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The followi ng list of organotin conmpounds includes the trivial
Servi ce (CAS) name and nunber,

Heal th, WHO, Geneva, Switzerl and

nane of t|

the nol ecul ar fornula, and alternative nanes,

CRGANOTI N COVPOUNDS

Name used in text CAS | ndex nane CAS
Monosubst it ut ed conpounds
ethyltin trichloride stannane, trichloroethyl-(9d) (8d) 106
ethyltin triiodide stannane, ethyltriiodo- (9d) (8d) 364
butyltin trichloride stannane, butyltrichloro- (9C) (8d) 111
but yl st annoi ¢ aci d st annane, butyl hydroxyoxo- (9d) (8d) 227.
but yl t hi ost annoi ¢ acid st annane, butyl mer capt ooxo- (8C) 264
butyltin-S; S ,S"-tris acetic acid, 2,2',2"- 258!
ORGANOTI N COVPOUNDS
Name used in text CAS | ndex nane CAS

Monosubstituted conpounds cont' d.

(i sooctyl nmercapt oacet at e)

((butyl stannylidyne)) tris (thio)
tris-, triisooctyl ester

(9d);

acetic acid, ((butylstannylidyne)
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butyltin-S, S ,S"-tris
(2- et hyl
hexyl mer capt oacet at e)

butyltin sul fide

trithio) tri,-triisooctylester (8Q)

8 oxa- 3, 5-di thia-4-

st annat et r adecanoi ¢ aci d,

4 butyl-10-ethyl-4-((2-((2-
et hyl hexyl ) oxyl ) - 2- oxoet hyl)
t hi 0) - 7- oxo-, 2-ethyl hexyl
ester (9d); acetic acid,
((butyl stannyl i dyne)
trithio)tri-,tris(2-ethyl hexyl)
ester (8d)

di st annat hi ane,

di but yl di t hi oxo-(9d);

di st annt hi ane, 1, 3-di butyl -
1, 3-di thioxo- (8Q)

268

156

CRGANOTI N COVPOUNDS

Narme used in text

CAS | ndex nane

CAS

Monosubstitut ed conpounds cont

octyltin trichloride

octyltin tris(2-ethyl
hexyl mer capt oacet at e)

cycl ohexyl stannoi ¢ acid

Di substituted compounds
dinethyl tin dichloride

d.

st annanne,
trichlorooctyl-(9C) (8d)

8- oxa- 3, 5-di t hi a- 4-

st annat et r adecanoi ¢ aci d,

10- et hyl -4- ((2- ((2- et hyl hexyl ) oxy)
- 2-oxoet hyl ) thio)-4-octyl-7-oxo0-
2- et hyl hexyl ester (9d);

acetic acid, ((octylstannylidyne)
trithio)tri-, tris(2-ethylhexyl)
ester (8d)

st annano, cycl ohexyl hydr oxyoxo-
(9d) (8d)

st annane, di chl or odi et hyl -
(9d) (8d)

309

271

227

753

ORGANCOTI N COMPOUNDS

Nane used in text

CAS | ndex nane

CAS
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Di substituted conpounds cont' d.

dimethyltin S, S -bis acetic acid, 2,2 -((dinethyl- 266.
(i sooctyl mercaptoacetate) stannyl ene) bis (thio))bis-,
diisooctyl ester (9d)
diethyltin dichloride st annane, dichl orodi et hyl - 866
diethyltin diiodide st annanne, di et hyl dii odo- 276
diethyltin dioctanoate st annane, di et hyl bi s((1-o0xo0 264
octyl)oxy) (9d);
stannane, diethylbis
(oct anoyl oxy) (8d)
di propyltin dichloride st annane, di chl orodi propyl - 867
(9a) (84)
diisopropryltin dichloride st annane, dichlorobis 388!
(1-methylethyl)- (9Q)
ORGANOTI N COVPOUNDS
Name used in text CAS | ndex nane CAS
Di substituted conmpounds cont' d.
di butyltin dichloride stannane, dibutyldichloro- (9d) (8d) 683
di butyltin oxide st annane, di butyl oxo- (9d) (8d) 818
dibutyltin diacetate st annane, bis(acetyl oxy)dibutyl- (9d) 106
dibutyltin dilaurate st annane, di butyl bis 77-

((1- oxododecyl ) oxy) -
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CRGANOTI N COVPOUNDS

Name used in text CAS | ndex nane CAS
Di substituted conmpounds cont' d.
dibutyltin nal eate 1, 3, 2- di oxast annepi n- 4, 7- di one, 78-1
2,2'-dibutyl-(9d) (8d)
dibutyltin sulfide st annane, di butyl thi oxo- 425
(9d) (8d)
di butyltin di stannane, dibutylbis 278
(2- et hyl hexoat e) ((2-ethyl -1-oxohexyl)oxy)- (94)
di butyltin dioctanoate st annane, dibutyl - 473
bi s((1-oxooctyl)oxy)- (9d);
st annane, di butyl
bi s(oct anoyl oxy)- (8d)
di butyltin di 5,7,12-tri oxa- 6-st annahexa 155
(butyl nual eate) deca- 2, 9-di enoi ¢ aci d, 6, 6-di butyl -
4,8,11-trioxo, butyl ester,
(Z,2)- (94) stannane, dibutylbis
(3-car boxyacryl oyl ) oxy-
di butyl ester,(Z 2)-(8d)
di butyltin di st annane, dibutyl bis 105
(nonyl mal eat e) ((3-carboxyacryl oyl ) oxy)
-di nonyl ester, (z,z)-(8d)
ORGANOTI N COMPOUNDS
Nanme used in text CAS I ndex nane CAS
Di substituted conpounds cont' d.
dibutyltin R-mercapto 6H 1, 3, 2- oxat hi ast anni n- 6- one, 78-1
pr opanoat e 2, 2-di but yl di hydr o-
di butyltin bis(lauryl st annane, dibutylbis 118

nmer capti de)

(dodecyl thio)-(9d) (8d)
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dibutyltin "l aurate- 2-butenoic acid, 4,4 - 732
mal eat e" [ (di butyl stannyl ene) bi s(oxy) ]

bis [4-o0x0-, (Z,2)- mxed with dibutyl

bi s [(1-oxododecyl)oxy] stannane (1-1)

(9a)
dibutyltin S, S -bis acetic acid, 2,2' (dibutyl 251
(i sooctylthioglycol ate) st annyl ene) bi s(t hi o) bi s-,

diisooctyl ester (9d);
acetic acid, ((dibutylstannylene)
dithio)di, diisooctyl ester (8C)

CRGANOTI N COVPOUNDS

Narme used in text CAS | ndex name CAS

Di substituted conmpounds cont' d.

dibutyltin S, S -bis
(isooctylthioglycol ate)

cont'd.
dibutyltin S, S -bis(2- 8-oxa- 3,5-dithia-4-stannatetra 105
et hyl hexyl mer capt oacet at e) decanoi ¢ acid 4, 4-di butyl -10-

et hyl - 7- oxo- 2- et hyl hexyl ester (9C);

acetic acid, ((dibutylstannylene)

dithio)di-, bis(2-ethylhexyl)

ester (9d)
di pentyitin dichloride st annane, dichl orodi pentyl- (9C) 111
dioctyltin dichloride stannane, dichlorodioctyl- (9d) (8d) 354
dioctyltin oxide st annane, dioctyloxo- (9C) (8d) 870
dioctyltin acetate st annane, bis(acetyl oxy)dioctyl- (90) 175
dioctyltin dilnurate st annane, dioctylbis 364

((1- oxododecyl ) oxy)-(9d);
st annane, bi s(| auroyl oxy)
di octyl -(8d)
dioctyltin nal eate 1, 3, 2- di oxast annepi n- 4, 7- di one, 160
2,2-dioctyl- (9d);

ORGANCOTI N COMPOUNDS

Narme used in text CAS | ndex name CAS

Di substituted compounds cont' d.
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dioctyltin dibutyl nal eate 5,7,12-tri oxa- 6- st annahexadeca- 295

2,9-dienoic acid, 6,6-dioctyl-

4,8,11-trioxo-, butyl ester,

(Z,2)-(9Q);

st annane, bi s(3-carboxyacryl oyl)

oxy)dioctyl -, dibutyl ester (Z 2)-

(84)
dioctyltin-S, S -(ethylene 1, 3-di oxa-6,9-d ithia-2-stanna 568
gl ycol - bi s- nercapt oacet at e) cycl oundecane- 4, 11-di one, 2, 2-

dioctyl-(9d)
dioctyltin-S, S -bis acetic acid, 2,2 - 264
(i sooctyl - mer capt oacet at e) ((di octyl stannyl ene) bi s(t hi o)

bi s-,diisooctyl ester (9d);

acetic acid, ((dioctylstannylene)

dithio)di-, diisooctyl ester (8d)
dioctyltin nercaptoacetate 1, 3, 2- oxat hi ast annol an- 5- one, 155

2,2-dioctyl-(9d) (8d)

ORGANOTI N COMPOUNDS

Name used in text CAS | ndex nane CAS
Di substituted compounds cont' d.
dioctyltin R-mercapto 6H 1, 3, 2- oxat hi ast anni n- 6- one, 303
pr opanoat e di hydro-2,2-dioctyl- (9C) (8d)
dioctyltin-S, S -his 8- oxa- 3, 5-di t hi a- 4- st anna 271
(butyl nercaptoacetate) dodecanoi ¢ acid, 4, 4-dioctyi-7-o0xo-

butyl ester (9d)

acetic acid, (((dioctylstannylene)

dithio)di-, butyl ester (8d)
dioctyltin-S, S -bis(2- 8-oxa- 3,5-dithia-4-stannatetra 155
et hyl hexyl mer capt oacet at e) decanoi ¢ acid, 10-ethyl -4, 4-

di octyl - 7- oxo-, 2-ethyl hexyl

ester (9d);

acetic acid, ((dioctylstannylene)

dithio)di-, bis(2-ethylhexyl)

ester (8d)
dioctyltin-S, S -bis 8- oxa- 3, 5-di t hi a- 4- st annaei cosanoi ¢ 732
(1l auryl mer capt oacet at e) acid, 4,4-dioctyl-7-oxo, dodecyl ester

(94)
dioctyltin bis(2- 5,7,12-tri oxa- 6-stannaoct adeca- 2, 9- 100

et hyl hexyl mal eat e)

di enoi ¢ acid, 14-ethyl-6, 6-
di octyl -4, 8,11-tri oxo, 2-ethyl hexyl
ester, (Z,2) (94)
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dioctyltin bis(dodecyl st annane, bi s(dodecylthi o) 222
mer capti de) dioctyl-(9d) (8d)
ORGANOTI N COVPOUNDS
Nanme used in text CAS | ndex nane CAS
Di substituted conmpounds cont' d.
dioctyltin-S, S -(1,4- 1, 9-di oxa- 4, 6-di t hi a- 5- 692,
but anedi ol - bi s- nercapt o st annacycl otri decane- 2, 8-
acet ate) di one, 5,5-dioctyl- (9d)
dioctyltin di(1, 2- 1, 3,8,11-tetraoxa- 2- 692,
propyl enegl ycol nal eat e) st annacycl o- pent adeca- 5, 13- di ene
4,7,12,15-tetrone, 9-nethyl -2, 2-
dioctyl-, (Z 2)-(9d)
dioctyltin bis(isobutyl st annane, bi s[(3-carboxy- 155
mal eat e) acryl oyl ) oxy] di octyl -, diisobutyl
ester, (Z,2)- (9d)
di phenyl tin dichloride st annane, dichl orodi phenyl- (9d) (8d) 113!
di cycl ohexyl tin oxide st annane, di cycl ohexyl oxo- 227
(9a) (8a)
di dodecyl tin di brom de st annane, di br onodi dodecyl - 652
(9a)
di oct adecyl tin di brom de st annane, di bronodi oct adecyl - 652
(9d)
ORGANOTI N COVPOUNDS
Name used in text CAS | ndex nane CAS
TRI SUBSTI TUTED COVPOUNDS
triethyltin bromde stannane, bronotriethyl- (9d) (8d) 276
triethyltin chloride stannane, chlorotriehyl- (9d) (8d) 994
triethyltin iodide stannane, triethyliodo- 294
(9a) (8a)
triethyltin suifate 4, 6- di oxa-5-t hi a- 3, 7-di st annanonane, 57-!
3,3,7,7-tetraethyl - 5,5-dioxide (94)
stannane, triethyl hydroxy-
sulfate (2:1) (8d)
triethyltin acetate st annane, (acetyl oxy) 190

triethyl-(9d);
st annane, acetoxytriethyl -
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(8a)
triethyltin hydroxide stannane, tri ethyl hydroxy- 994
(9d) (8d)
trl et hyl st annyl et hyl stannane, triethyl (3-nmet hoxy 178
(1-propynyl) fornal met hoxy) - | - propynyl -
triethyl stannyl phenyl stannane, trlethyl (phenyl ethynyl)- 101
acetyl ene (9d) (8d)
1-triethyl stannyl - 3- silane, trimethyl ((3-triethylstannyl)- 462
trinethyl siloxi-1-propyne 2- propynyl ) oxy) -
ORGANOTI N COMPOUNDS
Nane used in text CAS I ndex nane CAS
TRI SUBSTI TUTED COVPOUNDS
2-trichloro-1-(butine- st annane, (1-(3-butinyl oxy) 178
1'-oxide)-1-(triethyl -2,2,2-trichloroethoxy)triethyl -
st annyl oxy) et hane
trivinyltin chloride stannane, chlorotriethenyl - 100
(94);
st annane, chlorotrivinyl -
(8a)
tributyltin chloride stannane, tributyl chl oro- 146
(9d) (8d)
tributyltin fluoride stannane, tributylfl uoro- 198
(9d) (8d)
bi s(tributyltin) oxide hexabut yl di st annoxane 56-.
di st annoxane, hexabutyl- (9d) (8d)
ORGANOTI N COVPOUNDS
Name used in text CAS | ndex nane CAS
TRI SUBSTI TUTED COVPOUNDS
tributyltin acetate stannane, (acetyloxy)tributyl- (9C); 56-.

stannane, acetoxytributyl- (8d)

Page 12 of 98



Tin and organotin compounds (EHC 15, 1980)

tributyltin linoleate stannane, tributyl ((1-oxo0-9, 12- 241,
oct adecad ienyl)oxy)-(Z,2)-(9d);
stannane, tributyl (linol eoyl oxy)-

(8a)

tributyltin benzoate st annane, (benzoyl oxy)tributyl - 434,
(94) (8d)

tributyltin salicylate phenol, 2-[[(tributyl stannyl)oxy] 434,

carbonyl]- (9d)
stannane, tributyl (salicyl oyl oxy)-
(8a)
tributyltin nmethacrylate stannane, tributyl ((2-nethyl-1- 215!
0X0- 2- propenyl )oxy)-(9d);
stannane, tributyl (nmethacryl oyl oxy-
(8a)

tributyltin laurate stannane, tributyl 309
((1- oxo-dodecyl )oxy)-(9d)
stannane, tributyl (lauroyloxy)- (8d)
tributyltin ol eate stannane, tributyl ((1-oxo-9-octa 309
decenyl )oxy)-, (2)-(9d);
stannane, tributyl (ol eoyl oxy)- (8d)
trihexyltin acetate st annane, (acetyloxy)trihexyl - 289
(9d);
stannane, acetoxytrihexyl- (8d)

CRGANOTI N COVPOUNDS

Name used in text CAS | ndex name CAS

TRI SUBSTI TUTED COVPOUNDS

tricycl ohexyltin hydroxide stannane, tricycl ohexyl hydr oxy- 131
(9d) (8d)

trioctyltin chloride stannane, chlotrioctyl- (9d) (8d) 258

triphenyltin chloride st annane, chlorotriphenyl - 639
(9d) (8d)

triphenyltin hydroxide st annane, hydroxytri phenyl - 76-1
(9a) (8a)

ORGANCTI N COVPOUNDS
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Nanme used in text CAS | ndex nane CAS
TRI SUBSTI TUTED COVPOUNDS
triphenyltin acetate st annane, (acetyloxy)triphenyl - 900
(94);
st annane, acetyl oxytriphenyl- (8d)
p- br omophenoxy triethyltin st annane, ( p-bronmophenoxy) 209
triethyl- (8d)
TETRASUBSTI TUTED COMPOUNDS
tetrarnethyltin stannane, tetramethyl- (9C) (8d) 594
tetraethyltin stannane, tetraethyl- (9d) (8d) 597
tetrabutyltin stannane, tetrabutyl- (9d) (8d) 146
tetrai sobutyltin st annane, tetrakis(2-nethylpropyl)- 353
(9a)
stannane, tetraisobutyl- (8d)
tetraphenyltin stannane, tetraphenyl- (9C) (8d) 595
tetraoctyltin stannane, tetraoctyl- (9C) (8d) 359
st annous oct anoat e octanoic acid, tin(2+) salt 191
(9d) (8d)
tin (I1) cycl opentadi enyl stannocene (9d) 129

TIN AND ORGANOTI N COVPOUNDS: A PRELI M NARY REVI EW

This is the first volune in the UNEP/ WHO Envi ronmental Health
Criteria series containing a prelimnary review of environnental
heal th aspects of a group of chemicals. Such reports are prepared in
accordance with the second objective of the WHO Envi ronmental Health
Criteria Progranme "to identify new or potential pollutants by
preparing prelimnary reviews on health effects of agents likely to be
used in industry, agriculture, in the house, and el sewhere" (VWHO
1976). Organonetallic tin conpounds are being used in increasing
anounts for a variety of applications and the annual world production
has risen fromless than 50 tonnes in 1950 to about 25 000 tonnes in
1975. One of the main applications is the use of dialkyland, to a nuch
| esser extent, nonoal kytin conpounds in the stabilization of
poly(vinyl chloride). Qher applications include the use of
tributyltin conmpounds as industrial biocides and surface disinfectants
and the use of triphenyltin and tricylohexyltin conpounds as
agricultural fungicides and agricultural acaricides.

Prelimnary reviews differ fromthe criteria docunments in that
they do not contain a separate section on health risk evaluation and
that the procedure for their preparation is sinpler. Draft prelimnary
reviews are not submitted for corments to the national focal points
for the WHO Environnental Health Criteria Programmre. The first draft
is reviewed by a Task Goup of experts, and on the basis of their
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comments, a final draft is prepared and scientifically edited by the
WHO Secretariat. However, individual nenbers of the Task Group and
ot her experts may be consulted during the scientific editing of the
docunent s.

The first draft of the present docunent was prepared by Dr L.
Fi shbein, National Center for Toxicol ogical Research, Jefferson, AR
USA. Dr A E. Martin, formerly Principal Medical Oficer, Departnent
of Health and Social Security, London, England, assisted the
Secretariat in the preparation of a revised first draft, which was
circulated to the nenbers of the Task Group prior to the neeting. The
Task Group on Environnmental Health Aspects of Tin and Organotin
Conpounds net in Geneva from 10-14 March 1975 to review and revise
this draft, and, on the basis of their comments, a final draft was
prepared by the Secretariat. The Secretariat w shes to acknow edge the
nost val uabl e assistance in the final phases of preparation of the
docunent of Dr Renate Kinbrough, Center for Disease Control, Atlanta,
GA, USA, Professor Magnus Piscator, Departnent of Environnental
Hygi ene, Karolinska Institute, Stockholm Sweden, Dr Robert J. Horton,

US Environnental Protection Agency, Research Triangle Park, NC, and Dr
Warren T. Piver, National Institute of Environnental Health Sciences,
Research Triangle Park, NC, USA. The help is also gratefully

acknow edged of Dr H Nordman, Institute of Occupational Health,

Hel si nki, Finland, who assisted both in the preparation of the final
draft and in the final scientific editing of the document and of
Professor C. Schlatter and Dr R Utzinger, Institué de Toxicol ogi e,
Ecol e Fédéral e Pol ytechni que et Université de ZUrich, Dr. D. S. Valley
Dr D. F. Walker, National Library of Mdicine, Departnent of Health,
Educati on and Welfare, USA, and Dr A Stiles, Consultant, Departnment
of Environmental Health, WHO, Geneva, who helped in conpiling the |ist
of organotin conpounds.

Thi s docunent is based prinmarily on original publications |isted
in the reference section. However, several publications review ng the
health effects of inorganic and organotin conpounds have al so been
used. These include reviews by Barnes & Stoner (1959), Browning
(1969), FAOQ WHO (1971), International Labour O fice (1972), Kinbrough
(1976), Maclntosh (1969), National Institute of Cccupational Safety
and Health (1976), and Piver (1973).

Details of the WHO Environnental Health Criteria Progranme,
i ncluding definitions of some of the terns used in the docunents, may
be found in the general introduction to the Environmental Health
Criteria Progranme, published together with the environnmental health
criteria docunment on mercury (Environnmental Health Criterial M
Mercury, Geneva, Wrld Health Organization, 1976) and now avail abl e as
a reprint.

1. SUMVARY AND RECOWMMVENDATI ONS FOR FURTHER RESEARCH
1.1 Chenmistry and Uses of Tin Conmpounds
1.1.1 Inorganic tin

The annual world production of tin is around 225 000 tonnes, about
70% of which is obtained fromores, the remaining 30% bei ng recovered
fromscrap netal. Tin is mainly used in tinplated containers, but it
is also extensively used in solders, in alloys such as bronzes,
babbit, pewter, and type netal, and in nore specialized alloys such as
dental amal ganms and the titaniumalloys used in aircraft engineering.

I norganic tin conpounds, in which the elenment nmay be present in
the oxidation states of +2 or +4 are used in a variety of industrial
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processes for the strengthening of glass, as a base for colours, as
catalysts, as stabilizers in perfunmes and soaps, and as dental
anti cari ogeni c agents.

1.1.2 Organotin conpounds

Organotin conmpounds are classified as RySn, RsSnX, R,SnX, and
RSnXs. In conpounds of industrial inportance, Ris usually a butyl,
octyl, or phenyl group and X, a chloride, fluoride, oxide, hydroxide,
carboxyl ate, or thiloate. So far, nonosubstituted organotin conpounds
(RSnX3) have had a very linmited application, but they are used as
stabilizers in poly(vinyl chloride) filns. Disubstituted organotin
compounds R,;SnX;) are mainly used in the plastics industry,
particularly as stabilizers in poly(vinyl chloride). They are al so
used as catalysts in the production of polyurethane foans and in the
roomtenperature vul cani zation of silicones. Trisubstituted organotin
compounds (RsSnX) have biocidal properties that are strongly
i nfluenced by the R-groups. The nost inportant of these conpounds are
the tributyl-, triphenyl-, and tricyclohexyltin conpounds, which are
used as agricultural and general fungicides, bactericides,
anti hel m nthics, niticides, herbicides, nolluscicides, insecticides,
nemat oci des, ovicides, rodent repellents, and antifoulants in boat
pai nts. The tetrasubstituted organotin conpounds (R4sSn) are nainly
used as intermediates in the preparati on of other organotin conpounds.

1.2 Analytical Methods

A wide variety of analytical nethods is available for the
deternmination of tin at |ow concentrations.? However, these nethods
have rarely been conpared with regard to their suitability for
application to a particular problem and, on the basis of available
information, it is not possible to recommend a specific anal ytica
technique for a particular application

Inorganic tin in food and biological materials is usually
determ ned by atonmic absorption. O her spectroscopi c nethods have al so
been used with satisfactory accuracy and precision, including em ssion
spectroscopy for air, water, and food sanples and neutron activation
anal ysis for geol ogi cal sanpl es.

Many anal ytical nethods have been used for the determ nation of
organoti n conpounds. Atom c absorption and ot her spectroscopi c net hods
conbi ned wi th chromat ography have been used for the estimation of
di organoti n conpounds. Pesticide residues have been deterni ned by
spectroscopi ¢ net hods and gas-liquid or thin-layer chronatography.
However, reliable nethods have still to be devel oped for the
quantitative extraction, separation, and deternination of many
i ndividual tin species in mxtures containing both inorganic tin and
organotin conpounds that nmay occur in various nedia.

1.3 Environnmental Concentrations and Exposures
1.3.1 Environnmental exposures

On the whole, contamination of the environment by tin is only
slight. The levels of pollution arising fromgases and funes, waste
slag, and liquid wastes fromtin processing are | ow because of the
hi gh degree of recovery and reprocessing used in this industry.

Concentrations of tin in air are often below the detection limts

and, when detected, the levels are generally bel ow 0.2-0.3 pg/nt,
except in the vicinity of industrial sources of emnission, where

concentrations up to 5 pg/nt may occur.
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& Throughout the docunent the word concentration indicates mass
concentration unl ess otherw se stat ed.

Tin has not always been found in soils and plants; however, it is
possi ble that in sonme cases, concentrations have been bel ow t he
detection limts. Tin concentrations in soils are generally bel ow
200 ng/ kg but in regions of tin-containing mnerals, the |evels my
exceed 1000 ng/ kg. The small anbunt of evidence avail abl e concerning
the uptake of tin by crops suggests that soil concentrations do not
markedly influence its uptake by plants.

Tin has been detected only occasionally in river and nunicipa
wat ers. Val ues exceeding 1 pg/litre are exceptional, although val ues
as high as 30 pg/litre have been found in drinking water. Sea water
concentrations are of the order of 3 pg/litre. Organotin conpounds nay
enter water, for exanple, fromantifouling paints on the bottons of
ships or from noll uscicides, which, to be effective, should be present
at concentrations of about 1 ng/litre.

Food is the main source of tin for man. A di et conposed
principally of fresh nmeat, cereals, and vegetables, is likely to
contain a nmean tin concentration of about 1 ng/kg. Larger anounts of
tin exceeding 100 ng/ kg may be found in foods stored in plain cans
and, occasionally, in foods stored in |acquered cans. Sone foods such
as asparagus, tomatoes, fruits, and their juices tend to contain high
concentrations of tin if stored in unlaquered cans. O ganotin
conmpounds may be introduced into foods through the use of such
conpounds as pesticides and, to sone extent, through migration of tin
frompoly(vinyl chloride) materials. However, the |evels of organotin
compounds in food are generally bel ow 2 ng/kg.

Experimental studi es have provi ded evidence of the
bi otransformati on of sone triphenyl-, and tricycl ohexyltin conpounds.
There are also linted data suggesting nethylation of tin by organi sns
present in the environment. Fromthe available infornation, it appears
that bioconcentration of tin and organotin conpounds of a nagnitude
that m ght endanger life or the environment is unlikely to occur

The estimated nean total daily intake of tin by man ranges from
200 pug to 17 ng. A diet consisting of fresh foods probably provides
about 1-4 ng/day. The likely daily intake fromwater is estimated to
be less than 30 pg/day, and the daily anmount entering the body from
air, less than 1 pg.

