Bull. Environ. Contam. Toxicol. (1985) 35:525-530 *Environmental

© 1985 Springer-Verlag New York Inc. iContamination
iand Toxicology

Mutagenicity, Acute Toxicity, and Bioaccumulation
Potential of Six Chilorinated Styrenes

Maria Tarkpea,' Inger Hagen 2 Georg E. Carlberg, Per Kolsaker,® and
Harry Storflor®

'National Swedish Environment Protection Board, Brackish Water Toxicology
Laboratory Studsvik, S-611 82 Nyképing, Sweden, 2Central Institute for
Industrial Research P.B. 350 Blindern, 0314 Oslo 3, Norway, and *Department of
Chemistry, University of Osio Box 1033 Blindern, Oslo 3, Norway

Environmental octachlorostyrene (OCS) was first found in birds
from the Rhine River and the Netherlands coastal area (Ten Noever
de Braw and Koeman 1972/73). The compound was later identified in
fish and heron from the Great Lakes (Kuehl et al. 1976; Reichel
et al. 1977). In the marine environment OCS has been identified
together with hexa— and heptachlorostyrene as a local pollutant
in the Norwegian fjord Frierfjorden (Lunde and Baumann Ofstad
1976; Baumann Ofstad et al. 1978) and recently OCS was detected
in fish, water and sediments of the North Sea and adjacent estua-
ries (Ernst et al. 1984).

The local source of the Norwegian chlorinated styrene pollution
is magnesium production and chlorinated styrenes have been iden-
tified in samples of water, sediment, fish, birds' eggs and in
blood samples from factory workers and humans with a high con-
sumption. of fish (Baumann Ofstad 1978; Lunde and Bjgrseth 1977).

So far little is known about the potential biological effects of
chlorinated styrenes. The aim of the present study was to inves-
tigate the acute toxicity towards aquatic organisms, the mutage-
nicity and the bicaccumulation potential of some penta-, hexa-,
hepta- and octachlorostyrenes.

MATERIALS AND METHODS

The six chlorostyrenes studied are presented in Table 1. The
octachlorostyrene sample was a gift from O. Bgckman, Norsk Hydro
a.s while the other isomers were synthesized by Kolsaker et al.
(1983).

Nitocra spinipes, Boeck (Crustacea) used for the acute toxicity
testing 1s a typical brackish water organism, playing an impor-
tant role in the food chains of the Baltic Sea. It is found in
coastal regions in Europe, Asia, Africa and North America and
often occurs in substantial amounts, especially on sand bottoms,
interstitially, or free in the phytal. Nitocra tolerates sali-
nities from marine to almost limnic conditions. The length of the
adult animal is about 0.6-0.8 mm. It is simple to rear in the
laboratory (Bengtsson 1978; Gopalan 1977) and the development
from egg to the adult stage takes about two weeks.
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The acute 96-h toxicity test with Nitocra (Bengtsson 1981) was
performed at room temperature (20-22°C) under static condi-
tions in 15 ml test tubes containing 10 ml of test water. The
physico-chemical characteristics of the natural brackish water
used were close to cogitant in the experiments: salinity 7 o/oo,
alkalinity 1.5 megv 1 =, pH 7.8. The water had been previous-
1y heated to 80° C and filtered through a paper filter. Ace-
tone was used as solvent for the test compounds and added to a
concentration of 500 mg/L in the test tubes. Each concentration
of the test compounds was tested in duplicate. The test solutions
were not aerated.

The calculation of the 96~h IC 0 values and the corresponding

95 % confidence limits were mage with a data program for probit
analysis according to a Statistical Analysis System Program (SAS)
at the Stockholm University Computer Center.

The potential mutagenic activity of the compounds was examined in
the Salmonella/ microsome assay as described by Ames et al.
(1975). The strains S. typhimurium TA98 and TAl00 were used

with and without metabolic activation with a liver homogenate
(89) prepared from Aroclor-induced rats. The compounds were solu-
bilized in dimethylsulfoxide to a final concentration of 10 or 20
mg/ml, and tested in the dose range from 2 ug to 1, 2 or 4 mg per
plate, depending on the amount of compound available.

Reversed phase thin layer chromatography (HPTLC) was used for the
estimation of the partition coefficients P __ of the chloros-
tyrenes in an octanol - water system accor8th to the method
described by Renberg and Sundstrdm (1979). The stationary nonpo-
lar phase was chemically bounded C, carbon chains on silica

gel (RP-8, Merck 13725). As eluting solvent, distilled water:ace-
tone (pa) (30:70 v/v), was used. Four substances, with known par-
tition coefficients were used as internal standards. The spots
were visualized in UV light. Log (1/R_~1) -values were calcu-
lated and plotted in a diagram against log P___ of the known
internal standards. From the equation of the“Yinear standard cur-
ve the log Pow-i values for the chlorostyrenes were calcula-
ted. ‘

RESULTS AND DISCUSSION

The Nitocra test, regularly used at the Brackish water toxico-
logy laboratory, is regarded convenient for studying the acute
toxicity of synthesized compounds only available in small quanti-
ties. Less than 1 mg of the substance was needed in the test with
transhexachlorostyrene (96-h LC50 value >10 mg/L).

