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Determination of trace arsenic in food by inductively coupled plasma mass
spectrometry using triethylamine as a signal enhancer
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ABSTRACT: Objective To achieve accurate determination of trace arsenic in food samples by inductively coupled
plasma mass spectrometry (ICP-MS) with triethylamine (TEA) as a matrix modifier. Methods The samples were
digested by microwave digestion procedure, and the trace arsenic was determined by ICP-MS with 8% TEA as a
matrix modifier, the mass spectral interference was corrected with collision cell technology, and the signal drift in the
determination was compensated with germanium as internal standard. Results The signal intensity of arsenic was
enhanced by adding 8% TEA and the enhancement factor was about 14.1. The precision and accuracy of the method
were significantly enhanced and the limit of detection was 0.42 pg/kg. The validity of the method with modifier was
examined by analyzing 3 kinds of biological reference materials (wheat GBW10011, hunan rice GBW10045, celery
GBW10048), and the measured values were in good agreement with the certified values, and the relative standard
deviations (RSDs) were 2.5%-5.9% (n=6). Conclusion This proposed method has low detection limit, high
accuracy and precision, which is suitable for the precise determination of trace level arsenic in food samples.
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EEENREEGRAEEMHEEN— 1 HE M. GB
2762—2017 { & i L BRI E &5 YR ) B
ETEMPESENRKBREENLTEILE pgkee R
A SR HORS YE (R R0 5322 A B S B b v T 4 R VR I 2,
DT AR B A R« KRAZ T T SRE 7 4o 1R R A
TP PSR 4 LA (i AR A5 0 o I S 56 Bl 1 s,
JEHE A 25 B TR T 3% % (inductively  coupled plasma mass
spectrometry, ICP-MS)H AT R R . ARG, T
Al ZICR BT 4, e 4 1R R AR R e R
oA TR TR (A X F A BB RO R,
e G, AR, HA AR, A ENEZRT
BT, SECGIEE 2R . FRT, BEE/Sh A RO
M F AR ST ICP-MS T4 B2 5 F B 1T 4 fl FH A AR T,
SR, FEREFERE T, JCRMNAE S RRREAE, S350k
V14 8 B 5 RO 2 I 1K

1991 4F, ALLAIN 2519 U & BUA AL A A e B
ABTE 9~11 eV ZIMMICE (G5 MEIG R . FiJ5,
Kotk 2 (WHFR B BRI P ImA D8 S i Ik, 456
BRI LA SR R B Ak, 78— R bl S s e
BOCRMHB B, WEEIH ArCl . ArAr R E T T
/I = 1 i1 O 1 NS X2 5 1 e Y T VR EREaL G0k
LR E EP . OLIVAS 252H CAMARA 2130k
TR 5 M HOE Z U of T BB, R &, (HR
ALLAIN %R LARSEN 555145 th e R iy am R 7 555
B AR R m R TR R RE A O, S REFOE,
N RIE 24 9 DR e B RN B AR, #RBE G ™
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SRR T S AR B4R R A O, B HL R L A
Vi 5 {55 W A M R A5 8 T ARS8 . 543k
XA MR 5] AR BRI TT R A5 5 AR 25 e an it
AR—5, X FRWA LT Ry 3 1A Bk 370 A4 7 P T8 o A
A AR LS, A R 2 0 I R AR TEAIR A
M I8 TAERIR T

GB 5009.11—2014 (& ERAnE & S
K TOHLTH 2 ) 55— ICP-MS, 7E 1 g AR ERE
25 mL W, JriknE =Ry 0.010 mg/kg, Faill4h
B4 A X5 B Y 22 (relative  standard deviation, RSD)A KT
20%. Xt i A S o PR SE  £ SRRE A, T 2 A
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BEAUCHEMIN Z£17IR8 3538 7 4F ICP-MS M Em, 51A
—ERA AT LLTEAR CACCU T, B A i {5 S 1 ;

LARSEN %U'SIR1 CAO 2" VR B HLAR A JEHL AU i A
AR TR (55 A TR . IR, ASHFREAE 2% R
BRI —E MR EL . THIREL . 20K, IRE . LIR% .
— L (triethylamine, TEA), —ZBEM . = 2. N,N-
e RN M < S 3 Wil RN PO R v S =R 6]
B AR RN, 5 A A TR A 2 Bk B X A A 5
FIFZI, BETRPE S R ALE] . LU R G3E iy SE A
HEFR, SRR E ) ICP-MS 32 il HE O B FIURE 2 BE,
Sh B it R R 0 AR D E SR RO SR, AL AR
PR R A A SR TR S AR

