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Abstract—By integrating the chemical, toxicological and ecological data, the impact of heavy metal pol-
lution on the Le An River was assessed. The results showed that the water and sediment pollution has
affected the aquatic ecosystem due to discharges from Dexing copper mines and mines along the Jishui
River. The ecological deterioration between the Dexing copper mine and the converges with the Jishui
River could be attributed to acid drainage instead of extremely high content of metals in the sediment
(non-bioavailable), while that between the Jishui River and downstream 34 km could be attributed to
multi-metal contamination. Sediment pollution associated with the moderate biological and ecological
deterioration prevails in downstream of the river as far as the delta area of the lake. © 1998 Elsevier

Science Ltd. All rights reserved
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INTRODUCTION

Chemical, toxicological and ecological approaches
have been studied extensively in assessing impacts
of trace metal pollution in aquatic environments.
Each of these approaches has its inherent limi-
tation. The analytical and/or physicochemical
approaches that are used in the assessment of con-
tamination, as well as being complex and costive,
are tedious and time-consuming. Additionally, the
resuits obtained do not yield directly the biological
toxic potentiality of a given water body (Kramer
and Botterweg, 1991), which could not be disclosed
in a single evaluation. Numerous studies have
demonstrated that the determination of metal con-
centrations in suspended matters and sediments are
more sensitive than the dissolved concentrations
when used as indicators of contamination in hydro-
logic systems (Luoma, 1990). However, total metal
concentrations in sediments do not necessarily
reflect concentrations that are available to biota.
Aquatic organisms have been used in comparative
monitoring of pollution effects in different systems
and to locate sources of toxicants (Phillip, 1989).
Bio-monitoring approach has proved to be promis-
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ing as a reliable means of quantifying biological
effects of complex effluents (Birge er al., 1985).
Actually, impact of adverted effects on ecosystem
level involves the characteristics of plankton
(Cairns, 1980; Monteiro et al., 1995) and benthonic
community structure and the succession of the pro-
minent species (Yang, 1987; Leland et al., 1989; Qi
and Huang, 1993). The ecological data, however,
reflects the integrated characteristics of a system,
also including growth environment, ages of species,
seasonal physiological cycles, acclimation and gen-
etic adaptation, flood and drain period, and so on.
Principally, physicochemical data of the receiving
waters (which could vary with time) can reflect vari-
ation of chemical composition of the water caused
by discharges, when comparing with background
and/or water quality criteria. To a lesser extent, it
reflects also the bioavailability (Luoma, 1983).
Bioassays are an ideal complementation to the ana-
lytical data when employed in evaluating toxicity of
the taken water samples or in in-situ. They are con-
sidered to be the most reproducible, sensitive,
simple, economical and rapid way to evaluate tox-
icity (Soomi et al., 1990; Kramer and Botterweg,
1991). However, the observed toxicity may not be
caused by the poilutants in concerns and the evalu-
ation based on limited species cannot be success-
fully used to predict the ecological consequences.
The ecological variation could be due to variation
of the regional or even global environment. Less
work has been carried out for the comparison and
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integration of chemical, toxicological, as well as
ecological, studies for the heavy metal pollution in
rivers (Wesley er al., 1989).

The major objective of this paper was to compare
and to integrate the data from different disciplinary
studies for assessing the impact of heavy metal pol-
lution in the Le An River.

MATERIALS AND METHODS

Sampling locations and description of the area

The research area and sampling location are schemati-
cally shown in Fig. 1. Site A0l is upstream of the river
and apart from the major mines. Site A04 is at 20 km
downstream from AO1, where the largest open-cast copper
mine in China, Dexing copper mine, is located and whose
discharges flow into the Le An River at the converges
with the Dawu River (DWR). Site A0S is at 20 km down-
stream of site A04. Site A07 is at 50 km downstream and
converges with the Jishui River (J.R., 39 km long), which
is another metal-polluted river along with several small
sulfide mines and smelters. Site AO8 and Al3 are at 84
and 159 km, respectively. Site Al16 is at 230 km down-
stream and in the delta area of Poyang lake, the largest
fresh water lake in China.

