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~ '  PUBLIC HEALTH ASSESSMENT 

4.1 INTRODUCTION 

Process ~an~ discharge streams from a Lurgi/Fischer-Tropsch 

facility contain consti~eats which are known or suspected of being 

hazardous to human health. These streams also hontain constituents for 

which health effects are unknown. , . 

Development aid deployment of indirec£ 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, sxplosions, fires) or leaMs ~ f~om 

internal process streams are not discussed. ' . 

Although a sophisticated~ quantitative analysis is desirable, it 

was not feasible due to insufficient data regarding ~he types and 

concentrations of pollutants produced by the processes, and uncertainty 

regarding the biological effec~s ,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 c6nstituents~ and comparisons of estimated, post-dilution, 

pollutant concentrations ~to acceptable or recommended human exposure 

levels such as National ,~mbient Air Quality Standards (NAAQS), Safe 

Drinking Water Act Standards (SDWAS)~ and Estimated Permissible 

Concentrations for Health (EPCH). 

For a full discussion of the human health assessment the reader 

is refered to Volume IV of this report.. Many assumptions, 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-i. As shown i~: the Figure~ 

the first step was the identification of facili.ty streams which may be 

rele,'~sed .to the environment. Evaluation of the conceptual facility 

indicated twenty streams likely to have environmental releases during 

normal facility operation (Table 4-I). The chemical constituents of 

these streams then were identified~ based on the results of the stream 

characterizatoR study (described in more detail in Volume If). These 

chemical constituents are listed in Table 4-2. The chemical 

constituents were then separated into several categories depending upon 

the state-of-knowledge regarding their toxicihy and , stream 

concentrations. Categorization of the stream ~onstitnents facilitated 

the assessment by allowing the application of quantitative methods when 

sufficient quantitative data were available and qualitative me~hods when 

they were Rot. The categories also provided an indication of the levels 

of uncertainty associated with the conclusions regarding the various 

stream constituents. 

Categorization of scream constituents based on the availability 

of toxicity and stream concentration data was accomplished in two 

steps. First the constituents were separated into three categories, 

based on toxicological information: 

• constituents known or suspected to be toxic 

• constituents of unknowntoxicity 

• constituents k~own to be non-toxic 

In the second st~p, constituents that were known or suspected to 

be toxic were divided into three categories, based on the source and 
:. 

availability of stream concentration data: 

• Category A - constituents which h a v e  been characterized in 
streams of commercial-scale Lurgi/Fischer-Tropsch plants 
identical to Lh= 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 

Bag House Vent Gas 

Utility Stack Gas 

Cooling.Tower Atmospheric Losses 

Deaeratlon Emissions 

Ash Handling Emissions 

Fischer-Tropsch Purge Gas, Waste Streams 

Lockhopper Vent Gas 

Evaporative Losses From Product 

and Byproduct Streams 

Liquid 

Reverse Osmosis Waste Solution 

UtiliKy and GasifiedAsh Leachate 

Biosludge Leachate 

Solid 

Combined Utility, GasifierAsh 

Spent Fischer-Tropsch Catalyst 

Biosludge 

Spent Shift Catalyst 

:Process Stream Number* 

26 

28** 

29** 

30 

.35 

65,67 

72"* " 

73,74,75,76,77 

53"e 

69** 

71 

36 

63 

' 70 

79 

Y, 

I. 

* Process stream numbers:refer to the block figure diagram for the 
conceptual plant (Figure 2-I). 
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TABLE 4-2 

CONSTITUENTS OF PROCESS STREAMS LIKELY TO BE RELEASED TO THE ENVIRONMENT 

Aliphatics/Ali cyclics/ 
Fatty Acids :.. 

Streams 
Acetic Acid 29,72,53 
Prepanoic Acid 29,72,53 
Butanoic Acid 29,72,53 
2-Methylpropanoic Acid 29,72,53 
Pentanoic Acid 29,72,53 
3-Methylbutanoie Acid 29,72,53 
Hexanoic Acid 29,72,53 
Ethane 72 
C2-C 6 Aliphatics 72 
E~hanol 74 
C3+ Alcohols 74 
Methane 72 

Benzene & Substit. Benzenes 
Benzene 75,72 
Biphenyl 29,72 

Source Streams Sulfur Heterocyclies 

Methylrhiophene 
Thiophene 
Benzo~hiophene 

i 

Source 

72 
72,75 
75 

Nitrogen Reterocyclics 
Acridine "72 
2,4-Dimethylpyridine 29,53 
2,5-DimeLhylpyridine 29,53 
2-Methylpyridine 29,53 
3-Methylpyridine 29,53 
4-Methylpyridine 29,53 
Pyridine 29,53 
quinoline 29,53,72 

Ethylbenzene 
Indan 
Toluene 
Xylenes 
O-Xylene 

Menohydric Phenols 
Cresols 
Phenol 

Alkyl Phenols 
2-Methylphenol 
3-Methylphenol 
Trimethylphenol 
O-Isopropylphenol 
Xylenols 
2,4-Xylenol 

Dihyrdic Phenols 
Cateehol 
Methylcatechol 
4-Methylcatechol 
3,6-Dimethylcatechol 
Resorcinol 
Methylresorcinol 
5-MeKhylresorclnol 
4-Methylresorcinol 

29,53,72 
29,72 
29,53,75,72 
72,75 
29,53 

76,75,77,72 
29,53,72,75,76, 
77 
75 
29,53,72 
29,53 
72 
72 
77 72 
29,53 

r29,53,77 
77 
29,53 
29 
29,53,77 
77 
29,53 
29,53 

0xygen Heterocyclics 

Benzofuran 72 
Dibenzofuran 29,53,72,76 

Nitrosamines 
N£ t ros amine 72 

Polynuclear AromaEic 
Hydrocarbons 

Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(g,h,i)perylene 
Benzo(a)pyrene 
Benzo(e)pyrene 
Chrysene 
Fluoran~hene 
Fluorene 
Indene 
Naphthalene 
Perylene 
Phenanthrene 
Pyrene 

29,53,7U 
29,70,72,76 
29,70 
29,70 
29,7U 
29,70 
29,70,72 
29,70,72,76 
29,70,72,76 
72 
29,70,72,75,76 
29,72 
29,70,72,76 
29,70,76,72 

, I' 
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TABLE 4-2 (Concluded) 

Aromatic Amines Source Streams Trace Elements Source Streams 

Aniline 
Methylaniline 
Dimethylaniline 

: Gases 

S0 x as SO 2 
NO x as NO 
Carbon Monoxide 
Carbon Dioxide 
Nickel Carhonyl 
Hydrogen Cyanide 
Carbonyl Sulfide 
Ammonia 
Hydrogen Sulfide 
Particulates 
N 2 6 Inerts 
02 
H20 
H2 

Mercaptans 

29,53,72 Aluminum 
72 Arsenic 
72 

Barium 
Beryllium 
Boron 

28 Cadmium 
28 Carbon 
72 Chromium 
28,72 Co balt 
72 Copper 
72 Fluorine 
72 Iron 
72 Lead 
72 
28 Manganese 
28,72 Mercury 
28 
28,36,72 Ymlybdenum 
28,72 Nickel 

Selenium 

69 
72,28,29,53,35, 
69,70,72 
28,72,36 
72,28,29,53,36,70 
28,72,29,3b,53 
28,29,36,53,69,70,72 
79 
28,36,72 
28,36,72,79 
69,36,72 
29,36,53,28 
69~72 
72,28,29,53,36 . 
69,70,79 
28,72,36,53,69 
72,28,29,53,36, 
69,70,79 
7O 
28,72,29,53,36,69 
28,72,36,69,79 

Methanethiol 
E=hanethiol 

29,53,72 
72 

Silver 
Sulfur 
.Zinc 
Tin 
Uranium 
Vanadium 

72,30 
36,79 
36,69,28,72 
28,72,36 
28,72,36 
28,36,72,29,53 

TABLE 4-3 

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 
effluents form a Lurgi/Fischer-Tropsch Plant using the coal 
environmental control specified in the conceptual facility. 

forl 
and I 
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• 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). 

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

• Category D - constituents identified as probably present in the 
process stream, but for which neither toxicity information nor 
concentrations were available (see Table 4-6). 

Stream constituents which were known to be non-toxic (from a 

human health perspective) were assumed to pose insignificant risks ~o 

public health and were not considered further in the assessment. (See 

Table 4-7). 

Constituents in Category "B" were the only constituents for which 

toxicologic data and estimated stream concentration data were 

available. Efforts to assess quantitatively public health risks 

therefore were concentrated on this category of constituents. As shown 

earlier in Figure 4-1, risks posed by Category "B" constituents were 

evaluated by two separate methods: 

I) Pollutant concentrations (post-dilution) due Eo the discharge 

of plant streams', were estimated using dilution factors from the Sources 

Analysis Model I (SAM/I) being developed for the U.S. Environmental 

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. 

i 



--. 

95 

TABLE 4-4 

CATEGORY B: TOXIC STREAM CONSTITUENTS EST~k%TED IN 
LURGI/FISCHEE-TROPSCH WASTE STREAMS 

,, .,,,, 

SUBSTANCE 

Benzene, Sub. Benzenes 
Ethylbenzene 
Biphenyl 
Toluene 
O-Kylene 

Monohydrlc Phenols 
Phenol 
2-~thylphenol 
3-Methylphenol 
4-Methylphenol 
2,4-Xylenol 
2,5-Xylenol 

.Dihydric Phenols 
Caaechol 
4-Methylcatachol 
3,6-Dimethyleacechol 
Resorcinol 
5-Mechylresorclnol 
4-Methylresorcinol 

,,Polynuclear Aromatic Hydrocarbons 
Acenaph~hylene 
Anthracene 
Benz(a)anthracene 
Benz(g,h,i)perylene 
Benzo(a)pyrene 
Benzo(e)pyrene 
Chrysene 
Fluoranthene 
Fluorene 
NaphEhalene 
Phenan~hrene 
Xylene 

Sulfur Heterocyclics 
Thiophene 

N_itro~en Heterocyclics 
2,4-Dimethylpyr.idine 
2,51Dimeuhylpyridlne 
2-Methylpyridine 
3-Methylpyridine 
4-Methylpyrldine 
Pyridlne 

SOL, iCE 
STREAMS 

29,53 
29,53 
29,53 
29,53 

72,29,53 
29,53 
29,53 
29,53 
29,53 
29,53 

29,53 
29 
29,53 
29,53 
29,53 . 
29,53 

29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 
29,53,70 

72 

29,53 
29,53 
29,53 
29,53 
29,53 
29,53 

SOURCE 
SUBSTANCE ~L- STREAMS .X" ~- 

i 

Oxygen HeEerocyclics 
Dibenzofuran 29,53 

a. 

Mercaptans 
EthaneEhiol 72 
Methanethio! 29,53 

Aromatic Amines 
Aniline "~ 
Methyla.ni.line 
Dime thyla~i~ine 

Nitrosamines 
Nitros amine 

Trace Elements 

29,53,72 
72 
72 

72 

Arsenic 
Beryllium 
Cadmium 
Cobalt 
Fluorine 
Lead 
Mercury 
Nickel 
Selenium 
Vanadium 
Molybdenum 
Sulfur 
Zinc 

Gases 
.' so x 

NOx 
": Carbon Monoxide 
Nickel Carbonyl 
Hydrogen Cyanide 
Carhonyl Sulfide 
Ammonia 
HydrogeR Sulfide 

.28,36,72 
2~,29,53,36,69,70,79 
2C 9,36,53,70 
28,29,36,53,69,70 
79 
29,36,53 
2 8 , 2 9 , 3 6 , 5 3 , 6 9 , 7 0 , 7 9  
28,29,~6,53,69,70,79: 
29,36 ,53 ,69  
69,79 
29,53 
79 
36,79 
36,69 .. 

28 
28 
28,72 
72 
72 
72 
29,72 
72 



96 

TABLE 4-5 

CATEGORY C: TOKZC STREAM CONSTITUENTS FOR WHICH 
CONCENTRATIONS ARE NEITHER KNOWN NOR ESTIMATED 

i • 

% 

Source 
Substance Streams Substance 

C3+Alcohols 60 Dibenzofuran 

Benzene 72,75 Barium 

Ethylbenzene* .: 72, Cobalt 

Toluene* 72,75 Chromium 

Kyle~e* 72,75 Fluorine* 

Cresols* 72,75,76,77 Nickel* 

Phenol* 72,75,76,77 Selenium* " 

Alkyl Phenols* 72,75 Vanadium.* 

2-Methylphenol 72 Zinc 

Trimethylphenol 72 Uranium 

0-Isopropylphenol 72 Silver 

Xylenols* ~2~77 Acridine 

Catechol* 77 Biphenyl* 

Hethylcatechol* 77 Chrysene* 

Resorcinol 77 indene 

• ~thylresorcinol* 77 Benzofuran 

~thracene* 76 Arsenic* 

Flugranthene* 76,72 Beryllium* 

Fluorene* 76,72 Cadmium* 

Naphthalene* 75,76,72 Lead* 

Phenanrhrene* 76~72 Mercury* 

Pyrene 76,72 

h 

v,. 

• .;.. 

Source 
Streams 

76,72 

28 ,36 ,72  

28,36,72 

28,36,72 

28,72 

28,72 

28,36,72 

28,36,72 

f 2 8 , 7 2  

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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CATEGORY D: 

Substance 

Perylene 

Methyl',~hiop hene 

.~.,.~ 
Benzothiop.hene 

\,. 

TABLE 4-6 
STREAM CONSTITUENTS OF UNKNOWN TOXICITY 

Sourci .... 

Stream 
%: 

'\.. 72  

" 75  

}5 

TABLE 4-7 

NON-TOXIC* SUBSTANCES IDENTIFIED IN SELECTED 
:i 

LURGI/FISCHER-TROPSC,~ PROCESS WATER STREAMS 

Subs ~ances 

Propanoic Acid 

Butanoic Acid 

2-Methylpropanoic Acid 

3-Methylbu~anoic Acid 

Ethane .,. 

Methane 

C2-C 6 Alipha=ics 

Boron 

Manganese 

Copper 

Iron 

Aluminum 

Tin 

Carbon Dioxide 

N2+inerts 

:02 

H 2 

H20 

Ethanol 

I IIII I I I  I~ 

Effluent Stream (s) 

29,53,72 

29,53,72 

29,53,72 

29,53,72 

72 

72, 

72 

28,29,36,53,72 

28,36,53,69,72 

36,69,72 • 

69,72 

69 

28,36,72 

28,72 

28,72 

28 

28.72 

2 8 , 3 6 , 7 2  

6O 

• --~,-..: .-':' 

*Relative to human health. '.. 



98 

The estimated post-dilution concentrations then were compared 

with acceptable human exposure levels, including Primary National 

Ambient Air Quality Standards, Drinking Water Standards, and Estimated 

Permissible Concentrations fo~ human health. 36,37 Assumptions used in 

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

2) Post-d~iution pollutant concentrations estimated usi~ the 

SAM/I modal also were used to project body burdens for selected stream 

constituents; the projected body burdens then were compared with body 

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 hazards posed by constituents 

for which neither toxicity nor concen=ration estimates were available 

(Category "D"). ~owever, 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.jand rank process waste streams and their 

consEiKuents. 

Finally, constituents of concer~ rwere ranked by degree of 

concern. The two mos~ [important criteria used in evaluating the degree 

of concernwere I) un~certainty -egarding toxicologic and concentratiofi 
2 

data, and 2) the magnitude of the ratios of pro~ected, post-dilution, 

pollutani concentrations to acceptable exposure levels. Three degrees 

of concern were specifie~ for the classification: 

• 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 moderate to high 
level of uncertainty regarding toxicologic or concentration 
data. 
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• Possible Hazard - the intermediate level of concern, assigned to 
, those constituents which had a Post-dilution 

, Concentration/Acceptable Exposure Level ratio of 0.i to i0.0, or 
a very high level of uncertainty regarding stream c~6hcentration 
or toxicologic data (e.g., category "D" constituents). 

