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ABSTRACT

This study was performed to investigate the effect of co-existence of carbofuran and
chlorothalonil on the short-term bioconcentration factor in Brachydanio rerio(zebrafish). The fishes
were exposed to the single and combined treatment of carbofuran and chlorothalonil for 1, 3 and 5
days. Experimental concentrations of carbofuran were 0.05 and 0.10 ppm under the single
treatment. And those of chlorothalonil were 0.005 and 0.010 ppm. Experimental concentrations of
the combined treatment of carbofuran and chlorothalonil were 0.05 ppm~+0.005 ppm, 0.05 ppm+0.010
ppm, 0.10 ppm+0.005 ppm for 1. 3 and 5 days, respectively. Carbofuran and chlorothalonil in fish
and in test water were extracted with n-hexane and acetonitrile. GC-ECD was used to detect and
quantitate carbofuran and chlorothalonil. 1-day, 3-day and 5-day bioconcentration factors(BCF,, BCF,
and BCF:) of each pesticide were obtained from the quantitation results. The depuration rate of
each pesticide was determined over the 24-h period after combined treatment.

The results were as follows :

Carbofuran did not bioaccumulate in zebrafish under the single and combined treatment for
testing periods. BCF, values of chlorothalonil in concentration of 0.005 and 0.010 ppm under the
single treatment were 0.508, 0.621, BCF. were 1.327, 1511 and BCKF; were 1.331, 1.597,
respectively. BCF, values of chlorothalonil were 0.512, 0.520 and 0.619, respectively, when the
concentration of carbofuran and chlorothalonil in combined treatment were .05+0.005, 0.05+0.010
and 0.10+0.005 ppm. BCF. values of chlorothalonil 1.341, 1.338 and 1.513, respectively, and BCF
values of chlorothalonil were 1.332, 1.327 and 1.521, respectively. under the above combined
treatment. Depuration rate constants of chlorothalonil in concentration of 0.005 and 0.010 ppm
under the single treatment were 0.011 and 0.012. Depuration rate constants of chlorothalonil were
0.011, 0.010 and 0.011, when the concentration of carbofuran and chlorothaloml in combined
treatment were 0.05+0.005, 0.05+0.010 and 0.10+0.005 ppm. It was observed that no significant
difference of carbofuran and chlorothalonil concentration in fish extracts, test water, BCFs and
depuration rate constants of carbofuran and chlorothalonil between combined treatment and single
treatment. It was considered that no appreciable interaction at experimental concentrations due to
lower concentrations than LCs. It is suggested that the difference of BCFs between carbofuran and
chlorothalonil due to those of fat composition of fish and solubility of carbofuran and chlorothaionil.

Keywords : Bioconcentration factor(BCF), Carbofuran, Chlorothalonil, Co-existence, Depuration rate
constant.
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Groups by Spiked Exposure Fish* Test Water Control Water N
X - BCF
conc.(ppm) time(day) (ng/g) (Mg/mD (pg/mi)

0.05 1 ND* 0.047 +0.003" 0.0501+0.001 -
(1L10 1 ND 0.091-+0.002 0.098£0.002 -
0.05 3 ND 0.046+0.005 0.049+0.003 -
(.10 3 ND 0.087 £0.005 0.1010.005 -
0.05 5 ND 0.046+0.007 0.050£0.003 -
0.10 5 ND 0.0841+0.008 0.011+0.001 -

*No chemicals were found in contro] fish group. 'Each value represents mean+S.E. of 3 experiments.

*BCF indicates 1-day. 3-day or 5-day bioconcentration factor. *Not detected.

