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Dietary uptake and effects of decabromodiphenyl ether
(DeBDE), a widely used flame retardant, were studied in
rainbow trout. Fish were fed for 16, 49, or 120 days with
control or DeBDE-treated food (7.5—10 mg of DeBDE/kg
of body weight/day). One group was fed DeBDE for 49 days
and then control diet for 71 days to study depuration.
Chemical analyses were performed using GC/MS(ECNI).
Several physiological and biochemical variables were also
measured. DeBDE concentrations in muscle increased
from <0.6 ng/g of fresh weight to 38 (+14) ng/g after 120
days. Corresponding liver concentrations were <5 and
870 (+£219) ng/g of fresh weight. Several hexa- to
nonabromodiphenyl ethers, present in both liver and
muscle, increased in concentration with exposure length.
These congeners originate from metabolism of DeBDE and/
or selective uptake of minor components in the DeBDE product.
After depuration, DeBDE concentrations declined
significantly, but concentrations of some lower brominated
congeners were unaffected. Liver body index and plasma
lactate concentrations were higher in fish exposed for
120 days and in the depuration group, indicating delayed
chronic effects, possibly from lower brominated congeners.
DeBDE uptake (0.02—0.13%) and possible metabolism
seem not to be major sources of tetra- and pentabromo-
diphenyl ethers found in wild fish.

Introduction

Polybrominated diphenyl ethers (PBDE) are flame retardants
used in plastics and textiles (1). Tetra- (TeBDE), penta-
(PeBDE), and hexabromodiphenyl ethers (HXBDE) are wide-
spread in biota in the northern hemisphere including the
Arctic (2—6). Time trend studies of guillemot eggs and pike
from background areas in Sweden show increasing concen-
trations of one TeBDE and two PeBDEs during the 1970s and
1980s (3, 7, 8). Currently, the most frequently used PBDE is
decabromodiphenyl ether (DeBDE), with an annual world-
wide production (1992) of 30 000 tons (1).

There are few studies on DeBDE concentrations in the
environment. In 1979, DeBDE was identified in soil, air
particulate, and sediment samples and in human hair
collected near plants manufacturing brominated flame
retardants (9—11). BDE congeners containing 6—10 bromine
atoms were found in human adipose tissue samples collected
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inaU.S. survey in 1987 (12). In Japan, DeBDE was found in
airborne dust, sediment, and a mussel sample (13—15).
Recently, high DeBDE concentrations were reported in
sediment from the Swedish River Viskan, which is polluted
by several textile industries that have used DeBDE (16). A
few pike muscle samples showed traces of DeBDE; however,
the concentrations were below the quantification limit (100
ng/g of lipid weight).

An effective molecular cross section of 9.5 A is suggested
to limituptake viathe gillsand possibly the gut (17). However,
dietary uptake efficiencies of 2,2'.4,4'-TeBDE (BDE47),
2,2',4,4' 5-PeBDE (BDE99),and 2,2',4,4',5,5'-HXBDE (BDE153)
in pike were 92, 62, and 40%, respectively, despite effective
cross sections larger than 9.5 A for BDE99 and BDE153 (18).
BDE congeners are numbered in analogy to IUPAC PCB
nomenclature.

Radiolabeled BDE47 was highly absorbed in rats and mice
dosed orally (19). However, “*C-DeBDE uptake was low
following oral administration to rats, and between 90 and
99% of the dose was recovered in the feces and gut (20, 21).
A 2-year feeding study of DeBDE in rats confirmed low
accumulation; however, the small portion that reached the
adipose tissue, measured as the total bromine content,
remained unaffected for 90 days of recovery (20, 22). This
agrees with the half-lives determined for TeBDE to HXxBDE
in rats; the longest half-life was for one of the higher
brominated congeners examined (23).

The objective of this study was to investigate if DeBDE is
absorbed from the gastrointestinal tract of fish despite its
extreme lipophilicity and large molecular size. Another aim
was to investigate if lower brominated PBDEs found in wildlife
could be linked to the use of the DeBDE product. Several
biological variables were also studied.

