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Summary

On the analysis of polychlorinated biphenyls (PCBs) in electrical insulation oils which contain
polychlorinated naphthalenes (PCNs), there could be quantitative error from PCNs, because of
their high sensitivity in gas chromatograph/electron capture detector (GC/ECD). Thus, we
have developed the PCN trap method which can remove PCNs selectively by carbon fiber.
Although PCNs could be removed by this method, non-ortho PCBs and a part of mono-ortho
PCBs also could be removed. But, KC-Mix in insulation oils have a little of PCBs which could
be removed by the PCN trap method, and their influence on total concentration is low. We
showed that the PCN trap method had comparable performance to the conventional method.
In addition, we performed experiment for JIS 1 ~ JIS 7 oils and DOP which were spiked PCN
and PCB standards mixture and PCN-containing insulating oils. The results indicated that

the PCN trap method were more accurate than the conventional method.

Key words: Polychlorinated naphthalene (PCN), Rapid analysis, PCB, Electrical insulating oil, Carbon
fiber
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Fig. 1 GC/ECD chromatograms of

PCN-containing insulation oil
CS : cleanup spike #189) SS : syringe
spike (#209)
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Sample loading on
multi-layer silica gel column

|
Heating (85 °C, 60 minutes)
l
Cooling (below 40°C )
|

Connection of PCN trap column,
multi-layer silica gel column
and alumina column

|
Elution (Hexane 20mL)
|

Removal of PCN trap column
|
Reverse (alumina column)
|
Drying (alumina column)
|
PCB Elution (Toluene 600 pL)
l

Measurement

Fig. 2 The schematic procedure of
the PCN trap method
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<~ 15% copper nitrate

- silica gel 1.4g
<— PCN-Trap (Carbon fiber)
PCN trap column

<— Alumina 0.6 g

Alumina column

U

Fig. 3 Connection images of PCN trap
column, multi-layer silica gel and alumina

column

Table.1 Operating conditions of GC/ECD
and GC/MS

GC/ECD GC/MS
Instrument Agilent 7890A GC Agilent 6890GC
Agilent MSD
GC conditions
Column type DB-5 DB-5MS
30mx0.25 mml.D. df=0.25um  30mx0.25 mml.D. df=0.25um
o 100°C(1min)-30°C/min- 100°C(2min)-30°C/min-
ven 160°C(1min)-4°C /min- 170°C(1min)-5°C/min-
temperature 250(1min)-20°C/min-300( 1min) 290(5min)
Carrier gas Helium Helium
(Make up gas: Nitrogen)
Pressure 123.6kPa 87.6kPa
Flow rate 36.0cm/sec 1.47mL/min 4lcm/sec 1.2 mL/min

constant flow constant flow

Injection port

250C 250C
temperature
Injection mode Splitless Splitless
Injection volume 2uL 2ulL
Detector condition

Ton source:230°C
Temperature 320C Quadro pole:150°C

Inter face:280°C
Tonization current - 35uA
Electron energy - 70eV
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Fig.4 GC/ECD chromatograms of (a) PCN standard solution 25ng/250uL, (b) 25ng of
PCN standard solution by the conventional method, (c) 25ng of PCN standard solution by
the PCN trap method, and (d) KC-Mix 50ng/250uL
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Fig. 5 GC/ECD chromatograms after cleanup of PCN standard by the conventional
method (left column) and the PCN trap method (right column)

(a) (A) 15ng, (b) (B) 25ng , (c) (C) 50ng, (d) (D) 100ng, and (e) (E) 200ng PCN standard are
spiked in multi layer silica gel column respectively



Table.
conventional method and the
method

2 The influence of PCNs on the
PCN trap

PCN standard (ng) 0 15 25 50 100 200
Conventional method (mg/kg) 0.49 0.49 0.54 0.57 0.78 0.89
PCN trap method (mg/kg) 047 047 047 0.49 0.49 0.51
100 -
Oconventional method o
@PCN trap method
80
o]
60
S
< 40
5
E
=20 o
O
[ ]
8 e ® ®
-20
0 50 100 150 200
PCN(ng)

