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SHORT-TERM BIOASSAY OF COMPLEX ORGANIC

MIXTURES: PART II, MUTAGENICITY .TESTING

J. L. Epler, B. R. Clark, C.-h. Ho, M. R. Guerin, and T. K. Rao

Biology and Analytical Chemistry Divisions

Oak Ridge National Laboratory

INTRODUCTION

The feasibility of using short-term ﬁutagenicity assays to predict
the potential biohazard of various crude and éomplex test materialé has
been examined in a coupled chemical and biological approach. The |
principal focus of the research has involved the pfeliminary chemical
characterization and preparation for biocassay, followed by testing in
the Salmonella histidine reversion assay described by Ames (1). .The
mutagenicity tests are‘intenaed to (ai act as predictors of profound

long-range health effects such as mutagenesis and/or carcinogenesis,

(b) act as a mechanism to rapidly isolate and identify a hazardous

biological agent in a complex mixture, and (c) function as a measure of
biological activity correlating baseline data with changes in process

conditions. Since complex mixtures can be fractionated and approached

in these short-term assays, information reflecting on the actual compounds




responsible for the biological effect mayvbe accumulated. Thﬁs,.
mutagehicity tests will (a)>aid in identifying ghe specific hazardous
compounds involQed and in.establishing priorities for further validaﬁive
tesfing,'testing in whole animéls, and more definitive cﬁemical
- analysis and monitoring.

qu work.has emphasized test materials a&ailable frbm tﬁé
developing.synthetic fuel technologies (2).  However, the prbcedﬁres'
are applicable to a wide varieﬁy of indusﬁrial_and natural prbducts;
environmental effluents, and body-fluids. fhe geﬁeral applicability
of microbial test systems has already been demonsfrated with, for
example, the use of the assay as a prescreen for potential genetic
haza}ds of complex environmental effiuents or products, e.qg., tobacco,
smoke condensates (3), natural products (4, 5), hair dygsA(B), soot
from city air (7), fly ash (8), and, in our work with sypthetic fuei_
ﬁechnologies, olils and agueous wastes (9, 10).
BIOASSAY METHOD

For the study 6f application of mutagenicity testing to environ-
mental effluénts and crude products from the synthetic fuels téchnology
we performed preliminary screening with the highly sensitive Anes
histidine revérsion strains known to respénd to a wide variety of

known mutagens/carcinogens. ‘The working hypothésis was that sensitive




detection of potential'mutagens in fractionated complex mixtures could

‘be used to isolate and identify the .biohazard. 1In addition, the infof—
mation could be helpful in establiéhing priorities fér further testing,
.. either with‘otﬁer genetic assays or carcinogenic assays. |
The Salmonella strains used in the various assays are listed below.
All strains were obtained fhrough the courtesy of Dr. Biuce Ames,
Berkeley,'California. |

Salmonella typhimurium Strains

TA1535 hisG46, uvrB, rfa (missense)

TA100 hisG46, uvrB, rfa (missense plus R factor)

TA1537 hisC3076, uvrB, rfa (frameshift)

TA1538 hisD3052, uvrB, rfa (frameshift)

" TA98 hisD3052, uvrB, rfa (frameshift plus ﬁ factor)

In the screening of fractionated ﬁatefials, the two st?ains TA98
~and TAl00 wefe generally employed. Standard experimentél procedures
have been given by Ames et al. (7). Briefly,.the strain to.be treated
with the potential mutagen(s) is added to soft agar containing a léw
level of histidine_and biotin’aloné with varying amounts of the tesf
substance. The suspension containing apprqximately_Z X 108‘bacteria
is'overlaid on minimal agar plates. The bécteria undergo sevéral

diVisions with the reduced level of histidine, thus forming a light




lawn of background growtﬁ on ﬁhe plate and allowing the:mutagen'to
act. Revertants to.thé wild-type state appear as obvious large
colonies on thé pl&te.' The assay can be quantitated with respect to
dose (addéd amoﬁnt) of mutagen and modified to include "on-the-plate"
treatment with the liver homogenate reqﬁifed to metabolically activate
many compounds.

