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The LC50 values of a series of 29 organotin com- 
pounds wek  determined for the red killifish (Ory- 
zias latipes) according to an OECD test guideline. 
Their toxicities varied from lo-' to 10-5mmol 
dm-j in five orders of magnitude. In this paper a 
quantitative structure-activity relationship 
(QSAR) study of these organotin compounds was 
carried out using physicochemical and topological 
parameters as independent variables. These para- 
meters were found not to be good descriptors for 
estimating the LCSo values. However, when the 
term Index Value (IV), which is created as a new 
parameter and is defined by the number of phenyl 
or alkyl groups attached to the tin atom, was used, 
excellent regression equations to predict the toxici- 
ties of organotin compounds were obtained and a 
multiparametric relationship including IV, 
Information Index (I:) and Mean Information 
Index (i:) showed the best correlation. 
Keywords: Toxicity, organotin, quantitative 
structure-activity relationship (QSAR), Index 
Value (IV), Information Index (G), Mean 
Information Index (fg) 

INTRODUCTION 

The production of organotin compounds has 
increased owing to their wide applications for 
biocides, heat stabilizers, catalysts e t ~ . ' - ~  
Tributyltins, used as antifouling paints for ships 
or fishing nets, have been paid special attention in 
recent years.', 

This paper is based on work presented at the 1989 
International Chemical Congress of Pacific Basin Societies 
held in December 1989 in Honolulu. The meeting was spon- 
sored by the Chemical Society of Japan, The Chemical 
Institute of Canada and the American Chemical Society. 
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Organotin compounds used in industry are 
generally less volatile4 so these compounds would 
be likely to remain in the aquatic environment, 
and it is therefore very important to understand 
the ecotoxic effects of organotin compounds on 
aquatic organisms. From this viewpoint, environ- 
mental monitoring for organotin compounds has 
been continued in many countries, and much 
information on the toxicities of organotin com- 
pounds for various aquatic organisms has been 
reported.'-'' However, these studies on toxicity 
were carried out mainly in relation to tributyltins. 
The (tri)organotin compounds released into the 
environment will be transformed into others, 
both physicochemically and biologically in the 
aquatic en~i ronment ,~ . ' '~  so quite large numbers 
of tin species will be found in the aquatic environ- 
ment. 

Therefore we should know the toxicities of all 
of these organotin compounds. Recently quanti- 
tative structure-activity relationships (QSAR) 
have been applied to analyze toxicities of the 
chemicals whose influences on the ecosystems 
cannot actually be measured. l3 

There are some reports which have applied 
QSAR to organotin compounds for aquatic 
organisms.s.'4-'6 However, no reports on fish have 
been found, and the numbers of tested organotin 
compounds were rather small, 15 compounds at 
the most. It is important to measure the toxicity 
values of a series of organotin compounds in 
order to obtain better and more reliable results 
for QSAR values. In this paper, toxicities of 29 
organotin compounds were measured according 
to the OECD test guideline No. 203l' and used 
with QSAR values to elucidate the factors con- 
trolling their toxicities and also to predict their 
toxicities. We used some physicochemical and 
topological parameters as a molecular descriptor. 
As a physicochemical parameter, the n-octanol/ 
water partition coefficient (log P )  and molecular 
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weight (MW) were adopted. As the biophase is 
considered akin to octanol, log P is expected to 
correlate well with biological a~tivit ies, '~.  '* and 
many researchers have modeled toxicities tow- 
ards various organisms successfully with log P. 
Molecular weight is clearly one property of a 
chemical which follows from its structure, and it is 
also related to permeability to the biophase. 

As a topological parameter, molecular connec- 
tivity indices ('x, 'x", 3xp)19,2" and a number of 
information-theoretic topological indices2' 
(Wiener number (log( W ) ) ,  information index 
[log(&)], mean information index (c), infor- 
mation content (IC), structural information con- 
tent (SIC), and complementary information con- 
tent (CIC) were chosen. 

These topological parameters can be directly 
derived from the manipulation of a two- 
dimensional formula, so these parameters are 
available to predict the effects of structurally 
heterogeneous chemicals in an ecotoxicological 
approach. 

