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SUMMARY 

The toxicities of three organotin compounds were examined on natural populations of microorganisms 
in sediments from Boston Harbor. Mono-, di- and trimethyltins were toxic to organisms from these sediments, 
and the di- and trimethyl compounds were more toxic than the monomethyl compound as measured by 
either viable counts or by [3H]thymidine uptake. Approximately three to eight times as much organotin was 
required to achieve the same effect measured by thymidine uptake as measured by viable counts. The results 
of replica plating experiments suggest that most estuarine organisms which are resistant to one methyltin 
will be resistant to other methyltins. LC-values suggest that at concentrations reported for methyltins in 
aquatic environments, methyltins alone are not likely to cause major alterations in the microbial flora. How- 
ever, these compounds may combine with other stressors to alter the composition of natural populations. 

In 1976, about 200 x 106 kg of tin was used in 
the world, of which 28 x 10 ~ kg (14%) was used 
in the form of organotins. The annual growth in 
organotin consumption during the period 1978- 
1988 was predicted at 11-13% [38]. Organotins are 
used as stabilizers for poly(vinyl chloride) (PVC) 
and for other plastics and paints, as industrial ca- 
talysts, as industrial and agricultural biocides, as 
wood-preservatives and antifouling agents, and for 

* Present address: Department of Biology, State University Col- 
lege at Buffalo, Buffalo, NY, U.S.A. 
Correspondence: J.J. Cooney, Environmental Sciences Program, 
University of Massachusetts at Boston, Boston, MA 02125, 
U.S.A. 

a variety of other purposes. About two-thirds is 
used for PVC stabilization and nearly a tenth is 
used for biocides [6]. Much of this organotin will 
eventually reach the aquatic environment. 

Of particular interest in aquatic environments 
are tributyltin, which can leach from antifouling 
paints on boat hulls, and methyltins, which can be 
formed by chemical and microbiological processes 
[1,4,5,7,8,11,14]. In addition, harbor sediments, 
which are known to receive tributyltins as their 
principal source of tin, have been shown to contain 
methylated derivatives of butyltins [23]. This sug- 
gests that methylation may be involved in the trans- 
formation of butyltin species. Ridley et al. [28] pro- 
posed a geochemical cycle involving methyltins, but 
the cycle has not yet been demonstrated to occur in 
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aquatic systems. Thompson et al. [31] recently re- 
viewed organotin compounds in the aquatic en- 
vironment. 

Tin and organotins can inhibit or kill aquatic 
microorganisms [9,10,12,13,15,19,20,26,34,35], but 
most studies have been conducted on pure cultures. 
Therefore, we examined some effects of methyltin 
compounds on natural microbial populations. We 
concentrated on organisms in surficial sediments 
and at the sediment-water interface because much 
of the tin in aquatic systems is in the sediments 
[12,24,31 (review)]. 

MATERIALS AND METHODS 

Sample collection. Sediment samples were col- 
lected from the intertidal zone of Savin Hill Cove 
in Boston Harbor,  MA, U.S.A. At low tide, the top 
1-2 cm of surface sediment was taken with a sterile 
spatula and immediately placed in a sterile Whirl- 
pac | bag. The samples were transported to the lab- 
oratory and processed within 2 h. 

Media preparation. A dilute modified estuarine 
nutrient medium (dMAM) was used for the enu- 
meration of microorganisms. The medium con- 
tained: peptone, 0.1 g; yeast extract, 0.1 g; FeC13, 
0.06 g; K2HPO4, 0.05 g; agar (Difco Laboratories, 
Detroit, MI), 20 g; 500 ml distilled water and 500 
ml filtered and aged (more than 4 weeks) estuarine 
water (salinity approx. 30%0). The medium was au- 
toclaved and then the pH was adjusted to 7.2 with 
sterile 1 N NaOH. To enumerate tin-resistant 
microorganisms, the medium was supplemented 
with either mono-, di- or trimethyltin chlorides, or 
with tetramethyltin at tin concentrations ranging 
from 1 to 1000 mg�9  liter 1. Tin compounds were 
purchased from Alfa Products (Danvers, MA) and 
were not purified further. All methyltin chlorides 
were dissolved in sterile distilled deionized water 
and added to the medium aseptically after it had 
been autoclaved and cooled to 50-55~ Tetrame- 
thyltin was added as the neat liquid. After the in- 
troduction of the tin compound, the medium was 
swirled to distribute the tin and plates were poured 

immediately. Plates were dried for 48 h at room 
temperature before being used. 

