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[Introduction]

Hydroxylated PCBs (HO-PCBs) are known to occur as metabolites of PCBs in organisms. Some
isomers of HO-PCBs can compete with thyroxine for binding sites on transthyretin (TTR), because of
similar structure to the thyroid hormones . As the result they may disrupt thyroxine hormonal action.
Other sources of HO-PCBs in aquatic environment may be by reaction of PCBs with OH radicals ” and
microbial PCB oxidation . HO-PCBs have been detected in snow, rain, and surface water samples in
Ontario Canada, and higher concentration HO-PCBs was found in water sample collected near sewage
treatment plant (STP) than other area®. It was indicated that STP is one of the source of HO-PCBs into
the aquatic environment . In other study, high concentrations of HO-PCBs were detected in feces of
Great Cormorant (Phalacrocorax carbo) ), indicating that HO-PCBs are spread through wildlife feces to
the environment.

Information of HO-PCBs in the environment is still limited, and it seemed important to elucidate the
sources, concentrations and distribution of HO-PCBs in the environment is an urgent problem. In this
study, HO-PCBs and PCBs were determined in surface water of Lake Biwa to understand general
environmental pollution and in paper mill effluent to identify the industrial sources of HO-PCBs.

[ Materials and methods]

- Sample collection _ : i
Lake Biwa  The surface water samples of Lake Biwa, Shiga, h
Japan, were collected at three locations (Northern point, Middle ’ % el
point and Southern point) in Lake Biwa on December 3 to 7, el
2007 (Fig.1). Northern point was relatively less polluted by
industrial activities compared with other arcas of Lake Biwa.
Middle point was near the colony of the common cormorant. It
was thought that the water near there was influenced by

HO-PCBs in feces of Great Cormorants. Southern point was
located in densely populated region with developed industries.

C,,-labeled HO-PCB standards {4’-HO-CB12(di), 4’-HO-CB - g
20(tri), 4-HO-CB61 (tetra), 4-HO-CBI20 (penta), P
4’-HO-CB159 (hexa), 4-HO-CB187 (hepta)} and Cj,-labeled ey £ e

PCBs (CB3, CB15, CB28, CB52, CB118, CB153, CBI80, _ =
CB194) were spiked onto approximate 100L of the surface water i Southern point

samples of Lake Biwa. The surface water samples of Lake Biwa

were passed through SP850 resin column without filtration. Fig.l Three sampling locations

. . in Lake Biwa
Paper mill effluent  The effluent water of paper producing from

wood chip, and the effluent water of recycled paper production were collected along river mouth of
Kinsei-river, Kawanoe Sikokutyuuou, Ehime, Japan, on January 25, 2008. Aforementioned BC,,-labeled
HO-PCB standards and "°C),-labeled PCB standards were spiked onto each effluent sample (20L). These
effluent samples were filtrated on 0.6pum glass fiber filter (GFF) and passed through SP850 resin column.
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+ Extraction and clean up procedures

HO-PCBs and PCBs collected on SP850 resin and GFF were extracted with acetone using Soxhlet
apparatus. The eluate (100mL) was added with 400mL of 5% NacCl solution (less than pH2) and 50mL
hexane, and the solution was mixed. HO-PCBs and PCBs was recovered in hexane layer and subjected to
further clean-up procedure. The recovered hexane layer was concentrated and was passed through
silica-gel column (3g; 5% water, w/w). PCBs were recovered with elution of 60mL hexane and were
concentrated under nitrogen gas flow for GC-MS analysis. HO-PCBs were recovered with elution of
100mL dichloromethane/hexane (30% v/v). HO-PCBs in the latter fraction were methylated with
trimethylsilyl diazomethane. After the derivatization, the solution was chromatographed on silica-gel
column (lg; 5% water, w/w). Methylated HO-PCBs were recovered with elution of 50mL
dichloromethane/hexane (10% v/v) and concentrated under nitrogen gas flow for GC-MS analysis. The
C,,-labeled standards (CB138) were spiked onto samples as syringe spike. HO-PCBs and PCBs were
analyzed using GC (6890 series, Agilent, USA) / MS (JMS-800D, JEOL, Japan) at high resolution of
10,000. A mass spectrometer was operated in selected-ion monitoring (SIM) mode.

HO-PCBs were quantified using MeO-PCB standards derivatized by the same procedure as samples.
The peaks that matched the retention times and isotopic ratios of primary and secondary ions of those
compounds in the standard solutions were quantified as “identified HO-PCBs” {(4HO-CB2 (mono),
4HO-CB14 (di) }. The peaks that have different retention times from authentic standards but have the
same isotopic ratios of primary and secondary ions were considered as unidentified HO-PCB congeners.
The sum of identified HO-PCBs and unidentified HO-PCBs was referred to Y HO-PCBs.