Further, we define Index Value (IV) as a new 
parameter, which was represented on the basis of 
the number of alkyl or phenyl groups attached to 
the tin atom; using this parameter (IV), the toxi- 
cities of organotin compounds were well pre- 
dicted. 

MATERIALS AND METHODS 

Chemicals 

The following tested organotin compounds were 
purchased commercially. Tetra-n-butyltin, tri-n- 
butyltin acetate, dimethyltin dichloride, di-n- 
butyltin dichloride and di-n-butyltin oxide were 
purchased from Merck. Triethyltin bromide, tri- 
n-butyltin methoxide, tri-n-butyltin ethoxide, di- 
n-butyltin dilaurate, diphenyltin dichloride, 
methyltin trichloride and phenyltin trichloride 
were purchased from Aldrich. Tetramethyltin, 
trimethyltin chloride, tri-n-butyltin chloride, tri- 
phenyltin chloride, and di-n-butyltin diacetate 
were bought from Kantoh Chemicals. 
Triphenyltin hydroxide, triphenyltin acetate, 
bis(tri-n-butyltin), bis(tri-n-buty1tin)oxide and di- 
n-butyltin maleate were obtained from Wako 
Pure Chemicals. Tri-n-butyltin fluoride and 
mono-n-butyltin oxide were purchased from 
Tokyo Chemical Kogyo. Tetraphenyltin was 
obtained from Nakarai Chemicals. These chemi- 
cals were used without further purification. 

n-Butyltrimethyltin, di-n-butyldimethyltin, n- 
butyltrimethyltin and tetrapropyltin were synthe- 
sized using Grignard reagents in our laboratory. 
These compounds were identified by mass spec- 
trometry, and their purities confirmed by 
GC-FPD. 

Acute toxicity test 

The acute toxicity test on Red killifish Oryzias 
latipes was carried out according to the OECD 
test guideline No. 203.17 

Oryzias lastipes samples were purchased live 
from the market, and acclimatized in the dechlor- 
inated tap water for at least seven days. Mortality 
should be less than 5% of the population during 
acclimatization. Stock solutions of trimethyltin 
chloride and dimethyltin dichloride were pre- 
pared by being dissolved directly in water. The 
other chemicals were dissolved in a vehicle which 
consisted of dimethyl sulfoxide and HCO-40, a 
surfactant (Nikko Chemicals), at the ratio of 4 : 1, 
and aqueous stock solutions of concentration 1% 
or 10% were prepared. The test solutions were 
adjusted to the intended concentration through 
the following procedure: appropriate amounts of 
water were added to the stock solution, then 
dispersed with a biomixer (Nippon Seiki Co.), 
and in addition, this solution was further diluted 
with water to the intended concentration. 

The test was semi-static, i.e., the test solutions 
were renewed every 24 h. Other test conditions 
were as follows: water, dechlorinated tap water; 
loading, 10 fish in 2 dm3 test solution; concentra- 
tion of test solution, at least five concentrations 
spaced by a constant factor not exceeding 1.8;" 
temperature, 20+ 1 "C; duration, 96 h; light, one 
16-hour photoperiod daily. 

During the tests, numbers of deaths, pH and 
dissolved oxygen (DO) were measured every 
24 hours. Control tests were practised both in the 
case of water and in solution containing the 
vehicle at the highest concentration. The morta- 
lity in the blank solution should be less than 10%. 

Molecular properties 

n-Octanol/water partition coefficient, log P 
Eleven values of log P for the organotin com- 
pounds were obtained from the literature', j 7  and 
the other 12 values were calculated by the x 
method." 
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Molecular Connectivity Indices (x) and Valence 
Molecular Connectivity Indices k'')l9* 'O 

The Molecular Connectivity Indices (x) and 
Valence Molecular Connectivity Indices (x") were 
calculated from a hydrogen-suppressed graph. 
The basic calculation of these parameters fol- 
lowed the method in the l i t e r a t~ re , ' ~ .~ '  but in the 
calculation of x", the formula for calculating 6' 
was slightly modified, viz. 

6'= (2'- h ) / ( Z -  2"- 1) 

where Z',  Z and h are the number of valence 
electrons, atomic number, and the number of 
hydrogen atoms, respectively. 

