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Determination of arsenic components in the skirt of Chlamys farreri by sequential
extraction-high performance liquid chromatography-inductively
coupled plasma mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of arsenic components in the skirt of Chlamys
farreri by sequential extraction-high performance liquid chromatography-inductively coupled plasma mass
spectrometry (HPLC-ICP-MS). Methods Using ultrapure water, methanol and dichloromethane-methanol solution
as extraction solutions, the arsenic in scallop skirts was extracted by sequential vortex extraction and was divided into
3 groups: Water-extracted arsenic, non-water-extracted arsenic and unextracted arsenic. The HPLC-ICP-MS arsenic
speciation detection method was used to qualitatively and quantitatively analyze the 6 kinds of water-extracted
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arsenic, water-extracted unknown arsenic, non-water-extracted arsenic and unextracted arsenic were quantitatively
analyzed by ICP-MS total arsenic detection method. Results The total arsenic content in the skirt of commercially
available scallops was high, water-extracted known arsenic, water-extracted unknown arsenic, non-water extracted
arsenic and unextracted arsenic accounted for 24.5%, 26.8%, 25.4% and 23.3%, respectively, and the content of
inorganic arsenic met the national limit requirements. Under the optimized conditions, the 6 kinds of arsenic species
had good linear relationships in the range of 0—100 pg/kg, the limits of detection were between 0.014-2.366 ng/kg,
the limits of quantification were between 0.050-3.090 pg/kg, the recoveries were between 78.1%—116.2%, and the
relative standard deviations (RSDs) were between 1.1%—-10.1%. Conclusion The arsenic composition analysis
method established in this study has high precision, high sensitivity and high arsenic extraction efficiency, which is
suitable for the analysis of arsenic components in scallop skirts and can provide a theoretical basis for the safety
evaluation of scallop skirts.

KEY WORDS: Chlamys farreri; arsenic species; scallop skirts; sequential extraction; high performance liquid
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S A 1550 Wi 58 B FURUE: 15.0 L/min; 20
F: 1.05 L/min; FifES0RHE: 0.95 Limin; Bk 2h 4255
0.3 r/min; ZFALEE: 2°C; fERBA: -7.0 V; Q1 ff%H
JE:~1.0 V; Q1 Wil iE fw s Hi i —38.0 V; Q1 Ji il iE f s
JE: —22.0 V; JARFTEHSREE: 200 V; Bl RN SR
0,(0.5 mL/min); #&ill#7F: "As’—'AsO",

Q)R A

faj%H: Hamilton PRP-X100 BB FAciett i 1:(250 mmx
4.1 nm, 10 um); s A: HEL WH3hAH B: 100 mmol/L ik
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WA @G 1.5 mL/min; ICP-MS 85158454 0.5 r/min.
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5% WANG 2P ds s, KA U551t
PPURA RS, INZACE 2 1, LIFESIARH 100 mmol/L
T T2 e T T 5 W RV T S O IR, X As(TID) .
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VeisEE . P, PEBETEEE SN 1S mL/min, PR E A
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Table 1 U4(2°) Uniform design test scheme of mobile phase

