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Study on efficiency for the analysis of PCDDs, PCDF's and dioxin-like PCBs using
BPX Dioxin I andIl capillary columns with solvent-cut large-volume injection
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Fig.1 Schematic diagram of Solvent-cut Large Volume
injection system

(A) Injection port (B) Pre-column (C) Solvent cut valve
(D) Solvent purge line (£} Cold trap {cryofocus)
() Liquid carbon dioxide entrance (G} Analytical column

2. 3 SCLV DOEMEME

BHEPLO YA Wy boULT R LR
BET GO EADICEBIEEA Lictk, b5 HMMERE
ORBERBL., T T MO B RS 2R
UL EEREL U5 UhbHHEE S, %
O, SN by FANTREEL, SFES
By a— KTy P~EAT S, S BORS
D7 VAT APEOBERBRET LEEETHEU L
ARy B MNTER CEEC, BT AERE
AL, PVl T hE O EAREC L 80 B
L. A7 AMEBEFECRES CTY, 2—AF
NS o R EEERLTH T AEREORBEBESL.
S ERRSESHY T L~EAT D,

2. 4 SHEHEORBEL

PCDDs/DFs @ 2,3,7, 8- R BIRBMEA R
DL-PCBs {22\ TC, BERDEESRER LM HER
A EIT ) 12d DD T AMEBMOBES B
L7, &5, BREREN DM 4 5
35 GC-MS &G ERa L,

2. 5 AT LNEERUVEREOTME

SP-2331. DB-17. BPX-Dioxin- I X U* BPX-
Dioxin- I # FIVWTERET, 47 22BIT5
2,3, 7, SR BEHREMAOSRER AR CEREIC
Y TERM L A,

3. (R

3.1 SCLVIZE DB

SCIV W5 &, A LR OBEEMEL
ALEREEN, DBRBEESB 22—V F 7 27T
BiEch s, BEDORTY » bR R
LT, 507 2R BiT 2 9E0RR v FEEk
CTABZERFEREL foTe, T, B—r D
fEENHE Ay, E—rFaBmELE, BT
Bk (2,3, 7, 8-TetraCDD : 10pg #8%4, OctaCDD :
20pg FHY) FHEALCHELREZA, #ED
SP-2331 & 1% DB-17 ZAWERIE & B LT,
2,3, 7, 8-TetraCDD THI 2 {#. OctaCDD THI 4 &
DY —rRERELNE (Fig. 2). ThiZX0.0
2,3,7,8-TetraCDD Dt FIRH: 0. 02pg LIF I
FEENT, e

13, SCIV 2AVTHIE L L 20— gt
T~8 MR CH 0, fLKD SP-2331 EMAVAE -
FHBLTHEL o T0BE, TdOY Tl




60  Bulletin of JHSC No.31. 2004
321.899 321,893
1007 ey 50006
2,3,7,8-TetraCDD
10pg Sp-2331 BPX—D;oxan~I
%
Peak area: 217545 Peak area: 244467
Peak height: 3090770 Poak height: 5506860
T T Y T T T t Time  (rieeememer 1 Time
28.40 2860 2588 29.00 34.50 a5, 40
457 7377 45??3??
300 5.0096100-
OctaCDD
20pg DB-17 - ] BPX«D:oxln I
% % >
Peak area: 127622 Peak area: 201212
/\Peak height: 1357969 : Peak height: 5840705
G 1 T T T T T 1 Time @ 1 Time
22.00 22.20 2240 22.60

Fig.2 Chromatograms of 2,3,7,8-TetraCDD and OctaCDD on SP~233‘1, DB-17 and BPX-Dioxin- 1
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Fig.3 Effect of initial oven temperature to the separation behavior of 2,3,7 8-TetraCDF to other isomers
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Fig.4 Effect of initial oven temperature to the separation behavior

of 2,3,7,8-substituted HexaCDFs to other isomers

Table 1 Target compounds for gfoup measurement in the gas chromatograph mass spectrometer using
BPX-Dioxin and BPX-Dioxin-I

BPX-Dioxin— [ BPX-Dioxin~ II
start—end start—end
time time (min)
320-36.9 TeCDDs/CDFs 236-293 TetraCBs { #77, #81 ) and PentaCBs

36.0-40.7 bo 1aCDF and 2.3.4,7.8-PentaCDF

HxCDDs/DFs except

40.7-450 o aCOF and 1,2.3.7.8,9-HexaCDF

HpCDDs/DFs

450-49.5

495-530 OCDL/DF

PeCDDs/DFs except 1,3,4,6,8/1,24,68

234678~

(#123, #118, #114, #105)

PentaCBs (#126), HexaCBs{#167, #156,
#157, #1680 )} . 134568/12.468~
PentaChF and 2,3,4,7,8-PentaCDF

20.3-329

HeptaCBs(#189), 2,3,4,6.7.8-HexaCDF

3297400 | 11.2.37.8.9-HexaCDF
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Fig.5 Chromatograms of Tetra-HexaCDDs/CDFs by SCLV injection on BPX-Dioxin-
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Fig.6 Chromatograms of Hexa-OctaCDDs/CDFs by SCLV injection on'BPX-Dioxin- I
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Fig.7 Chromatograms of Tetra-HeptaCBs and Penta-HexaCDFs by SCLV injection on BPX-Dioxin- I

