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ABSTRACT

Gasification ash constitutes the single largest solid waste stream from
coal gasification facilities, and its disposal is subject to regulations
promulgated under RCRA. Ashes from Lurgi gasifier, Wellman-Galusha gasifier
and 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.




1.0 INTRODUCTION

-The Resource Conservation .and Recovery Act of 1976 directs the Enviren-
mental Protection Agency to promulgate regulations to insure the proper dis-
posal of solid wastes for the protection of both human health and the environ-
ment. With tne recent reemphasis on America's-coal resources, ceal‘gasifica-

tion may soon be providing a 1arge amount of Amerlca S energy needs. As with

" all non-renewable energy resources, wastes w1ll be generated in the produc—

‘tlon of the coal gas. Future commercial-scale gaewflers 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 solid daStes will be

a portion of this environmental protection.

To anticipate possible problems with solids disposal, the EPA has set |

.forth a procedure to test the potential hazard of eolid waste~—the EP Toxicity

Test.l

2.0 WASTE COLLECTION

Three coal gasifiers were sampled and the solid wastes subjected to the

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

‘on two ashes from a coal-fired boiler. To investigate the distiibufion of -

extractable metals among different sizes of ash, the Lurgi-ashISamp;es were

‘divided into three size fractions; triplicates of each fraction were sub-

jected to the EP test.
2.1 The Texaco Ga51f1er

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

slag from the slag water as the slag was blown down from the ga51f1er..’A

'compos;ted sample was taken over a l6-hour sampling period durlng gasifica~-

tion of a western subbltumlnous coal under conditions typical of a commerelal

operation.
2.2 The Wellman-Galusha Gasifier

" Gasifiexr ash was sampled as the ash was transferred from.the bottom of

" the QBSlfler to a storage bin. A dewatered composite sample was taken over

- a 12-hour sampllng period. - Cyclone dust samples were taken from the bottom
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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
lignite. '

2.3 The Lurgi Gasifier

Unguenched Lurgl ash of three U.S. coals (Rosebud, Illinocis #5 and Illinois
#6) 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 ash pona.

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 a 24-hour time period
at room temperature. Following the extract;i.on period the sample is filtered
and the f£inal agueous volume is made to 20 times the sémple weight. ‘The
procedure followed is 'listed in Table 1. The extract is then analyzed for 8
metals which are listed in the EP and other constituents. Results Aare compared

with the National Interium Primary Drinking Water Standards (NIPDWS) for
eicht metals:

arsenic lead
barium mercury
cadmium selenium
chromivum silvexr

4.0 RESULTS AND DISCUSSION

Table 2 presents a cémparison of the extract characteristics and the
drinking water standards. Although the coal-fired boiler and the gasifiers
operate at different conditions, the RCRA extract chavacteristics are in
general quite similar. When compared to the 100X primary drinking water stan-
dards, none of the wastes ahalyzeé are considered hazardous. This result is
similar to those presentéd by other im(reftigators working with different coal
(3) _ 4 -

gasification ashes and boiler ashes

arna
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TABLE 1. RCRA EXTRACTION PROCEDURE

Weight 100g solid into extractor
Add 1600 ml deionized water

Mezsure the pHE

If less than 5.0, continue with extraction

If greater than 5.0, add 0.5N ultrex acetic acid until
PH 5.0. Check and readjust pH at inte¥vals of 15,
30, 60, 120 minutes, if pH rises dbove 5.2. .

Extraction by shaking or stirring ‘for 24 hours at
20°-20°% '

Filter through 0.45 micron filter

Dilute to 2000 ml with deionized water
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iAs expected, partly due to the larger surface area and partly'due to the

volatility of trace metals, the boiler fly ash contains slightly more extract-
. able metals than the boiler bottom ash. For the Lurgi samples Ieechate'metal

. concentrations wers observed to be inversely'proportional to the particle (ash}

size for the Rosebud coal, but not necessarily for Illinois #5 ox. #6, suggest-
ing surface phenomena could be one of the major factors controllihg the leach-

ability of metals in Lurgi gasifier ash.

_As discussed before the Lurgi samples.analyzed are unquenched ashes.

Quenched ash is likely to contain even less estractable metals because a poi—

tion of the total extractable metals will be carrled away by the quench 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 evaporatlon is not feasible) it has been. proposed to- evanorate

- the gas liquor in a forced evaporator, and to use the concentrated brlne to

-moisten the ash. It is uncertain whether the practlce would make the ash

hazardous.

Table 3 presents the characteristics of Luroi,gas liquoz, exéresseﬁ in
terms of 1g/g of coal- also presented in Table 3 are the leachable oetaT con-
tenfs of coal. As a worst case approach one may assume all trace metals in

the gas liquor ends up in the RCRA 1eachate, i.e.

Total leachable metal extractable metal + soluble metal
Comparlng the extractable metal (from ash) and the soluble metal (from gas
llquo:) data Indlcates ‘that adding the solubie metal - content will increase
the extractable Se by 1% times, the largest increase among all eicht metals.

' Even so, the leachate concentration is calculated as seen in Teble 4, to be
-7 ug/i, still below the 100X primaxry drznklng watex standard. ThelRCRA leech- -

" ate characteristics for Lurgi ash and boiler ash calculated based_on this

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

 the 100X drinking water standaxds.

s

Still, there are coals that contain much hlgher metal contents than . the
coals used in these studles. Table 5 presents ‘the characterlstlcs of the

coals ‘used in these studies and the maximum metal concentrat;ons ;n coals
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TABIE 4.

' PREDICTED LEACHATE CHARACTERISTICS FOR LURGI ASH AND BOILER ASHES
vfﬂﬂﬁﬁ CO-DISPOSED WITH BRINE FROM CONCENTRATING LURGI GAS LIQUOR

Leachate Characteristics,* ng/l

Metals, . . .,Lurgi Ash Boiler Bottom Ash Boiler F$y Ash

Ag 1.7 <1.1 S 2.1

As 4.3 <1.3 '5.3

Ba¥® <2.4 <0.32 _%6.491

cd - 50 | <0.37 5.3 |
cr <7.4 <3.9 17

Hg ' <0.87 <0.49 <0.49

Pb . 6.6 <4.4 <a.4
' ge - 7.0 <3.5 2.4

'§anb. = tota;méxtractable metal conc. ¢+ (20 x % ash)
**Ba values in ug/ml; all other in ug/l

nren
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(6)

found in open literature. The leachabifity characteristics of other coals
is not known, but as a first appr021matlon ‘one may assume the leachable metal
content is proportlonal to the total metal content. The predlcted maximum

leachate characteristics thus derived are presented in Table 5. - As the pre-

‘dictions indicate, only cadmium in both the Iurgi ash and Texaco slag exceed

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

tion is very comservative as, undoubtedly, other factors such as mlneralogy

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

'1s uncommon to encounter coals with as high a Cd concentration (26 ppm). Of

(6)

that range, with over 90% having less than 1 ppm Cd.

the samples analyzed by Gluskoter, et al, ouly about 6% had cd values in

Additional data on the leachate characteristics of other coals/gasifiers

are expected to be available by next year. As am ongoing EPA program, Radian
. is presently testing the ash collected from a Lurgi facility'in Kosovo,

‘Yugoslavia, and TRW is scheduled to sample a Kbppers-Totzek fac111ty in

Modderfontein, South Africa, early next year.
5.0 CONCLUSION _
: The RCRA EP T021c1ty Test as performed on the ashes from.a Lurgl gasi-

ffler, a Texaco gasifier and a Wellman-Galusha gasifier 1nd1cates these ma-

terials w1ll not be comsidered hazardous wastes based on the tox1c1ty cri-

terion alone. Based on the metal contents in the ash and in the Turgi gas

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

considered hazardous. However, Lurgi gas liquors are known to contain aro-
matic organics, some of which are priority pollutants. Uhless these organlcs
are remcved prior to co-disposal with ash, EPA may eventually llSt this as a

hazardous waste.
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COMPARTISON OF COAL CONVERSION WASTEWATERS

By

Robert V. Collims,
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 am oxygen-blown, lignite-fired Lurgi gasifier, .go
air-blowm, bituminous-fired Chapman gasifier and a coke oven process. Re-
sults show that stromg 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+ percent removal of
total phenols and a 75 percent average removal of the total organie carbon

'(TOC). Further extraction with an eghaustive techniqué onlylrembved an
average of 9 percent of the remaining TOC from the two gasifier waters. The
<500 MW to >500 MW ratio was approximately two for the remaining refractory
organics. The resulits 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 & gas chromatograph equipped
with a Hall Electrolytic Conductivity Deﬁector 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;pheﬁolic and nitrogen heterocyclic compounds.
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COMPARISON OF COAL CONVERSTON WASTEWATERS

INTRODUGTION"
" Three coal conversion process condensates were characterized as part of
Radian Corporation's overall effort to perform a comprehensive environmmental

assessment of low- and medium-Btu coal gasification techmology for the T.S.

