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Pollution status and health risk assessment of 9 metals and metalloids
on sale vegetables in Taizhou City, 2019 —2023

WANG Xi, LUO Ya - cui, ZHANG Hai - jun
Taizhou Center for Disease Control and Prevention, Taizhou, Zhejiang 318000, China

Abstract: Objective To investigate the pollution status of lead, cadmium, total mercury, total arsenic, total chromium,
manganese, nickel, aluminum, copper on sale vegetables in Taizhou City, and to assess the health risks to people. Methods
According to the requirements of relevant national standards, detect the contents of metals and metalloids in four types of
commercial vegetable samples collected from 2019 to 2023. The pollution status evaluated by single factor pollution index (P;)
and Nemerow composite pollution index (P, ) method, the health risks were evaluated by both target hazard quotient (THQ)
and total target hazard quotient ( TTHQ). Results A total of 419 samples of four types of vegetables were collected,
manganese and copper had the highest detection rate with both of 100. 0% , the others from high to low were nickel (89. 17% )
> aluminum (87.26% ) > cadmium (85.20% ) > total arsenic (52.03% ) >lead (35.32% ) > total chromium (30.55% ) >
total mercury (2.39% ). The overall cadmium exceeding rate was 2.63% and all concentrated in root vegetables, the other
elements did not exceed the limit. The P, and P, of lead, cadmium, total mercury, total arsenic, total chromium in different
types of vegetables were all did not exceed 0. 7. The TTHQ of four types of vegetables for adults were all less than 1. 0, but the
TTHQ were more than 1. 0 while children consumed root and leafy vegetables. Conclusion The overall pollution levels of nine
metals and metalloids in four categories of vegetables in Taizhou city were low, and the health risk level of these metals and
metalloids in residents was acceptable. However, intake of root and leafy vegetables may have negative effects on human health
in children.
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2.1 RRXVEBAELERBEZTHAS>N Hiit 419
PrghEA h 9 Fh4x B M2 4 e i B A N 45
Mn B 5, N 4. 398 me/ke, H & Al1(3. 958 mg/
kg), Pb, Cd 45 H 42 JLFP OT 2 & &= A XA, 4 T
0.001 0~0.071 8 mg’kg Z ], 9 M&lE@MNELE
R H AR AR R 900 Cu 5 Min, 357 100. 0% , HAx i
EE R K Ni(89.17% ) > Al (87.26% ) > Cd
(85.20% ) > As (52.03% ) > Pb (35.32% ) > Cr
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Table 2 Contents of Metals and Metalloids in Vegetables

SE G o L i et 8 e AL B
(me/kg) (me/kg) (1) % () (%)
Pb 419 ND ~0.191 1 0.007 9 148 35.32 0 0.00
Cd 419 ND ~1.008 9 0.020 6 357 85.20 11 2.63
Hg 419 ND ~0.010 9 0.001 1 10 2.39 0 0.00
As 419 ND ~0.047 8 0.004 2 218 52.03 0 0.00
Cr 419 ND ~0.369 1 0.026 1 122 30.79 0 0.00
Cu 419 0.080 1~5.248 0 0.466 2 419 100. 00 - -
Mn 314 0.296 0 ~113.120 4 4.398 0 314 100. 00 - -
Al 314 ND ~98.422 2 3.9580 274 87.26 - -
Ni 314 ND ~1.2515 0.071 8 280 89.17 - -

TE :ND FGRARAG 5 A GB 2762 —2022 KX Cu Mn AL Ni il 2 REVRE, BOR T4E0T, AT - 730K,

2.2 RREMNERFTEBAEEEEZWHILSN

AR R R 9 Fhdx B MK &R i & &, P,
Cd . As . Cu Fl Mn 7EAR ZEK G b & wt i, &
4554 0. 014 5 mg/kg 0. 044 1 mg/kg 0. 005 5 mg/
kg.0. 859 3 mg/kg.8.574 0 mg/kg, 1F {6322 3E

Jerb S AR s Ni /e AR SR P 35 e A i (0. 157 9
mg/kg) , (HAEM S 7 BHR AR (0. 021 5 mg/kg) 51 Cr
TR B f i, O 0. 035 2 mg/kg s AL 7R S
FiR A, 8. 794 2 mg/kg. HARILEL 3,
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Table 3 Contents of metals and metalloids in different types of vegetables

e BMOE oy R i T e R

¥l ) (mg/kg) (mg/kg) (mg/kg) (%) (%)

