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Abstract: Based on analysis of distribution patterns of As, Cd, Cr, Cu, Hg, Ni, Pb and Zn in surface sediments of the Tongjiqgiao
Reservoir that is a typical town reservoir, pollution degree and ecological risks were assessed by single factor index method, geoac-
cumulation index, potential ecological risk method and principal component analysis. The results showed that: 8 kinds of heavy
metals had a certain degree of pollution in surface sediments and accumulated mainly in pre dam and southwest area. Pollution of
Hg and Cd is in the broader, deeper level. Because of influence of Hg and Cd, there was a moderate ecological risk of heavy metals
in the surface sediments. With reference to management of reservoirs, it is of great significance to ensure the safety and management
of water quality in the small sized reservoirs by putting prevention of heavy metals pollution in an important position.
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ME MG H T, L As (Cd (Cr Cu Hg Ni \Pb Zn 8 Fifg #4542 8 24 IR AF Hb 32 /K BRBE P )
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Fig.1 Sampling sites for surface sediments in the Tongjigiao Reservoir
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X RAF R P A DU RE G, 43 BT H: As (Cd (Cr Cu Hg Ni Pb Zn 3L 8 Fi A 5; A HEEE & i EE
JB AT S PR I K A SE R = AT, F, As (Cd \Cr Cu [Ni \Pb il Zn 7 Fifv 5 43 J& i FH L BB &5 559
TR (ICP-MS, 7700X #1) 22 , 5 4: & Hg F| ] Hydra-c B4 5 SR AN E.

Hg 145317 5% FH 5 [ PR OR S S8 miiAf 194 Ji = W WAk 43 B - SR I0 U 1 R (US-EPAT7473(1998) ) ”
FUE B SO 7 B AR HEHEAT , As \Cd \Cr \Cu Ni \Pb Zn 3t 7 8 43 Ja 4K 4 vt Bl 5 55 8 TR BB E I
A Kb (EPA Method 6020 a(%5—R, 2007 4 2 J) ) 474k BEANIE .

1.4 BEERIFRTMTE
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mg/kg,Cu g 24.8 mg/kg Hg 4 0.15 mg/kg Ni 24 18.5 mg/kg .Pb Jy 42.4 mg/kg . Zn 2} 95 mg/kg) ;C, NILHR
n FEREITTRU R I SEBR B 05t sk Ry BUEHE FIS I IO 15 58 D 3h 288, AR 1.5

FRAE AR RS HO/ N, PR ) 3 4 i 5 Y AR BE AT 3 2, 1, <O, FROR LG Y b T 0~ 1 ZJH), IR
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Yes kb 4~5 200, FoREETGYL; =5 FonmEm R
1.4.2 B 737 45 %0k EERAETIE(C) REEBM I & E(C) 51 RE(C,) M, ®
IREEIURY P E SR G YIRS AR
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S F AR s =320, SR L.
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X, REFORER G IRAE A S B FE L. RI<150 , S50 N A A0 T 150~ 300 2 (8], %54 Ay 46 5 Ak T 300 ~ 600
Z (8], BF RN IR 5 =600, 4 AR R,
L4.4 B\ K ERLH AHSRIAMIEIEDT RS0 R B &G M E R H SPSS 22.0
TR TAL IR, BT AT R4 F B OriginLab 8.5 1 Surfer 11 3R 44HE1T42 .
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21 RENMBYMELEERFME

KZVIBYELS B SESITER (R D B, BEEE Zn V&R, 58] 122.11 mg/kg, Hg 19734
AL, R 0.49 mg/kg. HWIITAR S ML IX 13 4 8 15 5ol LK, As .Cd .Cu Hg .Pb 11 Zn 6 M H 4 )8 &
VTR T35 & i T M 5l Hoh As Cd Rl Hg 5558 4 J@ Jm 3l i X & il o 17 9% H IR B
BARE, X 3 P AR SR A B SHE Y 2.16.,2.70 1 3.29 £,
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Tab.1 Statistical results of heavy metals in the surface sediments

SN As Cd Cr Cu Hg Ni Pb Zn

BI{E/ (mg/kg) 21.80  0.73 58.55 2570  0.49 16.06  55.40  122.11
KA/ (mg/kg) 43.78 1.69 12600  36.20 1.58 22.88 11330  183.38
He/ME/ (mg/kg) 6.10  0.09 13.17 472 021 519 1713 50.94
AR EE % 4414 60.02  49.39  32.84  67.07 3377 44.63 33.46
5/ (mg/kg) 9.70  0.27 60.60 2480  0.15 18.50 4240  95.00

