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Ecological Risk Assessment of Heavy Metals in Surface Sediments in the

Southern and Central Haihe River Basin

WANG Rui-lin'?, CHENG Xian'",SUN Ran-hao'

(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. Department of Environmental Science and Engineering, Beijing University of Chemical
Technology, Beijing 100029, China; 3. School of Geographical Sciences, Southwest University, Chongging 400715, China)

Abstract: Several heavy metals, including Cu, Zn, Cr, Ni, Pb, and Cd, were investigated at 80 sampling sites in the southern and
central areas of Haihe River Basin. The spatial patterns and potential anthropogenic impacts of heavy metals were evaluated by several
methods, such as the potential ecological risk index and enrichment factors (EFs). Results showed that, (DThe concentrations of heavy
metals in the sediments were higher than the background values in most sites except for Cr, Ni. The concentration of Cd was 2. 64 times
higher than its background value. Based on the potential ecological risk index for single heavy metal, Cd in river sediments showed a
high potential ecological risk while the other elements showed a slight potential ecological risk at most sampling sites. Generally, the
decreasing order of the heavy metals was Cd > Cu > Pb > Ni > Cr > Zn. @The concentration of heavy metals in surface sediment varied
in different regions. The concentration of heavy metals and the potential ecological risks were higher in the Ziya river ( RI =155.64)
and Daqing river (RI=111. 84) than those in the other rivers. For example, slight pollution of heavy metals was found in the Tuhai,
Majia river (RI =69. 54) and Heilonggang river ( Rl =84. 50) due to a relatively low level of industrialization. 3) Cd,Pb,Zn,Cr were
positively correlated with each other and might be derived from similar sources. The increasing order of anthropogenic impacts on heavy
metals was Ni < Cr < Cu < Zn < Pb < Cd according to the calculated EFs. The anthropogenic impacts differed in different rivers. For
example, strong impacts were found in the Ziya, Daqing, Yongding and Zhangwei rivers whereas weak impacts were showed in Tuhai,
Majia and Heilonggang rivers.

Key words : Haihe River Basin; sediments; heavy metals; ecological risk; source of contamination
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Fig. 1 Sampling sites in the Haihe River basin
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Table 1  Background values of heavy metals in different regions

H

LR/ mg-kg !

Al /g kg ™!

Cu /n Cr Ni Pb Cd

k| 21.80 78. 40 68. 30 30. 80 21.50 0. 094 67.20

AR 24.00 63. 50 66. 00 25. 80 25. 80 0. 084 66. 20

1y 26.90 75.50 61. 80 32. 00 15.80 0.128 63.50

bENE] 19.70 60. 10 63. 80 26.70 19. 60 0.074 63. 40

|y 23.60 102. 60 68. 10 29. 00 25.40 0.074 69. 60

Kt 28. 80 79. 30 84.20 33.30 21.00 0. 090 72.70
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Table 2 Pollution grade for the single heavy metal ( E{)

and potential ecological risk index(RI)
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<40 <150 B
40 ~80 150 ~300 g
80 ~ 160 300 ~ 600 i
160 ~ 320 =600 TR5m
=320 e si

1.3.2 PO 4 Jm v g ok A e
K Zoller %520 1974 4 42 1 & % H 7 %

(EF)YE R A M & s X DU 8 4 Ja 2 i i 5 40, A
Wirye gt AR A B 4 i 1475 e R
_ Cs(M)/Cs(AD)

Cn(M)/Cn(Al)
A, Cs(M) | Cs (Al 4350 R DA W) BT 5 B o
SR E (mg-kg ™) A AL i (g kg™ ) ,Cn(M) |

EF

Cn(Al) 209 % E 4 )& (mg-kg ™) F1 AL (T & Hb
X RME (g ke ™).

2 ZER5iTie

2.1 Ui E SRS Er A E oA

EE X 80 MU R FESGE T 08T (% 3). Cu,
Zn, Cr, Ni, Pb, Cd & & F #1875 %k 30.93,
102.93 . 62.70. 27.90. 28.29, 0.24 mg-kg™', &
Cr, Ni PHHEEZIES P EN, HEeESE ¢
PIAARRBRENF &, &£ 0R ¢ WIFHKIK N Cd
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Table 3 Statistics of heavy metal concentrations in sediments of Haihe River basin

WH Cu Zn Cr Ni Pb cd

FE AR 80 80 80 80 80 80
FRTEE/mg kg ™! 5.95~487.24  21.96 ~1479.96 13.67 ~850.40  9.29 ~246.35  3.26 ~245.38 0.06 ~6. 61
S/ mg-kg ™! 30. 93 102. 93 62.70 27.90 28.29 0.24
FrifE2E/mg kg ™! 62. 09 290. 46 135.98 28.95 42.29 0.92
HET 5P YE/ mg kg ™! 24.13 76.57 68.70 29. 60 21.52 0.091
T SE AR 47 39 27 27 54 71

