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Abstract: Based on vertical distribution characteristics and deposition fluxes, environmental risks of six sedimentary heavy metals (Cd, Cr, Cu, Ni, Pb
and Zn) in Guanting Reservoir were assessed by Hokanson potential ecological risk index. The results showed that the average concentrations of these
heavy metals were 0.205, 65.5, 37.6, 39.5, 33.6 and 104 mg-kg™', respectively. All metals exceeded the background value of Beijing by 1.4~2.2
times. The concentrations of Cd and Ni in the sediment were relatively stable, while concentrations of Cr, Cu, Ni and Zn decreased gradually and leveled
off since 1980. Moreover, deposition flux of heavy metals reduced by 40% since 1980. The annual deposition of Cd, Cr, Cu, Ni, Pb, Zn were 0.0113,
3.63, 2.09, 2.19, 1.86 and 5.72 t, respectively. Enrichment factors for these heavy metals in the surface sediments were less than 1.5. The RI values of

the Reservoir ranged from 58.8 to 113, with an average value of 80.9, which demonstrated low ecological risk. Since 1985, the RI values of metals in the
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sediment samples of our sites had been decreasing. In general, the pollution of heavy metals was not serious in the sediments from Guanting Reservoir.

Keywords: Guanting Reservoir; heavy metal; sediment; vertical distribution; sedimentary flux; potential ecological risk

1 5| & (Introduction)

IKPEER—FPE AR N TSRS, B 5% 3
NG , BAT KRGS | A faE ) 22 15 9%
KUz B2 B S A R (W I AR, 2011
Duker et al., 2005 ). 7K J& {4 & B AU 0] 38 7K 3
R A A K 5T A AR A8 A [ R ol o 4 o 5 9 e
WA K i R BE U 2 T AE R XK B U (R,
2013) JUBMR K R A 25 AR G0 I T B2 RS 08, B
AUER L BBUK A E &8, 4560 (A kid
J R A il BE | pHL U AR RAE ) BRI, ST AR S
R A B PR OB B AR A b XK A A e A
FEF A, IR A B W B A2 32 o A A 3 ) i sl Jy
(Hiller et al., 2010; Yi et al., 2011).

BT K AL AL 5 R Je sk o8 1 22 B, 1 482
B | N TRV AR ) /7 I e - 0 R 4
R aHETS BT /KPR F 1972 4R JF iR 1852 1 4 Ja A
THEAYTE R (A, 2003) .20 HH22 80 4R
J& 2K 1 Qi 3 DX TRl B 3 e Ji P K S T
JE A HEFICE 2 AT 0 ) TR) B 3 38 P 7K 3 O
KA evd A 25 R L 3#E AP X, SOl 5 T 7K R K
PR LT ™ A K PR R (X B AE, 2002) 4
LMK BOGAL FECE TR T 1997 AEgEEiR T
ST AR AR K A R B 21 20 400 30 R K B
DT HFEEA IR 09 S, BT K R O 4
HA AT 4, 280 A R I FRR SRR B, K R K
B A MG AT ETE IV 28, R T AT R
DEHDKEM (555, 2015).

IKIEGURR Y N B R R TR BB I B A
AR S R OB R S 4 S5 5 a5, T AR R
B[] RO | w85 43 HE Y 24 5% 38 A8 8 ( Zan et al.
2011) WHFETURYY 5 Qe Wt AR Dy s ad A, W] L
B ) P AR AR 1) 35 e e e i, Sy A S T
Wy B UEFI /K PR 5G4 2 B 11 o SR Al K DT AR ) E
R W B0 AR AT ARGE B0 S e T OK SR B s
e Iy B U #2 ( Zan et al., 2011) 100 24 B4
XPEIT /K ETURR W) 5 42 R 0 BIF 9 32 22 4R vh e K P
B LEMEBZVRY P ESETT R (REX,
2014;Luo et al., 2007; Zhang et al., 2002 ) 55 J7 [fi
FEXTK BT v o 4 Y R B A TR i K
TER ) RUBE 1 ) T 7 2B 28 KU SC T AR b B8 T

I, AR 5 35 BUE T 7K P2 U0 B 0 A R A Sk F 5 %
% LB P E 48 Cd,Cr Cu Ni Pb fl Zn Y3
NER TR LRI A il a7 A O i A S A B A
B, AU SR B T 70 P AR 1y DR ¥ e 4 ol R 9 P 4
HERLIS .

