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Risk assessment of dietary exposure of aluminium in residents of Hangzhou
JIANG Hao, HUANG Liming, WANG Lingli, LIU Hui, ZHU Bing
(Hangzhou Center for Disease Control and Prevention, Zhejiang Hangzhou 310021, China)

Abstract: Objective To evaluate potential health risk and the dietary exposure of aluminium in residents of Hangzhou.
Methods The dietary exposure of aluminium in residents of Hangzhou was calculated by simple distribution assessment
method based on the data of aluminium-containing additives from 2015 to 2021 in Hangzhou and the data of food
consumption survey in 2015. Results The average weekly and the 95 percentile (P95) exposure were 0. 416 and
1. 986 mg/kg'BW, which were lower than the tolerable weekly intake (PTWI, 2 mg/kg'BW) by Joint FAO/WHO Expert
Committee on Food Additives (JECFA). Steamed stuffed buns, noodles, Chinese pastry, fried bread stick and steamed

buns were the main sources of exposure, accounting for 85. 9% of the total exposure. If the national food safety standard on

ammonium-containing additives was strictly implemented, the exposure will reduce by 88.2% and 84. 0%, respectively.

Conclusion The risk of dietary aluminium in residents of Hangzhou was low and acceptable. However, the exposure of

high-consumption groups (P95) was close to PTWI, and the P95 exposure of people under 18 had exceeded PTWI which

deserves attention. Measures should be taken to reduce the health risks caused by excessive aluminium exposure.
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% A f# (Provisional tolerated weekly intake, PTWI) &
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AYCPEAL BT I AR S R ROk A 2015—
2021 AFATTH TR A KU R 17 e 3
4 059 73 A5 ity B9 ARG I KA 40, i ARG 0 F) AR o (555 A
T BT T BT RS IR T ) 24 0 A M T 3 4
B AUE TN T B S PR 2 AR A
AR YA R 4 T BB R SR TR T 2015 AEATN T
FOE N 2 it i A o Mo AT a2 3 K 24 /N
[l JESE 8] A %, AR AT 1990 44 AR R B 1 i 2% i Bl o
1.2 Jrik

YA R i 23 T R GB/T 5009. 182—
2003 R fih 22 4= [ SR i T AR R AR A I E ) AN
GB/T 5009. 182—2017( £ fifr & 4= [{ Z AR e £ iy 7
SR I )T B G — AT o (B SEBR A, £ S
5% 5 18] 4 46 B (Limit of detection, LOD) f£ £ — &
# 5 9Br LOD JE A 0. 5~25 mg/kg, %1 WHO
A BRI I AR S8 /6 it T G 5 PEAG A (Global
Environment Monitoring System-Food Contamination
Monitoring and Assessment Programme , GEMS/FOOD )
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B ) B T R R AT AN R AF JEU AS Ul X
R th 1 BCHE (663 13, 4 15.59% ) 2R T3 LOD {8
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Table 1 General demographic characteristics
HEE /Y RFR g LD ARRR
(%) (%)
9 (n=994) 46(3~96) 60.7+15.3 264(26.6)  730(73.4)
4 (n=996) 45(3~93) 52.5+¢11.1 288(28.9)  708(71.1)
4 ANBE(n=1990) 45(3~96) 56.6+14.0 552(27.7) 1438(72.3)

2.2 AREMPENE ST

ARRIEAE I 17 25 4 059 &R 50
THBE . FRERN K HFEN 84.4%(3 426/
4059), &M N 97.4 mg/kg, T KK HAE N
21 600. 0 mg/kg. H B ARG 38R0 1 5 5 3
o E L 43 100. 0% (456/456) F1 551. 5 mg/kg.
BB MR R 41.2%(1 674/4 059) , il b
REFEHE N 0. 0%~90. 7% ., W3 2.
2.3 FAE S EYIE O a8 BUE B

BRTHRER DA YN R R,
53.5 g/ d; HYOR T RAE Y, 43518 27.6 F1 17. 6 ¢/d.
W3 3,
2.4 A NBE KO A ) - 4F % 20N B RE £ b R AR
i

TR VAL A R B b T R R e AR
BB A R OF 4 A R O 0. 416 mg/kgBW, i PTWI
9 20. 80% ;P95 Z F% & 4 1. 986 mg/kg BW , 5 PTWI
9 99.30%. 4 NFfi 2488 4 8. 181 mg/kgBW,
di PTWI [ 409. 05% . 4% 14 ol - 4F % 2 4 ) - 35 2%
% B 76 [F N 0.178~0. 850 mg/kgBW, i PTWI A
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Table 2 The amount of aluminium in different foods
N R : ST Bt/ (me/ k) R/ A/ RRERG RERR
¥E P50 P90 P95 P97.5  IKH

