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ALUMINIUM IN FOOD



EXECUTIVE SUMMARY

The Centre for Food Safety (CFS has conduwcted a study onaluminium
in food aiming to examine the levels of aluminium in varous food goduwctsin
relation to the use of aluminium-containing food additives, to estimate the
potential dietary exposure to aluminium of the popuationin HongKongandto
asess the aswociated hedth risk, and to examine the locd situation d

aluminium content in soya milk powder including soya-based formula.

Aluminium-containing food additives have been used in food
processihg for over a century, as firming agent, raising agent, stabiliser,
anticaking agent and colouring matter, etc. and some arepemitted to be used in
food in many courtries. Aluminium is also present in food raturaly

(normally at low levels).

In 2006,the Joint Food and Agriculture Organizaion / World Hedth
Organization Expert Committee on Food Additives (JECFA) has re-evaluated
the safely of auminium and concluded to lower the Provisional Tolerable
Weekly Intake (PTWI) by seven folds to 1 mg/kg body weight (bw) for
aluminium (including additives) due to the patential to affed the reproductive
and developing rervous system in experimental animals at doses lower than
those used in establishing the previous PTWI. The dietary exposure pattems
reported in varous courtries may exceal this new PTWI. JECFA aso naed
that dietary exposure to aluminium was expeded to be very high for infants fed
on soya-based formula due to the high levels of aluminium in soya-based

formula.



Results

During August 2007 and October 2008, the CFS colleded from the
locd retail markets a total of 256 food samples, including (i) steamed
bread/bur/cake, (ii) bakery products, (iii) jellyfish, (iv) confectionery with
coating, (v) snadck including fried snack product, (vi) other food poducts
including pckles, mung kean vermicdli and cheese products, and (vii) powder
mix, salt and sugar; and 10 soya milk powder samples including soya-based
formula. Laboratory analysis for aluminium was condwted by the Food
Researd Laboratory of the CFS Except mung kean vemicdli samples
which have been cooked prior to analysis al other food samples wereanalysed

asthey were

The results showed that high aluminium levels werefoundin steamed
bread/bun/cake (mean: 100 — 320mg/kg), some bakery products such as muffin
(mean: 250 mg/kg), pancake/waffle (mean: 160 mg/kg), coconu tart (mean:
120 mg/kg) and cake (mean: 91 mg/kg), and jellyfish (ready-to-ea form)
(mean: 1200 mg/kg). The results demonstrated that aluminium-containing
food additives have been widely used in such products.

The averagge dietary exposure to auminium of a 60-kg adult was
estimated to be 0.60 mg/kg bw/week, which amounted to 60% of the new
PTWI established by JECFA. However, the patential hedth risk of aluminium
to high consumers canna be ruled ou. Moreover, some popuation who
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consume large amournt of steaned kread/bun/cake, bakery products such as

muffins, pancake/waffle, and jell yfish may be of particularrisk.

The main detary source was “steaned lread/bun/cake” which
contributed to 60% of the total exposure, and was followed by “bakery
products” and “jellyfish” which contributed to 23% and 10% of the total

exposure, respedively.

The above estimation was based on the average consumption chta of
food goup and the correspondng average aluminium concentrations, which
might lead to uncer-estimation, particulaly exposure from foods that were
foundto contain high levels of aluminium. Moreover, the estimation dd na
include the intake of aluminium from natural food sources, food contad
matenals and aher sources (e.g. dinking water). Furthemmore, the current
study might nat cover al food poducts with auminium-containing food
additives added.

The results also reveded that auminium contents in soya-based
formula samples (mean: 5 mg/kg) fell within the lower end d the reported
range, and the average dietary exposure to aluminium of a 6-kg infant fed on
soya-based formula was estimated to be 0.76 mg/kg bw/week, which amourted
to 76% of the PTWI. In addition, the aluminium contents in soya milk
powder samples (mean: 5 mg/kg) were comparable with those in soya-based

formula.



Conclusions and recommendations

Aluminium-containing food additives arewidely used in the production
of steaned hread/bun/cake, some bakery products such as muffin,
pancake/waffle, coconu tart and cake, and jellyfish. Although the results
indicaed that it is unlikely to cause adverse hedth effed of auminium for the
generd popuation, the adverse hedth effed of auminium for some popuation,
who regulary consume foods added with aluminium-containing food additi ves
such as steaned bread/bur/cake, bakery products and jell yfish, canna be ruled
out. On the other hand, the results indicated that the infants fed onsoya-based

formulawereunlikely to expenence magjor toxicologicd effeds of aluminium.

The trade is advised to reduce the use of aluminium-containing food
additives in preparing food o replacethem with aher atematives as far as
possble. Information onlabel including spedfic food additives used shoud
be acarate. The trade is also advised to develop atemative technique to
reduce the use of aluminium-containing food additives during food pocessing,
e.g. poduwction o salted jellyfish. The CFSwill work with the trade to reduce

the popuation exposure to auminium.

The pulic is advised to maintain a balanced det so as to avoid
excessive exposure to auminium from a small range of food items  The
pulic is also advised to make referenceto the information in the ingredient list

onthe label to make informed foodchaoices.



Aluminium in Food

OBJECTIVE

This study aims (i) to examine the levels of aluminium in varnous food
products in relation to the use of aluminium-containing food additives; (ii) to
estimate the patential dietary exposure to aluminium of the popdationin Hong
Kong and to assess the associated hedth risk; and (iii) to examine the locd
situation d auminium content in soya milk powder including soya-based

formula.

