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1. Introduction

In Japan, the water environment has long been managed on the basis of Water Pollution Control
Law to monitor and set the limit of several items, mainly in terms of chemical compounds, in effluent
and water bodies from the viewpoint of protecting human health and living environment. While this
framework has contributed to diminish the severe water pollution, this “chemical compound-based
management* scheme is concerned to neither cover all the chemical compounds increasing rapidly nor
predict mixture effects of these numerous compounds. Namely, there could be a case for waters to
satisfy all the existing limitations but they still exert adverse effects on aquatic organisms in the
natural water environment. Thus, “effect-based management” using bioassays with fish, daphnids, and
algae had been proposed to evaluate and manage wastewater and surface water and has already been
implemented in several countries sometimes named as “Whole Effluent Toxicity (WET)” system

However, there are two major concerns in implementing this system to Japan: there are few case
studies to apply bioassays to river water samples both in terms of quality and in terms of quantity,
there are few case studies to investigate how to reduce the toxicity if the significant toxicity is found.
In this study, water samples were collected to evaluate toxic effects on the selected aquatic organisms
in an urban stream where existing water quality standards are completely met, and the source of the

toxicity and the toxicity reduction majors were investigated.

2. Materials and Methods
We selected a typical urban river K and collected water from five sampling sites including a

environmental reference point. Water samples were refrigerated and filtered to remove suspended
solids prior to the bioassay or chemical analysis. Three aquatic organisms listed below were used to
evaluate toxicity of the samples. Dilution series were prepared with the highest concentration of 80%
for all the samples. Fish short term embryo-larval tests were conducted using zebrafish (Danio rerio)
in conformity with OECD TG212Y and hatching ratio and survival ratio was observed to determine
survival index. Ceriodaphnia dubia was used to determine the inhibition of reproduction in
conformity with EPS/RM21, Second Edition®). Algal growth inhibition tests were conducted using a
unicellular green alga Pseudokirchneriella subcapitata in conformity with OECD TG201%. In case of
detecting adverse effects from the water samples by the bioassays, we conducted both chemical
analyses using ICP/AES or ICP/MS and sample treatments such as solid phase extraction to remove
organic compounds, addition of flocculants/coagulants to remove suspended solids, removal of heavy

metals by ion exchange resin, aeration etc.



3. Results and Discussion

Results of bioassays for both river water and industrial effluents are shown in Table. Significant
effects were found from the samples collected in Sites 3 to 5 for algae and daphnia. The No Observed
Effect Concentration (NOEC) of Site 4 for daphnia reproduction was 0.03%, which means 3,000 times
dilution is necessary to diminish the adverse effects. The results of the chemical analyses suggest
either copper, nickel or zinc is the major factor of the adverse effects. Among these heavy metals, the
concentration of nickel was found to be higher than the NOEC as results of bioassay of nickel in the
lab and nickel is probably the major compound to responsible for the toxicity of the riverwater.

As far as industrial effluents are concerned, severe reproductive effects on daphnia were found
from Factories No. 4 to 6. For Factory No. 4, relatively higher concentration of copper was detected
but the high salinity is suspected as the major factor of the adverse effects because weakly toxic
organocopper was considered as the major fraction, no reduction of the effects was observed by the
removal of copper, and salinity of the effluent was as high as 0.41%. For Factory No. 6, toxicity for
fish was significantly reduced by the solid phase extraction but we are in process of identifying the
organic compound to exert the adverse effects. Instead of identifying the source compound, we
proposed proper treatment processes (the change in flocculants/coagulants) to reduce the adverse

effects.

Table: Results of Bioassays for River waters and Effluents (No Observed Effect Concentration).

River waters Industrial Effluents
Site 1  Site 2  Site 3 Site 4 Site 5 No.1 No.2 No.3 No.4 No.5 No.6
Fish (Survival) 80% 80% 80% 80% 80% 80% 80% 80% 10% 80% 80%
Daphnia 80%  80%  10%  0.03% 5% 80% 80% 80% 2.5% 5% 5%
(Reproduction)
Algae (Growth) 80% 80% 80% 10% 80% 80% 80% 80% 80% 80% 80%
4. Summary

Bioassays have frequently used for the evaluation of the toxicity of the sample waters but the
results of this study suggest the combination of bioassays, water treatments and chemical analyses
could comprehensively identify and reduce the toxicity of the waters. This combined approach could
complement the conventional “chemical compound-based management” to develop more advanced
water quality management. It is important to further collect the combined data of bioassays and
chemical analysis, the confirmation of the effects of the effluent on actual ecosystem, and the

restoration of the ecosystem by the improvement of the toxicity of the effluent.
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