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1 2014 FIFIREALE S V 2 (EEHbMER ABE) , KAESL2Z 35,

HR, XA S A A S AT RD, 20002013 AEFFAAAT £ R IRWIRIFSE, &
BAETPEDIRAE 5E T Z e, BARITE AR E ARV M X TR 2 DB 4w 2
[ . RIS . ARSI G5 TH BRgE >, (XTI ST oA R . ER2EAE F 1996 4541
i T 200 % Mn, Cu. Zn, Cr fU&E, Mn Al Zn PEEI TR0 3 590 Fi1444.4 mg-kg ™',
Cu 5 Cr (P80 TR BE /K AN TG R . S /Nai A ™ R FH b SRR BRI 76 AR S XS R B0
T 2007 FFZ R0 —E 2NN E S B IS YEHE, SR L5 guis, feEASKE FEEokA T
Pb I Cu, 2007 S-AEAESKISTEE RT N 40.83, ASKEHN. ZEFRRZLER =, 5 AFREA L
IS e RS () S B

AW A AT R EHURFIRE DR H As, Hg, Cu, Zn, Cd. Pb, Cr %5 7 M4BT
3L, BRHAS R AEREE, FIWCH BRI, 25502 b BRWE RO e SR USHE BRI — 2 TR
Yy AT B4 A A S KU A A= e iy, A B i B 4 R R B4 . KA 2SR S5 3085
R BRAE TR RIS, ] 4t T i Ky T s A Jm s Y S it 22
1 MR5EE
1.1 fRXEHR

WL I SR 1 SRR X (115°14'00"E~115°25'42"E,, 299451 1"N~29°56'38"N)) 1/ T 47 T PHr AT
R, RN, EEER . AREEH . SIS, TR S SRR R R RIS AL A AT K
RUHIIEHE, & PR A S R G A SRR X I BT B N R oK, SRR Bl
Wiz T, W 329.56 km?. $ERARK, REEFDKR, HEAEZ0E . KR, B0, Bk, A
AR, BRI 7265 hm?, M X IR DIXZ —o B E T S0k KRR, M
At B KRR XA, e, AR 16.9 C, 4T3 H MRS 1860—1 990 h, AHXHEAEE
62%~82%, FF-¥RE/KE N 13852 mm. RAEREZE, WISZITHKK, & WK 0 TFEE R FREK A
T, POUT b X P 7 SRR (s I DX B — TR TR ATEA 6 801.5 hm® (KR 1~3 m) o i BT ELAK SCukin
R, PR R 22.5 m, BARAKAIA 13.2 m, KA 15.5 m, KR 3.5 me TZERK . & M HFHi
KZETT, BEEKHER, o ez, /K2y 3 800 hm? KK 0.5~3 m) , - F/K /K mALAY
74% , HASRAMIERL T KA RIRITARE S, MR TR —a—5a . e i S 2%, 1R
P GRS HFKFREETHREX R ) (SPEI & [2000110 5) , RIBIKIREEINRE X ) h—fcta 2554 1X, 7K
Hbrh M2, HATRMIAKRIALN T Vv 2K5i4, V 2, FEAMERR N S,

1.2 HEX&ESHH

TEPIMIRE 20 RFES (LR 1), SRRERFE N 2019 4E 7 AL I AT IR SRR SERERE N 0~
25 cm [RIETR, BHIRTRLA 5 cm [RIBEFHT/ME, LA 0~5 cm (ETRISIESVE MR ZDIRW) . IRVERETH A %t
S BHER AP E SRR N AARRT . B, 1 100 BJE i 7 T A BHASrh R, HeiebR
e, Cu., Zn, Pb., Cr R KGR TS OEREEME , Cd R S8 b TS/ e E R
Hg 1 As RHEFHOERME . BRI E 3 AFATEE, AR INT 5%, Z5RBCEE,
FEFE AR 2 A SEgR a2 AR, DU 25 RIS T T FRE ek B . Cu. Zn, Pb. Cr. Cd. Hg fl
As HOR HIFR 435100 1. 0.5, 0.1, 5. 0.01, 0.002 A1 0.01 mg-kg "o 43#rad B2 A R YT R b v FE
GBWO07423 #f7iiidsl, K2 mnRBICEN 86.7%~106.8%

