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ht- (Krasovskii et al, 1979),

o NZWHOH XD 16:BKER (6.9 mg Al/kg/dayDIEILT7ILES =Y LERBEL) (BT 4§
MEE ., BFFEENEEINT=(Yousef et al, 2005) ,

o BEETILZ=HLDSYRIBRERIZENT, BEMABDEDH86 K172 mg Al/kg/day
THbNT=(Roy et al, 1991),
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@ BHEBROKRSICESI—BORERSEOM D IAXTRT(IRIE . EFTDE
MENLE-EHGENGEREFXELGDZEEDLDNED T EFDYRITEAAU
[ZBITHINODEMNMRERDZ L HEIZIXEEMAIES,

Previous study: Male Reproductive Effects (Oral Gavage Study)

Male reproductive toxicity was observed in repeated oral (gavage) dose studies.

* In a 6-month study of aluminium chloride in rats, sperm/testicular toxicity was
observed at 2.5 mg Al/kg/day (Krasovskii et al, 1979).

* In a 16-week study of aluminium chloride (6.9 mg Al/kg, every other day) in NZW
rabbits, sperm toxicity and decreased libido were found (Yousef et al, 2005).

* In a 21-day study of aluminium sulfate in rats, spermatogonial cells were decreased at
86 and 172 mg Al/kg/day (Roy et al, 1991).

@ In these oral gavage studies, aluminium content in the diet was not
determined.

@ The relevance of these oral gavage studies for human risk assessment is
unclear because the toxicokinetics after a bolus dose by gavage must
differ significantly from those after actual continuous exposure via the diet
in humans.
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« BEHPOTIIEREEEELHER

— EEMBYVEBTILVE= O LFN) DL (SALP) £ (X KEEIE T ILE =D LD
Svh28HERERTIL. 302 mg Al/kg/dayF CHa 2D RIEBAB FHNERETE
BlXADNIEMST= (Hick et al, 1987),

— EEMSALPOE— JLKXD26:BAERTIL, 75 mg Al/kg/day CHEEE M
BTz (Pettersen et al, 1990)

AHNTEMNDT- (Katz et al, 1984)

INLDARTIE HIEERINEAMBENEEZZ NSRBI/ HIBIED
TILEZ) LEEYNALLN TS,

Previous study: Male Reproductive Effects (Dietary Study)

« Continuous exposure studies, taking into account the aluminium
content in the basal diet:

— In a 28-day dietary exposure study of basic sodium aluminium phosphate
(SALP) or aluminium hydroxide in rats, no changes in the testicular
histopathology were observed up to 302 mg Al/kg/day (Hicks et al, 1987).

— In a 26-week feeding study of SALP basic in beagle dogs, testicular toxicity
was found at 75 mg Al/kg bw/day (Pettersen et al, 1990).

— In a 26-week feeding study of SALP acidic in beagle dogs, testicular toxicity
was not detected up to 88 mg Al/kg/day (Katz et al, 1984).

These dietary studies used water-insoluble or sparingly-soluble forms
of aluminium, which are widely assumed to be less bioavailable than
soluble compounds.




NETORR: HOLEREADEE
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[SyvbDiEIZIEAEHI60A . MEICIEAZECHT14A MO RER., IEIRRUE
2L BARS % @ L T 180, 360, 720 mg/kg bw/day (FEEE 7 LS =Y L DB HKED
MDD EHNFER)FiEHIEORE]

R AEH CTEASED . )y2—80RD . 360 mg/kg bwldl E D 58
THEFRBREELD. TIRTOERSHTRAERTIEHEESINT:
(Domingo et al. 1987) ,

o BEYARNREFZIZIZVLREDEAZEZRANI-HER
[SDS YD IZFEEE 7 JLS=r2 L(50, 100 mg Al/kg bw/day) RUI T
BE15AMEKESL. RIREHSYNRED, iIFREORFLEAMPIZHE
E#FFG @R SBT7ILE =D LEE: 42 ug Al/kg)]
REARE . RIEIR O ARFAEIZZIEZL (Colomina et al. 2005) ,

Previous study: Female Reproductive Effects

In a reproductive/developmental toxicity study of aluminium nitrate in SD rats
[oral gavage administration, beginning 60 days (males) or 14 days (females)
before mating throughout the mating, gestation and lactation periods], there
were decreases in the number of litters and corpora lutea at 720 mg/kg/day,
the number of living pups at 360 mg/kg/day and above, and body weights of
pups at 180 mg/kg/day and above (unclear if dose is expressed as aluminium
or aluminium nitrate) (Domingo et al. 1987)

In a study to assess the potential combined influence of maternal stress and
aluminium exposure on postnatal development and behavior of the offspring
[female SD rats, administered 50 or 100 mg Al/kg/day aluminium nitrate in
drinking water with citric acid, beginning 15 days before mating through the
gestation and lactation periods, basal diet contained 42 ug Al/kg] , no changes

were found in the gestation period, litter size and birth weight (Colomina et al.

