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ABSTRACT

! The polycyclic aromaiic hydrocarbon fractica of a kerocene soot indu.cs

1
! forward mutation in human diploid lymphoblasts when coincubated with rat-

/ liver post mitochondrial supernatant. Two components of the kerosene soot
extract, penzo[alpyrene and 3cepyrylens were also tested. Benzo[alpyrene
was not mutagenic at the concentration fcund in the soot extract, aithough it
was active at higher concentrations. The amount of acepyrylene prient could
account for apprcximateiy 8% of the total mutation obsarved with th- soot.
The results are compared to data obtained previously (Xaden et al., 1978,
submitted for publication) in 2 simiiar mutation assay in Salmonelia typhi-
wuriun.

The protccol described permits the facile assay of mutation at the hgprt

locus in human lymphoblasts induced by compounds or complex mixtures reguiring

lixed—function'oxgenase activity for metabtolism to genetically active deri-

vatives.
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INTRODUCTION
polycyclic aromatic hydrocarbons (PAHs) and their corresponding reterocyclic
compounds are widely distribu.ed in our environment (1,2,3) an¢ are fc-red by in-
cor~lete combustion of organic material. = - carcinogenic potency o¢ several
PAHs (3) and the association of fossil fuel combustion with PAH production {4}
has attracted the attention of the nublic to the possible hazerds of uacontroiled
emissions from motor vehicle operztion, home heating, and stationary power plant
operaticn. It should be noted that PAHs are also formed from natural scurces (5).
However, analysis of air samples from large cities has generally refiected the
predominant spectrum of PAHs derived from local use of fossil fuels {6].

The full extent of the biological impact of human exposure to cordusticn
products is not known. However, soot was tne first recognized human carcinogen;
Sir Percival Pott cbserved a high incidence of scrotai cancer in chimney sweeps
in England in 1776 (3). More recently it has been noted that cancers of the lung

Aand larynx occurred at higher than expected frequencies in gas stokers, coke
oven chargers, and chimney sweeps (7). Seelig and Benionus (8) reported that
death from lung cancer was two to five times more frequent in urban fhen rural
areas and suggested that this was linked to a higher urban PAH concent-atrion.

In_viv- <tudies with soots have produced cSnf]icting results. In inhala-

<0 e perimncnts, some studies have been peositive for carcinogenicity (8,2,10}

and some negative (11,12). Many PAHs have been investigated for their carcino-

genic potential as pure compounds. Whilé many are highly active (e.g., benzofa]-
pyrene, ditenz[a,hJanthracene, 7,12-dimethylbenz[aJanthracene), many others
(e.g., pyrene, anthracene) have been found inactive (2).

Organic solvent extracts of particulate air pollutants collected from
industrial and residential urban locations have been found mutagenic to S. typhi-
myrium (13,14,15,16). Polar and non-polar solvent extracts of respirable coal
fly ash collected downstream from an electric power piant also exhibited muta-

gnic activity to bacteria {17].
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" Individua) PAMs have been studied in bacteria (18; Kaden et al., 1976,
submitted for publication) and rodent cells in culture (19,20). Marer et _al.
(21) and Heflich et al.(22) have reported that the oxidized derivatives expected
from the action of mixed-function oxygenases and epoxide hydrase on benzo[alpyrenc.
dibenz[a, h]anthracene, and 7,12 dimethylbenz{alanthracene were mutacenic to
diploid human fibroblasts.

Bv modifying the method of Krahn and Heidelberger (19) and combining it with
the human diploid lymphoblast mutation assay developed previously in our laboraicr)
{23,248), we now are able to perform assays for the mutagenic potency of individual
PAH 2nd complex mixtures, sufh as soot extracts, directly on human tells. We re-
port here the details of our human-1ymphoblast mutation-assay-protocol and our
observations of the mutagenic activity of benzo[alpyrere, acepyrylene, and the

methylene chloride extract of 3 kerosene_soot. For comparison, we aiso include

resuits obtafned with our newly developed forward mutation assay in Salmonella
- uphimyriym.
MATERIALS AND METHODS

Chemtcals |
Benzo[aJpyrene, nicotinamide adenine dinucleotide phosphate, glucose-6-phospha

glucose-6-phosphate dehydrogenase, cytidine, hypoxanthine, aminopterin, thymi-ire,
G-thioguanine, 8-azaguanine and penicillin (potassium sall) were obtained from
Sigm Chewicat Co., St. Louls, #O. Arscler 1284 wac chtained from Analabs. North

Haven, CT. Agarose (Mi) was purchased from Miles lLaboratories, Elkhart, IN. Ace-

pyrylene (>95% pure, also knovn as cyclopenta[cd]pyrene) was a gift from Dr. L.

