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Abstract

In order to determine the approptiate usage of insecticides to honeybee(Apis mellifera
L.), median effective dose to seven insecticides were studied. LC;, value of DDT was the
highest as being 58 ppm, and that of EPN was the lowest as being 1.61ppm. Various
detoxifying enzymes from the midgut of adult worker bee, including microsomal oxidases,
glutathione Stransferases, esterases, and DDT-dehydrochlorinase were assayed. Effects of
various insecticides on microsomal enzyme activities were as follows: Aldrin epoxidase
activity was inhibited by malathione and permethrin treatment. N-demethylase activity was
induced by diazinon and EPN treatment and O-demethlase activity was induced by diazinon
treatment. Of the glutathione S-transferases, aryltransferase(DCNB conjugation) activity was
significantly induced by diazinon, and moderately induced by permethrin. Of the esterases,
a-NA esterase activity was moderately inhibited by malatjion and permethrin. Acetylcholi-
nesterase activity was not affected by the sublethal exposure of honeybee to the insecticides.
Sublethal exposure of honeybee to the insecticides had no effect on DDT-dehydrochlorinase
activity, except carbaryl and permethrin were significantly induced.
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BRE B 2L B Y ek B &
g e HES A BaH 2 v, Atkins®
of Wza HHAZ e B3 F 50%7
Hi AN HEk = EFEE Add= %P%it’r

BEF] W3 T & BXMEL 2E M
Bl - MREEY B2 EREY Ziii TRBEE o]
Stk Bl A A SR deldl 230 g
BHELSI = HEES B¥ERE L microsomal oxidase,
glutathione S-transferase(GST), esterase, DDT-
dehydrochlorinase(DDT-ase) §¢] 9& Aoz &
H 3 e ®

Bl PR 2L FRN BRY EEK BE Y
ERFEER BEE E37] A8 sHER
of BRE g7t SfrE ol Aok s 53] MENE
o BEE EEMHI Lt LES. 2 $9
vk A o] gdgiEd BT WRE A9 ¢
= Adoivh. &IF Choi 579 RMFE] o3
el BERY 94.7%7 EIE 9§ 4o
WEE BBk B|ES o Yok, Aoz
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A By £ fEAA o5 A Pt
EB o] F-oJAof FHeetn A

Wk & Bl A mEE e #Esd R
Eryel B7EA R o PRKFEREDC,)
o BUERE BNz BFFEEREES ey
o] BEA FbFEsT 49 MEEREHEY micr-
osomal oxidases(N-demethylase, O-demethylase
9 epoxidase), GST(DCNB, CDNB conjugation),
esterases(w-NA esterase, carboxylesterase .
AchE) 28]z DDT-ase jE#ho] ¢ X & B4 S 3
#8k9l .

R
el U HE

Carbaryl, Diaziuon, EPN, Malathion, Demeton
S-methyl @ Permethrin & BB A 4R
dkolo o] aldrin® DDT+E Wakopure Chem. Co.
(KR, BH) 8

um albumin, Florisil(60~100mesh), glutathione,

o] 9] & a-naphthol, bovine ser-

p-hydroxymercuribenzoate(PHMB), D-glucose-6-
phosphate(G-6-P), glucose-6-phosphate dehydro-
genase(G-6-P-D), acetylthiocholine iodide(ATh-
ch), nicotin-amide adenine dinucleotide phosphate

(disodium salt)(NADP), lauryl sulfate(sodium

salt), 1-chloro-2, 4-dinitrobenzene(CDNB), Diazo-
blue B(tetrazotized) @ 3-carboxyl-4-nitrophenyl
disulfide = Sigma Chem. Co.(St. Louis, MO,
U.S.A), 4-(dimethylaniline)benzaldehyde, p-nitr-
oanisole, p-chloro-N-methylaniline, 3,4-dichloro-
nitrobenzene(DCNB) 2 eserine2 Aldrich Chem.
Co.(Milwaukee, Wisc. U.S.A), a-NA ¢ methyl
Fluka AG Chem.(Febrik, Buchs.

