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JECFA

« Joint FAO/WHO Expert Committee on
Food Additives
— First met in 1956

— Evaluates the safety of food additives,
contaminants, naturally occurring toxicants
and residues of veterinary drugs in food

— Develops principles for the safety
assessment of chemicals in food

— Provides advice to Codex Alimentarius
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The Recent JECFA Evaluations

67t Meeting of JECFA, June 20086,
WHO Food Additives Series volume 58

ALUMINIUM FROM ALL SOURCES, INCLUDING FOOD ADDITIVES
(addendum)

Flirst draft prepared by

D.J. Benford," N. Thatcher, D. Mason,' D. Street? C. Leclercq,? M. DINovi?
J. Bend* & B. Whitehouse®

74t Meeting of JECFA, June 2011,
WHO Food Additives Series volume 65

ALUMINIUM-CONTAINING FOOD ADDITIVES (addendum)

First draft prepared by
D.J. Benford," A. Agudo,? C. Baskaran,” M. DiNovi,? D. Folmer,? 1c<i:|ards
J.-C. Leblanc* and A.G. Renwick® ‘ncy
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The JECFA process

Review biological studies

— Biochemical studies

— Toxicological studies

— Observations in humans
Review data of relevance to exposure
— Analytical methods

— Sampling protocols

— Exposure from different sources
— Effects of food processing
Dose-response analysis
Comments
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The 2006 Evaluation

“Consider all data relevant to the
evaluation of the toxicity and intake
(including bioavailability) of aluminium

used in food additives and from other
sources’
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Aluminium

 Third most abundant element

« Major constituent of the earth’s crust

— release to the environment by natural processes
and anthropogenic sources

* Present in foods from several sources
— Natural content
— Environmental contamination

— Use of aluminium compounds in food processing,
packaging and storage

— Flocculant in drinking water

— Food additives
» Can lead to highest content ‘m

Food
Standards

Agency
food.gov.uk

TILE=) L

SFBIZEEICHFEET STH
- WERERERT AT ELER
- BRBAEFEEIIAABNY—X(ZE->TREDIZHRE
- BRRIE—ADLEMITEA
- BRIZHEET LD
- IRIB/EE
- BRI, 8% RECTILIZOLIEEYZEFER
- ERF KD EEEH|
- By
- BRPOENELH AR q11'|1| F0od s

Agency
food.gov.uk




Absorption of aluminium

« Generally less than 1%

— Soluble compounds generally assumed
more bioavailable than insoluble
compounds

— Solubility lowest at neutral pH

— Conversion to aluminium hydroxide in the
duodenum leads to precipitation and
excretion

—increased by organic anions such as citrate
— decreased by phosphates
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Distribution and excretion

* Distribution to blood, bone, brain, liver
and kidney

* Predominantly bound to transferrin in
blood

« Excretion primarily in urine
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Increase in Al excretion, ug/day
- N w
e 8 8 8
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Control AIOH AIOH + NaHCO3 AIOH + NaCitr

Increase in urinary aluminum excretion in subjects on a control diet
and those given aluminum hydroxide (AIOH) alone or with sodium
bicarbonate or sodium citrate. Aluminum excretion rose markedly in

the last group due to increased intestinal absorption.
Data from Walker, JA, Sherman, RA, Cody, RF, Arch Intern Med 1990; 150:2037.
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Toxicity studies up to 2006

From published literature relating to different Al
compounds

Many investigating specific effects of mechanisms
of action

Not designed to provide information on dose-
response relationships

Some not clear on whether dose is as Al compound
or Al

]Ic\/lany do not take into account Al content of basal
eed

— 60-8300 mg Al/kg feed, ~ up to 830 mg/kg b.w. per day
in rats

— Low Al feed contains about 7 mg Al/kg, ~ 0.7 mg/kg

b.w. per day in rats
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Standards
Agency
food.gov.uk

