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Chemical contamination of water destined for human consumption and 
the possible health hazards involved are of major concern at present. Over 
1000 organic chemicals, including several known or suspected carcinogens, 
have been found in drinking water (SHACKELFORD & KEITH 1976, KRAYB1LL 
1976). Epldemiologlcal studies have shown a correlation between drlnking 
water source and incidence of various forms of cancer ~r162 et al. 1979). 

It Ts very difficult to recover all drinking water contaminants, and of 
those recovered, only a small percentage have been identified (GARRISON 
1977). Bioassay, or the measurement of the effects of a sample in a blo- 
logical system, provides a means of determining the toxicity of the contami- 
nants in water without the need to isolate and identify each compound. 

Many short-term bioassays have been developed that predict, with good accu- 
racy, the carcinogenic potential of the test substance (GLATZ 1979). Of 
these, the Salmonella/mammallan mlcrosome mutagenlcity assay, or Ames 
test, has been used most often (AMES et al. 1975). Mutagenlc activity 
measured in the Ames test has been shown to correlate with about 90% accu- 
racy with carcinogenic activity in tests of over 300 chemicals (McCANN et 
al. 1975, McCANN & AMES 1976). 

Several recent studies have demonstrated the presence of mutagenlc con- 
tamlnants in drinking water. GLATZ et al. (1978) detected mutogenlc act- 
ivity in the organic contaminants recovered from 11 of 14 finished water sup- 
plies and from 4 of 14 raw water supplies. Organic residues concentrated by 
reverse osmosis from the drinking water of six U.S. cities were found to be 
mutagenlc (LOPER et al. 1978) and to cause malignant transformation of 
mouse cells in vitro (KURZEPA et al. 1979). Mutogenlc activity has also 
been found in concentrated tap water (GRUENER & LOCKWOOD, 1980), in 
recycled water (NEEMAN et al. 1980, GRUENER & LOCKWOOD 1979) and 
in effluents from wastewater treatment plants (SAXENA & SCHWARTZ 1979, 
RAPPAPORT et al. 1979). 

Water sources can vary extensively in the type and amount of organic 
contamination that they carry. Because the formation of halogenated com- 
pounds is temperature-dependent (ROOK 1974), the levels of trlhalomethanes 
and other halogenated contaminants formed in the chlorination process 
can vary wlth the season of the year. The present study surveys the seasonal 
changes in mutagenic activity, as measured by the Ames test, of organic con- 
taminants accumulated from raw and finished drinking water. 
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MATERIALS AND METHODS 
Water source. The water supply of Des Moines, Iowa, was sampled 15 times 
over the course of one year. Water is obtained from a river as well as from 
an infiltration gallery in the river valley. The gallery, constructed of seg- 
ments of concrete cylinders, receives surface water that has percolated through 
a coarse layer of glacial sand and gravel. Raw water was sampled after sand- 
gravel filtration and chemical treatment (samples: September, October, 
March I!, April !, April II, June I, June II, July). Finished water was sam- 
pied after final chlorination and fluoridation (samples: August, November, 
December, January, February, March I, March II, April I ,  April II, May, 
June I, June II, July). 
Resin adsorption procedure. Resin adsorption was performed as described by 
FRITZ (1977). Organic materials were collected from an average of 550 I 
finished water and 570 I raw water by adsorption on Amberl|te XAD-4 resin 
(Rohm and Haas, Philadelphia, PA). The sorbent was eluted first with 100 ml 
dlethylether and then with 100 ml absolute ethyl alcohol. The ether and al-  
cohol eluates were reduced to 2.5 ml and 1.5 ml, respectively, by evapora- 
tion over a hot water bath, to obtain a final concentration of the accumulat- 
ed organic material of over 200,000-fold. The ether eluate was exchanged 
into an equal volume of dlmethyl sulfoxlde (DMSO, Aldrich Chemical Co., 
Inc., Milwaukee, WI) before mutagenlclty testing. 
Mutagen|clty assays. Assays for mutagenlc activity were performed as de- 
scribed by AMES et al. (1975). Strains TA98, TA100, TA1535, TA1537 and 
TA1538 were used to test all samples by the spot test procedure, but to con- 
serve the samples, only the two most sensitive strains, TA98 and TA100, were 
used in the plate incorporation procedure. The plate incorporation procedure 
was performed in smaller petrl dishes (60-mm diameter), whlch allowed all 
reagents to be reduced in volume and samples to be conserved further. Aroclor 
1254 (Monsanto Co., St. Louis, MO) - induced rat livers were prepared as 
described by AMES et al. (1975). The final preparation (S-9 mix) contained 
0.05 ml activated liver per ml and was added at 0.25-0.50 ml per test plate. 
Sodium azlde (Fisher Scientific Co., Fair Lawn, N J) and 2-nltrofluorene 
(Aldrich) were used as positive controls and were included in each experiment. 

