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Abstract: Reservoir sediment is an important sink for pollutants such as heavy metals. Under the changes in acid-base and redox
conditions, there is a potential risk of heavy metals release into the water environment, which are transmitted through the food chain
and threaten human health. Therefore, this study investigates the Qingliangshan Reservoir in the Meijiang River Basin, and conducts
research concerning the contents and speciation of heavy metals in the sediments, potential ecological risks, and source apportionment.
This study found that the content of heavy metals in the sediments of the reservoir area was in the order: Xitian tributary > dam front
and reservoir center > Xintian-Baishui tributary. There is a large difference in the speciation of heavy metals in the sediments. Zn is
mainly acid-soluble and in the residual state, Pb is mainly in an Fe/Mn oxide bound state, Cd is mainly in an acid-soluble state, and
Cu, Ni, and Cr are in the residual state. Mainly, the percentage of bioavailable states are Cd(89% ) >Ph(76% ) >7Zn(54% ) > Cu
(43% ) >Ni(28% ) > Cr(10% ). The geoaccumulation index method shows that the pollution degree of heavy metal elements in
reservoir sediments is in the order Cd > Pb > Zn > Cu > Cr > Ni, and the potential hazard ecological index method shows that the
pollution degree of heavy metals is Cd >Pb > Cu > Ni > Zn > Cr. The potential ecological risk of Cd in the reservoir sediments is the
largest, and the biological impact is greatest. Correlation analysis and principal component analysis results show that heavy metals Cu,
Zn, Pb, and Cd in reservoir sediments are mainly from agricultural pollution, and Ni and Cr are mainly from natural background.
Combined with the analysis of soil heavy metal content in the watershed, heavy metal pollution in the Qingliangshan Reservoir
sediments originates from the effect of rainfall runoff and the use of agricultural chemical fertilizers before flooding in the upstream of the
reservoir tributaries. There are significant spatial differences in heavy metal pollution in the sediments of the reservoir area. The
Xintian-Baishui River recharge area is the least polluted, and it is closely related to the land use in the controlled watershed, which is
mainly forest land, with fewer sources of pollution. The Xitian River replenishment area has the heaviest pollution. It controls many tea

gardens and farmlands in the watershed, and the load of external fertilizer pollution is the largest. The pollution degree of heavy metals
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in front of the dam and the center of the reservoir area is between the two tributary replenishment areas, showing an obvious mixing

effect.

Key words :sediment ; heavy metals; ecological risk; source apportionment; Qingliangshan Reservoir
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mg-kg ™', B HE(28. 77 mg-kg ) 1. S 5 A
UG AT DL 3 4 J 7 e 5 - MR R 2R R OC R %
Yl Horp 3 F % Cu, Zn, Pb Al Cd y5 3¢, 45k &
BLE Cu F Crigde R HZ Cu, Zn FINi V554, FiH
FEN Cu Ml Cr V54,
2.1.3 VYU S JE & A A R

F4 MIEEIKE 6 NP Cu, Zn, Pb,
Cd, Ni fil Cr &AM, 6 i &8 & mHE P
K Zn>Ph > Cr>Cu>Ni>Cd. MY ESLE
TR APTEI B S A A A B, b B SEIEA
(1) S4 F11 S5 UTA: &1 85 4 & & &3 T ME;
T3 F - 17K 303 S3 1 S6 UEARA: & T & 4 Jm &
PR T K SRS Y 3 K PRI R B Pt 42
EATHAICAZRZ AL BRABISAAN W S6) ,
PRI Cu, Zn, Pb, Cd, Ni Fll Cr B HTX
B oA, RUUK TR & 4 B A eI e 5 .
2.2 DU &R A WA A

