HUMAN EXPOSURE I (LEVEL AND TRENDS)

samples (0.5 g x 12 months; total, 6 g per person) were prepared, and each pool was regarded as a representative
sample of each set. In addition, 2 brands of commercially pooled human serum (“L-Consera N™ and “L-Suitrol
1,” both purchased from Nissui Pharmaceutical, Tokyo, Japan) were used as in-house reference materials. The
mean + standard deviation (SD) age of the 10 participants was 22 + 1 years (range, 18-22 years). The mean +
SD abstinence time was 3.1 + 0.4 days (range, 2.6-3.8 days).

Chemicals: Standard mixture solutions of native PBDEs (BDE-AAP-A-15X) were purchased from
AccuStandard (New Haven, CT, USA), and B3C,,-labeled PBDEs (MBDE-MXC) were purchased from
Wellington Laboratories (Ontario, Canada). In this study, 29 PBDE congeners having 3 to 7 bromine atoms were
monitored. The PBDE numbers are assigned according to the [IUPAC PCB nomenclature. Acetone, acetonitrile,
and n-hexane of pesticide analysis grade; ammonium sulfate of biochemistry grade; and 44% sulfuric acid-
impregnated silica gel and n-nonane of dioxin analysis grade were purchased from Wako Pure Chemicals (Osaka,
Japan). Water was deionized and purified using a Milli-Q cartridge system (Millipore, Bedford, MA, USA).

Sperm analysis: Sperm analyses were performed at the Department of Urology, St. Marianna University School
of Medicine, according to the World Health Organization’s recommendations as described elsewhere’.

Serum PBDE measurements: Serum samples were analyzed at Osaka Prefectural Institute of Public Health.
The serum sample (6 g) was extracted using ethanol/n-hexane (1:3 v/v, 14 mL) in a 50 mL test tube, after adding
13C,,-labeled surrogate standards (*>Cy;-2,4,4'-tribromodiphenyl ether ('’C;;-TrBDE-28), '°Cj,-2.2'4.4'-
tetrabromodiphenyl ether (°C,-TeBDE-47), 3C,,-2,2" 4 4' 5-pentabromodiphenyl ether (*C,,-PeBDE-99),
13¢,,-2.2' 4.4',5,5'-hexabromodiphenyl ether ('*Cy,-HXBDE-153), °C,-2,2'4,4',5,6-HxBDE ("°C,,-HxBDE-
154), and 1°C,,-2,2' 3,4.4',5" 6-heptabromodipheny] ether (*°C,,-HpBDE-183); 10 pg for each congener) and 3.6
mL saturated ammonium sulfate solution. The test tube was shaken for 30 min and then centrifuged for 10 min at
3000 rpm. The n-hexane phase was collected, and the aqueous phase was re-extracted twice with 12 mL »-
hexane. The 3 n-hexane phases were combined and washed with 12 mL water. After evaporation of the solvent,
the lipid content was determined gravimetrically with a semimicro balance (Sartorius RC210P, Goettingen,
Germany). The lipid was dissolved in n-hexane and was transferred to a column of 44% sulfuric acid-
impregnated silica gel (3 g). The column was eluted with 30 mL n-hexane, and the eluate was evaporated to 2
mL. The n-hexane solution was transferred to a test tube and partitioned with n-hexane-saturated acetonitrile (4
mL) 3 times by shaking the test tube for 10 min and then centrifuging for 10 min at 3000 rpm. The acetonitrile
phase was combined and then evaporated to dryness. The residue was redissolved in n-hexane and was
transferred to a microconcentration tube. After addition of the injection standard ('’C;2-3,3",4.4",5-PeBDE) and
keeper solvent (10 pL n-nonane), the extract was finally evaporated to approximately 10 pL under a gentle
stream of mitrogen. The serum extract was assayed by a gas chromatography/mass spectrometry (GC/MS) system
(Agilent 6890A GC coupled with JEOL JMS-GCmatell, Tokyo, Japan) with a fused silica capillary column
(Rtx-1MS, 15 m, 0.25 mm id., 0.1 um; Restek, Bellefonte, PA, USA). For each compound, 2 ions of the
molecular ion or fragment ion cluster were monitored. Quantitation was based on the isotope dilution method
using °C,-labeled internal standards. The PBDE concentrations were adjusted for total serum lipids and are
expressed in units of nanogram per gram lipid weight (ngg' lw). TeBDE-47, PeBDE-99, PeBDE-100, and
HxBDE-153 were of interest because they are dominant in human serum.

Quality assurance and quality control: We validated the serum extraction procedure before beginning sample
analysis by analyzing 4 replicate samples of pooled serum fortified with target analytes at 0.04-0.1 ng-g ' serum.
The mean percent recovery of 7 representative PBDE congeners (TrBDE-28, TeBDE-47, PeBDE-99, PeBDE-
100, HXBDE-153, HxBDE-154, and HpBDE-183) ranged from 91% to 107%, and the relative standard deviation
(RSD) ranged from 2% to 10%. The limit of detection (LOD) and limit of quantification (LOQ) were defined as
3 times and 10 times of the SD values obtained from the analysis of the 7 blank samples. However, for
congeners that could not be detected in the blanks, values that were 3 times and 10 times of the SD values that
were obtained from the analysis of 5 replicates of the lowest calibration standard were used as LOD and LOQ.
The LOD values for all the PBDE congeners were below 0.3 ng:g"' Iw. In the analysis of 3 split unfortified
serum samples, the RSD values for all the detected congeners were below 10%.
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Results and Discussion

Of the 29 PBDE congeners monitored, 4
congeners (TeBDE-47, PeBDE-99, PeBDE-
100, and HXBDE-153) were mainly detected
in human serum samples (Figure 1). The
concentrations of the detected PBDE
congeners in the serum samples (n = 10) are
shown in Table 1. The median levels of the
individual PBDE congeners were as follows:
BDE-47, 1.4 ng-g”' lw; BDE-99, 0.21 ng-g’
Iw; BDE-100, 0.24 ng-g"' Iw; and BDE-153,
0.72 ng-g”" Iw. The levels of total PBDEs in
Japanese human serum samples were almost
the same as those reported in European
countries but were one order of magnitude
lower than those reported in USA®
Significant  positive  correlations  were
observed between the concentrations of
TeBDE-47 and PeBDE-99 (r = 0.988, p <
0.001), TeBDE-47 and PeBDE-100 (r =
0.938, p < 0.001), and between PeBDE-99
and PeBDE-100 (» = 0.915, p < 0.001). In
contrast, no significant correlations were
observed between the concentration of
HxBDE-153 and those of the other 3
congeners (r = 0.306-0.390, p = 0.26-0.39).
The absence of a significant correlation
between HxBDE-153 and the other dominant
3 congeners (TeBDE-47, PeBDE-99, and
PeBDE-100) means that the main sources
and/or biological properties of HxBDE-153

were different from those of the other 3 congeners. It has been reported that the technical mixtures of pentaBDE
(DE-71 and Bromkal 70-5DE) and octaBDE (DE-79 and Bromkal 79-8DE) both contained HxBDE-153 in the
range 5.32-5.44% w/w and 0.15-8.66% w/w, respectively’. The congeners TeBDE-47, PeBDE-99, and PeBDE-
100 have been found in pentaBDE as the major components, but they have not been found in octaBDE’. These 3
congeners and HxBDE-153 have never been found in a technical decaBDE mixture (Saytex 102E and Bromkal
82-0DE) . Therefore, TeBDE-47, PeBDE-99, and PeBDE-100 are mainly sourced from pentaBDE, although
HxBDE-153 is sourced from both pentaBDE and octaBDE. In the early 1990s, Japanese manufacturers
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Fig.1 Chromatograms of PBDEs in human serum (participant No.2) and
standard solution (1 to 2.5 ng-mL™" each)

