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Abstract; The distribution of internal pollutant such as sediment heavy metal may have large difference due to the heterogeneity of sedimentary between
estuary and central of the lake. In order to compare the difference of sediment heavy metal fractions from different hydrodynamic action areas, intact in situ
sediment cores were collected by core sampler from the center and estuary of Nanyang Zone from Nansi Lake. The inter-relationship of metal fractions and
their correlation with sediment physicochemical properties was studied. Besides, the recent pollution level and potential ecological risk of heavy metals in
surface layer of sediment were also evaluated. Results showed that except Cd, contents of Cu, Pb, Cr and Hg from estuary sediments were higher than
those from sediments in the center, due much to the fact that Sihe River is one of the main pollution sources of heavy metals. The vertical distributions of
metal fractions did not have similar distribution patterns, and the contents of residual forms were the highest. Among the five types of heavy metals, the
content of residual fraction of Hg was the lowest, accounting for 30% of total content with higher mobility and ecological risk. The results from the
geoaccumulation index and the potential ecological risk index both indicated that Hg and Cd from surface 0~4 c¢m sediment layer at estuary and center of

Nanyang Zone had high risk, while Cu, Pb and Cr had low risk, and the pollution levels from potential ecological risk index were higher than those from
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the geoaccumulation index. Correlation analysis showed that most correlation coefficients of the total content, exchangeable form content, organic and

sulfide binding form content and residual form of Cu, Pb, Cd, Cr, Hg in sediments with sediment porosity and organic matter were positive and negative

with grain size of sediment, while the carbonate binding form and Fe-Mn oxides binding form with them were in any size, reflecting no significantly laws.

Keywords: heavy metals; fraction analysis; risk assessment; correlation analysis; physicochemical property; sediment; Nansi Lake

1 5| & (Introduction)
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Wil , JRE B K B0 56 1 4 R 75 G i IR 5 07 S ((Palma
et al. ,2014; Fukue et al. 2006 ; XI| B SE 2007 ) F
GERIN, 4 JE AL 2 iR AR g A IE KA, OF
it — R ANV AR T AR R SRR, bR
T R UKL W B, DT AE — € WK S 1 551
iz IR R T ORI b  TERELE 55T, 99% 1Y
KA 4 JE AR DL £S5 AR 25 D0 B A7 4if ( Hang
et al., 2009 ; Salomons et al.,1995) XA & , A
T 1 ORI A 2 8] 3 A5 A2 A B A 0 XS
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Wy I A SR A 22 (2 T AR, 1987 5 3 LT
45,2009 3% — R 51 PR 5 38 P DXCIAS ] A T AR
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A AN, R FIR e T HAE IR R G B
MG, G HVIOE T EEBIERE T A] fEn T
FEARAT Ry VAR REVE AN AR W) T R A (EEIEAE 2011)
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45 2010, 253845 2012, 25354, 2011) |, i 60 1 X
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2 ##E5F % (Materials and methods)

2.1 RAEEHIE

A UK AR A6 L T R AR K TR K I
FHEE BE L B BRI 4 480 DXRH L ER B T
SRR 1.46 m, 2 K AL R 2R 48 TR ) 1 22
BAXAL, TR Z ] Y A S A2 2 i T . e P 7
TR DU b, SE R T, 7E 4 NI S Y
P AR AN DG OR R B % 58, IF R T R R AR
DX IR 7K B0 0 25 S, 4 AR B0 DRG] 3 1 IX
BEEARFMERAE S, HARA B UL 1307 11 R
DX RFE 5 1 2 46 5 43 ) . NYHT (35°13711.0"N,
116°39'51. 1"E ) #1 NYH2 ( 35° 9’ 26. 7" N,
116°39'50.9"E) , R Af B} A& B8 W Ak UL AR 9 1) 43 )2 il
PP BB T3 B AN [+

