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Prediction of paralytic shellfish poisoning in the Bohai Sea by machine
learning and its dietary risk assessment

LI Li', LIANG Huai-Xin'"", NIU Bei’, LIU Chang-Qing?®, LIU Bin', BA Sang’

[1. Qinhuangdao Center for Disease Control and Prevention (Qinhuangdao Health Supervision Institute),
Qinhuangdao 066000, China; 2. Hebei Center for Disease Control and Prevention, Shijiazhuang 050000, China,
3. Xizang Ali Center for Disease Control and Prevention, Ali 859000, China]

ABSTRACT: Objective To predict the paralytic shellfish poisoning (PSP) in the Bohai Sea, explore the correlation
between foodborne multi metallic elements contaminants and the levels of PSP, and complete the dietary risk
assessment of PSP. Methods This study analyzed samples with relatively high detection rates of 5 kinds of PSP,
including saxitoxin (STX), gonyautoxins2/3/4 (GTX2, GTX3, GTX4) and neosaxitoxin (neoSTX), collected in the
Bohai Sea from 2018 to 2024. The maximal information coefficient (MIC) was used to analyze the correlation,
redundancy and complementarity with the multi metallic element content in bivalves. Based on this, feature selection
for multi metallic elements was conducted, and 5 kinds of classical machine learning models to predict PSP levels
was utilized. The experiments employed 10-fold cross-validation, paired ¢-tests and compared the prediction accuracy
using a 95% confidence interval (CI). Finally, the point assessment method was used to evaluate the dietary risks of 2
kinds of shellfish, Manila clams and mussels, in the Bohai Sea region for 5 different age groups. Results The
feature selection method effectively identified multi metallic element hazard factors related to PSP content. The
random forest (RF) model showed the largest reductions in mean absolute error (MAE) and root mean square error
(RMSE) for predicting GTX3 of gonyautoxin, with reductions of 8.0% (95%CI: —0.0821 to —0.0779, P<0.05) and
9.1% (95%CI: —0.0997 to —0.0823, P<0.05) respectively. The RF model exhibited lower predictive errors, with MAE
and RMSE values of 0.147 and 0.183 respectively. The dietary risks of consuming Manila clams and mussels from the
Bohai Sea area were acceptable for people in all 5 age groups. Conclusion The dynamic feature selection method
proposed in this study, which integrates MIC and redundancy-complementarity evaluation, can effectively uncover
synergistic and antagonistic effects among multiple metal elements, significantly improving PSP prediction accuracy.
Meanwhile, the dietary risks of relevant bivalves for all 5 age groups remain within safe levels, providing scientific
support and technical reference for the safety management of bivalves in the Bohai Sea.

KEY WORDS: paralytic shellfish poisoning; multi metallic elements; prediction; feature selection; machine
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Table 1 Comparison of results before and after using feature selection
- MAE(fi £ 1) MAE(ffi i /) RMSE(#i BEHT) RMSE(Jiiik )
HRE XGBoost RF XGBoost RF XGBoost RF XGBoost RF
GTX2 0.212 0.202 0.302 0.293 0.256 0.223 0.354 0.354
GTX4 0.026 0.028 0.009 0.010 0.033 0.034 0.027 0.028
GTX3 0.249 0.248 0.144 0.168 0.310 0.313 0.195 0.222
neoSTX 0.220 0.181 0.193 0.171 0.267 0.206 0.221 0.198
STX 0.153 0.121 0.091 0.094 0.183 0.143 0.125 0.122
A 0.172 0.156 0.148 0.147 0.210 0.184 0.184 0.183

