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Comparison Between Lipid Removing Methods Using SPMDs and
GPC for the Analysis of PCDD/Fs in Pine Needles

Teawook Kim and Man Young Chun’
Department of Environmental Engineering, Hankyong National University, Ansung, Suckjung-dong 67, Kyonggido, Korea

This study is on a comparison between GPC and SPMDs methods, the popular ones for removing lipid from
pine needles which have been used for bio-monitoring of atmospheric persistent organic pollutants (POPs),
such as PCDD/Fs, PCBs, PAHs, PBDEs and so on, and is fatty enough to make the analysis difficult. The
results are the following: 1. The average 13C PCDD/Fs recovery of SPMDs was 98.6% (81.1-127.5%), 19.1%
higher than that of GPC, 79.5% (72.2-86.2%). 2. The residual lipid in samples after SPMDs was about one
half as much as that after GPC. 3. During the supplementary procedure using multi-layer silica to remove the
residual lipid, the samples after SPMDs consumed 12% more solvent and 47% less silica than those after GPC
did. The amount of relatively expensive and toxic DCM consumed after SPMDs, however, was 31% less than
that after GPC, which shows that the SPMDs method was frugal and good for safety in work. 4. It took 48
hours to dialyze during SPMDs, while it took 4-5 hours to elute during GPC. Although the SPMDs method
takes longer for a single or several samples, there is a good advantage in using the SPMDs method for the large
number of samples since it may dialyze several scores of samples at the same time.
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PBDEs®} PAHs 5 POPs(persistent organic
pollutants)& A &5 WalEd= FE FAo=z £
3 We o s Hsiar AR ol &EARl WY
olth. SPMDs®| pore sizee ©F 10AC g Ex} 7]
7} ¢F 550 Da(dalton) ©]3}Ql B4+ 2 SHsHA T
600 Da o]%fe] & 2= ¥ 5348 + gtk =
SPMDse= 21X Z2Ado]7] w&dl] 122421 PCDD/Fs,
PCBS PBDEsY PCNs 5 POPs= 2 E3A]7]A
oy 214 AR e B 41 gtk 1y

B2 SPMDse= AlE%F EAFe] & Adoly 44
E;qi _,4:4 _,__H];H)\Lgﬂo] POPsE =
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H 2E, BEY, S 144 2 F2 JFREER g7
<] POPs & o= 712 POPse] &3 Folx9]
T3 olsllst=t tiws] S8t Aol AlA
o] W& X ollA APYsIaL o] AlFE] AF 7} 8ol
akaz, 39 (cuticle)ol] A1 (lipid)e] S3] TE= o 9L
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2.1, AlEAk|
AT e HFo)E 5] 4K PE Ajulo]
o] W F ofo] 2o ol P 2

on, ¥4 A7 20°C Yol Hasigict,

2 oF 50 g€ 34 cm ZolE e 500

ml Ze}2=3e] ¥t 283 o37]9) toluene:acetone
(82, vv) T8 250 miE AL F 5L SHS
93l surrogate internal standard(CIL Inc., EDF-
957-A)E Fstay WEI s 2&u FZ7)
(Branson, Model 5210)°1]4 2A]7F —’_-,‘— to] =319
t} 2= 4nE o= ZgAgE &7)F oA RS
SE Yol 7 o FEato —rﬁ—]% st Als
2 AFg3IATh FAI B triolein(99%, Sigma-
Aldrich) 100 mg Ho] A8} Eda oz 3
ATt

2.3. X

Al8¢ A= Canadian Techical Report of
Fisheries and Aquatic Sciences 2389 method®] wh
hth(Ikonomou et al, 2001). BAIHES TIA] 7Hh3]
Al FE2AL W F5700AM & 2-3 mW7t
;<] l\:-_.Tc‘} ]ﬁb,]-__i 517:1 7\‘_;& ok 100 17]]_11
5% U2 hexane® 2 £ AF3IATh 2 o Al
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ZHl, 4Fuy 29 2 Carbon fiber chromatography
< ol&st] AEE AT

2.3.1. GPC Z¥

W73 40 mm ZHol| Biobeads 70 g2 %3}
hexane:DCM(1:1, vv)2.& &ZslaEt, AL 160
mi= g2, A5 WellEdo] 23E Joruz we
3 350 miE AEE AMSSIATH
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2.3.2. SPMDs

