those reported in the UK (91 ng-d™)°, USA (88 ng-d™")’, Spain (82 ng-d™")*, Japan (68 ng-d ')*, Sweden (51 ng-d”
") (middle bound)’, and Belgium (23 ng-d)'°. Assuming that a typical Japanese adult weighs merely 50 kg, the
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were estimated to be b~ B rxe0e1s
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0.006, and 0012 § 3 (] resce
ngkg'd' for g 1 £ P=BDE-100
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ord'ers of magnitude 2 10 ] vesoes
lower than the T L
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reference doses of
penta- and decaBDE (2 0 0
and 10 pgkg'd’, v Vv X Xl
respectively), both of Food group Food group
which were Fig. 2 Concentrations of PBDES in foods (A) and estimated daily intakes of PBDEs from foods (B)
9 L
o
Table 2. Information of vegetable oil samples [ owocc
No. _Oil composition Country of onpin  Bottle matenal  JAS cenilied
[ Rapewed 6l A PLT No B wosoe208
2 Rapeseed oil NA PET Yes 4+ [:] NODDE-207
3 Rapeseed oil NA PE. EVOH Yos
4 Rapeseed uil Japan  PET N B 5 et
5 Rapeseed oil Japan Glass No ? . HBDE 138
6 Rapeseed oil Japan Glass No - 3F . =
7 Brended vil (rapeseed. suy beun) NA PE.EVOU Yes g
8  Brended oil (rapesced, soybean)  NA PE. EVOH Yes HeBOE-184
9 Comorl NA PET Yes PeBDESS
10 Comoil NA PET No E 2 .
1 Comaoil NA PE. FVOH No g [[] pevocen
12 SafMower vil NA PET Yes o P rence-1e0
13 Safflower wil NA PET Yes -
14 Sesame oil NA Glass No 1} I repotse
15 Sesame il NA Glass Yes . TeBDE-47
16 Brended oil (penila. sesame) NA Glass No
17 Olive vil Spamn Glass No = —1 . i E TebiES
18 Brended oil (unspecificd) NA PET No 0 = = =
Abbreviation' NA. not available: PET. polycthy kene terephthalate: PE. poly cthy fenc: No1 No2 Nod No4 No7 Noi6é No.18

EVOIL ety lene-vim | alchol copoly mer: JAS, Jopunese Agricuhiurul Stundard

Rapessed Ripeestd Ripeaeed Rapeesedd Feala b Uripecfies
nortrar. [m——

Fig 3. Concentrations of PBDEs In vegetable oil sampies

Table 3. Comparison of estimated dietary intake of PBDEs in defferent countries

Country Daily imake per capita (ng-d~)* Sampling year Target congeners Reference
Lowerbound Middicbound  Upperbound
UK 91 - - 1999-2000  47.99. 100, 153, 154 Harrad ct al., 2004
usa BE** - - 2003-2004  17,28,47,.66,77, 85,99, 100, 138, 153,  Schecteret al.. 2006
154, 183, and 209
Spain 82 97 2000 Tetra- through octabrominated congeners  Bocio et al.. 2003
Japan - 94 - 1995 47,99, 100, and 153 Wada et al., 2005
Japan 68 - - 47.49.66. 71,77, 85,99 100. 119, 126, Ashizuka ct al., 2004
138. 153, 151. and 183
Sweden 51 1999 47,99. 100, 153, 154 Darnerud et al.. 2001
Belgium 23 35 48 2005 28, 47,99, 100, 153, 154, and 183 Voorspocls ct al.. 2007
Japan 46 330 610 2006 PemaBDE (17, 25, 28, 30,32, 33,35. 37,  This study
47.49.66, 71,75, 77. 85.99. 100. 116,
118,119,126, 138, 153, 154, 155, and 166)
Japan i | 310 600 2006 DecaBDE (206, 207, 208. and 209) This study

*Lower, middle. and upper bound intakes were ¢stimated by assuming the nondetect values as zero, one half of the detection limit, and the
detection limit, respectively. **The intakes were estimated for 70 kg males aged 20-39 years.
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proposed by the US Environmental Protection Agency. These results suggested that the dietary exposure to
PBDEs was not serious in Japan as well as in the other reported countries.

