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10°m®, %8 K o7 &5 #2213 m, XF ¥ 48 4 0. 86 X
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Fig.1  Location of the sampling site in Liuxihe reservoir
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T 201343 A4 9 B, HBMA ™ (Uwiteo) T
SR Y8 8 78 L% T K PR A DXL TR (> 40 m) Ho %
TLER B R £ (23°45"45"N3113°46'47"E) SR & T
FTREARIEUE 2 MR, PE SO BTG M HoR & T4 e A
R R AR RS LEDKREF e 4r  RIZAR AN
By, ALK R, SR AL W /N0 GE B AK R  BE
LA 1 em O B PR AE VI FE] VIS R R 56
FE TR FE 4% (NASCO whirl-pak) %€ 4 J5 » i 6 A%
PR A7 Bz el S =, BEAT IR I S BT 4°C
UKFORAE o SR — MRJEAERE i BEAT B 5T, 55 — AR
TLRAFF T . IRV AR 28 FL25 08 UR T 1 4% (Telstar
Cryodos-80) T4, Il & T 5 J5 & I3 5§ of £k 0F Ji5 2
100 H ZURH L FE b BT T4 & b R A7 B2 AL 21y
s

H 4 JE R FH SR R T % . ICP-AES M & (3K 48 1R,
2015) . AHLFTE i LOLs, K I 5 9 b b 2k o 4 4%
53R (Heiri et al, 2001), FLBREE 3% T 510 A X0t
B

=W Xd,/[(1-W)d,]+WXd,

AW ORIRI K > & & (00 sd, IR IERYF
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JE U8 % 7K 230 7 2R FH H A 22 {7 (Murray et

al, 2006) ;%7 % H Mastersizer 2000E Bl # 5 k7
A AT ASGEEAT I R L 400 4 b U S 5 FH G SOk CsE L4
2009 k4%, 20100,
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D) A B 48 % (Miiller, 1969) #l NYSDEC #5
1 (Pataki & Cahi, 1999) PR PE#r 4 2 o P 7K
JEJRE & BT YK i BEFEEOEAN A A
.

I..=log,[C,/k X B,]

P T WHIRIEEGC, HITR n FEK T
(S5 (mg/kg) s B, MR H %0 K A Hb BR
2288 S B sk N 2% TR A AR T RE 2 51 B FHE
AR T 1 R 1.5 s AR 1L fH R
AN R IR E & RIS YRR R T AR
&4y 2 W Miller (1969), AR SCEEHU AR 4 + %
S (EAE AR BOT N S A . Cr.Cu . Ni. . Pb,
Zn B S5 50.5.17.14.4.36,47.3 mg/kg.

NYSDEC i & 3¢ [ 41 29 M 35 55 08 935 1] 19
Fr#fE (Pataki & Cahi, 1999), ZA5#E &L Cr,Cu,
Ni.Pb.Zn ) 5 AR /E ¥k & (LEL) 43 51 2 26,16,
31.16.120 mg/kg; ™ 5 /E H ¥k B (SEL) 43 5l Ry
110,110,110,50.,270 mg/kg.
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AR Origin 8.0 BAFAEE, 2k SPSS 20
BAFHEAT BUE AT, R R 3 5 kit £ 40t
I3 b SRR
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W 2 Fr7s B 8 T K R e A & R B K R A
43. 7% ~T4.1% , 3230 Bl T R B 3 o i 38 sk 1Y
FaF, 7E 38 cm LLTR LR U8 5 /K R Bl DT B IR BE 1 3
TN 22 18 B A 38 ~6 em, HHLH T8 a1 #4
POMAE 6 cm 23R J2 W SCZEE 38 . i XoF 1 9 FL B
JEME AT 67.3% ~88.3% , 5 & sk [l I 43 H
AR EME (P <0.01) , F B — BRI 2L 50 A
B E AR AR UE F AR R S VE AL .

