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PCB product use In Japan
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Homologue Distribution
and
Source Estimation
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Congener profiles of PCBs(Di-, Tri-) in environmental samples
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Levels of the predominant PCB congeners in human blood
S“:24Z

Congeners Mean=®2S.D. Existence Ratio*x  cumulative

BZ# ng /g-lipid % (%)

245-245 #153 28.0+28.0 22.3 22.3
245-2345  #180 14.9+16.6 11.8 34.1
245-234 #138 10.4+9.2 8.3 42.4
245-2356  #187 8.31+8.5 6.6 49.0
245-34 #118 6.9+5.9 5.5 54.5
#163,164 6.4+6.2 5.1 59.6

245-24 #99 47+4.2 3.8 63.4
245-4 #7174 46+2.6 3.6 67.0
245-235 #146 41+3.7 3.3 70.3
2345-234  #170 3.8+4.1 3.0 73.3
234534 #156 2.8+3.0 2.3 75.6

Sum /5.6

* Mean is comiare to total PCBs level



human miIk/adiEose tissue
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#74 (4-245) #153 (245-245)
#138
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#118
2.3°,4,4' 5-
#118 (34-245) #187 (2356-245)

PCB congeners predominant in human samples




PCB product human

#74 < #66 #74 > #66
245-4 24-34 245-4 24-34
#99 < #101 #99 > #101

245-24  245-25
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#146 < #149
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#146 > #149
245-235 245-236
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PCA plot of Reconstructed data
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PCA plot of Reconstructed data
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Chiral PCBs

yd
Cl Cl
Cl Cl
cl O O ol Toda, M., Matsumura, C., Tsurukawa,
M., Okuno, T., Nakano, T., Inoue, Y.,
Cl Cl Cl Cl Mori, T. 2012. Absolute configuration
‘ ‘ of atropisomeric PCB 183

Cl Cl enantiomerically enriched in human
Cl Cl samples. J. Phys. Chem. A., in press.

aR/M / aS/P

PCB-183

»19 PCB congeners contain 3 or 4 ortho-substituted chlorines and
have high energy barriers that prevent rotation of the two rings.

» Technically called atropisomers instead of enantiomers.

»Selective metabolism in humans, wildlife, soils, sediments.



L~ as/P as/P
PCB-183 PCB-171 PCB-132

Toda, Matsumura, Tsurukawa, Okuno, Nakano, Inoue, Mori, Journal
of Physical Chemistry A. DOI: http://dx.doi.org/10.1021/jp306363n
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Fig3 HPLCHSLBREELTSIL5HEE (PCB-139)



racemic mixture

1st HPLC eluate (>99%ee)

2nd HPLC eluate (86%ee)

Fig.2 HPLC traces for the optical resolution of PCB-135.




(aS)/(P)-PCB-183 |
= 1st HPLC elute |

0

= .
< -25

Rotatory strength (a.u.)

50— 4 S
180 210 240 270 300 180 240 270 300 330

Wavelength (nm) Wavelength (nm)

Toda, Matsumura, Tsurukawa, Okuno, Nakano, Inoue, Mori, Journal
of Physical Chemistry A. DOI: http://dx.doi.org/10.1021/jp306363n




(aS)/(P)-PCB-171 |
= 1st HPLC elute

210 240 270 300 330 180 210
Wavelength (nm)

(aS)/(P)-PCB-132
= 1st HPLC elute

270 300 330

Wavelength (nm)

Toda, Matsumura, Tsurukawa, Okuno, Nakano, Inoue, Mori, Journal
of Physical Chemistry A. DOI: http://dx.doi.org/10.1021/jp306363n




Understanding

metabolic fate of PCB 118 can
provide important information

toward evaluating Its toxicity.



