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Abstract: [ Objective ] A method for the simultaneous
determination of arsenate [ As (Il )], Arsenate [ As ( V)T,
monomethylarsenate (MMA) , dimethylarsenate (DMA) , Arsine
betaine ( AsB ), methyl-selenocysteine ( MeSeCys )  and
selenomide in food was developed by high performance liquid
phase inductively coupled plasma mass spectrometry ( HPLC-
ICP-MS) , and a total of 10 kinds of arsenic and selenium element
forms of As and Se, including acid (SeMet), selenocysteine
(SeCys2) » selenite [Se(IV) ] and selenate [SE (V1) ]. [ Methods ]
Taking selenium rich rice as the research object, the best
extraction method was determined by comparing different
extraction methods and different kinds of enzymes. Moreover,
different chromatographic columns, mobile phase composition.
mobile phase pH, mobile phase flow, mobile phase methanol
content and column temperature were compared to determine the
best extraction and separation conditions. [ Results] The optimal
conditions were ZORBAX SB-Aq

separation using  Aglient
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chromatographic column with 20 mmol/L citric acid + 5 mmol/L
sodium hexane sulfonate + 4% methanol as the mobile phase
gradient with pH values of 4.0 and 6.0 respectively. Elution was
performed at a flow rate of 1.0 mL/min, and inductively coupled
plasma mass spectrometry (ICP-MS) was detected using HEHe
mode. The optimal extraction condition is Tris-HCl (pH 7.5)
buffer solution adding 15 mg proteinase K and 15 mg proteinase
E. This method can completely separate 10 different forms of
arsenic and selenium within 5 minutes.
50 pg/L,
element is good, and the correlation coefficient R=>0.999 5. The
detection limits of As( V), MMA. AsCIl), DMA. AsB. Se
(VI), Se(lN), SeCys2, MeSeCys and SeMet are 0.10, 0.10,
0.12, 0. 14, 0.22, 0.15, 0.15, 0.18, 0.12, 0.15 pg/L

In the range of 0 ~

the linear relationship between the forms of each

respectively. The spiked recovery rate ranged from 76.0% to
104.2% , and the relative standard deviation ranged from 1.1% to
8.5%. [Conclusion] This method is simple, fast, highly sensitive
and fully meets the requirements for accurate quantitative
analysis of arsenic and selenium speciation in selenium-rich foods.
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Table 1 Information on standard substances of arsenic and selenium forms

S i A %' bR
PR - £ 2 e 1 A o4 U T MeSeCys GBW10088  (34.8+1.0) pg/g
G A% 28 2 R A o VS T SeMet GBW10034  (39.4+1.0) pg/g
G AR e 2 TR s A T VR SeCys2 GBW10087  (44.2+1.0) pg/g
STV 76 2 AR s 10 8 T Se(IV) GBW10032  (42.920.9) pg/g
i P8 AR Ao 1 5 T Se( VD) GBW10033 (41.5+1.3) pg/g
SNV et R AR e o VR AsCID GBW08666  (1.0114+0.016) pmol/g
TR AR A 9 T As(V) GBW08667  (0.233%+0.016) pmol/g
— PP 7R A A U VR MMA GBW08668  (0.335%+0.016) pmol/g
R T A 1 VA T DMA GBW08669  (0.706%0.016) pumol/g
T ST 7 S T AsB GBW08670 (0.518+0.016) pumol/g
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Table 2 Main mass spectrum interferences of arsenic

and selenium elements
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Figure 1

Chromatograms separated using Hamiliton PRP anion exchange column and

Aglient ZORBAX SB-Aq reverse column
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Figure 2  Effects of mobile phase pH on the retention
time of 10 arsenic and selenium species
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Figure 3 Chromatograms of separations under different mobile phase pH
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Figure 4 Effects of methanol content on signal intensity

of 10 arsenic and selenium species
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Figure 5 Effects of different pretreatment methods on

the recovery rates of 10 arsenic and

selenium species
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2.5 ZeMSEEFNLEEHK R
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Figure 6 Effects of protease types on the extraction rate

of arsenic and selenium species (7 =3)
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Figure 7 Standard chromatograms of 10 arsenic and

selenium species (10 pg/L)
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Table 3 Linear equation, correlation coefficient and detection limit

A RENE/min LKHEFEE/ (g LD I Y51 75 MRRE AR/ (ug e LD
As(V) 2.383 0~50.0 y=10999.68x+1214.87  1.000 0 0.10
MMA 2.618 0~50.0 y=10852.75x+5 429.22  0.999 8 0.10
AsClD 2.921 0~50.0 y=4856.42x+5 178.33 1.000 0 0.12
DMA 3.374 0~50.0 y=10049.74x+5 257.46  0.999 8 0.14
AsB 3.642 0~50.0 y=10087.21x+5 267.94  0.999 8 0.22
Se(VD 2.232 0~50.0 y=2059.35x 1.000 0 0.15
Se(IV) 2.417 0~50.0 y=1902.04x+7.81 1.000 0 0.15
SeCysy 2.753 0~50.0 y=1796.46x+8.53 0.999 9 0.18
MeSeCys 3.256 0~50.0 y=12851.22x+9.93 0.999 9 0.12
SeMet 4.179 0~50.0 y=1927.49x+30.03 0.999 9 0.15

