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Abstract: The purpose of this study is to set up the analytical method of new persistent organic pollutants (POPs)
such as chlordecone, endosulfan, a-HCH, B-HCH, y-HCH. The analytical methods for these compounds listed
as new POPs by the Stockholm Convention need to be newly established. Therefore, we proposed the analytical

i)
o

method for 5 organic chlorinated pesticides (OCPs) and then applied the analytical method to environmental
samples. To do this, the pre-treatment such as florisil and activated carbon cleanup process in the Korean official
method for classic POPs had been reviewed. All of compounds except chlordecone were pre-treated
simultaneously with reviewed cleanup process and detected by GC/MS and HRGC/HRMS respectively. There
is a problem that chlordecone could not get a high sensitivity by GC analysis, but in this study GC/MS method

was proposed.

Key words: New POPs, HCH, endosulfan, chlordecone, GC/MS, HRGC/HRMS

% Corresponding author

Phone :

+82-(0)32-560-7188 Fax : +82-(0)32-562-7330

E-mail : jsoo725@korea.kr

- 128 -



oy
o,
of
2
41
-
o
&
M
=
%
e
}..J
m}#

.M B

73771 29 EZ (POPs, Persistent Organic Pollu-
tants)> 27 FolAM 54, 7Y, AEEFY L A

Aol 54 7H S22 & Al B AR A

FFF(OCPs)7} 3t ol & <)
X O Z POPse| A4, AHE L HiE =

5§ o] 'o4d LE I SYEE 07 1
Eul

i)
lo
X
flo oY
o

POPs &2 7 ES93|(POPRC)PIA HAESHIL glom,
200953l R A4A} 25EFFHF GAE T3 olA
F7r2 o) Eo] SAH) 109 sEFE FA7F 2
dgolctt AEA SAE 3tEEZL chlordecone,
hexachlorocyclohexane (HCH), polybromodiphenyl ether,
polybromodiphenyl, pentachlorobenzene, perfluorinated
chemicalso|th. B=3F AlFA A AF-E =] F2 =
2 2 short-chained chlorinated paraffins®} endosulfan,
hexabromocyclododecane 5-°] $)t}.

o] F AFFE JFAARF7ISFEH 23 4
A= HCH, chlordecone, endosulfan® 2 HCH} chlor-
decone F-5A Aol P EH= A FEY 2 AR
A ez AH =N oW, endosulfand 4THA] (F-¢
A1 Eyell 2138 Sl Slrt.

HCHS AR EA, 754, 8 55
EAE dEA dem A AAHCRE FHS A A
|58 20 2(1948~19974, <F 1000 THE) HAE U],
Chlordecone mirex$} fFAFSE A7 5 7FA AL )
om 19930l Abgo] FAE Fko R F2 upht
Aupol] A=A Th endosulfand 195413 w]=Fo|A] A
A2 AHE 7] Ao 1980 o] F Alg-o]
Aek 8 FA =Yk

olg] st AFFHEA LS AR LAED £
o] = #7343 3 74, sl 59 7=
ZAE FEte] AR Ao Byo] aF
oh wEbA] 2 ARG E A H R H L] el
= A& OCPse] &&4Q1 #2E flste] fFEA,

5 & A= #A7E, 4 <
}o}3} L chlordecone, endosulfan, HCH 5 559
71947 FRe] EANHS g3ty &

[e}
e 5 BBANE] 84 B/ S8l POPs 5784

of
i)
ojf
i

¢
O

Ee)
N O
5

>

Vol. 23, No. 2, 2010

129

2 TS W MEHYH

21, ZAIChA Al POPs BTe| EAuY a3
AT 2AEEE A4t POPs 9% T
chlordecone, endosulfan, HCH (a-HCH, -HCH, y-HCH)
5 589 §7194A FRFoIH, 7]1E2] POPs A
FEFe] R AR A58 AR F5,
A 5o dAE] A FEl ARSI £,
2 A S, AEAFE 2E=E A

