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B 7z, MgImoAERE R, HREER NI AT
—<%—F 4 VHZ% n~"FH 2 THMRL 72 5000 mg/L OH
B A 7z 72, BBIRIRILKE, TUvEFL~r £

FEHRRACKE, ERFFERILKE, RUTIALOKE
FWh L (GLY 1 v A, RRILRRCHEMET) o
REIZOWTIE, 7MY (F¥51L% PCB ¥ H)
THARL 72 10 g/L i 10 mL/L OB E v, 7X
VIZEBRTELWEEICE, anFH Y, MLy (FY
L, LCH), FroeFuzsy (351 Lo
H) 2HCTHE L.
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LG10A ¥ A5 A (Y AF 53 hT—F SCL-10A vp, K
~ 7 LC-10AD vp, #*— +# ¥ 7 F SIL-10AD vp, 77 v
# DGU-14A, *—7 ¥ CTO-10Avwp, 74 b¥ A4 F—F
7 L A #Hi$F SPD-M10A vp, RZMITEN RID-10A, 7 7
73 aralL s FFRCI0A) AV, BEMIETE N (F
¥ L%, LCH), & 0.8 mL/min, fHIRAERE 40T,
FEARIOUL 2 —E&RME L, PVAX LV ZFTEL B
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mm, FVE5um) #5511 ERKEHCTERET- 2.
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WIHEH T 2L AW SRR 2 &1k 5.

% 2T, PCB EHEFMOSEFERLHEAT L7012,
RS OBEHME L OB EITo /2. PDAMBERIC
H PCB (KG-300, 400, 500, 600) & ##iMoiEHAE %
R, REBWENI X Y BRETOBMMVEEZHEZ L2
Fhthorsux b7 5B LTFig. 112787, PVA
AT L1 RTOERIE, M ZRE5S, PCBONET
I, ZBREUTITN L THIBMATEIS, PCB A &RICHE
M2 eD0holz. ZOFEILSL, HBMIZT A XHE
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THY, PCBIEAPVA T N EDOGEREMNDIEBL I EI2L -
T, #HEFmE oSN TEET I L8ghoi.

3-3 L&D EREE L BBIBEMORR

PCB L #FM O MIEA DEVIZ, BF 6L
BREEDBWICL S LR INS -0, PCB L ik
CEUL-BHHEL AT 52 DILEWMEHVT, Fh
LB ELZFAL. PCBRE 7o VEKERT S
72, K7z, F78LUREDI4BEOERYE
BRiRALKEZ A7z, — 4, fgmialelikx{bkER L
TVEAREEDPLLELREWTH D720, C~Cy
DR REALKEE Co~Cy DTV F AR Y UEDE
2 EHEEHAVE T kEBEoDIIrYVEEZTT b
o574 —~CEEPHLELTHAVLNERY ZFL ¥
(Shodex, STANDARD SL-105) {ZDWT biEHAE % iR
L7-.

Fig. 2 (ZRERRRIRALKEES, THVFAUNCEVEHRE TS
BRI FRRAOKFZEOGTEE log(tx/tar) & DBRER
T BERGOBME TDH S log(tx/tas) =0 L B L
T, DTEORELZRYRFL Y, BUIERICKERRLD
—FDT VI AR A HTEICHENRTL-DICB8DEE
L7z —F, SRBTFERRICKERIITNTERELD D
BCTHMT 701, log(tx/ta) BIEDOEEZRLZ. L
727285 T, PCB &ifafgimicxf LCix, MIHTRL &5
BEHPB TR EE 2 0N5. FUSTEORMER
EKRFEF L LRI FHRRMKER TIIBEUVEIRE R
BHIZEMNE, FOSEIEHEDBEVCIIILEY DL D
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Table 1

G, FR, B B, R, R KR, S PVAEAVESE U~ NS5 7 4 — 1285 PCB & Huigma s 1021

Elution characteristics from PVA gel and several properties of various organic compounds (aliphatic hydro-

carbons, aromatic hydrocarbons, alkylbenzenes, polycyclic aromatic hydrocarbons)