2 ## 57 % (Materials and methods)

2.1 FFR KRB

BT /KPRt 5 18 i 5 — A R BUK EE or
T e _FiiE, B AT 29 100 km (1] 1) Ji 3k AR
2 4.34 77 km® , AR Bt R KT S
Z M) RE. BT KR R 2R A6-75 B AE 1 A B R ALK
J&E SEYKIRZ R 10 m, Fe KOKIR 18.5 m, JH i e
HAR v B S S, Ll M e BRI A | A Ml A ]
AR FR A WK AT B 5 1] FHAE] 3808 i i
RETA] e K] | S TR AN b iR K A
I R A B AL X R A8 X R0 30 46 R it T B
BT T Tl DR R, P58 05 4L ™ o, XF
IKBEAK B M AR (£, 2012).
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Fig.1 Sampling sites in Guanting Reservoir

22 HaRXEL5H

2014 4 4 A 22 H, FIH A #E J3HAR R AR 4%
(Corer 60, Uwitec, Austria) X7 IFE 5 ( FEME
JT 7K P26 RSB i ) 3l s DR AR — 250) AT HEAR TEAR
PoRAE (I8 1) AR AR AR 3 MRTTAUE Ky
AT 30~58 em Z[A] RALHTURFECR 1R 1 EDIR S 02
]2 2 A A A B — MR TR AL HZ T 10 em 5 1
em 732 KF 10 em 5 2 em 43 )2, HHFRLAE . &K
B APEST; 0 R 2 em 73)22,
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BT HE T TN, TP F4:J85C K (Cd, Cr, Cu,
Ni Pb.Zn Jz Fe) RN i 5 ] i) 326 0 — AR T ARAE AL
(GT2)4%%E: 1 em 43)2, T HK VTR AL
JEBN AT 53 J2 T TR AR A A R 2 Hs H
BHST R ERIC, FTE-20 C PR RO

Wy 2 )5 6 0 AR Wy B R IRO6ORE B2 2 A A
( Mastersizer 2000, Malvern, UK) ] 2 %7 FE 21 i%.
HE 2S00 2 S KR FA AL (LR R RN,
Loss On Ignition, LOI) (#H#% 45, 2010) . HAFE i Al
FHELZS VR THRHL(LGI-10, JL T AR ARG R 2
A BRI ) ¥ VR T 1 5 B BR AR A | 8RN Sl AE ) 5k
AEEZR T, I B OEER O IR 3 100 H 07 5 il 47 9%
H.HICE AL ( Vario EL 111, Elementar, GER) il
SEVURRY P B E S = (EISR5E, 2013) 5 4] SMT %
T E DU Sk & & (Ruban et al.,2001) . & 42 )&
BT B W RE & 2R B HNO,-HF-HCIO, 32 ( Presley
et al., 1992) 7E LI A AX (Mars X, CEM, USA ) H
H f# s 3 B ICP-OES ( Optima 2000 DV, Perkin
Elmer, USA ) @ ICP-MS ( 7500a, Agilent
Technologies, USA) %€ Cd .Cr .Cu Ni . Pb.Zn } Fe
S5 7 FOTER I O . DU 48 3 B R 1w 5 e
FEAYL ( GCW 1522, Canberra, USA) ] i2*'° Pb #1'Y7 Cs
15 24 h 5 TG EE 8 05 ) FE AR R S A8 AR E DL
TR HER R AR R (CFS #E8) Ah BB T /K PETTAR
PIAS R TR BE 9 0 AR 3 % RN 4E fX (Appleby et al.,
1978 RIE#HSE, 2015).
2.3 JEEH fedE A

FESL AT AT I E 3 IR, SEIR A R LIS E R
7N T K & DURR W 1823 2 B bs HE W) it GSD-4a
(GBWOT7304a, Bk Y FLih £k Ak 2 1 e B 5 i ) e 45
TS g A HERR VE RS B PE. & G R T R i IR
PN 85% ~115% , 445 T et A5 il SR SRAE 502041 14
FBCHE I 23 3157 B AreGIS 10.0 i1 Origin 8.5 S8/

