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FIGURE 2. Comparison of 6C, 6"N, and total mercury concentration in toothed whales, dolphins, and porpoises taken from
northern, central, and southern Japan. KW: killer whale, BBW: Barid's beaked whale, SPW (N): short-finned pilot whale {northern
form), DP: Dall's porpoise, RD: Risso’s dolphin, MHW: melon-headed whale, SD: striped dolphin, SPW (S): shert-finned pilot whale
(southern form), BD: bottlenose dolphin, FKW: false killer whale, PKW: pygmy killer whale, PSD: pantropical spotted dolphin, RTD:

rough-toothed dolphin. See Table 1.

TABLE 2. Spatial Differences in 6'°C, 6'°N, and Total Mercury in Baird's Beaked Whales, Short-Finned Pilot Whales, and Striped

Dolphins?

purchase area

85 (%)

AN (%o)

total mercury

{ng/wet g)
Abashiri {northern Japan), n=15 -18.1 £ 0.2 16.5 + 0.7*> 0.62 + 0.30°
ES — b
Baird’s beaked whale Hakodate (northern Japan), n =6 18.3 £ 0.2 156.6 & 0.4° 1.03 + 0.292
Ayukawa (northern Japan) and 172403 168+ 0.9° 1.98 & 0.43
Wada (central Japan), n =8 ' ' ' ' R
) Ayukawa, northern form (northern Japan), n=5 —18.3 +£0.6° 13.3+ 0.8° 1.30 £ 0.41°
short-finned pilot whale  Taiji, southern form (central Japan), n = 9 -16.8 £ 0.4° 12.6 £ 0.4°>  10.81 + 4.472°
Nago, southern form {southern Japan), n =9 —-17.0 £ 08> 11.7 £0.6> 1271 £ 11.20°
. . Taiji (central Japan), n =6 -18.0+ 04 120+ 04 5.20 &+ 5.27
striped dolphin Nago (southern Japan), n =5 ~17.4+05 127+12 676+ 222

? The data represent the mean + S.D. The data were analyzed by Tukey-Kramer or Scheffe’'s F test. Different superscript
letters indicate a significant difference (P < 0.05). ’
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TABLE 3. Comparison between This Study and Previously Reported Data Regarding 6'C, 6'°N, and Total Mercury

T-Hg
13 o 15| o
"G (%) "N (%) (ug/wet g)
n=6 -17.1+01 165+03 127 +0.13°
n=6 N.D. N.D. 62.2 + 21.9
killer whale n=23 -1724+1.0 17.8+0.8 N.D.
n=13 —-17.0+19 164+ 17 N.D.
n=1 N.D. N.D. 88
n=1 N.D. N.D. 13.3
bottlenose n=10 -17.24+03 13.1+06 383283
dolphin
n=2 -—186, —17.1 13.5,12.6 2.57°% 1667
n=10 —-17.7+06 123+09 b5.91+4.07
striped _ _
dolphin n=27 -17.2+05 11.1+06 N.D.
n=3 —-183+0.1 9.1+03 28.0%+275°
Risso’s n=8 -167+03 13.1+05 3.84+£ 152
dolphin _ 2
n=3 -17.24+03 11.4+09 91.0+£739

@ Expressed by ug/g dry weight. ? Data from Endo et al (17).

area ;)t:r%t; reference
west North this study and
Pacific Ocean muscle Endo et al. (17)
\lgae;;icN%r;Zan liver Endo etal. (77)
gzgﬁl\éocg?ean skin (transient) Krahan et al. (3)
ggf;fg\;ogclan skin (resident) Krahan et al. (3)
U.K. liver Law et al. (19)
Japan Sea red meat Endo et al. (23)
west North
Pacific Ocean red meat this study
Mediterranean Sea muscle Capelli et al. (24)
west North Pacific Ocean red meat this study

. Borrell and

Mediterranean Sea blubber Aguilar (25)
Mediterranean Sea muscle Capelli et al. (24)
\év:;‘;icN%rég an red meat this study
Mediterranean Sea muscle Capelli et al. (24)

Hg concentrations in the Kuroshio region may be higher due
to natural and anthropogenic inputs. We expected to find a
positive correlation between 3'°N value and T-Hg concen-
tration, as the level of Hg accumulation in biota is generally
correlated with trophic level as reflected in 3'°N value (18).
However, a negative correlation between the 3'°N value and
T-Hg concentration was found in the combined samples of
three areas (y =—0.238, n=117, P<0.01), probably reflecting
geographical variations of 3'°N (6, 7, 11) and T-Hg concen-
tration (12, 17) in the seawater around Japan. In contrast, a
positive correlation was found between the §°C value and
T-Hg concentration in the combined samples (y = 0.219, n
=117, P< 0.05). As mentioned above, the measurements of
9'3C and 8N in primary producers are necessary. The
contamination levels of T-Hg in the toothed whales, dolphins,
and porpoises caught off the coast of Japan appear to be
determined mainly by the Hg concentration in their habitat
rather than by species. In agreement with the present results,
the T-Hg concentrations and 8'*C found in the muscle of
yellowfin tuna and albacore caught off southern Japan were
found to be higher than in those caught off central Japan,
whereas the 8'°N found in the former was lower (our
unpublished data).

4.2. Species and Spatial Differences in 4°C, 9'°N, and
Hg Contamination in the Northern Region. Table 3 sum-
marizes the data from the present study together with that
obtained from the literature regarding 3'*C and 3'"°N values
and T-Hg concentration in killer whales, bottlenose dolphins,
striped dolphins, and Risso’s dolphins.

We assumed that the killer whales stranded on the coast
of Japan corresponded to the transient form because the
major items found in stomach contents were an assortment
of seal tissues (21). However, the present results for 8*C and
35N in the stranded killer whales correspond closely to those
in observed in the resident form (primary fish eaters) rather
than the transient form (primary mammal eaters) of killer
whales in the eastern North Pacific Ocean (Table 3) (3), and
the contamination level of T-Hg in the stranded killer whales
was the lowest among the 13 species studied (Table 1). As
most recent studies of killer whales have been undertaken
using biopsy sample of skin with blubber, contamination
data for Hg are lacking. The available data for Hg listed in
Table 3 were obtained from liver sample of a killer whale
stranded in the United Kingdom (88 ug/wet g) (19) and ared

meat product sold in Busan, South Korea (13.3 ug/wet g)
(23). The T-Hg concentration in the liver is compatible with
that found in the killer whales stranded in northern Japan
(17), whereas the concentration in the red meat sample is
markedly higher.

Baird’s beaked whales inhabit the North Pacific Ocean
and adjacent waters, where they prefer deep water, feeding
on squid, octopus, and skate (26). The average 3'°N in the
red meat samples from Baird’s beaked whales was almost
the same as that in muscle samples from killer whales (Table
1), although the trophic position of Baird’s beaked whales
was expected to be lower than that of killer whales. Hobson
et al. (5) reported a higher 3'°N in benthic biota. The higher
35N value in the Baird's beaked whales may reflect their
preference for deeper water. Around Japan, this species is
found in the southern Okhotsk Sea, the eastern Sea of Japan,
and off the Pacific coast (27) and is hunted at Abashiri,
Hakodate, Ayukawa, and Wada, respectively. In agreement
with the existence of separate populations, some significant
differences in 8'3C, 8'°N, and T-Hg concentration were found
among the three regional samples (Table 2, see Figure S1).
The higher level of T-Hg contamination in the Pacific coast
population may result from higher Hg level in the southern
sea region, as we previously suggested (12, 17). The lower
8'3C in the Baird’s beaked whales purchased in and around
Hakodate and Abashiri may be explained by the lower 3'3C
inthe cold current regions. Takai et al. (6) reported the lowest
level of 3'3C in squid caught off the Sea of Japan near the
hunting area of the eastern Sea of Japan population.

Dall’s porpoises are found in the North Pacific Ocean and
adjacent seas. The average 3**C value in Dall’s porpoises was
the lowest, and the average 8'°N was higher in our analysis
among the 13 species (Table 1). In the eastern North Pacific
Ocean, Dall’s porpoises are a prey item of the killer whale.
Interestingly, the average differences in 8°C and 3'°N between
killer whales and Dall’s porpoises were 1.7 %o and 3.3%o,
respectively, which correspond approximately to one tropic
level (9). However, in spite of apparent differences in tropic
level, the average T-Hg concentration in the red meat samples
from Dall’s porpoises was very similar to that in the muscle
samples from killer whales (Table 1).

The average 8'°C, 8'°N, and T-Hg concentrations in the
northern form short-finned pilot whales were similar to those
in Dall’s porpoises, respectively. No correlation was found
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between the T-Hg concentration and 8'°N values from muscle
samples of the four species from the northern region (Figure
2). AsHgis distributed preferentially in liver relative to muscle
of mammals (17, 20), the hepatic concentrations of T-Hg
were compared among the four species. The average T-Hg
concentration in the liver from the Dall’s porpoises (8.75 +
2.54 ug/wet g, n = 5; our unpublished data) was markedly
lower than that from the northern form of short-finned pilot
whales (60.0 £ 40.1 ug/wet g, n = 20) (16), Baird’s beaked
whales (37.7 & 44.1 ug/wet g, n= 37) (16), and killer whales
(57.7 £ 22.5ug/wet g, n="6) (17). The hepatic concentrations
of T-Hg in these species might not be well correlated with
their 9N values.

4.3. Species and Spatial Differences in 4'°C, §'°N, and
Hg Contamination in the Central and Southern Regions.
In the western North Pacific, off the coast of Japan, short-
finned pilot whales have been morphologically, genetically,
and ecologically discriminated into southern and northern
forms (28), and these forms of whales are hunted for
consumption in Nago, Taiji, Wada, and in Ayukawa, respec-
tively. Higher levels of T-Hg contamination in the southern
form pilot whales were observed (see Figure S2), probably
reflecting the higher concentration of T-Hg in the Kuroshio
Current region (12, 17). The 8"°C in the northern form pilot
whales was significantly lower than that in the southern form
pilot whales, probably reflecting lower #3Cin the cold current
areas. The 3'°N in the southern form pilot whales purchased
in and around Nago was significantly lower than that in the
southern form pilot whales purchased in and around Taiji
and in the northern form pilot whales purchased in and
around Ayukawa, probably reflecting the lower 8N in
Kuroshio Current region. Little is known regarding the
migration of short-finned pilot whales, and it is unclear
whether the southern form short-finned pilot whales caught
off Taiji and Nago are from the same population.

The present results for 8°C and "N in the red meat
products of bottlenose dolphins, striped dolphins, and Risso’s
dolphins were similar to those found in the muscle of three
dolphin species (24) and in the blubber of striped dolphins
(25), respectively (Table 3). The T-Hg concentrations reported
by Capelli et al. (24) were expressed in “ug/g dry weight”. As
the T-Hg concentrations expressed in “ug/g dry weight” are
about four times higher than those expressed in “ug/g wet
weight” (21), the present data regarding T-Hg concentrations
expressed in “ug/g wet weight” are compatible with those
reported by Capelli et al (24).

