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EXECUTIVE SUMMARY 

  

This is a follow up study of the first risk assessment study report on 

aluminium in food released by the Centre for Food Safety (CFS) in 2009.  

 

This follow-up study aims to (i) examine the levels of aluminium in 

certain foods, which were shown to contain moderate to high levels of 

aluminium in the previous risk assessment study, and their relation to the 

use of aluminium-containing food additives, (ii) compare the levels of 

aluminium in these foods with those reported in the previous study, and 

(iii) estimate the dietary exposure to aluminium of Hong Kong population 

and its associated health risk. 

 

Although aluminium can naturally be present in some foods 

(typically at level less than 5 mg/kg), aluminium-containing food 

additives remain the main source of aluminium in human diet.  These 

food additives have been used as firming agent, raising agent, stabiliser, 

anticaking agent and colouring matter, etc. and some are permitted to be 

used in various foods in different countries.  Yet, international and 

national authorities have continued to work towards a lower dietary 

exposure of aluminium from food through restricting the use of 

aluminium-containing food additives. 

 

In 2011, the Joint FAO/WHO Expert Committee on Food 

Additives (JECFA) re-evaluated the safety of aluminium and revised the 

Provisional Tolerable Weekly Intake (PTWI) of aluminium from 1 mg/kg 
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body weight (bw)/week to 2 mg/kg bw/week in light of new toxicological 

data.  

 

Aluminium compounds are not likely to cause acute toxicological 

effects by oral exposure. Some animal studies demonstrated that 

aluminium compounds may have reproductive and developmental 

toxicity effects. However, the effects on reproductive outcomes were no 

longer mentioned in the JECFA’s evaluation reported in 2011. Regarding 

neurotoxicity, there was no conclusive evidence to demonstrate the 

association of aluminium with Alzheimer disease. There was no evidence 

that aluminium compounds have carcinogenic potential.   

 

Results 

 

During May to July 2015, the CFS collected 309 food samples (36 

types of food items) from the local market and examined their aluminium 

concentrations. The 36 types of food items were broadly divided into 

seven food groups including (i) steamed bread/bun/cake, (ii) bakery 

products, (iii) snack including fried snack products, (iv) jellyfish, (v) 

confectionery with coating, (vi) pickles and (vii) powder mix.  These 

food items were selected mainly because they were shown to contain 

moderate to high levels of aluminium in the previous study.  Laboratory 

analysis for aluminium was conducted by the Food Research Laboratory 

(FRL) of the CFS. 
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Results of the current study showed that aluminium-containing 

food additives are widely used in certain food products available in Hong 

Kong. The food products, which found to contain relatively high 

concentrations of aluminium, included “steamed bread/bun/cake” (mean: 

65-280 mg/kg), some “bakery products” such as egg waffle (mean: 270 

mg/kg), waffle (mean: 270 mg/kg), as well as “jellyfish (ready-to-eat 

form)” (mean: 800 mg/kg).  Non-ready-to-eat food items, “cake mix/ 

pancake mix/ powder mix for bakery/ powder mix for fried food” were 

also found to contain relatively high mean aluminium concentration of 

290 mg/kg.  Among the 36 types of food items, “jellyfish (ready-to-eat 

form)” had the highest mean aluminium concentration of 800 mg/kg 

whereas the “fried fritters” had the lowest mean aluminium concentration 

of 2.2 mg/kg.  A wide variation of aluminium concentrations was found 

in the samples within the same type of food item.  

 

The mean aluminium concentrations among 32 types of food items 

included in both the current and previous study were compared.   A 

decrease in the mean aluminium concentration was found in 59% of food 

items (19 out of 32) whereas 38% of the food items (12 out of 32) 

showed an increase.  The mean concentrations of aluminium in all food 

items covered in four food groups, namely “jellyfish (ready-to-eat form)”, 

“confectionery with coating”, “pickles”, and “powder mix”, were found 

to decrease.  Generally speaking, more food items showed a decrease in 

the mean aluminium concentration within the same food group amongst 

the seven food groups except “steamed bread/bun/cake”.  Eight out of 
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the 11 (73%) food items in “steamed bread/bun/cake” showed an increase 

in the mean aluminium concentration, ranging from 4% to 75%, when 

comparing to the previous study.   

 

The dietary exposures to aluminium for average and high 

consumers were estimated to be 0.49 mg/kg bw/week and 1.80 mg/kg 

bw/week respectively, accounting for 25% and 90% of PTWI established 

by JECFA (2 mg/kg bw/week) respectively.  Based on these results, the 

average and high consumers of the general population were unlikely to 

experience major undesirable health effects of aluminium.  Nevertheless, 

for consumers with brand loyalty to products with high aluminium 

contents, adverse health effect of aluminium cannot be ruled out.    

       

     The main dietary source of aluminium from different food groups 

was similar to previous study; which was “steamed bread/bun/cake” 

contributing to 71% of the overall dietary exposure (compared to 60% in 

previous study), followed by “bakery products” (21% compared to 23% 

in previous study) and “jellyfish (ready-to-eat form)” (7% compared to 

10% in previous study).  

 

Conclusions and recommendations 

 

Aluminium-containing food additives are the main source of 

dietary aluminium.  Although some of these food additives are permitted 

to be used in various foods in different countries, efforts were devoted by 
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different food safety authorities towards a lower dietary exposure of 

aluminium from food through restricting the use of aluminium-containing 

food additives. Results of the current study revealed that 

aluminium-containing food additives are widely used in certain food 

products available in Hong Kong, in particular the “steamed 

bread/bun/cake”, some “bakery products” such as egg waffle, waffle, 

“jellyfish (ready-to-eat form).  The dietary exposure results indicated 

that the average and high consumers of the general population were 

unlikely to experience major undesirable health effects of aluminium.  