Fractions and/or control compoundé to‘be tested were'suspended
in dimethyl sulfoxide (supplied sterile, spectréphotometric grade from
Schwarz/Manni to concentrafions in the range of 10-20 mg/ml solids.
The potential mutagen was in some céses assayed for general'toxicity
(bacterial survival) with strain TA1537. Normally, the fractioh-was
tested with the plate assay over at least a 1000-fold concentration range
with the two tester strains TA98 and TAl00. Revertant colonies were
-counted after 48 h incubation. Data were recorded and plottéd versus
added concentration, and the slope of the induction curve was aeter—
mined. It is assumed that the slope of tﬁe linear dosg—respoﬁse range
réflects the mutagenic activity. quitive or questiénable results
were retested with a narrower range of conceﬁtratibns. All studies
were carried out with parallel series of plates plus and minus the
rat liver enzyme preparation (7) for metabolic activation; Routine

controls demonstrating the sterility of samples, enzyme or rat liver



.5-9 preparations, and reagents were included. ‘Positive controlé'with
known mutagené were also included in order to recheck strain résponse
and enzyme preparations. All solvents used were non—hutagenic in the
bacterial tést system.

'SAMPLES

Samples that have been tested and their sources are listed below:

(1) coal-liquefaction product from a process unéer development, co@rtesy
of tlie Pittsburgh Energy Research Center (Synfﬁel A), or Coal A from
OﬁNL repository; (2) coal-liquefaction product from the COED Pyrolysis
:Procesé, courtesy of FMC (Synfuel B), or Coal B from ORNLlrepository;
:(3) Léuisiéna—Mississippi sweet cruderil, courtesy of Dr. J. A. Carter
of the Analytical Chemis£ry'Division, Oak Ridge National Laboratory;

k4) éomposite crude oil sample from materials obtained through the
cburtesy of Dr. Dee Latham of the Laramie Energy Research Center;‘
A(S) a crude shaie—oil sample (B) from the above¥ground simulated

in situ oil-shale retorting process; (6) the aquéous product water | ' ' i
consiéting oflthe centrifuged water of combustion from_the same process o |
(both samples 5 and 6 courtesy of the Laramie Energy Research Center) ;
(7) a coal-gasification aqueous condensate from a process under develop-
ment, éourtesy of Pittsburgh Energy Research Center; and (8) a separatox

liquor from a coal-liquefaction process, courtesy of FMC. The authors




recognize the possibility that thése samples may bear no relationship
to the process as it may exist in the future, nor éhould it be con-
strued that these materials are representative of all naturél crudes,
'4Synthetic or shale-oil processes. They are used here éimply as
appropriate and available materials for the research.

BIOASSAY RESULTS

Class Fractionation

0il samples. The bulk of the samplés listed above were subjecfed to the
fractionafion scheme described by‘Swain et al. (11),-as modified by
Bell et al. (12). The scheme is described iﬁ detail as applied to oils
in thin et al. (13) and in Part I of this presentation. As an example,
a summary of the results from a sample of Synfuel A-2 (9) is given in
Table 1. Subfractionation results are sthn with the neutral fraction
éhromatographed on a Florisil column. fhe.columh was eluﬁed with the
solvents shown and, with this sample, collected in one fraction. The
data includgs the analytical weight analysis of the sample (column 1)
along with the specific mutagenic activity (slope of dose-response curve)
of each fraction. (column 2).V The bréduct of £hese (column 3) represents
a weighted value of each fraction relative to the contribution to the
starting test material. Mutagenié acti&ity is seen in both the acidic

and basic fractions along with the neutral subfractions. However,




Table 1
Distribution of Mutagehic ActiQity of Synthetic oi1? (Synfuel A-2)’

Relative . - :
-weight Specific '~ Weighted
b % of activity® activityd
Fraction total) (rev/mg) (rev/mg)}
1. NaoH, - 20.9 1700 A 356
2 'WAI 2.2 180 : 4
3. WAE 4.9 1260 62
4 SAI <0.1 30 0
5. SAE 0.4 130 1
6. SA 2 Z
SA _ 0 120 1
7. B_~ 6.8 38700 2633
Ia
8. BIb 0.1 1270 1
o. BE ’ 2.0 36200 . 725
10. B .6
W 0 570 3
Neutral 69.2 583 (570)e 403
TOTAL _ ‘ 107.6 : 4189
; Neutral Subfractions A ‘
. | Hexane 72.7 340 - . 244
J ) Hexane/benzene 5.0 710 35
Benzene/ether 19.8 1360 - : . 270
Methanol A 2.3 1460 : 34
Subtotal - 99.8 ] . 583
Initial sample, g ' 26.166
Chromatographed, g 10.664




aAll assays carried out in the presence of crude liver S-9 frémvrats
induced with Aroclor 1254.

b . . ' :
I = insoluble (fractions a and b), E = ether soluble, W = water

soluble, WA = weak acid, SA = strong acid, B = base.

