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% PUBLIC HEALTH ASSESSMENT

A)

4.1 INTRODUCTION | v

' Process%“;nﬂ discharge streams from a ILurgi/Fischer-Tropsch
facility contain constit@ents which are kaown or suspected of being
hazardaus to human health. These streams also contain constituents for
which health effects are unknown. [ =

Development and deployment of in&;rect liquefaction technology in
an environmentally acceptable manner requires that the risks to public

health be assessed and reduced to acceptable levels.

This chapter summarizes the assessment of hazards “to public
health posed by streams which would be discharged by the conceptual
reference facility under steady-state operating conditions. Non-steady-
state conditions (e.g., spills, explosions, fires) or leaks fiom
internal grocess streams are not discussed.

Aléhough a sophisticated, quantitative analysis -is desirable, it
was not feasible due to insufficient data regarding the types and
concentrations of pollutants produced by the processes, and uncertainty
regarding the biological effects -and potential interactions of the
pollutants. Instead, the public health assessment 'is based upon the
calculation of body burdens resulting from exposures to selected process
streams constituents, and gomparisons of estimated, post—dilution,
pollutant concentrations .to acceptable or reccmmended human exposure
levels such as Nationmal Ambient Air Quality Standards (NAAQS), Safe
Drinking Water Act Standards (SDWAS), and Estimated Permissible
Concentrat;Zns for Health (EPCy).

For a full discussion of the human health assessment the reader
is refered to Volume IV of this report. . Many assumptious, caveats, and
data used in the analysis are presented in that volume and will not be

repeated in this chapter.
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4.2 METHODOLOGY

Assessment of risks to public health was accomplished using a
tiered methodology, illustrated in Figure 4-1. As shown im the Figure,
the first step was the identification of faci{l_it.:y streams which may be
relgésed to the environment. Evaluation of¥ the conceptual facility
indicated twenty streams likely to have envirommental re_leéses during
normal facility operation (Table 4-1). The chemical comstituents of
these streams then were identified, based on the results of the stream
characterizaton study (described in more detail in Volume IiI). These
chemical constituents are listed in Table 4-2. The chemical
constituents were then separated into several categories dgpending upoTtL
the state—of-knowledge regarding their Itoxici'ty and , stream
concentrations. Categorization of the stream constituents facilitated
thé assessment by allowing the application of quantitative methods when
sufficient quantitative data were available and qualitative methods wt;en
they were not. The categories also provided an indication of the levels
of uncertainty associated with the conclusions wegarding the ' various

stream. constituents.

Categorization’ of stream‘constituents based on the availability
of toxicity and stream concentration data was accomplished in two
steps. First the constituents were separated inio three categories,
based on toxicological information:

e constituents known.or suspected to be toxic
e constituents of unknown toxicity

® constituents khown to be non—toxic

In the second step, constituents that were known or suspected to

\
be toxic were divided into three categoriec, based on the source and
availability of stream concentration data: ’

e Category A - constituents which have been characterized in
streams of commercial-scale Lurgi/Fischer-Iropsch plants
identical to tie conceptual reference facility presented in
Chapter 2. Such empirical data would be an ideal data base for
the assessment. Unfortunately this category is empty because
no commercial-scale plants identical to the reference facility
exist (see Table 4-3}.
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TABLE 4-1"

PLANT STREAMS WITH A HIGH PROBABILITY OF RELEASE TO THE ENVIRONMENT

Gaseous . ) ‘Process Stream Number*
Bag House Vent Gas ' - ) 26 ‘
Utility Stack Gas . - 23%%
Cooling .Tower Atmospheric Losses . 29%%
Deaeration Emissions - 30
Ash Handling Emissions ‘ ' .35
Fischer-Tropsch Purge Gas, Waste Streams . < 65,67
Lockhopper Vent Gas . 72x%
Evaporative Losses From Product 73,74,75,76,77
‘ and Byproduct Streams
¥ Liquid

. Reverse Osmosis Waste Solution 53%%
Utilicy and Gasified Ash Leachate 69%*
Biosludge Leachate : 71
Combined Utility, Gasifier Ash . 36
Spent Fischer-Tropsch Catalyst 63
Biosludge . * 70
Speut Shift Catalyst - . 79

L
* Process stream numbefs:pefer to the block figure diagram for the
conceptual plant (Figure 2-1).
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TABLE

4-2

CONSTITUENTS OF PROCESS STREAMS LIKELY TO BE RELEASED TO THE ENVIRONMENT

Aljphaties/Alicyclics/
Fatty Acids { Source Streams Sulfur Heterocyclics Source

Streams ]
Acetic Acid 29,72,53 Methylthiophene 72
Propanoic Acid 29,72,53 Thiophene 72,75
Butanoic Acid 29,72,53 Benzothiophene 75
2~Methylpropancic Acid 29,72,53 '
Pentanoic Acid 29,72,53 Nitrogen Heterocyclics
3~Methylbutanoie Acid  29,72,53 Acridine ‘72
Hexanoic Acid 29,72,53 2,4-bimethylpyridine 29,53
Ethane 72 2,5~Dimethylpyridine 29,53
Cy-Cq Aliphatics 72 2-Methylpyridine 29,53
Ethanol 74 3=-Methylpyridine 29,53
Cqt+ Alcohols 74 4-Methylpyridine 29,53
Methane 72 Pyridine 29,53

: Quinoline 29,53,72
Benzene & Substit. Benzenes
Benzene 75,72 Oxygen Heterocyclics
Biphenyl 29,72 }
Ethylbenzene 29,53,72 Benzofuran 72
Indan 29,72 Dibenzofuran 29,53,72,76
Toluene 29,53,75,72
Xylenes 72,75
0—Xylene 29,53

Nitrosamines
Monohydric Phenols Nitrosamine 72
Cresols 76,75,77,72
Phenol 29,53,72,75,76,
77 .
Alkyl Phenols 75 Polynuclear Aromatic
2-Methylphenol 29,53,72 Hydrocarbons
3-Methylphenol " 29,53
Trimethylphenol 72 Acenaphthylene 29,53,7u
O-Isopropylphenol 72 Anthracene 29,70,72,76
Xylenols 77 72 Benz(a)anthracene 29,70
2,4~Xylenol 29,53 Benzo(g,h,i)perylene 29,70
Benzo(a)pyrene 29,70

Dihyrdic Phenols , ) Benzo(e)pyrene 29,70
Catechol 29,53,77 Chrysene 29,70,72
Methylcatechol 77 Fluoranthene 29,70,72,76
-4=Methylcatechol 29,53 FluoTene 29,70,72,76
3,6-Dimethylcatechol 29 Indene 72
Resorcinol 29,53,77 Naphthalene 29,70,72,75,76
Mathylresorcinol 77 Perylene 29,72
5-Methylresorcinol 29,53 Phenanthrene 29,70,72,76
4~Methylresorcinol 29,53 Pyrene 29,70,76,72
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TABLE 4-2 (Concluded)

Aromatic Amines Source Streams Trace Elements Source Streams

Aniline 29,53,72 Aluminum 59
* Methylaniline 72 Arsenic 72,28,29,53,36,
Dimethylaniline 72 69,70,72
Barium 28,72,36
% Gases Beryllium 72,28,29,53,36,70
) Boron 28,72,29,36,53
S0, as 50, 28 Cadmium 28,29,36,53,69,70,72
NO, as NO 28 Carbon 79
Carbon Momoxide 72 Chromium 28,36,72
Carbon Dioxide 28,72 Cobalt 28,36,72,79
Nickel Carbonyl 72 Copper 69,36,72
Hydrogen Cyanide 72 Fluorine 29,36,53,28
Carbonyl Sulfide 72 Iron 69,72
Ammonia 72 Lead 72,28,29,53,36 .
Hydrogen Sulfide 72 69,70,79
Particulates 28 Manganese 28,72,36,53,69
Ny + Inerts 24,72 Mercury 72,28,29,53,36,
0o 28 69,70,79
Hy0 28,36,72 ‘Molybdenum 70
Ho 28,72 Nickel 28,72,29,53,36,69
Selenium 28,72,36,69,79
Mercaptans
Methanethiol 29,53,72 Silver 72,36
Ethanethiol 72 Sulfur 36,79
.Zinc 36,69,28,72
Tin 28,72,36
Uranium 28,72,36
Vanadium 28,36,72,29,53
TABLE 4-3

1

CATEGORY A: TOXIC STREAM CONSTITUENTS WHICH HAVE BEEN
QUANTIFIED IN STREAMS FROM A COMMERCIAL, SCALE
LURGI/FISCHER-TROPSCH FACILITY IDENTICAL TO
THE CONCEPTUAL PLANT

Unavailable. Empirical characterization data are not available for
«ffluents form a Lurgi/Fischer-Tropsch Plant using the coal and
environmental control specified in the conceptual facility.




® Category B -~ constituents for which stream concentrations have
been estimated, based on data from bench or pilot-scale
facilities, Lurgl gasifiers, or non-U.S. Lurgi/Fischer~Tropsch
facilities (see Table 4-4).

e Category C - constituents identified as toxic and probably
. present in the streams, but for which stream concentrations are
not available (see Table 4-5).

e {(ategory D - coustituents identified as probably present in the
process stream, but for which neither toxicity information nor
concentrations were availabie (see Table 4—6).

Stream constituents which were known to be non~toxic (from a
human health perspective) were assumed to pose insignificant risks to
public health and were not comsidered further in the assessment. (See
Table 4&4-7).

Constituents in Categdry “B" were the onl§ constituents for which
toxicologic 'data and estimated stream concentration data were
availabie. Efforts to assess quantitatively public health risks
therefore were concentrated on this category of constituents. 4s shown
earlier in Figure 4-1, risks posed by Category "B" constituents were

evaluated by two separate methods:

1) Pollutant concentrations (post-dilution) due to the discharge
of plant streams, were estimated using dilution facters from the Sources
Analysis Model I (SAM/I) being developed for the U.S. Environmentgl
Protection Agency.221 The SAM/I model uses approximate dispersion
models to account for the dilution of a discharge concentration to an
ambient concentration. Application of the model to  atmospheric
emissions yields maximum ground level concentrations. Application of
the model to aqueous discharges to surface water bodies or land yields
maximum ambient concentrations in surface water bodies or groundwater,

respectively.




CATEGORY B:
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TABLE 4-4

TOXIC STREAM GONSTITUENTS ESTIMATED IN
LURGI/FISCHER-TROPSCH WASTE STREAMS.

SOURCE SOUKCE
SUBSTANCE STREAMS SUBSTANCE e c’I‘REAMS
Benzene, Sub. Benzenes Oxygen Heterocyclics
Ethylbenzene 29,53 Dibenzofuran 29,53
Biphenyl 29,53
Toluene 29,53
0-Xylene 29,53 Mercaptans
Ethanethiol 72
Monohydric Phenols ) Methanethiol - 29,53
Phenol 72,29,53 . ‘
2~Methylphenol 29,53 Aromatic Amines .
3-Methylphenol 29,53 Aniline % - 29,53,72
4~Methylphenol 29,53 Methylaniline 72
2, 4-Xylenol 29,53 Dimethylaniline 72
2,5-Xylenol 29,53
.n  Nitrosamines
Dihydric Phenols ) Nitrosamine 72
Catechol 29,53
4-Methylcatechol 29
3,6-Dimethylcatechol 29,53 Trace Elements -28,36,72
Resorcinol 29,53 Arsenic 28\‘.,‘@9,53,36,69,70,79
5-Methylresorcinol 29,53 Beryllium 28;29,36,53,70
4Methylresorcinol 29,53 "Cadmium 28,29,36,53,69,70
- Cobalt 79
Polynuclear Aromatic Hydrocarbons Fluorine 29,36,53 .
Acenaphthylene 29,53,70 Lead 28,29,36,53,69,70,79
Anthracene 29,53,70 Mercury 28,29,36,53,69,70,75° 1. .-
Benz(a)anthracene 29,53,70 Nickel 29,36,53,69
Benz(g,h,i)perylene 29,53,70 Selenium 69,79
Benzo(a)pyrene 29,53,70 Vanadium 29,53
Benzo(e)pyrene 29,53,70 Molybdenum 79
Chrysene 29,53,70 Sulfur 36,79
Fluoranthene 29,53,70 Zinc 36,69
Fluorene 29,53,70
Naphthalene 29,53,70 Gases
Phenanthrene 29,53,70 'S0, 28
Xylene 29,53,70 No, 28 .
“Carbon Monoxide 28,72
Nickel Carbonvl 72
Sulfur Heterocyclics ’ Hydrogen Cyanide 72
Thiophene 72 Carbonyl Sulfide 72
Ammonia 29,72
Nitrogen Heterocyclius Hydrogen Sulfide 72
2,4-Dinethylpyridine 29,53
2,5-Dimethylpyridine 29,53
2-Methylpyridine 29,53
3-Methylpyridine 29,53
4-Methylpyridine 29,53
Pyridine 29,53




CATEGORY C:

TABLE 4-5

TOXIC STREAM CONSTITUENIS FOR WHIGH
CONCENTRATIONS ARE NEITHER KNOWN NOR ESTIMATED

Substance

Cq+ Alcohols
Benzene
Ethylbenzene*
Toluene®
Xylene*
Cresols™
Phenol™

Alkyl Phenols*
2-Methylphenol
Trimethylphenol
| 0-Isopropylphenol
Xylenols*
Catechol®
Metolcatechol*
Resorcinol™
Mathylresorcinol*
Aﬁthracene*
Fluqranthene*
Fluorene™
Naphthalene*
Phenanthrene®

Pyrene*

Source
Streams Substance
60 Dibenzofuran”
72,75 Barium
72 . Cobalt
72,75 Chromium
72,75 Fluorine®
72,75,76,77  Nickel®
72,75,76,77  Selenium®
72,75 Vanadium®
72 Zine
72 Uranium

72 ~ Silver
22,77 Acridine
77 Biphenyl*
77 Chrysene*
77 Indene
77 Benzofuran
76 Arsenic”
76,72 Beryllium®
76,72 Gadmium®
75,76,72 Lead”
76,72 Mercury*
76,72

Source

Streams

76,72
28,36,72
28,36,72
28,36,72
28,72
28,72
28,36,72
28,36,72

- 28,72

28,36,72
36,72
72

72

72

72

72

72

72

72

72
72

* ,
Also found in quantified waste streams.
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TABLE" 4-6
CATEGORY D: STREAM CONSTITUgNTS OF UNKNOWN TOXICITY
. Source
Substance Stream
Perylene
MethyXfhiophene
W,

Benzothiophene

N

TABLE 4~7

NON-TOXIC* SUBSTANCES IDENTIFIED IN SELECTED

LURGI/FISCHERrTROPSCR PROCESS WATER STREAMS

Substances Effluent Stream (s)
Propanoic Acid 28,53,72 9
Butanoic Acid 29,53,72
2-Methylpropanoic Acid 29,53,72
3~-Methylbutanoic Acid 29,53,72

Ethane i) 72

Methane 72

Cy—Cg Aliphatics 72

Boron 28,29,36,53,72
Manganese 28,36,53,69,72
Copper 36,69,72 .

Iron 69,72

Aluminum 69

Tin 28,36,72 :
Carbon Dioxide 28,72

No-Hinerts 28,72

0y 28

Hy 28,72

Hy0 28,36,72

Ethanol 60

#Relative to human health.
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The estimated post—dilution concentrations then were compared
with acceptable human exposure levels, including Primary RNational
Ambient A:u Quality Standards, Drinking Water Standards, and Estimated
Permissible Concentrations for human health.39:37 Assumptions used in

estimating dilution factors are presented in Table 4-8. .

2) Post-gii‘}lution pollutant concentrations estimated usihg the
5aM/I1 medel also.were used to project body burdens for selected stream
constituents; the projected body burdens then were compared with hody
burdens from a coal-fired power plant, background concentration in air
and water, and dietary intake.

Hazards posed by toxic stream constituents‘ for which stream
concentrations were unavailable (Category "“C"), were assessed
qualitatively, i.e., the potential . impacts of exposure were
identified. It was not possible to assess haéards posed by coqstituents
for which neither toxicity nor concentration estimates were available
(Category "D"). However, because these latter constituents may pose
significant hazards to public health, research required to define and
mitigate their risks was identified. The results of the assessments

were integrated to identify .and rank process waste streams and their

constituents.

Finally, constituents of concern ~“were ranked by degree of
concern. The two most "'important: criteria used in evaluating the degree
of concern were 1) uncertainty -egarding toxicologic and concentratioii
data, and 2) the magnitude of tne ratios of projected, post—dilution,
pollutan concentrations to acceptable exposure levels. Three degrees
of concern were specified for the classification:

e Probable Hazard - the highest level of concern, assigned to
constituents which had a Post—dilution Concentration/Acceptable
Exposure Level ratio greater than 10 and a woderate to high

level of uncertainty regarding toxicologic or concentratiom
data.
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e Possible Hazard — the intermediate level of concern, assigned to

those constituents which had a Post—-dilution

: Concentration/Acceptable Exposure Level ratio of 0.1 to 10.0, or
a very high level of uncertainty regarding stream concentration
or toxicologic data (e.g., category "D" constituents).

e Unlikely Hazard - the lowest level of concern, assigned to those
constituents which had a Post—dilution Concentration/Acceptable
Exposure Level of < 0.1 and a modest to high level of
uncertainty regarding toxicologic or stream.concentration data.

N

_4.3. -RESDLTS e | o

b

4.3.1 Comparison ¢f Projected Pest—dilution Concentrations with
Acceptable Exposure Levels ~

Concentrations of toxic constituents have been estimated for five
plant streams: utility stack gas (Stream 28); cooling tower atmospheTic
losses (Stream 29), coai lockhopper vent gas (Stream 72), reverse
osmosis waste solution (Stream 53), and ash leachate (Stream 69). The
estimated, post—~dilution, ambient environmental concentrations of the
potentially hazardous constituents, and the raEio of these
concentrations to acceptable exposure levels (lncludlng Primary Natlonal
Ambient Air ‘Quality Standards, Drinking Water Standards, and Estimated
Permissible Concentrations for Health) are described separately for each

=y ~

waste stream. i

o L
s

Utility Stack Gas (Stream 28) — Chemical characterization of Stream

28 is limited. Estimates of pollutant concentrations are available only
for S0, NO#‘ and five trace  elements. Estimated post—dilution
concentrations of the pollutants and comparis&ns with Estimated
Permissible Concentrations aqd Primary National Post-dilution Air
Quality Standards are presented in Table 4-9. Inspection of the Ambient
Conqentration/Accepnable Exposure Level ratiés indicates that nome of °
the constituents fall into the Probable Hazards Category, but four are

projected to be Possible Hazards: érsenic, mercury, S50, and NO,.

X
Arsenic and mercury approach, but do not exceed the relevant EPCpy;
Primary National Ambient Air Quality Standards have not been promulgated

for either metal. Estimated ambient concentrations for 50, and NOx

DO



TABLE 4-9: UTILITY STACK-GAS POLLUTANTS (STREAM 28): COMPARISON
OF PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH
PUBLIC HEALTH BENCHMARKS. z

102

P A B A/B c AlC
4 Estimatcd l"'l’cl‘.“a Primary?
pilegion | (E/w) (e
(ug/m)
TRACE ELEMENTS
Aluminum
Arsenic - 5,8E-4 5.0E-3 1.2E-}
Beryllism™ 6.18~4 | 1.0E-2 | 6.1E-2
Boron 7.4
Cadmium 5.1E-4 1.2E-1 4.3E-3
Copper
Fluorine
Ilron
Lead 6.0E~-3 3.6E-1 1.7E-2 1.5 4,0E-3
Manganese
Mercury 3.9E-2 1.0E-1 3.9E~1
Nickel 2.4E-1
Selenium 5.0E-1
Vanadium 1.2
Zinc
TOTAL TRACE ELEMENTS
ALTPHATICS, ALICYCLICS
AND_FATTY ACIDS
Acetic Acid 6. OF31
Butanoic Acid 1.0+
Hexanoic Acid ’
3-Methvlbutanoic Acid
2~Methylpronancic Acid
Pentanaic Acid 4. 1E+1
Propancic Acid
" TOTAL FATTY ACIDS
BENZENES & SUBSTITUTED .
BENZENES
Biphenyl 2.4
Ethylbenzene 1.08+3
Indan 4,0F+2
Toluene 8.9E+2
1,2,4-Trimethylbenzene
o-Xylene 1.0E+3
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TABLE 4-9 (Continued)

W

A B A/B c Alc
Eatimaced EPc:H Prlmaryb
Post~ NAAOQS
Dilucion | (#8/m3) (ng/m3)
(pg/m3) .
NITROGEN HETEROCYCLXCS
2, I;-D inechylpyridine 3.2E+1L
2,5-Dimethylpyridine 3.2E+1
2-Methylpyridine 6.4E+1
3-Methylpyridine 6.4E+1L
4-Methylpyridine 6.4E+L
Pyridine 3.6E+L
Quinoline 2, 8E+L
OXYGEN HETEROCYCLICS
Benzofuran
Dibenzafuran
MERCAPTANS . '
1 Methanethiol 2.4
TOTAL MERCAPTANS
AROMATIC AMINES
Aniline 4.5
TOTAL AROMATIC AMINES
NITROSAMINES
MISCELLANEQUS .
Ammonia 4.3E+)
Carbonyl Sulfide 8.0E+2~
Hydrogen Cvanide 2.6EHL
§ Hvdropen Sulfide 3.6E+1
Nickel Carbonyl 1.0E-1 )
NO, 1.3E+2 ' 10842 | 1.3
Particulates 2.0 75 2.7E-2
50, 7.0E+2 8.0E+1 | 8.8

Tars, 0ils, Naphtha
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TABLE 4-9 (Continued)

A B A/B c - A/C
Estimated EPC?\H Primary
Post~ NAAQS
Dilucion (ng/m3) (pg/m3)
(ug/m3)
PHENOLS
Catechol 4.8E+1
3,6-Dimethylcatechol
3-Methylcatechol
4-Methyleatechol
2-Methylphenol 5.2E+1
3-Methylphenol 2.8+
4~Methylphenol 2.4E+]
4-Methylresorcinol
S-Methylresorcincl
Phenol 4.5E+]
Resorcinol L.1E42
2,4-Xylencl 2.4E+1
3,5-¥ylenol 2.4E41
TOTAL PHENOLS
BOLYNUCLEAR' AROMATIC
HYDROCARBONS
Acenaphthalene
Anthracene
Benz(a)anthracene 8.1E~1
Benzo(g,h,i)perylene
Benzo(a)pyrene 4.0
" _Benzo(e)pyrene #
Chrysene 1.. 65E+2
Fluoranthene .
Fluorene
Naphthalene “L.2E+2
Perylene
Phenanthrene 5.7E+1
|__Pyrene
TOTAL_PAH's
SULFUR _HETEROCYCLICS
Methylthiophene 4.1E41
Thiophene g.o0

TOTAL THIOPHENES

Vo




105
TABLE 4-9 (Concluded)

"W

(8]




exceed relevant Primary National Ambient Air Quality Standards, but it
must be noted that the projected post-dilution concentrations represent
maximum ground-level concentrations, not amblent concentrations for an

airshed.

Atmospheric ILosses from the Cooling Tower (Stream 29) -

Characterlzat:.on data £for cooling .tower atmospheric losses are very
limitred. Pos t-d:Llut:Lon concentrations have ;been estlmated under the
assumption that the cooling water is co.nposed of treated “process
effluents, boiler blowdown and make—up water. Losses are assumed to ke
evaporative; no modeling of drift or"estimates of pollutant partitioning
beﬁween drift and _evaporative phases has been attempted.' Projected
post-dilution concentrations and comparisons with acceptable exposure
levels are presented in Table 4~10.

InSpoctlon of the results indicates that none of the constituents
of Stream 29 a.t:e Probable Hazards, but two, constituents, arsenic and

ammonia, exceed their relevant EPCpy and are classified as Possible
Hazards.

Reverse Osmosis Waste Solution (Stream 53) - Stream 53 is the

largest aqueous waste stream and contains organics and trace elements.
Characterizations of organics and trace elements have been estimated
using available data. ©Post—dilution environmental concentrations and
con:—nparisons with Estimated Permissible Concentration in water for the
protection of human health (EPCWH) and Drinking Water Standards are
presented in Table 4-11.

The results indicate that trace elements, phenols and mercaptans
each contain at least ‘one constituwent that is classified as a Probable
Hazard. Five groups .(trace elements, aliphatics and far.}:y acids,
benzene and substituted benzenes, phenels, and polynuclear aromatic
hydrocarbons) have at Jleast one coanstituent member in the Possible
Hazard Category.

Estimates of stream concentrations and acceptable exposure levels

are available for eight trace elements. All of the eight elements are
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TABLE 4-10: COOLING TOWER EVAPORATIVE.LOSSES (STREAM 29):
COMPARISON OF PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS
WITH PUBLIC HEALTH BENCHMARKS.

