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Determination of aluminum content in edible parts and shell of roasted seeds
and nuts by improved national standard method and discussion
on its edible risk

WANG Ying*, WANG Wei, SHI Yan-Yu, SHI Jin-E, LI Yuan-Yuan

(Jilin Institute for Food Control, Changchun 130103, China)

ABSTRACT: Objective To investigate the effect of content of aluminum in edible part and shell of roasted seeds
and nuts on the level of aluminum in the human body, and to evaluate the level of food safety risk exposure of the
human body. Methods The acid digestion system of HNO;+H,0,+HF was used for microwave digestion
pretreatment, and the aluminum elements of edible parts and shells in roasted seeds and nuts were detected by
inductively coupled plasma mass spectrometry. The risk assessment results were obtained by comparing the two parts
of each sample. Results The method had a good linearity in the range of 0-100 pg/L of aluminum (7=0.9998), and
the detection values of national standard materials of wheat, Liaoning rice and tea were all within the fixed interval.
The relative standard deviation of the actual samples measured for 6 times was 3.45%, the limit of detection was 0.1
mg/kg, and the limit quantitation was 0.3 mg/kg. The content of aluminum in the fruit shell of melon seeds, peanuts
and hazelnuts were higher than those in the edible part. The aluminum content in the shell of pine nuts was lower than
that in the edible part. No obvious regularity was found in the test results of pistachio. Conclusion In order to avoid

the risk of excessive exposure to aluminum, attention should be paid to reducing excessive contact with the shell in
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the way of roasted seeds and nuts.
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FOLRE TR R RO CR, (HILHE AN S
A5 Z M A B R IR S AR WIS T RS A, TE

NANEBOR AR PEREME, T A0 & 1 A9 15 1L,

Pl P ph e . ThAREEOISR TR L B B
M. ANESE R GAE R EVE . G0 A T 48 400
5. Sk . SI0RE . BRE . REERCR . BT
ERLEAAE . MIREE . PTRMAREZEMLR, WK
R AR A WA E, NA L% IARIE
it —LargE, XEREoE . BRI . R HIR
Je NZ iR FLAT 7 5 5 U R BT A9 GB 2760-2014( 12
B A FARE AR AR ) P fe e M A A
68 Y 1% A TR 6% i (S 4% 2 B P RS T 460 0 (L 44 7 B AR,
HAFAER A USRI,

B7E H R, 5 BB AE LD B il P B R AR
o, REEFEATRAT: (DEmMAEA, KWl R mA
BHERLAT RAROK, ERDEEAS 55 52 3 b gk, 11 BAS A MG
QERKARESIA, RE S ERENERITER, ~
A GRE At AR IR DY, A7 AR fifaar &0 sk
S DR sy o U200 W SR A B e i 4R, (H G T
ATEH Ay, XFH RS R AR R, e
FRS LTSI, KRR S FEUR R
FRTE ARG IR T ELFE RIS R v R SRR R

oty HEOETF AR B BR AL S IO APAE, T ARAR Z PRI A SRR,

SIS KA i fER 1) AT RE

AKITE BT X AD G AR il T 55 v X O A PR L, X
FEARIT LT UAL, FE AT IR UE . SR A5 A E T
BRI BERERD, & BUAR22 Ab DEAE i B T 23R 23 2R
FeH OGRS A BRZEN, X ARG 1K F- R0 A
(5], G AN TR] 4 0 3% AT AR B S0 B i i 5 5 e A
AR it 22 4 IR 2 B AT A B AR 24K Al

2 MRERE

2.1 U AFSHR

Agilent 7700X ) BAR A 45 B T BT (N (36 [ 24t
122 Fl); Mars 6 S T R4 (36 [ CEM 24 ); Milli-Q 2385
FoK & #% (3 E Millipore 23 F).

e HNO;(PE 4 4li, BR7HAF); Hy0,. HF(EL 4L,
[ 25 4R A2 BRA FD); SRCRAERVEL . Sc PRl
(1000 pg/mL, FEZANYA BRI H.0); Liv Y. Ce. TI.

Co MR- FREIFIR(1.0 ng/L, EEZHENAF); K
S FRBAlK

HF i Sy WAV I ST ) & T 3 R R 0 T P A 7 I
T BT JROR T S 283 s3 A SRR
22 FREBRR

FRUEF W #1000 pg/mL FICEBEHERA o=5%
(TR %, TR HNOS B 5 BT

AR 1000 pg/mL Sc FRUEAE I, H I 0=5%
H) HNO; & #i B 2 200 pg/Lo

BRI 1.0 pg/LLi. Y. Ce. TI. Co IR HRE
W
2.3 ISR

KO ORRENL, RERRSORA G, RS B4
F, ByEiEat 200 B, BB, 85 °CTH#E: 4 h, A
T ARG TR P & H .

