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Occurrence characteristics and bioavailability of heavy metals in surface sediments of
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Abstract. To investigate the occurrence characteristics and bioavailability of heavy metals (Cd, Cr, Cu, Zn, Ni and Pb) in the
sediments of Lake Gehu, total content, speciation and bioaccumulation of heavy metals were analyzed. Results showed that distri-
bution of six heavy metals in the surface sediments indicated the highest degree of contamination in the north region, followed by
the south region, and the lowest in the central region. Ni, Cu, Zn and Pb contents were significantly higher than background val-
ues, which were 4.77, 3.89, 2.96 and 2.76 times higher than background values, respectively. Total heavy metal contents were
significantly correlated with contents of clay particle. Speciation analysis of heavy metals showed that bioavailability fraction ( sum of
acid—extractable, reducible and oxidizable fractions) followed a descending order as:Cd>Cu> Zn>Pb>Ni>Cr. Bioavailability frac-
tion contents of Cd, Cu, Zn and Pb were 84.15% , 78.47% , 76.50% and 78.47% of the total contents, respectively, which
showed a relatively high potential ecological risk. Cu and Zn contents accumulated in Bellamya aeruginosa were significantly higher
than other metal elements contents. Correlation analysis indicated that only Cr and Pb contents accumulated in Bellamya aeruginosa
had significant correlation with bioavailability fraction contents; it turned out that the heavy metals contents accumulated in organ-
ism were not only related to the bioavailability fraction contents, but also related to total heavy metals contents in sediments. There-
fore, it is necessary to consider total contents and bioavailability of heavy metals contents when we evaluate ecological risk of heavy

metals in Lake Gehu.

s E RS e SR TR LT (20122X07103-005) BN, 2015 —08 — 16 Wk ; 2015 — 10 —28 W& M. 14
el (1978 ~ ), 5B ,Wj: B $Z ; E-mail ; xmbao96@ 126.com.
wx BIEVEE ; E-mail: njauchao@ 163.com.



ALY KRR R E &R WA A AR B A A Rk 1011
Keywords; Sediment; heavy metals; occurrence characteristics; bioavailability; Lake Gehu; Taihu Basin; Bellamya aeruginosa

FARICE R TR P BA B K 5 SR R e S b T 2 3 e R oG . 4 T i
RWER TR, B R WOUTR T, 30 REE — 8 B A N IR R B K M )
Bt XK A A 7 A SRRSO AR R A W B R OR S R — A B AR R, A
DABET IR DR ) 4 TS AR R R, AR R R RIE RS B 4 8 ELA R [ 9 2 W sk B
PED R TR E 4 I AR ORI AT TR TR P T 4 A0 TS YR Bl R v ) ELA T B A4
H. WS A S RGN E A SR, KT FOORY R ZE, A m AR e, )t A A4
AR IK ERSRE 122 X MRS S W R 2 DU B0 ST YR L B B AR R R AT Rk, B
FELRAWIAR RN T GURGFRHGE Y ) o AR X T 41 4R T M 5 4 IR 1B A DA R A
I (VAT A s VA

B (31°29' ~31°42'N, 119°44" ~ 119°53"E) AR VG A , J2 75 g b DX A9 565 — 8. Ao 4 V1 = A I KA
TRIRVGTS, M T BRI IX PR RE. WA AR 164 km®. 8912 WA 503 K I, BUA KBRS %K IR iRk
TEVR IR K7™ S50 AN 2 LR 4 2 Rl DA™ . 3T L AF Sl Bt 25 i 190 ] T e X 228 3 %) Xk 2 8 A nk 1l e it
TR, T AT Y s AN, e K A TS AR B H 25 R, 4™ B R B K AR AR S IR K
H A 5 T T WA V8 2 2 RO A o B 52 B AT V5 S I S TE TR A A 1 R A 4 BRI ( Bellamya
aeruginosa) M AR T2 AR DISE G UUBUY oA HURE I | 40 T8 R 386 28 A6 (R I W ARk s, L4 4%
AT AMEKUNE T B s 2E G PR S s T R AR B TR W aE v B AR, BRI
W TR K A AR 2SR GE Y T 4 R T YRR A

