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Synopsis

An overview of the available data on reproduction toxicity of tin
and inorganic tin compounds.

RIVM has carried out a scientific literature review for data on the toxic
properties of tin and inorganic tin compounds, in particular the potential
harmful effects on human fertility, foetal development and
breastfeeding.

Tin and inorganic tin compounds are used in a variety of applications
including solder alloy production, lithium-ion batteries and other
electrical applications, and as protective coatings for other metals such
as in food containers.

RIVM has summarised its findings. The Health Council of the
Netherlands will use these summaries to assess reproductive toxicity
and to provide a classification recommendation for the Minister of Social
Affairs and Employment.

Keywords: tin, inorganic tin, reproduction, fertility, developmental
toxicity, sexual function
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Publiekssamenvatting

Tin en anorganische tinverbindingen: een overzicht van de
beschikbare informatie over schadelijke effecten op de
voortplanting.

Het RIVM heeft in de wetenschappelijke literatuur onderzocht of er
schadelijke eigenschappen van tin en anorganische tinverbindingen
bekend zijn. Het gaat om schadelijke effecten op de voortplanting van
mensen, zoals effecten op vruchtbaarheid, de ontwikkeling van
ongeboren kinderen en borstvoeding.

Deze stoffen worden onder andere gebruikt om twee metalen (legering)
aan elkaar te lassen. Ook worden ze gebruikt voor allerlei elektrische
toepassingen zoals in lithium-ion accu’s. Verder is het een beschermlaag
voor andere metalen, zoals in voedselblikken.

De gevonden informatie is samengevat. De Gezondheidsraad gebruikt
de samenvattingen om de voortplantingstoxiciteit te beoordelen. Op
verzoek van de minister van Sociale Zaken en Werkgelegenheid (SZW)
stelt de Gezondheidsraad een advies op voor de classificatie van de stof.

Kernwoorden: tin, anorganische tinverbindingen, reproductietoxiciteit,
voortplanting, ontwikkelingstoxiciteit
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Summary

RIVM has carried out a literature search for information on the potential
reproduction toxicity of tin and inorganic tin compounds. These
substances are used mainly for solder alloys, for electrical/electronic and
general industrial applications, and as a protective coating for other
metals, especially for food containers.

Data on reproduction toxicity, i.e. sexual function and fertility and
developmental toxicity were available for tin metal powder, tin sulphide
and tin dichloride. These include a reproduction / developmental toxicity
screening test with tin metal powder and with tin sulphide, both in rats,
a 4-week study with tin sulphide nanoflowers, a 30-day study in rats
with tin nanoparticles, and a prenatal developmental toxicity study with
tin powder. Two studies were performed with tin dichloride, which were
a 12-week study in rabbits and 5-week study with pregnant mice.
Further, a 13-week study and chronic bioassay in rats and mice with tin
chloride, performed by NTP, were examined for reproduction toxicity.
Also an in vitro embryonic stem cell test with tin was included. A
developmental study with tin difluoride from 1971 was also included to
be complete. The human studies are investigations of the correlation
between tin exposure and birth outcome or semen parameters, and
measurements of tin concentrations in human cord blood, placenta and
breast milk.

The data found were summarised. At the request of the Dutch Minister
of Social Affairs and Employment, the Health Council of the Netherlands
will use the summaries to assess the reproduction toxic properties and
to provide a recommendation for classification.

Page 9 of 137



RIVM letter report 2022-0200

Page 10 of 137



RIVM letter report 2022-0200

Introduction

The aim of current research is to identify and summarize the available
data from studies with laboratory models, test animals and humans on
tin and inorganic tin compounds. The focus of current literature review
will be on the reproduction toxicity of this group of compounds.

At the request of the Dutch Minister of Social Affairs and Employment,
the Health Council of the Netherlands will use the summaries to assess
the reproduction toxic properties and to provide a recommendation for
its classification. The assessment will be performed by the Health
Council’s Subcommittee on Classification of Substances Toxic to
Reproduction. This subcommittee falls under the Dutch Expert
Committee on Occupational Safety, which focuses on health risks
associated with occupational exposure of workers to chemicals.

Current RIVM-report does not include an assessment of the reported

reproduction toxic properties of tin and inorganic tin compounds, nor
does it provide a recommendation for classification based on the CLP-
criteria (1).

The literature search strategy which forms the basis of current literature
overview is presented in Chapter 2. In Chapter 3 the substance identity
and physicochemical properties of the inorganic tin substances is
provided. Available information on monitoring (i.e. environmental and
biological exposure monitoring), and manufacture and use is presented
in Chapters 5 and 6, respectively. A summary of the (toxico)kinetics is
described in Chapter 7. Chapter 8 describes an overview of the data on
reproduction toxicity, subdivided into data on adverse effects on sexual
function and fertility, adverse effects on development and adverse
effects on or via lactation.
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Literature search strategy

A literature search for publications on reproduction toxicity of tin and
inorganic tin compounds has been performed using various databases
up to March 2021. Additionally, publications on (toxico)kinetics and
monitoring were searched for as well. Below the literature search
strategy and its results is presented. A scientific evaluation of the data
on the toxicity of tin and inorganic tin compounds was already
performed by the Dutch Health Council in 2005 (2), therefore, in
agreement with the Health Council, the search is limited to data from
2002 or later. In consultation with the Health Council, the
developmental toxicity study by Theuer et al. (1971) (3) that was
mentioned in the report from 2005, and the NTP report on the
carcinogenesis bioassay of tin chloride were also included in this report.

Embase

Table 1 presents the search terms and the results for the database
Embase. Keywords were searched for in title and abstract.

Table 1 Search strategy and result for Embase.

Query | Results Number of
records

#27 #25 AND [2019-2021]/py 64

#26 #25 AND [2002-2020]/py 344

#25 #10 OR #13 OR #17 OR #24 528

#24 #4 AND (#21 OR #23) 173

#23 #20 AND #22 140,180

#22 'murine'/exp OR 'experimental animal'/exp 5,388,125

OR 'animal experiment'/exp OR
'leporidae'/exp OR rat:ti,ab OR rats:ti,ab
OR mouse:ti,ab OR mice:ti,ab OR
hamster*:ti,ab OR pig*:ti,ab OR
monkey:ti,ab OR rabbit:ti,ab

#21 #20 AND [humans]/lim 170,069
#20 #18 OR #19 436,152
#19 'metabolism':ti OR 'adme':ti,ab OR 236,847

'absorption distribution metabolism
excretion':ti,ab

#18 'xenobiotic metabolism'/exp OR 'metal 227,567
metabolism'/mj OR 'metabolism'/mj

#17 #4 AND (#14 OR #15 OR #16) 58

#16 ((environment* OR human OR biologic*) 122
NEAR/3 'exposure monitor*'):ti,ab

#15 'bioaccessibility' OR 'bioelut*':ti,ab 2,961

#14 'toxicokinetics'/exp OR toxicokinetic*:ti,ab 13,954

#13 #4 AND (#11 OR #12) 209

#12 'pregnancy outcome*':ti,ab OR 428,025

pregnan*:ti OR fertilit*:ti OR 'fecundit*':ti
OR (((differential OR effect* OR agent*)
NEAR/3 fertilit*):ti,ab) OR ((breast
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Query

Results

Number of
records

NEAR/3 milk):ti,ab) OR ((milk NEAR/3
secret*):ti,ab) OR 'lactation':ti,ab OR
'infertil*':ti OR 'subfertil*':ti

#11

'fertility'/exp OR 'lactation'/exp OR 'breast
milk'/exp OR 'pregnancy'/exp OR
'parameters concerning the fetus,
newborn and pregnancy'/exp OR
‘infertility’/exp

1,220,775

#10

#4 AND #9

166

#9

#5 OR #6 OR #7 OR #8

276,736

#8

(((repro* OR development*) NEAR/3
toxic*):ti,ab) OR teratogen*:ti,ab OR
reprotox*:ti,ab OR ‘embryotox*’:ti

38,787

#7

'reproductive toxicity'/exp OR
'teratogenicity'/exp OR 'developmental
toxicity'/exp OR 'fetotoxicity'/exp OR

‘embryotoxicity’/exp OR ‘organogenesis’/exp

218,329

#6

((prenatal OR maternal OR paternal)
NEAR/3 expos*):ti,ab

28,619

#5

'prenatal exposure'/exp OR 'maternal
exposure'/exp OR 'paternal exposure'/exp

27,798

#4

#1 OR #2 OR #3

26,616

#3

'12013-46-6":rn OR '68187-53-1":rn OR
'68187-12-2":rn OR '12185-56-7":rn OR
'12027-61-1":rn OR '12027-70-2":rn OR
'12058-66-1":rn OR '15578-26-4":rn OR
'12067-23-1":rn OR '69011-60-5":rn OR
'69029-52-3":rn OR '1374645-21-2":rn OR
'85536-73-8":rn OR '69012-35-7":rn OR
'68187-05-3":rn OR '7440- 31-5":rn OR
'68187-54-2":rn OR '301-10-0":rn OR
'13814-97-6":rn OR '7772-99-8":rn OR
'7783-47-3":rn OR '18282-10-5":rn OR
'1315-01-1":rn OR '21651-19-4":rn OR
'84776-04-5":rn OR '7488-55-3":rn OR
'1314-95-0":rn OR '7646-78-8":rn OR
'49556-16-3":rn OR '53408-94-9":rn OR
'814-94-8':rn OR '69011-52-5":rn OR
'84696-55-9':rn

10,381

#2

'stannic chloride'/exp OR 'stannous
chloride'/exp OR 'stannous fluoride'/exp
OR 'stannous pyrophosphate'/exp OR 'tin
derivative'/exp

4,239

#1

'tin'/exp OR 'tin':ti,ab OR 'tin(ii)':ti,ab OR
'stannous':ti,ab OR 'stannum’:ti,ab OR
'stannate':ti,ab OR 'stannium':ti,ab OR
'dipotassium hexahydroxostannate' OR
'ditin pyrophosphate' OR 'ditin trisulphide
OR 'zinc hydroxystannate'

24,106

Ti, ab: search in title and abstract; mj: major topic, term is major focus of the

article.
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PubMed

The following search terms were used for the database PubMed:

Table 2 Search strategy and result for PubMed.

Search | Query Items found
#17 | #16 AND 2002:2021[dp] 343
#16 | #6 OR #9 OR #12 OR #15 683
#15| #1 AND #13 AND #14 163
#14 | rat[tw] OR rats[tw] OR mouse[tw] OR mice[tw] OR 23,056,508

hamster*[tw] OR pig[tw] OR pigs[tw] OR monkey*[tw]
OR rabbit*[tw] OR human*[tw] OR man[tw] OR
men[tw] OR woman[tw] OR women[tw] OR child*[tw]
OR infant*[tw] OR newborn*[tw] OR fetus*[tw] OR
neonate*[tw]
#13 | "Tin/metabolism"[Majr] OR "Metabolism"[Majr:NoExp] 219,558
OR metabolism[ti] OR adme[tw] OR absorption
distribution metabolism excretion[tw]
#12 | #1 AND (#10 OR #11) 311
#11 | Exposure monitor*[tw] AND (environment*[tw] OR 514
human[tw] OR biologic*[tw])
#10 | "Toxicokinetics"[Mesh] OR "Toxicological 459,192
Phenomena"[Mesh] OR toxicokinetic*[tw] OR
bioaccessib*[tw] OR bioelut*[tw]

#9 | #1 AND (#7 OR #8) 176

#8 | Pregnancy outcome*[tw] OR pregnan*[ti] OR fertilit*[ti] 363,275
OR differential fertilit*[tw] OR breast milk[tw] OR milk
secret*[tw] OR lactation[tw]

#7 | "Fertility"[Mesh] OR fertility[tw] OR "Lactation"[Mesh] 1,048,611
OR "Milk, Human"[Mesh] OR "Milk"[Mesh:NoExp] OR
"Pregnancy"[Mesh:NoExp] OR "Pregnancy
Outcome"[Mesh]

#6 | #1 AND (#2 OR #3 OR #4 OR #5) 105

#5 | Reproductive toxic*[tw] OR developmental 29,557
toxicity[tw] OR fetotoxic*[tw] OR
teratogen*[tw] OR reprotox*[tw] OR
embryotox*[tw]

#4 | "Teratogens"[Mesh] OR "Toxicogenetics"[Mesh] 8,629

#3 | Prenatal exposure[tw] OR maternal exposure[tw] OR 160,319
paternal exposure[tw] OR infertility[tw] OR
subfertility[tw] OR fecundity[tw] OR organogenesis[tw]

#2 | "Prenatal Exposure Delayed Effects"[Mesh] OR "Maternal 220,019
Exposure"[Mesh] OR "Paternal Exposure"[Mesh]

"Organogenesis"[Mesh] OR "Infertility"[Mesh]
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Search | Query Items found

#1 | "Tin"[Mesh]OR "Tin Compounds"[Mesh] OR tin[tw] OR
"tin(II)"[tw] OR stannous[tw] OR stannum[tiab] OR
stannate[tw] OR stannium[tw] OR dipotassium
hexahydroxostannate[tw] OR ditin pyrophosphate[tw]
OR ditin trisulphide[tw] OR zinc hydroxystannate[tw]

22,394

This resulted in 289 records.

Scopus
The following search terms were used for the database Scopus:

((TITLE-ABS-KEY (tin OR "tin(II)" OR stannous OR stannum OR stannate
OR stannium OR "dipotassium hexahydroxostannate" OR "ditin
pyrophosphate” OR "ditin trisulphide" OR "zinc hydroxystannate")) AND
((TITLE-ABS-KEY ( ( prenatal OR maternal OR paternal ) W/3 expos* ))
OR (TITLE-ABS-KEY ( ( ( repro* OR development* ) W/3 toxic* ) OR
teratogen* OR reprotox* OR embryotox* )) OR (TITLE-ABS-KEY (
pregnancy-outcome* OR differential-fertilit* OR ( breast W/3 milk ) OR (
milk W/3 secret* ) OR lactation )) OR (TITLE ( pregnan* OR fertilit* OR
subfertil* OR infertil* OR fecundit* OR organogenesis*)))) OR ((TITLE-
ABS-KEY (tin OR "tin(II)" OR stannous OR stannum OR stannate OR
stannium OR "dipotassium hexahydroxostannate" OR "ditin
pyrophosphate" OR "ditin trisulphide" OR "zinc hydroxystannate")) AND
((TITLE-ABS-KEY ( toxicokinetic* OR bioaccessib* OR bioelut* OR ( (
environment* OR human OR biologic* ) W/3 exposure-monitor* ) )) OR
(TITLE-ABS-KEY ( adme OR absorption-distribution-metabolism-
excretion ) OR TITLE ( metabolism ))) AND (TITLE-ABS-KEY ( rat OR
rats OR mouse OR mice OR hamster* OR pig OR pigs OR monkey* OR
rabbit* OR human* OR man OR men OR woman OR women OR child*
OR infant* OR newborn* OR fetus* OR neonate*))) AND PUBYEAR >
2001

This resulted in 212 records.

Toxcenter

A search was performed in Toxcenter using the searches as shown
below:

Table 3 Search strategy and result for Toxcenter.

Search Search term # records
number
L1 SEA 12013-46-6 OR 68187-53-1 OR 68187- 242

12-2 OR 12185-56-7 OR 12027-61-1 OR
12027-70-2 OR 12058-66-1 OR 15578-26-4

L2 SEA 12067-23-1 OR 69011-60-5 OR 69029- | 20719
52-3 OR 1374645-21-2 OR 85536-73-8 OR
69012-35-7 OR 68187-05-3 OR 7440-31-5

L3 SEA 68187-54-2 OR 301-10-0 OR 13814-97- | 9243
6 OR 7772-99-8 OR 7783-47-3 OR 18282-

10-5 OR 1315-01-1
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Search Search term # records
number
L4 SEA 21651-19-4 OR 84776-04-5 OR 7488- 2112
55-3 OR 1314-95-0 OR 7646-78-8 OR
49556-16-3 OR 53408-94-9 OR 814-94-8 OR
69011-52-5 OR 84696-55-9
L5 SEAL1 ORL2 ORL3 OR L4 30577
L6 SEA (PRENATAL OR MATERNAL OR 55239
PATERNAL)(3W)EXPQOS?
L7 SEA (REPRO? OR DEVELOPMENT?) 114855
(3W)TOXIC? OR TERATOGEN? OR
REPROTOX?
L8 SEA PREGNANCY-OUTCOME? OR 43767
DIFFERENTIAL FERTILIT? OR BREAST(3W)M
ILK OR MILK(3W)SECRET? OR LACTATION
L9 SEA (PREGNAN? OR FERTILIT?)/TI 82021
L10 SEA TOXICOKINETIC? OR BIOACCESSIB? OR | 27220
BIOELUT? OR (ENVIRONMENT? OR HUMAN
OR BIOLOGIC?)(3W) EXPOSURE MONITOR?
L11 SEA ADME OR ABSORPTION DISTRIBUTION 137277
METABOLISM EXCRETION OR
METABOLISM/TI
L12 SEA L5 AND (L6 OR L7 OR L8 OR L9) 124
L13 SEA L5 AND (L10 OR L11) 153
L14 SEA L13/HUM,ANI 22
L15 SEAL12 OR L14 144
L16 SEA L15 AND 2002-2020/PY 80

ECHA database

A list of 30 tin and inorganic tin compounds was searched for in the
REACH database (4). Registration dossiers of 12 compounds were
available and were consulted: tin, tin sulphide, tin oxide, ditin
pyrophosphate, tin dichloride, tin difluoride, tin sulphate, tin disulphide,
tin dioxide, disodium tin trioxide, disodium tin hexahydroxide and tin
bis(tetrafluoroborate).

Secondary sources

The secondary sources that were consulted were as followed:
- A concise international chemical assessment document number
65 on tin and inorganic tin compounds, from the World Health
Organization (WHO), within the framework of The International
Programme on Chemical Safety (IPCS)(5);
- A toxicological profile for tin and tin compounds, from the Agency
for Toxic Substances and Disease Registry (ATSDR)(6);

- A recommendation from the Scientific Committee on

Occupational Exposure Limits (SCOEL) for tin and inorganic tin
compounds (7).

Also RIVM-reports and evaluations and the RIVM-website ‘Risico’s van
stoffen’l were consulted as well.

! https://rvs.rivm.nl
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Overall evaluation of results literature search

The obtained records were evaluated, duplicates were removed, and
records were included if considered relevant based on title and abstract.
Additionally, publications cited in the selected publications, but not
selected during the primary search, were reviewed if considered
appropriate.

With respect to human health endpoint evaluated in current report (i.e.
reproductive toxicity), this resulted in 29 studies and reports.
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Substance identification

Name and other identifiers of the substance

This overview summarizes information of a selection of inorganic tin
compounds. The main sources used were a report by the WHO (5), a
report of The Dutch Expert Committee on Occupational Standards, in
cooperation with the Nordic Expert Group for Criteria Documentation of
Health Risks from Chemicals (2), the Handbook of chemistry and physics
(8) and ECHA's database of registrations (4). First, compounds with
reproduction toxicity data were selected, which were: tin, tin sulphide,
tin dichloride and tin disulphide. In addition, tin compounds with the
same oxidation state and similar solubility as one of the selected
compounds were also selected. This resulted in four groups of

compounds:
1. Tin

2. Tin sulphide, tin oxide, ditin pyrophosphate and tin selenide

(oxidation state 2+, insoluble)

3. Tin dichloride, tin difluoride, tin iodide and tin sulphate (oxidation

state 2+, soluble)

4. Tin disulphide, tin dioxide, tin diselenide and tin(IV) selenite

(oxidation state 4+, insoluble)

An overview of all inorganic tin compounds considered and further
explanation on the criteria for selection can be found in Annex A.

The identity of the selected tin compounds is presented in Tables 4, 5, 6

and 7 below.

Table 4 Substance identity and information related to molecular and structural

formula of tin (group 1).

Annex VI)

Name(s) in the IUPAC nomenclature or other Tin
international chemical name(s)

Other names (usual name, trade name,

abbreviation)

ISO common name (if available and appropriate) N/A
EC/EINECS number (if available and appropriate) 231-141-8
EC name (if available and appropriate) Tin

CAS number 7440-31-5
Other identity code (if available) [Sn]
Molecular formula Sn
Structural formula Sn
Molecular weight or molecular weight range 118.7
Information on optical activity and typical ratio of | N/A
(stereo) isomers (if applicable and appropriate)

Description of the manufacturing process and N/A
identity of the source (for UVBC substances only)

Degree of purity (%) (if relevant for the entry in N/A
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Table 5 Substance identity and information related to molecular and structural formula of tin sulphide, tin monoxide, ditin

yrophosphate and tin selenide (group 2).

entry in Annex VI)

Name(s) in the IUPAC nomenclature or Stannanethione Stannanone ditin(2+) Stannaneselone
other international chemical name(s) (phosphonooxy)
phosphonate
Other names (usual name, trade name, Tin sulphide, tin(2+) Tin(II) oxide, Tin(II) Tin(II) selenide,
abbreviation) sulphide, tin(II) sulphide, | stannous oxide | pyrophosphate, stannous
tin sulphide, tin stannous selenide
monosulphide pyrophosphate
ISO common name (if available and N/A N/A N/A N/A
appropriate)
EC/EINECS number (if available and 215-248-7 244-499-5 239-635-5 215-257-6
appropriate)
EC name (if available and appropriate) Tin sulphide Tin monoxide Ditin pyrophosphate | Tin selenide
CAS number 1314-95-0 21651-19-4 15578-26-4 1315-06-6
SMILES code (if available) S=[Sn] 0O=[Sn] [O-TP(=0O)([O- [Se] = [Sn]
1)OP(=0)([O0-])[O-
1.[Sn+2].[Sn+2]
Molecular formula SnS 5Sn0O Sn2P207 SnSe
Structural formula -
an SH=—0 I I = 3n
0-P-0-P-0
Sn-0 O-8n
Molecular weight or molecular weight 150.8 134.7 411.3 197.7
range
Information on optical activity and N/A N/A N/A N/A
typical ratio of (stereo) isomers (if
applicable and appropriate)
Description of the manufacturing N/A N/A N/A N/A
process and identity of the source (for
UVBC substances only)
Degree of purity (%) (if relevant for the | N/A N/A N/A N/A
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Table 6 Substance identity and information related to molecular and structural formula of tin dichloride, tin difluoride, tin iodide and tin

sulphate (group 3).

Name(s) in the IUPAC
nomenclature or other
international chemical name(s)

Tin(2+) dichloride

Tin(2+) difluoride

Diiodotin

Lambda2-tin(2+) sulphate

Other names (usual name, trade

Tin dichloride;

Tin difluoride, tin(II)

Tin(II) iodide,

Tin(II) sulphate, stannous

name, abbreviation) tin(II) chloride; fluoride, stannous fluoride | stannous iodide sulphate
ISO common name (if available stannous chloride N/A N/A N/A
and appropriate)
EC/EINECS number (if available 231-868-0 231-999-3 233-667-3 231-302-2
and appropriate)
EC name (if available and Tin dichloride Tin difluoride Tin iodide Tin sulphate
appropriate)
CAS number 7772-99-8 7783-47-3 10294-70-9 7488-55-3
SMILES code (if available) CI[Sn]CI F[Sn]F [Sn](DI [0-]1S(=0)(=0)[0O-] .[Sn+2]
Molecular formula SnClz SnF2 Snl> SnS0O4
Structural formula Cl. _Cl = = . R 0

SN ~en” ~gn "~ o:u_o_

C‘)' Sn2*

Molecular weight or molecular 189.6 156.7 372.5 214.8
weight range
Information on optical activity N/A N/A N/A N/A
and typical ratio of (stereo)
isomers (if applicable and
appropriate)
Description of the manufacturing N/A N/A N/A N/A
process and identity of the source
(for UVBC substances only)
Degree of purity (%) (if relevant N/A N/A N/A N/A

for the entry in Annex VI)
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Table 7 Substance identity and information related to molecular and structural formula of tin disulphide, tin dioxide, tin selenide and

tin selenite (group 4).

