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Determination of aluminum element in starch noodles by inductively
coupled plasma-mass spectrometry with quadruple
collision cell technology
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ABSTRACT: Objective To establish a method for the determination of aluminum in vermicelli by inductively
coupled plasma mass spectrometry with quadruple collision reaction cell. Methods After microwave digestion, the
sample was detected by inductively coupled plasma mass spectrometry. Matrix interference and signal drift were
eliminated by the internal standard element **Sc. Mass spectrum interference was eliminated by the collision reaction
cell (KED mode). Results The correlation coefficient of aluminum correction curve was 0.999783. The limit of
detection of the method was 0.045 mg/kg, the relative standard deviation was 0.79%, and the recovery rates ranged
from 88.4% to 96.1%. The certified reference material of aluminum in starch noodles was in the range of certified
value. Conclusion This method has high sensitivity, high accuracy and good precision, and is suitable for the
determination of aluminum element content in powder strips.
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FR I AR A S I AT S 1R, S B s . B
JR AL St 1989 4F, i BT AE A SRS M
EranTs g, JFESR AR S P AR A AR AR AT
AL BIEA, B HEARN 0~ 0.6 mgkg, BI—1
PR 60 kg (1 AUAE N F H AR AR 1L 36 mg'®l,

Xt NG SR IR A 527 % AR 32 ZOR IR T e
LT R . PRS2 IS . EARSESIRG hEU AR
gL EIRAAEE 4 D HLX RSB RE TR, K
BRI FEORBER Y, JUHE S MBI M. Has
SRR R S A E UL, O T R, A
TE R TP IR S ISR B L A A R R
FRER R

HHT, 48 c R MR Jy g 28 e IROBO6 5% 2
Pliatomic absorption spectroscopy, AAS). JRT35EGiEEE
[10](atomic fluorescence spectroscopy, AFS). HLEHIGEE T
A& & i (inductive coupled plasma optical emission
spectrometry, ICP-OES) . ML /&8 & % B F & T i %
!2)(inductively coupled plasma mass spectrometry, [CP-MS).
T FR LR, ICP-MS 35 HA ZoC R FRHE . )
TRARE R | o RS | SEhASZREE R | 4 b o i TRAE Ry
M, TZN TR AR, B2 ICP-MS A A n]
RGP, ICP-MS kTP o Bl T A ik
T, BT TR AERR T DR AR A . Rk 2
PRVEHCSE IR IS B, 4 mT IR AR E A
il S Rt AR R AR . FRTGC TR 45 h AL A
FE TR HUHBRAIFE AL

A5 R FH UGB T A 8 0 M3 2 it A 7 PR i 4k 3L,
L ARTETHBRAE BT T4, Al S0 it H AR D8 B T
e, TP . ERGIE A A AR B R, R S A IR A
AU TAERBCR AT IS5 R BE . R AR S %
SRR 5%

2 MREREE

2.1 X5

NEXION 2000B 7 Hi J&HE A 55 89 74 i 4 (35
PerkinElmer /A #]); MARS 6 BIG% i i (3 & CEM 24
F]); Arium-pro UV Toc BIFE 4K & A= #% (15[H Sartorius 2
A]); ME204E HLFRF-Cii AR -FER 2 A F)); B
(20 ~200 pL, 100~ 1000 pL. 0.5~ 5.0 mL, f%[ Brand
2] IKA A1 BEAR T AT EE HL(TE R IKA £ D).

IR . 30%id AL EIAE W (UP-S 2%, FhMl ShEm Ay e
WA ED; AT REFRMER IR (1000 mg/L, EE O2si
2D 6 Fh 4 JRIRFRA W (Bi.Sc .Re \Rh.In.Ge, 100 mg/L,
AL RIS AR A R A F]); #iER (Be., Ce. Fe. In,
Li. Mg. Pb. U, 1 pg/L, [ PerkinElmer 22 #]),

SEAG b A R B I AR LI 20% il BR VA W 13
24 h, JEETRH B K TR BT, SEI K O
4l 7K (F,BH 18.25 MQ-cm),

SRR A Y T
22 ZWHE
22,1 HenaraE

FERAEBT R 1 ~ 2 om KBE, OABIFEE (S0 by B0 o e
BORCR KT 2 mm), B2 30 g ByHE IR, (80+2) °CT
# 2 h, DRAETEURPRIN o

FREUE BT IRFE 0.5 gCRSHIE 0.001 o) Tl T i
B, A 6.0 mL AR, HCE IS INA 2.0 mL 30%:i 5
A S, RO T ARG T TN AR, T S RS R
HEAE 130 °Ch 10 min, BHGHHALE FKER . 2%
F 50 mL, IRAIFRN. [ f8eas (5056 .