2006 EFE COHHEEHEE

BEGAT7 I LM EYICEAT B ESELT-
ZLUIMERAANZ R LIRS B EDFZEZRELI-DD
FAERICERIZSOVTODREHREFLI-OIZT AN
=t DT> T=

XERDWNKDOMIZDNTIE, ZILE =) LIEEYDIEERR
ENTILI=H LEREHN T AE
ZLAIRERFAR DT ILE =D LIEEYEEEL TLVELY

- fAFHkedr=Y60-8300mgD T ILE=r) L (DFEYSYITIX
830mg/kgAE /B ELWVSHAEIZHD)

- BE7LE= O LEAROTILE =D LEEBEES YN Tlkedh U
Tmg(SyhTIX1RIZ0.7 mg/kefhE/R £45)
m Food
Standards
Al A




Effects at lowest doses

Studies in rats, rabbits and monkeys

Short term studies at oral doses of ~ 10-17
mg/kg b.w. per day

Effects on enzyme activities and indicators
of oxidative damage

Generally only one dose level, and did not
take into account Al in feed

Functional relevance unclear and not
suitable for dose response analysis (M Food

Standards
Agency
food.gov.uk

RIEEMEICHTHEE

- YO HILEAL AR

- 10-17mg/kglAE/H DOFEAKRESTOEIAGER

- BREESIVBRILEGEOHEZFICHNT IZE

- —REICEE-DORAELANILOAZRANTEY,
BRI EENDTILEZVLEZEZEL TN

\\\

- (CORERMLIL) HEEERIBEE X BAMET. A

SERIGHTICIEFEYI TH-oT-

Food
Standards
Agency
food.gov.uk




Repeated dose toxicity studies in
rats

« 12 studies in rats with various Al
compounds given via drinking water,
diet or gavage

Changes in b.w., haematological
parameters, liver and kidney in some
studies, no effects observed in others

Not possible to identify N/LOAELs due
to limitations in reporting
M %
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Repeated dose toxicity studies in
Beagle dogs — SALP acidic

« Sodium aluminium phosphate (SALP)
acidic (Katz et al., 1984)

— Added to feed at 3000, 10000 or 30000 mg
Al/kg for 26 weeks

— Total Al in feed was measured (not
reported for control diet)

— No treatment-related effects at any dose
— NOAEL =110 mg Al/kg b.w. per day
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Repeated dose toxicity studies in
Beagle dogs — SALP basic

« SALP, basic (Petterson et al., 1990)

— Added to feed at 3000, 10000 or 30000 mg
Al/kg for 26 weeks

— Total Al in feed was measured

— Decreased food consumption and weight gain,
and effects on liver, testes and kidney only in
male dogs at top dose

— NOAEL = 27 mg Al/kg b.w. per day

* No explanation for sex difference and
limitations in reporting made interpremi
of the study difficult
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Genotoxicity and Carcinogenicity

* Indirect mechanisms of genotoxicity

— Cross-linking of DNA with chromosomal
proteins, interaction with microtubule assembly
and mitotic spindle functioning, induction of
oxidative damage

— unlikely to be of relevance for humans
exposed to aluminium via the diet (EFSA)
 Limited available data on carcinogenicity
do not indicate risk at exposures relevant
to dietary intake (EFSA) (11111 food,
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Reproductive toxicity

« 3 oral multigeneration studies in mice and rats

— Al lactate at 50 and 100 mg/kg b.w. per day in
mice decreased grip strength with no clear dose-
response relationship (Golub et al., 1995)

— Al lactate at 10, 50 and 100 mg/kg b.w. per day
decreased b.w. in male and female mice, (Golub
and Germann, 2001)

— Al chloride at 100 mg/kg b.w. per day with
concomitant citric acid in rats decreased b.w.,
delayed sexual maturation and decreased grip
strength (Colomina et al., 2005)

Some indications of effects at 50 and 10 Food
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Developmental studies