. L A B AfB c Al
i Estimated EPC AR & Primary
Post— . . NAAQS
c pilution (ur/n3) (r/m3)
(ur/m3)
TRACE_ELEMENTS
Aluminum
Arsenic 1.3E-2 5.0E~-3 2.6
Beryllium 6.5E-3 8.0-E~1 8.1E-3
Boron . 4.3E-2 7.4 5.8E=3
Cadmium 7.5E-3 1.2E-1 5.3E~2
Copper
Fluorine 3.1E-1
Irom
Lead 1.5E-2 3.6E-1 §,2E~-2 1.5 1.0E~2
Manpganese
Mercury 1.1E-3 1.0E-1 1,1E-2
RNickel 4.0E-3 2,4E-1 1.7e-3
Selenium 5.0E-1
Vanadiun 1.1E-4 1.2 8.3E-5
Zing N !
TOTAL TRACE ELEMENTS
ALTPHATICS, ALICYCLICS
AND FATTY ACIDS
Acetic Acid 1.6 6.0E+] 2, 7E=2
Butanoic Acid 9.1E-2
Hexanoic Acid 6.9E-3 1.0E41 6, 6E-~4
3~Methylbatanoic Acid 6.9E-3
2-Methylpropanoic Acid | 1.4E-2
Pentanoic Acid 8. 4E~2 4.1E+] 2.1E=3
Propanoic Acid 1.7E=1
TOTAL FATTY ACIDS
BENZENES & SUBSTITUTED '
BENZENES
Biphenyl 7.6E-4 2.4 3.2E-4
Ethylbeniene | 2.1E-1 1.0E+3 2.0E-4
Indan . 9.9E-3 45,0042 | 2.4E-5
Toluene 6.9E-1 8.95+2 7. 8E-4
1,2,4-Trimethylbenzene
o~Xylene . 2.4E-1 1.0E+3 2.0E=4
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TABLE 4-10 (Continued)

A B A/B c Alc
Esg ;imnfed EPC Al Primary
biintion (ug/md) '('32‘}:3)
(ug/nd)
PHEROLS
Catechol 7.2E-1 4.BE+1 1.56-2
3, 6-Dimethylcatechol 5.9E-1
3-Methylcatechol 0.0
4~Methylcatechol 5.1E-1
2-Methylphenol 5.9E~3 5.2E+1 2.5E-4
3-Methylphenol 3.6E~3 2.4E+] 1.5E-4
4-Methvlphenol 4.9E-3 2.4E+1 2.0E~4
4-Methylresorcinol * 4 7E-2
S5=Methylresorcinol B.4E~2
Phenol 2.1E-2 4.5E+1 4, 7E~4
Resorcinol 2.4E-1 1.1E+2 2.2E-3
2,4~Xylenol 5.0E-3 2.4E+1 2.1E~4
3,5-Xylenol 5.0E-3 2.4E+L 2.98-4
TOTAL_PHENOLS
BOLYNUCLEAR AROMATIC
HYDROCARBONS
Acenaphthalene 1.5E-4
Anthracenes ) 3.7E-6
Benz{a)anthracene 3.7E-6 8.1E-1 4.6E-6
Benzo(g,h,1) perylene 1.4E-2
Benzo(a)pyrene 1.5E-6 4.0 3.7E-7
Benzo(e)pyrene 1.5E-6 2.0
Chrysene 7.5E-7
Fluoranthene 7.4E=5 1.6E+2 4 .6E~7
Fluorene 7.4E-5
Naphthalene 3.6E-3 1.2E+2 3.0E~5
Perylene 1.5E-7
Phenanthrene 3.7E-5 5.JE+1 6.5E~7
Pyrene 7.4E-5
TOTAL PAl's
SULFUR HETEROCYCLICS
Methyl thiophene 4. 1E+7
Thiophene 8.0
TOTAL _THIOPHENES

1
¥
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TABLE 4-10 , (Continued)

A b A/B C Alc
Estimated EPCMK ’ Primary
Postc~ NAAQS
Dilution | &/ (ug/m3)
(ug/m3)
[ NITROGEN HEIEROCYCLICS
2, 4~Dimethylpyridine 1.1E-4 3.2E+1L 3.4E-6
2,5-Dimethylpyridine 1.1E-4 3.2E41 3.4E~6
2-Methylpyridine 8.4E-3 6. 4E+1 1.3E-4
3-Methylpyridine 2.0E-3 6.4E+L 4.7E-5
4-Methylpyridine 6.9E-4 6. GEFL 1.1E-5
“Pyridine 1.68-3 | 3.6B8) | 3.0B-5
Quinoline 1.1E-3 2.8E+1 3.9E-5
OXYGEN HETEROCYCLICS
Benzofuran
Dibenzoluran 1,0E-3
MERCAPTANS
Methanethiol 8.4E=2 2.4 3.5E-2
TOTAL MERCAPTANS
AROMATIC AMINES
Aniline 1.0E-3 4. SEHL 2.2§=2
TOTAL_ARCHATIC AMINES
MISCELLANEOUS
Ammonisa 2,0E+1 4,36+ 4. TE-1
Carbonvl Sulfide 8.0E+2
Hvdrogen Cyanide 2.6E+]
Hydrogen Sulfide 3.6E+1
Nickel Carbonyl 1.0F-1
o, 1.0F+2
Particulates
S0 8.0F+],

Tars, Oils, Naphtha
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TABLE 4-10 (Concluded)

aEstimated Permissible Concentration in Air for Protection of Human Health34—37

bPrimary National Ambient Air Quality Standards80
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TABLE 4-11: REVERSE OSMOSIS WASTE (STREAM 53): COMPARISON OF
PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS OF METALS
AND ORGANICS WITH PUBLIC HEALTH BENCHMARKS.

A B A/B c alc
ab
Estimated | EPG, 2 Drinking
Diieion |- (mef1) soser
andards
(ng/1) (mg/1)
TIRACE ELEMENTS
Aluminpum 7.3E-2
Arsenic B.9E-2 5.06-2 | 3.8
Beryllium 4.6E-~2 4.0E-3 1.2E+1
Boron 3.1E-1 4.3E-2 7.2
Cadmium 5.3E-3 1.06-2 | 5.38-1
Copper 1.0 ot
Fluorine 3.3 mesmal
Iron )
Lead 1,7E-2 5.0E~2 3.4E~1
Manganese 8.8E-2
Mercury 8.)1E-3 2.0E-3 4.0
Nickel 1.5B~2 1.4E-3 1.1E+L
Selenium i 1.0E-2
Vanadium 1.8E-3 7.0E-3 2.6E-1
Zinc
{__ TOTAL TRACE ELEMENTS
ALTIPHATICS, ALICYCLICS
AND FATTY ACIDS )
Acetic Acid . 1.3 3.5E-1 " | 3.8
- Butanoic Acid 1.2E-1 )
Hexanoic Acid 9,.4E-3 5.1E-2 1.8E-1
3-Methylbutanoic Acid | 9.4E-3
2-YMethvlnropanoic Acid | 1.9E-2
Pentanoic Acid 1.1E-1 2.0E-1 5.5E-1
Pto;;anoic Acid 2.5E-1
TOTAL FATIY ACIDS
BENZENES & SUBSTITUTED
BENZENES
Biphenyl 6.2E-2 1.4E-2 4.4
Ethylbenzene 3981 | 6.0 4,8E-2
Indan 2.9E=1__ 2.0 A OE-1.
Toluene 9.4E-1 5.2 1.8E=)1
1,2,4-Trimethylbenzene R
o-Xylene 3.3E-1 6.0 5.4E-2




112

TABLE 4-11 (Continued)

A B A/B c Alc
Estimated EPC“,H Drinking
Pase~ (mg/1) Water
bilution Standards
{mg/1) (mg/1)
PIENOLS
Catechol 1.7 2.BE-1 6.1 1.0€-3 1,7E+3
3,6-Dimethylcatechol | 1.4E-1 1.0E-3 1.4E+2
3-Methylcatechol _ 0.0 1.0E-3 | 0.0
4-Methylcatechal 1.2 1.0E-3 1.2E+3
2-Methylphenol 1.3E-2 1.4E~1 9.4E-2 1.0E-3 1.3E+1
3-Methylphenol 1.98-2 1.4E-1 1.4E-1 1.0E-3 1,9E+]
4-Methylphenol L.2E-2 1.46-1 1 8.7e~2 | 1.06-3 ] 31,2847 |
4-Mathylresorcinol 1.1E-1 1.0E-3 1.1E+2
5-Methylresorcinol 2.1E-1 1.0E-3 2,1E+2 1
Phenol 3.8E-2 2.6E~-1 1.5E-1 1,0E~3 J.8E+1
Resorcinel 5.8E~1 6. 2E-1 9,3E-3 | 1.0E-3 5,8E42
2,4~Rylenol 3.6E-2 1.2E-1 | 3.0E-1 | 1.08-3 | 3.6E+1 |
3,9~%ylenol S,0E=2 | 1.2E-1 3.0E~1 1.0E=3 S.0F+ 1
TOTAL PHEAQLS 4,1 1.0E~3 4,1E+3
BOLYNUCLEAR AROMATIC
HYDROCARBONS
| _Acenaphthalene 1.26-2

Anthracene 3.0E-3
Benz{a)anthracene 3.0E-4 4.0E-3 | 7.5E-2 i
Benzo{g,h,1)perylene | B.9E-6 ‘
Benzo(a)pyrene 1.2E-4 ‘2.0E-2 6.0E=~2
Benzo(e) pyrene 1.2E-4
Chrysene 5.9E=5 '
Fluoranthene 5.9E-3 8.0E~-1 2.08-3
Fluorene 5.9E-3
Naphthalene 2.8E-1 6.9E-1 4.1E-1
Perylene 1.2E-5
Phenanthrene _ 3.0E-3 2,88~1'} 1.1E-2
Pyrane 5.9E-3
TOTAL PAH's

SULFUR HETEROCYCLICS
Methvlthiophene

Thiophene

TOTAL THYOPHENES
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A B AlB c A/C
Estimated EPCWH Drinking
Posc—- Water
Dilucion Standards
(mg/1) (mg/1)

{ NITROGEN HELERCGCYCLICS
2,4-Dimethylpyridine 2.6E-4 1.6E-~1 1.6E~2
2,5~Dimethylpyridine 2.6E=-4 1.6E~1 1.6E=2
2-Methvlpvridine 1.8E-2 3.2E-1 5.7E-2
3-Methylpyridine 6.7E-3 3.2E~1 2.1E-2
4-Methylpyridine 1.6BE-3 3.6E-1 5.1E-3
Pyridine 3.0E-1 2.1E-1 1.4E-2
Quinoline 2.5E-3 1.4E-1 1.8E-2

OXYGEN HETEROCYCLICS
Benzofuran

| Dibenzofuran 2.2E-3

"MERCAPTANS P
Methanethiol 5.9E-1 1.4E-2 4,2E+]
TOTAL MERCAPTANS

AROMATIC AMINES
Aniline 1.3E-3 2.6E-3 5.0E-3

TOTAL AROMATIC AMINES

NITROSAMINES _

MISCELLANEOUS
Ammonia

Carbonyl Sulfide

Hydrogen Cyanide

Bydrogen Sulfide

Nickel Carbounyl

NO,,

Particulates

so,

Tars, 041, Naphtha
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TABLE 4-11 (Concluded) p

. . o . 34-37
\n-::fzﬁ?Estlmated Permissible Concentration in Air for Protection of Human Health 4
‘;-::-N-\\.N_..__ . ‘

hPrimaryllx’at:';..dnal Ambient Air Quality Staﬁdardsso
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projected to be either Probable Hazards or Possible Hazards. Beryllium

and nickel are classified as Probable Hazards, but their Post-dilut:’:on
Con.centration/ EPC,y ratios, 12 and ll respectively, are not 4considerab‘1y
greater than the ratios for the Possible Hazards. Trace elements which
are projécted to .be Possible Hazardé are arsenic, boron, cadmium, lead,
mercury and van;dim- Of these six elements, two excéed Safe Drinking
Water Standards (arsenic by a factor of approximacel;g and mercury by a
faétor of 4’) 3 two app;'o'ach the Safe Drinking Water ” Standards (cadmium

and lead); boron exceeds its EPCWH; and vanadium approaches its EPCyy.

Metilanethiol, the only mercaptan evaluated in the analysis, is
categorized as a Probable Hazard, with a Post=dilution Concentration/
EPCyy of 42. )

411 of the phenols are projected to be Probable Hazards based on
their Post-dilution Concentration/Safe Drinking Water Stamdard ratios.
However it sho;xld be noted that the Drinking Water Standard for phenols
is based on the organoleptic properties of phencl, not toxicity. As
such the risks to 'public health may be considerably lower than would be
implied by these relatively hiigh ratios. Based on the Post-dilution
Conceﬁtration/EPCWH ratios, more, af the pﬁenolic compounds are.
¢classified as Probable Hazards, but six are Possible Hazards, i.e.,
catechol, 3-methylphenol, 'phehol, resorcinoi, 2,4=xylenol and 3,5-
Xylenol.

Three fatty acids are projected to be Possible Hazards, based on
their Ambient Concentration/EPCWH ratios. 0f the threg, acetic acid
exceeds the EPCyy, and hexanoic acid and pentancic acid approach the
EFCypy-

Three substituted benzenes also are projected to be Possible
Hazards: biphenyl exceeds’ the EPCyy; and toluene and indan approach
their EPCWH values.

One polynuclear aromatic hydrocarbon, naphthalene, is projected

to. approaches its EPCWH’ and is classified as a Possible Hazard.
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Ash Leachate (Stream 69) - The ash leachate stream has been

characterized only with respect to trace elements because data regarding
organic compounds could not be obtained. ﬁLsults are presented in Table
4-12. None of the trace elements are categorized as Probable Hazards,
but four are projected to be Possible Hazards. 0f the four, nickel
exceeds the EPCyy, lead and selenium approach their Safe Drinking Water

Standards, and aluminum approaches’the EPCyye

Lockhopper Vent Gas (Stream 72) - The composition of the lockhopper

vent gas is assumed to be the same as that of the gasifier product
gas. Estimates of concentrations are available for classes of

constituents, not individual compounds.

EPCs are not available for classes of compounds; therefore, the
lowest EPCpy for any comstituent in a class is used ro calculate the
Post-dilution Concentration/EPCAH for eéch class, e.g., the EPCpy for.
arsenic (the most toxic trace metal) is used to estimate the Post-
dilution Codcentration/EPCAH ratio for trace elemeﬁts. Results are
presented in Table 4-13.

T2

None of the comstituents are projected to be Probable Hazards.
However, seven constituents or classes of constituents are projected to
be Possible Hazards. - Of the seven, total trace elements, ammonia,
hydrogen sulfide, total fatty acids, and total phendls exceed the most
stringent EPC,,; for any member in this group. Nickel carbonyl and

mercaptans approach the most stringent EPC,y for any comstituent in this

group.

It should be noted that under normal operations the vent gas will
be flared which will combust most organics while having littrle effect on
the trace elements. The extent of organic degradation depends on the
heat .of the flare and the duration of the burn. 'The potential for large
releases with acute impact during' startup, shutdown and upset
operations, and the potential chroni& impact}of low level exposure to

vent gas constituents suggests the need for further characterization and

assessment of this stream.
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TABLE 4-12: GASIFIER ASH LEACHATES (STREAM 69): COMPARISON
OF PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH
PUBLIC HEALTH BENCHMARXS

A B A/B C Alc

a ab
Estimated EPG“.H Drinking
Post- (mg/1) ’ Water
Dilution 3 Standards
(mwg/1) i (mg/1) .

TRACE ELEMENTS _.
Aluminum 2.0E-2 7.38-2 | 2.7-E-1
Arsenic 2.0E-3 5.0E=2 4,08-2 |
Beryllium 4.0E~3
Beron 4, 3E-2
Cadmium 6.4E=5 i 1.0B-2 | 6:4B-3
Copper. 3.0E-3 1.0 3.0E-3
Fluorine ' :
Iron 1.6E-1
Lead 9.3E-3 5,0E-2 1.8E-1

Manganese

Heicury 3.0E-5 2.0E~3 1.SE~2

Nickel 3.5E-3 1.4E-3 | 2.5

Selenium 6.0E-3 1.0E-2 6.0E~1

Vanadium 7.0E-]

Zinc 2.9E-4 5.0 5.8E-5 |

TOTAL TRACE ELEMENTS

ALIPHATICS, ALICYCLICS .
AND FATTY ACIDS.

Acetic Acid 3.5E-1

| Butanoic Acid
Rexanoic Acid 5.1E-2"
3-Methylbutanoic Acid
| 2-Methylpropancic Acid
Pentanolc Acid 2,0E-1
Propanoic Acid
TOTAL FATTY ACIDS'

BENZENES & SUBSTITUTED
BENZENES

Biphenyl 1.4E-2
Ethylbenzene 6.0
Indan 2.0

Toluene 5.2

1,2,4-Trimethylbenzene

o-Xylene 6.0
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TABLE 4-12 (Continued)

A B A/B c Ajc

fPost~ Water
Dilution (mg/1) tandards

(mg/1) (mg/1)

. Estimated EPCo. Erinking

PHENOLS
Catechol 2.8E~1 1.0E-3
3,6-Dimethylcatechol 1,0E-3
3-Methylcatechol 1.0E-3
4-Hethylcatechol 1.0E-3
2-Hethylphenol 1.6E-1 1.0E~3
3-Hethylphenol 1.4E-3 1.08-3
4-Methylphenol 1.4E=1 1.0E-3

4-Methylresorcinol 1.0E-3

S-Methylresorcinol . 1.0E-3

Phenol 2.6E~1 1.0E-3
Resorcinel 6.2E~1 1.0E-3
2,4-Xylenol 1.26-1 1,0E-3
3,5-Xrlenol 1.2E-1 1.08~3
TOTAL PHENOLS 1,0E-3

BOLYNUCLEAR AROMATIC
HYDROCARBONS

Acenaphthalene
Anthracene

Benz(a)anthracene 4.0E-3

Benzo(p,h,1i)perylene
Benzo(a)pyvrene 2.0E-2

Benzo(e)pyrene
Chrysene
Fluoranthene 8.0E-1
Fluorene
Naphthalene 6.9E-1
Perylene
Phenanthrene 2.8E-1
Pyrene
TOTAL PAH'S

SULFUR HETEROCYCLICS
Methylthiophene
Thiophene
TOTAL THIOPHENES

e e e ———————
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TABLE 4-12 (Continmed)

A B A/B c AlC
Es:imaged‘ EPC"“ Drinking
Dii:::;n (ng/1) ‘c:agex:d
btandards
(mg/1) (mg/1)
{ NLIROGEN HETEROCYCLICS
2, 4=Dimechylpyridine 1.6E-)
2,5~bimethylpyridine 1.6E-1
2-Methylpyridine 3.2E-1
3-Hethylipyridine 3.2E-1
4-Methylpyridine 3.6E~1
__ Pyridine 2,1E-1
Quinoline 1.4E-1
OXYGFEN HETERCCYCLICS
Benzofuran
Dihenzofuran
MERCAPTANS ,
Methanethiol 1.4E-2 d
TOTAL MERCAPTANS
AROMATIC AMINES
___Aniline 2.68-1

TOTAL ARCMATIC AMINES

NITROSAMINES __

MISCELLANEQUS

Ammonia

Carbonyl Sulfide

Hydropen Cvanide

Hvdrogen Sulfide

Nickel Carbonyl

NO,

Particulates

S0,

Tars, 0ils, Naphthg
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TABLE 4-12 (Concluded)
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TABLE 4-13: LOCKHOPPER VENT GAS EMISSIONS (STREAM 72): COMPARISON
OF PROJEGTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH PUBLIC
HEALTH BENCHMARKS.

A B

Estimated EPC
Post- m;
pilution (ug/m™)

(Ug/mj)

c

Primaryb

NAAQS
(ug/mJ)

TRACE ELEMENTS

Aluminum

Arzenilc 5. 0E-3.

Beryllium

Boron 7.4

Cadmium 1.2E-1

Coprnexr

Fluorine

Iron

Lead ¥ 3.6E-1

Manganese

Mercury . 1.0E-1

Nickel 2.4E-1

Selenium 5.0E-1

. Vanadium 1.2
Zinc

TOTAL TRACE ELEMENTS 2.5E-2

ALIPHATICS, ALICYCLICS
AND FATTY ACIGS

Acetic Acid

Butanoic Acid

Hexanoie Acid

3-Methylbutanoic Acid

2-Hethylpropanoic Acid

Pentanoic Acid

Propanvic Acid

JOTAL FATTY ACIDS 1.3E+1

BENZENES & SUBSTITUTED
BENZENES

Biphenyl 2.4

Ethylbenzene . 1.0E+3

Indan 4, 0B4-2

Toluene 8.9E+2

] 1,2,4-Trimethylbenzene

o-Xylene L.0E+3
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A B AJB c A/C
Estimated EFCS, Primary®
Post= 3 NAAQS
Dilutign (ug/m (g /ms)
(ug/m™)
PHENOLS
Catechol 4. 8E+]
3,6-Dimethvlcatechol
3-Methylcatechol
G-Methyleatechol
Z2-Methylphenol 5.2E+L
3-Methylphenol 2.4E+L
4-Methylphenol 2.4E+1
4-Methylresorcinol
S5-Methylresorcinol
. Phenol 4, 5E+L
Resorcinel 1.1E42
2,4-Xylennl 2.4E+]1
3,5-Xylenol S 2.4B+L
TOTAL PHENOLS 6-4E+L 2.7%
EALYNUCLEAR AROMATIC
HYDROCARBONS
Acenaphthalene
Anthracene
Benz(a)anthracene 8.1E~1
Benzo{(g,h,1i)perylene
Benzo(a)pyrene 4.0
Benzo(e)pyrene .
Chrysene
Fluoranthene 1.6E+2
Fluorene
|__Naphthalene 1.2642
Pei‘zlene
Phenanthrene 5.7E+L
Pyrene
TOTAL PAH's 2,582 3.0E-2°
SULFUR HETEROCYCLICS
Hethylthiophene 4. 1EHL
Thiophene 8.0
TOTAL THIOPHENES 2.0E-1 2.5e-2°
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A , B A/B [4] EVAJC
Estimated EPciH Prima—:'y b
Diiﬁi;;n Qug /m3) NMQ:S;
3 i (ug/m™)
(ug/m”)
NITROGEN HETERQCYCLICS
2, 4-Dimethylpyridine 3. 2E+1.
2, 5-Dimethylpycidine 3,2FHL
2-Methylpyridine [ 30
3-Methylpyridine 6.4E+1
4=-Methylpyridine 6.4EFL
Pyridine 3.6E+L
Quinoline 2.8E+L —
OXYGEN #ETEROCYCLICS -
Benzofuran s
Dibenzofuran
MERCAPTANS
_Methanethiol 2.4
TOTAL MERCAPTANS 2.58~L 1.0E-1¢
AROMATIC_AMINES
Aniline 4 SE+L
TOTAL AROMATIC AMINES | 4.9E-2 1,16-3% ‘
NITROSAMINES __ 2.5E-2
MISCELLANEOUS
‘Ammonia 9.8E+] 4,354 3.3
Carbonyl Sulfide 1.4 §.0E+2 1.8E-3
Ilydrogen Cvanide 9.6E-2 2.6E+) 3.7E-3
Hydropen Sulfide 6.6E42 3.65+1 1.8
Nickel Carbonyl 7.4E=2 1.0E-1 7.4E-1
N0, 1.0E+2
Particulates '
50, 8.0E+1
Tars, 0il, Naphtha 7.3E+2
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4.,3.2 Body Burdens

Quantification of the impact on human health from exposures to
Lurgi/Fischer-Tropsch environmental ‘ releases is desirable.
Unfortunately dose-response data are not “available for many of the
pollutants that may be released by the Lurgi/Fischer-Tropsch facility,
making determination of the absolute number and type of-adverse impacts
-~ impossible. It is possible, however, to calculate body burdens for
‘substances for which the exposure concentrations, routes of entry,
absorption and biological half life are known. Body burdens represent
the " amount of substance that accumulates within a Treceptor. Body -
burdens can be calculated for different sources of exposure and
different routes of entry to the body. Results can be compared to

provide a measure of the relative risk of exposure.

Exposure, route of entry, absorption and biological half life
data are available for many trace elements released by the
Lurgi/Fischer—Tropsch process. Body burdens for three representative
trace elements (arsenic, cadmium, and lead) produced by the
Lurgi/Fischer-Tropsch plant were calculated using the Argonne Body
Burden model (described in more- detail in Volume IV). These three
elements were chosen because they are all highly toxic and encompass the
known range of absorption and biological half life of other trace
elements. - Body burdens were calculated for four sources of expasure
(background air and water, diet, a 1000 MWe coal-=fired power plant, and
the Lurgi/Fischer—Tropsch facility), and two 7routes of entry
(respiratory and the gastrointestinal tract). Body burdens represent
amount of element per gram of tissue accumulating in an exposed 70 kg
male who breathes 20 m3 of air per day and drinks 2 liters of water per

day.

Contributions to trace element exposure £rom Lurgi/Fischer-
Tropsch facilities were based on projected post-dilutiom, pollutant
concentrations resulting from discharge of utility stack gases, cooling

tower atmospheric losses, reverse osmosis wastes and ash leachate,
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presented in Table 4-8, 4-10, 4~11, ‘and 4-12, respectively.
Contributions from a 1000 MWe coal-fired power plant were based on
projected ambient concentrations for such a facility burning #6 Illinois
coal located in Fulton County, Illinois. Contributions attributed to
background air and water represented national averages as determined by
U.S. EPA monitoring programs. Contributions from diet represent average
U.S. dietary characteristics. Resu]:ts of the body burden cglculations

are pr.'esem:edl in Figures 4~2, 4-3, and 4-4.

As Figure 4-2 illustrates, the body burden of arsenic from
exposure to Lurgi/Fischer-Tropsch environmental wastes is double that
from the coal-fired power plant and background air and water
concentrations, but only half that from dietary intake. The primary
route of entry that results in these levels is the gastrointestinal
tract, underscoring the significance of the aqueous waste streams
(reverse osmosis, ash leachate) that contribute arsenic to aquatic

systems.

The body burden of cadmium (Figure 4-3) resulting from exposure
to Lurgi/Fischer-Tropsch environmental wastes is less than 40% of that
from coal-fired power plants, approximately 60% of.that from background
air and water exposures, and less than two percent of that resulting
from exposure to cadmium in diet. As in the case of arsenic the primary
route of entry for cadmium is the gastrointestinal tract, again
reflecting the importance of aqueous waste streams which contribute

cadmium to the aquatic environment.

The body burdens of lead (Figure 4~4), a trace element with a
long biological half life, resulting from exposure to Lurg:il'/Fi;s;her—
Iropsch environmental wastes, is approximately half that £rom coal-.fired
power plant exposures, and background air and water exposure, and one
tenth that from diet. The gastrointestinal route of entry accounts .for

approximately 99 percent of the total burdens of lead.

Comparing the body burdens of the three representative trace

elements from the four assessment sources of exposure provides a measure
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for estimating the potential for adverse health impacts £rom each.
source. The magnitude and severity of any adverse impact will depend
upon the total body burden from all sources of exposure and a currently
unquantifiable threshold level for effect. However, comparison of body
burden can be used to estimate the relative risk from each source of
exposure. Two-. factors may effect these results. Several potential
sources of trace element release from Lurgi/Fischer-Tropsch were not
quantified in the technology characterization used in this assessment.
Additionally no aspgg;ting was made for those trace elements released to
the environmentftgﬁrodéh combustion of Lurgi/Fischer—-Tropsch product
liquids. Both féctors would potentially alter the subsequent effects on
body burdens calculations.

4.4 DISCUSSION

Pollutants that are projected to be Probable or Possible Hazards

in the atmospheric or aquatic enviromment are presented in Tables 4~14
and 4-15.

4.4.1 Atmospheric Concerns

In general, atmospheric emissions do not appear to pose

significant hazards to public health.

As shown in Table 4~14 none of the constituents in the utiliﬁy
stack gas, cooling tower atmospheric losses or lockhopper vent gas fall
into the Probable Hazard category. The lockhopper vent gas is the only
one of these streams which is unique to Lurgi/Fischer-Tropsch. The
other two streams are found in many ;ﬁher industrial applications,

including electricity generation.

