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Quantification of Arsenic Species in Some Seafood by HPLC-AFS
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ABSTRACT

Background: Considering the expenses of and difficulties in arsenic speciation by high performance liquid
chromatography-inductively coupled plasma-mass spectrometry (HPLC-ICP-MS), alternative measurement
methods should be useful, especially for large-scale research and projects.

Objectives: A measurement method was developed for arsenic speciation using HPLC-atomic fluorescence
spectrometry (HPLC-AFS) as an alternative to HPLC-ICP-MS.

Methods: Total arsenic and toxic arsenic species in some seafoods were determined by atomic absorption
spectrometry coupled with hydride vapor generation (AAS-HVG) and HPLC-AFS, respectively. Recovery
rate of arsenic species in seafood was evaluated by ultra sonication, microwave and enzyme (pepsin) for the
optimal extraction method.

Results: Limits of detection of HPLC-AFS for As™, dimethylarsinate (DMA), monomethylarsonate (MMA)
and As™ were 0.39, 0.53, 0.60 and 0.64 pg/L, respectively. The average accuracy ranged from 97.5 to 108.7%,
and the coefficient of variation was in the range of 1.2~16.7%. As”, DMA, MMA and As’* were detected in
kelp, the sum of toxic arsenic in kelp was 40.4 mg/kg. As™, DMA, MMA and As’* were not detected in shrimp
and squid, but total arsenic (1AS and 0AS) content in shrimp and squid analyzed by AAS-HVG were 18.1 and
24.7 mg/kg, respectively.

Conclusions: HPLC-AFS was recommendable for the quantitative analysis method of arsenic species. As
toxic arsenic species are detected in seaweeds, further researches are needed for the contribution degree of

seafood in arsenic exposure.
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Highlights:

- Seafood is a major source of dietary
exposure to arsenic.

+ Urinary arsenic concentration in East
Asians is higher than that of Westerners.

- Arsenic speciation in seafood is im-
portant in arsenic exposure evaluation.

- HPLC-AFS method is a recomm-
endable analytical method for arsenic

speciation in seafood.
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Dimethylarsinic acid (DMA), monomethylarsonic acid (MMA)]
£ 176 pg/LolH, HigtolA &1 ojghgo] w2 TS
Ao 2 gt XAMA 3F HA(1As, MMA, DMA)E= 9492
88.1 pg/L, A4 65.3 pg/LE UERHTE ™ tivke] dut 4
S L& JF RAMA 8F H|A+= E/d2 57.0 pg/L
3L 629 pg/LE ZAEQIOH, dEoj|A] tfe S Ao
Z 535 2AH(Yamato, 1988)7914 2% H|A(iAs, MMA,
DMA)E 50.7 pg/LoIgitt. 18] 7[ebr A9 4 21098
< ko 2 435t 2AHHata 5, 2007)P014 2% B|A&(As,
MMA, DMA)®] ‘5T3= 49.3 pg/LolAet*™ $-glute} vt A
15,0009 B& 2= 33t FALOIA 25 H|A F7t
53.4 pg/LE, SHEE W AFITEA] R0 Aot FUEY
83 ¥4 5= 50.39 pg/g o 2 Bal6EYAL, o= Y&, &
=%, 183 gt AEe] 5ot vl Sshglet

Caldwell 5(2009)"”2 2041 ©14} 1,542789] wl=2lS i4d
02 Y7 FAMOA F HlA FEE 841 pg/LE HIISH
.00, = ACGIH (2001 7 € w]=He] 1<l v
Z£39] 2% H|4(iAs, MMA, DMA) %27} 9F 10 pg/Lo]H,
BER19] F-olli= °F 50 pg/Leal HarstaA AERIoA =
2 AL sitE 4HNE B g 2 245tk

it Ao]E B3t B4 FR3 EUCE ATA 9l
ou, HArEY] FF Gt =F 7|t & Aol S welrh?
F2 3279 Hh gaFo] rha gejA 9lom Y FjikE
Z9] H|A = BB EA4o] W2 G7]H] A (arsenobetaine, AsB;
arsenocholine, AsC; arsenosugars 2 arsenolipids)il’ﬂ e E=
7 4245 5ol AsBo] FE o] F1L Ql1L, |2 FOl= arsen-
osugars’} tH-E-S Aokl Q17] wiZof QIAo] F=sichar
A Yot T E f7]8] A (arsenosugars 2t arsenolip-
)= FE5} 77 % o937t Fo DMALF MMA®} 28 ]
23} H|4 fskEo 7 HgkE|o] QoA ARl 542 U
E}ﬁq_.ls,lé)