* 11 studies in mice and rats with Al with
diet or drinking water during pregnancy

 Some studies show effects such as
growth retardation and skeletal
anomalies

— Lowest LOAEL ~ 13 mg/kg b.w. in rats

given Al nitrate per day by gavage, Al
content of diet not reported

— Some studies found no effects at much
higher doses
Food
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Neurotoxicity and neurobehaviour

Considerable evidence of neurotoxicity
following parenteral injection

Rabbit, cat, guinea-pig and ferret seem
particularly sensitive

Progressive neurological impairment
associated with neurofibrillary pathology in
large and medium size neurons in spinal cord,
brain stem and selected areas of cortex

Morphologically and biochemically different
from those occurring in Alzheimer disease
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Oral studies of neurotoxicity and
neurobehaviour

 Behavioural effects observed in the
absence of overt neurotoxicity in adult
rats and mice,

— Impaired passive and conditioned
avoidance responses

— Generally 2 200 mg Al/kg b.w. per day
— Other endpoints incompletely evaluated
— Possible role of organ damage cannot be

discounted
m Food
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Oral studies of neurodevelopmental
toxicity

« 13 studies in mice and rats given various
soluble Al salts via diet or gavage

Neurobehavioural effects seen in some
studies at doses in the region of 50 — 200
mg Al/kg b.w. per day via diet.

— Findings not consistent

— Lowest LOAEL indicates reduced grip strength

One study indicated NOAEL of 10 mg
Al/kg b.w. per day (11111
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Observations in humans — clinical

 Dialysis encephalopathy syndrome

— Speech difficulty, tremors, twitching,
dementia, focal seizures, abnormal
electroencephalogram

— Elevated Al in blood, bone, muscle and
brain

— Due to elevated levels of Al in water used
in dialysis fluid

— Observation led to concern about a
possible role of Al in Alzheimer diseam -
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Observations in humans — clinical

« Osteomalacia
— defective bone mineralisation

— Patients on long term parenteral nutrition
* Link with Al not proven

— Frequent use of Al-containing antacids

» Possibly due to Al binding to phosphate in the
gut
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Epidemiological studies

« Alzheimer disease, dementia, cognitive
development
— Many studies focus on Al in drinking water

— Some indicate link with Alzheimer disease,
others do not

— Al exposure from food not considered in
drinking water studies

— Not possible to draw conclusions from the
few studies on dietary Al exposure

— Studies on use of antacids (Al =2 1 g/day)
show no associations with (ﬂm Food
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Dose-response analysis

» Limitations in the available studies
meant that none was considered pivotal

* Lowest LOAELSs in a range of different
dietary studies in mice rats and dogs
were in the region of 50-75 mg/kg b.w.
per day

» Epidemiology studies did not provide
data suitable for use in the risk
assessment {11111 Food
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The 2006 PTWI

« Lower end of the range of LOAELs = 50
mg Al/kg b.w. per day

« Uncertainty factors

— Default value of 100 for inter and intraspecies
differences

— Additional factor of 3, taking into account

+ deficiencies in the database, i.e. absence of
NOAELs and long term studies on relevant
toxicological endpoints

» Counterbalanced by probable lower bioavailability

of less soluble As compounds in food ‘m food .
Agency
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The 2006 PTWI

50 mg/kg b.w. per day divided by 300

= 0.17 mg/kg b.w. per day
=1 mg/kg b.w. per week (rounded)

Expressed as Provisional Tolerable
Weekly Intake due to potential for
bioaccumulation

Applies to all Al compounds in food,
included additives

Previously established ADIs and PTWI
were withdrawn
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Estimated ranges of mean exposure
from different dietary sources

Mean Natural Water (assuming Food Overall diet
exposure dietary consumption of 2 L /day) contact including
sources materials additives
in mg 7-70  <0.7 (typical untreated 0-49* 14-280
Al/week water)
1.4- 2.8 (water treated with
Al salts)

14 (acidic untreated water)
% of PTWI
(assuminga 2-120 1- 20 < 80* 20 — 500
60 kg b.w.)

