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Abstract Hydroxylated polychlorinated biphenyls (OH-PCBs) are formed as major metabolites of
PCBs by cytochrome P450 enzyme-mediated oxidation. It has been reported that their total
concentration in serum samples of Yusho patients ranged from 390 to 1300 pg/g.

We measured the concentration of OH-PCBs in blood collected from 183 Yusho patients living in Japan
in 2010. The major OH-PCB metabolites were 4-OH-CB187 (ND-1300 pg/g-wet), 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109 (ND-530 pg/g-wet) and 4-OH-CB172 (ND-380
pg/g-wet). The total OH-PCBs ranged from 36 to 3800 pg/g-wet.

A positive relationship between the concentrations of OH-PCBs and PCBs was observed, but no
significant relationship between the concentrations of OH-PCBs and PCDD/DFs was observed.
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Introduction

Polychlorinated biphenyls (PCBs) are one of the
persistent and bioaccumulative chemicals. Hyd-
roxylated polychlorinated biphenyls (OH-PCBs)
are well known as metabolites of PCBs formed by
the cytochrome P450 enzyme-mediated oxidation
of PCBs. Enomoto et al! investigated the
concentrations of OH-PCBs in the Japanese
human blood plasma reporting that the major
congeners and levels were 4-OH-CB109 10-230
pg/g-wet, 4-OH-CB146 13-340 pg/g-wet and
4-OH-CB187 12-110 pg/g-wet. Linderholm et

alPreported that the highest OH-PCB metabolite
in serum samples from 9 Yusho patients was
4-OH-CB187 followed by 4-OH-CB146,
4-OH-CB109 and 4-OH-CB120 ; further, that the
total of 6 OH-PCB metabolites ranged between
390 and 1300 pg/g serum with a mean value of 780
pg/g serum.

Sato et al? measured the concentrations of
OH-PCBs in human urine and blood sample taken
from same person. They indicated that the
pattern and order of detected OH-PCBs were
different between blood and urine samples.

In this study, we measured the concentrations
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of OH-PCBs, PCBs, PCDDs and PCDFs in blood
collected from 183 Yusho patients living in Japan
in 2010, and we compared the blood concentra-
tions of these compounds.

Materials and Methods

1. Sampling

The blood samples examined in this study were
collected from 183 Yusho patients at their medical
checkups in 2010 ; all gave their informed consent.
10 mL of blood samplings were collected using a
vacuum blood-collecting device containing hepar-
in and stored at 4C until analyze for concentra-
tions of OH-PCBs, PCBs, PCDDs and PCDFs.

2. Chemicals and reagents

OH-PCBs standards were purchased from
Wellington Laboratories, Inc., Ontario, Canada
and Cambridge Isotope Laboratories, Inc., Mas-
sachusetts, US. These OH-PCBs standards are
listed in Table 1.
was prepared by dilution with acetonitrile.
Labeled standards of OH-[**C,2]-PCBs, as inter-
nal standards, are listed in Table 2. 4-OH-2' 3,3,
4' 5 5-HxCB (4-OH-CBI159) was used as a

Each 1 mg/L standard solution

Table 1 OH-PCBs standards

Compounds

Abbreviations

4-OH-2,3,3',4',5-PeCB 4-OH-CB109 4H109
3-OH-2,2',3,4,4',5-HxCB 3-OH-CB138 3H133
4-OH-2,2',3,4',5,5-HxCB 4-OH-CB146 4H146
4-OH-2,2',3,3,4',5,5-HpCB 4'-OH-CB172 4H172
4-OH-2,2',3,4',5,5,6-HpCB  4-OH-CB187 4H187

Table 2 OH-['3C1,]-PCBs for internal standards

Compounds

Abbreviations

4-0OH-2,3,3',4',5-PeCB 4-OH-CB109 M4H109
4-0OH-2',3,4',5,5-PeCB 4-OH-CB120 M4H120
3-0OH-2,2',3,4,4',5-HxCB 3-OH-CB138 M3H138
4-OH-2,2',3,4',5,5-HxCB 4-OH-CB146 M4H146
4-OH-2',3,3,4',5,5-HxCB 4'-OH-CB159 M4H159
4-OH-2,2',3,3',4',5,5-HpCB  4'-OH-CB172 M4HI172
4-OH-2,2',3,4',5,5',6-HpCB  4-OH-CB187 M4H187
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syringe spike. Acetonitrile, methanol, Ammo-
nium acetate and ultra pure water of LC/MS
grade were purchased from Wako Pure Chemical
A cartridge of Envi-18
(500mg / 6mL glass tube) was purchased from

Sigma-Aldrich, Inc., Missouri, US.