Nevertheless, for consumers with brand loyalty to products with high 

aluminium contents, adverse health effect of aluminium cannot be ruled 

out.   

  

The mean aluminium concentration of 59% of the food items 

tested was shown to decrease comparing to the previous study conducted 

in 2009. However, 73% of food items in the food group “steamed 

bread/bun/cake”, which is the major dietary contributor to aluminium 

exposure identified in the current study, showed an increase in the mean 

aluminium concentration when comparing to the previous study.   

 

The wide variation of aluminium concentrations in the samples 

within the same type of food item demonstrated that reducing the use of 

aluminium-containing food additives in the production of food products 

is possible. 
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 The trade is advised to refer to the Guidelines on the Use of 

Aluminium-containing Food Additives (the Guidelines) and adopt the 

Guidelines where appropriate to reduce the aluminium content of their 

products.  

 

The public is advised to maintain a balanced diet so as to avoid 

excessive exposure of aluminium from a small range of food items.  

When purchasing prepackaged food products, consumers can refer to the 

ingredient lists on the food label for information on whether 

aluminium-containing food additives have been used. 
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Aluminium in Food – A Follow Up Study 

 

OBJECTIVES 

 

This study aims to (i) examine the levels of aluminium in certain 

foods, which were shown to contain moderate to high levels of 

aluminium in the previous risk assessment study, and their relation to the 

use of aluminium-containing food additives, (ii) compare the levels of 

aluminium in these foods with those reported in the previous study, and 

(iii) estimate the dietary exposure to aluminium of Hong Kong population 

and its associated health risk. 

 

 

BACKGROUND 

 

2. In view of the re-evaluation of aluminium conducted by Joint 

FAO/WHO Expert Committee on Food Additives (JECFA) in 2006, 

public concern and a lack of local data on the situation of food containing 

aluminium-containing food additives, a risk assessment study on 

Aluminium in Food was first conducted by the Centre for Food Safety 

(CFS) with the report released in 2009. The report concluded that 

aluminium-containing food additives were widely used in the production 

of some of the products sampled such as steamed bread/bun/cake, some 

bakery products and jellyfish (ready-to-eat-form) which had high levels 

of aluminium residues detected.  Based on the food consumption data 
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obtained in the Hong Kong Adult Dietary Survey 1995, the dietary 

exposure conducted in that study showed that the general population was 

unlikely to experience major undesirable health effects due to aluminium 

in food but adverse health effects of aluminium for some people in the 

population who regularly consume large amount of food added with 

aluminium-containing food additives such as pancake, muffin and 

jellyfish could not be ruled out.
1,2

   

 

3. Dietary exposure to aluminium was later examined again in the 

first Hong Kong Total Diet Study (HKTDS) conducted by the CFS with 

the report released in 2013. The results of the HKTDS supported the 

conclusion of the previous risk assessment study carried out in 2009 and 

came to a similar conclusion that the general population was unlikely to 

experience major undesirable health effects of aluminium.
3
 

 

4. Since the release of the first risk assessment study in 2009, the 

CFS has been working with the trade to reduce the dietary exposure to 

aluminium in food for the public.  A set of Trade Guidelines on the Use 

of Aluminium-containing Food Additives (the Guidelines) was issued in 

2009 to provide guidance to the trade to reduce or replace the use of 

aluminium-containing food additives. 

 

5. Meanwhile, international and national authorities have also 

devoted efforts in working towards a lower dietary exposure of 

aluminium from food through restricting the use of aluminium-containing 
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food additives.
4
 

 

Nature, uses and sources of exposure to aluminium 

 

Nature of aluminium 

 

6. Aluminium is a silvery-white metal which occurs naturally in 

the environment as silicates, oxides, and hydroxides, combined with other 

elements (e.g. sodium and fluoride), and as complexes with organic 

matter.
5
 

 

Uses of aluminium 

 

7. Both aluminium metal and compound have a wide variety of 

uses in modern society.  Aluminium metal is used as a structural 

material in the construction, automotive and aircraft industries, in the 

production of metal alloys, in the electric industry, in cooking utensils and 

in food packaging.
6
 

 

8. On the other hand, aluminium compounds are used in food as 

food additives, in drugs (e.g. antacids, astringents, and buffered aspirin) 

as well as consumer products such as antiperspirants.  Aluminium salts 

are also widely used as coagulant in water treatment.
6,7,8

 

 

Sources of exposure to aluminium 
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9. The major route of exposure to aluminium for the general 

population is through food of which the use of aluminium-containing 

food additives has been regarded as the main dietary source.
5
  Apart 

from the use of aluminium-containing food additives, aluminium is also 

naturally present in most food, normally at levels of less than 5 mg/kg. 

However, some food such as potatoes, spinach and tea may contain high 

concentration of aluminium naturally.  The source of aluminium from 

the use of aluminium cooking utensils and foil is generally not of 

practical importance.  In addition, aluminium in drinking water 

represents another minor source of exposure, usually at levels less than 

0.2 mg/L.
8
 

 

10. Apart from diet, other sources of exposure include air, 

cosmetics, toiletry products and medicines.
7,8

  Aluminium from air and 

the use of cosmetic and toiletry products constituted a minor source of 

exposure.  Exposure from aluminium-containing medications (e.g. some 

antacids) varies between individuals and for those who regularly receive 

such medications for a long period of time, exposure to aluminium from 

medication could be much higher than that from the diet.
5
 

 

Aluminium-containing food additives 

 

11. Aluminium-containing food additives can be used as firming 

agents, raising agents, stabilisers, anticaking agents and colouring matters 

etc. and their uses are permitted in different countries such as the United 
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States, the European Union, Australia, New Zealand, Japan and Mainland 

China. 