Experimental Section

Chemicals. Technical decabromodiphenyl ether (DOW FR-
300BA) was purified on a charcoal column (Norit A, United
States Biochemical Corp., Cleveland, OH) from planar
compounds, such as polybrominated dibenzo-p-dioxins and
dibenzofurans. The solution contained detectable amounts
of nona- (NoBDE), octa- (OcBDE), and heptabromodiphenyl
ethers (HpBDE). Organic solvents were either glass distilled
or of analytical grade. The purified DeBDE was used as
reference standard for the quantitative determination of
DeBDE (BDE209). The commercial flame retardant Bromkal
70-5DE (Chemische Fabrik Kalk GmbH, Cologne, Germany)
was used as reference standard for 2,2',4,4'-tetrabromo-
diphenyl ether (BDE47,37%), 2,2',4,4',5-pentabromodiphenyl
ether (BDE99, 35%), 2,2',4,4',6-pentabromodiphenyl ether
(BDE100, 6.8%), and 2,2',4,4' 5,6'-hexabromodiphenyl ether
(BDE154, 2.5%) (24).2,2',4,4',5,5'-Hexabromodiphenyl ether
(BDE153) was a gift from Eva Jakobsson, Stockholm Uni-
versity. Dechlorane 603 (Occidental Chemicals, Dallas, TX)
was used as internal standard.

Fish.Juvenile rainbow trout (Oncorhynchus mykiss) were
purchased from Delta Lax AB, Timrd, Sweden. Fish were
kept in standard square fish tanks (2.1 x 2.1 m), supplied
with a continuous flow of charcoal-filtered brackish water
(Baltic Sea, salinity = 7.0—7.5%o0); natural light conditions
and outdoor water temperatures (Figure Al, Supporting
Information) for the period June—September were followed.

Food Preparation. Food was prepared from Barents Sea
cod (Gadus morhua). Soft and semisoft tissues (gonads, gall
bladder, and liver excluded) were homogenized in a meat
mincer and mixed with an equal volume of 3% gelatin
solution. DeBDE was dissolved/suspended in 10 mL of corn
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TABLE 1. Selected Morphological and Physiological Effects of DeBDE Exposure on Rainbow Trout?

liver body lactate (mg/100 hemoglobin leucocytes lymphocytes

condition factor index (%) mL of blood) (mg/mL blood) (% of blood cells) (% of leucocytes)
days mean Cl n  mean Cl n  mean Cl n  mean Cl n  mean Cl n  mean Cl n

control 0 0.894 +0.018 44 1.39 +0.083 44 nab na na na
control 16 0.945 +0.025 32 1.24 +0.090 32 7.19 +2.22 12 755 +10.2 12 858 +£1.31 12 57.1 +7.35 12
expt 16 0.994 +0.033 32 1.23 +0.068 32 581 +1.54 12 585* +6.23 12 9.17 +£1.38 11 67.2 +6.00 11
control 49 0.871 +0.019 41 0.904 +0.048 41 na na 722 +£123 12 70.6 +£5.82 12
expt 49 0.907 +0.019 41 0.950 +0.050 41 na na 6.69 +1.09 12 614 +6.05 12
control 120 0.889 +0.020 34 0.819 +0.055 34 6.65 +1.17 12 60.6 +6.56 12 340 +0.405 12 64.2 +5.63 12
expt 120 0.926 +0.028 30 0.945* +0.062 30 17.0* £6.59 11 69.7 +7.52 11 4.21 +0.721 12 53.4* +£4.00 12
depur 71 0.876 +0.030 30 1.01* +0.124 30 10.6* +2.72 11 63.6 +6.60 12 5.16* +1.02 12 62.1 +5.77 12

2 Results are given as mean values + 95% confidence intervals (Cl) derived from n fish analyzed. An asterisk indicates a significant difference
at the p < 0.05 level, between treated and control group from the same exposure time (Student’s t test). ? na, not analyzed.

oil and vigorously shaken to a slurry and then mixed with the
cod/gelatin solution. Another batch of cod/gelatin solution
was mixed with corn oil only. The mixtures were divided into
24 g portions in Petri dishes, air-dried in darkness for 24—36
h, and stored frozen. Before feeding, the cod chips were
thawed, divided into small pieces, and allowed to soak in
water. Both DeBDE-treated food and control food were
consumed within 20—40 s by the fish.

Exposure. Rainbow trout were randomly divided into
control and treated groups. Trout were fed either control
cod chips or cod chips containing DeBDE in doses of 7.5—10
mg of DeBDE/kg of body weight/day.

