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2 9 LC-ICP-MSE 9|83} oJFF HAo 283 AL 93l microwave-assisted extraction 2+
sonication extraction ¥ B 3}9 T} Ultrasonic nebulizer®} cross flow nebulizerS A}-&3F H] A
FEY HAEIE FAE 23S HYd B4 EH Hl4 52 arsenobetaine (AsB), arsenite [As(IIT)],
dimethylarsine acid (DMA), monomethylarsonic acid (MMA), arsenate [As(v)] 2} phenylarsonic acid
(PAA) °|t}. 5 7}A] W& NRCC (National Research Council of Canada)?] ¥ FE 2 < DORM-2E
50% "EHE 2 F=3ATh. arsenobetaine®] -9, F W BT 5% ©]3te] A EFHALS 82% ©]%d
o] FEE 8-S BT Arsenobetaine microwave assisted extraction ¥H ol 4] 14.18 + 0.42 mg kg
S 1.9 sonication extraction "ol AE 13.54 + 0.84 mgkg”! & Rt} dimethylarsine acid (DMA)
739 27+ 0.45 + 0.06 mgkg' T} 0.44 + 0.06 mgkg' = R}

Abstract : Comparison of a microwave-assisted extraction with sonication extraction was performed for

o

Lo

arsenic speciation in fish tissue with chromatographic separation and inductively coupled plasma mass
spectrometry detection. The detection limits of arsenicals with ultrasonic nebulizerand cross-flow nebulizer
were shown to be similar. The arsenicals investigated were arsenobetaine (AsB), arsenite [As(III)],
dimethylarsine acid (DMA), monomethylarsonic acid (MMA), arsenate [As(v)], and phenylarsonic acid
(PAA). Quantitative extraction of arsenicals from dogfish muscle, DORM-2, standard reference material

of NRCC (National Research Council of Canada) was achieved using 50% (v/v) methanol-water in both
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extraction methods. Extraction efficiency of arsenobetaine in both methods is greater than 82% with RSDs

on replicates of less than 5%. The concentrations of AsB determined in extract of microwave assisted

extraction and sonication methods were 14.18 *

the concentrations of DMA were 0.45

0.42 mgkg" and 13.54 * 0.84 mgkg,
+ 0.06 mgkg"

respectively. And

and 0.44 + 0.06 mgkg’l, respectively.

Key words : Arsenic, speciation, DORM-2, HPLC, ICP-MS
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Fig. 1. Schematic diagram of the HPLC-USN-ICP-MS
system used for arsenic speciation.
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Table 1. Operating conditions for the HPLC-ICP-MS system
HPLC ICP-MS
-Column: Dionex IonPak AS14, 250 x 4 mm -RF power: 1.2 kW
With IonPak AG14, 50 x 4 mm -Nebulizer: cross flow or USN
-Mobile phases: 2 mmol/L. ammonium hydrogen carbonate, 2.2| -Spray chamber: double pass scott type
mmol/L tartaric acid, pH 8.2 with ammonia for cross flow nebulizer
-Flow rate: 1 mL/min -Sampler and skimmer cone: platinum
-Injection volume: 50 pL Plasma gas: 15 L/min
USN -Auxiliary gas: 1.2 L/min
-Sweep gas(Ar): 2 L/min -Nebulizer gas: 0.85 - 1.3 L/min
-Heating temperature: 120 C Dwell time: 100 ms
-Desolvation temperature: 160 C -Selected isotopes (m/z): 35, 75, 77, 82
-Cooling temperature: 2 C
3.4 1 v S7F F2 v Yk Fig. 2. CF 2o] F7AS]
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RAT HlA BA0 B4} i Aaslse) 39
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Fig. 2. Relative intensity of As species by nebulizer gas mixed active gas: (A) N, gas, cross flow nebulizer, (B) N,

gas, ultrasonic nebulizer, (C) He gas, cross flow nebulizer.

Table 2. The detection limits* and correlation coefficients (R%)° for the chromatographic separation. All measurement

are performed with standard compounds in water

Nebulizer
Species Cross flow Ultrasonic
As(pg/il) R’ As(pg/ul) R’
AsB 0.08 0.9998 0.06 0.9990
As™* 0.16 0.9996 0.28 0.9992
DMA 0.12 0.9997 0.15 0.9997
MMA 0.54 0.9991 0.18 0.9998
As™ 0.56 0.9995 0.26 0.9992
PAA - 0.92 0.9988

* Detection limits were determined as the elemental concentration giving a signal three times the standard deviation (n=8)
of the blank
" Determined from 6 replicated measurements of at least 5 calibration points

The concentration range was from 0 - 40 ng/kg

¢ Not measured

Analytical Science & Technology



Table 3. Comparison of detection limits

s

i 139

. LOD (pg/uL)
Species - . 5 b A p
This study Ref. 10 Ref. 7 Ref. 20 Ref. 8
AsB 0.08 0.16 - 35 -
As™ 0.16 0.19 036 55 03
DMA 0.12 0.16 0.48 6.0 0.4
MMA 0.54 0.29 0.26 6.5 0.7
As™ 0.56 0.19 0.34 5.5 1.3