1.3 ESBSHRTN A
1.3.1 3} RER¥HE

b R R R WA S TR T G R TS Y E SRR T 1., (M ERBURED) AT L K
HERTTR, HZPHEE (1., BITREARI (1),

Iy, =10g,[C,/1.5B,] (1)
K. C, WITHR n RV RSN BT 5040, B, MIZICR MRS 5HE . KITHE0K R
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Fig. 1 Sampling sites of the Wanghu Lake
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Table 2 Grade standards of potential ecological risk coefficients
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sediment quality guidelines, CBSQGs) JZ& iR %3 ESR—BUIETAEEE
WA W) RS Y BTN Y, CBSQGs 1 Table 3 CBSQGs of heavy metals
5 B {E 2LV 7% 12 (threshold effect concentration, CBSQGs/ (mg-kg )
TEC) MR GERLN & & (probable effect concentra- R TEC PEC
tion, PEC) . M yLBUM 4 i IR AL T - b .
TEC i, #MR EME IR T 25%, AN e o8 N
AT A F WO M R B T ' '
PEC i}, REMEA/EMIMAHH 75 T 75%, A4 o Y e
YRR R ITTREVEROR . T 4R — BT W o R 62
/ﬁﬁﬁ%‘? 3 F)fﬁ% Cd 1.04 5.76
134 4R R 5 5 o \ 2%
PR 5L BT K IR R AN B S 2558k B cr Q) 268.5

T (HEAGIHEL) (2011—2018) F ¢ BT H R
LTS R RGT AR ) (20102017 4F) 5 SEEGEHR AT EE ] Excel s AT AL 50343
Mrd FH SPSS 19 #4445 EIHE BRI Hil i Origin 8.5 AR 143 SRAFE AT /A7 RN & 125 [6] 43415 1 B 42 il 6
ArcGIS 10.1 %A%,
2 FER5NHe
2.1 ELEZTESIEHIE
211 R BRI EL B> H4FiE

R IR h AR I S R G W 4. As Hg. Cu. Zn. Cd. Pb. Cr% 7 MESJEILE
i 0 = T RVLIR UK RO Sl , PR EO AT Sl 4.9 5. 45, 5%, 1715,
L9 5. L8 f5AI 2.1 1%, 7 MEERAIVERABA/NIT F: Hg>Cd>Pb>Zn>As>Cu>Cr, 7857 REGHAFE
ISR SR, B WILDING™! XA S 2800525 nT /1, He JB& TR, XUl Hg 7EDIEW 2
[ ARANI ), ATRESZ 3 Xl s R b 2F 15 sl A IG S5 . Cd. Pb, Zn I AR E, As, Cu,
Cr WHFAE S

=4 MHRETIYESRRES ST

Table 4 The statistical characteristics of heavy metals in surface sediments of the Wanghu Lake

WH  fH/ME/(mgkg") WARE/(mgkg!) CPHEA(mgke) MRifERZE  ARRH KIEEUK RS SE" (mg kg ™)

As 28.2 48.3 375 5.6 14.9% 7.6

Hg 0.08 0.25 0.137 0.053 38.5% 0.034
Cu 85.8 129 108 13.6 12.6% 21.5
Zn 99.6 159 123 18.6 15.1% 73.6
Cd 0.19 0.52 0.283 0.084 29.5% 0.15
Pb 20.2 47.9 37.8 9.83 26% 214
Cr 86.6 133 108 12.6 11.6% 52.3

SRS A U 48 B /506 L (3R 5) , IIRY As Fl Cu BTt /385 A 6 1~ib]
A, Hg B USRS, Zn B80T, S53RFHHY; Pb BB ULTEHM, 5
FNFEERIA Y ; Cr BB TR, AR SLI PR SRR, 10 IR o 4 i i i 7 4
T TARIIFES ., Bk Cd. Pb 1 Zn 4b, MBI As. Hg. Cu Fil Cr BB 8034 & THITUTR
YIE A BT, SRR AR B AT GRS . R 2009—2011 472 4R S0 I e A Sk
BT, HERIFRESE SRR A SR8, E4EaREh KINERSSUR BN . hT
A AR B S 5 | AT, ST R il RE S Ky T TR IR A A s, s [ e
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Table 5 Comparison of heavy metals in surface sediments of the Wanghu Lake and other lakes