Enumeration of microorganisms. Sediment was 
diluted 1:10 (w/v) with autoclaved aged estuarine 
water or with estuarine salts solution which con- 
tained: NaCI, 10.0 g; MgSO4 �9 7H20, 5.72 g; KC1, 
0.3 g; distilled water, 1.0 liter. The slurry was ho- 
mogenized in a blender for 20 s and serial dilutions 
were prepared before the slurry settled. Appropri- 
ate dilutions were plated, in triplicate, on the sur- 
face of the plating medium. Plates were incubated 
at 20 • 2~ for 2 weeks and colonies were then 
counted. 

Replication. Plates with between 20 and 120 cfu 
were replicated using white velveteen onto agar 
medium containing another methyltin. A single vel- 
veteen was used to replicate no more than six plates. 
Plates were incubated for 2 weeks and colonies were 
counted. 

[3 H] Thymidine incorporation. Sediment was di- 
luted 1:1'00 (v/v) with sterile aged estuarine water 
and 10 ml were added to each of three flasks con- 
taining 100 ml of the desired concentration of meth- 
yltin. Each flask also received 100 #1 of a solution 
containing 10 #Ci of [3H]thymidine (specific activ- 
ity 80 Ci/mM). Formaldehyde was added to the 
contents of a fourth flask to serve as a killed con- 
trol. Flasks were incubated for exactly 1 h, after 
which 10 ml of ice-cold 10% trichloroacetic acid 
(TCA) were added and the contents were filtered 
through a 0.2-/~m (pore size) Nucleopore filter. 
Each filter was rinsed twice with ice-cold 5% TCA, 
placed in a scintillation vial and 0.2 ml of 60% 
HC10~ and 0.4 ml of 30% H202 were added. Each 
vial was heated over steam for 1 h, and then cooled 
to room temperature. Scintillation cocktail (Aqua- 
sol, NEN Research, Boston, MA) was added to 
each vial and the vials were allowed to stand over- 
night at room temperature before counting the 
radioactivity. 

Other methods. We attempted to assess the tox- 
icity of methyltins to microbial activity in sediment 
using 2-(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyl- 
tetrazolium chloride (INT) reduction coupled with 
4',6-diamidino-2-phenylindole (DAPI) staining by 
several modifications of the procedure described by 



Porter and Feig [27]. In addition, we used a modi- 
fication of the spectophotometric I N T  technique 
described by Trevors [33]. 

RESULTS A N D  DISCUSSION 

Tetramethyltin was not toxic at any amount  
added - as high as 1 g �9 liter-1. We attribute this 

to the low solubility of  tetramethyltin. The effects 
of  the other three methyltin compounds on total 

viable counts are shown in Fig. 1. Mono-, di- and 
trimethyltins were toxic to microorganisms from 
surficial sediments, although it should be noted that 
the plating medium used was more conducive to the 
growth of bacteria than to yeasts or filamentous 
fungi. The di- and trimethyl compounds were more 

toxic than monomethyltin,  as reported for pure cul- 
tures of  estuarine microorganisms [13]. In general, 
for organotins with larger organomoieties (ethyl 
through butyl), di- and trisubstituted compounds 
are more toxic than monosubstituted compounds. 
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Fig. 1. Effect of methyltin compounds on total viable counts of 
natural populations from sediments in Boston Harbor. Tin was 
added as: IM, CH3SnC13; 0, (CH3)2SnC12; �9 (CH3)3SnCI. To- 
tal viable counts in control suspensions which did not receive 
any addition of fin ranged from 6.6 x 10 6 to 4.7 x I0 7 �9 g 

of sediment. 
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In many cases trisubstituted compounds are more 
toxic than disubstituted compounds against bac- 
teria and fungi [18,3l]. In most of  our experiments 
trimethyltin was more toxic than dimethyltin, as 
shown in Fig. 1, but occasionally the two curves 
were very close or reversed. 

