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Analysis of heavy metal pollution status and health risk assessment of
aquatic vegetables in Suzhou from 2016 to 2018
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ABSTRACT: Objective To study the pollution status of heavy metals in local aquatic vegetables in Suzhou and
evaluate the health risks of heavy metals ingested through the dietary pathway of aquatic vegetables by Suzhou
residents. Methods Totally 198 aquatic vegetable samples of 8 categories were continuously extracted from 10
counties in Suzhou from 2016 to 2018, and the content of lead, cadmium, total mercury and total arsenic in samples
was detected using the national standard methods, and the over-limit ratio was counted according to GB 2762-2017

National food safety standard-Contaminant limit in food, and the pollution degree of lead, cadmium, total mercury
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and total arsenic in different kinds of aquatic vegetables were evaluated by the single factor pollution index and
Nemerow comprehensive pollution index. Health risks of heavy metals in aquatic vegetables were assessed using
exposure scenario hypothesis and simple distribution model (deterministic assessment). Results The over-limit
rates of lead and total arsenic in aquatic vegetables were 5.29% (10/189) and 0.60% (1/166), respectively. Cadmium
and total mercury were below limits for all samples. The mean concentration of lead, cadmium, total mercury and
total arsenic were 0.0518, 0.0066, 0.0007 and 0.0526 mg/kg, respectively. The levels of heavy metal pollution in the
samples from the 3 years were not exactly the same, and the total mercury levels in aquatic vegetables varied among
species, and there was a correlation between the levels of heavy metal pollution. The single pollution index of 4
heavy metals in aquatic vegetables was less than or equal to 0.7, which was at an excellent level, and the
comprehensive pollution index was less than 0.7, which was at a safe level. Lead contamination in aquatic vegetables
in Suzhou area would not cause health hazard to adults and 95% of children, but might cause potential health impact
to children exposed to high food consumption (5%). Cadmium, total mercury and total arsenic pollution would not
cause health hazards to adults and children. Conclusion The pollution of heavy metals in aquatic vegetables in

Suzhou is generally low. Lead contamination of aquatic vegetables may be a potential health hazard for a small

number of children.
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Table 1 General situation of heavy metal pollution in aquatic vegetables
FedBe  Kh®E%  WE/(mg/kg)  P50/(mg/kg) P75/(mg/kg) P90/(mg/kg) AEMMEIE/(mg/kg)  HFRE/%
it 189 85.2 0.0518 0.034 0.068 0.1182 ND~0.33 5.29
] 198 84.8 0.0066 0.005 0.01 0.015 ND~0.025 0
Bk 163 79.8 0.0007 0.00039 0.00085 0.0015 ND~0.0083 0
sy 166 63.3 0.0526 0.014 0.0415 0.096 ND~2.19 0.60
TE: P50 Al 50%HIAMA, P75 AL 75%HIMA, P90 Hyffid 90%A A, ND At i .
R2 TREREEHRERKPESRISRKTLR
Table 1 Comparison of heavy metal levels in aquatic vegetables from different sampling years
0y 2016 4 2017 4f 2018 4F
Giith MR WME/(mg/kg) PAEU(ngke) FEALEL  BE/(mg/ke) PAIE/(mg/ke) FEREC  YME/(mgkg) A% (mg/ke)
it 60 0.03222 0.02100 51 0.08631 0.06800%** 78 0.04428 0.03200
] 60 0.00373 0.00400 60 0.01217 0.01200%** 78 0.00444 0.00300
MR 60 0.00100 0.00057%* 26 0.00066 0.00035 77 0.00046 0.00033
ERI 60 0.02087 0.00850 28 0.19161 0.08650%* 78 0.02710 0.01100
%R P<0.01, %4 P<0.05,
[l ] Kruskal-Wallis 453570 Bt 1A [R] P 2K A5 WERIE 4,

S ESRTG YKL 3), GPRER, ARFZOKAES
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Table 3 Comparison of heavy metal levels in different species of aquatic vegetables