1.3.2 Cccupational exposure
Several technol ogical operations associated with the processing of
tin are known to cause excessive occupational inhalation exposure to
tin oxide which may result in a benign pneunobconiosis terned
stannosi s, many cases of which have been reported in the past.
Wirkers involved in the processing of di- and trisubstituted
organoti n conpounds may be subject to excessive exposure fromtine to
time. Workers spraying fields or treating plants with trial kyl- or
triaryltin conpounds may al so run the risk of exposure to these
conpounds.
1.4 Metabolism
1.4.1 Inorganic tin

The extent of absorption through the respiratory route has stil
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to be assessed. The absorption of ingested inorganic tinis likely to
be |l ess than 5% al t hough figures as high as 20% have been suggest ed.
Gastrointestinal absorption is influenced by the oxidation state,
tin(ll) compounds being nore readily absorbed than tin(lV) conpounds.
The ani on conplenment may al so influence the rate of absorption

Absorbed tin | eaves the vascul ar systemrapidly. Bone is the nain
site of deposition and the hi ghest concentrations of tin are found in
the lung, kidney, liver, and bone. Penetration of the bl ood-brain and
pl acental barriers appears to be very slight. Wth the exception of
the lungs, inorganic tin does not accunulate in organs with increasing
age.

Absorbed inorganic tinis mainly excreted in the urine. The
fraction excreted with the bile varies with the type of conpound and
i s probably bel ow 15%

1.4.2 Organotin conpounds

In general, organotin conpounds are nore readily absorbed fromthe
gut than inorganic tin conpounds; allowance nust be nade, however, for
the great variations found between different conpounds and different
species. As a rule, tin conpounds with a short alkyl chain are nore
readily absorbed fromthe intestinal tract. The trial kyltin conpounds
are usually well absorbed through the skin. As far as distribution is
concerned, the highest concentrations in rats, guineapigs, rabbits,
and hansters have nostly been detected in the liver. Trisubstituted
organoti n conpounds have been found in the brain of various species
but the formof tin present in the brain has not been satisfactorily
identified.

Many organotin conmpounds are transforned, to sone extent, in the
ti ssues. The deal kyl ati on and dearyl ation of tetra-, tri-, and
di substituted organotin conmpounds seemto occur in the liver, but the
deal kyl ati on of diethyltin conpounds appears to take place both in the
gut and in tissues of other organs. The node of excretion of organotin
compounds | argely depends on the type of the conmpound. For exanple,

ethyltin trichloride seens to be mainly excreted with the urine, but
diethyltinis elimnated with the faeces, urine, and the bhile.
Triethyltin is not only excreted with the urine, but, at least in

| actating sheep, also with the mlk. The route of excretion for many
conmpounds is not known. The biological half-time of different
organoti n conpounds vari es and nmany conpounds are slow to di sappear
fromthe organs. Usually the biological half-tinme seens to be |onger
in the brain than in other organs.

1.5 Effects on Experinmental Aninals

Al though there is evidence that tin is essential for the nornal
growth of rats, no evidence exists that it is essential for other
speci es incl udi ng man.

1.5.1 Inorganic tin
1.5.1.1 Local effects

Many of the reported effects of inorganic tin are |ocalized
because of its irritant properties. Vomiting and diarrhoea are typica
signs that follow oral intake of foods with a high tin content. In
cats, tin concentrations of 540 ng/litre or 1370 ng/litre in orange
juice caused vomiting in 1/11 animals and 3/10 ani nmals, respectively.
However, these levels did not produce any effects in dogs. The only
adverse effect produced in guineapigs by both short-term and prol onged
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exposure to 3 ng of tin tetrachloride per n? of air was transient
irritation of the nose and eyes, but these findings have not been
corroborated. Application of 1%tin(ll) chloride or 0.25%tin(ll)
fluoride to the abraded skin of rabbits caused intradermal pustule
formati on and epi dermal destruction, but did not have any effect on
i ntact skin.

1.5.1.2 Systenic effects

The maj or systemc effects of inorganic tin salts in aninals
include ataxia, twitching of the |linbs, and fore-and hindl eg weakness
progressing to paralysis. In rats, growh retardati on and decreased
haenogl obin levels may follow adm nistration of tin(ll) chloride,
orthophosphate, sulfate, oxalate, and tartrate at a dietary |evel of
3 g/ kg. However, administration of iron prevents the devel opnent of
anaenmi a. Higher dietary levels of tin (10 g/kg) over several weeks may
i nduce testicular degeneration, pancreatic atrophy, and a spongy state
of the white matter of the brain. Doses of pentafluorostannite of
100 ng/ kg body weight may al so affect growth, and a dose-rel ated
decrease in haenpgl obin |l evels may be seen with doses exceedi ng
100 ng/kg; no effect on growmh was found at a dose of 20 ng/kg
adm nistered orally to rats. A single intravenous injection of
pent af |l uorostannite at a concentration of 35 ng/kg body wei ght or
tin(ll) chloride dihydrate (SnC ,-2H,0) at 44.4 ng/kg in rats

produced extensive necrosis, mainly in the proxinmal tubules of the

ki dney. A subcutaneous dose of tin(ll) chloride at a concentration of
5.6 ng/ kg body wei ght caused a 20-30 fold increase in the haem
oxidation activity in the kidney; this effect was dose-rel ated.

Adm nistration of tin(ll) chloride at a concentration of 5 ng/litre,
fromweaning to natural death, did not affect longevity in mce or in
mal e rats, but caused a decrease in longevity in fenmale rats conbi ned
with an increased incidence of fatty degeneration of the liver. There
is no conclusive evidence concerning the carcinogenicity or
teratogenicity of inorganic tin.

1.5.2 Organotin conpounds
1.5.2.1 Local effects

Sone butyltin compounds are known to produce gastrointestina
irritation; subnucosal, subserosal, and intralum nar haenorrhages were
seen in nmice after a single oral dose of 4000 ng/ kg body wei ght.

Di butyltin dichloride adm nistered at a dose of 50 ng/ kg body wei ght
per day, for one week, produced gastroenteritis in rats.
Gastroenteritis was al so produced in rats by adm nistration of

tricycl hexyltin hydroxide (25 nmg/ kg body wei ght per day, for 19 days).

Dermal application of dibutyltin dichloride (10 ng/ kg body wei ght
per day, for 12 days) caused severe |ocal danage. Local irritation was
produced in rats by applications to the shaved skin of
bi s(tributyltin) oxide in doses of 0.36-0.95 ng/kg; necrosis was
produced at doses of 1.4-185 ng/kg. Triphenyltin acetate al so
irritated the skin of the rat, whereas triphenyltin hydroxi de was
reported not to irritate the skin of the rabbit but to be extrenely
irritating to the eyes.

1.5.2.2 Systenic effects

The systenmic effects of nonosubstituted, disubstituted, and
tri-substituted organotin conpounds differ. In general, nono- and
di -organotin compounds are |ess toxic than triorganotin conpounds. The
toxicity of trialkyltin conpounds decreases as the nunber of carbon
atonms in the al kyl chain increases.
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Di butyltin conpounds can produce inflammtory changes in the bile
duct. Single oral doses of dibutyltin dichloride at 50 ng/ kg body
wei ght produced this effect in rats, and hi gher doses produced nore
severe injury; necrotic changes were also produced in the liver of
mce and rats. Bile duct injury in rats and rabbits was seen foll ow ng
dermal application of dibutyltin dichloride (10 ng/ kg body weight).
Di octyltin conpounds produced slight changes in the germ nal centres
of the spleen and steatosis of hepatocytes in nmice at a single ora
dose of 4000 ng/ kg body wei ght. Pul nbnary oedena may be seen in rats
followi ng i ntravenous adm nistration of diethyl-, dipropyl-,

dii sopropyl -, and dipentyltin conpounds. D butyltin conpounds can sl ow
down growt h in rats. The no-observed-effect dietary |level was reported
to be 40 nmg/ kg for a 3 nonth feeding period and 20 ng/ kg for 6 nonths.
Recent studies showed that dioctyltin dichloride and dibutyltin
dichloride administered at dietary |evels of 50 and 150 ny/ kg,
respectively for 6 weeks, caused a dose-dependent atrophy of the
thynmus and t hynus- dependent organs and suppression of the

i mmunol ogi cal response in rats, but not in mce and gui neapi gs.

Sone trialkyltin conmpounds produce a characteristic lesion in the
central nervous system consisting of oedema throughout the white
matter. Orally administered trinethyl- and triethyltin conpounds are
nmore potent in inducing this |esion than the higher honol ogues. The
first changes in the rat brain were visible after 3 days of
admi nistration of triethyltin hydroxide at a dietary |evel of
20 ng/ kg. Maxi mum changes were found after 2 weeks. Typical signs of
such intoxication included prostration and weakness of the progressing
to flaccid paralysis. The effects disappeared when exposure ceased.

Admi ni stration of triphenyltin conmpounds produced a reduction in
wei ght and in food intake in nmany species. Lethargy was a typica
synpt om and hi stol ogi cal changes in the liver and spleen were al so
seen. A decreased i mmunol ogi cal response with a reduction in the
nunber of | eukocytes and of plasma cells in the | ynph nodes of
gui neapi gs has been reported. A 2-year study indicated a
no- observed-effect | evel for triphenyltin acetate of 0.1 ng/kg body
wei ght per day.

A single intrarunenal dose of tricyclohexyltin hydroxide at
50 ng/ kg body wei ght produced central nervous depression and diarrhoea
in sheep, whereas a dose of 15 ng/kg did not result in any adverse
effects. At higher doses, pul nonary congestion, tracheal haenorrhage,
enteritis, and el eotrocardi ographi c changes were seen
No- observed-ef fect doses for long-termintake in the rat and dog were
given as 3 ng/ kg body wei ght per day and 0.75 (ng/kg) per day,
respectively.

Tetraal kyl tin conmpounds may produce nuscul ar weakness, paralysis,
respiratory failure, trenors, and hyperexcitability as acute effects
in mce and dogs, while late effects are simlar to those seen with
triorganotin poisoning.

There is no evidence that organotin conpounds are carcinogenic or
teratogenic. Reported effects of triphenyltin hydroxide on the testes
and ovaries of rats require further confirmation

I nformati on concerning the nmechani smof the toxic action of
organotin conpounds is inadequate. Several dinethyl- and dioctyltin
conpounds i nhibit the oxidation of keto-acids and bl ock m tochondri al
respiration. Trialkyltin compounds inhibit oxidative phosphoryl ation

1.6 Effects in Man
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1.6.1 Inorganic tin

I nhal ation of elemental tin does not produce any effects in man,
wher eas extended exposure to tin(lV) oxide dust and fumes can produce
a beni gn pneunoconi osis terned stannosis. This condition devel ops
after at |east 3-5 years of exposure and is characterized by snal
dense shadows in the pulmonary X-ray picture w thout inpairnent of
pul monary function. Fibrosis is not seen. The generally-accepted
maxi mum al | owabl e concentration of tin(lV) oxide in the air of work
roons of 2 nmg/nt appears to give protection against this disorder

Synptons that have been reported followi ng ingestion of food with
a high tin content include nausea, vomiting, diarrhoea, stonach
cranps, fatigue, and headache. The | owest concentration of tin
reported in association with such outbreaks was about 250 ng/litre in
canned orange and apple juice. Five hunman volunteers did not
experience any synptonms fromthe ingestion of fruit juices containing
concentrations of 500-730 ng/litre but all had gastrointestina
di sturbances at a level of 1370 ng/litre (corresponding to
4.4-6.7 ng/ kg body weight). Ingestion of 50 ng of tin through eating
canned peaches that contained tin concentrations of about
300- 600 ng/ kg caused acute synptonms in 2 out of 7 persons. The
relative inportance of, on one hand, the total amount of tin ingested
and, on the other hand, the concentration of tin in relation to the
devel opment of synptonms has not been satisfactorily assessed.

1.6.2 Organotin conpounds
1.6.2.1 Local effects

D butyl - and tributyltin compounds produced skin irritation in
workers 1-8 h after contact. Experimental application to the skin of
vol unteers showed that some conmpounds (e.g., dibutyltin dichloride and
tributyltin chloride) produced this effect, whereas others such as
dibutyltin maleate and tetrabutyltin did not. Di- and tributyltin
conpounds caused eye irritation after brief contact. A 20% sol ution of
triphenyltin acetate produced irritation of the skin and the mucous
menbranes of the upper respiratory tract while tricyclohexyltin
hydr oxi de was reported not to cause skin irritation at a concentration
of 0.01 ng/ kg body wei ght.

1.6.2.2 Systemic effects

The majority of accidental poisonings involving systemic effects
have been due to occupational exposure to triphenyltin acetate.
System c effects reported to have foll owed both dermal and inhal ation
exposure include general mal ai se, nausea, gastric pain, dryness of the
mout h, vision di sturbance, and shortness of breath. Hepatonegaly and
el evated |l evels of liver transami nase activity have been found in sone
cases. Recovery has generally been conplete but |iver danage has been
known to persist for up to 2 years.

The hazard associated with the use of organotin conmpounds was
unmasked by an epi sode of intoxication in 1954 involving over 200
cases, 100 of which were fatal. The cause was the ingestion of an ora
preparation containing diethyltin diiodide at 15 ng/capsule. It was
suggest ed, however, that ethyltin triiodide, triethyltin iodide, and
tetraethyltin were present as inmpurities. Predom nant synptonms and
signs included severe headache, nausea and vomiting, visual and
psychol ogi cal disturbances, and sonetines |oss of consciousness. At
aut opsi es and deconpressive surgery, cerebral oedema of the white
matter was found. In nany cases, synptons |asted for at |east 4 years;
followup information on the subjects involved is not avail able.
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1.7 Recomrendations for Further Studies
1.7.1 Analytical nethods

More information is needed on the specificity, precision, and
accuracy of methods for the determ nation of inorganic tin conpounds.
Data concerning interlaboratory conparisons of the nethods used are
al so lacking. In view of the variable results obtained in studies on
the tin contents of various materials and tissues, the use of
reference | aboratories is recommended. Better methods are needed for
the quantitative extraction and separation of the various organotin
conpounds present in environnmental and biol ogical sanples. As
organoti n conpounds used as pesticides or stabilizers occur in foods
in mnute anounts only, mare sensitive nethods for their measurenent
are needed.

1.7.2 Environnmental data

More information regardi ng bi oconcentration is needed. The fate of
organoti n conpounds entering water is largely unknown. The possibility
of the methylation of tin by organisns present in the environnent is
of particular interest.

A wide variety of results concerning the daily intake of tin has
been reported. Although a certain range is to be expected, further
i nvestigations of the concentrations of tin in food and water, and of
dietary intake are needed.

1.7.3 Metabolism

Information on the rate of absorption of tin fromthe
gastrointestinal tract is insufficient and little is known about the
absorption of various conpounds through the respiratory tract which
may be of imnportance in occupational exposure. Furthernore, there is a
gap in informati on concerning the rate of absorption of organotin
conpounds through the skin.

Many of the studies conducted on the distribution of tin in human
ti ssues may be unreliable because of the analytical nethods avail abl e
at that time: thus, data on tissue contents should be obtained using
as sensitive methods as possible with enphasis on the precision,
specificity, and accuracy of the assays enployed. Information on tin
concentrations in newborn infants conpared with adults is |acking, and
data concerning tin concentrations in the tissues of occupationally-
exposed persons conpared w th unexposed popul ati ons are not avail abl e.
The i ncreasi ng devel opnent and use of new organotin conpounds wil |
necessitate further studies on the metabolismof such conpounds.

At present, there is an obvious |ack of information on the
bi o-transformati on of several organotin conpounds. Data concerning the
accunul ation and retention times of various conpounds in ani mal
tissues are also desirable. Finally, the route or routes of excretion
of many organotin conpounds are conpl etely unknown.

1.7.4 Effects

Probably the nbst conspicuous |lack of information concerns the
mechani sm of action of various organotin conmpounds. Mre information
shoul d be obtained on the carcinogenicity, teratogenicity, and
nut ageni city of these conmpounds. Conpounds used industrially should be
studied with reference to possible allergenic properties. Recently
reported results suggest that the effects of various organotin
derivatives on the i mmune system should be studied in nore detail
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Mor eover, properly conducted studies on the effects on the sex glands
of different species using nultigeneration studies seemurgent. The

i mportance of |ongitudinal epidem ol ogical studies on
occupati onal | y- exposed popul ati ons and the useful ness of information
that may be obtained through foll ow up studi es of accidental

i ntoxi cation should be enphasi zed.

2. CHEM STRY AND ANALYTI CAL METHCDS

Tin can forma variety of both inorganic and organonetal lic
conpounds. These two cl asses of conpounds have different chenical and
physi cal properties which nmake them suitable for different
applications in industry, agriculture and el sewhere. They al so have
different toxicities and require separate assessnents of health risk
The inorganic chemistry of tin has been described in standard texts on
i norgani c chem stry such as those by Cotton & WIKkinson (1972, 1976)
and Hesl op & Jones (1976). Sources of information on new devel opnents
in the organonetallic chemistry of tin include a review by van der
Verk (1972) and a collection of papers presented at a synposi um of the
Ameri can Chemi cal Society (Zuckerman, 1976).

2.1 Elenental Tin

Tin (atom c nunber 50; relative atomic nmass 118.70) is an el enent
of group IVb of the periodic system together with carbon, silicon
germanium and lead. It exits in three allotropic nodifications. At
roomtenperature, the stable formis a netallic formcalled B- or
white tin. Wiite tinis a silver-white, lustrous and soft netal wth
consi derabl e ductility, and can be rolled into very thin "tin foil"
Its density is 7.27, nelting point 231.9°C, and boiling point 2507°C.
At ordinary tenperatures, it is stable in both air and water. Bel ow
13.3°C, the stable formof tin is the non-nmetallic grey tin
(al pha-tin). Above 161°C, the stable nodification is the so-called
brittle tin, another netallic nodification

Metallic tinis normally covered with a thin protective fil m of
tin dioxide. Because tin is resistant to cold acids, a cohesive tin
layer will protect iron fromcorrosion (tin plate). However, if the
| ayer is damaged, the iron will rapidly corrode. Tin-plate used in the
food industry should not contain |lead, not only because lead is toxic,
but al so because its presence aids the corrosion of tin by dilute
organi ¢ aci ds.

Neutral aqueous salt solutions react slowy with netallic tinin
the presence of oxygen but solutions containing nitrates, iron(ll)
chloride or sulfate, alumniumchloride or tin(l1V) chloride dissolve
el emental tin.

Tin can forminorgani c conmpounds in the oxidation state +2 (Sn'',
tin(ll) compounds, or stannous conpounds), and in the oxidation state

+4 (Sn'V, tin(1V) conpounds, or stannic compounds). Because of their
di f ferent physieochenical properties, it is useful to discuss the 2
groups of conpounds separately.

2.2 Tin(ll) Conpounds

Tin(ll) conpounds are generally nmore ionic than tin(lV) conpounds.
They are unstable in dilute aqueous solutions, are easily oxidized,

and normal ly contain some Sn'V; after some time, hydrolysis occurs
with the formation of the hydrated tin(l1) oxide ion [Sns(OH)g4 .

Tin(ll) chloride is readily soluble in small anpbunts of water. It

is a fairly good reduci ng agent, and has nmany uses in industry,
particularly as a nordant in dye printing. Aqueous solutions of
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tin(ll) chloride becone turbid on dilution because a basic salt is
precipitated. The fluoride (SnF,) is slightly soluble in water. It is
used in fluoride-containing toothpastes. In agueous sol utions,

SnF;” is the major ion but other ions such as SnF* and Sn3Fs

are also present. Tin(ll) sulfate is a good source of Sn''. Its
solubility decreases with tenperature.

Tin(ll) oxide (SnO is a stable, blue-black crystalline solid. It
reacts with both mneral and organic acids, and dissolves in sodium
hydr oxi de solutions form ng stannites, which probably contain the
SnO,% i on.

O her tin(ll) conmpounds that have practical applications are
tin(ll) acetate, tin(ll) arsenate, tin(ll) fluoroborate, tin(ll)
pyrophosphate, and several tin(ll) salts or organic acids, such as
tin(ll) oxalate and tin(l1)-2-ethyl hexoate (tin(ll)"octoate").

2.3 Tin(1V) Conpounds

Tin in the oxidation state + 4 forns a | arge nunber of inorganic
conmpounds as well as organonetal lic conpounds, which are discussed in
section 2.4. Some tin(lV) conmpounds, such as tin(lV) oxide (SnG,),
have | ong been used in industry; Qhers, e.g., tin(l1V) chloride
(snd 4), have found technol ogi cal applications nore recently. Also of
practical inmportance are the stannates, conpounds in which the tin
atomis part of an anion. The structure of stannates can be
represented by MSn(OH)s, where Mis a nmetal ion

The physical properties of tin tetrahalides, except those of
SnF4, correspond to the properties of coval ent halides of carbon and
silicon. Tin(lV) chloride is a colourless liquid that funes in noist
air and becones turbid because of hydrolysis when conplex ions such as
[Snd 3(OH) 3] > are formed. The addition of a |inited amount, of
water to tin(lV) chloride results in the formation of a crystalline
hydrate, Snd 4. 5H,0 the ionic character of which is probably due to

the presence of a conplex ion [Sn(H0Q]*.

Tin(1V) oxide occurs naturally as the mneral cassiterite. It has
a very high nelting point (1127°C) and has wi de application in
i ndustry. The fusion of tin(lV) oxide with sodiumor potassium
hydr oxi de yi el ds stannates.

O her tin(1V) compounds that have found practical applications
include tin(IV) sulfide, tin(lV) vanadate, and tin(lV) nol ybdate.

2.4 Oganonetal lic Conpounds of Tin

Organonetal lic tin compounds or organotin conpounds have one or
nore carbon-tin coval ent bonds that are responsible for the specific
properties of such nol ecul es. Essentially all organonetallic tin
conpounds are of the Sn'Y type. The only well established conpound
with tin in the oxidation state + 2 is the tin(ll)cycl opentadienyl,
CioHi0Sn. There are four series of organotin conpounds dependi ng on
the nunber of carbon-tin bonds. These series are designated as nono-,

di-, tri-, and tetraorganotin conpounds with the general structure:
RSN X4-n
wher e R = an alkyl or aryl group
Sn = the central tin atomin the oxidation state +4
X = a singly charged anion or an ani oni c organic group

In the organotin conpounds of practical inmportance, Ris usually a
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butyl, octyl, or phenyl group and X is conmonly chloride, fluoride,
oxi de, hydroxide, carboxylate, or thiolate.

Monoor ganoti n conpounds, RSnXz, are known but so far have found
only limted application, for exanple, butyltin sulfide is used as a
stabilizer in poly(vinyl chloride) (PVC) film

D organotin conmpounds, R,SnX;, are chemically reactive and nost
of their applications are based on this property. They are used. as
stabilizers of PVC, as catalysts in the production of polyurethane
foans, and in the cold-curing of silicon el astoners.

Tri organoti n conpounds, RsSnX, are the nost inportant class of
organotin chemcals. They are biologically very active and are widely
used as biocides. The chenical nature of the R group has a strong
i nfluence on the biol ogical properties of these conpounds. The
X-group, on the other hand, influences their solubility and
volatility. The two nost inportant groups of triorganotin conpounds
are tributyltin and triphenyltin derivatives.

Tetraal kyl - and tetraaryltin conpounds are primarily used as
intermedi ates in the preparati on of other organotin conpounds.
Tetraal kyl tin conpounds are col ourl ess and the conpounds of | ower
nol ecul ar weight are liquids at roomtenperature. The tetraaryltin
compounds are solids. Tetraorganotin compounds possess typica
coval ent bonds and are stable in the presence of air and water
Tetrabutyltin, Sn(CH)4 is a colourless oily liquid with a
di stinct odour. Tetraphenyltin, Sn(GHs)4, is a white crystalline
powder, soluble in organic solvents and insoluble in water.

Since 1974, a new class of organotin conpounds, called estertins,
has been devel oped for use as stabilizers in poly(vinyl chloride).
Their general structure is (R O CO CH2- CH,) ,SnX, or
R- O CO- CH,- CH,SnX; where X may be, for exanpl e,

i sooctyl mer capt oacetate. They have a conparatively low volatility and
ex,tractability (Lanigon & Wi nberg, 1976).

Solubility data for organotin conmpounds are inconplete. In
general, their solubility in water at ambient tenperatures is of the
order of 5to 50 ng/litre, but they are very soluble in nany comon
organi ¢ solvents, such as al cohol, ethers, and hal ogenated
hydr ocar bons.

Conmer ci al products are usually pure chemicals since, for
technol ogi cal reasons, scrupul ous care nust be taken to avoid netal
contam nati on during manufacture. The inpurities are primarily sol vent
resi dues remai ning fromthe product purification and separation
processes.

The carbon-tin bond is susceptible to nucleophilic and
electrophilic attack, e.g., hydrolysis, solvolysis, acidic and basic
attack, and hal ogenation. Water has little effect on symetri cal
saturated organotin conpounds. Dialkyltin conpounds react
spont aneously with noisture and air to formdial kyl hydrated oxides.
Phot ocheni cal reactions of organotin conpounds are nentioned in
connexion with environnental transport and transfornmations (section
4). The physi cochenical properties of sone organotin conpounds have
been |isted by Wast (1976).

2.5 Analytical Methods
2.5.1 Determnation of inorganic tin

2.5.1.1 Atom c absorption spectroscopy
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At om ¢ absorption spectroscopy is the nethod nost wi dely used for
the detection of |ow concentrations of tin. In general, the |owest
[imt of detection is obtained with a fuel-rich, air-hydrogen flane,
e.g., about 1-1.5 ng/kg conpared with 2-2.5, and 4-5 ng/ kg for
air-ethyl ene and nitrous oxi de-ethylene flanes, respectively
(Christian & Fel dman, 1970). The detection linmits at the 3 absorption
lines, 2246.1, 2354.8, and 2863.3 nmdo not differ nmuch. Using sone of
the procedures nmentioned later, the detection linit may be reduced to
about 0.1-0.5 ny/kg.

Several atomic absorption techniques, nodified to suit specific
pur poses, have been reported. A detection lint of 0.5 pg/litre was
obt ai ned when a hydri de generation techni que using sodi um borohydri de
and a flane-heated silica atom zing tube was used in the air-acetyl ene
atomi c absorption determination of tin in solution (Thonmpson &
Thonerson, 1974). Capacho-Del gado & Manning (1966), using a high
intensity holl ow cathode | anp as the source, reported a detection
[imt of 0.1 ng/litre for water solutions of netallurgical sanples,
while Schallis & Kann (1968) determined tin in lubricating oils with a
detection linmt of about 0.5 ng/litre. Carbon filament atomc
absor pti on spectroscopy was enpl oyed by Everett et al. (1974) to
determne tin(ll) chloride in agqueous and xyl ene solutions and tin
octoate in oil solution.

At omi ¢ absorption spectroscopy has been used extensively for the
determination of tin in foods (A lan, 1962; Ampos & Wllis, 1966;
Capacho- Del gado & Manni ng, 1966; Christian & Fel dnan, 1970; Gatehouse
& WIllis, 1961) and particularly in canned foods, including fruit
juice, fruits, and vegetables (Catala et al., 1971; Price & Roos,
1969; Sato et al., 1973; Shiraishi et al., 1972; Widich &

Pf annhduser, 1973). A detection linit of 0.5 ng/kg has been reported
for the determination of tin in canned fruit juice using a nitrous
oxi de-acetyl ene flane (Price & Roos, 1969).