RIZVURYE G Jm P30 i/ (mg-kg )

LRl BRI
As Hg Cu Zn Cd Pb Cr
o ) 37.5 0.140 108 123 0.283 37.8 108 ABFY
Hi) 4.46 0.041 19.1 54.8 0.124 21.9 573 [24]
K 10.6 0.045 26.0 71.3 0.089 25.7 85.7 [24]
TS BH 13.8 0.080 30.5 97.1 0.278 40.6 65.0 [24]
2T 35.0 AGHI 50.0 124 0.800 29.0 115 [25]
i i) 17.1 0.300 30.6 95.9 1.26 37.1 103 [26]
IF 78 187 15.9 0.090 66.5 187 0.450 34.0 101 [27]
KL 25.0 A 82.0 174 2.46 60.0 90.0 [28]

X R 2 Z DR B 4R B 2S R AR LA T IDW S R B RGE SR (AR, 45 ILA 2. 7 FE4 8 C
RIS R T 2E 5. As FELO XA BT /3400 5 DY ACHRIEI X RTAS R IX. Hg 1Y BTR 504t
WX AT ORI X ) Cu BT 50 m s Zn PSS DX T il Co DX AR50 X S Bk
(S Cd APGILHRTEIE DT X S LB A S, 2 AERM X IG5 ; Pb 7EPUILERI X YT
PR R, A DCRUZR PR X S IR AR A5 Cr DAL DXy 8730 DX R T 1X. S S T s 1)
B, )R A WE BB YRR, SR R TR AN G TR S B K Rl A 1
XA TUORY, AU TR ) A B 22 530E 0 Zn . Cd. P 7 PG L8597 DRI 300 X ) Jo B 45 )
AR, XSO E . TR SR A I KK, A2 RAKOK R A, BHA B P IR Y,
H—2e9 P 0y A B B & il , S &R BEAART AR, 327K ) J 15202 A DX B RE TR D L 11 5 4R
TEcler .

JFE A (mg ke ™) ) B (mg-keg™)
282 0.08

Frit 8/ (mg-kg ™) J RS (mg kg ™)
85.8 99.6

ﬁ I0.25

159.4

i

(a) As (b) Hg (c) Cu (d) Zn

SR/ (mg-kg ™) JE U (mg kg ™)
20.2 86.6
7o i3

S0 (mg kg ™)
0.19
; |0.52

(e) Cd (f) Fb (g) Cr
B2 MBREIIYESE=ENHE

Fig. 2 Distribution characteristics of heavy metals in surface sediments of the Wanghu Lake
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Fig. 3 Vertical distribution of heavy metals in sediments of the Wanghu Lake
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BT, HADEE &R e R I R IR B RS T AR At s, WM Arios, 7 MESIRES—
JEREE )R 2 MO V2R As AN Cd 7858 2 MEE =2 2 A BT ESR; BR Créb, HAbE 48
1€ 10~25 cm FERZURWIHR & B IC R EM2E5; As. Cu, Zn, Cd Fl Cr (E5— 2 AR HEZ A1 A
FHES.

