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THE DETECTION OF POTENTIAL GENETIC HAZARDS IN COMPLEX ENVIRONMENTAL
- MIXTURES USING PLANT CYTOGENETICS AND MICROBIAL MUTAGENESIS ASSAYS

‘Milton J. Constantin and Karen Lowe, The University of Tennessee/
Comparative Animal Research Laboratory, Oak Ridge, Tennessee, and
T. K. Rao, Frank W. Larimer and James L. Epler, Biology Division,
Oak Ridge National Laboratory, Oak Ridge, Tennessee
‘INTRODUCTION |

The overall evaluation of the health and.environmenta] effects of modern-
techno1ogy has been ekpanded 6ver recent years to include sohsfderation of the
long-term consequences of exposure to potentia] mutagens and carciﬁogens. Thel
realization that the effluents and wastes from industry could pose health haz-
ards for future geherations has led to considerab]e research and the potential
. for regulation of these releases. The Research Conservation-aﬁd Recovery Act
(RCRA) specifica]]y.addresses the potentia]Ahea1th and environmental hazards of
solid wastés. Thé approach that we have taken with an array of complex mixtdres '
from the technological world involves a coupiing of chemical characterization
| and preparation with short-term bioassays.

The number of specific compounds and comp]ex eff]uents and streams in need
of b1otest1ng and characterization in any techno]ogy is overwhe1m1ng and wou]d
tax the sc1ent1f1c community's whole- an1ma] test1ng capab111t1es, therefore
many "screening" (short-term) assays for tox1c1ty, mutagen1c1ty, teratogen1c1ty,
and Cércinogenicity have been.deve1oped. _Thé working hypothesis has been that '

the rapid tests can serve as predictors of bichazards early in the .development

of the technology. Thus,bprocess changes might be initiated and/or definitive



whole-animal testing cénsidered. Conceivably, savings in both time and
money on the technology and the biological testing would be_gained..

The pbssibi]ity of usiné short-term biological tests to isolate
and identify the potential hazard ofAcdmp]ex materials has been inves-
tigated with various cdﬁp]ed.chemical and bio]ogica] approaches. The
work has usually invo]ved chemical analyses and preparation fof the bio-
logical testing (e.g., cytotoxicity, mutagenicify, and carcinogenicity
assayé). As a prescreen for potential mutageneSis ana/or carciﬁogenesis,
the genetic test for Salmonella histidine reversion [Ames test;.éee re-.
view (1)] has been widely used. Subsequent fractionation.proéedures'to
aid in isolating and 1dentify1nglthe mutagens in the material are carried
oﬁt, withAthe bioassay being used as a tool to trace the biological ac- |
tivity and guide the separations. The biological tests function és((])
prediétors‘of long-range health effects such as mutagenesis, teratogenesis,
and/or carcinogenesis, (2) predictors of toxicity-for man and his environ-
ment, (3) é mechanisﬁ to rapidly isolate and identify a hazardous agent
in a complex material, and . (4) a key to relative biological acfivity.
. through the correlation of control data with changes in environmental or
process conditions. |

Plant systehs may offér an additional means td evé]uate complex mix-
tures.l According to Kihlman (9) root tips are the ideal plant.tissue in
‘which to study the'effects.of chemicals on chromosomes, bécausel(1) fﬁey

are readily available throughout the year, (2) they are inexpensive,
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(3) they are easy to-handle, (4):they provide déta wfthin a few days,
‘(5)4they are directly exposed fo the chemical in aqueous solutions of
A'known concentrations, (6) they provide numerous dividfng ce]]s.for'
analysis, and (7) they offer the advantages'ofvféw, relatively large
léhromosomes. | |

Barley, Hordeum vulgare (L) emend Lam., has 2n =.14 chromosomes

that rahge from 6 to 8'pm in length. ‘The bar]ey embryo haé from 5 to'A.
7 sgmina] roots that yield numérous dividihg‘ce]]s for ana]ysi§ within
24 to 48 hrs after fhe initiation of germination. Effects of chemical
and physical agents can be assessed in térms of cytogenetic and gehetié
endpoints in the same popu]atioﬁ of p]énts fol]owing seed:treatments.
This unique advantage has made barley a useful test organism for studies
of_mutagenesis. | 4 | |

