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Abstract: This paper reports the results of a study on heavy metal contamination developed in bed sediments from
the four inlets of the Xiangjiang, Zijiang, Yuanjiang, and Lishui rivers to Dongting Lake, China. Sediment samples
were collected by drilling in the four river channels, and the concentrations of heavy metals and other trace

elements in the sediments were analyzed using inductively coupled plasma mass spectrometry (ICP-MS). The
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results show that the concentrations of the heavy metals Bi, Cd, Cr, Mn, Cu, Zn, Pb and TI vary significantly. This
may suggest that these heavy metals are heterogeneously distributed in sediments of the four river inlets. However,
the concentrations of trace elements Ba, Sc, Th, U, Cs, Ga, Ge, Rb, Zr, Hf, Nb, and rare earth elements (REE) are
significantly less variable, possibly indicating that these trace elements are relatively homogeneously distributed
in the sediments. The enrichment factor calculations (fg ¢, fep value) and the principal component analysis (PCA)
on Al-normalized concentrations of heavy metals and others trace elements show that the heavy metals Bi, Cd, Cr,
Mn, Ni, Cu, Zn, Pb and Tl are significantly enriched in the sediments, and these metals are believed to be
contributed from both natural processes (rock weathering) and anthropogenic activities (mining, metal refining).
The trace elements Ba, Cs, Sc, Th, U, Ga, Ge, Rb, Nb, Ta, Mo, Sr, Zr, Hf, Y, and REE are less significantly
enriched in the sediment, and these trace elements may be contributed mostly from the natural processes occurring
in the watershed. The assessment of heavy metal contamination using the geo-accumulation index (/) suggests
that the inlet sediments of the Xiangjiang, Zijiang, Yuanjiang, and Lishui rivers are contaminated by heavy metals
as Cd-Bi-Pb-Zn-Mn-Cu-T1, Cd-Bi, Cd, and Cd-Mn-Cu-Ni-Cr assemblages, respectively. The inlet sediments of the
Xiangjiang and Lishui rivers are most seriously contaminated by a suite of heavy metals, while those of the Zijiang
and Yuanjiang rivers are slightly contaminated by heavy metal Cd and Bi. In accordance with the spatial variation
of heavy metal contamination developed in the Dongting lake sediments, the present study suggests that the
Xiangjiang River has contributed to the heavy metal contamination of the Dongting lake with the heavy metals Cd,
Pb, Zn, Cu, Hg, As, Bi, Cr and Ni; the Zijiang River by with the heavy metals Cd, Pb, Zn, Hg, As and Bi, the
Yuanjiang River by with the heavy metals Cd and Hg, and the Lishui River by with heavy metals Cd, Pb, Cu, Hg,
Cr and Ni. Therefore, the strategy for protecting the lake watershed should pay a great attention to the
contamination caused by heavy metal Cd in the inlet sediments of the four rivers, and to the heavy metal
contamination developed in sediments of the Xiangjiang and Lishui river inlets to the lake.

Key words: heavy metal contamination; trace element; anthropogenic source; natural source; the bed sediments

from the four river inlets; the Dongting Lake
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Fig.1 Map showing general geology of the inlet areas of the Xiangjiang, Zijiang, Yuanjiang, and Lishui rivers to Dongting
Lake and locations of sediment core samples collected for this study
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Sediment core samples numbered as WH, XY and QN are collected at Wanhe town, Xiangyin county and Quyuan town of the Xingjiang River; ZD at
Linzikou town of the Zijiang River; YN, LY and YW at Niubitan town, Yuanjiang bridge and Yanwanghu village of the Yuanjiang River; and LJ, LW
and LH at Jinshi bridge, Wujiaping village and Haozigang village of the Lishui River
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As. Bi. Cr Ml Ni 0 R A G E L7 5 el o828,
TE KA B VE R 2 DO A AE S s B Cd Vs e, M
PR Pb, Hg, Cu. As, Cr fI Ni o BA AW EH
G J 5 Ye O S2829) T T A B Y R IR BE T AR ) A
TEOREE BE A Cd V5 gy, ARSI He 15 J AR B 1Y
Pb. Zn, Cu, As, Cr. Ni FnEZHAMWESESEG
YullO1828.290 e T v B4 116 31 2 0 AR 0 A7 7 Al v
) Cd V54, MR Hg, Pb, Cu, Cr fil Ni %0
E R g DR (L P U7/ N O 1) =37 T
YESE cd it E, Hord) zlen2s2)

Ty —J5 T, R ORI Y IR Y R
SRR, IR E SR AREMA IR, Hr
NMTRTE 4 @ £k A L AR s T AR T
& B, AT H 5ok B BRI L RN A R A HE A
KT g A2 BN DU A s A TR
JEE ) U 4 R G e T B AR AR [H i,
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x4 REBHTEKNHRBIAANBREERDSE C1» (mg/kg)it EERFIT
Table 4 Concentrations (mg/kg) of heavy metals of the anthropogenic proportion (Canr) calculated using equations (3) and (4)
for sediments from the inlets of the Xiangjiang, Zijiang, Yuanjiang, and Lishui rivers to Dongting Lake