The results from the Nitocra tests are shown in Table 1. Five
of the chlorostyrenes are highly toxic with LC., values bet-
ween 34 - 150 pg/L. Transhexachlorostyrene was considerable less
toxic than the others with a LC5 value >10 mg/L. Due to the
low solubility of the compounds ghe highest possible test con-
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centration was 15 mg/L. In comparison it should be mentioned that
the acute toxicity to Nitocra spinipes for p,p'-DDT and pen-
tachlorophenol have been shown to be 30 and 270 ug/L respectively
(Lindén et al. 1979).

Table 1. Acute toxicity of six chlorostyrenes, to the harpac-
ticoid Nitocra spinipes.

Chlorostyrenes Purity (%) Nitocra spinipes
96-h 1IC., (mg/L) *
(21 +1909
Pentachlorostyrene 99.5 0.056 (0.049-0.068)
Transhexachlorostyrene 98.8 + 99.7 > 10
Transheptachlorostyrene 96.0 0.15 (0.12-0.19)
Cisheptachlorostyrene 97.6 + 95.8 0.034 (0.030-0.039)
BR-heptachlorostyrene 90 0.038 (0.032-0.045)
Octachlorostyrene 0.068 (0.032-0.121)

*LC50 values with 95 % confidence limits are given.

No data are found in the literature concerning the toxicity of
chlorostyrenes to aquatic organisms.

Studies of the acute toxicity of octachlorostyrene against fish
are currently carried out at the Brackish water toxicology labo-
ratory.

Chu et al. (1982a) have recently performed an investigation on
the acute and subacute toxicity of OCS in the rat. The results
suggest that OCS can produce biochemical and histological changes
in rats after administration of a single oral dose and/or when
fed in the diet. OCS was found to possess some toxic properties
similar to those reported for hexachlorobenzene and the study
indicated a maximum no-effect level of 0.5 ppm for histological
changes in the liver and thyroid of the rats.

None of the chlorostyrenes were mutagenic towards the strains
TA98 or TAl00 in the dose range tested as neither of the com-
pounds showed a dose-related increase in the number of revertants
or a doubling of revertant colonies compared to the control.

Other chlorinated compounds such as several PCB's, hexa-
chlorocyclohexanes and hexachlorobenzene also lack mutagenic
activity in bacterial short-term tests. It has been suggested
that this partially may be due to a low rate of metabolism by S9
(Rinkus and Legator 1979).

To study the biocaccumulation and elimination of chemicals in bio-
ta biological experiments are usually performed. One of the fac-
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tors which determine the degree of bioconcentration of organic
compounds in biota is the lipophilicity, usually estimated from
the partition between l-octanol and water P_ . The partition
coefficient is therefore used to predict th&bioconcentration
potential of substances of which the uptake mainly depends on the
lipophilicity.

The use of reversed phase thin layer chromatography for the esti-
mation of P has been suggested to be a convenient screening
parameter £3¥ the prediction of the behaviour of organic chemi-
cals in the environment (Renberg and Sundstrém 1979; Renberg et
al. 1980). Good correlation has been shown to exist between the
bioconcentration factor and log (l/RF—l) for some chemicals.

Veith et al. (1979) calculated a correlation coefficient of 0.897
for the bioconcentration factors obtained from fish tests and the
Pow's for the 55 chemicals used in the biocassays.

The calculated log Pow-' determined on the reversed phase HPTLC
C,—plates for the six éﬁlorostyrenes are listed in Table 2. The
results indicate a very high bicaccumulation potential for the
acutal chlorostyrenes ranging between 6.86 - 7.68. Octachloro-
and transheptachlorostyrene are the most lipophilic and trans-
hexa- and cisheptachlorostyrenes are less lipophilic compounds.
As a comparison Renberg and Sundstrdm (1980) have reported values
of 6.19 for p.p'-DDT and 2,4',5-trichlorobiphenyl.

Table 2. The logaritmic values of the partition coefficients cal-
culated from chromatographic data from reversed phase
HPTLC-C8 plates

Chlorostyrenes Calculated log Pow:i
Pentachlorostyrene 6.93
Transhexachlorostyrene 6.86
Transheptachlorostyrene 7.14
Cisheptachlorostyrene 6.89
BB~-heptachlorostyrene 7.00
Octachlorostyrene 7.68

Ernst et al. (1984) have found high concentrations of octachlo-
rostyrene in fish and sediment compared to water in the German
Bight, and a possible high degree of bioconcentration and adsorp-
tion potential of this compound is discussed. Our results from
the estimation of the partition coefficients verify a considerab-
le accumulation potential in lipophilic tissues of OCS.

In a recent study Norheim (personal communication) investigated
the depuration of OCS and hexachlorobenzene (HCB) in fish. A mix-
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ture of the two campounds were intraperitoneally injected into
rainbow trout and the concentration of the two compounds was
monitored during a 6 months elimination phase. The apparent
half-life of octachlorostyrene in the fish liver was nearly twice
as long as for hexachlorobenzene, 143 and 81 days respectively.

The investigations performed so far in the Frierfjord indicate a
slow metabolization of chlorostyrenes in the marine environment
{(Lunde and Baumann Ofstad 1976; Baumann Ofstad et al. 1978).

Chu et al. (1982b) have studied the tissue distribution, metabo-
lism and excretion of octachlorostyrene in the rat. They found
that OCS was very stabel with a slow elimination and/or metabo-
lism in rats. Low concentrations of the metabolites pentachloro-
dichlorophenylacetic acid and a heptachlorostyrene iscmer were
cbserved.
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