AR — bR (Bt ) / (mg/kg) 15.00 0.20 90.00 35.00 0.15 40.00 35.00 100.00
IR GbrfE (D) / (mg/kg) 20.00 0.60  350.00 100.00 1.00 60.00  350.00  300.00
W/ 5E 2.17 2.70 0.97 1.04 3.29 0.87 1.31 1.29

MERIZVURY G 8 23 [ 70 Ak (1 2) ,8 R G Jm 25 [ 5 B PE AR, As Cd \Cr Hg \Pb 5 Fv i 3 )
T RTEAR W X R EVURY & R XK. BRI, As Cd | Cr 7E3UHT D85 e i, DU 8 XK, AR
PR e — D R R, DU AR S AL B AR AR s P AR XA R DI T e DU VS X, R R AR S I X% 7 S 18
DX E5 B /N AL PR AL AR W) IX 55 A 1K, Hg 7R 30U | PG 3 814 AR v X B DXl 55 AR X e v, L )
X R 2V He S REAR. AKERZVIFRY Cu Ni Zn 3 FhEE 4B 0 A AL, AT o 4R 30950 X L K 74 g v
DX AR A0, B AL A DX BRI, RN B & By, o AR TS YL W R R Y Kok 3
AP R I FAEINHT LR , I3 h— 5 R L A 75 Yy 28 AR s P e 1 DX OO AR W) o J 5 B sy, Wl RE I X
JEL R BN T3 2 ol e A K
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Fig.2 Distributions of heavy metals in surface sediments of the Tongjigiao Reservoir
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2.3 BRFKEREARYESEFESHF

IS BT 1975 e, T R LA AR U 63 D K P R ] A5 03 26 JE2 DR T e A B A
ST AR A HT T 1 (35 2) s As .Cd \Cu Ni \Ph Zn 6 Fiil 42 J8 I 7 2 ] it 58 25 GF M1, Cr 5 As . Cd 2 [l 8Y
B W FIEAZE(P<0.01,r=0.450;P<0.01,r=0.444) ,As 5 Hg Z [a]th & i 1FAHZ (P<0.05,r=0.484) . {jiHH
O 4 8 2 A ALK I SRS R TR B2 , I S e 7 S 6 T 4 1 2 OB b & it L LA
A R .

% 2 RIZVURYI T 4 I I M6 B (REAR It n=28)

Tab.2 Correlation coefficients among the concentrations of the heavy metals in surface sediments

RO R KL As Cd Cr Cu Hg Ni Pb Zn
As 1
Cd 0.763 ™ 1
Cr 0.450 " 0.444~ 1
Cu 0.552* 0.797 ** 0.198 1
Hg 0.484 0.307 0 0.349 1
Ni 0.600 ** 0.817™ 0.288 0.912* 0.327 1
Pb 0.626 ** 0.780 ** 0.361 0.700 * 0.161 0.678* 1
Zn 0.549 ™ 0.818 0.144 0.959 ** 0.344 0.905 ** 0.727 ** 1

# FIRAE P<0.05 K- L BEMIDG, + FI/RTE P<0.01 /K- A 6.

S — Xk 4% T A B R URHEAT AT , L S B2 M BT i 3 B K 2 2 LR 8 Fh iR 4B EAT IR T
ST (P 3) 207 2B R AEACHERE i 4RI T 2 MNMFRAEAROC T 1 80 2053, FEPRT 2 A M e T 85
P19 76.97% , T AT JE P T BT IR . A0S | AR T Ay 2278 ki 54.01% , Hirh , As (Cd . Cu ,Hg \Ni ,Pb
A Zn 7 FhIE 4R 7E% R b BATRGE A TR, — M, 7E A 0L IT R B X b BREE R B
(LK T 4B HA LLUF 2k He 30k [ TRMEE S R E R SR 31, Cd As Ni ,.Cu 25 5 T
NG SF YIRS T Ph A0 Zn W) EEf [ Tl s A HE . 3295 ey e R T IR TR M
FRAR T NFREE AN, B HE A P B 2R AU R A3 B B AL A K 5 — R B A DX 5 T
B Fr Phot Ph S ik F) 24% . 7] T B K SO0 TSORMa 4R KO B, BORL A — E  Ab
(As,0,). K EHTEYIE] TR ATFL OGS0 T i dhtd £ A K 3 T4 B BB K 15 2 /N TR YT R 2 b
PR HE AN B, 2.1 5 BFSE AT, T A 7 VG RV X L 5 AR L . % P U R X kR
/NI T 55 L B 5 K B 03 S BRI , BB 4 R T R 2 16 VG P T X R A S B — TR R L K
BB, IR — 343 T 4 A 52K R A5 P B S M T B 28 0T DX . PRI, 7T LA 20 1 AR R A6 Tl 3%
BRI T AR, Tl T5 YL AR IB SR K R 2 DU 4R 15 W 4 — R 2RI