T K PR I e UL AR b O L AN AR e
T A 31.44 %0 ~50.14 %, HAYR R A HURG £ 4
Kt ok Rk RS A RD, AL 4 4 B R
20.09% ~36.01%,18.10% ~ 34.31%.,0.41% ~
12.00%.0.09 % ~5.92% ,0.00% ~5.47% . i &M
KPR Ve A A X S A WL 1
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Fig.2 Vertical profiles of sediment moisture content
and porosity in Liuxihe reservoir
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Tab.1  Percentage of particle size fractions in the

sediment core of Liuxihe reservoir

Br 4t MRt ke ke MR r
fKME 34.31  36.01  50.14  12.00 5.92 5.47
f/ME 18.10  20.09  31.44 0.41 0.09 0.00
RIS 28.39 30.68  38.07 2.10 0.62 0.15
FRifEZE  4.00 3.17 4.68 2.29 0.97 0.79

TSR 14.1 10.3 12.3 109.1  157.5  543.6

FH L 3 AT AL, AL IR TR 7K R VS YR BURE 2 AN
JeHIE W i e BIAR /N Z BB R S 0, HAE 22 em
A ATORL A 0 B A AT RE S R K S e (CE
A, 20125 54, 2013), BRI L AR o D
FUKELA B0 2 43 E 18] 1 2 0 93 A R AR 38— 350, TR AR
2 = B K Bl DU BE A REAIG L 191 3% 37
G, A 7E B S0 VR B 30 S 6 v (L, [ s =3 1% v A
R AR F s B0 A A ) 7 L 2 B0 T A A i — Bobk
7 E 4 i W JES VR I 1A 4 7K B0 F1 (TR L URR ER
BE Rk A A, R R R R Y E AR bR 2 —. 8
WA B i R K B R DUR AR B AR i 2
JZRG A, K B g . K X SR O
AR K AT 3 23 A7 AE — 22 S A% 20 /N R 50K
K AR 1y 3L B e R 4 VG R A A Y B R L 40
REURLJEC U6 43 B SR T 7K Ay BHLRE S 8 VR RT3 5 1 By
B, BIVREBE B3 R WK 3 ) 2 . BRI R B R TR
T 7K P v R RIURE 4 S5 ARG i 300 I X TR L 0
T Bh BRI 7K 2 7 3% 38 B I vh RO JEE L 441
BER I Xof 1o B AT AR 5 7K 2 3 R HE K S B J] R X
(E . 2012) . 75 30IR W K 22 i U6 H LA 4 80k 1)

K RN ARy b 2 4y 3 i 4lE T 83.86%0~99.30%
(8 LA 2 B RE SOK 3l ) 25 1 SR 355 L IR DR AT
B AR E I BR IK Bl 5 25T W D0 RR A E 4
B LA AR A i st ) SR AE .
22 KERKRREERWIL

Liu 4% (2012) R FIHR R Ve 4F 202 Mk s ot
JESFRE bR A A BT KA L HE K AR R L 5 R
B K PEWIIA X TR 20 0.78 cm/a, B 57 1 K PR
R, RIS H LRI SR 45 A K EHEK &
s 5 I UERLEE 2 1 A, e S 9 43 E R Py s R
F 309 LA S 7 A W K R IS R AR ARRESE . R K PR K Aor
e AR K i s 0 3% RS Y s J3E 2 vt 32 782 Iy sl i 3 )
FEWF A 7.10,14,15,22.37 cm 4k (9 HLBUR L &
P R R R AR A A K AN R L EE AL 8 AT
TR PEAE B R HEAK B A AT B K et HLSORL 49 o 3 iy 39
BeAb by s i 285 e e 2 BT X N7 A L AR B ] Sk 2001
A .1997 4F 11993 4F 1992 41983 A H1 1968 4, LU
B33 4 BER (] N - B R 5 Liu 45 (2012)
(45 i . WA X I 4 iR,
23 RHEEEESENH