¥allcave, Univ. of Nebraska Medical Center, Omaha, NE. Karosene soot was obtained
through the burning of kerosene fuel in a continuous fiow combustor and
subsequently collected with a water-caoled probe {25). Soot samples were
extracted with methylene chloride in a soxhlet extractor for 18 hours, eva-
porated by rotary evaporation under vacuum, and rediscolved in dimethylsulf-

oxide. The composition of the kerosene soot extract was determined and




has been reported previously (25).

Metaholizing flement

Because human lymphoblastoid lines lack the ability to oxidatively meta-

bolize xenobiotics including polycyclic aromatic hydrocarbons, a rat-liver post

mitochondrial supernatant (P4S) was included during treatment. Male Sprague-

Dawley rats {Charles River Laboratories, Cambridge, MA), maintained on a

diev of standard rat chow and tap water, received a single intraperitoneal in-
section of 400 mg/kg aroclor 1254 to raise the level of liver mixed-fun..ion
oxygenises acsociated with the endeplasmic reticulum. Four days after the injec-
tion, the rats were sacrificed by decapitation. The livers were perfused in
situ with ice-cold phosphate-buffered saiine {P8S) contairing 3.0 mg/ml HaCl,

0.2 mg/m! KC1, 1.15 mg/ml NazHPO4, and 0.2 mg/m} KHZPO4. The livers were
renoved, minced with scissore in three volumes of ice-~celd PBS, and lomogeni-

zed in a Dounce homogenizer with six strokes of a loose-fitting pestle. Th2 homo-
genate was thun centrifuged at 3000xg for 30 minutes at O;C. The supernatant was
decanted and filter-sterlized by passing it through a 0.3y Millipore filter.

PMS aliquots were stored at -80°C prior to use. Np dacrease in the ability

to metabclize be zo[alpyrene to mutagenic derivatives has been observed du~ing

freezing and storage for 3 monthes at -80°C (G. Kurzbe: et al., unpublished

Hyman Lymphoblast Line

Cell line HH-4, a subclone of the himan near-dipiaid lymphoblastois
line WI-L2 (a gift of Dr. Arthur Bioom, University of Columbia Colle;
Physicians and Surgeons, New Yerk, NY) was used in all experiments. HH-4
demonstrates the remarkable ability to form .;acroscopic colcnies in soft agar
in the sence of a feeder layer of human fibrobastz. Also, the freguency
of induced mutation in HH-4 is similar to ihat observed in n‘»u:.'gman lymoho-

blast lines {26; H.L. Liber and T.R. Skopek, unpublished results).




Cell line HH-4 was cultured in RPMI 1640 medium suppiemented with 15%
fetal calf serum (FCS)(Flow Laboratories, Rockville, MD). Cells were =ain-
tafned in spinner culture at 37°C with daily dilutions to 3.0 x 105/m1.
Doubling time was 12-13 hours. Cell concentration was determined by particle
count using a Coulter Model & Counter (Coulter Electronics, Hialeah, FL).
To reduce the spontaneous 6-thioguanine resistant fraction, cultures

vere grown for two days fn RPMI 1640 (15% FCS) containing 2 x 77
-5

M aminop~
terin, 2 x 10~ kypoxanthine, 10°5K cytidine, and 1.74 x 10°°M thymicine.
To reverse the inhibitory effects of the aminopterin, cells were then grown
for one additional cay in RPMI 1640 (15% CS) supplcmented with only hypo-
xanthine, thymidine, and cytidine. Cultures were diluted with regular medium
for three days prior to use in a mutation assay.

Lynphoblast Mutation Assay
Cultures were diluted to 5.7 x 105/m‘l in RPMI 1643 (15% FCS, 100 units/m)
penicillin) and divided in;o 16 m1 aliquots, which were placed in 25 cmz plastic
tissue culture flasks (Corning Glassworks, Comi.ng. NY). Each flask received
18 mg nicotinamide adenine dinucleotide phosphate, 18 mg glucose-6-phosphate,
2m HgClz. 7.2 units glucose-6-phosphate dehydrogenase (delivered in 0.92 m}
RPMI), and 0.9 m1 PMS. The compound was delivered to each flask in 0.18 ml
dimethylsulfoxide. Cultures were incubated for 3 hours in a 37°C humidified

~ incubator (5% €0,).

