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Abstract 
A literature‘ review was conducted on organotin 

uses, physical and chemical properties, environmental 
-concentrations, e_nv_iron_mental fate and persistence, 
bioaccumulation potential,‘ toxic effects on freshwater_ 
and marine biota, and toxicity to non-target crops _and 
livestock, The information is summarized in this publi- 
cation. From it, water quality guidelines are recom- 
mended for the protection of specific water uses in 
Canada. ' 

Résumé 
On a fait une étude de la documentation sur 

|’uti|isation des organoétains, leurs propriétés phy- 
siques et chimiques, leurs concentrations dans l'envi- 
ronnement, leur deven_ir et leur persjstance dans» _ 

l'environnement, leur potentiel de bioaccumulation, ' 

leurs effets toxiques sur |’eau douce et sur le biote 
marin, e_t leur toxicité pour les animaux d’élevage et 
les récoltes non ciblés. On trouvera dans cette publi- 
cation un résuméi de l’intormation sur le sujet. Cette

I 

information T a servi a lélaboration de recommendations 
pour la protection des utilisations spécifiques de |'eau 
au Canada. V

A

—



Preface 
Tin has a wide variety of uses as an inorganic 

metal and in organic compounds. lnthe past 30 years, 
organotin compounds have been used in a number of 
industrial and agricultural applications, including uses 

_ 
as polyvinyl chloride stabilizers, industrial catalysts, in- 
dustrial and agricultural biocides, an_d wood-preserving 
and antifouling agents. However, _toxicoIogical and envi- 
ronmental concerns have led to this group of sub- 
stances being placed on the Canadian’EnvironmentaI 
Protection Act (CEPA) Priority Substances List. Accord- 
ing to this act, substances on‘ this list _must be assessed 
to determine whether they could have immediate or 
long-terrn adverse effects on the environment. The pur- 
pose of this report is to develop Canadian water quality 
guidelines for the organotin substances of environmental 
ccncem. Theselguidelines are designed to ensure‘ the 
‘protection and maintenance of the five majorwater uses 
in Canada: raw water for drinking water suppfies, recrea- 
tion and "aesthetics, freshwater and marine aquatic life, 

flvestock watering and irrigation supplies, and industrial 
water suppfies, . 

_

' 

- vii



Canadianwater Quality Guidelines for Organotins 
D.Ft.J. Moore, o.c. Noble, s.L_. Walker, ‘D.M. Trotter, M.P. wong, and no. Pierce 

_ 

INTRODUACTION 

organotin compounds are characterized by the 
presence of at least one covalent carbon-tin bond. In 
this document, the formula R..SnX.«... (n = 1-4; 
R = alkyl ofr_ary|; X = H, OH’, halogen, etc.) is used to 

' symbolize the organotin compounds. Depending on_ 
the number of organic substituents, the organotins are ‘ 

classified as mono-, di-, tn-, or tetraorganotins. Organic 
moieties in organotin compounds include, for example, 
methyl (Me), butyl (Bu), pentyl (Pe), octyl (Oc), and 
phenyl (Ph) groups, whereas the associated anions 
are usually chloride, fluoride, oxide, hydroxide, car-.

‘ 

boxylate, or thiolate. Alkyltin compounds generally re- 
fer to those with unbranched, ‘satufratedihydrocarbon 
side chains (i.e., n-alkyltins). Aryttin compounds typically 
include phenyl or vinyl moieties (Snoeij et al. 1987a). - 

Published environmental and toxicity levels of 
organotins have been variously expressed in terms of 
the concentration of (1) Sn, (2) the alkyl- or aryltin, or 
(3) the organotin cation and associated anion. In order 
to compare measured concentrations of organotin 
compounds in water, sediments, and biota, all data in 
this document, with the‘ exception of Table 3 and 
Appendices J, L, and M,’ havebeen converted to 
micrograms of organotin cation per litre or per kilo- 
gram. Concentrations in Table 3 are expressed in 
moles, because the analyte forms of the organotin 
compounds are unknown. ' 

.

V 

Uses and Product_ion of _Organotins 

Synthesis oi the first organotin compounds oc- 
curred in 1852, but application of these compounds as 
stabilizers in transformer oils and vinyl plastics did not 
occur .until the 1930s. Commercial use expanded rap-. 
idly, and today there are three major areas of organotin 
compound uti_liz_at_ion,: (1) heat stabilizers for polyvinyl 

. chloride (PVC) polymers, (2) industrial and agricultural
V 

biocides-, and (3) industrial catalysts in chernicjal reac- 
tions (Snoeij et al. 1987a). The most used organotins 
in Canada and their major uses are summarized in _ 

Table 1. A more complete _list of compounds and their 
uses is given in Appendix A. 

The biocida|_ properties of triorganotins have 
been -recognized since 1954, Tn'propy|tin,, tributyltin 
(T BT), and triphenyltin compounds have strong fungi- 

_ 
cidal and bactericidal properties. Bis(tributyltin) oxide is 

' 

Tributyltin niethacrylate 

used extensively in wood preservatives, marine anti-’ 
fouling palms, and industrial cooling water disinfec-- 
tants and for slime control in paper mills (Jones etal. 
1987). Triphenyltin and tributyltin compounds are toxic 
to molluscs and have beenused to control the gastro- 
pod intermediate hosts of human parasitic diseases. 
Triphenyltin compounds arealsoimporiant agricultural 
iungicides because of their specific toxicity to two 
major plant fungi that infect potatoes and sugar beets 
(C. Ranger, 1989, Pesticides Di_rectorate, Agriculture 

« Canada, pers. com.). Tricyclohexyltin and triphenyltin 
compounds are effective against the phytophagous 
mites andticks that pose a threat to fruit cultivation 

_ (Snoeij efal. 1987a). 

Table 1. Major Uses of .0rganofln Compounds In Canada
I 

Compound 
_ 

Use - 

Dibutyltin 
' 

_ 

Stabilizer for polyvinyl chloride 
bisfisooctylmercaptoacetate) used in siding, eavestroughs, and 

V _ 
, 

sofflts 
Dibutyltin dilaurylmercaptide Polyurethane foarn catalyst; feed additive 
Staiinous 2-etiiylliexoate‘ Polyurethane foam catalyst

A 

.Dibu,tyltin oxide Precursor for dibutyltin dilaurate 
Dibutyltin diacétate Catalystfor flexible foams 
Dibutyltin dilaurate Chicken feed additive; catalyst for . 

ujetlianes: esterification catalyst 
Slimicide in cooling "water towers; 
biocide for antifouling paint; wood 
'Pl.‘=8t:rvat,i_ve: bactericide i_n fabrics 

Biocide for antifouling paint until l989 
in Canada ‘ 

i Bactericide and fungicide used during _ 

leather manufacturing; wood 
preservative . 

Bactericide and fungicide in fabrics, 
adhesives, and latex erriulsions 

Bis(tributyltin) oxide 

Tributyltin 
’ fluoride 

Tributyltin "chloride 

Tribntyltin maleate 

. and fungicide in fabrics and leather 
Stabilizer for rigid polyvinyl chloride

' 

pipe for potable water supplies 
Stabilizer for plastics. used in food 

bis(is_o'octy1mercaptoaoetate) packaging 
Fe'n_l5utatin oxide Acaricide 

Dioctyltin maleate 

Dioctyltin 

‘Not a true organotin as defined in Jones er al. 1982 
- I A V

7 

Source: Jones er al. 1982, with additional information for C. Ranger, 1989, 
Pesticides Directorate, Agriculture Canada, Ottav'vzg.pcr's, etc-‘;m__ and 
RJ. Maguiie. 1990, National Water Research ' 

V 

' 

Burlington. Ont., 
pens. com. '

_ 

Of the many types of organotins used -in large 
quantities in Canada, only dibutyllin dilaurate was . 

manufactured here; the remaining organotins used in» 
Canada were imported (NRCC 1985). In 1981, 1982, 
and 1983, imports of orga_noti_n "compounds, except 

Biocide for antifouling paints; bactericide;

1

.



_2 

Table 2. Organotln Products Registered under the Pest.C_ontrol . 

Products Act, September 1990 

Resist. 
_ 

Marketing type'/ 
No. 

7 

Product name 8 
Product type’ 

T‘ribug'[t'in_c1i1'oria’e
‘ 

15593 BIOSPERSE 219 . C / MP 
20108 SADOLIN SADOVAC 2384 . C / WP 
@'£IIl‘i_nEi=£°_ . 

14498 ULTRA-FRESH DM-SONVGERMISTAT C] M?” 

Tribug ltin methacry late 

12900 . DURAERESH DM -40 GERMISTAT C /‘ MP 
21316 INTERSMOOTH HISOL (BFA254-plum, 6 , 

BFA256-pink, BFA259-black) - C / AP ‘ 

21368 INTERSWIFI‘ _BK.A007 RED - C / AF 

Bisgtributyltin) fig 
_.5565 v PENTOX PRIMER SEALER WOOD‘ 

PRESERVER GREEN ' D / WP 
11331 CCC WOOD PRESERVATIVE Cl WP 
12879 sANmzED BRAND 817 C/MP 
1_2880 sANmzED BRAND RB-475 , 

C'/ MP 
12891 ULTRA—FRESH UDD CATIONIC GERMISTAT C»/ 
12894 ULTRA-FRESH UDD NONIONIC OERMISTAT C_l MP 
12895 . ULTRA-FRESH 300 DD CATIONIC GERMISTAT C / MP 
12896 ULTRA.I=REsH U NONIONIC GERMISTAT , C / MP 
12897 ULTRA-FRESH 300 -DD CATIONIC GERMISTAT C/ MP 
12901 ULTRA-FRESH 300 NONIONICOERMISTAT C / MP 
12902 ULTRA-FRESH 300 CATIONIC OERMISTAT C / MP 
12904 ULTRA-FRESH U" CATIONIC GERMISTAT C / MP 
13189 DEARCIDE 717 COOLING WATER ' 

~ 

« MICROBISTAT . C / SL 
13350 DEARCIDE 703 COOLING WATER ‘ 

.
. 

MICROBISTAT C / SL 
13486 BETZ SLIMICIDE J-12 _ 

A C 7 S1. 
13488 MOGUL AG4_'71- C / SL 

8 

13500 PORMULA3475 « C / SL 
- 13503 VIRGINIA ALGAE-CIDE No.5 Cl SL- 

13538 sAN1T1zED BRAND OAeP C/_ MP 
13778 ALCHBM 4l35"FUNGIClDE SAP STAIN 

IN.HI.BlT0.R 
' C I WP 

13931 DEARCIDE 700 COOLING WATER 
_ 

_ 

* ‘ MICROBISTAT - C/ sL 
14565 BIOSPERSE 201 

' 
I ' 

' C / SL 
14592 MOGUL AG-472 . Cl SL 
15515 ALCHEM 7328 A 

’ 
‘ C/ SL 

15525 _M1,15 1 ; C / SL 
15935 WOLMAN OUTDOOR WOOD mm CUT '

— 

PREs_ERvATrvE _ 
A 

I D /_'WP 
16145, ULTRA-FRESH SN GERMISTAT cl MP 
16585 ML-17 LIQUIDFOR CONTROL OF BACTERIA 

‘
‘ 

& FUNGI . 

_ 
Cl SL « 

16708 
' WOOD PRESERVATIVE CLEAR D / WP 

‘Marketing types: 
C Commercial 
D Domestic M Manufacturing 

’Product types: 
AC Acaricidc 
AF Arxtifoulant 
MP Material prcservlntjve 
s1. Slimicidc 

I ' 

WP Wood preservative ~ 

C, 

Table 2. Continued _ _ 

Resist Marketing typel/ 
No,; Product name Product type’ 

16795 WEATHER SCREEN 704 D / 
16796 WEATHER SCREEN 707 D / WP 
16797 WEATHER SCREEN 709 _ 

D /‘WP 
16798 713 D/WP 
16799 WEATHER SCREEN 716 D /‘WP 
16800 WEATHERSCREEN717. D/WP 
16801 WFATI-[ER SCREEN 723 D / WP 
16802 WEATHER SCREEN 726 1) / w_p. 
16803 WEATHER SCREEN 911 D / WP 
16804 WEATHER SCREEN 913 D/WP 
18077 TBTO V 

- 

V 

' M 
18129 FORMULA 3470 , , 

- 

I 

C,/ SL 
18972 OSMOSE END curs WOOD PRESERVATIVE D / WP 
19050 PENTOX ALL WEATHER WOOD 

PREs_1mvAnvE FOR CUTS D / 
19195 TBTO . M 
19539 PILT PLUS GC-447 CONDUCTIVE . 

CONCENTRATE C / WP 
19540 PILT GC-448 NON-CONDUC1'1vE -

‘ 

CONCHQTRATE 
A 

C / WP 
19541 PIL'I‘ GC-446 CONDUCTIVE CONCENTRATE C /WP 
19543 PILT PLUS GC-449 NON-CONDUCTIVE 

CONCm~1TRATE ‘ C / WP 
19591 PrI'rsBURGH PAINTS EXTERIOR STAIN 

& WOOD 
_ 

A 
, 

D NV? 
19775 GC-445 RTU NON-CONDUCTIVE PILT WOOD’ C / WP 
20572 SUPERSYSTEM WOLMAN END CU'I' D / WP 

PRESERVATIVE 
_ 

-

_ 

21316 INTERSMOOTH HISOL (BFA254—plum, , 

. 

. 
- BFA256‘-pink, BFA259-black) - 

_ 

C / AF 
21368 INTERSWIFI‘ BKA007 RED . 

C / AF 

Fcnbutatin 9&5 
16162‘ SHELL VENDEXSOW MrriCIDE C / Ac 
16309 VENDEX 50W MITICIDE C / Ac 
17202 . PLANT PROD MITE ELIMINATOR D / AC 
17866 VENDEXSOW ' C AC 
18594 TECHNICAL FENBUTATIN OXIDE 

0 
M / AC (VENDEX MITICIDE) 

bis(tributyltin) oxide, were reported to be 296, 287, 
and. 997 t, respectively. Imports o1Abis(tribu.tyltin) oxide 
were 30 and 12 t in 1981 and 1982, r‘espectivelyj(Sta__- 
tistics Canada. 1983, 1984). More recent information 
on organotin consumption is not available, so current 
trends cannot be estimated. Unpublished information 
on organotin antifoulants indicates that import anduse 
not organotins as antifoulants have been reduced dur- 
ing the past 2 years as aresult of regulatory actions 
under the Pest Control Products Act. 

’Dibutyltin bis(isoocty|mercaptoaceta_te). the most 
widely used organotin in Canada, is. utilized for the 
manufacture of polyvinyl chloride products (an esti- 
mated 80°/a—82% of Canadian organotin use). Addi- 
tional uses of organotin compounds include use ‘as 
catalysts (16%—17%) and as biocides (2%—3°/.). .



Several products containing organotins are reg- 
istered as pesticides under the Pest Control Products 
Act (Table 2). Active ingredients in these products in- 
clude tributyltin chloride, tributyltin maleate, tributyltin 
methacrylate, bis(tributyltin) "oxide, and fenbutatin oxide. 

' 

Registered uses include uses as wood preservative 
(bis(tn'butyltin) oxide, tributyltin chloride), materialTpre- 

’ servafive (bis(tributyltin) oxide, tributyltin methacrylate, ‘ 

tributyltin chloride, tributyltin maleate), slimicide 
(bis(tributylti_n) oxide), antifoulant (bis(tributyltin) oxide, 
tributyltin methacrylate), and acaricide (fenbutatin oxide). 

Review of Existing Guidelines and Legislation 

In Canada, organotins have been on the Priority 
A 

Chemicals List, Category Ill, sincethe Environmental 
Contaminants Act came into force on 1 April 1976. 
This category is reservedfor substances for which fur- 
ther information is required on occurrence, persis-1 
fence, and toxicity in order to make environmental and 

. human health risk assessments (Environment Canada/ 
Health and Welfare Canadafl/979). Toxicological con- 
‘cerns have led to. this group of substances being placed 
on the Canadian Environmental Protection Act (CEPA) 
Priority Substances List (Canada Gazette 1989). Ac- 
cording to this act, substances on this list must be as- 

. sessed to detennine.whether they could have immediate 
or long-term adverse effects on the environment. 

As administrator of the Pest Control Products 
Act, Agriculture Canada regulates all biocidal uses of 
organotins. On 12 February 1987, Agriculture Canada 
formally) announced the requirement to register all 
antifouling paints (Agriculture Canada 1987a). The 
regulatory status of organotins was addressed fur- 
ther by Ag'ricult'ure Canada (1987b, 1989, 1990).

' 

Use of paints containing tributyltin is prohibited on 
vessels less than 25 m in length with the exception 
of those with aluminum hulls.‘A’maximum tributyltin 
cation release rate of 4 pgocm'2od",_ as determined 
in standardized laboratory tests, was adopted. These 
Canadian requirements are similar to "those adopted 
by the U.S. Environmental Protection Agency (EPA) 
on 16 June 1988 (Federal Register 1988). in Canada, 
all sales of unregistered antifoulants were terminated 
on 16' June 1989, whereas use of unregistered prod- 
ucts was banned on 31 December 1989. No organotins 
are being registered for aquaculture and related uses 
(e.g., nets, lobstertraps). 

’ ’ 

‘ ~ ‘ 

' The U.S. EPA has proposed water quality criteria 
- 

‘ 

for tributyltin for the freshwater and marine environ- 
~ ments (U.S. EPA 1987a, 1987b; Federal Register 1989). - 

Freshwater aquatic organisms and their uses should 
not be affected unacceptably if the 4-d average con-

_ 

centralion of tributyltin does not exceed 0.026 pgoL“ 

more than once every 3 years on the average, and if the
A 

‘ 

1-h average concentration does not exceed 0.149 pgoL"
_ 

V" more than once every 3 yearson the average. The 
corresponding values for the marine environment are 
0.01 and 0.266 pg.L“, respectively. The U.S. EPA 
found that there was insufficient information to prepare ‘ 

criterion documents for the_remaining organotin com- 
pounds." Although many European countries have 
adopted'restn'ctions on the use of organotin antifoulants, 
few have water quality guidelines. For marine water, 
the United lflngdom adopted an Environmental Quality 
Target of 20 ngoL" tri_butyitin i_n 1985 and an Environ- 
mental Quality Standard of 2 ngoL" tributyltin in 1989 
(Abel etal. 1987; Cleary 1990). Water quality guidelines 
for organotins have not previously been prepared for 
Canadian freshwater and. marine environments. 

PHYSICAL AND Cl-IEMIC-ALPROPERTIES . 

’ 

General Properties .

V 

The physical and chemical properties of organot_ins
’ 

vary widely according to the numbers and types of 
organic and inorganic moieties bonded to the tin atom. 
Although not _a complete list, Appendix A presents the 
physical and chemical properties of >110 organotin 
compounds. In general, the solubility of organotin 
compounds ranges from 5 to 50 mgoL" (Eisler 1989). 
Thelarger the number andmolecular weight of the 
organic groups attached to the tin atom, the lower the 
compounds, solubil_ity in water and the higher its solu- 
bility in octanol _(N_RCC 1985). The octanollwater partition 
coefficients for high-molecular-weight organotins suggest 
a potential for bioaccumulation. The presence of chlo- 
ride in seawater reduces the solubility of tributyltin and 
triphenyltincompounds, probably by associating with 
the hydrated cation to form the covalent organotin, 
(chloride, (Blunden etal. 198‘5).,Most commercially used . 

organotins are characterized by low mobility in the 
aquatic environment as a result of low aqueous solubil- 
ity,» low‘ vapour pressure, and a high affi_nity for aquatic 
sediments (Blunden and Chapman 1982). r 

in 

Methods of Analysis 

Analytical methods for organotin compounds 
relevant to-the aquatic environment are summarized 
in Table 3. Minimum detectable concentrations are in 
the range of 107-1 0"‘ mol tin, depending onthe com- 
pound,'the— medium, and the te‘chn_ique used. For ex- 
‘ample,’ the National Water Research Institute in 
Burlington, Ont., -uses the following procedure to ana- 
lyze for butyltin species: (1) extract the butyltin species 

, (tri-, di-,‘ and monoorganotin, and inorganic tin) from 
water samples or dry sediments with the complexi_ng 
agent tropolone dissolved in benzene, (2) peritylate

3-



Table 3. summary or Te'cI|'n|quesJl‘o'r Analysis or Orgahotin Compounds. 

_ 

Technique‘ 
N p C V H U J 

Analyte form «. 
. Dctectimr limit (Sn): 

‘5P=¢"°I5."°*9m°*?Y R§nQ..'R,ShQ 
M 8 8: 

j 
" \’ 4 

8' 

io=°i.ic7}m'.i.L‘' 
1“ " 

5P°°"°“‘l°'i'“°"Y' 
A 

1§.Sr_-Q’... l’h.SnQ (R = Me,‘ Et. Pr. Bu) l0‘i.l0'7 mcl-L" 

ASV ; 

8 

:Ph3SnQ 
I 

' 

, 

-10?‘ mol-L"
8 

‘ 

BuSnCl,, OcSnCl,, SnCl‘ x 107 mo1.‘;;' 

' GC-ECKD ' Rtsn (R _=" Br, Pr, Bu) 3.4 x to" - 3.4 x 10"‘ .j._..,: 

GC—1.-"PD - _l 

6 

. 
R.S-«H... (R -Me, Pb. nu) .42 x 10"‘ mol 

GC—FPD modified 'Pr,sn 3.36 >_< 
10'‘ mol 

' GC—M3 Me.SnBu.. 8.4 x lo" mol 

GC—emission Mc,SnH,__ s_4_ x 10-“ moi 

GC—v|=-sma 
_ 

E!.ShPu. 
_ 

5.104-x l<T“'m0.l 

GCC-MS _Bu.SnMe.,. . L68 x 10'‘ mol 

GC—FID R.sn (R = E}. Pr, Bu) s.4_>'< I0" rnoll 

‘ I-C-MS R.SnH... (R? Me, 
‘ 

V 

8.4 x 10-" mol. 

LC—AAS 
9 

‘ 

R,,SnQ._,, (R = aryl, alkyl, alicyclic) 2;s2_ x to-"'=-4.2 x 10-” mol. 

TILC-AAS - 

' 
8 

A 

"C 

. 

; 
Bu,SnQ Ph,SnQ 

: M C 

I 

V _ _ C‘ C _ W 
1.68 x no’ mo]

8 

'AbHreviati.oxis are -as f.<>lI_<>’~‘vr?‘s': ASV. a_njodic su_ipping . 
' 

,, ECD. ' 
l ‘J ’ ' "gcc, gnsel1rontntography.FP'D, flarne photometric. detector: AAS. atomic 

V 

I" 

absorption spectometry; MS. rriass spectrometry; FLD, flame" ' ‘ ‘ 
f 

‘ 
, LC, liquid 5 V 

H‘, , ,_' ,,' TLC. “" ‘ 
, 'ehrorn'etogruphy; Me, methyl; EL ethyl; Pr, propyl; 

Bu. butyl; Oc. octyl: Ph. phenyl: Q is the counterion. 

Source: NRCC 1985. 

the__‘ extract to_ produce volatile mi_xed butylpentyltin 
derivatives, 'Bu..Pe4..Sn, (3) clean up the extract by sil- 
ica gel column chromatography, and (4) concentrate 
and. analyze by packed-column gas chromat,og‘r1a‘phy 
with either a modified flame ‘photometric detector 
(GC—FPD modified) or a. quartz tube furnace atomic 
absorption spectrophotometric detector (GC—AAS) 
(Maguire 1989). Seakem Oceanography Ltd. used "a. 
gas chromatograph/mass; spectrometer (GO-MS) to» 

detennine bulyllin levels in wate'i',sedim_ent. and oyster" 
tissue samples collected from -Nanoose Bay, B.C;.; 

‘ (Harding and Kay 1988). In the Harding and Kay 
V (1988). study, the tributyltin detection limits were 0.1. 
ngoL", 0.07" ngokg“, and 1.0 ng-kg" as tin in water, 
sediments, and tissue samples, respectively. 

EiNVlRONMENTA_L CONCENTRATIONS 

Sources-and Pathways for Entering; the'Aquatic 
Environment 

\'

' 

Little information exists regarding thequantilies of 
organotins entering the aquatic environment in Canada 
from processing,» use, and disposal activities. Entry of 

'

4 

"Detection liritits are in rjioles of Sn and are reported as those amounts or coneentra iumrthat generate a signal twice the baseline noise. , 

tenbutatin oxide that is used in crop protection" in Canada 
into surface water environments is not considered signifi- 
cant because of its limited usage, its strong adsorp- 
tion to soil ‘particles, and a high air dilution factor 
(Bock 1981; NRCC 1985; Ft.J. Maguire, 1990. National 
flwater Research Institute, Burlington, Ont., pers. com.)-.. 
Although the ‘major use of organotins in Canada is for 
heat stabilization of products ccntai_ning. polyvinyl chlo- 

_ 

ride, the greatest potential for direct input to the aquatic 
environment is from direct organotin usage as biocides. 

‘ 

i_n water. Several organotin compounds are routinely 
’ used in paints as preservatives against water damage 
and fouling biological growths ori exposed underwater 
surfaces. The widespread use of organotin-based- anti-. 

' 

fouling paints on boat hulls and to protect lobster traps; -» 

and fishing nets has "resulted in elevated concentra- 
; tions of these compounds in freshwater, estuarine. and 
‘marine environments (Maguire etal. 1982, 1985, 1986; 
Maguire 1984, 1986; NRCC 1985;v'Anderson. and 
Dalley 1986; Bailey 1986; Champ 1986,; Laughlin and 
Linden 1987; Clarket al. 1988). Manda_'to'ry registra- 

tion of antitoulants under the Pest Control Products 
Act has resulted in reductions in the volume of use of 
organotins as antitoulants and in the banning of their 
use on nets and on lobster traps.



The amount of organotins entering the environment 
in the United States in 1976 was estimated to be 4775 t, 
primarily from landfills. "Approximately 91 t of trior-‘ 

ganoti_n biocides, per year are part of the total 
organotins entering the environment (Laughlin and. 
Linden 1985). ' 

The U.S. Navy has determined that the release 
L 

rate of tri_butyltin from antitouling paints on ships is de- 
. pendent upon (1) the chemistry of the coating, (2) the 
environmental chemistry (particularly temperature, pH, 
and salinity), (3) flow rate and turbulence, (4) the ex- 
tent of biologicalactivity, and (5) the age of the paint 
film (Champ and Bleil 1988). The release rate of tribu- 

‘ 

tyltin from ship hulls to the water is estimated by labo- 
ratory studies to range from <0.1 to 1.9 pgocm'2od“. 
‘In situ tri_bu_|yltin release rates from U.S. Navy ship 
hulls have been determined _to range from 0.-33 to 
2.8 t'tgocm‘2od",,depe_n,ding on the paint formula and 
the location of the -ships (Lieberr'n'an etal. 1985)._ How- 
ever, paints higher release rates were used on _ 

recreational “craft (approximately 5 pgocm'2od‘) be- 
cause of their cheaper costs (Champ and Bleil 1988). 

. Based on a total wetted hull surface of 3.99 x 10‘. cm’ 
in a study .carried out in Norfolk Harbor, Va., a 
mean leach _rate of 1.0 ttgocm"od" is equivalent to a 
tributyltin loading to the water column of 390 ~ g.d" 
(Pollman and Chou 1987). This loading rate would 
lead to a predicted stfea -state concentration of be- 
tween 0.05 and 0.2 ),tgoL' tributyltin in Norfolk Harbor 

' 

waters. 

_The United States has approximately 15 million 
small recreational boats, 68 000 pleasure yachts, and 

- 87 .000 commercial vessels, with a total surface area 
of 440 million square feet requiring antitouling paint-.« 

‘ The U.S-{Navy has an additional 11 million square feet 
of bottom hull surface area (Champ and Bleil 1988). In 
the Atlantic prov_i_nces of Canada, a 1986/1987 survey ’ 

identified a total of 3.44 t of tributyltin in use in the re- 
gio__n (Kieley 1989). Of this total), 53% (1.725 t) was 
used in antitoulant paints and 24% (0.84 t)_was used 
as lobster trap preservative. Comparable estimatesot 
organotin uses‘ in the aquatic environment are not 

_ 

available for the rest of ,Canada.vT'his‘research gap 
needs to be filled in order to estimate the risks of 
exposure of aquatic biota to tributyltin in Canada. 

Concentrations in Water, Sediments, and Biota 

Methyltins 

Methyltin compounds, which result from anthro- 
pogenic sources as well as biotic and abiotic methyla- 
tion of inorganic tin, have been detected in a variety of 

' 

natural waters, sediments, and biota (NRCC 1985). 

- Appendix B indicates that mono-, di-, and trirnethyltins 
have been found in surface water samples taken from 
many locations in Canada. The maximum concentra- 
tions observed tor monomethyltin (1.22 ttgoL" in 
Kingston. Harbour), .dimethyltin (0.32 pg-I," in Kings- 
ton Harbour). and irimethyltin (0.248 pg#L" in Vancou- 
ver Harbour) (Maguire et al. 1982-, 1986) were si_miiar 
to, or higher than, the levels found in relatively. pol- 
luted sites, such as Chesapeake Bay (Jackson etal. 
1982) and the Rhine River (Byrd and Andreae_1'982). 
In general, methyltin concentrations were much higher 
near harbours, ‘marinas, or areas of industrial activity‘ 
(e.g,, Belleville Harbour, Whitby Harbour, Kingston

_ 

Harbour, a Lake St. Clair marina, Wctoria Harbour, 
Vancouver Harbour) than in locations without direct 

' 

. anthropogenicinputs (e.g., North Bay, Lake Superior) 
(Maguire etal. 1932, 1986). 

To date, few surveys have been taken to deter- 
mine methyltin levels in sediments in Canada or else- 
where (Appendix C). Tugrul et al." (1983) tou_nd 
methyltins, "particularly mono- and dime'thylti_n,» at high 
levels in polluted harbours and estuaries on, the north- ' 

east coast of the Mediterranean_. Maguire etal. (1986) 
conducted a sediment survey of selected harbours, 
lakes, and rivers in Canada and found that mono- ' 

methyltin levels were relatively low in Montreal Har- 
bour (23 ttgokg"), Lac-St-Louis (11 pg-kg"). and Van- 

.. couver Harbour (nd-23 tigokg"). However, mono- 
methyltin concentrations in several New Brunswick 
harbour sediments were higher (up to 19 360 pgokg") 
than in the most polluted sites in the Mediterranean 
Sea (up to 10.6 pgokg“) (T ugrul et al. 1983). In -the 
Canadian sediment survey, Maguire etal. (1986) 
found that dimethyltin concentrations ranged from be- 
‘low the detection limit to 200 pg.kg" and trimethyltin 
concentrations ranged from below the detection limit’ 

to 900 ugokg".
‘ 

As with sediments, few surveys have been con- 
ducted to determine methyltin ‘concentrations in 
aquatic biota. Appendix D indicates littl_e evidence of 
biomagnification of methytins in aquatic biota. For'ex-. 

7, 

, 

ample, in the study by Tugrul et al. (1983), dimethyltin 
‘ 

concentrations ranged from 0.5 to 37 pg.kg“ dry 
weight in marine plants,_irom 0.2 to 18 pgokg" dry 
weight ‘in limpets, and from 2.6 to 2.9_ rtgokg" dry 
weight in fish. The same trend was evident with 
trimethyltin (T ugrul etal. 1983) and _tetr_am‘ethyltin 
(Seidel etal. 41980). In the only survey of methyltin 

concentrations in Canadian aquatic biota, Chau etal. 
(1984) found that monomethyltin levels_ in fish from '- 

several Lake Ontario harbours ranged from 250 to 
990 r.tg_okg“ wet weight. These levels were at least an 
order of magnitude higher thanthose found in all other 
locations worldwide. '



Butyltins 
'

M 

Tributyltin compounds occur at high concentra- 
tions. inwater, sediments, and biota_ associated 
withharbour locations (Appendices B, C, and D). For

n 

example. in the United States, tributyltin concentra-_ 
tionsran ed up to 0.16 ug.L“ in San Francisco Bay, 
0.8 ugoL' in Chesapeake Bay, 1.0 ugoL" in San Diego 
Bay, and 0.27 ug.L" in Honolulu Harbor (Federal Reg- 
ister 1988). _A monitoring study in Chesapeake Bay 
during the summer of 1986 showed‘ a strong correla- 
tion 'between' boat‘ density and observed tributyltin 
concentrations in four harbours (Federal Register 
1988). In 10% of freshwater samples from 265 loca- 
tions across Canada, trfbutyltin was found’ at levels 
greaterthan or equal to 0.2 ug.L" (Maguire 1987, 
1989). The highest tributyltin concentration reported in 
Canada was found in Toronto Harbour (43.4 ug.L"); ' 

however, this value was considered suspect because 
the sample may have been contaminated with sedi- 
ment (Maguire 1989). 

_ 

- 

_

‘ 

in Canada, dibutyltin was found in about 10% of 
all subsurface ‘water samples (Maguire 1989). The 

‘ presence of dibutyltin in thesesamples could be the 
result of either direct inputs from its use as a polyvinyl 
chloride stabilizer or-tributyltin degradation.- The latter‘ 
case is morelikely, as dibutyltin was found primarily in, 

» areas where tributyltin was found (i.e., harbours, mari- 
nas, etc.). Monobutyltin was also found in about 10% 
of the water samples (0.5 ‘m depth) taken i_n Canada 
(Maguire 1989). Appendix B contains data indicating

' 

~ that several Canadian-harbour'locations_are contami- 
nated with mono-, di-, and tributyltin at concentrations 
similar to thoselfound in the most contaminated sites 
worldwide (e.g., Chesapeake Bay, Norfolk (Harbor, 
San Diego Bay). - 

' 

_ 

w ’,
. 

A 

Sediments (top 2 cm) from Vancouver Harbour 
have been found to contain up to 25 900 pg-kg" dry 
weight as tributyltin, up to '16 200 pg-kg“ dry weight 
as dibutyltin, and up to 7095 pg-kg“ dry weight as 
monobutyltin. (Maguire at al. 1986). The butyltin levels 
found in7this harbour and in several other-' Canadian 
harbours (e.g., Esquimalt Harbour, B.C.) were at least 
an order of magnitude" higher than the levels found in 
several of the most contaminated sites wotfdwide 
(e.g., Puget Sound, San Diego‘ Bay, Boston Harbor, 
Hamble River [U.K.])_ (Appendix C). 

Several studies- have shown that bivalve species ' 

(e.g., mussels, oysters) accumulate butyltins to levels 
(e.g., up to to 800 pgokg" tributyltin. 1860 ug-kg" dry 
weight as monobutyltin) that "are ‘much higher than 
those found in fish in -similar locations (Maguire 1987; 
Sasaki etal. 1988; Wade et al. _-1988). As with water

6 

and sediments, the highest butyltin concentrations 
were found in biotaassociated with harbours (e.g., 
Harbor Island [Ca_l_i_fomia], San Pedro Harbor [Califomia], ‘” 

San Diego Bay, Honolu_|u Harbor) (Wade etal. 1988: 
Uhler etal. 1989). Few studies have been conducted 
in Canada to determine butyltin levels in aquatic biota. 
In Vancouver Harbour, tri-, di-, and monobutyltin con- 
centrations of 580, 98, and 90 pgskg".wet weight, re-' 
spectively, were found in fish samples (Maguire et al. _ 

1986). In Nanoose Bay, B.C., tributyltinconcentrations 
as high as 1800 ugokg“ dry weight were found in oys-_ 

- ter tissue samples; at this location, "the major source 
of tributyltin was from salmon nets treated with tribu- 
tyltin as a marine growth retardant (Harding and Kay " 

1988).»
' 

Other Organotins 

Maguire (1984) found'tn'buty|methyltin (Bu3MeSn) 
and dibut_y|dimethy|t_in (Bu2Me2Sn) in the sediments 
of four harbours in Ontario. However, the occur- 
‘renceof these compounds was infrequent and was 
likely the result of emethylation of butyltin species in 
the aquatic environment (Maguire etal. 1986). No 
other organotin compounds (e.g., phenyl, cyclo- 
hexyl) have been reported -in water, sediments, or 
biota thus far; 

_ 
A _ , 

I

- 

' 

ENVIRONMENTAL FATE AND PERSISTENCE 

_ 

‘lin in its inorganic form is generally accepted.as 
being non-tox_ic because it is rapidly converted to the 
insoluble oxide at physiological pH (Blunden and 
Chapman 1982). However, the attachment of alkyl or 
aryl groups to the tin atom, via a Sn-C bond, greatly 
increases the toxic effects on aquatic biota. Sequential 
introduction of organic groups in any Fl,.SnX.«,.'. series ’

' 

' produces a maximum toxic effect when n =3 (i.e., the 
triorganotin compounds) (Blunden and Chapman 
1982). Therefore, the following discussion of the envi- 
ronmental fate and behaviour of organotins will focus 
on the triorganotins that may be of environmental sig- 
nificance (i.e., trimethyltin, tributyltin, triphenyltin; see 
preceding section). V 

e 
The degradation of an organotin compound may 

be defined as the sequential removal of the alkyl or 
aryl groups attached to the tin atom: «

' 

R4Sn —>_R3SnX -9 Fi2$nXg —-> FtSn_Xa —> SnX4n 

, 
Thus, the degradation process involves the 

breaking of a Sn-C bond rather than the breaking of a 
S'n—X bond. Anion exchange gives afalse irnpression 
of degradationkinetics when what is significant is the‘ 
loss of alkyl or aryl groups (Maguire 1987'); the nature}



of the anion has little effect on toxicity (Davies and 
Smith 1980). The breaking of a Sn—C bond may occur 
by a number of different processes: (1) ultraviolet irra- 
dia_tion,._ (2) biologically induced cleavage, (3) chem_i- 

' 

cally induced cleavage, (4) thermally induced cleavage, 
and (5)).gamma irradiation (Blunden and Chapman _‘ 

.1982). Of these processes, thermally induced cleav- 
age is not likely to be of environmental significance j 

because the Sn—C bond is stable at temperatures be- 
.low 200°C (Zuckerrnan etal. 1978). Similarty, be- 
cause of the rare occurrence of gamma irradiation at 

~ the earthls surface, this process is likely to have a 
negligible effect on the _environmental degradation of 
organotin compounds (Clark et al. 1988). 

In addition to the above chemical and biological ‘V 

degradation processes, persistence of organotin oom- V 

- pounds may be affected by several physical‘ processes 
(e.g., volatilization, adsorption to suspended solids and 
sediments, water flow) (Maguire 1987). Volatilization 
of the mono-, di-, -and triorganotins is likely to be negli- 
gible because of the tendency for these compounds to 
strongly adsorb to suspended solids and sediments 
(Maguire and Tkacz 1985). Adsorption of organotins 
to suspended solids and sediments has _the potential to 
be an important mechanism for their removal from the 
water column because of the high sediment/water par- 
tition coefficients of these compounds (e.g., tributyltinfl 
K.c= -3370) (Cardwell 1988). However, adsorption to 
suspended solids and sediments should not be 
used as the sole definition for removal of organotin 
compoujnds from the aquatic environment, as toxic 
_residues could be mobilized through desorption, 
sedi_ment resuspension, or uptake by benthic. biota ‘ 

(NRCC 1985). The following discussion sum_m_a_rizes 
the available environmental fate and behaviour infor- 

- 

. mation tor methyltin, butyltin, and phenyltin ccmpounds, 
V 

with particular emphasis on the degradation processes of 
ultraviolet irradiationand biologically and chemically 
inducedcleavage. ' ' 

-
V 

Methyltins 

A Inorganic tinpresent in the aquatic environment 
has thepotential to be methylated, producing mono-, 
di-, tri-, and tetramethyltin compounds that were not ’ 

"previously in the area (Maguire et al. 1986). The wide- 
spread occurrence of methyltin compounds i_n the tresh- . 

water, « estuarine, and 
V 

marine. environments, 
especially in remote areas, cannot be explained solely 
in tenns of pollution by anthropogenic sources. The 
natural formation of, methyltin compounds can occur 
by several abiotic and biotic processes (Fig. 1). Aero- . 

bic bacterial strains and mixtures have been isolated 
that can methylate inorganic tin to produce ‘mono-, di-, 
tri-, and tetramethyltins, both in the water column (Huey 
et al. 1974; Blair at al. 1981; Jackson etal. 1982) and 

innwater/sediment mixtures (Chau etal. 1981; Hallas 
etal. 1982; Gilmour etal. 1985). Chau etal. (1981) 
demonstrated that both Sn(ll) and Sn(lV) underwent 
‘microbial transformation to methyltin compounds in 
fresh water..G_i|mour etal. (1985, 1987) demonstrated .

V 

that several bacterial cultures, most notably sulphate-. 
reducing bacteria isolated from ano_xic estuarine sedi- 
ments, formed mo_no- and dimethyltin from inorganic 
tin, both in sediment and when isolated from sediment. 
Anaerobic methylation of inorganic tin "was, however, 
a slow process, such that only 0.02% of the added in- 

, organic ti_n was converted to methyltin compounds 
during a 61 -d incubation period (Gilmour etal. 1987).- 

Chemical methylation of inorganic Sn(ll) has 
also been observed in water (Cha_u et al. 1981; 
Rapsomanikis and Weber 1 985; Craig and Rapsomanikis 
1985; Fiapsomanikis et al. 1987; Ring and Weber 1988) 
and in water/sediment mixtures (Chau at al. 1981) 
(Fig. 1). This reaction requires a methylating agent; a 
numberotthese substances are known to be quite-com- 
mon in the aquatic environment. For example, seaweeds 
and algae release methyl iodide (CH3l) and 3-(dimeth- ' 

ylsulphonio) propionate, both of which are capable of 
donating a positive methyl "group (carbocation) to 
appropriate metal acceptors (Rapsomanikis and Weber 
1985). Such a reaction.is called oxidative addition‘. High 
-yields of methyltin compounds have been observed’ 
when a carbanion-donating dimethylcobalt complex 
was included in the above reaction (Rapsomanikis

‘ 

and Weber 1985), Further work by Ring and Weber - 

(1988) indicated that the methylation of Sn(ll) 
was virtually unaffected by salinity. 

_Disproportio,nation reactions (reactions involving 
the redistribution of ligands) can lead to the formation 
of dimethyltin from two ‘mcnomethyltin molecules 
(Ring and Weber 1988) or di- "and tetramethyltin 
from two trimethyltin molecules (Donard etal._ 1987). - - 

Tetramethyltin rapidy volatilizes from the water column, 
but the importance of this removal process has not yet 
been quantified (Donard et al. 1987). 

A

. 