1 MR5ERZE

1.1 w5

As. Ge bREYIFRIER (1000 ng/mL, FFRA G428 K
BT R BT L), TSR G K 2l, TRN S B Ak
WABRATD; A LR G4, dEEe 1) YRS
Sy M AR HEY BT GBWI10011 GSB-2 /N . GBW10045
GSB-23 WiFi Ak . GBW10048 GSB-26 FE3ghr M) it (7 [
HhRLF e R P AL A E DB ST D), FRE L = 2 (i
afi, MEEEREA ) B . HIREL . 2K, IRE. 2R
Bt TR MR . NON-TUH R e (g,
iR L2 E R A TR A D
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Nexlon 300X Hi &% HE & &5 2§ F 1K o0 1% 1) (26
PerkinElmer 2\ ]); ETHOS ONE f#ci 14 fi# {3 (K F) Milestone
23 ]); Milli-Q #B 4K A 2 4t (3 E Millipore 22 F).
1.3 LWHE
1.3.1 Hfena

A3 BIFREL 0.5 g(R5# 2 0.0005 g)/INE . Wik, I
SEPRIEY) RS I MSE T, A S mL fiSFR, 0.4 mL X4
K, BUE 30 min, HEELEM, BAMBHEECR, R 1
PP TN . TR E UG R 22 | mL, LR
£ 25 mL Faiirh, BaiK sk E R 220, WA,
]SS 15550

FEU 2.50 mL b AR fff 250 R Il et i) 2 1%
W, SRR AR, MREA 2 5 mL hEE,
BOI AR 2% A8 R | 2%HE R +8% = LI LA I 2%AHIR+5%
F R RR VAT B 2 IR B IR AR, L
A 2.0 pg/L M INFRE IR, TRATIA ICP-MS k. i
A ML SO RMRRIZ AT R, e fli R K e, A5
132 BN E4H

SRV, AR RE . AR
B, AT EG S A5 TR has Bl B R A5 . LA 280
2 FiR.
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Table 1 Working parameters of microwave digestion

BIPALR EEEE,C FHRER/min {ERER]/min
1 120 10 5
2 150 5 5
3 180 5 10
4 200 5 20
5 80 10 /

F2 ICP-MSHTIES&H
Table 2 Working parameters of ICP-MS

Lz N g
%ﬁ( B %%ﬁ as
[N L1
RF W%/ W 1500 He ¥ & /(mL/min) 4.4
YA R A 32 L
RH A 15 HERESE FE/(r/min) 2
/(L/min)
J= 925 L
Ly L 1.2 FAL i /(L/min) 1.0
/(L/min)

1.3.3  ARAZRR A B h

T2 R IBEPR IR, RA 8%~ HE+2% HNO; &
T H B H BRIk Y 0.5, 1.0, 5.0, 10.0, 20.0.
30.0. 50.0. 70.0. 100.0 pg/L IMFRUEER 25, 7EUi4k
SIS, SRES A RARERB RS, W LR H
PR PR R MTE I, el et 4R

RYELITTE, AL 2%HTEIR . 5% B BE-+2%f ik
RN MR 0.5, 1.0, 3.0, 5.0 pg/L ARAEE
25, FVETAERLZR.

S0 R T A T VS T TR B BR AR R AR I, B
U EL.

2 HREHR

2.1 EORRET AR R

TE 2% BRI A e AR AR, 235 % ot 2345
Yo 1% BRER B KW PRI . E AR
PREKIEW . CRRBEOKTEW . = CHKIEW . — LB K

TR, SN KR . NN- . F G R I K A 1 25 1
{55 dEAT M0 A A b 3 W 43 o) B o) A T o v R
2.0 pg/L MBRUERR, W& &R AERS I DA B e A5 5 o
[ EEAR A R ST R M — (55 TR B (6 2% R BRI TR ) Je =5
FEREINR 3 Fin. EMFEMIERSAGT, R .
TR e . Z/KEF TR A s T 2R N {5 5 JLF-
WA, WIRE . LB, =M. 2/, =28
Jhe . N, N- PR P e S A L 3R] O 3 8 e g o 7 £
SHEANFREE R, = 2 ep R ok, AR
St 2 R RS B, (HXHE R LR AN . £R
A BRGSO L R s (R B, IR i Ak
= IR R ARG
2.2 ERSUHFIRERIEE

ST N FH R IZ 1) ICP-MS LAtk 3] (20211
K AR KRR A BT, 7T DLk S ILER 5 A &
HE R F AL R n A8 b, B, B RS
B2 W R ICP-MS JERBER . Ao FH T
UK E =g, FE BRI 0 A2 B ve B X o 7 A
Pl

