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Fig. 1  The location of Liujiaxia Reservoir and the distribution of sampling points
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Table 1
in surface sediments of Liujiaxia Reservoir

HEE(ug/'s)
Cr Cd Ni Cu Zn Pb

Summary of heavy metal concentrations ( pg/g)

H/ME 47.07 0.09 19.24 17.06 178.71 15.94
SN}
S-IME 77.03 0.16 33.53 32.09 291.77 22.44

123.36  0.79 50.94 45.37 450.60 29.75
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WEZREC 0.17 0.55 0.20 0.22 0.21 0.14
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Fig. 2 Distribution of heavy metal contents in surface sediments in studied area
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Table 3 Nemero comprehensive index pollution classification
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Fig. 3 Spatial distribution of the Nemero comprehensive indices

of heavy metals in surface sediments in studied area
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Table 4 Reference values ( Ci, ) of heavy metals

28 Cr Cd Ni Cu Zn Pb
Ci, (ng/g) 60  0.077 20 13 40 15
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Table 5 Geoaccumulation indices ( /,, ) of heavy metals

and corresponding pollution levels
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Fig. 4  Box-plots of the geoaccumulation index ( I, ) for heavy
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AL Z RTICER Y B <5 J 77 S A b R BUR B5 Yo
PhruE L S

S56 A T AR T S (E, RO X 4 h R
BRI MG (] 4) o S8R B, BT X
PR BIR S E SR IURN Zn LK, T 157
~2.91 PN 2. 25, A B Y SRR E 4 21,
TR R B Hom EE Y5 44 s Ni \Cd | Cu Ayt R A
BUSBMREAT 0~ 1 ZI0], {555 500 2 9, 15 e ft
BERB WS Y 5 Cr P i 3 SR BRGSO X /)
A F-0.94 ~0.45 -0.50 ~0.40 2 [a], BRER 4

RAE LRI B WS Jeoh, B TS YR B2 o oy
oo WIFEIXE 4 Jm b R ARG BOT5 AL EINUT O Zn
> Cu >Cd >Ni >Pb > Cr,
3.2.4 BEESRABRESFN

AR SR 37 WL 5% Hakanson' '™ 42 ) 1 1 £2
S KRS 78 8L ¥ ( The potential ecological risk
index) , 7595 18 FHUUR A2 JEUHU0E £ S8 sl DT ARy o
HERIGRHTE RN, A BIE TESEILR
MREPEZE S | XIF SR B 22 57, Z2 U R PRl A T %
PRI X T 4 5 Y U R S PR, AT BR T AN [
DI S P75 G il ol P 5 22 52 W), DL A B 358 XU
PEY AR T R 0TS MR I
FEXRIZUURY P A | P 2w i v e AR S KU 3
B Ei, ) Bz KDY o 4 B TE e XU 45
(RD) WYTHRI BT

Ei, = Ti, Ci, (4)
S e e e Gl
R = 3 Ti Cip = 3, Ti, ¢ (5)

i=1 i=1

A Ci NEAE RN TSR REG Gl
AR S E, Ci, NEAE | AR T
NEAR i FEEPE R %L, Cr Cd Ni Cu,Zn Pb [
PEREC 35082 30,5515, Ei, Fi RL{EARR R
AT SR 3 e VR A 2 XU L 38 1 S 1 s v AL
614 5 4) SHAATR A 9 75 S AE R Tl AR LT IURR
P ESIRNE SE (R 4) IR RINE T,

®6 E£E Ei 1 RIETMNIRE

Table 6 Evaluation criteria of heavy metals £i, and RI

. . VYRR
WS - -
LZ T i fid o o
Ei, Ei, <40 40< Ei, <80 80< Ei, <160  160< Ei, <320 Ei, 2320
RI RI <120 120 <RI <240 240 <RI <480 RI=480

RT MRRRENRYNEEEBEEESNE ZHMBEESKEIERRITR

Table 7 Summary of ecological risk coefficient and risk index of heavy metals in surface sediments in studied area

Ei,

240 RI
Cr Cd Ni Cu Zn Pb
i /IME 1.57 36.27 4. 81 6.56 4.47 5.31 63.05
KAl 4.11 309. 42 12.73 17. 45 11.27 9.92 334.58
SR 2.57 64.27 8.38 12. 34 7.29 7.48 102. 33
HE 2.59 59.47 8.59 12.86 6. 87 7.46 100. 61

MRRXEZZVIBHEYH S ESE TR OB EL
SXEEHF N Cd > Cu>Pb>Zn >Ni>Cr, HH Cd

(75 P FRRE TR 5 T S e R S fE KO ( Ei, =
64.27) , WA SRR KT A7 52 ASRAE S T e



2020 4F(4)