Engberg (1973) conpared atom c absorption with a
spect rophotonetri c nethod using 2-(3, 4, -di hydroxyphenyl)-3,5, 7-
tri hydroxy-4H 1- benzopyran-4-one (quercetin) for the determ nation
of tin in food. The methods gave simlar results at concentrations of
tin generally found in canned food, but at very |ow concentrations
(e.g., organotin residues), the quercetin nmethod was nore suitable
because of its |ower detection limt (section 2.5.1.5).

At omi ¢ absorption spectroscopy has al so been used for the
determination of tin in biological sanples (Pearlnman et al., 1970).

2.5.1.2 Enission spectroscopy

Eni ssion spectroscopy is a rapid and specific nethod that has
frequently been used for the sinultaneous determ nation of severa
el ements. Unfortunately, this nethod is exacting, demandi ng highly
qual i fied personnel, and the cost of the instrunment is high. It has
been used for the determi nation of tin in atnospheric sanples
(Hasegawa & Sugi nee, 1971; Keenan & Byers, 1952; Laananen et al.
1971, Lee et al., 1972; Schroll & Krachsberger, 1970; Sugi nae, 1974;
Tabor & Warren, 1958), tin in water (Ghafouri, 1970; Konoval ov &
Kol esni kova, 1969; Rittenhouse et al, 1969), and for tin in various
foods including neats (Krylova & Bal abuh, 1970), fruits, and
veget abl es (Chisaka et al., 1973). A sensitivity of 0.04 ng/kg fresh
wei ght was reported by Ti honova & Zore (1968) for vegetables and
berries. Several investigators have used eni ssion spectroscopy for the
determnation of tin in biological sanples (Avtandilov, 1967;
CGel dmacher-von Ml I'i nckrodt & Pooth, 1969; Kas'yanenko & Kul'skaya,
1969; Kehoe et al., 1940; Mulay et al., 1971; Saito & Endo, 1970
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Tipton et al., 1963).
2.5.1.3 Neutron activation analysis

Al'though the linit of detection of tin by neutron activation is
conparatively high, the techni que has been used to deternine tin in
air sanples (Bogen, 1973; Tuttle et al., 1970). It is also the nost
commonly used nethod for the determnation of tin in geol ogica
sampl es (soils, sedinments, rocks, off) (Johansen & Steinnes, 1969;
Qorusni k, 1969; Schramel et al, 1973). A neutron activation electron
probe was used by Kurosaki & Fusayama (1973) for the estinmation of tin
in teeth. Disadvantages of neutron activation include the need for a
nucl ear reactor and the possibility of interference fromformation of
ot her i sotopes.

2.5.1.4 X-ray fluorescence

X-ray fluorescence, a non-destructive nethod for the determnation
of tin, has been used in the analysis of air for elenments ranging from
titaniumto caesiumwith a detection limt of 0.5 pg/nt of air
(Dittrich & Cothern, 1971) and for river water with a detection limt
of 20-30 pg/litre for netals in the suspended or particulate form and
0.25-0.4 ng/litre for ionic nmetals (Blasius et al., 1972).

2.5.1.5 Mscellaneous anal ytical nethods

Among t he spectrophotonetric nethods reported, Kirk & Pocklington
(1969) recomended the tin-quercetin nmethod for the estimtion of the
tin contents of foods at concentrations ranging from 10 to over
500 ng/ kg. The snall est absolute anmount of tin detectable with the
quercetin nethod has been reported to be about 1 pg (Engberg, 1973).

The pyrocatechol violet nmethod has been used for the direct
determination of tin(ll) and tin(l1V) conmpounds at |evels of about
5-50 ng/kg in fats and oils (Lowy & Tinsley, 1972), for the
determination of tin in netals, and for the determination of tin
concentrations ranging from0.01-1.0 ng/kg in biological sanples
(Corbin, 1973). O her spectrophotometric nethods have been devel oped
for the determination of tin in food sanples using phenylfluorone
(Bennet & Smith, 1959; Bergner & RUdt, 1968; Luke, 1956; Nakamura &
Kam wada, 1973; Smith, 1970) dithiol (Ljaskovskaja & Krasil nikova,
1961), salicyl -idenam no-2-thiophenol (Horio & Nakaseko, 1972) and
stil bazo (Kobayashi & Yada, 1968).

Infrared internal reflection spectroscopy was used in studies on
tooth enamel treated with tin(ll) fluoride (SnF;) (Krutchkoff et al.
1972).

A fluoronetric nmethod using 3'4'7-trihydroxyflavone with a
detection limt of 0.007 pg was reported for the determ nation of tin
in rock, soil, and biological materials (Filer, 1971). Oher
fluoronetric procedures have been reported using fiavonal (Coyle &
Wiite, 1957), oxine-5-sulfonic acid (Pal & Ryan, 1956), and the
ammoni um salt of 6-nitro-2-naphthyl am ne-8-sul fonic acid (Anderson &
Lowy, 1956).

El ectroanal yti cal nethods have al so been enpl oyed for the
determination of tin in canned foods. Pol arographi c anal ysis was used
for the analysis of canned neat (Janitz, 1971; Jovanovic et al, 1967),
fruits (Mki & Fukui, 1971), and juices (Hayashi, 1969), and for the
estimation of tin in cans (G uenwedel & Patnaik, 1973). Biston et al
(1972) obtai ned good agreenment between pol arographi ¢ and
spect rophotonetric (dithiol and phenyl fluorone) nethods for estinmating
tin in vegetabl es at concentrations of 20-400 ng/kg. Anodic stripping

Page 27 of 98



Tin and organotin compounds (EHC 15, 1980)

vol tanetry has been used for the determ nation of tin in water
(Portretnyj et al., 1973).

Tin estimations were nmade in biological sanples by neans of
spar k- source mass spectroscopy (Evans & Morrison, 1968; Hanmilton et
al ., 1972/1973) and in canned vegetables and juices by titrinmetric
anal ysis (Zohm 1972).

2.5.2 Determnation of organotin conpounds

A nunber of techni ques and procedures for the separation of nono-,
di-, and trisubstituted organotin conpounds with their subsequent
determ nati on have been described (Brinkman et al., 1977; Freitag &
Bock, 1974; GCetzendaner & Corbin, 1972; Kunpul ai nen & Koi vi st oi nen
1977; Meinema et al. 1978; Soderquist & Crosby, 1978; Wggon & Jehl e,
1973, 1975). However, reliable nmethods have still to be devel oped for
the quantitative extraction and determi nation of many individual tin
species in mxtures containing inorganic tin (1V) and organotin
compounds that occur in various nedia including biological materials,
industrial effluents, and river sedinents.

2.5.2.1 Diorganotin conpounds

Conpounded pol y(vinyl chloride) formulations usually contain 1-2%
of dialkyltin compounds as stabilizers and various techni ques have
been used for the determ nation of these organotin stabilizers in
foods. Organotin conpounds were separated frominorganic tin
chronot ographically and the inorganic tin was when deterni ned
spectroscopically as its catechol violet conplex. Koch & Figge (1971)
determ ned the extent of migration of dioctyltin dichloride and
di -octyltin bis(2-ethyldexyl mercaptoacetate) from PVC bottles into
beer by the same nethod. The catechol violet conplex was al so used, by
Adanson (1962) and by Ross & Wiite (1961), for the deternination of
dialkyltin conmpounds in fats and olive oil. Spectroscopic nethods
i nvol ving dithizone (Al dridge & Crenmer, 1957; Chapman et al., 1959),
di p henyl carbazone (Skeel & Bricker, 1961) and
4- (2-pyridyl azo)-resorcinol (Sawyer, 1967) have been descri bed.

Di t hi zone and di phenyl carbazone were used for the deternination of
diethyl - and dibutyltin conpounds respectively, but sone difficulties
may arise using either of these agents because of their inherent
instability in solution. Concentrations of diethyl- and triethyltin
compounds ranging up to 30 pg and 20 pg, respectively, could be
neasured using dithizone (Aldridge & Crener, 1957). The use of atonic
absor pti on spectroscopy for the determ nation of dibutyltin dilaurate
in animal feeds was described by George et al. (1973).

Neubert (1964) used thin-layer chromatography for the
determination of dialkyltin stabilizers obtaining a detection limt of
1 pg of organotin. Thin-layer chronatographic deternination of
organotin stabilizers using their quercetin chelates yielded a
detection limt of 1.3/ug (Weczorek, 1969). Udris (1971) described a
nunber of schemes for the analysis of commercial tin stabilizers
commonly used in poly(vinyl chloride) production. Methods were given
for the chenmical breakdown of a sanple and the subsequent separation
and identification of the degradation products. Schenes for the
anal ysis of dialkyltin thio-conpounds and dial kyltin carboxyl ates and
hem esters, respectively, were al so presented.

2.5.2.2 Triorganotin conpounds
A nunber of procedures have been used for the analysis of
organotin fungicide and miticide residues in food, including

spect rophotonetry (Corbin, 1970; Getzendaner & Corbin, 1972; Tronbette
& Maini, 1970), gas-liquid chromatography (Gauer et al., 1974), and
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thin-layer chromat ography (W eczorek, 1969).

Corbin (1970) described a dithiol spectrophotonetric mnethod for
the determ nation of trace anmounts of tin residues on fruits
previously treated with a miticide containing tricyclohexyltin
hydr oxi de as the active conponent. The detection linmt with this
net hod was at least 0.2 kg tin at a concentration of 3 ug/kg. The
extraction nethod was tested for conpatibility with 35 el enents and
only arsenic and antinony seenmed likely to interfere.

A sensitive fluoronetric technique has recently been devel oped for
the determ nation of triphenyltin residues in potato sanples (Vernon
1974). Triphenyltin acetate deposits on potato | eaves have al so been
det ermi ned pol arographically by Coussenent (1972). The snall est
quantity of organotin fungicide detected by this nmethod was
0.32 ug/cnt | eaf.

Freitag & Bock (1974) reported sonme nethods for the extraction of
tri-, di-, and phenyltin conpounds from ni xtures containing these
conmpounds as well as inorganic tin(lV). The separated conpounds were
determ ned by radionetric or photonetric methods. Several thin-I|ayer
chr omat ogr aphi ¢ met hods were al so descri bed.

Boni g & Hei gener (1972) deternined the tin contents of plants
treated with organotin fungicides by photonetric estination of the
phenyl fl uorone conplex. In an alternative nethod, tin was extracted
with quercetin and the tin-quercetin conpl ex determ ned
spectroscopically (Engberg, 1973). Akagi and his collaborators (1972)
separ ated sone butyl- and phenyl organoti n conpounds in vinegar and
tomat oes by thin-1ayer chronatography.

A variety of trialkyl and triaryltin biocides have been deterni ned
by a nonaqueous atomi c absorption assay (Freeland & Hoski nson, 1970).
The Iimt of detection of this nmethod appeared to be 2-12 ng/litre at
1% absorption. Studi es have been reported by Wggon & Jehle (1973;
1975) and Whggon et al., (1972) in which anodic stripping was used for
the determ nation of a nunber of alkyl- and aryltin fungicides and
their degradati on and deconposition products. The m ni mrum det ect abl e
amount was about 3.5 x 107 noles per litre for all the conpounds
st udi ed.

Pol ar ography (Kockin et al., 1969; Tjurin & Flerov, 1970; Tjurin
et al., 1969) and oscill opol arography (CGeyer & Roternmund, 1969; Shono
& Mat sunmura, 1970) have al so been used for the deternination of a
vari ety of organotin compounds.

Cenci & Crenonini (1969) described the thin-Ilayer chromatographic
determ nati on of 2 comercial organotin pesticides containing
triphenyltin acetate and triphenyltin hydroxi de, respectively, and
their degradation products in various soils.

A gas-liquid chromat ographi c nethod was devel oped by Tonge (1965)
for the analysis of butyl-, octyl-, and phenyltin halides. A variety
of gas-liquid chronatographic procedures for the deternmi nation of a
| arge nunber of other organotin conpounds has been reported (Devjatyh
et al., 1968; Dressler et al., 1971, 1975; GCeissler & Kriegsmann 1964,
1965) .

Gauer et al. (1974) reported a gas-1liquid chronmatographic nethod
for separating and determ ning tricycl ohexyltin hydroxi de and
di cycl ohexyl tin conmpounds formed by degradation (as the bromni de) on
strawberries, apples, and grapes treated with a mticide. The
practical minimumlinmts of detection for tricyclohexyltin hydroxide
and di cycl ohexyltin oxide were 0.1 and 1.0 ng/ kg, respectively, in the
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3 crops studied.

The quantitative determ nation of nono-, di-, tri- and
tetra-al kyltin compounds by gas-liquid chromatography after al kyl ation
was reported by Neubert & Wrth (1975); the sanme techni que was applied
for the quantitative detection of tri- and dibutyltin species in
di l ute aqueous solution by Neubert & Andreas (1976). Application of a
I i qui d- chromat ograph coupled with a flanel ess atomi c absorption
detector for speciation of trace amounts of triphenyl-and trialkyltin
compounds i n aqueous sol ution has been reported by Brinkman et al
(1977). Recently, Meinema et al. (1978) devel oped a conbi ned gas
chr omat ogr aphy/ mass spectronetry detecti on procedure for the
quantitative determnation of trace amounts of tri-, di-, and butyltin
compounds i n aqueous sol utions.

3. SOURCES OF ENVI RONMENTAL POLLUTI ON
3.1 Natural Cccurrence

Tin is not uniformy distributed over the earth's surface
(CGol dschmi dt, 1958; Schroeder et al., 1964) and, hence, it is not
found consistently in plants and soils (Schroeder et al., 1964). Mbst
sanpl es of rock contain tin concentrations of approximtely 2-50 ng/kg
(Johansen & Steinnes, 1969; Mson, 1966; Onishi & Sandell, 1957,
Vi nogradov, 1956), although |evels of about 260 and 1200 ng/ kg have
been reported i n Czechosl ovaki an and Norwegi an sanpl es of mica
(Johansen & Steinnes, 1969).

O the 9 different tin-bearing mnerals found in the earth's
crust, only cassiterite (tinstone, tin(lV) oxide) is of major
commerci al inportance (Heindl, 1970), although small quantities of tin
are recovered fromthe conplex sulfides, e.g., stannite
(Cuy. FeS. SnS,); teallite (PbSnSy); cylindrite (PbSnsFeSh,S:s)
and canfieldite (AgsSnSg). Over 80% of the world's tin ore occurs in
| ow grade deposits averagi ng about 240g of netallic tin per cubic
netre.

3.2 Industrial Production

The total world production of tin in 1975 was 236 000 tonnes,
about 92% of which was produced as prinary tin. Six countries together
produced 72% of the total world production, i.e., China (10%
estimated figure), Indonesia (8%, Mlaysia (35%, Thailand (7%,
United Kingdom (6%, and the USSR (6% estimated figure). The world
production of secondary tin was about 20 000 tonnes, al nost 50% of
whi ch was produced by France (United Nations, 1977).

The netallurgy of tin is sinple, but its extraction fromthe ore
is complicated by the presence of reduced iron that fornms "hard head"
with the tin, and by the high tin content of the slag produced. Thus,
snelting is carried out in 3 stages: (a) primary snelting in either
reverberatory or blast furnaces; (b) retreatnent of slags, hard head,
and refinery dross; and (c) refining of the nmetallic tin to remove the
last traces of inpurities. It should be noted that, because of the
hi gh cost of tin, dust-collection equipnent is necessary for
successful operation. Low fume production is one of the advantages of
electric snelting (Maclntosh, 1969).

During the last 10 years, the anount of tin recovered from
secondary sources has been practically constant (United Nations,
1977). The | argest sources of scrap are clean tin plate clippings from
contai ner manufacture; solder in the formof dross or sweepings; dross
fromtinning pots; sludges fromtinning |ines; bronze rejects and used
parts; babbitt from di scarded bearings; and type netal scrap
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(Maci ntosh, 1969). Snall quantities of tin are recovered at detinning
plants fromused tin containers. (Heindl, 1970).

3.3 Tin Consunption

The USA is by far the largest consuner of tin, with Japan, the
United Kingdom the Federal Republic of Germany, and France foll ow ng
in that order. It has been estimated that, in the future, 30% of the
total demand for tin will be net by secondary recovery of the netal
The total demand for primary tin from 1968 to the year 2000 has been
estimated to lie between 8.5 and 6.2 million tonnes, with a median
estimate of 7.5 nmillion tonnes. The world reserve total is
approximately 6.5 mllion tonnes and it is considered |ikely that new
di scoveries and increases in known reserves could result in sufficient
newtin to neet the nedian estimate for this period (Heindl, 1970).
Recently, nearly 40% of the total primary and secondary tin
consunption in the USA has been used in the production of tin-plate,
25%in solders, and 20%in bronze and brass, while snaller quantities
have been used in the production of babbitt and Chemnicals
(approxi mately 3-4% each).

It is inmportant to note the large potential for growh in the
consunption of organotin conpounds in the nmanufacture of plastics.
This could result in a consunption of approximately 5000 tonnes of tin
in plastics in the year 2000 (Heindl, 1970).

3.4 Uses of Tin
3.4.1 Tin and inorganic tin conpounds

Tin is mainly used by industries producing tin-plate, solder
babbit, brasses and bronzes, pewter, printer's alloy (type netal),
plastics, and tin chemcals. The largest single use of tinis in
tin-plated steel, either by hot-dipping or by electroplating in a
conti nuous process in which thin layers are deposited, and a different
thi ckness can be applied on each side of the sane sheet steel. In
addition to its use in food and beverage packaging, tin-plate is used
extensively in aerosol containers. Tin is also used in the
transportation, nachinery, electrical, plunbing, and heating trades
and industries as solder, and in bearings and pipes.

Tin-lead solders contain from2%tin for container-seanming to 63%
for electrical connexions. In |ead-free solder alloys, tin is alloyed
with antinony, silver, zinc, or indiumto obtain special properties

such as higher strength or corrosion resistance. The | argest
quantities of solder are used in car radiators, air conditioners, heat
exchangers, plunbing and sheet metal joining, container seaning
generating equi prrent, el ectronic equi pnent, and conputers.

The copper-tin alloys are called bronzes. Phosphor-bronzes (5-10%
are the nost inportant of the tin bronzes, the mmjor applications
being in marine and railway engineering.

Metal s used for casting or lining bearing shells are classed as
white bearing alloys, but are better known as babbitt. Babbitt alloys
are used in bearings in marine propul sion, rail and road
transportation, conpressors, nobtors, generators, and fans.

Table 1. Sonme applications of inorganic tin and its conpounds

Conpound Appli cation
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tin netal manuf acture of tin plate, solders, bronzes,
pewt er, alloys, amal gans, chem cals

tin(l1V) oxide ceranic gl aze opacifier, ceramc pignments

tin(lV) hydride gas-plate tin on nmetal, ceranics

tin(ll) acetate catal yst

tin(ll) chloride el ectrotinning of steel strip, tin coating of

sensitized paper antisludge agent for oils,

stabilizer of perfumes in soaps, additive for

drilling nuds, electroplating, catalyst in
organi c reactions

tin(ll) fluoroborate tin-plating baths

tin(ll) fluoride t oot hpaste and dental preparations

tin(ll) 2-ethyl hexoate catal yst for polyurethane foam production and
incurring silicone oil formnulations

tin(ll) oxal ate catal yst for coal hydrogenation, catalyst for
acid-type esterification, transesterification
or polyesterification

tin(ll) oxide manuf acture of gold-tin and copper-tin ruby gl

tin(ll) sulfate imersion plating of steel wire, electrotinnin
strip, with copper sulfate for lacquer finishe

tin(ll) tartrate dyeing and printing of textiles

tin(1V) chloride nordant in dyeing of silk, preparation of othe
i norgani c and organic tins, manufacture of
bl ueprint and other sensitized papers

sodi um st annat e al kaline electroplating tin baths

sodi um pent af | uorostannite dentifrice fornulations

Type netal s are | ead-based all oys containing 1-25% anti nony and
3-13%tin that are widely used in the printing trade

Pewt er, which contains 90-95%tin, 1-8% antinony, and 0.5-3%
copper, is used in the production of a wide variety of househol d
articles.

Special alloys using tin include dental anal gans, which are mainly
silver-tin-nercury alloys; alpha-type titaniumalloys that are used in
aircraft, and zirconiumalloys used in nuclear reactors.

Some of the manifold applications of inorganic tin conpounds are
listed in Table 1.

3.4.2 Oganotin compounds

Wor | dwi de production of organotin conpounds, the fourth | argest
synt hesi s of organonetal lic conpounds, was approximately 27 000 tonnes
in 1976 (M dwest Research Institute, 1977). This use of tin, however,
represents only about 0.8%of the total netallic tin consuned
gl obal | y.

The annual growth rate is expected to be 10% per year for the next
10 years, so that, by 1986, worl dwi de production of organotin
conmpounds woul d be approxinmately 63 000 tonnes (M dwest Research
Institute, 1977). This projected nmarket outlet depends on 2 features.
Since 70% of the total production of organotin conpounds is used to
heat -stabilize poly(vinyl chloride) plastic products, growh in PVC
production rmust continue to increase at a projected rate of 10-12% per
year for the next 10 years. Second, organotin conpounds are expensive
in conparison with other heat stabilizers. Therefore, they nust renmin
competitive, at least as far as performance i s concerned

O the 4 categories of organotin conpounds, dialkyltin derivatives
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are the nost inportant commercially. They are used as heat and |ight
stabilizers for PVC plastics to prevent degradation of the pol yner
during the nelting and formng of the resin into its final products.
In addition, dialkyltin derivatives have the uni que property of
protecting the plastic product from degradation during use. O her

i mportant commrercial uses of dialkyltin derivatives are as catal ysts
in the production of polyurethane foam products and as vul cani zi ng
agents for silicone rubbers. The trialkyl-tin derivatives, which
account for approximtely 10% of the total production of organotin
compounds, are used in agriculture as non-systenic fungicides and
acaricides. The tetraal kyltin derivatives are used as internediates in
the manuf acture of other organotin conpounds. The nonal kyltin
derivatives have a linmted comercial use as heat stabilizers for PVC
plastic fil ms.

About 0.5-2.0% by weight of dialkyltin derivatives are required in
the stabilization of rigid and flexible PVC plastics, including
food-grade PVC for wrapping and containers. |In particular, dibutyl-
and dioctyltin conpounds are inportant heat and |ight stabilizers for
PVC. In the USA, the Food and Drug Administration (1971) has set
specific levels for 2 dioctyltin derivatives that can be present in
food, packaged in food-grade PVC wappi ng and contai ners. These 2
chemicals are dioctyltin maleate and dioctyltin

S, S -bis(isooctyl nercaptoacetate) (Piver, 1973).

Di al kyltin conmpounds such as dibutyltin diacetate or-dilaurate are
used as catalysts in the production of polyurethane foans. Recently,
di met hyl tin conpounds have al so been found suitable for the
stabilization of PVC plastics.

Organotin conpounds have many ot her applications: (a) as
anti oxi dants and anticracking agents to retard rubber deterioration
and to stabilize chlorinated rubbers in chlorinated paints; (b) in
transforners, capacitators, and cables as hydrochloric acid scavengers
to prevent corrosion when chlorinated di phenyls are present (e.g.
tetraphenyltin); (c) as anti-oxidants for textile oils; (d) as
activators, stabilizers, and catalysts for polynmers such as pol yesters
and silicone el astoners and as catal ysts for the pol ynerization of
olefins; (e) in the treatnment of glass to increase crack resistance;

(f) inthe treatnent of fibreglass (with alkyl- and aryltin
compounds) for adhesion go resins; and (g) as curing catalysts in
the application of silicone to textiles and paper

Organotin conpounds have bi oci dal properties and are used; (a)
as agricultural fungicides (triphenyltin acetate, triphenyltin
hydroxi de); (b) as general biocides (bis(tributyltin) oxide = TBTO
in paints; in the preservation of manila and sisal ropes, |eather
textiles; to make fabrics mldewresistant; for the protection of jute
and jute bags; in wood preservatives, slincides, and in the
production of paper; (c) as bactericides and biostasis such as
disinfectants for use in hospitals and stables (tributyltin benzoate);

(d) as helnminthicides in poultry (dibutyltin dilaurate,

tetraisobutyltin); (e) as nematoci des ( p-bronmophenoxy
triethyltin); (f) as herbicides (vinyl-tin conpounds, e.g.
trivinyltin chloride); (g) as rodent repellents (tributyltin
chloride, triphenyltin chloride and acetate); (h) as nolluscicides
(triphenyl- and tributyltin conpounds; (i) as ovicides (trialkyl-
and triaryltin chlorides in conbination with DDT or pyrethrins); (j)
as antifoulants in ship paints and underwater coatings (triphenyl- and
tributyltin conmpounds); and (k) as miticides (tricyclohexyltin
hydr oxi de). Furthernore, triphenyltin conpounds have been suggested as
insect chenosterilants. Mirre detailed information concerning new uses
of organotin compounds can be found in the proceedi ngs of a recent
symnposi um ( Zucker man, 1976). A schenmatic presentation of the various
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uses of organotin conpounds is given in Fig. 1

PYC STABILIZERS
dibutyltin dilaurate; dibutytin maleste
dibutyltin laurate-maleste; dibutyltin
bis(laurylrmercaptide’); dibutyitin S, 5' -
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3.5 Tin-containing Wastes

Gases and funes containing tin as well as sul fur dioxide and ot her
contam nants, and both sol ubl e and insol uble tin-containing waste
materials such as water soluble salts, nuds, and slags are produced
during various snelting, refining, and detinning operations. Solid
donestic and ot her wastes which nmay be dunped, incinerated, used for
land fills or conposting, contain nuch tin, and used cans, aeroso
containers, and other miscellaneous tin-containing produces in solid
wast es account for 10-15% of tin-plated steel. The percentage of
plastics in solid wastes is increasing yearly and includes PVC
contai ni ng organoti n compounds.

4. ENVI RONVENTAL TRANSPORT AND TRANSFORMATI ONS
4.1 Transport and Bi oconcentration

Tin concentrations in air are usually | ow except in the
nei ghbour hood of some industrial sources (section 5.1). Sinmilarly, it
has not been consistently detected in all soils, plants, and waters
(sections 5.2 and 5.3). This seens go support a geochem ca
classification placing tin in a group of elements with a | ow rate of
mgration in soils and waters (Perel' nman, 1972; Bens et al., 1976).
However, it is widely used and Wod et al. (1975) have included it
anong el enents that are relatively accessible in the environnent. A
bi ol ogi cal cycle for tin has been recently proposed by Ridley et al
(1977) (section 4.2).