The rainy season in this area begins in April and
finishes in September, during which time occurs 60-75%
of annual rainfall and most storm floods. From October
to March, less rainfall could be observed and the flow rate
in the Le An River is relatively lower (dry season).

Data collection and processing

All data for river water, sediment, aquatic organisms
and from toxicity bioassays were collated from the data-
base of the Cooperative Ecological Research Program
(CERP) and relevant publication (Lin, 1992; Tang et al,,
1994; Miiller and Tang, 1996).

To obtain the chemical data, river water and sediment
samples were taken in June 1993 (rainy season) and in
October 1994 (dry season), respectively. pH was

measured in situ. Water samples were filtered through
0.45 ym membrane in situ and acidified immediately.
Sediment samples were taken by Veen grab sampler and
were wet-digested after being dried in room temperature.
Analysis for heavy metal in soluble samples was per-
formed by FT-AAS (PE-3100 Atomic Absorption
Spectrometer).

Water quality index was calculated using the Nemerow

index as follows:
¢’ L[C !
S max S;

2

Where C; is concentration of metal; in river water, S; is
national water quality criterion for metal i (NS-SW-88 for
type II water, GB 3838 or water quality criteria for
aquatic culture, TJ-35-79).

To classify the sediment pollution for single metal,
metal concentration in sediments was transformed into
enrichment factor (ERF), defined as the ratio of metal
concentration to its averaged background concentration.
An ecological risk index (RI) has been used as a diagnos-
tic tool for the potential sediment pollution (Lars, 1980)
as follows:

RI:ZH:Z'H.C;: Z":T:'Ci/c;

Where RI is the requested potential ecological risk index;
E', is the potential ecological risk factor for a given sub-
stance §; T, is the “toxic-response™ factor for the given
substance, i.e. Cu = Pb = 5, Zn = |; C is the contami-
nation factor; C'; is the metal content in superficial sedi-
ments; C’, is the regional background concentrations of
heavy metals in sediment.

Samples of crustacean, rotifer, and algae for qualitative
analysis were collected by phytoplankton net with a mesh
size of 50 um from the surface water. Polyurethane foam
cut into identical units (PFU-5x7 x 8 cm) was used as
artificial substrates for colonization of protozoan commu-
nities (Xu ez al., 1994). Benthonic macroinvertebrates were
collected with a 0.05 m? Peterson grab at each sampling

Jishui River

DAICUN

Fig. 1. Research area and sampling location.
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Table 1. Hierarchical model for chemical, ecological and toxicological assessments

Relative inhibition or

Description Class Nemerow index (PI) Risk index (RI) Diversity index* death rate (%)
No-effect 1 <1 <20 1.0 No effect
Slightly affected 2 1-2 20-80 0.75-1.0 0-25%
Moderately affected 3 2-3 80-160 0.50-0.75 >25-50%
Strongly affected 4 3-5 160240 0.25-0.50 >50-75%
Seriously affected 5 >5 >240 <0.25 75-100%

*Averaged ratios of diversity index for algae, zooplankton and benthonic macroinvertebrates (pollution site/control site)

site (Zhu et al, 1994). Diversity indices for crustacean,
rotifer, algae and protozoan communities were calculated
using the Margalef diversity index (Margalef, 1957) as fol-
lows:

S-—1
InN

where S is the number of species, N is the total number of
individuals.

Diversity indices for benthonic macroinvertebrates were
calculated using Shannon-Weaver diversity index
(Shannon, 1949) as follows:

-5 e )

where s is the number of species, n; is the total number of
individuals in the ith species and N is the total number of
individuals.

