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Polybrominated diphenyl ethers (PBDES) have been widely used as flame retardants in plastics and
textile coatings, and these compounds have been recognized as ubiquitous environmental contami-
nants. Furthermore, it is considered a serious problem that polybrominated dibenzo-p-dioxins and
dibenzofurans (PBDD/DFs), having toxicities similar to those of chlorinated dioxins, are generated
by the manufacture of brominated flame retardants (BFRs) such as PBDEs, and formed by the
combustion of substances containing BFRs. Several congeners of PBDD/DFs and PBDEs have been
detected in the adipose tissue of the Japanese. Although food is suspected as an exposure source,
little information is available regarding the levels of these brominated compounds in food, as compared
with information regarding dioxin or polychlorinated biphenyls. It is necessary to investigate the levels
of these brominated organic compounds in various foods and to estimate their influence in the case
of human exposure. We developed an efficient method of analyzing PBDEs and PBDD/DFs contents
in food samples using accelerated solvent extraction and determined the concentrations in several
marine products such as raw fish, processed foods, and seaweed purchased in Japan. A recovery
test (n = 5) using the method and involving dried fish showed acceptable recoveries of 57.7—78.5%
(RSD 5.4—15.9%) for PBDEs and 50.0—56.4% (RSD 1.5—7.9%) for PBDD/DFs. In the analysis of
marine product samples, several congeners of PBDEs were detected in raw fish, processed fish,
and seaweed; the highest concentration of Y PBDEs was detected in yellowtail (1161pg/g whole basis),
followed by mackerel (553.5pg/g whole basis). The most dominant congener present in these marine
samples was 2,2',4,4'-tetraBDE (#47).

KEYWORDS: Polybrominated diphenyl ethers (PBDEs); polybrominated dibenzo- p-dioxins; dibenzofurans
(PBDDs/DFs); levels in food; marine products; accelerated solvent extraction (ASE)

INTRODUCTION (5). Recent reports have shown that PBDEs have a develop-
mental neurotoxic effect in mice or rat, 6—8). Furthermore,

the thermal formation of polybrominated dibengatioxins/
'Odibenzofurans (PBDD/DFs) from BFRs such as PBDEs or
OTBBPA is considered a serious problef 10). Although the

Polybrominated diphenyl ethers (PBDES) are flame retardants,
which have been used worldwide in plastics and textile coatings
In Japan, the domestic use of PBDES reached its peak in 199
(12100 tons), subsequently decreasing to 2800 tons by 2000, =" X o .
(1). The use of PBDEs will be soon replaced by the use of toxicity of these brommate_d.dloxms is also unclegr, some studies
tetrabromobisphenol A (TBBPA), but the demand for total have shown that the toxicity of 2,3,7,8-TBDD is comparable

brominated flame retardants (BFRs) remains extensive. PBDEsC that of 2,3,7,8-TCDD (11). Because the international toxic
are additives of polymers such as polystyrene and are not €duivalency factors (TEFs) have not been determined for PBDD/

chemically bound to the polymer. Therefore, they are easily PFS: it is presently considered appropriate to use the TEFs of
released into the environment. The toxicity of PBDES remains Chlorinated dioxins for corresponding congeners of PBDD/DFs
unclear, but some studies have indicated the dioxin- or poly- 11).
chlorinated biphenyls-like toxicity of PBDES, activating the aryl ~ In recent decades, some congeners of PBDEs have been
hydrocarbon receptor signal transduction pathw2y3j, af- detected in environmental samples taken throughout the world,
fecting thyroid hormone functior4] and estrogenic potency including sediment (12—14), atmosphere (15), soil (16), and
biota (13,17—19). These compounds have been recognized as
* To whom correspondence should be addressed. F8l 92 921 9946. ubiquitous environmental contaminants because of their bioac-
Fax: +81 92 928 1203. E-mail: nakagawa@fihes.pref.fukuoka.jp. cumulative characteristics in the food chain. Above all, tetra-
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bromodiphenyl ethers (tetraBDEs) and pentabromodiphenyl tapie 1. Selected lon Monitoring (SIM) lons Used in the PBDD/DFs
ethers (pentaBDEs) were considered to have a high bioaccu-GC/MS Method
mulation potential 20). In a recent report, some congeners of

