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Enérgy Sources of Polycyclic Aromatic Hydrocarbons*

M. R. Guérin, Oak Ridge National Laboratory

Introduction. .

The United States cohsuﬁed an amount of energy (73.7 QuadsT) equiva]eht
to 13,266 million bafrg]s'of~petro1eum in 1972.] Of this, 45% was cdnsumed as’
crude. 0il, 19% as cba], and 31% as natural gas. Nuclear power and hydropower
éonstitute& most of the remaininé‘s% of energy resources consumed. Current
energy production utilizes essentially the same distribution of resourées. Eﬁergy
consumptibn %n'1985 is estimated] to range from 96.97 to 107.30 Quads. In the |
pfocess, épproximdte]y 200 x 108 1bs. of partfcu]ates and 130 x 103'1bs of hydro-
carbons are estimated to be emitted into the air and approximately 20,000 tons
of nondegradeab1e.or§anics wf]] be emitted as water bo]]utants.
| .The importance 6f fosSi] fuels to the nations energy bése ﬁs apparent by
its cénstftuting 95% of currént consumption. Thehemerging preeminence ‘of coa1:
%s due to three faétors (a) its abundance, (b) dwindling supplies of‘petrbleum
and natural gés, and (c) thé dependence of society on liquid fuels for trans-
portation. As is i1lustrated in Table 1, almost three times as much "coal-energy"
is available as is energy from natural gas, petroleum, shale 0il, and uranium
combined. Domestic crude oil and natural gas 1{quids production is projected

to decrease from abbroximately 11 x 108 bbl/day in 1974 to 5 x 108 bbl/day in

H Quad =1 x 1015 BTU = 180.million barrels of petroleum = 42 million tons of
‘bituminous coal = 0.98 trillion cubic feet of natural gas = 293 billion kilo-
watt Hpurs of electricity.

*Resear;h'Sbonsored jointly by the Environmental Protection Agency.ahd the United

States Energy Research and Development Administration under contract with the

“Union Carbide COrporation;



2020. Natural gas produetion is estimated to decrease from approximately

23 x 10'2 cubic feet per year to 6 x 1012 cubic feet per year in 2020. The

equ1va1ent of 1.7 billion barrels of petroleum were imported in 1972 with the
- current import level approx1mat1ng one-half of the national annua]iconsumpt1on

| of oil.. While supplies of liquid fuels decline, levels of automobile, bus,

truck, and rail transportation are expected to more than double by the year
2000 as compared to 1972 and air transportatlon is proaected to increase by a

factor of Six.

Combustion is:the predOMinant end-process by which fossil fuels are con-

_verted to energy. Combustion, particularly when inefficient, is also the primary

52,109,128 . polycyclic aromatic hydrocarbons (PAHs) released

technological source
into tne environment The need for 1iquid fuels to. supply the transportation in-
dustry and for nonpo]]ut1ng fuels for heat and power generation provide the ‘ '

1ncent1ve to commerc1a]1ze processes to convert coa] to subst1tute natura] gas

and 0il. These processes represent a potent1a11y massive new source of environ-

mental PAHs

The re]ationéhip between cancer, po]ycyc]ie aromatic hydrocarbons,'and fossil

energy sources is best documented by epidemiological studies of -coke oven work-

,ers,%’]oo’106 gas works operators,zs’26 and an experimental coa1-]iquefaction”

130 128

‘p1ant The assoc1at1on is a]so indicated by observat1ons of higher inci-

dences of cancer in urban and industrial areas than rural areas and by b1o]og1ca1

stud1es22 143 of energy re]ated materials known to contain high concentrat1ons

of PAHs.. Results of systemat1c stud1e552 121,122 of airborne PAHs and extens1ve

reviewslog’]zs'ofkthe subject.are available. A large number of papers17 41,91, 95

continue to appear on the PAH composition of airborne particulates. Contaminatidn

of the aquatic environment by PAHs has received Tess attention but has also been

excellently rev1ewed 4,5,53




Insuring an adequate supply of energy with minimum impaét on the environ-

. ment and on health is one of the most important, urgent, and challenging goals
" currently facing ‘science and technology. Polycyclic aromatic hydrocarbon related
:Carcinogehesis is among the most important of possible occupatiohé]- and environ-

‘mental-health impacts of ‘much of the current and projected.nétiona]‘energy base.

An'understahding of the relationship of po]ycyC]icAaromatic hydrqcérbons (PAHs)

to human cancer and a continued surveillance of energy sources for PAH content

are necessary to minimize this .impact.-




i'Tab]e 1. Selected Recoverable Domestic Energy'Resocheé

R ' - Equivalent
Resouces ‘ L _ Amount -Quads (1015 BTU)
Coal 600 billions of tons | | ' 12,000
| | ‘Indeterminately greater with in-situ utilization -
Natural Gas 750 trillions of cubic feet : : . T775
_ ' ' 1030 Quads with enhaﬁced recovery |
. Petroleum '142 billions of barrels | L . 800
z ~ 1100 Quads with enhanced recovery | _
Shale 0il 200 billions of barrels ' | 1,200'
A ’ 5800 Quads - using low yield shale
Uranium- 3.6 millions of tons U30g ' 1,800

130,000 Quads using breeder reactors

From reference 1
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Approximately 73 Quads of energy were consumed in the United States in

1974 wifh petro]eum‘accounting for 45.8%.0of the total. Appfoximate]y 6 billion

'barre1s'of'petro1eum are required to produce this quantity of energy. Assuming

crude oil constituted the entire "petroleum" supb]y (an ‘overestimate since natural

gas liquids are'frequently cataloged as "petroleum"), that one’barrel contains

140 kg of crude oil, and that the crude oil contains 1.0 wt. % polycyclic aro-

- matic hydrocarbons and 1.0 ppm BaP, the petroleum industry is currently handling

84 million metric tons of PAHs and 840 metric tons of BaP annually. An under-

standihg of the fate of PAHs through the petroleum energy cyc]é méy provide the
basis upon which to judge the relative carcinogenic hazard of coal- and shale-

conversion processésteing developed to supplant dwindlihg petroleum reserves.
Po]ycyé]ic Aromatic Hydrocarbon Content of Crude 0Oils

There is no conclusive evidence that the extraction and.transportation of

petroleum crude 0ils are athmpanied by a major po]ycyc]icjdrbmatic hydrocarbon

(PAH)-related cancer risk. ~The PAH content of crude oils is of interest in
occupational carcinogenesis primarily through its possib]é influence on subse-
quent refining operations and the composition of process streams. PAH'content

of crudes is of interest in.environmental carcinogenesis as it may affect the

composition of refinery waste streams and of emissions from the end-use (e.g.,

combustion) of final products. Estimates'*' that more than 4 x 106 metric tons

of . crude oils and petroleum products are introduced into the oceans annually

further suggest a need to characterize the PAH component of crude petroleum..
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‘More :than 7000 crude oils have been analyzed over the years using the

w136

"Bureau of Mines Routine Method for Crude Petroleum" ~. which determines phys-‘

“ical properties and the weight distribution of distillate fractions. A joint




‘effort of the Bureau of Mines and American Petroleum-Institute carried out
- principally at the Bartlesville and Laramie Energy Research Centers has resulted

in a standardized proceduresoifor characterizing "heavy ends" (high boiling

distillates) of crude oils. These distillates are enriched in polyaromatic
constttuents inc]uding polycyclic aromatic hydrocarbons The procedure,.invo1y-
1ng anion and cation exchange chromatography, ferric ch1or1de treatment.and -
finally comb1ned s111ca gel and alumina adsorption chromatography provides

a weight percentage d1str1but1on'for acids, bases, neutral n1trogen compounds,

' saturates, monoaromatics, diaromatics, and polyaromatic/polar compounds. The

.latter'four fractions are further separated by gel permeatdon chromatography and

the subfractions are'ana]yzed directly using nuclear magnetic resonance and mass_.
spectrometry. A weight percentage distribution by compound type (e.g., alkyldi-

napthenopyrenes; alkyldiphenyldisulfides, etc.) is obtained for approximately

100 "probab]e type" classifications on analysis of the polyaromatic/polar con-

centrate

Data on compound types is d1ff1cu1t to 1nterpret in terms of carc1nogen1c

potency because biological act1v1ty is dependent on the specific isomer cons1dered.

The we1ght percentage of the distillate and of the crude 0il. accounted for by |

each major fraction provides'some insight into the po1yaromatjc content of the

- materials-and of the matrix in which the polycyclic aromatic hydrocarbons reside

in the d1st111ate These data are summarized in Tab]e'Z for the five crude oils

20,28 in detail using the USBM-API procedure.50 The po]yaromatic/po]ar

studied
content_of~the crudeS-range from approximately 1-3.5 weight percent (2-6 weight
percent if diaromatics are inc]uded). Correcting for the reported28 presence

of sulfur and nitrogen'compounds in the fractions, an estimate of 1-2 wt. %

. polycyclic aromatic hydrocarbons (2-4 wt. % if diaromatics are included) seems
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réasonab]e} This is in general agreement with our experience of a 3.2 wt. %
yield of po]ycyc]ic'aromatics isolated by solvent extraction and adsorption
chromatography from a;miked crude oil for mouse dermal bioassay.62 The

PAH isolate inc1uded diaromatics. | |

108 three base-stock oils.(partially refined crudes)

Norr1s and H1]] ana]yzed
for the presence of ten spec1f1c PAHs by isolating the constituents us1ng ex-
tract1on, column chromatography and th1n layer chromatography fo]]owed by ultra-
vmo]et spectrometr1c measurement None of the compounds cou]d be- detected in
one of. the oils. Resu]ts for the other oils are summar1zed in Table 3

The finding' %8

of 8 to 104t1mes as much benzo(e)pyrene (BeP) as BaP
illustrates the_need for additiona] characterization at the isomeric. level and
the ease with.which carcinogenic potency can be overestimated by results of -
analyses capao1e only of "class" reso]ution The results summarized in Tah]e 3
and the fact that a th1rd 011 examined by the investigators produced negative
results for a]] the 1nd1v1dua1 constituents sought also illustrates the high

degree of variability 1n.PAH content between crude oils. This is not suggested_

by the USBM-API 60 procedure which indicates a Variabi]ity in total polyaromatic

and diaromatic content no greater than a factor of three across the five crudes

studied to date. The total weight of PAHs found in sample "C" accounts for on]y'

