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2 ok dd Yo HHE e V1M TS B4 3 WHoE 7Eee dA-AA &
A3} IA FEHS Bo) ARSI FA 2 B2 o] Alg Aol Izt st o5 FEs]
gk AP oF A FYke] Hom MG VAV FFEYE S ARt g F 18%9] fUIEAA woF
o] A FEHE ATk 2= (fiber type, SHAIZ, AR, dA &) G2 (NN,
g9ater) 5 A FES Y9 Ay X Az 58 AES 2, fibers polyacrylate 85um,
FEAHE 50, FAEE 80°C, 9 A= NaCl 0.1 g, G3FAIZHe 5, B32E= 280°CoA &
AL Rt A¥x, Adx 9 AZeHld g BAES AA AdxelA AR 29, HE
SHAl= 0.05~0.20 ng/mL, U= 559~13.39%, A== -05%~245%2] HLIQl AR 1=

Abstract: The analyticad 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 smple, 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 um, adsorption time

was for 5 min, adsorption optimum temperature was a 280°C, and sdting out effect was NaCl with 0.1 g.
MDL, precison 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 al OCPs.

Key words : organochlorine pesticides, blood, GC/MS, SPME
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o,p-DDD, endrin, p,p'-DDD, o,p'-DDT, cis-Nonachlor,
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Stableflex/SS : Carboxen/Polydimethylsiloxane (CAR/
PDMS) 85 um (Light Blue)

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

Fused slicalSS: Polydimethylsiloxane (PDMS) 100 um

(Red)

Fused slica/SS: Polydimethylsloxane (PDMS)  30um
(Yellow)

Fused silical/SS: Polydimethylsiloxane (PDMS) 7 um
(Green)

Fused silicalSS : Polyacrylate(PA) 85 um (White)
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2.3. Artificial cerebrospinal fluid (ACSF) X|Zx=26
N A5 A0l A vRAIRE A7) fste] <
HH gl S vhEo] ARSI Abgre] A4l 2l
BE AQZ AR HHFA S Jdo] o)
o] U AAZ 2 FES A4 Hs=sitta o4
Atk AF ¥ HFHL NaCl 1260 mM, KCI 5.3
mM, NaH,PO, - 2H,0 1.0 mM, NaHCO; 26.2 mM,
MgSO, - 7TH,O 0.8mM, Urea 13.3 mM, d-Glucose
246 mM, CaCl, 1.8 mME S/ 1L 5o A3t
A3z, o] Z70)A pH= 8.0 A= U

24 rr ol

24. HS SPMEE 0|28t EIAE F=
SPMEH ol 3lejr H A9 oCcP

7] $leliA ACSFoll th3t 22 2715 RS IA7

AU OCP FE2HoZE AN R HAFEF

(immersion)¥ & AH&-31H fibere] o] FHolA L,

AA LFE 7 FEzH ol HoR FE= W

& gt

241, D& AHfber)of| ME F=5S
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%£3}9 fiber2 PDMS 100um, CAR/PDMS 85um,
PDMSDVB 65um, PA 85um, PDMS 30 um, PDMS
7umz W iw 71HA FEAZ - 280°Co A 1#7F
gaksle] 2888 HwEATh

242 FEREO| W
FEAIZY 50, HSUEF /M 029, €
280°Cel| A 1¢gi 2% el AR 2
50°C, 70, 80°C, 90°C7H+] W3tA| 7| FE &
H]5LSFATE

245 ©ZE 2o ME FESE
*Z22% 80°C, YSHIEF H71ek 029, =EA T
5022 AT AEolA FYF &5 200°ColA
cl al al
cl cl
Cl
Cl
cl cl o
cl a” @
Hexachlorbenzene Aldrin
Cl o .
cl o c o “
Cl cl al
Cl Cl cl cl
cl CI

cis, trans-Chlordane cis, trans-Nonachlor

Cl cl

o,p’, p,p’-DDD
Fig. 1. Chemica structures of organochlorine pesticides.

o,p, p,p’-DDE

Dieldrin

Cl

Oxychlordane

5 - §%7)

Table 1. Optimum parameters of HS SPME for OCPs
Biologica Samples

Parameter
Whole blood

Fiber Type PA 85 um
Sample Amount 1mL
Added Water 1mL
Added NaCl 0.1g
Adsorption Temp (°C) 80
Adsorption Time (min) 50
Desorption Temp (°C) 280
Desorption Time (min) 5.0