 

12. In Hong Kong, the Public Health and Municipal Service 

Ordinance (PHMSO) stipulates that all food for sale must be fit for 

human consumption. According to the Colouring Matter in Food 

Regulations (Cap. 132 H) made under the PHMSO, the aluminium salts 

(lakes) of any of the permitted water-soluble colours and aluminium in 

leaf or powder form solely for external colouring of dragees and 

decoration of sugar coated flour confectionery are permitted colouring 

matters.   

 

Toxicity 

 

Acute toxicity 

 

13. For acute exposure, it has been reported that the oral median 

lethal dose (LD50) of aluminium compounds in experimental animals 

ranged from several hundreds to 1000 mg/kg bw, expressed as aluminium.  

Despite the widespread occurrence of aluminium in different foods, no 

acute toxic effects by the oral exposure to aluminium in the general 

population have been reported.
7
 

 

Genotoxicity and carcinogenicity 

 

14. Aluminium has not been shown to be mutagenic in bacteria and 

mammalian cells in vitro.
8
  No reports have indicated that aluminium is 
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genotoxic to humans following oral exposure.  There is no indication 

that aluminium is carcinogenic neither.
7
 

 

Reproductive and developmental toxicity 

 

15. In experimental animals, soluble aluminium compounds have 

demonstrated reproductive toxicity including histopathological changes in 

the testes and effect on gestation length.
5,6,7 

However, effects of 

aluminium on reproductive outcomes were not observed in JECFA’s 

evaluation reported in 2011.
8
  Depending on the form of aluminium and 

the presence of organic compounds that influence bioavailability, 

developmental toxicity effects (including increased pup mortality, 

decreased growth, delayed maturation and impaired neurodevelopment) 

were reported in experimental animals.
5,6,7

  In a rat study reported in 

JECFA’s safety evaluation in 2011, renal damage (hydronephrosis, 

urethral dilatation, obstruction and/or presence of calculi) and reduced 

grip strength were observed in the pups.
8
 

 

Neurotoxicity 

 

16. As far as neurotoxic effect is concerned, there has been a 

speculated association between exposure to aluminium and Alzheimer 

disease and extensive researches in this area have been performed in the 

past decades. According to JECFA’s evaluation in 2011, even though 

controversial results were reported among various water-drinking studies, 
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the information available at that time did not support a causal association 

between aluminium in drinking-water and Alzheimer disease.
9
  Likewise, 

the European Food Safety Authority (EFSA) in 2008 also did not 

consider exposure to aluminium through food to present a risk for 

developing Alzheimer disease.
8
 

 

Other toxicological effect 

 

17. Osteomalacia is another potential toxicological effect as it has 

been reported in humans following daily intake of several grams of 

aluminium-containing antacids for several months and in patients with 

chronic renal failure after exposure to aluminium in dialysis fluids.
9
 

 

Safety reference value 

 

18.  Provisional Tolerable Weekly Intake (PTWI) is an estimate of 

the amount of a chemical that can be ingested over a lifetime without 

appreciable risk.  It is expressed on a weekly basis to emphasise that 

long-term exposure is important. 

 

19.  The safety of aluminium compounds has been evaluated by 

JECFA in various meetings since 1969 and a PTWI of 0 – 7.0 mg/kg 

bw/week for aluminium, including food additive uses was established in 

1988.  In 2006, JECFA re-evaluated the safety of aluminium and 

lowered the PTWI to 1 mg/kg bw/week due to the potential effects of 

aluminium on the reproductive and developing nervous system in 
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experimental animals at doses lower than those used in establishing the 

previous PTWI. 

 

20.  In 2011, the safety of aluminium-containing food additives 

was again re-evaluated by JECFA and the PTWI was revised to 2 mg/kg 

bw/week in light of new toxicological data.
9
 

 

 

SCOPE OF STUDY 

 

21. This study included a total of 309 samples (from 36 types of 

food items), covering 27 prepackaged and 282 non-prepackaged food 

products. These 36 types of food items, which have been shown to 

contain moderate to high levels of aluminium in the previous risk 

assessment study, were divided into seven food groups including (i) 

steamed bread/bun/cake, (ii) bakery products, (iii) snacks including fried 

snack products, (iv) jellyfish (ready-to-eat-form), (v) confectionery with 

coating, (vi) pickles, and (vii) powder mix. 

 

 

METHODOLOGY 

 

Sampling plan 

 

22. The samples were taken from the local market from May to 

July 2015.  Five to ten samples were collected for each food item from 
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various locations.  For prepackaged food items, only those with 

aluminium-containing food additives shown on its ingredient list were 

included in the study.  The number of samples taken in each food group 

is shown in Table 1. 

 

Table 1: Number of samples in each of the seven food groups 

Food Groups Number of samples 

taken 

(i) Steamed bread/bun/cake 108 

(ii) Bakery products 117 

(iii) Snack including fried snack products 54 

(iv) Jellyfish (ready-to-eat-form) 10 

(v) Confectionery with coating 5 

(vi) Pickles 5 

(vii) Powder mix 10 

Total 309 

 

Laboratory analysis 

 

23. Laboratory analysis was conducted by the Food Research 

Laboratory (FRL) of the CFS.  All food samples were analysed on an 

individual sample basis and were analysed in the state that they were 

purchased.  Each sample was homogenised and digested sequentially 

with concentrated nitric acid and hydrogen peroxide at 95
o
C, followed by 

dilution with deionized water and then determination of aluminium by 

Inductively Coupled Plasma / Optical Emission Spectrophotometry 

(ICP-OES).  For those results detected by ICP-OES with aluminium 

content below 5 mg/kg, the sample would then be further tested by 

Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS).  
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The limit of detection (LOD) and the limit of quantification (LOQ) were 

0.5 mg/kg and 2 mg/kg respectively. 

 

Comparison with previous study 

 

24. Among the 32 types of food items that were tested in both the 

previous and current study, the mean aluminium concentrations were 

compared between the two studies with the percentage change being 

calculated. 