H| 4= 8F5HA SLxo] whet =/do] tha 7] o] g %
WA= F B4 ekE BT A7 fIsid B2kl
QETHE FQsieh. 1 5 3 9 BAAE F H|A 35t
% H2|4Fo] HPLC-ICP-MSE F& o]-85t3et™ J2ut
HPLC-ICP-MSE 0]-&-5F 12 |7} 317Fo] | clean room
o] Wast, B4 tp} w7 wlRo] e ARE HAs
ofzigo] et oleiet T wesly] 99 e wrt A
Au)Ql HPLC-AFSE o8¢ ul4 saks Helaaro] /e
wo] o} &5} gIe2

e Qutel 2% Wl BIEBE 53.4 pg/Li v
ACGIH (2001)""7} Hl4: B}t 8-& Hgohe 2245 e
2 St AESH L&A E(Biological Exposure Index)Z &S
3L QA= 35 pg/Let Hlske] Wi & Xo)7] wo]
rEYo® gotE Q= siitE 5 HlA kS FF

Eo] gk A7 A Aotk e B ATl v]4
3lekE BelA=S 95l HPLC-AFSS] S84 AZsta,
AHE 5 vlA B15HE A &9 H716h%l oH, HPLC-AFS
o]gsto] o]l AJTE T Q= UE AR F H|Ao] T

SAgto 2 vl a2 QIst A7) Yol Hrto] &8
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oA TUste] & 3070 AR ATPHFC R Sk AR
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Al& 0.1 gOl methanol/water (3:1) 2% 10 mLE Y2 &
24 A7t B2 roller mixer=® WHE - 2A]17F 52t 20~30°CO]| 4]
ZZ Aoty 220 E] 5 308 FH 2.2 vortex mixer
£ o]&sdto] S5 WHSFE LM, 0.45 um nylon membrane
syringe filter (SN25P045N, HYUNDAI Micro Co.)Z 3}s}
o] 15 mL £4-& Al 5E A x5kt

2.2. 010|320t F&EH

AlZ 0.1 goll methanol/water (1:1) &30 10 mLE ¥
T 2417t &St roller mixer=2 W HISH o] wlo]m 21} &7]
o 7 thol= =S o] gto] stEssct 4Y w1
21,200 wo A&efl 10 5 60°CE 255 &8 F 5%
2 FAIBH =S 78t Art. vo]lZ=ut A2 £ 0.45 pm nylon
membrane syringe filter= ©3}5}t0] 15 mL £4-8 A|EE A
2519tk

2.3. @2 (pepsin) F=H

A& 0.1 gofl pepsin (powder, 2250 unit/mg solid, Sigma-
Aldrich) 0.03 g= Y31 pH 3.0%] methanol/water (3:1) &3}
10 mLE @71t & 24A17F B9t roller mixer® WHISH Zof

£ 52t 40°ColA] 237425t t 0.45 pm nylon mem-
brane syringe filter2 o{3}5}0] 15 mL £4-& A|2E A X519

o
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3. A2 24 gty

31. A% Y BESH
ZH4E 18.2 MQ (Millipore, USA) OJ4+9] Eol24E5
AFEtSITE S % vl 88150) S20] AH8H metha:
nol, pepsin, H|4 3}5FE HEEEZ9] A", DMA, MMA ¥
AT E Sigma-Aldrich (USA) AtollA] F-ds}ict, EAH
o] e 9 AL=E Hrlelr] sl AH&E SRM (Standard
Reference Material)-2 NIST (National Institute of Standards and
Technology, USA) 2669 (Arsenic Species in Frozen Human
Urine) level 13} level 115 AF235FTE level 13} level 1=
NHANES (National Health and Nutrition Examination Survey,
USA)Y] datas 7|4E0 & 247t F5 Lot Mg to] sfgaieh