BACKGROUND

2. The Joint Food and Agriculture Organizaion / World Hedth
Organization Expert Committee on Food Additives (JECFA) has re-evaluated
the safgy of auminium in June 2006 and concluded that aluminium
compound have the pdential to affed the reproductive and developing
nervous system in expenmental animals at doses lower than those used in
establishing the previous safey reference and hence reduced the safey
referenceto alower value (i.e. the Provisional Tolerable Weekly Intake (PTWI)
was reduced to 1 mg/kg body weight (bw)). Following the setting d a
lowered PTWI, JECFA has recommended Codex that the provisions for
aluminium-containing food additives included in the Codex Generd Standard
for Food Additives (GSFA) shoud be compatible with the newly established
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safety referance for aluminium compound. JECFA aso confirmed that
dietary exposure, particulady throughfoods containing aluminium-containing
food additives, was foundto represent the maor route of aluminium exposure
for the generd popuation.! The dietary exposures reported in various
courtries’ would be likely to exceea this new safety referenceto alarge extent
by some popdation goups who regulaly consume foods added with
auminium-containing food additives’ JECFA aso nded that dietary
exposure to auminium was expeded to be very high for infants fed on

soya-based formula. *

3. There have been reports abou high levels of aluminium being deteded
in vanous food poducts such as steamed bread/bun/cake, bakery products (e.g.
muffin, cake and pancake), fried snads, leavening product, jellyfish and mung
bean vemicdli. The high levels of aluminium were probably due to the use
of aluminium-containing food additives as firming agent, raising agent or

stabiliserin food. *4°°

4. In view of the new toxicologicd data of aluminium, puldic concem and
aladk of locd data on the situation d food containing aluminium-containing

foodadditives, thereis a nead to condct a study to examine the locd situation.



Aluminium
Nature of aluminium

5. Aluminium is a silvery-white metal with light weight and is the most
abundant metalli c element of the eath’s crust It does nat occur naturally in
the metalli c, elemental state but narmally combined with ather elements such

as oxygen, silicon, and fluorine. *

Uses of aluminium

6. Aluminium metal has awide variety of usesincluding cooking uensils,
food mdkaging such as bevergge cans and foil, and structural material for
construction, automobiles and aircraft, and daher industrial uses such as
corrosionresistant chemicd equipment and solid fuel rocket propellants, etc.
Aluminium compound such as sulphate, phasphate, hydoxide and silicate,
have awide variety of uses such asfood gocessng (e.g. food additives), water
treament, cosmetics (e.g. antiperspirants), medicina (e.g. antaads) and

industrial uses.?’

Sources of aluminium

7. Aluminium is present in drinking water at usual levels of lessthan 0.2
mg/L, and is also present in most foods naturally (normally at levels of less
than 5 mg/kg) or due to the use of aluminium cooking uensils and foil, in

which the magnitude of this increase is generdly na of pradicd importance



But, some foods such as patatoes, spinadh and teamay contain high levels of
aluminium naturaly. Aluminium is also present in food awving to the use of
aluminium-containing food additives, which has been regarded as the main
dietary source™” Moreover, it has been reported that soya-based formulae
were foundto contain high levels of aluminium, leading to concentrations of

0.4 — 6mg/L in the ready-to-drink products. *

8. Aluminium-containing food additives have been uwsed in food
processhng for over a century, as firming agent, raising agent, stabiliser,
anticaking agent and colouring matter, etc.™’ and some are pemitted to be used
in food in many courtries such as the United States (US), the European Union
(EU), Austrdia, New Zedand, Japan and Mainland China, etc. Some
aluminium-containing food additi ves have been included in the Codex Generd
Standard for Food Additives. According to the Colouring Matter in Food
Regulations, the Public Hedth and Municipal Sewices Ordinance (PHMSO)
(Cap.132, the auminium salts (lakes) of any of the pemitted water-soluble
colours and aluminium in leaf or powder form solely for extemal colouring o
dragees and decoration o sugar-coated flour confectionery are pemnitted
colouring mattersin HongKong. Asfor the other aluminium-containing food
additives, there is no spedfic subsidiary legislation to govem their uses.
However, the PHMSO stipulates that all food onsale in Hong Kong must be fit

for human consumption.

9. The following are some examples of the use of aluminium-containing



additives in food. Aluminium sodium sulphate (INS no. 523 and sodium
aluminium phasphate-aadic (INS no. 541i)) can be used as raising agent and
arecommon ingredients in baking povder, which in turn, is used in bakery and

steaned bread/bun/cake products, and their use levels can be ranged from 21%

to 26% in beking pavder. Alum (BA%E), the common reme of auminium

potassum sulphate (INS no. 523, is used as firming agent dwing the
processhg d jellyfish and pgckles.  Sodium auminium phosphate-basic (INS
no. 541ii)) is used as emulsifierin processed cheese.  Sodium alumincsilicae
(INS no. 554 is used as anticeking agent in powder mix such as nondairy
creaner and beveragge mix. Aluminium powder and aluminium salts (lakes)
are aso used as colouring matters in decoration d sugar-coated flour

corfectionety, and candy and coatings. ****°

10. Apart from dietary source, air, the use of cosmetic and toil etry products
such as antiperspirants, and medicines may also contribute to aluminium
exposure. Aluminium from air and the use of cosmetic and toil etry products
constituted a minor source of exposure.  The auminium-containing
medications such as antadds, phaphate-binders and bufered analgesics may
lead to longtem exposure. For an individual who regulady ingests
aluminium-containing medications for long tem, expasure to aluminium from

medication could be much higher than that from the diet.