Contamination levels of T-Hg in the samples from the
five species from southern Japan were markedly higher than
those from northern Japan (Table 1) and tended to increase
with increases in 9'°N. According to Honda (16), the
contamination level of T-Hg in the liver of striped dolphins
caught off Taiji (central Japan) was 205 & 139 ug/wet g (n=
59). Another report showed that the average T-Hg concen-
trations in the liver of southern form short-finned pilot whales
and Risso’s dolphins caught off Taiji were 230 ug/wet g (n
=7) and 406 ug/wet g (n=2), respectively (14). These hepatic
levels of T-Hg in the whales and dolphins from central Japan
were markedly higher than those from northern species of
Dall’s porpoises, northern form short-finned pilot whales,
Baird’s beaked whales and killer whales as mentioned above,
which is in agreement with the T-Hg concentrations in the
red meat (muscle) samples (Table 1). Unfortunately, little is
known about hepatic T-Hg concentrations in whales and
dolphins in southern Japan.
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Monitoring of Naturally Produced Brominated
Phenoxyphenols and Phenoxyanisoles in Aquatic Plants
from the Philippines

Koicu Haracuchr*' Yuicar Koraky,? Juan R. ReLox Jr. S
Marc LAWRENCE J. RoMERO, AND RyuTa TERADAT

"Daiichi College of Pharmaceutical Sciences, Fukuoka 815-8511, Japan, *School of Marine Biosciences,
Kitasato University, Ofunato, Jwate 022-0101, Japan, $Bureau of Fisheries and Aquatic Resources,
860 Arcadia Building, Quezon Avenue, Quezon City 1100, the Philippines, and #Faculty of Fisheries,
Kagoshima University, Kagoshima 890-0056, Japan

Naturally produced brominated phenoxyphenols (OH-PBDEs) and phenoxyanisoles (MeO-PBDEs)
were analyzed in aquatic plants (16 genera of green, brown, and red algae and angiosperms) collected
from Luzon Island, the Philippines. Two brominated phenoxyphenols, 2'-hydroxy-2,3',4,5'-tetrabromo-
diphenyl ether (2’-OH-BDE68) and 6-hydroxy-2,2',4,4'-tetrabromodiphenyl ether (6-OH-BDE47), were
detected in the phenolic fraction of extracts from most of the specimens; Sargassum oligosystum
had the highest concentrations (101 ng/g fresh weight (fw)). The corresponding phenoxyanisole,
2'-methoxy-2,3',4,5'-tetrabromodiphenyl ether (2'-MeO-BDE68), was most abundant in Sargassum aff.
bataanense (229 ng/g fw), followed by Padina sp., and 6-methoxy-2,2',4,4"-tetrabromodipheny! ether
(6-MeO-BDE47) was predominant in Jania adhaerens (29 ng/g fw). Hydroxy-pentaBDEs, hydroxy-
methoxy-tetraBDEs, dihydroxy-tetraBDEs, dihydroxy-tetrabromobiphenyl, and hydroxy-tetrabromodi-
benzo-p-dioxins were also detected. The present study demonstrates that these aquatic plant species
could be an abundant source of OH-PBDEs and MeO-PBDEs found in higher trophic organisms in the
Asia—Pacific region.

KEYWORDS: Bromophenol; brominated phenoxyanisole; brominated phenoxyphenol; marine algae;

Sargassum; Jania; the Philippines

INTRODUCTION

Benthic marine macroalgae in the Philippine archipelago in-
clude many endemic species and genera of red, brown, and green
algae that are a major dietary source for many marine organ-
isms (/). Bromophenols synthesized by the algae are important
flavor components (2, 3); 2,4,6-tribromophenol (2,4,6-TBP) is
widely distributed in various seafood species, such as prawns,
salmon, and fish dwelling in local waters (¢). 2,4,6-TBP is the
precursor of 2,4.6-tribromoanisole (2,4,6-TBA), which has been
identified as a trace environmental contaminant in marine fish (5).
It is believed that bacteria in algae could be responsible for the
O-methylation of 2,4,6-TBP (6).

In recent years, lipophilic and bioaccumulative brominated
compounds that are proposed to be of natural origin have been
detected in marine biota from different sites throughout the
world (7). One of the major congener groups is methoxylated
polybrominated dipheny! ethers (MeO-PBDEs), which have been
found in algae (8, 9), sponges (10, /1), mussels (9), fish (12—14),
and marine mammals (/5—19). Another group is dimethoxylated
tetrabromobiphenyl (diMeO-BB), which has also been accumu-
lated in fish and mammals (/4, /7). These compounds are likely to

*Author to whom correspondence should be addressed (phone 092-
541-0161; fax 092-553-5698; e-mail k-haraguti@daiichi-cps.ac.jp).

©2010 American Chemical Society

biomagnify within higher trophic organisms via the food chain
due to their high lipophilicity (log Koy > 5) (20). On the other hand,
hydroxylated polybrominated diphenyl ethers (OH-PBDEs) such
as 2'-hydroxy-2,3' 4,5 -tetrabromodiphenyl ether (2'-OH-BDE68)
are produced by marine algae (9) and marine sponges (21, 22) or
their associated bacteria (symbiotic cyanobacteria) (23). Although
OH-PBDEs have been detected in the marine food web (for
example, in salmon blood) (/2) and even in human blood (24), it
is not clear whether they are derived from naturally produced
secondary products or from metabolites of anthropogenic PBDE:s.

The objective of this study was to investigate whether OH-
PBDEs and their methoxylated analogues (MeO-PBDEs) are
found in marine algae from shallow waters of the Philippines.
In 2008, 31 specimens (16 genera) of green, brown, and red
algae and angiosperms were collected from the littoral zones
(four locations) and freshwaters (Taal Lake) of Luzon Island
(Figure 1). The current survey was also undertaken to assess
the source, distribution, and interspecific variation in aquatic
plant brominated compounds that are found in fish and
mammals from the Asia—Pacific region.

EXPERIMENTAL PROCEDURES

Sampling. In December 2008, a total of 23 marine algae (12 genera
of green, red, and brown algae), 2 freshwater green algae (2 genera), and
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Luzon Island, The Philippines

L7~ Alaminos

Figure 1. Sampling locations of macroalgae in the Philippines.

2 angiosperms were collected {rom four littoral zones (Masinloc, Bolinao,
Alaminos, and Luna) and Taal Lake on Luzon Island, the Philippines
(Figure 1). Each sample was [rozen at —20 °C prior to chemical analysis.

Species Identification. Almost all of the algae were identified to genus/
species level (Table 1) using guidebooks and some literature (/,25—32). The
identities of critical species monitored for OH-PBDEs and MeO-PBDEs
were identified as Sargassum oligocystum Montagne (25, 26), Sargassum
afl. bataanense G.C. Trono (27), Halymenia durvillei Bory de Saint-
Vincent (28, 29), and Jania adhaerens Lamouroux (30). None of the algae
investigated have been directly used as food source.

Chemicals and Reagents. Standards of 2,4,6-TBA, 2,4,6-TBP,
2'-methoxy-2,3' 4,5 -tetrabromdiphenyl ether (2-MeO-BDE68), 2'-hydro-
xy-2,3' 4,5 -tetrabromodiphenyl ether (2-OH-BDESS), 6-methoxy-2,2' 4,4’
tetrabromodiphenyl ether (6-MeO-BDE47), and 6-hydroxy-2,2’ 4,4'-tetra-
bromodiphenyl ether (6-OH-BDE47) were purchased {rom AccuStandard
Inc. (USA). Dr. G. Marsh (Stockholm University) kindly provided
4'-methoxy-2.3 4,5 ,6-pentabromodiphenyl ether (4-MeO-BDEI121), 2',6-
dimethoxy-2,3',4,5'-tetrabromodipheny! ether (2',6-diMeO-BDE68).
and 2.2-dimethoxy-3,3' 4,4 -tetrabromobiphenyl (2,2-diMeO-BB80).
Their corresponding dihydroxylated analogues were prepared by demethy-
lating the dimethyoxylated analogues by boron tribromide (2 M) in dichloro-
methane. We used 4-MeO-BDEI2! and 6-OH-{ CJBDE47 (Cambridge
Isotope Laboratories, Andover, MA) as internal standards (i.s.) for the
determination of neutral and phenolic compounds, respectively. The
chemical structures of the target analytes are shown in Figure 2.

Sample Cleanup. A sample (10 g of {resh weight (fw)) was cut into
pieces, and the homogenate was extracted with MeOH (50 mL) for 1 week
at room temperature. The extract was concentrated, and the residue was
partitioned between 0.2 M HCl and ethyl acetate (EtOAc). The EtOAc-
extractable organic matter (EOM) was determined gravimetrically.
A portion (20 mg) of the EOM was spiked with two internal standards,
4'-MeO-BDEI121 and 6-OH-['*CIBDE47 (20 ng each). We then removed
the EOM by gel permeation chromatography (Bio-Beads S-X3, Bio-Rad
Laboratories), eluting with dichloromethane/n-hexane (1:1). Brominated
products in the eluate were partitioned between 1 M KOH/ethanol (7:3, v/v)
and n-hexane. The organic phase was concentrated and purified by silica
gel column chromatography (0.5 g, Wako gel S-1, Wako Pure Industries,
Osaka, Japan), eluting with 12% dichloromethane in n-hexane (15 mL}
(neutral fraction). The aqueous phase was acidified by HCl and back-
extracted with n-hexane/diethyl ether (8:2, v/v) (phenolic {raction). A
portion (5 mL) of the phenolic fraction (15 mL) was reacted with
diazomethane in diethyl ether (methylated phenolic [raction). The con-
centrated fractions (500 pL) were subjected to gas chromatography—mass
spectrometry.

Identification and Quantification. Analyses of natural organohalo-
gens were performed using a gas chromatograph (GC, Agilent 6980N)
equipped with a mass selective detector (5973i) in electron ionization and
selected ion monitoring mode (EI-SIM). The GC was equipped with an
HP-5MS column (30 m x 0.25 mm, 0.25 um {ilm thickness, J&W Scientific
Inc.), and scan data were recorded in the range of m/z 200—800. Helium
was used as a carrier gas at a constant {low rate of 1.0 mL/min. A 2 uL
aliquot of each extract was injected in splitless mode with injector and
transfer line temperatures of 250 and 280 °C, respectively. The ion source
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temperature was 230 °C. The GC oven program was as follows: after injec-
tion at 70 °C (1.5 min), the temperature was increased at a rate of 20 °C/
min to 230 °C (2 min) and then at a rate of 4 °C/min to 280 °C (20 min). The
total run time was 40 min. The ions monitored were at /m/z 342 and 344 for
24,6-TBA, at m/z 516 and 518 for two MeO-tetraBDEs, at /= 530 and
532 for 2,2'-diMeO-BB80 and 6-OH-[*C]BDEA47 (is.), at m/z 546 and
548 for 2,2'-diMeO-BDE68, and at m/z 594 for 4-MeO-BDEI121 (i.s.). The
identification of OH- and MeO-PBDEs in samples was made by compar-
ing the relative GC retention times (RRTs) of samples and standard
references versus those of 6-OH-['*C]BDE47 for the phenolic fraction and
4'-MeO-BDEI121 for the neutral fraction, respectively, on an HP-SMS
column.

