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Impact of COVID-19 on pollution and aquatic ecological risk of heavy
metal in Tai Lake

LIU Nda' LIULi WANG Zunyao' LIU Hongling"* ™*
(1. School of the Environment, Nanjing University, Nanjing, 210023, China; 2. Jiangsu Province Ecology and Environment
Protection Key Laboratory of Chemical Safety and Health Risk, Nanjing, 210023, China)

Abstract There has been a great negative impact on human life and economy with the outbreak of
COVID-19,while the ecological environment has been improved. In order to explore the impact of
COVID-19 control on heavy metal pollution and aquatic ecological in Tai Lake concretely, the
difference of water quality and aquatic ecological risk of heavy metal between 2021.6—2021.7 and
2019.9—2020.1 were compared and analyzed. PCA-APCS-MLR model was further used to analyze
the quantitative source of heavy metals. It clearly showed that the pollution and the ecological risks
to aquatic organisms of heavy metals in Tai Lake were significantly reduced by 39.9%—92.8% and
0.19%—87.66% during the epidemic period, respectively. The proportion of excellent water quality
increased by 33.65%. Copper and chromium were the most affected elements ,and the contribution
rates of industrial sources to copper and chromium were 79.75% and 84.26%, respectively, as the

reduction of industrial activities was the main reason for the reduction of heavy metal pollution and
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ecological risk in Tai Lake. To better control heavy metal pollution and protect aquatic organisms,
The discharge of copper and chromium from electroplating, smelting and chemical enterprises
around Tai lake should be managed first.

Keywords Tai Lake, Nemero index method, joint probability curve method, quantitative source
analysis, PCA-APCS-MLR model.
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PRGN R B R R 7 3K (3) MR Se kB NOEC 1 S #2444, HLk % & LOEC. NOEL. LOEL 5§,

MATC. # V48 b5 28 £ A i W AR >4 d, K A= fw A I A= >7 d W9 SE BR8N DL Ke>21 d B9 3AE58
L, P SEVEBEARIE T 125 304 A R B 338 21 d R

(2) 2019.9—2020.1 Wi 25 Sampling sites

119°50E  120°00'E 120°10E 120°20'E  120°30'E  120°40'E
— — . “ ' >
/ | D / /
_ g 52 < '
e o S . J'
o | ) (539846 (S S@ l Fo laonn
SLES0N )/ sHSIssdlg, 807 SB N g / 0N
=\ / /Y S16° 8" ag06 5038°%~—* /
WPy & F A /
78l Q‘ "/538 . [
‘://g§9 519517 0518 \
31°20'N | - 2o S32 \ =431°20'N
47" e s31 ° \
S19520 .
$42 @ S30 $33
o S21 ¢ c $36 S35
S48 $34° .

10 < e 37 / oy
310N o 28 3 [ A31°10N
\\7 . . \

) ‘\,
.523 S26
. S27 .
—~ L]
() r - / - 3 o, "
SOONF -y g [ 16 Miles S S5 100N
1| | > A >\'Y
% / |w / 1 1 1 \'\ \ 1/ 1 )
119°50'E  120°00'E 120°10E 120°20'E  120°30'E  120°40'E
(b) 2021.6—2021.7 ¥4 &5 Sampling sites
119°50'E  120°00'E 120°10'E 120°20'E 120°30'E 120°40'E
‘ ‘ < " i T
) = J 7 |
] / K = |
030 { N2 ( | Ep.
31°30'NE / AN . N _ /{31°30N
./ / / - /
oy / / Vi
A S/ N4 (
{ / e N5 ) (
| v
\/J~/ ® S5
31°20'NF ¢ . N {31°20'N
% \
w2 \
. \
°o10'/NE S4 ;/_ o1
3ITONF | A (31°10N
\ W4
.
J/"
7, /
31°00'NF / o2 /131000N
0 4 8 |  16Miles T s
/ T~ / A \ P
X | 1 L L ] > =
119°50'E  120°00'E 120°10'E 120°20'E 120°30'E 120°40'E

B 1 KIS R S A

Fig.1 Distribution of heavy metal sampling sites in Tai Lake
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¥ ] Graphpad Prism 8 221l /NMEZEEIFN IPC 2k, DL R VPG BE . AH G 5347t Fl PCA-APCS-
MLR % H Microsoft Office Excel 2019 & IBM SPSS Statistic 25.0 # 17 4% i1 43 #7 . & H Kolmogorov-
Smirnov X} 18 P B P B4 E AT IE AR5, 32 F Graphpad Prism 8 H S X AEAS T K56 5 i 547 22 5%
B

