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Thiobencarb (S -4-chlorobenzyl diethylthiocarbamate) is a thiocarbamate
herbicide widely used for weed control in paddy fields (Worthing and Hance
1991). Undergoes volatilisation, adsorption, chemical and microbiological
transformations in the environment (Ishikawa et al. 1977; Ross and Sava 1986;
Sabater 1994). However, their application for the plants protection can produce
adverse effects on aquatic ecosystems in areas nearby agricultural fields. This
could be the case of Albufera lake (Valencia, Spain) since the herbicide used
to treat the crops in the area may well migrate into the lake, thus leading to
contamination that could be dangerous to both its fauna and flora. This conta-
mination is most likely to occur when water from the rice fields is drained into
Albufera (Carrasco et al. 1987).

In order to evaluate the importance of this aquatic contamination it is necessary
to resort to toxicity bioassays since chemical and physical tests are not sufficient
to determine the true risks to the aquatic organisms (Tarzwell 1971). Nontarget
microorganisms, like microalgae, are used in these bioassays. Modification of
parameters such as growth, O2 production and chlorophyll a content help assess
the toxic effects of the chemicals after exposure.

Algal susceptibility to herbicides differs among species (Torres and O’Flaherty
1976). This fact has been shown using either single-species (Cullimore 1975;
Maule and Wright 1984, Stratton 1984) or community level toxicity studies
(DeNoyelles et al. 1982).

A limited amount of information on the toxicological aspects of thiobencarb in
populations of phytoplankton, and specially on wild strains, is available (Zargar
and Dar 1990; Bhunia et al. 1991; Kasai and Hatakeyama 1993). This paper
describes the effects of the herbicide thiobencarb on the growth of pure
cultures of three species of phytoplankton isolated from Albufera lake (Valen-
cia, Spain).
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MATERIALS AND METHODS

The species of phytoplankton used in unialgal assays were: Scenedesmus acutus
(Meyens) (Chlorophyceae), Chlorella succharophila (Krüger) Migula (Chlo-
rophyceae) and Pseudanabaena galeata (Böcher) (Cyanophyceae). Scenedesmus
and Chlorella were isolated from samples collected at Albufera lake in Valencia
(Spain). These species have been determined to be suitable for the study the
effects of chemicals on algal growth (OECD 1988). Pseudanabaena was a gift
from Dr. Romo (Valencia University); it is an abundant species in Albufera
lake together with Planktothrix agardhii (Gom.) Anagn. Kom. and Geitlerinema
sp. (Romo and Miracle 1993).

The stock cultures of each algal species were incubated in a liquid medium in
an environmental chamber maintained at 22 ± 2 °C. These cultures were
illuminated with daylight lamps (Sylvania GRO-LUX F30W/T8/GRO) with an
intensity of nearly 1100 lux for 12 hr/day and shaken manually once a day. New
anexic cultures were started each week.

Culture medium was prepared for each species according to its particular
needs. The green algae C. saccharophila and S. acutus were grown in a medium
recommended by the OECD (1988). P. galeata was grown in the medium of
Romo and Becares (1992).

Thiobencarb (S-4-chlorobenzyl diethylthiocarbamate, 100% analytical standard)
was obtained from “Industrias Químicas Argos, S.A.“(Spain). The water solubi-
lity of thiobencarb is 30 ppm, at 20 °C; its melting and boiling point are 3.3 °C
and 126-129 °C/0.008 mmHG, respectively; its vapour pressure is 2.2 Pa at 23
°C and its Kow is 2360 (Worthing and Hance 1991).

The published OECD (1988) method was employed, in which pure cultures of
the organisms were exposed to concentrations of thiobencarb ranged from 0.005
to 13.0 mg·L -1, for 96 hours. According to the OECD (1988) protocol, the
bioassays were conducted with six replicates of controls (without herbicide) and
three replicates at each test concentration of thiobencarb. Five concentrations
arranged in a geometric series were chosen for each algal species after prelimi-
nary screening. Test cultures containing the desired concentrations of thioben-
carb were prepared by diluting aliquots of a saturated solution obtained by
mechanical dispersion. 250 ml Erlenmeyer flasks were used for the algal
bioassays each containing 125 ml of the test solution (culture medium for the
controls and culture medium + herbicide for the other replicates).

All flasks were inoculated with an initial algal density of 10 4 organisms/ml. The
inoculum was obtained from a preculture which was incubated under test
conditions and used when cells were exponentially growing.

The flasks were placed in a climatic chamber at 24 ± 2 °C under continuous
illumination provided by six daylight lamps (Philips TLD 36W/84). Light
intensity was suitable for the optimal growth of algae: 6400 lux for S. actutus
and C. saccharophila (OECD 1988) and 3200 lux for P. galeata (Romo and
Becares 1992). Each day, flasks were randomly moved in the climatic chamber
to overcome any differences in illumination and were shaken manually twice a

978



day to keep the algae in suspension and to facilitate transfer of CO 2. The pH
was measured at 0 and 72 hours.