1.7 mg/kg of the 10 g/kgof PAHs which would be expected if the 0il conta1ned 1%

'po]ycyc11c_aromat1c hydrocarbons The great majority of PAHs constituting these

011s remain un1dent1f1ed _
Values of Q.04 1.3, and 1.6 ppm BaP have been reported by Graf and Wmters42

for crude oils from the Pers1an Gulf, Libya, -and Venezuala, respect1veTy Anaty-

ses of crude oils in our laboratory using multiple extraction, multiple chromato-
graph1c purification, gas chromatographic and fluorescence measurement with

carbon-14 BaPoto determ1ne recoveries have produced results ranging from 1 to 4°




and airborne

.0i1s have béén.estimated

is cafa]ytfé cracking.

ppm BaP. Multicomponent gaé chromatographic analysis of PAH-enriched. fractions
reveal the presence of a wide variety of other PAHs at concentrations 1000

times that of BaP as is illustrated by the data in Tables 9 and 10.
Petroleum Processing and'PrOducts

‘Crude'oil must be processed into useable products. Each oil refinery is

pfactica]iy unique in terms'bf its crude oil capacity and.variety of products.

produced, but all rely on distillation for the primary separation. Depending . -

on the sophistication of the refinery, the distillates are fufther upgraded by
purification, cata]ytﬁC'Cracking, hydrotreating, and other processes to prdduce
a'variety of products. The products may be processed further to produce, for

example, chemicals from the olefins or petroleum pitch from the refinery stock

by other industries.. PAHs are generally found to concentrate in the higher

boiling point distillates and solid residues as would be eXpected.

~‘0i1 refineries constitute a major energy-related source of both aquatic93’117’]40

109,140 117

PAHs. Reid reports that 1000 ‘gallons of water are'required

to process each barrel of crude oil suggesting that some water contamination is
inevitable. Lebowit293 has jdentified PAHs as likely COntaminants of several
aqueous streams of the refining operation. Refihing and petroéhemica] plant waste’

141 45 contribute 195,402 metric tons to the annual source

of crude 0ils and petroleum products introduced into the ocean. Fugative emis- -
sions‘areAsuggested93 as -the primary source of hazardous cbnstitdehts from
petroleum refining. |

THe ;ing]é most~jﬁportaﬁt source of airborne PAHs from petroleum refihing
52,109,128 Approximately 6 fon§ of BaP are released annually .
as a result of tombusting the coke on the catalyst sufface to hegenefate tﬁe.

cafa]yst. The nature of airbpkne emissions are further defined in a Stbdy of.a




~ Table 2.

Acids

" Bases

Neutral Nitrogen

Compounds.

Saturates 

Monoaromatics

Diaromatics

Polyaromatics-

Po]ar

Whole Distillate

10

Composition of the 370°-535°C Distillates of Crude 0il*

Wt. % of Crude 0i1 (of Disti]]ate)

Recluse’

Gach Saran Swan Hills Wilmington Prudhoe Bay
- Iran Canada California Wyoming Alaska
0.34 (1.7) 0.33 (1.8) 1.38 (5.6) 0.25 (1.3) 0.61 (2.8)
0.42 (2.1) = 0.40 (2.2) 1.67 (6.8) -~ 0.21 (1.1) ~0.53 (2.4)
0.23 (1.2) 0.08 (0.4) 1.04 (4.2) 0.17 (0.9) 0.19 (0.9)
9.54 (48.5) 12.10 (65.9) 9.12 (36.9)° 10.16 (54.7) 10.45 (48.3)
3.31 (16.8) 2.30 (12.5) 4.15 (16.8) 2.09 (11.2). 3.67 (17.0)
2.30 (11.7) 1.15 (6.3) 3.05 (12.4) 0.94 (5.0)° 2.58 (11.9) .
3.54 (18;0) 1.99 (10.8) 4.28 (17.3) . 1.14 (6.1) 3.59 (16.6)

19.67 (100)

118.35 (100)

- *Abstracted from references 20, 28.

24.69 (100)

18.58 (100)

21.63 (100)



~Table 3. Individual Po]ycyclic Aromatic

Compound

Beni(a)anthracené
Bénzo(a)pyrene .
Benzo(e)pyrene-
Benzo(ghi)pery]ene

~Coronene,

From Reference 108.

11

0il
llBIl llCII
ppb

29 106
370 831
48 -
28 61

Hydrocarbons in Base Stock Oils:

Compound

Pyrene
Triphény]ehe
Chrysene
Fluoranthene

Perylene

IIBH

IICII

ppb

19

666
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‘Rdssian petroleum,refinery. Kireeva84 reports air concentrations of 258 ug/100

m3 for BaP and 61.5 ug/100 m® for 1,12-benzperylene in the vicinity of process

stages dedaling with High-boi]ing products (fue]Aoi1; tar, cracking residues).
~Air concentrations of these PAHs were lowest in the first stages of the refining

~and‘at~sta_ges involving IOWer boiling distillates. Espeéia]]y high concentrations,

3659 ug/100 m5 and'996 ug/m3 for BaP and 1,12—benzpery1ene'resbective]y, were found
in»fhe.vicinity of the coking equipment. The authors report evidence fér at least
15 other PAHs in the coking ‘énvironment and identified anthracene, 1,2-benzanthra-
cene, 1,2,5, 6 d1benzanthracene and 1 2,3,4-dibenzanthracene. . ‘
The concentrations of several PAHs as determined by Norris and Hi]]log
in common petrg]eum products ére summarized in Table 4. Results for the BaP
content of gasO]ihes_ére in good agreement with cdncentrations.of 0.48 and 0.21
ug/gm reported]40‘for nationwide composite premium and regular gaso]ineﬁ,'reSpéc-
tively. COncentfations of BaP.in gasolines ranged to.3.]‘ug/gm in the study.
Graf-and w1nter42Areport finding 0.03 ppm BaP in a diesel fuel, fuel oil, and X
unused motor 911.. |

The high cohcentration of BaP in gaéo]ines compared to higher boiling

distillate products may be due to upgrading steps in process1ng Gaso11ne "B"

- (Table 4), conta1n1ng catalyt1ca11y reformed product, is found to conta1n ten

times more'BaP and most other PAHs than do the other gasolines. While initial -
distillation undoubtedly produces a gasoline fraction.depleted in BaP.and PAHs
re]étive to the‘étarting.materia], upgrading stebs result in gasolines containing
approxiﬁate]y the same concentrations of these constituents as is found in petro-

leum crudes. The range of concentrations of PAHs in gasolines is sufficiently

large to ovér]ap concentrations found in kerosene, diesel fue]s,‘and No. 2

heating'dilf
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Data~(Tab1e 4) on motor 9115108 represent an interesting case of the end

42

use of a petroleum product enriching its PAH content. Graf and Winter™ report

‘a 200-fold increase in BaP content of a motor oil, from 0.03 ug/gm to almost

117

6 ug/gm after onlty 1400 miles of use. It has been estimated that 350,000,000

gallons of used motor oils are discarded (much into municipal sewer systems)

A annually.' A WOrsé-Case calculation (assuming a concentration approximately 6

ppm BaP) suggésts that up to 8 metric tons of BaP is released into the environ-f.
ment annually as waste motor oil. The tgta] PAHs~r¢1eased by this route would
he expected to be. many'timés higher. The homp]exity<of-the PAH'content of motor
o1]s is well 111ustrated by the cap111ary column gas chromatograph1c profiles
reported by Lee et al. 94

Petroleum pitch is an ekamp]e of a petroleum product heavily enriched in

PAH content. Methylphenanthrenes, pyrene, methylpyrenes, chrysene, benz(a)an-

A ‘thracene, methy]chhysenes, dimefhyichrysenés, benzo(a)pyrene, and behzo(e)byrene

constjtute43 almost 2.5 wt. % of oné pitch'Studiedl The:pgtro]eum pitch volatiles
from the samé.matérials were composed of a]mbst 5.5 wt. %’of these‘PAHs; .The
pitch. conta1ned 0. 2 wt. % BéP hnd the volatiles 0.4 wt. % BaP. |
Add1t1ona1 1nformat1on about the PAH content of petro]eum products, process
streams,,ahd-process eff]uents is particularly important to the deve]opment of

coal conversion technologies. ~Concerns about the carcinogenic impact of these

h‘processes, largely dqe to 'documénted occupationa1'exposure hazards and high con-

cehtrations.of PAHsiinherent to the processes, are destined to slow fheAcommer-.
cialization of theée needed technologies. Industria1'hygiene32-and environmenta]
control methodo]og1es which have proven effective in minimizing the hazards of
exposure to petro]eum re]ated PAHs can only be trans]ated to coal conversion
processing .if the re]at1ve quant1t1es of PAHs in the materials and the carcino- -

gen1c1ty of these mater1als are known.




Anthraceﬁe .
Phenanthrene
Methylanthracene
Benz(a)anthracene
Pyrene
Fluoranthene
Chrysene
Triphenylene
Benzo(a)pyrene

Benzo(e)pyrene

g Benzo(ghi)pyrene

_quOnene

Table 4. Some Polycyclic Aromatic Hydrocarbons in Petroleum Products

)
=3
.Q (U8
o
[«3} -—
W, Q
& g
N A N a :
Gasolines No. 2 Heating Oils Motor 0Qils .
ug/m} (ppm) ug/gn__ (ppm) 1g/g (ppm) ng/mi- (ppm)

A B - - C D. ' A B C D - New Used

- - - - 008 29 42 1.0 67 2.4 - -

- - - - ND ND  ND ND - ND ND - -

- - - - <0.01 9.3 6.6° 20.7 -15.2 20.7 - -
1.0 1.5 ND  0.54 <0.01 0.13 0.03 0.03 0.06 0.02 ND 2.2
2.0 10.6 0.15 5.1 0.16 0.37 ND 3.0 0.58 0.45 1.3  11.6
1.8 208 0.06 3.2 0.09 0.57 0.47 3.2 - ND 3.6 - -

0.57 49 N 0.5 ND 0.45 0.50  0.51 0.37 0.81 - ;

- - - ND 3.3 ND 0.76 0.23 1.2 - -
0.46 6.2 0.03 0.55 <0.01 0.07 0.04 0.01 0.05 001 NI 2.4
0.37 2.0 0.03 0.85 <0.01 0.18. 0.02 0.02 0.02 <0.01 0.67 2.7
0.83 6.4 0.04 1.40 - <0.01 0,03 0.07 0.02- 0.0] 0.01 0.28 1.8

0.34 - - - - - - ND.  0.57

0.22

F}om reference 108.

