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Pollution history and potential ecological risk assessment of heavy metals in core sediments in Hulun Lake dur—
ing the past 150 years

SUN De-yao, ZANG Shu-ying, SUN Hua—jie, ZHANG Nan-nan, ZHANG Ke, SUN Li"

(Key Laboratory of Geographical Resources and Environmental Remote Sensing, Harbin Normal University , Harbin 150025, China)
Abstract: Understanding the evolution process of the historical environment is the foundation of lake ecosystem restoration. Heavy metals of
Cr, Mn, Co, Cu, Zn, Cd, As, and Pb, fine particle sizes of clay, as well as °Pb dating data were measured in the central core sediments of
Hulun Lake, due to the scarce research of its historical pollution characteristics. The vertical distribution, possible sources, and potential e—
cological risk assessment of heavy metals were investigated using Pearson correlation analysis and principal component analysis. Results
showed that the contents of all heavy metals were relatively low, and were derived from a natural input source from 1865—1973. Heavy met—
al concentrations increased from 1973—1992, while after 1994, all metals except for As and Pb showed a decreasing tendency with regard to
the sources of natural and anthropogenic input. Single element pollution coefficients were in the order of Cd > As > Pb > Cu > Co > Cr > Mn
> Zn, with the major and harmful ecological risk factors being mainly from Cd and As. The pollution coefficient of As ranged from 30~60 af—
ter 1992, which indicated a medium potential ecological risk, while other metals were minor ecological hazards. Therefore, heavy metals in
the core sediments of Hulun Lake had potential risks, and appropriate attention must be paid to the pollution control of the lake. The current
study can provide reference and basic data for the improvement of the ecological environment in Hulun Lake.
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Figure 1 Location of sampling sites in Hulun Lake
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Table 2 Sedimentation rate in Hulun Lake
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Figure 2 Result of the vertical ?°Pbex dating indexes in Hulun Lake
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Figure 3 Vertical profile of heavy metal concentrations in the sediment core
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Table 3 The characteristics of heavy metal concentrations in core sediments(n=78)

EEJR =3 e K{H/mg kg™ e/ MB/mg kg™ X /mg kg™ P22 LT
Cr L1 43.50 25.34 33.67¢ 4.51 0.13
12 53.71 34.01 42.57h 5.40 0.13
L3 55.48 36.96 45.76a 4.26 0.09
Mn L1 1159 641.7 818.42¢ 153.04 0.19
12 1376 641.7 886.89h 203.74 0.20
L3 1352 661.3 1 002.76a 130.60 0.11
Co L1 9.84 6.15 7.83¢ 1.07 0.14
1.2 12.98 6.61 9.68b 1.69 0.17
L3 13.12 8.74 11.22a 1.10 0.10
Cu L1 20.30 15.16 17.57¢ 1.54 0.09
12 28.58 18.26 22.78h 2.79 0.12
L3 33.42 23.71 26.83a 2.15 0.08
Zn L1 76.03 27.40 51.50¢ 11.08 0.22
12 130.50 10.00 67.54h 24.69 0.37
L3 173.40 50.56 86.28a 25.31 0.29
Cd L1 0.33 0.10 0.15¢ 0.04 0.29
1.2 0.22 0.13 0.17b 0.03 0.15
L3 0.28 0.03 0.22a 0.04 0.19
As L1 21.96 7.71 15.21b 3.49 0.23
12 21.81 5.78 11.60c 4.35 0.37
L3 37.52 11.40 25.01a 0.43 0.34
Pb L1 23.20 14.91 19.92¢ 2.87 0.14
12 24.38 18.33 21.74b 1.84 0.08
L3 26.36 21.40 23.38a 1.39 0.06

T a.bc FRFHEHRREN.
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Table 4 Comparison of heavy metals in the surface sediments in Hulun Lake and other regions

EARE)Z TG E/mg kg™

fME| REEAEDY  HEREK SCHRA A
Cr Mn Co Cu Zn Cd As Pb
AL 2016 1 37.07 903.2 8.74 25.36 50.56 0.19 21.44 21.84 PN
U S| 2014 6 — — 20 50 124 0.8 — 29 [49]
et 2010 1 — 210.18 2.17 431 12.8 0.25 88.86 21.45 [29]
N 2012 30 — — — 2224 57.35 0.45 — 38.27 [10]
aERG 2012 51 29.08 — — 43.76 89.7 1.56 — 68.55 [11]
L) 2008 10 57.6 — — 35.0 724 3.24 23.7 18.8 (38]
BITKE 2014 5 — — — 36.1 104 0.205 — 335 3]
F 5 1865—1973 ERRYMEEESEHIHE X RE(n=30)
Table 5 1865—1973 correlation analysis among various heavy metals(n=30)
Cr Mn Co Cu Zn As Cd Pb K+
Cr 1
Mn -0.4687%+ 1
Co 0.603%* -0.379% 1
Cu 0.690%* -0.312 0.541%% 1
Zn 0.548% -0.270 0.551%% 0.326 1
As 0.335 0.284 0.499% 0.368* 0.592% 1
Cd 0.683%* -0.183 0.405* 0.359 0.452% 0.345 1
Pb 0.869%* —0.699% 0.772%% 0.607* 0.654% 0.253 0.536%* 1
it 0.600%* —0.632%% 0.580%* 0.401* 0.636** 0.261 0.362 0.765%* 1

