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Spatial analysis of diarrhetic shellfish poison contamination and dietary exposure of
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Abstract: Objective This study aimed to provide evidence for early warning, prevention, and monitoring strategies
relating to the spatial distribution and clustering characteristics of diarrhetic shellfish poison (DSP) contamination and
dietary exposure of commercially available shellfish in coastal areas in China. Methods Classical substitution and the
inverse normal imputation method were used to indicate undetected DSP values and calculate dietary exposure. Based on
the provincial spatial scale, the global and local spatial autocorrelation analyses of food contamination and exposure in the
DSP in coastal China were explored. Results From 2016 to 2021, a total of 6 355 shellfish samples were collected from
10 coastal provinces in China. The detection rate of DSP was 6. 34%. Yessotoxins (YTX) reported the highest detection
rate at 5.41%. The main contaminated areas include Fujian, Guangxi, Hebei, and Guangdong. The global Moran’s /
value of contamination of pectenotoxins was 0.55 (P = 0.02) and of YTX was 0.27 (P = 0.01), this demonstrated a
spatial clustering effect on the contamination and dietary exposure of DSP. Local spatial autocorrelation analysis showed
that two high-high clustering were detected in Liaoning and Shandong for DSP contamination. For dietary exposure to
DSP, there was a high-low clustering phenomenon in Hebei, Guangxi, and Liaoning. Conclusion There are regional

differences in DSP contamination and dietary exposure in coastal China, demonstrating localized regionalization. To
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improve shellfish food safety, government agencies should formulate regionalized precision monitoring and dietary

interventions based on the spatial distribution of DSP contamination and dietary exposure.

Key words: Diarrhetic shellfish poison; spatial analysis; dietary exposure
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Table 1  Toxicity equivalence factor (TEF) for DSP
ECFA #fi##
NkHE  HEA wr PR e
OA 1.0
OA 21 DTX1 1.0 0.3
DTX2 0.5
Dsp T 0
S YTX 2 v : 0* 25
Homo YTX 1.0
PTXH PTX2 1.0 0.8
AZA ZH AZA2 0.7 0.2
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Table 2 DSP contamination in coastal areas of China under different imputation methods

OA #H(png OA eq./kg)

PTX 4 (g PTX2 eq./kg)

YTX 4 (g YTX eq./kg)

W TR e Riman THAR  BR Gia/e FRAR BR kia/e  FHAR
0 611 1.64 1.26 519 0.00 0.00 519 9.83 9.65
Binys:s WOE A 22.58 0.40 14.21
LOD 24.94 14.37 62.40
0 652 0.00 0.00 490 0.00 0.00 652 8.44 14.93
IR WS 22.27 1.42 24.05
LOD 24.92 16.00 63.98
0 612 1.31 0.23 522 0.19 0.03 612 2.78 275
] WOIE 18.44 0.43 6.13
LOD 39.87 17.35 63.86
0 600 0.50 0.94 510 0.00 0.00 600 12.33 10.31
15 WOEAS 22.33 0.49 13.51
LOD 35.79 15.88 65.37
0 676 4.44 0.80 571 0.53 0.12 676 3.85 1.64
At R 22.06 0.39 3.94
LOD 38.10 18.30 48.78
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% Sk OA #H (g OA eq./kg) PTX 41 (pg PTX2 eq./kg) YTX 2H (pg YTX eq./kg)
A Kt 3/ % F R K it 2 /% FHEE B Kt 2%/ % RREE
0 615 0.00 0.00 543 0.18 0.07 615 0.16 0.09
L5 WOEA 21.27 0.39 2.93
LOD 25.00 15.89 59.36
0 602 0.00 0.00 510 0.00 0.00 602 0.17 0.10
i WE A 21.29 0.35 3.14
LOD 26.50 18.53 64.43
0 633 0.00 0.00 543 0.18 0.05 633 0.00 0.00
7R WOEA 21.29 0.39 2.90
LOD 29.41 15.94 58.04
0 684 0.73 0.14 534 0.19 0.03 684 5.99 5.91
i WE A 21.69 0.72 11.94
LOD 30.55 15.92 70.50
0 670 1.04 0.14 540 0.37 0.05 670 10.90 7.79
Wil WIERS 21.47 0.41 10.46
LOD 25.78 13.48 56.25
2.2 SRR E RN PTX 41 H1 YTX 4178 3 FhIE AN ik F % AR <1,