222 BB

AT 2% B3 8, T TRl R VA Wk W B, R
1000 mg/L FREITTEAMER R RFGRE, 2R TR E
ZAHR 0.1, 0.5, 1.0, 3.0, 5.0 mg/L MIFRAERLR IR H
100 mg/L ) 6 Flt & J8 IRARIA R i B, 1351 ¥Sc Ju 3k
BEN 25.0 pg/L B NARE IR
223 kKA

TR TR TAE MR LR 1,

1 RUEHMIESH

Table 1 Working conditions of microwave digestion system

BH ER/W HARIRESC THERR/min  AREFE R]/min
1 1200 130 10 5
2 1200 150 5 10
3 1200 180 5 15

224 WEABEE B THRRER /LM

LR B S PR TS T ARSI LR 20 i R
WAL B RAE LIRES, L 25.0 ug/L *Sc HNARTE
LRIMA), MRUINE FFRHERIRT A . BEEhas E L BRI,
oxilbRiE gk, AR RS

*2 BRBAFETHRRIENIERNE

Table 2 Working conditions of inductively coupled plasma mass

spectrometer
SR 1600 W ki [0 25 Ak
FE TSR 15 L/min KA HE PR
L 1) Wi 1.2 L/min PSSy E‘dkmég(?eak
hopping)
F i 0.96 L/min 55 R AR T[] 50 ms
AR 3.0 mL/min 0N E A 4K 20
EEigi 35 r/min I REL 3R
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3 HER5HH

3.1 HERREREE

B AR 56 PR FH TR ST A D R VA W T EAL R R TR
R E AR . RS, U R ik S S (T i 45 30%,
TR o VA R 2 r P LI — AT LA SRl fofF FH 19 9 foe FH 4
TEPERR, FEMBSAE T Al 08 | 28 Ao 4 KB
SR, B L ZOCTR A TR A R A TR - SRR | R
TR . TR - EIR-IIR S . = RTEMI AR A
TE5EIY RN RIZ, 5 SR BRI e, AT
MERFETF T WRESFESTHRPELFE, K518
BALERE I, B, SCE0R B IR - S SR R TR
T

SEOG EEEE T AR RIRE R R 0.5 g B, 8 mL il
R (i 404k 68%, FIFl). 7 mL iR+l mL 48 4LA .
6 mL figfig+2 mL iFE LA . 5 mL ASfR+3 mL i3 | AL A X
4 Tl A5 Xt o T 5 SR 0 B 42 B — 1 Bl IR T AR
FEXTIA B3R 4 BhALA TE f A R I RE S EA T T e, SR
TH R B

SERELWM 8 mL MFRVAT, MR RIIRIE6 .,
B3, @A 7 mL iR+ mL ol EALE, EER R IR
VT M 6 mL WSR2 mL i AL A, MR
B, T 5 mL fiRR+3 mL AL A, ARSI
b, 7R R THMIR TR T, R R R O L
BRI A M5 Y I E, SC50ERE 6 mL iR +2 mL 114
LA MR R .
3.2 WURIHMRETEIA9IEEE

SOHG R EAE R T YA IRFERCY 0.5 g IIARY AR
6.0 mL, i35 E 2.0 mL B, S A TAE S0 3% 3
rh AR B TR TR S T AR R R SEIS IR EE T S
10, 15, 20. 25 min 5 PEFA S, 250 R BE MR N
5 min B, THMERCEIRFEE . MR, TEAFEEY 10 min
B, AR EICE . A RIR AT LR Bk, I @I R
15 min I, JHMFRSETCE . BEIR; THMEE DY 20 min [,
THARRERTCO . BIER, WEMEIRY 25 min B, WK
Jofh . EIER. SLIVER 15 min AT ARES A
33 FHBIEMmEKIE

ICP-MS LI T4 R B T AR BT T4 Bk
FHEEHFRAERMR T, SRR B, 25
TR, M sERR T RE T, PR HECE R
IE . AR R N A AR S o AR BT T R AR A R TR,
AL RV VPP IS A SSAS VA 11 [ A 7 £ 118 A0 B A N i
AR X 0 ) s ek U Ay N s B Al R T
o, ARFIEARICHC: . AFRRCIETE . AREINA LS 52
I e AL A PR S DR SR, ST He bR e R R Ll e AR A

(KED)2 R Al DGR AR H FRANE S 280 2, 45258
WA 3. AREKW, Al JURTE KED BT AAS R 5
SRS AR T STD #85X, SCseit il KED A,
FROGER N e o 5 Rl e 3 B Al R AN & %00
R, JEERE YSc MENNARICER, ARICER IR E N S5 1E
T ICZ M (EARIE R, LIRS T 2 Sc JLRWKIE M IH 5.
25, 50, 80 pg/L BIAYMANAH S Al TCERHKEN 1.0 mg/L i
WA, SRILFE 40 HEREH], PSc TTRWER 25 pg/L
I AR S AL JCER RS 1.0 mg/L I A i O (B AFE L,
S HE VR HE R 25 ng/L 1) ©Sc RN N PRI TR .

