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Evolvement and Pollution of Heavy Metals in Core Sediments from Yamenqi

Lake in Lianhuan Lake, China

XIAO Hai-feng, ZANG Shu-ying, GUAN Ying, LIU Shao-jun, XU Hai-feng, SUN Qing-zhan, WANG Jing-jing,
LI Miao

(Key Laboratory of Geographical Resources and Environmental Remote Sensing, College of Geographic Science, Harbin Normal
University, Harbin 150025, China)

Abstract: One sediment core was obtained from the center of Yamenqi Lake at the Songnen Plain in eastern China in August 2010
using a gravity corer. The sediment samples were digested using HNO,-HCIO,-HF. Concentrations of the metals Cr, Cu, Mn, Ni, Fe,
Pb, Zn, Cd, Al, Ba, Ca, K, Li, Mg, Na and Sr were determined using inductively coupled plasma-mass spectrometry (ICP-MS).
With the dating approach, the characteristics and polluted history of heavy metals in lake sediments were determined. The heavy metal
pollution of sediment was discussed based on the enrichment factor. The results are listed as following;@ the contents of all elements
had a smooth variation trend before 1950, and fluctuated severely from 1950 to 1990. The contents of Mn, Zn, Cd, Pb, Fe, Ni, Cr,
Cu, Ca, Li and Sr increased obviously since 1990. @ Mn, Zn, Pb and Cd showed light contamination degree. Contents of Ni, Cr and
Cu were below the contamination level.

Key words :sediment ; evolvement of heavy metal; contamination; Yamenqi Lake; enrichment factor
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Fig. 1  Location of sampling sites in Yamenqi Lake
2 BRMSWH

2.1 FITREDIRYESE TR S S AE LB

FITRMITRY T &8 TR & A— L gt it
FRIEEWLZR 1. Pl B4R TR Cd MBS R
B, it 7 0.3, Mo, Ca Al Li (9745 57 R B
L, AL T 0.2, &8 T R AR T RN HET
#:Cd>Li>Ca>Mn>Mg>Al>Zn >Pb > Cu>Sr
>Cr>Ni>Fe>K>Na>Ba, E4BILE Cd & KMH
Nf/IMA 3. 33 f5.

K2 4w B A E AR TS 4 8 T R i AR L RE
S AR R T LAS A 3 ALY B

B 1 WIETE 14,25 em. 7E3X AN 1L B Bt
OB T AJRIOCER Li 1AL AR R RS R AN, HoAl T A
& JEITER LA /N ) Mn | Zn | Fe | Ni, Cr, Cu #l
Ca FYVE RS AT B4, T Ba, Na H1 K F e B R A7 08
B BYBE 2 14,25 ~6.25 em, M B B4 FE ARG
AR ER R, AL TEXE BT 8, b AN .
Sr Fl Mg B AARFHARL , #EFE 14. 25 ~8.25 cm By
BrcRa sE  MAE 8.25 ~6.25 em L F#HE K. Na,
Ba Al K A5 fLARAAL, H 14.25 ~8.75 cm J&—
AN, T E 8.75 ~7.25 em W/, MG A 7.25 ~



3090 ¥ 5 #t =2 34 %5
x1 HERIBRYMEEEEREFITHEn=37)
Table 1  Characteristics of the concentration of the major metals in core sediments (n =37)

LR o, Pt P T EREH RAIRME
Cr 25.78 40. 12 32.58 4.19 0.13 1.56
Cu 9. 86 16. 56 12.73 1. 84 0.14 1. 68
Fe 35360. 00 54 840. 00 44 052.43 5042. 81 0.11 1.55
Mn 304. 40 582.00 396. 09 79. 82 0.20 1.91
Ni 13.62 20.76 16. 19 1.97 0.12 1.52
Pb 15. 86 28. 66 22.06 3.24 0.15 1.81
Zn 38.10 63.26 47.74 7.44 0.16 1. 66
Cd 0.09 0.31 0.17 0.05 0.33 3.33
Al 24 780. 00 53 280. 00 35458. 11 6121.15 0.17 2.15
Ba 490. 00 593. 60 537.28 25.15 0. 05 1.21
Ca 19 826. 00 36 960. 00 25988. 14 5251.11 0.20 1. 86
K 21 620. 00 26 600. 00 24 100. 54 1.336. 00 0. 06 1.23
Li 9.46 22.48 14.51 3.19 0.22 2.38
Mg 4200. 00 9330. 00 5580. 11 1 075. 05 0.19 2.22
Na 13 972. 00 17 188. 00 15560. 11 759. 85 0.05 1.23
Sr 201. 00 351.60 254.62 35.13 0.14 1.75
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Fig. 2 Variation of metal contents in the core sediments at different depths and ages
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AR K.
2.2 VR TR bR A b

B3 T 1Ak EE AR AR AL L, 2 1T TR
HORPRLEA ML > 128 wm K2 16 ~ 64 pum K
G, >128 pm Fl 16 ~ 64 um RiZF-1 53 5
h34.36% M 24. 43% . PERIARFEAR I B Sh LK,
ARG A 12. 39 ~ 176. 86 pum, I N 62. 68 wm.
<4 pm, 4 ~16 pm, 64 ~ 128 pm ki & B 25 L
JEEI N 9.51 ~24.88% . 10.51 ~31.13% . 3.74 ~
11. 62% . HRYERLEE $8 bR 19 1 A0 R5 AF 1T 3 43 A IS5