Possible Hazards include trace elements, sulfur oxides, nitrogen
oxides, ammonia, hydrogen sulfide, nickel'carbonyl, fatty acids, phenols
and mercaptans.
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TABLE 4-14

POLLUTANTS FROJECTED TO BE PROBASLE OR
POSSIBLE HAZARDS IN THE ATMOSPHERIC ENVIRONMENT

Substance Primary Emission Source Standard
PROBABLE HAZARDS
Nomne
POSSIBLE HAZARDS
Trace Elements
Arsenic cooling tower evaporation &
utility stack gas EPC
Mercury utilitcy stack gas EPC
Gases
Hydrogen sulfide lockhopper vent gas EPC
Nitrogen oxides utility stack gas NAAQS
Sulfur dioxide utility stack gas NAAQS
Nickel carbonyl lockhopper vent gas. EPC
Ammonia cooling tower evaporation &
lockhopper vent gas " EPC
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TABLE 4~15

POSSIBLE HAZARDS IN THE AQUATIC ENVIRONMENT

Substance Primary Effluent Standard#*
PROBABLE HAZARDS

Trace Elements
Beryllium Reverse osmosis EPC
Nickel Reverse osmosis, combined

ash leachate EPC

Phenols
Catechol Reverse osmosis DWS
3,6-Dimethylcatechol Reverse osmosis WS
4-Methylcatechol Reverse osmosis DWS
2-Methylphenol Reverse osmosis DWS
3-Methylphenol Reverse osmosis DWS
4~Methylphenol Reverse osmosis DWS
4-Methylresorcinol Reverse osmosis DWS
5-Methylresorcinol Reverse osmosis DWs
Resorcinol Reverse osmosis e DHS
2,4-Xylenol Reverse osmOSis TGRS,
3,5-Xylenol Reverse osmosis DWS TN

Mercaptans ‘
Methanathiol Reverse osmosis WS

POSSIBLE HAZARDS

Trace Elements
Aluminum Combined ash leachate EPC
Arsenic Reverse osmosis DWS
Boron Reverse osmosis EPC
Cadmium Reverse OSmOSis DWS
Lead Reverse osmosis, combined

ash leachate DWS

Mer cury Reverse osmosis DWS
Selenium Combined ash leachate DWS
Vanadium Reverse osmosis EPC

*EPC = EPA'S Estimated Permissible Concentration for Healch;
DWS = EPA's Drinking Water Standard.
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TABLE 4~15 (Concluded)

Substance - Primary Ef fluent Standard®

Aliphatics, Alicyclics,
and Fatty Acids

Acetic acid Reverse osmosis EPC p

Hexanoic acid Reverse osmosis EEC
Pentanoic acid Reverse osmosis EPC

Substituted Benzenes

Toluene Reverse osmosis EPC

”

Polynuclear Aromatic

Hydrocarbons
Biphenyl Reverse osmosis EPC
Indan Reverse osmosis EPC
Napthalene Reverse osmosis : EPC

Aromatic Amines

Aniline , Reverse osmosis EPC

Trace elements are a Possible Hazard in all three quantified
atmospheric streams, and also are present in several unquantified
atmospheric emission streams. Arsenic and mercufy in particular have
been identified. These elements are toxic under: acute and chronic
exposure and, as compounds, are cousidered carcinogénic. _ Arsenic can
damage the kidney and 1liver, and - inhibit enzyme activity. Mercury
exposure can result in neural, renal, and cardiovascular disorders. The
hazards they pose are aggravated by the fact that trace elements do not
biodegrade in the environmént and both arsenic and wmercury have
relatively long biological .half lives once they ‘are absorbed into the
body. Both metals are known to bioaccumulate as they are transferred
through food chains. As a result it appears that trace elements may
pose public health hazards to exposed populations near Lurgi/Fischer-

Tropsch facilities.
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Sulfur oxq'.:‘lﬁs are respiratory irritants that can instigate tissue
dysfunction as w—éELl as  exacerbate existing respiratory discrders.
Nitrous oxides primarily effect the lungs, although the liver, kidney,
and cardiovascular systems may also be adversely affected. Although
projected ambient sulfur oxide and nitrogen oxide levels are in the
Possible Hazard category these prablems are not Erom sources unique to
Lurgi/Fischer-Tropsch technology. Their primary quantified source is
the utility stack gas, Stream 28. Strict emissions control levels have
been set for 50, and NO, and emissions £rom coal f£ired boilers.
Additionally a variety of commercially proven technologies exist for
removing these. compounds from stack gases. As a result of the
avaj.lability of controls and required emission standards it is unlikely
that 50, or NO, emissions will result in ambient concentrations that

exceed standards in commercial scale Lurgi/Fischer—Tropsch facilities.

Ammonia from cooling tower atmospheric losses, Stream 29, and
lockhopper vent gas, Stream 72, is a Possible Hazard. Ammonia is an
irritant to the eyes and respiratory tract. However ammonia is not
expected to be a significant public health conceru because: 1) it
degrades readily in the atmosphere, 2) there is no evidence that low
level exposure has chronic effects, and 3) many commercially proven
technologies exist for removing ammonia from agqueous streams, e.g.,
cooling tower water. '

Bydrogen sulfide, fatty acids, phenols, and mercaptans are

Possible Hazards from Stream 72, the lockhopper vent gas. Under normal

_ operations this stream will be flared, This should Teduce the projected

post-diluticn concentrations of the organics considerably. Thus fatcy
acids, phenols, and mercaptans should not be risks to public healrh from
Lurgi/Fischer-Tropsch technologies. Hydrogen sulfide may remain a
problem even if the lockhopper vent gas is flared. Because hydrogen
sulfide is a respiratory irritant at low councenctrations and a rapid
acting, acute toxin at .levels above 400 ppm, it must be considered a
potential hazard to public health. However, its relatively short
biological half-life (approximately 20 minutes) under ambient
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atmospheric conditions; and its easily detected odor at high
concentrations, tend to lessen the public health hazards associated with

this process stream.

Nickel carbonyl is a proven carcinogen under chronic exposure
conditions in occupational environments. Under acute expdsure
conditions it may induce chemical pneumonitis. It is present iun the
lockhopper vent ,gas and may be present in currently unquantifiable
streams; therefore, it represents a potential concern to human health in

the vicinity of the plant.

4.4,2 Aquatic Concerns

Aqueous discharges from a Lurgi/Fischer-Tropsch facility may
contamin;te groundﬁater and pose risks to public health. Streams of
concern include: reverse osmosis waste solution (Stream 53), leachate
from gasifiers and utility ashes .(Stream 69), and leachate from,

biosludge (Stream 71). Classes of stream constituents which have been

"screened as Probable Hazards and Possible Hazards for Stream 53 and 69

are presented in Table 4—15. ‘Biosludge leachate has not been considered
in the public health analysis due to lack of characterization data. But
it could be expected to contain trace elements and organic compounds

associated with the reverse csmosis waste.

The analysis of. aqueous discharges and leachates indicates that
three chemical groups (trace eiemenﬁs, phenols, and mercéptans) contaln
constituents projected to be Probable Hazards. Four chemical groups
(trace elements, fatty acids, substituted behzenes, and polynuclear

aromatic hydrocarbons) contain Possible Hazards.

. Beryllium And nickel are projected to be Probable Hazards in the
reverse osmosis waste where they exceed their EPCyy by factors of 12 and
11, respectively. The toxic effects of beryllium are due almost
exclusively to irhalation. Chronic inhalation may cause berylliosis.
Beryllium is known to cause cancer in animals. Several nickel compounds
also exhibit carcinogenic properties; howevér, both beryllium and nickel

may be considered as part of the general trace element concern. * QOther
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trace elements categorized as Possible Hazards include: aluminum,
arsenic, -boron, cadmium, lead, mercury, selenium and vanadiur. Trace
elements projected to violate or nearly violate Multi-Media
Environmental Goals (MEG's) and Drinking Water Standards include As, Be,
Cd, Hg, Ni, Pb, Se, and V. The toxicity of trace e:!.éments in aqueous
conditions varies significantly with the chemical form of the element.
In general the .free ion states of the elements a'};e most toxic. The
degree to which trace elements attenuate in natq;fal systems is also a
function of chemical form. Once again the iqémic form' of the trace
element is the most reactive and most likely to adsorb tc particles or
other substances in .the solution or transkﬁer medium, where it becomes
much less available for subsequent roxic impact. Somemtrace elements
may be altered in chemical form by bioloéical systems that are more
toxic than the original form (e.g., Hg .methylmercury).. The long
biological half 1life of trace elements makes: Lthe [;otential for

accumulations of toxic quantities in human receptors a porential effect

of low level exposures.

The presence of trace elements in each aqueous discharge is
additive Co several atmospheric emissions. Because of their toxicity,
non-degradability’ and relatively. long biological half-lives, trace
elements may pose a significant concern to public health. Based on
results of the screening process and body burden calculation, arsenic,

beryliium and lead appear to pose the greater hazards.

All of the ph'enoli~c compounds considered in the study were
identified as Probable Hazards, based on their Post—dilution
Concentration/Safe Drinking Water Standards. Howaver the Safe Drinking
Water Standards for phenols are based on organoleptic qualities of
phenol, not toxic properties. 4s such it is likely that risks to public
health are considerably lower than are indicated by the Post=dilutiom

Concentration/Safe Drinking Water Standard ratios.

For example the ratios of the Post—dilution Concentration to

EP (based on toxicity) are generally two to three orders of magnitude
H g
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lower than the Post—dilution Concentration/Safe Drinking Water Standard
ratios, indicating that phenols should be classified as Possible Hazards
rather than Probable I-laza'rds. Additionally, a variety of commercially
proven technologies exist to remove phenol from aqueous waste streams.
The presence of phenolic compounds in presently .unquantified aqueous
discharges, however, may aggravate risks to public health. Potential
toxic effects of phenols include kidney and liver damage due to exposure
and suépect:ed synergistic reactions with some carcinogens (e.g., coal

tars). '

The Post-dilution Concentrations aof methanethiol resulting from
discharge of the reverse osmosis stream (Stream 53) exceeds the EPCyy by
a factor of 42. It is also found in eight Lurgi/Fischer-Tropsch streams
which are currently unquantifiable. The p?.-imary toxic effects from
me thanethiol reéults from respiratory paralysis and pulnfonqry édema.

Methanethiol may present a significant concern to public health.

Fatty acids from Stréam 53 are monocarboxylic and widely
‘distributed in nature. The toxic effecks are not cummulative. Fatty
acids rapidly biodegrade in aquatic systems and can be removed from
drinking water through coanventional treatment methods. Thus, fatty
acids released in facility streams do not pose a significant public

health concern.

Substituted berzenes from Stream 53 (including toluene, indan and
biphenyl) constitute a Possible Hazard. Toluene may be dinhaled,
ingested or absorbed through the skin. It affects the central nervous
system, liver, kidneys and skin. The effects of toluene inhalation on
workers subjected to chronic exposure of toluene vapor include decreased
phagoeytic activity of leukocytes, depression of the central nervous
© system, narcosis, addiction and even death at high levels. . However,
toluene undergoes rapid photochemical degradation and it has a short
biological half 1life. It probably does not present a significant
risk. There are no documented effects from biphenyl and no toxic

information on indan. Indan has been found in coal tar pitch which has
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been shown to produce cancerous tumors in man. In general, benzenes and
substituted benzenes probably do not represent significant concerns to
public health, but the inadequacy of the toxicologi¢ data base warrants

more research.

The risks posed by 'polynuclee":r aromatic hydrocarbons in Stream 53
are difficult to assess. Naphthaiene is the only wmember of the class
which 1is classified as a Possible Hazard. However the lack of
toxicologic benchmarks for many of the polyﬁuclear aromatic compounds
introduces too much uncertainty to allow generalizations for the class

as a whole.

The high degree of uncertainty,.-coupled with the ‘presence of
polynuclear aromatic hydrocarbons in preseatly unquantified facility
streams and the adverse environmental characteristics (biorefactory,
biocaccumulative and carecinogenic) of some of these compounds -indicate
that they must be considered to pose a significant comcern, at least

until more data become available,

4,4,3 Substance of Concern

To conclude this analyéi_s, two lists of toxic substances from
Lurgi/Fischer~Tropsch liquefaction are presented. The first list, Table
4-16 includes the substa;).c".es .that have been qilantified in Lurgi
effluents. Sufficient dat'a' for these substances are avilable to compare
the healﬁh Tisks from coal liquefaction wastes to those from other
sources of the same" pollutants. Public health impacts f£rom
Lurgi/Fischer—Tropsch'p'roduction of these substances are severe enoi;gh
to warrant investigating environmental controls beyond thos'e of the
reference system. ' The second list, Table 4-17, is a qualitative -
assessment  and includes substances that wmay be released in Lurgi
effluents but h’é;ze not been quantified and are highly toxic. Thesé
pollutants may be on the Cancer Assessment Group list of carcinogens.or
included in Cai:eogry__ C (see Sec. 4.2). Thua the inherent potential for
health impact of 't“ne.:;e substances, if released, is great enouéh to
warrant further characterization. '
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TABLE 4-16

SUBSTANCES OF CONCERN —— QUANTITATIVE ANALYSIS

Trace Elements

Arsenic
Boron
Berylliuf
Cadmium
“Mercury
Nickel
Lead
Selenium
Vanadium

Polynuclear Aromatics
Biphenyl
Napthalene
Indan

Gases

Nickel carbonyl

Phenols

Catechol .
3,6-Dimethylcatechol
3-Methylcatechol "
4-Methylcatechol
2-Methylphenol
3-Methylphenol.,
4-Methylphenol.
4-Methylresorcinol
5-Methylresorcinol
Phenol

Resorcinol
2,4-Xylenol
3,5=Xylenol

Sulfur Heterocyclics

Methanethiol




140

TABLE 4-17

SUBSTANi"S: OF CONCERN -— QUALITATIVE ANALYSIS

Benzenes and Substituted Benzenes Nitrosamines
Ethylbenzene N-nitrosamine
Xylene ’

Benzene* Nitrogen Heterocyclics

Polynuclear Aromatic Hydrocarbons Acridine

) Anthracene*® Gases
Fluoranthene
Fluorene ) Nickel carbonyl*
Napthalene - S
Phenanthrene - Trace Elements
Pyrene
Indene Arsenic
Biphenyl Beryllium¥*
Chrysene® . Cadmium*
Benzo(a)pyrene* Lead
Mercury
Phenols Chromium*
Nickel#*
Xylenol* Sulfur=
' Vanadium
Oxygen Heterocyclics Uranium
Cobalt "’
Benzofuran Barium
Dibenzofuran

*Carcinogens
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5 OCCUPATIONAL HEALTH.ASSESSMENT
5.1 INTRODUCTION : -

The operation of future coal liquefaction facilities may create
potentially significant health and safety hazards for the occupational
personnel. While it is not possible to assess' adequately the health
impacts of the liquefaction industry in this pre—operational study,
available data have been used to estimate hazards and identify pertinent
gaps in knowledge. This chapter presents an initial evaluation of
possible occupational health hazards, and describes the research

necessary for a more complete health assessment of this technology.

The uncertainty as to the potential kinds and quantities of
chrmicals pro&uced by liquefaction processes and uncertainty regarding
th; biological effects of potential emissions, preclude the use of
sophisticated, quantitative assessment methodologies. The major
uncertainty in assessment science is the lack of any “accepted"
methodology for deriving limiting exposures for compounds and especially
for complex wmixtures. A crucial problem is interpretation and
extrapolation of the results of short-tern toxicity tests for complex
mixtures (perhaps relative to pure compounds) to prévide limiting,

human-exposure guidance.

Previous studies utilizing a “"hazard index” approach have focused
upon a pre—operational health assessment of a Foster-Wheeler/Stoic low-

Btu gasifierlzg,

and updn an assessment of environmental parameters of
small-scale, fixed~bed, coal gasifiers.51 In the present study, the
hazard index approach is adapted to provide a preliminary assessment of
a particular coal liquefaction process (Lurgi/Fischer-Tropsch). Based
upon this assessment, some significant health and safety concerns may.be

anticipated unless appropriate measures are taken.

Occupational health hazards from iurgi/Fischer—Tropsch
liquefaction stem primarily from exposures to toxic substances. Both
the general public and specific occupational groups may be subject to
such hazards, but individual occupational hazards are expectéﬂ to be

much greater, although fewer numbers of individuals are involved.
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Occuparional exposures will wesult primarily from process stream
leaks, accidental spills, waste disposal, and maintenance operations.
The following discussion will focus upon the problems of fugitive
emissions . and leaks;.however, a later review of research needs will
indicate éhe necessity for a more detailed analfsis of some other
sources anﬁ types of risk, for example, leachates from ash and other by-

products. -

5.2 METHODOLOGY

Assessment of occupational health hazards required evaluation of
the two ﬁajor components of risk: the hazards posed by the toxicit& of
stream constituents, and the exposure of occupational personnel to these

hazardous stream counstituents.

The assessment of occupational health hazards was accomplished in

several steps as shown in Figure 5-1.

The first step in the analysis was to ”identify classes of
compouﬁgsh.which may be. presentT in Lurgi/Fischer~Tropsch facility
streams: identification of classes of potential stream constituedts.ﬁas
accomplished %through review of{_rliterature arégarding chemical
characterization of streéméffrom Lu?éi/Fischer~Tropsch facilities;)gcher
indirect liquefaction processes, and gasification processes. Se§eral
classes of compounds were selected for inclusion’in this analysis based
upon their association with gasification and liquefaction processes and
their potential for adverse effects on human health ({Table 5-1),
Initially all of the gaseous facility streams identified in the plant
block flow diagram (F%ggre 2-1) were gonsidered for amalysis because

they all contain toxic materials.

The second step was identification of facility streams which may
result in exposure of occupational pérsonnel to toxic substances
identified in step 1. Unlike the assessments of public health risks and
edosystem risks which emphasized facility streams released to the
environment under normal operating conditions, the assessment of

oécupational health risks also considered (and emphasized) internal
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process streams which could release toxic substances due to leaks,

fugitive emissious, spills and other non-routine events.

The comcentrations of the various constituents identified in step

1 were estimated for each stream in step 2.

TABLE 5-1

POTENTIAL STREAM CONSTITUENTS CONSIDERED
IN ASSESSING QCCUPATIONAL HEATLTH RISKS

Aromatic Amines
Carbon monoxide
Carbonyl sulfide
Ethane

Hydrogen cyaqide
Hydrogen sulfide
Mercaptans
Methane

Nickel carbonyl

- Nitrogen oxides
Nitrosamines
Particulates
Phenols

Polynuclear aromatics

Sulfur oxides
Tars and oils
Thiophenes

' Trace elements

Problématic stream constituents were identified by using the

indicator compound concept and composite hazard index methodology. 1In

this approach, the concentrations of gaseous components in process

streams that may leak into the occupational environment were compared

with their appropriate threshold limit values (TLV).

The process stream

concentration to TLV ratio was computed for each constituent and then

compared ~with a similarly derived ratio for an "indicator compound”

(reference .agent)J The

“indicator compound” is a process stream

constituent which has been frequently monitored in’ the workroom

environment as part of standard industrial hygiene prograus.

relative differences between the reference agent ratio and the ratios

The

for other gaseous, toxic, stream counstituents then were used to identify

the

undetected in the workroom air.

potentially hazardous

constituents that may be

present,

but

Thus, certain materials such as carbon

" monoxide (C0) wmay become “indicator" agents because of their great

P
-
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/
@ﬁundance in the process stream or because of high toxicity (i.e., a low
5&LV). This method was selected for the present study because: .(l)
potential hazards could be evaluated without requiring specific details
of leakage rates, room volumes, air flow rates, etc.; and (2) indicatédr
compounds could be specified whose concentrations, if kept less than'or
equal to a fraction of their TLVs in the wq;kroom,’should insure that
other hazardous compounds in the same streams will be below their
TLVs . However, the use of this approcach also imposed several
1imitatioﬁs: absolute health risks could not be determined, compounds
without TLV's could not be addressed, non gaseous constituents could not
be evaluated and risks associated with interaction between compounds had
to be neglected. Adequate methodologies currently do not exist to
evaluate these factors. - Calculations were made only for inhalation
exposures to compounds. Worst—case scenarios were assumed in which all

compounds were considered vaporized upon release from process streaus.

Although actual leak rates cam be determined only during
operation it was assumed that the levels of toxic materials in actual
.practice will be controlled such that their concentrations in workplace
. air will not exceed appropriate TLVs. Thus, the restriction is
Cr
T < b : (1)

where Cgp is the concentration of the toxic material in the air. The
equation governing the total mass of a material in the air volume

available to a worker is
'.d_th=ng"MR)" @
dt .
where Mp = mass of material in workplace air,
?
Ef
A

fraction leaking into workplace air, -

n

toxic material mass flow rate in the process stream,

N

turnover rate of air in the work location.

The solution of Equation (2) is

ng

Mp = (1-e" AT, ' ' (3)
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For sufficiently long times, such as 8 hours, Equation (3) is closely
approximated by

_P
Mp = if . (4)

From Equation (4) the leak ;gte that results in a buildup of material,
Mp, in the workplace air is
poMgd . | . (5)
"B )

Equations (5) and (1) were used to calculate allowable leak rates
for each agent (assuming other agents are absent) whicﬁ would present
the strictest requirements in terms of leak control. Leak rates
relative to CO were calculated in order to determine whether CO may be a
suitable indicator compound. Therefore, P;/P.y is calculated, where P;
is the allowable leak rate for toxic material. "i" and Pgg is the
allowable leak rate for CO. .

With Cp replaced by the TLV in the limiting case, and given
that Mp = CpVp, where Vp is the air volume, and g¢ = CpVps where Cp is

the concentration of the toxic material in the process stream, and v_ is

. p
the volume flow rate of the.process stream, the following equation is
derived: v : .

Peo  TLVgaCp s )
If Py/Pgy is greater than 1, then the concentration of toéic material,
"i",_pill not exceed its TLV if the TLV of CO is not exceeded. 'The
magnitude of the ratio will indicate how much below or above the TLV the

concentration of material, “i", would be, given that CO does not exceed
its TLV. |

The availability of controls for problematic compounds was then
assessed. Those problematic c?ﬁpounds for which controls are available
were assessed no further. Those constituents for which comtrols are not
well advanced were assessed by comparing allowable leak rates with leak

rates in typical refinery operations.
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In the final step, occupational concerns were categorized, aund

gaps in knowledge and research needs were identified.

In addition to the problematic gaseous constituents, there are
several non-gaseous counstituents that are of particular importance in

the assessment of potential health hazards to occupational personnel'.

Because ar: adequate methodology does not exist to assess i:hose.{

constituents, they have been addressed only briefly and qualitatively.
5.3. SELECTION OF INDICATOR COMPOUNDS :

Guidance for control of occup}-_;_t:il.onal exposures in coal
liquefaction is expected to derive from éxperience with other coal
technologies supplemented by continuous monitoring of occupational
exposures and employee health. Carbon monoxide is oue candidate for.an
indicator compound because it occurs in relatively high concentrations
in several process streams and - semsitive, "'-ﬁt.xltipoinl:, continuous
monitoring systems are commercially available.. ‘Given the raﬁges from
which mean estimates in Table 5-2 were derived’ and the TLVs for
occupational exposures, CO has been determined to be an acceptable
indicator compound for most streams.  Of course, GO may not be
acceptable as an indicator during wmaintenance, .spill cleanup or high

temperature release of tars, oils, and other liquids under pressure.

Preliminary calculations also indicate that phenols may be used
1 . O
as the "indicator"” if measuring techniques of adequate. sensitivity can
be developed. Again, however, phenols cannot be used to indicate

hazards from leakage of tars and oils.
5.4 RESULTS

The ratios of the allowable leak rates relative to CO are given

in ‘Table 53-2 for typical aund worst—case streams. Based upon these

results, it appears that CO is a good indicator. for most potential

hazards in streams in which CO is present. Exceptions are: (1) CO, in
Streams 55, 56, 66, and 68, (2) CH, in Stream 18, (3) HyS in Stream 66,
(4) Ni(CO), in Stream ﬁ%, and (5) tars and oils in all streams in which

LE9S



148 - 5 %
TABLE 5-2

’

RELATIVE ALLOWABLE LEAK. RATES FOR. THE TOXIC..
HMATERIALS' IN STREAMS CONTAINING CO

Allowable Allowable N
Tw . Leak R§te. Leak R?ta,
Typical Relakive Worst Relative
Component ppm mg/md Scream? to CO Strean? to CO
Gases
co 35 40 7 ] 7 I
€0, 5,000 7 91 66 0.6
chy, 5,000 7 240 1B 0.1
Ethene 5,000 7 36,000 18 10
Echane 5,000 7 5,000 18 ! 4
HpS ' 10 7 10 &6 0.29
504 5 51 5 5] 9.6
Liquids®?

Methanol 260 16 17,000 16 17,000
Tar 0.1¢ 7 0.04 7 0.04
o1l i 7 0.03 7 0.03
Naphtha © 50 7 47.7 13 T 144
Crude Phenols 19 7 18.6 9 18.2
Mercaptans 1 7 363 13 T 418
Thiophenes 4.5 ? 2,039 8 . 1,988
Ammonia o 18 7 27.2 8 26.5
HeH g 1] 7 20,000 13 9,200
Aromatic amines 19 7 69,000 13 16,000
Nitrosamine 65 7 470,000 13 54,000
Polynuclear aromatic

hydrocarbons 0.2 7 36.3 8 35.4
Fatty acids - 1 7 5.2 8 5.1
Ni(co), 0.43 7 156 18 4.9
Coal 2 7 .

Particulaces 10 7 36.3 g 35.6
Trace elements N .

Berylliumd 0.002 7 1.6 13 1.7
Propene 8,600 17 91 18 10.2
Propane 9.000 17 556 . 18 106
Butene 9,140 17 138 17 138
Butane 1,400 l7_ 165 17 165
Pentene 350 A 7.3 .7 . 7.3
Pentane 350 17 S5 17 55 P
Hexene - . 350 17 9.2 17 9.2 B
Hexane 350 17 53 - | 17 53
'C+7 Hydrocarbans 3s0e 17 307 17 1.3

3See Table 3,1, Fig. 3.1 for stream identificatios.
bConsiders worst possib]e case, in which liquids totally vaporize upon release. n
CAssumed to be the same as the NIOSH recommended standard for coal- :ar prouuc:s

dAssumes all trace elements are beryllium, which has the.lowest TLV

€Assumed .




they are present. However, technology for handling CO, and CH; are
available (e.g., LP bottled gas) an(‘i their effects are already accepted;
therefore, they are not considered to present an unacceptable risk.
Exposures to Ni(CO)4 and HyS from leaks or spills from Stream 18 are
thought to be controllable by limiting the CO concentration around this
stream to 1/3 of the TLV for CO, or using local ventilaticn around this
stream to remove these vapors from" the area occupled by wo;:kers. Health
effects might occur from leakage of tars and oils from certain of the
process streams (7-17) because these streams are at -elevated
temperatures and pressures, increasing the potential for leaks, and CO
does not effectively serve as an :i.t‘tdicator compound for monitoring these

compounds.