24 MARMESLBET RN &

2.4.1 g ERRKE B R ( Enrichment
Factor, EF ) AW AT LIPEA DR v 8 4w 19 & 4R K
Wl DL 4 R oo R S5 1E TR (Fe 5 AL 1Y
PR R ) W7 462 Ja 1975 YR UL i T Fe 7EMBSTTP A
AT AR AR PR ) AR P
Fe i A W ) FH BE AR A5 A, IRt AR5 S 4 Fe
VBN B % REGE M S IR (Abrahim et al.,2008;
AE, 2013). 5 4 & % SCHk P (Zhang et al.
2008) #E# B A TR R R R BT 0.5~
1.5, R 48 F 2 A s Fos A B B 2R X
AR s IR R T 1.5, R B A i A 4 R 75
L) B R I

242 BEESNEEHE R EMEE
Hokanson $& H 1) A5 25 XUBS: 18 Bk ok PEAl i AR 4y vh
H R AR SR 2O E AT I8 T LR h 4
JE I REPE | Az ISR AN IR B RN (9 £ G 5 e [m]
A E 0 7 ik B e B % 22 Tl i 4 R 1) ¥ G A
JE RNV AR A A KU 2 B, 31380 SR XU 25 9 2 DL
SCHik (Hakanson, 1980) , A 5T 1 b 5t i - 4%
HRIAMEN S (BRIFRE, 2004) .

3 R 5138 (Results and discussion)

3.1 JLAR A E A A AR AT

DU B — R L & 4R
TETURY R i oA i 26 1wl BT K E R Z DT
Yy 2% KRR S S K RIE 65% FeA7 , H AL (LOL) &
HTE K EW A H (GT4) MK JE W 0 (GT5) KT
8.0% , i HABFE S5 1E 5.39% ~8.0% 2 [6). = JZ VT
A SR AR LR AL i 4 A T 522 ~ 548
mg-kg ™' H1 2078 ~2977 mg-kg ' Z[0], Hirh | B TE K
SEVT AT (GT4) K H 1T (GTS) % &= & ik 3000
mg-kg ™.

®1 RERRUWENELIERSG T

Table 1 Statistics of physical and chemical properties of the surface sediments
T e Sk Lol o/ 1 B 1 R R
(mg-kg™") (mg-kg™") it Kab iy

GT1 62.7%+2.86%  5.39%=1.40% 531.0£66.7 2078+289 17.2%+3.40%  81.2%%3.16%  1.56%=0.949%
GT2 65.9%+2.38%  7.10%=1.79% 522.0£66.6 2385+286 23.3%%6.96%  72.5%=6.91%  4.19%+0.840%
GT3 66.4%+5.03%  7.60%=0.762%  548.0+£124.0 22344321 29.6%+7.10%  69.4%+6.85%  1.02%0.327%
GT4 62.4%+4.65%  8.30%=0.947%  524.0+119.0 2899422 22.2%+1.98%  73.8%+3.41%  4.04%x1.61%
GT5 68.9%+2.18%  8.24%=0.448%  525.0+39.3 29774252 19.0%+4.63%  80.8%%4.87%  0.208%=0.254%

e a KT AT (GTL) | BI#EPR G X (GT2) (HilF RO X (GT3) JRERIA M (GT4) JKEH T (GTS) s B+ (K< 3.9 um) b CBLEEE

B A 3.9 ~ 62.5 pm) W CRIEEIL RN 62.5~2000 wm).
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BT 7K FE R JZ DU h £ SR A 50K BE LUKy b
AZE R 3, L BIAE 90% LA b, Hod | hk 3 A 1
(GT1) FMUKEEH 1 (GTS) (R AP & S ¥4 4d 80%,
U PEAC X (GT2) FUKE TR A T (GT4) /Y & b 5 AH
X, LLBITE 4% 22 A7 B Rb gk 403 T /K AR TT
T rha] Bl PR TR T A, LR B AR A2 55
IR bR (R, 2013) , BB T /K K 1A
ZRNK B T AN,