The most frequént]y used method for studyihg.the effecfs of chemi-
cals on fhe chfomdsomes of bariey root tip cells is the ana]ysis.of'ana_
‘phases for detectable aberrations (16); The assay hés been used in-
studies of chemicals either suspected or known to be mutagens; gener-
a]]y the results have been in égreementbwith‘those derived-from ofﬁer
-test organisms for those compounds testedﬁjn_common. The assay has hot‘
been used widely to test complex mixtures. | l‘ |

In thfé report, we have carried out a comparative study with micro-

bia]‘mutagenicity assays (Salmonella and yeast) and plant cytogenetic
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assays. The matgria]s uti]ized were aqueous extrécts from a fly ash
sample and an arsenic-contaminated ground Water sample (Provided by
the U. S. Environmental Protection Agency)..AThe studies aid in evalu-_
ating the usefulness of short-term bioassays with complex gnvironmental

mixtures.

PURPOSE

The research was designed torassess the mutagenic pdtentia] of -
complex environmental mixtures (extracts of solid wastes) in terms of
cytogenetic'effects in a higher plant and of gene mutatijons fn micro-

bial species. A complex environmental mixture that is capable of in-

.. ducing-both endpoints warrants a close scrutiny as a potential health

hazard to humans.

MATERIALS AND METHODS

Microbial Mutaggnjcity Assays

Preparation of liver-homogenate (S-9). The microsomal preparation was

made according to Ames et al. [1]. The liver of Sprague—Dawléy rats
was washed in an equal volume of 0.15M NaCl, minced with steriTe-
scissors, and homogenized in 3 vols. df 0.15M KC1 with a Potter-
E]vehjem apparatus. The homogenate was centrifugéd at 4°C for 10 min
at 9000 x g. The supernatant was collected and storeﬂ at -80°C. The

activation system (S-9) mix contained per m1: ,0;3 ml of 1liver homogenate,
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8 umoi MgC12,133 umol KCT, S‘pmol glucose 6-phosphate, and.4 umo1
" nicotinamide adenine dinucleotide phosphate in 100 umol of sodium:
phosphate buffer (pH 7.4).

Bacterial mutagenicity assay. Among various bacterial mutagenicity

test systems, the assay developed by Ames utilizing the histidine

auxotrophic strains of Salmonella typhimurium is very widely used

as a prescreen in the detection of potential genetie and carcino-
genic hazards. The standard set of four tester strains are gener-
a]]y-applied in the'essays. The missense strainspTA—]OO and TA-1535
are desfgned_to detect base pair substitutions while strafns TA-1537'
and TA-98 are used to detect frameshift mhtations. The general pro--
cedure was described by Ames et-al. [1]. A bacterial Suspension

(2 x 10 /m]) was added in 2 ml of molten top agar (45°C) conta1n1ng
-test substance S-9 mix (0. 5 m]/p]ate) was added when requured to
incorporate metabolic act1vat1on. The top agar was overlayed on -
Vogel-. onner [19]Aminima1 media and revertant colonies wereAcounted
1after 2 days of'incubation at 37°C. Known chemiea1 mptagens as.-posi-
tive cpntro1s and solvent controls were routine]y run.

Yeast assay. The Saccharomyces assay ut111zes both a forward and a-
reverse mutation scheme. ' Forward mutation is detected by the 1nact1va~
tion of fhe anginine permease gene (CAN1), 1ead1ng to resistance (can )
to the toxic antimetabo]ite'cenavan1ne Reverse mutat1on is mon1tored
by use of a histidine auxotroph (his'1-7) which reverts by base-pa1r :

substitution. -



The test strain used in these experiments was constructed from stocks

of Saccharomyces cerevisiae haintained at ORNL and from stocks obtaihed.from

Berkeley collection. Strain XL7-10B has the gehotype a p+ CAN1 his 1—7A_“

Tys 1-1 ura 1.

