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Determination of five arsenic species in the soaking solution of healthy food teabag by high
performance liquid chromatography-inductively coupled plasma mass spectrometry
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(1. School of Public Health, Capital Medical University, Beijing 100069, China;
2. Beijing Key Laboratory of Diagnostic and Traceability Technologies for Food Poisoning,
Beijing Center for Disease Prevention and Control, Beijing 100013, China; 3. Beijing Center for
Preventive Medicine Research, Beijing 100013, China)

Abstract; Objective To establish a method for the determination of 5 arsenic species including arsenite [ As (1) ],
arsenate [ As (V) ], monmethyl arsenic (MMA ), dimethyl arsenic (DMA) and arsenobetaine ( AsB) in the soaking
solution of healthy food teabag by high performance liquid chromatography-inductively coupled plasma mass spectrometry
method ( HPLC-ICP/MS). Methods The samples were extracted by hot extraction. Five arsenic species were separated
in 10 min by Dionex IonPac AS19 (4 mm X 250 mm, 10 pm) anion exchange column with 30 mmol/L ammonium
carbonate (pH =9.5) as the mobile phase for isometric elution. Results The linear ranges for 5 arsenic species were
between 0.2-300 wg/L with the linear coefficients more than 0. 999, and the detection limits were between 0. 04-0. 08 pg/L.
The repeatability of the method was examined by precision. The relative standard deviation (RSD) for the 5 arsenic species
were less than 5% and the recoveries were between 80.3% -121. 1% . Conclusion The method was suitable for the
analysis and determination of arsenic species in the soaking solution of healthy food teabag. The experiment proved that the
main arsenic species in healthy food teabag were As (Il ) and As ( V). Attention should be paid to the risk of inorganic
arsenic.

Key words: High performance liquid chromatography-inductively coupled plasma mass spectrometry; arsenic species;
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2.3 Jr R HAAS R Rl 7 TR A H PR
TERAER I T, HE 17 2% M8 BB 22 22, 43 3l Table 1  Linear range and detection limit of the method
g 0.2.0.5.1.0.5.0,10.,50,100 #1 300 we/L 1Y — O SEEE MEE R 7'7%(2;;
S FR S 25 M U, 4 T B O R 8 R 2 I A B

>0.999 . 5 I FIHE M IR SR B, AR i 2850 AsB y=5569.2x +859.6 0.2~300 1.0000 0.04 0.004 4
WEFE0.5 ~100 we/L, RAZBHMBELL , 70 5 E A DMA  y=5552.8x 42367 0.2~300 0.9998 0.04 0.004 4
[Fle TR 5 Faf e S =M L (S/N) ¥ S/N =3 [t As(III) y=5280.8x+1951 0.3 ~300 0.9998 0.07 0.007 8
F0 5 S T B A R K e B, LABCRE R 0.3 g, E A AR MMA  y=5873.9x+2090 0.2~300 0.9998 0.06 0.006 7

10 ml, L S/N =10 B 7k e BB, 45 W 1, As(V) y=5828.8x+1722 0.3~300 1.0000 0.08 0.0089
2.4 JiREANE DMA il MMA & 5 82108, 7 2% %A [l o 12 K F-

RAIRG 3 B BT R A e 4 3 PPN BB S RO i A M, e AR AN B A P oA — Uk
FREGARULTR RO RE A 8 7 AFATRE DGR R A TR A b o 5, 4 BUARE SDURE & s RSD {1
AR T RAR AR AE N 22 (RSD) (A s T 58 U0 e IR B b R[] e B2 /K SF (9 B A5 9 RSD i
PREEdh S Bh e 25 & B 22 S AR, HAR 20 B AL P <5% HR WA 2 M3,

K2 OEPRAEMREEEMES R (n=7)