Ring and Weber (1988) found that methyltin con- 
centrations were over 1000 times greater in sediments 
and seaweeds than in the water column; This study 
indicated thatthese two media may be important sinks. 
for methyltins, although detailed adsorption/desorption 
studies remain to be done.

i 

No studies were found that documented" depura— 
tion or metabolism rates of methyltins in aquatic biota. 
Because the methyltin compounds, particularly trimeth- 
yltin, are much more toxic to aquatic biota than is inor- 
ganic tin (Laughlin at al. -1985a), this information is 
essential in evaluating the environmental tate profile of 
methyltins. - - 

V 
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Buty|t_i_ns 

' The available evidence suggests that microbial 
degradation. is the major breakdown pathway for 
butyltins in the aquatic environment (Clark at al. 1988) 
( Fig. 2 ). Numerous studies are available that 

' 

describe the biodegradation of tributylti_n by micro- 
organisms in natural water and sediments and in. 
labojratoiy cultures (Maguire 1986; Olson and Brinckman 
1986; Seligman et al. 1986a, 1986b; Sutter and Carey 
1986; Walton et al. 1986; Lee et al. 1987; Hattori et al. 
1988). Generally, biodegradation of tribulyltin proceeds 
by sequential debutylation to di- and then monobutyltin 
and ultimately to inorganic tin. Laboratory studies show 
microbial debutylation to be slowerfor dibutyltin than 
for tributyltin. Half-lives for the biodegradation ‘of tri- 
butyltin are greatly influenced by site-specific environ- 
mental conditions (e.g., temperature, dissolved oxygen, 
and microbial species composition). In general, half-lives 
range from 5 to 20 d in marine and estuarine waters 
(Olson and Brinckman 1986; Seligman et al. 1986a; 
Hattori etal. 1988) and from 4 to 5 months in fresh 
water and in freshwater sediments (Maguire 1986). 
Tributyltin is considered to be slightly to moderately 

, 
persistent in water and moderately persistent in sedi- 
ments (Maguire ef al. 1986; Lee et al. 1987; Hinga 
etal. 1987). Anaerobic degradation «appears to be ‘ 

. very slow. with half-lives in the range between 1.5 and 
>12. months (Cardwell and‘Sheldon 1986;- Maguire 
1986). There is evidence that anaerobic degradation 
is faster than aerobic degradation (Maguire 1986).

y 

The more rapid degradation of tributyltin in water 
from marinas suggests that some microbial popula- . 

tions may acquire an enhanced capability for tributyltin 
degradation or may differ in species composition. High 
tributyltin conce_ntrations in bays and marinas are 
associated with high tributyltin degradation rates 
(Seligman et al. 1986a; Lee et al. 1987). ' 

V_ 
Degradation of tributyltin by chemical and photo- 

lytic mechanisms appears limited. Chemical degrada- 
tion in fresh water/sediment mixtures is slow, with 
half-lives exceeding 11 months (Maguire etaI.__1983). 
Removal. rates due to volatilization are equally slow

_ 

(Maguire et al. 1983; Maguire .1986). Photolysis has 
been shown to degrade tributyltin by sequential debu- 
tylation, although reported degradation rates are quite 
variable (tug = 1->89 d) (Maguire et._aI. 1983; Cardwell

’ 

and Sheldon 1.986). Hinga et al. (1987) reported pho-' . 

todegradation of tributyltin’ in mesocosms _to be slow 
and insignificant. Localized conditions (e.g., types and 
concentrations of naturally occurring photosensitizers, 
such as fulvic acid) are thought to be responsible for ’ 

the observed variation. The role photolysis may play ~ 

in butyltin degradation is not fully understood (Cooney 
' 

1988). « 

Most of the butyltin compoujnds found in the 
water column are either dissolved or associated with 
‘particles smaller than 0.2 pm i_n diameter. The variabil-_ 
ity of results from experiments designed to quantify 
the partitioning between ‘dissolved and particulate 
phases is attributedto the physical techniques used to 
separate the phases, the chemical analyses of the‘ 
various phases containing the butyltin. compounds, - 

and the inherent variability of the composition of sus- 
pended particles used (Va|kirs etal. 1986a, 1987b; 
Johnson et al. (1987). 

, 
Regardless of the relatively 

‘small amount of butyltins associated with the particu- 
late phase i_n the water column, it is obvious from the 
concentrations of butyltins reported in surface waters 
and associated sediments that butyltin concentrations 
are 2-3 orders of magnitude higher in sediments than 

- in the overlying water (valkirs eta"/. 1986a). The ‘affin- 
ity of butyltins for sediments has been demonstrated 
experimentally; more than 90% of the tributyltin ongi- 
nally present in the aqueous phase was adsorbed to 
the sediment, with equilibrium between butyltin dis- 
solved in seawaterand sediment achieved in 30 min 
(Valkirs etal. 1986a). Tributyltin dissolved in seawater 
of approximately pH, 8 fomts three equilibrium products: 
tributyltin chloride, tributyltin hydroxide, and a (car- 
bonate species (Laughlin "at al. 1986b). Below pH 7, 
tributyltin chloride and an‘ aquo complex (TB_TOH2+) 
predominate‘; at pH 10, the equilibrium shifts. to favour 
the hydroxide and the carbonate species (Laughlin 

’ 

etal. 1986b). 
_

. 

Estimated partition coefficients for aqueous tribu- 
tyltin on sediments or particulate matter arereported 
to range from 3.4 x 10 to 1.9 x 1,0‘, with most of the 
values in the order of 103. Salinity effects on the parti- . 

tion‘ coefficient have been investigated in a laboratory 
study «using hydrous iron hydroxide as the suspended

, 

particulate phase in a water/fulvic acid system. This 
particular simulation showed increased adsorption 
of tributyltin to suspended particles with increasing 
salinity (Flanda|l_ and Weber 1986). This trend was 
also found in a study of tributyltin adsorption to resus- 
pended sediments in two British estuaries (Harris and 
Cleayy 1987). In contrast, sediments from tidal creekjs, 
enteringchesapeake Bay exhibited a linear decrease 
in adsorption _of tributyltin with increased salinity

I 

over the range 0-35 g'oL“ (Unger et al. 1937, 1988). 

In vsifu investigations- of rates of desorption of 
tributyltin from estuarine sediment at constant salsitnity 
showed that tributyltin did not significantly desorb from 
the sediment. The corresponding adsorption rate for 
tributyltin ‘was calculated to be 0.57 ngoc_m'2od"., How- 
ever, desorption of dibutyltin from the sediment does 
occur at rates between—0.16 and 10.55 ng.cm'2.d". Ad- 
sorption and desorption rates for monobutyltin could 
not be detennined (Stang and -Seligman 1987).
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Partition_ing of tri_butyltin into the surface micro‘- 
layer of natural surface waters is of concern. Although 
not as intensively studied as sediment partitioning, it is 
obvious from the sampling and analysis of surface mi- 
crolayers (see Appendix B) that tributyltin °oncentra- 
tions can be’ 2-3 orders of mag'nit'u'de higher in the 
surface microlayer than in subsurface waters (Maguire 
etal. 1982; Gucinski 1986; Cleary and Stebbing_1987b).'

g 

Several freshwater and marine aquatic fish (e.g., 
Cyprinodon variegatus, Oncorhynchus mykiss, Leisto- 
mus canthums, and Cyprfnus carpia), invertebrates (e.g., 
Penaeus azfecus and Callinectes sapidus), a diatom. 
(skeletonema cosfatum). and an algae (Ankistrodes- 
mus falcatus) have been reported to metabolize tn'_bu-

_ 

tyltin (Ward et al.1981 ; Maguire at al. 1984; Lee 1986-; 
Lee _et al. 1987; Tsuda etal. 1988; Martin at al. 1989). 
The breakdown products included dibutyltin, monobu- 

V tyltin, inorganic tin, hydroxybutyldibutyltin, and several 
polar The half-life for tributyltin metabolism 
in a freshwater green alga (Ankisfrodesmus falcatus) 
was reported to be 25 d (Maguire ef al. 1984). 

Phenyltins 

In general, little is known of the environ'ment_a| 
fate and behaviour of the phenyltin compounds in the 
aquatic environment (Fig. 3). in surface waters to a 
depthwof approximately 0.5 m, it is probable that photoly- 
sis will be the major degradation. pathway for_,triphen- 
yltin. The half-life for triphenyltin photolysis in‘ water" 

' exposed to natural sunlight or in a photoreactor was 
reported to be 14-21 cl; no triphenyltin degradation 
was observed in solutions kept in the dark for 30 d 
(Slesinger and Dressler 1978; Soderquist and Crosby 
1980). Photolytic degradation appears to occur by way 
of sequential dearylation, and evidence exists for 
the formation of water-soluble» polymeric di- and 

» monophenyltin compounds. Once formed, the di- and 
monoph_eny|tin compounds are rapidly ‘hydrolyzed,- 
with a half-|_ife of 2+3 ct. Volatilization of triphenyltin 
was notdetected in a 6-d experiment, even at tem- 
pe_ratures as high as 32°C, at which water loss was 

. significant (Soderquiist and Crosby‘1’980). 

The majordegradation pathway for triphenyltin in
V 

waters or sediments not directly exposedto light is 
likely to be aerobic biodegradation (Smith 1981 b). The 
reported half-life is 60_.—140 d, with diphenyltin as ‘the 
major degradation product.‘ No studies were found that 
investigated triphenyltin degradation rates under 
anaerobic conditions. 

Microbial degradation of triphenyltins in soil is 
usually rapid, although the actual rate is dependent on -_ . . 

the type of soil and triphenyltin compound applied_. 

Generally, complete degradation of triphenyltin ace- 
tates and hydroxides occurs within 1-2—_240 h. Experi- 
ments monitoring “CO2 evolution from “C-labelled 
triphenyltin compounds did not find any evidence of 
degradation when sterilized soil was used (Barnes 
at al. 1973;'Suess and Eben 1973). Laboratory experi- 
ments have also isolated a. number of different kinds 
of bacteria and fungi capable of degrading triphenyltin 
to inorganic tin in soil (Bock 1981). Because triphen- 
yltin is-used primarily as a pest control product for ag.- - 

ricultural crops and is rapidly biodegraded, its impact 
would probably. be limited to nearby water sources 
only. Hence, few studies- have investigated the fate 
and behaviour of phenyltin compounds in aquatic eco- 
systems, particularly in the marine environment (Hg. 3). 

Other organotins 

NRC_C.(_19.8.5) summarized the available fate and 
' 

_ 

behaviour information for organotins other than the 
methyltin, butyltin, and phenyltin groups of com- 
pounds. In general, ‘little information was available. 
Mazayev et al. (1976) found that diethyltin had a half- 
life of _1.5 d in pond water and 2.5 d in a pond 
water/sediment mixture. The corresponding h_al_f-lives 

' 

for dioctyltin were 6.2 and 1.9-4.7 d, respectively._The 
’ deg'rada'tion reaction in both cases was described, 
without elaboration, as "hydrolysis," and the products 
of the reaction were not stated. Casida etal. (1971) 
and Smith etal. (1976) found that mono-, di-, and tri-_ 
cyclohexyltin undenrvent photolytic degradation in water 
(half-lives not stated) to cyclohexanone and cyclohex- 
anol. The half-life of tricyclohexyltin was found to be 
<35 d in apples and pears (Getzendaner and Corbin 
1972) ‘and >3 years in the 0- to 15- cm soil layer (Blair 
1975). The major products in both cases were di- and 
monocyclohexyltin and inorganic tin. No other informa- 
tion on the fate and behaviour of‘ organotin compounds 
in the environment was found. . 

BIOACCUMULATION 

Accumulation . 

General Observations 

‘The potential for aquatic biota to bioconcentrate 
organotins from the environment is dependent upon 
the specific number‘ and types of organic moieties at- 
tached _to the tin atom. The greater the number and 
molecular weight of the organic groups bound to the 
tin atom, the more lipophilic the compound and the 
greater the potential for 'bioconOefltfation (NRCC 1985). 

Most organotins have a moderately high octanoll
j 

‘ water partition coefficient (e.g., bis(trib.utyltin) oxide 

11-
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K... = 2oo—7ooo) (Maguire etal. 1933;! Tsuda etal. 
1986a; Laughlin etail.-1986’b),. indicating that these com- . 

pounds have the potential to bioaccumulate in aquatic 
‘biota. The K... for tributyltin varies as a function of

V 

salinity; a Kow of 5500 occurs at a salinity of 25 goL", 
and a K... of 6300 occurs at a salinity of 45 g.L". 
The Kow of tributyltin in seawater is most stable at 
salinities between 15 and 32 goL". A major decrease 
in the tributyltin Kow occurs atsalinities below 5 goL" 
primarily because of a lack of ionic. stabilization on the 
charged tributyltin species (Laughlin etaI_."1986b). ' 

Several other factors are thought to have 
affected the K... values reported in the lite'ratu're. For 
example, breakdown products such as di- and mono- 
organotin species, which may be formed during synthe- 
sis or storage of the test material, enrich the aqueous 
phase of the octanol/water system, thus lowering the 
final K... value (Laughlin at al. 1986b). Order-ot- 
magnitude changes "in -K... values have also been 
observed after changing the octanol/water ratio i_n the 
test solution (T suda et al. 1‘ 986a). 

_Fil'ter-feeding invertebrates have bioconoentra- 
tion factors that may exceed 10000 on a wet-weight 
basis (Waldock and Thain 1983). Entry of tributyltins 
into bivalves is enhanced by their particular mode. of 
feeding, which involves, passing currents of water over 
gill membranes and collecting the particulate material 
from the water. -Thus, organotins both dissolved in the 
water and adsorbed to particulate materials have 

‘ 

. the potential to be taken up by the gill apparatus or 
intestinal tract of the bivalve. Once taken up through ‘ 

the gills, the organotins are rapidly distributed to other 
tissues via the vascular system. final tissue burdens - 

are apparently influenced by tissue lipid content, such 
1 

that tributyltin tissue concentrations range from high-' 
est to lowest in the following order: gill > viscera 
> mantle > adductor muscle (Laughlin and French‘ 1988). 
Accumulation of tributyltin by bivalves'from particulate 

_ 

material (e.g., phytoplankton) is more rapid than from 
water for- an equivalent concentration ;of tributyltin 
(Laughlin etal. 1986a). The accumulated tributyltin 
from particulate material is also transported to various 
tissues, except that the viscera rather than the gills have 
the highest observed concentrations (Laughlin 1986). 

An inducible clearance system has been hypoth-
' 

esized for bivalves, such that bo‘dy’burden,s can be - 

‘ reduced to a steady-state or equilibrium condition at . 

low concentrations (e.g., 45 ng.L" bis(tributyltin) oxide 
or less). However, at higher "concentrations (e.g., 
63 ngoL“ bis(tn'butyltin)oxide or greater), the clearance 
system is overwhelmed, leading to a continued in- 

crease in tributyltin body burden over the duration - 

of theexposure period (Laughlin and_French 1988). 

Bioaccumulation has‘-been lessestudied in fish"
’ 

than in bivalves. Those studies that have been con- 
ducted found an inverse relationship between expo- 
sure. concentration (dissolved in water) and the 
measured bioconcentration factor (Davies and McKie . 

1987; Tsuda et al. 1988). lntemal distribution is a 
function of tissue type. The liver accumulates the 
highest concentration, followed by the viscera and 
then muscle in marine ‘and estuarine fish (Laughlin 
1986). Freshwater fish accumulate tributyltin dissolved 
in water to the highest levels in the peritoneal fat 
followed by the liver, gall bladder, kidney, andother 
tissues, inc|ud_i_ng the muscle (Marlin er al. 1989). 

Reported accumulations of'trib"uty|tin in bacteria
’ 

and phytoplankton of between 600 and 30 000 times 
the water concentration are thought to be the result of. 
surface adsorption rather than assimilation (Cardwell 
and Sheldon 1986). However, there is evidencegof 
tributyltin metabolism in algae (Maguire etal. 1984), 
thus i_ndicating some absorption i_nto the microbes. 

Methylfins 

There have been few studies to date that have - 

measured methyltin bioconcentration factors in aquatic 
biota. Macroalgae in San Diego Bay have been found 
to have elevatedmethyltin concentrations; however, 
these organotin compounds may be of biogenic origin, 
resulting from the (methylation of inorganic Sn(|V) by 
epiphytic bacteria (Seidel et al. 1980). Donard etal.- 

(1987) found that the mono-, di-, tri-, and tetrameth- 
yltin compounds cycled as a result of methyl group 
redistribution reactions on macroalgal surfaces. It is 

difficult to experimentally discern how much of the 
methylti_n burden in algae is a result of bioconcentra- 
tion from the surrounding waters and how much is due 
to surface biosynthesis and redistribution. Several 
authors have cited a bioconcentration, factor of approxi- 
mately 1000, although experimental evidence is still 

lacking (Ring and Weber 1988).. '

- 

But)/Itins 

Numerous studies. have been conducted to 
document the bioaccumulation potential of butyltin 

_ compounds, particularly trib_utyltin, 
A 

in aquatic biota 
(Appendix E). For marine fish species, tributyltin bio- _ 

concentration factors have been found to range from 
200 in the muscle tissue of chinook salmon (On- 

' 

corhynchus tshawytscha) (Short and Thrower 1986a, 
1986c) to 4580 in the viscera of sheepshead minnow 
(Cyprinodon variegatus) (Ward etal. 1981'). .Ward 
et al. (1981) found thatsheepshead minnow exposed 
to 1.6 pg.L" tributyltin had wholefish bioconcentration 
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factors of 547 after 14 d, 1490 after 28 cf, and 2600 
after 58 do. Equilibrium between water concentration 
-and concentration of tributyltin was not reached in this 
study. No studies are available for mono- and dibu- 
tyltin bioconcentration in marine fish -species. The cor- 
responding whole-fish bioconcentration factors for 
freshwater fish have been shown to range from 406 in 
rainbow trout (oncorhrnchus mykiss) after a '64-d 
exposure to 0.51 -).tgoL' 
to 1.230 in goldfish, (Carassius auratus) after a 14-d 
exposure to 2.0 pgoL‘ tributyltin (Tsujda at al. 1988), In 
a study by Tsuda etal. (1986a), dibutyltin and mono- 

, 
butyltin were found to have bioconcentration factors 
2-3 and 1-2 orders of magnitude less, respectively, than 
tributylin in the correspondingtissues (Appendix E).

’ 

. Tributyltin bioconcentration factors inwhole bod- 
ies of marine invertebrates have been found to range 
from a low of 192 in the oyster Ostrea edulis after a 
45-d exposure to 2.62 ugoL" tributyltin _fr"om panels 
coated with antifouling paint (Thain and Waldock 1985; 
Thain -1986) to a high of 250 000 in the snail Nucella 
Iapillus after a 540-d exposure to 0.001—0.002 uggL‘_'_ 1 Sn"

0 

in tributyltin (Gibbs etal. 1988). The different procedures 
used in these experiments probably explain much of 
the observed variation in results. Nostudies have been 
conducted to determine the bioconcentration potential 
of di- and monobutyltin in marine i_nvertebrates. In the 
only butyltin bioconcentration study conducted on fresh- 
water invertebrates, Holwerda and Hervvig (1986) found 
that the clam Anodonfa anatina had bioconcentration 
factors ranging from 9 in the mantle to 1570 in the 
kidney after a 210-d exposure to 38 pg-L“ dibutyltin. 

After a 14-d exposure to o.os7 ,ig.L,-‘ tributyltin, the 
marine vascular plant eelgrass (Zostera marina)— was 
found to have a bioconcentration. factor of 12 000’ 
(Francois efaI._1989). No comparable studies are avail- 
able for di- and monobutyltin bioaccumulation _ in 
marine plant and algal species or‘for any’ butyftin com- 
pound in freshwater plant and algal species (Appendx E). 

Phenyltins
' 

In general, the bioconcenttration factors observed 
for phenyltin compounds in aquatic biota are lower 
than those observed for the corresponding butyltin 
compounds (Appendix E). In a 14-d test, Tsuda et al. 
(1988) found that freshwater goldfish (Qarassius aura- 
fus) exposed had a whole-fish bioconcentration factor 
of 257. in a_ study that compared the _bioconcentration 
potential of mono-, di-, and triphenyltin in tissues of 
freshwater carp (Cyprinups calpio), -Tsuda etal. 

(1987b) found that mono- "and diphenyltin usually had 
similar bioconcentration factors for a particular tissue 

tributyltin (Martin et al. 1989) V‘ 

(e.g., -3.3’and 7.9, respectively, in muscle), whereas. 

14 
_ 

. _ .

l 

triphenyltin, bioconcentration factors i_n the corre- 
sponding tissue were much highejr (e.g., 269 in_ 
muscle). No other studies were available for marine or 
freshwater fish, invertebrates, or plants. ‘ 

Other Organotin 
\' 

‘ 

. .
. 

Z 

No studies werefcund on the bioconcentration 
of other organotin compoundsin marine or freshwater 
fish, invertebrates, or plants. 

Metabolism and E_Iimi_nation 

The metabolism of organotin by
' 

‘aquatic biota is generally thought to involve dearylation 
or dealkylation of the various organic moieties, pro- 
ducing the di- and mono-‘ derivatives from the triaryl 
or trialkyl organotins. In vivo and in vifro studies of 

_bis(tribulyltin) oxide metabolism by blue crabs 
(callinecfes sapidus), spider crabs (Libinia emargi- 

‘ nafa), oysters (Crassostrea virginica), and the spot 
fish (Leiosfomus Vxanthiujrus), using" “C-labelled 
-bis(_tributyltin) oxide, demonstrated the formation of 
metabolites by the cytochrome P4so-dependent mixed-

' 

function oxygenase system (Lee 1985, 1986). Expo- 
sure of the crabs and fish to “C-labelled bis(tributyltin) 
oxide resulted in the gradual accfum'ulation of rad_ioac- 
tivity in the hepatic tissues. After_48 h in the in, vitro 

studies, 40°/a-50°/o of the radioactivity was associated 
with —bis(tributyltin) oxide metabolites, including. hy- 
droxylated di_butyl- and monobutyltin compounds. 
Conversely, oysters metabolized the bis(tributy|tin) ox- 
ide at a much slower rate. _After 72 h,. dibutyltin and’ 
polar metabolites accounted -for only about 10% of the 
radioactivity in the digestive gland (Lee 1985, 1986). ' 

Studies on the excretion- pattems of organotins by 
aquatic biota generally indicate an initial period of rapid 
excretion aflerexposure ceases, followed by a secon- 
dary period of much slower excretion. This pattern is 
shown with triphenyltin elimination from ‘goldfish (Caras- 
sius-auratus) (Tsuda at al. 1988). The rate of elimination 
for the first 20% of -the triphenyl_tin_ burden corre- 
sponded to a half-life of 6 (1, whereas the remainder 
had a calculated half-life of 1.3 years. Short-terrn (3 d) 
‘studies of tributyltin and triphenyltin excretion by carp 
(Cyprinus carpio) demonstrated elimination from the 
muscle tissue-but not from the liver, kidney, or gall- 
bladder (T siuda ef al. 1987a). These results probably 
represent the translocatic_n of organotins from muscle 
tissue to the fiver, kidney,_ and gallbladder. Longer (64 d) 
metabolism and depuration studies with rainbow trout 

‘ (Onoorhynchus mykiss) demonstrated elevated levels 
of- tributyltin metabolites in the liver and gallbladder.‘ 

. This suggested -that tributyltin was dealkylated in the 
liver and excreted in thebile. -Similar processes are 
known to occur in mammals (Martin ef al.‘ 1989).



The fact that relatively “high concentrations of
‘ 

tributyltin have been noted in fish kidneys is not an in- 
dication that -this organplays a major role‘ in the excre- 
tion ot tributyltin and its metabolites. A more probable 
explanation is that the kidney levels are the. result of 
tributyltin and metabolite translocation from the liver 
via the blood, and that the kidney tissue has an affinity 
for ionized electrolytes (Martin et al. 1989). 

TOXICITYTO BIOTA 

T.oxici,ty to Aquatic Biota 

_ 

’ 

Because standard protocols for toxicity testing ' 

may become outdated or are not always available 
or followed, a great deal of variability exists in the 
quality of pubiished toxicity data. To ensure a consistent . 

scientific evaluation for each organotin compound, the 
data used in deriving a guideline must meet certain 
criteria as outlined in CCREM (1987a). These criteria 

A 

_ include information on test conditions/design (e.g., flow- 
' 

through, static), test concentrations, temperature, water 
hardness, pH, experimental design (e.g., controls, 
nu_m_ber of repl_icates), and a description of the statis- 
tics used in evaluating the data. Each .study is evalu- 
ated based on the above information and ran_ked 
as ‘primary, secondary, or unacceptable (see CCREM 
1987a for a detailed description of the ranking 
criteria). Further, to ensure that each guideline is pro- 
tective of all forms of aquatic life, it is necessary to in- 
clude data from fish, invertebrates, and . plants to’- 

" complete a minimum data set for each organotin com- 
pound (CCREM 1987a). All data included in the mini- 
mum data set must be primary for full guideline 
derivation to proceed; however, it a more sensitive value 
is found in a secondary study, this may be used to gen- 
erate the guideline if the minimum data set is met. For 
interim guideline derivation, primary or secondary data 
may be used. Toxicity data that do not meetthe crite- 
riaof primary or secondary data are unacceptable and 
cannot be used in either derivation procedure.‘ 

The toxicological data. base for. organotins is 
quite large, particularly for tributyltin (Appendices F, 

. G, and H). However, many of the available studies 
were ranked as unacceptable and will not be consid- 
ered further in this report. The mostcommon rea- 
sons for an unacceptable ranking were that the biological 
responses! (e.g., survival) of the control treatment 
were not provided, or that the information was from a 
secondary «source and the original study could not be 
retrieved. The following section describes major trends 
in the toxicological data base for organotins. Subsequent 
sections describe the toxicological data base for spe- 
cific organotins, with particular emphasis on the studies 
necessary to complete the minimum data set requi_re- 

ments fo'r‘ea_ch compound. All reported concentrations 
in primary and secondary studies have been con- 
verted, where necessary, to micrograms of the 
organotin cation per litre.

' 

General Observations
_ 

A large portion of the toxicity data generated 
prior to the 1970s was directed toward gastropods and 
the control of s‘c_histos'omiasis (e.g., Frick and de 

‘ Jimenez 1964; Deschiens et al. 1966; Hopi etal. 
1967). Continued interest in the biocidal applications. 
of organotins has prompted additional testing with 
other organisms and more sensitive life stages. This is 
especially true for tributyltin because of concerns 
about its‘ use in anti_foulin9 Paints and the associated ef- 
fects on_e'stuarine shellfish productivity. Figure 4 indi- 
cates that marine invertebrates, particularly the 
bivalve species, are the most sensitive types of 
aquatic organisms to acute tributyltin toxicity. Other 
groups of aquatic biota appear to be less sensitive, al- 
though there are order-of-magnitude differences in 

sensitivity among species in any one group. 

The toxicity of organotin compounds is depend- 
ent upon the structure of the side chain and correlates 
well with the hydrophobic behaviour of the specific 
compounds. The mode of action appears to be related 
to the destabilization of the pH gradient across mem- 

V branes and the physical disruption of membranes fol- 
lowing excessive organotin accumulation (Selwyn 
et al. 1970;‘ Laughlin ef al. 198587; Gray ef al. 1986). 
Figure 5 indicates that triorganotin compounds appear 
to be more toxic than di- or monoorganotins. As well, 
alkyltin toxicity appears to be correlated, with side- 
chain length (i.e., butyl > propyl > ethyl> methyl) (Fig. 5). 
The only aryltins for which acceptable toxicity informa- 
tion exists _are the phenyltin comPOunds, which appear 

' to _be as toxic as the butyltin compounds (Fig. 5). The 
anionic radical associated with the butyltin cation (e.g., 
chloride, fluoride, hydroxide, oxide, acetate) has been 
shown to have little influence on the aquatic toxicity of 
the organotin’ -compound of interest (Linden eta]. 
1979: Walsh et al. 1985),. « 

Toxicity studies with the oyster Crassostrea vir- 
ginica indicated that "tributyltin-indujced mortality was 
greater at higher seawater salinity levels (Bokman and 
Laughlin 1989). Other environmental factors can also 
alter the toxic effects of organotins on aquatic biota." 
,Forexample,-the" binding of tributyltin .to micro-. 
organism-produced extracellular products or inverte- 

7 

‘ brate polyionic slimes may besignificant in reducing 
organotin toxicity (Laughlin 1986). This is apparently 
the reason for tributyltin tolerance in several marine 
algal species (Thomas and Robinson 1987). 
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Figure 4. Observed significant responses marine and freshwater biota after iicute exposures to trlbutyl_t1n.
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Commercial production of the oyster Grasse- 
. vstrea gigas has been shown to have been severely af- 
fected by the presence of tributyltin in Arcachon Bay,- 
France, prior to a 1982 ban (Alzieu 1986; Alzieu ‘efral. 

1986). The larvae produced in the presence of sub- 
lethal concentrations of organotinvcompounds were 
weak’ and unable to attach to collectors. Those that 
did attach‘ developed shell deformities as a resu_|t of 1 

organotin interference with the shell calcification pro- 
‘ 

cess (Alzieu et al. 1980, 1982). Another sublethal ef- A 

fect that has been extensively documented in 

gastropods in both field and laboratory studies is
‘ 

the superimposition of male sex characteristics in fe- 

males.‘ The widespread incidence of imposex (male 
genitalia imposed on females) has caused a decline in 
populations of dog-whelk (Nucella Iapillus) and other 
neogastropod mulluscs (Smith 1981 a, 1981b; Bryan 

T 

et al. 1986, 1987, 1988; Gibbs and Bryan 1986,- 1987; 
Davies etal. 1987; Gibbs et al. 1987; Bailey and 

\Davies 1988a, 1988b; Ellis and Patt_isina 1990;.\ 
Saa\vedra'_A\lvarez and Ellis 1990).. 

_

-\ 
V 

Observations o\f\renal tissue Pathology have 
shown extensive hydropic degeneration of the tubular 
epithelial cells in.) rainbow trout (Oncorhynchus 
mykiss) exposed to a lethal level of 5 pg:oL" tributyltin 
chloride for 10 d (Seinen etal. 1981). The same spe- 
cies exposed to 0.2 ;._ig.L"' tributyltin chloride for 110d 
exhibited enlarged liver_ and,hep_atocytehyperplasia

‘ 

with abnormal nuclear morphology accompanied by 
swollen and vacuolated cytoplasm (Seinen et al. 

. 1981). Pathological alterations of. gill epithelium have 
also been reported after 6-d exposures to 11.7 ugoL" 
bis(tribu‘tyltin_), oxide (Chliamovitch and Kuhn 1977). 
These alterations apparently did_,not occur after a 110- 
cf exposure to 5 ug.L“ tributyltin chloride (Seinen et al. 
1981). Corneal damagewas observed after a 24-h ex- 
posure to 5_pgoL" bis(tnbutyltin) oxide for thejMozam.- 
bique mouthbrooder (Tilapia mossambica), a tropical 
freshwater fish (Matthiessen 1974). The histopa- 
thological effects of chronic, sublethal exposure to 
bis(tributy|tin) oxide in the guppy (Poeciliareticulata) 
were found to be thymus atrophy, liver vacuolation,

_ 

and hyperplasia of the hematopoietic tissues (Wester 
and Canton 1987).

‘ 

. 
Organotins as a group are significant inhibitors of 

enzyme activity, including the Mg-, Na-, and K-ATPases , 

(adenosine tnphosphatases). In vitro experiments have
' 

demonstrated 50% inhibition of fish brain Mg-ATPase 
at 0,025 ,ug.L'-‘ tricyclohexyl_tin hydroxide" (Pliictran). 
Fifty percent inhibition of the Na- and K-ATPases oc- 
curred with 77 pg:-L“ Plictran in the same experiment 
(Desaiah etal. 1973)., Digestive enzymes as well as 
alkaline phosphatase and alanine amino transferase 
were al‘so_su_bstantially affected by exposure of fish to 

18 

trimethyltin chloride concentrations as low as 10 ug.L". 
However, stabilization of the biochemical effects .in- 
duced by organotin exposure to trimethyltins indicated 
some adaptation by the fish to these concentrations 
(Putintsev .and,Gameza 1980). Exposure of rainbow 
trout (Oncorhynchus mykiss) to 1 pgoL“ tributyltin . 

chloride for 110 d significantly decreased the number 
of red blood cells. This effect was not observed at 
0.2 pg.L“ (Seinen etal. 1931). 

Organotin uptake via the gills lowered the effec- 
tiveness of phosphorus incorporation by the carp 
(Cyprinus carpio) (Filenko and Parina 1981, 1983). As 
well, a 4.0-d exposure to 10 ‘ugoL" -triethyltin chloride 
changed _the uptake‘ and distribution of carbon, which 

' were reflected by changes in.carb_ohy'drate, fat, and 
' protein metabolism in the brain, liver, and muscles 
(Stroganov et al. 1974). Carbohydrate metabolism 

. was severely affected by long-term exposure of fish 
to low concentrations of trialkyltins resulting in the 
depletion of liver glycogen. 

Methyltins 

Figure 5‘ indicates that the methyltin compounds 
are the -least toxic to aquatic biota of the methyl-, 
ethyl-, propyl-, and butyltin series of compounds. How- 
ever, because these compounds can be produced by 
natural "processes from inorganic tin, methyltins are 
of environmental concern in areas where tin. loadings 
are significant as a result of tributyltin degradation 
(e.g., marinas) or where there is a natural abundance 
of inorganic tin in the earlh’s crust.- 

Few stucfies have been conducted to test the 
effects of methyltin compounds on freshwater aquatic 
biota (Tables F-1, G-1, and l-l-1). in acute exposure tests 
on Daphnia magna, Vighi and Calamari (1985) deter- 
mined 24-h I050 values of 50, 65, 0.39, and .40 mg-L" 
for mono-, di-, tn-, and tetramethyltin, respectively. Wong 
et al. (1982) conducted 4-h acute exposure tests on 
three species of freshwater algae to determine the 
methyltin concentrations that caused a 50% reduction 

' 

in “C-HCOa uptake (lcso). For the green alga Ankis- 
trodesmus falcatus, 4-h lC_-,0 values) of 23, 21, and 
5.5 mgoL" were ‘ det'ermi_ned for mono-, .di-, and

' 

trimethyltin, respectively. ‘For the -green -alga 
1 Scenedesmus quadricauda, 4-h ICso values of 4.1 and g 

2.6 mg.L"‘ were determined for di- and trimethyltin, re- , 

spectively. The blue-green alga Anabaena flos-aquae 
was found to be a relatively tolerant species, with a 
4-h lC5o value of >5000 mgoL“ for both di- and trimeth- 
yltin. The most sensitive response demonstrated for 
_phytopl_an_kton was observed when an assemblage of 
phytoplankton species indigenous to Lake Ontario 
was exposed to tnmethyltin. The resulting lCso was



- 0.35. mgoL". All of the above studies were ranked as 
secondary because‘ methyltin concentrations were not 
measured during the course of the tests. No acceptable 
methyltin toxicity data were found for freshwater fish. 

For marine, aquatic species, acceptable toxicity 
data were available for one invertebrate and twodiatom 
species (Tables G-2- and H-2). Studies on the mud 
crab (Fihithropanopeus harrisii) -reported 14-d LC5os of 
92 ugoL" for trimethyltin hydroxide and 13.7 _mg.L" for 
dimethyltin di_ch_loride (Laughlin et al. 1984a, 1985b;'

' 

Laughlin 1987). For the diatom Skelefonema costa- 
‘ 

tum, 72-h ECso values for population growth ranged from 
42.6-43.7 pgoL" for the monomethyltin cation to 173- 
176 ugoL'—‘ for trimethyltin. The 72-h LC5_o values for 
mono- and dimethyltin for this species were both 
above 250 ugoL" (death of individual cells was deter- 
mined by staining) (Walsh et al. 1985, 1987; Walsh 
1986). Another diatom species, Thalassiosira pseudo- 
nana, had EC5o’ values for population growth of 190'- 
192 and" 284-287 ug9l_;‘ for mono- and trimethyltin, 
respectively (Walsh etal. 1985). The above studies were 
given a secondary ranking because methyltin concentra-

_ 

tions were not determined during the course of the tests. 

Butyltins 
I 0 

There is an extensive freshwater aquatic life 
toxicity data base for the butyltin compounds, particu- 
larly tributyltin (Tables F-1, G-1, and H-1). For fresh- 
water fish, there are seven studies ranked as primary 
available for tributyltin. Acute 96-h exposure studies 
indicated sim_i_lar responses among co|d- and,warm- 
water species. The cold-water species, Oncorhynchus 
mykiss and Salvelinus narnaycush, had 9.6-h LC.-,0 val- 

_ues of 3.12—3.9 ugoL" (Brooke et al. 1986; Martin 
eta]. 1989) and 12.7 pg-L" (Martin etal. 1989), re- 
spectively, whereas the warm-water species, 
Pimephales promelas and Ictalurus punctafus, had 
96-h LCso values of 2.6 and 5.5 ug.L" (Brooke at al. 
1986), respectively. Chronic tributyltin toxicity tests 
have been conducted for post-hatch fathead minnows 
(P. promelas) and the guppy (Poecilia reticulata). un- 
der flow-through conditions. The 33-d lowest-ob- 
served-effect level (LOEL) (for reduction in mean 
standard length) in _fathe_ad. minnows was 0.08 ugoL" 

. (Brooke et al. 1986), whereas the 90-d LOEL for h_isto- 
path‘o|o‘g’ical changes (hyperplasia of the hematopoie- 
tic tissue) in the guppyflwas 0.031 pg.L" (Wester and 
Canton 1987). In comparison, Wester and Canton 
_(1987) found that the dibutyltin cation was much 
less toxic to guppies, with a 30-d LOEL for histopa- 
thological changes (thymus atrophy, liver vacuol_a- 
tion, and hyperplasia of hem_atopoietic tissue) of 

v 245 pgoL". No other primary or secondary studies were 
available for either_di- or monobutyltin. 

‘ 

In general, freshwater invertebrates had. similar 
responses to acute and chronic exposures _to tribu- 
tyltin as did fish. In -tributyltin tests ranked as primary, 
Brooke etal. (1986) found that Hydra sp. had a 96-h 
EC5o (shortened body column or tentacles) of‘ 

' 0.5‘ pg-L“, Daphnia magna had a 48-h EC5o (complete 
immobilization) of 4.3 pg-L", Gammarus pseudoIim-- 
naeus had a 96-h LC5o of 3.7 ugoL“, Lqmbriculus van’- 
egatus had a 96-h EC5o (delayed, response to 
prodding) of 5.4 pg.L",,and Culex sp. had a 96-h EC5o .

0 

(complete -im'mobi|i*za‘tion) of 10.2 ugoL". In the only 
"available chronic tributyltin exposure test, Daphnia 

. magna exhibited a significant reduction in the number 
ofiyoung produced per adult surviving a 21-d ' 

exposure and in the number of young produced) 
per adult per reproductive day at a concentration of 
0.2 pgoL" (Brooke _et al. 1986). in a study on the snail 
Biomphalaria glabrata, Ritchie et al. (1974) found 
significantly reduced egg laying after exposure to 
0.001 pgoL" bis(tributyltin) oxide for 85 d after hatch- 
ing. This study ‘was deemed unacceptable because 
the test was conducted under static renewal condi- 
tions over 85 d as opposed to flow-through conditions, 

. and because other experimental conditions were not 
sufficiently reported. For di- and monobutyltin, only 
one study ranked as secondary was‘ available for 
freshwater invertebrates. The test was conducted on 
young (<24 h old) Daphnia magna under static test 
conditions with u_n_mea'sured concentratgions and 
resulted in 24-h lC5o values of 690 and 30 400 ugoL'lg 
for di- and monobutyltin. respectively ‘(Vighi and 
Calamari 1985). 

'

. 

