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Residual Characteristics of Chlorpyrifos and Bifenthrin at Red Pepper and its Leaves
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Abstract

This study was carried out to evaluate residual pesticide levels in fruits and leaves of red pepper. The residual pesticide
levels of a tail end of red pepper were compare to that of a middle portion. And various washing methods were evaluated for
their efficiency to remove the chlorpyrifos and bifenthrin in red pepper. The results obtained were as follows.

1. The relative residue levels of chlorpyrifos in red peppers were 21.8% after 10 days, and 16.5% after 16 days, and those
of bifenthrin were 16.7% after 10 days, and 12.1% after 16 days. The relative residue levels of chlorpyrifos in red pepper
leaves were 4.3% after 10 days, and 1.7% after 16 days, and those of bifenthrin were 40.8% after 10 days, and 23.8% after 16

days.

2. Residue levels of chlorpyrifos and bifenthrin in a middle portion of red pepper were 0.51 mg/kg and 0.25 mg/kg,
respectively. Residue levels of chlorpyrifos and bifenthrin in a tail end of red pepper were 0.52 mg/kg and 0.28 mg/kg,
respectively. Therefore, there was no difference in residual levels of chlorpyrifos and bifenthrin between a middle portion and

a tail end of red pepper.

3. The removal rate of chlorpyrifos and bifenthrin by tap water was 20.9% and 57.1%, respectively. The removal rate of
chlorpyrifos and bifenthrin by 5% sodium chloride was 51.2% and 76.8%, respectively. The removal rate of chlorpyrifos and
bifenthrin by 0.5% detergent was 62.3% and 82.1%, respectively. The highest removal efficiency was obtained by using

0.5% detergent.

Key Words : Residual pesticide levels, Chlorpyrifos, Bifenthrin, Washing method, Removal efficiency
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Table 1. Chemical structures of bifenthrin and chlorpyrifos

! bifenthrin®] Z-FE 4 33
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ulsho] 5op AR A B4 7H AZFSHA A7 S5 e,

JEE Qyoly HSER dll Ak} Ak Ha
E detdia gled 258 7Hlisks sig o2 e eyt
W, B A, Jupols-of, of 2lrtdut e, ARE F
o] glow o] F mFwujihdel &gtk Fa 7t 7Y Al et A
o7 RIET Q) TETujue 93 A7)0 Il Lo g
AFsto] FAEE SR 7l e 2 ] v drl,

7helEl Fl = BlE ok Wato] Q) sHA Hol e Ast

AlZ1t}, Pyrethroiddl 449 bifenthrine %2 A1 A
T2 Adfisks oAl 2A 59] aFduiubdo] gHd antE
el Aoz oA 0‘5}“” chlorpyrifost= AR E WA
Aol ARE Bz §7] A A Aol T,

AR = BA A g 71EQd JAE AAT A o 5
of thal| Ant EAlste] AAH Ao = 139F9] FoFo] 73]
|7)20] AA = 1YL 27F] T R EVIE
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chlorpyrlfos S T AR O]|=A] A=A bifenthrin'S A
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Chemical Structures

Chemical names

Cl S 0—CH,—CH,
\/
N /P\ 0,0-diethyl
chlorpyrifos Cl 0 0—CH,—CH, 0-3,5,6—trichloro—2—pyridyl
pho sphorothioate
Cl
{2)-{1R)-cis-acid
A reaction product of
\ A N 2-methylbiphenyl—3—vlmethyl (1RS,3RS)-3-

Nl [(2)—2—chloro—3,3, 3—trifluoroprop—1—enyl ] —

/ CH

bifenthrin

2,2—dimethylcy clopropanecarboxvylate
and

2-methylbiphenyl=3-ylmethyl (1RS)—=cis—3—
[(2)=2-chloro—3,3,3—trifluoroprop—1—enyl] —

2,2—dimethylcy clopropanecarboxvylate
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| Sample (50g) |

| Homegenization : sample added
acetonitrile 100mL

‘ Filter & Separation ‘

| Separation : acetonitrile layer(20mL)
after shaking & standing(-20C, 1hr)

Evaporation
& Concentration

— by TuboVap evaporator

| Purification : elution of hexane sample(2mL)
with hexane 5mL(contain acetone, 20%)
| on florisil by SPE

Analytical sample | . GC(MSD, ECD) injection

Fig. 1. Schematic diagram of sample preparation for analysis of

pesticides.
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OFEHR 516714 F o wel 744 Rl Hshol ARG st c
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AP RHE o] Q19 Mo B A A] AFRE ok Zmal (18
325=3M4) | chlorpyrifos 25%, 3ra4RE), A (HH A ¢
Ar4=34) | bifenthrin 8%, SEAW) 9% 0 2 A3 ok Tl
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Acetonitrile, n—hexane%s 7] &&= Merck Al Z5-5°F

