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Abstract: In this study, soxhlet extraction and dissolution-precipitation method are used for separating analyte
from polymer materials. In soxhlet extraction efficiency test, it has been found that the DCM, Toluene, THF,
and mixtures Acetone/Hexane (1:4, v/v) gave good extraction efficiency, while the use of the ethyl ether, acetone/
ethyl ether (1:4, v/v), acetone/hexane (1:1, v/v), DCM/hexane (1:1, v/v) resulted in significantly lower values.
In case of dissolution-precipitation method, there is no considerable difference with used different dissolving
solvent. The elution amount of multi layer silica and Florisil column were determined with hexane 250 mL

and 70 mL of hexane, respectively. Range of PBDE in real waste plastics was N.D.~1,028 ppm.

Key words : PBDEs, Soxhlet, Dissolution-precipitation, waste, polymer material

.M B 58, FgaY § O Ao AHE gEA ¢

AR Foll shteltt. olelgk AFE] FA71ES] HH

£-3}t] = d ol Bl 2 F(Polybrominated  diphenly 2 37 ZFo §YsiA 2 W, BEFgodEZ
ethers, PBDEs)= 3419 9182 &ol7] 98] =IE, (polybrominated pollutants)E-& 374 T2 44 &

% Corresponding author
Phone : +82-(0)32-560-7175 Fax : +82-(0)32-568-2039
E-mail: shinsun@me.go.kr

—109 -



110

2

A7 - A9 -
5ol S8 At 3003 Afo]

o theFst %73 ujj A ol 51 BDE47, BDE99, BDE100,
BDEI153, BDE1549] F%7} Z7}3t3 Qthes AL
HoFa Jct!?

PBDEst &3] %9 F71e o] vl
o]l:_‘:T g}vl—‘:';dlao] §].7:]oﬂ
EES ﬂ?ﬂ EFolvt A4 Aol S Ha o
oAES S8 AEAR FYA. IAMAES A
© =2 3 PBDEQ| ¥AHPH S Po] B uy) gle

7] w2l
ZH3E o oI5 39

S AE AEE Qo 3 B vFY 440l
ok BN B AFAE B B Ffolr} g
T dem, AFAF B (1) ZEF=7F 1000
ppm W2 AT Ble] v HE =T} wf§

[e)
o

E3 (2 WAl EAR FEate vkl £Ert of
& He 2| e & 4 Stk AlF F PBDEs &
A2 “IEC 111/2/NP™ ¢} &=k 15+2 KS M 1061,
KS M 1066,2 L¥ JIS C 0950° Sol|A] Zrol 4= 3l
on, FoME dF 7[R AF D H 7=l o
gk A7t o ol Ak

PBDEs #4192 tho] SA1F1 PCBs 53 22
A7 77129 EZ (persistent organic pollutants)<]
A FARS; (1) Al S ER AR R EH | 5
@) A=A S AA] A% FEE A 3) FF

739 AA54 (electron impact, EI) ©]&

3} WA o s ;a]%ku 41 7] (high resolution mass
spectrometry, HRMS)7} &2 715 3}3H&E2] HAof ¢
oM AER 7P A J AP oL 5’—‘31%4
3ol olg7] wizel AiZds AFLA7] (low
resolution mass spectrometry, LRMS)7} @&% 3 At} 3
o|utol = H-3}5}5 0] 23} (negative chemical ionization,
NCI) v o] AlgE o] 4 )‘)\9_1:;] GC FgwH e
SFZAZ 31529 A5 splitless FTHHHO] 2 A}
S oA gl

2 =i s dRty o R ALgHoR = AA54
ol 2s} WAl AR T AHFEAIE ol &3t
splitless =121 €] 71714 & Fd3te] AA
Wl 23

ol W& &
o] B2 AF A=
7hated e, o ':Hd Rk
CRM (certificated reference material)2 ©]-&3l= 9
o] 7H¢ frashd AA7HA 2 A S e w
3 CRMo] EA3814] 7] W= PBDEsE 33

[¢]

|33

g 9lshel

et -

A% - A%t - olgol
HYFOE AxY 4P AL Bekad AFS 7
A3 EAES wasison, 4 v A

21. a8 A
%’ﬁ% < g9sy] flste] vl FF2l E2kE Al
=0l AREEOIAT olHd EFTiYH AEES
PBDEs7P AflH e s 23 dYE o AFER

