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Assessment of Dietary Exposure Level of Aluminum in Residents Aged 15 Years or Above in Shanghai
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Abstract: [ Objective | To assess the dietary exposure level of aluminum among residents aged 15 years or above in

Shanghai. [ Methods ] Residents (n=1944) aged 15 years or above who lived in Shanghai were enrolled by multi-stage stratified
random sampling. A diet survey was carried out in different seasons by 24-hour diet recall and weighing method in three consecutive
days, followed by food aggregation according to total diet study, food sampling and preparation, and determination of aluminum
concentration in the analytical samples to assess the dietary exposure level of aluminum in residents. [ Results ] A total of 1748
valid questionnaires were returned with a response rate of 89.92% (1748/1944). Higher concentrations of aluminum were detected
in flour product samples such as deep-fried dough sticks. The concentration in deep-fried dough sticks exceeded the national
limit standard in each season, and the mean was 469.33 mg/kg in spring which was 5 times as much as the national standard. The
means of dietary aluminum intakes among the subjects in four seasons were 1.39, 0.51, 0.72, and 0.35-0.52 mg/kg body weight,
respectively, with significant differences. Grains, vegetables, and drinks and water were major sources of dietary aluminum exposure.
The result indicated that the dietary aluminum intakes among residents living in downtown area were higher than those in rural area
in each season. Moreover, the proportion of residents in downtown area whose dietary aluminum intakes exceeded the provisional
tolerable weekly intake (PTWI) was up to 21.29% in spring. In addition, the dietary aluminum exposure had no significant
differences across various sex or age subgroups. [ Conclusion ] Dietary aluminum intakes are high among residents aged 15
years or above, especially among those living in downtown area in spring. The government should strengthen regulation of flour
products such as deep-fried dough sticks, and the citizens should decrease the intake of food containing aluminum, especially
deep-fried dough sticks.
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Table 1 Regional, age, and gender distributions of residents enrolled in diet survey in Shanghai

ST e X WA X
AERSAH (%) Downtown area

Urban-rural fringe area

FERRHBIX Ait
Rural area Total

Age(Years) 51 4 JNF W% % &

Male Female Subtotal Proportion

A (%) B /S

Male Female Subtotal Proportion

A (%) B Lo ME MR (%)

Male Female Subtotal Proportion  Male Female Subtotal Proportion

15~ 136 131 267 15.27 68 69 137 7.84 76 70 146 8.35 280 270 550 31.46
45~ 140 148 288 16.48 69 68 137 7.84 73 80 153 8.75 282 296 578 33.07
60~ 152 154 306 17.51 72 71 143 8.18 88 83 171 9.78 312 308 620 35.47
&7t (Total ) 428 433 861 49.26 209 208 417 23.86 237 233 470 26.88 874 874 1748 100.00

®2 biBTRRARUEERERFHENFHEE (mgks)

Table 2 Average aluminum concentrations in representative food samples for Shanghai residents

IR (Food category ) #: (Spring ) X (Summer ) Bk ( Autumn ) & Winter)
FBR(Lower limit)* R ( Upper limit )*

A2 B A i ( Grain and grain product ) 44.50 13.54 31.55 15.92 16.35

i 4% ( Deep-fried dough stick ) 469.33 285.53 465.83 341.68 341.68
T8 IR HA 5 (Bean, nut, and their product ) 6.25 1.78 3.57 1.61 2.01
8 K HiAil i ( Potato and potato product ) 7.75 1.46 1.24 1.75 2.12
A B HoAf 5 ( Meat and meat product ) 0.32 0.43 0.37 0.77 1.23
T S 2B i ( Egg and egg product ) 0.39 0.00 0.38 0.00 0.71
K72 K HoAl i ( Aquatic product ) 1.60 4.52 9.23 1.34 1.95
FLAFLiH A ( Milk and dairy product ) 0.31 0.22 0.31 0.00 0.63
BRI B A b ( Vegetable and derived product ) 7.24 0.54 1.73 0.68 1.27
IR e A 5 ( Fruit and derived product ) 0.31 0.00 0.36 0.00 0.63
5 B i ( Sugar and sugar product ) — 3.88 0.83 11.00 11.14
RE& K ( Drink and water ) 1.03 0.40 0.66 0.39 0.89
2% (Liquor ) 7.20 1.06 2.53 0.68 0.88
“FH{E ( Mean ) 6.99 2.32 4.40 2.85 331

[ J+: KRB HEH L OMLOD T, 21 b i &5 o T IR £ IR

[ Note ]#: Not-detected value is counted respectively as 0 and LOD for lower limit and upper limit of dietary exposure.
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Table 3 Seasonal average daily dietary consumption in residents

aged 15 years or above in Shanghai

Food Category Spring Summer Autumn Winter
2 N =
ARG 48841 44477 44587  424.18"
Grain and grain product
s -« p .
Deep-fried dough stick 6.76 389 4.93 389
ST LI 7.98 524 7.69 5.50
Downtown area
REE G HLIX
SRR I 224 278 3.00¢ 257
Urban-rural fringe area
S X
ITRBR 3400 243 1.48° 212"
Rural area
T2k IR TG Ho| A
s, B Sl 95.22 60.57 67.92 64.59
Bean, nut, and their product
4 J i
FR LI o 242 19.57 24.84 27.04