3.2. g A HE gt

As’’, DMA, MMA % As'9] &89 5= 9= 25~80
ug/LE A X5 th(Fig. 1). BE-8Y 47] oo 2 HFA9
AEARR)7E0.999 o] Y wf Bl A A5G

HPLC-AFSE °]8¢t Hl& stobd Ee|g5 gl w27
352 US-FDAQ] Bioanalytical Method Validation©]] <5}

=
=% 50 REELS IR AR 7HE Ak 4%
A9 EEHA | 3,145 Foto] AFESHT Age 9
WE H7H= NIST SRM 2669 level 13} level 115 212} 33]
o|A} BAsto] AM&elY o, UL ZH71o] A EEH
1% RSD)E AATotoltt. 3l4& A8 A== 2 3709 o
AHEo] A5 pg/l) R 5= 40 pg/L) B892 H71st
of AZolR o, 371X &8 ZS3TpAF, ulo|a 23} A

FEUHo g 47 358 AHL A= 10
A 3}8M2-S HPLC-AFSE He]QFsto] 3]

A& ARE A

AR F FH|AE RS E3GA|(Shimadzu AA-6800,
Japan)E ©]-&5t0] 243tE F7] WY (hydride vapor gen-
eration, HVG) 2. & #5131 0w, H|4: 3ok Fe T2 Al
7R & o g AR 48 AlEE HPLC-AFS (HPLC-
atomic fluorescence spectrophotometer)S ©]-8-5}31C}. H|4 S}
% 22]geFo] o] 83t HPLC-AFS2] ¥4 2 7AL Table 13}
2tk

1.1. AESHAI(LOD)

HPLC-AFSE 0|85 E4uo] vk sshg HAEIAE
As®*, DMA, MMA 9 As>* o] T3t 22} 0.059, 0.080, 0.090
2 0.096 mg/kgE YEFGT FAR F HASGES
HPLC-ICP-MSE £ 45t A7}o]A] As®, DMA, MMA % As™
9] A&HAI= 712+ 0.019, 0.012, 0.010, 0.010 mg/kgZ H
1%]o] HPLC-AFS W3 Hrt 2371 22 A0 &2 vehydct?

As*

DA

MMA

As*

\
b g,w,mqﬁw‘\er A__—g—_—-q.-.m’.- ﬁ—*m\#ﬁ& Dyt

Fig. 1. Chromatogram of arsenic speciation by HPLC-AFS (DMA: dimethylarsinic acid, MMA: monomethylarsonic acid)
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Table 1. Instrumental operating conditions for arsenic speciation in seafood by HPLC-AFS

Items Conditions
Analysis instrument HPLC-AFS, SAP-20 (HPLC), SA-20 (AFS) (Titan instruments, China)
Chromatographic parameter Anion exchange column Hamilton PRP-X100 (250 mmX4.1 mm I.d., 10 pm)
Mobile phase 15 mmol/L (NH4)2HPO4 (pH was adjusted to 6.0 by 10.0% CH202)
Flow rate 1.0 mL/min
Hydride generation parameter Injection volume 100 pL
Reductant 0.35% NaOH/1.0% NaBH4
Carrier solution 3.5% HCI (v/v)
AFS parameter Element lamp As (80 mA/40 mA)
Photomultiplier voltage 285V
Carrier gas Argon (99.999%) 400 mL/min
Shield gas 600 mL/min

