
CHARACTERIZATION OF COAL GASIFICATION ASH 

LEACHATE USING THE RCRA EXTRACTION PROCEDUP~ 

Ear Y. Yu, TRN and Guy M. Crawford, Radian 

ABSTRACT 

Gasification ash constitutes the single largest solid waste stream from 

coai gasification facilities, and its disposal is subject to regulations 

promulgated under RCRA. Ashes from Lurgi gasifier, "Wel!man-Galusha gasifier 

~d Texaco gasifier were subjected to the RCRA Extraction Procedure test. 

The results are reviewed in light of similar data on boiler ashes. Those 

findings indicate that these materials will not be considered toxic based 

on the 100X primary_ drinking water standard criteria. 

452 



!.0 INTRODUCTION 

The Resource Conservationand Recovery Act of !976 directs the Environ- 

mental Protection Agency to promulgate regulations to insure the proper dis- 

posal ofsoiid wastes for the protection of both human health and the environ- 

ment. With the recentreemphasis on America's coal resources, coal gasifica- 

tion may soon be providing a !argeamount of America's energy needs. As with 

all non-renewable energy resources, wastes wiil be generated in the produc- 

tion of the coal gas. Future commercial-scale gasifiers will need to be 

designed, constructed, and operated to protect human health and the environ- 

ment. Solid wastes in the form of slags or ashes are produced •from all coal 

gasification facilities. The proper disposal of these so!id~stes will be 

a portion of this environmental protection. 

To anticipate possible problems with solids disposal, the EPAhas set 

forth a procedure to test the potential hazard of solid waste=-the EP .Toxicity 
1 

Test. 

2.o WASTE COLLECTION 

~%ree coal gasifiers were samp!edand the so!idwastes subjected to the 

EP Toxicity Test, The data was compared to previous extraction tests performed 

on two ~hes from a coal-fired boiler. To investigate ~e dist~bution of 

extractable metals ammng different sizes of ~'~h, the Lurgi ash Samples were 

divided into three Size fractions; 

jected to the EP ~est. 

2.1 The Texaco Gasifier 

triplicates of each fraction were sub- 

Coarse slag was collected at the sieve screen used to separate the coarse 

slag• from the slap water as the slag was blown down from the gasifier. A 

composited s amg!e was taken over a !6-hour sampling period during gasifica- 

tion of a weste~ s~bituminous coal under conditions typical of a Commercial 

o p e r a t i o n .  

2.2 The We!iman-Ga!usha Gasifier 

Gasifier ash was sampied a s  the ash was transferred from the bottom of 

the gasifier to a storage bin. A dewatered composite s~!e ~s taken over 

a !2,hour sampling period. •Cyclone dust samples .~ Were taken from the bottom 

. 



of cyclone by raking the solid from the trough and allowing excess water to 

drain. Sampling was conducted during the gasification of a North Dakota 

!i~te. 

2.3 

#6) 

The Lurgi Gasifier 

Unquenched Lurgi ash of three U.S. coals (Rosebud, illinQis #5 and Illinois 

were furnished by the Peabody Company. The ashes were collected during a 

trial run at the Westfield gasification facility. 

2.4 The Coal-Fired Steam Station 

Precipitator ash was taken from the ash silo prior to removal by truck. 

Bottom ash was taken from the sluice pipe as it empties into the ashpond. 

A western lignite is normal boiler feed for the station. 

3.0 RCRA TESTING PROCEDURE 

The prescribed procedure is designed to roughly approximate the extracting 

of soluble material with rainwater. The solid is extracted with a sixteen- 

fold excess of leaching solution at a pH of 5.0 for a24-hour time period 

at room temperature, Fol!owingthe extraction period the sample is filtered 

and the final aqueous volume is made to 20 times the sample weight. The 

procedure followed is listed in Table 1. The extract is thenanalyzed for 8 

metals which are listed in the EP and other constituents. Results are compared 

with the National InteriumPrimary Drinking Water Standards (NiPDWS) for 

eight meta!s: 

arsenic lead 
barium mercury 
cadmium Selenium 
chromium silver 

4.0 RESULTS AND DISCUSS/ON 

Table 2 presents a comparison of the extract ~ characteristics and the 

drinking water standards. Although the coal-fired boiler and the gasifiers 

operate at different conditions, the RCRA extract characteristics are in 

general quite similar. When comb_areal to the 100X primary drinking water stan- 

dards, none of the wastes analyzed are considered hazardous. This result is 

similar to those presented by other investigators working with different coal 

gasification ashes (3) and boiler ashes (4)- 
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TABLE 1. RCRA'EXTR~CTION PROCEDURE~2,t~ 

Weight 100g solid into extractor 

Add !600ml deionized water 

MeEsure the pH 

If less thanS.0, continue with extraction 
If greater than 5.0, add 0~5Nultrex acetic acid until 

pH 5.0. Check and readjust pH at interva!s of!5, 
30, 60, 120 minutes, if pH rises above 5.2. 

Extraction by shaking or stirring for 24hours at 

20o-40°C 

Filter through 0.45 micron filter 

Dilute to 2000 mlwith deionized ~ater 

L% 
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AS expected, partly due to the larger surface area end partly due to the 

volatility of trace metals, the boiler fly ash contains siigh~y more extract- 

able metals than the boiler bottom ash. For the Lurgi samples leachate metal 

concentrations were observed to be inversely proportional ~o the particle (ash) 

size for the Rosebud coal, but not necessarily for Illinois #5 or #6, suggest- 

ing su/face phenomena could be one of the major factors controlling the leach- 

ability of metals in Lurgi gas.ifier ash. "~ 

. .  A s  discussed before the Lurgi samples analyzed are tmquenched ashes. 

Quenched ash is likely to contain even less extractable metals because a por- 

tion of the total extractable metals will be carried away by the ~ench water. 

However, all proposed commercial Lurgi plants plan to recycle process waste- 

water as quench water, and to achieve zero discharge (especially in the east• 

where solar evaporation is not feasible) it has been proposed toevaporate 

the gas liquor in a forced evaporator, end to use the concentrated brine to 

moisten the ash. It is uncertain whether the practice would make the ash 

hazardous. 

Table 3 presents ~e characteristics of Lurgi gas liquor, e~ressed in 

terms of ~g/g of coal; also presented in Table 3 are the leachable metal con- 

tents of coal. As a worst case approach, one may assume all trace metals in 

the gas liquor ends up in the RCRA leachate, i.e. 

Total leachable metal = extractable metal + solub!e .meta! 

Comparing the extractable metal (from ash) and the soluble metal (from gas 

liquor) data indicates that adding the soluble metal • content will increase 

the extractable Se by l~ times, the largest increase among all eight metals. 

Even so, the !eachate concentration is calculated as seen in Ta~!e 4, to be 

7 ~g/1, still below the 100X pr~/ry dah'~king water Standard. TEe RCRA leach- 

ate characteristics for Lurgi ash end boiler ash calculated based on this 

worst case scenario are presented in Table 4. Again, none of the metals exceeds 

the 100X drinking water standards. 

Still, there are coals that contain much higher metal contents than the 

coals used in these studies. Table. 5 presents ~e characteristics of the 

coals ~used in these studies and the maximum metal concenErations in coals 

~ -  ° 
. .  • • • 
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O TABLE 4. PREDICTED LEACHATE CHARACTERISTICS FOR LURGi ASH AND BOILER ASHES 
~qEN CO-DiSPOSED WiTH BRINE FROM CONCENTRATING LURGi G/IS LIQUOR 

Leachate Characteristics, e pg/l 

Metals, Lurgi Ash Boiler Bottom Ash Boiler F~y Ash 

As 

Cd 

1..7 <l. 1 

4.3 <1.3 

<2. ~- <0.32 

50 <0.37 

2.1 

5.3 

<0.49 

5.3 

Cr <7.4 <3.9 i7 

Hg <0.87 <0.49 <0.49 • 

Pb 6.6 <4.4 <4.4 

Se 7.0 <3.5 
a 

4.4 

*Cone. = total extractable metal conc. - (20 x % ash) 
*eBa values in ~g/ml; all other in ~g/l 

..,*- 
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found in open literature. (6) The leachabiiity characteristics of other coals 

is not know~, but as a first approximationione may assume the •leachable metal 

content is proportional to the totalmetal~content. The predicted maximum 

leachate characteristics thus derived are presented in Table5. As the pre- 

dictions indicate, onlycadmium i~boththe Lurgi ash and Texaco Slag exceed 

the 100X drinking water limit. It should be emphasized that the above assum 9- 

tion is very conservative as, undoubtedly, other factors such as mineralogy 

will play a major role in controlling the leachable metals. Furthermore, it 

is ~common to encounter coals with as high a Cd concentration(26 ppm). Of 

the samples analyzed by Gluskoter, et ~i, (6) only about 6~ had Cd values in 

that range, with over 90% having less than I ppm Cd. 

Additional data on the leachate characteristics of other coa!s/gasifiers 

are expected to be available by next year. As an ongoing EPA program, Radian 

is presently testing the ash collected from a Lurgi facility in Kosovo, 

Yugoslavia, and TRW is scheduled to sample a Koppers-Totzek facilityin 

Modderfontein, South Africa, early next year, ".  

5.0 CONCLUSION 

• The RCRA EP Toxicity Test as performed on the ashes from a Lurgi gasi- 

fier, a Texaco gasifier and a Wellman-Galusha gasifier indicates these ma- 

terials will not be considered hazardous wastes based on the toxicity cri- 

terion alone. Based on the metal• contentsin the ash and in the ~urgi gas 

liquor, c0-disposai of the gas liquor with the gasifier ash also will not be 

considered hazardous. Kowever, Lurgi gas liquors are known to contain aro- 

m~ticorganics, some of which are priority pollutants'. Unless these Organics 

are removed prior to co-disposal with ash, EPA may eventually list •this as a 

hazardouswaste. 
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COMPARISON OF COAL CONVERSION WASTEWATERS 

By 

Robert V. Collins, 

Kenneth W. Lee, and 

D. Scott Lewis 

Radian Corporation 

8501 MoPac 

Austin, TX 78758 

This paper presents the analytical results obtained from the aqueous 

process condensates from an oxygen-blown, lignite-fired Lurgi gasifier, ~i 

air-blown, bituminous-fired Chapman gasifier and a coke oven process. Re- 

sults show that strong similarities exist between the two gasifier process 

condensates. These similarities include Both gross chemical parameters and 

the concentrations of specific organic compounds. Extraction of the three 

condensates using diisopropyl ether resulted in a 99+ perc~t removal of 

total phenols and a 75 percent average remova! of the total organic carbon 

(TOC). Further extraction with an exhaustive technique only removed an 

average of 9 percent of the remaining TOC from the two gasifier waters. The 

<500 MW to >500 MW ratio was approximate!y two for the remaining refractory 

organics. The results of a brief study using activated carbon to remove the 

refractory organics indicated that the TOC levels could Be further reduced~ 

but the levels remained relatively high. The occurrences of eight nitrogen- 

containing organic species were compared using a gas chromatograph equipped 

with a ~ Electrolytic Conductivity Detector in the nitrogen-specific mode. 

