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( Hamilton PRPX100 )  ( Dionex Ionpac CSHO ) -
pH 10.3 20 mmol/L NH,HCO, pH2.0 5 mmol/L
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) MDS-2002A ( )
( ) 5 NH,HCO, ( ) ( )+ HNO,(
) ; Na,HAsO, * 7H,0 ( Sigma St. Louis MO USA) ( MMA) ( DMA)
( Commission of the European Communities Standard Measurement and Testing Programme) ;  Kelp
( Brirkbeck College University UK) ; PO, OH( ) (
) . 18 MQ . 8 .
2.2
2.2.1 5.000 ¢
10 mL - (1: 1 V/V) 20 min 10 min 50 mL 4
30 C 10 mL 4 °C o
1.0000 g ( Teflon) 3 mL. HNO,
1 mL H,0, 750 W 3 ~4 min, 10 min
10 mL °.
2.2.2 9 mL 1% HNO, 1 mL [CP-MS
187 Re .
BCR-CRM 627 )
(4.8 £0.3) mg/kg As 5.0 +£0.3 mg/kg As. 2 ng/L
As(l) As(V) MMA  DMA 3 96% 101% 95% 100% -
2.2.3 N
o Al 1 o
. 2002  Hulle " HPLCACP-MS Kelp 4
( Electrospray mass spectrometry) 4 o Kelp
ASS +
1 ( HPLC) - ( ICP-MS)
Table 1 ~ Operating conditions of ICP-MS and chromatographic systems
Inductively coupied plasma-mass spectrometry Chromatographic systems
1200 W Dionex Ionpac CSH0 50 mm x
Radio frequency power Cation exchange guard column 4 mmid 10 pm
Dionex Ionpac CSH0 250 mm x
Spray chamber Double—pass ( Scott type) Cation exchange anal. column 4 mmid 10 pym
. . 5 mmol /L pyridinium adjusted to
Plasma / coolant 15 L/min Mobile phase pH 2.0 with HNO,
Auxiliary 0.8 L/min Flow rate 1.0 mL/min
Nebulizer 0.96 L/min Injected volume 20 pL
Hamilton PRPX100 25 mm x
Date acquisition modegraphics Signal intensity versus time Anion exchange guard column 2.3 mmid 1220 pm
Hamilton PRP-X100 250 mm x
Anion exchange anal. column 4.1 mmid 10 pm
20 mmol /L NH,HCO; pH 10.3
Mobile phase ( Adjustod to pH 10. 3 with
NH,OH)
Flow rate 1.0 mL/min
Injected volume 50 uL

3.1
2 . 0.09 ~7.54 mg/kg
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12
2 (mg/kg )
Table 2 Total arsenic concentration in the samples ( mg/kg wet weight)
Fish Shellfish
Extraction Extraction
Sample Origin Total arsenic efficiency Sample Origin Total arsenic efficiency
(%) (%)
Yellow croaker Bohai sea 2.38+0.08 3 Crab The East China Sea 7.54 £0.06 89
Hairtail Yellow Sea 0.75+£0.03 70 Shrimp Yellow Sea 0.45 +£0.02 88
Salmon Yellow Sea 0.26£0.01 69 Clam The East China Sea 2.13£0.07 80
Hake The East China Sea 0.83+0.02 76 Oyster Bohai Sea 0.09 x0.07 78
Mussel The East China Sea 0.57£0.03 84
3.2
/ As() As(V) MMA DMA - Larsen !
As() As(V) MMA DMA AsB
AsC 4 o Hamilton PRP-
X100(250 mm x4.1 mm id 10 pm) 20 mmol /L. NH,HCO,( pH 10. 3)
AsB As(l) MMA  As(V) 4 1 2,
1000 As 3500
AsH Arsenosuarg OH
3000 -
800 Ast
2500
I I
400 LS00 | DMA Arsenosuarg SO,
1000 Arsenosuarg PO,
200 / Arsenosuarg SO,
500
0 L L L (} 1 L
0 200 400 600 800 ] 200 400 600 800 1000
t's ts
1 HPLCACPMS AsB  As™* 2 HPLCACPMS kelp DMA
MMA  As’* ; 1
Fig. 1 Anion exchange HPLCACPMS chromatogram of Fig.2  Anion exchange HPLCACPMS chromatogram of an
four different arsenic standards: Arsenobetaine ( AsB) extract of kelp powde and dimethylarsonate ( DMA)
As®t monomethylarsonate ( MMA)  and As**: Chroma— 1( Chromatographic conditions see Table 1)
tographic conditions see Table 1
1 2 AsB OH 170 s
AsB OH o Dionex lonpac CSH0 (250 mm x4 mm id 10 pm)
5 mmol /L (pH2.0 HNO, ) 4 PO,
DMA AsB OH 103 138 224 474 s 3.
pH 2.0 DMA. PO, OH As*-OH 5,
OH PO, . PO,
PO,
As*-OH PO, .

