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Bh A AR PR B AR 0T R 0 R A AERRALA T 0 AR LR M RIS
ANTHGERBEIE - RAEFW H WA RIBI LT R0 RRAP - LI EAFRR &R
R Z R 0 A BB HT A AR A T08FI A B FANESSIEZ T R P T £ H &
TR AR | KB OA 5 RO G AT IR B B e AS A B JE B SE R (HPLC-ICP/MS)
PSR E Byt i S P AT X MR T ik o iR AT PR 2A0.28 MK BR 1S ik A 80°C A AR
W AR BRI R 3 BORAR B AT RIS BCIS B T SRR TR A 0 MR8 B A s BB
JEAR & B JE T SEAREATAR] TS 545 N A o AR AR (= AR AP L AAR A BA A
B (% ¥ JLAP (dimethylarsinic acid, DMA) » % ¥ JX#F(monomethylarsonic acid, MMA)
# R ¥ 3 i (arsenobetaine, AsB) A AP B2 JJE i (arsenocholine, AsC)) 5 AP b4y o AR5 ik
A Bk P AR AR A B AR PR 2 AR IR £0.02 mg/kg ; AmE R ER 0 SOk
= AR AP B BAR AP 2 T34 B 5] 4 89.5-98.0% £91.5-103.3% » 4 AR B A
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7% ° F5 VAR TT iR MR E L6 Gk ik iy

ERA R BRAY o RITRT IRZATR

FLRAL 5 HA60F4E o TR A G0k b A ARAP BT RS B AMEE -
RASEE - fUl - EHE  SWRMEB/RIERS SREERE

[l

Al

MR XEE TR - [T R33 » Rl
APy /TR - MI{525200% - HEEK
F52 mg/kg  MHEEIZ ST RABREE R » 43 Ryith
BB BRTERNEER S NBEE® -
W ZRE AT RE N - HORAEE R 1-100
mg/kg®Y o fEUH R RLAVE B (R
HES MR ER - Hrh DLk LR
(eicosapentaenoic acid, EPA)FI —+ —fx /SIGEE
(docosahexaenoic acid, DHA)HJomega-3 g5 [#&
R5rE% - BRI R R =8 i - &
TEE R ENRS - H—HHE - AIHIRATEEE

BRI E & - HIER R iR AR
R V5 ARt BRER - (S AR S = -

Wb AT 43 R B R B IR R A K
SR TN - 15 EE S HIEEC - W
MEiwdm ~ MESINESESEER - EE2gH
T2 Gk - B AIECEEE - iEE 25
PR E BB R ORINE - BEE - &
TEWFRE SRR EE R BT - F
HEHSE AN B E N R RS - A
5 MR » 1 A RS PR 1 282K 1% ik o A e
KRB HREHEH RSN - B RE AP
HEEMMMA) « #HEM(DMA) ~ WHEEET
S (AsB) LR IE R (AsC)FE LS -
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L AT B A e g JeRL o 3 £y -+ R0 % 8 i B 5
£ (International Agency for Research on Cancer,
TARC) R B B R 25 R Group 1.2 HETE Fos AJH
U T MMABLIDMA HIEFJE7EGroup 2B
ZATRERBURIR T » AsB R HA A # A 5 43 HI
FsGroup 3MEEER IR EUE R T - KIILFAO/
WHO R SERE I 2 & N E R A ST &
(Provisional tolerable weekly intake, PTWI)JE/)\
22 ng/kg bw/day » (BN FE B £ o B R
(Australia New Zealand Food Authority, ANZFA)
AT FEE R A - SRR 2 H AR
PR& 53 ng/kg bw/day® °

B4 i 2 B YD ZE U 5 LA DR
BHZERGE"™Y ~ IR ZERUE Y BB B 2
() o R 2R R F 1 FE o 0 A 2 S i
(EHRRISY - HEED o (o YRR R O AR i A A
HiUNEZERE - EERM AR B
Wk & AR R KA - AR 22 e 0 W]
FESRFEANA IR, o (RN E ARG - R
W BHETI5R > TRREFE ARSI EAR SL TSR
EEEE - BIINAERSR -

