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ECOLOGICAL RISK AND ECONOMIC LOSS ESTIMATION
OF HEAVY METALS POLLUTION
IN THE BEIJIANG RIVER

OCENA RYZYKA EKOLOGICZNEGO | STRAT EKONOMICZNYCH
WYNIKAJ ACYCH Z ZANIECZYSZCZENIA METALAMI CI  EZKIMI
RZEKI BEIJIANG

Abstract: The distribution and extent of heavy metal accuation in the fluvial sediment of the Beijiang River
are described. The potential toxicity of this potn was quantified using a consensus based setiguetity
guidelines (SQGs) method and the Hakanson potestibgical risk index. The concentrations of Hg, &u,
Zn, Pb, Ni and Cr were high enough to damage tbersmt biota on a frequent basis. The potentialogpcal
risk was much higher in the downstream, urbanizethes of the river than in the upstream reachéshvere
still rural, but all sections of the river posedesist a moderate level of ecological risk. Estenaif the economic
loss associated with these pollutions were appégiand were mainly due to Hg and Cu. The Beijiliner
basin is heavily polluted, posing environmentatsifor the downstream reaches of the Pearl Rivet,egonomic
loss to the whole watershed.

Keywords: ecological risk assessment, economic loss estmatieavy metals, sediment, ecosystem service,
Beijiang River

Introduction

The pollution of aquatic ecosystems by heavy methilgen by increasing urbanization
and industrialization, is a growing global problgh The accumulation of heavy metals in
fluvial sediments has a major impact on riverinet®i[2] and the health of local human
populations [3], particularly as these pollutants ao readily released into the water in
response to changes in environment [4]. River sedisnact as a sink for various pollutants,
and in so doing provide a record of anthropogeniissions. An accurate assessment of
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water quality, alongside the environmental risk catged with the heavy metal
contamination of the sediment, are prerequisites gooposing strategies aimed at
environmental management and economic developnaeit,the estimation of potential
economic losses is a key consideration for any stiitegy [5]. The assessment of the
ecological risk of heavy metal pollution in sedinteis currently based on various sediment
quality standards [6-8], among which sediment dquaiuidelines (SQGSs) have proven to be
particularly suitable [9]. However, as yet, litthttention has been paid to either the
ecological risk or the extent of economic lossethatevel of a whole watershed.

The Beijiang River, a tributary of the Pearl Riversouthern China, provides a source
of drinking water for over a million people, bus itvater quality is being continuously
degraded by the discharge of industrial and domestiste water [10]. Here, we have
applied a consensus-based SQG method and the Héakpogential ecological risk index
[11] to assess the extent of the ecological dansagkthe economic loss [12] caused by
heavy metal pollution in the Beijiang River basin.

Materials and methods

Study area and sampling sites

The 468 km long Beijiang River flows to the north@uangzhou City and joins the
Pearl River at Foshan City. Its 38,832 *kmvatershed receives an annual volume of
4.82x1010 mrunoff water [13].
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More than 80% of the total flow takes place betwdgnil and September, with the
maximum to minimum discharge ratio varying frometiatto six fold [14]. The development
of mining and industry, accompanied by rapid urbatidn, has given rise to a growing
water pollution problem in the river basin [10]. élfstudy involved the monitoring of
19 sites, the locations of which are given in Fgdr Sites #1-#10 are located in the
upstream reaches of the river, and are surroungea@gdbicultural land, involving the
cultivation of rice and vegetables. The area ispasad mostly of Cretaceous chalk. Sites
#11-#19 are located within the urbanized part ef¢htchment, in which industrial activity
is dominated by electronics, metallurgy, buildingtarials and the working of non-ferrous
metals.