s ot

cellosolve &=
Swiss)l 5&

2

AT o EHEBA mellifera L)FHRIE &
FFA WZF L PEFo)A 1986.5~79L, 1987.
5~99 o] IREX3I EERTEHEMF(26~28°C) A 7}
FA8 10: RTHY 8: F 29 HFER 4o M
3 ALHol 2 FHEEA #R A

Z2YUHNRAR

W HEHTFE F4 0.5mmo vd-& 7X8cm
g 5.5x7emé] TR ol BRAT A4 Bk
T (&) 13.5cm, BEE 8.5cm)E #ifEst g ot
T WES plastic petridish 2 whol {HE3IY
ok T FAd BXK 2.5cm9 FH-& FA g
25m1-g- plastic vialo] do 7lAl =
ohol #FY FAC A¥z Al

FrERES 23S acetone 20mld] o o]AL
AFA T 10g RTA T 829 BAWK stz
3¢ %< hoodd] 4] acetoned 2= Bulx o 7]¢)
B4 2mie] E-g Mdte] BEST o] AL W
3y o] WRE == acetone 20mizl FEE3 A
£ 99 EE BB 26~28°Ce ZRAA 7
st BEgtis 3 B o] #Etstd He) g 2q
Ty F Aol J& de E AR e e
—72°Cel e R o

3 HolE

FHIBTE R (LCs0) 9} HEBIEBE

LC. i) ¥EBFEMEE 317 5te] FEE 6K
#o) @Es stz Ed 305k 4UE 3REL
2 EEEK}&%D} Finney %] ©] & probit 4#ra

2 LG, e T3 ¥IIEME LCEY 1/22
HE- 55 "+-
BRIRMRAE

1) Microsomal oxidase %tk
Microsomal oxidase {EH:HIGE-S 85 5~10 {#
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5 Wl ol & 1.15% KCl g #ests
A4 AEHE 18T FERPBE ERfez 3t
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7}. Microsomal epoxidase

Microsomal epoxidase yE#:-2- aldrin S FH'E=
shed WESE ok REEA Bk 5, 23 =
NADP 1.8umol, G-6-P 18umol ¥ G-6-P-D 1
unitS EFE 0. IMEHVES BEER(EH 7.5)
4.9ml &} 250nmol aldrin-& 473 methyl cello-
solve 0.1ml & 43 AGFZ(40°C)eA 557
RIEAZ . KEEYHY dieldrin & hexane 0 &
#23le] GLC(Pye Unicam, Series 304) :¥i 2
st =

1}. N-Demethylase

N-Demethylase 1%E#:-2 Kupfer o HEo] wlegt
P-chloro N-methylaniline & 3&= 3l9 JIEs}
Kk, Bk 10 o] 4°C 2 241 0. 1M Bk
YEF BfnweH 7.5) 10ml & nsl ERRE)
A 30& ¢ HEMAD KE ¥REoE IR
ot E¥%E® 4ml, 3=z NADP 1.8umol, G-6-P
18umol ¥ G-6-P-D 1 unit & 44K3 SHEEEK
0.9ml ¢} 3umol P-chloro N-methylaniline & &%
3 methylcellosolve 0.1ml & A& Fo] @z 208
7+ A gl F(34°CYA 7 & 6% p-demethyl-amino-
benzaldehyde & 4% 3N H,S0, €9 2mlE jn
ste] KEEMEEEA Z . N-demethylated EE49 p-
chloroaniline & 10,0008 o] A 154 44 £ & T
317 445nm(Sp 8-400, Pye Unicam)d] A BB
£ WEs o

t}. O-Demethylase

O-Demethylasefg#: -2 Hansen 59 Fpe?®d] o
g} P-nitroanisole & ZEZ sle] ME3 4 o).