" “INS” in full is“I ntemational Numbering System for FoodAdditives’ adopted by Codex Alimentarius
Commisson (Codex).
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Toxicity

Kinetics and metabolism

11. Absorption appeass to be influenced by the speaation d aluminium,
and it is widely assumed that soluble aluminium compound such as the
chloride and ladate salts are more bioavail able than insoluble compounds such
asthe hydroxide or silicaes. Absorption o aluminium is usually lessthan 1%
from gastrointestinal trad in experimental animals, and is also poa in hunans
athoughthe rate and extent of absorption have na been adequately studied.
Absorption can be increased in the presence of citrate (one of the main arganic
adds present in fruits), while it may be reduced in the presence of other

compound, such as silicates and phaphate. -’

12. It has been reported that aluminium, once absorbed, is distributed in
most organs within the body d the experimental animals, with acamulation at
high dese mainly in bore. Furthermore, aluminium concentrations are
increased in blood and seleded tissues such as brain, bore, muscle, kidney and
lung d human after ingestion a inhaation d auminium compound.
Aluminium is excreted mainly via the route of faeces and the urine in bah

expetimental animals and human .2’

Acute toxicity

13. It was reported that in experimental animals, the oral median lethal

dose (LDso) values of aluminium compounds ranged from severd hunded to
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1000mg /kg bw, expressed as aluminium. No aaute toxic effeds by the oral
exposure to aluminium in the generd popuation have been reported despite its
widespread occurrence in foods, drinking water and many antadd

preparaions.

Genotoxicity and carcinogenicity

14. Althoughauminium can form complexes with deoxyribonucleic add
(DNA) and crosslink chromosomal proteins and DNA, it has nat been shown
to be mutagenic in baderia and mammalian cels in vitro.” Moreover, no
reports have indicated that aluminium is genotoxic to human following aal
exposure. Thereis no indicaion that aluminium is a car@nogen to animals
and the avail able data is insufficient to classiy the cardnogenic risk to humans

from exposure to auminium and aluminium compound.®

Reproductive and devel opmental toxicity

15. Soluble auminium compounds have demonstrated reproductive
toxicity (including hstopathoogica changes in the testes and effed on
gestation length) and developmental toxicity (including increaed pupmortality,
decreaed growth, delayed maturation, and impaired neurodevelopment) in
expelimental animals. However, it has been reported that the developmental
toxicity of auminium by the oral route would be highly dependent onthe form
of auminium and the presence of organic compound that influence

bioavail ability. >’
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Neurotoxicity

16. The neurotoxicity padential for aluminium has recaved particular
attention dwe to a speaulated asociation with Alzheimer’s disease.” There
have been a lot of researdies into this areaduring the past decales. In the
recent evaluation by JECFA in 2006,therewas minimal information from the
epidemiology literaure abou the association ketween intake of aluminium in
foodand reurologicd condtions and the current information from a pil ot study
evaluating Alzheimer’s diseese was considered to be preliminary. JECFA
expressed that no crucial epidemiology studies were available for the risk
asessnent at the time of the evaluation! In an opinion pubished by the
European Food Safety Authority (EFSA) in July 2008,they did na consider
exposure to auminium through food to present a risk for developing

Alzheimer’s disease, based onthe avail able scientific data.**

Other toxicological effects

17. Osteomalada has been reported in humans following daily intake of
severd grams of auminium-containing antadds for severd months and in
patients with chronic rena failure after exposed to auminium in dalysis

fluids.t?
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Safety reference value

18. JECFA has evaluated the safety of various aluminium compounds in
various medings since 1969,and a PTWI of 0 — 7.0mg/kg bw for aluminium,
including food additive uses, has been set in 1988. In June 2006, JECFA
re-evaluated the safety of aluminium and concluded that aluminium compounds
have the patential to affed the reproductive and developing rervous system in
expelimental animals at doses lower than those used in establishing the
previous PTWI, and, therefore, lowered the PTWI by seven folds to 1 mg/kg

bw, which appliesto al aluminium compoundsin food,including additi ves.

19. PTWI is an estimate of the amourt of a chemicd that can be ingested
over a lifetime withou appreaable risk. An intake above the PTWI does nat
automaticdly mean that hedth is at risk.  Transient excursion above the PTWI
would have no hedth consequences provided that the average intake over long

periodis nat excealed as the emphasis of PTWI is alifetime exposure.

Sources of human exposure

20. The main source of exposure to aluminium for the generd popdationis
food, which contributed to more than 93% of total expaosure, particulady
throughfoods added with aluminium-containing food additives, bu the intake
can be increased 10 to 100 times through the use of auminium-containing

medicinal products such as antadds.™?
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21. Dietary sources of exposures to aluminium include drinking water,
natural food sources, migration from food-contad material and food additi ves.
JECFA indicaed that the PTWI is likely to be excealed to a large extent by
some popuation goups, particulardy children, who regulady consume foods
added with aluminium-containing food additives.” The mean exposures of the
adult popuation to auminium from overdl diet including additives varied a lot
among dfferent courtries, ranged from 1.6 mg/day in most recent French
study™ to more than 34 mg/day in Mainland China* (which contributed to
abou 20 — 4006 of PTWI, assuming a body weight of 60 kg. In fact, the
dietary exposures to aluminium of some popuation goups were found to
exceda the PTWI in some courtries such as the UK (1.3 mg/kg bw/week for
todders (1.5 — 4.5 par))*®, Sweden (1.5 mg/kg bw/week for 60-kg females)?,
and Mainland China (4.0 mg/kg bw/week for 60-kg adults)™.