!
o, HEM - AFA - Ao - AHE T B
2] ¥

gl

22. #Z#AE F A7 POPs 2F 2EAMuH

HEY "It

uleE A7 POPs BA BAWWS 484 olpE
AR U7, $9, £% 5

87 AEe| A g3
of BAsgom, HE BAPYS B BN
F A7 POPs B4 ABWY EFAY NG 24
st

23. A7t POPs EF =2 XAl

Chlordecone, endosulfan, HCH 5 Al4F POPs 559
POPs AAF NS AN om, A W 7% 7
Auia 571 AR BokRel TR EARA Y S

A&
3. Zx ¥ nF

3.1. ZAMIAER 2AMuY HE

311, 7|2 Hxjz|gdel M2AM HE

da 34X EEHA ANE 24 ZA EH
FAol] B A7 ZAMAER ] BA7so s et
371 flal 71 POPs &3 9% % AEd 5359 4
/A ARE HAESIYT. £33 d3 POPs ZHAE
) AAE Sz FAAnezE AR 3
7] Aol ExEo] 4R A AR o} wA
& Aol oEgo] YRR, & AFoA=
Z2g4 AA A ol9o] WEe HA|HHo] &8 F
He AR A9 S AAAAH S 7T sh=E Al
QF3taL o] & &3] POPs 3 AWl MA wg st
Aok ok, AA G ASSte AROR T
9] e 7H ASol= AlBE = TTEZAE AME



130 A7 - - e -

Table 1. Review of column cleanup process for classic POPs
in official method

Cleanup process

e Florisil cartridge (5 g) : POPs STD 10 ng loading
—Elution solvent 1 (Hexane 50 mL)
—Elution solvent 2 (25% DCM/hexane 150 mL)

e Florisil cartridge (5 g) : POPs STD 10 ng loading

—Elution solvent 1 (Hexane 70 mL)

—Elution solvent 2 (25% DCM/hexane 180 mL)
added activated carbon cartridge (1 g) cleanup
(Hexane 10 mL)

e Florisil cartridge (1 g) : POPs STD 10 ng loading
—Elution solvent 1 (15% ethyl acetate/hexane 20
mL)

e Activated carbon cartridge (1 g) : POPs STD 10
ng loading
—Elution solvent 1 (Hexane 10 mL)

Type

Test 1

Test 2

Test 3

Test 4
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Fig. 1. Flowchart of experiment for test 1 and 2 in table 1.
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Fig. 2. Recoveries of new POPs when conducting cleanup procedure with test 1 (n=3).
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Table 2. Recoveries of chlordecone according to elution solvent type

Cleanup process

Recovery (%)

Ref. 1 : 1 g Florisil cartridge

38

(1% MeOH + 2% ACN + 4% Benzene/HEX : 60 mL elution)

Ref. 2 : 1 g Florisil cartridge
(30 mL diethy ether elution)

52

Ref. 3 : 1 g Florisil cartridge

2:1:1 (acetone : DCM : petroleum ether), 10 mL

11

Ref. 4 : 1.6 g Florisil column

solvent 1 (2% MeOH + 4% benzene/HEX) 10 mL
solvent 2 (1% MeOH + 2% ACN+ 4% benzene/HEX) 15 mL

solvent 1 : 39
(discard)
solvent 2 : 15

Recovery (%)
g & & 8

a- HCH B- HCH y- HCH & - HCH

Fig. 3. Recoveries of OCPs(10 ng spiked) in activated carbon cleanup process(n=3).
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injector 250°C, splitless, 1.0ul
column DB-5 (30m x 0.25mm 1D, 0.25um film thickness)
oven 140 °C (2min hold) = 2.8 °C /min = 270 °C =
10 “C/min = 300 °C (15min hold)
detector ECD, 320 °C
Make-up gas | N2, 60mL/min
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Fig. 4. GC/ECD chromatogram of POPs standard solution.