32 NBYHELBENAABFAERNREEFR

32,1 E4BAEZEH»AMA HME2WH,E
JTIKIEDTAR A & 4 )@ Cd Cr . Cu Ni Pb Fil Zn F
¥ a4y o 0.205.65.5.37.6.39.5.33.6 F1 104
mg- kg™, HAL R LW R, X 6 M ESE
JLE M IHEFR 1.7.2.2.2.0.1.5 1.4 1.8 5. BT /KE

DRI ES R & A —E S B 2SR
A A (GT1) AU h #E 42 )& Cr,Cu Ni Pb
1 Zn W& BT HACREE &, Ho Pb & &7
BIE R 18.2 mg-kg™' AR T Ab 5 L5875 S {H, i
Cd,Cr,Cu ,Ni F1 Zn [ 5538 0.151 44.3 234,
27.9 F160.9 mg-kg ™', YIWE T R H. HITKET
T DU 48 it b BiE, DL Cd  Cu AT Ph
TEANTRIRAE 8 25 52 ol W 3, 3k 5 3T v T i ol Bt
S T KR Tk X K IR B A O (TR VK 4
2014) s NIEELSM R A, DUE I Cd A Ni 9 &
AXFEESE 1M Cr Cu Pb I Zn B & 2 Fifi Bsf 6] #E 7% &2
BLACPEAIG, 75 80 AU B it T m s, X 5
BT /K PE K 3 4 8 2 it A9 28 Ak #5— 30 ( Shen
et al., 1991).
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Fig.2 Vertical distribution of heavy metals in the Guanting Reservoir

5 H A K PR R Z DU 4 R B A A (%
2) ,BETKERZURY T ESLJE Cu Ni,Pb Fl Zn
O L R TR K R N K P (1.0~ 2.2 £%) 1
T AR AR 5 4R & i E S 10

AEFT R BT IE 45 AR L ( Zhang et al., 2002) ,Cd . Cu,
Pb fll Zn H &AWL, HA Cr & EBEAR K, 5]
VTAE SR B T K E DU v 8 4 R 35 etk 0 iR
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Table 2 Comparison of heavy metals in the surface sediments of in Guanting reservoir and other regions
KEEwFE X RBEED R MR R/ (mekg™) AT
Cd Cr Cu Ni Pb Zn
BT K Jesi 2014 5 0.205 64.6 36.1 38.4 33.5 104 KB
FIT K denim 2000 4 0.780 61.7 42.2 41.0 62.4 163 Zhang et al., 2002
THIAlK P e 2010 7 — 51.0 51.3 45.6 29.3 262 IRFRSE, 2012
iay 9L H dentm 2011 22 0.300 77.9 38.0 38.9 29.3 107 FedssE, 2013
RKEE AR M 2009 9 0.200 96.6 16.4 22.8 56.9 307 EHEEAE, 2011
VKPE  BRIEPEE — 6 0.540 66.1 26.2 — 34.0 74.8  FEARLEEE, 2010
KAKBKEE T 2010 9 2.38 81.9 65.2 — 36.7 138 W4, 2011
Jemt T T e 0.12 29.8 18.7 26.8 24.6 57.5  BREDREE, 2004

TE o, JEICETTKIE SABTFEARIL 4 /> RAE S AYF2{E ( Zhang et al., 2002).

322 EABUREE HEEUIPEEEH TR
Yrh 4 En & i TR R A R e B 3 AT
VA, BT /KDL ) Hh & 4 s n DOAR G i 1
Wi o ] S22 30 A 19 38 D, 1980 41 LA R, 7K B Tt AR
YrhE® 4 )% Cd . Cr.Cu Ni Pb Fl Zn 0P S
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Fig.3  Chronological distribution of sedimentation fluxes of trace metals in the Guanting Reservoir
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2 40% , 45 B 4 JR UURH 5 1) B KAE 20 1) 2t e/ IME
Yy 4.17 3.22 .3.56 .2.88 .5.08 #1 3.20 1%, X 5 UL
Py Ui 2 1 AE AR A ARl (R RS, 2015).
DR E 4 )R & AR EE A K (# 2) , H i,
1980 4FJ5 B T 7K B A DO AR £ F B 174 Ji PR T g

— & E F R HETS B B R BB
TR Pk v B D (JE N TR, 20025 X A
2008 ) T2 7T K IR GTRH R N .45 5 5 T /KEH
RIS AR 40 km® (D4R MISE, 2014) BT
IKEEJRVP TR Jy 5.5% 10" 12" IR 4>
J& Cd.Cr,Cu.Ni Pb 1 Zn HI4EH IR &4 01 N
0.0113 3.63.2.09 2.19 .1.86 #15.72 t.