To determine whe.i:her or not current. technology exists to prevent
assumed TLV's for tar and oil from being exceeded, proqess—streaxln leak
rétes resulting in TLV; concentrations were ‘estimated using worst-case
assumptions that approach "worst—case” conditionms. There leak rates
were compared wl_j_.th leak rates typical of refinery operat;:i_;ons. These
assumptions include: (1) all tars and oils totally" -vaporize upon'
release from process streams to the work environment; (2) exposed
" workers are confined to 10m X 10m X 2m volumes  around leaks; (3) air
turnover rates for worker volvmes are 1 volume tﬁrnc;ver per hour. From

Equa'tion (4),

Mg = P82 - ' \ T
A : \
Dividing by Vg, the worker volume,
g
cp = P8t (7
VR

But, gg is:

gf —"'l‘ CS * vs: (8)

tfhere Vs is the process stream flow rate (volume/time) and Cg is the
concentration (mass/volume) of the material in the process stream. By
definition: P

.

\
= €&
P = VS N (9)
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where V, is the leak rate from the process stream. Substituting (8) and

(9) for (7) gives:

= CeVp

cy (10)

v
For the worsr.—lzase assumption that all tars and oils are in the gas
phase, concentrations in one process stream (No. 7 in Table 5-2) were
estimated to be 8.9 X 1072 gm/l for tar and 1.3 x 107} gm/l for oil.
Process stream leak rates giving TLV concentrations are 2.2 X 1074 m3/hr
for tar and 1.5 X 107% wd/hr for oil. light liquid/two phase valves and
flanges at refineries leak at average rates of 0.02 and 0.0056
1b/hr/source, r:espect:ively.ll5 Assuming one leaking valve and five
leaking flanges in Stream 7 of a liquefaction plant, the leak rate from
Streaw 7 might be expected to be 0.027 1b/hr. 0ils have molecular
weigﬁf:s ranging from 300-500 gms/gm-mole. The average molecular weight
of the gas in Stream 7 was then estimated as 20 gm/gm-mole. Using this
value, process stream leak rates giving TLV concentrations in the work
area for worst case assumptions are 0.0048 1b/hr for tar and 0.0033
1b/hr for oil. Thereforeﬁ leaks from Stream 7 are approximately 5 times

more than adequate to result in TLV concentrations.

This calculation indicates that the concern for inhalation of
tars and oils, though real, is not excessive. In thg calculation,
concentrations of tars and oils have been grossly overestimated in the
work area. First, oils and tars .were assumed to vaporize upon release
to the work area. Most substances cool upon expansion; therefore, the
tar and oil should cool upon release to the work area, and much of the
tar and oil is expected to remain as liquid and not a; vapor. Second,
thg; worker was restricted to a very small area around the leak. The air

volume exchange in the worker area was low at 1 change/hr. Third, '-iziéks'

from process streams would be expected f,__t:_q,_discriminéte against l-;':{‘gher—'

molecular~we-ight molecules. Thﬁs, 'a higher leak'rate would be nec'e#sa.ry
to reach TLV concentratioms.

»
‘s




151

5.5 DISCUSSION

Operation of a coal liquefaction facility may present the
potential for _significant risk to human health in an occupational
setting. A large number of compounds are of concern. Perhaps of
greatest concern are the tars and o‘:.-:.ls' from the gasifierlwhich contain
high -céncentrations of polynuclear aromatic hydrocarbons, heterocyclic
compounds, and trace elements, Based upon the use of CO as an indicator
compound within the workroom env1ronment, and using the hazard category

definitions listed in Table 5-3, tars and oils represent the only

. I:
Probable Hazards., Carbon dioxide, methane, represent possible hazards:

from one or more process streams. The emissmons of nickel carbonyl from
Stream 18 (SNG) and hydrogen sulfide from Stremm 66 (stack gas from

Fischer~Tropsch heaters) also may pose problems.y

s

TABLE 5-3

DEFINITION OF HAZARD CATEGORIES FOR
OCCUPATIONAL HEALTH ASSESSMENT

Probable Hazard Allowable Leak Rate
Relative to CO <0.l1
Possible Hazard ¢ Allowable leak Rate
. . Relative ta CD 20.1

but <1.0 . L
Unlikely Hazard - Allowable Teak Rate

Relacive to CO >1 0

.For leaks from process streams containing CO, regulation of CO by
.the TV level wmay be suff1c1ent to ensure chat other potentially
hazardous chemicals w1ll be adequacely regulated for the meJorlty of
chemicals and process streams. The most notable exceptlon to the above
statement is the case of tars and.oils, which may not necessarily be
below appropriate TLV levels, even if 0 is thus regulated. In
addition,‘taés and oils pose carcinogenic hazards both by inhalation and
dermal éontact. Dermal exposure could arise from operating valves,
during ﬁainteﬁance, exposure to leaks in pipes, etc. Careful adherence

to a comprehensive industrial hygiene program should be maintained with
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emphasis on protective clothing, periodic physical examination, and
documentation of accidental skin exposures. Leaks from a few process
streams may result in levels of CO,, CH,, HyS and cré.ce metals above
_their respective TLVs even if CO is adequately controlled. In most of
: these cases “(CH, is .the exception), if CO is regulated to.a
concentration somewhat below its TLV level (approximately 1/2 to 1/5)‘“
these other compounds'ﬂll be .cor‘n:rolled adequately. This is" mot an
unreasonable level of .‘:.conttol, considering the worst-case assumptions

made in deriving these'numbers, and should be technically achievable.

A calculation based om leak rates from oil refinery ‘operatipns
suggests that fars and oils may be 5 times their TLVs (assuming®total
vaporization of such materials from any -leak .and that workers are
exposed in an enclosed area around this leak). These assumptions are’
clearly worst—case, and if the facility is open to thé atmosphere and
tars and oils condense to any reasonable extent (as it seems likely they

will), oil and tar conceﬁtrations will probably be below TLVs.

Dermal exposure of workers to tars and oils and other process
stream condensates during routiine operation, maintenance, etc. may pose
significant pntential for skin carcinogenesis, and possibly other health
hazards. This problem .can best be addressed 'b}" adequate prctective
clothing, worker educatiom, a vigorous program of industrial hygiene,
and worker monifiioring by periodic examipations. No existing _metho;lology

was considered adequate for quantifying dermal exposures.

It is extremely difficult to address potential problems in a
specific wanner inﬂ a preoperational assessment. .This is due to the
large uncertainties associated with factors such as concentration of
various toxicants in process streams, leak rates of these various
streams, the probability of in-plant personnel being in regions where
leaks are occurring, and ' the method of disposal of_;_,__:yarious waste
products, etc. Estimation of the concentrations of chemiclféils in various
process streams by comparison with other liquefaction processes and

'blant:s (such as SASOL in South Africa)165 is mnot satisfa}_ctory for
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specific health risk analysis either; toxicants in process streams way
vary (depencfing on the starting coal composition and the specific
1i§ue£action process), design of process stream plumbing may vary (hence
the points at which wmaximal leakage mnay occur could differ

significantly), and positioning of worker stations may vary.

In Volume V additional research ~is described which, if
implemented, will improve the present tentative statements concerning

health risk amalysis of this coa],__.]_Tiquefaction assessment.
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6 CONCLUSIONS

6.1 OVERVIEW

The results of the ecological, public health, and occupational
health assessments have been described briefly in Chapters 3, 4 and 5,
respectively. Several process and waste Streams have‘ been evaluated,
and numerous chemical constituents have been categorized. In the
preceding chapters the results "have been presented and discussed
separately in terms of individual reéeptor groups. The purpose of this
chapter is ! to integrate the results across receptor populations to

estimate the relative hazards posed by facility streams and classes of
stream constituents.

It is extremely difficult to address potential problems in a
specific manner in a preoperational assessment. A number of factors
which - could have a significant impact on the type, magnitude and
_ severity of hazards posed by the hypotpetical plant have not been
evaluated in the assessment due to 1a\c"l_c'of‘ \data. These factors are
described in detail in Volumes II, III, IV and V of this reports, and
have been summarized in the previous chapter of Volume I. Because these
factors have not been considered, the uncertainty regarding the results
-0f the assessment is substantial, and should be consiqéred in reviewing
or utilizing the assessment results. This uncertainty is further
exacerbated by the paueity of toxicologic data for many.spollutants, and
the lack of specific info.rmae;'t:ion regarding potential receptor
populations. The results of L'.h:.l.s study, however, do represent a useful
state—of-the-art assessment of the potentially ‘hazardous trace
conti?ninants from a commercial:§ca1e Lurgi/Fischer-Tropsch liquefaction
facility. -

}‘ The potential hazards associated with 'the operation of a
Lurgi/Fischer—Tropsch liquefaction Ffacility will "vary among process
streams, classes of chemicals, and exposed receptor pupulations.
Section 6.2 of this chapter describes chemical hazards associated with

various Ffacility streams. Section 6.3 describes the degree of hazard
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associated with various chemical classes in all amalyzed process and
waste streams. Section 6.4 summarizes the major conclusions <£from

sections 6.2 and 6.3.
€52 CATEGORIZATION OF FACILITY STREAMS BY HAZARD LEVEL

" The ecological, public health,. and occupational hazards
associated with various Lurgi/Fischer-Tropsch process and waste streams
have been evaluated. These concerns are summarized Eor each of éix
waste streams, in Tables 6—1 and 6-2, and discussed in the following
sections. In the summary of the ecological and public health concerns
for a particular waste stream, it should be noted that some of these
concerns may be mutually exclusive, because different assumptions and
scenarios sometimes have been used in the ecological and public health
assessments (e.g., the wastes from the reverse osmosis unit. have been
projected to enter a small surface water stream in the ecological
assessment and an isolated groundwater system ﬂh the public health

assessment).

6.2.1 Utility Stack Gas (Stream 28)

Stack gas produced as a result of i.u:ilities generation is the
largest planoned environmental release from the hypothetical facility,
with a flow rate of appr;)ximately 7.1 million pounds per hour. Prior to
discharge an electrostgtic precipitator reduces part:i.culate matter to

0.1 pounds per million Btu of fuel fired; ‘and lime slurry scrubbing

reduces S0, to 0.2;pounds per million Btu of fired heat.

Although supplemental fuels (i.e., gasifier -tars and phenols) and
incineration fuel (i.e., sourﬁ\gases) are used, over 80 percent of the
Btu's fired are derived from u;fdersized coal. The stack gas, therefore,
may be expected to be similar to stack gas from a coal-fired power plant -
utilizing UWyoming subbituminous coal. However,, 'qecause éasi.fier tar
comprises a significant fraction of total Btu fired ({(i.e., 17%),
differences between trace element content of the coal and tar (on a Btu

basis) do affect trace element release from the boiler. Cal(_:ulations

l_-h
:based on SASOL distribution coefficients indicate that substifution of
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tar for coal to provide 17% of the Btu's to the boller reduces arsenic
(9.5%) and cadwium (14%Z), but increases beryllium (48%) and mercury

)’_;5%). Release rates of lead are approximately equal f:oi"' combustion of

. coal and tar.

Comparison of estimated post-dilution concentrations of §0,, NO,
and trace elements wn.t:h public health and ecolog:.cal benchmarks
indicates that none lof the stream constit:uents pose a  Probable Hazard,
but each represents "u, Poss:.ble Hazard to public health and ecosystems.
Arsenic, beryllium, lead, and mercury approach, but do not exceed their
respective Estimated Permissible Concentrations for health and
ecology. Mercury and beryllium also exceed ambient air concen-
trations. Cadmium aod lead approach, but do not exceed their ambient
levels in air. Evaluation of the soil depo;ition flux for the trace
elements indicates that the depositicn of As, Be, Cd and Pb would be a
small fraction of their natural flux, but mercury poses an ecological

hazard deserving the highest research priority.

Estimated post—~dilution coueentrations ‘of sulfur oxides and
nitrogen oxides exceed or approach the public health benchmark (NAAQS)
and ecological benchmark (Lowest Observed Toxic Concentration and Most
Stringent Criteria, i.e., NAAQS). The reason tha.t 505, which is reduced
to 0.2 1lb/million Btu of fuel fired (one sixth of the federal New Source
Performance ‘stan‘dard), exceeds the NAAQS appears to be that the post-
dilution conceti;:rations of both S0, and NO, were estimated using
dilution factors from the SAM/I model, and therefore, represent maximum
ground—-level  concentrations, . not ambient concentrations £for an
airshed. The potential hazards posed by SO, and NO,. therefore, are
probably not as significant as indicated by the as:s'essment, and/or they

probably would be confined to a very limited area.

6.2.2 Cooling Tower Atmospheric Losses (Stream 29).

Cooling tower atmospheric losses for the hypothctical plant are
projected to be 2.4 willion pounds per hour. Although many industries

have cooling towers, the emissions from the hypothetical plant are




unique, because treated process wastewate*"- is used in the cooling
S
system. N

1

Partitioning of contam:.nam:s between the vapor phase and liquid
droplet phase (drift) may be a cr:LtJ.cal consideration in determining the
dispersion, settling and effects of pollutants, but cannot be determined
quantitatively. On the basis of physical properties (e.g., volatility,
solubility), trace elements and pol}"nuclear aromatic hydrocarbons may be
expected to concentrate n‘) the drift, while phenols and low ‘molecular

weigl{'i: heterocyclics may be in the vapor phase. -

In assessing hazards to public health, all cooling towers .loss'es
are assumed to be in the vapor form. Comparison of estimated post-
dilutio;l concentrations with health benchmarks results 1n “the
classification of arsenic and ammonia as Possible H_x‘.at*ds—fco "‘publn_c
health. ‘Concentration of certain contaminants is® the’ dr:.fl. may

aggravate hea.lth hazards if the public is exposed to the drift.

Cool:.ng, tower losses appear to pose the great:es._ short-—t:erm
atmospher:.c threat to local terrestrial ecosystems due to the J'..g-ge
quantities of organics and trace elements released. The potential
ecosystem effects have not been assessed quantitatively, due to lack of

data. 5

6.2.3 Coal Lockhopper Vent Gas (Stream 72)

Lk,

Stream 72 has a relatively low flow rate (3968 1lb/hr), but
contains a wide variety of trace elements, organics and toxic gases.
. Chemical characterization data are limited to classes of compounds, w1l:h
the exceptions of ammonia, carbonyl sulfide, hydrogen cyanide, hydrogen

sulrfide and nickel carbonyl, which also are quantified.

Comparison of estimated post-dilution concentrations with?®
ecolng:.cal and public health benchmarks indicates that none of the
cor'ponents in lockhopper vent gas pose a Probable Hazard ‘-; 3 e:.t:her
“pz-.v..u. health or ecosystems. Ammonia, hydrogen sulfide and npickel

carbonyl are classified as Possible Hazards to public health. Hazards
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.to public health posed by the classes of compounds have not been
assessed because data regarding concentrations of individual compounds
are not_available. It should be noted that if the total concentration
of eachﬁgidsé*%f compounds are compared with the most strigent EPC for
any compound :in the class, then total trace elements, phencls, fatty

acids and mercaptans would be classified as Possible Hazards.

.

Technology currently exists for reducing or eliminating emissions
of coal lockhopper vent gas. Pressurization of coal lockhoppers with

nitrogen gas rather than product ga§;can be usedﬁto reduce pollutant
- rgleases."If product gas is to be used (as in most commercial Lurgi
facilities) collection and incineration of potential releases is a
viable alternative. Incineration would eliminate hazards due to organic
emissions, but woula not reduce the hazard posed by trace elements.
Pressurization with nitrogen gas could reduce the hazard posed by both

trace elements and organics.

6.2.4. Reverse Osmosis Concentrated Wastes (Stream 53)

Concentratec¢ waste from the reverse osmosis unit is the largest
aquecus waste stream requiring ultimate disposal. It has a flow rate of
573,000 lb/hr or 75 liters/sec. It is“unique to the facility; its flow
rate and composition being a function of process operatj.ef.s, operating
conditions, feed coal and wastewater treatment procességf*-.Although
precursor waszéwater Streams are tfeatgd ‘rather iatensively (i.e.,
tar/oil separation, phenol recovery, ammonia recovery and bioclogical
treatment) prior to concentration of pollutants in the reverse osmosis
unit, the quality of the concentrated waste stream is such that
inadvertent release into groundwater (through leaching) or surface water
{through leaks), as assumed in this studyl‘i way pose a significant hazard

to human health and ecosystems.

Comparison of estimated ambient bollutant' concentrations with
ecological and public health benchmarks indicates that eleven classes. of
compounds (trace elements and fen classes of organics) may pose a

Probable to Possible Hazard to humans and/or ecosystems.
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Estimated ambient ironcentrations of all ten trace elements for

which coucentratio#”haVe been estimated exceed at least ome ecological

or public health benchmark. Based on results of the .screening process,--

six trace élements ?35, Be, Cd, Hg, Mn, and Ni}) are classified as
Probable Hazards. The other four trace elements for which post-dilition
concentration have been estimated ;?b, B, F, and V) are categorized as

Possible Hazards to ecosystems and public health.

Ten classes of organic compounds‘are classified as Probable or
Possible Hazards to human health and/or ecosystems. Phenols,
polynuclear aromatics and mercaptans are c%gssified as Probable Hazards,
because estimated post—dilucion concentration of at least' one compound
in'éach class exceeded one or more benchmarks by at least an order of
magnitude. Although the efficiency of removal of phenols prior to
reverse osmosis was high (98+%), estimated post-dilution concentrations
of twelve of the phenols exceed drinking&water standards by at least an
order of wmagnitude. Eight of the phenolic compounds also exceed (or-

approach) at least one other benchmark.

The paucity of data regarding polynuclear aromatics must be
considered. in evaluating results of the secreening " procedure.
Polynuclear aromatics have been placed in-tﬂé Probable Hazard category,
because the estimated p&st-dilution conicentration of ngphthalené exceeds
two benchmarks by at least an order ;f magnitude and approaches two
other benchmarks. FEstimated ambient concentrations of Fluoranthene and
phenanthrene are within an order of wagnitude of their Estimated
Permissible Concentration values, despite relatively low initial
concentrations in Raw Gas Liquor (0.2 mg/l and 0.1 mg/l, respectively)
and estimated 90%'removal of both compounds prior to entry of the stream

into the reverse osmosis unit.

. Mercaptans are classified as a Probable - Hazard becadse the
escimated_poét—dilutépn concentratibn for the only mercaptan quantified
in the nstream, méthanethiol, exceeds its ©Estimated Permissible
Concentration for Health, (the only available health benchmark), by more
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W

g

fET’also ‘exéeeds the only available

e

ecological benchmark, the Lowest Observed Toxic Cohceh;rqtion, by a

than an order of magnitude.

factor of three.

Based on the results of tha screening process, two classes of

.organic compounds (carboxylic acids, and substituted benzenes) are
;gsclagz%iied as Possible Hazards. Three carboxylic acids exceed or
-appregéh their Estimated Permissiple Concentration, despite removal of
ove¥’ 95% of the compounds prior to treatment in the reverse osmosis
“unit. All five of the substituted benzenes quantified in the assessment
exceed Estimated Permissible Concentrations for he;lth or ecosystems,
despite removal of over 90% of the compounds prior to treatment in the

reverse osmosis unit.

Five additional classes of organic compounds (aromatic amines;
nitrosamines; and nitrogen, sulfur and oxygen - heterocyclics) are
classified as Possible Hazards, due to uncertainties regarding pollutant

concentrations, and toxicologic benchmarks. g ¥

Y]

Despite extensive treatment of the wastewater, coucentrated waste
from the reverse osmosis unit poses a Probable Hazard“to human healch
"and ecosystems. The stream hazard may be reduced by employing

additional -(or alternative) treatment technologies or improved disposal

methods. g

A wide variety of alternative technologies have been propoéed for
treating/disposing of coal conversion wastewaéers. The following brief
discussion is provided to indicate some of the advantages, disadvantages
and uncertainties associated with several ofythe proposed alternative

treatment and disposal options, including:

e Altrernative Treatment
-~ Elimination of reverse osmosis unit
@ Additional Treatment Options
— Precipitation
— Enhanced solvent extraction
- Activated carbon adsorption
- Ozonation -
- Enhanced biotreatment
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e Alternative Disposal Methods '

- Deep well disposal i

- Forced evaporatlon and incineration

Ellmnat:.on of the reverse osmosis/ r'fit': ’in' the wastewater
treatment train and routing of ash sl ice water into the biological
treatment un:Lt would offer twa major advantages: elimination of the
concencrated waste stream - (Stream '53) and possibly enhancement of
biotreatment through. dilution ofvpotentzally toxic constituents in the
biological treatment unit. The major disadvantage resulting from such
an alteration would be increased pollutant concéntrations in effluent
from: the wastewater treatment facility. Because ‘.he treated effluent 1s
used as cooling tower make-up water, increased pollutant concentratlons
would ~increase the environmental hazard associated with cool:.ng tower
losses to the atmosphere, Stream 29. When the reverse osmosis unit is
employed, only two components of Stream 29 (as and NH3) .p6se a hazard
(Possible) to publ:Lc health. If the reverse osmosis unit is deleted,
five components of Stream 29 p0<e 2 hazard to public health:: arsenic
poses a Probable Hazard; and ammonla “boron, cadmium and mercury pose

Possible Hazards.

Precipitation wmay be an effective means of reducing

concentrations of heavy metals. Use of Fe(ou)3 or another such

scavenging agent can be an effective method for removing arsenic,
cadmiuvm, lead, mercury and other -hezvy metals, and can be a relativély
inexpensive step when combined with a pre—existing need for settling
212

and/or prefiltration. However effectiveness has not been

demonstraced for coal conversion wastewaters. Disadvantages are that it
"

does not reduce the concentration of organics, and it does produce a

sludge requiring disposal.

Solvent extraction of organics may be enhanced by substituting

‘ methyl isobutyl ketone (MIBK) for diisopropyl ether (DIPE). MIBK has

been shown to be substantially better than DIPE for extraction of

polyhydric phenols. Appropriately chosen solvents may also prave

o]
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effective iﬁ:removing polycyclic aromatic hydorcarbons, heterocyclics,
orgsiaic bases, organic sulfur compounds, gnd carboxylic acids as well as
phenolics.212 Although enhanced solvent extraction appears promising,
effectiveness has. not been demonstrated on actual coal conversion
wastewaters,.and a residual solvent concentration will iﬁevitably remain
in the water. Aiso, a significant fraction of dissolved organics may
prove resistant to solvent extraction. Recent amnalytical results, 41
obtained from the aqueous' process condensates from. an oxygen—blown,
lignite~fired Lurgl _gasifier; 1nd1cate-rthat although DIPE extraction
. reduced - phefiols by 99% and Total Organic: Carbon (TOC) by 75%, subsequent
exhaustive extraction  (using methylene chloride and diethyl ether)
removed only 9% of the remaining TOC. The final TOC remained high,
i.e., approximately 1,900 mg/l.

Activated carbon adsorption has been proposed as a polishing step
following biotreatment. Carbon adsorption can reduce the concentration
cf phenolics, color and complexed metal ions. In combination with the
prefiltration that is required, the method also eliminates suspended
solids. However, carbon adsorption has no effect on inorganic salts,
does notaffect significantly the reduction of large-molecular-weight
materials, énd the carbon itself may give rise to pollutants that are
-leachated into water immediately after regeneratJ.On.212 Also, the final

. TOC-level attainable using activated carbon adﬂerntlon may be relatively
high. A recent study41 using Lurgi gasifier condensate (after
extraction with DIPE, methylene chloride and diethyl either) indicated
that addition of 0.005 mg/l carbon reduced TOC. from 1894 mg/l to 280
mg/l. However increasing the concentration of carbon up to 0.1 g/ml of
water did not reduce the TOC below 171 mg/l. The study concluded that
gasification wastewater may not be sufficiently polished by activated
caroon due to the high residual TOC level.

Ozonation has been proposed for reducing polynuclear arcmatic
hydrocarbdns, nitrogen heterocyclics, -color and toxicity. It has also
been proposed for assisting the removal of large-molecular-weight

organics by carbon adsorption.212 Although ozonation appears promising,
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economic feasibility is unknown and the extent of its capabilities is
not well astablished. Preliminary results of a studyl"8 evaluating
treatment of coal conversion (i.e., hydrocarbomization) wastewater 'by
biological oxidation, activated carbon and ozonatiorl, indicate that the

écute,.. toxicity of wastewater to Daphnia magna was reduced significantly

by biotreatment, but subsequent treatment with- carbon adsorption and
ozonation resulted in a significant increase i::n toxicity. Acute
toxicity of the wastewater after adsorption and ozonation was actually
higher than for the raw scrubber water. The reason for these unexpected
results has not been determined yet, although its is suspected that the
increased toxicity may be due to conversion of trace residual cyanates

to cyanide on ozonation. T

Biological treatment may b;a enhanced by developing biological
sludges specifically for treatment of facility wastewatérs. Successful
operatinn has been reliably experienced for seemingly similar
wastewaters, such as coke plant effluent. However, to date, rasults
have been considerably less lencouraging. for coal - conversion
wastewvaters.212

Deep well disposal can be an effective method for disposing of
the reverse osmosis concentrated waste, but may be limited by~ site
specific conditioms. L_imited availability of appropriate geological
formations and local reéulatioﬁs may prevent use of this option at a

given site.

Forced evaporation of the waste stream and incineration of the
brine can be used to destroy the organics in Stream 53, but may produce
an ash with high conceantrations of trace elements and, possibly, some
a:;r pollution. The economic feasibility of treating such a large stream

has not been determined.

In gemeral, although many treatment processes appear promising, '
economic feasibility and effectiveness have not been demonstrated on
actual coal conversion wastewaters as yet. Final judgment as to the
hazard potential of the reverse osmosis concentrated waste must await

thorough investigation of the chemical characteristics, acute and
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chronic toxicity, and treatability of whole effluents from appropriate
operating facilities.

6.2.5 Leachate From Ash and FGD Sludge (Stream 69)

Leachate from ash and sludge disposal is not a planned

environmental release, but may cccur if disposal is in the minez, as in
tLe hypothetical plant. Chemical and physical characteristics of
utility ash and scrubber sludge from the hypothetical plant should not
differ from ash and scrubber sludge produced by a coal-fired power plant
Eurning Wyoming subbituminous coai. The leachates should also be
equivalent. Chemical and physical characteristics of gasifier ash may
differ, perhaps significantly, from those of utility ash due to
differences in operating:conditions. Leachates from the gasifier ash,

therefore, may differ as well.

Because 84% of the ash/sludge stream is generated by the
gasifier, the quality of the ash is assumed ﬁo be similar to gasifier
ash. Ne data are available from leachate from ash £rom Wyoming
Subbituminous coal. The ccmposition of first column voiume leachate
fractions of unquenched ash from Moantana Rosebud coal is assumed to be
representative for the assessment. The data are limited 'fo
concentrations of trace elements. In the hypothetical Lurgi/Fischer-
Tropsch'plant ash is quenched and then dewatered prior to disposal. Use
of leachate data from unquenched ash, therefore, may result in
overestimation of conecentrations of trace eleﬁents in leachate from the
model facility. The assumption that muatural attenuation processes
(e.g., precipitation, adsorption, ion exchange) -are negligible also
tends to result in overestimation of trace element concentrations in

leachate from the model facility.