0.53 0.01 .

!
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Combustion of Petroleum Products

Approximately one-half of the petroleum presently consumed in the-United'

States'fs consumed in the form of gasoline. An additional quantity of petro-

Teum is also consumed for transportation as diesel fuel. Annual consumptions

of gasoline énd diesel fuel in 1968 were estimatedw,9 as 80.6 X 109‘and 5 x

10° gallons. per year, respectivejy. Higher-boiling distillates of petroleum
crudés are consumed t0'pr6duce‘prbcess - or space-heat and for electric bower
genef@tion. .Combustidn is clearly the predominant end-use 6fipetr01édm as an
énérgy.source.: '

Combustion_processes are among the most intehsive]y-studied energy-related
sources.of environmental PAHs. Concern about afr pollution in the late 1950's
prombtéd a study of the’poTycyclic aromatic hydrocarbon content of 28 rural and

121,122 which found BaP present in all of

103 urban atmospheres by Sawicki et al
the urban areas sampled. Concentrations fanged from 0.1 to 61 ng/rh3 with a geo-

metric mean'Of 6.6 For'the-urban areas and from 0.01 to 1.9 ng/m3 with a mean

- of 0.4 :for the ndn-urbah'areas.« Continuing studies have produced extensive

tabu]ations?23’]24 of the BaP content of air and of natural and man hade materia]s.

Systematic investigations of'the.po1ycyclic aromatic composition of gasoline
46,47,48

52

and resulting vehicle exhausts have been reported by Gross. Hangebrauck

~includes motor vehicle emissions and fuel o0il combustion in his study of sources

of po]ycyc]ic'ardmatics in the'atmosphere, basic investigationé of conditions
Teading to.the formation of polycyclic aromatics have been‘1r‘epov'tedm’60’6]58
and reports continue to appear on the composition of airborne particu-

1ates;7’95’57’]7’35 diese176’]07‘and automobile exhaustsj]’]6’30’72 and all
facets of combustion-generated polycyclic aromatic hydrocarbons. The reviews

prepared by the National Academy of Sciences on Particulate Polycyclic Organic




“mobiles. It is also pointed out that BaP emissions increase with increasing

_engine use such that emissions are five times higher after 50,000 miles of use

‘rather than 1600 mi/qt. The deteriorating engine alters its fuel composition and .

16

09 and Vapor Phase Organic Matter]43 point to'energy sources as a

Matter]
primary contributor of po]ycyclic aromatics to the environment.

‘The PAH content of vehicle exhausts and of stack eff]uents is re]ated to
the PAH content of the fuel. ,Begeman8 found higher emissions of BaP when a test
eogine was”operated uSihg fuels higher in PAH content than commercial geso]ines;
The NAS review69 reports Gross46?47’48 as finding that increasing. the aromaticity
of the fuel from 12% to 46% resulted in an increase of from 8574% in the PAH
emissions depending'on the vehicle and emission control conditions. The data
reported by Hangebrauck et a152 indicates that 2-5 times more BaP, pery]ene, and

fluoranthene is produced on combustion of a No. 6 Fuel 0il than No. 2 Fuel 0il

to produce process heat under similar operating conditions. No. 6 Fuel 0il

“would be expected to‘contain higher concentrations of PAHs and higher molecular

weight organics which could serve as precursors for PAH production. The import-
ance of. PAH precursors in the fue] is underscored by emission factors for BaP

of 11,000 ug/gal for two-cycle engines (e.q. s outboard motors motorcyc]es, :
iawnmowers) which operate on oil:fuel ‘mixes (typicaiiy 1:30) as compared by

170 ug/gal for automobi]es.]09

While ardmeticity of the fuel clearly int]uences PAH emissions, combustion

characteristics are far more- important. A major factor is the air:fuel ratio

used for combustion. . The NAS review]09 reports Begeman as finding'a 30 times

© greater production of BaP at an air:fuel ratio of 10:1 than at 14:1 for auto-.

than at 5,000 miles anditen times higher when 0il consumption reachesAZOO mi/qt

resulting combustion characteristics by drawing lubricating oil into the cylinders.

The importance of combustioo and combustor characteristics is readily apparent
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52 who reports emission factors of

in the- data provided by Hangebrauck et'al
from 40-470 ng BaP/ga] for eight automobiles tested, from 40-1450 ng BaP/gal

for four trucks, and erm approximately 1-18 ug BaP/1b of fuel oil for six con-

'ditionS‘of:process or space heating. Emission factors are more consistent than

is indjcafed by ﬁhese extremes but, with the exception of “inadvertent combustion
6f 1ubr{catingioi1, the inf]ueﬁce of fuel aromaticity is relatively minor iﬁ
comparison. The efficfent, controlled combustion of coal as is sought in elec-
tric power genératioh cén.produce less BaP per'pound of fuel than does the;less
efficient comBustién'of 0il or even natural ga552’128 és hight'occur iﬁ space
heating. 0il and nétural gas produce significant]y 1ower~quant{ties of PAHs |
than doés,coa]'wheﬁ conditions of comparable combustion efficiency afe considered.

" BaP emission factors (Table 5) are useful for identifying major sourceé of

environmental contamination by PAHs. Expressed per quantity.of material combusted,

the factors may also suggest sources of high localized concentrations of BaP and,
'thus, regions and périodsfof significant carcinogenic potential. Measuremént of_
~BaP alone obvibus]y prbvideé an-undefestimate of tpta] PAH emissions and is likely

- to be inadeqbate for estimafing.the relative carcinogenicity of the emissiQns.-

142

As is i]1u$trated-bj the data in Table 6, pyrene, a documented co-carcinogen

- is present in both motor vehicle emissions and fuel oil-generated prdcess heat

emissions at concentrations much exceeding that of BaP.” BaP constitutes between

- 0.5 and 4.2% of the ten PAHs'repofted and presumably a much smaller percentage

of the total PAHs'present.' While the quantities (Table 6) of BaP emitted by
two home heating units are simi]af, quantities of pyrene,. phenanthrene, and

fluoranthene differ by'two orders of magnitude.

]6 @f automobile exhausts reports the<presente of chry-

" A more recent study

sene and 2,3 benzofluorene at levels of approximately 120-240 ug/gal and 160-
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1000 pg/gal for the same fuels. Other recent examples of the chemical complex-

ity of emissions are found in high resolution chromatographic profiles of auto-

11,30

mobile exhausts and in a high resolution mass spectrometric ana]ytica]

study107 of diesel éxhédst'particulates. The latter study identified consti-
tuents with the molecular formulas corresponding to 48 known hazardous compounds
| | including napthaiene,'anﬁhracene/phenanthrene, pyrene,- and chrysene/benzo[c]pyrene/
L ' _benzo(b)f1uoranthéne/behzo[j]f]uoranthene in diesel exhausts. One sample pro-
duced a ho]ch]ar-formq]a corresponding to 7,12—dimethy1benz[a]anthracene.v |

An additional faétpr‘important to judging the carcinogenic potential of
emi;sions is the morphology df the carcinogenic constituents-particle size dis-

.2,82,110

tributibn and the nafureiof the particles. Several studies have shown

that PAHs. tend to be ‘concentrated on the sma]]er; more respirable, airborne

particles indicating that the hazard may be greater than predicted by total

138 has clearly demonstrated

BaP mass particuﬂateildédingﬁ The work of Stanton

~ the imporfancé of a contihuods localized dose of PAHs to lung epithelium as a
i ‘factor in'thé etio]ogy of experihenta] lung cancer. The Vehiéle (disso]ved in
i . a liquid partic]e'as with toﬁaécq smoke, adsorbed on a.sq1id particle as with
§ : "~ flyash, étc:) with whi;h the‘carcinogenic polycyclic aromatic is dd;ed may ‘be
f as jhportant as .is the total dose of PAH. Boyer and Laitehen]] have demonstrated
| "thét respirable and nonrespirable particulates generated in automobile exhausts |
| 'differ widely in elemental composition. Partic]e‘characteristips, including "
2 , surface‘pkoperties,'mUSt be'known before the specific carcinogenictiy of an )
| emission cén be estimated. |

With the exception of the 1ow'efficiency combustion of coal for space

heating, the combustion of petroleum products contributes as much BaP to.the

respiratory environment as does any other energy source.
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‘Table 5. BaP Emission Factors for the Combustion

of Pétro]eum Products in Motor Vehicles

ug BaP/gal fuel.

tons BéP/yeaEu

From~references 52,A109, 128.

Hangebrauck NAS  Hangebrauck  NAS EPA
- 1968 1972
Gasoline-Automobiles . 170 170 8.6 107
. ‘—5 10
Gasoline-Trucks o >460 ~500 >10 n12
' Diesel | 690 62 2.0 0.4 <
5206

n22.4 11



Table 6. Distribution of Polycyclic Aromatic Hydrocarbons in Petroleum Combustion Eff]uentsa

Source

- Automobiles (1956-1964)

Trucks (1956-1964)

Diesel Powered

Process Heat
No. 2 Fuel 01l
No. 6 Fuel 011

Home Heafing
Sectional Boiler
Hot Air Furnace

Institutional Heating

Low Pressure air-
atomized firing

aFrom,reference 2. -

(5}
<
[}
Q Q Q $>.’ .
2 g o g ¢ @ g
> > > - g 2 o =
. o : =2 O = _é [} KT, = +
© © ; () c . [5)) + c o FE c.
C— - ) — a ~ c (] . @ 5 e
S S 5 S = 8 £ s E = 5
g 5 8 8 8.5 g2 5 - § 8
-3 o & 8 & & £ S @ = = o
"~ pg/gal "~ microgramé per vehicle mile
170 12 1M ~16 1 49 120 5 32 74
>455 ..40 745 - >48. 6 199 - 105 . 78 485 475
690 ' o
ug/1b | hicrograms per million BTU heat input
<0.3 <20 49 56
0.9 47  .300 : 1800 270
<0.9 <40 1800 . - : _ - 8900 5000
<1 <60 15 ' : ' 76
18 900 '6100 ' » 300 2100 3900 - 3500' 1900

0¢
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Coal

135

Approximately 18% of the energy consumed in the United States in ]974

was supplied. by coal while coal constitutes 63% of the national energy reserve.