Table I Concentrations of PBDEs in serum samples from 10 Japanese males (ng-g™ Iw)

Participant No.
Cong 1 2 3 4 s 3 T 8 9 10
TrBDE-17 tr <0.04 tr<0.05  ad<001 nd<D0l  0d<002 nd<001 nd<0.0Z2  nd <001  nd <002 nd <002
TrBDE-28/33 ir<0.1 0.37 0.16 ir<0.1 016 0.24 tr <0.2 0.17 tr <0.2 tr <0.2
TrEDE-37 tr <0.02 tr<0.03  nd<0.0l nd<0.01  nd<0.01 nd<0.00 nd<0.01  nd<0.01  nd<0.01  nd<0.01
TeBDE-49 nd <0.02  nd <0.03 0.09 tr <0.07 tr <0.08 0.07 nd <0.02 0.09 nd <003 tr<0,09
TeBDE-47 13 59 1.5 0.9 1.6 18 054 29 0.91 0.81
TeBDE-66 nd <0.04 nd<0.08 nd<0.04 nd<0.04 nd<004 nd<0.04  nd <0.04 tr <0.2 nd <005  nd <0.08
PeBDE-100 0.23 0.67 0.24 0.21 0.24 0.40 013 031 0.21 0.28%
PeBDE-99 0.21 1.1 021 0.16 0.28 0.1 0.10 0.49 0.1% 0.20
PeBDE-118 0.02 0.03 tr <0.02 tr <0.02 0.02 0.03 tr <0.02 tr <0.02 0.03 0.03
PeBDE -85 tr <0.07 tr <0.09 tr <0.07 nd <002 (r<0.08  nd<0.02 nd<0.02  tr<007  ad<0.03  ad<0.02
HxBDE-155% nd <0.02 tr <0.07 tr <0.0% r <0,08 nd <0.02 tr <0.06 nd <0.02 nd <0.02 tr <0.07 nd <0.02
HxBDE-154 tr <0.06 0.08 0.05 0.0% tr <0.06 0.06 tr <0.06 tr <0.06 tr <0.07 tr <0.07
HIBDE-153 0.76 0.96 Ll 0.56 0.58 0.68 0.7 0.52 0.91 0.79
HpBDE-183 nd <0.1 nd <0.2 tr <0.4 tr <0.4 tr<0.d tr<0.4 nd <0, nd <0.1 tr <0.8 nd <0.2
Sum of 4 PRDEs* 1.5 8.6 3 1.9 2.7 EX] K] 1.2 2.2 21

Abbreviations: tr, trace; nd, not detected, *Sum of TeBDE-7, PeBDE-100, PeBDE-99, und HxBDF-153,
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HUMAN EXPOSURE I (LEVEL AND TRENDS)

voluntarily stopped the Table2 Sperm concentration and testis size of 10 Japanese males
production and use of Participant No.

1 2 3 4 5 6 7 8 9 10

ntaBDE because of
pe . Y Sperm concentration (million-mL™)* 49 55 38 108 83 74 115 78 25 30
concern for its potency to o

) . Testis size (mL) 36 40 50 46 42 51 29 33
accumulate in biota and g qual average of monthly data.

to produce toxic 120
polybrominated dibenzofurans/dioxins under thermal .
stresses. However, the production and use of octaBDE
were continued in Japan until the early 2000s. There
may still be a large number of consumer products that
contain octaBDE in the Japanese indoor environment.
Thus, with regard to octaBDE components such as
HxBDE-153 and HpBDE-183, inhalation and dermal
exposure may be important exposure routes for the
Japanese people.
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The sperm concentration and testis size of the 10
participants arc shown in Table 2. The sperm
concentration of these participants ranged from 25 to \ e
115 millionmL™. No participant had a sperm 20 | ! ‘
concentration below 20 million'mL™", a preliminary 0.2 0.4 0.6 0.8 1 1.2
diagnostic value of male infertility. Clear inverse 4 e
correlations were observed between serum HXxBDE-153 Serum HxBDE-153 conc. (ng-g™ Iw)
concentration and sperm concentration (r=-0.841, P Fig.2 Relationship between serum HxBDE-153

0.002, Fig.2) and testis size (r = -0.764, p = 0.01).  ¢oncentration and sperm concentration
However, no significant relationships were observed

between the serum concentrations of any of the other congeners and the sperm concentration or testis size.
Researchers have hypothesized that endocrine disrupting chemicals with thyroid hormonal or sexual hormonal
activities may adversely affect male fertility. The thyroid-disrupting and estrogenic/antiestrogenic activities of
PBDEs have been reported in several studies" ’. In addition, considerable evidence is available for the
reproductive effects of PBDEs from in vivo studies. Kuriyama et al. have reported that developmental exposure
to a single low dose (60 pgkg ' body weight) of PeBDE-99 decreased sperm counts in male Wistar rats’.
Although the levels of PBDEs found in our study are relatively low, we observed significant inverse associations
between the serum concentration of HXBDE-153 and sperm concentration and testis size; this suggests an
association between serum HxBDE-153 concentration and human sperm quality. The lack of a significant
relationship among other individual PBDE congeners and sperm parameters may indicate a difference in
bioactivity between congeners. The relationship between PBDEs and sperm quality is a complicated problem
and needs further study.
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Abstract

Results are reported of a pilot survey of concentrations of polybrominated diphenyl ethers (PBDEs) and polychlorinated
biphenyls (PCBs) in shark liver oil supplements. Eleven brands of dietary supplements were analysed using an
isotope dilution GC/MS method. Total concentrations of 10 PBDE congeners (BDE-28, —47, —49, —66, —99, —100,
—153, —154, —155 and —183) ranged from 0.1 to 53 ng gf1 oil weight and total concentrations of six PCB congeners
(CB-28/31, —52, —118, —153 and —180) in the samples ranged from 16 to 340ngg ' oil weight (undetected values are
not included). Two brands of Japanese deep-sea shark liver oil contained the highest levels of PBDEs (49-53 ng g !
oil weight) and PCBs (290-340 ng g ! oil weight). These results indicate that PBDEs may have entered Japanese deep-sea

waters.