Table 2 Comparisons of resolution and measured value ratio on SP-2331,
DB-17 and BPX-Dioxin- I capillary columns

5p-2331 bB-17 BPX-Dioxin- I BPX-Dioxin-1l

resolution ratio resolution ratio resolution ratio resolution ratio

2,3,7,8-TeCDD { 1 — — i 0.97 — —
1,2,3,7,8-PeChD i 1 — — ¢ 0.97 - -
1,2,3,4,7,8-HxCDD i 1 — - ¢ 0.91 - -
1,2,3,6,7.8-HxCDD i 1 e - ¢ 0.94 - -
1,2,3,7,8,9-HxCDD ¢ 1 — - { 1.00 - -
1,2,3,4,6,7,8-HpCOD - - L 1 ¢ 1.06 - -
oCchD : - - t 1 ¢ 0.99 - e
2,3,7,8-TeCDF { 1 - - i 1.00 - -
1,2,3,7,8-PeCDF of 1 - - ¢ 0.58 of 2.85
2,3,4,7,8-PeCDF ; 1 - - of 1.24 : 1.07
1,2,3,4,7 8-HxCDF of 1 —_ e i 0.60 ; 0.64
1,2,3,6,7,8-HxCDF ; 1 - - ¢ 0.90 b 1.13
1,2,3,7,8,9-HxCDF ¢ 1 o - of 2.41 : 1.09
2,3,4,6,7,8-HxCDF ; 1. - - of 1.21 ¢ 1.01
1,2,3,4,6,7,8-HpCDF - - ¢ 1 ; 1.03 — -
1,2,3,4,7,8,9-HpCOF - - ¢ 1 ¢ 0.97 - -
OCDF - - ¢ 1 : 096 -~ -

i isclated
5+ partially separated
of : Overlapped
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% . BPX-Dioxin-I Tit 12 FEf® DL-PCBs
L. BPX-Dioxin- [ THERS L Lk TCRRO
PCDFs ##llEER#H & L. (Fig. 7).
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Table 3 Operatmg conditions for gas chromatography

Candztlon I for the analyszs of tetra through octaCDDs/DFs except penta and hexaCDFs

Column
Oven temperature 16G degC

20

at injection :
solvent eiimination
cooling down to
separation of analytes
Temperature @ 300degC
Mode :
Carrier gas
Program :
— (4. TkPa/min)
445kPa {2, 75min} —
{4kPa/min) —401kPa {5min)
411kPa(2. 75min}

Injector

Auxiliary gas #3

Auxiliary gas H5

469kPa (2. T5min) —
—442kPa (5min)
(434kPa) — 662kPa{16. Smin) —

BPY-Dioxin-I(SGE) 0.15mmID, 30m length

degC/min to 300degC, %eeplng 10min

: 200 degC
i 3 degC/min to 265 degC then 10degC/min to 300 degC

Splitless for SCLY
: Helium (Electronic Pressure Control mode)

(418kPa) —678kPa {18, bmin} — {355kPa) — 323kPa (2min)

(362kPa) — 300kPa{Zmin) —

= (538kPa) -- 142kPa(16.5min} — (155kPa) -~ 297kPa{(Zmin) —

(3. 5kPa/min} —385kPa (5min)

Condition—1I for the analysis of DL-PCBs, penta and hexaCDFs

Column
Oven temperature 160 degC

20

at injection :
solvent elimination :
cooling down to
separation of analytes
Temperature @ 300degC
Mode
Carrier gas
Program @ 469%kPa(2. 75min)

Injector

BPX-Dioxin-II(SGE) 0. 15mmID, 30m length

degC/min to 300degC, keeping 8min

260 degC
¢ 2 degC/min to 300 degC

: Splitiess for SCLV
: Helium (Electronic Pressure Control mode)

— (418kPa) —678kPa (14. 5min) — (355kPa) ~323kPa (2min)

— {6. 4kPa/min} —451kPa (5min)

Auxiliary gas #3
(5. 3kPa/min)
Auxiliary gas #5

(5kPa/min) ~398kPa (Smin)

445kPa (2. 75iin) — (434kPa) — 662kPa{l4. Smin} —
— 406kPa (5min)
411kPa{2. 75rin) — (538kPa) - L42kPa{l4.5min) — (188kPa) - 207kPa(Zmin) —

(362kPz) — 300kPa (Zmin) —

gEER TS ]
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Summary

Regulation of Dioxins in environmental water
has been 1 pgTEQ/L in Japan. Environmental
water samples have had to be collected in
quantities exceeding 7O0L, since the lower Himit of

instrument detection has generally - been
100fgfinjection or more, and 1/30 of regulation has -
been required as a lower detection limit in JIS
methods. Such a huge sample collection has of
necessity been time-consuming and more costly.
Efficiency of an environmental investigation
would be greatly hampered with samples of this
volume. Environmental water sample collection
volumes can be easily reduced by injecting a
volume ten times greater than ordinary capillary
column GC, which can be injected into only I or 2
¢ 1 of sample solution. In this study, GC conditions
were optimized for better separation of all
2.3,7,8-chlorine substituted PCDDs, PCDFs and
dioxin-like PCBs. These compounds were
separated into other isomers and congeners by
using the SCLV system and narrow bore capillary
columns, BPX Dioxin I and II, under obtained
operating conditions.