The ability of  mixed populations to take up 
[3H]thymidine is shown in Fig. 2. The rank order 

of mono-, di- and trisubstituted compounds were 
the same as when total viable counts were used. 

The relative toxicities measured by viable 
counts, and by thymidine uptake in a 1:100 dilution 
of sediment are compared in Table 1. At a given 
concentration of organotin, thymidine uptake was 
a less sensitive measure of  toxicity than was colony- 
forming ability. Jonas et al. [17] reported that two 

other tin compounds, SnC14 and tributyltin chlo- 
ride, were 10-100 times more toxic when measured 
by thymidine uptake. 

Methyltins can kill estuarine microorganisms 
[12,13,15], including indicator bacteria [26]. Mini- 
mum inhibitory concentrations are usually in the 
range of  1-10 mg Sn. liter- 1 (Figs. 1 and 2; [13,31]). 
Concentrations of  tin and tin compounds in Boston 
Harbor  are not known, but the highest concentra- 
tions of  methyltins reported in the aquatic environ- 
ment are in the range of tens to hundreds of  nano- 
grams Sn per liter [31]. Thus, it is unlikely that 
methyltins alone in natural water would seriously 
affect microbial populations in those waters, but 
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Fig. 2. Effect of  methyltin compounds on uptake of 

[~H]thymidine by natural populations of organisms from sedi- 
ments in Boston Harbor. Tin was added as: II, CH3SnC13; O,  

(CH3)2SnC12; C), (CH3)3SnCI. The dashed line summarizes re- 

sults when tin was not added and the shaded area indicates the 
range of the 95% confidence interval. Where error bars are not  

shown, the standard deviation fell within the symbol. 
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Table l 

Comparative toxicities of three organotin compounds to natural 
populations from sediments in Boston Harbor as estimated by 
viable counts or by thymidine uptake 

Test compound Sn concentration (mg/1) 

viable count thymidine uptake 

LC2o a LCso LCso LCz0 LC5o LCao 

CHaSnC13 4.3 11 17 26 43 > 50 
(CH3)2SnC12 2.9 7.2 11.6 8.0 23 > 50 
(CH3)3SnC1 1.5 3.7 5.9 6.2 17 45 

a Values for LC2o, LCso and LCs0 are those concentrations of 
tin which decreased viable count or thymidine uptake by 20, 
50 or 80%, respectively. 

ecosystems which contain methyltin are likely to 
contain other stressing agents as well. Marinas, ur- 
ban harbors and waste streams often contain ele- 
vated levels of other heavy metals, of toxic organic 
compounds, and of heavily chlorinated effluents; 
dissolved oxygen levels may also be low. Thus, 
methyltins and other organotins may contribute to 
cumulative stress which can alter the microbial 
flora of the ecosystem. 

Several modifications of the microscopic and 
spectroscopic methods involving formazan reduc- 
tion were not useful with these environmental sam- 
ples, although they worked well with pure cultures 
of Escherichia coli. In the microscopic method, cells 

were too small to permit accurate recording of 
those which contained reduced formazan. In the 
spectroscopic method, methyltin compounds did 
not appear to be toxic. 

Plating from environmental samples always 
yielded some organisms which grew in the presence 
of organotins, even at concentrations as high as 200 
mg Sn �9 liter-1 (Fig. 1), and replica-plating experi- 
ments suggest that most organisms which are re- 
sistant to one methyltin will be resistant to other 
methyltins (Table 2). Lancashire and Griffiths [21] 
reported that strains of Saccharomyces cereviseae 
resistant to triethyltin were also resistant to trime- 
thyltin and four other trialkyltins. It is not clear 
why only half the organisms isolated on medium 
containing monomethyl tin are resistant to dime- 
thyltin while all of the organisms isolated on me- 
dium containing dimethyltin are resistant to mono- 
methyltin (Table 2). This pattern was noted 
through five repetitions of the experiment. The 
situation may be similar to that with mercury re- 
sistance. In general, all bacteria which are resistant 
to phenyl mercuric acetate (PMA) resist HgC12 as 
well, but few HgC12-resistant isolates are resistant 
to PMA. HgCI2 resistance requires one enzyme, 
while PMA resistance requires that enzyme and one 
other enzyme [29]. 