H Hi 6 Z b bR i 5 2 25 S A I
FRE AT EY B - PRI R AN ELZ
EaETT LY 2 E R E & - RS
Vit AT E AT REMEE R B IE
FE ~ YRE R BT A =R - BT S 2R DY)
BRI R AT o - TR AR S LA
AT R A A [FIVE R o BB - TR
R M B R i B A HA R FHAE TR - P DA
I il e 2 mp HLZ e i Y (o L R A i - 1T
Bl AR R E AL A] B I RE R I 2 BT~ 2 e
TARARERE - AR BEMR T P51 Z Bo T2
EAE - AR 2 BE 1 - ST A SR
BT A EEET T - BEAYRRART
St ZEA— - BT R E L
T A TR B AR AR - n] H L R AR AT
P BLE S < BT RO BT o -

A IR Es R B EAS & RS E R

(0 TR TER L E EEE B - HAE S RRE
M & BB R T R B L AR S 2R
M RERESEREZAREEST - AR
EICHEMIHTTA -

Atz iR AE T RS Y E K
FEAERE > DORIPERINZ S Sieba 7k
Ry BLE T K EE B Y i e S b A B T
% - A DU S IR E B UK E BV
g - FELAREORAE AT 16 RS S B AT E R
(HPLC-ICP/MS):EE 1T 73 il et ] - By B K g
WriRtr2E A NSRRI R #e R
FTEE SRR EE ED I R 2

MFERTE

—  IGREAIR

1072 108415 o K E Sl i B /K E B
Ve e e RS R Aol 4 ~ BEREME - RSl
FUl M R e L He el -

— MR ER R

(IR E
= (B LR (arsenite, As™, 1000 mg/L) K 11
(B 4R (arsenate, As’*, 1000 mg/L),Z fZ#E
at bR FHICP-MS 43 + i F 35 Bl Inorganic
Ventures/\ 5] (Christiansburg, VA, USA) °
Tl I =% i % H £ B Sigma-Aldrich /2 H]
(Louis, MO, USA) ~ &ALRift R IE iz it 5 0
% K Toronto Research Chemicals/\ &](North
York, ON, Canada) ~ B FF E: 0 5 £ 5]
Chem Service/> F(Louis, MO, USA) ~ £
FRELRfIE B H AN (Wako) i ZE TZERR=
it (Osaka, Japan)

()R R A
TH R ER R 7 B S5 B Mallinckrodt
Baker/\ 5(Phillipsburg, NJ, USA) - H [
(methanol) » VK& 2 (acetic acid) ki fik 8 £%
(ammonium carbonate)tZ]ii# 5 S5 5. T.Baker
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/N (Philipsburg, NJ, USA) ° VAT 2 it &4

P06 A FE B PH AR B AT 18 MW-ecm A B2

FEBETK -

(EMEUEATR K A% TR 2 Bo 8

1. =(ERfi(As™ ) FEHE[F T
FETEREL1000 mg/L .2 = (8 i fi 1 14
1 mL > DLEBEF/KEAZE100 mL
HEEREEF (10 mg/L) - & FH i
gg o

2. TifEh(As™ ) EHE R
FETER L1000 mg/L 2 T8 ST UE
1 mL » DLEBEET/KERZE100 mL
i VE 12 HE W (10 mg/L) » i F FF fid
@g o

3. B LR (MMA ) HE AR
HYCBE HH FE AR 8 5L 4919 mg @ K T
TE » DIEBET /KA ERZE100
mL - FERER100 mg/L (PAHET) -
FEEEEL mL > DIEBETF/KEZRZE100
mL - FEPEEREEAVE(1 mg/L » DARfIET) »
B PR C A -

4. BT (DMA)ZHEATE
HY B FH B AR 4E 4 18 mg @ FETE
TE - DLEBEF /KA ERZE100
mL - EIEE 100 mg/L (LAHED) -
FETE R mL > DLEREF/KERZE100
mL - HEEIZHEATR( me/L - PARHET) -
e P L Y -