Table 2. Analytical condition of GC/MSD and GC/ECD

oA AR

Ads - 280 A4 R A E

A

ghid

A8 A|9FL chlorpyrifos (98.4%), bifenthrin (97% %<F
F 32 Dr. Ehrenstorfer GmbHAF] A& & A3,

fel

A7 A

FFAAE Y3l AREE VAR E 0.5% A AAALG
B A7}, ARG AL6%), 5% rE-E(E AE NaCl 88%
ol h & Zyz}t Alxtsto] ARg-stedth,

E](Jii—rgl'xﬂ

 Ag=3HA|, bifenthrin 8%, &%
SORAE A S g kel
chlorpyrifos (20 g/20 ¢), bifenthrin (5 g/20 )& E°l 3]
A7) & 137 50 meA A TR AR o] 2238 AA
& Besial)

chlorpyrifos 25%,

2—54 %“%

ANagH 2 =24

AdjellA] oF 80152
Aufate] GujE W NFE WL &
HE FZAM (7] F 27C, = F 70%) %Zﬂ %““ fﬁ 3*17J
(192h 9 3, 5, 7, 10, 12, 16YA} o] It
Z3ko] chlorpyrifos, bifenthrin®] X5 3& A}

¥ AFF S

ko] A H it AEEQ 5 ARF Sl glol WA
2l 7B Ho R AZFHY FA PR A Hol| (Fig. D w}
ol 3o 359 50 goll acetonitrile 100 mE 7}3)

homogenizer & 3000 rpm .2 287 vl =Z31%t) 7]
o NaCl 20 g& ¥l 1083 X% & —20TC Yl 123t
A F 45 20 meE F3Ho] zl+§] Al 27](40°C 0] 5Pl A
5%31] acetonitrile® AA F 20% acetone T hexane
2 meoll Ag3h5te] SPE (Solid Phase Extraction) g4 & Al

22 Ag3Y. Florisil cartrige (Sep—pak vac 3 cc,

C (MSD) GC (ECD)
Instruments Agilent Technologies 6890GC /5973MSD Agilent Technologies 6890 series I
Column HP-5MS 30 m X 0.25 mn X 0.25 HP-530mx0.25 mmx0.25 m
120C (1 min) 120C (1 min)
[ 5C/min [ 5C/min
Oven 200C (1 min) 200 (I min)
| 5C/min [ 5C/min
270 C (10 min) 270C (10 min)
Injector(lnlet) Temp. 250°C 260C
Detector(Aux) Temp. _ 280°C
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Table 3. Recovery and detection limit of the analytical method for pesticides in red pepper and red pepper leaves

Sample Pesticide Fortification(mg/kg) Recovery = C.V(%)* Limit of Detection (mga/kg)
bifenthi 0.5 94.2 +4.9 0.01
o trenthrin 1.0 92.0 +2.5 0.01
ec pepper R 0.5 93.6 3.4 0.01
CHIOTPYIHOS 1.0 97.3 1.7 0.01
g + g
bifenthrin 0.5 89.5 £4.5 0.005
Red pepper 1.0 97.7 1.8 0.005
leaves . 0.5 93.8 £3.2 0.005

chlorpyrifos

1.0 929 £2.9 0.005

* Mean values of triplicate samples with coefficient of variation

Waters)©ll hexane 5 m¢E 7}3l conditioning3dt th- Al& 2
m¢E A7 F 20% acetone ¥ hexane 5 m(ZE BFAF T},
S &ML TuboVap LV evaporator® A7l & 20%
acetone ¥+ hexane 1 m(Z2 A-&35}] Table 2.9 Z2 =
Aoz EBA35IY . EAAH] F GC/MSD[Mass Selective
Detector, Agilent(HP)Al, USAl= soF A& 3Hal,
GC/ECDI[Electron Capture Detector, Agilent(HP)A},
USAJ2&= 4% &4 skt ?