Industries, Tokyo, Japan.

3. Sample preparation

Each 5g blood sample was loaded into an
extraction cell filled with Isolute. After
freeze-drying, OH-["*C15]-PCBs, [*C12]-PCDDs,
["C12]-PCDFs and [*C12]-Co-PCBs were added
as internal standards. Acetone : n-hexane (1 : 4,
v/v) was used as the extraction solvent for an
accelerated solvent extractor (ASE-200, Thermo
After the

extract was evaporated to near dryness, it was

Scientific Dionex, California, US).

dissolved in n-hexane and treated with sulfuric
acid overnight. The separated hexane layer was
applied to a silver nitrate/silica gel column. The
first fraction containing PCDDs, PCDFs and
Co-PCBs was eluted with 15mL of n-hexane.
OH-PCBs were eluted with 15mL of 50%
dichloromethane/n-hexane as the second frac-
tion. The eluate was concentrated to near
dryness with a multiple sample concentrator, and
After the metha-

nol solution was loaded onto an Envi-18 cartridge

dissolved in 2mL of methanol.

with 4mL of methanol, the eluate was concen-
trated under nitrogen flow and transferred to an
A flow
The
details of the sample preparations are described in

LC injection vial with 0.2mL of methanol.
chart of this method is shown in Fig. 1.

another paper.”

4. Determination of OH-PCBs

All LC/MS/MS analysis was performed using
an Alliance 2695 series high-performance Liquid
Chromatograph Separations Module equipped
with Quattro micro API mass spectrometer
An

analytical column, L-column 2 ODS, 2.1 mm X% 100

(Waters Corporation, Massachusetts, US).

mm, 2 pm (CERI, Tokyo, Japan) was used under a
linear gradient solvent condition with the flow
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Blood Sample rate set at 0.2mL/min. The initial mobile phase

P 1S 20|J,L (4ng)

was 40 : 60 methanol/2mM ammonium acetate in

ultra pure water. The injection volume was 20
ul.
Detection was performed on a quadrupole

ASE Extraction

H,SO, digestion analyzer operated in negative electrospray ioniza-

tion (ESI-) and in selected reaction monitoring

Concentration acquisition mode (SRM). Nitrogen was used as

the cone and desolvation gas. The potential

— applied onto the capillary was 1.0 kV. Cone and
Silica gel column

collision potentials were optimized for each

| molecule. Argon was used as the collision gas.

Fr.1 Fr.2 The details of the operating conditions for the
n-Hexane DCM/n-Hexane . .
LC/MS/MS measurements are described in
: another paper.”
V Concentration
For PCB, Dioxin Results and Discussion
Determination
Envi-18 column 1. Analysis of OH-PCBs in blood samples
Peaks of 4-OH-CB109, 4-OH-CB146 +
0.2mL MecOH 3-OH-CB153, 4-OH-CB187 and 4-OH-CB172
were detected. Figure 2 shows the structure of

OH-PCBs detected in the blood of Yusho patients.
LCE%/IISI\/IIZ{O,S%S\}EM These chemicals have the similar structure ; 3,

Fig.1 Flow chart of the measurement method 5-substituted chlorinated-4-hydroxybiphenyls.
for OH-PCBs in blood samples 4-OH-CB146 and 3-OH-CBI153 could not be
separated in this study, while 3-OH-CB138 could

Cl Cl Cl Cl Cl Cl

OH Cl OH Cl
Cl Cl Cl

4-0H-2,3,3',4',5-PeCB (4-OH-CB109) 4-OH-2,2',3,4',5,5'-HxCB (4-OH-CB146)
Cl Cl Cl Cl Cl ClI [¢]]

OH Cl OH Cl
Cl Cl Cl Cl (¢]]

4-OH-2,2',3,4',5,5',6-HpCB (4-OH-CB187) 4-OH-2,2',3,3',4',5,5'-HpCB (4'-OH-CB172)
Fig. 2 Structure of OH-PCBs detected in the blood of Yusho patients
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Table 3 Concentrations of OH-PCBs, PCBs, PCDDs and PCDF's in the blood of
Yusho patients collected in 2010 (pg/g-wet, n = 183)