After treatment, the cells were centrifuged, decanted, and resuspended

“tn fresh medfum at a concentration of 3 x 'It!s/ml. To determine toxicity of
treatment, duplicate aliquots of 4000 cells were plated in 5 ml of RPMI 1640
with 0.25% agarose, 20% FCS and 100 units/ml penicillin (plating agar) over
3 5 ni prejelled layer of the same agarose mecium in a 100 em petri dish. The
plates were fed the next day with 3 ml of RPMI 1640 (20X FCS, 100 units/ml
penicillin) and counted one week later. ‘

To allow for phenotypic expression, the treated cultures were allowed
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to grow for at least five genzraticns. Five generations are sufficient vur
expression of mutation to é-thioguanine resistance in HH-4 cells, in contrea-
distinction to the requirement of 10-14 generations, in ancther human lyipha-
blastoid line, MIT-} (23,22}, Duplicate aliguots of 4 x 106 cells were centri-
fuged and resuspended in 10 @) of liquid plating agar. A 10 ul sample contain-
ing 40C5 cells was plated for plating efficiency as described above. A 10 p!
aliquot of 2 6-thioguainie solution (i0 mg/ml in dimethylsulfoxide) was addes
to the 10 ml suspension, which was then plated in two 5 ml aliquots oato
5 ml layers of solidified plating agar. Thus, the final 6-thioguanine concesn-
tration is 5 pg/ml. The plates were fed the next day with 3 m] of mediun.

The plates were counted after 7-10 days' incubation (37°C, 5% coz, humi -

ditied}. Mutant fraction was calculated by the following fermula:

Colonies in tie presence of “-thi-gyonine

(Flating efficiency af o l.ure) (4 x 1

RESULTS AMD DISCUSSION

Figure 1 illustrates th: inductior of 6T .resists. . swic:.
lymphoblasts. Kerosene soot at a concentration of 26 pg/ml induced 2 »lant
fraction of 12 x 107>, This dose level contains aéout (.52 pg/ml benzo[alpyrene,
at which concentration benzo[alpyrene is not significantly mutagenic (no signi-
ficant increase in mutation at 1 ug/ml was observed ). We tested acepyrylene
because it constitutes 15% (wt/wt) of the kerosene soot extract (25) and
because it fs highly mutagenic to 5. tvphimuriom (22; Kaden
ted for publication, Figure 2). The 26 ug/ml dose of kerosene soct extract
containe’ about 4 pg/m! acepyrylene, which can only account for approximately
BZ of the mutagenic activity and, thus, cannot explain the high potency of the
kerosene soot. Clearly, other factors must be at work; either an undiscovereq

campound(s) of high mutagenic potency teo human cellg exists, or, perhaps,

synergisti- action among compounds is occurring. Muck udrk>remains to identify

the active and inactive components of the soot pulycyclic aromatic fraction in
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terms of human cell mutagenesis.

A very important point about the choice of target cells is emphasized

when we compare the data obtained wit'. human cells to that obdtained with bacterial
 cells (Figure 2). When the same kerosene soot extract was used to mutate

S. typhimurium to 8-azaguanine resistance (Kaden et al., 1978, submitted for

publication)- a concentration of 100 ,,9/m! produced a mutant fraction of

100 x 105, This dose level would :Jn.tain about 2 pg/ml benzo[a]pyrene and

15 ug/ml acepyrylene. Benzo[alpyrene at 2 ug/ml would not account for the

wmutagenicity observed; however, 'ls_uglml acepyrylene is considerably more

than enough to account for all of the mtlgenfcity {nduced by kerosene soot

(10 ug/m! produced a mutant Fraction of 120 x llo's)- If one had chosen to charac-

terize the mutagenic potential of kerosene soot components in a bacterial assay, '

one might have ocncluded that acepyrﬁen_e was wholly responsible for the muta-

genicity. While this is concefvably true in bacteria, we have shown that in

.human cells it accounts for only 8% of total activity.

