 

60. Fred C. Hart Associates, Inc., The Ihpact of RCRA on C o a l  Gasification 
Wastes, for the U.S. Department of Energy (August 4, 1979). 

61. Fred C. Hart Associates, Inc., The Impact of RCRA on the CommerciaZi- 
zation of Coal Liquefaction Process, for the U.S. Department of Energy 
(November 1979). 

- 
62. Parker, C.L., and D.I. Dykstra, Envirorunental Assessment Data-Based for 

Coal Liquefaction TechrwZogy, U.S. Environmental Protection Agency, 
Research Triangle Park, N. C., EPA-600/7-78-184b (September, 1978). 

% 

tcsd 



153 

1 -  
i 

, 
i ,  * 

‘ b  
1 
I 

‘ t  

63. Tamura, T., and W.J. Boegly, Jr. , Leaching Studies of Coat Casificatwn 
Sol id  Waste t0 Meet RCRA Requirements for La?ui L%sposat, presented at 
the Second Environmental Control Symposium, U.S. Department of Energy, 
Va., (April 1980). 

64. Radian Corporation, Survey of Dry SO2 Controt Systems, prepared for 
the U.S. Environmental Protection Agency, Washington, D.C., EPA-6001 
7-80-030 ( 1980). 

65. TRW, Inc., Evatuatwn of Dry Sorbents a.nd F a b r h  FiZtratwn for FGD, 
€or the U.S. Environmental Protection Agency, Washington, D.C., EPA- 
60017-79-005 (1979). 

66, Fennelly, P.F., et al., Preziminary Environmentat Assessment of Coat- 
Bred fluidized Bed Combustwn Systems, GCA Corp., €or the U . S .  Environ- 
mental Protection Agency, EPA-60017-77-054 (May 1977). 

Babcock & Wilcox Co., Summary Evazuatwn of Atmospheric Pressure 
Ptuidized Bed Combustion Applied to  Electric U t i Z i t y  Large Stream 
Generators, Volumes I & 11, prepared €or Electric Power Research Insti- . 
tute, Palo Alto, Calif., EPRI FP-308, (1976). 

Argonne National Laboratory, Ermironmental Control Implicatwm of 
Generating Etectmk Power from Coat, Votme 11, ANL/ECT-l (1976). 

Burns 6 Roe, Inc., Conceptuat Design of an Atmospheric Fluidized Bed 
Combustion etectric Power Generating Plant, Voi!wnee I & 111, prepared 
for the U.S. Department of Energy, Washington, D.C. , HCP/T2455-15/1 
and 3 (1978). 

67. 

68. 

69. 

70. Mesko, S.E., MuZticeZZ PZuidized-Bed Boiler Design, Constructwtz, and 
Test Program, PB 236 254 (1974) as cited in Reference 83. 

National Research Development Corporation, Bessurized fluidized Bed 
Combustwn, RbD Report No. 85, as cited in Reference 83. 

71. 

72. Henschel, D.B., Ehrisswn6 from FBC Boi?krs, Environmental Science 
and Technology, 12:534, 1978. 

Ghassemi, M., et al., ,!??WiPOmentat A66e66ment Data Rase for  High - Rtu 
Gasif&?atwn Technotogy: VObtumes I, 2, and 3, TWR Environmental Engi- 
neering Division, prepared for U.S. Environmental Protection Agency, 
EPA-600/7-79-186a3 b, and c (September 1978). 

Levine, M.D., et al., fie Need for Coal CZeaning, EPA Program Conference 
Report - FueZ Cleaning Program: 
Ference on Energy and the Entrhnment, Cincinnati, Ohio , EPA-60011-76-024 
(October 6, 1976). 

National Academy of Sciences , ~ e r p u n d  Disposaz of Coat -Mines Wastes, 
National Science Foundation, Washington, D.C. (1975). 

73. 

74. 
Cbaz, the Forth NatwnaZ Gnergy Con- 

75. 



154 

76. 

77. 

78. 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

Wewerka, E.M., and J.M. Williams, m c e  Element Characterization of Coal 
Waste -- First Annual Report, Los Alamos Scientific Laboratory, for the 
U.S. Department of Energy, DOE LA-6835-PR, and Environmental Protection 
Agency, EPA-600/7-78-028 (March 1978). % 

Wewerka, E .M., et al. , M c e  Element Characterization of Coal Wastes -- 
Second Annual Progress Report, L O ~  Alamos Scientific Laboratory, for 
the U.S. Department of Energy, DOE-600/7-78-028a (July 1978). 