2005).
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HELTLEN
Sk 22.8 mg Al/kg bw/day*
6 14EI |BRERAHE . ER.T BHRITH/ER
vk R 266 mg Al/kg bw/dayE T
6-108 FRELELL
IDR iR 92 mg Al/kg bw/day®E T
6-15H REZELGL
YOR iR 57.5 mg Al/kg bw/day*
6-158 |RRIRGFE, T OEH-BLEE
TR YR8, 9,10, 72 mg Al/kg bw/day*
MFERIF128 | BRAE-BLEE
Swk iR148 13 mg Al/kg bw/day**
-HE#218 | REE-ER
Swk i 200 mg Al/kg bw/day
5-1480 TRECE, | REEEM

*EAFEEICET AFEREL

1988

Gomez et al. 1990

Domingo et al.
1989; Colomina et

al. 1992

Colomina et al.

1992

Albina et al. 2000

Domingo et al.,

1987¢

Bernuzzi et al.,

1989b

Paternain et al.

11

Previous study: Developmental Effects

Oral gavage study

period

Aluminium
nitrate

Aluminium
hydroxide

Aluminium
hydroxide

Aluminium
lactate

Aluminium
hydroxide

Aluminium
nitrate

Aluminium
lactate

Rats GD6-14 22.8 mg Al/kg bw/day*
Body weight and tail length of fetuses{,,
skeletal malformations/variations

Rats GD6-10 No effects on development up to 266 mg
Al/kg bw/day

Mice GD6-15 No effects on development up to 92 mg
Al/kg bw/day

Mice GD6-15 57.5 mg Al/kg bw/day*
Fetal bodx weighty, cleft plate, dorsal
hyperkyphosis, delayed ossification

Mice GDS, 9,10, 72 mg Al/kg bw/day*

11 or 12 Fetal body weight,, delayed ossification

Rats GD14-LD21 13 mg Al/kg bw/day**
Body weight and tail length of pups,

Rats PND5-14 200 mg Al/kg bw/day

Mortalityl, body weight gain |,

GD: gestational day, LD: lactation day, PND: postnatal day
*with maternal toxicity, **no data available on maternal toxicity

Paternain et al. 1988

Gomez et al. 1990

Domingo et al. 1989;
Colomina et al. 1992

Colomina et al. 1992

Albina et al. 2000

Domingo et al.,

1987c

Bernuzzi et al.,

1989b

12




NFETOBR: RESE(CEERE)

EBE7ILE Syb
by N
#|IE7ZILS  Svbk
=L
AEFILS Svb
bty N
AEFILS Svb
=y N
“BAEME

1TIRS B -5t

yE4R1 B -5 1%

yE4E1 B -85

iR1-78 . iR

1-14BEf=(3F
IR1B-5 1%

155 mg Al/kg bw/day
TRERECE, | RAE

273 mg Al/kg bw/day*
T REBRETCE, | REE

378 mg Al/kg bw/day*
TRERECE, | RAE

400 mg Al/kg bw/dayE& T
REFEOKE(ICEELGL

Bernuzzi et al.,
1986

Bernuzzi et al.,
1989a

Bernuzzi et al,,
1989a

Muller et al., 1990

@ INoOHERTIK AMFDTILEZYLSEILBIESNTLVEL,

Feeding study

m Exposure period | LOAEL & Major toxic effects

Aluminium
chloride

Aluminium
chloride

Aluminium
lactate

Aluminium
lactate

Rats

Rats

Rats

Rats

Previous study: Developmental Effects

GD8-delivery

GD1-delivery

GD1-delivery

GD1-7,GD1-14
or GD1-delivery

*with maternal toxicity

155 mg Al/kg bw/day
Postnatal mortality 1, body
weight of pups\,

273 mg Al/kg bw/day*
Postnatal mortality ™, body
weight of pups,

378 mg Al/kg bw/day*
Postnatal mortality ], body
weight of pups\,

Bernuzzi et al.,
1986

Bernuzzi et al.,
1989a

Bernuzzi et al.,
1989a

No effects on postnatal mortality Muller et al., 1990

and body weight up to 400 mg
Al/kg bw/day

@ In these feeding studies, aluminium content of basal diet was not determined.
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Swiss Webster¥ D R [CELEE 7 LS =) LERERELIZAVIHIL_FREDT IL—TD#HX

EIROB-4£%218 400 ppm* Golub et al.,
HRTEREDEE (E%8-18H )+ 1987

TR0 B B 7L 500 ug Al/g diet (100 mg Al/kg/day) Donald et al.
Rig. RERZME., IBh ~O2E(&E$%21-39R) 1989

iR - IR EL 1000 ug Al/g diet (5 KZ250 mg Al/kg/day) Golub et al.
BERZY IEANDOEE (EHR21)k* 1992b

TIRBAMA A SEERLET=(X 500 ug Al/g diet (50 mg Al/kg/day) Golub et al.,

HARFET BH~DEE (£1150-170) 1995

HERIMNS—EE 1000 ug Al/g diet (FEKZ100 mg Al/kg/day) Gloub et al.,
4118L24y ADHBETEIRE T EHDOHLHHER 2000
[T/IEONTLVELY

1RO - £ #35H 500 ug Al/g diet (50 mg Al/kg/day) Golub &

SMhARDEERESE. 5H AN B FHEEEE ++ Germann, 2001

) NOAEL = 10 mg Al/kg/day
*IAHEYDTILEZ) LERED T —4%L
**WE&‘FFH%

ROSHEEE. ERRICETIFRICNSOHRHBRM /OGN,
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Previous study: Developmental Neurobehavioral Effects

A group of researchers from the University of California have provided many results in this
field. In these studies, Swiss Webster mice were given a diet containing aluminium lactate.