* Envirommental Protection Agency. The oﬁerall program is being directed by the

Fuel Process Branch of EPA's Industrlal Envirommental Research Laboratory in

Research Triangle Park, North Carolina.

The objective of this study was to compare the composition of 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 ' ~ Ratiomale

Turgd (Process'condensate) Proposed for commercial plants
'in the United States -

Chapman (Recycled- Process ' Currenfly'availablé in the

Condensate) *  TUnited States and possible
: ' similarities in composition
to Lurgi
Coke Oven (Process Conden—. Extensive data available on
sate Spray Down) ) treatability and possible
' . similarities in com9051t10n
to Lurgi

PROCESS DESCRIPTIONS

" The three processes will be described brlefly in this sectlon. Where

the samples orginated in the processes will be’ shown.

In Figure 1, a schematic diagram of the Lurgi Gasification Erbcess is-

1llustrated. The main points to notice are the quench and cooling towers

:thlch condense water along with the organlc and 1norgan1c components from the

product gas, and the separator where the aqueous layer’ 1s_separsted from the

AR
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tars and oils. The Lurgi condensate was obtained from fhe'exit poin£ of the
aqueous layer from the separator. The plant sampled for this study'was an
oxygen~blown, lignite-fired Lurgi gasification plant in the deovo Region of

Yugoslavia.

The Chapman-Wilputte Gasification Process is illustrated in ?igure 2.
The aqueous layer after separation of the tars and oils is rec1rcu1ated to
‘the gas quenchlng/coollng processes. A grab sample of the wastewater was
obtained from the aqueous layer in the“sepafation tank. The plant éampled'
 was located near Kingspbrt,.Tennessee and was equipped ﬁfth an éir—blown,

bituminoﬁs—fired Chapman gasifier.

The coke oven system is illustrated in Figure 3. Even.though coking
may at first appear to be very different from a gasificati?n process, there
are many'similarities. The design is different from either é'ﬁuigi oT
Chapman facility but, again, as illustrated there is a gas quenching and
cooling system to cool the gases and remove water, tars, and 0115. The
: quench liquor is sent to a separator where tars/oils are separated from the
aquecus layer.  Part of the water layer is recirculated and the rest is
- treated. The condensate sample was obtained at the point where the excess

aqueous layer exits the'separator.
- RESULTS AND DISCUSSION
. The following subsections will detail the results of the different

types of amalyses and will contain brief discussions om treatability. ' These

sections will include:
©o water quality parameters,
e extractions of organiés,

e concentratiouns of phenols,
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® concentrations of nitrogen—containing organics,

e molecular weight distribution of refractory com-

pounds, and
e removal of refractories.

Water Quality Parameters

The water quality parameters for all three process condensates are
listed in Table 1. In general, the parameters are very similar for the con-'
densates from the two gasification processes using two different coals (lig-
nite and bituminous). The water quality parameters for the coke oven pro-

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

Biologicél oxygen demand (BOD), chemical oxygen demand (COD) and total
organic carbon (TOC) are specific measurements where the process condensateé
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 procedureé were used on the three agueous 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 samplé volume) were added, onme at

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

ain
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for two minutes and allowed to stand in a separatory funmel until the layers

separated. Then the ether layer was removed.

The second extraction procedure followed the above steps except that
methylene chloride and diethyi‘ether substituted for the diisopropyl ether
and the aqueous layer was extracted at both pH equal to <2 and >12. This
p%ocedure will be labeled the "analytical extraction" procedure. This proce-

dure was used to show if changes in pH 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 phencl (phenmolic content)
from all three process condensates. The oil and grease measurements zlso
dropped below the detection level of 10 mg/% for all the condensates. The
BOD, COD, and TOC values were reduced significantly by the DIPE extractiom..
The exhaustive, amalytical 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 organmic 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 iomic in

nature since both the extraction procedures (including pH adjustment) would
not remove them.

For further characterization of the refractories, the molecular weight
distribution abave 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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B Aualytical Extractable.
DIPE Extractable

2777 Nonextractable

Coke
Oven

urgi

16,060

5

w 90l

Chapman

L

Amounts of total organic carbon removed by the DIPE

and Analytical Extraction Techmiques.

Figure 4.
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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 DEIPE 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 amalysis

of the DIPE layer was performed.

Figure 6 compares a standard consisting of 11 phenolic compounds to the
organics extracted by DIPE from the LURGI 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 condemnsates.

Table 3 contains a lis; 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 in the gasification conden~

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

condensates.

Trace species in the form of mitrogen—containing 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 conéensates contained the same nitrogen heterocyclic

compounds. Even 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 carbomn. 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 carboun (0.005 g/ml) re-
moved most_cf the organic matter'that could be removed. Additional amounts
of activated carbonm, up to a ratio of 0.1 g activated carbom per milliliter
6f wastewater, did not significantly increase the amount of refractory com-
pounds removed. The activated carbon was effective im taking out the color

species in the wastewater.

CONCLUSIONS

The following statements summarize the conclusions of this brief study. .

e Water quality parameters are similar in the three
aqueous process condensates with coke oven con-

densates having lower values.

e 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.

e The same trace nitrogen species were found in

all three condensates.

o 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 residuzl
TOC levels; and

— can be studied using the Chapmsn process
condensate as a good model for the Lurgi

wastewater.
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RANKING OF POTENTIAL POLLUTANTS FROM
COAL:. GASTFICATION PROCESSES

by
Duane G. Nichols
David A. Green

Research Triangle Institute
P. 0. 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 environmentzl assessment methodology'based on health and eco-
logical Multimedia Envirommental 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 stream
ig given. Maximum concentrations of each quantitated 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. Prioritieé for monitoring, regulation and control

technology development may be established.from these lists.

Duane G. Nichols is now with the Comoco Coal Development Company, Research
Division, Library, PA.
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RANKING OF BOTENTIAL POLLUTANTS FROM
COAL GASIFICATION PROCESSES

INTRODUCTION

This study was imitiated to compile the various source and laboratory
(experimental) test results on potentially hazardous species whichfhave been
obtained under the EPA syanthetic fuels.environmental assessment prograhm
The compilation has been developed in the form of listed chemical constituents
whicﬁ are ranked on the basis of their poténtial hazaxrd. Siﬁce the data
represent various gasifiers, coal types, operating conditions and configura-
tions, and since the effluents are variable .in their physical and chemical
nature and their quantity, a systematic approach was needed ‘to plaﬁe.the
results on a common basis for comparison and/or ranking. -_

‘The information and results are needed to help provide dlrectlon to
future envirommental assessment activities, to -focus EPA and 1nteragency
health/ecological effects testing on compounds. and mixtu*és of gféatest
CORCEern, and to assist EPA program and regional offices in the establlshment
of appropriate regulations, criteria, guidelines and permlt pollcles.