The difference between the human lymphoblasts and S_aMa_ can be due
to specie-specific differences in the way they respond to a mutagenic stimulus,
or to differences in the reactivity of the target DHA in.each system. WNith
respect to the latter point, our group has recently isolated a thymidine kinase
(tk) heterozygote from the HH-4 1ine, which enabled us to observe mutation
frequency at the tk locus in human cells (30). Preliminary results indicate
that the mutation frequency at the tk locus fs similar to that at the hoprt .
tocus (30). Also, we note that the sensitivity of forward mutation to 8-azaguanine
resistance in S. typhimurium is similar to that observed in other forward selec-
tion systems, including flucrouracil and azetidine-carboxylic acid (T.R. Skopek,
1978, unpublished results). Therefore, we feel that the observed differences
in mutagenic response in the human and bacterial systems can, indeed, reflect
specie specificity.

The benzo[a]pyrene results compare well with data for other mammalfan cells




in the literature. Wwe not- @ i Ificant -ease in oowitel o
Krahn and Heideiberger {i9) ¢.z¢ .t-liver with V.74 a3 *the *

and, also, observed an increase - the S-ti.. Jaiine resi<tart ratust freotien
at approximately 3 pig/ml. Huberman (20) chta ned 11 inurease o 2-azac. iae.

resistant mutant fraction ir Y-79 ceil, at 7 - al terzolalpyrenz in tle -,

of hamster embryo cells, but the incubation tiue was *wt days &. oppdsud i

4

several hours. S. typhimurium also resps  d ‘o beazola]pyrens in the
1-5 pg/ml range. Thus, it would appear that the human T'mphoblast svsiem

is as sensitive to benzo[alpyrene as others renorted ir the l¥ierature.
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Figure 1

Figure 2

FIGURE LEGENDS

Toxicity and mutagenicity of benzc[alpyrene (o), acepyrylene (z)
and kerosene scot extract {3) to diploid human lyrphoblasts,
Treatment was for 3 hours in the presence (closed symbols) or
absence (open symbols) of 5% (vol/vol) rat-liver post-mitochordriz)
supernatant. The contro! 6-thioguanine resistant mutant fraction
(2-4 x 10'5) was subtracted from experimental points to yield thre
parareter "induced mutant fraction.™ Each point is the average
value of two independently treated cultures. Error bar eguals

one standard deviation.

Toxicity and mutagenicity of benzo[alpyrene (o}, acepyrylene (2),

and kerosene soct extract () to Salmonella typhimurium in

2 hour exposures. Treatment was carr%ed out in liquid culture

in a procedure similar to that used for the lymphoblasts. The
control 8-azaguanine resistant m.tant fraction (2-5 x 10’5) was
subtracted from experimental points to yield the parameter "induced
mutant Traction.* Each point is the average of two independently
treated cultures. Error bar equals one standard deviation.

{Data is from Kad . ot 2l., 97, submitted for publica* "=n.]
Assay procedure used in‘:bis study is described in references
{27) and (28).
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containing {raction of secveral soot samples wac measures in
to the purine analoz 8-azaguznine
A postmitochondrial supernatant derives fronm liver:
aroclor-pretreated nale Sprague-2awley rass
was incerporated into all assays to allow metabolism of cro-nutage:-
to their ac*ive f{orms.
The mutageric activity of the soot extracts ranged

to twenty times higher than could be accounted for by
of benzo(al)pyrenc present. The possiblility of synergism occuring

between benzo{a)pyrere and some coemponert in the soobt evtracts wae

discounted by the simple additive relationship of the mutagenicity

of a soot extract ard added benzo(a)pyrene.

To examine the alternative explaination that other components
of soot may have undiscovered nutagenic activity, seventy polycvclic
aromatic hydrocarbons were quantitatively assayed for their mutacenic
potential. Thirty-four of these compounds induced a sigunificant
increase in the mutant fraction resistant to 8~azaguanine. Of
particular interest is the extreme rutagenicity of perylene, ace-
pyrylene, and fluoranthene, 21l of w..ic.: exhibit creater nutagenicity
than benzo (a)piyrene at eguimolar concentrations.

Using the measured activities of each polycyclic aromatic
aydrocarbon cosstitue.nt in a kerosene soot, we are able to account
for the mutagenic activity ¢f the whole poelycyclic aromatic hydro-
carbon fraction in terms of addicive mutagenicity of its individual

components.
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They are {orred by

of organic materiu)., Cources ol Pal
organic matter in seoil an sadiments (4), hzat
refuse buraing, coke production. and motor vehicles (5).

PAH from fucl combustion found in the atmospher
bound to particulate matter such &5 soot or fly ash.
perceat of the fine particle mass ir 3 tvpicel urban &
soot (6).

