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ABSTRACT

The purpose of this study was to provide the standard method for the analysis of organophosphorous
pesticides such as chlorpyrifos, diazinon, malathion and parathion in blood. We performed method validation
for these pesticides in blood according to EURACHEM (A focus For Analytical Chemistry in Europe) guide.
For the analysis of the pesticides, we used solid—phase extraction column (Waters Oasis HLB®). After the
extraction, the supernatants were evaporated to dryness under the nitrogen stream. They were analyzed by gas
chromatography/mass spectrometry (GC/MS) after reconstituting with ethanol. Terbufos was used as an
internal standard. To validate this method, we performed verification procedures with the following parameters :
selectivity, linearity of calibration, accuracy, precision, limit of detection and quantification. Validation data
according to Eurachem guide were adequate for our purpose fot the analysis of chlorpyrifos, diazinon,

malathion and parathion in blood.
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E9, o] Exsl= FAWERLES A Al
7Asl= AA o) g).om (Frank er al., 2000), &z o
o 747 AZAPA BE A EE] Qlomz 3
#9544 me} 23ago] w2 AL Ads)
of 2},

714 o2 FbAe] 9lom 2 solid-phase
microextraction (SPME)u}¥] & A}838le] 3eldl=
vl e B35 e] £t} (Goncalves G and Alpen-
durada, 2002; Kim et al., 2003). A 71x] 2AAFZ
ARE o] 83t {7|UA AFA] FHel F A=k
A To] BaFe] oA, it =
F B Y = A4 ol #3 Aol (Hercegova
et al., 2005; Mutavdzic et al., 2005; Zhu er al., 2005),
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Chlorpyrifos, diazinon, malathion @ parathion-2
ChemserviceA}, AF=2 AYH -2 WatersAF] Oasis
HLB®ZS ALgsjgon], 7]et Aloke SFAlef
& Ahasiseh
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Chlorpyrifos, diazinon, malathion, parathion &
terbufost 100 ug/mL vjerg g & ZTFEdofozg
stom o)F N 10ug/mL HEE $42 =
Folow AHgeldm ALgshA e wele ~20°C
oA Besle

3. MBS F&

Shgolif ool WEHA eE GOMSZ
3}elgt ZAlg o ImLE 3l WimFEA
2 terbufos 250 ng/mLE A7}t %, 0.1 M phosphate
buffered saline (pH=7.0) 3mLE 237 3,000 rpmeo|
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ImL g Zf4 ImLz S43470 F gl

Nag A5 5% HRke 2mLe AYE A
B 3 429 2mLoRe e A 42
A& 35°C ojaell A RarEa F balo] ol
100 uLE 7}3}31 o]& GC/MS &
ALgshd e,
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GC/MS* HP 5973 MSDE& AMg-3tglx ZA3-e
HP-5 MS 30 mx0.25mm 1. D)& A}&3}lg o,
o8 ovl 100°ClA 13&7} #F23 290°C7}
A B o5 20°CH £ F 1087 A8k In-
jector?] %= 250°Celglem Alg 1uLs F4)
813w}, Transfer line®] &% 270°Colglorn o]
23} JUA= 70eVelgtt 74&7]= Full scan
modeZ o431}

5. AEutde| 53t

1) £ (Specificity, Selectivity)

Ho) 2pe) 2, Ao} ALE (pH) Fo] $7]
914 <F (chlorpyrifos, diazinon, malathion &
parathion)®] A Hbe] °JskE & 4~ A9}
29485 7242 S AT el 3F
P el el e A4E ¢ Ax o
of Wt 7HdAE-E dV] sl FAE Y |
mLE F3le] FU3 Algubgel o3 #AMT &
Bias (%)% &A3ldvl 714242+ EPN, phos-
phamidon, dichlorvos, fenitrothion, monocroptophos
Tg 3159l 1,500ng/mLA A7}sledo)

2) Z|M4 (Linearity)

A% g | mLol] 22 5~6712) F= (135~
15000 % A7k AW AND F dgors
o] mMAu9} WRuEFEAY HAHL v]&E o]
fotel 2L Bw yEe WANE e AT
He S oS ARAS R 14 9
ojuf= Az, yAH F 71&77t 95% AT
(confidence intervals)el] A&3712 #qlsisdrh

3) M= (Accuracy) Y H 2 (Precision)
AFAA de AR AP T A
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w2 aolnr] ¢ale] ZAl= &} | mLe chlor-
pyrifos, diazinon, malathion 3! parathion-& 7}z}
250ng/mLA H7}st & 53] A|§sle] A& A
Aepie] Agsel Q& Atz Bias ()T 25
ek AUEE HAs] Ase] FAT POz
AT F CV(RE 43