The toxicity tests with Photobacterium phosphoreum,
Photobacterium Q67, algae S. oblignus and C. vulgaris,
and Daphnia magna, have been carried out to determine
overall toxicity in different types of samples from Le An
River, including river water, interstitial water, as well as
sediment water extracts. In bioassay procedures, dissolved
samples (water and interstitial water) were filtered
through 0.45 um Millipore filter. Top sediment samples
were centrifuged at 4000 r/m for 30 minutes to obtain
the interstitial water (Backman J21 freezing centrifuge).
Dried surface sediments were extracted by reconstructed
river water according to the measured chemical compo-
sition. Bioassays were carried out according to relevant
protocols and those developed in the laboratory (Zhou
Y., 1989; Wang Z. et al., 1994; Wang and Tang, 1994;
Ma ez al., 1996).

d=

Classification of quality index

Nemerow index (PI) for water pollution, Risk Index
(RI) for sediment pollution, averaged ratio of diversity
index of aquatic organisms, as well as relative inhibition
or death rate from toxicity tests, were used to classify
impact by heavy metals pollution in Le An River. In

Table 1, a hierarchical model was applied to rank the
observed effects.

RESULTS AND DISCUSSION

Heavy metal pollution and pH in Le An River water

The pH, Nemerow index (PI) and the major
metal pollutants with their pollution index (I) are
shown in Table 2. At A04, the pH was as low as
4.25 in the rainy season and 3.24 in the dry season,
respectively. The pH along the river was similar
both in the rainy and in the dry season. Strong
acidity at A04 was due to receiving the mining acid
drainage. In the rainy season, the dissolved Cu con-
centrations in most sampling sites exceeded the
allowable levels (NS-SW-88 for type II water, GB
3838 or water quality criteria for aquatic culture,
TJ-35-79). The pollution index of Cu was 2.9 at
A0l and increased slightly at A04. Highest Cu and
Zn concentrations were observed at A07 (I = 8.9
and 3.1 for Cu and Zn respectively). In the dry
season, the highest Cu concentration was observed
at A04 (I = 7.3), while it was relatively lower in
other sampling sites. The highest Zn concentration
was observed at A07 (I = 3.5). Concentrations of
Pb were relatively lower along the river. The con-
centrations of Pb in dry season were higher
(I =1.1-1.3) than that in the rainy season
(I = 0.1-0.3). Considering the chemical data, the
river overlaying water was moderately polluted at
A0l and A04 (PI = 2.2 and 2.9) and heavily pol-
luted at A07 (PI =6.94) in the rainy season,
mainly by Cu and partially by Zn. In the dry sea-
son, the river water was heavily polluted at A04
(PI = 5.57), mainly by Cu and Pb, and moderately

Table 2. Nemerow index, major pollutants and pH in river water

Rainy season (June, 1993)

Dry season (Oct, 1994)

Locations pH Pl-value Pollutant (I)* pH Pl-value Pollutants (I)*
A01 7.65 2.20 Cu (2.9) 7.03 0.85 Pb(1.1)
AD4 4.25 2.90 Cu (3.8) 3.24 5.57 Cu (7.3), Pb (1.3)
AQ5 6.66 0.99 Cu (1.3) 6.98 0.79 -

AQ7 6.65 6.94 Cu (8.9), Zn (3.1) 7.10 2.81 Zn (3.5), Pb (1.2)
A08 6.89 1.47 Cu (1.9) 7.09 0.84 i

Al3 7.10 0.99 Cu (1.3) 7.14 0.92 Pb (1.2)
Alé 7.15 1.59 Cu 2.1) - - -

*Values in the parentheses are the concentration ratio of the measured value to water quality criteria. The criteria is adapted from NS-
SW8S for type II water. GB 3838-88 or water quality criteria for aquatic culture, TJ35-79, Cu: 0.01 mg/l, Pb: 0.05 mg/l, Zn: 0.1 mg/l.
**Measured concentrations of metals were below their quality criterion.