There is a lack of information concerning the environnental
transport of organonetallic tin conpounds. It appears, however, that
the vapour pressures of sone organotin conmpounds are hi gh and that
environmental nobility is possible although there are no data to
confirmthis deduction. Some organotin conpounds seemto be wel
adsorbed in the soil and they have a low solubility in water (Heron &

Page 34 of 98



Tin and organotin compounds (EHC 15, 1980)

Sproul, 1958). A laboratory soil-I|eaching study (Barnes et al, 1973)
indicated that triphenyltin is strongly attached to the soil. In
natural waters, organotin conpounds would be primarily adsorbed on the
suspended particles and sediments (Schranel et al., 1973). Mre recent
studi es on the deternination of tin and organotin conpounds in natura
wat ers have been reported by Branan & Tonpkins (1979) and Hodge et al
(1979).

Little reliable informati on exists concerning the bioconcentration
of tin and its derivatives. Schroeder et al. (1964) reported that the
presence of tin in phosphate fertilizers originating fromnmarine
phosphat e suggested that nmarine aninmals in the Pl eistocene era
absorbed tin fromthe sea. Although tin is present in seawater in
concentrations of up to about 3 pg/litre (Mason, 1966; Vi nogradov,
1953), there are fewreports of its occurrence in narine al gae,
pl ankt on, bacteria, flowering plants, protozoa, sponges,
coel enterates, echinoderns, crustacea, and nost fishes. However, Bowen
(1966) noted tin levels of 0.2-20 ng/kg in certain marine organi sns
and accurul ation of tin by the sponge Terpios zeteki was al so
reported by Bowen & Sutton (1951).

4.2 Environnmental Chemistry of Tin

Because of the considerably higher toxicity of sone
organo-netallic tin conpounds conpared with inorganic fornms of tin
(section 7), the possibility of biomethylation of tin is obviously of
consi derabl e interest (Wod, 1974). A possible nechani smof such
bi o- net hyl ati on has been proposed (Ridley et al., 1977; Wod et al.
1978). Recent | aboratory studies have indicated that the nethylation

of tin by methyl cobal am n® (CHBy,) requires a one el ectron

oxi dation of Sn'' to a Sn''"' radical, which can take place in the
presence of Fe''' (Sn'Y would, of course, require a single electron
reduction). The stannyl radical (Sn''') can then react with CHs- By
(Co''""y to produce (under conditions of high chloride ion
concentration) CH3-SnCl, and reduced cobal anin, containing Co'

(Wod et al., 1978). A denonstration that methylation of tin takes
place in a strain of Pseudonmonas bacteria found in the Chesapeake
Bay, USA, is the laboratory work with these bacteria carried out by
Huey et al. (1974). However, the nethylated tin species was not
identified. Incubation of mercury(ll) in the presence of tin(lV)
resulted in enhanced formation of methyl mercury, and the authors

consi dered that methylnercury night have been transferred fromthe
biologically nethylated tin to the nercury(ll) ion. Subsequently,

Bri nckman & |verson (1975) proposed a "nercury-tin cross-over" system
whi ch may have sone real basis as indicated by Schranel et al. (1973),
who found that mercury and tin accunul ated together in sone water

pl ants in Bavarian rivers.

4.3 Degradation of Organonetallic Tin Conpounds

Organotin conpounds nmay be degraded both chenically and
bi ochemi cal ly. Hydrol ytic deconposition occurs at rather extrene pH
values (< 1 or > 13) unless there are other catalytic
i nfluences. Neverthel ess, some authors consider that it could occur
fairly rapidly in an aquatic environnment, although the environnental
pH is usually between 4 and 10 (Shel don, 1975, Vizgirda 1972). This
could be the case, if photochenical deconposition were also involved.
| ndeed, phot ochem cal deconposition of triphenyltin acetate by
ultraviolet irradiation has been denonstrated under |aboratory
conditions by Chaprman & Price (1972) and Barnes et al. (1973). Mbst
i kely, under environnental conditions, the chem cal and
phot o- chemi cal degradation of organotin conpounds is conbined wth
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bi ochem cal degradation, or degradation nmay be entirely biol ogical
Sone available information, nmainly on triphenyltin, tricyclohexyltin,
and tributyl tin conpounds, is included in the follow ng sunmary.

& Aformof vitamn By, (cobalamin) in which the methyl carbon

is directly bonded to the cobalt which is coordinated to the corrin
ring systemin the vitamn By, structure.

Bruggemann & Kl inmer (1964) and BrUggemann et al. (1964a, b)
reported that triphenyltin acetate on sugar beet |eaves was rapidly
broken down during the silage process. Wthin 5 weeks, triphenyltin
acetate, originally present at a concentration of 2470 ng/ kg of fresh
| eaves, had degraded conpletely. It was not established whether
degradation was due to mcrobial action or resulted fromthe | ow pH
(3.5-4.0) of the silage process. The authors al so found that
triphenyltin acetate was not broken down rapidly by m croorgani sns
during its passage through the runmen and intestines of cattle. Sinmlar
results in feeding experinments with sheep were reported by Herok &
Gotte (1963).

Usi ng thin-Ilayer chromatography, Cenci & Crenmonini (1969) found
that triphenyltin acetate and hydroxi de mixed into soil (80 ng/kg of
soil) disappeared in 3-10 days, and 3 days, respectively, but the
degradation products were not identified and the participation of
m croorgani snms in the process was not established.

Akagi & Sakagam (1971) reported that, under their experinental
conditions, ultraviolet irradiation of a solution of triphenyltin
chloride yielded a m xture of triphenyl-, diphenyl-, and phenyltin as
well as inorganic tin conpounds, within 6 h. Simlarly, irradiation of
trialkyltin conpounds resulted in a mxture of di- and nonoal kyltin
compounds and inorganic tin also within a period of 6 h. Total
degradation of triphenyltin to inorganic tin required irradiation for
nore than 400 h. Chapnan & Price (1972) investigated the degradation
of an agricultural fungicide containing triphenyltin acetate, which
had been found to di sappear within a few days of spraying on crops,
probably as a result of weathering and sunlight. They exposed the
compound in thin layers on glass to ultraviolet |ight and found that
the rate of degradation was higher at |ower wavel engths and was
i ndependent of |ayer thickness (5-10 nmu). This was also true for the
i nt ermedi at e di phenyl - and phenyltin conpounds and for the parent
compound. Wen triphenyltin acetate has irradiated for 60 h
(wavel ength above 235 nm intensity 120 Wnf: thickness 10 pn), about
10% of the triphenyltin conpound remnai ned unchanged, about 30%
occurred as di phenyltin, 15% as phenyltin conmpounds, and approxi nately
45% was degraded to inorganic tin in the form of hydroxi des or
hydrated oxides. Sinmilar results were obtained by Barnes et al
(1973), who al so studi ed breakdown at concentrations of 5-10 ng/kg
using triphenyltin acetate in which the phenyl groups had been
| abel l ed with #C. Degradation was nonitored by measuring the
evol ution of radioactive carbon dioxide; a half-tinme of about 140 days
was determ ned. Since no *CO, was evol ved when the | oam was
heat-sterilized, it was concluded that the degradati on process was due
to microbial action

The deconposition of triphenyltin chloride on sugar beet | eaves,
as reported by Freitag & Bock (1974b) gave the expected series of
degradation products, the final degradation product being tin oxide.
After 42 days, about 19% of triphenyltin chloride had undergone
degradati on.
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In studies by Starnes (unpublished data)?® and by Smith et al.
(unpubl i shed data)® quoted by Getzendaner & Corbin (1972),
tricyclohexyltin hydroxide (the active ingredient of a comerci al
mticide) exposed on thin-layer chromatographic plates to a sun |anp
yi el ded di cycl ohexyltin oxide and cycl ohexyl stannoic acid with further
degradation to inorganic tin. It has also been shown that tin residues
on apples and pears treated with tricycl ohexyltin hydroxide
(comercial mticide) remai ned al nbst constant at a | evel of
0.1-0.2 ng/ kg (Getzendaner & Corbin, 1972). This concentration was
relatively independent of the total nunber of applications and, within
a nonth of the final application, independent of the tinme between the
| ast application and harvest.

Mazaev et al. (1976) reported the degradation of bi(tributyltin)
oxi de (TBTO, dibutyltin bis isooctyl nercaptoacetate (Bul OW),
tributyltin nethacrylate, diethyltin dioctanoate and dioctyltin bis
(i sobutyl mal eate), and provided estinates for the half-tines of these
compounds for different aqueous nedia. In distilled water at 20°C
val ues ranged from 1. 14 days (BulOMA) to 18.2 days (TBTO). Fromthis
report, it appears that dialkyltin conpounds are nore rapidly degraded
than trial kyltin conpounds.

Tri organotin conmpounds such as TBTO and tributyltin fluoride used
as antifouling agents in paints for ship bottons and i n underwat er
coatings appear to break down in a nmultislop process to give tin(lV)
oxi de (Barnes et al., 1973; Shel don, 1975).

The nmechani sm of the biological deal kylation of organotin
compounds is apparently nore conplicated than was considered by Blair
(1975), who thought that the basic process was the oxidative cleavage
of the carbon-tin bond (section 6.2.4).

& Starnes (1966) Unpublished report, The Dow Chenical Co
(ALS 66-648).

b Smith et al. (1970) Unpublished report, The Dow Chemnical Co
(OL 30445 Feb. 1. 1970).

Avail abl e informati on shows that the persistence of organotin
conmpounds may vary consi derably depending on the conditions and the
type of conmpound. Under extrene | aboratory conditions, the solvolysis
may have a half-tine ranging fromabout 1 nmin to about 100 days
(Bassindale et al., 1971; Roberts & El Kaissi, 1968). Under
environmental conditions, it is likely that the half-times for
triphenyltin compounds are sonewhere between a few days and 140 days
(Freitag & Bock, 1974b). Diorganotin conpounds probably have somewhat
shorter half-tinmes (Mazaev et al., 1976).

5. ENVI RONVENTAL CONCENTRATI ONS AND EXPOSURES
5.1 Anbient Ar

Tin is rarely detected in air, and, when detected, it is generally
in low concentrations (0.01 pg/n?), except in the proximty of sone

industrial sources. Tin emnission concentrations of 10-640 pg/nt were
reported fromelectric furnaces at certain plants in Japan, in 1972.
At a distance of 700 netres, the atnobspheric tin concentrations stil

ranged from3.8 to 4.4 pg/ n® (Environment Agency, Japan, 1971,
unpubl i shed data).?

Concentrations from0.003 to 0.3 ug/nt were found in 60.6% of 754
sanples tested from22 cities in the USA. Mre than 50% of sanpl es
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from3 urban and 3 rural sites were below the detectable |evel. The
hi ghest concentration of tin (0.8 pg/n?) was found in a sanple froma
Boston, USA, industrial site, which also contained the highest
concentration of lead together with relatively high concentrations of
zinc and cadm um (Tabor & Warren, 1958).

At stations of the US National Air Surveillance Networks during
1968 and 1969, concentrations ranged from bel ow the m ni nrum det ect abl e
level to 0.23 pg/n? in 1968 and 0.12 pg/n? in 1969. Both these
concentrations were recorded in East Chicago (US Environnental
Protecti on Agency, 1973).

Concentrations ranging fromO0.04 to 0.09 pg/n?, determ ned by
em ssi on spectroscopy, were reported for Cincinnati and St Louis in
1970 by the US National Air Surveillance Cascade | npactor Network (Lee
et al., 1972). The size distributions of tin-containing particles
found in this study are given in Table 2.

Peak concentrations of tin were found in particles ranging from1
to 3 umin dianmeter. Bogen (1973) found that anbient air levels of tin
in the Heidel berg area of the Federal Republic of Germany between 30

April 1971 and 21 May 1971 ranged from 0.096 to 0.167 pg/ n?.

The conbustion of coal, oil, and lignite results in the discharge
of trace anounts of many elenments into the atnosphere. Bertine &
Gol dberg (1971) pointed out that the principal sites of fossil fue
consunption are in the md-latitudes of the Northern Hem sphere and
suggested a need for linking fossil fuel consunption with the
sedi nentary cycles of trace metals fromthe atnosphere. They reported
that tin was present in coal and oil at average concentrations of 2
and 0.01 ng/ kg, respectively.

a

Japanese Background Paper No. 2, prepared for the WHO neeting
on the Effects on Health of Specific Air Pollutants from I ndustri al
Eni ssi ons, Ceneva, Novenber 4-9, 1974,

Table 2. Size distribution of tin-containing particles in urban air?

C ncinnatti St Louis
(A (B)

4t h Quarter 1st Quarter 4th Q

1970 1970 1970
Average concentration (ug/nt) 0.09 0.04 0. 05
Aver age nmass nedi an di ameter (um 0.93 1.40 1.53
% particles less than or equal to 1 pum 55 34 28
% particles I ess than or equal to 2 pum 86 68 65

& Adapted fromlLee et al. (1972).

5.2 Soils and Pl ants

Tin has not been consistently found in all soils and pl ants;
however, all owance nust be nade for the possibility that the
concentrations present nmay have been below the limts of detection of
the met hods enpl oyed. Bowen (1966) reported levels of tin in soi
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rangi ng fromabout 2 to 200 ng/ kg, the netal being strongly adsorbed
by the hunus.

Schroeder et al., (1964) observed that concentrations of tin in
soils were localized and that it had not been detected in nany areas.
Inalimted study of tin in vegetation and foods, he found that
absorption by plants was erratic, even when the soil tin content was
high. Atin concentration of 157 ng/kg dry wei ght was recorded in
forest soil from southern Vernont, USA, but tin concentrations in
sections of an 100-year-old el mindicated that exposure of this tree
was not of recent origin.

Tin concentrations of 30-300 ng/ kg have been reported in peat from
Fi nl and by Gordon (1952), and high concentrations of tin were found by
CGol dschmidt (1958) in forest litter and hunmus and also in coal. Tin
was present in all but 7 of 43 sanples of foliage from 13 species of
ornanental plants and trees in New Jersey, USA (Hanna & Grant, 1962).

Lounamaa (1956), using a spectrographic nmethod that had a limt of
detection of 10 ng tin/kg of ash, detected tin only sporadically in
hi gher plants in Finland. Lichens concentrated tin to exceptionally
hi gh | evels, considering the snmall anmounts present in rocks. For
exanpl e, those growing on silicic rocks had tin concentrations of 72 +
4.7 ng/ kg ash (range: less than 10-100). Tin was undetected in 6 out

of 16 nosses while the renmi nder had concentrations of 10-60 ng/ kg of
ash, concentrations being twice as high in those growing on silicic
rock as in those growi ng on cal careous rock. Pasture herbage grow ng
in Scotland was reported by Mtchell (1948) to contain tin
concentrations of only 0.3-0.4 ng/kg dry weight. He also quoted tin
concentrations in soils fromnorth-east Scotland of up to 200 ng/kg.
Warren (1964, unpublished data) reported a tin concentration of

75 ng/kg in soils in unnmineralized areas of Devon and Cornwall in
Engl and, while soils frommneralized areas contained up to nore than
1000 ny/ kg.

5.3 Water and Marine Organi snms

Tin has only been found occasionally in fresh water. It was found
by Durum & Haffty (1961) in 3 out of 59 sanples from 15 major North
American rivers. No tin was detected by the National Water Quality
Network (1960) in 119 anal yses at 71 locations on 28 major rivers in
the USA. Kl ei nkopf (1955, 1960) reported that Maine waters contained a
nean tin concentration of 0.038 pg/litre with a maxi num concentration
of 2.50 ug/litre.

Tin has also only been found occasionally in municipal water
supplies (Durfor & Becker, 1964). Analyses by the US Public Health
Servi ce showed concentrations of 0.0008-0.03 ng/litre in 32 out of 175
fini shed nmunicipal waters (Taylor, 1964, personal conmunication).?

Al though it is known that acidic or alkaline corrosive waters can
attack bronze fittings in punping stations, presunably rel easing sone
tin, the relationship between corrosion and the aqueous release of tin
has not been established (Schroeder et al., 1964).

It has been reported by Vinogradov (1953) and Mason (1966) that
tinis present in sea water in anounts of about 0.003 ng/litre; thus,
its presence in marine organisns is to be expected. Tin |levels of
0.2-20 mg/ kg have been reported in nmarine ani mals by Bowen (1966) and
accunul ati on by the sponge Terpios zeteki has been noted (Bowen &
Sutton, 1951). Schroeder et al., (1964) reported that tin had not been
detected in plankton, bacteria, flowering plants, protozoa,
coel enterates, echinoderns, crustacea, or nost fish. However,

Vi nogradov (1953) reported the presence of small anounts of tinin a
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mari ne worm an oyster, and a dogfi sh.

& Taylor, F. B. (1964) Personal conmmunication, cited by Shroeder,

H A, Balassa, J. J., & Tipton, |I. H (1964) Abnormal trace netals
in mn; Tin. J. chron. Dis., 17: 494.

Organotin conpounds nmay enter water directly fromantifouling
coatings on ship bottons or they may be used as noll uscicides and
added to vast areas of water for the control of snails, in which case
the effective concentration has to be about 1 ng/litre (WHO, 1973).
They may al so be present indirectly as a result of industrial
agricultural, and other uses of organotin conpounds.

Tin(1V) oxide, suggested to be the final breakdown product of sone
antifouling organotin agents (Shelenon, 1975), will eventually be
deposited in bottom sedi nents because of its insolubility. However, no
information is currently avail able concerning the rate and nechani sm
of this degradation

5.4 Food

Tin has been reported to occur in trace anounts in nbst natura
foods (de Groot et al., 1973). The tin content was determ ned by
at om ¢ absorption spectroscopy in 11 known wheats or wheat blends, in
20 flours prepared comercially fromthese wheats, and in 25 products
specially prepared fromthe flours, as well as in 10 consumer products
from10 different cities in the USA. Only one half of the tin in bread
coul d have been contributed by the flour. Tin concentrations in comobn
hard, common soft, and durum wheat were 5.6 + 0.6, 7.9 + 0.9, and 6.8
+ 0.5 ng/ kg respectively, while sanples of flour and senolina fromthe
above sources of wheat contained tinat 4.1 £ 0.4, 3.7 £ 0.7, and 6.0
+ 1.2 ng/ kg, respectively. The tin concentrations in nost products
exhi bited significant regional differences (Zook et al., 1970).

Schroeder et al. (1964) calculated that a diet conposed |argely of
fresh neats, cereals, and vegetables would usually contain a tin
concentration of less than 1 ng/ kg and woul d supply about 1 nmg of tin
per day. In an area of southern Vernont, USA where the soil contained
consi derabl e anpbunts of tin (about 160 and 33 ngy/ kg, respectively, in
2 gardens), 10 out of 18 sanples of fresh vegetables contained tin
| evel s of less than 1 ng/kg.

Hadzi mi cev (1971) neasured the content of tin in foods fromthe
vegetabl e belt around Sofia, Bulgaria. Tin concentrations in wheat,
corn, beans, potatoes, tomatoes, cabbage, carrots, spinach, |ettuce,
oni ons, appl es, and peaches ranged from0.02 to 1.02 ng/kg.

Larger anmounts of tin rmay be present in processed foods and
dri nks, because of corrosion and | eaching of the nmetal fromplain
unl acquered cans or fromtin foil used for packagi ng. The corrosion of
tin-plate in food contai ners depends upon several factors including
the type of food product, the tine and tenperature of storage, the
acidity of the food and the quantity of air present in the headspace
of the can (Calloway & McMul | en, 1966; Monier-WIIlians, 1949).
xidizing agents (eg., nitrates, ferric and cupric salts), and
ant hocyani n pi gnments, nethylam ne, sul fur dioxide, and other sulfur

conpounds accel erate corrosion, while fin salts in solution, sugars,
and coll oids such as gelatine retard it (Monier & Wllianms, 1949). The
i ntroduction of |lacquered cans and the crinping of the tops ninimzing
direct contact of food with solder has resulted in a general reduction
in corrosion and | eachi ng.
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A nunber of foods are unsuitable for packing in plain cans as they
pronote corrosion. Thus, tin has been found in canned asparagus in
hi gh concentrations varying from 120 to 550 ng/ kg (Adam & Hor ner
1937; Eyrich, 1972; Wi dich & Pfannhauser 1973). Tomato fruit can
accunul ate nitrate when grown under conbi ned conditions of high
tenmperature, high nitrogen fertilization levels, and | ow |light
intensity. Such tomatoes caused excessive detinning of internal plain
can surfaces (Hoff & WIlcox, 1970). Iwanoto et al. (1968) al so showed
a distinct detinning effect on unlacquered cans of both naturally
occurring and added nitrate in tomato juices; the authors suggested
that the concentrations of nitrate-nitrogen in juices should not
exceed 3 ng/kg. Tin contents exceeding 100 ng/ kg have been found in
ot her foods in unlacquered cans including fish, orange, grape, and
mango j ui ces, apricots, bananas, pineapple, and sugar syrup (Catala et
al ., 1971; Eyrich, 1972; Mahadevaiak et al., 1969; Stancul escu et al.
1972; Wi dich & Pfannhauser, 1973). In foodstuffs stored in
all -l acquered cans, the tin content was nmainly bel ow 25 ng/ kg (Catal a,
et al., 1971; Eyrich, 1972; Widich & Pfannhduser, 1973).

Several investigations have shown that high storage tenperatures
increase the transfer of tin into canned foods (Catala et al., 1971
Kimura et al, 1970; Zui, 1970). An increase of 2 ng/kg per nonth of
storage was reported by Zui (1970) for an increase of 1°Cin
t enperature.

Ni shijama et al. (1971) showed an increase in the tin content from
50-77 to 260-300 ng/ kg in pineapples stored at 8°C in unlacquered cans
for 72 h after opening the can. The transfer of tin into the fruits
was al so increased by 0.5% aqueous citric or tartaric acid. The
content of tin in foods in |acquered cans was | ow and renai ned | ow
after opening. Klein et al. (1970) noted a sinmilar effect of storage
of fruit juices in opened plain cans. Val ues exceedi ng 200 pg/ kg were
found within 48 h of opening the cans.

A mean concentration of 0.0078 ng/litre was found in bottled
(glass) cows milk conmpared with 16 ng/litre in evaporated mlk in
unl acquered cans (diluted to the equivalent volunme of cows nmilk). In
sone cases, concentrations of up to 110 ng/litre were found; however,
only mlk fromunlacquered cans contai ned significant anmounts of tin,
while mlk in | acquered cans contained less than 5 ng/litre (Ham |ton
et al., 1972). The highest concentration of tin found by Wdsak (1967)
in canned condensed nmi |k sanples, |ess than 4 weeks old, was
40 ng/litre. The concentrations did not increase much during a further
5 nonths of storage but after 2 years of storage, concentrations up to
160 ng/litre were detected.

In addition to contamination by the containers, the presence of
tinin food may be due to the use of tin as an additive. Tin(ll) ions
are used as additives in asparagus and peas packed in glass containers
or in lacquered cans, and also in soda water. The stannous ion is
added to prevent the migration of other heavy netals into the canned
foods and to inhibit the oxidation of ascorbic acid. Scott & Stewart
(1944) reported that dostridiumbotulinumwould not growin
beetroot and carrots in unlacquered cans whereas nornal growth
occurred in lacquered cans. For canned beetroot, the concentration of
added tin required for the prevention of growmh was 150 ng/ kg and for
carrots, 30-60 ng/kg.

Hi gh concentrations of tin have been reported in cheese packed in
tin foil (Dyer & Taylor, 1931, Elten, 1929).

5.5 Organotin Residues
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Tin occurring in food and beverages nmay also result fromthe use
of organotin conmpounds as miticides in agriculture and as stabilizers
in PVC materials. In several experiments in various parts of the USA
appl es and pears fromtrees that had been sprayed 4 tinmes with a
mticide, tricyclohexyltin hydroxide, had maxi mum organotin residues
of less than 2 ng/kg of whole fruit on the day of the fina
application. These concentrations were reduced to about half within
3-5 weeks and, after 4 weeks, the residues consisted nmainly of
tricyclohexyltin hydroxide with only small anounts of deconposition
products; inorganic tin concentrations were al nost invariably bel ow
0.2 ng/ kg. The nmean concentration of inorganic tin on apples and pears
after 1-5 applications of the nmticide was 0.1 ng/kg (equivalent to
0.3 ng/ kg, when calculated as tricycl ohexyltin hydroxide); an
inorganic tin residue of 0.3 ng/kg (equivalent to 1.0 ng/ kg of
tricycl ohexyltin hydroxide) was found on pears by Getzendaner & Corbin
1972). In an appraisal of data on pesticide residues in food, the
Joint Meeting of the FAO Wrking Party of Experts and the WHO Expert
Group on Pesticide Residues (FAOQO WHO, 1971) concluded that residues of
tricycl ohexyltin hydroxi de on apples and pears decline by 50%in about
3 weeks due to photodegradation (section 4.3). A 20-50% reduction can
be achi eved by washi ng and nost of the residues can be renoved by
peeling the fruit, after which only 0.1 ng/kg nay be expected in the
fruit flesh. Data on tricycl ohexyltin hydroxi de on apples and pears
after 1-4 treatnments showed nmean values ranging fromO0.4 to 2.0 ng/kg
Sim | ar concentrations on apples and pears have been reported fromthe
Net herl ands (WHO, 1975). It has al so been reported that the
concentrations of tricyclohexyltin hydroxide in treated products grown
under gl asshouse conditions including cucunbers, tonmatoes, and bel
peppers are unlikely to exceed 0.5 ng/ kg (WHO 1975).

The FAQ VWHO joint neeting report (FAQ WHO, 1971) included data on
triphenyltin hydroxi de, acetate, and chloride residues in various
foodstuffs such as potatoes, carrots, and sugar beets. Maxinmum
concentrations in potatoes and carrots only rarely exceeded 0.1 ny/kg.
Resi dues in food, fruit, and vegetables derived fromdirect contact
with the conpound coul d be considerably reduced by washi ng.

When cows were fed with sugar beet |eaves containing triphenyltin
acetate at 1 ng/kg a concentration of 0.004 ng/kg was found in the
m | k.

In some countries, regulations permt the presence of 2 PVC
stabilizers in food, viz. dioctyltin S, S -bis(isooctyl-
ner capt oacetate) and dioctyltin nmaleate polyner, up to a concentration
of total octyltin of 1 ng/kg (Departnment of National Health and
Wl fare, Canada 1975; Food and Drug Adm nistration, USA, 1971). The
mgration of tin fromPVC bottles into liquid foods contained in them
was studied by Carr (1969). The increase in the tin content of various
products during the storage period ranged fromO to 0.07 ny/kg
(Table 3).

Table 3. Tin concentrations in foodstuffs after storage for 2 non

ths in

Or ganor
Tin content Tin content Tin extracted stabil
at begi nni ng after ageing frombottle extrac!
Food product of experinent in PVC bottle (ng/kg) PVC bo
(my/ kg) (mo/ kg) (mo/ kg
m neral water 0.076 0. 088 0.01 0. 063
tomato juice 0.03 0.03 0 0
peanut oi l 0.05 0. 06 0.01 0. 063
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veget abl e oil 0.08 0.09 0.01 0
appl e juice 0 0.02 0.02 0
cherry soda 0 0. 07 0. 07 0
beer 0 0.01 0.01 0
m | k? 0. 02 0. 04 0.02 0
red w ne 0 0 0 0
bl ended whi sky 0.01 0.02 0.01 0

. 063
. 126
. 443
. 063

126

063

& MIlk sanple in PVC bottle aged for 2 weeks at 65 °C (Carr, 1969).