24 ZWHE

AT R E ZARME GB 5009.182-2017 £ i 224> [
FhRE 1 h P AR E ) U ok BB A S AR
% 3% (inductively coupled plasma mass spectrometry,
ICP-MS)(GB 5009.268-2016 { & i ‘&% 4 E K brifE &b £
JCEIE ) VS — ) WS O RE S UEATIN S, X4
For 25 (AR EA T T REAL R SR
24.1 B AEAHAL

FA BT W& O AL RS SR AT Ak, AN RS R |
FARY . BT | 4B A K R ARk B e BK, (U
ZHEBN T 1,

242 HouaE

(A &4

FEUFRI 0.4 g ZEATFER B FIHMEET, A 7.0 mL
HNO;. 2.0 mL H,0,, 1.0 mL HF, #& 1 h J54#%3 2 % E
U R, BHZ ERASEEREERZE 50 mL, fF
W, [ A A A

(Q)FR5%

FEOFRI 0.4 g ZEATFEM B FIHMEET, A 7.0 mL
HNO;. 1.0 mL H,0,, 1.0 mL HF, 2&x#1k(1)b3
243 W &

AL LB S T il 7 ik, 51 AL N
FEMLI A FRAL IEOC R RBUE, RRGIARRIZ B brdEsE
W, FERRAS . RESNE . ARERACHESCHE, 2R YSc A
PRREIE TTAL JGEK, FAREAL i AR AR R A L R
JE o R R P AR B A T RS SRR RS T T AE -
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Table 1 Instrument parameters
e TAESH e TAESH
RF Rt 1300 W KA B
Fiba Micromist ERETDIEN kg
FALE IR 2°C e A5 A I T 0.1s
SR (1 e — 1k 1k) 2.5 mm H0E T 3 /06 7 R
SRAEHE / FUBUHE 1.0/0.4 mm 5 4k IR 3
Uk ) A e 0.11/s JCE B[] 0.3s
ST EREE 0.0267 Pa Bt HoR Jik /AL (P/A)
Y IR R )WL 12 L/min rinngie i 0.65~0.8u
HARES) &= 1.19 L/min Ay <0.5%
SRR 8.0 mm X HL A <2%
ioalllE R flf e AR 3.5 mL/min

R2 WEHBER

Table 2 Program of microwave digestion

- TREE T Uk Bt i) PR FER ]
ﬂ}’qﬂ?
0/°C t/min t/min
1 110 7 5
2 150 5 8
3 180 4 30

3 HER5iITR

3.0 BIALIBEGML
3.1.1 BREE

Ao H AR I A B BURE R AR O 0.2~0.5 g, B
PiiZ, WEERRE TN A 5T 4 B AR I AR T R R 32 E
Bl RIS T, BRI R G R 8, BETT DL 2 FR At i
RAGHE AL (38500, A AT LAAS 2R 58 A e 0 e 5 ol A0
MEFEREAC . ORI R . (AARTRSE I R D 2R S v &
o AR oA HAR R . AT BT AR S U,
THAEXMEEE R, DU KRBT, ZMATE S, Ao &
ML SR AR T R b, (SR AEHE O R e, RS2 h RS A AR
GBI RETRER IS R, BB RSN G IR e 4. &
KBS, BAERFERR 0.4 g WA BRI, TEHRE
4 )[R A ik B fe R BURE 4
3.1.2 R BREBRAR A

o F K BRI T AR T AR R AR A 5~10 mL
HNO;, {HAESZERH I, X405 7 5 ik F s B8 i & &
BOE D RERRER AR, DU A TSR T T8 A R AN

Ay A SCRRY ORI S B0, AR 2 e A T
AR IR Z S 7.0 mL HNO;+2.0 mL H,0,+1.0 mL HF,
FIA H,0, MU FEEMEVER, & REBR LAY RS0 HR 5 i
# %% 7.0 mL HNO5+1.0 mL H,0,+1.0 mL HF, |/ HF &5
TR TR R 1) Ak 27 S5 A AR T A 15 31 58 42
3.2 FHKHER

ICP-MS 45002 1Y T3 32 24y Jy Bk TP Ak it
. XHEROCE MR, B i 2 R
"B YRR EUA S YA M, R EERT AR T
Yoo ARFTRE TP 32 20k B FE S LA, 3 SE R DE L Y
PRUEDIIT . ARG . SRR BT BONRRUTY ARSI
S EUR UL ERTIEE 11185 % NS 5187 o B LIS 7 'l o5 2 NP 6 |
T, AR S S R R AR T

S rp R AR R, AR R AR il
— AT 5.0 mL/min, RIEFE 2.0~5.0 mL/min 5N,
SrBIBEEE 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0 mL/min &
SMENE 1 pug/L Ce AR, WEE CeO™/Ce ™Rl 156/140
AR . 25 SRR BB S RGN, % L BB ALK,
MAAFEES 3.5 mL/min 5, ZHETEZE 0.5%L1F,
YRERIEIMA S &=, FNOCENR BRI 2, HIt
FE AR SR 3.5 mL/min R fl.
33 ®RERE

AT SR AT /A JEIRE, foff ik s A 4D I ol R
SR B T LT TR RS o 40 BURRUE RS R
YA 0. 20, 40, 60, 80. 100 pg/L, Ay R A%
RPN 3. SBICR MR R R AT
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Table 3 Linear regression equation and correlation coefficient

TR R dli g i HHK R B
YAl Y=2.106x10" X +1.214x1072 0.9998
34 FERBEE

WE W —FE R &, SPATIE 6 IR, HERHFE
KR, R 4 G5RFWL, I0E (E 0 R XS AR 22 (relative
standard deviation, RSD, n=6)"} 3.45%.

