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Fig.1 River systems and sampling sites distribution in Nansihu Lake
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25.69 mg/ke; =W FE M550 Cr.Cd.,Cu.Zn Ni
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As Pb Cr Ni i V- 34 & & 2590 A [ 72 B2 A 3 45 1
Hr As \Hg Pb Cd 1125 & it X B 2 i T 3R 55 5
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Yh A R 4 5], As Hg Cd (1978 5 RECEOKR,
Ar50h 29. 68% 51.77% 40. 18% , FWHX 3 Fh &
G JE AR X R AR, o S W, U Hg e
o As 3 TE R OIS 0 I 2 S s
K0 8 S 29 St i, S 23,79 mg/keg il
24.93 mg/keg, /3 AR SEM 3. 17 f5F1 3. 32
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Tab.1 Statistics for range, mean value, enrichment coefficient and variable

coefficient of hevey metals in surface sediments

WX S8 As Hg Pb Cr Cd Cu Zn Ni
7.49 0.025 18.85 69.38 0.17 27.30 86.70 31.60

. m[ﬁ/mg . kg—] 13 13 13 13 13 13 13 13
3 FH 23.79 0.119 33.45 85.77 0.33 35.60 125.70 41.65
P/ mg - kg™ 15.03 0.055 25.64 75.95 0.22 30.78 96.98 37.02
7.90 0.040 23.78 37.88 0.11 27.90 84.50 34.58

. m[ﬁ/mg . kg—] 13 13 13 13 13 13 3 13
il 16.20 0.108 28.27 68.90 0.23 40.20 104. 40 48.10
FHI{E/mg - kg ™! 11.65 0.055 25.62 79.14 0.16 36.30 95.87 40. 69
13.36 0.038 22.70 63.74 0.21 28.20 82.90 31.30

Wik J L/ mg - kg ™! ¢ t ! i ! 2 ) )
WA B 19.61 0.077 33.84 75.27 0.26 33.40 95.80 36.76
FHI{E/mg - kg ™! 15.55 0.057 28.91 70.27 0.24 31.27 90. 83 34.29
8.91 0.014 21.21 54.20 0.14 22.20 67.00 27.33

erlH'EJ Yi[ﬁ/mg'kg_] 13 13 13 13 13 13 13 13
WA B 15.67 0.047 30.20 82.68 0.25 37.50 104.90 42.88
F-HI{E/mg - kg ™! 11.79 0.033 24.74 65.53 0.20 27.65 81.25 32.60
11.39 0. 006 19.49 47.70 0.11 20.60 68.60 27.15

) N ?i@/mg . kg" 1 1 1 1 1 1 1 1
il 24.93 0.061 30.20 69.24 0.45 27.40 94.60 35.53
FHIME/mg - kg ™! 16.97 0.037 24.99 61.52 0.26 24.99 81.43 30.56
MTPHE/mg - kg™ 14.41 0.048 25.69 71.10 0.22 30.14 87.55 35.33
HEF S/ mg - kg ™! 7.50 0.015 15.00 60. 00 0.007 33.90 90. 00 31.60
R 1.92 3.20 1.71 1.19 3.14 0.89 0.92 1.11
7 5 R Y 29. 68 51.77 13.93 14.36 40. 18 17.60 14.13 15.88

5 s Hg 76 R PHI15 20 Lo o 30 2 A s i o0 a5,
4 510 5ok g, & a4 5 8 0119 mg/kg A
0.108 mg/kg, 435Il & PR EE S BE(H 7. 9 {5 H1 7. 2
i 5 Cd 2350 76 55 FH 5 sl i b B 4 A sl o
R, 4.27 .28 .29 S, Eat sl 0.33.0.45
0.33.0.45 mg/kg, 73l R EEH 5 qf 4. 29 5. 84 |
4.29 5.84 fF,