B 124 2.0 ug/L A9 I3 —Fb A5 558 B O 2% M IRV W)
RS AL I B L . TR 1 s, MURER T S%0,
B . = OB f5 S0k B 4 — 8 B U A, 1o
RN Y B W B I BG R T B AL G R, I, = & X il 1)
SRR T 9.1, T FF BT AP g 3R PR TR B T 11.3, 43E
WH = T 5%)E, W B T R e 5SS 2 2midl, B
Wl F BV B 4R S, TRIVE B, A, =Rk
X A5 5 B Ak N U R S 1 8, 2k B 1 K3 6%K, =
X T 348 5 550 R P ) e P S RO, VR
10%0F, = Z Mo i ik Bl ik, SRR 14.6, 1M
FERTBE /K BV BEE R PN, WA LR 3] B S 1 348 5 0 ol
MG DL SRR aE RIESE, R a5 5 i3 fealc i ] =
TR T HE A S R0 SR, AR B REE MR,
FLiE A GE B ORI B B B, B RN R, H AR,
T T R 4557 7 R B S B PN Rl — LR A K

#3 AEEFKFNTED—LES T 2%HERER)F= B32E (n=6)

Table 3 Analyte signals normalized to value (in 2% HNO; solution) and background intensities in different matrices (n=6)

Ewill H—fbf55 25 58 eps A H—1uf55 25 58 /eps
TR B 1.00£0.03 7.9+1.7 a4 2.71£0.04 43+0.7
il PR it 1.02+0.03 4.1+1.1 TR 1.61+0.06 10.0£1.5

K 1.060.06 3.6£1.1 =R 1.62+0.04 8.2+1.5

PRE 1.300.02 5.2+1.6 N,N- 5 Y e 1.58+0.03 18.742.1
LR 1.79+0.02 6.1£1.8 Ti§ 1R 1.00+0.03 1.4+0.5
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Fig.l1 Effects of matrix concentration on the signal intensity
normalized to value (in 2% HNOj solution) of As (2.0 pg/L) (n=6)

1 ICP-MS 1, AW HIIE R A Al S i, (EA L
WG IA, R 4 8 A L) (metal oxide, MO)5jHk
FONE, AR M CO, #EME TR M e 550 in,
IR SR —E R B . (HA YA
= E U SRS BTN S o Y S| N T (i ek f b D)
TER, T o 2 i BB R 2 P BURAE A . LI
TIEG LIRS I A PERE . [ 2 BRI =4
W, Ce ALY HBlZ AL R AR TEOL . 45
IR, 7E 0~12%H VTR, )™ R I EIIHE %
AR B T O T ELREE = LR E R R, R
W7 32 AR 32 25 A O RS2 B L /N . SR &
R AT DU S 03 o M i) R, X it — el T 2
BB AT LA AT 55 A 5 BRI o o 250 25 SR i ] 1 R =S
FUESIE, S RAEFRBIECS 8% = L IkfE N
SERBGHER, ZREETR, AT R R Rk F) 14,1,

12r

—n—(
—— 1%
—A— 4% .
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2 RRIVREE = AR T A7 3 (0 CeO" /' Ce R % 1L
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Fig.2 Effects of nebulizer gas flow rates on oxide ratio signals
("**Ce0"/"*°Ce") in TEA solutions with different concentrations
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7E ICP-MS 1, ZM My {5 = 5 KL o S T 25 1L <

BRI, TERAEFRTE T, Ve S S8R KME, B
[ ST N 3/ Tt 1 s o G/ VI (== 1] S AN B I ¢
2% . 5%HTE . 8% =ik 3 Rk, #1(2.0 ng/L)HIME
S R S AL AR T AR AL AT I . 7 A = Z MR,
T A 2 A S 38 ) (I T ) R B o 3= PR
P2 PSR VA 300 e A PR TR ZE VR S BRI A R i R
VBRI ZR I SLTHRE S B IR BE AL, DA PRAR A5 2 IR i
JE o 55 AL A U T PTG T LA e %o 45 o A e ol 3 VS AR
FH, D] AT A4 M B T4 HLI R i AR R A g o
gi b, B RS RN 1.02 L/min,

8000 1

—m—2%FHR
ok SRR 294 TR
6000 | A= 8%=Z 2% AR
a
™ A
2 4000 | Ar N
juss) A * \4
E 3 * A
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fin r K A
PABNRLLE
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TEE AL DL (n=6)
Fig.3 Effects of the nebulizer gas flow rates on As (2.0 pg/L) signal
intensities in various matrixes (N=6)
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ICP-MS AR S T £, FEA RS IE .
ZRTF . WA EFE T AILRANEIASHE C,.
ArC. AN ZF4, i UH PAs —ANFENEE, WETIA
YArCL, PCo'°0. *°Fe'’F, & hFEMh ik se A,
KRR AR, B AR S, TR R
BT TR o T HA BT P ik AR A W] DS S5 G U,
HIEAEPN Ar. Cl. O FARZFEFEF, Wb PAr cl
ST AR

