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EXECUTIYEHSUMMARY 

Biochemical responses of bacteria after short exposure to alkyltins 

. 
- .D. Liu and K. Thomson 

Environmental Contaminants Division 
National Water Research Institute 

The alkyltins' toxicity to bacteria was studied at the enzyme 
level using a mixed bacterial culture isolated from the activated 
sludge. Microbial dehydrogenase activity and oxygen uptake rate 
were chosen as the parameters in the assessment of the cell's 
response after short exposure to various alkyltin compounds. The 
trialkyltin compounds were found to be highly toxic to the mixed 
culture with IC50 values of 1.9—3.8 ppm, depending upon the 
assessment parameter used. The bioactivity of trialkyltins was v 

apparently due to their capability of interrupting the processes 
of energy metabolism in microorganisms. The study also demonstrated 
that for the toxicity of organotin compounds, the nature of the 
anionic group is only of secondary importance. Conversely, the 
degree of alkylation of the organotin compounds has a profound 
effect on their biological activity against the bacterial culture. 
Bacteria play an important role in the removal of contaminants 
from the environment. However, recent studies suggested that the 
capacity to degrade organotins is not widespread among bacteria. 
Thus, a systematic control and monitoring the use of organotin 
compounds are needed to safeguard the environmental quality. 

MANAGEMENT PERSPECTIVE 

Organotin compounds are important chemicals with many industrial 
applications. For instance, the dialkyltins are used as heat stabilizers 
for PVC plastics and the trialkyltins being formulated into various 
biocidal applications. However little is known about their effect 
and fate in the aquatic environments. 

All the seven n-butyltin compounds ( mono-, di-, tri—, and 
tetra-) studied were found to be biologically active, in terms of 
acute and sublethal toxicities. The bioactivity of organotin compounds 
is apparently due to their capability of interrupting the processes 
of energy metabolism in an organism. Since the demand for organotins 
will unlikely decrease, a systematic control and monitoring the use 
of such chemicals are therefore recomended to safeguard the 
environmental quality, particularly in light of the fact that

_ 

the capacity to degrade organotin compounds is not widespread among 
bacteria.



- / / 0 ADMVINISTRAT IF 

Reactions biochimiques des bacteries apres une courte exposition a des 
alkylétains 

D. Liu et K. Thomson 
Division des contaminants de l'environnement 
Institut national de recherche sur les eaux 

(h a étudié la toxicité des alkylétains 5 1'égard des bactéries, 
au niveau des enzymes, 5 1'aide d'une culture bactérienne mixte isolée 5 
partir de la boue activée. L'activité de la déshydrogénase microbienne 
et le taux d'absorption de l'oxygEne ont été choisis comme paramétres 
pour évaluer la réaction de la cellule aprés une courte exposition 5 
divers composés d'a1kylétain. Les composes-de trialkylétain se sont 
révélés fortement toxiques pour la culture mixte, la C150 variant de 
1,9 5 3,8 ppm selon le parametre utilisé. L'activité biologique des 
trialkylétains semble Etre due 5 leur capacité d'interrompre les processus 
du métabolisme énergétique chez les microorganismes. L'étude a aussi 
démontré qu'en ce qui concerne la toxicité des organo—étains, la nature 
du groupe anionique n'a qu'une importance secondaire. Par contre,.le 
degré d'alkylation des organo-étains influe fortement sur leur activité 
biologique. Les bactéries jouent un r6le important dans l'é1imination 
des polluants de l'environnement. Or, des études récentes indiquaient 
que la capacité de dégrader les organo—étains n'était pas répandue chez 
les bactéries. Une_réglementation et une surveillance systématiques de 
l'utilisation de ces composés sont donc essentielles si l'on veut 
sauvegarder la qualité de 1'environnement. 