HEJREYA B RIEIBAMIEA(F1L F2H
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S6 HTH-HK 7.00 92.53 49.33 0.46 8.93 27.91
S3 YWILAH 12.52 104. 07 76. 42 0.45 12.54 47.19
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R, HE T PRI A0 AR ) v e MUY A AR
SRS KA AE A Fe/Mn %1&%%%#& (F2) FiA& HL
[/ BRACEIZE A 25 (F3) T4 @ 2 Bl th o, 1k i %
SAEYIRIL , XA R . BN, NS R
R INIR 4 R S AR LS I AR WA ST
Fe ], Al g — 2PN DU T 4 S A RS e B
K DU 6 FhEE 42 )8 4 FHIRIFIE S
HOE R BRI (F 3) , 6 P 4R WA 3L
BRI IMER K Cd(89% ) > Pb(76% ) > 7n

(54% ) >Cu(43% ) >Ni(28% ) >Cr(10% ). Hrr,
Pb Fl Cd A=A RS 5 HUlBAT 70%, 17 fa 5 e k.
Pb EZLL Fe/Mn E ALY 256 S WMAFTE DI
AWK, B 7K Fe/Mn ALY 5 5 3 DT 4 vh
() Pb HA EEAEHY . I, Fe/Mn L4 %5 Pb
HRRE AR, R UIAY E 48 Pb 1Y Fe/Mn
FALY SRR, Cd T8 DUIRR AT A S IR AEAE DURR
Yirf, Cd T2 5 Ca B FREAEMML, FER R E:
e, Cd 5 Ca RAACRN , TR
Cd Rl IAAS S RIS . Hrb,cd fE F3 A%k
%, =25 2 A HLB Cd A W 4 A /N0
DU Cd JCER 7L IR EE B 25 5 Bk, i0F 1 5 BOUK
FEKAR Cd S iBAs. Iy, Pb il Cd RS HE
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Table 5 Correlations analysis of total heavy metals and physical-chemical indexes in sediments

iy pH EC Fkr s Wk TOC
Cu ~0.04 0.10 0. 07 0.02 ~0.04 0.25
Zn -0.17 0.15 0. 07 0.02 -0.04 0.53*
Pb -0.09 -0.17 -0.27 -0.27 0.28 0.23
Cd -0.22 0.09 -0.08 -0.10 0.10 0.74*
Ni 0.18 0.62* 0.69* 0.54* -0.60* 0.12
Cr 0.17 0.43* 0.54* 0.44* —0.48* -0.02

1) s FIRTE 0. 01 7K (XU | fe 5 AHE

TEA G AT S L X 6 FhEE A Bt % | EC
TR R D X 9 A B AT oA, i
— BT BULK PETUARY) B G R ok . AR IR AR
HRT 1A K 9 AR AS R ALl 2 A FE 4.
BLAT VCRAE(EA 3. 98) FLAT 2 (FRFIE(EH 3.04)
HOr 2R Ny 44.3% , 33. 8%, Bt U5 2 TR
78.2%, AT 1 ALY 2 BB SR A8 ik A K 43
o .

(3/6 B >0.80) 1 %W] Cu, Zn, Pb/Jil COAEAET
VPR, CHBIECRDT, Zn | Cd W AEA i
2L R KPR LR L 225 fp R

BT g2 RS B4 Zn ] CA B4R BB
U B Tk L I A K TR AL

YT @R Cd SZBN5 Y. fait, E 1 AT IEE X
S E G AN TS YR, B E R 2 7E Ni L Bk
b b AT m R (2 6, 84 >0.80) ,7E Cr, EC
HAPERM (F 6,8 >0.70) , KHEELJE Ni
M Cr BoA FEME. M 2 36 7 DU Bk A
WP i, 45 A A SO B 4 B RAF TE S 5T, Cr
AR A5 o0 EERAE A, B N A Cr 2R S KB,
ALK 3 43 2 AR EE 4R Y A SRR TR, H st eT
W, 5 B LK PEUTRR ) FEAE E SRR S ARl i e
RS E2ORE. b E4JE Cu, Zn, Pb Ml Cd
Z FNIMEA M5 e 1) 2 52 2 OB i
F6 IRHHEHT