FIRSY 2 BT BT 275 R 22.90% , 42 )8 Cr 76i% 4y b HA B i i 28, As . Cd A1 Pb 763% F2
Sy b TEATESE T, B GOHR K AR R X 32 2 U0 h Cr 3 5k SRR , {0 25 ) 5 bk e ke
(CV iK% 49.39% ) , 7EHIFTFI TG R X, 2 TR Cr & ik KW I 5 TRR 8 15 S8, RIS 7E P o Ar e L 5
T As Cd 1 P 3 il 4t F2 B H 2K (0) B0 25 ] 43 7 e 34 B FR BARRAIE . AR OGHE BT 3R T, Cr 15 As Cd By 52
L IEMI(P<0.05) ,Pb 5 As Cd 1322 53 IE A (P<0.01) . B2 Tk AN, gl IR 175 Ye iy A 2
WA PEAK AR FITUR As (Cd \Cr %57 4 J8 i F B8 . BRI, T LA 04 2 1R 210 2ok B A4l T Y
TR, A R AR B R R R LR E 48 5 WS Bk .
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Fig.3 Dendrogram of cluster of sampling sites(a) ( | stands for central and eastern area,
II stands for pre dam area and the southwest bay area, lll stands for western and northern area)

and loading values of the principal components(b)

BRI, MR 15 YA BRI, AT AR 23 R CRR ) 32 AR S ) 3 e R A . 45 2R R WT (3 3) , As (Cd \Cr,Cu Hg,
Ni .Pb.Zn 8 1 5 A HHEGRAKIERZTBW P MBI EA — 1 & R ATG B G, HOF- 175 L85
RN Hg>Cd>As>Pb>Zn>Cu>Cr>Ni. H 4 J8 Hg 1972475 Y5 8ok 8 3.07, 2 0B -2 4b 7 rp
Hg 75 J9IRAS s HUCH As (Cd \Cu \Pb Fil Zn 5 4xi1-F- 3975 AR 407 1.04~2.65 Z i), IR F-3I4L TARFE As |
Cd.Cu.Pb Zn {5HLIRZS. FAE Cr FI Ni (1 4] P24 75 Y45 Ko 0 0.97 F10.87, LAY F- 2940 TG Cr | Ni
TGRS, SR, AW TIARY) A5 i G i 15 i KO8 S B KO, AN TR IX LR 52 T < i 15 e 38 2 1) S o
PR, He Cd 975 Y38 8L 5 R EATE 60% LI L5 Ni Zn I Cu BT B B0 5 2 8wy, AR L 30% LA
b RIS AN Cr R NG T 5% (E IR 3 3575 50 KB GURR P E AL T2 Cr Ni {52
2.4.2 WA R H(1,,,) HBBRIREOLBENE LUBL A WL A A 25 XURS: , 388 4o ) 38 5 A 7K 2 36 2 TURR ) 7 4
JE I RIS R R He 19 1, 5K (O 0.92)  Ni 19 1, /(O =0.87) . 8 MG & 1., K/DIUT K
Hg>As>Cd>Zn>Pb>Cu>Cr>Ni.

M1 1., 704 (1&] 4) ATRL, BR Ni \Cu Sh, HE 6 R G J@ A7 78— KI5 3e. I 1, 0 Al R TG, 52 51 Zn |
As [Cd il Hg 4 Fh 4 i 15 YL (0 25 07y 20 RAE A1 50% B LA 1, Fork Hg 15 e 1) 4507 57 ik 3] 92.9% ,Cd |
As P75 60% LA (K1t 8 R s b Hg BO75 QI FlIROC, il Cd As. IR TS L2590 E , Cd \ Hg
As 3 FE R RIS Y. e T 8 M EL G R, He I Cd {5 Y MIE FREEALTR.