& 5 KW, A H Cr S 7E 11~70.4 mg/kg,
AR e I H B T BRI R R AT T 28 AR ) o L
AR B AE YA IS 2 i A IR] Ni— 30, Ni & it
f£ 5.4~22.6 mg/kg, H4JE Cu.Pb M Zn &S
AR IR B DT BR TR B AR T 3 i a5, 13 em
) R 20 L B0 A B ) AR LR, Fe & 3 LA
E LS EAERE DA S REHN 9.9% . Zn 1E 5T
AEAE TR R A AR R R, AR R R S
50. 3% . >R CONISS 43 #7 i: X 5 4 )& & &= i 17
I3RS 45 B SEBR AT DK PR AR 43R 5 AN AS TR Y X [R]
I X (49~39 ecm),fEi%Z X Cr.Cu Ml Ni = & & 1
LA A — B, A 2 I B R R B i R AR )
B Fe Pb M Zn 3 H 5 00 & MR A RLEE, (H =
H ORI AN K, 11X (39~21 cm), i X
F Cr.Cu.Pb fl Zn R H T B 2 A9 38 s 95, Fe
AN 20 A LA 3 — B, e 3 L B AR, 11T
X (21~15 cm) ,iZ X H,Cr.Cu.Fe fll Ni & =&
BEAR, T Pb A Zn & S ANFFEEH N, IV X (15~
6 com) L T A 6 FhEE 4 8 SR TSN, G
BTG B R , 26 WO IX T b 7 I B N B 4 R i A
PN s D) BN DS B 2 (Y
X (6~0 cm), i A7 T 4 J& &t EBE BIRME )5 . B 3R
PR P A SR 5 1 Y e R W] X By
4 JE 5 e AT BN A o
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Fig.3 Vertical distribution of different particle size fractions in the sediment core of Liuxihe reservoir
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Fig.4 Chronological framework of the sediment core in Liuxihe reservoir
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Fig.5 Vertical distribution of different heavy metals in the sediment core of Liuxihe reservoir
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WS B, BAT 0 35 A DG I Y 2 4 J T RER] I
HA ZAUD IR AN 73 A LA o ] g ik 3 7] 2 2 TR
PR G A ORLEE S S . TE O3 2 R HT B T
FIHH SPSS # A4 X K JPE LAY 45 & 54T Pearson
MG T . AE WK A, Cu M Cr A7 AE
FAHRNE (P=>0.01) , 1M1 5 HoAh 5 4 Jm HAT 50 W 3%
¥ TE AR E (P <C0.05) . Ni,Fe 435 5 Pb. Zn 14
KRR 7E  HoAx 4 J ) D) LA B A A G G &
(P<20.01) ., AH S PR 22 14 W1 4 J 18] B A7 AN ] B R
TR 32 19 82 0 25 1 R JEE S — B0, R W T K
JIE Ve 4% H 45 IR 5 B B A2 S TR R B A A B A
A | B[R B 0 A L, AR R K R
MRS E4AJE Cr Ni Fl Fe & & Z A A7 7E )
FHAMEE R (P<<0.0D), H Ay 5 4 )@ W 5 4 L
Jot 5 AR SRR %K PR R R R A A2 2 Rl
PR B 520 L 155 1 A7 BI04 s 69 4 T
(K 2). EidE @B LOL;, =3.74 - 0.1Cr -
0.03Cu—+0.18Ni,R%; =0.48, P =6.83 X 107 ,n =
48, KWIHE & )8 Cr,Cu, Ni FA BT & 5 8] & R fix
VSRS SR IWDiE (oA o R S S 2 (S
Mo APLBEE R E — R 5 LY sl 12 R A
P JFU I A LR A T I A D e B A LA R SR R
HEREAREZMER, REPILEEE LOL;,
S AU T UL A HLBOX X 28 G R T R L
50 R R SRR

x2 RMEAKERTESCESEMEXY
Tab.2 Pearson correlation analysis among different heavy

metal concentrations in the sediment core of Liuxihe reservoir

HEJE Cr Cu Fe Ni Pb Zn

Cr 1 0.138 0.731** 0.950** -0.272 -0.276

Cu 1 0.349 " 0.315"  0.760"* 0.836" "

