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Heavy Metal Pollution in the Surface Sediment of Dan River and Its Ecological Risk Assessment
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Abstract: The concentrations of heavy metals(Mn, Zn, Cu, Pb, Cd, Cr, Hg, As) in the surface sediment of Dan River and its main tributaries
were determined by using atomic absorption spectrometry( AAS) and atomic fluorescence spectrometry(AFS), and the toxic effects and sedi-
ment pollution assessment were conducted systematically by using Sediment Quality Guidelines(SQG ), Hakanson Potential Ecological Risk
Index. Moreover, the underlying source of heavy metal was analyzed. The resulis indicated that the average concentrations of Mn, Zn, Cu, Pb,
Cd, Cr, Hg, As were 115.1, 18.78, 8.46, 6.49, 2.85, 60.6, 0.047, 14.22 mg-kg™ respectively. Base on the SQG, the surface sediment in Dan
River was moderately contaminated by Cd, As and Cr since their concentrations were just between lowest effect level(LE-L )and severe effect
level (SE-L)values, which could be result in negative biota effects in the watersheds. Except for As and Cr, other heavy metal elements found
the most obvious positive correlation. These heavy metals had a common trend and the same pollution source. Industrial waste was one of the
most important anthropogenic emission sources of trace elements and an important source of heavy metals mainly. Compared to the soil back—
ground values of Shanxi, the heavy metals in Dan River sediments showed more higher ecological risk, and the ecological risk of the heavy
metals, arranged from the highest to lowest pollution degree, was as follows Cd>Hg>As>Pb>Cr>Cu>Zn. On the basis of analysis of potential e—
cological risk factor and ecological risk index of the heavy metals, it suggested that Gaoping City, Bagong River, Shuidong were the most pol—
luted sites. This study would provide scientific basis for the prevention, control of pollution, and environmental management in Dan River.
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2008 4 7 A, TEFHWIK R BT R A S i deAn
WT 23 NWa#H T RAE (LR 1), FER I EES
FETACICAL . T Bk B AR AT BB V5 YL R T
I, BRSNS B RIRREESREFNRITEYRE
0~5 cm et 3 10y, IREHSE AT THHER
AR A O] S0 3 B 20 CYRFE R AT . [EIAT
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(F Rk PHB-4, v [ ) X5 FHm] 84 T i B 2 0 B9 B |2 3%
(EC)#1 pH {EHEATIRZIE
1.2 EmiaES S

FEMXT, BREE, o 20 Bif, ARSI
100 H i, FWsr4e 4y, AR . RTINS IR
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H AP E Mn,Cu . Zn Pb,Cd FI Cr B & & ;Hg As i
TR, FErootattEit (st AFS230E, 4
DI F &, PRI A al, K R Btk , 3
BEARILZE 10%A5BRIZIE 24 h DL |, i IR R 2K v
PeTF8re AT RSB A R GRS I S R A
HEYI T (148 ESS-2)#k47 B B, RIHE U AR i i e
25 TR, WU 45 R A A R 22 (RE ) <12.2% , R XA
HEMR2Z (RSD)<13.9% , #: 1 FR 34 0.001~0.020 mg 1.7,
A ER . BB SPSS 13. 0 {4417 o
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Table 1 The number of sampling sites
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Table 2 Concentrations of heavy metal in surface sediment and pH value, conductivity in water of Dan River
5E Zn Cu Cr Cd Mn Pb Hg As pH %E’FK_/I
mg-kg™ pS+cm
S1 5.56 2.29 63.6 2.59 33.1 5.33 n.d. 12.27 8.51 357
52 16.54 6.76 69.6 3.54 91.0 7.08 nd. 27.80 7.58 454
S3 11.23 1.23 46.1 333 189.8 7.82 nd. 551 8.46 791
S4 14.68 4.29 63.0 4.58 36.3 6.34 n.d. 2745 8.76 359
S5 331 346 50.3 2.55 40.5 4.04 n.d. 11.60 8.22 732
S6 6.13 0.37 329 1.98 457 6.99 0.023 7.08 8.35 730
S7 8.96 15.18 452 3.69 128.5 9.19 n.d. 76.96 7.94 771
S8 12.60 7.77 48.2 5.16 163.8 8.64 0.103 5.10 7.09 1 095
S9 6.10 1.35 542 2.97 89.4 6.53 0.013 17.18 7.28 905
S10 592 0.73 522 2.17 78.2 7.68 nd. 11.19 743 315
S11 5.90 0.23 36.9 324 27.8 6.34 n.d. 0.92 6.99 721
S12 7.81 3.08 59.3 2.82 162.3 340 0.003 948 7.22 729
S13 12.12 3.95 61.4 3.15 83.1 5.06 nd. 12.30 8.13 1554
S14 9.34 6.45 55.8 2.79 81.4 6.62 nd. 27.81 748 1571
S15 112.50 37.76 65.2 5.38 253.1 12.78 0.848 7.75 6.45 1 564
S16 10.66 5.07 62.5 n.d. 48.8 3.67 0.014 3.98 6.91 925
S17 84.62 40.03 87.1 5.83 165.8 10.67 0.023 n.d. 5.98 1304
S18 34.76 9.09 719 n.d. 3222 4.13 0.033 10.41 7.33 1218
S19 12.85 10.43 68.2 1.68 153.1 7.12 nd. 35.94 7.26 956
S20 12.15 9.11 68.3 nd. 146.2 4.96 0.006 7.65 7.50 731
$21 12.82 10.03 52.1 2.95 93.3 492 0.016 2.60 777 746
S22 13.21 8.33 92.4 1.83 70.9 5.61 n.d. 2.28 6.30 899
523 12.08 7.73 80.2 3.39 142.6 4.32 n.d. 3.81 6.65 687