Although estimated conecentrations of the trace elements appear to
be higher than would be expected under actual conditions, results of the
screening process  (presented in Tahle 6-1) indicate that none of the
trace elements pose a Probable Hazard to either public health or

ecosystems. Only one element, nickel, exceeds even a single
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benchmark. Six elements (Al, Cd, Fe, Pb, Mn, and Se) are classified as
Possible Hazards, but only one of the six, selenium, approaches more

than one benchmark. -

It does not appear that ash leachate'posgs a’ significant concern
to public health or ecosyétems, Final judgement regarding the hazard
posed by ash/sludge leachate requires thorough chemical and
toxicological characterization of whole ash leachatethgggﬁ’ operating
plants. Of particular importance is the impact that naéi;;l weathering
proéesses will have on the long-term leachability of poten%ially toxic
constituents of the ash and sludge. The probability of gormation and

release of leachate,mugt also be determined.

6.2.6 Bioéludge Leachate (Strezm 71)

fb data are available regardiné the composition- of sludge
generated by biological treatment of Lurgi/Fischer~Tropsch. wastewater,
or the c0mposifion and q&antity of biosludge leachate. For the
hypothetical plant toxic materials in biosludge have been estimated by
assuming that removal of trace elements and polynuclear aromatic
hydrocarbons in the biological treatment is via adsorption and
sedimentation with the biosludge. The biosludge is assumed to be

dispyused of in the mine. Trace elements and polycyclic aromatic

-hydrocarbons removed with the biosludge are assumed to be leached from

the biosludge and enter a small (10 cfs) stream. These assumptions are,

of course, very tenucus.

Comparison of estimated ambient concentrations with ecological

benchmarks indicates that both classes of compounds for which

concentrations have been estimated, (trace elements and polynuclear

aromatics,) may pose a Probable Hazard to ecosystems. The estimated
post-dilution concentration of all five trace elements for which
concentrations have been estimated (As, Be, Cd, Pb, and Hg) exceed from
two to seven benchmarks by &t least an order of magnitude. Comparison
of estimated concentrations of polynuclear aromatics (PNAs) with

ecological benchmarks indicates that three of the seven PNA compounds
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quantified in the assessment exceed at least one benchmark. Naphthalene
exceeds or approaches all the available benchmarks. It exceeds its
Lowest Observed Toxic Concentration (LOTC) and Proposed Freshwater

Criteria (PFC) by more than an order of magnitude, aund approaches its

- ..Lowest Observed Lethal Concentration (LOLC). Fluoranthene exceeds its

LOIC and approaches its PFC. Phenanthrene exceeds its Lowest Observed
Toxic Concentration but is considerably lower than its Lowest Observed
lethal Concentration.

Although biosludge is a relatively small - stream (i.e.,
approximately 3,900 lb/hr), and natural attenuation mechanisms (e.g.,
chemical precipitation, ion exchange, biodegradation) may be expected to
reduce pollutant levels, projected high concentrations of trace elements
and polyauclear aromatic hydrocarbons indicate that disposal of
biosludge with ash in the mine, as assumed in the hypothetical plant,

may pose a Probable Hazard to the surrounding ecosystem.

The high concentrations of toxic materials, coupled with the
probability that coal coaversion biosludge will be declared hazardous
under the Resource Conservation and Recovery Act212 indicate that
improved disposal techniques or process modifications will be

required. Disposal options include but are not limited to:

o incineration in cthe utility boiler - this option would destroy
organics, utilize the heating value of the hlosludge and route
mest of the trace elements into bottom ash or fly ash. A
potential disadvantage would be the substantial increases in
trace element flow rates into the boiler and also out of the
boiler as atmospheric emissions. Based on estimated flow rates
for trace elements (see Section 6.4.l), arsemic would increase by
140%, beryllium by 68%, cadmium by 65%, mercury by 70% and lead

by 5%.

® incineration In a specially designed incinerator - this option
would destroy organics and allow better control of trace element
atmospheric releases. It could produce an ash which would

probably require disposal as a hazardous waste due to high
concentrations of trace elements. However, tiic small flow rate
of the ash would facilitate treatment (e.g., chemical fixation)
and disposal.
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® disposal in a secure landfill - disposal in a secure landfill may
reduce or eliminate the potential hazard.

e fixation - chemical,fixation is a potential method for reducing
the leachability of biosludge, but its applicability to biousludge
from indirect liquefaction processes has not been demonstrated.
Long-term leaching potentizls are aot fully understood at this
time. .

° elimination of biological treatment unit ~ substitution of other
wastewater treatment processes (e.g., physical and chemical
processes) for biological treatment would, of course, eliminate
production of biosludge. Environmeantal tradeoffs would depend
upon the specific alternatives selected.

6.2.7 Process Streams (Streams 7-18, 51, 53, 56, 66 and 68)

Only streams where carbon monoxide is present:' have been
addressed. These include: raw to purified gas streams, Fischer-Tropsch
products, SNG, ',-"biol:rea.tme'nt waste . air, Rectisol sour gas, Stretford
incinerat:.':ion _g-:it:"-, Fischer-Tropsch product upgrading heater stack gas,
and Fische'i':-i;ropsch product CO, off-gas. These streams have been
analyzed only in the occupational health assessment. They do not
represent public health or ecological concerns. The most important
occupational concerns are associated with tars and oils from the
purification of the ra;w gas (Streams 7-12), methane from SNG (Stream
18), hydrogen ‘sulfide from product upgrading heater stack gas (Stream
66), and fatty acids from washed gas (Stream 8).

6.3 CATEGORIZATION OF CHEMICAL CLASSES BY HAZARD LEVEL

In this section the hazards associated with various chemical
groups are evaluated after considering i:heir occurence, effects and
degree of hazard in all'analyzed process and waste streams. Table 6-3
contains a summary of the analyses of constituents associated with
aqueous environmental releases and atmospheric environmental releases,

respectively. o -

6.3.1 Trace Elements

Information in Tables 6~1, 6~2 and 6-3 indicates.that trace

elements may represent one of the greatest hazards posed by the
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h'ypot:heticél indirect'.\': liquefaction facility. Estimated trace element
concentratiéns in all of the quantified streams (except lockhopper vent
gas, for which data are very limited) pose a Possible to Probable Hazard
to public health and ecosystemsuy  Comcentrations in internal process
streams (e.g., Stream 13) are est.:'i.mate.d to be high enough to approach,
though not exceed, Threshold Limit Values in the' occupational
environment. And trace elements are present in a large number of
unquantified gaseous, liquid and solid streams which have a high to

medium probability of releas& to the enviromment.

Several of the elements have been identified as presenting a
greater hazard than others. Arsenic, heryllium, cadmium, lead,
manganese, mercury and nickel pose the _éreatest relative hazards to
ecosystems. Beryllium and nickel pose the greatest;,;.-relative hazards to
human health, while arsenic, boron, cadmium, lead, mercury, and vanadium
pose Possible Hazards to public health. The ecological assessment of
threshold bioaccumulation concentrations for arsenic, cadmium, 1lead,
manganese and umercury also suggests that these metals may accumulate in
fish tissue to levels that present human health hazards from dietary

intake.

The high degree of hazard posed by trace elements relative to the
other chemical groups assessed may be biased by the substantially
greater amount of toxicologic information available aad hence the
likelihood that more sensitive species have been tested with trace
elements. However tk}e large number of toxicologic benchmarks exceeded
by projected post dilution concentrations of trace elements in
quantified waste streams indicates the importance of isolating these
waste streams from the environment.

-

The environmental hazards are aggravated by the large quantities
of trace elements processed and the number of streams which may contain

them. Because the hypothetical facility processes a large quantity of

coal (28,000 TPSD), the total environmental loading of trace elements -

will be high. For example if a trace element is present in the Wyomiag
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]

179

subbituminous coal at a level of 1 ppm (dry basis), approximately 40
pounds per s'é'ream day of that trace element will enter and leave the
plant. Total quantities of trace elements processed by the hypothetical
facility are presented in Table 6-4. As shown in the Table, up to
16,126 pounds of arsenie, 10,751 pounds of beryllium and cadmium,=
215,024 pounds of chromium, 2,284 _pot\nds of mercury, 161,268 pounds of
lead, and 11,826 pounds of uranium will be processe& by the hypothetical
plant in a single year. The distribution.of selected elements (As, Be,
Cd, F, Hg and Pb) ~in’ the hypothetical facility has been estimated using
SASOL trace element distribution coefficients for Lurgi gasifiers and
wtility boilers and the uppper value of trace element content of Wyoming
subbituminous coal. The distribution is presented in Figure 6-l1.
Inspection of the trace element distribution in quémtified s treams
indicates that although the largest flow of trace elements is in St;'eam
36 (ash/scrubber sludge), significant quantities of trace elements are
'bresent in several other sﬁreams which may be released to the
environment, including reverse osmpsis permeate and concentrate, ash
leachate, biosludge leachate, and atmospheric emissions from the utility

boilers.

Because trace element content varies greatly among coals, use of
a coal other than the Wyoming subbituminous coal assumed in the
assessment, may b.a\{e ‘a significant impact on trace e?.ement input to the
hypothetical fa-::i_'lity. The concentration of fowrteen trace elements in
Wyoming subbituminous coal is compared with concentrations in other U.S.
coals in Table 6-5. As shown in the table, the maximum concentrations
of all but two trace elements (antimony and chromium) in the Wyoming
subbituminous coal are less than the mean concentration for 101 other
U.S5. coals; the maximum concentrations of trace elemenr;s in the 10l
coals are from 5.6 to ‘668 times as large as maximum concentrations in
Wyoming subbitiminous coal. Maximum concentrations of trace elements in
Wyoming subbituminous coal also are approximsicly equal to, or lower,
than concentrations in coals from four major U.S. coal regions. This

brief comparison of coals suggests that substitution of many U.S. coals
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TABLE 6-4

TOTAL QUANTITY OF TRACE ELEMENTS PROCESSED
BY THE HYPOTHETICAL FACILITY

CONCENTRAT ION

~IN WYOMING - :

SUBBITUMINOUS TOTAL QUANTITY

TRACE COAL#4 INTO FACILITY TOTAL QUANTLTY
ELEMENTS (ppm) (1b/sd) (1b/year)

Ag -.06-.43 2.40-17.21 806.3-5,778.8
As . .57-1.2 22.81-48.03 7,660.2-16,126.8
B 32 1280.67 430,048.
Ba 87 3481.83 1,169,193.
Be .71-.8 28.42-32.02 9,541.7-10,751.2
cd .31-.8 12.41-32.02 4,166.1-10,751.2
Co .55 22.01 7,391.5
Cr 4.2-16 168.09-640. - . 56,443.8-215,024.
Cu 8.9-10 356, 19-400. 21 119,607.1-134,390
F 65-67 2601.37-2681. 41 873,535-500,413
Hg 1-.17 4.40-6.80 1,478.3-2,284.6
Li 3.6-15.0 144.08-600. 32 48,330.4-201,585.
Mo 2.2 88.05 29,565.8
Mn 2.8-3.4 112.06-136. 07 37,629.2-45,692.6
Ng 1.7-14 68.04-560. 29 22,846.3-188,146.
Pb .51-12 20.41-480.25 6,853.9-161,268.
Sb .08-1.5 3.20-60.03 1,075.1-20,158.5
Se .33 13.21 4,434.9
Sn .14 5.60 1,881.5
U .88 35.22 11,826.3
v 10-14 400.21-560.29 134,390.-188,146.
Zn .23-8 9.21-320.17 3,091.0-107,512.
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for the Wyoming subbitiminous coal used in the assessment would tend to
increase the environmental hazard posed by trace elements. i(.:

6.3.2 Aliphatics, Alicyclics and Fatty Acids

Compounds in these classes aré present in.a number of quantified
and unquantified streams. Concentrations din hgaseoﬁs ‘streams are
estimated to pose an pnlikely Hazard to public health and ecosystems,
but a Possible Hazard to occupational workers who may.be exposed to
leaks from iﬁéernal process streams (e.g., fatty acids in Washed Gas -

Stream 8, and methane in SNG - Stream 18).
Although concentrations from aqheous streams initially were
categorized as, Possible Hazards to public health and ecosystems, these

compounds probably do not represent serious off-site hazards because

they are generally widespread in the environment, are not hlghly toxic

J

and are readzly biodegraded. -

6.3.3 “Benzenes and Substituted Benzenes

Several of’ these- compounds are expectéd to be present in the
gaseous and aqueous streams. As indicated in Table 6-3, these compounds
have been classified.as'Possible Hazards to héth aquatic ezosystems and
public health :(via consumption of contaminated drinking® water).
Atmospheric releases appear to pose an Uﬁiikely Hazard to public health
and ecpsyséemﬁ. " This chemical class has not been assessed in the

occupational health assessment.
6.3.4 Phenols u

Phenéls are present in<a large number of gaseous and aqueous
streams that have a high to medium probability of release. .Estimated
ambieht' concentrations due to. gaseous releases appear to pose an
Unlikely Hazard toc public and occupational health. The concentration in
Codl Lockhopper Vent Gas is categorlzed as a Possible Hazard to
ecosystems, but can probably be controlled by incinerating the vent
gas. Post—dllutlon concentrations of phenols due to release of reverse

oSmMosis concentrated waste (Stream 53) are classified as a Posszble
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Hazard to ecosystems and public health. Although comparison of post~ ;
dilutioﬁ conéentrations with Drink;pg Water Standards indicate that a
_ Probable Hazard level may exist fgr humég health, the standards are
based on the organoieptic characteristics of pheneols, which are
generally several ofhers " of magnitude greatef‘ than toxic
concentrations. Similarly, although estimated ambient concentrations of
catechol and resorcinol exceed thier respective EPCs foflgcology by at
least an order of magnitude, comparison of estimated concentrations with
toxicologic benchmapks (Lowest Observed Lethal Comcentrations and Lowest
Observed Toxic Concentrations) in&icacas a Possible Hazard level ;s a

more appropriate classification.

6.3.5 Polynuclear Aromatic Hydrocarboas

Polynuclear aromatic“hydrocarbons are present in a large number
of paseous, aqueous and solid .streams that have a high to medium
probability of release. Estimated ambient copncentrations due to gaseous
emissions do not appear to pose a very significant hazard to public
health, ecosystems and occupational health, howexgr this could be the
result of the paucity of data regarding the presence and concentration
of PNA in gaseous streams and dincompleteness of data regarding

biological activity at low levels of exposure.

Concentrations of PNA in aqueous and solid streams are classified
as Possible to Probable Hazards to public health and ecosystems.
Estimated ambient concentrations due to release of reverse osmosis
concentrate (Stream 53) are categorized as a Possible Hazard to public
health and a Probahle Haéérd to ecosystems. Estimated ambient
concentrations due to release of PNA in biosludge pose a Probable Hazard
to both public health and ecosystems. Occupational hazards posed by iﬁK
in liquid and solid streams have not been assessed. The presence of PNA
in streams that have not been characterized in detail will increase the
. environmental loading and may increase the environmental hazards posed
by the PNA.
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Naphthalere and, to a lesser extent, fluoranthere and
phenq;=hrene appear to pose the most significant hazards.  However
toxicological information .'is insufficient to assess adequately the

potential environmental hézards posed by many of the PNAs.

Due to the substantial uncertainties in the data base, the

anticipated presence of PNA in unquantified facility streams and the

adverse toxicologic properties (carcinogenic, mutagenic, biorefractory,
biocaccumlative) associated with some members of this class of compounds,
PNA tentatively should be classified as Probable Hazards to ecosystems,

and public and occupational health. .

6.3.6 Sulfur, Nitrogen and Oxygen Heterocyclics

Information regarding sulfur, nitrogen and oxygen heterocyclics
is ver& limited. Data regarding concentrations, treatability, and
toxicity of heterocyeclic compounds.are so limited that n¢’ conclusions
regarding the wmagnitude of the potential hazard that they pose to the
environment may be mzde based upon the assesément. ‘However, several

observations may be made:

@ heterocyclics have been detected in a number of streams in Lurgi
facilities, including tar, oil, raw gas, and raw gas liquor and
may be expected to occur in indirect liquefaction facilities
utilizing Lurgi gasifiers. '

e the treatability ‘'of heterocyclies i1s .not well understood.
Although individual nitrogen-containing monoaromatic bases have
been easily degraded in bench-scale biological treatment uvnits,
pyridine, quinoline, and the alkylated derivatives in coking and -
petrochemical effluents often pass essentially unchanged though
treatment plants.l?% Solvent extraction of aromatic bases has
been reported to exceed 997 in some studies,l8 but cousiderably
lower effective in other studies » possibly due to pH effects.

. o the toxicity of heterocyelics is very poorly understood.. The
presence of nitrogen or sulfur heteroatoms in polyaromatic
hydrocarbon structures have been noted to -either intensify or
lessen carcinogenicity.1 Unlike many chemical classes of
compounds, toxicity data from one fused heterocyclic compouud
cannot be extrapolated to prediet hazards associated with
structurally similar compounds. Minor changes in structure!déyz
have signi%icant effects on the toxic properties of theséj
compounds.3

"
i
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Due to the expected presence of these compounds in facility
streams, the adverse toxicologic properties of several members of their
classes, ‘and the high degree of uncertainty regarding their treatability
and toxicity, heterocyclic compoux_lds are categorized as Possible Hazards
to hmna.n health and ecosystems, and should be the. subject of further

research and assessment.

6.3.7 Mercaptans *

Mercaptans are projected to be present in several gaseous and
liquid streams in the hypothetical facility. Mercaptans in gaseous
streams appear to pose an Unlikely Hazard to public and occupational
health, and ecosystems'however characterization data for the streams are
very limited. The "estimated ambient concentration due of mercaptans to
reverse osmosis waste (Stream 53) is cateéorized as a Probable Hazard to
public health (based om comparison with the , relevant Estimated
Permissible ‘Concentration), and a Possible Hazard f.o ecosystems (based
on comparison with its Lowest Observed Toxic Concentration).

6.3.8 Aromatic Amines

Arcmatic amines are projected to be present in the cooling tower
atmospheric losses (Stream 29), coal Ibckhopper vent gas (Stream 72)
Treverse osmosis concentrate (Stream 53), and an additional fourteen
streams with a high to medium probability of vwelease to the
environment. Results of the screening procedure indicate that the
projected ambient concentration of aniline (the onme aromatic ‘ziine for
vhich the concentration in raw gas liquor was estimated) would pose an
Unlikely Hazard to occupational and public health, and ecosystems.
However, because aromatic amines are projected to be present in a large
number of streams for which quantitative data are not available, and
because they have been identified as the compound class of primary
concern regarding mutagenic activity in various coal conversion products
and wastes, 48,61 sromatic amines are categorized as Possible Hazards to

human heaith and ecosystems.




187

6-3.9 Nitrosamines

Nitrosamines are expected to be present in a variety.of gaseous
and liquid streams, a number of which have a medium to high probability
of release to the environment. No data regarding specific compounds and
concentrations are available for the assessment.‘ Although results c}
the screening procedures do not indicate that nitrosamines pose a haéhrd
to cny of the three receptor groups, they are classified as Possible
Hazards because there is a paucity of data regarding specific compounds
and concentrations, and because numerous nitrosam;nes have demonstrated

carcinogenic potential34.
6.3.10 Ammonia

Ammonia is expected ‘to be present in gasecus and liquid
streams. * Adequate removal of ammonia appeats feasible; although, very
complete removal of ammonia may entail increased expense ‘(e.g., for
callef stripping colums or increased steam consumption) or encounter
some problems (e.g., volatility of ammonia may be reduced by chemical
interaction with phenols, carboxylic acids, chloride or others non-
volatile .anions, and break-point chlorination of process waters may

produce potentially hazardous chlorinated organics).212

Based on results of the'screening process ithe estimated maximum
ground level concentration:of ammonia resulting from release of coal‘
lockhopper vent gas (Stream 72) poses a Possible Hazard to public health
and an Unlikely Hazard to.~ecosystemsS. The estimated maximum ground
level concentration due to cooling tower evaporative losses (Stream 29)
poses a Possible Hazard to public health. However, because ammonia is a
common envirommental ccmpound, is rapidly oxidized in the envirogment,
and . control technologies exist for reducing ammonia to low levels in
cooling tower make-up water and coal lockhopper vent gas, ammonia is'

categorized as an Unlikely Hazard to all receptor groups.
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6.3.11 Carbonyl Sulfide

]
Data regarding carbonyl sulfide are limited. It is expected to
be present in coal lockhopper vent gas and internal process streams. It
appears to pose an Unlikely Hazard to public health and ecosystems. The

hazard to the occupational population has not been assessed.

6.3.12 Hydrogen Cyanide

Hydrogen cyanide is expected to be present in coal lockhopper
vent gas and intermal process sireams. Results of the assessment
indicate that it appears to pose an Unlikely Hazard to publi‘c and
occupational populations and ecosystems. ‘ !

6.3.13 Hydrogen Sulfide

Hydrogen sulfide is expected to be present in coal lockhopper

vent gas and a large number of internal process streams. The estimated '

ground level concentration due to release of the lockhopper vent gas is
categorized as 3 -Possible Hazard to public health and ecosystems. The
hazard level d_ﬁ'g to the total envirommental loading for all streams is
not known. Incineration of the lockhopper vent gas may reduce the
hazard level for that particular stream, but HsS concentrations due to

leaks in internal process streams may still pose a significant hazard.

Based on the results of the indicator compound/monitoring

g

assessment, hydrogen sulfide is projected to pose a Possible Hazard to .

occupational workers. Modification of the indicator compound/monitoring
system (e.g., using a different indicator compound or reducing the
allowable level of indicator compound in workplace air) may reduce the

-hazard posed by HyS.

6.3.14 Nickel Carbonyl

Nickel carbonyl is projected to' be present in coal lockhopper

vent gas and leaks from several internal process streams.

The occupational health assessment indicates that i1f the
concentration of Ni(CO) 4 is workroom air is controlled via the CO
indicator compound/monitoring wethod, it will pose a Possible Hazard to

occupational personnel.
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Estimated maximum ground level concentration of Ni(CO), due to
release of coal lockhopper vent gas is projected to pose a Potential
Hazard to public health and ecosystems. The hazard level associated
with the total environmental loading of Ni(CO)4 from the facility as a
whole, has not been asses;s.ed. Incineration of the lockhopper vent gas

\, Will reduce the environmental loading, but the resultant hazard level
r} has not been determined due to insx‘:ffice:lf‘lt data. Overall, Ni(CO)4 is

classified as a Possible Hazard to all poténtial receptor SroupSe.

6.3.15 Carbon Dioxide

Carbon dioxide emissions have mnot been addressed in the
ecological or public health assessments. From a public health and
environmental perspective they are of concern only as a minor
contributor to the potential global problem of climatée alteration.
Carbon dioxide will have no direct, acute, adverse ecological or public
health effects. It does represent a poteatial occupational health
problem from stack-gases £from the Fischer-TIropsch Aproduct: up-grading
heaters (Stream No. 66). However, by controlling the concent:raéiqn of
the indicator compound (carbon monoxide) in the occupational setting to
an appropriate level (a fraction of its TLV) carben dioxidé hazards can
be controlled adequately.  Thus, carbon diox:'L'de appears to pose an

Unlikeiy Hazard to all receptor groups.

6.3.16 Tars and Oils

K

Tars and oils are expected to be present in coal lock'hoi\iper vent
gas and internal process streams. They have not been assessed; in the
public health or  ecological assessment, because no toxicological
'benchm:?.rks exist that can be used to evaluate such a broad spectrum of
chemicals. The maximum ground level concentrations of t:ars‘ and oils
released in the léckhopper vent gas may exceed National Ambient Air
Quality Standards for nop-methane hydrocarbous; the hazard posed by
total environmental loading from the facility as a whole has not been
assessed., Incineration of the vent gas will reduce the projected

ambient concentrations - but the resultant hazard level cannot be
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estimated due to lack of characteriz;tion data. 4s aééroup, tars and
oils from process stream leaks and spills are classified as a Probable
Hazard to workers. Exposures may occur from inhalation and dermal
contact. Carcinogenic and co-carcinogenic constituents are suspected
present in tars and oils. They are the most serious occupational health
hazard addressed in this study. Worker exposures to the materials
probably cannot be totally avoided, but can be reduced through adherence

to a comprehensive industrial hygiene program.

6.3.17 Nitrogen Oxides and Sulfur Oxides

Approximately 960 lbs/hour of 80, (as SO,) and 176 lbs/hour of
NO, will be released to the environment in the utility stack gas from
the hypothetical facility.

Although 80, emissions will be reduced by lime scrubbing to
approximately one-sixth of the New Source Performance Standards for
fossil fuel f£fired steam generators using subbituminous eoal, the
estimated ambient concentration of S0, (700 11g/m3) will exceed the
National Ambient Air Quality Standard (Annual) of 80 ug/m®. However
this ambient concenﬁration has been estimated using a dilution factor
from the EPA Source Analysis Model (SAM/I), which projects wmaximum
ground level concentrations, wheress the annual NAAQS is set for anmual
average concentratiéns. Comparison of the projected ambient
concentration with the more appropriate 24 hour sténdard (365 ug/m3) and
3 hour standard (1300 ug/ms) indicates that the hazard to public health
and ecosystems will be considerably lower. '

The maximum ground level concentration of NO,, estimated using a
dilution factor from the SAM/I model, is projected to be 130 ug/m3. The
annual NAAQS for Nox‘is 100 ug/ma. No national standard with a shorter
averaging time has been set; however some states, such as North Dakota,
have set standards at 200 ug/ms for a l-hour averagé. Comparison of the
projected maximum ground level concentration with the more appropriatz
l-hour state standards indicates that NO, would approach, but not exceed

the standard.
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The primary utility of comparing estimated maximum ground level
concentrations of NO, and S0, with standards is to demonstrate the
uncertainty associated with the assessment and to re-emphasize the need

for caution in evaluating and using the results.

6.3.18 Final Analysis of Hazard Categories for Chemical Classes

As described in the previous subsections, the information
presented in Table 6-3 has been modified slightly to account for the
degree of uncertainty associated with certain estimates of total
environmental loadings, toxicologic benghmarks; controlzggechnology
options, and biodegradation. Consideration of these fagtors has
resulted in the reclassification of some hazard categories for specific
pollutants (i.e., some Unlikely Hazards have been reclassified as
Possible Hazards and vice versa). Table 6~6 lists the final hazard

categories fo the classes of compounds addressed in this assessment.
6.4 SUMMARY OF CONCLUSIONS

Process ;Ed waste streams of commercial-scale, Lurgi/Fischer—'
Tropsch liquefaction facilities may be expected to contain a variety of
chemical substances known or suspected to be hazardous to human health
or the environment. Although it does not appear that any of the hazards
are inherently insurmountable (beéause a variety of altermative control
and disposal options are available), site—specific and economic
constraints may limit the level to which wastes will be treated,

secured, recycled, or reduced in volume.