2) Glutathion S-transferase(GST) {&#:

BAEo) GST o kel ML wAe AL
Zol7] &l MEA AN Z fBE Ao ZA
e REwe BED EHTBRE #iststd o
Aryltransferase(DCNB conjugation)iE #:-2 JiE3}t
7 S18 A= 0.1M tris-HCl @55 (pH 9. 0)<,
28]z Aryltransferase(CDNB conjugation) i%
& WE fAAE 0.IM tris-HC @Enm
(pH 6.5)% #2 FEAstdt kPR 5@
4°C2 B9 LE BRI 12.5ml o o] R
el A 30 27t HEILAZ . Homogenate &
Eﬂ—:ﬂ]i JEiEste] 10,0008 A 15 5 wOHE

5 BERE SREEOSEEEBeckman 18-

70)e] A 105,000g Z 60 4F mOSHE EBRS
EEEm ez g

7F. Anyltransferase(DCNB)

Booth ¢ JjE:i¥e] #3te] DCNB %
el WS o

1}. Anyltransferase(CDNB)

Habig %9 JHuk'Ve] %3« CDNB &
ko] I SHE o

3) Esterases {E#:

7}. a-NA-esterase 9} Carboxylesterase.

LB 5EE 4°CY 0. IMBBYUEF B
B (H 7.0) 20mlo] dof EREAA 3027 15
BeAA "EA = ERT BRKeE ERS
Q@ rF. Van Asperen o ¢ 93 3X107*M
a-NA(0. 4M BB HH, pH7. 00 BERRS
Z Aty ob. Canboxylesterase & eserine(107*
M)z} PHMB(10*M) g =] %kH o] jnsle] Cholines-
terase(ChE)$} arylesterase & [t HITEH
=

1}. Acetylcholinesterase(AChE)

AChE {E#:-S Elman 5] #83ted AThch &
HE= st MEstd . E 10/E 4°CY 0.1M
g E B mnE(eH 8.0) 1omlE st ERE
Bl A 140 BHEEAZ # homogenate & " &
AR R PEBet BEWeR A

4) DDT-Dehydrochlorinase(DDT-ase) #E#:

Yu 59 HEk9d o3td DDT & HEE 3o
paEskgl ek eiEREE 25 Mo 0.1M #ivE
B EE (e 7.5) 12.5ml & fnsl Rl 4 30
Z %o BBy k. Homogenate & 10,0008 o
A 15 41 EOSEES % _BERE 105, 000g o A
oA BRSO EEY RERS BREKoE
At

ol e BE BREHRS 0~4°ColA gz
EPEAFE Lowry §o JjEE®d ooyl
B 52 borine serum albumin(fraction V)& &
FI5HR o

EE=

AHE

Hoh &l mE
U HIERE(LC) B BEIHITRE

o] ¥ A8 FZHAS LG, FodEikE 2
EHIFLEE L Table 15} 2rh. LGy fEel A% #
#: 3.7 g = EPN, demeton S-methyl, carbaryl,
malathion, permethrin, diazinon, DDT ¢ 5= EPN
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Table 1. Susceptibility of adult worker of a honeybee(A. mellifera) to various insecticides

Oral toxicity(ppm)

Insecticide -
LCso 959 confidence limits of LC,,  Sublethal concentration

Carbaryl 1.99 1.66~ 2.29 ' 0.22

DDT 58.69 45.55~71.83 2.75
Diazinon 10.04 6.21~13.87 0.65

EPN 1.61 1.39~ 1.83 0.11
Malathion - 4.32 4.30~ 4.34 0.85
Demeton S-methyl 1.62 1.23~ 2.01 . 0,25
Permethrin 4.81 4.74~ 4.88 0. 085