Food
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Theoretical exposure using conservative assumptions f\gEﬂCYk
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2006 conclusions on dietary
exposure

 PTWI is likely to be exceeded to a large
extent by some population groups,
particularly children, who regularly
consume foods that include Al-
containing additives

Dietary exposure is expected to be very
high for infants fed on soya-based
formula
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JECFA 2006 Recommendations

Further data on the bioavailability of different aluminium-
containing food additives are required.

There is a need for an appropriate developmental toxicity
and a multi-generation study incorporating
neurobehavioural endpoints, to be conducted on a
relevant aluminium compound(s).

Studies to identify the forms of aluminium present in soya
formulae, and their bioavailability, are needed before an
evaluation of the potential risk for infants fed on soya

formula can be considered. ‘m food .
Agency
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The 2011 Evaluation

Consider all data necessary for safety evaluation
(bioavailability, developmental toxicity and
multigeneration reproductive toxicity) and data on
actual use levels in food.

Aluminium lactate and potassium aluminium
silicate, which had not been evaluated previously
by the Committee for use aluminium silicate as
food additives

Submissions from a number of sponsors, including
unpublished studies of bioavailability and toxicity

Submission from the Ministry of Health, Labcm and

00
Welfare, Japan oo
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New studies on bioavailability

Single and repeat dose studies in rats with
3 Al compounds

Single dose study in rats with 12 Al
compounds (including Al metal)

Studies on bioavailability of SALP basic
from biscuit, SALP acidic from cheese and
Al citrate from tea in rats

Simulation studies on potassium
aluminium silicate

Studies on effects of citrate on Al
bioavailability in human volunteers
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New results on bioavailability in
rats

Absorption of various Al compounds in rats is
generally in the region of 0.01-0.3%

Support the assumption that the more water-soluble
aluminium compounds are generally more bioavailable

Not possible to draw firm conclusions on quantitative
differences in absorption between different
compounds due to limitations in the sensitivity of the
analytical methods, inter-animal variation and
methodological differences between studies

Indications of sex differences in absorption in rats and
that the proportion of the dose absorbed is lower

following repeated administration than following single
administration ‘m o
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New results on bioavailability in
humans

« Absorption in humans is likely to vary

widely,

* New data did not support an estimation
of bioavailability
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New studies on Al distribution
and excretion

« Studies in pregnant and lactating rats
confirmed that aluminium is able to cross
the placental barrier into the fetus and then
into the fetal brain and that it is also
transferred to the offspring via lactation

confirmed that oral Al in rats can result in
increased concentrations of aluminium in
bone, kidney and spinal cord

* No new studies on excretion
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Conclusion on toxicokinetics

« Based on the available data relating to
the absorption, distribution and
elimination of Al from a variety of
different compounds, ...... there was no
basis for deriving a chemical-specific
adjustment factor for either interspecies
or intraspecies differences in
toxicokinetics
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Multigeneration reproductive
studies

Al sulfate and Al ammonium sulfate
administered to rats in the drinking-water

No evidence of reproductive toxicity.

Delayed maturation of the female
offspring, decreased body weight gain and
changes in some organ weights.