Chemical analysis

The top 2 cm of the river sediment was sampledgusincustomized device. The
samples were initially frozen, and later analysadfie presence of eight heavy metals. The
guantification of Cu, Zn, Pb, Cd, Ni and Cr conterds conducted by first treating the
sample with HF-HCIQ and then subjecting the extract to atomic abgmipt
spectrophotometry. The content of Hg and As wasrdehed by extraction in, respectively,
H,SO4-HNOs-K,CrO; and HSO;-HNO; followed by atomic fluorescence. In order to check
and control the probably pollution by samples dytiesting process, each sample analyzed
by two blank whole-process. For the sake of entheealidity of data and the accuracy and
precision of analysis methods, the reference nasewere adopted (Hg: GBW (E) 080392;
As: GBW (E) 080390; Cd: GBW (E) 080401; Pb: GBW (@0399; Zn: GBW (E)
080400) Cu: GBW (E) 080396; Ni: GBW (E) 080392; GBW (E) 080403 [15]. The
quality control gave good precision with a relatstandard deviation better than 5% for all
the duplicate samples.

Analysis methods
Sediment quality assessment

The extent of the pollution set against two thrégh@lues, namely the “lowest effect
screening level” (LEL) and the “severe effect soieg level” (SEL). An LEL sediment is
considered to be clean to marginally polluted, Endot expected to be deleterious to the
majority of sediment-dwelling biota [16], whereasSEL sediment, the level of pollution is
high enough to compromise the survival of aquakitabon a frequent basis [17]. Levels
between LEL and SEL have a moderate impact on bie#dth, while levels above SEL are
expected to severely impact upon biota heath [18].

Potential ecological risk assessment

The ecological risk assessment proposed by Hakdiddms based on the assumption
that the sensitivity of an aquatic system depend#soproductivity [8]. It is based on the
following expressions [19]:

E =T/ xC} 1)
C\ =Cl/C] (2)
RI=>E =) T/ xC| (3)
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Here T, represents a toxic response factor for each gipehutant, C' the
contamination factor for each heavy me€lthe measured level of each heavy metal in the
sedimentC,' the background level of each heavy metal Bjithe potential ecological risk
index. Rl is the sum of all risk factors. The sediments’uyemetal toxicity coefficient and
geochemical background values are shown in Tabl&rdding standard of the heavy metal
pollution ecological risk coefficient and index atetailed Table 2.

) ) Table 1
C.' andT;' of the heavy metals of the sediments

Hg As Cu Zn Pb Cd Ni Cr
Background value€, [mg-kg?] 0.06 | 13.2| 164 55 36.4 0.77 19.11 35
Toxicity coefficientT,' 40 10 5 1 5 30 5 2

* The geochemical background value refers to tigldst background of the heavy metal content in absuil
particles before modern industrialization [1]

Table 2
Grading of Hakanson potential ecological risk index
Low Moderate Considerable High Significantly high
E' < 40 <80 <160 <320 > 320
RI < 150 <300 <600 > 600
R 0 0.125 0.25 0.5 1

Economic Loss Estimation

The economic loss caused by heavy metal pollutiothé water was estimated from
the following relationships:

Hi =axy xR 4)
H=>H, ®)
y,=E IR (6)

Here H represents the total economic loss caused bydheyhmetal pollutionp. the
monetary loss coefficient ($8,498 per %&) [20], y; the proportion of the potential
ecological risk index accounted for by a specifeavy metal, and? the weighting of
ecological risk (Table 2). Inorganic pollutantsttie river derive mainly from heavy metals,
so the economic loss caused by heavy metal pallugpresents 40% of the total loss [21].
As a result value af was adjusted to $3,399.20 hia

Result and discussion

Distribution of heavy metals and the extent of polition

The measured heavy metal concentrations are difail€able 3. The mean sediment
concentrations of Hg, As, Cu, Zn, Pb, Cd, Ni andv@re, respectively 0.28, 21.83, 115.72,
188.64, 188.62, 0.41, 36.67 and 199.67 mg:kghe upstream sediments were
considerably less polluted than the downstream ,omeflecting the effect of
industrialization and urbanization in and arounddyuan City.
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Concentrations of heavy metals in sediments oB#ipang River [mg- kg Tebles
Site Hg As Cu Zn Pb Cd Ni Cr
Average | 0.15| 17.31 49.20 142.52 128.18 0{48  31.4622.3B
Upper stream Stdev 0.04 2.37 21.78 37.87 17.8B 0.84 8.10 44179
(Site 1-10) Max 0.18 | 19.50| 110.000 176.00 14500 2.86 38/20 Bl
Min 0.04 | 11.50 36.60 41.20 81.8Q 0.18 10.p0 14.80

o

34  42.4885.56
.09 4.44 68,20
b0 49/50 (BAY.
1 3610 120(0
2 041  36.6799.67

0.60 8.57 10Q.39

Average | 0.41| 26.84 189.6 239.89 25578
Downstream Stdev 0.12 4.83 60.20 48.33 64.57
(Site 11-19) Max 0.55| 36.80| 243.000 289.00 341.40
0
6

