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ABSTRACT

Three kind of ASE (Accelerated Solvent Extraction) and SPMDs (Semi-Permeable Membrane Devices)
combined methods (ASE-SPMDs, ASE-accelerated SPMDs and SPMDs without extraction) and general
Soxhlet-GPC were compared each other for the analysis of PCDD/Fs in sediment. The average recovery rate of
three types ASE and SPMDs combined methods (108.1%) were higher than that of the Soxhlet-GPC (79.5%)
for three samples in each method using surrogate internal standards. The average coefficient of variation (10%,
2.1~25.2%) for each congener of PCDD/Fs shows the reasonable results. Total PCDD/Fs concentrations after
SPMDs without extraction were quite low, but those after ASE-SPMDs and ASE-accelerated SPMDs methods
were close to the Soxhlet-GPC. Thus, the ASE-SPMDs and ASE-accelerated SPMDs methods are considered

as the excellent pre-treatments method because they need less solvent and time without quality degradation.
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o} (U.S. EPA, 1994; 712, 1996, 1997; lkonomou,
2001; =374, 2002; 7=, 2005; Aghed,
2005). 133t AAE FEANT 2o o
Lol gkg Zo]7] $)3}ed Accelerated Solvent Ex-
traction (ASE)¥ o] o]&£¥ 31 glt} ASE¥]S T&,
Tl M kel gz B2 Alzbe] AlmF EA
AFEAE 323 d 5 e el (Wenzel,
2004).

AR Fol EHe] Y A, Tl P Aa
52 Bake ol43le] B35 GPCE AH43)
of 22, AA%}(US. EPA, 1994; Z1Z=, 1996,
1997; Ikonomou, 2001; -5 373 974, 2002; 7))
£, 2005; T, 2005). YALE Alsl] e PCDD
/Fs, PCBs @ PCNs Axglol= ¥ A7} |9
PAHsH 9% $7198aA oke kol )3}
FoHEs Al oe EAUFRLC) e
Asole Agalx Eabe wAel ook = A4
Fo) Wl gAe] Eoh e ARE RS e
S A wasjedol e tige) BAL ALed
Az R wHo] Aosiw, e O Agos
AgAe) Hsl= EA7h Dok GPOYE ¥}
HolAwt ¥2 21g ol wARARA
PR Pelstue golr) o Aewe ¢
HEAH 2A A7) 615 PANHERL ¥
Zel] o]¥]L-o] ¢)r}(Lantalainen, 1999; Ikonomou,
2001; Wenzel, 2004).

Semi-Permeable Membrane Devices (SPMDs)+¥=
Huckins (1990) 5] & AH8-3F gpjo= Adw
low-density polyethylene membrane (LDPE)E o] &-
&} Al =% Persistent Organic Pollutants (POPs)&
A 5 WeEdeE ¥y 2 e o=
sk A ol PAstal &8l w o).
LDPE%= pore size7} ¢F 10Ao| 22 2215177} 550
Dalton (Da) ¢]3}¢] POPs 5l ExA7]1 600
Da o[Aql A& FHA7IA gon, AAAA
(lipophilic)o] 2.2 POPs¥= F-3}HA] 7] A8t Eo|u} A
FAel 7 F7lel 52 BE A7IA 4t
T SPMDs: EMsiA) w4 A7t 2o3hA] o
o0 POPsE 38 @t ulmz Wyelme
PCDD/FsZ ¥]%3t POPs¢] Ax el o}F F&
vhH o]t} (Meadows, 1993; Lantalainen, 1999; Wen-
zel, 2004).

E| A& (sediment) $oll= PCDD/Fs A&-& Hls)
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T7184e| ek 23Fe] loiA & Alsel ¥
st} &3 AAYZL ¥ oH2 BFsi o @
T AEAH oz AHSH 1 91E= Soxhlet-GPC Wby
7} ASE®} SPMDsE 23t Al 7bA] uhy& o] &
st} ElHE Fo z3E PCDDFse) 2 9 A
R R R AR R s

ME 2wy

et

A2 AME FAHES 200233 20031 24
A 8174 AgAH 77 AgAlA] ARATE A
Z vwsly] $lsted vE=e] Fupeela A
3 EAHES YT - Azxs & Ax" Certified
Reference Materials (RCMs)& Al&-3lg om], B4
o= RCMs o 2 g8 AHE-31

1. 5% % FA

Aol 2 2 AAE AFH Eel Soxhlet
-GPCH¥#} ASE%} SPMDs& 2§t A|71A] w4
(ASE-SPMDs, ASE-accelerated SPMDs and SPMDs
without extraction)®] 2 47}A] vl& Abs w)ws}
oAt Fig. 1o o] WpHEE 098] =413 shgw
7 A AR R ofel o} 2e.