Sampling. Fish were sampled for biological and chemical
studies after 16, 49, and 120 days of exposure and after 49
days exposure plus 71 days of depuration. Some biological
variables were studied on day 0. To avoid contamination
from the gastrointestinal tract, the fish were starved for 24—
48 h before sampling and dissected via the heart sac
downward. Fish were killed by a blow to the head, and blood
samples were taken directly from the dorsal aorta using a
heparinized syringe. The sex, total length, and weight of each
fish were recorded. Condition factor, liver body index,
hematocrit, lactate, hemoglobin, glucose, protein, and dif-
ferential blood cell counts as well as ethoxyresorufin-O-
deethylase (EROD) and ethoxycoumarin-O-deethylase (ECOD)
were analyzed according to methods described in Balk et al.
(25) and references cited therein. Transketolase was analyzed
according to the procedure of Tate and Nixon (26).

Chemical Methods. Liver and muscle (skin removed)
samples were homogenized, solvent extracted, and treated
with sulfuric acid as previously described (27). After being
soaked in water, cod chips were homogenized and centri-
fuged, and aliquots of 1 g each were extracted and treated
as above. A few sample extracts (1 mL each) were treated
with 1 mL of potassium hydroxide (0.5 M in 50% ethanol).
The alkaline phase was acidified (pH 2) with hydrochloric
acid and reextracted with 2 mL of hexane/methyl tributyl
ether (1:1). Pentabromophenol was used as a positive control.

The extracts were analyzed by GC/MS (Trio-1000, Fisons
Instrument) measuring the negative ions formed at chemical
ionization (ECNI), using the following conditions: ion source
temperature, 200 °C; interface temperature, 300 °C; emission
current, 150 4A; and electron energy, 70 eV. The reagent gas
was ammonia (99.998%). The gas pressure was set to
maximize sensitivity for the ions of interest. The ions
monitored were m/z —79 and —81 for PBDE and m/z —237
and —239 for Dechlorane.

The gas chromatograph (Carlo Erba Mega MFC 500) used
helium (99.995%) as carrier gas. The split/splitless injector
temperature was 280 °C. The column was a 15 m DB-5 (J&W,
0.25 mm i.d., 0.25 um film thickness). The temperature
program was 80 °C, 1 min with the split valve closed, 25
°C/min to 240 °C, 5 °C/min up to 315 °C, and held there for
17 min.

Liver/body index (%) Lactate (mg/mL blood)

*
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123 * 204 . Exposed
1 * l Depuration

0.81 191 *
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FIGURE 1. Plasma lactate concentration (mg/mL of blood) and liver
body index (%) in rainbow trout (£95% confidence intervals). A
significant difference at the p < 0.05 (Student’s f test) level is
indicated (*).

Results and Discussion

Biological Results. Results from the biological studies are
shown in Table 1 and as Supporting Information (SI). Despite
a record warm summer with peak water temperatures of
23.5 °C, 50—57 days into the experiment (Figure Al, Sl), the
mean weight and length of the control fish increased during
the experiment (Table A1, SI). From 16 to 49 days, however,
the control fish showed significantly decreased liver weight
and condition factor (especially male fish), probably as a
result of water temperature (Table 1, statistical results not
shown). Also, blood glucose concentrations (Table A2, Sl)
and number of leucocytes decreased after 120 days (Table
1).

Condition factor (pooled sexes) and mortality (not shown)
were not affected by DeBDE exposure, indicating that
exposure levels were not acutely toxic (Table 1). However,
DeBDE caused an increased liver weight after 120 days
compared to controls (Table 1; Figure 1). This effect was not
observed after 16 or 49 days, but was seen in the recovery
group, indicating a delayed effect of DeBDE possibly due to
metabolites. Liver enlargement was reported in rats fed
DeBDE (21, 28), while another study found no such effect in
rats fed DeBDE for 2 years (22). Compared to controls, blood
lactate concentrations were significantly higher after 120 days
of exposure and after depuration, also implying delayed
effects (Table 1; Figure 1). The number of lymphocytes was
significantly lower after 120 days of exposure compared to
controls; hemoglobin decreased significantly at 16 days of
exposure, but the differences disappeared at 120 days,
indicating reversible effects; and the number of leucocytes
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TABLE 2. Concentrations of BDE Congeners in Muscle and Liver (Fresh Weight Basis) from Fish Fed DeBDE-Treated or Control