P'ERSPECTIYE__ADM]§NI_S_'1’RA'I‘IVE 

Les organo—étains sont des produits chimiques importants ayant 
de nombreuses applications industrielles. Par exemple, les dialkylétains 
sont utilisés comme stabilisateurs thermiques dans les plastiques de 
CPV et les trialkylétains, en préparations, out diverses applications 
en tant que biocide. Cependant, leurs effets sur le milieu aquatique 
et leur devenir sont mal connus. ’

. 

Les sept composés n-butylétain (mono-, dir, tri- et tétrah) 
étudiés se sont tous avérés biologiquement actifs pour ce qui est des 
toxicités aigufls et sublétales. L'activité biologique des organo-étains 
semble Etre due 5 leur capacité d'interrompre les processus du métabo— 
lisme énergétique. Comme i1 est peu probable que la demande en 
organoiétains diminue, on recommande une réglementation et une surveil- - 

lance systématiques de ces produits chimiques pour sauvegarder la 
qualité de 1'environnement, d'autant plus que la capacité de dégrader 
ces composés n'est pas répandue chez les bactéries.



Réactions biochimiques des bactéries apres une courte exposition 5 des 
alkylétains 

D. Liu et K. Thomson 

Résué : 

Les organo—§tains viennent au quatrieme rang parmi les composés organs- 
métalliques produits 5 l'échelle industrielle, mais on connait peu 
leurs effets et leur devenir en milieu aquatique (Hodge et coll., 1979). 
En 1976, les Etats-Unis ont produit 5 eux seuls plus de 2 millions de 
livres d'alkylétains (Laughlin et French, 1980) et l'utilisation de 
ces composés dans la fabrication des produits courants tend 5 augmenter si 
l'on en juge par la demande accrue concernant les plastiques et les peintures 
antisalissure§ En général, les dérivés dialkyles de l'étain sont surtout 
utilisés comme stabilisateurs thermiques dans les plastiques de CPV, et 
comme catalyseurs dans la fabrication de mousse d'uréthane. Les dérivés 
trialkyles et triaryles servent principalement de biocides dans diverses 
industries (agriculture, papier, peintures) (Piver, 1973). 

Gomme d'autres composés organo—métalliques, les organo—étains se décom— 
posent lentement dans 1'environnement, sous l'action de divers processus 
abiotiques et biotiques (Ridley et coll,, 1977; Soderquist, l978; Chau 
et coll., 1980). Récsmnent, de nombreux composés d'organo—étain ont 
été décelés dans l'eau de mer, dans des sédiments littoraux, dans des 
rivieres et dans les Grands Lacs (Hodge et coll., 1979; Hallas et 
Cooney, l98l; Maquire et coll., 1982), ce qui laisse entendre qu'ils 
pourraient étre largement répandus dans tout l'environnement. (En regle 
générale, les formes inorganiques de l'étain ne sont pas aussi toxiques 
que ses dérivés organiques. La toxicité des organo-étains varie consi- 
dérablement selon le nombre et la nature des groupes organiques, les 
tri- et tétra—alkylétains étant les formes les plus toxiques (Wong et 
coll., 1982). La toxicité des organo-étains pour les humains et les 
mammiferes a été étudiée de maniere approfondie, mais on possede beaucoup 
moins de données sur sa toxicité pour les autres éléments du biote 
(Piver, l973). Autant qu'on sache, il n'existe pas d'étude sur la 
toxicité des alkylétains 5 1'égard des bactéries, au niveau des enzymes. 
La présente étude décrit certaines réactions biochimiques d'une culture 
mixte de bactéries apres une courte exposition 5 divers alkylétains et 
l'effet que pourraient avoir ces produits chimiques sur les populations 
microbiennes du milieu aquatique.



Organotin compounds.rank fourth in the industrial production of 
organometallics but little is known about their effect and fate 
in the aquatic environments (Hodge et al. 1979). In the United 
States alone, over two million pounds of alkyltin compounds were 
produced in 1976 (Laughlin and French 1980) and the trend of 
fiéihg orgenotins in the PrOdfl¢tS Of our daily lite ¢Qnfiiflfle$ to 
rise, due to the increasing demand for plastics and anti—fouling 
paints. In general, the dialkyltin derivatives are primarily used 
as heat stabilizers for PVC plastics and as catalytic agents in 
the production of urethane foam. The trialkyl and triaryl tin 
derivatives are used mainly as biocides in various agricultural, 
"paper, and paint industries (Piver 1973). 