" The increasing cost .of oil and increasing dependence on foreign sources of 0il

- are providing strong incentives to increase coal utilization. Plans are being

made to double the current level of coal production to one billion tons per

'year as soon.as.préctica1. Coal will continue to supply heqt and electric power

end is’1ike]y to become e major-source of Tiquid fuels for transportation~and of
crude 0115 for the chemical 1ndustry The conversion of coal to gaseous or liquid:
fuels is further attract1ve 1n that it provides an a]ternat1ve to expensive
env1ronmenta1 control devices now required at power plants. A recent study6

concludes that the productidn of electricity from pipeline quality natural gas

produced from coal is less expensive than eléctricity produced dtrectly from coal in

certain areas. The predominant end-use of coal will'continue to be‘through‘combus-

tion. As is evident from the w1ser]48 conceptua11zat1on of coa] f]gune 1, combust1on

and convers1on are accompan1ed by the .possible product1on of po]ycyc11c aromat1c

~hydrocarbons

" Coal Extraction and Conyentional Processing

36 have reviewed the carc1nogen1c potent1a1 of types

Freudenthal, et al’
of coa] process1ng and conclude that there is little to no carcinogenic r1sk
assoc1ated with the mining operation. This is in sp1te of the fact that coal
dusts Aare 1nha1ed (as is ev1denced by the incidence of pneumocon1os1s) and
known to conta1n PAHs. Ianov is reported36 to have determined the presence of
PAHs ihc]uding'BaP in mine dusts.collected after b]astfng operations Mentser

107 ~have recent]y surveyed mine dusts by high resolution mass- spectro-

and Sharkey
metry and report the presence of constituents with the formu]a C18H12 and CogH;»

(poss1b1y<chrysene and BaP, respectively). Ev1dence of the presence of other
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PAHs .and of aTiphatic hydro;akbons was also found; particularly fkom the section

of the mfngAwhich employed diesel rather than electrical haulage.

Lebowitz et a193 has surveyed other stages (e.g., crushing. and grinding) of

convehtiona] éoa] processing..” Coal dusts are itemized among the potehtial]y

hazardous emissions but PAHs were not.

C]eér]y the most important source of PAHs (a. major cont\r'ibuter‘log’]28 tb.

the national airborne BaP burden, and a documentedmﬁ’”5 occupational hazard)

‘ fkom conventional coal processing is the coking operation. Coke is produéed by

heating coals to temperatures as high as 1400°C in the absence of air. Ammonia,

' coke-oven gas, a.light bil,.tar, and coke result from the process. As a measure

of the magnitdde of the.industry, approximately 87 -x 106 tons of bitumonus coal
were processed to pfoduce 60 x 10 tons of coke in 1972.
“Coke oven batterys aré;diffiéu]t to sample because emissions are diffuse

rather than from a point source. Most studies examine samples from personal

~monitors or from the genera]rvicin%ty of the coke ovens. Results are generally

expressed as “Qoa] Tar Pitch Volatiles" (CTPV), the’cyc]ohexane or benzene
soluble constituents of the particulates, or BaP is determined. 'Cohcentrations

of BaP:above the gas works retorts of a coke oven have been reporjted92 as high

-as 216;000 ng/m3t Jackson et a168 report concentrations up to 16,000 ng/m3 on

the coke'oven,baftery.

Of the references surveyed for this review, only Hangebrauck52 reports
quantitative data on'other.PAHs. Air samples taken froh the generai vicinity of
a combined steel and coking industry ranged from 440 to 8600 ng/m® in concen-
trations of.BaP;'benzo(e)pyrene,ipyrene, perylene, bénzb(ghi)péryTéne,:anfhanthfene,
coronene,‘anthracene,iéndlf]uoranthene. BaP waslpresent,at the greafest con-

centration of .the constﬁtuents determined.
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Additional study,}particu1ar1y of the composition of CTPVs and of the mor-
phology of the particulates, would be very important to provfde reference data

for4advanced coal conversion technology development.

Coal Conversion

"]9 51.85 45 a generic term encompassing ‘more than 10065

Coal “convers1on
spec1f1c processes des1gned to- produce liquid, gaseous, or refined solid fue]s
as energy sources: or. subst1tute petrochemical feedstocks from coal. Undes1re¢
able ash and sulfur is removed and the coal is converted into a form suitaoie
for direct use as low BTU or high BTU gas or for further refining to produce
gasoline; fuel oi],.and other products typical of'petro1eum processing. Processes
designed to produce liquid fuels are optimized'to maximize production of satu-.
rated hydrocarbons ﬁrocesses designed to produce.oetrochemical feedstocks are .
opt1m1zed to generate Tow molecular weight aromat1cs Most processes generate

a m1xture of gaseous, liquid, and solid products some of which become an integral

part of‘theAprocess ‘being consumed at the plant to enhance the y1e1d of the

specific product of interest.

Cochran19 po1nts out that the common chemical objective of the processes
is to increase the atomic hydrogen to carbon ratio of the coal from its typical
value of 0.8 to1 toa rat1o of 1.75 to 1 as is typical of oil. Higher ratios,

ideally 4 to 1 as for methane, are sought in the production of gaseous fuels.

It is necessary'to depolymerize the coal and hydrogenate the resulting fragments

to adjust the H/C ratio.

19

Cochran ~ divides the many conversion technologies into four basic cate-

' gories, (a) carbonization, (b) direct hydrogenation, (c) extraction, and (d)

synthesis. A coa1 is "carbonized" by heating (typically at 1000°F) in the

absence of air caus1ng the re]ease of gases and tars. Hydrogen may be added
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at re]ativelytlow pressure,'e.g, 600 psi, to result in "hydrocarbonization" to
increase the yield of volatiles and tars. The remaining solid char is used to
generatedsynthesis gas'for the production of process hydrogen.  "Direct hydro-

genation” involves neating a coal slurry to approximately 850°F .in the presence

- of hydrogen.at pressures of 3500 psi and, usually, a catalyst.” The "extraction"

process requires that the coaJ be dissolved in a petro]eum-so]vent. "Dissolution

occurs at approxihate]y 500°F and 300 psi pressure and the resulting liquid is

‘hydrogenated to produce a crude oil and add1t1ona1 so1vent for extract1on " The

Fischer- Tropsch "synthesis" 1nvo1ves burning the coal in-a. gas1f1er in the pre-
sence of oxygen and steam to produce primarily carbon monoxide and hydrogen.
The gas is purified and passed over a catalyst yielding liquid products ranging

from methanol through waxes and oils. Substitute natural gas, 1iquid petroleum

Agas and liquid fue]s are produced

State of the art engineering technology is required to -make these con-

ceptually stra1ght forward ‘operations commer1ca11y practical. Process flow

4d1agrams are rem1n1scent of those for large scale petro1eum ref1ner1es Adequate

Atechno1ogy is at hand for commerc1a]1y viable small scale convers1on as is evi-

13,65 by the successful operation of the Sasol synthet1c fuel p1ant for

20 years 1n‘South Afrita; It is the size of the projected conversion plants and
conversionvindustry in the United States that challenges engineers and concerns
environmentalists. .The Sasol plant processes approximate]y 3500 tons of coal

per day while U.S. pjanners visualize at least 20 plants, each-processing approx-

“imately 25,000 tons of coa] per day, preferably 40 plants processing a total of

108 tons/day and poss1b1y as many as 100 such plants. One p]ant processing
19

' }25 000 tons of coal each day wou]d produce - 205 x 108 scf of gas, 5000 barrels

of 11qu1d petro]eum 9as, 40, 000 barrels of motor fue]s, and. 5,000 barrels of

fuel oil da11y for a cap1ta1 1nvestment of $1.5 b1111on Twenty such p]ants
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woufd prbduté one'millfon barrels of liquid products and 4.1 x 109 cubic feet
of gas daily ﬁo provide 6 percent of the nations present energy demand.

| Aniinqutry of this sizé might be expected to have some impact on-the
envirpnment and,_cbnsidéring the Similarity to coking ahd coal tar work§;
on the health of the'warker. bAn'increasing number df-documents are.abpearing'

which outline and evaluate. specific processes for -environmental impact. General

38 78

studies haVe been reported by Glazer et al”" and Katz. ~ The Energy Research and

Development Administration (ERDA). coal gasification program is undergoing an

105 gasification

environmenta1~assessmént at Carnegie - Mellon University.
' 69,104

75

processes which have been keviewed include the CO, acceptor, Synthane,

70 133 102

Lurgi, Koppers-Totzek, and Hygas69 procésses. The solvent refined

coal (SRC) pr‘ocess7O and COED pyrolyses process75 are among the specific liqui-

. faction. technologies which have been evaluated. A comprehensive review of the

12

énvironmenta] and hea]th~a$pécts of coal conversion has been prepared ~ by the

Information Center Complex of Oak Ridge Nationa]}LaboratOry.l The results of -
these and- other studies-dre forming the basis of Envionmental Development P1ans,33

docuhents being pfepared-by the USERDA to guide enérgy-re]éted enviornmental and

~ health research.“

. The threat of an increase in occupational and/or environmental ¢arcinogenesis

15,36 A firm epidemiological basis

is the major health impact receiving attention.
for this concern exists for occupational cancer. As is summarized in Table 7,

technologies closely related to those comprising the projected coal conversion

. industry are known to be accompanied by an elevated risk of occupational carcino-

genesis. Labbratory,'c1jnfcél and epidemiology studiesS1»83,129,130,146

supbort of the Union Carbide Corporation coal .conversion plant at {nstitute,
W. Virgfnia confirm '(Coomes22 has questioned this conclusion) the carcinogenic

nature of the process materials and document a substantial increase in skin
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cancer rate for employees in spite of protective measures taken. Concern about
an increase in environmental carcinogenesis is less well-founded but cannot be-

ignored until it is demonstrated that carcinogenic materia]s‘can be contained'

"~ within plant boundar1es and the transportation and end- -use of the products are

not accompan1ed by an increased cancer risk. - Sautelr"l20 “has strong]y~urged-that

both the eccupational and environmental cancer risk.be given maximum attention
in:nétional policy decisions effecting the deve]opment of a fossi]ifue]s conver-
sion industry.

