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Fig. 1  The location of Liujiaxia Reservoir and the distribution of sampling points
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3.1 BE£ESERETFESHHE

R JZ DO B 3 A I, 45 1 2% SR A A
HEEBITRRBEIFN K ELIR TR R RE AT
Gt (& 1), Cr FEWFEIX I & AR EIE L R 47. 07
~123.36 png/g, FHIEHEN 77.03 png/g; Cd 7EMFSE

X ) & AR ETE I 0. 09 ~0. 79 pe/g, FHI &S
0. 16 pg/g; Ni 7EAFFE XA & i A2 AL yE F o 19. 24 ~
50.94 pg/g, 48R 33.53 pe/g; Cu FEBFSE X
B R AREIE N 17. 06 ~45. 37 wg/g, FH &S
32.09 pg/g;Zn FEWFIE X B & AR TR L R 178. 71
~450.60 pg/g, VY88 291.77 pe/g; Pb FEF
G ARG F 15. 94 ~29.75 pg/g, P&
22,44 pe/g, Hh nfE6 MESEICE T+
FEfe, Cd # ik,

F1 NRBKERBENRYVEESESE (pg/g) Fitk
Table 1
in surface sediments of Liujiaxia Reservoir

EeE(pg/s)
Cr Cd Ni Cu Zn Pb
f/IME 47.07  0.09 19.24 17.06 178.71 15.94
RRMHE
E¥ME 77.03 0 0.16  33.53  32.09 291.77 22.44

Summary of heavy metal concentrations ( pg/g)

¥

123.36 0.79  50.94 45.37 450.60 29.75

LRI 77.63  0.15 34.37 33.43 274.96 22.39
FRUEZREE 0.17  0.55 0.20 0.22 0.21 0.14
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Cr .Ni,Cu.Zn .Pb bRMEZE RN T0.14 ~0.22 Z
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I HARRK TUR ) T 4 o o S vfE P (B 4h, Cr Cd
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B T KU A A /N ) T A T, IR X
F o A AE I 5T DX S, B AR IE 2 B O ST Tl
F O OB 4 @ % i T K I R A M
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Fig. 2 Distribution of heavy metal contents in surface sediments in studied area
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AT MR , 1207 16 R EL T 20 B RN, B )
VPN AEAS 5 DA s o 1) L AE G R A Hh 17 B %) 1)
W, R 0T T A B 9 XY TS e T BT e
BT SRR PR
P = (1)
K oMUY T &R i BRI (A, S, N
DURYIhIC R 1 T Sl >R I R o = A
#E) (GB15618-1995) () —ZhrifE ) , B A T8 515
Yo RbRfE ML 21

x2 BETEHSRESBIE
Table 2 Single factor index pollution classification standard

P, P, =<1 1<P;=<2 2<P; <3 P, >3
HHAE RS Bi5g EREES CIREE

iz BN SR A 1 S XA Y X 4 B T R
AT HL R Fi5 Yo da B TH A A5 45 R A SR R
*m%ﬁ 4 FhE4JEICE Cr.Cd Ni Cu B T

FRET AT 0.52 ~1.37.,0.47 ~1.33 0. 48
~1.27\o.49 ~1.30 Z [a], SF 3 {E 5 5 4 0.86,
0.82.0.84 0. 92, FIET 1, Bk B[R F¥5 Ye A B
R ARG B AEAEARSrRAE A (CRAE AL 21,28 33 37 ~
42 48 ~51 .53 ~55) L Fig Y8 5ok T 1, 15 Y i
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FERBUNREETS YL, Pb B K V5 Ye 8 B/ ME
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5 YL A8 B0 KAE M 4. 51, fe/IME N 179, F3
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A ) T DX P 3 R L (CRAE A 4.7 .9.21,28 .30
~32 .34 ~36 .38 ~42 44 46 48 49) NEF| T H {5
PRRE, MRV EENELSR RN T
K Zn , HFE 4 @ WA F BN  Zn > Ca > Cr >
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FLPR V5 Y 48 B0k AR M 4 T b s LA 9 IX T
TS G 0 T DI ARG % 256 15 Y 38 B30 1 p 34
FE T B0 K -5 G 48 B0 7 4 A i KAE B AT
BEHE L R TS Ye R A T A R S Y AR
XFF4 R 2 A4S BT 9T 2 B 75 G R 0 1Y) BE T B
GRS T MR A TG YR B TR AT
PP,
Py=J—57) (2)

K P, W R AR TS Y ) R
ERRET G SN F %2 P, JH AT
TR I, PPN o bt W2 310

*k3 NEFEEHEBBREIRINE
Table 3 Nemero comprehensive index pollution classification
standard