Quality Control. Five-point calibration curves (3—500 ng/mL) were
linear (r = 0.998) for each compound. A standard solution containing all
of the target analytes was analyzed every day to ensure that the calibration
curves remained valid (variability, relative standard deviation = 12%
(n = 5)) before sample analysis. The recoveries of i.s. and target analytes
were assessed by spiking with 1.0 ng of each standard through the entire
extraction procedure, and the results ranged from 85 to 102% for phenolic
compounds and from 88 to 97% for methoxylated compounds. The limit
of quantification (LOQ) using the EI-SIM mode, which was determined
using a signal-to-noise ratio of 10, ranged from 5 to 15 pg on the GC
column (2.5—7.5 ng/mL) for all analytes. Solvent blanks did not contain
any of the analytes under investigation, indicating no carry-over effect
between GC-MS runs.

RESULTS

Table 1 shows the sampling locations of each species and the
concentrations (on a fresh-weight (fw) basis) of the eight target
compounds. The concentrations of 2,4,6-TBP ranged from 0.3
ng/g fw in Hydroclathrus clathratus to 107 ng/g fw in Jania
adhaerens, whereas the levels of 2,4,6-TBA ranged from <0.02
nglg fw in Kappaphycus alvarezii to 2.2 ngfg fw in Caulerpa
lenthillifera. Among green algae, 2,4,6-TBP levels were lower in
freshwater plants from Taal Lake than in marine algae from the
littoral zones. The concentration ratios of 2,4,6-TBA/2,4,6-TBP
were 0.2—1.44 for the aquatic plants and <0.01-0.28 for the
marine algae.

Figure 3 shows total ion chromatograms (TIC) of the bromi-
nated compounds in the neutral and phenolic fractions of a
brown alga (Sargassum aff. bataanense) and a red alga (Jania
adhaerens) collected in Masinloc (Figure 1). The MeO-tetraBDEs
(peaksa — d) detected in the neutral fractions of both genera were
identified as 2'-MeO-BDE68, 2,2’-diMeO-BB80, 6-MeO-BDE47,
and 2,6-diMeO-BDE68, respectively (Figure 3). The correspond-
ing OH-tetraBDEs in the methylated phenolic fraction (peaks a’
and ¢/) were identified as 2’-OH-BDE68 and 6-OH-BDE47,
respectively. The mass spectrum of peak ¢’ in the phenolic fraction
of J. adhaerens corresponded to dimethoxylated pentaBDE
(M™, m/z 620) (Figure 4), indicating the presence of OH-MeO-
pentaBDE or diOH-pentaBDE (unknown structures). One
of the major environmentally relevant anthropogenic com-
pounds, BDE-47, was not present in any species investigated
(LOQ, <0.02 ng/g fw).

The methylated phenolic fraction of J. adhaerens was mon-
itored at m/z 516 (MeO-tetraBDE), m/z 546 (diMeO-tetraBDE),
and m/z 530 (diMeO-BB80 and MeO-tetraBDD) (Figure 5). In the
SIM profile at m/z 546, several peaks were identified as diMeO-
tetraBDEs, indicating the presence of diOH- or OH-MeO-tetra-
BDE:s in the algae. In the profile monitored at m/z 530, the peak
(tr = 17.6 min) was identified as 2,2'-diMeO-BB80, whereas
the peaks between 21 and 25 min were tentatively identified
as methoxy-tetrabromo-p-dioxin (MeO-tetraBDD) because
the mass spectrum exhibited M* (m/z 526) and a characteristic
fragment [M — COCH,]™ (m/z 473), indicating the presence of
OH-tetraBDD (Supporting Information, Figure S1). The identity



Table 1. Sample Characterization and Levels of Brominated Compounds in Freshwater and Marine Plants Collected from Philippine Waters in 2008
concentration (ng/g fw)

neutral fraction phenolic fraction

alomyY

2/-MeO- 6-MeO- 2,2'- diMeO- 2' 6- diMeO- 2,4,6- 2/-OH- 6-OH- 2,2'- diOH- 2',6- diOH-
genus (species) source EOM® (%)  2,4,6- TBA BDE68 BDE47 BB80 BDE68 TBP BDE68  BDE47 BB80 BDE6S
angiosperms
Ceratophyllum sp. Taal Lake, Tanauan Batangas 0.28 06 ND? ND ND ND 0.5 ND ND 0.1 ND
Hydrilla sp. Taal Lake, Tanauan Batangas 0.30 0.4 ND ND ND ND 1.6 07 06 0.2 041
green algae
Chara sp. Taal Lake, Tanauan Batangas 0.21 0.3 ND 0.1 ND ND 1.5 ND ND 0.1 ND
Cladophora sp. Taal Lake, Tanauan Batangas 0.35 13 ND ND ND ND 0.9 ND ND 0.1 ND
Caulerpa lentillifera Lucero, Bolinao, Pangasinan 0.37 22 1.2 1.0 05 0.2 30 0.7 1.2 0.6 0.4
Caulerpa taxifolia Lucero, Bolinao, Pangasinan 0.40 05 2.9 14 1.8 0.4 20 0.8 15 0.2 0.3
Chaetomorpha crassa Lucero, Bolinao, Pangasinan 0.32 0.1 0.4 0.2 05 0.1 7.7 0.2 0.3 0.3 0.1
Chlorodesmis sp. Lucero, Bolinao, Pangasinan 0.73 0.1 5.9 1.7 6.4 0.8 A 15 0.3 0.1 0.1
brown algae
Padina minor Lucero, Bolinao, Pangasinan 0.45 0.2 0.7 0.2 0.9 0.1 1.1 0.3 0.2 0.2 0.1
Padina sp. Masinloc, Zambales 0.31 0.7 44 14 24 0.5 25 0.9 0.5 ND 0.1
Hydroclathrus clathratus Masinloc, Zambales 0.46 ND 2.0 0.2 0.8 0.1 0.3 0.3 0.4 0.1 0.2
Sargassum oligosystum® Zacarias Island, Alaminos 0.30 ND 0.7 0.2 19 0.1 3.3 10.4 91 0.1 0.1
Sargassum aff. bataanense® Masinloc, Zambales 0.28 0.4 229 3.6 26 30 13 3.3 10 0.2 0.9
Sargassum sp. Masinloc, Zambales 0.38 0.1 6.1 4.2 1.4 0.4 1.7 0.2 0.3 0.1 0.3
Sargassum sp. Masinloc, Zambales 0.15 0.3 1 0.6 1.3 1.0 3.8 0.3 0.2 0.1 0.1
Sargassum sp. Masinloc, Zambales 0.36 ND 4.7 15 4.8 0.4 0.5 8.8 5.6 0.5 1.8
Sargassum sp. Luna, La Union 0.34 0.6 0.9 0.2 0.4 0.7 6.9 0.7 4.7 5.1 42
Sargassum sp. Luna, La Union 0.27 0.5 1.8 0.1 0.5 0.9 77 42 0.3 0.3 25
Sargassum sp. Lucero, Bolinao, Pangasinan 045 ND 0.3 0.1 04 0.1 04 0.1 0.3 0.2 ND
red algae
Gracilaria edulis Luna, La Union 0.22 0.1 0.3 0.1 0.1 0.6 2.3 0.1 0.1 ND 14
Hydropuntia edulis Lucero, Bolinao, Pangasinan 0.05 1.3 5.4 45 26 1.2 32 0.1 0.1 ND 0.1
Acanthophora specifera Lucero, Bolinao, Pangasinan 0.22 0.4 0.5 0.2 0.7 0.2 19 0.3 0.3 2.2 0.2
Halymenia durvillei® Lucero, Bolinao, Pangasinan 0.46 0.1 0.3 0.1 0.2 0.1 11 0.2 0.1 0.2 0.1
Halymenia sp. Lucero, Bolinao, Pangasinan 0.40 0.1 0.1 0.05 ND 0.1 6.3 0.1 0.1 0.1 0.2
Ceratodictyon spongiosum Alaminos, Pangasinan 0.27 0.7 0.9 1.2 37 0.3 9.3 1.9 2.3 0.2 0.1
Kappaphycus alvarezii Alaminos, Pangasinan 0.09 ND 0.3 0.05 0.3 0.1 18 0.1 0.1 ND ND
Kappaphycus alvarezii Alaminos, Pangasinan 0.07 ND 0.1 0.05 0.4 ND 58 ND ND ND 0.1
Kappaphycus alvarezii Masinloc, Zambales 0.10 0.1 1.3 0.1 1.5 0.2 45 0.1 0.1 0.1 0.1
Kappaphycus alvarezii Masinloc, Zambales 0.39 ND 1.3 0.05 0.5 0.1 13 ND 0.1 ND ND
Jania adhaerens’ Masinloc, Zambales 0.20 0.8 78 29 44 13 107 25 6.2 2.8 4.4
Jania sp. Masinloc, Zambales 0.13 0.1 3.6 1.7 6.3 05 105 1.1 1.7 0.3 0.5

2EOM, extractable organic matter. °ND, not detected (<0.02 ng/g fw). ° References 25 and 26. ¢ Reference 27. © Reference 28 and 29. 'Reference 30.
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of these compounds remains to be confirmed because the appro-
priate standards were not available for this survey.

Haraguchi et al.

In the neutral fraction, 2'-MeO-BDE68 and 6-MeO-BDE47
were detected in all of the samples except for the freshwater plants.
The highest levels of 2’-MeO-BDE68 were detected in Sargassum

OH OCHs aff. bataanense (229 ng/g fw), followed by J. adhaerens (78 ng/g
Br Br Br Br fw) and Padina sp. (44 ng/g fw). In contrast, 6-MeO-BDE47 was
predominant in J. adhaerens (29 ng/g fw), but its concentration
Br B was <5 ng/g fw in'the other species. The level of 2,2'-diMeO-
2,4,6-ribromophencl 2.4,6-ik isole BB80 was highest in J. adhaerens (44 ngfg fw),' followed by
(2.4,6-TBP) (24,6TBA) Chlorodesmis sp. (6.4 ngfg fw), whereas 2',6-diMeO-BDE68
was most abundant in Sargassum aff. bataanense (30 ng/g fw),
OH Br OCH  Br followed by J. adhaerens.
Br o Br o In the phenolic fraction, 2’-OH-BDE68 and 6-OH-BDE47
were detected in all of the samples except for the freshwater algae
: Br : Br and one red alga (Kappaphycus alvarezii). The highest concentra-
) . , . tions of 2/-OH-BDE68 were observed in J. adhaerens (25 ng/g fw),
m@fmu mmfm, followed by Sargassum oligosystum (10 ng/g fw). Concentrations
(2"-OH-BDE68) (2°-MeO-BDEGS) of 6-OH-BDE47 were highest in S. oligosystum (91 ng/g fw),
followed by Sargassum aff. bataanense (10 ng/g fw). The concen-
OH Br OCH;  Br trations of the corresponding dihydroxylated analogues (2,2'-
/©:O\© QO\Q diOH-BB80 and 2'.6-diOH-BDE68) were <5.1 ng/g fw in all
samples. The concentrations of four analytes in Sargassum and
Br Br Br Br Br Br ; . . . .
Jania sp. are compared in Supporting Information, Figure S2.
6-hydroxy-2,2" 4.4’ 6-mothoxy-2,2"4,4'~
tetrabromodiphenyl ether tetrabromodiphenyl ether
(6-OH-BDEA7) (6-MeO-BDEAT) DISCUSSION
OH OH OCHg  OCHg To our knowledge, this is the first study to monitor OH- and
/@0 Br ° Br MeO-PBDEs in aquatic plants from the Asia—Pacific region,
Br Br Br Br although 2-MeO-BDE68 has been isolated in green algae
Br Br (Cladophora fascicularis) from Okinawa, Japan, by Kuniyoshi
2 5-dlitrydeoxy-2.3"4,5'~ 2 6-dimsthoxy-2,3" 4,5 et al. (§). We found that the occurrence of OH- and MeO-PBDEs
tetrabromodiphenyl cther tetrabromodiphenyl ether from the Philippines was species-dependent; the highest levels
(2',6-diOH-BDESS) (Z',6-diMeO-BDEGE) were observed in Sargassum, Jania, and Padina species from

Br OH Br
Br HO Br

Br OCHsy Br

ooz

Br

Masinloc, Zambales. The other algal species also contained
smaller amounts of 2'-OH-/2'-MeO-BDE68 or 6-OH-/6-MeO-
BDE47, indicating the wide distribution of these brominated
products in shallow waters of the Philippines. The levels of
OH- and MeO-tetraBDEs varied considerably within the genus

2,2"-dihydroxy-3,3",5,5"- 2"-dimethoxy-3,3',5,5" ; . . ;
mbmzwfghwy, iin:'mmobi;}l::\;s Sargassum, implying that even in the same genus, particular
(2,2"-HOH-BBS0) (2.2"-diMeO-BBEO) species can produce preferably these brominated compounds.