1) &% 3} (Homogenization) : A2 ¢F 2 gl sur-
rogate internal standard (CIL Inc., EDF-957-A)%
spike3}1. P8Al}lEH (Mallincrodt Baker, Inc.,
Paris, Kentucky) 30 g-& g} wxpapitel| s = Zro}
A #3h seich

2) Soxhlet & : #2353 A 8F glass thimble
ol @7 toluene : acetone (80:20) 300 mL= <} 20
Al &3t

3) GPC column : Y73 40 mm Z-¥¢}} Biobead 70
g& Z#%led hexane : dichloromethane (DCM) (1 :
Lvwv)ez 4&39vd, A& 160mLE A &
wa gale] ZgtEo] gloma ¥y I thg
&5 350mLE Alg2 A3

4) ASE : Cellulose thimbleo| 7238t A2
3 7)ol FFANGEES thimble Y7714 A
£ ASE(Dionex, ASE 200) celldl] 2o Sz F3
shgict. Table 12 ASE F22718 vell Holt

5) SPMDs : SPMDse)| A}-2-% LDPE layflat tube



March 2007 Chun : ASE-SPMDs& PCDD/Fs¢] A Az 7t

51

1) 2) 3) ASE- SPMDs without
Soxhlet-GPC ASE”-SPMDs Accelerated SPMDs Extraction
L Homogenization ] Homogeni’/,ationj Homogenization
l
Extraction Extraction Extraction
(Soxhlet) (ASE) (ASE)
[
SPMDs Accelerated SPMDs

GPC

SPMDs

Copper column

Alumina column

Carbon fiber column

Analysis
(HRGC/HRMS)

Fig. 1. Flow chart of PCDD/Fs pretreatment methods. "GPC: Gel-Permeation Chromatography, P ASE: Accelerated Solvent
Extraction, YSPMDs: Semi-Permeable Membrane Devices.

Table 1. ASE parameters for sediment extraction

Solvent
Oven temperature

Cell pressure

Static time

Total flush volume
Nitrogen purge time
Number of static cycles

Total solvent volume

Rinse between samples

= Z 29mm, 77

Table 2. ASE parameters for accelerated SPMDs

80:20 toluene : acetone (v/v)
180°C
2,000 psi

S minutes (after a 9 minute
preheat equilibrium)

100% (33 mL)
60 seconds

2

55~60mL

I mL

104.4 um (Cope Plastics, Inc.,

Fargo, ND, USA)E Z o] 300 mm=z =} AHg-stg]

Solvent
Oven temperature

Cell pressure

Static time

Total flush volume
Nitrogen purge time
Number of static cycles

Total solvent volume

Rinse between samples

Hexane

50°C (after a 5 minute
preheat equilibrium)

500 psi

10 minutes

50% (16.5mL)

60 seconds

4

49 mL/vial X 4 vials

I mL (only when changing
samples)

o}. LDPE layflat tube:= AF2- Zol 31 W& heat
sealer2 WX-5}3 -G2]H (glass jar)o] Fo] hexane
o2 24A7 AHNe] ALgBkeh 322 AlnE
AL HZ7)0A 0.5 mL7pA 38 oo
LDPE layflat tubeel] 271 & hexane : DCM (1 : 1)
05mLE 33] Ho] AekFloxw &7 & 2mL7} =
A & oF2 oA g F 2% heat sealerz A E-3)
v} o] LDPEE -§-e]¥e)] Y31 hexane 450 mL=.

24A)7F BA (dialysis) & oHE $E &3 9
hexane 450 mL=Z. A3} £ = &3t 3 1 mL7}

2] &3kl

6) Accelerated SPMDs : #2351 A28 3H 210
xz7)o A 0.5 mL7tA =3 L& heat sealer®
z2.¢ 9223}l |10 mm LDPE layflat tubeol] 271
% hexane : DCM (1:1) 0.5mLZ 33] o] AekA
o2 A F 2mlrt HA g o o] q F
£ heat sealer2. "E3lgch o] 7-8 SUS mesh™-&

o ok
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Yol =g fo]3}A & ASE cello] ¥ Table 2
9] 2710z FAE.