In the present study, 79 process and waste streams from a model,
commercial-scale faciliti;?have been identified for dimitial chemical
characterization. Of these, nine gaseous emission streams, ten agueous
and solid ‘waste Stréams, and numerous process streams have been
characterized in wmore detail. Based upon the assumptions and
limitations of the present study, a comsiderable number of trace
contaminants have been determined to be of potential concern, even after
being subjected to a substantial degree of treatments The degree of

hazardx.associated with these contamirants varies comnsiderably among
222 "
N . - "
AN

| .
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TABLE 6-6

FINAL ANALYSIS OF HAZARD CATEGORIES FOR CHEMICAL
CLASSES RELEASED FROM THE MODEL
LURGIL/FISCHER-TROPSCH FACILITY

PROBABLE HAZARDS POSSIBLE HAZARDS UNLIKELY HAZARDS

Trace Metals Alipbatics, alicyclics, Ammonia*

and fatty acids

Polynuclear Aromatic Carbonyl Sulfide
Hydrocarbons Benzenes and Substituted
Benzenes Hydrogen Cyanide
Mercaptans -
Phenols : Carbon. Dioxide

Tars and Oils o

Sulfur, Nitrogen and

Oxygen Heterocyclics®
Aromatic Amines*
Nitrosamines*
Hydrogen Sulfi:de
Nickel Carbonyl

Sulfur and Nitrogen
Oxides

*These chemical classes have had their hazard level "either upgraded or
downgraded from that identified in Table 6—3 based upon coasideration
of these additional factors: the degree of uncertainty associated with
estimates of environmental loading, toxicologic benchmarks, control

"technology options, and biodegradation.
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streams and Treceptor groups. Trace metals, polycyclic aromatic

hydrocarbons, mercaptans, and tars and oils have been classified ,as
]

Probable Hazards to one or more receptor groups (i.e., occupational

personnel, gemeral public, and/or ecosystems).

In addition to these constitdents, aliphatics, alicyclics and
fatty acids, benzenes and substituted benzenes, phenols, sulfur,
nitrogen and bxygen heterocyclics, aromatic amines, nitrosamines,

hydrogen sulfide, nickel carbonyl, nitrogen oxides and sulfur oxides are

classified as Possible Hazards.

Probable Hazards have been identified in the Teverse osmosis
waste sixeam, leachate from biosludge, and internal gasifier streawms.
Possible Hazarids. are assoclated with these and other streams, including.
coal lockhopper vent zag, stack gas from utilities, evaporative losses
from utilities ganeration, eachate from ash/scrubber sludge, and

several internal process streams.

The present study represents a comprehensive summary of the
available information concerning the idencifiga;' n of both organic and
inorganic trace contaminants associated with the L&xgi/Fischer—Tropsch
technology. Some basic assumptions, cautious extrapolAEions, and simple
diffusion models have been applied to this information to estimate the
potential expesure concentrations of poﬁentially.hazardous chemicals and
chemical classes to workers, the general public, and both aquatic and
terrestial ecosystems. The information presented provides a source of
data which should assist environmental research and development planning
activities, the evaluation of control technology optioms, the siting of
facilities, and the develqggent of a more detailed assessment of risks

from indirect liquefactioﬂ pﬁbcesses.



2.

i

194

REFERENCES

1. »Ad Hge Committee on Evaluation of Low Levels of Envirommental

Carcinogens, Repert to the Surgeon General, USPHS: Evalua—
tion of Environmental Carcinogens, in Chemicals and the
Future of Man, Hearings Before the Subcommittee on Executive
Reorganization and Government Research of the Committee on
Government Operations cof the U.S. Senate, 92nd Congress, lst
Session: 1971, U.S. Government Printing Office, Washington,
DG (1971).

American Fisheries Society, A Review of the EPA Red Book: Quality
Criteria for Water, Water Quality Section, American Fisheries
Society, Bethesda, MD. 1979.

American Conference of Governmental Industrial Hygienists, Docu-
mentation of Threshold Limit Values for Substances in the
Workroom Air, with Supplements, 3rd edition, ACGIH, Cin-
cinnati, OH, 1977.

American Conference of Govermmental Industrial Hygienists, Docu-—:
mentation of the Threshold Limit Values for Substances In the ~
Workroom Air, American Industrial Hygiene Association Guide
Series (1955), ACGIH, 4th Ptinting, 1977.

American Conference of Governmental Industrial Hygienists, TLV's
Threshold Limit Values for Chemical Substances In the Work-
room Air, ACGIH, 1976.

Anderson, G.L., A.H. Bill, and D.K. ¥Fleming, "Predictions on the

Disposition of Select Trace Constituents in Coal Gasification
Processes,” presented at EPA Environmental Aspects of Fuel
Conversion Technology Symposium, Hollywood, FL, April 1979.

API Monograph Series, Publication 714 on JIndan and Indene,
American Petroleum Institute, Washington, DC, April 1980.

Argo, D.G. and J.G. Montes, "Wastewater Reclamation by Reverse
Osmosis,” in Journal of Water Pollution Control Federation,
51(3):590, March 1979.

Atkins, P.L., S.L. Davis, E.L. Husting, J.D. Kuebler, R.M.
LaSalle, and T.0. Peyton, Potential Health and Safety Impacts
of High-Btu Coal Gasification: Occupational, Prepared for
the Planning and Analysis Group, Americam Gas Association,
Arlington, VA, by Flow Resources Corporation, 19738.




10|

14,

15.

16.

17.

18.

19,

Baird, T.N., L.W. Barnhouse, H.M. Braunstein, H.F. Hartman, R.J.
Haynes, R.D. Roop, M.S. Salk, and F.S. Sanders, Envirommental
and Health Aspects of Disposal of Solid Wastes from Coal
Conversion: An Information Assessment, ORNL-5361, Oak Ridge
National Laboratory, Oak Ridge, TN, September 1978.

Benzo(a)pyrene: Hazard Profile, prepared by Center for Chemical

Hazard Assessment, Syracuse Research Corporatiom, Syracuse,
NY (no date given). '

Biesinger, K.E. and G.M. Christensen, "Effects of Various Metals

magna,' in Journal of ‘FPisheries Research Board of Canada,
29(12):1691-1700, 1972.

Bombaugh, K.T., and W.E. Corbett, "“Kosovo Gasificarions Test
Program Results — Part II -~ Data Analysis and Interpreta-
tions,” presented at EPA Symposium on Environmental Aspects
of Fuel Conversions Techmology”, Hollywood, FL, April 1979.

Boston, C.R. and W.J. Boegly, Jr., *Leaching Studies on Coal and
Coal Conversion Wastes,"” in Energy and the Eavironment,
Proceedings of the 6th Natiomal Conference, May 21-24, 1979,

- Pittsburgh, PA, 1979.

Bostwick, L., "Potential Emission Effluent and Waste Problems in
Coal Conversion Processes,” in Symposium on Potential Health
and Envirommental Ef fects of Synthetic-Fossil Fuel
Technologies, CONF-780903, Qak Ridge National Laboratory, Oak
Ridge, TN, July 1979.

Bostwick, L.E., M.R. Smith, D.Q. Moore, and D.K. Webber, Coal
Conversion Contrcl Technology, Volume I - Environmental
Regulatinns: Liquid Effluents, EPA 600/7-79-228a, prepared
for the U.S. EPA by Pullman Kellogg Co., October 1979.

Bowen, H.J.M, Environmental Chemistry of the Elements, Academic
Press, New York, NY, 1979.

Bromel, M.C. and J.R. Fleeker, Biotreating and Chemistry of Waste
Waters from the South African Coal, 0il and Gas Corporation
(5AS0L) Coal Gasification Plant, Department of Bacteriology,
North Dakota State University, Fargo, ND, 1976.

Brown, D.K., Personal communication ;egardihg UMD gasifier ash

leachates, 0Oak Ridge National Laboratory, Oak Ridge, TN,
. 1980.

=




20.

21.
22.
2-3.
24,

25.

26.

27.

28.

29.

30.

31.

196

Brown, D.K., LE.C. Davis, and H.W. Wilson, Personal communications, "

Oak Ridge National Laboratory, Oak Ridge, TN, 1980.

Brown, R.A., Fate and Effects of Polynuclear Aromatic Hydrocarbons
in the Aquatic Enviromment, Publication 4297, American Petro—
leum Institute, Washington, DC, 1978.

Budden, K.T. and W.H. Zieger, Environmental Assessment of Coal
Ligquefaction: smnual Report, EPA 600/7-~78-019 prepared for
U.S. EPA by Hittman Associates;, Inc., February 1978.

Cairms, T., and A.W. Maki, "Hazard Analysis in Toxic Materials
Evaluation,” in Journal of Water Pollution Control Federa-
tion, 51(4):666-671, April 1979,

Callahan, M.A, et al., Water-Related Environmental Fate of 129
Priority Pollutants, Vols. I and II, EPA-440/4-79-02%a and
EPA-440/4-79-029b, 1979.

Cameron Engineers, "Fischer-Tropsch Synthesis Process,” in EPA
Project Status Report, EPA 600/7-77-102, July 1977.

Carcinogen Assessment Group (('_:{-2;), List of Potential Human
Carcinogens, Environmental Protection Agency, July, 1980.

Cavanaugh, E.C., W.E. Corbett, and G.C. Page, Enviropmental
Assessment Data Base for Low/Medium-Btu Gasification
Technology: Volume I, Techmical Discussion, EPA 600/7-77-
125a, prepared for U.S. EPA by Radian Corporation, Austin,

. TX, November 1977, \
; : \

Cavanaugh, E.C., W.E. Corbett and G.C. Page, Environmental
Assessment Data Base For Low/Medium-Btu Gasification
Techaology, Volume II, EPA 600/7-77-1256, prepared for U.S.
EPA by Radian Corporation, November 1977.

Chambers, C.W., H.H. Tbak, and P.W. Kabler, "Degradation of Aro-
matic Cowmpounds by Phenol-Adapted Bacteria,"” in Journal of
Water Pollution Control Federation, 35(12):1517-1528,
December 1963.

Chen, K.Y., T.C.S. Lu, B.A. Eichenberger, S.Y. Chiu, and T.
Surles, .Goal Solid Wastes as Potential Hazardous Wastes Due
to leachate Generatiom, prepared by Argonne National
Laboratory, December, 1979. -

Cheng, M.H., J.W. Patterson, and R.A. Miniar, "Heavy Metal Uptake
by Activated Sludge,” in Journal of Water Pollutiou Control
Federation, 47(2)3:;362~376, February 1975.

e




W

32.

33.

34.

35.

" 36,

37.

34,

39.

40.

41.

@ 197

Chu, T.J., R.T. Ruane and_G.R": Steiner, Characteristics of_.

Wastewater Discharges from Coal - Fired Power Plants, 3ist i

Anmual Purdue Industrial Waste Conference, May 4-6, 1976,
* Purdue University, West Lafayette, IN. ’

Cleland, J.G., S.K. Gangwal, C.M. Sparacino, R.M. Zweidinger, D.G.

Nichols and F.0. Mixon, Pollutants from Synthetic Fuels 2

Production: Coal Gasification Screening Test Results, EPA-
600/7-79-200, prepared for U.S. EPA by Research Triangle
Institute, Research Triangle Park, NC, August 1979. : )

Cleland, J.G. and G.L. Kingsbury, Multimedia Environmental Goals
for Environmental " Assessment, .Vol. I, EPA-600/7-77-136a,

Cleland, J.G. and G.L. Kingsbury, Multimedia Environmentai' Goals
for Environmental Assessment, Vol. LI, EPA-600/7-77-136b,
1977.

Cleland, J.G. and G.L. Kingsbury, Multimedia Environmental.Goals
for Environmental Assessment, Vol., III, EPA-600/7-79-176a,
1979, . '

C].eland; J.G. and G.L. Kingsbury,:Multimedia Enviromnmental Goals

for Environmental Assessment, Vol. 1V, EPA-600/7-79-176b,
ll"'l

sl

Cleland, J.G., F.0. Mixon, D.G. Nichols, C.M. Sparacino, and D.E.
Wagoner., Pollutants from Synthetic Fuels Production: Facil-—
ity Construction and Preliminary Tests, EPA-600/7-78-171,
prepared for U.S. EPA by Reseavich Triangle Institute, August
1978.

Cleland, J.G. and J. Pierce, Pollutant Evaluations for a Labora—
tory Semi-Batch Coal Gasifier, presented at EPA Symposium on
Environmental Aspects of Fuel Conversion Technology IV,
Hollywood, FL, April 1979. ‘ - '

Colley; :T.D., W.A. Gathman and M.L. Owen, Emissions from Synthetic
Fuels Production Facilities, Volume 2, EPA~-9084-77-0108,
'prepared for U.S. EPA by Radian Corporatiom, Austin, TX,
September 1977. ‘ " :

Colliuns, R.V., K.bg. Lee, and D.S. Lewis, “Comparison of Coal
Conversion Waste Waters,” presented at EPA Symposium on
Environmental Aspects of Fuel Conversion Technology V, St.
Louis, MO, 1980. N ' I/

‘. & ' B l/

4

"\



42,

43.

44,

45.

46.

47.

48.

49.

198

Comar, C.L., "Health Aspeéts,“ in Proceedings of Workshop on
Health Effects of Fossil Fuel Combustion Products, pp. 32-55,
Electric Power Researc__h Institute, Palo Alto, GA, 1975.

Committee 17 of the Environmental Mutagen Society, "Environmental
Mutagenic Hazards," 3cience, 187:503-514, 1975.

Committee on Medical and Biological Effects of Environmental
Pollutants, Selenium, National Academy of Sciences,
Washington, DG, 1976. :

Committee on Water Quality Criti*ria, Water Quality Criteria, 1972,
National Academy Sciences; National Academy Engineering,
Environmental Protection Agency, Washington, DC, 1973.

Cooke, R. and' P.W. Graham..‘.‘f"'ﬁ'ia Biological Beneficiation of the
Effiuent from a Lurgl Plant Gasifying Bituminous Coals,”
International Journal of Air and Water Pollution, 9:97-112,
Pergamon Press, 1965.

Concentration Speqialists,' Inc., Feasibility Analysis 'of the Con—
centration of Coal Conversion Process Condensate, prepared
for U.S. DOE, January 1980.

Cowser, K.E., Coal Liquids Evaluation and Paraho-Sohioc Shale 0il
Quarterly Progress Report for the Period Ending December 31,

1979, ORNL/TM=-7271, Oak Ridge National Laboratory, Oak Ridge,
TN, 1980. .

Cushman, R.M., S.G. Hildebrand, R.H. Strand, and R.M. Anderson,
The Toxicity of 35 Trace Elements in Coal to Freshwater
Biota: A Data Base with Automated Retrieval Capabilities,
ORNL/TM-5793, Oak. Ridge National Laboratory, Oak Ridge, IN,
1977.

.. Dawson, G.W., The Chemical Toxicity of Elements, BNWL-1815 UC-70,

Battelle Pacific Northwest Laboratories, Richland, WA, 1974.

Dobson J., Assessment -of Envirommental Parameters of Small Scale
Fixed Bed Coal Gasifiers as Industrial Fuel, ORNL/TM/7361,
Oak Ridge Natiomal Laboratory, Oak Ridge, TN.

Drew Chemical Corporation, Principles of Industrial Water
Treatment, 2nd edition, 1978. -

Driesbach, R.H., Handbook of Poisoning: Diagnosis and Treatment,
8th edition, Lange Medical Publications, Los Altos, CA, 1974.




54.

5.

56.

57.

58.

59,

60.

61.

62.

63.

64.

199

Duvel, W.A. and T. Helfgott, "Removal of Wastewater Organics by
Reverse Osmosis,” in .Journal of Water Pollution Control
Federation, 47(l): 57-65, January 1975.

Eckstein, L., C. Hook, D. Roe, and J. Zalkind, EPA Program Status
Report: Symnthetic Fuels from Coal, EPA-600/7-77-102, pre-
pared for UJS. EPA by Cameron Engineers, Inc., July 1977.

Energy Research and Development Administration. Effects of Trace
Contaminants from Coal Combustion. Proceedings of a Work-
shop, R.I. Van Hook and W.D. Shults, eds., August 2-6, 1976,
Knoxville, TN.

Enviro Control, Inc., Recommended Health and Safety Guidelines foxr
Coal Gasification Pilot Plants, DHEW (NIOSH) Publication No.
78-120, (also EPA-600/7-78-007), Washington, DC, January
1978. :

Epler, J.L., T. Ho, A.W. Hsie, F.W. Larimer, C.E. Nix, and T.R.
Rao, "Short-Term Mutagenicity °~Testing,” in Symposium om
Potential Health and Environmental Effects of - Synthetic
Fossil Fuel Technologies, 0Oak Ridge National Laboratory, Oak
Ridge, TN, July 1979.

" Evans, J.M., “Trip Report - South African Coal, 0il and Gas

Corporation =~ SASQL, Narional Institute of Occupational
Safety and Health, Washington, DC, December 5-7, 1977."

Federal Register, Voi. 40, 1910 and 1034, 1975.

Felix, W.D., D.D. Mahlum, W.C. Weimer, R.A. Pelroy, B.W, Wilson,
Chemical/Biolegical Characterization of SRC-II Product and
By-Products, presented at the Symposium on Eanvironmental
Aspects of Fuel Couversion Technology V, St. Louls, MO,
September 1980.

lFish #nd Wildlife Service, Impacts of Coal-Fired Power Plants on
M?Fish, Wildlife, and their Habitats, U.S. Dept. of Interior,
FWS/0BS~78-29, Argonne National Laboratory, 1978.

Fisher, C.W., R.D. Hepner, and G.R. Tallon, “Coke Plant Effluent

Treatment Investigations,” in Blast Furnace and Steel Plant,
p. 315-320, May 1970. .

France, D.A., Trace Element Emissions Related to Coal GConversion
Processes (Draft), prepared for Qak Ridge National Laboratory
by Science Applications, 'Inc., Oak Ridge, TN, October 20,
1978. - .




65.
66.

67.

68.

69.
73,

7l.

72.

73.

74.

75.

76.

200

Friberg, L., ™"Proteinuria in Chronic Cadwmiwvm Dust,” in Archives
of Industrial Health, 16:30-31, 1957. )

Friberg, L., Cadmium on the Environment, 2nd Ed., CRC Presc,
Cleveland, OH, 1974.

Gaddis, T.L. and H.G. Spencer, Evaluation of Hyperfiltration for
Separation of Toxic Substances in Textile Process Water, EPA-
600/2-79-118, prepared for U.S. EPA by Clemson University,
June 1979.

GAI Consultants, Inc., Coal Ash Disposal Manual, FR 1257, prepared
for Electric Power Research Institute, Palo Alto, CA,
December, 1979.

Gehrs, C.W.; et al., Persomal communications with S.P.N. Singh Oak
Ridge National Laboratory, Oak Ridge, TN, on April 15, 1980.

Georgi, C.¥W., Motor 0ils and Engine Lubrication, Reinhold Pub-
lishing Corporation, New York, NY, 105, 1950.

Ghassemi, M., K. Crawford and S. Quinlivan, Environmental Assess—
ment Data Base for High-Btu Gasification Technology, Volume
I, Technical Description, EPA-600/7-78-~186a, prepared for
U.S. EPA by TRW, Inc., September 1978.

Ghassemi, M., K. Crawford and S. Quinlivan, Environmental Assess—
ment Data Base for High-Btu Gasification Technology, Volume
11, Appendices A, B, C, EPA-600/7-78~186b, prepared for U.S.
EPA by TRW, Inc., September 1978.

Ghassemi, M., K. Crawford, S. Quinlivan and D. Strehler, “Environ-
mental Assessment Report: High~Btu Gasification,” presented

at EPA Symposium on Environmental Aspects of Fuel Conversion
Technology IV, Hollywood, FL, April 1979.

Ghassemi, M., K. Crawford, and S. Quinlivan, Environmental Assess—
ment Report: Yurgi Coal Gasification Systems for SNG, EPA-
600/7-79-120, prepared for U.S. EPA by TIRW,.Inc., May 1979.

Ghassemi, Y., D. Strehler, K. Crawford and S. Quinlivan, Appli-
cability of Petroleum Refinery Technologies to Coal Comver—
sion, EPA-600/7-78- 190 prepared for U.S. EPA by TRW, Inc.,
‘October 1978. ) :

Giddings, J.M., Unpublished data on acute toxicity of cnal
organics to algae, 0Oak Ridge National Laboratory, Oak Ridge,
TN, 1980.




77.

78.

79.

80.

81'

82.

83.

84.

85.

86.

87‘

201

Gluskotér,vH.J .y Trace Elements in Coal: Occurrence and Distri-
bution, Illinois State Geological Survey, Circular 439,
: Urbana, IL, 1977. .

Goldstein, D.T., and D. Yung, Water Conservation and Pollution
Control in Coal Conversion Processes, EPA-600/7-77-065,
prepared for U.S. EPA by Water Purification Associates,
Cambridge, MA, June 1977.

Greaves, M.W. and A.W. Sillen, "Effects of Long-continued Inges—
tion of Zinc Sulfate in Patients with Venous Leg Ulceration,”
in Lancet, October 31, 1970.

Greenwood, D.R., G.L. Kingsbury, and J.G. Cleland, A Handbook of
Key Federal Regulations and Criteria for Multimedia Environ—
mental Control, EPA-600/7-79-175, Washington, DC 1979.

Griffin, G.D, C.S. Dudney, P.S. Furcinitti, T.D. Jones ‘and P.J.
Walsh, "Reproductive Survival and Macromolecular Metabolites
of Benzo(a)pyrene," in Proceedings of Fourth International
Symposium on Polynuclear Arcmatic Hydrocarboms, October 2-4,
Battelle Columbus Laboratory, Columbus, OH, 1979.

Griffin, R.A., R.M. Schuller, S.T. Rossel, and N.¥. Shimp, Solu-
bility and Toxicity of Potential Pollutants in Solid Coal
Wastes,” in Environmental Aspects of Fuel Conversion Tech- .
nology III, EPA-600/7-78-063, april 1978.

Hamilton, A. and H.L. Hardy, Industrial Toxicology, 3rd edition,
Publishing Sciences Groupy MA, 1974.

Fred C. Hart Associates, Inc., The Impact of RCRA on Coal Gasifi-
cation Wastes, prepared for 1.S. DOE New York, NY, August 4,
1979,

Harte, T. and A. Jassky, ‘;Energy Technologies and Natural Env-iron-
ments: The Search for Compatibility,” in Annual Review of
Energy, 3:101--146, 1978.

Heit, M. A Review of Current Information on Some Ecological and
Health Related Aspects of the Release of Trace Metals into
the Environment Associated with the Combustion of Coal,
Health and Safety Laboratory, U.S.E.R.D.A., NY, 1977.

Herbes, S.E., G.R. Southworth and C.W. Gehrs, "Organic Contami-
nants in Aqueous Coal Conversion Effluents: Environmental
Consequences and Research Priorities,” in Trace Substances in
Environmental Health - A Symposiuum, University of Missouri,
Columbia, MO, 1976.




" 88.

89.

30.

91.

92.

93.

94.

95.

_96.

202

Hicks, R.E., D.T. Goldstein, F.B. Seufert, and I.W. Wei, Waste-
water Treatments in .Coal Conversion, EPA~600/7-79-133,
prepared for U.S. EPA by Water Purification Associates, June
1979. ‘

Hildebrand, S.G.. and R.M. Cushman, “The Potential Toxicity and
Bioaccumulation in Aquatic Systems of Trace Elements Present
in Aqueous Coal Conversion Effluents,” in Proceedings of
Tenth Annual Conference on Trace Substances in Environmental
Health, June 8-10, 1976, pp. 305-313, University  of MO,
Columbia, Missouri, 1976.

Hobbs, C.H., C.R. Clark, L.C. Griffiths, R.0. McClellan, R.F.
Henderson, J.0. Hill and R.E. Royer, “Inhalation Toxicology
of Primary Effluents from Fossil Fuel Conversion and Use,” in
Symposium on Potential Health and Environmental Effects of
Synthetic Fossil Fuel Technologies, 0Ozk Ridge National
Laboratory, Oak Ridge, TN, July 1979.

Hohreiter, D.W., Toxicitiesxéf Selected Substances to Freshwater
Biota, ANL/ES=94, Argonne Nationmal Laboratory, Argomne, IL,
1980. .

Hushon, J., et al., Aan Assessment of Potentially Carcinogenic,
_Energy Related Contaminants in Water, Prepared by MITRE
Corp., for U.S§. DOE, NCI, May 1980.

Hossain, S.M., T.W. Mitchell, and A.B. Cherry, “"Control Technology
Development for Products/By—Products of Coal Conversion
Systems," in Symposium Proceedings: Environmental Aspects of
Fuel Convergion Techmology TIII, EPA-600/7-78-063, prepared
for U.S. EPA by Research Triangle Institute, Research
Triangle Park, NC, April 1978.

Innes, J.R.M., et al., "Bloassay of Pesticides and Industrial
Chemicals for Tumorigenicity in Mice: A Preliminary Note,”
Journal Natational Cancer Institute, 42:1101, 1969.

Jackson, J. 0., “Comparative Industrial Hygiene Aspects for Coal
Gasification and Liquefaction, Oil Shale and Tar Sands
Processing,” in Proceedings of Symposium on Potential Health
and Environmental Effects of Synthetic Fossil Fuel Technolo-
gies — September 25-28, 1978, CONF 780903, Oak Ridge National
Laboratory, Oak Ridge, TN, July 197S.

Jones, T.D., G.D. Griffin, and P.J. Walsh, "A Unifying Concept for
Carcinogenic Risk Assessments,” Oak Ridge National Labora-
tory, Oak Ridge, TN, in review.




97.

98.

99.

100.

101.

. 102.

103.
104.

105.

1u6.

203

Ketcham, N.H. and R.W. Norton, “The Hazards to Health in the
Hydrogenation of Coal. III. The Industrial Hygiene
Studies," Archives of Environmental Health, 1(28):194, -1960.

Kennedy, D.M., L. Breitstein, and C. Chen, "Control Technologies
for Particulate and Tar Emissions £from Coal Converters,”
prepared for U.S. EPA by Dynalectron Corporation, McLean, VA,
1979, .

Klein, D.H. and P. Russell, "Heavy Metals: Fallout Around A Power
Plant,” Environmental. Science and Technology, 7:357-358,
1973. :

Klein, T.A. and R.E. Barker, Assessment of Environmental Control
Technology for Coal Conversion Aqueous Wastes, ORNL/TM-~6263,
Oak Ridge National Laboratory, Qak Ridge, TN, July 1978._

Klein, T.A., "Natiomal Program in Control of Wastewater from Coal
Conversion Processes,” in Symposium on Potential Health and

Environmental Effects of Synthetic Fossil Fuel Technologies,
CONF-780903, Oak Ridge National Laboratory, Oak Ridge, TN,
July 1979.