PentaBDE constituents such as TeBDE-47 and PeBDE-99 were dominant in food groups V, X, and XI. In
contrast, a high proportion of DeBDE-209, a major constituent of decaBDE, was observed in the group IV food
samples, which mainly consisted of vegetable oils (Fig. 2A). To confirm the presence of DeBDE-209 in
vegetable oils, we performed an additional analysis using individual oil samples obtained from rapeseed, corn,
safflower, sesame, olive, and soybean. We observed that 7 out of the 18 oil samples contained DeBDE-209 as a
major or secondary dominant congener at approximately the ppb level (0.7-2.6 ng'g', Fig. 3). These results
partially explained the reason for the high proportion of DeBDE-209 found in the group IV food samples.
Sample No. 2 was the most contaminated rapeseed oil, and it contained TeBDE-47, PeBDE-99, and DeBDE-
209 at the concentrations of 0.59, 1.8, and 1.5 ng-g ', respectively. The results indicated that this vegetable oil
sample was contaminated with both decaBDE and pentaBDE. The contamination may have occurred during the
oil manufacturing processes. Another possible pathway of contamination involved the absorption and adsorption
of PBDEs by the original farm plants during their growth processes. Mueller et al. reported that both radish
(Raphanus sativus L.) and summer squash (Cucurbita pepo L.) absorbed pentaBDE from contaminated soil in a
model experiment''. Thus, farm plants probably absorb a part of the PBDEs from contaminated soil. Hale et al.
reported that 11 biosolid fertilizer (recycled sewage sludge) samples that were collected from different regions
in the US all contained high concentrations of penta- and decaBDE (1100-2290 and 84.8-4890 ng-g' dry
weight, respectively)'?. The land application of biosolids may increase PBDE levels in farm plants and their
products. However, the relationship between PBDE levels in plants and those in soils has not been sufficiently
documented. In addition, it is known that considerable amounts of polybrominated dibenzo-p-
dioxins/dibenzofurans (PBDDs/PBDFs) can be formed from PBDEs under thermal stress conditions'>. Further
studies are required to reveal the pathways of oil contamination and to examine the formation of toxic
PBDDs/PBDFs from PBDEs in heated vegetable oils under specific cooking conditions.
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Abstract

Polybrominated diphenyl ethers (PBDEs) are widely used as flame retardants in different types of consumer
products. PBDEs are now ubiquitous environmental contaminants. Several studies have indicated that PBDEs
may affect male fertility. We present the results of a pilot study on the relationship between human serum
PBDEs and sperm quality. Serum and sperm samples from 10 healthy Japanese males aged 18-22 years were
obtained in St. Marianna University. The PBDE concentrations in the serum samples were determined using gas
chromatography/mass spectrometry. Four PBDE congeners (2,2'4,4"-tetrabromodipheny] ether (TeBDE-47),
2,2'4.4' 5-pentabromodiphenyl ether (PeBDE-99), 2,2 4.4' 6-pentabromodiphenyl ether (PeBDE-100), and
2,2'4,4',5,5"-hexabromodiphenyl ether (HXBDE-153)) were quantified in all serum samples. The median levels
of the individual PBDE congeners were 1.4 ng-g ' lipid weight (Iw), TeBDE-47; 0.21 ng.g' Iw, PeBDE-99; 0.24
ng-g" Iw, PeBDE-100; and 0.72 ngg" Iw, HXBDE-153. These levels are comparable to those found in European
countries. Clear inverse correlations were observed between the serum HxBDE-153 concentration and sperm
concentration (r = —0.838, p = 0.002) and testis size (» = -0.764, p = 0.01). However, the serum concentrations
of the other 3 congeners did not correlate with sperm concentration or testis size. Extensive studies on the
relationship between PBDEs and sperm quality are required.

Introduction

Polybrominated diphenyl ethers (PBDEs) are used as flame retardants in the production of common consumer
products. PBDEs are now ubiquitous and persistent environmental contaminants, and they have been detected in
human tissues. Because PBDEs have some structural similarity to thyroid hormones such as thyroxine (T4), it
was speculated that PBDEs may mimic thyroid hormones and may disrupt thyroid homeostasis. Several studies
indicate that exposure to PBDEs can reduce circulating levels of T4 in laboratory animals' and can cause
permanent neurological effects similar to those associated with thyroid hormone deficiencies’. In addition,
several PBDEs possess weak estrogenic/antiestrogenic activities®. The proliferation and differentiation of Sertoli
cells and sperm production are regulated by thyroid and sexual hormones. Thus, PBDEs may affect male
reproductive health by interfering with thyroid and sexual hormone function. Kuriyama et al. have reported that
developmental exposure to a single low dose (60 pgkg™ body weight) of 2,2 4 4 5-pentabromodiphenyl ether
(PeBDE-99) decreased sperm counts in male Wistar rats’. However, no previous studies have examined the
relationship between human PBDE levels and sperm quality. We participated in the international project
examining the sperm quality of fertile men and found that the sperm concentration of Japanese men was lower
than that of European men’. The examination of sperm quality and the estimation of the concentration of
chemicals in the serum would be required to reveal the correlation between the sperm quality of Japanese men
and their exposure to chemicals. The aim of this pilot study was to measure PBDEs in serum samples from
Japanese young males and to examine the relationship between serum PBDE levels and sperm quality.