22. In detary exposures studiesin Mainland China and the UK, cereds and
cered products werefoundto be the main detary sources of aluminium, which
contributed 79.%% and 4%6 of total dietary exposures, respedively. The
relatively high aluminium intake from the cerea products might be attributed to

the use of aluminium-containing food additi ves.***°

23. Overseas report reveded that high levels of auminium werefoundin
soya-based formulae and detary exposure to aluminium was expeded to be

very high, upto 1 mg/kg bw/day, for infants fed onsoya-based formula.
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SCOPE OF STUDY

24. This study focused onseven groups of food products, which have been

reported to contain high level of auminium due to the use of
aluminium-containing food additives, namely (i) steamed bread/bur/cake (ZX &
B 7R EE), (ii) bakery product (KEEER &), (iii) jellyfish, (iv) confectionery with
coating, (v) snad including fried snadk product GRYE/NE), (vi) other food

products including pckles, mung kean vermicdli, and cheese products, and (vii)
powder mix, salt and sugar. Moreover, the study also covered the soya milk
powder including soya-based formula, which has been reported to contain high

level of aluminium.

METHODOLOGY

Sampling dan

25. The food samples for the study weretaken from the loca market from
August 2007 to October 2008. A total of 256 food samples (including 60
prepackaged and 196 norprepadkaged samples) were colleded for testing
from the seven groups of food poducts as mentioned in para 24. Abou five
samples for eat food poduct from the seven groups weretaken from varnous
locations. Basicdly, for prepadkaged products, only food items labelled with
aluminium-containing food additi ves in the ingredient list wereseleded for the

testing o aluminium. The number of samples taken in ead group d food
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products is shown in Table 1. Moreover, ancther 10 samples of soya milk

powder including soya-based formula weretaken for testing.

Table 1: Number of samples taken from the seven food groups in the
study

Food groups Number of samplestaken
(i) Steamed read/bur/ceke 61
(i) Bakery product 97
(i)  Jelyfish (ready-to-ed form) 15
(iv)  Confectionery with coating 9
(v) Snadk including fried snadk product 30
(vi)  Otherfood poductsincluding pckles, mung kean 19
vemicdli, and cheese prodicts
(vii))  Powder mix, salt and sugar 25
Total 256
Laboratory analysis

26. Laboratory analysis was condwcted by the Food Researd Laboratory
(FRL) of the CFS All foodsamples wereanalysed in individual sample basis.
The mung kean vemicdli samples have been cooked prior to analysis, while
the other food samples were analysed as they were The sample was
homogenised and dgested sequentialy with concentrated nitric add and
hydrogen peroxide at 95°C, followed by dlution with deionised water and then
detemination d aluminium by Inductively Coupded Plasma/ Opticd Emission
Spedrophdometry (ICP-OES). For those results deteded by ICP-OES
with aluminium content below 5 mg/kg, the sample would then be determined
by Grephite Furnace Atomic Absorption Spedrophdometry (GFAAS). The
limit of detedion (LOD) and the limit of quantificalion (LOQ) were0.5mg/kg

and 2mg/kg respedively.
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Dietary exposure

27. Avergge daily dietary exposure from ead food goup was roughy
estimated by combining the average aluminium concentration d a food goup
and the average consumption cdata of the correspondng food goup from the
Hong Kong Adult Dietary Survey 1995%. Total average daly dietary
exposure was obtained by summing upaverage daily exposures from all food
groups, and was then multiplied by seven and dvided by the bodyweight of an
adult to oltain the average weekly dietary exposure level. Food goup
“powder mix, salt and sugar”, which is nonrealy-to-ea food, was excluded in
the expaosure estimation. The bodyweight of an adult was assumed to be 60
kg. The estimated average weekly exposure level was then compared with the

PTWI established by JECFA.

28. The possble dietary exposures from individual food items which were
foundto contain high levels of aluminium and may be commonly consumed by
the popuation would also be estimated based on the assumption that a 60-kg

adult consumes a pieceof such food orceaweek.

29. The dietary exposure for infants fed on soya-based formula was
estimated based on an infant aged 3 months weighing an avergge of 6 kg,
taking 1litre of soya-based formula as his daily consumption!  For the other
soya milk powder, the possble dietary exposure of 3-yearold child would also
be estimated based onthe assumption that a child with a bodyweight of 10 kg
consumes two gasses (250 ml ead) of soya milk prepared from the soya milk

powder daily.
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RESULTS

Concentrations of dluminium in food

30. A total of 256 samples were tested for aluminium and the test results
are summairised in Table 2 and the breskdown results are shown in Annex.

Aluminium was deteded in most of the samples (97%).

Table 2: Concentrations of Aluminium in the Seven Food Groups
Food goups Number of samples Mean auminium level in

taken mg/kg [range]

(i) Steaned bread/bun/cake 61

[l Steaned bread (withou filli ng) 14 100[3 — 230

(] Steaned bun(with filli ng) 36 130[4 — 270

(]  Steamed cake 11 320[200 - 570

(ii) Bakery product 97

[J Brea/rall 15 5[1-2§

[J  Tar otherthan coconu tart 16 12[1-87

[1  Cookieshiscuits 15 16[1 — 8§

[J  Chinese pastry 10 33[1-18Q

[  Doughnu 5 59[1 -16Q

[l Cake 15 91[1 - 220

[]  Coconu Tart 6 120[65 — 180

[l Pancake/ Waffle 10 160[1 - 71Q

[l Muffin 5 250[6 — 510

(i ) Jellyfish (ready-to-ed form) 15 1200[400 — 180D

(iv) Confectionety with coating 9 82[1-21Q

(V) Snadk including fried snadk product 30

'] Leavening prodicts 15 20[1-11Q

[1 Deepfried dough 15 46[2 — 330

(vi) Otherfood poducts 19

[J  Mung kean vemicdli (cooked) 4 1[1]