In the QSAR studies, 'x and 'x" have been 
often used because of the simplicity of calcula- 
tion, and Yoshioka et al.'? reported that 3xp was a 
good descriptor to estimate the toxicities of 123 
chemicals on Oryzias latipes. We used 'x, 'x" and 
3xp as parameters for the analysis of QSAR. 

Wiener number (W), Information Index ( I ; )  and 
Mean Information Index (G)", *.a 
The Wiener number (W), Information Index (G), 
and Mean Information Index (8) were calculated 
on the basis of the distance matrix ( N x N )  
according to a hydrogen-suppressed molecular 
graph. The calculation of these parameters was 
carried out by the literature method.2'~24-2h 

Information Content (IC), Structural 
Information Content (SIC) and Complementary 
Information Content (cIc).*'~ 27, '* 
IC, SIC and CIC were calculated from the 
hydrogen-nonsuppressed molecular graph and 
the calculation formula were as defined in the 
literature.21. 27, 2x 

Multiple regression analysis was carried out 
with a stepwise method ( F =  2.0). 

RESULTS AND DISCUSSIONS 

Acute toxicity test 
The LC,,, values obtained from acute toxicity tests 
on Oryzias latipes are shown in Table 1. 

The toxicity values of a series of organotin 
compounds were found to occur over a wide 
range, 10~ ' -10~5mmol  dm-' at  48 h - LCso, and 
the differences of toxicity depend upon the dis- 
tinctions between their chemical structures. 

Table 1 48h-LCs,, values of organotin compounds in Oryzias 
laripes 

No. Chemical 48h-LC5,, (mmol dm ') 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1s 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Tetramethyltin 
Tetra-n-propyltin 
Tetra-n-butyltin 
Tetraphenyltin 
n-Butyltrimethyltin 
Di-n-butyldimethyltin 
Tri-n-butylmethyltin 
Trimethyltin chloride 
Triethyltin bromide 
Tri-n-butyltin chloride 
Tri-n-butyltin fluoride 
Tri-n-butyltin methoxide 
Tri-n-butyltin ethoxide 
Tri-n-butyltin acetate 
Triphenyltin chloride 
Triphenyltin hydroxide 
Triphenyltin acetate 
Bis(tri-n-butyltin) 
Bis(tri-n-buty1tin)oxide 
Dimcthyltin dichloride 
Di-n-butyltin dichloride 
Di-n-butyltin diacetate 
Di-n-butyltin dilaurate 
Di-n-butyltin maleate 
Di-n-butyltin oxide 
Diphenyltin dichloride 
n-Butyltin trichloride 
Mono-n-butyltin oxide 
Phenyltin trichloride 

3.60X 10 
5.85 x 
1.50x 
9.37x 10 
4.07 x lo-' 
3.08 x lo-' 
1.28 x lo-' 
2.82 X 
2.62 X 10 
1.11 x 10P 

7.10 x lo-' 
7.40 x lo-' 
2.26 x 10- 

1.80 x 
1.81 x l o r 4  
4.98 x lo-' 
1.21 x 10 
2.73 x 
1.91 x lo-' 
1.07 X lo-' 
3.23 X lo-' 
3.78 x lo-' 
3.37 x lo-' 
8.90 X 10-' 
1 . 3 5 ~  10-' 
2.63 x 10-' 
3.61 x lo-' 

2.01 x 10-4 

1.66 x 10-4 

Especially, tributyltins and triphenyltins showed 
higher toxicities than any other organotin com- 
pound, and their levels of toxicity were 
lW4-1Ws mmol dm-'. These LCs0 values, which 
correspond to 10-1-10-2 mg dm-3, at a fairly low 
concentration level, and this suggests that various 
aquatic organisms might easily suffer damage 
from them, so it is important to continue environ- 
mental monitoring for these compounds. 

Application of QSAR 
All the eigenvalues applied to QSAR are shown 
in Table 2. The toxicity values are exhibited by 
log(1/48 h LCs0). Linear correlations were ana- 
lyzed in the relationship between each eigenvalue 
of each organotin compounds as an independent 
variable and log(l/LCso) as a dependent variable. 
The results of the regression analyses are shown 
in Table 3. In these analyses, good linear correla- 
tions could not be obtained. & indicated the best 



Ta
bl

e 
2 

Ph
ys

ic
oc

he
m

ic
al

 a
nd

 to
po

lo
gi

ca
l p

ar
am

et
er

s o
f o

rg
an

ot
in

 co
m

po
un

ds
 

N
o.

