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Polychlorinated biphenyls (PCBs) production in Japan was started by Kaneka Chemical in 1954. The infamous incident of
Yusho, rice-oil poisoning, took place in western Japan in 1968. In 1970’s, regulations over PCBs production and use
became enforced and PCBs disposal measures have been in operation since 1980’s. PCBs waste destruction is still going
on today. PCBs were widely used as insulating fluids in capacitors and transformers. Although their manufacture and
commercial use have been prohibited in many countries since the 1970s because of their strong toxicity, environmental
persistence, and bioaccumulation, large amounts of insulating oils contaminated with PCBs are still being used or are kept
without being appropriately treated in many countries, including Japan. In the Stockholm Convention on Persistent
Organic Pollutants (POPs), more than 150 countries have agreed to destroy PCBs until 2025. Thus, the efficient and safe
treatment of PCB-contaminated insulating oils is a crucial problem from a global viewpoint.
Cyclodextrins (CDs) are a class of cyclic oligosaccharides consisting of several gamma-(1,4)-linked D-glucopyranose
units. They have a hydrophobic cavity into which a guest molecule of an appropriate size and shape can be incorporated.
The ability of CDs to form inclusion complexes with organic molecules has found applications in many areas, including
the food and pharmaceutical industries and analytical chemistry. However, in most cases, inclusion complex formation
with CDs has been achieved in aqueous media. On the other hand, much less attention has been paid to inclusion complex
formation with CDs in nonpolar organic media, because it has been believed that inclusion complex formation in nonpolar
organic media would be very difficult due to the unfavorable competition with enormous amount of nonpolar organic
solvents against the guest molecules for inclusion into the CD cavity.
We were reported here the removal of PCBs from insulating oil or nonpolar organic solvents by gamma-CD polymers as a
new adsorbent. Nonpolar organic solvents containing PCBs and other toxic substances were analyzed adsorption charactor
which passed gamma-CD polymers solid phase using the GC-MS/MS. PCB 209 congeners were analyzed by product ion
obtained by destroying precursor ion using MS/MS method. Other toxic substances were analyzed in the same way. The 
gamma-CD polymers were prepared by the reaction of gamma-CD with various kinds of crosslinkers. Among the gamma
-CD polymers thus obtained, the polymer crosslinked with terephthaloyl units showed the highest adsorption capability
towards PCBs. Using this type of polymer (more than 45 wt% of insulating oil or nonpolar organic solvents) as an
adsorbent, PCB 209 congeners and other toxic substance, whose initial concentrations were 1～100 ppm, were completely
removed from isooctane solution. 

Novel aspects:
Nonpolar organic solvents containing PCBs and other toxic substances which passed gamma-CD polymers solid phase
were analyzed congener-specifically using the GC-MS/MS. 
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This analytical method is suitable for the determination of Hydroxylated Polychlorinated Biphenyls (OH-PCBs) in
ambient air by gas chromatography- high-resolution mass spectrometer with selected-ion monitoring (GC/HRMS-SIM).
OH-PCBs are considered as one of the endocrine disturbing chemicals because OH-PCBs have negative impacts on the
some thyroid and female hormones. OH-PCBs are formed by metabolism of PCBs by the cytochrome P450
enzyme-mediated oxidation and OH radical reaction of PCBs. The concentrations of OH-PCBs in the environmental
waters, air, sediments and living things have been investigated and OH-PCBs have been detected from every medium. In
Canada, OH-PCBs were also detected from the rain and snow. In this study, we modified the analytical method and
investigated the concentration of OH-PCBs in ambient air. The air was introduced into quartz fiber filter (QFF) and poly
urethane foam (PUF) which were set to Hi-Volume air sampler at a flow rate of 700 L/min for 24 hr (total volume was

