Vol.13,No.3 EZ O A D A NI S 4 134, 5 3 )
May, 2023 Journal of Environmental Engineering Technology 2023 45 H

TREM, EARAR, BB E, 4 FETHIARE R LR A 3% Sl DU o 6 IR AR TEAR AT (7] 3058 TARHOR A4, 2023, 13(3): 1011-1020.
ZHANG J G,XIA J D,CHEN S Q.et al.Source analysis of heavy metal lead in Luoma Lake sediments based on Pb stable isotopes[J].Journal of
Environmental Engineering Technology, 2023, 13(3): 1011-1020.

ETHRERMZNEDHNRYESEHRIEFENT

RGARN, AL A TR 50, K7 20, A&, R A
LIRMBHR IR ERY o 1 TR
2R TSRTA T 5 S A HR B TR0, b S ERB R RS
3 IR BT e T SR, Th SRR B S
4 B PRI A VIR b

WE B EIE KA R AR 2 TR B R R & A K IR, K PRBE e X TV IR0 T 28 p vk Jb IR 7R 26 TR 9 5 i ¢
6o AT X 0% T I X B AT B R B UURRY) | R X R v i A T R Y P Mk BN P [F R A BT 40T, DAl
Pb 1955 [8] 534 s R & B R EORIEAT Po AR KU A, 45 & oo MR A ALET 7is X 6 )2 TR Po R IEMNT, FiT5 405
JeUR MG AH ST DTk . S5 SRR I8 D W R Z DI b Po W E Ol 8.09~27.97 mg/kg, F-HI{E K 20.94 mg/kg, Pb 15 Y JE N
B~ REE S, RIZVUEW Pb 15 Y £ B4 P EAIRAIILI X ; RIZVIEW Pb [F07 2 H2°°Pb/Pb 52 Pb/(***Pb+""Pb) (F: &
Z )55k 1.170~1.249 F1 1.125~1.131, Pb 15 4% B IE T Z YT LA 3256 A Al 75 G2 19 B HEHERL, Al IR A AT
BTN 46.71% R BFEEI% IR EREE R Pb 1975 5 XU, 5 5 X el 37 56 1% B0V 10 48 BRAN AT 175 Y 4

KR GYIRM R 35S DLW ; AR AT

PESES X524  XEHS:1674-991X(2023)03-1011-10  doi: 10.12153/j.issn.1674-991X.20220454

Source analysis of heavy metal lead in Luoma Lake sediments
based on Pb stable isotopes

ZHANG Jiagen'??, XIA Jiandong™, CHEN Shugin*, WU Yusheng'*?, PANG Yan®*", HUANG Tianyin'
1.School of Environmental Science and Engineering, Suzhou University of Science and Technology
2.National Engineering Laboratory for Lake Water Pollution Control and Ecological Restoration Technology,
Chinese Research Academy of Environmental Sciences
3.National Key Laboratory of Lake Pollution Control of Environmental Protection,
Chinese Research Academy of Environmental Sciences

4.College of Resources and Environment, Anqing Normal University

Abstract As an important storage lake and water source of the east route of South-to-North Water Transfer
Project, Luoma Lake's water environment safety has a far-reaching impact on northern Jiangsu and even the east
route of South-to-North Water Transfer Project. By analyzing the Pb content and Pb isotopic composition of the
surface sediments of Luoma Lake and rivers into the lake, and the soil of potential pollution sources in the
surrounding areas, the spatial distribution of lead was evaluated. The ecological risk assessment of heavy metal Pb
was carried out by using the enrichment coefficient method, and the binary linear mixed model was applied to
analyze the polluting sources and calculate the relative contribution rate of each source. The results showed that the
content of Pb in surface sediments of Luoma Lake ranged from 8.09 to 27.97 mg/kg, with an average of 20.94
mg/kg, and Pb in surface sediments of Luoma Lake showed a clean-slight pollution level. Spatial analysis showed
that Pb pollution of surface sediments in Luoma Lake was mainly concentrated in the eastern and northern lakes.
The values of **Pb/*"’Pb and ***Pb/(***Pb+>""Pb) (the ratios of abundance) in the surface sediments of Luoma Lake
were 1.170-1.249 and 1.125-1.131, respectively, and the Pb pollution mainly came from the Laoyi River and the
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direct discharge of agricultural pollution from fishery farming. The relative contribution rate of agricultural sources

was 46.71%. In order to prevent and control the pollution risk of Pb in Luoma Lake water environment, it was

necessary to strengthen the standardized management of fishery culture and the pollution control of rivers entering

the lake.
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Fig.1 Water system map of Luoma Lake
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Fig.3 Pb content and enrichment coefficient in surface sediments of Luoma Lake
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*1 BIHSEAREMERETRYS Pb IRELLE
Table 1 Comparison of Pb content in surface sediments of