 
C

he
m

ic
al

 
lo

g(
l/L

c,
o)

 
M

w
 

lo
gP

 
'X
P 

'&
 

3x
p
 

C
IC

 
SI

C
 

IC
 

lo
g(

w
) 

lo
g(

l"
,) 

8
 

1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

29
 

Te
tr

am
et

hy
lti

n 
T

et
ra

-n
-p

ro
py

lti
n 

T
et

ra
-n

-b
ut

yl
tin

 
Te

tr
ap

he
ny

l ti
n 

n-
Bu

ty
ltr

im
et

hy
lti

n 
D

i-n
-b

ut
 yl

di
m

et
hy

lti
n 

T
ri

-n
-b

ut
yl

m
et

hy
lti

n 
Tr

im
et

hy
lti

n 
ch

lo
ri

de
 

Tr
im

et
hy

lti
n 

br
om

id
e 

Tr
i-n

-b
ut

yl
tin

 ch
lo

ri
de

 
Tr

i-n
-b

ut
yl

tin
 fl

uo
ri

de
 

Tr
i-n

-b
ut

yl
tin

 m
et

ho
xi

de
 

Tr
i-n

-b
ut

yl
tin

 et
ho

xi
de

 
Tr

i-n
-b

ut
yl

tin
 a

ce
ta

te
 

Tr
ip

he
ny

lti
n 

ch
lo

ri
de

 
Tr

ip
he

ny
lti

n 
hy

dr
ox

id
e 

Tr
ip

he
ny

lti
n 

ac
et

at
e 

B
is

(t
ri

-n
-b

ut
yl

tin
) 

B
is

(t
ri

-n
-b

ut
y1

tin
)o

xi
de

 
D

im
et

hy
lti

n 
di

ch
lo

ri
de

 
D

i-n
-b

ut
yl

tin
 di

ch
lo

ri
de

 
D

i-n
-b

ut
yl

tin
 d

ia
ce

ta
te

 
D

i-n
-b

ut
yl

tin
 di

la
ur

at
e 

D
i-n

-b
ut

yl
tin

 m
al

ea
te

 
D

i-n
-b

ut
yl

tin
 ox

id
e 

D
ip

he
ny

lti
n 

di
ch

lo
ri

de
 

n-
B

ut
yl

tin
 tr

ic
hl

or
id

e 
M

on
o-

n-
bu

ty
lti

n o
xi

de
 

Ph
en

yl
tin

 tr
ic

hl
or

id
e 

1.
44

4 
17

8.
7 

2.
23

3 
29

0.
7 

1.
82

4 
34

7.
2 

2.
02

8 
42

7.
1 

2.
39

0 
22

1.
0 

2.
51

1 
26

2.
7 

0.
89

3 
30

5.
0 

1.
55

0 
19

9.
2 

2.
58

2 
28

5.
8 

3.
95

5 
32

5.
4 

3.
69

7 
30

9.
0 

4.
14

9 
32

1.
1 

4.
13

1 
33

5.
1 

3.
64

6 
34

9.
1 

3.
78

0 
38

4.
5 

3.
74

5 
36

7.
0 

3.
74

2 
40

9.
0 

3.
30

3 
58

0.
1 

3.
91

7 
59

6.
0 

1.
56

4 
21

9.
7 

1.
71

9 
30

3.
8 

1.
97

1 
35

1.
0 

2.
49

1 
63

1.
6 

1.
42

3 
29

1.
0 

2.
47

2 
24

8.
9 

1.
05

1 
34

4.
0 

0.
87

0 
28

2.
2 

0.
58

0 
20

9.
0 

0.
44

2 
30

2.
0 

-
 2.

19
a 

2.
04

a 
3.

90
a 

4.
39

" 
-
 0.

54
b 

1.
 19

b 
2.3

6' 
-
 2

.3
P 

-
 1.

80
b 

2.6
O

a 

1.
78

b 
2.

N
b 

1.
16

b 
2.

65
a 

1.
27

b 
1.

30
b 

2.
29

" 
-3

.1
0"

 
1.