2 ZER 548 (Results and discussion)
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5 b 4R B I E AR HERTZR R > 0.99, K6 R 0.01—0.31 pg L', 3 & FE i bR e
i 2% RSD < 5.0%, M3 R 92.5%—110.1%, 4% J7 i H AT s i M off R FAS e P 45 SR an &l 2 s,
BE A FIR B G v B R . AH RO R T, A IR S R R 4 0y is Qe KOE B 3 R R, Cu
Zn**, Pb* | Cd* 1 Cr A2 B4 5 TR T 81.8%. 56.4%. 39.9%. 44.5% Fl1 92.8%, 4l FN& 15 Y4
AR B R K.
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Fig.2 Concentrations of heavy metal ions in Tai Lake before and during the COVID-19 epidemic
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Fig.3 Results of water quality assessment of Tai Lake
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26 DLIK 5. 5 COVID-19 45 & BiAH H, 2015 109 18] K050 5 4 g %o 7K A A= 0 i A 285 XU B e A1 R /K
R Cu?*, Zn*', Pb*, Cd*Fl Cr" X} 5% 7K A= Az W 7= A 4 3R K300 0 34 53 9k P8 AR 0 Bl R AIR T
87.66%. 7.12%. 12.01%. 0.19% F1 15.07%, & FIE At 7K Az A 2 XU FE AR AL 2 o K.
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Fig.5 Aquatic ecological risks of heavy metals in Tai Lake(a. Cu*, b. Zn*, ¢. Pb*, d. Cd*, e. Cr*")

HH EE COVID-19 45 & 117, 2817 85 45 30 1] A I8 B 4 J 5 e LA B Stk 7K A A g 100 DRSS B ol S BRI B
T B TX A EE RSN Z A, AR 27 RAR A AT AT . 7R 45 P A PR 25t 2 5 i) K W 7 4 J 7 e
ROE. I, X 2019.9—2020.1 F1 2021.6—2021.7 P64 5 B B 8 A9 A A% 047 85 9 O L 35800
B A PR T oK RS A T A A R . 5 RN 2021.6—2021.7 A TR] K HISE- 24 K78 3.58 m, M T
2019.9—2020.1 # 8] /9 3.36 m, ffi 5 0.22 m. N E /K&, 5 2019.9—2020.1 1 1] I 441 & K & 1
52.38 12 m® M 1L, 2021.6—2021.7 H1E] K 53.19 42 m®, 411 0.81 12 m?, X T4 @ Mk BEAR B T 0.015 135, B
JK S 14 52 R T R T AR T 4 A ST 21U B RIS R SR 9 1.55%, AR SEPRFEAR K - (39.9%—92.8% ) R Ji
BN, AT UL, KA A A AT 4 S 5 Y KT I S M I, TATRE R AN A A ) I T 4 T e A
BB E R E.
2.3 KIEE 48 ¥ e U5 2 s AT
231 TE YRR RE PR

(DA BT

Hi Pearson AH JCHE ST (3 1) AT 0, 3% AH OC R A 0.814, fETEMBRAADCE R (R?>0.6, P<0.01), 4%
54 BERET AR RO A OGO R, MR B 0.344, 0.332 F1 0.334(R*>>0.3, P<0.01) ; Hil FlEEAH
RHHN 0.234, F LK R ILF (R>0.2, P<0.05); BREGAL, #5 Hifth 3 Fh 4 J@ o0 (1, BEFAER ) MG 6 &R
W2 55, #H 5 250535914 0.028. 0.060 F1-0.086( R><0.3, P>0.05). [l 1H, HEI A 387 4l 1145 Sk 5L A [) 5 AH 1B
AR TE Y IR AEAESE XU R BT RV AEAE 2SS SR R4 | % TS YL I AN ) HL G 38 LA

F 1 ELEICEAM AR

Table 1 Correlation matrix of heavy metal elements
4xJEIJC&E Heavy metal #iCu B¢ Zn #Pb #hcd #Cr
p= =
B 0.234° 1"
it 0.028 0.060 I
i 0.344™ 0.332"™ 0.334™ 1™
% 0.814™ 0.244" —0.086 0.188 1

