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Comparison of ASE and Soxhlet extraction for the
extraction of dioxins from the soil

In Cheol Ryu, Yune Guk Lee, Seok Won Eom and Jae Young Sin

Seoul Metropolitan Government Public Health & Environment Research Institute
Seocho-Gu. Yangjae—Dong 202-3, Seoul 137-130, Korea

Soxhlet extraction is generally used to extract polychlorinated dibenedzo—para—dioxin

(PCDDs) and polychlorionated dibenedzofurans(PCDFs).

In this study, two methods of

extraction have been compared using Accelerated Solvent Extractor(ASE) and Soxhlet
extraction from the soil samples. The recovery rate of ASE extraction was about 96.5% and
Soxhlet extraction was about 86.5%. Comparative results for 2,3,7,8-substituted fifteen isomers
are shown in Table 5 and 6. Generally, extraction vields obtained with the ASE were higher
than those from Soxhlet extraction. By using the ASE, the extraction time was reduced from

18 hour to 30 min and the solvent volume from 350 ml to 30 ml
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Table 1. Standards of dioxins and furans used

for quantitatiorn.

Standard Spiking time Spiked amount

¥C1p-2,378-TCDDS 14%

Internal

o Before  100pg/ul X 20ul=2g
(Eb]gdgflggéig) clean up  “Ci;-OCDD 1%
200pg/ 1l X 20ul=4ng
) o JRR— 13~ 100 A4 eIy
necovery wvizTl1,4,04- LD
standard Mslefq(;rJe sis - C312,3789-HxCDD
(EDF-5999) SIS o00pg/ut X 1020=2ng
A= A&7 (Merck KgaA, Germany) 60

SEEREEE

REL:

~230 mesh® Aluminium Oxide 90(Merck KgaA,
Germany) 60~230 mesh& Al83l313, FH A0
£ Buchi*} Rotavapor R-14E ol &3dtgen &
&0 A}EH N, GasE &5 99.0900% 2 AF2-3t9

oy

23. 7% 2 AA

231. 49 &
8] MA g Soxhlet FA& ZHE ¥ Toluene
7182 Wl 77 el 3Nz BF Al F
128 EY AR 20 gldry wh)e 33
o ¥a 2 9l AZFE WF EFED(Internal
standard solution, 100~200 pg/i)E FAI71E o]
g3t 2 ngs FEAR? 29 = A
3}31 Toluene(pesticide grade) 350 mlE AF
ANZYE 43]9] £E2 FEP o, FEAIZS
1873 323197 Soxhlet?} ASES]
Table 20| YEMHAT . .
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Table 2. Comparison of extraction conditions by
Soxhlet and ASE extraction.

Conditions Soxhlet ASE
Sample size 20¢g 20 g
Solvent Toluene Toluene
Temperature <l11TC 150C
Pressure Atmospheric 1500 psi
Time 18 hr 7 min staticX?2
Solvent volume 350 ml 15 mi
Spiked standard 2 ng 2 ng

232. 7V&5Eu F&

ASE $#Z%& DionexAl A|¥ ASE 2003272
o] &&tgl e, vlE]l AAE 33 ml celld] AZxH =
UAE 20 gldry wh)I} FRAAE S5t F4= 3

i 5 0~200 pg/ut)E =
o 2 ngg FYsteth ASE & 271& Table 3
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Table 3. Conditions for ASE extraction of
PCDDs and PCDFs.

Parameters Conditions
Preheat 0
Heat time 5 min
Static time 7 min
Flush volume 60%
Purge time 60 sec
Number of static cycles 2
Pressure 1500 psi
Temperature 150TC
Used. cell 33 ml
233. 4 A

AAole A 7bAMerck Kgah, Germany) 60
~230 mesh®} Aluminium Oxide 90(Merck KgaA,
Germany) 60~230 meshE& AF&3} o, Az}
AMerck KgaA, Germany)2 130TCoA1 18A17F
B A B AEsy] A drACECA
3087 W7k 3 nbE Algstgnt” algd gue
n-Hexane 150 ml® €& 392m, Aluminium
Oxide 90(Merck KgaA, Germany)2 130T A] 18
Az Bt EA43A2 | AFEsirl A H}i 300
mm long X 15 mm id, 250 &%) ++
Azt oen, 2%-MeCl, 100 mlE &%
n-Hexane 150 mlZ {EAA AAAAS AT
& ¥%3te] HRGC/HRMSS Al2®E <] §38l3th
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o] $Al EAlof] AME-E JlAARuEIHAE
FisonsAte] GC8000 seriesE ol-&-stlow, AHL
SP-2331(Supelco, 60mx0.32mm 1.dx0.25um film
thickness) 2 DB-5MS(J&W 60m><0.32mm i.dXx
0.25um film thickness) EA# ZPE AME3FATH
FA7e AEre 253 Zk 260T, 280CH
SH7IAE He 71AE AMEstglom, A7l /&
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Table 4. Analytical conditions of HRMS instruments.