4) 2| 4Z (Recovery)
250 ng/mLg EAE Pojol FH7sted 53] Al
st e Ashz gkt AA) Pkl o3 W)

B Fod 95 SR

5) AETHA ¥ MEEH| (LOD: Limit of
Detection, LOQ: Limit of Quantification)

Peldel $AY Ao 24T +
2)5:32] FLOD)T HA AolH HaPe) ¥
wgug Aht 399 Fezd 4PAE 2 5
e HAaKLOQE 7] fiste] AEE AAlsH
gle}. &, chlorpyrifos, diazinon, malathion & para-
thion& 2+7+ 0~110 ng/mL¥ FA|& el 574
748 F ARE AAF /) 2R A o] v
5% LODE AAsch LOQR FA == A
g FAR Wl W F AYstd A
oA FAEE HAwzet dAFL U= (CV
(%)} AF= (bias (%)7} A7 10% o olu&
o LOQ= ZA st}
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TAFZY ] B og o]8ET i} (Walles er
al., 2004; Barroso er al., 2005; Margalho et al.,
2005). 2. o]% = shitz I&e] whilld o} ]
4 AXE] A A2 PeleAz Aga)
W Eolct §7idA ok dRE A 5
Huf, Gl AYe A slskd e s
AzAre] AH oz 3482 v A3} WaterAt
°ﬂ/ﬂ A %3} Oasis HLB columno] 7}k =3k
< Fd 4 UGk AAA BN AFA AHE
«l 2}"& 9 Aol A3t 71712 GC, HPLC,
GC/MS S-o] dubAdo|t} (Sharma et al., 1990; Luca
et al., 2002).

g Z f7IA AFA BN fadE
83t A8 &= wl upy o 2= Eurachem (A focus
For Analytical Chemistry in Europe)ol|A] Al|-3-5}=
Polzzhel e Fzste] A sl

Tas do

1) E4M (Specificity, Selectivity)

ZA = dele] chlorpyrifos, diazinon, malathion
2 parathiong 7}7} 250 & 500 ng/mLA 718}
o] gk A& W Bias(%)7F 5702 Yol
A 22 12% m)atolglt}(Table 1). A& Y =}
Ao} chromatograme X8 FAx}pdje] AESL
30 e FA e FAT + AU Fig
. B BT BAA Wl et
71 Slaked AAEAS F27b SA1E B EPN,
phosphamidon, dichlorvos, fenitrothion, methidathion

‘j
FEA

Table 1. Selectivity and interference of chlorpyrifos, diazinon, malathion and parathion

Bias (%)
Ttem Sample
Chlorpyrifos Diazinon Malathion Parathion
Blood | 528 12.71 0.62 4.41
Blood 2 6.61 10.41 3.66 4.41
Selectivity Blood 3 5.55 1.71 5.09 3.36
Blood 4 1.89 9.92 6.70 6.38
Blood 5 0.02 11.01 1.89 6.02
EPN 11.20 9.38 4.66 6.43
Phosphamidon 3.21 8.91 1.52 2.40
Interference Dichlorvos 7.24 8.01 3.61 6.95
Fenitrothion 0.02 1.09 6.45 5.88
Monocroptophos 1.26 4.00 1.95 3.07

Bias (%) =(MV —NV)/NV x 100, MV =Mean value, NV = Nominated value
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Fig. 1. Total ion chromatogram of blank blood in GC/MS.
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Fig. 2. Total ion chromatogram of target materials and interfering compound in GC/MS.

2 monocroptophosE ¥ %2 A7} A3} o] &
HAEA R ZHAEA--S #2E A7) mass spec-
trumo] FHEZ o W%Eﬂl gt Bias (%)7}
12% w|Rro 2 Alel] GaFS w)AA] Fotr}(Table
1, Fig. 2).
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2) (Linearity)

Chlorpyrifos, diazinon, malathion ¥ parathion$]
A@AS RS 0.99 o]/;}o]z, 95% 41| F7tel A
7Z}7+9) 714719} AL Table 28+ 29kt F, 135
~ 1500 ng/mL7}%] R °] 0.99 olAle g AL
vehliglon, 95% B F2bl A, - REEE 7
s 71e7] 9 yaE B3kl & AR TRl
Arkm e o7k g
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3) (Accuracy) ¥ (Precision)

Chlorpyrifos, diazinon, malathion % parathion &
oA} within run accuracy7} 4.55~7.15%°]%l.e
w, between run accuracyol| A= 0.07~6.37%°]<}
o} (Table 3). 22 ubH o 2 =23 A3} within run
precision<= 0.90~ 3.67% <] %1 .2, between run pre-
cision2 1.87~11.0%9°] ¢t} (Table 3).