Crawford , K.W., et al., A Preliminary Assessment of the EnviranmentaZ 
Impacts from O i l  Shale Development, TWR Environmental Engineering Divi- 
sion, for the U.S. Environmental Protection Agency, Cincinnati, Ohio, 
EPA-600/7-77-069 (July, 1977). 

Cameron Engineers, Inc., Synthetic Fuels Data Handbook (1975). 

Data Provided to TRW by Development Engineering Inc. (Operations Con- 
tractor for Paraho Project at Anvil Points, Colorado) (January 1976). 

Colony Development Operation, Draft Environmental Impact Statement/ 
Proposed Development of O i l  Shale Resources in  CoZorado, U.S. Department 
of the Interior, Bureau of Land Management (December 1975). 

Lipman, S.C., Union Oil Company Revegetation Studies, Environmental 
Oil Shale Symposium, Colorado School of Mines, Golden, Colo. (October 
8-10, 1975). 

Stanfield, K.E., et al., Properties Of C O z O r a d o  O i l  Shale, U.S. Bureau 
of Mines, Report of Investigations No. 4825 (1975). 

Schmidt-Collerus, J.J .  and F. BOnomo, et al., Polycondensed Aromatic 
Compounds (PCA) and Carcinogens i n  the Shale Ash Carbonaceous Spent 
Shale f r o m  Retorting of O i l  Shale, Science and Technology of Oil Shale, 
Ann Arbor Science Publishers, P115, 1976. 

Shendrikar, A.D. and G.B. Faudel, Distribution of Trace Metals During 
Oil Shale Retorting, Environmental Science and Technology, 22(3), 
pp. 332-334 (March 1978). 

Ward, J.E:, et al., Water Pollution Potentiat of Rainfall on spent 
Shale Reszdues, Colorado State University, prepared for the EPA under 
grant #14030EDB (December 1971 1. 

U.S. Energy Outlook, Appraisal by Oil Shale Task Group, National Petro- 
leum Council (1972). 

r Detailed Development Plan of Federal Oil Shale Lease Tract C-b (Roxama 
Oil Shale Project), submitted to Area Oil Shale Supervisor (1975). 

Colony Development Operation, An Environmental Impact Analysis  for  a 
Shale Oil Complex at  Parachute Creek, Colorado, Part I (1974). 

A 



L 

155 

90. U.S. Department of Energy, Environmental Development Plan for  Geothermal 
Energy SystemB, Washington, D.C. (August 1979). ?"h*1 

A 

91. Obstactes to Geothermal Development, Environmental Science and Techno- 
logy, ZP(3) (March 1980). 

92. Pimentel, K.D., R.R. Ireland, and A. Tompkins, Chemical Fingerprints to 
Assess the Effects of Geothermal Development of Water Quality In  Imperhl 
Valley, presented at the 1978 Annual Meeting of the Geothermal Resources 
Council, Hilo, Hawaii (July 1978). 

Fred C. Hart Associates, Inc., ImptiCatwn6 of the Designation of Energy - Related Waste as Speck2 Wastes, prepared for the U.S .  DOE, Office of 
Technology Impacts (March 1979). 

93. 

94. de Nevers, N., B. Glenne, and C. Bryner, Analysis of the Environmental 
Control Technology fop  Tar Sand Development, prepared for the U.S. 
Department of Energy, COO4043-2 (June 1979). 

U.S. Environmental Protect ion Agency, Production and Processing of U.S. 
Br Sands: An EmrirownentaZ Assessment, EPA-600/7-76-035 (December 1976). 

95. 

96. 

97. 

98. 

99. 

100. 

101. 

102. 

Poch, L.A., and T.D. Wolsko, A Review of the Nuclear Waste Disposal 
Problem, Argonne National Laboratory Report AIWEES-TM-68 (October 
1979). 

The Nuclear Energy Policy Study Group, Nuclear Power: 
Choices, Ballinger, Cambridge, pp. 243-267 (1977). 

U.S. Department of Energy, Directorate of Energy Research, Report of 
Task Force f o r  Review of Nuclear Waste Management, DRAFT, DOE/ER-O004/D 
(February 1978). 

Holland, W.F., et al., The Environmental Effects of  Trace Elements i n  
the Pond Disposal of Ash and f lue Gas DesuZfurZaatkn Studge, Radian 
Corp., for The Electric Power Research Institute, Palo Alto, Calif., 
EPRI-202 (September 1975). 

The Interagency Review Group on Nuclear Waste Management, Report to the 
President by the Intemgency Review Group on NucZear Waste Management, 
TID-29442 (March 1979). 

