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Research progress on food quality and safety risks and detection
technologies of turtles and soft-shelled turtles

ZHANG Wen-Xuan'?, LIAO Tao', WANG Chen', ZHU Hao-Tian', ZHOU Le',
LI Yan-Sen', WU Wen-Jing'"
(1. Key Laboratory of Cold Chain Logistics Technology for Agro-product, Ministry of Agriculture and Rural
Affairs/Institute of Agro-product Processing and Nuclear Agricultural Technology, Hubei Academy of Agricultural

Sciences/Hubei Key Laboratory of Characteristic Resources and Utilization, Wuhan 430064, China; 2. College of Food
Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

ABSTRACT: Turtles and soft-shelled turtles, as important aquatic animals with both edible and medicinal value, are
closely associated with consumer health and the sustainable development of the industry in terms of product safety.
This article reviewed the quality and safety risks of turtle and soft-shelled turtle products and the corresponding
detection technologies, with a focus on chemical risks, including microplastics, heavy metals, persistent organic
pollutants, pesticide and veterinary drug residues and biotoxins, as well as biological risks such as Salmonella, Vibrio
parahaemolyticus, parasites and viruses. Studies had shown that turtles and soft-shelled turtles possess a strong
capacity to accumulate environmental pollutants, and the levels of heavy metals and organic contaminants in some

wild individuals might exceed food safety limits. At the same time, turtles and soft-shelled turtles could also serve as
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important carriers of various zoonotic pathogens, such as Salmonella and Vibrio parahaemolyticus, thereby posing

potential risks to public health. Future efforts should focus on establishing a whole-chain monitoring system, together

with standardized farming practices and green processing technologies, in order to ensure the safety of turtle and

soft-shelled turtle products and promote the sustainable development of the industry.

KEY WORDS: turtles and soft-shelled turtles; quality and safety; chemical risks; biological risks
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ARSI TIC TNk H, RIRBAFELY 357 DR,
T e L TROK L R e A A R R 3R
PR 7K F e O B T A L 45 1 F2 4, TR AR B AR (Chinemys
reevesii)5 FEEE (Trionyx sinesis)VE MR ENEF YR, H
B FRFE AR B, 77V FE Al e . A 2025 A =i
W GETHAES) | 2024 44 EIR K FRFH 287 ik 63100 I,
BT RIE 541589 W, FRGE)T RS HETE BO A L
ik 82.5:17.5110 v [E4E A HAZ 007 X TR T4 BRZ 90%
M FRaE o, BT BN, X 8 T
thETER R P i AL B IR R BT R B,
falk RA SR E SR IS m A R Th AR fa YRR
ik 16.46%, W52 FeMLH6 8 (essential amino acid index,
EAADN 70.91, 5E8AFEHE ERE SRl 2H 4 (Food and
Agriculture Organization of the United Nations, FAO)FI {5
T 4= 40 44 (World Health Organization, WHO)R/ER!, HAg 5
TR 20 i, 22 AS 1R A IS 5 BR (polyunsaturated fatty acid,
PUFA) i It 36.42%, En-6PUFA/En-3PUFA [1E R 1.83, iE
KT 4.0 (L RRE, SR REFIISITRR I frED ik
BEE IR A BT S, A A 25.48%, ML
B9IK 19.31%, EWITL 2.16%, 7 Pl 2 SRR b A 2 SERR Y
48.82%, JRAMR . AR . SLARRSE R FAO/WHO
PRIE(E . AL, M SUE Ak . BRI, AT
R PUASEAYITEYE, TEDIREME & ST & P B RN,

SR, Bl f Y R R RS A R 2 K R ™ il T
FIFHBAWITR A, JoT 22 4 [ R By 6 249 77 b o Jo
RIBM R R . AR R, s e IR0
INE R ek Fi b, ATREMEIG R, HE B M A LA
GIRGE L7/ e o ol i 0 B S A e e N e ol e e et 7
P RS 5 30K 6 5 A XU AN AN 40 06 3R B0 o & (e, vy
P bR IR A L IR R S TR S T
BER o BT, AR SON T BT 40 A KU B LA
ARIATRGAI, DU ARG | A 92 S ™l 5 Y
FRE MRS %