FEfmFPZE St H #h/(mg/kg) 2R /(mg/kg) BH/(mg/kg)

FE AR 12 13 9 10
2HF I{H/(mg/kg) 0.05258 0.00946 0.00059 0.08160
FF i 5/ (mg/kg) 0.04500 0.00800 0.00054 0.00950

FE L 24 24 18 18
ZEx {8/ (mg/kg) 0.03169 0.00504 0.00035 0.02544
Hr AL (mg/kg) 0.02500 0.00450 0.00029 0.01100

FE AL 8 10 7 6
WA I{H/(mg/kg) 0.07125 0.00910 0.00066 0.10733
37 %/ (mg/kg) 0.06600 0.00900 0.00073 0.01950

FE AL 42 43 32 34
%A {8/ (mg/kg) 0.07101 0.00799 0.00054 0.09314
HR L5/ (mg/kg) 0.04900 0.00800 0.00034 0.01005

FE AR 15 16 15 15
# A H{E/(mg/kg) 0.05958 0.00431 0.00053 0.02147
H A 5/ (mg/kg) 0.04200 0.00350 0.00039 0.01200

FE AR 34 36 29 30
i ¥ /(mg/kg) 0.05077 0.00746 0.00033 0.03140
HF 5/ (mg/kg) 0.03050 0.00600 0.00026 0.01300

LR 44 46 44 44
&N H{E/(mg/kg) 0.04282 0.00497 0.00131 0.04968
H 50/ (mg/kg) 0.02050 0.00400 0.00091* 0.03150

FE AR 10 10 9 9
KA YIME/(mg/kg) 0.03410 0.00560 0.00039 0.02178
H 5/ (mg/kg) 0.02500 0.00550 0.00022 0.00500

:* P<0.05

R4 KERRESRBSRING

Table 4 Pollution assessment of heavy metals in aquatic vegetables

A ;"f‘lﬁ‘m%*ﬁ?& E@D‘I‘mé’f%ﬁﬂ’r U

PH PH P K P Ziof aR

2 0.53 0.19 0.06 0.16 TR 0.41 ey
ZE 0.32 0.10 0.04 0.05 TR 0.24 ey
KA 0.71 0.18 0.07 0.21 R 0.54 ey
EgE| 0.71 0.16 0.05 0.19 TR 0.54 LA
ESi | 0.60 0.09 0.05 0.04 TR 0.44 G
i 0.51 0.15 0.03 0.06 R 0.38 ey
&N 0.43 0.10 0.13 0.10 R 0.33 ey
K 0.34 0.11 0.04 0.04 T 0.26 ey
Exil 0.52 0.13 0.07 0.11 R 0.39 ey
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Table 5 Assessment of heavy metal exposure and health risk through aquatic vegetables in the whole population

; F 7% 1 (Lg/kg bw/d) MOE(#. i) PTMU/%(5) X PTWI/%(EK)

M ¥ifE P50 P95 ¥ P50 P95 ¥l P50 P95

Fr(2-12 % JLEH) 1286  0.354 0.310 0.775 1.70 1.94  0.77 — — —

(=13 2 A4H) 22362 0.257 0.226 0.541 5.06 574 240 — — —

ke 23648  0.033 0.029 0.071 — — — 3.99 3.50 8.51

BIR(2-12 % LEH) 1286  0.005 0.004 0.010 — — 3.29 2.88 7.20

BOR(=13 4 A4l) 22362 0.003 0.003 0.007 — — 0.60 0.53 1.26
peN i 23648  0.266 0.234 0.568 1.3 12.8 5.3

