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ZIRERE EiERENRYESBRSHHER LSRR
T M & RS BRI, FRF, B
(KABHEHFRATRAESTRLN AFBATRESKE L ASBLEEEHE, WL AR 430079)

FEE A =R EEIX S iR E DUR ) R B 4 S T AR E B VB e AR A5 R, Al o e IX b i B 4 S 15 Ui ¥R 5 it
FRALERE Rl 20204E 11 H L 78 = B (X135 A VLVE BURITLEET B LR FE IX B R VL BORHK A3 BOR 46 21 MU
w B AR 4R CuPb.Cr.Cd As Hg & it LGB RFIEHAT b7, 45 B om s =R FEIX K R 7Ly Bt
T 428 T 2404 B Cr > Pb > Cu >As > Cd > Hg, HH CuPb Al Cd (l& & i T KAL) 4 B 15 S8, E X K
TR B 4 JE o i e B REA G W R 2E 5, IF AUV B P R4S & 7 R 34.99%~43.17%, CA I 25
TR B iy, HAE BT L R A T B TR ) B 4 8 TR 28 S A o 1) o LB 23 0 17.41%116.65%120.56%
F1118.88%, 1M As<HgCu Fl Cr [T A & 215, o Hg F Cr RIS b5 L2 BRI T 80% il 88% s ff FL VT Bt yyiAR
WY = 4 & G Y S PR B PLUE A B AE AR 25 KU AR E RTE 739905 0.90~1.61 71 112.49~245.03 , Ho vt g X K A7 A EL g VL

BaBUER . SRa i RRY, IR PE X KM I BT B AR B < i Yo ™ 3, AR A T 4895 44K, Cd M Pb
e BRGNS, Horh Cd B A BOR A TR I PEAITEAE A 2 UK o

KR EE)E A LT FBETIH
hE 42 S X53,X826 XHEkFRERS: A

HE g RKHMA FER AT EER TR
B Gy GBR 9645, 2021 ;s EMOREE,2017) , BAT B
M BUE N ESE M (Vareda et al, 2019; Sfakianakis
etal,2015). IR, fidg T Al PRk e F1 N 2835
A BTIE N, BRI 2 1 & SR HE N TR, S BUK A
BRGED Z R PEAK 2RYFE 2 UL SR i K
A= B (Ma et al, 2016; Bravo et al, 2014) . X i,
KL & BT Y2 B E 1)) i2 R . VIR
HE BB MERE, HE &R & EA BRI
11 3~6 N HUEE L (MRAH F MR ZE 4R, 1995) , H 2441 5t
PRI 218 B, PUAR ) ) B R RGN
IR it B IR G

= VA B SO I e =R S R 2
1R B AT 2 B4R R B XA KA S %
Ao SRRV BCRT , AH B T4 8 Sl E X
HERTECKTWE K, RN I TS S
N RESN A E XA T K& #H 4 )8 (Bing et al,

Weim B H7:2021-09-15

E&WA : FF A AR (51779158) .

TEE R T4, 1986 4F 4, 2, Bh R 90 01, = B NG KAE S A
IR I E-mail: dongel1314@163.com