Olo|o

FNEY

Min 0.17 | 18.00 41.70 129.00 120.0]
Average | 0.28 21.83 115.72 188.64  188.
Stdev 0.16 6.09 83.89 65.19 79.3

Average P
Max 0.55| 36.80| 243.00 289.00 341.d0 286 49/50 (M§.
Min 0.04 | 11.50 36.60 41.20 81.80 0.18 10.00 14.80
Table 4
Sediment quality guidelines of heavy metals in seiits of the Beijiang River [mg- K, [%]
Site Hg As Cu Zn Pb Cd Ni Cr
LEL 0.15 8.20 16.00 120.0Q 16.0d 1.20 16.00 26.p0
SEL 1.30 70.00 110.0Q 270.00 50.00 9.0 50/00 1D1Q.0
% of samples < LEL 10.50 0.00 0.00 5.3( 0.0p 941705.30 5.30
Between LEL-SEL 89.50, 100.0( 52.6( 78.90 0.0p 5.3094.70 10.50
% of samples > SEL 0.00 0.00 47.40 15.80 100j00 0 0j0 0.00 84.20

Table 5
Arsenic and heavy metal concentrations in sedirsamiples from the Beijiang River and other seledtezs
from the literature [mg-Kdj

River Hg As Cu Zn Pb Cd Ni Cr Reference|
Upper stream of | 0.04- 1ok 36.6- | 41.2- | 81.80-| 0.18- aqp 14.8- ;
Beijiang 018 [M1519P 1100 | 176.0 | 145.0 | 0.24% [10-0-38F 154 o | THiS study
Downstream of | 0.17- 41.7- | 129.0-| 120.0- | 120.0- .
Beijiang 0.55 18.0-36.8 2430 | 2890 | 3410 0.21-0.5(86.1-49.5 348.0 This study
. . 101.8-| 172.6-| 43.8- | |
Pearl River, China -- = | 8294 | 560.7 | 2196 0.21-4.15 -- |6.7-215.5 [24]
. . . 16.0- 17.6- |
Huaihe River, Ching - -- 16.30 53.0-93.0 29 5 0.13-0.24 -- |45.8-71.b [25]
. .| 0.04- 26.0- | 71.0- | 20.0- 57.0-
Yangtze River, China 143 7.9-29.9 129.0 | 11420 98.0 0.20-3.4(26.0-57.0 205.0 [26]
. . 51.1- | 17.4- 30. 9-
Yellow River, Ching - --  |11.0-34.9 1338 | 551 0.07-1.4114.4-59.1 102.7 [27]
Luan River, China 0.01- 2.1-12.96.5-178.621.1-25|7 8.7-38(B03-0.37  -- 28.1- [15]
’ 1.39 ) e ) ) ) ) 152.7
River Yesilirmak, | ~  |13.1-38.724.7-45/5 3.3-17(812-0.585.4-79.2 [25]
Turkey
o 11.2- | 60.1- | 62.3- 74.0- | 28.4-
Tigris River, Turkey,  -- 2.0-18.0 5075.6| 2396.0! 566.6 0.70-4.90 2880 | 151.7 [23]
. .| 0.16- 102.0- | 22.9-
Guadiana, SW Iberian 4.43 8.8-55.47.5-71.9 4830 | 479 0.10-1.4(20.8-38.114.0-49|0 [22]