% 14.25 cm, 14.25 ~6.25 ¢m, 6.25 em EEJZ1X 3
AEALH B TENE A E 14,25 em BB, T {E kA2
> 128 wm R &g bR T, i <4 wm, 4 ~
16 pm, 16 ~ 64 pm g & s FHEm. 14.25 ~
6.25 cm By Bt 4% Flohn BE T8 n 0 Uk sl 35 K. 7E 6. 25
em BERIZHE, TERAZRFE PR A > 128 pm KL
AT A, E L 1,25 em 2R 2R
. FEX BB <4 pm, 4 ~16 um, 16 ~64 pm K
G e TR, MAE B 1,25 em BRIZ <4
pm, 4 ~16 pm, 16 ~64 wm R EwmfA /D, 64
~128 wm BT RIE 6.25 ~2.25 em, 1.25 cm &
FEHTHIN M 2. 25 ~1.25 em BT,

22 AFTTRMEETTER GRS AT
ZEH M HE UL JCE Cr, Cu, Fe, Mn, Ni, Zn, Cd.
Ca Fl Sr &5 EKIAELE 0. 01 ZKF LA Cu,
Fe 5 <4 pm R HIE 0.05 KF LML, TER
Cr.Cu,Fe Mn Ni,Zn, Cd, Ca, LifISr54~16
wm FiAE S A IEA G, L& Cr, Cu, Fe, Mn, Ni,
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Fig. 3 Grain size distributions of sediments in Yamenqi Lake

Zn, Cd, Ca, Li, Mg fll Sr 55 16 ~ 64 pm kit & &
£ 0. 01 /K- _LoMIEAEX, JCE Pb 5 16 ~ 64 pum fi
RERTE0. 05 /K L RIEFHE, Cr, Cu, Fe, Ni fil
Li 5 64 ~128 pm kit & & AE 0. 01 KV EAYIEA
K, Mn, Zn, Ca, Mg 1 Sr 5 64 ~ 128 pm Fife & &
1£0. 05 /KF ERIEFIZE. Cr, Cu, Fe, Mn, Ni, Zn,
Cd. Ca, Li, Mg fl Sr 5 > 128 pm Kif& &K 0. 01
K ERARSE. B LB RTHEN AT TR, &R
JLZ Cr, Cu, Fe. Mn. Ni, Zn. Cd. Ca. Li, Mg F
Sr FEZ 4 ~ 128 wm KRS EARE W, HIH AP 16
~64 pm KT EMFEMERE. TR K 5T

RAEFD > 128 pum R | VIEMHC, S <4
pm, 4 ~16 um, 16 ~ 64 wm K425 R 7 .
ALl Ba 5 T A7 R AR F it 0 AH SC R I A 38 2 A 56
Na 25 <4 pm W% & &7E 0.05 K L HAl
X, Pb HIES 16 ~64 pum R w7E 0. 05 K L
M. EEA MR P EIY  REZHH L0
YIoe R & it W TR kL B AR i T, D 5
BRI E B 2 W TR AR 40 I R A, AN BF 5T
K, Ba, Na JLER W& TUILIE, Ml Cr, Cu, Fe,
Mn, Ni, Pb, Zn, Cd, Ca. Li, Mg il Sr JCZ )i J&
TH KR,

R2 SETEMHNEMHEXRH (n=37)
Table 2 Correlation coefficients of the grain size and metal elements(n =37)

SRTE LR ek e <4 um 4 ~16 pm 16 ~64 um 64 ~128 um >128 pm
Cr -0.551"" 0.317 0.456 " * 0.674" " 0.485" " -0.608 " *
Cu -0.581"" 0.381" 0.436" " 0.568 "~ 0.498 " * -0.567" "
Fe -0.606" " 0.352" 0.457" " 0.681" " 0.536" " -0.626" "
Mn -0.521*" 0.293 0.555** 0.738" " 0.372 = -0.653""
Ni -0.544 " 0.307 0.492** 0.683" " 0.434"* -0.616" "
Pb -0.215 0. 049 0. 198 0.357 = 0. 085 -0.258
Zn -0.535"" 0. 280 0.486" " 0.706 " * 0.397" -0.614""
Cd -0.418*" 0. 186 0.431** 0.578 " * 0.235 -0.493" "
Al -0.017 0. 131 0.134 -0.062 -0.179 -0.024
Ba 0.240 -0.289 -0.063 0. 056 -0.075 0. 069
Ca -0.513*" 0. 306 0.533** 0.710 " * 0.331( *) -0.629" "
K 0.498 " * -0.458* " -0.452"" -0.413"7 -0.227 0.482" "
Li -0.277 0. 111 0.334" 0.481" " 0.426"* -0.422""
Mg -0.271 0. 186 0.308 0.472" " 0.385( * ) -0.420" "
Na 0.274 —0.384( %) -0.210 0. 007 0. 156 0. 134
Sr -0.425"" 0.276 0.498 " * 0.683" " 0.352" -0.601" "

1) # # 7R 0. 01 K REAR, * F7R 0. 05 /K TEARK

2.3 FITAGETURRY b 4R TR A HILB YA O
vixii
TEEA MW FE R R B OB P (A BIL

HeRIURAABRNGERES). Eafmoosnl L
AR A S 7 A HUBORE L, SA LRSS
ERERNHES R, XFHEEERERZHK
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W.,4 )@ L& Cr, Cu, Fe, Mn, Ni, Pb, Zn, Cd,
Ba, Ca. Li, Mg Ml St 5A YU & & HIEAH, Hor
Cr. Fe, Mn. Ni, Pb. Zn, Cd. Ca, Li, Mg #1 Sr 5
AHLUFEFHTE0.01 KF LMK, 8R4 BILE Cr,
Cu, Fe,Mn, Ni, Pb, Zn, Cd, Ba, Ca, Li, Mg I Sr
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Table 3 Correlation coefficients of metal elements

concentration and organic matter(n =37)
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Fig. 4 Horizontal plot of cluster analysis
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Fig. 5 Enrichment factors of the heavy metals in core sediment in Yamenqi Lake
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