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8 9o IR F FAANES vjsker EAte de|FAFE ARE] A3 2AH AT7EH
Ngel f3el BAYel AEAA F gl ne} Pea B4 WA WYe ZAsha HRGC/HRMS-
SIM uho @ HEIAE W3 P Aol FAld o] FAA=E slqdcth 275 F<4AR dichlorome-
thane(DCM)2- o] -4-3F Aal- A4 35S, AAIA R Ffo] 2zt Ael7}t A& sle]2A3, Florisil
HENAYE o) &F LA FEUL ALk A7) H4gs B EAAd e AdA ez
B By 58448 32 TCDDS &4gle] dlEF, F4F PCBRE A A, #21¥ &= Uddch sl
1Le 1,2,34-TCDD 10 ngs H7FAZl o} 33 2 A2 »E A4 F A £ JF358L 92(+ 1.6)
%t £ FFutoll ] A7} ARl el £ FAHE 44170 A3} 4.5+ 1.)pg/L] 2,3,7,8-TCDD &
A& T ULk

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(+ 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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Table 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-5] & W DB-5
capillary capillary
30 mX0.25 mm 30 mx0.25 mm
LD. 1D.
Carrier gas He, 1 m//min He, 1 ml/min
Type of injection Splitless Splitless
Injection volume 1w 1w
Temperature program
Start temperature 100 C, 90T,
4 min hold 1 min hold
Rate 15 C /min 20 T /min to
220C
4 C /min to
300C
Final temperature 300, 3007C,
2 min hold 10 min hold
Injector temperature 280 C 230C
MS condition
Type of analyzer Quadrupole Magnetic sector
Scan time 0.9 sec 0.58 sec
Type of ionization El positive EI positive
Electron energy 70 eV 35eV
Source temperature 200 C 270C
Trap current 200 pA 1000 pA
Resolution unit 10,000

TCDD9) A=z A& 918 SIM WA 22 mo-
noisotopic ©]& M3 M+2 o]2-& Addslod H:
sty oo o]E9 FHYULN) o) 25e] +£10% g
o s n GColAe] wFF A7te] AFEAFL
o7 #alslgdcl. OCDD(octachlorodibenzodio-
xin)9] 7Jg-oll= M+2¢ M+4 o] & A3}

Alef o o1t

EE £ul(vekE, oMEYVES, H4L dichloro-
methane, ot &)= W75 4B & G Chemi-
cal Co., 9=, Muskegon)& AH&3tsc) 1,2,34-
TCDD, 2,3,78-TCDD, *C-2,3,7,8-TCDD, *C-2,3,7,
8-TCDF(tetrachlorodibenzofuran) Cambridge Iso-
tope Laboratories(v]=, Cambridge)elA +<)3td
2 nonane°l] ¥ 7z} 100 ppb, 500 ppb2] 5.7}
HEE AL 2AF F AHLECh
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A FEHe AM4E 7kEAE | T. Baker
(7)<, Phillipsburg)At2] Aromatic sulfonic acid 7}
o] L #2)(SCX, 0.5g), Supelco(¥]=, Bellefo-
nte)2k2] Ae]7KSi, 1g), Florisil(Fl, 1g) 7tEz]x
o]t}
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ndate) Bgste] B 9718808 FA|sle] A
2|3l o).

Al 4y

F&2 A 5. 1! FA2d7)d RrEFEA
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F2¢ct. 329 & IN-KOH 4408 50
5 M, IN-H,S0, $9°o2 50m/% F H,
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HHl(clean-up). SCX 7}E2]R]&= wed-g 12ml,
oM E 6ml, A 12mie) £AE, A7} stEE
Ae A4 12mig 7zt A8l @443t )71
F 7tE A& HH(SCX —» SHE 943 + A58
TR HA Imig o g 47)(vial) M3L 3w
slo] FtER] Aol Al&sle] FoA|ZIT) Al SmiE
H@7tER] Ao §FHA7 F SCX 7HE]2& A
staL Alelzh shER] Ao A4t 15miE © F3HA|
7t} o] fejd-g 1mi2 FHA|ZIch
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Step 1.: Enrichment(by LLE)

Sea_water 1L(spiked 15. ™C-2378-TCDF 10ng

Extrection with 60mL CH;CR(DCM) three times

Wash with SomL IN-KOH

Step 2.: Clean-up(by SPE)
1mL sample in Hexane

vial cleaning
LmL Hexane three times

Step 3.:. Separation{by SPE)

i

ample in Hexane

vial cleani
1ml Hexane three times

1. 8ml Hexane 1. 6l 4% DCM in Hexane
two times l—z Remove SCX cartridge "-
sh it Son. e 2o oo
o times =
Rinse with 100mL distilled water | 15ml. Hexane :rl
two times Fraction ] Praction I
Si(ig) cartridge
I Drying(NesSOJ) } 1 1
I
Add 100, 100
( Concentrate to LmL ] ’I‘m@ “‘C-2,3,7,8-TCD?
[ Add Hexane o 1mL ] GCAVS anal
‘ 1uL Injection, Splitless

Fig. 2. Experimental procedure of sample pretreatment.

