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Abstract: The assessment of heavy metal pollution in river is an important topic in the fields of water quali-
ty research. The chemical, toxicological or ecological approaches have been extensively and independently
used to assess ecological consequences of heavy metals pollution in many rivers. Independent application of
each parameter to assess water quality has disciplinary limitation and. therefore, the integration of these
assessments gives a better explanation to chemical pollution and the associated ecological effects in a river.

This paper compared the characteristics of chemical, biological and ecological data obtained from the
field studies carried out in Le’an River, Jiangxi Province during 1992 to 1995. There were three types of
data have been included in the assessment: chemical data include concentrations of heavy metals in river
water, interstitial water, and sediment, toxic data included overall toxicity in different types of samples
performed with luminobacterium P. ginghanesis 67 and P. phosphoreum , algae C.vulgaris and S. oblignus
and invertebrate D. magna, as well as ecological data included the abundance and richness of aquatic and
benthos species in the river.

The characteristics of different type of data and so-formed indicators used in traditional ecological risk
assessment were evaluated. Their application in assessing or predicting ecological impact of heavy metals
could result in differences. In the case study, the chemical data showed good accordance with ecological
data, but neither chemical nor ecological data were in good accordance with toxic data. There were two
major explanations to these disagreements. Firstly, the observed toxicity of the collected samples could

not be attributed to heavy metals that were measured and there were other pollutants or acidity affecting
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the aquatic biota. Secondly, the chemicals in water and in sediment could not be totally bioavailable and
the bioavailability depended on site-specific aquatic condition.

An integrative methodology and a hierarchical model were developed for assessing the potential eco-
logical impact of heavy metal pollution in the river. In the approach, Nemerow Index was used to describe
water pollution by multiple metals, Risk Index was used to describe sediment pollution by multiple metals,
relative inhibition or death rate from acute toxicity tests of multiple species were classified into toxicity lev-
els to indicate the toxicity associated with environmental samples, Shannon-Weaver Diversity Index was
used to describe diversity of algae, crustacean, rotifer and protozoan communities and Margalef Diversity
Index was used to describe diversity of benthonic macroinvertebrates. Based on these index, a hierarchical
model was applied to rank the observed effects and the effects were divided into five classes: i.e. no-ef-
fect. slightly affected, moderately affected, strongly affected and seriously affected.

It was shown that the multi-index description and the proposed approach should be an effective way
for understanding of metal pollution and its associated ecological impact in Le’an River. At upstream, wa-
ter pollution occurred in raining season and should be mainly caused by zinc and it showed a moderate toxi-
city to D. magna. Both chemical pollution and toxicity to certain species did cause system deterioration.

Affected by the copper min discharge., river water was severely polluted by heavy metals and acidity
and the aquatic ecosystem was severely deteriorated. However, neither river water nor sediment showed
toxic effects in acute bioassay, indicating the metal pollutants, when measured in total concentration, were
mostly in inert forms. Ecological consequence should be mainly associated with acidity.

At converging with Jishui River, which is a tributary discharging soluble metals to the river, chemi-
cal, biological and ecological data showed in good accordance and the ecosystem deterioration should be
closely related with heavy metal pollutions.

Downstream of the river, concentrations of heavy metals in aqueous phase did not exceed the allow-
able criteria and ecosystem was gradually recovered. The ecosystem recovery should be due to the dilution
effects, strong buffer capacity, as well as intrude of species from the lakeside. However, both water and
sediment showed slight to moderate toxicity. indicating chemical pollution other than metals and the dis-
turbance to sediment may result in potential ecological impact.
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Table 1 Hierarchical model for chemical, ecological and toxicological assessments
. Nemerow X o
Impact Grade inde Hakanson Relative Inhibition or
ex index biodiversity index death rate
No impact I <1 <20 1.0 0
Slight impact I 1~2 20~80 0.75~1.0 0~25%
Moderate impact I 2~3 80~160 0.50~0.75 >25%~50%
Strong impact v 3~5 160~240 0.25~0.50 >50%~75%
Very strong impact A >5 =240 <&0%25 75%~100%
* ( / )Relative Biodiversity Index was defined

as the ratio of the averaged biodiversity index of algae,zooplankton and benthos at polluted site to that at control site
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Fig. 1 Methodology for the assessment of heavy metal pollution
1. Method for Ecological Risk Assessment (ERA) ;2. Approaches in ERA ;3. Chemical Approach;4. Toxicological
Approach;5. Ecological Approach;6. Objectives of Assessment;7. Chemistry of Water and Sediment;8. Toxicity of
Water and Sediment Samples; 9. Structure and Function of Aquatic Ecosystem;10. Tasks;11. Analysis of Heavy
Metals ;12. Bioassay ; 13. Ecological Survey;14. Index;15. Nemerow Index;16. Inhibition or Death Rate;17. Species
Richness and Biodiversity;18. Models ;19. Hierarchical Model ; 20. Results; 21. Assessments
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Fig. 2 The assessment of heavy metal pollution in surface water of Le'an River
1. Assessment of Surface Waters 1 . No impact I . Slight impact 1. Moderate
impact N. Strong impact V. Very strong impact A00~A18. Sample plot
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Fig. 3 The assessment of heavy metal pollution in sediment of Le'an River (1. Assessment of Sediments)

2 Legend same as fig. 2
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Fig. 4 The assessment of the ecological characteristic in Le'an River (1. Assessment of Ecosystem)

2 Legend same as fig. 2
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Fig.5 The assessment of biological toxicity of surface water in Le’an River(1. Bioassay of Waters)

2 Legend same as fig. 2

Fig. 6 The assessment of biological toxicity of sediment extracts in Le'an River (1. Bioassay of Sediments)

2 Legend same as fig. 2
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