No studies ranked as primary were available for 
freshwater plant species (exposed to mono-, di-, or 
tributyltin(T able H-1).ln static tests with unmeasured 
butyltin concentrations, Wong et al. (1982) determined 
the nominal concentrations causing a 50% reduction 
i_n primary productivity, as measured by “C-:HCOa up- 
take (IC5o), in single and mixed phytoplankton species ’ 

tests. For the green alga Ankistrodesmus falcatus, the 
4-h lC5o values for'mono-, di-, and tributyltin were 25, 
6.8, and 0.02 mgoL"‘, respectively. The 4-h |C5o values 
for the green alga Scenedesmus quadricauda and the 
blue"-green alga Anabaena flos-aquae were 0.016 and ' 

0.013 mgoL" tn'butyltin_, respectively. The most sensi- 
tive. phytoplankton response was demonstrated when 
a mixed phytoplankton assemblage from Lake Ontario 
was tested; the 4-h lC5o value was 0.003 mgoL" tribu- 
tyltin. In other longer-tenn studies of tributyltin effects 
on freshwater phytoplankton, 14-d complete inhibition 
of growth responses was demonstrated at concentra- 
tions ranging from 0.056 mg_oL“ _for the golden alga 
Raphidonema Iongiseta to 1.78 mg.L" for the yellow- 
green alga Monodus subterraneous (Blanck etal. 
1984; Blanck 1986). - ~
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Primary, studies conducted under flow-through 
conditions and with measured .tn'butyltin- concentrations 
are available for three marine fish species (T able) F-2). 
In the first study, Pinkney etal. (1985) determined the , 

tributyltin levels that elicited avoidance behaviour in 
‘ 

mu_m_michog (Fundulus heteroclitus) during a 40-min ‘ex- 
posure. The‘ sign_if_icjant LOEL for this test was 3.7 ug V 

Sno_L"; however, at 1.0 ug-L“, four outof six replicate 
fish groups alsoexhibited avoidancebehaviour, although 
the authors did not find this to be significant.. Thus, 
1.0 ugoL'-‘ cannot be considered as a no-observed- 
effect level (NOEL) value (no lower concentrations were 

tested). ‘Chronic tributyltin toxicity tests were ‘con- 
ducted with juvenile _At|antic menhaden .(Brevoo_rtia. 
tyrannus) and larval inland silverside (Menidia 
.beryI.Iina) (Hall etal.- 1988c). Twenty-eight-day e_xpo-

, 

sures to_ tributyltin concentrations. of 0.093 and 
0.49 pg-L" did not significantly affect the survival of 
either species or cause" any significant histological 
changes. However, 

‘ 

sig_nificant‘reductions in growth 
were noted for M. beryllina at both tributyltin test _con- 
centrations. -No acceptable toxicity studies foreither 

3 

di- or monobutyltin are available formarine fish species. 

a 

The tr_ibuty|ti_n toxicity data base is extensive for 
marine invertebrates. and includes 14 studies ranked 
as primary (T able G-2). Acute. tests indicated varied 
sensitivity to tributyltin exposure for five species of 
marine invertebrates, with 96-h LC5o_ values ranging 
from 0.42 ug.L" for juvenile mysid shrimp (Acantho- 
mysis sculpfa) (Davidson etaI.; 1986a, 1986b) to 
19.5 ugo_L" fo_r grass shrimp (Palaemcnetes pugio) 
(Clark efal. 1987).- Chronic exposure tests have also 
indicated a narrow" range of sensitivity to tributyltin 
among the five species of marine invertebrates tested 
thus far. Responses reported in primary "studies 
ranged from a 6-d -LOEL (reduction in survival) of « 

0.023—0.024 ug-L“ for nauplii of the copepod Acartia 
tonsa (Bushong et al. 1990) to a 66-d LCso of 
0.97 ug.L“ for the bay mussel (Mytilus edulis) (Valkirs 
etal. 1987a). However, several secondary studies 
found significant effects at lower concentrations. Spat 
of the oyster Crassostrea gigas showed significantly . 

reduced ability to compensate for hypoxia at a con- 
oentration of 0.01 pgoL" (Lawler and Aldrich 1987), 
and dog-whelk (Nucella Iapillus) ‘exhibited a high 

'

A 

percentage ‘of imposex at 0.019 ugoli‘ (Bryan eta,’- 
1986). Laughlin et al. (1988) found that 0.01 ugoL" 
bis(tributyltin) oxide inhibited growth in‘ the clam 
Meroenaria mercenaria. "Acceptable studies for dibu- 
tyltin dichloride were found for only one marine_ inver- 
tebrate species, mudcrab (Flhithropanopeus harrisil) 
zoeae, with a 14-dt LC» of 6_81jugoL“ (Laughlin at al. 
1984a, 1985b;' Laughlin 1987). No toxicity -studies on 
marine invertebrates of either primary or secondary‘ 
rank were available for monobutyltin. 
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In the only marine plant study ranked as prima'ry, « 

Beaumont and Newman (1986) determined that the" 
microalgal species Pavlova Iutheri, Dunaliella terti-

, 

olecta, and Skeletonema costatum all had significant 
reductions in growth at 0.1 p;goL" tributyltin (no lower 
concentrations were tested"). ln_ acute tributyltin expo- 
sure tests ‘ranked as secondary, responses ranged 
from a 72-h ECso (reduction in growth) of" 0.30-0.37 
pg.L" for the diatom S. costatum (Walsh etaI.'1985, 
1987; Walsh«1986) to a -30-min’ LOEL (reduction in up- 
take of nitrate, phosphate, and silicate) of 29.0 pg.L" 
(Thomas and_ Robinson v1987);.7Response's'to acute 
exposures to dibutyltin ranged from a 72-h EC5o of 
23-53 u.goL" in S. costatum (Walsh etal. 1985, 1987; 
Walsh 1986) t0 a 7241 Lcso Of >300 |.lgoL'.1 fol‘ the 
same species. (Walsh et al. 1985). Similarly, acute - 

tetrabutyltin exposures led to responses ranging from 
' 

a_ 72-h EC.-,o of 17.2-17.4 ug-L" for S. costatum 
(Walsh etal. 1985, 1987; Walsh 1986) to a 72-h ’ 

LCso of >500 ugoL" for the same species (Walsh at al. 
1985). No toxicity ‘studies of either primary or secon- - 

dary rank were available for monobutyltin for rnarine A 

plant species. 

Phenyltins
I 

In the only study ranked as primary for freshwater‘ 
fish, Jarvinen etal. (1988) determined the ‘responses of 
larval .fathead minnows (Pimephales promelas) to 
both’ acute and chronicmexposures of triphenyltin. The 
results indicated a 96-h E05. (changes in behaviour) of 
3.5 pg.L" and a 96-h L059 of 6.8 pg-L". Briefexpo- 
sures for 24 and 72 h demonstrated 96-h LC'5o values 
of 19.1 and 5.7 ugoL“, respectively, and 30-d L059 
values ranged from 3.7.to 15.6 ugoL". A continuous- . 

exposure, 30-d chronic effect concentration, based 
upon.reduced growth, was found to be 0.22 ug.L". 
In other acute triphenyltin tests given’ a secondary 
ranking (Table F-1), responses ranged from a 96-h 
LCso of 14 .ug.|__“ in rainbow‘ trout (Oncorhynchus 
mykiss).(Tooby at al. 1975) to a" 24-h LC1oo of 
860 pg«-L" for the eel Anguilla anguilla (Gras and 
Ftio'u'x 1965). No primary or secondary toxicity tests were 
available for di- and monophenyltin for freshwater fish. 

*' Of the five freshwater invertebrate species that . 

. have been tested to dete_rrnine responses to acute 
triphenyltin exposures (all studies were ‘ranked as sec-' 
ondary), the cladocerans Daphnia magna, D. pulex, — 

and Ceriadaphjnia dubia (all <24 h old) were found to 
be the most sensitive, with 48-h E059 (immobilization) ' 

values‘ of '1-3.8, 15.7, and 10.8 pgoL_‘.‘, respectively 
(Kline etal. 1989). The other two invertebrate species 
tested, midge (Chironomus n'par'ius) larvae and the 

’ isopod Asellusaquaticus, had 48-h LC,-,9‘ values of 30 
and 560 -pg.'L", respectively (Gotta-Ramusino and



V 

Doci 1987). The only toxicity study available for 
diphenyltin indicated that D. magna (<24 h) was less 
sensitive to this compound than to triphenyltin; the 24-h 
lcsewas 520 ugoL“ (Vighi and Calamari 1985). No tox- 

, icity data for freshwater invertebrates were available 
tor monophenyltin. 

In a study, ranked as secondary, Wong efal. 
(1982) determined 4-h lC59 (the concentration causing ‘a 
50% reduction in‘ “C-H003 uptake) values of 10 pgoL" 

- for the green‘ alga Ankistrodesmus falcatus; 40 ugoL" 
for the green alga Scenedesmus quadricauda; 
20 ug.L" for the blue-green alga Anabaena flos-aquae; 
and 2 pg‘oL" fora mixedrphytoplankton assemblage 

- from Lake Ontario during /exposure to triphenyltin. The 
corresponding 4-h |C5o values for A. falcatus tor di- 
and monophenyltin were 8000 and 19 000 ug-L“, 
respectively. No other toxicity information-was avail- 
able for the phenyltin compounds for freshwater plants. 

There little available toxicity infonnation on the‘ 
effects of p_henyltin compounds on marine, biota 

' (Tables F-:2, G-2, and H-2). In the only toxicity test 
available for a marine fish species, Linden et al. 

- (1979) determined a 96-h LC5'o of 320-440 ugoL" for 
the bleak (Alburnus-alburnus) in a triphenyltin expo- 
sure study ranked as secon_da_ry. For marine inverte- 
brates, the only primary study found reported that the 
-grass shrimp (Palaemonetes pugio) had a 96-h L050 
of 48.9 pg.L'-‘ triphenyltin (Clark etal. 1937). The mud 
crab (Rhithropanopeus harrisil) experienced 14-d 

i LC5os of 34.'and 701 ugeL“ for tri- and diphe'nyl,t,i,n, re- 
spectively, in studies ranked as secondary ("Laughlin 
.et al. 1984a, 1985b;_ Laughlin 1.987). No toxicity infor- 
mation on, diphenyltin was available for marine fish. 
species, nor on monophenyltin for marine fish and in- 
vertebrate species. For the marine diatom Skele- 
tonema costatum, Walsh 'etal. (1985, 1987) and

' 

Walsh (1986) determined 72-h Ec5,._ (decrease in 

growth) values of 0.63-0.84 and 20-25 ugoL" for tri- 
and diphenyltin, respectively. The corresponding LC5¢ 
values were 4.2-14.4 uggL" triphenyltin and 
.>400 ugoL" diphenyltin. For the marine diatom 
Thalassiosira pseudonana, 72-h’ EC5'o ‘values of 

A

i 

1.-0-1.3 pgoL" and 29 ug4L" were determined for tri- 
and diphenyltin, respectively. No toxicity data for 
marine plant species were available for monophenyltin. 

Other Organotins 

Much of the toxicity research. conducted on other
I 

organotin compounds was conducted during the 
1960s (e.g., Frick and de Jimenez 1964;, Ritchie eta/. 
1964; Seiffer and Schoot 1967; Hopf etal. 1967) and .' 

does not meet recently developed standards for toxic-. 
ity testing as outlined in CCREM (1987a). For fresh- 
water biota, only two secondary-ra_nked studies were 

V 

available for organotin o.ompou'nds'not included’ in the .. 

rhethyltin, butyltin, or phenyltin groups of compounds. 
For young ‘(<24 h) Daphnia magna, 24-h |C5o values 
were determined for. diethyltin (2800 ugoL"), triethyltin 
(190 pgoLf‘), tripropyltin (32 ugoL")', and tetrapropyltin 
(1180 ug.L") (Wghi and Calamari 1985). For the 
freshwater alga Ankistrodesmus"falcafus, 4-h lC5o 
(50% decrease in ~14C*HCO3_ uptake) values were 
available for diethyItin- (16 000 pg-L"), triethyltin 
(200 pgo‘L"), and tripropyltin (20 u.goL") (Wong etal. 
1982). The 4-h |C5o value for triethyltin for the green 
alga -Scenedesmus quadricauda was 100 pgoL"; for a 
mixed phytoplankton asjsemblage from ‘Lake Ontario, 

A 

the 4-h |C§o values for triethyltin and.-tripropyltin were 
55 and 4 ug.L", respectively (Wong etal. 1982-). The 
above data indicate that the triorganotin compounds 
are the most toxic to freshwater, biota and that the 
longer-side-chain propyltin compounds are more toxic 
than theeethyltin compounds (see Fig. 5). 

Invertebrate toxicity data were available for -only 
one‘ species, the mud" crab (Flhithropanopeus harrisil), 
from only one study, ranked as secondary. In 14-d ex- . 

posures, LC5os of 80.7 pg9L" triethyltin, 92.4 ‘p.goL“ 
tripropyltin, 90 ugoL" triisopropyltin, 26 ugoL" triisobu- 
tyltin, 7.2 ugoL" tricyclohexyltin, 2.58 mgoL'_‘ diethyltin, 
2.86 mgoL" dipropyltin, 100 pgoL" dicyclohexyltin, and 
7.47 .mg.L" dibenzyltin were determined (Laughlin etal. 
.1984a, 1985b; Laughlin 1.987). No toxicity information 
was available formarine fish species for any of the 
ethyltin, propyltin, cyclohexyltin, or other organotin com- 
pounds not previously discussed. Walsh et al. (1985, 
1987) _and Walsh (1986) conducted a series of toxicity 
tests (ranked as secondary) on marine phytoplankton . 

species (Table H-2). For the diatom Skeletonema 
oostatum, .72-h ECso (50% decrease in _popul_ation 
growth) values of 3.2 and 142-148 pgoL" were deter- ' 

mined for tri- and tetraethyltin, respectively. The (corre- 
sponding 72-h LCso values forthis species were 29 
and >500 pgoL". Another marine diatom species, 
Thalassiosira pseudonana, had 72-h ECsu values of 
2.7-2.8 and 116-121 ug.L" for tri- andrtegtraethyltin, 
respectively. Based on the above Iim_ited data base, it 

appears that marine phytoplankton may be more sen- 
sitive to the acute toxic effects of ethyltin exposure 
than are freshwater phytoplankton. 

' 

’
‘ 

Toxicity to Livestock and Related Biota. ' 

. 
The number and composition of the organic 

(moieties bonded to the tin atom determine the toxicity’ 1 

of organotin compounds to livestock and related biota 
(Appendices l—M).
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Organotin toxicity to mammals‘ generally de- 
creases from tri- to monoorganotins. Tetraorganotins 
resemble triorganotins in their toxicity, but their effects 
are often less and somewhat delayed by comparison. 
Mammalian ’toxicity*within each class of organotin 
compounds is determined by the number of carbon 
atoms per side chain..The lower homologues. of the 
trialkyltin series, trime'thyl- and triethyltin, are the most 
toxic. Increases in the n-alkyl chain length reduce 
mammalian toxicity to the extent that’ trioctyltin 
compounds are’ essentially non-toxic (Snceij etal. 
1987a). Although it is generally regarded that the 
anionic radical of the organoti_n compound has little 

effect on biological activity-, this does not seem to be 
the case if the anionic group becomes involvedin 
the formation of a polymeric structureor a chelated 
monomer. In these cases, ‘there is a reduction i_n the 

A 

. biological activity of the compound (Blunden etal. 
1984). 

-1 

_ 

Toxicity 

A summary of the acute’ oral ii'.e.,' single dose)
_ 

toxicity of -several tributyltin compounds is presented 
in Appendix I according .to the specific anion. The - 

rat LD5o values based on the total compound (i.e., 
tributyltin + anion) rangedfrom .94 to 224 mgokg" 
body weight. However, when based on millimoles of 
tributyltin without consideration of the anion, the range 
was from 0.24 to 0.49 mmolokg“ body weight. Thus, 
the anions in these particular» cases had little to do 
with the toxicity of the tributyltin compounds. A sum- 
mary of repeated-dose oral toxicity studies is pre- 
sented ‘in Appendix J. Physicochemical investigations 
support the conclusion that regardless of the mo- 
lecular species ingested, the’ molecular species ab- 
sorbed by the gastroi_ntesti'na| tract is tri_butyltin ,’ 

chloride (Schweinfu_rth and Gunzel 1987). The 
mechanism of toxic action of trialkyltins is thought to 
be the inhibition ‘of a reaction in the ener9Y transform- 

’ 

ing chain between electron transport and the forma- 
tion of "adenosine triphosphate (ATP) (Mccollister and 
Schober 1975). _ 

A summary of the ‘acute oral toxicity‘of’tr'iphen-_- 
yltin -compounds to four commonly used laboratory 
animals is presented in Appendix K. The oral LDgo for 
rats ranged from 110 to 491 mgokg" body weight. 
Within the intestine, the major molecular species was 
triphenyltin hydroxide, regardless of the triphenyltin 
anioningested. The oxide of triphenyltin was less toxic, 
and the possible incidental formation of this com- 
pound in administered oil solutions of the hydroxide is 
thought tobe the reason_for the observed variation in_

' 

toxicity test results. Guinea pigs are one of the most 
sensitive mammals to triphenyltin compounds. Oral 

22 . 

administration produced slow death with weakness,‘ 
anorexia, rough coat, diarrhea, staggering,‘and red- 
dish lachrymjal fluid preceding death in -coma. The 
main site of action for triphenyltini toxicity appears to 
be the central nervous system (Bock 1981). In, vifro 
studies show that triphenyltin compounds inhibit,- 
oxidative phosphorylation in liver" mitochondria and 
adenosine triphosphatase (ATPase) activity of brain 
microsomes._ The inhibitionvof oxidative phosphoryla- 
tion was accompanied by changes in the selective " 

. permeabil_ity of mitochondrial membranes (Mccollister 
and Schober 1975). 

Biochemical and pharmacological studies on the 
mechanism of "action of tricyclohexyltin hydroxide 

_ 
show symptoms in experimental animals similar to 
those of triphenyltin compounds..The main site of_ -- 

action__appears to be the central nervous system 
(Mccollister and Schober 1975). ‘ 

Uptake and Metabolism 

In vivo and in‘ vitro studiesof the mammalian 
’ 

metabolism of tributyflin acetate have indicated the ’pro- ‘_ 

duction of hydroxy_butylti_n derivatives. These metabolites 
undergo destannylation to fonn cfibutyltin derivatives, bu- ' 

‘ 

tanol, butene, and the corresponding ketone (Kimmel . 

ef al. 1977). The observed sequential dealkylation of 
tributyltin from tri- to di- to monobutyltin and then to

_ 

inorganic tin generally appears to operate in both ‘ 

mammalian and avian systems (NRCC 1985). 

Uptake studes conducted on rats with radioactive 7 

tin as triphenyltin ch_|oride'demonstrated‘ that 80%—88% 
of the orally ad_mi_n_iste_red triphenyltin was elimin_a_ted 
in feces and urine ‘within 7 cl. Following ingestion, -- 

concentrations of triphenyltin were always higher in 

the gastrointestinal tract, followed by theliver 
and kidneys. The radioactive_tin eliminated from the 
body was not always differentiated as to inorganic or 
organic tin in these experiments, but other experi- 
ments have‘ demonstrated that the amount of triphen- 
yltin appears to decrease with in‘crea_sing time. This 
suggests metabolism and possibly microbial decom- 
position within the gut. Dietary levels of5—25 mgokg" 
do not lead to triphenyltin accumulation (Bock 1981).- 

l\_/leta_boli,sm of triphenyltin in the liver does not 
occur through the mi_xed-function oxygenase system. 
Studies of triphenyltinbreakdown after oral and intra- 
peritoneal administration showed little change in the 
parent compound prior to elimination from the body 
(Bock 1981).. 

4 

.

' 

Tricyclohexyltin is excreted from the bodies of 
test animals primarily in the feces. Rats receiving a



single.oral dose of ?‘°sn tric'yc|ohexyl'tin _exhibited 
recoverable radioactivity in-the excreta 10 d after dos- 
ing. Most of the activity (97.5%-98.1%) occurred in 

- the feces, with very little activity in the urine, The ma- - 

jority of the tricyclohexyltin dose. (75%-85%) was ex- 
creted in the first 4 d after dosing. These studiesled 
the authors to conclude that tricyclohexyltin Passes 
through the intestinal tract /with very little absorption ' 

(McCollister and Schober 1975). 

Physiological and Biochemical) Effects 

Depressed immunological responses in mammals 
have been observed after-exposure to dialkyltin com- 
pounds. Specifically, dipropyl-, dibutyl-, and dioctyltin 
compounds caused dose-related decreases in the 
weights of thymus, ‘spleen, and lymph nodes in rats after 
several weeks of ingestion. As a consequence, the im- 
mune response of these rats was depressed. Trior- 
ganotin compounds, particularly tripropyl-, tributyl-, and 
tn'phe,nyltins, are also known to have immunotoxic prop- 
erties generallycharacterized by suppressed immune 
responses to infectious agents. Higher trial_kyltin homo- 
logues such as trihexyl-or trioctyltin have either a 
limited or unobservable effect on the thymus and re- . 

lated immunologicjal responses. Possible immunotoxic 
properties of trimethyl-' or triethyltins are probably 

by their extreme neurotoxicity (Snoefi eta[_. 
1987a)._ ' ‘- 

Long-term, sublethal studies of tributyltin inges- 
tion demonstrated that the main organs affected were 
those of the lymphatic system, Thymus atrophy was 
particularlyevident in 4- and 13-week feeding "studies 
using juvenile rats. Thymus-dependent immune re- 
sponses were also impaired at. dietary levels of 5 and 
50 rng-kg". Higher dietary’ concentrations (i.e., 80 mg.kgf‘) 
produced hormonal changes (Schweinfurth and Gunzel 
1937). 

_

- 

Hepatotoxic studies of organotins are pr_i_r_narily 
concerned with dibutyltin compounds -and damage v 

(e.g., inflammation, lesion) to the bile duct that may 
result in peritonitis and pancreatitis. Similar damage is . 

also caused. by diethyl-, dipropyl-, diphenyl-, and di- 
hexyltin compounds, but to a lesser degree. Bile duct 
damage also occurred in rats chronically exposed to 
tributyltin compounds (Snoeij et al. 1987a)._ Death and 
inflammation of the hepatic bile duct occurred in 9 of 
24 rat pups orally exposed to 3 mgokg" tributyltin 
acetate over a period of 28 d (Mushak_et al. 1982).

, 

V 

Neurotoxic'eftects induced by organotins appear 
limited to trimethyl- and triethyltin. Symptoms of neu- 

. rological damage in rats treated with dmethyl-, diethyl-, ' 

or any of the higher trialkyltin homologues have not 
been observed (Snoeij et al. 1987a). 

‘Japanese quail (Cofurnix japonica) are less 
sensitive than rats totributyltin ingestion, with di-. 

. etary‘ levels of 450 mgokg" failing to produce effects. 
Lofing-term _ingestion of tributyltin does not produce dis-' 
tinctive central nervous system damage,-as occurs 
with methyltin (Kimmel ef al. 1 977). 

Mutagenic, Teratogenic, and Carcinogenic Effects 

Bis(tributy|tin) oxide has not been shown to 
induce point mutations or DNA damage in the majority 
of the in vitro microbial and mammalian cell test“sys- 
tems tested thus far. One report of a mutagenic response 

_ (Davis efval. 1987) could not be confirmed during a 
re-evaluation of the data (Schweinfurth and Gunzel 
1987). In addition, six tributyltin esters produced nega- 
tive results with the Ames test. -

. 

Maternal doses as high as 6 mgokg" bis(tribu- 
tyltin) oxide did not produce teratogenic effects in 
mice. Doses of 11.7 mgokg“ and higher have pro- 
duced maternal toxicity and are thought to have 
caused an increase in the frequency of cleft palates in 
-the otfspri_ng of the_surviving females. Conclusive

, 

evidence, however, is |acking.r_T’he NOEL for maternal 
toxicity and embryo toxicity/fetal toxicity in rabbits 
administered bis(tributyltin) oxide on gestation days 
6-18 was 1.0 mg.kg". Teratogenic effects were not A 

_.reported at higher levels that were found to cause 
maternal toxicity (Schweinfurth and Gunzel 1987). 

A 

Two-year bis(t'ributylti_n) oxide feeding studies in 
rats showed an increase in the incidence of some be- 

_ nign tumours that normally-have a high background 
level. This increase was believed to be due to 
bis(tributyltin) oxide interference with the normal 
physiology of the rats, rather than any genotoxic 
mechanism. Confirmation of a carcinogenic response 
to the "ingestion of ‘bis(tributyltin) oxide is "lacking 
(Schweinfurth and Gunzel 1987). A 

_ 

_ 

Triphenyltin acetate orally administered to mice 
in 

_from-7 d to 14 weeks of age at the maximum tolerated 
dose (0.464 mgokg“) did not have ‘a significant effect 
on -tumour incidence (Bock 1981). Triphenyltin hydrox- 
ide produced teratogenic effects in rats via ingestion. 
However, a NOEL could not be determined from the 
available data. immunotoxic effects and reproductive 
effects were also produced by this compound. A 
three-generation study“ that derived a NOEL of 
0.25 mgokg"od" was classified as not acceptable, as 
only summary data were submitted (US. EPA 1984). .

.
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Toxicity to Non-target Crops 

Most of the available information related to organotin 
toxicity to terrestrial plants concerns the triphenyltin 

’ group of compo_unds.(Appendix M). The fungicidal prop-' 
erties of this group have been "recognized for over 40 
years. However, use in agricultural ‘pest control 

' 

seem_ed impractical ‘fora number of_ years because of 
the high phytotoxic characteristics of these compounds. 
Triphenyltin acetate, released commerciallyin 1954, 
was one ofthe first foliar -fungicides to be effective 

' 

‘against several ‘fungi and yet of sufficiently low_ phyto-V . 

toxicity for protection of the cultivated plant. However, 
prevention of damage to cultivated plants is depen- 

- dent on the use of suitable formulations for particular‘ 
‘A plant species and proper dosage levels, (Bock.1981). 

A review of the information related to the phyto- 
' 

toxicity of different triphenyltinfungicides (Bock 1981) _ 

was impaired by a lack of data regardingformulations. 
The conclusion reached by Bock'(1981) was that the 
phytotoxicity experiments using triphenyltin compounds 
‘were subject to-varying degrees of uncertainty and 
thus are difficult to compare. 'l'he_fo||owing factors were 
influential in the phytotoxicity of triphenyltin compoutndszi 
(1 )'the associated anion, (2) the antagonistic or sy'ner- . 

gistic effects "of other compounds" in the formulation‘, 
(3) the pH of the formulatedliquid, (4) the solubility of 
the specific triphenyltin used, and (5)'the particle size 

' 

of the suspension. The associated anion was especially 
important, as triphenyltin chlorides, sulphates, acetates, 
and hydroxides are very phytotoxic. By comparison, 
the triphenyltin mono- and dithiocarbamates provided 
effective antifungal activity but were generally safe 
from the. standpoint of phytotoxicity (Chandra etal. 
1 987). 

. Almost allot the phytotoxicily data for phenyltins are 
restrictedto foliar applications. Phytotoxicity .information 
related to root uptake is scarce, perhaps because of 

. the strong adsorption of phenyltin com_pou_nds .to 
soil and consequent reduction in bio.availabi_lity. Little 

information is available on the foliar phytotoxicity of. 

other organotins. Tripropyltin acetate and several tribu- 
tyltins have been found to be more phytotoxic than 
the triphenyltin acetate and hydroxides (Bock 1981). 
In vitro' studies of isolated chloroplasts . demonstrated 
an inhibition of photophosphorylation by trialkyltin and 
triphenyltin compounds (Wailing and Selwyn 1972; 
Watling-Payne and Selwyn 1974; Gould .1976). 

1' 

RECOMMENDED WATER QUALITY GUlDELlNES 
Raw Water for Drinking Water ‘Supply 

The Federal-Provincial Subcommittee on Drinking 
Water of the Advisory Committee 

(24 

on Environmental and Occupational_Health hasnot 
recommended guidelines for drinking water_for any 
of the organotin compounds (Health and Welfare 
Canada 1989). Until such guidelines are available, no .

' 

guidelines for organotin compounds in raw water for 
- drinking water supply will be -attempted.

_ 

Recreation and Aesthetics 

Recreational water can be aestheticalily impaired 
by an offensive odour, taste, or colour. Although vapours 

. from concentrated ethyltins "have a powerfully pungent 
odour" (Zuckerman et aI.’1978), we found no evi- 
dence that this group of compounds has ever been 

' 

detected in natural waters, Schweinfurth and .G'unze| 
(1987) noted that _the ufndiluted technical active in- 
gredient tributyltin is severely irritating to the, skin of 
experimental animals and to humans. Tributyltin paint 
formulations have also been found to cause-skin and 
eye irritation i_n rabbits. However; it is unlikely that the 
tributyltin .concentrations used in paint formulations 
would ever be found in wate_rs used for recreational 
purposes. No published data ‘on the organoleptic‘ 
effects of any other organotins in water or in fish flesh 

1 were found. Therefore, Canadian water quality guidelines 
for this water use are not attempted. . 

. Aquatic biota have been found to be relatively‘ 
sensitive to low levels of tributyltin and triphenyltin,‘ 
_and guidelines or interim guidelines have been developed. 
Water containing organotin ‘compounds at concentra- 
tions that could potentially affect recreational use

V 

would_alr'eady' be severely impaired for use by aquatic 
_ 

organisms. As it is theaim-of the Canadian Council of 
Ministers of the Environment (CCME) to protect the 
‘most sensitive water uses in preparing Canadian 
water quality guidelines, no guidelines for recreational 
water quality and aesthetics are recommended for any 
organotins. Although methyltins and. otherdbutyltins 
have been detected in environmental samples in 

Canada, there is _no evidence to indicate that recrea- 
tional water quality and aesthetics were adversely 
affected. 

' 

_

» 

Aquatic Life 

Freshwater Aquatic Lira 

No Canadian (water quality guidelines or interim 
Canadian water quality guidelines for the protection of 

. freshwater aquatic life.ar"e.recommended fo_r organotin 
compounds other than tributyltin and triphenyltin. For V 

-compounds other than tributyltin and triphenyltin, the 
data considered in this report did not meet the mini- 
mum data set requirements required for developing 

' 

guidelines (Appendix N-1_) (CCREM 1987a).
'



An interim Canadian ‘water. quality guideline of - 

. 0.008 ugoL" tributyltin is recommended for the protec- 
tion and ’maintenance of freshwater aquatic life. This 
_level was derived by applying a safety factor of 10 to 
the lowest ‘reported chronic effect level, a 33-d LOEL 
of 0.08 pg-L" tributyltin for growth of post-hatch fat- 
head minnows (Pimephales promelas) (Brooke et al. ~- 

1986). The 90-d LOEL of 0.031 ugoL“ tributyltin for 
histopathological changes in the guppy (Poecilia re- 
ticulata) (Wester and Canton 1.987) was_not used to 
derive the interim guideline because this fish species 
is not native to Canada. The data set considered in 
this report did not include any primary studies for tributyltin 
effects on freshwater ‘plants, nor were there sufficient 
primary chronic data for freshwater fish and inverte- 
brates (Appendix N-1). Therefore, there are insufficient - 

data to proceed withvfull guideline development, and the 
0.008 ).1g'oL". level for tributyltin is recommended as 
an interim guideline. Bas_ed on the available primary 
and secondary toxicity information, the recommended ' 

. guideline should provide protection for all freshwater 
aquatic biota and all aquatic life stages (Fig. 6). 

An interim Canadian water quality guideline of 
0.02 ugoL“ triphenyltin is recommended forthe protec- 
tion and maintenance of freshwater aquatic life. This 
level was derived by applying a safety factor of 10 to ' 

the lowest reported chronic effect level, a 30-d LOEL 
. of 0.22 ugoL" triphenyltin for growth of fathead minnows 
(Pimephales prome/as) (Jarvinen etal. 1988).’ No 1 

- pri_mary studies for triphenyltin exposure of freshwater 
invertebrates_or plants were available, and thus there- 
were insufficient data to prooeedwith full guideline de- 
velopment (Appendix N-1). Based on the available“ 
‘ 

primary and secondarytoxicity information, the recom- 
mended guideline should provide protection for all 

, 
aquatic biota-andall aquatic life stages (Fig. 7). 

‘ Marine Aquatic Life 
I 

There are insufficient data to recommend Canadian 
water quality guidelines for the protection and mainte- 
nance of marine aquatic life for anyorganotin compounds

V 

except (Appenaix N-2) (CCREM 1987a). 
The available data indicate that the most sensi- 

tive marine organisms to tributyltin arespat of the oys- 
ter Crassostrea gigas (Lawler and Aldrich 1987). In a 
short-term experiment, spat exposed to 0.01 )1g.L" 
bis(tributyltin) oxide were significantly -less able to com- 
pensate for hypoxia, a frequent condition in the shal- 
l_ow estuarine breeding areas "of this species. Also "at 
o.o1 pg-L“ bis(tn"bu1y|tin) oxide, Laughlin etal. (1988) 
found growth inhibition occurred in the clam Mercenaria 
mercenaria Therefore, a Canadian wale'r_'quality‘ guide- 
line of 0.001 ugoL" tributyltin is recommended for the 

protection and_maintenance of marine aquatic life. This 
» value was derivedby applying a safety margin of 10 to 
the above chronic value. All minimum data set require- 
ments were met for this compound (Appendix N-2). The 
available toxicity information indicates that the 
guideline value of 0.001 pig-L"‘ tributyltin should 
provide protection for all marine aquatic biota and 
aquat_ic.life stages (Fig. 8). 

Agriculture
‘ 

A 

Livestock Watering 

Tributyltin
' 

_ 
Acute toxicity studies are generally single-dose 

studies that are performed to characterizethe effects 
after a single exposure to large‘ amounts of the com,- 
pound (e.g., after accidental ingestion). For oral inges- 
tion of. tributyltin, rat LD5o valuesranged from 94 to" / 

224 mgokg“ bodyweight and mice L,D5~o values ranged 
_from 46 to 230 mgokg" body weight (Appendix I). The A 

inhalation and dermal routes of exposure are not of 
concern for livestock because tributyltin is not ex- 
pected to occur at high levels for exposure via those 

. routes (Schweinfurth and Gunzel 1987). Death" and 
inflammation of the hepatic bile duct occurred in 9 of 
24 rat pups orally exposed to 3 mgokg" tributyltin acetate 
over a period of 28 d (Mushak et al. 1982) (Appendix J). 

Canadian water quality guidelines for livestock 
water are calculated using maximum daily intake (MDI) 
rates, livestock body weights, and daily water intakes. 
The high water intake rates of lactating dairy cattle (up 
to 200 Lod") indicate that they will likely be the most 
sensitive animals to tributyltin in livestock water. Be- .

I 

cause livestock may also be exposed to tributyltin 
through food sources or other exposure routes, an as- 
sumed percentage of daily exposure through irtgestion 
of drinking water of 20% is used in the cal_c'ulation of 
the water quality guideline (NAS 1977). Therefore, the 
following calculation was performed in order to derive 
a Canadian water quality guideline for tributyltin for the 
protection and maintenance of livestock water‘: 

Maximum Dally Intake = 3 mg-kg"-d" (Mushak ef'al.1982) 
Safety Factor = 0.1 (for lifetime exposures) (CCREM 

‘ 
1987b) ' 

'- 

Dal_ryCattle Body = 820 kg (W. Buckley, -Agriculture 
- Weight (maximum) . Canada,pers.oom). ‘ 

Daily Water Intake 200 Lod" (W. Buckley, Agriculture 
(maximum) Canada, pers. com). 

Relative Source = 20°/. (NAS 1977) 2’ 

Contribution (in water) 
_ A 

_

- 

Canadian Water = [(3 mg-kg".d" x 0.1 x 820 kg)/200 
' 

_L-_d"] ><20% Quality Guldeli_n_e
_ 

. 0.25 mg”.L" tributyltin 

25'



92 

[T.exlceIo ilcdl ETC: and Effect and 
, 

' - 

'
‘ 

Y|nformQg'f_|on ”fxeo,r;.fgge exposure f|me_ , 

» Concentration (pg..L") 

A_c_t_11<2__c=|o_tq _~ 

‘ é 

_ , 

Verltebrofes All L050 »‘ ' 
‘ _, 

3 Invertebrates All!‘ 
A q——---———- ‘ 

’

b 

‘ =P|c1n’r;s4 §A” fECs._a 
' 

- 

u 
- 

' 

‘A
‘ 

~ -O"rhe.r 

' vCh:ro~nIc data . 

_ 

Verfe‘b.r§1te.s ’A|| 
J 

LOEL 
V 

.. . ....____.____.;. 

3 

" 
. 

‘PI n I A33-a LOEL. M. .- 
. 

‘

. 

; 

- 

‘ 
' 

_ 

" Prggglaas as 
A V

— 

‘ ‘Daphnla 2'1—d LOEL 
f 

— 

V 

- 

‘° 
magna . A / 

. 

-- 

gvorleus fl -EC:,‘,,', . . olgcnie . 

a_ 
‘ 

14 a_ 
jOfher

A 

iorgonoileptlc effects ‘ 

‘ 

No data V: 

'Ga'Ide‘l~Ines of. other agencies ' 

_
I 

Canadian water__Quamy Guldelizne V _A_ .-

' 

L 1 - = 

. . 

p 

0.001 0.01 0.’|_ 1 
, 

. 

10 - 100' " I000 10 000 

ale Ioxlc«|?’ry test used to ‘derlve guideline value 
_ 

_ 

. 

I 

A 

I
A 

E] U.S. EPA Freshwater acute value - 

' ' 

. _A 
~ 

_

’ 

'0 u'.s... -E‘PA.Fres’hwofer cihronlc value" 

Figuite 6. Guldellne derlfiallon graph: for trlbufyltin for the pfitedlon of freshwateraquatlc llfe.



;Taxicologica‘| Taxon and EffeC1’ and 
V 

- 

" 

_ 

‘ 

_, 

iiniformation life stage "exposure time ' 

V 

4' 
‘ C°”Ce”"_'°-“O” (il9*V'- ) 

b./Xcute data 
e 

' 

. 

‘ ‘ 

It I ,
. 

5 

Vertebrates A" - 
LC“ T ' 

‘ * 

’ 

» 

' 
i

- 

invertebrates -A" ' '-C50 
, 

* 

. 

0 
A

— 

_ 

Plants, . 

A“ 
_ 

EC“ 
‘ 

V

4 
Other 

I, _ 

u ' ' 

:Chronic datag ‘ 

. ‘A 
_

_ 

I 

Vertebrates ’ Pimapha/95 30'd I-OEL 
_ 

i 

—

* 
_ . 

v Dromelas . 

- w 0 

‘ 

V 

_ 

(larvae) _

A 

Invertebrates‘ 
’ 

' 

; 

. 

V - 

' No data 
‘ Plants" : 

- 

_ 

i 

_ 

Nodata ' 

Other ‘

V 

I Orgarjoieptic effects 
A 

A 

Nd dofo .

' 

Guidelines of other agencies . 
.

. 

Canadian Water Quality Guideiine J _ “ml A .1 
i I 

V 

V 

- 

I I I 
A 1 

0.001 0.01 
e 

0.1 1 .1-0 
_ 

1:00 
_ 

1000- 10 000 
V 

_ 

‘>[<Toxi.city test used to derive guldelinevalue 

' 

~ Figure 7. Guideline derlvallon graph forlrlphenyltln for the protecllon of fneshwatef aquatic life. L3.



ea 

‘ Taxon and .ToxiCoiogi'ca|¥ 
1 

'Effect'and 
, 14 

' 

1 information 
; 

life stage exposure time 000090110110“ .(i1Q''_1- ) 

Acute data 5 

~ Vertebrates - All ;;LC-50 
‘ 0-

. 

invertebrateg All - 1LC:_,,.; 

Plants 
1 

All 
1 

E050 LgC5O’
I 

'; Other 
I 

‘— 

1 Chronic data'= . 

A

V 

‘ Vertebrates Menidia . 

A 

28.—d1 LOEL, i o
' 

A 

V 
- berylline 1 

3

" 

1 

Gamma) ; P j 
Invertebrates Au 

' ' 

_ 
LOEL * . 

’ ' 

1 

:‘é<°2‘1”?fi’;€1%%°*°'d LOEL
; Plants 

1 

Benthic 26d LOEL 
V microalga 

Other 
1

_ 

Orgpnoleptic effects 
' No data 

Guidelines -of other agencies 0 o -. u 

-000 

* Toxicity‘ test‘ used to derive guideline value 
U.S. EPA Marine chronic value V 

U.S. EPA Marine acute value A

- 

U.K. Environmental Quality Target 20 ng-L" 
U;K. Environmental Quality Standard 2 ng-Li‘ 

Canadian Water Quality Guideline 
1 A A nruinil i Ainuul I '”Al'!"|' 

| 
I" 
“Him 

I I”“"l I‘ ‘Hum I I. H I
* 

' 

1.0 000 . 0.001 ’ " 0.01 0.1 1 1,0 100- 1000 

Figure 8. Guideline derivation graph for-tr-ibutyltin for the protection of marine aquatic life. .

K



. 

Triphenyltin 

For oral ingestion of triphenyltin, acute LD_5oS for ' 

rats have-been shown to range from _110 to 
491 mgokg" body weight (Appendix K). For mice, the 
LDso range was found to be 80-1000 mggkg" body 
weight, whereas guinea pigs and rabbits had LD5o 
ranges of 10-412 and 30-140 mgikg" body» weight,

' 

. respectively. Long-term ingestion studies with several 
mammalian species have indicated that rats, guinea 

' pigs, and dogs have a similar sensitivity to triphenyltin 
in'the diet (Bock 1981). The most sensitive long- 
term response was observed in guinea pigs exposed 
to triphe'nyltin- acetate in" their diet for a period of 2 
years (Bock 1981). In this study, significant h_istopa- 
thological changes were observed in the cells of the 

' 

liver and heart at 10’mgokg"ad" triphenyltin. Using this 
value as the maximum daily intake and the same 
gu_ideline derivation procedure described above-for 

V tributyltin, a Canadian water quality guideline for‘|ive- 
stock water of 0.8 mg-L" triphenyltin is recommended, 

Tricyclohexyltin 

Studies on the_ toxicity of tricyclohexyltin hydroxide . 

show effects in experimental animals similar tothose 
of trip_heny|tin. An acute oral LD5o of 540 mgokg" has 
been shown for rats (McCo|lister and Schober 1975). 
Long-term (2-year) dietary studies with dogs and rats 
indicated sli1ghtly decreased rates of growth at 3 and 
6 mgokg"od‘ , 

described above for tribu‘tyltin, an interim Canadian 
water quality guideline of 0.25 mg.L" tricyclohexyltin 
is recommended for the protection and maintenance 
of livestock water. "This value is ‘recommended as an 
interim guideline because the available toxicity data 
base for mammals, particularly concerning long-term" 
feeding studies, is relatively small. 

There is insufficient i_nfor_mation availablefor the 
derivation of livestock. watering guidelines for any 

~ other organotin compounds. ‘

- 

.Irrigafion Wafer 
’ 

Triphenyltin 

Triphenyltin compounds have been used exten- 
sively on various crops» because of their fungicidal 
properties. However, triphenyltin co.I.'flP.0u,nds can be 

. phytotoxic. The phytotoxicity of a preparation is de- 
pendent on the crop, the chemical ,—formula of the ‘ 

active ingredient, the formulation, and climate (Bock 
1981 ). As a result of deficiencies in the available data,

a 

respectively (McCollister and Schober
, 

1975). Using the‘ results of the long-term dietary study‘ 
, 
ondogs and the same guideline derivation method 

comparative experiments aimed at establishing “triphen- 
yltin toxicity are subject to a great degree of uncer- 
tainty. Therefore, there were insufficient data to derive 

>»Canadian waterquality guidelines for any organotin 
compounds for the protection and maintenance of 
irrigation water. 

Industrial Water Supplies 

To date, there is no indication that organotin 
compounds pose a threat to industrial water supplies. 
However, until a surveyof industry requirements re- . 

garding water quality is conducted, development of 

_ 
Canadian water quality guidelines for industrial water 

. supplies cannot be attempted. Such a survey is under. 
way, and gu_ideline development for this water use is 
planned for a future date. 

DATA cAi=s 
»_ Environmental Concentrations 

’ Given recent changes to the regulatory status of . 

organotins under the Pest Control‘ Products Act, use 
‘patterns for organotin biocides have changed consid- 
erably during the past 3 years. No i_n_formation is avail- 
able regarding current volumes of use of organotin 
pesticides in Canada. This informationis. necessary 
to properly evaluate the environmental and human 
health risks posed by organotin compounds in the 
Canadian“ environment; Further, for organotin com- 
pounds other than the butyltins, few data are available 
regarding levels in water, sediments, or biota. 

Environmental Fate and Persistence 

The environmental fate and "persistence of the 
butyltin compounds are fairly well understood. How- 

. ever, the importance of photolysis and_ anaerobic 
metabolism as potential processes for the removal of 
tributyltin from water needs to be clarified, especially 
with regard to the effects of salinity. - 

_

- 

The major fate processes for the met_hyltin group 
of compounds have been investigated. However, the 
rates of reaction for most of these processes are not 
known; the persistence times of the methyltin com_- 
pounds in various environmental compartments are 
also unknown. Therefore, the mobility of the methyltin 

. compounds in the environment and the compartments 
in the aquatic environment i_n which these compounds 
are likely to be found cannot be assessed. 

Little is known of th’e-environmental fate and . 

behaviour of the phenyltin group of compounds. The 
major fate processes and reaction end products

29



remainto be investigated, particularly in thesediment 
compartment. ‘The importance of salinity in the envi- . 

ronmental fate and persistence of’ phenyltin compounds » 

' 

is virtually unknown. .