Florisil 7}E=]#]+= dichloromethane 12 m/, 4%
dichloromethane/3) AH-8-9] 6 ml, Al 12 mi 2] £}
2 AAH 243 Ak 1mlE 53 A RS
EHA] 713 SleliAfet 2wkl Lol H oz A
9 £4e) ¢lx = #rl 4% dichloromethane/#)
AH4-% 6 m/(Fraction D& A% & o] S-a]of-
w2 ¥-2)3tc), Dichloromethane 20 m/(Fraction II)
£ ASsl] 3417 F AS FH5AUY N,
A E2 LolE BE deEd ¥ e EEER
(**C-2,3,78-TCDD 10 ng)2 *7}8l2 nonanel &
379 E 100 W7t Hes g

o] il A A 8okt Fig. 24 vehligic

dot 9 g

2 Al s, Mg, TEsE 38k
THAE R B A, YAAE 5 #3418 Ayl
AR t}e) 2 AlS EA3t A & o H8A)7 5= gle
Alg AAYHE AHstal stgon igsty A
Al F oo} 2143 BAo] o] RN 3ld 4
< F2L A 9 E 28 FAXNRE 2 e
3t

A2 M2l H SRl chst ®H2E 2 A3
A AR gAY 2715EE 93 100% dichlo-
romethane & o] &3t &vjF:&H-& Al8slgr) &
2 AR et o] FHHF 7]
3AEES IR A8 Ui vz gL 3F
+& Bt} #4492 dichloromethane-& AH4-3F

Table 2. Recovery of 1,234-TCDD* in each step

% Recovery * STDr
1 2 3 MR*
LLE 102 947 940 969 362
SCX-Si 703 936 929 856 10.8

Florisil 86.4 94.8 - 90.6 4.2

“Concentration of compound spiked 10 ng/1i, *Mean
recovery, ‘Standard deviation.
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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/l, dioxin: 20 ng/l.
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37k =7, 47 FoFF, 8714 PCBR-E Ald
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Dimethylphenol, Trichlorophenol, Pentachloro-
phenol, DDVP, Diazinone, IBP(Kitazin), EDDP(Hi-
nosan), 2-Monochlorinated biphenyl, 2,3-Dichlori-
nated biphenyl, 2,4,5-Trichlorinated biphenyl, 2,2’,
4,4'-Tetrachlorinated biphenyl, 2,2',3',4,6-Pentach-
lorinated biphenyl, 2,2',4,4'5,6’-Hexachlorinated
biphenyl, 2,2',3,3' 4,4',6-Heptachlorinated bipheny],
2,2'3,3',4,5',6,6'-Octachlorinated biphenyl.

55 11 1,234-TCDDs} &7 15713 uts)
L dAFEE Hrlste] e AR o £ &
AE Ae5 An s EE2 Fig. 394 el
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ARMEIIE Fi HFAF 5 et HdAEsFHe
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Fig. 5. GC/MS chromatogram of fraction of 20 ml
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 + STDr

tn 1

Fig. 4. GC/MS chromatogram of fraction of 6 m/ 4%
DCM/Hexane in Florisil separation procedure. Peak
LD, 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 biphenyl,
17.40 : 2,2',3,3' 4,4' 6-Heptachlorinated biphenyl, 17.48
:2,2',3,3'4,5',6,6'-Octachlorinated biphenyl.

—dH.Q 29,9 |

Az)zl 248 AAAAE A & F AAE
F sk o] FekFe fejvetedl A gol Alg-Ele
AE F 47HAE Ad3 A" ol Silen}
PCB¢} vlud o o] & F4& ze= Hges A
2]7} Aol FA o] Fejsich Fig. 4w 7l
Ly e Aejzt APy FAAAE AXG
%9] g208 rEAA Florisil 3ol L&A
¥ 4% dichloromethane/3|4H4- 6 m/2 $2]A]7]
23 ] BHe GC/MS =ZZrleIlolch 87}
PCBF =57} #|g& gdd 4 gk ol o
o] &Ale] 34 42|53l %5 B $1g GC/MS
azvleade] $47, g9 A$ TCDDE
A ] edstew A ALE A 358 1%
a]zte] ]},

Fig.5¢ A8 A HA 9 al=)et oA 2 dich-
loromethane 20 m/2 €217 £3) I &9 GC
/MS zEslgado)ch F3b FEolvt HADA

1 2 3 MR’

Sea water 90.5 94.0 91.0 91.8 1.6

*Concentration of compound spiked 10ng/1/, *Mean
recovery, ‘Standard deviation.
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M+2 o]22] E=zjako] 321.893621d] Heptachlori-
nated biphenyl(C;;H;Cl)9] A%+ M-Cl, o]-22]
H-zleko] 321.8678¢)3%, dichlorodipenyltrichloroe-
thane(DDT)-& M-H®Cl ©]2-¢] Fxlgko] 321.9219
olmg MEss WapEarlel A wF 3029 2
& gHelA A=k vehdr] Wl 7 sHihEe]
o] grbssith =@ AX ARE @e EF
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Fig. 6. HRGC/HRMS chromatogram of 2,3,7,8-TCDD
in sea water sample extract.