Ry i — 2 VAN SRAE S UURR A () B 4 & 25 (R o0 A
R S 150 R B i NG =k ] I NS ] I 2 1 N
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FEBRITBL | R IRIA™ DX BRI (4 58 300 R0 e v 7T A % i
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SRZVAIE X B = 5 S K X e 2 | H A B
Wit I TE , [k & B Z2 80 X 3l i v 2 A AR 2 HETS
1 ] e P 0 sy S AR 22 365 s Y ™ v T X
LN ) A R o A O Rl |21 o TS A R YA
6 B DX AR AE IR 13 W i S A

AR L, W R DU 4 R & B il
FHAB R BT FEHL 2 ~5 £, X 5 HAA
PSR —2 . X2 O XU
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BBk A 45 W BT KOs B BRI & X & 5 4
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B VEHESE TG YRR TG Yed 1 S 1 7 1,
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Cu 7 5 W (8 H B AE KB WK &, 18 179.90
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Fig. 2 Concentrations of heavy metals in river sediments of the Haihe Basin
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Table 4  Potential ecological risk index of heavy metals in river sediments

TRARR R

Halm HH y - ——— — - ——
FERZE LA (10)  SBIRHETI(11) T (9) KIEW (12) FHM(15) FET(10)
Cu e 4.08 ~9.48 3.02 ~18.08 1.11 ~5.07 1.75~41.26  3.18 ~25.35 2.17 ~6.51
A 6.44 7.37 2.57 15.22 10.73 3.64
70 iR 0.70 ~1.55 0.39~2.42 0.29 ~0.91 0.58 ~6.24 0.70 ~11.93 0.68 ~1.07
S 1.16 1.22 0.61 2.12 2.34 0.83
Cr T 0.93 ~2.58 1.06 ~10.63 0.44 ~3.01 0.73~2.76 0.62 ~20.33 1.47 ~3.61
SEME 1.70 2.50 1.47 1.68 3.79 2.20
Ni A 1.80 ~5.87 1.51 ~7.11 2.47~11.18  2.13 ~10.98 1.77 ~10.81 3.25~10.45
SEHE 3.78 3.81 4.12 5.20 5.49 4.78
b T 2.78 ~8.33 0.76 ~8.18 3.90 ~9.19 2.69~12.48  3.32~33.50 2.96 ~11.44
SEHME 4.67 5.16 7.28 7.50 11.50 7.16
cd T 32.04 ~83.82  18.09 ~150.00 24.55~49.86 23.60 ~180.87 29.83 ~418.53  21.04 ~164.08
SEHME 51.79 64.44 35.79 80.11 121.61 80.93
- SR 51.87 ~106.86 46.90 ~168.04 33.16 ~68.04 37.59 ~244.93 45.73 ~518.43  40.08 ~193.89
SEHE 69.54 84.50 51.83 111.84 155. 46 99.55

Bk 69.54, 84.50. 51.83. 111.84. 155.64. 40

99.55. F AW A K AR i i 22, Ay A
T K ] R AR A vy, e B Th 8T 2R | T
PRI HETAT 2 A 2 KU R O AR, AR 3R 2 EAT T 40°
#r,56 Rifi B R FE L9 DA B
S5 ARG, R AE L PY AT LA 52 AL, T RE
H1 T RE B A AT, 80 R R EE T PR IE 38
WSS BGEATE TS 2 AR IR I,
37 F52 Tl 75 7 H A 5~ 2 ) 2 3 BH ) B, b 20 Gt A B
DA OGRS, L K S 5 — B Thes. e p Mo as
2.3 VLRI 4 RIS P oY
2.3.1 EERFEEES L ——
XF L B U B G B HE AT Pearson AH SEAE ) e 14 167 1s° 120° E
B SO BTOUBI 4R ORI 5 R 5. g .
ﬁiﬂi{ﬁﬁ% I:F‘ Cd, Pb, Zn, Cr ZI‘ETJ ﬁ@i%ﬂg *ﬁﬂ‘é Fig. 3 Potential ecological risk grades of the sampling sites
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Table 5 Pearson correlation coefficients of heavy metals in river sediments
Cu Zn Cr Ni Pb Cd

Cu 1

Zn 0.562 ™ 1

Cr 0. 181 0.739 ™ 1

Ni 0.473 ™ 0.437** 0.426 ™" 1

Pb 0.441™ 0.795 0.681 ™ 0.455™ 1

Cd 0.353 0.779 ** 0. 658 ™ 0.328 ™" 0.789 ** 1

1) # = FoRIEEFE (O 2 0. 01 B, 24 ¢

(R J90.658 ~0.795,P <0.01) , %] ik 4 Fhoc AR AT IR =F ' B X PR AT RE
KHA—ERFEJENE, b Pb 5 Zn AR CE 55 AR FH B4 B J5 kA sk ) Zn AR R Y P i
(R=0.795,P <0.01),H Pb, Zn & & E M RTE AR ZRPY . Cu 5 Cd, Pb, Zn 2—5E
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mE s PR, @& HEHE T (EF) & —Fh iz hH
AT 5 X IR 4 8 & T AR shid s 2ok A b

Pb 5 T T T T T

Cd 6

[

Zn

B4 BURBRRYNESEEERESN
Fig. 4 Hierarchical cluster analysis of heavy metals in river sediments
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