PBDE were detected in certain Arctic anima4). These results ions (mlz)

show that the presence of PBDEs has reached the Arctic and compound quantification confirmation

that there were differences of levels and patterns of accumulation tetraBDD 499.6904 501.6883

among species, which is considered to be due to differences in pentaBDD 577.6009 579.5988

PBDE metabolism and accumulation. There are interesting hexaBDD 655.5114 657.5094

reports regarding human exposure of PBDES, showing up in  aBDF 483.6955 485.6934
: ; _ pentaBDF 561.6060 563.6039

human adipose tissugZ), blood £3), and mother’s milkZ4). hexaBDF 639.5165 6415144

Ohta et al. (25) reported that the concentration of total PBDESs 13C;,-tetraBDD 511.7306

in the milk of Japanese women ranged between 668 and 2840  **Ci-pentaBDD 589.6412

pg/g and suggested that there was a strong positive relationship gglz;p;?:ggg 282%23

between PBDE concentrations in human milk and dietary intake 13Ci§_pemaBDF 573.6462

of fish and shellfish. Although information regarding PBDD/

DFs is slight as compared with that regarding PBDES, several
congeners have also been detected in environmental samplesable 2. SIM lons Used in the PBDEs GC/MS Method
such as sedimenil4). Especially, determination in biot2€)

and human adipose tissug2) is rare throughout the world. ions (m'z)

On the other hand, there are some studies concerning naturally compound quantification confirmation

occurring derivatives of PBDDs. In these reports, the derivatives tetraBDE 485.7113 483.7113

have been shown to be produced by cyanobacteria in marine pentaBDE 565.6199 563.6218

sponges (2728) hexaBDE 643.5303 641.5323
It is important to collect more detailed data regarding the ?fcpt"’f’e?riBDE Zg%?g?g 7233338

levels of contamination in food, animals, and human tissue in 13C1§-pentaBDE 5756622

order to clarify the behavior of brominated organic compounds 13C;,-hexaBDE 655.5708

in metabolism and bioaccumulation and to estimate human risk 1Cyz-heptaBDE 733.4813

in terms of these results. In the present study, we aim to develop
an efficient method of simultaneously analyzing PBDEs and ) ) )
PBDD/DFs in food samples using accelerated solvent extraction o spectrochemical analysis grade (Wako Pure Chemicals Ind, Co...Ltd.,
(ASE). After the validation of this method, we determined the 1oKkY0: Japan). Silica gel (Wako Pure Chemicals Ind, Co., Ltd.) was
levels of these brominated compounds in several marinecEeated for 3 h at 136C. Florisil (Kanto Chemicals) was heated for 3

. . . at 130°C and deactivated with 1% water. Active carbon was
products (raw fishes and shellfishes, processed fishes, an ’

urchased from Nacalai Tesque (Kyoto, Japan), refluxed with toluene

seaweed) purchased in Japan. for 1 h three times, and drieith vacuo; then, 500 mg of the active
carbon was mixed with 500 g of anhydrous sodium sulfate (Wako Pure
MATERIALS AND METHODS Chemicals Ind, Co.,Ltd.).

GC/MS analysis was performed on an HP6890 gas chromatograph
(Hewlett-Packard, CA) coupled to an Autospec Ultima (MicroMass,
United Kingdom). The GC conditions of the PBDD/DFs were as
follows: column, DB-5 (J&W Scientific, CA) 30 m, 0.25 mmi.d., 0.1
um film thickness; column temperature program, ¥2d0 °C at 20