1000 m3). After collection was completed, clean-up spike (OH-Di-Hp-CB-13C12 3.0ng)was added to the PUF. Both QFF
and PUF were simultaneously extracted with acetone by ASE. The acetone extract was added 6 mL of 5% sodium
chloride solution, and extracted with 2 mL of hexane, twice. The hexane phase was clean upped with pre-washed Sep-Pak
Plus Florisil. Sep-Pak Plus Florisil was eluted with 0.5% diethyl ether/hexane 8 mL (for PCB), and then with 50%
acetone/methanol 10 mL (for OH-PCBs). The eluate was concentrated until just before dryness. After derivatization and
alkaline digestion, added 6 mL of 5% sodium chloride solution, and extracted with 2 mL of hexane, twice. Concentrated
to about 1 mL and dehydrated with anhydrous sodium sulfate. The concentrate was applied to a pre-washed Sep-Pak Plus
Florisil, and eluted with 8 mL of 5% diethyl ether/hexane. The eluate was concentrated to100 μL and added syringe

spike (MBP-70-13C12 0.50 ng). The method detection limits (MDL) and the method quantification limit (MQL) were

0.067 - 0.13 and 0.17 - 0.33 pg/m3, respectively. The average of recoveries (n = 3) from 1000 m3 of air sample added with
3.0ng OH-PCBs were almost 60-110%, and the relative standard division was 1.2 - 24% . Lowly chlorinated OH-PCBs
tend to be collected in PUF and highly ones tend to be collected in QFF. In the air samples, OH-PCBs were detected

1pg/m3 order and the lowly chlorinated OH-PCBs were dominant. 

Novel aspects:
OH-PCBs in ambient air was detected using QFF and PUF which were set to Hi-Volume air sampler. 
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Introduction
Urine is a common, and saliva represents an alternative specimen for substances of abuse determination in toxicology. In
this study, one step was to optimize a method for saliva and urine specimen preparation for heroin metabolites, codeine,
6-monoacetylmorphine (6-mam) and morphine determination by high performance liquid chromatography-mass
spectrometry (HPLC/MS), and then this method was applied on saliva and urine samples taken from the patients. As a
preliminary analysis, test strips for opiates identification in patients‘ urine were used. Saliva and urine samples from
patients whose preliminary test was "positive" were taken for further analysis.

Methods
Sample preparation
Both, saliva and urine specimens was prepared using liquid/liquid extraction of codeine, 6-mam and morphineby mixture
of chloroform and isopropanol (9:1; v/v).

HPLCMS analysis
Extracts were analyzed by HPLC-ESI-MS technique: at Waters Alliance fi system, the separation column Waters
Spherisorbfi 5 μm, ODS2, 4.6 × 100 mm was used; mobile phase: ammonium acetate : acetonitrile (80:20; v/v), mobile
phase flow rate 0.3 mL/min, autosampler temperature 20°C; injection volume 50 μL;Mass detection range: 100400 m/z,
centroid mode, interscan delay 0.1 s, scantime0.5 s, splitless, four voltage values: 70, 60, 50 i 38 V, ES+, source
temperature 150°C , desolvation temperature 430°C, gas flow for desolvation 362 L/h and at cone 135 L/h, capillary
voltage 3 kV - mass spectrometer Waters Micromassfi ZQ™ (Waters Corporation, Milford, MA, USA). 
Calibration and optimization were done using morphine standard (ion 286) 10 mg/L at flow rate 10 mL/min.Regression
and correlation analyses were performed with the probability level of 0.05. Mass spectra were analyzed by software
Waters MassLynx™ (Waters Corporation, Milford, MA, USA).

Results and Discussion
Calibrations for each analyzed substance in both specimens were done in the concentration range from 0.1 to 1 mg/L and
the coefficients of correlation wereabove 0.99. Recoveries for morphine and codeine determination in saliva was 99%,
while for 6- mam it was 94% and recoveries for morphine, codeine and 6-mam for determination in urine were 103%,
101% and 93%, respectively. Limits of detection and quantification of a proposed method were 0.01 mg/L and 0.05 mg/L,
respectively for both sample types. 
Applying the proposed method on real samples of patients (n=10) where positive reaction was obtained on test strips we
determined concentrations of heroin metabolites in selected samples in following ranges: Concentration of codeine in the
saliva of the heroin abusers ranged from 0.05 to 5.33, for morphine between 0.05 and 5.33 and for 6-mam between 0.01
and 0.68 mg/L.Concentration of codeine in the urine samples of the same patients ranged from 0.22to 5.74, for morphine
between 0.15 and 6.32 and for 6-mam between 0.05 and1.78 mg/L.
A proposed HPLC/MS method for codeine, 6-mam andmorphine determination in saliva and urine samples is accurate,
simple, cheap and suitable for routine analysis and monitoring of heroin abuse. 

