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ABSTRACT - The present study was performed to investigate the bioconcentration of phospha-
midon and profenofos. The BCFs(bioconcentration factors), depuration rate constants and LCy, for
two pesticides in zebrafish(Brachydanio rerio) were measured by the flow-through system(OECD
guideline 305). The results obtained are summarized as follows: The 24-hrs LC,,, 48-hrs LC;,, 72-
hrs LC,, and 96-hrs LC,, were more than 100 mg/l for phosphamidon. The concentration of phos-
phamldon in zebrafish reached an equilibrium in 12 hrs at low and high concentrations(0.2 mg/l
and 1mg/l). The average BCF values of phosphamidon were less than 1 at low(0.96, n= 7) and
high concentrations (0.89, n=7) after 12~168 hrs. Depuration rate constants of phosphamidon
were 0.18 hr' and 0.21 hr', halflife of phosphamidon were 3.85 and 3.30 at low and high
concentrations(0.2 mg/l and 1 mg/l), respectively. The concentrations of phosphamidon in zebrafish
at low and high concentrations were rapidly decreased after 8(0.04 ug/g) and 12 hrs(0.07 ug/g).
The 24-hrs LC,,, 48-hrs LC,,, 72-hrs LC,, and 96-hrs LC,, were 2.9, 2.6, 2.2 and 2.0 mg/l for pro-
fenofos. The concentration of profenofos in zebrafish reached an equilibrium in 12 hrs at five-
hundredth and one-hundredth concentration of 96-hrs LC,,(0.004 mg/l and 0.02 mg/). The aver-
age BCF values of profenofos were 141.9(n=7) and 111.3(n=7) at five-hundredth and one-hun-
dredth concentration of 96-hrs LC,(0.004 mg/l and 0.02 mg/l) after 12~168 hrs. Depuration rate
constants of profenofos were 0.09 hr' and 0.10 hr”, half-life of profenofos were 7.70 and 6.93 at
five-hundredth and one-hundredth concentration of 96-hrs LC,(0.004 mg/l and 0.02 mg/l), respec-
tively. The concentrations of profenofos in zebrafish at five-hundredth and one-hundreth concen-
tration of 96-hrs LC,, decreased agter 8(0.18 pg/g) and 12hrs (0.19 ug/g). The LC;, value in
zebrafish showed that acute toxicity of profenofos was higher than that of phosphamidon. The
BCF values of profenofos were 100 times higher than those of phosphamidon, and depuration
rate of phosphamidon was two times faster than that of profenofos.

Key words [ Bioconcentration factor(BCF), Phosphamidon, Profenofos, Zebrafish(brachydanio rerio), Depura-
tion rate constant
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Table 1. GC conditions for analysis of pesticides
Item GC

Instrument Shimadzu GC-14A
GC conditions
Column DB-17
capillary
30m X 0.53 mm(1.D)
Temperature Col.” 220, 240°C
Inj.* 240, 250°C
Det. 270°C
Carrier gas N,, 2 ml/min
Air 60 kPa
Hydrogen 60 kPa
Type of injection Splitless
Injection volume 1yl
Detector FPD

¥ Column temp. : phosphamidon(220°C), profenofos(240°C)
* Injection temp. : phosphamidon(240°C), profenofos(250°C)