Like other organometallics, organotin compounds are slowly 
subjected to various abiotic and biotic degradation processes in 
the environment (Ridley et al- 1977: Sederquist l978; Chan et al- 
1980). Many organotin compounds, including their degradation 
products, have been recently detected in sea water, coastal 
sediment, rivers and Great Lakes (Hodge et al. L979: Hallas and 
Cooney 1981; Maquire et al. 1982), thus implying their possible 
wide distribution in the total environment. Generally speaking, 
inorganic tin compounds are not as toxic as the organic derivat- 
ives. The toxicity of organotin compounds varies considerably 
according to the number and nature cf the 0rqanie'§reuPe with 
tri- and tetra-alkyltins being the most toxic forms (Wong et al. 
1982). The toxicity of organotin compounds to huan beings and 
mammals has been extensively investigated, with much less toxicity 
data on other biota (Piver 1973). To our knowledge there is no 
study of of the alkyltins' toxicity to bacteria at the enzyme 
level. The present study describes some biochemical responses of 
a mixed bacterial culture after short exposure to various alkyltin 
compounds and the possible impact of these éhemicals on microbial 
populations in aquatic environment. 

MATERIALS AND METHODS 

The growth medium (GM) for culturing the test bacterial culture 
contained the following components in the amount of g/L: K;HPOq,
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1.32; KH2POu, 0.82; glucose, 0.2; sodiu acetate, 0.2; nutrient 
broth, 1.0; yeast extract, 1.0 and distilleg water, 1L. The 
medium was sterilized by autoclaving at 121 C for 15 min and the 
same mediu was also employed in all toxicity testing procedures. 

The mixed bacterial culture was obtained by inoculating l mL of 
fresh activated sludge into 50 mL of GM medium contained in a 
l25—mL Erlenmyer flask on a rotary shaker at room temperature 
(2l°C) for 18 hr. The culture was transferred twice at the begin- 
ning of the week prior to toxicity testing to ensure a fresh 
young culture. The cells grew very rapidly, therefore a very small 
inoculu was used in the transfers ( 0.2 mL culture into 50 mL 
GM in the morning, or 50 uL in the evening ). This would yield an 
uniform culture with approximately the same metabolic activity 
when used the next morning (after the night transfer) or in the 
late afternoon (after the morning transfer). Thus toxicity testing 
of alkyltins could be carried out twice a day. The culture was 
used directly in the experiments without adjustment for cell 
concentration. 

The butyltin comounds were dissolved in methanol to give stock 
solutions of l0 mg/mL with the exception of nibutyltin hydroxide 
oxide at 5 mg/mL. BTTC ( n—butyltin trichloride ), BTDC 
( di-n-butyltin dichloride ), TBTC ( tri-n-butyltin chloride ), 
TTBT ( tetra-n—buty1tin ), BTHO ( n-butyltin hydroxide oxide ), 
and TBTO bis(tri—n-butyltin) oxide were obtained from Ventron 
Corp., Danver, MA 01923. 