BRI FR/NE, 1981428, %, WFIT IR, EENFIKAES LRI

&5 WF5C. E-mail: chenxiaojuan@mail.ihe.ac.cn

s IRk
X E4RS:1674-3075(2022)01-0016-08

2016; Maetal, 2016). FfH , & /KE K& KIEAT,
JE XA G T — A NI S KR IR 7K Ak T B B T
FEK 7K AR H 1% BE /7 H1 59 (Tang et al, 2016; Wei et al,
2016), ¥ FEEX ELBHRHBE™HE, Gao s
(2015a; 2015b) W 7T & B = W 7K 7 &5 7K 5 D AR 4 o
HE RS R AN, Sang 2 (2019) 1k BLFE &
& KT (8] () ZE K, 2 X 43 )8 HgCdPb.Cu.Zn.Fe
TR LTS . =K R B R AT
DX AR I 5 EL AT  pHL 7K < 900 TR A SR 5 R A L
Ay, 8 4 J@ AT T 745 20 Fe/Mn 84040 4 J& B Ak P Al
4 JR TR TR 3k 558 P T F BV i o 3k S8 BRI IR 1 1) A8 A
UK. T E SR BRI B M AR R 1 A
SIS 6 55 3 BT HOR AR T 3 1 3 B A
PECH R FESE, 2019; Nedrich et al, 2017) . ZEfE R %%
(2016) K ILFHT F /K K AL, BT Fe/Mn A4k
(38 5, Pb MIZ 25 & 25 R R, S BUE X Pb & =
Fhre BRI, WF 5 = 0k e [X 2 4 i@ T 25 R AiE X B A
EER e b S PN = R S ER 0 8 Y T S T X P LA P )
& @15 Yt 9T A2 B AR A T o A AU AE AR R AR
(ZEHT 4, 2016) , X UTRRY) & 48 T S FFEWE 7L
BORERZ o 9, ARHE ST DA =0 X K B R DT
TP IR T G, 43 W7 2 DX S b3 i BT B AR A
HHE G B T A AR B L A AR A RS, il 58 JEE X
S b i 4 S S B VA B i AR LA TR .
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1 #RE7HE

1.1 ARIESHEARE

2020 4 11 A 3B X i A7 B (HI) VL3
LB D) LA X R T B (BN I K FFT B (CS)TE N
WL E (B Do 5T b Es NBEE 3 K 5%
HER R RN TR T EL RS &~ AR,
AR A BB B 3 AR i FE AR A
RIE R AR, R L & 8 & B KA
ROFIME . S A AR RS A K AR 0~5 em RJZ VTR
Y1200 g 2 N 3R M SRR, IS b IR AE , fir iz Bl
LI E AT A E S RSBSOS . H
TUT AR 2R 4 KA B A R AN R A O {8 2

15, AREUE. HERE21 MM

E1 HRRELR
Fig.1 Map of sampling sections

1.2 o

121 Z42EB&2E40 N KHITBMEER T2
TE L, S B B R D B A BERESE ), SR I 1 FH B 3
TIFRACRE A S BIF BB il 38 50 FRROK , 1o 100 B FLAZ 3K 45
FES R . FRE0.1000 g W FF , 4 HNO,~HCIO,~HF
TH AR5 5 2K FH HEL IR & 45 8 144 5 5 3 (inductively
coupled plasma mass spectrometry, ICP-MS) | %2 Cu.
Pb.Cr.Cd & & ; FREL 0.5000 g i K , £ F /K il )
K JE 9% Y6t ik (atomic fluorescence spectrome-
try, AFS) Il E As fI Hg & & . B FE R HE R —
bR i (GBWOT7441GBW07442, GBW07443)
AT RERI S A REREAT ST

122 Z&£BEHASH K DD 2005-03 #EF7 )%
GARBUEIAF B IS ERJRIER . FRECEIREE B R

2.5000 g 7250 mL 5§ Z S be b, In 28 17K 25 mL,
B P HR 30 min, B0 70 B TH R BRI KR A s Al Bk
N 25 mL SALBRVE R, #52), A R HX 30 min,
BO B IE R A B A A s [ R N 25 mL
i R AN VAT, B8 20, 788 A5 42 B 60 min, 55007 B9, TH R
REONBRIR SR 4564 s A1 BRI HHOINN 50 mL AR BEFR AN
W, 4B 5], R BT 40 min, JBUE 2 h 5 B0 85, TR
RURSSA N AL s MFRE A 50 mL # A2 %
T, FE 5T, AR R EL 60 min, 550070 B, 7 VR R ON kAR
EED s BRE NN 3 mL AEERYE W 5 mL XU K,
P50, 83 C/KMHEIR 1.5 h, N 2.5 mL 52— R TR
B ERE 25 mL, E 10 h J5 5050 5 iR N
SR LG A s B a1 BRI TR N U AL, B Ry
FEAREE RS EWE TER LIRS
SESBEEE .
1.3 E£BEESKEITMR
131 #RARZEE KRERAB(MHQ 2 —
A VT AL 4 JE 0T 7K BA 55 R0 A W 1 f 25 R BE DR 4
b o 38 I TR A EE 4 ) A 2808 7K AP (threshold ef-
fect level, TEL) « ] B R % 7K *F- (probable effects lev-
el, PEL) Fl /™ 5 & . 7K *F* (severe effect level, SEL)
(MacDonald et al , 2000) PPt 5 4 & 15 e KU . ot