Exposure period LOAEL & Major toxic effects

GDO-LD21 400 ppm* Golub et al.,
Delay in neurobehavioral development (PND8-18)** 1987
GDO through weaning 500 ug Al/g diet (100 mg Al/kg/day) Donald et al.
Foot splay distance, temperature sensitivity and grip 1989
strengths (PND21-39)
Conception throughout 1000 ug Al/g diet (about 250 mg Al/kg/day) Golub et al.
gestation and/or lactation  Grasp strength and temperature sensitivity (PND 21)**  1992b
Conception to weaningor 500 ug Al/g diet (50 mg Al/kg/day) Golub et al.,
adulthood Grip strength (PND 150-170) 1995
Conception through No consistent differences in neurobehavioural tests at ~ Gloub et al.,
lifespan age of 18 and 24 months of age at 1000 ug Al/g diet 2000
(about 100 mg Al/kg/day)
GDO - PND35 500 ug Al/g diet (50 mg Al/kg/day) Golub &
Impaired learning at 3 months of age and motor Germann, 2001

performance at 5 months of age**
NOAEL = 10 mg Al/kg/day
*no data on daily aluminium intake, **with decreased body weight
@ In contrast, insufficient information is available regarding the effects of continuous
aluminium exposure on the physical and sexual development of offspring. 16
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vk K. 64 mg/kg bw/day Sunetal.,
(H) 12084 Jf7FRRRTAY -RERERILES -BE7FASY 2011,
L7 A4—mRNA/SZ /N R
Svbk K. 64 mg/kg bw/day Wang et al.
() 1208 f§ JMFPTRNSOH—IL-TasF AN -BIAFIEARILE 2012
U-BAREERILEY
29k #0O. 34 mg/kg bw/day Moselhy et
(i) 30-60 H fif JIETRARRTAY  MRERYAVUCTILTER, al., 2012
BTFNSA—42—DZE. FHE-BRLE-AILRDR
BEEENEL
IR #RK. 300 mg Al/kg bw/day Abu-
1FiRoH-1% JIREBOHFEREM, Taweel et
Fl158 VAR —/R3y -ab=y al. 2012
RE-RHIEOEN, BE-E5 - R5 - BRES-FHEEH-
ZHMTEDEL

@ CIhoDHARTE. BAMFPDOTILIZVLEEFAESNTLEL,
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Recent reports
on the reproductive/developmental toxicity of aluminium

All of the following studies used aluminium chloride as a test substance.

Rats 120 days, 64 mg/kg bw/day Sun et al.,

(male) via drinking serum testosteroned,, serum follicle-stimulating hormoned,, 2011,
water testicular mRNA/protein expressions of androgen receptorl,

Rats 120 days, 64 mg/kg bw/day Wang et al.

(female) via drinking blood levels of estradiol\,, progestogend,, follicle-stimulating 2012
water hormoned, and luteinizing hormoned,

Rats 30-60 days, 34 mg/kg bw/day Moselhy et

(male) oral serum testosterone,, testicular malondialdehyde®, al., 2012

deteriorated semen picture, histopathological changes of
seminiferous tubules, epididymis and prostate gland

Mice GDO-LD15, 300 mg Al/kg bw/day Abu-Taweel
via drinking postnatal body weight gain,, delays in eye opening and hair et al. 2012
water appearance, and deficits in sensory motor reflexes (PND1-21),

locomotor activity (PND22), learning capability (PND25) and
cognitive behavior (PND 30-36), forebrain dopamine and
serotonin levels {,(PND7-36)

@ In these studies, aluminium content of basal diet was not determined. s
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Two-Generation Reproductive Toxicity Study
of Aluminium Salts in Rats

The JECFA clearly stated the need for further data on the
developmental and multigenerational toxicity of aluminium (67t
meeting in June 2006).

In order to fill data gap,

Two-generation reproduction toxicity study was performed in
accordance with OECD TG 416, and Japanese guidelines for the
designation of food additives and for revision of standards for the use of
food additives.

All procedures involving the use and care of animals were performed in
accordance with the principles for G L P.

