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Abstract: A method for the determination of phosphorus, arsenic, and selenium contents in foods by inductively coupled plasma-tandem
mass spectrometry (ICP-MS/MS) was established. The common mass spectral interference and ionization efficiency during measurements of
phosphorus, arsenic, and selenium were analyzed, and the standard mode (no gas), helium mode, hydrogen mode, oxygen mode, and double
quadrupole detection mode were compared. The most accurate results for phosphorus and selenium detection were obtained by using the oxygen
mode and dual mass spectrometry, and the helium mode could be used for the accurate detection of arsenic. According to the optimized detection
conditions, the isotopes of M entered the collision cell after Q1, and reacted with oxygen to form the oxide MO, which entered into Q2. Mass
transfer of the tandem mass spectrum could almost eliminate all interference. The results showed that good linear calibration curves were
obtained in the range of 2.0~500 pg/L for phosphorus and 0.5~200 pg/L for arsenic and selenium, and the correlation coefficients were over
0.9995. The recoveries were in the range of 94.0~101.5%, and the relative standard deviations (RSDs%) were not more than 2.1%. Finally,
national standard substance milk powder sample (GBW10017) and Spirulina (GBW10025) were analyzed using this method, and the results
were all within the standard value range. Therefore, the method can meet the requirements for the accurate detection of phosphorus, arsenic, and
selenium in food.
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Table 1 Operating parameters of ICP-MS/MS

BRIAEX, No Gas H, He 0,
MEAHEX SQ SQ SQ MS/MS
RF 2% 1550 W
BA 1.06 L/min
WA, 0.8 L/min
RAEE 8.0 mm
B AL A RE 3.2 mL/min 4.5 mL/min 0.35 mL/min
NBAT % 80V -180V -18.0V 80V
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Table 2 Possible interferences for target ions
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Table 3 lonization of target elements

_ F—wBHR HowBR FETARFNETL
R eV eV 2E%

P 10.487 19.77 75

As 9.815 18.63 20

Se 9.752 21.19 20
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Fig.1 Schematic diagram of mass transfer and interference elimination in O, mode
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545 5 9% Cps (x 10000)

modes

AR PR ER S (No Gas). He #x. Hy #5x.
O, BEXUY ZEAT 45 & Ml BEABEAT 1S EE, 20 T
AFERFHE. B 2 AAFREE P As Al Se 1)
HRESHE, TOEL, ERMERAT, =fMokr
T RAE SRR, RR& St P NI Se, sREHGEEE
i 50000 cps, MELASEEUMCE R E A Hy A
2N, Al SN AT A R 2B AP CT CArYAr

FomEIAME S 2R He 7R MRS, Bf LA
BRI EMY). A, EEZR TS T
IIRETE R KRR, P. As Al Se 7F He Bl F I 515
SHRAR, Rl As, BRI S — He A =Fh
TR MRETSRIA RS, AHEXT R JFE B SR S AT
IR Z R AR G SRR T, ek R 78
O, BN, SR /e, it Q1 45 °'P. PAs.
Se Z HMUHADR BR AT LR, X SRR
FHENRMHS O, M, 54K PO, PAs'°O
A 8e'°0, FRI FARE T RRER D BN M4T,

MO1 FTM96 #EN Q2, I FEIRE:, HEARMZSH
JREHUAREA M4T. M91 A1 M96, a8 M
H HoAh o R B AR RS, WIRIERR & TR
GAEMZIRTE P FMR TR, sEox A
HERCR IR HEN . H2&, As WRES WAL, &
TEAEIE B A AR B 1A As,O5 ITTRE,  MITTH2K M91
MfEs, FEERESRE. ZLR, A7 SR
FFEFE T Py As F Se HIREHERN, FAAb IR
W7 S8R O BT REN E P Se, 1EHF He 5
R FENE As.

SR ET A, 13 P As A VSe TS S \
_ v 24 Bk E oK
KGR, (B >'P SRR R AR, 'P HTs 5t R E A i R
4 FRRE. SRR HR

Table 4 Linear equations, coefficients and LOQs of P, As, and Se

AE REHK KA AR R Ak PR /(ng/L)
P 31547 Y=2010.3x+2372.4 0.9999 0.094
As 75 Y=1575.8x+84.3 1.0000 0.029
Se 80—96 Y=3209.7x+65.3 1.0000 0.013
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Table 5 Recoveries of P, As, and Se in actual sample (n=6)

AE AJRAL (mg/kg) AR E/(mg/ke) Py AL/ (mg/kg) FHEE /% RSD/%
0.032 0.1 0.129 96.7 14
P 0.032 0.2 0.229 98.5 1.3
0.032 0.5 0.527 99.0 0.8
0.008 0.1 0.105 96.7 2.1
As 0.008 0.2 0.207 99.4 12
0.008 0.5 0.504 99.2 0.8
0.011 0.1 0.108 97.3 1.7
Se 0.011 0.2 0.209 98.8 0.7
0.011 0.5 0.508 99.5 0.8
7 6 FREMIRENEER
Table 6 Results of P, As, and Se measurements in CRM
B GBW 10017 455 GBW 10025 #%% 3%
R MEAL AR THTE A RE% MEAL  AREE SHEE AHRE%
P/% 0.75 0.76 0.03 13 1.19 1.17 0.09 1.7
As/(mg/kg)  0.032 0.031 0.007 3.2 0.21 0.22 0.03 45
Se/(mg/kg) 0.11 0.11 0.03 2.7 0.25 0.24 0.08 42
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