A JEXK A B SRR AR B B A EEE AR, gk
BRI R A K AT, FERM K A 55 3 0 A 20
KA BRI TS 250 B e KRS, R Y23 E 4
JE TG, IS B K AR R SR A A e A R S
HRH XK AR B SEER . AT EAR TGRS R ER,
A 4 A DKL K A 58 38 b A S e K 39 0E 1 9 LY
0.540~0.792 mg/kg, % 4 0.011~0.046 mg/kg, & fif K
0.100~0.215 mg/kg. Hr. . SR ERITS AR Hor B
295, 0.53, 027, RLAMEAILEST . KA R—F 4R H
Fi G 3 A B (target hazard quotient, THQ){HXJ#A M 1, FMH &
FHWT P XRE SR AR BESE, BUNAE ALK R R AR, L
TR | R XS Ao 45 3 5 1% 05 He ]
L, 3N XK AR B SR H AT L BTG A 75 YK AL S
PEHCIGAR TP X, J0 0N b XL B 28 K A 55 340 1 s
Y T R R ARV e (R R, ST P X 2Bl

A LT T, A i S R A A T Y A 5 o A
FE N A IX ARG S hAS  fR L R AT AR IS YA
KM SE . ISR T 2013~2014 AR R4 B
PR EAEIS YIRS, . M. MR, B 4 FE AR AR
BB BARRA N 3.73%., 1.34%. 3.29%. 0.28%,
MSE-E{E 2510 0,036, 0.012, 0.0027 1 0.031 mg/kg, %2
B2 P BRI YRR B G2 A TS YR B /N 0.7, Tkt
SEPIESE T A HT A B AR TS YUK, B
ROk RTHREIE B 0,033, 0.007, 0.002. 0.020 mg/kg,
TCHEARAE L, B ESE TP i B 2 R R AR RS 25 L
LA AL O LE R o )N T B S A R A AR R A
35.71%, FEAFREIE 31.25%, PUZEHSE4ATS Yk F-ry ¥
JEFER 0.031 ~ 0.119 mg/kg, 4K 0.017 ~0.061 mg/kg, 4 M
PR S T 4 A ek )L 3 T RE T A R i XU S v AR
N bt X% 3 Fp A AR AP A AR TN, AR 5001
H6.18%. 1.96%, At X B3 SR 4@ AT, FRALA
EHIE B 0.066. 0.023. 0.035 mg/kg, Hr. FHAIEE
SRS EE A XK M FER R, HPhZpkgghEs
J& X T AR B G e KR PO, R R R A P T

2011~2017 FFREFFHX IR . AR, SH. WL,
ARvg, R, dbnt. B 2L PELSEH) S PE
G JE BRURAE, M2 M3 | R2E =R S R T
JeKSEE 238 0.140, 0.136, 0.070 mg/kg, 55510
0.034., 0.045, 0.022 mg/kg, RSN 0.005, 0.004,
0.003 mg/kg, HAHIZMHIH 0.040. 0.038. 0.029 mg/kg, Mg
FBE AT LI AR e A BOm AR, ALEAE
S0 KU R 55

AMIFGE rhf R b 5 v 4 R T Y KIS
SER AT L, SN IXOK A SRS . AL BOR . RE
SR T AR, Sttt JeatPY ] dedr i X PO
BESEHY, T Mg S R R RGP S R B AR
bR St ek X PORRY, EARTFT M,

ABIFFE R B XU DA 285 SR R, SR T K AR B 2 P
BTG Y nTREXT o LB - AR AR AR i LA KR R
AL TR K, LA A R R 57 3R A T L A
ETRAEN, AR YRGS TR, HIbEY
A E S Y L AR R S R 22 1 TR

A5 r R FH B S 1 1 B R A K A SR B
D] ST 2 4 R ) 2 o i 8 11 L L A A 8 S 3
HHPESEIB YR, H AN, KA 8
] 5 ARFA BSR4 R R A Y

M TFESEIGY) Z AL, B, AR
R E YA RS R MR R NIFIE |
ok 5 )8 I T 4 AL 20 4 T R, )y TN 4 R e A4
T ARG A R XU 7 7 4 T B A o

EEPES
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