20
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Two-generation reproductive toxicity study

Reproductive/
developmental
toxicity testing

SPECIFIC STUDY

Developmental neurotoxicity
study

Reproductive/developmental toxicity study
Neurotoxicity study

SCREENING TOXICITY STUDY 1
Reproduction/developmental toxicity screening test .
Combined repeated dose toxicity study

with the reproduction/developmental toxicity screening test

OECD Guidelines for the Testing of Chemicals
1 :Repeated dose 28-day oral toxicity study in rodents (TG407) + Genotoxicity studies (TG471, 472, 473)
Reproduction/developmental toxicity screening test (TG421)
4+ Combined repeated dose toxicity study with the reproduction/developmental toxicity screening test (TG422)

2 :Prenatal development toxicity study (TG414) +Two-generation reproduction toxicity study (TG416)
3: Neurotoxicity study in rodents (TG424)

4 : Developmental neurotoxicity study (TG426)

5 :More specific reproductive/developmental toxicity study or developmental neurotoxicity study
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CAS No. 10043-01-3

o JKi&AM (37.5 g/100 mL at 20° C)

o« A’ HKEl GRER). AU THE GHAERRARILE
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CAS No.: 7784-25-0 (F&/K¥1), 7784-26-1 (127KF0#)

o JKiAME (148 g/100 mL at 20 °C, 127KF0%)
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BYNODRENBEZIND,

AINH4(S04)2
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TEST SUBSTANCES

Aluminium sulfate (AS)
CAS No. 10043-01-3
* Water soluble salt of aluminium (37.5 g/100 mL at 20°C)

e Application: flocculant for water purification, paper sizing agent, fire extinguisher
materials, etc.

Al2(S0a4)3

The use of AS could lead to aluminium exposure to aluminium via drinking water or via the
environment in the general population.

Aluminium ammonium sulfate (AAS, anhydrous) AINH4(SO4)2

CAS No.: 7784-25-0 (anhydrous), 7784-26-1 (dodecahydrate)
* Water soluble salt of aluminium (14.8 g/100 mL at 20 °C, dodecahydrate)

e Application: food additive (firming agent, raising agent or stabilizer in bakery products,
egg products, herbs and spices, soya-bean products, snacks, processed fish, processed
vegetables and candied fruit), fixing agent in photography, leather tanning agent, etc.

e AASis listed in table 1 of the CODEX general standard for food additives, and classified as
a designated food additive in Japan.

The use of AAS would lead to dietary exposure of the general population to aluminium.

24
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Experimental Design

Crl:CD(SD) rats (24/sex/dose) were given AS or AAS in drinking water

throughout two generations. , L
Concentrations in drinking water

10-week premating * AS: 0, 120, 600, 3000 ppm
o ] ., I AAS: 0,550, 500, 5000 pp
FO Delivery & *Dissolved in ion-exchanged water

e _ (aluminium: less than the quantitation limit)

c i Gestation ¥ Lactation! *Aluminium in diet: 22-29 ppm

10-week premating d‘

S aiing (I

i M
F1 i : vV i Delivery 3G
¢ i — ——

. . o Birth Weaning %. Gestation i Lactation|
- Direct exposure via drinking water !

i

O

D Possible indirect exposure through the placenta and/or maternal milk 2 J

Evaluation of estrous cyclicity d _"_J

F2 | 4
. 1
Evaluation of external development and reflex ontogeny _?_ T I
Evaluation of sexual maturation ‘ Birth Weaning

Necropsy
Evaluation of sperm parameters

Neurobehavioral evaluation (spontaneous locomotor activity and performance in a water-filled multiple T-maze)

cexall]

Pups could be also exposed to AS or AAS directly via drinking water at the end of weaning period 6




MBT LS04 (AS) DRBRR (RBNOKKE )

Water consumption

o

EO0 males

o

- eo——0 g

e o *x -

[S)

Water consumption (g/day)
o

L
o

—o— . —
o P It .

—4-Control

—£-AS 120 ppm

-2--AS 600 ppm

—®-AS 3000 ppm

1 2 3 4 5 6 7 8

Weeks of dosing

1
o

F1 males

Water consumption (g/day)

0 T T T T T T T

——Control
—+AS 120 ppm
-A-AS 600 ppm
-@-AS 3000 ppm

1 2 3 4 5 6 7 8
Weeks of dosing

9 10 12 13 14

Water consumption (g/day)

Water consumption (g/day)

120
10
00
90
80
70
60
50
40
30
20
10

00
90
80
70
60
50
40
30
20
10

FO females

—&-Control
—+AS 120 ppm
-A-AS 600 ppm
—®-AS 3000 ppm

2 3

Weeks of dosing

E1females

—&-Control
-+AS 120 ppm
-A-AS 600 ppm
-@-AS 3000 ppm
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of lactation
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Results for Aluminium Sulfate (AS)

PARENTAL EFFECTS

Water consumption
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T e o TR
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Weeks of dosing
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1 2 3 4 5 6 7 8
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Weeks
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28




Food consumption (g/day)

Food consumption (g/day)

WMERT7ILZ_DL (AS) DEBRER (BRBVWOEEE )

Food consumption

40

FO males

Kk —&— Control
—-AS 120 ppm
10 --A- AS 600 ppm
—@- AS 3000 ppm
0+ T T T T T T T T T T T

1 2 3 4 5 6 7 8 9 10 12 13
Weeks of dosing

14

40 7
F1 males

30 1
——

20 4 Control
—3-AS 120 ppm

s

CA-

10 AS 600 ppm
—®— AS 3000 ppm

0 T T T T T T T T T T T )

Weeks of dosing

14

Food consumption (g/day)

Food consumption (g/day)

