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Abstract The polychlorinated quaterphenyl (PCQ) concentrations in blood are important discrimina-
tive parameters in yusho patient.

In this study, a rapid analytical method for PCQ using different diameter capillary column
(rapid-Rtx65TG) with high-resolution gas chromatograph high-resolution mass spectrometer
(HRGC/HRMYS) instead of the gas chromatograph electron capture detector (ECD/GC) was developed.
Using different diameter capillary columns, the analysis time of the HRGC/HRMS was drastically
shortened, and the detection sensitivity was improved.

In the rapid-Rtx65TG column, a small-bore capillary column (length 1m, I.D. 0.1mm) was connected
with the inlet side of the GC, and behind that column, a large-bore capillary column (length 15mm, I.D.
0.53mm) for octadecachloroquaterphenyl (ODCQ) analysis was connected. In the HRGC/HRMS
measurement of ODCQ by the rapid-Rtx65TG column, the minimum limit of detection for the
apparatus was 04 pg, and the minimum limit of determination for the blood was 0.008 ppb.

On ECD/GC in the conventional method and HRGC/HRMS in this study, the PCQ concentration in
blood including yusho patients and yusho suspected persons was almost equivalent.
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Table 1 Measurement condition of the gas chromatograph in ECD/GC and HRGC/HRMS

ECD/GC

HRGC/HRMS

Quadrex 007-65HT
Column type

Injector temperature
Injection method
Injection volume

He Head Pressure 25 psi

Column temperature 80T (Imin)— 30C /min — 320C (45min)

1st : Deactivated Silica Column
(Length Im, I.D.0.1mm)
2nd : Restek Rtx65TG

(Length 25m, I.D. 0.25mm, Thickness 0.1um) (Length 15m, I.D.0.53mm, Thickness 0.1um)

3rd : Deactivated Silica Column
(Length 1m, I.D.0.32mm)

300 C
Splitless
4 ul
Flow rate 1.5ml/min
130C (1min)— 120C /min — 360C (12.08min)

Table 2 The measurement condition of the mass spectrometer for OCDQ

Tonization Mode EI
Electron Energy 35eV
Ton Source Temperature 270 C
Tonization Current 650 pA
Transfer Temperature 280 C
Resolution 5000
Selected Ton Monitoring by Quantification 925.4275
Lockmass Mode Confirmation 927.4246

Sample (blood:2g)
|

Saponificate in 1.5SN KOH for 1h under reflux

|

Extract with hexane(2mlx2)
|

Wash with water (3mlx1)
|

Dry overanhyd. Na2S04(1.5g)

l

Florisil column chromatography(0.5g)

Elute with 5% diethylether/n-hexane(7ml)

|
Concentrate to 2ml

|

Wash with 10% fuming sulfuric acid (1ml)
|

Evaporate to dryness
|
Perchlorinate with antimony pentachloride for 3h at 200°C
|
Dissolve in chloroform (2ml)
|
Wash with 20% hydrochloric acid (2.5mlx1,2.0mlx2), water (2ml), 5% tartaric
acid soln. (2ml), 5% sodium bicarbonate soln. (2ml), and water (2ml)

Dry over anhyd. Na,SO,(1.5g)
|

Evaporate to dryness
|
Alumina column chromatography
|
Elute with 2% dichloromethane/n-hexane (6ml)
|
Evaporate to dryness
| 1
Dissolve in n-hexane(200ul) Dissolve in n-nonane(25ul)

ECD/GC analysis HRGC/HRMS analysis

Fig. 1 Flow diagram for the determination of
polychlorinated quaterphenyl (PCQ) in
blood
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Table 3 List of evaluated capillary columns

Inner Film

Temperature

giﬁ;lrlj;y Length Diameter Thickness Stationary phase limit Manufacturer
DB1 30m 0.32mm  0.lum 100% Dimethylpolysiloxane 340C Agilent

DB5 15m 0.32mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.25mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.32mm  0.lum (5%-Phenyl)-methylpolysiloxane 325C Agilent

DB5 30m 0.25mm  0.25um  (5%-Phenyl)-methylpolysiloxane 325C Agilent
ENV5MS  30m 0.25mm  0.lum (5%-Phenyl)-methylpolysiloxane 360C Kanto

VEFbht 30m 0.25mm  0.lpm (5%-Phenyl)-methylpolysiloxane 370C Varian
SLB5MS  30m 0.25mm  0.lpm (5%-Phenyl)-methylpolysiloxane 340C Supelco
007-65ht  25m 0.25mm  0.lpm (65%-phenyl)-methyl polysiloxane 400TC Quadrex
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Fig. 2 Mass chromatogram of six types of ODCQs on nine different capillary columns
Peakl : 2,2-0DCQ, Peak2 : 2,3-0DCQ, Peak3 : 2,4'-0DCQ, Peak4 : 4,4'-0DCQ, Peak5 : 3,3-0DCQ,

Peak6 : 3,4-0DCQ.
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Fig. 3 Mass chromatograms of six types of ODCQs by the
HRGC/HRMS with quadrex 007-65ht capillary column
and rapid-Rtx65TG capillary column
Peakl : 2, 2-ODCQ, Peak2 : 2, 3-ODCQ, Peak3 : 2,
4-0DCQ, Peak4 : 4, 4-0DCQ + 3, 3-ODCQ + 3,
4-0DCQ. A) The mass chromatogram with
rapid-Rtx65TG capillary column ; B) The mass chro-
matogram with the Quadrex 007-65ht capillary column
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Fig. 4 The HRGC/HRMS chromatogram and the ECD/GC chromatogram of six types of octadecachloro-

gtaterphenyls (ODCQs)

Peakl : 2,2-0DCQ, Peak? : 2,3-0ODCQ, Peak3 : 2,4'-ODCQ, Peak4 : 4,4-0ODCQ, Peak5 : 3,3-0DCQ,
Peak6 : 3, 4-0ODCQ. A) The HRGC/HRMS chromatogram with the OCDQ rapid-Rtx65TG capillary
column ; B) The ECD/GC chromatogram with the Quadrex 007-65ht capillary column
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Fig. 6 The comparison of PCQ concentration in
blood by ECD/GC and PCQ concentra-
tion in blood by HRGC/HRMS

Table4 The comparison of PCQ in blood by ECD/GC
and PCQ in blood by HRGC/HRMS in low
concentration region.

PCQ (ppb) PCQ (ppb)
in ECD/GC in HRGC/HRMS
0.048 0.031
0.025 0.020
0.03 0.045
0.05 0.083
0.02 0.028
0.02 0.019
0.07 0.051
N.D. 0.004
N.D. 0.007
N.D. 0.01
N.D. 0.003
N.D. 0.004
N.D. 0.005
N.D. 0.004
N.D. 0.005
N.D. 0.002
N.D. 0.001
N.D. 0.004
N.D. 0.001
N.D. 0.004
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