Name(s) in the IUPAC
nomenclature or other
international chemical name(s)

Tin(4+)
disulfanediide

Tin(4+) dioxidandiide

Tin(IV) selenide

Tin(IV)selenite

for the entry in Annex VI)

Other names (usual name, trade Tin disulphide Tin dioxide, stannic Tin diselenide
name, abbreviation) oxide
ISO common name (if available N/A N/A N/A N/A
and appropriate)
EC/EINECS number (if available 215-252-9 242-159-0 - -
and appropriate)
EC name (if available and Tin disulphide Tin dioxide - -
appropriate)
CAS number 1315-01-1; 18282-10-5 20770-09-6 7446-25-5
12738-87-3
SMILES code (if available) S=[Sn]=S 0=[Sn]=0 - -
Molecular formula SnS:2 Sn02 SnSez Sn(Se03)2
Structural formula 0
S=Sn=S 0=Sn=0 Se=Sn=Se "0-Se
0 sn™ O
0-5e
8]
Molecular weight or molecular 182.8 150.7 276.6 372.6
weight range
Information on optical activity and | N/A N/A N/A N/A
typical ratio of (stereo) isomers (if
applicable and appropriate)
Description of the manufacturing N/A N/A N/A N/A
process and identity of the source
(for UVBC substances only)
Degree of purity (%) (if relevant N/A N/A N/A N/A
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Physicochemical properties

The physicochemical properties of the selected tin compounds are
presented in Tables 8, 9 and 10 below. The ECHA dissemination website
(4) and the Handbook of chemistry and physics (8) were used as the
primary source.

In many cases, data were waived in the registration dossier, because
the data are considered scientifically not necessary or technically not
feasible. This is indicated in the tables (i.e. N/A).

The 2+ (stannous) and 4+ (stannic) oxidation states are both
reasonably stable and interconverted by moderately active reagents. In
aqueous solutions tin(IV) is more stable than tin(II), which can be
oxidized to tin(IV) (9). The Sn2+/Sn4+ potential is low (-0.15 V) and
tin(II) can act as a mild reducing agent. Tin reacts with strong acids and
strong bases but remains relatively resistant to neutral solutions. A thin
protective oxide film forms on tin exposed to oxygen or dry air at
ordinary temperatures; heat accelerates this reaction (5).
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Table 8 Summary of physicochemical properties: state of the substance, melting/freezing point, boiling point, relative density, water
solubility and partition coefficient.

Substance State of the substance at | Melting/freezing Boiling point Relative Water solubility Partition
normal temperature and point (at 101325 (at 101325 density coefficient n-
pressure Pa) Pa) octanol/

water

Tin Solid, grey metallic powder 232°C 2,500-2,600°C | 5.8-7.3 (20°C) | Insoluble: < 0.1 mg/L N/A

at 20°C

Tin sulphide Solid, dark grey powder >650°C 1210°C 1.6 (20°C)3; Insoluble: 0.6 ug/L N/A

5.08° (20°0)

Tin oxide Solid 1,080°C «d - d 6.3-6.45 (20°C) | Insoluble: < 0.1 mg/L N/A

(25°0)

Ditin White inorganic solid > 400°C d - 4 (25°QC) Insoluble N/A

pyrophosphate

Tin selenide © grey crystalline substance 861°C - 6.18 Insoluble -

Tin dichloride Solid, white crystalline 247°C 623°C 3.9 (20°0) Very soluble: 178 g/L Log Kow -2.15
substance (20°0) (20°0)

Tin difluoride Solid, white, monoclinic , 215°C 850°C 4.6 (25°C) Very soluble: 300-390 N/A
crystalline, hygroscopic g/L (20°0)

Tin iodide © Red-orange powder 320°C 714°C 5.28 Slightly soluble: 9.8 g/L | -

Tin sulphate Solid, white crystals 378 °Cd - d 4.15 (20°C) Very soluble f Log Kow 3.28

(20°0)

Tin disulphide Odourless gold yellow 515-600°C ¢ >515°C ¢ 4.5 (20°C) Insoluble: 0.67 pg/L N/A
powder (20°0)

Tin dioxide Solid white powder 1,630°C¢ - d 6.9 (20°C) Insoluble: < 0.1 mg/L N/A

at 20°C

Tin diselenide ¢ | Red-brown crystalline 650°C - 5.0 Insoluble -
substance

Tin(1IV) crystalline substance - - - Insoluble -

selenite ©

N/A: Not applicable. Data was waived in the REACH registration dossier.

@Source: ECHA dissemination website
b Source: Handbook of chemistry and physics, 96 edition.
¢At ca. 600 mmHg (= 80,000 Pa).
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4 Decomposes before melting.
¢ No REACH registration dossier available. The CRC handbook was used as a source.

fThe registration dossier mentions a solubility of 10 g/L at 20°C (source not provided) and a solubility of 188 g/L at 20°C (source: CRC Handbook of

Chemistry and Physics).

Table 9 Summary of physicochemical properties: vapour pressure, surface tension, flammability, explosive properties and self-ignition.

Substance Vapour pressure | Surface tension | Flash point | Flammability Explosive Self-ignition
properties temperature
Tin 0 kPa (20°C)? N/A N/A Not highly N/A Not below 400
flammable °C
Tin sulphide - N/A - Not highly - -
flammable
Tin oxide N/A N/A N/A N/A N/A N/A
Ditin N/A N/A N/A Not flammable N/A N/A
pyrophosphate
Tin selenide - - - - - -
Tin dichloride 0 kPa (20°C) @ N/A N/A N/A N/A N/A
Tin difluoride N/A N/A N/A Not flammable N/A N/A
Tin iodide - - - - - -
Tin sulphate N/A 73 mN/m N/A Not flammable Not explosive | No self-ignition
Tin disulphide N/A 72.8 mN/m N/A Not flammable Not explosive | 348°C
Tin dioxide N/A N/A N/A N/A Not explosive | N/A
Tin diselenide ® - - - - - -
Tin(IV) selenite® - - - - - -

N/A: Not applicable. Data was waived in the registration dossier.

@1 Pa at 1224°C

®No REACH registration dossier available.
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Table 10 Summary of physicochemical properties: oxidising properties, granulometry, stability in organic solvents, dissociation

constant and viscosity.

Substance Oxidising Granulometry Stability in organic solvents Dissociation Viscosity
properties and identity of relevant constant
degradation products (pKa)
Tin No oxidising D25: 2.7 um N/A N/A N/A
properties D50: 3.2 um
D75: 3.8 um
Tin sulphide No oxidising D10: 5 um, D50: 26 pm, N/A N/A N/A
properties D90: 78 um
Tin oxide N/A D50: Approx. 15 um N/A N/A N/A
Ditin N/A Mass median aerodynamic - - -
pyrophosphate diameter: 18.2 pm
D10: 11 pym
D50: 27 um
D99: 47 ym @
Tin selenide ® - - - - -
Tin dichloride No oxidising Aerodynamic diameter >32.4 N/A logKk = 7.8 N/A
properties pm. The ratio of particle
<10 pm is approximate 3.6%.
Tin difluoride N/A D10: 36.9 um N/A N/A N/A
D50: 82.2 ym
D90: 144.4 ym
Tin iodide ® - - - - -
Tin sulphate No oxidising D50: 20 um N/A N/A N/A
properties
Tin disulphide No oxidising D10: 0.59 pm N/A N/A N/A
properties D50: 1.58 ym
D90: 6.22 ym
Tin dioxide N/A D10:0.115 pm N/A N/A N/A
D50: 0.691 ym
D90: 1.979 um
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Substance Oxidising Granulometry Stability in organic solvents Dissociation Viscosity
properties and identity of relevant constant
degradation products (pKa)

Tin diselenide P

Tin(IV) selenite
b

N/A: Not applicable. Data was waived in the registration dossier.

@ Data from one of the two registration dossiers.
®No REACH registration dossier available.
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International classifications

European Commission

There are no harmonized classifications under de European CLP
regulation for the selected tin compounds.

The Health Council of The Netherlands

There is no classification or classification proposal for tin and inorganic
tin substances from The Health Council of The Netherlands.

Other countries

In Japan, the following classifications are applicable for the 14 selected
tin and inorganic tin compounds:

Table 11 Classification of tin and inorganic tin compounds in Japan.

Compounds GHS classification in Japan

Tinz2 Eye Irrit. 2 (H319: Causes serious eye irritation);
STOT SE 3 (H335: May cause respiratory irritation);
STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (lung))

Tin sulphide -

Tin oxides STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (lung))

Ditin Eye Irrit. 2A (H319: Causes serious eye irritation);

pyrophosphate+ | STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (lung))

Tin selenide -

Tin dichlorides

STOT SE 3 (H335: May cause respiratory irritation);

STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (liver, kidney));

STOT RE 2 (H373: May cause damage to organs through
prolonged or repeated exposure (blood))

Tin difluorides

Acute Tox. 2 (H300: Fatal if swallowed);
STOT SE 3 (H335: May cause respiratory irritation)

Tin iodide

Tin sulphate?

Skin Irrit. 2 (H315: Causes skin irritation);

Eye Dam. 1 (H318: Causes serious eye damage);

Skin Sens. 1 (H317: May cause an allergic skin reaction);

STOT SE 3 (H335: May cause respiratory irritation);

STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (lung));

STOT RE 2 (H373: May cause damage to organs through
prolonged or repeated exposure (liver, blood))

Tin disulphide

2 https://www.nite.go.jp/chem/english/ghs/19-mhlw-2045e.html

3 https://www.nite.go.jp/chem/english/ghs/19-mhlw-0014e.html

4 https://www.nite.go.jp/chem/english/ghs/19-mhlw-2046e.html

5 https://www.nite.go.jp/chem/english/ghs/14-mhlw-2059e.html

6 https://www.nite.go.jp/chem/english/ghs/14-mhlw-2060e.html

7 https://www.nite.go.jp/chem/english/ghs/19-mhlw-2047e.html
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Compounds GHS classification in Japan

Tin dioxides STOT RE 1 (H372: Causes damage to organs through prolonged
or repeated exposure (lung))

Tin diselenide -

Tin(IV) selenite | -

In Australia, the 14 selected tin substances do not have a classification
for human hazardo.

In Germany, none of the 14 selected tin compounds is included in the
list of additional CMR substances in the context of worker protection.°

No evaluation by the International Agency for Research on Cancer
(IARC) was found.

In the state of California, the selected tin substances are not considered
as chemicals known to cause cancer or reproductive toxicity!t. The
selected tin compounds in this report are not included in the Report on
Carcinogens (14th edition):2, and also not in the NIOSH carcinogen list:3,

8 https://www.nite.go.jp/chem/english/ghs/19-mhlw-0013e.html

9 http://hcis.safeworkaustralia.gov.au/HazardousChemical

10 https://www.baua.de/DE/Angebote/Rechtstexte-und-Technische-Regeln/Regelwerk/TRGS/pdf/TRGS-
905.pdf? _blob=publicationFile

11 https://oehha.ca.gov/media/downloads/proposition-65//p65list091319.pdf

12 https://ntp.niehs.nih.gov/whatwestudy/assessments/cancer/roc/index.html

13 https://www.cdc.gov/niosh/topics/cancer/npotocca.html
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Monitoring

Environmental exposure monitoring

The method recommended by NIOSH for measuring airborne inorganic
tin and its compounds, except oxides, is filter collection followed by acid
digestion and inductively coupled plasma, atomic emission spectroscopy
(ICP-AES) (10). Samplers for aerosol collection can be selected based
on the international standard I1SO-15202-1 (11).

Biological exposure monitoring

Tin can be measured in tissues and urine by adequate ultrasensitive
analytical techniques, i.e. inductively coupled plasma-mass-
spectrometry (ICP-MS) and radiochemical neutron activation (12).

Relationships between tin dose and biological indicators have not yet
been established for inorganic tin (5). No biological monitoring guidance
values were available from the Health and Safety Executive (13) or the
German Research Foundation (14).

Poddalgoda et al. (15) developed a Biomonitoring Equivalent, i.e. the
concentration or range of concentrations of a chemical or its metabolites
in a biological medium (blood, urine or other medium) that is consistent
with an existing health-based exposure guidance values. They used a
tolerable daily intake (TDI) for chronic exposure to inorganic tin of 0.2
mg tin/kg bw/day, established by the RIVM. A Biomonitoring Equivalent
of 26 mg/g creatinine or 20 mg/L urine was derived for urinary tin.
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Manufacture and uses

The main use of tin, accounting for about 34% of annual global
production, is for solder alloys for electrical/electronic and general
industrial applications. Tin also finds extensive use (about 25-30% of
production) as a protective coating for other metals, especially for food
containers. Tin dichloride is commercially the most important inorganic
compound and is used mainly as a reducing agent in organic and
inorganic syntheses and in the manufacture of metallized glazing, glass,
and pigments. Tin tetrachloride is used in organic synthesis, in plastics,
as an intermediate in organotin compound manufacture, and in the
production of tin tetraoxide films on glass. Tin difluoride is broadly used
in preventive dentistry (5).

An important property of tin is its ability to form alloys with other
metals. Tin alloys cover a wide range of compositions and many
applications.

People can be exposed to organic, inorganic and elemental tin
through food, drinking water, consumer products and environmental
media (air, soil and dust). However, most of the tin exposure

in the general population is in the form of inorganic tin from the
consumption of canned food and beverages (5, 6).

Workers may be exposed to inorganic tin substances via air (dust and
fumes) during bagging, smelting operations and cleaning.
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(Toxico)kinetics

In this section, a short summary is provided mainly based on the
evaluation of the WHO (5), supplemented with information from ATSDR
(6), SCOEL (7) and a report of the Dutch Expert Committee on
Occupational Standards (2). The overview of studies in humans and
animals as presented here is not comprehensive.

Absorption

Generally, absorption of tin from the gastrointestinal tract is low in
humans and laboratory animals, including rats, mice, rabbits, cats, and
dogs, but it may be influenced by aqueous solubility, dose, anion, and
the presence of other substances. Absorption seems to occur by passive
diffusion. Adequate data on uptake following inhalation or dermal
exposure appear to be lacking.

Eight healthy volunteers were given a control diet providing 0.11 mg of
tin per day for 20 days. Mean faecal excretion was 55% of the daily
dose, suggesting a mean net absorption of 45% at this low dose
(although the range was wide, varying from —4 to 71%). When the diet
was supplemented (with tin dichloride) to provide an additional 50 mg of
tin per day for 20 days, mean faecal excretion was 97% of the daily
dose, suggesting a net absorption of 3% (range —7 to 9%) at this
higher dose.

Four human volunteers with tin blood levels of <2 ng/mL (<17 nmol/L)
each consumed 60 mg of tin in the form of fruit juice from an
unlacquered can, and blood samples were taken after 2, 5, and 24 h.
The two females had detectable tin blood levels (3 ng/mL) only in the 5-
h samples. The two males had peak blood tin concentrations of 4.7
ng/ml (40 nmol/L) after 2 hours, and 3.9 ng/ml (33 nmol/L) after 24
hours, respectively.

Single gavage administration of 20 mg/kg bw 13Sn(II) or 113Sn(1V) as the
citrate or fluoride to rats resulted in an absorption of 2.85% (2+ oxidation
state) and 0.64% (4+ oxidation state). This was based on 48-h recovery
of radioactivity in the urine and tissues.

Distribution

Inorganic tin distributes mainly to bone, but also to the lungs, liver,
kidneys, spleen, lymph nodes, tongue, and skin. In a survey of tin
concentrations in post-mortem human tissues collected from several
hundred subjects, the highest concentrations occurred in the kidney
(0.2-0.78 mg/kg tissue), liver (0.35-1.0 mg/kg), lung (0.45-1.20
mg/kg), and bone (0.5-8.0 mg/kg). Certain data indicate that tin may
have a higher affinity for the thymus than for other organs. Laboratory
animal data suggest that inorganic tin does not readily cross the blood-
brain barrier.

With increasing age, tin levels seem to increase in the human lung,
possibly because of inhalation of tin from polluted air. The tin content in
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human tissues was high in the United States and low in Africa, and
seldom present in newborn babies in the United States.

In humans with no occupational exposure to tin compounds, blood tin
concentrations of 2-9 ug/L are reported (detection limit 2 pg/L). Others
reported normal tin concentrations of 11.6 £ 4.4 nmol/L (= 0.0014 mg/L)
in plasma and 21.7 £ 6.7 nmol/L (=0.0026 mg/L) in red blood cells in 12
humans (8 women, 4 men, mean age 77.8 years). Background tin
concentrations of <1 pg/L in serum and urine have been reported, and a
95th upper percentile of 20 pg/L in urine was calculated for a group of
496 US residents.

The concentrations of a variety of heavy metals were measured in 25
amniotic fluid samples obtained from amniocentesis between 15 and 18
weeks of gestation. The aim of this study was to evaluate the presence
of heavy metals in human amniotic fluid to demonstrate that there is
early foetal in utero exposure. 18 metals were detected in measurable
amounts in the amniotic fluid; the tin concentrations ranged from 0.001
to 1.279 ug/L. The study demonstrates that tin can pass into the foetal
compartment from a very early stage in gestation, although it is noted
that only trace amounts were found (16).

In pregnant rats fed tin at 20 mg/kg bw/day as radioactive tin difluoride
or tin tetrafluoride, no tin was found in foetal or placental tissues on day
10 of pregnancy. On day 21, foetuses of dams administered tin
difluoride apparently contained approximately 0.2% of the cumulative
dose.

In another study, female Sprague-Dawley rats received tin salts (tin
difluoride, sodium pentachlorostannite, or sodium pentafluorostannite)
at 125-625 mg/kg in the feed (about 10-50 mg of tin/kg bw/day).
Foetal tin values were only slightly elevated (0.8-1.3 mg/kg bw) on day
20 of gestation, compared to foetuses of untreated rats (0.64 mg/kg
bw).

Others have reported briefly that “considerable” tin concentrations were
noted in embryos of rats exposed to tin dichloride. Data are very limited
but suggest the possibility of a low level of transfer across the placenta.

Metal concentrations in liver, kidney, brain and testes were measured in
rats exposed to miniature alloy pellets containing bismuth, tin and minor
amounts of lead by implantation in muscle tissues of the hind legs. The
concentrations during a 53-week period decreased in the kidney and
liver, but increased in time in the testes and brain. The highest
concentrations of tin in whole blood were observed three weeks after
implantation, then declining to background levels 53 weeks after
implantation (17).

The profile of prenatal exposure to toxic elements and metals, including
tin, was assessed using the maternal blood, cord blood and placenta in
the Tohoku Study of Child Development of Japan of n = 594-650
pregnant women. Tin was detected in 44% of the maternal blood
samples (LOD = 0.20 ng/ml) and in 36% of the cord blood samples,
with a maximum concentration measured at 8 ng/ml (18).
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Biotransformation

Few data on biotransformation are available. The difference in the
relative affinity of the kidneys and liver for tin(II) and tin(IV) indicates a
valence stability of the administered tin (19). Similarly, the difference
observed between tin dichloride and tin tetrachloride in their effects on
the immune response in C57BL/6] mice also suggests that these two
oxidation states are not readily interconverted in vivo (20). Together,
the available data suggest that tin cations are not rapidly oxidized or
reduced during absorption and systemic transportation in mammals.

Excretion

Both faeces and urine are major routes of excretion of ingested tin in
humans. Ingested tin is largely unabsorbed and excreted mainly in the
faeces. Absorbed tin is mainly excreted via the kidneys.

In a mineral balance study, eight adult men ate food providing 0.11 mg
or 50 mg of tin per day (as tin dichloride) for 20-day periods. Their
urinary excretion was 29 £ 13 ug/day (mean £ SD) and 122 £ 52
HMg/day, respectively, representing 36% and 2.4% of the dose,
respectively. Mean faecal excretion accounted for 55% and 97% at the
low and high daily dose, respectively. A review stated that, in humans,
20% of absorbed tin was cleared with a halftime of 4 days, a further
20% with a half-time of 25 days, and the remaining 60% with a longer
half-time of 400 days. No further details were given. When nine healthy
adults were given diets consisting of fresh foods (10 mg of tin per day),
cold-stored canned foods (26 mg of tin per day), or warm-stored canned
foods (163 mg of tin per day) for 24 days, faecal excretion accounted
for the whole dose, and none was detected in the urine.

In laboratory animals, the small proportion of tin that is absorbed
following ingestion is mainly excreted via the kidneys.

For rat liver and kidney, the biological half-life of tin(II) has been
estimated to be 10-20 days. For bone, the half-life of tin(II) and tin(IV)
is approximately 20-100 days. A biological half-life of approximately 30
days was estimated for inorganic tin in mice, using a whole-body
counting method.

Additional information relevant for read-across / grouping

The list of inorganic tin compounds is long and for most of the
compounds data gaps exists. Therefore, read-across of information
could be considered.

Read-across shall be done with care, as the effects of tin and inorganic
tin compounds can differ depending on the oxidation state and
toxicokinetics. The effect of oxidation state on toxicity was
demonstrated for tin dichloride (2+) and tin tetrachloride (4+). Effects
on the immune system as observed in C57BL/6] mice differed between
these two compounds (20). Tin tetrachloride caused suppression of both
IgM and IgG antibody production in a plaque forming test with spleen
cells, whereas tin dichloride caused suppression of IgM and stimulation
of IgG antibody production. This was also seen in an antigen rosette
formation test (measuring agglutination of red blood cells around
lymphocytes), where tin tetrachloride showed suppressed response and
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tin dichloride a stimulated response. Immunostimulation was also seen
in a leukocyte adherence inhibition test (measuring cellular immunity)
upon tin dichloride exposure, but not tin tetrachloride exposure (20).
Another indication of the role of oxidation state is the difference in fish
toxicity between difference oxidation states. 96-hour LCso values for fish
range from 35 mg/L for tin dichloride to >1,000 mg/L for tin
tetrachloride (5). Further, a difference in the relative affinity of the
kidneys and liver for tin dichloride and tin tetrachloride is seen (19).

These observations suggest a valence stability and that tin cations are
not rapidly oxidized or reduced during absorption and distribution in
mammals. Read-across should therefore be performed with caution, and
not only based on similarities in chemical structure.

In addition to the oxidation state, the toxicity of most metals is
associated to a large degree with the release of soluble metal ions, their
uptake by the body and interaction at their target sites. Bioavailability is
one of the major drivers of systemic toxicity, and is related to the water
solubility of a chemical. Therefore, read-across between inorganic tin
compounds can only be applied if compounds have a similar water
solubility.

Both the oxidation state and water solubility were used to make a
selection of inorganic tin compounds for this overview. More information
on the selection criteria is provided in Annex A.

Read-cross was also applied by registrants as was observed in the
REACH registration dossiers. Read-across was applied for:
- Tin dioxide®: read-across to tin dichloride
- Ditin pyrophosphate:s: read-across to tin(II)methane-sulphonate
(Sn(CH3S03)2)
- Tin sulphatet: read-across to tin dichloride
- Tin disulphide?’: read-across to tin sulphide

It is noted that the read-across as applied for tin disulphide, with tin
sulphide, was rejected by ECHA, as is further elaborated in a compliance
check from 20181,

14 https://echa.europa.eu/registration-dossier/-/registered-dossier/14736/7/9/1
15 https://echa.europa.eu/registration-dossier/-/registered-dossier/25711/7/9/2
16 https://echa.europa.eu/registration-dossier/-/registered-dossier/15968/7/9/1
17 https://echa.europa.eu/registration-dossier/-/registered-dossier/12699/7/9/1
18 https://echa.europa.eu/documents/10162/7b6102ee-f688-4f78-f9ba-6aabcadf2ele
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8 Reproduction toxicity
8.1 Adverse effects on sexual function and fertility
8.1.1 Animal studies

An overview of the animal studies on adverse effects on sexual function
and fertility is provided in Table 12. The studies are summarized below.
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Table 12 Summary table of animal studies on adverse effects on sexual function and fertility.

Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
Oral
NTP, 1982 F344/N rats, males | 13-week toxicity study Test material: tin chloride, Mean body weight | No effects on Study was
(21) and females, CAS 7772-99-8 gain was reproductive aimed to
10/sex/group. Duration of exposure: Purity: not specified depressed by organs were determine

only

Control group: diet

13 weeks

Parameters: mortality,
clinical examination,
body weight, feed
consumption, necropsy,
histopathology.
Microscopy included
mammary gland,
seminal vesicles,
prostate, testes, ovaries
and uterus.

Route of exposure: oral,
feed

Exposure levelst®: 0, 500,
1000, 1,900, 3,800 and
7,500 ppm, equivalent to 0,
20, 40, 76, 152 and 300
mg/kg bw/day for males
and 0, 25, 50, 190, 375 and
375 mg/kg bw/day for
females.

more than 10% in
the rats receiving
the highest dose,
compared to
controls.

Gross distention of
the cecum and
reddened gastric
mucosa were
observed in 70%-
100% of all rats
receiving 3800 or
7500 ppm, but no
compound-related
histopathologic
effects were
detected in the
cecum or stomach
or in any other
tissues

examined.

reported.

carcinogenicit
Y

19 1 ppm is equivalent to 0.04 mg/kg bw/day for males and 0.05 mg/kg bw/day for females, based on the default values as reported in ECHA guidance R.8, version 2.1, Table 8-17.
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
NTP, 1982 F344/N rats, males | Carcinogenesis bioassay | Test material: tin chloride, Survival of high- No effects on Study was
(21) and females, CAS 7772-99-8 dose male rats reproductive aimed to
50/sex/group. Duration of exposure: Purity: not specified was somewhat organs were determine

Control group: diet
only

105 weeks

Parameters: mortality,
clinical examination,
body weight, feed
consumption, necropsy,
histopathology.
Microscopy included
mammary gland,
seminal vesicles,
prostate, testes, ovaries
and uterus.

Route of exposure: oral,
feed

Exposure levels?°: 0, 1,000
and 2,000 ppm, equivalent
to 0, 40 and 80 mg/kg
bw/day for males and 0, 50
and 100 mg/kg bw/day for
females.

lower than that of
the control and
low-dose groups
(37/50, control;
39/50, low-dose;

30/50, high-dose).

reported.

carcinogenicit
Y

Study report,
2010 (22)

Wistar rats, males
and females,
10/sex/group.

Control group:

ten males and ten
females, dosed with
vehicle alone (1 %
(w/v) aqueous
carboxy
methylcellulose
(sodium salt)).

Reproduction /
developmental toxicity
screening test according
to OECD Guideline 421.

Daily treatment:
Females: 14 days pre-
mating, mating (days
not specified), gestation
and 5 days postpartum.
Males: 43 days (starting
at pre-mating).

Test material: tin metal
powder (2-11 pm)
Purity: not reported

Route of exposure: oral,
gavage

Exposure levels: 0 (vehicle),
100, 300 and 1,000 mg/kg
bw/day

No treatment-
related adverse
effects on parental
animals.

Males treated with
1,000 mg/kg/day
showed a
statistically
significant
increase in
bodyweight gain
during Week 3.

No effects on
mating
performance,
conception rates,
gestation length
or parturition.
Group mean
corpora lutea,
implantation
counts and
implantation
losses all
indicated no

No treatment-
related effects
on the
reproduction
according to
the registrants
of tin.

Only study
summary
available.

20 1 ppm is equivalent to 0.04 mg/kg bw/day for males and 0.05 mg/kg bw/day for females, based on the default values as reported in ECHA guidance R.8, version 2.1, Table 8-17.
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
Duration of exposure: effect of Study is in
56 days maternal compliance
exposure. with GLP.
Effect parameters:
Maternal examinations,
ovarine and uterine
content including gravid
uterus weight, number
of corpora lutea,
number of implantations
and pre and post-
implantation loss
indices.
Statistical analysis: not
reported
Unnamed Wistar rats, males Reproduction / Test material: tin sulphide Parental males: Parental males: Only study
study report, and females, 12 Developmental Toxicity | Analytical purity: ca. 97.6% | Absolute weight of | The test summary
2010 (23) animals/sex/dose Screening Test (OECD (77.5% Sn, 20.1% S) pituitary gland substance had available and
421) was statistically effect on the no detailed
Control: concurrent Route of exposure: oral significantly microscopical (quantitative)
vehicle (0.5% Daily administration for | gavage increased in males | structure of the information
methylcellulose in the following periods: at the dose level testes (sporadic provided.
water) -males and females: 2 Exposure levels: 0, 100, of 1,000 mg/kg degeneration
weeks prior to the 300 and 1,000 mg/kg bw/day. No and/or atrophy Study is in
mating period and bw/day changes of of germ compliance
during the mating microscopic epithelium, with GLP.

period

structure of the
pituitary gland.

residual bodies in
germ epithelium
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction

-pregnant females:
during pregnancy and
till the 3rd day of
lactation

-males: after mating
period; totally for 42
days

-non-pregnant females
(mated females without
parturition): for 25 days
after the confirmed
mating

Parameters:
Observations and
examinations parental
animals, phases of the
oestrous cycle
(recorded during
histopathological
examination), sperm
motility and sperm
morphology, litter
observations
(behaviour, number and
sex of pups, stillbirths,
live births and presence
of gross anomalies),
postmortem

Parental females:
no significant
treatment-related
effects.

and vacuolation
of cytoplasm of
spermiogonia) at
1,000 mg/kg
bw/day, but
there was no
effect on the
spermiogenesis.
No
histopathological
findings in testes
in a 90-day
study on tin
sulphide.

Parental
females: no
significant
treatment-
related effects.

Reproductive

performance:
Ability of male

and female
animals to
successfully
mate and
produce viable
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction

examinations parental
animals and offspring,

Statistical analysis: The
ANOVA test

offspring was
unaffected by the
test substance
treatment. Also
sex ratio and
development of
pups were not
changed in
treated groups.

F1 generation
The number of

corpora lutea,
implantations
and number of
pups were
slightly but
insignificantly
influenced by the
administration of
the test
substance
(decrease esp. at
dose levels 300
and 1,000
mg/kg/day). Sex
ratio was
unaffected.
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
Naser et al., Wistar rats, males, 30-day exposure of rats | Test material: tin No data. The No guideline
2020 (24) 6 animals/group. to nanoparticles of nanoparticles. Average concentrations of | study. No
silver, copper, zinc diameter is 67.34 nm. LH, FSH and information on
Control: deionized oxide, cadmium oxide testosterone are | GLP. No
water only or tin. Route of exposure: oral significantly method
gavage increased described on
Parameters: luteinizing compared to hormone
hormone (LH), Exposure level: 0.3 ml per control levels analysis in the
follicle-stimulating day for 30 days, (P<0.05) blood. Poorly
hormone (FSH) and concentration is 53.45 ppm written.
testosterone, measured | (corresponding to 53-64
in blood. Hg/kg bw/day).
Statistical analysis: Total experiment includes 6
ANOVA one-way. groups: 1 control group and
5 groups for each of the
metals tested.
NTP, 1982 B6C3F1/N mice, 13-week toxicity study Test material: tin chloride, Mean body weight | No effects on Study was
(21) males and females, CAS 7772-99-8 gain was reproductive aimed to
10/sex/group Duration of exposure: Purity: not specified depressed by organs were determine

Control group: diet
only

13 weeks

Parameters: mortality,
clinical examination,
body weight, feed
consumption, necropsy,
histopathology.
Microscopy included

Route of exposure: oral,
feed

Exposure levels?!: 0, 1,900,
3,800, 7,500, 15,000 and
30,000 ppm, corresponding
to 0, 228, 456, 900, 1,800

more than 30% in
mice receiving the
highest dose,
compared with
control.

Gross distention of
the cecum was

reported.

carcinogenicit
y
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Reference

Species

Experimental period
and design

Dose and route

General toxicity

Effects on
reproductive
organs or
reproduction

Remark

mammary gland,
seminal vesicles,
prostate, testes, ovaries
and uterus.

and 3,600 mg/kg bw/day
for males and 0, 247, 494,
975, 1,950 and 3,900
mg/kg bw/day for females.

observed in 60%-
90% of the male
mice receiving
3800 ppm or more
and in 30%-100%
of the female mice
at the same dose
levels, but no
compound-related
histopathologic
effects were
detected in the
cecum or stomach
or in any of the
other tissues
examined.

NTP, 1982
(21)

B6C3F1/N mice,
males and females,
50/sex/group

Control group: diet
only

Carcinogenesis bioassay

Duration of exposure:
105 weeks

Parameters: mortality,
clinical examination,
body weight, feed
consumption, necropsy,
histopathology.
Microscopy included
mammary gland,
seminal vesicles,

Test material: tin chloride,
CAS 7772-99-8
Purity: not specified

Exposure levels: 0, 1,000
and 2,000 ppm, equivalent
to 0, 120 and 240 mg/kg
bw/day for males and 0,
130 and 260 mg/kg bw/day
for females.

Survival of control
male mice was
less (P <0.05)
than that of either
dosed group
(32/50, 42/50,
45/50); survival of
the female mice
appeared to be
dose

related (38/50,
33/50, 28/50).

No effects on
reproductive
organs were
reported.

Study was
aimed to
determine
carcinogenicit
Y
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
prostate, testes, ovaries
and uterus.
Yousef, 2005 New Zealand White | Treatment: every other | Test material: tin dichloride | No effect on body | Decreased No
(25) rabbits, males, 7 day for 12 weeks. (SnCl2). Purity: 97.0 % weight. relative testes measurement
months old, Animals were treated with weight (control of tissues
6/group. Parameters: or without ascorbic acid 0.187 g/100g other than
Semen collection (Vitamin C). bw; treated testes and
Control group: 6 (weekly) for measuring 0.149 g/100g epididymis.
animals, not further | volume of ejaculate, Exposure route: oral, bw; p>0.05) and | No clinical

specified.

sperm concentration,
fructose concentration
in seminal plasma.
Assessment of live and
normal spermatozoa.
The weight of testes
and epididymis was
recorded.

Statistical analysis:
General Linear Model
(GLM) procedure using
SAS statistical package.
Variations between
means were compared
by Duncan’s Multiple
Range Test.

inserted directly into the
oesopharyngeal region.

Exposure level: 20 mg/kg
bw

relative
epididymis
weight (control
0.069 g/100g
bw; treated
0.055 g/100g
bw; p>0.05).

Treatment of
rabbits with tin
dichloride caused
a decrease (p<
0.05) in the
overall means of
semen ejaculate
volume (EV),
sperm
concentration,
total sperm
output (TSQ),

observations,
clinical
biochemistry
or
(histo)patholo
gy was
performed.
Only one dose
tested. No
data on
reproductive
outcome.

According to
GLP: no.
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Reference

Species

Experimental period
and design

Dose and route

General toxicity

Effects on
reproductive
organs or
reproduction

Remark

sperm motility
(%), total motile
sperm per
ejaculate (TMS),
packed sperm
volume (PSV),
total functional
sperm fraction
(TFSF), normal
sperm, initial
fructose and
libido (by
decreasing the
reaction time)
compared to the
control group.

Dead sperm and
initial hydrogen
ion concentration
(pH) were
increased in
animals treated
with tin
dichloride
compared to the
control one.

Intraperitoneal
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
Bai et al, 2018 | ICR mice, males, Treatment: 4 weeks. Test material: Three No apparent Morphology
(26) 10/group. different sizes of tin changes in testes: no

Total: 70 males (7
groups)

Control group: de-
ionized water
without tin
disulphide flowers

Animals were exposed
by injection 6 times a
week, during 4 weeks.

The content of tin was
determined in liver,
kidney, spleen, heart,
brain, testicle and whole
blood.

The sperm count and
survival rate were
measured.

Analysis of the testes:
morphological analysis,
TUNEL assay and
Caspase-3 staining for
determining apoptotic
rates, ultrastructure
observation by
transmission electron
microscopy (TEM),
measurement of
malondialdehyde level
and superoxide
dismutase

disulphide (SnSz)

nanoflowers (diameters of
50, 80, and 200 nm) with
high purity (not specified).

Route of exposure:
intraperitoneal injection.

Exposure levels: variations
in size and in dose level.

- 38 mg/kg, 50 nm

- 38 mg/kg, 80 nm

- 38 mg/kg, 200 nm

- 0.38 mg/kg, 50 nm

- 3.8 mg/kg, 50 nm

- 38 mg/kg, 50 nm

- control group

growth, activity,
or performance of
the mice. The
body weight
gradually
increased in the 4
groups with
varying sizes
(control, 50 nm,
80 nm, 200 nm),
but without
statistical
significance.

changes in the
200 nm group,
however, a
moderate
intertubular
oedema and a
mild interstitial
infiltration of
inflammatory
cells were
observed in
testes of mice
treated with 50
and 80nm tin
disulphide
nanoflowers.

Tin levels:
Increased levels
of tin were
observed in all
examined tissues
upon treatment
with 38 mg/kg
tin disulphide
nanoflowers (50,
80 and 200 nm).
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Reference Species Experimental period Dose and route General toxicity | Effects on Remark
and design reproductive
organs or
reproduction
Activity to evaluate The tin contents
oxidative stress, in the whole
immunohistochemistry, blood and

Q-PCR and Western
blotting.

Statistical analysis:
The chi-squared test
was used for sperm
survival rates data, and
one-way analysis

of variance (ANOVA)
test was applied to
other data. P <0.05
was considered to be
statistically significant.

testicle of 50 and
80 nm groups
were significantly
higher than in
the 200nm

group.

Sperm count and
survival: sperm
count and sperm
survival
percentages of
the mice in the
50 and 80nm
groups were
mildly decreased
(p<.05). Sperm
count and sperm
survival
percentages
were mildly
decreased
(p<.05) in the
38 mg/kg group
(50 nm), but not
in the 0.38 and
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Reference

Species

Experimental period
and design

Dose and route

General toxicity

Effects on
reproductive
organs or
reproduction

Remark

3.8 mg/kg
groups.

Blood testes
barrier (BTB)
relevant gene
expression:
expression of
several genes
and expression
of TGF-B3
protein was
changed in the
38 mg/kg group
with 50 and 80
nm tin disulphide
nanoflowers, but
not in the other
groups.

TEM analysis:
vacuolation of
the seminiferous
epithelium in
affected tubules,
especially near
the rete,
revealing a
breakdown in
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Reference

Species

Experimental period
and design

Dose and route

General toxicity

Effects on
reproductive
organs or
reproduction

Remark

Sertoli-germ cell
junctions in the
50 nm and 80nm
groups (dose: 38
mg/kg).

Oxidative stress:
elevated
malondialdehyde
level and
decreased
superoxide
dismutase
activity were
observed in the
tin disulphide
NFs (dose: 38
mg/kg; size: 50
and 80nm)
treated groups

Apoptosis:
apoptosis was
induced in the 50
and 80 nm
groups (dose: 38
mg/kg)
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Reference

Species

Experimental period
and design

Dose and route

General toxicity

Effects on
reproductive
organs or
reproduction

Remark

Testicular
inflammation:
signs of
inflammation
were shown in
the 50 and 80
nm groups
(dose: 38
mg/kg) by
immunohistoche
mistry and
expression of key
inflammatory
cytokine and
enzymes
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13-week study and carcinogenesis bioassay with tin chloride (NTP,
1982)

The carcinogenicity of tin chloride was examined in an NTP
carcinogenesis bioassay, preceded by a 13-week toxicity study.

Both studies were performed with male and female F344/N rats and
male and female B6C3F1/N mice.

Rats were exposed to 0, 20/25, 40/50, 76/95, 152/190 and 300/375
mg/kg bw/day (males/females) tin chloride for 13 weeks via diet.
Mortality, clinical examination, body weight, feed consumption, necropsy
and histopathology were examined. Microscopy included examination of
the mammary gland, seminal vesicles, prostate, testes, ovaries and
uterus. No treatment-related adverse effects were reported on the
reproductive organs. In the chronic study, the rats were exposed to 0,
40/50 and 80/100 mg/kg bw/day (males/females) tin chloride for 105
weeks. Examination of organs included the mammary gland, seminal
vesicles, prostate, testes, ovaries and uterus. No neoplastic or non-
neoplastic adverse effects were found in these organs upon treatment
with tin chloride.

Mice were treated with tin chloride for 13 weeks at a dose level of 0,
228/247, 456/494, 900/975, 1,800/1,950 and 3,600/3,900 mg/kg
bw/day (males/females), via diet. In the chronic study, the dose levels
were 0, 120 and 240 mg/kg bw/day for males and 0, 130 and 260
mg/kg bw/day for females. In both the 13-week study and the
carcinogenicity bioassay, no adverse effects were observed in the
reproductive organs upon treatment with tin chloride (21).

OECD 421 study with tin powder (Study report, 2010)

Tin metal powder (2-11 pm) was administered by gavage to male and
female Wistar rats in compliance with OECD guideline 421
(Reproduction/developmental toxicity screening test)(22). Rats were
exposed for up to 56 consecutive days (including a two-week maturation
phase, pairing, gestation and early lactation for females) to 100, 300
and 1,000 mg/kg bw/day tin metal powder. A control group was dosed
with vehicle alone (1% (w/v) aqueous carboxy methylcellulose (sodium
salt)). Clinical signs, bodyweight development, dietary intake and water
consumption were monitored during the study. The parental rats were
paired one to one from day 15 of treatment and females were allowed to
litter and rear young to day 5 post-partum. During the lactation phase,
daily clinical observations were performed on all surviving offspring,
together with litter size and offspring weights and assessment of surface
righting reflex. Adult males were terminated on Day 43, and all females
and surviving offspring on Day 5 post-partum. All animals were
subjected to a gross necropsy examination and histopathological
evaluation of reproductive tissues was performed.

There were no deaths and no significant clinical signs of toxicity.

Males treated with 1,000 mg/kg bw/day showed a statistically significant
increase in bodyweight gain during Week 3 (results not presented
quantitatively). Female body weight (gain) was unaffected. There were
no effects on food consumption. The parameters on sexual function and
fertility assessed in this screening study are summarized in Table 13 and
showed no effects on mating performance, conception rates, gestation
length or parturition. Paragraph 8.2.1 presents the effects on
development as observed in this OECD 421 study. According to the
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registrants of tin, there were no treatment-related effects on
reproduction.

Table 13 Summary of effects on sexual function and fertility in an OECD 421
study with tin powder (22).

Observations Dose Level (mg/kg
bw/day)
o 100 | 300 | 1,000
Mated pairs n 10 10 10 10
Females showing evidence of n 10 10 10 10
copulation
Pregnant females n 10 10 10 10
Conception Days 1-14 n 10 10 10 10
Gestation = 22 days n 1 1 2 2
Gestation = 22.5 days n 2
Gestation = 23 days n 3 3 4
Gestation = 23.5 days n 0 5 2
Dams with live young born n 10 10 10 10
Dams with live young at day 4 n 10 10 10 10
post-partum
Corpora lutea/dam X 15.2 13.8 | 15.9 | 17.2
Implants/dam X 12.9 12.8 | 13.1 | 14.9
Live offspring/dam day 1 pp X 11.6 11.8 | 12.8 | 14.0
Live offspring/dam at day 4 pp X 11.4 11.6 | 12.5 | 13.7
Sex ratio: % males day 1 pp X 53.8 47.8 | 48.9 | 44
Sex ratio: % males at day 4 pp X 54 47 49.6 | 44.1

Abbreviations: n = number; x = mean; pp = post-partum.

OECD 421 study with tin sulphide (Study report, 2010)

A reproduction/developmental toxicity screening test, according to OECD
421, was performed with male and female Wistar rats (23). The animals
were treated with 0, 100, 300 and 1,000 mg/kg bw/day tin sulphide via
oral gavage at daily basis.

No relevant clinical changes were observed in males at all dose levels
after application of the test substance. Slight fall of weight (one male at
the dose level of 100 mg/kg bw/day in the 6th week) and thinner
excrements (one male at the dose of 1,000 mg/kg bw/day in the first
week) were observed sporadically in treated males. Slight decreases in
body weights were sporadically (in 1 or 2 females from the group)
recorded in the 3rd week at all groups including control. In treated
females of all dose levels, no signs of disease were found during the
check-in, acclimatization and application period. Treatment-related
effects were not detected during health condition control and clinical
observation of females (except of vocalization in one female at the dose
level of 1,000 mg/kg/day in the 5th week). There were no unscheduled
deaths during the study and no treatment-related effects on body
weight and food consumption.

Effects were observed in the pituitary gland of males and in the testes. A
statistically significant increase in absolute pituitary weight was detected
in males at 1,000 mg/kg bw/day. No changes of microscopic structure of
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the pituitary gland were found. The test substance had effect on the
microscopical structure of the testes without damage of spermiogenesis.
Histopathological examination of testes of parental males showed
increased incidence of degenerations and/or atrophies of germ
epithelium and vacuolations of cytoplasm of spermatogonia in males of
the dose level 1,000 mg/kg bw/day. However, there were no
histopathological findings in testes in a 90-day rat study on tin sulphide.
Reproduction parameters - number of females achieving pregnancy,
number of females bearing live pups and number of females with live
pups at day 4 after parturition - in treated groups were similar to the
control or higher than the control groups. Duration of mating and
pregnancy were similar in the control and treated females. Pre-
implantation, post-implantation and postnatal losses were relatively well
balanced at the treated groups and control group.

Average numbers of pups per litter were well-balanced at the control
and the dose level 100 mg/kg bw/day. At the dose levels 300 and 1,000
mg/kg bw/day, the average number of pups per litter was decreased
compared to the control, however they fell within the normal range of
historical control data.

Paragraph 8.2.1 presents the effects on development as observed in this
OECD 421 study with tin sulphide.

The registrants concluded that the effects on the pituitary gland and the
testes could be considered not relevant. It is noted that only a summary
of results is available, without detailed (quantitative) information.

30-day study with tin nanoparticles (Naser et al., 2005).

The effect of nanoparticles of tin, silver, copper, zinc oxide and cadmium
oxide on sexual hormones was investigated in rats. Male Wistar rats
were exposed for 30 days to low levels of tin nanoparticles (average
diameter: 67.34 nm) at 0.3 ml per day, with a concentration of 53.45
ppm (corresponding to 53-64 ug/kg bw/day). At the end of the
experimental period, blood was collected and the concentration of
luteinizing hormone (LH), follicle-stimulating hormone (FSH) and
testosterone was measured.

The concentrations of LH, FSH and testosterone were significantly
increased compared to control levels (P<0.05). Results were given in
figures; no absolute number were presented (24).