Fe 1 0.856 " * 0.075 0.062

Ni 1 -0.077 -0.082

Pb 1 0.929* "

Zn 1
E: " RR P<<0.01CWURHE S ; * F7m P<<0.05 CWERK .
Note: * *indicates a highly significant correlation (P <C0.01);

* indicates a significant correlation(P<Z0.05).

6 2, 78 TR K b LR e A A P T
H5REEEZ MDA B EMEMEP>0.05),
H4JE Cr Al Fe 54 MU & &2 M fF 7R3 % 1
FHRK R (P<<0.01), RWZOKFEVIRY EL RS
W7 Z MR, B85 T A P S R E 4
JRIVER . 2K TR 4R Z A R T &
W2, Frid sk i DA 428 . Cu B4 20 1) E

FRIUE  HA R BN 5 A VLY B A B0 i 4
BRET1 . TEZOK A LTS B 4 s T 2 i 8 o
HCo  HAEREMWXR.
25 HREEELETHEAKTE

Mo R FE BT 2 W (B 7D R AT K I T
o Cr.Cu e Ni 9 I, fHBR Ni £ 47~49 cm Fb, fF
AUEJE T /NT 0, 2 BB K I e 0T oK A2 3
XUCE 4 B A E IS YL, Pb 7E 26 cm DAF M I, 18
A F 0~1,26 cm LA B 1<7I,,<<2,Pb 4bF %
15 YLK, Zn W ZE 30 cm Ab 5 05 e ok T 0 55 4
AL T b R 4 J A IR T K R VG e g At T 4
FEE LRI TS YN S SRR AR Y e, E i
NYSDEC 45 #E 3F 4 0] A1, 3 B K Je At Cr &
AT LEL 5 SEL Z [l )2 ¥ B LEL /K V3
T 75 Y TR B AR, Cu 5 Cr & iR AR AL 95 e
P B AIC, 76 B 2R 2 o /N T LEL, Ni 78 fif
AWRJE A Z 25 G, BT LEL, Pb (975 YL 4%
HL, R AR T SEL, (HAE 2 2 A B AR 3
Zn fEJRJZE 47 em UL F/NF LEL, BB R EN T HE
Z 6] A BE Pb Ab, B & WK K U8 5 4 R B kTS
YK A AR L X T RE 5512 ML IX A P AR M (B 8
AXRRJHRE HEEEDANE, 1993),

3 it

30 KERERESRBRSHREMEIER

JIE I8 4 Jm 1 R 2 R AR RO 5 R, kAR
JA3 R L AT ) RS THRTRE SR A LY
5L HLWY L Bl % (Christensen & Juracek. 2001),
E AR 7K PR VAT T R 43 1 45 B Be b 565 T T B
SR T KRR 4 R AR TS Yemh 0], b g T g B,
Cr.Cu.Ni & 12 i i 8] #E 32 1 [ 1% . Fe \Pb . Zn & &
Wi Fof (] % T 2 0 3 I, i Be ik T 20 bl 70 4R
FZHT, TARM AL/, 8 48 FERIE T B A R
I T B AL B B L e SR AL B 2 B W o A
CaCO, IR o 7 &2t ] REH R e BE 1Y CaCO, fiigy
FIUTR B R F5 B, S B & R K. Banbury #IE e
F Pb Al Ca B3 SO AR W28 T Pb g CaCO;
PR BRI FE 52 (Yang & Rose, 2005), 3937 1 9] 7K
FEM Lagoa Vermelha —®E A7 T A0 X K 57 M (X, 9% 7F
ML FL R RUTRE R EaJR i AKEFERRZ —
(Barros de Oliveiraa et al, 2012) ,{H b0 A K
wAZ, HIUNBEMHEEITE Fe miAE, KRZH
o A A 1Y L % I Bt ] 5 R K 20 i
28 70 AR AR MUBEAT BT R . (R DL
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Fig.6 Regression analysis of OM and heavy metals in the sediment core of Liuxihe reservoir
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Fig.7 Geoaccumulation index of heavy metals in Liuxihe reservoir sediment core