T d FORRM H BAL TR PR

& 3 SQG iy LE-L #1 SE-L {E(mg-kg™)
Table 3 LE-L and SE-L values of Sediment Quality
Guidelines(mg-kg™)

mH As Hg Cd Cr Cu Zn Pb Mn
LE-L 6 0.2 0.6 26 16 120 31 —
SE-L 33 2 10 110 110 820 250 —
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Table 4 Correlation of heavy metals, EC and pH in the surface sediment of Dan River(n=23)

i H Zn Mn Pb Cd Cr Hg As Cu EC pH
Zn 1

Mn 0.569** 1

Pb 0.686** 0.298 1

Cd 0.469* 0.045 0.680** 1
Cr 0.396 0.332 -0.066 -0.065 1

Hg 0.777%* 0.436* 0.619%* 0.378 0.043 1
As -0.177 -0.029 0.213 0.075 -0.174 -0.110 1

Cu 0.924** 0.506%* 0.690%* 0.490* 0.450* 0.613** 0.010 1

EC 0.535%* 0.464* 0.309 0.163 0.188 0.438* -0.086 0.515% 1

pH —0.527** -0.352 -0.260 -0.119 —0.550%* -0.327 0.319 -0.577** -0.413* 1
Y+ FOR P<O.05; ** Fo P<0. 01,

REEBR TOVAL L RTRITTRR Y 4 R B i 1y () RT ANKRRETRYHIESEEEESRE

FLVE 4 L3 SUEAE S LY, #8 As Hg Cd.

Cr.Cu.Zn fl Pb 7 MEERETES HSWM(FES). &

B FHAE SR W75 RAFIE , 2% Hakanson™ JREA

SEUTFN Pekey FUSE) TAE SR , HoASHR E7 JRI K54
BT BIREILER 64

RS AASETRYTAXEEESENSEE (ng k)
Table 5 Commended values of heavy metal concentrations

in sediments(mg-kg™)

5iH As Hg Cd C Cu Zn Pb
T bR L BRI ES R
15 025 1.0 9 50 175 70
BEERE
WP S R E 9.1 0.0230.102 553 22.9 635 147

RY(E))FBELESREIER(RD
Table 7 Ecological risk factor and ecological risk index of heavy

metals in surface sediment of Dan River

mg As Hg cd Cr Cu Zn Pb
Eix¥E 948 752 856 135 085 011 046
RI* 105.4
Ei= ¥ 1563 81.76 8388 219 085 030 221
RI** 941.7

xR 6 RERAYTESB TR ESKEEEY S RE
Table 6 Criteria for the classification of degrees of the ecological

risk of heavy metals in surface sediment

Ei<40 5 RI<150 7B
40<Ei<80 5, 150<RI<300 5
80 < Ei<160 =¥, 300<RI<600 =
160<E1<320 g RI=600 RE%
Eiz=320 MR8
TR E & WIS 7EA A KR T TR 2

B A A5 R 98 S YA IS , BT AR PHAT
TK 22 RAE KR B < R VT A A DX, 28 SR A 25 AU
R,

MR T R, R TR P ES RS

BHRETRERSI, BMESR AR

PA Cd (BN &, E L (IR S 85.6, 52% R kL1

W AU E G BRES T RENS W RR
UL T 38 RE RS

EAEAF 80 F1 160 Z [8], ik A= A KUK, 26% 4%
SR A AR S R KT s He 76 L 2SN (S15) B EHH
S 135.59, iK% T iBAE S KB K, HRHE SR

A SRR 5 As 7E 85 F 1T (ST) /) E B R51.31, /&
F SR BB, Ht SR TR S REK
5 Hopth 4 PSR 2B AES KR K T, £&
IR 7K S i 5 39 55 [ U & Cd>As>Hg>Cr>Cu>Pb>
Zn, LA Z R 4R AR AR S RS S 51 R SRVTEAR, 74
TIKZ T8%#E 5 RI/NT 150, b TRMity 2 25 R
9, M 17%H)FE 8 RLA-TF 150 Fi1 300 Z 7], b Frir
L BN ERH R, DUV TS R E NS,
FHAK R REVIERY 78%+ 5 59 RI{E KT 600, 4t
FARR A A KB S5 4%, 9% 4 v 1Y) RI {HFE 300~600
ZIa), AFimASREAER ., PAE LR TEE
ARG R Cd S RERNTE, K EINTEY
B 47838.8, 87% ¢ & i) E KT 320, 8 FAS KSR
SRIMILE ;Hg MYy EHEN 81.76, K Hh S LS R
K, AB7E R TIT (S8) AL A ] (S15) 43 Hlis & T
178.81 11 473.83, J& T5m AR 3R 1) A= 25 KUK 7K AF 5
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