AR 3 o H cd Bi Pb Zn Mn Cu Ni Cr Tl
Fe/ME 1.49 1.46 44.0 88.2 428 8.22 3.23 16.5 0.51
(ﬁgl) SPN| 68.8 30.0 319 867 4429 78.4 55.2 82.1 1.17
FEH 17.6 8.43 141 388 1513 41.2 20.3 49.3 0.74
/ME 0.27 0.22 10.5 115 126 8.09 8.76 17.2 0.11
(ﬁi) ISNE] 1.58 1.51 26.0 27.8 466 18.2 14.9 26.6 0.21
EHME 0.62 1.11 22.1 19.0 233 13.4 13.5 23.6 0.12
F/MA 0.40 0.08 6.61 16.2 133 6.75 7.11 17.0 0.020
(nif?(:m S FN 8.89 0.53 20.0 56.7 941 14.7 58.7 72.5 0.043
P 1.45 0.14 11.0 26.0 390 9.23 12.1 25.4 0.028
Fe/ME 0.22 0.12 8.23 14.9 265 10.9 12.8 26.4 0.003
(ﬁﬂ%) SPN| 0.96 0.46 29.5 36.5 569 42.9 37.3 55.4 0.008
T 0.59 0.24 13.9 25.5 419 24.8 22.8 40.5 0.005
TEL 0.596 35 123 35.7 18 37.3
PEL 3.53 91.3 315 197 36 90

TE: TEL SAICTS Y T A0 I e B s PEL SR ies 75 2 1 00 o0 AR 0000 I SR e B0 70 4 3 & Jm e /N TEL B, R IZE &R A x4 1)
PRI AR 2 G JE e BE A TEL Ml PEL Z [, 3/mi2eh G i /R X AL 7 A Y S 52 ) Y R W R T PEL B, R
1% 4 B 2R S AR A TR IR . TEL M PEL {H3E F SCR[46170 1K DR I PP AG {E

7R <P N TR Y B 4 s YL RRAE, AT B TR
e DU 7K IAT G %l e 1 T AR A 4 S Vs e F s [
AR SE MR, Sy i — 2 ) B i) 0B ) 4
AR/ LIk Y YRR o

AR IR B O ) B 4 i Vs e 1 2 ) AR AR AE
L pu sk AWIUTRY) E 4 R TS YA IR B B B s
6P DG FR o FE T X FPOC AR, AT LAHEWT, WV A iR
WU AT Cd. Pb, Zn, Cu., Hg. As, Bi,
Cr M Ni HEEJR, WILH AT Cd. Pb, Zn, Hg.
As I Bi SFE 4R, il AT Cd Ml Hg FHER;
TEIKHFAT Cd. Pb, Cu, Hg. Cr M Ni FFHEEE .
BZ, UK AR b i R A S X 2T
FRU v B 4 R 1) A T Y e i 1 o IR JE 0
T4 @ V5 YA BN, DAL pU K AT R 32 . TR 42
JEBFIZERFE, NEYIEE Cd W5 Yy, 2SR5 ok
B, MR E T AE KSR E AR5 Y.

5 %%

(1) TR Pa A N DT Y E 4 )8 Bi. Cd.
Cr. Mn. Cu. Zn., Pb Fl TI & & &2k K, itk
A¥g%), Wi Ba, Sc. Th, U, Cs. Ga, Ge. Rb., Zr,
Hf Fl Nb &t oz M Lok & a8/, i
X 2)

(2) WHYTAIE KR AWMIDIRY) P s 48 Cd. Bi.
Pb, Zn, Mn, Cu, Ni, Cr, Co fil Mo S H 4 )&, W
TLADTIL AT N & 48 Cd. Bi. Pb. Zn Fl Mo
EEAE ., BRiX e E S R H AR R TR AR+
JCEAE“PAR NIRRT S AN, 1 Sr WA
LA

(3) R L pusk > A UUR ) B R AR R
4:J& Bi. Cd. Cr. Mn. Ni, Cu. Zn. Pb f1 T1 %, Mk
AR, XA N REQTTER; oY e
I 2 & AR RRE Y e &K Ba, Cs. Sc. Th, U. Ga,
Ge. Rb. Nb, Ta. Mo. Sr. Zr. Hf. Y Hl REE &
WIS B RIEITTER .

(4) WL, BT, DOIT . VK% AW UTE M
W 1f 7E  Cd-Bi-Pb-Zn-Mn-Cu-Tl . Cd-Bi . Cd #
Cd-Mn-Cu-Ni-Cr S50 4G ME S BTG, HMT
NV Yo B 4 TR A Rt 22 | 15 YL P Aok,
TEKIRZ, TLiTEN . B59.

(5) T B2 DO B 4 S T Y S P K]
WA SR, WA E PRSI A T Cd. Pb,
Zn, Cu, Hg. As. Bi, Cr Ml Ni FH 48, WL
AT Cd, Pb, Zn, Hg. As fl Bi % #H 4 J@; PLiTa
AT Cd #il Hg S H 4 J8; /K AT Cd. Pb, Cu.
Hg. Cr Al Ni SFHEEJE . A F i E 2R 0 A
EAFRICEA G ESIEIG Y. R E 4R
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