1 RERERTITHREREMAE

T2 A ClE 1 8IS M A0 b S i [
GRRE . ATV PRTE, A TR IR | B VR

M TR . PR L% 2, OIS EfE. 5
L bR ER R . HiF, GB 2733—2015 (&ML 4
FEIRbRUE G . PRI ) & H AT R | R
i B T R T 2 A M SR HEAR Y, GB 10136—2015
(B EEFRE SR H 5 ) ke S 1.6
st CAn F B T 52 | R A S SR AL T e ks, Sl
IR AT NY/T 1050—2018 SRl 8595 ) iy EoR,
G [ g ol e S K i B 2 A A AR AR B

Horp, AR BIRRERNAT A GB 2763—2021 (T4
b A2 R AR R ) RE; E2hrk e R
NAFA GB 31650—2019 { Edhic e EER e Bih b2
KIR AR ) R kMR GB 31650.1—2022 { &2 %
PRl ihh 41 FREZGE RAR R ) MR, (Rl T
B IRR P R ANESE 9 FhEZhVEA T I, (HAEES)
Yt E R, HRYRENFS GB 2762—2022 (&
LAREZARE BiPE YRR ) MEE, A ERMEDIR
BICR FESI GB 29921—2021 (&L EF e Fid
FeE i P ORI S ) s HARZLRAE | s, LAk, B
HFIE FREAFE GB 2760—2024 ¢ £ it i A EHARME 20
IOV FAARIE ) PORLE, B AR AR I &
{TaR 9111571 PN 11 G e W B 5 17 2 I 3 I s
%, (BT ks F IR R, A, R,

2 BREFRIUFEMERENKE

2.1 WEH

oA B PR O B (microplastics pollution, MP)AAG
TR 2R, AR WA . AR R -RE IS HOR (scanning
electron  microscopy-energy  dispersive  spectroscopy,
SEM-EDS) . . {8 37 I 745 i 21 41 5 3% 3 (micro-Fourier
transform infrared spectroscopy, p-FTIR)!'Y | H7 & S ib i

(micro-Raman spectroscopy, p-Raman)!', PR - AH (033 -

=t

=4

Jit i 3% (pyrolysis-gas chromatography/mass spectrometry,
Py-GC-MS)!'2 1 38 o' B 4% 21 4b i 1% & 4t (laser direct
infrared imaging, LDIR)"% R[a] )y ik A8 Wik K /N3 3%
HOPPRHRGIRE T . RS ZE B P LR ARG 52 AR T T
FAEZES . Ot RS S P WEBURE 2, 1M p-FTIR |
p-Raman 1 Py-GCMS RS H IR GITADRER G-  2 BIE kAT
SERIMT. R 2 ROV T & TR RIS AL ORI
Joid FARE AR 2SR, O B RS e M I S (AR A
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Table 1 Quality and safety limit requirements for turtles and soft-shelled turtles

= e PR 2 {E/(mg/kg)
i A HHRIH W GH WCHE SO
TR 0.5 0.5
V&) AU VAVAVAN 0.1 0.1
HE H - - ND
V587U 0.1 0.1 0.1
. . TR E 0.3 0.3 0.3
VRIS A2 KV B R BRI B/ R AL 0.002 0.002 0.002
WA iR - - ND
o Tk e — s 0.1 0.1 ND
WU AL T e 25 (BB B A 0.1 0.1 ND
] 25 Y Ak 0.05 0.05 0.05
o 2 £ LN 0.05 0.05 0.05
S P R 0.3 0.3 0.3
YT N 0.3 0.3 0.3
PR A Hi A R TRR/ EER/MNAE - - ND
OIS % iy 01 01 01
R 0.5 0.5 0.5
Tk e ST A 3 WA 0.1 0.1 0.1
# 25 KIANERRYE RS 3 0.2 0.2 0.2
bk sz ] 2 3k e 0.1 0.1 0.1
AW TR A e 0.01 0.01 0.01
AN ND ND ND
PGP (& E) ND ND ND
Hh S fif e ND ND ND
% R M — B ND ND ND
W&HER B ND ND ND
FH T ND ND ND
oAt RINER ND ND ND
PRI S ND ND ND
FEhiE ND ND ND
i FE Pk i 2 AR - - ND
AER - - ND
L J M - - ND
LA - - ND
#4(Pb) 0.5 0.5 0.5
#(Cd) 0.1 0.1 0.1
FLE FR(Hg, PIHRERIT) 0.5 0.5 0.5
B il (As, LLTCHLAHTT) 0.5 0.5 0.5
59 #(Cr) 2.0 2.0 2.0
LA T R ZEBE BRI 0.02 0.02 0.02
HHLIE Y N- 3 0 il - 0.004
K [altE - 0.005
- WITIRE - ND -
BUWTH e R o A - 1000
W2 I AT ARG AT I 386 A 2 R R T - ND -