Keywords: Dietary supplements, shark liver oil, polvbrominated diphenyl ethers, polychlorinated biphenyls

Introduction

In recent years, deep-sea shark liver oil has become
popular as a dietary supplement. This oil contains
some therapeutic ingredients, such as squalene,
alkylglycerols, squalamine and # — 3 polyunsaturated
fatty acids. Squalene and alkylglycerols have been
shown to enhance immune functions in animal
models (Pugliese et al. 1998; Kelly 1999), and
squalamine has been shown to have some antimi-
crobial and antitumor activities (Moore et al. 1993;
Sills er al. 1998). In addition, it is generally accepted
that the consumption of # — 3 polyunsaturated fatty
acids reduces the risk of cardiovascular and certain
allergic diseases (Arab 2003; Calder 2003). Owing
to these potential bioactivities, deep-sea shark
liver oil has been claimed to be effective against
cancers and infectious/inflammatory diseases, and
its use has been promoted for different age groups,
including children.

However, it should be noted that raw shark
liver oil may contain considerable amounts of

persistent organic pollutants, such as polychlori-
nated biphenyls (PCBs). Berg et al. (1998) have
reported the concentrations of total PCBs (a sum
of 31 congeners) in 10 liver samples of wvelvet
belly sharks collected from a depth of about
400m in Nordfjord, Norway (Berg et al. 1998).
Mean concentration of total PCBs was 2390 ngg™"'
lipid weight with a range of 1470 3870ngg™
lipid weight. Takahashi et al. (1998) have deter-
mined the concentrations of PCBs in the pooled
liver samples of dogfish sharks collected from
the bathyal zone (220 540m depth) of Suruga
Bay, Japan. This concentration was 1000ngg ™"
lipid weight.

De Boer et al. (1998) found relatvely high
concentrations of polybrominated diphenyl ethers
(PBDEs) in sperm whales, indicating the contami-
nation of deep-sea ecosystems by PBDEs. PBDEs
are used as flame retardants in the production of
common consumer products, such as electronics,
furniture and textiles. As PBDEs are not chemically
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bound to the materals, they can leak into the
environment during the production, use
and disposal of the product. They are persistent
and bioaccumulative, and have been shown to
alter thyroid homeostasis in animal studies (Zhou
et al. 2002). PBDEs have been recognized as
environmental pollutants of global concern because
their levels in the environment and in humans
have increased markedly over the past several
decades (Meironyté et al. 1999; Ikonomou et al.
2002; Akursu et al. 2003; Sjodin et al. 2004).
PBDEs have been detected in edible fish and other
foodstuffs (Akutsu et al. 2001; Ohta et al. 2002;
Bocio et al. 2003; Domingo 2004). It has been
reported that fish and shellfish are the major
contributors to human intake of PBDEs in
European countries and Japan (Joint FAO/WHO
Expert Committee on Food Addiuves (JECFA)
2005). Processed fishery products may also be
significant contributors to the total intake of
PBDEs in humans. A recent study by Jacobs et al.
(2004) reported thar 16 of 17 dietary fish oil
supplements contain PBDEg, in addition to tradi-
tional organochlorine pollutants, such as PCBs.
However, the levels of PBDEs in shark liver oil
supplements remain unclear. To the best of our
knowledge, there has only been one analytical result
reported for PBDEs in a UK brand shark liver oil
(UK Food Standards Agency 2006).

The aim of this study was to determine PBDE
and PCB concentrations in dictary shark liver
oil supplements. Determination of these concen-
trations enabled a comparison of the two classes of
contaminants.

Materials and methods
Chemicals

Ten PBDE congeners (BDE-28, —47, —49, —66,
—99, —100, —153, —154, —155 and —183) and six
PCB congeners (CB-28/31, —52, —118, —153 and
—180) were measured in this study. Single congener
solutions of each native PBDE (BDE-28, —47, —49,
—66, —99, —100, —153, —154, —155 and —183)
and '’C,,-labeled PBDE ('’C,,-BDE-28, —47,
—77, —99, —153, —154 and —183) were purchased
from Cambridge Isotope Laboratories (Cambridge,
MA, USA) and Wellington Laboratories (Ontario,
Canada). Standard mixture solutions of native PCBs
(CB-28, —52, —118, —153 and —180) and "’C,,-
labeled PCBs (**>C;,-CB-28, —52, —118, —153 and
—180) were purchased from Cambridge Isotope
Laboratories. The CB and BDE numbers are
assigned according to the JTUPAC PCB nomen-
clature (US Environmental Protection Agency
Webpage). Acetone, cyclohexane, hexane and

anhydrous sodium sulfate of pesticide analysis
grade, dimethyl sulfoxide (DMSQO) of biochemistry
grade and 44% sulfuric acid-impregnated silica gel
of dioxin analysis grade were purchased from Wako
(Osaka, Japan). Water was deionized and purified
using a Milli-Q cartridge system (Millipore, Bedford,
MA, USA) and was then washed with hexane.

Sample collection and preparation

A total of 11 brands of dietary shark liver oil
supplement were purchased from wwo Japanese
retailers between January and June, 2004 (Table I).
All the oil supplements were in capsule form. The
capsule shells were removed and the oils combined
to form a single batch sample for cach product.
For comparison, two different batches (manufac-
tured on two different dates) of the same brand of
Japanese shark liver oil (SLO1A and SLOI1B) were
separately analysed. Since the samples considered
included only the leading brands available in the
Japanese marker, this was not a comprehensive
survey of all the available brands.

Cleanup procedure

A previously developed method for analysing PBDEs
in fish (Akutsu et al. 2001) was modified and
employed in this study. In brief, a sample (0.75g)
was spiked with a surrogate standard solution
containing '’C,»-PBDEs ('°C,,-BDE-28, —47,
—99, —153, —154 and —183; 0.75ng cach) and
'3C,2-PCBs (°C,,-CB-28, —52, —118, —153, and
—180; 0.75ng each) and was then puritied by gel
permeation chromatography (GPC) using the AS-
2000 system (ABC Laboratories, Columbia, MO,
USA) equipped with a Shodex (Tokyo, Japan) GPC
column EV-G (guard column, 100x20mm I1.D.)
and EV-2000 (300 x 20mm I1.D.). The column was
eluted with acetone/cyclohexane (3:7, v/v) at 40°C.
The first 70 ml of the eluate was discarded to remove
the bulk of lipids and the next 70 ml was collected.
This fraction was evaporated to dryness and addi-
tional cleanup was done using a 44% sulfuric acid-
impregnated silica gel column (3 g) using 30ml of
hexane as the eluent. The hexane solution was
concentrated to a volume of 4 ml and then extracted
three umes with 10 ml of DMSQO. Water (30 ml) was
added to the combined DMSO phase and back
extraction was performed three times with 30ml of
hexane. The combined hexane phase was concen-
trated to 50 pul of nonane with an injection standard
(*>C,»,-BDE-77, 0.5 ng).