'crev/mg = revertants/mg,'the number of histidine revertants from

. . 8 .
Salmonella strain TA98 by use of the plate assay with 2 x 10 bacteria
per plate. Values are derived from the slope of the induction curve

extrapolated to a milligram value. - NT = not tested.

a. . - - ‘ . . . .
Weighted activity of each fraction relative to the starting material
is the product of columns one and two. The sum of these products is

given as a measure of the total mutagenic potential of each material.

-eComparable to "specific activity," but based on the activity of the
total neutral fraction rather than the summation of the individual

fraction.




the major confribgtorsAto‘the mutageniéity appear to occur in the basic
. fractions, with activities.also consisténtly present in the neutral materiais.4

A comparison of these activities and the total mutagenic potentiai,
of the various oil and aqueous samples is given in Table 2.‘ Reasonable
reproducibility is seen in similar samples, e.g., Synfuel A-1 and A—Z{
'Synfuel B-1 and B-2. Synfuel A-3 represents the same ﬁaterial without
prior centrifugation of the solids. The cohsistency'of.activitiés.seen
in all oils considered is illustrated. On a relative scale; the syn—“
thetic fuels show more mutagenic activity than the natural crude
"control"_samples shown. Shale oil appears to be dnl? slightly.
higher than the natural crudes. References are given to the'cbmplete
published compiiations on.these samples. See Table 2.

Each determination represents the slope of the dose-response’
curve. All testing was carried out in the preseﬁce of the rat—liver‘
microsomal activation system. Slight mutaéenic activity withouf
enzyme treatment was occasionally noted.

1The routine screening utilized strains TA100 (missense).and TAO8
(frameshift); however, complete strain—specificify tests were carried
out with selected materials. Fra;tions giving a positive response with
strain TA98 were, in general, also positive with the other frameshift

strains, TAl537 and TA1538. Additionally, positive results were

10
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"Table 2

Summary of Mutageniéity Testing Results with Synthetic 0ils and Aqueous

- a
Samples - Class Fractionation Scheme

0il) 1.0 w/v%

68

SAW BE Neutral
Sample Rel. Wt. Spec. |Rel. Wt. Spec. Rel. Wt. Spec. Total Reference
(%) Act. (%) Act. (%) Act. Wt. Act. o
' - (rev/mg) ' (rev/mg) (rev/mg) | (rev/mg)
Composite Crude-1 0.1 400 0.2 150 84,2 277 241 (9)
Composite Crude-2 0.1 750 0.2 500 84,2 166 147 (10)
La-Miss Crude 0.1 240 0.2 180 80,7: 90 76 (9)
Shale 0il 0.6 160 7.1 952 86.7 112 178 (10)
synfuel A-1 0.3 240 2.0 28900 73.6 - 517 4032 (9)
Synfuel A-2 0.4 120 2.0 36200 69.2 583 4189 (9)
Synfuel A-3 0.3 1010 3.1 43300 56.4 1094 7308 (9)
~ Synfuel B-1 0.4 0 2.6 1500 | 82.3 560 516 (9)
Synfuel B-2 1.6 0 1.8 3800 89.3 465 484 (9)
‘Separator Liquor 53.9 0 0.5 850 1.5 0 17 unpubl.
1.3 w/v% ’
Gasifier Condensate 30.8 0 0.5 4000 1.9 100 - 211 (14)
0.9 w/v%
Process Water (shale 65.0 0 2.7 1575 2.4 52

(10)

aStrain TA98 with metabolic activation with Aroclor-induced preparation.




vroutinely-noted with the sensitive missense strain TAlOO} however, -
‘reversion of the missenée strain TA1535 was raré. TA98.appeared to be
the begt general indicatéf of mutagenic actiQity of these materials.
Furthermore} liver preparations froﬁ ?ats induced with Aroclor 1254
(a gift of Monsanto) showed the best general applicability. Héwever,'

individual differences in effectiveness do occur; for example,

variously-inauced preparations show obvious differences between
Basié fractions and e.g., the neutral/methanol fraction (9).'-An
Aréclor—induced preparation reacts best witﬁ the,neutral fraction
(polynuclear aromatic hydrocarbons?),}whilé a phenpbarbital—induced
preparation works more éffiéiently with the basic fraction

(heterocyclic nitrogen compounds?).