BOR MR G IR 15 4%, th T B AR AN 6T 3
o JIREE 4 R T th 2208 W AR . I BRI
R LLARIE S F, R . 1S PEITER Fe
F1 Mn X Pb &3 T 1% B9 W%, BE Pb 2 5 59 34 m
T BR300 3 i B G2 2 L 5 WL A DG BK , Bl
FE T A7 ) 5 B84 0 171 A AR (Grayson &. Plater, 2009),
32 KERKREEERFTEMEMNPIZR
PEAESE T TV FBE i s 1K JE 42 J 35 e
], b S TIT I BN ST sl X 4 R %
S R Ok . Pb. Zn s N, Cu 2212 3% Jin )
Cr.Ni ZZ18 [ MK, 2B Pb AL 95% K H A
5 80 B IR SR AT A i B FE 45 HU )32 1 (Grayson
& Plater, 2009) ; [ fs}, Pb #E A ¥5 30 4% I 57 i 45 2R
B AT KE 7 faf (Kihkonen et al, 1998), fx & il
T RAPOREIEA K, Cu,Zn & 5307 fE 5 0
B HE A O an e Bl X BV A5, 2004) , B0

V8T R 45 5 A L BE (20 HE4R 80 4EAR) iR
T T FF ik (R R 3G . 2012) o B 25 Ay 2384 i, 340 A
SR B HE 1 HS 2 R K RS g IART BT R
VR E AR A AL R, T 805 Y il i U2
XF U ERASCE TR N, PR R L A B AR TS
Yk B R B e R KOE (B 7D, 5 TV IFBER 28
R AR K R RS, e BURRIE
ETRENESRESEMNSE. E4aE A RE
A LB ELAR /N, BRI T NI B, o g (B
NN RTE Ye FF 1945 B (Yang & Rose, 2005),
FTIN 4 B A AR AE 12~13 cm F LN T UEAE, 45
IR T B AT TR A F T sl AR ) s 2 & A AR X S R 4 R
T HAHFEIER . 1997 — 2000 4, IR WK PR JE A
18 2R B8 (8 X 3% N Y Y 4 U o i
) 2B NI A I DO VA A VWD = oo AV =
KB, CulNiPb . Zn FHEE T RS A D8Rk
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TR B IEM EE (P <C0.01), & Pb KAl
AS KA H Pb & PLs 89 il (Kahkonen et al,
1998); 73 Ah, M 2 &%, Cr.Ni.Cu 51
Hr B AR A A VBB RE S A G, IR Cu w)
REARVE FIREAE R Zn WTRERE TR BRI Zn
72 AE 54Tk, Zn Ph, Cu 2545 38 ik 4%
MATHMAKRGE P, ZBE L R RESE S
R T REARRE S N T AR T Y 0 s %
1 ER T T AR L i K R Y G e e b (R
A7 85 T LA B B, 5 4 s Y AT AR AR A 55 T 2
V5 K AR BTS2 VR L Tlk ™ b R0 i A 4 T T A
RO AR AL H 25 32 5 9 A A B IR % (Von Gunten
et al, 1997) ; A, FRE M 20 tiE22 90 AFEARTF IR B 25
VIR & Ph R (CEBI%E, 2003) , FRISHEFRAK T &
SEIGY . TEAR KM DQG 1 DJZ &5 FLIF 5% [ %
B, 3 2000 4E4] Lok, Ph il & DL K A R i5 4 i Ph
i LT R X T RE S AR S Ph YR G (kS
BB, 2012),