A 

lnforrnation regarding the environmentalfate and 
behaviour of other organotin compounds is scattered - 

and incomplete. However, these compounds are not 
likely of ooncem in -Canada because of their limited 
usage in industry and agriculture.

' 

Bioaccumulation 

The major processes affecting the_ bioaccumula-_ 
tion of butyltin compounds in aquatic biota appear well 
understood. However, for methyltins, phenylti_ns, and 
other organotins, more studies" a_re required to deter- 
mine -the bioaccumulation potential of these com- 
pounds in aquatic biota. In particular, the possibility 

7 that methyltin bioaccumulation in aquatic biota is par-
t 

tially due to biogenic methylation of inorganic tin requires 
further investigation. As well, bioaccumulation studies

’ 

are required for freshwater and marine invertebrates‘ 
and plants and marine fish -for the phehyltin group of 
compounds. 

C 

, 

- 

I » 

Toxicity to Aquatic Biota 

The specific toxicity data required "to prepare 
Canadian water quality guideli_nes for the methyltin, 

' butyltin, and phenyltin compounds in the freshwater 
and marine environments are outlined in Appendix N. 
In general, few primary orsecondary studies are‘avail- ' 

. _able for the mono- and diorganotins for fish, inverte- , 

brates, or plants. These compounds therefore require 
chronic ex'pos‘ure studies on a range of aquatic biota, 
including cold- and warm-water fish, two classes of in- 
vertebrates of which one is planktonic, and one plant- 
or algal species, before freshwater aquatic life guide- 
lines can -be prepared. Before marine_ aquatic life 

guidelines can be developed for the mono- and dior- 
ganotin compounds and for triphenyltin, chronic expo- 
sure studies are required for three temperate fish 

species, two classes ofinvertebrate fish species, and 
7 one plant or algal species. The above information for 
freshwater and marine guidelines is also required to 
develop guidelines for trimethyl,tin_., For the above stud- 

’ 

.— ies to beaccorded a primary ranking, as requiredfor 
the development of Canadian water quality guidelines, 
the toxicity studies should be conducted u_nder flow- 
through conditions’ with measured toxicant concentra- 
tions and an adequate reporting of experimental 
conditions and control treatment responses (see 
CCREM 1987a). A 

_ 

To elevate the interim freshwater guideline‘ for 
tri_buty|tin to full guideline status requires _th_at 

-30 

Toxicity to Livestock and Related Biota 

chronic exposure studies be conducted for a 
cold-water fish species and a non-cladoceran invefrte-. 
brate species, as well as an acute or chronic expo- 
sure study on a plant or algal species. In order 
to elevate the interimlfreshwater guideline for 

' triphenyltin to full guideline status, the following 
are required; (1_) two additional studies _on fish spe- 
cies, including one cold-water species and one 
chronic effects study, (2) two chronic effects studies 
on two invertebrate species, an_d (3) one study on an 

' algal or plant species. Additional studies required to 
develop a guideline for triphenyltin in marinewaters 
include an acute -or chronic study on a fish spe- 
cies and a chronic exposure study on a c|ado- 
ceran species. '

-

1 
‘ There appears to be adequate information 

concerning the" toxic ‘effects. -of tributyltin and 
triphenyltin livestock and related‘ biota. The 
available data for- tricyclohexyltin are somewhat 
variable and require fuitherinvestigation. For all other 
‘organotin compounds, there is little available toxicity 
information. 

‘Toxicity to Non"-target Plants 

Much of the available information for organotin 
toxicity effects on crop plants is over 20 yearspold 
and is_ not acceptable ‘by_ current standards. Further, 
the available data for triphenyltin involved one or 
a few sprayings on a croptield at one dose level 
with little if any reporting of control responses and 
environmental conditions. To convert these data 

i 

to a continuous-exposure water quaI_ity guideline 
for irrigation water involves _numerous_ assump- 
tions of unknown validity. Future studies should 
involve continuous exposures inirrigation water 
at a variety of dose levels. Few toxicity data were ' 

available for .or'ga'n'otin compounds other than 
triphenyltin. . 

. 

- - 

SUMMARY 
Following an extensive ‘evaluation _of the 

published _literature on organotins, Canadian water 
quality guidelines were derived (Table 4). The 
background information on organotins in terms . 

of their uses. Physical and chemical properties, envi- 
’ ronrnental concentrations, fate and persistence,.bio- 

' ‘ accumulation potential, and toxic effects] on 
freshwater and marine biota, non-target crops, and 
live_stock was reviewed. The rationaleemployed 
tor the development ofthe recommended guidelines 
was summarized. 

'

'

I



‘ Industrial water supply 

TableA4_. Recommended Water Quality Guidelines for Organotins 
‘ Uses 

' 0 I -3 H A 
Guidelines 

Raw water for drinking water 
supply - No recomrnended guideline - 

Recreational water quality and 
aesthetics No recommended guideline 

Aquatic life 
Freshwater 0.008 pg’-I." tributyltin cation 

(interim) S‘

. 

4 r 0.02 pg-L" tributyltin cation 
_ 

(interim)
_ 

Marine - 

I 

‘ 0.001 pg’-L“ tributyltili Cation 

Agricultural water supply H 

Livestock water 250 pg-L" tributyltin cation 
' 800 pg"-L" triphenyltin cation 

250 ipg-1;‘ tricyelohexyltiir cation 
. (interim) 

Irrigation No recommended guideline 

No recommended guideline 
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Table A-1. Physical ‘and Chemical l’ropertieaand Usesrof Organotin Compounds 
‘ i 

» Physical appearance 
Molecular

I 

‘ 

A 

Molecular ~ 

A 

and environmental 
_ 

Water 
Compound formula , weight - 

A 

coefficients ‘ 

;sol'ubility - _Uses 

MONOORGANOTINS 
A 

. 

A 

. 
A

. 

Bis(butyltin) triaulphide .(c4 ,su,s, 5 895.28 
C 

‘ 

- 

_ 

' 

A 

' 

i_ 
. 

_ 
. s

A 

Monoliutyliin utrichlor-ide (c;H,)sncl, 
_ 

5 282.08 AColourless liquid; 31>‘-= 102 
A 

Slightly sol’ C,S,2,_10,-1 l 

Monoethyltin‘tricliloride- 
' 

(C31-l,)SnC‘l-, 254;l.l 

‘ 
V 

* 

' 

' 

' 

- 

C I 

. c 

Monooctyllin triehloride (C,‘,H,,)SnCl, 5 338.12 Colourless liquid; MP =:-63;A B1’ = 98 ‘ 

C 

_ 

V 

11 

Monophenyltin trllxrmnidc (c,H,-)SuBi, 435.45 . 
V 

_ 

‘_ 
" c 

Monophenyltin trichloride (C,H,lSnCl, 
A 

I 

302.10 
A 

i 

‘A 

A 

i 

i C 
. 

l)I0RGANO’l‘lNS » 

I

» 

Bis(diI5utylaoetatAotin) oxide [(c,H,),5nooc,Ii,],o 599.58 . 

A 

' 

— 2 

V 

. 

AA 

' 

c,s 

Bis(dibuty1chlorotin) oxide 2 [(c,H~,),5nClo],o l'lo4_.ss MP = 110-112 ”‘ »' 

_ 

I 

i 

’ 

A 

c
A 

Bis(dimethylAaoetatotin) oxide [(cH,),s ooc,n,],o 
V 

- 431.45 
I 

MP = 236 
_ 

C 

A 

' 

V 

A 

A A 

C 

s- 

Bia(dipropylchlorotin)~oxide’A 
I 

A 

[(c,H.,),sucloA1,o . 
992.30‘ 

A 

=_ l21—l_22 f _ 

A 

I 
I 

V 
C

C 

Bisldiluopylpropiouazouu)oxido 
A 

[(C,I£,),SndOqH,L0 
' 

54354 
I 

V 

‘ 
‘ 

A 

-A 
. 

A’ 

A

C 

Dibutyltin bis(isooctylthioglycolate) (Cjl-l,)1Sn(SCl-l,CO,C,-H"), 
I 

' 

639.11 \ Asliglltly ‘yellow liquid 

I 

C,‘S’,B, 1,3 

Dibutyltin diaoetate 

I 

(C;H.,),Sn(OO(;H,~), 
A 

550.51 Colourlcssliquid; MP'=.10;BP¥ 142-14:5 lusol 
’ 

A 

c,s—,3,3 

. Dilmtylliin diaoetylacelone 
_ 

(c4H,),su[(cl-l,Aco),crAl1, \ 

A 

430.37 
. 

' 

V 

I 

' 

» 

' 

C

s 

Dihutyltin dibouzylsulpliido (c,ll,),sn(scld,c,1l,), . 479.oA3 
A 

’ 

A 

A 

- 

' 

. 

I 

- 5- 
.5 

Dibutyltin dibromide (c.H,),suBi, 392.74. Small "needles; AMP =' 20} BP = 118-170: ' 

lnsol 

V 

_ 

I 

C‘ 

Source: Athpted from NIOSH'19'f7-. with additional data from-Tsuda er al. l986b(1), NRCC 19A85(2). Lauflllin er al. vl§8_6b(3), Maguire er al. Al983(4), R. Chenier, 1990, I" ' ' (‘L ' ' AB:-anch Em’ Canada
A 

' 

pAcrs.;com.(5), Worthing-and Walker 1987(A6), A 
, 

A 
A A 

C ='cataly...,’ S~= stabilizer, B =. biocide; .1 = solvent; 2 = used in flame-resistant polyester, 3 in metal plati.n,,_4 = gasoline addilive; 5': used in solder; 6- = antifogging agent; 7 = usedto improve adhesion of 
polychloroprenes; 8 =£wood- preservative; 9 = antiwear additive; 10 -—A- eurixlglageni; 11 = used in thermal or elcctxicalicoatings; 12 =Au.sed in water-repcllant coa'ting;'13:='antioxidantvor corroaion inhibitor; 14 = Ph0t0fl'flPlllC1fil.IIl 
additive 

’ 

' 

5

' 

Characteristics 
I 

. 

' 
V ' 

- 

. 

V 

- = 

BCF'A=xbioconcen iuil -factor; Sol = soluble, Inaol =‘imo_|uble; BP =rboiling point (°C); MP = meltinglpoint (°C);,VP'= vapour pnzsure in mmllg; K, = ocmnol/water partition coefficienr
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Table A-1. Continued 

Physical appearance 
Molecular Molecular and environmental 

_ 

Water
V 

Compound formula weight coefficients 
7 

’ 

solubility 
_ 
Uses 

V 

l§IORGANO'7l‘7INS~ (cont’d) .

7 

'Dil>utyliin dibutoxide -(C,H,),Sn(7OC,1-1,), 
V 

3178.85 C 
- Dibutyltin dicaprylate ‘(C41-I,),Sn(O,7CC,H,,)z 518.93 MP =. -_22 C.S,'B 

Dibutyltin di‘chloride (C,H,),SnCI, . 383.83 While'7needles;7MP = 113.6; B1? = 142; 
7 

Sol (hot) C.,S,B,l_07
_ 

V 

K... = 9.33( 1) ‘ 

Dibutyltin diethoxide 7(c;H,),sn(oc,H,), 322.81 
7 

c,s 

Dibutyltin di(2-ethylhcxoate) (C,7H,),Sn(O,CCl-lC,H,C‘' ,7 518.93 ' 

- C,S,B 

Dibutyltin difluoride 
7 

(C,H,),SnF,‘ ‘ 270.77 S,B 

Dibutyltin diiodide (C41-l,)1Snl, 
_ 

V 

486.57’ 72 

7_ Dibutyltin dilanrate (C.}l,),Sn(O0CC"I~l,_,), 631.55 I.§iquid7or low-MP solid depending on C,S,B,l3 
. 

» 

V 

type and purity; MP = 27; K"-= 1318(1) V 

Dibutyltin dimethoxide (C,H,)2Sn(7OCH,), 294.79 
7 

C,2,l2 

Dibutyltin di(methy'lmaleate) (C,H,),Sn7(O¢CCH:CHC0,,C1-1,), 7499.37 

Dibutyltin distearate (C.I-1,),,Sn(O17CC,-,H,), 799.13 C,S,B 

Dibutyltin malate (C,H,)SnO,(7.‘CH:Cl-1C0, 
7 

346.81 
7 

White spowder; K“, = 178.6(1) ’ 

Insol C,S,13 

l)ibutyltin methoxide acetate (C.H,),Sn(OOC,H,)0CH, 322.80 
7 

7 

7 

C’
7 

V 

Dibutyltin oxide (C41-l,),Sn0 248.92 White powder 
_ 

7 

' 

» Insol VC,S‘,2,7,l70,ll 

Diethyltin dibenzoate (C21-I,»),Sn(0OCC,I~I,), 
7 

V’ . 418.89 

dicaprylate 
7 

(C,H,),Sn(0,CC,I-I7,,),_ 
7 

462.89 C 

Diethyltin dichloride _(C,’H,),SnCl, 247.63 VC,'S,5 - 

Diethyltin dimethoxide (C;H5);3n(0CH;); 238.75 C 

oxide 
7 

(C,H,),SnO 192.81 
7 

White powder: infusible ' Insol C,B 

Diethyltin sulphide 
V 
208.79: Slightly yellow liquid

7 

C,-S,B,9,13 (C,H',)2SnS
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- Tab|e‘A-1. Continued 

Physical appearance 
, _‘ 

Molcculai 
V 

vMVol‘ecul'ar_v and environmental, Water 
_

_ 

_ 
Cornpound formula 

_ 
V 

’ weight cocffiéients - 

b 

solubility 
' Uses 

DIORGANQTINS (co'm:d)= 
V 

V V V 

Dimethyltin dibutylisnlphide 
/ 

5 

5 

V 

(C11,),so(s0,iI,),. 
' 

325.91 
V- 

' 

. 

"V 

A 

V 

_ 

’ 

- 
' 

VV 

. 
c,s-,1; 

‘ oiioediyizin diiiydi-ide 
‘ 

V 

(cH,),snH, 
V 

150.711 
_ 

V 

1 

V 

V 

‘V 
' c= 

‘ 

iV 

Dimethyltin dimeaioxide 
V 

(cH,),sVn(ocH,), ' 

V 

A 

210.73 . MP=86 V- ' 

V 

_ 

V 

» 

A 

V 

V_ 
. 12 

: 

Diinethyltin oxide» 
V 

(Cl-I,),SnO 
V 

V 
V 

164.70 White powder - 

. 
. 

V 

' Insol 
1 

. C 
Dimcthyltin sulphide 

_ 

‘ 

(cH,),sns , 
130.73 . 

MPV=vl48 ’ 

. 

- 

2 

A 

s- 

Dioctyltin dich1oride_ 
V 

*(CoH.7)¢SniCI; 
» 

4 415.75 
V 

V 

V 

‘_ - 

. 

V 

’ 

c,2 

VDioctyltin oxide 
I 

(C,H,7),Sn0 
. 

‘ 360.85 
V 

‘ 

A 

V 

V 

b 

C,S 

' l)_ipVheny_ltin dibiotnide 
I 

V 

~(C,H,),SnBr2 432.72 ~(V?olourless-crystals; ‘MP = 38; B15 =1 230 V 

_ 

V 

‘ C 

Diphcnyltinidichloridc 
I 

I V 
V 

(CJ-I,-)‘,SnCl, 

V 

V 

343.8VlV 

V 

.. 

V 

Colourless crystals; MP: 42; BP~= 333:-337 .Abouti5l) mg-L" at‘ 20°C C,l3 

Diphenyltin oxide 
V 

4 (C,H,),Soo ‘ 288.90_ co1oui1eeepowderV 
_ 

V 

V 

. 

» 

_ 

' 

V 

' 
‘ s 

v 
V 

': VTRIORGANOTINS 
V 

. 

V 

. 

_ 

V 

A 

V 

.V 
2 - 

V 

Bis(tn’butyltin)‘ oxide [(CgH,),S'n],_0 
_ 

' 

595.62 . -Yellow liquid; 31> =-'254;V BCF _= 125; 
V 

Insol C,B,2,8,l0, 12.13. 
: 

. 

V i 

._ . 

- K_ = 1996(2); K'_,, = 4592(1); .

’ 

* 
‘ 

‘ 

K... ==200(3_,); = 21V85(3);V 
. K... = 155.0(3): K... = 5500(3); - 

. 

F. 

K,,_, =. 7000(3); W = 5.4 x 107(4) 4 

Bis(triethVyltin)V oxide - 

V [(c,H,),so],o 
’ 

V 

427.50 . 

V 
V 

V 

‘ 

c. 

V‘BVis'(triisob'1it'yltin) oxide 
V 

[(c.H;,),sn],o-_ 
- 

_ 

'595.62 - 

1 

- 

. B 
' 

Bis(lriphenyltin)"oxide 

V 

V 

[(c,H,),Vso],o— 
_ 

‘_ 715.74 A" 
_ 

- 

V 

' 

. 

V 

— _c 

Bis(triprVopyltin) oxide « 

V 

[(c,H,,),sn]V,o. 
' 

. '51‘-1~.56 
‘ 

- 

‘ b 

V 

‘V 

V V 

_ 

V 

13- 

. 
NV,N-bis(tribut'ylt-in) dip1ieny1uie_a [(C,H,);SnNC,H,]2C0 739.77 

V 

. 

V 

V 

. 

_ 

A 

' 

. . 
. = - c,s,BV_ 

V 

VNIO-bis(tributyVlti‘n) .pheny1earb.-imoie . (C.Ho)iSuNC;Id,co,sn(C.Ho)i 
_ 

V 

_ 

V 
V 

V 

Vi 

' 

C;S,B 

Trilautyltin aVcctatc 
' 

_ 

(c;H,),so(ooc,H,)_ 
A 

349.03 
' 

While, waxy solid; 131>=1s0433;1<,,= .s1.9(1V) Insol 
V 

' 

B,2,s,10,'11'
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Table A-1. Continued 

Molecular 
Physical appearance 

' 

‘. Molecular and-environmental 
Compound formula . weight coefficients Uses 

TRIORGANOTINS (cont’d) 
'rrabucy'1an bcnzoate (C,H;,),snoocc,H, 

‘ 

_ 

410.88 B 

Tributyltin boratc- (c,H,),sn1'3o, 332.62 5 

13,3 

Tributyltin butoxidc 
' 

(c,H,),snoc,H, -362385 c 

Tributyltin chloride (C‘H.,),S'nCl‘ 326.16 K" = 1310(2); 1<_ = 113(1); 3. 

_ _ 

K;,_, = 1300(3); BCF = 79(2) 

Tributyltin fluoride 
b 

(c,H.,),sn1= 308.81 K" = 1580(2); K, = 1400(3); s 
- BP =.341-342; BCF = 100(2) 

*Tribu_tyltin hydride (c.H;),srr11 

I 

. 290.81 
' 

0,3,5 

'I\'ributyl'lin'isocyanatc (c,H,),srrNco 331.83 C,B 

Tributyltin isothiocyanate (C,H.,),SnNCS' ; 347.39 131}: 150-153 c,13 

Tributyltin lauratc (C41-I,),SnO2CCuH,_, 488.93 C,S;B 

__ 
T1-ibutyltin methoxide (c,H,),snocH, 320.82 c,s,n 

Trlbutyltin olcate (c,11,),sno;C(cH,),cH:CHc,}1,, 570.99 c 
Tribut-yltin phenoxidq (c.H,),srroc,11, 332.87 c 

Tribityltin méthacrylate _c,,H,,o,srr 
b 

375.12 13(5) 

T1-i_butylti11 maloaw c,6H,,,o,s'rr 405.10(5) 

Fcnbutatin oxide c,.,H,,,osn, l052.66(5) 
I 

MP = 138-139(6) 0.005 mg-'1.-‘Vac ?.3°C(6) 
‘ 

B(6) 

Tricgyclolnexyltin hydride (c,Hr1);srrH 368.87 31> '= 147-150 C 

1'ricyc1o1rexy11irr hydroxide (C61-{u),SnOH4 3321.87 1<__, = 4.3(2); BCF = -1000(2) B 

Trioyclopropyltin chloride (C.,I-I,)5SnCl 277.41 B 

Tricthyltin acetate (c,11;),sn(ooc,H,) 264.77 c.B,3 

Trieurylan razidc 
' 

(c,H,)-,srrN, 247.93 13.9
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1'£i1s1e.A.1. . Continued

' 

Physical appearance 

(C£Hs)i0CHa 

. . Molecular Molecular and environmental Water 
Compound formula weight ’ 

coefficients ' solubility Uses 

TRIORGVANOTINS-(com*d) \ 
Triethyltinchloride 

' 

(c,H,),snc1~ 241.33 Colourlesa liquid; MP‘: 15.3; 1 Sol C,B 
. 

' 

. 

' 

B? = 204-210 

'rii'eaiy1:in‘1iy_dride (C,H,),SnH- 200.75 c 

‘Trieihyltin isocyanate (c,H,),snNco 247.77 
' 

C,13 

Triethyltin melhoxide (CiHQ.snocn, 235.76 
I

s 

Trictliyltin hydroxide (C11-l,)3Su0H 222.38
‘ 

Trihexyltin chloride 
I 

(c;H,,),snc1 
7 

‘ 

409.32 
_ 

12 

Triisobutyltin chloride (c.H,),siic1 32549 MP-= 30.2; Bl’ = 174 
4

B 

Triisopropyltin'chloridc . (C_,>H'-,),SnCl 283.4] K": 50.l2(2); B? =_ 134-137,; BCF = B ' 

Triisopropyltin 
7 

_ 

(C,H,_),SuI-I’ 248.78 1312 =-673-70 
'

c 

Trimethyltin ‘bromide (Cl,-I',),S.nBr 243.70 "Colourless cryatals or liquid; MP = 27; BP = 165‘ Sol C 
Trimethyltin chloride ‘ (CH',),SnCl 199.24 Colourless-crystals; MP = 27; 3}’ = 154; Slightly sol 

[C 

I 

Kow =*0‘.00l25(2) ' 

>‘ 

Trin1ethyltiri hydride .(CH,),sn'H 164.80 Colourless, oily liquid; 31> '= 59-61 
1 

- Slightly sol C - 

I‘ 

Trimethyltin hydroxide (‘CH,),S.n0H-9 130.72 MP = 1198 
_ 

’ 

1' 

_ C,B,l2_ 

Triphenyltin acetate (C5H,),Sn(00Cj_H',) 

V 

408.89 MP 118 281mg-Lil at 20°C 13,8 

Triphenyltinbromide (CsHs);$nBr 429.92 .Colourless crystals; MP = 120.5; BP = 249 Insol 
' 

‘ 

C,B 

Triphenylfin chloride 
I 

‘(C51-I,),Sn.C|' 385.46 Colourlus crystals: K": 1259(2); 
9 

40 mg.-9L" at Z)°C 
‘ 

B,l3,l4' 
- 

_ 

i = 123.8(l);' BCF = 630(2); .

‘ 

MP = 106; BP = 240 78' mg-L" at 30°C 

Triphenyltin fluoride (CgH,)‘,SnF 369.01 Fine prisms; M? = 357 Insol 

In

B 

Triphcnyltin hydroxide 
7 

(c,H,).snoH 
7 

367.02 ’White4pow‘der; MP = "113 
_ 

s mg-1;‘ in 20°C 
7 

C,-13,2,1'0 

Triphenyltin isothiocyanatc (C61-l,),SnNCS 407.95 MP = 171-172 
I 

' 9 

Triphenyltin methoxidc 330.33 MP = 171-172. B
I



Table A-1. Continued 

Molecular 
Physical apiaearance 

‘ 

Molecular and enviromnental 
‘ "I 

V 

- Water 0 

Compound 
I 

formula weight coefficicnts -solubility Uses 

TRIORGANOTINS (cont’d) 
_

_ 

Tripropyltin chloride (C,H,,),SnCl 283.4il Colourless liquid; -23.5; Bl’ = 123 B 

Tripropyltin fluoride 
V 

(C3Hq):3nF 266.96 Flat prisms; MP = 275 
I 

. 

” B 

Tripropyltin hydride’ 
‘ 

(C,H.,),SnH 248.28‘ C 
4’I‘ris(2-cyanoeth}i'l)_tin acetate 

A 

(NCCI-I,CH,),Sh((V)0C,H,) 339.80 
I ' S,B 

Tris(tributyltin) boraic ;[(C,H,’),Sn],B0, 928.24 B,8 

Tris(tripropyltin) borate 
‘ 

[(C_,H.,),Sn],BQ, 803.15. B,8 

'I'El'RAORG_ANO'I'INS 
3 

3 

I I 

Allyltriphenyltin (C,H5),Sn(.CH,C!-ICI-1,) 390.90 C 
Telraallyltin (Cl-I,:CHCH,)4Sn 282.81 , 

I 

‘ C" 

Telrabenzyltin '(C6H,CH,_),Sn 483.23 v Coliourlessiprisms; MP = 42-43 Insol C
I 

Teuabmyloxyaceiatodifin‘ oxide Sn,Ci,,,I-'I,,,O,j[(_l?»u,SnOAc)0 1 163.16 C,S 
v 

' (Bu,SnOH)]2
I 

Tetraethyltin (C,H,).Sn 23494 
_ 

Colourless liquid; MP =3-1 BP = 181 Sliglrtly sol” ‘C,2,3 

Tetraisopropyltin (C,H7),Sn 291.05 
I I 

C ’ 

Tetranietliyltin (CH,).Sn 178:85 Colourless liquid;-MP = -54.8; BP = 78; . Insol C,1 

Tetralautyltin (C,H,).Sn 347.21 Colourless liquid (distinct unpleasant odour); 

3 

llnsol C,S,B,l,l4,5,7 
' 

- 

‘ MP = -97; BP‘= 145 - ' 

Tetraoctyltin (C,H;,)‘Sn' 571.59 -. 

Liquid; BP § 268_ - 
' 

Insol 1 

Tetraphenyltin ' 

(C61-l,)4Sn 427.12 
9 

Colourless, -tctragonal crystals; qMP = 226; lnsol C,S,5,6 
' ‘ 

' BP = 420 . - 

Telrapropyltin 
3' 

(C3H-,).iSn 2921.05. Colourless liquid; BP = 222-E 
I 

3 

Insol C;3 

Tetravinyltin 
I 

_(CH:CH,_).Sn 226.87 Colourless liquid; B1’ = 55-57 C 
Trimethylphenyltin (CI-l’,),Sn(C,H,). 240.92 BF = 62-63 6
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Table B-1_. Concentrations of Organotln Compounds Reported In ‘Surface Waters 

‘Nanograrm of organotin cation. except for tetraorganotins, which are not cationic. 
Source: Adapted fiorn Msguire 1987, with additions! data. 

’ Concentration 
Medium (ng-L") Location Reference 

MONOMETHYLTIN (M_eS_n’*) 
_ 

Fresh water 
' 

nd—1'3}.5 Fiorida, USA Braman and Tompkins 1979 

Fresh water 
I 

3.4‘-I0 Lake Michigan, USA Hodge er al, I979 

Fresh wa_te_r nd—I.6 Rivers in sis UsA 
I 

Byrd and Andreae 1982 

Fresh water 79 Rhine Iiiver, Germanyi Byrd and Andreaer 1982 
I 

Fresh water nd—lZ20 Across Canada Maguire et al. I982, I986 ' 

Rainwater nd—5.6 Califomia, USA Tugrul el al. I983 1 

Rainwater . o.73—24ia Fiorida, USA Braman and Tompkins 1979 

Estuarine waeer nd-9.6 Florida, USA . Brarnan and Tompkins 1979 

Seawater ind—I6.9 Florida,’ USA Brarnan and Tompkins ‘I979 

Seawater nd—31.5 
I 

Califomia, USA et al. I-97.99 

Seawater nd-4.5 California, USA" , Tugrul et al. 1983 

Seawater nd-2_3.-5 
’ 

1.\/Iediterrariean Sea ,TugruI et al. I933 

DIMEI‘!-XYLTIHN (Me,Sn"‘
_ 

Fresh water 
I 

r_id—9.4 Florida, USA Braman and Tompkins I979
' 

Fresh water nd-42.7 Lake liilficiiigai‘-1', USA Hodge er al. 1979 

Fresh water nd-3.9 Rivers in SE USA Byrd and Andreae I982 

Fresh writer - 253.5 Rhine River, Gennany‘ 
, 

‘Byrd Andreae 1932 

Fresh water 0.5 
A 

Main River, Germany syrd and Andrea; 1982 

' Fresh water nd¥320 Across Canada Maguire 2! al. 1982, I986 

Rainwater nd—6- Florida, usA 
' 

Branian and Tompkins 1.979 

Estuarine water 0i94.—'5.3 Florida, USA Braman and Tompkins I979 

Estuarine water <_—5—I00 Baltimore Harbor, USA 
7 

Jackson et al. I982
_ 

Seawater Fiorida, USA . 

‘ 

Brarnan Tompkins I979 

Seawater nd-430 California,’ USA Hodge at al, I979 

Seawater nd—3I San I)iego Bay, USA Tugrui ct al.-’ I983 
‘I 

. 
A

I 

Fresh water 
_ 

nd—l0.6 . _Florida, USA‘ Braman and Tonipkins 1979 

‘Fresh’ water nfd—248 Across Canada Maguire et al. I982, 1986 

1.; 
‘S 

det = detccled, But not qhantifisble '

.



Table‘ B-1. Continued 

Concentration'
, 

Medium 
_ A 

_ 

(ng-L") Location Reféfence 

_ 

(Me,Sn*l icont'd) 
,

— 

"Fresh water nd—2.3 Rivers in SE USA -Byrd and Andreae‘ 1982‘ 

Fresh water 2.2 5 Rhine Fiver, Gennany Byrd’ Andreac .1982 

Fresh water 
' 

0.4 . 

I 

' Main River, Gennany Byrd and Andreae 1982 

Rainwater ‘ nd—'l.5 Florida, USA 
I 

A 

Braman and Tompkins I979 

Estuarine water n‘d—5.6 Florida, USA Braman and Tompkins 1979 

Estuarine water 
I 

< 20 Baltirnore Harbor, USA ' Jackson et al. 1982 

~ Seawater nd—i.4 
A 

Florida, USA 
‘ 

Braman and Tompkins 1979 

(Me,srr) 

i 

_ _ 

Estuarine water <1o—3oo . _Ba_lti_rno_reHarbor, USA Jackson ex 41. 19:32 

MoNbBuTYLrn~I kausn“) 
Fresh water l3.7—760 La.ke Michigan, USA Hodge at al. I979 

Fresh water n_d—85(X) Riirers and lakes in Ontario, Canada Maguire el al. 1982 

Fresh water nd—l68 
4 

Detroit and St. Clair rivers, Canada Maguire at al. 1935 
' 

- and USA ’ 

Fresh vyater nd—l35 Toronto Harbour, Canada Maguire and Tkacz l98S 

- Fresh water nd—2800 
I 

Across Maguire at al. l986_ 1 

Fresh water 8-32 - 

‘ 

Lake’ Zurich Swiss rivers 
I 

’Mueller 1987 

Freshwater surface microlayer nd—l00i 200‘ 
A 

Canadian rivers and lakes Maguire and Tkacz 1937 

Estuarine water ' 
S0—3(l0 

‘ 

Baltimore Harbor, USA Jackson et al. 1982 

Estirarine water _nd—l.8_ Tejo ‘River estuary, Portugal Andreae at al. 1983 

Estuarine water 'nd—l88 Great Bay est!-|_aI'}"r USA Donard et al. l986 

Estuarine water <2—l8.9 Elizabeth River, Sarah Creek, Unger el al. 1986 
‘ Chesapeake Bay, USA 

Estuarine Water ' <l.5—‘3. Tamar Riyer, U,_K,; Tejo River, Byrd and Andreae 1986 
' 

' 

Portugal; Delaware Bay. USA . 

Estuarine water 21-750 Chesapeake Bay, USA Matthias at al. 1986i) 

- Estuarine water <1—9.3 U.K. harbours, anchorages Waldock er al. 1988 

Estuarine surface microlayer 42-2-18. Great Bay estuary, USA Donard et al. -1986 

Estuarine sfurface microlayer 
’ 

i 

248 ' Baltimore I-larbor, USA Matthias er al. 1986a 

seawater <1—21o Southern Walclock er. a1. 1937:, 

Seawater 
. 
-nVd—-30 San Diego Bay, USA

A 

Valkirs et al. 1985b
A 

51._



Table B-1’. Continued 

52 

V 

e.,;.;=.....;.:.,,.-7 . 

M¢di'-"II 
_ 

A 

(ng-L") Location . 

V 

VRefer1enceV "V 

C 

_ — 

MONOEUTYLTIN (Busn’+) (cont’d) 4 
V

N 

V 
Seawater 

I 

l 

, 

' nd—_'75 San‘Diego' Bay, USA Valkirs at al. 1981621‘ 

Seawater 
_ 

<1—1.—i Esquirn_al_t Harbour; Canada 
‘ 

_Kaye_e: al. 1935 

Seawater 
. 

12-45 
A 

San.Diego_ nay, USA 
I 

.Valkirs etal, 19351, 

Seawater n,d—lC9.7 
. 

V 

San Diego Bay. USA ’ Seligman et al. l986b- 

Seawater . 
‘\ 

‘ nd—240 California coastal waters Stallard at al».' 1987 

sewageueaunem plameffluent 1 _‘ 127 500-3 825 090 Switzerland Mueller 1937 

D_IBU'I_'YLTl1\l(Bu,Sn’*)

I 

Fresh water 
. 

7.7—12oo 
1 

Lake Michigan, USA Hodge er al. 1979 

Freshwater. nd—73oo Rivers and lakes in Ontario, Canada . 

_ 

Maguhe at al. 1932 

-Fftfsh water n_d—l99 . Detroit and St. Clair rivers, Canada Maguire et al. 1985
l 

' and USA 
V

‘ 

Fresh water nd—Vl9'6 Toronto Harbour, Canada 
' Maguire and .Tl_(acz lA985 

Fresh water ncl-2700 Across Canada 
‘ ‘ 

Maguire ellal. ‘[936 

E 
Fresh water 

4 C l C 

. 4.7—31 Lake Zurich and Swiss rivers Mueller 1937 

Freshwater surface m'icrol'a'ye'r nd—2_ 600 Rivers and lakes in Ontario‘, Maguire _et al. 1982 Canada 

Freshwater su_rf_a<_:e r_r1i_crolaVyer nd—l0 St. Clair River, Canada 
' 

_MagVu_ire etVaVI. 1985 
C 

Freshwater surface mlcrolayer nri—7l5 000 Canadianv rivers and lakes ' Maguife and Tkac; l9S7 

Estuarine water 
' ndél l8 harbours, anchorages Waldock et al. 1933‘ 

Estuarine water 2-131 Elizabeth River, Sarah Creek, Unger et al. 1936
' 

' Chesapeake Bay, 

‘ 

- Estuarine water V 

' 

l 
V 

5-666 N. ChesapealV(e‘Bay, USA Hall et al. l988b 

Estuarine water <4-S39 Chesapeake ’Bay. USA Matthias at al. l9S6B 

Estuarine water n<Vi-V5? 
V 

Estuaries in Englancl Ebdon at al. l9'88’. 

Estuarine-water _24—.145 Chesapeake‘ Bay, USA Hall et al. 1937
' 

Estuarine water 
‘ 

- 

‘ 116-39 Chesapeake Bay, USA Olson and Brinckman l986_ 

Estua'rine~ water <l04l29 Chesapeake Bay, USA ' 
‘ 

. 

, 

\\I 
V 

Batiuk l9V87 1 

V 

‘1 

Est_ua_rin_e surface microlayer 178 < 

F 
‘Baltimore Harbor, Annapolis r'n’arina,: NI‘aVt_thi_aV|s»qt a_l,- 1986a 
Chesapeake Bay. USA . 

I 

Estuarine surface microlayer nd—li00 Chesapeake Bay, USA VI-I,'al1,§Vl 41- 1.937‘ 

. seawm. aec_294 
’ 

Sutton Harbor, UK. Waldeck et al. 19371» 

Seaw_ater 39-118 
‘ 

San Diego Bay: 
' 

Yalkirs er al. 1985b



‘ 

Table 13-1. Continued 

Concejnu'ation' 

‘Sewage treatriient plai1t'_effluent. 
I

. 

TRIBUTYLTIN (Bu,Sn*) 
Fresh ‘water 

Fresh water 

Fresh water 

Fresh water 

Fresh water 

Fresh water 

Freshwater surface microlayer 

Freshwater surface‘ mie"r'ola"y'er 

Freshwater. surface microlayer 

Estuarine water 

Estuarine water 

Estuarine water 

Estuarine water 

Estuarinfe water 
‘ 

Estuarine water 

Estuarine water 

Estuarine water 

Estuarine Watcf 

384 160-58 400 

114-2900" ' 

1 .o—_13.2 

nd—lV7‘(') 

n_d—4,80: 

nd—5500 

, 

4.3—13.2 

nde60 700 

nd-80 

nd—ll 352000 

<»l.0—648 

7.13.7 
, ,_ 

5-1300" 

<2—158 

nil--439 

<5—1 300 

nd—96’ 

nd—456 

<9.s—5oo . 

California coastal waters 

Switzerland 

I - Rivers and lakes in Ontario 

Rivers lakes in Switzerland 

Detroitiand St. Clair rivers, Canada 
and USA ' 

‘ 

Toronto Harbour, Canada 

Across‘ Canada 

Lake Zurich and Swiss rivers 

Rivers and lakes in Ontario, Canada 

St. Clair River, Canada 

Canadian rivers and lakes ' 

U.K, harbours, arichorages 

Coos Bay ejstuary, USA 

N. Chcsfapeake Bay, "USA 

Elizabeth River, Sarah Creek, 
V 

Chesapeake Bay. USA 

Elizabeth River, Chesapeake Bay. USA 

Chesapeake Bay, USA 

Sarah Creek, Chesapeake Bay, USA 
Chesapeake Bay, USA

A 

Chesapeake Bay, USA 

Medifim 
A 

I 

(ng.L") Location Reference \’ 

. DIBUTYfLTR~1(Bu,Sn’_‘) (cont'd) 

Seawater 7.8-294 
‘ 

Baltimore Harbor, Annapolis marina, 1 Matthias et al. 1986a 
San Diego Bay, USA ‘ 

Seawater nd—392 San Diego Bay, USA Valkirs et al. 19363 

Seawater. <2-1.6 Esquigrialt Harbor, Canada Kaye et al. 1986 

Seawater 23.5-510 sax‘: Diego Bay, USA Valkirs at al. 1986a 

, Seawater 2,7-114 San Diego Bay, USA Seligman el al. 1986b 

Seawaterv 1.6-208 San Diego Bay, Baltimore and VU.S. EPA 1975 
’ Annapolis Harbours, USA 

Seawater npd-4'61 Stallard :1 al. 1987 

Mueller 1987 

Maguire et al. 1982 

Mueller 1987 

Maguire :1 al. 1985 

Maguire and iTkac'z 1935 

AMaguire et al. 1986 

Mueller 1987 

Maguire e_t al. 1982 

Maguire et al. 1985 

Maguire and Tkacz 1987 

Waldock el al. 1983 

Wolniakoizvski et al. 1987 
'' 

Hall at al. 1988b 

Unger et al. 1986 

Seligman er al. 1987 

Matthias it al. 1986b 

Huggett et al. I986 

‘ Hall at al. 1986
' 

Batiuk 1987

53



Table B-1,. Continued
A 

H . 

A 

Concentration‘ 
_

. 

Medium ' 

(I_l'>g'I-") Localion 
. i _ g H H N lleference' 

'

- 

TRIBUTYLTIN (1iu,sn*) (eont‘d) 
A A A A A A 

Estuarine water 
I 

nd—l476 Various locations in England ‘ Waldock at al_. 1987a 

Estuarine water 
‘ 

nd—146 Chesapeake Bay, USA 
A 

Olson and l3rinckrnan 1986 1 

Estuarine water 

i 

' ‘ltd-91' 
' 

l*IorfolkA Harbor, USA A 

I 

Pollman find Chou 1987A 

Estuarine water ' 3100 
A 

' Themes estuary, 
’ 

. Waleloclc er al. 1987b 

Estuarine w?'Aaler 
A 

l_9.7-672 estuaries in south and ‘ Eladon er al, A1988 
' 

- ~ southwest England 

Estuarine surface mierolayer nd—300 
A I 

Grejat l3ay estuary. USA Donard er al. 1986 

Estuiirine surface microlayer ' 
' ' 

' 

. Baltimore Harbor. Annapolis marina, 

A 

A 

Mauhids at al. 19863 
Cliesapeakeeliay, USA 

Estuarine surface microlayer nd—12oo Chesapeake Bay, USA 
A 

Han et a1. 1986 

Seawater 
A 

' 168-1300 
' 

Sutton Herbour. UK. A‘ Waldock et at.» 1987!) 

seawater 
A 

- 

_ 

no_2j2oo 
A 

' 

3urnharn.o‘n-Crouch, fix. Waldock and M_i11er 198$ 

Seawater 
A 

A 

_ 

24-144 
A 

san Diego Bay, USA 
A 

vaukira :1 al. 19351; . 

A 

Seawater » 

A det—l63 
I 

‘ Baltimore Harb’or,.Apnn_apolis njarina, ‘ 

A 

Matthias et al. 19863:‘ 
' ' San Diego Buy; USA - ' 

V

’ 

Seawater 
A 

A 

V 

‘ 

n'd--8l6 _' San Diego Bay, USA H" Valkixs er al. 19865 

‘Seawater <2-6_.5_ 
A 

‘ 

A 

Harbour, Canada 1 

A 

- Kaye et al. 1986 ‘ 

seawater 
A‘ 

A 

<17—33'6 
A A 

son Diego Bay, USA 
A 

A 

A 

_C1ave11 e: at; 1936 

seawater" 
A 

A 

216-696 » 

. san-Diego Bay, USA 
A 

Valkirs or at. 1986b 

seawater 1 

. n¢l—3l2 1 Various harhours in USA _'Gro\A'rl1oug et al. 1935 

seawater 
, 

' 

2 

A 

2.6—206 
b 

"A 

san Diego Bay, USA _ 

A 

seiigrnan er al. 19361: 

seawater 
' 

' 

_ 

<43.-174 
’ 

Annapolis and San Diego harbors,AUsA 
A 

Junk and Richard 1937 

Seawater 
A 

1 

4.'A3-295 ' San Diego Bay. Baltimore and 
1 

Valkirs et.al. 198.79 
' 

. 

‘ Annapolis harlaors, USA . 

'

. 

seawater . 

p 

528-1488 
_ 

Japan Takahashi and ohyagi 1987 

seawater 
' 

- nd—576 . 

A 

California coastal waters 
_ 

. stanard et al. 1937 

Sewage, uestinent pl1inteftA'lue_nt 
. 