VA 4 A7 R AT, T D 5 0 DX 3R 2 TR
VIR E S E & B AR E R Qb F i htiE il il
TA] AT BRSNS T A E T i
A (KRB 55 2007 ), i Tolk J& K F0 AR 16 35 7K R
AL FRHE AW, MRS Y ST K, 5 3R P
IWADURR Y 4 R & AR R, S R DU 3R 2
ORI 4 s Yo B B e B 1 X3 @l ARl
T JUAE R ) A& i liieall , N oA s de v, AR 3
V5 KRR A A R S HE il 30 I8, 38
TEZKAATT G 5 TR Gl L9 1o AR K, 7K B it i AR %
BV HE S A, DU RIAR h L3 3 R iiEg A an
AR BRI X T 4 Y W B RE ) B, JR R e ARk
JUHE TR Z VTR 4 R 5t R X BB FH
TR T8 _E T G v )] B ) 3z Tl el A, 7K

PEERRE 7 s 20 o LD 3 ™ BT A [
B HEA ST 45 7K Sk m PHEE S 0 L i g AR
AL 20205 1 BH 0 1 K AR A8, PRIt A B
RIZVURYIN B 4 8 & AL, BB E
X35
2.2 RERARYESERE
221 EZ4&BUuEBEAMEXELN FH
SPSS19. 0 A3 Hr v U i1 ¢ |2 TR ) & T 43 J& ot
R IAIAAHOC R B, S5 RN 2 P

H1 2 ATLUE Y, 4B ICHR Pb-Zn Cr-Ni Cu-
Ni.Zn-Cr,Zn-Cu . Zn-Ni 2 [a] [ Person A 3¢ & 54K
K, 4y Ak 0.626, 0.959 . 0.814 ., 0.738., 0.775,
0.771,45W] Pb Cr Cu.Zn Ni Z [a] HARAF A4 5
£, AT REEA AR 1R . As-Cd 1) Person ¢ 5
$h 0.607, KB X 2 Fhoo ZR W] g B A R IR,
Hg 5 H B ICER A R BT LB/, HH OG5
N T PERX LR IC 2R Z 18] BB 28 AR, SR %
PRI ik — L E .
2.2.2 E4RBRTEMNERLSAN FWSANE
RS Wi 0 B 4 R R IR B A AT (B R
85,2012) o sdAE TR0 HTE, N 8 FhEE 4 ) bR
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Tab.2 Correlations coefficient for the heavy metals in surface sediments from Nansihu Lake

JCER As Hg Pb Cd Cu Zn Ni
As 1

Hg -0.081 1

Pb 0.310 0.331 1

Cr -0.068 0.295 0.456 " *

Cd 0.607 " * 0.325 0.319 -0.333 1

Cu -0.004 0.387 " 0.474 "~ 0.800" " -0.117 1

Zn 0.298 0.575** 0.626" " 0.738" " 0.256 0.775"* 1

Ni -0.076 0.230 0.426 " 0.959" " -0.319 0.814" " 0.771** 1

T " T MR RBE 0. 01 K B EHSE; " ARG RELAE 0. 05 K BB AEARK.

Note: * * The correlation coefficient is significant associated at the 0. 01 level; * The correlation coefficient is significant associated at the 0. 05 level.

B 2 A F e (PC) L 2 A TR RHR 17 8
T T5.47% (% 3). PCl #9707 22 STk R A
49.80% ,JGZ Pb . Cr.Cu.Zn Ni 7£ PC1 A KK
B, 435k 0. 668 0. 904 0. 897.0.919 0. 888,
PC2 ) Z 5Tk RN 25.67% ,As .Cd 7E58 — F 4y
A REA, 250 0.776.,0. 945, 2 —FhHH 4
JEICERAEAR Y Ry b3 — 2 i A i, T LA
PO LA AN R B T2 0 oA U5 (R 9 5055, 2009)
114 2 W%, He #1 Pb £ PC1 PC2 FXJA AH SR
AR AT , BRI IX 2 e 3R A4 oK U6 AT BB A2 31 B 4K 1l
TG NG S SCE R
x3 ENHBRENRYEESERENSTHET
Tab.3 Principal component load of heavy metals

in sediments from Nansihu Lake

JLE PCl1 PC2
As 0.102 0.766
Hg 0.552 0.284
Pb 0.668 0.409
Cr 0.904 -0.333
cd —0.003 0.945
Cu 0.897 -0.146
Zn 0.919 0.268
Ni 0.888 -0.349
T LETRHRES % 49.80 25.67
Bt vk % 49.80 75.47