The resazurin reduction procedure for dehydrogenase activity 
(Liu and Thomson 1983) and oxygen uptake measurement were used to 
assess the biochemical responses of the mixed bacterial culture 
to butyltin compounds. The reaction mixture for the resazurin 
test contained the following : 1 mL cells, 2750 uL GM, (250—X) UL 
methanol, X uL butyltin stock solution, and l mL resazurin 
solution. Total volume of the reaction mixture was 5 mL. The cell 
control was made up of 1 mL cells, 2750 uL GM, 250 uL methanol 
and 1 mL resazurin solution. The reagent control contained only 
3750 uL GM, 250 uL methanol and l mL resazurin solution. 
The test mixtures were incubated for 30 min in a water bath at 24°C and the reaction was stopped by the addition of 10 mL of 
n-amyl alcohol (solvent) and 1 mL of phthalate-HCl buffer (pH 3.0) 
The samples were then centrifuged at 1,000 rpm for 5 min and 
approximately 8-9 mL of the upper solvent layer were transferred 
to-a clean test tube containing ca. 2 g of sodium bicarbonate. 
The-contents were gently mixed and the absorbance of the 
supernatant was read on a spectrophotometer at 610 nm ( the maximum absorbance of unreduced resazurin ). The term IG, used in 
this study, refers to the specific concentration (mg/mL) of 
n-butyltin compound causing X% stimulation or inhibition of the 
microbial dehydrogenase activity or of the oxygen uptake rate. 
The IC5b values for n-alkyltin compounds were graphically



RESAZURIN O2 UPTAKE 

\\:~.. 

8° ==r+8===:Z:::: 80- j§:’$E:::::::‘ 

60 60 

HBTON

bO O\\ 
NHBTON 8 o TBTC 

- A TBTO — X
N 

20 No X 

Q 5 10 15 20 O 5 10 15 20 
TRIORGANOTINS ppm - TRIORGANOTINS D97" 

Figure l. Effect of tri—n—butyltins on the dehydrogenase activity 
and oxygen consuption of the mixed bacterial culture. 

determined by plotting % inhibition against concentrations. 

Oxygen uptake measurements were performed in a Gilson differential 
respirometer. The composition of the assaying preparation, unless 
otherwise stated, consisted of 1 mL of cells, 2750 uL GM, 
(250-X) uL methanol, X uL butyltin stock solution ( in the side 
arm of the Warburg flask ), l mL of distilled water and 0.2 mL of 
20% KOH ( in the center well of the Warburg flask for CO2 absorpt- 
ion ). The experiments were carried out at 24 C with a steady 
shaking rate of 105 strokes/min. Readings were taken every 5 to 
10 min for 100 min. The 8 inhibition for each concentration of 
the test chemical was calculated using the last reading from the V 

test flask against the control flask without n-alkyltin addition. 
RESULTS AND DISCUSSION 

Dehydrogenases are actively involved in the vital anabolic and 
catabolic processes of all living organisms. For instance, the 
coenzyme NADPH (nicotinamide adenine dinucleotide_phosphate) 
which is required in most biosynthesis processes, is produced via 
dehydrogenase mediated reactions. Metabolism of organotin compo- unds by biota has been demonstrated to be NADPH dependent (Kimmel 
et al. 1977), thus the resazurin reduction procedure (Liu and - 

Thomson 1983), which is based on the quantitative measurement of 
vthe interaction between a toxicant and the microbial dehydrogenase 
activity, seems to offer an ideal tool for probing the biochemical 
response of microorganism to organotin compounds at the cellular 
level. On the other hand, oxygen consumption is an established method which could provide useful information of a toxicant's 
sublethal effects, because energy processes, such as oxygen uptake, in a living organism may serve as an indicator of its overall 
physiological state (Sigmon 1979). The advantage of using the



1000 
>5oo‘\ e\ 

\ . 

\ ,~ 
\

. 100 s \ 7

\. 

10 

| 1 1 1

' 

0 1 2 3 4 
BUTYL GROUPS / MOLECULE) 

C50 

pom 

Figure 2. Effect of the degree of alkylation on the biocidal 
potential of organotins. 

integrated approach comprising both the resazurin reduction and 
oxygen uptake measurement in the assessment of tributyltins 
toxicity is clearly evident in Figure 1. The striking similarity 
of the dose—response curves for TBTC and TBTO obtained by the 
resazurin reduction and oxygen uptake measurement would strongly 
suggest that triorganotin compounds are capable of interrupting 
the processes of energy metabolism in microorganism. Since TBTC 
is extremely lipophilic (Seinen et al. 1981), it can be conceived 
that the trialkyltin compounds would tend to be concentrated in 
the phospholipid fraction of the bacterial cell membranes where 
most of the vital dehydrogenases are located. Thus TBTC or TBTO 
could effectively exert their inhibitory influence on the 
bacterial dehydrogenase activity. 