5 456 551.5 467.0  1020.0 1240.0 1470.0  2980.0 456 100.0 200 43.9
g 228 158.2 3.4 233 37.0  326.0 21600.0 172 75.4 9 3.9
IS 412 118.0 10.9 485.0 693.0 962.0 1 660.0 378 91.7 77 18.7
T 91 67.2 8.4 263.0 372.0  520.0  1010.0 85 93.4 85 93.4
w2 M 5 777 41.0 9.1 129.0 180.0 257.0 493.0 663 85.3 32 4.1
R 15 33.8 5.9 160.0 160.0  230.0 230.0 11 73.3 2 13.3
JHRER JBR 1A 15 35.9 4.0 140.0 140.0  281.0 281.0 14 93.3 2 13.3
o O 38 29.2 5.6 31.0 62.0 295.0 470.0 26 68.4 2 5.3
ik 111 21.0 6.0 432 71.6 138.0 462.0 95 85.6 4 3.6
1w 43 19.6 6.0 15.0 46.0 94.0 43.0 37 86.0 37 86.0
Bt 8 17.9 4.7 51.0 53.6 53.6 53.6 6 75.0 6 75.0
8k 673 11.2 5.1 14.0 18.6 29.3 700.0 558 82.9 558 82.9
/e 50 9.2 6.2 19.0 34.9 37.7 47.0 46 92.0 0 0.0
T 355 7.1 5.0 13.8 20.0 25.0 52.0 251 70.7 251 70.7
[g2) 265 6.9 5.0 13.0 19.0 26.0 66.0 219 82.6 0 0.0
[TiE: 194 6.8 5.7 12.9 16.0 19.2 31.0 176 90.7 176 90.7
A& 328 5.8 3.0 13.0 17.9 24.0 84.0 233 71.0 233 71.0
At 4059 97.4 7.0 348.0 572.0  797.0 21600.0 3426 84.4 1674 41.2

TE 9 7E GB 2760—20 14( £ il %2 42 [ ZEhR 28 il WS A0 6 PR ) b R A 122 288 £ by b mT LREE S5 SRS 30, G 6 o BV A0 LS o, Ay

AR
3 OALEMNAIE L (n=1990)
Table 3 Dietary intake of different foods (n=1 990)

8.90%~42. 50% ; &} J& P95 %% & 1 J0 Fl N 0. 604~
3.293 mg/kg'BW, 5 PTWI 1 30. 20%~164. 65% .

— W/ (/) AR BB A SR 2R AR R A B A
= HR 22T

FHE PO PO PS5 P15 B /N T 48 26 B e, 4 KR FROBE PTWT A KR A L f51
W - - = — — — . — A JH LB A JE T
fi % 53.5 0.0 185.0  250.0 3300  930.0 H : 82% . HA 7-12 BRI A A B WL 5 L 13T
T 276 00 1200  180.0 2400  570.0 PIBEEEE N 0. 850 mg/kgBW, /i PTWI Y 42. 50%
T4 17.6 0.0 80.0  100.0  160.0  600.0 A J5 P95 ZEE = N 3.293 mg/kgBW, (5§ PTWI f
FE R NI S N
»27% \ 13.7 0.0 533 100.0  150.0  410.0 164. 65% ; [7I I . 2 4F 16 U8 PTWT AL L6 % i
o =0RE A 6.3 0.0 0.0 0.0 50.0  800.0 o
i 4 3.7 0.0 0.0 16.7 66.7  240.0 AR A P B, O 15.69% . WLk 4.
TS 32 00 00 200 500 2833 2.5 RS PAT AR B S AR B B AR o X AT O T
W 2L W 55 2.2 0.0 0.0 0.0 267  300.0 R £ v A S R 1 S T
LIRS 1.9 0.0 0.0 0.0 0.0 2500 o o
HiE-S 1.6 0.0 0.0 0.0 20.0  168.7 QAR AL IR GB 2760—2014( & il % 4 [ K A if
¥ 08 0.0 0.0 0.0 00  100.0 1 A VS IR0 A A o )1 A BT T S AR R
Wi - 0500 0.0 0.0 0.0 150.0 IS SRR PR A v R AR AR B AR B
SRR JE 0.5 0.0 0.0 0.0 0.0  180.0 v A A s - . —
o ey R R A R A A S B 0 T O
ERE 02 00 0.0 0.0 00 867 R AR 2425 At AL BE £ v 40 g JR O 2 R 5 R P95
ARG 01 0.0 0.0 0.0 0.0 60.0 SRR R EILE W N 74, 2%~94. 7% F1 57. 9%~