Food?
BDEA47 (ng/g BDE99 (ng/g BDE100 (ng/g BDE153 (ng/g of BDE154 (ng/g DeBDE (ng/g of
% lipid of fresh wt) of fresh wt) of fresh wt) fresh wt) of fresh wt) fresh wt)
days n mean SD® mean SD mean SD mean SD mean SD mean SD mean SD
Muscle
control 16 10 3.9 11 2.0 0.26 0.62 0.075 0.34 0.044 0.064 0.0094 0.1 0.02 nd?
expt 16 10 3.3 065 21 0.31 070 0.094 0.35 0.046 0.071 0.011 0.4 0.1 10 3.2
control 49 10 1.6 059 21 054 073 0.19 0.36 0.087 0.080 0.022 0.1 0.03 nde
expt 49 10 24 092 17 0.20 064 0.082 0.32 0.036 0.13 0.016 2 0.5 23 4.3
control 120 14 097 039 14 0.70 042 0.21 0.25 0.11 0.056 0.019 0.1 0.03 nde
expt 120 14 1.3 045 1.3 040 0.38 0.14 0.23 0.066 0.25 0.045 7 2 38 14
depur 71 10 0.88 040 12 052 041 0.18 0.25 0.10 0.16 0.077 3 3 9.5 2.8
Liver

control 16 6 27 0.24 087 032 036 0.082 013 0.031 0.063 0.079 0.05 0.01 nd
expt 16 6 27 021 080 040 044 0.09 0.11 0.047 0.050 0.022 0.7 0.2 560 210
control 49 8 30 081 27 2.8 1.0 0.87 0.39 046 0.12 0.11 0.2 0.1 nd
expt 49 8 31 1.3 4.6 3.1 1.7 1.3 0.53 0.59 0.29 0.23 6 3 240 180
control 120 8 29 058 4.7 3.3 15 0.94 0.84 054 0.18 0.12 0.2 0.1 nd
expt 120 8 25 036 29 11 0.74 0.23 0.40 0.16 0.42 0.23 10 9 870 220
depur 71 8 29 14 4.7 2.3 15 0.9 091 0.55 0.48 0.31 10 7 30 18

2 Levels of BDE154 are semiquantitative. The quantification limits for DeBDE in muscle and liver were 0.6 and 5 ng/g of fresh weight, respectively.
b SD, standard deviation. ¢ nd, not detected. ¢ Two samples contained DeBDE. ¢ One sample contained DeBDE.

in the depuration group was significantly higher than in
controls and the 120 day exposure group (Table 1). However,
because the leucocyte number was also possibly affected by
water temperature, it is difficult to interpret this result. The
results did not differ between the sexes except for male fish,
which as compared to the controls had significantly higher
condition factor after 49 days of DeBDE exposure (not shown).
This could possibly be related to the water temperature
dependent decrease seen in the male control fish after 49
days.

No significant effects were seen on EROD, ECOD, or
transketolase activities (Table A3, Sl). A previously presented
study showed significant inhibition of the EROD activity in
rainbow trout fed BDE47 or BDE99 (29).

Chemical Results. In the DeBDE analysis, some decom-
position in the GC column was observed, expressed as a
raised baseline immediately before the peak. However, from
the linearity of the calibration curves, the decomposition
did not seem to be limiting within the concentration interval
used. Recoveries of DeBDE, BDE47, BDE99, and BDE100 in
fish muscle in relation to dechlorane have previously been
determined to be 114, 113, 111, and 111%, respectively (16).
The recoveries of BDE154 and BDE153 have not been
investigated. The concentrations presented are not corrected
for recovery.

Muscle tissues and livers from each individual were
analyzed separately for PBDE. No significant sex differences
in PBDE concentrations were found, and therefore results
within each group were pooled (Table 2). During the 120 day
exposure period, the muscle lipid content decreased from
3.3to 1.3% in exposed fish and from 3.9 to 0.97% in control
fish. The lipid content of the livers remained more constant.
The decrease in muscle lipids may reflect lipid loss or
redistribution within the fish. So as to not confuse changes
in PBDE concentrations in muscle with changes in lipid
content, the concentrations will be compared on a fresh
weight rather than a lipid weight basis.