The occurrences of phenolic species were also compared using a gas chromato- 

graph equipped with a flame ionization detector. The three process condensates 

contained the same phenolic and nitrogen heterocyclic compounds. 
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COMPARISON OF COAL CONVERSION WASTE~ATERS 

INTRODUCTION" 

Three coal conversion process condensates were characterized as part of 

Radian Corporation's overall effort to perform a compreheusive emvirommenta! 

assessment of low- and medium-Btu coal gasification technology for the u.S. 

E~virommental Protection Agency. The overall program is being directed by the 

Fuel Process Branch of EPA's Industrial ~vironmental Reseirch Laboratory in 

Research Triangle Park, North Caroli~. 

The objective of this study was to compare the composition df the con- 

densates and to screen for possible steps in treatability. The three aqueous 

condensates and the reasons they were chosen are as follows: 

Wastewater 

~urgi (ProcessCondensate) 

Chapman (Recycled-Process 
Condensate) 

Coke Oven (Process Conden- 
sate Spray Down) 

Rationale 

Proposed forcommercial plants 
: i n  the United States '. 

Currently availab!e in the 
United States and possible 
similarities in compositio n 
to Lurgi. 

Extensive data available on 
treatability and possible 
similaritiesin composition 
to Lurgi 

PROCESS DESCRIPTIONS "" 

• The three processes wi.ll.be described briefly in this section. 

the samples orginated in the processes wii! be shown, 

Where 

In Figure i., a schematic diagram of the Lurgi Gasification Process is 

illustrated. The main points to notice are the quench and cooling towers 

product gas, and the Separator w~exg mhe aqueous layer ~ S e p a r a t e d ,  from the 
1 
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tars and oils. The Lurgi condensate was obtained from the exi£ point of the 

aqueous layer from the separator. The plant sampled for this Studywas an 

oxygen-blown, lignite-fired Lurgi gasification plant i~ the Kosovo Region of 

Yugoslavia. 

The Chapman-Wilputte Gasification Process is illustrated in Figure 2. 

The aqueous layer after separation of the tars and oils is recirculated to 

the gas quenching/cooling processes. A grab sample of the waste~$ater was 

obtained from £heaqueous layer in the separation tank. The plant sampled 

was located nearK~.gsport, Tennessee and was equippedwithan air-blown, 

bituminous-fired Chapman gasifier. 

The coke oven system is il!ustra£ed in Figure 3. Even thougkcoking 

may at first appear to be very different from• a gasification process, there 

are many similarities. The desi~ is different •from either m Lurgi or 

Chapman facility but, again, as illustrated, there is a gas quenching and 

cooling system to cool the gases and remove water, tars, and oils. The 

quench liquor is sent to a separator where tars/oils are separated from the 

aqueous* layer. Part of the water layer is recirculated and the rest is 

treated. The condensate sample was obtained at the pointwhirethe excess 

aqueous layer exits the separator. 
• 

RESULTS ANDDISCUSSION 

The following subsections will detail the results of the different 

types of analyses and will contain brief discussions on treatability. These 

sections will include: 

• water quality parameters, 

• extractions of organics, 

• concentrations of phenols, 

m.--7 
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• concentrations of nitrogen-containing organics, 

• molecular weight distribution of refractory com- 

pounds, and 

• removal of refractories. 

Water Quality Parameters 

The water quality parameters for all three process condensates are 

listed in Table !. In general, the parameters are very similar for the con-" 

densates from the two gasification processes using two different coals (!ig- 

nite and bituminous). The water quality parameters for the coke oven pro- 

cess condensate are generally lower than the other two process condensates. 

Biological oxygen demand (BOD), chemical oxygen demand (COD) and total 

organic carbon (TOC) are specific measurements wheri the process condensates 

of the Lurgi and Chapman gasification processes are similar. The differences 

among the three condensates may be caused by the types of coal being used. 

For instance, the lignite from the Kosovo region of Yugoslavia used in the 

Lurgi Process may contain much less phosphorous than the coal for the Chap- 

man Process. Of course, differences in the •process conditions may also 

affect the composition of the aqueous condensate. Differences may also be 

• caused by Chapman recirculating the water, whereas'the Lurgi does not recir- 

culate it. Therefore, higher levels would be expected in the Chapman aque- 

ous condensate. To test the process effects would require using the same 

coal at both facilities. 

Extractions of Organics 

Two extraction procedures were used on the three aqueous condensates. 

The first extraction procedure was designed to mimic the Phenosolvan Process 

used by Lurgi to remove phenols from process wastewaters. Three volumes of 

diisopropyl ether (each equal to 1/3 the sample volume) were added, one at 

a time, to the aqueous condensate. The samples were then shaken vigorously 

.. . . . . . . . . . . . . . .  
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for two minutes and allowed to stand in a separatory funnel until the layers 

separated. Then the ether layer was removed. 

The second extraction procedure followed the above steps except that 

methylene chloride and diethy2 ether substituted for the diisopropyl ether 

and the aqueous layer was extracted at both pH equal to <2 and >12. This 

procedure will be labeled the "analytical extraction" procedure. This proce- 

dure was used to show if changes in pK and solvent would increase the amount 

of organics removed from the aqueous layer. 

in Table 2, the effects of the two sequential extractions on selected 

water quality parameters are listed. The diisopropyl ether (DIPE) extrac- 

tion eliminated greater than 99+ percent of the phenol (phenolic content) 

from all three process condensates. The oil and grease measurements also 

dropped below the detection level of !0 mg/i for all the condensates. The 

BOD, COD, and TOC values were reduced significantly by the DIPE extraction.. 

The exhaustive, analytical extraction did not significantly reduce the 

values of the water quality parameters when applied to the waters after DiPE 

extraction. 

The organic carbon left in the aqueous phase after the two extractions 

was classified as refractory organic compounds. These refractories are im- 

portant because Phenosolvan treatment alone leaves them in the aqueous phase 

and they must be addressed in further treatment steps. The relative amounts 

of refractories (non-extractables) as measured by TOC are graphically illus- 

trated in Figure 4. The refractories must be very polar and/or ionic in 

nature since both the extraction procedures (including pH adjustment) would 

not remove them. 

For'further characterization of the refractories, the molecular weight 

distribution above and below 500 was determined by gel permeation chroma- 

tography. This separation, as measured by TOC, is illustrated in Figure 5 

for the aqueous condensates of the gasification processes. The relative 
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10,000 

Nonext:ractable 
Analy'dcaI ExIzac'mble. 
DIPE Ex~actable 

m 

E 
0 

0 !,,,- 
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Figure 4 .  Amounts of total organic carbon removed by the DIPE 
and Analytical Extraction Techniques. 
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amounts of the refractories and their molecular weight distribution are the 

same within experimental error for the Lurgi and Chapman waters. This 

strongly suggests that the Chapman aqueous condensate, after D!~E extrac- 

tion to mimic phenol removed by Phenosolvan, can be used as a model for 

treatment studies of Lurgi-produced wastewater. 

Concentrations of Phenols and Nitrogen-Containing Compounds 

Another indication that the aqueous process condensates are similar is 

the distribution of phenolic and nitrogen-containing compounds. Most of 

these compounds were removed by the DIPE extraction; therefore, an analysis 

of the DIPE layer was performed. 

Figure 6 compares a standard consisting of ii phenolic compounds to the 

organics extracted by DIPE from the LUKGI wastewater. These chromatograms 

were produced by a gas chromatograph equipped with a flame ionization detec- 

tor. The shaded peaks in the DIPE extract match the retention times of the 

phenolic standards. This suggests that the major portion of organics in the 

Lurgi wastewater is phenols. Similar results were observed for the Chapman 

and coke oven process condensates. 

Table 3 contains a list of the concentrations of the phenolic compounds 

found in the three process condensates. The phenolic species show a very 

strong correlation even in concentrations between the two gasification pro- 

cesses. Again, as in the water - quality parameters, the coke oven phenolics 

were found at lower concentrations than those inthe gasification conden- 

sates. The same species, however, were present in all three aqueous process 

condensates. 

Trace species in the form of nitrogen-contaiming compounds were analyzed 

in the DIPE extracts of all three process condensates. The results of the 

semiquantitative analysis are listed in Table 4. Even at trace levels, all 

three aqueous process condensates contained the same nitrogen heterocyclic 

compounds. Eve~ though the data is semiquantitative, the relative 

. . . . .  " .'. . . . . . .  
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concentrations of the compounds within each of the condensate extracts are 

virtually identical as listed in Table 4. 

Removal of Refractory Compounds by Activated Carbon 

The graph in Figure 7 illustrates the removal of the refractory com- 

pounds with activated carbon. TOC measurements indicated the amounts of 

organics remaining in the water after the addition of varying amounts of 

activated carbon. The initial amount of activated carbon (0.005 g/mi) re- 

moved most of the organic matter that could be removed. Additional amounts 

of activated carbon, up to a ratio of 0.! g activated carbon pe T milliliter 

of wastewater, did not significantly increase the amount of refractory com- 

pounds removed. The activated carbon was effective in taking out the color 

species in the wastewater. 

CONCLUSIONS 

The following statements summarize the conclusions of this brief study. 

Water quality parameters are similar in the three 

aqueous process condensateswith coke oven con- 

densates having lower values. 

The same phenolic compounds were found in each 

process condensate. Levels of these compounds 

were similar in the gasification condensates. 

The coke oven condensate had lower levels of 
phenols. 

• The same trace nitrogen species were found in 

all three condensates. 

• Levels of nonextractable organics were similar in 

the Chapman and Lurgi condensates. 
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• Treatability of gasification wastewaters: 

-may not be similar to coke oven treat- 

" ment because of nonextractables; 

-may not be sufficiently polished by 

activated carbon due to high residual 

TOC levels; and 

- can be studied using the Chapman process 

condensate as a good model for the Lurgi 

wastewater. 
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RANKING O~ POTF~NTiALPOLLUTANTS FROM 

COAL GASIFICATION PROCESSES 

by 

Duane G. Nichols 
David A. Green 

Research Triangle Institute 
P. O. Box 12194 

Research Triangle Park, N. C. 27709 

ABSTRACT 

Potential pollutants associated with coal gasification processes were 

studied based on data from the EPA environmental assessment research pro- 

gram. An environmental assessment methodology based on health and eco- 

logical Multimedia Environmental Goals (MEGs) is described and applied to 

product, byproduct, process and waste streams. A list of chemical species 

that were measured or qualitatively identified in coal gasification streams 

is given. Maximum concentrations of each quantit~ted species in each 

medium (solid, liquid, gas, tar) are given. Production factors have been 

computed and normalized on the basis of coal input rate to facilitate 

comparisons. Chemical species have been ranked by potential hazard to 

health and ecology. Priorities for monitoring, regulation and control 

technology development may be established from these lists. 