223 EEEUERWRELN BEDWREVE
WL M A H 4 Je8 O R 2 I 1) I i B B, e o i 4
LB IR 1) TG R Z Bk PR AR B ) AR AR
TR ARIE ) 22 A2 (kG 155 ,2013) . &l 3
LI Y, Ca Ni\Zn  Cr Pb () 25 S it , Ui B 3% JL
FPICER AT R RA R I, T 5 H B T ORI 22 = i
KRAYWIE Hego TERZEHRCRE E, S /N T
10 i, 8 FhE G Jw ol LA 3 K25 —2K 02 Cu,
Ni.Zn.Cr Pb;%F — 252 As Cd;5F =282 He,
AT AHED Cu (Ni Zn  Cr Pb JT 3 A AH [F] 2 AHAU
5 G, As \Cd BA WM, Hg St R 5 HETTR

MFRVEBR R BN BRI HTiEHs 8 Fhd & @ ot 1y
P28 B T BT T AR

1.0 oL
0 Asg
0.5 Jpb
He™ Zp
&
=" G
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&.
05k Ni
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2 AREEETRMEMRSTEE
Fig.2 Principal component load of different

heavy metal elements
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B3 BUBHRENRUESELTRRESTER
Fig.3 Clustering analysis result of heavy metals in

surface sediments from Nansihu Lake
2.2.4 EEBERFEMN WA MUHIRZIRY T
HA )R R XA ) o A RRAE (36 1) AT, Pb . Cu,
Zn \Ni \Cr JTTRAE LR Y H & 1) B (1 30 T
FSE, AP , A8 5 AR BRI, WX 280 R
TEDURR A FL B 2], LA SR DTN 3 Bb %
FINRATH, BT ARBEICR”, REILR TR
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REBLL XA KA BT T B - S AR A G As
Cd STTRATIRY & S FE Y & T8 = E, 7T
2RI AH DGRBS , 28 5 RO U IX 2 Fhoc &R
FEMIR TR 3 A AN Y 50, 52 N R R B2 45
KB TCNNIEICER" . BP9 F i B Be e 25
SURNER IR A7 7l 7™ A 00 0 7K HE TS B 7 T R
Al ) KA HE R A AR IS e As 1 BRUE; M
Cd FEZORE T I 10 A 245 5 A0 E i) K A8 T LA
Kt 4 HLVPESF Tk ™ AR 0 R R R K (FE I 4 4
2008 ; X E2 444 2008 ;141 /NgE4E ,2010) ; He AT Pb (1)
NSRS =R B N R ey &
Tk R K B R HEHE R, TR e DU 80 2R 350 b X S T [
UM AR T Y B T FE R EOR , oAbt 72
H= A Hg P 2808 — R iR B 7% Ak TREEA
TR, BCRIAEYE He (Pb i B 25

2.3 EEETHEEM

2.3.1 NAHELBEHEARBELOFN EEH
FRUREGE B Muller (1969) $2 1, J& — P & 52
Bz T KR 48 15 Y v E 0 02 R AR (4R
WESE 2011 5 5RAE 4R 55, 20125 T 5 #E 55, 20125 5Ky
88,2013) , L EREEEEIHE AR .