% DDT9 LG, fli 1.615% 58.69ppm & 2 DDT
o] %3 EPN 9] H#:2 36.55%9 £8E vy
REBEY 4o B sHSEEAAE DDT 9
demeton S-methyl & [ , = 9 Carbaryl,
diazinon, EPN, malathion §@ permethrin & &&
oz S5EE) . EREMAA carbaryl, mala-
thion 2 permethrin 8] LCy 7} 1.44, 4.61 2
2.28ppm o 2 #EPH o] 9l o] permethrin
& BAstEE RERO BES €2F Aelth
HHICEEEE permethrin o] 0.085ppm 2.2 714
2otz DDT 7} 2.75ppm 22 743 & $keh. o]
3 HBEE A carbaryl, malathion ¥
permethrin®] ¥#HKIEMHE7L 0.17, 0.16 2 0.017ppm
oz #EDE A HEs] £ W carbaryld Bét
Stz HES 2RE 29T oA 2REe
g o REREeE Ae BEEd g%
EhmES 2o X2EY Aoz 444

Bkl B

b B EENRY HhiE

mEERz 497 951 WExd BEREME
Table 2¢] etuigieh. AChE & ¥ 5 MERER
d& IR SA Rk FERREEER &
7812l acetylcholine(ACh) S nk4fgstz £iB
#Ee] target enzyme o] B2 o] EE FEAA
A @ ok

Microsomal - epoxidase fE#:9] B A Higis
Bt BRiEkd v BES g4 949 K
ReplEE 2o 2 (ER S 2 N-demethylase ¢} O-
demethylase i5#:& FRFIBS BHELAA ER
3 vF. Microsomal oxidases &= BfRiE#Eo] o}
pmol/min/midgut 2. 8 FHiRdlY 7 BHE-S mid-

Table 2. Detoxifying enzyme activities in adult
worker of a honeybee(A. mellifera)

Specific activity
(nmol min 'mg

Detoxifying enzyme?
protein™1)d

Microsomal oxidases?

‘Epoxidase 12.88* 3.52
N-Demethylase 222.50-:19. 69
O-Demethylase 32.331 4.50
Glutathione S-transferases
Aryltransferase(DCNB) 2.06 0.06

Aryltransferase(CDNB)
Esterases -

267.67+28.17

a-NA esterase 317.401-38. 41

Carboxylesterase‘ 168. 49--15. 85
Acetylcholinesterase® 239.67+19.78
DDT-Dehydrochlorinase 0.133+0. 029

a : Midguts were used as the enzyme source

b : pmol min™ midgut™! ; 0. 843mg protein/midgut
¢ : Heads were used as the enzyme source

d : Mean=+SE of triplications

gut ' 0.843mg o] Y =}. Microsomal Oxidases Fr
N-demethylase o] i&#:o] /13 %> epoxidose
9 g0l AR ¥grt. GST & aryltransferase
(CDNB)#&##: ] aryltransferase(DCNB) {%#: 2 o
A © ¥gv}. Esterases &= BifRiEHo] & ¥
£2rY E¢x 2 ERIERE o-NA esterase>
AchE> Carboxylesterase fgo] & ©}.

1}. Microsomal oxidases jF#ko] vl X & FHEH

9 we

1) Microsomal epoxidase

BHFERES] BEBr BARY Y microsomal
oxidase {EHke] v & BB Table 3of /RS
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Table 3. Effects of sublethal concentrations of insecticides on microsomal oxidase activities in
the honeybees (A. mellifera)

Specific activity(%control?)

Insecticide®

Aldrin epoxidase N-Demethylase O-Demethylase
Carbaryl 87.241+11.39 152.30+11.38 109. 297-11. 38
DDT 97.957-21. 07 101.44-+10.78 115.48+= 7.29
Diazinon 88. 697-30. 46 143.7720.70 147.44+10. 21
EPN 117. 02+ 8.68 142.177-12.58 133.001-24.87
Malathion 95.744- 8.69 108.63+ 8.15 98.98+19.06
Demeton S-methyl 145. 39+18. 08 123.01+17.65 86.611 4.37

Permethrin 145.407-21.86

127. 271-20. 80

123.72411.01

a : Groups of 30 workers were fed on a sugar cake containing corresponding insecticides at the sublethal levels
for 3 days prior to enzyme assays
b : Mean-+SE of triplications

Table 4. Effects of sublethal concentrations of insecticides on glutathione S-transferases activities
in the honeybee (A. mellifera)

