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ABSTRACT
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ISSN: 0972-6268 Three water samples, viz., Vaigai river (near PTR Bridge), Vilangudi pond water
www.neptjournal.com and Tadagainachiamman stream water, Sirumalai hill were subjected to mutagenicity
assay by Ames test using the strains Salmonella typhimurium TA 98 and E. coli to
Key Words: detect the presence of mutagenic substances. The mutagenic index in strain

Salmonella typhimurium was 6.12 and 4.02 and in E. coli, the mutagenic index was
6.2 and 5.7 for Vilangudi pond water and Vaigai river water respectively. From the
results it is concluded that the discharge of effluents in River Vaigai and petroleum
products and household materials like detergents in Vilangudi pond might be the
reason for the presence of xenotoxic compounds in these samples. The
Thadagainachiamman stream water, since not subjected to severe anthropogenic
stress, is free from these toxic compounds.
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INTRODUCTION

Various pollutants, which exhibit genotoxic activity, continue to be deposited into the environment
especially in water bodies. Genotoxicological safety of water, particularly drinking water, represents
animportant issue for safeguarding of health and well being of humans (Lal et al. 2005a). Mutagenic
studiesareimportant in safety eval uation of various polluted waters. Significant mutagenic activity
has been detected in a variety of industrial wastewater effluents and sludges (Andon et al. 1986,
Pancorbo et al. 1987, Sanchez et al. 1988).

The Amestest isan in vitro test, well validated and widely applied because of its simplicity,
sensitivity and accuracy to detect environmental mutagens and carcinogens (Ames1979, Ameset al.
1975), isused as an assessment of polluted water. As no study has earlier been carried out to observe
the presence of mutagensin Vaigai river basin and adjacent areas, the present study focuses on the
mutagenic activity of water polluted by industrial effluents and other dischargesin this areausing
Amesreversion assay and standardize the reproducibility of the test.

MATERIALS AND METHODS

Bacterial tester strains. Salmonella typhimurium TA98-MTCC 1251-(detects frame shift muta-
tion) and E. coli - MTCC Code: 1591 strainswere obtained from Microbial Type Culture Collection
and Gene Bank (MTCC), IMTech, Chandigargh. The tester strainswere subcultured in ampicillin
growth medium No. 114 with following composition, and incubated at 37°C for 48 hours.

50 X VB Salts - 20.0mL
40% Glucose - 50.0mL
HigtidineHCIL.HO - 10.0mL

0.5 mM bioctin - 06.0mL
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Ampicillinsolution - 3.15mL
Agar - 15.09
Distilled water - 910.0 mL

Test samples: Test samples were collected from three different placesviz., Vagai river near PTR
bridge, pond from Vilangudi and Thadagai nachiamman stream water, Sirumalai hill. The samples
were brought to the laboratory in sterilized via sin ice boxes and stored under refrigeration until use.

Amesmutagenicity test: The Salmonellareversion assay test was conducted using the plate incor-
poration procedure described by Ames et al. (1975) and revised by Maron & Ames (1983) with
TA98 Salmonella typhimurium and E. coli strains. Samples were impregnated in sterile Whatman
No 1 filter paper and tested on triplicate plates in two independent experiments. Sterile distilled
water was used as negative control. The colonies clearly visible in a uniform background lawn of
auxotrophic bacteria were considered as revertant colonies. All the tester strains were maintained
and stored according to the standard methods (Mortelamans & Zeiger 2000).

Data analysis: Thefollowing criteriawere used to interpret resultsfollowing Mathur et al. (2005).

Positivetest: A compound was considered mutagen if it produces a reproducible, dose-related in-
crease in the number of revertant coloniesin one or more strains of Salmonella typhimurium. A
compound was considered weak mutagen if it produces areproducible dose-related increase in the
number of revertant coloniesin or more strains but the number of revertants was not double the
background number of colonies.

Negativetest: A compound was considered anon-mutagenif no dose-related increasein the number
of revertant colonieswas observed in at least two independent experiments.