70

60

50

40

FO females

—&— Control
—F-AS 120 ppm
--A- AS 600 ppm
—8— AS 3000 ppm

1 2 3 2 3
Weeks of dosing Weeks Weeks
of gestation of lactation

70 7
60 F1 females
50 —e— Control
—3-AS 120 ppm
40 7 -:A- AS 600 ppm
—_e-
30 4 AS 3000 ppm
20 4 = == === =g
10 L
0 T T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 1 2 3 1 2 3
Weeks of dosing Weeks of Weeks of
aestation lactation

29

Results for Aluminium Sulfate (AS)

PARENTAL EFFECTS

Food consumption (g/day)

Food consumption
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Results for Aluminium Sulfate (AS)

PARENTAL EFFECTS
Body weight
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FOftt/R F1{itR
BRAKHAS ASTER & Al FEE &2 ASTERE Al fZE &
(ppm) (mg/kg bw/day) (mg Al/lkg bw/day) (mg/kg bw/day) (mg Al/kg bw/day)
T
2B 0 0 1.62 0 1.93
120 8.65 2.96 10.7 3.55
600 41.0 8.06 50.2 9.78
3000 188 31.2 232 385
I

RBECRTHA 0 0 2.05 0 2.26
120 12.2 3.92 14.2 4.50
600 60.4 1.5 69.7 13.2
3000 282 46.5 316 52.1
R 0 0 1.63 0 1.64
120 11.4 3.42 11.0 3.44
600 57.5 10.7 54.2 10.2
3000 227 375 217 35.9
w3 0 0 3.73 0 3.37
120 24.9 7.51 22.9 6.86
600 123 22.9 109 20.4
3000 515 84.8 530 87.0

a Bt R ORI DT NI =T bhx iz Te, RERE

(basal diet containing 25-29 ppm aluminium) combined. 33

Mean Daily Intake of AS and Aluminium
by FO and F1 Males and Females throughout Exposure

FO generation F1 generation
AS in drinking water AS intake Al intake? AS intake Al intake @
(ppm) (mg/kg bw/day) (mg Al/lkg bw/day) (mg/kg bw/day) (mg Al/kg bw/day)
Males
Whole period 0 0 1.62 0 1.93
120 8.65 2.96 10.7 3.55
600 41.0 8.06 50.2 9.78
3000 188 31.2 232 38.5
Females

Premating 0 0 2.05 0 2.26
120 12.2 3.92 14.2 4.50
600 60.4 11.5 69.7 13.2
3000 282 46.5 316 52.1
Gestation 0 0 1.63 0 1.64
120 11.4 3.42 11.0 3.44
600 57.5 10.7 54.2 10.2
3000 227 375 217 35.9
Lactation 0 0 3.73 0 3.37
120 24.9 7.51 22.9 6.86
600 123 22.9 109 20.4
3000 515 84.8 530 87.0

a Total ingested dose of aluminium from drinking water and food
(basal diet containing 25-29 ppm aluminium) combined. 34
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X4

RE-Zhe-HER, REMNMIFIRETO BE. ITRAR., EK- 2B REY. BEEERE
RAAE., AR G FREBR. MEOHBYOLIERE OREMEBFNRERR
[SREICEDAEZEFEDONGEN T,

HFEFER FEEIR

AS (opm) 0 (control) 120 500 3000 AS (ppm) 0 (contral) 120 600 3000
FO generation F1 ofispring
No. of rats (male/female) 24/24 24/24 24/24 24/24
Copulation index (%) * Males 917 91.7 100 91.7 No. of iitters 2 2 22 22
Females 95.8 100 100 100 No. of pups delivered 139 21.7 124 247 131 241 131234
Precoital interval (days) ° 3.2+11 32%18 2913 28%1.6 Sex ratio of pups” 0.503 0462 0513 0.536
Fertility index (%) © Males 95.5 90.9 100 95.5 Viability index of pups (%) *
Females 95.7 9.7 100 95.8 on PND 0° 1000400 983:23 99716 095224
Gestation index (%)* 100 955 9.7 9.7 on PND 4° 9872290 0522218 088:26 980154
Gestation length (days) 22.4+05 22.5+0.6 22.1+0.4 223:0.5 T R RE T TR TR T
Delivery index (%) >° 94.3+5.6 88.6 +21 90.7 +20.8 92.0 +20.5
£ " F2 offspring
No.goé;nr:: ﬁfale/female) 2424 23/24 2424 24/24 No:ol s = 18 22 21
Copulation index (%) ® Males  95.8 013 95.8 875 Mo. of pups delivered * 131236 13238 126239 140219
Females 100 95.8 100 95.8 Sex ratio of pups* 0528 0502 0536 0.457
Precoital interval (days)® 33:32 30%2 2715 23%11 Viability index of pups (%) *
Fertilty index (%) ° Males 913 81 91.3 95.2 on PND 0° 90684151 0049+214 08424357 08.60 436
Females  91.7 82.6 91.7 91.3 on PND 4° 947221454 08.07 2545 99.07 £315 99.012249
Gestation index (%) ° ) 100 94.7 100 100 on PND 21° 100.00 £0.00 98.61 £4.04 100.00 £0.00 100.00 £0.00
Gestation length (days) 224 +0.5 223405 22.2+0.4 222+0.4
Delivery index (%)t"e 94.0 +9.9 87.5 +22.6 91.4 +10.7 94.6 +6.8

a Copulation index (%) = (no. of animals with successful copulation/no. of animals paired
b Values are given as the mean + S.D.