12-week study with tin dichloride (Yousef, 2005)

The protective role of ascorbic acid on reproductive performance of male
New Zealand White rabbits treated with tin dichloride was studied by
Yousef (25). Rabbits (6 animals/group) were treated with 20 mg/kg bw
tin dichloride, 40 mg/kg bw ascorbic acid or a combination of both
treatments. A control group (6 animals) was included but not specified.
Treatment was performed every other day for 12 weeks, by oral
insertion with the help of a plastic tube directly into the oesopharyngeal
region. Daily feed intake and body weight were recorded weekly. Semen
collection occurred weekly over the 12 weeks of the study and was used
to measure the volume of each ejaculate, the sperm concentration,
fructose concentration in seminal plasma, and assessment of live and
normal spermatozoa. The weight of the testes and epididymis was
recorded. Only results from treatment with tin dichloride are described
here.
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Treatment with tin dichloride did not change the body weight or feed
intake. The body weight of control animals was 2932 g (£ 42), the
weight of treated animals was 2897 g (£ 58). The relative weight of
testes was significantly (P < 0.05) decreased in rabbits treated with tin
dichloride (0.149 g/100 g bw £+ 0.05) compared to control animals
(0.187 g/100 g bw £ 0.09). The same accounts for the relative
epididymis weight, which was 0.055 g/100 g bw (£0.007) in the tin
dichloride treated group and 0.069 g/100 g bw (£0.008) in the control
group. The effects on the semen parameters are presented in Table 14,
showing that most parameters are decreased compared to the control
group. The percentage of dead sperm was increased in the treated
group.

Table 14 Summary of effects on semen in a 12-week rabbit study with tin

owder(25).

Parameter Control Tin dichloride
Ejaculate volume (ml) 0.72 £ 0.021 0.59 £ 0.019°®
pH 7.4 £ 0.03 7.8 +£0.06°
Reaction time (s) 3.2 £ 0.66 4.5 £ 0.46
Packed sperm volume (%) 15.2 £ 0.21 13.2 £ 0.27 2
Sperm concentration (x10® ml~!) | 334 + 8.6 281 +£7.2°
Total sperm output (x10°) 239 £ 9.1 168 £ 7.4 @
Sperm motility (%) 71.9 £ 0.58 62.3 £ 0.97°
Total motile sperm (x10°) 171 £ 6.4 105+ 5.3°
Dead sperm (%) 25.4 £ 0.57 35.8 £ 0.94°
Normal sperm (%) 86.3 £ 0.82 82.2+1.14°
Total functional sperm fraction 148.7 £ 5.74 88.3 £ 4.782
(x10°9)

Initial fructose (mg/dl) 167 £ 1.59 148 £ 2.08 @

@ Significantly different from the control group (P < 0.05).

Overall, effects were observed on testes and epididymis weight and on
semen. It is noted that only the testes and epididymis were assessed
(no other organs) and that no clinical observations, clinical biochemistry
or (histo)pathology was performed. Only one dose was tested in this
study.

4-week study with tin disulphide (Bai et al., 2018)

In a 4-week study, ICR mice were exposed via intraperitoneal injection
to three different sized tin disulphide (SnSz) nanoflowers and to different
dose levels to investigate the effect on the testes (26).

Three groups were exposed to 38 mg/kg bw of 50, 80, or 200 nm tin
disulphide nanoflowers, and three groups were exposed to 0.38, 3.8, or
38 mg/kg bw tin disulphide nanoflowers (50 nm). The animals were
exposed by injection 6 times a week, continued for 4 weeks.
Nanoflowers are a newly developed class of nanoparticles showing
structure similar to flower.

No apparent changes in growth, activity, or performance of the mice
were seen upon treatment. The results of sperm count and survival
analysis, histopathological evaluation, and gqRT-PCR detection showed
that there was moderate reproductive toxicity induced in the group of 50
and 80 nm tin disulphide nanoflowers (dose: 38 mg/kg bw) in testicle
tissues. Furthermore, signs of oxidative stress, apoptosis and
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inflammation responses were seen in the same treatment groups. Also
ultrastructural abnormalities were more severe than those formed by
the large-sized tin disulphide in testes. It is noted that results were
presented in figures; no quantitative data were available.

Apart from measured tin concentrations, no examinations were
performed in other tissues than the testes. However, the same research
group was involved in a 14-day study with ICR mice where
hepatotoxicity was investigated after oral exposure to tin disulphide
nanoflowers (27). Mice were exposed to different sizes of tin disulphide
nanoflowers (50, 80 and 200 nm) at 250 mg/kg bw. No effects on
general condition or adverse hepatic effects were observed. Mice were
also treated to 250, 500, and 1,000 mg/kg bw tin disulphide
nanoflowers (50 nm) for 14 days. Again, no effects on general condition,
and weight of body and liver were seen. However, indications of
hepatotoxicity were seen at 1,000 mg/kg bw, including increased
concentrations of the liver enzymes ALT and AST, slightly disrupted
cellular arrangements, moderate interstitial hyperaemia, sporadic and
focal infiltration of inflammatory cells and liver ultrastructure alterations
(increased number of mitochondria), increased expression of
inflammatory enzymes, and apoptosis.

Human data

An overview of the human studies on adverse effects on sexual function
and fertility is provided in Table 15. These include cross-sectional
studies and case-control studies.

Page 58 of 137



RIVM letter report 2022-0200

Table 15 Summary table of human data on adverse effects on sexual function and fertility.

Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
Case-control studies
Elongi Moyene, Case-control study Exposure «6 women had eclampsia « Cases and controls Incidence and
et al., 2016 (28) | ~Study location: assessment (but in analyses no were similar for seasonal
Kinshasa, Democratic | .Concentrations of distinction between pre- area of residence, variation: the
Republic of Congo, tin and 23 other eclampsia and eclampsia) the prevalence of incidence of
General Hospital metals or « Geometric Mean (GMS) “geophagy”, pre-eclampsia
-Recruitment period: metalloids (25th-75th perc.) cooking mode, is high in DR
2011 (March-April: measured by ICP- concentration in 24-hours educational level, Congo and
rainy season and July- | MS in 24-h urine urine in pg/L: and the season shows strong
September: dry collections. -cases: 10.8 (2.2-48.6) (dry versus wet) of seasonal
season) -Concentrations - controls: 1.25 pg/L recruitment, and variation.
-Study population: 88 expressed in (0.43-2.60) number of twin
women hospitalized ug/L and as - fold difference: 8.7 pregnancies Creatinine
with pre-eclampsia or ug/day by -p <0 - 001 «No smokers included | corrected
eclampsia (cases); 88 multiplication « (Not available for approx. « Urine collection: in values:
healthy pregnant with 24 hour 1/3 of samples; see next cases via urinary Approx. 1/3 of
women from the ante- urine volume. column) Geometric Mean catheter, controls samples

natal clinic (controls)
- Exclusion criteria:
being nulliparous,
being a smoker,
consume alcohol,
have a chronic or
debilitating disease

Cases and controls
matched for age, parity,
type of pregnancy
(single of twin), number
of live-born children,

-Concentrations
also expressed
per gram
creatinine.

« Statistical
analysis:
Group comparison
(not between
matched pairs)
between cases
and controls in
one-way ANOVA

(GMS) (25th-75th perc.)
concentration in 24-hours
urine in ug.( g-cre)-1:
-cases: 11.5 (2.03-
70.8)
- controls: 1.26(0.33-
2.67)
- fold difference: 9.1
-p < 0.001 (Benjamini
Hochberg adjusted)
« Geometric Mean (GMS)
(25th-75th perc.)
excretion in 24-hours

collected their 24-h
urine at home

« Analysis with
creatinine-based
correction for
urinary dilution
incomplete due to
unreliable
concentrations in
part of samples
(only 122/176
available)

« Note that in pre-

excluded for
this analysis
because
creatinine too
low

(<0.3 g/L).
According to
authors
probably due
to
inappropriate
treatment of a
batch. More
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
and duration of on log- urine in pg/day: eclampsia urinary samples lost in
pregnancy. transformed - cases: 9.22 ug/day output is reduced cases than in

values of metal
levels. Categorial
variables
evaluated by chi
square tests or
Fischer exacts
test
« Covariates:
-Educational
level;
-annual income
-occupation
-cooking mode
-geophagy
-possible metal
pollution close to
the residence
(artisanal
activities)
-Area of residence
« Interactions:
season (wet
versus dry) and
pre-eclampsia,
tested with two-
way ANOVA and
Tukey’s post hoc
tests
« Correlation

(1.78-45.6)

- controls: 1.42 (0.51-
3.05)

- fold difference: 6.5

-p <0 - 001
(unadjusted)

« excretions of 14 metals
significantly higher in
cases

« Correlation between
metal excretions and
PCA: first and second
components accounted
for resp. 43% and 67%
of total variance and fist
component positively
correlated with all 20
metals (all p < 0.001)

« Significant interaction
between season and
eclampsia

Artisanal activities close to
home more frequent in
cases: (pooled into one

category) OR = 2.34 (1.13-

4.85), p = 0.02.

and contains protein.

24 hr urine volume
275 mL (23 %) less
urine in cases.

« Thus: measurement
of exposure might
be confounded by
indication (pre-
eclampsia)

« All women were
multiparous

Not possible to

evaluate separate

effect of tin
concentrations due to
high correlations
between metals

controls (30 vs
24), but not
reported if
samples still
matched after
exclusion.
Mostly samples
from the dry
season were
lost.

High
concentrations of
most metals: the
authors note that
urinary
concentrations of
most elements
were
substantially
higher than
reference values
for adults from
industrially
developed
countries.
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

between metal
excretion values:
correlation
analysis and
principal
component
analysis (PCA)

o Multiple testing
adjustment:
Benjamini-
Hochberg, but
mostly
unadjusted p-
values presented

Health assessment

« Presence of pre-
eclampsia or
eclampsia

Medical history and

obstetric history

form clinical records

Cross-sectional studies

Guzikowski, et
al., 2017 (29)

e Cross-sectional
- Study location:
Subjects recruited

e Tin and 8 other
metals in seminal
plasma

e Pearson correlation
between tin level and
sperm count: 0.34 (P-value

e Selected population
(patients seeking
help with fertility

The statistical
analysis and
reporting of

at a hospital in - Semen specimen not reported) problems) results of this
rural area of Opole, produced by o Difference in tin levels ¢ No results of study are poor.
Poland masturbation after | between group with measurements Table II (title:
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
- Study period: first 5 days of abnormal sperm quality provided ‘factors of
half 2009 abstinence parameters and reference ¢ No information on correlation...”?)

- Population: 34
men, aged 26-42
(mean 28.9) yrs,
from primary
infertile couples
visiting fertility
centre, having had
unprotected
intercourse >= 12
months

- Exclusion criteria:
previous pelvic
surgery, varicocele
repair, diabetes
mellitus, thyroid
disturbances,
infections,
endocrine
hypogonadism,
history of
chemotherapy,
radiation therapy,
sexual dysfunction,
antipsychotic drugs
use, alcohol
consumption, use
of vitamin or
mineral
supplementation.

- measured by ICP-

MS with time-of-
flight analyser
(ICP-ToF-MS)

- units not reported,

nor other details
of measurement
results

e Statistical
analysis:

- Descriptive

statistics:
percentages of
samples with
quality
parameters not
meeting WHO
reference.

- Group

comparisons
between two
groups: having at
least one of the
sperm quality
criteria not
meeting WHO
reference values

group: P=0.04 (group
concentrations and
difference between groups
not reported)

potential exposure to
metals

¢ No information on
smoking

and its
description in
the Results
section do not
match and the
table cannot
be interpreted.
Cluster
analysis is
performed in a
non-
informative
manner.

The statement
in the abstract
that
“Abnormally
high
concentrations
of lead,
cadmium, zinc
and cobalt
were found in
23 seminal
plasma of men
from infertile
couples” is not
supported by
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
(abnormal group: data.
n=23) versus the
reference group Informed
(meeting all three consent

criteria: n=11)

- Correlations
(Spearman)
between metal
concentrations
and sperm quality
parameters

- Cluster analysis
(CA) for two
groups as defined
above, separately,
and for all
samples together,
to investigate
clustering of metal
concentrations
and sperm quality
parameters (both
metal
concentrations
and sperm quality
parameters
entered as cluster
variables)

Health assessment
e Semen quality

obtained from
participants
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

according to WHO
criteria:

- Semen volume

- Semen pH (not
reported)

- Sperm count (per
ml)

- Sperm motility (%
motile)

- Sperm morphology
(% abnormal)

e Quality measures
were dichotomized
based on WHO
reference values:
count > 20 x 106
sperm/ml, > 50% of
sperm motile, < 15%
abnormal forms.

Wang, et al.,
2017 (30)

« Cross-sectional

- Study location:
Subjects recruited
at reproductive
medicine centre in
Wuhan, China

- Study period: 2013

- Population: 1247
men, aged 18-55
yrs, from subfertile
couples visiting

Exposure
assessment

«Tin and 17 other
metals in seminal
plasma
- Semen

specimen
produced at
clinic visit, after
2-7 days
abstinence

« No significant
associations between tin
level in semen and semen
quality

« No significant association
between tin level in
semen and DNA-damage

« Positive relation between
tin level in semen (< 60,
60-80, > 80 percentiles,
where < 60 is < LOQ,

« Selected population
(patients seeking
help with fertility
problems)

« For tin
concentration in
semen,
approximately one
third of samples
below LOQ (risk of
exposure

The study
population
overlaps with
Wang, et al.
2016.
Enrollment
numbers and
exclusion
numbers
exactly the
same.
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Reference

Population and study
design

Exposure and health

assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

fertility centre

- Exclusion criteria:
Azoospermia
(n=58),
occupational
exposure to metals
(n=16), self-
reported disease
with possible
adverse effect on
the reproductive
system or urinary
excretion of
chemicals (n=121),
inadequate semen
volumes (n=306)
Population after
exclusion: n=746

-measured by
ICP-MS, reported
in micrograms
per liter semen,
Hg/L;

-limit of
quantification
(LOQ) for Sn:
0.020 ug/L; % >
LOQ: 57%

« Statistical
analysis:

- Descriptive
statistics

- Correlations
between
seminal plasma
metals
(Spearman)

- Multivariate:
linear and
logistic
regression to
test
associations
between metals
and outcomes;
variables In-
transformed

and remaining two

equally sized groups) and

necrotic spermatozoa %;

P-trend < 0.05
Association remained
after adjusting for
multiple metals and
covariates

misclassification)

« Variability of levels
in sperm not
known (risk of
exposure
misclassification)

« Number of days of
abstinence in 3
categories: < 3; 3-
5; >5, but might
be too crude
(affects both
concentrations and
sperm quality)

« Smoking included
both as continuous
variable (cigarette
consumption) and
categorical (current
or former/never).

« Many potential
confounders not
assessed/reported
(diet, supplements,
life style apart from
alcohol and
smoking,
physiological
functions, etc)

« Health assessment
(semen quality)

However, in
this study
there was an
extra exclusion
factor (semen
volume),
resulting in a
lower number
of participants
after exclusion.
Number of
samples
analysed for
apoptosis and
DNA integrity
is different
(based on
number
mentioned in
supplementary
data)

Informed
consent
obtained from
participants
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

when
appropriate.
Tin divided into
3 equally sized
categories: <
LOQ, middle,
and high
exposure.
Covariates
(collected by
questionnaires
at centre visit):
age, BMI,
abstinence
duration, time
between semen
ejaculation and
analysis, daily
number of
cigarettes
smoked,
smoking
(current,
formed, never),
having ever
fathered a
pregnancy,
education
category,
alcohol
consumption,

evaluated in same
sample as tin
measurement.
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
- Confounders

were retained if
they caused a
>10% effect
change

- Tests for trends
using
regression
models with
integer values

- Logistic
regression to
test
associations
between metal
levels and
dichotomized
outcomes
(sperm quality
using WHO
reference
values as cut-
off)

- Models with
multiple metals
were
constructed on
the basis of
significance in
single metal
models, and
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Reference

design

Population and study

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

using backward
elimination of
confounders
with alpha
0.10; variance
inflation factor
< 10 indicated
acceptable
level of
multicollinearity
- Interactions
tested
multiplicatively
- Benjamini-
Hochberg
method for
accounting for
multiple testing

Health assessment

«Semen quality
(using computer-
aided semen
analyser)

-Volume

- Progressive
sperm motility

- Non-progressive
sperm motility

- Total motility

- Total sperm
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

count
- Sperm
concentration
- Sperm
morphology
« Quality measures
were dichotomized
based on WHO
reference values
« Sperm apoptosis
evaluated with,
Annexin V/PI
affinity assay,
reported as %
necrotic, %
apoptotic and %
viable spermatozoa
« Sperm DNA-
damage, assessed
with comet assay,
reported as tail DNA
%, tail length, and
tail distributed
moment
«Semen quality was
tested in fresh
semen. Sperm
apoptosis and/or
DNA integrity were
measured in
unfrozen semen
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
within 1h after
collection)
«Values were In-
transformed
«Not all
measurements done
in all subjects: for
spermatozoa
apoptosis n=331, for
DNA integrity 404.
Wang, et al., « Cross-sectional «Tin and 17 other « Median (IQR) tin « The two urine The study
2016 (31) - Study location: metals in two concentrations in the first, samples taken population
Subjects recruited spot-urine respectively second, urine within a few hours, overlaps
at reproductive samples per samples, were 0.38 (0.26- so variability of Wang, et al.
medicine centre in subject collected 0.54) ug/L, and 0.35 exposure over 2017. See
Wuhan, China a few hours apart (0.24-0.53) ug/L, with longer period not above.
- Study period: 2013 (mean interval 17% and 24% of samples known
- Population: 1247 4.4 £ 3.7 h; below the lower limit of « Many potential Variability of
men, aged 18-55 range 2.0-11 h), quantification of 0.020 confounders not metal levels in
yrs, from subfertile measured by ICP- Mg/L assessed/reported urine was
couples visiting MS, reported in « Tin measurements 17% (diet, supplements, evaluated by
fertility centre Mg/l (n=175) < LOQ life style apart from intraclass
- Exclusion criteria: -Average Ln « Urinary tin quartiles alcohol and correlation
Azoospermia transformed negatively associated with smoking, coefficients
(n=58), values over the total testosterone (T) physiological (ICC) between

occupational
exposure to metals
(n=16), self-
reported disease
with possible

two samples
were divided into
quartiles for
regression
analysis

- 4% quartile versus 15t
quartile, mean (95%
CI): -20% (-32%, -
7.3%)

- P-value: 0.001

functions, etc)
«Not all outcomes
were measured in
all subjects
because of

the two
samples.
Reproducibility
for Tin
(ICC=0.66) was
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
adverse effect on « Statistical - Median value of T: 389 limitations due to fair to good (i.e
the reproductive analysis: ng/dL need to analyse 0.40 < ICC <
system or urinary -Descriptive « Urinary Tin quartiles sperm within 1 hr 0.75
excretion of statistics positively associated with « Cigarette
chemicals/ (n=121) -Multivariate: Total T/LH ratio consumption was

Population after
exclusion: n=1052

linear regression
to test
associations
between metals
and outcomes,
with In
transformed
metal
concentrations
divided into
quartiles (as
ordinal variables)
-Covariates,
obtained by
questionnaires at
centre visit: age,
creatinine levels
(average over
the two
samples), BMI,
abstinence
duration, daily
number of
cigarettes
smoked,
smoking status

- 4th quartile versus 1st
quartile: -25% (-43%, -
8.3%)

- P-value: 0.001

- Median value of Total
T/LH ratio :3.5

No further associations for
tin.

lower in men
measured for all
outcomes
Selected population
(male partners from
infertile couples)
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
(current, formed,
never),

education (two
levels), alcohol
consumption
(yes/no), income
(three levels)
-Confounders
were retained
based on
‘change-in-
estimate’ method
(Greenland,
1989), using
10% as cut-off.
Same covariates
were used for
the three
outcomes
-Tests for trends
using regression
models with
integer values
-Logistic
regression to test
associations
between metal
levels and
dichotomized
outcomes (sperm
qguality using
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

WHO reference
values as cut-off)
-Models with
multiple metals
were constructed
on the basis of
significance in
single metal
models, and
using backward
elimination of
confounders with
alpha 0.10
-Dose-response
relations were
modeled using
cubic splines,
with reference
values set to
median
-Benjamini-
Hochberg
method for
accounting for
multiple testing.

Health assessment

«Sperm
characteristics in
semen sample
collected by
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Reference

design

Population and study

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

masturbation at
fertility clinic after
2-7 days
abstination
- Spermatozoa
apoptosis,
evaluated with
Annexin V/PI
affinity assay,
reported as %
necrotic, %
apoptotic, %
viable
- Sperm DNA-
damage,
assessed with
comet assay,
reported as tail
DNA %, tail
length, and tail
distributed
moment
«Serum hormones,
in blood samples
collected in the
morning, same day
as semen sample:
- Total
testosterone (T)
- Luteinizing
hormone (LH)
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

- Estradiol
- Follicle-
stimulating
hormone
- Sex-hormone-
binding globulin
and derived
measures:
- Total T/LH ratio
- Free androgen
index
-Free T
« All values were In
transformed for
analysis except
estradiol and
percentage of
Annexin V-/PI-
spermatozoa
Not all
measurements
done in all subjects:
for hormones
n=>511, for
spermatozoa
apoptosis =460,
for DNA integrity
516. N=171
measured for all
three
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Reference Population and study | Exposure and health | Effects on reproductive Bias and Remark
design assessment organs or reproduction confounding
Skalnaya et al., « Cross-sectional «Semen samples No significant associations «No information Articles
2015 (32) - Study location: collected between tin and sperm provided on study contains no
Orenburg, Russia according to WHO quality parameters population. tables and
- Study period: not recommendations Therefore no figures

reported, but <
2016
- Study population:
148 male
volunteers
No inclusion or
exclusion criteria
reported

« Concentrations of
tin and 19 other
metals in semen,
measured with
ICP-MS
-Concentrations

reported as
pg/mL of
ejaculate

« Analysis
-Descriptive

statistics
-Nonparametric
Mann-Whitney U
test was used for
paired-group
comparison
-Spearman
correlations
between
different metal
concentrations

Health assessment

«Sperm quality
(according to WHO
criteria)

information on
confounders or bias
is reported or can
be taken into
account.
Selection bias
(volunteers)
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Reference

Population and study
design

Exposure and health
assessment

Effects on reproductive
organs or reproduction

Bias and
confounding

Remark

- Ejaculate volume
- Sperm count,
absolute and
relative (per 1
mL ejaculate)
- Sperm motility
Sperm vitality

Ghaffari, et al.
2011
(33)

In vitro study.
Hardly
epidemiological
aspects.
Moreover, no
information on
sample size.
Study not
summarized
here
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Case-control studies

A potential relation between heavy metal exposure and pre-eclampsia in
pregnancy was investigated in a case-control study in Kinshasa
Democratic Republic of Congo by Elongi Moyene et al. (2016) (28).
Concentrations of 24 metals, including tin, were measured by ICP-MS in
24-hours urine of 88 women with preeclampsia and 88 healthy pregnant
women. Concentrations of tin in 24-hours urine were significantly higher
in preeclamptic subjects than in controls, with Geometric Mean (25%-
75%) concentration of 10.8 (2.2-48.6) ug/L versus 1.25 (0.43-2.60)
Mg/L, i.e. an 8.7 fold difference, p <0.001.

Cross-sectional studies

Guzikowski et al. (2015) studied the relation between exposure to 9
metals including tin and semen quality in a cross-sectional study
conducted in 2009 in the rural area of Opole, Poland (29). Metals were
measured by ICP-MS with time-of-flight analyser in semen samples from
34 from primary infertile couples, but no details of measurements were
reported. Associations between metal concentrations and various
parameters of sperm quality were tested. A significant Pearson’s
correlation between tin level and sperm count of 0.34 was found
(p=0.04). The difference in tin levels between men with at least one
abnormal sperm quality parameter (n=23) and the remaining men was
significant: p=0.04 (group concentrations and difference between
groups not reported).