5.6 Working Environnent

Wil e nost of the operations associated with the extraction and
treatnment of tin ore are wet processes, tin dust or funes nmay escape
during the baggi ng of concentrate in the ore roons and during snelting
operations (mxing plant and furnace tapping), as well as during the
periodic cleaning of the bag filters used to renpove particulate matter
fromsmelter furnace flue gas before release into the atnosphere (I1LQ
1972). Exposure to dust and funes of tin oxide nay cause stannosis.

Addi tional exposure can occur at the final stage of upgrading the
cassiterite concentrate and during the roasting of sulfide ore.
Tin(ll) chloride constitutes a hazard, when the rough nolten tin is
separated fromthe rest of the charge during refining (1LO 1972).

O her sources of industrial exposure include tinning of netals
(Duckering, 1968); the preparation and use of tin alloys and sol ders;
the use of tin(ll) chloride as a reducing agent in calico printing;
the use of hydrated stannic acid, sodium netastannate, hydrated
tin(1V) chloride, and ammoniumtin(lV) chloride as nordants in dyeing
and in the weighting of silk; the use of tin(ll) fluoroborate
[Sn(BF4) 2] in plating baths; and the production and use of organotin
conpounds.

5.7 Estinmate of Effective Exposure of Man through Environnental Media

Food is the main source of exposure to tin for nan. Estinates of
human exposure fromall environnental nedia are difficult to nake
because of the lack of reliable data concerning environnental
concentrations (mainly in air and water), and because of variations in
the amounts of different foods and beverages consuned, especially
canned foods. Earlier estinmates of the daily intake of tin by nan have
been difficult to reconcile with nore recent estinmates. Kehoe et al
(1940) reported that the nean daily intake of Gn by a nornmal adult in
the USA was 17 ng, while Tipton et al. (1966, 1969), in long-term
bal ance studies, reported average daily intakes of between 1.5 and
8.8 ng in 4 subjects. Schroeder et al. (1964) found 3.6 ng in a day's
institutional diet and considered that the major portion of the tin
probably came fromcanned fruit juices and fruits in the diet.

However, Schroeder and his col |l eagues pointed out that human intake
may vary considerably. They calculated that a 10 M} (2400 kcal) diet
composed |l argely of fresh meats, grain products, and vegetabl es, which
usual ly contain less than 1 mg/kg of tin, would supply 1 ng/day.
However, a diet including a substantial proportion of canned
veget abl es and fish could supply as nmuch as 38 ng/day. A typical daily
tin balance for an adult in the USA, as estimated by Schroeder et al
(1964), is shown in Table 4.

Hamilton et al. (1972) reported a daily intake of tin fromfood
and beverages by an adult in the United Kingdom of 0.187 %+ 0.042 ngy
(Table 5). It seens likely that this diet was conposed of fresh foods,
whi ch woul d account for the | ower val ues obtained conpared with the
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North American data

Table 4. Daily tin balance for an adult in the USA?

I nt ake (ny) Qut put (ng)
f ood 4.0 faeces (estimated) 3.98
(range, 1-40) (range, 1-40)
wat er 0.0 urine 0. 023
(range, 0-0.03) (range, 0- 0. 04)
air 0. 003
(range, 0-0.007)
t ot al 4.003 (1-40) 4,003 (1-40)

& From Schroeder et al. (1964).

Table 5. The concentration of tin in foods and total daily intake
for an adult in the United Kingdonf

l[tem Nunmber of Concentration of tin (ng/kg)®
sampl es

cereal s 3 4.7+1.5 x 1072

neat 4 2.1+0.5 x 1073

rats 4 3.7+0.8 x 102

fruits 5 0.5+0.1

root vegetabl es 3 2.2+1.0 x 1072

green veget abl es 4 2.3+10°2

mlk (cow s) 17 7.8+1.2 x 102 (ny/litre)

total daily untake 0.187+£0. 042

& "FromHanilton et al. (1972).
b For prepared diet.

6. METABOLI SM

Al t hough a substantial anpbunt of literature exists on the
absorption, distribution, excretion, and storage of tin, the results
of much of the early research are questionable in the Iight of nodern
anal ytical techniques. For exanple, sone studies depended on tissue
matri x destruction processes with the risk of loss of tin salts by
volatilization. In nmany cases, conditions were not controlled or
defined making it difficult to know whether pure val ence states of
tin(ll) or tin(l1V) were being used, and whet her the oxidation state of
the elenment affected its biological fate. In nbost cases, the purity of
the conpound used was not indicated.

6.1 Inorganic Tin
6.1.1 Absorption

Evi dence obtai ned from nman and several aninal species shows that
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ingested inorganic tin is poorly absorbed. Mst studies indicate that
| ess than 5% is absorbed fromthe gastrointestinal tract, although
val ues as high as 20% have been reported (Furchner & Drake, 1976;
Hiles, 1974; Kehoe et al., 1940; Kutzner & Brod, 1971

Moni er-W I liams, 1949; Schroeder et al., 1964).

The influence of oxidation state and ani on conplenent on the rate
of gastrointestinal absorption was studied by Hiles (1974) by
administering tin to rats in the formof tin(ll) citrate, fluoride, or
pyrophosphate, and tin(l1V) citrate or fluoride as a single oral dose
at 20 ny/ kg body weight. The absorption of tin(ll) citrate and
fluoride was calculated to be 2.8% whereas only 0.6% of the dose of
tin(l1V) citrate and fluoride was absorbed; the citrate and fluoride
were equal ly absorbed. Absorption of tin, when the anion was
pyrophosphate, was significantly |ower than when the anion was citrate
or fluoride. The author considered that this was because pyrophosphate
had a greater tendency to forminsoluble conplexes with tin than
either fluoride or citrate.

6.1.2 Distribution

Wth both oral and parenteral adninistration of tin to aninals,
the hi ghest concentrations were found in the kidney, |iver, and bone
(Durbin, 1960; Hiles, 1974; Moskal ev, 1964), the principal site of
deposition being the bone (Furchner & Drake, 1976; Hiles, 1974).

The anounts of tin remaining in the organs of rats 48 h after
receiving a single oral dose of 20 ng of tin in the formof a
radi oactive conmpound are shown in Table 6; the distribution 48 h after
a single intravenous admnistration of tin(ll) or tin(lV) citrate is
shown in Table 7 (Hles, 1974).

Rats given a daily oral dose of 20 ng of tin per kg of body wei ght
as tin(ll) or tin(lV) fluoride did not show any detectable
trans-placental transfer at day 10 after conception, and at day 21,
the amounts of tin found in rats given the tin(ll) conpound were so
close to the limt of detection (= 0.1 pg of tin) that the
significance of the findings renained doubtful. In rats receiving the
sanme conpounds at simlar daily doses for 28 days, no significant
amounts of tin could be detected in the brain, heart, testes,
adrenal s, reproductive tract, skeletal muscle, and spleen, while the
levels in kidney and liver were approximtely the sane as after a
single oral dose; however, the levels in bone were about 8 tines
hi gher than those found after a single oral dose. Tissue
concentrations were higher followi ng adninistration of tin(ll)
fluoride than following tin(lV) fluoride adm nistration (Hiles, 1974).

The results of distribution experinents perforned by Hiles (1974)
suggested that tin is unlikely to be rapidly oxidized or reduced
during absorption and system c transportation, although the actua
oxidation state of the tin in the tissues could not be determ ned.

Fol | owi ng i ntravenous injection of *3¥sSn(11) and 3sn(1V)
citrates in rats, only small quantities of tin could be detected in
lung tissues (Hiles, 1974). However, tin is found in the human adult
lung and there is evidence indicating that the concentrations increase
with age often reaching higher levels than those in other tissues
(Schroeder et al., 1964). Thus, it seens probable that tin reaches the
lung primarily through inhalation

Level s of ¥Sn in the blood of rats, 2 days after oral or
i ntravenous admini stration, were extrenely |l ow and were only detected
in the erythrocytes (Hiles, 1974). Kehoe et al. (1940) found that 80%
of the tin in the blood of man was in the cells.
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6.1.2.1. Distribution in hunman tissues and biol ogi cal fluids

Tin concentrations found by Hanmilton et al. (1972/1973) in sone
ti ssues of healthy human adults are given in Table 8 together with

data reported by Kehoe et al

Conpar atively high concentrations were found in |ung,
bone, and also in |ynph nodes.
St orozeva (1963)

0.5-1.7 ng/ kg of ash.

Table 6. '3sn.

(1940) and Schroeder et al
ki dney,
Fairly high levels were reported by
in the teeth of 24 persons, i.e., a range of

distribution in rats after a single ora

(1964).

liver,

dose of solutio

Sanpl e

Percent of dosed radioactivit:

Snk,

SnF,

Sn(ll) Citrate

Faeces and
gastrointestina
wash

Urine

Ki dneys

Li ver

Pancr eas
Recovery

100. 60+9. 9 (10)2
1. 02+0. 58 (10)>¢d
0. 08+0. 04 (10)™d

0. 08+0. 04 (10)Pb¢
< 0.004 (5)
101. 74+9. 4 (10)

98. 40+3. 6 (10)
0.22+0.13 (10)°
0.01+0.01 (10)"

0.01+0.01 (10)°
0. 02+0. 03 (5)
98.66+3. 6 (10)

98.00%2. 1 (5)
0.90+0. 23 (5)°¢
0. 05+0. 02 (5)°

0. 07+0. 02 (5)
< 0.004 (5)
99. 02+2. 3 (5)

Percent of dosed !'3Sn/g of sa

Bone (fenur)
Lynph nodes
Bl ood cl ot
Leg mnuscl e

0.20+0. 13 (10)"d
< 0.004 (5)
0. 01+0. 01 (10)
< 0.004 (5)

0. 04+0. 02 (10)"
0. 08+0. 12 (9)

< 0.004
0. 01+0. 01 (5)

0.09+0. 04 (5)°¢
< 0.004 (5)
0. 01+0. 00 (5)
< 0.004 (5)

2 9 of dosed 3Sn+SD (number of animals) where 1% = 40 pg. Tissues containit
normal Iy included in the table.

® From Hiles (1974).

Table 7.

Fat e of

inorganic tin in rats.

Significant difference at p < 0.05 between SnF, and SnF,.
Significant difference at p < 0.05 between Sn(ll) citrate and Sn(lV) citre
Significant difference at p < 0.05 between SnF, and Sn,P,0;.

dose of 3sn(11) or '3Sn(1V) citrate®

Tin distribution after a single

Sanpl e

Percent of dosed radioactivity

Sn(ll) citrate

Sn(lV) citrate

Bi | e-duct

| nt act cannul at ed I nt act

Bi |
ca
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Uri ne 35. 3+4. 62 23.3+12.8 39. 8+10. 8 24,
Faeces 12.1+1. 8¢ 2.2+1. 19 3.1+1. 4P 0. 54
Bile -- 11. 5+2. 4° -- 0.1
Injection site 3.3+1.8 6.2+4.7 4.1+1.5 3.
Li ver 2.0+0. 2 5.1+1. 6%4 0. 2+0. 1¢ 0. 2:
Ki dney 5.9+0.9 8.3+1. 3 5.3+3. 4 4.
Lungs 0. 12+0. 08 0.2+0.1 < 0.04 <

Spl een 0.4%0.0 -- < 0.04 --
Pancr eas 0.2+0.1 -- < 0.04 --
St omach 0.1+0.12 0. 2+0. 0¢ < 0.04 <0
Smal | intestine 0.5+0. 12 0. 4+0. 49 < 0.04 <0
Large intestine 1. 0+0. 8P d 0. 4+0. 3¢ 0. 2+0. 3P <0

Car cass 33.4+5. 3 -- 43. 2+5. 3 --
Femur (one) 1.6+0.2 1.940.1 3.2+0.6 2

Percent of dosed ¥Sn/g

Bone (fenur) 4.5+0. 6 ¢ 8. 4+1. 0¢ 8.8+1. 8P 7. 44
Bl ood cl ot 0. 6+0. 2¢ 0. 9+10. 3¢ < 0.04 <0
Leg mnuscl e 0. 06+0. 03 -- < 0.04 --

& o of dosed 113Sn+SD where 1% = 4 pg tin.

Significant difference at p < 0.05 between intact Sn(ll) and Sn(IV) aninma
Significant difference at p < 0.05 between bile-duct cannulated Sn(l1) anc
Sn(1V) ani mal s.

Significant difference at p < 0.05 between Sn(I1) intact and bil e-duct car
ani mal s.

® From Hiles (1974).

Schroeder et al. (1964) reported a highly variable distribution of
tin in human tissues with significant differences related to age and
geographical location. Variations in the tissue contents of tin anong
several geographical regions throughout the world were quite narked
but were |l ess noticeable between 8 cities of the USA (Table 9 and 10).
Al'l kidney, liver, and lung sanmples from Africa, Asia, and Europe had
| ower mean and nedian tin contents than sanples fromthe USA (the
difference being least in lungs). Tin in the tissue of Africans, where
exposure to tin would be expected to be nuch lower than in
industrialized North Anerican and European areas, was, i ndeed,
noticeably low Tin was rarely detected in the tissues of stillborn
infants, indicating that tin does not readily cross the placental
barrier. The lungs accunulated tin with advanci ng age but ot her organs
did not. Concentrations of tin in kidney, liver, lungs, and the il eum
according to decade of |life are shown in Table 9. Snall anpbunt were
found in the heart, prostate, uterus, and trachea. Avtandilov (1967)
studied the trace el ement contents of normal and atherosclerotic
aortas. He reported a nean tin concentration of 0.08 ng/kg wet weight
in 20-39-year-old subjects with no difference between the two
categories of aorta.

Table 8. Tin content of human tissues, concentrations expressed as ng/k

Ham I ton et al. (1972/73) Kehoe et al. (1940) Schr oeder et

Ti ssue mean + S. E. mean range (8
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bl ood 0. 009+0. 002
brain 0. 06+0. 01 ND?
ki dney 0. 2+0. 04 0.2 0.2
liver 0. 4+0. 08 0.3
| ung 0.8%0.2 0. 45 0.4
| ynph node 1.5+0. 6
muscl e 0. 07+0.01 0.1
bone 4.1+0. 6° 0.5-0.8
8 ND = not detected.
b ng of element per kg of ash.
Table 9. Tin in human tissues by age, nean US val ues (ngy/kg ash)?
Age group (year) 0 0-1 1-10 11-20 21-30 31-40
ki dney
concentration 0 57° 60° 33 20 34P
occurrence 0/ 16 9/ 10 19/ 20 10/ 15 17/ 21 36/ 43
liver
concentration 0 48° 61° 42 34 33P
occurrence 0/ 21 11/ 12 22/ 23 14/ 14 20/ 21 39/ 43
| ung
concentration (18) 35 34 45P 27 31°
occurrence 1/ 10 5/ 6 5/ 6 10/ 13 18/ 21 34/ 35
il eum
concentration 0 101 908 80 174 116
occurrence 0/ 8 1/ 2 1/ 1 9/ 10 12/ 13 26/ 28
total occurrence
(% 1.8 86.7 94.0 82. 7 88. 2 79.8
Not e: Concentrations of positive sanples.
Qccurrence refers to the nunber positive/total cases
From Schroeder et al. (1964).
b Excl udi ng val ues > 150.
Tabl e 10. Ceographical distribution of tin in kidney, liver, and lung o
No. of %
sanpl es pr esent Mean Range
ki dney
United States of Anerica 161 97 30 < 5-480
Swi t zerl and 9 33 5 < 5-17
Africa 53 19 5 < 5-30
M ddl e East 43 42 8 < 5-55
Far East 57 40 11 < 5-110
liver
United States of Anerica 163 96 35 < 5-300
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Swi t zer | and 9 78 6 < 5-20
Africa 49 25 4 < 5-20
M ddl e East 44 55 11 < 5-140
Far East 54 41 10 < 5-74
[ ung
United States of Anerica 159 98 69 < 5-920
Switzerl and 7 100 37 23-62
Africa 50 60 10 < 5-40
M ddl e East 45 91 33 < 5-200
Far East 57 93 65 < 5-1200
Not e: Tc = trace, or barely detectable.

Mean and medi an val ues were obtai ned by assigning a value of one-hal"
the | east detectable amount to those cases where tin was not detecte

& From Schroeder et al. (1964).

Using a spark source nass spectronetric nmethod with a detection
limt of 0.004 ng/kg wet weight, Hamlton et al. (1972/1973) reported
a mean concentration of 0.06 nmg/kg (£ 0.01) in 10 whol e brain sanples
fromaccidentally killed, presumably healthy adults. The concentration
found in the frontal |obe was 0.03 (£ 0.07) and that in the basa
ganglia was 0.04 (£ 0.02) ng/kg, nmeasured in 2 sanples. Tin was not
detected in human brain by Kehoe et al. (1940) and was found in only a
smal | percentage of subjects by Tipton (1960) and Schroeder et al
(1964).

6.1.3 Excretion

The major route of excretion of absorbed inorganic tin is the
ki dney although a small fraction is excreted into the bile (Hles,
1974; Moskal ev, 1964). The excretion of tin in the urine was studied
by Perry & Perry (1959) in 24 human adults. A nean of 16.6 pg/litre of
urine or 23.4 ug/day was reported. Kehoe et al. (1940) reported a nean
concentration of 18 pg/litre of urine in subjects in the USA. There
remai ns sonme doubt, however, as regards the accuracy of the analytica
techni que used since, in the same paper, the concentration in the
urine of French nales was reported to be zero.

In an experinment on rats, Hiles (1974) reported that after a
single oral dose of tin(ll) or tin(lIV)citrate or fluoride at 20 ng/kg
body weight (as the netal), about 50% of the absorbed tin was excreted
within 48 h. Followi ng intravenous administration of '3Sn (2 ng of
tin per kg body weight), 12% of the '*¥Sn(11) and only 4% of the
13gn(1V) appeared in the faeces of rats indicating that the biliary
route is probably nore inportant in the elimnation of tin(ll) than of
tin(l1V) conmpounds. Modst of the biliary excretion (94% took place
within 24 h.

6.1.4 Biological half-tine

A half-tine of 3-4 nonths was reported for 3Sn in the skel eton
of rats after intranuscular adnministration (Hanmilton, 1948). However,
Hiles (1974) found a half-tinme of only 34-40 days for both tin(ll) and
tin(l1V) in the bone of rats following oral adninistration of tin(ll)
fluoride or tin(lV) fluoride for 28 days. The half-time of tin(ll) for
liver and ki dney was reported to be 10-20 days. Furchner & Drake
(1976) using tin(ll) chloride administered intraperitoneally and
intravenously in the nouse, rat, nonkey, and dog, described the
elimnation fromthe body as a 4 conponent-process that was simlar in
all the species studied. The half-time for the |ongest component was
over 3 nonths.
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6.2 Organotin Conpounds

In this document, consideration will be Iimted to conpounds of
the general type RSnX3;, R3SnX;, R4SnX, and R4Sn where Ris a
sinmple or conplex action. Generally, little information is available
on the absorption, distribution, and excretion of these substances.

6.2.1 Absorption

Absorption fromthe intestinal tract of tin conpounds with short
al kyl chains varies depending on the conpound. There are al so
consi derabl e differences in absorption between species (Barnes &
St oner, 1959).

Ethyltin trichloride adm nistered orally was poorly absorbed by
rats, 92% of an oral dose of 25 ng/kg being elimnated in the faeces
within 2 days. It was not excreted in the bile (Bridges et al., 1967).
Tri phenyltin acetate was al nost conpletely elinmnated in faeces within
a few days, when adm nistered orally to sheep (Herok & Gitte, 1964)
and cows (Bruggemann et al., 1964a). However, it was well absorbed,
when given orally to guineapigs and mce (Stoner, 1966). Results
obtained with rats were conflicting (KIimrer, 1963, 1964; Stoner
1966) . Tricycl ohexyltin hydroxi de was poorly absorbed in rats, only
about 2% bei ng excreted in the urine after a single 25 ng/kg oral
dose. The renmi nder was recovered fromthe faeces and binary excretion
did not occur (FAQ WHO, 1971).

Trial kyl tin conpounds were well absorbed on contact with the skin,
since the dermal LDsgs of various trinethyltin derivatives in mce
were of the order of 50-100 ng/kg (Hall & Ludwi g, 1972) and that of
bis(tributyltin) oxide was bel ow 200 ng/kg in rats and nmice (Ascher &
Ni ssim 1964; Elsea & Paynter, 1958). Wen a 20% fat sol uti on of
various triethyltin derivatives was applied to the skin of rats and
mce for 10 min, all the animals died within 20-30 nin (lgnatjeva et
al., 1968). In contrast, triphenyltin acetate did not penetrate
unbroken skin readily (Stoner, 1966).

6.2.2 Distribution

Fol | owi ng intravenous administration to mce and rats, the highest
concentrations of dibutyl- and diethyltin were found in liver and
ki dney tissue; unchanged compounds were excreted in the bile (Barnes &
Magee, 1958). Rats were fed with 11 ng of triethyltin hydroxide over a
period of 89 days. At the end of this time, only 0.7 ng of the
conmpound coul d be recovered; 40% of this was in the blood, 28%in the
liver, and 29%in the skeletal nuscle. Smaller ampbunts of triethyltin
were found in the kidney, brain, heart, and spleen (Croner, 1957).

Species variation in the distribution of triethyltin has been
reported. When triethyltin (26 pg) was added to rat blood in vitro,
nost of it (23 pg) was recovered fromthe erythrocytes and none was
found in the plasma, whereas in rabbit blood, triethyltin was nore
equal Iy distributed between erythrocytes (9 pg) and plasma (17 pg)
(Cromer, 1957). This could explain why triethyltin persists in the
bl ood of treated rats, whereas it quickly disappears fromthe bl ood of
treated rabbits (Barnes & Stoner, 1959). Triethyltin was found in the
brain of rats only 1-2 h after intraperitoneal injection of
triethyltin hydroxide (Crener, 1957).

The tissue distribution of triethyltin follow ng intravenous
adm nistration of tetraethyltin resenbled that follow ng
adm nistration of triethyltin (Crenmer, 1957, 1958). Thus, a large
quantity of triethyltin was found in the liver, with snaller
quantities in the kidney, brain, and whole blood in a rabbit, 2 h
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after adm nistration.

After oral or intraperitoneal adninistration of !'¥Sn-|abelled
triphenyltin to gui neapi gs, about 80% of the adm nistered activity was
excreted in 10 days. The concentration of radioactive tin found in the
brain of rats and gui neapigs after oral and intraperitonea
adm ni strations decreased with a half-life of several days. The form
of tin in the brain was not unequivocally identified, but it was not
inthe formof free stannic ions nor was it necessarily triphenyltin
(Heath, 1967). Herok & Gitte (1964) gave 3 sheep 10 ng of triphenyltin
acetate orally, every day for 20 days. The conpound was | abelled wth
113gn, The animals were killed at intervals ranging from8 to 198 days
after the |ast dose. The highest concentration of 'Sn was found in
the liver but the brain also contai ned neasurabl e anounts. In rats,
any absorbed triphenyltin chloride was rapidly distributed through the
ti ssues of the body including the brain. Tin was elimnated relatively
slowy and could be detected in the brain 38 days after a single dose
(Heat h, 1963).

Only trace quantities of tricyclohexyltin hydroxide were found in
the tissues of rats and dogs fed up to 12 ng/ kg bodywei ght per day, in
the diet, for periods ranging from45 days to 2 years (FAQ WHO
1971).

6.2.3 Excretion

When ethyltin trichloride was adm nistered intraperitoneally to
rats, it was excreted al nost exclusively in the urine; binary
excretion was negligible. Wien diethyltin was adm ni stered
intraperitoneally it was elinmnated as diethyl- and ethyltin in both
faeces and urine. Diethyltin was excreted in the bile (Bridges et al.
1967). Rats that had initially received a diet containing triethyltin
and had retained approximately 0.7 ng triethyltin in their tissues
were then given a nornmal diet; 12 days later, no triethyltin could be
detected in the tissues (Crenmer, 1957). The route of excretion was not
known.

The elimnation of triphenyltin fromthe body is slow (Stoner
1966). Its persistence in guineapigs is suggested by the sinmlarity
bet ween the ampbunts consuned by those dying on diets containing 25 and
50 ng/ kg and the acute oral LDsg. I n studies on gui neapi gs using

13gn-1 abel l ed triphenyltin, the concentration of triphenyltin that

had entered the brain after a single oral dose did not decrease during
the first 10 days. In rats, triphenyltin disappeared nore rapidly,
having a half-time of about 3 days in the brain (Heath, 1963, 1965).
Triphenyltin acetate |abelled with 'Sn was slowy excreted in the
urine of lactating sheep given oral doses of the conpound at the rate
of 10 nyg/day for 20 days. The nilk confined small anounts of tin
(about 1 pg/litre) in both organic and inorganic forns (Herok & Gotte,
1964) .

The biological half-tine of tricyclohexyltin hydroxide in rats was
5-40 days, when the conpound had been included in the diet over a
prol onged period. The brain was one of the tissues fromwhich the
conpound was removed nost slowy (FAQ WHO, 1971).

6.2.4 Biotransformation

In some early studies on the netabolic degradati on of organotin
compounds, it was suggested that destannylation (carbon-tin bond
cl eavage) was the major result of this biotransformation. For exanple,
triethyl tin was detected in the tissues of rabbits and rats given
tetraethyltin intravenously (Crener, 1957, 1958). The liver was the
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organ nost active in this conversion. Bridges et al. (1967) reported
that deal kyl ati on of diethyltin occurred in both the gut and tissues
of the rat. Although Herok & Gitte (1963) found that after
adnministration of triphenyltin acetate |abelled with 3Sn snal
anounts of inorganic tin were present in the mlk of sheep, Stoner
(1966) considered that triphenyltin was not readily transfornmed in the
body. Dicycl ohexyltin oxide and trace anounts of cycl ohexyl stannoic
acid were identified as netabolites in rats and dogs treated with
tricycl ohexyltin hydroxide (FAQ WHO, 1971). Blair (1975) concl uded
that tricyclohexyltin hydroxi de undergoes netabolismin animls by
sci ssion of cycl ohexyl groups fromthe atom

More recent studies using tributyltin acetate showed prinmary
bi ol ogi cal oxidation reactions in the hydroxylation of carbon-hydrogen
bonds that are al pha, B, gama and delta to the tin atom (Fish et al.
1976). This type of reaction was al ready assunmed by Casida et al
(1971), although no carbon-hydroxyl ated nmetabolites could be
identified when triethyltin derivatives were biologically oxidized
invitro to nonoethyl derivatives

Fish et al. (1975) treated tributyltin acetate with rat |iver
m crosonmes (a nmono-oxygenase enzyme system in the presence of NADPH,
and obtai ned al pha and B hydroxyl ated netabolites in yields of 24% and
50% respectively. An in vivo study with [1-C]-tetrabutyltin
showed the occurrence of simlar reactions in mce (Kinmel et al.
1977). The al pha-hydroxyl netabolite is unstable and undergoes a
cl eavage reaction at pH = 7.4 to give 1l-butanol and a dibutyltin
derivative. A RB-elimnation reaction in acidic media transforns the
- hydroxyl derivatives rapidly into 1-butane and a di butyl derivative
(Fish et al., 1976).