TOXICOLOGICAL SCIENCES, 152(2), 2016, 340-348

SOCIC'EY of doi: 10.1093/toxsci/kfw086
TOX]COlOgy Advance Access Publication Date: May 13, 2016
Research Article

SOT

www.toxsci.oxfordjournals.org

OXFORD

Structural Determinants of the Position of 2,3',4,4/,5-
Pentachlorobiphenyl (CB118) Hydroxylation by
Mammalian Cytochrome P450 Monooxygenases

Shintaro Mise,* Yuki Haga,! Toshimasa Itoh,* Akira Kato,* Itsuko Fukuda,*51
Erika Goto,T Keiko Yamamoto,* Miku Yabu,* Chisato Matsumura,’
Takeshi Nakano,' Toshiyuki Sakaki'' and Hideyuki Inui* ™/l



HO Cl Cl Cl

Cl
oA Ca oo
Human CYP2B6

3

Cl HO
/ 3-OH-CB118 5-OH-CB66
Cl Cl Rat CYP2B1 HO Cl Cl
CICI —> CICI

CB118 3-OH-CB118
Cl ClI
Cl Cl Cl HO
5-OH-CB66
o3 (o
Cl Cl
Cl
4-OH-CB107 HOCl
Cl

4-OH-CB70

Rat CYP1A1

3



rat CYP2B1 ; human CYP2B6

rat CYP2B1 (472A%) ; human CYP2B6 (559A3)

Substrate-binding cavities are shown in mesh. In each
cavity, the accommodated CB118 is shown as sticks.



\ k Heme
’ \-&:aé
Human '
CYP2B6 | 4
5 : Rat
CYP1A1
B
Rat Heme
CYP1A1

D
Heme
Human

CYP2B6

lipophilicity
low [N high

Rat
CYP1A1

E

Rat
CYP2B1

These P450 isoforms play an important role in
determining the toxicity of CB118.



Metabolism of chiral polychlorinated biphenyls by J*
mammalian cytochrome P450 monooxygenases "\

Introduction
Polychlorinated biphenyls (PCBs) Mammalian Apeloh €
*Low degradability cytochrome p450%}«\ (Szegﬂgt al.
"Biological concentration Enantioselective accumulation onooxygenase < <
* Long distance mobility in human breast milk?
- Toxicity to humans and wildlife [ I\M/Ice)tnaobog(l}lsgrs\noafslgéggglon]
Persistent organic pollutants (POPs)
cCL ¢l
Chiral PCBs +)-cB183 $
= Three or four ortho-chlorine substituents c|( ) clg Q Q Cl
= Steric hindrance of C-C bond (o]} »
- Rotational isomers (atropisomers) Q Q (- )-c3183 Detoxification
 Existence in the ratio of one to one (racemic) — \, e —

Toxicity evaluation toward each atropisomer of chiral PCBs
BACK NEXT



Materials and Methods

(Reactlon condition ~ 1. Start of the reaction by adding NADPH
40 pmol Human CYP2B6, Rat CYP2B1 2. Incubation for2 hat 37 ¢C
0.5mM NADPH 3. Addition of the 50 ppb *3C-labeled OH-PCBs as
i SM gglF;DH the internal standards Detection ofbh\quoxylated
. metabolites
3.3 mM Mgcl, 4. Methy!atlon . .
100 mM Potassium phosphate buffer (pH7.4) 5. Analysis by high resolution gas chromatography
0.8~6.4 pM (%)-CB45, CB91, CB135, CB183 and high resolution mass spectrometry
Separated each 6. Construction of docking models with P450s and PCBs
Total 0.5 ml atropisomer J
clCl ¢l clc clCl cicl
Data O O
O & - O O ;
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Identification of metabolites for each atropisomer
BACK Clarification of the structural basis NEXT



Metabolism of chiral PCBs by human CYP2B6 and rat CYP2B1
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Metabolism of (1)-CB183 by human CYP2B6 and rat CYP2B1
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Docking models of human CYPZBG with (+)-CB183
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hindrance
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Summary and Conclusions
Proposed metabolic pathways of (1)-CB183 ()-CB183 > 3"-OH-CB183 and 5-OH-CB183
cL c cL (+)-cB183 cici ¢l Detection in rats administered by
C|C| CI phenobarbital (CYP2B inducer)?
g - o ohcBis ?I’-Iydroxylated metabolites : (-)-CB183 > (+)-CB183
cel el Accumulation of (+)-CB183 in human
breast milk than (-)-CB183!

