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Al gae have been considered to be good indicators of the

bi coactivity of industrial wastes (Walsh and Merrill
1984). Unicellular algae vary in their response to a
variety of toxicants (Tadros et al. 1994). Little is

known, however, about the toxicity of organotin com
pounds (OTC) to freshwater green algae. The work repor-
ted here was done to exanmine the effect of selected OTC
on the green alga Scenedesnus quadricauda and on its
chl orophyl | production. Since chlorophyll a conprises 1
to 2 % of the dry weight of nost algal cells and since
it is easily quantified spectrophotonetrically, this
phot osynt heti c pi gnent is widely used for the determ -

nati on of phytoplankton and periphyton bionmass (APHA
1985),

Many OIC are toxic to various organisms and they are
used to a linmted but significant extent as biocidal
agents in agriculture and technology. Many studies on
the toxicology of Sn have focused on OTC (MDonald and
Trevors 1988). Organotins are present in four main
forms, each with varying levels of toxicity. The general
form is RSnX,, where R is nmethyl, ethyl, buthyl, and
phenyl group(s), and X is a halide such as Cd". Tri-
organotin conpounds (RSnX) are probably the npst wi de-
Iy studied tin conmpounds. They are the npst biological-
ly active group, and are responsible for the majority
of the biocidal effects. The R group in this case de-
termnes the level of toxicity towards specific orga-
nisms (Davies and Smith 1980). Variation of the inorga-
ni c radical X appears to have little <effect on the
bi ol ogi cal activity (Davies and Smth 1980). Tributyl-
tin and triphenyltin are highly toxic to algae (MDo-
nald and Trevors 1988).

This paper reports the studies on the effects of OTC
on the «chlorophyll (total, a__ b) <content of green alga
S quadricauda. Toxicity bioassays were performed under

controlled conditions, using the changes of chlorophyll

contents as an indication of OTC toxicity.
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MATERI ALS AND METHODS

Scenedesnmus quadricauda (TURP.)BREB., strain Geifswald
15, was kindly supplied by the Institute of Botany AS
CR, Tr ebon, Czech Republic. During the tests, the
culture was incubated under continuous light at 25+1 °C
and a light intensity produced by three 40 W white
fluorescent lanmps. The culture was maintained in liquid
medi um containing (g/L): KNo, 0. 1; K,HPO,. 7H,0 0.01;
MgSO,. 7H,0 0.001; Fed, 6H,0 0.001; soil extract 50 nmi;
pH = 7.18. During the tests, the alga grew in 100-nL
Erl enmayer flasks with a 25-nL cultivation nedium sup-

plemented with OTC. Each OTC was tested in four concen-
trations (ng/L): 0.001; 0.01; 0.1 and 1.0. Each concen-

tration was duplicated three tinmes. Appr oxi mat el y
25,000 coenobia (four <cells connected into one unit)
were inoculated in test and control media. After 7 d

cultivation, 1 nL of OTC, at the appropriate concentra-
tion, was added to the cultivation nedium The cultiva-
tion lasted 2 d longer under the same conditions and
then the amount of chlorophyll was deternmined by the
met hod published by Harris (1989). Chlorophyll was
extracted into the 95 % ethanol and its anbunt was cal -
cul ated under the follow ng equations:

6. 10(A,) + 20.04(A,)
13.70(1,,) - 5.76(A.)

25.80(A.,.) - 7.60(A,)

in pg/nmL culture. The inhibitory effect of OIC on chlo-
rophyl | production by the alga S guadricauda was deter-
mned by the wusing equation: | = (1 - c/Ko).l0O0 %

(c - chlorophyll content for determ nate concentration
of tested OTC, Ko - chlorophyll content in control).

total chlorophyll (chl_t )
chlorophyll _a (chl_a )
chl orophyll b (chl_b )

Twel ve OTC synthesized at the Departnment of Oganic
Technol ogy, Faculty of Chemical Technol ogy, Sl ovak
Technical University, Bratislava, Sl ovak Republic were
tested. The diorganotin conmpounds (type RSnX,) that
were tested were:

A - dibutyl-tin-bis-N N-diethyl-dithiocarbam nate

B - dinethyl-tin-bis-N Ndiethyl-dithiocarbamn nate
The other tested conpounds were triorganotins (type
R,SnX) :
- triphenyl-tin-chloride
- triphenyl-tin-acetate
- triphenyl-tin-N, N-di et hyl -dithiocarbam nate
- tribenzyl-tin-bis-N, N-diethyl-dithiocarbam nate
- tribenzyl-tin-chloride
- bis-tributyl-tin-3,4,5,6-tetrachl or-phthal ate
- tributyl-tin-sul pham nate
- tributyl-tin-N, N-diethyl-dithi ocarbam nate
- tributyl-tin-naphtenate
- tributyl-tin-oxide (TBTO

rXC—IOTMMTO
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The results were statisticaly evaluated by Student's
test at P = 0.05.