All samples were tested first, in duplicate, in the spot test with all five 
strains without S-9 mix. A mutagenlc response was noted for a sample if it 
induced more than twice the number of colonies as appeared on the negative 
(solvent) control plate, and these colonies were concentrated in a ring around 
the site of sample application. 

Regardless of their activity in the spot test, all samples were tested in 
the plate incorporation procedure with TA98 and TA100. Four sequential 1:4 
dilutions of each sample were tested in duplicate in the presence and absence 
of S-9 mix. A sample was considered mutagenlc if a dose-response relation- 
ship was observed between the number of revertant colonies per plate and the 
sample concentration. The degree of mutagenlc activity in a sample was de- 
termlned from the dose-response curve and was defined as the number of re- 
vertant colonies induced by the organic material from one I of water. When 
a sample inhibited a test strain, the lowest dilution that wasn't inhibitory but 
was mutagenlc was used to determine the mutagenic activity per I. Negative 
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control counts were subtracted from experlmental counts before dose-response 
relationships were calculated. 
Gas chromatography. A gas chromatograph CTracor, Inc., Austin, TX) equlp- 
ped with an electron capture detector (ECD) was used to detect trihalometh- 
anes. The 38 m x 0.25 mm i.d. column was packed with Carbowax 20 M. 
The cartier gas was helium at a linear flow rate of 23 cm/sec and a volumetrlc 
flow rate of approximately 0.7 ml/mln. The oven temperature was program- 
reed from 50 ~ C to 215 ~ C at 4 ~ C/mln. Sample injection was 2/~1 at approx- 
imately 30 to 1 split. Results were recorded by a Fisher Recorder All Series 
5000 (Houston Instrument, Austin, TX). 

RESULTS AND DISCUSSION 
Spot test. Mutagenlc activity was detected sporadlcally in the spot test pro- 
cedure (data not shown). Because S-9 mlx was not included in the assay sys- 
tem, only direct-acting mutagens were detected. Straln TA100 was reverted 
most frequently by bohh raw and finlshed water contaminants. Strains TA98, 
TA1535 and TA1537 each were reverted by a few samples, but TA1538 was 
not reverted by any sample. Mutagenlc activity was detected in raw water 
sampled in March II, Aprll I, April II and June I and in finished water sam- 
pied in August, November, March I, March !1, Aprll I, April II, May, June 
I, June II and July. With the exception of the November sample, the only 
mutagenlc samples were those obtained in the sprlng and summer. Whenever 
a raw water sample was found to contaln mutagenlc contaminants, finished 
water sampled at the same time also was found to contaln mutagens. In con- 
trast, in several sampling periods mutagens were detected only in the finished 
water. This pattern was observed prevlously (GLATZ et al. 1978) and suggests 
that water treatment may not remove mutagenlc contaminants already present 
but also may create new ones. 
Plate incorporatlon procedure. The plate incorporation procedure was used 
Wlth stralns TA98 and TA100 to quantify the level of mutogenic actlvlty pres- 
ent in each water sample. To compare results more easily, the amount of 
mutogenlc actlvlty in each sample was expressed as the number of revertant 
colonies induced by the contamlnants in one I of water. Results are presented 
in Fig. 1A-1D. 

