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ABSTRACT — Bioconcentration factors of some carbamates BPMC, carbaryl and carbofuran
were determined. The tested fishes were zebrafish (Brachydanio rerio) and red sword tail
(Xiphophorus helliert). The fishes were exposed to 0.05 ppm, 0.01 ppm, 0.50 ppm, one- hun-
dredth concentration of 96-hrs LCy, and one-thousandth concentration of 96-hrs LC,, and test
periods were 3, 5 and 8 days. Obtained results are summerized as follows: In the case of
BPMC and carbaryl, BPMC and carbaryl concentration in zebrafish extract and BCFs of BPMC,
carbaryl were lower than those of red sword tail, and increased as increasing test con-
centration. In the case of same experimental concentrations, BPMC concentration in zebrafish
extract and BCFs of BPMC were decreased as prolonging test periods. In the case of same ex-
perimental periods, carbaryl concentration in zebrafish extract and BCFs of carbaryl were de-
creased as increasing test concentration, especially dropped at 0.50 ppm. Carbofuran did not
bioaccumulate in zebrafish for test periods, in the case of red sword tail, it was impossible to
calculate on BCF; data because test concentration of one-hundredth and one-thousandth of 96-
hrs LCs was under the detecting limit on GC. Test concentration of 0.05 and 0.10 ppm were
the same tendency with BPMC and carbaryl. Determined depuration rate conatant were
highest on carbofuran, and followed by carbaryl, and BPMC. It is suggested that low BCF of
carbofuran is due to its relatively high water solubility and depuration rate, compared to
BPMC and carbaryl. Therefore, carbofuran had no little bioconcentration effect on the aquatic
ecosystem.
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3¢} PAM(Pesticide analytical manual)”™e] w5t} BPMC,
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E A #ol F3lx ethyl acetateZ 7}ste] z}2ho] F ko]
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Table 1. Comparison of 96 hour LCs, on pesticides

Kyung-Jin Min, et al.

7N sekel 3482 Table 29+ ). 3|4-&2 zebrafish

(unit: mg/l) S|4 86.3~92.7%, red sword tailo] A= 88.3~91.5%, 4@
Pesticides Zebrafish Red sword tail Z=0]| A= 98.7~105.4%% BCFZ 7-317] 94 7H70 zoko)
BPMC 6.0214 4.0234 steke AEshedlE SRt HaE i £, o FE
Carbaryl 15.7423 11.6765 23 4ge] A Esl AP AR 100 mie] B BAH o3k
fu 2.8746 0. .
Carbofuran il 1o wopd AZHAE 27} 0.0004~0.02 ppm} 0.00001~
Table 2. Recovery and detection limits of pesticides in fish and test water (mean+S.E.)
Pesticide Spiked level fish/  Detection limit fish/ Zebrafish Red sword tail Test water
test water (ppm) test water (ppm) (%) (%) (%)
BPMC 0.5/0.02 0.004/0.0001 92.7+2.2 90.5+2.5 104.7+33
Carbaryl 0.5/0.02 0.009/0.0004 89.1+1.3 88.3+1.1 103.3+2.9
Carbofuran 0.5/0.02 0.004/0.0001 87.4+2.4 88.8+1.5 105.3+2.5
Table 3. Concentration of BPMC in fish, test water, control water and calculated BCF* (mean+S.E.)
. . Test water Control water
Fish Conc. (ug/mi) Day Fish (ug/g) BCF,
(pg/mh (hg/mi) ’
1/1000 0.01+0.00 0.006+0.001 0.006+0.001 1.69+0.05
1/100 0.14+0.02 0.06+0.01 0.06+0.01 2.34+0.17
0.05 3 0.11+0.02 0.05+0.02 0.05+0.01 2.23+0.04
0.10 0.25+0.02 0.091+0.01 0.10+0.02 2.78+0.05
0.50 0.90+0.16 0.32+0.14 0.49+0.02 2.81+0.11
1/1000 ND* 0.006+0.001 0.006+0.001 -
1/100 0.11+0.02 0.05+0.01 0.05+£0.01 2.25+0.25
Zebrafish 0.05 5 0.08+0.01 0.04+0.01 0.05+0.01 2.05£0.09
0.10 0.21+0.02 0.081+0.01 0.09+0.01 2.64+0.03
0.50 0.81+0.09 0.30+0.07 0.44+0.09 2.71+0.04
1/1000 ND 0.005+0.001 0.006+0.001 -
1/100 0.07+0.01 0.05+0.01 0.05+0.01 1.43+0.09
0.05 8 0.06+0.01 0.04+0.01 0.05+0.01 1.54+0.02
0.10 0.19+0.02 0.08+0.01 0.091+0.01 2.38+£0.09
0.50 0.701+0.09 0.28+0.05 0.40+0.12 2.55+0.16
1/1000 0.02+0.00 0.004+0.001 0.004+0.01 5.03+0.10
1/100 0.23+0.08 0.04+0.01 0.04+0.01 5.61+0.22
0.05 3 0.29+0.03 0.05+0.01 0.05+£0.01 5.78+0.08
0.10 0.49+0.05 0.08+0.01 0.09+0.03 6.15+0.09
0.50 2.17+0.23 0.35+0.09 0.48+0.07 6.23+0.09
1/1000 0.02+0.00 0.004+0.001 0.004+0.03 0.17+0.05
1/100 0.21+0.07 0.041+0.01 0.04+0.01 4.88+0.08
Red sword tail' 0.05 5 0.27+0.02 0.05+0.01 0.05+0.01 5.38+0.13
0.10 0.47+0.03 0.08-+0.02 0.09+0.03 5.42+0.07
0.50 2.10+0.07 0.34+0.09 0.48+0.04 5.89+0.08
1/1000 ND 0.004+0.001 0.004+0.01 -
1/100 0.17+0.05 0.04+0.01 0.04+0.01 5.07+0.07
0.05 8 0.21+0.02 0.04+0.01 0.041+0.01 5.33+0.05
0.10 0.44+0.05 0.08+0.01 0.09+0.02 5.68+0.14
0.50 1.97+0.08 0.34+0.09 0.46+0.09 5.85+£0.06