o N
Fm 4
U
i) ;‘q 1
¥ )
X B,
) it
B\
ko
M T e

B 1 FEMEMXRESSHE
Fig.1 Sampling point distribution of Nanyang Lake
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2013 4F 4 HFERME S HARIRTUR Y R A (3
H ¢85 mmx600 mm A HLIEINE ) REVIRYFERE,
T RUORAE 3 MCPATAE, AR S AL K W S PR
vig AR IS SEFE 5, 3 B, /0ol SIS == AR
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FESEA PE 48 iP R A7 5043 DU T BRAL 48 A A 0
B, Hodr ) LB HE T 3 U € ((Urban et al.
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2003 ) B FH SO R BE AL A3 T (B R 7855, 2013) 5
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Fig.2 Vertical distribution of sediment physicochemical properties of Nanyang Lake
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5 YL T X 5510 X Cd 598 25 3 1) 43 A AL
ANHH U B PR W X AE 10~20 em SRS & i
B S R AIR, VT BB AZ RS e B Sk 380 DX A AL B
g G2 S e R ) L A 1 XK, S
XA PR, A HLI 7 5 = A — 3

324 CrHAEHMAARE CHSMESETE
DIGRE s 25 G S £, b HAE 80% LA L, kA A
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T R BT 48 A ) 8 VD B0 T XA R R T ) L I
O DX AT 1T X 4 i ] 22 40 245 R MILITE B i AL W &5
HATE 45 em DL BN B, v RE 5% 2 TR Y
FLBRRE R, 45 )2 HH B AZ H 5 i 458 KA K.

325 Hg BWAEmMpMFHME Hg KIESEEY,
Bt s 456 A 0 LUK FE 30% 224 HABIE A&
RIS E A M sh MR % B A 0 X AR
B A A R LR R iR Z 1 T
A T DB T R 5 5 A A ) A A BRI B
A BB -5V [ X 32 1A A 4K A 6.

3.3 RENRMWESLET LG ITFH
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FEEE RS TAR Z 1R 5 vk, A R4 Bk 5
B EIRBOL N RS AT M 2 WL 1
Rk RE S AR EDULRY 5 4 R 5 e 40, (3%
FEMER B TR AN EERBEU S A A
YA SO AT BT AR L B8] B b 3 s ) 25 S SRR A
REAS 25 & ROV TR Y vh i 4 T X AR AR R B A 5
A Y A R B TR WM. Rt L) st AR 2R
TEEC(1,., ) FA 2SS 5 58 (RI) AH B RN FEHEA T XU
MY R B (YR 45,2009 ; 2L 7 45,2008 ) AR
T L) i DX i Ay BT 2 ST I ERLOkG, AS B 5 SR
BT DU Ak 2 e R & A A WA iRy
TR TR T SUE, BAR DL 1 (CIRIA 5%,
1998 ) . 7 VU I8 8 455 Jag A= 49 8 4 i 1y PRl 5431 4 < Ca
5,Pb 5,Cd 30, Cr 2, Hg 30 ( Ik %5, 2008 ; 43 4 |
2011) . FRJZ VU XT b K 5w 5 oh B4, 3 IR
JE— B NFRIZ 3 em A4, AR SCERERIZ 0~2 om Al
2~4 em W ZUTRYE 4 8 & S 00 P EIET T 08T,
1B TCR 1 B i M R B R (WD 4 s S
T 5 SEILE) AR LS AKX (F
20145 B AN, 2014) TR Z TR 1, A
WA SIS H T E, A A XU 48 51 RT, 45 538 00
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MFE 1 ATLLE M, IR & ESE S 5 EE
RECG AW R (4 &, 2011) ,5
FocE Y, He 1Y 4 5™ 3, W H X (NYH1) Filib)
DI (NYH2) 08 4R R0l ik 11.01 F11.86.
&2 v R AR SRR B0 X TR Y = 4 JE T it
PR, Cu ZETT T X (NYH1 ) 5 YL F2 B8 oy Jo-wp ,
T X, FBWIATAT 52 Cu V5 Y] fEME ; Ph 75 4L
FEEE S T ] 1 X F 0 X Cr KA T5 5, Cd
55 Hg #2001 53500005 e 5 4 0, 3k 3] rp-ai 75 ek
-, 5ZEAAF (2012) BIBFITSS SR — B0 NI AR B A
B TR, T X500 X R JZ TR Cu Pb Cr
AR 255 Y 10 X Cu 3 B B 38 BT
() TCT5 Yo AR i e A S FE AR EOTN I B s Y,
VLI TE AR S fE FEIEOEM IR R X5 1 W= £ 1Y
S 5 A AURR W R AR S AU BT d 5 Hg 435
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FIE A BTG Y e F, o He JE 5 BB A S XS
Rk, (HX — 551875 5 B RIS Hk 45 G 1A
AN IR ESE TES S EREK,
FIEBITBALRE A PN I TR 2B % 8L
PR 28 A BT LA 2 XU A T R 2% A 7 (1) SR
85,2007 ; FHAREE 45 2012) . RS BRI X DTERY Cu