The achievement and maintenance of an accgptable (pr_quallty) environ—-
ment must from a practical viewpoint involve the estahlishment of maximum
allowable concentrations of chemical contaminants in the air, watef, and
land which constitute the matural environment. Such comcentrations may be
referred to as Multimedia Envirommental Goals (MEG) values. . Discharge MEGs
(DMEGs) represent approximate concentrations.for qqntaminants.in source
"emissions to air, water or land which will not evoke sigﬁific;nt harmful or
irreversible responses in exposed humans or ecology when thése'exﬁqsures are
‘limited to short duration. DMEGs for human health and ecology have been
developed for use in assessing the impact of effluent discharges. '

A number of coal gasification operations'arelcurrentl§ éctiég around’
the world. Direct coal aud (0oil ghale) liquefaction may be proved to be
technlcally fea51b1e and econnmlcally acceptable in the future; these
alternatxves may require special processing of the potentlal product to meet
accegtable market specificatlons; and significant costs may’ hg 1ncurred to

accommodate process residuals.
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In this study, the chemical analyses of coal gasification product, by~
product discharge and process streams sampled and analyzed by the Radian
Corporation during four source testing programs have heen subjected to amn
environmental assessment analysis based upon multimedia envirommental goals.
A similar analysis of data obtained from the laboratory coal gasification

system at Research Triangle Institute (RTI) has.’also been conducted.

Radian Corporation Source Tests

The Radian Corporation has conducted source tests at four operating
coal gasification facilities. Two Wellman-Galushz units located at York,
PA and Ft. Smelling, MN were sampled as Weil as a Lurgi gasifier in
Kosovo, Yugoslavia and a Chapman (Wilputte) gasifier located at Kingsport,
IN. 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 mot meant to be exhaustive
but was designeé to focus on streams of potential environmental signifi-
cance, _

The Wellman-Galusha gasifier at York, PA converts anthracite cozl
into fuel gas used for brick manufacturing at the Glen Gery Brick Company.s
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 Wellman-Galusha gasifier at Ft. Smelling, M uses North Dakota
Indian Head lignite 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 cyclome 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 coal bim vent gas, a limited envirommental 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 cyclome dust, gasifier

&




ash, and byproduct 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.1l8 gaseous streams and three liquid streams sampled at the
Lurgi gasifier at Kaosovo, Yugoslavia,7-9 were used in this study,f This
plant converts Yugoslavian lignite to medium Biu.fuel gas. Of thé gaseous

streams, eight were discharges and 10 were process streams. . The gaseous

- discharges were the autoclave vent gas, coal bunker vent gas, COz—rich

Rectisol gas,. tar tank vent gas, medium oil tank vent gas, phenclic water

tank vent gas, degéssing column gas and gasoline tank vent gas. The

- eyanic water and the inlet and outlet from. the Phenolsolvan unit are

agueous process streams. that wére_sampied.. No solid stream:daté were
available. .

RTI Gasifier Testslom12

.Datza from 10 selected semicontinuoﬁs,-fixed—bed‘tests of the RII

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

gasifier ash and the aqueous condensate stream were the two discharges

sampled. Two additiomal streams, the product gas and theibyprodﬁét tar
(considered a solid) were also sampled. The 10 selected tests involved
‘steam/air gasification of North Dakota Beulah/Zap lignite, ﬁbnténa Rosebud/
McKzy and Wyoming Smith/Roland subbituminous coals, T1llinois No.6 and
Western Kentucky. No.9 bituminous coals an&.Pennsylvania Bottom Re&'Ash

anthracite.

ASSESSMENT METHODOLOGY

Multimedia Envirommental Goaldé (MEGs).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 assignéd '
discharge multimedia envirommental goal (DMEG) and ambient multimedia

. . -l :
environmental goal (AMEG) values.l.' Tndividual DMEG values for a sub-

stance are related to the health or ecological effects of that substance;
DMEG is the estimated comcentration of the substance which Wuul&_cause
minimal adverse effects to a healthy receptor (man, animal, plant) which

is expoéed only once, or'intermitiently for short time,pério&s.‘ (AMEG

. a7



values are similar except that they aré based upon a continuous, rather

than single or intermittent, exposure period. .
DMEG values generally carry two.éubscripts, be they explicit or im-

plicit. The first defines whether théuvalue refers to air (g), water (w),

or land (1); the second, whether the value refers to human hezlth (h) or

the ecological enviromment (e). In this study the health-based DMEG values

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

generate a comparative ranking of pollutants. No AMEGs. were used in this
study.

Discharge severity (DS) is a measure (index) of tﬁe dégree to which
the concentration of a pgrticular'suhstance is at a potemtially hazardous
level in a discharge (effluent.)l3 DS is dimensionless. It is computed as
the concentration of the substance in a discharge divided by the DMEG value
for that substance. 'DS may thus carry two subscripts, in general; one
represents the phase and the other 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 factors have the

dimensions of mass/mass; specifically, the units pg produced/g coal imput
hzve been used. Production in all measured product, byproduct and discharge
streams is included in these figures and maxima among. all sources considered

in the study were selected.

ASSESSMENT RESULTS

The complex heterogeneous nature of coal gives rise to a2 wide variety
of organic compounds in the streams resulting 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 RTI laboratory gasifier over the last four years. Within.each MEG
category, the compounds that have been quantitated are given first, followed
by those that have been identified but not measured. Tun addition, a large
number of imorganic compounds and elements have also been idemtified.

The maximum concentrations measured. in the various media are presented
in Tables 2 through 4. Because of their particular properties, tars have

been considered to he a separate medium in these tables.. :The concentration .
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TABLE 1. ORGANIC COMPOUNDS IDENTIFIED IN COAL
GASTFICATION STREAMS

MEG Category Name

MEG Category Name

Ethers .~

A11phat1c Hydrocarbons 5.

methane
ethane
propane
butanes
isobutane
alkanes >C
methylcycléhexane
alkanes >C :
-hydrocargons
4—hydrocarbons
5-hydrocarbons o 7.
hydrocarbons .
eéhy1ene ‘
propylene
acetylens
phenylacetylene

n-pentane
isopentane
n~-hexane
2-methylpentane
3~methylpentane
n~heptane -
n-octane
genonane
n-~deczne
o-undeczne
n~dodeczne
n-trideczne

- n=tetradecane

n-pentadeczne

n~hexadecane

methyleyclobutane,

cyclopentane ’

cyclohexzane

d:methylcyclohexane

trimethyleyclohexane

cyclooctane

dimethyldeczhydro- 8.
naphthalene .

.butene

isobutene

hexzene

l-pentene
2-methyl-l-butene
1,3-butadiene
pentadiens
cyclopentene
cyclohexene

" ¢yelopentadiene

ethyne
propyoe

2. Alkyl Halides

dichloromethane
{artifzct)
trichloromsthzne
(artifact)
czrbon tetrachloride
(artifact) 9

anisoles
methylanisale

diathyiether

- phenyl-2-propyuylether

l-methoxynaphthalene
2-methoxynaphthzalene
3,6~dimethoxyphenanthrene
Z2-methoxyfluorene

Alcohols
aliphatic alcoho1s
>C.
. aliphdtic alcohals

_C
a?kyll?coho]s >C
alkylalcohols >C13

3,5,5-trimethyl~
l-hexanol

Aldehydes, Ketones
acetophenone

acetaldehyde

tutanal

pentznal

p~hexanal

np=heptanzl

n=octanal

n~nonznal

undecznal

dodecanal
benzaldehyde
d:mﬂthylbenzalde&yde
acetone
mathylisoprooyl ketone
butznone
l-phenyl-l-propanone
2-pentanone
o-hydroxyacetophenone
m-hydroxyacetophenone
benzophenone
9~fluorenone
benzofluorenone
dihydroxyanthraquinone

tetrzhydroanthraquinone

phenznthridone

Carboxylic Acids and -
Oerivatives
phthalic acids
phthalic esters "’
adipate esters
phthalate esters
>Cg aliphatic esters

acetic zecid
benzoic acid.
benzamide
ethyl acetate’

" ethylbenzyl acetzte _
methyl benzozte
isobutyl cinnamzate
dibutyl phthzlzate

(artifzet)
diisobutyl phthalate
‘(azrtifzet)

dicyclohexyl phthalate .-

(artifact)