Potato and potato product

PRI B A it

Meat and meat product

L

119.18 111.59 123.75 129.41

39.67 43.02 35.60 35.06
Egg and egg product
A

AL 7639  84.61 78.29 7242
Aquatic product
LI FL
Milk and dairy product 80.14 87.43 89.17 87.46
ok T e
LSSl 39350 27525 29298  289.19
Vegetable and derived product

L% 1 i
ARITH 9203 213.62 95.54 95.88
Fruit and derived pmdu(:l
; Y]
BRI 0.36 039 091 0.98

Sugar and sugar product

8&R3

Food Category Spring Summer Autumn Winter
Pl
U\.*Jr&ﬂ( 819.86 999.39 764.39 940.83
Drink and water
(ﬁ?@ 22.98 17.52 15.41 7.17
Liquor
it

2250.16  2357.71 2034.66  2174.20

Total

[ J#: HHEFLE, P<0.05,#: 5T F LMK LE, P<00L.
[ Note |*#: Compared with spring, P<0.05. #: Compared with downtown

area, P<0.01.

24 ERIETREBANE
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Table 4 Weekly intake of dietary aluminum compared to PTW1 in residents aged 15 years or above in different regions in Shanghai

. . A (pe/kg, LI ke AT ) 5 PTWIE LB (% ) A PTW ) R 9% )
B x Intake ( pg/kg, bodyweight ) Proportion to PTWI Proportion of residents
Season Region = - ——
X 95%CT Pors X Pors exceeding PTWI
%‘E . il 1389.04 1303.39~1474.69 4791.98 69.45 239.60 14.28
Spring Total
O HIX
ST 152091 1409.93~1631.89 5269.67 76.05 263.48 21.29
Downtown area
AL W K
SRR & Hﬂ[; 1074.50 952.44~1196.56 3898.67 53.73 194.93 9.17
Urban-rural fringe area
TR H X
JEABALIX 939.59 840.72~1038.45 3537.01 46.98 176.85 7.16
Rural area
2 2l 509.42 457.24~561.60 1923.80 25.47 96.19 2.03
Summer Total
OHB X
ST DB 538.83 472.28~605.38 1931.67 26.94 96.58 2.45
Downtown area
B, G b IX
SRR niﬂ“; 458.84 378.37~539.31 2090.31 22.94 104.52 2.05
Urban-rural fringe area
ILARALIS 382.82 299.63~466.01 1699.76 19.14 84.99 1.28
Rural area
# il 716.64 597.97~835.31 3767.45 35.83 188.37 6.18
Autumn Total
LH X
ST 797.22 645.92~948.52 3868.88 39.86 193.44 9.53
Downtown area
SRLE A K
SR 3 K 574.74 352.22~797.26 2774.31 28.74 138.72 4.05
Urban-rural fringe area
e x
IEABALIX 361.57 279.57~443.58 1991.35 18.08 99.57 2.04
Rural area
Z (TR N
Winter( Lower limit) Total 349.90 292.89~406.92 1808.02 17.50 90.40 1.56
CaHbIX
SO 396.55 323.72~469.37 1885.82 19.83 94.29 1.88
Downtown area
L [
SRR :HEE 22543 164.52~286.34 1401.18 11.27 70.06 1.49
Urban-rural fringe area
TN X
IR 188.66 131.34~245.97 1088.19 9.43 54.41 1.03
Rural area
£
o .( ) - 2 518.34 458.81~577.87 1931.46 25.92 96.57 1.91
Winter( Upper limit )~ Total
i LoHIX
ST 564.86 488.71~641.01 2026.47 28.24 101.32 2.46
Downtown area
R B MK
SRR & ﬂiﬂf 413.97 351.55~476.39 1516.87 20.70 75.84 1.79
Urban-rural fringe area
AL 336.51 280.79~392.23 1245.23 16.83 62.26 1.03
Rural area
Spring I Spring
o A
Summer n 1 Summer
| — |
Autumn i Autumn
£ £
— — LI Winter —
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m 7424 (Grain) BiIE (Vegetable ) YLK (Drink and water ) W il1%% ( Deep-fried dough stick ) [ii4% (Noodle ) m 3k (Steamed bread )
m 7% (Bean) K772 (Aquatic product) M 225 (Potato ) B it (Bread ) Bk (Rice) HAfy (Other )

m 25 (Meat)
JKEZE (Fruit )

A (Eeg)
25 (Sugar)

FL2 (Milk)
92 ( Liquor )
E1 Lki#m1s5 R EERESREBANNRIEMAAK

Figure 1 Sources of dietary aluminum intake in residents aged 15

years or above in Shanghai

2 LiEmISERU EEREREBENRETFELPHEF
RIHIRL
Figure 2 Sources of dietary aluminum intake from grains and their

products in residents aged 15 years or above in Shanghai
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