Studies on the in vitro netabolismof tricyclohexyltin conpounds
i ndi cated that carbon-hydroxylation of the cycl ohexyl group was a
maj or metabolic reaction (Fish et al., 1976; Kinmel et al., 1977).

When [!'3Sn] -triphenyltin acetate was subjected to in vitro
bi ol ogi cal oxidation, the phenyl group was not biotransformed, but in
in vivo studies, rats were found to netabolize triphenyltin acetate
i nto di phenyl - and phenyltin derivatives (Kinmel et al., 1977).

7. EFFECTS ON ANl MALS
7.1 Inorganic Tin Conpounds

Al'though tin is present in snmall anobunts in nost ani mal and hunan
tissues, it is uncertain whether it is an essential elenment for
mammal s. However, recent results indicate that tin is an essenti al
nutrient for the growth of the rat. Both inorganic and organotin
conpounds at concentrations simlar to those present in feeds were
found to stinulate growh rate in rats maintained on purified am no
acid diets (Table 11) (Schwarz, 1971; 1974; Schwarz et al., 1970). The
aut hors concluded that tin, as an essential elenent, could have a
function at the active site of sonme netal -dependent enzynmes; however,
this has still to be confirned.

Conpared with nost organotin derivatives, inorganic tin and its
salts are not highly toxic, mminly because of their poor absorption
and rapid tissue turnover (Barnes & Stoner, 1959; Cheftel, 1967;

Hi |l es, 1974; National Academny of Sciences, Washington 1973). The
systemic toxicity of some sinple tin salts is difficult to assess
because of the irritant properties of their solutions.

7.1.1 Effects on the Skin
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The effects of 1%tin(ll) chloride and 0.25%tin(ll) fluoride
solutions, applied to the abraded skin of rabbits, were exam ned by
Stone & WIlis (1968). Both conpounds induced intraepi dernmal pustules
with conpl ete destruction of the epiderm s but the stratum corneum
remai ned intact. No injury occurred when the solutions were applied to
i ntact skin.

7.1.2 Respiratory systemeffects

According to Robertson (1960), intratracheal adm nistration of
50 ng of netallic tin dust to rats was well tolerated and no fibrosis
was produced within one year of exposure.

Exposure of gui neapigs by inhalation, to tin(l1V) chloride (3 ng/
litre for 10 min, daily, for "several nonths") produced only transient
irritation of the nose and eyes (Pedley, 1927).

Table 11. The effect of tin(l1V) sulfate on the growh of rats in a trac
environnent 2

Dose | evel No. of Average daily I ncrease
Conpound (ng of tin/kg) ani mal s wei ght gain (99 o
control -- 5° 1. 10+0. 05° -- --
tin (1V) sulfate 500 8 1.37%0. 10 2 Sl
tin (1V) sulfate 1000 8 1.68%0. 10 53 Sl
tin (1V) sulfate 2000 8 1. 75+0. 10 59 N

Q

From Schwarz et al. (1970).
2 control rats died during the 26-29 days of the experinent.
nmean * standard error

o

7.1.3 Effects on the gastrointestinal system

Soluble tin salts are gastric irritants. This explains the signs
of acute poi soning occasionally observed in man and i n experi nental
ani mals follow ng consunption of food containing high concentrations
of tin (de G oot et al, 1973). However, the concentrations required to
elicit an acute gastrointestinal reaction have not been determ ned
reliably. Beney et al. (1971) reported signs of illness in 3/10 cats
after ingestion of 5 m/kg body weight of fruit juice containing a tin
concentration of 1370 ng/litre, and in 1/11 cats receiving the sane
dose of fruit juice containing tin at a concentration of 540 ng/litre
However, no adverse effects were recorded in cats receiving a sinlar
anount of juice containing a tin concentration of about 500 ng/litre
or in dogs given juice with a tin concentration of 1400 ng/litre.

7.1.4 Effects on the |iver

A 3-fold increase in haem oxygenase (EC 1.14.99.3)2 activity in
the liver of rats was observed 16 h after a single subcutaneous
injection of tin(ll) chloride dihydrate (Snd ,2H,0 at doses rangi ng
from5.6 to 56.4 ng/ kg body wei ght. Cytochrone P-450 nedi ated drug
net abol i sm and the content of cytochronme P-450 were reduced by one
third. These effects on the liver increased by about 15-20% when the
compound was adm nistered intraperitoneally (Kappas & Mines, 1976).
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Tin chloride, oxalate, or sulfate added to the diet at a
concentration of 10 g/kg for 4 and 13 weeks resulted i n honbgenous
liver cell cytoplasm and hyperplasia of the bile duct in rats. The
liver changes were nmore distinct after 13 weeks adninistration
Similar, although milder, hepatic alterations were seen after
adm nistration of tin chloride, oxalate, or orthophosphate at a

concentration of 3 g/kg of diet® (de Goot et al., 1973).

I ncreased incidence of fatty degeneration in the liver was noted
by Schroeder et al. (1968) in female but not in male rats, when the
animals were given tin in the formof tin(ll) chloride at a dose of
5 ng/litre in drinking water, fromweaning until their natural death.

The nunbers within parentheses follow ng the nanes of enzynes

are those assigned by the Enzyne Conmm ssion of the Joint |UPAC | UB
Conmi ssi on on Bi ocheni cal Nonencl at ure.

Tabl es for the approxi nate conversion of concentrations in diet

to ng/ kg body wei ght per day are given in Nelson (1954).

7.1.5 Effects on the kidney

Renal damage was produced in rats by single intravenous and
i ntraperitoneal doses of sodium pentafluorostannite (NaSn,Fs) and
tin(ll) chloride dihydrate (Snd ;2H,0 (Conine et al., 1973, 1975;
Yum et al, 1976). A single intraperitoneal injection of sodium
pent af | uorostannite at 35 ng/ kg body weight or of tin(ll) chloride
di hydrate at 44.4 ng/ kg produced extensive necrosis of epithelial
cells mainly involving proximal tubules. The extent of the necrosis
was thought to be related to the tin noiety of the conpound because
damage of the same nagnitude could not be produced by adninistration
of sodiumfluoride (Yumet al., 1976).

Studies in which rats received single subcutanous injections of
tin(ll) chloride dihydrate in doses ranging from5.6-56.4 ng/ kg body
wei ght revealed a 20 to 30-fold increase in the haem oxi dation
activity in the kidney, 16 h after adm nistration. This effect was
al ready noticeable at the | owest dose (5.6 ng/kg) and was found to be
dose-rel ated (Kappas & Mai nes, 1976).

Conine et al. (1976) admi nistered daily oral doses of sodium
pent af l uorostannite for 15 or 30 days to rats at rates of 20, 100, and
175 ng/ kg body wei ght. The hi ghest dose caused degenerative changes in
the proxi mal epithelium of the kidneys that were sinilar to those
observed in chronic fluoride poisoning (Lindemann et al., 1959), and
af fected about 15-20% of the 30 rats that were killed. Mst of the 8
animals in the 175 ng/ kg group that di ed spontaneously during the
experinment displayed necrosis of the proxinmal tubular epithelium
simlar to that previously reported to be caused by tin (Yumet al.
1976) .

Exposure of rats to tin(ll) chloride at a concentration of 5 ng of
tin/litre of drinking water, for life, produced vacuol ar changes in
the renal tubules of aninmals of both sexes (Schroeder et al., 1968).

7.1.6 Effects on the blood-forning organs

When tin(ll) (as chloride, orthophosphate, sulfate, oxalate, or
tartrate) was given in the diet to Wstar rats of both sexes at
concentrations of 3 and 10 g/kg for 4 weeks, food intake was reduced,
growt h was retarded and slight anaem a devel oped. The signs of anaeni a
included a reduction in haenoglobin |evels of about 10% and
correspondi ng reductions in haematocrit val ues, erythrocyte counts,
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and serumiron concentration (de G oot et al., 1973). D etary

suppl enents of iron had a markedly protective effect (de Goot, 1973;
de Goot et al., 1973). The authors suggested that tin conmpounds m ght
i nhi bit haenopoi esis, possibly by interfering with the intestina
absorption of iron. An alternative mechani smby which tin salts could
cause mld gastrointestinal bleeding was not investigated.

A dose-rel ated decrease in haenpgl obin concentrations was noted in
rats after daily oral treatnment, for 15 days, with sodi um
pent af l uorostannite at 100 and 175 ng/ kg body wei ght. Adm nistration
of 20 ny/ kg per day did not affect the haenogl obin | evel (Conine et
al ., 1976).

7.1.7 Central nervous systemeffects

H gh doses of inorganic tin conpounds seemto affect the centra
nervous system produci ng such effects as ataxia, nuscul ar weakness,
and the depression of the central nervous system These signs were
observed by Conine et al., (1975) after oral administration to rats of
sodi um pent af l uorostannite and tin(l1) chloride dihydrate in single
doses of the order of the nmedian | ethal dose (LDsg). According to de
Goot et al. (1973), feeding rats with tin(ll) chloride at a
concentration of 10 g/ kg diet for 13 weeks, resulted in a spongy state
of the white matter of the brain. Ataxia, hind-leg paralysis, and
death were al so observed in rats by Manontova (1940) followi ng daily
subcut aneous injections of 3 ng of tin(ll) citrate for 5-6 nonths.

7.1.8 Effects on the reproductive systemand the fetus

There is one report indicating that tin(ll) chloride mght have an
effect on the reproductive system De Goot et al. (1973) noted
testicular degeneration in rats after prolonged feeding with this
compound (10 g/ kg of food, for 13 weeks).

I norganic tin conpounds have not been shown to be fetotoxic.
Theuer et al. (1971) gave groups of pregnant rats sodi um
pent af | uorost anni te, sodi um pentachl orostannite, and tin(ll) fluoride
corresponding to tin levels in the diet of 125, 250, and 500 ny/kg.
The rats were killed on day 20 of gestation. No effects were seen in
the fetuses; tin concentrations in the fetuses were about 1 ng/kg
conpared with approximately 0.65 ng/kg in control fetuses, indicating
a rather |ow transplacental transfer.

7.1.9 Carcinogenicity and nutagenicity

Few reports are avail abl e concerning the carcinogenicity of
i norganic tin conpounds. Walters & Roe (1965) adninistered either
sodi um chlorostannate at 1 or 5 g/litre of drinking water or tin(ll)
oleate at 5 g/kg of diet to mce, for up to one year; the survivors
were then killed. The incidence of |ynphonmas, hepatomas, or pul nbnary
adenomas did not increase with any of the reginens.

Roe et al. (1965) reported 3 malignant tunmours in 30 August rats
that survived for 1 year or nore on a diet containing sodi um
chl orostannate at a concentration of 20 g/ kg, whereas a control group
of 33 rats did not exhibit any case of nmalignant tunours. One tunour
was an adenocarci nona of manmary origin, another a pleonorphic sarcoma
in the uterus, and the third, an adenona-carcinoma in the jaw region
The difference was not statistically significant. No tunours were seen
in another group of 27 rats surviving on a diet containing tin(ll)
2-ethyl hexoate at a concentration of 5-10 g/kg.

Admi nistration of tin(ll) chloride to rats and mice at 5 ng/litre
in drinking water throughout their life-time did not produce any
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increase in the incidence of tunours conpared with a control group
consi sting of an equal nunber of animals (Kani sawa & Schroeder, 1969).

St udi es concerning the nutagenicity of inorganic tin conpounds
were not available to the Task G oup

7.1.10 Oher effects

Gowmh retardation in rats has been reported after the
adm ni stration of high doses of various tin conpounds. Dietary |levels
of tin as tin(ll) oxal ate, orthophosphate, chloride, sulfate, and
tartrate at 3 and 10 g/ kg for 4 weeks caused inhibition of growh in
rats and oedema and atrophy of the pancreas (de Groot et al., 1973).
Daily adnministration, by garage, of sodium pentafluorostannite at 100
and 175 ng/ kg body weight, for 30 days, resulted in a dose-rel ated
retardation of growh in rats (Conine et al., 1976). Adninistration of
tin(ll) chloride at a concentration of 5 ng of tin per litre of
drinking water reduced the |ife span of fermale rats, whereas the
| ongevity of nmale rats was unaffected (Schroeder et al., 1968).

7.1.11 Effective doses and dose rates
7.1.11.1 Lethal doses

The nedi an | ethal doses (LDsg) for 2 inorganic tin conpounds are
given in Table 12. A marked difference between the oral and parentera
LDso val ues can be explained by the | ow absorption of tin conpounds.

Daily intravenous adm nistration of 3.3-4.2 ng of sodiumtin
citrate per kg body wei ght provoked death in rabbits in 7-8 days,
whereas at a dose of 2.5 ng/kg, death occurred only after 15 or nore
days (Manontova, 1940).

In studies on 6 rats, subcutaneous injection of 3 ng of tin
citrate/animl, per day, killed all the aninmals in 5-6 nonths. Sinilar
adm ni stration of the sane conpound in doses of 2 ng/kg body wei ght
produced vomiting, diarrhoea, weight |oss, ataxia, hind-leg paralysis,
and death within 5 nmonths (Manontova, 1940).

Table 12. Median lethal doses (LDsg) of tin(ll) chloride dihydrate (SnC

pent af | uor ost anni te ( NaSn,Fs)?

Sodi um pent af l uorostannite

Tin(ll) chlori
Rout e mal e m ce mal e rats female rats mal e rats (LD

(LDso, nu/kg) (LDso, my/kg) (LDso, nu/kg)

i ntravenous 18.9 12.9 12.9
i ntraperitoneal 80.9 75. 4 65.0
oral (fasted) --b 223.1 218.7
(f ed) 592.9 573.1 --b

29
258

2274.
3190.

From Conine et al. (1975).

b no data.

7.1.11.2 Mnimum ef fecti ve and no-observed-ef f ect doses

Sone information on effective doses has been given in the sections
describing the effects. However, the following information nay al so be
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of interest.

De G oot et al. (1973) reported a normal growth rate in Wstar
rats that had received tin(lV) oxide, tin(ll) sulfide, or tin(ll)
oleate at dietary levels up to 10 g/kg for 4 weeks; haematol ogi ca
data were al so nornmal except for an increase in the haenmatocrit in
male rats fed with the highest concentration of tin(ll) sulfide. The
wei ght and the gross and nacroscopi ¢ appearance of the liver, kidney,
heart, and spleen were al so nornal

When a simlar experinent was conducted with tin(ll) chloride for
13 weeks, the no-observed-effect concentration in food appeared to be
1 g/kg, if the diet were supplenented with iron (de G oot et al.
1973). This is equivalent to a dose rate of about 20-30 ng tin/kg body
wei ght per day, for 90 days.

No effect on growh was observed by Conine et al. (1976), when
sodi um pent af | uorostannite was adninistered orally to rats at a dose
rate of 20 ng/ kg body wei ght per day for 30 days.

Oral adm nistration of sodiumtin citrate in dose rates ranging
from 100- 150 ng/ kg body wei ght per day for 1 year did not produce any
noti ceabl e signs of poisoning in rats (Manontova, 1940). Simlarly
rats fed a diet containing either sodium chl orostannate at 20 g/ kg or
tin(ll) 2-ethyl hexoate at 5-10 g/ kg for one year did not show any
pat hol ogi cal changes in the gastrointestinal tract, kidneys, or liver
(Roe et al., 1965).

Mce that received tin in the formof sodiumchlorostannate at a
concentration of 1 or 5 g/litre in drinking water or tin in the form
of tin(ll) oleate in the diet at a concentration of 5 g/kg during
their lifetime did not show any adverse effects (Wiiters & Roe, 1965).

M ce and rats (Schroeder & Bal assa, 1961; Schroeder et al., 1968)
given tin(ll) chloride in drinking water at a concentration of 5 ng of
tin/litre grew normally throughout their life. The Iife span of nice
of both sexes and of male rats was not affected but that of fenumle
rats was shorter and there was an increased incidence of fatty
degeneration of the liver (section 7.1.4). Vacuol ar changes in the
renal tubules were apparent in rats of both sexes (section 7.1.5).

7.2 Organotin Conpounds

Di stinction should be nmade between the effects of di-, tri-, and
tetrasubstituted organotin conpounds. The principal toxicologica
difference is that some trisubstituted conpounds have a specific
effect on the central nervous system produci ng cerebral oedema (Barnes
& Stoner, 1958; Torack et al., 1969), whereas disubstituted conpounds
do not produce this effect but are potent irritants that can i nduce an
inflammatory reaction in the bile duct (Barnes & Magee, 1958).

Toxi cologically, the tetrasubstituted conpounds resenbl e
trisubstituted compounds, which are, generally, nore toxic than the
nono- and di substituted derivatives.

7.2.1 Effects on the skin and eyes

Dermal application of dibutyltin dichloride at 10 ng/ kg body
wei ght per day for a period of 12 days, caused severe |ocal damage and
al so bile duct injury in rats and mce. Guineapigs were nore
resistant, showing little reaction to daily applications of 120 ng/kg
on 5 successive days (Barnes & Stoner, 1958).

An aqueous solution of bis(tributyltin) oxide applied to the
shaved skin (30 x 60 M) of rats at concentrations of 0.36-0.95 ny/kg
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body wei ght produced slight local irritation lasting 2-3 weeks
(Pelikan & Cerny, 1968b). At higher doses (1.40-185 ng/kg), narked

i nflammati on devel oped into skin necrosis. Severe effects on the eyes
were al so observed with bis(tributyltin) oxide (Pelikan & Cerny,
1969) .

Tri phenyl tin hydroxi de was reported not to irritate rabbit skin or

sensitize the skin of guineapigs (Marks et al., 1969). However, it was
found to be extremely irritating to the eyes, even after brief
exposure, and could cause corneal opacity (Marks et al., 1969).

A solution of triphenyltin acetate in oil at a dose of 150 ng/kg
body wei ght caused a skin reaction in rats (Klinmer, 1964). Doses of
tricycl ohexyltin hydroxide at 1.2-60 ng/ kg body wei ght per day,
applied to the skin of rabbits over a 3-week period, produced distinct
reactions locally but did not result in any systemic ill effects

(FAQ WHO, 1971, p. 527)2
7.2.2 Respiratory systemeffects

Pul monary congestion and oedema were observed in rats after single
i ntravenous admi ni strations of solutions of diethyl-, di-propyl-,
dii sopropyl -, and dipentyltin dichloride (20 ng/kg body weight), in
0.05 m of polyoxyethylene sorbitin nonol eate, whereas in the case of
dibutyltin dichloride, 10 ng/kg was enough to cause this effect
(Barnes & Stoner, 1958). Petechial and ecchynotic haenorrhages in the
trachea and |l arynx were observed in sheep after intrarunena
adm ni stration of tricyclohexyltin hydroxide at 500 ng/ kg body wei ght.
Congestion was present in the dorsal portion of all pulnonary | obes at
a dose as | ow as 150 ng/ kg (Johnson et al., 1975).

7.2.3 FEffects on the gastrointestinal system

A single dose of butyltin trichloride, butyltin- S S ,S"-tris
(2- et hyl hexyl mer capt oacetate), butyl stannoic acid, and butyl
thi ostannoic acid at 4000 ng/ kg body wei ght, adm nistered by stonach
tube to mce, produced various degrees of subnucosal, subserosal, and
intra-lum nar gastrointestinal henorrhage within 24 h (Pelikan &
Cerny, 1970b). Sinilar adninistration of dioctyltin- S, S -bis
(2-et hyl hexyl - mer capt oacetate) produced dilatation of the stomach,
which was filled with gas. The stonmach walls appeared i schaemc
whereas the intestinal walls were hyperaenic, and traces of blood were
found in the contents of the small stomach. Similar, but nore
pronounced findings were recorded after admi nistration of dioctyltin-

& Unpublished reports on triphenyltin conpounds and tricycl ohexyltin
hydroxi de were abstracted in 1970 Eval uations of Sone Pesticide
Resi dues in Food (FAQ WHO, 1971). The proprietary data were
submitted to the WHO by t he manufacturers. Page nunbers given in the
text refer to the FAQ WHO publication, which al so contains
information with reference to authors and manufacturers.

bi s- (but yl mer capt oacetate), although no traces of blood were seen in
the stomach. Treatnment with dioctyltin bis(2-ethyl hexyl-

nmer capt oacetate) resulted in large anounts of liquid in the stonach
contents, and slightly hyperaem ¢ stomach walls; other findings were
simlar to those produced by the other 2 dioctyltin conpounds,
dioctyltin bis(dodecyl nercaptide) and octyltin tris(2-ethyl hexyl-
mer capt oacetate) (Pelikan & Cerny, 1970a). Ingestion of dibutyltin
dichloride at a dose of 50 ng/ kg body wei ght per day for one week,
caused a tenporary dilatation of the stomach in rats due to

accunul ation of fluid, and diarrhoea (Barnes & Stoner, 1958).
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Intrarunenal admnistration of tricyclohexyltin hydroxide at 150 ng/ kg
body weight resulted in fluid diarrhoea in sheep which persisted up to
death. Necropsy findings included mld enteritis and colitis
characterized by severe hyperaeni a and oedena (Johnson et al., 1975).
Gastroenteritis occurred in rats receiving an oral dose of

tricycl ohexyltin hydroxide of 25 ng/kg body wei ght per day for 19 days
(FAQ WHO, 1971, pp. 527-528).

7.2.4 Effects on the liver and bile duct

St eatosi s of hepatocytes and enlargenent of the liver were seen
within 24 h of adnministration to nmice through a stomach tube, of a
singl e dose of butylstannoic acid, butyltin trichloride, butyltin
tris(2-ethyl hexyl mercaptoacetate), or butylthiostannoic acid, each at
a dose of 4000 ng/ kg body wei ght (Pelikan & Cerny, 1970b). In rats, a
single oral dose of dibutyl,tin dichloride at 50 ng/ kg body wei ght
produced congestion and inflanmmation especially in the | ower part of
the bile duct (Barnes & Magee, 1958; Gaunt et al., 1968). Wen this
dose of dibutyltin dichloride was given on 3 successive days, the
| esi on was nore severe involving also the proxinmal part of the bile
duct and the portal blood vessels. Necrotic areas were seen in the
liver. In sonme cases, bile escaped fromthe injured duct into pancreas
and peritoneum The authors considered that death occurring 5 days
after the 3 successive doses was the result of a general toxic effect
of this compound, whereas death occurring later was secondary to bile
duct and |iver danage. Changes in the pancreas were inflammatory and
confined to areas surrounding the bile duct. In surviving rats,
exam ned 6-12 nonths after receiving 3 daily doses of 50 ng/kg, the
bile duct was shorter and thicker than normal with fibrosis in the
wall. A simlar reaction in the bile duct was seen after a single
i ntravenous admini stration of 5 ng/kg body wei ght, and after a dernm
application of 10 ng/ kg body wei ght. The effects on nice of oral doses
of dibutyltin dichloride at 20-50 ng/ kg body wei ght were sinilar to
those seen in rats, although |iver damage appeared to be nore
wi despread. Repeated doses of this conpound at 20-50 ng/ kg body wei ght
killed rabbits, but did not cause bile duct or liver injury;
gui neapi gs, however, tolerated such doses wi thout any signs of adverse
effects (Barnes & Magee, 1958). It has been suggested that bile duct
injury occurs only in species in which the bile duct and the
pancreati c duct have a common course (Kinbrough, 1976).

Daily doses of dibutyltin dichloride at 0.1 and 1.0 ng/ kg body
wei ght, for 6 nonths, caused intoxication in rabbits w th dystrophic
changes in the liver (Mazaev & Korolev, 1969). Dioctyltim S, S -bis
(2- et hyl hexyl mer capt oacetate), diootyltin- S S -bis
(butyl mercapt oacetate), and diootyltin bis(dodecyl-nercaptide) at an
oral dose of 4000 ng/ kg body wei ght produced steatosis of the
hepat ocytes in mce (Pelikan & Cerny, 1970a). N konorow et al. (1973)
reported a significant increase in the nean liver weight of rats after
oral admnistration of dioctyltin- S, S -bis(isoctyl nmercaptoacetate)
at 20 ny/ kg body wei ght per day, for 3 nonths.

A single oral dose of tributyltin acetate, benzoate, chloride
| aurate, or oleate at 500 ng/ kg body wei ght produced fatty
infiltration of the liver in mce (Pelikan & Cerny, 1968a) and
triphenyltin acetate at a dietary |level of 10 ng/kg produced fatty
degeneration of the liver in guineapigs, when adm nistered over a
2-year period (FAOWHO 1971, p. 341). Cholangitis was reported in
rats after administration of tricyclohexyltin hydroxide at a dietary
| evel of 400 ng/kg for 90 days (Shirasu, 1970). Simlarly, both intra-
and extrahepatic cholangitis was noted in rats that had received
tri-cycl ohexyltin hydroxide at 25 ng/kg body wei ght per day, for 19
days (FAQ WHO, 1971, pp. 527-528).
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7.2.5 Effects on the kidney

Sone degree of fatty degeneration of the renal cortical tubular
epi thel i um was seen on histol ogi cal exam nation of mce that had
received a single oral dose (4000 ng/ kg body weight) of butyltin
tin- SS,S"-tris(2-ethyl hexyl mercal ytoacetate), butyl stannoic acid,
or butylthiostannoic acid, but not in aninmals given butyltin
trichloride. The structure of the renal tissue was unchanged.
Macroscopi cal ly, all conpounds produced slight hyperaemia in the
ki dneys (Pelikan & Cerny, 1970b).

Dioctyltin- S 'S -bis(2-ethyl hexyl mercaptoacetate) and
dioctyltin- S, S -bis(butyl mercaptoacetate) admi nistered at the sanme
rate and by the sanme route produced a simlar slight fatty
degeneration of the renal cortical tubular epitheliumin mice (Pelikan
& Cerny, 1970a). Feeding rats with an organotin stabilizer
dioctyltin- S, S -bis(isooctyl nercaptoacetate) at a dietary |evel of
200 ng/ kg for 12 nonths produced an increase in kidney weight in
female rats only (N konorow et al., 1973). Mazaev & Korolev (1969)
al so reported dystrophic changes in the kidneys in rats treated with
dibutyltin dichloride at 0.1 and 1.0 ng/ kg body wei ght.