Fd KR -FRHNTEREE SR REE
Table 4  Dietary exposure of aluminium in different sex—age groups
e B JE BT/ (mg/kgBW) I S I

W B _AE A 4 H H / o
PR AR 4/ % NE T 750 790 Pos 7975 FaT i PTWI A KL B PTWI AL fi] / %
3~6 67 0.561 0.230 1.832 2.355 2971 4.938 6 8.96
7~12 102 0.850 0.209 2.494 3.293 5.370 8.181 16 15.69
13~17(%) 37 0.448 0.103 1.430 2.064 2.126 3.351 3 8.11
13~17(%) 49 0.425 0.052 1.590 2.537 2.609 3.324 5 10.20
18~65( %) 734 0.403 0.111 1.283 1.782 2314 5.385 30 4.09
18~65(%) 775 0.393 0.096 1.349 1.816 2.433 4.649 33 4.26
66~80( ) 92 0.296 0.107 0.817 1.196 1.900 2.195 2 2.17
66~80(% ) 89 0.314 0.155 0.946 1.349 1.491 2.271 1 1.12
>80( %) 26 0.178 0.140 0.375 0.604 0.604 0.729 0 0.00
>80(4) 19 0.267 0.134 0.597 1.075 1.501 1.501 0 0.00
EIN 1990 0.416 0.112 1.349 1.986 2.537 8.181 96 4.82
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Table 5 The influence of strict implementation of national food

F o UM R b 41 45 8] 2 i 1O B W STk A
(mg/kgBW)
Table 6 Food contribution amount of dietary aluminium

exposure in residents of Hangzhou (mg/kg'BW)

safety standard limit of aluminium—containing additives on £t S AT PTG TR

1+ 0.240 0.000 0.240

dietary exposure in Hangzhou residents i 4 0.049 0.000 0.049

B JA 7 34 5 i 7 P95 iR o xRS A 0.025 0.000 0.025

PR -4 1 (mg/kgBW) (mg/kg'BW) 5S 0.019 0.000 0.019

4/% e e P PEIR PNV N 1 ) T A3 0.017 0.000 0.017

PATHT ATIE B /% PATHT PUATIE 5 /% . 0.005 0.000 0.005

3~6 0.561  0.069 87.7 2355 0.000  100.0 Wac 0.024 0.020 0.004

7~12 0.850  0.045 947 3293  0.407 87.6 it 0.004 0.000 0.004

13~17(%) 0.448 0.112 750 2.064 0.000  100.0 Pl 0.002 0.000 0.002

13~17(%) 0.425  0.029 932 2537 0.000 100.0 g 0.004 0.002 0.001

18~65(1H) 0.403 0.040 90.1  1.782 0.266 85.1 et 0.001 0.000 0.001

18~65(%) 0.393  0.047 88.0 1.816 0.282 84.5 N4k £ 0.000 0.000 0.000

66~80( %) 0.296 0.074 750  1.196 0.419 65.0 Rl 0.012 0.012 0.000

66~80( %) 0314  0.081 742 1349 0.503 62.7 2Ly £ 0.011 0.011 0.000

>80( %) 0.178 0.046 742  0.604 0.254 57.9 JFRERJBR 141 0.003 0.003 0.000

>80(%) 0.267 0.066 753  1.075 0.252 76.6 i 0.000 0.000 0.000

2 NFE 0.416 0.049 882 1986 0.318 84.0 sy 0.000 0.000 0.000

it 0.416 0.049 0.367

2.6 B TR R AR A R A5 2SN Y DTk

-~ 175 4L MR e (SR L. 18 % ()

AREM P, AFRHEY RS, N
57.79% , Ho ok Ry i g% aCRE ATk Ak e sk,
N

60 57.79
50
=
3 40
=
i_g 30
20
i il 11.68
o B 6 404 2.9 2.69 1 50.560.56 0.6 0.480.28 0.060.02 0.0
KK G B R & &0 R B B K% A
SEFTIENINECAERGSE
&' R & Al

B BN T J R B o R 2 e 1 B ) TR
Figure 1  Food contribution rate of dietary aluminium exposure

in residents of Hangzhou
FUERE AT Bl R BR S R e T BR A
HIVEIRORRIVN-E 7/ e NS NN/ T T SNC L
AL Sk R . W3R 6.

