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IR, RET, KFA %L
(1. KEw AP, KE  116001; 2. HMIME X ARy, M 450008)

W OE: B A - i B A% B AR Ik (inductively coupled plasma-mass spectrometry, ICP-MS)
D B AR b G AR S ik, TR R R R S IR AR S Bk . AR ORIIEATRY . R
INIRFTAERE S 2 e R, RSV RS, R Sc AR IESEARRERE, ICP-MS & FE i 4
i, WS EDSCREAR BTE T R R P S AT SR R XTI C R B 0.9991, KMESCR BAT, Kt
FRA 0.08 mg/kg, ENBCRAE 86.8%~101.3% 2 [8], HIXTHRifE R 2 (relative standard deviation, RSD)<6.62% (n=6).
510 AFER R, R, & TR RN ARG A r e A . 8 T A S
FRER ARSI, FR A3 A AAAE L AR AR, R DGR I i S N i 5 £ A 0 70 4 M I B
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Determination of trace aluminum in food additives by inductively coupled
plasma-mass spectrometry with octopole reaction system
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ABSTRACT: Objective To establish a method for the determination of trace aluminum in food additives by
octopole reaction system (ORS)-inductively coupled plasma-mass spectrometry (ICP-MS), and master the current
situation of aluminum content in food additives for sale. Methods After microwave digestion of baking powder,
yeast, baking soda and other samples, helium was used as reaction gas, **Sc internal standard was added online to
correct matrix effect, and aluminum content in samples was determined by ICP-MS, and recovery was added to verify
the accuracy and reliability of the method. Results The correlation coefficient of the method was 0.9991 and the
linear relationship was good, and the detection limit was 0.08 mg/kg. Relative standard deviation (RSD, n=6) was
less than or equal to 6.62% and recoveries from 86.8%—101.3% were obtained. Conclusion The method with
advantage of low detection limit and high accuracy can be applied to the determination and monitoring of trace
aluminum in food additives. There is a potential safety hazard in the exposure of aluminum in food additives, and

relevant departments should strengthen supervision on the use of these additives.

ESWE: HFK SRR LW H (20151K169)

Fund: Supported by the Scientific Research Project of General Administration of Quality Supervision, Inspection and Quarantine of China
(20151K 169)

HEEEE: P, WL, O, ERUIRIION R eI . E-mail: cindy_gl@eyou.com

*Corresponding author: PANG Yan-Hua, Ph.D, Professor, Technology Center of Dalian Customs, No.60, Changjiang East Road, Zhongshan
District, Dalian 116001, China. E-mail: cindy gl@eyou.com



5192 B dn 2 4 R R I A 4R

12

KEY WORDS: octopole reaction system; inductively coupled plasma-mass spectrometry; food additive; aluminum;

assessment

0 51 &

B RE £ — B NIRRT R Z —,
TEA RN WU IR LA B SR R R rp S S A 4800 R,
YTz W E SIS . R SRR AR ST L
TR b 2 B A R R R U IR S B0 b R R
B o ARG 1 40 2 0 B e 3 o IFFE R,
eSS NMENEAE S, AR, 5% TR
M, 51 BREA . BN e g
H, LR XA Z I REERAL . BAERIRER ) AT L
20 ARG €0 38 M 2, X i 2R 0 A dR T o G 1)
Aty B PR Y 1989 A it ST AR 41 41 (World
Health Organization, WHO) I AR 4 20 21 (World Food
Agriculture Organization, FAO)IE 2050 8 5 4 & 5 15 YL i
Z ISR, B AR I B AR UE R B S
A 7 mg/(kgBW)PY, 2011 4E, WHO/FAO WA i)
BETE S RAURARERN 2 mg/(kg'BW), FRET 1994
AR T T A S AR R BR E BAEARE(< 100 mg/kg).
2014 45 5 A 14 H, EZEDATAEZRSE 5 3G A B S
e, BRI RRVEBERR RGN . RRER AR N AN AR LR R 5E VA
AT BRI A" . 2 MEH . GB 2760—2014 (&
a2 A [ AR UE B AR USRS AR ) Ao T 5 R
BRI A BRERSE AR . BRARSEBL . 40 (A ESE, NI
L R AT AN T SR A L TR . 2R . RUKER
TR & . HROR AL Rk bl B IR 7K™ i (LR T,
(RS2 7 it AR A B B AT B 1 PR 0K