Duane G. Nichols is now with the Conoco Coal Development Company, Research 
Division, Library, PA. 
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RANKING OF POTENTIAL POLLUTANTS FK~ 

COAL GASIFICATION PKOCESSES 

: = 

INTRODUCTION 

This study was initiated to compile the various source and laboratory 

<experimental) test results on potentially hazardous species which have been 

obtained under the EPA synthetic fuels environmental assessment program. 

The compilation has been developed in the form of listed chemical honstituents 

which are ranked on the basis of their potential hazard. Since the data 

represent various gasifiars, coal types, operating conditions and confiEura- 

tions, and since the effluents are variable in their physical and chemical 

mature and their quantity, a systematic approach was needed to place the 

results on a common Basis for comparison ~ and/or ranking~ 
• / 

The information and results are neededl to help provide direction to 

future envirommental assessment activities, to focus EPA and inter~gency 

health/ecological effects testing on compounds and mixtures of greatest 

concera, and to assist EPA program and regional offices in the establishment 

of appropriate regulations, criteria, guidelines and permit policies. 

The achievement and maintenanGe of an acceptable Cot quality) e~viron- 

ment must from a practical viewpoint involve the estab!ishment of maximum 

allowable concentrations of chemical contaminants in the air, water, and 

la~d which constitute She natural environme~t. Such concentrations may be 

referred to as Multimedia Environmental Goals (MEG) values. Discharge ~Gs 

(DMEGs) represent approximate concentrations for contaminants in source 

emissions to air, water or land which will not evoke significant harmful or 

irreversible responses in exposed humans or ecology when these exposures are 

limited to short duration. DMEGs for human health and ecology have been 

developed for use in assessing the impact of effluent dlscharges. I-4 

A ~umber of coal gasification operations are currently active around 

the wor!d.: Direct coal and Coil shale) liquefaction may Be prov~ to be 

technically feasible and economically acceptable in the future; these 

alternatives may require special process'x~g of the potential product to meet 

acceptable market specifications; and significant costs"may he' incurred to 

accommodate process residuals. : 



Im this study, the chemical analyses of coal gasification product, by- 
i 

produdt, discharge and process streams sampled and. analyzed by the Radian 

Corporation during four source testing programs have Been subjected to an 

environmental assessment analysis based upon multimedia environmental goals. 

A similar analysis of data obtained from the laboratory coal gasification 

system at Research Triangle Institute ~KTI) has "aiso Been conducted. 

Eadian Corporation Source Tests 

The Radian Corporation has conducted source tests at four operating 

coal gasification facilities. Two We!iman~alusha units located at York, 

Pi and Ft. Snei!iug, MN were sampled as well as a Lurgi gasifier in 

Kosovo, Yugoslavia and a Chapman (Wilputte): gasifier located at Kiugsport, 

TN. A variety of products, byproducts, process streams and effluents were 

sampled at the different sites. The sampling strategies did not yield data 

that were directly comparable. Sampling was not meant to be exhaustive 

hut was designed to focus on streams of potential e~vironmentai signifi- 

Cello e. 

The Wellman-Galusha gasifier at York, PA converts anthracite coal 

into fuel gas used for brick manufacturing at the Glen Gery Brick Company. 5 

Data on five different streams were available for this study: two solid 

wastes, the gasifier ash and cyclone dust, one liquid stream, the ash 

sluice water and two gaseous streams, the poke hole gas and coal hopper 

gas. 

The We!Iman-Galusha gasifier at Ft. Shelling, M~ uses North Dakota 

Indian Head !i~nite as a feedstock for low Btu gas production. Data on 

seven different streams were available for this study: two solid streams, 

the gasifier ash and cyclone dust, three liquid streams, the cyclone 

quench water, ash sluice water, and service water and two gas streams, 

the product gas and the coal bin vent gas. As no flow rate was available 

for the coa!~~vent gas, a limited environmental assessment approach to 

gaseous effluents was taken.'~ 

The Chapman ~Wilputte) gasifier at Kingsport, TN converts low sulfur 

Virginia Bituminous coal to low Btu guel gas. 6 Data on four effluent 

streams were available. Three solid streams--the cyclone dust, gasifier 



ash, and hyproduct tar, two gaseous streams--the coal feeder vent gas and 

separator vent gas and the separator liquor, a recycled aqueous Stream 

were sampled. 

Data on 18 gaseous streams and three liquid streams sampled at the 

Lurgi gasifier at Kosovo, Yugoslavia, 7-9 were used in this study. This 

plant converts Yugoslavian !i~aite to medium Btu fuel gas. Of the gaseous 

streams~ eight were discharges and i0 were process streams. The gaseous 

discharges were the autoclave vent gas~ coal Bunker vent gas~ C02-rich 

Rectiso! gas, tar tank vent gas, medium oil ta~/~ vent gas, phenolic water 

tank vent gas, degassing column gas and gasoline ta~k vent gas. The 

cyanic water and the inlet and outlet from the Pheno!solvan unit are 

aqueous process stre~ that were sampled. No Solid stream ~da~a were 
3. 

available. 

KTI Gasifier Tests 10-12 

• Data from 10 selected semicontinuous, fixed-Bed tests Of the RTI 

laboratory gasifier were analyzed in detail. In each case the solid 

gasifier ash and the aqueous condensate stream were the ~wo discharges 

sampled. Two additional streams, the product gas and the Byproduct tar 

(considered a solid) were also sampled. The i0 selected tests involved 

steam/air gasification of North Dakota Beulah/Zap li~nite~ Montana Rosebud/ 

McKay and Wyomiug Smith/Roland subbit~ous coals, Illinois No. 6 and 

Western Kentucky No.9 Bituminous coals and Pennsylvania Bottom RedAsh 

anthracite. 

ASSESSMENT METHODOLOGY 

Multimedia Environmental Goal~ CMEGs)form the Basis for the environ- 

mental assessment methodology developed under the guidance of the Fuel 

Process Branch of EPA/iERL/RTP. Each component or species is assigned 

discharse multimedia environmental goal ~DMEG) and ambient multimedia 

environmental goal (AMEG) values.l' 4 Individual DMEG values for a sub- 

stance are related to the health or ecological effects of that substance; 

DM~G is the estimated concentration of the substance which would cause 

minimal adverse effects to a healthy receptor ~man, animal, ~ plant) which 

is exposed only once~ or intermittently for short time p~iods. [AMEG 

/I~7 



values are s~lar except that they are based upon a continuous, rather 

than single or intermittent, exposure period. 

DMEG values generally carry two s:uhscripts, be they explicit or im- 

plicit. The first defines whether the value refers to air Ca), water Cw), 

or land CI]; the second, whether the value refers to human health Ch) or 

the ecological environment <e). In this study the health-Based DMEG values 

were used primarily. The ecology-based DMEG values were used only to 

generate a comparative zank~g of pollutants. No AMEGs were used iu this 

study. 

Discharge sewerity CDS) is a measure ~index) of the degree to which 

the concentration of a particular suhshance is at a potentially hazardous 

level i~ a discharge Ceffluent.) 13 DS is dimensionless. It is computed as 

the concentration of the substance iu a discharge divided by the DM~G value 

for that substance. "DS may thus carry two subscripts, in general; one 

represents the phase and the bther whether the potential harmful, effects 

are health or ecological in nature. 

Production factors based on coal input rates have been developed from 

the chemical analytical data available. These production fac£ors have the 

dimensions of mass~mass; specifically, the units ~g produced/g coal input 

have been used. Production in all measured product, byproduct and discharge 

streams is iuc!uded in these figures and m ~  among all sources considered 

in the study were selected. 

ASSESSMENT RESULTS 

The complex heterogeneous nature of coal gives rise to a wide variety 

of organic compounds in the streams resu!tiug from coal conversion pro- 

cesses. Table 1 lists the organic compounds identified during the four 

Radian Corporation source tests as well as those identified from operation 

of the ILTI laboratory gasifier over the last four years. Within each MEG 

category, the compounds that have been quautitated are given first, followed 

by those that have been identified but not measured. I~ addition, a large 

number of inorganic compounds and elements have also Been identified. 

The maximum concentrations measured in the various media are presented 

i~ Tables 2 througk 4. Because of their particular properties, tars have 

Been considered to Be a separate-mediu~ i~ these tables. :The concentration 
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TABLE i. ORGANIC COMPOUNDS:IDENTIFIED IN COAL: 

GASIFICATION STREAMS 

MEG Category Name 

I ,  Aliphatic Hydrocarbons 
methane 
ethane 
propane 
butanes 
isobutane 
alkanes >C~ 
methylcycl~h@xane 
alkanes >CIR 
C3-hydroEar~ons 
C~-hydrocarbons 
C~-hydrocarbons 
C~,hydrocarbons 
e~1~yl ene 
propylene 
acetylene 
phenylacetylene 

. 

n-pentane 
isopentane 
n-hexane 
2-methyl_~entane 
3-me=hylp entane 
n-hep=ane 

n-decane 
n&undec~ne 
n-dodeczne 
n-~ridecane 
~-teLTadecane 
n-p entadecane 
n-hexadecane 
methylcyclobu~zne 
cyclopen~ana' 
cyclohexane 
direct hylcyclohexana 
~rime=hylcyclohexane 
cyclooctane 
dime~hyldecahydro- 

naphthalene 
• butane 
isobu~ene 
hexene 
l-penUche 
2-methyl-l-bu=ene 
1,3-Bu~adiene 
pen~adiene 
cyclopentene 
cycluhexene 
cyclopen=adiene - 
e~hyne 
propyue 

Al kyl. Hal ides 
dichlorome~hane 

(az=i~ac=) 
=z-ichlo r omethan .e 

(artifact) 
cmrhcn tetzachlcride 

(artifact) 

3. Ethers • • 

anisoles 
methylani sol e 

cliethyie~her 
• phenyl-2-p ro pyuylether 
l-me~hoxyuaphthalene 
~-methoxynaph~halene 
,6 -dima~hoxyp henan=hrene 

® ~-methoxy~luurene 

MEG Categor¥ Name 

5. Alcohols 
al ipbatic a lcohols 

>C. 
al iph~tic alcohols 

>C 
>C 

al kylal cobol s 

3,5,5-trime=hyl- 
i-hexanul 

. 

8. 

9. 