Materials and Methods

Sample collection: Blood serum and sperm samples were collected monthly from 45 young Japanese males at
the Department of Urology, St. Marianna University School of Medicine, in 2003. The men were asked to
remain abstinent for at least 48 h before sperm collection. The blood samples were collected in vacuum tubes,
and the serum fractions were separated by centrifugation. Serum samples were stored at —80°C until analysis. Of
the 45 sample sets, 10 sample sets were randomly chosen for this study. For PBDE analysis, 10 pooled serum
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samples (0.5 g * 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 “C,.-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 ('’Ci,-TrBDE-28), 130,5-2,2°4.4'
tetrabromodiphenyl ether (‘*C,,-TeBDE-47), 3C,2-2,2".4.4' 5-pentabromodiphenyl ether (**C,,-PeBDE-99),
13C,,-2.2' 4 4.5 5"-hexabromodiphenyl ether (°Ci-HxBDE-153), °C;2,2'4.4'5,6'-HxBDE (“Cy;-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 n-
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 residuc was redissolved in n-hexane and was
transferred to a microconcentration tube. After addition of the injection standard ('’C,>-3,3',4.4',5-PeBDE) and
keeper solvent (10 pL n-nonane), the extract was finally evaporated to approximately 10 puL under a gentle
stream of nitrogen. 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 pm; 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 (ng-g” Iw). 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 (T BDE-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 ngg ' 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 ngg"
Ilw; BDE-100, 0.24 ng'g”' Iw; and BDE-153,
0.72 ng-g ' lw. The levels of total PBDEs in
Japanese human serum samples were almost
the same as those reported in European
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PeBDE-100) means that the main sources
and/or biological properties of HxBDE-153

Fig.1 Chromatograms of PBDESs in human serum (participant No.2) and
standard solution (1 to 2.5 ng-mL™" each)

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

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

Participant No.
Congencr 1 2 3 4 5 6 7 8 9 10
TrBDE-17 ir<0.04 tr <0.05 nd <0.01 nd <0.01 nd <0.02 nd <0.01 nd <0.02 nd <0.01 nd <0.02 nd <0.02
TrBDE-28/13 tr<0.2 0.37 0.16 tr <0.2 0.16 0.24 tr <0.1 0.17 tr<0.2 ir<0.2
TrBDE-17 tr <0.02 tr <0.03 nd <0.01 nd <0.01 nd <0.01 nd <0.01 nd <0.01 nd <0.01 nd <0.01 nd <0.01
TeBDE-49 nd <0.02 nd <003 0.09 tr <0.07 tr <0.08 0.07 nd <0.02 0.09 nd <0.03 tr <0.09
TeBDE4? 1.3 5.9 1.5 0.9 L6 18 0.84 9 0.93 0.81
TeBDE-66 nd <0.04 nd <0.08 nd <0.04 nd <0.04 nd <0.04 nd <0.04 nd <0.04 tr <.2 nd <0.0% nd <0.0%
PeBDE-100 0.23 0.67 0.24 0.21 0.24 0.40 013 o3 0.21 0.25
PeBDE-99 o 11 0.21 0.16 0.2% 0.21 0.10 0.49 0.1%8 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-8S tr <0.07 tr <0.09 tr <0,07 nd <0.02 tr <0.08 nd <0.02 nd <0.02 tr <0.07 nd <0.03 nd <0.02
H1BDE-155 nd <0.02 tr <0.07 tr <0.0%5 tr <0,08 nd <0.02 tr <0.06 nd <0.02 nd <0.02 tr <0.07 nd <0.02
Hi1BDE-154 tr <0.06 0.08 0.05 0.05 tr <0.06 0.06 tr <0.06 tr <0.06 tr <0.07 tr <0.07
HiBDE-153 0.76 0.96 11 0.5 0.58 0.68 0.37 0.52 0.91 0.79
HpBDE-183 nd <f.1 nd <0.2 tr <0.4 tr <0.4 tr <0.4 tr <0.4 nd <01 nd <0.1 tr <0.5 nd <0).2
Sum of 4 PBDEs* 25 8.6 11 1.9 2.7 11 1.1 4.2 2:2 2.1

Abbreviations: tr, trace: nd. not detected. *Sum of TcBDE-47, PeBDE-100, PeBDE-99, and HaBDE-153.
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voluntarily stoppcd 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
n f
pe taBDE  because o Sperm concentration (million-mL™")* 49 55 33 108 83 4 115 78 25 30

concern for its potency 10 o yize (ml.) % 36 40 S0 46 42 S1 sS4 29 33
accumulate in biota and *Annual 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 100 - ‘ i
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 are shown in Table 2. The sperm |
concentration of these participants ranged from 25 to L
115 million'mL™'. No participant had a sperm 20 T “ | |
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 ’ Serun"l HxBD-E-153 c;.mc —= -1"”'
correlations were observed between serum HxBDE-153 -(ngg™Iw)
concentration and sperm concentration (» = -0.841. p = gi0 2 Relationship between serum HxBDE-153

0.002, Fig.2) and testis size (» = ~0.764, p = 0.01).  concentration 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.

Sperm conc. {(million-mL™)
3
®
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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 ngg’l 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 conrained the highest levels of PBDEs (49-53ng g !
oil weight) and PCBs (200-340ngg ' oil weight). These results indicate that PBDEs may have entered Japanese deep-sea

walers.

Keywords: Dictary supplements, shark liver oil, polybrominated diphenyl ethers, polyvchlorinated biphenvlis

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 funcuons in animal
models (Pugliese et al. 1998; Kelly 1999), and
squalamine has been shown to have some antmi-
crobial and antitumor activities (Moore et al. 1993;
Sills et al. 1998). In addition, it is generally accepted
that the consumpton of 7 — 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 infecuous/inflammatory diseases, and
1ts use has been promoted for different age groups,
including children.