GCIMS condition

The analysis was performed using an Agilent gas
chromatograph (model 6890A) equipped with a
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Table I. Sample informarion.

Country of Indicated concentratuons of SQ, Proposed
Sample code Qil composition origin AG and n -3 PUFAs dose (gday 1!
SLOI1A* SLO (cold processed) Japan SQ 82%-89%, AG 6%—11%, n—3 PUFAs 3%-7% 0.75-1.75
SLO1B* SLO (cold processed) Japan SQ 82%—89%, AG 6%—11%, n—3 PUFAs 3%-7% 0.75-1.75
SLO2 SLO (cold processed) Japan SQ 82%89%, AG 6%—11%, n —3 PUFAs 3%-7% 0.75-1.75
SLO3 SLO (cold processed) New Zealand SQ 44.4%, AG 35.4%, n— 3 PUFAs 6.7% 1.8
SLO4 SLO (cold processed) New Zealand SQ 30%—55%, AG 20%—45% 15
SLO5 SLO (cold processed), VE New Zealand NA 0.6-1.2
SLO6 SLO NA SQ>99.9% 2.6
SLO7 SLO NA SQ>99% 1.8-2.7
SLO8 SLO NA SQ 100% 0.5
SLO9 SLO NA NA 0.9-1.2
SLO10 SLO, VE NA NA 0.6-1.5
SLO11 SLO (92.5%) + FO NA 8Q 92% 2228

(7.1%), VE, VA

SLO, deep-sea shark liver oil; FO, fish ail; VE, vitamin E; VA, vitamin A; PUFAs, polyunsaturated fatty acids; SQ. squalene;

AG, alkylglycerol; NA, not available.

*SLOIA and SLO 1B are of the same brand but from different batches.
lPrupUscd doses are based on the informaton provided by the product manufacturers/suppliers.

JMS-GC mate II mass spectrometer (JEOL, Tokyo,
Japan). The separation was carried out in an Rx-1MS
fused-silica capillary column (15m x 0.25mm L.D.,
0.1um film thickness with a 3-m Integra-Guard
column; Restek, Bellefonte, PA, USA) using helium
as the carrier gas (flow rate 1 mlmin™"). The injector
temperature was 250°C and the injection volume was
2pl (splidess). The column temperature was pro-
grammed from 100°C (2 min) to 310°C (3min) at
a rate of 10 C min~'. The mass spectrometer was
operated in electron ionization mode with selected
ion monitoring (35¢V, resoluton 1000). The ion
source and interface temperatures were 280 and
310 C, respectively. The PBDE and PCB congeners
were monitored at the two most intensive ions of the
molecular ion cluster and were quantified by the
isotope dilunon method using the corresponding
13C,,-labelled congeners.

Quality assurance and quality control

Spiked sample recoveries of PBDEs and PCBs
were in the range of 80-110% with relative stan-
dard deviation of less than 5% (spiking level: each
Ingg " oil weight). The overall recoveries of the
"’C\,-labelled congeners ranged from 65 to 97%.
The detection limits of the individual PBDE and
PCB congeners varied from 0.05 to 0.5ngg " oil

weight.

Results and discussion

Concentrations of the PBDEs and PCBs are
summarized in Tables IT and ITI. In 11 of the 12
analysed samples, BDE-47 was observed to be the
most abundant PBDE congener; BDE-183 was not

detected in any samples. In 10 of the 12 analysed
samples, CB-153 was the most abundant congener.
The predominance of both BDE-47 and CB-153,
and the absence of BDE-183, are in accordance with
previously reported findings on cod liver oil ( Jacobs
et al. 2004). The roral concentrations of the 10
PBDEs (sum of BDE-28, —47, —49, —66, —99,
—100, —153, —154, —155 and 183) in the 11
samples ranged from 0.1 to 53ngg~ " oil weight, and
the total concentrations of the six indicator PCBs
(sum of CB-28/31, —52, —118, —153 and —180)
ranged from 16 to 340ngg ' oil weight (undetected
values are not included). Total concentrations of the
10 PBDEs were lower than those of the six PCBs
in all samples. The lowest value of BDE-47 in our
study (0.1ngg™" oil weight) is similar to the value
measured in the UK brand shark liver oil supple-
ment (0.17ngg”" whole weight) (UK Food
Standards Agency 2006). The three samples from
the two brands of Japanese deep-sea shark liver oil
(SLO1A, SLOI1B and SLO2) exhibited the highest
values for the sum of the 10 PBDEs (49-53ngg '
oil weight) and the six PCBs (290 340ngg™ ' oil
weight). These levels were close to those found in
pure cod liver oil in the UK market (sum of seven
PBDEs, 20-34ngg™" lipid weight; sum of seven
PCBs, 97 202ngg "' lipid weight) (Jacobs et al.
2004).

The two brands of Japanese shark liver oil
(SLO1A, SLOIB and SLO2) were manufactured
using the same special method (Japanese patent
application no. 2002-84971). This method com-
prises the following four steps: (i) cold centrifugal
extraction, (ii) mesh filtration, (iii) deoxygenation by
vacuum, and (iv) deodorization using nitrogen flow.
In this method, there was no heating step and only
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Table II. Concentrations of PBDEs in deep-sea shark liver oil.

PBDE (ngg ' oil weight)

2

Sum'’ Sum
Sample code 28 49 47 66 100 99 155 154 153 183 (lower bound) (upper bound)
SLOI1A* 0.9 23 23 2.6 5.2 8.0 1.5 2.5 29 ND 49 49
SLOI1B* 1.0 2.5 28 2.8 3.6 8.2 1.3 2:7 2.4 ND 53 53
SLO2 1.1 2.6 28 2:3 4.3 75 1.2 2.4 2:1 ND 52 52
SLO3 ND 0.1 0.6 ND ND ND ND ND ND ND 0.7 1.9
SLO4 ND 0.1 0.5 ND ND ND ND ND ND ND 0.6 1.8
SLO5 ND 0.1 0.1 ND ND ND ND ND ND ND 0.2 1.4
SLO6 ND ND 0.1 ND ND ND ND ND ND ND 0.1 1.4
SLO7 ND ND 0.3 0.2 ND ND ND ND ND ND 0.5 17
SLOS ND ND E3 0.1 1.8 5.6 2 25 1.6 ND 15 16
SLO9 ND ND 0.1 ND ND ND ND ND ND ND 0.1 1.4
SLO10 ND ND 0.3 ND ND ND ND ND ND ND 0.3 1.6
SLO11 ND ND 0.1 ND ND ND ND ND ND ND 0.1 1.4

ND, not detected (<0.5ngg

! oil weight for BDE-183 and <0.1 ngg™" oil weight for the other nine PBDE congeners).

*SLLO1A and SLOIB are of the same brand bur from different batches.