AP [R]—RAE 5 8 Bl B L, UEAT HA, R 17 1 SRR 1, B XS T AT A R 2.

S 8 MESLE 1,25 ZEF/NIFH Cd>Pb>Zn>As>Cu>Cr>Hg>Ni. Hih#E 4 & Cd #1 Pb 148
St R B R, 1A F 298.40% il 202.32% , KWK 2 SR L. MR R AT HERSR. HkE
&8 Zn As Cu Fl Cr 22 5 ZHUAE 100% ~200% 2 [], Hg Fl Nii £,,, 19728 5 R E /N (HALTE 70% LA L. 3558
DMK ERZUURM B R 1, S AR BOR S (] 22 5, IX Iy 3t 22 S AR K.
2.4.3 AR AR A RURTE Bk JC I8 S 0 B 43 ) A S B AT ITAN i Xt 2 I R 25
S HEAT PO R BAT T B AR T R S RO 8 R K R R R DR R T 2 A A XU Rk
234.92, WU R AR AL T rp S5 TR A A XURS S 9. AT B Ji 2 VR A XL, 918 s () 23 (181 5 ) R,
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Tab.3 Single factor index ( C, value) of heavy metals in the surface sediments of the Tongjiqiao Reservoir

SRR As Cd Cr Cu Hg Ni Pb Zn
1 4.50 6.16 2.08 1.07 4.65 1.00 1.15 1.26

2 3.31 3.50 1.37 1.25 3.98 1.08 1.51 1.54

3 3.02 3.44 0.74 1.26 2.55 1.11 1.57 1.59

4 2.85 3.35 0.76 1.20 2.50 1.04 1.57 1.59

5 2.60 3.52 1.45 1.25 3.49 1.18 1.60 1.61

6 0.62 0.32 0.75 0.19 1.83 0.28 0.72 0.54

7 1.45 3.32 1.07 1.42 2.44 0.98 1.26 1.51

8 2.68 3.86 1.04 1.37 3.50 1.24 1.73 1.77

9 2.18 3.01 0.62 1.07 1.87 0.95 1.16 1.32

10 2.55 3.91 0.72 1.29 1.68 1.09 1.48 1.65
11 1.31 1.80 0.86 1.05 1.41 1.10 1.06 1.24
12 3.17 4.37 1.53 1.26 1.96 1.11 2.25 1.70
13 2.75 4.15 1.37 1.21 1.84 1.12 2.15 1.65
14 3.17 5.10 1.25 1.29 2.06 1.00 2.67 1.60
15 271 3.49 1.34 1.21 2.92 0.88 2.48 1.36
16 1.33 2.44 0.58 1.06 5.59 0.79 1.27 1.25
17 4.51 3.59 0.76 1.32 10.55 1.13 1.65 1.68
18 231 3.27 0.74 1.29 5.16 1.16 1.30 1.55
19 1.23 2.65 0.66 1.46 3.09 0.91 0.99 1.93
20 1.98 3.28 0.68 1.24 5.27 1.02 1.35 1.68
21 1.33 0.98 0.63 0.96 2.69 0.78 0.85 1.02
22 0.94 0.61 1.65 0.52 1.68 0.66 0.40 0.59
23 2.13 0.99 1.63 0.71 3.25 0.47 1.06 0.78
24 1.42 0.85 0.40 0.71 2.54 0.55 0.79 0.72
25 2.06 0.67 1.51 0.74 1.83 0.53 0.78 0.75
26 1.78 0.53 0.28 0.55 1.37 0.33 0.58 0.69
27 0.83 0.69 0.22 0.36 2.13 0.29 0.48 0.60
28 2.12 0.42 0.35 0.70 2.14 0.56 0.71 0.82
SEHE 2.24 2.65 0.97 1.04 3.07 0.87 1.31 1.29
TN 4.51 6.16 2.08 1.46 10.55 1.24 2.67 1.93
/M 0.62 0.32 0.22 0.19 1.37 0.28 0.40 0.54
WRAH/ %  44.14 60.02 49.39 32.84 61.46 33.77 44.63 33.46
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Fig.4 Geoaccumulation index of heavy metals in the surface sediment of the Tongjigiao Reservoir
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Fig.5 Potential ecological risk of heavy metals and contribution rates of heavy metals to
the potential ecological risk indices
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