Pb . Cd.Cr Hg BIIE 570 M43 M1, Cu Pb Cd  Cr %5
AEEP R AR E S R, 278 50% LA
b4 FOTRAERE A Y AT M A R AR
I A KU B T RETE AN R Hg BRI RRAR 25 5 28
L 309% 7t , A 0w B R 1, A7 A8 A= 25 KUBS AR X

x1 FERBRERRY(0~4m) ESEREREERHY

Table 1  Contents of 0~4 cm surface sediment heavy metals and their enrichment factor in Nanyang Lake

X It/ (mg-kg ™) HERK
RAL
Cu Pb Cd Cr Hg Cu Pb Cd Cr Hg
NYH1 96.77 29.16 0.326 73.27 0.165 2.95 1.94 4.23 1.22 11.01
NYH2 44.46 24.24 0.339 71.88 0.177 1.31 1.62 4.40 1.20 11.86
W/ (mg-kg™") 33.90 15.00 0.077 60.00 0.015

®2 EEMRELRY(0~4 om) HRBIEH 1, REEESRBIES RI

Table 2 Index of geoaccumulation (1,,,)and potential ecological risk index (RI) of heavy metals in 0~4 cm surface sediment of Nanyang Lake

X TTEA S KK T E, MR REHL L,
J=¥ia RI
Cu Pb cd Cr Hg Cu Pb cd Cr Hg
NYHI1 14.75 9.72 12690 244 33031 484.09 0.93 0.37 1.50 -0.30 2.87
(Bt () R (B () (58) T(-H)  (F-) (P (7o) (th-ik)
NYH2 6.55 8.16 132.00 241 355.82 504.85 -0.19 0.11 1.55 -0.32 2.98
(Bt (B R (B () (38) (k) (Fk-H)  (H () (th-3k)
T T T YRR
PLEPRP 7 200 5 4 B TS SR IEA IE A BASEIMUOK T IR A A, BHEA SR I LA
56—, BV LT AE AR A KU 8 B0k E R BLT S 43 iR A5 WA B 28 3 1 19 TE AH DG TR A

HIFEFEDEZ T AT & T MR E S BN E &, b
T ORI E 4 Jm VAR AR W dE M 0 s . AR
M 7 PR 5 K 18 8 3% A 5 7% T A 2 2 XU T
W ARG, 28R AH N T 2 1Y A 1 5 1 e
K Wtk — LGB IE , J13R 52 .
3.4 EABREMA L TR 3 100 o4 x %
A FEAT T X 5 300 K TR 42 J& Cu  Pb,
Cd.Cr Hg SIEE S & 5T YA E T (FLEBRE
AHLET AL ) A AH S 23 B W3R 3. fili 4 A 45
FLA B RACIAE K9 11 X 500 X 4543 2 85 58
— RPN 3 T LLE S FLBRUE AL S
LB A WRAFEAS T it D AH G R AU W EAE, IR E
HESBESWHXREZ AAHE IRy E SR
] B K A 4 5 1) B K RN L 8 K S THT A VAR B A
JEA G (X B 25 20105 2% 52 45,2008 ), FL B B
KEBUURR Y5 Y Wy ) L 38 K B B S e R, T
BRI Je W) & A IR AL & &
EOUAARBRAE A ML St Ak W 45 5 A W RAF L i
FRIE A2 R P25 e B 4, g DU 8 R BH 38 DX T AR
Vs Jeiss o A ML B, A LB R Ak ) 2

