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Suspended particulate matter of samples of river water and waste water treatment
plants was tested for genotoxicity and mutagenicity using the standardized umu
assay and two versions of the Ames microsuspension assay. The study tries to
determine the entire DNA-damaging potential of the water samples and the
distribution of DNA-damaging substances among the liquid phase and solid phase.
Responsiveness and sensitivity of the bioassays are compared.
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INTRODUCTION

It has been well-documented that a number of hydrophobic compounds are adsorbed to suspended
particulate matter (SPM) and sediments of rivers[1,2,3,4]. Among them, PAHs, HCB, PCBs, and
chlorinated benzenes were found in concentrations up to 2 mg per kg dry weight[5]. At least in the
case of PAHs, genotoxic, mutagenic, and carcinogenic potentials are evident[6]. Genotoxicological
and carcinogenic evaluation of the remainder compounds is difficult, mainly due to their cytotoxicity
in bioassays. Few data exist about the genotoxicity and mutagenicity of SPM of waste water
samples[4,7], even though concentrations of suspended matter, in particular, are as high as those
found in river water.

The present study shows results of genotoxicity and mutagenicity tests of SPM in river samples
and samples of waste water treatment plants in Rhineland-Palatinate, Germany. The tests were
carried out with the umu assay[8,9,10,11,12], the Ames-II assay[13], and a microsuspension version
of the Ames assay developed by AMMUG. The umu assay is a so-called indicator test due to the fact
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that it detects primary DNA damage. In contrast, the Ames microsuspension versions measure base
substitution and frameshift mutagenesis.

The aim of the study was to determine and compare the entire genotoxicity and mutagenicity of
river water and waste water samples, since the current standardized assays provide information
about only the liquid water phase, not the entire sample (including particle bound substances).
Additionally, a comparison should be drawn between the distribution of genotoxicity and mutage-
nicity of particle bound substances of waste water samples and the liquid phase of the original
sample. Last but not least, responsiveness and sensitivity of the umu assay and the Ames
microsuspension assay were compared.

EXPERIMENTAL METHODS/PROCEDURES

Original water samples of rivers (25 samples from Rhine, Mainz; Mosel, Palzem; Saar, Kanzem;
Lahn, Lahnstein; and Selz, Ingelheim) and sewage plants (35 samples), soxhlet extracts of SPM,
and PAD-IV extracts of the original water samples were used for genotoxicity and mutagenicity
assays. Immediately after collection, the samples were frozen in order to adjust the conditions.
Suspended matter was collected by filtration with glass fiber filters (pore size < 1 µm). After freeze-
drying, the charged filters were soxhlet-extracted using acetone. Eluates were evaporated, and the
remaining substances were dissolved in 100% DMSO. Aliquots of the extracts were incubated with
tester bacteria in the presence and absence of S9 mixture and cofactors. PAD-IV solid phase extrac-
tion of filtrated water samples was performed according to[9].

The tester strain Salmonella typhimurium TA1535/pSK1002 was used for the umu assay. The
Ames test was carried out using strain TA98 for frameshift mutagenesis, TAMix, a set of six base-
specific point-mutation strains (TA7001-6), and the strain TA100 for base substitution mutagenesis.
In contrast to the conventional Ames test on agar plates, the Ames-II assay and the Ames
microsuspension assay by AMMUG are performed as microsuspension assays on 384-well
microplates. Instead of the TA7000 line developed by Gee et al.[13], the AMMUG version uses the
strain TA100 for base substitution mutagenesis, as it is recommended according to DIN 38415-4
(ISO 16240)[14,15].

RESULTS AND DISCUSSION

None of the native waste water samples was genotoxic in the umu assay according to DIN 38415-
3[11,12]. However, 44% of the PAD-IV extracts of the samples showed (background) genotoxicity,
especially without S9 incubation. In the Ames microsuspension assay, mutagenicity could be de-
tected in 12% of the native waste water samples. Most of the PAD-IV extracts (88%) of the original
samples were mutagenic.