Novel aspects:
Developing accurate, simple, cheap and suitable method in determination of heroin metabolites in saliva an urine with
HPLC/MS 
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Although a large amount of Persistent Organic Pollutants (POPs) have been used in Asian countries such as China or
Korea, the state of contamination has not been clarified in Japan Sea surrounded by these countries. In this study, pollution
levels of POPs in sea water and air over the ocean were investigated by using voluntary sampling of passenger ships. Also
isomer and enantiomer analysis were conducted to estimate the source and pollutant pathway of POPs. 

The sea water samples (approx. 50L) and air samples(approx.108m3) were taken by the passenger ship (NYK cruses CO.,
LTD , ASKA-2) equipped with concentrating device between 2009 and 2011.Also in downstream site of Chang Jiang,
water samples(approx.6L) were taken in 2010 and 2011.
Identification and quantification of POPs were performed using a gas chromatograph, (HP6890N Agilent) /high-resolution
mass spectrometer(800D,JEOL Ltd.) equipped with HT-8PCB capillary column
 (60m*0.25mm id.Kanto Chemical) and BGB172 capillary column(30m*0.25mm id,BGB Analytik AG) for
enantioselective analysis
In this result, the highest concentration of Hexachlorocyclohexanes (HCHs) was in the sea around the northern
Hokkaido,880pg/L. DDTs was higher in Tsushima straits than in the north of Japan Sea. On the other hand, it is several
times higher concentration in Chang Jiang than in around the Sea of Japan, 1300～2600pg/L (HCH).
From the view point of isomer pattern, the ratios (α/γ) of Sea waters were apparently different according to the areas. In
general, lowerα/γratios were observed in low-latitude region. Especially in downstream site of Chang Jiang, it was the
lowest value,1.4–0.1, and 1.9–0.6 in the seas around Korea,
4.2–0.6 in southwestern Sakhalin. These results seem to reflect the usage of γ-HCH(Lindane) in China and indicate that
HCHs was discharged to the marginal seas of the region through rivers in considerable amounts and transported to Japan
Sea via oceans.
Dechlorane Plus (DP) is a chlorinated FR additive introduced as a replacement for Dechlorane, or Mirex.
In the past, there are few data of DP in the environment. In this study the concentration of DP in the sea water was
investigated for the first time. The range of DP is 0.7～14pg/L in the sea around Japan and 5～16pg/L in Chang Jiang. 
As for chiral analyis, it is regarded that enantioenrichment indicates that it was released some time ago and has since been
subjected to recycling from water or soil. EF value of α-HCH was close to racemic in southwest Sakhalin(0.5–0.02) ,
downstream site of Chang Jiang (0.51–0.02) . In Chang Jiang and the northern Hokkaido, enantiomer fractions (EFs) of
alpha-HCH was nearly 0.5(racemic). It suggests that those areas were affected by relatively-recent pollutant source.
In Japan Sea, as latitude become higher, EF values tend to become lower. Since 2005’s survey , EF values was 0.46–0.05
in middle Japan Sea, 0.44–0.03 in northern Japan Sea( around Hokkaido),0.46–0.01(pacific sideboard of Tohoku area).
These results indicate that southwest Sakhalin, downstream site of Chang Jiang and Tsushima Straits area polluted by
relatively new HCHs.
From comprehensive viewpoint, there is a possibility of contamination in Japan Sea, which is caused by the transportation
from other countries and polluted area by HCH was found in around Hokkaido. 