However, 1t should be noted that raw shark
hiver o1l 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 velvet
belly sharks collected from a depth of about
400 m 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 1000 ngg ™"
lipid weight.

De Boer er al. (1998) found relatvely high
concentrations of polybrominated diphenyl ethers
(PBDEs) in sperm whales, indicating the contami-
naton 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 materials, 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 concem 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; Akutsu et al. 2003; Sjodin et al. 2004).
PBDEs have been detected in edible fish and other
foodstuffs (Akutsu et al. 2001; Ohrta 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 Additives (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 that 16 of 17 dietary fish oil
supplements contain PBDEs, 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 dietary 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 two 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 each product.
For comparison, two different batches (manufac-
tured on two different dates) of the same brand of
Japanese shark liver oil (SLO1A and SI.LO1B) were
separately analysed. Since the samples considered
included only the leading brands available in the
Japanese market, 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 each) and
13C,2-PCBs ('°C,,-CB-28, —52, —118, —153, and
—180; 0.75ng each) and was then purified 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 20 mm [.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 (3g) 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 DMSO. Water (30 ml) was
added to the combined DMSO phase and back
extraction was performed three times with 30 ml of
hexane. The combined hexane phase was concen-
trated to 50 pl of nonane with an injection standard
("’C,2-BDE-77, 0.5ng).

GCIMS condition

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

Country of Indicared concentrations of SQ, Proposed
Sample code 01l composition origin AG and n—3 PUFAs dose (gday '
SLO1A* SLO (cold processed) Japan SQ 82%-89%, AG 6%—11%, n—3 PUFAs 3%—T7% 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 5Q 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%—535%, AG 20%—45% 1.5
SLO5 SLO (cold processed), VE New Zealand NA 0.6-1.2
SLO6 SL.O 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 (92.59) + FO NA 5Q 92% 2.2-2.8

(7.1%), VE, VA

SLO, deep-sea shark liver oil; FO, fish oil; 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.
"Proposed doses are based on the information provided by the product manufacturers/suppliers.

JMS-GC mate IT mass spectrometer (JEOL, Tokyo,
Japan). The separation was carried out in an Rrx-1MS
fused-silica capillary column (15m x 0.25mm 1.D,,
0.1pm film thickness with a 3-m Integra-Guard
column; Restek, Bellefonte, PA, USA) using helium
as the carrier gas (flow rate 1 mImin~"). The injector
temperature was 250" C and the injection volume was
2ul (splitless). The column temperature was pro-
grammed from 100°C (2min) 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 eV, resolution 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 dilution method using the corresponding
3C,,-labelled congeners.

Qualiry 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 recoverics of the
H‘C]g-lal')cll(:d 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 II and III. 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 total 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  (0.17ng gfl whole  weight) (UK  Food
Standards Agency 2006). The three samples from
the two brands of Japanese deep-sea shark liver oil
(SLO1A, SL.LO1B 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, SL.OIB 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) deodornization 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)

Sum’ Sum?’
Sample code 28 49 47 66 100 G99 155 154 153 183 (lower bound) (upper bound)
SLO1A* 0.9 23 23 2.6 B2 8.0 1:5 25 29 ND 49 49
SLOIB* 1.0 2.5 28 2.8 3.6 8.2 1.3 2.7 24 ND 53 53
SLO2 1.1 2,6 28 25 4.3 7.5 1.2 2.4 24 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
SLO& 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 1.7
SLOS ND ND 1.3 0.1 1.8 5.6 2 2.5 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
SLOI11 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 <0.1ngg

! oil weight for the other nine PBDE congeners).

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

"The concentrations of “ND" congeners were assumed to be zero.

e 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
SLOIL A* 5.6 18 68 170 82 340
SLO1B* 5.5 20 63 150 81 320
SLO2 4.1 17 57 140 69 290
SLO3 0.2 0.8 7.6 20 14 43
SLO4 0.2 0.6 52 4.9 1l 22
SLOS 0.3 1.0 3.6 9.1 4.9 19
SL.O6 0.5 3.4 8.9 9.3 6.7 29
SLO7 0.2 0.7 1.6 16 12 3l
SLO8 0.1 0.1 0.2 1.1 16 18
SL.O9 0.2 0.3 0.9 9.0 7.4 18
SLOI10 0.3 0.5 2.1 10 6.1 19
SLO11 0.3 0.2 0.7 8.6 6.2 16