L, =log,[ C,/(KxB,) ] (1)

KDL, hESE o B RBEEGC,
HAJE n FEVIRYI I & 5 R LAY SEDED) 5 B,
SUURRE H TN i% T 4 T 1) b BR b2 SRl AR S
R PR DU X 4 R RIS % . K2
P T AT RE 51 RS 10 75 557 (2% 2y T ) s ) o
(BfE1.5),

Wt 1, FEA RIS K DURRY B 4 I 75 YA
A 7 4 (Haksanson ,1980) , L35 4,

4 Muller ;SEIEH TR
Tab.4 Classification of pollution indexes
Lo IR V5 YRR
5 <y, 6 i
4<ly, <5 5 W — AR
3<l,, <4 4 bt
2<1,,<3 3 R - R
1<1l,,<2 2 i
0<I,,<I 1 I -
1., <0 0 E

A A TSI E 1 7 DU T2 )= DR o 8 i
SR E R, TR B DR Y G R i 3 BB B
LIPS

x5 ANHAREARYEERHBRRTRELNSH

Tab.5 Distribution of cumulative pollution index for heavy metals in surface sediment of the Nansihu Lake

WK 5% (R SERSE .
As Hg Pb Cr Cd Cu Zn Ni
B TEE 0.59~1.08 0.15~2.40 0.26~0.57 -0.36~-0.07 0.56~1.51 -0.90~ -0.51 -0.47 ~0.07 -0.58 ~ -0.19
B SEHE 0.35 1.11 0.17 -0.25 0.88 0.73 0.32 0.36
i 1 2 1 0 1 0 0 0
o JEE 0.51~0.53 0.83~2.26 0.08~0.33 0.38~-0.03 -0.07~0.99 0.87~-0.34 0.51~0.20 -0.45~0.02
T ) 0.01 1.18 0.18 0.19 0.39 20.50 0.23 0.23
W g 1 2 1 0 1 0 0 0
iy, TE 0.34~0.48 0.15~1.06 0.04~0.42 0.73~0.12 0.64~1.11 -1.20~-0.44 0.81~-0.19 0.79 ~-0.58
WE SEHE 0.11 0.11 0.19 0.44 0.93 0.83 20.50 0.51
FH®T g 1 1 1 0 1 0 0 0
Hify M 0.22~1.00 0.68~1.78 0.09~0.59 0.58~0.26 0.27~1.17 -1.17~-0.61 -0.84~-0.32 0.74 ~-0.37
M PIE 0.46 0.78 0.24 0.42 0.86 0.82 0.51 0.53
FHIE o) 1 1 1 0 1 0 0 0
@ M 0.02~1.15 -1.91~1.44 0.21~0.42 0.92~0.38 0.07~1.96 -1.30~-0.89 0.34~0.81 0.94~0.42
i SEHE 0.56 0.46 0.14 0.56 0.96 -1.03 0.57 0.64
B g 1 1 1 0 1 0 0 0
JEeNc] 0.32 0.89 0.19 0.36 0.80 0.78 0.43 0.44
B 1 1 1 0 1 0 0 0

S5 WULEH, MU R 20 E S RS
YLPLEE I FAK UK : Hg > Cd > As > Pb > Cr > Zn > Ni
> Cu; it Hg Cd  As Pb LR IR E] 1 5K
VL BT - R EETG g, Rr i  EE E SR T
PIoH;Cr Zn Ni Cu TR [, H¥ R 0, )8 T L5