49
" 

-
 1

.2
1b

 

-
 

-
 

-
 

-
 

-
 1.

40
b 

0.
35

a 

1.
15

b 
-
 

2.
60

 
6.

24
 

8.
24

 
14

.3
1 

3.
56

 
5.

12
 

6.
68

 
2.

00
 

3.
68

 
6.

68
 

6.
68

 
7.

28
 

7.
74

 
8.

10
 

11
.2

3 
9.

82
 

11
.2

3 
12

.6
1 

13
.0

7 
2.

00
 

5.
12

 
7.

95
 

18
.0

3 
8.

12
 

4.
81

 
7.

21
 

3.
56

 
3.

27
 

4.
61

 

13
.4

1 
14

.3
1 

16
.3

1 
14

.4
2 

14
.1

3 
14

.8
6 

15
.5

8 
13

.8
6 

16
.3

5 
16

.0
3 

13
.5

0 
14

.0
1 

14
.6

0 
14

.5
1 

14
.6

1 
12

.1
3 

13
.0

4 
35

.7
0 

27
.2

0 
11

.7
7 

15
.7

6 
12

.7
1 

22
.8

3 
12

.6
2 

4.
33

 
14

.7
6 

15
.4

8 
6.

95
 

14
.9

7 

0.
00

 
3.

12
 

4.
24

 
9.

79
 

1.
28

 
2.

41
 

3.
40

 
0.

00
 

2.
56

 
3.

40
 

5.
12

 
3.

93
 

3.
96

 
4.

02
 

7.
52

 
7.

46
 

7.
86

 
7.

19
 

7.
11

 
0.

00
 

2.
41

 
3.

80
 

9.
29

 
6.

90
 

2.
10

 
5.

32
 

1.
28

 
1.

14
 

2.
83

 

3.
00

 
4.

06
 

4.
47

 
4.

02
 

3.
38

 
3.

82
 

4.
18

 
2.

71
 

3.
20

 
4.

09
 

2.
71

 
4.

01
 

4.
09

 
3.

91
 

3.
64

 
3.

39
 

3.
18

 
5.

04
 

4.
98

 
2.

36
 

3.
23

 
3.

40
 

5.
04

 
1.

69
 

3.
31

 
3.

13
 

2.
93

 
1.

96
 

2.
37

 

0.
26

6 
0.

24
2 

0.
21

9 
0.

26
8 

0.
28

2 
0.

25
6 

0.
23

5 
0.

28
8 

0.
29

4 
0.

23
6 

0.
47

6 
0.

27
0 

0.
26

7 
0.

29
6 

0.
29

1 
0.

34
5 

0.
40

7 
0.

20
3 

0.
21

5 
0.

31
7 

0.
23

3 
0.

36
5 

0.
24

1 
0.

64
4 

0.
31

2 
0.

32
6 

0.
28

4 
0.

52
1 

0.
39

2 

1.
09

 
1.

29
 

1.
25

 
1.

47
 

1.
32

 
1.

31
 

1.
28

 
1.

09
 

1.
33

 
1.

26
 

2.
46

 
1.

48
 

1.
49

 
1.

65
 

1.
49

 
1.

78
 

2.
18

 
1.

28
 

1.
36

 
1.

10
 

1.
13

 
1.

95
 

1.
60

 
3.

06
 

1.
50

 
1.

51
 

1.
16

 
2.

13
 

1.
53

 

1.
20

 
2.

41
 

2.
75

 
3.

32
 

1.
85

 
2.

26
 

2.
54

 
1.

20
 

1.
81

 
2.

54
 

2.
54

 
2.

60
 

2.
67

 
2.

74
 

3.
08

 
2.

86
 

3.
01

 
3.

19
 

3.
26

 
1.

20
 

2.
26

 
2.

73
 

3.
77

 
2.

71
 

2.
17

 
2.

55
 

1.
85

 
1.

72
 

2.
16

 

1.
72

 
3.

20
 

3.
59

 
4.

25
 

2.
52

 
3.

00
 

3.
34

 
1.

72
 

2.
48

 
3.

34
 

3.
34

 
3.

42
 

3.
50

 
3.

58
 

3.
97

 
3.

73
 

3.
90

 
4.

10
 

4.
17

 
1.

72
 

3.
00

 
3.

