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ABSTRACT

This study was performed to investigate the effect of co-existence of carbaryl and chlorothaloml
on the short-term bioconcentration factor in Carassius auratus(goldfish).

The fishes were exposed to the combined treatment of carbaryl and chlorothalonil(0.05 ppra+0.005
ppm, 0.05 ppm+0.010 ppm, 0.10 ppm+0.005 ppm) for 1, 3 and 5 days, respectively.

Carbaryl and chlorothalonil in fish and in test water were extracted with n-hexane and
acetonitrile. GC-ECD was used to detect and quantitate carbaryl and chlorothalonil. 1-day, 3-day
and 5-day bioconcentration factors(BCF,, BCF; and BCF:) of each pesticide were calculated from
the quantitation results. The depuration rate of each pesticide from the whole body of fish was
determined over the 72-h period after combined treatment.

The results were as follows:

BCF, values of carbaryl were 3.521, 3.802 and3.587, respectively, when the concentration of
carbaryl and chlorothalonil in combined treatment were 0.05+0.005, 0.05+0.010 and 0.10+0.005
ppm. BCF3 values of carbaryl were 4.825, 4.556 and 3.828, respectively, and BCF; values of
carbaryl were 3.974, 3.921 and 4.186, respectively, under the conditions. While BCF, of
chlorothalonil were 0.829, 0.829 and 1.540, respectively, under the same’ condition of pesticide
concentrations BCF, of chlorothalonil were 2.040, 2.208 and 3.633, respectively, and BCF; of
chlorothalonil were 6.222, 6.667 and 7.095, respectively, under the conditions. Depuration rate
constants of carbaryl were 0.022, 0.022 and 0.152, respectively, when the concentration of carbaryl
and chlorothalonil in combined treatment were 0.05+0.005, 0.05+0.010 and 0.10+0.005 ppm. While
depuration rate constants of chlorothalonil were 0.004, 0.004 and 0.006, respectively, under the
same condition of pesticide concentrations. It was observed that no significant differences of
carbaryl and chlorothalonil concentration in fish extracts, test water and BCFs of carbaryl and
chlorothalonil between combined treatment and single treatment. It was considered that no
appreciable interaction at experimental concentrations was due to low concentrations, 0.005~0.1
ppm. Co-existence of carbaryl and chlorothalonil had no effect on excretion of each pesticide and
depuration rate of chlorothalonil was investigated 1/8 slower than that of carbaryl in combined
treatment. Therefore, it is considered that the persistence of chlorothalonil in fish body would be
higher than that of carbaryl.

Keywords : Bioconcentration factor (BCF), carbaryl, chlorothalonil, Co-existence, depuration rate constant.
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Table 1. Condition of experimental water used for

BCF test
Parameter Range
Water Temperature °C) 20+1
pH (mg/1) 6.8~7.2
Total Hardness (mg/D) 50~60
DO (mg/1) > 7.0
chloride 18.0~20.0

anhydrous sodium sulfate, acetonitrile, sodium
chloride, n-hexane, ethyl ether 522 2ok
&-4-(Wako. Co)& AH&-3sich
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Table 2. GC conditions of determination of pesticide

Items Conditions

SHIMADZU GC-14A
Gaschrome Q(60-80 mesh)
1.0% Silicone OV-17
Length 2 m

Diameter 1/8 inch

Glass column

Column temp. 180°C
Injection temp. 240°C
Detector temp. 270°C

Instrument
Column

Column size

Temperature

Carrier gas N.,50 m{/min
Injection volume 2ul
Detector “Ni-ECD
Range 10!

Current 0.5nA
Record CR-6A

Calibration program CR-6A BASIC(Applied program)

¥ 422 n-hexane 45 mlE )31}
AL gt FF4 40 miE 23 ¥ F
% Na,S0. column(W720 mm, ¥°]50 mm)
FHAA sl obA] columng n-Hexane
oF 10 miZ Aol F o]71& 35 Col4 2F 5 mislA
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miE A FEFA F epA 2 E AL A4skAE 4
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“:'_ 3 1%0})'7]_ 71»0 Hh}l o *]E Xﬂfﬂ' %‘L n-
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ol AYE P xS Ads 100 miE
n- hexane ethyl ether(4:1) 50 m/Z 23] F=3}1
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AAl F¢ol, A d A =5 F9 carbaryl ¥
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20, carbaryl®] A¥EE% 0.1 ppmelA] chlorothalonil
2] F5E 0005 ppmoE E3HFJA] BCF 3.5870]
Ak, G5 Fo A= BCFel ¥ 297 glen
2 AS A