Injector 260°C, splitless, 1.0pL
Column DB-5ms (30m x 0.25mm 1D, 0.25um film thickness)
a 140 °C (2min hold) = 2.8 °C /min — 270 °C —
10 “C/min = 300 "C (15min hold)
MsSD 270 °C, El, 70eV
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Fig. 5. GC/MS total ion chromatogram of POPs standard solution.
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Table 3. HRGC/HRMS conditions for analytical determination

of OCPs
Item Condition
Column Rix-CLPesticides2 capillary column 30 m
x 0.25 mm x 0.2 um
liner Drilled uniliner. Hole on Top, Siltek Deact.

Injection volume 1 pl(splitless)

carrier gas Helium(99.9999%) at 1.0 mL/min
Injection temp 260 °C

Transfer line temp260 °C

100 °C(1 min)—20°C/min to 200 °C—2.5
Oven temp. °C/rn(in to 2);) °C for 5 min
lonization mode EI

SIM

lonization voltage35~38 eV

>10,000(5% valley)

Detection

Resolution
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A3}E BSOS}, heptachlor epoxide, 4,4-DDTE
HRGC/HRMSZ 43 A7}t thd W sE2 %
ALE Tl T3 endrin® GC/MSOl A, endosulfan
GC/ECDOIH 47347} Tk #47]7)9] Afe} v]
BAS W T e B GEAR, 2l AL
8 wauel wek AEEFEAS AR 2
@ 23 2 AEpe 1 WAE DEsgon, 55l 4
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5 Yeffo] & AFdA AABtE DAl
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Alehz 38 M 50-120%E8 BT TSk 2
2 yelit}. 53] HCHS Hat 72.7~82.5%, endosulfan
2 70.5~77.0%2 Fo 3 AFE B =3 HCB
66.6%, heptachlor®} heptachlor epoxidei= 69.02} 79.2%,
drins= 81.9~97.8%, chlordanes= 78.9~86.0%, DDTs=
91.8~101.6%°] 3]+&S B}

N
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N

17124 WR ] A%
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£27]7]1¢1 GC/ECD, GCMS$}F &2

2 Z83l31 9JE HRGC/HRMSS T4

A R HE3te] 7k #4779 HEA4E %

At} Fig 791 AXE 2} BA7)7]E QZ2EFE 194

%= A3+ GC/ECD, GC/MS ¥ HRGC/HRMS 59

TA7171 & FEAtole A &9kt 2y <l
THTELD2 ASTEES] HHATF 95.7~394 pg/kgS 2
FEVF A w2 F0R sy A T
o= st Aol ok S el o] 1999“1
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3
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cc @ cischlordane, HEPX : heptachlor epoxide, EnSF @ endosulfan

Fig. 7. Concentrations of CRM determinated by GC/ECD,
GC/MSD and HRGC/HRMS.
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Fig. 8. Concentrations of POPs detected by GC/ECD, MSD
and HRMS in ambient air.
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Table 4. Comparison with levels determinated by GC/MS and HRGC/HRMS in ambient sample

Concentration (pg/m°>)

Detection limit Compound MSD/HRMS

MSD HRMS (ratio)

. B-HCH 475 2.0 23.7

11'501\/%%/;‘ RS y-HCH 0.0 8.8 0.0

ol [0}

.50 - MDL. of MSD 4,4-DDE 12.6 1.7 74

44-DDT 39.9 13 30.7

“ o-HCH 953 35.0 27

> 50 pg/m endosulfan 1 332.0 758.0 04
+50 : MDL of MSD

endosulfan 11 148.0 158.9 0.9

[}

Eh)ra} 3t7dujA| e pOPs E4-& EM 38k A
7} w2 A5 deiM = GC/EC Ll
7<] 2o Ao 7 Ak Q)

TaMa} POPs FAAI AW WE2H 7] &
OCPs9] 7% GC/MSE] Wi HE$H &= 20~50
pg/m’e 2 A ow, HRGC/ HRMSE 1.0~5.0
pg/m’eZ A3l k. B Ao GC/MSel tisl
A& POPse] 2 =g FEiste] FAA W
A AN BRE HESHA WA 7P =2 50 pg/m’
£ Mg 33 HRGC/HRMSO thalAE 1.0 pg/m’S
7o R ME BAZAIE ¥t Table 40 e}