Aldehydes, Ketches 
acetophenone 

acer~ZdehyCe 
hu=anal 
penta~al 
p-hexanal 
n-he~=anal 
n-oc~anal 
n-nonanal 

dude=anal 
henzal~ehyde 
dime~hylhenzaldehyda 
aae~cne 
me=h.yllsopro.pyl ke=one 
bu~anone 
1-pheny!-1 -propanoue 
2-pentanone 
o-hydroxyac enophenone 
m-hydroxyac euophenone 
benzophenone 
9-~!uorenone 
henzofluorenone 
~ihyarc xyan~hr aqulnoue 
nenrahy~roanhhr aquinone 
phenan~hri~one 

Carboxylic Acids and . 
Deri vati yes 

• . phthalic acids 
phthalic esters " 
adipate esters 
phtbalate esters 
>C 9 aliphatic esters 

ace=Ic aci~ 
benzoic acid• 
henzamlde 
e~hyl ace~a 

• ethylBenzyi acetate 
methyl be±zoate 
isobut'yl ~innama~ e 
dibu~yl phnhalane 

Ca==iZac=) 
diiso~ut'y! phthalate 

'(ar=~a=t) 
d/cyclohexyl phthala~ e 

( a r = ~ a = = )  

Ni t r i  I es 
cyanotol uene 

(benzonitrile) 

• ace~onitrile 
cyanobu~adiene 
2,2f-dicyanobiphenyl 
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MEG Cate~ory "Name 

.l.O. Amines 
ani I i ne 
Co-el kyl ani I i ne 
C~-al kylanil ine " 
af~i notol uene 
benzofl uoreneami ne 
methyl ami noace- 

naphthyl erie 
methybenzor'l uorene- 

• amine 
benzi dine 
l-aminonaphthalene 
methyl ami nonaphthal ene 

' ' aminotetralin 

a i~h~=a  
N-metkyl-O - ~o luicli~e 

13. Thiols, Sulfides, and 
Disul f i  des • 
methanethiol 
ethanethi oi 
propyl enethiol  

4.ime~hyl sulfide 
dimethyl disulfide 
~=itbiahe-xane 
dichenyl ~Isulfide 

15. Benzene, Substituted 
• Benzene Hydrocarbons 

benzene 
,Co-el kyl benzene 
C~-al kyl benzene 

• t~l uene 
ethyl benzene 

• styrene 
C~-benzene 
C~.-benzene 

• "b~phenyl 
biphenyl erie 
diphenylmethane 
indan " 
Ca-el kyl i ndane 
C~-al kyl i ndane 
m~thyl indane 
xyl enes 
o-xyl ene . 
m- and p- xylene 
xylene and ethyl 

benzene 
• tetrahydronaphthal ene 

ethy!s=yrene 
n-prcpylb enzena 
isopropylb enzene 
i,-2-dime~hylb enzene 
t-butylbenze=e 
u-p em'~ylb e~zene 
3,5-~imethy!-l-" 

isopropylb enzene 
• triethylhenzene , 

m-ethyltoluene 
m-ethyl=o luene 
~Timethylbenzene 
I, 2,4 -CEimenhy!- 

benzene 
i', 3,5-trimethylbeuz ene 
o-dia~hylh enzene 
m-die ~hylh euzeue 
• p-die~hylB euzene 



TABLE i (continued). 

MEG Catesory Name 

15. (Continued) 
me~hyl~e~rahydro- 

naphthalene 
4-1methyltetrahydr~- 

naphthalene 
tl-~thyltetrahydro- 

naphthalene 
l, 2,3, ¢-~e ~rahTdro- 

naphthalene 
5,8-4imethyi-l-n- 

ocnyl-l,2,3,4- 
~e~ahyd=onaph=halene 

l-methyi-4~u-hep ~yl- 
1,2,3,4-~e~ra- 
hydronaphtha!ene 

me~-hylhiphenyl 
3-~-e~hylbipheny! 
dlphenyleuhane 
di( ethylphenyl ) ethane 
suilbene( i, 2 diphenyl- 

ethene) 
methy !p henyle=hyne 
diphenyle~hyne 
1,2-d/phenylpropane 
d/-xyly!e~hane 
o-=ez~henyl 
m- ~erp. henyl 
p-¢erphenyl 

p en~echylindan 
me~hy- I, 2,3-dihydro- 

in,erie 
dime=hylindene 
trimethylindene 

16. Polychl orinated 
biphenyl s (PCB) 
none 

I7 .  D~nitrotoluenes 
none 

18. Phenols 
phenols 
C~-al kyl p heno l 
C~-al kyl phenol 
C~-al-ky-lphen~l. 
i~opropylphenol 
n-propyl phenol 
cresol 
xyl enol 
2 o4,6-trimethyl phenol 
l-naphthol 
l -acenephtho I _ 
C~-al kyl acenaphthol 
C~-al kyl acenephthol 
C~-al kyl hydroxy- 

acenaphthene 
C=-al kyl hydroxy- 
u anthracene 

C~-al kyl hydroxypyrene 
C~-al kyl naphthol 
h~droxyacenaphthene 
hydroxyanthracene 
hydroxybenzofl uorene 
methyl acenaphthol 
methyl naph.thol 
indanol 

MEG Category Name 

IB. (Continued) 
o-cresol 
m-c~:esol 
p-cresol 
o-ethylphenol 
m-ethylpheno 1 
p-e=hylphenol 
o-allylphenol 
m-phenylphenol 

• 2,3-my!eno-l, .. 
2,4-xylenol 
2,5-.~y!enol 
2,6-xylenol 
3,4-~/!eno 1 
3,5-xylenoi 
3-me~hyl-6-ethyl- 

phenol 
2-methyl-4-e~hyl- 

phenol 
4-tert-butyl-o-cresol 
~i-~-buy~l-4-ethyl- 

pheuol 
Crime~hTlphenol 
2-hydroxynaphthalene 
methylhydroxy- 

naphthalene 
hydroxyflu~ rene 

20. Oinitrocresol " 
noI~e 

21. Fused Polycyclic 
Hydrocarbons 
naphthal erie 
higher aromatics 
methyInaphthalene 
l-methyl naphthalene 
2-methyl naphtha] ene 
Cpal kyl naphthalene 
aiIthracene 
C2-al kyl anthracene 
9-methyl anthracene 
phenanthrene 
acenaphthene 
acenaphthylene 
C~-al kyl acenaphtha- 

lene . 
C~-al kyl acena- 

phthene 
C3-al kyl ace- 

naphthene 
binaphthyl 
methyl acenephthy- 

l ene 
methyl acenaphthene 
C~¢H~, :3 rings 
b~z6~a)anthracene 
7,12-dimethyl benzo- 

(a) anthracene 
methyl phenanthra- 

Cene 
methyl triphenyl ene 
t r i  phenyl ene 
ClRH~n:4 rings 
3-~et~lyl chol anth- 

rene 
benzo(c)phenan- 

threne 

MEG Category Name 

21. (Continued) 
chrysene 
methyl crysene 
pyrene 
l-methyl pyrene 
dibenz(a,h)- 

anthracene 
benzo (a)pyrene 
peryl erie 

-benzo (e)pyrene-- 
benzoperyl erie 
benzo (g,h ,i ) peryl ene 

cyclobu=ad_%beuz ~ne 
me=hyldihydro- 

n~ph=halene 
ethy!ma~htha!ene 
isopropyl- 

naphthalene 
1-met hyl-Y-isop r opy!- 

naphthalene 
1,2-i/hydro-3,5,8- 

trima~hylnaphtha!ene 
2-b~!naphtha!ene 
dimechylnaph~halene 
i, 4-~e~hylnaph~ha!ene 
2,3-4ime~hyln~p ht -halene 
2., 6 -4~T,e~hy!nap hthalene 
~rimethylnaph~ha!ena 
3-me=hylacanaphnhalene 
e=hylanthracene 
l-me=hylphenannhrene 
3-me=hylphenan~hrene 
4,5-~ne~hylpheim_ur/lr ate 
prapenyiphenanthrene 
trans-9-9 top enylphen- 

anthrene 
8-=-~u~ylphenan=hrene 
2,7-4~e=hyl~henen- 

threne 
i, 2-b enzanthracene 
h~x/hy~ro-I, 2-h enz- 

anuhr~cene 
me=hyl-I, 2-benzan- 

cJlracene 
2, 3-benzanthracene 

3,4--benzoph~Uhrene 
methylbenzophenan- 

uhrene 
5,8-dlmet~yl-3,4-benzo- 

phenanthrene 
9, lO-benzophenan=hrene 

(Urlphenylene) 
i, 2,3,4-tatrahydro- 

9, lO-benzo- 
pheueuthrene 

2-~ethyl-9, lO-b enzo- 
phenanthrene 

2-n-h~%79 erylene 
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@ Table ! ( c o n t i n u e d ) .  

MEfi. CateQory Name 

22. Fused Non-Alternant 
• Polycyclic Hydrocarbons 

indene 
C,-alkylindene 
C~-alkylindene 
rTuore~e 
methylindene 
methylfluorene 

• benzofluorene 
(fluoranthene) 

benzo(b)fluorene 
benzo(a)fluorene 
benzo(k)fluoranthene 
benzo(b)fluoranthene 
indeno(l,2,3-cd)pyrene 

l-ma~hylfluo=ene 
dim~chylfluorene 
i,2,3,4-~etrahydro- 

fluoranChene 

• 23. Hetarocyclic Nitrogen 
•Compounds 
pyridine 
C~-alkylpyridine 
C~-alkylpyridine 
C~-alkylpyridine 
m~thyiByridine 

(picolines) 
dimethylpyroline 
quinolines 
C2-alkylquinolines 
C~-alkylquinolines 
2~methylquinoline 
acridine 
C~-alkylacridine 
C~-alkylacridine 
C~-alkylbenzoquinoline 
Cq-alkylbenzoquinoline 
m~thylacridine 
dihydroacridine 
~ethylbenzophen- 

anthradine 
:benzophenanthridine 
benzoquinoline 

(phenanthridine) 
methylbenzoquinolina 
indole 
mathylindole 
car~azole 
methylcarbazole 
pyrroline 

pyrrole 
me~hylpyrrole 
4-ace~ylpyrid±ne 
~rime~hylpyrldine 
2,4-dimenhyl-6-echyl- 

pyridine 

MEG Category 

23. (Continued) 

Name 

2-hydroxy-4-phenyl- 
pyridine 

2-hydroxy-6-phe=yl- 
pyri~/ne 

3,4-~iphenylpyri4/ne 
benzopyri~ine 
2, 2 ~-dima~hyl-4,4 ~- 

dipyridyl 
me=hyl-3-allylhydro- 

indole 
3-me thyl-3-allydihydro - 

indole 
phenylindole 
3-methyl-2-phenyliudo le 
3,3"-biindolyl 
iscqulnoline 
3-me:hylquino line 
6 -me:hylquinoline 
ethylqulnoline 
3-n-propylquincline • 
4-n-propylquinu line 
8-n-propylquinoline 
dimet hylquino line 
2,6-dimechylquinoline 
me =hylphenylquino xaliue 
4-styrylquinoline 
3-me~hylb enz oquino line 
benzimidazole 
machylbenzimid~zo! e 
2-ethylbenzimidazole 
benzylbenzimidaz 0 le • 
benzothiazole 
2-me~hyl-S-phenyl- 