64r 320
sol A //x 280 5 3
g ——GDP - g
=56 VAR Ealg)
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=%, paaaas 200 58
= ; J 5°2
& A / 160 & £
0% 48 s <
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Fig.8 Growth of population and GDP in Conghua
City (1986 —2014)
33 KEREEERSREHMBIEZR
B ILTE BT 1 5 VO BOIC SR T IR K R IR
e T 4 A A BROK P XN BEA AT GDP B
BRI RARE 8 HE R & BB R E4E S EE .
SR iz BN E & A S N H B GDP AR
FI T 8 FUAE S (P<C0.01) . R WIZE By
TR T P AT B B A P E el T RTINS QAR
Pb.Zn 85 BN E T AN . % Bt A K
4 B J R R AR S G R B B N R SR IR el T
ST U BT K P B L A PR A ) B b T
Jm A AT N BB, 1999) , K B 4w 75
Yo SR B B i v BE KT, IZOK RS2 LR RN
NEIE SR, BOS G R & i 2 W B R A
AR S (R 40 [R) il RO HI 58 7 A PLCS 4

Ja& B 22 () 1 A OGP (I 6) 5 207K PR G )8 %o 3 28 A
JE I Sh A T B b o R SR

4 Hig

(1) b AR5 HOTA 2R B 3303 AT 7K 2 JEG 8 7 40
K2 4 a5 G L T S I 4 T Y g i n R 5 )
FREEYS Y, 3l it NYSDEC A v 0] 1, 37 1% Al UK JE
RV 4 e V5 e K P8R, B P F i m . 5 Pb
AR R A K,

(2) P K IRV IL 5% T 5 By s i i, 26 1
BB AR WL 4 RIS e 5 11 i Bk k5 & & 8 15
e ikl E 4w IT 4 218 W A 5 11T I Be AN 2605 3l
FR 5% ) 0 S B 4 0 S R BRI K 2R TV R
Brdsk T WEME SR S E EI R, R
TN Vi BE SR 15 Y5 B A s
HPRA R, o E 4R & TaEr B, £
TR H AR BE 1 N R T g B KR ik

(3) YL 10T 7K 2 U A o 4 Ja 0 L 3 S8 A B O s
NG AR fb i s T — B0 v I F il 5% .

PR

MRk 3, 2013, 3T 50 45 A Z i g 0l i B K R w3 AL
AR MID]. TN . B2,

MALTT N R EF . 1999 —2013. WAL TAES M. 7M. 7&K
AR AL

R RN, 1993, TR BEIM]. b, B
H R AL

Wz, BRER. F84. %5, 2018, FIRKEVIURY HE L)% 7>
A FHIE B W8 7E A A R PP [T, K AR ek, 39
(4): 24 - 30.

MR, B, MRAKET . £, 2009 . TR VR 1K % I 2
Ar g (B A S AR RRAELT ], WA Ak, 21(3): 387 - 394,

X, T RE . &, 2004, RIIUTIRY) E 48 K E 5
BRI DI, 22(3): 507 - 512,

XU R SRAE B . 2013, B DU R 2 DR Y 4 Jm 19 2 ) 40 i
H AR J 5 R P [T, AKAER AR, 36(4) . 7 - 14,
R, BRI, SEOCRE, %, 2010, WA UTAL S IR B L[ M.

Jeat. B pAL.

L, BWEE, WE B, . 2009, SR W SCT FLUTH
R RAAE B Fol BRI A Rk, 21(5): 741 -
748.

Tk, 2012, 7KK BR 85 B 28 RRAE B R X 88 A A A5 Ak A
TR B R R LA AR AR R K R S I (D]. F .
R

T, X0, BT, 45, 2003, R K O7 AT AN R
HVR I TR LT, h E R BB 2T, 23(6): 627



2020 % 4 HA

KERF . RETKERRESETRILE 123

-630.

