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BY (iR - AHRRIER), WESHYRNE S /N E S RECHEIERES % E . $8 5 E7E 0~10.0 pg/mL 18
BRI N2 6 3R R A7 (r=0.9998), TS H Y IR S b MRS 71.9%~110%, AHXTFRIEINZE N 1.3%~6.3%.
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Improvement of national standard method for determination
of aluminum in food

LIU Yue', LI Er-Chun, ZHANG Xiao, DANG Xin, JIA Bing, ZHANG Ya-Feng

(X7?’an Institute for Food and Drug Control, Xi’an 710054, China)

ABSTRACT: Objective To solve the problem of incomplete digested of biological samples, by optimizing the
reagent and the conditions of microwave digestion, making the aluminum content in food accurately determined.
Methods Using the microwave digestion method recommended by the national standard and the optimized
microwave digestion method to pre-treat the sample, the standard reference materials such as Henan wheat, celery,
pig liver, prawns and vermicelli noodles were digested, then the aluminum contents were determined by inductively
coupled plasma optical emission spectrometry. Results The microwave digestion pretreatment method
recommended by the national standard was adopted, and the sample measurement results were far below the
reference values. Using an optimized microwave digestion procedure (nitric acid-hydrofluoric acid system), the
aluminum content of the standard reference material was closer to the standard reference value. Aluminum content
had good linear relationship within 0-10.0 pg/mL (»=0.9998), and the recovery rates of aluminum content in
standard reference materials were in the range of 71.9%-110%, and the relative standard deviations were
1.3%-6.3%. Conclusion The nitric acid-hydrofluoric acid system and the optimized microwave digestion
procedure can make the sample digestion more thorough and make the detection result more accurate. The method

can be used to determine the aluminum content in food.
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BANZH T SR EENER, £ARR TSR
PIRERREY . BRIREL . S AR, SO E—FE
ERICE, CREEARANERIF A @R, Rk
Wl B ARICE, AETEAERRNAKER, P EE
I IR B ST N LR U2 ] O A NP U2 i IR i
R AR E 1 A L%, [RBS AR R OT R sl
1R, 3RS AT B WL, T R 23 R A A Y I, T AR
DR BRI R, WHlaAK, FRERIE; &
At AR, A RE S EOINEE L, BB, B RAEE
Pro BEAMTFRLILB AL B, S5IEME R T %I,
S & B RRAER,

5 A A UM AR AR 2 2L (WHO/FAO)TE 1989
AEIE R R S B TS A LA 4R . WHO 18 2004 48
WEFERFROC R A H R IEA RN 5 mg®. 2011 4
WHO/FAO £ i INF& 5728 01 240 1 15 SR if 52 48 A 1
(provisional tolerable weekly intake, PTWI)H 7 mg/(kg-bw)
BHEIE A 2 mg/(kg-bw), BREFRAEN 1 mg/(kg-bw)D,

HAl, X FERPEEEAME D ZAREARR
WFFE e AR 211518200 R 22 0 1o i P A AR
EraOR W AT | AR S AR A IR
R REBICR Tk B TR EEMSIA . SEKAE
At BBl Op i, R e KRR
FAEAF AWM RARAEAE— o 48, Sl 1k
ETZEUMAREELR . FILRMSER TN SR &2,
ERS I S R IR AN S B S P AR RO S i, RERS N
RN . BT EREETTIRIR =K%, HiT, GB
5009.182-2017 it A EFARE Bih R )
SR FH %) BRUR R T4 A AR 2R 38 T MR MR 4, (R I AR e
wi bR IS 25 ) 0 ) AR P 2 BT AR SIS L 0 2 I
TESHEEMASR . X FEREH TAYHES TR,
T A B A 5 A U200, TR i 0 T A A SR e A 4
RAEFFAEAMEYL, BEERPaRaErERs
PR ETARFR Jy %, AT AR R B e 1 . P, X
A IRE S (RIRE i B SR A JEC ) BRI I DA U, 7 2 S A I 114
TH AR R TR AL B

AR T GB 5009.182-20171745 =k rhifi 15
PRI A B T 2 5 LA BB T A ik, WHITRE/INEZ L
L BB KRR 2203 5% 55 A W0 10 B T 0 T 30R 4 731 1%

) H R A 5 TR & 49 6% T (inductively  coupled
plasma optical emission spectrometry, ICP-OES) #4408 & &
P A2 o 38 A 0T P TR T S i %o AR T 6 o A 0 i 23
YY) AT AR I A, ST TR A R AR
2, AR I E B SR O i, RRIRE SR e XU 1R
PR

2 HNSHE

21 UESEHF

iCAP 7400 HL & & % & 71k & 3Ot 5% X
ICP-OES(2 [E Thermo /A 7l); ETHOS UP B 4 fif¥ (A
| Milestonesrl A 7)); VB 15 #FR#% (3£ [E LabTech /A ]);
Mini-Q Integral # 4} /K 3& & (32 [ Millipore A ).