Inconclusive test: If acompound cannot be identified clearly as a mutagen or a non-mutagen, the
resultswere classified asinconclusive.

Mutagenicity index: Mutagenicity index was cal culated by the following formula.

o No. of revertant coloniesin test
Mutagenicity index =

No. of revertant colonies in negative control
RESULTS AND DISCUSSION

Among the three samples tested against Salmonella typhimurium TA 98, pond water collected at
Vilangudi showed more mutant colonies (75.33 + 6.79) followed by Vaigai river water collected
near PTR bridge (50.33+ 6.01). Thewater collected from Thadagai nachiamman stream showed |ow
number (12.33 + 2.05) of revertant mutants. The mutagenic index cal cul ated from the observed data
indicatesthat Vagai river water and Vilangudi pond water are positiveininducing mutation (Table 1).

Table 2 depictstheresults of Amestest conducted with the three samples of water using E. coli
strain. A maximum count of 56.0 + 6.48 revertant colonies were counted in the plates inocul ated
with Vilangudi pond water. This is followed by Vaiga water sasmple with 51.33 + 4.92 mutant
colonies. The mutagenic index shows positive results for Vaiga river water and Vilangudi pond
water. Similar to Salmonella typhimurium TA 98 strain, E. coli also doesnot show mutagenic induc-
tion with Thadagai nachiamman stream water.

Genetic toxicology isan area of science in which interaction of DNA damaging agentswith the
cell’sgenetic material isstudied in relation to subsequent effects on the health of organisms. Struc-
tural changes to the integrity of DNA caused by DNA damaging agents are useful end points for
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assessing exposure to hazardous environmental pollutants on human health (Kohn 1983). The use of
bioassay is an essential part of the hazard assessment and control procedures of toxic chemicals
(Derelanko & Hoallinger 1995). The Ames Salmonella assay is based on the promise that bacterial
assay systems provide an efficient way to detect agents, which would interact with DNA and cause
mutations (Mathur et al. 2005).

Thisisthe most widely used test for assess ng the mutageni c properties of chemicals. The Salmo-
nella typhimurium histidine (his) reversion system is a microbial assay that uses a set of histidine
requiring strains of bacteria to detect frame shifts and base pair substitution mutations (Maron &
Ames 1983). Treatment with mutagens can induce the mutations in the histidine operon and shift
growth of the strainsfrom ahigtidine requiring to a histidine independent patterns. The change inthe
growth phenotype represents an indicator of mutagenic response (Rao et al. 2004).

Inthe present experiment, the potentiality of Amestest was applied to assessthe mutagenicity of
water samples collected from various places using two tester strains, viz., Salmonella typhimurium
and E. coli. Thetest was earlier carried out by Sivaselvi et al. (2005) to assess the mutagenicity of
Noyyal river basin. Malik & Ahmed (1995) have eval uated the genotoxicity of water samples con-
taminated with electroplating industries of Aligarh, India. The genotoxicity of industrial wastewater
samplesfrom Aligarh and Ghaziabad citieswas compared using Ames platetest by Fatima & Ahmad
(2006). According to GenPharm Tox guidelines, amutagenic potential of the test item, tested with
Amestest isassumed to be positiveif the mutagenic index isabove 2. If theindex isbelow 2, then no
mutagenic potential isassumed. The mutagenicity index val ues prescribed by GenPharm Tox have
been applied by Lal et al. (2005) while monitoring genotoxicity in drinking water in Ljubljana.

Theresultsindicate presence of 50 and 75 revertant coloniesin Vagai river water and Vilangudi
pond water with the strain Salmonella typhimurium TA 98 respectively. The mutagenicindex value
generated by Vaigai river water is 5.7, and pond water is 6.2. Similar results were obtained by
Sivselvi et a. (2005) in Noyyal river basin with tester strain TA 102.

