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21 LA ¥ E| 4N /5 carbophenothion
(97%,R.D.H); chlorpyrifos(99%, R.D.H);
cyanofenphos(100%, Sumitomo); diazinon(98%.
R.D.H); dimethoate(99%,R.D.H); EPN(99%,
R.D.H); ethion(99%,R.D.H); ethoprophos(99%,
Rhone Poulenc); ethyl-parathion(99%,R.D.H);
fenitrothion(97%, R.D.H); fensulfothion(98%,
R.D.H); fonofos(95%, R.D.H); methi-
dathion(99%,R.D.H); methyl-parathion(98%,
R.D.H); phenthoate(92%, Sumitomo); phor-
ate(98%, R.D.H); phosmet(99%, R.D.H); pirim-
iphos-methyl(98%, R.D.H); prothiofos(98%,
R.D.H); tokuoxon(91%, R.D.H); triazophos(70%,
R.D.H) -

YA e v = FEEEH) - fiAs (chlorypri-
fos) 40.8% EC - EH/AF ; — &M (EPN)
45% EC > HELBTERBAERAT ; #R
¥ (fenitrothion) 50% EC » H & {b £ T 2 A% 4
HIRAF] o & ZER 53 5 B 5 00 8 B 2 B 77
B BREREMRA -

EteR Y

Wt B3 F 8 & ( Cyprinus carpio) BLA &1L
WK AERRE RO ZAY (B304 &
EAMAER  REYHRER  AHERY
F3MEH - BRAS L2

iP5 3

(=) et 2 2 406 28 A7 M 14

%% U. S. EPA Method 1618(1989)®
Column: DBTM-1701 (30 m x 0.53mm 1.D., 1.0
um); Carrier gas: nitrogen at 7ml/min; Oven: 100
°C for 0.5 min, 100-250°C at 3 °C/min, 250°C for
20 min; Injector: 250°C, 1 pl; Detector: FPD with
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526 nm phosphorus filter, 250 °C o
(C)7K A A5 1 0 1 2 fy i o o

L Hk—  2%2(1984) 2k h B 2E5% 53
SHT %S BUKEE 100 ml » {4 N HCl 3%
PHZE 4.5 » A 12555 2 & 4b#hf% » LI5S0 ml
FERSEZER 4068 ~ F 1L 100 ml — 48 B e %6 Y
200 WHUE BB LLEE KRB SRR K - Y4
2 PUAFEEZE 1 mlE MBI o

2. 5~ 23 Okumura and Nishikawa
(1995) © » Bk £ 250 ml » fin A 12.5 % &4k
89 LSO ml S i Be A B L 404 > FELA25 ml
TR LEEE 46 WBUA TG LR K B R
ALK IRFEERL - IAEIE B E 1 ml{it&ae
GIHT o

() 78 v B B MR R BB T 1 O vk R AL 2
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7 SRS KR S R IR 0 BN R A%
Z A 1055 AFT A

L Fik— 2 EEERBEEYZYAR
PR H R L 2 Rl P R R BB O ik
CREER) » fTHEM B IIA 100 ml Z S H Lz > DL
HEBITH 108 BEAEUEFRERSE
300 ml » B AW 0 LI5S0 mlIE O ke 2
BRI » WER E C be B 1% LIS K BRRR S 7K
TRAEZEEL > NS mlIE24% > DA% 30 mlZEFH U
ZIFEE Rz 0 L1220 ml —E B R E TR
W (15 1) SRR » FLE B85
WEt (10% X&) AR FFTRA2HME
IKTRERSAN o IR M EWE U E &
2 1 mlER 2R Hr ©