The hypothesis that there is a relation between environmental exposure
to metal and semen quality was investigated by Wang et al. (2017)
(30). They measured by ICP-MS concentrations of 18 metals, including
Sn, in seminal plasma of 764 men recruited in 2003 from a reproductive
medicine centre in Wuhan, China. Semen quality parameters measured,
including volume, sperm motility, sperm count, sperm concentration,
and sperm morphology, were dichotomized based on WHO reference
values. Also sperm apoptosis and sperm DNA-damage were measured in
subgroups (n=331, respectively n=404). Tin geometric mean
concentrations (SD’s not reported) did not differ significantly between a
group with sperm abnormalities (n=264) and the reference group
(n=482): 0.17 ug/L versus 0.16 pg/L, p=0.15. However, a positive
association was found between tin levels across percentiles (< 60, 60-
80, > 80 percentiles) and the percentage of necrotic spermatozoa, with
a P-value for the trend < 0.05. This association remained after adjusting
for multiple metals and covariates.

In a similar study, but conducted 10 years later in 2013 in the same
setting in Wuhan China, Wang et al. (2016) measured concentrations of
the same 18 metals in two samples of spot urine, collected a few hours
apart, of 1052 men from subfertile couples (31). Measurements were
related to spermatozoa apoptosis (in n=460) and sperm DNA-damage
(n=516), and to sex hormones in serum (n=511). No significant
associations were found for tin with sperm characteristics, but urinary
tin quartiles were found to be associated with total testosterone (median
389 ng/dL), with adjusted mean percentage differences (95% CI) of -
20% (-32%, -7.3%) of 4th quartile versus 1st quartile, p=0.001, and
with total testosterone/luteinising hormone ratio (median 3.5), with a
corresponding difference of -25% (-43%, -8.3%), p=0.001. These
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associations were maintained when metals (and tin) were models as
continuous variables in a cubic spline analysis (P < 0.01), with possibly
non-linear associations.

Skalnaya et al. (2015) recruited 148 volunteers in Orenburg, Russia, to
investigate the relation between concentrations of tin and 19 other
metals in semen, measured with ICP-MS, with sperm quality, i.e.
ejaculate volume, sperm counts, and sperm motility and vitality (32).
Although the authors report that an increase in sperm motility was
associated with a significant 33% decrease in ejaculate tin concentration
(sic), unfortunately no results of measurements are provided and tables
are missing.

Adverse effects on development

Animal studies
An overview of the animal studies on adverse effects on development is
provided in Table 16. The studies are summarized below.
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Table 16 Summary table of animal studies on adverse effects on development.

Reference Species Experimental Dose and route General toxicity | Developmental Remark
period and design toxicity
Oral
Theuer et al., 1971 | Sprague-Dawley Rats were fed a diet Test material: tin No data No effects were Number of
(3) rats, females. containing tin fluoride | fluoride (SnF2), observed on the pregnant
from day O of sodium numbers of litters, live | females was
9-10 females with pregnancy until pentafluorostannite foetuses per litter, too low;
live foetuses/dose | gestation day 20. (NaSn2Fs), sodium mean placental and
group. pentachlorostannite foetal weights. information
Body weight of dams, | (NaSn2Cls) and on gravid
food/water intake, a mixture of sodium The number of uterus weight
number of fluoride and tin resorptions was higher | (including
implantation sites, fluoride. Also NaF in the 125 ppm and cervix),
number of resorption, | and NaCl were 500 ppm sodium number of
number of live tested. pentafluorostannite corpora lutea,
foetuses, number of group. number of
litters, placental Route of exposure: dead
weight, foetal weight | oral, feed foetuses,
as well as tin levels in foetal sex as
foetuses and Exposure levels: well as on
placentas were - tin fluoride: 156, external,
recorded. 312 and 625 ppm, skeletal and
equivalent to 7.8, soft

Note: significant
methodological
deficiencies

Statistics: two-way
analysis of variance;

15.6 and 31.3
mg/kg bw/day?2.

- sodium
pentafluorostannite,
sodium
pentachlorostannite,
sodium fluoride +

alterations of
foetuses were
missing;

clinical
observation
and

22 1 ppm is equivalent to 0.05 mg/kg bw/day, based on an assumed body weight of 350 g and assumed food consumption of 17.5 g per day. See ECHA guidance R.8, version 2.1, Table

8-17.
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Reference

Species

Experimental
period and design

Dose and route

General toxicity

Developmental
toxicity

Remark

Duncan’s multiple
range test.

tin fluoride: 125,
250 and 500 ppm,
equivalent to 6.3,
12.5 and 25 mg/kg
bw/day.

macroscopic
examination
of dams were
missing;
intervals of
recording
body weight
and food
consumption
were not
stated;
individual
animal data
was hot
given.

Study report, 2010
(22)

Wistar rats, males
and females,
10/sex/group.

Control group:
ten males and ten
females, dosed
with vehicle alone
(1 % (w/v)
aqueous carboxy
methylcellulose
(sodium salt)).

Reproduction /
developmental
toxicity screening test
according to OECD
Guideline 421.

Daily treatment:
Females: 14 days
pre-mating, mating
(days not specified),
gestation and 5 days
postpartum.

Males: 43 days
(starting at pre-
mating).

Test material: tin
metal powder (2-11
pm)

Purity: not reported

Route of exposure:
oral, gavage

Exposure levels: 0
(vehicle), 100, 300
and 1,000 mg/kg
bw/day

No treatment-
related adverse
effects on parental
animals.

Males treated with
1,000 mg/kg
bw/day showed a
statistically
significant
increase in
bodyweight gain
during Week 3.

At the high dose
group, the offspring
weight at day 4 post-
partum was 14-15%
decreased and number
of implants per dam
and live offspring per
dam were increased as
compared to the
control group. The sex
ratio (i.e. % male
offspring) was
decreased in the high
dose group at day 4
post-partum as
compared with the

No treatment-
related effects
on the
reproduction
according to
the
registrants of
tin.

Only study
summary
available.

Study is in
compliance
with GLP.
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Reference Species Experimental Dose and route General toxicity | Developmental Remark
period and design toxicity
Duration of exposure: control group, from
56 days 54% to 44%.
Effect parameters:
Maternal
examinations,
external
examinations (all per
litter), soft tissue
examinations (all per
litter).
Statistics: not
reported
Unnamed study Wistar rats, males | Reproduction / Test material: tin Parental males: F1 generation Only study
report, 2010 (23) and females, 12 Developmental sulphide Absolute weight of | The number of pups summary
animals/sex/dose Toxicity Screening Analytical purity: pituitary gland and accompanied available and
Test (OECD 421) ca. 97.6% (77.5% was statistically weight of litter were no detailed
Control: Sn, 20.1% S) significantly slightly but (quantitative)
concurrent vehicle | Daily administration increased in males | insignificantly information
(0.5% for the following Route of exposure: at the dose level influenced by the provided.
methylcellulose in periods: oral gavage of 1,000 mg/kg administration of the
water) -males and females: bw/day. No test substance Study is in
2 weeks prior to the Exposure levels: 0 changes of (decrease esp. at dose | compliance
mating period and (vehicle), 100, 300 | microscopic levels 300 and 1,000 with GLP.

during the mating
period

-pregnant females:
during pregnancy and
till the 3rd day of
lactation

and 1,000 mg/kg
bw/day

structure of the
pituitary gland.

Parental females:
no significant

mg/kg bw/day).
Average weight of
pups and postnatal
development of pups
were unaffected.
Macroscopic
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Reference

Species

Experimental
period and design

Dose and route

General toxicity

Developmental
toxicity

Remark

-males: after mating
period; totally for 42
days

-non-pregnant
females (mated
females without
parturition): for 25
days after the
confirmed mating

Parameters:
Observations and
examinations
parental animals,
litter observations
(behaviour, number
and sex of pups,
stillbirths, live births
and presence of gross
anomalies),
postmortem
examinations
parental animals and
offspring.

Offspring viability:
pre-implantation loss,
post-implantation
loss, post-natal loss,
mating index, fertility
index, conception

treatment-related
effects.

abnormalities were
described sporadically
in pups of all treated
and the control
groups.
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Reference Species Experimental Dose and route General toxicity | Developmental Remark
period and design toxicity
index, gestation
index, percentage of
postnatal loss days 0-
4 post-partum and
viability index were
calculated.
Statistics: The
ANOVA test
Study report, 2016 | Crl:WI(Han) rats, Prenatal Test material: tin No effects No effects on Only study
(22) females, 20/group. | developmental powder (2-11 pm). observed. No development summary
toxicity study Purity: not reported | maternal toxicity. observed. available.
Control group: according to OECD Clinical
carboxymethyl Guideline 414 Route of exposure: observations were | Reproductive It is noted
cellulose oral, gavage consistent across performance was that in this

Duration of exposure:
from day 6 to 20 of
gestation

Daily treatment.

Effect parameters:

- Maternal
examinations (clinical
observations, body
weight, food
consumption, post-
mortem
examinations);

Exposure levels: 0
(vehicle), 30, 300
and 1,000 mg/kg

bw/day

groups and
unaffected by
treatment. There
was no mortality
and no treatment-
related effects on
body weight or
food consumption.
There were no
macroscopic
observations
associated with
treatment.

consistent across all
groups and unaffected
by treatment. Also
foetal external,
skeletal and visceral
parameters were
consistent across all
groups.

study there
were fifteen
females with
implantations
in the control
group, while
sixteen
females with
implantations
per group is
considered
optimal for
statistical
analysis of
data

Page 84 of 137




RIVM letter report 2022-0200

Reference

Species

Experimental
period and design

Dose and route

General toxicity

Developmental
toxicity

Remark

- Ovaries and uterine
content -(gravid
uterus weight,
number of corpora
lutea, implantations,
early resorptions and
late resorptions);

- Foetal examinations
(external, soft tissue
and skeletal
examinations).

Statistics:

- ANOVA (body
weight, body weight
gains, food
consumption, gravid
uterine weights and
corrected body
weights);

- ANCOVA (mean
foetal weight, litter
size as covariate);

- Kruskal-Wallis and
Wilcoxon rank sum
test (number of
corpora lutea,
implantation sites,
early and late
resorptions, dead
foetuses, live

according to
OECD 414.

Study is in
compliance
with GLP.
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Reference

Species

Experimental
period and design

Dose and route

General toxicity

Developmental
toxicity

Remark

foetuses and percent
pre- and post-
implantation loss,
percent male
foetuses and
percentage of
foetuses affected);

- 1-sided upper tail
Fishers exact test
(proportion of litters
affected).

El-Makawy et al.,

2008 (34)

Swiss albino mice,
males and females,
15/group (10
females and 5
males).

Control group:
distilled water by
gavage.

32-39 days of
treatment.

During week 3 of the
treatment, the
females were paired
with males. At GD18,
the females were
sacrificed.

Effect parameters:
gravid uterine
contents (numbers of
implantation sites,
resorptions, late
foetal deaths and live
foetuses).

Fetes examination:
foetus weight, gross
external

Test material: tin
dichloride. Purity:
>99.0%

Exposure route:
oral gavage

Exposure levels: 0,
2, 10 and 20 mg/kg
bw

No information
available on
general toxicity of
maternal animals.

Number of
implantation: no
effect.

Increased post-
implantation loss at 10
and 20 mg/kg bw
(p<0.05).

Decreased number of
live foetuses per litter
at 10 and 20 mg/kg
bw (p<0.05). No live
foetuses at 20 mg/kg
bw.

Decreased foetal body
weight at 2 and 10
mg/kg bw (p<0.05)

There was no
reporting of
the condition
of maternal
animals or
examination
of maternal
animals. It
cannot be
determined if
the reported
developmenta
| effects are
(partially)
caused by
maternal
toxicity or
not.
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Reference

Species

Experimental
period and design

Dose and route

General toxicity

Developmental
toxicity

Remark

malformation,
viability of the
foetuses, evaluation
for weight, external,
visceral, and skeletal
abnormalities.

Statistics: one-way
analysis of variance
(ANOVA). Multiple
comparisons were
performed by
Duncan’s Test. The
significance

level was set at
P<0.05, when
appropriate.

(no live foetuses at 20
mg/kg bw).

Treatment-related
reduction in the
ossification of the
foetal skeleton
(described as ‘some
evidence’, not details
available).

Significant decrease in
the size of the
skeletons at 2 and 10
mg/kg bw, due to
reduced ossification.

Based on the
reporting of
the statistics
it is not clear
if values were
compared
with the
control group,
or with the
number of
implantations
of the
treatment
group itself.
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Developmental toxicity study with tin fluoride (Theuer et al., 1971)
Sprague-Dawley pregnant rats were given a diet containing tin fluoride
(SnF2) at 156, 312 or 625 ppm (equivalent to 7.8, 15.6 and 31.3 mg/kg
bw/day), or with sodium pentafluorostannite (NaSnzFs), sodium
pentachlorostannite (NaSn2Cls) or a mixture of sodium fluoride + tin
fluoride at 125, 250 or 500 ppm (equivalent to 6.3, 12.5 and 25 mg/kg
bw/day)z2. Also sodium fluoride and sodium chloride were tested. On day
20 of gestation, foetuses and placentas were obtained for analyses on
development and tin levels. The study was not performed according to a
guideline. Data on clinical and macroscopic observations of the dams,
number of dead foetuses, foetal sex, external alterations, skeletal
alterations or soft alterations are missing.

No treatment-related effects on the number of live foetuses, foetal
weight or placental weight were observed (Table 17). The number of
resorptions was higher in the 50 ppm and 500 ppm sodium
pentafluorostannite group, compared with the other treatment groups
and the control group.

Foetal tin values were elevated when the maternal diet contained tin
salts, but without apparent relation to dietary tin level (Table 17).
Placental levels of tin showed no correlation with the tin levels in the
diet (3).

23 ppm conversion to mg/kg bw/day was based on ECHA guidance R.8, version 2.1, Table 8-17.
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Table 17 Reproduction performance of female rats and fetal and placental tin levels after treatment with tin compounds in a
developmental study by Theuer et al., 1971 (3).

Treatment | Tin Tin No. No. females | Average Average Resorptions Fetal tin Placental
(ppm) | (mg/kg females with live fetal placental level (ppm) | tin level
bw/day) | with live | foetuses/ weight weight (g) (ppm)
foetuses | litter (g/pup)

No. of No. of

sites litters

observed | involved
NaSnzFs 125 6.3 9 11 £1 3.6 £ 0.2 0.52 £ 0.03 17 2(1)e2 0.81 £ 0.05 | 0.5 +£0.3
NaSnzFs 250 12.5 9 9+1 3.6 £ 0.2 0.49 £ 0.01 3 1 1.08 £0.11 |0.2+0.1
NaSnzFs 500 25 9 131 3.4 £ 0.1 0.51 + 0.05 36 3(2)@ 1.05+0.08 |0.5£0.4
NaSn2Cls 125 6.3 9 11 +£1 3.3 £0.1 0.47 £ 0.02 9 1 0.87 £ 0.06 |0.2+0.1
NaSnzCls 250 12.5 9 131 3.5+ 0.1 0.50 £ 0.01 0 0 0.88 £ 0.07 | 0.2 £0.03
NasSn2Cls 500 25 9 11 +1 3.6 £ 0.2 0.49 £+ 0.02 0 0 1.25+£0.16 |0.5+0.1
NaF + SnF2 | 125 6.3 9 131 3.5+ 0.04 | 0.50 £0.03 4 1 1.06 £ 0.12 | 0.6 £0.3
NaF + SnF2 | 250 12.5 10 11 +1 3.6 £ 0.2 0.50 £ 0.01 0 0 1.01 £0.09 |1.6£1.0
NaF + SnF2 | 500 25 9 14+ 1 3.5 +£0.1 0.44 £ 0.04 0 0 1.26 £ 0.23 | 0.6 £0.3
SnF2 156 7.8 10 12+1 3.9 +£0.2 0.52 £ 0.02 0 0 0.98+£0.10 | 0.4 0.2
SnF2 312 15.6 10 11 +£1 3.8 £0.2 0.47 £ 0.01 0 0 0.96 £ 0.07 | 0.4 +£0.2
SnF2 625 31.3 10 12+1 3.4 +£0.2 0.51 £ 0.02 0 0 1.28 £0.13 |[0.5+£0.1
Control - 9 12 £ 0.5 3.7+ 0.2 0.48 £ 0.01 0 0 0.64 £ 0.05 |0.2+£0.1

@The number in parentheses indicates the number of females found to have no live foetuses.
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OECD 421 study with tin powder (Study report, 2010)

Tin metal powder (2-11 ym) was administered by gavage to male and
female Wistar rats in compliance with OECD guideline 421
(Reproduction/developmental toxicity screening test) (22). Rats were
exposed for up to 56 consecutive days (including a two-week maturation
phase, pairing, gestation and early lactation for females) to 100, 300
and 1,000 mg/kg bw/day tin metal powder. A control group was dosed
with vehicle alone (1% (w/v) aqueous carboxy methylcellulose (sodium
salt)). Clinical signs, bodyweight development, dietary intake and water
consumption were monitored during the study. The parental rats were
paired one to one from day 15 of treatment and females were allowed to
litter and rear young to day 5 post-partum. During the lactation phase,
daily clinical observations were performed on all surviving offspring,
together with litter size and offspring weights and assessment of surface
righting reflex. Adult males were terminated on Day 43, and all females
and surviving offspring on Day 5 post-partum. All animals were
subjected to a gross necropsy examination and histopathological
evaluation of reproductive tissues was performed.

There were no deaths and no significant clinical signs of toxicity.

Males treated with 1,000 mg/kg/day showed a statistically significant
increase in bodyweight gain during Week 3 (results not presented
guantitatively). Female body weight (gain) was unaffected. There were
no effects on food consumption.

Paragraph 8.1.1 presents the effects on sexual function and fertility as
observed in this OECD 421 study.

The litter and offspring weight are summarized in Table 18.

Table 18 Summary of effects on developmental parameters in a OECD 421 study
with tin powder (22).

Observations (means) Dose Level (mg/kg
bw/day)
o 100 300 | 1,000
Mated pairs 10 10 10 10
Females showing evidence of 10 10 10 10
copulation
Pregnant females 10 10 10 10
Conception Days 1-14 10 10 10 10
Gestation = 22 days 1 1 2 2
Gestation = 22 2 days 6 1 2
Gestation = 23 days 3 3 4
Gestation = 23 %2 days 0 5 2
Dams with live young born 10 10 10 10
Dams with live young at day 4post 10 10 10 10
partum
Corpora lutea/dam 15.2 | 13.8 15.9 | 17.2
Implants/dam 12.9 12.8 13.1 | 14.9
Live offspring/dam day 1 post-partum 11.6 | 11.8 12.8 | 14.0
Live offspring/dam day 4 post-partum 114 | 11.6 12.5 | 13.7
Sex ratio: % males day 1 post-partum 53.8 | 47.8 48.9 | 44.0
Sex ratio: % males day 4 post-partum 54.0 |47.0 49.6 | 44.1
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Observations (means) Dose Level (mg/kg
bw/day)

Litter weight (g) at day 1 pp 69.2 | 66.8 69.6 | 73.0

Litter weight (g) at day 4 pp 100.8 | 98.1 99.8 | 102.2

Male offspring weight (g) at day 1 pp 6.1 5.9 5.7 5.4

Male offspring weight (g) at day 4 pp 9.0 8.8 8.4 7.7

Female offspring weight (g) atday 1 pp | 5.8 5.6 5.4 5.1

Female offspring weight (g) at day 4 pp | 8.7 8.4 8.0 7.4

Abbreviations: pp = post-partum.

The offspring weight at day 4 post-partum was 14-15% decreased in the
high dose group as compared to the control group (Table 18). The
number of implants per dam and live offspring per dam was increased at
the high dose level. The sex ratio (i.e. % male offspring) was decreased
in the high dose group at day 4 post-partum from 54% to 44%. None of
the observations showed a statistically significant effect. There were no
treatment-related effects on loss of offspring. According to the
registrants of tin, there were no treatment-related effects on
reproduction.

OECD 421 study with tin sulphide (Study report, 2010)

A reproduction/developmental toxicity screening test, according to OECD
421, was performed with male and female Wistar rats (23). The animals
were treated with 0, 100, 300 or 1,000 mg/kg bw/day tin sulphide via
oral gavage at daily basis. It is noted that only a summary of results is
available, without detailed information.

No relevant clinical changes were observed in males at all dose levels
after application of the test substance. Slight fall of weight (one male at
the dose level of 100 mg/kg bw/day in the 6th week) and thinner
excrements (one male at the dose of 1,000 mg/kg bw/day in the first
week) were observed sporadically in treated males. Slight decreases in
body weights were sporadically (in 1 or 2 females from the group)
recorded in the 3rd week at all groups including control. In treated
females of all dose levels, no signs of disease were found during the
check-in, acclimatization and application period. Treatment-related
effects were not detected during health condition control and clinical
observation of females (except of vocalization in one female at the dose
level of 1,000 mg/kg/day in the 5th week). There were no unscheduled
deaths during the study and no treatment-related effects on body
weight and food consumption.

Paragraph 8.1.1 presents the effects on sexual function and fertility as
observed in this OECD 421 study with tin sulphide.

The average weights of the litters and pups at the dose level 100 mg/kg
bw/day were slightly increased against control. At the dose levels of 300
and 1,000 mg/kg bw/day, the average weight of the litter was lower
compared to control, but the average body weights of pups were slightly
higher compared to control group. No statistically significant changes
were found.

Statistical evaluation was performed on the number of live pups. The
total numbers of live pups (on the day of parturition/1st day after
parturition and the 4th day after parturition) were similar at the control
and the dose level 1,000 mg/kg bw/day. At the dose level 100 mg/kg
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bw/day the number was higher, and vice versa at the dose level 300
mg/kg bw/day, it was slightly lower.

Macroscopical examination was performed in all pups. Sporadic
pathologic findings were recorded in pups of the treated and control
groups. The number of pups with macroscopic changes was comparable
in the control and 100 and 300 mg/kg bw/day dosed groups; an
increase in livers with marked structure was noted in the 1,000 mg/kg
bw/day dose group.

One pup of the control group and one pup in the 300 mg/kg bw/d group
died after birth - in the period 0/1st day - 4th day. No treatment related
differences in external malformations were observed between the
control group and at all treated groups. The microscopical examination
was performed in the pups with macroscopic changes: suspected
hydrocephalus (litter No. 142 at the dose level 300 mg/kg bw/day) - no
histopathological changes in cranial cavity; dark spot on testis (litter No.
167 at the dose level 1,000 mg/kg bw/day) - no histopathological
changes on testis and epididymis; oversized teeth (litter No. 127 at the
dose level 100 mg/kg bw/day) — no histopathological changes and
marked structure of liver (litter No. 164 and 171 at the dose level 1,000
mg/kg bw/day) - extramedullary hemopoiesis was recorded (it is a
physiological finding in pups).

OECD 414 study with tin powder (Study report, 2016)

In a prenatal developmental toxicity study according to OECD guideline
414, female Crl: WI(Han) rats were exposed to tin powder (2-11 ym) by
oral gavage (22). The animals were treated from day 6-20 of gestation
with 0, 30, 300 or 1,000 mg/kg bw/day tin powder. Control animals
were given the vehicle alone (1% w/v aqueous carboxy
methylcellulose). Maternal examinations were performed, ovaries and
uterine content were examined and foetal external, soft tissue and
skeletal examinations were done.

Clinical observations were consistent across the groups. There were no
treatment-related effects on body weight and food consumption and
there were no treatment-related macroscopic observations in the dams.
The reproductive performance was consistent across all groups and also
no effects of the treatment were observed on external, skeletal and
visceral malformations in the foetuses. The results are summarized in
Table 19. According to OECD 414, sixteen females with implantations
per group are considered optimal for statistical analysis of data. It is
noted that in this study there were 15/20 females with implantations in
the control group.