The Thadagainachiamman stream water does not show any mutagenic ability with the tester
stain Salmonella typhimurium TA 100. Though afew colonies (15.66 + 2.63) were observed inthe
platesincubated with thissample, theindex valueisonly 1.74. The Amestest did not prove genotoxic
potential inthe stream water and the resultsare similar to the mutagenicity studiesin drinking water
by Lal et al. (2005b).

Table 1: Number of revertant coloniesinduced by the tested water samplesin Salmonella typhimurium TA 98 strain.

S.No. Water Sample No. of revertant colonies Mutagenic index Interpretation
1 Vaigai river 50.3+ 6.01 4.08 +
2 Vilangudi pond 75.33+6.79 6.12 +
3 Thadagai nachiamman stream 17.33+2.49 1.40 -
4 Control (Negative) 12.3+2.05 - -

Table 2: Number of revertant colonies induced by the tested water samplesin E. coli.

S.No. Water Sample No. of revertant colonies Mutagenic index Interpretation
1 Vaigai river 51.3+4.92 57 +
2 Vilangudi pond 56.0+ 6.48 6.2 +
3 Thadagainachiamman stream 15.66 + 2.63 174 -
4 Control (Negative) 12.3+2.05 - -
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The same three sampleswere tested for their mutagenic potential with E. coli. Reversion of the
TrpE65 mutation can occur via a number of genetic pathways (Ohta et al. 2002). The E. coli Trp
assay is accepted as a valid short term genotoxicity test by International regulatory agencies
(Mortelmans & Riccio 2000).

It was noted that Vaigai river water hasinduced 50.3 + 6.01 colonies, and Vilangudi pond water
produced 75.33 * 6.79 colonies. The mutagenic index valuesare4.08 and 6.12 respectively. Sanchez
et al. (1988) have analysed metallurgical wastes and found that about 60% of them are mutagenicin
E. coli WP, test. E. coli mutants were used to assessthe genotoxicity in some wastewatersin India
(Malik & Ahmad 1995).

Similar to the results with Salmonella typhimurium, with E. coli also the Thadagai nachiamman
stream water has produced low revertant col onieswith the index of 1.4. The E. coli reverse mutation
assay was used to eval uate the capacity of 2-dodecyclobutanone to induce mutations and the results
are in agreement with the negative results obtained from other short term and long term genotoxic
tests (Sommers 2003).

The results reveal that among the three samplestested, Vaigai river water and Vilangudi pond
water sampl es are contami nated with mutageni c agentswhereas, Thadagai nachiamman stream wa-
ter isnot polluted with such contaminants. The mutagenicity of river water may be either due depo-
sition of industrial wastesor organic deposition. Velema (1987) reported that organic substancesin
river water may naturally result from plant decay process or from industrial effluents and upon
subsequent chlorination, which might be one of the reasonsfor the presence of genotoxic chemicals
inriver water.

The discharge from large number of workshops present in the Vilangudi region might be the
cause for high mutagenicity in Vilangudi pond water. The studies of Amer et al. (1990) support the
mutagenicity of water due petroleum products. Also domedtic discharge containing detergents might
al so contribute to the presence of mutagenic compoundsin Vilangudi pond water.

Thadagai nachiamman stream, though intervened by humansfor recreational purpose, isnot se-
verely subjected to anthropogenic stress. The human disturbance to the stream is al'so confined to
down stream at the foot hills, and thismight be the reason for the absence of xenotoxic compounds
inthissample.

Since correl ations between genotoxicity of drinking water and increased cancer risk are proven,
detection of low levelsof genotoxicity inwater isvery important. Aschemical analysisal one cannot
predict the actual risks humans are exposed by consuming drinking water, becausethey are limited
by sensitivity and determination of single compounds and their derivatives (Lal et al. 2005b), it is
necessary to use sensitive test methods. The approach provesto be helpful in environmental moni-
toring, since these biol ogical assaysappear more sendtive and relevant. Neverthel ess, further inves-
tigationsare necessary for more compl ete detection of genotoxic compoundsin environmental sam-
ples, like use of bioassayswith organisms of different trophic levels.
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