Organic compound Eﬁ:;l:ﬁ:: Log(tx/tai) Mxieigﬁltar Organic value  Inorganic value LogK.,,.
Tetracontane 9.78 —0.1068 562 800 0 19.99
Hexatriacontane 9.87 -0.1025 506 720 0 18.02
Triacontane 10.05 —0.0947 422 600 0 15.07
Pentaeicosan 10.23 —0.0869 352 500 0 12.60
Eicosane 10.47 —0.0769 282 400 0 10.16
Octadecane 10.58 —0.0725 254 360 0 9.18
Hexadecane 10.70 -0.0674 226 320 0 8.20
Tridecane 10.92 —0.0586 184 260 0 6.73
Dodecane 11.01 —0.0552 170 240 0 6.23
Undecane 11.10 —0.0515 156 220 0 5.74
Decane 11.20 —0.0476 142 200 0 5.25
Nonane 11.81 —0.0433 128 180 0 4.76
Octane 11.44 -0.0387 114 160 0 4.27
Heptane 11.57 -0.0335 100 140 0 3.78
Hexane 11.73 -0.0277 86 120 0 3.29
Toluene 13.02 0.0177 92 140 15 2.69
Fluorobenzene 13.09 0.0201 95 125 20 2.27
Cyanobenzene 13.32 0.0277 103 160 85 1.56
Benzene 13.34 0.0283 78 120 15 2.13
Chlorobenzene 13.35 0.0286 113 160 25 2.18
Acetophenone 13.44 0.0313 120 160 80 1.58
Bromobenzene 13.55 0.0349 157 180 25 2.99
Nitrobenzene 13.72 0.0404 123 190 85 1.79
Phenol 13.98 0.0485 94 120 115 1.46
Aniline 14.43 0.0624 93 120 85 0.84
Benzoic acid 15.01 0.0795 122 140 165 1.87
Benzaldehyde 13.98 0.0484 106 140 80 1.71
Dodecylbenzene 11.04 —0.0538 246 360 15 7.94
Decylbenzene 11.24 —0.0463 218 320 15 6.96
Butylbenzene 12.12 —0.0136 134 200 15 4.01
Propylbenzene 12.34 —0.0057 120 180 15 3.57
Xylene 12.88 0.0131 106 160 15 3.09
Biphenyl 13.35 0.0287 154 240 30 3.38
Naphthalene 13.83 0.0440 128 200 60 3.01
Pentacene 14.16 0.0542 278 440 165 6.70
Anthracene 14.42 0.0619 178 280 105 4.35
Naphthacene 15.34 0.0890 228 360 120 5.76
p-Terphenyl 13.34 0.0282 230 360 45 5.52
Benzophenone 13.30 0.0269 182 260 95 3.18
Dibenzofuran 14.04 0.0504 168 240 60 4.12
Dizenzo-p-dioxin 14.01 0.0497 184 240 80 4.34
Anthraquinone 15.22 0.0855 208 280 235 3.39
Xanthene 13.89 0.0458 182 260 60 4.23
Diphenyl ether 12.96 0.0157 170 240 50 4.05
Fluorene 14.25 0.0568 166 260 40 4.02
Xanthones 15.24 0.0862 196 260 190 3.84

BOSEELTW S LIS I3, Fig 3121, #{LaW
DT &L logK,, DR ER LA BHERICKES
TNFARYE P EHROCERGERRIOKFEROVThO
LWy, FTRIVIKEL R DT L 10gK, BKEL R D
BRSNS, LT TRIKE & 513 EBUKEDS
B RbBILEERLTVD., EREFERILKERIL, F
U FRBOBHERIEKRERERET T VAR E HICH
T logK,, WM& L, BKENENTZD, PVATXLED
SREAPBHXRT VI EZRLTWS, Thbh, K
BHRALKERROT LR AR Y UL, FHA X0
WTHEH SN0 LT, $RFFERRICKERIIGR

YERIDE K 72 DITEMANEL RIS R Oz ZE 2 5
hs.