2. = : 2% Okumura & Nishikawa
(1995)771£© » f LI 30 ml > PIEH AL » 7
1600 g 30> 1053815 » BB IR ADA 5% G ik
$9200 ml » DL — S0 b 3 B 48 vk S0 mil >
MK IR M E LA IMA 2 ml &8 B R IE Ok
IR (500 mg/l) LISTEwE L (40% £3EL)
L > LSO ml B NBRAIE O (1:9) IREK
MR WEZIECKEERF/ECIKEBESRE
R LR IRAE - R E 0.5 mlg H B g
GRHT AR KR ) R A S e R It
LA EE oK ZIR-AW (1:1) 120 ml & v
B > P SRR (30 ml, R )
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13 % 1:4 2 JIEt o

WESE 2R

SEIR(1996)@ » FENMB23 A5 ~ 3045 H)
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Table 1. Comparison of different pre-treatment method on the recoveries of organophosphate pesticides in

250 ml water

spike level recovery(%)?
pesticide (ug) method 1 method 2
std M1
diazinon 3.75 88.4 (5.8)° 81.8 (5.6)
chlorpyrifos 3.75 953 (4.5) 85.1 (7.1)
fenitrothion 3.75 104.0 (8.4) 953 (5.9
tokuoxon 11.25 1120 (8.7) 101.8 (3.9)
prothiofos 3.75 99.5 (4.0 90.8 (2.8)
ethion 3.75 1045 4.3 982 (1.3)
carbophenothion 3.75 107.1 (6.7 99.3  (2.6)
EPN 7.5 109.8 (5.7) 98.1 (3.1)
‘Mean 1026 6.0 93.8 4.0
std M2
diazinon 2.5 793  (4.3) 91.7 (5.9
chlorpyrifos 2.5 83.7 (2.1) 926 (5.1)
fenitrothion 2.5 894 (4.2) 105.8 (5.6)
tokuoxon 7.5 107.3 (1.4) 122.8 (6.0
prothiofos 2.5 904 (2.7) 96.1 (7.0)
ethion 2.5 96.0 (1.2) 103.6 (11.2)
carbophenothion 2.5 98.8 (2.1) 108.6 (6.7)
EPN 5.0 1022 (3.1 111.7 (4.2)
Mean 934 2.6 104.1 6.5
std M3
diazinon 1.25 88.4 (7.8) 87.1 (6.2)
chlorpyrifos 1.25 82.6 (8.8) 849 (5.9
fenitrothion 1.25 102.5 (9.8) 988 (4.0
tokuoxon 7.5 126.7 (11) 119.5 (3.8)
prothiofos 1.25 1023 (12) 919 (3.8)
ethion 1.25 112.0 (13) 108.3 (3.3)
carbophenothion 1.25 1142 (14) 105.1  (3.5)
EPN 2.5 1143 (15) 994 (39
Mean 1054 11 994 43

a Average of three determinations.

b Number in parenthesis is the coefficient of variation (CV, %).
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FEREAST A

40e6 7 . 1.ethoprophos
mix 1 2phorate
3.diazinon
4.dimethoate
306 5 pirimiphos-methyl
6 chlorpyrifos

7 fenitrathion

8 ethykparathion
9 phenthoate

10 prothiofos
11.ethion

12 fensulfothion
13.cyanofenphes
14EPN

20e6 7

1.0e6 7

60 70

40e6

mix 2 1.fonofos
2 methyl-parathion
30e6 7 3.tokuoxon
3 4.methidathion
7 5.carbophenothion
6.triazophos

2066 7.phosmet

1] 10 2 30 L] 50 60 70
Time (min)

Column : DBTM-1701 (30 m x 0.53mm LD., 1.0 um)

Carrier gas : nitrogen, 7ml/min

Oven : 100°C for 0.5 min, 100-250°C at 3°C/min, 250°C for 20 min
Injector : 250°C, 1 ul

Detector : FPD with 526 nm phosphorus filter, 250°C

Figure 1. Chromatograms of 21 organophosphate
pesticides standard solution of Mix 1 and Mix 2.