57
 

4.
73

 
3.

55
 

2.
89

 
3.

36
 

2.
52

 
2.

34
 

2.
78

 

3.
25

 
6.

12
 

6.
91

 
8.

49
 

4.
62

 
5.

57
 

6.
31

 
3.

25
 

4.
68

 
6.

31
 

6.
31

 
6.

53
 

6.
73

 
6.

91
 

7.
78

 
7.

40
 

7.
83

 
8.

19
 

8.
29

 
3.

25
 

5.
57

 
6.

92
 

9.
10

 
6.

91
 

5.
26

 
6.

52
 

4.
62

 
4.

20
 

5.
33

 

-, 
N

ot
 d

et
er

m
in

ed
 

"D
at

a f
ro

m
 R

ef
. 1

6.
 b

C
al

cu
la

te
d b

y 
th

e 
n
 m

et
ho

d.
 

M
W

 =
m

ol
ec

ul
ar

 w
ei

gh
t, 

lo
g 

P 
=

 no
ct

an
ol

/w
at

er
 p

ar
tit

io
n 

co
ef

fic
ie

nt
 

'xP
, 'x

i a
nd

 'xP
 =

 m
ol

ec
ul

ar
 co

nn
ec

tiv
ity

 in
 di

ce^
'^^

^^
 

C
IC

 =
 co

m
pl

em
en

ta
ry

 in
fo

rm
at

io
n 

co
nt

en
t2

' 
SI

C
 =

 st
ru

ct
ur

al
 in

fo
rm

at
io

n 
co

nt
en

tz
1 

IC
 =

 in
fo

rm
at

io
n 

co
nt

en
t2

' 
W

 =
 W

ie
ne

r n
um

be
r"

 
Zg
 =

in
fo

rm
at

io
n 

in
de

xz
1 

i
w

 ,, -
 - m

ea
n 

in
fo

rm
at

io
n 

in
de

xz
1 

z 2:
 

P
 

0
 

9
 

m
 

h
 

Y
 
b
 

v,
 r-. 



STRUCTURE-ACTIVITY RELATIONSHIPS FOR ORGANOTIN TOXICITY 95 

Table 3 Linear correlation of log (l/LC5,)) with each para- 
meter 

Eqn [l]: 

Equation 
log(l/LC,,) = a(x)  + b Statistics 

Independent 
variables (X)  a b n P 

lOg(l/LC,,)=4.388(1C) - 20.879(SIC) 

+2.392 (r=0.702) [11 

0.005 
0.209 
0.135 
0.005 
0.185 
0.901 
0.769 
0.375 
0.219 

0.691 
- 2.732 

0.898 
2.275 
1.437 
1.576 
1.654 
0.214 

- 0.058 
0.098 
2.081 
3.264 
0.005 

29 
23 
29 
29 
29 
29 
29 
29 
29 
29 
29 

- 

0.432 
0.328 
0.452 
0.263 
0.440 
0.495 
0.504 
0.510 
0.084 

- 0.230 
0.507 

a r  = coefficient of correlation.0 

correlation among them, but its coefficient of 
correlation was still only 0.510. Therefore multi- 
ple regression analyses were carried out with a 
stepwise method ( F =  2.0), and the regression 
equation obtained with two variables is shown as 

r 

However, from the above results, the regres- 
sion equations giving the general toxicities could 
not be estimated adequately. 

On the other hand, in order to investigate the 
character of organotin compounds, we compared 
23 organotin compounds (no log P values were 
available for the other six) with 123 other chemi- 
cals which are structurally non-specific and have 
already been studied as to the relationship 
between log P and the toxicities for Oryzias 
latipes, by Yoshioka et a1.2’ The results are shown 
in Fig. 1. 

The 123 other chemicals represented compara- 
tively good correlations for log P (r=0.738). 
However, the correlations became much poorer 
when organotin compounds were included. 
Moreover, organotin compounds with higher 
values of log P indicated various toxicities, and 
those with lower values of log P showed higher 

x 

A:organotin compounds 
B:other chemicals 
C:orqanotin compounds 

and other chemicals 

x 
I I I I I I I I 

- 4  - 2  0 2 4 6 
loqP 

Figure 1 
organotin compounds (n = 23); X , other chemicals (n  = 123). Regression equations: 
A: log(1/LC5,)=0.20810g P+2.275 (n=23, rZ0.328) 
B: log(l/LC,)=O.563logP-O.O93 ( n =  123, r=0.738) 
C: log(l/LC5,)=0.34310g P +  1.070 (n= 147, r=0.456) 

Relationship between n-octanoVwater partition coefficient (log P )  and toxicity in Oryzius Zutipes [log(l/LC,)]. 0, 
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Figure 2 
pound and log( I/LCs,J. 