FARWT
R
mHQ = {C"(TELi T pEL, SELI.” L

KO, mHQ ek Bl R &L, C NITRIFE i
4@ 52 &, TEL,\PEL,. SEL, 2 I N %5 i Fih &
& ) 1A B 25 R 7K BT BE 808K S AR B R 7K
Vo %7 R E 4R RS R S 5 N 8 9 (Mac-
Donald et al, 2000) : mHQ<0.5 % 7~ ¥ A 32 #1754,
0.5<mHQ<1.0 L /R K 7K Fi5 4%, 1.0smHQ<1.5 &K 7R
BE G4, 1.5<mHQ<2.0 F/r 15 44, 2.0smHQ<2.5
FORIRIGHY,2.5<mHQ<3.0F MR 54¢,3.0<mHQ<3.5
o B Y, mHQ=3.5 KR ™ H 5 L.

1.3.2 FEAfraasor 54 e 5 (PLD 2 #. A
TG Y RBCCH A n K TTHR » n A2 0 5 428 1)
M (Suresh et al, 2011) .

PLI = (CF, x CF, x CF, x ---CF,)"" @

CF=C//C! ®

s, PLI IS e S F6 40, CF N B R IS e R
e, CORNFRESEING &, CON KIS ZE SR
FHE G FHANEI A, 1992). J5YFEE S 448 :PLI=0E
TNZRFEX A % B4 815 Y, 1<PLI<2 Ror 4575
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e, 2<PLI<3 FIR5RI5 e, PLI=3 RIS e o

CF A [ i — BN ] 4 3 — 5 B IR AE DT
T E A O 15 K2 A 44 55 2 (Tslam et al,
2015) : CF<1 KR Fii5 4, 1<CF<3 Kon a5 44, 3
<CF<6 F /N5 42, CF26 R n 505 e
1.3.3 BaEEASRNHEHE BEASKREHE
(RDFJE 7 HE 8N AR RN, 51N T 85 M
LR (T, 7] € S vk H A M E &R I e AR
JE o E<40 RINFERTG H , 40<E/<80 Ko 45 4,
80<E'<160 F 78 315 4 , 160<E <320 /R 5175 G,
E>320 R iis G G 55 55, 2021)

R1=ZE;‘=ZT;><C}:ZT:><C;;/C;' @

H, B SR i Pl E 4 IR T T AR A UR Fi 2
TR i Fh B & R I B PR B R 40, o Cu=Pb=5.Cr
=2.Cd=30.As=10.Hg=80. RI YT il Fb
HE BB ESHRIBE 15 R NANFER
XT84, 2021) , RI<150 R /R B fli5 4% , 150<RI<300
Fon T E5 5 e, 300<RI<600 7R 5275 4L , RI=600 #
NIRRT L.

134 REMEREEMUER BTHRSFMHRE
FH5 R AE A LUAEVERSPY S I8 T AL S E SR 1A
VEE A RTR F PR 22 57, B R R RV DR P
HEEBHRERTG YT . V55K T NANER (E

F1 RHIRARYESERE(TE)

MIREE, 2017) :RSP<1 /R TGI5 4%, 1<RSP<2 KR
15 9%, 2<RSP<3 F/R 455 4% RSP=3 KRG o
RSP = M. /M, ®
S, ML R DURA 2R i b EE 4 R IR AR A
&, RITEA 0 h BRERIE A 1 & s ML, 2 TR
i RSN REAA SR, RS R E A
o (RFRESE, 1996) .