Table 2. Comparison of different pre-treatment method on the recoveries of organophosphate pesticides in 10

g fish
pesticides spike recovery (%) water
level method 1 method 2 ratio of CH,Cl,: n-hexane in method 3 solubility
(ng) 1:1 1:2 1:3 1:5 (mg/)
chlorpyrifos 3.75 97.2 12.7 115.2 99.8 111.1 104.8 2
diazinon 3.75 71.5 83.9 93.1 70.7 34.7 89.2 40
dimethoate 3.75 0.0 —2 0.0 0.0 0.0 0.0 25000
EPN 7.5 90.1 21.7 98.0 94.6 103.1 88.7 x b
ethion 3.75 973 18.1 107.9 99.3 108.7 100.8 X
ethoprophos 3.75 0.0 - 94.9 0.0 0.0 110.2 700
ethyl parathion 3.75 97.6 - 106.9 98.5 107.6 101.8 24
fenitrothion 3.75 71.7 52.1 118.4 0.0 0.0 113.6 30
fensulfothion 3.75 7.3 - 213 0.0 0.0 9.3 1540
phorate 3.75 72.6 - 78.7 70.2 82.6 91.6 50
peak number 8/10 5/5 9/10 6/10 6/10 9/10

/chemical number

a: No test.
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Table 3. Recoveries of 21 organophosphorate pesticides in 250 ml water .

high spike level middle spike level low spike level

pesticides spiked level recovery (%)*  spiked level recovery (%) spiked level recovery (%) detection

(ug) (ug) (ug) limit (ppb)
Mix 1
ethoprophos 375 879 (2.1)P 2.5 952 (5.2) 1.25 977 (3.9) 1
phorate 375 731 (5.0) 2.5 74.6 (4.0) 1.25 679 (44) 2
diazinon 375  97.1 (6.6) 2.5 98.5 (1.7) 1.25 96.6 (5.5) 1
dimethoate 375 1023 (3.8) 2.5 97.6 (4.6) 125 1006 (2.4) 1
pirimiphos-methyl 3.75 1007 (4.8) 25 1046 (3.0) 1.25 97.6 (2.9) |
chlorpyrifos 375 101.7 (3.7) 2.5 89.6 (5.0) 1.25 93.1 (1.9) 1
fenitrothion 375  96.7 (3.5) 25 1022 (5.2) 1.25 96.7 (0.7) 1
ethyl-parathion 375 983 (1.1) 2.5 99.2 (0.9) 1.25 97.9 (0.5) 1
phenthoate 75 100.6 (0.4) 50 1028 (3.6) 2.5 99.7 (4.4) 1
prothiofos 375 1022 (5.0) 2.5 98.7 (0.8) 1.25 974 (1.7) 2
ethion 375 993 (1.5) 25 1084 (l.1) 1.25  100.7 (0.4) 1
fensulfothion 375 1024 (1.8) 2.5 98.5 (4.8) 125 1034 (5.3) 1
cyanofenphos 375 1024 (3.5) 5.0 98.1 (4.6) 1.25 96.6 (6.0) 1
EPN 7.5 99.8 (1.6) 50 1016 (1.3) 2.5 93.6 (9.3) 1
Mix 2
fonofos 375  73.0 (7.5) 2.5 70.6 (2.7) 1.25 73.6 (4.4) 0.3
methyl-parathion 375 96.0 (3.4) 2.5 946 (5.1) 1.25 93.0 4.3) 0.2
tokuoxon 11.25 100.7 (1.7) 1.5 97.9 (3.9 3.75 972 (4.9) 04
methidathion 375 1014 (1.5) 2.5 98.5 (3.6) 1.25 98.8 (4.9 0.3
carbophenothion 375  89.6 (3.8) 2.5 89.1 (2.2) 1.25 95.0 (5.0) 0.2
triazophos 375 1014 (4.1) 2.5 08.0 (0.4) 1.25 1149 4.1) 0.2
phosmet 11.25 86.1 (4.2) 7.5 942 (4.2) 3.75 97.1 (1.8) 1
a Average of three determinations.
b Number in parenthesis is the coefficient of variation (CV, %).
— s kBEhE R AR R T SRR W~ SRER IR R IR B R AT A IR