Both SPM of the river samples and of industrial waste water samples showed mutagenic effects
in the Ames microsuspension tests. The extent of mutagenicity was quite different. Among the river
samples, SPM of the Rhine showed the strongest mutagenicity. Incubation with and without S9 led
to approximately the same mutagenic potentials. Especially the samples of the rivers Mosel and
Saar were mutagenic when S9 was supplemented, which could be an indication of the predomi-
nance of premutagenic polycyclic aromatic hydrocarbons in these samples. Generally, extracts of
SPM of industrial waste water showed stronger mutagenicity compared to SPM of river water. The
SPM-associated mutagenicity load of waste water and river water differed up to 10,000-fold. Of the
waste water SPMs, 97% showed a mutagenic potential in the Ames microsuspension assay (77% -
S9; 89% +S9), whereas 44% were genotoxic in the umu assay (44% -S9; 33% + S9).

In general, correlations between mutagenicity and concentrations of polycyclic hydrocarbons
of river SPM could not be detected, probably because the multitude of compounds extracted by
acetone does not allow such a simplified assumption. Since a considerable amount of mutagenicity
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was detected without S9 incubation, not just hydrophobic substances (e.g., PAHs) account for the
genotoxic effects. There is only limited knowledge about direct-acting genotoxins bound to SPM of
river water and waste water samples and about the bioavailability of these substances in general.

In the large majority of cases, frameshift mutations dominated over base change mutations. The
strains of the TA7000 line used as a mixture showed only marginal reactions when exposed to the
extracts and provided no advantages over the base substitution strain TA100. Because a dominance
of frameshift mutations is less plausible, particularly as there is no predominance of this type of
mutation in screenings of chemical substances, theoretical considerations as well as analysis of
literature data indicate that reasons for varying sensitivity between frameshift and base substitution
mutagenesis are in different mechanisms of the generation of mutations. In strain TA98, at least 65
nucleotides of the his gene can be a target for frameshift mutations[16], whereas the TA7000 strains
and strain TA100 require a base substitution at one distinct position of the target gene[17]. In gen-
eral, the Ames microsuspension assay is appropriate for the investigation of complex environmental
samples such as suspended matter. Regarding cost-effectiveness and handling, the Ames
microsuspension assay has considerable advantages over the conventional Ames test. In the present
study, the Ames microsuspension assay was more sensitive compared to the umu assay. This is in
concordance with investigations of Vahl et al., who found high mutagenic potency beside weak
SOS induction in extracts of SPM of the river Elbe[18]. In contrast to plate incorporation tests, the
Ames microsuspension assay allows direct comparisons of sensitivity with other test systems like
the umu assay, because definite concentrations of samples (and not doses) are used. Most bacterial
indicator tests like the umu assay are based on the induction of DNA damage inducible genes of the
SOS operon[19]. Despite their ability to quickly detect genotoxins and potential mutagens, the
measurement of SOS induction cannot be equated with mutagenicity. Some chemical mutagens
exert their mutagenic potential independently from error-prone repair pathway responsible for SOS
mutagenesis and therefore cannot be detected by indicator tests based on the SOS system, which
could be one reason for lower sensitivity. In contrast to that, the microsuspension versions of the
Ames test detect mutagenicity as a consequence of error-prone dependent and independent
genotoxicity.

CONCLUSIONS

The current DIN and ISO standards of procaryotic genotoxicity and mutagenicity assays are not
able to detect the entire genotoxicity/mutagenicity load of water samples, as they merely consider
the liquid phase. This study showed that less than 50% of the genotoxic potential of the water
samples could be assigned to the liquid phase. From our point of view, this study illustrates the
necessity for intensifying investigations concerning genotoxicity and mutagenicity of suspended
matter, for identifying responsible substances by effect-related chemical analysis, and for studying
their bioavailability.

ACKNOWLEDGMENTS

This paper was presented at the CSIC/ESF Workshop on Analysis, Toxicity and Biodegradation of
Organic Pollutants in Groundwater from Contaminated Land, Landfills and Sediments, Barcelona,
Spain, 8-10 November 2001.

REFERENCES

1. Breitung, V., Lageveen-Wenker, A., and Bergmann, H. (1994) Distribution pattern of polyaromatic hydrocarbons
in suspended matter and sediments of rivers. Vom Wasser 83, 397–406.



1039

Reifferscheid and v. Oepen: Particulate Matter of River Water /Waste Water TheScientificWorld (2002) 2, 1036–1039

2. Breitung, V. and Schumacher, D. (1996) Spatial and temporal distribution of PCBs in suspended matter and sedi-
ments. Vom Wasser 87, 101–112.