1005 = (25 E)9 1/5008 2 F=)oN A AAIsHA oL,
profenofos®] 3-9+= OECD guideline d327]%¢ H855E
LC,, $59 11005%=G55) 1/5008=R I s5)0lM 4
Aletith. A¥717HEet A v=E Rl HsiM
phosphamidon(100 mg/l, 20 mg/l)3} profenofos(2 mg/l, 0.4
mgH)E&HE Ztzt A% § A" FXEE mixing
chamberellA} 1008] &4 3le] 300 mVminS 2 HE§ F=
2 FF3H. ZF 52| Bioconcentration factors(BCFS)
We 6, 12, 24, 48, 72, 120, 144, 16877+ B3 AH¥
T 742t 45l st 7t o] HFEE A
o AT A d 6CY 2712 LEAYANEY F3) 9%
PAM(Pesticide analytical manual)’”l] ™2} phosphamidon
3} profenofosZ ethyl acetate 10mloll =] ZFzF 1000
pug/ml H7 stock solutiond FAF F 7 ©AER 34
gled 05, 1, 5, 10pgml7t HA EFLAE AT
ZAE 7t 28 EFEEAE 1 u GCol F9)8kd peak
HAER e oJste] AgAE AR Z e 24 S
1% GCY ¥-AHxAE Table 13 Zth. Zebrafisholl A 2t
BoFel 2% W TS YRYANTY F8)99 PAM
(Pesticide ¢ alytical manual)”®l| Wtk A5 oF 5¢&
A wkiet - acetonitrile 30 ml, 74 Na,SO, % 4¢&
Yol n&ow 587F WRksla B354 Zuf7|o] GF-A o
FAE TR F FRldFHNE At o]

Eslgt § 72 oz A oSt n-hexane 20

£ BAATd| acetonitrile FENE 7lele] 187
EE ¥ #2831 acetonitrileFS 75 Na,SO, column
M7 20mm, Fo] 50 mmyE EFAA sl oA
columne acetonitrile 5 mlE Ao o]RE 35°CelA
AAFTLEEF7IE F 05 mlEA FFAR F AR HF
HE ALTIAE Fof Yol ARAATY o JR[RES n-
hexane 5mlZ %% ¥ Sep-Pak(florisil)®ll n-hexane &3
A s5miE FYANA FHAIIL n-hexane 10 miE 13] Al
Z & p-hexane : acetone(8:2) 20 mlE 5 ml/min® 2 solid
phase extractions 33l c) o] g wo} F2AIZ & o}
A HFAL AAa7tAE Bo] Yol AN 55457
< ethyl acetated] =& HFEFN= 72 WhHo R A|§
ZAG T GCE A3 A HANolA Frkg
ng/el 2 ettt AAgolA Bk F& 2 HF¥
AP AFRE ¥ 100 miE phosphamidon®] 74-$-
dichloromethane 50 mlZ, profenofos®] 4% n-hexane:
ethyl ether(4:1) 50mlE 23] FF3L FE2HE 5
Na,SO, column(}7320 mm, £°]150 mm)g FHAA &5
g F 35°ColA oF 0.5 miEA FFA F vk HF

flo b mn o
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& HAA7tEE Bo] Yol AxAFY. $5IFESE ethyl
acetate2 A 5] 8451 7:-4%*’5_74 22 WhHoE GCE
ZstAnt. 7k 5ok 58 FA 2 zebrafish(ef S5g) ¥
A& A% 100mlel phosphamidon¥} profenofos 10
pg/ml EFEAE 242F 0.5mpy Hriste] Hded dEud
of wet ztzte] S FIGHen o|2RE &S Al
skt Feke] vl d<E = g4 (depuration rate constant)2]
4L 5o W mgit.

dn & o

¥

%49 2|8 AIH &1

Zebrafisho} Ao AlgoA 7t sk IF&e
Table 29t 2t} 3|5E-2 zebrafisholl A4 88.1~88.8%, A9
FAXE 974~992%2 BCFE T-617] 93t 7} Fofe &
Fe Agetetle SRty A=A EF 50 of
F2AE AS9 AYF AIE 100mle] £ A ofg
Fohd AEdHAl= 001 2 0.001 ppm HH I}

S FHHFSHWLCHMNE 2t

Phosphamidon} profenofos®] 24, 48, 72, 96A17} LC,,
72 Table 33+ Zt}. Phosphamidon®] 739+ 96A170
AR dH] 454 dEL 3 A3 100 mg1e] =
iz BroA AbE JiAl= gllen, of A#A=
phosphamidon®] 96A17F LC, 72 100 mg/l oo 7+
1%}, Profenofose] 7% 24, 48, 72 @ 96M7F LC, 3k
& Z¥z7}t 29, 2.6, 2.2, 20 mglE ZAHAYT.