Figure 2. Chemical structures of target compounds monitored in this

The variation may be attributed to biotic factors such as stress,
grazing, water temperature, stage of the algae annual cycle. At

study. present, it is not possible to tell whether the OH- and MeO-PBDEs
a a
(A) (B)
Sargassum aff. Jania
2,4,6-TBP bataanense 2,4,6-TBP adhaerens
b
c
d d
neutral J l l neutral
ey | =y T . l,‘ r lIJLI ‘J\l Ap l 4 AL A
c’ e’
l a,l a, {
henolic , .
S [T TR l A P Lie, l? o ?he],l(’hc
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Retention Time (min) Retention Time (min)

Figure 3. Total ion chromatograms of brominated compounds in neutral and methylated phenolic fractions from Sargassum aff. bataanense (A) and Jania
adhaerens (B). In the neutral fraction: peak a, 2’-MeO-BDEBS; peak b, 2,2'-diMeO-BB80; peak ¢, 6-MeQ-BDEA7; peakd, 2' 6-diMeO-BDEGS. In the phenolic
fraction: peak a’, 2'-OH-BDEGS; peak ¢’, 6-OH-BDESS; peak &', diOH-pentaBDE or OH-MeO-pentaBDE (as methylated derivatives).
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Figure 4. Mass spectrum of peak e’ in the methylated phenolic fraction of Jania adhaerens from Figure 3.

2'-OH-BDEB8

6-OH-BDE49 | 6-OH-BDE47

15 16 17 18 19 20 21 22
Retention Time (min)

\ | 3-OH-BDE47
m/z 516 |
2',6-diOH-BDE68
m/z 546 “ . A
2,2'-diOH-BB80 /OH'te"aBDD
m/z 530 L L
23 24 25

Figure 5. Selected ion monitoring of OH-tetraBDE (m/z 516), diOH-
tetraBDE (m/z 546), and diOH-tetraBB/OH-tetraBDD (m/z 530) in the
methylated phenolic fraction from Jania adhaerens. Some of the peaks
were identified as 6-OH-BDE49 (i = 17.3 min), 3-OH-BDE47 (1 = 18.8 min),
2',6-diOH-BDE68 (#z = 19.4 min), and OH-tetraBDD (15 = 22.0 min).

are produced by the macroalgae themselves or by their associated
symbionts (e.g., cyanobacteria) (23). It has been previously
indicated that the producer of OH-PBDEs in the marine sponge
Dysidea herbacea may be the symbiotic filamentous cyanobacte-
rium Oscillatoria spongeliae (23).

The profiles of OH- and MeO-PBDEs in marine algae were
similar among the five locations on Luzon Island, although
the ratios and concentrations varied among species. However,
the profiles of brominated compounds isolated from the Philippine
algae seem to differ from those isolated in red algae from the
Baltic Sea (9, 33). The Philippine algae produced higher concen-
trations of MeO-tetraBDEs (e.g., 229 ng/g fw in Sargassum aff.
bataanense) than of the corresponding OH-tetraBDEs (e.g., 30
ng/gfwin J. adhaerens), whereas red algae (Ceramium tenuicorne)
from the Baltic Sea contained primarily OH-pentaBDEs (10 ng/g
fw for OH-PBDEs), with smaller amounts of MeO-tetraBDEs
(0.4 ng/g fw for MeO-PBDEs) (33). Additionally, the profiles of
the Philippine algae included 2,2’-diMeO-BB80 and 2/,6-diOH/
diMeO-BDE68, whereas no information about these compounds

was reported for algae from the Baltic Sea. Finally, the Philippine
algae contained OH-tetraBDDs and the corresponding MeO-
tetraBDDs, whereas red algae from the Baltic Sea produced
triBDDs and tetraBDDs (33, 34). Several OH-tetraBDDs, diOH-
tetraBDEs and their methoxylated analogues have been isolated
from Australian marine sponges (35, 36) and Palauan marine
sponges (data not shown), suggesting that the profiles of hydrox-
ylated, dihydroxylated, and methoxylated analogues are com-
mon in the Pacific.

In this study, the highest production of 2'-MeO-BDE68 reached
229 ng/g fw for Sargassum aff. bataanense, which corresponded to
62 ugfg when expressed per gram of extracted organic matter
(EOM). For OH-PBDEs, 6-OH-BDE47 reached 91 ng/g fw in
Sargassum oligosystum, corresponding to 30 ug/g EOM. 2’-MeO-
BDEG68 and 6-MeO-BDE47 have been isolated in the marine
sponge Dysidea sp. from the Asia—Pacific region (36, 37). These
products in sponge tissue (Dysidea sp.) may represent as much as
12% of the dry weight (23). Marine algae such as Sargassum and
Jania sp. are more common in the Philippines’ shallow waters
than marine sponges (Dysidea sp.). As many invertebrates (e.g.,
thorny oyster) feed on these algae, naturally produced MeO-
PBDEs could transfer and bioaccumulate in higher trophic levels
via the food chain (38, 39). On the other hand, OH-PBDEs are
expected to be more water-soluble than MeO-PBDEs and more
mobile in the environment. In fact, they have been isolated in the
blood of fish and animals (12).

The present survey further resulted in the isolation of 2,2’
diMeO-BB80 and 2',6-diMeO-BDE68 from algae. These com-
pounds have also been found to accumulate in bluefin tuna (/4),
tiger sharks (38), and killer whales (79) from Japanese coastal
waters. For the corresponding hydroxylated analogues, 2,2-
diOH-BB80 and 2/,6-diOH-BDE68 were detected at levels of up
to 5.1 ng/g fw in Sargassum or Jania sp. As we measured both
dihydroxylated products as dimethoxy derivatives by GC-MS
(Figure 4), the precursor may be either OH-MeO- or diOH-
analogues. In fact, one product isolated in J. adhaerens was
directly (without derivatization) identified as 2'-OH-6-MeO-
BDE68 (data not shown). 2,2'-diOH-BB80 has been found
to be produced by the marine bacterium, Pseudoalteromonas
phenolica sp. (40), whereas both 2/,6-diOH-BDE68 and 2'-OH-
6-MeO-BDEG68 have been also isolated in marine sponges from
Indonesia (36, 37).
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Previous studies have discussed whether these OH-PBDEs in
marine food webs originate from marine resources or from
brominated flame retardants (e.g., PBDEs) through hepatic
metabolism. This study strongly suggests that the OH-PBDEs
identified are of natural origin because their possible precursors,
such as BDE-47, were undetectable in any of the algae investi-
gated. All of the OH- and MeO-PBDEs identified have the
hydroxy/methoxy group in the ortho position(s) to the diphenyl
ether oxygen and a 2-bromine or 2,4-dibromine substitution in
the nonhydroxylated or nonmethoxylated pheny! ring, which is
common for natural OH- and MeO-PBDEs (37,41).

In addition to OH-PBDEs, we measured 2,4,6-TBP content in
algae. Similar to OH-PBDE, 2,4,6-TBP varied considerably in
concentration across species (from 0.5 to 107 ng/g fw). The
concentration ranges of 2,4,6-TBP observed in this study appear
to be low compared to those in marine algae from Australia (up to
1900 ng/g fw) (2). Seasonal changes in the concentrations of these
compounds may occur (3). Marine algae are a major source of
2,4,6-TBP in herbivorous fish and a contributing source in fish
that are diverse omnivores (4).

The levels of 2,4,6-TBA observed in this study ranged from
<0.02 to 2.2 ng/g fw, which is lower than 2,4,6-TBP levels in most
cases. The 2,4,6-TBA is likely a natural product derived from
bacterial O-methylation of bromophenols (6) rather than a
contaminant derived from man-made flame retardants (5). Be-
cause the ratio of 2,4,6-TBA/2,4,6-TBP varies from <0.01 to
1.44, depending on the species, the different concentration ratios
of hydroxylated and methoxylated analogues in algae may be
attributed to the O-methylation ability of the algae-associated
bacteria.

Many species of algae have been shown to contain bromoper-
oxidases (BPO), capable of brominating organic substrates in the
presence of bromide and hydrogen peroxide (42, 43). BPO
isolated from red algae has been shown to catalyze the bromina-
tion of phenol and 2-hydroxybenzyl alcohol to 2,4,6-TBP (44).
The condensation of 2,4,6-TBP to OH-PBDEs is presumably also
catalyzed by BPO (34), as horseradish chloroperoxidase is known
to catalyze the dimerization of chlorophenols to chlorinated
dibenzo-p-dioxins (45). However, the levels of OH-PBDEs ob-
served in this study were not correlated with those of 2,4,6-TBP
(ANOVA, p > 0.05), indicating that the formation of OH-PBDE
does not always depend on the bromophenol content as a
substrate for BPO.

OH-PBDEs are bioactive against Gram-positive bacteria (22).
Some authors have linked the survival of certain algae to the
presence of volatile organohalogens in interalgal competition as a
defense against bacterial and fungal infections (2,46,47). Thus, it
is possible that OH-PBDE analogues may contribute to the
chemical defenses of the algae. On the other hand, OH-PBDEs
such as 6-OH-BDE47 have been shown to have higher transthyr-
etin binding properties than PBDEs and to disrupt thyroid
hormone homeostasis (¢/). Furthermore, OH-PBDEs possess
neurotoxic properties of environmental significance (48). The
OH-tetraBDDs isolated from J. adhaerens in this study may be
the same as OH-tetraBDD congeners from Australian Dysidea
dendyi that have been reported to be cytotoxic against mouse
Ehrlich carcinoma cells (35). Because human populations have
probably been exposed to these materials through seafood con-
sumption over a long period of time, the exposure may have
historical as well as current health implications.

In conclusion, the present study demonstrates the widespread
occurrence of OH- and MeO-PBDE analogues in marine and
freshwater algae and in angiosperms from the Philippines and
suggests a possible source of such compounds accumulated in
fish and higher trophic organisms in the Asia—Pacific region.