 

Estimation of dietary exposure 

 

25. Estimation of dietary exposure to aluminium among the Hong 

Kong population in the current study was performed using local food 

consumption data from the Hong Kong Population-based Food 

Consumption Survey (FCS) conducted in 2005–2007.  The FCS 

investigated the food consumption pattern of Hong Kong people aged 

20-84 by means of two non-consecutive 24-hour dietary intake (24-hr 

recall) questionnaires.  It provided the food consumption information 

including the types and amounts of food consumed. 

 

26. With the aid of an in-house developed computer system, the 

dietary aluminium exposure of consumers who consume at least one 

ready-to-eat food items included in the current study were estimated. 

Similar to the previous study, food items in the food group “powder mix” 
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(which included exclusively not ready-to-eat items) were excluded in the 

dietary exposure estimation. The mean and the upper 95
th
 percentile of 

the exposure levels were used to represent the dietary exposures of the 

average and high consumers respectively.  The estimated exposure 

levels were then compared with the latest PTWI of 2 mg/kg bw/week 

established by JECFA. 

 

 

RESULTS 

 

Aluminium concentrations 

 

27. The mean and the range of aluminium concentrations of 36 

types of food items are summarised in Table 2.  Aluminium was 

detected in 97% of samples. 
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Table 2:  Concentration of Aluminium in 36 types of food items 

Food items in each food group No. of 

samples 

Mean concentration 

/mg/kg* (range) 

(i) Steamed bread/bun/cake 

 � “Mai Lai” cake 9 280 (0.9 – 410) 

 � Thousand layer 

steamed cake 

9  270 (130 – 470) 

 � Chicken bun 9  230 (110 – 430) 

 � Barbecue pork bun 9 180 (1.1 – 260) 

 � Lotus seed bun 9 180 (87 – 360) 

 � Sesame paste bun 9  160 (0.84 – 280) 

 � Longevity bun 9 150 (1.7 – 300) 

 � Twisted rolls 9   140 (ND – 360)** 

 � Steamed bread 9 140 (0.9 – 260) 

 � Roasted pork bun 9 130 (82 – 240) 

 � Egg custard bun 9  130 (0.72 – 250) 

 � Pork and vegetable 

bun 

9  65 (0.51 – 190) 

(ii) Bakery products 

 � Egg waffle 9 270 (56 – 400) 

 � Waffle 9 270 (ND – 570)** 

 � Coconut tart 9 150 (3.1 – 230) 

 � Muffin 9 130 (1.3 – 270) 

 � Butter cake 9 91 (0.75 – 210) 

 � Pancake 9 55 (ND – 490)** 

 � Soft cake 9 37 (ND – 290)** 

 � Chinese walnut 

cookies 

9 12 (1 – 85) 

 � Doughnut 9 12 (1.1 – 81) 

 � “Pineapple” bun 9 9.8 (0.8 – 28) 

 � Swiss cake 9 8.1 (0.55 – 61) 

 � Cookies/biscuits 9 3.6 (0.64 – 7.5) 

 � Fruit tart 9 2.6 (0.65 – 7.6) 

(iii) Snack including fried snack products 

 � Deep fried dough cake 9 58 (0.78 – 360) 

 � Deep fried sweet 

cruller 

9 21 (0.72 – 170) 
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 � Sesame ball 9 19 (0.73 – 160) 

 � Leavening product 9 15 (0.66 – 64) 

 � Prawn cracker 9 14 (6.6 – 23) 

 � Fried fritters 9 2.2 (1.2 – 4) 

(iv) Jellyfish (ready-to-eat-form) 

 � Jellyfish 

(ready-to-eat-form) 

10 800 (440 – 1100) 

(v) Confectionery with coating 

 � Confectionery with 

coating 

5 54 (ND – 180)** 

(vi) Pickles 

 � Pickles 5 16 (ND – 76)** 

(vii) Powder mix 

 � Cake mix/ Pancake 

mix/ Powder mix for 

bakery/ Powder mix 

for fried food 

  5 290 (0.59 – 1100) 

 � Beverage with 

non-dairy creamer 

  5 76 (2.4 – 260) 

 Total 309  

*Rounded to 2 significant figures 

**ND: not detected, a value of 1/2 LOD was assigned for samples with aluminium concentration below 

LOD when calculating the mean concentration. 

 

Steamed bread/bun/cake 

 

28. Among all the 12 types of food items in the group “steamed 

bread/bun/cake”, “ ‘Mai Lai’ cake” had the highest mean aluminium 

concentration (280 mg/kg), followed by “thousand layer steamed cake” 

(270 mg/kg) and “ chicken bun” (230 mg/kg), while “pork and vegetable 

bun” had the lowest (65 mg/kg).  Taking note that aluminium is 

naturally present in most foods (typically at level less than 5 mg/kg), 90% 

of samples in this food group had aluminium concentration greater than 5 
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mg/kg. 

 

Bakery products 

 

29. “Egg waffle” and “waffle” were found to contain the highest 

mean aluminium concentration (270 mg/kg for both items) among the all 

the 13 types of food items, followed by coconut tart (150 mg/kg), muffin 

(130 mg/kg) and butter cake (91 mg/kg).  80% of samples in these five 

food items were found to contain aluminium concentration greater than 5 

mg/kg.  On the other hand, only 26% of samples of the remaining food 

items (i.e. “fruit tart”, “cookies/biscuits”, “swiss cake”, “ ‘pineapple’ 

bun”, “doughnut”, “Chinese walnut cookies”, “soft cake” and “pancake”) 

within this group were found to contain aluminium concentration greater 

than 5 mg/kg.  