* We dismissed the site 7 of Cd, which may be cdusesampling error



194 Jiajun He, Huimin Zhang, Hui Zhang, Xuan Guo, Mimg8ong, Junhao Zhang and Xiaotao Li

a b
1004 70 4 <
Tl 69| SEL-As
96 oy
b » 67
9.4 SEL-Cd 66|
9.2 65 -
30 T 3% LEL-As
2 25 ) 2 :' ’ ) )
& 5 281 . -
£ 204 E 24
35 ”
© s LEL-Cd < 20 : 3
/ . )
1.0
05 I
=it et N W M
0123 4567 8 9 101112131415 1617 18 19 20 0123 456 7 8 9 10111213 14 15 16 17 18 19 20
Sampling Sites Sampling Sites
c d
360 - 3504
M
330 f 3254 —}{_ ‘}
HE ]
300 1 2754
2704 _ 250 ,;\
240 4 ﬁ-lm Hh 14 1 {»{’
o T ~ 140 1] ‘I‘_I_
] 2 .
_; 140 e I Z 120 M il
g1 E 100 [ Y
& 100 5 [ sELCr |
80
804 SEL-Pb o {1
60 7 1 LEL-Cr |
04 LEL-Pb 7 /
20| 7 20
8 o LU LTI LI LT L
01234567 8 91011 121314151617 1819 20 01234567 8 91011121314 15 16 17 18 19 20
Sampling Sites Site
e f
1.30 4
240 . T SEL-H;
0 M I T 1.254 e
200 M ml 1o 1204
150 ] s I 1.15 4
160 J sELc I 1.10 4
~-Cu
—; 140 J ~ 1054
5 120 A 1
> T
E 100 LEL-Cu B £ o054 s T
3 | > i (Al Eal
3 T 04 A
931 LEL-Hg ]
R I
T
Ll o0 -l L L ALALAGL U LG L L L L L
7 8 9 10 11 12 13 14 15 16 17 18 19 20 0123 456 7 8 9 10111213 14 15 16 17 18 19 20
Sampling Sites Sampling Sites
55—
300 N
280 4 M _M © T
260 | > B e AN .
SEL-Zn Il I+ s SEL-Ni T %
240 T ([H]5 1
A o] oy L
220 B N
200 M M ‘}
. - ~ 40| - 1
% 1804 1170 A 1M 2 v%{_ 1 ‘J‘ ‘}
E,‘“‘ B T pnq | o LELNi I
il :
S U A M z T ml‘h
N A2 1 1T 0L Al L
407 2 \
15
20 10
] H
01+ 0 T T
7

S s s e s e s e}
8 9 10 11 12 13 14 15 16 17 18 19 20
Sampling Sites Sampling Sites

T T T T T T T T T T T T T T T T T T
0123 456 7 8 9 10111213 14 15 16 17 18 19 20 012 3 456

Fig. 2. Heavy metal concentrations of each sampteugsects



Ecological risk and economic loss estimation ofiyeaetals pollution in the Beijiang River  19E

According to the SQG methodology, the measured yhesatal concentrations in the
river sediment samples were compared to conserasedISEL and LEL values (Table 4).
All of the pollutants, except for Cd (the concetitna of Cd exceeded its LEL only at site
#7, located downstream of a sewage treatment pknd) As (the concentration of Cd
exceeded its LEL only at site #12, located dowastref Qingxin County), exceeded their
respective LEL (Fig. 2a, 2b).; those for Pb ande@n exceeded their SEL (Fig. 2c, 2d).
For Cu, the latter was the case for eight of thesd®ples (Fig. 2e). The concentrations of
Hg, Zn and Ni exceeded their LELs in respective; 17 and 18 of the 19 samples
(Fig 2f-2h). The levels of Hg, As, Zn and Ni laytlveen their LEL and SEL at only a few
sites. The concentration of Hg, Zn and Ni at sifewas below the respective LEL, while
the Zn concentration exceeded its LEL at sites #13,and #17. Except at sites #6, #7 and
#10, the concentration of Cr was uniformly highwart its SEL. For Cu, this also applied to
sites #12 through #19, while at the remaining sttes level was >LEL. Similarly for Pb, all
sites sampled were polluted at a level >SEL (Fig. 2

A comparison between the heavy metal concentratiotise sediment of the Beijiang
River with those in other river sediments is shawnTable 5. This shows that in the
upstream reaches of the Beijiang river, pollutievels were similar to that present in most
rivers, but in its downstream reaches, Cr polluticess particularly severe, while that of
both As and Pb was only exceeded in the Guadia2jeafd Tigris [23].