CICI O Q Cl = No metabolism by rat CYP2B1

The smaller cavity of rat CYP2B1 than
" (-)-cB1s3 ®5-0H-CB183 that of human CYP2B6°

Difference of toxicity between each atropisomer of CB183 due to enantioselective metabolism
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Enantioselective oxidation

by cytochrome P450
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Abstract 2,2,3,5',6-Pentachlorobiphenyl (PCB 95) and 2,2".3.4,4" 5" 6-heptachlorobiphenyl - Cytochrome P4502A6 -
2,2'3.4.4'.5',6-heptachlorobiphenyl (PCB 183) possess axial Enantioselective analysis - Enantiomer

chirality and form the aS and aR enantiomers. The enantio-

mers of these congeners have been reported to accumulate in

the human body enantioselectively via unknown mechanisms. Introduction

In this study, we determined the cytochrome P450 (CYP)



Enantioselective toxicity : PCB 95
Ryanodine Receptors (RyRS)

Hippocampal Neuronal Networks
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PCB 95
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Under these more realistic exposure conditions, nanomolar aS-
PCB 95 proved to be most potent toward altering electrically
evoked Ca2+ transient amplitude.

However, all three forms of PCB 95 tested differentially altered
spontaneous synchronous Ca2+ oscillations (SCO dynamics)
depending on concentration, which is likely the result of their
divergent influences the three RyR isoforms expressed in the
brain that differentially impacted neuronal network maturity
and connectivity during the 12-day exposure.

This interpretation is plausible given that both RyR1 and RyR2
have been shown to influence activity dependent plasticity and
synaptogenesis by exposure to rac-PCB 95 and many of these
effects showed a non monotonic concentration effect
relationship that could be driven by the enantiomeric selectivity
described here.



Effect of OH-PCB
on development of PC 12 cells

the effect of OH-PCB on neuronal
development Is not dependent
on the chlorine number but on the
chemical structure
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Abstract Hydroxylated polychlorobiphenyls (OH-PCBs)
are major metabolites of PCBs that are widely distributed
in the environment. While the effects of penta- to hepta-
chlorinated OH-PCBs on neuronal differentiation have
been widely reported, those of lower chlorinated OH-

kinase (ERK) 1/2 was observed in PCI12 cells treated with
40H-PCB2, 4'0OH-PCB25, and 4'OH-PCBI159. Taken to-
gether, our results indicate that the effect of OH-PCB on

neuronal development is not dependent on the number of

chlorine groups but on the chemical structure, and the
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(C) (1) OH-PCB+NGF

(2) DMSO+NGF

Spike (many)

Cell shape models treated with OH-PCB and DMSO (control).

Data are means T standard error of the mean (SEM) of three separate
experiments. Statistical significance: *P < 0.05 and **P < 0.01
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Abstract

In this study, we analyzed hydroxylated polychlorinated biphenyls (OH-PCBs) in urine of both PCB transport workers and PCB
researchers. A method to monitor OH-PCB in urine was developed. Urine was solid-phase extracted with 0.1% ammonia/ methanol
(v/v) and glucuronic acid/sulfate conjugates and then decomposed using [3-glucuronidase/arylsulfatase. After alkaline digestion/
derivatization, the concentration of OH-PCBs was determined by HRGC/HRMS-SIM. In the first sampling campaign, the worker’s



Number of congeners used for identification

OH-PCB congeners were identified by 88 commercial
standard solutions and 82 synthesized standard solutions.

OH- OH- OH- OH- OH- OH- OH-
MoCBs | DiCBs TrCBs TeCBs PeCBs HxCBs HpCBs

ACCU
CIL 2 4 2
Wellington 2 12 14 18
From Dr.
Okumura T. S = 11
4 6 44 44 32 20 20

OH

cc 3-OH-4,4”,6-TrCB

Cl



About PCB transport workers

Three Japanese workers who transport PCBs regularly were selected for this
study. Their duties included not only PCB transport but also transferring PCB
waste from the original storage container (A) to a container designed for PCB
transport (B). Furthermore, their work also included writing report and photo
documentation. To monitor the working condition and sample air in their
workplace, two researchers familiar with PCBs entered the same room during