FRFRUEIR IR (1000 pug/mL, GSB04-1713-2004, E%AH
58 MR BT L), fHER HNO,(Dhgkat, 12
[ Merck A &]); 2 9RAR HF(UP 411, 5 3 Ak 2 I A R
A w]); 30%id AL A HyO0( M al, 151 25 45 Pk il A
FRAFD,

1 B /N 2 [GBW10046(GSB-24)] .+ 3 [GBW10048
(GSB-26)]. #IF[GBW10051(GSB-29)]. KUF[GBW10050
(GSB-28)155 15 W) i 43 A 11 490 J5T W T b 3ok 47 340 b R £ 27
EREFEIT, By 220 45 48 B A3 43 BT BR ME B [GBW 10022
(16109) ] F H [ B4 5T B
22 ZWHE
221 ARBEEREAF

FRFRIERS R IC T S IHGE &= 1000 pg/mL HI5EFR
WEVST, FHRFRUATEL Sl B (LA M Al IR A 35 )32 A B i
AZ 0. 0.500, 2.00, 5.00. 8.00, 10.00 pg/mL FIFRIEE K -
222 HmETAE

W 2285 2% v 58 B 43 43 BT B HE ) JBTAR 41 IE 15 K
F 85 °CIE IR T HRAE T 15 4 ho Hofh A= My 5000 b vy Jo %
AR,

(1) GB 5009.182-2017 Tl

A3 HIVERIFREL 0.5 ¢CREHIZE 0.001 @ilFETFRIUKZ
W TE AR SER, A 10 mL RN SEHCE 1 h, REFE LA
e i, @ S AIMIE TR T A S i BRI T R A T
AR, BAHMRT LR L REEBUR AR, B TR
T 140 cCHERRZ T, FIMAUKYERN R 3~ &, &
IR 50 mL R E.OE T, RIS AR [RE
s iRk .
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Table 1 Microwave digestion conditions of GB 5009.182-2017

PR PR /°C FHEBI A /min - {E IS E]/min

LR 120 5 5
HBE 2 150 5 15
HI% 3 190 5 20

(O EIRIAE 2N PR

S HIMERIFREL 0.5 ¢ FETAE 0.001 g)iREET RN Z
WA, A 8 mL fgER, NFACE 1 h, HIA
2 mL XWEAK B SRR (H,0,/HF) SR )5 o5 I ES, e
HIMEE TR T A A HP i RO T MR R R A T AR, HUA
THMFP RIS 20 WHIREUENGE, & TR T 140 °C
EER 2 T, Sl K Ve R 3~4 G IRl T
50 mL RGBS T, FERREE AR o WA 8es 1 a0.

P T AR T A 0 4 A R LA R R 1 S ok
TH i 52 58 5 — 2 ZU SRR TR 585, B ASHUER %
AR AR, O T8 HNOS+HF 4 & Y SR
FRKER 2%, 76 FRERES 5 1M HNOs+HF A R 11
THREREN INAGE S 4K, PR 28 TR TE % .

®2 WORHEHBUESEERGQ)

Table 2 Microwave digestion conditions (1)
PR I /°C FHif s 1] /min

1 130 15 5

A 5L 1) /min

E9E 2 180 15 15

(3) LAk 528 S i s

S HIMERIFRE 0.5 ¢ FEHAE 0.001 g)iREET RN Z
WA, A 8 mL fgER, NFACE 1 h, HIA
2 mL SRR (HF), A)5 55 b NRER:, e SAMREE TR Tl
i ASC i BRI P Bl T A A PP A T A, LT Ry
FEULZ 3. WHIGHURNRE, B THRST 140 °CHRE
I, PR 1 31 A T P A SRR K, TRUOHR 20 T
FAFRB 2K VR4 T fRHE 3~4 A VR T 50 mL 3R NI B0
B, HFREESRN . R A58

®3 WONHBIEEENRQ)

Table 3 Microwave digestion conditions (2)