5. PR FH S (AsB) IR AR
SR % SR i AR M 0425 mg G T
TE » DIEBET /KA ERZE100
mL > B EGERE 100 mg/L (DARHET) -
FEEREI mL > DLERETF/KEAR 2100
mL - HEEREHEAVE (1 mg/L » DARHIET) »
B PR O -

6. VRALAIE I R (A SC)ERUE AR
HVR AL he P e i A2 4B 114034 mg @ ¥
WERGE » DAEEE T /KB E A ZE 100

mL > BEEERE R 100 mg/L (LARHET)
FEE =R mL > DAEREF/KERZE100
mL - EEIZEHEATR(1 mg/L - LARHET) -
B PSS -

7. TR A IEHE A
53R mg/LEE LA~ EEE L
e Sl e VA L e P s e AR B VA T %
10 mL > 10 mg/L =8 M K 7 (H
MR E RS 1 mL > BE®%RE
BET-/KERZE100 mL > FBlBLEE100 pg/L
TR A A e - il FH RSO &Y -

8. 50%lE M A TR .~ Bo 8
IVEERES50 mL > fINE BT /KB EC100
mL °

()8 = EE % #5(Transonic Digital S, Elma,
Germany)

)= R Y # (TraceCLEAN, Milestone,
Italy)

E) SRR A BT A # (1260 infinity LC,
Agilent Technologies, USA)

(o) K JE A% & BB EEE (7700 ICP-MS,
Agilent Technologies, USA)

(H)BE % (Allegra 25R Centrifuge, Beckman
Coulter, USA)

() R & 28 (Vortex mixer, Heidolph,
Germany)

(B) £ 7 Kk BLE ¥ (Millipole milli-Q,
Millipore, USA)

(P B2 HA R HT7E #E (PRP-X 100, Hamilton,
USA)

- ABRTE
(7K ZE B Y A TR SRR AL U AT R 1
SZEZHi NIV AR IR ¢ 0 DUR
[] F 22 B T (5 BT 7K~ 0.28 MBS
2% Triton X-100k280% FH W) A80°C
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S N BR B AN 3043 $82 % » Al 5
PRP-X1005BEEHE » LAICP-MSHETT %
TG P LXHPLC-ICP/MSﬁjVFﬁ ’
M Ry [ A HE 1 (PRP-X100) - %ﬁ
Fi A/ INESS um » FEEIAH Ry 3 3% FREEHY200
mMRERE% - TR 3% E S R R AE 1
IR —HRR

R BEET

fRZE B ig Sl - 3B N0.01 ~ 0.02
}20.05 mg/kg 2 MR SIFERM + DLt
AR R L RN 102 S AR R N & A
Ry TE EMRIR

BT R RS AT AR ([ —) T S I
M7 > SHEHEICR BRARE - S HRER
AR - AR IS IE O e T
- A AN (Liquid-liquid extraction) * {5 &
HVERR 3 AR W - AR R
@D -