Luoma Lake and other lakes in China

®2 RODHEBESRRELIRED P FRIREM
Table 2 Pb isotopic composition in soil of potential pollution

sources in peri-lacustrine areas of Luoma Lake

AR Ay A% PbI&E/(mg/kg) SCHRA U
S 2018 30 20.94(8.09~27.97) A5
P 2013 10 18.82(12.25~26.54) [34]
mPU# 2005 30 20.05(16.42~22.76) [35]
mlE#E 2012 5 24.87(22.06~29.53) [36]
RFW 2013 44 22.40(15.90~32.60) [37]

N 2011 40 36.60(25.60~45.60) [38]
TEEH 2013 60 60.99(9.89~180.56) [39]

HiH 2011 27 49.80(19.05~89.25) [40]
FEBHH 2014 38 72.58(47.0~109.25) [41]
HIEW 2020 22 18.06(5.23~28.83) [42]
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FEL 38773 15628 18566 2.088 1.188  1.134
FH2 38676 15646 18582 2081 1.188  1.130
Hlkl 39235 15734 19.196  2.044 1220 1.123
W2 39239 15734 19200 2.044 1220 1.123
Hlk3 39.869 15791 19.643  2.030 1.244  1.125
Al
#lk4 39741 15794 19.652 2.022 1244 1121
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Tl U8
TJ73 38641 15651 18563 2.082 1.186 1.129
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EHME 38514 15636 18.408 2.092  1.178  1.131
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SHEE A3 38426 15618 18281  2.102  1.171  1.134
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S 38494 15.644 18.506  2.080  1.183  1.127
ATE2 38.665 15.646 18584 2.081  1.193  1.130
AEIER RT3 38.889  15.624 18513 2.101  1.185  1.139

154 38746 15630 18.558 2.088  1.187  1.133

SFHIE 38.699 15.636 18540 2088  1.187  1.132

TR
gy 38192 15599 18072 2113 1159 1134

TR
HAtg 2
N 38252 15578 18.026  2.122  1.157  1.138

38315 15.611 18215 2103 1.167 1.133

FHIEH 38253 15596 18.104 2.113 1161  1.135

B R
;f‘f:)jfﬁ = 39937 15.796 19.683 2.029 1.246 1.126
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Table 3 Pb isotopic composition in surface sediments of -_8-14
14~18
Luoma Lake J 18~20
20~22
- ﬁ'_: 5 Z()6Pb/ 207Pb/ ZOSPb/ 208Pb/ ZOOPb/ ZOSPb/ o 22~24
S o 204Pb 204Pb 204Pb 206Pb 207Pb (207Pb+206Pb) -'%g:%g
S G > -26-28
1 18.933 15738 39.208 2.054 1.221 1.127 15 16
18
2 19.549 15768 39.407 2.059 1.228 1.128 .
3 18.924 15.662 39.232 2.043 1.205 1.126 26

4 18.929 15.663 39.234 2.043  1.206 1.126

5 19.234 15.746 39.403 2.057 1.226 1.128

6 19.129 15.699 39367 2.054 1.222 1.127

7 19.182 15.770 39.352 2.053  1.220 1.127

8 19.319 15.714 39375 2.055 1.223 1.128

9 19.108 15.674 39332 2.051 1.217 1.127

10 19.405 15.758 39.395 2.057 1.225 1.128

11 19.551 15.791 39.424 2.059 1.228 1.128

12 18.966 15.708 39.361 2.054 1.221 1.127

13 19.095 15.769 39.424 2.059  1.228

—_

128

14 19.260 15.684 39.359 2.054 1.221 1.127

15 19.420 15.736 39.398 2.057  1.225

—_

128

16 19.337 15.704 39.341 2.052 1.218 1.127

17 18.832 15.696 39311 2.050 1.215 1.127

18 18.976 15.749 39.407 2.058 1.226 1.128

19 19.199 15.673 39.341 2.052 1.219 1.127

20 19.014 15.670 39.274 2.047 1.210 1.126

21 19.197 15.775 39.415 2.058 1.227

—_

128

22 19.607 15.792 39.513 2.060  1.230

—_

131

23 18.773 15.663 39.177 2.040  1.201 1.125

24 19.653 15.793 39.561 2.061  1.231 1.131
25 19.429 15.771 39.400 2.057 1.226 1.128
26 19.739 15.804 39.997 2.074  1.249 1.131