7 LR °C TR A ] /min

{5 Y 1) /min

L1 140 10 5
LI 2 170 5 10
LI 3 190 5 20

223 RAEME ik

(1) ICP-OES {X #8 &1+

K4 396.15 nm, HHADIE 1150 W, HiB#HE
0.5 L/min, Y1287 & 12 L/min, Z1b#4% & 0.70 L/min,
&3 50 r/min,

(2) i ik 19 I

BHEBPRMEAIITE A ICP-OES H, I E LR i
LR R 5 S N, DARR TR Mk B RS AR bR, A HT
T LB 8 I o7 (B R MR A, 22 Rl 2k

(3) R IR I 2

25 AR A R il E A ICP-OES H,
FRICER A M2k i i B2 A5 {8, ARl A o i 2k 75 21030
FERHICR R, Ml EaaEs e,

3 HREHR

3.1 GB5009.182-2017 Efr77 5N ELER

g 222k EAT I AR, 2.2.3 dEATIIE, SR
4. MR 4 NI, BREYZZR AR YD T RICR B
ZAbh, HABRUEY R B EDBCR T BAR, e (8RR T2
ZAH o MR 228 2 e VR SRR AR VR S I A8 B A s 511,
Kk, GB 5009.182-2017 2R FH (1) BRLA R VS A 1k 2R S
FHMEMERR, (BRI E A Y RE AR E S 2 Y R 1 ad R 25
WRANHBADIR . WELRBK TS HENINE

F 4 ETF GB5009.182-2017 WK HEEH TR EYRFME
&8N ELE R (n=6)
Table 4 Determination result of aluminum content in standard
materials based on GB 5009.182-2017 microwave digestion
conditions (n=6)

N . HNO;(10 mL)
e S T TR T —
/(mg/kg) i 2/%

Wr/NE 210 38.4 3.4 18.3
3 1400 518 9.5 37
e 120 26.7 11 22
KRR 290 136 3.6 47

IIEZAE S 70.12 68 2.7 97

3.2 BUHHBRRRAUNEL RECE

A3 AT IR — WK AR R ISR - Sk 2k
2.22Q)HAT IR, HelE 2.2.3 HHATIGE, S5 WNE 5, |
ST, LIRSIR - UK 2R B LR LR AR A
HEMD IR, HOORIE RN 22 M NI s 45 SRR T2 %1,
JXF I R /N2 b ) IO A 7 BB T A, 000 A R Y 5 SR
 43.7 mg/kg, AL T-Z%(H 210 mg/kg, i1t 25 5 A4 Y1k
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SIFRUER IR, TWIRE/NEE | SR IR A5 A ) i A R AR
rRER ST A, Rk R AR K A T A AL B A
BRIIEAFAE;, TS5 T RERRE ML, BXH /- wkE
PR AR AR AL AR ANTE TR IR, R SR A fets LA
A TR A RO DR A A T i A B BT AT
AR, X TFIEER - AR R, HESRATA, WR/NE .
T RO UR A48 & T DU (A B4, (R AR It
HRERSE R TH R R . TSR AR W LA AR HE ) BT A 45 R
KIAE, 7678 i 58 B T8 A G0 VSR 2404 P TR ] D 1) B s
Ut B TSR A B R S AR AT, TR I 5 A A i i Ao
SRR BE R AR AR
33 HBRATAENMRELR

3.2 Z5 S0, 7E 2.2. 241 T TR A 3R AR W LAy
FRUEDI B, E AR S BAEE K TS E 1400 mg/ke,
It ELTE T RS PR T I By 5k, BRI mT R T
fE R R PR HEE D | WRATIRE RN EHIER L,
JMA 8 mL SR, JINssficE 1 h, FINA 4 mL SUE/KEE R

SRR (H,O,/HF), $# 08 2.2.2(2) 07 Sk M 182 % 400 1
TR R AR EYI T, MESSRLE 6, A EAK
Kies, RSB HSHME. AT LUEB, 8l Y
T v R R T LR s R ReR, HOPATHEE LR, 1
B AF X A YE f 22 (relative standard deviation, RSD)1{E H
6.5%~34.2% FFEZE 0.36%~5.4%, T2 WA
K B BB A S T R A F SRS E A B e,
JIT LA AT B — 2P 1 T
34 WUREBRSE XM RELE

RS e R b, 3 Sl 2 AR T AR A
91 fige WsF ] A A0 A AR D0 0 A 2 0, B R 2.2.2(3) 7 ik
XTI R /INZE L PSR L R IR R M S A ) 4 o A R
T, R0 7.5 3.2 PRI - SRIRIK R A,
FE I AY B T 5 A RO T A SRR, T AR VRO A5 48
A E R, AR RGO T A AR R T LR R A AL
KA P R A S ) AR A A R ke, AR R = 40 iR
) VTR o

x5 BETREHEBEEHQO TR AR FREY R PSS 20 E ERFZE(=6)
Table 5 Influence of different acid systems on the determination of aluminium content in standard reference materials based on
microwave digestion condition (1) (n=6)