15 YRR bEE i i [EE S5 15 YK
1 P <0.7 HA i
2 0.7<Py;<1.0 L I 1
3 LO<P,<2.0 BfusY HIEAEY) 2R M5 3
4 2.0<P,;<3.0  HpEziGYe LHERNIEYG GBI
5 Py >3.0 WY RS R E

AT A R AR 25 G R AL IS
il AR G 1R B E R B (8] 3) o P98 IR A
NG 255 BB T 1. 38 ~3. 34 2], FA(E
2.22, 5 RECR 20% . WIHGE LR 6 15 YR B S A
IR RS Y BB SR A ST YR N R T
Yo ABIRAES (7 5 31 5) 15 R N E G YL,
MIE 3 TTRNGE BT X P AR 2 5 48 B (B
LA (VA a0 JE ST B 1= NG = I R S A (A = e
BN T K S R e 2 DX 3R, R A R A 3 B Ry A ]

H R XN DU SR on R A B 255 s
e B0 T oK B i Ko AR DX 3
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Fig. 3 Spatial distribution of the Nemero comprehensive indices

of heavy metals in surface sediments in studied area

3.2.3 HEREHE

Hi RBFEECE (Index of Geo-accumulation, 1,,, )
JEFEEFRIAZR Muller 75 1969 44t 1 —Fh P4l +
5 IR 4 R T G g DL Y E AR bR . X AP R
R T H R M T o AR T S Y B e DL K N
TG B0 B 4 J 15 G W S ), T AR B2 ] T
il N R R B 4 S Vs e AR AR R

l,, =log, (Ci/(k xCi,)] (3)

A b NE B A dh T DT FH AL S
A5 AL, — L. 5, Ci, SRR IR i 1k
PRUREE s Ci, NIRRT R (F4) RAT

*4 EEREERE(CGC,)

Table 4 Reference values ( Ci, ) of heavy metals

28 Cr Cd Ni Cu Zn Pb
Ci, (pg/g) 60  0.077 20 13 40 15

x5 EcRBRMRRIEHENMESREE
Table 5 Geoaccumulation indices ( /,, ) of heavy metals

and corresponding pollution levels

A V5 YR W RBRIEE L, TSR
1 Iy, <O FREEC
2 0< 1, <I Bidos g
3 1<, <2 HE TS YL
4 2<1,, <3 G gL
5 3<hy,, s4 ST Y
6 4<1,, <5 AR5 T5 g
7 lyy >5 W85 Y
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Fig. 4 Box-plots of the geoaccumulation index ( I, ) for heavy

metals
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SR A 2 B R TS e A, AR TS e R R TS
Yoo WFIT X E 4R Hh BRSBTS Y B BE Y Zn
>Cu>Cd >Ni>Pb>Cr,
3.2.4 &SN FE BOF M
AR F B LB} 22 8 Hakanson' ™ $2 HY A T 7E
A2 RUBS: 38 B35 (The potential ecological risk
index) , WL 752 FHUTR 24 SR B 6 + HE s it AL o
HEBGRMTE RN, A ETESEILE
k2R X S22, Z0Z U AR X
PRBE 0 E 4 R V5 e B ME A D AT R TN T
DX 3R V75 Y 5t ol A 2R 22 R ), [ I A B B XU
PR AR T R AR ik, F
FIXRIZVURY PR 1 Pl 4 AW AR A S XU R
B Ei, ) Bz X IUR ) H E 4 A TR e XU 4 4
(RL) At EITE .
Ei, = Ti, Ci, (4)
RI = Z Ti, Ci, = 2. Ti, gz (5)
X Ci, WESE R FI5REREG G
EEJE SRR, i) WEEE i T =(E; T,
FEAE 1 AR &%, Cr .Cd Ni . Cu.Zn Pb 13
PZREL P 435182 30 5.5.1 .5, Ei, K RI BRI R
PV G B R T A A 2 AU R B | DA s o DL 2R
64 1 S BTR A A E S8 Tl Ak AR TR
WhESENERE(ERS) TTREIRILET,

*x6 EL£E Ei 1 RIETMIRAE

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

o VIR
WA — - -
Bl rh4g it 0 e
Ei, Ei, <40 40< Ei, <80 80< Ei, <160  160< Ei, <320 Ei, =320
RI RI <120 120 <RI <240 240 <RI <480 RI=480

®71 HRRRENRYEERBEEESNE RYMEBEESKEIEHSITER

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

Ei,
S8 RI
Cr Cd Ni Cu Zn Ph
fe/IME 1.57 36.27 4. 81 6.56 4.47 5.31 63.05
R 4. 11 309. 42 12.73 17.45 11.27 9.92 334.58
FHE 2.57 64.27 8.38 12. 34 7.29 7.48 102. 33
LRIz 2.59 59. 47 8.59 12.86 6. 87 7.46 100. 61