Primafy candidates for the mutagens (and carcinogens?).responsible
for activity in the basic fractions include quinoline,.substituted
quinolines, alk?l pyridines, acridine, naphthylamines, aza—-arenes,
benzacridines, and aromatic amines; in the neﬁtfal fractions potentiél
threéts may consist of benzanthraceneé{ dibenzanthracenes, substitﬁted
anthracenes, benzopyrenes, benzofluorenes, pyrene, substituted pyrenes,
ahd ghrysenes (see Ho et al., 15). Thus, work with these pure compounas
is béing carried ou£ conéprrently.

Réproducibility of results was sthn‘by comparison of data from

similar samples. Although discrepancies exist from fraction to

12




Afraction, the‘general treﬁd is apparent, and the sum of activities
appears to be roughly repfodﬁcible. Again, when the'major—cémponent,
neutral fraction is assayabie, as with the synfuel A, the sqmmation » -(
.of the subfraction valuesvof the neutrals reflects the aﬁproximate
additivity of the ihdividual mutagenic determinations. For exahple{
570 reveftants/mg with a direct assay of the neutrals from Synfuel A-2
compares with 583lrevertants/mg based on the summation (Tablé 1).

' An overview of the results poihts to a number of cbnSiStencies:
(l)Aall crudes and Synfuels showed some.mutagenic pbten&ial; ké) the
neutral and basic fractions showéd activities regéraless of tﬁe source
of the sample; and (3) the relative total mutégenic potenﬁials.varied
over two ofdérs of maénitﬁde.. Whether thése results reflect a compara-
tive biohazard'of processes still undex develoément is'ﬁot the pointl
in question here. The results simply show that biological testing -
-geﬁetig reversion assays in this case - can be carried out witﬁlthe
newly developed téster sYstems, but 6nly when coqpled Qith the appropriate
analytical Separatién schemes. Coﬁéeivably, the use of.this approach
éould provide rapid information concerning health effects.'

Agueous Samples. Table 2 also lists sample results from a group of

aqueous samples subjected to the class fractionation procedure

("Stedman procedure"). In general, greater activity is seen in the more

13




polar, more water soluble fractions rathei thanAin thelnon—polar neutral
mate;ials. Caution has.to be extended on work with any aqueous material
because of the high potential for instability. Although we have used
organic extraction here, techniques with resin concen;ration, e.g.,
XAD-2 may prove useful with aqueous samplés (16, 17). - Only in excep-
tional cases islthe mutggenic activity direc£ly observable in an

unconcentrated sample.

Liquid Chromatographic Fractionation

In the initial studies with coal liquefaction products, the crude
oils were fractionated using the scheme originally developed for cigarette
smoke condeﬁsates ("Stedman procedure"). The scheme yields clas§ sep-
arations based on the relative acid-base properties of the componenté.
The samples are partitioned between ethyl ether and 1 N NaOH in a
single-stage, continuous procedure to yield an aqueous écid ffacﬁion
and organic phase base and neutral fraction°.‘ The organic fraction is
extracted wiph‘l N HCl to yield an aqueous basic fraction and an organic
basic fraction and an organic neutral fraction. The neutral material
is subsequently subfractionated on a florisil column. These primary sub-
fractions are then subjected to mutagenicity testing.

Realizing the potential for modification of the components within
thg procedure, we moved to consideration of a number of other methods. '

The fractionation procedure ﬁsing Sephadex LH-20 can provide a gentle and

14




large-scale class separation for (initially) crude oils from shale oil
.and coal liquefaction processes; The procedure involves three steps
using the gel in different modes: (1) lipqphilic—hydrophilic partition-
ing; (2) molecular‘size separation; and (3) aliphatic-aromatic separation.
‘The procedure (18) was designed by Jones, Guerin, and Ciark of the
Analytical:chemistry bivision. Using fractions prepared as above, we
have started a comparison of this procedure and the Stedman procedure
for usefulness in preparation for bioaséay.‘ The preliminary mutageni-
city studies.confirm the éuitability and utility of the method. Tabie 3
summarizes some of the resulté f;om shale oil. The méthod

appears ;o be generally applicabie to complex ofganic mixtures and
‘aéhievés the goal of présentiné a gentle and rapid separation scheme,
useful with large-scale samples;

Subfractionation of Neutral Components. The polycyclic aromatic

hydrocarbqns (PAH) presumably occurring in the neutral fractions of

. the various schemes<noted have been 1istea as major céntributors{

to mutagenicity of thé test materials. With natural crudes, these
compqnents appear to account for the bulk of the activity. With

synthetic crudes, the contributions of both the basic and neutral fractions,
must be considered. Further work is.heeded to define (isolate and’

identify) the mﬁtagenic components of these important classes.