3 iFit

AR YR HR VEAR 25 5 SR AN T A AR B
AR Y R R OE ) 5 R R S P95 R R R 4T R
0.416 1 1.986 mg/kgBW , ¥J K id PTWI, £ W H
TR 1 6 £ % 50 0 e N T TR RS i A R A XU
AT 332 K o BRI, 18 % (R ) LU R B4R IR 4
P95 BT T PTWI, Horp 7~12 # R &
AR AR TR P95 B R AU PTWI A B EL 19135 Ay il
HAE W A w4 A 3.293 mg/kgBW Al
15.69% , Ho Wk J& 13~17 % (L) 4l .3~6 % 41 F1 13~

DL b £ B4R A, POS R Y AR i PTWIL &
PR 3 18 2/ LATR £ 4R I AR B AT A A 8E R
R £ v i R R L PTWIL, i JXURS: IR AN 28 Z 00
A YR VEAR v AN T R R T 4 AR R R A
A I 5 LR A 0 1 i AT Y A A, 5 b ) R R
1 A R 5 KU VA 1 BIF 9 FE AR — B, (HL 4 SR T 1
F5E (0. 416 mg/kgBW vs 0. 692 mg/kgBW) Fil P95
7% (1. 986 mg/kgBW vs 4. 868 mg/kg'BW) LA K
B PTWI AL (4. 82% vs 32. 5% ) HJIE AR T4 [ 7K
o 5Pk E gy R R BN T R h AR
-2 2 5% 5 (0. 416 mg/kgBW vs 0. 699 mg/kg'BW) |
P97.5 Bt (2. 537 mg/kgBW vs 3. 792 mg/kgBW)
N PTWI A KL ] (4. 82% vs 8. 0%) IR B AR,
2014 4F R E R DA A Z % 5 3T LA T T
AR RS N R A P R E A B TS R
TN A A BT TR RS IR A T AR UPEA R
R 5 BRI A R A T I M D RO L X Rl g
SR BN T R JRE £ R AR R KT B Y i A
Z—
MEWTTEREE , BN & O s RER i8R
#E 0 FE YR AR . FEARWESE A I Y 17 Fb
£ 20 b N T R R £ A AR R Y 32 kR
EETFHEASEY . MEEE YRR ELEEARY
B G B vE AR R R R E R . X AT R
& 0 R I A OG
ARG AFFE— AR S, B, KR FIE
TR ZK A NS5 7 88 i DTk . WFoR B0de R ), 3k
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KR R T H R KBRS S T 50 pe/L Y
A ¥ Ak Hb 3 K R ML R K B B 53 8 R 559% il
4% RIRK PRI R E 5 pH (A &, — b
KR LA 1~50 wg/L, (HRR ALK TR B9 5%
A 3K 500~1 000 pg/L", st Ak, Hb 2 7K Ab B i A2
R Y Ak 2% K R AR L R PO K P R R
U, DRI T R 2 1 AT o BT T 3R 0 R A 3 X
BRIk K8 & B E BN 20~150 /L7 KT
I R K AT Mk 2000 45 4 AR HE 2D e B R E Y
— TR K A AR K PR e B N AR ot
0.2 mg/L Wkr#E . 1 H JECFA KA AR FH K X F
R 5 58 1 DTk R ARAR

FER R 2 R W IR R DA A £ 2 v
RIRFAEM AT ARG R iR 2R W otk vl e
ARG . SR, BAR R RARFAE TR AR
LR PR S EANT 5 me/kg' 7 JECFA A K
TR A ZAR(KEHSHRAYHIA
FEBR AN R B R R Bk, BLAh, B S s2 ATk
M AT AR R TE R & S kA T —
125 4k, 7ETH 9% B0HE b 45 AR RPE A o Rk — 8 AN
FE

FRUC, A0 AT DB 2 b B R R A B, B
T ht 5 T4 £ S 0 B 0 T BE 5 D B R A
5 pH {H &Y 3 0 A LR R A A s G B
AR REA S AR R A E A kA
12 Pk AN & B R 248 A 2 mg (481 AR
Al 2R 25 BECRR B 4 ik b RE X AR R 5 1Y ST
W A] BEAE — B EE EAIRAN RS & rh B 0 SE PR R BR

B, AR ZS S g R e A 0. 05 mg HY4R
MR B B AR 2 7 A TN B A A R R e, T
e BT 2 . ARG R H B AP
Xof i R B v A R 5 1 TR, T RE 2 1 IR A

25 BT IR A 5 3 B BN T R R B rh AR R
5 R LS A A, Ak T 2 KT B
Pl B ABECL 2 18 Z LI F AR SR 4) 1Y
R T PTWI HAA SR & hnss st & 4
1 IS TR S LR A B Fe R R R
AR A B AR T DU K R AR
P AMERE & AR B8R BB PTWI 9 H ], faE B
. DA AT N e BB ARG R4S R ok
U8, AR 0 ke IR AT Fp ifE — 2B 5
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