c Fertility index (%) = (no. of animals that impregnated a female or were pregnant/no. of
animals with successful copulation) x 100.

d Gestation index (%) = (no. of females that delivered live pups/no. of pregnant females)
e Delivery index (%) = (no. of pups delivered/no. of implantations) x 100.
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Results for Aluminium Sulfate (AS)

Reproductive and Developmental Toxicity

Continuous drinking of AS-contained water for two generations did not result in changes in
copulation, fertility or gestation indices, pre-coital or gestation length, the number of
implantations or pups delivered, or the incidence of pups with malformations or variations.
In addition, adverse effects were not found in estrous cyclicity or sperm parameters, and the
histopathology of reproductive tissues in male and female parental animals.

Reproductive performance Number of pups delivered, sex ratio and viability
AS (opm) 0 (control) 120 500 3000 AS (ppm) 0 {control) 120 600 3000
FO generation F1 ofispring
No. of rats (male/female) 24/24 24/24 24/24 24/24
Copulation index (%) * Males 917 91.7 100 91.7 No. of iitters 2 2 22 2
Females 95.8 100 100 100 No. of pups delivered 139 21.7 124 247 131 241 131234
Precoital interval (days) ° 3.2+1.1 32%18 2913 28%1.6 Sex ratio of pups” 0.503 0462 0513 0.536
Fertility index (%) ° Males  95.5 90.9 100 95.5 Viability index of pups (%)*
Females 95.7 9.7 100 95.8 on PND 0° 1000400 983:23 99716 095224
Gestation index (%)* 100 95.5 957 957 on PND 4° 987220 0524218 OB8:26 980454
Gestation length (days) 22.4+0.5 22.5+0.6 22.1+0.4 22.30.5 e 37 G Tinsas Pt T aias
Delivery index (%) ®° 94.3 5.6 88.6 +21 90.7 +20.8 92.0 +20.5
- " F2 offspring
No,ﬁ";i zc:alelfemale) 24/24  23/24 24/24 24/24 No:ol s €2 18 22 21
Copulation index (%) ® Males 958 91.3 95.8 875 Mo. of pups delivered * 131236 13238 126239 140219
Females 100 95.8 100 95.8 Sex ratio of pups” 0.528 0.502 0.536 0.457
Precoital interval (days)® 3.3+£3.2 3.0z%2 2715 2311 Viability index of pups (%) *
Fertility index (%) © Males 91.3 81 91.3 95.2 onPND 0° 9068 2151 09940 +214 08424357 9869 +36
Females  91.7 82.6 91.7 91.3 on PND 4° 947221454 08.07 2545 99.07 £315 99.012249
Gestation index (%)* 100 94.7 100 100 onPND 21° 100.00 +0.00 98.61 £4.04 100.00 20.00 100.00 20.00
Gestation length (days) 22.4+0.5 22.3+0.5 22.2+0.4 22.2+0.4
Delivery index (%) >° 94.0 +9.9 87.5+22.6 91.4 £10.7 94.6 +6.8

a Copulation index (%) = (no. of animals with successful copulation/no. of animals paired
b Values are given as the mean + S.D.

c Fertility index (%) = (no. of animals that impregnated a female or were pregnant/no. of
animals with successful copulation) x 100.

d Gestation index (%) = (no. of females that delivered live pups/no. of pregnant females)
e Delivery index (%) = (no. of pups delivered/no. of implantations) x 100.
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Body weights of F1 and F2 pups
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Results for Aluminium Sulfate (AS)

Body weights of F1 and F2 pups
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7L\ (AS) DRERIER (REFLIRBMDBEEE )

3000ppMIZENT . HLADBEEEDEIEABEINT-, TD55. NILEAEESDIE
M, ERESICERLLEII-IENRERTICERT 5EEBZoNT-, Blif. BE.
BRLAR FEFOUREEEDEILEZFEDLLEWVMEREZEENETH. AEETICERT

53DEEZLNT, — AT, MR, FFiE. R TE., xR ULLEENKIZIETL .

Sex Males Females

AS (ppm) 0 (Control) 120 600 3000 0 (Control) 120 600 3000

F1

Thymus (mg) 375 £55 384 +86 357 +58 305 +51** 383 +66 373 £74 345 +46 313 £33**
(mg/100 g b.w.) 414 +56 409 +64 398 +59 383 +36 453 +63 433 +64 429 +57 415 +41

Liver (9) 4.33+0.43 440106 4.22+0.45 3.49 +0.53** 3.83+0.47 3.92+0.48 3.61+0.35 3.24 +0.34**
(9/100 g b.w.) 477 +0.3  4.71 £0.33 4.70 £+0.27 4.37 +0.30** 4.53+0.3 4.57 +0.31 4.48 +0.3  4.27 +0.25*