Analytical Methods and Instrumentation. The PBDD/DFs analyti-
cal standard (tetra-hexa) was purchased from Cambridge Isotope
Laboratories (MA). A standard solution (500 ng/mL) of the mixture
was prepared in our laboratory. It contained the following PBDD/DFs
D 2 Jox“Cimin, 240-320°C (1ld for 75 min) t *Cimin econ
1,2,3,7,8-pentaBDF, 2,3,4,7,8-pentaBDF, and 1,2,3,4,7,8-hexaBDF ir]temperature, 240C; injection volume, 1ul. Th(_e GC conditions of
native PBDD/DFs mixturei3C;»-2.3.7,8-tetraBDD, 13C;»-1.2,3.7.8- PBDEs were as fo_llows: colum_n, HP'-SMS (Agilent Technology, CA)
pentaBDD, ©°Cy»-1,2,3,6,7,8-hexaBDD 2Cy-1,2,3,7,8,9-hexaBDD, 15 m, 0.25 mm id, O.J,ur_n film thlckness;o coll_Jmn temperature
13C,,-2,3,7,8-tetraBDFXC; - 1,2,3,7,8-pentaBDF, anldC;»2,3,4,7,8-  Program, 120 (held for 2 min) to 200 at 20°C/min, 200—300°C
pentaBDF int*C,,-labeled PBDD/DFs mixture. The PBDE analytical (held for 1 min) at 10C /m|n;'|.nject|on temperature, 24C; injection
standard was purchased from Wellington Laboratories (Ontario, volume, 1xL. The MS conditions .(PBDES and PBDD/I_DFS) Were as
Canada). It contained the following PBDE congeners: 4-monoBDE follows: electron energy, 3_8 ev; filament curret,_?ﬁ_A; lon source
(#3), 2,4-diBDE (#7), 4,4'-diBDE (#15), 2,2' 4'-triBDE (#17), 2,4,4'- temperature, 270C; resolution, 10000. ‘I_'he monitoring ions used in
tiBDE (#28), 2,2'4,4'tetraBDE (#47), 2,24,5'tetraBDE (#49), the GC/MS m_etho_d of PBDD/DFs are givenTable 1, and those of
2,3',4,4'tetraBDE (#66), 2,3 ,6-tetraBDE (#71), 3'34,4'tetraBDE " BDES are given ifable 2.
(#77), 2,2,3,4,4-pentaBDE (#85), 2!24,4,5-pentaBDE (#99), 2/2,4,6- Sampling. Marine products were purchased from several markets
pentaBDE (#100), 2!3,4',6-pentaBDE (#119), 3,3,4',5-pentaBDE in Fukuoka of Japan from September 2001 to February 2D8dle 3
(#126), 2,2',3,4,4' 5'-hexaBDE (#138), 2424’ 5,5'-hexaBDE (#153), shows the data of samples prepared for this study. Dried sardines,
2,2',4,4' 5,6'-hexaBDE (#154), 2,24,4',5'6-heptaBDE (#183), and  purchased from market in October 2002, were crushed using a mill
decaBDE (#209). The mixture also contained the followfi@.-labeled and used for the recovery test. Toasted laver, dried tangle, dried hijiki
congeners: 4-monoBDE (#3), 4,4'-diBDE (#15), 2,4,4'-triBDE (#28), (Hizikia fusiformi§, and dried wakameJndaria pinnatifidg were also
2,2 4,4'-tetraBDE (#47), 2,2',4,4' 5-pentaBDE (#99), 2,2'.4,4'5,5'- crushed using a mill. The edible parts of fish and shellfish were blended
hexaBDE (#153), 2!24,4',5,6'-hexaBDE (#154), and 224,4',5',6- using a food processor. These food mixtures were kept beld@°C
heptaBDE (#183). The congeners of PBDES (tetra-hepta) were moni- until analysis.
tored by gas chromatography/mass spectrometry (GC/MS) in this study. Sample Preparation.For analysis, 100 g of fish and shellfish was
The mixture of'3C;,-labeled PBDE was used as a cleanup spike, and used, and 50 g of dry foods (the toasted laver, dried hijiki, and dried
13C;labeled 2,23,4,4,6-hexaBDE (#139) was used as a syringe spike. wakame) was used. Blanks were run concurrently with the samples to
The organic solvents (n-hexane, dichloromethane, and toluene) usedassess laboratory contamination. To validate the analytical method, a
for extraction and cleanup were dioxin analysis grade (Kanto Chemicals, test measuring precision was run using 20 g of dried sardire §),
Japan). Dimethyl sulfoxide (DMSO) used for cleanup of PBDEs was and the recoveries of congeners and relative standard deviation (RSD)
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Table 3. Data of Investigated Marine Product Samples
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marine product place of production size of sample purchase date
horse mackerel Nagasaki 400 g (28 cm) September 2001
chicken grunt Saganoseki (Oita) 400 g (26 cm) September 2001
sardine Hokkaido 760 g (9fishes) September 2001
thread sailfin filefish Kanesaki (Fukuoka) 180 g (4fishes, 19-21 cm) September 2001
mackerel Goto (Nagasaki) 550 g (31 cm) September 2001
saury Yokosuga (Kanagawa) 1290 g (8fishes) September 2001
sea bream-1 Nagasaki 1044 g (35 cm) September 2001
sea bream-2 Kitakyushu (Fukuoka) 5519 (33 cm) July 2003
young yellowtail Nagasaki 850 g (36 cm) September 2001
yellowtail Nagasaki (cultured) 160 g (slice) February 2004
tuna Taiwan (China) 271 g (slice) February 2004
trout Norway 263 g (slice) February 2004
arakabu Kitakyushu (Fukuoka) 260 g(4fishes, 15-17 cm) July 2003
parrotfish Kitakyushu (Fukuoka) 558 g (8fishes, 15-18 cm) July 2003
Japanese sea perch Kitakyushu (Fukuoka) 2279 (27 cm) July 2003
squid Nagasaki 160 g (17-20 cm) February 2004
razor-shell Korea 9-10 cm(49shellfishs) September 2001
oyster-1 ltoshima (Fukuoka) 5kg (with shell) November 2001
oyster-2 Buzen (Fukuoka) kg (with shell) November 2001
dried horse mackerel Yatsushiro (Kumamoto) 90-110 g (22-25 cm) February 2004
broiled eel Kagoshima 2009 (33cm) February 2004
boiled fish paste (sea bream) Nagasaki 140 g (3peices) February 2004
salted saury Hokkaido 170 g (30 cm) February 2004
sausage Goto (Nagasaki) 95 g (4peices) February 2004
dried sardines Ehime 200 g (packed) October 2002
toasted laver Sea of Seto 55 g (10sheets) February 2004
dried tangle Sanriku 100 g (packed) February 2004
dried hijiki Japan 30 g (packed) February 2004
dried wakame Naruto 20 g (packed) February 2004

