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Spatial Distribution and Ecological Risk Assessment of Heavy Metals in the

Estuaries Surface Sediments from the Haihe River Basin

LU Shu-cong'?, ZHANG Hong', SHAN Bao-qging', LI Li-qing’

(1. State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing 100085, China; 2. School of Environmental Studies, China University of Geosciences, Wuhan 430074, China)

Abstract: It is well known that the rivers in the Haihe River Basin have been seriously polluted. However, what is the present
condition of the estuary pollution and how the polluted inland rivers affect the estuary areas are not clear. 10 main estuaries of the
Haihe River Basin were selected to measure the contents of typical heavy metals (Pb, Cu, Zn, Cd, Cr and Ni) in the surface
sediments and to analyze the spatial distribution of these heavy metals. The potential ecological risk index was used to assess the
ecological risk of the six heavy metals in the estuaries. The results showed that the contents of Pb, Cu, Zn, Cd, Cr and Ni in the
surface sediments of the 10 estuaries were all higher than their background values in the main local soil types and the contents of Cu,
Ni and Pb were 2.3-2. 6 times as high as their background values, which indicated that the estuaries were contaminated by the six
heavy metals. The results also indicated that the contents of the six heavy metals in surface sediment varied from one estuary to
another. The four heavy metals of Cr, Cu, Ni and Zn had bigger spatial differences than Pb and Cd in the contents in sediment from
different estuaries. The contents of Cr, Cu, Ni and Zn in sediment were higher in the estuaries of the Yongdingxin River, Ziyaxin River
and Beipai River than those in the other estuaries, and there were significant correlations between each other (R, =0.891 R, ., =
0.927, R.,; =0.964, R, .. =0.842, R, \, =0.939, and R, =0.879, P <0.01), which indicated that they possibly came from
the same sources. Moreover, the contents of Cr, Cu, Ni and Zn in sediment also had significant correlations with the populations of
sub-river basins with correlation coefficients of 0. 855, 0. 806, 0. 867 and 0. 855 (P <0.01), respectively. The contents of Cd and Ph
had smaller spatial differences in sediment from different estuaries than the other heavy metals, with the values ranged 23.3-95.8
mg-kg ™" and 0.051-0.200 mg-kg™'. Contents of the two heavy metals had no significant correlation with the other heavy metals or
with the populations of sub-river basins, indicating that Cd and Pb had little connection with the in-land polluted sources. The results
of ecological risk assessment showed that estuaries of the Haihe River Basin had the potential ecological risk at lower levels ( RI were
33.7-116) and the most important contaminating element was Cd with a middle-level potential ecological risk (E ' were 18.0-48.9).
Key words : Haihe River Basin; estuary; surface sediment; heavy metal; spatial differentiation; ecological risk
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Table 1~ Social & economic indicators of major cities in the Haihe River Basin
eI itk P 3T MO (2010 4E) /J7 SV A (2011 4F) /4250
eS| FEEE 298.76 1064. 03
eS| R FEIL 1105.05 6543.21
TRAE HTE SAM . KA kKT, deat 4399. 41 20 989. 56
TR K 1293. 82 11 190. 99
IRV TR T PR7E | VM 1832. 84 5049. 90
FAHH Pl BER . AR, ik, RE . IR 3791.74 12 907. 90
At HEw H WML WG | K 1857.89 4955.30
T A H Kit, #ig | &M, 0 2353.19 8 045.93
LI 1 WERH W, FEN 1 495. 66 4785.44
BELZIT 1 I | P 953. 84 3722.77
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Elmer, USA ) % ICP-MS(7500a, Agilent Technologies,
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Table 2 Index of potential ecological risk and the grading

A A IR S 0 B thag Gi AR i
BT R BN R EL(ED) <40 40 ~80 80 ~ 160 160 ~320 =320
LEA A NEETEH(RT) <150 150 ~300 300 ~ 600 =600
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Table 3 Spatial distribution of heavy metals in surface sediments

EHEJE A/ mg-kg ™!