Po]ycyc11c aromat1c hydrocarbons are 1mp11cated as primary carc1nogens 1n
cbeJ derived mater1als.by virtue of their carcinogenicity and common occurance

in coal tars. The experimenta] carcinogenicity of coal derived materia]s increases

‘with increasing. bo111ng point and is correlated with process conditions which

favor the format1on of PAHs.

The Bart]esv111e Energy Research Center is engaged in a systemat1c study
of coal-derived 11qu1ds using modifications of the API- 60 method for character1z1ng
petroleum crudes.A Reports are . ava11ab1e on Syncrude from the COED Process us1ng

29’]%9 on two 0ils from the H-Coal Pr‘ocess,63 and the product of the

149 29,63,139,149

two coals,

Syntho11 Process D1st111ates prepared from the crudes are pre-

dominant]y hydrocarbon in nature but also contain écidic, basic, and heteroarbf:

19 has reported as much as 15% removal of

matic constituents. Rubin et al
constituents from COED Syncrude by acid-base extraction. Jones et a1,74.using

a newly deveToped Sephadex LH-20 procedure, reports 3% of the.Syncrude is hydro-.

'phi]ic~witn an additional 8% being capable of strong hydrogen bonding.

199 of compound types in distillates

Table 8 summarizes the distribution
from two coal conversion processes. Polyaromatics: 3 r1ngs and 1arger are seen
to const1tute from 5-40 wt. % of the products depend1ng on process type coa]

feed, and d1st111ate bo111ng range Diaromatics are present at_tw1ce the con-
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cehtration of~po]yaromat1cs in the lower boi]ingAdistillates and at“equa]

concentrat1ons for two of three higher boiling distillates considered. - The

coal used 1nf]uences the d1str1but1on of the products but has a sma]]er affect

on po]yaromat1c content than does.the process. The crudes examined contain from

_approximately 7.5-14 wt;'%.po1yaromatics if it is assumed that all of the poly-

aromatic constituents are recovered in the two distillates. Separation at this

: 1aboratory74 of a COED Syncrude from a Western Kentucky coal by Sephadex LH-20

chromatography produced a poTycyc11c aromatic fraction constituting 5 wt. % of
the Syncrude. Preparative scale polycyclic aromatic isolates recently generated
by solvent eXtraction.and adsorption chromatogrophy for mouse dermal testing§
corresponded to' 6.0 and 5.1 wt. % of the experimental COED Syncrude and Synthof]
products, respectively, under study at this laboratory. Synthetic crude 0ils
thus-appear to contain from two to five times thelquantity of PAHs normally found
in pétro]euh crudesm “Tars aod other high boi]ing residues produced es‘by products
of the convers1on process may contain ten t1mes more PAHs than do the synthet1c '
crude o1ls |

'The'P1ttsburgh ond BartfesV111e Energy Research Centers are examin-
in§29f63’]39’]49’147’77;]32’]31 the polyaromatic component of syncrudes and re-

lated products by mass spectrometric and nuclear maghetic resonance techniques

'designed to identify and quantitate classes of constituents. Results indicate

the presence of a wide variety of hydrocarbon and heteroatomic constitueﬁts and

theApresence_of many.alkyl substituted derivatives. Data, some'of which appears
' 37,39,49,87,134

in Tables 9 and. 10, has_ been ‘reported™ *~~* on the quantities of in--

dividua]Apo1ycyclic éromatio hydrocarbons in coal conversion related materials.
Results conf1rm the presence of a variety of known tumorigenic const1tuents,
possible tumor promoters, and .co- carc1nogens. |

Essentially no datais ava11ab1e on the unambiguous identification and

subsequent quéntitation of PAHs in synthetic fuels materials at the isomeric
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Tevel. The potent carcinogensA3-methy1 cholanthrene and 7,12-dimethy1benzan—

thracene have been reported9 in shale oils and we have noted cochromatographic

and mass spectrometric evidencé for the presence of 3-methy1cho]anthrene-in a

variety of synthetic crude oils but their presence-has not been positiVely
jdentified. We have analyzed synfuels and related materials for benzo(a)pyrene

. (BaP) content by isotope dt]ution/f]uorescence spectrometry/gas chromatography/

following extensive purification by selvent extraction and adsorption or cellu-
lose acetateﬂco]hmn? paper, or thin layer chromatography and found from approxi-
nately 40 ppm BaP to 1ess than.é ppm BaP for the sane sample type. Our apph’cation39
of Hecht's procedure54'to the analyses of one syncrude for methyl‘chrysene content
indicates that .chrysene and its 2- -methyl and 3- methy] der1vat1ves are present at
concentrat1ons of approx1mat1ng 100 ppm but that the highly carcmogemc54 »55

5-methy] der1vat1ve.const1tuted ‘less than 20 ppm, if any, of the syncrude.

Limitations of existing analytical methodo]ogiesland/or resources for detailed-

' chemica]‘studﬁeS‘has impededAthe identification and quantitation of known tumor-

igenic agentsﬁat.the-isomeric level.

Pheno]sss’]25’134»are_the major organic contaminants of by-product and

process waters from coal conversion. As is i11ustrated in Table 11, polycyclic

"~ aromatic hydrocarbons:are also found in the waters. The condensate from Synthane

'gas1f1cat1on is seen to contain predominantly naptha]enes with the 2-methyl

der1vat1ve be1ng present at a greater concentration than all the other 1somers
combined. The raw process water from the Solvent Refined Coal process is seen
to contain a 1arger vartety of PAHs at much‘higher concentrations than is found

for the gas1f1cat1on water or for by-product water from 011 shale retort1ng

*Concentrat1ons are in the sub-ppm range for most const1tuents As is the case

for synthet1c oils, these 1dent1f1cat1ons are based pr1mar11y on co-chromatography

or, at best mass spectrometry and require confirmation.
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We have been co]]aborating with J. L. Ep]er34 and his staff on a study of

the Ames Test3 as a short- term screening bioassay of coal -derived mater1a]s

'0115 and organic const1tuents of process der1ved waters are subJected to the

acid-base solvent -partition and adsorption chromatographic fraction procedure?]g.

found useful ‘in bih]ogica] studies of tobacco smoke .condensates and the resulting
fractiens are biotested 'Ear1y qaantitative resuits have been'reported 49
These and more. recent studies show that two coal- der1ved 0115 are more act1ve
1n the Ames system than are a shale derived oil or a petro]eum crude oil. B10—
1oglca1 activity is concentrated in the basic fractions andAneutral fract1ons .

thought to contain polyaromatic constituents. A recent stUdy here59 has indicated

the presence,of azapyrene and possibly other azaarenes in a bid]ogica]]y'active

subfraction of one basic fraction. The utility of the Ames test for predicting

carcinogeniC’actiVity 1s,present1y under study here62 through a mouse derma]
carc1nogen1c1ty b1oassay of materials prev1ous]y studied by Ep]er

It is not: poss1b1e to d1rect1y extrapolate the results of ana]ys1s sum- :

mar1zed here to the product1on or environmental release of PAHs by an eventua]

coal convers1on 1ndustry Samp]es which have been ana]yzed come from very small

sca]e operat1ons w1thout emission control modules and often from eng1neer1ng

experiments where process cond1t1ons are being manipulated to extremes. . Mater1als
from more rea]istic'operations, those processing up to 100 tons of:coa] per day

(still far from the 25,000 ton/day commercial plant projected), are only now

‘ becoming available. Product, process streams, waste streams, and the working

environment of the 30 ton/day Solvent Refined Coal Plant in Fort Lewis, Washington

_are presentiy undergoing]5 a systematic chemical and biological study.

The quantities and variety of polycyclic aromatic hydrocarbons found in

synfue]s re]ated mater1a1s clearly 1nd1cates the existence of a cancer threat

103

There is some ev1dence that the conversion process can be modified to reduce
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,Tab1e17. Epidemio]oéica] Basis for Synfuels/Carcinogenesis Concern

Reference

Pott, 1775112

Volkmann, 1875'%%

Rehn, 1895' 16

Lueke, 1907%7

Henry; 193]56

Kuroda, 1936°°

Kennaway, 193650

Kennaway_,.194781

N1, 195224

Anon, 1958 °

Bruugaard, 1959'%

130,146

Dot1, 19652

Kawai, 19677°
Lloyd, Redmond, et al,

1969-1974
Dol1,- 19722°
106 -

Mazumdar, 1975

96,99,100,101,113,114

Exposure/Experiment - .

"English chimney sweeps

Handling tar and paraffin from "

“carbonization of lignite
Production of'synthefid dyes

from coal tar

Carboun workers

‘.Coal tar workers

Coal gas workers

"Coal carbonization workers

Street pavers, asphalters, coal

gas workers, chimney sweeps

Gas retort workers

'Coa] gas and coke workers

* Gas retort workers

Sexton, et al, 196031283 129,

Coal 1iquefaction

Gas works

Gas works

Stee]Workers, coke producers

_Gas works

: Coke>0ven workers

Abstracted in part from reference 36.

Cancer

~ Scrotum

~Scrotum

Bladder

. Skin
Biadder

Lung

Lung, 1arynk

'Ldngv
~ Lung _
_ Stomach, Kidney,

“and pancreas

" Bladder

skin . .

Lung, bladder
Lung

Lung

_ Lung, bladder, sCrota]-'. 

Lung:




- Jable 8. Distribution of Constituents n Synthetic Crude 0i1 Distillates

* Process . - Synthoil COED . .  COED " Synthoil .COED © COED

Coal W. Virginia W. Kentucky Utah W. Virginia W. Kentucky Utah
Distillate . . 207°-363°C  205°-380°C ~ 204°-381°C  363°-531°C  380°C - >381°C
Saturate - 6 . 25 R BN 123.8 g
"'Monoaromatic. E 27.3 a2 '25,13. a7 250 '14.4 .
CDiaromatic 216 . 13 - 7.5 226 . 243 . 184
‘:Poiyarométic. 79 sa 7.1 a2 251
Heteroaromatic = 22.2 4.4 15.2 15.6 45 7.4

Distillate % of

crude : 42.6 54.2 45.4 27.3 24,2 40.3

From reference 149..