E AT, 2013, WiiB T K PR it B A T 20 AR ) B 5 38 AR e TR
SCED]. J7 M B K.

WA BRI 2012 R KM B L m B 4 Jm 5 e o 2 [T .
VUS4, 30(1) . 158 — 165.

SRR, 2015, HE T PR ML s (9 Fg 2 AT it B O K A K
BRI AL FE (D], T KA.

Arnason ] G, Fletcher B A, 2003. A 40+ year record of
Cd, Hg, Pb, and U deposition in sediments of Patroon
Reservoir, Albany County, NY, USA[J]. Environmen-
tal Pollution, 123(3): 383 - 391.

Audry S, Schifer J. Blanc G, et al, 2004. Fifty-year sedi-
mentary record of heavy metal pollution (Cd, Zn, Cu.
Pb) in the Lot River reservoirs (France)[]]. Environ-
mental Pollution, 132(3): 413 - 426.

Avila-Péreza P, Balcazara M, ZarazGa-Ortegaa G, et al,
1999. Heavy metal concentrations in water and bottom
sediments of a Mexican reservoir[ J ]. Science of the To-
tal Environment, 234(1/3):185 - 196.

Barros de Oliveiraa S M, Ruiz Pessendab L. C, Teixeira Fa-
varoc D 1, et al, 2012. A 2400-year record of trace met-
al loading in lake sediments of LLagoa Vermelha, south-
eastern Brazil[ J]. Journal of South American Earth Sci-
encess 33 (1): 1-7.

Blasco J, Sdenz V, Gémez-Parra A, 2000. Heavy metal flu-
xes at the sediment-water interface of three coastal eco-
systems from southwest of the Iberian Peninsula[]].
Science of the Total Environment, 247 (2/3): 189 -
199.

Callender E. Geochemical effects of rapid sedimentation in a-
quatic systems: minimal diagenesis and the preservation
of historical metal signatures[]J]. Journal of Paleolim-
nology, 2000, 23(3): 243 - 260.

Christensen V G, Juracek K E, 2001. Variability of metals
in reservoir sediment from two adjacent basins in the
central Great Plains[J]. Environmental Geology, 40 (4/
5):470 —481.

Grayson R P, Plater A J, 2009. A lake sediment record of
Pb mining from Ullswater, English Lake District, UK
[J]. Journal of Paleolimnology. 42(2): 183 - 197.

Heiri O, Lotter A F, Lemcke G, 2001. Loss on ignition as a
method for estimating organic and carbonate content in
sediments: Reproducibility and comparability of results
[J]. Journal of Paleolimnology, 25(1): 101 - 110.

Kahkséen M A, Suominen K P, Manninen P K G, et al,
1998. A 100 Years of Sediment Accumulation History

of Organic Halogens and Heavy Metals in Recipient and
Nonrecipient Lakes of Pulping Industry in Finland[]].
Environmental Science and Technology., 32(12): 1741 —
1746.

Karageorgis A P, Katsanevakis S, Kaberi H, 2009. Use of
Enrichment Factors for the Assessment of Heavy Metal
Contamination in the Sediments of Koumoundourou
Lake, Greece[ J]. Water Air and Soil Pollution, 204
(1/4): 243 - 258.

Lepane V, Varvasb M, Viitaka A, et al, 2007. Sedimentary
record of heavy metals in Lake Rouge Liinjiarv, south-
ern Estonial J ]. Estonian Journal of Earth Sciences, 56
(4): 221 -232.

LiuJ, Lin Z W, Zhang H J, et al, 2012. Hydrodynamic
change recorded by diatoms in sediments of Liuxihe
Reservoir, southern ChinalJ]. Journal of Paleolimnolo-
gy, 47(1): 17 - 27.

Miiller G, 1969. Index of geoaccumulation in sediments of
the Rhine River[]]. GeoJournal, 2; 108 — 118.