Fig. 6 The quantitative error rates of the

conventional method and the PCN trap

method as increasing PCN amount
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5%, PEFRIEERIEIZONWT, K BIEROEIIEE K
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#37, #81, #77, #123, #118, #114, #105, #126, #167,
#156, #157, #169, #189 (O TIL, ARIEDENLHE
MHERIEIT R TEL, PCN BREMICIZZNHD
PCB BAEMRIZHRI L CUEREN DD Z LSBT
o7, Fig. 71X, RIEDEICERBERIEITH~T 10%
Pl W PCB B RIZOWTORLTWD, 2D R
PE{ARIE non-ortho PCB & mono-ortho PCB THY,
non-ortho PCB 13#J 90%, mono-ortho PCB 1349
35% D MUK T A iR STz, Zb D VLRI,
PCN LRIC i EE L0097V %, PCN BREMICE
STRIICHAEEND, LILRRD, Mo E E
2% KC-Mix FOZNSRMEERDFERITEL, PCB
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HEMICE 2 2R EI PR EBbhd, F-AREIC
BT, HERIED CS THH#169, #189, #205 DI,
non-ortho R O#169, mono-ortho {KD#189 1,

PCN BREMIZEoTRAESND S, AT HZLIEH
K72\, di-ortho fRO#205 1%, HENIEL FIFRLE D
[ 5 (Table. 3) Z7x4ZE0 5, i 452 LA ATHE
ThD, M, tetra-ortho K ThHo #1565, #188, #202,
#201, #208 1%, WIIb T AT EOBIFIMED/NEWN
Ay, [EINCERAME T L TRY, RAROR RN E O
IZBNTHHRLILTND 3,

Table. 3 Recovery rates of PCBs by the
conventional method and the PCN trap

method

RR (%) RR(%) RR(%) RR(%)
IUPAC No. (coventional  SD  (PCNtrap ~ SD. IUPAC No. (coventional  SD (PCNtrap ~ SD
method) method) method) method)
DiCBs #10,#4 328 5.7 312 28 |JHxCBs #155 20.1 10.6 173 19
#8 780 1.8 787 48 #151 98.3 2.6 100.0 2.0
#15 788 1.2 12 21 #149 953 02 945 33
TrCBs. #19 959 23 952 29 #153 86.7 2.5 86.6 3.1
#18 100.0 2.1 1063 32 #168 89.1 4.7 816 25
#28 820 22 947 20 #138 856 18 837 32
#33 892 1.3 89.6 32 #158 927 3.0 852 6.1
#22 857 0.7 9.1 13 #128 853 3.0 815 2.1
#37 789 08 58 29 #167 812 20 731 58
TeCBs #54 1053 28 107.7 2.5 #156 856 1.1 742 55
#52 1013 0.7 101.9 35 #157 656 1.8 466 5.1
#49 99.3 04 101.3 23 #169 740 1.6 1.3 15
#44 1043 28 1033 40 [HpCBs  #188 176 78 147 26
#74 845 04 863 44 #178 909 1.8 844 1.6
#10 843 12 850 38 #187 89.3 28 883 0.7
#81 817 1.2 96 16 #183 818 6.9 840 3.1
#77 852 0.1 37 64 #177 90.8 1.2 884 12
PeCBs #104 998 25 1043 25 #171 83.1 2.0 786 1.7
#95 103.7 1.4 1047 2.1 #180 809 11 728 34
#101 924 25 929 21 #191 84.1 06 790 2.1
#99 912 02 93.6 20 #170 787 28 743 48
#119 958 1.8 923 27 #189 859 0.6 71.9 52
#87 97.7 23 904 2.6 |OcCBs  #202 21.7 69 194 35
#110 964 1.2 90.1 3.0 #201 160 68 141 05
#123 886 1.6 765 5.6 #199 854 46 717 16
#118 879 1.6 75.6 42 #194 824 0.7 783 2.6
#114 843 14 745 38 #205 81.7 0.1 80.0 35
#105 851 1.8 66.6 45 [NoCBs #208 63 3.0 69 1.3
#126 827 1.6 0.1 06 #206 705 4.6 76.6 2.0
(n=3)
R.R(%)=Recovery
rate(%)
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Fig. 7 Recovery rates of non-ortho and
mono-ortho PCBs by the conventional method
and the PCN trap method
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L7z, i, fEk1ED PCB £ KC-Mix A {4 -
[5G R &R oT= DI, ERmFHERFOEINAHEIZED
AThD,