LE




Table 9. Polycyclic Aromatfc Hydrocarbons in Coal Derived 0ils and Related Materials

milligrams per gram of Sample

SRC Process Materials

Coal Derived Crude 0ils

— R Tatalytic — La-Miss Shale Derived
. Wash Solvent  Process Solvent Hydrogénation ' Pyrolysis - Petro]eum Crude Crude 011
Napthalene R S 160 1.7 0.9 1.4
_ Methylnapthalenes: 44 v 5 3.8 46 1.6 1.6
Dimethylnapthalenes - 18 . 18 3.7 6.3 2 2.2
‘ :'IszroPyTnaptha1enes o : : ‘0J2 - : 1.5
Biphenyl .: | 0 ‘6v 0.2 0.4 <0.1
<Dimethy1b1pheny1s‘ - 0.1 2.6
Fluorene | 0.2 6.6 0.3 0.5 0.2 0.9
9,10-Dihydroanthracene 1.7 <0.1
'9-Methy1fluorene, 0.1 3.1 0.1 0.1 0.4
| 1-Methy1fluorene w0 3 1.9 | 0.1 1.0
. Anthracene . -~ : B : D
0.1 23 1.4 0.3 % 0.6
Phenanthrene A ) .ij% ) —j% ‘ i}% . ~i}%
Fluoranthene 0.1 0.5 0.4 0.1 0.4
1varene ' ‘ <O.1_ - 11.2 : 4.3 ‘ | '0.2
1,2¥Benzof1uqrene | | - <0.1 0.1
2,3-Benzof1uoréne _ ‘<0.] 0.1
1-MethyTpyrene 0.6 01 <0 0.1

2€




 Table 9 (Cont'd)
Po]ycyclfc Aromatic Hydrocarbons in Coal Derived 0ils and Related Materials
| | mi]]igrams'her gram of Sample

©__SRC Process Materials °  Coal Derived Crude 0ils A
o ' ' Catalytic . La-Miss

" Wash Solvent Process Solvent  Hydrogenation .erOIysis Petroleum Crude

Shale Derived

Chrysene - _— . S o
. : : - . : _ 0.1 <0.1
~Triphenylene - -

Picene .i ‘_ : ‘ - o 0.4
1,12-Benzopefy]éne - 1.5 |
Anthanthrene - : 0;1

From References 37, 49, 87.

Crude 011

€e
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Tab]eA10;v Napthalenes in Synthetic and Natural Crude 0ils

Mi]]igrdmé per gram

: Coal Derived Shale  LMS  Alaskan
‘Cat. Hydrogen.  Pyrolysis -0il  Crude Crude
Napthalene 1.6 1.7 1.4 0.9 1.4
2-Metﬁy1naptha1ene ‘ 2.9 3.5 0.9.: - 0.9 ) 1ﬂ8
1-MethyInapthalene 0.9 1.1 0.7 0.7 1.4
Bipheny] | 0.2 0.4 0.1 | 0.4
2,6 Dimethylnapthalene 0.4 0.8. 0.1 0.1 0.5
1,3 + 1,6 DimethyInapthalene 1.8 3.0 1.6 1.3 2.3
2,3-Diemthylnapthalene - 1.0 1.5 0.3 0.2 0.4
1,5-Dimethylnapthalene 0.2 0.7 S0l 0.2
1,2-Diemthylnapthalene 0.3 0.2 0.2 0.4 0.5
AcenapthyTene | 1.3 2.2 0.2 0.2 - 0.6
Acenapthene | 0.5 0.3 | |
TOTAL 1.5 15.4 5.5 4.8 9.5

From Reference 44.




35

Table 11. Po]ycyc]ic Aromatic Hydrocafbdns in Coal and Shale

Constituent

Napthalene
é-methylnéptha]ene
1-methylnapthalene -
2,6-dimethylnapthalene ‘
1,3 + 1,6-dimethylnapthalene
1,5 + 2,3-dimethy1naptﬁaiene
1,2-dimethy]naptha]ene
Dimethylnapthalenes
2-i$opropy1naptha1éne
]—isoprob}]naptha]ene
Bipheny1~'

Aceﬁaptha]ene

‘Acenapthene

Dimethy]biphenyls.
F]uorene. -
9,]0-dihydroantﬁracene"
9-methy1f]uorene,-
1-methyl f]udrene'
Anthracene/phenanthrene
2-methy]antﬁrac§ne' N

1-methyl ‘phenanthrene

~~ Convers

ion Waters .

Milligrams per Liter (ppm)

Synthéne Gasification So]Vent Refined Coal"

. Condensate Raw Process Water
0.2 5
1.3 2
<0.1 -2
<0.1 -
0.1 -
<0 ,
<0.1 -
o 2.3
- 0.7
- 2 |
<0.1 0.2
- <0.1
1RP .
- 0.7
0.1 0.3
<0.1 ]
- 0.3
" np© 0.2
ND 1?1

Simulated In-situ
- Shale Retort
By Product Water

0.1
0.3
0.1
<0.1
0.2
0.1
<0.1

<0.1
<0.1

0.2
<0.1

0.2

0.3
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Table 11 (Cont'd)

Po]ycyclic'Aromatic'Hydrocakbons in Coal and Shale Conversion Waters

Constituent

9-methy}anthracene .
Methylphenanthrene
Fluoranthene
Dihydropyrene
Pyrene
1,2-benzof]uor¢ne
2,3-benzbf]uorene
1-methy1pyrehe ;‘

1,2-berizanthracene

Chhysene/tripheny1ene

ot reported ‘
bincomp]ete resolution

" Cnot detected

From References 37, 49.

Milligrams per Liter (ppm) '

.Synthane Gasification Solvent Refined Coal Simu]ated'1n¥51tu

Condensate Raw Process Water

ND -
- 0.3

ND 0.4 .
- <0.1

ND 0.6

ND -

ND -

. ND -

ND -

ND

Shale Retort
By Product Wat

er

0.4
<0.1
0.1
<0.1
- <0.1
0.1
<0.1 -
<0.1
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the production'pf uhdesirab]e'édnstituents without lessening the quality of thg'
finai producf. 'Indugtrja]‘hygieﬁe pr;ctices will haVe'to.bé carefully followed .
to 11mit<occupatipna1 carcihogensis. Recyc]ing'hazardous.wasté streams as is
bresent]yﬁp1annéd_in sevéra] péocesses and the deve]opmgnt~of cbntroT tech- -
"nologies optimized:téAﬁemoye PAHs may be required to avoid the gnvironmenta1

release of potential -carcinogens.

Coal Combustion

Most of the coal mined in the United States is eventuaily consumed by .
combustfon to proddcé.procesé, reéidentia], or institutional heating or e]e?tric
pqwérlﬂ An additional quantity is Eonsumed by destructive distillation to prodgce
coke. As is illustrated in Table 12, these sources combinéd with the'qpen.burning
of coal refuse, éccodni for approximately 90% of the natidna] 1nventory;of air-
borne benzo(a)pyﬁene. 0f the.600-800 metricﬁtons of BaP estimated to be emitted
in?1972, contro]léd combustion and open burning contrfbuted approximately 280

metric-tons each.
‘ 128

' Ana]ytica]Aresults on samples acquired froh the National Air Sahpling
Netﬁork (NASN) for BaP content over the period 1966 to ]970 fromAurban and non-
urﬁan areas further emphasize the importance of coal combustion as a source of
atmdspheric polycyclic aroﬁatic'hydrocarbons. 'Averagé seasona1'concentrationsi,".
of airborne BaP ranged from 0.1 ng/m® to 50 ng/m® for.rural and urban'areas ‘
reépective]y; 'CohcentrafﬁonsAare consistently-higher ih the winter mbnths re-
gardless of the regioh sampled fn.most cases and.are always hiéhéstAfor heavily

; coa1-based.induétria]ized'?egions. The Pittsburgh and Birmingham areas, both

/ Heavy c6a1 consumers, Wére found to contain maximum annual a?erage concentrations

of ]4‘and‘18‘ng/m3 of BaP, respectively, over thé'five sampling years reported.

P Perhaps most ijmportantly, the carcinogenicity of organic extract of particu]atés
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- collected in Birmingham are reported66 to be greater than that of cbmparab]e

extracts from Los Angeles area particulates. While well-noted for its "smog",

vefy little of the airborne particulates in.the Los Ange]es'area are coal-derived.

23

ADiehl'et al™~ have demonstrated a dependente‘of'emission, factors for

benzo(a)pyrene, benzo(e)pyrené;.and benz(a)antﬁracene.on the type of coal but

conclude, éé was previously noted for the combustion of petroleum products, that
combustion.efficiency‘ié the primary factor influencing PAH emissions. .The annué]
"BaP InQéntories" (Table 12) identify small residential furnaces as the over-
whe]hing source of heat-generation fe]ated BaP. Process-or institutional-heat
generation combustors are identified as more important to the inventory are

than large scale pbwer plants. The studies summarized by Hangebrauck et a152
provides tﬁe basis for these conclusions and illustrates that PAHs other-than

BaP follow the séme'trenq; The data summarized in Table 13 further illustrate

that the type, and presumab]y:thebefficiency,'of combustion is a more important

- factor than is the size or purpose of the combustor.

Coal fired’power plants contribute relatively little toAthe.naturai'partic-

ulate BaP burden. A high combustion efficiency combined with effective emission

control methods reduce theAannuél emission to one ton or less of BaP. :A Tow

-annual emission does not eliminate this source as a contributer to the PAH

related cancers. Local concentrations may be high. Diehl et a1;23 for example,.