S o

B R/ % (A) 100 mmol/L BRER4% % 15:/% (B)
G

1 4.0 10.0
2 0 20.0
3 2.0 0

4 1.0 40.0
5 5.0 30.0
6 3.0 50.0

LS SIAEH 100 mmol/L kR B4 W 7 5 W B

TR AA R, DR, BOmRE, MR, PR,
AU FE X FRME R A i, WA SE I B M T 210
KELMAE, B8 Z0E TR KRS R E R
fH 0~5.0%, 100 mmol/L Bk & B4 7 & & BUH 0~50.0%, 4
AEIAS BN B ERA R, AR RE, s
FHMIE A& WA B AR B S
TR BIAHLL AL G A PEME 2514, XT As(IIT). As(V). MMA
DMA . AsC } AsB 6 FIVE AT E DR S 30 . X4 2R
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FREL 0.1 g(fEHEZE 0.0001 @)k THERE T 5 mL BLOE T,
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FF7K KN4 10 min, B 5000 r/min (500244 170 mm,
TRENE L 5 min, B FIFW; EELCUEPFIAR—
PEUE 3 mL, EE ERERE 2 Ik, ¥ 3 WIRBUR AL,
FEFFRIRE S 3 4y . FIFLAR 0.45 um (9B 1 66 TFLIE T
&, {iF HPLC-ICP-MS il & i T 2% 2t o SR A W R O B
KB IREE 205000 (DB 4l7K (100°C); (2) 1% (M:V)ESER
TW(100°C); (3) 1.5% (M:V)FHERYA L (100°C); (4) 50% (V:V)
F IR (80°C); (5) 7 1% (M:V)FHBR Y 50% (V:V) FF BEIA R
(80°C); (6) 7 1.5% (M:VHASER A 50% (V:V) I B (80°C).
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RGO R R L 1.
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A3 mL#B4liK, IWHERY 10 min, 5000 t/min B0 5 min, YL
£ I B OUTREF A 3 mL 4K, RERY 10 min,
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Fig.l1 Flow chart of vortex oscillation extraction method
QYK R
81 REREG B 0.1 g R THEM (K% 2 0.0001 g),
A 3 mL B4k, WiEHRD 2 min, KFHEA 10 min,
5000 r/min B.0> 5 min, YW FIEH; BOUIER A 3 mL
HaEK, W€ 10 min, 5000 r/min B[ 5 min, Y& FIEH,
B2 WE.O EIERAF, LL0.45 um B2 JE 66 SFLIEIR L
&5, T4°C{%{%H{'ﬂ'
5520 3 RIS 1.4.6(1) 5
Q)RR EGE
551 ARG 0.1 g(REH A 0.0001 )R T-HE&, N

2. 3 RE—3.

A3 mL 4K, BWIERED 2 min, #KAMI 10 min, B
B ZZEIR)E, 5000 r/min &0 5 min, E FER; &
DU INA 3 mL #46K, IWHEPRT 10 min, 5000 r/min
B0 5 min, WAE ISR, K2 KEO EIEBAIE, PL0.4S um
e Je 66 ALIERILIE S, T 4°CLRAERFI
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ALE B 6 ZSRIE WA (i B 5 L0k R 7 43 )
W 2 3R 2 s o O 6 PR A8 DI 58 )5 U 24 AsC
AsB. As(lll), DMA., MMA. As(V), HH, AsC 5 AsB
Z [l DMA 5 MMA Z [ 8RERIE FRES5E, (Ha
Ay 51Ky 1.8440.04.1.74+0.09, Y83 KT 1.5 (P<0.05),
e CPEZ ) PIWELR, e i, kS s e
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Fig.2 Chromatogram of the 6 kinds of arsenic species after elution
procedure optimization

*2 MAFRS 6 MENRSH HPLC SEiRiZRF
Table 2 Optimized HPLC elution procedures for the 6 kinds of
arsenic species

B[R] Hig: 100 mmol/L jatisk pise s
/min % WRIR /% 1% /(mL/min)
0.00 3.0 15.0 82.0 1.5
2.00 3.0 15.0 82.0 1.5
2.50 4.0 45.0 51.0 1.5

11.00 4.0 45.0 51.0 1.5
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SCHR AR B 1 22 WM R TR B o F LA AR O
AR 50% (V:V) B TR O A AR T 4
AL T BAIK(A). 1% (MR (B) . 1.5% (Mm:V)
THIRIER(C) . 50%H FEARK(D). & 1% (M:V)EERN 50%
(V) BEAM(B) 58 1.5% (M:V)ESERIY 50% (V:V) i
T(F) 6 AR 4R U . 1 5 T HAE KR s
KV AL ST B DU R AR i 1A 73— R BOR 3 k42
HOSEs, HeAr 6 SHLURAE B RECR Fp2E s, Hah
i 3 iR