Table 19 Reproduction and foetal data as observed in an OECD 414 study with
tin powder (22).

Control | 30 300 1,000
mg/kg mg/kg | mg/kg

Reproductive performance
Total females 20 20 20 20
Pregnant females 15 17 17 19
Non-pregnant females 5 3 3 1
Pregnant with total litter 1 1 1 0
loss
Females with live foetuses 14 16 16 19
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Control | 30 300 1,000
mg/kg mg/kg | mg/kg

Mean caesarean section data
Number of females pregnant | 15 17 17 19
at caesarean section
Corpora lutea 12.6 12.9 11.8 12.5
Implantation sites 10.2 11.2 10.9 11.2
Pre-implantation loss 2.4 1.7 0.9 1.3
Pre-implantation loss (%) 18.8 11.5 8.3 11.6
Early resorptions 0.5 0.4 0.6 0.5
Late resorptions 0.0 0.0 0.0 0.0
Total resorptions 0.5 0.4 0.6 0.5
Dead foetuses 0.0 0.0 0.0 0.0
Post-implantation loss 0.5 0.4 0.6 0.5
Post-implantation loss (%) 11.5 8.7 10.0 4.1
Live foetuses 10.4° 11.5° 10.9° 10.8
Mean foetal data
Number of females with live | 14 @ 16 @ 16° 19
foetuses
Mean number of male 4.6 2 6.2° 5.82 5.5
foetuses per litter
Mean number of female 5.82 5.32 5.22 5.3
foetuses per litter
% Male foetuses 48.5° 54.12 53.02 48.1
Mean foetal weight (g) 5.34° 5.31° 5.413 5.41
Mean foetal weight - males 5412 5.41@ 5.51@ 5.49
(9)
Mean foetal weight - 5.142 5.28° 5.283 5.23
females (g)

@ The number of females examined was reduced due to excluded data.

Developmental toxicity study with tin dichloride (EI-Makawy et al., 2008)
A study with male and female Swiss mice treated with tin dichloride
during pairing and gestation was performed by El-Makawy et al. (34).
Males and females were treated with 0, 2, 10 or 20 mg/kg bw/day and
paired during week 3 of treatment. Females were sacrificed at
gestational day 18, after 32-39 days of treatment in total. Effects were
observed on post-implantation loss, number of live foetuses, foetal body
weight and ossification of the foetal skeleton (see Table 20). The high
dose (20 mg/kg bw/day) induced complete post-implantation loss.
According to the article, treatment with 10 mg/kg bw/d induced a
significant decrease in the number of live foetuses and a significant
increase in the number of post-implantation losses, with p < 0.01.
Further, the foetal body weight at 2 and 10 mg/kg bw/d was
significantly decreased compared with the control group. It is noted that
it is not clear if statistical analysis was performed by relating results to
the control group (as suggested in the text above) or by relating results
to the number of implantations of the corresponding treatment group
(as suggested in Table 20).

There was some evidence of treatment-related reduction in the
ossification of the foetal skeleton. The size of the skeletons from
foetuses in the 2 and 10 mg/kg bw/d group was significantly decreased
compared to those in the control group. All bones of the axial (skull and
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vertebrae) and appendicular (bones of pelvic girdle, fore and hind limbs,
bones of digits) skeletons of foetuses in the treated groups showed less
ossification than the control. No (quantitative) details were provided on
the results on ossification.
It is remarked that there was no reporting of the condition or
examination of the maternal animals, hence it cannot be assessed
whether maternal toxicity may have causes or attributed to the reported
developmental effects.

Table 20 Reproductive findings of pregnant mice treated with tin dichloride, as
described by EI-Makawy et al. (34)

b

Parameter Control 2 mg/kg 10 mg/kg 20 mg/kg
bw/d bw/d bw/d

Pregnant mice (n) | 10 10 10 10

Implantations/dam | 7.90 £ 1.292 | 9.20 £ 1.552 | 8.70 £ 1.492 | 8.00 £ 1.33?

(n)

Post-implantation 0.30 £ 0.48°|0.90 £ 1.60°¢ | 3.10 +£ 3.25° | 8.00+ 1.33°

loss (n)

Live foetuses per 7.60 £1.43 [8.20+2.102 | 5.60 £ 3.47° | 0°

litter (n) @

Foetal death (n) 0® 0.11 £ 0.332|0° 0®

Foetal body weight | 1.17 = 0.05 | 0.65 + 0.06° | 0.50 + 0.13° | N/A

(9) @

Haematoma (n) 1.00 £ 0.30 |2.10 £ 0.502|0.80 £ 0.47b| 0P

Values presented as means £ SD. Means with different superscript letter (a, b and c) are

significantly different (p < 0.05). It is noted that the interpretation of the statistical

analysis remains unclear.

Human data

An overview of the human studies on adverse effects on development is
provided in Table 21. These include prospective cohort studies, cross-
sectional studies and case-control studies.
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Table 21 Summary table of human data on adverse effects on development.

Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

Case-control studies

Hou, et al.,
2019 (35)

« Nested case-control

- Study location:
Guangxi Province,
China

- Study period:
2015-2016

- Population: 246
mother-low birth
weight child pairs
as cases, and 409
mother-normal
birth weight child
pairs; controls
selected in 1:2
ratio, matched on
maternal age,
infant gender,
gestational age,
hospital; all
participants in
the Guangxi Birth
Cohort Study

- Exclusion criteria:
multiple
pregnancy,
gender
information
missing, serum
sample missing

«Tin and 21 other metals
measured in serum with ICP-
MS, expressed in pg/L serum
-Blood samples collected

during prenatal examination.

-LOD: 0.010; detection rate
< 65%

« Statistical analysis:
-Descriptive statistics and

groups comparisons

-correlations among the 22
maternal serum metal by
Spearman's rank correlation
analysis.

-Single metal versus outcome
analysis with conditional
logistic regression, with
metals as quartiles, highest
quartile as reference

-Idem, multiple metal.
Selection of metals using
elastic net regression

-Cubic splines to assess
dose-response of single
metal with birth weight

-Covariates: maternal age,
height and weight,
gestational age, education,
alcohol intake, smoking,

No increased or
decreased ORs were
found for any of the
tin concentration
quartiles compared to
the highest quartile in
the single metal
analyses.

« Serum concentration
Sn, median (IQR),
cases versus
controls: 0.38(0.18-
0.79) vs 0.40 (0.18-
0.84) ug/L, not
significant (P-value
not reported)

« Odds ratios (95%CI)
per quartile Sn, case
versus control,
unadjusted:

-Q1 (< 0.18 ug/L):

1.19 (0.76,1.87)
-Q2 (0.19-0.40
pg/L): 1.00
(0.59,1.70)
-Q3(0.41-0.83
Mg/L): 1.20
(0.79, 1.83);

« Pre-pregnant
BMI distribution
significantly
different
(P=0.001)
between cases
and controls,
with more cases
underweight
(BMI < 18.5)

« Gestational age
at delivery
significantly
lower in cases
(35.5 versus
39.1, P < 0.001)

« Occupation not
reported

A few quirks in
presentation of
statistics, such as
observation that
birth weight was
significantly lower
in cases
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
medication history, dietary Q4 ( > 0.83 ug/L
data, exercise data (all ): 1.00(
collected by trained reference)
interviewers using a - P-trend: 0.461
questionnaire), parity, « In multi-metal model,
gravidity, pregnancy tin and 14 other
complications), infants metals selected, for
gender, Apgar score at 5 an AUC of 0.62, with
min, (collected from medical coefficient Sn -
database). 0.16741 per SD
increase (no CI
Health assessment reported); model
« Birth weight adjusted for pre-
- Low birth weight (cases) < pregnancy, BMI,
2500 g; normal: 2500-4000 alcohol consumption
g pre-pregnancy,
- Measures obtained from passive smoking
medical records database during pregnancy,
gravidity and parity
Wang, et al., « Cross-sectional « ICP-MS measured «Tin in serum, mean « Controls were * The authors
2020 (36) study concentrations in serum of (SD): selected consider it a

- Study location:
Obstetrics and
Gynecology
hospital in
Beijing, China

- Study period: nov
2018-dec 2019

- Population: 56
women with
spontaneous

tin and 18 other metals in
ng/mL (Methods section), but
reported in mg/L (Results
section)

« Statistical analysis:
descriptive statistics and
comparisons between groups
(case vs controls)
-Correlations (Pearson’s) and

-0.28 (0.26) mg/L
(cases) versus
0.06(0.04) mg/L
(controls) * (see
remarks), P <
0.001

« Tin concentration
was correlated with
spontaneous abortion
(r = 0.50, no p-value

retrospectively
(after successful
delivery)

« Matching on
basis of age only

« Prevalence of
alcohol
consumption
twice as high
among cases

cross-sectional
study, but the
design is case-
control. The role
of the second
control group
(non-pregnant
healthy women)
is not clear. In
this summary
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
abortion in 1st cross-correlations between a given). (12/56 vs 6/55) only comparisons

trimester (cases),
aged 18-35 yrs;
55 women in first
trimester of
undisturbed
pregnancy
(controls); 41
non-pregnant
healthy women
(second control
group).

- Exclusion criteria:
basal diseases
(unspecified),
hypertension,
polycystic ovary
syndrome,
uterine polyps,
uterine fibroids.

range of variables (metal
concentrations, case-control
status, bmi, previous
pregnancies, alcohol
consumption, hormones,
age), but performed
inappropriately; Comparison
categorial variables using
chi-squared test, continuous
variables using Mann
Whitney U test
-Random forests for
multivariate analysis.

Health assessment

« Occurrence of spontaneous
abortion (in 1st trimester),
diagnosed by ultrasound and
B-hCG levels;

« Gestational age estimates
based on ultrasound

« Measurement of various
hormones in blood (thyroid
hormones, estradiol,
progesterone) and enzymes
(liver enzymes, LDH) and
complete blood count

«In cases previous
abortion and
abnormal
pregnancies
more frequent
(18% versus
5%)

« There were
differences in
liver enzymes
and hormone
levels between
cases and
controls

between cases
and pregnant
women without
abortion reported

Strong risk of
bias and
confounding

The article mixes
reporting of
results and
discussion, and
shows a lack of
understanding of
basic statistics.
There is no clear
research question
and no
conclusion.

Units of
measurement not
reported in table.

Pearson
correlation
coefficients are
used
inappropriately:
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Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

correlating
concentrations
with a
dichotomous
variable (cases vs
control)

Yan, et al.,
2017 (37)

« Case-control study

- Study location:
four counties in
Taiyuan City,
Shanxi Province,
China, and six
counties in Hebei
Province, China

- Study period:
2003-2007

- Population.
Cases: 191
women with a
pregnancy
complicated by a
neural tube
defect (any
pregnancy
outcome: live
birth, still birth,
or preghancy
termination);
Controls: 261
women who

«Tin and 8 other essential
trace metals in maternal hair,
collected pre-conception and
in early pregnancy using
stainless steel scissors, cut
from back of head as near as
possible to scalp
-Only undyed hair, evaluated

by naked eye
-Hair samples were taken
from hair grown 1 month
before conception to 2
months after conception,.
-A hair growth rate of 3 cm in
3 months was assumed and
these sections were
analysed
-Hair samples were cut into
segments of 3-5 mm and
metals were measured with
ICP-MS
-Tin was expressed as ng/mg
hair (ng.(mg hair)-1)
- Detection rate for tin was

Tin concentrations in
maternal hair, median,
interquartile rang
(IQR) and adjusted
odds ratios (95% CI)

Statistically significant
association of Sn
deficiency with
anencephaly.

Total NTD’s (n=191)

- cases: 0.040 (0.010-
0.101)

- controls: 0.051
(0.011-0.134)

- P-value 0.102
Adjusted OR: 0.76
(0.50-1.16); P > 0.05

Anencephaly (n=85)

- Cases: 0.034 (0.006-
0.076)

- Controls: 0.051

« Information on
diet collected in
first week after
delivery or
pregnancy

termination: risk

of recall bias

« Significant
differences
between cases
and controls for
several
variables, that
were adjusted

for in the logistic

regression
analyses.

« No information
on exposure to
metals in

environment nor
at work reported

« Subject were
from regions

Metal
concentrations in
control groups
tended to be
higher than in
cases and odds
ratios were below
1.

Not made explicit
that only lower 3
cm of the hair
samples were
used.
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Reference

Population and

Exposure and health

Developmental

Bias and

Remark

hospital, matched
on county/city of
residence and
last menstrual
period

interview by trained health
care workers in first week
after delivery or pregnancy
termination

« Statistical analysis

-Descriptive statistics
-Comparison tin hair
concentrations between
groups: Mann-Whitney U
test
-Comparison maternal
characteristics between
groups: Chi-square test
-Spearman correlations
between food frequency
consumption and metal
concentrations
-Logistic regression, with
dichotomized metal
concentrations based on

median in controls as cut-off

as independent variables.
Dose-response relations
were evaluated using
quartiles of metals

concentrations based on cut-

off in controls

Spina bifida (n=79)

- Cases: 0.048 (0.014-
0.096)

- Controls: 0.051
(0.011-0.134)

P-value 0.536
Adjusted OR: 0.94
(0.54-1.64); P> 0.05

Spina bifida (n=79)

- Cases: 0.024 (0.001-
0.195)

- Controls: 0.051
(0.011-0.134)

P-value 0.494
Adjusted OR: 0.51
(0.20-1.34); P> 0.05

Dose-response showed
linear relationship,
monotonically
decreasing ORs with
increasing
concentrations.

study design assessment toxicity confounding
delivered healthy 849%. LOD for tin not (0.011-0.134); geographically
infants. Controls reported - P-value 0.049 far apart
selected from « Information on dietary habits Adjusted OR: 0.54 « To maximize the
same birthing collected by face-to-face (0.30-0.97); P<0.05 sample size

matched pairs
were separated
for the analysis
with the
unconditional
logistic
regression
model.
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Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

« Covariates; maternal age,
occupation, education,
gravidity, history of previous
birth defects, fever or flu
during early pregnancy,
alcohol consumption
(yes/no), periconceptual
folate supplementation,
active or passive smoking
during periconceptual period

Health assessment

«Neural tube defect in foetus:
- Anencephaly (n=85)
- Spina bifida (n=79)
- Encephalocele (n=24)
- Unspecified (n=3)

Ovayolu, et
al., 2019 (38)

« Case-control

- Study location:
Hospital,
Gaziantep,
Turkey

- Study period:
2017-2018

- Study population

- Cases: 36
pregnant women
whose foetuses
had a neural tube
defect (NTD);
controls: 39

«Tin and 13 other metals in
amniotic fluid, measured by
ICP-MS
-Amniotic fluid obtained by

amniocentesis
-Metal concentrations

reported as ug/L.
-LOD not reported

« Statistical analysis:
-Descriptive statistics
-Case-control differences in

metals by t-test.
-Further case-control
comparisons on: maternal

«Tin levels in cases
were significantly
higher than in
controls, mean (SD):

-1.35 (2.28) versus
0.40 (0.55), P-
value 0.18 (t-test)

« Amniocentesis in
controls was
performed
because of age-
related risk or
increased risk in
triple test, hence
not a low-risk
group

« Measurement of
tin in one sample
only, obtained at
different
gravitational

Relatively small
study.
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
pregnant women age, parity, gravidity, ages.

with unaffected
foetuses;
matching for BMI
and gestational
age (wks)
(numbers after
exclusion of 5
declining
participation and
1 with a foetus
with trisomy 21)

- Exclusion criteria:

age < 18 yrs,
assisted
conception,
previous NTD,
chronic medical
diseases, drug
use, non-use of
folic acid in early
weeks of
pregnancy,
obstetric
complications,
(foetal anomalies
other than NTD,
but not stated)

previous births, abortion,
gestational age, maternal
weight/height, frequency of
seafood consumption,
passive smoking, presence
of dental amalgam, all
obtained at amniocentesis
-No multivariate analysis

Health assessment

«Neural tube defect (NTD),
diagnosed by ultrasound in
pregnancy weeks 16-37:

- Anencephaly

- Spina bifida

- Acrania

- Encephalocele
- Iniencenphaly

« Measurements in
samples after
embryogenesis;
might not be
representative of
exposure during
embryogenesis

« Smoking not
included as
covariate as only
3 participants
reported
smoking (2
cases;1 control)

« All women
except 1
(control) were
housewives

« No further
information on
environmental
exposure other
than smoking an
d fish
consumption
reported.

« Dietary exposure
only information
on seafood
consumption
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Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

Manduca, et
al., 2014 (39)

« Case-control (two
control groups)
- Study location:
Gaza, Palestine
- Study period:
2011
- Population:
babies born in
maternity
hospital. Cases:
48/55 with birth
defect (7 were
excluded because
of not enough
hair, although
interpretation
uncertain due to
unintelligibly of
English); control
1: 77 preterm
babies without
birth defect;
control 2: 12 full
term healthy
babies; both
groups randomly
chosen among
3,892 births in
the same
hospital.
- Exclusion criteria:

«Tin and 22 other metals
measured in hair samples
from newborn, collected
immediately after birth,
analysed by ICP-MS
-Concentrations reported as

ppm (mg/kg)

-For cases 48/55 hair
samples were analysed. For
control 1, 7 baby hair
samples selected randomly
were analysed for control 1,
and 12 for control 2.

« Exposure assessment further
on the basis of
questionnaires administered
to mothers, including
occupation, place of
residence, reproductive
history within the family.
Exposure recall was verified
as much as possible with
objective sources (data on
military activity and sequelae
collected by NGOs). This only
conducted among parents of
cases.

« Statistical analysis:

- Differences in metal
concentrations between
groups (WMW tests)

«Tin concentrations in
ppm (mg/kg) in cases
versus normal
newborns, median
(IQR): 0.23 (0.08-
0.54) versus 0.04
(0.02-0.09), P=0.002

«Tin concentrations in
ppm (mg/kg) in
preterm children
versus normal
newborns, median
(IQR): 0.25 (0.23-
0.89) versus 0.04
(0.02-0.09), P=0.002

« Matching of
cases and
controls only on
the basis of
being born in
same hospital,
same period

« Exposure
assessment of
parents by
questionnaires,
but only for
cases more
detailed
information was
collected versus

the controls (e.g.

no further
questions were
asked when the
parent in the
control group
declared they
had not been
involved in a
phosphorus
ammunition
attack)

« More metal
analyses were
performed in

Selection of cases
and two control
groups not
motivated and
not described in
sufficient detail.

In general, the
text is hard to
follow with in
parts
unintelligible
English and lack
of a clear
structure.

Similar to Sn, Hg
and Se were
elevated in cases
versus normal
newborns, all
three metals were
observed in high
load in 26 of 48
cases. Individual
contributions of
metals were not
analysed/reported
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
Not enough hair cases compared
at birth. Known Health assessment to the two
history of birth « Birth defects in newborns: control groups.
defects within the - Neural tube defect, renal, « Correction for
family gastro-intestinal, heart, other variables
abdominal, cleft lip/palate, besides the
multiple, all not further exposure
specified. variable due to
« Preterm birth. attacks with
weapons
containing metal
contaminants are
not reported
«Such as lifestyle
(smoking,
drinking, diet,
supplement use)
were taken into
account
Prospective cohort studies
Shirai, et al,, « Prospective cohort «Various heavy metals « Univariate analysis « No difference in Population:

2010 (40)

study.

- Study location:
Tokyo, Japan

- Recruitment
period: 2007-
2008

- Study population:
78 pregnant
women visiting
the obstetrics

measured in single spot
urine, collected between 9-40
weeks of gestation by
themselves

-Collection at regular
pregnancy visit to maternity
ward

-Tin measured ICP-MS

-Concentrations corrected for
urine creatinine (cre)

of tin versus
outcomes:

- correlation between

tin and birthweight:
r=-0.269 (p<0.05)

- only samples >LOD:
r=-0.519 (p=0.001)

« Multivariate regression

(stepwise) (for tin)

metal
concentrations
between
smokers and
non-smokers,
but number of
cigarettes
smoked was low
« Smoking status
based on self-

recruitment not
clearly described
and inclusion and
exclusions criteria
only globally
described

Variance of
exposure: range
of measured
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
outpatient clinic concentration, expressed as final model with only report, low concentrations
of a hospital and Mg/g-cre tin as independent prevalence of low (with respect

the babies born

from these

pregnancies.
Inclusion criteria: no
clinical signs of
disease.

-Detection limit tin: 0.07
Mg.(g-cre)™

« Statistical analyses: descriptive
statistics, correlations and
stepwise multiple regression
analyses. Dependent variables,
birth weight, birth length and
head circumference, were
included in regression analysis
separately.

» Covariates: maternal BMI,
maternal age, maternal or
parental smoking (smoker=1,
non-smoker=0), sex of
newborn, birth order and
gestational age. In analysis with
birth length as dependent
variable, maternal BMI was
replaced by maternal height.
Smoking status of mother (n=8,
10.3%) and partner (n=34,
43.6%) obtained through
interviews by medical staff.
Other variables included: sex of
the newborn, and birth order

Health assessment
« Primary outcome: birth weight

variable (other
variables were
excluded on basis of
lack of statistical
significance). Partial

regression coefficient:

-0.178 (standardized
beta conform r=-
0.269), p=0.017

smoking, and no
differentiation
according to
number of
cigarettes
smoked

«No correction for
multiple testing

« Recruitment of
subjects not
clearly described
(selection of
more “healthy”
subject cannot
be excluded)

« Information on
nutrition, level of
education, and
occupation of
participants not
reported

o Urinary
concentrations of
tin were low and
below limit of
detection in
almost half of
samples

« Measurement in

to possibility of
evaluating any
dose-effect
relationship )

Sample size:
relatively small
study with maybe
insufficient power

GSD
concentrations for
tin were
according to the
authors much
lower (“one order
of magnitude”)
than those
reported in
respectively an
American (2.84
Mg.(g-cre)?t) and
and a Japanese

study (2.0 pg.(g-
cre)?t)

Biomarker: is tin
concentration in
urine a good
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Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

(in k@), birth length (in cm)
and head circumference (cm)
of the newborns at time of
delivery following standard
methods
Health parameters: pre-
pregnancy maternal weight
and height, gestational week
at delivery, and other
biological attributes of mother
(not specified) and newborns
were obtained from the
medical records.

sample only once
and at variable
stages of
pregnancy. Urine
samples
collected by
participants
themselves (no
information on
instructions to
participants or
compliance)

measure for tin
intake and its
potential effects
in pregnant
women?

Informed
consent: written
informed consent

Zhao, et al.,
2020 (41)

« (Sub)cohort study,
prospective

- Study location:
Hangzhou, China
(subcohort
derived from
Hangzhou Birth
Cohort)

- Study period:
2016-beginning
of 2017

- Population:
women enrolled
in 20-28 week of
gestation and the
newborns from
these
pregnancies, all

« Concentration of tin was not
measured in blood

« Concentrations of tin and 10
other metals in urine
collected at baseline,
measured by ICP-MS

-Concentrations in urine
presented as creatinine
corrected (CC) levels in ug/g
creat (ug.(g creat)?)

-LOD for tin in urine: 0.051
Mg.(g creat)!; 100% of
samples > LOD

« Statistical analysis:

-Descriptive statistics

-Correlations (Spearman)
between metal
concentrations

« Median (IQR) urinary
concentration of Sn:
9.13 (6.13-13.6) ug
(g-creatinine)!

« Observed Spearman
correlation
coefficients for tin
with other metals
ranges between 0.27
and 0.49

« Tin was not selected
in any of the models
relating metals with
placental
characteristics or
birth weight
Also in monovariate
analysis

« Approximately
90% of women
had higher
education

«No information
on smoking (only
second hand
smoke)

« This was a
population giving
birth in a
hospital setting,
hence possible
selection bias

« Main difference
between the
excluded and
included women

Tin in blood is not
reported. No
explanation is
provided why
some metals are
measured both in
blood and urine
and some are not
including Sn.