Nitriles
cyanoteTuene
(benzonitrile)

.acetoni:rile

cyancbutadiene
2 2’-d1cyanob1phenyl

489

MEG Category “Name

10. Amines
aniline
2-alky1an111ne

-alkylaniTline

aﬂ1noto1ueoe

henzofluorensamine

methylaminocace-
naphthylene

methyoenzof1uorene-
- amine

benzidine

1-aminonaphthalene

methylaminonaphthalene

am1notetra11n

diphenylamine‘ .
Nﬁngthyl-o-tcluidine

13. Thials, Sulfideés, and
Disulfides -
methanethiol
ethanethiol -
propylenethiol

2,3,4-trithizpentane
dimethyl sulfide
dimethyl disulfide
trithizhexane

) diuhenyl digulfide

18. Benzene, Subst1tuted
. Benzene Hydrocarbons
benzene
C,-alkylbenzene
C5-alkyibenzene
-taluene
. ethylbenzene
. Styrene
C3-benzene
.C;-benzene
) b%phenyl
biphenylene"
d1pheny1methane
indan - i
C,-alkylindane
CS-alkylindane
méthy1indane
xylenes
o-xylene
m- and p- xylene
~xylene-and ethyl
. benzene
“tetrahydronaphthalene

methylstyrene
ethylstyrene
n-propylbenzens
isopropylbenzensz
1,2-dimethylbenzenc
t-butylbenzens
n~pentylbenzene
. 3,5-dimethylel-"
isopropylbenzene
triethylbenzene ..
) o=ethyltoluene
. mesthylroluene
" trimethylbenzene
. 1,2,4=-trimethyl~
© . benzene
1,3, S-Crlmethylbenzene
' o—dlethylbenzeue
m-diethylbenzene
p~diethylbenzene




TABLE 1 (continued).

MEG Category Name
15. (Continued)

MEG Category Name
18. {Continued)

MEG Category {ame

21. {Continued)

methyltetrahydro~ o-cresol chrysene
nephthalene m~cresol methyl crysene
dimethyitetrahydzo~ ‘p-cresol pyrene
nzphthalene o~ethylphenol T-methyl pyrene
trimethyltetrahydro- m~ethylphenol dibenz(a,h)-
naphthalene p-ethylphenol anthracene
1,2,3,4=tetrzhydro~ o-zllylphenol benza{a)pyrene
nzphthzlene u~phenylpheno perylene
5,8-dimethyl-l~n- © 2,3~xyienol-~ - -benzo(e)pyrene—
cctyl-1,2,3,4~ 2,4~xylenol benzoperylens
tetzzhydronaphthalene 2,5~xylenol benzo(g,h,i)perylene
l-methyl~-4~a~heptyl- 2,6~xylenol
1,2,3,4=tatra~ 3,4~xylenol cycloburzdibenzene
hydronzphthalene | 3,5~xylenol merhyldihydro-
methylbiphenyl 3-methyl-6-ethyl- naphthalene
3-mathylbiphenyl phenol ethylnzphthalene
diphenylethzne 2-methyl-4~ethyl- isopropyl-
éi(ethylphenyl)ethzne phenol naphthalene
stilbene(l,2 diphenyl- 4~tert-butyl~o-cresol l-methyl-7-isopropyl-
ethene) di~t~buyrl-4~ethyl~ naphthalene
rethylphenylethyne phenol 1,2~dihydre-3,5,8-
diphenylethyne trimethylphenol trimethylnaphthalene
1,2-diphenylpropane 2-hydroxynaphthalene 2-benzyinaphthalene
dixylylethene methylhydroxy- dimethylnaphthalene
o-terphenyl ' maphthzlene 1,4~dimethyinzphthzlene
m-terphanyl hydroxyfluorene 2,3~dimethylnaphthzlene
p-terphenyl L 2,6=dimethylnzphthalene
dimethylindan 20. Dinitrocresel trimethyloaphthalene
pentamethylindan nane 3-methylzcanzphthalene
methy-~1,2,3-dihydro- ) ethylanthracene
indene 21. Fused Polycyclic l-mathylphenzathrens
dimethylindene Hydrocarbons 3-methylphenanthrene
trizethylindene naphthalene & ,5-methylphenanchrene
higher aromatics propenyivhenzuthrene
16. Polychlorinated methyinaphthalene trans~9-propenylphen~
biphenyls (PCB) 1-methylnaphthalens anthrene
nane 2-methylnaphthalene 8-n~butylphenanthrene
C,alkylinaphthalene 2,7-dimethylphenan-
17. Binitrotoluenes afithracene threne
none C,-alkylanthracene 1,2-henzanthracene
9-methyl anthracene hexshydra=~1,2-bhenz~
18. Phenals phenanthrene aothrzcene
ghenaols acenaphthene methyl-l,2-benzan~
€. ~aTkyliphenol acenaphthylene thraceae
C3-alkylphenol C,-alkylacenaphtha- 2,3-benzanthracene
C;-alkylphenol lene : (nephthecene)
isopropyiphenol C,-alkylacena- 3,4~benzophenznthrene
n-propyiphencl phthene methylbenzophenzn—
cresal C4-alkylace- threne _
xylenol ~ naphthene 5,8-~dimetfyl-3,4~benzo-
2,4,6-trimethyTphenoi binaphthyl phenanthrene
1-naphthel methylacenaphthy~- 9, 10-benzophenznthrene
1~acenaphthal - lene (triphenylene)
C,-alkylacenaphthol methylacenaphthene 1,2,3,4-tetrzhydro-
C3-alkylacenephthol Cl H,,:3 rings 9,10~benzo-
C-alkyThydroxy~ b ﬁz&%a} )anthracene phenanthrene
acenaphthene 7,12-dimethylbenzo- 2-methyl-9,10-benzo~
C.-alkylhydroxy~ {a)anthracene phenanthrene
5 anthracene methyl phenanthra- 2-n-hexyperylene
C -alkythydroxypyrene cene
¢2-alkylnaphthal methyltriphenylene
hgdmxyacenaphthene triphenylene
hydraxyanthracene C1§Hm="r rings
hydroxybenzofluarene 3-methylcholanth-~
methyiacenaphthol rene
methyinaphthol benza(c)phenan-
indanol threne

nan




Table 1 (comtinued).

MEG Category . Name

MEG Category Name

MEG Category Name

22 Fused Non-Alternant

Polycycliic Hydrocarbons

- indene
C,-alkylindene
-alkylindene
ugrene

methylindeng
methy1fluorane
- benzofluorens
(fluoranthane)
- benzo{b)f1uorene

benzo(a)fTuorane
benzo(k)fluaranthene
benza(b)fluoranthene
indeno(1.2,3-cd)pyrene

l~matrhylfluorene

dimethylfluozene

1,2,3,4~tatrzhydro-
fluozrzuthene

.23. Heterocyclic Nitrogen

Compounds
pyridine
Cz-aikylpyridine
Co-alkylpyridine
Cy-alkylpyridine
methyipyridine
{picolines)
dimethyipyroline
quinolines
C -alkylquinolines
-alkylquinolines
23methy1qu1n011ne
acr1d1ne
C,-alkylacridine
C,-alkylacridine
C5-alkylbenzoquingline

-alkylbenzoquinoline
mg

thylacridine
dihydroacridine
methylbenzophen-
anthradine

- benzophenanthridine
_benzoqu1no11ne

{phenanthridine)
methylbenzoquinoline
indole
methylindole
carbazoie
methylcarbazole
pyrroline

pyrzrole

maethylpyrrole

4~zcetylpyridine

trimethylpyridine

2,4~dimethyl~6-ethyl—-
pyridine

23. (Continued)

2~hydroxy~4=phenyl-
pyridine .

