Ecological Risk Assessment of Heavy Metals to Freshwater Benthic Macroinvertebrate Assemblages

Based on Field Survey in the Hasama River Basin, Miyagi, Japan.
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Introduction

Environmental water quality standard in Japan for zinc concentration relating
to the conservation of aquatic organisms was established in 2003. The standard
zinc concentration in the freshwater environment is 30 ug/L determined by the
chronic toxicity of a mayfly Epeorus latifolium.

In order to ascertain the validity of this standard, we need to understand the
relationship between zinc concentrations and populations or communities of aguatic
organisms in natural rivers. On riverine benthic macroinvertebrates, there is little data
that can answer the issue in Japan.

In this study, we conducted two field surveys in 2004-2005 to assess ecological
risks of heavy metals (especially zinc) on riverine benthic macroinvertebrate
assemblages in the Hasama river basin, containing abandoned lead and zinc mine
(Fig. 1). In this poster, results of the spring survey were presented.

Objective of this study ... to evaluate effects of heavy-metal
pollution (especially zinc) on riverine benthic macroinvertebrates
at population- and community-levels.

Materials and Me

Study Site The Hasama River

Abandoned Hosokura Mine is located in the upstream region.

Spring water from bed of the stream near the mine had high concentrations of zinc
(max. 4 mg/L), cadmium, copper and lead (Seino et al. 2004).

We selected 9 riffles as sampling sites (Fig. 1).

Fig.1 Map of sampling locations.
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Benthic macroinvertebrates sampling

Benthic macroinvertebrates were collected from 5 stone (¢= 15 — 20 cm) using a
surber net (mesh size = 0.25 mm) at each site.

Invertebrate metrics were calculated on each site (averages of 5 stones)
Community metrics: total taxon richness, total abundance, EPT richness (total taxon
richness of Ephemeroptera, Plecoptera and Trichoptera), EPT abundance,
abundance and taxonomic richness of the three major aquatic insects groups
(Ephemeroptera, Trichoptera, and Chironomidae)

Population metrics: abundances of dominant taxa
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total concentrations of heavy metals (zinc, copper, cadmium, lead)
temperature, pH, DO, BOD, TOC, conductivity, hardness.
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How much zinc does affect riverine benthic macroinvertebrates

Responses of Macroinvertebrate: Community Metrics
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Abundance of Thienemanniella
showed the same tendency

Among 16 dominant taxa, 8
were significantly decreased and 2
were increased.

While the negative effects of
heavy-metal pollution on Epeorus
(Ephemeroptera) was observed,
the abundance of some chironomid
taxa at ML sites was significantly
larger than those at NL sites.

at population- and community-levels?

Lower sites;

Reduction in Ephemeroptera diversity
and abundance at ML sites (Zn: 120-150
Hg/L) compared to NL sites (Zn: <10 pg/L)

Upper sites;
Reduction in many invertebrate
metrics at HU sites (Zn: 350-450 pg/L).
Higher Ephemeroptera diversity and
abundance at St.6 (Zn: 64 pg/L)
compared to St.7 (Zn: <10 pg/L)
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>120 pg/L of zinc concentration affects invertebrates negatively?

<60 pg/L of zinc concentration does not?

These results are consistent with Kamo's results (P630). See under paper.

However, some problems remain;
We could not separate the effects of zinc from those of other heavy-metals.
The number of sampling sites in this study is few.

Conclusion

1. We detected the effects of heavy-metal pollution on riverine benthic
macroinvertebrates in Japan.

i. We observed the negative effects on many of community and population

metrics, especially on diversity and abundance of Ephemeroptera.

ii. Abundance of some chironomid taxa increased by heavy-metal pollutions.
We hypothesize that more than 120 pg/L of zinc concentration negatively
affects riverine benthic macroinvertebrates at population- and community-
level, while less than 60 pg/L of zinc concentration does not.

Field surveys can assess the community- and population-level effects directly
while laboratory toxicity test cannot. However, they have difficulty assessing
the ecological risk of zinc in isolation because other heavy metals usually co-
exist in zinc-polluted river water. In order to establish the relationship between
zinc concentration and benthic macroinvertebrates, we need extensive
researches for rivers that vary in concentrations of heavy metals in water.
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