T -FRTEAE AR YE T T LA ; ND 2R AR o "0 19 07 & MPN/g,
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Table 2 Comparison of microplastic detection technologies
A AR /KA /pm FEAH FE SRR & AR
6 AR 50 HW, AR HEERAR, MELL X AR i N
SEM-EDS 1 PR, WML R AN AR, R AL A 2 A
p-FTIR 20 RTINS S P2 LRI (618 ISR TD AT =) FMl | IENEY) . HB
p-Raman 1~3% EoT R, AENEA R POLTI, R 157815 I 1R N 2
Py-GCMS 1 AE R, PR MER MR HEARGIN, JC AT BMRIE S UA . IR TR
LDIR 10 i, A3t S B B, IURLRR 23 FAE ., WHIENEY

TE: * 2 p-Raman Sy fie/ Nl DRI AR 228 SCRRAREE I 1~3 pm, BRI THE R BUR LS 551

AR e 8 R ol ol £ B 2R oK A A ) o i e 4 Y
TR ERE, ARANDA 2500% S 76 310 1 i
LRl 2B AR ATE T i 7, OB RHEZ W rp % ik
FA7E, SrRVEREIA(10£2)~(89+3) MP/g, HAp £ 4RiRIMIIRL
H Rk 98%, FEIRGYREINEIE(75%). REA LM
(10%)55 LAk, B (AL X SFFZOGIE 0T SR O T 4
PRk . ASFREICRIN, B T 8(0.3%~2.54%) Flik
(0.3%~2.3%) %05, /R ik LEROBRL AT REHEAT — E 19
PG5 YAEAE . YAGHMOUR 26 IHE— 45 ) Wttt
AR WIEE R AETE A NS B Uy AL AR R
RACEESE N T IB T ALY, P RE LIRS B H
A CHNBOm SR KU . X Ly 5 e ] e R N &
45, FET B EEAGEE, TR DU o R & R 4
BT FE U . PURNAMA S50/ % B BE J2 7 I 165 fg
NP A T R iR 50 g FERVPFIE 14~18
AIEARLER, TSR S0 g FRE P& 7~12 M
BHBURL, BRI LI i Far i £, SRR ik g
BB R H B 3 . CURL 25 U5IE X Je gt oK %
BigREMNTIR R, LFEET 70 AHIUM 350 8K, 4
R EANENEA 7.2951.83 MBI R, HHE
T 1.4620.01 A GHOBEMBURL, 567 GORHE 0 A i
WIEY B BRRE O0 J FT eI IR R B RS . AR R,
XU AR | THAIE . I IE N AR 22
AL [ R B, WOBRNS e e S HAA T2 e 28
ZAERYRR A, ORI S 1 b R IR TE R AN U4
IAERURLA B 18R A5 B, AR BT HAE A b2 05 G )
R BV AE B MR R T SR 1 52 XU o
22 EgRER

oSS b A A R T BRI A 4 R S
B 7 K i 3% ¥ (inductively coupled plasma-mass
spectrometry, ICP-MS) . HLEHE G 55 & 11K & 3 615 1k
(inductively coupled plasma atomic emission spectrometry,
ICP-OES). AR F I Y i (flame atomic absorption
spectrometry, FAAS) . f1 74 J5F W U O 3% 5 (graphite

furnace atomic absorption spectrometry, GFAAS), ¥ Z&S 5
F UL ETE - (cold vapor atomic absorption spectrometry,
CV-AAS) LA S #A i W Ji - W e 5% 3% 725 (thermal - desorption
atomic absorption spectrometry, TDA-AAS)!'>'1, Hg Byl &
HAEH CV-AAS 5{ TDA-AAS, #43 3CHk4s & ICP-MS 378
ST HE S He 5 A e MR e