[1  Cheese products 10 4[ND — 2Q*

[l Pickles 5 100[5 - 32Q

(vii) Powder mix, salt and sugar 25

[1 Sugar 5 1[ND - Z*

[l Sat 5 52[ND - 26Q*

[J Beverage mix and nonrdairy creaner 5 110[54 — 180

[1  Powdermix for bakery/fried food 10 2600[180 — 1600D

Total 256

ND: not deteded

* A value of /2 LOD isassigned for samples with aluminium concentration below LOD when caculating the mean concentration.
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Seamed bread/bun/cake

31. Among al 61 steamed bread/bur/cake samples, steaned cake was
found to contain the highest aluminium level (mean: 320 mg/kg), and was
followed by steamed bun(with filling) (mean: 130 mg/kg) and steaned bread
(withou filli ng) (mean: 100 mg/kg). Only two samples (3%) were foundto

contain low levels of auminium (< 10 mg/kg).

Bakery product

32. Amongall 97 kekery samples, aluminium levels varied widely among
samples of the different product types (mean: 5 mg/kg for breadl/roll to 250
mg/kg for muffin), as well as samples of the same product type (range: 1 — 710

mg/kg for pancake/waffle; 6 — 510mg/kg for muffin).

33. Muffin was foundto contain the highest aluminium level (mean: 250
mg/kg), and was followed by pancake/waffle (mean: 160 mg/kg), coconu tart
(mean: 120 mg/kg) and cake (mean: 91 mg/kg). Only 25% of samples from
those product types were found to contain low levels of aluminium (< 10
mg/kg). Moreover, a pancake sample (which was served with bresfast med)
was foundto contain the highest aluminium level of 710 mg/kg among kekery

samples.
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34. On the other hand, most of the samples of the remaining product types
(i.e. brea/roll, Chinese pastry, cookieshiscuits, doughnt, and tart other than
coconu tart) within this group werefoundto contain low levels of aluminium

(82% of such sampleswere< 10 mg/kg).

Jellyfish

35. All 15 samples of jellyfish (ready-to-ea form) were foundto contain
very high levels of aluminium, ranged from 400to 1800mg/kg with a mean of
1200mg/kg.

Confectionery with coating

36. The nine samples of confectionery with coating werefoundto contain

aluminium at levels from 1 to 210mg/kg with amean of 82mg/kg.

Shack including fried snack product

37. Among the 30 samples of snadck products, aluminium levels varned
widely (range: 1 — 330mg/kg), including samples of the same food type, bu
the majority of samples (70%) werefoundto contain low levels of aluminium

(< 10mg/kQ).
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Other food products

38. Cooked mung kean vermicdli samples and cheese products werefound
to contain averagge aluminium levels at 1 and 4 mg/kg, respedively. The
aluminium levelsin pickles varied alot, ranged from 5 to 320mg/kg.

Powder mix, salt and sugar

39. The five samples of beverage mix and nondairy creaner samples were
foundto contain aluminium at levels from 54 to 180mg/kg with amean of 110
mg/kg. If the samples were used to prepare the drink acording to the
diredions on the padkages, the aluminium levels in the drinks would range

from 6 to 31 mg/kg with amean of 12 mg/kg.

40. High levels of aluminium were foundin the ten pavder mix samples
for bakery/fried food, ranged from 180 to 16000mg/kg. Except a baking
powder sample which was foundto have the highestlevel of auminium (16000
mg/kg), the aluminium levels of remaining pavder mix samples ranged from
180to 1900mg/kg. According to the recommended redpes on the padkages
of the samples, the use levels of pancake /cake mix, self-raising flour and
baking povder could be abou 40 — 7086, 20 — 306, and less than 2%,
respedively. Home-made bakery or fried food made from these samples may
still contain high levels of aluminium (up to severd hundeds mg/kg) when

foods areprepared acording to the recommended red pes onthe padkage.
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41. Amongsalt and sugar samples, only a salt sample was foundto contain
aluminium at 260mg/kg due to the use of aluminium-containing food additive
as anticaking agent. All remaining nne samples of salt and sugar werefound

to contain very low levels of aluminium (lessthan 2 mg/kg).

Dietary Exposure

Average adult

42. The average dietary expaosure to aluminium for an adult was estimated
to be 0.60 mg/kg bw/week. Dietary exposures to aluminium from different
food goups areshown in Table 3.

Table3: AverageDietary Exposureto Aluminium for an Adult

Food group Dietary exposureto qjuminium in mg/kg bw/week
(% contribution of total exposure)

Steaned bread /bun/cake 0.36 (60%)

Bakery product 0.14 (23%)

Jellyfish 0.06 (10%)

Confectionery 0.02 (3%)

Snad including fried snack product 0.01 (1%)

Otherfood poducts 0.01 (2%)

Totd 0.60 (10%)*

(* Figuresmay nat add upto total due to roundng)

Possible exposures from individual foods containing high levels of aluminium

43. Possble expasures to aluminium from steamed bread/bun/cake and

some bakery products were estimated to be ranged from 0.09to 0.63 mg/kg
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bw/week, if a 60-kg adult consumed a pieceof such food orce a week (Table

4).