Potential ecological risk assessment

The calculated potential ecological risk and pagtribxicity response indices are
given in Table 6. In the upstream sites #1-#10Rhealue lay between 150 and 300 (mean
of 185.2), while the mean RI in the downstreamssi#1-#19 was 433.7. Both the up and
downstream reaches of the river were associatédpaitential ecological risk, but the level
of risk in the downstream reaches was considerdtiie.mean ecological risk factors,'§
of As, Zn, Pb, Ni and Cr were all < 40 (low ecokgirisk), but that for Hg in the upstream
reaches was 101.7, a value lying in the range &gedcwith considerable risk. The
downstream mean Hg' was 274.8 (reaching 369.3 at one site), reprawgathigh to very
high ecological risk. Similarly the concentrationQd at site #7 was high enough to give an
E' of >80 (medium risk level).

Table 6
Ecological risk factorfri) and the potential ecological risk indéX) of heavy metals in surface sediments of the
Beijiang river
Site Hg As Cu Zn Pb Cd Ni Cr RI
1 109.33| 13.71 12.3% 2.64 16.%3 7.50 8.06 840 5P78
2 115.33| 14.02 13.2 280 17.62 9.117 9.7/9 8[74 6IPD
3 110.00| 1455 14.7 258 17.76 9.58 9.p9 720 3186
4 119.33| 14.77 15.0 2.62 18.58 10.00 9.65 823 .1198
5 110.67| 13.86 11.9% 255 18.03 8.3B 8.69 7,60 6B31L
6 116.67| 13.48 12.9 3.00 19.81 9.117 8.p7 0,85 2184
7 28.00 8.71| 3354 0.7% 11.17119.17| 2.62 4.74 | 208.7¢
8 105.33| 12.27 114 3.0p 1844 958 8.p3 8,86 9B76.
9 108.67| 13.94 13.72 3.20 19.67 10.00 9.37 920 .78y
10 93.33 | 11.82 11.1 278 17.49 7.9p 7.95 611 5158.
Average of upper stream 101.7 13.41 15|00 259 511f. 20.04 8.23 6.99 185.1p
Stdev of upper stream 26.86 1.80 6.64 0J69 2|44 8434. 2.12 2.56 13.31
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Site Hg As Cu Zn Pb Cd Ni Cr RI
11 113.33] 1364 12.71 2.3 16.39 8.76 9.45 6/86 .4B3B
12 369.33| 27.88| 63.72| 451 3156 20.88 10.07 18.6%46.59
13 320.67| 20.83| 74.09] 5.15 46.58 17.92 12.95 17,8516.02
14 314.67| 20.3¢0 7256 4.6p 43.72 16.25 11185 17.491.43
15 214.00| 18.56 52.44 433 32.79 11.67 1222 11.3%3.27
16 236.00f 19.74 55.79 4.7p 35.11 13.5 11102 19.8%6.09
17 271.33| 20.91 6250 526 4153 1417 1151 1§.5A5.77
18 324.00| 21.29| 67.07] 453 3429 1250 11.07 16/@90.81
19 310.00f 19.85 5945 3.78 32.51 10.42 984 14.28650.09
Average of downstream 274.81 20.834 57|81 4{36 34.944.03 | 11.11] 16.37 433.73
Stdev of downstream 77.17 366 1835 088 8l82 3/801.16 3.90 | 110.23

The analysis suggested that the severity of thibgimal risk among the heavy metals
can be ranked Hg>Cd>Cu>Pb>As>Cr>Ni>Zn. Hg is thetazardous of these pollutants
not because of its high concentration so much aause of its high toxicity. Based on RI
values, it appeared that the upstream reacheseoBéijiang River were still relatively
unpolluted, but that the heavily urbanized dowrastreeaches were seriously polluted.

Economic loss calculation

The estimated economic losses due to polluted ssdiare detailed in Table 7. The
global loss for the upstream reaches of the rivas estimated as $466.63 per’henwhile
that for the downstream reaches was $1,133.52 perah Even though the lower
concentration of Hg and Cd, economic loss courgsethém were higher than other heavy
metals because of the highest toxicity coefficient.