288 000-6 000 000 Swimerlancl 
' 

_ 

Mueller 1987 

' Estuarine 
V 

n'd—3.8 - 

_ 

’ 

A 

Chesapeake Bay, USA 
A 

Hall et a1. 1986 

_l_3st1.iarinesurfaee nrieroiagyer 
A 

ns1—s__2oV. 
_ 

Chesapeake Bay,_USA 
_ V 

‘i .11s11era1.19ss
- 1
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Table C-1. Concentrations of Organotln Com'pounds_ Reirorted In Sedlmenp 

Con.ce.n.t.r.at_iqfi' (1ig_-kg") Location 

MONOMEFHYLTIN (Mesrr-**) 
nd—l0.6 (dry weight) 

nd—l9'360 (dry weight) 

DIMEl'HYL'I"!N(Me,Sn") 

_nd—l3.4 (dry weight) 
' 

/\ 

' nd—20O (dry weight) 

TRIMETHYLTIN (Me,Sn"‘)i 
nd-19.4 weight) 

' 

rrd--9oo 

MONQBUTYLTIN (BuSn”') - 

nd‘—7.8 (dry weight) 

nd—600 (dry weight) 

_nd—5l (dry weight) 

nd—12o (dry weight)
0 

54-29 (was weigh» 

nd—,7095 (dry weight) 

500-11 000 (dry weight) 

nd-83 (dry Weight) 

. 

A5—45 (dry weight) 

nd—2s.4_(dry weight) 

_tra'ce (present but not ouantifiable) 

»35‘(dry weight)
' 

DIBUTYLTIN (BILI,Sn"“) 
ndr—3_5_0 (dry weight) 

350 (dry weight) 

nd—7O (dry weight) 

nd—lO00 (dry weigh":)_
b 

6-43 (wet weight) 

nd-16 000 (dry weight) 

1-3 (wet weight) 

200-2700 (dry weight) 

116-184 (dry weight) 

‘ 

nd = not detected . 

Mediterrarrean Sea 

Across Canada 

n 

Mediterranean Sea 

Across Canada 

Meditenjanean Sea
‘ 

' Across Canada 

Califon1i__a.coast,- U_SA 

Rivers and lakes in Ontario, Canada
' 

Detroit and St, (—_3lair'rjivcrs, Canada and USA 

Toronto "I"-iarbour, Canada 

San»Diego-Bay, USA 

Across Canada 

Esquimalt Harbour, Canada (jetties and ‘dry docks) 

_S_a_n Diego Bay, USA 

Creat Bay estuary, USA 

Boston Harbor, USA 

River Hamble, UK. 

Lake Zurich, swi:zer1aad (dated 1930-1984) 

Rivers and lakes in Ontario, Canada 

Japanese river 

Detroit arid St. Clair rivers, Canada and USA 

- Toronto Harbour, Canada 

San Diego ‘Bay, USA 

Across Canada 

Lake 'Biwa, Japan 

Esduirrraig H_a;b’our, Canada (jetties anddry docks) 

San Diego Bay, USA’ 

'Micrograms of organotin c"atio'n, except for letraorganotin.s, which are not cationic; 

Reference 

Tugrnl er a1, 1983 

' 

Maguire er dz. 1986 

Tllgfiii at al} 1983 

Maguire efal. 1986 

Tugrul er al. i983 

Maguire ct a_I. I986 

Seidel et a1. 1980 

Maguire 1984 ' 

Iiriaguire el al. 1985 

Maguirc and Tkacz 1985 

. vaikira e! at. 19851;" 

’ Maguire er al. 1986 

Kaye et al. 1986 

Slang and seiigman 1986 

Weber et al. 1986 

Cooriey er al. 1988 

_Aa1_r_by and Craig‘ 1989 

Muclnlcr ‘I987 

Maguire 1984 - 

Hattori at al. 1984 

Magu.irv..- e: at. 1985 

.Maguire and Tkacz 1985 

Valkirs et ah; 1985b 

Maguire et al. 1986 

Tsuda el al. 1986b 

‘Kaye et al. 1986 

Starig and s_e1_igrriar_i 19's5_



Table c-1-.v Continued 

Concentration‘ (pg-lrg") 

DIBUTYLTlN- (Bu,sn’+) (c'ont’d) 
2-29 ‘(dry weight) 

108 (dry weight) - 

36-70 (dry weight) 

_ 

773-3945 (dry weight) 

n_d-l_2(X') (dry weight) 

_ 
nd—-2617 (dry weight) . 

(13u,sh+) 

nd-.264 (dry Weight) 

29-106 (dry weight) 

245 (dry weight) 

79-I32 (dry weight) 

nd-528 (dry weight) 

980’ 

l.7=l3.9 (dry weight) 

' nd.—l77 (dry weight) 

nd—8450 (dry weight) 

19-106 (wet weight)
' 

nd—25 900 (dry weight) 

nd—2;.2 (wet weight) 

700-17 000 (dry weight) 

82.6—lO2.2 (dry weight) 

451-5600‘ (dry Weight) 

206-110.0 (dry weight) 

276-4290 (dry weight) 

Location - 

Creat Bay es'tuar'y, USA 

Lake Zurich, Switzerland (dated 1980-1984) 

Boston Harbor, USA 

River Humble, UK. 

River Beaulieu, 

River Lymington, U.K. 

San Diego Bay, USA 

Great Bziy estuary) USA 

Lake Zurich, Switzerland (da:ed193o-1934) 

Japanese coast 

Rivers and lakes in Ontario, Canada 

Japanese river 

Lakes Constance Zurich, Switzerland 

Detroit and st. Clair rivers, Canada and USA 

Toronto Harbour, Canada
A 

San Diego Bay, USA 
A 

_ 

Across Canada 

_ 
Lake Biwa, Japan 

Esquimalz Harbour, Canada (jetties and dry docks) 

Boston Harbor, USA 
River Hamble,’ U.K. 

River Bea'ulie,u, U.K. 

River Lymington, U.K. 

Reference 

Weber :1 al. 1986 

Mueller 1987 

Cooney er al. [S88 

‘Ashby’ and Craig 1989 

Ashby and Craig 1939 

Ashby and Craig 1989 

Slang and Seljgman l986 

Weber et al. 1986 

Mueller I987 

Takahashi and Ohyagi I987 

Maguire I984 

Hattori at al. i984 

Mueller 1984 

Magirire at al.v 1985 

Maguire and Tkacz I985 

' Valkirs et al. 1985b 

Maguire eg 91'. I986 

Tsuda et al. 1986b 

Kaye et al. 1986 
A 

Cooney er al. 1933 

Ashby and Craig 1989 

Ashby and Craig 1989 

Ashby and Craig 1989' 
Aweigh: not available.
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.(MuIIu.s' barbatus) 

. \ 

Iable D-,1," Cbncentratlons of Organotlil C,o|'n'po'u'nd_s Reported In Freshwater,'Estuarlne, and Mprllge Organisms 

Species/orgariisin type - Conce:htration'(;1g-kg") 
' 

Refeience 

MONOMIEFI-lY'LTlN (Mesn’*)’ 
“A ” 

Fish 
H 

-

‘ 

Glperwus m0’l4¢‘C¢"Sl'-)'_) 27 (dry weight) Tngrul er al. 1983 
(Mullu: barbafus) 0.8 (dry weight) 

'

- 

.1.-§k.° "9"! find 8!n¢lt. 250-990 (wet weight) Chan et‘ al. 1984 
(_SaImb namaycush) 
(Osmerus mordax) 

Sh?“ Samples 
’ 

- 

‘ 

0.14-:--0.5lz _Bi'al_I_la_[i and Tompkins 1979 
(r‘iiolluslc—species NR) ' 

» 

' 

. 

-

’ 

Marine algae 
' 

nd—0.222 (wet weight) Ishii _i9s2 
(species NR) ‘ 

Merine algae . nd-0.66 (wet weight) Ishii 1982 
(species NR) ' 

‘ 

_ _ 

“ ' 

Seaweed 15.8 (dry weight) Tugrul et al. 1933 
(species NR) 

DlMEIHYLII_1.‘I(MraSn”) 
Fish 

-V

' 

(Upeneu: moluccensis) 2.6‘(dry weight) Tugrul er al. 1983 
(Mullus barbatu_.s')" 2.9 (dry weight) 

Lake tréut 225'(wet weight) Chau el al. 1984. 
(Salmo namaycush) 

L_i_[npet Tugral et a'l. (I983 .0.2—l8 (dry weight) 
(Patella caenalea) ~ 

Shell samples nd—0.26’ Braman and Tompkins 1979 
(mqllusk-—6.Pec.i.es NR) - 

'

\ 

Marine algae rrd—2.s (wet weight) seiaei et al. 1930 
(species NR) ' 

Marine algae, nd-0.135 (wet weight) Isl_:ii' 1982
‘ 

(specfiicis NR) - 

‘

_ 

Marine algae 027-15 (wet weight) lshii 1982 
(species NR) ‘ 

Marine algae Tugrui at al. 1983 0.5—l2 (dry weight)" 
(species NR) . 

- 
'

- 

Tugrul et al_. 1983 Seaweed 37 (dr'y'Weigl1t_)
H 

(spc..ci_es NR) 

'I‘RIMEI'HYLTIN '(Me,sh+) 

Fish 
’ 

' 

-
' 

(Upeneu: iholuccensis) l-.2 (dry Weight)‘ 
i 

‘T“8"“l ‘I “L 1983' 
' 

13 (dryweighz) '

A 

15,,-pg, 
’ 

Tugriii er a1. 1983 
(Patella caemI¢"a) 

rid = nofdeteetjed 
3 I161 ’ ’ 

' Micrograms of organotin cation, ex , for Ietmorganotins, which are not eetionie. 
1 Information on wet- or dry-weight basis was not available. ‘

' 

o.7—53 (dry weight)



Table 15.1. Continued 

Species/organism type 
V V _ ‘ 

Concentration‘ (pg-kg") Reference‘ W i 

TR1MEI'HYLTlN (Me,Sn") (cont’d) 
‘

’ 

Marine algae nd-0.249 (wet weight) Ishii 1982 
(species NR) 

_

. 

_Marin'e algae 
(species NR) 

Seaweed 
(species NR) 

Tl?I'RAMETHYL'l'1N (M'e.sn) 

Co'asta_l marine
I 

invertebrates . 

(species NR) 

Marine algae 
(species NR) 

Marine algae 
(species NR) 

MONOBUTYLTIN mush”) 
Fish 

’ (C lupea harengus) 

Oyster 
(C ra_sso,s't_rea virginica) 

Mussel 
(Mytilus edulis) 

DIBUTYLTIN (Bu,S|_1"’) 
Fish 
'(Cliap;a harengus) 
(Perca flqvgscens)’ 
(Cata.v'tamz'1s‘ eomme'rs'om') 

(C ypririu: earpio) 

Yellowtail fish 
wh_i_t_e muscle 
led muscle 
liver 

(species NR) - 

Dog whelk 
(Nucella Iapillus) 

Oyster 
(C raksostreq vijfgiriica) 

Mussel 
(Mylilus edulis) 

. Oyster 
(0strea sandwichensis) 

nd—5.3'(dry weight) 

0.9 (dry Weight) 

nrl—8.99 (dry weight) 

nd—l8._8 weight) 

nd—9.95 (wet weight) 

nd—90 (wet weight) 

<'8-I380, (dry weight) 

<8-186:0 (dry weight) 

‘nd—98 (wet weight) 

5-20 (wet weight) 
,3.9—2_2§ (wet weight) 
-24.9—3’7oo (wet weight) 

41-733 (dry weight) 

<1o—529 (dry weight) 

<1o—17o0 (dry weight) 

25(l9 (dry weight) 

Tugrul et al. 1983 . 

Tugrul at al. [983 

Seidel er al. 1930 

Seidel et al. 1980 

Ishii 1982‘ 

' Maguire er al. 1986 

Wade :1 al. 1983 

Wade et al. 1988
' 

Maguire eziaz. 1986' 

R" 

Sasaki etal. 1988 

' Gibbs at at.’ 1988 

Wade er al. 1988 

Wade et al. l988 

Wade etal. 1933
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/‘Table D-1. Continued 

Vspecies/organism type
I 

TRIBUTYLTDI (Bu,Sn‘) 
Fish 
(Cltipea harengus) 
(Petra flavescens) 
(Cqtoqtamu: commer.s"o'ni) 
(Cy'pfir'Iu: cizrpio)Oystets 
(species NR)

' 

shellfish
» 

(species NR) 

Coho salmon 
(Oncorhynchu: kimtch) 

Afilantic salméh - 

(Salmo saliir) 

Dog-wh_e_lk 
(Nucella lapillus) 

Oyster 
(Cra.v:o,rtr¢q _g1'ga_.:) 

Oylstefr 

(C rassoslrea gigax) 

Oyfiter 
(Crktvsostrea virginica)

I 

Mussel 
(Mytilus e.du.l¢'-V) 

Oyster 
(0sireq '.san_dwichen.vi;) 

Yellowlail fish 
Whi-te muscle 
red muscle 

. liver 

(species NR) 

.3700’ 

Cqncenlration' (fig-kg") 
A‘ 

‘nd~—5so (wet we1ght) 

hd_1o soc’ ‘

— 

264 

.96_.5—167.3 (wet weight)
' 

67.9 (wet weight) 

1704137 (dry weight) 

86-I519 (dry weight). 

94-1774 (dry weight) 

119-454 (Wei weight) 

' 

1300 (dry weight) 

<12-19.00‘ 

249-3700' 

8.9-1540 (wet weight) 
1'7.7—235o (wet Weight)

’ 

295-1700 (wet weight) 

Reference 

Maguite er al. 1986 

weidock and Miller 1983 

.Ts_uda at al. 1986!: 

short 1987.,
‘ 

Short l9§7 

Gibbs and Bryan 1987 

dihhs aha Bryjan 1986 
Gibbs.et al. 1987 
Gibbs el al. 1988 

Wolniakowski at al. 1987 

Harding and Kay 1988 

Wade et 51. 1988 

Wade er a_l._ I988 

Wade el al. 1988' 

Sasaki at al. 1988
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179 Tahle E-1. Bioaccumulalion of Orgauotin Compounds by‘Freshwater, Estuarine, and ‘Marine Organbms 
_

~ 

Water Exposure -

. 

Salinity cone. duration » 
1 - BCFvor' 

Organism. ' Compound 
_ 

(gf-L") (pg-L“? 
_ 

(d) - Tissue BAP’ Reference 

VERTEBRA'I'ES' 
_y , . 

Chinook salmon 
' 

' TBTO 28 -17.49 4 Liver 
_ 

' 

’ 

4300 _ Short-and'._TIlrower 1986a. l986c 
(oncofhynchus tsllawytxha)‘ TBTO 23 11.49 4 Brain . 1300 . . 

(aldult, sw) TBTO 28 1.49 4 ’ 

Muscle 200 

Shcepshead minnow ~ TBTO ‘ 

NR= 1.5 53 Muscle 1810 _Ward et al., 1931 
(cyprnodon - TBTO NR 1.5 58 

_ H_ea_d 2120 
van'egatu.r)(adulI., sw) 

V 
TBTO NR 1.5 58 - Visoera 

_ 
4530 

1 
- ' TBTO NR 1.5 53 Whole fish 2500 

Atlantic‘ salmon TBT NR . 0.1 25 . Caeca 900 1 DaviesandMcKie 1937 
(Sabno salarf) (SW) TBT _NR. 0.1 25 Muscle 

. 
2100 ’

_ 

E 

1 .1137) NR 0.1 - 25 Gonad A 2100 
i 

'TBT -NR 0.1 - 25 Gill - 2400 - 

1 1131* NR 0.1 25_ 4 Kidney 900 
Q 

TBT NR 0.1 25 Liver 
' 

3900
V 

TBT NR- 0.3 25 csees ’ 
‘ 

533 . 

b 

Davies-and McKie 1987 " 1'31‘ _NR 0.3 25 Muscle 533 
_ V 

, 
TBT NR 0.3 25 Gonad 

' 

1300 -

' 

TBT NR 
1 

0.3 25 Gill. 500 
‘ 

4

‘ 

TBT NR 0.3 25 Kidney 900 
TBT NR 0.3 25 Liver 2557 

_ 
TBT NR 1.0. 

_ 
25 Caeca . 240 

TBT NR [.0 26 Muscle 310 
1'37 NR 1.0 259 Gonad 390 
1'31" NR 1.0 .25 Gill 340 - 

TB’-I‘ NR 1.0 25 Kidney 500 
TBT NR 1.0 .26 ' Liver 1620 

Carp . 

' V 
. MPTC /1=w 4 5.411.l 14 Muscle . 3.31 

‘ 

Tsuda eta]. 19375 
(cyprinus calpio) ,(1=w) MPTC FW 5411.1 14 4 Liver 

_ 

. 257
' 

' 

. 

2 - 
‘ MPTC 1=w 5411.1 14 Kidney 339 

MPTC FW 5.41l.1 14 .Gallbl'adder. . 51.7 
DPI‘C PW 2010.4 14 Muscle - 7.94 
DPl‘C WV 2010.4“ 14' Liver 209 
DP'I‘C FW 2010.4 14 Kidney - 50.1- 

. DPI‘C FW 
, 

2010.4‘ 14 Gallbladder 50.1. 
TPTC FW 5,510.5 10 Muscle 

’ 

259 
nrrc. FW s.510.5 10 Liver 912 me Fw 5.5105 10 Kidney "2039 me FW 5510.5 10 Gallbladder. 257 . 

f 

‘ ~ TBTO = tributyltin oxide: TBT = tributylt'in.(anion-nvot specified); MI’I’C..Dl7l'C, TPTC = mono-, and l.ripher1yltin‘chlcride;_l'ea.pec1ively; _DBDC = dibutyltin-dichl ids, DBDL = di|i'utyltiri'dilauraIe; TBTC = tribugyltin chloride; 
. . MBTC =.n1onobutyltin trichloride; NR-= not reported; FW = freshwater, SW =»saltwau:r or estuarine;1dw = dry vwight '

' 

‘Measured cohcenmatiuu of the aryl- or alkyltincation. ’ 

. 
,

v 

E 

‘ ’Bioconcenu-ation_faetors (B073) are used ,.. .., ‘, with ‘' " ' " 
I 

(BAFR) andiare based on measured concentration: of the orgnnotin catiogl in water nnd‘in tissue (wet weight), except where noted.
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Table E-'1. Continued 

Water Exposure
_ 

‘ 

Salinity cone. Jduration BCF or 
Organism Compound ' 

(g-L") (pg-L")' , (cl) Tissue BAF’ Rcfclerlce 

Round cn1cian- carp. DBDC FW =l3r2i_1 7 Muscle 12- Tsuda et al. 1986a 
(Carassius carassius grandocuzisl DBDC Fw 13211 7 Vertebra 46 
(FW) DBDC FW 13.211 7 Liver 134 

- DBDC FW ' 

13211 7 Kidney 60 
TBTC Fw‘ 6.9104 

‘ 

7_ Muscle 363. 
TBTC FW - 6.9iO.4~ 7 Velubra 333 
TBTC. FW 6.9:t0.4 

' 

7 Liver 3330 
TBTC FW 6310.4 7 \ Kidney 

_ 

-2390 me PW‘ 7.510-.5 7 I Muscle so 
TPTC FW 7.5105 ‘ 7 venelgrs so . 

TPTC 7510.5‘ 7 Liver 1 12- 

TPTC - FW 7.5105 7 Kidney 31 
TBTO . FW 5.4103 7 Muscle 533 
TBTG _1=w . 5.410.3 7 Vettebrga 457 
TBTO FW 5.41013 7 Liver 5010 ) 

TBTO FW 5410.3 7 Kidney 3160 
DBDL FW - 10.4112 7 Muscle 31 
DBDL PW 10.4112 

‘ 

7 venebra 54 
133131-. FW 10.4112 7— Live: 312 
DBDL FW ' 10.4112 7 Kidney 133 
TBTG FW 2 15 -Muscle 741 
TPTC FW 6 10 Muscle‘ 251 mm , FW 2110.2 14 Muscle 501 
TBTO PW 

_ 

21102 14 Liver 631 
TBTG. 1=w 2110.2 14 Kidney 3160 
TBTO 1-'w_ » 2110;2 14 Gallbladder 1250 
DBDC WV 4310.2 14 Muscle 0.13 
DBDC 1=w 4.310.2 14 1.ivcr- 10 
DBDC_ 1=w 4.3102 14 Kidney _

5 
— DBDC FW 

_ 

4310.2 14 Gallbladder is 

MBTC FW 6.510.4 14 Muscle 2 
MBTC FW 6.5:t0.4 14 Liver ‘I25 ' 

MBTC 1-W 6510.4 14 Kidney 50 
MBTC 1-‘w 6.510.4 14 Gallbladder 125 

Goldfish 
» 

TBTO FW 20 14 Whole fish 1230 ' Tsuda cf 13!. 1933 
(Carassius auratus) (FW) TPTC FW 3.2 14 Whole fish 57 

Rainbow trout TBTO FW 0.51 64 "Whole rsli 406 Martin at al. 1939 
(0ncorhynchu.1' mykiss) (FW) TBTO FW 103 15 Liver 2869 

' TBTO IWI 
' 

1.03 15 Gallbladder 306 
TBTG FW "1.03 

_, 
15 Kidney 5453 

TBTO FW 1.03 15= Carcass 3272
' 

TBTG 1-‘w - 1.03" 
. 15 Peritoneal re: 13 132 

TBTQ. 1=w' 1.03 15 Gill 2466



‘99 Table E-L Continued 
Water Exposure 

. . Salinity cone. 
' 

duration - BCF or 
Organism — Compound (g-L") (pg-L“)‘ (d) Tlssue BAF’ Reference 

Raiabawuau: 
' ' 

— 'r3—'1'o ~ FW 1.03 : 15 Blood; - 1588 
3 

‘A 

(0ncorhyncIu_a.t myuss) (FW) TBTO FW . 1.03 
‘ 

15 - Gut 1185 
(_cont’d) 

' 
1 '1'n'ro FW 

V 

1.03 A 

:15 
' 

Muscle 
V 

. 759 

lNVEt'I'EBRATES »

, 

Mud crab TBTO‘ 15 
. 

5.937 6 Carapace 
I 

2;} Evans and Lauglilin 1984 
(Rhithmpanopeu.12harn':ix') (SW) TBTO 15 5.937 6 I-Iepatopancteas 6 

' 

, 
. 

'1'13'ro .15 52937 5 Testes 0 5 
TBTO 15 - 5937. 5 Gill 41 
'I'BTO 

_ 
_ 

15 54937 5 Chelaennnscle 15 

Mussel (Mytilus edulis) (spat, sw) 1'31’ 28.5-34.2 
3 

0.24 45 -Soft pans - 

. 5833 I 

3 

Thain and Waldock 1985; Thain 1985, 

Oyster 
, 

'rn'ro - 28-315_ ~ 1.215 21 Soft pans . 

A 
1874 - Waldoek at al. 1983

A 

(Crassostrea gigas) (SW) TBTO‘ 28-315 ' 0.1460 ' 21 Soft, pans $47 , p )‘ 
' 

' TBT’ ‘ 

28.5-34.2 0.24 45 Soft pans 7292, Thain and Waldock l985;'Thain 1985 

mm 29-32 - 1.557 55 . Sofi pans 2300 Waldock and Thain 1983 
'1'n'ro 29-32 0.1450 - 55 Soft pans 

_ 

1'1 400 1

' 

Oyster 
‘ 

_ 

_’ 
' TBTO 28-315 V 1.215 . 

2"1~ sonpans 950‘ 
3 

, 
Waldock at al. 1983 (onm cdulis) (sw) TB_TO 28-342 024 J 75 Soft pans 875‘ - 

'r13'ro 28-342 
_ 

252 75 
, 

' 

Soft pans . 397*: 
3 

Thain 1986 

TBT’ 28.5-34.2 024 ' 

-45 
_ 

Sofi pans 
V 

.1157‘ — Thain and Waldock 1985; Thain 1985 

‘T133’ 285-342 252 A 45 son pans V 192" 

. Snail 
, 

TBT‘ NR Appmx. 1500 408 
' 

3 

Soft pans 
‘ 

83 000 (male) 
_ 

Bryan amt. 1987 
(Nucella l1q:ill1L9).(SW) - 

_ 

as Sn in TBT 
V 

- (dw), 95 200 V 

' 
' 

' 
' 

(female) 

TBT NR .Approx. 1500 > 249 
3 

Soffpanx 147 000 (male) 
- 

' 

.5 as Sn in 7137- (dw), 1-14 000 
(female) (aw) 

.1'13q" . NR. 3400as _ 249 — 

A Softparls 
’ 

_ 
112000(ma1c) 

~ 
. Sn in 1131' 

p 
A 

(dw). 89 700 
(female) (dw) 

.TB'.l“.' NR 18 700 as 
' 

J 

408 sari pans 77 900 (male) 
Sn in TBT’ (aw); 99 700 

(female) (aw) 
’TBT =-test 111-ganism e , to‘leacha8e from panelsvcoated with antifodling paint containing uibktjlfim 
‘BCFs calculatedhmed on the increase ahoveflue concentration of TBT in comm] organisms.
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Table E-1. Continued 
Water flposure 

Salinity conc. duration BCF or 1 

Organism Compound (g,-L“) (113-L“)‘ (d) . Tissue BAP‘ Refetence 

Snail 
_ 

j'1'B'1' « NR . 107 000 as 366 Soft pans -22 800 (male) 
(Nucella Iapiltus) (sw) (cont'd) Sn in TBT \ (dw), 32 700 

A 

. 

t 

1 
' (female) (J51!) 

_TB'l’ NR 0001-0002 350 Soft parts 92 500-185-000 -Gibbs at al. 1988 
as Sn in (male) (dw), 

73. 500-147 000 
(female) (dw) 

' TBT NR 0001-0002. 540 Softparts 95000-2190 000 m Sn in TBT (male) (dw), 
125000-250 000 
(female)=(dw) 

1'31‘ 
' 

NR 0.001-0.002 720 Sofi p:_u1s 119-000-233 000 Gibbs at al. 1988 
as-Sn in TBT - (male) (glw), ~ 

119- 500-239000 
,(rema1e)(dw) 

1731 NR 0.003-0.005 720 Soft.pa11s- 120 400-201 000 
' 

asfsn in T31‘ (male) (dw),
_ 

- 113 300-190 000 
(female) (dw) 

1131* NR 0.02‘ as 360 sat: pans 32 300 (male) 
‘ 

Sn in 'm'1' (dw), 77 600 
(femak) (dw) ' 

TBT NR 0.02 a_s 540 Soft pass 60 300 (male)
' 

Sn in TBT 7 

(dw), 93 200 
(female) (dw) 

TBT NR 0.02 as 720 Sofi pass 73 200 (male) 
" Sn in TBT (dw), 84 -300 

— 
. (female) (dw) 

TBT NR 011 as 
V 

_ 
540 Soft parts 35 200 (male) 

Sn in T31 (dw). 2'6 200 
K (female) (dw) 

TBT NR 0.1 as 720 - Soft pans 25'2(X)~(male) 
Sn in TBT (dw), 31 600 

(female) (dw)



99 Table‘ E-1. Continued 

Water Exposure
_ 

b 

Salinity conc. duration . BCF or . 

Organism Compound (g‘-L") (pgeL")" 
, (d) Tissue ‘ BAP’ Reference 

Mussel; - 
- TBTQ ' 301:2 0.5 as,TBT 1 Gill 973’ Laughlin elral. 19863" 

(Mytilus-edulis) (adult, SW) dissolved in ‘ Mantle‘ . 

* 547’ N 
water Muscle . 747’ 

Viscera 1693’ 

f. 
- 10 cm " 2400

‘ 

Mantle‘ 2400 
Muscle 2400 

_ 
Viscera 8300 
{Whole body 4700 

TBTO 3012 0.5 as TBT 1 Gill‘ 225 ' 

associated with Mantle 75 ’ 
- / 

, -phytoplankton Muscle 75 
Viscera 275 

10 Gill 8300 
Mantle 4700 

‘ ‘Muscle 47.00 
Viscera 15000 

TBTO 3012 0.5 ;as 'l‘B'l'»dis- 47 Gills and 6000 ‘ 

‘ 

solved ‘in water viscera
' 

Mantle and 2600 
muscle 

/ 
TBTO. ' 

3012 0.093 14 _Gi1l l300’ 
_ 

V Laughlin andFrench' 1988 
' ’ 

Mantle 850’ ’ 

. 

‘ ' 

Muscle 770’ 
Viscera 830’ 

TBTO 301:2 0.045’ 14 . Gill 970’ 
' 

- 
’ Maude 420’ 

Muscle 420’ 

' 

Viscera 470’ 

I 

TBTO 301:2 0.063 45 Gill 2700 
' 

' 
' Mantle» 

_ 

1400 
Muscle 1300 
Viscera 1600 . 

TBTO 3012 0.1411 
' 45 ‘Gin 3900‘ 

' 

Mantle‘ 1500 
"Muscle 1500 
Viscera . 3300 

’Calculated',steady-stale bioconcenttation factois.



Table E-L Continued 

Water Exposure .
- 

' Salinity _ conc. duration 
‘ 

' -BCF or 
Organifism Compound’. (g-L") (ug-L")' (d). Tissue ‘ BAP‘ . Reference 

Mussel (Myt1'lus'eduli.1') TBTO . 30:t2 ‘ 0.670 _4S’ 
_ 

I 

Gill ._ 7300 
(adult, SW) (cont'd) ' 

‘ Mantle 2200 
Muscle 1900

> 

Viscera 3'l00 

Clam V. DBDC 1 FW 38 210 Gill . 63 vl-lolwerda and I-Ierwig 1986 
1 (Anodonta anatina) (adult, FW) 

_ _ 

(15 pg Sn-L") . Mantle '9 
V ’ Foo! - 

' 

15 
Midgut gland 40 
Kidney 1570 

ALGAE 
_

V 

Green alga‘ ' TBTO ' 5.2 7 300 Maguimeet al. 1984 
(Ankistrodemus falcatus) (FW) ' 

.

' 

. TBTQ . 
, 

4.7 17 253 5 

TBTO ' 

. 

2:1 21. 448 

1 

4 
' 

_ _ 

» TBTO . 

A 

1.5 23 457 

AQUATIC VASCULAR PLANTS . 

Eelgrass 
’ 

' TBT _ 14 
‘ 

0.067 
, 

1.14 Shoot j 12 000 Frangois et al. 1939 
(lostera marina) (SW) " 

,' 
i 

' - 

‘Algae grown in 0111-10 medium.

69
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Table -F-L Summary otA_cute and ‘Chronic Organotin Toxicity Data for Freshwater Vertebrates

y 

~ Organotin Exposure 
_ 

Test 
Organism compound 

_ 

lime Effects‘ 
‘ 

rank Comments j ‘Reference 

Rainbow trout Bis(tributyltin) oxide 24 h LC,o=0.028 mg,-L" 95% soln; Hard=250 mg-L"; Alabaster I969 
_ (Oncorhynchus ntykisr) 48 h LC,’,,=0.02*l mg-L".. static renewal test; conc;not measured 

' ‘
- 

Triphenyltin hydroxide 24 ll Lc,,,=o.o74 mg-L7‘ sr: Flow-through test; conc not measured; Tooby at al. -1975 
48 h LC,,,=0.029 mg-L" Hard=270%mg-L"; 15°C‘ 
96 l‘! - LC,,,d).014‘ mg-L" 

Guppy - Bis'(tributyltin) oxide 24 h LCm=0.075 uig-L" UN Resistant 0.03 mg-71;"; opbservations-of Eloch et a1. 1964 
(Poedliq reticulata) ‘ 

' 

mortality for 48 h after end of ‘exposure 
/ 

Bis(tributyltin)‘oxide _24~h LC,,=0.0l—0.02 mg-L_" ‘ .UN Scliatzberg and Harris 1978 

Triphenyltin acetate .24 ll Lc,,=o.1_2.ing-1;‘ 7 UN 25°C; other conditions unknown - Knauf 1974 . 

43» n Lc,,,=o.os4 ing-L-' UN 25-ic; other conditions unknown 

.24 h Lc.,,,=o.o75 mg-1:‘ UN Resistant to cm mgélfj; .obser_vau'ons of A 

Floch et al. 1964 
V 

- mortality for 48 h after end of exposure
' 

‘_ 

48% h LCm=0.03 mg-Ly" ' 

I 

«Fathead minnow . Bi.s(tributyltin) 96 ' LC,,,d).05-0.2 mg-L"" ’ Raw andvueated wastewater; "static test; Argaman et-al. V1984 
(Pimephales promelas) V 

' 
' conc not measured ' 

Mosquitofish (Gambusia a_fliui:) Triphenyltin acetate 
4 

24 h LCm=0.*4 mg-L" — SE Static test; oonc not measured; pH¥6.8‘ Gras -and Rioux 1965 

Eel (Anguilla anguilla) ~ Triphenyliin acetate LCm=0.'86 mg-L" SE Static test; conc -not measured; pl-l=6.8- Gras and Rioux 1965 

Goldfish (Uwassim awamsi Triphenyltin acetate 24,11. LC,,,=0;34‘ mg-L" SE Static test; eonc not "measured; pH=6.8' 
I 

Gras .and Rioux 1965 

Triphenyltin acetate V24‘-h 
4 

LC,,,=0.075 mg-L" UN Resistant-to OL03 mg-L"; observationsyof . 
_ 
Floch etal. 1964 

mortality for 48 h after end of exposure 

Triphenyltin chloride 24 h LCm=0;25‘ mg-L" UN Conditions Floch and‘Deschiens 1962 
48.h LCm=0.25 mg-L"‘ 

‘Unless indicated, all concentrations reported for primary and_ ‘ y‘ " are: the. of the.u._ 
accordingly (95% confidence limits in parentheses). Data unacceptable studies ‘rue as published. 

‘concentration 
not reported 
solution 
lnrdness-asrng-L" CaCO, ' 

__ 

primary study, which may be inclurbd in;minimum data set for Camdian water quality. guidelinesor interim guidelines 
secondary-study, which may be included in minimum data set for Canadian water quality inter-im,guideliues 
unacceptable study, which cannot-be includedin minimum data set for Canadian water quality guidelinesor interim guidelims 

’ 

cation. Tests with compounds tint containedvless than 95% organotin active ingredient were 

géaggfigs

v
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Table 17-1. Continued 

(lctalunu punctatus) 

Organotin Exposure Test 
Organism compound, time Effects‘ rank Comments Reference 

Goldfish~(Carassius auratus) Triphenyltin oxide 24 ‘h 
' LCm=0.075 mg-L" UN Resistant £00.03 mg-L"; observations of Floch at al. 1964 

(C0n!’d) 
' V 

' 
' 

mortality for 48’ h {after end, of exposure 

Carp‘ (Cyprinus carpio) Triphenyltin.acetate \ 24 Ah 
_ 

-LC,.,=0.52 1‘ mg-L" UN Conditions unknown; unpulilished data Ueda at al. 1961 

4:; li '=Lc,,,=o.3_2 mg-1;‘ 

24 h LC,,;l;2 mg-L" UN 
S 

Conditions unknown; unpublished data Knauf 1974 

43 h - LC,.,=0;84‘ mg-L"
V 

Sunfish (species unknown) Triphenyltin acetate 48 h LC,'w=l mg-L" UN 
V 

Study conducted in pond; conditions NR Seiffer and School 1967 

Freshwater teleost 
_ Triphenyltinnacetate ?A h LC,,,=O. 18 mg-L" UN 22°C; other conditiom unknown Knauf 19_74 ’

‘ 

(Idus idus melanotus) ' 

» 

. ,, 
' 

48 h. LC,,=(_).l1 mg-L" UN 22°C; other conditions unknown 

l-larlequinfish Triphenyltin acetate 24 h ' mg-L“ UN Hard=20 mg-L"; 20°C; flow-through. test Alabaster 1969 
(Rasborauheteromorpha) 

‘ 

(20% soln) ' 

V 
I 

48 h LC,,=0;044 mg-L" Conc not measured; 20% vsoln (Lirostanol) 

Triphenyltin hydroxide 24 h LC‘,,,=0.059 mg-L" SE Flow—tl1rough test; conc not measured; Tooby at al. 1975 
(l(X)% soln)< Hard=20 mg-L"; 20°C 

Triphenyltin hydroxide M h LC,,,=0.(_)72‘ mg-L" 
_

x 

(20% soln) 48 h LC,,=0.046 mg-L" 
' 96 h I.C,,,=0.0l4vrng-L" 

Stickleback (spawn) T riphenyltin chloride 24 h ' 

I.C,,,,=0;25 ‘mg-L" UN tConditions.NR Floch and Deschiens 1962 
(species unknown) .

. 

48 h LC,m=0.‘25 mg-L" 
p 

UN Conditions NR" 

Bluegill'(L¢pomi.r ntacrochincs) Triphenyltin hydroxide 483h LC,,,=0.03,3 mg-L" UN FAO 1969 

Tricyclohexyltinv 96 h LC,,,=6.7vug-L" SUN 18°C; Hard=40-50 rng-L" Johnson and'Finley 1980 
hydroxide .(5.8—7.7 pg-L") ' ‘

' 

Largemouth bass Tricyclohexyltin M h LC,,,=0.06 mg)-L" UN Dow Chemical Co. 1979 
_ 
(Micropterus salnwides) hydroxide 

_ 

' V_ 
' I 

’ 96 h I.Cf2.l pg-IL"' UN‘ 18°C; 'Hard=272 mg-.1." Johnson and Finley 1980 
:(~l-.9—2.3 pg5L") '

. 

Cliannel catfish’ Bis(tributyltin)'oxide 96‘ h LC,,,=0.0l2_mg-L'‘ 
’ 

UN Conditions unknown; ‘unpublished data Slesinger 1979 —



7; 
Table F-1. Continued‘ 

(mean wt = 5.94 g) l-lard=l35 mg-L": l'5;5°C; pl-I=7.76 

~ Organotin 
_ 

Exposure Test 
Organism 

' compound 
4 

time Effects‘ 
_p 

rank Comments 
V 

‘ 

Reference 

Jewel fish Bis(tributyltin) oxide 24-48 h LC.n=0.044 mg-LT‘ SE Nomortality at‘i0.0l5-0.03 ‘mg-L" Deschiens eta!) 1966 
(Tilapia nilotica) 7 I 

’ after 15 d 

:G0l¢kn orfe (Leuciscus‘r'du.r Bis(trihutyltin) oxide 48 h LC,,=0.05 rug-L" UN Conditions NR Plum 1981 
melairotus) ’

i 

_ Goldfish (Carassius aurataas) Triphenyltin acetate 24 h LC,,=-’-0.578 mg-L" SE_ ,'pH=7.4; Hard=307 mg-L"; Cotta-‘Ramusino-and Doci 
' 

. 

' ' 
' static test; cone not measured .1987 ~ 

48 h LC,,,=0.53 mg-L" SE‘ pH=7£4; Hard=307 mg-L"; 
- static test; cone not measured 

Rainbow trout Triphenyltin hydroxide h LC_.,,,= I00 pg’-L“ UN .'pl~l=7.1; mg-L“; 13°C; Mayer and Ellersieck 1986
‘ 

(omvrhynclnru mykrlrs) . static test; cone measured ~ 

_ 

Triphenyltin hydroxide 96'h LC,,,(28 pg-L" pl-l=,7..l; I-lard=44 mg-Li‘; 13°C; 
', =statie test; cone measured 

Goldfish (Carassius auratus) 
A 

Triphenyltin hydroxide 24.h‘ ‘LC,,= l-2“l pg-L" _.As above exoqn 18°C Mayer and Ellersieck 1986 
‘ 

(99-149) - 

' 
i 

3
’ 

\ 
Triphenyltin hydroxide 96 h LC,,,=62 ug-L" UN‘ oAs.above except 18°C ~ 

* 

. 

' 
‘ (49-75) 4 

Fathead minnow 
‘ 

Triphenyllin hydroxide 24Ih ~LC,,=76 pg-L"‘ UN As above except 18°C ‘Mayer and lersieck 1986 
(Pimephalc: pmmelas) ' 

(58-100)’ »

' 

Triphenyltin hydroxide 96 h LC,,=Z) pg-L" UN Asabove except 18°C 
(9.0—'42) 

' '

~ 

Bluegill (Lepomis macrachinas) Triphenyltin hydroxide 24 h 
4 

‘LC,,,=76 ipg-L" _ 
UN Asrabove except 24°C Mayer and Elle:-sieclr 1986 

4 

Triphenyltin hydroxide 96 h Lc,.,=23 pg-L" UN As above except 24°C 
‘ 

‘ 

( 19-28) 

Rainbow trout (0ncorhynchus ‘Bis(tributyltin) oxide ' 96 h - LC,.,=3.9_pg-l.." PR Flow-through test; conc measured; Brooke el aL' -I986 
myh's.r) (juvenile) 

4 

~ 

' 

Hard=50.6 mg-L" 

Rainbow trout (0ncorhynchus Bis(trihutyltin) oxide 96 h LC,.,=3.6_3 pg-L" PR Flow-through test;_couc measured; Martin et al. 1989 
myldss) (mean wt = 1,5 g) LC,,=3.l2 pg-L" Hard=l35 mg-L"; l5.S°C; pH=7.-76 

LCf3.56 pg-L"‘ ’

- 

Lake trout. (salvelinus narnaycush)‘ Bis(tributyltin) oxide 
' 

_ 
96 1; Lc,,,=12.1 pg-L" PR How-through test; conc measured; Martina: 41. 1989
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Table F-l. Continued 

Change in behaviour 242°C-25‘.3°rC§_Hard=46.6 mg-L" 
(partial exposure for 96-_h test period)

\ 

Organotin Exposure Test
_ 

' Organism compound Effects‘ rank Comments Reference 

Fathead minnow (Piinephales Bisflributyltin) oxide 96 h LC,a=2.6 pg-L" PR Flow-through test; conc measured; Brooke et al. 1986 

p 

promelas) (juvenile) 
V 

‘ 

Ha.-d=50,5.mg.]_" 

Channel catfish (Ictalurus ‘Bis(tributyltin) oxide 96 h LC,,=--5.5 pg-L" PR ' 

Flow-through test; conc measured; Brooke et al. 1986 
punctatus) (juvenile) ' 

‘ 

Harvd.=50.6 mg~L" 

liluegill (Lepomis macrochirus) Bis(t.n'butyltin) oxide 96 h LC,,,=240 pg-I." UN Static nest; cone not memured. -Foster 1981 

Fathead minnow (Pimephales Triphenyltin hydroxide 96 h LC,,=6.8 pg-L" Static test; cone measured; W Iarvinen at al. 1988 
P'0m¢I0-V) (_la|'V3°) 242°C-25.3°C; Hard=46.6 mg-L" - 

‘

V 

96 h Ec,.,=3.5 pg-1;‘ PR Static test; cone. measured; 
\ 

‘ Change in-behaviour ~ 
. 242°C-25.3°C; l-lard=46.6 mg-L" 

” 
12 h 96-h 1.c,,,=ss.9 pg-L"' . PR Static test; cone measured; 

' 2A.2°C—25.3°C; Han:l=46.6 mg-L" 
(partial exposure for 96-h test period) 

12 Ii 96-h _EC,,,=48.0 pg-L“ PR ‘Static test; conc measured; . 

¢(4l.2—55L9) 242°C-25.3°C;‘ I-Iard=46.6 mg-L" 
Change in behaviour (partial exposure for 96-h test period) 

24 h 9.6.-h Lc,.,=19.1 pg-L-' PR Static test; cone measured; 
(l6.3—22;2) 24.2°C—25‘.3°C; I-Iard=46.6 mg-L" 

(partial exposure;for 96-h test period) 

Triphenyltin 24 h 96-h EC,,,=l5.¢l ug~L7' PR Static test; conc measured; Iarvinen at al. 1988 
hydroxide (l2.7—l7.9) - 

A 

2/l.2°iC-25.3°C; I-lard=46.6 mg-L" 
( 

Change in behaviour (partial exposure for 96-h test period) 

48 h 96-h LC”:-6.2 pg-L"" PR ‘ Static test; conc measured; 
(5.7—6.8) 2A‘.2°C-153°C; I-lard=46.6 mg‘-L" 

(partial exposure for 96h test period) 

48' h "96-h EC,,,=4.T7 pg-L" PR Static test; conc measured; 
(4.l—_5.4) 242°C-25.3°C; Hard=46.6 mg-L" 
Change in behaviour (partial exposure for 96-]: test period) 

72 h 951. Lc,.,=s.72 pg-1;‘ PR Static test; conc measured; 
(4.9—6.8) 24.2°C-253°C: l~lard=46.6 mg-L" 

(partial exposure-for 96-h test period) 

72 hi 96-h EC,.,=3*.34 pg-L" PR _'Static test; cone measured;
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Table F’-1. -‘Continued 

Orgarrotin Exposure - 

V 

Test 
_ ‘ 

Organism ' compound ' 

. time Effects" ' 
' rank Comments ‘ ' Reference 

Fathead minnow (Pimephqles 
V 

- 24,11, . 30-d LC,,,=l5’.6 pg-L" . PR ' Static rcsrj cone measured‘;
7 

< K promela._r) (larvae) (cont’d_) 
’ 

_\ (13.9-l7.6) 24.2°C-’25.3°C; Hard=46.6 mg-L" 
. 