Isolates from natural populations are notorious- 
ly difficult to maintain in laboratory cultures, 
whether the maintenance medium contains tin or 
not. Therefore, each experiment was begun by plat- 
ing dilutions from a fresh sample, and colonies 

Table 2 

Cross-resistance of organisms from estuarine sediment to three organotin compounds 

Organisms isolated 
on medium containing: 

Percent resistance ~ when replicated to medium containing: 

CH3SnC13 (25 mg/1) (CH3)2SnCI2 (10 rag/l) (CH3)3SnC1 (10 mg/1) 

CH3SnC13 (25 mg Sn/1) 100 57 87 
(CH3)zSnC12 (I0 mg Sn/1) 100 100 79 
(CH3)3SnC1 (I0 mg Sn/1) 98 72 100 

a In each of five experiments percent resistance was estimated using a minimum of 250 colonies and in most cases 500 colonies. 



which  d e v e l o p e d  as p r i m a r y  isola tes  were  r ep l i ca t ed  

to f reshly  p r e p a r e d  m e d i u m  wi th  no  i n t e r m e d i a t e  

t ransfers .  

D i -  and  t r i subs t i tu t ed  o r g a n o t i n s  l a rge r  than  

m e t h y l a t e d  de r iva t ives  inh ib i t  m i t o c h o n d r i a l  func-  

t ion  in yeas t  [3,21,22] a n d  d i s rup t  c y t o p l a s m i c  

m e m b r a n e  func t ions  in bac t e r i a  [25,30,32,36,37]. 

Bla i r  et al. [2] obse rved  tha t  t r ibu ty l t in  ca t ions  b ind  

to cells o f  t in - res i s tan t  e s tua r ine  bac te r ia .  J o n a s  a n d  

C o o n e y  [16] n o t e d  tha t  e s tua r ine  o r g a n i s m s  resist- 

an t  to d i m e t h y l t i n  d id  n o t  a c c u m u l a t e  it, whi le  

s t a rved  bu t  v iab le  cells a c c u m u l a t e d  t r ibu ty l t in  and  

s tannic  ch lor ide .  Thus ,  res i s tance  to o r g a n o t i n s  

m a y  invo lve  pass ive  b i n d i n g  in o r  on  the  cell enve -  

lope  and  exc lus ion  o f  the tox ic  c o m p o u n d  f r o m  the  

cell, a l t h o u g h  o t h e r  m e c h a n i s m s  are  also possible .  

T h e  p re sen t  resul ts  sugges t  tha t  there  a re  one  o r  

m o r e  c o m m o n  m e c h a n i s m s  w h e r e b y  m i c r o o r g a n -  

isms resist  o rgano t in s .  H o w e v e r ,  the  fact  t ha t  

c ross - res i s tance  does  n o t  a lways  o c c u r  suggests  tha t  

me thy l t i n s  can  have  m o r e  t h a n  one  m e c h a n i s m  o f  

ac t ion  a n d  tha t  m o r e  t h a n  one  m o d e  o f  res i s tance  

is possible .  

R E F E R E N C E S  

1 Blair, W.R., J.A. Jackson, G.J. Olsen, F.E. Brinckman and 
W.D. Iverson. I981. Biotransformation of tin. In: Proceed- 
ings of the 3rd International Conference on Heavy Metals 
in the Environment, Amsterdam, The Netherlands, Sept. 
14-18, 1981, pp. 235-242, CEP Consultants Ltd., Edin- 
burgh. 

2 Blair, W.R., G.J. Olson, F.E. Brinckman and W.P. Iverson. 
1982. Accumulation and fate of tri-n-butyltin cation in es- 
tuarine bacteria. Microb. Ecol. 8: 241-251. 

3 Cain, K., R.L. Hyams and D.E. Grilfiths. 1977. Studies on 
energy-linked reactions: inhibition of oxidative phosphory- 
lation and energy-linked reactions by dibutyltin dichloride. 
FEBS Lett. 82:23 28. 

4 Chau, Y.K., P.T.S Wong, O. Kramer and G.A. Bengert. 
1981. Methylation of tin in the aquatic environment. In: Pro- 
ceedings of the 3rd International Conference on Heavy 
Metals in the Environment, Amsterdam, The Netherlands, 
Sept. 14-18, 1981, pp. 641-644, CEP Consultants Ltd,, Edin- 
burgh. 