(e i 2 AT

g T Ul (BEFOH AR - RO
R B2 0 RO ROH 1) H 16
fi o DAARHFE L 2 7 i b ] S B e 5

=
==

SIVE

RZEE g R > 725 U%iﬁbuo.oz £ 0.1
VR o ARG

520.2 mg/kg” TR S 1ZHE

x—  BXURIEEBHT-RER S BRELHEZERE

&—  SARERBHT-RERBE

BROEBRZERE

i33es TEME 14 (78)
Parameter Condition Parameter Condition
HPLC ICP/MS
Pump 1260 Infinity Series Nebulizer Ar flow rate 1.2 L/min
Injector Rheodyne Oxygen gas flow rate 0
Injection volume 100 uL RF power 1550 W
Column Hamilton PRP-X100 Anion Ar plasma gas flow rate 15 L/min
Exchang§, 5 pm Ar auxiliary gas flow rate 0.9 L/min
(4.6 mm i.d. x 150 mm length)
) Extract 1 0
Column temperature Ambient
. . Extract 2 -140V
Mobile phase A 200 mM (NH,),CO;in 3% )
(v/v) methanol (pH 8.5) Omega bias 80V
B : 1 mM (NH,),CO;in 3% (v/v) Omega lens 6V
methanol Cell entrance -60 V
Gradient program Time Flowrate A B .
11 exit -
(min) (mL/min) (%) (%) Cell exi 6oV
0 0.8 0 100 Deflect 2V
Pl i -
3 0.8 0 100 ate bias 60V
4 1.0 50 50 Measurement parameters
10 10 50 50 Mass (m/z) L
T 0.8 100 He gas o 4 mL/min
13 0.8 100 Integration time 0.5 sec
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| g g% ABLE T |
!

TIAZERAT70.28 MAHEE
10 mL

!

TEiR A s LIRS
3075

l
/\

l 71110.28 M
[ 3000 xghE L 105 o ml
!

EOF N REZEIAE R G0HE &
TR DB R C T
T-TZEEY - B EfgR) - DA
0.28 MAHIE E 452220 mL
!
| #022 pmppimg |
|
HPLC-ICP/MS
(As3+ > As5+ > MMA »
DMA ~ AsB » AsC)

— ~ BURAREM b 2 DR

HRRER

— ~ IKEEN) MBS P MR EEVE 4 2
Red
R FEf A TR AR 1083 H 11 HEIR & 756
10713035385 TH A S B IEZ T &5 E
K H R EEERED ) WMETKEBYI(SRE -
U FIEE - R H kAR BB BN Y g 2
IR 20.1 mg/kghiE - BAZ/KEBIYIHIS
HR SRR R R T o AKEENY)IHAE DU Ry
TEEMR AT » SCBE TS A ST R
B BT < AT AUl E AT ARG IR UEZEY)
B SREE bR S 160 fulia e - 13
KSR B EREHNEE
ZEEkEE o DORFEIRZEIUA TR (ERET7K ~ 0.28
MIEESIATE ~ 2% Triton X-1005280% FHEEIATR)
FA80°C N B MM EVIR 2 HU3 07 82 K » il
SEEPRP-X10053BEERE » DAICP-MSHET
TS b -
BIEAAE R - AR ATEZE A T A A H
—(ER - FLEM A E ) o K
ﬂm@mzmgQZW@méﬁUMi¢m@m
TETT WG » BRAEAN[F 09 26 A 1 2 O el i

(Deionized H:0) A (028 MHNO) A

E |I Ih'u -~ A .

z O T PR e o o | e
Time (min) Time (min)

., (2% Triton X-100) (80% Methanol)

3 |

E ‘

B A A }“ g .—»‘r“"’ A :1‘ T, P .,HN ;
Time (min) Time (min)

B — ~ BRigEE LI T RN EZIUA RIS IS8 FTIREM A Bt 2 HPLC-ICP/MSE 5L
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& » LIHPLC-ICP/MSA T EURARIARING.2 m/kghHiRE S 1R 48/ B T RN Z BN A R Z AU ISRt 7T REE S
BERR(E4),2 LB

Extraction Arsenic compound (mg/kg) iAs® Ratio®

solution AsC AsB As” DMA MMA As™ (mg/kg) (%)

H,0 0.18£0.005" 0.18 £0.006 0.17+0.006 0.18+£0.004 0.18+0.004 0.18£0.008 0.35+0.012 86.9

0.28 M HNO; 0.20+£0.006 0.19+0.007 0.18+0.010 0.19+0.007 0.18+0.011 0.21+£0.014 0.39+0.008 96.7

2% Triton X-100 0.24+0.017 0.22+0.011 0.22+0.008
80% Methanol 0.30+£0.004 0.17+0.001 0.24 =+ 0.006

0.23+£0.014 0.22+0.013 0.24+0.021 0.46+0.029 114.9
0.25+0.002 0.24+0.003 0.21+0.011 0.45+0.004 113.1

* Mean + standard deviation, n=3.
" iAs=As +As”".
“ Ratio (%) = detected values/0.4 x 100.