6 ZBIETUR MY 3 WA SFRIBCRAE 62.8%~67.6%Z 1], 55
SCHR[26]14R I8 Fi DRI (L 50%~90%)—3K, (HALTFHT
Ko AER—FRBOR R, 2 ARG BARECR Y 3 REZEL
SR ECR ]G 235 22 F(P>0.05), 0 2 YKHEEEI AT 5¢
G 1 e MR (ot 2R SR B (A% o FEARTR] F B R, AR
M5B E R TR SRR (P<0.05), PARK 22 Fk4E
UV 1 TR A I 3 3 ) it & v A LA B R 4R R, T
CALEB ZEPR & BN AN A A A0 T R 2 5 S30RHOBE A e i,
DAL A DU A R 1) 5 A TR it P e A S5 L 9 25
REIL, AATEREIRRE S A e S AT RE . 25 1, JR8Escse
A TRIERR PRI 58 Ak 5 e, SRIBGOREH & R 23K,
HAR SRR AE R IO

80 [ 4E IWRHRIR [ 420k E%mkﬂy

* %k

C
RPUAR

TE: ARVNE T RN R — AR A S IR B 2 22 5
(P<0.05); *I 3 YKl SARBUCRHEAT B 122 57 00T, *Rm A TE
FHZESH(P<0.05), **F/RTFFEMN B #2257 (P<0.01),
B3 SRIOARN R SERICEO BRHRICR A5 (n=3)
Fig.3 Effects of extract types and extraction times on the extraction
rates of total arsenic (nN=3)

222 ARRRER
Z% WOLLE 4Py ity )y gt ah, kst

K B AR - H (311, V)BT  DURR T AT
BUERISLG, FRE IR BB 3 Fhdl 4y KPR
A 7K UM (60 75 I B 5 G R - Y R )
RALHO . ZBEBSL R, B Ak S U - H A A
PREC 2 Wk, XK SREUCEA T B HT S RIS AT, X
S e - AR I 5 4 BRI B 7 v A B IR A T A
Mo BOABAKE S A TS, MY 5HEEE, R
SR RETINGE . KRS bk 3 iR B, FIEE 1
UCHRIC 2 URARIR A PRI ] T i 2 22 5% (P>0.05), JIrlh
SIARBEET 1 REIEIUE R 2K RS A - F R
AR R B, ) Y B O 154 T A o3BT

K BRI | R R IO G ot F R U (R
Al G A R A B RICR, K SRR RIS R R
AT VA LG R o R S AR WRE . KR RS R
KU B H AR B R B AR Ay ) 76.7%+0.4%
77.2%+0.5% .80.5%+0.3%, AMHIESEEST 528 103.3%+1.7% .
101.3%+0.3% . 102.4%+0.3% 7 5 FEEUE A B R B 3
1 T B — R OB U (62.8%~67.6%), FF-4b T SCHik Y
KT (245 50%~90%)>4281, F B R B A 2R — SR OB AR E
PARAG HE E  SR IR R R, AT AR P AR
T — SR BOR MK TR D, (EE R T R R S -
B o PR SR BGOSR OB AR BOL RE B 4 1
o e S PRI B o W BE R S KV R R R B AR IROR
TR EPEZ R (P>0.05), (Hih/KIA LR BIREBCR 55
T PR B BT vk 19 (P<0.05), W45 ShBiRh 7 3%,
W AE VLR BRI T (9 25 G TR, AT AT 2R R
FPERR .