*SL.O1A and SL.OI1B 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 Japanesc 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 Southemn
Hemisphere (Tanabe et al. 1994; Schroder and
Castle 1998). More recently, Ueno er al. (2003,
2004) have reported the geographical distribution
of PCB and PBDE concentrations in skipjack tuna
collected from the oftshore 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 1s relatively
free of organochlorine contaminants; for example,
PCB concentrations in the estuarine sediments of
New Zealand (0.12 8.8pgkg™" dry weight) were
lower than those reported in Japan (63-240 ugkg ™'
dry weight) and Sweden (23 262pgkg™' dry
weight). Thus, it is likely that deep-sea sharks in
the Northern Hemisphere tend to possess higher
levels of these pollutants than those in the Southemn
Hemisphere; however, further studies are required to
confirm this fact. According to the product specifi-
cations, the two brands of Japanese shark liver qil
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 entered Japanese deep-sea waters. In the
marine environment, the deep sea and its ecosystems
will be the ultimate 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 (Ikonomou 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
aguatic 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
PBDEs estimated in this study (0.09 pgday™) was
comparable to or higher than the total dietary intake
of PBDEs reported in Spain (0.097 pgday '),
Sweden (0.051 pg day_') and Finland
(0.044pgday71) (Domingo 2004). The maximum
intake of the 10 PBDEs (0.09 pg day™") was 0.075%

Table IV. Estimarted daily intake (pgday™") of PBDEs and PCBs
from deep-sea shark liver ail. -

Sample code Sum of ten PBDEs' Sum of six PCBs

SLO1A* 0.04-0.09 0.26-0.60
SLO1B* 0.04-0.09 0.24-0.56
SLO2 0.04-0.09 0.22-0.51
SLO3 (.003 0.08
SLO4 0.003 0.03
SLOS5 <0.001-0.002 0.01-0.02
SLO6 0.004 0.08
SLO7 0.003-0.005 0.0640.08
SLO8 0.008 0.01
SI.O9 0.001-0.002 0.02
SLO10 0.001-0.002 0.01-0.03
SLOI11 0.003-0.004 0.04
*SLO1A 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
(120pgday ™" for a 60-kg person) (Wenning et al.
2003). The intake of the six indicator PCBs ranged
from 0.01 to 0.60 pgday . 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 mmtake of PCBs set by the Japanese
government (300 pgday ' for a 60-kg person). Our
data indicate that the frequent consumption of shark
liver oil supplements will increase human dictary
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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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I EAC

AT 7T T = HRSATE (LC/MS) RHWAAAERUVERTD / 27— (4
NP} RUA2FNL7 /=N (40P) OMBrORELERETRIT L. GIABIE, A%/ — LTl

L, ¥LFE—FHI—P )y VEROCTABSBHTHRL 7.

LC/MS %113, 4-NP, 4OP A4 7 1 7

E—FzHw, MZEERE 70 b AL+ (m/z 2051, 219.1) FHOLZEIRA 4+ B (selected ion moni-

oring, SIM) ExERL 7.

HE)FHITHEEOMRE (0.005%) RUKMT > E=v24 0mM) 2Hw2

ZEiZED, BERCHRHTEZ. SIMBICIZHREIIVTND 05~50 ng/mlL OFEEETRATF 2 B %

EFanL7z, REEIZE S 10 ng/g IRDIEF O EIATE L 72.1 ~89.6%, BER®IX 10% DN TH-7-.

AiEIZE

LEMBRAIL05~2ng/g Tho7o, REEHOTHRAMERFERIZOVT NP KLIFOP OF R EEH

HEERLEZS, V3,

1l

1 # i

ST /)=l (NP), 2ZFNTx/—1 (OP)
R AP U BRERIA S L L 3 h, AGWRICHT S
WALFEIAEE DR TV 5", NP, OP I {4 ¥ HRE
itk #l Inonylphenolethoxylate (NPEO), octylpheno-
lethoxylate (OPEO)! R4 i % & A %> JUmMg 1L Al o 44
HELTHRASATYS, 2000 EIZ BT A NP, OP M4
PERIZH 16500 b 2 B TF 10000 b > Th D, BIEp~
MEh7 NPEO, OPEO WX, LERIZBVWTHER IS
SH, NP, OP AR T B, o a6, NP, OP
OF NN R FAI KA~ O YA SR 20, KR~ 0
EEHIFRSENTWVWS, NP, OPOABIINTLIIA LD
ToBRERIEGVE SR TELHD, NPIZOWTIITR
13 8HIZ, OPIZoWTLER 1456 H, AKICHL
THGHME A HEE S Y,

F 4L, NP, OP IS S BICEBRAE» LB
TrL7-fEma8HLT, NP, OPEFHEMICERLTWV2
REtEA S L. L5 T, EBICE P EOEE NP,
OPIZEBENTVEPHLIZLERBOTEETHL. B
£EX T, @K, THHEA HRSOBRERAEDO NP,
OPBEIZ2WTIZ, k7 o= 75371 — (LO), B

R BRI 3380824 B ER Xz £ ikl LA AR
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R AFER L F S 142-8501
2-4-41

Y AU AR 959 - 1193

HR R b 11X fE B
AR L 2R G

VT RENSBED 4NP AN S,

HHikr o< b7 7 4 —/HESHE (LC/MS), HA
ra=w b ¥7 74— /HESHE (GC/MS) &%/l
HELOBES IR TWS, Lal, filEhTWSER
8, BAREIHOIEIZL W™ 22 C4M,
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TEHEHS A TOHEREESH DA, TEHE L THER
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mL AR L TERERBEAFABL, #H70% 25/ —1
THRL TEfEHRE L7
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Operating conditions of LC/MS for actvlphenol and nonylphenol

