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Risk assessment of dietary aluminum exposure for residents in Inner Mongolia
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Abstract: Objective To understand the current situation of aluminum pollution in the main foods in Inner Mongolia and to
evaluate the risk of dietary aluminum exposure of local residents. Methods The aluminum residues of foods containing
aluminum additives in food safety risk monitoring in Inner Mongolia from 2010 to 2018 were analyzed. Combined with the food
consumption data of residents in Inner Mongolia in 2012, the dietary aluminum intake and health risk was calculated and assessed
by sex-age group. Results In this assessment, there were 1 083 common aluminum-containing foods samples with a detection
rate of 69.449% (752/1 083). The average content of aluminum residue was 142. 81 mg/kg, ranging from 0. 30 mg/kg to
2 950. 00 mg/kg. The average weekly intake of dietary aluminum for the whole population was 0. 692 mg/kg BW which was
lower than the tolerable weekly intake (PTWI, 2 mg/kg BW) formulated by the Joint Expert Committee on Food Additives
(JECFA). The weekly intake of dietary aluminum for people with high food consumption was 4. 868 mg/kg BW. It was
2.43 times that of PTWI. The average weekly dietary aluminum intake of people in different gender-age groups did not exceed
PTWI, and the average intake decreased with the increase of age. Conclusion Aluminum containing additives in vermicelli
and deep-fried dough sticks exceeded the standard seriously. Aluminum containing additives in puffed food and fermented
flour products were used beyond the scope. High-consumption groups of all sex-age groups are at greater risk of aluminum
exposure. Relevant departments need to strengthen the supervision of the abuse of aluminum-containing additives.
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on Food Additives, JECFA) F 2011 E4& 1T A9 & 5 7]
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A/ SRBERTHEEARZHN, 458K 5
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1B A P50 P90 P97, 5 L K f K AE L
1.3 Gitegatr

A5 A AR K RN T 60% , TR
K BB LA 1/200D AR SR AT SPSS 22. 0 %k
PRI AT B0 G4 M, 07 FH B ARG 56 X A 580 43 i1
HIT B E R SRR, P<0.05 hERA S
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2.1 ANIRVEL A e AR Ak B

2010—2018 4F L W5l 7 9 A~ & ff 28 5l B3t
1 083 A i, A il B BV AR K HH R0 69. 449% ( 752/
1083), Mo by 45 16 & L Th A5 IO K R 4 il ok
87.07% (128/147) 84.38%(27/32) .82.21% (171/
208) ; BBk B Ol 142, 81 me/kg, Hodoks 4% il
& A PR OT 28R B A G R, 419 515. 85,
263.42 132. 94 mg/kg; 5% 22 M 5% PR I K gk
B 9 2 090. 00,2 310. 00 .2 950. 00 mg/kg, 43 5
i GB 2760—2014" rf 4 1 PR & A 19 20. 90 1% .
11.55 £% . 14. 75 fi5 o %F 9 A6 f 2 51 b i 45 57 25 5%
BA 5 54T Kruskal-Wallis H Bk A1 KS 36 Al gF — 25 Hh
P EL A (BRAE e SNK 35 ), &5 R I, B S AR 3
Bk B8 5 A 5 2R 5 (BRIFRAE AL 40 ) R, 22
S G R X (P<0.05) 5 50 L% 1,
2.2 FrifE (GB 2760—2014) & 1T /i J5 4 25 & &
BR AR B X H A AT
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Table 1  Analysis results of aluminum residues in different types of food

£ R B ?fﬁtﬂ‘ﬁ'}’ﬁ( A& it/ (mg/kg)

(K %/ %) (i P50 P90 P95 KA
183k 99 79 (79.80) 34. 10 6.50 85.90 198. 00 682. 00
Wt 32 27 (84.38) 132.94 31. 10 386. 48 723.01 1 006. 80
IS 208 171 (82.21) 263.42 33. 60 743. 15 932.36 2 090. 00
FRAE 35 21 (60.00) 78.94 26. 00 232.38 311.00 495. 00
o 147 128 (87.07) 515.85 180. 00 1 754.00 2 096. 00 2 950. 00
b4 54 26 (48.15) 78.01 5.00 125.00 339.50 2 310. 00
K] 53 24 (45.28) 21.06 2.50 66.92 87.85 428.90
PET 65 37 (56.92) 7.35 3. 60 13.96 26.92 79.50
A B b 390 239 (61.28) 20. 07 6. 14 52.99 86. 60 340. 00
&t 1083 752 (69.44) 142. 81 9. 60 439.20 804. 26 2 950. 00
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(48/113) F1 35.90% (14/39) , FLAS V- 4 5% B8 5 43 )
kg 257. 43 1 527. 95 mg/kg, 43 WS ARAERY 2. 57 1%

