Printed in the Republic of Korea

ANALYTICAL SCIENCE
& TECHNOLOGY

Vol. 21, No. 4, 259-271, 2008

HS SPME-GC/MSE 0|26t 8 & /7184 A|
Sofo| EAH It
Q‘EH?—LZ . __E_g_IA1 . 3_75_7'2, *

'@731817) A 79 AAALATAE
27:1;]1:].]81—“! 0_}:6]—1:].]6]— ohsh)r
(2008. 5. 20. &%= 2008. 6. 23. 59I)

Development of an analytical method of organochlorine pesticides
in human bloods using head space solid phase microextraction
coupled with gas chromatography mass spectrometry

Tae-woo Kang“2 Hee-soo Pyo' and Jongki Hong> *
!Bioanalysis and Biotransformation Research Center, Korea Institute of Science and Technology
PO. Box 131,130-650 Cheongryang, Seoul, Korea
?College of Pharmacy, Kyung Hee University 130-701 Hoegi-Dong,
Dongdaemun-gu, Seoul, Korea
(Received May 20, 2008; Accepted June 23, 2008)

o
=

oﬂl: ol iﬂ _on ;‘q] ==

12
i)

37) g3 whHom 7)1&

(<) 2 4

W} A FEHE Bol AR eY AAl B B2 Fe] AR A AL . ol& FEsI
gk WO AgFe] Fow g VAPV RFEHS ARt A F 18F9] fUI9AA FoF
o] A FEZHE ATk F2ERZA(fiber type, AL, AR, dA & SR A AL,
GHEE) T HHO FE5 98 oY 7Y A2 55 HES @4 fiber= polyacrylate 85 pm,
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e AT H3e, U= 2 HAEA s edS HE 4 DEJJOHH 2AKS A3, HAE
A= 0.05~0.20 ng/mL, UEE 559~13.39%, FFEE -0.5%~24.5%2] WL Zog =)

Abstract: The analytical method of extracting compounds from human blood to examine accumulated
organochlorine pesticides (OCPs) has been widely used the traditional liquid-liquid extraction (LLE) method and
solid-phase extraction (SPE) method, yet these methods have certain limitations in purification and usafe of
a large amount of sample. In order to overcome the se problems reside in these, solid-phase microextraction
(SPME), known as a highly efficient extration method with less samples and relatively simple, was employed
to collect 18 different kinds of OCPs in blood as extraction method in this study. To optimize extraction method,
we examine various experimental SPME-parameters such as adsorption (fiber type, adsorption time, adsorption

temperature, salting out effect), and desorption (desorption time, desorption temperature etc.). From the
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experimental results, the optimal conditions are as follows: fiber was polyacrylate with 85 pm, adsorption time

was for 5 min, adsorption optimum temperature was at 280°C, and salting out effect was NaCl with 0.1 g.

MDL, precision and accuracy was in the ranges of 0.05~0.20 ng/mL, 5.59~13.39%, respedively, and accuracy

was -0.5% ~24.5% for all OCPs.

Key words: organochlorine pesticides, blood, GC/MS, SPME
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21. A2t & 7|7
211, Aot

2 AT EAOdEZ <] OCPs 1832 hexachloro-
benzene, aldrin, oxychlordane, trans-Chlordane, o,p’-
DDE, cis-Chlordane, frans-Nonachlor, p,p-DDE, dieldrin,
o,p'-DDD, endrin, p,p-DDD, o,p-DDT, cis-Nonachlor,
pp-DDT, mirex?] X FA]FS
PA, USA)IA FY3FA L
epoxide®] EFA|2F-S Chem Service (West Chester,
PA, USA)OIA FYatodtt. & AFollA A3 18%F
°] OCPs¢] s}eh+x+= Fig. 19 e At ZZ—Q
WHEFEEZ 2 Aldrich (Milwaukee, W1, USA) &
Aobe FANA B U2 A3
Mill-Q % Mill-RO systeme &3+ 32} S5
ATk f718mel p- Ak 2Rk —Ev—"*
Burdick & Jackson (Muskegon, MI, USA)AFS] A 3
AL2-3}A T}, Artifical cerebrospinal fluid (ACSF)A|ZE
213+ A<kl KCl, NaCl, dextrose andhydrous, CaCl,,