 

Snack including fried snack products 

 

30. As for the food group “snack including fried snack products”, 

“deep fried dough cake” had the highest mean level of aluminium (58 

mg/kg) among the six types of food items.  The food item, “fried fritters” 

was found to contain the lowest mean aluminium concentration (2.2 

mg/kg) in this food group and among all the 36 types of food items in this 

study. While all samples of “prawn crackers” had aluminium 

concentration greater than 5 mg/kg, only 18% of samples of the 

remaining food items (namely “fried fritters”, “deep fried dough cake”, 
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“deep fried sweet cruller”, “sesame ball” and “leavening products”) had 

aluminium concentration greater than 5 mg/kg. 

 

Jellyfish (read-to-eat-form), Confectionery with coating, Pickles, Powder 

mix 

 

31. For the remaining four food groups, “jellyfish 

(ready-to-eat-form)” was found with the highest mean aluminium level of 

800 mg/kg which was also the highest among all the 36 types of food 

items.  The mean aluminium concentrations of the food groups “pickles” 

and “confectionery with coating” were 16 mg/kg and 54 mg/kg 

respectively.  As for “powder mix”, the mean aluminium concentration 

of food items “cake mix/ pancake mix/ powder mix for bakery/ powder 

mix for fried food” and “beverage with non-dairy creamer” were 290 

mg/kg and 76 mg/kg respectively.  While samples in the “pickles” were 

generally found to contain low aluminium concentration (80% of samples 

≤ 5 mg/kg), only 16% of total samples in the other three food groups 

(namely “jellyfish (ready-to-eat-form)”, “confectionery with coating”, 

“powder mix”) were found to contain aluminium concentration ≤  5 

mg/kg. 

 

Comparison with previous study 

 

32. Of the 36 types of food items covered in the current study, 32 

of them were also tested in the previous study.  Table 3 shows the 
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changes in the mean aluminium concentrations among these 32 food 

items between the two studies.  The mean aluminium concentrations of 

59% of food items (19 out of 32 food items) had decreased while 38% of 

food items (12 out of 32 food items) had increased as compared to the 

previous study.  The mean aluminium concentration of one food item  

(i.e. roasted pork bun) remained unchanged at 3%.  Generally speaking, 

more food items showed a decrease in the mean aluminium concentration 

within the same food group amongst the seven food groups except 

“steamed bread/bun/cake”.  Eight out of the 11 (73%) food items in 

“steamed bread/bun/cake” showed an increase in the mean aluminium 

concentration, ranging from 4% to 75%, when comparing to the previous 

study.  A chart comparing the changes in the mean aluminium 

concentrations of the seven food groups is shown in Figure 1. 
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Table 3: Comparison of the mean aluminium concentrations among 

32 types of food items sampled in the previous and current study 

 

Food items in each food group Mean conc. (mg/kg) Change in 

percentage* Previous 

study 

Current 

Study 

(i) Steamed bread/bun/cake 

 � Twisted roll 80 140 +75% 

 � Lotus seed bun 130 180 +38% 

 � Steamed bread 110 140 +27% 

 � Barbecue pork bun 150 180 +20% 

 � Egg custard bun 120 130 +8% 

 � Sesame paste bun 150 160 +7% 

 � Longevity bun 140 150 +7% 

 � Thousand layer 

steamed cake 

260 270 +4% 

 � Roasted pork bun 130 130 0% 

 � "Mai Lai" cake 380 280 -26% 

 � Pork and vegetable 

bun 

100 65 -35% 

(ii) Bakery products 

 � Waffle 180 270 +50% 

 � Coconut tart 120 150 +25% 

 � Butter cake 99 91 -8% 

 � Muffin 250 130 -48% 

 � Soft cake 75 37 -51% 

 � Pancake 150 55 -63% 

 � Doughnut 59 12 -80% 

 � Chinese walnut 

cookies 

61 12 -80% 

 � Cookies/ Biscuits 21 3.6 -83% 

 � Fruit tart 20 2.6 -87% 

 � Swiss cake 100 8.1 -92% 

(iii) Snack including fried snack products 

 � Deep fried sweet 

cruller 

3 21 +600% 

 � Deep fried dough cake 30 58 +93% 

 � Prawn cracker 25 14 -44% 
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 � Leavening product 33 15 -55% 

 � Fried fritters 100 2.2 -98% 

(iv) Jellyfish (ready-to-eat-form) 

 � Jellyfish (ready-to-eat- 

form) 

1200 800 -34% 

(v) Confectionery with coating 

 � Confectionery with 

coating 

82 54 -34% 

(vi) Pickles 

 � Pickles 100 16 -84% 

(vii) Powder mix 

 � Beverage mix with 

non-dairy creamer 

110 76 -31% 

 � Cake mix/ Pancake 

mix/ Powder mix for 

bakery/ Powder mix 

for fried food 

2600 290 -89% 

*Rounded to the nearest whole number 
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Figure 1. Comparison of mean aluminium concentrations of seven 

food groups in previous and current study 

 

Steamed bread/bun/cake 

 

33. Among 11 types of food items in this food group, eight of them 

(73%) had increased mean aluminium concentrations, ranging from 4% to 

75%, when comparing to the previous study.  Only two food items 

(18%), namely “ ‘Mai Lai’ cake” and “pork and vegetable bun” showed a 

decrease in the mean aluminium concentrations. The mean aluminium 

concentration of “roasted pork bun” remained unchanged.     

 

Bakery products 

 

34. Among 11 types of comparable food items in this food group, 
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only two of them (18%), namely “waffle” and “coconut tart” had 

increased mean aluminium concentrations while the other nine food items 

(82%) showed a decrease in the  mean aluminium concentrations 

compared to the previous study.  

 

Snack including fried snack products 

 

35. Among the five types of comparable food items in this food 

group, two of them (40%), namely “deep fried sweet cruller” and “deep 

fried dough cake” were found to increase in the mean aluminium 

concentration compared to the previous study.  The other three food 

items (60%) all had decreased mean aluminium concentrations when 

compared to the previous study. 