3-4 BEREDR

PCB & #iFZMIIEEOFMIZ X 2HEN L EVYD S
72, WECIABHREPBIIOVTHRNZIT-7-. Bt
ROEBZFMLR T LT A0, RVEVVIIBIILE
BIEFNRAREY L7 XU ¥ U2 CH, OH, NH, COOH,
F, CN, Cl, Br, CHO, CH;CO, NO, # ZNZFNE# L
T—BBEAN YL ALEWIZOWT, log(tx/ty) ZIRIEL L
THWT, RyYEVOBEMMNE (1) EOokER{To7.
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Table 2 Elution characteristics from PVA gel and several properties of various chlorinated organic compounds (chlo-
rinated aliphatic hydrocarbons, chlorinated aromatic hydrocarbons, chlorinated polycyclic aromatic hydro-

carbons)

Organic compound ﬁ:zr/lgﬁz Log(tx/ tair) Mxlei;llltar Organic value Inorganic value LogK,.
Chlorooctane 11.86 —0.0229 149 200 10 4.52
Chlorodecane 11.60 —0.0326 177 240 10 5.51
Chlorododecane 11.38 —0.0408 205 280 10 6.49
Chlorooctadecane 10.91 —0.0592 289 400 10 9.44
Chlorotoluene 13.13 0.0214 127 180 25 3.42
Chloro-p-xylene 13.06 0.0189 141 200 25 3.73
Phenylpropylchloride 12.86 0.0123 155 220 25 3.78
Chlorobenzene 13.35 0.0286 113 160 25 2.18
Dichlorobenzene 13.43 0.0312 148 200 35 3.38
Trichlorobenzene 13.52 0.0340 183 240 45 4.02
Tetrachlorobenzene 13.60 0.0367 218 280 55 5.02
Pentachlorobenzene 13.65 0.0383 253 320 65 5.17
Hexachlorobenzene 13.89 0.0457 288 360 75 5.86
Hexachlorocyclohexane 13.64 0.0378 294 360 70 3.61
Chlorobiphenyl 13.14 0.0216 189 280 40 4.40
Chloronaphthalene 13.76 0.0416 163 240 70 3.81
Chlorobenzophenone 12.98 0.0162 217 300 105 3.79
Chloroanthraquinone 15.01 0.0795 243 320 245 3.99
Dichloroanthracene 15.04 0.0804 247 360 125 5.63
Chlorophenol 14.33 0.0592 129 160 125 2.16
Dichlorophenol 14.43 0.0624 163 200 135 2.80
Trichlorophenol 14.46 0.0633 197 240 145 3.45
Pentachlorophenol 14.89 0.0761 266 320 165 4.74
Chloroacetophenone 13.69 0.0396 155 200 90 1.93
Chlorobenzaldehyde 13.90 0.0460 141 180 90 2.35
Chlorobenzoic acid 14.85 0.0748 157 180 175 2.18
Dichlorobenzoic acid 14.95 0.0776 191 220 185 2.82

Air (RID) 100000
& Polystyrene
0O Aliphatic hydrocarbon
L A Alkylbenzene
> _ 10000 E o Polycyclic aromatic hydrocarbon
g =) E
£ Insulating oil {PDA: 209 nm) (]
KC-B00CPDA : 209 nim) ..;.
S 1000 p
KC-500(PDA : 209 nrm) 3 E
KC-400(PDA: 208 nrmy % kﬁa o
KC-300(PDA: 209 nrm = I eg-g;r@
L N 1 100 E
u} 10 20 30 3
Retention ime {min)
Fig. 1 Elution characteristics for KC-300, 400, 500, 10 A N L L
600, insulating oil and air from PVA gel 03 02 0.1 0 0.1 02

Chromatographic conditions : mobile phase ; acetone,
temperature ; 40T, flow rate ; 0.8 mL/min, detector ;
refractive index (RI) detection (air) and photodiode
array (PDA) detection at 209 nm (PCB and insulating
oil). Solid line : air and insulating oil (5000 mg/L),
dotted line : KC-300, 400, 500, 600 (1000 mg/L).

—BRACECOBRBMEILR, BREOBTHSHCET
W5t ORI TR L OHBIZR S Wi h o 7278,
Fig. 4 (ZR9 & ) 1SRN/ AR & ORICIERM R 2
B (R*=0.75) MHER SN

F72, WEOBEBRENRZHERT 57012, EMikRL
KEF, FERRIOKEE, SRIBFHRRICKEBICER

Log (¢x/tair)

Fig. 2 Dependence of molecular weight on log(#x/
tair) for various organic compounds (polystyrenes, ali-
phatic hydrocarbons, alkylbenzenes, polycyclic aro-
matic hydrocarbons)

ZEBREEIAEWIC OV TR ERFT 2T -7, Fig. 5
WHALEWIC BT HIERERICL ZBEMEN % log(tx/tn)

