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Risk Assessment and Countermeasures of Heavy Metals Pollution in Wanquan

Segment of Yanghe River

TAN Bing''*>, WANG Tie-yu', ZHU Zhao-yun', LI Qi-feng', XU Li', LU Yong-long'

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. College of Environmental Sciences and Engineering, Liaoning Technical University, Fuxin
123000, China)

Abstract: In order to investigate heavy metals contamination status in Wanquan segment of Yanghe River, Zhangjiakou, 9 water and
sediments samples were collected respectively for analyzing Cu, Ni, Cd, Zn, Cr, Pb, Hg and As, with water quality indicators
determined at the same time. The potential ecological risk index (PERT) was then employed to evaluate potential ecological risk of
heavy metals in sediments. Results indicated that the concentrations of Cu, Ni, Cd, Zn, Cr, Pb, Hg and As in water samples ranged
from 1.28-24.13, 1.13-16. 84, 0.08-0. 11, 1. 80-10. 65, 1.40-19. 12, 0. 13-2.05, 0. 06-0. 99, 0. 46-4.22 pg-L~", respectively,
which are all below the national water quality standard for the demands of industrial use and agricultural irrigation. Principal component
analysis (PCA) was conducted to reveal the relationship between water quality indicators and heavy metals pollution in water samples.
Concentrations of Cu, Ni, Cd, Zn, Cr, Pb, Hg and As in sediments ranged from 5. 90-110. 11, 17. 34-56. 04, 0.07-0.31, 38.71-
116. 74, 40.39-85.77, 18. 65-22. 74, nd-0. 047, 0. 85-9. 98 mg-kg ™", respectively. The descending order of potential ecological risk
intensity caused by different heavy metals was; Cd > Cu > Hg > Ni > As > Pb > Cr >Zn, and the average value of each heavy metal was
low, while middle-grade risk level of Cd and Hg were also found in several sites. Among all monitoring sites, the descending order of
PERI of all target heavy metals was: YH-07 > YH-03 > YH-09 > YH-02 > YH-06 > YH-04 > YH-05 > YH-01, and the average value
reached slight grade, while middle-grade risk level was detected in YH-07. Sampling locations in YH-02-YH-03 and YH-07-YH-09
were found with relatively high ecological risk level because of agricultural and anthropogenic activities, respectively. Finally, three
risk management regions were figured out and corresponding countermeasures for improving the environmental quality of the watershed
were proposed based on the research results.

Key words :surface water; surface sediment; Yanghe River Watershed; potential ecological risk index; risk management
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Fig. 1 Locations of sampling site in Wanquan segment of Yanghe watershed
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FETESECN 5, Zn J1,Cr J92,Cd 2 30, Hg Ky
40 ,As Ky 10122,

2 HR5ITR

2.1 FERRSOT 2 BOKIR T E A S A

PRI IR 4 B K 4 S vk B S AH I ) [
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Table 1  Statistics of heavy metal concentrations in surface water from Wanquan segment of Yanghe watershed/pg-L ™"

FE R Cu Ni Cd Zn Cr Pb Hg As
YH-01-W 2.19 8.38 0.08 2.19 3.48 0.29 0. 09 1.10
YH-02-W 2.69 10. 56 0.09 2.15 19.12 0. 40 0.17 1.16
YH-03-W 2.70 4.68 0.08 3.29 2.56 0.13 0.76 0.92
YH-04-W 7.90 7.46 0.09 5.46 11.17 1.72 0.99 1.12
YH-05-W 24.13 16. 84 0.09 10. 65 18.53 2.05 0.07 0. 46
YH-06-W 1.28 8.75 0.08 4.04 5.47 0.28 0. 06 1.63
YH-07-W 2.14 1.39 0.08 2.06 1.54 0.39 0.28 0. 67
YH-08-W 3.66 1.13 0.08 1.80 1.40 0.13 0. 30 1.14
YH-09-W 16. 37 13.76 0.11 2.81 18. 45 0. 69 0.14 4.22
¥l 7.01 8. 11 0.09 3.83 9.08 0.68 0.32 1.38
M2 ek brife? 1000 ) 5 1000 50 50 0.1 50

IV 2 oK b 1000 — 5 2000 50 50 1 100

V 2t kbRt 1000 — 10 2 000 100 100 1 100

1) ZISCHK[27] 5 2) FRBAThRIE PR o R

2.2 PRI EBOK IR S BRI R
A 85 ek B2 ASCRN 22 28003 S I A T K
B MR bR (£ 2), 7T LLA Y, PR 0 42 B pH 18

8.37 ~10.0 Z [, — M F /K pH Ky 6 ~9, i %
T BOK B YE. KB SR T S,
TEIKIRAE R A — A E SR AR, KR Al g AL
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BHES 14 75 2 LA SOK BRI R 5RO6F AR 6 PR R 7K
FAOKPE N CL™ B & ME R/ T 250 mg-L~" T
W B VTR K ORE A T X RO, 251 ~ 897

YH-09 540, R4 S fr i B AS R, ¥R T
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Table 2 Statistics of water quality indicators in Wanquan segment of Yanghe watershed

oy K M Hy - DO cl- F- ORP
o /C /NTU /uS+cm ! b /mg-L~! /mg-L"! /mg-L~! /mV
YH-01 19.3 240 619 8.42 8.02 251 0.33 192
YH-02 18.1 354 847 8.42 7.79 390 0.45 194
YH-03 19.4 40 587 9.56 14. 8 409 0.37 161
YH-04 19.7 +9 782 8.50 8.01 560 0.34 180
YH-05 22.4 + 664 8. 44 7.71 468 0.17 157
YH-06 20. 4 52 913 8.37 8.97 503 0.41 220
YH-07 22.1 58 648 8.94 10. 4 704 0.37 172
YH-08 21.6 14 626 8.62 8. 13 358 0.45 188
YH-09 23.0 100 827 10.0 14.3 897 3.19 155
1) + " FORBUE M 2 A i K2 (1,000 NTU)
X KA b RLK B b e o e A T - =
v oo oo V- i o .
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MALE Y, REE As LG9 5 32 A4k, it 5 DO
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Fig. 2 Loading plots of the heavy metals and water quality

indicators in rotated space defined by two components
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