Novel aspects:
Pollution levels of POPs in sea water and air over the ocean were investigated. Also isomer and enantiomer analysis were
conducted to estimate the source and pollutant pathway of POPs. 
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Chlorinated paraffins (CPs) are industrial products used as metal-working fluids and flame retardants for plastic materials.
Short chain CPs (SCCPs) seems to persist in the environment and bioaccumulate in biota, and are under review by the
Stockholm Convention on persistent organic pollutants.
We identified high levels of POPs such as PCBs, PCBz, PCNs and HCHs from air sampler materials. After detailed
investigations these POPs are concluded as impurities of technical chlorinated paraffins (CPs), which used for rubber
materials as flame retardant at 2-6 % contents. The exact mass spectrum and accurate mass of these chemicals are fixed 
theoretical mass with few ppm errors. The profile of PCBs congeners are close to technical PCBs, which suggest
chlorination of biphenyls as impurities of paraffins. The homologue profiles of PCBs are relatively lower chlorination
pattern with some specific congeners. 
These technical CPs are imported from China. The production of total CPs in China has continued to increase, reaching
600,000 tones in 2007. Although the huge production and use of CPs in China could imply potential contamination of
various media, there is little information on exposure to SCCPs. In our previous study, the analytical methods for SCCP
were investigated in detail and applied for dietary samples. Preliminary evidence on the significant increase of SCCP in
food sample Beijing in 2009 warrants urgent investigations to refine dietary intake estimates by targeting food types and
source identification.
On the other hand, the finding high levels of legacy POPs as impurities in technical CPs are more serious for POPs
inventories around the world. 

Novel aspects:
Identified high levels of POPs in technical CPs and products by GC-HRMS or GC-HR-Tof-MS 
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The electronic circular dichroism(CD) spectra of a pair of enantiomeric 2,2’,3,4,4’,5’,6-heptachlorobiphenyls (PCB-183)
were investigated for the first  t ime experimentally and theoretically.  Geometrical  optimization at  the
DFT-D3-B-LYP/TZVP level revealed that the two phenyl planes of PCB-183 are nearly orthogonal (89°). Due to the
sterically large chlorine atoms, PCB-183 becomes atropisomer. Thus, optical resolution was performed by chiral HPLC
(column: OJ-H), affording enantiomerically pure first elute (100% ee) and optically enriched second elute (74% ee). Their
experimental UV-vis and CD spectra in n-hexane were compared with those obtained by theoretical calculations at the
RI-CC2/aug-TZVPP level.
Determination of absolute configuration is crucial in the structure elucidation and their biological activities of chiral
compounds, and it is also true for PCB atropisomer. However, the determination of absolute configuration of PCB has
never been performed. Here absolute configuration of PCB-183 (aS and aR) were determined, aS-PCB-183 and
aR-PCB-183 in human sample are determined enantio-selectively.
Sample collection: The serum and adipose tissue samples were obtained after receipt of written informed consent. After
about 10ml of blood were centrifuged by 3000 rpm, serum samples were obtained and stored in -20°C until analysis.
Extraction and cleanup: About 2g of serum was added cleanup spike solution, 2.5ml of diethyl ether, and 5ml of ethanol,
then extracted with 10ml of hexane twice. Hexane extracts were passed through 1g of florisil/1g of silica gel double layer
column (Supelco Inc., U.S.), eluted with 15ml of 15% diethyl ether/hexane. Eluate was concentrated to 0.1ml under gentle

stream of nitrogen, and then added syringe spike solution1).

GC and LC conditions for chiral separation
To determine absolute configuration of each PCB atropisomers, the enantioselective separation of PCB atropisomer was
performed using HPLC(TOSOH CO-8020, SHIMADZU LC-10AT) with CHIRALCEL (DAICEL) OJ-H
(4.6mmIDx150mm). The adsorbent is cellulose tris(4-methylbenzoate) silica gel coatingtype, particle size 5μm, sample
loop : 20μL, column temp : 38°C, n-hexane was used as elution solvent with flow rate 0.3mL/min, UV 291nm.

PCB-183 in human sample was enantio-selectively determined by GC/HRMS.(JEOL JMS-800D) using BGB-172 column
(20% tert-butyldimethylsilylated beta-cyclodextrinin methylphenylcyanopropylpolysiloxane, 30m length x 0.25mmID,
0.25μm Film Thickness, BGB Analytik AG). Carrier gas was helium,and injector and transfer line temperature were 230
°C and 245°C. 1μl of samples were injected splitless at an initial temperature of 120°C, 4°C/min to 180°C, 1°
C/min to 230°C, and held for 10minutes. The ion source was operated in the electron-impact mode (EI, 38eV, 250°C).