2 o

2
)

=

Sl th. HRGC/HRMS®] A& ¢l Bo =31 GC/
MSe] HAETA R & TEHA 1~50 pg/m’

oA+ a-HCH %
AEHAY. o5

471 ¢] &Eo] HRGC/HRMSOI| A
=0 i3] GO/MSe] 4 A3

o} ¥laa] BW FE=H7F 0~30.79 2 GC/MSe A
kol ?Jrﬂiﬁéﬂ-‘ﬂ—t— Ao g YEoy, GC/MSE]
A& 50 pg/m*ol el FER M= a-HCH
5 o] &5 23, HRGC/HRMS?] 5]
E 04272 A 279 A& Zol7t Y= Ao
UrE}”E} ol & AT P IFEFEHS
A EE7T o-HCHS 7% 161~588 png/Kgl &
iz Hape v o 37l S aeskad
GC/MS2] HEFA ol e AT & de 2
& AAEHE Aoz AdEATH

33. A POPs & EMubH KAl

A5t POPs 5%l thgk Al89] Axwy 9 717]
EAHES 7] POPs EAWNHE S BEUZ HES
T}, A4+ POPs2] A2
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Fig. 9. Flowchart of pretreatment method for new POPs.
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Table 5. Monitering molecular ions and retention time of
POPs analyzed by HRGC/HRMS

Table 6. Monitering molecular ions and retention time of
POPs analyzed by GC/MS

Function Compound MI1(m/z) M2(m/z) RT(min) Compound MI(m/z) M2(m/z) RT(min)
1 HCB 283.8102 285.8072  7.48 a-HCH 181 219 13.444
1 o-HCH 218.9116 220.9086  7.74 3-HCH 181 219 15.129
1 y-HCH 218.9116 220.9086  8.44 y-HCH 181 219 15.603
1 B-HCH 218.9116 220.9086  8.63 heptachlor 272 274 20.607
1 &HCH 218.9116 220.9086  9.29 aldrin 263 265 23.142
1 Heptachlor 271.8102 273.8072  9.44 heptachlor epoxide 353 355 26.137
2 Aldrin 262.8569 264.8540 10.24 trans-chlordane 373 375 27.933
3 Oxychlordane 262.8569 264.8540 11.66 endosulfan 1 241 239 28.832
3 c-Heptachlorepoxide 262.8569 264.8540 11.94 cis-chlordane 373 375 28.880
3 t-Heptachlorepoxide 262.8569 264.8540 12.01 dieldrin 263 265 30.619
3 t-Nonachlor 262.8569 264.8540 12.57 p'p-DDE 246 248 30.732
3  2,4-DDE 246.0003 247.9974 12.66 endrin 263 265 31.793
3 t-Chlordane 372.8260 374.8230 12.92 endosulfan 11 241 237 32.515
3 c-Chlordane 372.8260 374.8230 13.09 p.,p'-DDD 235 237 33.124
3 endosulfan I 262.8569 264.8540 13.25 Chlordecone 272 274 33.778
4 44-DDE 246.0003 247.9974 13.85 endosulfan sulfate 272 274 34.613
4 Dieldrin 262.8569 264.8540 14.26 p.p-DDT 235 237 35.020
4  2,4-DDD 235.0081 237.0058 14.61 13C12-4,4-DiCB (#15) 234 236 16.826
5 Endrin 262.8569 264.8540 15.45 13C12-2,3',4'5-TeCB (#70) 304 302 28.816
5  24-DDT 235.0081 237.0058 15.85 13C12-trans-Chlordane 385 383 27.933
5  c-Nonachlor 262.8569 264.8540 15.92
5 4,4-DDD 235.0081 237.0058 16.24 4.4 B2
5  endosulfan IT 262.8569 264.8540 16.38
¢ Wi s sam 2 P1ASE 4 g0l 83 9 A7 porst
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