7) SPMDs without Extraction : o] B2 Z33]
2] glo] 300 mm LDPE £Ho] Alg 2g8 4
hexane 2mLE FUste] 5)9} T3 yfjoz
4 Yaisc

8) Silica column : W73 10 mm 4] o] ofafl 28
B 971442 7}(1 N NaOH 26%, wiw) 2g, FAA
Y7} 1g, AHIARIFHH,S0s 33%, wiw) 4 g, 244
g7} 1g& &A= ZH-3}e] hexane : DCM (1 :
1,viv) 60 mL2 A28 8239}

9) Copper column : Cu 10~40 mesh 5 ¢& %A
10 mm Zo)| A8l 1 M HCl= A} 1 o
& tolueneo 2 A3 B2 AHE AL 3T oA
acetone 0.2 M) FE-& AAsI 7)) A=
£ Y37 hexane 30mLZ 423l A5z A}43)
et 7ref Cue] M7to] A Ao ghgAloz W
st o] g ohA] ks

11) Alumina column : Alumina (ALL,O3) 10 g& |
73 10mm f-e}Fol| 21511 hexane 25 mLE A&
Z FAAEEA S A A3t hexane : DCM (1 : 1,
viv) 60mLZ PCDD/Fs& 43}t

12) Carbon fiber chromatography column : W7 5

i

mm stainless steel columnel] grass filter paper 600
mg (124 mm P100 prefilter sn. 211707, Nucleopore
Corp.)#} 50 mg PX-21 carbon (BP Amoco Chemi-
cals)& Egste] A3k, HPLCE )43} ben-
zene : ethyl acetate (1:1, v/v) 62 mLZ PCBs 5 #}
2L A Atz ZHe 732 slod toluene 90
mL2 PCDD/Fs& 4283 o] 429¢& 342
W sE7)9) AA=z FE3sled surrogate recovery
standard (CIL Inc., EDF-5999)% spiked} & £-Ax]
g2 3

Aol A BE Sl BF ok Al
&}ed 22, A7} (Mallinckrodt Baker., Paris, Kentuc-
ky, 100~200 mesh)} 4201} (ICN Biomedicals,
Eschwege, Germany, neutral, super | activity, 100~
200 mesh)¥= 170°CellA] 12A17F o]AF GAds}t A7
F AHgStaTh = FRRAEFE 450°CalAM 12
AZE o) T8 A& AHeac

A

Al#% PCDD/Fs: HRGC/HRMSZ EA35}g] 0

2.

e
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o B 2AL ol Table 33} 7t}

3. QA/QC

PCDD/Fs®] A& azvntzste] go)7} weol
=9] 30 o)) A% Aol ERAACH, 7 9
W3 Al 3784 (triplicate) B4 81w 7)e} A
2F 9l QA/QC% Canadian Technical Report of Fish-
eries and Aquatic Sciences 2389 method (Ikonomou

et al., 2001)¢]] whatc).

1. WREZEEH 3|58 "ot

Fig. 2% 4717 AAE vpdel] <38t surrogate
internal standard®) 3488 +Jeld 7oz ASES}
SPMDs el 23t A 7k2] W] A 3eg
(108.1%, 87.1~133.6%)°] Soxhlet-GPC¥]ol] 2|3}
A 348 (79.5%, 72.2~89.0%)Rct R o] =
ket

Ao 5(2005)0] 433k Aby 313 PCDD/
Fs A2y At s 233-GPCH (I 79.5
%, 12.2~86.2%) R} 2-L3-SPMDsH] (JF 98.6
%, 81.1~127.5%)9)| A} surrogate internal standard 2]

Table 3. HRGC/HRMS conditions for determination of

PCDDs/PCDFs
HRGC HP5890 splitless
Injector Splitless
Carrier gas He (25 psi, 35 cm/sec)
Injection volume 1uL
Column DB-5(60m x 0.25mm I.D

X 0.1 pm film thickness)

100°C (2 mins) 200°C (20°C/min,
0 min) 215°C (1°C/min, 7 mins)
300°C (4°C/min, 3 mins)

282°C

Temp. program

Injector temp.

HRMS VG-AutoSpec-S
Ionization mode El
Detection mode SIM
ITonization voltage 28~35eV
Accel. voltage 6~8kV
Resolution > 10,000 (10% valley)
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Fig. 2. Recovery of PCDD/Fs surrogate internal standard from sediment samples.

sj4-g-o] WA o %7 ek

2. ®Mx{2| Wlo| wE PCDD/Fs S&

7 b Alme A A AAzishe] A
9 (triplicate) 2+ ¥hH et PCDD/Fs congener?] ®
o] Al4> (Coefficient of Variation)?] S ZrS 10%
(2.1~252%)2 A= k353t Holgio}

Fig. 32 4714 wp o g HM3) g-HEZ PCDD/
Fs9] x5 vehdl 7|, Fig. 4= ASE$} SPMDs
Z3el] 25t Al 7}x] vhg ez 3-8 PCDD/Fs con-
gener %o A] Soxhlet-GPC¥ o 2 A x)2]8t PCDD
/Fs congener =& 3 212 Ve Aolt).