—~Not sampling
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Fig. 2. Enrichment factor of copper, zinc and lead in sedi-
ments of Le An River.

poliuted at A07 (PI = 2.81), mainly by Zn and
Pb.

Sediment pollution and evaluation by ecological risk
index

The regional backgrounds of metals in Le An
River were 34, 117 and 45 mg/kg for Pb, Zn and
Cu, respectively. Accordingly, the sediments of Le
An River were heavily polluted by heavy metals.
Metals that had sediment concentrations signifi-
cantly above their backgrounds (ERF=>1) were Zn,
Pb and especially Cu (Fig. 2). At site AO1, the ERF

513

was 0.71, 1.57 and 8.89 for Cu, Pb and Zn in the
rainy season, and 0.82, 1.86 and 2.24 for Cu, Pb
and Zn in the dry season, respectively. Higher ERF
for Zn at site A0l might be caused by discharges
from a small factory producing active carbon. At
site A04, the ERF of Cu reached the highest . i.e.
61.53 and 39.53 in the rainy season and in the dry
season, respectively. At site A07, the ERF of Cu
and Zn were 26.87 and 12.83 in the rainy season
and 42.36 and 9.63 in the dry season, respectively.
From site A08 to Al6, the ERF of Cu decreased
remarkably. At site Al3, the ERF were 11.2, 2.51
and 5.73 in the rainy season, and 12.69, 2.11 and
4.54 in the dry season for Cu, Pb and Zn, respect-
ively.

The ecological risk indices were calculated for
assessing the multiple metal pollution. As shown in
Fig. 3 for the risk index (RI), heavy pollution of
the sediments was expected between A04 and A07,
and the highest occurred at A04 in the rain season
and at A07 in the dry season. This was indicative
that Dexing copper mine and mines along the
Jishui River contributed significant inputs of heavy
metals to the sediment. The sediment pollution was
strong between A04 and AO07, moderate between
AO08 and A13, and slight to moderate between Al3
and A16. Obviously, the dilution effect exists in the
sediment.

Metal concentration in the interstitial water

Metal concentration in the interstitial water of
surface sediment in the rainy season (1993) is
shown in Fig. 4. At site A0l, the metal concen-
trations of Cu and Pb were 1.75 and 2.99 ug/l.
Concentration of Cu reached 23.8 ug/l at A07. At
A08, Al13 and Al6, the concentrations of copper
were 19.4, 19.5 and 10.0 ug/l, respectively.

Concentrations of zinc in the interstitial water
were below the detection limit at A01, A05 and
A16. They were 9.9 (A08) and 48.7 ug/l (Al13). In
all sampling sites, the concentration of lead in inter-

200

Risk index

A4 AD5

93,06
894,10

Al3

AD7 A08 Al6

Sampling sites

Fig. 3. Risk index values for sediment pollution.
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Fig. 4. Metal concentration in interstitial water of sediments (concentrations in ug/1).

stitial water was fairly low, and generally lower
than 9.2 ug/l.

The analysis for concentrations of heavy metals
in the interstitial water showed that the concen-
trations of heavy metals were higher in downstream
of the river (from A07 to A13) than in upstream of
the river (at A0S). It showed that the heavy metals
in sediments were relatively stable. Additionally, the
analysis of a core sample taken at A13 showed that
the concentration gradients of Cu, Pb, Cd, and Zn
were not being leached from the sediments to the
overlaying water but were rather diffused to the
sediments (Yahya and Song, 1994). Therefore heavy
metal pollution in the interstitial water would be
more likely to have influence on the benthonic com-
munities than on the overlaying water organisms.

Toxicity of river water, interstitial water and sedi-
ment extracts

According to the toxicity classification (Table 1),
the results of bioassays for different kinds of
samples were summarized in Table 3. Bioassay by
photobacterium T3 showed that, in the rainy season,
the overlaying water at A0l was slightly toxic. At
A04 and A0S, no toxicity could be observed. The

most toxicity occurred at A07 (relative inhibition of
84%). In the dry season, toxicity of overlaying
water assayed by photobacterium Q67 was shown to
be slightly toxic at A0l, moderately toxic at A04,
and strongly toxic at A07.