Table 2. Evaluation of accuracy and precision of arsenic speciation in

Table 3. Recovery test of arsenic species in seafood by extraction

SRM by HPLC-AFS methods
Certified Results Accuracy CV Arsenic Recovery test (%, Mean+SD)
SRM values (ug/L, (ng/L, ¥ Samples sbecies . -
Mean+SD)  Mean+SD) (%) (%) P Ultrasonic Microwave  Enzyme
canxt eanx
" Laver As™ 98.5+114 932453  109.8+11.4
Levell  As 1.47+0.10 1.43+0.09 97.3 6.3
DMA 96.9+12.4 102.3+6.8  115.5+3.5
DMA  347+041  3.63+0.57 1046 157
MMA 875039 2.0350.12 1086 oo MMA 103173 10144321  97.0+4.9
.87%0. .03x0. . R
A a4 ) ” b ) As™ 106.2+11.0  98.1+14  107.6+5.9
+ +
S3+ 412030 70%0. 0 8. Seamustard As’ 94.7+1.9 99.1+5.5  100.8+15.0
Level I As 503+0.31  4.93+0.33 98.0 6.7 DMA 106.048.6 1035439 10374123
DMA  253+0.70  25.5+0.33 100.8 1.3 MMA 1027425 943196 980464
MMA 7184056  7.60+0.22 105.8 29 As 1170433 10245123 1002439
5+
As 616£095 6404036 1039 56 Kelp As™ 102.9+2.9 10504158 102.3+11.3
DMA: dimethylarsinic acid, MMA: monomethylarsonic acid. DMA 112.3+5.3 93.2+6.0 99.6+21.0
MMA 89.6+26.8  90.3+13.3  86.6%6.7
1.2. xo-|§|+5 al Io'“l.:!E %17|. As™ 83.2+18.8 92.7+11.3 87.2+4.0
HPLC-AFSE ©|-&3 H|& 3lots Zdwy el 3¢ Anchovy — As” 1020459 1046448  105.5+7.3
T W AuE WAL NIST SRM 2660 o] 85tol ast A DMA 98.6+82  107.3+109  97.8+9.5
B IR evel 19] 7-90] A" DMA. MMA @ As** 7} MMA 940487  99.0+41  100.7+5.6
i, eve O]T S o = A8 . As™ 1031434 96350 103134
] 0 S
7973, 104.6, 108.6 % 112.0%2 HERIL level 1= 22} Shrimp As™ 11034157 92.5#2.5  103.6+111
98.0, 100.8, 105.8 9 103.9% % UEIom, Bt Feee= DMA 1087490  117.6+44  100.948.
97.3~112.0% % YEFHTHTable 2). 41 o] U (Ho|A MMA 11124101 994480  99.5+6.1
PE 1.3~15.7%2 YEFGTE 2 AFoA ARES SRM2 A As™ 893162  947+2.6 952473
WA 50]7] fl&ol| SRMO & SJALE A| 22 AFR3 Ao ot Squid As™ 108.0+1.6  99.2419.3  108.1+2.7
= 7531],7], E%% 7]‘1—6"‘301 9}\,‘% 7;‘1.9_§ ﬁd’%%q E— ?i_—rLg]_ DMA 97.8+13.4 95.0+8.6 97.8+13.4
53 B417]7] HPLC-HG-AFSZ AF&-3t Cao 5(2014) = IXH:/IA H73E38 980268 1119264
- S 1190451  98.7+4.6  111.6+8.6
A 88.1~113.2%2F FHUE 4.8~12.5%FE R 115}l 9
E" 3.2 B4 5% L 2ol Total range 832~1190 90.3~117.6 86.6~115.5

A+ 2} FAFSHA LrERsTh

HPLC-AFSE 0] &3l H|4 EAHo] A&dAE 7|&0
HPLC-ICP-MS &A1} H|wsfo] of7E @2 S=Folglom,
SRM< o] &3 H: 4 A% BFriofA FL = Level I
o] A" S A|QJ5t 771 =04l AOAC Standard Method

DMA: dimethylarsinic acid, MMA: monomethylarsonic acid.

Performance Requirements (SMPR®) 2015.006°14] A|A|5}
£ 90~110% WoliL, U&= 1.3~15.7%% AOAC SMPR
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2015.0069] <20%E WHEA7]3L Qek?? E3F HPLC-AFS £
AH-& HPLC-ICP-MS &A%} H|wsto] |7} A sh,
Z2fo| 7hsto] AL A4S flof BlwA F2 w5 AJZho]
295w, HE9] clean room°] & §ith= A2 7HAAL 9l
7] ti2of B2 9] 84 ¢ YA E F H|4 3HeFEo] £
Ago aFgutet v o g2 ok

2. FEHHo| ME A &It 3|2

SAtEo] AFFo REEAS HUbol HlA eSS 2
S, o] 20} AP 9 54 Ao s FEI Fo
HPLC-AFSE o]-&sto] |t 2X & 39S B
7}st A3} Table 39 YERATE