PB4 (1996) 18 o 76 B BR P B ig 3R v %
T EEE60%—120% 2 [ o T E I EE
(reproducible ) 7£ =+ 10% Z B A AT £ #1190 o 1L
B K KERT A TR - PR R R B0 BE T Hh b O vk
8 T A M B B Uk 2B Ay 52 28 > fh Table 1% » 2
B = FEERSE &M EIE R8Py
E R AE 3% —105% 2 » HREFZ > WM
il AT S B R EOBCR 0 S B EE
B 2 %8, ( coefficient of variation, CV, %)
W T 7 ik — WO ET 3 kA DU R B 2 AR
AT LR+ A B () i 2R S8 22 AR BUE
11% > #:3¥5< 7.0% - B & H 7k — G ER
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B B BT WO M R TEIR I
T REREREE -

= REEAEBRERE ML AN
s

H BB 45 R (Table 2) > AFGHM
chlorpyrifos ~ diazinon » EPN - ethion ¢ feni-
trothion5 FEBE B /& » DL £ % Okumura&
Nishikawa(1995)© 2 Jrk (FE ) #EITRIE
o SHEERZERERKE  12.7% >
83.9% ~ 21.7% ~ 18.1% [ 52.1% » B
Okumura & Nishikawa(1995) 7 75 ¥ 1% 13 Fi it 2%
Pl 2 % A T o A A B B o U AR AR N chlor-
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pyrifos % 10F IR RS 2 AHEBER - ATk —
ZHI R FGEAT B B 0 10FEZER IR T
dimethoate & ethoprophos F i 2 75| 418 vk e ) 15
B ([ % 0) - fensulfothion f [ 4y R 1F
7.3%5b » H &R 7 FE 288 i [ 0 = 1E 70% LY
L > #EBIEE dimethoate - ethoprophos & fensul-
fothion =FEZE M ZE K F B MIERH » =FEzE
BAE 7K = i 75 1% BEHC UK R 25,000 ~ 700 J 1,540
mg/l » KM Z BE R o 2% Marquis % >
FEME RS BE%E (=) h Table 2
Mo EFE RS EVBRR SR RRES
KEAIIR B LR 1:2 ~ 1:3 8% > 11 ffifit 34 22 )
6 TEBET A TH A RO BB % o (B 3R » Wy R B M
W RO RB A B  FEVEIRIR EL B B 101 R 125

R > 10 B4 28 by K A O i 2 70 7 TR B9 1Y
B FE e 13 > 4 148 dimethoate » fensulfoth-
ion B SK 76 8 19 /9 B 3% o B B - ([0 RARK
AR 21.3% % 9.3% ° IR T — Rk Ty
ZR o BT B T LS v IR R
BE O AIERECKERE  BEAE-EPRE
EECHMRAIR » ZF 2B/ - K
YR 2 B (KB ERE > 700 mg/l) K5
G AU-E R ERECHEWIREH (1:1
B USHIRA R L) BB » ethoprophos
Y B 3R 2 94% L) & 3f 32 & fensulfothion f4
EW R » Kb 2P 1:1 B9iR 4 75 2% fensulfothion
AR AT IR A 2 21.3% o oAb > BhERVERE$
NBLZEWHME » FEANBEEBEZ BHRYT

Table 4. Recoveries of 21 organophosphorate pesticides in 10 g fish

high spike level middle spike level low spike level
pesticides spiked level recovery (%)* spiked level recovery (%) spiked level recovery (%) detection
(ug) (ug) (ug) limit (ng/g)