' 

. 

' ' (panial exposure for 96-h test period) 

48 h 30-d LC”--8.20 pg-L"‘ 
I 

' PR 
; 

' Static test; conc measured: 
* 2A.2°C-25.3°C; l-Iard=46.6 mg-L“ 

(partial exposure for 964': test .period)_ 

72 li LC,¢=3.72 ug-L'' 
) 

PR Static test; conc measured; '
‘ 

‘ — 

' 

(3.3-4.2) ‘ 

' 24.2°C—25.3‘?C§ Ha:-d=46.6 mg-L" 
‘ ’ 

‘ ' 
- (partial exposure for 96ih test period) 

Frog aa..‘..~.. -temporaria) Bisoributyltin) oxide -5 d I,c.,=2s.4 pg-L"" 
' UN 'so.igm;' conc not measured . . Laughlin and Linden 1982

V 

(embryo, larva) , 
' ' 

_ _ 

. Tributyltin fluoride 5 d LC,,,=28.2 pg-L" 

Guppy (Paecilia reticulala) Bis(tril_>utyltin) oxide ~ 7 d 
V 

LC,,,=0.039‘mg-L" UN Conditions NR Polster and Halacka 1971 

Triphenyltin acetate 7 d ‘LC,,=0.032 mg-L" -UN Conditions NR 

Tributyltin chloride _7.d 
' 

LC,.,=0.02l mg-L" -UN Conditions NR 

‘ 
Tributyltin oleate 7 d 

p 
LC5,,=0:033 mg-L" 

I 

‘Conditions NR 
Trihutyltin benzoatc ' d 

7 

4 LC',°A).025' mg-L" UN- Conditions NR 

_Tributyltin laurate 7 a 
' 

1.c,.,=o.o3o mg-1;‘ UN Co'nditionsvNR 

Tributyltin acetate ' * 7 d LC,,d).028 mg-L" Conditions NR 

; 
Rainbow trout (Oncorhynchus Tributyltin chloride 12 d LCm=4.9 pg-L“ SE Flow-through test; conc not measured; Seinen et al. 1981 

I 

. myldss) (yolk sac fry) . 

~ 
- 

V 

’ H 

o . -110 d ' 0.19 pg-L" caused SE l-Iard=94—l02.mg-.L";;~ 15°C 
diminished glycogen -

' 

storage: retarded» - 

growth; weight decrease 

Fathead Triphenyltin 30 di LC,o=l._43 pg‘-L" PR 7 
7 

Static test; conc measured; - 
— Iarvinen et al. 1988

I 

(Pimephales pmmelas) 
‘ 

hydroxide : (1.4-1.6) 24.'..’.°C—25.3°C; 
'

' 

(laryae) _ 

’LOEL=O.22 pg-L" 
V 
I-Iard=46.6 mg-L" 

' 

- 
' 

» (growth) 

Fathead minnow Bis(n-ibutyltirr) oxide 33 d : 

A 0.08 pg-L" caused 
7 

, 
Pk Flow-through test; 

_ 
Brooke let-al. 1935 

(Pimephalerpromelas) post . significant reduction in ‘ conc measured; ' ' 

(juvenile) 
' 

fertil- mean standard length _i ,Hard=50£6 mg-L" 
ization at 28 d post-hatch
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Table F-1. Continued — 

Organotin Exposure V Test 
Organism compound time Effects‘ 

' 

rank Comments Reference V 

Guppy Bis(iributyltin).oxide 90 d LOEL = 0.97 pg-L" PR ~pH=7.8-8.3; Wester and Canton. 1987 

(Pbecilia reticuldta) forgowih ‘ 

, 21°C-25°C; static-renewal
' 

‘test; conc measured‘. 

90 d‘ LOEL = 0.031 pg-L'' 
’ 

forhistopathological 
changes 

Guppy Dibutyltin 30 a NOEL = L44 mg-L" PR pH=7.s—s;3;
_ 

(Poecilia reticulata) formortality and 2l°C—25°C; static renewal 
(C0l1l'd) behaviour’ test; cone measured 

30 d LOEL.= 245' pg-I." .
. 

for histopathological changes
I
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Table F-2. Summary-of AcI.I'teand~ Chronic Organotin Toxicity Data for Estuarineand Marine Vertebrates 

4§%§E%§ primary study, which may be ' cluded in minimum data set for Canadian water quality fguidelineszor interim guicblines 
secondary study, which.may beincluded in minimum data set for Canadian water quality interim guidelines 
unacceptable study, which cnrmot be included in data set for Canadian water quality guidelines or interim guidelines 

7 

Organotin Exposure 
_ 

Test ' 

b 

Organism 
_ 
compound time Effects '- 

_ 
rank Comments Reference 

Mummichog (Fundulus Bis(tributyltin) oxide 40 min v Significant avoidance PR Flow-through test; conc measured; Pinkney at al. ‘I985 
heteroclitus) ~ of 3.7 pg Sn-L"¥ ‘22—-275°C; Sal = 9.9—ll.2 g-L7‘ '

l 

Sheepshead minnow (Cyprinodon - Bis(tr_ibutyltin) oxide 96 h LC,.,=l6.54 pg-L" UN \ Sal = 20 g-L"; static test;:conc not EG&G Bionomicsi 1979 
vaziegatus) (juvenile) ‘ 

I 

‘ 

. measured ' ‘

l 

. 

V‘ 

96 ll Lc,,=i2;6's pg-L"_ UN Sal = 20 g-L"; static test; conc not 
measured ' 

Sheepshcad minnow (Cyprinodbn ‘Bis(tributyltin) oxide 96 h LC,‘,,=2.3l5 pg-L" UN Sal = 28-32 g-L"'; flow-throng: test EG&G Bionomics 1981b 
variegatus) (33-49 mm) 

‘ 

conc measured '
7 

Mummichog (Fundulus heteroclitus) vBis(trfl>utyltin) oxide 
’ 

96 ll LC,,=Z3;36‘ pg-L" _UN Sal== 25 g-L"-;_static test; cone not EG&G Bionomics 1976 
(adult) . 

' measured 
‘ 

' 
7 

‘

. 

' Bleak (Alburnusalburnus) Triphenyltin fluoride 96 h LC,o=0v.32—0.4-4 pug-L" SE Static test; conc not measu 1, 10°C; Linden-at al. 1979 
. 

' 
' pH=7.8; Sal = 7 g-L"' 

Tfibutyltin fluoride .9611 I.C,,,=5v.6-7.5 pg-L" 
V 

SE. Static test; cone not =measu ’, 10°C; 
. V 

/ 

' 

pl-I=7‘.8; Sal = 7 g-L“ 

Bis(tributyltin)-oxide 
' h LC,,=l2.6-16.5 gig-LT‘ SE Staticitest; conc not rneasu ’, 10°C: Linden 2! oil. 1979 

I 
pl-l=7.8; Sal =.7 g.-L"‘ 

North Sea sole (Solea sblea) Bis(trihutyltin).oxide 4811 LC,,=O;088 mg~L" UN Static‘ renewal test; other conditions NR Thain 1983 
(adult) 

_ 

96 h - LC,,,=0;036 mg-L" UN L 
A

‘ 

North Sea sole (Solewsolea) Bis(tributyltin) oxide 48 l1 -- LC,,=0.008S mg-L": Static renewal test; other conditions NR Thain 1983 
(larvae) 96 h l'.C,,=0.002l' mg;-L"' 

_ 
UN ' ‘ 

.'l'el'eostx(Agonus cataphactus) Bis(tributyltin) oxide '7 48=h .LC;,=0r026 mg-L" UN Static renewal test; other conditions NR Thain 1983 
. 96 h LC,.,=0.0l6 mg-I‘;-‘ UN 

Chinook salmon (0rtcorhynchu.r Bis(tributyltin).oxide . '96 ll 1jc,;,=1.4o pg-L"-' s12 Sal=28 g-1.-{;. static test; conc measured ‘Short and Thrower 1986b 
tshcrwytscha) (juvenile) 

' 

' ’ 
'

' 

Speckled sanddab (Chithorichthys Bis(tributyltin) oxide 96 h LC,,=l8.5 pg-L" UN Sal=33-34,g-L" Salazar and Salaar (undated) 
stigmaeris) 

' 

’ 

« 
. 

V 
‘ I

. 

_'Unless otherwise indicaIed..all concentrations reported for primary and ‘ 
, arethe of tln VI‘, ‘ 

cation. Data‘ from unacceptable studies are aspublished. 
concentration - i

. 

not reported 
Salinity
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Table F-2. Continued 

/ Organotin Exposure Test 

Organism‘ compound time Effects‘ rank Comments Reference 

Chinook salmon (Oncorhynchus Bis(tributyltin) oxide 
i 

6 h LC,;,=52.6 ug.vL" SE Static test; 3°C—5°C; Sal=28. g.L"; Shorland Thrower 1987 

tshawytrcha) - 12 h LC,,,=l9.5. pg-L“ conc measu ‘ '
’ 

96 h LC,.,=l.46 pg-L" SE Static test;-t 3°¢—§°C; Sal=28' g-L"; Short and Thrower 1987 
V corrc measu ‘ 

Sheepshead, minnow Bis(tributyltin)‘oxide - 7 d LC,“-=l.75 pg-L" SE Flow-through test; conc measured; 
I 

Ward el al. 1981 
(Cyp: ‘notion variegatus) TBT cone varied during test 

7 

14 d LC”d).97 pg-l." SE Flow-through test; concnreasured; 
. 

TBT conc varied during test 

21 d LC,.,=0.93 ug-L" SE Flow-through test; conc measured;
' 

TBT conc varied during test 

California grunion (Leuresther Tributyltinl‘ 
_ 

l0_d 50% reduction in hatching SE Flow-through test; conc measured; Newton er al. 1985 _ 

tennis) (egg through embryo) success; at 74 pig-L"; no TBT exposure from painted panels 
' adverse effect on hatching 

success or at 
0.14-1.72 pg-L" 

Atlantic menhaden (Brevoortia Tributyltin chloride» 28 rd Survival ‘not affected by 
I 

PR Flow_-through test; concfimcasured; Hall at al 1988c
I 

tyramrus) (juvenile) 
' 93 or 490 ng-L"; no.defi- N°C; Sal=l0—1l g-L“ 

nitive histological changes‘ 

Inland silverside (Menidia Tributyltin chloride 28"d Survival not affected by PR Flow-through-test; conc measured; Hall at 1988c 

beryllina) (larvae) \ 93 or 490 ng-L";; both 20°C; Sal=10-ll g-L" 

conc significantly reduced 
growth by 20%—22%

I 

(Cidwfichfirys stignraeus) Tributyltin 66vd UN Flow-throughtest; conc measured;. Valkirs er al 1985a LC,,,=l.89—’2.80 pg-L" 
l7°C:.Tl3T exposure from printed 
panels, control mortality was 47%
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Table G-1'. Summary of Acute‘ and Chronic-Organotin Toxicity Data for Freshwater Invertebrates 
Organotin Exposure Test '

' 

Organism compound time Effects‘ 
‘ 

rank Comments Reference- 
Snailx(BiomphaIaria glabrata) Tripropyltinoxide M h LC,,,=0.085‘ mg-LT" UN 25°C; other conditions 

_ V 
Frick and de Jimenez -1964: 

(adult) 
V 

' 

- NR ' 

_ 

= 

' 

Ritchie eral. 1964 

‘Tripropylt\in‘oxide 24 h LC.,.,=0.ll'5 mg-L7‘ UN A 

25°C; other conditions - and 'de Jimenez: 1964;‘ 
» NR ' 

. Ritchie etal. 1964 

Tripropyltinroxide 6 h ' 

LC,,,=0.73 mg-L" UN 25°C; other conditiom Frick de Jimenez 1964; 
. 

, 

‘ NR ' 

. Ritchie it al. 1964 

‘Tripropyltin oxide '6 h L%l.05 mg-L" UN 25°C; other conditions Frick and de Jimenez 1964; 
NR Ritchie el al. 1964 

Tripropyltin oxide 6 h LC,,,d).65 mg-L" UN 75°C; other conditions.NR Seifier and< Schoof l967 

Tripropyltin oxide 6 ll Lc.,,=i.7mg-L" ~ UN ' 

Static;tcst; other conditions NR Seiffer and'Schoof 1967 

Tripropyltin oxide LC,,=t).28 mg-L“ UN ‘Conditions unknown; unpublisheddata Paulini 1964 

Tripropyltin oxide 24 h LC,,=0.05-0.1 mg-L"' UN ' 

Static test; conc not iiioasuied; observations Hopf et al. 1967 
V 

J 

of mortality for 24 h.after end of exposure 

Tripropyltin=penta- 24Ah Lc,,,=o.1-05 mg-L" UN 
chlorophenate

‘ 

Tributyltin-acetate 24 h LC,,=0.085 mg-L" UN _i 25°Ci’other conditions ‘Frick and dc Jimenez 1964; 
' ' NR ~ Ritchie at al. 1964 

Tributyltin acetate 24 h 
_ 

LC,,_=O. 1'15 mg-Ii.“ UN 25°C; other conditions. 
' 

Frick and de Jimenez 1964; 
1 

' 

A 

- NR Ritchie et al. 1964 

.Tn'butyltin acetate 
4 

6 h IJC,,,=O.l9 mg-L" UN 25°C; other conditions 
‘ 

Frick and de Jimenez 1964; 
’ 

' ‘NR Ritchie er al. 1964 

_ 
Tributyltin acetate 6 h LC,.,=0.3 mg-L" UN 6 

25°C; other-conditiors Frick andide Jimenez 1964; 
’ 

- 
' NR ' 

' Ritchie et al. 1964 

. Tributyltin acetate 24 h 
' 

LC,,,,=0.30 mg-L" UN Conditions NR Floch et al. 1964 \

A 

‘Unless otherwiseiindicated, all cone -uiuiu reported for primary and Inn of the in, 
' 

cation. Tests with cornpoundsithat ‘ ‘ ' "- 95% Ola ’ active ' , " were corrected 
accordingly. Data from unacceptable studies are as published. 

gasaggg 

hardness as mg-L"-'CaC0, 
solution 
concentration 
notreported 

‘ 
y " are-the 

primary study, which may be" ‘ ‘ ‘ in minimum-data set for. Canadian water quality guidelines orinterirn guidelines 
secondary "study, which may be included in-minimum data set for‘Camdian interim water quality guideli 

ble study, which cannot be included in minimum data set for Canadian water quality guidelines or interim guidelinesr
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Talile G-1. Continued 

p 

Organotin Exposure Test 
Organism compound time 

' 

Effects‘ rank Comments Reference 

Snail (Biomphalaria glabrata) LC,°=0.l7 mg-I." UN‘ Con/ditions unknown; unpublished data Paulini' 1964 
(adult) (cont’d) 

_ 
_ 

-

I 

Tributyltin acetate 24 h LC,,,=0.l-0.3 mg-L“ UN Static test; conc not measured; observations Hopf et al; 1967 
of mortality for 24 h end of exposure 

'l-'ributyltin.penta- 24 h 
I 

LC,.,=0.05-0.‘1< rng-L"‘ UN 
V 
Static testpconc not measured; observations Hopf at al. 1967 

I 

chlorophenate ' of mortality for M h after end of exposure . 

Bis(tributyltin) oxide 24 h ‘ . I.Cm=0.075 mg-L" UN Conditions NR Floch er al; 1964; 
‘ 

' Deschiens and Floch 1968 

Bis(tributyltin) oxide 24 -h 
I 

_ 

LC,,=0.029 mg-VL" SE -Deschiens et al. 1966 

Bis(tributyltin) oxide‘ ' 24 h LC,',=0.05-0.l mg-L"‘ UN Static test; cone not measured; observatiom II-Iopfpet al. 19,67 
A of mortality for ?A h after end of exposure 

Bis(tributyltin) oxide 6 h LC,,',=O;41 mg-L" UN" Static test; other conditions~NR Seifferand Schoof 1967 

Bis(tributyltin) oxide 6‘h Lc,,=o.=s4 mg-L" 
R 

UN Static test; other conditions NR Seiffer and Sclloof 1967 

Bis(tributyltin) oxide 
‘ 

24 ‘h LC',,,=0.04 mg.-L" UN 75°C; other conditions NR Ritchie er al. 1964 

. 
\ 

' 

i 

_ 

t

' 

» Bis(tributyltin)‘oxide M h LC.,,=0; 105 mg-L" UN 25°C; other conditiomNR Ritchie at al. 1964 

Bis(tributyltin) oxide i6 h LC,,,=0.37 mg-L" RUN 75°C; other conditions NR ’ Ritchie at al. 1964
’ 

Bis(tributyltin) oxide 6 h LC.,,,=0;9 mg§L" UN 3°C; other conditions NR Ritchie et al. 1964 

Bis(tributyltin) oxide Continuous Id pg-L". inhibited UN Conc not measured 
_ 

Ritchie et al. 1974 
- oviposition by ‘el00%; 

1 pg-L". "inhibited 
oviposition by >90% 

Bis(tributyltin) oxide Continuous 0.1 ug-L'.' inhibited UN Conc ‘not measure‘- Ritchie et al. I974 
oviposition 50% V 

Continuous 10' pg-L" prohibited -UN Conc not measure‘! Bis(tributy|tin) oxide 
development of newly 
laideggs; 0:001 pg-L" 
significantly’ reduced 
survival of snails after 
hatching; 1 and 0.1 pg-L" 

' ‘ 

severely retarded growth 

Ritchie et al. 1974
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Table G’-1. Continued 
Organotin Exposure Test ’

. 

' Organism 
_ 

compound '‘ Effects‘ rank 
_ 
Comments Reference

' 

-Snail (Biomphalafia glabrata) Triphenyltinacetalze 24 h LC,,,=0.05 mg-II“ UN -Static test; cone not measured; observations Hopf and Muller 1962; 
(adult) (cont'd) - 

' "of mortality for.24 h after end‘of exposure Hopf et al.- 1967 

Triphenyltin acetate ‘Z4 hr LCM,--1-.0 mg3L" UN ‘Conditions NR 
I 

Deschiens and Floch 1962: 
Floch and Deschiens 1962 

Triphenyltinaoetate 48 h LCm=0.25. mug-L“ UN- Conditions NR Deschiens and Floch 1962 

1 Triphenyltinracetate ' 24 h LC,,=0.66 mg-Li‘ ‘UN 25°C; other conditiors NR Frick de Jimenez 1964 

Triphenyltin -acetate . 24 h 
‘ 

LC,,=l.55 mg‘-L" UN_ 25°C; -other conditions NR Frick and Jimenez 1964 

Triphenyltin acetate NR ’ LC,,,=0;26 mg-_L'V' Conditions unknown; unpublished data Rauiini 1964 

. Triphenyltinacetate. NR LC,,=(i.5() mg’.-L" UN Conditions unknown; unpublished data Paulini 1964 

Triphenyltin acetate 6 l1 LC,u=0;4’ mg-L" UN 20% soln; static‘ test; other. conditions NR Seifier and Schoof 1967 

Triphenyltinocetate ‘6 h V 

V LC,,=l.4l mg-L" UN’ 
j N95 soln; static, test; other conditions NR Seifier and Schoof 

Triphenyllinrchloride 24 h LCm:l.(X) mg-‘L" Conditions NR- Floch and Deschiens ‘I962; 
S 

‘ 

- Deschiens and Floch =l962 

Triphenyltinv chloride 48 h LC,,,,=0,2S mg-I'."‘ UN Conditions NR= - Floch and -Deschiens 1962; ‘ 

- Deschiensrand Floch 1962 
-' 

Triphenyltinnchloride 6 hi LC,,='5.5 mg-L" _UN Static test; other conditions‘ NR . Seiffer and Schoof 1967 

Triphenyltin chloride 6h l.C”=_l9.0 mg-L_" UN‘ 
V 

Static test; other conditions NR‘ Seiffer and Schoof 1967 

Triphenyltin fluoride 
1 

24 h LC,,=0:0l-0.05 mg-L"' UN Static test: conc not measured; observations‘ Hopf er al. 1967 
of mortalityfor 24 hyafter end of exposure 

V 

'l'riphenyltinvpenta- 24 h LC,,,=0.1-1.0 mg-1;’ UN Static test; conc not measured; observations Hopf et al. 1957 
chlorophenate ' of‘mortality'for 24 h’ afterend of exposure ‘ 

Tris.-p-chlorphenyltin 
. 

24 h I.C,,,=0L01-0.05 mg-IL" UN ‘ Static test; conc notmeasured; observations Hopf at al., -1967 
aoetate , . of mortality for 24 linafter end of exposure , 

V Tris(2-pheny|ethyl)tin 24 h LC,a=0.0l-0.05 mg-L"' UN Static test; cone not meuurethobservatiorn Hopf at al. 1967 
acetate ’ 

' 

of mortality ‘for 24‘ h after end of exposure 

Tribenzyltin penta- 24 l.C,,=l.0 mg-L" UN Static test; conc not mexured; obsenvations Hopf et al. 1967 
lorophenate of mortality for M h after end of exposure ‘



Table G-1. Continued 

Organotin fiposure ’ Test . .

* 

Organism -compound '_ time~_ Effects‘ 
7 

rank . Comments , 

V 
. Reference 

Snail (Biomphalarid glqbrata) Tri(cyclopentyl- 24 h LC,,=0.05-0.1 mg-Li‘ UN ' 

Static test; conc not meaurved; observations Hopf at al. -1967 
(adult) (cont’d): 

I 

methyl)tin acetate 
' 

' V 

of mortality for 24 h after end of exposure 

Tricyclopentyltin 
C 

h ‘ LC,.,=0.05'-0.1 Vmg-L"‘ UN Static test;-conc not measuredzyobscrvations I-Iopf et al. 1967 
acetate ' 

p 

of mortalityfor 24 h after end of exposure '

. 

Tri-m-tolyltin. 24 h - LC”--0.01-0.05 mg-L" UN Static test; conc-‘not meaured; observatio Ii-Iopf at al. 1967 
« 

S 

acetate - of mortality for 24 h after end of exposure 
’

S 

Tri‘~p-tolyltin 24 h. LC,,=0.i0l-0.05 mg-L" UN Statictest: cont: not measured; observations Hopf et al. 1967 
x-acetate ‘ 

i 

V p 

of mortality for M1; after end of exposure‘
C 

Snail (Biomphalarfia sudanica) Triphenyltinacetate ' NR LC,,,=0.04 mg-L" Conditions unknown; unpublisheddata Webbe 1963 
I 

Tributyltin acetate NR ’ 

l.C,,=0.03 mg-L" UN Conditions unknoWn;' unpublished data Webbe 1963 . 

Snail (Biomphalaria contortus) 
V 

Triphenyllinvacetate 24 h LCm=O.30 mg;IA."" ' ‘ UN Conditions NR ‘ 

‘ 

Floch et al. 1964 

'Bis(tributyltin) oxide 24 h 
_4 

~_LCm=0.075 mg-L" UN 
7 

Conditions NR . Floch el al. 1964; 
V 

' Deschiens and Floch 1968 

Bis(tributyltin) oxide 24-h LC,,=0.029 _mg-L" SEV Field study; static water; conc not measured Deschiens 61:111. 1966 

Triphenyltinacetate 24 h Lc,,,;=|.oo mg-1;“ 
I 

UN Conditions NR Deschiens and Floch 1952 
' 

V 
’ 

, . 

— 
' Floch and Dcschiens i962 

Triphenyltin acetate 48 h LCm=0.% mg-l." UN‘ ' 

Conditions NR ‘ 

’ 

V 

Deschiens and:Flocl1 1962 

-Triphenyltin chloride 24 h LCm=l;(X) mg-L" UN _Conditions NR . 

I 

I 

Floch and Deschiens .1962 

Triphenyltin chloride 48 h LCm=0.Z5 mug-L" UN Conditions NR Deschiens and Floch 1962 

Snail (Biornphalaria Iropicus) Triphenyltin acetate NR 
I 

LC,;,'=0;_075 mg-L" Conditions unknown; unpublished data . deVilliers and MacKenzie 1963 

~ Triphenyltin hydroxide NR" LC,.,=0;05' mg-L" UN Conditions unknown: unpublished data de Villiers and‘_MacKenzie 1963 

Triphenyltin hydroxide 24 h 'LC,,,=0. 165 mg-L" UN- 5°C: other conditions NR Ritchie at al. 1964 

Triphenyltin hydroxide M h 1 

’ 

LC,,=¥);232 mg-L“ 'UN .5"C; other conditions NR 
V 

Ritchie etal. 1964 

'I'riphenyltin,hydroxide 24 h LC,.,=0i335 mg-I.— l= UN . E°C; other conditions NR ‘ Ritchie el al. l9_64 

Triphenyltin hydroxide 244-'h LC,,,=0.‘53 mg-L" U_N 
‘ 

25°C; other conditions (NR Ritchie el al. 196.4 

Bis(tributyltin) oxide 
’ NR 

_ 
LC,,=0.'0l mg-L" UN 

i 

Conditions unknown; unpublished data de Villiers Mackenzie "1963
S8



99 Table G-1. Continued 

Organotin Exposure Test
\ 

Organism compound / 
_ 

. time Effects‘ rank Comments Reference 

Snail (Biomphalaria nasutus) Triphenyltin acetate LC,,=0.03 mg-L" UN Conditions unknown; unpublished data Webbed 1963 

Tributyltin acetate NR LC,,’,=0.03 mg-L"\ UN’ Conditions unknown; unpublished data Webbe‘ 1963 

Hydra (Hydra sp.) Bisfltibutyltin) oxide 96 h EC,,=(l.5 pg-L" PR Static test‘, cone measured; Brooke etal. 1986
1 

' 

. 

' 

(shortened tentacles) HanhS0.5—51.5' mg-L": - 

pH=7.4_8—7.60; 24.1°C—27.4°C 

Annelid (Lumbriculus variegatus) Bis(trib‘utyltin)roxide 96 h EC,,,=5.4.|rg-L", PR Flow-ihrough nest; conc measured; Brooke _et al. 1986 
. 

. (immobile) Ha'r'd=50.8-53.1 mg-L''.;
' 

pl-I=7.07—7.l 1:’ -l6.7°(‘r19.2°C
" 

Copeood (Daphnia magna) Bis(tributyltin) oxide 48 h EC,,,_=4.-3 pg-L" PR 
1 

-4 Flow-througlr test; conc measured; Brooke er al. 1986 
(< 24 h old) . (immobile) l-lar'd=50.*7—52.l mg-L": . 

A 

pH=7.46-7.57; 22.4°G—25.9°C 
1 

Bis(tributy1tin) oxide 96 h I.-C,,=3.7 pg-L" PR Flow-tlrrough test; conc measured; 
- 

Brooke el al. 1986 
pspudolimnaeus) . 

- l-la_rd=50_;8-‘53'.1 mg-L"; ‘ ‘ ' 

' 

. pH=7.0.7—7.l 1; 1'6.7°C—19.2°C 

Mosquito (Ci4le.x‘sp.) » Bis(tribirtyltin) oxide 96 h 'lEC,,,= 10.2 pg-L" PR . 

b 

Static test; conc measured; Brooke et al. 1986 
(larva) 

' 
' 

(immobile) 
' 

I-Iard=S0.0—56;0 mg-L"; .

V 

pH=7.52-7.59,”; vl6.5°C—l7.2°C 

Copepod (Daphuia magna) B_is(tributyl_tin) oxide , 4811 EC,.,=70 rig-L". UN" 
I 

Static) test; concvnot measured‘ 
_ 

Foster l98l_ 

1 96 h LC,,,=66.3 pg-L“ 

magna) Tributyltin chloride 
1 

96 h LC,,,=5.26 pg-L" UN_ Static test; cone not measured’ Meador 1986 

clam (Corbicula Bis(cr-ilzutyltin) oxide 
_ 

24' h mg-L" Static test; conc not measured Foster .1981 

fluminea) (larvae) 
'

. 

Copepod.(Daphnia magma) 
I 

Monomelhyltin 24 h -IC,,,=50_.'2 mg-L" SE pl-I-—‘7.5; mg-I11; 20°C; 
I 

Vighi and Calamari 1985 
(<24 h old) trichloride static test; conc not measured ' 

X
- 

Monobutyltin 
" 24 h lC,,,=30.4‘ mg-L7‘ SE 

. 

pl-l=7.5;-;1-lard=200‘mg-L'«'; Viglri and Calamari 1985 
trichloride 

' 
‘ Z)°C; static test; cone not measured 

I 

Dirnetlryltin 24 h IC,,,=6S.4 mg-LT‘ SE pl-l=.7.5: Hard.-¥200~mg-L"; 
, 

Vighi and Calamari 1985 
‘ 

dichloride . 

' ’ 20°C; vstatic test; conc not measured ( ,
' 

Diethyltin 1245 .1c,.'=z7s mg-L" s_E_ pH=7.5; Hard=200'mg-L"; Viglri and Calamari 1985 
dichloride 20°C; static test; conc not measured
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Table G‘-1. Continued
. 

Organotin Exposure Test 
Organism 

_ 

compound time Effects‘ rank Comments Reference 

Copepod (Daphnia magna)‘ Dibutyltin 24 h IC,,,=0.69 mg-L" SE pH=7.5; Hard--N0 mg-L"; Vighi and Calarnari 1985 
(<24 h old) (confd) dichloride 20°C;<s_tatic test; corrc not measured 

' ' 

. Diphenyltin 24 h 1c,,,=o.s2 mg-L"‘ say pl-l=75; Hard=200 mg-L"'; Vighi and Calamari 1985 
dichloride 20°C; staticitest; conc not measured . 

Trimethyltin 24 h lC,,=0.39 mg-L" SE pl-I=7.5; Hard-7-200 mg-L“; . 
..Vighi and Calamari I985 

chloride’ 
' ' 

' X)°C; static test; corrc riot measured‘
' 

Triethyltin _24 h ' 

IC,,,=0.l9 mg-L" . SE >pH=7.5; Hard=200 mg-L"; Vighi and Calamari 1985 
bromide 

” 

20°C; static= test; conc not measured 

Tripropyltin 
' 

24 h Ic,,=o.o32 mg-1:‘ sr~: pH=7.5; Hard-—-200 mg-L"; Vighi and Calamari 1935 
chloride 

‘ 

Z)°C; -static test; cone not measured 

Tributyltin 24 h ic',,=o.or;i mg-1.-' sa ‘pl-I_=.-7.5;.Hard=200 mg-L"; Vighi and c;..m'..; 1935 
chloride 

‘ 

20°C; static test; conc not measured‘ 

Bis(tr-ibutyltin) 24 h IC,.,=0.0l4 mg-L" —SE pl-I=7.5; I-Iard=200 mg-L"; Vighi and Calamarii 1985 
oxide 20°C; static test; conc not measured - 

Triphenyltin 24 h IC,°=0.0l7 mg-L" SE pH=7.5: mg-L"; Vighi and Calamari 1985 
chloride 

' ‘ 20°C; ‘static test; conc not measured . 

‘Tetramedryltin 24 h lC,.,-40-mg-L" SE pl-I'=7.5; 'Han:l=200 mg-L"; ' Vighiand Calamari’ 1985 
- Z)°C; static test; corrc not measured ~

V 

Tetrapropyltin -24 h 
_ 

IC,,,=l.l8 mg-L" SE pl-I=7.5; Hard=X)0 mg-L"; 
‘ 

Vighi and Calamari 1985 
20°C; static test; conc not measured 

Tetrabutyltin 
In 

h IC,,=l.55 mg-L" SE pH=7.5; Hard=N0' mg-L"; Vighi and Calamari 1985 
V 

' 20°C; static testiconc not measured‘ 

(Gammarus fasciatus) Triphenyllin 2/1 h I.’C5.,=2600 pg-L" 
_ 

UN pH=7.1; Har'd=44 mg-L“; . Mayer and Ellersieck 1986 
_ 

’ hydroxide ' (1870-3620) 12°C; static test;,co‘nc measured -

' 

Triphcnyltin 96h LC,,=6611g-I‘." 
- 

UN pl-l=7.1; Hard=44 mg-L"; Maycr'and Ellersieck 1986 
‘ hydroxide (42-103) . 12°C; static -test: colic mesured 

Isopodl (Asellus aquaticus) Triphenyltin acetate 24 h LC,”-=2.1 mg-L" SE pl-I=7.4; Hard:-307 mg-L": Cotta-Ramusinozand Doci 
' (60% of Brestan) 48 h LC,,=0.66 mg-L" static test; conc not measured 

_ 

I987 

Midge (Chi, nomus riparius) 
‘ 

Tripherryltin acetate 2’)! h LQ.,=0.042 mg-L" SE pH=7.4; Hard=307 mg-L"; Cotta-Ramusino and Doci 
y 
(60% of Brestan) 48_h ~ static test: conc not measured 1987 (larvae) LC,,=0.03 mg-L"
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Table G-1. Continued 

pl-I‘--7.46-7.57; ’22.4°C-25'.9°C - 

. 
, 

Qrganotiii Exposure » 

‘ 

Test 
Organism ‘compound . Effects" 

‘ 

rank Conunenix Rcfcrencc 

Amphipod (Gbmmanasfaxiatus) Tricyclohcxyltin 96 h . LC,,,_=5 pg-L" UN Static test;.conc not measured; Johnson ‘and,Finlcy 1980 
' 

‘ ihydroxide 
' 

other conditions NR 

_ 

Copcpod (Daphniaimagna) Tricyclohexyltin ' 48 h LC,u=0.=l'7. pg-L" UN » Static test: conc not mcasured; Johnson and Finley l98l) 
_ 

hydroxide Q (0.1'Z.—2.26) 
V 

other conditions NR, »
_ 

Cladoceran (Daphnia pulex) Trigiheiflliin hydroxide 48“h EC”: 13.8 pg-L" SE Static tcst;*23.2°C; mg:-L"; er al. 1989. 
(<24 h old) 

' 

' 
- (immobilization) pH=7.l-7.8 .

' 

Triphenyltin hydroxide 
' 

48 h EC,.,=' 15.7 -pg-IL" SE Static-test: 23.2‘-’C; Hard=46.5 mg~L"; Kline‘ at al. 1989' 
’ 

< 

~ (immobilization) . pH=7. 1'-7.8 '
' 

Cladoceran‘(Cen'odaphm'a dubia) Triphenyltin hydroxide 48 -h . EC,,= 10.8 pg»-L" SE St?-nicltestg 23.2°C; Han-d=46.5‘ mg‘-L"; Kline qt I989 ,

* 

(<24 \h old) ’ - 
- 

' 

(immobilization) pl-I=7_. 1-7.8 

Cladoceran (Dnphnin magna) 
I 

Bis(tributyllin)=oxide 21 d 'LOEL=0.2 pg-L"" ' PR_ 
I 

Static renewal test; conc Brooke at al. 1986- 
(lifebcycle) (reproduction) Hamd=50.7-52.1 mg-L";

V

i
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Hard 
Sal 
LD 

‘.conc 
NR 
PR 
s1=. 

UN 

Table (3-2. Summary of Acute and Chronic Organotin Toxicity Data for ‘Estuarine and-Marine -Invertebrates 
Organotin Qxposure Test_ 

Organism compound time Effects" . rank Comments 
‘ 

Reference 

Copepod (Eurytemora afiinis) Tributyltin.chloride 48 h LC,,,=2.2 [lg-L" PR Sal= 10 g-L"; 20‘-’C; photoperiod=l6L:8D: Hall at al. 1988a 
’ 

, 

' TBT measured every 24 h; static test -

' 

‘Tributyltin chloride 72 h LC,,=0.6 pg-IL" 
' PR " Sah10 g-L";I 20°C; -photoperiod=l6L:8D; Hall er al. 1988a 

V 

’ TBT measuredsevery 24 h; static test 

Hard clam (Mercenariat Tributyltin chloride 24 h LC,,,=>l.l6 pg-L" PR Static= renewal test; cone measured; 20°C . Roberts 1987 
mercenaria)«-(embryo) - or 24°C; Sal=' 18-22 g-L" ' 

Tributyltin chloride 48 h LC,,,=l.0l pg-L". PR Static renewal test: cone-measured; 20°C Robert: 1987 
(0.64-1.17) or 24°C; Sal=l8—22‘ g-L" 

Hard clam (Mercenaria Tributyltin chloride 24 h ‘LC,.,=>3.7'4 pg-L" PR Static renewal test; conc measured; 20°C Roberts 1987 
mercenaria) (larva) or 2A°C;'Sal=l8—22 g-L" 

Trrliutyltinchloride 48 h_ I.C,,,--1.47 pg-L" 
I 

PR Static renewalltest; cone measured: 20°C ' Roberts 1987 

1 

— 

' or 24°C; Sal=l8—22‘ g-L" 

Fiddler crab Bis(tn1>utyltio) 24 Retardation" of regenerative UN 
I 

Sal=25 g-L"; solutions re.newedA3 times Weis et al. i987 
(Uca pugilator) oxide - limb growth. delay in perweek; cone not measured; other 

eodysis,.dcformities in conditions NR 2 

regenerated limb caused 
by 0.5 pg-L7‘ 

Oyster Aldrich (Crassortrea Bis(tributyltin) oxide 1-2‘ h 0.01 pg-L" caused signi-' SE conc not measured: static test Lawler and l987_ 

gigas) (spat) ficant reduction in ability ' '

. 

i of spat to compensate for 
hypoxia;‘0.0l pg-L" was 
lowest conctested 

Qyster (Crassostrea 
I 

Tributyltin chloride 24 h LC,,,=>l.23 pg-L" PR Static renewal test; cone-measured; 20°C ‘Roberts 1987 
virgirrica) (embryo) or 24°C; Sal=l8—22 g-L" ' 

_ 

Tributyltin chloride 48 h LC,,=l.l6 pg"-L" 
y 

PR_. Static renewal test; cone measured; 20°C Roberts 1987 
(0;69—l.22) L, or M°C:, Sal=l8—22 g-I."' 

'Unless otherwise indicated. all concentrations reported for primary and secondary s 

correclndfaccordirrgly. Data fiom unacceptable studies are as-published. » 

.1! 

II 

II 

II 

II 

II 

II 

II hardness as mg-L" CaCO, 
salinity 

_ . 

light/dark hours 
concentration 
not reported 

astndy, which may beincluckd ‘in minirnumdata set for=Caru:dian water quality guidelines or interim guidelines 
secondary sturdy, which nrayrbeiincluded-‘in minimum data set for Canadian interim water gualilty guidelines 
unacceptable study, which be included in minimum '&ta set for Canadian water quality guidelines oriinterim guidelines 

tudies are the concentration of the organotin cation. Tests with compounck that contained less than 95% orgnnotin active ingredient were
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Table G-2. Continued 

. séulpta) (juvenile)
\ \. 

- to leachate from .panels coated with 
antifouling paint containing tributyltin 
polymer and cuprous oxide; cone measured 

’ 
Organotin Exposure. Test

. 

Organism 
‘ 
compound ' time Effects‘ rank Comments Reference 

Oyster (Cra.r:osIrea‘ Tributyltin chloride 48 h ~ LC,,=0.7l pg-L" PR Static renewal test; conc measured; 20°C Roberts l9S7 
virginica) (embryo) (cont'd) 

' 

(0.63—l.07) ’ 

'_ 

' or 24°C; Sal=l8—22 3-L" 

Oyster (Crassostteq Tributyltin chloride 24 h LC,,'=>3.74 pig-L" PR ‘Static renewaltest; conc measured; 20°C Roberts 1987 
virginica) (larvae) 

‘ 
or 24°C; Sal=l8—22 g-L‘? 

Tn1:utyltin.chloride 
. 

48 h LC,,,=3;52 pig-L" PR Static renewal test; conc measured; 20°C ' Roberts .1987 
9 

V 

- or M°C; Sal=l8‘-22 g-L" V

' 

I 

Copepod (NitocraAspinipe.s) Bis(tributyltin) oxide 96 h LC,,,=l.9 pg-L" SE Sal=7 g-L";ipl-l=7.8; 10°C; static test; Linden er al. 1979 
' 

conc not measured ‘ 

Tributyltin’ fluoride 96 _h 
_ 

LC,,,='l.9 pg-L" SE Sal=7 g-L"; pl-I=_7.8; 10°C; static test: Linden et al. 1979 
I 

conc not measured, '

- 

Lobster. (Homarus Bis(tr-ibutyltin) oxide 24 1. LC,.,,,=l9 pg-L"' 9 SE smic test; conc not memured ' 

Laughlin and‘ French 1930 
' americanus) (larvae) . V 

' 

_

' 

Lobster (Homarus dmericanus) Bis(t.ributyltin) oxide NR 1-10 pg-L"_was toxic UN Jones etal. 1982 
(4th stage) '

. 