R 9 25 b [X D1 201 2 & A DSP 2P i £ 2 5% U

flivh 85 R WoR 0N 4178 3 Fh Ik 5 v6 FENER 2.3 2 R MRS ZS [8] @ A0 G40 B

Tk TR K, PTX AL7E O RIS IE S AN F7E L AR 2.3.1 DSPV-#i5 4t 55 R 88 KT 2 )= | A ¢
g K- dRc L, LOD BUAN AR T AR K. T

YTX ZH7E 3 P AN J7 i T BTE T AR 5 68 K P Je i o & RS ) [ A G T EE R B L 0.05 B
OA 7R d R LI %ARD>1;LOD HAN T, KT PTX A AE LOD AN T 15 Yok P AA7E 1 & =5
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Table 3 Assessment of DSP acute dietary exposure under different imputation methods in coastal areas of China

OAZH PTX 21 YTX 241
X FES 2/ (g/d N — —
7? AL/ —5 o it %ARD | A0SR REE %ARD AR REE %ARD
0 220 151.70 0.57 1.91 0.00 0.00 0.00 263.50 0.99 0.04
pigcs WIES 220 257.86 0.97 3.24 1.73 0.01 0.01 314.13 1.18 0.05
LOD 220 155.20 0.58 1.95 20.00 0.08 0.09 270.00 1.02 0.04
0 250 0.00 0.00 0.00 0.00 0.00 0.00 1 106.00 474 0.19
R WIE 2 250 36.76 0.16 0.52 13.25 0.06 0.07 1 699.00 7.28 0.29
LOD 250 30.00 0.13 0.43 20.00 0.09 0.11 1 126.00 4.82 0.19
0 250 29.70 0.13 0.42 17.20 0.07 0.09 392.00 1.68 0.07
i WOEAS 250 51.99 0.22 0.74 16.90 0.07 0.09 445.79 1.91 0.08
LOD 250 80.00 0.34 1.14 30.00 0.13 0.16 412.00 1.76 0.07
0 250 248.00 1.06 3.54 0.00 0.00 0.00 212.00 0.91 0.04
Eae) WOEZS 250 339.41 1.45 4.84 2.17 0.01 0.01 241.91 1.04 0.04
LOD 250 300.00 1.28 428 20.00 0.09 0.11 232.00 0.99 0.04
0 200 88.00 0.30 1.00 24.00 0.08 0.10 94.00 0.32 0.01
WAt WOEAS 200 115.06 0.39 1.31 23.44 0.08 0.10 92.85 0.32 0.01
LOD 200 98.00 0.34 1.12 24.00 0.08 0.10 114.00 0.39 0.02
0 200 0.00 0.00 0.00 37.90 0.13 0.16 54.60 0.19 0.01
b WIES 200 21.87 0.07 0.25 41.41 0.14 0.18 45.34 0.16 0.01
LOD 200 25.00 0.09 0.29 37.90 0.13 0.16 94.60 0.32 0.01
0 650 0.00 0.00 0.00 0.00 0.00 0.00 58.60 0.65 0.03
fiy WOEZS 650 21.76 0.24 0.81 1.28 0.01 0.02 52.08 0.58 0.02
LOD 650 50.00 0.56 1.86 50.00 0.56 0.70 150.00 1.67 0.07
0 300 0.00 0.00 0.00 28.40 0.15 0.18 0.00 0.00 0.00
7R W OEAS 300 22.38 0.12 0.38 28.53 0.15 0.18 20.43 0.11 0.00
LOD 300 56.00 0.29 0.96 28.40 0.15 0.18 60.00 0.31 0.01
0 250 23.60 0.10 0.34 15.20 0.07 0.08 259.00 1.11 0.04
R WEZS 250 47.49 0.20 0.68 15.71 0.07 0.08 924.56 3.96 0.16
LOD 250 50.00 0.21 0.71 20.00 0.09 0.11 319.00 1.37 0.05
0 300 17.00 0.09 0.29 13.00 0.07 0.08 264.00 1.36 0.05
Wi W OEAS 300 39.26 0.20 0.67 14.75 0.08 0.09 346.32 1.78 0.07

LOD 300 37.50 0.19 0.64 20.00 0.10 0.13 284.00 1.46 0.06
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Table 4 Global spatial autocorrelation analysis of DSP average
contamination and dietary exposure under three imputation

methods in coastal areas of China
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0 -0.156 4 0.313 8
PTX 39 1F 25 SR -0.208 8 0.262 3
LOD 0.554 1" -0.139 1
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Figure 1

LISA aggregation of DSP (OA, PTX, YTX) pollution averages under the three imputation methods for coastal cities in China

(Different colors represent different clustering characteristics, P<0.05)
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Figure 2 LISA aggregation of DSP (OA, PTX, YTX) dietary exposure under the three imputation methods for coastal cities in China

(Different colors represent different clustering characteristics, P<0.05)
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