Haraguchi et al.

Our results show that it isimportant to characterize the origin and
occurrence of OH-PBDEs as well as the details of their toxic
properties.
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Summary

We developed for accurate measuring method of mono-hydroxyl polychlorinated biphenyls (HO-PCBs) which has
839 of ideal congeners by coupling comprehensive gas-chromatograph (GC X GC) and high resolution time-of flight mass
spectrometer (HRTOFMS). One hundred and nineteen of HO-PCB standard isomers were measured to determine the
retention time on the two-dimensional chromatograms of GC X GC-HRTOFMS and then the method was applied to river
sediment samples.

Under optimized condition of the GC x GC-HRTOFMS equipped a 5%phenyl/methyl silicorn (as 1st column) and a
50%-phenyl/methyl silicorn capillary column (as 1st column), 111 peaks were obtained on the two-dimensional chromato-
gram. Only 5% of peak separation was improved against generic a GC.

One hundred and fifty two peaks derived from HO-PCBs in river sediment were detected by the GCx GC-HRTOF-
MS although 125 peaks detected by single GC mode. Methyl derivatized HO-PCB was, however, not identified in major
peaks on the chromatograms of the GC X GC-HRTOFMS because of inefficient sensitivity of the detector and foreign
substances.

To more utilize this method, it is necessary to improve sensitivity and dynamic range of detector on a TOFMS and
develop a new software allows easy quantification and identification on data of a GC X GC-HRTOFMS.

Key words: GC % GC, HRTOFMS, simultaneous analysis, 2D-GC, 2D-chromatogram
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Table1 List of standards of hydroxy and methoxy PCBs used for experiments

No. of chlorine Chemical name code Supplyer ___name based on IUPAC
mono-Cl 2-chlorobiphenyl4-of HPCB-10025  AccuStandards  4-HO-CB1
S-chloroblphenyl-2-of HPCB-1001S  AccuStandards $-HO-CB1
3-chlorobiphienyl-d-of HPCB-10035  AccuStandards 4-HO-CB2
4-chlorobiphenyl-4-ol HPCB-1004S __ AccuStandards _4“HO-C83
ool 3 -dichlorobiphenyl-2-of HPCB-20055  AccuStendards 2-HO-CBS5
2',5'dichlorobiphenyl-2-ol HPCB-20018 AccuStandards 2-HO-CBY
2,5dichlorobiphenyl-3-ol HPCB-2002S  AccuStandards 3-HO-CBS
2,5 dichiorobiphenyl-4-ol HPCB-20035  AccuStandards 4-HO-CBS
3 d'dichlorobiphenyl-2-ol HPCB-20065  AccuStandards 2-HO-CB12
3 4dichlorobiphenyl4-0l [*Cegl MdH12 Wellnglon ~ 4-HD-CB12[*C]
3,5-dichiorobiphenyk4-ol HPCB-2004S __ AccuStandards _4-HO-CB14
(=] 2,25 trichlorobiphenyl-3-of BOD7 Or. Okumura _ 3-HO-CB18
2,2,5Irichlorobiphenyl-4-of HPCB-30045  AccuStandards 4-HO-CB18
2,3,3trichlorobiphenyi-2-of B038 Or.Okumura  2-HO-CB20
2,3,3frichlorobiphenyt-4-of B008 Dr.Okumura  4-HO-CB20
2,3,44richlorobiphenyl-2-ol B04S Dr.Okumura  2-HO-CB25
2,3 Arichlorobiphenyl-3-of B00S Dr.Okumura  3-HO-CB25
23, 4-richlorobiphenyl-4-ol 8011 Dr.Okumura  4-HO-CB25
3,4,6-trichlorobiphenyl-3-of B046 Or. Okumura  5-HO-CB25
3,4,6-trichlorobiphenyl-2-o! 8010 Dr.Okumura  6-HO-CB2S
2,35-trichlorobiphenyl-4-ol HPCB-3005S  AccuStandards 4-HO-CB26
2,3 S-trichlorobiphenyi-4-of 8012 Dr.Okumira  4-HO-CB26
3,3,6-trichlorobiphenyt-2-of 8013 Dr.Okumura  6-HO-CB26
5,5 trichtorobiphenyl-2-of HPCB-3002S  AccuStandards 6-HO-CB26
8014 Or.Okumura  6-HO-CB26
8015 Or.Okumura  3-HO-CB28
2,4'8-richloroblphenyl-4-of ["*C1a) MaH28 Wellington -HO-CB29 {°C]
2,48-bichlorobiphenyl-2-of HPCB-3001S  ActuStandards 2-HO-CB30
2,4'8-richloroblphenyl-3-ol HPCB-30035  AccuStandards 3-HO-CB30
2,4,6-trichloroblphenyl-4-of HPCB-30065  AccuStandards 4-HO-CB30
2,4,5-trichloroblphanyl-3-ol 8082 Dr.Okumura  3-HO-CB31
2,4 5-trichlorobiphenyl-4-ol B016 Dr. Okumura  4-HO-CB31
3,4' 6-trichlorobiphenyl-2-of 8017 Dr.Okumura  6-HO-CB31
2,3 4trichlorobiphenyi-4-ol B8040 Or.Okumura  4-HO-CB33
3' 4'6-richloroblphenyl-3-o! B84 Dr. Okumura 5-HO-CB33

trichlorobiphenyl-3-ol B085 Dr. Okumura §-HO-CB34
,3',4"richlorobiphenyl-2-of 8100 Or.Okumura  2-HO-CB35
3,3',4*trichiorabiphenyl-4-ol BO89 Dr.Okumura  4-HO-CB35
3',4,4richlorobiphenyl-3-ol B0S7 Dr. Okumura -HO-CB35
3'4",5-trichlorobiphenyl-2-o! B083 Dr. Okumura
S'trichlorobiphenyl-2-0! B090 Dr. Okumura
trichlorobiphenyl-2-a! 8088 Dr.Okumura  2-HO-CB36
3',54trichiorobiphenyt-4-o! B099 Dr. Okumura V-HO-CB36
trichlorobiphenyi-2-ol BO91 Dr. Okumura  6-HO-CB36

3'4,5'6-tetrachlorobiphenyi-2-ol B120 Dr. Okumura 6-HO-CB68
2'3,4"6tetrachlorobiphenyi-4-of HPCB-40088 ActuStandards 4-HO-CB8S
2'4',5,6tetrachlorobiphanyl-2-ol HPCB-4003S AccuStandards  6-HO-CB8S
2,3'4'5-tetrachlorobiphenyl-4-of B121 Dr. Okumura  4-HO-CB70
3,3.4'6-tetrachlorobipheny|-2-0l B122 Dr. Okumura  8-HO-CB70
2'3,5,5tetrachlorobiphenyl-2-ol B101 Dr. Okumura 2.HO-CB72
HPCB-4009S AccuStandards  4'-HO-CB72

B119 Dr. Okumura 4-HO-CB72

3,34, 5-telrachlorobiphenyl-2-ol 8038 Dr. Okumura 2.HO-CB78
3,3'4',5-tetrachlorobiphenyl-2-o! B104 Dr.Ckumura  2-HO-CB79
3,3,4'5-tetrachlorobiphenyi~d-ol B103 Dr. Okumura 4-HO-CB78
3,3,5,5-tetrachlorobiphenyl-2-ol B117 Dr. Okumura __2-HO-CB80
penta-Cl 2',3,3.5,6-pentachlorobiphenyl-2-of B125 Dr. Okumura  6-HO-CB83

2,2,3'4' 5-pentachlorobiphenyl-4-of
2,2,3'5',6-pentachlorobiphenyl-4-of

HPCB-50038 AccuStandards  4-HO-CB86
HPCB-5004S AccuStandards 4'-HO-CB93

2,234 5™-pentachioro-4-methoxybipheny} 4PMo7 Wellington 4-Me0-CB97
!, 6-pentachlorobiphenyl-3-of BO37 Dr. Okumura 3-HO-CB98
5-pentachlorobiphenyl-3-of HPCB-5008S AccuStandards  3-HO-CB101
,5,5'-pentachiorobiphenyl-4-of HPCB-50098 AccuStandards  4-HO-CB10t
2,3,4',8',8-pentachlorobiphenyi-2-ol HPCB-50108 AccuStendards  6-HO-CB101
2,2'4',6,6'-pentachlorobiphenyl-4-ol 4H104 Waellington '-HO-CB104

HPCB-50058 AccuStandards  4'-HO-CB106
HPCB-5001S AccuStandards  6-HO-CB10§

2'3,3',4',5-pentachlorobiphenyl-4-ol
2',3',4',5,5'pentachlorobiphenyl-2-o!

2,3,3'4' 5-pentachloroblphenyi-4-ol 4H107 Wellington 4-HO-CB107
3,3',4'5,6-pentachlorobiphenyi-2-ol Bo48 Dr. Okumura  6-HO-CB107
2,3,3,4'5-pentachlorobiphenyl-4-of 4H108 (95%)  Wellington 4-HO-CB108
2,3',45,6-pentachiorobiphenyk-3-ol B126 Dr.Okumura  5-HO-CB110
3,3'5,5',6-pentachlorobiphenyt-2-ol B043 Dr, Okumura 6-HO-CB111
2,33/ pentachlorobiphenyi-4-of HPCB-50068 AccuStandards  4-HO-CB112
2.,3'5,5'§-pentachlorobiphenyl-2-of HPCB-50028 AccuStandards  6-HO-CB112
2,3,4,4,5-pentachloro-2-methoxybipheny! 2PM114 Wellington '-MeO-CB114
2,3,5,5'6-pantachlorobipheny}-3-of B127 Dr. Okumura  5-HO-CB113
2,3',4,4'5-pentachioroblphenyl-3-ot 3H118 Wellington 3-HO-CB118
2,3'4,4'6-pentachlorobiphenyl-3-ol 8050 Dr. Okumura  3-HO-CB119
2,3',4,5,5-pentachloro-4'-methoxybiphenyl 4PM120 Wellington -MeO-CB120
23,4'5,5-pentachlorobiphenyl-4-o! {°C,,} M4H120 Wellington 4-Ho-CB120 [P}
2,3,4'5,8-pentachioroblphenyi-2-ol Bt24 Dr. Okumura  2-HO-CB121
2,3,4,5'6-pentachiorobiphenyl-3-ol BO47 Dr. Okumura  3-HO-CB121
2,3,4'5,6-penlachiorobiphenyl-4-ol HPCB-5007S AccuStandards  4-HO-CB121
3,3'4,5,5pentachloro-4'methoxybiphenyl APM127 Wellington 4-Me0O-CB127
hexa-Cl 2,2',3,3'4' 5-hexachiorobiphenyi-d-ol 4H130 Waeliington 4-HO-CB130
2,2'3,3',5,6-hexachloro-4-methoxybiphenyl 4M134 ‘Wellington 4-MeO-CB134
2,2',3',4,4',5-hexachiorobiphenyl-3-ol 3H138 Waellington -HO-CB138
2,23,4,5,5hexachlorobiphenyl-4-of 4H146 Wellington 4-HO-CB146
6,6'-hexachloro-3,3-dimethoxybiphenyl 33PDM15S Wellington 3,3-2Me0-CB155