HIPS(High Impact Polystyrene), PP (Polypropylene), PC
(Polycarbonate), ABS (Acrylonitrile Butadiene Styrene)
FOR 247 o Ro7 AL AHEANTh AR e E
v AlEE°14 ¢l PBDEs %9 FE & 5 /171
B o] ARGES ANH vego 2 LERRTh

22. PBDEs &4
XA 338E 22 TUPAC No. 15, 28, 47, 99,
100, 138, 153 59| 3~7E &3t dolE| 275 4
o2 34t & APoX e S48 FE2HY 88
A o] AP R Ao thgst &)
o thate] B8-S YeERl= Ad isiA T 4
g FE o] AR oo, A FEo)Hd Y
o] g3t FAE AJelolA 1 mm o]st=E 2+

EE

Plastics
(0.5~1g)
Soluble Non-soluble
Dissolution ‘ Cooling & milling
Dissoluble Solvent(10mL) l
Soxhlet Extraction
(toluene, 16hr)
Solvent Exchange J'
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(to Hexane) Solvent Exchange
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Multi-layer silica
Column chromatography

|

Instrumental analysis
(DB-5, GC/MSD)

Fig. 1. Clean-up procedure of plastic samples.
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A B3l &tk DCM (methylene chloride), n-
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MEZ OE SHlE ARSI 16717 ol FES AA
som, & A7 AL EFEZRE BC), labeled
3,3, 4, 4-tetrabromodiphenyl ether 25 ngS % 7}3}
34&8 ST FEHE n-hexaneC 2 &1 A
3 3 o= Ayl 2dgo® A% S GC/MSDE
AT Sa-A AN Ay, EEd] uhet
THF, chloroform, DCM, toluene 52| #& =& &)
5 ARSI 0.5~1¢g =] AR E8E &3 7
& &ul 10 mL o &A= AL EFEELE
13C,, labeled 3, 3', 4, 4-tetrabromodiphenyl ether 25 ng
S AT § FRA T B WAAA Sd &
SN A TE 18] 2 n-hexanes 2FY H7bstEA i
g BoFoEA gudss A st SalEAY
Z2H AEe HE3 FAl JAsA HaL F5att
< Fsto o5 A7 ZHoE HA ¢ ths GO/
MSDZ 243139t} AA| HAE Fig. 19 YeRiSlt).

Table 1. Instrumental operating conditions
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Items Operation Conditions
GC/MS Model HP6890/HP5973A
Injector 250°C
Column DB-SHT(15 m>0.25 mm><0.1 pum) 110°C(1 min, 40°C/min)—200°C(4.5 min, 10°C/min)—25°C(15 min)
Source Temperature  250°C
Carrier Gas He, 1 mL/min
Injection Mode splitless

Ion Monitoring Mode SIM

Tri Te Pe Hx Hp
Quantification Tons 2459 325.8 403.7 483.7 561.6
Confirmation Tons 407.1 485.8 563.6 643.7 721.5
Table 2. Comparison of analytical method in each standard method
Item USEPA Test Method 1614 IEC 111/2/NP JIS C 0950 KS M 1061
. Water, Soil, Sediment, Electrotechnical sediment, waste TV case,Electrotechnical
media . .
Tissue Products Tissue Products
Extraction SPE, SFE, CLLE Dissolution/Precipitate, Soxhlet, ASE Dissolution/Precipitate,
Soxhlet Soxhlet Alkali treatment Soxhlet
Sulfuric acid treatment, Sulfuric acid treatment DMSO treatment Sulfuric acid treatment
Clean-up GPC, Silca gel, Florisil,  Acid modified silica . .. Acid modified silica
. Multi-layer silica gel
Alumina column gel column gel column
Instrumental >Resolution 5,000 HRGC/ HRGC/LRMS >Resolution 12,000 HRGC/LRMS HPLC/
Analysis HRMS. HPLC/UV HRGC/HRMS uv
BDE-52L, 138L, 139L BDE-139L no mentioned but BDE-139L

Labeled StandardPCB_SzL, 138L

Quantification

Phenanthrene D,
Isotope dilution Standard  External Standard

recommendation Phenanthrene D,

Isotope dilution StandardExternal Standard
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Fig. 2. Comparison of the effect of solvent on the soxhlet
extraction from PP and HIPS polymer material.
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Fig. 3. Comparison of the effect of solvent on the dissolution-
precipitation from PC polymer material.
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Fig. 4. Results of faction test on multi layer silica. Fig. 5. Results of faction test on Florisil column.
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Fig. 7. Chromatogram of (a) standard and (b) plastic waste sample.
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