R FERAER TR © DL0.28 MAERIS iR Ky
ST - HARERA 2 PRINEICR 5 96.7% > JRIA
TR BERR R BRI T FEMRBRIA T T SRR A
WUZERICR Ry (2 - A HRAH 2~ R - 3
G AR R SRS TR - 2 SRk H
FAPRRT A B R 2 o A I s
it > Pl SR A S A ) B (R 2R A R 1 R
275 - 1A B H RS RS R B -
TN ZEL00.28 MAHFR VAR (F s 2 i - A A fef
B G AR AT -

= IREERRC RE

BRFFE ST EEZ BT AR 2B R AR
It Rl e - DRI AV NS pm Z PRP-
X100 FEAT e T A HE L HER (L) > 7
BFH 200 mMBRFR % VAR - FRBLIRIE T AT
FE1557 SN SE R TEMI LRy 73 i - LAHPLC-
ICP/MSS3 AT % » IR e TP 1 B P S B 3 3R

FR= s L LIHPLC-ICP/MSA T2 i85 F2 K

RHIERE
Arsenic compound  Intercept  Slope R’
As* 19809 49450  0.9995
As™ 28808 55454 0.9997
MMA 3701.9 68406 1.0000
DMA 6106.9 69820 1.0000
AsB 12028 73322 0.9999
AsC 28287 76974  0.9997

RIGHMLY) 2 EERE iR - HARMSEER e
FEAERBEINR =R - AR BN RTER bR
YRR AT -

=~ TEMRZ KT

TP FRTHH 22 A B R A T & R I A e
bt FFDAA TN Z B TRARE T 434 » A
F L i i ] F A5 P 08 e o EHR R EL = 10
P 5t e o B AR IRV Ry o B R - R
1 g 2B NN0.01 ~ 0.02520.05 mg/kg”
MAs" RAS ZIRGIEMERT - 5—RINEES
B RPN L Z T TR - HAR S R
WNEVURTR » FAS/N ratio A FA 1005 » Fa i H 4
HERAS’ R As™ 2 TE B BIRYE550.02 mg/kg °

PO ~ RERELER
A 22 B R B TR AR 0.02 ~ 0.1 520.2

MU ~ FUMZE B RE IR LR 2 E EARRRAT (4

. . Spiked level o
Inorganic arsenic p(mg /ke) S/N ratio

0.01 4.97+0.95

As” 0.02 10.1+0.85

0.05 21.2+3.68

0.01 7.67+1.01

As™ 0.02 1424123

0.05 36.8£5.86

* Mean + SD, n=5'
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(Deionized H20) (0.28 M HNO3) DMA
DMA AsC MMA
_ AsC AsB R MMA AsB
2 | | |
3 I | VO TS o
é I fl | A | \
E || llvl II\___ .'l l".‘ ] |'-. j ‘__ b I'\ |I'| Jl|I Il,\ J | |I.-_‘|I \ i
Time (min) Time (min)
(2% Triton X-100) DMA (80% Methanol) DMAMMA
AsC MMA AsC
- AsB
g‘ ﬂ h | {\ AsB 3+ \ 1‘\55'
= L1 As"' | As As
z | |
z (I - "
= u k,__}j \ \ J 'L_.,fl \ J \j L\ }\ . ._ﬂx_ﬁ_
Tin:IEE (min) . 'I:;me (min) :
Bl= - SIRAIRIN0.2 mo/kghR SR 48R L T RV Z BN A R R B F IR E I S BERR{L .2 HPLC-ICP/

MSEIE

mg/kg MR - DUARTFSCE T Z B URAR 43
Mr o GHEE AR R 8 AR R AR -
PAHPLC-ICP/MSHg HIGE & - fuliig g~ =
{E RS2 B R F589.5 - 98.0% » 4t BARE R
2.93 - 6.04% » AEIZSFIIERERF91.5 -
103.3% - 2 FE{AEE1.59 - 5.42% ° BERARF
SRR AR T E A BT HOIeR R
BEAHETTEAE 2 T B LM ke
SR