Table4: Possible Exposures to Aluminium from Consumption of
Steamed Bread/bun/cake and some Bakery Products for an

Adult
Food items Averageweight  Average exposureto
of a piece of food aluminium*
(g/unit) (mg/kg bw/week)

Steamed ceke 112 0.63
Muffins 100 0.47
Pancake/waffle 100 0.21
Steamed bun(with filli ng) 68 0.15
Coconu tart 70 0.14
Cake 62 0.09
Steamed bread (withou filli ng) 69 0.09

* Asauming that a 60-kg adult consumed a pieceof the product onceaweek

44, Regarding the pancake sample with the highest aluminium level of 710
mg/kg, the usual serving sizefor the bresfast med with the pancake would be
three pieces (abou 130 g of pancake. The exposure to aluminium from this
breakfast med would be estimated to be 1.54mg/kg bw/week, if a 60-kg adult
consumed this breakfast med once a week. Moreover, jelyfish samples
(ready-to-eda form) werefoundto contain the highest mean aluminium level (at
1200 mg/kg) among al the ready-to-ea samples. If a 60-kg adult consumes
50 g d jellyfish weekly, expaosure to aluminium would read the PTWI.
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Soya milk powder including soya-based formula

45. The mean auminium concentrations in bah soya-based formula
samples and soya milk powder samples werefoundto be 5 mg/kg, leading to
mean concentrations of 0.6 mg/L in bah realy-to-drink products. The test

results aresummarised in Table 5.

Table 5: Concentrations of Aluminium in soya-based formula and soya
milk powder

Number of Mean aluminium level [range]
samples taken _ .
Powderin Ready-to-drink products
mg/kg in mg/L
Soya-based formula 4 5[3-19 0.6[0.4-0.%
Soya milk powder 6 5[2-17 0.6[0.2-1.5%

46. The average weekly dietary exposure to aluminium for infants fed on
soya-based formula was estimated to be 0.76 mg/kg bw/week [ranged from
0.46 — 0.92mg/kg bw/week].  On the other hand, the possble exposure to
aluminium for a 3-year-old child with a bodyweight of 10 kgwas estimated to
be 0.21mg/kg bw/week [ranged from 0.08to 0.53mg/kg bw/week], if the child
consumed two gasses (250 ml ead) of soya milk prepared from the soya milk

powder per day.
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DISCUSSION

Use of aluminium-containing food additives

47. Results of the present study reveded that aluminium levels vared qute
alot amongthe products tested. The low levels of aluminium foundin some
products might be due to the amourt naturally present in the food. Variation
in aluminium levels nat only existed in dfferent produwcts, bu aso among
products of the same type. Their presence would be probably due to the use
of aluminium-containing food additive, while the varation in levels might be

due to the differencesin foodredpes used for the production.

48. Results of the present study reveded that aluminium-containing food
additives were widely used in steamed hread/bun/cake and some bakery
products such as muffin, pancake/waffle, coconu tart and ceke available in the
locd market. On the other hand, such products could also be prepared from
other raising agent, instead of auminium-containing food additives. The

findings wereconsisent with those reported elsewhere®*°

49. High levels of aluminium residues werefoundin jell yfish (realy-to-ea
form). This may be due to the use of alum as firming agent in processing
salted jellyfish. According to the aquatic industrial standard for “Salted
jellyfish and salted jellyfish head” in Mainland China, the standard for alum in
these produwcts is set a 1.2 — 2.20 (i.e. 12000 — 22000mg/kg), which
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corresponds to 684 — 1250mg/kg as auminium. Hence high levels of

aluminium residues would be expeded in the end products.

50. Our results reveded that among snadk samples including fried snack
prodwcts, a smal propation o them have been added with
aluminium-containing food additives. On the other hand, ou results reveded
that if the powder mix for bakery/fried food contained aluminium-containing
food additives, high levels of aluminium would be expeded in the products

made from them.

Dietary Exposures to Aluminium

51. Averge dietary exposure to aluminium for adult was estimated to be
0.60 mg/kg bw/week, which amourted to 60% of PTWI. On the other hand,
possble exposures to aluminium from steamed bread/bun/cake and some
bakery products wereestimated to be ranged from 0.09to 0.63mg/kg bw/week,
asuming that a pieceof such product was consumed by a 60-kg adult once a

week, which amounted to 9 — 63% of PTWI.

52. Therebre, the generd popuation was unlikely to experience major
undesirable hedth effeds of aluminium. Due to the lak of indvidua
consumption pettem for the popdation, the exposures of the high consumers
coud na be estimated. According to the literaures, generdly, high

consumers may approximate three times the average consumption amourt for
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individual foods and up to twice the tota amourt consumed as a whole.*’
Therebre, the paential hedth risk of aluminium to a high consumer canna be
ruled ou. Moreover, some people who consume large amournt of steamed
bread/bun/cake, bakery products such as muffins, pancake/waffle, and jellyfish

may be of particularrisk.

53. In ou findings, the main detary source of aluminium was “steamed
bread/bun/cake” which contributed to 60% of the total exposure, and was
followed by “bakery product” which contributed to 23% of the total exposure.
Although hhgh levels of auminium residues were found in “jellyfish”,
“jellyfish” only contributed to 10% of the total exposure and was lessthan that
of “steamed bread/burn/cake”. It would be becaise the consumption amourt
of jellyfish was lessthan that of sttamed bread/bun/cake.  The findings are
consisent with those conduwcted in detary exposure studies such as those

conduted in the UK and Mainland China.