Table 2 Relative standard deviation in real samples

{EE I 2% A4S 1 AR 2
P& e/ (pe/L) 'f/” W/ (/L) fs/D W/ (/L) fq/ﬂ
AsB 0.47,0.44,0.46,0.46.,0.45,0.43,0.43 3.3 0.42,0.44,0.41,0.45,0.45.,0.43 0. 46 4.1 0.25,0.24,0.25,0.24.,0.24.,0.27.0.26 4.5
DMA  0.26,0.28,0.29,0.29,0.26,0.27,0.30 4.8 0.35,0.32,0.21,0.31,0.33,0.33,0.34 4.9 ND —
As(IT) 1.42,1.40,1.40,1.49,1.46,1.47,1.41 2.5 3.49,3.51,3.47,3.28,3.48,3.37,3.48 4.4 5.45,5.51,5.73,5.63,5.39,5.42,5.54 2.3
MMA  1.30,1.28,1.30,1.34,1.19,1.28,1.23 3.8 0.22,0.22,0.23,0.21,0.21,0.22,0.23 4.4 ND —

As(V) 8.12,8.56,8.34,8.28,8.05,8.02,8.19 2.3 10.29,10.10,9.86,9.81,10.05,9.91,10.56 2.7 13.48,15.05,14.22,15.62,14.09,14.78 ,14.86 3.5
H:ND gk th s —3R R LIk RSD

#£3 BAERREEMELSE R (n=7)

Table 3  Relative standard deviation in simulated samples

HEPLRE & 1 HEPLRE §h 2 HEPLRE S 3

[N RSD RSD RSD

WRE/ (we/L WRE/ (we/L /(pe/L

W/ (pe/L) /% W/ (pe/L) % WeRE/ (pe/L) %
AsB 5.20,5.34,5.34,5.28,5.25,5.26,5.38 1.2 10.60,10.68,10.67,11.09,10.91,11.06,11.32 2.4 33.12,34.05,34.06,34.16,33.69,33.87,34. 11 1.1
DMA  5.5,5.66,5.53,5.22,5.24,5.40,5.48 3.0 10.49,10.88,11.18,11.35,11.43,11.53,11.26 3.2 34.06,34.96,34.61,34.31,33.66,34.29,34.91 1.4
As(III) 11.83,11.66,11.26,10.71,10.98,11.20,11.52 3.5 15.88,16.26,16.87,17.35,18.17,17.32,16.60 4.5 37.76,38.43,37.73,37.15,36.73,37.77,38.58 1.7
MMA  5.16,5.46,5.51,5.33,5.46,5.24,5.37 2.4 10.46,10.62,11.25,11.16,11.29,11.46,11.37 3.5 32.69,34.27,33.43,33.48,32.94,33.39,33.78 1.5
As(V) 15.55,15.37,15.64,14.77,15.58,15.77,15.84 2.3 21.86,21.50,22.50,22.40,22.68,22.40,22.29 1.9 45.29 45.48 45.54 44.90,45.38,45.97 ,46.08 0.9
2.5 JrikuERTE W, S R IE S B &, T AR R

R 2 227 W i UE A M, 2B I 2 OAS [ B 5 A SERFEW, I Ar B R ¥ A 80.3% ~121.1% Z
ULZE, 3 BN A 3 A A [R] e JEE K P B3R B b e ], W3 4.

A4 AR AL A< S 5 2R

Table 4  Analytical results of spiking recovery test results

B i 24 e A Fh 2 AJEAE/ (ng/L) Jndrat/ (peg/L) W5/ (pg/L) ER &L
AsB 0.30 5.0,10.0,30.0 5.20 ~5.56,10.60 ~11.41,33. 12 ~35. 62 97.9 ~117.7

DMA 0.38 5.0,10.0,30.0 5.22 ~5.70,10.49 ~11. 53,33. 66 ~ 36. 33 96.9 ~119. 8

RS As(1II) 6. 69 5.0,10.0,30.0 10.71 ~11. 83,15. 88 ~ 18.17,36. 73 ~40. 62 80.3 ~114.7
MMA 0.30 5.0,10.0,30.0 5.16 ~5.67,10.46 ~11. 53 ,32. 69 ~35.76 97.2 ~118.2