Low density polyethylene layflat tubing(F7
1044 m, =% 29 mm, Cope Plastics, Inc. Fargo,
ND, USA)YS 30 cmZ Z2}A heat sealer® 31 &
WE-3laL ZefFol| Yol hexane 400 miE x|¢)
7k ERF WA st AlH ST o 7)o AlRE B
‘3| 5-6 ml) T}A] heat sealer® % 2 H&
ke ZgkTo)] Y& 3 hexane 400 mlE 244
=45 o] Srle the Teeaw §7 % o
MZE hexane 400 miE A9 2477+ FA¢ H
SE Fete] A ER ARSI
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il o2 FE dA71d4=I7HIN NaOH 26%,
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AZ7E FAME 2:1:4:12 23} hexane:DCM
1:1, vW)OE AFEE |E3Th AT 2o
EH| zZHo] ¢lojd wizkx] WiEsle] tEAeEsiad
o2 AFg A AASSIT

2.34. &FH v 44

A2 10 g WA 10 mm FrEldel] SR8
hexane 25 mlZ AlE% FAPNELS AAsT
hexane:DCM(1:1, v/v) 60 mlZ PCDDs/PCDFsE £
=35t

2.3.5. Carbon fiber chromatography Z-#

W7 5 mm stainless steel Z7ol| grass filter
paper 600 mg(124 mm P100 prefilter sn. 211707,
Nucleopore Corp.)# 50 mg PX-21 carbon(BP
Amoco Chemicals)g &3sle] F%138taL, HPLCE ©|
23} benzene : ethyl acetate(1:1, v/v) 62 mlZ
PCBsTs WalEd& AAsIE ZAHS AFE st
toluene 90 ml¥ PCDDs/PCDFsZ &Z3lit} ol
=N AFL 55710k AAE 53 surrogate
recovery standard(CIL Inc., EDF-5999)2 F3 &
FHANER 3

Aol AgE BE Sule AFsdES AMESIA
3, A87H100-200 mesh)¢} YT 1| Y(neutral,
super 1 activity)e= 170°CollA] 12A]17F o] 43t
A & ARSI B SR ER-S 500°C0A
1277k o) 2 AL ARSI of Fig. 12 &
wH-2le]l GPCoF SPMDs 7 A #iel gk =

o],

[ Sample Extraction |

SPMDs GPC

[Multilayer Silica Column|

| Alumina Column |

[ Carbon Fiber Column |

Fig. 1. Schematic diagram of clean-up and frctionation
procedure of pine needles.

2.4, 24
X EZPCDD/Fs= HRGC/HRMSZ #2&}%om
BA 272 ol Table 13 7},

2.5. QA/QC

QA/QC+ Environment Canada's Method2} EPA
method 16139 7]%3}e] Canada IOSelA # &
PCDD/Fs 4] wjF<do] uwsktidkonomou et al.,
2001).
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3.1. M E0let FM=A
Meadow 5& SPMDsZ o]g3F F£4] 2gojA
vfjo] FRef FAA T wt POPse| 3483} A
o] E3}8(carry over rate)o] A E ThErR= AL
Sttt DCM, hexane 2 hexane:DCM(8:2)e] 371X
S22 FAAES A5 A% 35E AEEHE B
o
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Table 1. HRGC/HRMS conditions for determination of PCDDs/PCDFs

HRGC HP5890 Splitless

Injector Splitless

Carrier Gas He(25 psi, 35 cm/sec)

Injection Volume 1w

Column DB-5(60 m x 0.25 mm LD x 0.1 um film thickness)
Temp. program 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)

Injector Temp. 282 °C
HRMS VG-AutoSpec-S

Ionization mode ElI

Detection mode SIM

Ionization Voltage 28 - 35 eV

Accel. Voltage 6 - 8 kV

Resolution

>10,000(10% valley)
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AR ST E Meadows FAA] 8582
< W] F JFS A ot AdTHES £
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L= 54 241 ‘3%1 Aox Ysigict. 1EaL
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3.2. F58
Table 29} Fig. 2= AUFYS FE3 & X2

AA7] $lsted GPCe} SPMDs= HA2] sk ’\‘/‘r—tu’—?_%
Z PCDD/Fs internal surrogate standard®] 3|58
vephd Zolt}, SPMDsE |83k AAagolr Ha
S| &2 98.6%(81.1-1275%), GPColA+= 79.5%
(72.2 - 86.2%)Z GPCHT} SPMDsol| 23t Ha 3]
So] HaF 191% Y =gttt SPMDsolA 13C-

2

2Ry

=

Egtong BC.OCDDE #1938l T2 congener?]
Hi 3FEs AHE A3 949%@81.1 - 107.4%);
GPCHU} 9] Hi 3]48°] 154%7F =& Ujtts
Fog A= BTk 7+ A 89 3]s ﬂ%fﬂ B+t
¥FHxR= SPMDs7} 5.6(3.1-11.7), GPC7} 5.4(3.7 -
7622 F H*‘f‘d 2% oids] st SPMDs,