2 HRE5HM

MRAYESESE

BT VLHE B R MK TR 4N BRI TR E 4
J& V¥ & & Cr>Pb>Cu>As>Cd>Hg(K 1), H
o, KA ES R As I Hg S BB E s T80T
BOANT VT B (P<0.05) , HoAth 25 45 J& & &7 L A
KB RIE & AR FVLB 2 (B A 8%
ZE5 . HA AN ARTLB YUY Cu Pb A Cd &
YA T RILAE TR Y E &8 15 5 E5 G — Al
BEIIA, 1992) , 73 7l 52 1 S 1.11~1.34 £ . 1.36~
244451 1.60~3.20 i s KAFVLEC H 4 )8 As(10.97 mg/
kg) 1 Cr(86.87 mg/kg) LA S L F (0.12 mg/kg) MK 7
(0.16 mg/kg) VLB He & & i T RKIVLIR IR
HEfl. Ao, KB He Pb.Cd Fl Cr & 5
ot =g P X TR 4 T s (RS, 2012) 6
AL J25 X K 5 0 L R VT B 4 ¥ e T

2.1

mg/kg

Tab.1 Heavy metal concentrations (dry weight) in sediment of sampling sections

KRB As Hg Cu Pb Ccd Cr
AT 5.74+0.64° 0.07£0.02° 42.45+5.65 45.638.02 0.67+0.16 78.79+6.44
T 4.68+0.35° 0.06+0.01° 38.92+1.02 36.86+5.13 0.40+0.07 71.01+3.42
(] 9.29+0.48P 0.120.01%® 41.23+2.87 49.81+8.54 0.710.09 78.64+4.48
K77 10.97+0.67° 0.16+0.01° 46.99x1.81 65.79+7.97 0.80+0.07 86.87+2.96
QSARYRACY k=g Y 9.6 0.08 35 27 0.25 82
IR X IR S AE 18.07 0.109 76.03 59.40 0.75 86.31

T AV EAE /NS TR AR R 57 5825 (P<0.05) .«

Note: Different lowercase letters in the same row indicate a significant difference between sampling sections P<0.05.

22 MBMBEEREESSH

K % R4 BE N B 4 R TR A AT 0T, RAE
LERUTRYIA R E B SRET 7 L 2,44
WARIL BRI h M E & B REES G IiE s —
Mo As EEPIFRE S (65.26%~72.25%) A WL &5 &
A(12.90%~19.12%) AR ER 45 5 45 (10.52%~12.74%)
AR, Hg &2 DLFR 45 (81.25%~82.43%) Al A L 44
& A& (16.74%~2512%) 17 £, Cu £ Z DR E &
(46.10%~55.85%) 2kl 45 & 4 (19.30%~23.41%) £l

HHLGE A7 (14.57%~20.41% ) FELE , Pb 2 5 DUk A 45
H A (34.99%~43.17%) TR 2 (27.23%~39.06%) 1
BRI 6 45 A 45 (10.81%~14.36%) 77 7F , Cd = Z DLk
R 45 A & (33.06%~36.55%) Al B 1 28 e &
(16.65%~20.56%) 17 £ , Cr F= B DL % ¥ 75 (88.78%~
91.80% ) f7-1F -
23 MRAYR—BEEESXE

B FETT BT AR A Hh P — B G AR A XU PR &5
RILE 3.
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Fig.2 Distribution characteristics of heavy metal forms in sediments

2R fE RS S 40 mHQ A W.1¥ 3a. mHQ {5 Cr>Pb>
As>Cu>Cd>Hg, *V-#ME 73 759 1.92.1.43.1.39.1.32.
1.06.0.80. Cr A+ 4&y5 %, Hg AR /K5 %, HoAth
HE BRI

BRI 9 R EOLE 3b. CF{H Cd>Pb>Cu>Hg>
Cr>As, “FHME 78 2.33.1.81.1.20.1.01.0.96.0.80.
Cd.Pb.Cu 1 Hg A5 4%, Cr Al As N5 4.