values of the concentrations were checked. The food samples exceptrable 4. Recoveries of PBDD/Fs in Dried Sardine (n = 5)
dried foods were freeze-dried using an AD 2.0 ES-BC (Virtis, NY).

Dried samples were stuffed in 99 mL cells and extracted mAtlexane compound recovery (%) RSD (%)
by accelerated solvent extractor ASE300 (Dionex, CA). The cleanup 37 g-tetraBDD 56.0 25
spikes {°C;-labeled standard mixture) of PBDEs and PBDD/DFs were 1,2,3,7,8-pentaBDD 55.8 5.2
added to the samples before extraction. The procedure employed two  1,2,3,4,7,8-/1,2,3,6,7,8-hexaBDD 51.4 7.2
10 min extraction cycles witim-hexane using a 40% vessel flush at 1,2,3,7,8,9-hexaBDD 51.8 7.9
100°C and 10 Mpa (1500 psi). The extracts were treated with 20 mL ~ 2.3,7,8-tetraBDF 50.0 50
of concentrated sulfuric acid three times and applied to the silica gel ~ 1:2:3,7,8-pentaBDF 56.4 15
2,3,4,7,8-pentaBDF 56.0 39

column. The column was prewashed with 100 mLneliexane, and
PBDD/DFs and PBDEs were eluted with 150 mL of 10% (v/v)

dichloromethane/n-hexane. The eluate was evaporated and dissolve¢ya~guse of its unacceptable blank level. On the next step, a
in about 5 mL ofn-hexane. Tha&-hexane solution was loaded into a Florisil column was used for separating PBDEs and PBDD/

Florisil column (5 g), and the PBDEs fraction was eluted with 150 mL DFs. Choi et al ted | thod using Florisil and
of n-hexane, while the PBDD/DFs fraction was eluted with 200 mL of S 01 et al. reported a cleanup method using Florisii an