5 Cooney, J.J., L.E. Hallas and J.C. Means. 1981. Tin and 
microbes in the Chesapeake Bay, U.S.A. In: Proceedings of 
the 3rd International Conference on Heavy Metals in the 
Environment, Amsterdam, The Netherlands, Sept. 14-18, 
198I, pp. 243-245, CEP Consultants Ltd.~ Edinburgh. 

377 

6 Craig, P.J. 1980. The feasibility of environmental methyla- 
tion for tin - an assessment. Environ. TechnoI. Lett. 1: 
225-234. 

7 Craig, P.J. and S. Rapsomanikis. 198I. Biogeoehemical cy- 
cles of metals and metalloids - the role of methyi-cobalamin 
and some other chemical routes to methylation in the en- 
vironment. Natl. Bur. Stand. (U.S.) Spec. PuN. 618: 54-64. 

8 Craig, P.J. and S. Rapsomanikis. 1983. Dismutation of tri- 
methyltin species bound to oxo-ligand complexes. Inorg. 
Chim. Acta 80:1 I9-121. 

9 Gilmour, C.C., J.H. Tuttle and J.C. Means. 1985. Tin meth- 
ylation in sulfide bearing sediments. In: Marine and Estuar- 
ine Geochemistry (Hattori, A.H. and A.C. Sigleo, eds.), pp. 
239-258, Lewis Publishers, Inc., Ann Arbor, Michigan. 

10 Grun, L. and H.H. Fricker. I963. Organotin compounds as 
disinfectants. Tin Its Uses 6I: 8-10. 

l l  Guard, H.E., A.B. Cobet and W.M. Colemen~ III. I98I. 
Methylation of trimethyltin compounds by estuarine sedi- 
ments. Science 213: 770-771. 

I2 Hallas, L.E. and J.J. Cooney. 1981. Tin and tin-resistant 
microorganisms in Chesapeake Bay. Appl. Environ. Micro- 
biol. 41: 466-47l. 

13 Hallas, L.E. and J.J. Cooney. 1981. Effects of stannic chlo- 
ride and organotin compounds on estuarine microorgan- 
isms. Dev. Ind. Microbiol. 22: 529-535. 

I4 Hallas, L.E., J.C. Means and J.J. Cooney. 1982. Methylation 
of tin by estuarine microorganisms. Science 215:1505-1507. 

15 Hallas, L.E., J.S. Thayer and J.J. Cooney. I982. Factors 
affecting the toxic effect of tin on estuarine microorganisms. 
Appi. Environ. Microbiol. 44: 193-197. 

16 Jonas, R.B. and J.J. Cooney. 1983. Abstr. Annu. Meet. Am. 
Soc. MicrobioI. 83: 227. 

17 Jonas, R.B., C.C. Gilmour, D.L. Stoner, M.M. Weir and J. 
H. Tuttle. 1984. Comparison of methods to measure acute 
metal and organometaI toxicity to natural aquatic microbial 
communities. Appi. Environ. Microbiol. 47:1005-1011. 

18 Kaars Sijpesteijn, A., J.G.A. Luijten and G.J.M. van der 
Kerk. 1969. Organometallic fungicides. In: Fungicides- An 
advanced Treatise, Vol. II (Torgeson, D.C. ed.), pp. 331- 
336, Academic Press, New York and London. 

19 Kaars Sijpesteijn, A., F. Rijkens, J.G.A. Luijten and L.C. 
Willernsens. I962. On the antifungal and antibacterial activ- 
ity of some trisubstituted organogermanium, organotin and 
organolead compounds. Antonie van Leeuwenhoek J. Mi- 
crobiol. Serol. 28: 346-356. 

20 Kahana, g. and A. Kaars Sijpesteijn. 1967. Studies on the 
mode of action of the antibacterial agent diethyltin dichlor- 
ide on Escheriehia coll. Antonie van Leeuwenhoek J. Micro- 
biol. SeroI. 33: 427-438. 

21 Lancashire, W.E. and D.E. Griffiths. 1975. Studies on ener- 
gy-linked reactions: isolation, characterization and genetic 
analysis of trialkyltin resistant mutants of Saccharomyces 
cerevisiae. Enr. J. Biochem. 51:377 392. 