“P<0.01,"P<0.05.
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(2)PCA 431

1 Bartlett Bk K564 0.000(<0.05), KMO {54 0.540(>0.5), %045 7] #:47 PCA 34, Kb 5 Fh 4
J& 19 PCA St 45 5 W3R 2. F1. F2 Fl F3 A F X3 AR Bl 85.792%. 55— F Wisr F1 J5 25 DTk %
g 42.942%, Horb A AR 4R AT B i, 43 o8 0.882 1 0.828. KA TSk HAL T e, @A T
A R Tl F 0 37, A R R TEAR AR, DR Ks 7 BRI Tk V8. 28 — F A F2 7 22 5T MR A
25.864%, £ FIER 10 i, 2 ) 4 0.803 il 0.574. 55 = F 84> F3 J5 2= 5Tk %N 16.986%, 5% 1 i 5
Sk 0.419. Mz HEA A I A2 AT S A T v A A TR R Y, SR i S AR 7T Bl ik, e
e F R ER | Wi AE AR PR 40 I AZ A L AN Tl e )R mi LA SRk F Al R AR DS S B mT
EFNERRAT A 28 SO [R5 HoAth 3 o 42 J8 S 2R UEAS [, PRLZE A 40 M s F2 R0 F3 40 SIS Al Y A

Fz2 EWS LR

Table 2 The results of principal component analysis

Fl F2 F3

&l 0.882 -0.275 0.248

2 0.540 0.231 -0.763

it 0.164 0.803 0.419

ki) 0.604 0.574 -0.030

% 0.828 -0.436 0.171
WA FHIE(E 2.147 1.293 0.849
J7 25 BTHRE /% 42.942 25.864 16.986
FERHTTIA/% 42.942 68.806 85.792

2.3.2 T YL URE EAE T

PCA-APCS-MLR 37 {45 78 5 i gt M7 i) 2 4 T ¥ Y 5 ) 445 2R DL 2 3. ARS8 ) ol {1 5 ORI (=2 L
FE 0.996—1 2 [i], R4 BTl Sl Sk . b Tl ARl RN A8 38 =i e J5 0 Kk 7R 45 4 @ ot R
AR TR TR, T 50 i LS B BT RR S B i, 20301 R 79.75% 1 84.26%, H B S R A A1 4% 5 T 5T ik
AR T 20%; Ml W2 R BEAY ORI, TTHRIE N 85.93%, 10.63% Fi1 3.44% Y HF ) 435311k A Toll 35
A3 U5 28 38 HE O B 09 DTRREE Ry 85.74%, 2 8 T Bk U8 4 2 2ok B ARl TR (48.68% ) FHAZ i I
(33.15%).

®3 EEBRETRE T

Table 3 Contribution of heavy metals sources in Tai Lake

pRy TR 1/% TTRRAF2/% TUHREF3/% MI{E(O) BE(E)

Heavy Contribution Contribution Contribution Observed Estimated E/O R’

mental rate F1 rate F2 rate F3 value (O) value (O)
il 79.75 10.54 9.71 3.855 3.839 0.996 0.92
B 10.63 85.93 3.44 13.166 13.155 0.999 0.93
it 7.37 6.89 85.74 0.465 0.466 0.997 0.85
b2 18.17 48.68 33.15 0.044 0.044 1.000 0.70
i 84.26 5.60 10.14 3.764 3.743 1.000 0.90

R Tolk i34 i

ZEA AT R, 5 I ER A b R NS 115 KT A 2 XU B AR R B B, A A2 P A A R e e R
(70 2% . L Tl V5 R4 A48 1 BTk SR 2351 A 79.75% FiT 84.26%, A 514 A& 09 Tl I 2 4 e B | R
M BIURLRN A 4 il 1 oMl pl O 28 155 A 4 300 1] Tl 5 4 T8 HE A sk 20 7T R 3 ORI R 4 B 15 oK
SRR 25 AU AR A R R 2R