Sediment plays an important role in maintaining fheial environment, and the
diversity of ecosystem services is dependent orséladément's quantity [28]. The sediment
is a major determinant of both economic efficien@nvironmental protection and
ecosystem sustainability. The estimated econonsis tlue to heavy metal pollution in the
Beijiang River varied from about $500 per hmin its upstream reaches to > $1,100 per
hnt-a in its downstream reaches. These figures repiraseappreciable (around 5.5% and
13.3%, respectively) loss to the economic valuthefupstream and downstream ecosystem
services. As a result of anthropogenic activityjytion of the fluvial sediment has become
an environmental problem [29], since heavy metathss Hg, As, Cu, Zn, Pb, Cd, Ni and
Cr are very persistent in the sediment and are kntov be detrimental to aquatic
ecosystems, fisheries and water quality [30]. Thaye a tendency to accumulate in the
food chain, and also compromise the soil ecosyfsdin

Table 7
Heavy metals economic loss [$ perhaj
Hi Hg As Cu Zn Pb Cd Ni Cr H
upper stream)  466.63 0.00 0.00 0.09 0.0 0.00 0.90 0.00 256.6
downstream|  1076.88 0.0 56.64 0.00 0.00 0.0p 0.00 0.00 1133.5p

A whole suite of human activity, including miningndustry, agriculture, fuel
consumption and waste disposal, has been resperfsiblthe growing accumulation of
heavy metals and other pollutants in fluvial sedited28, 32]. Heavy polluters, such as the
electronics and electroplating industries, routinelischarge waste water containing
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a substantial load of heavy metals [33]. Counteasnees against sediment pollution will

therefore require adjustments to industrial prasti@and the sitting of industrial plants,

particularly where the waste products include Hg,add/or Cd. The consequence of

economic loss from heavy metals would be contriliotéhe government make decision

scientific. The present estimates of the econownss kaused by heavy metal pollution are
likely to be on the conservative side as a reduth@ location of the sampling sites. Further
more, the loss of environment pollution time effeat taken into account, so, it is necessary
to have a further study on higher accuracy, momnemical and practical and consider

comprehensive method to control the losses whiasezhby environmental pollution.

Conclusions

Nearly all of the heavy metal concentrations welevated in the Beijiang River
sediments, although the upstream sediments weiwglcléess polluted than were the
downstream ones. The upstream reaches of thepiesented a moderate ecological risk,
but the risk in the downstream reaches was relgtivigh. The economic loss associated
with heavy metal pollution was predominantly caubgahe presence of Hg; it represented
about 5.5% (upstream reaches) and 13.3% (downstreaches) of the value of the river
ecosystem services. A significant reduction in thscharge of industrial effluent and
domestic sewage will be necessary to improve tladitgof the river water.
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OCENA RYZYKA EKOLOGICZNEGO | STRAT EKONOMICZNYCH
WYNIKAJ ACYCH Z ZANIECZYSZCZENIA METALAMI CI  EZKIMI
RZEKI BEIJIANG

Abstrakt: W artykule opisano dystrybugji stopiéi akumulacji metali ezkich w rzecznych osadach rzeki
Beijiang. Potencjalntoksycznéc¢ tych zanieczyszcieobliczono za pomacmetody wytycznych jakiei osadow
(SQGs) opartej na konsensusie i za paatencjalnego wskaika ryzyka ekologicznego Hakansonagz8hia
Hg, As, Cu, Zn, Pb, Ni i Cr byly na tyle wysokidyyauszkodzt biocenozy osadu. Potencjalne ryzyko ekologiczne
bytlo znacznie wiksze w dalszych, zurbanizowanych odcinkach rzekina wczéniejszych odcinkach, ktére
nadal g wiejskie, ale wszystkie odcinki rzeki reprezentwao najmniej umiarkowany poziom ryzyka
ekologicznego. Szacunki strat ekonomicznychgzamych z tymi zanieczyszczeniami byly znaczne, gtdwnie

ze wzgtdu na obecni@ Hg i Cu. Dorzecze rzeki Beijiang jest mocno zamyseczone, stwarzg zagraenie dla
srodowiska w dalszym biegu rzeki Pertowej ifiiwos¢ strat ekonomicznych dla calej zlewni.

Stowa kluczowe:ocena ryzyka ekologicznego, oszacowanie strat@kaznych, metale ¢ikie, osady, odnowa
ekosystemu, rzeka Beijiang



