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ABSTRACT. This study described a simple, rapid and cost effective analytical technique for the
ultra-trace analysis of dioxins in environmental samples. Liquid-Liquid extraction methods were used
for the initial extraction and enrichment of the analyte. Subsequent clean-up procedures were achieved
by using strong cation exchanger, silica and Florisil cartridges. Extracts were analysed by HRGC/HRMS-
SIM. The efficiency of these analytical methods was tested by recovery and selectivity for elimination
of interferences such as phenols, pesticides and PCBs in each step. The mean recovery of 1,2,34-TCDD
spiked at 10 ppt in sea water was about 92(t+ 1.6)%. This analytical method was applied to Kwangyang
sea water and 4.5 pg/L of 2.3,78-TCDD was determined.
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Fig. 1. Structure of dioxins and furans.
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Tadle 1. HRGC/LRMS and HRGC/HRMS SIM condi-
tions for the analysis of dioxins

HRGC/LRMS HRGC/HRMS

Instrument VG Trio-1000 VG Autospec-
Ultima E
GC conditions
Column Supelco SPB-5J & W DB-5
capillary capillary
30 m X0.25 mm 30 mX0.25 mm
1D. ID.
Carrier gas He, 1m//min He, 1 m//min
Type of injection Splitless Splitless
Injection volume 1 1w
Temperature program
Start temperature 100, 90T,
4 min hold 1 min hold
Rate 15 T /min 20 C /min to
220
4C /min to
300
Final temperature 3007, 3007C,
2 min hold 10 min hold
Injector temperature 280°C 230%¢

MS condition

Type of analyzer Quadrupole Magnetic sector
Scan time 09 sec (.58 sec

Type of ionization El positive El positive
Electron energy 70V 35eV

Source temperature 200C 270 T

Trap current 200 pA 1000 pA
Resolution unit 10,000

TCDDe] M=} HA-& s8] SIM %A 22 mo-
noisotopic ©]& M3} M+2 ¢]&% Adsld 43
slgon] o] S FUAu7) o)Rake +10% ¢
o sz GColrel MFF Al7lel EFEAUY
7= #eldeich OCDD(octachlorodibenzodio-
xin)9] ZA¥ol= M+28F M+4 o] 2% Ad3ic)

Al o 19

2E Suj(riet g, olAEVEY, ¥4l dichloro-
methane, ot &)= AF5FE44HB &G Chemi-
cal Co., ¥®l3, Muskegon)s A}&3}e} 1,2,34-
TCDD, 2,3,7,8-TCDD, “C-2,3,7,8-TCDD, ®C-237,
8-TCDF(tetrachlorodibenzofuran) Cambridge Iso-
tope Laboratories(?]3, Cambridge)ollx] 118}y
3t nonaned] 3o 7zt7H 100 ppb, 500 ppbe] =7}
2 A)gadg AP FALLE
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A4 FE40 AH4¥ 71EelAE . T. Baker
(1=, Phillipsburg)*}2] Aromatic sulfonic acid 7}
ool & m2A)(SCX, 0.5g), Supelco(®]=Z, Bellefo-
nte)2ke) A2)7KSi, 1g), FlorisilFl, 1g) 7h=2)x)
ole}, .
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@ A 5 1/ F92Yr)d WRrEEER
(®C-2,3,7.8-TCDF 10ng)e) H7IR ¢4+ 54901
D¢ 93 27 60m'9 dichloromethane 2 & 39
R &3 FE9& IN-KOH $9°02 50
m/4 F o, 1N-H S0, $4°2 50m/4 5 H,
FHTE 100/ 5 ¥ golE & Na,S04(3 g7}
238 APl FHAA A F2& AAHPc} 329
FUAANE $olE I F 4L Holsk 1mia
k&t

HHl(clean-up). SCX 7lEz|A)= ojere 12 mi,
cHE 6w, ¥4 12mig] £42, A7) e
Ale A4 12mi2 747 AREdel 8493 xRk
F 7lER) 2] & AY(SCY - S JHd F A 8s
FHATIT A4 1R o2 L7l(vial) 43 39
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Step 1.: Enrichment(by LLE} Step 2. Clean-up(by SPE)

Step 3.:. Separation{by SPE)

