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2000, in order to allow for the development o
further toxicological information required.
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Total Number: 40 timed pregnant females (via in

house breeding) — 4 groups of 10 rats (3 dosage
levels, 1 negative control)
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Target Dosage

) ) Dosage
Concentration Concentratio
Animals Dosage Level Aluminum Aluminum
Treatment per Group (mg/kg) of ‘(assumes Citrate
elemental o ... adjusting for
aluminum ac‘:]:;:'-‘;;;:t?;:l 9.8%
Aluminum by
Female ml?li; 1,.-2|0 ; .
'kg/day)
control 10 0 0 0
low dose 10 25 0.208 2.13
mid dose 10 50 0.417 4.25
high dose 10 100 0.833 8.50
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ERS 10 25 0.208 2.13
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Treatment

Target Dosage
Level (mg/kg)
of elemental
aluminum

No. of Animals
per Group

Female DMale

Target Dosage
Concentration
(g/L) of
elemental
Aluminum
(assumes
average water
consumption of
120 ml/kg/day¥)

Dosage
Concentration
(g/L) of
Aluminum
Citrate
adjusting for
9.8%
Aluminum by
mass

control

low dose
mid dose
high dose

40 40

40 40
40 40
40 40
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solutions of Al-citrate at 3 dosage levels. A control group
received Nanopure plain water (negative controls) .

Dosing of dams via ad libitum drinking water from gestation
day 6 through weaning of offspring. Water consumption was
weekly monitored.

At postnatal day 21, pups were weaned by moving them to
individual caging and dams were sacrificed.
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v = e Cl L
ound in all groups receiving aluminum citrate and represent

peculiarities of individual dams/litters and do not represent
any test item effect

Clinical Observations: dermatologic abnormalities were
observed and do not represent pathologies likely to have been
caused by the test item.

Body Weights: High dose aluminum (100 m%/kg) citrate
a d

ppearedto retard early growth compared to control animals.

In the absence of significant differences in maximum body
weight, it is proposed that reduction in early growth was
i?gFrogated by a faster and/or a lengthier growth period later in
ife.
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Gestation Length: The
gestation times at highest dose (10omg/kg). However, the

small magnitude of the differences and the lack of an’
ideal doseé response draws the biological significance into
question.

Develomerjtal Landmarks: possible advanced puberty in
the male animals receiving aluminum citrate; but it ma
be lar 82/ artefactual since 104 of the male animals ha

e

already developed those landmarks at the first
observation.

Al-citrate may have prolonged
I

Ht_em_atolo: no significant differences between groups
within the Hematology data
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Final Outcome

While the definitive MTD value could NOT be
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exposure of the mother during pregnancy
and lactation and, of the offspring through
12 months of age.
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*Note : Treatment Group letter designations are those used while staff were blinded as to treatment. These letter
designations were used during Appendix B table compilation, and for the pathology and statistical analyses.
Therefore some tables and figures in this report will have the groups designated by letter only.

T The concentrations listed in the table were adjusted to maintain the same Al content when new batches of Al
citrate differing in % Al by mass (i.e. 9.8%, 8.7%) were used
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Treatment

No. of Animals per

Le\-ell-l(mg:'kg )Uol‘ elemental Alulﬁim;m

(g/LL) o1 Aluminum

) Treatment Citrate adjusting for
Group elemental (assumes average water Py " .
. . 9.3% Aluminum by
aluminum consumption of 120 . .
Vkg/day) mass T
Female Male mukg/da)
. zontrol (deionized .
1y © ( 80 80 0 0 0
water)
2 (A) low dose 80 80 30 0.250 2.69
3 (D) mid dose 80 80 100 0.833 8.96
4(E) high dose 80 80 300 2.499 26.87
0, but dosage 0. but dosage
concentration of sodium concentration of sodium
o . citrate dihydrate citrate dihydrate
5(B) Sodium citrate 80 80 0 ki haer bttt = RS
equimolar to that of equimolar to that of
aluminum in Group 4 is  aluminum in Group 4 is
27.2 gL 27.2 g/l
*Note : Treatment Groun letter designations are those used while staff were blinded as to treatment. These letter
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Treatment Group letter designations

A — Low Dose Group

B — Sodium Citrate Group
C — Control Group

D — Mid Dose Group

E — High Dose Group

For reporting, the different milestone cohorts were given numbers:

Cohort 1 — Postnatal Day 23
Cohort 2 — Postnatal Day 64
Cohort 3 — Postnatal Day 120
Cohort 4 — Postnatal Day 364
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the concentration of Al citrate in the high dose was near saturation,
so, a higher intake level was not possible.
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Dosage (mg Al per kg body weight)