Supelco (Bellefonte,

heptachlor, heptachlor

ar,

NaHCOs, urea, MgSO, 2 NaH,PO,& AF&-3lom,
o] SHOWA (Tokyo, Janpan), JUNSEI (Tokyo,

Janpan), KANTO chemical (Tokyo, Japan) 3! DAEJUNG
(Kyonggi, Korea) k23] 7}7} 791815t}

212, 7171 & Fx|

2 AT A AHE-$ GC/MS+= Agilent 6890 Series
GColl A 9249 Agilent 5973N MSDE A&}
HS-SPME autosampler~= CTC Analytics AG (Zwingen,
Switzerland)2] Combi PALS AF&-3}it}. SPME &
< 913t fiberi= Supelco (Bellefonte, PA, USA)ALZ F-
B 79kt oQel e & AF oA Ag-3F SPME
fibers= Tt 2t
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Stableflex/SS : Carboxen/Polydimethylsiloxane (CAR/
PDMS) 85 um (Light Blue)

Stableflex/SS : Polydimethylsiloxane/Divinylbenzene
(PDMS/DVB) 65 pm (Blue)

Fused silica/SS : Polydimethylsiloxane (PDMS) 100 um

(Red)

Fused silica/SS : Polydimethylsiloxane (PDMS) 30 um
(Yellow)

Fused silica/SS : Polydimethylsiloxane (PDMS) 7 pm
(Green)

Fused silica/SS : Polyacrylate(PA) 85 um (White)

22, BEE8Y M=

18% 2] &N FS AE3] 0.010go 2 FA o}
n-82F 10 mLol] 3] 1000 pg/mLe] EFELAS W
I, o] 58 E93le] 10 ug/mL OCPs 18%F ¥F &9
& WrETh BAl A5k 1 pgml EFEFEN S
zﬂ?ﬁo}"i‘ﬂ A 245 918t 1 pgml £}EF
|AG DA 54 okil ARSI T W=
3]

¢l pyrene-d;o3} phenanthrene-d,;-2 Z+zt 1000 pg/
mL §4& S o]5E LR e F A5t
1 pg/mL WH-EFEDEE NS k50| Bagit)

=
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Fol AR B A WARE A7) 9Aste] <l
W25l g hEo] AMgalATh ARge] A7l 3

EE A np7A 2 H g2 dofjo] ot
FHol U Az 1 RS a7 v st
A Ak A% HH A2 NaCl 1260 mM, KCI 5.3
mM, NaH,PO, - 2H,0 1.0 mM, NaHCO; 26.2 mM,
MgSO, - 7TH,O 0.8 mM, Urea 13.3 mM, d-Glucose
24.6 mM, CaCl, 1.8 mMS &7

1L %] ALg5}
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Z3}% fiber2 PDMS 100 um, CAR/PDMS 85 pum,
PDMS/DVB 65 um, PA 85 pm, PDMS 30 pm, PDMS
7um= WA 7| A FZA7] F 280°Co A 127F

2Hele] F2E 8L vt

EA1ZE 5082, FSUEF M7 02g ©F2E
280°C°ﬂ’\1 1oz 743 HHda A8 225
50°C, 70, 80°C, 90°C7}A] WHEA|7|HA FE2E &S
H]JJ—O}MQ’-

243. FEAZO| W2 FE58

FELT 80°C, IV EF HUHE 02 g BFLE
280°C 2N 1Ro 7 7T AeoA FEA7E

< 5084 9074 WS TIHEA FEEES Y
é}a*it}.

244, EEINZH| 2 FE5

£
AN EF HIIF 02 g FELE 80°ColA] 50%
7+ 3T F 280°CAIN FHAE 0.5EE 108
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Hexachlorbenzene Aldrin
Cl
cl - cl
Cl
Cl S g
Cl
Cl a

Cl

cis, trans-Chlordane cis, trans-Nonachlor

Cl Cl
o,p, p,p’-DDE o,p’, p,p’-DDD

Fig. 1. Chemical structures of organochlorine pesticides.
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Table 1. Optimum parameters of HS SPME for OCPs

Biological Samples

Parameter
Whole blood

Fiber Type PA 85 um
Sample Amount 1 mL
Added Water 1 mL
Added NaCl 0.1g
Adsorption Temp (°C) 30
Adsorption Time (min) 50
Desorption Temp (°C) 280
Desorption Time (min) 5.0