-hexachlorobiphenyl-4-of HPCB-6001S AccuStandards  4-HO-CB159

frichlorobiphenyl-2-ol oo B e 4.5,5"hexachiorablphenyl-d-of {°C,q] MaH159 Wellnglon ~ 4-HO-CB159 [G]
Tetracl Bo42 Br. Okumura — 4-HO-CBA4 233,4,5,5"hexachioro4 methoxybiphenyl aM162 Wellington 4-Me0-CB162
8105 Or.Okumura  2-HO-CBA45 2,3,3.4'5,6-hexachloro-4-methoxybiphenyl 4M163 Wellington 4-MeO-CB163
tetrachlorobiphenyl-2-0l BO36 Dr.Okumura  6-HO-CB49 2,3,3 5,5 6-hexachiorobiphenyl-4-of HPCB-6002S  AccuStandards 4-HO-CB165
tetrachlorobiphenyi-d-ol HPCB-40065  AccuStandards 4-HO-CBS0 2,2,3,3,4'5,5"heptachlorobiphenyl-4-ol 4HI72 Wellingtan 4-HO-CB172
2,25 6-tetrachloroblphenyl-3-of Bi15 Dr. Okumura .HO-CB53 2,2,3,3\4,5,5-heptachlorobiphenyl-4-ol[ *Cya] M4H172 Wellington -HO-CB172 [°C]
2,2.6,6-tetrachlorobiphenyl-d-ol 4H54 Wellingtan 4HO-CBS4 2,2/,3,345,6-heplachloro-4-methoxyhiphenyl am177 Wellington 4-MeO-CBI77
23,3 4-tetrachlorobiphenyl-2-0) BO44 Dr, Okumura  2-HO-CB56 ',6-heptachioro-4-methoxybipheny! 4M178 Wellington 4-MeO-CB178
2',3,3'5-tetrachforobiphenyl-2-ot BO41 Dr, Okumura HO-CB58 3H180 Wellington -HO-CB180
3.5, 5' 6-tetrachlorobiphenyl-2-ot 8102 Dr.Okumura  6-HO-CBSB 3PM182 Weliington 3-Me0-CB182
" 5-tetrachiorabiphenyl-2-ol B114 Dr. Okumura -HO-CBB0 3PM183 Wellington 3-MeO-CB183
HPCB-4001S8 AccuStandards  2-HO-CB61 22,34/ 4 \8,6-heptachioro-3-methoxybiphenyl 3PM184 Waeliingtan 3-Me0-CB184
HPCB-4004S AccuStandards  3-KO-CBB1 2,2 5,5'6-heptachlorobiphenyl-4-o 4H187 ‘Wellington 4-HO-CB187
HPCB-4007S AccuStandards  4-HO-CB61 2,2,3,4'5,5'6-heptachloroblphenyl-d-ol {°C,;] M4H187 Wellington 4-HO-CB187 [°¢)
M4Hs1 Wellington 4-HO-CBG! [°C) 2.3,34.5,5 6-heptachloro-4-methoxybiph 4M193 Wellington 4-MeO-CB193
HPCB-4002S  AccuStandards 2-HO-CB6S octa-Cl 2,2'3,3 455 6-oclachioro-4-methoxybiphenyl 4PM19B(4PM199) Wellinglon 4-MeD-CB189
HPCB-40055  AccuStandards 3-HO-CB6S 2,2/,3,3.,4,5,5,6-octachloro-4-methoxybiphenyl 4PM198 Wellington -MeO-CB198
HPCB4010S  AcouStandords 4-HO-CBES 2,2,3,3,4,5,6,6-octachloro-4methoxybiphenyl 4PM200 Wellington 4-Me0-CB200
B116 Dr.Okumura  3-HO-CBEG 2,2,3,3,4,56,6octachloro-4'-methoxybiphenyl 4PM201 Waellington 4-MeO-CB201
8123 Dr.Okumura  5-HO-CBE6 2,2,3,3.5.5.6,6-oclachloro-4-methoxybiphenyl 4M202 Wellinglon 4-Me0-CB202
2, a, S-letrachloroblphenyl-2-ol Bit1 Dr.Okumura  2-HO-CBEB 2,2,3,3.5,5 6,6 -oclachloro-4,4-dimethoxybiphenyl  44PDM202 Welington 4,4-2Me0-CB202
2,3',4,5tatrachiorobiphenyl-3-of B112 Dr. Okumura 3-HO-CB68 2,2,3,4,4'5,5' 6-octachloro-3-methoxybiphenyl 3PM203 Wellington 3-Me0-CB203
34,5’ §-tetrachlorobiphenyl-3-ol B113 Dr.Okumura  5-HO-CBEB nona-C 2,2.3,34.5.5\6 6 nonachloro-4-methoxybiphenyl __4PM208 Wellington 4MeO-CB208
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FEBRAYD 2mLSA T V) FTIT o 7o 100 ng/pl OEHERE
SuL (/ F VB 1, A%/ —n20qu, PLIY70uL, b X
FNT TV AY Y (TMS-DAM) % 10pL@fnL, ZRT20 58
FREBL, AFLVFEEETo. ERBENERICARENE
LLTRBCTRMAEENTA M FT PCBR#RMLTAMELL L
A

2. 3 EHESH

ARFZRIziE, Sl 0FED 2L o THER, FEMAL (X7
ML) SRR NEE A R L. 247 70— % Fig. 1
R T BEL-5-20g DEEZIZ, £2.6.21ZRFTBC Ik
BLPCBs # & 10ng WML, 7P FUNTRE SHHLA
%, WMEEEEOCDEICL Y SR, AFT TR IHE L
WAL I 2 KB PCB &~ ¥ v BICER, BME 70
VI NA— b v P H T s (Sep-Pak Plus Florisil, 7 #—% —X#t
B THEE L/ 0.5% - VZFNL—F N/ ~NFF VERE6mL
TR R BEE % 50%-TEbYAY )= 6mLTK
B:{t PCB % [EUX L 7o 7KEHL PCB EI%- % 8@ <8l  CIlRMERE, &
B AF NI 3M-KEMEB Y A ST ) — VIR EMAT, A
FNVEBE L. TOBWEHT0T T LFEAMEAL %, HH
KEAFHIEMZ, |EIHEBZIT, 70 INA-2 YT
DALV BERE L. AFF Y 2mLIc X DREWEZEL -
BEL72% 5% - SITFNI—FN/ ~FH6mLTA PFY
PCB (7Kt PCB MF&EFL) % EH - BIlLA, ZOXAMF
L PCBEZ##EMm L, HAHRE L

[ Sample ] 1-30 g of sample
(ex. sediment, biolosical sample)
[ Extraction | spiking with '°C labeled HO-PCBs

| 30 mL of CH;CN x 3 times
[ Rinsewith hexane |
[ 20 mL + 10 mL of hexane

| Rinse with water |
250 mL of 10%-NaClag
50 mL of hexane x 2 times
[ Cleanup |
Sep-Pak Plus Florisil
6 mL of 0.5%-(C;H5),0/hexane
for PCBs
6 mL of 50%-acetone/CH;OH
| Concentration | for HO-PCBs
l
{ Derivatization |
0.2 mL of 3M-KOH/C,HsOH
0.5 mL of (CH3),SO4 or (C,Hg),SO0,
[ Digestion by Alkarine |
| 3.3 mL of 3M-KOH/C,HsOH
{ Re-extraction |
4 mL of 10%-NaClaq
2 mL of hexane x 2 times
| Cleanup |

Sep-Pak Plus Florisil
2 mL of hexane for waste
6 mL of 5%-(C,Hs),O/hexane
for MeO-PCBs (EtO-PCBs)

[ Measurement ]

GCxGC-HRTOFMS
A Zoex KT-2004 in an Agilent 6890 -
a JEOL JMS T100-GC
Fig.1 Flow chart of analytical method for HO-PCBs in environ-
mental samples
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2. 4 AEEE
BEEBEICIE, Zoex KT2004 GC x GC (¥ A7 Vit) 2&EEL
726800 GC(7 YL v b 72/ u ¥ —#E) B X U JMS-T100 GC(H
BEFHE) F BV, ABEANE, A7y PLAARICL YT
oo BALEGCHFYES Y —2T 01, WHE~ONAERZE

CEL, BEROSVH S AOEASHESTND L LT E—0T

A% InertCap 5 MS/Sil (B&60m, WHO0.25mm, BEO luym:
eI NH ALV ARE 5% - Tz VS RAF N T=),
# % 5 A % InertCap 17 MS/Sil (£ & 1.5m, W0 075 mm,
BEQ lum; P—I VYA 2y AR 50%-7x=V/ 2F
My a—Yv) OlsEhE, -7 50°HI8 (B2 60m, W
#0.25mm, BEO0 25mm ; SGE+L8) 5% F A2 InertCap
17MS/Sil (B€1m, WEOImm EEO0lmm: V—xuiAg
Iy AR ofsashE, —KRITTH GC AT LW DB-5 (RE
60m, PIFZ0.25mmEE0.25um; 7V V¥ b7y ud—H)
LETH S5 AH% InertCap 17MS/Sil (BE 1m, WEO 1mm, R
Eolmm: ¥y—INH Ay AHE) ZowTHe Lz, 24
FABTHFY) T —FABEE  130em/F, £V2L -3
VR 3~4®, VU —-AKH 0.3, -7 TUsI LA
100C (1538 180CETT/ FHE20CET2C/ 75
B30CETTS5T/HHIR OHRF), MSA 4 V{LEE 5V,
4 4 AL E ¥ : 600pA, MCP EE ; 2500 ~ 2700 V, HEEWHE,
35-600m/z, 7 — ¥ RERHE 0. U B TREETo 7. REEAX
BEE, 230~350C & L7,

AL, A=TrTurIagHE BRICBIETA4FY
v, PCBRIZEDOREEL L7

F— ¥ MEE, IMS-TIOGC K L BAPET— 5527 —F <
F=T ¥ (BRBFHE) TAIA 75— b (cd) ICERE,
MASSTransit (Palisade #8) X DV FF A+ 77 1 MIZERL,
MS-Excel 2003 8 L 182007 (w4 70y 7 hES) ETEMET S
BEO=z 07075 0L ) EREBEEITo70

3. BREEE

3. 1 FEHECOVWT

ARFFETIE, AKBHL PCB O F#EMALEL L THREAFZ VAT
MED S B, BEKICL B FEMMEEIZLDEFNS O LY R
FAVYNI TV AY Y (TMS-DAM) 2L % 2 FIVIEERE L7
KEL PCB BRI T 2 BBEFEMLEHORFORR, 2T
MEREOE ARG LY, FEMLESLERY BT D
BTG ot AFMUBBIZRAY /= VEGRMLEDPo7GE
(EES S (/F Y8 &, bvZy 0ul, FPURAFALTT
VA% v (TMS-DAM) # 10uL #shn) o, FEECRERMED
HERMAEVES, AMFTYPCB DL M) AF VI VPCB
(TMS-PCB) O&ERIPEZEII R o7 (Fig.2)o LAL, 2% /-
20uL FHEMT 5 Z &2 & Y TMS-PCB DERITIZLEAEALNE
{ 2o