1 . P
The concentrations of “ND” congeners were assumed to be zero.

>The concentrations of “ND” congeners were assumed to be the detection limit.

Table III. Concentrations of PCBs in deep-sea shark liver oil.

PCB (ngg ' oil weight)

Sample code 28/31 52 118 153 180 Sum
SLOI A* 3.6 18 68 170 82 340
SLO1B* 55 20 63 150 81 320
SL.O2 4.1 17 B 140 69 290
SLO3 0.2 0.8 7.6 20 14 43
SLO4 0.2 0.6 5.2 4.9 11 22
SLO5 03 1.0 3.6 9.1 4.9 19
SLO6 0.5 3.4 8.9 9.3 6.7 29
SLO7 0.2 0.7 1.6 16 12 31
SLO8 0.1 0.1 0.2 1al 16 18
SL.O9 0.2 0.3 0.9 5.0 7.4 18
SLO10 0.3 0.5 2.1 10 6.1 19
SLO11 0.3 0.2 0.7 8.6 6.2 16

*SLOIA and SLOI1B are of the same brand but from different
batches.

gentle, non-chemical refining steps were adopted to
prevent the destruction of unstable ingredients in the
shark liver oil. The present study demonstrated that
such “cold processed” (virtually unrefined) products
may contain considerable amounts of PBDEs and
PCBs. Similar cold processed products derived from
the deep-sea sharks in New Zealand (SLO3, SLO4
and SLO5) were also contaminated with PBDEs and
PCBs. However, the levels of these compounds were
one or two orders of magnitude lower than those
found in the Japanese shark products (Tables II
and III). This result suggests that the Japanese
sharks are more contaminated than those from New
Zealand. Several studies have shown that the
concentrations of PCBs and other organochlorine
pollutants are higher in marine mammals from the

Northern Hemisphere than those from the Southem
Hemisphere (Tanabe et al. 1994; Schrider and
Castle 1998). More recently, Ueno et al. (2003,
2004) have reported the geographical distribution
of PCB and PBDE concentrations in skipjack tuna
collected from the offshore waters of Asia and have
speculated that Japan and other countries around
the East China Sea are “hot spots” that release
PCBs and PBDEs into the marine environment.
In contrast, Scobie et al. (1999) reported that the
estuarine environment in New Zealand is relatuvely
free of organochlorine contaminants; for example,
PCB concentratons in the estuarine sediments of
New Zealand (0.12 8. 8pgkg ' dry weight) were
lower than those reported in Japan (63-240pg kg~!
dry weight) and Sweden (23 262pgkg ' dry
weight). Thus, it i1s likely that deep-sea sharks in
the Northern Hemisphere tend to possess higher
levels of these pollutants than those in the Southern
Hemisphere; however, further studies are required to
confirm this fact. According to the product specifi-
cations, the two brands of Japanese shark liver oil
were  obtained from selected bathyal sharks
(Centrophoridae and Squalidae) captured using long-
line fishing in waters approximately 600-800m deep
around the Goto Islands (50 km off the west coast
of Kyushu, Japan). Our results suggest that PBDEs
may have enrered Japanese deep-sea waters. In the
marine environment, the deep sea and its ecosystems
will be the ulumate sinks for PBDEs.

PBDE and PCB congener profiles of the three
samples from Japanese shark liver oil (SLOI1A,
SLO1B and SLO2) were almost identical. For
PBDEs, the contributions of the nine PBDEs to the
total concentration were as follows: BDE-47:
47-54%; BDE-99: 15 16%; BDE-100: 8-11%;
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Figure 1. Chromatograms of PBDEs in deep-sea shark liver oil using GC/MS based on the isotope dilution method.

BDE-66: 4.5-5.3%; BDE-154: 4.7 5.1%; BDE-49:
4.7-5.0%; BDE-153: 4.1 5.9%; BDE-155:
2.3 3.1%; BDE-28: 1.8 2.1%. For PCBs, the con-
tributions of the six PCBs to the total concentration
were as follows: CB-28/31: 1.4-1.7%; CB-52:
5.2-6.3%; CB-118: 20%; CB-153: 47-49%;
CB-180: 24 25%. Example chromatograms of tetra-
to hexa-BDEs in Japanese shark liver oil (SLO1A) are
shown in Figure 1. Although the known contributions
of BDE-28, —49, —66 and —155 in chemical PBDE
mixtures (e.g. Bromkal 70-5DE and 79-8DE) are
almost negligible (Tkonomou et al. 2002), we observed
these minor congeners in clear proportions together
with five major congeners (BDE-47, —99, —100,
—153 and —154) in the Japanese shark liver oil samples
(Table IT and Figure 1). Similar proportions have also
been reported in salmon (Hites et al. 2004). BDE-28,
—49, —66 and —155 are likely to be efficiently
biomagnified in these predatory species through the
aquatic food chain.

The estimated daily intakes of PBDEs (10 con-
geners) and PCBs (six congeners) from the shark
liver oil supplements according to the daily doses
proposed by the product manufacturers/suppliers
(Table I) are shown in Table IV. Intake of
PBDEs was calculated using the upper bound
concentrations for each of the products. Intake of
the 10 PBDEs ranged from less than 0.001 to
0.09pgday '. The maximum intake of the 10
PBDESs estimated in this study (0.09 ugday™") was
comparable to or higher than the toral dietary intake
of PBDEs reported in Spain (0.097 ugday™"),
Sweden (0.051 pgday ") and Finland
(0.044 pgday ") (Domingo 2004). The maximum
intake of the 10 PBDEs (0.09 ug day™") was 0.075%

Table IV. Estimated daily intake (g day ') of PBDEs and PCBs
from deep-sea shark liver oil. -

Sample code Sum of ten PBDEs' Sum of six PCBs

SLOIA* 0.04-0.09 0.26-0.60
SLOIB* 0.04-0.09 0.24-0.56
SLO2 0.04-0.09 0.22-0.51
SLO3 0.003 0.08
SLO4 0.003 0.03
SLO5 <0.001-0.002 0.01-0.02
SLO6 0.004 0.08
SLO7 0.003-0.005 0.06-0.08
SLO8 0.008 Q.01
SLO9Y 0.001-0.002 (.02
SLOL0 0.001-0.002 0.01-0.03
SLO11 0.003-0.004 0.04

*SLOIA and SLOIB are of the same brand but from different
batches.