Miiller J, Ruppert H, Muramatsu Y, et al, 2000. Reservoir
sediments-a witness of mining and industrial develop-
ment (Malter Reservoir, eastern Erzgebirge, Germany)
[J]. Environmental Geology, 39(12): 1341 —1351.

Murray L. G, Mudge S M, Newton A, et al, 2006. The
effect of benthic sediments on dissolved nutrient concen-
trations and fluxes[ J]. Biogechemistry, 81(2): 159 -
178.

Oldfield F, Asioli A, Accorsi C A, et al, 2003. A high reso-
lution late Holocene palaeo environmental record from
the central Adriatic Sea[]J]. Quaternary Science Re-
views, 22(2/4): 319 - 342.

Pataki G E, Cahi ] P, 1999. Technical Guidance for Screen-
ing Contaminated Sediments[ S]. NewYork State De-
partment of Environmental Conservation Division of
Fish, Wildlife and Marine Resources, Albany, New
York.

Von Gunten H R, Sturm M, Moser R N, 1997, 200-year re-
cord of metals in lake sediments and natural background
concentrations[ ] ]. Environmental Science and Technol-
ogy, 31(8): 2193 - 2197.

Yang H D. Rose N, 2005. Trace element pollution records
in some UK lake sediments, their history, influence
factors and regional differences[J]. Environment Inter-

national, 31 (1): 63 —75.
(TiERHE T AR



124 EAIEE 4 W KE XS FREX 2020 4 7 H

HE

Long-term Change in Heavy Metal Pollution of Sediments in Liuxihe Reservoir
ZHANG Hua-jun"?, XUE Xian-guang’, PENG Liang’, GU Ji-guang’

(1.School of Tourism and Resource Environment, Qiannan Normal
University for Nationalities, Duyun 558000,P.R.China;
2.Institute of Hydrobiology, Jinan University, Guangzhou 510632,P.R.China)

Abstract: Sediment records of heavy metal pollution are an indicator of anthropogenic activity, reflecting
temporal pollution trends of the regional atmosphere and variations in the river basin environment. Stud-
ying these sediment records in reservoirs is a means of exploring long term variation of the aquatic environ-
ment. In this study, we analyzed the sediment record of heavy metal pollution in Liuxihe reservoir. The re-
sults were combined with existing water quality and hydrology data, and multivariate analysis was applied
to show how human activities in the river basin are reflected in the sediment record of the reservoir. The
study provides important data for supporting the restoration and management of this important water
body. Liuxihe reservoir, constructed in 1956, is located in northeastern Conghua City of Guangdong Prov-
ince and is an important drinking water source for Guangzhou City. In March of 2013, undisturbed sedi-
ment core samples were collected in the deep pelagic zone of the reservoir and the physical index, heavy
metal concentrations and mass loss on ignition at 550°C (LOIs;,) of the samples were measured. Heavy
metal concentrations in the sediments were low and no heavy metal pollution was detected immediately af-
ter impoundment, but concentrations gradually increased, indicating pollution by heavy metals. The his-
torical record of the heavy metals pollution in Liuxihe reservoir responded to environmental changes in-
duced by human activities in the watershed and coincided well with historical data and documentation.
Cluster analysis indicated five time periods in the sediment record of heavy metal pollution: Period 1
(1950s —1960s) , unpolluted; Period 2 (1970s), slightly polluted; Period 3 (1980s), heavy metal pollution
increased rapidly and the impact of human activities became apparent; Period 4 (1990s), significant increa-
ses in heavy metal concentrations and the most intense pollution, primarily due to the human activities;
Period 5 (after 2000), heavy metal pollution is well controlled, but concentrations remain above those in
the early period after the impoundment due to heavy metal accumulation in the sediment. Heavy metals in
the fifth period were mainly from alleviated anthropogenic sources and atmospheric transport/deposition.
These results provide long-term data support and can serve as an early warning system for water quality
management of large reservoirs in south China.

Key words: Liuxihe reservoir; heavy metals pollution; sediment core; record



