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Dietary exposure and health risk assessment of tetrodotoxin in marine
shellfish products along the coast of Zhejiang Province in 2022
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ABSTRACT: Objective To understand the exposure of tetrodotoxin in wild and farmed shellfish in coastal cities

of Zhejiang Province in 2022. Methods Used stratified random sampling method, liquid chromatography tandem

mass spectrometry was used to determine tetrodotoxin in the samples, combined with the Report on nutrition and
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chronic disease status of Chinese residents (2015) and the 2014 National physical fitness monitoring bulletin to
investigated the dietary intake of residents. Using the point assessment method recommended by the World Health
Organization/Food and Agriculture Organization of the United Nations for Assessment of dietary exposure to
chemicals in food, the level of tetrodotoxin in the diet of residents in several coastal cities in Zhejiang Province was
evaluated. Results The content of tetrodotoxin in shellfish varied greatly, mainly concentrated in rainbow cherry
clams and striped snails, with a detection rate of 14.7% and a maximum of 5220.00 ng/kg. The average content of
tetrodotoxin was 167.30 pg/kg. When children under 10 years old consumed less than 15 g, adolescents aged 10-20
years old consumed less than 40 g, and adults over 20 years old consumed less than 60 g at once, their acute dietary
exposure level was in an acceptable and safe state; the acute risk index for ingesting other shellfish was much lower
than 100, indicated that the population’s exposure level was in a safe state. Conclusion The overall acute dietary
exposure level of shellfish was in a safe state, and the content of tetrodotoxin in striped snails is extremely high.

Eating striped snails is extremely unsafe and shall be regulated.
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Table 1 Sample informations from different locations
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Table 2 Summary of positive samples of tetrodotoxin in shellfish along the coast of Zhejiang Province
=2 FE AN SR Hh KA ] BE SRR/ (ng/kg)
1 4% =1 2022/5 1.32£0.15
2 4iux =1 2022/5 2.11£0.13
3 450% =1 2022/5 1.34£0.05
4 P S =1 2022/5 8.63+0.25
5 T WA B 2022/7 8.33+0.31
6 T WA HIZ 2022/7 9.05+0.18
7 L) B V5 A X 2022/10 15.30+0.11
8 Enf [yl 2022/11 11.30+0.26
9 B4 FHLEFE X 2022/12 66.90+2.50
10 EAESg T 2022/5 1668.00+5.50
11 2508 TR 2022/5 221.20+2.60
12 Ly Je s 2022/5 1901.00+3.50
13 g UGy 2022/5 288.30+2.50
14 EAESg T 2022/6 2182.00+2.90
15 2508 TS 2022/6 200.10+2.20
16 Ly Je s 2022/6 2951.00+£11.00
17 215008 UGy 2022/6 685.00£9.80
18 R T 2022/7 3665.00+13.00
19 2508 TS 2022/7 427.20+5.30
20 LR Je s 2022/7 1802.00+12.00
21 215008 UGy 2022/7 1489.00+11.00
22 EAESg T 2022/8 5220.00+15.00
23 2508 TR 2022/8 564.00+£7.30
24 Ly Je s 2022/8 2711.00+13.00
25 g UGy 2022/8 1361.00£14.00
26 EAEAg T 2022/9 2800.0011.00
27 2508 TR 2022/9 355.20+3.90
28 Ly Je s 2022/9 2032.00+7.50
29 215008 UGy 2022/9 1188.00+8.50
30 EAESg T 2022/10 1801.00+9.30
31 2508 TR 2022/10 185.60+2.50
32 LR Je s 2022/10 1460.00+8.40
33 L5008 UGy 2022/10 198.60+7.70
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Fig.1 Distribution of TTX virulence in striped snails
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Table 3 Intake of shellfish among different populations

AR AR X TR AT I A LR HE g/ (N« H)

gl BEAE /g

1~9 10~14 15~19 20~39 40~49 50~59 60~74 >74
B 20~75 20~43 63 75 75 63 63 25~50
p/gis 18~65 18~30 45 60~65 50 45 45 25~45
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Table 4 Acute dietary exposure and risk index of TTX in shellfish among different populations (A)