7% SAbE B A ek FEUHE Jee2 25T
Ae], ufo]a 21} A I G4 A4 2+ 83.2~119.0%,
90.3~117.6% 2 86.6~115.5%% LFEh} HfE & 2 2jol=
A%om, vwA F53t FleeE HYrk 230 AEHE
AF83F Yang 5(2009)”79] A7-olA 342 96.0~105.0%
Ao, q A (pepsin) FEHE AFE3H Moreda-Pifieiro 5
(20112 95.0~105.0% 2 H 15k Qo] & AEr}t s
St 3)4&E B} ESE 5 B47]7] HPLC-HG-AFSS
AF&3F Cao 5(2014)79] AT-0A] 3|52 85.1~109.3%%
et 2 Aot fARE 23S Bt

[¢)

3. ollt=E & HIA sHetE o SH|A HE

Al 7FA19] B4 3H5HE &S v st A 3482 v
sto] SjAE 5 |4 IS RS flof Hlwd 2o
7HESE 84 A2HS 0]-&5ko] &3 $o| HPLC-AFSE +#
A3t A}+-Z Table 40 UEFATE AE8 2 A7 o2 Aol
A MMAT 5.7+1.0 mg/kg® AEE o, t]goAE As®,
DMA 9 A7} 282 0.740.2, 0.440.2 2 0.6+0.6 mg/kg=
Urebdth ThAlakolA] As™, DMA, MMA 9 As™'7} 25 A&
=R, 42 1.440.3, 0.6+0.1, 8.0+1.1 & 30.4+3.4 mg/
kg2 E3] SA4o] et Aoz &l A7 M Bt &

Table 4. Contents of arsenic species in seafood by enzyme treatment

2 A0 AL BA A= As'HE 0.240.1 mg/kg®
njgF HEESeH, 9ot eAojoA BE H|A 3ekE HE
=4 okt

SitE 5 HlA oFehE] BT At AA w4
Fo] ot A Holal itk & AFolA Y B MMA
otk 5.7+1.0 mg/kg AEEA o A¥E 5(2020)72] A3}
A BE H|2Fo] HEF oM, DMAZF 0.30£0.13 mg/kg
2 7P 3ol okt 729(2014)Y2] Aol A= DMA
7} 0.0840.01 mg/kg2 2 UEbEtTh wofA & Ao A
£ As”, DMA ¥ As"7F &5 wido] §29(2014)79] 2
7} DMARF AZH .01, Choi 5(2011)*9] AT AL As*,
DMA, MMA % As’*7} 0|0 2 AZEE Ao g A
o} thAloke] HQof B 37104 As®Y, DMA, MMA & As>7}
HE AEEUL, As7F30.4+3.4 mg/kg® AFB| TEER
LRt 7l 5(2020)79] oA BE HAFo] A&
HRom, DMAZ} 0.64£0.29 mg/kg=Z 7H THFo] =2
A0 2 Yeht 2 ALo] Zute} AolsHA YrElT

ShitE Folle thdet BlA gfelkgo] EAst, FrH| A
(As" B AS)7F 71 /o] Zpstal, migst ulael MMAS}
DMA+«= F7]8]AHTh= OFsiA|TE E4d0] Sl 20 R Bk
I o™, §7]H]4%] arsenobetaine (AsB), arsenosugars, ar-
senocholine ¥ arsenolipidst= F+5A4 H|AZ EFE I Qlck
w2bA siibE S &t HlA & 87Het 47 A6 B7HE 4
o sfjatEol EA o= BlAIRMES £ oot A2 F
93}t

AT AR 5 Bl FEYNA EAER] &2 5718
4 318FE0] ot S7517] floto] sfatE& At 2 335}
gt Foll AAS-HVGE EA%H FH|AGF 7|4 9 §7]8]4)%t
F2 1 31.9+1.9 (29.1~34.2), 19 38.3+5.3 (31.1~47.2),
ohAlEE 70.746.1 (63.4~79.0), BA] 24.5+3.8 (20.3~29.8),
AJL-18.1+£2.2 (14.0~20.2) ¥ 240 24.7+2.0 (20.9~26.4)
mg/kgZ WEFHTHTable 5).