DEEZHNCRLE. 2T, 3 EFEERE O RAL
KEOBHMEMTHS. Thi ), IBHRRILKERER

FBRRAKFZERII OV TRV ERT LI LIIL o TH
MU EDES 2501 LT, ZERIFRRIGKERTI
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Fig. 3 Dependence of molecular weight on logK,,
for various organic compounds (aliphatic hydrocar-
bons, alkylbenzenes, polycyclic aromatic hydrocar-

bons)
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Fig. 4 Dependence of inorganic value/organic value
on log(tx/ty) for various monosubstituted benzenes

WIZHEMPBRLS 2B LHahs. Zhik, EEOERIC
I ERIEYOBHEMIZ—ETERVWI EERLTY
5. INOLALEWD log(ix/tar) & MRV AHEME L O BIR
% Fig. 612”7, COBRIE, Fig. 4 & RRICEEY /A
BEHEOMESKE ZIALEWIE EE AL E R % 55
(R*=0.89) »ROLN, REFHoOBHBMEIZERL
WHRICEDERATEIRL, WERIBBRL LAY kO
B/ ARECTHMT AL TE L. Thbh, BEE
BMRE)BIEVEROERBEDEE DD, PCB &
MO TR L R L TwbEEZLNS.

35 PCB C#iGHODBEA H =X L
UEOREIZX Y, PVA L TOEBILEY O HITE
Bt AR L OMBEER SEHET L Z LA REE T

PVAER Sy VEEZ U~ b 757 4 =287 5% PCB L #FmoE 1023

Chioroanthraquinone

Chiorobenzophenone

Chioronaphthalene &
Chiorobipheny | EHES

Polycyclic aromatic hydrocarbons
e e ZrrrrZZd] Hexachlorocyclohexane
P rrZ7errzezezzz) Phenylpropy ichloride

V27773 Chicro-p-xylene

p7271 Chlorotoluene

przzzzz7zzZea

Hexachlorobenzene

[ZZ277) Trichlorobenzene

f72 Dichlorobenzene
Chlorobenzene

S Chlorooctadecane
PN Chiorododecane
Aliphatic hydrocarbons \us— Chiorodecane

N N =Ohk%rooc'ane N R
-0.04 -0.02 0 0.02 0.04 0.06
LOg(tx 1tw)

Fig. 5 Comparison of log(¢x/ty) for various chlori-
nated organic compounds

10 g
E @ Aliphatic hydrocarbon
¢ Aromatic hydrocarbon
@ Polycyclic aromatic hydrocarbon
+ Chiorophenol, chlorobenzoic acid
1k R*=0.89
E +
++/ +

o 7

Inorganic value~ organic value

0.01 . .
0.15 -0.05 0.05 0.15
Log(tx/ tair)

Fig. 6 Dependence of inorganic value/organic value
on log(tx/ts;) for chlorinated organic compounds

Eha. 22T, BIBNELZER L Table 1, 21IRT
BRILAWIZDOWT, log(ix/ta,) & EREYE/ AHMEOBR,
log(tx/tar) & logK,, DBtR%Z £ £ ®, Fig. 7 & Fig. 81iC
ZFHRENR L7z log(ix/tar) & HERM /A BEOMIZIE,
log(tx/ tar) & logKy, DBERIZHRTRFLMHBEEE (R
=0.77) BROND. log(tx/tar) & logK,, & DREIZIEH
xR onhd, F72, Fig. 9IIRT X I, log(tx/tar) &
SFELOMICHHBEREIRSh o7 BIZ, 5F
HEY XD RO EZMEWORBFE— A MIOWVTH
B DORET & AT 5 7225, log(tx/tar) & DHBIZR SN
odz. DLEOBFR»S, MBI EREIRE Wz
PVA & OS5 EAIEA @ H 9, PVA OMFLIZ X 294 XHE
BERHBELSBERTH»BEEZSNS. —F, PCB
FEREIRE V2D, MFLIZ X 59 14 XHERRVER &
PVA & O BEER O OVER B W THEMAEL 2D,
ZOMRE, WMEOFHEIERSINTVDE Z LA 5h o7z
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k[ O Alipahtic hydrocarbon
| © Aromatic hydrocarbon
[ Aélk berluene i hyd b
| O Pol ic aromatic hydrocarbon
% F 2 Chlmated aliphatic hydrocarbon
© ¢ Chiorinated aromatic hydrocarbon
> | @ Chlorinated polycyclic aromatic hydrocarbon
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Fig. 7 Dependence of inorganic value/organic value
on log(¢x/t) for organic compounds examined