310°C7HA) WekAI71e 527 Bakstalet,

246. BMGIHsaling o)l 2 FESE
|

HHEF H7tHS OM~855M7EA] WA 7]HA]
80°Coll A 50R-7} F23+ & 280°Col| A 587 &5}
o FZEES YA

247 FFH FEZTHo| UE FuhH

ACSF 2mLol NaCl 0.1 g(0.855M)S 3 7}3itt, o]
WW?]UW 80°Cell A 50%7F PA 85um fiberel
S A7 3 GCel F oA 280°C, 587 &)
FUAZILE Ao FE=ZFA

=

X
=
Zj]g_i/yﬂ 7—134 o]-oi

2 Table 10 A28
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Cl
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cl
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Table 2. GC/MS operating conditions for OCPs
GC

Column : Ultra-2 (Cross-linked 5% Phenylmethylsilicon,
25mx0.2mm[.D x 0.33 um film thickness)

Carrier Gas : He a 1 mL/min (12 min)

Split ratio : 1/10

Injection port temp. : 280°C

MS

Transferline temp. : 280°C

lon source temp. : 230°C

lonization mode : Electron impact (El)

Electron energy : 70 eV

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

initial initial rate final final
temp.(°C) time(min) (°C/min) temp.(°C) time(min)
80 0 15 230 2
5 245 6
10 310 0

GC/MS/SIM Condition

Run Time : 24.25 min
SIM mode (solvent delay : 4 min)

Group Start time(min) Selected lons, m/z

1 4.0 94, 249, 188, 237, 272, 274, 284, 286,
2 109 66, 263, 265, 353, 355, 387, 389

3 123 106, 212, 246, 248, 373, 375, 407, 409
4 132 79, 235, 237, 246, 248, 263, 265

5 138 81, 235, 237, 263, 265, 407, 409

6 150 235, 237, 272, 274

2.5. 7|7|—=-'-Mtc',"té1

A &3tElo] GC 7}1%431 | A9
29 /71 EA zA6) wat E459T G
FHo| s o] BAH G o] &3t oH, EHAP%%;}

2R REEdS 7 FAPES
modez AFAIEHS ST ¥, 7 S2ER 2-3
el SAoleg Agste] Mol & (SIM)e=
A&

26. A A HAEEH

ACSF 2 mLdl| Ztzt I &) R EEEAS &3
EFg9S dAHO R 005100 ng/mL & HYE
H 7 slar 2.49} 25004 Aw g Wil mat dA g
g & GCMSA oaf EAste] 2t 43 WREFE=
Ao Fxv|et AEE ol wel IS ZAFA
th A& A= SN H7F 30]4de] HE HA T

Vol. 21, No. 4, 2008

d W F /7192 Bkl

AT 263

M

Blood 1mL
Water 1mL

ISTD(Phenanthrene-d10+Pyrene-d10,
14g/me) 5.0
NaCl 0.1g

80T
50min adsorption

GC/MS
280°C
5min desorption

Fig. 2. Sample preparation procedure for the andysis of
OCPs in whole blood samples.
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3.1. HS SPMEQ| %X F&EZ MY

311 DHLHfber)ol| E FEEE A4

ACSF 2 mLe| €3l EF 02 g& #H7Hshal 80°C
oA 5087} 2314 fiberZ PDMS 100 um, PDMY
DVB 65um, PA 85um, PDMS 30um, PDMS 7 um,
CARPDMS 85umzZ H3A718A &3z F
280°CollAl 137F &bkl vh(Fig. 3). SPMEH Slof

A BAEEE FHA7)E fiberd] A8 7122 fiber
of Yo} Y= 3R] FAw oe) HHr).

Ae 259 gt v 33ES 437
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He PAReH, Z8E dEFA 4 uel oCPse] &2t
59 H3stE gelskitt. PDMSS 7%, 30 um Bt}
100 ume AHEHIS o) B4 eht 299 B

FAZE S71EeE OCPse] FAH&0] S7kehs A
o1&kt CAR-PDMSe] 7ol 280 vl
A S A4S S]lskith. PDMSDVB: M4 =
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—e— Hexachlorobenzene —=— Heptachlor —a— Aldrin
—x— Oxychlordane —x— Heptachlor epoxide —e— cis-chlordane
——o,p'-DDE —— trans-chlordane —— trans-nonachlor
—e—p,p'-DDE —=— Dieldrin ——o,p'-DDD

Endrin —— p,p'-DDD —e—0,p'-DDT
—+— cis-nonachlor —— p,p'-DDT Mirex

Fig. 3. Comparison of extraction efficiency of analytes obtained by six SPME fibers.
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—+— cis-nonachlor ——p,p'-DDT Mirex

Fig. 4. Effect of the exposure temperature of the fiber in extraction of the analytes.
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—e— p,p'-DDE —=— Dieldrin —— o,p'-DDD
Endrin —x— p,p'-DDD —e—0,p'-DDT
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Fig. 5. Effect of the exposure time of the fiber in extraction of the analytes.
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—+— cis-nonachlor —— p,p'-DDT Mirex

Fig. 6. Effect of the desorption temperature in extraction of the anaytes.