The toxicity of interstitial water assayed photo-
bacterium T3 indicated that slight toxicity was
observed at A0l and AO03, strong toxicity at AQ7
(relative inhibition of 69%), and moderate toxicity
at AO8 and Al6.

By D. magna acute toxic bioassay, strong toxicity
has been observed for all sediment samples taken in
the rainy season, and for samples of only DWR,
J.R. (a sample taken from 100 m upstream of A07
in Jishui River) and A07 in the dry season.

Bioassays carried out by algae S. oblignus and C.
vulgaris for sediment extracts showed no toxicity or
slight toxicity at A0l, A04 and A0S5. Moderate to
strong toxicity were observed at A07. No toxic
effects were observed for samples of A08 and slight
toxicity were observed for samples of A13.

According to the results from bioassays, one can
conclude that the toxic discharge was mainly from
Jishui River, instead of from Dexing copper mine,

Table 3. Ranked toxicity of overlying water, interstitial water and sediment extracts*

Sampling sites A0l DWR A04 AD3 JR. A07 A08 Al3 Al6
Overlying water 1993* 2 - 1 1 - 5 2 2 2
1994° 2 3 2 5 s 3 3 -
Interstitial water 1993* 2 - - 2 4 3 3 3
Sediment extracts 1993¢ 5 - 4 5 5 5 5
1993¢ 2 - 2 2 - 3 1 1
1993¢ 1 - 1 1 - 3 1 2
Sediment extracts 1994° 1 3 2 2 4 1 2
1994® 2 3 1 5 5 3 2 -
1994¢ 1 5 2 ~ 5 5 2 1
1994° 1 2 1 - 4 3 i 2 -

*Toxicity was ranked according to the classification in Table 1.

2By Photobacterium phosphoreum bioassay, methodology refers to Wang Z et al., 1994;

“By Photobacterium Q67 bioassay, methodology developed by Ma et al., 1996;

“By D. magna acute toxicity bioassay (S:W = 1.9; g/v), methodology refers to Zhou Y., 1989 and Wang H er al., 1994;

dBy C. vulgaris growth inhibition bioassay (S:W = 1.9; g/v), methodology refers to Zhou Y., 1989 and Wang H ez al., 1994;
By S. oblignus growth inhibition bioassay (S:W = 1.9; g/v), methodology refers to Zhou Y., 1989 and Wang H. ef al., 1994;

—not sampling
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Species ratio

A0l A04 A0S

A8 Al3 Al6

Sampling sites

Fig. 5. Ratio of species richness (pollution site/control site) in the rainy and in the dry season; a, b, ¢
and d represent the algae, protozoa, zooplankton and benthos in the rainy season (June 1993), respect-
ively; e, f and g represent algae, zooplankton and benthos in the dry season (Oct. 1994), respectively.

and that the sediment pollution had a potentially
strong impact on the plankton community.

Ecological assessment on phytoplankton, zooplankton
and benthonic macroinvertebrate community

Two hundred and thirty-two (232) plankton
species were identified in the water samples and on
the polyurethane substrates. The plankton species
consisted of 123 species of algae, 32 species of crus-
tacean, 19 species of rotifer and 58 species of proto-
zoa in the rainy season (Xu et al, 1994). The
benthonic species consisted of 26 and 20 species in
the rainy and dry season, respectively (Zhu et al.,
1994).

Variations regarding the ratio of species numbers
and ratio of diversity index (pollution sites/control
sites) for algae, zooplankton (crustacean and roti-
fer), protozoa and benthonic macroinvertebrate in
the rainy and dry season are shown in Fig. 5 and
Fig. 6, respectively. It can be seen from the figures

that ecosystem deterioration was significant at A04
and AO05, while a gradual recovery was observed
from A0S to Al6.