FEXo L I AL 2 M T | L R IR BRI R 1T A P R
SRV EERSE N I 5 e X VS gl g e W A
W RER RS DR Y s e ) & i A
TS F T OLT , OB WUk R A2 /)N | 8 B
PEARGS (SR AEEAE,2011) 75 4 Ja T 00 1) 1 4 1 B A
S3AE TR B h, T SE AT AL L R 2 A7
DURURE B RV 52 ( Lee et al., 20065 Wang et al. ,
2006) , X WAAIE TR 5 H 4 WA 1Y 67 A SC .
FLBREE A AL [RIRLEE A OC R E053 0 - 0.462 il
-0.575, 43 HI7E 0.05 K F-F1 0.01 /KF-2 A&, &
BFDAE 2B, L B R B /N A HIL R 5 o AR A HL R
I R B 2% G AR A R DURE [ T OO (R 6
85,2001, PRIL R BE B /0N, X6 A ML IS A 18 A 1
A FH .

FLBRE AL S MhE SR ITR S aJEn]
SRS FRE S 2 A A A O R B IEAE, T 5 gk
AL AS G AR OC R ECH TU(E. B Ibe 22 %5 (2009 )
IR ST R BT, MnO, 7 &5 b B 4 i 7 it ) 122
RZ— AN S ALY R s 68 2 IEAC,
HE—E RO A AU ] LU R TR v 4 e A
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o MO AF I 25 0 32 B ER BT 5 W [ (g o A
2011) LB A VLTS iR ik 45 A S X R H
EEEICRM S, A U DA

Cu.Pb Cd Cr .Hg JTLE B S5REMH RN
TUE, TIBRAR MK, B 4 R & B L, X 52
B2 (2012) X KIT =M MU HEE L T ESE
ol 7 ) AT AR 5% 5 SR — 3 B A 45 (2014) X4
X R I , 4 JE JC R TR AR g L 1) R
VT S 5 ARG AR 3 0T LA ), DU R
XF 42 JE T A A BRI AR S B LY KR AL
B AR R B A . He A1 Cd 767 FHIBI X 75
YAy Ah 3 Moc R i SR TR
FHOCE B 58 (AH G R B9 -0.479 F1-0.637) , 3%
HH Y5 Y 5 1 (1% T R 2 00 85 1 5 I O Dk B WS b R
SRR A AL 25 B B SRR A DG M R
AR T H IR ASWRRIE, SR B IEME, K
NG BRI A MY SRS G R EEZIMN
P R A R S LS TR R AR A&
S5ELBEE A WL BRI A 6 Kk R 45 5, LR
3.

ZEA LR A SR A AT & B, LI A WL
R 5 H 4 g 1) WA A A TR] %) FH G 4. g Y 30 R PH
T 1 50800 DO R 4 B0 P R 22 S 0 W, FLpR

JE LSRR A K S, R, X T [R]— i8]
DXAS [RITT AR FR458 DX 3 ) T AR 4 1 >R BROAN (] 3 B
&N T 8 G Ye IR S OB B JE I L e
X R 2 TR BRORE B o R FLBR R A HILT & i
B, AR 15 4 W 1 A7 N SIS, AR A TR IS
JE 15 Y ST AT REEE /N W00 X A AT BEAH S AH X —
SR TE T 4 AT IR S B T 1) 40 A LA I AN B
88,3 AT RE ST A 75 G BUIR B2 i BT AR I R A
(P 2008 X B4 2013).

HEETRESLE S /R FLEE A LT R
JE 3 FUUBU AL HE bR (B] A A DG R B 5, H =
Xof A X 35l T 4 S A 1 2 i R/ 4% 57, ik R B
FUARIRSE I B 24 e AR SR B T 3 AN 2 i bk
() AT AT, B2 1 4 R 45 TR S A 1 A
HIRZ , ANUTFR Y TAH 0 0 4 O e R
BT SA A 1 B i A A5 3R 2 (A A B R e 2
I 55 5 — PR 2R [ 7 4 Jm B 25 i 22 1A (R AR 56, 4
LA 7 (B A R % O v (DR AR , T BE A 58 A IR B
Rl 5 0 4 T R AE TR A5 5 e 4 kB R 4F
(2005 ) X Fg A UOBLE U T 42 JE OC FE I
N, EERITR GRS & BRI, i, #
SEE 4 R AT SR IR R AN UE 2% HAT 55
RE.