 

Jellyfish (read-to-eat-form), Confectionery with coating, Pickles, Powder 

mix 

 

36. In these four food groups, all food items (100%) showed a 

decrease in the mean aluminium concentrations when compared to the 

previous study.  

 

Dietary exposure to aluminium 

 

37. Based on the current study results, the dietary exposure to 

aluminium for average consumers was estimated to be 0.49 mg/kg 

bw/week while that for high consumer was estimated to be 1.80 mg/kg 
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bw/week.  Majority (71%) of the overall dietary exposure to aluminium 

among the average consumers was contributed by the food group 

“steamed bread/bun/cake”.  Dietary exposures to aluminium from 

different food groups (except “powder mix” which contain non 

ready-to-eat food items) were summarised in Table 4 and Figure 2. 

 

Table 4: Dietary exposure to aluminium for average consumer and 

percentage contribution of different food groups 

 

Food group Dietary exposure 

to aluminium  

(mg/kg bw/week) 

% contribution to 

overall dietary 

exposure 

(i) Steamed bread/bun/cake 0.3502 70.9%  

(ii) Bakery products 0.1043 21.1% 

(iii) Snack including fried 

snack products 

0.0028 0.6% 

(iv) Jellyfish 

(ready-to-eat-form) 

0.0350 7.1% 

(v) Confectionery with 

coating 

0.0010 0.2% 

(vi) Pickles 0.0008 0.2% 

Total 0.4941 100%* 

*Figures may not add up to total due to rounding 
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Figure 2. Relative contribution of each food group to overall dietary 

exposure to aluminium among average consumers 

 

 

Possible Exposures to Aluminium from Consumption of Steamed 

Bread/bun/cake, Bakery Products and Jellyfish with High Concentrations 

of Aluminium 

 

38. Using the sample with the highest aluminium concentrations in 

the food item “chicken bun” reported in the current study, if a 60-kg adult 

consumes more than 280 g of the chicken bun (about 6 pieces) at the 

highest aluminium level of 430 mg/kg weekly, the exposure to aluminium 

would exceed the PTWI.  Likewise , if an average adult consumes 293 g 

(about 2-3 pieces) of Mai Lai cake at the highest aluminium level of 410 

mg/kg weekly, the exposure to aluminium would also exceed the PTWI.  

For the bakery products, the highest aluminium level was recorded in a 

waffle sample at 570 mg/kg, if a 60-kg adult consumes more than 211g of 

waffle (about 3 servings) at such concentration weekly, the exposure 

would again exceed the PTWI.  Consuming 109 g of jellyfish at the 

highest aluminium concentration of 1100 mg/kg per week, the exposures 

70.9%

21.1%

0.6%

7.1%

0.2% 0.2%

Steamed bread/bun/cake

Bakery products

Snack including fried snack

products

Jellyfish (ready-to-eat-form)

Confectionery with coating

Pickles
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to aluminium for an average adult will also exceed the PTWI. For details, 

please refer to the Table 5 below. 

 

Table 5: Examples to illustrate the consumption amount of samples 

with high aluminium concentrations to reach PTWI for average 

adult 
 

Food Unit weight or 

serving size of 

corresponding 

sample  

Maximum 

Aluminium 

content (mg/kg) 

Consumption 

amount to reach 

PTWI for 

average adult of 

60 kg body 

weight 

Waffle* 70 g (serving 

size) 

570 211g 

(about 3 servings) 

 

Egg waffle 117 g 400 300g 

(about 2.5 pieces) 

 

Chicken bun 46 g 430 279g 

(about 6 pieces) 

 

“Mai Lai” 

cake (1)# 

106 g 410  293g              

(about 2-3 pieces) 

“Mai Lai” 

cake (2)# 

177 g 410 

    

Jellyfish 267 g 1100 109g        
*Prepackaged waffle. The serving size of the prepackaged sample is 70g. 

#Two “Mai Lai” cake samples had the highest aluminium concentration 

 

DISCUSSION 

 

Use of aluminium-containing food additives 

 

39. The results of the current study revealed that “jellyfish 

(ready-to-eat form)” has the highest level of mean aluminium residues.  



 

 

31 

 

Certain food products contain relatively high aluminium concentrations 

including the “steamed bread/bun/cake”, some “bakery products” such as 

egg waffle and waffle.  Non ready-to-eat food items, “cake mix/ pancake 

mix/ powder mix for bakery/ powder mix for fried food” were also found 

to contain relatively high mean aluminium concentration.   

 

40. Meanwhile, considerable variations were also observed in 

aluminium concentration among individual food samples within the same 

type of food items.   

 

41. Even though aluminium is known to be naturally present in 

certain foods, the level is normally at levels of less than 5 mg/kg.  Other 

than the prepackaged samples collected in the current study which were 

known to be added with aluminium-containing food additives, the 

presence of aluminium (especially when in relatively high levels) in the 

non-prepackaged foods as mentioned in para. 39 reflect the use of 

aluminium-containing food additives.  

 

42. Based on their known technological functions, 

aluminium-containing food additives are likely to be used in steamed 

bread/bun/cake and bakery products as raising agent, in jellyfish as 

firming agent, in powder mix as raising agent, stabiliser or anticaking 

agent. 

 

43. On the other hand, the wide variation in aluminium levels of 

food samples within the same type of food items suggests that reducing 
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the use of aluminium-containing food additives in the production of food 

is possible. 

 

Changes in aluminium concentrations 

 

44. The mean aluminium concentrations of 32 types of food items 

were compared to those reported in the previous study with the 

percentage change calculated.  Among these 32 comparable food items, 

59% of them showed a decrease in mean aluminium concentrations 

whereas 38% of them demonstrated an increase in the mean aluminium 

concentration. 