HT O AT DL, e 0 55 8l T4 o 50 14 el AL Bk
MR, JCERE R USIGR A B, AR AR
A IR R AR A S AT A E, AT RHEBI DA G HLE
YA DN 5 B ST 0 98 5 i ST R T B b S
SR FIAE O, R B il SR BR AR IS I A LA R Bt e 4 i
A R AR L

RS ARG ik A FR AR S Bkl
SERIEE | A B RO B S e T
IR 2 51 (inductively coupled plasma atomic emission
spectrometry, ICP-AES)!> 1 Hf J8 K & 45 B 7 1A 0 i vk
(inductively coupled plasma-mass spectrometry, ICP-MS)!'72"
S5 I OCREE BN, RBUEEAR, SO0 X iR 2K
B, AN T RO BRRORIN; 7 S A SR IR
JESOREGE, DA 82 HAE A o S 2 A TR 2,
AFAE o HUBRES 55 88 TG T LARIN 2E4 T 20 R E |
TR AR . 2T RITE, BABRRs . B

WCABFFELL “Sc H bR, BiAs b=t b SRR 1 5 0,
SRR IF AR T T« RS L /NIRITSE IR & Sk dS
FIPEATHAL, 1CP-MS Rl b AR Fp R R i i, LA
FHT B S 78] Hh el P A A

1 MR5ERZE

1.1 {UEBEEE

7800 T R SR B A5 i U I S CHY 45 i 1 1A 5 i
B B G A]); ETHOS-T 300k 0 fif s B (3%
KFBEMZERHA R wl); Milli-Q HaliK & 4 (34 F % 1l
A FRA ).
1.2 EZRF

FRFRMERE A TR M (1000 pg/mL, B FARHEY FFE
LYo T 2% (PR 550) i R VA TR 14 R PR BT e VR 3 Ry
0. 5.0, 10.0. 20.0, 50.0. 100.0 pg/L A% HESE K

AR AW (Sc, 1 pg/mL). FigREEmwR (L. ¥y,
0Ce, 2OTI, 1 pg/L, EELHLAH); BaiKRLE
=18.0 MQ-cm, FEEZMEARAF); HR(LHKL,
K HR 3 WAL 220 IR A WD BT B A R 2=
FIAE 20004 2 H it 24 h, FIM 4GB T T4 F 0T
1.3 IWFFE
1.3.1 #HaniE

FRECE S B INFIRE S 02~04 g OHIZE 0.001 o) T
100 mL PRI AFESD, WrE T8 MA 7 mL fisf,
FE 2 h )5, $RBREUCIE PR AR R (3 DTSR,
REHFEECHE AL HE, BRBEHAR 150 °CH IR EE IR Y
1 mL, %8 % 50 mL 25, LK Z0GEs RER P 55,
PRSI E R BRI, RAEH. Fe Rz f.

F1 WBRHEBER

Table 1 Microwave digestion procedure

B ML /°C P45t 8] /min
1 120 5
2 160 10
3 190 15

132 MBELEH

FH BRI AL 7800 8 ICP-MS {X #8255k, it
BRI 2 SRS H 5 . TRIR SN Eh Ly, UER
KA SRR, RGP RS ™ 5600 % %%
6%, LALJE R ICP-MS TAESA4 L3 2.
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Table 2 Working parameters of inductively coupled plasma-mass spectrometry
S el SR HfH
PR W 1350 FAas Micro Mist

R W 2 FAE R/ C 2
RAEGRE /mm 6.9 RS R/ (x/s) 0.1
A #/(L/min) 0.85 Rt i /s 0.3
AME SR /(L/min) 0.20 BRI 3