oA g FH| 0] Aitox hAuEE ARt shibE

Arsenic species

Samples n (mg/kg, Mean+SD)

As™ DMA* MMA* As™ Total
Laver 5 <LOD <LOD 5.741.0 <LOD 5.7
Sea mustard 5 0.7£0.2 0.4+0.2 <LOD 0.6+0.6 1.7
Kelp 5 1.4+0.3 0.6+0.1 8.0£1.1 30.4+3.4 404
Anchovy 5 0.2£0.1 <LOD <LOD <LOD 0.2
Shrimp 5 <LOD <LOD <LOD <LOD <LOD
Squid 5 <LOD <LOD <LOD <LOD <LOD

*DMA: dimethylarsinic acid, MM A: monomethylarsonic acid.
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Table 5. Contents of total arsenic in seafood by AAS-HGV

Total arsenic

Samples n (mg/kg, Mean+SD)
Laver 5 31.9+1.9
Sea mustard 5 38.3+5.3
Kelp 5 70.746.1
Anchovy 5 24.5+3.8
Shrimp 5 18.1£2.2
Squid 5 24.7+2.0

i)

79] 790 Z9E 5(2020)9] 26.9+5.3 mg/kg, T+
3(2014)®2] 22.19 mg/kg} Bl W3to] 27t A LpERFOH,
192 AW 5(202009] 51.0+15.8 mg/kg Hr} Wko

F29(2014)*2] 33.25+1.71 mg/kg L 2->42(2016)*”
9] 32.040.2 mg/kgt H]SoFATE ThAlHL] 9ol YE
£(2020)9] 53.6+14.6 mg/kg, THEAAT-H(2003)>”
] 48.4 mg/kg, F=9(2014*°9] 35.91+1.38 mg/kgoll H]
Wkl T2 A0 2 A QT ER]oA = A1 EQ]FERHA]
(2007)*?9] 10.49+8.68 mg/kg?} H]w5}o] &QkoH, Ao
ZY=AATLA(2003)"9] 25.2 mg/kgt B4(2010)79]
A3} 275 mg/kgH ot Wokal, 2ol Al 24420109
A3} 17.1 mg/kgoll HIa] 7t A AN SjAHE 5 ]
4 gfetE 9 FH49] Hv) thE olf 7 Ao AgH
SfAHES] A7} thEn, vA S1skE ey 9 B AR
ol t=7] =2l Ao = wekEch

SitE F FHA] T2 thAb]g> 7> 0 o> EA]>
A$- &olglor, fauAR EREE 439 HlAFE §2 o
AlaksZ>H|G>ER] >0 2 SR FoA FH|A 9 B5fH 49
7t 58 Ao g yehygth sjikE Fols E40] A9 ¢l
= AsB, arsenosugars, arsenocholine, arsenolipids 5-2] 7-7]¥]
A7F RO Qe o2 dEA ok A, Al 240 59
Azrol= AsB7F 3 HlA F8kEo|H, SR Foll= arsen-
osugars®} arsenolipids”} thg EAfst= 22 = dHA Q.
B ATolA] FH|A FEoF FalHl A o] Fhol| Xkol7t 9l
= A& HPLC-AFSE HEEA| %= {71847} sfib=o] o
& TElo] 7] wEolt.

Y 5(2013)2 194] o] A A71S YO E 510 Q1
T AF A4 7HEAE Aokl JE AFE 59
gto] R2H9] grE & o5f 102712 FAMEREE 4173
H 2,1178S HALE gt AN 8F FH|A 527t Abs
B 155.14229.5 pg/LE H 15490k o] 5% ATSDR

o

(Agency for Toxic Substances and Disease Registry)ollA] H¥H2
02 582 & e ALY <100 pg/LE IA F3lste
Zoltt. & 179l 3o sjitE Foll f7Ivart o o
o] e Aoz yepton, 2A=E AFslr| Aol it
=2 A3 BP0l 8% SIS S5 ATSDROA AJA|
ste A4 HHE 24 7hHsAdel 2 R dlddEn 18
U 25 Fafet o] f718|aE EAs| wiEe] A7
si-go] ital wershe A2 o] etk mEkA vl ke E
71947t 2 iba 5S4 9 8|4 ofekE EEEE ¢
guhet =R1e] vla g grtet A7 s/ 7ol whe- 5
a3 g 4ot ¥