Numerous experiments have demonstrated that soot is
to experimental animals (7-14) and epideniological observations
have suggested similar activity in man (15). Ext:aéts of particulat
matter have induced transformation in rat and hamster embryo cells
in culture (16), as well as mutation in bacterial cultures 17-215.

Benzo {(a)pyrene, a known mutagen and carcinogen, has been
identifie@ as one of the active constituents of socot, fly ash, and
particulate samples (1,2,22). Several other mutagenic and carcino-
geni¢ constituents have also been identified (2,22-27). However,
the mutagenic and carcinogenic potency of soot or its total PAH
fracticn seems greater than could be accounted for on the basis of
the amounts of constituents with known activity (14,18).

We have begun an analysis of this problem with knowledge of
the compound distributions in scots (23-25) and a new guantitatty

bacterial assay for laboratory yenerated mutation which is partic-

MATERIALS AND METHODS

Sources of Soot

‘( Nitrogen- and su;fu;—contaxn;ng $00ts were generated from mixtures

———

)




in an alcolsl burner, and

vater-~cooled flask placed directly over

washed from the colilection flask with glass wool and
chloride {26). Kerosene sout was obtained through

a kerosene fuel in a turbulent, continuous-flow combustor
sequent collection with a water~cooled probe (23). Furnaca

was obtained from a commercial source.

Soot samples were extracted in methylene chloride in 2 Soxh

extractor for 18 hours, evaporated by rotary evaporation under
vacuum, and redissolved in dimethylsulfoxide.

Sources of Chenmicals

Chemicals were obtaired from the following sources; aceoyrylcre
(cyclopenta (cd)pyrene) was a generous gift of Dr., Lawrence Willcave,
University of Nebraska Medical Center, Omaha, NE. 1,2-Benzodibenzo-
(b,d) thiophene was generously supplisd by Dr. LeRoy H. Klemn,
University of Oregon, Eugene, OR. 1H-Benz(g)indole and l¥-benz (e) -
indol-2-acid were donated by Dr., Stew:rt W. Schneller, University
of South Florida, Tampa, FL. Dibenzo(a,e)fluoranthene was supplied
by Dr. R.C. Lao, Environmental Health Centre, Ottawa, Onteria.
Acenaphthylene, 4-azafluorene, benzene, 7H-benz (d,e)anthracen-7-ore,
benzo (b) £1luorene, benzo (ghi)perylene, benzo (e)pyrene, 5,6-L2nzoguinolis: {
7,8-benzoguinoline, 4H-cyclopenta (ef)phenanthrene, 2,6-dimethylyuinol:-
2,6-direthyinandhthalene, isoquinoline,3—methylisoquinolin3,2-methquui::
i-methylguinoline, peryvliene, 2-pheryln~phthalene, 2-phenylpyridine,
4-paenylpyridine, pyrene, pvridine, triphenylene, 2,7-dimethylquinoline,
corcnene, and fluoranthene were purchased from Aldrich Chenical Co.,

Milwaukee, WI. Anthanthrene, aroclor 1254, 1,1'-binaphthyl, 9-phernvl-




ang!xx';na'(zzﬁei- , plovne

frox Analabs, Ine iorth Haven, CT.

was obtained from Cheomical Samsples Co.

quinoline was purchased from Rastern Chonmic

Benz (a)anthracenc, chrysene, flucrene,

and phenanthracene were obtained from Ia

N.Y. Ankthraguinone, i nthrone, and indole were purchased

Scientific Co., Mezdferd, #a. Dibenzo(b,d)thiophenc was

fronm Fluka A.G., switzerland., Acenzphthalene, l-cvanonaphth:ilene,
2-~cyanonaphthalene, l~methylpyrene, l-methylphenanthrene, and
2-methylphenanthrene wexe obtained from I.C.N./R&X Life Sciences
Group, Plainview, N.Y. 2-Methylanthracene and 9-methylanthracene
were obtained from I.C.N. Pharmaceuticals, Inc. Plainview, N.Y.
deium phenobarbital and methylene chloride were obtained from
Mallinckrodt Inc., St. Louis, MO. Quinoline and dimethylsulfoxide,
reagent grade, were shtained from Matheson, Coleman and Bell,
Norwood, OH. 1-Methylisoguinoline was obtained from Pflatz & Bauer,
Inc., Stamford, CT. Anthracerne, benzo{a)pyrene, dibenz(a,s)anthracers,
dibenz(a,h)anth:acene,7,12-dimethy1benz(a)anthracene,2,3-dime:hy1—
quinozaline, n-dinitrobenzene, 3-methylcholanthrene, anéd 2-methyl-

jndole were obtainud from Sigma Chemical Co., St. Louis, MO.