• Unlikely Hazard - the lowest level of concern, assigned to those 
constituents which had a Post-dilution Concentration/Acceptable 
Exposure Level of < 0.i and a modest to high level of 
uncertainty regarding toxicologic or stream .concentration data. 

PaSUL~S" . 4 . 3 .  • .:  

4 . 3 . 1  C o m p a r i s o n '  o 'f  P r o j e c t e d  P o s t - d i l u t i o n  C o n c e n t . r a t i o n s  w i t h  

Acceptable Exposure Levels * 

Concentrations of toxic constituents have been estimated for five 

plant streams: utility stack gas (Strea m 28)& cooling tower atmospheric 

losses (Stream 29), coal lockhopper ven~ 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, a~d the ratio of these 

concentrations to acceptable exposure levels (including Primary Nation~l 

Ambient Air 'Quality Standards, Drinking Water Standards, and Estimated 

Permissible Concentrations for Health) are described separately for each 

waste stream~'i ' 

Utility S~ack Gas (Stream 2~) - Chemical characterization of Stream 

28 is limited. Estimates of pollutant concentrations are available only 

for SOx, NOx" and five £race elements. Estimated post-dilution 

concentrations of the pollutants and comparisons with Estimated 

Permissible Concentrations and Primary National Post-dilution Air 

Quality Standards are presented in Table 4-9. Inspection of the Ambient 

Concentration/Acceptable Exposure Level ratios indicates that none of " 

the constituents fall into the Probable Hazards Category, but four are 

projected to be Possible Hazards: arsenic, mercury , SO x and NO x. 

Arsenic and mercury approach, but do not exceed the relevant EPC$_~; 

Primary National Ambient Air Quality Standards have not been promulgated 

for either metal. Estimated ambie~it concentra=ions for SO x and NO x 

f 
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TABLE 4-9: UTILITY STACK,GAS POLLUTAIqTS (STREAM 28): COMPARISON 
OF PROJECTED POST-DILUTION ENVIROI~MENTAL CONCENTRATIONS WITK 
P U B L I C  HEALTH ~ENCH~d~KS. -: :;. 

TRACE ELEMENTS 

Aluminum 

s AI~ c I A / C  
! 

Pose- , NAAQS I 
DituClm~ (~g/m3) I (Fg/m3) t 
(psl-~) i .... 

Arsenic "'~ 5.8E-4 5.0E-3 1.2E-I 

BeryllLu~ ~ 6.IE-4 1.0E-2 6.1E-2 

Boro~ , , 7.~ ", 

Cadmium 5.1E-4 1 . 2 E - 1  4.3E-3 

Copper 
FluorJne 

~ron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Vanadium 

Z i n c  

TOTAL TRACEELEHERTS 

ALIPHATICS t ALICYCLICS 
AND FATTY ACIDS 

A c e t i c  Ac id  

B u t a n o l c  Ac id  

H e x a n v i c  A c i d  

3-Methvlbutanolc Acid  

2 - ~ e t h y l v r o n a n o i c  Ac id  

P e n t a n o i c  Acid 

P r o p a n o t c  Ac id  
. 

TOTAL FATTY ACIDS 

BENZENES & ~BSTITUTED 
BF~ZENES 

B i p h e o y l  

E t h y l b e n z e n e  

I n d a n  

ToLuene  

6.0E-3 

3.9E-2 

l~27~-TrimethyLbenzene 

o-Xylene 

3.6E-1 1.7E-2 

1.OE-I 

2 • 4E-I 

5.OE-I 

1.2 

6.0~+I 

1.0E+I 

4.  IE+I 

2.4 
1.OE+3 

4.0E4-7 
R.9S+2 

1.0E+3 

3.9E-1 

1.5 4.0E-3 
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TABLE 4-9 (Continued) 

A 

E~Cimaced 
Posc- 

Dlluctos* 

B 

zPc~. 
(pg/m3) 

A/B C 

Pclmarybi 
NAAOS 

2,~-D£methy lpyc ld tne 

2 tS-D imethy lpy r td ine  

2 -Hechy lpyr td ine  

3rMethylpyrldlne 

&-Hethylpyrldlne 

Pyr id ine  

q u i n o l £ n e  . . ,  

OXYGEN IIETEROCYCLZCS 

f ienzofucan 

DtbenzaEuran 

~ERCAPTANS 

"~" Methanethlol 

~JTAL HERCAPTA~S 

AROMATIC AMINES 

Aniline 

TOTAL AROMATIC AMINES 

NITROS~HINES 

I H ISCE'I,LANEOUS 

Ammonia 

Carbonyl Sul~ide 

Hydrogen Cyanide 

Hydcosen S u l f i d e  

Nicke l  Carbon71 
NO x 

P a r t i c u l a t e s  

SO x 

Tarsi,, ,Oils T Naphtha 

3.2E+1 

3.2E+1 

6.4E+I 

6.4z+i 
6.4E+I 

3.6E+I 

2,8E+I 

2.4 

4.5 

h.3E+[ 

8.0E+2-, 

2.6~*i 
3.6 E+I 

1.0E-I 

1.3E+2 

2.0 

7.0 E+2 

1.OE+Z 

75 

8.0E+l  

A/C 

1.3 

2,7E-2 

8,8 
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TABLE 4-9 (Continued) 

A B 

Est imated EPC a 
Pose- 'All 

D i l u t i on  (Fig/m3) 
(Fg/m3) 

PBENOL5 

Cntechol  

3~6rO,lmethylcatechoZ 

3-Hethylcateehol 

4-Methylcateehol 

2-HethTlphenol 

3-Hethylphenol 

4-Hethylphenol 

, 6-He=hylresorclnol 

5-Hethylresorcinol 

Phenol 

Resorelnol 

2,4-Xylenol 

3,5-Zyleno 1 

TOTAL PHENOLS 

L~LYNUCLEAR" AROHATIC 

Acenaphthalene 

Anthracene 

Benz(a)anthracene 

...... -, 

Benzo(~th,l)perylene 

Benzo(a)pyzene 
,= 

Benza(e)pyrene 

, Chrysene ,, 

Fluo ranthene 

Fluorene 

Naphthalene r 

Pery lene 

Phenenthrane 

Pyrene 

TOTAl, P A H t s  

SULFUR HETEROCYCL~CS 

He th? l t h i ophene  

Thtophene 

,TOTAL ~[],OH]EHES 

4.8E+1 

5.2E+l 

2. ~E+I 

Z.4E+i 

4.5E÷I 

l.iE+2 

2.4E+I 

2.~E+I 

B.I~I 

4 . 0  
!. /.. 

I". 6E÷2 

" : l .  2E÷2 

5.7£+1 

4.1E+1 

8 .0  

A le  C 

P r i m a r y  
N/~tqs 

(p ~/m3) 

AIc 
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TABLE 4-9 (Concluded) 

Z'b 

:s~lza~ee ~armis~ible C~ncen~ra~ion in Air for Protection of ~u~nan u-'-~-~ 

• . S0 
hPrim'r~', ~ • Na~icna! " ~ ~ Air Cualizv'Szanzares. . 

I 
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exceed relevant Primary National Ambient Air Quality Standards, but it 

must be noted that the projected post-dilutlon concen=rations represent 

maximum ground-level concentrations~ not ambient concentrations for ~an 

airshed. 

Atmospheric 'Losses from the Coolln~ Tower (Stream 29) - 

Characterization data for cooling tower atmospheric losses are very 

llmited. Postfdilution con=ent~ations have ~bee~ estimated under the 

assumption that the cooling waker is cemposad of treated ~rocess 
~. 

effluents, boiler blowdown and make-up water. Losses are assumed ~o he 

evaporative~ no modeling of drift o@"estimates of pollutant.partitioning 

between drift and evaporaCIve phases has been attempted~ Projected 

post-dilutlon concentrations and comparisons with acceptable exposure 

levels are presented in Table 4-10. 

Inspection of the results indicates that none of the constituents 

of Stream 29 ~:e Probable ~azards, but two constituents, arseni~ and 

ammonia, exceed their relevant EPCAH 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 

comparisons with Estimated Permissible Concentration in water for the 

protection of human health (EPCWH) and Drinking Water Standards are 

presented in Table 4-11. 

The resul~s indicate that trace elements, phenols and mercaptans 

each contain at least.'one constituent that is classified as a Probable 

Hazard. Five groups .(trace elements, aiiphatics and fatty acids~ 

benzene and Substltuted benzenes, phenels, and polynuclear aromatic 

hydrocarbons) have at ].east one constituent member in the Possible 

Hazard Category. 

Estimates of stream concentrations and acceptable exposure levels 

are available for eight trace elements. All of the eiEht elements are 
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TABLE 4-i0: COOLING TOWER EVAPORATIVE LOSSES CSTRF.,AM 29): 
COMPARISON OF PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS 
WITH PUBLIC HEALTH BENCHMARKS. 

I O 

TRACE EL]DI~ENTS 

Aluminum 

Arsenic 

Bery lX l um  , ,  , 

Boron 

Cadmium 

Copper 

Fluorine 

~ r o n  

L e a d  

Manganese 

Hercury 

Nickel 

A 

~ s t i m a t e d  
Pust- 

DlluCion 
(.~/m3) 

Zinc 

~.3E-2 

6.5E-3 

4,3E-2 

B 
a 

F.PC~ 

C,mlm3) 

5 . 0 E - 3  

8 . 0 - E - 1  

7 . 4  

A/B C 

P~Imat7 
NAAQS b 

(pg/m3) 

A/C 

2.6 

8.1E-3 

} .  8E-3 

6.3E-2 7.5E-3 i. 2E-I 

3.1E-1 

I. 5E-2 3: 6E-I ,4.2E-2 1,5 1.DE-2 

1.1E-3 1.DE-1 , I,,IE-2 

4.0E-3 2.~E-1 1.7E-3 

Selenium 5.0E-1 

Vanadium I. 1E-4 I. 2 8.3E-5 
,L 

1.6 

9.1E-2 

6 ..9E-3 

6.9E-3 

TOTAL TRACE ELEMENTS 

6.0E+I 

1, OE+l 

ALXPHATICS~ ALICYCLICS 
AND FATTY ACIDS 

Acetic Acld 2.7~-2 

6,6E-~ 

Hutanolc Acid 

Rexanotc Acid 

3-Methy lbu tano icAc id  

2-Mech~lpropanotd Acid 1.~E-2 

Pentanotc Acid 8.4E-2 4.1E+l 2 . 1 E - 3  

Propanotc Acid 1.7E-1 

TOTAL FATT~ACIDS 

7 . 6 E - 4  

J 

2 . 4  ̧  

8 . 9 E + 2  

3.2E-4 

BENZENES & SUBSTITUTED 
BENZEt4ES 

B i p h e n y l  

E t h y l b e n z e n e  

I n d a n  

2.1E-I Z.0E+3 2.0E-6 

9.9E-3 ~ . OE+~" 2./'E-5 

6.9E-I 7.8E-4 

l.o~+3 

Toluene 

2.4E-I 

mm 

• o-Xylene 

l~21~.Trlmethylbenzene 

2.oz-~ 
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TABLE 4-10 (Continued) 

PHENOLS 

Catechol 

3,6-Dtmethylcacechol 

3-Methylcatechol 

~-Methylcutechol 

2-Mathylphenol 

3-Hethylphenol 

4-Methylphenol 

A 
EsuImated 

Posu- 
Dlluc/on 
(~8/m 31 

7.2E-1 

E 

EPCAR 
(~g/m 3) 

4.8E+I 

A/B 

1.5E-2 

C 

Pclmary 
NAAOS 
(ug/m 3) 

5.9E-I 

O.0 

5.1E-I 

5.9E-3 5.2E+1 2.5E-4 

3.6E-3 2. t,E+l I. 5E-4 

2.4E+1 2.0r'-4 4.9E-3 

4-Hethylresorclnol : 4.7E-2 

5-Hethylresorclnol 8.4E-2 

Phenol 2.1E-2 4.5E+1 4.7E-4 

2 t4 -Xyleno l  

3 t5 -Xyleno l  

TOTAL PNENOLS 

Resorclnol 2.4S-1 1. IE+2., 2.2E-3 

5.0E-3 2.4E+l 2.1E-4 

2.9E-4 

I~}LYNUCLEAR AROMATIC 
t'~lJl:lmltl,~:|;[t) lk 

5.0E-3 

1.5E-4 

3.7E-6 
3.7ET6 

1.4E-2 

1 • 5E-6 

1.5E-6 

7.5E-7 

7.4E-5 

7.4E-5 

3.6E-3 

1.5E-7 

2.4E+I 

Acenaphtha lene  

Anthracene 

B enz [a ) an t h r acene  

B e n z o ( g , h , t ) p e = y l e n e  

Benzo(a )pyreue  

Benzo(e)pyrene  

.... Ohrysene ,., 

FZuoranChene 

F l uo rene  

Naphthalene 

8.1E-I 

4.0 

2 .0  

1.6E+2 

1.2E+2 

4.6E-6 

3.7E-7 

4.6E-7 

P e ry l ene  

Phennn th rene  

Pycene 

TOTAl., FAll's 

SULFUR HETEROCYCLICS 

M e t h y l t h l o p h e n e  

Thlophene 

TOTAL THIOPHENE$ 

3,0E-5 

3.7E-5 5.7E÷1 6.5E-7 

7.4E-5 

- I  

4.1E÷7 

8.0 

A/C 
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TABLE 4-10 , (Cont$nued) 

2v4-Dimethylpyrldlne 

2rS-Dimethylpyrldlne 

2-Hethy lpyr id ine 

3-NethT1pyridtne 

4-Nethylpyridine 

"Pyrldlne 

qulnollne 

OXYGEN HETEEOC¥CLICS 

Benzo[uran 

Dlbenzo[uran 

MERCAPTANS 

Hethaneehiol 

TOTAL MERCAPTANS 

A " 

Es¢imated 
Bosc- 

Dilution 
(uglm 3) 

B 

EPCAI [ 

(Uglm 3) 

A/E 

i, 1E-4 3.2E+1 3.4E-6 

I.IE-4 3.2E+I 

6.4E+I 8.4E-3 

3.&E-~ 

4.7E-5 

C 

Primary 
NAAQS 
(~g/m3) 

AIc 

Par~iculates 
SO x 

Tars~ Oils1,,Naphtha 

NO z 

Hydrogen CTantde 

Hydrogen Su l f i de  

Nickel  Carbonyl 

Ammonia 2:0E+t 

Carbonvl Sulfide 

MISCELLANEOUS 

NITROSAMINES 

TOTAL AROMATIC AMINES 

I. DE-3 Aniline 

AROMATIC AHINES 

2.4 

4.5E+I 

4.3E+1 

l, ~ ,0~+Z 

,,. 7~. 6E+1 

3.6E+I 

1.0~-I 

8.4E-2 3.5E-2 

• 2 . 2 ~ - 2  

4.7E-I 

1.0E-3 

1.0£~2 

#,OE+I 

! 

2.0E-3 6.4E÷.l. 

6.9E-& 6.4E+I I . I E - 5  

1.4E-3 ,3.6E+1 3.9E-5 

I,IE-3 2.8E+I 3.9E-5 
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TABLE 4-10 (Concluded) 

aEstimated Permissible Concentration in Air for Protection of Ruman Health 34-37 

bPrimary NatlonalAmbient Air Quality Standards 80 
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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. 

TRACE ELEMENTS 

A. B AIB C AIc 
ab 

F.s timated EPC~ a Drinking 
Post- Waeer 

Olluclon - (mg/l) Standards 

( ,glz)  (mg/z) 

Aluminum. 