Sandvshrimp (Crangon Bis(tril>utyltin) oxide 96"h LC,,=l.5‘ lug-L" UN Static renewal test; other conditiom NR Thain‘ ‘I983 
crarigon) (larvae) ' 

- ‘ 
. 

< 

' 

- » 

Shore‘ crab (Carcinus Bis(tributyltin) oxide 96 h . LC”: 10 ug-L" UN Static renewal? test: other conditiom NR A 

Thain 1983 
maenus) (larvae) 

‘ '

. 

_ 
Polychaete (Neamhér Bis(tributyltin) oxide h LC,,,=6;8'l lug-L" UN Sal=33-34.g~L"; static test; conc not a 

“ ‘ ' 
and» Salazar‘(undated) 

arenkzceodentata) (juvenile) . measured‘ ' 

Polychaete (Neanthes Bis(tributyltin). oxide 96 h LC,“--21.4: ugyL" UN Sal=33-34 g-L"; ‘static test; conc not Salazarand. Salazar (undated) 
areuaceodentdta) (adult) - 

h 

' measuied
‘ 

Mussel (MytiIus-eduli.r)- 'Bis(tributylt_in) oxide 96 h LC,,,=__34.l pg-L" UN Sal=33—'34 g-L";:static~ test; conc not Salazar and Salazar (undated) 
(adult) 

I 

i, 
.- ' measured 

Oyster‘(Cra.rsostrea Bis(tributyItin) oxide 96 h LC,¢=O.89 pg-L"‘ UN Sal=1‘8-22 g-L"; static test; cone not EG&G Bionomics I977 
viirginica) (embryo) ' 

» ~ measured V >
‘ 

Clam (Mercenaria Tributyltin chloride 96 h‘ LC,o=0.0l5 pg-L" UN Static lest; cone nohmeasured 
b 

Becerra-Huencho 1984' 
mercenaria) (pVost—lary/a) - 

, 
1 

' 

v

' 

Mysid shrimp (Acanlhonrysis Tributyltin 96 h LC,,=0.42 pg-L" ~ 

9 

PR Static renewal: test; organisms exposed Davidson et a'1. 1986a. 1986b
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Table G-2. Continued 

‘J 

Organotin Exposure Test ’
‘ 

Organism compound . time Effects‘ rank Comments 
_ 

Reference 

Mysid shrimp (Aeantlwmysis Tributyltin 96 h LC,o=0.6l pg-L" PR 
_ 
Flow-through-test: cone measured; TBT ‘ Valkirs et al. 1985a 

' 

sculpla) (juvenile) (cont'd) 
‘ 

- from painted panels 

Mysid shrimp l(Acanlhomy..ris Tributyltin 96 h .1v,C,,=1.68_;rg-HI." ‘ PR Flow-through test; concmeasured; » Valkirs-at al. 19853 

sculpta) (adult) 
’ 

‘ ' ’ from painted panels 

Mysid ‘shrimp (Metatnyridopris Bis(tributyltin) oxide 96 h LC,.,=<0.97 pg-L" UN ‘Sal=33—34 g-L"; static test;‘cone not Salazar and Salazar (undated) ‘ 

elongata) (juvenile) 
A measured »

’ 

. . 
_ \ 

(subadult) 
V 

Bis(tributyltin) oxide 96 h LC,,=l.95 pg-L" ’ UN ' Sal=33—34 g-L"; static test; cone not Salazar and Salazar (undated) 
. measured ’ 

' "
- 

(adult) Bis’(tribut’yltin) oxide 96 h lLC,,=6.8 ug-L" UN gSal=33—3‘4. g-L"; static test; conenot Salazar and Salazar-(undated) 
' 96 h LC,.,=2.43 pg-L" -nreasured .

' 

‘ 

Amphipod‘.'(0n:h¢sn'a Bis(tributyltin) oxide 96 h 'I.C,,=>l4.6 pg-I." ’ UN Static renewaltest; Sal=30 lg-L“; conc Laughlin at al. 1982b 

tradciana) (adult) ' 
- measured ’ 

Tfibutyltin fluoride 96 h LC,fi>l4'.1 pg-L" UN Static renewal test; Sal=30 g-L"; conc Lauflrlin et al. 1982b 
' measured ' 

_
) 

Mud crab (khithropanopeus Tributyltin sulphide 96 h LC”=34.9 pg-L" ‘UN Static‘ renewal test; Sal=l5 g’-L"; conc not Laughlin at al. 1983 

hanisii) (larva) - 

' measured 

1 Bis(tr-ibutyltin) oxide 96 h LC,,,=24!3 pg-L" UN Static renewal test; Sal=l5 g-L";.conc not Laughlin at al. 1983 
\ 

. 

A 
' ‘ measured ‘

. 

Shrimp (Acantlromysis sclilpta) Bis(tributy|tin) oxide 96 h LC” between SE Particulates in water from contaminated 
I 

I 

Salazar and Salazar 1985a 
“ v 

' 
' 0.6 and 2.9 pg-L" San Diego Bay sediments;.conc‘ measured; ’

l 

' static test . 

V 

‘ 

I, 

Copepod (Acartia tonsa) Bis(tributyltin) oxide M h EC,.,=2.2 ug-L“ - 

6 UN Static renewal lest: conc measured; m°C; -U’ren 1983 
‘ 

~ 24 h LC,,=3.0 pg-L" other conditions NR 
72 h EC,,=0.'75‘ pg-L"

' 

72h LC,,=2.l pg-L" 
96'h EC,,=0.65 pg-L" 
96 h LC,,,=l.0 ug-L" 

Clam (Mercenaria mercenaria) Tributyltin chloride 
_ 

9611 0.00073 pg-L" inhibited UN Static test; conc not measured Becerral-Huencho 1984 

(post-larva) 
' swimming behaviour; ' 

‘ 

0.(X)29 pg-L" reduced 
number of animals 
developing a foot 

(larva) 
_ 

Bis(tributyltin) oxide 8 h 
I 

LC,,£0;6 pg-L" SE Statierenewal test; cone measured Laughlin et al. 1987
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Table G-2. Continued 

(larvae) of 20 larvae; 2 pg-I-." 
killed I out of 20 larvae; 
all 20 larvae survivedat 
l.5 pg-L“ but had 
abnormal development 

other conditions NR’ 

I 

Organotin Exposure Test ' 
Organism compound time Effects‘ rank Comments Reference 

I 

(post-larva) Bis(tributyltin) oxide 25 hi LC,',,,,=9.5 pg-L"; 7.5 SE Flow-through test; cone measured Laughlin eta]. 1987
_ 

‘ pg~L'-‘ produeedhetter 
survival than in controls 

Clam (Protothaca stamina Bis(trihutyltin) oxide 96 h l00% survival at UN 7 Sal=33—34 g-L"; static test; cone not Salazar and:Salazar (undated) 
(adult) . 

V 

than 2.92 pg-L" measured 

Copepod (Acartia tonsa) lBis(tr-ibutyltin) oxide 96 h" LC,,=l.0 pig-L" l’articulates‘ in- water from contaminated Salazar Salazar 19851) 
' 

_ 

i i 

- San Diego Bay sedimentsyconc '
’ 

static test 

Grass ‘shrimp Bis(trr1>utyltin)»oxide 40 min No avoidance of 30 pg-L" ’ PR Elow-through test; cone measured; 
A 

Pinlmey at al. 1985 
(Palaemonetes-pugia) total organic tin 22°C—27.5°C; Sal=9;9—ll.2 g-L" ’ 

Bis(trr1>utyltin) oxide 96 h LC,,,=l95 pg-L" PR Flow—through test; cone measured Clark et al. 1987 

Triphenyltin oxide 96 h ' 

LC*,,,=-48.9 pg-L" PR Flow-through test; oonc measured Clark at al. .1987 

Amphioxus - 

V 

Bis(tributyltin) oxide 96 h LC,m=9.73 pg.-L" PR Flow-through test; cone measured Clark et al. 1987 
(BruIu.hl.0Sf0"ld 

V

' 

V 

Shrimp (Crangon crangon) Triphenyltin,aeetate 48 h LC,,,=>33 mg-L". UN - Static renewal test; cone not measured; Porlmann and Wilson ‘I971 
. 15°C ~

‘ 

-' Clam (Mercenqria mercenaria) l3is(t‘ributy|tin) oxide 48 h LC,,=0;9—2.4 pg-L" 
_ 

SE Fl'ovv-throughtest; cone measured. 25°C; Laughlin et id. 1989 
(veligers) ' Sal=32 g-L“ 

Oyster (Cfassostrea gigas) Bis(tributyltin) oxide 96 h LC,,,=l.557 pg-"L" UN Static‘ renewal test; other conditions NR Thain 1983. 
(larva) 

‘ 

' 

i ' 

'
« 

(adult) 'Bis(ttibutyltin) oxide 96 hi I.‘C,,=282L2 pig-LT‘ ; UN Static‘ renewal test; other conditions NR‘ ' ‘Thain 1983 

Mussel (Mytilu::edu1is) Bis(trihutyltin) oxide 96 h LC,,,=2.B8 pig-L" UN Static renewal tests; other conditions NR Thain 1983 
_ 

(larva) 
' " 

.

‘ 

Mussel (Mytilumedrtlix) ‘Bis(tributyltin) oxide 96 h. l.C,,=37i0 pg-L" ‘UN Static renewal tests; other conditi'ons4NR. Thain 1983 
I

I 

(adult) ' 

-

" 

A 

Lugworm-(Arenicolcr cristata) 
‘ 

Triphenyltinioxide 4-pg-L“ killed 20.out UN; ' Static test; 20°C cone not measured;- ' Walsh et-al. ly986
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Table (B-2. Continued 
. ‘Organotin Exposure Test. 
Organism compound 7 time Effects’ rank Comments Reference 

-Lugwomr (Arenicola cristata) Triphenyltin chloride 96 h 10 ugoL" killed 20 out of UN Static test; 20°C conc= not measured; Walsh et al. 1986‘ 
20 larvae; all 20 larvae other condirions NR 
survived‘2.5 pg-L-"‘ but 6 

I out of '20 had abnormal 
development 

,Bis(tributyltin) oxide _96 h - 41:3-L" killed 20»out of UN Static test; 20°C; conc not measured; Walsh at al. 1986 
" ’\ 20 larvae: all‘ 20 larvae other conditiom NR .- 

'survived‘ 2 pg-L"V ' 

Copepod (Eurytemora qfinis) . 

'l‘n1>utyltin chloride ‘ 48 h 
V 

LC,,,=l.4 pg.-L" PR Sal‘=l0 g-L“; 20°C; -flow-through lest; Bushong et al. 1988 
(subadult) ~ - 

. 

' 

' ' cone measured 

Tributyltinclrloride _ 

I 

48 h LC,,,=2.5 pg-L" 
' PR Sal=l0 gi-L“; 20°C; flow-through test; Bushong at al. 1988 

Tnlrutyltin chloride - 72 ALC,,,=0.6 ug-L“ PR Sal=l0 g-L"; 20°C; flow-through nest; Bushong at al. 1988 
conc measured - 

Tributyllin chloride 72-h LC,.,=0.5.pg-L" .P'R 
2 

Sal=l0 g.-L"; 20°C; flow-through test; Bushong-et al. 1988 
‘ 

conc measured 

Copepod (Acartia tonsa) Tributyltin chloride” 48 h LC,,,=l.l pg-L" PR Sal= 107g-L"; 20°C; flow"-through test; Bushorrg et al. 1988 
(subadult) ' cone measured ' 

Amphipod (Gammarus sp.) Tributyltin chloride 48 h LC”: 12.5 pg-L‘‘ 
‘ 

Hi Sal= l0 g-L"; 20°C; flow-through test; Bushong et al.l 1988 
(young) 

‘ 

‘cone measured’ ‘ 

Tributyltin chloride 72 LC,.,=4.3 pg-L" PR Sal=l0 g-L’-'; 20°C; flow-through test; Bushong at al. 1988 
V 

' conc measured ' n 

I 

Tributyltin chloride 
V 

96 h LC,,,=l.3 pg-L" 
I 

PR Sal= l0 g-L"; 20°C; flow-through test: Bushong et al. 1988 
' 

' cone ‘measured 
7 

Amphipod (Gamnrarus sp.) Tributyltin chloride 48 h LéI,,,=20.2 pg-L" 
I 

PR Sal= 10 g-l_L"'; 20°C; flow-through lest’ Bushonget al. 1988 
(adult) ' 

. cone measured " 

‘ Tributyltin chloride 
V 

’ 72 h LC”: 10.1 pg-L" PR Sal= 10 g-L"'; 20°C; flow—through test; Bushong er al. I988 
- cone measured 

Tributyltin chloride 96 h LC,,,'=5.3vug-L" PR Sal=l0 g-L"; WC; flow—through test; Bushong et al. 1988 
con: measured -

. 

Grass shrimp (Palaemouetes sp.) Tributyltin chloride 
' 48 h Lc,.,=>32:2 pg-L"' PR S'al_=l0«g-III‘: 20°C; flow-through test; Bushong el al. 1988 

(subadult) cone measured
'

-
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Table G-2. Continued . 

‘ Tributyltin 
from painted panels; Sal=%.5’—34.2 g-L"; 
other conditions‘ NR ‘ 

Organotin Exposure. Test
_ 

Organism, compound time - Effects‘ rank Comments Reference 

Grass shrimp (Palaentonetes (sp.) Tributyltin chloride ‘‘ 72’h LC5o=>‘3l pg-L7‘ PR Sad: 10 g.-L“; 20°C; flow-through test; Bushong eta]. 1988- 
(subadult) (cont‘d) 

' 

' 
' 

_ 

cone measured
. 

‘Tributyltin chloride ‘ 96 h LC,.,=>3l pg-L“ ‘PR Sal=l0 g-L"; 20°C; flow-through test; Bushong‘ el al. 1988 
- 

. 

' cone measured‘ ' 

1 d V 

Dog-whelk (Nucella lapillus) Tributyltin, —’ 120 d 41% imposex (‘superimposi-. ;SE Organisms exposed toileachate from panels V Bryan et al. 1986 
(adult) « 

' 

tion;of male anatomical‘ ' coated with anti‘-fouling paint 
characteristics onlfemales) 
at 0.0l9'ug-L“

' 

' Mud-snail (Nasmrius dbsoleuu) Bis(t:-ibutyltin) oxide 35—75‘d Imposei induced in female UN: Sal=23 g-L"; static test; conc not. - Smith l98la 
(adult) 

I i 

' snails; 0.02% suspension measured; other-‘conditiors'NR- 

Tributyltinvchloride 56 d EC,,=4.5_-5‘.‘5 pg-L" for UN- Sal=l_6-20 g-III’; staticntest; cone not Smith =l98lb 
' 

~ induction of imposex; measured; other ’ 

I.C,.,=5.5 pg-Ll 
I.C,,=7.5 pg-L“ conditions NR 

.Copepod‘(Acara'a tonsq) vBis(tributyltin)’oxide l20 h » EC,,d).50V pg-L" UN Static renevval test‘ conc measured; 20°C; U’ren 1983 
' 

120. h I.C5.,=0.75' pg-L" - other conditions NR; reduced activity 
- 144 h EC,,,=0_.40 pg-L‘' 

’ ' 

.

' 

- 144 h LC,,=0.55 pg-L“ 

Mussel (Mya'Iu.r edulis) Trilautyltin . 45 d - Significant reduction in UN \ 

Flovlv-through-test; cone measured; TBT Thain and Waldock 1985; Thain 
(spat) growth; no mortality-in from painted panels; Sal=28.5—34.2 lg.-L“; 1986 

- 0.24 pg-L"; l(X)% other conditiom NR 
mortality at 2.6 pg-L" 

Mussel (Mytilus edialis) Bis(u-ibutyltin) oxide 15 d LC,,=0.l pg-L"; reduced UN ‘ Sal=33 g-L"-; ‘static renewal test: conc Beaumont and Budd 1984 
- (larva) . growth of survivors at measured; 15°C; other conditions NR 

0.0973‘ pg-L“ 

Mussel ‘(Mya'Ius edulis) Tfibutyltin 
_ 

66 d Significantly -’ re " PR Flow-through test: conc measured; TBT Valkirs et al. l9_85a
V 

(2.5-4.1 cm) growth in shell by from painted panels . 
; . 

0.31 pg-L" 

Oyster (Crassostrea gigas) 'Tributylun A 45‘d Lc,,=o.24 pg-L“.reduccd ‘UN. Flovv-throughvtest; conc measured: 1'31 'l'hain:and Waldock 1985; Thain 
(spat) - growth of survivors from painted panels; rSal=28.5—34.2 g-L"; 1986 

\ 
' 

other conditiorm NR ‘ 

45‘ cl LC,,,=2.6 pg-L" Flow-through test;.conc measu 1. TBT Thain and Waldock'l985; ’I1Iain 
-1986
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Table (3-2. Continued ' 

(juvenile) _or greater caused signifi- 
cant reductionsin growth

‘ 

rates 

Organotin 
1 

Exposure 
' 

Test 
Organism compound time Effects‘ rank Comments Reference 

Oyster (Crassostrea gigar) Tributyltin 
9 

30 d LCm=2.0‘ug-L" 
I UN Alzieu et al. l980 

(larva) 
‘ 

V 

.

I 

Tributyltin 113 d LC,,,=0.2 pg-L" UN Alzieu et al. 1980 

Tributyltin fluoride ' 

21' d Reduced number of nor-‘ UN :Sal=18—2l g-L" Springbom Bionomics 1984 
rnally developed larvae . 

'
r 

_ 

and‘ setting spat at
\ 

0.0235 pg-L“ ‘ 

Tributyltiri fluoride 
‘ 

' 

15 d LC,.,,,=0.0472 pg-L" UN Sal=l8—2l lg-L" Springbom Bionornics 1984 

Oyster (Cras.ro.:t_rea_ virginica) Tributyltin 67 d ‘ 

Decrease in bodyweight at PR 
_ 

Flow-through test: conc measured; TBT Valkirs et al. 1985a 
(2.7—5.3 cm) 

' 

0;73 pg~L"‘; no effect on from painted panels‘ ' 

» survival at 1.89 ug~L" .
. 

Oyster-(C: assostrea virginica) Tributyltin 57 d Decrease condition index -Flow-through test; conc measured: TBT Henderson 1986, 
(adult) at*0.l ug-L" from painted7panels;- Sal=33—36 g-L": 

copper leached from panels 

Tributyltin 30 d I'.C,,=2.5 pg-L" UN Flow-through test; cone measured; TBT Henderson 1986 
' 

,- 

9 

from painted panels; Sal=33-36 g-L"; 
copper leached from panels 

Oyster (C. assert cu’virg_im'ca)_ Tributyltin 56 cl Significant mortality at _UN Flow-through test; cone-measured; other Roberts 1987 
1.0 pg-L" conditions NR; TBT levels fluctuated in 

‘ 

V 

treatments 

Oyster (0strea.edulis) Bis(tributyltin) oxide 20 d Significant growth retarda- UN Sal=30 g-L"; other conditions 
0 

Thain and Waldock 1985 
(spat) tion at 0.01946 pg-L“ ' 

— -
- 

Tributyltin ‘ 45 d Decreased growth at 0.239 UN Sal=28.5'—34.2 .g-L"; flow.-through test; 
I 

V 

Thain and Waldock 1985; Thain 
pg-L"; 70% mortality at ‘ 

conc measured; TBT from painted panels; 1986 
2.6 pg-L" other conditiom NR 

Oyster (0strea edulir) _'l'ributyltin -75 d 
V 

Cornplete inhibition of UN 
_ 

‘Sal=28.5-34.2; flow-through test: cone 'I'hain 1986
_ 

(adult) 
’ 

larval production at 0.24 measu 3,5 from painted panels; other
R 

. 
pg-L" and retardation of conditions NR‘ 
sex change: 2.6 pg-L" ‘ ' ' 

prevented gonadal develop- 
.ment' .\ 

Mussel_(MytiIu.r edulis)‘ Tributyltin 
_ 

84-.d Mean cone of 0.20 pg-L“ PR _Freld study; conc measured Salazar and Salazar [988
V



Talile’ G42. Continued 

(larvae) 20 larvae; NOEL=0;5 pg-L" conditions NR 

_ 

Organotin Bposure Test
7 

Organism compound ‘time Effects‘ rank Comments‘ Reference 
‘ 

Fiddler crab (Um pugilator) Tributyltin 7 d Deformities in regener- UN ‘No clear pattern of effect with l-week Weis and‘Kirn ¢l988 
. ating limbs significant 

' 

exposures to.0.5 pg-L“ during '4—week 
when exposure to 5.0 regeneration time; 0.5 pg-L" also 
pg-L“ occurredduring 2nd'- produced deformities; conc not measured; 
week of 4‘-week regeneration static test; otherconditions NR 

same ascontinuous 1 

exposure for 4 weeks. 

Mussel (Mytilus edidis) Tributyltin.chloricIe 30 cl 0.7 pg-"L" caused about 50% UN TBT from painted panels in flowing - r_Pickwell and‘ Steinert 1988 
i 

, 

' 

. . 3 _mortality; serum protein seawater; other conditions NR ‘ 

increased with n'rne- of » 

exposure , 

Oyster (Crassostrea virginica) Trihutyltin chloride 30 d 0.7113-L" caused "virtually UN TBT from painted panels ‘flowing Picltwell and Steiner! 1988
9 

‘ 

. 

' no deaths"; serum protein seawater; other conditions NR. ' 

didnotincrease with time ‘ 

of exposure 

Clam (Mzncenaria mercenaria) Bis(tr-ibutyltin) oxide 3 d LC,,,=7. 1-9.5‘ pg-I." SE Flow'-through test; cone measured; 25°C; Laughlin et a1.’ 1989 
(post-larva) 

‘ 'Sal=32 "g-L" ’ 

(veligers)_’ Bis(tributyltin) oxide .8‘ cl No significant-.growth at SE Static renewal test; conc measured; 25°C; 
- 

et al. 1988 
’ 0.6 pg-L" ‘ Sal=32 g_-L“ 

..C-lam (Mercenaria mercenaria) Bis(tributyltin) oxide 14 d’ No metamorpbosis.oecurred— SE ‘ 

Static renewalitest; cone fi°C; Laughlinet al. 1988» 
(embryos) . . at*0.‘l pg.-L";= growth ‘ 

Sal=32-g-L" - . . 

inhibition occurred 
' ' 

atr0.0'l0 pg-L“ ~ 

Lugworm (Arenicola cnlrrata) Triphenyltin oxide" 168 lh. '2 pg-L" killed 20 out of 
‘ UN Static "test; 20°C‘conc not measured; other» Walsh ct 1986' 

(larvae) - 
’ 

' 

20 larvae; all 20 larvae conditions NR ' 

survived L5 pg-L" but - 

' had. abnormal development;
' 

NOEL=O.5 pg-I."’ 

Triphenyltin chloride ' 168 h 5’ pg-L" killed 20 out of 
i UN Static test: 20°C conc not measured; other Walsh etal. 1986 

- 

_ 
20 larvae; all 20 larvae conditions NR / -

' 

survived 2.5 pg-L" but ’ 

had‘ abnonnal development: 
N0,EL=0.5 pg-'L"' ‘ 

Lugworm (Arenicola cristata) Bis(tributyltin) oxide 168 h "=5 pg-L‘l ‘killed 20 out of UN ‘Static "test: 20°C.conc= not measured: other r Walsh etal. 1986



/.6 

Table (1-2. Continued 
Organotin 

daily: conc not measured 

. Exposure ' Test . 

Organism compound time Effects‘ rank Comments: ‘Reference . 

Copepdd (Eurytemora afiinir) Tributyltin chloride 13 d 0.2 pg-L" caused signifi- PR 'SaI=10_’g-'L"'; 20°C; photoperiod=16L:8_D; Hall at al. 1988a 
' 

» 

‘ 

can! decrease -in survival; conc measured’3 times .per week; - 

no significanreffects at. flow-through tests 
0.0l25—0.l ug-L" 

Copepod (Acartia tonsa) Tributyltin chloride 6 d LOB. for survival was PR Sa1=10.5-11.9 g-11.": 20.1°C¥21.4°C; Bushong at al. 1990 
(nauplii—44 h old) 

_ 
o.o23—o.o:m pg-L" 

' 

'pH=8:2r—s.44; flow-through test; 
_ cone measured V 

I 

Mud crai) (Rlrithroparwpeus Trimethyltin hydroxide 14 d 1.C,,,=92 pg-Li‘ SE . Sa1=15 g-L"; 25°C; static test; :renewed Laughlin etal. 19843, 19851); 
hflfli-Vii) (Z0634?) ‘ 

daily; conc not measured Laughlin 1987 

Triethyltin hydroxide‘ 14 d LC,,,=80.7 pg-L" SE Sa1=15 g-L"; 25°C; static test; renewed ‘ Laughlin ¢!,al. 19843. 19851:; 
- 

‘ ' 

daily; cone not measured Laughlin 1987 

Tripropyltin oxide 14-d LC,,;92.4 pg-L" 3SE Sal=15 g-L";’ 25°C; static test; renewed _I.aug111in et al, 19843, 19851:; 
- daily: conc notmeasured Laughlin 1987 

Triisopropyltin oxide 14 d LC,,,=90 pg-L" SE 8a1=15 g-L" 25°C: stalic test; renewed; Laughlin etal. 1984a, 1985b; 
daily; conc notmeasured 

_ 
Lauglilin 1987 

Tributyltin oxide 14 d LC,,,=31.,1 jugoL" ‘SE Sa1=l5 g-1."; 25°C; static test; renewed Laughlin et al. 1984a, 1985b; 
' 

daily-,‘eo_‘nc not measured Laughlin 1987
_ 

Triisobutyltin oxide 14 d LC,,,=26 ‘ug-L"’ SE Sa1=15 g-L“; 25°C; static test; renewed Laughlin etal. 1984a, 19851); 
' daily; cone not measured Laughlin 1987 

Triphenyltin hydroxide 14 d LC,,=34 pg-L" SE Sa|=15 gi-L" 25°C; statictest; renewed; Laughlin at al. 1984a, 1985b; 
~— 

' 

daily; conc=not measured’ 4, Laughlin 1987 ’ 

Tricyclohexyltin 14 d 
__ LC,,=7.2 pg-L" SE Sa1=15 g-L"; 25°C;~static test; renewed Laughlin at al. 1984a, 19851); 

bromide‘ 1 

daily; cone notmeasured' Laughlin 1987 

Dimethyltin dichloride 14 d- LC,,,=l3.7 mg-L"‘ SE Sa1=15' g-L"; 25°C; static rest; renewed Laughlin el al. 1984a. 1985b; 
» daily; cone not measured Laughlin 1987 

Diethyltin dichloride 14 d LC,,,=2.S8 mg-L" S13 Sa1=l’5 g-L"; 25°Cj'static- rest; renewed 
I 

Laughlin etal. 1984a; 198519; 
' 

- daily; conc not measured’ 1987 

Dipropyltin dichloride 14' cl -LC,,=2a86 mg-L" SE Sa1=15- g~L": 85°C; test: renewed' Laughlin et al. ’1984a.5'1-985b;— 
‘ ' 

. daily: cone not measured‘ — Laughlin 1987 - 

Dibutyltin dichloride 
1 

-14 d LC,,=661 bug-Ii." ' SE Sal=15 g-L"; 25°C: -static test; renewed Laughlin etsal. 19843,’ 19851:;
’ 

Laughlin 1937
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Table G-2'. Continued 

Organotin Exposure Test 
‘ 

,

* 

Organism compound ‘time Effects" rank Coinrnents- 
1 

Reference 

Mud crab (Rhithropanope Diphenyltin dichlorik 14 d ~ LC,,=701‘ pg-L"' SE Sa1=155 g-U"; 25°C; static "test; renewed . 

V 

Laughlinve! al; 19843, 198513: 
(zocac) (cont’d) ' ‘daily; come ‘not measured 'Laugh1irr 1987 

Dicyclohexyltin 14 d Lc,,,=1oo pg-L-‘ . SE 
1 

Sa1=15 g-1;‘; 25°C; static test; renewed . Laughlinet er. 1984a, 19331»; 
dichloride 

' 
‘ ' daily; conc not measured Laughlin 1987 

Dibenzyltin dichloride 14 d LC,,,=7468 }Ig°IL" 
V 

. SE Sal= 15 g-15"; 25°C; static test;-renewed Laughliniet al. 198_4a, 19851);
i 

V 

- daily: conc rrot_m_easured Laughlirr 1987
' 

Brittle star Bis(tributyltin)-oxide,‘ 28 a Arm regeneration inhflaited Flow-through test; conc measured; 20°C Walsh er al. 1935 
(Opliiodernia brevispina) triphenyltin oxide by 0.1- pg-L," . 

sarezn g-L"-; other conditions NR ‘* ' ' 

Oyster (Crassqstrea gigcs) ' 

_ 

Bis(trr1)utyltin) oxide 
» 

55 d 0.15 pig-L" decreased , 18°C; Sd=29¥32 goL-“; static test; cone ' Waldockrand 1983 
(adult) 

' 
' 

, growth: pronounced thick- measured; other conditionsNR 
' ’ 

ening ofupper shell valve 4 

Bis(tr-ibutyltin)‘ oxide" 56 d 1.6 pg-L" severe UN 18°C; Sal=29—32 g-L"; static test; cone Waldock 1983
I 

’ 

growth vinhflrition in measured; other conditions NR ~ 

survivors 
4 

.
- 

Bay mussel 
V 

Tributyltin sea Lc',,,=o;97 ‘pg-L"‘ PR TBT leachedfrom painted,(SP_C'-954 anti- '. 

Valkirs et al. 1985a‘ 

(Myfilu; edulii-)v _ fouling paint) panels; conc measure-
' 

‘ 

' 

merits made 14tirnesduring test; 
Sal=32 g-L"-; flow-through test 

Oyster (Crassosrrea virgirrica) Tributyltin 67 d 0.73-1.89 ‘pg-L"_cau'se.d PR 'l'B'I’ leached painted (SPC-954 anti- VValkirs.et al. 1985a 
' 

' 

. body weight decrease; ’ 

fouling paint) panels; cone measure- 
0.04-0.31' pg-L" did merits made 14 times during test; 
not causeeffecis Sa1=32 g-L7‘; flow-through test 

Baymussel (Mytilus edu'Ii.r)- Bis(tributyItin) oxide 7 d 
_ 

0:4 pg-L" and greater » - UN Flow-through test: cone not measured; Stromgrenand Bongard 1987 
(juvcnilc) , 

‘ caused _signifi'cant re- Sa1=33.7 _g-L'v'«; 8°C; other conditions 
ductions in length growth NR ‘

' 

‘ 

rate 

Oystcf (crgsmsrrea gigas) 14 d 
I 

0.049 pg-L‘! caused sig- SE ‘ Static test;_conc not measured Lawler and Aldrich 1987 
(spat) ‘ 

Bis(tributyltin) oxide 
nificantfincreases in 0, /' 

Iconsnrnption, decreases in 
feeding rate; 0.023313-L"' 
did not affect O2 consump- 
tion or feedirrg rate
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' Table (B-2. Continued 

responses had inconsistent 
dose/response relationship 

Organotin Exposure Test 
Organism ' compound time Effects‘ 

V 

_ 

rank Comments Reference 

Oyster (Crassostrea ghgm) Bis(tributyltin) 48 0.019 pg.-L" caused sig- SE Static test; conc‘ not memured Lawler and Aldrich 1987 
(spat) (cont’d) - nificant reduction in 

‘ 

growth at 20°C; 0.01 
pg-L" did not affect’ 
growth rate; shell thick- 
ening observed at 0.01 
its-L" 

Amphipod (Gammams oceanicus) Bis(tributyltin) oxide, I0-12d LC,o=2.8 pg-L" SE Static renewal‘ test: cone not measured; Laughlin. at al. 1984!: 
(adults) tributyltin fluoride 10°C-15°C; Sal=7 g-L" ' ' 

Bis(tr-ibutyltin) oxide, 56 d LC“,,,=2.8_'pg-L" SE Static renewal test; cone not et al. 19845 
vtributyltin fluoride 10°C-'l5°C;' Sal=7 g-L" '

* 

Amphipod (Gammams oceanicus) Bis(tributyltin) oxide, _56‘d 0.28: pg-L" caused ' SE Static renewal test; cone-not measured; Laughlin et al. 1984b 
(larvae) Alributyltin fluoride - significant decreae 10°C-15°C; Sal=7 g-L" ‘ 

' 

in. larval survival 

Lobster (Homaru: americanus) 
‘ 

Bis(tributyltin) oxide ' ‘to 6 d 4.7-14‘ pg-L" acutely toxic SE Static test; cone not measured Laughlin and French 1980 
(larvae) ' ' 

-

, 

Bis(tributyltin)'oxide to 6 d 0.9'ug-L“ caused noeffect‘ SE Static test; conc not meaured *Laughlin and French _l980
' 

on larval metamorphosis 
‘ 

' ' ' 

Amphipod (0n:hestoidea Bis(trflautyltin)-oxide 9 d 5.7, 9.5. vand.l4 pg-L" SE Static renewali test Laughlin et al. 1982a. 
califonriarra) . 

’ 

produced 53%, 20%,_~and - 

7.%_survival 

Mysid shrimp Tributyltin 63 d LOEL=0. 19 pg-L" PR Organisms exposed to leachate from panels Davidson at al. 19862, 19861: 
(Acanthomysi: sculpla) (production of young) coated with antifouling paint containing ' 

- 
. tributyltin polymer and cuprous oxide; 

cone measured; flow-through test 
I 

Amphipod*(Gammaru._r sp.) Tributyltin chloride 24 d Mortality at 0.58 pg-L": » SE ’ 20°C; Sal=9.7— 10.7 g-L"; pH£.3; Hall et al. 1988c 
. 

( 
same‘ as control; growth 

I 
flow-through-test’; conc measured
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”
\ Summary of Organotin Toxicity ata 

for Freshwater, Estuarine, and Marine , 
Algae -
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Table H‘-2. Continued 

; 

Organotin Exposure Test 
_

n 

A Organism compound _time Effects 
' 

rank. Comments Refere e 
‘ 

Diatom (skeletbnettio costdtum) Triphenyltin chloride 72 h EC,,=0.77—-0.79 pg-L" 
V 

SE 
(cont'd) 

" 
- 

' '
' 

Triphenyltin ‘hydroxide 72 h EC,a=0.63-0.69 pg-ll." 
_ 
SE 

Bis(tripheny|tin) ‘oxide 72 h EC,,=0.79-0.84 pg-L" SE 

-Dia"tom' (Thalassiodra Monornelhyltin 
' 

72 h 
_ 

EC,,= 190'-192 pg-L" SE Cone causing 50% decrease ‘in population Walsh el al. l985_, 1987; 
psezadonqna) trichloride / 

- growth; cone normeasured Walsh 1986 
I 

Trirnnethyltiinrchloride 72 hi Ec,,,=2s4—2s7 pg.I:‘ 313 

Triethyltin bromide 72'h._ » E¢,,=‘2.74—2.8l «pg-L“
V 

Tetraelhyltin 

I 

72 h _EC,,,ell6—l2'l gig-L" . 

_ 

SE 

Dibutyltin dichloride 72 h 
' 

Ec,,,=131—133 pg-1;‘ s1; 

’Dibu'tyl'tin difluoride 72 "h EC,,,=270—276 pgoL" SE 

Tributyltin acetate 72 h EC,,=l.08 pgjljl SE 

Tributyltin oxide 72 h EC,,,=l.07 pg-L"' SE 

Dipheriyltin dichloride 72 h 
7 

ECI.‘-,.,—-_-28.5—29..6 pg-Lil SE ~ 

'l'riphenylfin acetate 72 1. »Ec,.,=i.o3—1.11 gig-L" sis 

Triphenyltin chloride 72 h 
7 

EC,,,_=1.18—l.27 pg-L" 
A 

SE. 

Triphenyltin hydroxide 72'h EC,,_,=l.l4 pg-L" 
n 

SE 
' 

Bis(triphenyltin) oxide 72 h EC,,,=1.2'7 pg-L-I‘ SE . 

Diatom (Skeletonemacostatum) Methyltin trichloridev 72‘ h LC,,=>279 pg-Li‘ SE ’ Deathof individual cells determined by Walshet al. 1985 
_ 

~ 

7 

‘ 

staining; conc not measured. 
Dimethyltin dichloride 72.h LC,.,-2->‘37l pg-L‘-‘ . SE

‘ 

Triethyltin bromide 72 h 
7 

LC,,,=29.0 pg-L"' 
' SE 

' 

Tetracthyltin 72 h LC,,=>S00 pg-L" SE 

Dibutyltin dichlorde 72 h LC,,,=>383 pg-L" SE 

Dibutyltin diaeetate 72 h Lc,.,=>332 pg-L5‘ SE‘
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I 

Table H-2. Continued 

(skelzlqnenta costatum) cantly reduced growth _ 
Sal=34-40 g-L" » 

' - 

Organotin Exposure 
_ 

Test 
Organism compound time Effects rank Comments Reference 

Diatom (slceletonema costatum) Tributyltin acetate 72 h LC,,,=l2.2 pg‘-L“ 
' SE 

(cont’d) 
2 

. 

V

‘ 

Bis(tributyltin) oxide 
’ 

72 h LC,,,=l3.8 pg-IL" SE 

Tributyltin chloride 72 h .1;c,,,=1o2 pg-L" s13 

Tfibutyltin fluoride 72 1. 
A 

Lc,,,=u.2 pg-_L"'v "s13 

Tetrabutyltin 72 he LC,,,é>500 pg-L“ SE 

Diphenylfin dichloride 72 h l.C,.,'=>397 pg-L“ SE 

Triphenyltin acetate 72 h Lc,.,=14.4 ug-1;‘ SE 

'Bis(triphenyltin oxide 72 h LC,o%4.l8 pg-L" SE 

Triplienyltin chloride 72 In LC,,=125 pg-L" SE 

Tripnenyltin hydroxide 72 h 
2 

I-._C,,=l3.3 .]lg"L‘|- SE 

Benthicmicroalga Bis(tributyltin) oxide 
I 

3 h 0.97 pg-L"-' caused sig- SE 
V 

Cone measured; static test; conc varied Beaumont et al. 1987 
(Pgrvlova Iuthen') nificant increase in » 

respiration 

Benthic macroalga Bis(tributyltin)uoxide 3"h. 0.097 pg,-L7‘ caused sig- SE . Cone measured; static test;.eonc varied Beaumont efal. 1987 
(Ulva lactuca) riificant increase in 

respiration 

' 

Diatom Tributyltin‘ fluoride .30 min 29.0 ug-L" caused re- v SE 
' 

Static test; 'conc not measured Thomas and Robinson 1987 
(Amphora cofeaefonnis) - duceduptake of nitrate, 

2

- 

phosphate. and silicate 

Benthic microalga Bis(tributyltin)roxide 26 d 0.097 pg-L" signifi‘- PR 
‘ 

Static test; cone meas ‘, 19°C; Beaumont and Newman 1986 
(Pavlova luthen') ' cantly reduced growth 

2 

Sal=34-40 g-L“ -

. 

Benthic microalga 
_ Bis(n-ibutyltin) oxide 26_ d 0.097 ug-L“ signifi— PR Static test; cone meas ‘ 19°C; Beaumont and._Newman 1986 

(Dunaliella teniolecta) . 

" cantly reduced growth Sal=34-40” g-L‘? - 

Benthic microalga VBis(tribu_tyltin) oxide 26 d 0.097 pg-L" signifi'- PR 
I 

Static test; conc measured 19°C; Beaumont and Newman 1986
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Table I-,1. Summary” of Ra} and Mouse Abate Oral Trlbntyltln 

‘miiigmms of tributyltin pins union ‘pa _ki}o'gram ‘body weigm. 

Toxicity Dana 
‘ 

Trilsutiltin 
" 

. T 
anion - LD,-5' Rnfcrcnjce 

Rat Fluoride ' 94 Scliweinfunh 1985; 
Chloride 

_ 
122 Schwcinfurth and 

Oxide 127 Gnnzgl 1987' 
Benzoatc 99/2,03 .

' 

Linoleate 190 
Abietame 158" 
Naphthenatze 

‘ 
224 

Mouse 
‘ 

Chldride 117 Pelikaxj: a'nd'Cei‘ny 

Benzoate . 108 1968; Politou at al. 
Acetate 45 1973 * 

Oleatc 230 
Laura): 108 . 

l52(M)/92(F) 

M = male 
F = fmnle
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Compounds



ZLL 
Table 1-1. Summary of Repeated-Dose 0ra|"l'oxoclty Studies witl|"l‘ributyltin Compounds 

‘ 

_ ‘ 

Animals] Dose K 

Compound Route Duration Species group levels Comments ' ~ 
‘ 

Reference 

Tributyltin acetate Feed 
' 

90 d Rat 
I 

712M (?) 25‘ ppm No effectsobserved Barnes and Stoner 1958 

» 50 ppm Growth retardation 

100 ppm- Mortality (M2), bileduct inflammation 

Tributyltin acetate ‘Inn-aglastric .23 d Rat 24 pups ' 

1 mg-kg" No eflects observed 
V 

Mushak er al. 1932 
V 

(24:doses) (l2M/12F) 

3 mg-kg" ' Deathtin 9/24 pups, ‘inflammation of] 
hepatic 'bile duct 

10 m-kgi" Death in l7fl4 pups, inflammation of 
hepatic bile duct, no central nervous 
system changes 

, 30 m-kg" Death after 5-8 doses 

V 

Tributyltin chloride Feed 2 weeks 10M 
N 

15 ppm "Thymus. and spleen weight de teased‘-' Snoeij et al. 1985 
; 

. 
* 

_ . (questionable, see Schweinfurth 1986)
l 

i 

:50 ppm Lymphocytes of thymic cortex decreased; 
4 rosettes inmesenteric lymph node 

150 ppm Feed intake and body weight decre ‘3 

Trihutyltin chloride Feea 4 weeks Rat 1 6M 1oo pprn Thymus weight decreased Snoeij' et al. 1985 
—. 