3.3 NRHFELRETLIFN

33.1 BEFH HmE4ATH,FZNEY T ES
J& Cd Cr.Cu Ni . Pb Fll Zn 0V & % 28000 5 N
1.17..1.49 1.33 .0.984.0.934 il 1.24, % HA B ITE
BERBUNT 1.5 R EERE SO MEE, &
KEESRZURYP AR ES RN EERER
PR G 7K T A (GT1) R E A H (GT4)
FERAN, eSS RZU0RY Cr WEERBIIRT
L5 KFE H (CT5) FEA M E 48 Cd, Cr A1 Cu 3
BT A UL A TE AR T A

3.3.2 BAELSKEIFN  DAnt L S E
YES IR TR T K 2R 2 DURY) v 8 4 8 1 SR
BTEA SN ARE(ED) MZia LSRR EL(RT) ,
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Fig.4 Sediment enrichment factor of heavy metals in the sediment

GT2 GTs

from Guanting reservoir

ZERNR 3 Fim. NI e AR S S Fe HOk &, I
K/MKIK Cd > Cu > Ni> Pb> Cr> Zn. Hiip 54457
BRI M2 Cd, 28 Bk v 45 AR 28 XURS: (CF- 2418
51.2)  dee (A AR K B 1 GTS (B {2 78.8)
J& T A AR S XU ; B 4 R oo R 3 2
T A S A N ZE A A AE S K HR (R R R,
BT /KA O (GTS) FRJZVURIR) R AEARR 45
It 100, 20 FARAES K ; BT /KERZTURY RI
{HIEFy 58.8~ 113, F-34{H Jy 80.9, S48 Tk A4
AR

®3 RENBYTEEBHESKERE(E ) MBEESKEEH(R)

Table 3 Potential ecological risk indexes and risk level of the surface sediments

B R AR 5 RI RS 2%
cd Cr Cu Ni Pb Zn
GT1 40.2 2.90 5.94 4.98 3.73 1.04 58.8 1%
GT2 35.3 4.64 10.20 7.74 7.02 2.03 66.9 1%
GT3 36.5 4.99 8.96 7.61 7.07 2.04 67.2 %
GT4 64.9 4.45 11.20 7.34 8.49 2.07 98.4 i
GT5 78.8 4.70 12.00 8.15 7.70 1.87 113.0 1%
FHE 51.2 4.34 9.66 7.16 6.8 1.81 80.9 ik

FH TS E A 2 XU, 8 BRI W B T 7K 2 45 SR A A
DR ES R LA E S KRR (K’ S) , A2
6] 434 K, K ) RT KNI R GTS > GT4 >
GT3> GT2> GT1, Hrp JKFEEH T (GTS) 1) RI ¥I{H
J 113, J8 TARA S KU TR B4 A K, i 2 O
[X.(GT3) M EM AL (GT4) () RI R 2R 4k, 4=
A IRUSSHZH /S s BRZK PR ET(GTS) A, AR A £
7 1985 47 J5 RI Bl 2 sF (8] (4 4 4% 24 52 B0/ 1)

P BTG GEATILL Cd O F, Her SRR SR E A
(GT4) JKFEH B (GTS) Cd 19 E' K43 1 69.2
77.4 2 Jm TP AR AR A KR N IAOR R BT K PR
TURRW v i 4 Ja 1 XU o B i (] %) 4 4% 25 Ak
AN, 25 RAE ALY RT(E PR 2Tk Cd oo
R, HRAESBITR SRR, X 5 Cd R R
WA R Bl T R HEC S8 Cd V5 4L
) & B0 ( E8RT4E, 2007; Zhang et al., 2002).
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Fig.5 The vertical distribution of both E: and RI of heavy metals in sediment core taken from Guanting Reservoir

4 258 (Conclusions)
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