22 Lloyd, D. and S.W. Edwards. 1977. Mitochondrial adeno- 
sine triphosphatase of the fission yeast Sehizosaccharomvces 



378 

pombe 972h . Changes in inhibitor sensitivities during the 
cell cycle indicate similarities and differences in binding sites. 
Biochem. J. 162: 581-590. 

23 Maguire, R.J. 1984. Bntyltin compounds and inorganic tin 
in sediments in Ontario. Environ. Sci. Technol. i8: 291-294. 

24 Maguire, R.J., Y.K. Chau, G.A. Bengert, E.J., Hale, P.T.S. 
Wong and O. Kramar. 1982. Occurrence of organotin com- 
pounds in Ontario lakes and rivers. Environ. Sci. Technol. 
16: 698-702. 

25 Mukohata, Y. and Y. Kaji. 1981. Light-induced membrane- 
potential increase, ATP synthesis, and proton uptake in Ha# 
obacterium halobiurn RlmR catalyzed by halorhodopsin: 
effects of N,N'-dicyclohexylcarbod'ih~de, triphenyltin chlo- 
ride, and 3,5-di-tert-butyl-4-hydmk~benzylidenemalononi- 
trile (SF6847), Arch. Biochem. Bi@hys. 206: 72-76. 

26 Pettibone, G.W. and J.J. Cooney. 1986. Effect of organotins 
on fecal pollution indicator organisms. Appi. Environ. Mi- 
crobiol. 52: 562-566. 

27 Porter, K.G. and Y.S. Feig. 1980. The use of DAPI for iden- 
tifying and counting aquatic microflora. Limnol. Oceanogr. 
25: 943-948. 

28 Ridley, W.P., L.J. Dizikes and J.M. Wood. 1977. Biomethy- 
lation of toxic elements in the environment. Science I97: 
329-332. 

29 Robinson, J.B. and O.H. Tuovinen. 1984. Mechanisms of 
microbial resistance and detoxification of mercury and or- 
ganomercury compounds: physiological, biochemical, and 
genetic analyses. Microbiol. Rev. 48: 95-I24. 

30 Singh, A.P. and P.D. Bragg. 1979. The action of tribulyltin 

chloride on the uptake of proline and glutamine by intact 
cells of Escherichia coli. Can. J. Biochem. 57: 1376-1383. 

3l Thompson, J.A.J., M.G. Sheffer, R.C. Pierce, Y.K. Chau, 
J.J. Cooney, W.R. Cullen and R.J. Maguire. 1985. Organo- 
tin Compounds in the Aquatic Environment: Scientific Cri- 
teria for Assessing Their Effects on Environmental Quality. 
283 pp. NRCC No. 22494. National Research Council Can- 
ada, Ottawa. 

32 Tosteson, M.T. and J.O. Wieth. 1979. Tributyltin-mediated 
exchange diffusion of halides in lipid bilayers. J. Gen. Phy- 
siol. 73: 789-800. 

33 Trevors, J.T. 1984. Electron transport activity and its 
relationship to other measures of activity in an estuarine 
sediment. System. Appl. Microbiol. 5: 136-142. 

34 Yamada, J.~ K. Tatsuguchi and T. Watanabe. 1978. Uptake 
of tripropyltin chloride by Escherichia coll. Agric. Biol. 
Chem. 42: I867-I870. 

35 Yamada, J., K. Tatsuguchi and T. Watanabe. 1979. Cell lysis 
and leakage of cell constituents by tripropyltin chloride. 
Agric. Biol. Chem. 43: 125-130. 

36 Yamada, J. and T. Watanabe. 1979. Effect of tripropyltin 
chloride on functional reactions in Escherichia colL Agric. 
Biol. Chem. 43: 1293--1300. 

37 Yamada, J. and T. Watanabe. 1979. Effect of tripropyltin 
chloride on transport system in Escherichia coli. Agric. Biol. 
Chem. 43: 1681-1686. 

38 Zuckerman, J.J., R.P. Reisdorf, H.V. Ellis III and R.R. 
Wilkinson. 1978. Organotins in biology and the environ- 
merit. Am. Chem. Soc. Symp. Ser. 82: 388-424. 