Table 6  Principal component load distribution

Ap it 2%l 5% )
Cu 0.897 0.227
Zn 0.921 0.134
Ph 0.911 -0.188
Cd 0. 861 -0.002
Ni 0. 386 0. 846
Cr 0.342 0.730
EC 0. 007 0.751

Fhki -0.128 0. 935

hragiig -0.174 0. 837

EMSE 1 AECul Zn, Ph A Gd 1 HA R A G

VEYLIEE T N R Cr VU2 B T 340 MR AR
LR T AR

HE— 2 0k T L K PEUB U R 0 T 4
B S TR YU 6 R 4 & kRO
HE. SCHRBIRE R B, W I L 0K s L B 2
WSS ERRI], K R KRR, pH
{HEBATES ~ 6 ZIH 5| 31 T FK e th F A
T, K R S K R R AN, A pH T 27
~9 SEHRAE. T AWIFEHRI , AR Y
FAE T, AP T 12 e A s ey, AT X e
FRHEE TS Y 0, R e R A A T
DAL LM o it ol i 5 R e 3
e T P BOR i , V5 Y B 22 T itk A KT 1
ST T B NS Y AR AR
2.4.2 PUBWYTE 4 R RIS ] 2 40T

HRL0E BB RS Y PSS T, WL K P
TV T Y AP ) B B 2 T 2 b XS4 i1 S5 5
(LR T 8 5 Y J 7 TR, 2 T O £
Cu, Zn, Pb 1 Cd V5% 1% X $ 4% 52 8 H S Ab 4
YR I TR SN B, ARt M e
% EEIRIGY ORI, B8 S4 1SS A
U 4R i5 e di o E. FEIX S3 1 S6 A5 4
JRALAFAE Zn . Ph A Cd B HE 15 Y | 151X B2
HNCP STEINV N s L S P e o8 U )i
R AFETR LA L AT 10 75 e S R 2
WO R SR A R/, T [ SRR 1T
B GRS Y. PR Jok SR S2 i 4
T T YRR BE A T S VRN X 22 6], 22 B 1 A Y
ST TEII. 575 Y SR A7 A 2 FE AT 2 0 A A 2 7
FT P - KT 2 R R P, 3 B T P DX P o
i 1) 42 6 75 .

3 it

(1) T B Ll K e J) 320 - 43 o 4 Ja 75 5L AE 530 Ry
Cu(7.41 mg-kg™ ). Zn (40.20 mg-kg™' ). Pb
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(21.07 mg-kg™") . Cd(0.13 mg-kg™") . Ni(10.78
mg-kg ") Ml Cr(28.77 mg-kg™'). AZEIHBHFM X
TR W E S m 5 Y, 15 YL G 05
R R HY), S F 22 Cu, Zn, Pb I
Cd {55, 25 252 Cu Fl Cr 155 R 2 Cu, Zn
FNi Y5 5% RO E SR Cu Bl Cr 5 4.

(2) FE X UURR W) 4 Jid 75 G S XU T 32 BH
VIR E & @ 15 YRR BRI Cd > Pb > Zn > Cu >
Cr > Ni; AEYARGS T & o o ORI 515 e i
— 3 RPN Cd > Pb > Zn > Cu > Ni > Cr; ULH
YA AL SRS B IR YK A Cd > Pb > Cu > Ni > Zn
> Cr, Horr Cd Sy KU, HoAh B 4 Ja A AIXURS: .

(3) AHICAE 43 H A 3 857 4 B 4 SRR B, K
DU E 4R Cu, Zn, Pb FI Cd EERE TG
PuoNi Ffll Cr FEORIE T HAR 5. 456 bl 4
RSN, T B LK PE DT Y 4 e T Y R A
T AR A R FH RN K 2R 18R S L D A U i
AR REAR 245 P By 1 . &

(4) FEX IR 4 i 15 Yo A7 A 5 2 [ 22 5%

M. 97 - KRR 2 bR 15 e e s o e

BT 32 g % e o LM, S o
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