Details of the preparation of media, rat liver hohogenates, and the
mulayenicity assay have been described L12,13]. Theltest material was mixed
with yeast cells in buffer or rat 11ver.homogenéte (S-9) in buffer and in-
cubated for 3 or 24 h. at 305C with shaking before it was plated on selective
media. Mutant clones were scored on selective plates after 5 days incubation o
at 30°C; For determination of surviva1; di]utiohs were plated on yeast ex- |

tract-peptone-dextrose plates and scored after'Z days at 30°C.

Plant cytogenetic assay. Seeds of Hima1aya-bar]ey from R. A. Ni]aﬁ, washihgtoﬁ
State University, Pullman, Stored‘under refrigeration,‘were hand;ﬁicked for .
quality just priof to each expériment. ApproximateTy 25 seedé wére sown
embryo-side-up on Whatman #1 filter paper in glass petri plates. The filter
paper was thoroughly saturated by adding 7.5 ml of either double-distilled
- water or a test,so]ution at pH 7;0. Each'treatment was done in‘frip1icate;
plates were'placed in sealed polyethylene bagé, and cu]tured'for 42-46 h |
at 25°C under 10-15 u EMS f]uorescent light. 4

. Germ1nat1ng seeds were killed and fixed 1n acetic ethano] (3 1 ethano]'
glacial acetic acid) and stored in the refrigerator until the roots were

processed. Exciéed roots were hydrolyzed for 9 min in 1 N HC1 at 60°C,



reécted with Schiff's Reagent'for at least 15 min, tfeated with peétinase
(0.4% in Water, pH 4.0) for at least 30 min, squashed inlaceto—carminé,

and Deckglaskitt was used to seal around the tovers]ip; Cells wefe ob--
served at 1000X magnification for the presehce of bridgés and fragment§

" at anaphase. | |

Data were expressed as aberrations per 100 anaphases‘énd asAper;ent

| of aberrant anaphases. Statistical inferences were drawn on the bases of
ana]ysis of variance, and also 2x2 contingency chi-square tables for aber- -
rant versus nbrma] anaphases in control versus chemical treatmenfs.

Preparation of samples. Aqueous extracts of the fly ash samples were pre-

_pared as given in the federal regisfer Vol. 43, No. 243, ﬁage 58946 (1978).
The As—contaminafed samp]é was used as provided by the'EnvirbnmentaT Pro-
tection Agency. ReSjn concentration (XAD-2) procedures were previously |
deécribed [4]. A 500-ml. aqueous extract is pas$ed through 4 g XAD-2
(Isolab, Inc.) at a_f]ow rate of.1.2'm1/miﬁ. The column was rinsed With_,
deionized water, and then eluted with acetone. The acetone e]uété was

evaporated to dryness and the sample was dissolved in 2 ml. dimethylsulfoxjde..

RESULTS AND DISCUSSION

" Salmonella assay - B A B . o -

Aqueous samples. from the As-contaminated ground water and its XAD-2
concentrate (12-5-fold, v/v) were tested for mutagenicity at nontoxic

dose range. ' The results obtained are gi?en'in ~igure 1. The ground
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water sample was not mutagenic (Fig. 1 A) even with metabo]ic_actfvationl
for'straiﬁs TA-98 and TA-100. Howevér, the XAD-2 Eoncentfate'df ground |
water (Fig. 1 A) eVeh with metabolic.activation for strains TA-98 and
* TA-100. However, the XAD-2 concentrate of ground water‘(Fig. 1 B) ex-
hibited a clear dose response with the frameshift strains TA-1537 and‘.
“TA-98, and the highly sensitive TA-100 strain. The missense strain
- TA-1535 was not reverted. These results suggest thé.presenﬁe of'muta;
genic constitqent(s) in the aqerus sample whose~actiQ1ty is evfdent on]y’
‘when a proper concentration method was coupled to the bioa§séy.
fhe EP extract and its XAD-2 concentrate from fly ash sample were
not mutagenic when tgsted with thelbasic sét of tester strains and the
results aré given in Téb]e 1. Addition of metabo]ic activation system'
did not influence the resq]t. Lack of mutagenic activity of fly ash from
power plant is in conflict with}ear]ier reports 6f Ch}isp, Fisher and:
Lammert [3]»and Kubitschek and Venta [10] that used sérum extraction,»and
Hobbs et'a1.'[8] that used dimethy1§u1f0xide fof extraction. .The_EP ex- |
tfaétion procedure is probably not adequate to extract‘hutagenic agents
from fly ash. When benzene extfaction was utilized with a sfm1]ar fly
:ashlsamp]e obtained from a different pdwer pfant, a'doée dependent in-Al
“crease in fhe induction of histidine revertants was observed (unpublished
observation).  Results obtained with known chemical mutagens (positive