Specific activity(% controlt)

Insecticide® Aryltransferase Aryltransferase
(DCNB conjugation) (CDNB conjugation)
Carbaryl 89.65+ 5.55 86.8312.34
DDT 140. 457+ 8.26 101. 90+15.70
Diazinbn 239. 647-20. 24 95.13+ 5.33
EPN 127.83422. 21 102. 247+ 5.68
Malathion 119.58+ 6.75 91.33+ 6.13
Demeton S-methyl 103.88+12. 21 72.77+15. 66
Permethrin 145.47= 2.25 88.01-% 6.36

a : Groups of 30 workers were fed on a sugarcake containing corresponding insecticides at the sublethal levels

for 38 days prior to enzyme assays
b : Mean+SE of triplications

9 vF. Microsomal epoxidase jE#:-2  carbaryl,
diaziucn, DDT, EPN, malathion jgBE A= ¥
F8o] 9l demeton S-methyl ¥ permethrin
o RFIFEPES] BEAEEESL aldrin epoxidase
o] EME BAALoEA aldrin eoxidase o 4=
Be BEdle HR2E 23

Plapp'+= DDT ¢} dieldrin o] M. domestica £]
EHER A NADPH. o] & BERREMS LA
oz stg e Spodoptera frugiperda A all-
elochemical 3 permethrin ¥~} microsemal ox-
idase M-S BAA A THE HAwol 9o

2) N-Demethylase

EFFTRES] HHERE] wE N-demethylase
1EM:e Table 344 ®E u}sl o] carbaryl,

diazinon ¥ EPN BHEAA §Eike] #AH drh
BHY Zafld B BRI BRY THEHS,
Tofe, TERERS XM 2 OBE 5 I8N EE
o o4 =Z=d F gk

Brattsten 592 Prodenia eridania 6| A 35|
9 Hfle] o8 BERIEHS BEE T2 BAR
9]l = microsomal oxidase fG#te] L vtz
3}43 = Dauterman 598 DDT, cyclodienes, pho-
shoric acid esters $ %h% hormone B Fo]
EB.He] A cytochrome P450 9] inducerzl %}9\3\3
M o] % inducer £ £ U RG] et HuL
cytochrome P450 &) Bfyql 8kt &S 43, #
o MR e SR Aox HEESAH

3) O-Demethylase
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BHFRES] FEHREE w2 O-demethylase
2 Table 3¢ FRd uhe) o] A9 943
R diazinon JFEE S gt iEHo] A=A
S. frugiperda 2} o] /] miccrosomal oxidase
9 inducer 24 S4go] A HEe T AL
Bt TLAAE EmHY B g AL BR
3l o diazinon ¥ permethrin 59 # hHo]
B3 S. frugiperda ¥R fittke] TYE Hal
Yo S 44d g He g A o B AL
Holo] wzt gifle] W Wke] tEr] @ Fo
o1

ot GST #Edke] vlX & Hufl) 8

1) Aryltransferase(DCNB)

WEFIERES] Bgko] TUMAY GST iHkd v
Ae pBe Table 46] FRE ¥t o] arylir-
ansferase(DCNB conjugation) 7E#:2  diazinon,
permethrin ¥ DDT JEEE A =5 EAAZ
M. domestica o] 4] parathion, DDT, dieldrin 2@
carbaryl 8] pE# -} aryltransferase o] 23 DCNB
conjugation & 1-3, 1-5, 1-4 2 1-24% KA
3OS HBERSR REEC o RS FERsS
vebgl e g @Ee & EHRB ERSE -
== @] 9tk A. mellifera o] o] 3l aryltrans-
fercase o] 2]3F DCNB conjugation & permethrin
3} carbaryl EES A HBAH 4 ke BE 9
o} REE) A= permethrin EE ) A & 8K
H A gt carbaryl EEEN A= A9 271 94
o}, =3l diazinon EHEE | A & arytransferase o
°]% DCNB conjugation o] & A 3] k= Q=4

ol o] {b&#pe] GST o &Kol BB} BHE
FE BTN E EHE s REVAAS
Zo] diazinon o] #iE7t AAEA el &l
7] Aol deoid Aol obdst HexEH ot