15




Table 3

Sephadex LH-20 Fractionation'of Shale 0il Coupled With

Mutagenicity Teéting

Test . : % of Total ‘ _ Specifica
Material-Fraction . . Activity
' B {rev/mg)
Crude 0il o | 100 - | 233
Hydrophilic ‘ v 6 . 1300
Lipophilic 93 , . 196
- Polymer - 5 . 54
- Hydrogen-Bonding . ' 5 1040
- Sieved . 84 100 .
- Polymer , 1 : 0.
~ = Aliphatics 60 - 180
Aromatics :
- 1 and 2 Ring © 14 . 24
- 3 and 4 Ring . _ 5 132
- Polynuclear . , 4 . 1220

aSlope of dose-response curve with Salmonella strain TA98 plus rat-liver

preparation induced with Aroclor 1254.
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we havg'carried out a preliminary sfudy with synfuel PAHS sub-
fractionated and detected by the shbrt—term mutageﬁicity a§say. As
shown in Table 4, shale oil (Sample B) can be separated into lipophilic
‘and hydrophilic fractions with the. Sephadex.LH-20 partition chromato-
graphy described previously (18, 19). Further separation of the
iipophilic fraction is achieved by neﬁtral alumina and LH-20 using
varioﬁs solvents. The various subfractions can then be.assayéd for
mutagenicity with the Salmonella histidine reveréion system. As seen in
the>Table 4, activity seems to peak in the 4- and 5-ring subfractions,
those containing known carcinogens/mutagens as benze (a)pyrene,

benzo (c)phenanthrene, and 3-methylcholanthrene.

Subfraction of Basic Components. Again, considering the results with
class fractibnation pfocedures,'we déveloped a procedure (20) specific-
ally designed for subfractionation of the basic materials, now réalized
to be a major coﬁtributor to mutagenic activity. BAn elution sequence
using a;umina aﬁd Sephadex LH-20 gel with a combinafion of solvents
isolates 90% of the mutagenic activity from basic cpmpounds into 0.5 wts
fraction of crude oil.

A basic alumina column eluted first with benzene and then ethanol
isolates the mﬁtagenic components of the ether soluble base fractions

(ESB) of synthetic'crude oils into a fraction of about 25wt of the ESB.

17



‘Table 4

Subfractionation of Neutral Components From Shale 0il:

Distribution of Polycyclic Aromatic Hydrocarbons and Mutagenic Activity .

Specific activitya
4 ' rev/mg of fraction
Subfra¢tion Weight % Without wWith

' S-9 : 5-9
Aromatic Fraction : | 100 : 60 o 170
I (polymeric) . - 5.7 4 | 0 . .0
IT (l-ring) 47.0 0 ' 0]
.III (2-ring) 33.7 -0 0
IV (3-ring) _ | 8.0 0 . -;OOO
V (4-xing) : | 2.7 ~ 1600 4000
VI (5-ring) ' 0.6 ’ 2600 3800
VII (>5-ring) 0.5 600 1500
TOTAL ' 98.2 62 - 214

aNumber of histidine revertants from Salmonella strain TA98 by use of

. _ g ' A . ‘
plate assay with 2 x 10 bacteria per plate. Values derived from slope

of the induction curve. "With S-9" indicates test carried out

in presence of crude enzyme preparations from rats induced with Aroclor
1254.

