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Speciation and Risk Assessment of Heavy Metals in Surface Sediments from the

Heavily Polluted Area of Xiaoqing River

HUANG Ying, LI Yong-xia, GAO Fu-wei, XU Min-min, SUN Bo, WANG Ning, YANG Jian

(Institute of Ecology and Soil Remediation, Shandong Academy of Environmental Science, Ji'nan 250013, China)

Abstract: The concentrations of Cu, As, Pb, Zn, Cr, Cd, Ni in interstitial water were analyzed by ICP-MS from the heavily polluted

area of Xiaoqing River. A modified BCR’s sequential extraction procedure was used to investigate the fraction of the heavy metals in the
surface sediments. The aquatic toxicity of heavy metals in interstitial water was assessed by US Water Quality Criteria (CCC, CMC).
Based on the speciation of the metals in the surface sediments, the ecological risk of heavy metals was assessed with methods of risk
assessment code (RAC) and potential ecological risk index. The results showed that: The tested heavy metals would not pose chronic
toxicity for aquatic ecosystem. The contents of heavy metals (Cu, Pb, Zn, Cr, Cd, Ni) in the surface sediments were higher than the
background values of the local soils, indicating enrichment of heavy metals. Cu, As and Ni were mainly composed with residual
fractions, Pb and Cr were mainly constituted of residual and oxidizable fractions, and mass fractions of Zn and Cd existed mainly in
acid soluble and reducible factions. The contents of bio-available fractions of Cd, Zn, Cr and Pb in the sediments were higher those of
residual fractions, indicating high potential for secondary release. Based on calculation of RAC method, Cu, Pb, Cr and As posed
extremely low to low risk to the environment. Accordingly, Ni was of low to medium risk, Cd was of medium to high risk, and Zn was
of medium to extremely high risk to the environment. The potential ecological risk of heavy metals in the sediments was in the
descending order of Cd >Zn > Ni > As > Cu > Cr > Pb. Cd had high to very high potential ecological risk comparing with the other
heavy metals. The potential ecological risk indexes (RI) of the heavy metals in the sediments were in the range of 136. 83-264. 83,
and posed medium to high potential ecological risks for Xiaoqing River.

Key words : Xiaoqing River; interstitial water; sediments; heavy metal ; speciation; risk assessment
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Fig. 1 Geographical map of the sampling sites of surface

sediments in heavily polluted area of Xiaoqing River

FIATRON AR TR TR AL S | F T HIBR IH . 10 3h Al
Yisk A, 3 100 B 5 575 H.
1.3 ST

(i) B 7K i 4 J o i R ph R R DU e e
(5000 r-min~", 20 min), % 0.45 wm FLIENE T
PEJE I . VIR £ 8 LA 5B R G BCR
I S EE T BCR B2 A B G b 28 K 42 B
JE AN REDTRR Y v 8 4 T T8 285 43 Dy T 38 46 K il
TREE G (BRI RA,F1) , Fe/Mn E ALY 45 &
BOTRIFEE F2) AW Kb 2s6 48 (Al 4k
B LEIRES(F4). sELBEERNUL 4
RS Z A0, i 3 FIE S G RRA RS

BB 7K, VU & 4 )& (Cu, Pb, Zn, Cd, Cr
FINi) 45 3 S & & 1 ICP-MS (7500¢ %I, 3¢
Agilent) MI5E | As SR H AW & B -5 F 5Ok %
(AFS-9800 7Y, It mtifg it ) Y.

Seg b T R B g e, 4R S E e
KNS RGP RAERE & SUD-1 #2361, TR
FE 5 U E G5 5V A TEHEFF 152 25 Y5 [N AR XA
HEMZNRT 8. 0% . Fr A DU WAL & 32 8 2 34T 3
UM I 25 SR O3 . B A B A SE 1147
il 43 3% ] Excel 2007 , SPSS 17.0 F1 Origin 8. 0
LIgL N
1.4 KB Ik
L4.1 KU TFA gt ik

KBS PN g i 7 (RAC) S22k FUTRR Y E 4
J@& AN TR FEAETE 2506 AT AN [R] B 45 & g i 4 s 1.
DA SC e S R Eh 45 G A8 (F1) fATE M E 42 )&,
THEG AR , B 5 KR AR B A, i H A
Pk p A= Py al A HEY . RAC K —E M N E S
& B A G 4y, 8 3 AR T R 4 R o 1Y) B A ok
TEMUTR Y o 4 B A R0, 18 T 0 SRR 458 LS
HEATVEMY. 4 R 0 R v ) B A5 XU P

K, ZIRIR.
1.4.2 A EA S KSR B0

VERAE A A5 RV 8 B S i M2 2 Hikanson' '

T 1980 AF N 1 — B T U RN E LR 15

P KA PR 7. TR RIN S & T AR vh

BT R, BB KRR

XTI 4R I5 Y BUBME X 4 AN IR R B2

5D o U A b 5 4 IR B T AR AR S KR
TRAE A S KU R B RT B33 B0 R

Ci = C/C, (1)

E, =T xC (2)



2048 F OB

B 306

Rl= >E = >T-C (3)
K, CooNE AT, C TP ELR @ 15
MW (mg-kg ™) ,C NEER i WSIE, T HE
G 0E L EEE Y T B RN E AR AR
AU 280, RT i fe AR SRS FE 5. S H(E Mk
SR 4 AR A KU Y OB AN TRl 1Y 2 (B 25 i
IEER2E 5. Ry SO AN ] XY 22 5[] s 25 S 3
AN TR 3 R VR T BN ) 1 AR5 LA
AINET R EIRE SR TR A S E NS,
Cu, As. Pb, Zn. Cd. Cr FI Ni BZEPEM R 5 (T0)
i 45.0,10.0,.5.0,1.0,30.0, 2.0 5.0,