247)7]

GCE Agilent TechnologiesAte] 6890N(U.S.A) L 24
Agilent Technologies automated sampler (China) & A%
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Aol slag 2 A
FAAE A @& L5 1Y AR 50 g9
bifenthrin, chlorpyrifos 0.5 mg/kg, 1.0 mg/kgs Ztz}
A g F AT A= FAAZ) AL, A7) w4 ol whet 3k
A3 slo] 73 3482 Table 3.1} 2t} & BEAwHo] w3
3482 bifenthrin® 3% 92.0~94.2%, chlorpyrifos+
93.6~97.3%°] o™, WolA¢= 2zt 2.5~4.9%, 1.7~
3.4% = VERETE, 3139lo] 34282 bifenthrin®| 7%
89.5~97.7%, chlorpyrifost 92.9~93.8%0°]1, WHo| A4
= ZZF 1.8~4.5%, 2.9~3.2%2 et HE 3 (limit
of detection, LOD)= HA4 A2 nlE T2 Aloj|lA] 7]= 9] o]

7} baseline &2 K€ wAE Qe = Q= Hao 2 pof

8 4E 9= 217 0.01~0.005 mg/kg 2 2 HAlylo] 11
20} 13 910) 5oF R B o A3kstcta ek wo] Ach,
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Fig. 2. Typical GC/ECD chromatogram of standard solution of
chlorpyrifos, 6.74 mg/kg.
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Fig. 4. Typical GC/ECD chromatogram of fortified red peppers
with 6.74 mg/kg of chlorpyrifos and 5.86 mg/kg of
bifenthrin.

GC/ECD2 EA43t chlorpyrifos®] WHFEAZHRT)2 Fig.
2.9} Zo] 21, 780]|1 bifenthrin® W&S A7H Fig. 3.3
7ol 35.4%2.2 YEtth Fig. 4. Fig. 5.« 159t 1% 4d
< GC/ECD& HA43k Zo|ch,
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‘%Eh 0.85 mg/kg, 162 A3 Fell= 0.14 me/kgos

ZH5-519 3L, bifenthrinS 5= Hufjof] oA Abx 51U A3}
z 5711555 0.66 mg/kg, 164 1 Fo+= 0.08 mg/kg
o2 yepyttt,

T3 FAufjol A chlorpyrifos 2] 10¥ 3 Z-H8-2 oF 21.8%°)
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Fig. 3. Typical GC/ECD chromatogram of standard solution of
bifenthrin, 5.86 mg/kg.
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Fig. 5. Typical GC/ECD chromatogram of fortified red pepper
leaves with 6.74 mg/kg of chlorpyrifos and 5.86 mg/kg
of bifenthrin.
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&2 9F 16.7%°13L 169 F IF-&2 oF 12.1%= YEbth
3130 A chlorpyrifos+= ¢FAl A2 & 1Y A3t & 27|
E=7F 20.11 mg/kg, 169 3% ¥ 0.34 mg/kg 22 ZHF 3}
%L, bifenthrind A 4 F 19 A% § 275=7
6.44 mg/kg, 16¥ A7} Fo= 1.53 mg/kg 2.2 UEFRIT)

T3 Yo A chlorpyrifos 9] 1098 & ZF82 9F 4.3%°]|1L
169 & Xl'-n—g—"— oF 1.7%%tt. bifenthrin®] 10¥ & A7&
& 9F 40.8%°]3L 169 & HF-&-2 F 23.8%= UERT).

Chlorpyr1fos9—} bifenthrin 2% 5o A 13Gujx
t} 27] Rl 108~ 2081 = wWel=t ol AL 5oF

o] 1A ¢JH o] Kz}l Ak fHH] #H A (leaf area/sample
weight)o] 43 27] Wil Ao g A=A et

A& Al 7)3F Fet Ak °k«| AEA 5 AR B9
FOF AA o £ - &}k BEAof o FF¥FS %E A =&
AA B, A2 9 24, A= A =
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Fig. 6. Residue of chlorpyrifos and bifenthrin in red peppers.
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bifenthrin 0.25 mg/kg, chlorpyrifos 0.51 mg/kg, E—r—t}
2 bifenthrin 0.28 mg/kg, chlorpyrifos 0.52 mg/kgl.=
SRR, BREY ok AR P ol AY g & 4
Stk 0] BRRol FOFUR L WolA BREL A7 3}

T Ei 497 5E qled oA e UL o 4 st

01

MIEo e =29 X‘||71 k=anl
HE xﬁﬂi 213 28] E]7] ool
= F 2.5t}
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ke RS gl ste] A7) B4R

HAZ sto] AA &S vlasklch

Fig. 8., Fig. 9. oA yetd 2 5 AAEY 7
9 AAAHO 2 chlorpyrifos+= 20.9~62.3%, bifenthrinell
A= 57.1~82.1%2 AIA &-&-S UetHo] bifenthrino] ot

