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Hazardous xenobiotics in the aguatic environment can interact with microorganisms,
other chemicals and solar irradiation to produce derivatives often characterized by an
enhanced bioavailability compared to parental compounds. Another important
mechanism of interaction is represented by the adsorption/desorption phenomena
between the compounds and suspended particulate matter (SPM) or sediments. SPM has
a central role as a transport vehicle for toxic pollutants (McElroy et a.1989). These
mechanisms are expected to affect their toxicological properties, in the sense of either
activation or, more often, detoxification.

The outcome of physical and chemical interactions with other pollutants as well as with
normal chemical components of the ecosystems is hardly predictable. In this context the
identification by chemical analysis of a compound as a carcinogen or mutagen is not
sufficient to predict specific toxicologica hazards. The genotoxicity of the complex
mixture must be studied with a biological system (Hermann 1981; Haugen and Peak
1983). Assessment of genotoxic risk is based in part upon results of short term in vitro
assays. One of such test, the Salmonella/mammalian microsome assay (Ames test) has
been used for over two decades to predict the mutagenic potentia of pure compounds and
complex mixtures (Maron and Ames 1983). This assay uses a set of histidine-requiring
strains of the bacterium Salmonella typhimurium to detect mutations induced by a test

agent.

Recently, a great number of studies on the mutagenicity of environmental samples have
considered the possibility of adsorption/desorption of chemicals to particles (White et al.
1996; Vahl et al. 1997). Less is known about how the activity of a genotoxic xenobiotic is
modified by other abiotic factors present in river waters (Abe and Urano 1994).

This paper deals specifically with the interference of sterilized river water samples on the
genotoxicity detection of a well known environmental mutagen, potassium dichromate
(IARC 1990). Chromium was chosen for this study as an environmental genotoxic
pollutant because its toxic and mutagenic properties are well understood (Bianchi et
al. 1980; Leonard and Lauwerys 1980) and it represents an important river water pollutant
in Argentina. In this country, industrial effluents from tanneries and electroplating
industries, which contain chromium salts (Noyes 1993) are discharged in many cases
only dightly treated, or even untreated, into the rivers.

MATERIALS AND METHODS

River water samples were obtained from the Rio de la Plata in the Buenos Aires city area
Thisriver is an estuary with an area of 35,000 km®*, 320 km long and from 22 to 222 km
wide. One of its main characteristics is the high concentration (20-200 mg/L) of
particulate matter (AGOSBA-OSN-SIHN 1994; Garcia Arguijo 1994). The river also
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receives a great load of sewage, untreated industrial effluents and input from extremely
polluted streams. Table 1 provides a gross chemical and physical characterization of the
contamination in this area.

Water samples with high levels of SPM (85-145 mg/L) were taken in-one liter flasks
from the Rio de La Plata at different points in the Buenos Aires area. Prior to arriva at
our |laboratory the samples were mixed in a5 L amber glass bottle and stored in the dark
at 5° C (USEPA 1986) during no more than 2 hours. Within 3 hours after arriving at the
laboratory, the samples were sterilized aternatively by filtration, UV irradiation or
autoclaving as was previously described (Lopez and Moretton 1997). Filtration of the
river water with 0.22 pm membranes removes particulate matter. UV-irradiation and
autoclaving preserves both the SPM and the soluble fraction but these components may
be atered by the treatment. Distilled water plus river particles was prepared as follows:
50 mL of autoclaved river water was centrifuged in plastic tubes for 10 min at 5000g.
The pellet was suspended in sterile distilled water and centrifuged under the same
conditions. This operation was repeated once. Finally the pellet was suspended in 50 ml
of sterile distilled water.

Mutagenicity was measured by using the Salmonella/microsome assay (Ames test)
following the standard plate incorporation technique (Maron and Ames 1983). The
Salmonella typhimurium strain TA100 was kindly provided by Dr. Bruce Ames
(University of California, Berkeley, CA. USA). For this study, TA100 strain was chosen
because mutagenicity of potassium dichromate was demonstrated for this strain without
microsome activation (Bianchi et al. 1980). The experiments, were performed with three
plates per concentration and the criterions of positive results were those defined by
Maron and Ames (1983): (a) two fold or greater increase in the number of revertants
exposed to the test material over spontaneous reversion rates and (b) a reproducible dose-
response relationship.

Table 1. Water quality of Rio de la Plata in Buenos Aires area*.

PH 7.1-74 Nitrites <0.1 mg/L
SPM 45-150 mg/L. | Nitrates 0.5-3 mg/L

DO 2.5-5mg/L | Sulfide 0.05-0.1 mg/L
BOD 1-5 mg/L Cadmium  0.25-1.4 pg/mL

Alkalinity 30-50 mg/L. | Chromium <1 pug/mL
Hardness 10-15 mg/l. | Arsenic 6-6.5 pug/L
Chloride 22-40 mg/L | Lead 1-17 pg/mL
Ammontum  0.3-0.6 mg/L. | Phenols 0.014 mg/L
Detergents  <0.1 mg/L
DO: dissolved oxygen; BOD: biological oxygen demand
*source Obras Sanitarias de la Provincia de Buenos Aires, Obras Sanitarias de la
Nacién (AGOSBA-OSN-SINH 1994).