R4 BHEAKS OMBBEESHNRERERSBEEE'

Table 4 Spiked recovery rate and precision of 10 arsenic and selenium forms in selenium-enriched rice (n=6)

A AMRME/(pg - kgD ARG/ (pg s kg™ D) MEM/ (pg - kgD BEER/ Y PR ER/ % RSD/%

As(V) 40.2 20 19.6~21.6 76.8~87.8 82.2 5.1
100 130.0~135.0 90.4~95.0 92.0 2.0
200 217.0~227.0 88.6~93.7 92.2 2.5
MMA ND 20 16.7~19.2 83.4~96.1 89.7 5.6
100 89.1~93.8 89.1~93.8 91.7 2.2
200 182.0~200.0 90.9~99.8 95.8 3.4
AsCIID 82.0 20 101.0~103.0 92.5~104.0 89.9 4.7
100 175.0~185.0 93.1~102.8 97.7 3.7
200 272.0~286.0 95.2~102.0 99.1 2.7
DMA ND 20 14.0~16.2 70.0~81.0 76.4 5.1
100 84.6~96.5 84.6~96.5 89.2 4.9
200 183.0~192.0 91.4~96.0 93.3 1.7
AsB ND 20 16.8~19.5 83.9~97.4 90.8 6.1
100 81.1~88.7 81.1~88.7 85.5 3.1
200 183.0~202.0 91.4~100.8 94.6 3.8
Se( VD) ND 20 18.2~20.6 91.0~102.8 97.7 4.4
100 94.1~102.0 94.1~102.3 98.1 2.9
200 198.0~207.0 99.0~103.3 100.6 2.3
Se(IV) ND 20 18.4~21.7 92.2~108.6 100.1 6.8
100 95.8~106.0 95.8~105.9 101.3 3.9
200 203.0~216.0 101.4~107.8 104.2 2.8
SeCys2 ND 20 15.5~19.8 77.3~99.1 86.9 8.5
100 88.6~100.0 88.6~100.0 94.8 4.6
200 184.0~198.0 92.1~99.0 95.6 2.5
MeSeCys ND 20 14.4~16.5 71.8~82.7 76.0 5.4
100 89.6~97.1 89.6~97.1 94.2 2.8
200 185.0~203.0 92.7~101.6 96.6 3.3
SeMet 185 20 202.0~203.0 83.2~91.6 88.2 3.8
100 284.0~289.0 98.5~104.3 101.2 2.0
200 389.0~395.0 101.8~104.8 103.2 1.1

T NDFRRME TR LR,
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4 0] Wi 2R A B, 9 89.9 % ~99.1 % , ELAH X R v i 22 25 /1
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Table 5 Test results of actual selenium-rich samples

FE As(V) MMA AsCI DMA AsB Se( VD Se(IV) SeCysz MeSeCys SeMet
DM-1 22.1 ND 46.2 ND ND ND ND ND ND 196
DM-2 ND ND 61.1 ND ND ND ND ND ND 148
DM-3 26.2 ND 73.0 ND ND ND ND ND ND 112
DM-4 23.9 ND 69.4 ND ND ND ND ND ND 185
DM-5 52.2 ND 34.5 ND ND ND ND ND ND 107
DM-6 24.8 ND 36.0 ND ND ND ND ND ND 107
DM-7 55.4 ND 35.9 ND ND ND ND ND ND 126
DM-8 ND ND 88.6 ND ND ND ND ND ND 109
DM-9 ND ND 56.1 ND ND ND ND ND ND 775
DM-10 22.6 ND 45.7 ND ND ND ND ND ND 662
DM-11 34.9 ND 65.2 ND ND ND ND ND ND 129
DM-12 ND ND 84.2 ND ND ND ND ND ND 187
JD-1 ND ND ND ND ND ND ND 38.2 ND 72.0
JD-2 ND ND ND ND ND ND ND 23.5 ND 143
JD-3 ND ND ND ND ND ND ND 29.6 ND 212
JD-4 ND ND ND ND ND ND ND 30.1 ND 94.6
ZR-1 ND ND ND ND ND ND ND 22.5 ND 302
ZR-2 ND ND ND ND ND ND ND 36.6 ND 465
ZR-3 ND ND ND ND ND ND ND 14.4 ND 182
ZR-4 ND ND ND ND ND ND ND 28.0 ND 248
CY-1 24.5 ND 5.12 ND ND ND ND ND ND 66.5
CY-2 24.6 ND 8.52 ND ND ND ND ND ND 57.6
CY-3 18.2 ND 4.26 ND ND ND ND ND ND 64.2
CY-4 20.7 ND 12.2 ND ND ND ND ND ND 31.2
JM-1 ND ND ND ND ND ND 640 3091 ND 4 262
JM-2 ND ND ND ND ND ND 1241 3 852 ND 1958
KQS-1 1.82 ND ND ND ND 8.62 ND ND ND ND
KQS-2 3.59 ND ND ND ND 18.7 ND ND ND ND

T ND FR MK T # R 5 6 Kk (DMD | & A8 I (ZR) L85 X8 28 (JD) L& 525 i (CY) | i 606 % 1 (VD A6 I 25 3R 301 pg/ ke, &

A SR 7K (KQS) A6 1 45 S 845 Ry g/ L
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