MS conditons

HPLC condiuons

lIonization ESI, Negative

Fragmentor 100V

Nebulizer N2 (30 psi)

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

SIM 1on m/z 205.1,210.1, 219:1

Cadenza CD-C18 (100 x 2 mm)

Column

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

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

Time/min A, % B, 7%
0 80 20
10 4) 60
20 30 70

Isolute multimode 77 — k') v ¥ (500 mg) : International
Sorbent Technology Ltd. ¥, #—FJ» JVid&H 620D
A% /=N 10mL BROK5mL OMTHkdEL - HERL
.

FOMO AT THMMD S id HPLC & B v
72, WBKOMBLZIEA LA REHMEREEE ModelS
EfER L.

2:2 EBRUBERNG

Bk rov by 7 7 BRGHE: Agilent B 1100
series LC/MSD Z i1 L 7=, iE £={F(2 Table 1127 L
o

2:3 BMEROER

g L AREE A AR 4--OP(d:) % 10ng HA TS
4NP, 4-n-NP, 4-1-OP . Uf 4-n-OP ® 1.0, 2.0, 5.0, 10
KU 50 ng/mL ORGEREGHLHARL, £D20uL %
HEfkr o< 777/ HEGEHIEAT S, BHZE
WARA F Bl (selected ion monitoring, SIM) # %R
AL, #hfhE=F—A 422X 0EGRESIMZD
v hr 7L LE D=2l E KD, 4NP, 4-n-NP, 4-4-0P
KT 4-n-OP & 4--OP(d;) OERL L h R4 FlL
i

2:4 HBRBAOAN

KE5gFMh, A%/ — 0L 15mL RIS 4-+-
OP(d;) 50 ng # A THE Y+ 1 Afhtiik, HLT8L.
EBAEGHLE. BEIZGLTAY / —ENLZ, L
AOEEE 15mL L L7, EBASmL (RH 1 gL
FHLY, HEAKTmL EA 7,
— by VIZBAML, A—M) v VEE0% AT -3
mL TH&E, A ¥/ — N s5mL THEH Lz S
01MKOH#H# 0.1mLZMA, BELAATTH 01 mL
CHITREGRE, 70% A¥Y /—NLT1.0mL L7 fagk

Isolute multimode 7

DOFHTIE, EEA3SmLIZ 0.2 MEEREREH (pH5.0) 2
mL, BBASmLRUB-ZMr7u=—¥F—¥30ulL ZMA,
+riRE L7ctk, 37C TIOBMA »Fax—FLA. £
OE%OBAEE ERCITR L kT o 7.

2.5 QERMOBHEAR

Tl AEfAEOLEMIEHIN T Ty 771 VAR
PrLADH5ONP RUFOPDEHREIIAD L HIZiT-
2. FuT7a40A, FPLAESX5emIiZYINRo724
OENEImDHFIAR I r—LIZAN, nAT ¥ 25
mL {4-+-OP(d;), 20 ng &l ZMATHEARE 5 L&
SEET 60 MBI L 2. T ¥ Y IETIC KOH B
0.1 mLZMA, @EQMETTEH O mL (28 %,
0% A% /=T 20mL & L, REERE L7

3 HERUZE

3:1 LC/MS BlEFMAD#E

— s, TERELTIENP RUOP RIZTE Y 4 7D
ANP R 40P VLR T WS, Lzdi-T, BEH
PHBEENA NP, OPRFTEY 4 7DLDOTHE™Y,
FIT, Gy A TD NP B 40-0P 002, AERE
#mE LTHBRSH TV AEMY 1 7D 4n-NP LT 4-n-
OP L &% T LC/MS MlE R BT L 7.

NP IZBAEA T 22D, £ 9 —72—AIIRK
FHEALF A 4 b (atmospheric pressure chemical ioniza-
APCl) EMHAShTWwS, —F, BATIIHRE
HIERTWwWAZT LY PORXATL—A4F 1t (electro-
spray ionization, ESI) #% H\vi72 NP, OP O #TiE b &L
FLMEShTWS, £2T, APCLERUESIEZH W
THIBRELEBEL &R, WIhols b REMIZFE
BTHhot:, £2T, 41 ¥—7x—RI28MEHIZEN
TWwhAESIERBIRL 7. KiZ, /4 k- FEBFL
ER wTFhb 7z /- uEABEXRELTVWAI LY
7., BEHIIRMEOK

tion,

% negative mode A58 L T 7z,



o WIL, kK Tk, R, P P LO/MS L ABAERO /LT /- VRUFIFAT 2/ - LOER 1039
: \ [ 4 ‘f‘\“ N A
- TIC - \/_'-\J\f\-\_wf‘f’ \V T s
e e e e g d u L
- 4-r -0p
. 4-n-0OP
o nvzzosl L S S | T
B [ 4-1-OP(ds)
. i
- sl R A ATU R AT A i s o

m/z 2101 ,"‘”,U’.‘

‘wuuu YU B R A T \._.