27 18.727 15.662 38.839 2.026 1.196 1.125

28 18.802 15.663 39.157 2.037  1.196 1.126

29 18.859 15.663 39.223 2.037 1.197 1.126

30 18.916 15.745 39.419 2.060 1.217 1.129

BRI 19739 15804 39.997 2.074 1.249

—_

131

FoME 18727 15662 38839 2026  1.196 1.125

SEEME 19169 15724 39355 2.053 1219 1.128
s
Zgy, 1456 0304 0446 0447 0952 0.136

TR 55 00 J) 78 A 5 G Ut 3 rp2°°Pb/2Pb A1*°Pb/
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Fig.4 Spatial distribution of Pb concentration in surface

sediments of Luoma Lake
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Table 4 Pb isotopic composition in surface sediments of

Luoma Lake

206Pb/ 207Pb/ ZOSPb/ ZOSPb/ 206Pb/ ZORPb/

,Z:j:EJ(: ﬁﬁ%ﬁu 204Pb 2O4Pb 204Pb 206Pb 207Pb (207Pb+206pb)

R 19.739 15.804 39.997 2.074 1.249 1.131

WX .
B HoMA 18.727 15.662 38.839 2.026 1.196 1.125

(n=30)
WME  19.169 15724 39.355 2.053 1.219  1.128
ORI 18.972 15.696 39.182 2.105 1209  1.135
({f:(?) FoMA 18286 15.628 38.491 2.065 1.170  1.127
HE  18.681 15.666 38.831 2.079 1.192  1.131
R 19.146 15721 39201 2.064 1218  1.127
(%ng{? HoMA 18.876 15.679 38.961 2.047 1204  1.124
¥E  19.011 15700 39.081 2.056 1.211  1.126
WRM 18.920 15.690 39.103 2.067 1206  1.130
E(Pnf;? FMA 18.887 15.678 38.980 2.064 1205  1.128
¥H  18.904 15.684 39.042 2.065 1.205  1.129

1, 3% ShA 2 DU Pb B RIS 4L Al R
ST 2 FIWTEE TR T Pb A2 B4V Bl
MIFE MR 53 4k, RAE A 3. 4,20, 23, 27~29 119
Pb [A] v 2 4B S RE IRAR 5, 18 535 Tolk &
A TG R 3G Po [R)7 2 ARG, Ui B S %
JZUUR Y Po LA 8 4 R I T Tlk A A= 3 A2
JE . HABYR 12 P [RI4 2 4 A5 15 X 45 SR AT 0T
TR Pb [FI7 2R 2 A 228K, B I TR v
Pb 15 Y2 M4 /N

I T R E BT b P [RI Z 48 Pb Wk
FH OGP 43 B (3% 5) 3R B, *°Pb/"Pb 5 ***Pb/(**°Pb+
2pb) B EH IEA S . IV P Mk EE . 2P/
27pp F12%Pb/(PPb+2"Pb) i AR, X 30 4
RIS T Q BIRIE AT, T A IRIRAE AT P (12K
U5 B RIS AR, B Hr s R LA 6.
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Table 5 Correlation analysis of Pb isotopic composition and Pb content in surface sediments of Luoma Lake

Pba] {37 2 21K, 206pp/2%ph 207pp/2%Ph 205pp/2%ph 205pp/2%5py 206pp/27phy 25ph/(27Pb+2"Pb) Pb
25pb/2*Ph 1
207pp/2%Ph 0.746™ 1
205p24ph 0.761" 0.714™ 1
208p,/26pp 0.763" 0.824" 0.909™ 1
206pp/27ph 0.821" 0.849™ 0.875" 0.963" 1

208ph/(*7Pb+2*°Pb ) 0.791" 0.837" 0.847" 0.849" 0.842" 1
Pb 0.758" 0.883" 0.824™ 0.965" 0.925" 0.876" 1
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