2-hydroxy-6=-phenyl-
pyridine

" 3,4=diphenylpyridine

benzopyridine
2,2 ~dimethyl-4,4"~
dipyridyl

' methyl~-3-allylhydro-

indole
3-methyl-3~-21lydihydro-

indole .
phenylindole
3-methyl~2~phenylindole
3,3"-biindolyl
isoquincline
3-methylquinoline
6-methylquinoline
ethylquincline
3-n-propylquincline
4-n~propylgquinoline
8-n-propylquinoline
dimethylquinoline
2,6-dimethylquinolize
methylphenylquinoxzline
4estyrylquinoline
3-methylbenzoquinoline
benzimidazole
methylbenzimidzazole
2-ethylbenzimidzzole
benzylbenzimidazole
benzothiazole

. 2~methyl-5-phenyl-

tetrazoles -

- diphenyloxzazole

dimethylacridine
acridone .
1,2,3,4~tetrzhydzro~"
carbazole
3-zmino-9-ethyl-
cztbazole
vinylphenylcazbazole
1,4~dihydzro-2,3-
benzo(b)carbazole
2~z2mino-4~phenyl~6~
methyl-pyrimidine
2-zmino-5-chloro~4, 6~
dimethylpyzrimidine

4~(1,2,3,4~tetrahydro-2-

"naphthyl)-morphaline
3-benzylindene phthal—
imide

24. Heterocyclic Oxygen

Compounds -
methyldioxolane
benzofuran
dibenzofuran

24, (Continued)
furan
2-nethylbenzofuran"
_3~methyibenzofuran
S5-methylbenzofuran
7-mzthylbenzofuran

3,3-dihydro~2-methyl- - .

benzofurzn
d:methylbenzafuran

3, 6~dimethylbenzofuran

dihydromethylphenyl~-

benzofurzn

xzuthene

25. Heterocyclic Sulfur -
Campounds

thiophene
-thiophenes
mgthylth1ophene
dimethylthiophens
henzothiophene

trimethylthiophene
isopropylthiophene.
ethylthiophene
2-n-propyl-5-isobutyl-
thiophene
methylbenzothiophene
dimethylbenzothiophene
trimethylbenzo—-
thiophene
benzodithiophene
methylbenzodi-
thiophene -
dibenzothiophene
methyldibenzo-- -
thicphene
dihydrodlmethylthleno—
thiophene

dimethylthiaindene

thiaxanthene -

Note:
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-Compounds are Tisted by MEG category with thase which have been quant1tated fbllowed
by those for wh1ch qua]1tat1ve identifications are avax]able.



TABLE 2, MAXTMOM CONCENTRAinNS REPORTED FOR GASEOUS STREAMS FROM

COAL GASIFICATION (pg/m3)

Gas (Product)

Gas (Discharge)

Carbon Dioxide 4 788

K

Kosovo Gasification Plant.
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RTT Carbon Dioxide . 1.1ES K
Carbon Monoxide 3.0E8 RTT Ammonia 3.2E8 K
Methane 3.6E7 RTI C 6+ hydrocarbons 2.9E8 K
Hydrogen 2.7E7 RTT Benzene 1.3E8 K
' Hydrogen Sulfide 1.7E7 RTI Methane 5.4E7 K
Benzene 3.3E6 RTT Hydrogen Sulfide 3.0E7 K
Thiophene - 2.3E6 RTT Ethanethiol 2.787 K
Toluene 1.3E6 RTT Phenols 2.6E7 K
Ethane 1.3E6 - RTI Ethane 2.1E7 K
Ethylene 9.4E5 RTT Methanethiol 1.1E7 K
RTI = Research Triangle Imstitute.




COAL GASIFICATION (ug/%)

. TABLE 3. MAXIMUM CONCENTRATIONS REPORTED FOR LIQUID DISCHARGES FROM

k]
€ Organics Inorgaﬁiqs
Phenol 2.8E6 RTI | Amonia 7.986  RIT
Cresols 1.586 RTI | Sulfate. 2.8E6  Ft. Sanlg.
ey enols - ~ '3.75E5 RTI. | Sodium '1.7E6  Ft. Sulg.
| 2,4,6-Trimethylphenol  1.8E4 RTI | Cyanide 1.086 - RTI
1-Methylnaphthalene 4.8E2‘ RTI | Sulfur 9.7E5 B Ft, Smlg.
; 2-Methylnaphthalene - 2.2E2 RTI Thiocyanate j2.7E5f - BRTT °
Chrysene 1.6E2 RTL Calecium 2.2E5 - Ft, Snlg.
% Phenanthrene . 9.6E1 RII Sulfite 4.TE4 Ft. Smlg.
! - Acenaphthene 5.7EL RTI | Sulfite 4,784  Ft. Sulg.
Fluorene - 5.7E1 RTI | Nitrate ) l.?Elx- GG ..
“RTI = Research Triangle Imstitute.

GG

Glen Gery’Gasification Plant,
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TABLE 4. MAXIMUM CONCENTRATIONS REPORTED FOR SELECTED COAL
GASIFICATION STREAMS (ug/g) .

Solid (Discharge) Tar (Byproducts)
Potassium 4. 0E5 Chapman Xylenols 1.2E5 RTI
Silicon 1.4E5 Ft. Sunlg. Cresols 6.7E4 RTI
Iron 9.0EL Ft. Snlg. | Naphthalene 5.784 RTI
Aluminum 8.8E4 Ft. Snig. | Benzofluorene 3.4E4 RTT
Calcium 5.0E4 Ft. Sulg. | Phthalate Esters 3.084  Chapman
Rubidium 2.0E4 Chapman 2,4,6-Trimethylphenol 2.4E4 RTI
Sodium 1.8E4 Ft. Snlg. | Pyrene 2.4E4 RTI
Sulfur 1.5E4 GG Phenanthrene 2.3E4 RIT
Magnesium 1.384 Ft. Snlg. | Anthracene 2.384 RII
Barium 5.5E3 Ft., Snlg. Phenols 2,284 RTI

RTI
GG

Research Triangle Institute

Glen Gery Gasgification Plant.
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maxima are tabulated without regard to stream flow rate o:‘poteﬁtiel dilu-
tion effects, as such they represent a.measure‘of potential'ecute3exposure
hazard. Long-term effects may be gauged mdrevrealistically'by consider— -
ation of actual mass emissious. . ‘ - ‘

For each source considered, .the mass-flow'rates‘in all product, b&—
product and discharge streams were summed for each chemical species quan~
titated. These sums were then normalized hy d1v1d1ng by the coal 1nput
rate for eachvsource to obtain production factors. .Process streams which
do not leave the facility were excluded.from this analysis to. av01d countlng
the same material mere than once as. it moves: through the. gas1tlcat10n faci-

lity. TFor the 14 source compllatlons (four from Radian plus 10 from RTII)

- maximum production factors for each chemical species quantitated 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 oﬁ the basis of coal input, it must be remembered that
different streams were sampled at different. locations and &ifferént chemi-
cal analytical strategies were adopted for different samples.