‘ <1ox6M> 
1

‘ 

Recovery Normal after 1 week 

Tributyltin chloride Feed 2 weeks Mouse 10M 50 ppm No effects observed 
f 

Snoeij er al. 19871) 

"150 ppm. Feedintake, body weight. thymus 4...: 
' 

spleen weight'dec_reasedi
' 

Bis(tributyltin) oxide 
_ 

R-.ed 7‘d 
. Youngmouse , , 

'l0M 77' ppm Weight gain decreased, spleenweight Ishaaya er-‘a1. 1976 

4 d- Adult 4M 232 ppm weight rbcreased, white blood cell 
mouse 696 ppm and ‘lymphocyte count decreased 

male 
5 

‘ M 
‘ femaleF 

Source: Adapted from Schweinfunh and Gunzel 19871



Table 1-1. Continued
' 

’ 

' 

. Animals] Dose 
Compound Route Duration Species group levels Comments Reference 

Bis(tributyltin)'oxide ‘Feed 30 d Ra: 10M 32 ppln Weight gain decreased 
‘ 

Elsea and Paynter 1955 . 

100 ppm Weight gain decreased 

A 

320 ppm Food comdmption mortality (6/10), 
no maéroscopic changes . 

Bis(tributyltin) oxide Intragastric ’l0—l1 d Rat 10M/10F l mg-kg“ Nmeffects observed 
’ 

Schweinfunh 1986 

E mg-k“ Mortality (‘ZM/21;"), microcytic anemia, chronic 
irnflanunafion of bile duct, Vlymphotoxicity 

Bis(tributyltin). oxide, Feed 4 weeks Rat 5M/SF 4 ppm ‘No effects observed‘ Schweinfurth 1985 
(range- . 

finding) 20 ppm No effects observed 

100 ppm Food consumption and weight gain de leased, Schweinfurth 1985 
thymus weight decreased‘ (M) ' 

500 ppm High mortality," apathy, emaciafion, thymus 
- and lymphnode weight decreased, lymphocyte 

depletion ‘in lymphatic organs
‘ 

8|»!-
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Table IS-1; Summary of Acute Oral Trlnhenyllln Toxklty 
Data 

Triphenyltin 
Animal ' anion LD,,,' 

Riii ‘Ac5i=it¢ 
4 ' ' A 

"1305-49.1 
‘ 

Chloride l_?.5—lE_|_5 

Hfdioxide 110'-33) 

Oxide 155 

'MoIise Acetfitie 8l—93.3 
' 

Chloride 80-90 
Hydroxide 80-619 
‘Oxide 10m 

Guinea pig‘ 
‘ 

Acetate 
I 

10411.2 
‘ 

Hydroxide’ . 25-3 [.1 

Rabbit Acetate 30-140 
‘In 'm;_x_1igmm.ot (riphehyltin ‘pm: nniojn pqrkilapajm body weight. 

I 
Source: Bock 1981.

_
_
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Table L-1. Chronic Studies of the Effect of Organotln Componnds on Domestic Animals 
- Duration . Rnimalsl Dose .

_ 

Compound 
' 

Route (years) Species ‘ group level Effect References 

Triphenyltin hydroxide Feed 2 Rats 6x25M+F 0.5 ppm Noobserved effect ' 

I 

Til el al., l970 
V 

1.0 ppm No observed effect
. 

2.0 ppm Noobserved‘ effect 

5.0 ppm No-observed effect 

~.\ 10 ppm Slightly decreased thyroid gland weight. lower number 
- of leucocytes, in 1st year, and slightly higher mortality 

rate-(F) 

Triphenyltin acetate Feed 
0 

‘ 2 / Guinea pigs 7x10M/10F l.0’ppm No observed effect Weigand and Kief 1965; 
' 

' 
— 

I 

' Weigand 1975 
( 

5.0'ppm _No observedaeffeet 
_

' 

‘ 10 ppm Fat deposits in cells of liver and heart 

so ppm 100% mortality in 16 weeks, weight less," fat 
\ deposits appeared in cells of liver and heart 

100 ppm 100% mortality in 16 weeks, weight loss, fat
I 

chpositsappeared in cells of liver and heart 

200 ppm 
, 
100% mortality in 16 weeks, weight loss, fat 

. deposits appeared in cells of liver and heart 

Triphenyltin acetate _I-‘ted 
I 

2 , Beagles 3M/'3F" 0.5 ppm No observed effect Scholtz and Brurrk 1968
i 

0 ‘ 

pl.0 ppm 
‘ 

No observed effect 

_ 

510 ppm Slightly lower weight gain 

Triphenyltin hydroxide Feed 
p 

,2— Beagles 4x3M/3F 0.5 ppm ‘No observed effect Til and Fcron 1968
r 

‘ 

2.5 ppm No observed effect 
/'1' 

5.0 ppm Relative weight of liver and kidneys and water content 
V of brain slightly higher than those ofcontrols 

10.0 ppm Relative weight of liver kidneys and 
water content of brain slightly higher 
than those of ‘controls 

M = male 
F = female 
-Source: Adapted from Bock 1981.
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OZL Table M-1. ‘Phytotoxicity of Triphenyltin Compounds for Various Plants’ 

Triphenyltin cchcéhuarion 
Plant compound or amount Phytotoxicity Reference 

Tomato 
_ 

Acetate 0.l%—l% Slightly to highly toxic Baumann 1958 

Acetate (l;08% Toxic '_ Picco 1957, 1958', 1965'» 
S 

Hydroxide, acetate, chloride etc. 50-100 ppin Toxic Haertel 1962 

Hydroxide 0.2-03 kg-ha" Toxic —schroc.1er~19s3'
‘ 

.Acetate, hydroxide, chloride, chloride complexes ;§0—'l0lX)?ppm » Toxic Schicke‘ er al. 1968 

Chloride 
T 

T 

25-250 rig-cm“ Very toxic Kuho 1955- 

Phosphoric acid ester "pg-cm?’ ‘Very toxic. Kubo 1965‘ 

Eggplant hydroxide, chloride, oxide, sulphide, disulphide 
I 

0.05% Not toxic‘ Axcher and Meisner 1969 

Watermelon Hydroxide 
A‘ 

0.3 ltg-ha"_ Toxic Schenk and Crall 1963 

Cucumber Hydroxide ‘ 0.38 kg-ha" Toxic Sitterly 196321. 196313 

Phosphoric acidiester 
I 

pg-cm‘ Very toxic ' Kubo, 1965 

Radish 
I 

Phosphoric -acid‘ ester pg-cm‘: Very toxic Kubo 1965" 

Soybean Phosphoric»acid,ester Slightly toxic Kubo 1965 

Bean Acetate, hydroxide, chloride, chloridercomplexes, ppm Slightly toxic Schiclce er al. 1968‘ 
V 

Bush bean Acetate 0.1q._1% Slightly to highly toxic Baumann 1953 
I I 

Acetate 0.05% Not toxic 
' 

. 

Arrdrerrarrrioiorssorr 1959 - 

Acetate 0.05%-0.75% ‘Not toxic 
‘ 

Schmidt‘ 1962a, 1962b 

Kohlrabi Acetate ~0’.’1%-1¢r. 
‘ 

Slightly to*highly toxic Baumarm.1958 

‘Carrot Acetate 
V 

0.04%-0.06% 
’ 

~l\lot toxic‘ 
- 

Schmidt 1965 

Carrot Acetate \ — S 

No! toxic Ascher and Nissim 1954 

Acetate 10.04%—0.o6% Nor toxic. -1_=rarrz 1972 

Grape vine Acetate 0.»1'%—1% Baumann 1958 
Source: A:__. ‘ from Bock 1981. 

Distinctly to highly toxic



Table M-1. Continued 

Triphenyltin Concentration . . 

Plant 
_ 

compound or amount Phytotoxicity Reference 

Grape vine (cont'd) Acetate — i 

. Toxic _ Haertel ‘[958, 1962 

Hops Acetate 0.l%—l% Distinctly to highly toxic Baumann 1958 

Fruit Acetate 4 Toxic -Haenal 1953 

Tohacco Acetate 63—500vppm Slightly to moderately toxic 
V ._Kubo V1965 

Phosphoric acidester 63-500 pprn Slightly‘-tomoderately toxic Kubo 1965 

Acetate 0.(X)5%4).08% Toxic Kroeber Massfeller 1961 

Acetate o.oos% Moderately toxic 
' 

de Baels 1951 

Flax Acetate 
V 

30-120 g-ha" Highly toxic V Estienne and Hermebert 1959 

Barley Acetate as-30 pgeem-3 srighuy to highly zexie ‘Kubo -1965 

Phosphoric acid ester . 25’-250 pg-cm" "Slightly to highly toxic Kubo 196:5 

Alfalfa Acetate — Slightly toxic‘ Ascher and Rones 1954 

I-ZL

K
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H 

_ 

’ bN.-1. 
( _ 

MinimumToxicity Data set Worksheets for the 
Protection of Freshwater Aquatic Life.

i 

The o_rga,’n'ot_iAn compounds examined‘ include: 
V 

. (a) monomethyltin ' References are
' 

(b) dimethyltin 
A 

1. Weste_r a_nd Can_ton_ (1987) 
(c). trimethyltin 

' '

. 

- (d) monobutyltin 
. (e) dibutyltin 

(f) tfibutyltin 

I 

‘References are 
A 

f

i 

r r 1_'. Brooke er al. (1986)
’ 

2. Martin etal. (1989) 

(g) 
. 

monophenyltin . Reference is
1 

diphenylfin 
' 

1. Jarvinen et al. (1988) 
. (i) 

- triphenyltin - 
- 

.
. 

(9) . monophenyltin 
.« 

‘H Reference is 
(h) V 

diphenyltin 
‘ 

1. Jarvinen et al. (-1988) 
_ 

(i), triphenyltin
_ 

124



Appendix N-1(a) 

Water Use: 
y 

Protection of Freshwater Aquatic Life 

Compound: Monomethyltin (Ml\llT)_v 

Canadian Water Qua_lity Guideline Requirements: it/linim,um Toxic'ity: Data Set 

, Resident in Chronic‘ 
Aquatic biota Species Primary’ North America 

_ V H V 
study 

7 

Reference 

Fish 1,. 
I 

2. 

3. 

Invertebrates » 1. 

2. 

Plants 1.; 

(1) Do the above studies include at least one cold- and warm-water freshwater species? Yes _ ‘No g(_. 
(2) Do the above studies include at least two classes of freshwater invertebrates? Yes __ No5 
(3) Do the above studies include at least one planktonic freshwater invertebrate species? Yes __ NoK 
Are there scientifically justified exemptions to above requirements? Yes.___ No 5 
Are the minimum toxicity data set requirements met? Yes __ No g If no, go to interim guidelinesection. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set ’ ’ 

(1) Are the mobility of the compound and the compartments of the aquatic environment in which it is likely to be found known? Yes __ 
No X ' ’ 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? 
‘ Yes X No 

_ 

v 
\

' 

(3) Are the eventual chemical metabolites known? _Yes 5 No 

, (4) Is th_e persi_st_ence'ot the compound in water, sediments, and biota known? Yes ,_ No )_( 

If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Requirements: 

(1) Arethere at least two acute and/or chronic‘ studies for fish, and for invertebrates? Yes _ No5 
(2) is one fish species a cfold-water spjecies resident in North America? Yes _'_ No5 
(3) Are the two i_nverte,b,I_'a_te species from different classes, and is one species planktonic and resident in North America? 

Yes _ No ,)_( -

. 

If the answer is no to any of the above, then an interim guideline cannot be calculated.‘ Primaryor secondary studies may be used for the 
interim guideline" data requirements. 

' 
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Appendix N-1(b) 

Water Use: Protection ofVFreshwater Aquatic Life 

Compoundz‘ Dimethyitin (CMT) 

Canadian Water Quality Guideline Requirements: Niinimum Toxicity’ Data Set 

Resident in Chronic 
Aquatic biota Species 

7 

Primary North America study Reference. 

Fish '1'.‘ ' _‘H W I 

‘ 
'

, 

2. M A

I 

3. 

Invertebrates 1 . 

2. 

Plants 1 

(1) Do the above studies include at least one coid- and warm-waterfreshwater species? Yes __ No5 
(2) Do the above studies include at least two classes of freshwater invertebrates? Yes __ No 
(3) Dolthe above studies include at least one planktonic freshwater invertebrate species? Yes __ No _X 
Are there scientifically justified exemptions to above requirements? Yes __ No )5 
Are the minimum toxicity’ data set requirements met? Yes _ No 5 If no, go to interim guideline section. 

A 

Canadian Water Quality Guideline Fiequirements: Minimum Environmental Fate Data Set
i 

(1) Are the mobility of the compound and the compattments of the aquatic environment in which it is likely to be found known? Yes __ 
- No X 

_ 

' 

_

' 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known?" Yes 5 No __. 
(3) Are theeventual chemical ‘metabolites known? Yes z(_ No 

(4) Is the persistence of the compound in water, sediments, and biota known? Yes ___.___ No )5 
If the answer is no to any of the above, go to interim guideline section. ./ 

Canadian Water Quality Interim Guideline Requirements: 

(1) Are thereat least two acute and/or chronic studies for iish,_and for invertebrates? Yes 4 No5 
t (2) Is one fish species -a cjold-water species resident in North America? Yes __i No5 
(3) Are the two invertebrate species from d,i_i_fe_rent classes,‘ and is one species planktonic and resident in North America? 

Yes __ No 5 ' 

- 
V 

.
- 

if the answer is no to anyof the above, then an i_nterim guideline cannot be calculated. Primary or secondary studiesymay be used for the 
interim guideline data requirements. 

’ ' 
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Appendix N-1(r:) _ 

Water Use: Protection of Freshwater Aquatic Life 
I I 

. J 
Compound: Trimethyltin (TMT) 

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set‘ 

Resident in Chronic‘ 
;

’ 

Aquatic biota Species Primary 
' North America study , Reference 

Fish 
' 

1. 

2. - 

3. 

Invertebrates 1.
’ 

2. 

Plants 
. 

1. 

(1) Do the above. studies include at least one cold- and warm-water fre_shwater'species? -Yes _ No 5 _ 

(2) Do the above studies include at least two classes of freshwater invertebrates? Yes _ No5 
(3) Do the above studies include at least one planktonic fresh’w'ater\inve'rtebrate species? Yes __ No5 
Are there scientifically justified exemptions to above requirements? Yes __ No 5 » 

_ 

.

_ 

Are the minimum toxicity data set requirements met? Yes _ No 5 If no, go to interim guideline section. 

Canadian Water Quality Guideline Requirements: 
_ 

Minimum Environmental Fate Data Set 

(1) Are the mobility of the compound and the compartments of the aquatic environment in which itls likely to be found known? Yes_ No X. A 

» ~ 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes 5 No 

(3) ‘Are the eventual chemical metabolites known? Yes 5 No 
(4) Is the persistence of the compound in water, sediments, and biota known? Yes _ No 5 
If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline Requirements: 

(1). Are_ there at least two acute and/or chronic studies for fish, and for invertebrates? Yes __ No5 
(2) is one fish species a cold'—water species resident in North America? Yes _ No5 
(3) Are the two invertebrate species from different classes, and is one species planktonic and resident in North America? 

Yes ,_ No 5 ’ '

- 

If the answer is no to any of the above, then an interim guideline cannot be calculated. . Primary or secondary studies may be used forlthe 
interim guideline data requirements. - 

' ' 
‘

— 
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.Appendlx N-1(d) 

Water Use: Protection of Freshwater Aquatic Life 

Compound: Monobutyltin (MBT) 

Canadian Water Quality Guideline Requirements: Minimum Toxicity’ Data Set 

Ftesidentinv ‘ 
' 

Chronic 
Aquatic biota Species Primary 

_ 

. North America study Reference 

Fish 1.- 

’\ 

4 _ 
V 

I V 

V

_ 
_, 

Invertebrates 
‘ 

1. 
' 

’ 

_ 

‘- 

_ ,. i _ :>:__._ _ L 

2.
C 

Plants 
I 

l 

1. 

(1) Dothe above studies include at least one col_d- and warm-water freshwater species? Yes No5 
(2) Do the above stud_ie_s include at least two classes of freshwater invertebrates? Yes No 5 A 

(3) Do the above studies include at least one planktonic freshwater invertebrate species? Yes,_._.; No _)$ _

V 

Are there scientificalily justified exemptions to above ‘requirements’? Yes __. No _)_( 
_ _ H 

Are the minimum toxicity data set requirements met? Yes ‘_ No 5 If ‘no,’ go t6 interini guideline section. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(_1)’ Are the mobility of the compound and the compartments of the aquatic environment in which it is lfl(ely to be found kn_own? Yes_ 
No 5 ’

_ 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes _ No _X 
(8) Are the eventual chemical metabolites knewn? Yes No 2(_ 

(4) is the persistence of the compound in water. .sedimer'Its. and biota known?‘ Yes _ No 5 
" 

lf‘the answer is note any of the above, go to interim guideline sec_ti_o_n,
C 

Canadian Water Quality Interim Guideline Requirements: 

. (1) Are there at least two acute and(or chronic studies for fish, and for invertebrates? Yes __ No5 
(2) is one fish species a cold-water species resident in North America? Yes __ No5 
(3) Are the two invertebrate species from different classes, and is one species planktonic and resident in North America? 

‘H 

Yes _. No § - 

_ _ 
_ 

' 

_ 

,v 

If the answer is no to any ofthe above, then an interim guideline cannot be calculated. Primary or secondary studies may be used for the 
interim guideline data requirements. A 

' 

- 

'

. 
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Appendix N-1"(e) 

Water Use: Protection of Freshwater Aquatic Life 

Compound: Dibutyltin (DBT) 

Canadian Water Quality Guideline Requirements: Minimum Toxicfiy Data Set 

7 - 

. Resident. in Chronic - 

Aquatic biota Species ' 

‘ 

Primary North America study Reference. 

Fish 
V 

’ 

1. .PaeciIia x 
' 

X V 

’

1 

reticulata ' 
' ’ 

2. 
\,. 

3. 

invertebrates 1 V. 

I 

2. 

Plants 1. 

(1) Do the above studies include at least one cold- and warm-water freshwater species? Yes _ No 5 w 

(2) Do the above studies include at least two classes of freshwater invertebrates? Yes _ No 5 _ 

(3) Do the above studiesinclude at least one planktonic freshwater invertebrate species? Yes _ _ 
No 2(_ 

Are there scientifically justified exemptions to above requirements? Yes __ ‘No 5 V > 

Are the rni_nirnu_m toxi_city data set requirements met? Yes No 5 if no. go to interim guideline section. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(1 i 

(2) 

(3) 

(4) 

Arethe mobility of the compound and the compartments of the ‘aquatic, environment in which it is likely to be found known? Yes __ 
No 5 
Are the kinds of chemical and biological reactions that take place during transport and after deposition‘ known? Yes _ No _X 
Are the eventual chemical metabolitesknown? Yes _ No; 
is the persistence of the compound in water, sediments, and biota known? Yes _ No _)_(_ 

If the answer is _no to any of the above, go to interim guideline section.- 

Canadian Water Quality interim Guideline Requirements: 

(1) . 

(2) 

(3) 

Are there.at least two acute and/or chronic studies for fish,» and for invertebrates? Yes ._ No5 
is, one fish species a cold-water species resident in North America? Yes __ No _)_( 
Are the two invertebrate species from different classes, and is one species planktonic and resident in North America? 
Yes __ No X . , . 

y
_ 

If the answer is no to any of the above, t_hen an interim guideline cannot be calculated. Primary or secondary studies ‘may be used for the 
interim guideline data requiremen_t_s_. 
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Appendix? N-1(f) 

Water Use": Protection of Freshwater Aquatic Life 

Compound: Tributyltin (TBT) 

A 

Canadian Water Quality Guideline Flequirementsz. Minimum Toxicity lJata Set 

‘ 

' Resident in - Chronic" 
Aquatic biota Species Primary North America '- study Reference 

Fish 1 . Pimephales X X X. 1 
' promelas 

2. Oncorhyncus X X \ 2 
mykiss '

' 

3. Salvelinus X X 2 
‘ namaycush 

Invertebrates 1». Daplmia rnagna X X ' X. , 1. 

. 2. Hydra sp. _ X 1 

Plants ' 1. 

(1) Do the above studies include at leastone cold- and warm_-water freshwater species? Yes X No+ 
(2) Do the above studies include at least two classes of freshwater invertebrates? Yes X No 
(3) Do the above studies include at least one planktonic freshwater invertebrate species? Yes X No';_ ’ 

Are there scientifically justified exemptions to above requirements? Yes __ No X 
Are the minimum toxicity data set requirements rnét? Yes _ No X If no, go to interim guideline section. 

Canadian Water Quality (.3-uideline Ftequirements: ‘Minimum'Envi'ronmental Fate Data Set 

(1) 

(2) 

(3) 

(4)_ 

Ar'efith'e mobility of the compound and the compartments of the‘ aquatic environment i_n which it is likely to be found known’? Yes 

Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes X No '___ 

Are the eventual chemical metabolites known? "Yes No __ A 

is the persistence of the compound in water, sediments, and biota known? Yes X No __ 
If the answer is no to any of the above, go to-intenm guideline-section, 1 

'7‘ 

Canadian Water Quality Requirements:
V 

(1) 

(2) 

is) 

Are there at least two acute and/or chronic studies for fish, and for invertebrates? -Yes No __ 
Is one fish species a cold-water species resident in North -America? Yes X" No __ 
Are the two invertebrate species from different classes. and is one species planktonic and resident in North America? 

»Yes._X_ No__ 
"if the answer: is no to any of the above, then an interim guideline-cannot be calculated. Primary or secondary’ studies may be ‘used for the 

' interim guideline data requirements". - 
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Appendix N-1(9) 

Water Use: Protection of Freshwater Aquatic Life 

Compound: V Monophenyltin (MPT) 

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set 

Resident in Chronic 
I _ 

Aquatidbiota Species Primary ' North America study 
5 

Reference 
_‘ 

- l-'-ish ' 
- 1f.- 

2. 

3. 

lnvertebrates 1‘. 

2. 

Plants 1.
' 

(1) Do the above studies include at least one cold- and warm-water freshwater species? Yes _ No 5
_ 

(2) Do the‘ above studies include at least two classes of fresh'water‘inve'rtebrates? Yes __ No 5‘ 
‘ 

I 
(3) Do the above studies include at least one planktonic freshwater lnvertebratejspecies? Yes __ No 5 5‘ 
Are there scientificallyljuustified exemptions to above requirements? Yes No 5 .5 

Are the minimum toxicity data set requirements met? Yes_ _ No 5 lfno, go to-interim guideline section. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(1) 
5 

_Are the mobility of the compound and the compartments of the aquatic ‘environment in which it is likely to be found known? Yes __ 
No 5 ' 

(2) 
' 

Are the kinds of chemical and biological reactions thattake place during transport and after deposition known? Yes __ No-5 
(3) Are the eventual chemical lmetabolites known? Yes __ No 5 ' 

7

I 

(4) is the persistence of the compound in water, sediments, and biota known? Yes _ No5 
If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline Requirements: 

(1) Are there at least two acute and/or chronic studies for fish, and for invertebrates? Yes __ No5 
(2) Is one fish species a cold-water species resident in North America? 

' 

Yes _ No 5 V 

(3) Are the two invertebrate species from different classes, and is one species planktonic and resident in North America? 
Yes _‘ No 5 ' 

v
» 

if the answer is no to any of the above, then an interim) guideline cannot be calculated. Primary or secondary studies may be used for the 
interim guideline data requirements. ‘ ‘ 
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e Appendlir N.-1(~h) 

Water Use: Protection of Freshwater Aquatic Life 

Compound; Diphenyltln (DPT) 

Canaclian Water Quality Guideline Requirements: Minimum Toxicfiy Data Set 

Resident in 
, 

Chronic 
Aquaticbiota Spjecies 

I 

"Primary North America ’ study 
I 

Reference 

Fish 
’ 

1. 

A

' 

“ 

2. 

-3.
" 

Invertebrates. 1. 
' 

f2. 

Plants 1- lib . s a 

i 

V‘ ~!; e
I 

. (1) Do the above studies include at least one cold- and warm-water"freshwater species? 
‘ 

Yes No g(_ 

(2) Do the above studies include at least two classes of freshwater invertebrates? _Yes _ No _)$ 
(3) Do the above studies include at least one planktoriic freshwater invertebrate species? Yes _ No _)§ »_ 

Are there scientifically justified ex'emptions to above "requirements? _Yes _ No I

> 

Are the-minimum toxicityidataset req'uireme'nts met? Yes _' No § If no. go" to interim guideline section.
I 

Ca'nadian Water Quality Guideline, Requirements: Minimum‘ Environmental Fate‘D_ata Set 

(‘l) Are the mobility of the compound and the compartments of the aquatic environment iniwhich it is likely to be found known? Yes __
i No

_ 

(3) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes __.No 5 
(3) ' Are the eventual chemical metabolites known? Yes _ No '

i 

(4) ls_the persistence of the compound in Water, sediments, and biota known? Yes __ No 
If the answer is no to any of the above, go to interim guideline section.

\ 

_ 

Canadian Water Quality Interim Guideline "Requirements: 

(1) Are there at least two acute and/or chronic studies for fish, and for invertebrates? Yes __ No g(_ 
(2) Is one fish species a cold-water species residen_t.in North America? Yes _ No _)_(_ 
(3) Are the two invertebrate species-fromiditferent classes, and is one species planktonic and resident in North America? 

Yes _. No g<_ 

If the answer is note any of the above, ‘then an interim guideline cannot be calculated.. Primary or secondary studies may be used for the 
interim guideline data requirements.-A - 
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Appendlx N-1y(l) 

Water Use: Protection of Freshwater Aquatic Life 

Compound: Triphenyltiny 

Ca_nad_ian_ Water Quality Lfqgfifl Requirements: Minimum Data Set 

- Resident in 
I 

Chronic 
Aquatic biota 

' Species 
' 

Primary North America study ' Reference 

Fish 1 . Piniephales 
A 

x - x 3 

. 
x . 1 

promelas . 

V 2. 

3-

A 

Invertebrates 1_. 

2. 

Plants 1. 

(1) Do the above studies include at "least one cold- and warm-water freshwater species? Yes __ No5 
(2) Do the above studies include at least two classes of freshwater invertebrates? Yes ._ No _)$

_ 

(3) Do the above studies include at least one p_la_nk_ton_ic freshwater invertebrate species? Yes __ No 

Are there scientifically justified exemptions to above requirements? Yes __ No _)_(_ 
Are the minimum toxicity data set requirements met? Yes _'__ No 5 If no, go to interim "guideline section. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(1) _Are the mobility of the compound and the compartments of the aquatic environment in which it is likely to be found known? Yes 
No X 

_ 

V 

, 
. 

‘ 

A 

- 
.

A 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes _ No _)$ 
' 

(3) Are the eventual chemical metabolites known? Yes_ No-_)g 

_ (4) is the persistence the compound in water, sediments, and biota known? Yes __ No g<_ 
if the answer is no toany of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline Requirements: 

(1) Are there at least two acute’ and/or chronic ‘studies forfish, and for invertebrates? Yes! No __ 
(2) Is one fish species a_ cold-water species resident in North America? Yes 5 No 
(3) Are the two invertebrate speciesfrorn different classes, and is one species planktonic and resident in North America? 

Yes .X No __ ‘

. 

If the answer is note any of the above, then an interim guideline cannot be calculated. Primary or secondary studies maybe used for the 
interim guideline data requirements. ’

A 
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Appefidlx N-‘2. 

Minimum Data Set Werksheets for the 
Protection ofMarine Aquatic Life 

\
. 

N . 

The o'rg_anotin-compou'nds examined include; 

(a)_ monomethyltin ' References are - 

(b) dimethyltin 
‘ 

1‘. Hall etal. (19_88c) 
' 

(c) trimethyltin 2. Pinkhey at al. (1985) '
' 

(d) ~ monobutyltin 3. Davidson etal. (1986a, 1986b) 
(e) . . dibutyltin 

‘ 

r 4. Hall at al; (1988a) 
A

' 

. (f) tributyltin 5,, Bea'u;m,o_nt and Newman (1986) 

(g) monophenyltin Reference is 
(h) diphenyltin 1. Clark at al. (1987) 

~ 

e e

» triphenyltin



Appendix N-2(a). 

Water Use: Protection of Marine Aquatic Life 

Compound: Monomethyltln (MM1') 

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set 

. 

’ _ 

Temperate. Chronic Two classes 
Aquatic biota Spiecies 

' 

Primary species study represented 
_ Reference” 

Fish 1. 

2. 

3. 

Invertebrates 1. 

2. 

Plants 1. 

Are there scientifically justified exemptions to above requirements? Yes No 5‘ 
I 

/I 

Are the _min_i_m_um toxicity data set requirements met’? Yes __ 
_ 

No 5 If no, go to interim guideline section. 

Canadian Water Quality Flequirements; Minimum Data Set 

(1) 

(2) 

(3) 

(4) 

Are the mobi_l_i_ty of the compound and the compartments of the aquatic environment in which it is likely to be found known? Yes& No _)§ ~ 
- 

‘ ‘ 

Are the kinds of chemical andbiologlcal reactions that take place during transport and after deposition known? Yes § No __ 
Are the eventual chemical metabolites known? Yesg No_ 
Is the persistence of the compound in water, sediments, and biota known? Yes ‘No 5 

It the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality‘ Interim Cuideline Requirements: 

(1) 

(2) 

(3) 

Are there at least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes _ No 5 
Is one fish species a temperate species? Yes __ No _)g 

' Are the two invertebrate species from different classes, and is one of the species temperate? Yes No5 
l_f the answer is no to any of the above, then an interim guideline cannot be‘: calculated. Primary’ or secondary studies may be 
used for the interim guideline data requirements. 
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Appendix N-2(l:i) 

Wate'r.Use: Protection of Marine Aquatic Life 

Compound: Dimetl_1yltin(DMT) 

Canadian Water Quality Guideline Requirements: Min_ir_num Toxicity Data Set

, 

all 

P_ Chronic Two classes 
V 

Temperate A 

Aquatic biota Species 
7 

Primary species 
k V 7 I H represented ' 

Reference’ 

Fi_sh_ 
~ 

1-. 
‘ ‘i

- 

2. 

3. 

Invertebrates‘ 1 .

P 

2. 5. 

Plants 1. 
A

A 

Are there scientificallyjustified exemptions to ‘above requirements? Yes __ No5 
Are. the minimum toxicity datalset requirements met? Yes ;__ No _)_(_ If no, go to interimguideline section. 

Canadian Water Quality Guideline Requirements: M_inimum Environmental Fate Data Set 

(1) Are the mobility of the compound and the compartnients of,,_the.aquatic environment in which it is lfltely to be found known? 
- Yes_..,_ No 5 ' 

.

' 

(2) Are the kinds of chemical and biological reactions that take_plac_e during transport and after deposition known? Yes No_ 
(3) Are the eventual chemical metabolites known? Yes _X 

' No_ 
(4) is the persistence of the compound in water, sediments, and biota known? Yes __ No 

If the answer is no to any of the above, go to interim guideline section.
V 

Canadian Water Quality Interim Guideline Requirements: 

(1) Are there at least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes No 5 
(2) » is one fish species a temperate species? Yes __ No; 

I 

x, 

(3) Are the. two invertebrate species from dilffegrent classes, and is one of the species temperate? Yes No 1
» 

If the answer is no to any of the above, then an interim guideline cannot be calc_ulated.~ Primary or secondary studies may be 
used for the interim gu_i_deli_ne data requirements.

'

. A



APP.endlx .N-2(c)
’ 

Water Use: Protection of Marine Aquatic Life 

Compoundz, Trimethyltin (TMT) 

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set 

‘Temperate Chronic Two classes
K 

Aquatic biota’ 
\" 

Species 
‘ 

Primary ~ 

I 

species . study represented Reference 

Fish 
' 

1. 

2_. 

3. 

Invertebrates 1 , 

2. 

Plants 
' 

1. ‘ 

Are there scientifically justified exemptions to above requirements? Yes __ No 2(_ 
Are the minimum tox_icity data set requirements met? Yes _ No,_X If no, go to interim guideline section. 

Canadian Water Quality Guideline Requirements; Minimurn Environmental Fate Data Set 

(1) Are the mobility of the compound and the compartments of the aquatic environment in which it is likely to be found known? " 

Yes____ No _)$ 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes 5. No.__ 

(3) Are the eventual chemical metabolites known? Yes No __e 
(4) Is the persistence of the compound in water, sediments. and biota known? Yes __ No § 
If the answer is no to any of the above, go to interim guideline section,

I 

Canadian Water Quality interim Guideline- Requirements: 

(1) _A_re there at-least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes _ No _>g 
(2) — Is one fish species a temperate species? Yes _ NoX 
(3) Are the two invertebrate species from different classes, and is one of the species temperate? Yes . No 5 
If the answer is no to any of the above. then an interim guideline cannot be calculated. Primary or secondary studies may be 
used for the interim guideline data requirements. ‘ 

‘ 
‘ 

- I 
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Appendix N-2(a) 
’

( 

Water Lise: Protection of Marine Aquatic l.ife 

Compound: Monobutyltin (MBT)
I 

‘Canadian Water Quality Guideline Flequireiments: Minimum Toxicy Data Set 

' hiftemperate Chronic ‘Two classes - 

Aquatic biota Species _- Primary 
7 

species study represented 
_ 

Reference 

Fish 

V 

1.
' 

2. _ _ 

3. 

Invertebrates 1.. __ 

2:- 

Plants 1. 

"Are there scientifically just_ified exemptions to above requirements? Yes _ "No.-5 '

_ 

Are the minimum toxicity data set requirements met? Yes No _)g If no, go to interim guideline section. 

Canadian Water Quality gflgflg Ft_equirements:- Minimum DatavSe_t_ 

(1) Are the mobility otthe compound and thehcjompartments of the aquatic environment in which it is likely to be found known? 
Yes 5 No .__ 

(2) Are the kinds’ of chemical and biological reactions that place during transport and after deposition known? Yes ;<_ No_._‘ 

(3) Are the eventual chemical metabolites known? Yes! No_._
V 

(4) is the persistence of the compound in water, sediments, and biota known? Yes )5 No __ 4 
V

~ 

It the answer is no to ‘any of the above, go to interi_m guideline section. 
‘

h

( 

Canadian Wate‘r"Qual‘ity lnterim Guideline Requirements: 

(1) Are there at "least two acute and/orchronic studies for marine fish. and for marine ihnvertebrates? Yes ;_ ‘No.5 V 

A‘ 

(2) Is one fish species a temperate species? ‘Yes _'__, No _)_(_
I 

(3) Are the two invertebratespecies fronidifferent classes, and is one of the species temperate? Yes __ No g 
If the answer is no to any of theiabove, then an interim guideline cannot be calculated. ‘Primary or secondary studies may be 

i 

used for the interim guideline data requirements.



Appendix N-2(e) 

Water Use: Protection of Ma_rine Aquatic Life 

- Compound: Dibutyltin (DBT)’ 

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set 

Temperate Two ‘classes 

Canadian Waterouality Guideline Requirements: Minimum EnvironmentaiFate Data'Set 

A Chronic 
Aquatic biota Species Primary species ' 

__ 
study represented “_Re.ference 

Fish 
‘ 

1. 

2. 

3. 

Invertebrates ' 

I 

1'. 

2. 

Plants 
' 

1. 

Are there scientifically justified exemptions to above requirements? Yes + NoX 
‘Are the minimum toxicity data set requirements met? Yes __ No 5 if no, go to interim guideline section. 

(1 )' Are the mobility of the compound and the compartments of the aquatic environment in which it is likely to be found known? 
Yes-1 N.o 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes _)$ No_ 
(3) Are the eventual chemical metabolites known? Yes 5 No __ 
(4) 

' 

is the persistence of the compound in water, sediments, and biota known? Yes! No_ 
If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline. Requirements: 

(1) Are there at least two acute and/or chronic studies for mari_ne fish, and for marine invertebrates? Yes __—_. No5 
4' 

(2) lsone fish species a temperate species? Yes + No5 
(3) Are the two invertebrate species from different classes, and is one of the species temperate? Yes N_o § 
If the answer is no to any of the above, then an interim guideline cannot becalcuiated. Primary or ‘secondary studies may" be 
used for the interim guideline data requirements. 
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Appendix N-2(f) 

Water Use: Protection of Marine Aquatic Life
a 

Compound: Tnbutyltin (T BT) y 
Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set 

Temperate Chronic ' Two classes 
Aquatic biota _ Species 

‘ 
Primary ' "species study v represented ’ Reference 

‘Fish 1. Menidia 
’ 

— x _ g x x V 1 

berylina _ 

2. Brevoortia . 
-X 

_ ,X _ f x - _ 1 
V 

tyrannus ~ 

i ' 

‘ 
.3. Fundulus X X - 2 

heteroclitus 
-Invertebrates 1 . Acanthomysis X X X X 3 

sculpta 
2;. Eurytemora X . X X 4 

affinis' 

Plants 1 .' Pavlova X X 5 
- Iutheri 

Are there scientifically justified exemptions to above requirements? Yes _ NoX 
Are the minimum toxicity data set requirements met? Yes X No __ _If no, go to interim guideline section. 

Canadian Water Quality Guideline Requirements:-_ Mi_nir_num Environmentalfilatep Data Set 

(1) Are the mobility‘ of the compound‘ and the compartments of the aquatic environment in which itis |fl<ely to be found known? 
Yes X No _ 

_ 

' 

_

‘ 

(2) Are the kinds of chemical and biological reactions .t_h'at'take place during transport and after deposition known? Yes X'No_ 
(3) Are the eventual chemical metabolites known? Yes X No _. V

I 

(4) is the persistence of the compound in water, sediments, and biota known? Yes No __ 
if the answer is no to any of the above, go to interim guideline section. 

, Canadian Water_Quality interim Guideline Requirements: 

(i) Are there at least two acute and/or chronic studies, for marine fish, and for marine invertebrates? Yes ___._ No __ 
J (2) is one fish species a temperate species? ‘Yes: No_ 
(3) Are the two invertebrate species from different classes. and is one of the species temperate? Yes __ No_ 
If the answer is no to any of the above, then an interim guideline cannot be calculated. ‘Primary’ or secondary studies may be 
used for the interim guideline data requirements. -

r 
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Appendix N-2(9) 

Water Use: Protection of Marine Aquatic Life 

Compound: Monophenyltin (MPT) ‘ 

Qanadian Water Quality Guideline Requirements: Minimum Toxicfiy Data Set 
_

- 

Temperate I. ' 

Ch_ron_ic . . Two classes 
Aquatic biota ' Species ' Primary species . study represented Reference 

Fish 
' 

i 

1. 
V 

I 

2. 

3. 

|,nvertebr_at_es 1_ .

' 

2.. 

Plants V 1. .

_ 

Are there scientifically justified ekemptions to above requirements? Yes _ Nox 
Are the minimum toxicitydata set requirements met? Yes + No _)g> if no. go to "interim guideline section. 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(1) Are the mobility of the compound and the compartments of the aquatic environment i_n which it is lfl<ely to be foundknown? 
Yes;____ No z(_ 

i
' 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes _ No )3 
(3) Are the eventual chemical metabolites known? Yes _ No 5‘ \ 

(4) is the persistence of the compound in water. sediments. and biota known? Yes _ No 
_ _If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline Requirements:
/ 

(1) Are there at least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes No 5 
. (2) is one fish species a temperate species? Yes ._ No5 

(3) Are the two invertebrate species from diflerent classes, and is one of the_species temperate? Yes No 

If the answerjs no to any. of the above, then an interim guideline cannot be calculated. Primary or secondary studies may be 
used for the interim guidelinerdata requirements. - 

g

V 
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Appendix N*2(h) 

Water Use: Protection of Marine Aquatic Life
_ 

Compound_: Diphenyltin (DPT) 

Canadian Water‘ Quality Guideline Requirements: Minimum Toxicity Data Set 

Temperate ’ Ch‘ro'r'iic 
' Two classes 

Aquatic biota" ' Species Primary 
V W H ‘study represented Reference 

Fish ( 

‘ 

1. . . 

2}. 

3.7 

lnvertebrates 1 .—

V 

2. - 

. 

- 

-

1 

Plants ‘1. , ,- 

Are there scientiiical_|y justified exemptions to _above requirements? Yes ;_ No 5 '

7 

Are the minirrnum toxicity data set requirements met? Yes __ No 5 ‘if no, go to interim guideline section. 

Canadian Water Quality Guideline Requirements: Minimum En/vironment_'a|._l_=.ate Data Set
' 

(1) Are the mobility of the compound and the compartments of the aquatic environmentvin which it is lfltely to be found known?
_ 

Yes__ No 5 ‘ 
‘ 

Y

. 

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known? Yes __ No )3 - 

R 

(3) Are the eventual chemical metabolites known? Yes___ No-_)_(_ 

(4) is the persistence of‘ the compound inwater, sediments. and biota known? Yes _ No _)g 
If the answer is no to any of the above,igo to interim guideline section. 

' Canadian Water Qu_a_lity'lnterim.Guideline Requirements: 

(1) Are there at least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes __ No _)_(_ 

(2) Is one fish species a temperate species? Yes __ .No § 
(3) Are the two invertebrate species from different classes, and is one of the species temperate? Yes _._ No 5 
If the answer is no to‘ any of the above, then an interim guideline cannot be calculated. Primary orsecondary studies may be 
used for the interim guideline data requirements. ’

'



Appendix N-2(l) v 

Water Use: Protection of Marine Aquatic Life 

Compound: Triphenyltin (T PT) 

Canadian Water Quality Guideline Requirements; Minimum Toxicity Data Set 

Temperate ‘ Chronic Two classes 
Aquatic biota 

_ 

_ 
Species . Primary - species — study ' represented . Reference 

Fish - 1. 

2. 

3’- 

Invertebrates 1. Palaemonetes . X X : 

'

1 

‘pugio ' 

2. 

Plants 1. 

Are there scientificalily ‘justified exemptions to above requirements? Yes ___.,___ No X 
Are the minimum toxicity data set requirements met? Yes :_ No g<_ If no, go to.-interim guideline section. 

A 

Canadian Water Quality" Guideline Requirements": Minimum Environmental Fate Data Set 
I

'

1
r 

(1 ) Are the mobility of the compound and the compartments of the aquatic environment in which. it is likely to be lound known? 
Yes__ No g<_ « 

'
' 

(2) Are the kindsuof chemical and biological reactions that take place during transport and after deposition known? Yes _ No _)§_ 
(3) Are the eventual chemical metabolites known? Yes 4 No 5 
(4) - Is the persistence of the compound in water, sediments, and-biota known? Yes _ No 5 
If the answer is no to any of the above, go to interim guideline section. 

Canadian Water Quality Interim Guideline Requirements: 

_ (1) Are there at least two acute and/or chronic studies for marine fish, and for marine invertebrates? Yes.__ No 

(2) Is one fish species a temperate species? Yes 5 No __ 
(3) Are the two invertebrate species from different classes, and is one_of the species temperate? Yes No_)g_ 

If the answer is no to any of the above, then an interim guideline cannot be calculated. Primary or secondary studies may be 
used for the interim guideline data requirements. 

_ 

V

’ 
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