100

10 ]
o
3 BE Ooe _PO
X Bp T 9
2 S
S o+ +
&% °
r o

O Aliphatic hydrocarbon

$ Aromatic hydrocarbon
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Fig. 8 Dependence of logK,, on log(tx/ta;,) for organic
compounds examined

3-6 BMAOFELHSMELOBFE

PCB L AEAxIH DD HEA B = X 0 % WITHIET 5 72012,
K(1) 2HCBIZEN LB R RO A
AHERVER IE B & O BEEH O R WIRE, —7F, 5
EREEEMH RS S KB T, #hFh b
Y—H, TV NVE—HEPELSHERTFTHILEEZLN
5.

AG=AH—-TAS= —RT In K, (1)

2T, GlIGbbs HHZANY —, HIZZ ¥ W E—,
SiExrito¥—, REKMAER TRHEMEE K i
SEBETH L. T, FEBHE K IR e &ML e
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Fig. 9 Dependence of molecular weight on log(¢x/
tair) for organic compounds examined

FHOWTKRODEHIZERINS.

X
Kd:*
o (2)
K(1) &X(2) kb,
. AH AS
Ink ﬁ+?+l ¢ (3)

L7257, Ink' & 1/T £ DM % & 5 72 van’t Hoff
Tay FOBEPS AHZEMT I LA TE Y, &
7z, ASIEEEMEBEBHOZERBELGrNIETRDEZ &
MATERT™, 22T, BTN EHVESE
\ZD2WT, PVA 7 IVIZBIT 5 PCB & #i#%iIMD van’'t Hoff 7
Ty b%& Fig. 108 LA M7ay FofEE26KD/
PCB & #MifZiM D AH X, £ Eh -262 —3.17 kJ/mol
Thotl:. I, PVAFXLVEBHEORZAEY L F
FTRAZ 7Y L— My (BBHAELHE Shodex ODP2-HP
8F ; NfE 8 mm X £ X 300 mm, 7 VEEB5um), RJAFL
Y-V Ry EVIES (HAIELHE Shodex CLNpak
EV-2000 8F ; W 8 mm X £ & 300 mm, 7 WV #% 16 pm)
DZFEHOR) 2= WIZD2WThH, PCB L #MGEMD AH
IRDTIz

RIZ, van’t Hoff 70 v b X B3RO AH & ZFHHHIT
@ PCB L #i#ili O 58 BE O BRE 7. FEANCHT
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Fig. 10 van’t Hoff plot for gel permeation chroma-
tography of PCB or insulating oil by using PVA gel
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Fig. 11 Relationship between AHpcp/ H,y and resolu-
tion for gel permeation chromatography by using PVA

gel
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We studied the separation mechanism of polychlorinated biphenyls (PCB) from insulating oil
by using an acetone mobile-phase on polyvinyl alcohol (PVA) gel, which is used as a high-perfor-
mance PCB clean-up material for gel permeation chromatography. Based on the results of
measurements on each elution characteristic for various organic compounds, such as aliphatic
hydrocarbons, alkylbenzenes, polycyclic aromatic hydrocarbons, and their chlorinated deriva-
tives, it has been confirmed that the partition mode and the size exclusion mode work exclusively
for the elution of PCB and insulating oil, respectively, from PVA gel. It has also been observed
that the elution position for each organic compound examined here varies roughly linearly with
its inorganic value/organic value, used as an index in an organic conceptional diagram. Thus,
PCB can be completely separated from insulating oil by its strong partition on PVA gel, because
the index of the inorganic value/organic value of PCB is much higher than that of insulating oil.
This separation mechanism is also explained well by using thermodynamic data (AH) estimated
from the slope of a van’t Hoff plot.  As a result, the separation characteristic on PVA gel can be
evaluated by using the index of the inorganic value/organic value as well as a thermodynamic
data.

Keywords : polychlorinated biphenyls ; gel permeation chromatography ; polyvinyl alcohol ;
van’t Hoff plot.
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