A FRUEIE T S50 2% B 25 B AR R 0 I ol 42. 48% 2. 64 5, G5 R 2,
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Table 2 Comparative analysis of aluminum residues in various foods before and after standard revision

i HEAE VT T PRI )

SN TR IES B ¥iE £ i 5 5 LRI O E B ¥iH £ s 5 5 A bR 5K

5% /(mg/kg) (K %/ %) (FBARA/ %) A /(mg/kg) (K %/ %) (BAR%/ % )
18k 36 54.28 20 (55.56) 5(13.89) 63 22.57 59 (93.65) —
i 28 151. 07 23 (82.14) 13 (46.43) 4 6.03 4 (100.00) —
RS 95 270. 55 80 (84.21) 46 (48.42) 113 257. 43 89 (78.76) 48 (42.48)
WAk 108 511.48 103 (95.37) — 39 527.95 25 (64. 10) 14 (35.90)
w2z 33 98.73 16 (48.48) — 21 45. 44 9 (42.86) 2(9.52)
[agah 38 26. 85 12 (31.58) 1(2.63) 15 6.37 12 (80.00) 0 (0.00)
T 19 11.93 5(26.32) 0 (0.00) 46 5.45 32 (69.57) 0 (0.00)
A& 325 22.14 184 (56.62) 8 (2.46) 65 9.65 56 (86.15) —
&1t 682 144.91 443 (64.96) — 366 144. 96 286(78. 14) —

Y — 2R T M ST 00 e, TG0 A A

X bR HEAE VT AT G B A 1 28 501 o (9 55 O 24 5k BR
SEEAT A ST REAS BRI 50, 25 3 B T Ak h AR T
B BRI PR L 22 A SR (7=
—2.346,P<0.05) , HoAth £ 5 2 500 Aif J5 A8 A 22 5 34 0
GiitsEE L (P>0.05) . XARAEBITHI G BB 2K
ST AR S IR B R R AT X K R B AR HE B 1T
J5 A 2% (X° = 25.280) \H 4% (X* =24.891) 4R 5% 2
IR R AR TT R N R, 2 R A St X
(P <0.001); 1 1 2 (X*=10.177) . 18 k (X* =
20.624) BF T (X* =10.257) JEALE 5 (X> =19.968)
o R AR MRS VT A I, 2 R A Gt X
(P<0.05) ; X R UEAE TT R J5 A B4 R 7 X K
5, R UBRUEAS TT 5 B S A, S SR AR A 1T 11 T i

HESAHG 22 X (X =19.559,P<0.001) ,
2.3 JEERBREITAESR
2.3.1 2 ARREE SRR A R LI
ENBTAEZE R BoR , NE T AR K E RS S
NN 7 A S B3R 0,692 mg/kg BW, T 9% A
R RF 2 8E A RN 1,319 mg/kg BW, ¥ oKk # i
PTWI; W i 2% ABE(PO7.5) JIEE B ARN
4.868 mg/kg BW ,J& PTWI 1Y 2. 43 15, {H3 1MW
AR PO0 K 2. 106 mg/kg BW | Rl 2/ i i
10% W NFEARER A i PTWI, AF e R XURS: . 7E
FIEAT BB S 20 v, o 2% o) i £ R 48 A IR B TR R
R (73.12%) , BN Sl AR X RRE & R 5%
AR SR KN

3 AFTARKEREAMBEEBREA RS

Table 3 Results of dietary aluminum intake of the entire population of residents in Inner Mongolia

£ I B i EFEERBEA R/ (mg/kg BW) i Tk
/(g/d) ¥IH P50 P90 P97.5 R ME PTWI/ % /%
B 3.135 0. 092 0. 000 0. 000 1.296 10. 570 4. 60 13.29
ez 0.105 0. 000 0. 000 0. 000 0. 000 0.163 0.05 0. 00
W& 8.001 0. 506 0. 000 1. 744 4. 468 11.355 25.30 73. 12
183k A 38.943 0. 091 0. 000 0.323 0.704 1.628 4.55 13.15
T A2 9F T 3. 407 0.003 0. 000 0. 000 0.038 0.261 0.15 0.43
A& 0. 304 0. 000 0. 000 0. 000 0. 000 0.114 0. 00 0. 00
Hit 53.895 0. 692 0. 039 2. 106 4. 868 11.363 34. 60 100. 00
2.3.2  ANFEER - ANBERE & P AR AR RE AR AR PTWI Y 2. 17 ~2. 37