Table 5+= 212} W ™6l 2]} carbaryl?] A3 %
% 0.05 % 0.1 ppmellxe] 255 g 2 A3
carbaryl®] A3F% 0.05ppmelA chlorothalonil®]
FEE 0.005% 0.01ppm, 283 carbaryl®] A¥
F% 0.1 ppmellA chlorothalonil®] FXE 0.005
ppm o2 E315e8 39 BCFE Aelgh zlolt}. &
o AW FHA T A¥s, HE2, BCFitel A

Table 3. Recovery of spiked carbaryl and chlorothalonil
in Carassius auratus(goldfish) and test water

% Recovery

Sample (Mean+S.E.)
barvl Carassius auratus(goldfish) 88.5+6.3
Carbary’ test water 105.7+8.9
chloro- Carasstus auratus(goldfish)  85.6+ 4.4
thalonil test water 115.6+12.3

G
START
' TF Tt 8.467

5.758  Carbery!

#.233  Chlorothalonil

8. 462

SToP

Fig. 1. GC-ECD chromatogram of carbaryl and
chlorothalomi.
(A) Carbaryl and chlorothalonil standard solution.
(B) Carbaryl and chlorothalonil in extract of
fish tested with carbaryl and chlorothalonil.

Table 4. Concentration of carbaryl in fish, test water, control water and calculated BCF, exposed to the combined

Groups by spiked Fish* Test Water Control Water BCF*

conc.{ppm){Car+Chl) (ng/g) (pg/mi) (pg/ml) !
0.05+0.005 0.173%+0.010" 0.049+0.003 0.05110.001 3.521%0.191
0.05+0.010 0.186+0.005 0.049+0.002 0.050+0.003 3.8021£0.032
0.10+0.005 (.245+0.009 0.0681+0.001 0.083+0.001 3.587+0.372

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

Table 5. Concentration of carbaryl in fish, test water, control water and calculated BCF; exposed to the combined

treatment of carbaryl & chlorothalonil in water (MEANZSE)

Groups by spiked Fish* Test Water Control Water BCF.*
conc.(ppm){(Car+Chl) (pg/g) (pg/ml) (pg/ml) !
0.05* 0.215+0.073 0.04610.001 0.050-+£0.001 4.66610.002
0.05+0.005 0.21710.069" 0.045%+0.005 0.048+0.004 4.8251+0.013
0.05+0.010 0.2001+0.048 0.044+0.007 0.048 +£0.004 4.556+0.011
0.10* 0.2341+0.154 0.066+£0.002 0.080x0.002 3.622+0.004
0.10+0.005 0.2571+0.087 0.0671+0.004 0.08210.008 3.828+£0.017

* Data for single dose were cited from ref. 25.

* No chemicals were found in control fish group.

' Each value represents mean*S.E. of 3 experiments.
* BCF; indicates 3-day bioconcentration factor.
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Table 6. Concentration of carbaryl in fish, test water, control water and calculated BCFs exposed to the combined

treatment of carbaryl & chlorothalonil in water (MEAN+S.E.)
Groups by spiked Fish* Test Water Control Water BCF.*

cone.(ppm)(Car+Chl) (ug/g) {pg/mi) (pg/ml) s

0.05* 0.145+0.025 0.037£0.001 0.038+0.004 3.897+0.005
0.05+0.005 0.155+0.011" 0.039+0.003 0.042+0.005 3.97410.012
0.05+0.010 0.1491:0.048 0.038+0.007 0.04110.002 3.9211+0.003
0.10* 0.197+0.013 0.047 £0.005 0.053+0.002 4.219140.001
0.10+0.005 0.201+0.087 0.048+0.004 0.05440.001 4.18610.007

* Data for single dose were cited from ref. 25.

* No chemicals were found in control fish group.

' Each value represents mean=*S.E. of 3 experiments.
* BCF; indicates 5-day bioconcentration factor.

Table 7. Concentration of chlorothalonil in fish, test water, control water and calculated BCF, exposed to the com-

bined treatment of chlorothalonil & carbaryl in water (MEAN
Groups by spiked Fish* Test Water Control Water BCF,*
conc.{ppm)(Chl+Car) (ng/g) (ug/md) (ng/mi) !
0.005+0.05 0.003%+0.001" 0.004£0.001 0.005+0.001 0.829+0.002
0.005+0.10 0.003x0.001 0.00410.001 0.00510.001 0.829+0.001
0.010+0.05 0.008+0.001 0.0051£0.001 0.009£0.001 1.5401+0.018

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

Table 8. Concentration of chlorothalonil carbaryl in fish, test water, control water and calculated BCF; exposed
to the combined treatment of chlorothalonil & carbaryl in water

Groups by spiked Fish* Test Water Control Water BCE.*
conc.(ppm)(Chl+Car) (ng/g) (ng/mi) (pg/mb ¢
0.005# 0.005+0.001 0.002+0.001 0.005+0.001 2.1874+0.234
0.005+0.05 0.005+0.001" 0.003+0.001 0.005+0.001 2.040+0.176
0.005+0.010 0.005x0.001 0.0021+0.001 0.00540.001 2.208+0.032
0.010* 0.010+0.001 0.003x0.001 0.007 £0.001 3.527+0.235
0.010+0.05 0.011+£0.001 0.003£0.001 0.007£0.001 3.633+0.182

* Data for single dose were cited from ref. 26.