MRS 3 PR B T S R RIS 5, 4%
PRIV BT 602 43 o5 Sl ) L B3R T T, dniEl 4 B
IKIBBA R ES 6 FIRTEZS[AsB. AsC. As(Ill). As(V).
MMA .| DMAEEFR AR BEECE fd, oA K BB g R
IR BRI W5 5 K VA P T P R R B B, 4%
PREBUR B P2 BOR ] JE 3% 22 57 (P>0.05), % MARBCR ] IR
TR EPEZE T (P>0.05), FHIIABE DL 5 7K 758 75 5 0 R i
B BGY RBY22 57/ o WK A 5 IR e PRI B U 74
o FEOKSRERA R AR IO S o P R (Y SR IR I BAE
16 3 22 7 (P<0.05), %25 R I KIR LA K EEBUCR
G (5 S L ] 38 R IR E R (P<0.05), LA T2 o S HA
A7 B B )R N TR BE TR (P<0.05), T B 4R B B
AR K SR IBCA 7 A b A8 1] D) TG 2 25 5% (P>0.05); =M
KR TR R e 1% T R A ol % T v A R Sl A £k Ry K A
KA, FHRS BHRBOR P . WEERE MR, 3 R
KRR PR 51.3%~54.5%, B&/NTE—3LE
W HR B B 4R 2 (P<0.05); FLEE, — F H7E TR
— IR BORAR IO 2 5 R TIR BE-/K I8 7 - K IR A 4R L
BeAE, BP BRSNS — PR IR AR, B RE
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PERE iy B2 o h AR R s A T o AR BOR T, 55— e
TR BGRAR BOT ¥ v WP RS AR 9 5 | A 2 fle flE— 0 23
FEM A THREBUA R, X BRI AR PRI AR 2 7 5T H I
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I K S E
100 |-
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80 |- a
o\c a l’/ a
£ , ) a
X
= 60 |
e
§
7 40 - b
0
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a
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ENGEAEC0EL Y

e [l S AEA R BRI R, ARVNG FRER/R B
B2 5 (P<0.05)
P4 3 FhERIAE T A5 RH A 3 AT i ST L (5 HE R (n=3)
Fig.4 Accumulation diagram of the proportion of each arsenic

component in the total arsenic of the sample under 3 kinds of
extraction treatments (N=3)

XPOKSREAR AT A0HT, WHERL . AKVE MR Ik B K s
B3 FPON Al PR H AL 3R 5 PR EUA AsB 5 BV LE B
17.2%£0.7% . 15.4%+0.4%5% 15.3%+0.3%, [ AsB 4N 5
A K 2 BCE A 22 A R R R 7.3%+0.3% |
6.8%%0.1%J% 8.4%+1.0%, HHULATHI, AsB A7k Himp
B FEER S bR AsB Fb, 5 FKERICE I & S L B an
B S s, AR As(IID) 5 As(V) 7 S0 LE 512 5
F = TR BETE 5K B 74 (P<0.05), i AsC. DMA .,
MMA (5 S8 L BIFE 3 Rl B 5 3R 6 8 3 22 5(P>0.05),
s 7K Y Ak B T A ol A 2 e Ak S AL

25 b, WABERL 5K T R R S AR IR T I 2 2
F(P>0.05), {H I HE L B K il 75 8 B0 0 & JTe B
AIRWGHIR, Wids )R ek 0 . AR b AR B iR W
AR AL A B A PR IR, E R IR AT R 25
FE S OS5 A8 5 AR RS Pk, SBORN L BT R
B A (RS A 4 22 O RORE P 4, B IR R S
SRk, B, SEIUT SR BESE G, A ICP-MS B4
S5 B 5 AR B HPLC-ICP-MS TR 8460 )7 vk, 204
3 DUAR A 4 45

10

[ ®Ee [ #ask =
77 w1 -
8L
S
=
%_ 6
)
g4
Py
i
2
0
RTE KB E b7l @73
RERBUEFE T =X

e ] —FEE S A R B U, ARRNE FRERRH
A B F M2 5 (P<0.05),
F5 BRER . EARER . — M . FH SRR Bt IELG o5 AR o
F {513 U] (n=3)
Fig.5 Accumulation diagram of the proportion of As(V), As(1ll),
MMA, DMA, and AsC in the total arsenic of the sample (n=3)

2.3 HPLC-ICP-MS WA S 75 EFWIE

6 FMTEAS Lt e . MOCRE. KRR, ERRYS
RYETLRIWL R 3, X FRBCH 0.9970~0.9997, # KR
0.014~2.366 pg/kg, EHFRH 0.050~3.090 pg/kg, Horh, &l
TEAERELT GB 5009.11—2014 45 iS55 —PoK =5
YICH U R E B FR0.06 mg/keg)5 GB/T 23372—2009 JGHlL
s H BR[As(TID): 0.002 mg/kg; As(V): 0.004 mg/kg], BaAH 6
B ATE 0~100 pg/ke TEFEINZRMEE R RIT