 

45. The changes in the mean aluminium concentrations varied 

among different food items, ranging from a decrease of 98% in “fried 

fritters” to a six-fold increase in “deep fried sweet cruller”.  Such large  

increase in the aluminium concentration in the food item “deep fried 

sweet cruller” was further studied and found that one of the “deep fried 

sweet cruller” samples collected in the current study contained relatively 

high aluminium concentration (170 mg/kg) comparing to the rest of the 

samples (0.72-3.6 mg/kg).  The discrepancy may be explained by the 

use of aluminium-containing food additives in that particular sample but 

not in the other samples.  The wide variation of aluminium 

concentrations in these samples within the same type of food item “deep 

fried sweet cruller” suggested that reducing or minimising the use of 

aluminium-containing food additives in the production of food products 

is possible. 
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46. The “steamed bread/bun/cake” was the only food group, among 

all the other food groups, that had more food items showing an increase 

in the mean aluminium concentrations than decrease.  Eight out of the 

11 comparable food items in this food group (73%) had increased mean 

aluminium concentrations when compared to the previous study. The 

percentage increase in the mean aluminium concentration ranges from 4% 

to 75% of which the greatest percentage increase was observed in the 

food item “twisted roll”.  While the mean aluminium concentrations 

remain the same in the food item “roasted pork bun” in both studies , two 

food items (i.e. “Mai Lai” cake and “pork and vegetable bun”) had 

decreased mean aluminium concentration of 26% and 35% respectively.    

 

47. In the previous study, as far as ready-to-eat food items were 

concerned, jellyfish (ready-to-eat-form) was the food item with the 

highest mean aluminium concentration.  This continued to be the case as 

jellyfish (ready-to-eat-form) topped the highest mean aluminium 

concentration of 800 mg/kg among all types of food items sampled in the 

current study.  Yet, it was noted that the mean aluminium concentration 

of jellyfish (ready-to-eat-form) was found to be lower  (-34%) when 

compared to the previous study. 

 

Dietary exposures to aluminium 

 

48. Based on the estimation in the current study, dietary exposure 

among the average and high consumers were 0.49 mg/kg bw/week and 
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1.80 mg/kg bw/week respectively accounting for 25% and 90% of the 

latest PTWI (2 mg/kg bw/week) established by JECFA respectively.  

Based on these results, the average and high consumers of the general 

population were unlikely to experience major undesirable health effects 

of aluminium.  Nevertheless, for consumers with brand loyalty to 

products with high aluminium contents, adverse health effect of 

aluminium cannot be ruled out.   

 

49.  The dietary exposure to aluminium among the average 

consumers was examined in both the previous risk assessment study and 

the first Hong Kong Total Diet Study (HKTDS) conducted by the CFS. 

The dietary exposures in both studies were estimated to be 0.6 mg/kg 

bw/week. The dietary exposure among the high consumers was reported 

in the HKTDS as 1.50 mg/kg bw/week.  While the dietary exposure 

among the average consumers of the current study (0.49 mg/kg bw/week) 

was found to be 18% lower than those obtained from the previous risk 

assessment study and the HKTDS, the dietary exposure among the high 

consumers (1.80 mg/kg bw/week) was observed to be 20% higher than 

that obtained in the HKTDS.  

 

50. However, it should be noted that different food items, 

consumption data and/or research methodology were adopted in the two 

risk assessment studies and in the HKTDS.  For instance, different sets 

of consumption data were used to estimate the dietary exposure in the 

previous and current risk assessment study.  Meanwhile, a limited 
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number of food items which were shown to contain moderate to high 

level of aluminium were collected in the current study for measuring their 

aluminium concentrations, whereas the HKTDS covered the whole diet 

taking into account the intake of aluminium from natural food sources 

and drinking water.  The difference in the dietary exposures to 

aluminium among these three studies should thus be interpreted with 

caution. 

 

Sources of dietary exposures to aluminium 

 

51. Among the seven food groups, “steamed bread/bun/cake” was 

found to be the main dietary source of aluminium which contributed to 

71% of the overall dietary exposure for average consumers.  This was 

followed by “bakery products” and “jellyfish (ready-to-eat-form)” which 

contributed to 21% and 7% of the overall dietary exposure respectively. 

Each of the other food groups including “snack including fried snack 

products” ,“confectionery with coating” and “pickles” contributed to less 

than 1% of overall dietary exposure.  Comparing with the previous study, 

the rankings of the main dietary sources were largely the same.  In terms 

of magnitude, the exposure contributed by the food group “steamed 

bread/bun/ cake” has increased from 60% in the previous study to 71% in 

the current study. For the rest of the food groups (“bakery products” 

(21% compared to 23% in previous study), “jellyfish (ready-to-eat form)” 

(7% compared to 10% in previous study), “confectionery with coating” 

(3% compared to 0.2% in previous study) and “snack including fried 

snack products” (0.6% compared to 1% in previous study)), the 
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percentage contribution in each group was largely similar comparing to 

those in the previous study.  

 

Comparison of dietary exposures to aluminium with other places 

 

52. The dietary exposures to aluminium obtained in the current 

study were compared with findings in other places as shown in Table 6. 

The dietary exposure in the current local study for both average 

consumers and high consumers fell within the range of the exposure 

patterns obtained from other places.  Among the average consumers of 

these places, France had the lowest dietary exposure to aluminium (0.28 

mg/kg bw/week) and Mainland China had the highest (1.80 mg/kg 

bw/week). 