3.2 A M¥Y PCBIEERICLS GC X GC AEEHRHAOHE
BEENA ¥ PCBEBRFELEROBEEEM (T=2) U}
VB RHWT, GCH T LADREIRE GCEHORBIER-
7oo X UBDI, PCBOREESFTIZBVLNE —FE%GCH
5 ALTHSHT-8 (SCEHE) #E—»S5 2L LTHRE LA, &
THSARFEREOSN% - T2 AFNVY )TV RAT
AT 5 InertCap 17MS/Sil (¥V—xzvH 4 x>y AtE) 2Hw
Tro ZOWELEMR Table 212RTo WEOKES, FBEMAEINIE
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Fig.2 Total ion and selected ion chromatograms and mass spectra of major peaks after derivatization of HO-PCB standards by TMS-DAT

This is an example of derivatization of 4 -HO-2',3 4' -TrCB

NARODE-IHGCXGCrZUT M T A FIZHERATE . GC
FHEEZOORE LAY, TR EOY— 2 SBIIHETE SR
ot BIZIEAFFY PCBORBILRBEADELERIZIZSE
BEFPEINT WAL, GCXGCruT 75, LICHERT
XLV -2 BESETH o7 $72, A+ FYPCBOAEILR
BHEEEROBEAR TN LY -2 HII6KTH o770 KIC,
POPs 2 O EBMERBHFEYWEOREI—BBICAVLRT
VRMIBEBENT L B%-Tzo NS AFNYYa—VR) TH
BDB-5ms (7YVYhFo/ud—#E) 28—h56k L
T, BEWAEHERA. MESEMEE Table 3IRT, BT DO
B OBHEOBUGEYRNEAOY - S BTIZI L RHERL
oo TEEL-Y — 27 OEIZ, HT-8ICHRDB-5DEPE %o

7zo 8TEOBRMUGEEL X P ¥V PCB O AELAGFERE LTI,
TEOY — 2 PHEZETE (HT-8TIE5A), 7TEDOX % PCB
ORBILEEFEIETHTET LI ENTEA (HT-8TX64KD
¥—2), 72721, Fig. 3RV 4R+ X512, HT-8 & DB-5 %
BMCHERALAE (BE0 GCo) Haicid, HT-8 THRETRIZH
DB-5 TIdHBEL < 22 BMEL H ol o T, SHBE LA
A+ % PCB &#EIZowvTIE, DB-5 & InertCapl7?ms/Sil D
AEDLEPTEICHELTVDE VLS,

3. 3 ZKEHMEPCBEHRICLS GC X GC RIFEHOMHS
126 FE 0D — ~ FuiE bk Bk PCB B4 O 4+ DE¥-E % GC x
GC-HRTOFMS iz X Wl L, &EMHAED GC x GC REHE %
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Table 2 Parameters of a GC X GC-HRTOFMS for measurement of MeO-PCBs (4)

column for the modurator:
oven program:

injector temp:

injection mode:

initial head pressure:

GCxGC
GCxGC: Agilent 6890N equipped Zoex KT2004
GC columns: 1st: SGE HT8, 60 m, 0.25 mml.D, film thickness 0.25 ym

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mml.D, film thickness 0.1 ym
1.5m, 0.1mml.D.
100 °C (1 min) - 20 °C/min - 180 °C — 3 °C/min - 320 °C (hold)
280 °C
Splitless, constant flow
427 kPa (100°C)

linier velosity on out side of column: 170 cm/s
moduration period: 5 sec
hot jet gas blow time: 0.3 sec

MS
MS: JEOL JMS-T100GC
m/z range: 300-500
MCP voltage: 2500V
ionizatio mode: El+, 70 eV, 300 pA
data sampring period: 0.04 sec (25 Hz)

Table 3 Parameters of a GC X GC-HRTOFMS for measurement of MeO-PCBs (B)

column for the modurator:
oven program:

injector temp:

injection mode:

initial head pressure:

GCxGC
GCxGC: Agilent 6890N equipped Zoex KT2004
GC columns: 1st: Agilent DB-5ms, 60 m, 0.25 mml.D, film thickness 0.25 ym

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mmL.D, film thickness 0.1 um
1.5 m, 0.1 mml.D.
120 °C (1 min) - 20 °C/min - 180 °C - 2 °C/min - 320 °C (hold)
280 °C
Splitless, constant flow
643 kPa (120°C)

ionizatio mode:
data sampring period:

linier velosity on out side of column: 170 cm/s
moduration period: 3 sec
hot jet gas blow time: 0.35 sec

MS
MS: JEOL JMS-T100GC
m/z range: 300-500
MCP voltage: 2500V

El+, 35 eV, 300 YA
0.04 sec (25 Hz)

250 T35 79107.356 69107, 7 EF+ 7 BHIEHeIve 001
x0° 3 08597

A1 355.19107-355.99107: / Bl
<10 BSIE 16763) S

pB-5

T
320
Z3BH3Rmin]

A1 1369, 75208, 309 05208, / EF 7 FILEIRIEE 001
X10° B4IE (15445) ~
15 836
HTS f
T gm ] l
44166 5 ] I 46497
4% M
T w w0 a0
Fﬂ[mln] i3]
<7 2,111 1389.75206.389.95208; / El+ / ilajs}ék 001
385 6666
125 32578 ,3 457
sl DB-5
o
{\ 2000 323
R e : :
340 20
EJE»!v’iRS[mm]

m/z 355.89107+0.025 Da (-CIx5, -OHx1)

Fig.3 Comparison of peak separation of methoxylated HO-
PeCB isomers on HT-8 and DB-5 GC columns

m/z 389.85208+0.025 Da (-Clx6, -OHx1)

HxCB isomers on HT-8 and DB-5 GC columns
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Fig.4 Comparison of peak separation of methoxylated HO-



BL, MANREEEEER L, FA LKLt PCBERR, &
BRILEM, GC x GC-HRTOFMS Dl 4% # %N Table 4
RUSITR L7, KBME PCB OE#FIZ, 2.6.2. 2 O F#EMA{LE
Wi THEMLL, Z0IbD1~2pL % HME L. B DR
BEO—REBLVZRTZ 07 b 75 A LORERE % Table 6
V2R AFFIEICMEE L7z Zoex KT-2004 & JMS-TI00GC i, &
b |2 Agilent 6890 GC DA ¥ — MEB IR 5 & ) ICfkE L7278
6890 GC & JMS-T100 GC O EF EE I X EB OBBENTNT v F
BHEZEFAENPIR o (ZOBKIE, A—h— bHERERY
A5, 20094E 3 BHRETRMISTE TV RV),, ZDRERBEREO
NIUFE, BEOGC TOWUBCBVWTIRHELR LWL AL
THEN, TVal—vaVHEB (CTRTE GCRERM) 278
D GC x GC TH, REZMEE 2B, TZT, Frald, BEREHR
AR UkBE{E PCB (X b %3 PCB) BEMAICE—DBC S~
SN A MF T PCBAAREERE (IS) L LTHML, 20IS%E
BIZL, FREAEDGC x GCRIFHMEMIEL . T/, &K
05 H GC x GCRFEMPRSF BIECBHTZ) 84
EORBERE 1 & L2EE0, HXREFRE D 2UuAEICEgL
Tzo Fiz, AEGHOERSHOBMER, BEOREEDELGER
& (MPCB-MXA ~MXD) %#lZEL, 2ORFREMLEHLELZ
Ll DITo7. Fig. 512, BB L& TO R ¥ PCB EM4
ORFER® RITEARE LTRT. 0L Y, —KRTH GC D
BFEHEAFREVCEMSEIICZRITE GC ORFHHIEVENICSH 2
ZEFBFPE, LAL, ZRTH GCIZBIT 5 RIFEMITESEEIC
INVKELELZ-TEY, SHOMEEE(EVa V- a VB4

B) TR, 1HEDEY2L—Y 3 Y TETOREEINERL 2
2EBUENDEY2V—-v s VICBHETEHER (F—rF—i3—)
PEBEINZ, SEITFIC—KRTE GC BT 2R EE BICES
EBE, EValL—TaVvHBERELLAILSERLLLELZD
Nod, KBE (X PFVE) OBFRMUEL ZRITH GC RFEREO
BT P OBEBRBERWZRBZE2HELAY, SEOGCH S
L DA EDETIIEREL FHEFERIERTE 2P 072,

SEO GC x GCHEEHIZBI 2 RUETER (E-28) %
BRI Table 7 KR T, HBO70, A—EE%BED GCIC
IWEA—%&M (EV21—3Y3YDA0FF) THELZSHEGOS
BEY - 2% B0%B0HE) LLETsL, BEOGCTHBETE
oo gis (BEE)  ERICEEE 5, RRREEE 2, S
HALEGRE 2, LEAFERE 2PGC x GCILI W HBET LT
EDMERT & V2o F7o, NMERMOEH S HIBE IR SN Bk
B{L PCB % X b ¥ 2 F#EAL L7 2,3,3 4 5-pentachloro-4-methoxy
biphenyl,2,2',3 ,4',5,5"-hexachloro-4-methoxybiphenyl,2,2',3’
4,4 ,5-hexachloro-3-methoxybiphenyl,2,2,3,4,5,5 ,6-
heptachloro-4-methoxybiphenyl,2,2',3,3',4,5 ,5 -heptachloro-4'-
methoxybiphenyl,2,2",3,4",5,5 6-heptachloro-4-
methoxybiphneyl,2,2',3,3',4 ,5,5 -heptachloro-4 -methoxybiphenyl {22
WL, @THBETAZ L 2R L (Fig.6). 12 2,2,3,3' 4,5,
5'-heptachloro-4'-methoxybiphenyl & 2,2',3 4',5,5 6 -hepta-chloro-4-
methoxy biphneyl 1%, BE D GC TRGBEI N TV do7,

Table4 Conditions of derivatizing for hydroxy PCBs by TMS-DAM

After combing the reagents, they were kept at room temperature (about 20 C) for 30 mins or more over

Derivatizing reagent

Trimethylsilyldiazomethane(TMS-DAM) (10v/v% in Hexane)

Composition of reagents, solvents and sample solution. Amount
Standard ( Nonane or Isooctane ) 1-5pl
IS { MMPCB-MXA ) PCB-MeO (Nonane) 10ul
Methanol 20ul
Toluene 70ul
TMS-DAM 10pl

Table 5 Informations and Parameters of a GC X GC-HRTOFMS for measurement of MeO-PCBs in river sedement samples

column for the modurator: 1.5m, 0.1 mmi.D.
oven program:
injector temp: 280 °C
injection mode:
initial head pressure: 643 kPa (120°C)
linier velosity on out side of column: 170 cm/s

moduration period: 4 sec

GCxGC
GCxGC: Agilent 6890N equipped Zoex KT2004
GC columns: 1st: GL Science InertCap5MS/SIL, 60 m, 0.25 mml.D, film thickness 0.25 pm

2nd: GL Science InertCap17MS/SIL, 1 m, 0.1 mml.D, film thickness 0.1 um
100 °C (1 min) > 20 °C/min ~ 150 °C - 2 °C/min - 250 °C - 6 °C/min - 300 °C ( hold )

Splitless, constant flow

hot jet gas blow time: 0.3 sec

IMS
MS: JEOL JMS-T100GC
m/z range: 35-550
MCP voltage: 2500V
ionizatio mode: El+, 35 eV, 600 pA
data sampring period: 0.04 sec (25 Hz)