Spleen  (mg) 394 +49 410 +68 388 +74 301 +43** 337 £62 356 +55 341 +64 292 +43*
(mg/100 g b.w.) 436 +63 437 £40 432 +73 379 £37** 400 +67 415 +44 422 +53 386 +47

F2

Thymus (mg) 382 £50 348149 357 +66 305 +56** 337 +45 364 +36 347 +49 312 £37
(mg/100 g b.w.) 439 £70 392 +52* 411 £57 386 +40** 419 +61 457 +50 431 +47 424 +54

Liver (9) 3.93+0.37 4.04 +t0.64 3.91+0.39 3.45 +0.41** 3.56 +0.35 3.61+0.39 3.61+0.48 3.07 +0.26**
(g/100 gb.w.)  4.49+0.34 4521044 4.50+0.24 4.36+0.23 4.411+0.21 4.51+0.26 4.47 +0.26 4.17 +0.29**

Spleen  (mg) 368 +54 381 62 361 +49 296 +48** 321 +47 332 £59 331 £57 270 +55**
(mg/100 g b.w.) 421 +64 427 £50 416 +48 372 £42** 398 +59 415 +64 409 +42 365 +67

*: Significantly different from the control, P <0.05; **: Significantly different from the control, P

O MEXRUVEEDOFEREICELIIERoNGEMN T
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Results for Aluminium Sulfate (AS)

Organ weights of F1 and F2 weanlings
Various organ weight changes were found in the 3000ppm group. Among them, an increase in the relative
brain weight is considered to be a secondary change that occurs with the fall in body weight because the
absolute weight did not change. Similarly, decreased absolute weights of the kidneys, testes, epididymides,
uterus, etc., without changes in the relative weight, were thought to be associated with decreased body
weight. On the other hand, for the thymus, liver and spleen, both absolute and relative weights were

decreased as follows.

Sex Males Females

AS (ppm) 0 (Control) 120 600 3000 0 (Control) 120 600 3000

F1

Thymus (mg) 375 £55 384 +86 357 +58 305 +51** 383 +66 373 £74 345 +46 313 £33**
(mg/100 g b.w.) 414 +56 409 +64 398 +59 383 +36 453 +63 433 +64 429 +57 415 +41

Liver (9) 4.33+0.43 4.4010.6 4.22+0.45 3.49 +0.53** 3.83+0.47 3.92+0.48 3.61+0.35 3.24 +0.34**
(9/100 g b.w.) 477 +0.3  4.71 £0.33 4.70 £+0.27 4.37 +0.30** 4.53+0.3 4.57 +0.31 4.48 +0.3  4.27 +0.25*

Spleen  (mg) 394 +49 410 +68 388 +74 301 £43** 337 £62 356 +55 341 £64 292 +43*
(mg/100 g b.w.) 436 +63 437 +40 432 +73 379 +37** 400 +67 415 +44 422 +53 386 +47

F2

Thymus (mg) 382 £50 348149 357 +66 305 +56** 337 +45 364 +36 347 +49 312 +37
(mg/100 g b.w.) 439 £70 392 +52* 411 £57 386 +40** 419 161 457 +50 431 +47 424 +54

Liver (9) 3.93+0.37 4.04 +0.64 3.91+0.39 3.45 +0.41** 3.56 +0.35 3.61+0.39 3.61+0.48 3.07 +0.26**
(g/100 gb.w.)  4.49+0.34 4521044 4.50+0.24 4.36+0.23 4411021 4.51+0.26 4.47 +0.26 4.17 +0.29**

Spleen  (mg) 368 +54 381 62 361 +49 296 +48** 321 +47 332 £59 331 £57 270 +55**
(mg/100 g b.w.) 421 +64 427 £50 416 +48 372 +42** 398 +59 415 +64 409 +42 365 +67

*: Significantly different from the control, P <0.05; **: Significantly different from the control, P

© No histopathological changes were detected in the liver and spleen.
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Results for Aluminium Sulfate (AS)

Effects on the developmental landmarks
Vaginal opening was slightly delayed in F1 females in the 3000ppm group while no
compound-related changes were found in the other developmental landmarks, including

male preputial separation.

Rats with delayed vaginal opening progressed to showing normal reproductive capacity
and outcome. In addition, no effects were found on AGD, estrous cyclicity or on the
weight and histopathology of reproductive organs in weanlings and adults. It seems
unlikely that aluminium has a clear impact on hormonal events.
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Results for Aluminium Sulfate (AS)

Locomotor activity count in F1 parental rats
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No changes were found in the reflex ontogeny of F1 and F2 pups and in spontaneous
locomotor activity tested at 4 weeks of age for F1 animals.
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**Significantly different from the control, P<0.01

600 ppmTI—JLIZET SFE
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nEm-ot=,
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EZz2bNn5,

Results for Aluminium Sulfate (AS)

Performance in a water-filled multiple T-maze in F1 parental rats

**Significantly different from the control, P<0.01

A transient decrease in the
elapsed time and the number
of errors in females in the
600ppm group was not
considered to be treatment-
related because of the lack of
dose-dependency.