Figure 8.
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Table 7. Summary statistics for developmental landmarks by group and pup sex (vaginal
opening for the females and preputial separation for the males)

Parameter Sex Statistic LowDose Nacitrate Control Mid Dose  High Dose

M Mean 39.3 41.1 39.6 394 425
Number of SD ; 2.1 1.9 32
days to
Landmark F  Mean 32. 313 32. 39.7
5.6

The high doses of Al citrate and Na citrate delayed
development of the rat pups in both sexes. The
differences in days to reach landmarks in some litters
from the high dose group so this is probably an Al
citrate effect.
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* avery weak association with excitability,

+ some association with neuromuscular performance but this may also be related to group
differences in body weight,

* an association with physiological function.
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in the cortex vs. about 1.8 pg/g in the brainstem. This time-related change may
indicate the presence of a developmental process.
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mmmmmms s anarc FR-TIETS

(mng/kg) (mg/ml) (mg/ml) -
1 Water 7 5 5 0 0 0 10
2 Water 14 5 5 0 0 | 10
3 Aluminum citrate 7 5 5 30 3 10
4 Aluminum citrate 14 5 5 30 3 10
5 Aluminum sulfate 7 5 5 30 3 10
6 Aluminum sulfate 14 5 5 30 3 10
7 Aluminum nitrate 7 5 5 30 3 10
8 Aluminum nitrate 14 5 5 30 3 10
9 Aluminum chloride 7 5 5 30 3 10
10 Aluminum chloride 14 5 5 30 3 10

A luscnionnnenn

* blood and organ collection analysed for Al, Mn, Fe and Cu

concentrations
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10 BAETILE=D L 14 5 5 30 3 10

KEEETILS=D L

KEBIETILE= A

+ 30mg/kglhE (FILI=0 L) Z7BEF=(X1485
- MARBIVIERIES LT IS =D L VAV,

BEFVHDREZFARD,




For most tissues, the concentration of aluminum was less

after 14 days than after 7, regardless of sex or treatment
including control reflecting the clearance of previously
deposited Al and that treatment had little effect (with the
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Median Bone Aluminum Concentrations By Treatment And Exposure Time

LRSI s ATAVASGLL AUAIC £ AEUAILARGALL VIS CAL VALY V) 4RSI UL LAPUINEY & LY AUE Ui A,
denotes significantly different from water controls (p<0.05). Also. in the males on Day 7. Al
citrate concentrations were significantly higher than Al sulfate. Al nitrate and Al hydroxide.
Al chloride concentrations were higher than Al hydroxide (p<0.05).
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* denotes Al concentrations significantly higher after Al citrate exposure than water controls.
Al sulfate, Al nitrate. Al chloride and Al hydroxide for females after 14 days exposure and
males after 7 days exposure (p<0.05).
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Median Brain Aluminum Concentrations By Treatment And Exposure Time
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Figure 4.

Median Brain Aluminum Concentrations by Treatment and Exposure Time for Both Sexes.
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Brain, was largely neutral, showing little change
between day 7 and 14.

This may suggest poor clearance in neuronal
tissues and, in the case of spinal cord, life long
bioaccumulation prior to acquisition of the
animals by the test laboratory.
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Human health risk characterization: Given the importance of food in the
total exposure to aluminum, a probabilistic analysis of the exposure
for intakes by different subsets of the Canadian population is
warranted and should distinguish Al originating from food additives
from natural sources in foods.

Migration of Al from Materials in Contact with Food: With respect to the
uses of the three salts used as a component in coating films in food

packaging, the estimated amount of aluminum migrating from these
films into the food would be negligible

Additional animal studies on toxicokinetics and neurological /
neurodevelopmental effects of Al of different salts should be done to
replicate and validate the current findings, including Al fluoride, to provide
better exposure-response relationship.

BEDLANILELUEEYT HTERM

ADBEICHTDIRVHE : TILSZ I LICHT ERRBICEITOERYMDEER

MEEZADENTFADEGLHIEFDERIZIORTFEDHERRIANIEST

%L)s BmRMBEEDTILIZIVLZBYOBEARBARDEDERTAET
Do

BREMMHENCDTIVEZDLDBIT - BERAEDHEBEIILLDEMELT
FERSNAZEEDTIILEZVLIEICEAL ENoDTAIILLDLEMIZHEITT S
EHESNDTILEZ I LEFEHTES,

MADHAED RERBRCIRLEZTV., KFYKIWRE - RIGEFRZEHT H57=0HI2,
IVETIWEZD LEECRGDTVIVEZ I LIEDM LV AFRTAU R, MHIEFH,
HREREEFHZEICEITIBMHABRETEINETH D,




HYMESITTWVELT,