Experimental data and theoretical calculation results
The concentrations is calculated as epsilon(209)=73000. Experimental CD spectra of aR/M are roughly similar in
comparison with theoretical calculation of aS/P.(aS: axial S). In experimental CD spectra, comparison between fraction
A(100%ee) and fraction B(74%ee) multiply 1.35 with inversion of sign were in excellent agreement. The first elution peak
on BGB-172 column by GC/MS is assigned as aS/P. The first elution peak on OJ-H columnby LC/MS was also assigned
as aS/P.
 
1)Chisato Matsumura et al, Organohalogen compounds, 69, 275-278, 2007 

Novel aspects:
Absolute configuration of PCB-183 (aS and aR) were determined, aS-PCB-183 and aR-PCB-183 in serum are determined
enantio-selectively. 
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Introduction
Chlorpyrifos (O,O-diethylO-3,5,6-trichloropyridin-2-yl phosphorothioate) is an organophosphate insecticide that inhibits
acetylcholinesterase and is used to control insect pests. Chlorpyrifos have been used in the lawn on a golf course. It was
used for termite control as chlordane alternatives. Sakiyama et al. have reported that 2,3,7,8-TCDD- N-analogue is formed

in pyrolysis experiments of chlorpyrifos by GC/HRMS analysis.1 We should consider carefully burning scrap woods of
houses contaminated by chlorpyrifos. It is suggested that the influence appears. In this study, the further thermal products
are examined by LC/FTMS and the thermal degradation pathways are proposed.
 
Methods
All pyrolysis experiments were carried out in sealed brown glass ampoules (10 ml) with about 2 mg of chlorpyrifos and
3,5,6-trichloro-pyridinol (3,5,6-TCP) at temperature between 300 °C and 380 °C. After cooling to room temperature,
the ampoules were opened carefully and the reaction products were extracted with toluene. The toluene was concentrated
to 1 ml under gentle nitrogen stream. The thermal products of chlorpyrifos and 3,5,6-TCP are analyzed with an Exactive
orbitrap mass spectrometer(ThermoFisher Scientific Inc.) equipped with positive electrospray ionization(ESI) probe and
Accela LC system (ThermoFisher Scientific Inc.) with a column of Inertsil ODS-3 5um 2.1×250mm (GL Science). The
best LC separation for thethermal products was achieved using (a) ammonium acetate aqueous solution (5mM) and (b)
acetonitrile for the gradient conditions.
 
Result and discussion
  Analysis of chlorpyrifos after thermal treatment at 300 ~ 380 °C was performed by LC/FTMS.The peak intensity of
3,5,6-TCP (m/z= 195.91) was found to increase with decrease in that of chlorpyrifos. The results indicated that the
formation of 3,5,6-TCP was probably due to the heating of chlorpyrifos.In addition, the thermal treatment of 3,5,6-TCP
showed that the intensity of dimer, trimerand tetramer ions increased as the peak intensity of 3,5,6-TCP decreased in the
mass spectra. The analysis of separation behavior for the LC-MS chromatogram indicated that these polymeric species
contained some structural isomers. The new finding obtained from the present LC/FTMS measurements is that the heating
of chlorpyrifos generates its oligomers by polymerization. The oligomers are shown to have a wide variety of isomers
with different binding sites of chlorine atoms. 
 
 
1)Sakiyama T, Weber R, Behnisch P, Nakano T, PreliminaryAssessment of Dioxin-Like Compounds In/From Chlorpyrifos
- A PotentialPrecursor of the Pyridine Analogue of 2,3,7,8-TCDD, Organohalogen compounds: Vol. 73, 146-149 (2011) 

Novel aspects:
The thermal products of chlorpyrifos were identified to be its polymeric species containing a wide variety of structural
isomers with different binding sites of chlorine atoms. 
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A chlorinated flame retardant, Dechlorane Plus (DP) (syn-, anti-), was detected and identified in ambient air from
Japanese urban area. This study shows that DP was detected in air samples in Japan for the first time. In a moment of this
research, we investigated the mode of ionization using GC/MS availability. GC/MS is commonly applying to determine
DP with negative chemical ionization (NCI) mode at low resolution (LR). DP was also determined magnetic sector-type

MS with electron impact ionization (EI) mode at high resolution (HR). R2 for calibration curves on DP (syn-, anti-) were
over 0.9999 of LR-NCI and HR-EI method. Instrument Detection Limits (IDL) of both methods for DP (syn-, anti-) were