60% (v/v) dichloromethanefhexane. The PBDEs fraction was treated an active carbon column for the Co_mplete separation of PBD_ES
with DMSO/n-hexane partition in order to remove the matrix. The from PBDD/DFs (29). The recoveries of these congeners using

PBDDI/DFs fraction was loaded into an active carbon column, after & Florisil column for cleanup were acceptable, and PBDEs were
washing with 50 mL of 10% (v/v) dichloromethane/n-hexane, eluted only negligibly eluted in the fraction of PBDD/DFs (less than
with 200 mL of toluene. Both fractions were concentrated to a final 0.1%). Furthermore, the PBDESs fraction was treated with a
volume of approximately 50L, respectively. The syringe spike$Gz- DMSO/h-hexane partition for the removal of lipids. The PBDD/
labeled-2,2,3,4,4',6-hexaBDE (#139) for PBDEE,-octaCDD for DFs fraction was purified by an active carbon column. We used
PBDD/DFs] were added before the GC/MS measurement. These 4¢tive carbon diluted by anhydrous sodium sulfate, because a
samples were analyzed using HRGC/HRMS. large amount of solvent is needed to elute PBDD/DFs due to
their strong adsorption to active carbon. We validated this
analytical method of PBDEs and PBDD/DFs recovery by a test
We attempted to analyze the congeners of PBDEs and PBDD/involving dried sardines (r= 5).
DFs simultaneously in food samples. They share a similarity The recoveries of PBDD/DFs from the dried sardines are
in chemical structure, and it is important to trace each relative given inTable 4. The average recoveries for PBDD/DFs were
level in food. In advance, we checked the purity of standard by in the range of 50.0—56.4%, and the RSD values were-1.5
HRGC/HRMS and confirmed that the impurity levels were 7.9%. The recoveries of these brominated dioxins exhibit quite
insignificant. The extraction process was performed using ASE low RSDs. The recoveries of PBDEs are gived able 5. For
in order to achieve an efficient and simple operation. After PBDEs, the average recoveries were in the range of-57.7
extraction, treatment with concentrated sulfuric acid was used 78.5%, and RSD values were 5.45.9%. Although the
for the first cleanup. It was considered that treatment with alkali recoveries of PBDD/DFs were low as compared with PBDEs,
was unsuitable, because it easily decomposed the PBDEs. Fothey were considered acceptable recoveries within 42D%,
the next cleanup procedure, we used a silica gel column. Thementioned in the analytical guideline of chlorinated dioxins in
silver nitrate silica gel column was considered unsuitable foods as determined by the Ministry of Health, Labor and

RESULTS AND DISCUSSION
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Table 5. Recoveries of PBDEs in Dried Sardine (n = 5) satisfactory at 9.5%. In this study, the limit of detection (SN
3) for tetraBDESs, pentaBDEs, and hexaBDEs was 0.1 pg/g, and
compound recovery (%) RSD (%) that for HeptaBDE was 0.2 pg/g, respectively. For PBDD/DFs,
2,2' 4,5'-tetraBDE (#49) 57.7 125 the limit of detection (SN= 3) for tetraBDD/DFs and
gg}}j}g-gﬁﬂtang é#?fl)% ggé 122 pentaBDD/DFs was 0.01 pg/g, and that of hexaBDD/DFs was
2244’55 hexaBDE E#154§ 69.0 54 0.05 pgfg, respectively.
2,2'3,4,4'5' 6-heptaBDE (#183) 785 10.0 In the study of chlorinated dioxins, it has been described that
the food group showing the highest daily intake was fish and
ToBDE shellfish 30). Concerning PBDES, a recent study has suggested
4857113 that the daily intake of fish significantly contributes to human
" exposure in the same manner as chlorinated dio2s Using
# e this analytical method, we determined the levels of PBDD/DFs
/\ 1 v (tetra-hexa) and the PBDEs (tetra-hepta) in marine product
700 800 500 samples, which included 17 species of raw fishes and shellfish,
PeBDE 4100 six kinds of processed fish, and four species of seaweed.
' ¥ iy Table 3 shows data of investigated marine product samples.