Vol. 21, No. 4, 2008



S FEEES YRS o3 A2 BAY OCPsol| gt 7 &M dH F2a &8
o] By Edoln SAHET =R shgt HAS A FEEEL AT B g 3
Eol7] Widl PA7E IR EH e 8 gelA 7HE g o] Zpolof ogh S Whe Ao R A F,
2 F2%S yehhe Ao Ard, N BEdel ¥ MRy BEYL 22w
ESFE FEE & A YEPT Fig 4004 B
312 FE250| ME £358 ALY o], OCPs¢] FaHgo] Mo R Zrlshe 4TS B
FEAZF 508, FUEF HUTE 029, EELE o™ 80°Cel 90°CollA =L FE&S Bt 18
280°Col A AN 1o R TS A AR U 9PCNE dEssol ] Ao ge 4
S5 5 50°ColA 90°C7HA] W EA| 71 A HS SPME o] &AM Hof OCPe] F2H& Wald &= om,
= FE35e] 282 MLAUTHFg. 4. 2=/t 371 fibeo] FHE OCP7E U A BAEE Pl =
3t o) ARZHE OCPYt S =2o] 22 & otk weh 2 AFe) A FELEE 80°CE A
o Fe F/EAT AR sEEol fibeol A B2 A3k
= 28 5 sle A% weslol & Aol &,
HS-SPME®] 7A-¢- 7143l EAlste £4=29] & 313 FEAlZO| ME FEEE 2t
EE FEexd veEe 2HELe] 2 Bl F28% 80°C, YSIEF A7 01g, BHeE
S0 we} HF e FE2Lwrt A HEL 53] AlE 280°C, EFAI7F 1R o2 A FEHolA FEAIZE
o} sl Eamo] 27k Rl Al Fo}t sl =m0 20 fiber & 200X Q0RZIA] WS T|HA FEEES H|
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Fig. 7. Effect of the desorption time in extraction of the analytes.
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Z7}slthr) 50E o| THREE= 1A= AL B 4 9) Table 3. Precision and accuracy of OCPs in blood (n=5)
t}. HS-SPME®] 3% &2t olA F80] fiberol & Compounds Precision, Accuracy,
ZtE|o] A o] F 2= G &0 PaHE FAoE CV(%) bias(%)
A9 oA M 22880 2L 5080 S Hexachlorobenzene 13.39 -10.6
ZA 7+ ALgEHTh Hemmhlor 9.38 -05
Aldrin 9.50 7.9
extecol o Exso 744 Oxychlordane 5.59 6.8
314 EAEx =0l e E_Rg 22 o Heptachloro epoxide 7.63 8.3
FELE 80°C, W EF H7HEF 01g, FEAX cis-Chlordane 7.22 86
50 Co2 g% Aol FYT =5 200°CoA o,p-DDE 7.35 76
280°C71A] WH3IA|A 71H 18 7F &2l HSSPME trans-Chlordane 6.25 71
2 223519 HFig. 6). A Z 02 250°Co| ol A F trans-Nonachlor 6.15 7.9
A% 25E89 3718 uslow gARes exsp PP ODE s >
_ - _ ieldrin . .
F7lshN FEEgel AE A% BT £ 9 ooy By o6
STk H3 g Edo] TG oM = 2 B Endrin 6.31 10.0
SFE a80] § THE Aoz Yehd oy p,0-DDD 8.45 14.7
o 2R fibere] £8E @HA7E Bl 9o op-DDT 8.80 184
o2 B Ago|A= 280°CE AElElYn) cis-Nonachlor 8.75 113
p,p'-DDT 12.01 24.5
- Mirex 7.84 13.2
315 EEAIZH ME FEg=E 21
AHEF M7 01 g, 2% 80°CellA] 50%
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5000000
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S 3000000 ,/*——‘\‘\,\.
g K
2 2000000 ‘/%:””f\,\g\r\—x
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o L
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1600000
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Fig. 8. Effect in extraction of the analytes on the NaCl addition.
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Table 4. Cdlibration data and detection limits of OCPs

19.00

No. Compounds MW lons (Ejn?f) Correlation R? (IL\QI%IL)
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
1 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 380 263,265,81 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 (SN > 3)

ISTD1 : phenanthrene-dyo (RT: 9.77min, 5ng/mL)
ISTD2 : pyrene-dyo (RT: 12.88min, 5ng/mL)
Bold : quantitative ion
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