Arsenic .8.9E-2 

Berylliu m 4.6E-2 

Boron 3.1E-i 

Cadmium 5.3E-3 

7.3E-2 

4 • 0E-3 i. 2E+1 

4.3E-2 7.2 

Cop'net 

F l u o r i n e  

I r o q  

L e a d  

Manganese 

H, erc,,r~ . 
Nickel 

Selenium 

Vanadium 

Zinc, 

TOTAL TRACE EL~ENTS 

ALIPHATtCSp AL~CYCL~CS 
AND FATTY ACIDS 

..... Acetic Acid . 
i 

Butanolc Acid ..... I 

Rexanoic Acid 

3 - H e t h y l b u  c a n o l c  Acld 

2-.et,hyl~ro~a.no t. c Acid 

.... Pe0tanolc Acid 

Propano.lc Acid 

TOTAL FATI~ ACIDS 

1.0 

3.3 -=-::= - 

1.7E-2 

8.8E-2 

8.1E-3 

1.5E-2 1.4E-3 

1.8E-3 7.0E-3 

I. 1E+I 

2.6v,-1 

1.3 3.5E-I " 3.8 

1.2E-I "• 

9.4E-3 5.1E-2 1.8E-I 

9.4E-3 

1.9E-2 

I.IE-I 2.0E-I 5.5E-I 

2.5E-I 

BENZENES ~, SUBSTITUTED 
BKNZENES 

B£,nheny 1 6.2E-2 1.~E-2 4~4 :- 

Ethy lb .e .nzene  2:9E-1 6.0 4.8E-2 

]:ndan 7,qR-1 7,0 t, n¢-i 

Toluene g.4E-X 5.2 i .  8E-1.,  

3.3E-1 5.0, ~.4E-2 

1,2t ~-Trimethylbenzene.. 

o-Xvlene 

5,0E-2 1.8 

1 . 0 E - 2  

5. OE-2 

2.0F.-3 

1.OE-2 

I 

5.3E-:i 

3.4E-I 

4 . 0  
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TABLE 4-11 (Continued) 

PIIENOLS 

A B 

Estimated EPCwH 
Posc- 

D£1uCton I (m~/l) 
(,.zll) 

C a t e c h o l  t . 7  
i 

3 ~ 6 - D i m e t h y l c a t e c h o l  , 1 . 4 E - 1  

3 - M e t h y l e a t e c h o l "  ' , ,, 0 . 0  

4-Hethylcatechol , 1.2 

2-Methylphenol , 1,3E-2 

3 - H e t h y l ~ h e n o l  , 1.9E-2 

4%Hethylphen°l ,1 1.2E-2 

4-Hechylresorc~no~ , I.ZE-I 

5-Hethylresorcinol , 2.1E-1 

Phenol t 3.8E-2 

Resnrclnol 

2,4-Xylenot 

3,5-Aylenol 

TOTAL PII~d0LS 

5.8Erl 

3.6E-2 

5.0E-2 

4,1 

z.ee-1 

I.~E-I 

1.4E- 1 
1.4E-1 

2.6E-I 

6.2E-1 

1.2E-I 

1.2E-I 

~OLYNTJCLEARAROMATIC 
HYDROCARBONS 

._ Acenaphthalene i 1.2E-2 
Anthracene . 3.0E-3 

Benz(a)anthracene 3.OE-4 

Benz°(~h~i)perylene I 8.9E-6 

Benzo(a)pyrene ~ 1.2E-4 

Benzo(e)pyrene s l .2E-~ 

Ghrysene 15.9E-5 

Fluoran~mne 15.9E-3 
Fluorene ,5.9E-3 

Na, hthalene .2 .8E-I  Napht' 

Perylene 

Phenanthrene 

Pvrene 

TOTAL PAH's 

sULFUR HETEROC'YGLICS 

Hethvl thlophene 

I. 2E-5 

3.0E-3 

5.9E-3 

4.0E-3 
l 

[ 

"2.0E-2 
I 

"t 6.9E-1 
I 

• 2.8E-I ' 

Thlophene 

TOTAL THIOPRENES 

A/B I c ^/c 

5.1 

9 . 4 e - 2  

1.4E-1 ! 

8.7E-2 , 

i 

i 

i. 5E-I 
I 

9,3g-J, "1 
~ . o ~ . - 1  I 

3.0E-1 

Drinking 
Nauer 

S~andards 
[mzll) 

I.OE-3 

1.07-3 

I.OE-3 

I.OE-3 

~., 0E-3 

~.0~-~ 

1.OE-3 

1.0E-3 ... 

1.0.E-3 

1.0E-3 

1.0E-3 

1.9.Z-~ 

1.0E-3 .... 

I~O.E- 3 

1.7E+3 

1.4E+~ 

0.0 

1.2E+3 

1.9E~I 

1.2E÷I 

1.1E~2 

2.1E÷2 

3.8E÷I 
i 

5.8E+2 
I 

3 -6E+1 ! 

5.0E÷~ 

4.~E÷3 

7.5B-2 

6. 0E-2 

7 .0~ t  

4.1E-1 

1.1E-2 

I I 
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TABLE 4-11 (Continued) 

NITROGEN H ETER~YCLICS 

A B 

Estimated EPC~I 
Pos t -  

Dilution 
(mgll) 

1 • 6E-! 

,.,I.6E-I 

3.2E- 1 

3.2E-I 

3.6E-i 

2.1E-I 

1.4E-I 

2~4-Plmethylpyrldine 2.6E-4 

2 , 5 - D i m e t h y l p y r t d i n e  2.6E-4 

2 - H e t h y l p y r t d i n e  1 .8K-2  

3-Hethylpyrldine 6.7E-3 , ,  

~-Hethylpyrldlne 1 .6E -3  

P y r i d i n e  3.0E-3 

~u, i n o l i n e  .... 2 . 5 E - 3  

OXYGEN HETEROC3t CblC5 

BenzoEurnn 

Dibenzofuran 2.2E-3 

MERCAPTANS 

Dle thane th lo l  5.9E-1 

TOTAL HERCAPTANS 

AROMATIC AHINES 

Aniline 

• D TAL AROTIATIC AMINES 

1.3E-3 

NITROSAMINES 

MISCELLANEOUS 

Am.onia 

Carbon?l  S u l f i d e  

Hydro#en Cyanide 

Bydco~en S u l f i d e  

Nicke l  Carbonyl  
NO x 

P a r t i c u l a t e s  
SO x 

T a r s ,  O111 Naphtha 

i • 4E-2 

2.6E-3 

A/B 

1,. 6E-2 

i .  6E=2 

5.. 7E-2 

2. IE-2 

5.1E-3 

1.4E- 2 

I. 8E-2 

4.2E+1 

5 • OE-3 

C 

Dcinking 
Water 

S tandards  
(~ll) 

Alc 

| 
| 

I 

f 
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T~LE 4-ii (Concluded) 

[ a • 
~---~_ i.~ Estlmated Permissible Concentration in Air for Protection of Human Health 3~-37 

bPrimary Eat:lonal Ambient Air Quality St'andards 80 
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t~ 
projected to be either Probable Hazards or Possible Hazards. Berylli~u~ 

and nickel are classified as Probable Hazards, but their Post-dilution 

Coneentration/EPCwH ratios, 12 and Ii respectively, are not considerably 
% 

greater than the ratios "for the Possible Hazards. Trace elements which 
$ 

are projected to..be Possible Hazards are arsenic, boron, cadmium, lead, 
{, 

mercury and vanadium, Of these six elements, two exd~ed Safe Drinking 

Water Standards (arsenic by a factor of approximately'2 and mercury by a 

factor of 4); two approach the Safe Drinking Water'Standards (cadmium 

and lead);'buron exceeds its EPCwH; and vanadium approaches its KPCw~. 

Methanethiol, the only mercaptan evaluated in the analysis, is 

categorized as a Probable Hazard, with a Post-dilution Concentration/ 

EPCwHof 42. %. 

All of the phenols are projected to be Probable Hazards based on -' 

their Post-dilution Concentratlon/Safe Drinking Water Standard ratios. 

However it should be noted that the Drinking Water Standard for phenols 

is based on the organoleptic properties of phenol, not toxicity. As 

such the risks to public health may be considerably ~ower than would be 

implied by these relatively h~gh ratios. Based on th6 Post-dilution 

Concentration/EP~H ratios, more. of the phenolic compounOs are 

classified as Probable Hazards, but six are Possible Hazards, i.e., 

cateehol, 3-methylphenol, phenol, resorcinol, 2,4-xylenol and 3,5- 

xylenol. 

Three fatty acids are projected to be Possible Hazards, based on 

their Ambient Concentration/EPCwH ratios. Of the three, acetic acid 

exceeds the EPCwH ) and hexanoic acid and pentanoic acid approach the 

EPCwH. 

Three substituted benzenes also are projected to be Possible 

Hazards: biphenyl exceeds" the EPCwH; and toluene and indan approach 

their EPCwH values. 

One polynuclear aromatic hydrocarbon, naphthaleRe, is projected 

to. approaches its EPCwH , and is classified as a Possible Hazard. 
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Ash Leacha=e (Stream 69) - The ash leachate stream has been 

characterized only with respect to trace elements because data regarding 
II 

organic compounds could not be obtained. Results are presenued in Table 

4-12. None of the trace elements are categorized as Probable Hazards, 

hue four are projected to be Possible Hazards. Of the four, nickel 

exceeds the EPCWH , lead and seleni,,m approach their Safe Drinking Water 

Standards, and aluminum approaches'the EPCwE. 
I 

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 EPCAH for any constituent in a class is used to cBlculate the 

Post-dilution Concentration/EPCAH for each class, e.g., the EPCAH for. 

;arsenic (the mos~ toxic trace metal) is used to estimate the Post- 

dilution Concentration/EPCAH ratio for trace elements. Results are 

presented in Table 4-13. 

t: 

None of the constituents are projected to be Probable hazards. 

~owever, 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 EPCAH for any member in this group. Nickel carbonyl and 

mercaptans approach the mos~ stringent EPCAHfor any constituent in this 

group. 

It should be noted that under normal operations the vent gas will 

he flared which will combust most organics while having little effect on 

the trace elements. The extent of organic degradation depends on the 

hea~ of the flare and the duration of the buru. The potential for large 

releases with acute impact durin~i startup, shutdown and upset 

operations, and the potential chronic impact [of low level exposure to 

vent gas constituents suggest~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 ENVTKO~MENTAL CONCENTRATIONS WITH 
PUBLIC HEALTH BENCHMARKS 

~ c z  zL~zs 

A B 

E s t i m a t e d  EPC,~H 
P o s e -  

D | l u c i a n  (mg/l) 

( m E / I )  

A l ~ i u u m  1 2"0E-2 a 7.3E-2 

Arsenic 12.0E-3 , 

4.3E-2 B o r o n  [ ! 

C a d m ~ , ~  16.6E-5 , . ,  

Copper ~3.0E-3 I LO 

F ~ u o r l n e  I i 

Iron 1.6E-I 

.,, Lead r, T M  [ 

Hap~anese 

He;cury  

N i cke l  

Selenium 

V a n a d i w a  

Z i n c  

TOTAL TRACE ELEMENTS 

ALIPHAT[qS.~ ALICYCLICS 
AND FATTY ACIDS 

Ace t i c  Acid 

Butanoic Acid 

Bpx~nolC Ar~d 

3 - H e t h y l b u t a n o l c  A c i d  

2 : H e t h y l ~ o o a e o l c  A c l d  

Pentanole ~r ld  

P r o p a n o l c  Ac id  , , 

TOTAL FATTIACIDS' 

BENZENES & SUBSTITUTED 

3.o~-s 

3.5E-3 

6.0E-3 

2.9E-~ 

BENZENES 

Biphenyl 

, EthTlbenzene ,, 

Zndan 

To1,-,e 

1.2.4wTrlme ~hylbeuzene 

o-X~Zene 

I .  6 E - 3  

7.0E-3 

3,5E-I 

5.1E-2" 

2.0E-1 

1.4E-2 
I 

6.0 

2.0 

i 5.2 

I 

6,.0 

A/B C a ;b 

Drinking 
Water 

3~anda l :ds  
' '" (mg/l) 

I,, 

2.7-E-1 

5.0E-2 . i. 

I. 
, , , i , , ,  1.OE-2 

3.0E-3 J 
i: 

I 

i 
5.0E-2 

2. OE-3 
i = 

2.5 i 
' 1 . 0 ~ - 2  

i 

i 

5 . 0  

AIc 

6,01~-2 

6"4E-3 

1.8E-1 

1.5E-2 

6.0E-I 

.... 5.8E-5 
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TABLE 4-12 (Continued) 

• o 

"~;IIENOLS 

B A/B " C " 

Estimated EPC~H Drinking 
Posn- Water 

O¢£uClon (mg/l) ~tand/rds 
(mg/Z) Cmg/1) 

Catechol 2.8]~-1 1.0E-3 
3,6-Dtme~hylcatechol 1,0E-3 

3-Hethylcatechol 1.0E-3 

4-He~hyl~atechol I.OE-3 

2-Hethylphenol 1.6E-I I.OE-3 

3-Hechylphenol I.~E-I 1,0E-3 

&-Hethylpheaol 1.4E-I I.OE-~, 

&-Hethylresorelnol I.OE-3 

5-Mechylresorclnol 1.0E-3 

Phenol . . . .  2.6E-I 1.0E-3 

Resorc~nol 6.2E-I 1,0E-3 

i 2,4-X71enoZ" 1.2E-I '].0E-3 

3,5-X:lenol 1.2E-I 1.0E-3 

TOTAL PHENOLS 1.OE-3 

EOL~CLEAR AROMATIC 
[-[YDROCARBONS 

Aeenaphthalene 

Anthracene 

Benz(a)anthracene 

, Senzo(g,h~i)perylene 

Benzo(a)pvrene 

Benzo(e)pyrene 

Chrysene 

FluoranChene 

Fluorene |,, 

, Naphthalene 

i , Pecylene 

Phenanthrene 

Pyrene 

TOTAL PAHIs 

SULFUR HETEROCY(,'~,ZCS 

Methylthlophene 

Thiophene 

TOTAL THIOPHE~ES 

.OE-3 

2.0E-2 

8.0E-1 

6.9E-1 

2 .e~-z  

A/¢' 

i 
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TABLE 4-12 (Continued,) 

• # ' |  

2~4-Dlmethylpyridine 
2vS-Dimethylpyridtne 
2-Methylpyrldlne 

3-Heth~lpyrtdine 
4-Nethylpyridine 
Pyridine 

quinoline 

OX'YOER HETEROCYCLICS 

I, ,Benzofuran ..... 
.... Dihenzofuran 

Mezhanethlol 

TOTAL MERCAPTANS 

AROMATIC t~IINES 

Aniline 
. 

TOTAL AROMATIC AHINES 

NITROSAH INES 

MISCELLANEOUS 

Cazbonyl Sulfide 

Uydrogen CFantde 

Rvdrosen Sul£ide 
,,,Nickel Carbon71 
• N0x 

Particulates 

~ S0 x 
Tars,  O!~sj_Naphth a 

Zstimated 
Pos~ L 

DiluEion 
Cmgll) 

A/B c 

EPCwR Drlnklng 
(mg/1) Water 

;~andards 
(mzn) 

1.6E-I 

1.6E-i 

3.2z-i 
3 .2 E- l  

3.6E-I 

2.1E-I  

i .  4E-1 

.. 1.~E-2 

2.6E-I 

[ ]  
n 

Ate 

s 
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TABLE 4-12 (Concluded) 

=s=ima~ed ~er~..issible Conc~ntratian in Air ~or Prc~ec~±en 

rr!mar-y !;-.-_ion=! .-'-~.bien~ Air ,?u~_!iu',- S~ar.dar~.s 

~f H~:=..--.n H~-'.-~-~ "--~- 
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TABLE 4-13: LOCKHOPPER VENT GAS EMISSIONS (STREAM 72): COMPARISON 
OF PROJECTED POST-DILUTION ENVIRONMENTAL CONCENTRATIONS WITH PUBLIC 
HEALTH BENCHMARKS. 

TRACE EL~24ENTS 

A 

Estimated 
Post- 

Dilution 

(Pg/m 3) 

B 

EPC~H 
(pglm 3) 

Ala 

A 1 u m i n u ~  l i 

A r s e n i c  , , 5.0E-3 

B e r y l l i u m  , , 

7.~ B o ¢ o n  

AIc. 

Cadmium . . . . . .  , , 1.2E-1 

Copver , .... , 

Fluorine 
..... i 

IEon 

Lead 3.6E-1 ..... 