— 166 —



Table 6 Retention times of methoxy PCBs on GC x GC
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Fig.5 2D-mapping of retention times of MeO-PCB isomers on a GC X GC
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D m@und name [a0108 .33 2.281
0015 [5-Chiorobiphenyl-2 X § {B11 13 8
0025 |2 chlorwmethuxxbnghenyt 21.27 .908 B11 etrachloro-3-methoxybiphneyl 4T 3

MoCB-OMe 0035 3-Chlc 4 iphenyl 2473 .058 40048 [2'; “Tetrachloro-3-methoxybipheny! 40.73 0
hlcro-‘i—melhoﬂblghenﬂ 25.20 820 |B123 3',4,4',6-Tetrachloro-3-methoxybiphneyl 41.67 .161
20018 _|2',5-Dicrlora-2-methoxybipheny! 23.60 773 40075 |2.3'4'.5-T¢ 4-methoxybiphenyl 424 478
20055 {2',3-Dichloro-2-methoxybiphen: 24.87 .4 121 |2,3'4' 5-Tetrachloro-4-methoxybiphenyt 42.47 2.756
20025__|2'5-Dichloro-3-methoxybiphenyl 26.93 . 4PM79 |3,3'4',5-Tetrachloro-d-methoxybiphenyt 42.6 1.765
DiCE-OMe 20048 s.EA:schloma:-memogbiphenyl 27.87 6 [Pc-TecB-oMe 2,3,4,5-Tetrachloro-4'-methoxy["*Cy,lbiphenyl 42.47 2.478
20035 |2',5"-Dichloro-4-methoxybiphenyi 28.4° . 5,6"-Penatchloro-2-methoxybiphenyl 35.87 0.690
20068 _|3',4"-Dichloro-2-methoxybiphenyl 28.47 .320 :en;chloro-Z—mehox::lp:enyll g;‘;g (1):;:;
3001S__|2',4',6'-Trichloro-2-methoxybiphenyl 26. .849 ,5',6-Pentachloro-2-methoxybiphneyl . X
B049 2',3,4'-Trichloro-2-methoxybiphneyl 27. .700 BO37 2 2‘3 /4,6-Pentachloro-3-methoxybiphenyl 38.80 2.161
BO1Q 3'.4,6-trichioro-2-methoxybiphenyl 27. .770 B125 2',3,3",5,6-Pentachloro-2-methoxybiphenyl 38.80 2160
B039 2,3,3-Trichloro-2-methoxybiphenyl 28.73 .562. 50078 |2',3,3',5',6'-Penatchloro-4-methoxybiphenyl 39.33 1.168
B0O17 3,4' 6-trichloro-2-methoxybiphenyl 28.80 .970 B047 2,3'4,5',6-Pentachioro-3-methoxybiphenyl 39.47 0.830
B0SO 3,3',5Trichloro-2-methoxybighenyl 29.20 . 462 50028 [2',3'5,5',6-Penatachloro-2-methoxybiphenyl 40.33 2517
0038 {2'4',6™Trichioro-3: iphenyl 29.33 .007 B048 3,3',4',5,6-Pentachloro-2-methoxybiphenyl 41.73 1.802
098 ,3',5-trichloro-2-methoxybihenyl 29.73 492 50045 |2,2'3'5'6-Pentachloro-4-methoxybiphenyl 41.80 2.755
025 5,5 Trichloro-2-methoxybiphenyl 30.53 .524 B0OS0  |2,3'4,4'6-Pentachioro-3-methoxybiphenyl 42.07 1.762
B045 ,4',5-Trichloro-2- iphenyl 30.60 540 PeCB-OMe 4PM120 |2,3'4,5,5-Penatchloro-4™-methoxybiphenyt 44,07 1.485
06S Trichloro-4-methoxybipheny! 30.67 ,324 4PM101 {2,2'4,5,5"Pentachloro-4'-methoxybiphenyl 44.20 2.558
045 Trichloro-4-methoxybiphenyl 31.53 722 5009S  |2,2',4',5,5-Penatchioro-4-methoxybiphenyt 44.27 2398
BO1 K rlchloro-z-methogbighneﬂ 31.7: 404 2PM114 |2,3,4,4',5-Penatchioro-2-methoxybiphenyl 44.67 2635
i-B 0 ,2', 5-trichioro-3-methoxybipheny! 31.8' 7 50018 |2,3'4',5,5'-Penatchioro-2-methoxybiphenyl 4473 2557
TrCB-OMe |B 09 2,3" 4- richloro-3-methoxybiphenyl 9! 445 50068 |2',3,3',5',6-Pentachloro-4-methoxybiphenyl 45.60 3.430
“trichlora-3-methoxybiphneyl .6 .562 50038 [2,2',3'4',5"-pentachloro-4-biphenyl 45.60 2754
richloro-3-methoxybiphenyl .20 .96 3M118 |2,3'4,4',5-Pentachioro-3-methoxybiphenyl 46.00 2.280
Trichloro-2-methoxybipheny! 33.27 .40! 4PM108 |2,3,3',4,5-Penatchloro-4-methoxybiphenyl 46.13 2635
Trichioro-2-methoxybiphenyl 33.53 .20/ 4M107  12,3,3'4',5-Pentachloro-4-methoxybiphenyl 46.27 2.398
-Trichloro-3-met! p 34.20 .88: 4PMOT 2,23, Pentachloro-4-methoxybiphneyl 46.60 3.551
~Trichloro-4-methoxybif hen 1 35,00 .038 4PM127 [3,3" Pentachloro-4'-methoxybiphenyl 49.07 2.040
6-Trichloro-3-methoxybiphenyl 35.53 .802 50058 enatchloro-4-methoxybiphenyl 50.00 3.628
-Trichloro-4-methoxybiphenyl 35.60 437 4M134 '3,3',5,8-Hexachloro-4-methoxybiphenyt 46.33 3.310
4'-trichloro-4-methoxybiphneyl 35.67 .398 60025 [2,3,3',5,5',6'-Hexachioro-4-methoxybipheny! 46.73 2.360
Trichioro-4- elhoxyblghenyl 35.67 .397 4M146  |2,2'3,4'5,5%Hexachloro-4-methoxybiphenyl 47.20 2278
richioro-4-me 36.27 280 3PM138 {2,2',3'4,4',5-Hexachloro-3-methoxybiphenyl 49.07 3.228
“Trichloro-4-methoxybi hen 37.00 389 HxCB-OMe 4PM130 ',4' 5-Hexachloro-4-methoxybiphenyl 48.27 3.390
3,5 Trichloro-4-methoxybiphenyl 38.47 157 4M163  |2,3,3',4',5,6-Hexachloro-4-methoxybiphenyl 48,80 3.272
' 4,4'richloro-3-methoxybiphenyl 39.40 791 6001S  |2',3,3'4',5,5-Hepatchloro-4-methoxybiphenyl 5147 2715
SC-TrCB-OMe  |[M4M29 |2 4,5-Trichloro-4-methoxy ‘°Culbiphenyl 34.87 0.722 4;M159 ; 34,5, :exact:]mﬁme!hoxy:fp:neyl g:SZ 2;:2
,5'-Tetrachloro-2-methoxybiphenyl 32.53 .343 [4M 162 {exachlor methoxybip! enﬂ K )
K ,6'-Tatrachloro—z-methoybiphenyi 32,87 278 3PM184 [2. ,6-Hepatchloro-3-methoxybiphenyl 46.80 1.962
,5',8'-Tetrachloro-2-methoxybiphenyl .07 .080 4M178  [2,2') 'G~Hegtachloro—4—mehoxzblghenﬂ 50.07 2.638
,5'-tetrachloro-2-methoxybiphneyl .07 .137 3PM183 [2,2', ~Heptachloro-3-methoxybiphneyl 50.27 2.755
' 6-Tetrachloro-2-methoxy biphenyl .33 766 3PM182 ,4',5,6'-Heptachloro-3-methoxybiphneyl 50.27 2478
-tetrachloro-2-methoxybiphenyl 4.00 .248 HpCB-OMe 4M177_|2,2'3,3',4',5,6-Heptachloro-4-methoxybiphe: 53.00 4.693
-Tetrachloro-4-methoxybiphenyl 4.07 1.566 3PM180 {2,2', 5,5-Heptachloro-3',methoxybiphenyl .20 2.360
',5,5'-Tetrachloro-2-methoxybiphenyl 4.47 0.026 4PM172 5,5-Heptachloro-4-methoxybipheny! .33 2.320
B114 ",4,4' 5-tetarchioro-2-methoxybiphenyl 35.20 1.805 4PM187 5:&Hevtachlor0-4-melhoxyblyhneyl .33 2,359
B115 ,2'5' 6-tetrachloro-3-methoxybipheny! 35.6 2.676 4M193 5',6-Heptachloro-4-methoxybiphenyl .87 2.003
B120___ |3 4,5.6-etrachioro-2-methoxybiphenyl 357 1405 15 MaM187 5,56+ 4-methoxy["*CyzJbipheny! 50.67 2835
B044 ',3,3'4'-Tetarchloro-2-methoxybiphenyl 36.1 2.201 C-HpCB-OMe M4M172 |2, ,4,5,5'-HeEtachloro-4'-methoxx "Cag bighenxl 54.33 2400
40058 _|2'3'5'.6Tetrachloro-3-methoxybiphenyl .7 120 4M202 6,6-Octachloro-4-methoxybiphenyi 52.80 3.710
TecE-OMe B112 _|2,3'4,5-Tetrachloro-3-methoxybiphneyl .0 .87 4PM201 6,6-Octachloro-4-methoxybiphenyl 53.40 3273
40018 §'-Tetrachloro-2-methoxybiphenyl 7.0 24 oCB-OMe 3PM203 |2,2'3,4,4',5,5',6-Octachloro-3-methoxybiphenyl 56.33 1.090
038 3 4% 5 tetrachloro-2-methoxybiphenyl 7. 97! 4PM198 4,5,5',6-Octachloro-4-methoxybiphenyl 56.47 1170
40098 _{2',3,6,5 Tetrachloro-4-methoxybiphenyl 1.01 4PM199 4,5,5'6-Octachioro-4-methoxybiphenyl 56.67 1.138
{B105 ,2',3,6-Tetrachloro-3-methoxybiphneyl ) 3.54 4PM200 {2,2' 5.6,6-Octachlora-4-methoxybiph enyl §7.27 1.368
40085 _[2,3,4'6"Tetrachloro-4-methoxybiphenyl A 2.23 NoCB-OMe 4PM208 |2.2,3,3.4,5,5 6,6-Nonachloro-4" nyl- 58,13 0.385
102 ',5,5',6-Tetrachloro-2-methoxybiphneyl 1.923
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Table7 Number of isorated peaks on a GC x GC, standard
isomers used for this experiment and ideal number of
HO-PCB isomers
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Fig.6 2D-mapping of major isomers and the others of MeO-PCB in biological samples on a GC X GC
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Fig.7 2D-map of MeO-PCB isomers over layed on 2D-total ion chromatogram of urban river sedeiment measﬁred by a GC X GC-HRTOFMS
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Fig.8 2D-map of MeO-PCB isomers over layed on 2D-recomposed ion chromatogram (for MeO-PCBs) of urban river sedeiment measured
by a GC x GC-HRTOFMS
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