Blomeke, J.O., and C.W. Kee, Projectwns of Wastes to be Generated, in 
Proceedings of the International Symposium on the Management of Wastes 
from the LWR Fuel Cycle, Denver, Colo., July 11-16, 1976: U.S. Energy 
Research and Development Adm. Report, CONF-76-0701, p. 96-117 (1976). 

The Interagency Review Group on Nuclear Waste Management, subgroup 
Report on Alternative TechnoZogy Strategies fo r  the Isolatwn of Nuclear 
Waste, DRAFT, TID-28818 (October 1978). 

Issues and 

103. APS Study Group on Nuclear Fuel Cycles and Waste Management, Rev. Mod. 
Phys. , 50 (1)Part 11: 5107-5142 (January 1978). b 



156 

104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113.  

114. 

115. 

116. 

117. 

Carter, L.J., Uranium M i t t  Tailings: 
Problem, Science, 202(4364):191-195 (1978). 

Congress AddPe66e6 a Long-Negtected ii. 
Nuclear Waste Management: 
41-42 (July/August 1978). 

Millar, C.H., in Proceedings of an International Symposium on Management 
of Wastes from the LWR Fuel Cycle, Denver, Colo., J.A. Powell, Ed., 
ERDA, Washington, D.C. (1976). 

Looking for the Cure, EPRI Journal, 3(6): ? 

Rice, J.K., and S.D. Strauss, Water PoZZutwn ControZ i n  Steam Plants, 
Power, 22 :4 (April 1977). 

American Society for Testing and Materials, Analysis of Setected Tmce 
Metals i n  Leachate from Setected Fos& Energy Materials, Final Report- 
Phase I1 Collaborative Test Program, for the U.S. Department of Energy, 
Washington, D.C. (January 1980). 

U.S. Environmental Protection Agency, Draft Background Document; 
Sections 262.32 and 262.32: 
D.C., Office of Solid Waste (May 1980). 

Listing of Ha~ardoU6 Wastes, Washington, 

U.S. Environmental Protection Agency, AppZicability of Petrotem 
Refinery Controt Technotogies to Coat Conversion, EPA 60017-78-190 
(October 1978). 

Coles, D.G., R.C. Ragaini, and J.M. Ondov, Behavior of Natura2 Radw- 
nuctides i n  Western Coat-Fired Power Plants, Environmental Science 
and Technology, 12:442 (1978). 

Chen, K.Y., et al., upublished information, Argonne National Laboratory 
(December 1979). 

Alarie, Y.C., et al., Long-Term Exposure to Sulfur Dioxide, Sulfuric 
Acid Mist, ny Ash, and Their Mixtures, Re6Utt6 Of the Studies in  
Monkeys and Guinea P i g s ,  Arch. Environ. Health, 30 (1973). 

Aranyi, C. , et al., Cytotoxicity to Alveolar Macrophages of Metal Oxides 
Adsorbed on FZy Ash, i n  PuZmnary Macrophage and Epithelia2 Cells, 
Proceedings of the 16th Annual Hanford Biology Symposium, Richland, 
Wash. (September 1976). 

Wehner, A.P., et al., Acute and Subchronic Inhalation E~psUFes of 
Hamsters to NickeZ-Enriched FZy Ash, Environ. Research, 19 (1979). 

Fischer, G.L., Effects of Acute Inhatation of Stack-Cottected Coat FZy 
Ash on Murine AZveoZar Function and Progenitors, i n  Putmonury ToxkoZogy 
of Respirabte Partictes, Proceedings of the 19th Annual Hanrods Life 
Sciences Symposium (October 1979). 

Crisp, C.E., G.L. Fisher, and J.E. Lambert, Mutagenicity of Fittrates from 
Respirabte Coat ny Ash, Science 199:73-75 (1978). 

c 



118. 

119. 

120. . 

121. 

122 . 

123. 

124 . 

125. 

126. 

127.. 

128. 

129. 

130. 

157 

Fisher, G.L., C.E. Chrisp, and O.G. Raabe, Bysicat Factors Affecting the 
MutugemXty o f  Fly Ash from a Coal Pired Power Plant, Science 204: 
879-881 (1979). 

Kubitschek, H.E., and L. Venta, Mutagenicity of Coat fly Ash from 
n e c t r i c  Power Ptant Precipitators, Environ. Mutagenesis I : 79-82 (1979) . 
Bonnell, J.A., and C.J. Schilling, Pulverized &e1 Ash: 
United Kingdom Environmental Health Requirements, Conference on Ash 
Technology and Marketing, Paper No. 21, CEGB, London (1978). 