" report the release of Qp to 50 mg/hr of BaP from power plants rated ffom 1 x 106’.

to 2 * 108 1bs steam/hr. A release of 46.6 mg BaP/hr may be calculated from the
more recent]y summérizéd] fesu]ts of Hangebraucks? for a poﬁér'plant consuming
59 metric tons o? coal per hour."whi1e only 840 ug of BaP ére re]eaSed per
mefric ton of coal cohsuméd,.the process re]eaﬁes large quantities of BaP and

presuhab]y larger qdantitieé of PAHs into a localized envirqnment.
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Emissions estimates are dependent on accurate sampling and analysis methods ..
128

PAHs are thought = to be re]eased from the combustor flame in the vapor state

- later to condense on inorganic particles or to coalese to form particles'of pdre
condensate The recent study of sampling techniques by Jones et a173 addressed |
the problem: of vapor state PAHs by des1gn1ng a samp11ng system which 1ncorporated
an organ1c adsorbent in the sampling train. The authors determ1ned the concen-
trations of anthracene pyrene, f]uoranthene chrysene benz( )anthracene -.and |
benzopyrenes in eff]uents from.the small scale combustion of natura] gas and

‘residual 0ils and from effluents of a carbon b]ack manufacturing fac111ty using

the adsorbent sampling system andistandard samp]ing systems. . Expressed as' total

polyeyc]ic.organic matter (POM), Jones et al report from two to ten times as
much POM in the effluents using the adsorbent sampier.' Enhancements by a factor
- of ten seem to be associated with the combustion of sulfur-containing fuels.

"It should be noted that the most volatile PAHs, the napthdlenes, were not .

s
H
'
'
i
i
3

g studied. . The logical conclusion is -that emissions from coal-fired power plants

'may'be as much as an order of magnitude greater than has been predicted using
traditiona1 sampling methods Methodo]og1ca] 11m1tat1ons, comb1ned with changes'l28
_% ‘1n combust1on techn1ques des1gned to meet NO emission .standards ,. may result in
a significant underest1mateiof ‘the importance of coaJ-f1red power p]ants to the
‘<nationa1 particu]ate BaP inventony. Regional affects,hnarticularly during penidds ‘
of atmospheriefconditions which.loca1ize the-dispersiqn‘of-emitted'pahticu1ates;
may.be much‘greater than would be predicted by annual national fnventories of BaP.
if“-4 S Differences66 in carcdnogenicity for airborne particulates from ditferent .
gepgraphie locations suggest that the composition of adsorbed organic matter mayv
“be 1mportant. The data,summarized in Tab]e'13 illustrates that pyrene and

fTuoranthene are consistently present at concentrations equal to or greateh than
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BaP in coal combustion emissions as is also noted (Table 6) for residual oil

combustion. Benzo(e)pyrene (BeP) is reported present at concentrations approxi-

' mating that of BaP for coal combustion while BeP was generally present at ]eve]s:

below the detection limit for oil combustors‘studied'.52 Dieh] reports23 that.‘

concentrations of henz(a)anthracene are within a factor of two of those for BaP
for the coal-fired power plants he has sampled.

Griest et a145

of this Taboratory have recently surveyed the hydrocarbon
content of an ash taken from the stack of a Tennessee Valley Authority_coa]—fired

power plant. The ash wasfextracted with benzene after adding carbon-14-BaP to

the ‘ash to determine recoveries, and the extract was analyzed by fluorescence

spectrometry and gas chromatography. The extract was further purified by florisil

and alumina column chromatography to remove paraffins after these components were

'found to predominate on the ash. Results of these analyses for PAHs are summarized

in Table 14. Normal paraffins 16-through 34-carbons in chain-length inclusively
constituted 8.6 ppm of the ash while the PAHs visualized constituted less. than

0.2 ppm. Benzof1uorenes.and alkyl-substituted napthalenes, pyrenes, phenanthrenes,

and anthracenes were found in add1t1on to the common]y reported pyrene and fluor-

' anthene. The separate analys1s for BaP by f]uoresence spectrometry and carbon-14

1sotope d11ut1on 1nd1cated that BaP constituted 35 ppb of the ash, The results
cannot be converted to quantitative emission factors because the plant operating
characteristics-and the sampling protocol were not'specified' The data clearly
demonstrate however, that the composition of "adsorbed organ1c matter is consider-
ably more complex than ‘would be indicated by results of analyses for a small number
of prejse]ected constituents. » .

fhe oontribution,'if any, of coal fired power plants direct]y to the aquatio
or terrestrial enVironment is less well known. Mass flow 1eve]s reported86 for '

a trace e1ement balance study w1th1n a power plant consuming approx1mate1y 88
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metric tons of coal per hour show that 8.43 x 10" gm of fly ash are collected
by the precipitator per mfnuteYWhile only 0.037 x ]09'gm/min of fly ash are
re]ea;ed intb thg environment through the stack. Stag and brécipitafor'aSh,.
394.5-tons per ton of re]éased ash, are often disposed of in ash ponds. It is
not known how efficiently the spectrum of PAHs.cohtaihed on tﬁe ash are leached
or'acted upon’ by micororganisms and subsequently leached into:the aquatic environf
ment. - | ' |

. Present technologies are effectively controlling the annual emissions of
parficu]afe-BaP ($nd'presumab1§ other PAHs) from coa]—ffred poWer blaﬁts. lThe
projected ihcréasihg national reliance on coa]-based electric. power and thé

poésib]e regional contribution to environmental carcinogenesis from a high point-

“source emission of PAHs, require a continued surveillance of this source of

energy-related polycyclic éromatib'hydrocarbons. -
0i1 Shale

Cerfain shales, pakticu]ar]y.those in the Green River Basin of Colorado |

_ are sufficiently rich in'organic matter ("kerogen") to allow theApkoductibn of

‘petroleum substitutes by retorting. Shale is being-s]ighted in this review only

because'poiycyclic'aromatic hydrocarbon carcinogenéées prob]éms are conceptually
similar (but less severe) than those which have already been discussed as ac-

companyihg the liquefaction of coal. High grade shales yield only 25 gallons

~of 0il per ton as cbmparéd‘to 1-3 barrels per ton of coal. The high grade'oil

shé]e deposits in the Green River formation of Co1orado,‘Utah,'and Wyomihg are
SO massive,'however,ias to allow estimates89 of some 600 billion barrels of

recoverable oil from the 600 square miles containing the shale. This quantity

89

of o0il is reported to be equivalent to the known reserves of petroleum oil

including the 10 billion barrels in the Prudhoe Bay area of Alaska. 0il is

presently produced7] by heating ("destructive‘distil]ation;" "retqrfingf) shale
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Table 12. Estimated Annual Airborne Emission of Benzo(a)pyrene in

the United States

Coal

Hand-stoked and underfeedfstoked"residentia] furnaces
‘ Intermediate size furnéces-

-Sfeam power plants |

‘Open burning, coal refuse

Coke production

Total, Coal

Petroleum and Natural Gas
OiT, residenfial through steahApoWer plants
Gas, residential through-steam power plants
Petrb]eum catalytic cracking
Asphalt air-blowing '
Aspha]t hot-road-mix p]ant‘
Gasolineepowe}ed, automobi]ee and trucks
Diese]—pdwefed,’trucks and buses
Rubbef tire degradatfon
Aircraft4. |
Lawn mowers and motor cycles

Total, Petroleum

Metric Tons per Year

1968 -

380
9
1
308

1972

270
6
<1

281

0.05-153 . 0.05-153

~700-850  550-700

<1
<1
20
<1

41

<1
<’|'
10

m32'
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"Table 12 (Cont'd)

. Estimated Annual Airborne Emission of Benzo(a)pyrene .in the‘United States -

Other Materials
wbod, home firép]ace$~‘
Enclosed incinerator,'apartment‘through municipal
Open burﬁing, domestic and municipal waste
- Open burning, vehicle disposal
Open'burning, forest and agriculture

"Open burhing, other

" U.S. Annual Total

From results summarized in reference 128.

1968

36
31
22 -
45
127

2261

1100-1150

Metric Tons per Yéar'

1972

.23

0
: mSO

. 640-780



Table 13. Distribution of Polycyclic Aromatib Hydrocarbons iﬁ'Coal Combustion Effiuents
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Heating Plant Fuel Rate’ pg/]b : ' milligrams per million BTU héat input -

“Power Plant A 60 tons/hr 0.25 .020 .160 | .20
Power Plant B 60 tons/hr 3.1 - .220- 1.025 .395 .017 .200 .005 .075
Process Heat A A5 tons/hr 0.43 .032 .24  .092 .370 .55
Process Heat B ~300 1bs/hr 140 10 16 7.9 6 4.5 .29 .33 .85 10 38
School Heat B 200 Tbs/hr 1.6 © .12° 1.7 - .23 1.0 3.2
Residential Heat A ~5 lbs/hr 52 3.8 7.7 5.4 .58 1.2 29 . 47

6 1bs/hr 25 870  220- 1400 270 49 1100 2300 4300

" Residential Heat B

1700

From results summarized in Reference 52.

2700

1A%



PAH

Naphthalene

""2-Methylnaphthalene

1-Methyinaphthalene

~Biphenyl . .

1,6~ and/or 1,3<Dimethy1haphtha1ene

2,6-Dimethylnaphthalene
- 1,5- and/or 2,3-Dimethylnapthalene

~ 9,10-Dihydroanthracene

Phenanthréne

,2-Methy15nthracene

-1-Méthy1phenanthrene ,

F]uoranthéne

Pyréne

‘1;2-Benzof1uoréne ,

2,3-Benzofluorene

1-Methylpyrene

Picene

TOTAL

T,.trace

From reférence 45."

45

Table 14. Po]&cyc]ic Aromatic Hydrocarbons on

Fly Ash from a Coal Fired Power Plant

Concentrat%on, ng[gm
8.3 - |

5.0

5.2

-10.3

12,6
17.6
9.1
<24.8
<13.4
<19.0
%.8
1n.s

0.2 ppm
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extracted by:suﬁface or underground mining to approximately 1000°F in above

ground retorts. Research is underway at the Laramie Energy Research Center,»

.Laramie:Wyoming, on methods to allow the in-situ conversion of shale to oil.