Priorities for monitoring, regulatiom, and. control technology develop—

. ment may be established from a ranking of the potential hazards"assdciated .

with individual chemical. species. Discharge severity can be used for this
purpose. Table 6 lists those species of potential health hazard. Diseharge
severities of less than one represent minimal hazards, spec1es 1n this
category have been omltted from the table. The remaining species are
ranked by the order of magnitude of their dlscharge severity. Prxmary
consideration should be given to controlling those species occupylng the
highest p051t10ns on -the list. _

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

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

. siderable dlfferences in pollutant rankings occur. between. the 370 tables, a

rational approach to pollutant control would emphasize the. entries of

highest discharge severity on both bases.
DISCUSSION:

The process1n° of coal to yield gaseous fuels generates substances
which are known to be hazardcus. Among the Wlde spectrum of products,

byproducts, prdcess,iﬁtermediates and waste streams are substances.noted
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TABLE 5. MAXIMUM TOTAL PRODUCTION FACTORS FOR CHEMICAL SPECIES DETERMINED IN MEASURED
PRODUCT, BYPRODUCT AND DISCHARGE STREAMS FROM COAL GASIFIERS

Chemical Name

Methane

Ethane

Propane

n-Butane

i-Butane

Pentanes

Cg Alkanes

>C13 Alkanes

Ethane & Ethylene
Ethylene

Propyiene

Acetylene
Phenylacetylene
Aniscles
Methylanisole

>Cg Aliphatic Alcohols
>Cq3 Aliphatic Alcohols
Acetophenone
Phthallic Acid¥
PhthalTlic Estars*
Adipate Esters

>Cq Aliphatic Esters
Benzonitrile
Cvanotaluens

Aniline

Benzidine
Aminonaphthaliene
Methylaminonaphthalens
Aminatetralin
Co-Alkylaniline
C3-ATkylaniline
Benzofiuoreneamine
Methylbenzoflvoreneamine
Methylaminocacenaphthylens
Aminctoluene
Methanethiol

CZHGS

Benzene

" Toluena

Ethybenzene

Biphenyl ‘
Diphenylmethane
C,-Aikylbenzene
S%yrene

Xylenes

Indan

C.~Benzenes -
Cx~Benzenes
Tetrahydronaphthalene
Polychlorinated Biphenyls*
Oinitrotoluenes
Phenot

Cresols

Xylenols
Trimethylphenol
0-Isoprapyiphenol
C,-ATkylphenol

C3-AT kylphenol

Cz- Alkylphencl
Indanol

Praduction Factor MEG

(ug/g coal input)  Catesory Chemical Name
1.2E5 R41 18C Naphthol
3.4E3 g2 18C MethyTnaphthol
4.2E2 R21 . 18C Co-Alkytnaphthol”
1.7€2 R21 18C Hydroxyacenaphthylens
1.7E2  R21 180 Hydroxyacenaphthene
1.2E6 K 18C Methylhydroxyacenaphthene
4.9E1 ¢ 18C C,~Alkylhydroxyacenaphthene
9.2E1 ¢ i8c C3-Alkylhydraxyacenaphthene
1.08-7 K 18C Hydroxyanthracsne
2.4E3 RZ1 18C C.-ATkylhydroxyanthracens
4.982 g2y 18C C;-Alkylhydroxypyrene
3.1E1  Rr21 18C Hydroxybenzofiuorens
2.5E-T ¢ 20B Dinitrocresol
8.4E2 C 21A Naphthalene
3.85E-1 ¢ 21A C,-AlkyTnaphthalens
3.482 ¢ 21A 1=¥Methyinaphthalene
8.2E-2 ¢ 214 2-Methyinaphthaiene
3.2E~2 ¢ 21A Acenaphthylene
1.0E1 ¢ 21A Acenaphthene
3.0e3 ¢ 21 Phenanthrane
2.2E3 ¢ 21A 9-Methyianthracene
4,882 ¢ 218 Anthracens
2.0E-1 ¢C 21A Cizti,: 2 rings
1.6E-1 ¢ 218 Bifadhtnyl
8,980 R21 21A Methylacenaphthylense
2.0E1 Rz23 21A Methylacenaghthene
1.082 ¢ 218 CZ-ATkyiacenaphthene
1.1E-1 ¢ 218 C3-A1ky1acenaphthene
9.0E1 ¢ 21A Co-Alkylanthracene
1.0E1 C Z1A Higher Argmatics
2.0E1 ¢ 218 Benz{a)Anthracesne
6.0ET ¢ 218 Triphenylene
2.0E1 ¢C 21B Chrysene
2,081 ¢ ° 218 Pyrene
4,88-1 C 218 CI H.I : 4 rings
7.851 R36 218 732 8imethyibenz(a)
1.0E2 R41 Anthracens
3.884 R35 21B 3-Methyichaianthrane
2.2E3 R35 218 Benzo{c)Phenanthrene
2.32  R2T1 218 Methyiphenanthracene
9.2E1 R4l 218, Methyichrysens
6.5E0 R2S 218 Methylpyrens
4.280 C 218 MethyTtriphenylene
1.1E0 ¢ 2ic Dibenzo(a,h)Anthracene
8.0EZ2 R35 21C Benzo(a)Pyrene
4,481 R4l 21C Benza(e)Pyrane
1.2E2 R4l 21C Peryiene
8.4E2 /41 21D Benza(g,h,i}Perylens
6.682 ¢ 210 Benzoperylene
3.1E-2- FS 228 Fluorene
4.580 FS 228 Indene
1.6E3 R35 228 Methylindene
1.6E3 R50 228 C, Alkylindene
1.383 R35 228 - “CiAtkytindene.
1.7E2  R43 228 Benzoiagﬂuorene
1.7E2 R81 228 Benzo(b} Fluarens -
6.882 € 228 Flugranthene
1.082 ¢ 228 Benzoflucrens
3.86-1 ¢ 22C Benzo(h)Flugranthene
3.081 ¢ 22C Benzg(b)Fluoranthene
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Production Factor

(na/a coal inout)

1.8e2
2.0E2
3.0E1
7.4E-3
3.0E1
9.QE1
1.682
7.0E1
1.582

f'\n’nnnnnnnnnnnnn
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TABLE 5 MAXIMUM TOTAL PRODUCTION FACTORS FOR CHEdICAL SPECIES DETERMINED IN MEA...URED

PRODUCT, BYPRODUCT AND DISCHARGE STREAMS FROM COAL GASIFIERS (continued)

Chemical Name

Indens(],2 3-CD)Pyrene ‘

Pyridine .
Methylpyridine
C ~Alkylpyridine
Co-Alkylpyridine
C,-AlkyTpyridine:
Qm neline
Acridine
Methylquinoline

C -Mkquumohne

. -A‘l kylquinoiine
Mg thylacridine
Benzophenanthridine

Methyl benzephenanthridi ne

-A‘i kylacridine
-AT kylacridine
Bgnzaqm noline
Methylbenzoquinoline
C,-Alkylbenzaquinoline
D?nydroacm dine
Indoie
Carbazole .
Mathylcarbazole
Pyrroline
Benzofuran
Dibenzofuran
Thiophene ’
Methylthiophene -
Dimethylthiophene
C,~Thiophenes
Bénzothiophena
-Lithium
Sodium
Potassium
Rubidium
Cesium
Beryliium
Hagnesium
Rhenium
Calcium
Strontium
Barium
Boron
Aluminum

© GalTium

Thallium
Carbon Monaxide
Carbon Dioxide

" Carbonate

Silicon

Germanium

Tin
Lead

Ammonia ’
Cyanide . .
Nitrogen Oxide
Nitragen Dioxide
Nitrate

Nitrite
Phospherus

* Probable Artifact -
** Inferred Concentration

bl
~~

\ng-'u-}n

ll nowuw

Chapman

Weliman Galusha (Fort Snel'hng)

WelTman Galusha (G]en Gery) -

Kosova

RTI ( Test Number)

4.6E1
1.6E-1
7.1E-1
2.8E0
1.2E1
2.0E1
1.9€3

9.0E1 -

6.0E1
2.382
1.1E2
4.0E1
9.6E~2
4,8E-2
9.0E1
6.0E1
7.0E1
3.0E2
6.0E1
2.26-1
1.9E0
5.3E1
2.0E1
4.0E-2
1.382
2.7e2

- 3.7€3

2.982
5.0E1
3.3E2
2.6E2
4.1E1
1.5E4
7.3E3
1.283
6.8E0
7.680

- 1.1E4

6.1E~1

"Production Factor

(pra/g coal input)

-t

nnnnnnnnnnnnnnnnnnﬁ
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MEG
Category

Chemical Name

Phosphatea
Arsenic

Antimany

Bismuth

Suifur

Sulfate )
Sulfite

Hydrogen Sulfide
Carbonyl Suifide
Carbon Disuifide
Sulfur Dioxide
Thiocyanats -
Selenium
Tellurium
Fluorine
Fluoride -
Chlgrine

_Chloride’
‘Bromine

Bromide
Iodine
lodide
Scandium
Ytirium
Titanium
Zirconium:
Hafnium
Vanadium
Niobium
Chromium
Molybdenum
Tungsten
Manganese
Irgn