2) Aryltransferase(CDNB)

WHIEEESY Bhfst E89 aryltransferase
o] 93 CDNB conjugationd] =] ] = g2 Table
4o e uhel o] Mo 2 AL B g
ot ARAH/aBES demeton S-methyl EHIE
A HEE 29 Glutathione(GSH)o| RHE
9 sfgel BEY HEE 317 o Fd* GSH
conjugation & o] & t}& glutathione S-epoxi-
cetransferase, glutathione S-alkenetransferase,
glutathione S-alkenetransferase, glutathione S-
alkyltransferase @ glutathione S-aralkyltrans-
ferase 5o dlg HMEE FrE] HEE Ak 32
o 47 o

2}. Esterases fEke] w3 & bl HE

1) a-NA esterase

EHITRES] RgEc) esterases fEfko] WX & B

& Table 59¢] velu ¢l=}. a-NA esterese G
€ malathion, permethrin, DDT @ EPN g#HE
ol A BEEHES B9t Kapin 522 L. dispar
9] esterase {Eik2 o] ZP& esterase {59
91.5%% vVelictz Pz Maa 5  Musca
domestica &) WHEF RIFHE R esterase iF
e 4EERTT JE AL FH L esterase fHK
#ol HER H Pyrethroid % BB REH
vt EHiEEE EES BT/ A9 ¢

Table 5. Effects of sublethal concentrations of insecticides on esterase activities in the honeyhees

(A. mellifera)

Specific activity(%controlb)

Insecticide®
a-NA esterase Carboxylesterase Acetylcholinesterase

Carbaryl 97.621% 6.02 129.44+17.15 102. 32+ 8.07
DDT 72.32% 4.62 90.76121.41 99. 091 8.07
Diazinon 103.22112.44 132.79£21.95 108.21-14.47
ENP 76. 261 5.41 78.60::13.59 108. 37+19. 66
Malathion 74. 147 4.07 87.347116.75 100. 77+ 7.23
Demeton S-methyl 97.5211. 64 96.01+11. 34 101.52410. 37
Permethrin 70.47111.33 92.801+-17.42 131.15+11.53

a : Groups of 30 workers were fed on a sugar cake containing corresponding insecticides at the sublethal

levels for 3 days prior to enzyme assays
b : Mean+SE of triplications
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A9 malathion grERlE e A 9] WHEE A. mel-
lifera o] A malathion jZ¥e] oJ3t JHEES Yr}=
WL —FEhe EEol ok

2) Carboxylesterase

PHMB 9} eserine & {#fi3sle] ChES} arylester-
ase & BREZ ohe BEIERE EBEe] carbox-
vlesterase F#o] mlA & BEL HET HEs
Table 59 7t} Diazinon BHE ALE E#:
BRE BEAT G EREAAE FHI gE
o] ¢ 9t}t. Metcalf 5*2& M. domestica, A.
mellifera L Gromphadorhina Protentosa 9]
homogenate o] A1  esterase ZMEHEES  FHE I+
aromatic esterase(ArE)7} 29 HEpR R
o kSR HEEHE s diz =8 o) &
82 A% ChE, aliphatic esterase(AliE) &
AtE 9 A AAE 2¥%tz o= #ERS. 4.
mellifera &) Esterase XL =
32%, ChE 7} 8%,
60% % ot

3) AChE

HHIFERES] BgEo] ACHE Eikd A& g8
-2 Table 50 A B ule} fo] Fal g o] ¢
Qe o3 BRE A. melliferao) A AchE &
Peol X BAEBES B HI HMED A
ul 52 g fHEel oh AERY HEG BEBY #3x%
EREE B MR 7H BESE vA + 9
= BREUT Aoz 4% 4 g4 ChE.
+ AChE & butyrylcholine sterase(BuChE)e] 2
AL Qx Ky BRER-E AChE 2 #5H of

arylesterase 7}
282 carboxylesterase 7}

Table 6. Effects of sublethal concentrations of
insecticides on DDT-dehydrochlorinase activity
‘in the honeybees (A. mellifera)