'Intakes of PBDEs were calculated using the upper bound
concentrations for each product,

of the US EPA reference dose for penta-BDE
(120 pgday ™" for a 60-kg person) (Wenning et al.
2003). The mtake of the six indicator PCBs ranged
from 0.01 to 0.60 ugday ™ '. Based on the data of the
six indicator PCBs comprising 23 27% of the total
PCBs (sum of all tri- to hepta-congeners) in the
typical Japanese diet samples (Akutsu et al. 2005),
it can be calculated that the maximum intake of total
PCBs from shark liver oil supplements was
2pgday ™" (four times the intake of the six indicator
PCBs). This level is less than 1% of the provisional
tolerable daily intake of PCBs set by the Japanese
government (300 pgday ™' for a 60-kg person). Our
data indicate that the frequent consumpton of shark
liver oil supplements will increase human dietary
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exposure to PBDEs and PCBs, although the safety
margins between the proposed toxic levels and the
estimated intake of these pollutants are considerable.
In addition, data regarding the safety of long-term
use of shark liver oil supplements do not exist.
Further research is needed to evaluate the potential
risks and benefits of shark liver oil supplements.
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Operating conditions of LC/MS for octylphenol and nonylphenol

MS conditions

HPL.C conditons

lonization ESI, Negative

Fragmentor 100V

Nebulizer N2 (30 psi)

Drying gas N, (10 L./min, 350T)
V-cap 4500 V

SIM ion m/z205.1, 210.1, 219.1

Cadenza CD-C18 (100 * 2 mm)

Column

Eluent Gradient
Flow rate 0.2 mL/min
Oven temp. 40T
Injection size 20 pul.

A = 50% acetonitrile (containing 0.005% acetic acid, | mM ammonium acetate); B = acetonitrile

Time/min A % B, %
0 B0 20
10 40 60

20 30 70

Isolute mulimode 77— k' 2 & (500 mg) : International
Sorbent Technology Lid. ®, #A—F10 v YViddbbA L&
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Table 2 Recoveries of octylphenol and nonylphenol from fish, shellfish and meat
Recovery (mean £S.D., n = 5), %
Sample — —
4-1-0OP 4-n-0OP 4NP 4-t-OP(d;)
Yellowtail 85.6x 76 73362 842x9.1 86357
Freshwater clam 89657 81.3=56 86378 84.7 £ 4.8
Pork 81.3+72 72,1 £66 795+383 83.3%6.7
Samples were spiked with 10 ng/g of each drug.
Table 3 Concentration of OP and NP in fish, shellfish and meat
Sample Inspection ?rt:t (n_o_ndcglucuronidatjnn) Tolial (deglucuronidation)
e 41-OP 4n-OP 4NP 4-1-OP 492-0P 4NP
Horse mackerel 3 ND ND ND ND ND ND
Yellowtail 2 ND ND ND ND ND ND
Sardine 2 ND ND ND ND ND ND
Rainbow trout 2 ND ND ND ND ND ND
Flounder 1 ND ND ND ND ND ND
Sweet fish 2 ND ND ND ND ND ND
Mackerel 1 ND ND ND ND ND ND
Pacific saury 1 ND ND ND ND ND ND
Shad 1 ND ND ND ND ND ND
Suriped pigfish 1 ND ND ND ND ND ND
Freshwater clam 7 Tr ND ND ~64.1 1.0 ND ND~889
Littleneck clam 3 ND ND ND~2.0 ND ND ND~2.7
Clam 3 ND ND ND ND ND ND
Grain shellfish 2 ND ND 4.3~15.7 ND ND ha~—133
Scallop 2 ND ND ND ND ND ND
Turban shell 1 ND ND ND ND ND ND
Sea snail 1 ND ND ND ND ND ND
Surf clam 1 ND ND ND ND ND ND
Sea squirt 1 ND ND ND ND ND ND
Wakame seaweed 6 ND ND ND~14.3 ND ND ND~11.0
Chicken 3 ND ND ND ND ND ND
Pork 3 ND ND ND ND ND ND
Beef 3 ND ND ND ND ND ND

ND: 4-+-0OP < 0.5 ppb, 4-n-OP < 0.5 ppb, 4NP < 2.0 ppb

WIhO T L 95% LLERRAF L. &, RERGKD
O—% Y NEL—F—h6D4NPDOHREH 120
b, IAFEL—F—Ri L kL, RIERSRFLEST
Fefiol.

3-3 FINELIER

4NP, 4-1-OP, 4-n-OP R U'NEREH 4-1-OP(ds) &, /»
~F, ¥YVIRUKHIZ10 ng/g OBETHERmML, R
R, FORKE, HvF, PYIRUVERIZVTR
DHAT Y 70% ML EOMIETH 5 72 {Table 2, 4-1-
OP(d:) TOMIEZ L. EHEIZL D 41-0P, 4-n-OP DK
RS 05 ng/g (S/N8) Thot. K, 4NPIEN
TR Y I ISR (ARG L mL 2
L T032+0.18 ng;"ml.) AR s/, AR EETE
AMRME AR 2 G G OBBIRR LoD 3, BiFERAR
HOFEHE 77 ABRFEEDIHLERSINTHLS, L
AT, ABTOaNr ORE TREIEELEEEL

T2ng/g & L.

34 ANE, BEFONP, OPBE

EFEICL ), HEEATHRE ST A A8, £H%,
ato2 etk x ¥ L7, SREGH Lah T, —Hory
I (TEfkh o mitR), VTR (2 Ktk 2 k) RUTT
A (6 BRfEF 1 B A SEIRO NP DB X
$7:, 4NP A 889 ng/gih Shi-ov v Inbid, M
2 1 ng/g @ 40P LK 2 h /e,

bRy b, w7 A% TIE NP, OP (IEEEE, &
STV BBGHICAH xR, PR RBIZIEE
Mo rBEskE LTEETH L ENTRE ™Y,
—}, HE26o NP ERHEIZETAHEE L EATVWS
25, EEEROANMELTEY, RFICWTLIHMEEIRLN
GO FIC, SEOBETREO 4NPAERE N
PP VIRTyTHIIOWT, kLA TEOE
BAEMELZ. Table 32T &80, PIVIRFY7TH
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Table 4 Thermal stability of residual 4-nonvlphenol in freshwater clam and grain

shellfish
Sample NP Rate, %
Freshwater clam Boil liquid 3.4 ng/100 mL 1.0
tissues 337.1ng (6l.4ngg™") 499.0
Grain shellfish Boil liquid 2.5 ng/100mL 2.2
tissues 108.7 ng (15.1 ng g_l) u47.8

Ten pieces of freshwater clam and one piece of grain shellfish were boiled in 100 mL of water for 5

minutes, respecrively.