1. OE-1 

2.~E-1 

Hanganese 

Hercu ry  

Nickel 

Selenium 1 , 5.0E-1 

Vanadium 1.2 
r i 

Zinc 
I 

TOTAL TRACE EL~TS ~ 2.5E-2 

ALIPHATICS~ ALTC~CLICS 
AND FATTYACI~S 

Acetic Acid 

Butanolc Acid 

iS.0 

l l exano i c  Acid 

3-Hethylbutanoic Acid 

2-Hethyl~r_..oppnpic Acld 

6.6E+I 

1.0E+I 

P e n t a n o i c  Acid , 4.1E+I 

Propanu ic  Acid 
1.3E+ l  1.3 c 

2.6 

1.0E+3 

4-.0E+2 

~,E+2 

1.0E+3 

~OTAL FATTY ACIDS 

BENZENES & SUBSTITUTED 
BENZENES 

B£phenyl 

Ethy lbenzene 

Indan 

Toluene 

• : C 

Pr tma~ ,b 
NA.'xQS 

(ug/m 3) 

1 .5  

1 ,2 ,4 -Tr imechy lbenzen  9 

o-Xylene 
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TABLE 4-13 (Continuc,~) 

Catechol  

3~6-Dimethylcatechol 

3-Hethylcaeechol 

6-Hethylcatechol, 

2--Heth~lphenol 

3-Hethylpllenol 

A-Hethyl~lenol 

4-Hethylresorc£nol  

5 - H e t h y l r e ~ o r e t n o l  

• Phenol 

Resorcinol  

2,4-Xyle,~1 

3,5-Xyleno1 , ,  

TOTAL PHENOLS 

~OL~NUCLEAR AROMATIC 
IffDROCARBONS 

Acenaphthalnne 

Anthracene 

A 

Estimated 
Post- 

Dilution 

(vglm 3) 

6.4E÷I 

B 

EPC~i 

(vg/m 3 

4.8E+I 

5.Ze+Z 
2.4E+I 

2.4E+I 

4.5E+I 

1.1E+2 

2.4E+1 

• 2.4E+I 

Mc 

P y r e o 8  

TOTAL PAH's 

SULFUR HETEROCYCLICS 

Hethylthloohene 

Thlophene 

TOTAL TSIOPHENES 

Per71ene 

Phenanthrene 

8.0 

2.0E-1 

2.5E-2 

FLuor ine 

Naphthalene 

Benzo(g ,h , t )pery lene  

Benzo(a)pyrene 

Benzo(e)pyrene 

Chcysene 

Fluoranthene 

4.0 

1.6E+2 

1.2E+2 

5.7E+l 

4.1E÷I 

AIB C 

Primacy b 
NAAQS 

Cuglm 3) 

2.7 c 
. . . . . . . . .  i 

3.0E-2 c 

2.5E-2 c 

Beaz(a)anthracene 8.1E-I 
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TABLE 4-13 (Continued) 

~'ITROG EN H ETB-0~"~ CLI CS 

2,4~D.imethylpyrldlne 

2,5-DimsthylpFridlne 

2-Hethylpyrldlna 

3-Heth?ipyrldlne ,,, 

4-Hethylpyridlne 

Pyrldlne 

qulnollue .... 

OXYGEN iIETEROCYCLICS 

Benzofucan 

Dibenzo£uran 

MERCAPTANS 

Methanethiol 

TOTAL HERCAPTAI4S 

AROMATIC AMINES 

A 

Es ¢Imated 
9os~- 

Dilu=~on 
(ug/m 3) 

2.5E-L " 

EPCAH 

(ug/m 3) 

~, 2E+1 
6,4E+1- 

6.4E+1 

A/B c :-'C ' 

Prlma~yb " I 
NAAQS 

(Ug/m 3) 

2.4 

6.4E+1 

3.6E+I . 

2.8E+1 

Aniline 4.5E+I 

TOTAL AROMATZC AMINES 4.9E-2 . . . .  

2,5E-2 

4.3E+I 

HITROSAMINES 

MISCELLANEOUS 

Ammonia 

Carbonyl SuiCide 
llydro~en Cyanide 

llydroBen SulEide 

Nickal Carbon71 
NO x 

1.0E-I c 

I . I E - 3  c 

2.3 9.8E+l 

i. 4 8.0E+2 1.8E-3 

9.6E-2 2.6E+I 3.7r-3 

s.ox, 

3.6F~+1 
z.qE:z., 

'6.6E+2 1.8 

7.4E-I  7.4E-2 

I.OE+2 

Particulates 

8.0E+I 

TarsT Oil~ Naphtha 7.3 E+2 

A/C 
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TABLE 4-13 (Concluded) 

ai5zimaned Pe-~missible Comcennra~ion in Air for ?ro~ec~icn of H:~man E~mich 3~-~:7 
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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 receptor. 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 ~-gonne Body 

Burden model (described in more- detail in Volume IV). These three 

elements were chosen because they are all highly toxic and encompassthe 

known range of absorption and biological half life of other trace 

elements. Body burdens were calculated for four sources of exposure 

(background air and water, diet, a I000 MWe coal-fired power plant, and 

the l~rgi/Fischer-Tropsch facility), and two routes 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 m 3 of air per day and drinks 2 liters of water per 

day. 

Contributions to trace element exposure from Lurgi/Fischer- 

Tropsch facilities were based on projected post-dilution, 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 4-9, 4-10, 4-11, and 4-12, respectively. 

Contributions from a i000 MWe coal-fired power plan= were based on 

projected ambient concentrations for such a faciliLy burning #6 Illinois 

coal located in Fulton County, Illinois. Contributions attributed to 

background air and water represented national averages as d e t e r m i n e d  by 

U.S. EPA monitoring programs. Contrlbutigns from diet represent average 

U.S. dietary characteristics. Results of the body burden calculations 

are presented' in Figures 4-2, 4-3, and 4-4. 

As Figure 4-2 illustrates, the body burden of arsenic from 

exposure to Lurgl/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 

rou=e of entry Lhat results in these levels is the gastrolntes=inal 

tract, underscoring the significance of =he aqueous waste streams 

(reverse osmosis, ash leachate) that contribute arsenic to aquatic 

systems. 

The body burden of cadmium (Figure 4-3) resulting from exposure 

=o 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 

rou=e of entry for cadmium is the gastrointestinal tract, again 

reflecting the importance of aqueous waste streams which contribute 

cadmium to the aquatic environmen=. 

The body burdens of lead (Figure 4-4), a trace element with a 

long biological half life, resulting from exposure to Lurgi/Fi3cher- 

Tropsch environmental wastes, is approx./'ma=ely half that from coal-fired 

power plant exposures, and background air and water exposure, and one 

tenth that from diet. The gastrointestinal route of entry accounts for 

ap@roximately 99 percent of the total burdens of lead. 

Comparing the body burdens of the three representative trace 

elemen=s from the four assessment sources of exposure provides a measure 
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for estimating t h e  potential for adverse h e a l t h  impacts from each 

source. The maEnitude 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 E9 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 

quautified in the technology eharac~erization used in this assessment. 

Additionally no accoL~:T.ting was made for those trace elements released uo 

the environment~'~hrou'gh combustion of Lurgi/~ischer-Tropsch product 
'2 

liquids. Both factors 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 environment are .presented in Tables 4-14 

and 4-15. 

4.4.1 Atmospherlc Concerns 

In general, atmospheric emissions do not appear to pos~ 

significanthazards to public health, : ~ 

As shown in Table 4-14 none of the constituents in the utility 

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 other industrial applications, 

including electricity generation. 

Possible Hazards include trace elements, sulfur oxides, nitTogen 

oxides, ammonia, hydroEen sulfide, nickel'carbonyl, fatty acids, phenols 

and mercaptans. - 
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TABLE 4-14 

POLLUTANTS PROJECTED TO BE PROBABLE 0R 
POSSIBLE HAZARDS IN THE ATMOSPHERIC ENVIRONMENT 

, t 

Subs t ante 
, ,, m, 

PROBABLE HAZARDS 

None 

POSSIBLE HAZARDS 

Trace Elements 

Arsenic 

Met cury 

Gases 

Hydrogen sulfide 
Nitrogen oxides 
Sulfur dioxide 
Nickel carbonyl 
Ammonia 

• " , .j 

I I I  i i i J l  

Primary Emission Source S~andard 

cooling tower evaporation & 
utility stack gas EPC 
utility stack gas EPC 

lockhopper vent gas EPC 
utill~y s~ackgas NKAQS 
utility stack gas NAAQS 
iockhopper vent gas.. EPC 
cooling tower evaporation & 
lockhopper vent gas EPC 
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TABLE 4-15 

POLLUTANTS PROJECTED TO BE PROBABLE OR 
POSSIBLE HAZARDS IN THE AQUATIC ENVIRONMENT 

Substance 

PROBABLE HAZARDS 

Trace Elements 

Beryllium 
Nickel 

Phenols 

Ca=echol 
3,6-Dimethylcatechol 
4-Mechylcatechol 
2-Methylphenol 
3-Methylphenol 
4-Methylphenol 
4-Methylresorcinol 
5-Methylresorcinol 
Resorcinol 
2,4-Xylenol 
3,5-Xylenol 

Mercaptans 

Met hanethiol 

POSSIBLE HAZARDS 

Trace Elements 

Aluminum 
Arsenic 
Boron 
Cadmium 
Lead 

Mercury 
Selenium 
Vanadium 

Primary Effluent Standard* 

ii i 

Reverse osmosis 
Reverse osmosis., combined 

ash leachate 

EPC 

EPC 

Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis DWS 
Reverse osmosis .:.~.~ DWS 
Reverse osmosis -- "'~OWS~. 
Reverse osmosis DWS "~kl~ 

Reverse osmosis DWS 

Combined ash leachate EPC 
Reverse osmosis DWS 
Reverse osmosis EPC 
Reverse osmosis DWS 
Reverse osmosis, combined 

ash leachate DWS 
Reverse osmosis DWS 
Combined ash leacha~e DWS 
Reverse osmosis KPC 

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

Substance 
l 

Aliphatics, Alicyclics • 
and Fatty Acids 

Acetic acid 
Hexanoic acid 
Pentanoic acid 

I 

Primary Effluent 

Revers@ osmosis 
Reverse osmosis 
Reverse osmosis 

Substituted Benzenes 

Standard*' 

EPC \~ 
EPC 
EPC 

TolueneU Reverse osmosis EPC 
t' 

Polynuelear Aromatic 
~ydrocarbons 

t 

Biphenyl Reverse osmosis EPC 
Indan Reverse osmosis EPC 
Nap~halene 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 mercury in particular have 

been identified. These elements are toxic under: ac'ate and chronic 

exposure and~ as compounds~ are considered carcinogenic. Arsenic can 

damage the kidney and liver, 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 environment and both arsenic and mercury 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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Sul£ur o~'.d~.s are respiratory irritants =hat can instigate tissue 

dysfunction as we~l as .exacerbate existing respiratory disorders. 

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 chase problems are not from sources unique to 

Lurgi/Fischer-Tropsch technology. Their pr~nary quantified source is 

the utility stack gas, Stream 28. Strict emissions control levels have 

been set for SO X and NO x and emissions from coal fired boilers. 

Additionally a variety of commercially proven technologies exist for 

removing these, compounds from stack gases. As a result of the 

availability of controls and required emission standards it is unlikely 

that SO x or NO x emissions will result in ambient concentrations that 

exceed standards in commercial scale Lurgi/Fischer-Tropach facilities. 

Ammonia from cooling tower aKmospheric 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 concern because: i) 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 aqueo,,s streams, e.g., 

cooling tower water. 

Hydrogen sulfide, fatty aclds, phenols, and mercaptans are 

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

operations this stream will be flared. Thii~ should reduce the projected 

post-dilutlon concentrations of the organics considerably. Thus fatty 

acids, phenols, and mercapKans should noK be risks Ko public health from 

Lurgl/Fischer-Tropsch Kechnologles. Hydrogen sulfide may remain a 

problem even if the lockhopper vent gas is flared. Because hydrogen 

sulfide is a resplra=ory irritant aK low concentrations and a rapid 

acting, acute toxin a5 levels above 400 ppm, it m~st be considered a 

potential hazard to public health. However, its relatively short 

biological half-life (approximately Z0 minutes) under ambient 



135 

atmospheric conditlons~ 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 chrouic exposure 

conditions in occupational environments. Under acute exposure 

conditions it may induce chemical pneumonitis. It is present in the 

lockhopper vent ~as 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 ~uatic Concerns 

Aqueous discharges from a Lurgi/Fischer-Tropsch facility may 

contaminate ground~ter and pose risks to public heal~h. 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 leachaCe 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 ssmosis waste. 

The analysis of. aqueous discharges and lea~hates indicates that 

three chemical groups (trace elements, phenols, and mercaptans) hon~ain 

constituents projected to be Probable Hazards. Four chemical groups 

(trace elements, fatty acids, substituted benzenes, and polynuclear 

aromatic hydrocarbons) contain Possible Hazards. 

Beryllium and nickel are projected to be Probable Kazards in the 

reverse osmosis waste where they exceed their EPCwH by factors of 12 and 

ii, respectively. The toxic effecEs of beryllium are due almos~ 

exclusively to inhalation. Chronic inhalation may cause berylliosis. 

Beryllium is known to cause cancer in animals. Several nickel compounds 

also exhibit carcinogenic properties; however, both beryllium and nickel 

may be considered as part of the general trace element concern. Other 
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trace elements categorized as Pos sible Hazards include : aluminum, 

arsenic, boron, cadmium, lead, mercury, selenium and vanadium. 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 el~ments 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 nat~.-al systems is also a 

function of chemical form. Once again the ionic form" of ~he trace 

element is the most reactive and most likely to adsorb to particles or 

other substances in the solution or trausfer medium, where iK becomes 

much less available for subsequent toxic impact. Some trace elements 

may be altered in chemical form by ~iological systems that are more 

toxic than the origlnal form (e.g., HE methylmercury). The long 

biological half life of trace elements makes ~ the potential for 

accumulations of toxle quantities in human receptors a potential effect 

of low level exposures. 

The presence of trace elements in each aqueous discharge is 

additive to 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, 

beryllium and lead appear to pose the greater hazards. 

All of the phenolic compounds considered in the study were 

identified as Probable Hazards, based o n  ~heir Pos t-dilution 

Concentration/Safe Drinking Water Standards. However the Safe Drinking 

Water Standards for phenols are based on organoleptic qualities of 

phenol, not toxic properties. As such it is likely that risks to public 

health are considerably lower than are indicated by the Pos~-dilution 

Concentration/Safe Drinklng Water Standard ratios. 

For example the ratios of the Post-dilution Concentration to 

EP~H (based on toxicity) are generally two to three orders of magnitude 
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lower than t h e  PosE-dilution Concentration/Safe DrinkingWater SCandard 

ratios, indicating that phenols should be classified as Possible Hazards 

rather than Probable Hazards. 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 suspected synergistic reactions with some carcinogens (e.g., coal 

~ars). : 

The Post-dilution Concennrations of methanethiol resulting from 

discharge of the reverse osmosis scream (Stream 53) exceeds the EPCwH by 

a factor of 42. It is also found in eight Lurgi/Fischer-Tropsch streams 

which are currently unquantifiable. The primary toxic effects from 

methane~hiol results from respiratory paralysis and pulmonary edema. 

Methanethiol may present A significant concern to public health. 

Fatty acids from Stream 53 are monocarboxylic and widely 

distributed in nacure. The toxic effects are not cummulative, Fatty 

acids rapidly biodegrade in aquatic systems and can be removed from 

drinking water through conventional treatment methods. Thus, fatty 

acids released ih facility streams do not pose a significant public 

health concern. 