FESTE DML RE A, o T3 T 3 A A v T
TR HEBE TP, LR NAR T R I TRE . ARYE N
PRICRIEBURN], KA NRTE.
25 ZMBFRERFERER

FEAER BB TAESA4 T, 7£0.0~100.0 pg/L FFE FE A
W Lk, K& LER TR R
Y=2227.8X+860.4, LKPEAICRETH 0.9993 LM & 25 A
i L1 IR, DRI RAE R 3 f5F0 10 FEAniEdm 22 5k L T
FEMZeRIE, BLL0.5 g RLEZR E 50 mL, T mk:
HRAERR . rER RN 042 ugke, TrEEERRN
1.40 pg/kg, [7] GB 5009.11—2014 Fffif] ICP-MS AR 1L, 745
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SR B IE AR 7 2 1 A A B RIS 8 B, 2R R AS O 4
3 R EMIFRMEY R GBW10011 /N4 . GBW10045 #iEg K
K. GBW10048 73 rh i () & it . SCI it # v, #F Sy
TR DL B R A A5 BRER AT T BB SR AN AT HE 0 R G IR 2,
i) 7 7 B MERR PEARY o S T RIORE S B R I, S0 5 B[] —
DyRER AL E AW 3 B 2.50 mL WA B E T
S mL H@E T, SRS WA R B2 25, 5
TR R 2% SRR . 2%HHIR+8% M = L LA B 2%fiH IR

+5% H I A RE BRI W, I ZE SR LR 4. ZE SR AT LIE 1,
8% = LRSS 5% EESLIR T, 3 FhA: Wb
114 3000 5 25 SR 49 7 s o 400 S5 P UE A5 DA E (B L P, ARG T
45 RSD 43310 2.5%~5.9%. 3.6%~8.0%, Iiifs4tm)
ICP-MS ¥, Ril45 Ry RSD N 5.8%~14.7%, HAKMik
KU AR 7658 ICP-MS 122135 5 i b (B A 117 5 2 i
it 000 5 5 SR A g 1) ) R, 3% A R RS S A
BERIE R . AT T 5% BEEIR, 8% = 2 i i 5 143
S PR P S A, DRI v TR R R v R A R, A
I I A 178 o A A

®4 EMRPMHEUELSR(N=6)

Table 4 Determination results of As in certified reference materials (n=6)

S GBW10011 GBW10045 GBW10048
RIITE (GSB-2 /N32) (GSB-23 i K K) (GSB-26 JT3£)
FRAETT I il A 2 (B (mg/kg) 0.03120.005 0.11+0.02 0.39+0.08
il /(mg/kg) 0.039 0.124 0.395
2% HNO;-ICP-MS #:

RSD/% 14.7 8.1 5.8

2% +8% = 7. JiE-ICP-MS B i/ (mg/kg) 0.032 0.111 0.387

% RSD/% 5.9 3.7 25

il & it /(mg/kg) 0.033 0.117 0.391

2%TH R +5% F FE-1ICP-MS 1%
RSD/% 8.0 4.6 3.6

FHH GBW10048 Jr3ebn HEMI M DI AR 525, FEAE i
AR IMARE il BT R VR L 19 80% . 100% A J2 120%, %
WEATT LT AN . B SEIRAR 6 A-PAT, THE IR,
J7 B R TE 91.7%~103.0%, RSD 7E 2.6%~4.1%, &
TIRAEER

3 & 1

AR 8% = LM fE N BARSGHE R, HocR ik
TR IE, RIETEE T B AR VS B s T4, S T e T e
-ICP-MS s E £ PR i, SRR s R = 2%
AT IR R B 5 A T 28 A (U Hh e R 5, (RS 51
BRSSP B AR — R A G . BT RS
PG S B AR Bk A O, A2 T fg
W25 RN L IOK S 3 PR EY I, BF
A LI A5 AT R RN, AT LA 35 3 o e 7 il 43
HLEE AR A 5 ST B 2 R w2 K . B R
[a] 35 . A% T GB 5009.11—2014 F1 5l 1 ICP-MS ¥ &, 745
D5 ) A FAET BE RIS 2 TR R, ik B
FREERRWA T — R RBEAL, oW & 5 R R
B MERA ARSI SR, [w] B, Sy HAtAE o R P A 2 {3t
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