GPC 7 WY EF AEF AE AAYSZE 348
2 A GE %ﬁjx}) Hol|A] 25438 whHou} SPMDs

7} 3 SHoA FR o e

3.3. M7 E X|EY

AUl 50 g5 AEe A= ¢F 500 mgelRe
™ SPMDs9} GPCE o]&3le] AL AAS & A
8 Fol Fske xde %& SPMDs7} 315 mg,
GPC7} 45.7 mg®® SPMDs7} GPCHrT} A4S oF
45% H= O A7

29l 50 gF AAS AASH=H AREE 0
o eyt Z2ES 38 3golx] SPMDs7F <
2,620 ml (hexane 1,720 ml, DCM 900 ml)7} &8
H03, GPCAAE 2,360 ml(hexane ¥ DCM z}z}
1,180 mly7} 2Q% 9tk & tde)rt 2ol ALgd
A)7ke] ke SPMDs7} oF 95 g, GPC7} <F 140
go] 28U} ARE gujel He7ke] M-S ALk
3 SPMDs7} GPCHT} T ZAZ¢] whioln, 314
Zol=AM = hexane> DCMET} $Jsdo] 42 &
njo]=& SPMDs7} GPCET} B -3 Hhylolg} %
e

3.4. HEAIZE 22A12

OCDDS] 3|82 et 127.5%(109 - 144%)=. T3] SPMDs= F4A] 2447 4 28], & 48 AJRte] &
Table 2. PCDD/Fs isotope recovery of SPMDs and GPC
SPMDs GPC
Congener

1 2 3 4 5 6 7 8 9 10 11 meanSD 1 2 3 4 5 mean S.D
13C-2,3,7,8-TeCDD 94 83 87 93 97 90 94 94 91 89 92 913 3.9 8 70 8 80 75 776 5.1
13C-1,2,3,7,8-PeCDD 112 93 104 108 109 106 114 104 102 100 104 105.1 58 95 75 83 90 83 86.2 7.6
13C-1,2,3,6,7,8-HxCDD 81 77 76 84 83 77 83 8 83 80 83 811 31 73 68 77 80 67 73 5.6
13C-1,2,3,4,6,7,8-HpCDD 105 96 101 110 112 94 113 119 112 112 107 107.4 7.7 83 83 90 85 75 832 5.4
13C-OCDD 126 109 113 128 143 114 137 144 131 132 125 1275 11.7 95 82 93 93 82 89 64
13C-2,3,7,8-TeCDF 88 78 82 89 89 80 89 89 86 87 83 859 4.0 77 65 73 73 73 722 44
13C-1,2,3,7,8-PeCDF 105 89 97 103 103 98 107 101 100 99 100 100.2 4.8 87 72 80 85 80 80.8 5.8
13C-1,2,3,4,7,8-HxCDF 95 83 87 96 100 91 93 97 91 90 96 93.1 4.1 87 75 80 77 83 804 4.8
13C-1,2,3,4,6,7,8-HpCDF 96 86 91 97 100 88 99 105 99 96 94 955 55 78 68 75 72 72 73 3.7
Mean 90 80 84 91 94 84 94 95 90 90 90 98.6 5.6 76 66 74 74 70 795 5.4
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Fig. 2. PCDD/Fs isotope recovery of SPMDs and GPC.
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715 POPse| nio]9 RUE|H] Ho] o]&x|i
AE AT XHo| gol FZFA AA7t FE
t}. o] AT AUEYS PCDD/Fs H 3 Wel&2
o AL AASKE WHS dA Bol ol&Hi U=
H]g}9el GPCSt SPMDsZ Hlwdh Aog thaa)
722 AES AT

1. 13C PCDD/Fs¢ Hd 3]4&2 SPMDs7}
98.6% (81.1-1275%), GPCE79.5 %(72.2 - 86.2%)%
GPCH.t} SPMDsell 9]g H4 3]5-8°] 19.1% 9 =
ATk

2. AA AALL SPMDs7F GPCrRU} oF 45 % A
= o $sidith

3. AZAA - tgodE7E o8-8t ARl e

ste AdE VIR AASks HFolx ~0d St
< SPMDs7} GPCHY}F &F 12% ¢ AEENoY 4
2)7ke] %2 oF 47%7F AA AMEEATE 22]al g
% hexane®t} 9ol Al 714o] v DCMe]
ar ko] GPCHoll Blgted oF 31 %7t A AR
SPMDs7} GPCE.t} 1B ZA|# o]l $34 91 Wil
& Ay

4. SPMDse FAA] 2477 A 23], & 48A|710]
292%E v GPCe ofF 4-54]7k0] stz AR
Vig Agel &~Q8ue Az SPMDs7F ¥ Zth. 1
2} SPMDs= 4= A70¢] AEE SAll FAAE &
Ao AE 7t BE 7S GPCHU 1 frElsitt.
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