Page 105 of 137




RIVM letter report 2022-0200

Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

born in the
hospital as
specified by
protocol
- Urine
measurements
were available for
1290 subjects.
After exclusion of
subjects with no
data on placental
weight, multiple
pregnancy,
assisted
conception, or
missing data on
demographic
characteristics,
n=512 were
included in the
analyses of the
association
between urine
metals and
outcomes
Blood metal
concentration were
available for 1172
subjects. After
exclusion of subjects
with no data on

- Multivariate analysis of
relation between multiple
metals, covariates, and
outcomes, using elastic net
regression for variable
selection, followed by
unpenalized regression in a
final model

-Covariates, selected using
directed acyclic graphs
(DAGSs): maternal age at
conception, maternal
education, second hand
smoke, household income,
BMI (pre-pregnancy), fetal
gender, gestational duration
at delivery

-Mediation analysis, using
DAGs to evaluate effect
mediated by the placenta on
the association between
metal concentrations and
birth weight, using a non-
parametric approach

-Sensitivity analysis:
monovariate linear
regression (one metal and
outcome at a time), with
Benjamini-Hochberg method
to control false discovery
rate, and introducing

(supplementary
material) no
significant
associations between
urinary tin levels and
placental
characteristics or
birth weight

was mode of
delivery: 65.1%
versus 99%
‘natural labor’.
This not further
specified, but
‘nonnatural’
group, mainly
caesarean
section, Hence,
this was a doubly
selected
population
« Metal
concentrations
only measured
once during
gestation (during
samples
collection at 20-
28 weeks of
gestation).
Many potential
confounders not
assessed/reported
(diet,
supplements, life
style apart from
alcohol and
smoking,
physiological

Page 106 of 137




RIVM letter report 2022-0200

Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
placental weight, interaction terms functions, etc)
multiple pregnancy,
assisted conception, | Health assessment
or missing data on « Placental characteristics,
demographic retrieved from medical records
characteristics, n= by medical personnel
483 were included in - Placental weight (g)
the analyses of the - Chorionic disc plate area
association between (cm2)
blood metals and - Chorionic disc eccentricity
outcomes (cm)
- Placental thickness (cm)
- Placental-foetal birth weight
ratio (%)
Birth weight (g), retrieved
from medical records by
medical personnel
Kim, et al., « Control arm of a «Tin and 16 other metals in «Only in sensitivity « Ultrasounds at The authors
2020 (42) nested case-control urine samples, collected at analyses, in single weeks 26 and 35 labelled the
study 26 weeks of pregnhancy, metal models tin (visits 3 and 4) principal
- Study location: measured with ICP-MS associated with head were taken at component

Boston, MA, USA
- Study period:
2006-2008
- Study nested
within
LIFECODES birth
cohort study

-Measurements were
expressed corrected for
urine specific gravity, in ppb
(Hg/kg)

-Tin LOD: 0.10 ppb (pg/kg);
6.15% < LOD

-Tin specific-gravity-corrected

circumference z-
scores for repeated
measures:

-B (95% CI), per
IQR increase,
-0.22 (-0.36, -
0.07), adjusted for

participant’s
request or when
abnormality
suspected. Thus
availability of
ultrasound
measurements

combining tin,
arsenic, and
mercury as “sea
food-related”.

Sensitivity
analyses with

- Population: concentrations, weighted for maternal age, pre- was selective imputation for
preghancy case control design, median pregnancy BMI, (sampling bias). missing data was
resulting in (IQR): 0.62 (0.35-1.22) race/ethnicity, « As this was part performed, which
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Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
preterm birth (< « Demographics, lifestyle education, infant of a cohort did not lead to
37 weeks) factors, medical and sex, and study, selection different
(n=130, almost pregnancy history obtained gestational age at bias is likely. conclusions.

all occurrences)
or in at term birth
(n=352,
randomly
selected in 3:1
ratio). Final study
population = 390.
- Exclusion criteria
not reported (no
available urine
sample from the
third study visit
(=26 weeks of
pregnancy)

by questionnaire
« Statistical analysis
-Descriptive statistics
-Linear mixed effect models
for associations between
metals and repeated
outcome measures (26
weeks, 35 weeks, birth),
with random intercept and
random slope for gestational
age
-Linear regression for
associations with birth
weight, length and placental
weight
-Covariates (in all adjusted
model) by forward selection:
urine specific gravity ,
maternal age,
race/ethnicity, education,
prepregnancy BMI,
gestational age at time of
ultrasound; some analyses:
gestational age at delivery
(when appropriate).
Variables considered, but
effect < 10%: type of
insurance, self-reported use

time of ultrasound

«Also only in
sensitivity analyses,
in single metal
models tin associated
with placental
weight:

-B (95% CI) , per
IQR increase, 38.9
(2.79, 75.0),
adjustments same
as above

« Tin associated with
femur length z-scores
among at term
deliveries only:

- Adjusted B (95%
CI), per IQR increase,
-0.21 (-0.40, -0.02)

« In multi metal models
no significant
association for tin
with z-sores for
repeated measures of
femur length, head
circumference,
abdominal
circumference, and

« Matching did not
take into account
any covariate
(apart from case
versus control),
but the ratio of
3:1 would partly
compensate for
this.

« There was hardly
any information
on potential
external or
dietary exposure
reported

« Measurement of
metals in urine
was done only at
one timepoint at
varying
pregnancy
durations, which
might impact
metal
concentrations
due to metabolic
changes
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Developmental
toxicity

Bias and
confounding

Remark

of alcohol and tobacco,
assisted reproduction; finally
adjustment for co-exposures
-Principal components for
joint effect of (combinations
of) predictors

-Inverse probability
weighting to account for
case-control design
-Sensitivity analyses
(amongst others) on missing
data (multiple imputation by
chained equation method)

Health assessment

« Parameters of foetal growth,
measured by ultrasound at
weeks 26 (median) and 35
(median), following guidelines
of ACOG:

- Abdominal circumference
(mm)

- Head circumference (mm)

- Femur length (mm)

- Projected (estimated) foetal
weight (EFW) from these
measures at 26 weeks and
35 weeks, following Hadlock
formula

- Z-scores based on
gestational age at scan, with

combination
of estimated foetal
weight and birth
weight per
interquartile range
increase of each
urinary trace metal
per interquartile
range increase, all
adjusted for other
covariates

« Principle component
combining tin,
arsenic, and mercury
associated with
decreased head
circumference:
difference in z-score
for repeated
measures, B (95%
CI)= -0.14 (-0.23, -
0.05), adjusted for
maternal age, pre-
pregnancy BMI,
race/ethnicity,
education, infant sex,
and gestational age
at time of ultrasound.

« Principle component
combining tin,
arsenic, and mercury
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all singleton pregnancies in
the hospital in 2006-2012

- Birth weight (g) (for

longitudinal analysis), birth
length (cm), and placental

weight (g) (in subset)

associated with
decreased estimated
foetal weight and
birth weight by
principal components
difference in z-score
for repeated
measures, B (95%
CI)= -0.10 (-0.19, -
0.01), adjusted for
maternal age, pre-
pregnancy BMI,
race/ethnicity,
education, infant sex,
and gestational age
(at time of ultrasound
or at birth).

« Sensitivity analyses
showed the same
associations with
similar precision but
with slightly
attenuated effect
estimates

Bloom, et al.,

2015 (+
correction)
(43, 44)

« Prospective cohort
(sub cohort study)
- Study location:
various counties
in central
Michigan and
along the gulf

«Tin and 20 other metals
measured in both maternal

and paternal urine (some

elements other than tin also

measured in blood)
-Spot urine samples were

collected before conception.

No significant
associations for tin.

« Smoking status
was defined on
the basis of
cotinine
measurements

«Serum lipids
were included as

Informed
consent: couples
completed
informed consent

Strong point of
the study is use

Page 110 of 137




RIVM letter report 2022-0200

Reference

Population and
study design
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Developmental
toxicity

Bias and
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Remark

coast in Texas ,
USA

- Study period:
2005-2009

- Population

- 501 couples
participating in
the Longitudinal
Investigation of
Fertility and the
Environment(
(LIFE) study ‘at
risk’ of pregnancy
at study entry

- The LIFE study
recruits couples
from the general
population
(identified from
fish licencies or
from a direct
marketing data
base), with
presumed
exposure to
persistent organic
pollutants study

« Inclusion criteria: a

heterosexual

relationship,

women aged 18-40

-Metals measured with ICP-
MS
-Measures expressed as pg/L
« A baseline questionnaire on
demographics, health-related
behaviours, medical history
and reproductive histories
« Samples and questionnaires
collected and administered at
the home by research nurse.
« Statistical analysis:
-Descriptive statistics father,
mother and newborn
-Correlations/associations
between metals and
outcomes, Spearman rank
and Mann-Whitney U-test
-Multivariate analysis, with
maternal and paternal
exposures entered
simultaneously, adjusted for
covariates: age mother, age
difference mother and father,
maternal and paternal
smoking, income and race,
serum lipids, and creatinine
-Metal concentrations entered
as tertiles
-Cox-proportional hazards for
outcome time of delivery
(gestational age)

covariates to
adjust for
Persistent
Organic
Pollutants
«Time of
conception
determined
based on daily
urine hormone
measurements
« Measurement of
tin in blood only
once, and
interval to
conception not
reported
«Sample size
quite low
Participants
recruited on the
basis of fishing
licenses or direct
marketing
database, which
might have
introduced bias

of pre-conception
exposure,
including of father

Study included
participants
presumed to be
at risk of
environmental
exposure, based
on area of
residence. Yet,
according to other
values measured
were relatively
low compared to
US population
values, but some
values were
higher (tin not
mentioned)

Interaction
mixture of metals
is not reported
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yrs, no use of an
injectable
contraceptive
within 12 months,
and a menstrual
cycle length of 21-
42 days.

« Exclusion criteria:
couples with a
sterilized partner or
with a prior
infertility diagnosis.

Of the 501 couples

in the LIFE studies:

54 couples w/o

pregnancy; 100

couples withdrew;2

twin pregnancies;

110 ended in loss.

Remaining for

analysis: n=235

singleton pregnancy

-Log-binomial models for
outcome sex ratio

-Analysis for interaction terms
of sex differences (infant sex)

Health assessment
« Measures of intra-uterine
growth
- Gestational age at delivery
(days since ovulation;
determined on basis of daily
urine measurements
(Fertility Monitor))
- Birth weight (kg), low birth
weight < 2500 g
- birth length (cm)
- head circumference (cm)
- ponderal index
(100*(kg/m3)),
«secondary sex ratio (ratio live
male/female births)

Howe, et al.,
2020a (45)

« (Sub) cohort study,

prospective

- Study location,
Los Angeles, CA,
USA

- Study period
2015-2019

- Population:
participants in

« Spot urine samples collected
by participant during first
study visit.

«Tin and 9 other metals
measured by ICP-MS in
maternal early pregnancy
urine, expressed as pg/L
-13.7% of samples <LOD
-Gestational age at urine

« Major analyses
excluded tin, so not
summarized here.
Tin was analysed in
an additional
exploration, in a
model including all
metals (log2
transformed) and

« Study population
was an
impoverished
urban population
at probably
above average
risk both of
exposure to
pollution and of

The focus of this
study was on
mixtures of
metals. Tin and
two other metals
were included
only in an
‘exploratory
analysis’.
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the MADRES
(Maternal and
Developmental
Risks from
Environmental
and Social
Stressors) study,
i.e. pregnant
women recruited
at one of four
prenatal care
providers in LA,
mainly lower-
income Hispanic
populations

- Exclusion:
pregnancy > 20
wks of gestation
at recruitment, <
18 years of age,
hiv positive,
physical, mental
or cognitive
disability,
multiple
gestation,
incarceration, no
urine sample at
first visit

- Urine analysis
restricted to 262

collection, median 13.1 wks

-Values were corrected for

urine specific gravity
« Statistical analysis:

-Relation between mixtures
of metals and outcome
analysed with Bayesian
kernel machine regression

-Primary analysis focused on a
mixture of 7 metals, not
including tin

-Only as a secondary analysis
were tin and the other
metals included in a model

-All metals centered and
scaled

-Directed acyclic graphs
(DAG) were used to identify
potential confounders and
predictors

-Adjustment for: recruitment
site; self-reported
(questionnaire): maternal age,
pre-pregnancy BMI,
race/ethnicity, smoke
exposure; measured:
pregnancy anaemia (Hb,Ht),
urinary arsenobetaine (as
marker of fish consumption)

-High-ranking metals based
on posterior inclusion

adjusted for
covariates (see
exposure
assessment).
Posterior inclusion
probability for tin was
0.45. By setting all
other metals to their
median values, an
inverse relationship
was shown for tin
with birth weight for
gestational age.

intra-uterine
growth
retardation

« Sample size was
quite small (lack
of power)

« Only subjects
with complete
covariate
information were
included

Measurement of

metals only once

in urine

(variability) and

at one point in

pregnancy

Models included
all metals
simultaneously, in
a Bayesian
analysis resulting
in posterior
inclusion
probabilities.
Interpretation in
terms of (dose)
effect are
difficult.

Informed consent
obtained at study
entry

No interaction
with other metals
reported
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participants
(enrolled prior to
urine metals
analysis (fall
2019); not
withdrawn from
the study and
complete
covariate
information
present

(Howe et al. (2020),

same cohort
different health
outcome

probability were further
analysed using generalized
additive models
-Interactions were analysed
using a novel method
(NLinteraction method)

Health assessment

« Birth weight for gestational
age, z-scores
-Birthweight measures
obtained from medical
records; if missing (n=22)
based on information from
mother
- Gestational age estimates
using ultrasound, in order
either first trimester (crown-
rump length), second
trimester (biparietal
diameter), or observation at
birth (physician’s estimate)
Sex-specific z-scores were
based on a 2017 US reference
(Aris, et al. 2019)

Howe, et al.,
2020 (46)

« (Sub) cohort study,

prospective

- Study location,
Los Angeles, CA,
USA

- Study period

«Tin and 9 other metals
measured by ICP-MS in
maternal early pregnancy
spot urine samples,
expressed as ug/L
- Gestational age at spot urine

Posterior inclusion
probability for tin in
model including 6

metals was 0.334 and

0.22 in the

exploratory analysis,

« Study population
was an
impoverished
urban population
at probably
above average

The focus of this
study was on
mixtures of
metals.

Models included
all metals
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study design assessment toxicity confounding
2015-2019 collection, median 12.4 wks (lowest ranking of the risk both of simultaneously, in
- Population: -Values were corrected for 6). exposure to a Bayesian

participants in urine specific gravity pollution and of analysis resulting
the MADRES « Statistical analysis: No associations were intra-uterine in posterior
(Maternal and -Relation between mixtures observed between tin growth inclusion
Developmental of metals and outcome concentration in urine retardation probabilities.

Risks from
Environmental
and Social
Stressors) study,
i.e. pregnant
women recruited
at one of four
prenatal care
providers in LA,
mainly lower-
income Hispanic
populations

- Exclusion:
pregnancy > 20
wks of gestation
at recruitment, <
18 years of age,
hiv positive,
physical, mental
or cognitive
disability,
multiple
gestation,
incarceration, no
urine sample at

analysed with Bayesian
kernel machine regression
-Primary analysis focused on a
mixture of 6 metals, including
Sn
-As a secondary analysis four
other metals were included
in a model
-All metals log2 transformed
and centered and scaled
-Also all outcome measures
(foetal dimensions) mean-
centered and SD-scaled
-Directed acyclic graphs
(DAG) were used to identify
potential confounders and
predictors, together with
generalized additive models
-Adjustment for: GA at
ultrasound, recruitment site,
maternal age, pre-pregnancy
BMI, ethnicity, education,
infant sex, and urinary
arsenobetaine
-Metals with high-ranking

and any of the
outcome measures.

« Sample size was
quite small (lack
of power)

« Only subjects
with complete
covariate
information were
included

Measurement of

metals only once

in urine

(variability) and

at one point in

pregnancy

Interpretation in
terms of (dose)
effect are
difficult.

Informed consent
obtained at study
entry

No interaction
with other metals
reported

Page 115 of 137




RIVM letter report 2022-0200

Reference Population and Exposure and health Developmental Bias and Remark
study design assessment toxicity confounding
first visit posterior inclusion probabilities
- Analyses further analysed with linear
restricted to regression models
195 participant « Interactions were analysed
who enrolled using a novel method
prior to urine (NLinteraction
metals « Sensitivity analyses for other
analysis, had foetal measures than EFW as
not withdrawn outcome measures
from the
study, had Health assessment
complete « Mid-pregnancy foetal measures
covariate - Foetal measures were
information. evaluated at 18-22 weeks
Two excluded (median 20.4) of pregnancy
for low Mo and obtained from medical
concentrations, records
leaving n=193 - Abdominal circumference
Howe et al. (2020a), - Head circumference
same cohort but - Biparietal diameter
different health - Femur length
outcome, but no - Estimated foetal weight
exclusion of 2 (EFW) (derivation not
participants due to specified)
low Mo EFW was the main outcome in
concentrations statistical analysis
Wu, et al,, « Cohort study « Concentrations of tin and 11 No significant « No information Study reported
2020 - Study location: other heavy metals in association between on exposure via according to

Nanjing, China
- Study period:
2014-2015

maternal urine in first
trimester of pregnancy
-Measurement by ICP-MS

tin and tooth eruption

nutrition and
environment

«No information

STROBE
guidelines
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Developmental
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Remark

- Population: 244
pregnant women
in first trimester
recruited at
hospital
maternity ward,
and the children
born from their
pregnancies.
Exclusion criteria:
diabetes, other
disease requiring
medication,
alcohol or
substance abuse,
hiv positive, < 18
years of age,
assisted
reproduction,
infants with
disease, genetic
abnormalities or
malformations

After exclusion,
sample size was
n=183, conform an
a priori sample size
calculation

-Values expressed as pg/L
urine

-LOD: 0.221 pg/L; detection
rate tin 78%

« Metabolomics of maternal
urine sample by ultrahigh
performance LC coupled MS;
172 metabolites were
identified

« Statistical analysis
- Descriptive statistics (based
on information from
questionnaires and hospital

medical records): age, age,
education, pre-pregnancy
BMI, lifestyle factors,
reproduction status,
personal health; clinical
information: serum
phosphorus, alkaline
phosphatase, fasting
glucose, OGTT; perinatal
information: delivery
method, gestational age,
newborn gender and weight,
duration of breastfeeding,
additional time for
supplementary food, vitamin
D supplementation at 6 and
12 months of age
-Multivariate linear regression

on smoking (only

second-hand

smoking
Mother-child
couples were
excluded in case
children had
disease or
malformation

Page 117 of 137




RIVM letter report 2022-0200

Reference

Population and
study design

Exposure and health
assessment

Developmental
toxicity

Bias and
confounding

Remark

with variables selected
based on preliminary
bivariate analysis to assess
associations between single
metals and tooth eruption,
adjusted for covariates
-Bayesian kernel machine
regression to assess
associations between
multiple metals and tooth
eruption
-Metabolomics data were
further analysed in relation
to cobalt, not further
summarized here

Health assessment

« Primary tooth eruption at age 1

of child
- Time and number of teeth

erupted by oral examination
(by two dentists) and asking

mother (time of eruption)

Cross-sectional studies

Manduca, et « Multiple cross-
al., 2020 (47) sectional, with

prospective

component

- Study location;
Gaza, Palestine

» 23 metals in mothers’ hair,
measured by ICP-MS, and
reported as ppm (mg/kg),
not including tin (not
reported)

» Hair measured in small

« Levels of tin not
reported, as not
considered of
relevance by authors

« Prevalence of birth
defects in 2011,

« Response rate
was 100%

«Smoking < 0.5%
prevalence,
therefore
omitted from

Tin
measurements
were reported,
therefore the
usability of the
study is limited
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study design assessment toxicity confounding
- Study period: sample of mothers: 2011, 2016, respectively analysis

2011, 2016,
2018-2019

- Aim of the study
to evaluated the
trend in
prevalence of
birth defects in
this war area

women at the
point of delivery
at a major
maternity,

25% of births in
the Gaza strip)
-In 2011: n=4049

(out of 4173
deliveries
including
miscarriages and

n=6104 (6185);

2018-2019:

n=4765 (4830).
Manduca, et al.
(2014) partly
concerns the same
population, for the
year 2011

- Study population:

hospital (approx..

still born) ; 2016:

n=502 (93% with normal
babies); 2016, n=78 (34.6%
with normal babies, 33.3%
with birth defects, 32% with
preterm delivery); in 2018-
2019, n=64 (27% with
normal baby, 37% with a
baby with a BD, and 36%
with preterm baby)

Values were compared with a
European cohort (? See
remarks *)

Exposure assessment further
based on questionnaire
administered by
doctors/licensed midwives
(based on Eurocat with
additions): multiple queries
on environmental exposures
(proximity of home to
industry, agricultural land,
sites of unmanaged waste,
use of pesticides or
household chemicals,
exposure to military attacks
and sequelae; documentation
on war damages and
weaponry used from UNWRA,
UNDEEP, NGOs and local
environmental experts;

2019: 1.1%, 1.8%,
1.9%

- P-value trend: <
0.019; P-value
2011 versus 2016:
< 0.001; 2016

versus 2018-2019:

0.509
«Idem, premature
births: 1.1%, 7.9%,
7.6%

- P-value trend: <
0.001; P-value
2011 versus
2016: < 0.001;
2016 versus
2018-2019: 0.237

«Idem, low birth
weight births: 0.69%,
2.6%, 3.0%

- P-value trend: <
0.001; P-value
2011 versus
2016: < 0.001;
2016 versus
2018-2019: 0.509

«Idem, miscarriages:
2.3%, 0.66%, 0.41%

- P-value trend: <

0.001; P-value

« Folic acid use
100%, therefore
omitted from
analyses

Exposure

assessment |

The underlying
hypothesis of the
study is that
heavy metal
pollution carried
by weapons,
especially in the
2009 and 2014
war, led to an
increase in the
prevalence of
birth defects and
preterm births.

The design of this
study is (maybe
unavoidably) very
complex and not
clearly described.