KA~ BURMZEORRE IR ISR 2 I ERAE R
Intra-day precision (n=5)

Inorganic - -
arsenic  Spiked level  Recovery ()%
(mg/kg) (%) (%)
0.02 98.0 +2.87 2.93
As* 0.1 89.5 +3.48 3.89
0.2 92.8 +5.60 6.04
0.02 103.3 + 1.65 1.59
As™ 0.1 91.5+3.67 4.01

0.2 93.0£5.04 5.42

* Mean + SD, n=5.

i mEERESERAE

DA 2 4347 5 Al B T35 K & 4
M Ol L MRS A RS e - SR
F ~ FEBRLAH2 M RO A 11 et -
SR - 16/ i e & ke i = E R AE
> FFEEAEBAESR 1083 B 11 HFEAHE
EZ T B ERYE kR EEE | ik
EEENY)HAE &~ SRR 0.1 mg/kg Z BIE -

A

ARG 7 A A 2L0.28 MAH R VA TR A
80°C 8 & I MR ¥ N EAZE A3 043 827K » DA A
TAHEFEPRP-X100 (5 um, 4.6 % 150 mm)
200 mMIEEE S5 R 3% FHEEAEpH 8.5(F %
B VA WCETTWRAHRE AT » AT 155388 A 7 BfE S
Hehif(As” BiLAS™) K A HERH(DMA ~ MMA -~ AsB
FAsC)EMLY) - HAERE R 2 HE (R EVE
F#0.9995LA F o FEAR - FEAG S e SR
—{E R, A E 2 E AR 550,02 mg/kg
HRA i 8 vp = (E R R N e R Ry 89.5-
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98.0% » FLfEMZ N INEIHEEF591.5-103.3% °
SR AR B T 1 P A fe o R SR e AT
S DAAS T3 A B 8 e E s 1 oA i AR
GRERGH  FFEEEREANETR108F3H11
HASEBIEZ "B EYE kER AR
| oK EENYHIE P TR 20,1 mg/keZ
FUE °

AT B R 2 B AR - AT
THHEREES - B R A SR
% DUER 57 B2 £ i e i SR A
B -
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ABSTRACT

Arsenic can be classified into organic and inorganic compounds. Inorganic arsenic is much
more toxic than the organic ones. Aquatic animals may accumulate arsenic due to the contaminated
environment. To safeguard the public heath, TFDA actively developed the testing method on the
speciation of arsenic in fish oil by high performance liquid chromatography coupled with inductively
coupled plasma mass spectrometry (HPLC-ICP/MS). Sample was homogenized and extracted with 0.28
M HNO; in an ultrasonic bath at 80°C for 30 min twice. Analytes such as inorganic arsenic (arsenite,
arsenate) and organic arsenic (DMA, MMA, AsB, AsC) in the sample solution were separated effectively
on an anion exchange column, and detected by ICP-MS in less than 15 min. The calibration curves
observed coefficients of determination higher than 0.9995. The limits of quantification for arsenite and
arsenate in fish oil were 0.02 mg/kg. The average recoveries of arsenite and arsenate spiked into fish oil
were in the range of 89.5-98.0% and 91.5-103.3%, respectively. Surveillance studies contained 16 fish oil
samples purchased from markets were conducted. The results showed that inorganic arsenic was not found
in all samples. The results also complied with the maximum limits of inorganic arsenic in fish oil listed
in “Sanitation Standards for Contaminants and Toxins in Food” preannounced by the Ministry of Health
and Welfare, Taiwan. The testing method offered fast analysis and simple sample pretreatment, and can be
applied into routine testing for the determination of inorganic arsenic in fish oil products for the purpose
of public health protection.

Key words: fish oil, inorganic arsenic, HPLC-ICP/MS.