£3 NRMESEERSEENERAXESH

Table 3 Relationship of sediment heavy metal forms with sediment physicochemical properties

B e BRAR E A ALK B i Ak -
B EREE EREEIN LA &3 &EHED e
Cu FLBREE 0.282 -0.395" -0.377* -0.201 0.201 0.242
A AL 0.392" -0.530"" -0.103 0.480 %" 0.093 0.216
i -0.088 0.031 0.332 -0.215 -0.184 -0.279
Pb FLBREE 0.418" 0.079 -0.248 -0.388* 0.128 0.054
EERiING 0.340 0.146 -0.103 0.529 ** -0.108 0.167
i g -0.098 -0.379 " 0.760 ** -0.142 -0.319 -0.327
cd FLBREE 0.414* 0.557 ** -0.818** 0.672** 0.354 0.590 **
AL 0.355 0.681** -0.840 " 0.754** 0.311 0.627**
i -0.374" -0.557"" 0.485*" -0.469 " -0.462" -0.637*"
Cr FLER S 0.914"* -0.835** -0.409 " 0.586 ** 0.047 0.286
AU 0.971** -0.804 % -0.451" 0.620 ** 0.104 0.156
LR -0.581** 0.301 0.497 ** -0.382* -0.378 " -0.473*
Hg FLBREE 0.374 " 0.031 -0.072 0.168 0.241 0.166
EERiING 0.079 0.119 -0.039 0.188 0.013 0.118
HLE -0.485"* -0.139 0.017 -0.113 -0.375" -0.479**

TE:n=28, *7E 0.05 K- (XU L RIFHK, = = 78 0.01 A (BUI) L REH K.
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4 58 (Conclusions)

1) B VY98 1 P DX 3T 11 45 9800 O AR 0 FLBR B
A HILITT B FE 3 ] 43 A R A I i 25 R 0.0 XD
FRIFLIR B 2 A ML S B0 38 )2 1) 1 348 7 R A1 1)
B T X UURILE 45 em LU EARAE LA
H IR AR B0 X R AIK, 45 em DU & SRR
TR DR IO DX AR e B A A B R B G n
TV /N B R A AELT] 11 DX T R ey i T 8 s X
K, HEEREE AR I sk,

2) & Cd &b, X UL Cu P, Cr Hg & &
PIAE 00 DX W] Ay e I8 DX 4 S T e )
KRz — BEEESEA TR RIEMESEEE N
K, BR He b, 23 50% , He A 3 &S TR
PR AR R A 28 RS A R DR 4 JB 45 T3S
o PR B AR A A

3) MR B FEEE R, B2 Hg & Cd 1975
Y E , LKA Pb, Cu & Cr JoHH B V5 YL fE VB A
ARG ERREE o, B2 He & Cd 175 9438
L, Pb Cu M Cr MRS Je 38 75 R A fa FE 8 H0ok
TORNE TR N AE S B AEE 15 e PO F i B AR
FIREkm R A G AT U

4) YUY Cu Pb . Cd.Cr Hg 4R B &8
AT RS FR AR 25 A S RIUTRR Y FL IR B A AL
ARG R B Z S AR, [RDRLRE A ¢ R 52 hy 1 f
AL S A VLAY b 45 & A RO IE(E
TRIRELZE 5 A S LR BE A HLIT Kokr BE A DG 6 &
5 BN BE 30T 1155 300 OB A Bk 1 o 22 57
W1t DORRAY) 4 s TR AE T8 A 0 T 22 0], ] — 18
TAAN [T A5 DX S 0 ) PN R 5 G o R BOAS [
NEELIDOR: B

REEEENFF 0L B HR EZHET H A ARN/
AFELE, BAKBX0RE.
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