' Zebrafish: 1/1000 of 96hr LCs,: 0.0060 pg/mi, 1/100 of 96hr LCs,: 0.0602 pg/ml
tRed sword tail: 1/1000 of 96hr LCs,: 0.0040 pg/ml, 1/100 of 96hr LCs: 0.0402 pg/m!

“ND: not detected.

*BCF indicates 3, 5, 8-day bioconcentration factor.
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Carbaryl®| BCF

Carbaryle] A3 A+ Table 43} Zt}. Carbaryl®] 73$-
% BPMCS} n}2 71X 2 zebrafishe] 3] ZA %9} BCF

& red sword tail®] A FHHE9} BCFgL 2} H}Jch
aea, AEsE, 4871 0E AU $5F =9 BCF
= BPMCSF 28 AskE Yehda 9ot aefy, 437)
7bo] 7+ 73%, zebrafish®] 0.50 ppmofAlE= BCF7l, 3%
7}y 2475 FUkste 283 2] BCF7L 7hAskddh

Carbofuran?| BCF

Carbofuran®] A3 g3 Table 58 2t} A28 A7
%9t zebrafish AU o)A carbofurano] HEE R gron,
°]213] BCFgLE 4A&d o= Qi) 33, zebrafishe}

Table 4. Concentration of carbaryl in fish, test water, control water and calculated BCFy (mean+S.E.)
. . Test water Control water
Fish Conc. (ug/ml) Day Fish (ng/g) (ug/ml) (ug/mi) BCFq
1/1000 ND* 0.0114+0.001 0.014+0.001 -
1/100 ND* 0.011+£0.001 0.01440.001 -
0.05 0.04+0.01 0.04%0.01 0.05+0.01 1.08+0.03
0.10 0.09+0.01 0.0910.01 0.10+0.01 1.21+0.07
0.50 0.24+0.05 0.28+0.14 0.47+£0.03 0.85+0.05
1/1000 ND 0.008+0.001 0.010+0.001 -
1/100 0.11+0.01 0.10+0.01 0.12+0.01 1.14+0.05
Zebrafish' 0.05 0.031+0.00 0.0410.01 0.05+0.01 0.87+0.04
0.10 0.09+0.01 0.08+0.01 0.094+0.01 1.10+0.03
0.50 0.22+0.09 0.27+0.07 0.45+0.09 0.80+0.02
1/1000 ND 0.005+0.001 0.061+0.001 -
1/100 0.08+0.01 0.08+0.01 0.08+0.01 1.01+0.01
0.05 0.021+0.00 0.04+0.01 0.05+0.01 0.54+0.06
0.10 0.07+0.02 0.08+0.01 0.094+0.01 0.79+0.07
0.50 0.16+0.03 0.25+0.041 0.44+0.08 0.67+0.16
1/1000 0.04+0.01 0.008+0.001 0.009+0.001 5.03+0.10
1/100 0.48+0.03 0.08+0.01 0.10-£0.01 6.08+0.04
0.05 0.28+0.03 0.05+0.01 0.05+0.01 5.64+0.08
0.10 047+0.04 0.084+0.01 0.10+£0.02 6.02+0.07
0.50 2.02+0.19 0.33+0.09 0.47+0.06 6.11+0.04
1/1000 ND 0.007+0.001 0.009+0.001 -
1/100 0.461+0.04 0.08+0.01 0.09+0.01 5.754+0.05