The DeBDE-fortified chips had a higher proportion of the
latest eluting NoBDE (nona-3) than the DeBDE standard
(Figure 2) and traces of peaks eluting in the region of OcBDEs
and HpBDEs. DeBDE is known to photolytically degrade to
lower brominated BDEs and dibenzofurans in UV light and
sunlight (30). Although the chips were kept in darkness until
used and precautions were taken to avoid ultraviolet light,
possible degradation may have occurred during preparation
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FIGURE 2. Mass chromatograms (sum of m/z —79 + —81) of the
DeBDE technical product (A), DeBDE prepared cod chips (B), muscle
tissue from control (16 days) rainbow trout (C), and after 16 (D), 49
(E), and 120 days of exposure (F). Traces of BDE47 and BDE99 in
chromatograms A and B correspond to concentrations in blanks.

of the chips. The control chips did not contain any late eluting
brominated substances.

At 16 days of exposure, the mean muscle concentration
of DeBDE in exposed fish was 10 + 3.2 ng/g of fresh weight.
The concentration in treated fish increased with exposure
length, and highest concentrations of 38 £ 14 ng/g of fresh
weight were seen after 120 days of exposure (Figure 3; Table
2). Four (of 34) muscle samples from the control groups
contained traces of DeBDE (<8% of the corresponding
exposed groups).

Muscle concentrations of DeBDE in fish exposed for 49
days decreased significantly after 71 days of depuration to
about half their value on a fresh weight basis, while no
decrease was seen on a lipid weight basis. DeBDE concen-
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FIGURE 3. Concentrations (fresh weight basis) of DeBDE and BDE154
in muscle and liver from rainbow trout fed DeBDE-treated food for
16,49, and 120 days (solid line) or 49 days with 71 days of depuration
(broken line). The concentrations are presented as arithmetic mean
values (O) and as median values (a), £95% confidence intervals.

trations in the livers of treated fish exceeded those in the
muscle in all individuals analyzed on both fresh weight and
lipid weight bases (Table 2). Mean liver concentrations were
560 ng/g of fresh weight after 16 days of exposure and 870
ng/g of fresh weight after 120 days.

In both liver and muscle samples from treated fish a
number of bromine-containing compounds chromatographi-
cally eluting before DeBDE were detected (Figure 2). Peaks
with retention times corresponding to BDE47, BDE99,
BDE100, BDE153, and BDE154 were quantified (Table 2).
The initial concentrations of BDE47, BDE99, and BDE100 in
all fish were of the same order of magnitude as in, for example,
Baltic herring (3). The fresh weight muscle concentrations
of these congeners decreased significantly in all fish from
120 days compared to both exposed and control fish from
16 days, which may be the result of growth dilution. Liver
concentrations were significantly higher after 120 days,
probably because of redistribution due to the reduced

amount of lipids in the muscle tissues. Concentrations given
for BDE154 are semiquantitative due to interfering coeluting
compounds. The concentrations of BDE153 and BDE154
increased with exposure length in both muscle and liver from
the treated fish (Table 2; Figure 3). The BDE154 concentration
in muscle increased from 0.4 ng/g on day 16 to 7 ng/g on
day 120, a 20-fold increase on a fresh weight basis. For liver,
the corresponding increase was 22-fold. BDE153 concentra-
tions also increased, but the magnitude of the increase was
less. Furthermore, unlike DeBDE, the concentrations of both
of these HXxBDEs did not decrease during the depuration
period.

The retention times of the remaining unknown peaks
present in the chromatograms from liver and muscle extracts
were identical. The pattern successively shifted to lower
brominated species, and peak areas increased with length of
exposure (Figure 2D—F). The potassium hydroxide treatment
did not indicate the presence of hydroxylated PBDEs. The
mass spectra from scanning concentrated extracts of muscle
and liver samples in ECNI mode matched spectra of single
congeners of PBDE (up to HXxBDE) and of congeners present
in technical octaBDE products containing HpBDE to DeBDE.
Single BDE congeners fragmented in ECNI mainly by the
successive loss of Br (M — 79), HBr (M — 80), Br, (M — 158),
HBr; (M — 159), Brs (M — 237), or HBr3 (M — 238). From
HxBDE to DeBDE, an increasing proportion of tri- to
pentabrominated phenoxide anions was observed. The
presence of phenoxide ions in the ECNI spectra of HpBDE
and OcBDEs has been reported earlier (31). The major peaks
in the extracts, corresponding to GC retention times of
HxBDEs to NoBDEs, all fragmented to phenoxide ions with
different degrees of bromination. The phenoxide ions formed
from expected HXBDEs contained three bromine atoms, from
HpBDEs three and four, and from OcBDEs four bromines,
indicating an even distribution of the bromine substituents
between the two rings. ECNI fragmentation of tetra- to
hexabrominated dibenzofurans, which have been reported
as possible degradation products of PBDE, is characterized
by the successive loss of bromine, and not the formation of
phenoxides (31). Furthermore, no traces of the typical ions
from methoxylated PBDEs, recently reported in Baltic fish,
were detected (32). From the presence of the phenoxide
anions together with the retention times, the major com-
ponents in sample extracts were characterized as congeners
of lower brominated diphenyl ethers.