2 ZER5itie

EBK , RETRY TP E SR & &
/NTF TR R Z DU h & R & B 1S
THESRA TR 1. (A Bk v o 4 Jas 179 Jo o Vi B A
R, As | Zn SPEIMRBEARRX B2, 20514 26. 68
pge LR 10. 68 pg- L™ MR EERARA 2 Cd. HEJE
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IR AL, BR As W PFH S EETE R
(B (SRR R 30% ) 4b, Hidy 6 P & )@ i &
RS RSB R, Co BT R{EMN 1. 83
~4.35 % Pb AT A/ 1.76 ~3.70 1% ,Zn N ¥
A 3.07 ~12.63 %, Cd 15 S {EH W 3.05 ~
6.22 f5,Cr HITHAHAY 1.43 ~16.99 f5,Ni N7
SCEMY 1,04 ~ 1. 69 £, AH L 1) 4 8 430 R 75 5%
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Table 1 Heavy metal concentrations in interstitial water and surface sediments of Xiaoqing River

s B Cu As Pb Zn cd Cr Ni
HB/ME 0.49 6. 62 0.16 5.30 0.02 2.77 3.08
SN 1.38 40.17 0. 64 19. 66 0.11 10. 12 22.00

WK gL fﬂj{ﬁ 1.0l 26. 68 0.40 10. 68 0. 06 6. 00 10. 66
brifi2E 0.33 9.38 0.18 3.95 0.03 2.35 6. 40
cce 9.00  150.00 2.50  120.00 0.25 9. 00 52. 00
CMC 13.00  340.00 65. 00 120. 00 2.00 13.00 470. 00
/M 44.04 3.67 41.56  209.06 0.46  103.83 30. 39
BRME 104. 39 18.51 87.28  858.94 0.93  1236.64 49.24

LR mg-kg ! Jfl’ﬂﬁ 68. 86 7.63 58.43  407.62 0.70  372.43 39.85
bRz 20. 74 5.41 15.95 188.75 0.19  344.86 5.54
/NIRRT R T R 24. 00 10.00 23. 60 68. 00 0.15 72. 80 29.20
GB 15618-1995 — 2t b5k 100. 00 30.00  300.00  250.00 0.30  200.00 50. 00
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F163.23% ~90.07% ,Pb . Cr WA RS & THkik
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Table 2 Speciation distribution of heavy metals in surface sediments of Xiaoqing River

MRS 28 Cu As Pb Zn cd Cr Ni
FH{E/mg-kg ™! 1.43 1.12 0.34 178. 88 0.28 3.46 38.19
F1 AR R % 67. 82 27. 14 55. 60 67.45 31.28 123. 84 41.06
F i E, % 1.64 5.95 0.51 35.02 34.93 0. 88 7.53
{8/ mg-kg ™! 15.43 3.20 15.29 205. 04 0.30 26. 34 65.36
2 AR R % 43.35 30. 22 53. 60 59. 74 50.77 79. 12 59. 42
F i E % 17.74 17.02 23.07 40. 14 38.49 6.68 12. 88
X8/ mg-kg ™! 16. 85 1.61 23.67 32.02 0.11 217.77 52. 04
F3 AR5 2 % 67.78 28. 64 41.72 36. 60 49. 44 128. 61 25.37
It B % 19. 38 8.55 35.71 6.27 13.34 55.26 10. 26
S/ mg-kg ™! 53.25 12.87 26.98 94. 84 0.10 146. 53 351. 68
F4 A5 ZRE % 20. 50 22.79 33.64 10. 42 46.55 46.79 11. 86
F B A % 61.23 68. 48 40.71 18.57 13.24 37.18 69.33
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Fig. 2 Distribution of various fractions of heavy metals in surface sediments of Xiaoqing River
£33 INEANRYERK, XRENRYELELEEANEXIF)
Table 3 Correlation matrix of heavy metals in interstitial water and surface sediments of Xiaoqing River
Cu As Pb Zn Cd Cr Ni
Cu 1 0. 466 0.529 0. 620 0.016 0.313 0.582
As -0.589 1 0.291 0. 197 -0.411 0.018 0.170
Pb 0. 437 -0.597 1 0. 255 0. 308 0.740" 0. 089
Zn 0. 436 -0. 549 0. 409 1 0.277 0. 153 0. 545
Cd 0. 502 -0.835"" 0.717" 0. 660 * 1 0.479 -0.232
Cr 0.474 —-0.358 0.804" " -0.058 0. 386 1 0.334
Ni 0.804" " -0.137 0. 046 0.363 0.078 0.115 1

1) 22 F oAU o G Ja 5 AT S BB, A7 LA BT BUK AP e J i BRIV BEAN SR R ML, = O P <0.05, = =y P <0.01

3 RERRYESREXEITEN
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3.66% ~9.60% ; Pb,0.24% ~1.21% ; 7Zn,19.23%
~50.25% ; Cd,23.24% ~45.54% ; Cr,0.32% ~
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Table 4 Grade standard of RAC
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Fig. 3 Potential risk index of heavy metals in

surface sediments of Xiaoging River
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Fig. 4 Contribution of different heavy metals to potential ecological

risk indices in surface sediments of Xiaoqging River
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Table 5 Potential ecological risk assessment results of heavy metals in surface sediments of Xiaoqing River estuary
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