Fz3 RURMERFPREMNEER
Table 3 Determination results of detection limit and background
equivalent concentration

FRiERE AR
TR o RSECE  jmm RAOK
/(mg/L) B /(mg/L) /(mg/L) B /(mg/L)
Al 0.003061 0.01219 0.000081 0.000906

F4 NirTEMBENELER
Table 4 Results of response value measurement of internal
standard element

TEERE) g 37 {i5/CPS
Al(1.0 mg/L) 214632
Sc(5 pg/L) 39694
Sc(25 pg/L) 192436
Sc(50 pg/L) 379328
Sc(80 pg/L) 751532

3.4 ZMSBEETHIR

BRI T M FOCR AR R AR S AT E, R
JCE MR EAE 0~ 5.0 mg/L YU S ICEFRIEE S
58 BE LN ARTC R B 5 5 om0 LU SR R P 2R o kA
H PR R HEZS AT I E 11 I (B A Bn 22 1 3
e ANMEER . RAPERIHTRE | AR RO BRI 5.

x5 ZKMSHLEHR

Table 5 Linear parameters and detection limits

— REEH T 1111
JLE (/L) LML HISEEREL fmgkg)
Al 0~5.0 Y=1.652X  0.999783  0.045

3.5 FARVEMMASEE SR
X E R AR EY L GBW10122 H53 5k 229 4
JRAT AR RS AR A TR AN 6 AT I 8 S I iE 1k A v
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WatE RIS RE . S5 6, AT ikl e Ky 22 43 25 HP 40
5343 BT AR E ) J50 35 SRS HE D8 (0 BB P, AH R Ao o Al 22
(relative standard deviation, RSD)} 0.79%, i5iHH 7 4%
FEAT . MERAME, RRAETE M A5 AR TT R & I p A
2R,
3.6 fOAREIYTSELE

SRR S . RIRLLEN S Bl S (L1200
FOMAT 3 AP M AR SE g, AR IR SE 56 E A
FE 6 IR ENR, gEIR IR 7, Z5REW, BRERE
FEI7E 88.4% ~ 96.1%22 18], RSD 4 1.3% ~ 2.9%, 44525
2R,

3.7 EBRHEmRNE

MR 1 ERIAR 6 FlpachiviRocR
TR, SRR 8. HRERX 6 Fi PRI
EH N 9.06 ~ 185 mg/kg, “HER DA A Z Xk TFHLHE -
e ZUBE G R £ 5 IS ISR A RN AR I A (2015 A A 1
Sy EAHLE M AP AR I Ak E NS 200 mg/kg(TRRSD,
PLALTH!, BEBHIX 6 Fiok 4% 4R o i 2 o ek B R ofe
BEAEHFLHFAEREZ)Y PTHEEEHT
185 mg/kg, WA INLAFE, fR25E 5y ok B8 ol A o R0 1) B
Ho XFSEMELS, WARIES S AR, RIERS
R 2 AV — T T LA DR ) B B

&6 IEMRNEL

Table 6 Determination results of standard materials

FrRUED) it FRUEE/(mg/kg) W W7 {8 /(mg/kg) S Y{E /(mg/kg) FrifEdm 22/ (mg/kg) RSD/%
1 69.86
2 70.48
3 69.36
GBW10122 70.1£2.0 69.9 0.5524 0.79
4 69.34
5 70.60
6 69.57
RT IREYLSEIELR
Table 7 Experimental results of recovery rate test
R b 44 B R BE K- ik BEK P TR BE K
Ff & 2/ (mg/kg) 55.3 55.3 55.3
bRt /(mg/kg) 25 50 75
AR5 S S
W3/ % 88.4 94.6 96.1
RSD/% 2.9 1.5 1.3
#8 WEMEZPELIENRNER
Table 8 Test results of aluminum content of starch noodles in 4 gﬁ 'I;Q

the market

il 454/ (mg/kg)
LIRS 55.3
BRI A (L1 2R 2%) 13.2
Tl A (L1 K 5%) 185
TG R 21 243 % 9.06
PN AR VP S 90.6
Nk 5 66.8

AHIF 5T A4 EE Tl 4 S At -TICP-MS 23 a2 4 4% 4R

TR TR o G 56 R R R AR T A 0 T R

w0 A E(KED A0 R B 2 57 T 3 1

Xﬂfmﬁ%é’}ﬁ T, i EL A 25.0 ug/L 1Y “’Sc

VS TRAE R BRI FEAA N R S RS . AR T

BEw . HERG AR, T LU R R AR R Sl L o
i A0S I 5 2R
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