Y 11 i8/(L/min) 15 EEETWE i

S</(mL/min) 4.2 AAL/% <0.5
SRFEHE/ AU FLAR/mm 1.0/0.4 LHL AT /% <2

1.3.3 HounlE

e LR AR P AER AT G A D O 3 D0 e T ik,
TELR B AR IR AR JC 3R R, MR35 2 b
VR . 25, REMRUIBREESS, B8 ©Sc VEh PIAREZ IE
JGE PTAL M il 2R 5 R SRE  h OR AR A
7 HH AR T R BT R S A 7 3 R RS TR I R

2 HERE5HH

2.1 REIACIBEHRITK

T H B T AR BRIE T 7 58 4 HLUR D Sa Bl AR Y A%
PR, BORE IR St T DA — 2, W Rl DA e v A mT
DS ST R 35 50 1 o B S iRk 2 B s Rk,
BURE KR, B METH R P s D I, FHER
FEHE CIUTAR, ARG 285 SR R ARE = 5, i 2 b
MERI B H Ay T B USRS A B mRsnh . ki
AN, A —E R TERY, i I UE AU AN R
AR FR AT DA O T AR SE 4. LAL, BREREIR S SR
FLNL P HE RS, SR T B M i A - B — B A]
L SEI Y, B e RE SR IUEE 8 0.2~0.4 g, 7 mL AH
P BV AT 81 T A TR A AR o

22 FTHEERIE

Ji T B2 )5 F40 BO. CN . BeO %Ay kS
TAL AR, RFPOCE FEMZE T, RABCERIE
FERBOEAE 5 LB . AT R AL AR S R AR 4E AL
WS R o7 19 7™ A DRl i s oy it 4 7 SO TH BR T4, 38
I AERE T N FEA RS, BEFMOT RS S ES0k
(background equivalent concentration, BEC)AJZ:fk, @it
JRF BT 5 R R > 2 R s T, b
B ROE RN AT &, 25 W, £ 2~5 mL/min S SRl
R, JTERY =SB A AL, 2R R T
R RGE, B e SR A MY 4.2 mL/min,

e B TP E 2 AR SRR B R, AR IR AL

JO7 A T 5 6 PR i1 At 5 fii Y s ek 25 A 2 T 2
AWFRIGE ¥Sc R IHbR i B FARIERE | 30 . 25 fa
o 200 A5 R 28 5 DR Al S 1 T, T AR TR 2R A TR R A
TG W I (R HEA T i, A 80 il TANER 1R, RIE
T B HER
23 ZMXRARKEIR

FERALIIAES TAESMET, LA ALFT Sc 5SS 5
J& (count per second, CPS)AY FL{E Y AR, Al BV (X,
ng/L) M A A8 B 22 4 An e il £, Y=0.27245X+0.00049,
r=0.9991, Al FJ¥REETE 0~100 pg/L FEEH 5 Al F Sc (%
TEAR 500 B LU AEAF A AP IR PESE R o 11 A AV TROE S:
TERE FITAS AR U 22 1) 3 435 X g P v J38 B A 0% R G 13 R,
10 {75 v Qi 22 B S6F 07 1 o JBE B0 Ay 5 325 e B o 3 REBRAE A
0.2 g, EFRZE 50 mL, THHEAT LKA 0.08 mg/kg,
ERRN 0.25 mg/kg, LKA ESR
24 EMREMBEE

HELEITIE WG B, A — B S 0 SRR AT
E 6 W, WK 3 Frn, DS E ) AE X BRI R 22 (relative
standard deviation, RSD, n=6)<6.62%. [m]H} AR £ il i
TGRS, ZERCBTE AR AL, E A 3 AR B K
SR ALARHER T, BEEISIOKF 3 RER, 5Bk 3
AR, JNEREICRIEEE 86.8%~101.3%, Jrikdirfinl 5, i
JESIER
2.5 SEFRHEMANE

FE RS Jy ket 9 i B T 6 S WS I RIAE i ep
BROE R UEAT I E, A5 R BB 423~
633.2 mg/kg (FEULER 4), FAFE NGRS ER 0 SR .
T it P R R s VR R R b e S R A i )
Bk RS TRE b A E R bR T IR AS 1 R S
e, (HRTT F A S s I AR e, AR A
i, TRZ 5 2 S PR AR
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Table 3 Precision and recovery test of the method