R AE 0.01 (U 2SS, * 78 0.05 K CRUI ) _E i A0 . R,
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Fz 6 1973—1992 ENRYMEEESEMMAXRE(2=20)

Table 6 1973—1992 correlation analysis among various heavy metals(n=20)

Cr Mn Co Cu Zn As Cd Pb it

Cr 1

Mn 0.705%* 1

Co 0.675%* 0.995%* 1

Cu 0.580%* 0.820%* 0.829%* 1

Zn 0.664%* 0.773%* 0.762%* 0.804%* 1

As 0.805%* 0.661%* 0.616%* 0.677%* 0.655%* 1

Cd 0.580%* 0.765%* 0.752%* 0.813%* 0.580%* 0.731%* 1

Pb -0.180 —-0.145 -0.090 0.194 0.019 -0.133 0.170 1
Kt -0.143 -0.104 -0.090 0.039 0.043 -0.014 -0.120 0.458+* 1

&7 19922016 FRAMESESENHEX R (n=28)
Table 7 1992—2016 correlation analysis among various heavy metals(n=28)
Cr Mn Co Cu Zn As Cd Pb it

Cr 1

Mn 0.836%* 1

Co 0.896%* 0.967%* 1

Cu 0.458* 0.199 0.377* 1

Zn 0.686** 0.765%* 0.757%* 0.148 1

As -0.304 —0.486** -0.335 0.548%* -0.379* 1

Cd -0.273 -0.454%* -0.338 0.357 -0.213 0.796%* 1

Pb -0.010 -0.071 0.012 0.490%* -0.039 0.636%* 0.784%* 1
Hhi+ 0.472% 0.640%* 0.622%%* -0.054 0.573%* -0.375% —0.521%* -0.398%* 1

4 Cr,Co . Zn Mn 5% 1 [a) S B0 i A0 oG, Hh & 4
J& 5k AR, 1B Cr.Co . Zn Mn IR BER]
AE 2N HARTUE, Pb As Cu Cd AHOGME R 2, BT
B Bk DU 4 JR AN RV RRE 22 31 T AT, A
Al gL BRI
232 PIRE S E A8 F R

T2 REAEAF B E S B ICRS
i DA AHE 22 [ S BT R [R B A e, H AT B
W Btk S T o — 2 e TR E 4R 1
15 YRR, 2R 3 8 o Wi A TR AT o

X EE 4 B U S AT R T, T DU
TR A S PR R IR M E & B ez on R S
PETTRRR, angk 8 Fin, 5 — BB (1865—1973)
FRAT AR T 2 AL E S, 2 7 Bt 2
DUk 70.16%, 43 5] LUAR B R 221 50.91%
19.25%., Cr.Co.Pb.Cu.Zn As FUK; - 7655 — E W4
b A A R ) A e, R R A 2R A TR
4 R R VR S o A B B F L Min (Cd 7R3
B b5 A R 1 AR o T BOZ X L
Ol R 3, TR R, SIS NE (1) T, =i

8 M4BT R AT REZ h B ARV, AN T &
G B R B T . B T B (1973—1992)
BT T 2 ARG, 2 HIR i Bty 251
BRE N T1.47% , 53 5 °T LUA# R S 251 52.13% |
19.34% . Cr Mn.Co.Cu.Zn.Cd . As fE5¢— F o b
oA B I FE U BT, Ph 7SR U B A
=10 27 0 = 1 O L w24 s ) Al W= W B 21 8
vl UL B B TA B 4R e R VTR L A RIS s A
F, WA E 4 R T R VTR 2 B A 20 T4 .
WP 80 B0 30 b, DX AR S - K 2% 2 08 J B Cu—Mo-
Ph—Zn—Ag—Au-Ni-Mn-Cr—Co Il Z& i 451621, 20 i
20 70 SR WA I T A R DL SR S T T
TR RFBTT R, T HARBRE Cd Zn Cu S E 4 JE
W RO Cd — ke VR T8 A A 25 R R IE 524k
AP B As BRI TR 25 R A ML AL SE N 28
TG 451 70~80 AF A A2 9 J] 120 b IX A -y K o
fl B R IR RN A 2 PR, B — s n A
R T B AN T5 K o EA AR 50 B ST 4 v i B
B TR, A A ek & g, W LA E BRI
SRR B E T AR SR R RS TEE Pb 1Y
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Table 8 Principal component analysis of heavy metal elements in sediment cores
S %G
Eikd L1 L2 L3

PC1 pPC2 PC1 pPC2 PC1 pPC2 PC3
Cr 0.857 —-0.060 0.788 -0.169 0.886 0.290 -0.038

Co 0.859 -0.051 0.922 -0.125 0.955 0.243 0.021

Mn -0.526 0.657 0.945 —-0.148 0.956 0.074 0.053
Cu 0.695 -0.012 0.509 0.605 0.160 0.855 -0.287
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Figure 4 Potential pollution risk index of heavy metal element(E; ) and potential ecological risk index(RI)
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