310°C7HA] WstA| 7] 587 g2ksiatt,
246. AMSI}(saling out)d| ME FESE
ASJUEF H7FE 0M~8.55M71A] H3IA 7| A A
80°Coll A 50%-7F 23+ T 280°Coll A 587+ &3ks)
o] 78S Mwsith

247. F™ FExEH| M2 FIuh

ACSF 2mLol| NaCl 0.1 g(0.855M)& H7}ate}. o]
IHA] 7] A 80°Cl A 507+ PA 85 um fiberl]
25 A7l & GCY FY T4 280°C, 587 &3
Aoz A9 do g FYAIZILE HA | F

2 Table 19 2|5k

z n{ot' mlm

AN
=
oz z==z7

Cl

Cl

Endrin Mirex

Cl Cl Cl al Cl

cl cl a
Cl cl

cl
()
Cr Cl cl Cl
Cl Cl cr O
Heptachlor Heptachlor epoxide

Cl

o,p’, p,p’-DDT
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Table 2. GC/MS operating conditions for OCPs
Blood 1mL
GC
Water 1mL
Column : Ultra-2 (Cross-linked 5% Phenylmethylsilicon,
25m x 0.2 mm L.D x 0.33 pm film thickness)
Carrier Gas : He at 1 mL/min (12 min) ISTD(Phenanthrene-d10+Pyrene-d10,
Split ratio : 1/10 148/me) 5u8
Injection port temp. : 280°C NaCl 0.1g

MS

Transferline temp. : 280°C

lon source temp. : 230°C

Tonization mode : Electron impact (ET)

Electron energy : 70 eV

Scan mode : 40~550 amu (solvent delay : 4 min)
Oven temp. program :

80T
50min adsorption

initial initial rate final final C;gg\f(l:S
temp.(°C) time(min) (°C/min) temp.(°C) time(min) B B
30 0 15 230 5 5min desorption
5 245 6 Fig. 2. Sample preparation procedure for the analysis of
10 310 0 OCPs in whole blood samples.
GC/MS/SIM Condition
32109
Run Time : 24.25 min = skl
SIM mode (solvent delay : 4 min)
3. 43 o 1
Group Start time(min) Selected Tons, m/z
1 4.0 94, 249, 188, 237, 272, 274, 284, 286
) ) ) 5 ) ) > ) " 21 ME
2109 66,263, 265, 353, 355, 387, 389 3.1 HS SPMEe| A F&XA HH
3123 106, 212, 246, 248, 373, 375, 407, 409 311, IH&(feen)0f| M2 FE=EEE A4
4 13.2 79, 235, 237, 246, 248, 263, 265 ACSF 2 mLel] 93l JEF 0.2 g% A7}k 80°C
5 13.8 81, 235, 237, 263, 265, 407, 409 S o= -
. s s s s H s A 1=] 7]_ == = = g
s 150 235, 237, 279, 274 oA 5087 %35 fiberS PDMS 100 pm, PDMS/

DVB 65 um, PA 85 um, PDMS 30 um, PDMS 7 um,
CAR/PDMS 85umZ WIA7|HA FFAIZ

25. 7|7|2Auky 280°CollA 1327 @28l th(Fig. 3). SPMEH ] 1o
SPME fiberol| §2H £ 014EH-2 GC 7ol A BEAL FFAIE fibere] A8 71FL fiber
Al g2tEo] GC HgdelE] 2E WE T Table o] Y=o = sFES] SR o3 AT
29] 717184 276 whE #4895k GOMS HA TG &8H ATt vkt sitEs A3zl
ZF Aol st o] BAHS o] &3ton, tdER FEHE zherh 2 AFoNAM AHS fibers U AEE
2 UYREFEZDS Y A9 40-550 amu®] scan el o] B]=A PDMS, M3 FA o] H& carboxen,
mode® HAF2ANEHDS IR & 7t FHEE 2-3 divinylbenzeneS 713 A A 7] fiber 2 7342
Mol BEAol e Aelste] Aol A& (SIM)O.2 = PASCH, ZEE 5570 wet oCPse] S3
A&kt 9 WsE glsdth PDMSS] 3%, 30 pum ET}
100 umE AHEE9S o =4 Jeh ZgE dEe