54. The sensitive subgoup d the popdation regarding the adverse effed
of developing rervous system for aluminium would be children. As the data
of locd consumption pettem for children is na available, the hedth risk of

aluminium resulting from dietary exposure of children canna be ases=d.
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International Comparison

55. Estimates of dietary exposure to aluminium were compared with
findings in aher places and pesented in Table 6. The dietary exposure
estimated in ou study fell within the range of the exposure pattems obtained
from other places. However, dired comparison d the data has to be dore
with caution dwe to the differences in time when the studies were cariied ou,
researdy methoddogy, food goup caegorisation, methods of colledion d
consumption data, methods of analysis and methods of treaing results below

detedion limits.

Table6: A Comparison of Average Weekly Dietary Exposure to

Aluminium

Places Average weekly dietary exposure
(mg/ person /week)

France™ 11

Austraia’ 16.8(male), 13.3(female)

Netherands * 21.7

Switzedand 30.8

Japan ? 31.5

HongKong * 36

UK ® 37.8

Finland® 46.9

us *® 56- 63 (male), abou 49 (female)

Gemany 2 77 (males), 56 (female)

Sweden ? 91 (female)

Mainland China ** 238

*  The exposure datain HongKongis extraded from our current study.
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Soya milk powder including soya-based formula

56. Our results reveded that aluminium contents in soya-based formula
samples fell within the lower end o the reported range of soya-based formula.
Expaosure to aluminium for infants fed onsoya-based formula was estimated to
be 0.76 mg/kg bw/week, which amourted to 76% of PTWI, and, therefbre,
suggested that the infants fed on soya-based formula were unlikely to
expelience major toxicologicd effedas of auminium.  Moreover, the
aluminium contents in ather soya milk powvder samples were comparable with
those in the soya-based formula.  Soya milk powder could also be a source of

aluminium exposure for children.

Other Sources of Aluminium Exposure

57. Apart from food, water, air, the use of cosmetic and toil etry products
and medicines may also contribute to aluminium expaosure.  According to data
from the Water Supgies Department, the average level of aluminium in locd
drinking water was 0.02mg/L in water for the period from April 2007to March
2008 Asaming that a 60-kg adult consumed 2 litres of water per day,
exposure to aluminium was estimated to be 0.0047 mg/kg bw/week and
therefore constituted a minor source of expaosure. Aluminium from air, in
urban area contributed abou 0.04 mg/day? and therefre constituted a minor
source of exposure.  Aluminium compound are widely used in the
prepardgion d antiperspirants, bu demma absorption d auminium was
estimated to be only abou 0.004mg from a single use of the antiperspirants on

both uncerams?
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58. The auminium-containing medicaions such as antadds,
phaosphate-binders and buffered analgesics may lead to longtemrm exposure.  If
taken as direded, the daily intake of aluminium in antadds and biffered aspirin
could be as much as 5 g and 0.7 grespedively." For an individual who
regulany ingestsauminium-containing medicaions for long tem, exposure to

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

LIMITATIONS OF STUDY

59. The study showed that food contains aluminium. It is believed that
the mgority of auminium came from food additives. However, it is nd
possble to dstingush the propation o aluminium coming from natural source

or aluminium-containing food additives.

60. The methoddogy for colledion d consumption data may influence the
acarracy of the estimates on detary exposure. In the food consumption
survey applied in the current study, the food consumption pettem of adult was
colleded using afood frequency questionnaire, which dd na cover some food
items, which might be relevant to aluminium exposure. Moreover, the
individual consumption pettem of the popuation is nat available. Hence the
exposure could ony be estimated based onthe average consumption cita and
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avergge aluminium concentrations of the food goups.  The exposures may
lead to uncerestimation, particulary from foods that werefoundto contain high
levels of duminium. Furthemore, the estimation dd na include the intake of

aluminium from natural food sources and food contading materials.

61. Only food poducts reported with high aluminium levels due to the
use of aluminium-containing food additives were covered in the current study,
therere, some other food poducts with aluminium-containing food additives
might nat have been coveral in the current study, which would also lea to

under-estimation d dietary expaosure.

CONCLUSIONSAND RECOMMENDATIONS

62. Aluminium-containing food additives were widely used in the
production d steamed bread/bun/cake, some bakery products such as muffin,
panceke/waffle, coconu tart and cake, and jellyfish. High levels of

aluminium residues werefoundin such products.

63. The paential dietary exposure to aluminium of the popuation was
estimated to be 0.60 mg/kg bw/week, which amournted to 60% of the PTWI
established by JECFA. The generd popuation is unikely to experience
major toxicologicd effea of aluminium but the adverse hedth effed of

auminium for some popuation, who regulady consume foods added with
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aluminium-containing food additives such as steaned bread/bur/ceke, bakery
products and jellyfish, canna be ruled ou.

64. Soya-based formula produwcts avalable in the market contain
auminium at a lower level as compared with reported levels in aher places.
Exposure to aluminium for infants fed on soya-based formula fell below the
PTWI established by JECFA, and, therefore, suggested that the infants fed on
soya-based formula were unlikely to expenence major toxicologicd effeds of
auminium. Moreover, other soya milk powder products contain similar
aluminium levels of the soya-based formula and thus soya milk powder could

also be a source of aluminium exposure for children.