3. Heemken, O.P., Stachel, B., Theobald, N., and Wenclawiak, B.W. (2000) Temporal variability of organic
micropollutants in suspended particulate matter of the River Elbe at Hamburg and the River Mulde at Dessau,
Germany. Arch. Environ. Contam. Toxicol. 38, 11–31.

4. White, P.A., Rasmussen, J.B., and Blaise, C. (1998) Genotoxic substances in the St. Lawrence system 1: industrial
genotoxins sorbed to particulate matter in the St. Lawrence, St. Maurice and Saguenay Rivers, Canada. Environ.
Tox. Chem. 17, 286–303.

5. Regional Authority for Water Management, Rhineland-Palatinate, Germany, personal communication.
6. Silver Platter Chem-Bank (1998) Databanks of potentially hazardous chemicals, RTECS-U.S. Department of Health

and Human Services (NIOSH).
7. White, P.A., Rasmussen, J.B., and Blaise, C. (1996) Comparing the presence, potency and potential hazard of

genotoxins extracted from a broad range of industrial effluents. Environ. Mol. Mutagen. 27, 116–139.
8. Oda, Y., Nakamura, S., Oki, I., Kato, T., and Shinagawa, H. (1985) Evaluation of the new system (umu-test) for the

detection of environmental mutagens and carcinogens. Mutation Res. 147, 219–229.
9. Reifferscheid, G., Heil, J., Oda, Y., and Zahn, R.K. (1991) A microplate version of the SOS/umu-test for rapid

detection of genotoxines and genotoxic potentials of environmental samples. Mutation Res. 253, 215–222.
10. Reifferscheid, G. and Heil, J. (1996) Validation of the SOS/umu test using test result of 486 chemicals and compari-

son with the Ames test and carcinogenicity data. Mutation Res. 369, 129–145.
11. DIN 38415-3 (1996) German standard methods for the examination of water, waste water and sludge—sub-animal

testing (group T)—part 3: determination of the genotoxic potential of water with the umu-test (T3).
12. ISO 13829 (2000) International standard: water quality—determination of genotoxicity of water and waste water

using the umu-test.
13. Gee, P., Maron, D.M., and Ames, B.N. (1994) Detection and classification of mutagens: a set of base specific

Salmonella tester strains. Proc. Natl. Acad. Sci. U.S.A. 91, 11,606–11,610.
14. DIN 38415-4  (1998) German standard methods for the examination of water, waste water and sludge—sub-animal

testing (group T)—part 4: determination of the genotoxicity of water using the Salmonella/microsome test (T4).
15. Draft for ISO-Guideline  Water quality—determination of the genotoxicity of water and waste water using the

Salmonella/microsome test.
16. Bell, D.A., Levine, J.G., and DeMarini, D.M. (1991) DNA sequence analysis of revertants of the hisD3052 allele of

Salmonella typhimurium TA98 using the polymerase chain reaction and direct sequencing: application to 1-
nitropyrene-induced revertants. Mutation Res. 252, 35–44.

17. Cebula, T.A. and Koch, W.A. (1990) Analysis of spontaneous and psoralen-induced Salmonella typhimurium hisG46
revertants by oligodeoxyribonucleotide colony hybridization: use of psoralens to cross-link probes to target se-
quences. Mutation Res. 229, 79–87.

18. Vahl, H.H., Karbe, L., and Westendorf, J. (1997) Genotoxicity assessment of suspended particulate matter in the
Elbe river: comparison of Salmonella microsome test, arabinose resistance test and umu-test. Mutation Res. 394,
81–93.

19. Koch, W.H. and Woodgate, R. (1998) The SOS response. In DNA Damage and Repair. Vol. 1. Nickoloff, J.A. and
Hoekstra, M.F., Eds. Humana Press, Totowa, NJ. pp. 107–134.

This article should be referenced as follows:

Reifferscheid, G. and v. Oepen, B. (2002) Genotoxicity and mutagenicity of suspended particulate matter of river water
and waste water samples. In Analysis, Toxicity and Biodegradation of Organic Pollutants in Groundwater from Contami-
nated Land, Landfills and Sediments. TheScientificWorldJOURNAL 2, 1036–1039.

Handling Editor:

Jordi Dachs, Editorial Board Member for Environmental Chemistry — a domain of TheScientificWorldJOURNAL.