Phosphamidon2| BCF2} AL TA
Phosphamidon®] 96A17F LC,, F=7F 100 mg/l°)do=
ZA4Ho] o] FEES V|FO2 /I00EE(EE)} 1/5005

Table 2. Recovery rates and detection limits of pesticides in

fish and test water (meantS.E.)
Spikedlevel  Detection Zebrafish Test water
Pesticide fish/test  limit fish/test
water (ppm) water (ppm) (%) (%)

Phosphamidon 1.25/0.05 0.01/0.001 88.1+1.5974:+1.1

Profenofos  1.25/0.05 0.01/0.001 888x1.6992t14

Table 3. Acute toxicity of phosphamidon and profenofos to
zebrafish

Pesticides LC,,(mg/h)
24h 48h 72h 96h
Phosphamidon > 100 > 100 > 100 > 100
Profenofos 29 2.6 22 2.0

Table 4. Concentration of phosphamidon(high concentration)

in zebrafish, test water and calculated BCFs (mean £ S.E.)
Hours Fish(ug/g)  Test water (Ug/ml BCF
6 0.41£0.01 0.97x0.01 042+0.01
12 0.90x0.01 1.01x£0.01 0.89+0.01
24 0.89+0.01 0.98+0.01 0.91+0.01
48 0.89+£0.01 0.99+0.01 0.90£0.01
72 091£0.01 1.02+0.01 0.8910.01
120 0.860.01 0.97=0.01 0.89+0.02
144 0.840.01 0.96=x0.01 0.881£0.02
168 0.861+0.01 0.98+0.01 0.88£0.01

® BCF; indicate 6, 12, 24, 48, 72, 120, 144, 168-hour bioconcen-
tration factor.

Test concentration : 1 flg/ml

No chemicals were found in control fish group.

Each value represents mean & S.E. of 3 experiments.

Table 5. Concentration of phosphamidon(low concentration)

in zebrafish, test water and calculated BCFs (meant+S.E.)
Hours Fish(ug/g)  Test water (LLg/ml) BCF;
6 0.104+0.01 0.20+0.01 0.50+0.02
12 0.181+0.01 0.19+0.01 0.95+£0.02
24 0.21+0.01 0.21+0.01 1.00£0.01
48 0.19£0.01 0.19+0.01 1.00£0.01
72 0.17£0.01 0.18£0.01 0.94+0.01
120 0.18+£0.01 0.19£0.01 0.95+0.01
144 0.181£0.01 0.19+0.01 0.95+0.02
168 0.19£0.01 0.20£0.01 0.95+£0.02

* BCF, indicate 6, 12, 24, 48, 72, 120, 144, 168-hour bioconcen-
tration factor.

Test concentration : 0.2 mg/ml

No chemicals were found in control fish group.

Each value represents mean & S.E. of 3 experiments.

ZEAHFZ)IN AEFZEHS 3 TE. Phosphamidon 1
mg/l(ALF5)9 02 mgh(HE=)lA 6, 12, 24, 48, 72,
120, 144 2 168A7F AE ] oFAW 4= 4 A¥F
o] F=9 BCFE| &2 Z7} Table 4 3 59 20t

o}F Aellre] #5A =t BCRE2 7+ s=aolA 7t
Zh 120 7F o] Fol| ARAE o] =ested 168A7] 75t A9
A3 ATHFig. 1(A), Fig. 2(A). 1227F0A 168417+ A
o)) BCFgLL IFE(0.89, n=7)% A¥E(0.96, n=7) =
F vtte 2 gA Yehsdth