Mean vaues were dtatitically compared using a one-way anaysis of variance with
SYSTAT for Windows 6.0 statistical package (SPSS Inc.). The level of statistical
significance was p < 0.05.
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RESULTS AND DISCUSSION

The results obtained when sterilized river water samples and distilled water plus SPM
were tested with the Salmonella typhimurium assay, are shown in Table 2. In this case no
positive results were obtained for any of the treatments performed.

Results of the mutagenicity of potassium dichromate dissolved in sterilized river water
samples or in a mixture of distilled water plus SPM are given in Figures 1 A-D. The
values obtained for the control, where distilled water was used as solvent, were similar to
those reported previoudy by Bianchi et al. (1980). The concentrations of potassium
dichromate selected for assay, were: 0,2.5, 5, 10,20,30 and 40 pg/plate.

Table 2. Mutagenicity of sterile river water samples
and distilled water plus SPM.

Salmonella  typhimurium

TA100*
Distilled water (control) 141+34
Autoclaved 164+40
Filtered 155427
UV-treated 104+39

Distilled water + SPM 190+ 7

*revertants per plate, average + SD (standard deviation).

Toxicity was found for concentrations higher than 30 pg/plate. To check whether
synergic and/or protective effects were induced by river water on the biological activity
of chromium salts assays were performed at concentrations with no mutagenic or toxic
effects as well as concentrations from the linear portion of the dose response curve. The
promotive or inhibitory influence on mutagenicity was determined according to whether
or not the change in the number of revertant colonies, compared with the control, was
statistically significative in the corresponding portion of the curve.

The results obtained indicate that no significative differences in the number of revertants
were observed for W-treated river water (Fig. 1A), autoclaved river water treatment
(Fig. 1B) or distilled water plus SPM (Fig. 1D) when compared with the control. But
filtered river water, (Fig 1C) produced a significative reduction in the number of
revertants at 20 pg/plate of potassium dichromate.

The supernatants obtained from centrifugation of autoclaved river water and from the
washing of SPM, were tested with and without chromium. The results are graphed in
figure 2. An interference with the mutagenic activity could be observed when the river
soluble fraction was in contact with potassium dichromate.

The results obtained clearly demonstrate, that there is an interference in the genotoxic
activity of potassium dichromate due to some compound/s present in the soluble fraction
of theriver water. The data (Figure 1 C) obtained when filtrated river water was used as
solvent without SPM showed an important decrease in the mutagenic activity of
potassium dichromate.
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Figure 1. Mutagenicity of potassium dichromate in sterilized river water

Similar results were found when chromium salts were tested in the same conditionsin the
Bacillus subtilis Ret-assay (Lopez and Moretton 1997). On the other hand, in
experiments where the supernatant fraction of centrifuged river water was tested with and
without potassium dichromate, an interference with activity was detected whenever the
soluble fraction was in contact with chromium salts. In the experiments where distilled
water plus SPM were assayed (Figure 1D) no differences with the mutagenic activity of
the control were found. This indicates that SPM was not responsible for the reduction on
the mutagenic activity of potassum dichromate and is consistent with data reported in
AGOSBA-OSN-SIHN (1994) where Cr(VI) was shown not to bind to SPM.

The experimental protocol used in this report allowed the detection of interference with
mutagenic activity. When potassum dichromate was dissolved in different water
samples, before treating the Salmonella typhimurium cells, the formation of chemical
complexes with chromium were possible. In this situation fewer mutagenic molecules
were free to reach DNA. It is important to note that the interfering substances were not
affected by the temperature used to autoclave the samples. As the decrease on the
mutagenicity was observed even after the heat treatment was performed.
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Figure 2. Supernatants with and without potassium dichromate. Control: autoclavated river water, S, S2,
25“63: U (Iernatants from the firgt, second and third washing steps of SPM. Potassium dichromate was added at
plate.

One point that remains unclear is why in presence of SPM the interference with the
mutagenic activity was not detected. Among the soluble contaminants reported in river
water samples (table 1) only hardness and alkainity showed alevel of concentration high
enough to interact with chromium salts. As was reported in Quality Criteriafor Water an
Wastewater Analysis (USEPA 1986) the toxicity of chromium salts decreases as hardness
and pH of the water increase. Components of alkalinity such as carbonate and
bicarbonate will complex some toxic heavy metals. The SPM are part of the loess
“pampeano” composed mainly of silicon, aluminium and ferric oxides, with and a small
amount (3 to 4 %) of calcium and magnesium oxides (Trelles 1972). One possible
explanation of the decrease in the mutagenic effect observed might be that these
components of the SPM interfere with the anionic components available in the soluble
fraction of river water.

Further work is in progress in this laboratory in order to understand better the
mechanisms involved in the river waters interference with the mutagenic activity of
potassium dichromate.
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