contfo1s) are given in Table 1B. The alkylating agents EMS and MMS are
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TABLE 1

SALMONELLA MUTATION ASSAY: FLYASH - EP AND ITS CONCENTRATE (XAD-2)

h]'s+ revertants/plate

TA-1535 TA-1537 TA-98 TA-100
EP  XAD-2 EP  XAD-2 EP XAD-2 EP XAD-2

A. Concentration
pl/Plate

No activation

Control® _ 21 NT 14 NT 32 57 136 231

50 18 5 - 27 30 141 180
Ar S-9 activation | _

Contro1® 15 NT 16 NT 46 33 -192 209
10 15 Y 35 42 108 203
% | 8 15 34 28 141 206
50 16 5 - 53 26 123 206
75 . 16 18 42 38 172 208

B. Positive ControlsC

50 1 (5%) EMS . - 704 a8 38
50 1 (5%) EMS @ . 1 48 s
20 ug 8-AmQ .6 102 0 56 - 270
20 ug B(a)P 7 : 2 65 '7,'1199
+5-9 |

_ ‘aSolvent Control . _ CNumbérs underscored represeﬁt positive_

response to mutagens

bSo]vent +S-9 cohtroTv
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very specific in reverting TA¥1535 and TA-100 respectiQe]y WHile the fFame-
shift strains are reverted by 8-AmQ and B(a)P. 8 AmQ exhibits specificity
' to the strain TA-1537 and B(a)P is mutagenic only wheﬁ activated Qith Ar-
S-9 mix.

Saccharomyces mutation assay. The arsenic-contaminated ground water sample

" was not mutagenic (Table 2). The XAD-2 toncentrate'of'this-samp]é was muta-
genié without metabolic activation for a 24 h. exposure. A dose-dependent
response was observed. Metabolic activation appeared to reduce fhe mutagenic
potential of.the XAD-2 concentrate. Neither of these test méterié1s was
toxic. VYeast results show a moderate preponderance of‘induced forward muta-. -
tion to gggﬁ_re]ative to induced reversion of the hfg 1-7 base-?air substi;
tution. This is typical for a response (by this syétem)‘té a'frameshiftihg .
“agent. |

The fly ash EP exfract and its XAD-Z concentréte were nontoxfc and non-
_mutagenic to yeast (TabTe 3). |

Plant cytogénétic assay. Two methods of presentation have been adoptéd for

“the cytogenetic effects'observed in barley root tip cells; 115.,4pércentage 
_of aberrant anaphases and aberrations per 100 anaphasés. Tab]eA4'shoWs theA
distribution of anaphases into normal and aberrant classes for negative,
pqsitive, and solvent controls versus complex environmental mixtures."The
probabf]ity values shoWn in the far right-hand column were calculated by

means of a 2 x 2 contingency chi-square table designed to test for interaction.
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_ TABLE 2 ‘
YEAST MUTATION: As-CONTAMINATED GROUNDWATER AND ITS XAD-2 CONCENTRATE