Table 2. Concentration of chlorothalonil in fish, test water, control water and calculated BCF. (MEAN+S.E))

Groups by Spiked Exposure Fish* Test Water Control Water BCF*
conc.(ppm) time(day) (ug/g) (ug/mi) (ug/mb)

0.05 1 0.002+:0.001" 0.004 £0.001 0.005+0.001 0.508+0.013
0.10 1 0.005+0.001 0.008+0.002 4.009+0.001 0.6211:0.027
.05 3 0.004 +0.001 0.003+0.001 0.005+£0.001 1.32740.020
0.10 3 0.006+0.001 0.004+0.003 0.008£0.001 1.51140.031
0.05 5 0.004+0.001 0.003+0.002 10.004+0.001 1.331+0.037
0,10 5 0.00610.001 0.003+0.001 0.007 £0.001 1.5971+0.072

*No chemicals were found in control fish group. 'Each value represents mean+S.E. of 3 experiments.
*BCF indicates 1-day, 3-day or 5-day bioconcentration factor.
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Table 3. Concentration of chlorothalonil in fish, test water, control water and calculated BCF, exposed to the com-
bined treatment of chlorothalonil & carbofuran in water (MEAN+SE.)

Groups by Spiked Fish* Test Water Control Water BCE.*

conc.(ppm) (Chl+Car) (ug/g) (ug/mi) (ng/m/) !
0.05+0.05 0.002+0.001" 0.004+0.001 0.004%0.001 0.512+0.009
0.05+0.10 0.00210.001 0.004+0.001 0.005+0.001 0.520+0.005
0.010+0.05 0.005%0.001 0.008+0.001 0.101+0.001 0.619+0.028

*No chemicals were found in control fish group. 'Each value represents mean+S.E. of 3 experiments.
'BCF, indicates 1-day bioconcentration factor.

Table 4. Concentration of chlorothalonil in fish, test water, control water and calculated BCF; exposed to the com-

bined treatment of chlorothalonil & carbofuran in water (MEAN%SE.)
Groups by Spiked Fish* Test Water Control Water BCE.*
conc.(ppm) (Chl+Car) (ug/g) (ug/mf) (hg/mD) !
0.005+0.05 0.004£0.001" 0.003%0.001 0.004£0.001 1.341%0.056
0.005+0.10 0.004%0.001 0.003+0.001 0.004+0.001 1.338+0.043
0.010-+0.05 0.006 +0.001 0.004£0.001 0.008+0.001 1.513+0.082

*No chemicals were found in control fish group. "Each value represents mean+S.E. of 3 experiments.
"BCF, indicates 3-day bioconcentration factor.

Table 5. Concentration of chlorothalonil in fish, test water, control water and calculated BCF; exposed to the com-

bined treatment of chlorothalonil & carbofuran in water (MEANZS.E)
Groups by Spiked Fish* Test Water Control Water BOF .~
conc.(ppm) (Chl+Car) (ug/g) (ug/ml) (ug/mb °
0.005+0.05 0.004£0.001" 0.003=x0.001 0.004+0.001 1.332£0.063
0.005+0.10 0.004£0.001 0.003£0.001 0.004 £0.001 1.327+0.048
0.010+0.05 0.006+0.001 0.004+0.001 0.007+£0.001 1.521+0.097

*No chemicals were found in control fish group. "Each value represents mean+S.E. of 3 experiments.
*BCF; indicates 5-day bioconcentration factor.
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Table 6. Depuration rate constants of carbofuran and chlorothalonil between experiments using the individual
pesticides and ones using the pesticides present as a mixture

Pesticide Carbofuran+Chlorothalonil (ppm) goldfish k(h™) zebrafish k(h™)

Carbofuran 0.05 0.076" -
0.10 0.082" -

Chlorothalonil 0.005 0.003" 0.011

0.010 0.004* 0.012

0.05+0.005 - 0.011

0.10+0.005 - 0.010

0.05+0.010 - 0.011

*Data from ref. 19. “Data from ref. 21.
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Table 7. Comparison of LCs on chlorothalonil vs.
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Carhofuran Chlorothalonil

24 hr LCs 4.19 0.0667
48 hr LCs 4.34 0.0648
72 hr LCw 4.76 0.0634
96 hr LCs 4.88 0.0613

Table 8. Lipid contents of goldfish and zebrafish

tissues (MEANZS.
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zebrafish 8.63

goldfish 12.98
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