Mix 1

ethoprophos 375 829 (3.0p 2.5 75.4 (6.6) 1.25 79.6 (5.9) 9
phorate 375 78.8 (10) 2.5 83.2 (3.4) 1.25 87.3 (2.4) 5
diazinon 375 96.5 (4.4) 2.5 89.9 (2.8) 1.25 95.6 (3.4) 4
dimethoate 3.7 — 2.5 — 1.25 — -
pirimiphos-methyl 375 954 (8.3) 2.5 822 (1.9) 1.25 95.2 (5.0) 8
chlorpyrifos 375 963 (5.2) 2.5 90.1 (2.8) 1.25 99.3 (2.2) 7
fenitrothion 3775 834 (2.1) 2.5 86.4 (2.8) 1.25 103.6 (6.9) 4
ethyl-parathion 375 85.1 (0.3) 25 1029 @10 125 103.2 (4.2) 5
phenthoate 7.5 99.7 (8.1) 5.0 928 (4.1) 2.5  103.1 (5.6) 9
prothiofos 375 88.6 (8.5) 2.5 91.3 (9.3) 1.25 85.4 (6.2) 10
ethion 3.75 104.7 (3.8) 25 100.6 (3.9 1.25 106.2 (3.5) 3
fensulfothion 375 - 2.5 - 1.25 — -
cyanofenphos 375 123.5 4.7) 50 1249 (3.3) 1.25 136.9 (3.0 4
EPN 7.5 1212 4.7) 5.0 1237 (4.0) 25 1341 (5.6) 3
Mix 2 10
fonofos 375 972 (6.1) 2.5 95.2 (3.9) 1.25 92.6 (5.3) 12
methyl-parathion 3.75 11511 (2.9 25 106.8 (6.9) 125 101.2 (2.3) 24
tokuoxon 11.25 110.3 (2.7) 7.5 1035 (1.8) 3.75 94.8 (2.8) 15
methidathion 375 115.7 (2.6) 25 1079 (1.7) 1.25 98.6 (2.4) 11
carbophenothion 3.75 110.7 (3.0) 25 1035 (1.9 1.25 94.2 (2.8) 11
triazophos 375 116.4 (3.4) 25 111.0 24 125 1027 (0.6) 38
phosmet 11.25 1143 2.7) 7.5 105.2 (1.9) 3.75 96.3 (1.8) 20

2 Average of three determinations.

b Number in parenthesis is the coefficient of variation (CV, %).
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(D P R B R LB

= | AR R 7k R SRR FRHS
B

3 R B AT S T A R 2R B (R T Y
Ef 0 247 21 R H R G R B R R E
B RS R uE BRG] RGBT R AR LAY
e B2 B RN 21 AR EE TN Y R ALEATIR G 0 KIE
BB RSB IKOT A ZERIEEE ¢« etho-
prophos - phorate - diazinon - dimethoate -
pirimiphos-methyl + chlorpyrifos »
fenitrothion - ethyl-parathion -
prothiofos - ethion - fensulfothion - cyanofen-
phos &z EPN %5 14 & - 25 —#f#E : fonofos -
methyl-parathion + tokuoxon * methidathion ~
carbophenothion - triazophos Jz phosmet % 7

phenthoate -

Table 5. Acute toxicity of three pesticides to
Cyprinus carpio (96hrs)

pesticides LC50 (mg/1) 95% confidence
limits
chloryprifos 40.8% EC 0.1 0.084 - 0.13
EPN 45% EC 0.032 0.016 - 0.042
fenitrothion 50% EC 0.39 02 -044

Mo R TR AT B EAR T &
4R B ) 75 J& 7 1B 3% - AR BR 00 E R Figure 1 o &
SEMBERGGT  ERHE-HARSET
phenthoate 5 EPN 5 /g J& AH 85 H At 12 FE 267
BAE O BB R WEIREETIRS S #
8 s — 48 ¥8 & o tokuoxon ( propthiofos 4,
#EY ) K phosmet i) Uk B JRAH B8 H A 7
TR AR » 2 DU ZE R 0 = IR B ETTIR
Do