All detection limits were determined as the elemental concentration giving a signal three times the standard deviation (n=8)

of the blank

* Anion exchange column-cross flow nebulizer-ICP-MS

" Anion exchange column-cross flow nebulizer-ICP-MS

¢ Anion exchange column-hydraulic high pressure nebulizer-ICP-MS

4 " narrow-bore column-concentric nebulizer-ICP-MS
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Fig. 3. Chromatographic separation of arseniccompounds: (A) chromatogram determined by using cross flow nebulizer,
concentration of each analyte 40 ug/kg (B) chromatogram determined by using ultrasonic nebulizer, concentration

of each analyte 10 nug/kg.
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FTEv 10ugkg ©lth ™I Zo]  ultrasonic ¢ DORM-2E
nebulizers ©]-83fe] E43F A ZF HlA £ A7) 2> (total arsenic)2]
= o AU Ao nEgts 718 B 4 arsenobetaine (AsB)2]
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Table 4. Concentration of the arsenic compounds extracted from DORM-2 in comparison with literature data. (n=5

for each method of this work)

Concentration (mg As/kg dry mass)

Extractant Extraction mode AsB DMA Ref.
HO Mechanical agitation 15.3+0.3 - 21
HO Mechanical agitation 13.5 0.3 10
HO Mechanical agitation 16.5 0.28 22
CH3OH/H,O (1:1) Sonication 16.0£0.6 - 23
CH;0H/H,O (8:2) Microwave 24.6t1.4 - 11
CH;0H/H,0 (9:1) Mechanical agitation 16.0+0.7 - 24
CH3;0H/CHCI; (2:1) Sonication 16.6+0.6 - 25
CH;0H/HO (1:1) Microwave 14.18+0.42 0.45+0.06 This Study
CH;OH/H,O (1:1) Sonication 13.54+0.84 0.44+0.06 This Study
Certified 16.4£1.1 - 15
oF 83% S Rtk DMAE 044 + 006 mgkgd F%
2 Z4HY0. T UMY 3% 58S AASAY
10000 -
600000 1 DMA microwave assisted extraction o] Tha £& a8%
~ 5000 VA ” ATE. B oW sonication extractiond] Hl3] F& #Ao] 7t
@ ArcCl : - S
% 400000 - o ‘ /"“"'\_ @b go)sltt
] 25 4 6 & 10 12 14 16
200000 -| cl 3.4 & H|A9| &M
F ulke] ZYe REAG Behzv AR
o) . i . ICPMSZ AT, ¥4 A0 243t 712 (829
4 RN 12 16 20 - -
Retention Time(min) = 7]'}\ Oﬂ 3 7];6]'021 0] %ﬁ' E%% %9\15}'
DORM2E 2235} SR 2:8 A stel 0 ol
Fig. 4. LC-ICP-MS determination of arsenic species in % EA8ITE NRCCOlA] Q153 742 18.0 = 1.1 mg/kg
DORM-2 extract. (Chromatographic conditions are o0& o %ko 71Z0 2 & AL [CP-MSS] & H| &9 B
given in table 1. HAE H580] Bt 1024% o] BEE Table 5
w > = . +o 7ho. -
Fig. 4% DORM—2-°4 2zo0 Bag Z2rlETY b 7o) 1843 + 0.79 (95% AlFTIHo= vehyith
1O plA x]ak o HxE 2= o] (el =!
ol vlasl B2sh $4A Al FHE Fg 4o O G VR AT 790N ACISE THE T 5lo8
}\1 E.‘—‘O] @1 %}g‘:_’] Oﬂ}\ _tlx__E_ /\]7&0] % T"i‘ = ;é]ao]: 77 (II]/Z)J’]' 82 (IIl/Z)E‘ %O] V‘i'_—/}jl }’oq E‘— c‘)] \l' lc'>:
_ 40, 35 =
Ame gaoled o2 WaE AT & A O HAT I E AL Tl Taras) 5 A

5 W o 2 323} arsenobetaine (AsB)9} dimethylar-
sine acid (DMA)Z ] FE& Table 4914 B 4 St}
Microwave assisted extraction 0.8 F&3lo] £33}
arsenobetaine (AsB) &= 14.18 + 0.42 mg/kg (95% 2
gholglern] F& 58S NRCCY U5 @S 7%
o2 3 Hi <F 86%E HHF O™ dimethylarsine
acid (DMA)9] FE& 045 + 0.06 mgkgs HIch
Sonication extraction WI'H-2 arsenobetaine (AsB)<]
7S 1354 + 0.84 mg/kg®

Table 5. Concentration of total arsenic in DORM-2 by
using ICP-MS (n=4, acid digestion)

DORM-2 Concentration
(mg/kg)
Total-As 18.43+0.79
RSD (%) 0.67
Certified" 18.0+1.1
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