RESULTS AND DI SCUSSI ON

In a concentration of 1.0 ng/L, conmpounds A CD and L
reduced the content of chl t about 95 % In these cases
the contents of chl a and chl b also decreased very ra-
pidly (Tab. 1.). In all cases chlorophyll contents were
inhibited significantly or highly significantly in
conparison to the control, with the exception of com

pound E when the chl t_ and chl b contents were determ -
ned.

Table 1. The chlorophyll contents in the alga Scenedes-
mus quadricauda after application of organotin conmpounds
in concentration 1.0 ng/L

Comp. Pigment content (pg/ml) + Sx
chl t chl a chl b
A 0.063+£0.002++ 0.039+0.001 =+ 0.024+£0.001 =+
(-91.1) (-83.6) (-94.8)
B 0.353+20.010+=+ 0.119+0.006+*+ 0.208x0.015+
(-62.7) (-79.5) (-36.9)
C 0.046£0.002++ 0.014+x0.001+*+ 0.035£0.002+«+«
(-93.4) (-99.1) (-90.4)
D 0.03320.002++ 0.006x0.001++ 0.027+0.001++
(-95.3) (-97.5) (-94.1)
E 0.811+0.013ns 0.333+0.004+ 0.173x0.005ns
(-14.8) (-42.7) (-24.3)
F 0.049£0.002#+« 0.027+£0.001+= 0.022+0.001 =+
(-86.3) (-78.2) (-90.5)
G 0.628+0.016++ 0.242+0.003*+ 0.386x0.014+«
(-55.8) (-64.9) (-47.3)
H 0.291+£0.003 =+ 0.128+0.001+*+ 0.163£0.002=+
(-79.5) (-81.4) (-77.8)
I 0.628+0.021++« 0.360+0.010%+ 0.268+0.010+=+=
(-67.0) (-66.0) (-68.4)
J 0.936+£0.027+= 0.494x0.017+ 0.442+0.013«
(-50.8) (-53.4) (-47.6)
K 0.626%£0.024++« 0.356+x0.019++ 0.270£0.013=+
(-67.1) (-66.4) ' (-68.0)
L 0.004+0.0001+«+« 0.003£0.0002««  -----
(-98.9) (-94.3)
The value in bracket indicate percent inhibition (-) or
pronmotion (+) in the presence of OIC, as conpared to
the corresponding control.
Sx - standard deviation; ns - not significant; .- sig-
ni fi cant differences P<OQO 05; ** - high significant

di fferences P<QO 01

In a concentration of 0.1 ng/L, the inhibitive effect
of the chlorophyll content was also very strong (Tab.
2.). Again, the strongest effects in this concentration
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Table 2. The chlorophyll contents in the alga Scenedes-

mis quadricauda after application of organotin conpounds
in concentration 0.1 ng/L

Comp . Pigment content (pg/ml) + Sx
chl t chl a chl b
A 0.157+0.008+#+ 0.049£0.001 =+ 0.108x0.003+«+
(-77.4) (-80.3) (-76.4)
B 0.418+0.012+ 0.210+£0.010+#+ 0.234x0.005ns
(-56.1) (-63.9) (-36.9)
C 0.067+0.002«+ 0.0321£0.002+*+ 0.035£0.001=+=
(-90.4) (-86.6) (-92.3)
D 0.078%20.003=+ 0.024£0.001++ 0.054£0.002++
(-88.8) (-80.9) (-88.2)
E 0.228+0.009 = 0.105£0.002x*+ 0.123+£0.006+
(-76.2) (-81.9) (-66.8)
F 0.168+0.008+« 0.055+0.002+ 0.113+£0.003+
(-52.9) (-55.6) (-51.3)
G 0.428+0.016+ 0.165+0.005++« 0.263+0.008+
(-69.9) (-88.6) (-64.3)
H 0.376+x0.017 %= 0.134£0.004++ 0.242+£0.003+
(-73.6) (-80.6) (-67.0)
I 1.025+0.048+ 0.458+0.014+ 0.567+0.016ns
(-46.2) (-56.9) (-32.8)
J 0.634+0.017+« 0.240+0.007++ 0.394+£0.012+
(-66.7) (-77.4) (-53.3)
K 1.202+x0.021ns 0.669+0.017ns 0.533%0.018ns
(-36.9) (-36.9) (-30.9)
L 0.048+0.002x+ 0.023+£0.001++ 0.025+0.001+*+
(-86.8) (-81.5) (-89.2)
Details as in Table 1.
were for compounds A C D and L, but the overall effect
of this concentration was lower than the effect of 1.0
ng/L. The strongest effects in this concentration were
for conpounds A, C D E GHJ and L. An inhibitive effect
hi gher than for the concentration of 1.0 ng/L was iden-
tified only for conpounds E,G and J. A significant

di fference was

(0.1 and

cases (conmpounds G J),

ng/L). When conpared with the control, all OTC, except
compound K and conpounds B and | when b was deter-
mned, had a significant or highly significant inhibi-
tive effect on chlorophyll content.