Table 4. Pesticides residue by a part in red peppers
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Fig. 7. Residue of chlorpyrifos and bifenthrin in red pepper
leaves.
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DH4 FH O] WaxZol A9 &2t JF7F dojur] #1941 Al
g o] wob A 57] 24 2 chlorpyrifos?] FFA|A &0 ¥
Ao R Azt © AFEHE HA 8L
O FEE A Al 9F 20.9%0 AIHES B
ol A= oF 51.2%, 0.5% AIA A = °F 62.3%= 7
HE&E BT Bifenthrin®] 39 =& ¢4 Al ¢F 57.1%,
5% g Bol| A= oF 76.8%, 0.5% AlA| oA = oF 82.1%% 7}

chlorpyrifos-OJ 7
i, 5% LuE

=2 A

A ge ARNET BAT 99 Aol FA9 oF mE
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Tu.aa
08 1 l
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3 Lm
04 =
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Control Water sodium chloride Detergent

Fig. 8. Remaining residue of chlorpyrifos on red peppers after
washing.

Sample Pesticides Pesticide Residues(mg/kg) =SD(Standard Deviation)
Red Pepper bifenthrin 0.25 £0.04
(a portion of middie) chlorpyrifos 0.51 £0.07
Red Pepper bifenthrin 0.28 = 0.08
(Tail end) chlorpyrifos 0.52 £ 0.09
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Fig. 9. Remaining residue of bifenthrin on red peppers after
washing.

0.5% AA oA =2 A=t oA = AA A of 9
Sk A|A BI 7R o]gi= 0] Eo] Hilo) oJelH A A A
o] Zhg-ofl o7t A= A8 FF HEE KA RHEAY
< ASHAA AHsH= BHE vehfz] wjE ol kgl
2Lt AlAl o 2 AAIZE AH Al 28] 2 A Foll A 7F 2
sto] QAo s 4= lomm g AZE o] A S sfok
st AlA o= 32 204 302 o4 HlojFofof gk
AE AL

A AFE 4 2 A= o

A eE 2

Z2 B

2 dAgae 5 " 2o {71 AA
chlorpyrlf s, 57”\44 gAago| =4 AA| bifenthring AFE
Al Tpof] whE 15 9 Y F IFF LS 2ASEH] F
0—4 W3S o|&eh o okg] 1159 ERE o] FHHEE(o7
FE)ol vlsf Feke] xHRrt gol Hrhs £4E HISsH AL ®
gt 2E PO A dErd o2 ot e A, A7
AHE B3t 2HRs k] AAES Akl A 5oF A

AfE Qobit Auk vt 2t
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1. Chlorpyrifos= L@ ufjollx] oFA] A & 19 Hit &

= 0.85 mg/kg, 164 A7 Fo= 0.14 mg/kg.‘li
o3, bifenthrinS 5ol oAl 42 F 19 #H3t
%271 =+ 0.66 mg/kg, 16¥ 37 o= 0.08 mg/kg®.
Uelteh g o)A chlorpyrifes ] 104 & AR&2
oF 21.8%°]1. 16¥ ¥ 72 oF 16.5%%t}. bifenthrin®

104 & 7782 oF 16.7%°]1 16Y & 72 oF 12.1%=

T3 oA chlorpyrifost= A A 3 1Y A3} & 27)%
&7} 20.11 mg/kg, 163 43 = 0.34 mg/kg o= 733
I, bifenthrinS oFA] AbZ & 19 A & 27|15 TV} 6.44

r

LRt R

rBL

A AN A E

A

mg/kg, 16 AT} Fol= 1.53 mg/kgl 2 LeRtT}

3= oA chlorpyrifos @] 109 ¥ ZHa&2 oF 4.3%°]aL
16 & ZHE-&2 oF 1.7, bifenthrin®] 10 & IF&2
oF 40.8%°] L 169 ¥ MR8 oF 23.8% = YEt

2. 1539 FI7FHEEL bifenthrin 0.25 mg/kg,
chlorpyrifos 0.51 mg/kg, 54 bifenthrin 0.28 mg/kg,
chlorpyrifos 0.52 mg/kg S8 FHRE ZRE O] eoF 213
Fo] Apol= A9 gl & 4 AUlTH

3. AIEH Y AAE 2 chlorpyrifas & A9 5= A Al
oF 20.9%9 AAHEE EHAIT, 5% 7= e F 51.2%,
0.5% A AN A= <F 62.3%= 71 =2 Ald&S B,
bifenthrin @] - $5E Al Al 9F 57.1%, 5% SaE A=
°F 76.8%, 0.5% Aﬂxw A= of 82.1%% 7MY 2 AlAES B
Ack. 919 Aol A T o B 0.5% AIAIOl A =& Al
Hegs Ko,
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