FE ARIERAE/ (ng/g) RSD/% Jinds & /(ng/g) 5 B/ (ng/g) R /%
10 8.79 87.9
WiTH 15.2 6.62 20 17.84 89.2
50 48.82 97.6
10 8.68 86.8
i35 5.66 5.86 20 18.22 91.1
50 50.66 101.3

F4 TEHRPERISBMNER

Table 4 Testing results of aluminium content in samples

FEbh Al &7 /(mg/kg)
R 1 633.2
HWATH 1 202.3
HWATH 2 65.9
R IR 52.5
JEERE 1 423
k) 2 112.4
R 529.6
B 223.5
INIRAT 15.6

3 Fig5itie

ABITFEHE ST T A - R S 4 B RO A I
E A AR b Rl R A PRGN 5 o AR 2 AR AR
PO HRRFAL B, ELRIMANARIEER PSc KL ERARRI,
il 88 5 Bt 4 AR A RO BR B T, RO 2 AR DG R
H0.9991, JrikRIA R 0.08 mg/kg, ANAR A1 F
86.8%~101.3%. %75 AU RITAL B PRI | R BE RIS 4%
JE R, AT B A USR] P RO A AR, XRE
Al A B AR B 5 AR N AINR] . PRERE 2 A
AEEE L SHMNEE RTINS IR, X oA dsn
FUERREATIRAE, 5148 MmO 5 s
TR, RS AT BT A ASINR GE TLA AR, B PR AL 2
Ay 0TI B TR,k AR O AT RE A T A R,
EG T AR TS
SE
[1] E2h. SR e[, ARF5E, 2002, 31(4): 320-322.

WANG J. Current researches on biological effect of aluminium [J]. J Hyg

Res, 2002, 31(4): 320-322.
(2] HEE, BEES, Mz, & PSRRI R R

[10]

[12]

ShESTIN, 2010, 20(6): 183-186.

GAN LL, ZHAO KM, LIN Y, et al. The study of the effect of aluminum
in food on human health [J]. Chin Food Addit, 2010, 20(6): 183-186.
P, 485 NZRBIRIT I BLIR[T]. Sl oc R SRS, 2006, 23(1):
64-66.

LIANG F. Current status of aluminum and human diseases [J]. Stud Trace
Elem Health, 2006, 23(1): 64—66.

VIRK SA, ESLICK GD. Aluminum levels in brain, serum, and
cerebrospinal fluid are higher in Alzheimer's disease cases than in controls:
A series of meta-analyses [J]. J Alzheimers Dis, 2015, 47(3): 629-638.
DYKE NV, YENUGADHATI N, BIRKETT NI, et al. Association
between aluminum in drinking water and incident Alzheimer's disease in
the Canadian study of health and aging cohort [J]. Neuro Toxicol, 2021,
83(3): 157-165.

WS, FEd, TKSCIR, 4. SRR ARSN ARG 22 4 2 07 T 9 B 5
[9]. HPAETR; BE 224K, 2000, 34(2): 106-108

HUANG GW, KANG J, ZHANG WZ, et al. Toxic effects of aluminum on
human embryonic cerebral neurocytes in vitro studies [J]. Chin J Prev
Med, 2000, 34(2): 106-108.

AW, w230, S UL T MR 5 A I Ko
RPEQ]. H EBUEEE, 2020, 47(6): 686-690.

YUAN CM, GAO T, LI WIJ, et al. Correlation between blood aluminum
and fasting blood glucose level in occupational aluminum exposed
workers [J]. Chin Occup Med, 2020, 47(6): 686—690.

GHERARDI RK, EIDI H, CREPEAUX G, et al. Biopersistence and brain
translocation of aluminum adjuvants of vaccines [J]. Front Neurol, 2015, 6
(5): 1-8.

FAO/WHO. Evaluation of certain food additives and contaminants:
Thirty-third report of the joint FAO/WHO expert committee on food
additives [R]. WHO Technical Report Series, 1989: 776.

AR R S AP ERNE KR R, A RREE AR,
2013, 31(5): 69-70.

GUO QH. Determination of aluminum in water by chrome azurol S
spectrophotometry [J]. J Food Sci Technol, 2013, 31(5): 69-70.