o W gEE L 23se EUE A 2w
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TCDDRHE #4317 fsiMe 59 2L A8 A
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7t gA el 1¥-3s APEAE A A
$= GC A z=elea o & Fe)s}
H72) 3= sHEoletx vl Ao sjold 3
o] b5 oS At AL n g
g & 5 gtk

AdAn siFA s HTE 45 1LDpg/l!
9] 2,37.8-TCDD7} &= o™ 23] HbEA3 o)
A EHeee 2zt 107%, 129%%1ct. Fig.6& 1
Aste] mzEnte o]t} 237,8-TCDDS} B¥C-2,3,
7,8-TCDDel| 3| monoisotopic ©]-& M(319.8965)
3 M+2(321.8936) o]2-& deslgien &% 23,
7.8-TCDD#] 7% 5V An(M/M+2)+= 0.74%9 )
A4 o] ZghL 0.770]c) Alggog UE F 25
F2o| EAAHA B BgFo] tha ¥ FHHY
o} Pale) hakel 2,37,8-TCDDE wlzA 7hctg)
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Alg AAe 4L AR Folx o W) Ee o
o] FHE 4 sUSS #HAF. = A
EolA 2,3,78-TCDD¢} v]mste] zake] OCDD7}
AEHA e oleld AL cho] $AlFe) FAdA
duixe 2 Ay ARFIFEAT AFPL o
<F 031 ng/l AELHT)

tho] SAlo] QAR Bole: ARE 90% o]|Atel
SAEe 2 A2 WA glo® o F, &F
Ffr 52 AAA R wis| F7} FAe #HAA
BE dAer g dF ¥ Bae i ned
AAelct. Harless 52 o7}z Ag& djAte
28 dho]&Ale] Akl @3 dolld FAAR
(water sample)®] 735 0~10ppq HXx<] 2,3,78-
TCDDE 2435l 9l&g Eahdch. 281 Miy-
ata 2% AL TAIA e 45l gk AP A
2,3,7,8-TCDD, PCDD(pentachlorodibenzodioxin) %
HxCDD(hexachlorodibenzodioxin)?} z}z} 0.01~
023ppq =R U&& FAsddes OCDDY 7
= 0~12ppg(AE&d: 019~133, ALEIYE:
0~1133) A=YL Busige. z8n & 53
A8 A4 AZA el 4] 0~26 ppg, A FHE A
0~26ppq A=, =94 ZFEAFS] F$+= 18ppgq
2] OCDD7} %A%l A} viwstsic). gk vl
=2 2378-TCDDe| o3 3% s&4d#ze 1
pg/kg/day 2 Asta glom sfviche} WHO+ 10 pg,
AdE-2 100 pg/kg/day 2 Aslr i)

o] &l F 2|ARI F)eh AS 57
2ZdA g &AM vEHE 2T o o]F o
gog e fo 2 dFaiae) Rav) e
2o} HAFYHE Y 7|EH o2 AgE|ojo} g
t}h o] Zah= B ATl AR 2ol A
R ESAYE HoElaA & Aelnz sk
7He e oS FE9le AdeAe AEH
whegel ARzt o] FojAel 3 o] @
4 AHyrl "98% sleow A7sc

7 =
BN E F vlekon Easl) xjize Aol

178 $AE Yoslt $4 29T ol 8 Al
Fel #4918 9ls) uo} pastn AAH AR A
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A e AAsn AR ARl sl
A2l An o3 22 AESE dgdh

1. 5 1700 10nge] 1,2,34-TCDDE A7 A
10ppte] F=2 WHE Algo) gk APAH of 92
%9 352 ¥Alo] 75l

2. 100% dichloromethane2- o] 8-3F vl F&w 3}
SCX-silica #¥2 7lee]x] #HFH, Florisil 7}E2]A]
Aol 2% A8 Ao AL A A%
Agld A% TCDD2) &Alglo] dleF, 48 o5,
PCB#H9 HWalgS adHoZ AA, g 5 9l
Ak

3. HRGC/HRMSE o] 43l ol sl 5o
B OEAHE e £ A 45pgie] 2378
TCDDE £33 vz ool SAR/E HEY &
it

4. AL 2 Ro] Hedtm RFAIA L7 s}
EAE AMEIERA FAA7HE BA sk Ay
zztol 2J3F 23} Y LPFAE Y 5 9len=w
EMAE R Srlele] &S HASE ¢ gle g2
A8E A&EA Aol s #HARS] B4
STFE U2 9k

5. & AdlA AAZ A8 HAAe] e vy
sl s 2 B84 Wl F o] ¥xlgt miAe
2= ok A 2 AAA G FolE A4o] rpssitta
o ) apepa] e S5/ Al A48 Ue
tho] SAl o] B-AEFu o Z #Fdle] rho]LAl
o} 2dAE R FEAddl B A5 A 3§
52 A&Eq a7 He4g =Alth

A 8E A& F4 B gn do)s
ZFelAl FFaisee B dAy3e Hibriea] A
TG (93~94) A7RlE s SUTh
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