Red sword tail 0.05 0.21+0.02 0.04+0.01 0.04+0.01 5.394+0.09
0.10 0.45+0.03 0.08+0.02 0.09+0.02 5.73+0.11
0.50 1.96+0.18 0.33+0.04 0.47+0.04 5.94+0.10
1/1000 ND 0.007+0.001 0.008£0.001 -
1/100 0.45+0.04 0.08+0.01 0.07£0.01 5.70+0.06
0.05 0.21+0.02 0.04+0.01 0.04+0.01 5.33+£0.05
0.10 0.44+0.05 0.08+0.01 0.09+0.02 5.68+0.14
0.50 1.76+0.13 0.31+0.14 0.47+0.11 5.73+0.05

! Zebrafish: 1/1000 of 96hr LCs,: 0.0157 pug/ml, 1/100 of 96hr LCyy: 0.1574 pe/ml
*Red sword tail: 1/1000 of 96hr LCyy: 0.01167 pg/mi, 1/100 of 96hr LCsy: 0.11675 pg/ml

*ND: not detected.
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Table 5. Concentration of carbofuran in fish, test water, control water and caiculated BCF (mean*=S.E.)
. . Test water Control water
Fish Conc. (Lg/mi) Day Fish (ug/g) (ng/ml) (ng/m)) BCF;
1/1000 ND* 0.003+0.001 0.003+0.001 -
1/100 ND 0.03+0.01 0.03+0.01 -
0.05 3 ND 0.05+0.01 0.05+0.00 -
0.10 ND 0.09+0.01 0.10+0.01 -
0.50 - - - -
1/1000 ND 0.002+0.001 0.003£0.001 -
1/100 ND 0.02+0.01 0.03+0.01 -
Zebrafish " 0.05 5 ND 0.05+0.01 0.05+0.00 -
0.10 ND 0.08+£0.01 0.11+0.00 —
0.50 - - -
1/1000 ND 0.002+0.001 0.003+0.001 -
1/100 ND 0.02+0.01 0.03+0.01 -
0.05 8 ND 0.04+0.01 0.04+0.01 -
0.10 ND 0.08+0.01 0.09+0.00 -
0.50 - - - -
1/1000 ND 0.0002+0.000 0.0002£0.0000 -
1/100 ND 0.002+0.000 0.002+0.000 -
0.05 3 0.15+0.02 0.05+0.01 0.05+0.01 3.124+0.06
0.10 0.28+0.04 0.08+0.01 0.10+0.01 3.61+0.09
0.50 - - -~ -
1/1000 ND 0.0002+0.000 0.0002+0.0000 -
1/100 ND 0.002+0.001 0.002+0.000 -
Red sword tail* 0.05 5 0.14+0.03 0.05+0.01 0.05+0.01 2.81+0.07
0.10 0.26+0.02 0.08+0.02 0.10+0.01 3.29+0.09
0.50 - - - -
1/1000 ND 0.0002+0.000  0.0002+0.0000 -
1/100 ND 0.002+0.001 0.002+0.000 -
0.05 8 0.11+0.02 0.0440.01 0.04+0.01 2.76+0.06
0.10 0.25+0.05 0.08+0.01 0.094+0.02 3.13+0.09
0.50 - - - -

f Zebrafish: 1/1000 of 96hr LCs,: 0.0029 pg/mi, 1/100 of 96hr LCSO0 : 0.0287 pg/ml
*Red sword tail: 1/1000 of 96hr LCS0 : 0.0002 pg/ml, 1/100 of 96hr LCsy: 0.0019 pg/m!