From the point of view of ecology, the aquatic
ecosystem has been seriously affected by Dexing
copper mine; strong to moderate effects could be
expected between AO5 and A0S, slight effect was
shown downstream of the river. However, it should
be noted that the biological migration from the lake
may contribute to the recovered biodiversity at Al13
and Al6.

Integrating the chemical, toxicological and ecological
data

Indices for chemical pollution of water (PI) and
sediment (RI), ranked toxicity for overlaying water,
as well as averaged ratio of diversity index, were
classified according to Table 1 and summarized in
Table 4. Because a battery of bioassay has been
conducted for assessing the toxicity of sediments,

Diversity index ratio

L A04 A0S
Sampling sites

A08 Al3 Al6

Fig. 6. Ratio of diversity index (pollution site/control site) in the rainy and dry season; a, b, ¢ and d
represent the algae, protozoa, zooplankton and benthos in the rainy season (June 1993), respectively; e,
f and g represent algae, zooplankton and benthos in the dry season (Oct. 1994), respectively.



516

Mengchang He e al.

Table 4. Classification regarding the chemical, ecological and toxicological assessments for Le An River*

Sampling sites A0l A04 A0S A07 A08 Al3 Al6
Chemical pollution of water 1993 3 3 1 5 2 1 2
1994 1 5 1 3 [ 1 -
Chemical pollution of sediment 1993 1 5 5 4 3 2 2
1994 1 4 3 5 3 2 -
Toxicity bioassay of water 1993 2 1 1 5 2 2 2
1994 2 3 2 5 3 3 -
Toxicity bioassay of sediment ** 1993 3 2 3 4 3 3 2
1994 1 2 - 5 2 2 -
Ecological assessment 1993 1 5 4 - 3 2 2
1994 1 S 3 3 2 -

*Indices for chemical pollution of water (PI) and sediment (RI), ranked toxicity for overlaying water, as well as averaged ratio of diver-

sity index were classified according to Table 1.

**Geometric means were used to integrate the multi-species bioassay data.

~Not sampling

geometric means were used to integrate the toxicity
data before classification (Table 4).

Based on chemical, biological and ecological in-
formation, metal pollution and its impacts in Le An
River could be explained as follows. At A01, while
the index for water chemistry and bioassays proved
to be slightly-to-moderately polluted in the rainy
season, the ecosystem is still healthy (ecological
assessment showed no alteration), due to its toler-
ability. The observed sediment toxicity on D. magna
might be caused by high concentration of znc
(ECs for Zn is 0.54 ug/l; Khangarot and Ray,
1987) in the rainy season.

At AD04, the river receives the acid mine drainage
and the river water and sediment were heavily pol-
luted. Meanwhile the structure and functions of the
aquatic ecosystem were seriously damaged. The
results of chemical and ecological assessments were
consistent and both were shown to be heavily
altered. However, results from the bioassay of river
water and sediment extracts showed slight to mod-
erate toxicity., Consequently, the deterioration
could be caused rather by lower pH than by heavy
metals pollution. This could be true also because
the pH of media before bioassay has been adjusted
to neutral condition. The additional evidences
include that Cu associated forms in the sediment of
A04, by chemical sequential extraction, was found
mainly by inert fractions. The extractable Cu by
water was very limited (Mao er al., 1992). There
was no detectable electrochemical labile Cu in dis-
solved samples, by the double acidification anoxic
stripping voltametric determination (unpublished
data). A similar explanation could be drawn for
sampling location A05 (20 km downstream of A04),
except that the tension was slightly relaxed due to
dilution.

At A07, various assessments showed similar con-
clusions: the metals pollution induced adverse
effects and resulted in serious impacts on the eco-
system.