Working period 1. (Working period 1: Feb. 24, 2012 from 9:30 to 16:45)

(Working period 2: Feb. 27, 2012 from 9:30 to 16:45)
(Working period 3: Apr. 10, 2014 from 9:30 to 16:45)

Duties PCB transport worker
(A) Original storage container

(B) Container designed for
PCB transport

PCB-containing material o—0
Transport







The relationship between the concentration of the sum of the ten

major congeners’ OH-PCBs and the concentration of total OH-
PCBs in urine
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The concentration changes of these ten indicators show a strong
correlation (r?2 = 0.9812) with that of total OH-PCBs in the
sampling campaigns. Therefore, these ten indicators could
possibly be used as marker congeners of PCB exposure for staff
working in PCB management in Japan. °°



Conclusion

*In this study, we analyzed the OH-PCBs in human urine with
HRGC/HRMS.

- The concentration of OH-PCBs in PCB transport worker
urine was higher than that of PCB researcher urine.

-OH-TrCBs were the major homologue of OH-PCBs In
transport worker urine.

- The study revealed that monitoring OH-PCBs

In the urine of staff managing PCBs is a sensitive tool to
detect PCB exposure during work, and it should be used to
Improve worker safety.
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UNINTENTIONAL FORMATION OF PCB
FROM CHEMICAL
MANUFACTURING PROCESS

FeCl,

3,3’-dichlorobenzidine
Chlorinated Paraffins
Diphenyl Silane diol
Organic pigment
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Abstract The concentration levels and congener profiles of
polychlorinated biphenyls (PCBs), pentachlorobenzene
(PeCBz), and hexachlorobenzene (HxCBz) were assessed in
commercially available organic pigments. Among the azo-
type pigments tested, PCB-11, which is synthesized from
3.3'-dichlorobendizine, and PCB-52, which is synthesized
from 2.2°.5.5"-tetrachlorobendizine, were the major congeners
detected. It is speculated that these were byproducts of
chlorobendizine, which has a very similar structure. The total

study detected a certain level of PCB-11, which is not includ-
ed in PCB technical mixtures, and revealed continuing PCB
pollution originating from pigments in the ambient air,

Keywords Polychlorinated biphenyls - Congeners -
Hexachlorobenzene - Pentachlorobenzene - Pigments -
Ambient air - Byproduct
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Abstract This study reports the concentrations and congener
partners of polychlorinated biphenyls (PCBs) in commercially
available paints. Polycyclic-type pigments containing dioxazine
violet (pigment violet (PV) 23, PV37) and diketopymolopymole
(PR254, PR255) were found to contain PCB-56, PCB-77,
PCB-40, PCB-5, and PCB-12, and PCB-6, PCB-13, and
PCB-15, respectively, as major congeners. Dioxazine violet is
contaminated with by-products during synthesis from e-dichlo-
robenzene, which is used as a solvent during synthesis, and
diketopyrrolopyrrole is contaminated with by-products during

3.8 mg/kg, respectively. The corresponding TEQ for PR112
was 0.0039-8.6 pg-TEQ/g.

Keywords Polychlorinated biphenyls - Congeners -

Pigments - Dioxazine violet - Diketopyrrolopyrrole - Naphthol
AS - By-product
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- PCB in silicone-based adhesives and chlorophenylsilanes

— Congener profiles in adhesives and chlorophenylsilanes : --
——————— > quite similar

- High PCBs were detected in dichlorodiphenylsilane.

- Similar Congener profiles were come from the chlorobenzene
used for chlorophenylsilanes manufacturing process.



PCB congener profiles of
azo pigment




CB-6 > CB-8 > CB-11, CB-13 > CB-4 > CB-15
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PCB FORMATION FROM PCBz

via different PCBz radicals




one PCB isomer formation
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CB-56 > CB-77 > CB-40
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CB-157 > CB-128 > CB-169
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CB-6 > CB-8 > CB-11, CB-13 > CB-4 > CB-15
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CB-68 > CB-47 > CB-73, CB-51 > CB-80 > CB-54
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CB-146, CB-149, CB-135 > CB-153, CB-136, CB-133
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CB-56 > CB-77 > CB-40
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3,3’-DiCB has been associated with 3,3’-dichlorobenzidine salts
which are intermediates in the manufacture of diarylide yellow
pigments.

