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Research progress on the accumulation situation, chemical speciation,
and health risk assessment of cadmium in the edible tissue of Portunus
trituberculatus
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Abstract Cadmium (Cd) is a kind of biologically non-essential heavy metal with mutagenic,
carcinogenic and teratogenic effects, which is easily enriched in living organisms and enters the
human body via the food chain, incurring hazards to human health. Portunus trituberculatus, an
important species of marine economic crab in China, is known to have a high accumulation of

Cadmium, which has raised extensive concerns about its safety for consumption. To date, although

2023 4F 10 H 30 H §iffi(Received: October 30, 2023).

s HE K RIADFTEBE AR K B ST AL 55 3% (2021M05) B2 H).
Supported by Basic Research Operating Costs of the East China Sea Fisheries Research Institute of the Chinese Academy of Fisheries
Sciences (2021MO05).

* * J@{EEXAR A Corresponding author, E-mail: xyzmn530@sina.com


https://doi.org/10.7524/j.issn.0254-6108.2023103004
https://doi.org/10.7524/j.issn.0254-6108.2023103004
https://doi.org/10.7524/j.issn.0254-6108.2023103004
https://cstr.cn/32061.14.hjhx.2023103004
mailto:xyzmn530@sina.com

926 B78 5% 1k 2 44 3%

many studies have investigated the accumulation of Cadmium in different edible tissues of Portunus
trituberculatus, there is a need for further research to elucidate the accumulation mechanism and
speciation of Cadmium. Given that cadmium exists in various speciation with differing biological
toxicity, studying the accumulation mechanism and speciation of cadmium in Portunus
trituberculatus is crucial for human health. In recent years, researchers have been exploring the
accumulation mechanism and speciation of cadmium in Portunus trituberculatus. This paper aims to
review the existing research progress on Cadmium accumulation and speciation in Portunus
trituberculatus, focusing on the level of total Cadmium in edible tissues, its distribution
characteristics, and the current pollution situation. By summarizing and analyzing the available
research, this paper provides a reference for future in-depth research on the accumulation mechanism
and speciation of Cadmium in Portunus trituberculatus. It is essential to understand the accumulation
mechanism and speciation of Cadmium in Portunus trituberculatus to ensure the safety of this
important marine economic crab and protect human health.

Keywords Portunus trituberculatus, cadmium chemical speciation, accumulation mechanisms,

health risk assessment.
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Table 1 The cadmium concentrations and exceedance rates in Portunus trituberculatus reported in relevant literature

SR A FAEAE(Y HOBAE G FE R/ (mg-kg™) HEFREE /% S5 Sk
Sampling region Sampling year Year of reporting Average content Exceedance rate Reference
T
Ningbo 2012 2014 6. 808 74.5 [21]
. 2007—2014 2016 0.90+1.35 38.38 [22]
Shaoxing
JER L5
Langfang — 2016 1.06 73.1 [24]
B
Qingdao — 2017 2.79 100 [8]
Bohai Sea 2014 2018 1.60 — [25]
o 2013-2017 2020 1.99 88.4 26
Wenzhou ) ' ) [26]
IR
Shandong — 2020 2.26 — [27]
Fl 2016 2021 1.44 75.6 28
Zhoushan : : (28]
M
Laizhou — 2021 0.36 18.6 [29]
iy
Shanehai 2021 2022 2.635+1.784 — [30]

B Sk P AR AREZ(E B Note: ‘— represents in formation is not provided in the cited references.
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Table 2 The comparison of limit values for cadmium in Portunus trituberculatus in some organizations or countries