HNOs+H,0, (8:2, V: V)

HNOs+HF (8:2, V)

PREYI S5 {H/(mg/ke)
MEE/(mg/kg)  MXTARMERZ/%  FICR%  WEE/(mg/kg)  ARXARMEMm2E/%  RICR/%
g /N 210 43.7 45 20.8 173 8.8 82.5
T3 1400 575 6.5 41.1 479 30 34.2
i 120 243 10 20.2 95.7 4.7 79.7
KUF 290 145 8.7 50.1 241 3.1 83.0
kreeky sk 70.1£2 722 0.50 103 75.0 2.9 107
F6 ETRUHBEHQO THAERREX R EYRA R P E S ENE BRI (n=6)
Table 6 Influence of different acid dosages on determination value of aluminum content in celery standard reference material based on

microwave digestion condition (1) (#=6)

HNO;s+H,0, (8:2, V: V)

HNOs+HF (8:2, V)

HNO;+H,0, (8:4, V:V) HNO;+HF (8:4, V:V)

bRUE S
Wi Amgikg) . . .

7 {H/(mg/kg) RSD/% W& {H/(mg/kg) RSD/%  WIEfH/(mg/kg) RSD/%  ME{H/(mg/kg) RSD/%
i 1400 575 6.5 479 34.2 709 0.36 943 5.4
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Table 7 Influence of HNO;-HF system on the determination of aluminium content in standard reference materials based on different

microwave digestion conditions (n=6)

ARS8 201 (1)

B %S5 4 1FQ)

B BT 275 {d/(mg/kg)

W5 {8/ (mg/kg) RSD/% B3 /% W (H/(mg/kg) RSD/% B /%
MR/ 210 173 8.8 82.5 205 2.1 97.6
i 1400 479 30 34.2 1006 3.0 71.9
i 120 95.7 4.7 79.7 102 4.5 85.0
KAF 290 241 3.1 83.0 258 6.3 89.0
ek % 70.1£2 75.0 2.9 107 76.8 13 110

3.5 FIAERREMAMREG RIS EX
M L AR ERHAITRSESH
FIH GB 5009.182-2017 55 =1 P EA7 (4 iy b 385 7
5B R EN T A . BRI . G
Kz . BRAORY 22 R A5 S MR S EA T TR AR, R AT AR
HAYME, 48R IR 8. AT LA Y, Zid A5ty
A BT 2 I MR B, AR S B & TR AR O
TR ER A R . RIIR T bR v B RTAL B 7 200 T 1737
LAY SR B R AR A AR T A A TR R BRRAFAE, T AR SC
FR DA 8 T T e 1 mT L STV ks £ i v B SRR T
R, S A I A HERR 1
8 ETEREMBKERESE £H4Q)+HNO+HF) 5 AN i
EEmAITRAEESH
Table 8 Aluminum content of typical food in the market based

on the national standard method and microwave digestion
condition (2)+(HNO;+HF)

T 25 2

TEEN B E/(mg/kg) (2)HENOHF) Ame/ke)
% 18.3 36.8
B 9.80 18.3
L kne 29.5 34.5
PR 5% 168 232
IS 82.0 97.0

4 FR5ie

A% SCH 3 Xt B R b A A A A EE vk A A A )
BRIk, XN L S BB RURFIR 228 5%
SR BRI ST T A, I E AT . SRR,
GB 5009.182-2017 HR FH (14 B R T e AR 22 (NG gk
BRASMEMERR, 2EM05E AL R h 2B BN A
JEE L E LS AR A B G . TSR T i B 1 A5 1
TR — TR A 2 T WU TS A 2 7 (2) 2% 4 T T 2 45 SR o

FOEARESH A, SMERG . T AW REAS s RS
ARG, AR LRERRER KA T AR SRR 1T
SAFTE; WSS T RERRER AR, PRI LA T A
TEARER O AR TR R o MR A AL A8 i mT LA
MR b b U (L 3R AR BRI AR R R, RO R R T A Y
HERPE, JF B ARG | R, LT 1%
GeJ5ik, ICR A IR S R o %07 B S ML £ b
Aol A 2 EE Bl I SRIZ U b 2 A A AR R LTS
Yo BREATERA R, (RIS AL 4y, A SR L.
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