Insecticide® Specific activity (%control®)
Carbaryl 169. 6830. 00
DDT 130.79+21.79
Diazinon 81.30+ 5.00
EPN 76.35+12.00
Malathion 95.44122.91

Demeton S-methyl 120.19-10. 00

Permethrin 168.68:17. 32

a : Groups of 30 workers fed on a sugar cake con-
taining corresponding insecticides at the levels
for 3 days prior to enzyme assays

b : Mean-+SE of triplications

g=u? 4% iR ChE #Ke AChE 7 90%,
BuChE 71 10% 2 b5kt ‘

ol, DDT-ase &kl v X & Fhugle] B&

HEFIEIRES) #gEo] Fy o] DDT-ase ifkd] o]
A= B#ss Table 6 o4 B carbaryl ¥ per-
methrin JEEE ] A Eie) MBS 1y} DDT-
ase 9 #-kL: miorosomal oxidase jE{k:o]
Ko BRR o #nePe] gl =T FERAAE
microsomal oxidase fEikol © &7 o T-o) ZHE
of %43 DDT-ase fhthe] Rt FEHEHA g
MFO iE#Ee) %6829 oA MHEi=A F&7 4
Z+El ok, GSH ¢ £F#%<l DDT-ase 7} GST ¢ |
—3 HHEAAY 5 HElA REEe] AA T
BEs 2% A2 H2de o ABS g
Lipke 5*”-& DDT 2] DDE 29| @#itbze Bit
#ol v fEfso) weh %#shd DDT-ase & pep'-
DDTE p-p’-DDE ¢} p-p'-TDE = 4@l = 5
HREE A9 o-p’-DDT = 3EA 71 R E8c}
2 s

BEFS EEIFERE T RRY Y BMEERE
el WX HEL dAT EAL Yo per-
methrin JEEEJ A GST9 aryltransferase(DCNB
conjugation), microsomal oxidase ¢] aldrin epo-
xidase @ DDT-ase o] A {9 HAE BgEd
ol = MERFFEMHEMY #HENY BEEe A4
= BERIEMS R0 4 dejdehe @e 9
e fFHEE BT o —#rye 2 microsomal
oxidase $} DDT-ase ifith-& BRiifle] HEFHITRE
of a4 AT EHWE BTk

= =

PAEfE B (Apis mellifera L)o| %3 & h|
o M 2 EEENS Aty BRRAGAHAER
Raged] FHES] A9 b REHY FEFE
e OiE BH D EERFRY BEL #EEd
oh BEEEEMS BEMKE ¢#3 microsomal
oxidases, glutathione S-transferases, esterases ¢}
DDT-dehydrochlorinase & 3z 2 AU E 9
PSS HEste] WEstlch. LCs fHe MERR
#3 #d@Es DDT 71 58ppm o2 Fke] 743
2ot EPNol 1,6lppme 2 ko] 74 3l
WFHIEERE S el HRY W microsomal ox-
idase o wlx X o ¥ malathion @ permethrin
BB aldrin epoxidase 3#E#:-S JHEAF Z N-
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demethylase jF: & diazinon EEE o A K5 9
t}. Ghtathione S-jransferarse(DCNB conjugation)
&2 diazinon 3} permethrin RHE ) A #HkH
2 t}. Esterase = malathion @ permethrin g3
[Eol Al a-NA esterase iH¢:2] HEE ng = dia-
zinon JEHEE ] 4] carboxylesterase Ehko] #|AH
$low ACHE & A9 %o 919 DDT-
dehy drochlorinase fE¥:-& carbaryl 9permethrin

RBEEJNA #KXEH4.
AP A

E AFE BIAIAR 47 AQew &
gegen A FFd & AA4E =Yy
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