At the beginning of the assays, thiobencarb concentrations in test cultures were
determined by gas chromatography (Moon and Kuwatsuka 1984) and the
results were analyzed statistically. These values were used for calculating
toxicities of thiobencarb. The recovery of thiobencarb at 0 hours, after its
addition into the medium, was in the range of 95 % ± 5 %.

For the extraction and determination of thiobencarb the test cultures samples
(25 ml) were acidified with HCl 1N and extracted with three 20 ml portions of
n-hexane by shaking. The combined hexane extracts were first concentrated in
a rotary evaporator to 10 ml and then under a stream of dry nitrogen at 40 °C
to 5 ml. The extract solutions were injected into a Hewlett Packard model 5890
gas chromatograph equipped with a nitrogen-phosphorus detector (NPD), a
HP-5 (10 m x 0.53 mm) column and a HP-3940A integrator. The operating
temperatures of the detector, column and injection port were 250, 220 and
250°C respectively.

In each flask the turbidity at 750 nm was measured at 24, 48, 72 and 96 hours,
after the start of the test (Ordög and Kuivasniemi 1989) and the cell concen-
tration was calculated with a standard curve (Stein 1979). A spectrophotometer
Beckman DUR-70 and a haemocytometer (Neubauer Improved “Superior”; 0.1
mm, 0.0025 mm2) were used for turbidity and cell concentration measures.

In each bioassay, the mean cell concentrations calculated in above described
form, at different concentrations of thiobencarb were plotted against time to
generate growth curves.

A statistical analysis (ANOVA and Student Newman-Keuls test) was carried
out to determine if there was significant differences between the treated and
control cells (Reish and Oshida 1987). The percent inhibition of cell growth at
each thiobencarb concentration was calculated by comparison of areas under
growth curves for each herbicide concentration (OECD 1988); the percents
inhibition were transformed into probit values and then represented on log
doses of thiobencarb in order to calculate the EbC 50 (0-96 hours) values and
their 95% confidence limits (Abou-Setta et al. 1986). In this study, EbC 50 is the
concentration of thiobencarb which results in a 50% reduction in algal growth
relative to the control values, at 96 hours.

RESULTS AND DISCUSSION

The NOEC values (96 hours) or the highest concentrations tested without
significant effects (P<0.05) on the algal growth relative to control values were
0.92, 0.005 and 0.08 ppm in unialgal cultures of Chlorella, Scenedesmus and
Pseudanabaena,  respectively. The concentrations of thiobencarb that caused
significant effects (P<0.05) on the algal growth ranged from 1.6-12.2 ppm for
C. saccharophila, from 0.009-0.10 ppm for S. acutus and from 0.21-2.3 ppm for
P. galeata (Table 1). These data are concentration values measured by GC (no
nominal values). The pH values of the culture media from 0 to 72 hours ranged
from 8.0-9.3 in all flasks.
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Figure 1. Effect of thiobencarb concentration on Chlorella saccharophila
(Krüger) Migula growth.

Figure 2. Effect of thiobencarb concentration on Scenedesmus acutus (Meyens)
growth.
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Figure 3. Effect of thiobencarb concentration on Pseudanabaena galeata
(Böcher) growth.

Table 1. Initial thiobencarb concentrations (ppm).

Mean of 6 values ± Standard Deviation.

Changes in growth curves of three algal species, given in terms of millions of
organisms/ml, due to thiobencarb treatments, are shown in Figures 1, 2 and 3.
As shown as in these figures, at 6.2, 0.04 and 0.8 ppm of thiobencarb the
growth of Chlorella (Figure 1), Scenedesntus (Figure 2) and Pseudanabaena
(Figure 3) was significantly decreased. Doses greater than 12.2 ppm for Chlore-
lla, 0.10 ppm for Scenedesmus and 2.3 ppm for Pseudanabaena, completely
inhibited algal growth during the duration of the assay.

There were obvious differences in the sensitivity to thiobencarb between the
three species of algae. Scenedesmus was strongly inhibited by thiobencarb after
96 hours at concentrations of 0.04 ppm while Chlorella and Pseudanabaena
showed no inhibition at 0.92 ppm and 0.08 ppm, respectively. Chlorella growth
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was strongly inhibited (76%) at 6.2 ppm; whereas, at doses of 0.10 ppm for
Scenedesmus and 2.3 ppm for Pseudanabaena any growth was observed.

E bC 50 values of thiobencarb were 4.0, 0.017 and 0.37 ppm for C. saccharophila,
S. acutus and P. galeata, respectively (Table 2). The two green algae tested
responded very differently to thiobencarb; C. saccharophila was less sensitive
to the herbicide while S. acutus was more sensitive. Sensitivity of cyanophycea
Pseudanabaena was intermediate between Scenedesmus and Chlorella.