MR X EZZVRY P& ESE TR N EE
SIBEHEFE R Cd > Cu >Ph >Zn > Ni > Cr, Hr cd

(995 e R SR 3 T rh S e R A fE K ( Ei, =
64.27) , NS RFEEF A 52 A RFE AR



2020 4F(4)

XK T VY 1 S K kA J2 U T 4 J 7 e P 7

A5 E RECHTERT, BN S ( Ei, =90.96) Al
2 5 ( ki, =103.76) RHSANGTEAES G HE RS
YRR AR TR S E AT 13 BoRAES ( Ei, =
309. 42) HRAH| TR AN FEIKFE, BLIMY S
FhE 48T E Cr Ni.Cu.Zn F1 Pb (V1R A 516
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ZRRFE bR 13 SR A (R =334, 58) B TEA:
SHEAS B IGR B S faF e RSN
BMAESAEAKT , A H AR 1.2 ,15,33.39 Al
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BIEEKF, WIEHFoE X L2 TORY & 48 A1
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Fig. 5 Spatial distribution of the ecological risk indices of heavy

metals in surface sediments in studied area
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HERIGYIEO T T, GIREW 6 Fi & e
TR A F15 P A8 EHE P KK . Zn > Cu > Cr > Ni
> Cd > Pb; L RS BRI : Zn > Cu > Cd >
Ni > Pb > Cr; I 7EA S U REHEF 4. Cd > Cu >
Pb >7n > Ni > Cr,

BALDR -5 Yl 48 50k RN Ml B2 R B0 P RO A
SRR, E RS PR E RN ITR YN Zn M
Cu, (HHETCENHIF A AN, XJEH THRE ¥
G 2 ] ER M 38 I PP AR AR S TP AR TR A L (B

K ZR KT B 4 IR B el e o) i R P
ki i T AR5 Y R UL H AR A 1E R X
BRAERIRm ) AN, i T A S AU R Ak
GAZETESETRWEE MU R ESE
TCR DB SO 22 5 S AR 2 LR R i, FOIPAN
SE0L 5 N 1T Y s B BB BB R O kY
WM S R R 25 BRR I Cd o &R B
R REME R AR (30) , R TE A S KRS TS e R e A
TN R SRR A S KO T AR B PR TS G A AR A
Hiy B2 FRAE B0 DA 45 R b s e R B B S Y Zn T
2R RE(L) AL, 5Bk Cd Ahry 4 FhE 4
JBICE (Cu Pb \Ni Cr) WETEAE A KU V5 Ye it i 1 3
R RHAESEE,

TR S BN 2 R ) & VP O v
BT AHARIRIEA 25 A (H AR F | Zn | Cu
M Cd 3 FhEE 4 JE 70X S PRA 45 51 vh HE P S A LY
R — BTG R X 3 MESB IS &
TR o AR e I e R S L, IS RER
2,

4.2 MBYMELEREDH

B BW R N T KUY T E 4
JE T E A8 Ak SR R R H N 2RI 45 R B
Fpkfb it fE, EAJE TR Z R R LK
4 E R AR R A (E R B Bk
()T 4 i O 2 1T BE AT AH [R) A9 oF 5 5 b Bk 1k 2% 3
PR R SPSS BRI X R B TR 6
FhE4JEICE AT Pearson FHEMESHT (£ 8) . &
Mreg /R .5 ME4m TR Cu . Cr Ni Zn . Pb
FIEAHIE(P <0.01) , R IX T 4 7 T K 1k IR
TR AF R ARARL; Cd 5 HE 5 Fhve 4 8 =2 [8] i AH DG
PEAR W, R Cd TRk S He &4 8 R EAR
—3,
R 22 B0 3 W 325 5o F 58 [X B 4 Ji 940 oA D st
— T X BT AT R (E8) Ty
Z i KIET e A5 2R > 1 B FE A 2 14,
FRA 1 B 22 T5TRCR A 65. 572 % , ERLGr 2 B
LT N 17. 056 % , 1% 2 D E M0 BitsimkR
H 82.628 % , REMF R R 28 E SRR IE 2 5

FHsr 1 P EAREEME(>0.61) ME 4
JEITE N Cu Cr Ni Zn Pb, HAHTERFIE X N AFTE—
EEEJRIG Y Cu, Zn ] 2 4> 5] 4 0.966 Fi
0.609, AWFFIX P Cu Zn iX 2 F i 43 )@ JTC R AL 15
TA] AT DX ol e B A HL g DXl o e (R 2 Wl g o)
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Table 8 Pearson correlation coefficient of heavy metals in surface sediments in studied area

"R Cu Cr Zn cd Pb
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 Geochemistry, 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 77.03png /g,
0.16pg /g, 33.53ug /g, 32.09ng /g, 291.77pg /g and 22. 44ng /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