Zebrafish AHellA] phosphamidon®] W& d4E +
371 Asked 2, 4, 8, 12A7k] wid AHE dxe 77t
Fig. 1(B) 2 Fig. 2(B)*} Zt}. Phosphamidon®] ¥Wid&%
e e AszoA 2 0.21 h'# 0.18 h'I A,
W) 232 330 2 38541702 S E S o /AW

o) phosphamidon®] FE+ LFEY AFE AFPM
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Fig. 1. Intake(A) and depuration(B) of phosphamidon(high
concentration) by zebrafish
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Table 7. Concentration of profenofos(low concentration) in

zebrafish, test water and calculated BCF (meantS.E.)
Hours Fish(ug/g)  Test water(ig/ml)  BCF;™

6 0.1887 0.0040£0.0001 47.17+0.53
0.0012

12 0.5840% 0.0039£0.0001 149.74+1.83
0.0023

24 0.6498 £ 0.0041£0.0001 158.48£5.35
0.0024

48 0.5459 + 0.0038+0.0001 143.6514.95
0.0021

72 0.5300 = 0.0039+0.0001 13589+ 1.81
0.0031

120 05216+ 0.0038+0.0001 137.25x1.79
0.0031

144 0.5355+ 0.0040+0.0001 133.87£2.47
0.0029

168 05237t 0.00391+0.0001 13429+1.72
0.0023

ug -mi -1 and ug g 1

Days
(A)

Hours
(B)

Fig. 2. Intake(A) and depuration(B) of phosphamidon(low
concentration) by zebrafish.
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Profenofos| BCF2} HiA&T Al4=
Profenofos®] AEF=A

71E? d9EE LG,

AL

OECD guideline ¥3L

FE9 111008 =GEE) 1/500%

EAFTZ)NA AAISIET}. Profenofos 0.02 mg/l(als )9t

Table 6. Concentration of profenofos(high concentration) in

zebrafish, test water and calculated BCF (mean=tS.E.)
Hours Fish(ug/g)  Test water (1Lg/ml) BCFK

6 0.731£0.001  0.021-£0.003 34.811+4.29
12 2467+0.002  0.020£0.002 123.35+9.44
24 2.551£0.015 0.020£0.002 127.55+9.62
48 2379+0.003  0.020£0.002 117.23+:9.45
72 2.2941£0.003 0.022+£0.002 10495+725
120 2248+0.015 0.022+£0.002 102.67+894
144 2.137+£0.004 0.021£0.002 101.7618.36
168 2.131£0.005 0.021£0.002 101.481+6.96

*BCFS indicate 6, 12, 24, 48, 72, 120, 144, 168-hour bioconcentra-

tion factor.

Test concentration : 1/100 of 96 hr LC,, (0.02 pg/ml)
No chemicals were found in control fish group.
Each value represents mean £ S.E. of 3 experiments.

*BCF, indicate 6, 12, 24, 48, 72, 120, 144, 168-hour bioconcentra-
tion factor.

Test concentration : 1/500 of 96 hr LC,, (0.004 [tg/ml)

No chemicals were found in control fish group.

Each value represents mean+ S.E. of 3 experiments.

0.004 mg/l(A 5=y 6, 12, 24, 48, 72, 120, 144 ¥
168A17F Aol oAFA 5= 2 H¥FY =5
BCF 442 Table 6 % 7J+ 2t

ol AUelre] =9 BCFit2 phosphamidons
IRINR R 124]7F o1%0l] A FAdeEel] TEsle] 16887
ot Ao AASATHFIg. 3(A), Fig. 4(A)). BCFR 124]
Zroll A 168717 Alold] EEe; AFZolA zkzh 1113
m=7)7 141.9=7)E =4 =3t}

Zebrafish AWoA Profenofos®] W& E=A+E T3}17]
st 2, 4, 8, 12417H] vl H¥ A¥= Fig. 3B) ¥
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Fig. 3. Intake(A) and depuration(B) of profenofos(high
concentration) by zebrafish.