LR SN 4NP L, FOEHEMETHY, Ja
Gz AEBRE SN G ol ZOZENG, YV,
vTHO SV Oy BREEETEReEELILND.
Kz, ¥YYIRCY7TATETNDL NP OIIBRALZ
BUIrREEs#E~s YYI 0K, vTHIREYEA
ZH 100 mL OB AR T 5 rMIN2A M AE%, dhiE Kb~
ORTREFS VI, v 7RBORETH~Z, HBRIZE
FHL4NPITHBEAKPIZIZIZEAEBITET, HdZwk
FLTW (Table 4). F/2, MBABEIIBNTHE
DBECTERIZEZILEALYEROKhT, £EEThors. &b,
Fig. 2, 3IZHBMABIORER L L TaNp 2L S H
L VI ROV 7 HMTLO LC/ESI/MSSIM 2 0= b &
FhERLI

3.5 ANEIONP BELAEHOEY

48O NP LU OP (5@ R & LT, B g %
EBbok, Al EINTW I OEMBRIZLD
LOFRPEESLTWLEY, 22T, $MORMET NP A
WmiEhiry: (oK) Ry 7H QBE 2w
T, ShoOBEFAEIRTHAEY (277100
L, FPLA) IZ20WT, NPRFOPDFHHABRL 77,
FOE, SENPABE ALY IR THIZHW
LNTWUEMPLEO NP BT OP OF ML, Wi
4 lng,/un?u FThatl. B, PY3IRUYT7HIZ,
BRIl aEMEEML Ty, HobhgidgEmL Tuyk
v, oz B, SEINPAREEEN SN HEOW
BEEIE, SEM»SOEFIES TLL{, BEHIH
FiZrzboEtEZOND,

4 # it

T, NP, OPMEIIH L THSWMEEH 2R3 2
LIz E NS LeL, BEERLEN T bRTY
ZEOFABIIHTAIA PO P BERIRER Cgw &
ENTwE, BEZZTORBMETHL IV 0 A BEIAGHE
2, TAOFX U BEERRELAYRIZVESRATYL
5. gl HEANE, EESE 2 BikE o L oE R,
—HO T T I AR E, NP, 40P AEHBERLTT
ol FWEALLE L, SEHOMEILKLHEL T

A% OB TONP, OP LRV EFMT 2 2 & (W
Thb. LAaL, NP, OP ORMEGEEA~DEHIGFE »~ K
ZCMALTED, NP, OP O 1] KR ACE I A o) i
LAWITELAETFLTWA, 2, ER~ORITHELL
hAEHRUE~DHERL IR sTwD, LT,
FAPBREXINTVWES OP, NPOREBEDS TH LWL
MWThiEESTL., 5%, KeNBLErEHLTH
5% 0P, NPRUTEIZE DL T EEZLNE.
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Determination of Nonylphenol and Octylphenol in Fish and Shellfish by
High-Performance Liquid Chromatography/Electrospray Mass Spectrometry
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(Received 20 July 2007, Accepted 17 October 2007)

A simple and reliable method using liquid chromatography-electrospray ionization-mass spec-
trometry (LC/ESI-MS) has been developed for the determination of 4-nonylphenol (4-NP) and
4-octylphenol (4-OP) in seafood and meat. L.C separation was performed on a Cadenza C'D C18
column (100 X 2 mm i.d.) with a gradient system of 50% acetonitrile (containing 1 mM ammo-
nium acetate and 0.005% acetic acid)-acetonitrile as the mobile phase at a flow rate of 0.2
mL/min. The negative ionization produced molecular related ions: (M-H) , at m/z 205.1
and 219.1 for 4-OP and 4-NP, respectively. The calibration graphs for 4NP and 4-OP were rec-
tilinear from 0.5 to 50 ng/ml. with selected ion monitoring (SIM). The compounds were
extracted with methanol, and the extracts were cleaned up on a Isolute Multimode cartridge
(500 mg). The method involves enzymatic deconjugation by f-glucuronidase and correction of
the stable isotopically labeled internal standard, 4-octylphenol-d type. The recoveries of the
compounds from seafood fortified at a level 10 ng/g was 72.1 ~89.6%. with high precision.
The limits of detection of the compounds in seafood were 0.5~ 2 ng/g.

Keywords : nonvlphenol; octylphenol; alkylphenol; seafood; fish; LC; mass spectrometry;
LC/MS.
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MEASUREMENT OF PERFLUORINATED COMPOUNDS IN HUMAN MILK AND
HOUSE DUST

Nakata A', Katsumata T', Iwasaki Y'. Ito R' Saito K' Izumi §°, Makino T?, Kishi R’, Nakazawa H'

" Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences, Hoshi University, 2-4-41, Ebara
Shinagawa-ku, Tokyo, 142-8501, Japan; * Department of Obstetrics and Gynecology, Tokai University School of
Medicine, 143, Shimokasuya, Isehara-shi, 259-1193, Japan; ' Department of Public Health, Hokkaido University
Graduate School of Medicine, Department of Public Health, North 15 West 7 Kita-ku, Sapporo, 060-8501,
Japan;

Abstract

The purpose of the present study is to evaluate the exposure sources of perfluorinated compounds (PFCs) for
infants. Highly sensitive methods for measuring four kinds of PFCs (perfluorooctanesulfonate; PFOS,
perfluorooctanoic acid; PFOA, perfluorononanoic acid; PFNA and perfluorohexanesulfonate; PFHxS) in house
dust and human milk were developed using liquid chromatography tandem mass spectrometry (LC/MS/MS).
The average recovery which was assessed at two different concentrations were more than 97.9% in house dust
samples and 94.3 % in human milk samples, respectively. The detection limits of the methods for each PFCs
were assessed as being 0.58 ng/g to 0.72 ng/g in house dust and 0.004 ng/mL to 0.1 ng/mL in human milk. To
investigate the source of PFCs exposure for infants, house dust samples (n = 20) and breast milk samples (n =
51) were measured by the developed methods. PFOS and PFOA were detected in all dust samples (PFOS: 7.0 to
41 ng/g; PFOA: 18 to 89 ng/g). In human milk sample, PFOS was detected in all samples with the range from
0.008 to 0.401 ng/mL. Based on our experiments, house dust or human milk might be one of the human
exposure sources of PFCs.

Introduction

Perfluoronated compounds (PFCs), such as perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid
(PFOA), which have their biological and chemical stability are widely used in the manufacture of plastic,
electronics, textile, and construction material in the apparel, leather, and upholstery industries'. However, PFCs
may be detrimental to rodent development possibly affecting thyroid hormone levels, so affect of PFCs on infant
is concerned’. Moreover, environmental pollution and human exposure™* of PFCs have been reported.
According to these studies, PFCs level in human blood is significantly higher than that in environment. So, it is
very important to elucidate human exposure of PFCs. House dust is a curious sample to give an assessment of
PFCs exposure in infant who is exposed though maternal feeding as indoor environment. PFCs level of human
milk is very low compared to that of human blood, but infant takes a lot of milk during lactational period, so it is
required to estimate intake amount of PFCs. Although human exposure of PFCs is widely reported, very few
information about exposure source of PFCs have indicated so far. In this study, we have developed an analytical
method for the determination of PFCs in house dust and human milk by liquid chromatography tandem mass
spectrometry (LC/MS/MS) to investigate exposure source of PFCs.