Iron Carbony‘(*"
Cobalt
Nickel
Nickel CarbonyT**
Copper
Silver
Gold

Zine

. Cadmium

Mercury
Cerium
Lanthanum
Negdymium
Praseodymium
Samarium -
Dysprosium
Erbium
Europium
Gadolinium
Holmium
Terbium
Thulium
Lutetium

. Ytterbium -

Thor{um
Uranium

Production Factor

{ug/g cozl imout)

9,61 €6
2.7E1 6S
1.381 C
1.780 66
7.6E3 FS
7.01 FS
1.2E0 FS
4.1E4 R2S
1.33 RSO
2.862 RS0
1.7e6 €
5.982 R2]
4,481 FS
. 2.0E-2 GE,
1.782 FS
5.980 G&E
4,883 R21
2,883 REC
2.981 €&
5.88-1 €
5.0E1 G&
5.0E-2 RS0
3.5E0
5.0E1 FS
3.883 FS
1.582 FS
8.6E-1 FS
3,582 FS
2.61 FS
§.582 REC
1.481 €6
8.7E-1 FS
1.982 FS
7.688 FS
1.1E0 GE
2.081 FS
6.481 FS
2.0E-4 GG
1.0e2 C
8.1e-1 FS
8.68-4 GG
2.0E1 FES
6.9E1 FS
1.481 FS
9.3e1 FS
9,387 FS
2,581 FS
1.481 FS
1.1E1 FS
1.2e-2 FS
1.38-3 FS
2.0e-3 FS
3.9e-3 FS
2.0e-3 FS
6.86-2 GE&
1.98-2 €&
2.9e-2 €8
1.98-1 G8
2.0E1 FS
1.481 FS§



TABLE 6.

RANKING OF CHEMICAL SPECIES IN COAL GASTFICATION STREAMS RELATIVE

TO THEIR ENVIRONMENTAL (HEALTH) HAZARD POTENTIAL)

Discharge
Severity

Stream Type

(Order of

Magnitude) Gaseous

Liquid

Salid

Tar i .

100,000 benzo(a)pyrene+(C,0)

cresols(R43,0)(RS0,D)
xylenols+(R50,D)}

benzo(a)pyrene +(R21,P)
cresols(R51,P)
xylenols+({R43,P)

10,000 ammonia+(X,D)
benzene+(K,D)

carbon monoxide(G,D)
ethanethiol(K,D)

methanethiol(K,D)

chromium+(R43,D)***

dibenzo(a,h}anthracene+(R25,P)
trimethyiphenol(Ra3,P)

1,000 carbon dioxide(K,S)
hydrogen cyanide+(K.D)
hydrogen sulfide(R25,P)
phenol+(K,D)}
chromium+(C,D)
7,12-dimethylbenz(a}
anthracene(F,P}
thiophene(R5T.P)

ammonia+(R25,D)
arsenic+(R50,D)
chromium=(RS0,D) ***
cyanide+(C,S)
mercury(K,S)

mercury+(&,D)

chromium+(R3G5,P)*>
naphthol (C,P)

100 arsenic+(F,P)
carbonyl sulfide(X,S)
dibenzo{a.h)anthracens+(F,P)
hydrogen(R21,P)
iran carbonyl1**(G,D}
mercury-(F,P)
selenium=(F, )P
siiver+(C.D)
uranium(C,D)

benzo(a)pyrene+(R43,D)
phenol+{R43,0)(R50,D)
sodium({F,D)

arsenic+(R36,D)
iron(F,D)
potassium{C.0)

benzo(a)anthracene+{R25,P}
indano1(C,P)

10 aluminum({F,P)
aminotoluene{C,D}
barium(F,P}
benzo(a)anthracene+(F,P)
biphenyi(F,P)
cadmium+(F,P)
calcium
carbon disulfide(RS0,P)
copper+{C,D) :
cresols{C.D)
C4-hydmcarbnns(l<,sg
Cs-hydmcarbuns(K,D
dinitrocrasols+(F,P)
iron(F,P)
1ithium(F,P)
magnesium(F,P)

fluoride(C,S)
selenium*{C,S)
sulfide(G,D)

aluminum(¥,D)
barium(F,D)
bery11ium+{R8Q,D)
manganese+(G,0)
nickel+(R51,D)
selenium+(R43,0)

arsenic+(R51,P)
phenol+(R51,P)

Source Gasifier

source Straam
Classitication

£

Wellman~Galusha (Glen-Gery) 1

Wellman-Galusha (Ft. Snelling)
Chapman

- RTT Run No.

P
S

Discharga
Preduct or Byproduct
Process Stream

RPMOMD

methane(R51,P)

naphthalener(R25,P)
nickel+(F,P)
nitrogen dioxide(C,0}
phenanthrane+(C,0)
phosphorus (F,P)
phthalate esters*+(C,D)
polychlorinated -
biphenyls (PCB)*+(F,P)
potassium(C,D)
sulfur digxide(,D)
toluene+(K,0)
xylenols+{R35,P)

Kosova Lurgi

1 aminonaphthalene(C,D)
benzo{c¢)phenanthrana(F,P)
beryl11ium(F,P)
chrysene+(C.0)
dinitratoiuener(F,P)
indene(C,D}

Tead+(C,0) :
3-methylcholanthrene(F,P)
nitrogen oxide(C,D)
strontium(F,P)
xylenes{R51,P)

aminotoluene(C,S)
barium(G,D)
jron(G,0)
Tead+(R50.0)
Tithium(F,D)(C,D)
phosphorus(C,S)
suifate(F,D)

antimony+(C,D)
caleium(F,D)(C,B}
copper+(C,D)
Tead+(G,D)
1ithium{G,D)
phosphorus(C,D)
silicon{F,D)

aminotoluene(C,P)
benzofluonenamineg(C,P)
benzo({b)¥lucranthena(R21,P)

- bipheny1{R35.P)

cadmium(R51,P)
chrysene+(R25,P)
copper{C,P)

Tead+(C.P)
g-methylanthracene{R21,P)
phenanthrene+{R21,P) (R25,P)
phthalate esters*+(C,P)

*Probabie artifact.
*xInfarred from iron concentration.

**Stainless steel laboratory reactor probably resulted in increased concentration.
Priority pollutant (consent decree compound). X
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TABLE 7. RANKING OF CHEMICAL SPECIES IN GOAL GASIFICATION STREAMS RELATIVE
TO THEIR ENVIRONMENTAL (ECOLOGY) HAZARD POTENTIAL

Discharge Stream Type
Saverity
(Order of : ' . B
Magnitude) Gasesus Liquid Solid Tar
: 1,000,000 phosphorus(C,D) naphthalens{R21,P)*
100,000 ammonia{K,D) ammonia(C,S),{R25,D)+- crasals(R51,P)
: benzene(K.D) o xylenol(R43,P)+
| ethylene(K,S) S
! B 10,000 cyanide(C,S)* benzidine(R23,P)"
phasphorus(C,S) - - phenol(R51,P)*+
phthalates(C.S)* phthalate esters(C,P)**
trimsthylphenol (R43,P)
1,000 carbon monoxidé(G,d) cresols(R43,49,50,0) copper(C,D0)* - acridine(R20,P)
hydrogen sulfide(R25,P) phencl(R32,0)* iran(F,D arsenic(RZT,P)P+** .
toluene(K,S)+ " phosphates(K,S) - mercury(G,0)* chromium(R36,P) .
sulfide(C,S) o~isapropyiphenol (R51,P)
xylenals(R5G,0)*

100 hydrogen' cyanide(K,D)+ arsenic(R49.0)* aluminum(F,D) - . acenaphthena(R16,P)*
mercury(F,P)+ . Co-alkylphenols(C,S) chromium(R26,0)1** - aniline(R20,P)
vanadium(C,D) cﬁmmium(RZS,D)‘*** silver{F,D)* cadmium(RS1,P)