FiRE &N

m/z 219.1

i

s PP il

,\ 4-NP 4-” -NP
,‘ \ J

ok I\
VI G

Fig. 1

BN OMRET =Y AeMABI LIZED, FHlGHE
hEREEICRE SR LaL, ﬁﬁ&wm@Ty%:
Y LDWBENT &IV T 5 2
W5.ﬁ&ﬁEHOD%%,ﬁﬁT/%wﬁLéﬁﬁ]mM
LA B, WA RMEROMASEIRE{ELD T
Eds, ¥y FERERRHLL. B, HlEE
CRIZTHZA00B LR, WL /2 Tid Cadenza
CD-CI8 (£ »% 7 E) b BT
KIZAF /BREIZRIEIT ISy A 5 —BED
LR slgol7o b 2qba [M-H]
205.1, 219.1, 210.1) ZHFERCAERTLH I00VISEEL
fo. Wi, DT A -y —OREMESRFEREL
Table | IZRT&RMUFHELL. BeRfFizLoTHLNL
4-NP, 4n-NP, 4t-OP, 4-n-OP OMHEERIE, SIM £—
FT05 ng/ml (faxt&EE LTl pg'," Thols, KER
LEEMEIVTRY 0.5~50 ng/ml. DO TRA N
MEzr L., REEEBERI ng/mLO LML
LC/ESI/MSSIM 2 0= ¥ F L% Fig. 1IIm7.

R

(m/z

3-2 ATAMERAOWE

3-2-1 WMERUIU-2FPuT A OB D
MEIZUL > TIREBGHEHLEAELSOGREERERND %L
THILEROLND™. ERE, ML THETLICY
7oh, EBRRMESLERSGH - AED S NP O R
ML %o, £2T, LhEHEEOEVEINEET#E

T57:0, $NPOHHEIL L2272 T v 7H
RN #JHP“J v YRR L. FOHR,
multimode 7% %"‘&fi‘b‘@ﬁ?} EhA I, D 4NP
O A B d o 72 (0.2 ng/cartrigde LVF) . s A

Isolute

Typical LC/ESI/MS-SIM chromatograms of standard mixture (1 ng/mlL.)

FANATLEOF vy FICHWL LTSy A0 5L NPO
R AENLELDEholz, 7 FLIZIENPOBEHD
LUy 7o HERRLA, REICLYBohRE
ey I Ry 7RAMIKKO 20~ + 75 L% Fig. 2,
SR, 8, ABIZE - Tid 4n-NP OFEHAE ICH)
EC— WAL, SWAEELEGYHo 2 LML
LTRESGE S A TO4NP RS TWAZ D
L, CHhUBREMSZ 4 70 4-n-NP (X7 x $0 60T
A &Lt

322 BERICEBIASE U ECCHILENC IR
XN 7NP, OPIE, Y nryuoryBlaahlizmmsas
ELTHAT ARSI LAY, ek
Prafd b L7 40P RTF NP JEHEER (4 500 ng/mL)
PEabiBEm 0oL & 24 ilid@ LA E EFEA 3mL S

WL TR MAeFEHH LA, Borvro=y—¥hR
210, 30 R 50uL EEZTHMATHEIIRIZTEE.
HALER, wThoRiCHEWTH 37C, 5B o F

ax—rFaIEIZLVBIEZEESCNAGEINE:. 2
T, RETEMEZERIEIOUL, 1 ¥ Fax—1 3 R
10 BEf 2 L7,

3+.2:3 BEERKSILRIIT MecOHESRBOEE  XiZ,
AFHMIBHEAT A & /=L THDH I Ehs, BERBIZRIT
TMcOH EROEFT LR L. BELNLERTO XY
J—ERA 0, 10, 20, 30, 40, 50, 60% L #EZ T -
T Oy —E¥OBEFT I RETEREHSL 20
R OAY/I-LVERDN % T TEMEGEIIIZAY
MEEhT, fAGHED 0% LLEANAKGHIN, £2
T.tﬁﬁ?&%ﬁ?/-wm&ﬁijLOQMﬁMﬁ
HiomL RUHBASmLEMR, {1 »Fax—-rT3
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Fig. 2 Typical LC/ESI/MS-SIM chromatograms of (A) before and (B) after deglu-

curonidation of freshwater clam extracs
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Fig. 3 Typical LC/ESI/MS-SIM chromatograms of (A) before and (B) after deglucuronidation of

grain shellfish extract

o o [ 2.
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Table 2 Recoveries of octylphenol and nonylphenol from fish, shellfish and meat