Substituted beL~enes from Stream 53 (including toluene, indan and 

biphenyl) constitute a Possible Hazard. Toluene may be inhaled, 

ingested or absorbed through the skin. It affects the central nervous 

system, liver, kidneys and skin. The effects of toluene inhalation on 

workers subjected ~o chronic exposure of toluene vapor include decreased 

phagoeytlc 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 life. It probably does not present a significant 

risk. There are no documented effects from biphenyl and no ~oxic 

information onindan. Indan has been found in coal tar pitch which has 
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been shown co produce cancerous tumors in man. In general, benzenes and 
,2 

substituted benzenes probably do not represent slgnificant concerns to 

public health, but the inadequacy of the toxlcologie data base warrants 

more research. 

The risks posed by poly~uclea:r aromatic hydrocarbons in Stream 53 

are difficult to assess. Naphthalene is the only member of the class 

which is classified as a Possible Hazard. However the lack of 

toxicologic benchmarks for many of the pol~uclear 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 presently unquantified facility 

streams and the adverse environmental characteristles (biorefactory, 

bioaccumulative and carcinogenic) of some of these compounds indicate 

that they muse be considered to pose a significant concern, at least 

until more data become available. 

4.4.3 Substance of Concern 

To conclude this analysis, two lists of toxic substances from 

Lurgi/Fischer-Tropsch liquefaction are presented. The first list, Table 

4-16 includes the substances that have been quantified in Lurgi 

effluents. Sufficient data for these substances are avilable to compare 

the health risks from coal liquefaction wastes to those from other 

sources Of the same pollutants. Public health impacts from 

Lurgi/Fiseher-Tropseh production of these substances are severe enough 

to warrant investigating environmental controls beyond those of the 

reference system. : The second list, Table 4-17, is a qualitative / 

assessment and includes substances that may be released in Lurgi 

effluents but have not been quantlfi@d and are highly toxic. These 

pollutants may be on the Cancer Assessment Group l~st of carcinogens or 

included in Cateogry C (see Sec. 4-2). Tb.u~ the inherent potential for 

health impact of these substances, if released, is great enough to 

warrant further characterization. 
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TABLE 4-16 

SUBSTANCES OF CONCERN -- QUANTITATIVE ANALYSIS 
,? 

Trace Elements ' Phenols 

Arsenic 
Boron 
Berylllu~ 
Cadmium 
':Mercury 
Nickel 
Lead 
Selenium 
Vanadium 

Polynuclear Aromatics 

Biphenyl 
Napthalene 
Indan 

Gases 

Catechol 
3,6-Dimethylcatechol 
3-Methylcatechol'" 
4-Methylcate6hol 
2-Methylpheno! 
3-Methylphenol.: 
4-Methylphenol. 
4-Methylresorcinol 
5-Methylresorcinol 
Phenol 
Resorcinol 
2,4-Xylenol 
3,5-Xylenol 

Sulfur heteroeyclics 

Methanethiol 

Nickel carbonyl 

I 
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TABLE 4-17 

SUBSTAIV.ii:8: OF CONCERN -- QUALITATIVE ANALYSIS 

Benzenes and Substituted Benzenes 

Ethyl benzene 
Xylene 
Benzene* 

Ni~rosamines 

N-nitrosamine 

Nitrogen Heterocyclics 

PolynuclearAr.omatic Hydrocarbons Acridine 

Anthracene* 
Fluoran~hene 
Fluorene 
Napthalene 
Phenanthrene 
pyrene 
I n d e n e  

Biphenyl 
Chrysene* 
Benzo(a)pyrene* 

Phenols 

Xylenol* 

Oxygen Heterocyclies 

Benzofuran 
Dibenzofuran 

Gases 

Nickel carbonyl* 

Trace Elements 

Arsenic 
Beryllium* 
Cadmium* 
Lead 
Mercury 
Chromi urn* 
Nickel* 
Sulfur* 
Vanadium 
Urani um 

Co balt " 
Bar i um 

*Carcinogens 
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5 OCCUPATIONAL HEALTR 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-operatlonal 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 

chemicals produced by liquefaction processes and uncertainty regarding 

the 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 mixtures. A crucial problem is interpretation and 

extrapolation of the results of short~term toxicity tests for complex 

mixtures (perhaps relative to pure compounds) to provide limiting, 

human-exposure guidance. 

Previous studies utilizing a "hazard index" approach have focused 

upon a pre-operational health assessment of a Foster-Wheeler/Stoiclow- 

Btu gasifier 129, and upon an assessment of environmental parameters of 

small-scale, fixed-bed, coal gasifiers. 51 In the present study, ~he 

hazard index approach is adapted to provide a preliminary assessment of 

a particular coal liquefaction process (Lurgi/Fischer-Tropsch). Based 

upon this assessmene, some significant health and safet~ concerns maybe 

anticipated unless appropriate measures are taken. 

Occupational health hazards from Lurgi/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 expected to be 

much greater, although fewer numbers of individuals are involved. 
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Occupaclonal exposures will result primarily from process stream 

leaks, accidental spills, waste disposal, and maintenance opera,ions. 

The followling discussion will focus upon the problems of fugitive 

emissions and leaks; however, a later review of research needs will 

indicate the necessity for a more detailed analysls of some other 

sources and types of risk, for example, leachates f~om ash and other by- 

products. 

5.2 METHODOLOGY 

Assessment of occupational health hazards required evaluation of 

the two major components of risk: the hazards posed by the toxicity of 

stream constituents, and the exposure of occupational personnel to these 

hazardous stream constituents. 

The assessment of occupational health hazards was accomplished in 

several steps as shown in Figure 5-i, 

The first step in the analysis was to "identify classes of 

compou~ds~, which may be. present in Lurgi/Fischer-Tropsch facility 

streams, Identification of classes of potential stream constituents was 

accomplished +throuEh review of . literature ~regardinE chemical 

characterization of streams'Trom Lur~I/Zischer-Tropsch facilities, other 

indirect liquefaction processes, and gasification processes. Several 

classes of compouids were selected for inclusioh in this analysis ~a~ed 

upos their associatio~ with gasification ind 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 (Figure 2-1) were considered for analysis because 

they all contain toxic materials. 

The second step was identification of facility streams which may 

result in exposure of occupational p~rsonnel to toxic substances 

identified in step i. Unlike the assessments of puSlic health risks and 

ecosystem risks which emphasized facility streams released to the 

environment under normal operating conditions, the assessment of 

occupational health risks also considered (and emphasized) internal 
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:~[GURE 5-1 

MAJOR STEPS ,IN METHODOLOGY TO ASSESS OCCUPATIONAL ,RISKS 
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process streams which could release toxic substances due t o  leaks, 

fugitive emissions, spills and other non-routine events. 

The concentrations of the various constituents identified in step 

I were estimated for each stream in step 2. 

T~LE 5-1 

POTENTIAL STREAM CONSTITUENTS CONSIDERED 
IN ASSESSING OCCUPATIONAL HEALTH RISKS 

Aromatic Amines 

Carbon monoxide 

Carbonyl sulfide 

Ethane 

Hydrogen cyanide 

Hydrogen sulfide 

Mercaptans 

Methane 

Nickel carbonyl 

Nitrogen oxides 

Nitrosamines 

Particulates 

Phenols 

Polynuclear aromatics 

Sulfur oxides 

Tars and oils 

Thiophenes 

Trace elements 
r 

Problematic stream constituents were identified by using the 

indicator compound concept and composite hazard index methodology, in 

this approach, the concentrations of gaseous components in process 

streams tha= 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 conscituent and then 

compared-with a similarly derived ratio for an "indicator compound" 

(refeKence'agent). The "indicator compound" is a process stream 

constituent which has been frequently monitored in the workroom 

environmen= as part of standard industrial hygiene programs. The 

re~tive differences between the reference agent raLio and the ratios" 

for other gaseous, toxic~ stream constituents then were used to identify 

the poCe~tially hazardous constituents thac may be present, b~ 

undetected in the workroom air. Thus, certain materials such as carbon 

: monoxide (CO) may become "indicator" agents because of their great 
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8~6undance in the process stream or because of high toxid.ty (i.e., a low 

zTLV). This method was selected for the present study because: (i) 

potential hazards could be evaluated without requiring specific details 

of leakage rates, room volumes, air flow rates, etc.; and (2) indicat6r 

compounds could be specified whose concentrations, if kept less than "or 

equal to a fraction of their TLVs in" the workroom, should insure that 

other hazardous compounds in the same streams will be below their 

TLVs. However, the use of this approach also imposed several 

limitations: 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 i~teraction between compounds had 

to be neglected. Adequate methodologies currently do no~ exist to 

evaluane 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 streams. 

Although actual leak rates can 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 

C R 

T--i~< I, (i) 

where C R 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 .~i}! 

dM R 
= Pgf - M ~  , (2) 
dt  

where MR= mass of material in workplace air, 

P = fraction leaking into workplace air, 

gf = toxic material mars flow race in ~he process stream, 

A = turnover rate of air in the work location. 
f 

The solution of Equation (2) is 

_ Pgf - I t) 
% - -f- (I - e . (3) 

•J 
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For sufficiently long times, such as 8 hours, Equation (3) is closely 

approximated by 

M R -- Pg__/_f . (~) 
x ii 

From Equation (4) the leak rate that results in a buildup of material, 

MR, in the workplace air is 

p = M R ~ • ( 5 )  

Equations (5) and (I) were used to calculate allot;able leak rates 

for each agent (assuming other agents are absent) which Would present 

the strictest requirements in terms of leak control. Leak rates 

relative to CO ware calculated in order to determine whether CO may be a 

suitable indicator compound. Therefore, Pi/Pco is calculated, where Pi 

is the allowable leak rate for toxic material "i" and PCO is the 

allowable leak rate for CO. 

With C R replaced by the TLV in the lim~'ting case, and given 

that M R = CRVK, where V R is the air volume, and gf = CpVp, where Cp is 

the concentration of the toxic material in ~he process stream, and Vp is 

the volume flow rate of the process stream, the following equatio~ is ~: 

derived: •. 

P._i.i : r L V i C p , c o  . ( 6 )  

PCO TLVO6Cp,i 

If Pi/PCO is greater than I, than the concentration of toxic material, 

"i", will not exceed its TLV if the TLV of CO is not exceeded. The 

magnitude of the ranlo will indicate how much below or above the TLV the 

concentration of material, "i", would be, given that CO does not exceed 

i t s  TLV. ~, 

The availability of controls for problematic compounds was then 

assessed. Those problematic c?mpounds for which controls are available 

were assessed no further. Those constituents for which Controls 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, aud 

gaps in knowledge and research needs were identified. 

In addition to the problematic gaseous constituents, there are 

several non-gaseous constituents that are of particular importance in 

the assessmen~ of potential health hazards to occupational personnel~ 

Because a[: adequate methodology does not exist to assess those~ 

constituents, they have been addressed only briefly and qualitatlvely. 

5.3, SELECTION OF INDICATO~ COMPOUNDS 

Guidance for control of occupb!ional exposures i n  coal 
"" /: 

liquefaction is expected to derive from ~xperience with other coal 

technologies supplemented by continuous monitoring of occupational 

exposures and employee health. Carbon monoxide is one candldace ford.an 

indicator compound because it occurs in relatively high c~neen~rations 

in several process streams and .sensitive~ ""multipoint, :ontinuous 

monitoring systems are commercially available.. "Given ,the ranges from 

which mean estimates in Table 5-2 were derived ~ and the TLVs for 

occupational exposures, CO has been determine~ to be an acceptable 

indicator compound for most sKreams. : Of course, CO may not be 

acceptable as an indicator during maintenance, spill cleanup or high 

tempe[ature release of tars, oils, and other liquids under pressure. 

Preliminary calculations also indicate that phenols may be used 

as the "indicator" if measuring t@chniques 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 ra~es relative to CO are given 

in Table 572 for typical and 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: (i) CO 2 in 

Streams 55, 56, 66, and 68, (2) CH 4 in Stream 18, (3) ~2 S in Stream 66, 

(4) Ni(CO) 4 in Stream ~8, and (5) tars and oils in all streams in which 
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TABLE 5-2 

RELATIVE ALLOWABLE LEAK. RATES FOR. THE TOXZC.. 

MATERIALS IN " S ~ S  CONTAZNING C O  

Al lowable  
TLV Lea t~ Ra t e ,  

Typ ica l  Re la t i ve  Wors~ 
Component ppm mg/m 3 Scream a I:o CO S~ream a 

Cases 

CO 35 40 7 1 

CO 2 5,000 7 91 

CH4 5,000 7 2/+0 

Etbene 5,000 ~" 7 36,000 

E~hane 5,000 7 5,000 

!t2S 10 7 10 

S02 5 51 5 

L iqu id~  b 

M~.chano l 260 16 17,000 

Tar  0. I c 7 0.0~ 

0£1 7 0.03 

Naphcha 50 7 t,7.7 

Crude Phenols 19 7 18.6 

Herc;~pt ans 1 7 "363 

Thiophenes 4 .5  7 2,039 

A~'~on i.a .;'? 18 7 27.2 

HC~I I 1 7 20,000 

Aromatic ~ i n e s  19 7 69,000 

Ntsro samine 65 ' 7 470,000 

P o l y n u c l e a r  a romat  £c 
hydrocarbons O. 2 7 36.3 

Facr, y a c i d s  " 1 7 5.2 

NI(CO)4 O.&3 7 156 

Coal 2 "; 7 

P a r t i c u l a t e s  10 7 36.3 

"frace e] emenEs 
Beryllium d 0.002 7 3.6 

Propese 8,600 17 93 

Propane 9,000 17 556": 

Butene 9 • 140 17 13B 

Butane 1,400 17 165 
f, 

Pencene 350 17 " 7 .3  

Pent ane 350 17 55 

Hexene "' 350 I 7 9.2 

Hexane 350 ]7 53 

:C+7 Hydrocarbons 350 e 17 1.3 
i i 

• i 

Al lowable  
Leak R a ~ ,  

Re la t i ve  
to CO 

7 I 

66 0 .6  

18 0.1 

18 I0 
/ 

18 /, 

66 0.29 

5] 9.6 

16 17,000 

7 0.04 

7 0.03 

13 14.4 

9 18.2" 

13 418 

8 1,988 

8 26.5 

13 9,200 

13 16,000 

13 5&,000 

8 35 J- 

B 5.1 

18 J.~ 

8 35,~ 

13 1.7 

18 10.2 

18 106 

17 138 

17 165 

:17 7.3 

17 55 

17 9.2 

17 53 

i7 ~ . -  .,. 1.3 

aSee Table 3 ,1 ,  F ig .  3.1 f o r  scream i d e n t i f i c a t i o n .  , ~ 

bConsiders ~orsc poss ib le  case, Ln whLch l i qu i ds  :o~alLy vaporLze upon re lease.  

CAs~umed. to be the same as she NIOSH recommended standard fo r  coa1-~ar lproduccs , 

dAssumes a l !  t race  e |enents  are bery [ l l tn~ ,  uhlch has che. louest  TLV. 

eAssumed. 
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they are present. However, technology for handling CO 2 and CH 4 are 
V 

available (e.g., LP bottled gas) and their effects are already accepted; 

therefore, they are not considered to present an unacceptable risk. 

Exposures to Ni(CO) 4 and H2S 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 ventilatlqn around this 

stream to remo,;e these vapors from the area occupied by workers. 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 ~.ndicator compound for monitoring these 

compounds. 

To determine whether or not current, technology exists to prevent 

assumed TLV's for tar and oil from being exceeded, proqess-stream leak 

rates resulting in TLV concentrations were "estimated using worst-case 

assumptions that approach "worst-case" conditions. There leak rates 

were compared with leak rates typical of refinery operat~"ons. These 

assumptions include: (I) 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 volt, mes are I volume turnover per hour. From 

Equation (4), 

% = Pg__/_f - \ (4) 

Dividing by V R, th~ worker volume, 

cR = __egf ( 7 )  

VR . 

But, gf is: 

gf ~ c s • Vs, (8) 
where V s is the process stream flow rate (volume~time) and C s is the 

concentration (mass/volume) of the material in ~he process stream. By 

definition: ~ 

V e e = - -  % 

.. 