0.20 pg/m3, 0.23 pg/m3 and 0.34 pg/m3, 0.36 pg/m3 respectively. LR-NCI method was S/N = 50 at 0.1 ng/mL standard
solution that approximately four times greater than HR-EI method. Result of compared both methods, LR-NCI method
was applying in this study.
Air samples were collected on the rooftop of Japan Environmental Sanitation Center. Samples were collected 24 hours
and repeated 4 times. All samplings were implemented duplicate. Result of measurement by GC/MS (LR-NCI), DP air

concentration ranged from 1.9 to 21 pg/m3. Recoveries of 13C labeled DP were more than 90%. The syn- and anti- ratio
were read between 0.24 and 0.48. All duplicates were considerably fit in each sample. DP concentrations were higher than
Mirex to compare with Environmental Survey and Monitoring of Chemicals was implemented by Ministry of the
Environment Japan. 

Novel aspects:
Dechlorane plus were determined in air samples for the first time in Japan. 
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  Polycyclic aromatic hydrocarbons (PAHs) are a group of chemicals released into the air during the incomplete burning
of fossil fuels such as gasoline and other organic substances
Some PAHs are reasonable anticipated to be human carcinogens. The carcinogenic risk to humans among 16 PAHs is
classified as probable human carcinogens by the International Agency of Research on Cancer in 2010. PAHs are also
known to have endocrine disrupting activity. PAHs are absorbed into the human body through the skin, lungs and
gastrointestinal tract and are then metabolized to their hydroxylated PAHs (OHPAHs) and finally excreted in urine. In this
study, a high performance liquid chromatography-tandem mass spectrometry method has been developed for the
simultaneous quantification of six urinary OHPAHs, including 1-hydroxynaphthalene(1-OHNap), 2-hydroxynaphthalene
(2-OHNap), 1-hydroxyphenanthrene (1-OHPhe), 3-hydroxyphenanthrene (3-OHPhe), 4-hydroxyphenanthrene (4-OHPhe)
and 1-hydroxypyrene (1-OHPyr) in human urine. Deuterated 3-OHPhe-d9 and 1-OHPyr-d9 were used for the
quantification of the analyte as internal standards. Considerable amounts of PAHs are present in the workplace. PAHs
exposure is reported high in coke plants, aluminium work and paving work. In order to assess the potential health risks
posed by exhaust gas from ship and obtain a better understanding of the occupational hazards connected with PAHs
exposure, the concentration of OHPAHs in urine collected from mariners has been analyzed.
  The urine sample treatment involved enzymatic hydrolysis of glucuronide and sulfate conjugates followed by
solid-phase extraction using Sep-Pak C18 cartridge for LC/MS/MS analysis. The LC/MS/MS system consisted of an
Agilent 1260 infinity series (Agilent Technologies, Santa Clara, CA, USA) and QTRP 5500 mass spectrometer (AB
SCIEX, Framingham, MA, USA). The analyte and ISTD were separated from interference peaks on an Ascentis Express
C18 column (2.1mmID × 100mm, 2.7μm particle size; SIGMA-ALDRICH Co., St. Louis, MO, USA). The mass
spectrometer was operated under multiple reaction monitoring (MRM) negative mode for the ion transitions m/z 143 →
115(OHNap), m/z 193 →193(OHPhe), m/z 202 →202(OHPhe-d9), m/z 217 → 189(OHPyr) and m/z 226 →
198(OHPyr-d9).
  This method was applied to the analysis of OH-PAHs in 29 urine specimens (11 engineers and 18 other crews) collected
from the crews on a ship. The average concentrations of urinary1-OHNap, 2-OHNap, 1-OHPhe, 3-OHPhe, 4-OHPhe and
1-OHPyr were 1.6, 2.2, 0.2, 0.2,0.1 and 0.2 μg/g creatinine in engineers and 0.5, 1.8, 0.2, 0.1, 0.1 and 0.1μg/g creatinine
in other crews, respectively. The method can be used to evaluate occupational exposure to PAHs. 

Novel aspects:
We assess the potential health risks posed by exhaust gas from ship and obtain a better understanding of the occupational
hazards connected with PAHs exposure. 
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