AR S KT EOLE 3. EfH Hg>Cd>Pb>As>
Cu>Cr, FHIES 1M 80.55.69.87.9.05.8.01.5.98.1.92.
Hg Jy5iim s, Cd &5 4, HAEE &8 AR5 4

DA AR T A A B A WL ¥l 3d. RSP Cd>Pb
>Cu>As>Hg>Cr, V- #4H 73 71 59 9.59.2.11.0.99.0.47 |
0.26.0.11. Cd N5875 Y, Pb Ny b &5y5 e, HoAh & 4>
ISP REE
2.4 MRYMELEBEESKE

I FH 5 e G077 4 B RN I8 78 A 25 XU FR Bk o7
fili 6 M 4 J@ 2L A F N DU 1) S AR BRI RS 46
RIE 4. AL TLE B AR F By TR Y &
4 )& PLIME 70 5159 1.07.0.90.1.35 F1 1.61, 55 . K 7

METTIL BRI E THSEES RIS, AFEXK
77 FH L R VLB 4 g V5 G /K v T X i B VAN
VAT B (K d4a) . AT L B R AT AT BT
Yy i 4 & RIE 5 %) N 144.64. 112,49, 199.36 Al
245.03, B MK FILERIRYE THEELES
P, HEILANVLEVLER TR M E SR G I (El4b).
CRE SR I B DU E S @ A T 455
YooK, HEXKHFME ML RSB RK &
F LA TR BT B

3 Wig

3.1 MRYEEE ST

SRR X K R AL B U B AR
it Cr>Pb>Cu>As>Cd>Hg , 5 KT T AR 9 Fl 4= Bk
TUA EL RN & BN A%, 2008) —5. H
H, YU Cu P R Cd 1) 75 &35 v TRV L
MESRERE, THRESR S ELT FEMN
1.60~3.20 £ s KA VT B H 43 )& As F Cr LA K B R AT
FFVLB He (18 B e T K L s A s el , K0T
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Fig.4 Comprehensive ecological risk assessment of heavy metals in sediments

BX ) HgPb.Cd Al Cr & & 58 i =k g X T A4
SEYE M. Hb Cde R LB EERT Y. 5K

25 (2018) Fil Xu 25 (2011) . & I = Ik £ [X 4>
J& Cd ¥5 Gl ™ B, X AT RE SV T Tk R4 A B
AT B R IK RS HEE S %

3.2 MRMELET B HIFE

WL BT B & & e (A o0 A oA — e 2
S, I EE X BT B B X R R B S &
T, JU S E XK VT B E 4 8 As Fl Hg [
SRERERT LS BEMITELE . Gao %
(2016) .15 2| 7 AH [F] ) 5 4 J& /0 A A =0, X S5 0 5T
TLB I B SR AT R AT 3 1) . =K B i Wi AT
J& » KT 37 600 42 km 1) H SR BAR /K22, 2 X AT
B B A WO AR B R AR T K S 2R K DL K (X

B URHES B A4 AR 55, B A2 B2 VA0 0E 3% BH B2 L pH
EERIRYIN TF NGNS PRSP =8 Tl b R A
%, NSRRI % , T 20 RO ] W B B 22 (1 E 4 )
(Shi et al, 2018) . HR4E 2 F (WA I, R AL
BB 110 90 3 4 2 K T oAt VI B, AR 7 S R 228 4K 114 i P
B[] R Ay UKL T e i 28 1 7K B 77 2% A (Yao et
al, 2016 o [RIF, WL T ) ZK A HE TSR 22 1 A8 3 A
Tk 3, FoBE A R KR, A I RS A N LB
(Islam et al, 2015) . [KIt, FE X K FF VT B i AR W) o 1
& e AR R
3.3 MBYMEEBERSS IFE