Haenorrhages were reported in the kidneys of mce after single
adm ni strations (gavage) of tributyltin benzoate, chloride, |aurate,
and ol eate at 500 ng/ kg body wei ght. Hyperaem a of the kidney was seen
in all groups, whereas tubular cells containing |ipids were observed
only in mice that had received |aurate or ol eate. Renal changes were
not reported in nmice that were simlarly dosed with tributyltin
acetate (Pelikan & Cerny, 1968a). Congestion of the gloneruli and mld
toxi ¢ nephrosis were observed in rats receiving a dietary |evel of
tricycl ohexyltin hydroxide of 400 ng/kg for 3 nonths (Shirasu, 1970).
Simlarly, toxic nephrosis was reported in rats after adm nistration
of tricyclohexyltin hydroxide at a daily dose of 25 ng/kg body wei ght
for 19 days (FAQ WHO, 1971, pp. 527-528).

7.2.6 Effects on the lynphatic tissues and i mmunol ogi cal effects

Smal | necrotic areas were observed in the gerninal centres of the
splenic follicles of mce after a single adm nistration, through a
stomach tube, of 4000 ny/ kg body weight of butyltin- S S ,S"-tris-
(2- et hyl hexyl mer capt oacet ate), butylthiostannoic acid, and
butyl - stannoi c acid, (Pelikan & Cerny, 1970b); dioctyltin- S S -bis
(2-ethyl - hexyl mercapt oacetate), and dioctyltin- S 'S -bis(butyl-
ner capt oacetate) (Pelikan & Cerny, 1970a).

Seinen & Wllenms (1976) reported that the main action of
di-octyltin dichloride, given to rats at dietary levels of 50 and
150 ny/ kg, was on the thynus, the weight of which was significantly
reduced during the experinent. In subsequent experinments, feeding rats
with dioctyltin dichloride or dibutyltin dichloride at dietary |evels
of 50, or 150 ny/kg for 6 weeks, resulted in a dose-dependent
reduction in the weight of the thymus Land thynus-dependent periphera
| ynphoi d organs (Seinen et al., 1977a). The del ayed type
hypersensitivity was decreased and the allograft rejection was del ayed
when the sane conpounds were given in the sanme way to rats.
Furthernore, it was reported that both these conpounds decreased the
survival rate of rat and human thynocytes in in vitro studies
(Seinen et al., 1977b). The effects of diethyltin dichloride and
di propyltin dichloride on rat |ynphoid organs were similar but |ess
pronounced. However, other dialkyltin compounds such as dinethyltin
dichloride, didodecyltin dibronde, and dioctadecyltin dibronide, as
well as octyltin trichloride, trioctyltin chloride, and tetraoctyltin
did not cause atrophy of |ynphoid tissues (Seinen et al., 1977a). The
rat proved nore sensitive to the action of di-octyltin dichloride and
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dibutyltin dichloride on | ynphoid organs than the nouse and the
gui neapi g i n which no atrophy of the |ynphoid organs was produced.
(Seinen et al., 1977a).

Studies on triphenyltin acetate have been revi ewed by the FAQ WHO
(1971, pp. 327-366). In guineapigs, a dietary level of 15 ng/kg for 77
days produced a decrease in plasma cells in the spleen and in the
nesenteric, cervical, axillary, and popliteal |ynph nodes. After
feeding the sane dose to femal e gui neapigs for 104 days, a reduction

in immune response to tetanus toxoid stinulation was observed. In
anot her experinent, a decrease in the nunber of |ynphocytes and

| eukocyt es acconpani ed by histol ogical changes in the |ynphatic

ti ssues, such as atrophy of the white pulp of the spleen, was seen in
gui neapigs at dietary levels of 5 ng/kg in females and 10 ng/kg in
mal es adni ni stered, for 12 weeks. A decrease in the nunber of

| eukocytes was also reported in dogs after 8 weeks on a dietary |eve
of triphenyltin hydroxide of 25 ng/kg and 8 weeks on 50 ny/kg.

7.2.7 Haematol ogi cal effects

Decreases in the nunbers of erythrocytes and reticul ocytes were
reported in rats after daily adm nistration of an oral dose of
dibutyltin sulfide at 0.1 ng/kg body weight for 6 nonths (Mazaev &

Sl epning, 1973). A nmild anaenia was noted in rats that had received
dibutyltin dichloride for 3 nmonths at a dietary |evel of 80 ng/kg, but
a |l evel of 40 ng/ kg did not produce this effect (Gaunt et al., 1968).

In vitro studies of the haenolytic activity of trialkyltin
compounds indicated that the nobst haenolytic organotin conmpounds were
the alkyltin derivatives with al kyl groups of 3-6 carbon atons
(Byington et al, 1974). Decreases in the percentage haenogl obin and in
the nunber of erythrocytes were reported in guinea-pigs treated with
triphenyltin acetate at a dietary level of 10 ng/kg for 4 nonths
(FAQ WHO, 1971, p. 337). A reduction in haenogl obin and | eukocytes was
also seen in rats after 12 weeks on a dietary level of triphenyltin
hydr oxi de of 50 ng/kg (FAQ WHO, 1971, pp. 337-333).

7.2.8 Central nervous systemeffects

Intoxication in animals by lower trialkyltin conmpounds is
mani f ested as general i zed weakness progressing to paral ysis, sonetines
acconpani ed by generalized trenor. In rabbits, typical reactions to a
| ethal dose (5 ng/ kg body weight) of triethyltin sulfate adninistered
intravenously are prostration, flaccid paralysis, and encephal opat hy
(Stoner et al, 1955). These responses resenbl e those observed in human
subj ects, accidentally poisoned with triethyltin conpounds. Daily
intraperitoneal injections of triethyltin sulfate at 5 ng/kg body
weight in saline solution resulted in death in rats within 3 days
Di f fuse haenorrhagi c encephal opathy was found in the brain (Suzuki
1971). Rats maintained on a dietary level of triethyltin hydroxide of
20 ng/ kg di spl ayed weakness in the hind |l egs after one week. The
weakness reached a maxi nrum at 3-4 weeks, when about half of the rats
di ed, but the signs disappeared in one week, when normal diet was
restored. Sorme of the rats showed signs of beconming resistant to the
substance. At a dietary level of 40 ng/kg, the recovery process was

unal tered but, at 80 ng/kg, the rats devel oped generalized nuscul ar
trenors that resenbled those seen in acute trinethyltin poisoning
(Stoner et al, 1955). This course of events, including the devel opnent
of resistance to triethyltin hydroxide at a dietary |level of 20 ngy/kg
was corroborated by Magee et al. (1957), who was al so able to produce
a specific lesion of the central nervous system (CNS) by feeding rats
with a dietary level of triethyltin hydroxide of 20 ng/kg. The |esion
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consi sted of an oedema extendi ng throughout the white matter. It was
m croscopically visible after 3 days of exposure and progressed to a
maxi mum at about 2 weeks. After 4 nonths of normal diet, the changes
in the brain and spinal cord di sappeared. El ectronm croscopic studies
of this lesion in rabbits disclosed that the nmyelin sheaths split to
formclefts and vacuoles in which the fluid responsible for the oedema
accunul ated (Aleu et al., 1963). The triethyltin-induced |esion of the
CNS is different fromthose produced by al kyl derivatives of |ead,
antinony, bismuth, and mercury, which cause danage to the nerve cells,
but appears to be simlar to that produced in rats by exposure to
hexachl or ophene (Ki nbrough & Gai nes, 1971). Wien 5 ng of triethyltin
sulfate per litre of drinking water was administered to newborn rats
and their nothers for 4 nonths, all young rats were asynptonatic,
whereas the not hers showed paral ysis of posterior |inbs, severe
cerebral oedema, and status spongi osus of the white matter (Suzuki
1971). Hedges & Zaren (1969) described papill oedema i n nonkeys
following a single intraperitoneal dose of triethyltin acetate of

0.1 ny/ kg, body wei ght adnministered as a 5% sol uti on. Cedema of the
white matter of the brain extended through the chiasma and orbita
optic nerve to the retrol am nar area, but the papilloedena was not due
to extension of the intranyelinic tin oedema of the nerves through the
| am na. Papil |l oedena does not develop in the cat when simlarly
treated, in spite of profound swelling of the intracerebral white
matter, chiasnma, and the orbital optic nerve as far as the
retrol am nar portion

Tri cycl ohexyltin hydroxi de appears to be a depressant for the
central nervous system although it is not as potent as triethyltin
acetate and cerebral oedema does not occur (FAQ WHO, 1971, p. 526).
Johnson et al. (1975) studied the acute toxicity of tricyclohexyltin
hydroxi de in sheep by intrarumenal injection of doses ranging from 15
to 750 ng/ kg body weight. Central nervous depression was observed at
50 ng/ kg body wei ght.

Because of the enzymatic conversion of tetraal kyltin conpounds by
hepatic microsomal enzynes (section 6.2.4), these conpounds act in a
simlar way to trialkyltin conpounds. The toxicity of tetraal kyltin
conmpounds in mce and cl ogs was studied by Caujolle and his coll eagues
(1954). Tetraethyltin was the nost active, tetranethyltin slightly
| ess toxic, and for the higher nenbers of the series, the toxicity
decreased with increasing nol ecul ar weight. The toxic effects of
tetramethyltin differed fromthose of the other nenbers of the series
and the dominant findings were trenors and hyperexcitability. The

maj or effects of the other nenbers of the tetraalkyltin series were
muscul ar weakness and paralysis followed by respiratory failure.

Devel opment of the signs of poisoning were noticeably slow foll ow ng
adm nistration of tetraal kyltin conpounds and death was often del ayed.
I ntravenous administration of tetraethyltin at 25 ng/ kg produced a
slight increase in the respiratory rate and vasodil atation as

i medi ate effects, but after 1.5-2 h, prostration with nuscul ar
weakness was noted. The later effects resenbled those seen after

adm nistration of triethyltin; the node of death was also sinilar
(Stoner et al., 1955).

7.2.9. Effects on reproduction and the fetus

Few studies of the effects of disubstituted organotin conpounds on
reproducti on have been reported. N konorow et al. (1973) reported
toxic effects of dioctyltin- S, S -bis(isooctylnmercaptoacetate) on the
enbryo and fetus at daily oral doses of 20 and 40 ng/ kg body wei ght,
adm ni stered for about 3 nmonths. A distinct increase in the incidence
of fetal deaths was observed. Teratogenic effects were not found.
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I nvestigations on triphenyltin hydroxi de have yiel ded variable
results. In 2 investigations on rats, oral dose rates of 20 ngy/kg per
day for less than 4 weeks produced hi stol ogically evident
abnormalities in the testes and ovaries. Diminution in the size of the
testes and | ess advanced nmaturation of the gerninal epitheliumwas
seen in rats receiving triphenyltin hydroxide at a rate of 5 ng/kg for
90 days, although a 3-generation reproduction study at this dietary
| evel failed to denpbnstrate any adverse effect on the reproductive
i ndi ces (FAQ WHO, 1971, pp. 332-333). In another experinment (Gaines &
Ki nbrough, 1968), dietary levels of up to 200 ng/ kg over a 276-day
period caused a reversible reduction in fertility in nmale rats which
was considered to be due to a pronounced decrease in food intake, that
was | ater reversed. No gross abnormalities were seen in the offspring
of these nmal es when mated with untreated females. In 3 later
experinments (FAOQ WHO, 1971, p. 333) in which weanling animals were fed
the compound in their diets at doses of up to 25 ng/kg, the previously
reported change in testicular devel opnment coul d not be confirned.

In a 3-generation study in which rats produced 2 litters per
generation, animals continuously received a dietary |evel of
tricycl ohexyltin hydroxide of up to 100 ng/ kg (corresponding to 4-6 ng
test conpound/ kg body wei ght per day for an adult rat). No evidence of
any adverse effects on reproduction could be found and exam nation of
the fetuses did not reveal any indication of teratogenic effects
(FAQ WHO, 1971, p. 524). No evidence of teratogenic effects from
tricycl ohexyltin hydroxi de was obtained in a study in which pregnant
rabbits received up to 3 ng/ kg body weight per day fromthe 8th to
16th day of gestation (FAO WHO 1971, p. 524). In a study in which
diets containing tricycl ohexyltin hydroxide were fed to Japanese
quail, no evidence of ill effects on egg fertility or hatchability was
seen at a dietary level of 1 ng/kg.

Ef fects observed at a dietary level of 10 ng/ kg were of doubtfu
significance but a dietary |evel of 100 ng/ kg had definite effects on
fertility, egg production, hatchability, and enbryonic nortality
(FAQ WHO, 1971, pp. 523-524).

7.2.10 Carcinogenicity

In an 18-nonth study, mce were given an oral dose (stonmach tube)
of 0.46 ng/ kg body wei ght per day of triphenyltin acetate between the
ages of 7 and 28 days and thereafter a dietary level of 1206 ng/kg.
There was no statistically significant increase in tunours conpared
with a control group (lnnes et al., 1969). In a 2-year study on rats
receiving tricycl ohexyltin hydroxide at concentrations up to 12 ng/ kg
body wei ght (section 7.2.3), the pattern of tumour incidence
t hroughout both the control and test groups appeared to be random and
did not suggest a dose-response relationship (FAQ WO, 1971, p. 527).
Reports of experinments specifically designed to investigate the
carcinogenicity of other conpounds were net available to the G oup

7.2.11 Effects on chronpsones

Mazaev & Sl epnina (1973) reported an increased percentage of
chronosonal aberrations in bone marrow cells and al so an increased
mtotic index in cells of the small intestine nucosa of rats that had
received dibutyltin sulfide at 0.1 ng/kg body wei ght per day
adm ni stered by intubation over a period of 6 nonths. Doses of |ess
than 0.1 ng/ kg body wei ght per day did not cause poisoning and did not
have any effect on the chronosonmes or sonatic cells.

7.2.12 Oher effects

A reduction in weight gain, mainly related to reduced food intake,
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has been recorded in various species given organotin conpounds. In
rats, a dietary level of dibutyltin dichloride of 80 ng/kg
adm ni stered for 90 days caused growth retardati on and decreased food
intake (Gaunt et al., 1968). Triphenyltin acetate given to gui neapigs
at dietary levels exceeding 5 ng/kg for 2 years, caused a dose-rel ated
inhibition of growh rate (FAQ WHO, 1971, p. 341). A dietary level of
tricyclohexyltin hydroxide of 25 ng/kg for 90 days, caused a slight
reduction in weight gain in female rats (Shirasu, 1970), and dogs
receiving the same compound in their diet at a level of 12 ng/kg for 6
nonths al so | ost weight; some animals that totally refused the food
died fromstarvation (FAO WO 1971, pp. 526-527).

Severe cardi ovascul ar changes were denonstrated el ectro-
cardiographically in sheep after intrarunenal adm nistration of
tricycl ohexyltin hydroxi de at doses greater than 150 ng/ kg body wei ght
(Johnson et al., 1975).

7.2.13 Mechanisns o[ action

There have been relatively few studies of the biochem cal effects
of dialkyltin conpounds, which do not cause cerebral oederma. In acute
toxicity experinments on the rat, diethyltin conpounds did not affect
the sodi um and potassiumcontents of the central nervous system but
caused a decrease in its water con, tent (Magee et al, 1957).

The action of a honol ogous series of disubstituted
organoti n-conpounds fromdinethyl- to dioctyltin have been exan ned;
nost of theminhibit nmitochondrial respiration by preventing the
oxi dation of keto acids, presunbly via the inhibition of al pha-keto
oxi dase activity, leading to the accumul ation of pyruvate (Al dridge,
1976; Piver, 1973).

O the trisubstituted conpounds, triethyltin conpounds have been
the nost closely exanmined in relation to the nechani sm by which they
cause ill effects. Trinethyl- and triethyltin conpounds are potent
i nhi bitors of oxidative phosphorylation in the mtochondria for which
t hese conpounds have a high binding affinity (A dridge, 1958; Al dridge
& Street, 1964, 1970, 1971). In a later study by Aldridge (1976),
triorganotin conmpounds were stated to derange mtochondrial function
in 3 different ways, nanely by secondary responses caused by di scharge
of a hydroxyl -chl oride gradi ent across mitochondrial menbranes, by
interaction with the basic energy conservation systeminvolved in the
synthesis of ATP, and by an interaction with mtochondrial nenbranes
causi ng swel ling and disruption.

Using a '3Sn-labelled triethyltin compound, Rose (1969)
identified a pair of histidine residues on guineapig |liver
m tochondria as the binding site for triethyl conmpounds. Thus, one
nol ecul e of rat haenogl obin binds 2 nolecules of triethyltin; the
binding sites are located in the gl obin.

St ockdal e et al. (1970) showed that the order of effectiveness for
the organotin conpounds in inhibiting coupled respiration was tributyl
> tripropyl > triphenyl > trimethyl. Two separate effects were
suggested: (a) an oligonycin-like inhibition of coupled
phosphoryl ation; and (b) an alteration of hydroxi de exchange across
i pi d menbranes produci ng uncoupling, swelling, and reduction of
intramtochondrial substrate and phosphate concentrations foll owed by
structural damage

7.2.14 Effective doses and dose rates

7.2.14.1 Lethal doses
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The nedi an | et hal doses for sone nono-, di-, tri-, and
tetrasubstituted organotin conpounds are given in Tables 13, 14, 15,
and 16.2 Trinethyl and triethyltin conpounds, adninistered orally,
are nore toxic than the higher honol ogues of the trialkyltin group.
The oral toxicity dimnishes progressively fromtripropyltin to
trioctyltin conmpounds (Barnes & Stoner, 1958). This is probably
because of poorer absorption of higher trialkyltin compounds fromthe
gastrointestinal tract, as judged fromthe difference between the ora
and intraperitoneal toxicity of higher trisubstituted alkyltin
conpounds (Stoner et al., 1955). The intraperitoneal toxicity of
various trialkyltin compounds does not differ to any large extent. In
rats, Stoner et al. (1955) found that triethyltin sulfate was equally
toxic after intravenous, intraperitoneal, and oral adm nistration. The
| ethal dose per kg body weight given intravenously or
intraperitoneally was 10 ng/ kg, causing death within 4-5 days. A dose
of 40 ny/ kg body weight killed the rat in 2 h. The oral LDsy for
tricycl ohexyltin hydroxide (Table 15) for nobst species, appears to be
bet ween 100 and 1000 ng/ kg body wei ght, while the intraperitoneal and
i ntravenous routes yield LDsg val ues bel ow 20 ng/ kg. The difference
bet ween oral and parenteral toxicity reflects the poor absorption of
tricyclohexyltin hydroxide fromthe gastrointestinal tract.

In rats and dogs fed with tricycl ohexyltin hydroxide, the
nmet abol i tes, dicycl ohexyltin oxide and traces of cycl ohexyl stannoic
acid have been identified. Dicyclohexyltin oxide and
cycl ohexyl stannoic acid also constitute a snall portion of the
residues on fruit as a result of photodeconposition (FAQ WO, 1971
pp 522, 534). The nedian | ethal dose of these netabolites may
therefore be of interest. The LDsy of dicycl ohexyltin oxide in the
rat appears to be about 350 ngy/ kg body wei ght, whereas the LDsy val ue
of cycl ohexyl stannoic acid in this species is probably ten tines
hi gher (FAQ VWHO, 1971, pp. 524-526).

Only a small anmpbunt of data is avail able concerning the acute
toxicity of tetraal kyltin conmpounds. The nedi an | ethal dose for
tetraethyltin is given in Table 16

& Additional data on the toxicity of organotin conpounds nmay be
found in a proposal for the United Nations classification and hazard
groupi ng of organotin conpounds submtted by the expert fromthe
Net herl ands to the Committee of Experts on the Transport of Dangerous
CGoods of the United Nations Econom ¢ and Social Counci
(EN/ CN. 2/ CONF. 5/ R. 607 of Novenber 1976).

Table 13. Acute oral toxicity of some nobno-organotin conpounds in vario

Medi um | et ha
Trivial nane of conpound dose Speci es Ref erenc:
(LDso, my/ kg)
but yl st annoi ¢ aci d > 6000 nouse Pel i kan
butyltin trichloride 1400 nouse
2140 rat Mar hol d
butyltin-S, S S"-tris 1520 nouse Pel i kan
(i sooet hyl mer capt oacet at e)
octyltin trichloride 4600 nouse Kl i nmrer
octyltin-S,S,S"-tris 1500 rat (mal e) Pel i kan

(2- et hyl exyl nmer capt oacet at e)
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7.2.14.2 Mnimm effective and no-observed-effect doses

VWhen dibutyltin dichloride was fed to rats for 90 days at dietary
| evel s of 10, 20, 40, and 80 ngy/ kg, the no-observed effect |evel was
40 ng/ kg, equivalent to 2 ng/ kg body wei ght per day (Gaunt et al.
1968). When dibutyltin was adm nistered to rats for 6 nonths, the
no- observed-effect | evel was 20 ng/ kg diet (Barnes & Stoner, 1958).
Dibutyltin sulfide, administered to rats at oral doses of 1.0, 0.1,
0.01, and 0.001 ng/ kg body weight, per day for 7 nonths, was tol erated
wi t hout any detected adverse effects up to a dose o.f 0.01 ng/ kg per
day but the higher levels of 0.1 and 1.0 ng/ kg per day caused
i ntoxication (Mazaev & Korolev, 1969). By conparison, the toxicity of
dioctyltin conmpounds was relatively low (Klimer, 1969). Thus,
dioctyltin did not produce any injury in rats, mice, or guineapigs at
oral doses up to 400 ng/ kg body wei ght per day when given for 3-4
successi ve days, nor were there any ill effects when it was added to
the daily diet of rats for 4 nonths at a rate of 200 ng/kg (Barnes &
St oner, 1958).

Table 14. Acute toxicity of sonme diorganotin conpounds in various ani nal

Medi um | et hal dose

Trivial name of conpound ( LDsp, ng/ kg) Speci es
di butylin di(2-ethyl hexoate) 200 (oral) rat (mal e)
di butyltin di (butyl mal eate) 120 (oral) rat
di butyltin di (nonyl nal eat e) 170 (oral)
dibutyltin dichlorlde 100 (oral) rat (nal e)
182 (oral) rat (nmal e)
112 (oral) rat (fenale)
35 (oral) nouse
190 (oral) gui neapi g
150 (oral) rat
dibutyltin-S, S -bis 150 (oral) rat (nal e)
(2- et hyl hexyl mer capt oacet at e) 175 (oral)
dibutyltin dilaurate 243 (oral) rat
45 (oral) rat
di butyltin oxide 520 (oral) rat (nal e)
39.9 (i.p.)? rat (female)
24 (oral) nouse
dibutyltin sulfide 145 (oral) rat (nal e)
150 (oral) rabbit
180 (oral) rat (fenale)
800 (i.p.) rat (fenale)
> 800 (i.p.) rat (fenale)
dioctyltin acetate 2030 (oral) rat
di ocyl tin dibutyl nal eate 3750 (oral) nouse
dioctyltin-S, S -hbis
(butyl mer capt oacet at e) 1140 (oral) whi t e nouse
dioctyltin bis
(dodecyl ner capti de) 4000 (oral) whi t e nouse
dioctyltin bis
(2- et hyl hexyl mal eat e) 2760/ (oral) rat (nmal e)
2750

Table 14. (contd).

Medi um | et hal dose
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Trivial nanme of conpound (LDso, nu/ kg) Speci es
dioctyltin-S, S -bis 2010 (oral) whi t e nouse
(2- et hyl hexyl mer capt oacet at e)
dioctyltin-S, S -bis 3700 (oral) rat (nal e)
(1 auryl mer capt oacet at e)
dioctyltin-S S -(1, 4- 2950 (oral) rat (nal e)
but ane- di ol - bi s- mer capt oacet at e)
dioctyltin dichloride 5500/
8500 (oral) rat (nal e)
dioctyltin dilaurate 6450 (oral) rat (nmale)
800 (i.p.) rat (fenale)
dioctyltin di(1, 2-
propyl ene- gl ycol nal eat e) 4775 (oral) rat (nal e)
dioctyltin-S S -
(et hyl enegl ycol - bi s-
di mer capt oacet at e) 880 (oral) rat (nmal e)
dioctyltin nal eate 4500 (oral) rat (nale)
dioctyltin
3- mer capt o- propanoat e 1850/
2050 (oral) rat (nal e)
dioctyltin oxide 2500 (oral) rat (nmal e)
dioctyltin nercaptoacetate 945 (oral) rat (nal e)

& intraperitonea

Table 15. Acute toxicity of sone triorganotin conpounds in various animals
Trivial name Medi um | et hal dose
of conpound (LDso, nu/ kg) Speci es Ref erence
2-trichloro-1-(butine-1'-
oxi de)-1-triethyl- 9.8 (i.p.) rat | gna
st annyl oxy) et hane 9.6 (i.p.) nouse | gna
triethyl stannyl net hyl -
(1- propynyl) f or nal 10.7 (i.p.) r at I gha
tri et hyl st annyl phenyl -
acetyl ene 9.9 (i.p.) nouse | gna
9.1 (i.p.) rat | gna
1-triethyl stannyl - 3-
trinmethyl siloxi-1-
propyne 11.8 (i.p.) nouse I gha
11. 4 (i.p.) rat | gna
triethyltin acetate 4 (oral) rat (fenale) St on
triethyltin chloride 5 (i.p.) rat (fenale) Robi
triethyltin sulfate 5.7 (i.p.) rat (nmal e) St on
5.3 (i.p.) gui neapi g St on
tributyltin acetate 46 (oral) whi t e nouse Pel i
99 (oral) J. P
133 (oral) rat (nal e) Kl i m
tributyltin benzoate 108 (oral) whi t e nouse
Pel i
132 (oral) rat Arzni
tributyltin chloride 117 (oral) whi t e nouse Pel i
129 (oral) rat Manh
tributyltin laurate 180 (oral) whi t e nouse Pel i
tributyltin ol eate 195 (oral) rat KIim
tributyltin salicylate 137 (oral) rat (mal e) KI'im
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Table 15. (contd).
Trivial name Medi um | et hal dose
of conpound (LDso, no/ kg) Speci es Ref eren
bis(tributyltin oxide) 112- (oral) rat (mal e) Kl'im
132
180 (oral) rat Tr uh
234 (oral) rat Shel
194 (oral, rat (nmal e) El se
agueous
sol ution)
148 (oral, rat (nal e) El se
oi |
sol ution)
11.7 (dermal) al bi no rabbit El se
10.0 (oral) whi t e nouse Pel i |
trihexyltin acetate 1000 (oral) rat Bar ni
trioctyltin chloride 10 000 (oral) rat (nal e) Klim
triphenyltin acetate 21 (oral) gui neapi g Klim
24 (oral) gui neapi g Ki nmb
136 (oral) rat Klim
81 (oral) nmouse (nal e) FAQ
7.9 (i.p.) nmouse (nal e) St on
136 (oral) rat (nal e) Klim
491 (oral) rat (fenale) St oni
450 (dermal) rat (mal e) Kl'im
8.5 (i.p.) rat (fenale) St oni
11.9 (i.p.) rat (fenale) St on
13.2 (i.p.) rat (nal e) Klim
21 (oral) gui neapi g
(mal e) Klim
3.7 (i.p.) gui neapi g
(mal e) St on
Table 15. (contd).
Trivial nane Medi um | et hal dose
of conpound (LDso, nu/ kg) Speci es Ref erence
triphenyltin acetate 5.3 (i.p.) gui neapi g
cont'd. (mal e) Klim
30- (oral) rabbit (male) Klim
50
triphenyltin chloride 80 (oral) rat (nal e) FAQ
135 (oral) rat (fenale) FAQ
triphenyltin hydroxide 245 (oral) nouse (nal e) FAQ
209 (oral) mouse (femal e)
FAQ
240 (oral) rat (mal e) Gai ni
360 (oral) rat (fenale) Gi ni
27.1 (oral) gui neapi g FAQ'
(mal e)
31.1 (oral) gui neapi g FAQ' '
(femal e)
171 (oral) rat (nal e) Mar k:
268 (oral) rat (fenale) Mar k:
tricycl ohexyltin 7102 (oral) nouse- FAQ \
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hydr oxi de per onyscus
10702 (oral) nouse- SW ss FAQ/\
white
540 (oral) rat FAQ
13 (i.p.) rat FAQ
780 (oral) gui neapi g FAQ'
Table 15. (contd).
Trivial name Medi um | et hal dose
of conpound (LDso, nu/ kg) Speci es Ref erence
tricycl ohexyltin 9 (i.p.) gui neapi g FAQ' '
hydr oxi de 500- (oral) rabbit FAQ
cont' d. 1000
> 126 (i.p.) rabbi t FAQ''
1502 (oral) sheep Johns
14 (i.v.)° dog FAQ \
6 (i.v.) cat FAQ
approxi mate | ethal dose
i ntraperitonea
¢ intravenous
Table 16. Acute oral toxicity of some tetraorganotin conpounds in vario
Trivial nane Medi um | et hal dose Speci es Ref er ence
of conpound (LDsg, nu/ kg)
tetraethyltin 40.0 nouse Skackova (1967)
15.0 rat
40.0 gui neapi g
7.0 rabbi t
40 nouse Mazaev et al. (1971)
9.0 r at
40.0 gui neapi g
7.0 rabbit
tetrabutyltin 6000 rat Skackova (1967)

Data on effective doses of trisubstituted organotin conpounds are
availabl e only for triphenyltin derivatives and tricyclohexyltin

hydr oxi de.