Bactg:ial Mutation Assav

Mutation assays were carried out as specified by Skopek et al.

(28, 29). Exponentially growing cultures of Salmonella tvphimuriuh

strain TH677 were exposed to several concentrations of the test
agent for two hours in the presence of 10% (v/v) of a postmitochon-
drial supernatant (PMS), prepared as a 25% {w/v) liver homogenate
of phenobarbital- or aroclor-pretreated male Sprague-Dawley rats

(Charles River Breeding Laboratories, Cambridge, MA). Details of
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PMS preparal.on are repooted elocuioore

phosrhiate, 1 mg/rl Kanp’, 670 s /mi 1101

phosphate dechydrozenase were includced as

nmetabolizing system. Following the two-hou

bacteria were centrifuvged (2000 rpn x 15

in a phosphate-buffered salina, and plated under sSelective (50 w5/7)
f-azaguanine) and non-selective conditions. Colonies were countel

after two days' growth at 37 C.

Mutart fraction was calculated by dividing the number ¢f zclziicz

observed under selective cconditions by the number of colonies obhcer-:

under permissive conditions, and multiplying by appropriate ciluii-n
factors.

RESULTS AND DISCUSSIOXN

All experiments were perfcrmed utilizing one of two frozen
batches of bacterial strain Ti677. Analysis of tne variaticn amonr
assays shows a normal distribution of the background mutaat fracticn
(Chart 1). The mean backyround nmutant fraction for experiments
performed from the first frozen batch (all experiments between
June 26, 1977 and Septembzr 28, 1977) was 7.1 x 10 >. The mean

background mutant fraction for all experiments performed from the

second frozen batch (all experiments hetween Gctorer 1, 1977 and
5

December 1, 1978) was 5.6 x 10 . Standard deviations were 4.0 x 10 -

5 {n=146), respectively.

(n=157) and 2.2 x 10~

The 95.9% confidence limit on the mean background fraction
(mean + 3 standard deviations) is used as our criterion of minimu=
significance .

Using this criterion, the methylene chloride extracts of

nitrogen-containing, sulfur~containing, furnace black and kerosene
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soty were all founi te Lo mntayonis at 26-50 4000

is a owo -hour axposure {aroclor preinduced rat

s!épys of the nc':cn:?ation dependence of indace

show the sulfu: ~containing soot to have 102 of

benzo (a)pyrene; the nitrogen-containing soot,10%;

and kerosene soct, 17%. Mutation induced utilizing rhen

induced PMS sas not observed until higher concentratinne were attairn
for ul)! soot extracts tested, as well as for benzo (a)prrene (Cata
not precsented).

tanzo {a)pyrene, often censidered the highest contributor

| soo:'s mutagenicity, constitutes less than one parcent of the
kerosene Soot extract {28), and accounts for less than three percent
of the obseved mutagenicity of that soot extract. Thus, the observed
mutagenicity could not be explained by a simple additive contribution
of all known mutagenic components of the soot extract.

Two possibilities could logically account for this pheronenon:
mutagenic components could act synergistically among themselves and
non-mutagenic components with regard to their mutagenic activity;
alternatively, other components of the soot extract could have yet
undiscovered significant mutagenic activity which could cumulatively

account for the soot extract's mutagenic activity.

To test the hypothesis of synergisn, the mutagenic activity
of benzo(2)pyrene was reasured in the presence of PNE fren areoclor-
pretreated rats over a wide range of concentrations in the presence
and ubsence of 80 mg/ml nitrogen-containing soot extract. We observed
a strictly additive relationship when benzo (a)pyrene was added to
a set amount of nitrogen-containing soot extract and the mixture
was assayed for mutagenic activity (Chart 3). This observation

is, of course, inconsistant with a significant contribution cf

BEST COPY AVAILABLE |




cynerciom of soot components with bhenrolalpyroens,

In order to test the sccond hrypothecsic,
of various sools wore guantitatively assayed
in che presence of PHS from aroclor-pretreated rats.
was not observed with NS from aroclor-pretreated rats,
were rotested in the presence of PMS from phenobarbital-pretrrated
rats.