HARER P B/

- PATXH S 5 PATHRIE
Organizations or S (mg-kg™) . .
. Implementation aims o Implementing standards/regulations
countries Limited value
HFe2 (R BE | IRBNERSM)
i Crustaceans( e':xcep.t sea crabs and 0.5 )
China mantis shrimps ) GB2762—20228¢1
TR | ARG 30
Sea crabs and mantis shrimps )
s 14— Y
s 5523/2018 54 TBUE AL
. 7 (ML) o e
HIERT] Cmstace;r:s(Removal of internal 2.0 Bl L T ) B S R
Macau, China organs) ’ Administrative Regulation No. 23/2018
& Maximum limits for heavy metal contaminants in food"”
rhE URESESTIIYEEHE 20N 20184E AR (G B A B & &) (1B TT) #4511
Hong Kong, Crab (whole after shell and gills 2.0 Food adulteration (Metallic Contamination) (Amendment)
China removed ) Regulation 20185
E A W5 B IR 05 B VS Y B T R AR UED)
Taiwan, China Edible tissues of crustaceans ) Hygienic Standards for Contaminants and Toxins in Food **
igs] TSI ILA 0.5 European commission (EU) 2023/915 Regulation on the maximum
European Union Muscles of crab appendages ) levels of certain contaminants in food™*”
; e
B R 2.0 Customs Union TR CU 021/20111"
Russia Crustaceans
LRES Lo
i1 Crustaceans ’
42)
South Korea R RS T Food Code 2021
L . . 5.0
Swimming crab with entrails
B F&2
*H R 3.0 Food and Drug Administration!*’
American Crustaceans
I FFe 26 (R IMERIBRAM)
e Crustaceans(excluding brown 0.5 Food Code 201144
Turkey
meat of crabs)
E) IERA HFed
i [
Baneladesh Crustaceans 0.5 Bangladesh Bulletin 2014

FURT, i B0 T2 b s e 9 BRAEEATS LUE R T £ R0 18, I 80 B X R Se 28 e L 2L ik
JE BRI AEREAT K™ i B 2 A A I, A SO A5 nT B AL SURA A I, I BE A T MER MU PP T G )
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2 EPERTENY AR BEB A RHE (Distribution characteristics of total cadmium in edible
tissues of Portunus trituberculatus)
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B, PR TR T R A A RE AN E A QUL A TR, HAR A P & S e B e T
A5 Xt T FHP AR A R iR o0 ARG B iR T 5 A, S BRI T S 7 AR A o i 55 o P g T PR R AL
PIEHAL LR35, 8 TR MR T B 45 nl 41U 9 0 A Rk, AT WA A4 2 LA 41 2L 0 i &
KT B AT A AT 414, U HRAR TR AL SRR AR 4120 X6 T IR A0 200, 4 222 3 4 L
Oy = ERR T8 B4 T R AL, R A A T R S B AR U A B D, T R SR AT 2 R S
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Percentage of cadmium in edible tissues of Portunus trituberculatus/%

B LB SRR ) = 9 TP 0 FHIALEL 5 i RO MR 4 L RO B S 752600 4 5.0

Fig.1 Percentage accumulation of cadmium in edible tissue of Portunus trituberculatus in some literature

(Data source: [62,27, 8,26, 63, 32, 46, 55, 64])

3 WBE=ERTETEHS PRI ST HE R (The progress of chemical speciation of cadmium
in the edible tissues of Portunustri tuberculatus)

o4 R TE PR BT b 1 B e A R AR XS A Wy 1) B B 272800, I e T 4 TR Y Bk R, T
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T 25 1 RV T, B 0 AT 58 VR S M B8 =R T TT RS R R 25 00 20 M, AT B T8 7R =R
TSR Y BRI, (5] 0 BE SA AS [ T 25 50 1 Al A 0 DN A T 50 R (PR R L 5 00 S
3.0 AIEFIE AR5 IO 2 i A SE 2t e

WL, 1 o SR A R 25 A 50 A= W (R 9 S ORI 232 ke PRIk, e 24 1) i U 2
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GIEBEE D HZEE . BRI Z AN, A7 57 Sl AR ORI 3% BA TR P AT HILIR 8 79 i BB 5 20 I W
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32 =P TR PRI S TS BUR