, capper{R49,D)+ copper(C.P)+
naphthalene(C,S)* mercury(R45,P)+
sulfite(F,D) selenium(R51,P)*

- 10 methene(RE1,P) aluminum(F,D} - arsenic{G,C)* aminonaphthalens(C,P)

. : barium(G,D) barium(F,0) aminotetralin(C,P)

: boron{C,S) .. caleium(C,D) . Cz-alkylacenaphthal(C,P)

‘ cadmium(R16,D) cobalt{C,D) - Cp~alkylbenzaquinaline{C,P)
i calcium(F,D) manganese{C.0}* . Co-alkylhydraxypyrene(C,P)
C3-alkyiphencis(C,S) phthalate esters(C,D)™ Cg-alkylhydroxyanthracene(C,P)
. igﬁ-aikanes(c,s) potassium{C.D) cabalt(RS2,P) )
iron(GaF,D) titanium(F,D) hydroxyanthracene(C,P)
nitrates(G,D) vanadium(F,D) hydroxybenzofluorens(C,P)

- selenium(C,S)* : manganese(R51,P)7

. silver(C.S,F&G,0)* methyTnaphthel{C,P)
sulfate(F.D) i naphthol(C,P) -
thiocyanate{R21,0) nickel(R51,P)*™

- titanium(G,D) . titanium(R52,P)
trimethyiphenol (R21,0) .

1 C,-alkylbenzene(C,D) atkyIpyridine(K.s) antimony(C,0)* acenaphthol (C,P)
'CS-alkyTbenzene(C,D) aniline(C.S) baron(F,D) angimony{R49,P)*
ethane(k,0) Pt (ot S it o I b Ak e

P imethylpyridine(K, thium(G, 2-alkylnaphthol(C,
thiocyanate(C,0) Tead(K,S)+ mickel (R51,8)* C5-alkylphenal (C,P)
Tithium({GaF,D) selenium{C,0}+ C3-alkylacridine(C,P)
mercury(K,S)+ uranium(C,0} C3~alkylacenaphthal (C,F)

. 2-methyipyridine(K,S} C3-alkylnaphthal(C,P)
3&4-methyTpyridine(K,S) . Cz~alkylphenol(C,P)
pyridine(K,.S) C3-benzoquinaline(C,B)

. vanadium(G,D) >{g-aliphatic esters(C,P)
zine(K.S)* ) indanot(C,P)

’ . lead(R31,B)* -
methylacenaphthol(C,P)
methylacridine(C,P)

. - Source Strazm
Source Gasifier Classification

C Chapman

& Wellman-Galusha (Glen-Gery)
F Wellman-Galusha (Ft. Sneiling)

R# RTI Run No.

0 Discharge -

P Product or Byproduct
. S° Process Straam

K Kosovo Lurgi

*Prgbable artifact. . .
. **Stainless stesl lahoratory reactor probably resulted in increased concentration.

+Pr1'or1'ty pollutant (consent decree compound). '
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for acute and chronic toxicity as well as substances capable of causing

long-term ecological damage. Indeed, one of the major goals of low Btu .

gasification is the production of carbon momoxide,. a well-known poison even

at very low levels. Trace contaminants present im coal gas%fication streams
include some materials considered very hazardous and some congidered rela-
tively benign, as well as a large number with unquantified health and
ecological effects.

From the standpoint of potential health hazard, the gaseous pollﬁtant
having the highest discharge severity in an individual stream is benzo(a)-
pyrene. Present at discharge severities an order of ﬁagnitude lower (10,000)
bu? still extremely high were ammonia, benzene, carbon monoxide, ethanethiol
and methanethiol, The cﬁncentrations of pollutauts must be greatly reduced
before any envirommentally acceptable discharge can take place. Overall,

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 xylenols. Technology existé for the recovery or treatment

of these compounds. Ammonia, arsenic, chromium, cyanide, and mercury were

found im liquid streams at levels two order of magnitude lower (DS = 1000)
but still require higﬁ levels of comtrol. Twenty-one species were found in
liquid streams at discharge severities greater than one; these include 10
species on the EPA comsent decree list.

Tn the solid streams, chromium (DS = 10,000), mercury (DS = 1,000),
arsenic, 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 ove:ail 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 EFA
priority pollutants.

The species present in tars which represent the highest poteatial
hezlth hazards are benzo(a)pyrene, cresols and xylenols (DS = 100,000).

One order of magnitude less hazardous, dibenz(a,h)anthracene and trimethyl-
phenol were found to be present. Some use for this byproduct material,
perhaps involving combustion or gasification to produce more valusble

chemicals may be feasible, eliminating or minimizing potential human .
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exposure, Twenty;two species were found in the tar at DS levels greater
‘than one. These 1ncluded 11 EPA priority pollutants. ,

| Potentlal ecologlcal hazards were more severe im: some cases than
\health hazards. _Among the gas.streams, three species: ammonia, benzeme
and ethylene were fouud“at~ecological_discharge severity.ievels of 100,000.
Phosphorus. (solid pliase) -and naphthalene (tar) were found.to have dis-
charge severities-of .1,0008,000. Carbon-mbnoxidéb hydrogen :sulfide and -
toluene were other‘ecologicailyfhazardouslpollutants in theigas phase (DS =

1000). Overall, 16 species were found. in the gas phase at DS levels greater

than one. (This listing includes species. for which supplemental DMEG

values werevassigued). These included.three EPA priority pollutants.
In the liquid phase, ammonia (DS = 10,000),.and cyanide, phosphorus
and.phthalates (DS = 1000) were the most hazardous ecologically. Forty-two

“species were found in liquid streams at DS ievels.greater'than one. These

include 14 species on the EPA priority list.
’ In additiom to phosphorus (DS =, 1,000 ,000) , copper,. irom,. auu mercury
(DS = 1000) were the most ecologically hazardous species in the solld .
streams. Iwenty—-three species were found.in the solid streams atrDS levels
greater than one. Of these, 10 are on the EPA priority poliutant?list.
Cresols and xylenols (DS = 100,000) were found in3tars at DS levels
oue order of magnitude lower than. naphthalene but still represent. extremely
hlgh ecological hazsrds. In all, 46 species were found in. tars w1th DS
levels greater than one. These include 15 species on the EPA ptiority
list.
Individual.chemical.species within the coal gasification streams cono~

sidered in this analysis.have been ramked in order of their Eotentiai

- hazards. to health. and ecology.. Prlorltles for futureﬁmonltorlng and

-regulatory efforts can.be developed on the basis of these ranklngs. Pri-

mary con51deratlon must be given to expected discharges to the env1ronment.

Many product materials of an extremely hazardous: ‘nature: can be used with
minimal opportunities for human contact or ecological damage.'.Samllarly,

" intermediates.within process-facilities”may be more .hazardous than ‘either

the starting material or. the end. product. when considered strictly om the

basis of chemical analysis. . Actual.efforts towards pollution:cottrol and

- towards the develoﬁment of pelliution control equipment must focus on ell- -

. mlnatlno hazardous discharges .and mlnlmlzlng ‘fugitive em1ss1ons.
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SUMMARY

The U.S. Envirommental Protection Agency (EPA) has supported a number
of research programs concerned with the envirommental aspects of synthetic
fuels production. An envirommental assessment methodology has been applied
to chemical data obtained from sampling and analysis of products, byproducts
and effluents from a laboratory gasifier at Research Triangle Imstitute
(RTI). 1In addition, data obtained during source. tests of four operating
coal gasifiers by the Radiam 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 maturally 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 heaith DMEG values in at least one sample. Other potenti-
ally hazardous species for which no DMEG 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 ammoniz, benzene,
benzo(a)pyrene, carbon monoxide, ethanethiol, ethylene, and methanethiol.
In the liquid phase ammonia, cresols, cyanide, phosphorus and xXylenols were
found to present the most serious hazards. The greatest hazards in the
solié phase were phosphorus, chromium, copper, iron and mercury. Based on
land DMEGs, the most serious pollutants in the tar were naphthalene., benzo(za)-

pyrene, cresols, and Xylenols.
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