A EL e 4E R AR 4, FRIAEEFE S XGBoost A5 i
GTX3 ) MAE. RMSE FRER R, 45T 10.5%
(95%CI: —0.1073~-0.1027, P<0.05)#1 11.5%; Filill neoSTX
) MAE #l RMSE FREAK-RZ, 430lie FRET 6.2%
(95%CI:  —0.0635~-0.0605, P<0.05) Fl 5.8% (95%CI:
—0.0558~-0.0362, P<0.05). RF H %I ffi 48 4iF 7~ 45 T30
GTX3 [ MAE .RMSE F &K, 5l I5 T 8.0% (95%CL:
-0.0821~-0.0779,  P<0.05) F  9.1%  (95%CIL:
—0.0997~-0.0823, P<0.05); Hiill GTX4, neoSTX. STX HY

MAE # RMSE ¥ & Jll & & B 2.7% (95%CL
-0.0291~-0.0249,  P<0.05) Fl  21%  (95%CL

~0.0251~-0.0169, P<0.05)) T M. 81 15 25 2 5 i
TS HE A 254 TRINASCR, XGBoost 5 RF BERITE 2h A4
TEZEPEIS TR 22 MAE . RMSE V{5 #5E . RF BERIZE
T rp B EARAY TR 2E, MAE, RMSE 43918 0.147
F10.183, HXF bz 22T Rl B A] & BT AL T MAE
RMS 23 IR T 2.4%. 2.5%7%1 0.8%. 0.024%., XGBoost
5 RF TN GTX2 $¥EHEM MAE #1 RMSE ¥ KRR
FE EFE, AT RE %O AR B 5 B REAS L 3] 2% Ay, AR
SRS VN
2.3 FUMEEREEE

J T AV AIF S e PSP TN 4538 A
Bk, VEBR T AR AR SCEOT IR T T R, WA 2, T
TS5 46 7 2T IEEEAH 6 PSP M ELIETIN | F=A A&

BEAE R B SR A ok 0B 2R KURE T W5 LA B 25 3™ A
ST I TR LU A R R B, AR i Uy 1
AU DS IR TG R 20 R A, TGP A R N
FAEEN T, 7E PSP I ] LASE AR X AR i T8 2

F2 TNESHERLER
Table 2 Comparison of prediction task results

2051 FRAE ST MAE RMSE
221 K. pH. ilzfm';’ﬁﬁ BIEY . 060 0.70
[23] VI Ci B e 096  2.19
[23] KT A A 0.80  0.97
[24] [BRGAIRIYE S 7.20
Z’f? DA ISR 200 0.15  0.18

T R AN X R H

24 NXEIFHER

AT 5T R A BEA 5 2 e Y 4 Fh D125 PSP K
HEAT B PEA, PEAT S B0 S5 9 25 - 3% 3~4.

AIHTEE 3 RIZE 4RI, WA RURG 38 A DL A0 XU 25
0 1 R 2o R SR S RO T Y e KUK e 5 1
B%ARID YT 4> FI1E 0.33~0.44 LK 0.20~0.27, Fuff
M9 %ARED 73 Hi450 1 0T 0 30 i, T 285 DL 288 s 1 IR, S5 40
B

#3 EHOBERREITMEER

Table 3 Dietary risk assessment results of Manila clams

STX M /(ng/kg) NG ] e /kg EXPa/(ug kg '+ d") LP/(g/d) %ARfD RS S %
348.61 18~29 55.25 0.2193 34.75 0.44 e
348.61 30~44 60.30 0.1905 32.95 0.38 e
348.61 45~59 60.05 0.1669 28.75 0.33 Bh
348.61 60~69 57.90 0.1879 31.20 0.38 L
348.61 =70 54.75 0.1802 28.30 0.36 Y
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Table 4 Dietary risk assessment results of mussels

STX ¥ /(ng/ke) N i) & /kg EXPa/(pg * kg™« d™) LP/(g/d) %ARSD AR 46
210.82 18~29 55.25 0.1326 34.75 0.27 s
210.82 30~44 60.30 0.1152 32.95 0.23 ey
210.82 45~59 60.05 0.1009 28.75 0.20 A
210.82 60~69 57.90 0.1136 31.20 0.23 s
210.82 =70 54.75 0.1090 28.30 0.22 s
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