Mutagenic activity in both raw and finished water was greatest during 
the spring, summer and early fall and decreased during the winter. The in- 
crease in activity from wlnter to spring probably can be attributed to the con- 
tamination of surface waters by agrlcultural runoff, whlch is most severe in 
the early sprlng when pestlcldes are belng applled and when heavy ralns can 
cause conslderable erosion (JUNK et al. 1976). The hlghest level of muta- 
genlc actlvlty in raw water was measured in the April I sample, whlch was 
obtalned during a perlod of flooding. Also, an increase in water temperature 
and in organic precursor concentratlon at thls time would increase the forma- 
tion of halogenated compounds during chlorination. Thls phenomenon is seen 
in the number of halogenated compounds detected by gas chromatography in 
the ether eluate fractions of the finished water samples (Fig. 1B). The num- 
bers of peaks recorded by gas chromatography were greatest in the warm- 
weather samples and were correlated with the level of mutagenlc activity 
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detected in the ether eluate fractions. These peaks represent the volatile tr l -  
halomethanes, which usually are not active in the Ames test. An increase in 
thelr numbers, however, indicates an increase in larger halogenated mole- 
cules that are mutagenlc. 

The high mutagenlc activity measured in the late summer and fall samples 
may be due to carry-over of organic material accumulated over the spring and 
summer within the filter beds of the treatment plant. Mutagenlc activity dur- 
ing the winter may be due to chlorinated or nonchlorlnated pollutant chemicals 
introduced into the raw water throughout the year. 

Mutagenlc activity was detected more often, and at higher levels, in 
finished water than in raw water. The nature of the mutagens may be different 
between raw and flnlshed water, however. Activity in raw water was low and 
was found in both the alcohol eluate fraction, which contains relatively polar 
compounds, and in the ether eluate fraction, which contains the more non- 
polar compounds. Strain TA100, which responds to base-pair substitution 
mutagens and to some frameshlft mutagens, was reverted most frequently by 
the alcohol eluate. The ether eluate was more mutagenlc for strain TA98, 
which is reverted by frameshlft mutagens. For finished water, the ether elu- 
ate was more mutagenlc more often than was the alcohol eluate, and strain 
TA100 was reverted more than strain TA98. These data suggest that a varled 
population of mutagens are present in raw water but that most of the mutagenlc 
activity in finished water may be attributed to nonpolar compounds that cause 
base-palr substitutions. 

Usually, mutagenic activity decreased in the presence of S-9 mix. The 
oxidative mammalian enzymes in this preparation could inactivate dlrect-act- 
ing mutagens as well as convert promutagens to an active form. Our results 
suggest that dlrect-actlng mutagens are the most significant in this water sup- 
ply. 

Inhlbltlon of the test strains was observed occasionally for both raw and 
finished water samples. Inhlbltory agents found in raw water usually were not 
removed during treatment, butwere found in the slmultaneously sampled f in- 
ished water. The addition of S-9 mix decreased the observed inhibition. 

These results agree with other reports that mutagens are present in raw 
water supplies, and that water treatment not only does not effectively remove 
mutagens, but also contrlbutes significantly to their measured actlvlty. A dls- 
tinct seasonal varlatlon was observed in the level of measured mutagenlc act lv- 
ity, which correlated well with the presence of contaminants in the raw water, 
the water temperature, and the number of halogenated compounds observed. 

The samples tested in this study, however, contalned relatively low muta- 
genic actlvlty. We have calculated, for example, that one cigarette con- 
tains over 1000 times the level of mutagenlc activity as would be found in the 
normal consumption of 21/day of this drinking water (HOOPER et al. 1977). 
However, improved methods of water treatment and alternatives to chlorination 
should be sought to lower the levels of potentially harmful contaminants in 
drinking water. 
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