SN SR PO HAZ R P A1 Cs THFEINE T B AR MBI AT E, vHET ML
RO, SEEIT 80 AR UG PSR AR R 0.56 cm-a™' o I%IMAFSS 5 5 il i 00 A5 21 1 R0
WITRVEREL—B, ARSI R AT . AR — TR, 55—J2 (0~5 cm) JUEWIE s R ACHE
k1 2019—2011 4F, 25 )2 (5~10 cm) (I AL B2 2011—2003 4F-, 5% = )2 (10~15 cm) [ JE S B[] Sy
2003—1995 4F, 25 PU)Z (15~20 cm) AYFE WAL [E] R 1995—1987 4, 2 F)2 (20~25 cm) ¥ T J i [a] Ky
1987—1979 4%, [Hitt, MEESRAE, IT 40 FkMMINE S EIS YA INEEs, (HREAFRFERAESRE &7
AN 2 . 20 HE2D 50 4R ZE 2017 4AFPRRIREE VIR Cu. Zn., Pb. Cr B3R5 3N
50.6. 128.9. 38.5. 97.1 mg-kg ", ARMFEHIT 40 FEARARFREVTERYIH Cuy Zn Pb. Cr (BT ES
B 103, 116, 36.1, 105 mg-kg ', Cu Ml Cr (BRI, Zn 1 Pb AY-F-H i 0 T %
B Z ORI &8 T B N 53 - HAE VT R IX 28355 & BN P KA 6. 2010—2018 48, [H
B EAFI N RN 10.48%, 35 FAE RIS K XGRS N F A AR R 51.08% ., 2010—2018 4F
P B2 05— B S K S, ARG 9.5% , AR AR R N 13.8%, NI 5435%
ARG 25 IR A A AR R R R 7 oAb, AR AR Y K LB R L 157K AR
A, WX TR A A v B TR 4 R G R B B L
22 EERERIEMRT
221 ABRMHH

AT 2 I FEEJERE A, AESIEICR Z AR B A S S EAE, nHE e HA R
PEEGREA TS LY X TR B 4 R & AT Pearson AHOCHEMT, 45902 6 B, As. Zn. Cd Mg
Z AR E TEARDE (p<0.01) , X UEBHHT AR AT IR AR A 155, Pb il Cu . Pb Fl Zn Z[R]453)
SR TEAE (p<0.01) F1 2 IEAHDE (p<0.05). Hg Fl Cr 5 HAM H 48 Z R EA BAFOCHE, X 30
Hg HI Cr FIREAZ HAWRAA AR H 52

= o MREMIWIES B Z BMHEXRR

Table 6 Correlation coefficients between heavy metals in surface sediments of the Wanghu Lake

As Hg Cu Zn Cd Pb Cr
As 1.000 0.149 0.105 0.387" 0.314™ 0.035 0.187
Hg 1.000 —0.194 -0.096 0.103 -0.157 0.159
Cu 1.000 0.180 0.162 0.308" -0.145
Zn 1.000 0.332" 0.232° 0.078
Cd 1.000 0.018 0.062
Pb 1.000 -0.252°
Cr 1.000

TE: *FIR1E0.05 KU BB EANSR ;. ** 7R AE0.0 K- (R _L B & AR

222 ERBRGHH

WA E SRS RoRIFIRR ) Iz, KRBT TR, Aol RIS, kAR
IR o 4 TR R TR, T T A SR BRI T AU /T . KMO K5 Bartlett BREERE I (14 (E 5371
7 0.612 F1 0.000, F5 & HEHREMER T 0.8 B+, AIHEH 3 D Fpr, R T 62.6% a2 (WL
7)o MRIEERMAEAE (£ 8) , B 1 FrFEERE As. Zn, Cd, 5 2 N FEEMRE Cu, Pb, 5
3 R FEAHE Heo Zn F1 Cd 2R H A3 £ Jm 15 4o i) EEoiiikon KD, AIERAAR 245 00 i FXHEA TR
Y As. Zn. Cd S50 HARARTTECSY, IS —ER T RERIR, X5 Rz gl miiE e
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RT BRERR 8 nEEETHERN
Table 7 The total variance explained Table 8 The rotated factor load matrix
L GERRRIEN A sy
A fibr
Gt UE-LERi FHA I 1 2 3
1 1.866 26.658% 26.658% As 0.762 -0.091 0.115
2 1.621 23.162% 49.821% Hg 0.125 -0.147 0.906
3 0.896 12.805% 62.626% Cu 0.293 0.563 -0.278
4 0.774 11.064% 73.690% Zn 0.742 0.111 -0.287
5 0.737 10.527% 84.217% Cd 0.680 0.113 0.225
6 0.616 8.794% 93.010% Pb 0.153 0.720 -0.169
7 0.489 6.990% 100.000% Cr 0317 -0.765 -0.128