( 9 )  
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where V e is the leak rate from the process stream. Substituting (8) and 

(_.9) for (7) gives: 

C R = CsVe (10) 
V E 

For the worst-case assumption that all tars and oils are in the gas 

phase, concentrations in one process stream (No. 7 in Table 5-2) were 

estimated ao be 8.9 X 10 -2 gm/l for tar and 1.3 X I0 -I gm/l for oil. If: 

Process stream leak rates giving TLV concentrations are 2.2 X 10 -4 m3/hr 

for tar and 1.5 X 10 -4 m3/hr for oil. Light liquid/two phase valves and 

flanges at refineries leak at average rates of 0.02 and 6.0056 
ib/hr/source, respectively. I15 Assuming one leaking valve and five 

leaking flanges in Stream 7 of a liquefaction plant, the leak rate from 

Stream 7 might be expected to be 0.027 ib/hr. 0ils have molecular 

weights 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 ~he work 

area for worst case assumptions are 0.0048 ib/hr for tar and 0.0033 
h 

ib/hr for oil. Therefore'~ 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 

Ears and oils, though real, is not excessive. In the calculation, 

concentrations of tars and oils have been grossly overestimated in the 

work area. First, oils and Ears .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 oll is expected to remain as liquid ,and not as vapor. Second, :.~ 

the worker'was restricted to a very small area around the leak. The air ".. 

volume exc'hange in ~he worker area was low at i change/hr. Third,!caks , 

from process streams would be e~pected~.tq~ discrimln~te against ~her-'"" 

molecular-weight molecules. Thus,'a h~gher leak~'rate would be nede~sary • 

to reach TLV concentrations. ":" 
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5.5 DISCUSSION 

Operation of a coal liquefactiqn 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 oils • from the gasifier'whlch contain 

high .concentrations of polynuclear aromatic hydrocarbons, heterocyclic 

compounds, and trace elements. Based upon the use of CO as an indicator 

compound within the workroom environment, and using the hazard category 

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

Probable Hazards. Carbon dioxide, methan~ 3 represent possible hazards. 

from one or more process streams. The emissZsns of nickel carbouyl from 

Stream 18 (SNG) and hydrogen sulfide from S~ream 66 (stack gas from 

Fischer-Tropsch heaters) also may pose problemso~' 

TABLE 5-3 

DEFINITION OF HAZARD CATEGORIES FOR 
OCCUPATIONAL HEALTH ASSESSMENT 

Probable Hazard Allowable Leak Rate 
Relative Lo CO <0.I 

-°, . 

Possible Hazard Allowable Leak Rate 
.. Relative to C0 >O.1 

but <I.0 

Unlikely Hazard Allowable Leak Rate 
Relative to CO >i.0 

For leaks from process streams containing CO, regulation of CO by 

the TLV level may be :sufficient to ensure that other potentially 
i 3  ~. . 

hazardous chemicals will be adequately regulated for the majority of 

chemicals and process streams. The most notable exception to the above 

statement is the case of tars and .oils, which may not necessarily be 

below appropriate TLV levels, even if CO is thus regulated. In 

addition,, tars and oils pose carcinogenic hazards both by inhalation and 

dermal contact. Dermal exposure could arise from operating valves, 

during maintenance, 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 

documantatlon of accidental skin exposures. Leaks from a few process 

streams may result in levels of C02, CH4, H2S and trace metals above 

their respective TLVs even if CO is adequately controlled. In most of 

these cases .'(CH 4 is ,the exception), if CO is regulated to .a 

goncentra=ion somewhat below its TLV level (approximately 1/2 to 1/5) 

these other compounds'will be controlled adequately. This is' not an 

unreasonable level of":control, considering the worst-case assumptions 

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

A calculation based on' leak rates f~:om oil refinery operations 

suggests" that .tars and oils may be 5 times their TLVs (assuming!~total 

vaporization of such materials from any .-leak .and 'hha~ worker~ bye 

exposed in an enclosed area around this leak). These assumpEions are ,., 

clearly worst-case, and if the facility is open to the atmosphere and 

tars and oils condense to any reasonable extent (as it seems likely they 

will), o~l and tar concenErations will probably he below TLVs. 

Dermal exposure of workers to tars and oils and ocher process 

stream condensates during routii~e operation~ maintenance, etc. may pose 

significant potential for skin carcinogenesis, and posslSly other health 

hazards. This problem .can best be addressed 'by adequate protective 

clothing, worker education, a vigorous program of industrial hygienej 

and worker mon~ring by periodic examina~lons. No existing .methodology 

was considered adequate for quantifying dermal exposures. 

it is extremely difficult no address potential problems in a 

spaclfic manner in a preoperational asses3ment. ,This is due to =he 

large uncertainties associated with factors such as concentration of 

variou~ toxicants in process streams, leak rates of these various 

sKreams, the probability of in-plant personnel being in re Kions where 

lea~s" are occurring, and" the method of disposal of ~various waste 

products, eKc, Estimation of the concentrations of chemicals in various 

process streams hy comparison with other liquefaction processes and 

nlants (such as SASOL in South Africa) 165 "is not satisfactory fur 
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specific health risk analysis either; toxicants in process streams may 

vary (depending on the starting coal composition and the specific 

liquefaction process), design of process stream plumbing may vary (hence 

the points at which maximal leakage may occur could differ 

significantly), and positioning of worker stations may vary. 
0 

In Volume V additional' research is described which, if 

implemented~ will improve the present tentative statements concerning 

health risM anal[sis of this coal~liquefaction 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 receptor 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. K number of factors 

which could have a significant impact on the type, magnitude and 

severity of hazards posed by the hypothetical plant have not been 

evaluated in the assessment due to lack of\data. These factors are 

described in detail in Volumes II, III, IV and V of this reports, and 

have been stumuarized in the previous chapter of Volume I. Because these 

factors have not been cqnsidered~ the uncertainty regarding the results 

of the assessment is substantial, and should be considered in reviewing 

or utilizing the assessment results. This uncertainty is further 

exacerbated by the paucity of ~oxicologic data for many~pollutants, and 
L 

the lack of specific information regardin~ potential receptor 

populations. The results of Ehls study, however, do represent a useful 

state-of-the-art assessment of the potentially hazardous trace 

cont~minants from a commercial-scale Lurgi/Fischer-Tropsch liquefaction 

facility. 
Ii The potential hazards associated with the operation of a 

Lurgi/Fischer-Tropsch liquefaction facility will "vary among process 

streams, classes of chemicals, and exposed receptor puFulations. 

Section 6.2of this chapter describes chemical hazards associated with 

various facility streams. Section 6.3 describes the degree of hazard 
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associated with various chemical classes in all analyzed process and 

waste streams. Section 6 .4  summarizes the major conclusions from 

sections 6.2 and 6.3. 

6~2 CATEGORIZATION OF FACILITY STREAMS BY HAZARD LEVEL 

The ecological, public health,-- and occupational hazards 

assoblated with various Lurgl/Fischer-Tropsch process and waste streams 

have been evaluated. These concerns are summarized for each of ~.ix 

waste screams, in Tables 6-I and 6-2, and discussed in the following 

sectious. In the summary of the ecological and public health concerns 

for a particular waste stream, it should be uoted that some of these 

concerns may be mutually exclusive, because different assumptions and 

scenarios sometimes have been used in theecological and public health 

assessments (e.g.~ the wastes from the reverse osmosis unit. have been 

projected to enter a small surface water stream in ~he ecological 

assessment and an isolated gr?undwater system ~h the public health 

assessmen6). 

6.2.1 Utility Stack Gas (Stream 28) 

Stack gas produced as a result of utilities generation is the 

largest planned environmental release from the hypothetical facility, 

with a flow rate of approximately 7.1 million pounds per hour. Prior to 

discharge an electrostatic precipitator reduces particulate matter to 

0.I pounds per million Btu of fuel fired; and lime slurry scrubbing 

reduces SO 2 to 0.2=pounds per million Btu of fired heat. 

Although supplemental fuels (i,eo, gasifierCars and phenols) and 

incineration fuel (i.e., sour gases) are used, over 80 percent of ~he 
© 

Btu's fired are derived from undersized coal. The stick gas, therefore, 

may be expected to be similar to stack gas from a coal-fired power plant ~ 

utilizing Wyoming subbituminous coal. However# because gasifier tar 

comprises a significant fraction of total Btu fired (i.e., 17%), 

differences betwe/n trace element content of the coal and tar (on a Btu 

basis) do affect trace element release from the boiler. Calculations 

~based on SASOL distribution coefficients indicate that substitution of 
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tar for coal to provide I7% of the Btu's to the boiler reduces arsenic 

(9.5%) and cadmium (14%), but increases beryllium (48%) and mercury 

~8Z). Release rates of lead are approximately equal for combustion of 

.: coal and tar. 

Comparison of estimated: post-dilution concentrations of SOx, NO x 

and trace elements with public health and ecological benchmarks 

indicates that none [bf the ~ s'tream constituents pose a Probable Hazard, ~ 

but each represents i~: Possi'ble. Hazard to public health and ecosystems. 

Arsenic, beryllium, lead, attd 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 and lead approach, but do not exceed their ambien~ 

levels in air. Evaluation of the soil deposir i0"n flux for the trace 

elements indicates that the deposition 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 pos~-dilution concentrations "of sulfur oxides and 

Ritrogen oxides exceed or~approach the public health benchmark (NAAQS) 

and ecological benchmark (Lowest Observed Toxic Concentration and Most 

Stringent CriKeria, i.e., NAAQS). The reason that SO2, which is reduced 

to 0.2 lb/million Btu of fuel fired (one sixth of the federal New Source 

Performance standard), exceeds the NAAQS appears to be chat the post- 

dilution concentrations of both SO x and N~ were estimated using 

dilution factors from the SA~i/1 model, and therefore, represent maximum 

ground-level concentrations, . .  not ambient concentrations for an 

airshed. The potential hazards posed by SO x and NOx: therefore, are 

probably not as significant as indicated by the assessment, and/or they 

probably would he confined to a very limited area. 

6.2.2 Coolin~ Tower AtmosphEric Losses (Stream 292 . 

Cooling tower atmospheric losses for the hypothcti~a! plant are 

projected to be 2.4 million pounds per hour. Although many industries 

have cooling towers, tbe emissions from the hypothetical plant are 
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unique, because treated process wastewate~r zs used in the cooling 

system. "~'~\ 

Partitioning of con nants between the vapor phase and liquid 

droplet phase (drift) ma~ be a critical consideration in determining the 

dispersion, settling and effects of pollutants~ but cannot be determined 

quantitatively. On ~he basis of physical properties (e.g., volatility, 

solubility), trace elements and polynuclear arqmatic hydrocarbons may be 

expected to concentrate [ini the drift, while phenols and low ,molecular 

weight he~erocyclics 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- 

dilution concentrations with health benchmarks results i~ ~" the 
t .~t 

classification of arsenic and ammonia as Possible H~'.za,'ds-~o.~-publlc" .... ~ " 
• -22 - " 

health. .Concentration of certain contaminants in' the d'r~"~t may 

aggravate health hazards if the public is exposed to the drift. 

Cooling tower losses appear to pose the greates~ short-term .-. 
atmospheric threat to local terrestrial ecosystems due to the l&%-ge 

quantities of organics and trace elements released. The potential 

ecosystem effects have not been assessed quantitatively, due to lack of 

data. 

6.2.3 Coal Lockhopper Vent Gas (Stream 72) ~ . .z.l. 

Stream 72 has a relatively low flow rate (3968 ib/hr); but 

contains a wide variety of trace elements, organics and toxic gases. 

Chemical characterization data are limited to classes of compounds, with 
=.:- 

the exceptions of ammonia, carbonyl sulfide, hydrogen cyanide, hydrogen 

sulfide and nickel carbonyl, which also are quantified. 

%'. 

Comparison of estimated post-dilution concentrations with ~ 

ecol,~gical and public healCh benchmarks indicates that none of the 

co~ponents~-in lockhopper vent gas pose a Probable Hazard ~""e'f:ther 

publi~ ~ heaich or ecosystems. Ammonia, hydrogen sulfide and .ruickel 

carbonyl are classified as Possible Hazards to public health. Hazards 
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t o  p u b l i c  h e a l t h  posed  by the  c l a s s e s  o f  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 each ~liss~}~'~f compounds are compared ~w-ith the most srrlge~c EYC for 

any comp6und~in the class, then total trace elements, phenols, 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 
c- 

nitrogen gas rather than product gas can be used to reduce pollutant -,, 

: releases. '-If product gas is to be used (as in most commercial Lurgi 

facilities) collection and incineration of potential releases is a 

viable alter1%ative. Incineration would eliminate hazards due to organic 

emissions, but would 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) 

Concentrate6 waste from the reverse osmosis unit is the largest 

aqueous waste sLream requiring ultimate disposal. IE has a flow rate of 

573,000 lb/hr or 75 liters/set. It is~'~unlque to ~he facility; its flow 

rate and composition heing a function of process operations, operating 

conditions, feed coal and wastewater treatment processes.'~- Al~hough 

precursor was.r.ewatar streams are trea~ed -rather intensively (i.e., 

tar/oil separation, 'phenol recovery, ammonia recovery and biological 

treatment) prior to concentration of pollutants in the reverse osmosis 

mlit, the quality of the concentrated waste stream is such that 

inadvertent release into groundwater (t'nrough leaching) or surface water 

(through leaks), as assumed in this study~ may pose a significant hazard 

to human health and ecosystems. 

Comparison of estima~ed ambient pollutant-concentrations with 

ecological and public health benchmarks indicates that eleven classes of 

compounds (trace elements and ten classes of organics) may pose a 

Probable to Possible Hazard to humans and/or ecosystems. 
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Estimated ambient ,T.oncentrations of all Ken =race elements for 

which concentration have been estimated exceed at least one ecological 
If 

or public health benchmark. Based on results of =he screening process,. 
%~, 

six crate elements (As, Be, Cd, Hg, Mr, and Ni) are classified as 

Prohable Hazards. The other four trace elements for which posT-dilution 

concentration have been estimated CPb, 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 classified as Probable Hazards, 
J: 

because estimated post-dilution coacentraKion of aT least' one compound 

in each 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 ~welve of the phenols exceed drinking water standards by at least an 

order of magnitude. Eight of the phenolic compounds also exceed (o~- 

approach) at least one other benchmark. 
c. 

The paucity of data regarding polynuclear aromatics must be 

considered., in evaluating results of =he screening " procedure. 

Polynuclear aromatics have been placed in the Probable Hazard category, 

because the estimated post-dilution concentration of naphthalene exceeds 

two benchmarks by at leasK an order uf magnitude and approaches two 

other benchmarks. Est.imated ambient concentrations of fluoranthene and 

phenanthrene are within an order of magnitude of their Estima£ed 

Permissible Concentration values, despite relatively low initial 

concentrations in Raw Gas Liquor (0.2 mg/l and 0.i mg/l, respectively) 
a,, % 

and estimaLed 90&!.~emoval of both compounds prior to entry of ~he stream 

into the reverse osmosis unit. 

I 

, Mercaptans are classified as a Probable -Hazard because the 

estimated post-dilution concentration for the only mercap=an quantified 

stream, methanethiol, exceeds its Estimated Permissible 

Concentration for Health, (the only available health benchmark), by more 

..',' 

O 
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than an order of magnitude. :~ 1 ' exceeds the only available 

ecological benchmark, the Lowest Observed Toxic Concentration, by a 

factor of" three. ~, 

Based on =he results of ~he screening process, two classes of 

,organic compounds (carboxylic acids, and substituted benzenes) are 

~=~ass~ied as Possible Hazards. Three carboXylic acids exceed or 

appro{[ch their Estimated Permissible Concentration, despite removal of 
< 

over ~ 95% of =he compounds prior to treatment in the reverse osmosis 

unit. All five of the substituted benzenes quantified in the assessment 

exceed Estimated Permissible Concentrations for health 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. ~ 

Despite extensive treatment of the wastewater, concentra=ed waste 

from the reverse osmosis unit poses a Probable Hazardi~to human health 

and ecosystems. The stream hazawd may be reduced by employing 

additional-(or alternative) treatment technologies or improved disposal 

methods. 