LT A5 BT 2 B W AE KB P i B R
BRI AR K o R R B 1
BB SR - Ik 0 B2 % Okumura
and Nishikawa (1995)f 77 ¥ 47 26| Hh i » 18
P21 R - EEREMBIEAS (B F
ERMBE) T EAKPHERR  HRA
Table 3 : EERMBEAET (BMLURERE—
£ » ethoprophos £ 250 ml KFERME S
3.75 wg) » 21 28 ) 7] B AR A B0 ER
73.0% — 102.4% 2 [8 -~ CV{EfE 04— 7.5% 2
s &R B4 AT (B ethoprophos
250 ml 7K H RN A 2.5 pg ) 0 21 FEEE R[]
AR B (Bl U R 7E 70.6% — 108.4% 2 [H ~ CV
H7E0.4—52% 20 EEAMBMEHASIT
( ethoprophos 7 250 ml/k H f # N& & 1.25
pg ) 21 FE B [ A A B R AE 73.6% —

Table 6. Resiudes of chloryprifos, EPN and fenitrothion in water and fish, under different treatment condi-

tions

exposure mean of residue (mg)

time (hrs) biological treatment biological blank
stock chemical blank water fish water  fish

treatment with 1 mg of chlorpyrifos 40.8% EC in 10 1 water

3 1.1 0.77 = 0.012 0.17 = 0.06 0.80 = 0053 O 0

24 1.1 079 = 0.04 005 = 0.06 076 = 0.077 O 0

48 1.1 0.78 = 0.06 001 = 0.00 059 £ 0.029 0 0

treatment with 0.32 mg of EPN 45% EC in 10 1 water

3 0.19 0.20 = 0.011 0.072 = 0.019 023 = 0040 O 0

24 0.22 021 = 0.017 0.012 = 00036 0.19 = 0016 O 0

48 0.26 023 = 0.024 0.0054+ 0.00049 023 = 0.047 O 0

treatment with 3.87 mg of fenitrothion 50% EC in 10 1 water

3 32 32 + 0.14 1.5 =+ 013 20 £ 0065 O 0

24 3.4 33 = 0.06 1.0 = 020 1.9 = 020 0 0

48 3.4 32 = 017 059 =+ 0.25 20 = 0.20 0 0

a: mean of three duplicate.
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Technique for Detecting Organophosphate
Pesticides Residues in Aquaria

FEEI SUN*, SUE-SUN WONG AND GWO-CHEN LI

Taiwan Agricultural Chemicals and Toxic Substance Research Institute, Wufeng, Taichung, Taiwan, R.0.C.

ABSTRACT

For detecting residue of organophosphorus pesticides (OPs) in polluted aquaria, a suitable
multiresidue analyses method is necessary. The fate of pesticides in pond water must be
understand, as well. In this study, one major purpose was to screen suitable pre-treatment
methods of water/fish sampling for multiresidue analyses of OPs in aquaria. The second pur-
pose was to study the distribution of pesticides from water to fish. To analyze water samples,
the pretreatment method of Li (1984) and Okumura & Nishikawa (1995) were compared.
From the results with 8 OPs, the latter is beneficial for analyzing multiresidues of OPs in
aquaria for recoveries with fewer coefficients of variation and less time cost. To analyze fish
samples, a method that used a safe solvent and one that detected the pesticides mostly at same
time was developed. This method is suitable for OPs that have low polarity. Cyprinus carpio
was exposed to three commercial OPs, including chlorpyrifos 40.8% EC, EPN 45% EC and
fenitrothion 50 % EC, to evaluate the distribution of pesticides in fish tissue from water. The
pesticide was applied as a'single dose of their LC50-96hrs to Cyprinus carpio for 48hrs. Data of
pesticides residue in fish muscle showed that these pesticides can be bioconcentrated to fish
body within a short time. The necessity of analyzing residues in fish to determine if an aquari-
um is polluted by OPs or not is discussed in this paper.

Key words: organophosphorus pesticides, residues, fish, water.
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