FHT, A1 TR U I 9 B4 PR B FR 3R LA Rk A A B s i TR LR I 4 R I ST 4
U S A A A A R DA R T A ) R SRR AE AR . AR SC AR I SR 5 X 4
REVIEY) P Cd Cr.Cu.Zn Pb A Ni 6 FIESETHMNEE JEELKAERGEARBEP Y EETE,IHE
TEARSEPEAS AT, X 2 E VTR 48 09 R WA SCPE A TR, DATA IR W T A DT R ) o B 4 e 7 IR
75 YR A AR AL SRR

1 RS

1.1 HRRE

T 2014 4F 10 A LETRE MRSV FRA AL YA i, 43k
A 9 MRAERCIE 1), 70 BN ARSI (G1,.G2.G3)
WX (G4.G5.G6) FIFgFR I X (G7.G8,G9). Horr ] X & /)
FEMRA A TR, FbF 8 D0 o 35 3 DX R TS
et AL Sl X K 7 % 5l % 1) 15 BOK AR X B 22
T PSR 18 DX K A A I i R iy, K AR X e R T A
FRRVEETRERZ 10 em WTTRRIIFET B RENRZ TR
FEAR A G R AT OO F 48 3 B, AR PR A7 [ 5
B % AT WAL IR K A0 ()4 SR P AR A5 2R R Y 4% SR 2R IS 3
Yy CREIREIR) , BAFERURE 6 WIR G W— M FER R R 4
1k 60 H e e i 9 B i U , T A Hly o] S 6 = A T 0 k.
1.2 BB RS THE

RAE M UURRIIAE i 208 VR TR AL VR T MR )5, Ze g
BT, EESREBTER BT AL 3 200 FE L0, W7 45 . R Pl 1 3BVRAE 0 i
S B REATRE S B F 0 45 h A 5 R T Bk 1 B T Fig.1 Location of sampling sites in Lake Gehu
PRIV O T8, Z R TETC R A & B EAT &), BT 7]
V5 5 B MR LA S BT R, SRS R T BB ATF AR I 2 AR, A7 48 . DORRY) o 4 i TR 25 SR U SR T Wt 1k

— 7

5km




1012 J. Lake Sci.(#7#%),2016,28(5)

FRAEA) I SR B 1 (0 = R DU AR BGE N TiFR BCR 2, K 5 & SR I A 00 Ry 59 R AR A | T JRUAS |l Ak
BRIBAS T 3 FIEAS T HE Y TR SRR S A A S DURBIRE S A R N A5 T S AR U
4B ITE A T B A 3 TR RN (ICP-MS, Agilent 7700cx %) M5E 17 . S f5iE 20 A A vE A 1
) 26434 1 o TEE) 5% e J S 0 0 3 o 2 7 P 0 DR A M 2 BBl it T8 R b ) 5T ( GBW07436) , %5 4
JBICE AL FHETE 94.1% ~ 119.9% L HIN 175 3 E EPA FRifEZERAY 80% ~ 120% 13 il

TURRWIEAHURR (TOC) A R A A R 25 b el s ™) ORI B A FH D [ Malvern 2 7] A9 Master-
sizer 2000 FEUBOGRLEE AT AT 2 R B <2.00 wm M EL 1, R LE 2.00~63.00 wm 2 6] A D,
FiE>63.00 wm HAPER.

2 HR 5T

21 REMBYEBEUERRELES

DB 54 R SE IR BR 15 Ye W VR AL, TR b B RS AR & A — R BT L AR s i X 1 4 )
BRI A A LA R 4 TR AR R P AR Y TR 2 IR P S N 10.11% ~ 14.82% , By ib A
HIE N 80.98% ~88.11% , WPBR S HEVE N 1.57% ~6.62% , WBH - & B my 2 [al 43 A e, AL BT X > Fh 3 b
X >FHRM X, SE & 14350 13.57% (11.31% 1 11.09% . TOC &35 B4 4.31% ~15.43% , B aB il K &,
X iR 13.59% , AR, e300y 7.68% |, Rl K AR, 44 At 5.28% me/kg(F1). 6
AE 4 )& (Cu.Zn Pb Cd Ni Fl Cr) A9 5 L 7514 31.02~82.03,90.24 ~ 185.73 ,25.50~63.36,0.25~0.75 ,
38.29~84.05 il 71.99~168.32 mg/kg( 3R 1) ,6 FIE 4@ AR I AW X H 48 & w730 2R
HREM 3.89.2.76.,2.96 2.44 4.77 F1 1.91 1%, Fh0 0 DX A g &80 X 22 S 8/, B FE I X Cu Zn \Pb . Cd 4
T4 J 5 e W 5 rP T DX I X N R Cr R T R AR X, &R is e RSk R 3 M IX I 2
H Ni BB PR B EIOR &, FLUUR: Cu. TRIIAGHS 130 B ] R Hb DX 30 B0 Ak R A o DR Tl £l By PR R A2
T 15 KR b 2K R a3 AT A2 B0 AL 5P B 48 5 YL i E B i A