A wide variety of alternative technologies have been proposed for 

treating/disposing of coal conversion wastewaters. The following brief 

discussion is provided to indicate some of the advantages, disadvantages ::: 

and uncertainties associated with several of the proposed alternative 

treatmen{ and disposal options, including': 

• Alternative Treatment 
- Elimination of reverse osmosis unit 

.e Additional Treatment Options 
- Precipitation 
- Enhanced solvent extraction 
- Activated carbon adsorption ~ 
- Ozonation . 
- Enhanced biotreatment 
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• Alcerna~ive Disposal Methods 
-Deep well disp.osal ~' 
- Forced evaporation and incineration 

• v , f- / ' ;  " 

Elimination of the reverse osmosls/-u-d'it in the was£~ewater 

trearmen~ train and routing of ash sl~Zce water into rhe biological 
/ 

treatment unitowould offer two me'jot advantages: elimination of the 

concentrate~d waste scream - (SCream 53) and possibly enhancement of 

bioKreatment through di!u~ion of,.-potentially toxic ;constir-uen~s in the 

biological treatment uni~. The ma~or disadvantage resulting from such 

an alteration would be increased poli'utant conJintrar-ions in effluent [! • 

from: the wastewater treatment facility. Because he treated effluent is 

used as cooling tower make-up water, increased pollutant concentrations 

would :.increase the environmental hazard associated with cooling tower 
• : r. 

losses to the atmosphere, Site"am 29. When the reverse osmosis unit is 

employed, only two components of Stream 29 (As and N'H 3) .p~se a hazard 

(Possible) to public health. If the reverse osmosis unit is deleted, 

five components of Stream 29 "'pose a hazard to public health:'~ arsenic 

poses a Probable Hazard; and ammonia~:-~boron, cadmium and mercury pose 

Possible Hazards. ~.. 

Precipi~ar-ion may be a~ effective means of reducing 
f 

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

scavenging agent dan be an effective method for removing arseRi~, 

cadmium, lead, mercury and other .heavy metals, and can be a relatively 

inexpensive step when combined with a pre-existing need for settling 

and/or prefiltration. 212 However effectiveness has not been 

demonstrated for coal conversion wastewaters. Disadvantages are that it 

does noL reduce the concentra=ion of organics, and it does produce a 

sludge requiring disposal. 

O 

Solvent extraction of organics ma~ be enhanced by substituting 

methyl isobur-yl 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 prove 

"O 



i. 

170 

effective in' removing polyeyclic aromatic hydorcarbons, heterocyclics, 

orge~'ic bases, organic sulfur compounds, and carboxylic acids as well as 

pbenolics. 2i2 Although enhanced solvent extraction appears promising, 

effectiveness has not been demonstrated on actual coal conversion 

wastewaters,:.and a residual solvent concentration will inevitably remain 

in the water. Also, a significant fraction of dissolved organics may 

• . prove resistant to solvent extraction. Recent analytical results, 41 

obtained from the aqueous • process condens@tes from. an oxygan-blown~ 

lignite-fired Lurgi gaslfier~ ~6~icate~:'that although DZPE extraction 

• . .... reduced'phe~ois by 99% and Totai 0rganic,Carbon (TOC) by 75%, subsequent 

exhaustive extrac~ion'(using methylene chloride and diethyl ether) 

removed only 9% of ~he remaining "TOC. The final T0C remained high, 

i.e., approximately 1,900 mg/l. 

Activated carbon adsorption has been proposed as a polishing step 

following blotreatment. Carbon adsorption can reduce the concenKra=ion 

of phenolics, color and complexed metal ions. In combination with the 

prefiltration that is required, the method also eliminates suspended 

solids. ~owever, carbon adsorption has no effect on inorganic salts, 

does notS'affect significantly the reducKion of large-molecular-weight 

materials, and the carbon itself may •give rise t~ pollutants that are 

-leachaned into water immediately af=er regeneration. 212 Also, the final 
\ 

TOC.level at=ainable using activated carbon adsorption may ba. rela=ively 

high. A recent study 41 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/1 to 280 

mg/l. However increasing the concentration of carbon up to 0.i g/ml of 

water did not reduce tbe TOt below 171 mg/l. The study concluded that 
!, 

gasifica=lqn wastewater may no~ be sufficiently polished by activated 

carbon due to the high residual TOC lavel~ 

Ozonation has been proposed for reducing polynuclear aromatic 

hydrocarbons, nitrogen heterocycllcs,.color and toxicity, It has also 

been proposed for assisting the removal of large-molecular-weight 

organics by carbon adsorption. 212 A/though ozonation appears promising, 
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ecgnomic feasibility is unknown and the extent of its capabilities is 

not well ~stablished. Preliminary results of a study 48 evaluating 

treatment of coal conversion (i.e,, hydrocarbonization) wastewater by 

biological oxldation,,activated carbon and ozonation, indicate that the 

acute toxicity of wastewater to Daphnia magnawas reduced significantly 

by biotreatment, but subsequent treatment with" carbon adsorption and 

ozonation resulted in a significant increase in toxicity. Acute 
i. 

toxicity of the wastewater afte~ 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 cyana=es 

to cyanide on ozonation. ~- , 

Biological treatment may be enhanced by developing biological 

sludges specifically for'treatment of facility wastewaters. Successful 

operat~Dn has been reliably experienced for seemingly similar 

wastewaters, such as coke plant effluent. However, to date, results 

have been considerably less encouraging for coal conversion 

wastewaters. 212 

Deep well disposal can be an effective method for dlsposlng of 

the reverse osmosis concentrated waste, but may be limited by" site 

specific conditions. Limited availability of appropriate geological 

formations and local regulations 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 concentrations of trace elements and, possibly, some 

air pollution. The economic feasibility of treatlng such a large stream 

has not been determined. 

In general, 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 ~he chemical characteristics, acute and 

2" " 
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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 occur if disposal is in the mine, as in 

the hypothetical plant. Chemical and physical characteristics of 

utility ash and scrubber silage from the hypothetical plant should not 

differ from ash and scrubber sludge produced by a coal-fired power plant 

burning Wyoming subbituminous co~. 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 i~ 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 to be similar to gasifier 

ash. No data are available f~om leach~te from ash from Wyoming 

Subbituminous coal. The composition of first column volume leachate 

fractions of unquenched ash from Montana Rosebud coal is assumed to be 

representative for the assessment. The data are limited to 

concentrations of trace elements. In the hypothetical Lurgi/Fi~cher- 

Tropsch plant ash is quenched and then dewatered prior to disposal. Use 

of leachate data from unquenched ash, therefore, may result in 

overestimation of ~oncentrations of trace elements in leacha~e from the 

model facility. The assumptio~ that natural a~tenuation 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 concentrations of the trace elements appear to 

be higherthan would be expected under actual condi~ionsj results of the 

screening process (presented in Table 6-i) 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 (AI, Cd, Fe, Pb, Mnj and Se) are classified as 

Possible Hazardsj but only one of the six, selenium, approaches more 

than one benchmark. 

It does not appear that ash leachate poses a significant concern 

to public health or ecosystems, Final judgement regarding the hazard 

posed by ash/sludge leachate requires thorough chemical and 

toxicological characterization of whole ash leachate.:,frq,~' operating .a~ 

plants. Of particular importance is the impact that natural weathering 

processes will have on the long-term leachability of potentially toxic 

constituents of the ash and sludge. The probability of formation and 

release of leachate ~must also be determined. 

6.276 Biosludge Leachate (Stream 71) 

No data are available regardin~ the composition of sludge 

generated by biological treatment of Lurgi/Fischer-Tropsch. wastewater, 

or the composition and quantity" of biosludge leachate. For the 

hypothetical plank 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 ~he biosludge. The blosludge is assumed to be 

disposed of in the mine. Trace elements and polycyclic aromatic 

hydrocarbons removed with the biosludge ate assumed to be leached from 

the biosludge and enter a small (i0 cfs) stream. These assumptions are, 

of course, very tenuous. 

Comparison of estimated ambient concentrations wi~h 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 at least an order of magnitude. Comparison 

of estimated concentrations of polynuclear aromatics (PNAs) with 

ecological benchmarks indicanes thau three of the seven PNA compounds 
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quantified in the assessment exceed at least one benc~hmark. 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, and approaches its 

./~west Observed Lethal Concentration (LOLC). Fluoranthene exceeds its 

LOTC 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 ib/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 polynuclear aromatic hydrocarbons indicate that disposal of 

biosludge ~rith 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 conversion biosludge will be declared hazardous 

under the Resource Conservation and Recovery Act 212 indicate that 

improved disposal techniques or process modifications will be 

required. Disposal options include but are not limited to: 

• incineration in the utility boiler - this option would destroy 
organics, utilize Lhe hea=iag value of the biosludge and route 
most of the ~race elements into bottom ash o~ 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 6.4.1), arsenic 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 - a n  ash which would 
probably require disposal as a hazardous waste due to high 
concentrations of trace elements. However, the u.-.all 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. 

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

Q 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. Environmental tradeoffs would depend 
upon the specific alternatives selected. 

6.2.7 Process Streams (Streams 7-18, 51, 55, 56, 66 and 68) 

Only streams where carbon monoxide is present" have been 

addressed. These include: raw to purified gas streams, Fiseher-Tropsch 

produc~, SNG, /biotreatment waste air, Rectisol sour gas, Stratford 

incineration ~s, Fischer-Tropsch product upgrading heater stack gas, 

and FischerlTropsch product CO 2 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 raw gas (Streams 7-12), methane from SNG (Stream 

18), hydrogen ~sulfide from product upgrading heater stack gas (Stream 

66), aud fatty acids from washed gas (Stream 8). 

6.3 CATEGOEIZATION OF CHEMICAL CLASSES BY HAZARD LEVEL 

In this section the hazards associated with various chemical 

groups are evaluated after considering their 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. 

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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hypothetical indirec~i" liquefacUion facility. Estimated trace element 

concentrati6ns in all'of the quantified streams (except iockhopper vent 

gas, for which data are very limited) pose a Possible to Probable Hazard 

to public hea!~h and ecosystems~ ConcenLrations in internal process 

streams (e.g°, Stream 13) are estimated 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 

unquantlfied gaseous, liquid and solid streams which have a high to 

medium probability of releas~ to the environment. 

Several of the elements have been identified as presenting a 

greater hazard than others. Arsenic, beryllium, cadmium, lead, 

manganese, mercury and nickel pose the greatest relative hazards to 

ecosystems. Beryllium and nickel pose the greatest::relative hazards to 
~c 

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, lead, 

manganese and mercury also suggests that these me~als 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 and hence the 

likelihood that more sensitive species have been tested with trace 

elements. However the large number of toxicologic benchmarks exceeded 

by projected post dilution concentrations of trace elements in 

quantified waste streams indicates =he importance of isolating these 

waste streams from the environment. 

The environmental hazards are aggravated by the large quan~i~ies 

of trace elements processed and the number of streams which may contain 

thnm. 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 Wyoming ~" 
"k 

% 

• .h 
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subbituminous coal at a level of I ppm (dry basis), approximately 40 
.!, 

pounds per stream day of that trace element will enter and leave the 

plant. Total quantities of trace elements processed by the hypothetical 

facility are presenLed in Table 6-4. As shown in the Table, up to} 

16,126 pounds of arsenic, 10,751 pounds of beryllium and cadmium,:<; 

215,024 pounds of chromium, 2,284 pounds of mercury, 161,268 pounds of 

lead, and 11,826 pounds of uranium will be processed 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 gasiflers and 

utility boilers and the uppper value of trace element content of Wyoming 

subbituminous coal. The distribution is presented in Figure 6-1. 

l~spection of the trace element distribution in quantified streams 
:2 

indicates that although the largest flow of trace elements is in Stream 

36 (ash/scrubher sludge), significant quantities of trace elements are 
,5 
present in several other streams which may be released to the 

environment, including reverse osmosis 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 have :a significant impact on trace element input to the 

hypothetical faci'lity. The concentration of fourteen 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 I01 other 

U.S. coals; the maximum concentrations of trace elements in the I01 

coals are from 5.6 to 668 times as large as maximum= concentrations in 

Wyoming subbitiminous coal. Maximum concentrations "of trace elements in 

Wyoming subbitumlnous coal also are approximately 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 

I I I  l l i l l l l  

TRACE 
ELEMENTS 

Ag 

As 

B 

Ba 

Be 

Cd 

Co 

Cr 

Cu 

F 

Hg 

Li 

Mo 

Mn 

Ni 
Pb 

Sb 

Se 
Sn 

U 

V 

%n 

CONCENTRATION 
-. IN WYOMING 
SUBBITUMiNOUS 

COAL}4 ' 
(ppm} 

• • . 0 6 - .  43  

.; .57-I .2 

32 

87 

.71-.8 

.3]'-.8 

.55 

4.2-16 

8.9-I0 

65-67 

. l l - .17 

3.6-15.0 
2.2 

2.8-3.4 

1.7-14 

.51-12 

.08-I .5 

.33 

.14 

.88 

lO-14 

.23-8 

i l l l  I I I 

TOTAL QUANTITY 
INTO FACILITY 

(Ib/sd) 
2'40-17.21 

22.81-48.03 

1280.67 

3481.83 

28.42-32.02 

12.41- 32.02 

:22. Ol 

168.09-640.2 

356.19-400.21 

2601.37-2681.41 

4.40-6.80 

144.08-600.32 
88.05 

I12.06-136.07 

68.04- 560.29 
i 

20.41-480.25 

3.20-60.03 

13.21 
5.60 

35.22 

400.21-560.29 

9.21-320. | 7 

TOTAL QUANTITY 
.... (l b/year) 

806.3-5,778.8 

7,660.2-161126.8 

430,048. 

l ,169,193. 

9,541.7-I0,751.2 

4,166.1-I0,751.2 

7,391.5 

56,443.8-215,024. 

I19,607.1-13.4,390 

873,535-900,413 

l ,478.3-2,284.6 

48,380.4-201,585. 

29,565.8 

37,629.2-45,692.6 

22,846.3-188,146. 

6,853.9-161,268. 

l ,075.1-20,158.5 

4,434.9 

1,881.5 

I l ,826.3 

134,390.-188,146. 

3,091.0-I07,512. 
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for the Wyoming subbltiminous coal ,,sed in the assessment would tend to 

increase the environmental hazard posed by trace elements. ..< :, :, .::', 
L., 

6.3.2 Aliphatics, Alicyclics and Fatty Acids 

Compounds ~.n these classes are present in a number of quantified 

and unquantified streams. Concentrations in , gaseous streams are 

estimated to pose an Unlikely ~azard to public health and ecosystems, 

but a Possible Hazard Ko occupational workers who may be exposed to 
-G 

leaks from internal process streams (e.g., fatty acids in Washed Gas - 
i• 

Stream 8, and methane in SNG - Stream 18). 

Although concentrations from aqueous streams initially were 

categorized as, Possible Hazards tooPublic health and ecosystems, these 

compounds probably do not represent serious off-site hazards because 

they are generally widespread in the environment, are~ot highly toxic 
O 

and are readily biodegraded. ~ /; 

6.3.3 "Benzenes and Substituted Benzenes 

Several of' these~ compounds are expected to be present in the 

gaseous and aqueous streams. As indicated in Table 6-3, these compounds 

have been classifledas Possible Hazards to both aquatic eaosystems and 

public healhh'~:(via consumption of - contaminated drinking u water). 