The prima?y environmental problems facing the shale oi]lindustry'appear
to be 1ocating_adequaﬁe supplies of water for-proceSSing, avoiding éontamiﬁating
the T{mited western<water‘§upp1y, and disposing of éo]id wastes. Approximatg]y two
tons of spent shale aécohpaﬁies the production of‘each barrel -.of 0il. Because
of "its decfeased density following processing, it is not possible tb return
all of‘the‘spent shaie to the mine. Almost 606 miTlion tons of.sbent shale
would have'to be dispoéed of annually from an‘oil shale industry prodqcihg one

million barrels of 0il per day.89

126

A report by Schmidt-Collerus suggested that a carcinogenic hazard could

be .associated wifh spent shale. Coomes22 has recently responded to this and the

Sautér120 paher. He reports that hairless mice-]iving.in a bedding of spent
shale exhibit no greater incidence of skin cancer than those living in normal
bedding and'suggestﬁthat this~i§ evidence of the non—carcinogénic nature of spent
shale. Coomes -also feportS'results from three laboratories which show‘that the
bghzo(a)pyréne cbnteht of:brocesséd shale is no greater'than 40 ppb, well within

the range of<concentration, reported for coconut oil, oysters, and oak leaves.

'_Bonomo has reportedglconcentrations of BaP of from 15-115 ppb in weathered spent

shales.

Crude shale oil contains22 approximately 3 ppm of BaP, one hundred times -

that found in épent shale and approximately that found in petrb]eum crude oils.

"~ A shale o0il1 produced by an above ground simulated in-situ retort has recently

been subjected to solvent extraction and adsorption chromatographic separatioqs
here to prepare a polycyclic aromatic hydrocarbon enriched isolate for biological

study. The isolate tompoéed approximately 2.0 wt. % of .the shale oil. This is’
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_1ess'than the quantity of isolate prepared (3.2 wtf %) from a mixtUreiof petro-
‘1edm crude 0ils using the same procedure. The product of simulated in-situ
'fetorting contains the samé variety (Table 9) of polycyclic aromatic hydrocarbons
~as ’'is observed in petroleum and coal-derived oils. The highly carcinogenic
_isomers 3-methy1cho]anthrene-(MCA) and 7,12—dimethy1vbenzanthracene have been’
reportedg’]zq in both raw and pfocessed shale but identifications are based
principally on chrohatographic retention. We have'observéd gas chromatographic
and mass spéctrometric evi&encé for the presencé of trace quantifies of MCA in
a crude shale 0il prbﬂuced bj simulated in-sftu-retorting‘but do not consider
the daté adequate for posiﬁer identification. _ |

AModse dermal'bioaSSay'remainé the most widely accepted measure of carcino- -
génicity.' Coqmes32 has phb]ished the results summarized in Table 15 from a

report by the Colony Development Operation.Z]

The data suggest that crude shale’
pii is no more carcinogenic than is commonly used fuel oil. It also sugéésts
fhat‘subsequénf,upgrading (by hydrogenation) further reduces the carcinogénicit}
of the oil.’
. Reports of pd}yqyc1ic aromatic hydrocafbons in-sha1é retort derived waters

- cannot be extrapo]afed direct1y to environmental releases. Data in Table 11
wgre'genefated using the water recovered by centrifuging the 611awater product
'1 of a,simdlated,ﬁn-sjtd‘retoht. The distribution of paraffjns:in the watér was

,'5dehfica1 to that found in the oil. The polycyclic aromatics may be dissolved
ih the oil réméining‘in the water due to incompTéte separat{on. Contro}
techho]ogjes qptimized’fo remove "hydrocarbons" may reduce the polyaromatic con-
ﬁent‘of the Qater to acceptable levels.
| fhe cohmercia] scale conversion of shales to oil will involve processing
idrge,quantities of po]ycycTic'aromatic hydrocarbons. The possibi]ity.of-PAH
related o;cupétiohal and environmental carcinogenesis cannot bé ruled out based

the limited experimental déta_and process experience avai]able;
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?1 o o Table 15. Mouse Dermal Carcinogenicity of Shale 0ils
; and Related Materials
Mat.ri 1. p @ Material p 2.
Whole Shale 0i1 . 0.1 Coke Oven Coal Tar 0.54
-Upgraded Shale - 0.03 Cracked Sidestream 0.26 -
Industrial Fuel 011 0.17 Napthenic Distillate ~ 0.06
g a“carcinogeni;ity“ relative to 3-methy1cho1anthrene64
.i .
: From reference 22.
!
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Conclusions, .Comparisons, Comments

Fossil fuels provide more than‘90% of the nations energy and are the bri-

mary techno]ogicaT source of-po]ycyc]ic aromatic hydrocarbons. Combustion, coal

coking, and petro]éum catalytic cracking are the'primary fossil -energy sources

of'afrbofne PAHé. Transportétion and processing of petroleum ére the primary
technologica]_sources of PAHs contaminating the water environment. Energy re-
Tated operations accompanied by the greatest hazérd of occubationé] éarcinogenesis
are those involving contéct wifh-petro]eum- and coal-"residuals" (e.g., coal tars)
and respiration of héay11y PAH-contaminated ehyfronmenté (e.g.; coking).

Coal and shale conversion will constitute a new source of PAHs. A single .

“commercial coal 1iQueféction plant will produce (assuming 25,000 tons of coal/day,

"2 bb1.0i1/ton of coal, 140 kg 0il/bbl, 3 wt. % PAH) 210,000 kgs of PAHs and

(assuming 1 ppm BaP).7jkgs of BaP daily as a component of the product. An industry

.processing 10% tons of coal'per day would produce approximately 100 metric tons

of BaP annually. ‘The quantities, if any, of PAHs genefated as wastes or emitted
during procéssing is uhknown.. ‘ _

Téchnb]ogy appears to exist to handle the increased PAH burden. The»betro- 2
Ieum induétry,'for examp]é,‘processed 780 metfic tons of BaP (aséuming'0.78.x
lbé-MT petroleum érude'oil'¢onSUmed,'1’ppm BaP) in 1972.,.Second1y, much of the
coal-derived oil is expécted té be consumed by combustion andjif is well docu-.
mented.that combustion efficienty is more important than ié the aromaticfty'of
fhe fuel in determining finaj PAH emissions. Conversion technd]ogies remain-a

potehtjal occupationai-hea]th and local enyironmental health threat because it

is not known how efficiently the hazardous constftuentS'can be contained in a

commercial scale plant.
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Based,on.the very Tdmited data (Table 16) available, coal and shale derived
crude 0ils contain only 2-3 times more BaP than do petro]eum crudes Some -
processes; particularly those optimized to produce: chem1ca] feedstocks, produce

products containing 10- ]00 t1mes the BaP and/or PAH content of petro]eum crudes.

'Tars and high boiling products produced in the conversion processes can consist

of 40 wt. % PAH bot thses must be conpared to their peotro]eum'counterpart; e.g.,
pitches,.rather than crude oids tn judging the added impact of the conversion
industry on the environmental PAH burden. In.general; coalf and sha]e-derived
oils may be exbectedlto contain larger quantities of a]ky]ated PAHs, hetero-
atomic constituents,'and hydroaromatics than does'petroleum.

The experimental carcinogenicity of shale oil is. reported to be aboot equal
to that of petro]eum crude oil. Coal tars are well known to be highly carcino-
genic: Mutagenicity screen1ng shows two coal derived 0115 to be more active than
a shale 011 which, in turn, is approx1mate1y equa] in act1v1ty to a petro]eum crude’

oj]. In all cases, the mutagen1c activity is concentrated in the po]ycyc11c aromat1c

'enr1ched fract1ons and the basic fractions.

W1th the possible except1on of airborne part1cu1ates, know]edge of the PAH
content of energy- re]ated mater1a]s fa]]s far short of ex1st1ng ana]yt1ca1 capa-
b111t1es and of needs of b101og1sts to est1mate carcinogenic potent1a] A

systematic study of the types reported by Saw1ck1‘and by Hangebrauck are required

. to generate ‘the data base necessary PAHs other than BaP must also. be determined,

the matrix in wh1ch the PAHs reside must be determ1ned and the presence or absence -

of unusua]]y b1oact1ve isomers, e.qg. 3-methy1cho]anthrene must be estab]1shed

The extent of. b1oaccumu1at10n and of chemical. transformat1on due to env1ronmenta1

processes must be determined to fully eva]uate the relevance of source terms to

. the 1mpact on receptor organisms including man.
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Materia]s

Crude 0i1s

" Petroleum
42

Libya™ 1.3 = Venezuala

42

Persian Gulf'c 0.04° Arabian

‘Shale Derived

Crude 0122 3.1

22

Hydrotreated™ 0.7

Coal Derived .

Catalytic Hydrogenation

Pyr§1y3i588 4.1

- Catalytically Reformed

7»Diese1 Fuel

Petfo1eum_P?oddcts.

Gasoline

108

88,134

42

1

Commercial 0.46, 0.03, 0.55

108

Nationwide Composite Premium

‘Nationwide Composite Regular

Motor 011, new42

42,108

Motor 0il, used 2.4, 6.0

42,108

.0.03, 0.07

No. 2 Heating 0i1'*® 0.01-0.05
Aspha]t]45}b.1-27

43

PetroTeum Pitch

6.2

1.6

.5

1.6, 41

0.48
0.21

Table 16. Benzo(a)pyrene Content of Energy Related Materials

: QppmABaP

0.4

0.03

.05
.03

2000
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Table 16 (Cont'd)

Benzo(a)pyrene Content of Energy Related Materials °

. Materials | ;o | I ..gppm;ggg
Misce]]aﬁéous - o o |

creosote® | o 200
coal Tar®®12% 1800, 5000 S 3,000
Coal Tar Pitch'#® 10,000
Raw Shale?? - L _ | .015  :
Processed ShalezzA , ' ' .03
Bitumonus Coal'2% ‘ " <.001

Reference Envionmental Materials

Waters

Uncontaminated ground water4 ' : ~.<0.00001
" Drinking water? ' <0.00003
Contaminated by industrial éff]uent4 ' = : 0.01

Heavily contaminated by coking, oil shale,
. . . - 4 .

: ‘Oil¥gas proce$Sing ' 0.5-1.0 .
Misce]]aﬁeous . |
Foods]?4 - . o "_ | " ' <0.001
Eafths Opper crust4v R : . .QJ]-])O
Biosyﬁthesized per weight dried material, | “
wheat -and rye” | 0.01-0.02
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