Thirty-four of the components induced a significant increzce
in mutant fraction as measured by 8-azaguanine resistance (Tahle 1}.
Data for three of the thirty-seven remaining components (4-azaflusrene.
anthracene, and 1l,2-benzodibenzo(b,d)thiophene} suggests possitle
low-level mutagenicity. Solubility prcblems crcountered with several
of the compounds prevented terting at higher concentraticrns (Table 1).
The lowest concentration yielding significant mutation was calculatex
by intcrpolation for each compound from the concentration responsc
curve and it recorded in Table 1 (see Skopek et al. (29) for method
of calculation). In addition, the mutagenic potency relative to
benze (a!pyrene was calculated bv dividing the initial slope of tha2
concentra*ien rcsponse curve (mutant fraction in two hours/concentratic:s

by the "slope" of the simultaneously performed (80 «!j benzo(a)pvrene

standard, which lies on the linear portion of the benzo(a)pyrene

concentration response curve.
For those . interested in comparing the mutagenicity

to the carcinogenicity of these compc s, we have included animal

carcinogcnicity data, where available, in Table 1 (32).

Although the mutagenicity of some of the compounds (gquinolirne,
acepyrylene, benz(a)anthracene, chrysene, benzo(a)pyrene, benzec(e)pyrerz
7.12-dimethylbenz (a)anthracene, 3-methylcholanthrene, dibenz(a,c)-

anthracene, benzo{ghi)pervlene, and dibenz(a,h)anthracene) has been
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proviounly rc:d;nized (e.g., 30,31), this is theo
mutagenic activity in bacteria of twenty-throc
aromatic hydrocarbons associate’ with soot.

is the cxtreme mutagernde activity of perylerno,

fluofanthcne, all of whicii extibiti greater nu

pyrene at ecuimolar concentraticne (Chart 4). Although the rutag
response of perylenc reaches a statle maximum at concentrations

greater than 12 4, it induces significant mutasion at concentraticns
as low as 1.1 .4, as compared to 4.0 for benzo(a)pyrene when

a 10s (v/v) PXS from aroclor-pretreated rat: as used.

The componds acenaphthalenc, acenaphthylene, 4-phenylpyridine,
5,6-benzozuincline, and l-methylnaphthalene (see Charts 4-6) illistratc
the absolute necessity of simultaneous measurement 65 the toxicity
incurred as a result of treatment when examining chenicals of

unkrown bislogical activity. All are mutagenic only at concentraticns

which are also toxic to the bacteria. Failur. .o account rfor this

toxicity in calculations of mutagenic potency leads one to the

erroneous conclusion that none of these compounds are mutagenic to
S.typhiruriun, since the actual number of mutants is not increased

by treatment.

It is necessary to further emphasize that the potency calculations
of Table 1 are all based on 10% PMS(v/v) determination. The depenience
vl .pparent mutagenicity of many polycyclics on PMS concentration
is net 2 sinpu> monctonic increasing or saturation relationship,
but often demonstrates a maximum in the range of 1 to 20% (v/v).

T:<=, the activity rolative to benzo(a)pyrene will certainly vary
for ratry conpounds if different amounts of PMS are used or if PMS

soncent-ation is optimized for each compound.

A e,
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the data of Tualile
iven Pall often secms 0 L2
(Chartc 6-8)., This may be Impoertant
sr.nts of fucls such as coal, which contain significant
nitrogen. Prescnt limitations in chemical aralytical techniguc
prevent a guantitative analysis of all the aza-aromatics in ni
containing soot. Fortunately, a complete chemical analrsis of the
polycyclic arcmatics in our kercsene soot sample has been performed
(23) ané is reported in Table 2. Using this information, we can
attempt to compare the mutagenic activity of the crude mathvlenc
chloridc extract to the sumn of the exvected activities of each of
its polycyclic aromatic components,

Qur analysis is suwnarized in Ta' ie 2, in which the fraction
of each polycyclic aromatic co.~onent present in the m
cihloricde extract of kerosene soot is listed togather with its

potential contribution to the mutagenicity of the soot extract.

This contribution is calculated by examining the mutant fraction

induced by the concentration of a given compound present in the
kerosena soot exi.act, and dividineg by the mu%tant fraction induced
by the kerosene svot extract.