4R AR A AN S T
& B AH O, B KL RS Bl vk T A7 T A (R i
645, 2019; Farkas et al, 2007) . AEEEBIESH
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S MAERHEES . AUFRILE P MBS &
A5 Ee e, 1T BLIA B 34.99%~43.17%, 5 HABHT 5T
g8 LR, G = 0k R X S 3t B IR AT AR A Hh Bk 4
HMIPb 5 14.3%~51.3%( EARIRZE, 2017) , KL
B AR P R ER 45 G A o bE ik 64% R M 2R
%, 2008) o AL JFE HLA R AE BRI ET , A A 45
A 1) P BB T HA SR 17 6 B0 58 77 AR 9 A A F (Wi et
al, 2016) . Cu EZ LA HLE GBS, HEXE M
K FFIT B o B (20.21%) 8 2 T B A TTIT B
(14.11%) AT T B (14.30%) 5 1t W P8 [X 4K 75 F B2
FAVL B Cu B 5y 5 PUAR M A R Joe Je A i B R S5 A L
SEE TR S EA Y (E R R, 2012) . Cd 1)
B A R, fEATL L R K AL
BOURRA Y E 4 & TR 25 SR R 1 o BE 23 51 17.41%.
16.65%-+20.56% F1 18.88%, 1fij 7] A2 #4520 43 i . 4
J& S YT 4 & 5 55, 38 O T PR TR E 4
JBAEWR RAER RN TR, B 7 VT B 4 8 Cd IR
Z NG BN 52, R A PR A AR A m] ) s oK
o T 185 s ) IR B¢ e G AR AE PR X K 5 AL R
LB . BN, DUt As Hg M1 Cr IR 2 & E i
f» o He A Cr IR AS o5 L 2 2 Bl T T 80%
H188%. AT K IMITRYIRES T ESE
BRAARN, AT Ydks s, R4 Xk
TER A ReRs HB G TR E S ES R — A RAH
A AT R R (FLIHEE, 2015) . NIk, 76 5 X fe i
WL BIURRY)  Cr BefasE , HAE S KRS e fik
3.4 MRYEEEESRE TR

T3 Y AT T BUE RV 7 AR A R FE B0 1T BLAY
JE X J BN B SR 1A O ST VLB g i G
PORBLIA A B o M 4 1) PLIE AT RUE AT %0, A
W AT B R B 6 Ja g T v 5505 /KPR I
KA>Er>A >0, 5P E &R & 8K
TEAS A a s — 8, ¥R BN X K 75 F L rg T B
75 et ™, X F B As Hg.CuPb.Cr f1 Cd 3L A
TEF RIS R . AR AEZS KBS PR ik 4 Jd i g
FEBE XI5 A 22 5, R AR 22 30 1) 32 L IR o] e E
FTELROE SE . SEABAES SHAR. 4
G AR TTIE, 48 Cd I Pb TR &5 TS e, As. Cr Al
Cu NH40S 3% , 1 % He 175 Y2 BEVEAN Z AR K,
TG Fe B a5 Gy, oA R A A 5 TR AR A ARV
B Heg K6 NERIEAS , MRS A AE D # 1 /N , A
15 /KPR R AR 2 R i B0 RoR H oy 4
X ] F L KON E 48 He M3 REUR K, 24
fhE 4@ 1 2.67~40 fi5 o ZF &, AW FEIL BT Y 52

Cd 1 Pb {175 G4 ™ 5, FF H Cd 7E B 5T VT Bt B A 4%
o AR A AT RS R R 7 AR S KR . [RIE, Ay
TR X B b K R R AR W R R AR, 7 5ROk
T X R b3 R 4 A Cd T RS B b DL R K A=
I BRI

SE 3k

MRERAE, £k, FRAUE, 58, 1996. Hh [ 7R B 32 B R 0L
W e R AL B HUR S 2R (B AR R, 32(2):
206—214.

LI, AR, SRR, &, 2015, SUMRZUIRY ESE A
WA RS A S VY (], R SRR, 35(4):
1223-1229.

MR, 25, TR %, 2016, FHL UK EGTRY) 48
T3 AR AL S LI AR BE 0], P E A SR, (4):
1207-1217.

FRHT, HHE, WIS, 55, 2016 RAEH @KERYM H
A R B VO BT JT R R 10]. RS AR 36(5):
1233-1243.

