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Chlorophenols which are released into natural waters from various
industrial processes and from agricultural uses have been reco-
gnized as a group of chemical substances potentially hazardous to
the aquatic environment (Jones 1981). Therefore it is important
to estimate their toxic impact on biota.

Thus, the scope of our research was to obtain acute toxicity data
for seventeen chlorophenols towards Daphnia magna and to explore
the possibilities of deriving QSAR's (quantitative structure-
activity relationship) from the above values.

MATERIALS AND METHODS

Monochlorophenols (MCP), dichlorophenols (DCP), trichlorophenols
(TCP), tetrachlorophenols (TTP), and pentachlorophenol (PCP) (all
above 95 % purity) were bought from different commercial sources.
The above compounds were diluted with reconstituted hard water.
The chemical composition of hard reconstituted water for toxicity
tests (pH = 7.8 ~ 8.2 ; Hardness = 200 mg/L expressed as CaCo3)
was NaHCOz (200 mg), CaClp.2Ho0 (297 mg), K2SO04 (26 mg), and de-
ionized water up to 1,000 mL. All chemicals used were analytical
grade. They were dissolved in deionized water (10 ps/cm). Prior
to use, the appropriate volume was aerated for one day.

MCP was dissolved in reconstituted water. Acetone was used as
dispersent-solvent for DCP, TCP, TTP and PCP. The volume of ace-
tone never exceeded 0.1 mL/L of reconstituted water (ISO 1980).
Methodology adopted for static fests with Daphnia magna was that
published by the French Standards Association (NF 1974) with
slight modifications regarding the conditions in which they were
raised. Daphnid offspring, at least from the third generation,
were obtained from acyclical parthenogenesis in 10-L tanks, with
aerated hard water (7.5 £ 0.4 mg/L as Ca ; 5.2 to.3 mg/L as Mg ;
pH = 7). The breeding room was kept at a regulated temperature
of 22 * 1°C under 16 : 8 L/D and the daphnids were fed with Chlo-
rella vulgaris (1.0 X 10® cells/daphnid/hour).

Preliminary tests were performed in order to determine the range
of concentrations at which definitive tests should be carried
out. To this end, single series of geometrically spaced concen-
trations of test solutions were used (0.1, 0.35, 1, 3.5, 10, 35,
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and 100 mg/L). The definitive tests aimed at determining the per-
centages of Daphnia which were immobilized by different concen-
trations of toxic solutions after 24 h exposure in order to de-
termine the 24 h-IC50. Thus, the range of concentrations were
chosen in such a way that 3 or 4 percentages of immobilization
between 10 % and 90 % should be obtained. For each concentration,
there were 4 test tubes. Ranges of test tubes were filled with
increasing quantities of the solutions to be tested and dilution
water was added up to 8 mL. Five daphnids (< 72 hours old) were
then placed into each test tube and more reconstituted water was
added to make the volume up to 10 mL. Control tubes (reconstitu-
ted water and dispersent-solvent) were included in the tests. The
test vessels, covered with plastic stoppers, were put in the dark,
at 20 * 1°C without aeration. During the observation of test po-
pulations which were carried out after 24 h exposure the daphnids
were not fed. Those that were unable to swin within 15 sec after
stimulation by gentle agitation of water were considered as im-
mobilized, even if they could still move their antennae. Dissolved
oxygen, pH, and temperature were measured by the end of the to-
xicity tests. Percentages of immobilization (between 10 and 90 %
on the basis of total number of Daphnia per concentration) were
recorded and plotted as a function of concentration on log-probit
paper. The points obtained were fitted together into a straight
line from which the IC50 was directly read as the abscissa of the
point corresponding to 50 % immobilization.

The results were considered valid if dissolved oxygen measured at
the end of test was at least equal to 25 % of saturation (2.27
mg/L of O» at 20°C), if percentage of mortality observed for the
controls was zero (ISO 1980), and if IC50 of the reference com-
pound (potassium dichromate) ranged between 0.9 and 1.5 mg/L after
24 h exposure.

Each chemical tested was assayed in duplicate for a minimum of 3
replicates on different days. The 24 h-IC50 and 95 % confidence
intervals of chlorophenols tested in this study are given in mg/L.
The acute data are also expressed as logarithms of their inverse
millimolar concentration C (mmol/L) for toxicity/structure eva-
luations (Table 1).

RESULTS AND DISCUSSION

Our results suggest that the number and the position of chlorine
substituents in the phenol affect the chlorophenols' toxicity to-
wards Daphnia magna. Thus if, on the whole, acute toxicity of the
above compounds increases with the degree of chlorination, para-
isomers appear as more toxic than ortho-isomers. Similar obser-
vations have been reported by Liu et al. (1982) in another bio-
assay using Bacillus sp. (TL 81) as test species.

Therefore, it appeared interesting to estimate the correlation
between chemical structure of chlorophenols and their toxicity
towards daphnids.

For this study the following six parameters were taken into ac-
count (Table 2) : the logarithm of the octanol-water partition
coefficient (log P) obtained from Ribo & Kaiser (1983), the dis-
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sociation constant (pK) obtained from Doedens (1967), the disso-
ciation constant (DpH) increment relative to phenol, the melting
point (F) obtained from Weast (1984), the perimeter of the effi-
cient section of the molecule ( D) established according to
Benoit-Guyot et al. (1984), and the molecular connectivity index
of the first order 1y calculated according to Hall & Kier (1984).
The level of their intercorrelatiors appears in Table 4.

Table 4 . Matrix of the values of the correlation coefficients

(n =17)
log P pK DpH F D 1y

log P 1 - 0.717 0.635 0.851 0.957 0.954
pK 1 -1 - 0.780 - 0.772 - 0.789
DpH 1 0.750 0.646 0.789
F 1 0.866 0.896
D 1 0.990
1x 1

Thus, a high level of intercorrelation exists between 1X ~ log P,

1y - 1D, and ID - log P.

Our main equations for QSAR's established on the basis of the six
above parameters for the 17 chlorophenols studied appear in Table
3. Among equations with only one parameter, log P gives the
highest correlation coefficient (r = 0.879). When each parameter
is associated with its square value, the best results are obtai-
ned with log P (r = 0.889) and F (r = 0.869). But, when two va-
riables are taken into account, combined use of log P and DpH in
the same equation improves the correlation coefficient (r = 0.910).
It has been shown that the presence of chloro substituents in
para—- and/or ortho-position, on the phenol nucleus, affects chlo-
rophenols' toxicity. So, we have included in our equations, indi-
cators for the presence of chlorine atoms in thesepositions. Thus,
N1 and Np are respectivly indicators for chlorine atoms in para-
and ortho-positions, and N is an indicator for the number of
chlorine atoms in position 2 and 6. Our results show that the
occurrence of chlorine atoms in positions 2 and 6 increases the
link between the structure of chlorophenols and their toxicity

to Daphnia magna (Eq. 15 : r = 0.944). This ortho-effect has been
explained in terms of hydrogen bonding and shielding of the OH
group by the chloro substituents (Ribo & Kaiser 1983).
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