Relationship between the type of organotin com- 

toxicity in comparison with the 123 other chemi- 
cals. 

Log P is the most popular description in rela- 
tion to the membrane permeability based on the 
Linear Free-Energy Relationship (LFER) cf 
Hansch et ~ 1 . ~ '  is the most popular term as a 
descriptor in relation to membrane permeability, 
but log P was not suitable regarding the toxicities 
of the 29 organotin compounds. Vighi and 
Calamari" also reported that reliable correlations 
between log P values of 15 organotin compounds 
and log(l/EC,,) values on the water flea (Duphnia 
rnagna) could not be acquired. Laughlin et ~ 1 . ' ~  
showed that the log(l/LC,,) values of 15 organo- 
tin compounds (seven diorganotin compounds 
and eight triorganotin compounds) on the marine 
crab larvae (Rhithropaenaeus harrisii) could be 
predictably explained using the total surface area 
(TSA) of their molecules, which related to the 
factors controlled by their hydrophobic behavior. 

However, we could not obtain good correla- 
tions with their molecular weight as a parameter, 
which might be correlatable for TSA, so the 
toxicities of the 29 organotin compounds cannot 
be estimated only by their hydrophobicity. 

The series of 29 organotin compounds was then 
classified on the basis of the number of alkyl or 
phenyl groups attached to the tin atom, and the 
relationship between the type of organotin com- 
pounds and log(l/LCsO) is shown in Fig. 2. The 

toxicities of these organotin compounds 
depended on the number of alkyl or phenyl 
groups: log( l/LCso) values of mono-organotin 
compounds were between 0.44 and 0.87, diorga- 
notins were beween 1.05 and 2.49, triorganotins 
were between 1.55 and 4.15, and tetraorganotins 
were 0.89 and 2.51. In this way the toxicities of 
organotin compounds were as follows: tri > di = 
tetra> mono. We therefore defined the Index 
Value (IV) as a new parameter, the values of 
which are mono = 1, di = 2, tri = 3, tetra = 2. 
When the regression analysis was carried out with 
this parameter (IV), fairly good regression formu- 
lae to predict their toxicities were obtained: 

log(l/LC,,,)= 1.219(IV) - 1.093 

(n=29, r=0.857) [3] 

lOg(l/LCso)= 1.374(IV) +0.382108(1",)- 1.986 

(n=29,  r=0.889) [4] 

log(l/LC50) = 1.504(IV) + 3.81910g(I",) 

- 1.681(&) - 2.916 

(n=29, r=0.907) [5]  

The relations between the toxicities observed in 
the acute toxicity test and the toxicities estimated 
by regression formulae with three independent 
variables showed fairly reliable correlation, as 
shown in Fig. 3. 

CONCLUSIONS 

The series of 29 organotin compounds tested 
showed various toxicities according to the differ- 
ences in their structures. The toxicities of these 
organotin compounds did not depend upon their 
hydrophobic characters, which were expected to 
correlate well with log LCso and bioconcentration 
factors for aquatic organisms in relation to trans- 
mission through their membranes. Laughlin et 
af.lS reported that the toxicities of some organotin 
compounds in crab larvae showed poor correla- 
tions with other parameters which were related to 
steric configuration or electronic  effect^.'^. " So 
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r REFERENCES 

Determined log(l/LC50) 

Figure 3 Relationship between estimated and determined 
log(l/LCs,,) values. The estimated values were obtained by the 
following equation: 

log(l/LC,) = 1.504(IV)+ 3.81910g(I",) 

- 1.681(e) - 2.961 

(n = 29, r = 0.907) 

possible factors which might produce the various 
toxicities shown cannot be clarified psysicochemi- 
cally on the basis of differences in molecular 
structure. 