o Tables 7—9show concentrations (pg/g whole basis) of PBDEs
’*‘f“ congeners in each sample. All of the PBDD/DFs congeners were

800 500 500 not detected in every sample. For PBDEs, the highest concen-
HxBDE tration of total PBDE was detected in yellowtail, followed by
oo it mackerel in the raw fish. The value in yellowtail was 1161.2
w83 pg/g on a whole basis, more than double the concentration in
/\ /\ + mackerel. In another report, a high concentration of PBDEs
e o VAN P (1280—1720 pg/g whole basis) was detected in these #&gh (
HoBOE ’ Yellowtail and mackerel are fish with high lipid contents. It is
721,440 suggested that the high levels of PBDEs in these fishes are likely
e due to their high lipid contents in this case. In the processed

fish, the highest concentration of total PBDE was detected in
dried sardines. This value was 411.4 pg/g on a whole basis.

e e )'m 1o The levels in dried fish (mackerel and sardine) appeared higher
. me fmin o than those in other processed fishes. The haul amount of sardines
Figure 1. GCIMS SIM chromatograms of PBDES (tetra-hepta) in dried is the largest in the Japanese marine products industry, and there
sardine. exists a strong demand for this species as raw fish, processed
Table 6. Concentrations of PBDEs in Dried Sardine (n = 5) food, and animal fpo_d. The drl_ed sarqll_ne is an essential food_ in
Japan, because it is used in traditional Japanese cooking.
concentration However, because the daily consumption of it is small (about
compound mean (pglg) RSD(%) 0.5 g), the amount of PBDEs taken in from this food does not
22" 45 tetraBDE (#49) 554 a1 seem to be significant. The concentrations in seaweed were low
2.3/ 4' 6-tetraBDE (471) ND ' level as compared with those of fish and shellfish {10.2
2,2' 4,4'-tetraBDE (#47) 148.8 17 pg/g whole basis). The most dominant congener was4242-
2,3 A A'-tetraBDE (#66) 251 6.2 tetra-BDE (#47) in all samples except grunt. This trend
g'g,’j‘j,'gg:fggé?&oo) 234210 gg corresponded to the conclusion of other reports regarding the
2,3 4,4' 6-pentaBDE (#119) 16.2 43 levels of 2,2’,4,4’-tetr:?1-BD,E (#47) in fish (231). A recent
2,2',4,4' 5-pentaBDE (#99) 36.2 3.3 report showed that 2,2,4'-tetra-BDE (#47) is a dominant
2,2 34,4'-pentaBDE (#85) ND congener detected in human adipose tis€49.(In regard to
g’g"j’i"ghgsgiiiDBEDé#(l;&) 8(1)'27 gg other congeners, different species expressed different patterns.
22" 4.4' 55/ hexaBDE (#153) 19.2 18 It is necessary to survey various fish species and to investigate
2,2',3,4,4' 5'-hexaBDE (#138) ND the patterns of congeners in order to obtain information
2,2',34,4'5' 6-heptaBDE (#183) 4.49 5.9 regarding metabolism or bioaccumulation. Comparisons of
> PBDES 471

PBDEs patterns between raw and processed horse mackerel,
sardine, saury, and sea bream are presenteflignre 2.
Welfare of Japan. The results of this determination showed that Interestingly, the pattern of PBDE congeners in processed fish
no PBDD/DFs congeners were detected in the dried sardinewas similar to those of raw fish in these four fish species.
sample. On the other hand, 11 PBDEs congeners were detectedlthough the pattern of processed fish is considered to ap-
in the same sampleFigure 1 shows the chromatogram of  proximately reflect the pattern of raw fish as based on the present
PBDEs present in dried sardine, with the concentrations of data, more detailed data will reveal how food processing affects