PRI S, B4R, 1995, BRYLIA I (¥ BUARTTRR A 55 5 e o7 2
IR E BT S, (4): 43-49.

FMIR, P ERL, WK, &, 2017, TR TURY E 45 E
AT ATRHE S 25 KIS PN 9], A BE R 22224, 36
(8): 1610-1617.

T, wiEd, W, 2, 2012, =B X A TR &
R IE AT RHE D] PR 5 R 29(10): 905
909.

TARRE, A, MR, 5, 2012, ZIREE X & Kiz R E
OB H < 75 e B L 7 26 25 R PR A (0], PR B R}
2, 33(5): 1693-1699.

MRAE, EME, e, &, 2019. R H R E SR 15 Y FE
FEHORBEFCHERT]. AR ISR, 28(9): 1900-1906.

SRS, AREHT, 2018, =k E X T HRUTRY E & )8 i & 2
B R ). EBHEK 241 37(5): 99-105.

B—FH, BEEAA, 1992, ] KL E RIS DR L oo
R, BEEFER, 37(13): 1202-1204.

ATE, TN, SRR, 55, 2021, wRIBHET LIRE SR
BRRHIE OB RS KO 0], KBRS, 42
(4): 67-75.

FWHR, Hik, TWE, &, 2008, KILKZ T+ E 48
FIAFTEAS ], AL, 27(4): 515-519.

Bing H, Zhou J, Wu Y, et al, 2016. Current state, sources,
and potential risk of heavy metals in sediments of Three
Gorges Reservoir, China[J]. Environmental Pollution,
214: 485-496.

Bravo A G, Cosio C, Amouroux D, et al, 2014. Extremely el-
evated methyl mercury levels in water, sediment and organ-

isms in a Romanian reservoir affected by release of mercury



22 943 B 11

K E A

2022 4 1 H

from a chlor—alkali plant[J]. Water Research, 49: 391-405.

Farkas A, Erratico C, Vigano L, 2007. Assessment of the en-
vironmental significance of heavy metal pollution in surfi-
cial sediments of the River Po[J]. Chemosphere, 68(4):
761-768.

Gao B, Zhou H, Yu Y, et al, 2015a. Occurrence, distribu-
tion, and risk assessment of the metals in sediments and
fish from the largest reservoir in China[J]. RSC Advanc-
es, 5: 60322-60329.

Gao L, Gao B, Wei X, et al, 2015b. Assessment of metal tox-
icity and development of sediment quality guidelines us-
ing the equilibrium partitioning model for the Three Gorg-
es Reservoir, China[J]. Environmental Science and Pollu-
tion Research, 22: 17577-17585.

Gao Q, Li Y, Cheng Q, et al, 2016. Analysis and assessment
of the nutrients, biochemical indexes and heavy metals in
the Three Gorges Reservoir, China, from 2008 to 2013
[J]. Water Research, 92: 262—274.

Islam M S, Ahmed M K, Raknuzzaman M, et al, 2015.
Heavy metal pollution in surface water and sediment: a
preliminary assessment of an urban river in a developing
country[J]. Ecological Indicators, 48: 282—291.

Macdonald D D, Ingersoll C G, Berger T A, 2000. Develop-
ment and evaluation of consensus—based sediment quality
guidelines for freshwater ecosystems|[J]. Archives of Envi-
ronmental Contamination and Toxicology, 39(1): 20-31.

MaY, Qin Y, Zheng B, et al, 2016. Three Gorges Reservoir:
metal pollution in surface water and suspended particulate
matter on different reservoir operation periods[J]. Environ-
mental Earth Sciences, 75: 1413.

Nedrich S M, Burton G A, 2017. Indirect effects of climate

change on zinc cycling in sediments: the role of changing

water levels[J]. Environmental Toxicology and Chemis-
try, 36: 2456—2464.

Sang C, Zheng Y, Zhou Q, et al, 2019. Effects of water im-
poundment and water—level manipulation on the bioaccu-
mulation pattern, trophic transfer and health risk of heavy
metals in the food web of Three Gorges Reservoir (China)
[J]. Chemosphere, 232: 403—414.