The results in Figure 1 also support previous observations that 
for the toxicity of organotin compounds, the nature of the anionic 
group is only of secondary importance (Seinen et al. 1981). The 
IC5o values for TBTC ( IC5q = 3.8 ppm ) and TBTO ( IC5° = 3.4 ppm), 
as determined by the resazurin procedure, were almost identical to 
the mixed bacterial culture. The oxygen uptake measurement was 
slightly more sensitive than the resazurin reduction, but yielded 
a remarkably similar trend of IC5° values for TBTC (IC5° = 2.4 
ppm) and TBTO (ICso = 1.9 ppm) to the bacterial culture. The above
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Figure 3. Effect of mono-, di-, and tetra—n—butyltins on the 
dehydrogenase activity and oxygen consuption of the 

. mixed bacterial culture. ' 

would indicate that the anion chloride or oxide bears little 
influence, if any, on tributyltins toxicity. 

Conversely, the degree of alkylation of the organotin compounds 
has a profound effect on their biological activity against the 
bacterial culture. The data in Figures 2 and 3 indicate that 
progressive introduction of n-butyl groups at the tin atom in the 
n-butyltin comounds studied results in a linear increase in ' 

toxicity. The biocidal activity of n-butyltin compounds reaches 
the maximu with three alkyl groups attached to the tin atom. 
Further addition of alkyl group tends to produce a sharp drop in 
biocidal activity. Thus the tetra-n-butyltin (IG59 = 160 ppm) was 
approximately 47 times less toxic than the tri-n-butyltin chloride 
(IC5q = 3.8 ppm). Even the less alkylated di-n-butyltin dichloride 
(IC5° = 48 ppm) had a biocidal potential three times greater than 
the tetra-n—butyltin. The monobutyltin compounds had no apparent 
acute toxicity (IC5° > 300-500 PPM) to the mixed bacterial culture. 

IC5o values are useful for quick comparison of chemica1's acute



toxicities. However, from the ecotoxicological view point, they 
are of little scientific merit, because such IC5q determinations 
do not provide any information on a toxicant's chronic or suble- 
thal effects (Dagani 1983). Thus, the true value of the resazurin 
reduction method and oxygen uptake measurement probably lies on 
their ability to detect a chemical's sublethal effects. The 
results in Figure 3 indicate that the mono—n-butyltins BTTC and 
BT30 are biologically active, due to their ability to stimulate 
or inhibit the dehydrogenase activity and oxygen consumption 
Stimulation or inhibition of the dehydrogenase activity by 
toxicant is harmful to a living organism, as this_produce deleter 
ious effect on the organism by interferring with its energy meta- 
bolism. 

The exact mechanism of organotins' biotoxicity to microorganism is 
unclear. Gram negative bacteria, in general, are more resistant 
the toxicity of trialkyltins than are gram positive bacteria by 
virtue of their comlex outer membrane structure (Blair et al 
1982). Dialkyltin and trialkyltin compounds are known to be 
capable of uncoupling the oxidative phosphorylation as well as of 
inhibiting the mitochondrial respiration by preventing the oxid- 
ation of c-keto acids (Piver 1973). These uncoupling and inhibit- 
ory effects of organotin compounds may disturb the intracellular 
energy metabolism of a living microorganism. Bacteria play an 
important role in the removal of contaminants from the environmen 
However, recent study suggested that the capacity to degrade 
tributyltin compounds is not widespread among bacteria (Blair et 
al. l982). Thus a systematic control and monitoring the use of 
organotin compounds are essential to safeguard the public health 
and environmental quality. - 
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