Fig. 33} 40l ®.3%e] 7+ A Ae] vhg PCDD/
Fs®] Z&%%w3= ASE-SPMDs (2,153.7 pg/g dry)>
Soxhlet-GPC (2,117.3 pg/g dry)> ASE-Accelerated
SPMDs (2,039.0 pg/g dry)>SPMDs without Extrac-
tion (1,220.9 pg/g dry) <=0]<lc}. ASE-SPMDsH ©.

2 Axelst PCDD/Fse] &% 5 Soxhlet-GPCH]
=52 101.7%9 3, ASE-Accelerated SPMDsH] o]
93l =x= 96.3%0l¢ih. F v =% Soxhlet-
GPCW 3} w]2:8t 55 1.g]or}, SPMDs without
Extraction®oll 28 == Soxhlet-GPCHol| 2]t
=0 57.7%=. 3] @A el

E3] ASE-SPMDs$} ASE-Accelerated SPMDs ®]
o] 4] PCDDs congener®] %7} Soxhlet-GPCH
oA By} o] =A velydor} PCDFs congeners
o A8 ww ¥ w4k T} SPMDs
without Extraction’]-2 Soxhlet-GPCH{Ht} »E
PCDD/Fs congenerell Al © A vlelyle}. SPMDs
without Extraction®jeli#] 7+ PCDD/Fs congener?)

=7} B Vel AL 2234 ¢le] SPMDs®E

At A7 7] wlFo| PCDD/Fs congeners} E&
waje) APl RHLNY o 77) oz A
e,

Surrogate internal standard & ©]-2-3+ 3-&

7}
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Fig. 3. PCDD/Fs concentration in Sediment of each method. 1: 2, 3,7, 8-TeCD, 2: 1,2, 3,7, 8-PeCDD, 3: 1,2,3,4,7, 8-
HxCDD, 4: 1,2,3,6,7,8-HxCDD, 5: 1,2,3,7,8,9-HxCDD, 6: 1,2,3,4,6,7,8-HpCDD, 7: 2,3,7,8-TeCDF, 8: 1, 2,
3,7,8-PeCDF, 9: 2,3,4,7,8-PeCDF, 10: 1,2,3,6,7,8-HxCDF, 11: 1,2,3,7,8,9-HxCDF, 12: 2,3,4,6,7, 8-HxCDF,
13:1,2,3,4,7,8,9-HpCDF, 14: 1,2, 3,4,7,8-HxCDF, 15: 1,2,3,4,6,7,8-HpCDF, 16: OCDD, 17: OCDF.
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Fig. 4. Ratio of PCDD/Fs congeners of ASE-SPMDs, ASE-
Accelerated SPMD and SPMDs without Extraction
method to Soxhlet-GPC method.

o] A= ASE-SPMDs, ASE-Accelerated SPMDs %
SPMDs without Extraction®f o] 2% =2 3|48
wolo 18y A% PCDD/Fs =% ASE-
SPMDs$} ASE-Accelerated SPMDs®H o A= =2
w2 B9lX9 SPMDs without Extraction® el A

E dA43] B2 e=E B3ed o7 spikedt
surrogate internal standardi= A] &ef] 7}8HA F3=
7] kot FAe] 7hsAT A 8% PCDD/Fst Al
ol 7t FAH FE2H flol FARe=E
T AselA EE7t ofEgl7] wEe A"
a#lmz Ag% PCDD/Fs& u]£38 POPsE &
g w surrogate internal standard®] 3]4go] &}
3 3] Algel ZA¥Ee] Sl BHUAAEASY F
2% O3 A A ARE 2ES =

& 5 vk AE & 5 s

7 E

Zputerl ) AT = E8F PCDDFse] B4 &
215t ASES} SPMDs& &3t 3712 AAe] w
¥ (ASE-SPMDs, ASE-Accelerated SPMDs®] 2
SPMDs without Extraction])#} &4 02 o]4-5
3 9]3 Soxhlet-GPCH#2] A#Z vjwsle] o}
7 22 AEE Aol

1) Surrogate internal standard3 ©]£3t 3g
22 o]|x] ASE-SPMDs, ASE-Accelerated SPMDs 9}
SPMDs without Extraction® 2] 2# 3482 108.1
%3=. Soxhiet-GPCH 2] H# 3|48 79.5%1rc) &
A o R

2) ¥]3E3 PCDD/Fs congener %+ 7 vl
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