* No chemicals were found in control fish group.

* Each value represents mean+S.E. of 3 experiments.
* BCF; indicates 3-day bioconcentration factor.

o] Wby} ¢l8-2 o 5 AUKP>0.05).

Table 6% 3Y BCFA ¥ 2 ubio g 33
54 BCFEF2 A= A2g 4o AW 33
o} A&, iz 2 BCFgkel A2 ¥l ¢l&g
& 4 A (P>0.05).

3d ¥ 59 AN dzF Fo FUgrEs
BCFEA o] 985 vlx)R] @ AR ZAVE AT

2) 354 A] chlorthalonil®] &4 2%}

Table 7-2 carbaryl®} chlorothalonil®] &&5-03 4]
=5, Ags, dES 52| chlorothalonil®] sX.9}
14 BCFE A=’ Ao}, Chlorothalonil®] A3-F
X 0.005 ppmoll A carbaryl®] ¥%Z 0.05 ¥ 0.10
ppm2 2 E3HFo1A] BCF2 0.829 % 0.82991.2
chlorothalonil®] A3%% 0.01 ppmell4 carbaryl®]
F5F 0.05 ppmo-E E354A] BCF2 1.540°141
v} Table 8& x}2] ¥ w79l 2§ chlorothalonil®]
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Table 9. Concentration of chlorothalonil in fish, test water, control water and calculated BCF; exposed to the com-

bined treatment of chlorothalonil & carbaryl in water (MEAN+S.E))
Groups by spiked Fish* Test Water Control Water BCE.*
conc.(ppm){Chl+Car) (ng/g) (ng/mD (pg/mi) ’
0.005" 0.011+0.001 0.002+0.001 0.004+0.001 6.654+0.553
0.005+0.05 0.011+0.001" 0.00210.001 0.004+0.001 6.222+0.093
0.005+0.10 0.012+0.001 0.002£0.001 0.004 £ 0.001 6.6671£0.032
0.010* 0.016 +0.001 0.002+0.001 0.006£0.001 6.977+£0.025
0.100+0.05 0.015+0.001 0.002£0.001 0.007 £0.001 7.095x0.172
¥ Data for single dose were cited from ref. 26.
* No chemicals were found in control fish group.
' Each value represents mean+S.E. of 3 experiments.
* BCF; indicates 5-day bioconcentration factor.
Table 10. Depuration rate constants of carbaryl and 0.25
chlorothalonil in experiments using the O-——— —{J : 010 + 0005 ppm
pesticides present as a mjixture *-——— —®: (?;5 + o?xl; ppm
Pesticide  (Car+Chl)(ppm) k(h" ot oo
0.05+0.005 0.029 o (Car = @0
Carbaryl 0.05+0.010 0.030
0.10+0.005 0.031
0.05+0.005 0.003
Chlorothalonil 0.01+0.005 0.003 0
0.05+0.010 0.004 ’

AFEE 0.005 2 0.01 ppmellAe] EFo] 5 B
A3 9] chlorothalonil® AIFE  0.005 ppmoll 4
carbaryl® %% 0.05 % 0.1 ppm 28} chloro-
thalonil®] A&5% 0.01 ppmolA] carbaryl®] F%
& 0.05 ppm2F E3-Fo4g 3 BCFE A2 A
o2 FEof AW & e} A, 25, BCF#
o] Ae] W3k} I35 o 4 ATHP>0.05). Table
= chlorothalonil®] 34 BCFA3 S 28 uijieg
2% 59 BCF#ro& 3o Ay 23 xwel A
g4, HZ5, BCFgkel A9l Wizl sl8-& o 3l
cH(P>0.05). 2813, 3 9 59 Ay dixst
2] FUEEE BCF&EA | 33§ 97| o= A
2 ZAEGCh

w2}, carbaryliﬂr chlorothalonil®] &3H53 4
WA & e AFE- PEke] BCFell vl ofgko] ofu]
Ry °:l°L‘FLJJ} aholeh,

Z.
3
L

3. Carbaryl2} chlorothalonil?| H{&< T AN
(depuration rate constant)
Table 10 carbaryl® chlorothalonil®] &%%

Concentration in fish(ug,” g)

Time(hr)

Fig. 2. Depuration of carbaryl from the whole body
of goldfish.
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Fig. 3. Depuration of chlorothalonil from the whole
body of goldfish.
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