WER AT EE SR UNE 4 PR, B As(V)RIAESHAR v (w
Z4(relative standard deviations, RSDs)#y 8.8%~10.1%%}, H:
4% RSDs #/NF 10%, HAMAHES B ARk o R #E2
F(P>0.05), £ LUERE BT

MG SIS IR AR 5 iR, 6 FE & IR A
T 78.1%~116.2%2 8], RSDs 7E 10% AN, SLIiZ A R
R E B, R AT ELR, HEZE RO R e
Al 6 FIIE RS Z RIS K A 54k
24 WILBENBE LD EMAS S =N R

iz FAOCAR G B 43 AT 7 s R LR DURR SRS 7404,
ZEIRANZR 6 Fr/i Ff il v SR B 4(2.240+0.038) mg/kg (ww)
(ww FRTBE), FAKIREEAm AKERBCRAIR . JEkiR
A K RAREASS (5 ST 24.5% ., 26.8%. 25.4% K 23.3%,
He BE 43 9 oM (0.549+0.023) . (0.60120.037) . (0.568+0.010) Kz
(0.522+0.008) mg/kg (ww)o, B 1A ICHLAHIR A (0.017+
0.000) mg/kg (ww)( 7 BT 0.7%+0.2%), 74 GB 2762—2017
(B EEEZFIREE SIS YRR ) XTI 2SI R
HEIR[0.5 mgrkg (ww)]o BHERSREBRE: O A g B2 fe R
JEZS, dAARAY 17.2%+0.7% [(0.384£0.017) mg/kg (ww)], 3C
HR[3 1R PR ES A AR, X AT B
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Table 3 Linear equations, limits of detection and limits of quantification of 6 kinds of arsenic species after elution program optimization

WA S r? i BR/(pe/keg) (n=7) E R/ (ng/kg) (n=7)
it I Y=0.0267+0.2013X 0.9991 0.015 0.050
AT Y=0.0098+0.1960X 0.9997 0.014 0.163
AR Y=-0.3052+0.1484X 0.9982 2.366 3.090
TR Y=-0.1025+0.2618X 0.9996 0.533 0.863
— F 2 Y=-0.1674+0.2211X 0.9970 1.010 1.600
TR Y=-0.0001+0.1507X 0.9838 0.561 1.868
F4 6 MEESHMHANAEERE IR (n=06)
Table 4 Accuracy test results of arsenic analysis methods for 6 kinds of arsenic species (n=6)
I H bRk BE /(pg/kg) MFHE/ (ng/kg) RSDs/%
Tfi JIEL 20 19.765+0.847 43
40 40.132+0.909 2.3
60 59.824+1.269 2.1
WIS 8 20 19.934+0.384 1.9
40 39.973+0.461 1.2
60 59.969+0.683 1.1
RIRTI7 20 19.201+1.100 5.7
40 38.967+1.918 49
60 58.286+2.677 4.6
TR 20 20.056+0.790 3.9
40 39.769+0.582 1.5
60 59.664+0.871 1.5
— L 20 20.257+1.678 8.3
40 39.646+1.488 3.8
60 59.289+2.234 3.8
iR 20 20.678+1.830 8.8
40 40.118+3.899 9.7
60 59.455+6.015 10.1
F5 ARG RN #R BT SRR 45 R (n=6)
Table 5 Experimental results of arsenic recoveries from scallop skirts (n=6)
VIS AR AL /(ng As) JAREE/(ng As) M E G /(ng As) ISR/ % RSDs/%
TiftJIEL 13.5 7.4 20.234~21.889 88.6~94.0 4.1
14.9 27.364~28.46 93.3~98.8 3.1
22.3 34.621~35.559 94.3~98.6 2.5
WIS 8 354.6 111.8 455.766~486.265 88.3~89.4 0.9
223.4 559.113~574.038 91.7~96.5 2.7
333.4 677.045~695.454 94.8~102.0 3.9
A R 24.3 56.6 66.826~73.756 78.1~87.8 8.2
99.8 115.160~117.648 92.0~92.5 0.3
141.5 160.772~163.757 94.3~99.5 2.7
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Fz5(8)
g AJEAH/(ng As) JnFRE/(ng As) MEAE /(ng As) ISR /% RSDs/%