W . }\L‘é =
i REERS Ph Cu 7n cd Cr Ni
YH-1 31.9+1.6 18.6 £6.9 66.6 £32.6 0. 055 +0. 006 57.8 £5.8 31.9+8.0
ENT T YH-2 38.5£2.6 18.9 +4.3 62.8 £9.0 0. 100 0. 017 61.8 £11.3 31.5+4.1
YH-3 61.7 £23.2 61.0+12.1 76.3 £16. 8 0. 115 +0. 003 84.7 +22.1 65.9£11.3
ol () 44.1 32.8 68.6 0. 090 68. 1 43.1
LH-4 41.8 £6. 1 14.7 +5.98 45.9 £16.6 0.051 +0.019 49.6 +15.9 24.9 +4.9
AT LH-5 29.6 £3.4 6.75 £2. 46 53.3 £24.4 0. 068 +0. 023 32.7+2.6 13.7 £3.1
ol () 35.7 10.7 49.6 0. 060 41.2 19.3
YDX-6 43.2 £3.8 46.4 £11.3 170 +53 0.200 +0. 052 78.2 £12. 4 62.3£9.0
YDX-7 58.5+9.3 211 +48 236 +67 0. 121 +0. 002 125 +15.9 220 +41
KRR YDX-8 55.6 £24.6 173 +20 185 +52 0. 117 0. 002 113 £19. 1 195 +25
YDX-9 24.2 8.0 172 +32 256 £32 0. 118 +0. 004 94.5+12.3 189 +28
YIE 45. 4 151 212 0. 139 103 167
HH-10 40.3 £3.9 29.5+5.4 138 +34 0. 090 0. 040 67.3£9.0 51.5+8.3
T HH-11 53.4 4.1 46.1+19.1 303 +16 0. 159 +0. 093 80.6 +26.8 53.1+18.9
HH-12 51.0+2.8 33.8+7.4 126 +16 0.200 +0. 078 80.1+14.0 41.4 £4.5
Balfz) 48.3 36.5 189 0. 150 76.0 48.7
DLJ-13 67.9 £20.2 77.1+£30.4 141 +48 0. 170 +0. 008 117 +49 41.7 £17.6
DLJ-14 92.9 5.4 93.6 £4.7 106 +22 0. 161 +0. 005 107 +3 53.6£2.1
T DLJ-15 80.2 +5.5 84.6 6.5 104 +5 0. 168 +0. 001 99.1 £5.2 51.8 £6.5
DLJ-16 91.8 £8.0 22.7 4.2 52.7+19.7 0. 062 +0. 024 63.7+7.0 29.5£3.0
ol () 83.2 69.5 101 0. 140 96.9 44.2
ZYX-17 56.6 +30.9 112 +12 273 +33 0. 196 +0. 013 117 5 72.6+1.3
7ZYX-18 49.3 £27.6 216 +28 321 +76 0. 129 +0. 007 165 +19 249 +38
F A0 7ZYX-19 46.6 8.4 96.5 £28.0 158 +76 0. 116 +0. 003 71.2 £7.6 121 =21
ZYX-20 36.5 £16. 6 73.9 £19. 1 131 +47 0. 120 +0. 015 63.1+4.1 99.5+19. 8
YIE 47.3 125 221 0. 140 119 135
BPH-21 71.7 £9.5 99.1+4.4 102 +8 0.125 £0. 007 103 £24 112 £12
BPH-22 46.4 £27.3 157.9 +38.8 162 +42 0. 119 +0. 005 108 +11 210 £52
AT BPH-23 92.6 +4. 1 56.2 £11.0 103 +21 0. 143 £0. 057 131 £24 63.7 +10.8
BPH-24 37.6 £2.7 72.9 £4.5 152 +12 0. 156 +0. 007 128 +3 58.6 2.5
HH 62. 1 9.5 129 0.136 118 111
ZWX-25 23.3 £6.1 68.0 £24.3 147 19 0. 174 0. 016 111 +5 45.9£2.6
TR ZWX-26 76.9 £13. 7 15.7 +4.0 55.4 £28.0 0.061 +0. 015 54.4 £6.1 22.4+5.1
ZWX-27 45.8 +5.1 107 +33.7 131 +34 0. 126 +0. 020 90.4 +15.3 131 +38
ol () 48.6 63. 4 111 0. 120 85.5 66.6
MJH-28 26.3+1.9 28.6+3.1 96.3 +5.9 0. 163 +0. 001 90.6 +5.3 37.3+3.4
L5l MJH-29 24.1+0.6 24.8 £0.7 90.3 +3. 1 0. 164 +0. 004 77.5 +4.7 33.0+1.3
Balfz) 25.2 26.7 93.3 0. 163 84.1 35.1
THH-30 56.6 +3.7 11.3+1.0 37.6 £5.5 0. 152 +0. 002 27.0 £2.4 17.0 £1.2
JIN THH-31 78.9£9.9 22.2£10.7 61.8 £27.6 0. 146 +0. 084 68.8 £16.9 33.5+8.7
e 1
THH-32 95.8 £17.4 31.2+10.5 50.1+8.4 0. 133 +0. 057 92.7 £19.2 42.8 £8.5
YIfE 77.1 21.6 49. 8 0. 144 62.8 31.1
W R 1 e (2 21.3 24.3 74.1 0. 100 64.8 30.7