PUPRU LI ERY T E AL/ e R e e 7

BfEERZBATEAKTE, BIM B Ei, =90.96) Fl
2 5 Ei, =103.76) AL A VTR DS o % R 05
YRR IR B TR A E AR, 13 BREE A (B, =
309. 42 ) B2k 5 T AR A A5 f5 B KOE . IAMI S
P 428 CE Cr Ni \Cu.Zn il Pb (I8 1E/k: 406 %
FROS TR B R BT, TR R
M TE LA IR AE A 25 KUK 48 50 (RD) PEA
GEFORT B 13 BR A A (RI =334, 58) [ 8 16 4
A5 R B0 Tk B9 25 5, FL SRR S0 N
BHAESEEAY, AL HA 1,2.15.33.39 f
49 ERAE Y R (LR , 15 Yo iR JE 020 vp 2 2
BIEFEAKF, HIEDFT K %2R T 4 RS
2 25 KR s ) JR A P (1R S) s, RT B X 3
AR AERIFSE X G 30 B 7 3 1 T I X, Vs e 25
XU 16 5 S 12 I 3 7K 2 v DX S MR

103.1 103.12 103.14 103.16 103.18 E

KIS BESEIXRIZTURY) o 4 i e AR A5 XU 16 £ (RT) %8
(1] Ji A1y
Fig. 5 Spatial distribution of the ecological risk indices of heavy

metals in surface sediments in studied area
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Table 8 Pearson correlation coefficient of heavy metals in surface sediments in studied area

"R Cu Cr Zn cd Ph
Cu 1
Cr 0.885" 1
Ni 0.951* * 0.927* *
Zn 0.550* * 0.459* * 0.502* * 1
Cd -0. 084 0. 103 -0. 075 -0. 180 1
Pb 0.823* * 0.717* * 0.835" * 0.495* * 0. 058 1
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Fig. 6  Projection map of the principal component analysis of

heavy metals in surface sediments of study area
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Evaluation of Heavy Metal Pollution in Surface Sediments of Southwest
Liujiaxia Reservoir, Gansu

Liu Xiang'??, Guo Jianming'”*, Fan Hailong'*>*’, Zhang Shengyin'*’>, Zhang Shuncun'?, Lei
Tianzhu'*, Wang Jianfeng*

(1. Northwest Institute of Eco-Environment and Resources, Chinese Academy of Science, Lanzhou 730000, China;
2. Key Laboratory of Petroleum Resources, Gansu Province, Lanzhou 730000, China; 3. University of Chinese
Academy of Science, Beijing 100049, China; 4. State Key Laboratory of Organic Geochemisiry, Guangzhou Institute
of Geochemistry, Chinese Academy of Science, Guangzhou 510640, China)

Abstract ; Liujiaxia reservoir is located in the upper reaches of the Yellow River in southwest Gansu province. As a
large-scale hydropower project, Liujiaxia reservoir has played a great role in economic and social developments of
Gansu and Qinghai provinces since it was built in 1974. In order to study the heavy metal pollution in surface
sediments of southwest Liujiaxia reservoir, the contents of six metal elements such as Cr, Cd, Ni, Cu, Zn and Pb
were measured by inductively coupled plasma mass spectrometer ( ICP-MS) for 55 surface sediment samples from
Liujiaxia reservoir. The results show the average concentrations of Cr, Cd, Ni, Cu, Zn and Pb were 77.03pg /g,
0.16pg /g, 33.53ug /g, 32.09ug /g, 291. 77ng /g and 22. 44 g /g, respectively. Based on comprehensive
analyses of the spatial distribution of heavy metal content in surface sediments, the single factor pollution index,
Nemero comprehensive index, geoaccumulation index and potential ecological risk index, the pollution degrees of
the studied area and its potential ecological risk were evaluated. The pollution levels of the geoaccumulation index
were in the order of Zn > Cu > Cd > Ni > Pb > Cr, the potential ecological risk were in the order of Cd > Cu
> Pb > Zn > Ni > Cr. The pollution levels of heavy metal were in the order of the main channel of Yellow River
> the estuary of Daxia River > the cross section of Yellow River. Zn, Cu and Cd were the most important
pollutional factors in surface sediments in southwest Liujiaxia reservoir. Comprehensive correlation analysis and
principal component analysis showed that Zn and Cu mainly come from domestic or industrial pollution while Cd
mainly comes from pollution caused by industrial and agricultural activities.

Key words: surface sediments; heavy metals; pollution levels; risk assessment; Liujiaxia Reservoir