The pigment factory also discharged two other congeners at
high concentrations, 3,3’,4-TriCB and the coplanar 3,3°,4,4’-
TeCB. Coplanar 3,3°,4,4°,5- PeCB was also seen in the
discharge at higher than usual proportions.

However, the New Jersey effluent was more purely 3,3’-DICB.

Identification of a novel PCB source through analysis
of 209 PCB congeners by US EPA modified method 1668

Simon Litten et al, Chemosphere, 46, 1457-1459(2002)



Identification of a novel PCB source through analysis
of 209 PCB congeners by US EPA modified method 1668

Simon Litten et al, Chemosphere, 46, 1457-1459(2002)

PISCES survey, 7/27/00-8/2/00 to locate sources of PCB congeners (ng/l)

/ Total PCB PCB-11 PCB-35 PCB-77 PCB-126 TEQ(fg/ L)\
Pigment discharge 4200 3600 380 190 1.6 18000
WPGCF influent 520 490 2.3 2.5 0.01 150
TrunkT 18 0.07 0 0 <0.001 15
Trunk2 12 0.4 0.02 0.01 <0.0004 13
Trunk3 12 0.6 0.03 0.01 <0.001 8
Trunk4 3 0.08 0.04 0.05 <0.001 2
Trunkd 1 0.2 0.02 0.04 0.001 1
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Daily Variation of PCDD/PCDF levels in Air (Aug.1-31)
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Monitoring the air concentrations of POPs ' POPs

monitoring
Quartz filter
PUFX2 (=
Activated ——
&arbon filter
(DHi-Vol o
— @Low (Middle)-Vol = @Passive sampler
4 . ,
Sampling Sampling
v period (day) | Volume (m3)
PS-Air :
®DHi-Vol 1 1000
= - PS-Air Cartridge |1-3 3-9
1 A . e | g
@PS-Air Cartridge ®Low (Middle)-Vol 30 (7) 1000
@Passive sampler |7-307? -




Active air sampling (AAS)

AAS was performed using a low volume pump and
two PS-Air cartridge (Waters)

|
N A |

4 3 |

4 |
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Passive air sampling(PAS)

Polyurethane foam plug (PUF) was set by different size double
stainless steel bowl to protect the passive air sampler from direct
deposition of particulate matter and to minimize the influence of
varying air velocity.
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Daily variation of PCB homologue profiles in air sam
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GC-MS/MS Chromatogram (TrCB)
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GC-MS/MS Chromatogram (TeCB)
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GC-MS/MS Chromatogram (PeCB)
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GC-MS/MS Chromatogram (HxCB)
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Sampling rate (TrCBs)
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Sampling rate (TeCBs)
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Sampling rate (PeCBs)

IUPAC sampring rate average |UPAC sampring rate average

Cl

(m3/day) No. (m3/day) (m®/day) No. (m3/day) (mé/day) o L
5.0 #95 1.1-3.2 1.7 #97 0.8-2.1 1.2 Py
o #91 0.8-2.9 1.4 #87 0.6-1.7 1.2
me O #92 0.6-1.9 1.2 #85 0.1-0.9 0.6 o
s o #84 0.3-2.5 1.3 #110 0.8-1.8 1.3 o 8
c O o #101 0.8-1.9 1.3 #118 0.7-4.0 1.8 4108
A0 Cl
X O N L #99 0.6-1.1 0.9  #105 0.6-3.1 1.5
(o]
= ® Y X o
Cl Cl Cl Cl
4 o o O . #105
3.0 #91 © cl O cl cl cl O
O N Cl O o O Cl O Cl ¢l cl
2.5 - ‘ cl #84 Cl cl Cl Cl O
Cl Cl
Cl ol e P
20 #92 #101 o o et O #110
o o -
. g :
e e Cl O Y —
P ® ® 49 @ e [
1-0° 7 P #85
L
0.5 -

:Sampling rate (Min to Max)

| @ :Sampling rate (average_n=4)



Sampling rate (HxCBs)
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Average of sampling rate
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