Parameters Conditions
Resolution 10,000(10% valley)
Trap current 500 «A
Electron energy 36 eV
Ionization method El+

25 A% WY
HRGC/HRMSE °|-&3te] &35 10,000914 2,
378-9 Kol GAire AT 1759 o|ALAAE F
92 348 (Isotope dilution method) ® Y&
EEFEWE o]83t9 [-TEQ(International Toxic
Equivalent) 5% 34 A sh3lth TEF= NATO
(North Atlantic Treaty Organization) <1A& -8
Sgom 2% =% 2 35es AN 96t
Z22& 2 A Zo| CIL(Cambridge Isotope Labora-
tory)ell Al 7UAFE YCp-2378-2 XEH AFE
Y2 #FEA(Internal standard) 15% ©] A2 A
100 pg/E 20 h FR3FAT, MS B4 A “Cip-
1,234-T4«DD 2 PC2-1,237,89-H,CDD2] ©]4
AA7F 23 & F5E WE IEEZ 200 pg/ud
T 10 E %33 Amber vlolgdel A% Hr
AgoA EF AlsE &5 I
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3. 23 9 3% Table 6. Recovery rate of internal standards by
soxhlet extractor.
2 A3ge t}o] &4l B4 A& ’ir‘%gq 0131 o Recovery(%)
W E ASES} SoxhletE o]l &8l 3583 A7+ Dioxins 15-Tsommer Sox-1 Sox-2 Sox-3 Sox-4 Sox-5
A, AAA BAHANA vn @7k A A3 13C12-2378-TCDD 617 89 %3 T3 739
EFAEE 7M1 ASES} Soxhletd] 54 3¢ 13C12-12378-PeCDD 815 75 %3 62 817
& Zgor mFs| B u EY A2 5712 ASE ppps CZI2B4TBINCOD W3 @6 %6 8T 634
9} Soxhlet® EAJo] o] g5tad tho]l2al 2 A I3C12-123678-HxCDD 83 810 %6 83 77
ASES] 2728 HT 965%0] 1, Soxhlet 2% 13C12-1234678-HCDD 870 900 159 69 725
L BT 8BHwRA] 242 22F S AR 13C12-0CDD &7 M5 165 597 N3
Qe & AT FHAT 2E F =2 W AAo 13C12-2378-TCDF B2 815 944 LBL T3
AHE) BN AR AAH Folr} A 13C12-12,378-PeCDF 94 81 1144 683 998
@ % 9] BB SoA] Gl el zoa 13C12-2,3478-PeCDF ®6 &2 119 627 913
M 2 qTh E ASOAL ASE S3o] Uua 13C12-123478-HxCDF %8 83 %50 &8 663
0% AL Soxhlets] 2% Eod T T PCDFs 13C12-123678-HXCDF &7 &5 780 90 688
T o] HEE 2o WL & guth de do 13C12-234678-HxCDF 83 &0 %6 858 690
: BCI2-123789 HxCDF ™45 892 1061 910 807
v 47 AR k@ A%E degio. BC12-1234678-HCDF %09 %4 1162 737 667
w423 ASEC] F5& WAE 61%-119%3 2 ICI-1234780-H0CDF 960 %83 135 713 91
], Soxhlet2 62%~118%E WYy Ady= mean %6 %63 1024 W6 TIT
Table 5, 6l YERIAT
_ AN FR FWHoA AANE nFs B o
Table 5. Recovery rate of internal standards by ASE 2218t} Soxhlet 229 57} BFmo=
ASE extractor. ~
E3rh AR 5 BA AT UE tho]Sa =
Diosins 15 Tsomer Recovery %) = F& Fig. 20 vebilow 2AAN sedny
ASE-1 ASE-2 ASE-3 ASE-4 ASE-5 = Table 7, 8] FebUleh. oleat swo An
13C12-2378-TCDD %6 971 &5 1083 1097 goll 2oz} WAl ah= Y90S Soxhlet A oA =
13C12-12378-PeCDD 819 82 T4 815 1037 Z8= AEE 18M7F B9 Tolueneo @ =33
boppe PORI2AATSHCOD %63 017 83 1018 1075 B Alge] R ARE BuAE BAQ Eia
13C12-123678-H«CDD 1003 884 8§77 1047 1067 228 UAY, ASE FA M= 2ZAlzke] 78
021234678 HCDD 884 894 810 1073 19 ol olRoAEE e Alzh] E:aly] wm
13C12-0CDD 07 91 M2 158 1188 of Baat Bhe BAS YU 2PE T S
13C12-2378-TCDF 91 941 815 189 1170 8 ZEs) WA Bohed T Bx o] v}
13C12-12378-PeCDF 909 907 631 @9 1124 Se oz EAHE SN ASE A B
1012-12378-PeCDF - 894 888 612 &85 1129 21 8.0] Soxhlet %‘*—%‘;—,_H_E} Hogol 2o Ae =
13C12-123478-HxCDF 1024 887 7 %1 1026 o ool Ame Sme] 4o oLl A
PCDFs 13C12-123678-HxCDF  10L1 898 &7 %1 804 T T s . C e
13C12-234678-HxCDF 1017 910 900 1054 1093 Wy EEE2 1538 FEnE 2849 34
ICI-193780-HxCDF 1074 %7 M0 172 1078 AME FEtels #5490 H2e ASEY &
13C12-1234678-HpCDF 93 B4 811 1055 1194 7t 8 BE A B=E AAA, A4 24
13C12-1234789-HCDF 1007 1039 %2 1103 1152 oA s & W FEA] ASE7F AHEEHE §7]8
mean %1 92 88 1030 1084 o] & 1709 A8 FFA] vas] 29 350 ml :
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Table 7. Concentration of PCDDs/PCDFs used
with ASE extractor.