Concentration

@b

% Survival

can’/107 survivors

EE_+/107 survivors

3 hr

24 hr

3 hr

24 hr

3hrl

24 hr

Sample XAD-2 Sample XAD-2 Sample XAD-2 Sample XAD-2 Sample XAD-2 Sdmple XAD-2

No activation

19

OEMS, 1% Vv

Control 100 100 100 100 27 24 15 6 13 1 6 .
0.1 71 94 23 16 16 8
.0 - 84 - 81 20 19 8 8
-1 75 116 85 95 13 19 19 17 13 8 9 9
20 ; 127 - - 98 15 34 8 24
50 : 138 93 : 17 : 69 - 6 37
100 . 89 156 = 99 86 16 17 13 176 9 .9 1 55
@B activation .
. Control 100 100 100 100 14 17 177 15 12. 10 12 8
0.1 107 103 : 21 : 14 10 9
1.0 59 . 87 27 : 21 R 10 :
10 82 105 103 94 21 18 14 19 14 1 9 12
20 - : 98 . 86 o 20. 31 13 6
50 oo 103 79 16 A 89 : 8 29
100 91 112 e - 71 18 . 2] 18 107 12 7 7 24
" Ar-activgtion oo ' ‘ _ ' - ‘
Control 100 100 100 100 17 15 21 14 9. 9 1 6
01 97 B 94 18 20 - 1 9
T T I 92 o % - 13 : 27 8 - 7 _
10 87 107 91 108 21 12 - 22 13 12 10 10 - 8
20 SR E R 122 25 4] o R : 9
50 , 122 _ 91 13 74 B 5 17
100 ‘88 90 103 82 - 24 13 22 118 B -8 13 38
22. 448 - 1270 -
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| . .. TABLE 3 | |
YEAST MUTATION: FLY ASH EP EXTRACT AND ITS XAD-2 .CONCENTRATE ‘
_ ' % Survival : , gﬂ_’/107 survivors ' ' - t‘l_l_s_+/]07_survivors
Concentration 3 hr . 24he - 3hr 24hc . 3hr. 2k

@ .
o . EP  XAD-2 EP  XAD-2 EP XAD-2 EP XAD-2 EP. - XAD-2 -EP : XAD-2

No activation’

Control 100 100 100 © 100 12 2 - 19 24 3.
0.1 104 101 : 1€ 18 . 5 10
1.0 109 : 9%- . 14 - 13 : 6 15 :
10 - 94 103 0 97 0 9% 14 25 12, 27 9 6 16 8
20 : 105 - 98 Y C25 6 7
50 102 . .86 23 22 8 8
100 . _ 97 . 9 99 -~ 92 1 23 16 23 9 9. 10 10
B activation . . ‘ ,
"Control . 100 - 100 100 17 24 16 23 I 9 9 8
0.1 106 : 107 20 noo- 9 8
1.0 - 100 102 - 12 13 . 3 14 -
0 101 - 98 102 17 25 17 19 9 6 6 . 9
20 - - R - 107 23 19 8 N
50 T ' 9% . . 18 22 no 7
100 94 o 109 -89 10 29 13 27 6 9 8 1
Ar activation , : o »
Control ~100 - 100 100 100 21 22 14 25 13 6 10 n
0.1 95 .- .93 ' 17 : 1 AP - 8
1.0 93 103 - SRR k< I 0. - 8 14
10 _ 103 % 92 102 13 20 19 19 12 9 5 9
20 g 91. - 94 - 21 20 8 12
50 . 86 92 28 .25 -8, 7
100 - 109 80 97 84 4. 23 13 18 16 7 10
B(a)P, 100 ug E 89 - : 181 52

.~Ar-Ac,t1vation .




The solvent controls (phosphate buffer and acetic acid extfaction so]utfon)A
yielded aberrant anaﬁhases at a frequency that did not differ from that of
the negative control, distilled water. In contrast, the fréquency'of aber-
-rant énaphéses was increased in the population of seeds treated with ethyl
hethénesu]fonate, a positive control, and in those treéted with the fly ash
extract and the arsenic-contaminated ground water. The fly ash extract'was '
used as we received it except for the adjustment td pH 7.0 wherea$ the arsenic-
contaminated ground water was di]uted 1:8 and 1:16 with phosphate buffer.
Thé more concentrated solutions were foxic td the germinating seed, i.e;,
germination was delayed and root growth was inhibited. |