Ues

IR, He 78RS FHIAT M L ik 2 2 95
YR, Dy o EE TG T, LEIAE R FETAA  300R I BH 8 LA
IR 2 1 G5 9K RIS 0 T Gl B2
WS AR B AN EE, th JeT5 e B PTG e, X 1
PATE AR R {5 g M A Hg SR AR IR >
Pr2—2i . Cd fERS UM | 995 Y B {01
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S AN A TR R 2 G5 YRR I 3 2 (4.6 .7 .16
17.20.22 27 29 5) , Ui W] rg PO LAR ) 52 Cd JCR
TGP . As TR O X EAR g 1 5 gy, -
HTE8 9 Sl 2 Ginye, Jmrh T s, Pb fERg I
WD SR 1 RI5ge, A TE - TG P, Cr,Cu,
Zn Ni 1 1,559 0 0, B0 oI55, Bk 4 MocRTE
i 5 B Cu AL UG TR Y 4 50 55
Ni AL TSR] 1 B I ) 12 53k i 1, KT 0 4h, H
Rl ) 1, (B2 D 0708, 2R B B DU )2 T AR )
A EARZ Cr.Cu Zn Ni JTRIYIG G, SR,
VU 2 AR 52 3 — o T B 1) T 4 R ¥ e, Xk
SYATFRIA < B > ol > ali > iR, S
TURRY) 42 Ja 11975 [a] 3 A A — 2
2.3.2 WRHELEBELESKNETFN R
B2 2% Haksanson £ 1 AT AR A7) 15 70 A 28 XU 45 45
0 P PO CRR Y vh R T YOIR DL HEA TP o W
TEAR S AR B 2 A T DR A R BP0 T 5 R T
Ge LK A= 0 45 W) (B R R A5, 1997 5 388 0 R 55
2005 ; i 455 45,2005 ) s Ho Pt AR h E 46 AR S X
A8 B (RD) 2 -

E =T xC,=T, xC./C, (2)

R]:L%Ei (3)

A (2) B, Ny i A SR VR AE A S U R AL

T, Ay E 4 Ja W) A P e L PR, i e 7 SR ) 7
KV R AR W) o 4 i ) SRR B, B R BN T
As=10,Hg=40,Pb =5,Cr=2,Cd =30,Cu=5,Zn
=1,Ni =5;C; Jo—F 4B 15 Y650 C) AT
HA A JE S C, S E AR T S (TR
G345 ,2008 ) o AR I PO I8 10 AR W) 46 R B
BE SN NS . HE R IR AR S X AE B
(E,) ERE A R A8 BRI ) B X 7 (4 9 76 A2 25
WA WL 6,

x6 BOREGEELESREITENIENSHRicE

Tab.6 Individual and general indices and grades

of potential ecological risk assessment

- AT 4 ) e Y (R
' HE RS IR S % Ol i 4
EL <40 Bk RI <135 L35S
40<E' <80 rp 2k 135 <RI <265 rh 2k
80<FE' <160 i 265 <RI <525 Gy
160 <E! <320 R RI=525 ey
320<E; (et

T ol LI, e PO R 2 TR b 8 A
45 JB U R TR A S XS F5 £y - Hg > Cd >
As >Pb >Ni > Cu >Zn > Cr; H v He #9778 A= 45 X
W45 B 8 s Gedy vh e ok, 28 BB O 16,00 ~
317.33 F-B{E A 127. 45, J& TR A S KU 45 9%,
S T IO 80 5 3 S A 2 XU Tk L o

KT BHEHRERRYDESBNEBEESREISE

Tab.7 Potential ecological risk index of heavy metals in surface sediments of Nansihu lake