Fig. 8 1%, =41 (a) KC-Mix 0.2 ng/uLs, (b) %
kik, (¢) RO GC/ECD HIEICE->THbN=/n
~hI T LETRL TS, M (¢) D WEIT/RL7ZE BT
D #118, #132, #105, #201, #157, #173 1% (b) i3k
BT RO DT, ZOf5 1L, Table. 3
|Z7RL7= mono-ortho PCB Tih% #118, #105, #157
DOEYE FE—EL, PCN BrEMIZE > TRAESNTZ
ZEizdAs,
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Table.
reproducibility of the conventional method and

4 Quantitative performance and

the PCN trap method (n=3)
concentration recovery
D V(Y
mgky ° VO
Standard value 0.47 0.00 0.7
Conventional method 0.49 0.01 22 93
PCN trap method 0.46 0.02 35

SD : standard deviation

CV : coefficient of variance
3.4 JIS ;iR U DOP ~MiEH

JIS 1 ~ 7Dz & O DOP (2% LT PCN 1%
R L KC-Mix fFE¥ERAIRIML, AL+
PCB Zr#fr~oii FHakliaz £l 7=, Fig. 9 ®Z7v~<h
77 L5h51E, PCN ORBITFRO LT, N—2AT1
X PCB /HEZRWTY, BAFRMERED iR TE T
HEVR D, Fo, WERIEERIED E &ML BB Z R
F Table. 5 XV, HE3k¥EICIHVTIE PCN O EE —
73S, KC-Mix FEMEEA DO TEEER )Y 30.4%
~ B4.1%ERAENKEL, FLEEBBREITE N TH
2.4% ~ 15.4%LHBMEL IR >To, —HARETNT
MOREHIIBWTH, KC-Mix FEHEfE) SO TeffE= )3
-8.3% ~ 3.9%, ZEMREN 0.1% ~ 4.5% ThHY, B
ek RE R LT, S ERE~=aT /VTIX Y, fii5
ERIELLTRARETRE 192 SLREFEORKEEZR
FTHZEEL D, BN LOTEHEER D =20% LA, B
PRI 15% AR ThHHZLEMFLSNTERY, KiEIXIN
LETZTHOTHDHENZ D,
3.5 #ERimEAH~DBEAFER

PCN % & T 5 iz 1 oet L CARTE O 1 H
Bz F i L7, PCN iR & O PCB iRED #7275 3
FEHZOUWT, GC/MS (T DI EE EHE etk i OV
EOWPERFA Table. 6 1T, WTFloREHIE



WTh, ATEIEL GC/MS 1255 PCB AZHERFE L D5
DINESNAS, BERIEIEL PCN ORI L0 KGTAT & 70
-7z, ¥7= GC/ECD HIEIZE-»THbN=rua~hrZ
A (Fig. 10)75, fE3kiE (a) ~ (c) OFRFFRERT 10 47
16 15 43 (Fig. 10, sUHRFAAH) I HE a7z —2
0, KiE(A) ~ (OICBWTHETFLTERY, Zhix
PCN DARIEIZ LS TRRESNZZEZRLTND,
PCN D @V #EHE (Fig. 10(c)), PCN Bz
MERWTYH, BENRKEV PCN OV —I723 L
(Fig. 10(C)), PCB DE&EM IR/ o72 %, 50k
AL EOR 0.05g ELTRE R, PCB OB —2 23S
Hisk 230 $ T PCN OB — 2% ET 52 M Ik,
ZOXIREHI BN T, MERIEEARIED 7~ N
T L IR 3 B HiAE — 7% PCN LU, #%Y