Klein, T.A., Personal communication, Oak Ridge National Labora-
tory, QOak Ridge, TN, 1980.

) ,
Klemetson, S.L., and M.D. Scharbow, "Filtration of Phenolic Com—
pounds in Coal Gasification Wastewater," in Journal of the

;, Water Pollution Control Federation, 51(6):1592-1615, June
1979.

Kolber, A., T. Hughes, M.B. Silkie, D. Nichols, and T. Wolff,
“Biovassays for the Toxicity of -Complex Environmental Mix-
tures," presented at the 6th National Conference on Energy
and the Environment, Pittsburgh, PA, May 21-24, 1979.

Kominek, E.G., “"Future Needs and the Impact on the Water and Waste
Equipment Manufacturing Industry due to the use of Synthetic
Fuels,"” in Symposium Proceedirgs: Environmental Aspects of
Fuel Conversion Technology III, EPA-600/7-78-063, U.S. LPA,
April 1978.

Kopp, J.F. and R.C. Kromer, Trace Metals in Waters of the United
States: A Five-year Summary of Rivers and Lakes of the

United States (Oct. 1, 1962 - Sept. 30, 1967). U.S. Dept. of

the Tnterior, Federal Water Pollution Control Administration,
Cincinnati, OH, 1967.



107,

108.

109.

110,

112.

113.

114,

115.

116.

117.

Koralek, C.S. and S.5. Patel, Environmental Assessment Data Base
for Coal Liquefaction Technology, EPA-600/7-77-184a, prepared
for U.S5. EPA by Hittman Associates, Inc., September 1978.

Kornreich, M‘:\ Coal Conversion Processes: Potential Carcinogenic
Risk, MITRE Corporation, March 1976.

Lee, H., T.0. Peyton, R.V. Steele, and R.K. White, Potenrial
Radioactive Pollutants Resulting from Expanded Energy

Programs, SRI Project EGU-4869, CRESS Report No. 6, April
1977. .

Leland, H.V. and J.M. Fielden, "Bioaccumulation and Toxicity of
Heavy Metals and Related Trace Elements,™ in Journal of the
Water Pollution Control Federation, 51(6):1592-1615, June
1979.

..Lloran, B.I. and J.B. O'Hara, “Specific Environmental Aspects of

Fischer-Tropsch Coal Conversion Technology,"” in Symposium
Proceedings: Environmental Aspects of Fuel Conversion
Technology II1I, EPA-600/7-78-063, prepared for U.S. EPA by
Research TIriangle Institute, Research Triangle Park, NC,
April 1978.

Lueck, R.H., Assessment of Solvent Extraction for Treatment of
Coal Gasifier Wastewater, prepared for U.,S. EPA by University
of Missouri, Columbia, MQ.

Malaney, G.W., P.A. Lutin, J.J. Cibulka, and L.K. Hickerson,

"Resistance of Carbinogenic Organic Compounds to Oxidation by

‘=“‘.\\gtivated " Bludge,” Journal of Water Pollution Control
Eederation, 39(12):2020-2028, Dezember 1967.

It
1

McKee,\\‘\,I.E. and H.W. Wolf, (eds.), Water Quality Criteria, Second
edition, ‘Publication Number 3-1; California State Water
Quality Control Board, Sacramento, CA, 1963.

Y

Meisch, F.B., and P.S. Dzierlenga, "Measurement and Control of
Fugitive Hydrocarbon Emissions,” presentad at the Second U.S.
DOE Environmental Control Symposium, March 17-19, 1950,
Radian Corporation, McLean, VA.

Mezey, E.T., S. Singh, and D.W. Hissong, Fuel Contaminants -
Volume 2: Removal Technology Evaluation, EPA-600/2-76-177b,
prepared for U.S. EPA by Battelle Columbus Laboratories,
Columbus, OH, September 1976.

MITRE Corporation, "A Preliminary BReview of Current Research
Activities Bearing on Carcinogenic Effects of Liquefaction,"
Mclean, VA, 1979.




118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

205

Moles, A., "Semsitivity of Parasitized Coho Salmon Fry to Crude
0il, Toluene, and Naphthalene," Transactions of the American
Fishery Society, 109:293-297, 1980.

Morris, S.G., P.D. Moskowitz, W.A. Sevian, S. Silberstein, and
L.D. Hamilton, “Coal Conversion Techmologies: Some Health
and Environmental,"” in Science, Volume .206, November 9, 1979,
p. 654-661. i

Natiomal Academy of Sciences, National Research Council, The
Effects of Populations of Exposure to Low Levels of Ionizing
Radiation, Report of, the Advisory Committee on the Biological
Effects of Ionizing Radiations, Washington, DC, 1972.

National- Acadeﬁy Bi=s§ciences, Water Quality 'Crlterla, 1972,
Academy of Engineering, NAS, Washingtiom, DC, EPA R3-73-033,
1973.

Nactional Emission Standards for Hazardous Air Pollutants, U.S.

EPA, TITLE 40 CFR Part 61.

National Institute of COccupational Safety and Health, Criteria for
a Recommended Standard....Occupational Exposure in Coal Gasi-
fication Plants, Division of Criteria Documentation and
Standards, National Iastitute of Occupatlonal Safety and
_Health, Washington, DC, 1978.

National Institute for Occupational Safety and Health, Criteria

for a Recommended Standard: Occupational Exposure to
Inorganic Arsenic, (Reviged), NIOSH DOC. #75-149, Washington,
DC, 1975.

National Institute of Occupational Safety and Health, Registry of
Toxic: Effects of Chemlcal Substance 1976 Edition, NIOSH,
1976. .

Nelson, A.A., et al., "“Liver Tumors following Cirrhosis caused by
Selenium in Rats," Cancer Research, 3:230, 1943.

Neufield, R.D., and T. Valiknac, "Inhibition of Phenol Biodegra-—
dation by Thiocyanate,” in Journal of Water Pollution Control
Federation, 51(9):2283-2291, September 1979.

- Newton, G.T., R.L. Carpenter, H.C. Yeh, S.H. Weissman, R.L. Hanson

and C.H. Hobbs, "Sampling of Process Streams for Physical and
Chemical Characterization of Respirable Aerosols,” in Sym-
posium on Health and Envirommental Effects of Synthetic
Fossil Fuel Technologies, Oak Ridge Nal:ional Laboratory, Oak
Ridge, TN, July 1979.




129.

130.

131.

132.

133‘

134'

135.

136.

137.

138.

206

Nogawa, K.E., Kobyashi, and M. Sakamoto, "Studies of the Effects
of Air Pollution Consisting of Dusts Mainly Composed of
Managanese in the Respiratory System of Middig=School
Pupils," Japan Journal of Public Health, 20:314-325, 1973.

Oak Ridge National Laboratory, Environmental, Health, and Comntrol
Aspects of Coal Conversion: An Information Overview, Vols. 1
and 2, H.M. Braunstein, E.D. Copenhaver, and H.A. Pfuderer
(eds.), Oak Ridge, TN, ORNL/EIS-95, 1977.

Oak Ridge National Laboratory, Environmental and Health Aspects of
Disposal of Solid Wastes from Coal Conversion: An Informa-
tion Assessment, H.M. DBraunstein, (ed.), ORNL-5361, Oak
Ridge, TN, 1978. .

Oak Ridge National Laboratory, Life Sciences Synthetic Fuels
Progress Report. 1980, Fossil Energy Quarterly Progress
Report for the period ending December 31, 1979, Oak Ridge,
TN, ORNL-5360, 1980.

Occupational Safety and.Health Administration, Proposed Standard

for Occupational Exposure to Beryllium, OSHA, Washington, UC,
1977.

Office of the President, The President's Program for United States

Energy Security — The Energy Security Corporation, The White
House, Washingtom, DC, 1979.

O'Hara,.F.M., Coal Liquefaction Advanced Research Digest, ORNL/FE-
2, Oak Ridge National Laboratory, Oak Ridge, TN, February
1979. .

O'Hara, J.B., A. Bela, N.E. Jentz, S.K. Khaderi, H.W. Klumpe, B.I.
Loran, D.G. Reynolds and R.V. Teeple, Fischer-Tropsch Complex
Conceptual Design/Economic Analysis, FE-1775-7, prepared for
ERDA by the Ralph M. Parsons Co., January 1977.

Page; G.C., W.E. Corbett, and R.A. Magee, Applications of Kosavo
(Lurgi) Gasification Plant Test BResults to Pollutiom Control
Process Design, presented at Advances in Coal Utilization

Technology IV Symposium by Radian Corporatiom, Austin, TX,
April 1981.

Page, G.C., W.E. Corbett and W.C. Thomas, Guidelines for Preparing
Environmental Test Plans for (Coal Gasification Plants, EPA-
600/7-78-134, prepared for U.S. EPA by Radian Corporation,
Austin, TX, July 1978.




139.

140.

141.

142,

143,

144,

145,

146.

147,

148.

149.

150.

207

Parker, GC.L. and D.I. Dykstra, Environmental Assessment Data Base
for Coal Liquefaction Technology: Volume I, Systems for
Fourteen liquefaction Processes, EPA-600/7-78-184a, prepared
for U.S. EPA by Hittman Associates, Columbia, MD, September
1978.

Parker, C.L. and D.I. Dykstra, Environmental Assessment Data Base
for Coal Iiquefaction Teclirology, Volume II, EPA-600/7-78-
184b, prepared for U.S. EPA by Hittman Associates, Columbia,
MD, September 1978.

Parkhurst, B.R., Unpublished data on acute toxicity of coal organ-
iecs to Daphnia magna, Oak Ridge National Laboratory, Oak
Ridge, TN, 1980.

Parkhurst, B.R., A.S. Bradshaw, J.L. Forte, and G.P Wright, "An
Evaluation of the Acute Toxicity to Aquatic Biota of a Coal
Conversion Effluent and ‘its Major Components,” Bulletin of
Environmwental Contamination Toxicology, 23:349-356. .

Patty, F.A. (ed.), Industrial Hygiene and Toxicology. - Vol. II,
Toxicology, 2nd revised edition Interscience Publishers, John
Wiley and Sons, Inc., New York,:NY, 1967.

Pearlwan, M.E., Finklea, J.F., Creason, J.P. Shy, C.M., Young,
M.M., and R.J.M. Horton, “Nitrogen Dioxide and Lower Respira-
tory Illness,” Pediatrics, 47:291-95, 1971.

Pellizzani, E.D. and N.P. Castillo, "Organic Constituents of
Waters Associated with Coal and 0il Shale Comversion,” in
Symposium on Potential Health and Enviranmental Effects of
Synthetic Fuel Technologies, Oak Ridge National Laboratory,
Oak Ridge, TN, July 1979,

Perry, J.H., (ed), Chemical Engineer's Handbook, McGraw Hill Book
Co., New York, NY, 1963..

Petrie, T.W., and W.T. Rhodes, Environmmental Impact of Synthetic
Fuels Developument, EPA-600/7-79-023, prepared for U.S. EPA by
Radian Corporation, Austin, TX, June 1979.

Prasad, A.S5. (ed.), Trace Elements in Human Health and Disease,
Vol. II Essential and Toxic Elements, Academy Press, New
York, NY, 1976.

Preliminary Data from Texas Eastern Corp, August 1980.

Radian Corporation, Coal Fired Power Plant Study: A Three Station
Comparison. Vol. I, Environmental Protection Agency, PB-
257293, Denver, CO, 1975.




151.
152.
153.
154,
155.

156.

157.

158.
159.

160.

161.

Radian Corporation,] Current and Projected 1990 Environmental
Standards for Coal Liquefaction Technology, prepared for U.S.
DOE by Radian Cd{poration, Mclean, VA, November 19, 1979.

%,
Radian Corporation, 'E\ﬁyironmental Control Selection’ Methodology
for a Coal Conversion Demonstration Facllity, prepared for
the U.S. DOE, OctOPer 1978.

Radian Corporation, EnJlronmental Review of Synthetlc Fuels, March
1979, d

i .

Richmond, C.A., "Health and Environmental Con51deratlons for
Synthetic Fuels Teghuologles," testimony presented to the
House Committee on Sciénce and Technology, Oak Ridge National

Laboratory, Oak Ridge, TN,-@eptember 7ﬁ 1979.

peose s

Roach, S.A., “A More Rational Basis for Air Sampling Programs,
“American Industrial Hygienmists Association Journal, 27:1012,
1366.

Roberts, P.V., P.L. McCarty, M. Reinhard, and J. Schreiner,
"Organic Contaminant Behavior During Groundwater Recharge,”

in Journal of the Water Pollution Control deeration,{;’

52(1):161~172, January 1980.

Rogers, K.A., A.S. Wilk, B.C. McBeath, and R.F. Hill, Comparison
of Coal Liquefaction Processes, FE-2468-2, prepared for the
U«Ss DOE by the Engineering Societies Commission on Energy,
Inc., Washington, DG, -April 1978.

Saffoti, U., "Experimental Identification of Chemical Carcinogens,

Risk Evaluation, and -Animal-to-Human Correlations,” Environ-
mental Health Perspectives, 22:107-113, 1978.

Sakurai, H. and T. Tsuchiva, “A Tentative Recommendation for the
Maximum Daily Intake of Selenium,” Environmental and Physical
Biochemistry, 5:107, 1975.

Salja, B., M. Mitrovie, and D. Pétrovic, “Envirommental and
Engineering Evaluation of the Konsovo Coal Gasification
Plant,” presented at U.S. EPA Symposium on Environmental
Aspects of Coal Comversion Technologies IV, Hollywood, FL,
1979. .

Sanders, F.S.. Draft: Guidance for the Use of Artificial Streams
to Assess the Effects of Toxicants in Freshwater Systems,
ORNL/TM~7185, Oak Ridge National Laboratory, Oak Ridge, TN.




162.

163.

164,

165.

166.

167.

168.

169.

170.

171.

209

Sargent and Lundy Engineers, Technology Characterization - Lurgi
Coal Gasification Process for Production of High-Btu. Syn—
thetic Natural Gas, weport prepared for Argonne Natisnal
Laboratory, Argonne, IL, August 18, 1976. I

I
/

-~

Sax, N.I., (ed.), Dangerous Properties of Industrial Materials,
Van Nostrand Reinhold Co., New York, NY, 1975.

Schoultz, XK., "Irip Report — SASOL ~ December 5-8, 1977," National
Institute of Occupational Safety and Health, Washington, DC,
1977.

Schreiner, M., Research Guidance Studies to Assess Gasoline from
Coal by Methanol-to-Gasoline and Sasol-Type Fischer-Tropsch
Technologies, FE-2447/~13, prepared for U.S. DOE.by Mobil R&D
Corporation, August 1978.

Searle, C.E. (ed.), Chemical Cércinogggs, ACS Monograph 173,
American Chemical Society, Washington, DC, 1976,

Shapiro, MaA., C.S8. Godfrey, J.K. Wachter and G.P. Gray, “Poten-
tial Health Problems in the Production of Synthetic Fuels,"”
in Symposium on Energy and Human Health: Human Costs of
Electric Power Generation, March 1979, Ohio KRiver Basin
Energy Study and the University of Pittsburgh, 1979. "

Shaw, H. and E.M. Magee, Evaluation of Pollutien Control in Fossil
Fuel Conversion Processes, Lurgi Process, EPA-650/2-74-009c,
prepared for U.S. EPA by Exxon Corp., July 1974.

L. == .

Shinn, J.H. and J.R. Kercher, “Ecological Effects of Atmospheric
Release from Synthetic Fuels Processes," in Symposium on
Potential Health and Environmental Effects of Syathetic
Fossil Fuel Technologies, Oak Ridge National ‘Laboratory, Oak
Ridge, TN, July 1979.

Shriner, D.S., H.S. Arora, N.T. Edwards, B.R.' Parkhurst, C.W.
Gehrs and T. Tamura, “Physical, Chemical and Ecological
Characterizatidn of Solid Wastes from a Lurgi Gasifiecation’
Facility,"” in Symposium on Potential Health and Environmental
Effects of Synthetic Fossil Fuel Technologies, Oak Ridge
National Laboratory, Oak Ridge, TN, July 1979.

Shy, C.M., J.P. Creason, M.E. Pearlman, K.E. McClain, F.B. Benson
and M.M. Yound, "The Chattanocoga Schliooel Children Study:
Effects of Community Exposure to Nitrogen Dioxde I. Methods,
Description of Pollutant Exposure, and Results of Ventilatory
Function Testing," Jourmal of Air Pollution Control
Association, 2Q(9):5 39-45, 1970.




172.

173.

174,

173.

176,

177.
178.
179.
180.

181.

210

Shy, CeM., J.P. Creason, M.E. Pearlman, K.E. McClain, F.R. Benson
and M.M. Young, “The. Chattamooga School Children Study:
Rffects of Commnity Exposure to Nitrogen Dioxide, II.
Incidence of Acute Respiratory Illness,” Journal of Air
Pollution Control Association, 20(9) 582~88, 1970.

Singer, P.C., ¥ K. Pfaender, T. Churchilli, A.F. Maciorowski, J.C.
Lamb and R. Goodman, Assessment of Coal Conversion Waste
Waters: Characterization and Preliminary Biotreatability,
EPA-600/7-78~181, prepared for the U.S. EPA by the University
of North Carolina, September 1978.

Singer, P.C., F.K. Pfaender, T. Chinchilli, and J.C. Lamb, "Com-
position and Biodegradability of Organics in Coal Conversion
Wastewaters,” in Symposium Froceedings: Environmental
Aspects of Fuel Conversion Technology 111, EPA~600/7-78-063,
April 1978.

Singer, P.C., T.C. Lamb, F.K. Pfaender, and R. Goodman, Treata-
bility and Assessment of Coal Conversion Wastewaters: Phase
L, EPA-6Q00/7-79-248, prepared for U.S. EPA by the University
of North Carolina - Chapel Hill, November 1979.

Singh, S5.P.N., Memo to P.J. Walsh (ORNL) titled, "Development of
Process Stream Compositions for the Risk Assessment of
Lurgi/Fischer-Tropsch Coal Liquefaetion Process," April 17,
1930.

Singh, S.P., Private commnication, Chemical Technology Division,
Oak Ridge Natiomal Laboratory, Oak Ridge, TN, 1980.

Sinor, J.E. (ed), Evaluation of Background Data Relating to New
Source Performance Standards for Lurgi Gasification, EPA~-
600/7~77~057, prepared for the U.S. EPA by Cameron Engineers,
Inc., June 1977,

Sittig, M., Priority Toxic Pollutants: Health Impacts and Allow-—
able Exposure Limits, Environmental Health Review No. 1,
Noyes Data Corp., MJ, (1980).

Slack, W.A., Biological Treatability of Gasifier Wastewater,
MET/CR~79/2%4, prepared for U.S. DOE by West Virginia
University, Morgantown, WV, June 1979,

Smith, J.H., et al., Environmental Pathways Of Selected Chemicals
in Freshwater Systems, EPA-600/7-78-074, prepared for the
U.S. EPA by SRI, International, May 1978.




182.

183.

184.

185.

186.

187.

188.

189.

190

211

I

Somerville,- M.H. and J.L. Elder, "A Comparison of , Trace Element
fnalyses of North Dakota Lignite Laboratory Ash with Lurgi

Gasifier Ash and Then Use in Environmental Analyses,” in,

Symposium Proceedings: Environmental Aspects . of Fuel
Conversion Technology III, EPA-600/7-78-063, U.S.. EPA, April
1978.

Somerville, M.H., J.L. Elder,* D.N. Baria, and Y.T. Huag, A Com~

parative Study of Effluents and Their Control from Four Dry

Ash Lurgi Gasification Plants, prepared for U.S. DOE by the
University of North Dakota, Grand Forks, ND, July 1978.

Southworth, G.R., J.J. Beauchamp, and P.K. Schmieder, Bioaccumu-—

lation Potential and Acute Toxicity of Synthetic Fuels

Effluents in Freshwater Biota: A=zaarena5, prepared for U.S.
DOE by 0Oak Ridge National Laboratory, Oak Ridge, TN, April
1978.

F

Spehar, R.L., "“Cadmium and Zinc Toxicity to Flagfish, Jordanella

floridne,” Journal of Flsherles Research Board of Canada,
33:1939, 1976. a
*4.

Stamoudis, V.C., R.G. Luthy and W. Harrison, Removal of Organic

Constituents in a Coal- Gasification Process Wastewater by

Activated Sludge Treatment, ANL/WR-79-1, prepared for U.S.
DOE by Argonne National-laboratory, Argonne, IL, June 1979.

S;amr.disf;ﬁrg;, and R.G. Luthy, Biological Removal of Organic

Constituents in Quench Water from a Slagging, Fixed—Bed Coal

Gasification Pilot Plant, ANL/PAG-1, prepared for U.S. DOE by
Argonne National Laboratory, Argonne, IL, February 1980.

Stamoudis, V.C., and R.G. Luthy, Biological Removal of Oéganic

Constituents in Quench Waters from High~Btu Coal Gasification

Pilot Plants (Hygas and SFB/BFERC), ANL/PAG-2, prepared for
U.S. DOE by Argonne Natiomal Laboratory, Argomnmne, IL,
February 1980. .

Steele, R.V., L.D. Attaway, J.A. Christerson, D.A. Kikel, J.D.
Kuebler, B.M. lupatkin, C.S. Liu, R. Meyer, T.O. Peyton, and
M. Sussin, Leading Trends in Environmental Regulation that

Affect Energy Development, IRT-21400/1, prepared for U.S. DOE
by Tnternational Research and Technology Corporation, Mclean,
VA, Oct.ober 1979.

Stoker, H.5. and S.L. Seager, Environmental Chemistry: Air and

Water Pollution, 2nd ed., Scott, Foresman and Company,
Glenview, IL, 1976. :




191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

212

Y

Stokinger, H.E., “The Metals (Excluding Lead),” in F.Ay Patty,

(ed.), Industrial Hygiene and Toxicology, 2und edltlon,
revised, Vol. 2, 1963..

Strier, M.P., “"Pollutant Treatability: A Molecular Engineering
Approach,"” in Envirounmental Science and Technology, 14(1)28—
31, January 1980.

Stupfel, M., M. Magnier, R. Francoise, M.H. Tran, and J.P. Moutet,
“lifelong Exposure of SPF Rats to Automatic Exhaust Gas,"
Archives Environmental Health, 26:264, 1973.

Tatematsu, M., T. Shival, H. Tsuda, Y. Migara, Y. Shinohara, and
Ne Ito, “Rapid Production cf Hyperplastic Liver Modules in
Rats Treated with Carcinogenic Chemicals: A New Approach for
an In-Vivo Short Term Screening Test for Heparocarcmogens,
in Gann, 68:499-507, 1977.

Triegel, E.K., Attenuation by Soils of Selected Potential Contami-
nants from Coal Conversion Facilities: A Literature Review,
ORNL/TM-7249, Oak Rldge National Laboratory, Oak Ridge, TN,
1980.

TRW, Inc., Carcinogens Relating to Coal Conversion Processes, FE-

2213-1, prepared for the U.S. ERDA, Washington, DC, June
1976.

Iseng, W.P., et al., "Prevalence of Skin Cancer in an Endemic Area
of Chronic Arsenicism in Taiwan,"” Journal of National Cancer

Institute, 40:453, 1968.

Tye, R. and K.L. Stemmer, “Experimental Carcinogenesis of the
. Lung, II Influence of Phenols in the Produdtion of Carci-
noma,” Journal of National Cancer Institute., 39:175:186,
1967.

U.8. Comptrolier General, luquifying Coal for Future Energy Needs,
EMD—80-84, Report to the U.S. Congress, August 12, 1980.

U.5. Department of Health, Education, and Welfare, Air Quality
Criteria for Sulfur Oxides, Natational Air Pollution Coutrol
Administration No. AP-50, Washington, DC, 1970.

U.S. Department of Health, Education and Welfare, Registry of
Toxic Effects and Chemical Substances, Rdckville, MD, 1978.




202.

203.
204.
205.
206.
207.
208.
209.
210.
211.

212,

U.S.

UIS.

UI s.

U.S.

U-S'

U.S.

213

Department of Interior, Fossil Envirommental Impact State—
ment: Western Gasification Company (WESCO) Coal Gasification

Project and Expansion of Navajo Mine by Utah International,

Inc., Vols. I and II, FES-76-2, Washington, DG, January,

1976.

Envircnmental Protection Agency, Environmental Assessment:
Source Test and Evaluation Report: Wellman—-Galusha {Glen

Gery) Low-Btu Gasification, EPA-600/7-79-185, 1979.

Environmental Frotecticn Agency, “EPA Interim Primary and
Proposed Secondary Drinking Water Standards,” Appendix II,
Federal Register, 43(243):59019, December 18, 1978.

Environmental Protection Agency, "Hazardous Waste: -Proposed
Guidelines and Regulations and Proposal on Identifieation and
Listing," 40 CFR Part 250, Federal Register, 43(243),
December 18, 1978. :

Environmental Protection Agency, Quality Criteria for Water,
EPA 440/9-76-023, Washingtom, DC, 1976.

Environmental Protection Agency, Recommended Health and
Safety Guidelines for Coal Gasification Pilot Plants, Inter-

agency Report, EPA-600/7-78-007, January 1978.

. Environmental Protection Agency, Scientific Technical Assess—

ment Report on Cadmium, Star Series, Office of Research and

Development, EPA 600/6-75-003.

Environmental Protection Agéncy, "Water Quality Criteria;
Availability,” Federal Register, 44(144):43660-43697, July
25, 1979.

Environmental Protection Agency, "Water Quality Criceria;
Availability,” Federal Register, 44(191):56628-56657, October
1, 1979.

Environmantal Protection Agency, "Water Quality Criteriaj
Request form- Comments,” Federal Register, 44(52):15926-15981,
March 15, 1979.

University of California, Processing Needs and Methodology for

Wastewaters from the Conversion of Coal, 0¢il Shale and

Biomass to Synfuels, DOE/EV-008l, prepared for U.S."

Department of Energy, May 1980.




213.

214-

215.

216.

217.

218.

219.

220.

221,

222.

223.

224,

214

Vaughan, B.E., K.H. Able, D.A. Cataldo, J.M. Hales, C.E. Hane,
L.A. Rancitelli, R.C. Routson, R.E. Wildung, and E.G. Wolf,
Review of Potential Impact on Health and Envirommental
Quality from Metals Entering the Environment as a Result of
Coal Utilization, Battelle Pacific Northwest Laboratories,
Richland, WA, 1375.

Verhoff, F.H. and M.K. Choi, Sour Water Stripping of Coal Gasifi-
cation Waste Water, METC/CR-79/23, prepared for U.S. DOE by
West Virginia University, Morgantown, WV, May 1979,

Verschueren, K., Handbook on Environmental Data on Organic
Chemicdls, Van Nostrand Reinhold Co., Atlanta, GA, 1977.

Von WNieding, G., “Possible Mutagenic Properties and Carcinogenic '
Action of the Irritant Gaseous Pollutants NO,, 03, and 50,,"
Environmental Health Perspectives, 22:91-92.