Materials and Methods

Chemicals: Perfluorohexane sulfonate (PFHxS; 98%) was purchased from Wellington Laboratories Inc., Japan.
Perfluorooctane sulfonate (PFOS; 98%) were purchased from Wako Pure Chemicals Industries, Ltd., Japan.
perfluorooctanoic acid (PFOA; >90%) and perfluorononanoic acid (PFNA: 95%) were purchased from Fuluka
Chemie AG Buchs, Switzerland. "C,-PFOS was purchased from Wellington Laboratories Inc., Japan.
"C,-PFOA was purchased from PerkinElmer Inc., USA. Other chemicals were purchased from Wako Pure
Chemicals Industries, Ltd., Japan Water was purified using a Milli-Q cartridge system (Millpore, Bedford, MA,
USA).

Instrumentation and analytical conditions of LC/MS/MS:

LC/MS/MS analysis was performed using a Waters Quattro micro system. Separation was achieved on an
Xbridge column (2.1 x 50 mm, 2.1 um, Waters Inc., Japan). The column oven was maintained at 40°C. The
separation was carried out using a mobile phase of 1.0 mM ammonium acetate in water/acetonitrile at a flow rate
of 0.2 mL/min. The gradient profile of mobile phase was as follows: 0-10 min. using a linear increase from 10 to

Organohalogen Compounds Vol 69 (2007) P-452 2844



FLUORINATED COMPOUNDS I (TOXICOLOGY')

70% acetonitrile solution, and holding at 70%. The conditions of MS/MS were as follows: the desolvation and
source temperatures were set at 350 and 100°C, respectively; the capillary was held at a potential of 600 V
relative to the counter electrode in the negative ion mode for all compounds. The cone gas and desolvation gas
were 50 and 350 L/hr, respectively. The cone and collision voltage were 48 and 40 V for PFHxS, 60 and 65 V for
PFOS, and 14 and 11 V for PFOA, 18 and 10 V for PFNA, respectively.

Sample preparation of human milk sample by solid phase extraction

Because of very low concentrations of PFCs in the sample matrix, the solid phase extraction (SPE) has been
applied for the sample extraction and concentration. The average extraction recoveries for PFCs and relative
standard deviation (R.S.D.) were over 94.3% and 10.3%, respectively. The milk samples were extracted using a
solid-phase extraction cartridge (Waters Oasis WAX, Milford, MA, USA). Internal standards (''C,-PFOA and
"C,-PFOS) and 15 mL of 0.1 mol/L formic acid were added to 5 mL of milk. The solution was sonicated for 15
min and centrifuged at 6000 rpm for |5 min. The supernatant was loaded onto the cartridge and rinsed by wash
solvent. The PFCs were eluted from the SPE cartridge with 3 mL of 3% ammonium hydroxide in acetone. The
extracts were concentrated by dry nitrogen stream, and finally, filtered through a nylon membrane filter. The
final sample volume for the milk extracts was adjusted to 100 pL. This SPE method using the Oasis WAX" was
successfully used for the pretreatment of PFCs in human milk samples.

Sample preparation of house dust sample by SFE

House dust sample were contained several compounds. It was necessary to clean up for the determination of
PFCs. We tried to use Supercritical fluid extraction (SFE) method for PFCs extraction in house dust. First of all,
the dust samples were collected from the dust bags of vacuum cleaners from residential homes in Japan, and
were passed though two different size of sieves (mesh size: 1 mm and 75 pum). The relatively large solids and
minute powders were removed. The selected dust samples having a particle size of 75 um-1 mm were used for
analysis. A 0.5 g of house dust was charged in cell for SFE and internal standard was added. Then, the samples
were extracted for one hour by SFE at 0.5 mL/min with carbon dioxide as extraction solvent, and 4% v/v
methanol were added as a modifier. The SFE extract was got through same procedure on human milk samples.
The final volume for the dust extracts was adjusted to 2.5 mL.

Result and Discussion

Validation of the LC/MS/MS method:

To validate of the LC/MS/MS method, several experimental parameters, such as limit of detection (LOD) and
limit of quantitation (LOQ), were examined. LOD was 0.08 to 0.15 ng/mL in house dust sample. LOQ was 0.004
to 0.1 ng/mL and 0.5 ng/mL in human milk and house dust, respectively (S/N = 10). The calibration curves were
obtained by analyzing mixtures containing and the internal standard in the range from 0.2 to 20 ng/mL for PFCs,
respectively. The average recoveries and relative standard deviation (R.S.D.) were over 94.3 and 10.3% for PFCs
at the spiked. On the other hand, the average recoveries and relative standard deviation (R.S.D.) were over
93.4% and 8.6% for PFCs at the spiked. Our methods were enabled to prepare in the human milk and the house
dust samples.

Determination of PFCs in human milk and house dust samples:

The proposed method was applied to the analysis of human milk samples from healthy mother volunteers. The
representative chromatogram of the milk sample is shown in Fig. 1. PFCs were detected in all the samples, and
PFOS from the milk samples ranged from 0.008 to 0.4 ng/mL, as shown in Table 1. The house dust samples were
relatively high concentrations of PFCs were detected (Table 2).

Organohalogen Compounds Vol 69 (2007) P-452 2845



FLUORINATED COMPOUNDS I (TOXICOLOGY)

100
0,

L]

| 13C,-PFOS (503 > 80) l

T - -

l 13C, - PFOA (415 > 370)

Organohalogen Compounds Vol 69 (2007)

"L PFHXS(399 > 80) l " l PFOA (413 > 369 )
02 Moo %
0 L""?""" —— T Jll‘ T T () v T T T T T
"1 PFOS (499 > 80) I ‘/ - PFNA (463 > 419)
i " : b e e e
200 "400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600 (Time)
Fig. 1 Chromatogram of PFCs in the milk sample
Table 1 Concentration of PFCs in human milk samples
Compound Detection rate (% Maximum (ng/mL) Minimum (ng/mL
P 2 )
PFHxS 64 0.025 N.D.
PFOS 100 0.401 0.008
PFOA 44 0.339 N.D.
PFNA 86 0.150 N.D.
Table 2 Concentration of PFCs in house dust samples
Compound Detection rate (%) Maximum (ng/g) Minimum (ng/g)
P 4
PFHxS 40 5.5 N.D.
PFOS 100 41.0 7.0
PFOA 100 88.5 17.5
PFNA 100 69.0 5.5
Conclusion

The proposed LC/MS/MS method enabled the simultaneous determination of PFCs in human milk and house
dust samples. In addition, interferences from sample matrice were removed by using the SPE for human milk or
SFE for house dust, respectively. To investigate the source of PFCs exposure for infants, house dust samples (n =
20) and human milk samples (n = 51) were measured by developed methods. PFOS and PFOA were detected in
all dust samples (PFOS: 7.0 to 41 ng/g; PFOA: 18 to 89 ng/g). Based on our results, house dust might be one of
exposure sources of PFCs, Further studies are necessary to make sure the exposure source of PFCs for infant
from indoor condition. In addition, PFOS was also detected in all samples in human milk (PFOS: 0.008 to 0.401

ng/g; ). The infants will be exposed to PFCs from not only the umbilical cord blood but also human milk with
maternal feeding.
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