~etrazole 
d£phenyloxazcle 
dlme~hylacrldlne 
acridone 
I, 2,3,4-~enrahydro- ' 

carbazole 
3-amino-9-e~hyl- 

carbazole 
vinylphenylcarbazole 
1,4-dihydro-2,3- 

benzo (b) carbazole 
2-amino -¢-phenyl-6- 

me~hyl-pyr'~ dine 
2-smina-5-chlozo--4,6- 

dimechylpyrlmid£ne 
4- ( 1,2,3,4-te=rahydro-~- 

• nagh=hyl)_morpholine 
3-b dnzylindene ph~hal- 

imide 

Neterocyclic Oxygen 
Compounds • 
methyldioxolane 
benzofuran 
dibenzofuran 

MEG Category Name 

24. (Continued). 
furan 
2-methyihenzu furan • 

_ 3-methylhenzo furan 
5-me=hylbenzo furan 
7-me=hylbenzo furan 
3,3-dihydro-2-ma~hyl- • 

benzofu=~n 
~Lim~nhylb enz= furan 
3,6-dime=hylbenzo furan 
dihydromethylphenyl- 

be~zofuran 
xan:hene 

25. Heterocyclic Sulfur 
Compounds 

• tbiophene 
C~-thiophenes . 
m~thyIthiophene 
dimathyl thiophene 
benzothiophene 

crime~hyl~hiophene 
isc~ropyl ~hiophene. 
e=hylthiophene 
2-n-p r opyl-5-isobuuyl- 

~bio=hene 
m a t  h y l b  e n z o  ~ .h iop  he .he  

4/methyl5 enzo t hiophene 
=rime~hylhenzo- 

~hiophene 
benzodi~hiophene 
me=h71b enzodi- 

~hiophene • 
dibenzouhiophene 
mechy1dihenzo- - " 

~hlophene :•. 
dihydz9 dime Chy£ ~hieno - 

~ . o p h e . n a  
• dimethylnhiaindene 
=hiaxanuhene 

o .  

Note: •Compounds are l isted by MEG category with those which have been quantitated foliowed 
by those for which qualitative identifications are available. 
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TABLE 2. ~LAXLMUM CONCENTRATIONS REPORTED FOR GASEOUS STREAMS FROM 
COAL GASIFICATION (.p.glm 3) 

Gas (Product) 

Carbon Dioxide 4.7E8 RTI 

Carbon Monoxide 3.0E8 RTI 

Methane 3.6E7 RTI 

Hydrogen 2.7E7 RTI 

~ydrogen Sulfide 1.7E7 ~TI 

Benzene 3.3E6 RTI 

Thiophene 2.3E6 RTi 

Toluene !.3E6 RTi 

Ethane 1.3E6 ~ RTI 

Ethylene 9.4E5 RTI 

Gas (Discharge) 

Carbon Dioxide 

Ammonia 

C6+ hydrocarbons 

Benzene 

Methane 

Hydrogen Sulfide 

Ethanethiol 

Phenols 

Ethane 

Methanethiol 

I.IE9 

3.1E8 

2.9E8 

i. 3E8 

5.4E7 

3.0E7 

2.7E7 

2.6E7 

2.iE7 

!.IE7 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

Research Triangle Institute. RTI 

K = Kosovo Gasification Plant. 
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TABLE 3. MAXIMUM CONCENTRATIONS REPORTED FOR LIQUIDDISCHARGES FROM 
COAL GASIFICATION (~g/Z) 

Phenol 

Cresols 

. . . . . . . . . . . . . .  Xy enols-. 

Organics Inorganigs 

2.8E6 RTI 

1.5E6 KTI 

3.75E5 KTI 

Ammonia 

Sulfate • 

Sodium 

7.9E6 

2.8E6 

• !. 7E6 

2,4,6-Trimethy!pheno! 

1-Methylnaphthalene 

2-Methylnaphtha!ene 

Chrysene 

Pheuanthrene 

Acenaphthene 

Fluorene " 

I. 8E4 KTI 

4.8E2 RTI 

2.2E2 RTI 

1.6E2 RTi 

9.6El KTI 

5.7Ei KTI 

5 .TE! RTI 

Cyanide 

Sulfur 

Thi0cyanate 

Calcium 

Sulfite 

Su!fite 

Nitrate 

1.0E6 

9.7E5 

2.7E5 

2.2E5 

4.7E4 

4.7E4 

!. 7E4 

KTi 

Ft. Snlg. 

Ft. Snlg. 

KTI 

Ft. Snlg. 

• RT! 

• Ft. Snig. 

Ft. Snlg. 

• sn!g. 

GG 

::KTI = Research T/riangle: Institute. 

GG = Glen Gery Gasification Plant. 
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TABLE 4. MAXIMUM CONCENTRATIONS REPORTED FOR SELECTED COAL 
GASIFICATION STREAMS (~g/g) 

Solid (Discharge) Tar (Byproducts) 

Potassium 4.0E5 Chapman 

Silicon 1.4E5 Ft. Snlg. 

Iron 9.0E4 Ft. Snlg. 

Aluminum 8.8E4 Ft. Snlg. 

Calcium 5.0E4 Ft. Sn!g. 

Rubidium 2.0E4 Chapman 

Sodium i.8E4 Ft. Snlg. 

Sulfur 1.5E4 GG 

Magnesium 1.3E4 Ft. Snig. 

Barium 5.5E3 Ft. Snlg. 

Xylenols 1.2E5 

Cresols 6.7E4 

Naphthalene 5.7E4 

Benzof!uorene 3.4E4 

Phtha!ate Esters 3.0E4 

2,4,6-Trimethy!pheno! 2.4E4 

Pyrene 2.4E4 

Phenanthrene 2.3E4 

Anthracene 2.3E4 

Phenols 2.2E4 

RTI 

RTI 

RTI 

RTI 

Chapman 

RTI 

RTI 

RTI 

RTI 

KTI 

RTI = Research Triangle Institute 

GG = Glen Gery Gasificatio~ Plant. 
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maxima are tabulated without regard to stream flow rate or pot~tial dilu- 

tion effects; as such they represent a measure of potential acute~ exposure 

hazard. Lqng-term effects may be gauged more realistically by donsider- • 

ation of actual mass emissions. 

For each source considered, the mass fIow rates in all product, by- 

product and discharge streams were summed for each chemical species quan- 

titated. These sums were then normalized by dividing by the coal input 

rate for each source ~ to obtain production factors. • Process Streams which 

do not leave the facility were excluded from this analysis to avoid counting 

the same material more than once as it moves through the gasification faci- 

lity. For the 14 source compilations Clout from Radiau plus !0 from KTI) 

maximum production factors for each chemical species qua~titated were 

determined. These factors are listed in Table 5 accompanied by an entry 

referring to the source upon which they are based..• While those values have 

been normalized on the basis of coal input, it must be remembered that 

different streams were sampled at different locations and different chemi- 

cal analytical strategies were adopted for different samples. 

Priorities for monitoring, regulation; and control technology develop- 

ment may be established from a ranking of the potential hazards associated 

with individual chemical• species. Discharge severity can be used for this 

purpose. Table 6 lists those species of potential health hazard. Discharge 

severities of less than one represent minimal hazards; species in this 

category have been omitted from the table. Th~ remaining species are 

ranked by the order of magnitude of their discharge severity. Primary 

consideration should be given to controlling •those species occupying the 

highest positions on the list. 

A similar ranking is presented in Table 7. ~ Here, ecological DMEG 

values have been used in the calculation of discharge severitieS. Con- 

siderable differences in pollutant I raukings occur between the Do tables; a 

rational approach to pollutant control would:emphasize the entries of 

highest discharge severity on both bases. 

DISCUSSION ' :  

• . The lprocessin'g of coal to yield gaseous fuels generates substances 

which are known to be hazardous. Among the wide spectrum of products, 

hyproducts, process, intermediates and waste •streams are substances, noted 

- 4 9 5  . ,  



ME~ 

OIA 
OIA 
OIA 
OIA 
OIA 
OIA 
OIA 
OIA 
OIA/B 
OlB 
OIB 
O10 
OIC 
03A 
O3A 
05A 
OSA 
O7B 
08A 
OBD 
OBD 
ogn 
09B 
OgB 
lOC 
IOC 
IOC 
IOC 
lOC 
IOC 
iOC 
10C 
lOC 
iOC 
IOC 
13A 
13A 
1BA 
lSA 
15A 
15A 
lea 
15A/B 
IgA 
18B 
IgB 
15B/A 
IBB/A 
15B 
16A 
17A 
18A 
18A 
18A 
18A 
IBA 
18A 
18A 
IBA 
18C 

~/~BT,~. 5. MAXIHUH TOTAL PRODUCTION FACTORS FOR OHEI(ICAL SPECIES DETER)lINED Ill MEASURED 
PRODUCT, BYPRODUCT AND DISCIIARgE STREAMS FROM COAL GASIFIF~S 

Chenical Name 
Methane 
Ethane 
Propane 
n-ButanR 
i-Butane 
Pentanes 
C 6 Al kanes 
>C]3 A1 kanes 
~thane & Ethylene 
Ethyl ene 
Prowl ene 
Acetylene 
Phenylacetylene 
Anisoles 
Methyl ani sol e 
>C6 Aliphatic Alcohols 
>Ci8 Al iphatic Al cobol s 
Ace~ophenone 
Phthellic Acid* 
Phthallic Esters* 
Adipate Esters 
>Cg Aliphatic Esters 
Behzonitrile 
Cyanotol uene 
Ani I i ne 
Benzidi ne 
Aminonaphthalene 
Methyl aminonaphthal ene 
Amlnotetral in 
C~-A1 kylanil ine 
C~-A1 kyl ani I i ne 
B~nzo~ uo~ene~mine 
Methyl benzofl uoreneamine 
Methyl aminoacenaphthylene 
Amineto] uene 
Methenethiol 
czH~s 
Benzene 

Toluene 
Ethybenzene 
Biphenyl 
Oiphenylmethene 
Cq-Al kyl benzene 
S~yrene 
Xylenes 
Indan 
C3.Benzenes 
CB-Benzenes 
Tetrahydronaphthal ene 
Polychlorineted giphenyls* 
Oinit-rotol uenes 
Phenol 
Cresols 
Xyl enol s 
Tri=ethylphenol 
O-Isepropyl phenol 
Oo-A1 kylphenol 
C~-Alkylphenol 
C~- Al kyl phenol 
Ilidanol 