However, on predicting the ecotoxicological 
effects of organotin compounds on fish, good 
regression equations were obtained from 29 orga- 
notin compounds with the Index Value (IV) as a 
parameter which is defined by the number of 
phenyl or alkyl group attached to the tin atom. In 
addition to the IV, triparametric regression equa- 
tions using the Information Index (&) and Mean 
Information Index (&), which are topological 
parameters in relation to molecular size, 
explained their toxicities in fish comprehensively. 

Acknowledgements We thank Mr Manabu Nakatani, Miss 
Izumi Fujiwara and Mr Hiroyuki Yano for their contributions. 
This work was supported by the Grants in Aid for Scientific 
Research from the Ministry of Education, Culture and 
Science, Japan. 

1. 

2. 
3. 

4.  

5 .  

6 .  

7.  
8. 

9. 
10. 

11. 

12. 
13. 

14. 

15. 

16. 
17. 

18. 

19. 

20. 
21. 

22. 

23. 

24. 
25. 

26. 

2 7. 
28. 

29. 

Environmental Health Criteria 15: Tin and Organotin 
Compounds-A Preliminary Review. World Health 
Organization: Geneva, 1980 
Laughlin, R B Jr and Linden 0 AMBIO, 1985, 14: 88 
Clark, E A, Sterrit, R M and Lester J N Enuiron. Sci. 
Technol., 1988, 22: 600 
Maguire R J, Carey J H and Hall, E J J .  Agric. Food 
Chem., 1983,31: 1060 
Hall, L W Jr and Pinkney A E CRC Crit. Rev. Toxicol. 
1985, 14: 159 
Chliarnovitch Y P and Kuhn C C J .  Fish Biol., 1977, 10: 
575 
Smith, B S J .  Appl. Toxicol., 1981, 1: 141 
Wong, P T S,  Chau, K Y, Kramar, 0 and Bengert, G A 
Can. J .  Fish Aquat. Sci., 1982, 39: 483 
Waldock, J M and Thain, J E Mar. Bull., 1983, 14: 411 
Ev ans, D W and Laughlin, R B Jr Chemosphere, 1984, 
13: 213 
Blunden S J and Chapman A H, Enuiron. Technol. Lett., 
1982, 3: 267 
Maguire, R J Oceans 1986, 4: 1252 
Nirrnalakhandan, N and Speece, R E Enuiron. Sci. 
Technol., 1988, 22: 606 
Laughlin, R B Jr, French, W, Johannesen, R B, Guard 
H E and Brinckman, F E Chemosphere, 1984, 13: 575 
Laughlin, R B, Jr, Johannesen, R B, French W, Guard 
H E and Brinckman, F E Enuiron. ToxicoI. Chem., 1985, 
4: 343 
Vighi, M and Calamari, D Chemosphere, 1985, 14: 1925 
OECD Guideline for Testing of Chemicals 203, OECD, 
Paris, 1982 
Veith, G D, DeFoe, D L and Bergstedt, B V J .  Fish Res. 
Board. Can., 1979, 36: 307 
Kier, L B and Hall, L H Eur. J .  Med. Chem., 1977, 12: 
307 
Kier, L B and Hall, L H J .  Pharm. Sci., 1981, 70: 583 
Vasak, S C, Gieschen, D P and Magnuson, V R Enoiron. 
Toxicol. Chem., 1984, 3: 191 
Rekker, R F The Hydrophobic Fragmental Constunt, 
Elsevier Scientific, New York, 1977 
Yoshioka, Y, Mizuno, T ,  Ose, Y and Sato, T, 
Chemosphere, 1986, 15: 195 
Wiener, H,  J .  A m .  Chem. SOC., 1947, 69: 17 
Mekenyan, 0, Bonchev, D and Trinajstic, N ,  Int. J .  
Quant. Chem., 1980, 18: 369 
Bonchev, D and Trinajstic, N J .  Chem. Phys., 1977, 67: 
4517 
Channon, C E, Bell System Tech. J . ,  1948, 27: 379 
Raychaudhury, C ,  Basak, S C, Roy, A B and Ghosh, J J 
Ind. Drugs, 1980, 18: 97 
Hansch, C and Fujita, T J .  A m .  Chem. SOC., 1964, 86: 
1616 