WRESPE, XUFERE, 3KI507, 45 ol Seks il i s 4R A R AL E
KT P EE RN, 2019, 30(11): 173-177.

XU LP, LIU XQ, ZHANG FF, et al. The spectrophotometry methods of
more efficiently detecting aluminum in the starch product [J]. Chin Food
Addit, 2019, 30(11): 173-177.

BEUR, B b, R 2R Bk I s B e v A B AR (0],



%5 13 3]

EZA, A R - RS 5 55 R BT R I A £ A IR P A O R

5195

[13]

[14]

[15]

[16]

[17]

[18]

AT, 2008, 11(6): 31-33.

LIMJ, LUO Y, ZHANG SL. Determination of trace aluminum in beer by
oscillopolarography [J]. Bever Ind, 2008, 11(6): 31-33.

SRNI, AR, . AR R IO E R AR ). P L
R ZAAR, 2010, 20(11): 2744-2745

CAI G, LI X, XING HL. Determination of aluminum in provisions by
GFAAS [J]. Chin J Health Lab Technol, 2010, 20(11): 2744-2745.
BEOCE, sk, MR, A b E IO e K T Y SR ).
I AAL T, 2020, 43(23): 228-230

CHAO WJ, ZHANG YB, ZENG JY. Determination of aluminum in water
by graphite furnace atomic absorption spectrometry [J]. Guangdong Chem
Ind, 2020, 43(23): 228-230.

X, EOR, RAHE, GF USRS SR TR T R SDOEIEE I
SERS FEEHRAGAR[I]. JEiEsEia, 2010, 27(1): 127-130.

LIU HG, WANG YZ, ZHANG DY, et al. Determination of aluminum in
Tricholoma matsutake by ICP-AES [J]. Chin J Spectrosc Lab, 2010, 27(1):
127-130.

xR, R, WAL, 5F. HUBEE G S B TR R S (ICP-OES)
MELLANT IRAEHEA R R ROEE | 4R | BR]. h ETEHL L2, 2020,
10(3): 48-54.

LIANG YL, ZHANG PD, TAO RT, et al. Determination of magnesium,
aluminum and copper in IR interfering somke material by inductively
coupled plasma optical emission spectroscopy (ICP-OES) [J]. Chin J Inorg
Anal Chem, 2020, 10(3): 48-54.

NAGAOKA MH, MAITANI T. Binding patterns of co-existing aluminum
and iron to human serum transferrin studied by HPLC-high resolution
ICP-MS [J]. Analyst, 2000, 125(11): 1962—-1965.

F&2, FAE, T, A SO R E P R A T AR A
5 RFERERTTHE S MO B RS PRI (T]. Al 20 4 T G I 241,
2019, 10(6): 1475-1479.

WANG Y, WANG W, SHI YY, et al. Determination of aluminum content

in edible parts and shell of roasted seeds and nuts by improved national

[19]

[20]

[21]

standard method and discussion its edible risk [J]. J Food Saf Qual, 2019,
10(6): 1475-1479.

INAN-EROGLU E, GULEC A, AYAZ A. Determination of aluminium
leaching into various baked meats with different types of foils by ICP-MS
[J]. T Food Proc Pres, 2018: 42(12): 1-9.

SRR, ZEW0, MR/, S BOHE A - AR S B R T
(ICP-MS)M5E /NAZ il ity P B B8 Sk 0], R L TEHL K27, 2015, 5(1):
11-14.

GUO YS, LOU L, XU XD, et al. Determination of aluminum in wheat
products by microwave digestion-inductively coupled plasma mass
spectrometry [J]. Chin J Inorg Anal Chem, 2015, 5(1): 11-14.

UK, ML, AUSAE S S TR BT R LR I M), dbat: HBTd
Jitt, 2005.

LI B, YANG HX. Principles and applications of inductively coupled

plasma mass spectrometry [M]. Beijing: Geological Publishing House,

2005.

(riE%it: FHH KEE)

ERhE, SRIREM, TEMRRAE
ARBBREWRN,
E-mail: 200507whw@163.com

L, Ht, IRA, TEMRGE
ARBBREWRN,
E-mail: cindy_gl@eyou.com