Recovery (mean = S.D., n=5), %

Sample e
4-t-OP 4-n-OP 4NP 4-1-OP(ds)
Yellowtail 85676 73362 842+ 9.1 863 £5.7
Freshwater clam 89.6 £ 5.7 81356 86378 84.7 £ 4.8
Pork 8l.3x72 72166 795 %83 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 Free (uunfl_e_glu_cur_otliria_rion) - Total (deglucuronidation) B
number 41-0P 4-n-OP 4-NP 4-L-OP 4-n-OP 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
Striped pigfish 1 ND ND ND ND ND ND
Freshwater clam 7 dir ND ND~64.1 1.0 ND ND~889
Littleneck clam 2 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 54—~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
Suwif 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: 40P <0.5 pph, 4n-OP < 0.5 ppb, $NP < 2.0 ppb

WO 95% LLERAF L BB, MIERSGD
O—FJIHREL—F—DLD4ANPOFHFRE 0
2, TSR L—y iz kL, RERSIBERR
FEiTs i

3.3 FMELRER

4NP, 4-+-OP, 4-n-OP B UHEEH 4-0P(ds) &,
=F, ¥V IERUER| 10ng/g ORETHERML, WL
HE KRB FOEE nTF, PYVIRUERIZVTH
O L 70% LEORWETH -2 |Table 2, 4-t-
OP(d:) TORIESR L. KEIZLD 40P, 40-0P D
HERIZ05ng/g (S/N3) Thorz. -H, NP
TFROL Y IR BEERAEM (REABER I mL
L T032+018ng/mL) AWM S, ~ARICEREE
AN S N - E5ORIBER LOD (2, HBIFERE
BOTFHMH TS ABEREDIEEERSINTWS, L
2HoT, AFPO 4NP ORI FIRMEIEEE+EE L

T2ng/g & L7

3-4 ANTE, RAPONP, OPRE

AEECEh, HEENTHR S T8, RR%,
At Tt L7, gL Til, -Hory
I (7#etkdb 2Bk, v H (kg 2 Kitk) RO
H A (6RtETR 1 B SOBED 4NP AR IR
7, 4NPA BRI ng/g B SN Y Y IA 6, [HEF
2 1ng/g @ 40P LN,

2Ty b, T A% TN, OP REORNRE, &
oI o yBASGKICARESR, mBRRRPIZIEE
MO BIESHkE LTHEETLE SN TR,
H, BEHD SO NPHENFACET I®EEZLES TS
A, EEROLMELTEY, fUEMIsHEERSN
LU T, SEORETREO 4NP A SR

Ry IIRUY THRILOWT, &L EEOIR
BErx#lE L. Table 327280, 2 VIRTY7H
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Table 4 Thermal stability of residual 4-nonylphenol in freshwater clam and grain

shellfish
Sample NP Rate, %
Freshwater clam Botl liquid 3.4 ng/ 100 mL 1.0
tissues 337.1ng (6l.4ngg ") 99.0
Grain shellfish Boil hiquid 2.5 ng/100mL 2.9
tissues 108.7ng (1561 ngg ™) 97.8

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

minutes, respecrively.

b LB EN 4NP IR, FOEL{AHEEARTHD, B
sz A SA Dol 2O EDS, YU,
vT7HOS VYo yEastiEtERBwLEZ LR D,

KIS, PYIRYTHEBEENDS 4NP OB
BUagEkesl~~rs, Y3108, vZHIER2ZH

FH 100 mL OB T 5 s A %, b AK b
OBITRRFY VI, v7HHORELRZ. HhiZE
FNDANPIZHBBEADIIZIZEALBITET, HPIZEK
fiLTw/: (Table 4). T/, MBABZIIBVWTLE
OBREIZEZIIEAEROMTY, ETTho/o. &8,
Fig. 2, SICHilBAMOREME L TaNe ARSI
Py YV IRGY 7RMINTEO LC/ESI/MSSIM 7 0= b &
LR LI.

35 BNERONPRELIAEHOEE

MAFONP RUTOP FHROFEE LT, REHRGE
rabok, il uEsSh T EEMlRICES
LoRESATWAE"Y, £F2C, Sho#E#E T NP A
mEhAy Y QK REY7H QEKE Iowvw
T, ShoDOBREALEXRTW-E8HM (5771410
L, FLA) (22WT, NP RUFOP OiEHRBE iT-7-.
FORE, SEINPHYBHEINAL L II Ry THICH
LN T aEMAL0 NP LTFOPDEHRE, wih
3 lng/cm?JrJ[.—F"?:‘@cf:. B, YYVIRW»YTHIE,
Frrasp gL TuLA, HohgdEL Tui
v, ko E>s, SENPAHEENSN-HEOR
RERE, AEHrSOERIRS T LR, BEHEH
RIZrBZLDEEZLND,

4 %5 o

BT, NP, OPZ&EIcH L THSREEEHZRTZ
EABSMICERS. LA L, ABERELDTy FRTY
AHEOMABICHT AR o X CBRERIZERIZFHV&
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A simple and reliable method using liquid chromatography-electrospray ionization-mass spec-
trometry (LC/ESI-MS) has been developed for the determination of 4nonvlphenol (4NP) and
4-octylphenol (4-OP) in seafood and meat. 1O separation was performed on a Cadenza CD-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 40P 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 B-glucuronidase and correction of
the stable isotopically labeled internal standard, 4-octylphenol-d wype. 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.