(Sea water 1Lispiked 15 "C-23,78-TCDF 10ng Tl samghe in Bexane TmL sampie in Hexans
oo Wit ] tres Groas LmL Hexane three times lml Hexane three times
Wash with 50mL IN-KOH 1. Bml Hexane 1. 6mL 4% DCM in Hexane
fwo times l—znmvescxmu ‘—
2. 20ml DCM
Wash with 50mL IN-HsSO, - r
o s e
Rinse with 100mL distilled watar 15ml Hexane :rl
two times r 9 r Fraction 1 Praction I
Si(ig) cartridge
I Drying(Ne:S00 } [
Add 1004 100
( Concentrate & TmL ] [ Concentrate to ImL _} I e
[ Add Hexane to lml ]
! 1 Injaction, Splithess

Fig. 2. Experimental procedure of sample pretreatment.
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2 A8 843 X7k ImE 559 ARE
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A2 g mi(Fraction N2 E31[7] ¥ o] Ll e
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AERAE 107 HEE )

o)4kel A HAY-g gorste] Fig 20 vehiict,

dnt 9 2
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& F2 94 85 E 239 FAAEE 2o
sl
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romethane £ o| 43 Swf&EY& A143tn) &
Wl 3E4-2 FX} 7hekeban F4del Ay #7l
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Table 2. Recovery of 1234-TCDD¥ in each step

% Recovery * STIDr
1 2 3 MR?
LLE 102 947 94.0 96.9 3.62
SCX-Si 703 936 929 856 108
Florisil 864 94.8 - 90.6 42

‘Concentration of compound spiked 10 ng/17, *Mean
recovery, “Standard deviation.
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of A=} dichloromethaneo| ¥-§7d)7] 2} u}
Yo rlEjetene 5484 digh o] ¥x
APA7E AEe FYe) glek ol AR 49
pHell 23} 3]pgof ®3}7) 9182 olv] R d v}
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EE g
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Water Sample

[ Fiorisil___}

—

Dioxins

Fig. 3. Clean-up procedure of interference compounds
in each sample pretreatment steps. Concentration of
compounds spiked. phenols: 50 ng/l, pesticides: 50
ng/l, PCBs: 20 ng/!, dioxin: 20 ng/.
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nosan), 2-Monochlorinated biphenyl, 2,3-Dichlori-
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4,4'-Tetrachlorinated biphenyl, 2,2°,.3',4,6-Pentach-
lorinated biphenyl, 2,2',4,4',5,6'-Hexachlorinated
bipheny), 2,2’,3,3’ 4,4’ 6-Heptachlorinated biphenyl,
2,2',3,3'45',6,6'-Octachlorinated biphenyl.
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Fig. 5. GC/MS chromatogram of fraction of 20 m/
DCM in Florisil separation procedure. Peak 1.D, 16.75
:1,2,34-TCDD, 16.80 : °C-2,3,7,8-TCDD.

Table 3. Recovery of 1,2,34-TCDD’ in Kwangyang sea
water after pretreatment

% Recovery + STID¥

tn 1

Fig. 4. GC/MS chromatogram of fraction of 6 m/ 4%
DCM/Hexane in Florisil separation procedure. Peak
1.D, 10.30 (retention time) : 2-Monochlorinated biphe-
nyl, 12.12:23-Dichlorinated biphenyl, 13.28:245-
Trichlorinated biphenyl, 14.10: 2,2’ 4,4"- Tetrachlori-
nated biphenyl, 14.88 : 2,2".3' 4,6-Pentachlorinated bi-
phenyl, 15.73 : 2,2'4,4' 5,6’-Hexachlorinated bipheny],
17.40 : 2,2',3,3' 4.4’ 6-Heptachlorinated biphenyl, 17.48
:2,2'.3,3' 4,5 6,6'-Octachlorinated biphenyl.
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“Concentration of compound spiked 10 ng/1/, *Mean
recovery, ‘Standard deviation.
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Fig. 6. HRGC/HRMS chromatogram of 2,3,7,8-TCDD
in sea water sample extract.
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Ag AAe AL AN FA o2 5] o
gle) 4 F USS YUt =3 A
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EUdL 2378-TCDDel it 317 #4A4A%E 1
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Y- 100 pg/kg/day 2 Atz Qo)

deidAle F AR} Y #4248 5%
AdAZ L) FEA VRIS LY of o] of
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