Table 5 shows the same experimental daté as shown in Table 4 but expressed
as aberrations per 100 cells (mean plus or minus one standard deviation for
each treatment popuTation). An arc sin percent tfansformation of the data
was done prior to doing the analysis of variance to reduce the nonhomogeneity
of the tfeatment variances. Results of a Student—Neumén-Kéu] comparison ofl
treatment means [18] showed no difference between the negatfve antr61 (dis-
: tilled water) and either 6f the solvent confréls (ohosphate buffer and atétic
acid extraction solution) whereas the positivé control (ethy]‘methanesulfonéte)
. and the two.complex environmental mixtures (fly ash extract and the arsenic-
cohtaminated ground water) induced a significantly‘incfeased number of aber-

~rations per 100 anaphases.



Although the two methods of data presentation address different
aspects of the ce]] popu]at1on s response to seed treatment the con-
clusion is the same. That is, that the bar]ey root tip system responded
to unknown mutagenic substance(s) in the two complex environmental mix-
tures 1in a manner similar to its response to ethy]methanesuifonate} ae
known mutagen. Thds response was observed as an increase in the per-
cent of aberrant anaphases and in the number of aberrations per 100
anaphases. |

Our results with the bar]ey root tip cytogenetic aberration assay
agree with expeetations. According to Brewen and Preston (2)-Structdra1
. changes in-chromosomes constitute a'significant proportion of mutagenic
events. Chemicals that induce mutations in eukaryotes invariably also
induce chromosomal strnctura1‘changes (5,11). ‘Fly‘ash from coal com-
bustion has been reported to be mutagenic in bacteria and known mutadens
have been isolated and fdentified Arsenic and heavy metals are known

to 1nduce both mutations and cytogenetic effects.

Chrisp, Fisher and Lammert (3) reported that horse serum, phosphate-

buffered saline, and cyclohexane filtrates of f]y:ash of a mass median

diameter of 2.2 um, the finest particle size fraction,tested, induced an

“increased number of histidine revertants in Salmonella typhimurium strains
- TA-98 and TA-1538. The rank order of activity was horse serum >>cyclo-

_hexane > saline: In a more recent report, Fisher, Chrisp and Raabe (6)

-14-

b



. Table 4 List of seed treatments, the number of normal and aberrant anaphases
‘ observed, and the probability for chi-squére values for the comparisons

of treatment frequencies.

Anaphases Observed

‘Treatment | Normal Aberrant V P 1
N N %

Distilled Water . ‘ 2182 48  2.15

Phosphate Buffer 2197 .75 3.30  0.05 - 0.10
EMS A 2241 - - 184 7.59 < 0.001
Acetic Acid | 3784 88 2.27 ~ 0.30 - 0.50
Extraction Solution A '
Fly Ash Extract ° 2874 437 13.20 < 0.001

" As-Contaminated o 1221 ' 190 13.47 ' < 0.001

Ground Water 6

l2x2 Contingency tables were used to compute chi-squére for interaction;

P = .probability of difference being due to chance.
Monobasic and dibasic phosphate buffer at pH 7.0.

Ethyl methanesulfonate at 0.025 M in phosphate buffer at pH 7.0; seeds soaked

aerobically in water at ~ 1°C for 16 hrs, 2 hrs in EMS at ~ 1°C plus 6 hrs at -

24°C, rinsed and cultured on a water-saturated Whatman #1 filter.
Weak acetic acid extraction solution as published in 43FR58956
Extract was used as received, i.e., not diluted.

Pooled values from ;reatments-using 1:8 and 1:16 dilution (1.25 and 0.625 ml -

extract plus sufficient water to make 10 ml of solution).

-15-
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have reported that serum filtrates of the most repirable stack-collected fly

ash are mutagenic in Salmonella typhimurium strains TA-98, TA-100, and TA-1538.