SCiET 78.6 29.2 101.476~112.851 96.8~101.4 33
54.0 122.721~127.464 83.2~88.5 3.1

79.8 149.344~153.223 87.5~93.1 3.6

— i 426 21.0 58.660~64.998 116.2~116.2 25
317 77.389~78.090 110.6~111.0 02

447 91.937~94.057 107.7~109.1 0.9

il 237 9.5 30.790~34.459 87.3~107.9 8.3
16.6 40.545~41.245 101.1~105.9 2.5

243 46.054~48.317 92.7~97.5 25

F6 HFLE BN A S MHIRE K & B AL F(n=3)
Table 6 Concentrations of arsenic in the skirt of Chlamys farreri
and their proportion in total arsenic (n=3)

[ WP Img/kg (ww)] 7 EL /%
S 2.240+0.038 100.0+£0.0
7K Fi B 1.150+0.029 51.3+0.7
K P Hp 0.568+0.010 25.4+0.3
R A B 0.522+0.008 23.3+0.4
T IR 0.028+0.001 1.3+0.0
TR 0.384+0.017 17.240.7
& A AR 0.012+0.000 0.5+0.0
SR 0.0810.002 3.640.1
— FH 0.039+0.003 1.7+0.1
TR 0.005+0.000 0.2+0.0
IR SEBOR A1 0.6010.037 26.8+1.5
3 %

AW 5T 8 1 LA SR IO vk 5 a0 S, BT SR
e HEEUE | HPLC-ICP-MS FJE 546 5 ICP-MS A
W, #EST T B DU AP dl 43 iy e B i hdalik . H
s N AR - EE (301, V)RR BRI, XA S T
JF B IR BERRIG SR HPLC-ICP-MS MBS 43 Hr vk %) AsB .
AsC. As(V). As(ll), MMA 5 DMA 6 5B AImIE ST
SEMEE T, KA ICP-MS SRRt B | KRR A
fifr . ARSI SRR A T AT . AR ER 5%
R, 6 BEITEATE 0~100 pgkg WEHEINLMECR RITF, At
FRA 0.014~2.366 pg/kg, ERFEA 0.050~3.090 pg/kg, NtR
EHSCRIE 78.1%~116.2%2 18] o 125 2 0 BE 55 . 0 28 B
FHECBRAT AR, SR, AL E SBRAK, JFRe
(i) % 7K B BROAC S L S 7K R B R oA 4R B 20 4 7 00 7
T FREL B DURR S TR A AL A3 AT AT o ds FHAS vk gy
M8 AL DU L RE A, KRB mh & B, (HK

EPEC B L 2 14, b oL RN B 1%,
I8 T 0.02 mg/kg, 755 EZPRMERREEZOR, THE A2
3/4 SR KRR | AR K SEECA 5 RS, X 3 R o)
TS 0 Mg AT, DA IR RROE 25 2 1] 4 AH B2
B, 5T BE— 1T

EEPES

[1] SCHMIDT L, LANDERO JA, NOVO DL, et al. A feasible method for As
speciation in several types of seafood by LC-ICP-MS/MS [J]. Food Chem,
2018, 255: 340-347.

[2] s, VE—LL, XEAR, S5, B DUINTRD g IR P ). il
5 B 5 1%0%, 2017, 32(3): 204-210.

MALY, WANG YH, LIU ZD, et al. Advances in utilization of by-products
from scallop processing [J]. Fish Inform Strat, 2017, 32(3): 204-210.

[3] AR, A A I ™ i b Y B R HSE e LRI 58 (D). 4
B EBRER A (P RN B G A DI, 2021,

LIN YC. Bioaccumulation and influential mechanisms of heavy metals in
offshore seafood [D]. Yantai: University of Chinese Academy (Yantai
Institute of Coastal Zone Research), 2021.