ol AE K5 BLAL T & 8 R K AE R 3h ),
X EE 4 JR ELA R Y B SRR ) ¥ A R AE A R A 2
SIAATER B2 5, RCHHAE | ACEE S . AZITIRELL I
A= EAR BE % UIAH . AGUIRRE Z51VBF5% %, SRVGHF
TOAb Bt B R & 5 ik 652 pg/e(THE), B 25 ug/g
FRE A 2e b, ERAFEAR S A 8.15 pg/e((R ), MR
ik WHO HEF#/9 0.5 ng/g %4 HI{H. BARBIERI 2 M5
iR, EPOARRE AR EANERNTIE Cu S(39.9£1.94) pg/g,
B Cd M(2.18+0.27) ng/g, BARFHEXS AT EE Cu iU
WS, DA-SILVA U serp R, Sl afiFiE cd
(5.9+0.9) ng/g, 'FIE(28.3+2.3) pg/g, WLEAI(0.4+0.1) pg/g,
PR Cd TEMRERR BT 10 B 5 AR, SAKAT 55 v @R,
¥z Bz i fa I He (0.132+0.077) pg/g, 3K Cd (38.5+21.3) pg/g,
B Hg 55 Cd EANFIZA SR SEE S gy i iR,
TSkt P Hg (0.07+0.05) pg/g, Cd (2.01+0.42) pg/g, i ifL
W Hg . Cd e BEHAR, TR M8 ol FH - S e [ el 4 2R
BN, S0l 4k Cd (4.88+2.82) pg/L, Pb
(23.0£9.57) pg/L, FEERHH ALK Cd (6.50+1.75) pg/L, Pb
(106.143.36) pg/L, i A A= i BB B 3 4 8 B B A
W, A PRI AR Cd. Pb MR T4
&, TANABE Z"Wf5erh R, SRtk h ik FAE Fe
(423.58+111.89) pug/g . Cu (10.4149.77) ug/g . Zn (36.57+6.51) pg/g,
I Cu (4.784+2.23) pglg, Pb (0.24+0.23) pg/g, Ui Cd
(0.11£0.24) pg/g, W/RTEFATRINLA MR E S 5, Bk
Ui, AR R & Cd. Pb, Hg. Cu. Zn ZnZEmE
BLE AR, ST AR AR A DI RE, WIOALPA L o i R O
BB TE U BE AR AR, R P A U0 A 2 RV A B
27, BRSRE, AR RARERE SRR EEH
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0 AU S R R A i SR 2 S, G A A S U T
PR 0 B ARURUR: 1% DG BH 2H 2, T L VAR ot D) T Ay et A0 M
I = g R A Ty SR B o = AN 0 T A
2.3 RAMBENSED

TEAGI J7 0 b, H0 8 15 A AT PTG G4 W) (persistent
organic pollutants, POPs)k il == ZR S AH (1% - Bl H A
(gas chromatography-mass spectrometry, GC-MS), 3 i 5:il]
HARAE T AR 43 ZF0r k. MOSS 45120
TE X 1R K #0380 2 B b, SR - AR O IR S
GC-MS #Efr I, b 7RG T 2 AR
(polychlorinated biphenyls, PCBs) . i i Sz H £ ZA 4

(dichlorodiphenyltrichloroethane and its main metabolites,

DDTs)% % #l. POPs [ 4041, £ fb 27 i i ot 5 il 4k
B TR R EE, (B2 2 POPs 1A RUK: H .
KUZUKIRAN 25 PUYE 21 i 10 2 Fh 41 L0 20 v, 2R
QuEChERS {454 e 5 B3 1 BERI 23 (19 GC-MS ST R,
i BR (limit of detection, LOD) 0.11~0.78 ng/g({H).
MORAO %52 X} v (0, 4 L A 43 v, R FH AR 7P i B 42
Bk, 456G SAHGRE-m BT LA 18 ) PCBs il 26
i 2 LB PR I (polybrominated diphenyl ether, PBDEs), LOD
H 0.016~0.77 ng/g(TE); [N A AHC3E- = 5 DU
R JTR T EASI 13 A HLE AR 24 (organochlorine pesticides,
OCPs), LOD 4 0.02~0.37 ng/g(T-#). CECIARINI 225
LI IR N ZPIREAR, R AR RHRHOR S, A Bl & H i3
WU = 0 PR B A0 A S, LOD fIRZ 0.1 ng/kg.
R R N H ULAY POPs 4045 PCBs. OCPs(f i
DDTs, /NEICHEME ST IRABAKAFI (245 PBDEs Fl7S
R IE A ZkE) LA & 43 £ 35 0% J& (polycyclic  aromatic
hydrocarbons, PAHs). ¥4k, 1% 6% POPs kil i 5%
R A o MOSS 25200565 FH 44 6 J0] e 75355 7K £, 1 114 A6 00
K, PCBs WEZIGYMI(10ng/g BE), WERERT
DDTs ., 44431 PBDEs (1 ng/g M8), 2k FGHHI UK B R v JF
FRIE— BRSBTS Y& it S8 e Tk i3 e
I 1 Gt i 2 UM 56  MOON S5Vt [l e, 44 HUF (L (4T
Wt . SRS S RN IFIFAL LIS R, POPs & 4T
4 PAHs>PCBs>DDTs>PBDEs, H:#" PAHs L1141 84 ng/g(flg
) O e R B BT YI; 70% HIREAS kS Hh A 78 ki ]
TR A OSSR, N LA 2o R A B I S B S A
ST 5 Y XA St . MORAO 252 tf 5 i,
T 5 22 S RN ARG HL AR S A i f I P, TPCBs HF-1y
KV F[293 ng/g(JE E)], HK/Z TOCPs (90.2 ng/g)Fil
IPBDEs (12.4 ng/g), $&/RIXEAEL POPs 1R F IR N I 2
R B R T A, WFSRIAE T PCBs A g S
FER ZESREA 23, 230310 194 ng/g(NEEE)F 98.9 ng/g(IS ),
XL RN R PCBs sk RIZE Y BT B B B,