Il A S it JC LR B89 0 BT 8 20 e, LI FH D125 K 22 2 e 8RR €00 335 7 2 B P L Sy
B 5B R R % (high performance liquid chromatography-inductively coupled plasma mass spectrometer,
HPLC-ICP-MS) . &5 £1 2 fig FL gt 57 1 7K™ il v JC AL B4 000 7 7 32 . A D e T A 38 0 D Wi v
(graphite furnace atomic absorption spectrometry, GFAAS ), F| FHER FRAE M i $& 3, M2 1 7 Bk =i vp o
PSR 5 i AHIH 5 ¥ 1R 2 A (8 ISR IR S 00 A i rh JE AR 25 1 iR BBUBUR , i 5 B 2 e A 47
TEA HURIE S ER R B IR e A JEHLAR . B, X D5 55 I Tris-HC1 22 i WA RS2, £ B
CGS5A BHES T IRAPAEM CSSA FHE T WAL R RE Al Cd™ 7385, #2572 T HPLC-ICP-MS 34 5 i 7K D1 v
BT AR SR, A S, KERIA T /K™ il JC AR B8 1 BRI J7 2 AR LR e F 50 BE il B A8 A
. 255 450 [R] A 5R H HPLC-ICP-MS &I 5E 1 ¥ /K DL i JC ML 2 1~ & &, Je i ik — B AL A iy Ak 2
R RO BARUE, SE35 T EAK DL IR R A E PE R E BTNk,

WA K =R 7 B rp e AL B - B IE 280 58 A0 22 U/ A IS 90 0 Big 35 2640 3 =R 1
AR HLUP R TEHURIEAT THRFE. TERHE DT A RFFE LAl b, B ™ R0 T i s AR | pHL, i
X HPLC-ICP-MS #5il Cd* BysZ Ml AL, BN 1 =it 7 B &R 18 7~ A A A I i Hi A #0738k, O B
A5 =Pk 5B b FUA BB 0L & 2 15, 29 R AL SR 9.4%. X U] =R 1 BN [F]
FAL R Y W AF I S A AR 25 57 AR M EEAIL b, 1 B 55 250 gE— 254k T HPLC-ICP-MS A&l 5 ¥~ 254
7518, RIE T Zid 2 AR AL J =M TR A 0 i e 1. R B 28 ad 2 20 T R B AL S
WA Ca & it BT, BEF | BEETrh C™ & i R RE AW T 7EZE A b, AT RE BRI 2k | VR AR Ak
JO7 BAEAN [F) AL () A AR AT RS R AL AR A b Ca> & i R AR 8k SR8 R R, B0 = etk BRI TEHL
LA BRI ST A T2 A0 B BE, AT 25 Sa AW L AL R S8 2 S . AL 5 B 07 ik, AR A MR R =
PR B 1A PN R AT 25 10 20 A1 R AE B 25 AR, [ I oy 5 8 S TRk B DA = etk T B &
P2 2 XU B (R BIF E 25080
33 R TEPAYIRIE SO IR

WFSE R, = Yotk T BN B R O TCAILSR B 7% 5 SR Y Lo/, TRl e 3R B T AR s
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1A HLRIE A B4R T Y & B R ™. HAT, 400 A R v A ILER TR A5 i I 7 i 2 AR BUHE B 3
(size exclusion chromatography, SEC) 5 15 240 AH {4 135 (HPLC ) £ X HEL 8RR 5 55 55 1A BT 3% (ICP-MS ) Bk
FHAZ AR 70. 86871 SR 1T, A7 LR T 25 0 ARSI A7 A 25 A 1 A0 JBT il = 1 T L, il LK A6 4 I8 ) A LR 28
HEATEVE. I, A 2 22 OR TR bR HEV TR S HA S MR AT 28, AR IE AR 5 W) i O B I [R] 4]
Ao W5 T RETE AR IR N AFAE B R

FERT A BB FE 560 L, X H 5545 32l T SEC-HPLC-ICP-MS & YO = PR 7 P (9 A ML &
AT A AT R B = e 1 T A 2 20 B R 3 2 DA 4 i 2 11 -7 (metallothionein-Cadmium, MT-Cd)
F12 B 2 2 -4 (cysteine-Cadmium, Cys-Cd) Wi FHIE S A77E. JF H, AR I8 BV 5 AN 8], T b A ML
1) LA B WA IR X F LN, 5 EE LA Cys-Cd TR BAFAE. MG, BRI E it —
XT =Pt F AR NI AFIE ST T 5. AT Tris-HCL 28 th il 1 T HE 0, 455 I8 45 5 B i i
J5 2, XHEBOR R RS E A Wi T B . 5 R WOR, 43 i >10 kDa (R E G 4 L
e, AT BESE MT AN E R AN IBRE SRIERKR G2 6. XUt = Itk F 87 MT it
I FHE R Z A AT e A H B 1 2 BRI HLE; [RIB <500 Da f94R2H 5 29 15 4%—25%, ] e & A7 7E
B BRERARE /N TRA )