[4] BRAtpEL, SEEW, EOF 5. AUSHE A AR T OR B A E B DL P

T SR RN E BT E]. B BTG 2A4R, 2019, 10(17):
5884-5888.
ZHANG MC, MU JY, WANG Y, et al. Uncertainty evaluation for
determination of lead, arsenic and cadmium in scallop by inductively
coupled plasma-mass spectrometry [J]. J Food Saf Qual, 2019, 10(17):
5884-5888.

[5] XU F, CHEN P, YUAN YK, et al. Effects of steaming process on the
distribution of arsenic in different tissues of the scallops (Chlamys farreri)
[J]. Food Control, 2021, 123: 107694.

[6] 0. B DR A RBEREARITIED]. 755 PEIETRY:,2015.

XU WC. Studies of using enzymes to hydrolyze scallop protein [D].
Qingdao: Ocean University of China, 2015.

[71 XUE XM, CHAN X, YOSHINAGA M, et al. The enigma of
environmental organoarsenic als: Insights and implications [J]. Crit Rev
Environ Sci Technol, 2021, 27: 1-28.

[8] JINADASA BK, FOWLER SW, POHL P. Arsenic in seafood: Current
status, analysis, and toxicity [EB/OL]. [2021-02-16]. https://doi.org/10.
1007/ 978- 981-33-6068-6_3 [2022-04-28].



511 MR M8, S5 P BT ERIC- OO (1 - R A5 8 A B 0 AL DA S i 2 5 3619
[9] CASSONE G, CHILLE D, FOTI C, et al. Stability of hydrolytic arsenic [22] WOLLE MM, CONKLIN SD. Speciation analysis of arsenic in seafood
species in aqueous solutions: As®* vs. As® [J]. Phys Chem Chem Phys, and seaweed: Part I-evaluation and optimization of methods [J]. Anal

2018, 20(36): 23272-23280. Bioanal Chem, 2018, 410(22): 5675-5687.

[10] YOSHINAGA-SAKURAI K, SHINDE R, RODRIGUEZ M, et al. [23] WANG ZP, XU J, LIU YJ, et al. Arsenic speciation of edible shrimp by
Comparative cytotoxicity of inorganic arsenite and methylarsenite in high-performance liquid chromatography-inductively coupled plasma-mass
human brain cells [J]. Acs Chem Neurosci, 2020, 11(5): 743-51. spectrometry (HPLC-ICP-MS): Method development and health assessment

[11] BAHL3F, FRZEHA, TS, . Wb nl @ 2R B 48 5 o ik [7]. Anal Lett, 2019, 52(14): 2266-2282.

HE[T]. Erdhflef, 2020, 41(8): 282-287. [M]If%‘%h%,ﬁmﬁ.*%ﬁﬁmkﬁ%&ﬁﬁ@m%m.%%
ZHAO YF, KANG XM, NING JS, et al. Speciation and distribution BE2£4H, 2021, 52(3): 565-575.

characteristics of cadmium and arsenic in the edible tissues of Oratosquilla WANG YS, LIN DG, LIN JH. Summary of experimental design methods
oratoria [J]. Food Sci, 2020, 41(8): 282-287. for optimization of complex prescription of Chinese medicine [J]. J Anim

[12] TARC. Agents classified by the IARC monographs, volumes 1-129 Husb Vet Med, 2021, 52(3): 565-575.

[EB/OL]. [2021-09-27]. https://monographs.iarc.who.int/agents-classified- [25] ERZMZE G4 hEZHM]. dbat: s EBE 2R R, 2020.
by-the-iarc/ [2021-10-29]. National Pharmacopoeia Commission. Pharmacopoeia of the People’s

[13] BE3C. BVRGRA WP 450 KOG ZEAERTSE D). T M o ERR 2 e Ko Republic of China [M]. Beijing: China Medical Science and Technology
(P EREB NHERILZEBF ST BT, 2019. Press, 2020.

LIAO W. Study of speciation and bioaccessibility of arsenic and mercury [26] WHALEY-MARTIN KJ, KOCH I, REIMER KIJ. Arsenic species
in food [D]. Guangzhou: University of Chinese Academy (Guangzhou extraction of biological marine samples (Periwinkles, Littorina littorea)
Institute of Geochemistry), 2019. from a highly contaminated site [J]. Talanta, 2012, 88: 187-192.