TR-PRA-P09
BREE{L Vol.21,No.2,pp.141-152,2011

T HE—IEEBFEIFD CBo% & O CB2%) bR
THIET, MISTHILEN MRS, TERIEIZBW T
bivzrn<hrIak KC-Mix OB —27/88— %
LT PCN DI EZTRT DL, +o7afRa 2
7% (Appendix. 2), BIROHERIEEARIEICLVES
Nicra~ T Lt 45281280, PCN v —2
R THIBTDZENRETH D, L EXY, KRk
PCN #& teffifaiilc BV THERIEXD L BRI H ik
ThHHIEDHLNEIR STz, FIAERIEDORDYITAK
EEFERMT 250, #1690#1891X CSEL TR T
RNy, #2065 ZfE T 20, B LUIARENERIES
[FEDEWHBMEL AT 52800, ERIETRDT-
P RZAEDEINRETHIEE, —DDFETH
LHEEZBND,

HZ EGD1 A. Front Signal (7860 ECD¥USERSYISHIZAKAYZO010-08-10-86¥1<C STH0810-2.0
1800 — (a)
900 —
T )
N cs SS
900 — Y
N ' UJLu
100 = ©
] #132
#201
#118
900 — #1053 457
y Y #173
y
0 : : . : . : :
10 15 20 25 min

Fig. 8 GC/ECD chromatograms of PCB standard and samples (a) KC-Mix 50ng/250uL (b) After
cleanup by the conventional method (c) After cleanup by the PCN trap method
CS : cleanup spike #189) SS : syringe spike (#209)
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1800 Jis1 JIS2
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Fig. 9 GC/ECD chromatograms of JIS1~JIS7 oil and DOP after cleanup by the PCN trap method

Table. 5 Concentration of PCBs in JIS 1~JIS7 insulation oils and DOP  (n=3)

JIS1 JIS2 JIS3 JIS4 JIS5 JIS6 JIS7 DOP
Conventional method mean 0.62 0.68 0.77 0.64 0.62 0.64 0.61 0.62
SD 0.06 0.10 0.09 0.02 0.03 0.05 0.07 0.07
CV (%) 9.9 15.4 12.3 2.4 5.0 7.7 10.9 12.0
error (%) 31.8 44.7 64.1 36.0 31.9 37.0 30.4 314
PCN trap method mean 0.46 0.46 0.48 0.49 0.46 0.43 0.46 0.44
SD 0.00 0.02 0.02 0.02 0.02 0.02 0.01 0.02
CV (%) 0.1 3.8 4.0 4.5 4.2 4.0 32 3.8
error (%) -1.3 -2.0 2.5 3.9 -2.6 -8.3 -2.7 -7.4

SD : standard deviation
CV : coefficient of variance
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Table. 6 Comparison of the quantitative value of PCBs in PCN containing

insulation oils by the conventional method and PCN trap method

Standard Conventional PCN trap
value method method
GC/MS GC/ECD GC/ECD
(mgkg) (mg/kg) (mg/kg)

sample A 0.52 0.62 0.52

sampleB 0.78 2.60 0.76

sampleC 0.43 1.94 0.42
Hz

(?)j

i SampleB | !

(©).

S
-
L
B
L
=
=
o
=
L
S
—
b
=
r
-
b

ol mM

— T | A
10 15 20 25 min 10 15 20 25 min

Fig 10 GC/ECD chromatograms of PCN containing insulating oil (a),(b),(c) After cleanup by
a conventional method (A),(B), (C) After cleanup by a PCN trap method
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AU T 7 212 (PCN) Z & Teififait O RV AL