In the concentration of 0.01 ng/L of OIC (Tab. 3.),
compounds A, C,D,H J and L had a highly significant in-
hibitive effect on all types of chlorophyll production.
The inhibitive effect of other conpounds was insignifi-
cant in conmparison with the control except for chl a
content when conpound E was applied.

found between
1.0 mg/L) only for

t hese
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Table 3. The chlorophyll contents in the alga Scenedes-

mus guadri cauda after application of organotin compounds
in concentration 0.01 ng/L

Comp . Pigment content (pg/mlL) + Sx
chl t chl a chl b

A 0.205£0.006=*+ 0.05410.003«+ 0.151+£0.004««
(-70.5) (-77.3) (-67.0)

B 0.587+0.011ns 0.320+0.012ns 0.267+0.011ns
(-38.3) (-34.9) (-28.0)

C 0.19320.005%+ 0.124+£0.003 %+ 0.069+0.001x+
(-72.2) (-57.9) (-84.9)

D 0.104£0.004x+« 0.064+£0.002++« 0.040x£0.001 ==
(-85.0) (-73.1) (-91.3)

E 0.454+0.014ns 0.173£0.005++ 0.281+0.005ns
(-5.1) (-70.2) (-24.3)

F 0.279+0.012ns 0.082+0.002ns 0.197+x0.007ns
(-21.8) (-31.5) (-16.4)

G 0.885+0.034ns 0.415+0.010ns 0.471+0.015ns
(-37.8) (-39.8) (-35.7)

H 0.50720.009+«=x 0.225+0.005+*= 0.282+0.006+«
(-64.3) (-67.3) (-61.5)

I 1.485%0.073ns 0.779+0.043ns 0.706+£0.035ns
(-22.1) (-26.5) (-16.4)

J 0.269+£0.010x= 0.980+0.002+*+« 0.171+£0.004+x+
(-85.9) : (-90.8) (-79.6)

K 1.592+0.060ns 0.902+0.036ns 0.690+£0.017ns
(-16.4) (-14.9) (-18.2)

L 0.129+0.006x+ 0.069+0.002=*x« 0.060+0.002x«
(-68.9) (-68.3) (-73.7)

Details asin Table 1.

When the [|owest concentration of OTC (0.001 ng/L) was
used, a significantly inhibitive effect was determ ned
only for ~conpounds D and J (Tab. 4.). For other com
pounds, the inhibition was lower than 40 % In these
tests the stimulative effect for conpounds B,E F and |
was observed.

From these results chl t, chl a and chl h synthesis in-
hibition can be rank ordered as foll ows

chl t: 1.0 ng/ L. L>D 3 C 3 AP>HK=l 3 B>G 3 J>E
0.1 mg/L: C3D3L>AE 3H3G3J>B 3P>I>K
0.01 ng/L: J=D>C=A>H=L>E>B=G>| =F>K
0. 001 ng/L: J>D>H>G 3 E=A=C=L>K=B>| >F
chl a: 1.0 ng/ L. C 3D 3 L>A3H3B=F>|=K=G>J>E
0.1 mg/ L: G=CE=L=D=H=A 3 J>B>|=F>K
0.01 ng/L: J=D>A=C>H=L>E>G=B>F=| >K
0.001 ng/L: J>D>H 3 CG=A=B=E>L>K>| >F

chl _b: 1.0 mg/L: L>A=D 3 C 3 F>H>| =K>J=G>B>E
0.1 mg/L: C 3 L=D>A>HE 3 GJ=F>B>l 2K
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0.01 my/ L. DCJI>L 2 A2 BB 3 B>K=l =F
0.001 my/ L. P>DHG 3 AL 3 OK>I >F>E>B