65. Food, matticulady those with the use of auminium-containing food
additives, is recognised as the mgjor source of aluminium expasure. Codex
Committeeon Food Additivesin April 2007started to review the GSFA in this
asped. In the subsequent meeing held in April 2008, the committee nated
that the propased levels for aluminium-containing food additives seemed high,
which might result in the PTWI being excealed, and requested further
information abou the use of auminium-containing food additives, which
would be used to request JECFA to condct an exposure assessrent.”  In the
recent meding held in March 2009,the committee has discontinued the work
on some propased levels for auminium-containing food additives as no
techndogicd justification/ information had been provided or submitted. The

committeealso requested clarficaion onthe reporting besis (e.g. as aluminium
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or aluminium compound) of all levels for auminium-containing food
additives, othemwise the levels would be revoked. Furthemmore, the committee
has maintained the aluminium compounds in the priority list proposed for

safety evaluation byJECFA.*

66. Moreover, EFSA has released their study onthe safety of aluminium
from dietary intake recently, and concluded that the dietary intake of
aluminium in a significant part of European popuation may exceeal the PTWI
but it was unable to conclude the contribution d the vanous sources such as the
amourt naturaly present, the contributions from food additives and food
contad materials. EFSA also commented that therewas a need to have better
data on the sources and extent of use of aluminium in food. Other food
authoriti es such as Canada, Japan and Australia have also condwcted or planned
to condwct exposure assessnent studies on aluminium but their results are nat

yet avail able.

67. Effort shodd be made to reduce exposure to auminium for the
popdation. The trade is advised to reduce the use of aluminium-containing
food additives in preparing food a replacethem with ather altematives as far
as possble. The trade is also advised to develop altemative techniques to
reduce the use of aluminium-containing food additives during food pocessing,
e.g. produwction d salted jellyfish. Furthemmore, the trade shoud ensure that

acarate information onlabel including spedfic food additives used is made
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availlable to the consumers. CFS will work with the trade to reduce the

popuation exposure to aluminium.

68. The pulic is advised to maintain a balanced det so as to avoid
excessive exposure to aluminium from a small range of fooditems, particulady
jellyfish, steamed cakes and muffins.  Members of the pulic arealso advised
to make reference to the information in the ingredient list on label to make

informed foodchoices.
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Annex

Concentrations of aluminium in food samples

Food Group Food item No of samples Mean conc /mg/kg (range)
Fooditem  Food Food item Food sub-group
sub-group
(i) Steamed bread/bun/cake
Steamed bread 14 100(3 — 230
(without filling) (322  Twisted rolls (fE£) 5 80(59 — 100
[ZEEEH]) Steamed bread (E85H) 9 110(3 — 230
Steamed bun(with 36 130(4 - 270
filling) GRE[AEZ¥]]) Pork and vegetable bun(EHR) 5 100(4 — 220
Egg custard bun(ihE& &) 5 120(67 — 170
Roasted pak bun (%) 5 130(58 — 200
Lotus seed bun(GEA ) 5 130(40 — 270
Longevity bun(Z8) 5 140(69 — 170
Barbeaue pork bun(X &) 5 150(37 — 220
Sesame paste bun (FF& &) 6 150(91 — 190
Steamed ceke (Z5%5) 11 320(200 - 570
Thouwsand layer steamed ceke (FE$%) 5 260(200 — 380
"Mai Lai" cake (BB HI%E) 6 380(240 - 570
(ii) Bakery product
Bread/roll 15 5(1-29
White bread 5 3(1-49
Whed bread 5 43-96
Roll 5 7(1-28
Tart other than coconu 16 12(1 - 87
tart Egg custard tart (%) 5 4(1-9
Fruit tart 8 20(1 - 8%
Othertart 3 32-3
Cookieshiscuits 15 16(1 -89
Wafers (BU1E &) 5 7(6-7
Cookies and hiscuits 10 21(1 -89
Chinese pastry 10 33(1-180
Baked barbeaue pork puff (R 1EER) 5 4(3-9H
Chinese wanut cookie (& #kEXK) or 5 61(1-180Q
similar products
Doughnu 5 59(1 — 160
Cake 15 91(1 - 220
Soft ceke 5 75(3 -210
Butter cake 5 99(53 - 140
Swisscake 5 100(1 — 220
Coconut tart (Hi5£) 6 120(65 — 180
Pancake/Waffle 10 160(1 — 710
Pancake 5 1504 - 710
Waffle 5 180(1 — 430
Muffin 5 250(6 — 510
(iii) Jellyfish (ready-to-eat form) 15 1200400 — 180D
(iv) Confectionery with coating 9 82(1-210
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Food Group

Food item

No of samples

Mean conc /mg/kg (range)

Fooditem  Food Food item Food sub-group
sub-group

(v) Snack including fried snack product
Leavening products 15 20(1 - 110

Crispy eggfloss(ZE &) 5 2(1-3

Prawn craker 5 25(10-65

Otherleavening products 5 33(1-11Q
Dee fried dough 15 46(2 — 330

Deq fried swed crull er (4=FFIER) 5 3(2-9

Deep fried doughcake (HHFTEF) 5 30(2 - 140

Fried fritters (1) 5 100(3 - 330
(vi) Other food products
Mung kean vemicdli (cooked) 4 1(1)
Cheese products 10 4(ND - 20*
Pickles 5 100(5 — 320
(vii) Powder mix, salt and sugar
Sugar 5 1(ND - 2*
Salt 5 52(ND — 260*
Beverage mix and nondairy creaner 5 110(54 — 180
Powder mix 10 2600(180 — 1600p

Cake mix/Pancake mix 5 850(180 — 1500

Powder mix for bakery /fried food 5 430(q820 — 1600D

Total 256

ND: nat deteded

* A value of 1/2 LOD is assgned for samples with aluminium concentration below LOD when cdculating the mean

concentration.
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