[14] THOMAS DJ, BRADHAM. Role of complex organic arsenicals in food in [27] GOMEZ MM, KOVECS M, PALACIOS MA, et al. Effect of the
aggregate exposure to arsenic [J]. J Environ Sci, 2016, 49: 86-96. mineralization method on arsenic determination in marine organisms by

[15] ZHAO Y, KANG X, DING H, et al. Bioaccumulation and biotransformation hydride generation atomic fluorescence spectroscopy [J]. Microchim Acta,
of inorganic arsenic in Zhikong scallop (Chlamys farreri) after waterborne 2005, 150(1): 9-14.
exposure [J]. Chemosphere, 2021, 277: 130270. [28] YU H, LI C, TIAN Y, et al. Recent developments in determination and

[16] TIBON J, SILVA M, SLOTH JJ, et al. Speciation analysis of organoarsenic speciation of arsenic in environmental and biological samples by atomic
species in marine samples: Method optimization using fractional factorial spectrometry [J]. Microchem J, 2020, 152: 104312.
design and method validation [J]. Anal Bioanal Chem, 2021, 413(15): [29] PARK MK, CHOI M, KIM L, et al. An improved rapid analytical method
3909-3923. for the arsenic speciation analysis of marine environmental samples using

[17] XU, SAGME, W20, 5. USSR TS B AR e TR high-performance liquid chromatography/inductively coupled plasma
AAHTH RN FHBE R[], AT I, 2021, 40(3): 327-339. mass spectrometry [J]. Environ Monit Assess, 2019, 191(8): 1-4.

LIU W, HU JD, YANG HX, et al. Research progress on elemental [30] CALEB L, RIMMER CA, LEE LY, et al. Determination of total arsenic
speciation analysis by inductively coupled plasma-mass spectrometry and hydrophilic arsenic species in seafood [J]. J Food Comp Anal, 2021,
hyphenated techniques [J]. Rock Mine Anal, 2021, 40(3): 327-339. 96: 103729.

[18] FHRUE, Ph, FELirk, 5. W IR A BTt s, At (311 FRFR, 3REL. BhAEE S HE b A A WK T 0 B R AR BLRIR T ]
SRR 2R, 2020, 11(2): 341-349. HEASTEIIEEAR, 2019, 14(1): 54-66
FU FF, SUN Y, WANG XS, et al. Research progress on speciation analysis DU S, ZHANG L. Biomagnification potential and the mechanisms of
of arsenic in seafood [J]. J Food Saf Qual, 2020, 11(2): 341-349. arsenic in marine food chains [J]. Asia J Ecotoxicol, 2019, 14(1): 54-66.

[19] BRBELL, AWele, SOoREE. ¥ BB S0 i s s )], DA (ﬁﬁ:?ﬁ; B FHE ¥ )
%, 2020, 49(1): 160-168.

CHEN XH, LI XX, JIN MC. Research progress on speciation analysis of o
arsenic in seafood [J]. J Hyg Res, 2020, 49(1): 160-168. 'ﬂf% 18] {\

[20] kA, ¥R B WA AR P A IR SRR R ). AR
2242019, 14(1): 41-53. B, MEMRE, TEHRARS
ZHANG W, HUANG LM. Advances of arsenic contents and different EAREMEERERNSHRR.
species in marine organisms [J]. Asia J Ecot, 2019, 14(1): 41-53. E-mail: cp15063078380@aliyun.com

[21] 4EHeMy, 255, XIAS, 4. RO (k- s g & 25 B T IR Btk
AEMAFLEE DU 6 R AL AP, fih LB, 2020, 11

(15): 4981-4988.

CUI YM, JIANG F, LIU G, et al. Determination of 6 kinds of arsenic
species in Chlamys farreri by high performance liquid chromatography-
inductively coupled plasma mass spectrometry [J]. J Food Saf Qual, 2020,
11(15): 4981-4988.

% OE L, B8R, EMRAE
ARMBERSES.

E-mail: xuy@ouc.edu.cn