1 RIUURRY) B BT M o

Tab.1 Sediment properties and heavy metal contents in sediments of Lake Gehu

. . e oo G/ T/ Pb/ G N/
DL R TOC Bk B B ey (meke) (mg/ke) (me/ke) (meke) (me/kg)
JLHEMX Gl 7.63 12.35 81.03 6.62 82.03 154.21 55.87 0.75 84.05 168.32
G2 7.45 14.82 80.98 4.20 74.66 185.73 63.36 0.68 75.93 136.00
G3 7.96 13.54 82.47 3.99 64.14 150.38 54.16 0.55 64.65 150.01
FEBIX G4 5.47 12.93 84.97 2.10 43.89 120.95 30.88 0.41 58.93 98.60
G5 4.31 10.23 83.72 6.05 31.02 90.24 25.50 0.25 46.20 82.30
G6 6.06 10.11 86.91 2.99 36.94 100.58 35.33 0.43 38.29 77.80

MWIX 67 1036 11.03  87.64 2.10 50.78  125.21  40.54 0.39 50.98  92.56
G8 1498 1032 88.11 1.57 4072 111.05  37.42 0.53 40.65  81.27
G9 1543 1258  85.35 2.07 3545 10276 36.57 0.42 43.47  71.99
GEay — — — — 18.90  59.20 19.50 0.27 1570  79.30
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Tab.2 Pearson’s correlation between sediment properties and metal concentrations in Lake Gehu

TOC it Wik Wk Cu Zn Pb cd Ni Cr
TOC 1.000  -0.066  0.447 -0.581  -0.161  -0.137  0.018 0.106  -0.329  -0.302
F+ 1.000 -0.711* 0.112 0.663*  0.813" 0.718*  0.570" 0.726*  0.630"
bRl 1.000 -0.773* -0.730* -0.700* -0.662  -0.572 -0.856* -0.812*
HOER 1.000 0.477 0.294  0.320 0.294 0.591 0.607
Cu 1.000 0.932*  0.929™  0.893™  0.941"  0.947**
7n 1.000  0.946™  0.829*  0.874™  0.841*
Pb 1.000 0.890  0.799**  0.837**
cd 1.000 0.776*  0.803**
Ni 1.000 0.938 **
Cr 1.000

i FORMIR I 0.01 KF LR, « FORMKREAE 0.05 KF EBE.
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Fig.2 Distribution characteristics of heavy metals forms in surface sediments of Lake Gehu
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Fig.3 Contents of heavy metals in Bellamya aeruginosa from different zones in Lake Gehu
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Tab.3 Biota-sediment accumulation factors of Bellamya aeruginosa to
heavy metals in the sediments of Lake Gehu
X sk JE¥a Cu Zn Pb cd Ni Cr
JLHsHIX Gl 1.56 1.57 0.02 0.21 0.02 0.01
G2 1.97 1.04 0.02 0.21 0.03 0.02
G3 1.36 1.23 0.02 0.20 0.02 0.01
rhER X G4 3.62 1.89 0.03 0.32 0.06 0.01
G5 2.90 2.21 0.06 0.24 0.04 0.03
G6 3.38 2.00 0.02 0.09 0.03 0.01
R R IX G7 2.26 1.88 0.03 0.23 0.01 0.01
G8 2.70 1.55 0.02 0.09 0.02 0.00
G9 3.55 2.34 0.03 0.14 0.03 0.01
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