Participants gave
informed consent
to the
professional
administering the
questionnaire.
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further questions on health of
mother, reproductive history,
family history, education,
employment status,
nutritional status, life style

« Statistics:

-Descriptive statistics, but no
testing of group differences
- Differences in prevalences of

negative birth outcomes
between the three study
periods by chi square test
-Univariable and
multivariable logistic
regression for associations
between negative birth
outcomes (singleton birth
only) and the following risk
factors: age mother, age
father, consanguinity
parents, residence area,
gestational diabetes, new
born gender, previous
children with birth defects,
education (mother, father),
occupation (mother), birth
defects in extended family,
use of fertilizer, residence
near agricultural activities,
residence close to sewage or
garbage, residence under

2011 versus
2016: < 0.001;
2016 versus
2018-2019: 0.112

« Results of logistic
regression found
associations for the
following potentially
exposure related
variables:

- For birth defects,
with residence
nearby house hit
in 2014, odds
ratio (OR, 95%
CI) 2.1 (1.3-3.4),
P=0.003

Preterm birth, with
area of residence, OR
3.5 (2.1-5.8), highest
versus reference, P <
0.001; house hit in
2014, OR 1.5 (1.1-
2.0), P=0.003 ;
rubble use after 2014,
OR 0.74 (0.57-0.96),
P=0.019
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attack in 2014, reuse of
items from rubble
-Forward selection of
variables and at least ten
individuals per category

Health assessment

« Birth defects and preterm births
identified in birth registers

« Classification of outcomes
based on ICDC 10, as:

- Preterm delivery (P)

- Low birth weight (LBW)

- Birth defects (BD) only
major structural phenotypes
(not further specified)

- Prevalences expressed as
ratio of number of births
with defects (P+LBW+BD)
over total number of live
births times 100 (i.e. %)

Miscarriages (delivery before
week 28 and after week 24)
and still born: prevalences
expressed as ratio with total
number of deliveries as
denominator times 100

Li et al., 2019
(48)

« Cross-sectional
with prospective
component

- Study location:

«Tin and 9 other heavy metals
in maternal blood and in cord
blood, measured by ICP-MS
-Maternal and cord blood

«Tin levels in maternal
blood, mean (SD);
33.2 (42.5) ng/mL;
only 4 samples

« It is not clear
(reported) why
987 women were
screened, and
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Beijing, China collected at delivery (2.65%) above LOQ; only 156
- Study period: -Concentrations expressed as range < 0.15 - 95.6; included

2015-2016
Population: 987
pregnhant volunteers
with planned in-
hospital delivery
were screened for
inclusion. Inclusion
criteria were
residence in Beijing
and no history of
possible
occupational heavy
metal exposure.
Included for
analysis: 156 pairs
(maternal and cord)
of blood samples
and the newborns
from these
pregnancies

ng/mL
-Tin LOD: 0.152 ng/mL and
LOQ 0.457 ng/mL
« Statistical analysis: not
further relevant as
associations with tin not
reported due to low detection
rate of Sn

Health assessment
Birth weight and birth length

median 17.8.

«Tin levels in cord
blood, mean (SD);
14.4 (22.6); only 6
samples above LOQ;
range < 0.15 - 60;
median 5.59
Detection rate of tin
< 10% and therefore
not further reported
by authors

«There is no
information on
potential
environmental or
dietary exposure

Selection bias

(volunteers)
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Case-control studies

The associations between prenatal exposure to single metal and multiple
metals and the risk of low birth weight were investigated by Hou et al.
(2019)(35). A nested case-control study within a prospective birth
cohort study was performed, including 246 low birth weight and 406
normal birth weight mother-infant pairs. Tin and 21 other serum metals
were measured by ICP-MS. Tin concentrations did not differ between
cases and controls: the median (IQR) tin serum concentration in cases
was 0.38 (0.18-0.79) pg/L versus 0.40 (0.18-0.84) ug/L in controls (not
significant; P-value not reported). However, in a multi-metal (elastic net
regression) model, adjusted for other covariates, tin was among 15
metals selected, with a coefficient of -0.16741 per standard deviation of
tin concentration (no confidence interval or P-value reported), for an
overall AUC of 0.62.

Wang et al. (2020) sought to determine if exposure to metals is
associated with the risk of spontaneous abortion, in a case-control study
in China (36). Cases were 56 women with spontaneous abortion treated
at a gynaecology hospital in Beijing in the period 2018-2019. These
were matched to 55 women in the 15t trimester of an undisturbed
pregnancy, and with 41 non-pregnant women, but only results for the
first control group were reported. Tin and 18 other metals were
measured by ICP-MS in serum. Tin mean (SD) serum levels were found
to be different between cases and controls: mean (SD) 0.28 (0.26)
mg/L (cases) versus 0.06(0.04) mg/L, P < 0.001 (the units of
measurement reported are probably erroneous). Overall, due to a lack
of clarity, the results of this study are difficult to interpret.

Yan et al. (2017) conducted a case-control study to investigate if
‘essential trace metals’, including Sn, protect against the risk of a neural
tube defect (37). The researchers in the period 2003-2007 identified
191 women with a pregnancy complicated by a neural tube defect in 4
counties in Taiyuan City, Shanxi Province, and six counties in Hebei
Province, China. These were matched to 261 women who delivered
healthy infants. Tin and 8 other metals were measured in hair grown
during early pregnancy, using ICP-MS on processed hair segments. A
significant association was found for anencephaly, with lower levels of
tin corresponding to higher risk, but not for spina bifida, nor for
encepahalocele or all defects together. Median (IQR) tin concentration in
the anencephaly group was 0.034(0.006-0.076) ng/mg hair, versus
0.051 (0.011-0.134) ng/mg hair in controls, p=0.049.

The possible relation between trace metal elements and neural tube
defects was also studied by Ovaloyu et al (2019)(38) in a case-control
study, conducted in the period 2017-2018, in Gaziantep, Turkey. Cases
were 36 pregnant women whose foetuses had a neural tube defect.
These were matched to 39 pregnant women with unaffected foetuses as
controls. Tin and 13 other metals were measured by ICP-MS in amniotic
fluid, obtained by amniocentesis, where amniocentesis in controls was
performed because of age-related risk or increased risk in the triple test.
Mean (SD) tin levels in cases were significantly higher than in controls:
1.35 (2.28) pg/L versus 0.40 (0.55), p=0.18.
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Manduca et al. (2014) (compare Manduca et al., 2020 above), this time
in a case-control study also conducted in the Gaza strip, investigated if
potential exposure to heavy metals from military attacks increases the
risk of birth defects (39). Cases were babies born with a birth defect in
2011 in the major maternity hospital. Controls were 77 preterm babies
without birth defect, and 12 full term healthy babies, both groups of
controls randomly chosen among 3,892 births in the same hospital. Tin
and 22 other metals were analysed by ICP-MS in hair samples, collected
immediately after birth. Median (IQR) concentration in hair were
significantly higher in cases than in healthy newborn: 0.23 (0.08-0.54)
mg/kg versus 0.04 (0.02-0.09) mg/kg.

Prospective cohort studies

Shirai et al. (2010) evaluated the association between maternal
exposure to heavy metals and birth size (40). They measured by ICP-MS
the concentrations of 10 metals, including Sn, in spot urine samples of
78 pregnant women visiting the obstetrics outpatient clinic of a hospital
in Tokyo, Japan, in the period 2007-2008. These concentrations (ug per
g-creatinine) were then related to the birth weight (in kg), birth length
and head circumference of the newborns. Tin concentration was
negatively correlated with birthweight, r=-0.269, p < 0.5 (but 47.4% of
samples < limit of detection). Stepwise multiple regression showed a
negative association between tin concentration and head circumference,
with partial regression coefficient -0.178 (standardised B = -0.269), p =
0.017.

Associations between prenatal exposure to heavy metals with birth
weight and placental characteristics were studies by Zhao et al.
(2020)(41) in a prospective birth cohort. Women taking part in the
Hangzhou Birth Cohort Study (Hangzhou, China), in the period 2016-
2017, were enrolled in weeks 20-28 of gestation. Concentrations of tin
and 10 other metals were measured by ICP-MS in urine samples
collected at baseline of 512 women. Median (IQR) urinary concentration
of tin were 9.13 (6.13-13.6) ug (g-creatinine)!, with all samples above
the limit of detection of 0.051 ug (g-creatinine) . In analyses relating
urinary Tin to placental weight, chorionic plate area, chorionic disc
eccentricity, placental thickness, placental-foetal birthweight, or birth
weight, no significant associations were observed. In multivariate
analysis, using elastic net regression for variable selection, followed by
unpenalized regression, tin was not selected.

In a study on a sub-cohort of a birth cohort study, Kim et al. (2020)
addressed the question if exposure to metals negatively impacts intra-
uterine growth (42). The study concerned the control arm of a nested
case-control study within the LIFECODES, in the period 2006-2008, in
Boston (MA), USA. The 390 controls were matches to women who
experienced preterm delivery. Tin and 16 other metals were measured
with ICP-MS in urine samples, collected at 26 weeks of pregnancy.
These concentrations were related to various echocardiographic
parameters of foetal growth at 26 weeks (median) and 35 weeks
(median) of pregnancy, including birthweight, birth length and placental
weight, and z-scores and estimated foetal weight calculated from these
parameters. Median (IQR) concentrations of tin were 0.62 (0.35-1.22)
HMg/kg, with 6.15% of samples below the lower limit of detection of 0.10
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HMg/kg. In single metal regression models, for tin associations with
outcomes were found only in sensitivity analyses. In principle component
analysis, a component combining Sn, arsenic, and mercury was
associated with smaller head circumference, with an adjusted B (95%
CI) for difference in repeated measures z-score of -0.14 (-0.23, -0.05).
A component of the same metals was associated with a decreased
estimated foetal weight and birth weight combined z-scores for repeated
measures, with B -0.10 (-0.19, -0.01).

Bloom et al. (2015) investigated the relation between parental exposure
to heavy metals and intra-uterine growth or occurrence of early delivery
in a prospective cohort study on fertility and environmental factors (LIFE
cohort) (43, 44). A sub-cohort of 235 couples with singleton pregnancies
was included, and concentrations of tin and 20 other metals were
measured with ICP-MS in maternal and paternal spot urine samples,
collected before conception. For tin, no significant associations were
found between urine concentrations and any of the outcome measures,
i.e. gestational age at delivery, birthweight, birth length and head
circumference. For instance, in multivariate regression of birthweight on
tertiles of maternal urine tin concentration, the P-value for trend was
0.982, and for paternal urine tin concentrations it was 0.157.

Howe et al. (2020a) investigated whether prenatal exposure to mixtures
of heavy metals is associated with lower birth weight for gestational
age, in a predominantly lower-income Hispanic pregnancy cohort in Los
Angeles, USA (45). Ten metals, including tin, were measured by ICP-MS
in spot urine samples of 262 pregnant women participating in the
MADRES cohort. Urine samples were collected in the period 2015-2019
in the first half of pregnancy (median gestational age 13.6). Associations
between tin and two other metals with birthweight for gestational age
were evaluated only in an additional exploratory analysis, using
Bayesian kernel machine regression, in a model including all ten metals
(log2 transformed) and adjusted for covariates. Posterior inclusion
probability for tin was 0.45. By setting all other metals to their median
values, an inverse relationship between tin and birth weight for
gestational age z-score was shown graphically.

In the same MADRES cohort, Howe et al. (2020) evaluated the
associations between the same exposure with foetal size at mid-
pregnancy (46). The methods of measurement and analyses were the
same as above, but the number of pregnant women included was 193.
Again, using Bayesian kernel machine regression to evaluate the relation
between metal mixtures and estimated foetal weight at mid-pregnancy
(median 20.4 weeks), in a model including five other metals, posterior
inclusion probability for tin was 0.334 (lowest ranking of the 6).

A possible relation between exposure to heavy metals during the first
trimester of pregnancy and primary tooth eruption after birth was
studied by Wu et al. (2020)(49). Exposure to 12 metals, including Sn,
was estimated by ICP-MS measurement in urine samples of 244
pregnant women recruited at a hospital maternity ward, and collected in
the first trimester of pregnancy. No significant association was found
between tin concentration and time of tooth erupt and/or number of
teeth erupted at age one. In covariate adjusted linear regression of
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outcome on single metals, the B-coefficients (CI) for tin were -0.271 (-
0.752, 0.211) for time of tooth eruption, and 0.193 (-0.299, 0.686) for
number of teeth erupted by age one, with P-values of 0.269,
respectively 0.440.

Cross-sectional studies

In a cross-sectional study repeated at three points in time, conducted in
Gaza, Palestine, Manduca et al. (2020) evaluated whether potential
exposure to heavy metals from weaponry deposited in the environment
or in wound tissue during military attacks, increases the risk of birth
defects, low birth weight, or preterm birth (47). Exposure to 23 metals
including tin was assessed by ICP-MS measurement in hair samples of
pregnant women at the point of delivery at the maternity ward of the
major hospital in the Gaza strip: in 2011 of 502 women, in 2016 of 78
women, and in 2018-2019 of 64 women. Exposure was further
evaluated based on questionnaires assessing environmental exposure,
and documentation on war damages and weaponry used. Several trends
in prevalences were found over the period 2011-2020, such as an
increase in the prevalence of birth defects from 1.1% to 1.8% in 2016
to 1.9% in 2019 (P-value trend < 0.019), and an increase in preterm
births from 1.1% to 7.9% followed by 7.6% (P-value trend < 0.001).
However, levels of tin were not reported, as deemed not relevant by the
authors.

Li et al.(2019) aimed to determine if there is a relation between
exposure to heavy metals during pregnancy and birth weight and length
(48). They measured by ICP-MS 10 heavy metals, including Sn, in the
blood of 156 pregnant women with planned in-hospital delivery in
Beijing, China, and in cord blood obtained at delivery. Mean (SD) tin
concentrations in maternal blood were 33.2 (42.5) ng/mL in only 4
samples with values above the lower limit of detection. The
corresponding figures for cord blood were 14.4 (22.6), in only 6 samples
with values above the lower limit of detection. Due to the low detection
rate of tin of less than 10%, associations for tin were not further
reported by the authors.

Other relevant information

The in vitro embryotoxicity of tin and other metals was examined in an
embryonic stem cell test by Imai et al. (50). Embryonic stem cells (ES)
from the D3 mouse cell line were exposed to standard solution range of
tin or one of the other metals (silver, cobalt, chromium, copper,
mercury, nickel, palladium, antimony, vanadium and zinc). Cell
differentiation was assessed at day 10 and indicated as IDso, i.e. the
concentration of the tested chemical that causes 50% inhibition of D3
cells differentiation. Further, also cell viability was examined in the ES
cells and 3T3 cells (clone A31 from Balb/c) from mice with an MTT assay
(with (3-(4,5-dimethylthiazol-2-yl)2,5-diphenyl terazolium bromide).
The IDso concentration for tin was approximately 30 uM (estimated
based on a figure in the publication, no exact data). The concentration
causing 50% reduction in viable cells (ICso) was approximately 10 pM in
ES cells and 95 uM in 3T3 cells. The embryotoxic potential was obtained
from a biostatistics-based prediction model, which was calculated from
the three endpoints (IDso, ICso in ES cells and ICso in 3T3 cells). Based
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on the prediction model, it is concluded that tin exhibited a weak
embryotoxicity (50).

Adverse effects on or via lactation

Adverse effects on lactation
No information was found on adverse effects on lactation.

Adverse effects via lactation
The presence of tin in human milk was measured in two studies and
showed that levels are low.

Milk specimens from mothers of the general population of the Venice
(n=29) and Rome (n=10) areas were collected over the 1998-2001
period, pooled, and analysed for selected pollutants and heavy metals
including tin. The tin concentration in both areas was below the limit of
quantification of 2 ng/mL (51).

Tin concentrations in breast milk in women (n=58) from Brazil showed a
median level below the limit of quantification (0.1 pg/L), with a
maximum level of 0.230 pg/L. In the same study, the median levels in
drinking water were 0.240 pg/L (52).

The presence of a wide spectrum of major and trace elements, including
tin, was analysed in human milk (n=53) and infant formula (n=50)
samples (53). Also the infant exposure to these chemicals was assessed.
The content of tin was higher (p < 0.01) in infant formula samples than
in human milk. The acceptable intake limit set by WHO was not reached
by formula feeding infants in 6-12 months group.

The concentration of twelve elements, including tin, was analysed in
human milk and in concentrated human milk (derived by lyophilization)
from Brazilian donors (n=50) with a lactation period greater than 15
days. The mean tin concentration in human milk was 2.78 ug/L (SD =
1.48), with a maximum level of 9.46 pg/L. The mean tin concentration
in concentrated human milk was higher with a mean of 3.26 ug/L (SD =
4.19) and a maximum concentration of 25.01 pg/L (54).
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Annex A Selection of tin and inorganic tin compounds

First, an overall list with tin and inorganic tin compounds was compiled.
This list was based on data from WHO (5), a report of a report of The
Dutch Expert Committee on Occupational Standards, in cooperation with
the Nordic Expert Group for Criteria Documentation of Health Risks from
Chemicals (2) and the Handbook of chemistry and physics (8).

For each compound, information on reproduction toxicity, water
solubility and the existence of a REACH registration dossier was
collected. Reproduction toxicity data were collected based on the
literature search and from the registration dossiers when available (4).

Second, criteria were set to be used for grouping of inorganic tin
compounds. Grouping and read-across should be done with caution,
especially for inorganic substances including metals and metal
compounds. Guidances such as ECHA’s Read-Across Assessment
Framework (RAAF)2¢ may be interpreted differently to come to justified
and scientifically sound grouping.

According to the RAAF, solubility and ionic state are the main
parameters for grouping of metals and metal compounds.

A selection of tin compounds was made based on the following criteria:

1. Availability of reproduction toxicity data. Data were available for
four compounds, which are tin, tin sulphide, tin dichloride and tin
disulphide. These compounds were used as the starting point.

2. Oxidation state. The effects of tin and inorganic tin compounds
can differ depending on the oxidation state, see section 7.5 of
this document. Therefore, read-across between compounds with
a different oxidation state is considered not applicable. As a
result, only compounds with oxidation state 2+ can be grouped
with tin monosulphide and tin dichloride, and only compounds
with oxidation 4+ can be grouped with tin disulphide.

3. Water solubility. Inorganic tin compounds have in general a low
toxicity, partly due to their low solubility. The solubility of tin
compounds determines (partly) the bioavailability of the
compounds, and thus also the potential of inducing toxicity.
Therefore, only compounds for which water solubility data are
available and that have a similar solubility as one of the four
selected compounds mentioned above, were considered.

Applying the second and third criterium, this resulted in the addition of
19 compounds and the following four groups (with a total of 13
compounds):
1. Tin
2. Tin sulphide, tin oxide, ditin pyrophosphate and tin selenide
(oxidation state 2+, insoluble)
3. Tin dichloride, tin difluoride, tin iodide and tin sulphate (oxidation
state 2+, soluble)

24 https://echa.europa.eu/documents/10162/13628/raaf_en.pdf
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4. Tin disulphide, tin dioxide, tin diselenide and tin(IV) selenite
(oxidation state 4+, insoluble)

An overview of all inorganic tin compounds considered is presented in
Table A1, indicating the selected tin compounds for grouping.
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Table Al List of all inorganic tin compounds considered for this overview.

Chemical name Synonyms Chemical CAS REACH Reproducti | Oxidati | Solubility
formula number registration | on toxicity | on state | in water
dossier data
Selected inorganic tin compounds
Tin Sn 7440-31-5 + + Insoluble
Tin sulphide Tin(II) sulphide, stannous SnS 1314-95-0 + + 2+ Insoluble
sulphide; tin monosulphide
Tin monoxide Tin(II) oxide, tin oxide; stannous | SnO 21651-19-4 | + - 2+ Insoluble
oxide
Ditin pyrophosphate | Tin(II) pyrophosphate, stannous Sn2P207 15578-26-4 | + - 2+ Insoluble
pyrophosphate
Tin selenide Tin(II) selenide SnSe 1315-06-6 - - 2+ Insoluble
Tin dichloride Tin(II) chloride, stannous SnClz 7772-99-8 + + 2+ Soluble
chloride, stannous chloride
dihydrate
Tin difluoride Tin(II) fluoride, stannous fluoride | SnF: 7783-47-3 + - 2+ Soluble
Tin iodide Tin(II) iodide, stannous iodide Snlz 10294-70-9 | - - 2+ Soluble
Tin sulphate Tin(II) sulphate, stannous SnSO4 7488-55-3 + - 2+ Soluble
sulphate
Tin disulphide Tin(IV) sulphide, stannic sulphide | SnS: 1315-01-1; | + + 4+ Insoluble
12738-87-3
Tin dioxide Tin(IV) oxide; stannic oxide Sn0O2 18282-10-5 | + - 4+ Insoluble
Tin diselenide Tin(IV) selenide SnSe:z 20770-09-6 | - - 4+ Insoluble
Tin(IV) selenite Sn(Se03)2 7446-25-5 - - 4+ Insoluble
Compounds considered but not selected for grouping
Stannane SnH4 2406-52-2 - - Soluble /
very
soluble

Page 135 of 137




RIVM letter report 2022-0200

Chemical name Synonyms Chemical CAS REACH Reproducti | Oxidati | Solubility

formula number registration | on toxicity | on state | in water

dossier data
Disodium tin Sodium stannate Na25n03 12058-66- + - 4+ Soluble
trioxide 1; 12209-
98-2
Disodium tin Sodium stannate trihydrate Na2Sn(OH)es | 12027-70- + - 4+ Soluble
hexahydroxide 2;
Potassium stannate | Dipotassium tin trioxide K25n0s3 12142-33-5 | - - 4+ Very
soluble

Potassium stannate | Potassium stannate trihydrate; K2Sn(OH)s 12125-03-0 | - - 4+ Soluble/mis
trihydrate dipotassium tin trioxide trihydrate cible
Sodium Sodium chlorostannite NasSn2Cls 102696-35- | - - 2+ -
pentachlorostannite 5
Sodium Sodium chlorostannate Na2SnCle Not found - - 4+ -
hexachlorostannate
Sodium Sodium fluorostannite NaSn2Fs 22578-17-2 | - - 2+ -
pentafluorostannite
Sodium tin citrate Sodium stannous citrate Ci2H10Na20 | Not found - - 4+ -

145N
Tin(II) bromide Tin dibromide; stannous bromide | SnBr2 10031-24-0 | - - 2+ -
Tin(IV) bromide Tin tetrabromide; stannic bromide | SnBr4 7789-67-5 - - 4+ Soluble
Tin(IV) chloride Tin tetrachloride; stannic chloride | SnCls4 7646-78-8 - - 4+ Soluble
Tin(IV) chloride Tin dichloride diiodide; stannic SnCl2I2 13940-16-4 | - - 4+ Soluble
iodide dichloride diiodide
Tin(IV) chloride Stannic chloride pentahydrate SnCls-5H>0 | 10026-06-9 | - - 4+ Very
pentahydrate soluble
Tin(IV) chromate Stannic chromate Sn(Cr0a4)2 38455-77-5 | - - 4+ Soluble
Tin(II) citrate Stannous citrate; tritin dicitrate Sn3((HO)C( | 59178-29-9 | - - 2+ -

CO0)-
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Chemical name Synonyms Chemical CAS REACH Reproducti | Oxidati | Solubility
formula number registration | on toxicity | on state | in water
dossier data
(CH2CO00))
2
Tin(IV) citrate Stannic citrate H2N40125n Not found - - 4+ -
Tin(II) Stannous fluoroborate Sn(BFa4)2 13814-97-6 | + - 2+ -
difluoroborate
Tin(IV) fluoride Stannic fluoride, tin tetrafluoride SnF4 7783-62-2 - - 4+ Soluble
Tin(II) hydroxide Stannous hydroxide; tin Sn(OH)2 12026-24-3 | - - 2+ -
dihydroxide
Tin(IV) hydroxide Stannic hydroxide; tin Sn(OH)4 12054-72-7 | - - 4+ -
tetrahydroxide
Tin(1V) iodide Tin tetraiodide; stannic iodide Snly 7790-47-8 - - 4+ Soluble
Tin(II) nitrate Stannous nitrate Sn(NOs)2 Not found - - 2+ -
Tin(IV) nitrate Stannic nitrate Sn(NO3)4 13826-70-5 | - - 4+ -
Tin(II) Tritin bis(orthophosphate); Sn3(P04)2 15578-32-2 | - - 2+ -
orthophosphate stannous phosphate
Tin(IV) Stannic phosphate Sn3(P04)4 Not found - - 4+ -
orthophosphate
Tin monophosphide | Tin(IV) phosphide; stannic SnP 25324-56-5 | - - 2+ -
phosphide
Tin triphosphide Tetratin triphosphide Sna4Ps 12286-33-8 | - - -
Tin(II) phytate Stannous phytate Not found Not found - - 2+ -
Tin(IV) sulphate Stannic sulphate Sn(S04)2 19307-28-9 | - - 4+ -
Tin(II) telluride Tin(II) telluride, stannous SnTe 12040-02-7 | - - 2+ -

telluride
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