From AO08 to Al6, the chemical assessment for
overlaying water showed no pollution, while the
toxicological and ecological assessments for river
water and sediments proved to be affected slightly

to moderately. Downstream A08, the aquatic eco-
system was slowly reviving from serious deterio-
ration, due to the buffer capacity of water and
sediment, the dilution effects, and the supplemen-
tary migration of biological species from the lake.
However, potential effects induced by sediment pol-
lution is expected and it will happen when hydrolo-
gical (like agitation and dredge activities) and
physicochemical (like pH and pe variation) con-
ditions are varied.

Comparing the difference of chemical, ecological
and toxicological data between the dry and the
rainy season, the pollution of river water was more
serious in the rainy season than in the dry season.
The pollution of sediment at the upstream of the
river was more serious in the rainy season than in
the dry season owing to the pollution from the
Dawu River, and was more serious in the dry sea-
son than in the rainy season at A07 owing to the
pollution from the Jishui River. From A0S to AlS6,
the sediments were slightly to moderately polluted
owing to sediment migration and dilution. The
results of ecological assessment were quite similar in
the rainy season and in the dry season. The toxicity
of river water was relatively higher in the dry season
than in the rainy season. However, the toxicity of
sediment was very similar in the two periods.

CONCLUSIONS

The river water and sediment pollution in the Le
An River have affected the aquatic ecosystem,
mainly between sites A04 and AO07, indicating
clearly two sources of discharges into the river.
Sediment pollution was associated with moderate
biological and ecological deterioration prevailing in
downstream of the river as far as the delta of the
lake. The controlled mechanism behind the
observed ecological effects of heavy metal pollution
could be attributed to the stability of sediment
bound metals (Wen and Herbert, 1996a; Wen and
Herbert, 1996b), mineralization (Dai et al., 1994),
flocculation and coagulation (Luan et al., 1994), the
bioavailability (Mao, 1996), as well as that of
hydrological conditions (like diffusion and dilution).
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Table 5. Description of the impacts of heavy metal pollution

Location (distance) Description

Recommendation

Slight-to-moderate Zn pollution causes toxicity to
sensitive species, but has not affected the ecosystem

A01-A04 (20 km)

Discharges from the active-carbon manufacture should
be controlled

Sediment is seriously polluted by heavy metals and

most of the metals in the sediment are not

bioavailable. Serious system deterioration should be

A04-A05 (20 km) caused by acidity discharge.
System is slowly recovered due to dilution and

A05-A07 (10 km) neutralization processes.

This is the most endangered part of river and is
seriously polluted, mostly toxic, and deteriorating.

A07-A08 (34 km)

More attention should be addressed to acid mine
drainage and accidental discharges

Controlling discharges from mines and smelters along
the Jishui River is urgeat.

Sediments are slightly-to-moderately polluted and

potential sediment toxicity exists. System is

undergoing recovery owing to dilution and species

A08-A16* (146 km) migration from the lake.

Dredging and relevant activities should be careful.
Attention should be addressed to variation of
physico-chemical conditions of the river.

*There is an abundant small mine at 100 km, which also introduces metal pollutants.

Detailed information can be found in relevant publications of CERP

Table 5 lists the locational specific conclusions
based on the integrated results. By comparison of
results of chemical, toxicological and ecological
assessments, it was concluded that discharges from
Dexing copper mine and mines along the Jishui
River have resulted in a significant increase of the
concentration of copper, zinc and lead in water and
sediments along the Le An River and a lower pH at
A04. The authors believe, therefore, that the man-
agement of metal discharges from the Jishui River
and acid drainage from the Dexing copper mine
should be addressed as a priority. The mining ac-
tivity in the area has caused ecosystem deterioration
for at least 64 km from A04 and has a potential
impact for a further 146 km downstream as hydro-
logical conditions are varied.

This study also illustrates that any of the chemi-
cal, toxicological and ecological assessments have
disciplinary limitations, and that an integration
could be useful for better understanding of the
impact of heavy metal pollution on an aquatic eco-
system.
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