Lee, M.L., et al., Dimethyl and Minomethyl Sulfate: 
Fly Ash and Airbomze Particulate Matter, Science 207:186-188 (1980). 

Rmiewof the 

Presence in Coat 

Griffin, R.A., et al., Sohbi l i ty  and Todci ty  o f  Potential Po~lutants 
&2 Sotid Coal Wastes, prepared for the Symposium on Environmental Aspects 
of Fuel Conversion Technology, 111, Hollywood, Fla. (September 1977). 

U.S. Environmental Protection Agency, Bwironmentat Assessment: 
Test and Goatuation Report-Weltman-Gatusha (Glen Gary) Low-Btu Gasifica- 
t w n ,  EPA 60017-79-185 (August 1979). 

Sburce 

Wilkes, D.J., Bioenvironmental Effects, i n  Environmental, Eealth, and 
Control Aspects of Coal Conversion: An Informatwn Overview, Vol. 2, 
H.M. Bruanstein, E.D. Copenhaver, and H.A. Pfuderer, eds., Oak Ridge 
National Laboratory Report ORNL/EIS-95 (April 1977). 

Sh iner , D. S . , et a1 . , Physicat, Chemical, and Ecotog5cal Character-katwn 
of Solid Wastes from a Lurgi Gasification Facility, Symposium on 
Potential Health and Environmental Effects of Synthetic Fossil Fuel 
Technologies (September 1978). 

Henschel, D.B., AsseSm~ent of Fluidized-Bed Combustwn Residue, U.S. 
Environmental Protection Agency, Research Triangle Park, N.C. 
(October 1979). 

Keairns D.L., et a1 . Ptuid5zed-Bed Combustwn Process Evaluatwn: 
Phase II - Pressurized Fluidized-Bed Coal Combustion Development, 
Westinghouse Research and Development Center, for the U.S. Environmental 
Protection Agency, EPA-650/2-75-027~ (September 1975). 

Sun, C.C., et al., lWhnmenta1 Impact o f  the Disposal of Processed 
and lhrprocessed FBC Bed Material and Carry Over, Proceedings of the 
Fifth International Conference on Fluidized-Bed Combustion, Washington, 
D.C. (December 12-14, 1977). 

Sun, C.C., et al., Disposal of Solid Residue From Fluidized-Bed 
Combustion: 
and Development Center, for the U.S. Environmental Protection Agency, 
EPA-60017-78-049 (March 1978). 

E"ngineedng a d .  I;abOrpatOPy Studies, West inghouse Research 

Murthy, K.S., et al., Msswns Prom Pressurized Fluidized-Bed Combus- 
t w n  bocesses, Environ. Science and Technology, 13(2) (February 1979). 



131. 

132. 

133. 

134. 

135. 

136. 

137. 

138. 

139. 

140. 

141. 

142. 

143. 

144. 

158 

U.S. Environmental Protection Agency, Applicability of  Coke Plant 
Control Technologies to Coat Comerswn, EPA-600/7-79-184 (August 1979). 

Brusick, D.J:, In Vitro Mutagenesis A66ay6 as Predictors of Chemical 
Carcinogeneszs i n  M a m m a h 3 ,  Clinical Toxicology, 10 (1977). 

Hopkins, H.T., et al., SRC Site-Specific Pollutant Evatuatwn, Inter- 
agency Energy and Environment Report EPA-600/7-78-223 (July 1978). 

Weaver, N.K., and R.L. Gibson, f i e  U.S. Oil Shale Industry: A Health 
Perspective, presented at American Industrial Hygiene Conference, Los 
Angeles, Calif. (May 1978). 

Barkley, W., et al., f i e  Toaxhology and Carcinogenic Imestigatwn'of 
Shale O i l  and Shale O i l  Products, In: 
and Environmental Effects of Synthetic Fossil Fuel Technologies 
(September 1978). 

Symposium on Potential Health 

Epler, J.L., T.K. Rao, and M.R. Gverin, &)aluatwn of Feasibility of  
Mutagenic Testing of Shate O i l  Products a?d Effluents, Environ. Health 
Perspective, 30 (June 1979). 

Coomes, R.M., f i e  Health Effects of  O i l  Shale P~ocessing, 9th Oil Shale 
Symposium, Colorado School of Mines, Golden, Colo. (April 29-30, 1976). 

Berenblum, I., and R. Schoental, Carcinogenic Constituents of Coal Tar, 
Br. J. Exper. Path., 24 (1943). 