Serum filtrates of the mutagenic fly ash fraction heated to 350°C were non-

A mutagenic in the Salmonella assays. They hypotheéized that the mutagenic ac-~
tivity of fly ash is associated with organic compounds. Lee, et al. (14)

have found dimethylsulfale and 1ts hydrolysis'product monomethy1§u1fate at
concentrations as high as 830 ppm in fly ash and air- borne part1cu1ate matter
from coal combust1on. These compounds are known mutagens.-

In the case of the arsenic—contaminated ground water, numerous metais
were present (e.g. Cd-485; Ni-935; Pb-117, Sb—297;.Ti-7, 720; and Zn-251 ug/1)
(4). Arseﬁic, especially in the arsenite state,.is known to indqcé mutations
and chromosome aberrations (17). Some of the heavy meta1§ ére known to be

mutagenic and/or carcinogenic (7,15).

CONCLUSIONS

Based on results observed, the following conclusions were'reached:

1. The Salmonella and Saccharomyces asséys indicated the presence of muté;
"~ genic aétivity in the XAD-2 concentrate of'the As—éontaminated ground'
>,water, but not in the aquéous extract of the f]y ésh sample.
é. Both assays 1mp11cated framesh1ft mutagenes1s as the mechan1sm 1nvo1ved;
3. The Hordeum root tip assay indicated the presence of mutaqen1c act1v1tyi

- in both comp]ex mixtures tested.
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Table 5 List of seed treatments, the number of germinating embryos studied,

and mean number of aberrations per 100 cells and their standard

deviations.

The comparison of treatment means was done using arc

sin “/percent transformed data; however, the actual values are shown

in this table.*

Mean Number of - - - Standard

Treatments Embryos ~Aberrations ‘ Deviation
' N /100 cells

Distilled Water: 60 2.75 - . . 3.04
Acetic Acid . _ _
Extraction Solution 60 2.57 ‘ - 2.85
Fly Ash Extract 60 16.30 . 9.10
Phosphate Buffer 59 4,37 : 4.23
EMS (0.0ZSM) 63 . 11.02 ‘ 9.73
As-Contaminated : _ o
Ground Water 63 16.19 9.10

. )
Footnotes shown in

Table 4 regarding

treatments apply here asvwell.l~
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4. Chemical analyses of both complex mixtures show the presence of heavy.

metals implicating them as the possible cause of ;hromosoma] aberrationsﬂ

SUMMARY
Solid wastes have been characterized to determine their potential
hazard to humans and the environment. An arsenic-contaminated ground water

sample increased the frequency of histidihe revertants in Salmonella typhimu-

-gigm_ (TA-98) at 0.025 to 5.000 ul per plate with Aroclor-induced S-9 liver
microsomes; When 2.5 to 75 ul of the XAD-2 concentrate (12.5-fold, va)

were used, the mutant frequency was increased in strains TA-98, fA-]OO, and
TA-1537; metabolic activation was not required. Only the XAD-Z2 concentrate

was mutagenic in the Saccharomyces cerevisiae hap]oidkstrain XL7-10B; meta-

bolic activation was not required. The mutagenic principal, which is not
known, appears to be at the 1imit of resolution; hence, the XAD-2 ﬁoncentra—-
"~ tion is neceésary to demonstrate mutagenic activity.- The arsenic-contaminated
ground water (0.0625‘ahd 0.125 dilutions) and the power plant fly ash extract
(undiluted) 1ncreased the frequency of bridgesiand frégments at anaphase in.
root tip cells of Hordeum. The fly ash sample was hegative in the microbial
assays. Results emphasize (1) the need for a battery of asﬁays with different.
organisms}and (2) the potential of a simple assay using plant root tip cells

‘to detect mutagenic activity in complex environmental mixtures.
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Abbreviations. Ar-S9, Aroclor 1254 (injection)‘induced rat iivér homogenate

B(a)P, Benzo(a)Pyrene; EMS, ethylmethanesulfonate; MMS, emthylmethanesulfonate;

8-AmQ, 8-Aminoquinoline.
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Figuke Legend

Mutagenicity of As-contaminated ground water and its XAD-2 concentrate
in the Salmonella assay. Each point represénts an average of at Teast three

independent experiments..
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