Journal of Food Hygiene and Safety, Vol. 15, No. 2



142 Kyung-Jin Min, Chun-Geun Cha and Seol Seo

Test water N Clean water
>
1+ ; t
i
T i
[ S I -
2 ~. Fish ' BCF
% 0.5 0 13820 D 0.5}134.29
5 i § I
| | o
& ! Se
Water | Setee
N 0 : o L -
i
I 1 ) 1 1 ) I ) A ]
0 1 2 3 4 5 86 7 0 2 4 8
Days Hours
(A) (B)

Fig. 4. Intake(A) and depuration(B) of profenofos(low
concentration) by zebrafish.
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Aol F 7K sEQIEES AFE)elM BF 1247 ©]
ol AFdelel T2std] o o] F2o] dojupA] &
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A gt
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AA | AR Hxz gzl FuiA(ogPow)7t
Z¥z} 0.803% 1.772A] Kanazawa™7} A3 logBCR
3t logPowe] 3]F2]o] logBCF=(1.53 logPow)-3.303&
2 o] A& ARSI logPowZHE logBCFE <l&31d
phosphamidon} profenofos= Ztz} -2.15} -0.70] €t} &
3 A FEAde] Az ¢ 83 logSw)F BCF
oto] A#A-E Aw £ w phosphamidon®} profenofos]
FEAAL Zzt 99} 452 Kanazawa™7t At
logBCFell tht logSwe] 3]H2]0] logBCF=4.68-(0.59 logSw)
Z2] 10gBCFE <l%3}H phosphamidon¥} profenofos=
zkz} 0,637 2.00] "o} WA, phosphamidon?} profenofos
o] BCFE #HiAIFRE F4s7] e 784 A== F
Ak Aol B £& Aox Azt 53, phosphamidon
9] BCF/} 2& ol mid&=rF mEs 840] 7AX
A7 27 wjFoln, A4 SEFMNE AEFFA
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2209

Zebrafish(Brachydanio rerio)ys 281 F 2 3] phosphamidon} profenofos®] A& &% Al (bioconcentration
factor: BCF)2} vld& = AF=(depuration rate constant) ¥ LCE 2243l c}. Phosphamidon®] 24, 48, 72, 96A|%F
LC = 25 100 mg/leldo = 453tk Phosphamidon 1 mg/l(Z5E)t 0.2 mg/lAET=)RIA o1F AUelAe &
ZATE F FeadA zkzt 122178 o] o FFAE] EYdle] 16887t Aol AR, BCRat® 12417
oA 168X17F Alolol]l T3EE(0.89, n=7)¢} AFET(0.96, n=7) 5 19)9re2 97| LEldt). Phosphamidon®] w4
ETAPE P AEEoA ZHzE 021 h'F 0.18 oI, vt le Zbzt 330 2 3.85A1ke 2 2
e AT 7k 1247 2 827 ol F ol g7 0.07 E 0.04 pgol3lE HojA UiFE widdErke A&
& 4= Atk Profenofose] 24, 48, 72, 96A17+ LC= ZH2h 29, 26, 2.2, 20mg/lE S8 At} Profenofos®]
9677+ LC,, =9 1/1005%(0.02 mg/H$}t 1/500%5=(0.004 mg/MollA o) FA ol 9] sZFA == phosphamidon
TR E 1247 o) Fol ARAJE] mEsle] 168A7H5F A UL, BCFR 1247404 168417F ALe]
o 96A17F LC,, 59 1/1005%}t 1/5008 =AM 2H2 111.300=7) 141.90=7)2 Z-d= Ut} Profenofos®] 14
£E AR 96817 LG, TEY 1V1005= 1/50085 =AM ZH2E 0.10 h's 0.09 h'olA%L, ¥H7le 212 693 &
77087k 2 2AH_T. 242ty FEolA 1247 2 847 olFelle g7 0.19ug E 0.18 ugeldtE EojdE ¢
= 44}, Phosphamidon®} profenofos®] 415442 profenofos?t &3k, BCFRE2 profenofos’}t phosphamidon
B} ok 1000 Ax EA vehton, vi4d<4 = phosphamidon®] profenofosi.th ¢ 28] 4= Wi}
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