T E RS RS, 2020 4 1 2 8 A 2 AL Tl Al i 113 7] Fe T B 4.40%, 2020 4742
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Tl = BE A 2 (2 Br = 5 2R P2 e 1 1 HR) [ LB T 2.10%. 7E 0 = A1 ot Moy, R 9 3
N FINZE 5% T, S22 1 S M4 K. 2015—2020 4F K I 7 S A W) 2h g FH 7K 5 D) R YT P A 1 =
FEAL PR AN A 6 7R . 2015—2018 4R [, AWMt . Tolk A AR 16 FH K 2 0% sl AR, R 19 1 4 )
Tl K B Sk a2 . MR A A WA 1 (R VT R T A B = Pl PR ST A5 R, A LG 2019 AR 4
JZH, RIS A S B W 48 1 5 =l b A SR ) SRS = 7=l (R S5k ) o B sl /s, e b —
FErAZ It R g, BT R Ra B R UL, SR I A 1 0 ) R W A i 26 U 1 A s b, ok Tl g 3
TR, 5 FSCHEN 3. 5 — 5 T, 2019 & 2020 4E, VLR R ML B HE T AR Y 408.97 T34 B A
2 404.41 JTA, & AR HE 6 & B 286.2 J7 R B 280.8 J7 i, MR AR T 2%, A4\l /K A 7= 78
FETE MR AT 5 W sh /. WAL 2R, v RE S I R A AE A 38 SR =, 52 28 18 48 1 1 52 i 45
s T 4 J 15 e FR B 0 T, 4 22 AL U, TRt COVID-19 J3 & 1l Je A4 1475 G R i — a2 12
J& 1] i W EE 4 T AR ML R AR Ak pl b SCRT RN, A T A R 1 A [ K A AR SRS R RE T 0.19%,
5 FhEE 4R A2 R R /N G R L AR R TR, 48.68% AU R T AL TS YR, IR AL IR R
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Fig.6 Changes in the industries around Tai Lake
(Data source: Taihu Basin Administration, Ministry of Water Resources (http://www.tba.gov.cn/) and “China Statistical Yearbook”
(2016—2021))

P B 5T A A FR S JR) (http:/hbj.nanjing.gov.en/) Gt it, KT gi gl fb: . Wek . BeE . SatmeE
SR TAMEAT IR L E Al 3 3288 %, Hivh 402 4S8 ATl . 97 MG AN 341 AL F#4T
b A AR 2R FH B HE AT A5 K PR BE 0 Tl 22 7K 243901 2059.11, 6033.19., 10664.24 T3 1, J2 I 9 4l il
Bt G 1) B R TRV, R, A 7 3R R T8 B 4 T 175 % LA R AR OR I 7K A A W 32 T 4 T s T 1Y)
JRURS: , S ORI OR3P 7K AE A 0 (R 7K b o, 0 2 W T8 o) 30 P B L v R R Ak 2 = R Tl Aol A s
FIHETL.

3 251 (Conclusion)

(1) KB KM Cu®, Zn*, Pb*, CA* I Croifk B 76 RE 1% 45 ¥ 309 (0] 2 W 3% F B, 1 R Bl R
39.9%—92.8%, Hrft Cu? Fll Cré" i) T B fe I 2, S92 I R AH L 20501 R B T 81.8% i1 92.8%. Al PG At
W R 4 7 Y™ i DI AR R 1 R R T, 9 I B T WA K B T 2R A R RN R AP KO, AR K TR
K EBIHET T 33.65%, JLHXF FH 15 5 X, /K 5if5 21 8 3 0.

(2) PN BRI A 5 FhEE 4 Jm XK AR A B AR S KU B T 0.19%—87.66%, o BRI I ik 25 119
H Cu**(87.66%) Fl Cr*(15.07%).

(3) PCA-APCS-MLR & & i fift B 45 3 2 B, KW 4 19 79.75%. 10.54 F1 9.71%; #F 19 10.63%.
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3

43 %

85.93% Fll 3.44%; HE Y 7.37%. 6.89% Fll 85.74%:; 4@ (1) 18.17%. 48.68% Fl 33.15%; #% Y 84.26%. 5.60%
F110.14% 4372k A Tall. zumscuf; 5.

(4) K FE 248 b, 5 F% R 2 Pe s E o i Kot R, BB 79.75% Fil 84.26% E’J‘Eﬁﬂl
Bk B TR, TL A I 4 J8 V5 Y 7 3 S . COVID-19 45 ¥ 51 A9 Tll 1 3 i s /b
BRI 4 8 15 G &miiuﬂﬁﬁﬁmigi%Eﬂﬁﬁ%ﬁ*ii%%mﬁmﬁﬁ%%%k
TR T LB | 1R R A 2 = R T Al A VRS (B, LR G b B 6 R I 4 S T e AR R 1 K
).

B SR FRTIA TR AT ST BT ok RAIFSE 53 BRI % ORI AR B R 2.
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