Tri phenyltin acetate was adm nistered, by gavage,

of rats at doses equivalent to dietary levels of 5, 10, 25, and

50 ng/ kg for up to 17 days.
25 nmg/ kg level, the 50 ng/ kg | eve
mainly as a result of

i nfection (KIimer,

1964) .

to groups

Whil e no adverse effects were found at the
resulted in the death of aninals,
In a 2-year study on

rats fed diets containing concentrations of triphenyltin hydroxide of

up to 10 ng/ kg,

t he no-observed-effect |eve

was about 2 ng/ kg

(equi val ent to about 0.1 ngy/kg body wei ght per day) (FAQ WHO, 1971

pp. 341-342).

were fed diets containing concentrations of triphenyltin acetate,

to 200 ny/ kg,

t he no-observed-effect |eve

was 5 ng/ kg. At higher

| evel s there was a dose-related increase in nortality and the

I n another 2-year study in which groups of guineapigs

up
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occurrence of other effects such as inhibition of growh rate and
fatty degeneration of the liver and heart (FAQ WHO, 1971, p. 341).
Wth respect to tricycl ohexyltin hydroxide, no toxic effects were
noted in rats receiving 12.5 ng/ kg body weight daily for 19 days,
whereas a rate of 25 ng/kg per day caused toxic effects (FAQ WHO
1971, pp. 527-528). Rats were fed on diets providing up to 12 ng/ kg
body wei ght per day of tricyclohexyltin hydroxide in a 2-year study;
the no-observed-effect |level was 3 ng/ kg body wei ght per day (FAQ WHQ,
1971, p. 528). When dogs were fed tricycl ohexyltin hydroxide in the
diet at concentrations of up to 12 ng/ kg body wei ght per day for 6-24
nont hs, nmany dogs refused the 12 ng/ kg per day diet, causing weight

| oss and death from starvation. The no-observed-effect |evel was found

to be about 0.75 nmg/ kg per day (FAQ WHO 1971, pp. 526-527). Johnson
et al. (1975) also reported the effects of thoroughly wetting the skin
of yearling cattle, goats, and sheep with suspensi ons of
tricyclohexyltin hydroxide. They found that cattle tolerated
suspensions up to a concentration of 5 g/litre while anorexia was
registered in some animals after spraying with a suspension of

10 g/litre. Yearling goats and sheep tol erated suspensions of up to

1 g/litre. Transitory anorexia and eye irritati on devel oped after
application of a suspension of 20 g/litre to the skin of goats.

Few data are available on the effective dose |evels of
tetrasubstituted organotin conpounds. Intravenous administration of
tetraethyltin at 25 ng/ kg body wei ght produced a slight increase in
respiratory rate and vasodilatation as i mediate effects, but, 1.5-2 h
| ater, prostration with muscul ar weakness occurred. (Stoner et al.
1955).

8. EFFECTS ON MAN

There are conparatively few clinical observations and
epi dem ol ogi cal data concerning the effects of inorganic tin conpounds
on man and even fewer on the effects of organotin conpounds.

8.1 Inorganic Tin Conpounds
8.1.1 Acute poisoning

Sone epi sodes of acute poi soning have been reported, mainly in
association with the ingestion of fruit juices containing high
concentrations of tin. The nmajor synptons and signs noted were nausea,
vom ting, diarrhoea, fatigue, and headache. The concentrations of tin
in the products thought to have been associated with the incidents
were uncertain in many cases, but were probably in the range of
300-500 nmg/ kg (Horio et al, 1967). Orange and appl e juice, containing
tin concentrations of 250-385 ng/ kg were suspected of causing one
incident (Benoy et al., 1971). Nausea, voniting, and diarrhoea were
recorded in individual s consum ng-peach preserves that contained a tin
concentration of 563 ng/kg, zinc at 1.5 ng/kg, cadmumat 0.1 ng/Kkg,
| ead at 0.16 ng/ kg, copper at 1 ng/kg, nitrate at 93 ng/kg, nitrite at
1.7 nmg/ kg, and chloride at 115 ng/ kg (Nehring, 1972). Acute
gastroenteritis followed ingestion of a fruit punch stored in atin
can and containing a tin concentration of 2000 ng/litre. First
synptons occurred after 1-2 h, the earliest and comobnest being
bl oat edness, foll owed by severe nausea, stomach cranps, vonmiting and,
in one-third of the patients, mld diarrhoea (Warburton et al, 1962).
O her simlar outbreaks have involved canned cherries (Luff & Metcalf,
1890), asparagus, herring (Schryver, 1909), and apricots (Savage,
1939) with tin concentrations ranging from 300 to about 1000 ng/kg.

An incident of acute intoxication after the ingestion of canned
peaches was reported by Sverrsson (1975). It was unique in that about
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110 participants in a neeting received nothing else to eat or drink,
except for the peaches. The report was based on questionnaires
received from85 persons, 76 (89% of whomhad fallen ill. About half
of these had devel oped synptonms such as nausea, vomiting, and
diarrhoea within 1 h. The majority became synptomfree after 24 h. The
fruit contained a nean tin concentration of 533 ng/kg (range

413-597 ng/ kg) and the juice 369 ng/ kg (range 298-405 ngy/kg). Two out
of 7 persons who had consuned only one quarter of the contents fel

ill. The calculated intake of tin for these persons was 50 ng.

I n anot her report, canned tonmato juice was associated with 113
cases of acute gastroenteritis (Barker & Runte, 1972). In a small
nunber of these cases, superficial erosion of the nucosa of the nouth
was observed, whil e abdoni nal distension and cranps, and diarrhoea
were quite common. The cans containing the juice showed conpl ete
corrosion of tin linings and this yielded a product containing a tin
concentration of approxi mately 400 ng/ kg. The crops of tonatoes, used
to nake this particular juice, had been grown in soil excessively
treated with nitrate fertilizer and contained high levels of nitrate;
compl ete corrosion of the lining of the cans occurred within
approxi mately 6 nonths.

Fi ve human vol unteers did not show any toxic signs after drinking
fruit juices containing about 500 or 730 ng/kg of tin, but all had
some gastrointestinal disturbance after drinking 5-7 m/kg body wei ght
of fruit juice containing a tin concentration of about 1400 ng/litre
(Benoy et al., 1971). There was no evidence to indicate that the
effects were due to the absorption of tin, the likeliest cause being
local irritation of the mucous nenbranes of the alinentary tract.

8.1.2 Prolonged exposure
8.1.2.1 Effects of inhalation

The only available informati on on exposure by inhalation pertains
to pneunoconi osis caused by the inhalation of tin(IV) oxide. This
beni gn condition is terned stannosis.

More than 200 cases of stannosis have been described (Bartak
et al., 1948; Cutter et al., 1949; Dundon & Hughes, 1950; Oyanguren
et al., 1958; Pendergrass & Pryde, 1948; Robertson & \Whitaker, 1957,
Schul er et al., 1958). The relative inportance of exposure to tin
fumes in the etiology of this disorder was enphasi zed by Dundon &
Hughes (1950). The significance of the quantity of dust and the
duration of exposure were stressed by Robertson & Whitaker (1957), who
reviewed 121 cases

Pendergrass & Pryde (1948) noted stannosis in a man who, for 15
years, had been bagging tin oxide material containing 96.5%tin(l1V)
oxide and small amounts of alum nium iron, and sodium but not silica.
Radi ogr aphy reveal ed snal| dense shadows (denser than those of
silicosis) resenbling those of barytosis in both lungs. Bartak et al.
(1948) reported a sinmlar case in a workman who had suffered from
asthma for many years and who attended a furnace in which netallic tin
was burnt to produce tin(lV) oxide. Necropsy of this nan, who died
fromgastric carcinoma, reveal ed deposits of tin(lV) oxide in the

lungs, lymph glands, liver, and spleen. Six other workmen with a
sim | ar radi ographic appearance of the lungs, did not have any
synmptons of asthma or signs of pul nonary dysfunction. Simlar
radi ol ogi cal findings were reported by Cutter et al. (1949) in 2 cases
with nodules 1-2 mmin dianeter unacconpani ed by evi dence of pul nonary
dysfunction. Both had been working in a tin recovery departnment for 20
years.
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Oyanguren et al., (1958) reported 10 cases of stannosis in workers
involved in a process where tin ore concentrates were reduced to
metal . The workers were exposed to dust with a high tin and a | ow
silica content and to funes rich in tin. None of the exposed workers
had any disability and the vital capacity, nmaxi nal breathing and
resting mnute volunme, and respiratory reserve were nornal, as were
the findings on the blood and urine. Radiol ogi cal exam nation of these
10 workers showed that the first alterati on appeared to be increase of
bronchovascul ar markings, with hilar thickening in the early stages;
| ater, well-defined nodul ar el enents appeared first in the niddle
third of the right and then of the left lung. These appeared to
progress to the rest of the lung fields, and with conti nuous exposure,
accunmul ation of tin(lV) oxide gave a netallic density to a part of the
nodul es, whi ch subsequently acquired an appearance of |ipoid droplets.
In the later stages, the bronchovascul ar marki ngs di sappeared as the
density of the shadows increased. The radi ographi c changes appeared
after some 3-5 years of exposure (Schuler et al., 1958). H ebni kova
(1957) nade a survey over a nunber of years of workers, who were
exposed to condensation aerosols, formed during the snelting of tin
and consisting mainly of tin(lV) oxide. The free silica concentration
in the aerosols was not nmore than 1% and the total silica did not
exceed 3% The total dust concentration in air varied between 3 and

70 ng/ n?. Workers devel oped pneunpconiosis after 6 to 8 years of
working at the snelter. The authors described 45 cases of

pneunoconi osis in workers, who were enployed at the snelter from®6 to
20 years, Six of themwere reported to have second degree

pneunoconi osis. X-ray exam nation showed small spotty shadows, but
there were no other synptons or signs. The opacities seen on the

radi ographs were thought to be due to the accunul ati on of
tin-containing dust and the devel opnment of connective tissue, This was
confirnmed by experinents on rats exposed to tin(ll) oxide. No cases of
pneunoconi osi s were observed in 10 years, after the dust concentration
had been reduced to 10 ng/n¥. An inportant feature of stannosis is
that fibrosis of the |ung does not devel op, providing that other
agents such as silica are not present.

8.1.2.2 Effects of ingestion

Packaged military rations were fed to 9 young nal e adul t
vol unteers for successive 24-day periods. The average tin content of a
control fresh diet was 13 ng/kg (in dry solids), while Crations
stored at 1°C contained a tin concentration of 33 ng/kg, and rations
stored at 37°C contained 204 ng/kg. Al the tin ingested was
accounted for by faecal elimnation. No toxic effects were noted
(Call oway & McMull en, 1966). Dack (1955) reported a study in which 4
subj ects ate canned punpkin containing a tin concentration of about
380- 480 ng/ kg and canned asparagus containing a concentration of about
360 ng/ kg, for 6 days, with no apparent illness. In an earlier study,
Manont ova (1940) did not observe any toxic manifestations in 4
vol unteers who, for a period of 30 days, consumed 250 g per day of
canned fruit containing 212-250 ng of tin.

8.2 O ganotin Compounds
8.2.1 Local effects

Toxi c | esions anpong | aboratory and process workers handling di-
and tributyltin conpounds were reported by Lyle (1958). Mst of the
| esi ons were typical acute skinburns, caused by the colourless di- or
tributyltin chlorides, which can come into contact with the skin
wi t hout exposed workers being aware of it. This type of |esion
developed 1 to 8 h foll owi ng exposure. Wen the substance was washed
of f immediately, no | esion devel oped. A nore diffuse, but less rapidly
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heal i ng | esi on, was caused by contact with clothes that had been
noi st ened by vapour or |iquid conpounds. This subacute irritation was
characterized by itching, affecting nostly the skin of the | ower
abdonen, thighs, and groin. On examination, an easily distinguishable
eryt hemat ous eruption, was noted. Cessation of contact with the
conmpound was followed by rapid healing. Follow ng contact with the
eye, lachrymation and severe suffusion of the conjunctivae appeared
within a few minutes and persisted for 4 days. |Innediate |avage of the
eye did not prevent the devel opnment of the signs.

Lyl e (1958) al so studied the skin |esions induced by butyltin
conmpounds by appl yi ng various conpounds on the skin of the back of the
hands of 5 volunteers. Skin |lesions could be produced by a single
application of dibutyltin dichloride, and of the chloride, acetate,
and oxide of tributyltin, while the diacetate, dilaurate, oxide, and
mal eate of dibutyltin and also tetrabutyltin failed to produce any
| esions. No visible changes occurred for 2 go 3 h after application,
al though a swelling of the nouth of the hair follicles was noticeable.
The follicular inflammtion progressed during the following 8 h with
only slight visible irritation of the skin between the openings of the
follicles. On the second day, sterile pustul es devel oped over the
follicular openings, but remained snall during the next 3 to 4 days.
After one week, the lesions had practically disappeared.

Synpt oms experienced by femal e spray-painters working with a | atex
pai nt, to which was added a fungicidal solution containing 20%
bis(tributyltin) oxide, ethylene oxide, ethanol, and water, were
described by Landa et al. (1973). The synptons were reported to appear
"imedi atel y" after the start of spraying and were experienced by al
the wonen engaged in the work. The first sensations were irritation of
the nasal mucosa and the conjunctivae. The exposure continued for
anot her fortnight during which the synptons and si gns becane nore
severe, and included bleeding fromthe nose and nucous di scharges. An
ot or hi nol aryngol ogi cal exam nation revealed rhinitis with distinct
hyper aem a and haenorrhages of the nasal septum The workers reported
that the synptonms were | ess severe during weekends. When the addition
of the fungicidal solution was abandoned, the synptons di sappeared.
One year later, identical synptons were reported by 4 spray-painters
using latex paint. An inquiry disclosed that the manufacturer had
begun to use bis(tributyltin) oxide as a fungicidal additive since the
banni ng of the use of nmercury. The authors considered that the
trialkyltin conmpound was responsible for the synptons. Measurenents
performed later indicated that the concentrations of tin in the

breat hing were below 0. 05 ng/n? air.

Anot her description of local effects seen in workers handling
triphenyltin acetate was given by Markicevic & Turko (1967). These
wor kers were engaged in the formulation of a 20% solution of a
fungi cide. During the hottest sunmer days, subjects working in the
dustiest places devel oped conjunctival irritation and irritation of
the mucous nenbranes of the upper respiratory tract as well as of the
skin, the hands and scrotum being particularly affected. Effects on
the central nervous systemwere not regi stered. The signs di sappeared
rapidly after term nation of exposure.

A wettabl e powder formation containing 50%tricyclohexyltin
hydr oxi de was examined for its irritation and sensitization potenti al
No adverse reactions were observed in 53 fermales after sensitization
applications and a chall enge application 20 days later of 0.5 m of an
emul sion (10 g/litre). Tricyclohexyltin hydroxide was reported not to
be dermally irritating at a concentration of about 0.01 ng/kg body
wei ght (FAQ WHO, 1971).

8.2.2 Systemc effects
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8.2.2.1 Effects of Dermal exposure

In a recent review (NIOSH, 1976), a fatal case was described in
which a 29-year-old woman was accidentally drenched in a slurry
containing triphenyltin chloride, diphenyltin dichloride, hexane, and
other unidentified compounds at a tenperature of 79.4°C. On arrival at
hospital, first-degree thermal burns covered 10% of her body. Second-
and third-degree burns with 80-85% desquamat ed skin devel oped 12 h
later. Death fromrenal failure occurred 12 days after the accident.
However, the agent responsible for her synptons and signs and for the
death could not be identified fromthe data avail abl e.

Mjatovic (1972) reported a case of system c intoxication
resulting fromdermal contact with a conmpound containing triphenyltin
acetate (60% and manganese dithi ocarbanmate (15% . The subject,
engaged in agricultural aviation, spilt the conpound on his hands and
chest while filling the aeroplane. The skin on his chest and abdonen
was endured after 3 h and vesicl es devel oped the foll ow ng day. He
experi enced headache, nausea, epigastric pain, and general weakness.
Clinically the liver transam nases (SGPT) were el evated, reaching a
maxi mum one nonth later. Two nmonths later the transam nases were
returning to nornmal, but the patient had pains over the liver, which
was tender and enlarged. The |iver damage persisted for 2 years and
the case was | abelled chronic hepatitis. No |liver biopsy was
per f or med.

8.2.2.2 Effects of inhalation

Acut e intoxication caused by the inhalation of triphenyltin
conmpounds has been reported in sone instances. Three cases occurred in
farners treating beetroot plants with triphenyltin acetate which was
i nhal ed (Quardasci one & di Bosco, 1967). The synptons started froma
few mnutes to about 2 h after the first exposure. After 2 hours of
sprayi ng, one subject felt a general malaise and severe headache and
eventual ly | ost consciousness. On admission to the hospital he had a
di ffuse trenor and a slightly depressed sensorium Al |aboratory
i nvestigations during the 2-week hospitalization were nornal. Wen
m xi ng triphenyl tin acetate powder into a solution, a second subject
experienced repeated flushes, nausea, and shortness of breath, which
started only a few mnutes after inhalation. During the 8-day hospita
surveill ance, the only pathol ogical finding was glucosuria. A third
subj ect suffered from severe headache, strong nausea, and epigastric
pai ns. However, | aboratory investigations were nornmal. The headache
persisted for 2 days while the epigastric pains and the nausea
di sappeared after one day. Al 3 subjects recovered conpletely.

Horacek & Dentik (1970) reported a group poisoning involving 2
pilots and 3 nmechanics follow ng the spraying of a fornulation
conprising 60%of triphenyltin acetate and 15° of manganese
di t hi ocarbamate. Protective neasures were found to be deficient and
food was consuned with unwashed hands; thus, exposure by both
i nhal ati on and ingestion could have occurred. Furthernore, other
pesticides containing copper, zinc, DDT, and organophosphates were
handl ed during exposure to the fornulation, but the authors considered
these substances unlikely to be responsible for the synptons
experienced. Exposure to the fornulation continued for 2 weeks before
synmpt ons were recogni zed and continued for 2 further weeks. One pil ot
experienced gastric pain, diarrhoea, and dryness of the nouth wth
severe thirst that was not relieved by drinking. He also felt pressure
over the chest and slight shortness of breath. Blurred vision was
experienced after one week of exposure. dinically hepatonegaly with a
pai nful liver was noted. Liver transam nases (SGPT) were el evated and
the hi ghest recorded val ue was obtained 6 weeks later. Hyperglycaem a
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and glycosuria were al so present. Eight weeks afterwards, |iver biopsy
reveal ed marked di ffuse steathosis without any detected necrosis.

Mont hly foll ow ups showed that hepatonegaly and steathosis persisted
for one year. The second pilot suffered from heartburn, diarrhoea, and
vi sion disturbances. dinically a hepatonegaly and a slight
hyper gl ycaem a were regi stered. The synptons persisted for 4 weeks and
the glycosuria and hepatonegaly for 6 weeks. Recovery was conpl ete.
The nechani cs had synptons that were | ess severe, conprising

di arrhoea, headache, eye pains, blurred vision, epigastric pain, and
thirst.

A wor ker engaged in the nanufacture of butyltin conpounds was
reported to suffer froma reduced sense of snell (Akatsuka et al.
1959). It was first observed after an exposure period of 16 nonths,
and a further deterioration of the ol factory sense was established
during the following 8 nonths. The state persisted w thout any noted
i mprovenent for 2 years. Qther reported synptons were headaches in the
occi pital region, nasal haenorrhages, |assitude, and a feeling of
stiffness in the shoul ders.

In four eases of acute poisoning due to exposure to organotin
vapours, patients were reported to have suffered fromsuch synptons as
verti go, headaches, nausea and vonmiting, and visual disturbances.
Clinically, stasis of the papilla was found and all patients displayed
pat hol ogi cal findings on the el ectroencephal ograns. These were
reversible in 7-25 days, and all eases recovered clinically. The
organoti n conpound or conpounds responsible for the intoxications were
not identified (Prill & Ronpel, 1976).

8.2.2.3 Effects of ingestion

A nmost serious episode involving organotin poisoning occurred in
1954 due to oral administration of a proprietary preparation used for
the treatnment of furoncul osis, osteonyelitis, anthrax, and acne. The
drug was responsi ble for about 100 deaths and a total of about 210
i ntoxi cations. These nunbers vary to sone extent depending on the
source of information: Al ajouanine et al., (1958) reported a total of
210 deat hs whereas anot her source quotes 102 deaths and at |east 100
persons permanently affected ( Br. ned. J., 1958). A total of about
400 000 capsules was sold ( Br. ned. J., 1958), and about 1000
persons were believed to have taken the drug (Barnes & Stoner, 1959).
However, the capsul es consunmed by the intoxicated subjects anopunted
only to about 7% of the lot distributed ( Br. nmed. J., 1958),
inmplying that the majority of the capsul es were consuned wi t hout any
known adverse effects. The mamin ingredients of the preparation were
diethyltin diiodide (15 ng/capsule) and linoleic acid
(100 nmg/capsule). It was suggested that ethyltin triiodide,
triethyltin iodide, or tetraethyltin could have been present as
impurities because of deficiencies in the manufacturing process or as
net abol ites forned under the influence of various physical factors
(Rondepierre et al, 1958). A theory that diethyltin diiodide would
have reacted with the isolinoleic conponent producing tetraethyltin
was al so presented (Lecoq, 1954). The synptonms and clinical findings
described in victins by Al ajouanine et al. (1958) seemto favour the
hypot hesis of a trialkyltin conpound being the causal agent, probably
acting synergistically with other constituents. The clinical data of
201 cases including 98 deaths were revi ewed by Al aj ouani ne et al
(1958). The dominating synptom reported in about 98% of the cases,
was a di ffuse headache, sometimes intolerably severe, and appearing a
few days after nedication was started. Nausea and vomiting occurred in
73% visual disturbances, mainly photophobia, but also double vision
col our-vision disturbances and, in a few cases, blindness were
recorded in 33% of cases. phthal noscopi c findings included
congestion, papilloedema (Druault-Toufesco, 1955), and in sonme cases,
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papillary stasis (Gayral et al., 1958; Pesnme, 1955). Frequent synptons
and signs were urinary incontinence, vertigo, |oss of weight, and
abdoni nal pains. Absence of fever and a tendency towards hypotherm a
were al so noted. Psychol ogi cal disturbances or stupor were reported in
70% of the cases. Other findings were nmeningeal irritation

somol ence, insomia, convul sions, constipation, and bradycardi a.
Soneti mes el ectroencephal ograns were altered but did not suggest any

| ocal i zed | esion. Death occurred during cona or fromrespiratory or
cardiac failure and in sone cases during convulsions. It is probable

that nost of the synptonms and signs could be attributed to a cerebra
oedenma, the occurrence of which was established at autopsies and
deconpressive surgery (Cossa et al., 1958, Fontan et al., 1958). This
cerebral oederma of the white matter appeared to be very simlar to
that produced experinmentally by adm nistration of a proprietary
preparati on containing an organotin conpound, to nice and nonkeys
(Gruner, 1958). Macroscopically, the brain was oedematic but the

m croscopi ¢ findings were m nor

It has been reported that only 10 out of 103 subjects, who
survived, recovered conpletely: in the remainder, synptons such as
headaches and asthenia persisted for at | east 4 years (Barnes &
Stoner, 1959). Information on later, followup studies is not
avai l abl e. The | ethal dose of the preparation was in sone instances
only about 25 capsul es taken during one week. Ingestion of 3 capsules
was enough to cause intoxication in a 9-year-old child (Fontan et al.
1955).

8.3 Treatnent of Poisoning

D nercaprol has been suggested by Stoner et al. (1945) to be an
effective antidote for dialkyltin poisoning. It has al so been reported
to conpletely prevent the accunul ati on of al pha-keto acids produced by
dial kyltin conmpounds (Barnes & Stoner, 1959). Although dinercapro
protected rats against the general toxic effects of these conpounds,
it did not have any effect on the response to triethyltin conpounds.
This seems to be due to the fact that dial kytin conmpounds, at |east up
to the dihexyl derivatives, react readily with sul fhydryl groups and
the trialkyltin conpounds do not (Barnes & Magos, 1968),

Studer et al. (1973) reported that steroid therapy (dexanethasone)
appeared to dimnish nortality and the severity of brain oedema in
rats; there al so appeared to be significant decreases in brain, liver,
and bl ood levels of triethyltin brom de. The authors suggested that
the beneficial effects of this steroid therapy might be partly due to
enhanced excretion or catabolismof triethyltin bronide.

Sur gi cal deconpression was considered to be the only treatnent
that offered any benefit in human cases of cerebral oedena caused by
trialkyltin conmpounds (Al ajouanine et al., 1958).
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