O RAR T AR RE S — 2 ISR K AR SR A A R o S AR R AR ORI —.
Pb FE SRR THLEh R 0 SRR 5T, Cu. Po HATRPRME, BCE My alCRas @i s Yy
U8, Hg FEORAT K, KAV, R X R TbEg, TVIR SRR, 88 = Eain T
REFERSTTY
2.3 EERFFHTEN
231 MR RIBE A A A SN I8 FOF M

W2 TR E 4 i R BRI T AR S AN IA] 4 . DLW EILESR 1, &
I Cu>As>Hg>Cr>Cd>Pb>Zn [ASEEHE, Cu. As Fl Hg AHh&35 04K, Cd. Cr. Pb il Zn NREE-rh
S5 YK, EFTAREAR T, As3 ], Hg3 il Cul Bl a5 Kk (2.00~2.29) , (GATARES 7 FiE
G )8 L, B 5%; Cd19 ] . As17 ] . Hgl 14 . Cdl ] Jy b 4545 YL 7K (1.02~1.94) , (5 Ik 34.3%;
Cr20 {4, Pbl4 . Znl4 {5, Cd14 5. Hg6 B2 EE-rh a5 LK (0.018~0.97) , ik 48.6%; Pb6 i,
Zn6., CdS FIFIRICTEY, Mt 120%, 45 1, FEHER 5.81, FBAMBITTREAR 2 2™ H Y E 4R
150 /NP (FST I 20 20 50 AR LUS RIS I B 48 SR TR, Cu. Zn. Pb 7E
20 t22 60 AR)E VRIS Yy, Cr 78 100 24 TeT5 Y . X R JL 403k, MBI IT ih Az 31
Crisi, HE RRARE-PEEYOKT; Cu thiEEE s Y & R h a5 Yy, Zn A1 Pb iR T5 Y & e s
JE-rh AL,
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Fig. 4 Box-Line diagram of heavy metals I, and Ein surface sediments of the Wanghu Lake
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Fig. 5 Comprehensive evaluation results of biotoxicity risk of heavy metals in sediments of different sampling sites
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Abstract The Wanghu Lake in Hubei Province is located in the middle reaches of the Yangtze River and is
connected to the main stream of the Yangtze River. Studying the distribution characteristics and ecological risk
assessment of heavy metals in sediments is of great significance to water quality safety and water pollution
control in the Yangtze River Economic Belt. In this paper, the content and spatial distribution characteristics of
seven heavy metals such as As, Hg, Cu, Zn, Cd, Pb and Cr in the 0~25 c¢cm sediments from 20 sites of the
Wanghu Lake were analyzed. The sources of heavy metals in surface sediments were analyzed by using
correlation analysis and principal component analysis. Moreover, this study evaluated the sediment pollution
characteristics‘by using the geo-accumulation index, potential ecological risk index and consensus-based
sediment quality %uidelines. The results showed that, the average contents of As, Hg, Cu, Zn, Cd, Pb, and Cr
were 37.5mgkg ', 0.137 mg-kg ', 108 mg-kg ', 123 mg-kg ', 0.283 mg-kg !, 37.8 mg-kg ', and 108 mg-kg ',
respectively. Compared with other important lakes in the Yangtze River basin, such as the Chaohu Lake and the
Taihu Lake, the heavy metal content in the Wanghu lake was at a relatively high level. Pearson Correlation
analysis showed that As, Zn and Cd had a significant positive correlation (p<0.01), indicating that they were
homologous and mainly derived from agricultural sources. A highly significant positive correlation (p<0.01) was
also observed between Cu and Pb, and they were mainly discharged from transportation pollution sources. The
evaluation results showed that the Wanghu sediment was seriously polluted by heavy metals and had a strong
potential ecological hazard, which is relatively serious near the afflux area and needs timely prevention and
control. The consensus-based sediment quality guidelines evaluation showed that Zn, Cd, Hg, and Pb had less
than 25% probability of causing biological toxicity. As, Cu, and Cr had 25% to 75% probability of causing
harmful biological effects.

Keywords the Wanghu Lake; sediment; heavy metals; pollution evaluation; toxicity and harmful biological
effects
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