Ei
WK S% r RI
BB S As Hg Pb Cr Cd Cu Zn Ni
. 9.99 66. 67 6.28 0.63 66.23 4.03 0.96 5.00 190. 50
P i i 1 i 1 1 i 1 1 1
FH 31.72 317.33 11.15 1.12 128.57 5.25 1.40 6.59 495.38
1t
Py 20.05 146.07 8.55 0.85 84.85 4.54 1.08 5.86 271.84
10.53 106. 67 7.93 0.79 42.86 4.12 0.94 5.47 197.08
ZH—]\ 7*@[%] Q 1] ] 1 1] ] 1 1] 1
1 21.60 288. 00 9.42 0.94 89.61 5.93 1.16 7.61 378.76
]
i 15.53 110.67 8.54 0.85 61.04 5.35 1.07 6.44 245.04
11.88 66. 67 7.28 0.73 70.13 3.27 0.76 4.32 165.05
iy—]:”: 7*@[13] Q 1] ] 1 1] ] 1 1] ]
K 20.89 125.33 10.07 1.01 97.40 5.33 1.17 6.78 264.29
fE 16.65 105.78 8.64 0.86 87.01 4.33 0.96 5.38 229.61
12.89 37.33 7.07 0.71 54.55 3.33 0.74 4.50 121.13
iﬂlﬁ 7*@@] Q 1] ] 1 1] ] 1 1] ]
L 26.15 205.33 11.28 1.13 101.30 4.93 1.06 5.82 346. 82
YoMl 18.77 124.00 9.00 0.90 83.77 4.29 0.94 5.19 246. 86
) 15.19 16.00 6.50 0.65 42.86 3.04 0.76 3.91 93.19
3 5 2 ? i 2 ! i 1 2 2
1 33.24 162. 67 10.07 1.01 175.32 4.04 1.05 5.62 377.75
]
¥t 22.63 98.67 8.33 0.83 101.86 3.69 0.90 4.84 241.74
Moy 19.21 127.45 8.56 0.86 84.10 4.46 1.00 5.59 247.02
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T DU A TORR 4 B 4 J BRI K, B, Hg \Cd T A
A SRR BT 127. 45 84, 10, 24 R 4 5 R
B SE G, 3% 2 FhoCER A R PO AR 25 XU 32 2 DTk
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Spatial Distribution, Sources and Pollution Assesment of Heavy
Metals in the Surface Sediments of Nansihu Lake

LIU Liang, ZHANG Zu-lu

(School of Population, Resources and Environment, Shandong Normal University, Jinan 250014 ,P. R. China)

Abstract : In order to investigate the concentrations, the distribution and the pollution characteristics of heavy met-
als in surface sediments of different areas in Nansihu Lake, 29 sampling sites of surface sediments were collected
and the concentration of 8 heavy metals were analyzed. The sources of heavy metals were discussed combining with
the methods of principal component analysis, correlation analysis, and cluster analysis. Meanwhile the pollution

status and the potential component risk of these eight heavy metals were evaluated by the geoaccumulation index

(1

geo

tents of As, Hg, Pb, Cr, Cd, Cu, Zn and Ni were 14.41, 0.048, 25.69, 71.10, 0.22, 30. 14, 87.55 and
35.33 mg/kg, respectively. And the contents of As, Hg, Pb and Cd were significantly higher than those in envi-

) and Hakanson potential ecological risk index (RI)). The results are shown as follows: (1) The average con-

ronmental background values. The heavy metals distribution of surface sediment indicated a higher degree of pollu-
tion in the higher lakes than in the lower lakes. (2) The results of principal component analysis, correlations anal-
ysis and cluster analysis showed that Pb, Cr, Cu, Zn and Ni were natural source elements with homology while As
and Cr were human source elements with homology. However, affected by natural geological background and the
dual impact of human activities, the main source of Hg was different from the other seven heavy metals. (3) Based
on the assessment result of geoaccumulation index, the pollution degree of heavy metals decreased in the order of
Hg >Cd > As >Pb > Cr >Zn > Ni > Cu, And the pollution levels of Hg, Cd, As and Pb were from non-pollution to
middle-level pollution, but other elements were non-pollution. (4) The result of potential ecological risk index
showed that the ecological risk degree of eight heavy metals were as follow: Hg > Cd > As >Pb > Ni > Cu >Zn > Cr.
Hg and Cd, which were the main contributed factors of ecological risks, had higher level ecological risk, while oth-
er 7 heavy metals had low level ecological risk. From the comprehensive analysis, it was clear that Hg, Cd, As,
and Pb were the main metal causing pollution in surface sediments of Nansihu Lake, and the pollution levels rank
(form high to low) of different water area was Nanyanghu Lake > Dushanhu Lake > Weishanhu Lake > Zhaoyanghu
Lake.

Key words: sediments; heavy metals; spatial distribution; pollution assessment; Nansihu Lake