Congeners Mean Median Min. Max. SD CV
4-OH-CB109 67 49 ND 530 68.8 1.02
4-OH-CB146
+ 3-OL-CBI153 96 71 8.4 1200 106 1.10
4-OH-CB187 120 77 ND 1300 131 1.12
4'-OH-CB172 29 20 ND 380 35.1 1.22
Total OH-PCBs 310 230 36 3800 340 1.09
Total PeCBs 150 130 11 830 111 0.734
Total HxCBs 1000 820 80 6300 785 0.774
Total HpCBs 840 620 86 6600 793 0.942
Total PCBs 2300 1800 210 15000 1800 0.799
Total PCDDs 2.4 2.0 0.49 7.5 1.32 0.558
Total PCDFs 0.70 0.31 0.034 5.5 0.922 1.32
Total PCDD/DFs 3.1 2.7 0.54 11 1.79 0.584
Total Co-PCBs 1.0 0.90 0.13 4.8 0.686  0.663
Total dioxins 4.1 3.8 0.74 13 2.23 0.545
Lipid (%) 0.25 0.25 0.15 0.62 0.0606 0.238

SD : Standard deviation ; CV : Coefficient of variation ; CB : chlorinated biphenyl ; Pe : penta ; Hx :

hexa

polychlorinated dibenzofuran ; Co: coplanar.

not be observed because of low recovery. We
suspected that 3'-OH-CB138 degrades under
sulfuric acid treatment.

2. Concentrations of OH-PCBs in blood sam-
ples

Concentrations of OH-PCBs, PCBs, PCDDs and
PCDF's in the blood of the 183 Yusho patients are
summarized in Table 3. The major OH-PCB
metabolite (range) was 4-OH-CB187 (ND-1300
pg/g-wet) followed by 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109
(ND-530 pg/g-wet) and 4-OH-CB172 (ND-380
pg/g-wet). The total of 4 OH-PCBs ranged
between 36 and 3800 pg/g-wet with a mean value
of 310 pg/g-wet. These results were in good
agreement with those reported by Linderholm et
al.

3. Relationship between the concentrations of
OH-PCBs and related compounds

Figure 3 shows the relationship between the

concentrations of OH-PCBs and PCBs in the

blood of Yusho patients. A positive relationship

; Hp : hepta; ND : not detected ; PCDD : polychlorinated dibenzo-p-dioxin; PCDF :

between the concentrations of OH-PCBs and
PCBs was observed. But, no significant relation-
ship between the concentrations of OH-PCBs and
PCDD/DFs was observed (Fig. 4).
trations of OH-PCBs and lipid were also not

The concen-

correlated (Fig. 5).

Figure 6 shows the relationships between the

*
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Fig. 3 Relationship between the concentrations of
OH-PCBs and PCBs in the blood of Yusho
patients
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concentrations of OH-PCBs and their congeners
(4-OH-CB146 and 4-OH-CBI187).
relationships between the concentrations of

Significant

OH-PCBs and their congeners were observed.

Figure 7 shows the relationships between the
concentrations of OH-PCB congeners and related
PCBs (4-OH-CB146/HxCB (#146)
4-OH-CB187/HpCB (#182/187)). Positive re-
lationships between the concentrations of
OH-PCB congeners and related PCBs were
observed.

and

In conclusion, we measured the blood samples
from 183 Yusho patients for OH-PCBs using
LC/MS/MS technique. The total OH-PCBs
ranged from 36 to 3800 pg/g-wet. A positive
relationship between the concentrations of
OH-PCBs and PCBs was observed, but no
significant relationship between the concentra-

tions of OH-PCBs and PCDD/DF's was observed.
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2010 412 183 Z DIMAEEE 2> HERELL 72 M 0 OH-PCBs il L, TN H{bBEWD
TEEE A LB L 7. EE PCB OfEIL, 4-OH-CB187 (ND-1300 pg/g-wet), 4-OH-CB146 +
3-OH-CB153 (8.4-1200 pg/g-wet), 4-OH-CB109 (ND-530 pg/g-wet), 4-OH-CB172 (ND-380
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72, OH-PCBs & PCB & (212 IEDRIRAFRD 5 17245, OH-PCBs & PCDD/DFs DR 12
FEELRBERITEED SN o7z