As(V) 10. 70 5.0,10.0,30.0 14.77 ~15.84,21. 50 ~22. 69 ,44. 90 ~47. 03 81.4 ~121.1

AsB ND 5.0,20.0,50. 0 4.59 ~4.90,19. 48 ~20. 39,48. 56 ~ 50. 21 91.7 ~102.0

DMA ND 5.0,20.0,50. 0 4.71 ~5.07,19. 18 ~20. 04 ,47. 71 ~49. 82 94.3 ~101.4

WA 2 As(1ID) 2.21 5.0,20.0,50. 0 71 ~7.31,21. 18 ~21.62,49. 24 ~50. 15 90.0 ~102. 1
MMA ND 5.0,20.0,50. 0 4.77 ~5.28,20. 07 ~20. 62,50. 58 ~51. 44 95.4 ~105.7

As(V) 7.78 5.0,20.0,50. 0 12.16 ~12.44,27. 34 ~28.95,57. 81 ~59. 80 87.5~105.8

E :ND Jy R th
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2.6 FESIE
RS ST R A& F A, SR B GB 5009, 11—

AP S 0 5 A, AR 18 03 B A P G B AR A
TCALER, Hrh Ay 4y A i SRR R T 0 R

2014 v ICP-MS 3% #1 7 & () HPLC-ICP/MS ] & R KW R R B, R IWES M
18 {3 AN [F) A 25 1) i B AR £t B o 28 4 0 2 rh L i Bl S5,
TS5 AR E L
Table 5 Analytical results of sample soaking
B 25 AsB DMA As(111) MMA As(V) TeHLER® A A e [ESIES
T J(mg/kg)  /(mg/kg)  /(mg/kg)  /(mg/kg)  /(mg/kg)  /(mg/ke) /(mg/kg) /(mg/kg) /%
1 ND ND 0.015 0.013 0. 057 0.072 0. 085 0. 124 68.5
2 ND ND 0.093 ND 0.133 0. 226 0.226 0.371 60.9
3 ND 0. 009 0. 035 ND 0. 080 0.115 0.124 0.209 59.3
4 0.019 0.010 0.051 ND 0.257 0. 308 0. 337 0.334 100. 9
5 ND ND 0.201 ND 0.521 0.722 0.722 0.973 74.2
6 0.010 0.010 0.074 ND 0.074 0. 148 0. 168 0. 305 55.1
7 ND 0. 009 0.073 ND 0. 085 0. 158 0. 167 0.333 50.2
8 ND 0.010 0.077 ND 0. 080 0. 156 0. 166 0. 235 70. 6
9 ND ND 0.208 ND 0.399 0. 607 0. 607 1.112 54.6
10 ND ND 0. 043 ND 0.088 0. 131 0. 131 0.208 63.0
11 0.016 0.015 0.033 ND 0. 155 0. 188 0.218 0.251 86.9
12 0. 021 0.015 0. 245 ND 0.452 0. 697 0.733 1. 156 63.4
13 0.011 0.015 0. 020 ND 0.072 0.092 0.117 0. 180 65.0
14 ND ND 0. 060 ND 0. 060 0. 120 0. 120 0.199 60.3
15 ND 0. 009 0. 031 ND 0.082 0.113 0.122 0. 138 88.4
16 ND ND 0. 031 ND 0. 127 0. 157 0. 157 0.223 70. 4
17 0. 008 0.019 0. 059 ND 0. 082 0. 141 0. 168 0.242 69. 4
18 0.010 0.013 0.223 0.010 0. 357 0. 580 0.613 1.515 40.5
TEND A ARK " FoR As(D) 5 As( V) Z A" R 5 MBS & B2 M50 2R AT ICP-MS 30005 B9 B 45 58 ¢ R il (b/¢) x 100% 4
Jr s
08 TSmO, 25002 oK
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Figure 5  Analytical results of sample analysis K6,
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Figure 6 Chromatogram of 5 arsenic species in No. 12 (left) and No. 17 (right) sample
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