These findings indicate that
previous findings of
developmental neurotoxic
effects were possibly

related to the toxic effects of
aluminium given at higher
doses than those given in this
study.
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AS (ppm) 120 600 3000 120 600 3000
(2% g AEE
MIKE l ! l ! l l
2:31: 0 - l ! - ! !
RE - - l - - -
RIS EEE
FIPDHEKE = = ! = = l
MR EE - - l - - l
HFigEE - - l = - l
fRligE S = = l = - !
[ERE O - - Delay n.d. n.d. n.d.
(1.9 days)

HIMERUVEREEESEOESMHE(E600 ppm (41.0 mg/kg bw/day) THY . &K RN
EEHFEDTILE =D LEMA =TIV =) LIEEEZ(48.06 mg Al/kg bw/day TH>
1=
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Summary of Results for Aluminium Sulfate (AS)

_ FO/F1 generation F1/F2 generation

AS (ppm) 120 600 3000 120 600 3000
Effects on parental animals

Water consumption NE NE N% N% N% N%
Food consumption - NE N% - N% N
Body weight - - N% > - -
Effects on pups

Pup weight during lactation = - N% - - N2
Thymus weight - - J - - N2
Liver weight - - N - - N2
Spleen weight - - N% - - N2

o

Day of vaginal opening - Delay n.d. n.d. n.d.

(1.9 days)

The no observed adverse effect level was concluded to be 600 ppm (41.0 mg/kg bw/day)
for parental systemic toxicity and reproductive/developmental toxicity. The total ingested
dose of aluminium from food and drinking water combined in this 600 ppm group was
calculated to be 8.06 mg Al/kg bw/day.
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HEaMRUVEREERESEOESHE(E500 ppm (33.5 mg/kg bw/day) THY . KR U
EEHRFEDTILE =D LEMA =TIV =) LIEERE (3535 mg Al/kg bw/day TdHo7T-,
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Summary of Results for Aluminium Ammonium Sulfate (AAS)

_ FO/F1 generation F1/F2 generation

AAS (ppm) 50 500 5000 50 500 5000
Effects on parental animals
Water consumption J N N2 N2 N2 N%
Food consumption - J J - - N2
Body weight - - N% - = NZ
Effects on pups
Pup weight during lactation - - J - - -
Thymus weight - - N - - N
Liver weight - - N - - N
Spleen weight - - N% - - N%
Day of vaginal opening - - Delay n.d. n.d. n.d.
(2.1 days)

The no observed adverse effect level was concluded to be 500 ppm (33.5 mg/kg bw/day)
for parental systemic toxicity and reproductive/developmental toxicity. The total ingested
dose of aluminium from food and drinking water combined in this 500 ppm group was

calculated to be 5.35 mg Al/kg bw/day. .
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BRET7ILE= O L(AS)FIEHRBTILE =D LT UEZJL(AAS) &
KRS L-ECA SKEDFE DI EREIN., EEEEDE T RUK
EERTORAEEZEZON-, REREETE., HHEORIZIBAENA
b, BEAOOENIAERINT-, LALENS, £5l, HiZ1THEMN
BEICIIRSOEEZIIZEOH NG T,

NLDHEMNS, EIEREFHEDES S (NOAEL) (X, ASIZDLY
TIX600 ppm (41.0 mg/kg bw/day) . AASIZDULVYTIE500 ppm (33.5
mg/kg bw/day)&EEZ Tz, KR UVEEREKD T ILE =) LZEMNAT-
7 IV LERE(L. ASIZDULVTIE 8.06 mg Al/kg bw/day., AAS
[ZD0LVTIE5.35 mg Al/kg bw/day T oT=,

% 74[AJECFA (201246 A) IZH UL\ TIE, —HR EEE AR THES
N-BEZELATO REFEEERETIE, SUKERTISERL-ZRHEZE LF
#rL . NOAEL 30 mg/kg bw/daylZ ZL2FEE100%BEAL T, T8/
THAERE (PTWI) 2 mg/kg&LT=,
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Conclusions

AS and AAS administered via drinking water resulted in decreased water consumption. This change
was associated with decreased food consumption and decreased body weight. In the highest dose
group, male and female pups had a lower body weight. At this dose, vaginal opening was slightly
delayed. No definitive effects were found in the other reproductive/developmental parameters,
including developmental neurobehavioral toxicity.

Based on these considerations, a conservative evaluation of the data led to the conclusion that the
no observed adverse effect level of AS and AAS for reproductive and developmental toxicity is 600
ppm (41.0 mg/kg bw/day) and 500 ppm (33.5 mg/kg bw/day), respectively. The total ingested dose
of aluminium from food and drinking water combined in the 600 ppm group (AS) and 500 ppm group
(AAS) was calculated to be 8.06 mg Al/kg bw/day and 5.35 mg Al/kg bw/day.

In the 74th meeting of JECFA held in June 2011, the Committee concluded that the effects on
preweaning body weight observed in the two-generation studies were secondary effects due to
decreased water consumption, and established a provisional tolerable weekly intake (PTWI) of 2
mg/kg body weight based on a no-observed-adverse-effect level (NOAEL) of 30 mg/kg body
weight per day and application of a safety factor of 100.
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Thank you very much for your kind attention.