Atmospheric releases appear to pose an Unlikely Hazard to public health 

and ecosystems'. -This chem$,'cal class has not been assessed in the 

occupational health assessment~ 

6.3,4 Phenols ,, 

Phenols are present in,'.'a large number of gaseous and aqueous 

streams that have a high to medium probability of release. Estimated 

ambient eoncentrahions due to gaselous releases appear to pose an 

Unlikely Hazard ~o public and occupational health. The concentration in 

Coil Lockhop~er' Vent Gas is categorized as a "Possible Hazard to 

ecosystems, but can probably be controlled by incinerating the vent 

gas. Post-dilution concentrations of phenols due to release of reverse 
.u 

osmosis "concentrated waste (Stream 53) are classified as a Possible 

4~ 

°~ 
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Hazard to ecosystems and public health. Although comparison of post- 
f 

dilution concentrations with Drinking Water Standards indicate that a 

Probable Hazard level may exist for human health, the standards are 

based on the organoleptic characteristics of phenols, which are 

generally several orders of magnitude greater " than toxic 

concentrations. Similarly, although estimated ambient colicentrations of 

catechol and resorcinol exceed thier respective EPCs for ecology by at 

least an order of magnitude, comparison of estimated concentrations with 

toxicologic benchmarks (Lowest Observed Lethal Concentrations and Lowest 

Observed Toxic Concentrations) indicates a Possible Hazard level is a 

more appropriate classification. 

6.3.5 Polynuclear Aromatic HTdrocarbons ' 

Polynuclear aromaticX~hydrocarbons are present in a large number 

of gaseous, aqueous and solid streams that have a high to medium 

probability of release. Estimated ambient concentrations due to gaseous 

emissions do not appear to pose a very significant hazard to public 

health, ecosystems and occupational health, however this could be the 

"resUlt of the paucity of data regarding the presence and concentration 

of PNA in gaseous streams and incompleteness 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 ambienE concentrations due to release of reverse osmosis 

concentrate (Stream 53) are ,categorized as a Possible Hazard to public 

health and a Probable Hazard to ecosystems. Estimated ambient 

concentrations due to release of PNA in blosludge pose a Probable Hazard 

to both public health and ecosystems. Occupational hazards posed by PNA 

in llquid 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 ~he PNA. 



185 

Naphthalene and, to a lesser extent, fluoranthene and 

phen~hrene appear to pose the most significant hazards. However 

toxicological information is insufficient to assess adequately the 

potential environmental hazards posed by many of the PNAs. 

Due to the substantial uncertainties in the data base, the 

anticipated presence of PNA in unquantified faciliKy streams and the 

adverse toxicologic properties (carcinogenic, mutagenic, biorefractoryp 

bioaccumlative~ associated with some members of this class of compounds, 

PNA tentatively should be classified as Probable Hazards to ecosystems, 
c 

and public and occupational health., 

6.3.6 Sulfur, Nitrogen and Oxygen Heterocyclics 

Information regarding sulfur, nitrogen and oxygen heterocyclics 

is very limited. Data regarding concentrations, treatabili~y~ and 

toxicity of heterocyclic compounds are so limited that n6: conclusions 

regarding the magnitude of the potential hazard that they pose to the 

environment may be made based upon the assessment. However, several 

observations may be made: 

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

the treatability 'of heterocyclics is. not well understood' 
Although individual nitrogen-contalnlng monoaromatlc bases have 
been easily degraded in bench-scale biological treatment units, 
pyridine, quinoline, and the alkylated derivatives in coking and 
petrochemical effluents often pass essentially unchanged though 
treatment plants. 154" Solvenn extraction of aromatic bases has 
been reported to exceed 99% in some studies, 18 but considerably 
lower effective in other studies 212, possibly due to pH effects. 

• the toxicity of heterocyclics is very poorly understood. The 
presence of nitrogen or sulfur heteroatoms in polyaromatic 
hydrocarbon structures have been noted to -either intensify or 
lessen carclnogenicity. 173 Unlike many chemical classes of 
compounds, toxicity data from one fused heterocyclic compound 
cannot be extrapolated ~o predict hazards associated with 
structurally similar compounds. Minor changes in structure:m~'~y~ 
have slgni~icant effects on the toxic properties of these" 
compounds, j~ ~: 



186 

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, heterocyellc compounds are categorized as Possible Hazards 

to human health and ecosystems, and should be the, sub~ect of further 

research and assessment. 

6.3.7 Mercaptans 

Mercaptans are projected ~o 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 categorized as a Probable Hazard to 

public health (based on comparison with the ; relevant Estimated 

Permissible L~oncentratlon), and a Possible Hazard to ecosystems (based 

o= comparisonwith its Lowest Observed Toxic Concentration). 

6.3.8 AromaKicAmines 

: Aromatic amines are projected to be present in the cooling tower 

atmospheric losses (Stream 29), coal lockhopper vent gas (Stream 72) 

reverse osmosis concentrate (Stream 53), and an additional fourteen 

streams with a high to medium probability of release to the 

e~vlronment. Results of the screening procedure indicate that the 

projected ambient concentration of aniline (the one aromatic "~'aine for 

which 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 la~'ge 

number of streams for which quantitative data are not available, and 

because they have been identified as the compound class of primary 

concern regardlng mutagenic activity in various coal conversion products 

and wastes, 48,61 aromatic amines are categorized as Possible Hazards to 

human health and ecosystems. 
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6-3.9 Nitrosamlnes : 

Ni=rosamlnes 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 of 

the screening procedures do not indicate that nitrosamines pose a hazard 

tO any 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 nitrosamines have demonstrated 

carcinogenic potential 34. 

6.3.10 Ammonia 

Ammonia is expected to be present in gaseous and liquid 

streams.; Adequate removal of ammonia appears feasible; a lthgugh, very 

complete removal of ammonia may entail increased expense (e.g., for 

taller stripping columns or increased steam consumption) o r  encounter 

some problems (e.g., volatility of ammonia may be reduced by chemical 

interaction with phenols, carboxylic acids, chloride or o~hers non- 

volatile ,anions, and break-point chlorination of process waters may 

produce potentially hazardous chlorinated organics)212 

Based on results of the ~ screening process the 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,ecosystems. The estimated maximum ground 

level concentration due to cooling tower evaporative losses (Stream 29) 

poses a Possible Hazard to public health. However, because ammpnia is a 

common environmental compound, is rapidly oxidized in the enviroumen~, 

and control technologies exist for reducing ammonia to low levels in 

cooling tower make-up water and coal lockhopper ven~ gas, ammonia is 

categorized as an Unlikely Hazard to all receptor groups. 
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6.3.11 Carbon~l Sulfide 
I 
J 

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 q~anide 

Hydrogen cyanide is expected to be present in coal lockhopper 

vent gas and internal process streams. Results of the assessment 

indicate that it appears to pose an Unlikely Hazard to public 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 a,Possible Hazard to public health and ecosystems. The 
...,o 

hazard level due to the total environmental leading for all streams is 

not known. Incineration of the lockhopper vent gas may reduce the 

hazard level for that particular stream, but H2S concentrations due to 

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

Based on the results of the indicator compound/monitoring 

• assess~nL, hydrogen sulfide is projected to pose a Possible Hazard to 

occupational workers. Modificatio~ 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 H2S. 

6.3.14 Nickel CarbonT! 

Nickel earbonyl is projected to' be present in coal lockhopper 

vent gas and leaks from severa_l internal process streams. 

The occupational health assessment indicates that if the 

concentration of Ni(CO)4 is workroom air is controlled via the CO 

indicator compound/monitoring method, it will pose a Possible Hazard to 

occupational personnel. 
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Estimated maximum ground level concentration of Ni(CO) 4 due to 

release of coal lockhopper vent gas is projected to pose a Potential 

Hazar d 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 assessed. Incineration of the lockhopper vent gas 

"N~ will reduce the environmental loading, hut the resultant hazard level 

"{/ has not been determined due to insdffic~ht data. Overall, Ni(C0)4 is 

classified as a Possible Hazard to all potential receptor groups. 

6.3.15 Carbon Dioxide 

Carbon dioxide emissions have not 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 climate alteration. 

Carbon dioxide will have no direct, acute, adverse ecological or public 

health effects. It does represent a potential occupational health 

problem from stack-gases from the Fischer-Tropsch product up-grading 

heaters'(Stream No. 66). However, by controlling the concentration of 

the indicator compound (carbonmonoxide) in the occupational setting to 

an appropriate level (a fraction of its TLV) carbon dioxide hazards can 
,f--" • 

be controlled adequately. Thus, carbon dioxide appears to" pose an 

Unlikely Hazard to all receptor groups. 

6.3.16 Tars and Oils 
'. 

Tars and oils are expected to be present in coal loekhopper vent 

gas and internal process streams. They have not been assessed ~ in the 

public health or ecological assessment, because no toxicological 

%enchmarks exist thac can be used to evalua=e such a broad spectrum of 

chemicals. The maximum ground leve~ concentrations of tars and oils 

released in the lockhopper vent gas may exceed Na=ional Ambient Air 

Quality Standards for non-methane hydrocarbons~ the hazard posed by 

total environmental loading from the facility as a whole has not been 

assessed. InclneraKion of the vent gas will reduce the projected 

ambient concentrations - bu~ the resultant hazard level cannot be 

. I  
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estimated due to lack of characterization data. As a Eroup, 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-carcinogenlc 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 Oxldes and Sulfur Oxides 

Approximately 960 ibs/hour of S~ (as SO 2) and 176 ibs/hour of 

NO x will be released to the environment in the utility stack gas from 

the hypothetical facility. 

Although S~ emissions will be reduced by lime scrubbing to 

approximately one-sixth of the New Source Performance Standards for 

fossil fuel fired steam generators using subbitumlnous coal, the 

estimated ambient concentration of SO x (700 p g/m 3) will exceed the 

National Ambient Air Quality Standard (Annual) of 80 ~ g/m 3. However 

this ambient concentration has been estimated using a dilution facto~ 

from the EPA Source Analysis Model (SAM/I), which projects maximum 

ground level concentrations, whereasthe annual NAAQS is set for annual 

average concentrations. Comparison of the projected ambient 

concentration wi~h the more appropriate 24 hour standard (365 ~g/m 3) and 

3 hour standard (1300 ~g/m 3) indicates that the hazard to public health 

and ecosystems will be considerably lower. 

The maximum ground level concentration of N0x, estimated using a 

dilution factor from the SAM/I model, is projected to be 130 ~g/m 3. The 

annual NAAQS for N~ is I00 ~g/m 3. No national standard with a shorter 

averaging time has been set; however some states, such as North Dakota, 

have set standards at 200 pg/m 3 for a 1-hour averag4. Comparison of the 

projected maximum ground level concentration wi~h the more appropriata 

l-hour state standards indicates that NO x would approach, but not exceed 

the standard. 
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The primary utility of comparing estimated maximum ground level 

concentrations of NO x and SO x 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 estimate§ of total 

environmental loadings, toxicologic benchmarks, control technology 
:}~ 

options, and biodegradation. Consideration of these factors has 

~gsulted 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 a~d 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 (because a variety of alternative 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 facilit[~have been identified for initial chemical 

characterization. Of these, nine gaseous emission streams, ten aqueous 

and solid waste sKreams~ and numerous process s~reams have been 

characterized in more detail. Based upon the assumptions and 

limitations of the present study, a considerable number of trace 

contaminants have been determined to be of potential concern~ even after 

being subjected to a substantial degree of treatment~ The degree of 

hazard~associated with these contaminants varies considerably among -- -~\: ~. 
< 
\ 
% 
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PROBABLE HAZARDS 

TABLE 6-6 

FINAL ANALYSIS OF HAZARD CATEGORIES FOR CHEMICAL 

CLASSES RELEASED FROM THE MODEL 

LURGI/FISCHER-TROPSCR FACILITY 

n. 

POSSIBLE HAZARDS UNLIKELY HAZARDS 

Trace Metals 

Polynuclear Aromatic 

Hydrocarbons 
%" 

M~rcaptans 

Tars and Oils 

Aliphatics, alicyclics, 

and fatty acids 

Benzenes and Substituted 

Benzenes 

Phenols 

Sulfur, Nitrogen and 

Oxygen Heterocyclics* 

Ammoni a* 

Carbonyl Sulfide 

Hydrogen Cyanide 
~o 

Carbon. Dioxlde 

Aromatic Amines* , 

Nitrosamines* 

Hydrogen Sulfide 

Nickel Car bonyl 

Sulfur and Nitrogen 

O x i d e s  
i m | l  i i i 

*These chemical classes have had their hazard level "either upgraded or 

downgraded from that identified in Table 6-3 based upon consideration 

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 receptor groups. Trace metals, po~cyclic aromatic 

h~rocarbons, mercaptans, and tars and oils have been classified ,as 

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

personnel, generalpublic, and/or ecosystems). 

addition to these constituents, aliphatics, alicyclics and 

fatty acids, benzenes and substituted benzenes, phenols, sulfur, 
• 0 

nitrogen and oxygen hetero~clics, aromatic sines, nitrosamines, 

hydrogen su~ide, nickel carbonyl, nitrogen oxides and sulfur oxides are 

classified as Possible Hazards. = 

Probable Hazards have been identified in the reverse osmosis 

waste s'L.~,leachate from biosludge, and internal gaslfier sKreams. 

PossiblekHazar~'~eassoclated__~.~ with these and o~her stre~s, including. 

coal lockhopper vent ~.~staek gas from utilities, evaporative losses 

from ut~aneration,~ate from ash/scrubber sludge, and 

sever~ internal process strea~. ~ 

~ ~ ~ ~ e n s i v e  summary of the 

available information concerning the identiflca~of both organic and 

inorganic trace contaminants associated with the L~i/Fischer-Tropsch 

technology. Some basic assumptions, cautious extrapola6ions, and simple 

diffusion models have been applied to this i~o~ation to estimate the 

potential exposure concentrations of potentially, hazardous chemicals end 

chemical classes to workers, the general public, and both aq~tlc and 

terrestial ecosystems. The information presented provides a source of 

data which should assist enviro~ental research and development planning 

activities, the evaluation of control technology options, the siting of 

fa~lities, and the develop.meat of a more detailed assessment of risks 

from indirect liquefaction p£ocesses. 

.D 

,.. • 
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Additional Remarks 

The following additional remarks should be noted regarding unnumbered 
streams in Figure 2-1: 

f 

l.-~he composition of the lockhopper ~ent gas from the coal lockhopper is , 
expeoted to he the same as the gas phase cgmposition of the raw gas 
exiting the gasifier (stream 7); the volume of course will be considerably" 
less than the raw gas flow rate. 

,{'%, 

2. The lockhopper vent gas from the ash lockhopper is essentially composed 
of steam and ash particulates. As shown in F~gure 2-1, this stream is 

• " " \\ ~° r ,~ generally scrubbed wlth water przor to dlscharge to the atmosphe e. The 
vent to the atmosphere from the scrubber will essentially consist of 
water vapor and air. 

3. The reader is cautioned that Figure 2-1 is a simplified block fiow diagram. 
For simplicity sake many interconnections between the units.shown have 
bee~ deleted. Eowever, 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 ~etermine stream:compositions for intermediate ~? 
streams at various units based on the information given in this analysis 
is discouraged. 
t =. 

4. The biosludge from the biological treatment,unit is likely to contain 
potentially hazardous organics. Following discussions with some bf the 
assessment participants~ its fate is shown in Figure 2-1 as "to disposal"-- 
presumably~in and environmentally acceptable landfill operation along with 
the gasifier ash~ An alternative disposition may be to dispose of the 
organics-laden biosludge in the gasifier 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) ~,hile the suggested procedure will eliminate 
a potential environment concern. However, the viability of theusuggested 
option may need to be demonstrated. 

5. In Figure 2-1, a reverse osmosis treatment step has bee~ shown following the ,. 
biological treatment of the wastewaterl65The above step is an addition to the 
treatment scheme reported by Schreiner . Reverse osmosis =reatment is used 
to remove mainly metal salts from the treated water. In 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- 
menta~ regulatipns permitting) or evaporation ponds. 

6. The reverse osmosis process is used in the present analysis as an example 
process. Another potential route is the use of multi-effec6 evaporators. 
The evaluation-of alternative processes is beyond the scope of the present 
asssssment. 

7. Fugitive e~issions are likely to occ~ from product and by product storage 
tanks. The likely compositions of the emissions will reflec= the product 
or by product stored in the tank(s). The release of fugitive emissio~ 9 are 
not addressed in this inalysis. 
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8. Information was sought on the a~lysis of leachates from dry-ash Lurgi ash 
piles, but none was forthcoming -. 
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