PBDE congeners determined in the dried sardine givarabie PBDESs congeners. The Japanese populace consumes many kinds
6. The concentration of total PBDE was 417.1 pg/g, and the of fish products including dried fish, salted fish, and fish
major congeners detected were' 2 B-tetraBDE (#49), 2,24,4- sausage, and a large amount of fish is consumed in daily meals.
tetraBDE (#47), and 2.2,4',5,6'-hexaBDE (#154). 2,3',4',6- The amount of daily consumption of fish was estimated to be
TetraBDE (#71), 2,23,4,4-pentaBDE (#85), and 2,3,4,4,5'- 85 g in an investigation conducted by the Ministry of Health,

hexaBDE (#138) were not detected. The RSD values of PBDEs Labor and Welfare of Japan. Supposing that 85 g of yellowtail
are satisfactory within a range of +9.5%. In regard to the ~ was consumed in a day, the daily intake of total PBDEs from
lowest congener [3;3},4-tetraBDE (#77)], the RSD value was fish was calculated to be 98.7 ng/day and 1.97 ng/kg body
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Table 7. Concentrations of PBDEs in Raw Fish and Shellfish (pg/g)2

thread
horse chicken sailfin sea sea young
compound mackerel grunt sardine filefish mackerel saury bream-1 bream-2 yellowtail yellowtail
2,2' 4,5'-tetraBDE (#49) 94.6 1.6 44.6 ND 87.6 214 7.9 2.6 66.8 196.1
2,3',4' 6-tetraBDE (#71) ND ND ND ND ND ND ND ND ND ND
2,2' 4,4'-tetraBDE (#47) 238.8 131 914 ND 175.4 35.2 3311 176.1 102.4 296.4
2,3',4,4'-tetraBDE (#66) 16.1 0.8 15.9 ND 45.8 7.3 235 19.8 ND 61.0
3,3',4,4'-tetraBDE (#77) ND 0.3 2.0 ND 9.2 0.7 0.5 1.9 ND 2.6
2,2',4,4' 6-pentaBDE (#100) 58.2 233 28.2 ND 62.9 6.1 74.6 38.3 52.6 260.4
2,3',4,4' 6-pentaBDE (#119) ND 48 7.3 ND 313 15 5.0 55 22.0 195
2,2 4,4' 5-pentaBDE (#99) 0.7 3.0 143 ND 47.1 5.0 17.0 10.4 8.9 110.2
2,2',3,4,4'-pentaBDE (#85) ND ND ND ND ND ND ND ND ND ND
3,3',4,4' 5-pentaBDE (#126) ND 1.0 25 ND 2.9 0.2 0.6 0.3 ND 25
2,2'4,4'5,6'-hexaBDE (#154) 58.8 414 231 ND 64.7 74 36.4 185 37.6 170.3
2,2',4,4'5,5'-hexaBDE (#153) 51 175 8.8 ND 234 2.0 24 1.7 ND 39.7
2,2',3,4,4'5'-hexaBDE (#138) ND ND ND ND ND ND ND ND ND ND
2,2',3,4,4'5' 6-heptaBDE (#183) 13 13 1.7 ND 3.2 0.4 0.8 0.8 0.9 25
> PBDEs 473.6 108.1 239.8 ND 553.5 87.2 499.8 275.9 291.2 1161.2
4ND, not detected.
Table 8. Concentrations of PBDEs in Raw Fish and Shellfish (pg/g)2
Japanese
compound tuna trout arakabu parrotfish sea perch squid razor-shell oyster-1 oyster-2
2,2' 4,5'-tetraBDE (#49) 0.9 72.8 19.4 7.1 54 255 29.7 3.0 7.1
2,3 4' 6-tetraBDE (#71) ND ND ND ND ND ND ND ND ND
2,2' 4,4'-tetraBDE (#47) 34 246.7 143.8 142.1 19.7 106.7 35.1 44 18.2
2,3'4,4'-tetraBDE (#66) 0.5 20.2 7.7 3.0 0.9 12.2 ND 1.0 22
3,3',4,4'-tetraBDE (#77) 0.3 0.5 0.5 17 0.5 0.8 ND 0.1 0.4
2,2'4,4' 6-pentaBDE (#100) 1.9 59.7 15.2 16.9 3.8 321 8.6 0.5 34
2,3',4,4' 6-pentaBDE (#119) 0.4 ND 2.9 3.0 1.0 6.3 ND ND 0.4