— likely to have been related to decreased
maternal fluid and feed consumption rather
than a direct effect of Al on the offspring

No effects on motor activity or learning

ability were observed in these studies

— Grip strength not measured (ﬂm Food .
s

S A TERER

- BT ILE =D LBLUREBT7ILE =D LT
DR LEEFEKIGEE TOVNIERE

- EEEMOIRIELL

- ﬂﬁ@ﬁd)&ﬁi&@ AREEMOEIE. LMD
MhDBEwREZIZEL

- FIZH T BT IVE=) LD EEMNZE TGS,
ﬁ%@%&’@ﬁ‘lﬂﬁﬁyd)ﬂ’yl SEETHEED

: _?f’bb@n't%ﬁl El:aL\’C BEEEN R EFE
j](-ﬂ?%%:ﬁ“ n:u\&)b;h'&h\ﬁf'
- EAIFBESNTO G o1 ‘m




Developmental toxicity studies

* 4 studies of various Al salts in rats given
via drinking water or gavage

Evidence of fetotoxicity with Al chloride

Unclear if the findings were secondary
to maternal toxicity
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New neurotoxicity and
neurobehavioural studies

13 new studies, most have limitations, e.g.

— only one high dose level,

— failure to consider Al content in the diet,

— limited number of outcomes and no assessment of other forms of toxicity

The lowest dose linked with cognitive effects was 0.5 mg
Al/kg bw per day (Walton, 2009)

— Al chloride in the drinking-water impaired memory in old rats.

— restricted amount of feed offered twice weekly in order to reduce the
rats’ weight and hence prolong their lifespan.

— the impact of this restricted feeding regimen is unknown, and impaired
cognitive function has been observed in other studies only at much
higher levels of exposure, albeit in younger animals.

— JECFA concluded that the results of this study require mdependent
verification and were not suitable for use in the risk assessmm
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Developmental and chronic

neurotoxicity study

Al citrate given to rats in drinking-water (Poirier
et al., 2011)

Major treatment-related effects were renal
damage and reduced grip strength, but not
cognitive impairment, in the pups

NOAEL and LOAEL were at target Al doses of
30 and 100 mg/kg bw per day

Uncertainty regarding the doses at different
times of this study due to changes in water
consumption

Appropriate to assume that the NOAEL was 30
mg/kg bw per day
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Potassium aluminium silicate

* No effects were observed in subchronic
or chronic toxicity studies at doses of
the test material up to 2500 mg/kg bw
per day, equivalent to 360 mg/kg bw per
day as aluminium,

No studies were available regarding
reproductive or neurobehavioural effects
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Observations in humans

e Clinical studies

— Al in brain tissue associated with features
of Alzheimer Disease

— Coincidental observation cannot confirm a
causal role
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Epidemiological studies of
neurological disorders

Potential neurotoxicity of aluminium in drinking-
water or antacids

— some of the drinking-water studies showed an association
of Al with dementia or Alzheimer disease, wheres others
reported an absence of neuropsychological effects
measured in several ways.

— None took into account the ingestion of aluminium in food.

Occupational exposure to Al does not seem to have
an impact on cognitive performance, motor
performance or adverse reproductive outcomes.

“The information available remains inconsistent and

. . . Food
does not support a causal association (11111 g%%gg;ds
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Epidemiological studies of bone
health

* Neonates exposed to Al from solutions
for parenteral nutrition had reduced
lumbar spine and hip bone mass in
adolescence.

In elderly people, the Al content in
bones was not associated with
increased risk of hip fractures.

No information on the potential effects
of oral exposure to aluminium in food.
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Evaluation

New data addressed some of the research needs identified
previously

Not possible to draw conclusions on quantitative differences in
the toxicokinetics of different Al-containing food additives or
between experimental animals and humans.

Recent evidence did not show effects of Al on reproductive
outcomes

Confirmed previous observations of neurodevelopmental effects
— continues to be a lack of consistency in reported effects
— some limitations to all of the studies.