18



A further separation is achieved by eluting the ethanol isolate through
a Sephadex LH-20 gel column with isopropanol followed by acetone. About

90% of the basic mutagenic activity is recovered in the acétone sub-

fraction which comprises 0.5 wte of the crude oil. 'Development of this

separation scheme was méde possible using the Ames microbidl mutaggnesis
assay as:the detector during exploratory liquid chromafogfaphic separa-
-tions. Table 5 lists some of ﬁhe preliminary data frém these sﬁudies.
COMPARATIVE MUTAGENESIS |

in ordef to validate and compare thg résuits accumulated in the
Ames system with complex test materials from synthetic(fuel'technologies,
we selected specific-fractions or subfractions oﬁ the basis of their
activity in the histidine reversion assay fof further testing in the
various other tests deéigned to detect mutagenicity. Preliminary

results have been published in the Proceedings of the Second

International Conference on Environmental Mutagens, - Edinburgh, 1977 (21);_

‘For the purposes of - a qualitative.comparison, the results are given in:
Table 6. The sélected fractions ér subfractions utilized were basic
andAneutral isolatés from synthetic crude oils from coal liquefaction
pfocesses [synfuel A and B as described.in Epler, et él. (9)]. With

- Drosophila (22) and in the mammalian cell gene mutation_

- assay (23), the detection has been a function of newly developed

19



Distribution by Weight and Mutagenic Activity

Table 5

Subfractionation of Basic Fraction:

Shale oil Synfuel A-3

wts rev/mg2 wt$ rev/mg2
Basic fraction (A) 100 2,500 100 30,000
Alumina
Renzene (B) 78 600 76, 0
Ethanol (C) —— - —— -
LH-20
Isopropanol (D) 12 -0 12 0
Acetone (E) 10 20,000 12 222,000

a_ ' , . s . ’ .
Assayed with Strain TA98 with Aroclor-induced preparation.
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Table 6

Comparative Mutagenesis of Fractionhs From

"Synthetic Crude Oilsa

Test system Assay Basic Neutral | Crudeb
fraction |fraction synfuel
- +
Salmonella his -his + + +
. - +
E. coli arg *arg T+ .+ NT
gal™>gal® + + NT
- comgs ot :
Yeast . _ ~ his -his + + NT
: CANS»can® =~ + o+ NT
Drosophila ‘ SLRL + - . "~ - NT
CHO cells 6-thioguanine .+ | ~ NT NT
resistance
Human leukocytes 1 - chromatid P +? NT
aberrations
Mouse dominant lethals - P +
. . . . ,._C ' :
Carcinogenesis skin painting P P P

a : . . ‘ S
For references to published work or work in progress see text. The
fractions utilized were generally those from Synfuel A-3, or Synfuel
B-2. + = mutagenic; - = nonmutagenic; NT = not tested; and

P = in progress.
b . :
Crude synfuels are generally too toxic to test in most systems.

“Work of J. M. Holland, Oak Ridge National Laboratory, in progress.
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fractionation schemes (e.g., the use of LH20

). (39, 40), that result in
higher specifié activity (more highly purif;ed) mﬁtagenic subfractiéns.
In general,lthe results validate the ini£ial sciéening carried out in .
the Salmonella assay but these other systems have not as.yet been used
to exhaugtively test materials that are negative in~the Ames system.
Note, aléo, however, that the preliminary reéﬁlts of Géneroso'(persénal
communication) show that the crude synthetic fuel does induce dominant
lethals in mice although the Egéig fraction.aione appeaIS to be négat?ve.
For the comparative étudies with microbial systems given here, we
selected four synfuel fractions. The results with the ffamesh;ft
.sﬁrain TA98 with metabolic activation were considered. Fractions 6
fstrong acid,‘wa£er soluble (SAW)]; 7 [base insoluble, fraction A
(BIa)]; 9 [base, ether soluble (BE)]; and 14 (neutrals/methanol)
‘were selectedlon'the basis of their ability to re?ert the Aﬁes strains.
In ordér'to validate the mutagenicity results obtained from the
Saluonella histidine—feversion system, we extended the treatment with the
selected test fractions to the E. coli 343/113 éysgem-of Mohn (24).
' Tﬁe results obtained in the forward (gal+) and reverse—mutation (arg+)
assays with E. coli support the results obtained with Salmonella. Béth

the basic. fraction (#9) and the neutral subfraction (#14) are mutagenic

upon metabolic activation with Aroclor-induced rat-liver homogenate (S-9).

22



Further vélidation of the bacterial results was obtained by
assaying for both férward mutation and reverse mutation in theAyeast
system (21, 25). The synfuel A fractions tested wéfé weakly mutagenic
and were effective without metaboiic activation. Some ahtagonisﬁic
" effects were encountered wheﬁ metabolic activation was incorporated.