372k 82 Pb ND ~0.043 1 0.005 5 0.009 5 54.88(45/82) 0.00(0/82)
82 Cd ND ~0.1199 0.009 6 0.017 7 97.56(80/82) 0.00(0/82)
82 Hg ND ND ND 0.00(0/82) 0.00(0/82)
82 As ND ~0.017 0 0.002 6 0.003 9 68.29(56/82) 0.00(0/82)
82 Cr ND ~0.080 8 0.005 7 0.016 9 56.10(46/82) 0.00(0/82)
82 Cu 0.0901~1.0200 0.259 1 0.342 5 100.0(82/82) 0.00(0/82)
58 Mn 0.731 8 ~44.41 2.184 5 4.142 0 100.0(58/58) 0.00(0/58)
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wx I & R LA I e B
e () K (mg/kg) (mg/kg) (mg/kg) (%) (%)
58 Al ND ~98.422 2 3.1452 8.794 2 91.38(53/58) 0.00(0/58)
58 Ni ND ~0.392 8 0.021 5 0.021 5 86.21(50/58) 0.00(0/58)
RN 109 Ph ND ~0.032 2 ND 0.004 8 7.34(8/109) 0.00(0/109)
109 Cd ND ~0.062 9 0.003 6 0.010 4 76.15(83/109) 0.00(0/109)
109 Hg ND ND ND 0.00(0/100) 0.00(0/109)
109 As ND ~0.028 1 ND 0.003 7 37.61(41/109) 0.00(0/109)
109 Cr ND ~0.369 1 ND 0.0352 26.61(29/109) 0.00(0/109)
109 Cu 0.1328~0.741 1 0.3209 0.3415 100.0(109/109) 0.00(0/109)
78 Mn 0.2961~8.022 1 0.879 1 1.370 6 100.0(109/109) 0.00(0/78)
78 Al ND~2.3911 0.172 2 0.328 2 79.64(59/78) 0.00(0/78)
78 Ni ND ~0.463 0 0.0527 0.0527 82.05(64/78) 0.00(0/78)
M2k 179 Ph ND ~0.191 1 ND 0.014 5 39.11(70/179) 0.00(0/179)
179 Cd ND ~1.008 9 0.010 1 0.044 1 86.36(151/179) 6.15(11/179)
179 Hg ND ~0.0109 ND 0.001 2 5.59(10/179) 0.00(0/179)
179 As ND ~0.047 8 0.003 3 0.005 5 57.54(103/179) 0.00(0/179)
179 Cr ND ~0.310 4 ND 0.016 0 22.91(41/179) 0.00(0/179)
179 Cu 0.0802~5.2480 0.705 0 0.859 3 100.0(179/179) 0.00(0/179)
129 Mn 0.376 1 ~113.120 4 2.3311 8.574 0 100.0(129/129) 0.00(0/129)
129 Al ND ~44.112 1 0.964 2 3.593 0 92.5(119/129) 0.00(0/129)
129 Ni ND ~1.2515 0.158 1 0.1579 94.57(122/129) 0.00(0/129)
A 49 Ph ND ~0.023 9 0.004 0 0.0059 51.02(25/49) 0.00(0/49)
49 Cd ND ~0.0311 0.006 1 0.010 3 87.76(43/49) 0.00(0/49)
49 Hg ND ND ND 0.00(0/49) 0.00(0/49)
49 As ND ~0.010 1 ND 0.003 5 36.73(18/49) 0.00(0/49)
49 Cr ND ~0.024 2 ND 0.010 4 26.53(13/49) 0.00(0/49)
49 Cu 0.156 1 ~0.434 9 0.304 5 0.3215 100.00(49/49) 0.00(0/49)
49 Mn 1.581 0 ~11.501 2.269 2 3.506 0 100.00(49/49) 0.00(0/49)
49 Al 0.602 2 ~13.782 1.561 2 3.114 9 87.76(43/49) 0.00(0/49)
49 Ni 0.0181~0.1542 0.0551 0.0551 89.90(44/49) 0.00(0/49)
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Table 4 Evaluation of pollution status of lead, cadmium, total mercury, total arsenic and total chromium in different types of vegetables
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Table 5 Evaluation of THQ and TTHQ of metals and metalloids in vegetables for children and adults

THQ {&

2 RS Pb cd He As Cr Cu Mn Al TTHO

L nE 0.026  0.169  0.032  0.124  0.054  0.082  0.282  0.289  0.010 1.1
BN 0.013  0.099  0.032  0.117  0.112  0.081 0.093  0.011 0.025 0.6

M2k 0.037  0.420  0.038  0.175  0.05  0.202  0.583  0.118  0.075 1.7

T3k 0.016  0.098  0.032  0.111  0.033  0.077  0.239  0.102  0.026 0.7

W 2k 0.016  0.104  0.020  0.077  0.033  0.050  0.174  0.179  0.006 0.7
Ex S 0.008  0.061 0.020  0.073  0.069  0.050  0.058  0.007  0.016 0.4

s 0.023  0.260  0.024  0.108  0.031  0.125  0.360  0.073  0.046 1.0

%= 0.010  0.061  0.020  0.069  0.020  0.047  0.147  0.063  0.016 0.5

(a) = ! (b) A

100% [r—

1 B3 &)m 5IESm e R ILE (a) FLA (b) B B4
fit e KUK (TTHQ) TRk A< LA

Fig. 1 Comparison of the contribution rates ofmetals and
metalloids in vegetables to TTHQ of children (a) and
adults (b)
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