— Most involved administration of Al compounds in drinking-
water, rather than in the diet

New data did not substantially change the LOAEL range of 50—

75 mg/kg bw per day ‘m Food

00
Standards
Agency
food.gov.uk

ST

%{?7‘:7‘;7:?‘—975‘1 LB ESh T LMD R = — XXt i

TULNTz

FILEZOLEEOCELGAIBHANMYDOLXaXTRTAORIZET

HEBMER. FT-IIEREYEELrORBIDOEEMERIZDINT,

ERET I CEIEFaEE o7

RITIDHBRIERICHEWN T, BIERHAIEITHT DT ILE =D LDEE

[ZRESNh TULNVEADT=

HRERREENLGEEICETIBEDEREREERTES-

- TTITHRESINTVWRHELO—BEENSHBRENTLVEWN

- TRTOREBRIZEVLTL O DHIFIRR) 1B

- PILEZD LD ELIE, FAH CTHERBKFOTILE =D LILE
MMHIEREINS

LOAELMD &G (50-75 mg/kg AE/B) IZIZEBMIZEERZFMNAS

KOEFT-ET—2I o1 ‘m Food

00
Standards
Agency
food.gov.uk




Pivotal study - Poirier et al., 2011

 NOAEL of 30 mg Al/kg bw per day for Al
citrate administered in drinking-water to
rats.

Al citrate is more soluble than many other
Al compounds and is likely to be more
Pioavailable from drinking-water than from
ood.

Appropriate basis for establishing a PTWI
for Al compounds

no longer a requirement for an additional
uncertainty factor for deficiencies in the
database M e

Agency

FEME
— Poirier et al, 2011

- MFEKIZKYSYNIIRESNDSII VBT IL
S=r) LLDNOAELIE., 30 mg 7ILS=r) Li/kg
KE/H

- DIVEETILEZ ) LI ZL{HHMDTILS
—OLIEEYLYBREENF UV =8, fHR
FYLEBKMNSIRYRAEN DL DDA,
INAFTTARASE)T43E<EHERNH D

- PILEZ) LIEEYDPTWIZTEIL T 5iE )
BIRWTHEHEEZEZOND

- T=AR—XDRMEIZKYEMFFEEFRE
AW EEEL e




The 2011 PTWI

« 30 mg/kg b.w. per day divided by 100

= 0.3 mg/kg b.w. per day
= 2 mg/kg b.w. per week (rounded)

» Expressed as Provisional Weekly
Tolerable Intake due to potential for
bioaccumulation

» Applies to all Al compounds in food,
iIncluded additives m i
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Estimated ranges of mean adult

dietary exposure

Country/region

Estimated mean exposure

in mg/person per week (% PTWI for 60kg person)

From food additives used in
cereals and cereal-based
products

From overall diet, including
natural sources, water
consumption, food contact
materials and food additives

JECFA 2006
JECFA 2011
Australia
Brazil

China

2-124 (2-103)
4 (3)

40-70 (33-58)
4-124 (3-103)

14-280 (12-233)
11-136 (9-113)
17 (14)

23-136 (19-113)

China, Hong Kong SAR 30 (25) 36 (30)
Europe (EFSA) 2-46 (2-38) 11-91 (9-76)
Japan — 84 (70)
USA 24-30 (20-25) 60 (50)
- 7 == B = A
ADBEBIZESTFHRZ=EDHETE

mg/ER/B (AF60kgD ADIFZE: % PTWI)
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4-124 (3-103)
30 (25)

2-46 (2-38)
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14-280 (12-233)
11-136 (9-113)
17 (14)

23-136 (19-113)
36 (30)

11-91 (9-76)

84 (70)

60 (50)
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2011 conclusions

« For adults, the estimates of mean
dietary exposure to Al-containing food
additives from consumption of cereals
and cereal-based products are up to the
PTWI of 2 mg/kg bw.

Estimates of dietary exposure of
children to Al-containing food additives,
iIncluding high-level dietary exposure,
can exceed the PTWI by up to 2-fold.
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JECFA 2011 Recommendations

There is a need for convincing data to
demonstrate that aluminium is not bioavailable
from potassium aluminium silicate—based
pearlescent pigments.

No data were available to identify the forms of
aluminium present in soya-based formula and
their bioavailability. Such studies were
requested at the sixty-seventh meeting and are
still required
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Thank you
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