i BW/kg EXPa/[mg/(kg * d)] %ARfD
Tk Begacy Tk L Tk p/gis
1 10.1 9.4 0.01566 0.01168 391.5 292.0
2 12.5 11.9 0.01255 0.00921 313.8 230.3
3 16.6 15.9 0.00948 0.00691 237.0 172.6
4 18.3 17.5 0.00860 0.00627 215.0 156.9
5 20.6 19.6 0.00764 0.00560 191.0 140.1
6 23.0 21.6 0.00684 0.00508 171.1 127.1
7 26.6 247 0.00592 0.00445 147.9 111.1
8 29.9 27.6 0.00526 0.00398 131.6 99.5
9 33.6 313 0.00468 0.00351 117.1 87.7
10 372 355 0.00620 0.00464 155.0 116.0
11 41.9 40.6 0.00550 0.00406 137.6 101.4
12 46.6 445 0.00495 0.00370 123.7 92.5
13 52.0 48.0 0.00443 0.00343 110.9 85.8
14 56.2 50.4 0.00410 0.00327 102.6 81.7
15 59.5 51.6 0.00461 0.00390 1153 97.5
16 61.5 527 0.00446 0.00390 111.6 97.5
17 63.3 53.0 0.00434 0.00390 108.4 97.5
18 63.5 52.6 0.00432 0.00390 108.1 97.5
19 63.5 52.4 0.00432 0.00390 108.1 97.5
20~24 67.2 53.8 0.00381 0.00442 95.3 110.5
25~29 70.4 553 0.00364 0.00430 91.0 107.5
30~34 714 56.8 0.00359 0.00419 89.7 104.7
35~39 71.5 57.8 0.00358 0.00412 89.6 102.9
40~44 71.2 59.0 0.00386 0.00310 96.4 775
45~49 712 59.7 0.00386 0.00307 96.4 76.6
50~54 70.6 60.4 0.00327 0.00273 81.7 68.2
55~59 69.1 59.6 0.00334 0.00276 834 69.1
60~64 67.6 59.7 0.00341 0.00276 85.3 69.0
65~69 66.6 59.2 0.00346 0.00278 86.6 69.6
>69 66.6 59.2 0.00275 0.00278 68.7 69.6

TE: 0~2 % B4 LI RE AR IR A b s RE SR S 1E IR (2015 4F) ), 2017 48 2 1 9 %553 B LA B P AR BRI A : 2014
AP ] R A B M A R (R SR AR T R, 2015 48 11 H 25 H; D2 HF 348 ARG IR A % 3.

x5 TRABRMNNLPTRESZRNSMEERERNEER®B)
Table 5 Acute dietary exposure and risk index of TTX in shellfish among different populations (B)

" BW/kg EXPa/[mg/(kg * d)] %ARfD

Fk Tt Tk L Tk Lk
1 10.1 9.4 0.0000657 0.0000489 1.64 1.22
2 12.5 11.9 0.0000526 0.0000386 1.32 0.96
3 16.6 15.9 0.0000398 0.0000289 0.99 0.72
4 18.3 17.5 0.0000361 0.0000263 0.90 0.66
5 20.6 19.6 0.0000320 0.0000235 0.80 0.59
6 23.0 21.6 0.0000287 0.0000213 0.72 0.53
7 26.6 24.7 0.0000248 0.0000186 0.62 0.47
8 29.9 27.6 0.0000221 0.0000167 0.55 0.42
9 33.6 313 0.0000196 0.0000147 0.49 0.37




g1 TR, R 2022 AFEUTTTAR TR K DL 2SI JK T 2% M £ % 5 B A R XURS: EAY 117
= 5(8)
asia BW/kg EXPa/[mg/(kg * d)] %ARfD
10 37.2 35.5 0.0000258 0.0000194 0.65 0.49
11 41.9 40.6 0.0000229 0.0000170 0.57 0.42
12 46.6 44.5 0.0000206 0.0000155 0.52 0.39
13 52.0 48.0 0.0000185 0.0000144 0.46 0.36
14 56.2 50.4 0.0000171 0.0000137 0.43 0.34
15 59.5 51.6 0.0000193 0.0000163 0.48 0.41
16 61.5 52.7 0.0000187 0.0000159 0.47 0.40
17 63.3 53.0 0.0000182 0.0000158 0.45 0.40
18 63.5 52.6 0.0000181 0.0000160 0.45 0.40
19 63.5 52.4 0.0000181 0.0000160 0.45 0.40
20~24 67.2 53.8 0.0000159 0.0000184 0.40 0.46
25~29 70.4 553 0.0000152 0.0000179 0.38 0.45
30~34 71.4 56.8 0.0000150 0.0000174 0.37 0.44
35~39 71.5 57.8 0.0000150 0.0000171 0.37 0.43
40~44 71.2 59.0 0.0000162 0.0000131 0.40 0.33
45~49 71.2 59.7 0.0000162 0.0000129 0.40 0.32
50~54 70.6 60.4 0.0000136 0.0000114 0.34 0.29
55~59 69.1 59.6 0.0000139 0.0000116 0.35 0.29
60~64 67.6 59.7 0.0000142 0.0000116 0.36 0.29
65~69 66.6 59.2 0.0000144 0.0000117 0.36 0.29
>69 66.6 59.2 0.0000116 0.0000117 0.29 0.29
3 é'ﬂ:: iﬁ Journal of Shanghai Fisheries University, 2002, 11(3): 283-288
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