WF . Zn WV FE 20 T F 4B (Z2YX-18) . K
THHEG I (HH-11) | F s HEPK IR (2YX-17) | KE
HF (YDX-9) FU (i (YDX-7) , & & ik 5] 236
~322 mg-kg™'. Cu Al Ni A95>Fif WAL, 876 F
S (ZYX-18) . W B (YDX-7) | #iis i

(YDX-8) , 7K EH i H (YDX-9) ., &R ¥ ( BPH-
22) iR FNE E A i, I8 %)] 158 ~216 mg-kg ' 1 189 ~
249 mg-kg™'. X T Cr i 7, i HK R ZYX-
17 AT F B0 ZYX-18 B4 KA & B e, 40
WAF] 177 mg-kg ™' 1 165 mg-kg ™", 57 ANE K E B
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Table 4 Contents of studied metals in other estuaries of China/mg-kg ™"
s Cr Ni Cu Zn Cd Pb SCHR
TR 1T 52.7 72.0 131 0. 127 89.8 78.3 BTN
B7SANE| 59.3 46.2 150 — 89.0 41.7 [26]
KILH 27.3 30.7 94.3 0. 260 78.9 31.8 [27]
T 21.6 21.5 71.3 — 63.7 71.3 [28]

TR SR &8 5 A2 R EAKERE £
X4 E BRGNS O K 25 A Bl S
H4JE & B VAT Spearman AP AT, ANFE 5 BT
7R, TR 1 XA Cu, Zn, Cr, Ni iX 4 Fioc
R Z 7 B 5 A EPE (R 4 0. 842 ~0. 964, P <
0.01) , 5N AN T B EHHE(R M 0.806
~0.867,P <0.01) ,iX £ it 4 FOTEAER
— 7 ) [V T L A2 2100 355 A i D8 3 G %) 5% i) 48
K. HrgoE g FHEAE T 24000, ik mFR
ARG THIMN . KIF kR0 Jbat &K, Ju
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Table 5 Correlation coefficient matrix for heavy metals and social & economic indicators

Ph Cu Zn Cd Cr Ni BAN BE
Pb 1. 000
Cu 0. 285 1. 000
Zn 0. 152 0.891"" 1. 000
Cd 0. 146 0.018 0. 255 1. 000
Cr 0.216 0.927"* 0.842" " 0.134 1. 000
Ni 0.200 0.964 " * 0.939" " 0. 006 0.879" " 1. 000
BAH 0. 127 0.855"" 0.806 "~ 0. 049 0.867 "~ 0.855" " 1. 000
BEE -0.030 0.612 0.745" 0.018 0.491 0.673" 0.758 " 1. 000

1) = FRTEEAR L BN 2 0. 05 IF , MISEMDR RIF W, » = FORAE EATEE W) 24 0. 01 I, FSE M B2 1Y
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Table 6  Potential ecological risk index of heavy metals in each estuary

b

BRSNS R EL(E,)

ZEA RIS

Pb Cu Zn cd Cr Ni HEH(RID)

P 10.3 6.76 0. 926 27.0 2.10 7.02 54.1
TN 8.39 2.20 0. 670 18.0 1.27 3.15 33.7
TR HTAT 10. 6 31.0 2.86 41.7 3.17 27.1 116

TR 11.3 7.50 2.55 45.0 2.35 7.93 76.7
G I 19.5 14.3 1.37 42.0 2.99 7.19 87.4
FFHA 11.1 25.7 2.98 42.0 3.68 22.1 107

bR 14.6 19.9 1.75 40. 8 3.63 18. 1 98.7
T L 11.4 13.1 1.50 36.0 2.64 10. 8 75.5
T3] 11 5.91 5.50 1.26 48.9 2. 60 5.72 69.9
BELZ%I 18. 1 4.44 0. 672 43.2 1.94 5.06 73.4
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