AsB 3. AsB (6.60 mg/kg )



2 ! _ 1915
(1.73 mg/kg ) o ( ) AsB
96.0% . AsB
14
o o ( . )
PO, 13.8% ~57.1%  AsB 42.8% ~82.6%
0 OH 1.4% ~3.3% -
DMA
DMA ® . DMA \ 25.
0% 7.4% 1.4%. 1 (4
6.5% o o
7000 8000
6000 Arsenosugar PO 7000 Arsenosugar PO,
50001 6000
AsB 5000 -
4000 . AsB
I I 4000} N o
3000F DMA rsenosugar
Arsenosugar OH 3000
2000 2000 -
1000 F 1000 Unknown
0 0 “J L -NJ“\....
0 200 400 600 800 0 200 200 600 300
Time/s Times
4 HPLCHCPMS
3 HPLCHCPMS AsB DMA

arsenosugar OH  arsenosugar PO,

Fig. 4 Cation exchange HPLCACP-MS chromatograms of an

Fig. 3 Cation exchange HPLCACPMS chromatogram of
AsB DMA arsenosugar OH and arsenosugar PO,

extract of clam

2( Conditions see Table 2) .
2( Chromatographic conditions see Table 2)

(3 2.0%
3 (As mg/kg )
Table 3 Concentrations of arsenic compounds in extracts of fish ( dry weight As mg/kg)
PO, OH
Total extractable AsB Arsenosugar Arsenosugar Inorganic
Sample e DMA Arsenobetaine PO 8 senosug ganie
arsenic 04 arsenic
1.74 £0.07 L.0.D. 1.73 £0.07 ND ND 0.014 0. 002
Yellow croaker
Fish Hairtail 0.53£0.03 L.O.D. 0.52£0.03 ND ND 0.009 +0. 001
" Salmon 0.18 £0.01 0.045 +£0.003  0.13 +0.01 ND ND 0.003 +0. 001
Hake 0.63 £0.02 L.0.D. 0.62 +0.02 ND ND 0.007 £0.001
Crab 6.68 £0.05 L.O.D. 6.60 £0.05 ND ND 0.073 +£0.005
Shrimp 0.39 £0.02 0.029 £0.003  0.34 +0.02 0.02 £0.01 ND 0.002 +£0. 001
Shellfish Oyster 0.07 £0.01 0.004 +0.1 0.03 £0.01 0.04 £0.01 0.001 0. 001 ND
Clam 1.70 £0.05 L.0.D. 0.79 +0.03 0.75+0.03  0.027 £0.001 0.014 +0.002
Mussel 0.43 +£0.03 L.0O.D. 0.27 £0.02 0.14 £0.01 0.014 £0.001 0.004 +0.001
ND: ( Not detected) o
3.3
9 AsB PO, OH DMA. AsB
( ) 96.0% - AsB
42.8% ~82.6% . DMA (
) 25.0%

2.0%
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Analysis of Arsenic Speciation in Sea Fish and Shellfish by Anion/Cation
Exchange High Performance Chromatography Coupled with
Inductively Coupled Plasma-Mass Spectrometry

LI Wei-Hua™  LIU Yu-Hai
( School of Chemistry and Chemical Engineering Jiangsu Teachers” College of Technology Changzhou 213001)

Abstract The separation of arsenic compounds including As(ll) As(V) monomethylarsonate ( MMA)  dim—
ethylarsonate ( DMA) arsenobetaine ( AsB) arsenosugar PO, arsenosugar OH arsenosugar SO, and arsen—
osugar SO, were carried out in Hamilton PRP-X100 anion-exchange column with a mobile phase of 20 mmol/L
NH,HCO,( pH 10.3) and on a Dionex lonpac CSH0 cation-exchange column with a mobile phase of 5 mmol/
L pyridinium ( pH 2. 0) for their analysis by ICP-MS. Total content of As and its different species of eight
types of fish and shellfish in microwave-assisted digestion and ultrasonic solvent extraction were examined. The
results showed that main components in all of the extracted fish and shellfish samples were arsenobetain( 42.
8% -99.4%) while arsenosugar PO, and arsenosugar OH were detected in most extracted shellfish samples
(32.5% -57.1% 1.4% -3.3%) DMA was detected in a few extracted samples(5.7% -25.0%) . In
contrast no inorganic arsenic in fish and shellfish samples occurred at levels below 2. 0% .

Keywords High preferment liquid chromatography-mass spectrometry; Arsenic speciation; Fish and shellfish
( Received 30 March 2011; accepted 18 June 2011)