Wagoner, D., Compilation of Ambient Trace Substances, Draft of
Report Prepared by Research Triangle Institute Under Contract
No.  698-02-1325 for U.S. EPA.

Waldbott, G.L., Health Effects of Environmental Pollutants, C.V.
Mosby Co., St. Louis, MO, 1973.

Walsh, P.J., G.D. Griffin, T.D. Jonmes, S.P. Singh, R.J. Raridon,
L.W. Rickert, and J.E. Campbell, Preoperational Health
Assessment of a Foster-Wheeler/Stoic Low—Btu Gasifier, Oak
Ridge National Laboratory, Osk Ridge, TN.

Warrea, T.L., Status of IERL-RTP Environmental Assessment Method-
ologies for Fossil Energy Processes, EPA-600/7-78-151, pre-

pared for U.S. EPA by Research Triangle Institute, Research
Triangle Park, NC, July 1978."

Waterland, L.R. and L.B. Andersomn, "Source Analysis Models for
Environmental Assessment, " in Sympos ium Proceedings:
Environmental Aspects of Fuel Conversion Technology, 1V,
Hollywood, FL, pp. 23-34, EPA-600/7-79-217, April 1979.

Weeter, D.W. and M.P. Bahor, Technical Aspects of the Resource
Conservation and Recovery Act Upon Coal Combustion and
Conversion  Systems, ORNL/OEPA-10, 0Oak Ridge National
Laboratory, Oak Ridge, TN, 1979.

Williams, R.I., (ed.), Detoxication Mechanisms, John Wiley & Soms,
Inc., 1959.

Windholz, Martha (ed.), The Merck Index, Merck & Company, Inc.,
Rathway, NJ, 1976. i




225.

226 -

227.

228.

229.

230.

231.

215

Witmer, F.E., "Department of Energy Environmental Assessment
Program for Coal Conversion,” in Symposium Proceedings:
Environmental Aspects of Fuel Conversion Techmology IV, EPA-
600/7-79-217, prepared for U.S. EPA by Research Triangle
Institute, Research Triangle Park, NC, September 1979.

Woodall-Duckham Ltd., Trials of American Coals in a Lurgi Gasifier’

at Westfield, Scotland, FE-105, prepared for U.S. ERDA and
American Gas Association, November 1974.

World Health Organization (WHO), Evaluation of CGCertain Food
Additives and the Contaminants Mercury, Lead and Cadmium,

16th Report of the Joint FAD-WHO Expert Committee on Food
Additivies, WHO Technical Report No. 505, Geneva, 1972,

World Health Organization (WHO), International Standards for
Drinking Water, 3rd edition, Geneva, 1971.

Young, R.J., Potential Health Hazards Involved with Coal Gasi—
fication, NIOSH Technical Report, U.S. DHEW, November 1978.

Zelac, R.E., H.L. Comroy, W.E. Bolch, B.G. Dunavant, and H.A.
Bevis, “Inhaled Ozome as a Mutagen. I. Chromosome
Aberrations 1Induced in Chinese Hamsters Lymphocyctes,”
Environmental Research, 4:262, 1971.

Zelac, R.E., H.L. Comroy, W.E. Bolch, B.G. Dunavant, and H.A.
Bevis, "Inhaled Ozone as a futagen. .II. Effect on the
Frequency of Chromosome Aberrations Observed in Irradiated

Chinese Hamsters,” Environmental Research, 4:325, 1971.




S U LY J0 PRd o] U UaAFd w2l Ha Jutjuid

[0 i'n 1°0 1N [ [0 . 9L u'e :a.._>:".=::::_
tOuLLIE .\:.i: B0%Y168 TH01S2Y 1801427 Tyl o1L0UL] teyzaest LoLLsy GROYIY yeeront w209 ILe WL Hvepd
RVIRLS “IVIOL
[N L VA S 1: 14 41 14 Y8071 [T S AR 0866LCT LYSTT hgoYIY L7481 AN 4 UL feanel
PrIGE/PTUbTY TrI0)
CEETRE
[} 1 (1 5] B L iné 156 S5 =...u:c=_2= dauna)
918y 916y 901y ! SajurnsTIauy
. angng
. 190242 LYBNLZ1 DZYBYLT Juoy
%0602 0Z0Y6 AS6ULT s{rLauIl
v z Y Y Y < [ronIN
Sty ol 6¢ul 9Ll62 . 9L6t 66LL spyae £31wy
I 1 4 8 [4:] 08 - VNd
[ 8] [4 4 [4 2 5 HOUTHUSOIIIN
€ 1 7 y L} L] pESltIuL I3qLUWOIY
9 z 8 8 B 8 . o
955y zsl 8Lu8 GHB6 SHB66 7146 v iy
T S 91 9E 4€ s€ gauudo| L
¥ g oz w 2y oy Fonvgdunsay
azen 98b vegs 68131 681Y1 goelst mﬂm_a._._ apnay
[1444% [ 3914 SL9St SL96Y GLYsI SL9st N
1 ¥241% oveL LOVHE [174RY GG6ZLS f1618 110
£ovg (18] aLyy yOSEE yOS6E [1€9t aug
. ToukIely
Sv69StL [csyye PILIYARS LeLT691 29sit LI6GLT 1] 3%4%9 887y {31}
W41 ‘davamoid
Yy vy vy ._rwv tme.\ .\Cmc 09y ‘uly oy ‘uyy uy Q.Eu< gysd 'oanssaag
9t L9¢ L9¢€ ccce u.oou ccc@ i1 74 " quy 067 sy Ay q ‘quy 1, ‘sanautaduag,
usicn B AYA gusun o ISGEYT L8ytue [Ax1141 14 6LEY6 SCEYs geLH /iow 4y
*aquamny] sed [uiug
- s40120
9E6E6 18488 6LEY6 ) 20°Bl 0l
< s (4 [4 [4 [4 ) £0°0Y E{IA]
8¢ [¢]% 31} g5l Bs1 86T o4t sen
1§14 09071 o't ‘o0
6¢ 6% (1118 01c 01¢ are P14 94y 8L2 10°87 B33auy + <y
86y 911 »19 ?19 ?19 yi9 L0°0¢ LTI ]
69 91 98 L 98 98 i 0 1A LILH]
Znud nZne 9YHT § 99841 99821 99821 . 591 K1)
£L6SE 6508 Zeeyy eteyy ZLEny zZEeyy [4{1a4 ]
uecee €50y (4243 % yelee L7414% yeLLE vy £(x)
RL7AS voYy 6svie 6sv1z 65v12 6SYIg 10782 w)
/10w 41 ‘divunetd
[4] 1 (1} -] g L 9 < y £ z T Fuzuodnoey :

Jaquiy weasls

$SAD0Hd NOE1OVAANDIT

won (HOSJONL-NANDST4/IDUNT) LIIHIANT
40 ININSSASSY NST¥ FHL 04 NOTIVHINIONOD WVAULS SSANOMd QALVHILGA

f-v JTAVL




N

) . 5070 1y 10 (1] ::::.::_:.é

29¢ yeuL yeyLe g160y Lyzl (HA¢:] uytele IWLTA4 ZyyLis COHLLUYE  WDLL]  LUYLUS 41 TALVHINORI
' * HVALS 'IVIDL

g 9L ne 06€sZ 8160% Lsvel v6ty u968 €6098T LT TS Conyt LLzy1 W/yp ‘susan))
. ‘ PriOB/pIabiT (e30L

9t wli6LS2 weHBTl  ,SY21 PRI 1L068 wll6S81 4910130

4 T T 4 [ 1 g fAowa]0 uoey

(4] yajunajlaeyg

. anjing

(113 Tro)

114 : , speaauy

i 1> 4 1 1> YN

Jdd spior £33y

dd du dd 14 t dd

! flt vid

. 4 1 [ \nr.U:_E:wC.n:Z

€ z » oFNIHE dfILUBIY

4 £ 1 S

! [A] 8 4y Gl B uowLy

> 4 [ 1 ~\.a.s:.:_.__.:__._.

> Y o z Juugdudaoy

dd m_?...:_._ upnay

91,041 g Seyul 5951 [£2%4 L562 uqanden

: . 1710

ELAN

. pdd (11i}4 ToumnRag

Byt yt e Y81C vLye nie 0%
J_ /4L ‘aLviunoid
< “uy uui ot 44! 9y 05¢ 000t ;174 8yt voy ooy ooy #)sd *aanssesg
“quy el 1] %1 aat oot 001 0et 001 8Y 98 98 98 4, ‘vamuaadua)

Y t [4 elggt 88962 syl fLegnt 0L 16 11141 LTAULITY
tajuwamoly se? Jviuy

- T ) LE B

[ [ z 4 ' 20'8Y 04t

. z z A1 £0'09 5003

LSl g2l ot 80" e st

1 ou'ze ¢n

” 80E - 60t 60L ne 1414 6S 10°8z s112UT 4 (N

Sy BT8 e iy Qoy It ¢£0°'0C o

- 81 1:19 1 us 6y uf S0'8¢ "HEY

[YYITAN BeZY1 o9ver Y98E1 0l yzye 90971 10

61¢L LEC6 €869y 98TLY CL65L yerrr 141 A3 N

1] it 0062 DU nLcte LI 10y b

€1 €8y 0S8l veygr atueLt 81gY 10°82 (3]
W/ ow qr "dLvineid

e ¥4 [ 12 (114 61 B Ll Y1 - Sl 21 cr Juanudung

a8quany weailg

(L,N0D) T-v 378VL



[HIIAY

nuss?

dd

0usse

.a,<
*quy

Iy

gz

195L0L

watot

uy6

99

BLOZ
1£096

PLYTT

AT
L8l

L4

“raece

LLLELT

JLLse
0oz

VY14

o™

BT I MANTY Cean

ol ey e

Lot

il
ud
dd

otal

3y
09

g

O -

£apagaoverpey

Ivinid
HVHHLS ‘lviol

g/l toquanol}
priouzpjabpp (o)
[ EUEMN)
43UAULD]D AIDLAL
gaqu IO AL
Auging
o)
gleaau]y
“(om I
ne_%z K3qug
Vit
mmw:_snmcuuaz
guovpue EIETIMLELY
SN
Uy ucuwyY
sauatdo )l
mmccuznuuuz
m~w=u== opIan
wtp ey
i)
Jel,
pouaay
ol
WAaT ‘AIVuAULS
dysd ‘aanksany
do *2anjedsduag,

__\ _.CE ~—.—.
f3quam0 (] sud TEI0}

)

323130
zo el i
L0°0Y s0D
g0yt Sel
00°2¢ <
10°8Z w13vug 4+ 4N
L70¢€ %D
5082 YiED
Yo'yl ua
w'e 4l
1'yy 20
10°82 (A5}

n/row q1 ‘GLvaMoTa

e

LE

[ TAR ovun1 aoleLve
oniedil aout ovnLlye
dd
dd
dd
voL6L1T ool QuoeIvz
3 ~uly iy
09 “quy ‘yuy
e ot &z

Lz

Jatung weaals

Juatvdwuo)

(L,0D) T-V IT8VL

S JUtEIAN] St Tt



sapqEI MY Jo pua ay) e

mrayil ase saj0UINNg

(A4 14
slivzue

dd

8928
dd

1

1

z

go8s
dd

dd

%111
&'
0oz

2790661

0s
$6

LIS

9rLrS

ON o= o=t O

dd
dd

dd
60L1S

oy
01l

Y2745

: a0

8L
dd-

dg
dd

ve
6L
dd

eyt
LYEZ

a0y
LSt

AIBRBTIZ

654811

[
BotY

7

2006-
ve
A€

Mm (374

1618
- 11698
6862661

952
091
€

6TLLEL

6ILL22

1
%61

[
.Hv

15

I

L0511

]
v,
.
94eL

sEB
8€691¢

(1174
JL61

[R%:D1ijn L0L5%07

LEBINE. ctysyvol

801y

H .
(4] oLLt
” %
Bi dd .
£ dd,
+ 0679 YELY
.8 61
o1 (14
|}
e f506
T2Z1¢€ yryel
€00t - REBTE

Cthove 529286

152 162
A L6t

-

yL9y0l
296301

t >

0ty

Ui
L

L8
m_m
dd
€Ll
]

4
166
tld
‘yrel
88T¢L

£Z9R5

87
£6€E

z

e onponl

.

(XA R4 vogani

ns 8

onge oty

wm

£26848 BLSAHET

A1 M
LI 0L

Lo -
Atk

80’

0o°

. 10°

L0

So*

\«mu:..::.d 12

_\u_.:.wu__:::_z
w/ar Cavineid
HVAILLE v,

W ‘savanory
prios/pinby 1iea0g,

SIA10
auay,
saInnnIang
angng
juo)
S RIDUN
.h._ () in
gpran £a1uyg
VN
L LEECEEY 01
CLT Y & U XY
AN
v ptomny
t:u:u__._:_ w,
anediunaay
z—m..u._._ apnan
waedey
10
e,
Toumiray
({131}

LA I ARV (T E

fl1sd *aanssnyy
do *wumvandung,

/10w qr
‘oamtnng) s 1moyg,

namgy
g1 (11}
09 S0
he sz
(43 L4
BZ ®BlIdUY + ZN
oc NEY
L4 e

w91 it

[

4 3 1]

. mn:hy 00

10

R7, 0)
LY CEE R R RTHT T P

9%

11

wh

£y

[4]

17 oy

6L

at [4+

1aguny omaxig

Juanodinoy

(L:80D) T-V 378VL



A=-5

tapgu) o Ju s a3 Je udald agw oajoeulnog

s0°0 00 . aau.t.._uuuo«_uum
V62 1€99941 666L061 7L5€18 00008 LY6196T 9620%% 2140002 1961 5161002 z9¢st N/AT “HIVEMOTS
) HVILLS IVL0L
ubne [¥'4Y4] Le21 LTANNE .14 quooe LY6196T 186C1 Z6z000¢8 [958 [RYITHT16YA FA141] W/t ‘wavamorg
pifas/pjuby jejor
E_c 419110
g sy pHIVALITY adua]
EEETIS B & FECK]
anjing
[0
. 005 0032 s1eay
L
ad L m._ dd dd dd id 99ze %_.nsaﬁmw”_ﬁ
dd ad dd ad dd dd dd dad viid
z dd dd dd dd dd dal 1 LS IWLYOITN
€ dd ad dd dd dd dd 1 pEBUIUL B3vwoay
| £ dd z SNOH
AL’} y [ dd (113} X441 aag6 v Houy
£ dd dd dd dd ’ sauatjdoryL
S g dd dd dd w_mcuf_...uue:
18s Lus q09%1 oyoumpd opnagy
i dd ’ dd dd dd dd T enandey
dd dd dd dd dd dd 0oz 170
1y,
tuyy £Yy qourt3an
vene e661Y LET3 690€18¢ [3%:744 Ly61961 186¢€1 0610661 0y 0610661 414 Ot
Hjar ‘aLvenos
(114 ] 2t W01 oot 01 w3y o0s 00¢ s\ ott “H18d aanssaiy
Y 56 13 08 0L 508 *quy oc1 €6 g6 99z do ‘@dmavasduag,
(17414 LT5yL €59y} € £ ty/jom qr
‘ajuamory sed jeioy
. 4 saayQ
WV d W8T acll
z z £0°0% 503
z tsi dd 1> > 80°ye s
P . voLe MEAS )
l T £€911 . 10'8z #1a0uy 4 <N
8L LiE £0°0€ %izy
§9 59 [ 1014 "iEy
1y 907971 "
‘Ll ¥3} 202 t
999L.L 99LL e 4 [4 [o°yy Lin]
ver het 10'82 [1¥]
W/row 41 fHLVINOLd
L4 9g (41 ~..\m enm 25 119 0g 6y 8y Ly Juauoduagy) P
o /A,. Joqunyg wea1lg N

(L,02) [-V 3TAYL



TAQUT ) Jo pua M) A uaapi aan 83100 J0og

vERL

ORI

6 .
1691

o

9l 259182

‘wy 8
o0z _ 00y

€ 11843

>
> CSEC

I
ot
(1747

rs
ki
of

4 09€z
15

€62z

‘ayy
[4¢4

1749

st

982

el
oot

(1%

ju

Lol B2 N ]

|y o8Ye 919¢L

14:4 74 0RYZ 919¢

0952 g0 Y589

N4

(47

Tuy w3y 'y
‘quy ‘quy s quiy

£1yaganenypoy

Y
6L095Y n/at ‘HLvasDlg
WVAHLS “IV101

etz 18922y

¥eTle LH9LLY 6L095Y /a1 faavanogy
: pITO8/pInbTY [1r20L

4oLz saa.\m 8AM} 10
gIudd D AdwY,
CFLIGEY R EUIR
anjjus
Teon
BIRIDUTY
H KGR
dd dd m_..m‘w._nauw_“.._
: d ad vRd
dd dil , FIUjuesOIT Y
dd dd 2 sdttyue oy3emoay
o NON
A Lt wv]uonny
p sauadoyryy,
, Suradrasay
dd dad L::u__._ apnay
dd dd eyt
dd dd 110
v,
JowmypIny”
£6505 Y o
o w/ar ‘anvanota
)84 fpanssna,)
dg ‘oanavaadmayg,

w/row qf
tajoanor] Rl qugo),

WT1T

- LIAN
£hSO5Yy

00t 0ze 001
oor 001 ocy

Baa1) 3(}
20°81 o

dd
dd

dd
dd

oy
80°ve
ontes
10°82
nof
€O-HE
e yI
zn°e

1099
10°RZ

Nn/1em q1 *

S0

s

<n

§1IUf 4 <N

My

K114

jIN]

™

0

(t4)
LIWVHHO'TY

“Rirn go

59

9

€9

9

9

oy

65

8¢

aaquny wraiag

Tiatudoy

(1,N0D) -V J18Yl



/G °3P1 wolj DOUTEIGO UOTIBWIOIUT UO paseq padoaasp uoT3aTsodwod weailg

7

*p/ 391 WO POUTEIO UCTIBWIOJUT UO pue STSATEUER TEOD 3Y) U0 paseq padoToasp axe posiliaodai mwsﬁm>m

«A1esseosu JT ‘pasn aq Aem (2i1pradoadde se) y/Tow qT T I0 Y/q1 T JO enTea B ¢sasodand
stsdTeue 104 ‘UOTIBOTJIIuenb 103 ITQEITRAR UOTIBWIOJUT JUSEITIINSUT “I9ABMOY fjueseid Arqeqoad = aam

ToueyIsH,,
\\ «suopjexsprsuon uffssp §8200ad uc pue 0T ‘JSL UF P9II0dai UOFIBWIOJUT UO paseq SanTea
===7" pojewrise aie peliodex sen{Bp -WNTIOY] pu® Wnfueif IO (ay8T1en K£q) uoTTTTW 1od s3ied se wmquQmmm
*suUOTIBI9PTSUOD udIssp ssovoad uc pue gOT Pue §/ °*S3I131 WO13 pauTeIqo =QWumEu0m=ﬁ

. uo peseq padofssdp SSNTEA PIJBUTISD 2i8 peazodax senTBA BYyj -uzZ ‘p ‘nQ UL ‘ug ‘eg ‘qs ‘qd ‘IN
‘U ‘ol ‘T ‘SH ‘4 ‘np fap ‘op ‘py ‘eg ‘g ‘4 SV ‘3y opnTouT juesaid 8q 03 ATONIT SIUBWRTD 2081,

*/G IS5 UT UBATS UOTIBWIOFUT
10 pue swWOTIeI9pFsuod ufisep ssevoad uo peseq padoTeonsp oasm pejlodax SenIep “S9NTERA vmumeﬂumﬂ%

*sUOTIBAOPTSU0D uTS9p Sse001d uo paseq padoTeAsp DIsm SWESI]S I9Yl0 Syl 103 senTeA G9T pue ‘¥ °[C
<gyo1 WOIJ UOTIBWICIUT UO PIseq poIpwriss 9I8 -, SWEsIIS 107 pojiodsa sanyep °sonTea PIIBWTISH,

*5U0TIRIapTEUOD uSTsop sseocad uo paseq padorsAsp dIdM SWESIJS ABYIO BYJ 107 SENTEBA 69T pue (G
*S3y81 WOy UOTJBWIOJUT UO Paseq pajewrlsa BIe §-/ SWE3IIS 10J pejzodex sonTep ‘S8nTeA wmumaﬂummw

"onTEA PSIBWLIST, .

saanssoad orasydsowie = wly faanjexsdws] JUSTque = °*quy

q

IR

”

squesaxd 9q 01 ATONTIT Jou 2k sjusuodwod 2yl Ieyl °3IeOFPUl °Tqe] 3Yj Ul syuelqd

! ‘ *paTTdut IO mwvnmunﬂ st pajaiodea senira 9yl
jo Aoeanooe ayj uo Kjueiiem Of °*Sanjeu U LreutwiTead Ai9a ST 9TqB} ¥Yj uf M2ATE UOTIBWMIOIUT DY

*T-¢ 2an3Tg
UT sidquAu wesxls 03 puodseiIioD BTqE] BYI UF SIQUNU wedAJg  "GYT ISUTIAYRs Aq Faodex TIQOR =u3I
woij poufeIqo UOFIBWAOFUT woxj padofeasp 2I9m ITqel @Yl UF pa3jiodsi sanTeA s8yj 3o TT® 10U Inq 80K,

1~V T°qe] 103 S@loujoojg




A~8

*gs900ad sumaoualwmnomﬁm DYl 103 1s47B3E0 Aaejeridoxad sanjoegnuew 03 pos| "810 :oun.
_‘seuoley pue ‘sopAyapte .mkum £33B3 ‘sToyosTe £aESYy ‘TOUBYID 3JO 518TSU0)

o *senjes paIEWIISH)

SPTXOR(Q ANJING 4

a8pnTs,,

*XON 3O y/Tow qf & pue *gg 3o y/Tow qT GT 3o §3sTsuo),,

‘umopyES1q PI[TEISP @ioW I0F -y ITqEL 995,



£~Z *TqeL

N

=3B aa Avguddjou juaucdwud 10j nojaq aag

q

pue -z S0B[4 U slegunu wwalls 03 PuodSDliod POT¥2IpUR SIVqUNU wWLAIIS

00°'9Z¢  0L°561 : y2°L51 9051 an s [ou )
N L} -

2 ve to  WEIXZ  69YS 19 9EVL o6Lsz - Z9BYZD ST U61Y Lo68 Liggur uja1 *jesoy
S50 L0 BO'T €5°Toy €y°98  H0°T 18°2Z 647621 0T°1SCT 8Y°1Z 68'981 08°80T Syrolee /1ow q1 ‘rmol
26°971 69 %y s{oyod[v Lawdj)
19°452 L0°9Yy fouet 3y
Togy98 - 92 €9 apjoy
88°06E ST 81t suj josed
. i Lpod *3uy
£0°2EC 157201 CEI LY

14°2¢2 047621 s 59°0 98°'.8S Lo

. 4 9y
€0°0 10°D g0"9Z L1798 il u
z0°0 TL°0E 100 - L'rr 1v-98 "9y
! 19°eLt 91" ¥R (AR
¥ 10°0 157251 97°%8 sy
910 107D £0°0 20°0 £5°65 i0°0 12762 g1°2L 205y u
£9°50¢ 06°6 stz sy 1
’ £1oL 0lySy )
66 L Y0°0 LA Tw4 £r oL aysy g
4o (o ] S0°68 £6°61 £0°0 £L'6Y z18s 0lyhy u
- F{%a1 950 092 1708 ol
5 01°96 Iyt ¥
: 89"y 55°1 %0 0£°00Y7 or9¢ Uty

L0'U . 00 gLl'o 8I°0 71891 Sz°sl Sy 9zl 60" yy €D

050 060 : S WL evtedt og°syL 80°ZYy ko

: 90°1 10°0¢ 9o,
i ] ) n/row 41 ‘ALVUMOEA

49 99 (L] 09 BS 94 [¥4 [44 / 12z az 6! a7 JAS Juonodun;),
Y £IDWHN E=u._um//.
1) N
I-v 379VL NI NAATD SWVAALS (EL103Td5 NI
‘T afqny

SNORNVOOHAAH aInd11 30 NAOMAVAHH qaTiviaa



A-10

Additional Remarks

The following additional remarks should be noted regarding unnumbered
streams in Figure 2~1:
1.%The composition of the lockhopper vent gas from the coal lockhopper is .,
expected to be the same as the gas phase composition of the raw gas i
exiting the gasifier (stream 7); the volume of course will be con51derably
less than the raw gas flow rate.

2. The lockhopper vent gas from the ash lockhopper is essentially compoééa
of steam and ash particulates. As shown im Figure 2-1, this stream is
generally scrubbed with water prior to dischaf%g to the atmosphere. The .
vent to the atmosphere from the scrubber will essentially comsist of
water vapor and air.

3. The reader is cautioned that Figure 2-1 is a simplified block flow diagram.
For simplicity sake many interconnections between the units.showm have
been deleted. However, care was exercised to include all streams of °
potential environmental concern. Because of the above simplification,
streams around individual units shown in Figure 2-1 may not always
balance. Efforts to ‘determine stream compositions for intermediate L LE
streams at various units based on the information given in this analysis
is discouraged. '

4, The biosludge from the biological treatment:unit is likely to contain
potentially hazardous organics. Following discussions with some.of the
assessment participants, its fate is shown in Figure 2-1 as "to disposal'--
presumably, in and envirommentally acceptable landf£ill operation aloug with
the gasifier ashi. An alternative disposition may be to dispose of the
organics-laden biosludge in the ga51f1er along with the feed: coal. The
biosludge will have a negligible effect on the feed.coal or gasifier

- operations (considering its relatively insignificant flow rate when compared
with the feed coal flow rate) while the suggested procedure will eliminate
a potential environment concern. Howéver, the viability of the, suggested
option may need to be demonstrated

5. In Figure 2~1, a reverse osmosis treatment step has been shown following the .
biological treatment of the wastewater, . .The above step is an additiom to the
treatment scheme reported by Schreiner™ ~. Reverse osmosis treatment is used
to remove mainly metal salts from the treated water. Im the process, the
metal salts are removed as a concentrated waste solution which is disposed
of appropriately. Again, following discussions with some of the.assessment
participants, it was decided to leave the disposition of the waste solution ’
open. Possible disposition methods ‘may be deep well disposal (local environ-
mental regulations permitting) or evaporation ponds.

6. The reverse osmosis process is used in the present amalysis as an example’
process. Another potential route is the use of multi-effect evaporators.

The evaluation of alternative processes is beyond the scope of the present
assassment.

7. Fugitive emissions are likely to occur from product and by product storage
tanks. The likely compositions of the emissions will reflect the product
or by product stored in the tank(s). The release of fugitive emissiong are
not addressed in this ‘Znalysis.

i
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8. Information was sought on the agalysis of leachates from dry-ash Lurgi ash
piles, but none was forthcoming ~.
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