ARIENZOP B I, 94 RF &g ta ik i b OCPs &
1%(104.94290.7) ng/g, H FINLAYSON Z£125)5 o) 4 i f I
WA HLIG YL EHIESZ G POPs 25 ik il 22 52 i ] 134
T 2 T, 5 X R T Y s 8] oA L B S DG AR
L5, PE—0R T IS Y B EE A 25 SEle k. Ak
&, BIAM RV POPs T5 Y HAg 15 e fh
Z . PN ZEFIE | KRR Iy & 5255 S A7 R
SR, PCBs. OCPs Fll PBDEs S B 1A [N £ 46t (A%
4: POPs,,

24 REDGHRBREMSER

e vk b, WA 6 - 8 K R 3T 75 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)FI
GC-MS  [RIH: & 7 SR R s 1k, WA e R 245 5k B 4y
MrE D FAR, RERERIEHG IR L 100 Fhok i 42027, xf
T AW B (0 AR O R R, B o
(enzyme-linked immunosorbent assay, ELISA)/2 % F 2 W7
D5k, JE A MR . JE S i N A R R R
AL W i T B

MERLEAU 2£ BTty [ 9 i 3% Jl ol 14 9% 7K 6 1L 9
fa A LC-MS/MS #HA7TE BE, 258 En: 7829 f B iR
A2 B b, LR im0 5 P 25 B R R
FE(36.5%) . 3.4- S ARMACHI(12%) . LM (8%) . A
IR FLIE(6%) . AT R (5%), BORKMREEST A 78.92.
12, 9.5, 8.2 1 7.1 ng/g, I A4 2596 8 I RAT: b o5 AT
() i 2 AR A, B T b K Al HE K e 24 2 X f 28
AR EEFE M, WA | AR SRS 5 e 25 vk i TG
B E M . AGUIRRE M58 R, 38 AL KT PETT i+
M RIN DDTs fiTAE Y vk B s nl ik 1210 pg/kg,
AR IRF IR f R S DDTs WREERTIR 739 pg/ke, MR EST
FAO/WHO KBl 55 S [l A 2 i £ i Hh A2 DDTs fe ok
Bk P PR B (20~50 ng/kg), $EaniE = 5T REAEAE RS = A
MUARZ REEE ., HHT, fEIE 2T F 2%+
T AR S SRR BT AE RSN 2% . LR BRI K
WRETIATEAN, (HEEXS 65 o 7™ b B2 5% B Vs e IR Y
NTFEH G A B . BRI 4 AT A TR,
HEAT T AR I A2 BR R RN, 255 R TG A S A
TR TR VIR S Y e R Rk, R
WX BTG\ 3 7 A E AR 2 5 BE 5 T AL T2 K-

A a0 A= 75 3 SEATI N (et R U R SR, VB LA
WAl e BB R AR B R BIGAMCASE AP R EE
B AU St U, 32 SR I B P R L1 TR T 5 R A R
M E . MOREIRA-GONZALEZ Z:!"™7E 1 P 4 £
13 1 LH 2 P RS I B B 25 241 ng/g X HRR, SX R A= W 2
FHARAAIEE, Bl IR 7 L L e 7L S R v
HIREEAIE R T, FHERBE R R ELRERER
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BRI AR RER, WRAGHT, RS e
T-. SEMMOURI F5U2xtifg a5 2 th s (e B 45 th, 423k
Eidsk 62 S, WG 2400 2452 FF R 420 £
FeTs, EEEHLH S A 41 B (Moorenaproducens) 1™
AEMIEFRHERA R, e mR A X/NLE DR ETE
10 2000 pg/kg.