4) 3|42 (Recovery)
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Table 2. Slope and y intercept of calibration curves of chlorpyrifos, diazinon, malathion and parathion (135~ 1,500 ng/mL)})

Slope (a) y intercept (b)
Analytes R?
Best—fit value 95% C1 Best—fit value 95% Cl1
Chlorpyrifos —0.0686 —0.1855~0.04827 0.0009 0.00079 ~0.00093 0.9965
Diazinon —0.0035 —0.0163~0.00927 0.0011 0.0011~0.00118 0.9981
Malathion 0.0081 —0.05829~0.074486 0.0018 0.001724~0.001836 0.9936
Parathion —0.0435 —0.0544~ —0.03257 0.0009 0.0009 ~ 0.0009 0.9951

Confidence interval (CI) : mean % [t (df, o =0.025) x SEM], df : degree of freedom (n-1), SEM : standard error

Table 3. Accuracy and precision of chlorpyrifos, diazinon, malathion and parathion

Analytes Chlorpyrifos Diazinon Malathion Parathion
Accuracy bias (%) Within run (n=5) 7.15 5.51 4.55 6.93
Between run (n=3) 6.37 0.07 6.04 5.93
Within run(n=5) 3.26 2.80 3.67 0.90

Precision CV (%)
Between run (n=3) 11.0 2.32 1.87 4.66

Bias (%)=(MV —NV)/NV x 100, MV =Mean value, NV = Nominated value, CV (%)= S.D/M X 100, $.D : standard deviation, M: Mean

Table 4. Limit of detection (LOD) of chlorpyrifos, diazi-

non, malathion and parathion - | =

No. of positives/negatives
Conc.  No.of chl Diazie Mol P Chlorpyrifos, diazinon, malathion % parathion 0
/mL licates or- iazi- ala- ara- - v er
(ng/mL) replicates pyrifos  non thion  thion ~110ng/mL& FA & 8 570 7b2 Hrhsk &

10 5 5/5 5/5 55 505 AEE Arste 57 =% kAo e vEE
100 5 5/5 5/5 5/5 5/5 LODE AAslA A8 A3} 40~90 ng/mL o]
90 5 5/5 5/5 5/5 5/5 or LOQE 130~ 175 ng/mLojgich. HAHEA =}
80 5 5/5 5/5 0/5 0/5 o x1et Tz sl oo eldl BHEHE (phospha
70 5 205 5/5 o5 05 v.}L T A v]fﬂ,y’}“eq,) ospha
60 5 05 5/5 05 0/5 midon, EPN, dichlorvos, fenitrothion, methidathion)
50 5 0/5 5/5 0/5 0/5 gl gao] AFo] tfAtagEe] HEe mR|= o
40 5 0/5 5/5 0/5 0/5 gk 7Axs Ay 224 2 Auyo] o 6}311:}
30 5 /5 0/5 0/5 0/5 A & A& A3} o R’>0.990]9)5 7]e
20 5 0/5 0/5 0/5 0/5 Al 3 A9 A 1%t 712

2y AHL 95% A1) Tkl A tqu;q olo}
CAYUE Y A& x| Wit APAH Bias (%) ¥
gl 5o H7IE & AFE AAsk 57 me CV(B)E 10% vteldn F4g= 90% o]4o]
ofido] L& w2 LODZ AAsIgich(Table 4). A ods 22 X@A3} & F chlorpyrifos,
LOQZ Z2AEL HA=ws TA|g oo &r}g  diazinon, malathion B! parathion®] el gl o]
F AP AN FAHE HHswe gx A TEFER] weEt FE8t3 GOMSe] £}
s} A = (precision, CV (%))2} A &% (accuracy, A A7) Wle] $48E o & sl

bias (%)7} 247t 10% o|Wol$l& W LOQ=z AR
3tod o], 71 A3} chlorpyrifos: 150 ng/mL, diazi-
non2 150 ng/mL, malathion-2 175 ng/mL, para-

TN

b3 2 3

thion 130 ng/mL o] =} 717]%, kAt o]4nad, o] Ab7). HS-SPMES o] &3+ A3
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