[Result and discussion]
- Lake Biwa

Concentrations and homolog patterns of > HO-PCBs and Y PCBs in Lake Biwa samples are shown in
Figs.2 and 3. The concentrations of ) HO-PCBs were high to low in the order of the southern point, the
central point, and the northern point (below the detection limits) (Fig.2). The major components of
HO-PCBs in middle point were mono- and dichlorinated homologs. The higher chlorinated HO-PCBs
homologs (tri- to penta-) are predominated at the Southern point than the middle point.

The concentration of Y PCBs were in the order of the southern point > central point > northern point
(Fig.3). This tendency is similar to that of Y HO-PCBs. In addition, the southern point is predominated by
higher chlorinated PCBs homologs (tetra- to hexa-) as compared to other points (di- to tetra). The tendency
of homolog pattern in the southern point predominated higher chlorinated compounds than other point was
common with PCBs and HO-PCBs.

South part of Lake Biwa was located in densely populated region with industries such as capacitor
production factory. A relatively high input of PCBs might occur in the past, and it is for this reason that
southern point was higher concentration of ) HO-PCBs and ) PCBs than other area.

In Lake Biwa samples, a similarity was observed concentration and the homolog pattern between
HO-PCBs and PCBs. HO-PCBs in Lake Biwa samples seems to come mostly from PCBs.
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Fig.2 Concentrations (pg/L) and homolog pattern of  Fig.3 Concentrations (pg/L) and homolog pattern of > PCBs
>'HO-PCBs in Lake Biwa samples. in Lake Biwa samples.
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- Paper mill effluents

Concentrations and homolog patterns of ) HO-PCBs and Y PCBs in paper mill effluent samples are
shown in Figs.4 and 5. > HO-PCBs determined in the filtrate of recycled paper production was the highest
concentration (1300pg/L) and it was higher than > PCBs concentration (860pg/L) in the same sample. It may
be presumed that HO-PCBs in the effluent of recycled paper production were formed in a different
mechanism from hydroxylation of PCBs. In producing recycled paper process, the bleaching with chlorine is
still done in part and there is a possibility that HO-PCBs are formed by chlorination of phenylphenol during
chlorine bleaching process. To confirme this hypothesis, the experiment was done to react ortho-, meta-,
para-phenylphenol and chlorine bleaching agent in water and isomer patterns were compared.
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+ The model experiment for formation of chlorinated phenylphenol

Ortho-, meta-, para-phenylphenol (each 1pumol) were added to 100mL of dilute chlorine bleaching
agent solution (0.6% NaClO, pH=8). The solution was mixed and left overnight. After that, 50mL of hexane
was added to extract chlorinated phenylphenol. The recovered hexane layer was methylated with
trimethlsilyl diazomethane and concentrated under nitrogen gas flow for GC/MS analysis. GC/MS analysis
and identified HO-PCBs were done same way as previous determination.

Mass fragmentograms of HO-PCBs (mono- and dichlorinated homologs) in the filtrate of the
effluent of recycled paper production and chlorinated samples of ortho-, meta-, para-phenylphenol showed
in Figs.6 and 7. 4-HO-CB2, 4-HO-CB14 and four unidentified HO-PCBs congener A, B, C, D peaks in the
three of chlorinated phenylphenol samples matched well with retention time the peaks in the effluent of
recycled paper production. The result suggests that HO-PCBs can be formed by chlorination of
phenylphenol in the producing recycled paper process.

In the result of previous study by Onodera et al, mainly 2-chloro-4-phenylphenol (4-HO-CB1) and
2,6-dichloro-4-phenylphenol (4-HO-CB10) were identified as chlorinated para-phenylphenol isomers by the
reaction of phenylphenol and hypochlorite in water (pH=4~10) ©, it was different from that identified in our
experiment {3-chloro-4-phenylphenol (4-HO-CB2), 3, 5-chloro-4-phenylphenol (4-HO-CB14)}. The reason
of this distinction may be the difference of the experiment conditions such as the reaction time and the
concentration ratio of phenylphenol and .hypochlorous acid etc.

It had been thought previously that HO-PCBs were formed biologically by metabolizing PCBs within
organisms, microbial PCB oxidation and reaction of PCBs with OH radicals. However, chlorination of
phenylphenol might be another source of HO-PCBs.
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Fig.6 Mass fragmentograms of HO-monoCBs
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Fig.7 Mass fragmentograms of HO-diCBs
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