Table 2. Probit regression equations · and EbC 50 (0-96 hours) values of thioben-
carb for the three algal species.

The 96 hour EbC 50, for thiobencarb exposure in the present study for Chlorella
saccharophila was 4.0 ppm with 95% confidence limits of 3.8-4.1. These results
are very close to the EC50 (0-72 hours) values reported by Kasai and Hatakeya-
ma (1993) of 3.3 ppm for Chlorella vulgaris CCAP 211/11b with 95% confiden-
ce limits of 2.6-4.2 ppm and 3.8 ppm for Chlorella vulgaris NIES-227 with 95%
confidence limits of 2.6-5.5 ppm.

Kasai and Hatakeyama (1993) reported a 72 hour EC50 value of thiobencarb of
0.039 for the chlorophycea Selenastrum capricornutum ATCC 22662 with 95%
confidence limits of 0.022-0.069 ppm. Our results indicate that doses lower than
0.017 (0.016-0.019) ppm thiobencarb produce 50% inhibition of the growth of
chlorophycea Scenedesmus acutus. The strain Selenastrum capricornutum NIES-
35 is also more sensitive than S. capricornutum ATCC 22662 with a 72 hour
E C50 of 0.020 (0.016-0.026) ppm (Kasai and Hatakeyama 1993).

P. galeata has been reported to be more sensitive to thiobencarb than other
species of blue-green algae. Results obtained by several authors in studies with
other species of cyanophyceas, using growth inhibition, chlorophyll a content
and nitrogen fixation, were variable. Zargar and Dar (1990) found a negligible
variation in the dry biomass yield, nitrogen content and chlorophyll a content
at 35 ppm of thiobencarb in mixed culture of Anabaena, Nosloc and Oscillatoria
for 3 weeks; at concentrations of 55 ppm a drastic reduction in these para-
meters occurred. Bhunia et al. (1991) showed that the growth of Nostoc musco-
rum was significantly decreased at thiobencarb concentrations of 2 and 4 ppm,
but at 6 ppm severe reduction in growth occurred; thiobencarb at 8 ppm was
found to be lethal after 8 days of exposure.

Carrasco et al. (1987) found levels of 0.005 ppm at the outfall of several
channels in Lake Albufera during the season of greatest contamination; these
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values are lower than toxicity values obtained on the three algal species in our
assays (Table 2). Monitoring studies have documented concentrations up to
0.057 mg thiobencarb/l in the Colusa Basin Drain (California) (Finlayson and
Faggella 1986), with exposures to herbicide lasting from 40 to 60 days. Concen-
trations of thiobencarb in the Colusa Basin Drain are also lower than toxicity
values of 4.0 and 0.37 ppm obtained for Chlorella and Pseudanabaena, respecti-
vely, but exceeded the EbC 50 value of 0.017 ppm for Scenedesmus.

Many studies have revealed the effects of thiobencarb on other nontarget
organisms such as aquatic invertebrates and fishes. Thiobencarb 24-hr LC 50 was
6.50 ppm for the rotifer Brachionus calyciflorus; this rotifer is a more resistent
species than studied freshwater algae and other aquatic invertebrates and fishes
(Fernandez-Casalderrey et al. 1992). Thiobencarb 96-hr LC50 data generated by
Johnson and Finley (1980) for the fishes Salmo gairdneri and Lepomis macro-
chirus were 1.2 and 2.5 ppm, respectively. Acute and chronic tests of thioben-
carb on fishes Cyprinodon variegatus and Mysidopsis bahia resulted in 96-hr
L C50 values of 1.4 and 0.90 ppm, respectively (Finlayson and Faggella 1986).

The majority of short-term acute toxicity studies under controlled conditions of
another thiocarbamate herbicides like EPTC, tri-allate and molinate have used
either fish or the cladoceran Daphnia magna. EPTC and tri-allate showed a
L C50 (96-hr) of 27 and 1.3 ppm for the fish bluegill, respectively and 19 and 1.2
ppm for rainbow trout. Tri-allate 48-hr LC50 for Daphnia magna was 0.43 ppm.
Molinate 96-hr LC50 was 1.3 ppm for rainbow trout and 30 ppm for goldfish
(Worthing and Hance 1991).

The results of the present study indicate that algal susceptibility to thiobencarb
differs among the three species studied. Chlorel la saccharophila was less
sensitive to thiobencarb while Scenedesmus acutus was more sensitive. Sensiti-
vity of Pseudanabaena galeata was intermediate between the two green algae
essayed. Moreover, thiobencarb was found to be less toxic to Chlorella saccha-
rophila than reported toxicity to fishes.
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