2,2'4,4' 5-pentaBDE (#99) 0.1 7.7 1.3 6.7 11 318 221 0.7 4.8
2,2',3,4,4'-pentaBDE (#85) ND ND ND ND ND 0.1 ND ND 0.2
3,3',4,4' 5-pentaBDE (#126) ND 0.4 0.6 13 0.3 0.3 ND ND ND
2,2'4,4'5,6'-hexaBDE (#154) 0.9 30.6 15.0 29.6 10.0 29.5 72 04 2.6
2,2'4,4'5,5'-hexaBDE (#153) 0.1 141 3.8 12.8 2.0 9.1 4.8 0.1 0.5
2,2',3,4,4'5'-hexaBDE (#138) ND ND ND ND ND 0.2 ND ND ND
2,2',3,4,4'5' 6-heptaBDE (#183) 0.1 13 0.2 0.3 0.2 0.9 9.7 ND 0.1
> PBDEs 8.6 518.0 210.4 2245 449 255.5 117.2 10.2 39.9
aND, not detected.
Table 9. Concentrations of PBDES in Processed Foods (pg/g)?
dried boiled
horse broiled fish salted dried dried toasted dried dried
compound mackerel eel paste saury sausage sardines tangle laver hijiki wakame
2,2' 4,5'-tetraBDE (#49) 57.9 40.3 0.1 137 0.7 56.6 0.1 1.2 0.3 17
2,3 4' 6-tetraBDE (#71) ND ND ND ND ND ND ND ND ND ND
2,2' 4,4'-tetraBDE (#47) 2429 180.7 0.8 21.8 5.7 146.3 0.3 3.7 18 47
2,3 4,4'-tetraBDE (#66) 17.0 5.8 ND 31 0.4 239 ND 0.5 ND 0.7
3,3',4,4'-tetraBDE (#77) 0.1 ND ND 0.3 ND 12 ND 0.1 ND ND
2,2' 4,4' 6-pentaBDE (#100) 40.8 337 0.2 31 1.2 27.3 0.1 0.4 0.3 0.5
2,3'4,4' 6-pentaBDE (#119) ND ND ND ND 0.1 16.9 ND ND ND ND
2,2' 4,4' 5-pentaBDE (#99) 10.6 4.6 0.1 2.3 2.8 34.4 0.2 1.2 0.8 17
2,2' 3,4,4'-pentaBDE (#85) ND ND ND ND 0.1 ND ND 0.1 ND 0.1
3,3',4,4' 5-pentaBDE (#126) 0.4 13 ND 0.1 ND 1.9 ND ND ND ND
2,2'4,4' 5,6'-hexaBDE (#154) 21.8 27.9 0.1 3.2 0.8 80.3 0.1 0.3 0.2 0.4
2,2'4,4'5,5'-hexaBDE (#153) 33 6.9 0.1 0.9 0.6 18.6 0.1 0.3 0.2 0.2
2,2'3,4,4'5'-hexaBDE (#138) ND ND ND ND ND ND ND ND ND ND
2,2',3,4,4'5' 6-heptaBDE (#183) 0.3 43 ND 0.2 0.2 4.0 0.2 0.5 0.2 0.2
> PBDEs 395.1 305.5 14 48.7 12.6 4114 11 8.3 3.8 10.2

aND, not detected.

weight/day in the case of 50 kg body weight. Recently, a lowest basis of these results, the contamination level in fish is not
observed adverse effect level (LOAEL) value suggested asconsidered a serious problem. However, because the toxicity
reasonable for compounds or mixtures belonging to the PBDE of PBDEs is still unclear, it is important to continue to perform
group was 1 mg/kg/dayde), while the provisionally calculated  studies regarding its toxicity, its levels in the environment and
value 1.97 ng/kg is much less than this LOAEL value. On the in food samples, and in regard to human exposure. Concerning
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Figure 2. Comparison of PBDESs patterns between raw fish and processed fish in horse mackerel, sardine, saury, and sea bream.

PBDD/DFs, any congeners were not detected in fish samples (10) Wichmann, H.; Dettmer, F. T.; Bahadir, M. Thermal formation

in this study, but it is also necessary to monitor simultaneously

as related compound suspected strong toxicities.
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