HT, =Pt T8RN A PERIE A MR 2 2 W, IF BA PR EY Tk =, 2tk 5 e i AE7E m
M. 52T B — e PR TR N A DR I BARIE A, (RIS R 45 6 28 A BILAR 1) 2 PR AL
N AR ALHLSE], X T =it 78 b OHLR 5 A PR & R A5 AT IR AR ZR 5 Rk

Teie A WU & TCOLE, NN X = etk 18 rh R AR 8 Fr a8 0. JF L, A9 50
TSR T B . M 7 ik I AN Te 38, (AR 45 1 & SR IKE PR B A B B 73 B AR R T 4B 841
Br. b, i T B D FRIE S AR E L, JOVE AR = PR 1 S5 K S TR SR AR AN [R5 S HAR DG 7 1
BN BN, PRI, 5 S EER R AR I PR ARE A T T R i — A AT, DA TR A M PE A R [R5
MY BEPERON, FFH BIFSE 458 0 T 58 3 AH DG IR A .

4 =P TFE 4R A 2 XK PE /S (Human health risk assessment of cadmium in Portunus
trituberculatus)

TR — s fE A T B IR TS e ), AXOCTE HAE =it 8 v i 25 B i DAVEAS OO A= 1 4 fgkt
R 11 i 3 DR PRI, X = 8 v A SR A T ( BR XURS: A 1T LUK = v B rh i i B A i S
GIRE SR G RSN E e LR Rl EP O DN LN 92 FibRew S - TN N (i35 A g S T NN Q7 o Ry S A
&R AR, BT EA B RS AR IS5, H AR & 3% R 50 (Target hazard quotient, THQ ) Fl#E AR I iiE
JXUBS: ( Target cancer risk, TCR) J2&: A 2R Ad B XU 3P4k e i O3 AU 48 b . THQ n] RAPPAS 8 1 /K 7= i id A2 1Y
e i B — 4 ) AR BUR A R KU ™). TCR o2 — i AR &A™ a0 ) 0 B2 6 T IR B0 )
T BRI XU (R PR B0, BRI =2 A1, A2 90 mT K (Bioaccessibility )t FH T IFAS £ & vh A 3890 i 19 & 3%
PE. EIRTRTE B i A A v, 8 FR R 0TS Y DB B B BRI O AT DL AR R 4y e
B H Y B G JE N B AR ] RS, g R ] R R R A A KU TS B T B A T e A T
PEAR.

H AT, A7 5¢ =Pk 88 i i A\ (ge e XU AL A BF 98 R 2 36 IR TP J T . — 7 T, BF9E 2285t
XA R T R4 T (e B AU DA 0 04, AR iy | Pk S0 R A o 2 i S ) 2 g PR 3R i i, o 1 [m]M: AR
[FIAF 4 B AHE, ot 18 rp o | J %) i R JXUS: e 45 3R 0 Ay A A/ D, B XU A A5 XoF T () 4 7% Bt AN (]
PERINHE, = Pete 88 vh i 5 | i g Je XURS B SR B Lo e R T B 1. A 53000, B 153 THQ i
PR AR Ry o8k, (RIS AHE RN 2o MERF IR SR B2 A AR i 2 30 T THQ 45 R K, R, (IR LB A MERF A &
P =R 78 1 U AR R 55K, I HLAE 8 =it 18 i 20k S B F o & 05— T, 10 = et 1
T AN [R) AT £ A AU AT i R XU DAk X T L L4, A SR AR W, TC e A R TR R S AR (1 —
50 pg' L), LA TR THQ (E4/INTBRAE 1, X U6 U1 ] = P01 4% JULPY 2H 23 il i £ e XU Jg 11 OC
TR, SR, b T IR R SRR PN AL 2R, i s 38 v A B I XURS: 700, 1 Yang 5509 30l Al T & T =
PO B 1Y 1 PRI PRAE il IR N S A B XU, & IR PR 9 IR B0 XU (THQ) J2& F ALY 16 A5, S0 XU