Production Factor HEG 
(lzq/q coal input) ~ Ch~nical Name 

~.2E5 R41 1Be I~aphthol 
3.4E3 R?.I 18C Methyl naphthol 
4.2E2 R21 IgO .C2-AI kylnaphthol" 
1.7E2 R21 IBC H,~droxyaoenaphthylene 
1.7F~ REl 18C Hydroxyacenephthene 
1.2E-6 K lBC Methyl hydroxyacenaphthene 
4.9El 0 IgC C2-Al kyl hydroxyacenephthene 
9.2E1 C 18C C~-AI kyl hydroxyacenaphthene 
I.OE-7 K 1BC H)droxyenthracene 
2.4E3 R2I 180 C=-Alkyl hydroxyan~racene 
4.. 9E2 R21 1Be ~-Al kyl hydroxypyrene 
3.1 E1 R21 18C R)droxybenzofl uorene 
2.BE-I C 20B Oinitrocresol 
8.4E2 C ZIA Haphthalene 
3.5E-1 C 21A Co-A1 kylnaphthalene 
3.4E2 C 2IA 1 ~'~lethyl naphthalene 
6.2E-Z C 21A' Z-Methyl naphthalene 
3.2E-2 C 21A Acenaphthylene 
1.0E1 C Z1A Acenaphthene 
3. OF.3 C ElA Phenanthrane 
2.2ES C 2IA g-Methyl anthracene 
4.. 8F2 C Z1A Anthracene 
Z.OE-I C 2IA C~=H~o: 3 rings 
1.rE-1 C 21A Bllla~hthyl 
8.9E0 R21 21A Methylacenaphthyl ene 
2.0El R?_3 21A Methylacenaphthene 
1.0E2 C 21A Co-A1 kylacenaphthene 
1.1E-1 C 21A C~-A1 kylacenaphthene 
9. OEI C 21A C)-AI kyl anthracene 
l.OEl C 21A HTgher Aromatics 
2.0El C 21B Benz(a)Anthracene 
6.n~ c 21B Triphenyl ene 
2.0El C 21B Chrysene 
Z. OEl C 21B Pyrene 
4..BEol C 21B C1~H1n: 4. rings 
7.8El R36 21B 7;T2"-l)imathyl benz(a ) 
1.0E2 RB.l Anthracene 
3.BE4. R3B ElB 3-Methyl cholanthrene 
2.2F.3 R35 21B Benzo(c)Phenanthrene 
2.3E2 R2I 2lg Methytphenanthracene 
9.2El RB.I 2I B Methyl chrysene 
6.5E0 R2B zig Methyl pyrene 
.4.2E0 C ZIB Methyl triphenylene 
1 .lEO C ZlC Dibenzo (e,h)Anthracene 
8.0E R35 21C Benzo(a)Pyrene 
4.4.Et RB1 2lC Benzo(e)Pyrene 
1.2E2 RBl 21C Perylene 
8.4E2 RBl 210 Benzo(g,h,i)Perylene 
B.BF.2 C 21D Benzoperylene 
3.IE-Z. F5 22A Fluorene 
4..BEO FS ?.2A Indene 
1.6E3 R35 22A Methylindene 
l.BE3 RBO 22A C~ A1 kylindene 
1.3E3 R3B 2?.A = ~Tk lB indene_  

1.7E2 RBI 22B • 
6.8E2 C 22B F1 tmranthene 
1,OF-2 C 22B Benzofluorane 
3.BE-I C ?.2C Benzo(h) Ruoranthene 
3.0El C 22C Benzo(b)Fluoranthene 

Production Facet  
(uG/a coal inout) 

I.BE2 C 
Z.OE2 C 
3.0El C 
7.4E-3 0 
3.0El C 
9.0El C 
l.BE2 C 
7.0El C 
1.5 ~=~ C 
2.OEZ C 
2.1E2 C 
3.5E2 C 
3.7E0 C 
2.3E¢ R21 
5.0E2 C 
1.4.E?. R2S 
3.3EZ R21 
4.3E2 C 
1.5E2 C 
7.BEZ R2I 
5.3EZ R21 
B.OEZ R¢l 
2.OE-t R35 
Z.8E-I C 
2.8E2 C 
6.3EI C 
1.2f!2 C 
B.1El C 
B.OE1 C 
6.9E-9 K 
1.6EZ R21 
Z.9E2 C 
Z.OF2 C 
7 . ~  R¢t 
4.3E-1 R35 

3.3E-1 Fg 
9.fiE-3 FS 
2.0EO FS 
2.1ES C 
5.4E2 C 
3.8F.2 C 
1.2E2. C 
g.3El t~l 
1.2E2 R21 
6.9El RZI 
g.OEl C 
4.8El I~5 
5.OE1 C 
2.662 R2"I 
4-.4E2 R41 
1.5EI C 
3.7E1 C 
1 .BEO C 
g. 6El R21 
5.6 E1 R21 
1 .OE3 Re1 
3.BE2 C 
5.3El R21 
1 .OF.2 R21 
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MEG 
ca~ory 

22D 
23A 
23A 
23A 
23A 
23A 
23B 
23B 
23B 
23B 
.23B 
23B 
23B 
23B 
23B 
23B 
23B 
23B 
23B 
235 
23C 
23C 
23C 
23C 
24A 
24B 
29A 
25A 
25A 
25A 
25D 
27 
28 
29 
30 
31 
3Z 
33 
33 
34 
35 
36 
37 
38 

. 39 
41 
42 
42 
4~ 

44. 
45 
46 
47 
47 
47 
¢7 
47 
47 
48 

TJ~T,R "5. MAXIMUM TOTAL PRODUCTION FACTORS FOR CHEMICAL SPECIES DETEP3tINED IN MEASUR~ 
PRODUCT, BYPRODUCT AND DISCHARGE STREAMS FROM COAL GASIFIERS (continued} 

• Production Factor ME6 
Ch~ical Na~e 

Indeno(1,2,3-cg)Pyrene 
Pyridine 
Methylpyridine 
C~-AI ~I pyridine 
C~-Alkylpyridine 
C~-AI kylpyridime. 
Q~inol ine 
Acridine 
Methylquinol ine 

. Co-AI kyl quinol i ne 
• C;-AI kylquinoiine 
M~thylacridine " 
Benzophenanthridine 
Methylbenzophenanthridine 
C:-AI kylacridine 
C~-Al kyl acridine 
B~nzoquinoline 
Methylb~zoquinol ine 
C~-Atkyl benzoquinoline 
OThydroacridine 
Indole 
Carbazole 
Methyl carbazol e 
Pyrroline 
Benzofuran 
Oibemzofuran 
Thiophena 
Methylthiophene 
Dimathylthiephene 
C~-Thiophenes 
B~nzothiophene 
Lithium 
Sodium 
Potassium m 

Rubidium 
Cesium 
Beryllium 
Magnesium 
Rhenium 
Calcium 
Strontium 
Barium 
Boron 
Aluminum 

• Gallium 
Thallium 
Carbon Monoxide 
Carbon Dioxide 

• Carbonate 
Sil icon 
Gemanium 
Tin 
• Lead 

Cyanide 
Nitrogen Oxide 
Nitrogen Dioxide 
Nitrate 
Nitrite 
Phosphorus 

(ug/q coal input) 

4.6E1 R~I 
1.6E-I C 
7.1E-I C 
Z.GEO C 
1.2El C 
2.OEI C 
I.gE3 C 
9.OEI C 
6.OEl C 
2.3E2 C 
I.IE~ C 
4.0E1 C 
9.6E-2 C 
4.8E-2 C 
g.OEI C 
6.0El C 
7.0El C 
3.0E2 C 
6.0El C 
2.2E-t FS 
1 .gEo R21 
5.3E1 RBO 
2.OE1 C 
4.0E-2 C 
1.3E2 R25 
2.7E2 R21 
3.77=3 R51 
2.9F.2 R41 
5.DE1 R41 
3.3E2 R23 
2.6E2 R41 
4. IEI  FS 
1.5E4 FS 
7.3E3 FS 
1.2~ C 
6.8E0 FS 
7.6E0 FS" 
1.1E4 FS 
6.1E-I FS 
4.4E4 FS 
1.6E3 FS 
4.7E3 FS 
1 .SF_Z FS 
7.5E¢ FS 
8.OEO , FS 
4.8E-2 "66 
9.8E5 R48 
1.2E6 R48 
3.5E-4 C 
4.3E2 C 
I.IE-I FS 
1.8EI C 
1 .IEI RBO 
8.8F.3 R21 
2.1E1 R4B 
7.3E0 C 
5.3EI C 
2.2E-2 R21 
5.DE-4 FS 
1.7E3 FS 

48 
49 
50 
51 
s3 
53 
53 
53 
53 
53 
53 
53 
54 
55 
56 
56 
57 
57 
58 
58 
5g 
59 
60 

• 61 
62 
63 
64 
6S 
66 
68 
69 
70 
71 
72 
72 
74" 
76 
76 
78 
79 
80 
81 
82 
83 
84 
84 
84 
84 
84 
84 
84 

84 
84 
84 

"84 
8 4  
84 
85 
85 

Ch~ic~l Nine 

Phosphate • . 