Thé most active fraction, the ethér soluble'bases.(BE)}laiso reverted
the putatiQe frameshiftAmarker, hom3-10. This fraction may contain
acridines énd‘other.nitrogen heterocyclicg. Unpublished results from
our group‘have pointed to similar effectiveness withoﬁt acﬁivétion in
the Salmonella system when suspension tests ratherAthan plate assays
are used with crude mixtures.

To asgertain the comparative efféctiveness in the human leukocyte
chromatid aberration assay, we treated with selected test fractions from
Synfuel B. The test materials used were the neutralAsubfraCtions énd
~ represent largely polycyclic aromatic hydrocarboné. The coal fractions
"were suspended in DMSO at a concentration of 20 mg/ml total solids.

Two hours of control treatment with 5% DMSO and ﬁreatment with £he four -
- subfractions (Neutrals as Hexane, Hexane/benzene, Benzene/ether, and
Methanol subffactions) over a concentration'range of 0.1 - 1.0%

(20 nug-200 ué) were ineffective in producing chrpmatid aberrations

(1600 cells scored). However, metabolic activation was not included with
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any exogenous enzyme sourcé nor é;e thé assumed constituents - PAH'S -

effective as chrémosome breaking-agents. Work with other fractiéns-

and thg.incluéion of metabolism is "in pfogress.
Selected test fractions from Synfuel E-were assayed in the

Drosophila sex-linked recessive-lethal (SLRC). TFraction 13 (neutral/

benzene/ether) is slightly effective as a mutagen.for Drosophila
at the higher concentrations fed.

Several other éyncrude fractions which were scored as mutagenic
in the Salmonélla assays were tested in Drosophila. (All of the.
fractions require metabolic activation in the Salmonella assay.)

Of the five fractions tested, only 12 and 13 gave ény indicétién of an
effect. Additionally, the highly active (in §§lm§nella) basic sub-
fraction from the procedure pre&iously described was tested. This
basic.material showed a significant dose—dependent»responsé in the
Drosophila SLRL assay. (see discussion by Nix and Brewen, these
proceedings, reference 22.)

In conclusion, short-term tests with bacteriai and fungal
mutagenicity'assays appear to detect effectivély the mutagenic potential
6f complex environmental or industrial effluents; however, chemical
fractionation is necessary to reduée toxicity and concentrate hazardous

, materials. Extension of the resqlts to higﬁer organisms, i.e., mammalian

 cells, Drosophila, and the mouse appears to be valid but needs more testing.
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CONCLUSIONS

In these initial feaéibility studies, the purpose‘has not beén
to reflect'on whether a relative biohazard exists in comparison
with other materials or processes. The resulﬁs shéw that biological
testing-within the ;imits.of the specific system used-can be carried
out with complex organic materials but perhaps only when coupled with
£he'appro§riéte analytiéal éeparatidn schemes. An'extrapolationAto
relative biohazard at this point would be, at least, premature. The
primary use that such combined chemical and biological work may serve
is to aid in isolating and identifying-the specific classes or
components involvea. A number‘of precautions are listed below.

The detection or perhaps the generation of’mutagenic(activity may
well be a function of the chemical fractionation scheme utilized. The
inability to recover specific chemical classes or the formation of
artifacts by the treatment could well qorrupt the results obﬁéinea in
additién to the possibility of an inabiiityvto‘detect the specific
biological endpoint chosen. Along Qithvthe obvious bias that coula
accompany the choice of samples and their solubility of the time and
method of storage, a number of biological discrepancies can also entef
into the determinations. For example, concomitant bacterial toxicity

can nullify any genetic damage assay that might be carried.ouﬁ; the
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choicerf inducer for the 1ivér enzymes involved can be Wrong for‘

éelected compounds; the choice of strain-could'be inappropriate for

selected compounds;'and_additionally{ the appiicability of the generally

used Salmonella'teétAto other éenetic.endPOintS and the validation of the

apparent correlation between mutagenicity and cafcinogenicity still

femains a point of'significant fundamental research. quthermoré; the

short term assays chronically show‘negative results with, certain substanées,

e.qg., heavy metals and certain classes of. organics. Simiiarly,bcompoﬁnds

involved in or requiring co-carcinogenic phenomena would presumably go undetectea.
Howéver, as a pregcreen to aid the investigatorsfin‘oraering their | |

priorities, the short—te?m testing appears to be a valid testing approach

with ébmplex mixtures. Over-interpretation at this stage of research

especially with respect to relative hazard or negative results should

be avoided.
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