26. HEM % HAESH FAZE F7VEFE OCPse] F3H&0] S/t As

ACSF 2 mLoll Ztz} dA o] Y- aFEds) &3 <139tk CAR-PDMS?] 7390 x= F2H-go] 1)
EEZRAS GAZHCE 0.05~10.0 ng/mL ¢ MR 2 ko AE 3elst¢ct. PDMS-DVBE H|wZ
A7vstar 2,49 250004 A st el mel WA 2 Fago| Yelsk o, heptachlordl] tiate] w2
st & GC/MSe o8 B4t 7t Ed 3 Y RESEE 2--g-& gelstdnh PAS 9 OCPsell W3t pp-
A9 wxv9 AEH Gl wt AHAe 2dsA DDTY] &3H-&°] PDMS 100 pmoll H]3) 2F7F wrolx]
th AESHE SN H|7} 301 0] H= HAY Tx = Ago] YAAR T2 OCPsell thste] thA|F o s

ok HiF R
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Fig. 3. Comparison of extraction efficiency of analytes obtained by six SPME fibers.
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Fig 4. Effect of the exposure temperature of the fiber in extraction of the analytes.

Analytical Science & Technology

CAR-PDMS

CAR-PDMS



8000000
7000000
6000000
5000000
4000000
3000000

Abundance

2000000
1000000

0

2000000
1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0 -

Abundance

Fig. 5. Effect of the exposure time of the fiber in extraction of the analytes.
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Fig. 6. Effect of the desorption temperature in extraction of the analytes.
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Fig. 7. Effect of the desorption time in extraction of the analytes.
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Z7FTPE 508 ol FREE s

t}. HS-SPME®] 739~ &} o|A] 4=10] fiberol] & Precision, Accuracy,
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Fig. 8. Effect in extraction of the analytes on the NaCl addition.
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Fig. 9. Total ion chromatogram of organochlorine pesticides obtained by HS-SPME.
Table 4. Calibration data and detection limits of OCPs
No. Compounds MW Tons (rfl{;rlfz) Correlation R? (ri\;/lr)n]i)
1 Hexachlorobenzene 284 284,286,249 0.05-10.0 Y = 0.196X+0.00556 0.998 0.05
2 Heptachlor 373 272,274,237 0.05-10.0 Y = 0.0902X-0.00231 0.998 0.05
3 Aldrin 364 263,265,66 0.05-10.0 Y = 0.0119X-0.000789 0.999 0.05
4 Oxychlordane 423 387,389 0.20-10.0 Y = 0.00157X-0.0000517  0.997 0.20
5 Heptachlor epoxide 389 353,355 0.05-10.0 Y = 0.0153X-0.000117 0.999 0.05
6 cis-Chlordane 409 373,375 0.05-10.0 Y =0.153X-0.00178 0.999 0.05
7 o,p'-DDE 318 246,248 0.05-10.0 Y = 0.692X-0.00496 0.998 0.05
8 trans-Chlordane 409 373,375 0.05-10.0 Y = 0.174X-0.00275 0.998 0.05
9 trans-Nonachlor 444 407,409 0.05-10.0 Y = 0.0237X-0.0000624 0.998 0.05
10 p.p'-DDE 409 246,248 0.05-10.0 Y = 0.0595X-0.00161 0.999 0.05
11 Dieldrin 380 263,265,79 0.05-10.0 Y = 0.0154X+0.0000242  0.999 0.05
12 o,p'-DDD 320 235,237 0.05-10.0 Y = 0.0532X-0.00605 0.999 0.05
13 Endrin 380 263,265,381 0.05-10.0 Y = 0.0428X-0.000376 0.999 0.05
14 p.p'-DDD 320 235,237 0.05-10.0 Y = 0.0217X-0.00212 0.998 0.05
15 o,p-'DDT 354 235,237 0.05-10.0 Y = 0.413X-0.0162 0.997 0.05
16 cis-Nonachlor 444 407,409 0.05-10.0 Y = 0.119X-0.00198 0.998 0.05
17 p.p-DDT 354 235,237 0.05-10.0 Y = 0.209X-0.00842 0.997 0.05
18 mirex 545 272,274 0.05-10.0 Y = 0.238X-0.00405 0.998 0.05

MDL : method detection limit (S/N > 3)

ISTD1 : phenanthrene-do (RT: 9.77min, Sng/mlL.)
ISTD2 : pyrene-d,, (RT: 12.88min, Sng/mL)
Bold : quantitative ion
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Fig. 10. Total ion chromatogram and extract ion chromatograms of extract of blood sample.
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