 

53. Comparison of the dietary exposure between different places is 

subjected to a number of limiting factors such as differences in time when 

the studies were carried out, research methodology, methods of collection 

of consumption data and result analysis, etc.  
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Table 6: Comparison of dietary exposure to aluminium among 

different places 

 

Places and year of 

study 

Dietary exposure (mg/kg bw/ week)* 

Average Consumers High Consumers 

France 2011
10

 0.28 -  

Italy 1989-1990
11

 0.29 – 0.74# - 

Australia 2014
12

 0.35 0.63 (90
th
 percentile) 

Ireland 2011
13

 0.35 0.77 (97.5
th

 percentile) 

Netherlands 

1984-1985
14

 

0.36# - 

Germany 1996
14

 0.37 (male), 0.36 

(female) # 

- 

Hungary 1989-1990
14

 0.39# - 

Hong Kong (Current 

study) 

0.49 1.80 (95
th
 percentile) 

U.K. 2006
14

 0.50 1.01 (97.5
th

 percentile) 

Canada 2007
15

 0.63 – 0.81 - 

USA 1995
16

 0.93 – 1.05 (male), 

0.82 (female)# 

- 

Sweden (year of 

investigation not 

reported)
 14

 

1.52 (female) # - 

Mainland China 

2012
17

 

1.80 (combined) 

• 3.03 (northern 

region^) 

• 0.70 (southern 

region^) 

7.66 (combined) 

• 9.22 (northern 

region^) 

• 3.79 (southern 

region^) 

(97.5
th
 percentile) 

*Rounded to 2 decimal places 

#Assumed body weight of adult = 60 kg 

^ The northern and southern regions were divided by the Yangtze River of China 
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LIMITATIONS OF STUDY 

 

54. The current study tests for aluminium concentration in food. 

While it is likely that the majority of aluminium in the samples tested 

came from aluminium-containing food additives, it is not possible to 

distinguish the proportion of aluminium coming from natural source or 

from food additives. 

 

55. Only small number of samples (a maximum of 10 samples) was 

collected for each type of food items, the mean aluminium concentration 

was prone to be affected by result of individual samples. 

 

56. There are a few factors which may lead to under-estimation of 

the dietary exposure reported in the current study: (i) food items collected 

only represent partial diet instead of total diet of the general population; 

(ii) food items that were not ready-to-eat e.g. “powder mix” were 

excluded in the dietary exposure estimation and (iii) the current study did 

not take into account the intake of aluminium from natural food sources 

(some are known to contain high aluminium concentration) and food 

contact materials. 

 

57. On the other hand, for prepackaged food items collected in the 

current study, only those samples with aluminium-containing food 

additives as shown on their ingredient list were selected which might lead 

to over-estimation of the dietary exposure to a certain extent. 
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CONCLUSIONS AND RECOMMENDATIONS 

 

58. Aluminium-containing food additives are the main source of 

dietary aluminium. Although these food additives are permitted to be 

used in various foods in different countries, efforts were made by 

different food safety authorities towards a lower dietary exposure of 

aluminium from food through restricting the use of aluminium-containing 

food additives. Results of the current study revealed that 

aluminium-containing food additives are widely used in certain food 

products in Hong Kong, in particular the “steamed bread/bun/cake”, some 

“bakery products” such as egg waffle and waffle, “jellyfish (ready-to-eat 

form).  The dietary exposures to aluminium for average and high 

consumers were estimated to be 0.49 mg/kg bw/week and 1.80 mg/kg 

bw/week respectively, accounting for 25% and 90% of PTWI established 

by JECFA (2 mg/kg bw/week) respectively.  The dietary exposure 

results indicated that the average and high consumers of the general 

population were unlikely to experience major undesirable health effects 

of aluminium.  Nevertheless, for consumers with brand loyalty to 

products with high aluminium contents, adverse health effect of 

aluminium cannot be ruled out.     

 

59. The mean aluminium concentration for 59% of the food items 

tested were lower as comparing to the previous study conducted in 2009. 

However, 73% of food items in the food group “steamed bread/bun/cake”, 

which is the major dietary contributor to aluminium exposure identified 



 

 

40 

 

in the current study, showed an increase in the mean aluminium 

concentration when comparing to the previous study.   

 

60. The wide variation of aluminium concentrations in the samples 

within the same type of food item demonstrated that reducing the use of 

aluminium-containing food additives in the production of food products 

is possible. 

 

 

61. The trade is advised to refer to the Guidelines on the Use of 

Aluminium-containing Food Additives (the Guidelines) and adopt the 

Guidelines where appropriate to reduce the aluminium content of their 

products.  

 

62. The public is advised to maintain a balanced diet so as to avoid 

excessive exposure of aluminium from a small range of food items.  

When purchasing prepackaged food products, consumers can refer to the 

ingredient lists on the food label for information on whether 

aluminium-containing food additives have been used.  According to the 

Food and Drugs (Composition and Labelling) Regulations (Cap. 132W), 

the functional class and the name or its identification number under the 

International Numbering System for Food Additives (INS) of a food 

additive have to be listed in the ingredient list if it constitutes one of the 

ingredients of a food product.  Examples of aluminium-containing food 

additives with INS number and functional class are listed in Annex. 
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Annex  

 

Examples of aluminium-containing food additives
#
 

 

INS* No. Food Additive Functional class 

522 Aluminium potassium sulphate Acidity regulator, 

stabiliser 

523 Aluminium ammonium 

sulphate  

Acidity regulator, colour 

retention agent, firming 

agent, raising agent, 

stabiliser 

541(i) Sodium aluminium phosphate, 

acidic 

 

 

Acidity regulator, 

emulsifier, emulsifying 

salt, raising agent, 

stabiliser, thickener 

541(ii) Sodium aluminium phosphate, 

basic 

 

Acidity regulator, 

emulsifier, emulsifying 

salt, stabiliser, thickener 

554 Sodium aluminosilicate Anticaking agent 
 

*”INS” in full is “International Numbering System for Food Additives” adopted by 

Codex 

 
# Examples listed are not exhaustive or complete.  It should be noted that these are 

not recommended food additives /local standards, but merely serve as reference. 
 