Arsenic 
Antimony 
Bismuth 
Sulfur 
Sul fate 
Sul f i t s  
Hydrogen Sulfide 
Carbenyl Sulfide 
Carbon Disulfide 
Sulfur Dioxide 
Thiocyanate • 
Selenim 
Tel 1 uri um 
F1 uo~ ne 
Fluor ide 
Chlorine 
Chloride 
"Bromine 
Bromide 
Iodine . 

lodid~ 
Scandium 
Yttrium 
Ti tan i  um 
Zirconium 
Hafnium 
Vanadium 
Niobium 
Chrondum 
Molybdenum 
Tungsi~n 
Manganese 
Iron 
Iron Carbony'i *'-'~ 
Cobalt .. ' 
Ni ckel 
Nickel Carbdnyl** 
Copper 
Silver 
6old 
Zinc 

• Cadmi m 
Mercury 
Carl u~ 
Lanthanum " 

Neodymium 
Praseodymium 
Samrium - 
Dysprosium 
Erbium 
Europium 
Gadol Ini um 
Holmium 
Terbium 
Thulium 
Lutetium 
Ytterbium 
Thorium 
Uranium 

Freduction Factor 
(=g/g c o a l  inout)  

9.GEl 66 
2.7E1 
1.3E1 C 
1.7GO G~ 
7.6E3 FS 
7.OEl FS 
1.2E6 FS 
4.1E4 R25 
1.3E3 RSD 
2.8E2 RSO 
1.7GO C 
5.gEZ R2l 
4.4EI FS 

• 2o0E-2 G6 
1.7EZ F$ 
5.9E.0 66 
4.8E3 R2,.I 
Z.8E3 R5Q 
Z.9EI 66 
S.GE-t C 
S.OEl GG 
5.0E-2 R5O 
3.5E0 F~ 
5.OEI FS 
3.8E3 FS 
1.5E2 FS 
G.GE-] P3 
3.5E2 F5 
2.6E1 FS 
S.SE2 RSO 
1.4E1 E-G 
8.7E-I FS 
I.SE2 F~ 
7.BEt FS 
I.IEO 
2.OEl FS 
6.4El FS 
Z.OE-4 S.~ 
I.OE2 C 
8.1E-1 FS 
8.6E-4 F,6 
2.OE1 FS 
6.gEI FS 
1.4El FS 
9.3E1 FS 
9,3E1 F~ 
2~5E3 FS 
1.4El FS 
1 . IEl  FS 
1.2E-2 FS 
1.3E-3 FS 
2.0E-3 FS 
3.gE-3 FS 
2,0E-3 FS 
6.8E-2 G~ 
1 .gE-2 C-~ 
2.gE-Z 66 
1.gE-I BE 
Z.OEI FS 
1.4El FS 

* Probable A r t i f a c t  " 
Inferred Concent~t ion 

C = Chapmen . 
FS = Wellman ~ lusha  (Fort  Snel l ing) 

~ = WelIman 6alusha (Glen Gory) , 
K = KOSOVO 

R(" } = IRTI "(Test Nude#) 
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TABLE 6. RANKING OF CHEMICAL SPECIES IN COAL GASIFICATION STREAMS RELATIVE 
TO THEIR ENVIRONMENTAL (HEALTH) HAZARD POTENTIAL) 

Discharge 
Severity 
COrder of 
Magnitude) 

Stream Type 

Gaseous Liquid Sol id Tar 

I00.000 benzoCa)pyrene~CC,O) cresols{R¢3,0)(RSO,D) 
xylenols÷(RBO,O) 

benzo(a)wrene +(RZI,P) 
cresols(RBI,P) 
xylenols+(R43,P) 

I0.000 amT~nia+CK,O) 
benzene+CK,O) 
carbon monoxide~G,D) 
ethanethiol(K,D) 
meth~e~hiol(K,O) 

1,000 carbon dioxide(K,$) 
hydrogen cyanide+(K,O) 
hydrogen sulfide(R25,P) 
phenol+(K,D) 
chromiL~n+(C,D) 
7,1Z-dimethylbenz(a) 
anthracene(F,P) 

thiophene(RSl,P) 

chromi~(R43,D) **~ dibenzo(a,h)anthracene+(R2S,P) 
trimathylphenol(R¢3,P) 

an~onia+(R25,O) 
arseoic+(RSO,O) 
chromiLm~F.(R50,D)*** 
cyanide+(C,5) 
mercuryCK,S) 

mercury+(G,D) chromiu~÷(R3e,P)*** 
naphthol(C,P) 

100 arse~ic+(F,P) beozo(a)pyreoe+CR43,g) 
carbonyl sulfide(K,S) phenol+(R43,0) (RSO,D) 
dibeozo(a,h) anthrac~+(F,P) sodium(F,O) 
hydrogeo(R21,P) 
iron carbonyl**(G,n} 
mercury+(F,P) 
seleoium+(F, )P 
si I ve~. (C .n ) 
uranium(C,D) 

ar~enic+(R36,n) 
iron(F,D) 
potassium(C,O) 

beozo(a)anthracene+.(R25,P) 
ind~nol(C,P) 

10 aluminLvn(F,P) fluoride(C,S) 
aminotoluene(C,O) seleoi~-(C,S) 
barium(F,P} sulfide(G,D) 
benzo(a)anthracene+(FoP) 
bipheoyl(F,P) 
cadmium+(F,P) 
calcium 
carbon disulfida(RSO,P) 
copper+(C,D) 
cr~ols(C.0) 
C¢-hydrocarbons(K.S) 
Cs-hy~rbons(K,D) 
d~nit-rocre~ols÷(F.P) 
iron(F,P) 
lithium(F,P) 
magn~ium(F,P) 
methane(RSl,P) 
~aphthalene+(R25,P} 
nickel+(F,P) 
nitrogen dioxideCC,O) 
phenanthrene+CC,D) 
phospho~us(F,P) 
phthalate esters*+CC,D) 
polychlorinated " 
biphenyls CPCB)*+(F,P) 

potassiumCC,D) 
sulfur dioxideCG,D} 
talueoe+{K,O) 
xylenols+CR35,P} 

aluminum(F,O) 
barium(F,D) 
beryllium+.(RBO, D) 
manganese+(G,D) 
nickel+(RSl,9) 
selenium+(R43,D) 

arseoic+(RSi,P) 
ph~ol+(RSl,P) 

KEY 

Source Gasifier 

G Wellman-Galusha {Glen-Gery) 
F Wellmn-Galush~ {Ft. Snelling) 
C Chapman 
R#. RTI Run No. 
K Kosova Lurgi 

Soufx:e S t r e ~  
Classl fic~Cion 

O Discharge 
P Product or Byproduct 
S Process Sb'~eam 

aminonaphtbal ene(C,O ) 
benzo (c) ph~anthrane(F,P) 
be~ylli~n+. (F,P) 
chryseoe+(C,O) 
dini troll ueoe+. CF,P ) 
indeoe(C,O} 
lead+(C,O) 
3-~thylcholanthre~e(F,P) 
nit.gem oxide(C,O) 
strontimn(F,P) 
xylenes(RBl ,P) 

• Probable artifact. 

aminatoluene(C,$) antimony+(C,D) 
barium(G,D) calci~(F,O) (C,O} 
iron(G,D) copper+(C,D) 
lead+CRSO,D) lead+CG,O) 
lithi~(F,0) (C.O} llthi~(G.O) 
phosphons(C.S) phospho~(C.D} 
sul f~i~(F.O) sllicon(F.O) 

~notoluene(C,P) 
bB~fluor~Jnine (C .P ) 
benzo (b) fluoran~e(R21 ,P) 
• blphenyl {R36,P ) 
cadmium(RSl ,P) 
chry~ena+CRZS,P) 
copper(C,P) 
lead+(C,P) 
g-methyl anthracene( R21 ,P} 
phenanthr~ne+(RZl ,P) (RZS,P) 
ph~ala~ esters*+(C,P} 

**Inferred fro~ iron concent~tion. 
***Stainless st~l laboratory reactor probably resulted in increased conceo.t-ration. 
~'Priority pollutant (consent decree compound). 
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TABLE 7. EANKh~G 0 ~ '  CHEICICAL SPECIES IN COAL GASIFICATION STREAMS EELAT!-VE 

TO ~EEZ~ E~VZ~O~Em~TAL (ECOLOGY) EAZA~ P0~E~TZAL 

Discharge ' " Stream Type - :  

Severity 
(Order of • . ,  

Magnitude) Gaseous Liquid Solid Tar 

l,OOO,O00 phosphorus(C,D) naphthalene(R21,P) + 

lOO,O00 an~onia(K,D) am~onia(C,S),(R25,D)+- cresols(RS1,P) 
benzene(K,D) ~ x~IenoI(R¢3,P)+ 
ethylene(K,S) : .  

lO,OOO ¢yanide(C,S) + " benzidine(R23,P) + 
phosphorus(C,S).~ phenol(R51,P) + 
phtha la tes(C,S)~ phthalate esters(C,P) *+ 

t~me~yl phenol (R43,P } 

: l,OOO carbon monoxid~(~,~) cresols(R13,49,5O,D) copper(C,D) + acridine(RZO,P) 
hydrogen sulfide(R25,P) phenol(R32,O) + iron(F,D) arsenic(R21,P~+**~ 
toluene(K,S)+ ' phosphates(K,S) " mer~ury(G,O) + chromitml(R36,P) . 

sulfide(C,S) o-isopropylphenol(RS1,P) 
xylenols(RBO,D) + 

IO0 hydrogen'cyanide(K,D)+ 
mercury(F,F)+ 
vanadium(C,D) 

arsenic(ReD,D)+" 
C~-elkylphenols(C,S) 
cfiromium(RZ6,D)+** 
copper(R49,g) + 
naphthalene(C,$) + 
su l f i t a (F ,O)  

aluminum(F,O) 
chromium(R26,D) +** 
silver(F,9) + 

• ecenaphthene(Rl6,P) + 
aniline(R2O,P) 
cadmium(RSl,P) 
copper(C,P)+ 
~rcury(R4B,P)+. 
selenium(RBI,P) ~ 

I0 methane(RB~,P) aiuminu~(F,O) 
bariumCG,O) 
boron(C,S) 
cadmium(RIB,D} 
calcium(F,O) 
C~-elkylphenols(C,S) 
>C~-alkanea(C,S) 
T~nCG~F,O) • 
nitrates(G,D) 
selenium(C,S) + 
silver(C,S,F&S~D) + 
sul fa te(F,D)  " 

thiocyanate(RZl,O) 
titanium(G,D) 
trimethylp)enol(RII,D) 

arsenic(G,C) + 
barium(F,D) 
calclu~(C,D) 
cobelt(C,D) + 

manganese(C,O) , ,== 
phthalate esters(C,D) *~ 
pot~sium(C;D) 
titanium(F,D) 
vanadium(F,O) 

aminonaphthalena(C,P) 
ami.notetralin(C,P) 
C2-alkylacenephthol (C,P) 
C2-alkylbenzoouinoline(C,P) 
C2-al kyl hydroxYpyr~ne(~ • P } . 
Cs-alkylhydroxyanthrecene(C,P) 
cobalt(RSZ,P) . 

hydroxyanthrace.ns(C,P) 
hydroxybenzo,--luorene(C,P) 
manganase(RBI,P) + 
methylnaphthol(C,P) 
naphthol(C,P)..  
nicksl(RS1,P) ~ 
titantumCRB2,P) 

. ° 

%-alkylbeozene(C,D) 
'C~-alkylbenzene(C,D) 
e~ha~e(K,D) 
thiocyanate(C,O) 

alkylpyridine(K,S) 
aniline(C,S) 
C2-alkyleniline(C,$) 
dimethyIpyridine(K,S) 
lead(K,S)+ 
lithlum(G&F,D) 
mercury(K,S)+ 
2-methylpyridine(K,$) 

• 3&l-methylpy~idine(K,S) 
pyridine(K,S) 
vanadlum(G,D) 
zinc(K,S) + 

antimeny(C,O) + 
boron(F,g) 
cadmium(C,O) , 
lithi~(G,D) 
nickel(R51,D) + 
selenium(C,O) + 
uranium(C,O) 

Source Gasifier 

G Wellman-Ga.lusha (Glen-Gery) 
F Wellman-Galusha {Ft. Snelling) 
C Chelman 
R#RTI Run No, 
K Kosovo Lurgi 

KEY 

eoenaphthol{C,P} 
antimony(R¢9,P) + 
C2;alkylacridine(C,P) 
C2-alkylnaphthel(C,P) 
C2-alkylphenol(C,P) . 