3.5 FHEKER

il 11 dRERhEs [, M FO TR, IR R M
THECRBREIR 2 (6), 36 FITXss 7 i ik B B Ry Iy ieAar el BR, 106
ST XTI 8 B RV Ay Oy i B . F BRFRER 0.4 g AL, THAL
JEREAZE 50 mL, TR T GO T A T A B s R
0.1 mg/kg, E B 0.3 mg/kgo
3.6 MAREIT KL 755K ERE

RTINS, SR 2.4.2 (DAYTHEAR T 3
AR K (8 [ SR UER) ST A 7 T ik Je ) e Sl 15 55 8 1
FE RS E o

R 5 AL SRARAL I E Jr =X, SERRAIE 45 1
HRREALTARUEY) BT s (8 X TRI Y, R BTy T ] 58

37 ARBAEREFEIENESERTIR

i BEAACAT (8 25 53 590 0 2 B ML M AR 52 Tl 3 W S S
KA 53 AKSUIRE S AT E A FUR TR 4y, A2 2R L
%6,

W 6 AT LLE H KD 02 R 5 A R 43 K A N
1.4~47.2 mg/kg, BRAATFHIME POI(EIEE] 31.6 mg/kg AF,
HoAFP I E AE T 10 mg/kg, & XU A 55
TR IAE Hy 0.2~578 me/kg, BRALAE B9 Al
67.8 mg/kg . IRTF-RIIE HAL{EH 45.3 mg/kg Hb, HAhFP
I HALAE AT 25 mg/ke.

BT W E AT R A 5 RS R AR T R B i AT,
FERARES Y 2 dD e (AR, R 1. 1~13 SRS R
T, 14~25 SEERC N, 26~35 SEER N TF LR, 36~43 5
FES AT, 44~53 SHESCIET

NG R EE =) N SN 22N S =S e
RS EVEE TS RE L ARFRES .. 1R
FRE R A SN L), TR 58 AR A Sy R A
1.5~39.0 %, BEFRPHEENATEHIM 1.9~10.8 fF,
e H SR A e AR S i v A T A SR 3.9~339.7 £%;
AT R S BT TR 1 MR
RSB, FATFFer s &gl g fsr = 0.55~0.80;
TR G I 25 SRR R B S A

R4 FEEEE

Table 4 Precision of the method

METLR SR E (B (mg/kg) F-¥{8/(mg/kg) X FRAEN 22 RSD/%
Al 6.68 7.24 7.06 7.32 7.19 6.87 7.06 3.45
RS ERTEMRNEG=3)
Table 5 Detection values of national standard substances (n=3)
HFR FrRUED) oS B4 5 5 {8/ (mg/kg) IS $5E/ (mg/kg) RSD/%
INAZ GBW 10011 104+10 953 4.86%
LT RAK GBW 10043 450+70 396 4.01%
A GBW 10016 94090 869 431%
®o6 PWHAIFTRKFBSMRTHSERNEESLR(my/ke)
Table 6 Statistics of aluminum in edible parts and shucks of roasted seeds and nuts (mg/kg)
AR R
FEhn2E 5] R R
Rk IR e S AVAT) ik mfE SRDALES
JRT 13 1.4 7.2 3.3 3.2 102 453
1A 12 1.7 12.3 6.8 28.5 578 67.8
PARINE: 10 5.2 16.8 6.9 0.3 34.1 11.4
/AR 8 8.2 47.2 31.6 5.0 43.0 21.0
W 10 1.6 7.5 4.4 0.2 40.7 13.9
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SRR G A S L g £ T S N P YR B B b SR 7 (9
DL B

4 &

AR SR 0B T - PR & S5 B R T R e T
5 K SIS GTRE S B AT B R A SR e A R OT R
T, IR ITERTE 0~100 pg/L RITE R MR BLAF, MIC RS
A 0.9998, HIXTERUHEMZE R 3.45%, EEEHA 0.3 mgkg,
JNF L AR BT R SRR B S EN RS TR
T e B S R R WER O ST = 1 S Ot )
FRICEMER, I H R RIFIE®E, nTRESEgs R,
SO AR AR L R KU, R A R, N
W GRS 2, U R R ) B A .
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