Sfakianakis D G, Renieri E, Kentouri M, et al, 2015. Effect
of heavy metals on fish larvae deformities: A review[J].
Environmental Research, 137: 246—255.

Suresh G, Ramasamy V, Meenakshisundaram V, et al, 2011.
Influence of mineralogical and heavy metal composition
onnatural radionuclide contents in the river sediments[J].
Applied Radiation and Isotopes, 69(10): 1466—1474.

Tang Q, Bao Y, He X, et al, 2016. Flow regulation manipu-
lates contemporary seasonal sedimentary dynamics in the
reservoir fluctuation zone of the Three Gorges Reservoir,
China[J]. Science of The Total Environment, 548-549:
410-420.

Vareda J P, Valente A J, Durdes L, 2019. Assessment of
heavy metal pollution from anthropogenic activities and
remediation strategies: A review[J]. Journal of Environ-
mental Management, 246: 101-118.

Wei X, Han L, Gao B, etal, 2016. Distribution, bioavailabili-
ty, and potential risk assessment of the metals in tributary
sediments of Three Gorges Reservoir: the impact of water
impoundment[J]. Ecological Indicators, 61: 667-675.

Xu Y, Zhang M, Wang L, et al, 2011. Changes in water
types under the regulated mode of water level in Three
Gorges Reservoir, Chinal[J]. Quaternary International,

244: 272-279.
(%4 RIRA)



2022 4F 45 1 4] F A4S CRERREFEREARNES BN SHEARLLES AR

23

Fraction Characteristics and Ecological Risk of Heavy Metals
in Surface Sediments of Three Gorges Reservoir and the Upper Reaches

DONG Chun, YANG Zhi, ZHU Qi-guang, TANG Hui-yuan, LI Si-xin, CHEN Xiao-juan

(Key Laboratory of Ecological Impacts of Hydraulic—projects and Restoration of Aquatic Ecosystem
of Ministry of Water Resources, Institute of Hydroecology, Ministry of Water
Resources & Chinese Academy of Sciences, Wuhan 430079, P.R. China)

Abstract: The characteristics and potential ecological risk of heavy metals in surface sediments from the
Three Gorges Reservoir area and the upper reaches were studied, aiming to provide basic data for the pre-
vention and control of heavy metal pollution in the reservoir area. In November 2020, 21 sediment
samples were collected from the Hejiang and Jiangjin sections in the upper reaches, Banan and Chang-
shou sections in the Three Gorges Reservoir area. The total concentrations and fractions of Cu, Pb, Cr, Cd,
As and Hg were analyzed by using continuous extraction method. Results show that the average concen-
tration of heavy metals in sediments were in the order of Cr>Pb>Cu>As>Cd>Hg, and the levels of Cu, Pb
and Cd were higher than the background values of the Yangtze River basin. Heavy metals presented
obvious spatial distribution differences, and were higher in Changshou section compared with other
sections. The fraction of each form varied significantly among the heavy metals. The proportion
of Fe—Mn oxide fraction of Pb was as high as 34.99%-43.17%. Cd had the highest percentage of the
exchangeable fraction, accounting for 17.41%, 16.65%, 20.56% and 18.88% in the sediments of Hejiang,
Jiangjin, Banan and Changshou sections, respectively. The residual fractions of As, Hg, Cu and Cr were
relatively high and the residual fraction percentages of Hg and Cr exceeded 80% and 88%, respectively.
Ecological risk assessment results show that the pollution load index (PLI) and the potential ecological
risk index (RI) values were 0.90—1.61 and 112.49-245.03, respectively, and the index value in the Chang-
shou and Banan sections was higher. The comprehensive evaluation show that the heavy metal pollution
was serious in the sediment of Changshou and Banan sections in the Three Gorges Reservoir area and
at a moderate pollution level. Cd and Pb were the primary heavy metal pollutants, and Cd was more
bioavailable and posed larger potential ecological risk.

Key words: heavy metal; fraction; ecological risk; surface sediment; Three Gorges Reservoir