AE Ve -AE WS H ARBTG5 R R, 6~10 % fEz b, & NBEREES S A =B PTWI B9 A5l

AR NBE R P Y RE AR R AL 1. 846 mg/kg
BW (At PTWI) , EZRIE T & (5 6~10 %
AR MR A B 96.31%) , HiZ4E 41 v i i
PTWI B9 A5 P84 AR 25.93% (7/27) 5 Hofl4F
WD) B R A R Y R PTWIL, H

159 A, i B ABUHY 10. 63% (159/1 496) | 4%
W3 4,
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Figure 1  Distribution of dietary aluminum exposure Tt A B SR TS R E T
frequency of the whole population B 3 L2 £ 9 A R W A ) B LA w2
F4 O AZEN ARKEMED-ERH AT R EHREA R
Table 4 Dietary aluminum intake of all sex-age groups in Inner Mongolia
b AR/ /kg BW g ] e &
SRS ;FI?E JHE R AR/ (mg/kg BW) _ i PTWI 418
IS HifH P50 P90 P97.5 RRME N4 PTWI/%
6~10 % 27 1. 846 0. 120 7.420 — 11.355 7 92.30
11~17 %% 12 1.426 0.360 7.417 — 8. 440 2 71.30
11~17 %1 19 1.108 0.310 2.390 — 9.740 3 55.40
18~59 % 5 493 0.672 0. 040 1.936 4.437 11.363 45 33.60
18~59 % 4 579 0. 687 0. 040 2.250 4.345 9. 460 67 34.35
=60 %Y 178 0.589 0. 000 1.984 4.736 9.260 17 29.45
=60 44 188 0. 607 0. 030 1.903 4.705 7.340 18 30. 35
ICE PN 5 785 1.319 0. 838 3.409 5.759 11.363 159 65.95
it 1 496 0. 692 0.039 2. 106 4.868 11.363 159 34. 60

Y — 25 TGO
Shy % % T o 7 0 Sk R AN R R S AR R R Y
IV @V YL e

WAL S5 R WoR | BAR 4 N BE 5 8 7 35 1 2 5 4
AH(0.692 mg/kg BW) A it PTWI, {H 45 4F % 41
EEYIE 2 AR A R R PTWI,
& WL IX 43 B A7 A A0 1o A B KU o A BF 5T 45 2R
BoR AN AR KR REESRE AN FRE
VR (TIWREN 73.12%) , 5 X R L5 N Sl
36 DX B AY T B ST 1 R0 204w 4% b G A R R
FRE R 2 DDA G 5 AR N £ AR A A S 4 (B AR T
RKEEN, TRES RKMFEANGHEESZINHSA
XK HEBEENIE,6~10 % JLEM PTWI 9 A
4 AR, HOHRE & 8 ABE 1Y 96.32% ¥k H
Wy A5, 1 AR A3 AR I BRI Ry A% B A 5 1 Y A
X B, NS AR XOE RSB SR AR
(0. 692 mg/kg BW) & ) M i & B4 7 2 1% & 47
AR (0.206 mg/kg BW) '™ F BRI Tk &
225 MR R E ROk mdb i E S

BEAR AR PEAR R FH A 40 5% B8 B Bl AL T
F B SRS N S R LG T T RE A AR R
TG E i DL B B A7 R I AS I 40 RN B ik A )
R IERS R R TR S RO B AR R OK B A
PR RS AR B B ] BRAIAG Y Sl A TR X R

MG B AR AR . HOR 2012 AR N S AR X IR
F14 1 0 4 A8 R 9% UK 7 55 25 AT ] REAF AE — E 1Y 22
S A2 S B 2 PP A R

LRI, 6~ 10 % L2 K 45 47 i 4 i 2 W 1
Pt NBENLIE B A B B, Dz & B A R
an, WORY A% OB 22 2% T OF S AT B ARG £ 4 2R
e B AL B il R T T A A RS R S R By
0T 1] AR by 2% 3 2% B9 A [ R o H
TAH DG 1 M v 0 o, A DGR T IO i £
AR BRSO R AL P 0 R A Ak )
R B AR EE Y FELAS IR AT
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W E.BM 5 AEERIZH ARG T TRRG A TR LY 0 E IR AN T4 AR
REKEFRAFRREENYh, FE A MEXBAKREFRLTHRAE RAEKRE(E36HHR), ZRTH(E

) A B RAFAF AN TR, RARSI AR R AR ENETEAREY TAR WK ARAERE 3
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