*ND: not detected.

red sword tail¢] 0.50 ppmol| A= AP FEo] Alatate] A
oA A3kt Red sword tail®] 96A|7F LCso 1/

1000(0.0002 ppm)3+ 1/100(0.002 ppm) FEol N &3

#(0.009 ppm) T]¥+2 2 BCFZHE AT 4 ST Red

sword tail®] 7S¢, A¥E X 0.05¢} 0.10 ppmol A, 27|

Table 6. Depuration rate constants of pesticides

S9o| ST Mol 4 2t

b e o] FAU F5A =9k BCFil2 BPMC, carbaryl
7 2-& A vehlln gich

i

2} ofol atel, 7 BEAN AU WASEAS

(unit: k(h™))

Concentra- Red sword Concentra- Red sword Concentra- Red sword
tion (meJ) Zebrafish tail fion (mg/) Zebrafish tail tion (mg/) Zebrafish ail
1/1000 - - 1/1000 - - 1/1000 - -
1/160 0.025 0.013 Car- 1/100 0.044 0.020 Car- 1/100 - -
BPMC 0.05 0.025 0.013 baryl 0.05 0.042 0.020 bofuran 0.05 - 0.050
0.10 0.025 0.014 y 0.10 0.044 0.020 0.10 - 0.051
0.50 0.024 0.014 0.50 0.043 0.021 0.50 - -
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#}= Table 63 22t}. Z} sokol] tfsted zebrafish
%7} red sword tail 2t} W2 A& U 4 glom,
o] 79l Foll wet AUl F5Ee F=o BCF
gkol red sword tailo] zebrafish® v} =273 AiAlo] 3l

olAte] ZAmol A, Carbofurand] o}F A FEAHL=9
BCFz}to| carbaryl#?} BPMCHU}F Ao g 2o o
carbofuran®] =84 (700 mg/ly* 3} wjAE TS car-
baryl(120 mg/ly* 2} BPMC(420 mg/y**2] &A1} w4

o
el

& = Utk 7z Foe] wjd<EE= carbofuran, car- S nlal diiH oz =] wjFoln, o] =l x|
baryl, BPMC9] =0 & Wt} AT BEFHEII DAF] e 02 JFET
3299

Zebrafish(brachydanio rerio), red sword tail(Xiphophorus hellieriy& ol-&35le sl2niolEA Fofgl
BPMC, carbaryl ¥ carbofurang- A& 5% 0.05, 0.01, 0.50 ppm 2 2} ‘x-2Fol] thal] AT 96417F LGy, 559 1/
100, 1/10000|A] ©7174(3Y, 5Y, 8Y) 45537 4~(Bioconcentration factor, BCFYE &% 35 o™, o2 w4
&= Ar4=(depuration rate constant)s T-3le] thS-ut 22 A3E AU BPMCS} carbaryl®] 73-%-, zebrafish9]
AW FE5F =9} BCFEL2 red sword tail £t} At A @ 5ot F7FE4E o F AuldM e w5F = 571
&% 3, BCFEE S718lsnh. A8 s ert 22 7%, BPMCE A 37|2to] 271845 o} f AuloiM ] 553
9} BCF+= Z4Adtg o, 0|3 & 7]7to] Holuula A2 wjE=]x Foke] ol F7138k7] wjolel Aztd
ot 22\, carbaryl®] B $+= A& 7)70] 2L 79, zebrafishe] 0.50 ppmol A& BCF7}, 5271 5558 £}
3t= Ak da] BCF7) 4%ttt Carbofuran®] 733, A8 A717HESY zebrafishA W o)A carbofurano) 74 &
] e4gkew, red sword taile] 96217t LCs2] 1/10003} 1/100 Sl X & HEEA vt e 2 BCFgHe &g
T e, d¥F = 0.059) 0.10 ppmoll A, A 770l w2 o FAU FEF = BCFgE2 BPMC, carbaryl
7} 2 Agg Jehl 1z gl o128, ol & o] M & EANS = carbofuran, carbaryl, BPMCE 22 &4 Y
Elyttl. Carbofuran®] o] & AW HEF =9} BCFto| carbarylzl BPMCEU} Atldlozm @e olfi=
carbofuran®] 843 W& =47} o] 5 ool Hlg] Ao o g A7) wjFoln, o] 213 A TAHFelAM

T AE=ZFH7 A8 A0S o 2%}
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