concentration(pg-TEQ/g)

ASE-1 ASE-2 ASE-3 ASE-4 ASE-5

C12-2378-TCDD 084 013 034 062 061
C12-1,2378-PeCDD 077 014 019 057 oM
C12-123478-HxCDD 005 001 003 007 002

PCDODs  C12-1,23678-HxCDD 012 003 08 0nn 0w
C12-123789-HxCDD 008 002 04 05 003
Cl2-1234678-HCDD 007 004 007 023 00
C12-0CDD 007 003 006 021 OO
C12-2,378-TCDF 0% 0M 06 0B 0I5
(C12-12373-PeCDF 033 002 004 006 008
C12-1,2378-PeCDF 213 024 04 06 08
C12-123478-HxCDF 053 006 011 019 015
C12-1,2,36,78-HxCDF 04 004 010 013 014

PCDFs  (12-234678-HxCDF 035 006 012 04 013
C12-1,2,3,789-HxCDF 006 001 00t 001 001
Cl12-1234678-HCDF 011 000 004 007 006
Cl12-1234789-HCDF 002 000 000 000 000
C12-CCDF 004 000 000 001 001

Total concentration (pg-TEQ/g) 659 08 173 330 281

Dioxins 17-Isomer

Fig. 1. Comparison of extraction efficiency by
ASE and Soxhlet extractor.
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Table 8. Result of PCDDs/PCDFs analyzed by
soxhlet extractor.

Concentration{pg-TEQ/g)

Dioxins 17-Isomer Soxhlet Soxhlet Soxhlet Soxhlet Soxhlet

-1 -2 -3 -4 5
C12-2378-TCDD 05 018 030 08 07t
C12-123773-PeCDD 030 018 029 0713 048
C12-1234,78-HxCDD 006 002 002 010 003
PCDDs  Cl2-1,236,78-HxCDD 013 005 006 018 007
C12-123789-HxCDD 007 003 003 012 0M
C12-1234678-HpCDD 007 005 005 0B 005
C12-0CDD 04 003 004 013 003
C12-2378-TCDF 051 006 006 012 018
C12-1,23,78-PeCDF 026 002 004 010 00
C12-12373-PeCDF 250 034 046 1B 093
C12-1,234738-HxCDF 041 006 010 026 017
C12-1236,73-HxCDF 038 006 o011 027 05
PCDFs C12-2346,78-HxCDF 028 08 ol 027 0M4
C12-123789-HxCDF 04 001 001 Q0m 00l
C12-1234678-HpCDF 009 003 005 Q0L 006
Cl2-1234789-HoCDF 001 000 001 001 000
C12-OCDF 001 000 001 001 00
Total concentration(pg-TEQ/g) 624 120 174 468 315
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Fig. 2. Comparison of dioxins concentration by
Soxhlet and ASE extractor from soil
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