v 7 ==L (PCB) /3#1 ClX, HAIa~ /' T71%E T
JER A 2R (GC/ECD) HIE 24V T PCN 23 e
IRt &, PCB JIEEICIEDRR A AL HZ LD B
%o RWFFETIE, #afxiir o PCN #BRETLHHED
BIREAAT o7, RiEAHNWDHZEIZEY, PCN i8R
IZBRETHZENFHETH S )Y, non-ortho PCB &
mono-ortho PCB O—HbERESNDZEN/3H T2,
oL, #ih i E A 7% KC-Mix HIZIEZano
BAERDOTFAEFIA RS, WG Z DB NS,
AIED E B & B MO RMEER T, RENER
EERISEOVERRE A 52 8% R~ LTz, PCB () PCN
ZIRANLTZ IIS 1 ~ T TR & O DOP ~DA A
O3 b R TUE, KC-Mix FEEAFE )5 O TeffE = 23
-8.3% ~ 3.9%, ZEIREDS 0.1% ~ 4.5%L, TERIEX
b BAT7e B EMEL B BIEA R LT, PCN &5 Toffifk
A~ FRBRIC BV T, ARIEITRERIEIC A~
ZNVINEL, PCN 23 A 3 Dkl e L TR 22 F
BTHOLZENHLM T,

X #k
1) BREEE AHefximrh o PCB I A5 €&
~==7/1(2010)
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Appendix

1. GC/MS BIEIZHI1+5 PCN OHHFEIZDLT

HA7a< 777 (GC) &S fEne B &y Brds (LRMS) | E 2B\ T, I k7 2L enb ko720
i%, 18Cre THEGR LSz 2L 7 2= b B e 7 2= VOB BT, B 0BT 52 L0 ke
W, TR L #7525 PCN OB —21%, 53 T AA 8 — 7 Tl FNAY — 7 T D 4 81307, S5H12 PCB
SNTCHER TS, Ak 4 FRARERE 192 FRIERSE 2 TEDLILTNDHEE 12 BIEA TSNS 7 —
T T ARAT(CS) LV P ARAY (SS) LU TR T2 BMEARON, EERITELZZ T D TR sV olx, =
ke 7 =L O#28 &, FM{LE 7 ==L D#127 ThbD, Fig. 1 ® Standard |L CS & SSRGS LIzra~v /T
L, F7z sample 1 PCN & Tefaixil 0/ a~ 7T L& R L TEY, & E— 2132 N2 1K 4ng fH24 ThHD, 13Ci2
THEGRbSh - = bE 7 ==L D m/z = 268 £ 270 (X (Fig. I (a), (b)), Al m/z WU LT 7 XL, F7-18Ce
TIE#bSN - e 7 ==L 0 m/z = 336 &£ 338 1% (Fig. T (¢), ()X, Al m/z DARE LT 7 XL D%
2T TRY (Fig. T WHI), XH#28 C#127 13B% 32 PCN B — 2 O8N EWG S, EZ S 1 DAl REMED
HD,

2. GC/ECD BIEIZ$1T75 PCN HEIZDVT

PCB £ LU PCN % & Tefftf il O 53 a4 T 72 BRI D PCN O 7 — A2 2Tk 97%, PCN 1%
R EE T 2= A b @ bE 7 = = 2T T E T DR 8508, FERlEtO STk W R (ke 7 ==V
DR ENSBE RSN D, EIRED PCN BNEAL TS AL (Fig. 1T (a)), KC-Mix 0.2ng/uL & PCB ®
B —2 32— (Fig. 11 (¢)) EODNT RIS %, BHIHMTED, Fig Il (a) PIZRONDHMEE D SV 3 - DD
—7 (R WED) 1L, PCN ORI — 735 — 2 Thhd, IKIRE D PCN 2NEAL TWD541E (Fig. T (b)),
PCN D #hEDH| W3 W T D,
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m/z=268 m/z=270
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Fig. I Examples of interference peaks on PCBs by PCNs on GC/LRMS chromatograms
13Cig-1abeled tri-chlorinated biphenyls : (a) m/z=268, (b) m/z =270
13C12-1abeled penta-chlorinated biphenyls : (¢) m/z=336, (d) m/z= 338
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Fig. II Examples of interference peaks on low-chloride PCBs by PCNs on GC/ECD
chromatograms (a) sampleA (b) sample B (c) KC-Mix 0.2ng/uL
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