C3-alkylacridine(C,P) 
C3-alkylacenaphthol(C,P) 
C3-alkYlnaphthol(C,P) 
C3-alkylphenol(C,P) . 
C3-benzoquinoline(C,P) 
>Cg-aliphatic eaters(C,P) 
indanol(C,P) 
lead(R31,P)+ • 
me~ylacenaphthol(C,P) 
methylecridine(C,P) 

~ource ~ream 
Classification 

D Discharge . 
P Product or Byproduct 
S Process Stra=-m 

*Probable artifact. 
**St~inlens s t~ l  laboratory reactor probably resulted in increased concentration. 
+Priority pollutant (consent decree compound). I ~ .  
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for acute and chronic toxicity as well as substances capable of causing 

long-term ecological damage. Indeeds one of the majo r goals of low Btu 

gasification is the production of carbon monoxide, a well-kno~ poison even 

at very !ow levels. Trace contaminants present in coal gasification streams 

include some materials considered very hazardous a~d some considered rela- 

tively benin= as well as a large number with unquamtified health and 

ecological effects. 

From the standpoint of potential health hazard~ the gaseous pollutant 

having the highest discharge severity in an individual stream is be~zo<a)- 

pyrene. Present at discharge severities an order of ~gnitude lower CI0,000) 

but still extremely high were ammonias benzenes carbon monoxide~ ethm~ethio! 

and methanethio!. The concentrations of pollutants must be greatly reduced 

before any environmentally acceptable discharge can take place. Overall s 

61 gaseous species were found at DS levels greater than one including 26 of 

the EPA priority pollutants. 

Liquid pollutants representing the highest potential health hazards 

were cresols and xyleno!s. Technology exists for the recovery or treatment 

of these compounds. Ammonias arsenics chromiums cyanides and mercury were 

found im liquid streams at levels two order of magnitude lower (DS = 1000) 

but still require high levels of control. Twenty-one species were found in 

liquid streams at discharge severities greater than one; these iuclude 10 

species on the EPA consent decree list. 

I~ the solid streams s chromium CDS = 10s000), mercury (DS = !,000), 

arsenia~ iron and potassium (DS = 100) present the most serious health 

hazards. It is likely that ash and dust disposal methods will be devised 

to safely handle the overall material; no element specific treatment tech- 

nology is available or promising. Eighteen species were found in solid 

streams at discharge severities exceeding one. These included 10 EPA 

priority pollutants. 

The species present in tars which represent the highest potential 

health hazards are 5enzo~a)pyrenes cresols and xy!enols CDS = i00~000). 

One order of rectitude less hazardous, dihenz~ash)anthracene and trimethyl- 

phenol were found to he present. Some use for this byproduct materials 

perhaps involving combustion or gasification to produce more valuable 

chemicals may be feasibles eliminating or minimizing potential human 
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exposure. Twenty-two •species were foundl in the tar at DS levels greater 

than one. These included ii EPA priority pollutants. 

Potential ec~ological hazards were more severe in~ some cases than 

health hazards. Among the gas streams~ three species: ammonia, benzene 

and ethylene were found at eco!ogicai discharge severity levels of !00,000. 

Phosphorus ~ ~s6-1i~p~se) add ~pkthele~e ~tar~ were ~ found to have dis- 

charge severities ~f 1,008~000. Cambon monoxide, hydrogen ~sulfide and 

toluene were other ecologically hazardous i po!lutants in the gas phase (DS = 

I000). Overall, 16 species were found in the gas phase at DS levels greater 

than one. ~This listing includes species for which supplemental D~G 

values were assigned). These included three EPA priority pol!u~ants. 

in the liquid phase~ ammonia, ~S = I0,O00), and cyanide; phosphorus 

and phthalates ~DS = i000)were the most hazardous ecologically. Forty-t%~ 

• "species were found in liquid streams at DS ievels greater than one. These 

include i4 species on the EPA priority list. 

In addition to phosphorus CDS = 1, 000 , 000) ~ copper~ iron~ ~ and mercury 

(DS = I000) were the most ecologically hazardous species in the solid 

streams. Twenty-three species were found in the solid stre~q" atlDS levels 

greater than one. Of these, 10 are on the EPA priority poliutant list. 

Cresols and xyleno!s (DS = i00~000) were found in tars at DS levels 

one order of magnitude lower than. naphtha!en~ but still• represent, extremely 

high ecological hazards. In all, 46 species were found~ in tars with DS 

levels greater than one. These include 15 species on the EPA priority 

list. 

Individual choice! species within the coal• gasification streams con- 

sidered in this amaiysis have been ranked in order of their potent~ 

hazards to health and ecology. •Priorities for futur~monitoring ~d 

regulatory efforts ca~ be developed on the basis of these ;rankings. Pri- 

mary consideration must he given to expected ~ discharges tO the'environment. 

Many product materials Of an extremely .hazardous nature: can he. Used with 

• minimal, opportunities f0r.lhuman 'contact-Or ecological damage. .S~nilar!y, 

intermediates .within process facilities may be more .hazardous than ~ either 

the starting material or. the end. product, wh~ considered strictly on the 

basis of chemical analysis..Actual.efforts towards pollution ~ control and 

towards the development, of pollution control equipment must focus on eli- 

minating hazardous discharges .and minimizihg fugitive emissions/ 
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SUMMARY 

The U.S. Environmental Protection Agency ~_EPA) has supported a number 

of research programs concerned with the environmental aspects of synthetic 

fuels production. An environmental assessment methodology has Been applied 

to chemical data obtained from sampling and analysis of products, byproducts 

and effluents from a laboratory gasifier at Kesearch Triangle Institute 

(KTI). In addition, data obtained during source tests of four operating 

coal gasifiers By the Eadian Corporation have Been similarly analyzed. 

Over 400 organic chemicals have been either quantitated or identified in 

samples obtained under these programs. Additionally, a large number of 

inorganic compounds and nearly all of the naturally occurring elements have 

been found. 

Of the chemical species quantitated, 61 in the gas phase, 21 in the 

liquid phase, 18 in the solid phase and 22 in the tars were found at levels 

exceeding their health DMEG values in at least one sample. Other potenti- 

ally hazardous species for which no DMZG values have been established may 

also be present. In addition a number of species in each phase were found 

at concentrations in excess of their ecology DMEG values. 

The most serious hazards in the gas phase were ammonia, Benzene, 

henzo(a)pyrene, carbon monoxide, ethanethiol, ethylene, and methanethiol. 

In the liquid phase ammonia, cresols, cyanide, phosphorus and xy!enols were 

found to present the most serious hazards. The greatest hazards in the 

solid phase were phosphorus, chromium, copper, iron and mercury. Based on 

land DMEGs, the most serious pollutants in the tar were naphthalene, benzo~a)- 

pyrene, cresols, and xylenols. 

REFERENCES 

!. Cleland, J: G., and G. L. Kingsbury, "Multimedia Environmental 
Goals for Environmental Assessment, Vol. I," U.S. Envi.ronmentai 
Protection Agency, EPA-600/7-77-!36a, November 1977. (NTIS PB 
276 919/AS). 

2. Cie!and, J. G., and G. L. Kingsbury, "Multimedia Environmental 
Goals for Environmental Assessment, Vol.II~ Meg Charts and Back- 
ground Information," U.S. Environmental Protect_ion Agency, EgA- 
600/7-77-1365, November 1977. CNTIS PB 276 920/AS). 

3. Kingsbury, G. L., etal., "Multimedia Environmental Goals for 
Environmental Assessment, Vol. III, MEG Charts and Background 
Information Summaries ~Categories 1-12)," U.S. Environmental 
Prdtection ~gendy, EPA-600/7-79-176a, August 1979. 



. 

. 

6 .  

. 

. 

. 

1 0 .  

t i .  

1 2 .  

1 3 .  

K~ngsbury, G. L., eta!., "Multimedia Environm~tal Goals for 
Environmanta!Assessment, Vol. l~,MEGCharts and Background 
Information Summaries ~Categories !3-26~," U.S.:Environmental 
Protection Agency, EPA-600/7-79-176b, August 1979. 

Thomas, W. C., et al., "Environmental Assessment: Source Test 
and Eva!uationReport-We!Iman-Galusha (Glen Gery~Low-Btu 
Gasification," U.S. Environmental ProtectionAgency, ETA-600/7- 
79-185, August 1979. 

Page-~-, G .  C..~-"'Fai~r6~mentalAfisessment: .... Source Test and Evalua- 
tion Report-Chapman Low-~tu Gasification," U.S. Environmental 
ProtectionAgency,• EPA-600/7-78-202, October.1978. 

Salja, B., et al., "Environmental and Engineering Evaluation of 
the Kosovo Coal Gasification Plant-Yugoslavia (Phase !)," 
SymposiumProceedings: Environmental Aspects of Fuel Conversion 
Technology, i~,(April 1979, Hollywood, FL), EPA-600/7-79-217, 
September 1979. 

Bomhaugh, K. J., and W. E. Corbett, "Kosovo Gasification Test 
Program Results-Part ii DataAnalysis and Interpretation," 
Symposium Proceedings: EnvironmentalAspects of Fuel Conversion 
Techno%ogy, IV (April 1979, Ko!!ywood, FL), EPA-600/7-79-217, 
September 1979. 

Bomhaugh, K. J., eta!., "EnvironmentalAssessm~t: Source • 
Test and Evaluation Report-Lurgi (Koso~o) Medinm-Btu Gasifi -• 
cation, Phase i," U.S, Environmental ProtectionAgency, EPA- 
600/7-79-190, August 1979. 

Cleland, J. G., et a!., "Po!lutants from Synthetic Fuels Pro L 
duction: Facility Construction and Preliminary Tests," U.S. 
Enviro~menta! Protection Agency, EPA-600/7-78-!71, August 1978. 

Cleland, J. G., et a!., "Pollutants from Synthetic Fuels Pro- 
duction: Coal Gasification Screening Test Resu!ts," U.S. 
Environmental Prbtection Agency , EPA-600/7-79-200, August 1979. 

Gangwal,-S. K., et a!., "Pollutants from Synthetic• Fuels Pro- 
duction: Sampling and Analysis Methods for Coal GaSification," 
U.S. Environmental Protection Agency, EPA-600/7-79-201/, August 
1979. 

"Environmental Review of Synthetic 'Fuels," U.S. Environmental 
Protection Agency, Vol. 2, No. 4, December 1979. 

• 