=R I W #elEd AERAH2001~2008)014 -2t
2k LR 4Rl 5,00001 & dPdL = 3 2AMIA 8% Hlis
&7} 53.4 pg/L& HALEQLAL, AAAR A5 3L ofHie] At
=2 AFTOA BlEFHE He 85 H4 et RS =
2 Fo g et 42010072 3, vY 5 2R
AFTOIM A A B @A3] 85 HlA 7t &%
o, S5 HFTtolA DMAZF 4 v]4: Sfehgo 2 H st
Ak £ AFoA H2F = DMAZH HIIE R HE R &
Aot si2FE AFTE FollA B3] DMAZE HEHE A
2 FFF 9] arsenosugars®} arsenolipids7} AA| WollA] o
AFEl= I7goll DMAZE A7) WiZolot. vl f42oll=
AN A AR A] @l Ao = vl E= AsBo] HiF-E0]7]
Tl A2 AFEolA 83 vl skert djxFol ¥lalst
of ¢ 22 Ao = e

FEuE =1 siibe AF HlEs Aol Blaste] H
% woH, sjitEoe] A4F 549 AR R AREY] 2] &
S Y& 7t AU} vluste] JEd] w2 ACR A
HaL e 53], = OSHAOA ¥laE AHgst= AR <2
221 AEEe FEe =E A B 35 pg/LET ¥4 £
AFEIRl o B4 =S A 247 f1314 Bl diet =
7F & Aol 11 ¥Rl ¥ shute &, watE, Al
Al 3 H|A oFehES el idolet| o865l 9l HPLC-
ICP-MS E-AHojl= 117} A4, &3%E 244} clean room 5
o] % @5}n, 14| go] lATHE Fock
B oM 7]&0| o]-gH HPLC-ICP-MS EAHE o
I < 9l HPLC-AFS 2499] A&, Fot=, 4de
2 Brstel $RAS AEW 23 2% AR B ¥4 55t
welgo] AT P02 Agtaiglon, E %
2 w4 ofekg FEHo] diste] AESHI. L AAS-
HVG2} HPLC-AFSE ©]8510] SHjo]l AlREIL 3= 652
sitE § S04 2 FAHIAE FFFo 2N AR St

‘]
(o]
5 G- vk BHo15-2 whotshaint

2
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v.2 E

73, sFAME 9 BA AR F B4 SlekE B
S5 )= HPLC-ICP-MS 4ol = 17 4], S99 &
A}, clean room 5-°] a5, EAH]go] BIXTH= TP
2 8l o9 A RE EA5k=H of=&o] Sith £ A
A HZ7HA Bl 22173l A8 HPLC-ICP-MS tiA]
HhH 0 2 AotE| 1 9l HPLC-AFS B-A4% 9] A&3H, At
T, AdE 5= Briet R84S ASstelen 1 2 7+
T A& F HlA 3tk By adduet i o g Hrt
Hot siibE 5 A ekg 2A F=EHE B71sk] {16 ul-
tra sonication, microwave & enzyme (pepsin) *2|¥-& B H
7Fet At Al 714 B B QFSgt 342 H3lth HPLC-
AFSE 0] 83t SjitE F AT EeEolA silxR7el &, v
o 9 thAJutoll A EAgH]A(As™, A, MMA 9 DMA)7} 3
S5l on, thArtoll A =AdB]49] 3Fo] 40.4 mg/kgE 7HE
SE7t 2 0 ® A BAAE AT 0.240.1
mg/kg2 U A& o, A-2F ool HE H|A T}
SHE AETA AoUth AAS-HVGE °]83t sjitE 5 FHl4
£ A% 23 v wE s o] HlATt SR-E 0 UEt
, THAJEtol A 70.7 mg/kgo & 7HE 8 Ao 7 ZAMER
o}, whebA T HA9] FH e Y HALESE QI3 A%
al/g H7toll tigt 2y A7t eg Ao = Azt

)

rlot

=

o] AL 20009 SAFHEL LAATAA] Yfo] 5
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