34 BLIGE A PR T AT B A U R B R BUBLR | AR 285 B Ak e XU A F 5 ik 933

(TCR) 2 F1 P 100 . R 280 S0 5 A Y A 9 35 5 e, {HL THQ 4734 XU BRAE.. Zhao 2557 F)
FAR R APyl AR BT T = PEhR TR R e i BRI AR R, JE RS T IR X =R T
B 2, 18 I AE LR B BUAE N B JE B 0.13 kg AR LRI 1.56 kg 1AL, XTAILIRAS 25 7= 4= ]
M feE, IF B AR, BB B A I Ah, A S TE 1, 235 1 =0tk 78 b i sk i
AT K, SO B et FUR P SV B eI Y, O R R 1 K s, DR B X A f
FERYIE . 27 b, 3 F = Pete T HAR R A nT B 4, 38 2% fic A £ A sl £ IR ol B ), Bt 7
BT E AN HE.

KT =P T 0 NI RR XUBS PPAL, SR et 588k 1l LUBEXT A2 00 | 4 355 5y 3240 15 YL 2 i 1Y)
TR AAEFEAT ST, 300 T LU RS = Ptk 7 B 0 AT ORIV B e B U T s RS A T A R XU W22 73 41,
S A A0 B R A SR A ) — AR v A 0 £ B KIS 7 R DL . T S =, B R T A D — R
ATFRULEY AT R B AR AR AR, P M T P R A N S A R XU AT B T A O R Y
il 7 AR £ P RS B AR A A7

5 #5155 B3 (Conclusion and prospect)

BEXF =R 1 HE h R R e e B AR IR, A OGRS R 246 IR T =it T HEAR TR ZH 21 h SR 7 5
K-, A SCHRAE = Ye iR 88 vh i) 2 AL S RAATE S ) B A A S8 AT AL TR R BB, AR E & A WHAY
BIALAIN T =Pee 7 AR A 20 h iR IE A, (B2 IR THIE SR 520, 708 & HERUE BB A 5e
e, Ja BTy B ST AN BRI R T v, A T A M 5 = e AR 1B h AN [RDE AR ) BAR SR D) R 4% 21
LU B SRR o5 HE IR, SR SE =it 78 vh 5 i 25 AR AR JE 25 S (IR BOR S, [) iy
S =R R B 2 A e ) AU A %) JRURS: DA S

BT =R 1 B vh SR i 2 BRI R S RA IR 285 v A WA Wi Y AR, 4 J5 mT LA JL 5 T A T4 7 S I
AT OFTE =P FREARRA LU P RER | ik &L R 2 B A BT, 7T LU AR
ARG S 50, FHERARAE = PetR b AR AR, R TR R AR = JetR A N 1 & BRI, 3B /T ok
J5 SRR R R i T TR R 2 2 B ARG . @ R AR R AE =M+ B b 0 Z AL, oy B 4>
T PEAG AN [ BE PR A AR TE S0 NS B B 52 ), — et 11 & A 2L A Y SR E S WE S AR AT 2D BT
SR EYIBZ | 43 B0 I AN 58 3 | AR SR AN SR 5 5 ) {8, A R 5 SR 0 2 B AT TR e i o g e
HNLRMF R IR, A RE RS TETE M T = et 1 B R R A S S A A L, e SRR I =R T
T X R 0 8 BRAIL . ORI FE = PR 8 v B 9 4 e 1 3 AR R AL, 2802 Sy T T A PP A AT T
SRR DR B A, BARRT AT ZHEAT T AHOCHT ST, (A% SRR REFIRS 25 1 22 5, AR IUKSE 1T
P PEAL 45 SR AT B ] =R TR Y e MR, 5 SRR SR B P iR B R AT R 0 e R VRA . 7R
BEATVEAG I, 2200 | W) 2855 5 52 40 15 G5 i i SOOI DA S B T = e - B ok R R a2 v A 0 T S
OB B R WF SN . A, I 7T LA AN ] 3258 7 =X SR B AR 2 AN () SRt A 7 2 25 46 J T 114 {dt B
JRUBSEPEAL, 42T 3 A = PEAR 188 rh iR ) i 2 XURS: , DR B AT B =R B8 IR A 52 o 4 Ja 440 1) Sl .
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