RERE, BEISE ML RS KAIMNEER
Bk A, BESESEREEYEE H A EE SO, N
M AP R R TR . Sk i F P AU .

3 BRESENEYIMREXE

o R S LR K B AT K 2E sh ), R SR A
TR AETE S 2 2, AU ) & SRR i
BRMAEY, & B0 IR SERERe T, REMAE
IREIR M ESE £, ORI AiE T, AX—H
ARG Y i fa s = W 1R IETS . et R
WK S5 ST AL AR, S T EE A I T R R 3 o T
EBEIRYT, WomiE il T B S RBOET, X AR &
PR e A SRE T E R S el
BERRAT R, AR A KUK B IR T AN PR 55 e | AF
A BRI D) R BT R AR 28 3 KRB L x 2R Y IR
W AN B T F 7 S B FH 22 42 55 T 9 1 B A fg e,
TR R FRBH Ml A f R T P 7 AR T S i
3.1 AEMRER

T 7 T A TR D T R AR A e 4 AR
R MR Y —, KRV Y AR IR B0R
PESR . S5 R BRSO B R SRR AL, T S X
B AN (0T TR R . IR &)

3.1 WK
F YD 1T EC B G 3 B A 455 15 G s 95 40 8 ik

50 F AW T [ R A W 5 X 5B (polymerase  chain
reaction, PCR)/3ZHf 2% ¢ % & PCR(quantitative real-time
polymerase chain reaction, qPCR)|#ZS, £4tAY 4 B RE 35T
AR Z ARV R T 09 3ems, & TR a2k
HL Wl SRR N RN B3RS, 4 F A ik A
Pk, RYER, (HRREX 2P0, Hurgh a2
PP A 22 R T K5 3743 25 +43F PCR/QPCR #h 3t 941
AR, BT X L A R XUBS: B W BT

U T] FG TR i AR DG 2 S D A= 28 4 KUK v Fe 32 K 1
B PEE  —B8 BACK ZEPMF5r e, fa ke
TSIV U0 1T ERTA 1 TR B5 4 &, I n]3E ) 2 )
BRI, R — A R, Yt K R SR B R ]
o VD TTECEA, A SRR AL A (14 43 B4 2R B 5] e,
PEN F S HETR W] 5 U VR SRR BE MUK (B s e, 11
BT JE AR XU s bR 34 Kt Hd 17
SUBRMEREAKS VDT TR, EFRER R 50%; A aFY
FHPER M50 80% ., 37.5%. 50%F1 75%. ok, AHEL0R
feth, VIR B2 AT B b 4 AnHE ) BT
HH S A B b P S T B, B B A D AN B 58 A HE IR L
WRCRAS, FLRE SR ICAT s 0 HE DA SR A 1R & T 2R MK,
K A A % 38 i S 52 B Rl R T RE Bk S R
HATEOL FEGRATRR A, HATC 2R A e KT
[ PR 19 B A3 AT AU SE | R SO S X, Horp
EEROIIRG R Z, & 22.7%, HRCHTEIEF (18.8%), T
BRIFH AL 5 13.63%, HAERCHE F DLW i,
FERNEE . Al 2 R R 245 i 4.54% (3% 3)11.

AR I MR Z M TT R A R 22 R,
MUSLIN 2424 78T 1986—2023 4E [0 kK R HYA Ffa sk
B SCHk, 45 R, TR (18.8%) Al f.(16.3%) TP ] IR
B R R B2 0 TR0, (7.6%) (3 4)o BRI
HR 11.2% (95% 515 X [A]: 8.8%~14.2%).

#3 AEXPITREEALFOFHERSH

Table 3 National distribution of turtle-associated Salmonella in human cases

EEP 12 B B Sy 3 B3 IRl 7S #/E T & EE /%
S| ZIMBER+FR AN T ) Fo A fih Typhimurium, Poona 5§ S 191 o5 L d 22.70
VUYL R TEYIIR K Paratyphi B var. Java ] — 2 P Sfe 18.80
B B4 LR W B FEWIKEIEML Montevideo, Newport, Pomona 5 Z0E/KIRFAR G 13.63
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Table 4 Salmonella detection situation in turtles based on
different ecological habits
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Table 5 Epidemiological characteristics and public health significance of Salmonella in free-living aquatic turtles
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