As can De seen in Table 2, the individual PAH constituents canx
more than account for vity of the kerosene soot methylene
chloride extract. Examination at 20 and 100 _4g/ml kerosene soot
extract show that compounds may contribute to the extract's mutagen-

city to different extents, depending on the concentratisn present .

However,at all levels examined there is sufficient activity present




in the individual Conlontn
'ﬁctivity.

The fuact th&t thcrsun of -the cenpunonto!
mutagenicity is g.euster than that of the kerosecroc S0%t crtrast moy
be duc to either the imprecision of our estimates, or a partial
competitive inhibition ofrnetabcli:ing reactions. Vhen the kerosane
soot extract was reronstituted from the available PAX constituents,
mutagenic activity similar to that of the kerosene so00t extract
itself was observed (Chart 9).

Thus, the mutagenié activity of the PAH fraction of the
kXerosene soot extract appezrs to be duec to a simple additive
contribution of its mutagenic components. Whether this is txuve of
soots prepared from other fuels, using other combustion conditions

remains to be determined.
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CE T CHART LESENDS

Chart 1:

Chart 3:

pistribution of background mutant raction.

_ pach event ropresents a sinjle deternination of the

packground nutant fraction. K. All experiments utilizing
bacterial batch {rozen June 24, 1977. B. All experiments
u;ilizinq bacterial batch frozen September 26, 1977,
n=total number of dcterminatioens, ¥=mean, sy=standard
deviation.

Dose-depen&ﬁnt mutagenicity (open symbols) and toxicity
(closed symbols) of the methylene chloride extracts of
xerosene (o,e), furnace black (m), nitrogen-containing (D.3
and sulfur-containing (4,A) soots to S.typhimuriun in the
presence of aroclor-induced PitS.

Fack point represents the average of two independent
determimations.

Dose-dependent mutagenicity of benzo (a)pyrene in the
presence and absence of 80 Ag/ml of a methylene chlorice
nitrogen-containing soot extract.

All points were assayed in the presence of aroclor-
induced PMS.

Each point represents the average of two indepenZent
determinations.

Desa-denendent mutagenicity (open symbols) and toxicity
(closed symbols) of acepyrylene (O,@), fluoranthene (8,4},
benzo (a)pyrere (o,e) and perylene (o,e) to S.typhinmuriuz:.
All points were assayed in the presence of aroclor-inducad

PMS.Each point represents the average of two independent




Chart 6:

Chart 7:

Chart 8:

determinations,
Dosc-dependent mutagenicity (open symbols) and toxizity
(closed symbols) of acenaphthylene (G,B), acerazthihzlen:
{(0,e), and 4-phony*pyridine (A,4) to S.tvnhiruric-,
Acenaphthalenc was assayed in the rresence of arccler-~

induced PiS. 4-Phenyipyridine a~? acenaphthylene vere

assaved in the presence of phancharbital-induzesd oot

(D]

Each point represents the average of two independent
determinations.

Dose~-cdependent mutagenicity (open symbols) and toxicity
fclosed symbols) of 4-methylquinolire and l-methylnaph-
thalene to S.tvohinuriun in the presence of arcclor-

induced PMS. Each point represents the average of

two independernt determinations,

Dose-dependent mutagenicity (open symbols) and texicity
(closed symbols) of 5,6-benzoquinoiine (4,A), 7,8-benzo-
quinoline @,3), 3,4-benzoguinoline (o0,e}), and phenanthrane
@,9) to g.tVQﬁimurium.

3,4-Benzogquinoline, 5,6-benzoquinoline and 7,8-benzoquinclire
were assayed in the presence of aroclor-induced PNS.
Phenanthrene was assayed separately in the presence of

either aroclor- or phenobarbitai-induced PMS. Each point
represents the average of two indeperdent determinations.
Dose~dependent mutagenicity (open synbols) and coxicity
{closed sy™bols) of quinoline (o,e), isoquinoline (M,0),
and naphthalene (4,4) to S.typhimurium. Quinoline and
isoquinoline were assayed in the presence of aroclor-

induced PMS. Naphthalene was a:sayed sepatately in the




Chart 9:

prosence of aroclor- or plienobarbital- dnduccd
point represents the average of two independent doter-
minations.

Dosc~-dependont nutagenicity (open synbols) and toxicity

(closed symbols) of a methylene chlorzide kerosene :=ooi

extract (o,e) and a reconsiituted kerosene soot extract
(a,a) to S.tvohimurium in the presence of aroclor-induced
PMS. Each point represents the average of two indepanicnt

determinations.
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