From these rank orders it is evident that the chloro-
phyl | content is influenced as nmuch by the nature of
organic groups in the side chain as by the concentra-
tion. Conpound K with butyl in n-alkyl chain for con-
centrations 0.1 and 0.01 ng/L can be nmarked as the
| east toxic for all chlorophyll types synthesis. Com
pound E (phenyl in n-alkyl chain) was the least toxic
for the concentration of 1.0 mg/L as was conpound F
(benzyl in the side chain) for the concentration of
0.001 ng/L. Wen the concentration 0.001 ng/L was used,
the least toxic OIC for chl b_synthesis was diorganotin
conmpound B with methyl in the side chain. The highest
inhibitive effect was found for all chlorophyll types
synthesis in all concentrations of conpounds C and D
with phenyl group and J and L with butyl group in the
n- al kyl chain. The position of diorganotin compounds
(A B) was usually in the mddle of the rank orders and
conpound A with butyl in the side chain had a higher
toxic effect than conpound B with methyl. This observa-

Table 4. The chlorophyll contents in the alga Scenedes-

mus _quadricauda after application of organotin conpounds
in concentration 0.001 ng/L

Conp. Pigment content (pg/nml) + Sx
chl t chl a chl b

A 0.528+0.024ns 0.153+x0.007ns 0.375+0.008ns
(-24.0) (-35.7) (-18.1)

B 0.885+0.029ns 0.379+0.015ns 0.506x0.020ns
(-7.0) (-34.8) (+36.1)

C 0.539+0.020ns 0.128+0.005ns 0.411+0.012ns
(-22.4) (-36.2) (-10.3)

D 0.246+0.004+ 0.063+x0.001+«+ 0.183+0.004+=
(-64.6) (-73.5) (-60.0)

E 0.726+0.028ns 0.374+x0.012ns 0.352x0.015ns
(-23.7) (-35.6) (+28.8)

F 0.407+0.020ns 0.135+0.006ns 0.272+0.011ns
(+14.0) (+8.9) (+16.8)

G 1.008+0.021ns 0.437+0.013ns 0.571+0.007ns
(-29.1) (-36.6) (-22.1)

H 0.735+0.034ns 0.325+0.004ns 0.41010.010ns
(-38.3) (-32.8) (-34.1)

I 2.069+0.047ns 1.126%x0.029ns 0.943+0.019ns
(+8.7) (+6.2) (+11.7)

J 0.398+0.015+«+ 0.184x0.006x» 0.21420.008x«
(-79.1) (-82.6) (-74.6)

K 1.757+£0.065ns 0.901+£0.032ns 0.856+0.028ns
-7.7) (-15.0) (+1.4)

L 0.281+0.012ns 0.089x0.001ns 0.192+0.003ns
(-21.3) (-28.2) (-17.7)

Details as in Table 1.
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tion conpletely agrees with the toxicity order of orga-
nic groups in the side chains nentioned by Thayer
(1983). From these rank orders it is not possible to
determ ne how the bounded hydrocarbon radical R (usual -
ly butyl, benzyl or phenyl) influenced the toxicity. It
is only possible to say that OIC, belonging to triorga-
notins wth butyl and phenyl radicals, inhibited the
chl orophyll production in our study nore than organo-
tins with the benzyl radical. Thayer (1983) not ed that
the toxicity of organotins is influenced by the length
of the side <chain. Organotin conpounds having nethyl
groups are considered the least toxic and toxicity in-
creases up to the butyl group (maximum efficiency);
phenyl has approximatelly the sanme biocidal efficiency.
This state was also confirmed in our tests. Variation
of the radical X (usually chloride, fluoride, oxi de,
hydr oxi de, carboxylate or thiolate) appeared to have
little effect on the biological activity (Davies and
Smith 1980), which conpletely agrees with the results
we obtained. It was not possible to determ ne whether
the chlorophyll content was nore influenced by triorga-
notin (RSnX) or diorganotin (RSnX, conpounds. Trior-
ganotins are described in the literature as nore toxic
and biologically active than diorganotins (MDonald and
Trevors 1988). This statenent does not fully agree wth
our results. In studies on tin uptake and netabolism
bis-, and tributyltin oxide (TBTO are often used as the
representative OIC, as generally the npbst toxic (MDo-

nald and Trevors 1988). In our attenpts this effect was
mani fested fully only when higher concentrations (0.1
and 1.0 ng/L) were used. In a lower concentration

(0.01 pg/L), its inhibitive effect on chlorophyll pro-
duction was only about 40 % and that is why its posi-
tion in the rank orders of inhibition was in the mddle
(compound L).

Because of the lack of literature on the toxic effects
of OIC on green algae and their chlorophyll production,
it has not been possible to conpare our rank orders of
inhibitive effect wth those of other authors. The use
of tin in pesticides, antifouling paints, and in poly-
Vi nyl chloride stabilizers has resulted in increased
levels of tin in the environnent. Elevated tin levels
are found in waters, sedinments and soils in areas im
pacted by humans. Tin has been shown to have toxic ef-
fects both on eukaryotic and prokaryotic organi sns;
therefore, studies regarding the inpact of tin on the

environnent are required for an assessment of the prob-
I em
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