Hueper, W.C., and H.J. Cahnmann, Carcinogenic Bioassay of Benzo (a)  
@rev-Free Fractwns of American Shale Oils, Arch. Path., 65 (1958). 

Bogovsky, P., On the Carcinogenic Effect of Some 3, 4 - Benzo Pyrene- 
Free and 3, 4 - Benzo Pyrene Containing Fractwns of Estonian Shale- 
Oil, Acta Unio. Int. Contra. Cancrum, 18 (1962). 

Aerospace Corp., Controtting SO2 Emisswns from Coal-Fired Steam- 
nec t r i c  Generators: Solid Waste Impact, Vols. I & 11, prepared for 
U.S. Environmental Protection Agency, Washington, D.C., EPA-600/7-78- 
044a and b (1978). 

Le, T., P.M. Meier, and H. Tostoker, lVatw?aal Coat Utit izatwn Assess- 
ment, The Solid Waste Impacts of Increased Coal Util izatwn, Brookhaven 
National Laboratory Report BNL 24786 (1978). 

TRW, Inc., EnvimnmentaZ Assessment Data Base for High-Btu Gasificatwn 
Technology: 
Protection Agency, Washington, D.C., EPA-60017-78-186a-c (1978). 

Volumes I-111, prepared for the U.S. Environmental 

U.S. Environmental Protect ion Agency, Draft Background Document; Sectwn 
250.45-2: 
D.C. (December 1978). 

Standurds for LandfiZZs, Office of Solid Waste, Washington, 

c 

3 

w 



159 

d 

b 

I 

L 

i 

145. Brunner, D.R., and D.J. Keller, SanitUry l;andfitz Design and Operation, 
U,S. Environmental Protection Agency, Washington, D.C., Report Sw-65ts 
(1972). 

Korte, N.E., et al., Trace Element Movement'dn Bih3: 
Phys&zat and Chem&?aZ Ppoperties, Soil Science, 122(6):350-359 (1976). 

Ellis, B.G., and B.D. Knexik, Adsorptwn Reactwns of M<cPonutrients i n  
&il6, Micronutrients in Agriculture, J.J. Mortydt, et al., eds., 
Chapter 4, pp. 59-78, Soil. SOC. of America, Inc., Madison, Wisc, (1972). 

, I  

146. Influence of Soi l  

147. 

148. Milbert, R.P., D.L. Brower, and J.V. Lagerwerff, & c m e  Adsorption of 
Trace @antities of Cadmium i n  Bits Treated d t h  Calcium and Sodium: 
A Reappaisat, Soil Sci. of America, J. 42:892-894 (1978). 

149, U.S. Environmental Protection Agency, Landfizz l%sposat Of Sotid Wastes: 
proposed Guidelines, Federal Register 44 No. 59, 18138-18148 (March 26, 
1979). 

150, Comptroller General of the U.S., Rot, to Dispose of Haaadous Waste - A 
Serious Questbn That Need? to be Resolved, General Accounting Office, 
Washington, D.C. , Report ED-79-13 (December 19, 1978). 

Barrier, J.W., et al., Economics of PGD Disposat, paper presented at 
Flue Gas Desulfurization Symposium, Fla. (November 1977). 

Taub, S.I., f i e  Pa2 - 0 - Tec Process fo r  Coal Waste Stahitizatwn, 
paper presented at AIChE Annual Meeting, N.Y. (November 1977). 

151. 

152. 

153. Ralph Stone and Co., Inc., hwironmentat Assessment of so l id  Residues 
from Fluidized-Bed Atel Processing, prepared for U .S. Environmental 
Protection Agency, Washington, D.C. , EPA-600/7-78-107 (1978). 

154. U.S. Department of Energy, &ViPOmentat Controt C06t8 for  Oil Shale 
fiocesses, Washington, D.C., DOE/EV-0055 (1979). 

U.S. Department of the Interior, Ash Utizizatwn, Preceedings of the 
Third International Ash Utilization Symposium, 1C-8640 (1974). 

Price, J,D,, et al., Potentiat for hzergy Consematwn Through the Use 
of Slag and n&f Ash i n  COncPete, Gordian Associates Inc., Washington, 

Pullman Kellogg Co,, Coat Comepswn Contro?! Technology Vobtwne I1 
(;izseous Emissions; Sotid Wastes, prepared for U.S. ,Environmental Protec- 
tion Agency, Washington, D.C., EPA-600/7-79-228b (1979). 

U.S. Department of the Interior, MZnemZs Yearbook 1976, Government 
Printing Office (1976). 

155. 

156. 

D.C. , SAN-1699-TI (1978). 
157. 

158. 