For the NoBDEs and OcBDEs in the liver/muscle extracts,
the pattern showed increasing peak heights for the first eluting
peak (nona-1, octa-1) as compared to the DeBDE standard
and the DeBDE-treated chips (Figure 2). None of these
congeners were available as pure reference standards. A
qualitative analysis was made for different BDE congeners
inwhich peak areas were normalized to the internal standard
and fresh weight for each sampling time. Because the
response of HXBDE and DeBDE differed by up to 1 order of
magnitude in ECNI, ratios of the normalized peak areas
against their respective values at 16 days of exposure were
calculated to compare the relative increase of the BDE
congeners (Figure 4). The results indicate that the first eluting
congener for each bromination degree is formed/taken up
preferentially.

Concentrations of HXBDE to NoBDE congeners increased
with exposure length in both muscle and liver. A selective
uptake could possibly explain the presence of the nona-,
and to some extent the octa- and heptaBDEs, because they
were also present as impurities in the DeBDE used in this
study (Figure 2). The HXxBDEs and the first eluting OcBDE
were not detected in the original DeBDE mixture, and thus
their presence in the fish is the result of a metabolic process
and/or an efficient absorption compared to that of the other
congeners. For instance, Octa-1 concentrations seem to
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FIGURE 4. Relative increase of brominated substances (normalized to 16 days of exposure) in muscle tissue from rainbow trout. The bars
represent mean values of the ratio of the normalized peak areas (fresh weight basis).

exceed those of Octa-7, the dominating OcBDE in the food,
by a factor of ~400 (assuming identical response factors),
indicating that absorption is comparatively extremely efficient
or else that metabolism plays a role. During depuration,
DeBDE concentrations decline significantly, whereas no
decline was seen for the HxBDEs, two HpBDEs, and one
OcBDE (Figure 4). BDE154 concentrations were 4% of DeBDE
concentrations in muscle at 16 days, whereas at 120 days the
ratio increased to 18% and 30% after depuration (Table 2).
Enzymatic debromination has been reported as a metabolic
pathway for hexabromobenzene (HBB) administered to rats
(33). Debromination was also observed in Atlantic salmon
that had been fed commercial hexa- and octabromobiphenyl
preparations (34).

BDE47, BDE99, and BDE100 dominate in environmental
samples and bioaccumulate. A possible explanation for this
could be that they are metabolites formed after DeBDE
exposure. However, no evidence of debromination to these
congeners was found in this study.

BDE congener distribution between liver and muscle was
examined by calculating liver/muscle ratios of normalized
peak areas from individual fish samples on a lipid weight
basis. For DeBDE and NoBDE congeners the ratios at 16
days are very high, due to higher concentrations in the liver.
The ratios decrease at 49 and 120 days of exposure and after
depuration. The ratios at 16 days decrease with decreasing
bromine substitution on the diphenyl ether molecule with
the HXBDE's ratio close to 1 after 16 days of exposure. This
agrees with the high log Ko values for the higher brominated
PBDEs of 8.9 and 10 for octa- and DeBDE, respectively (35),
and their large molecular size, which hinders their ability to
cross membranes.

The uptake, calculated from DeBDE concentrations in
muscle and the mean dietary dose of DeBDE, was low,
~0.005%. This value is underestimated if the lower bromi-
nated congeners are metabolites of DeBDE, as the true uptake
should include the sum of all metabolites produced. Due to
the lack of reference compounds and the large differences
in response from the BDE congeners in ECNI, only a rough
estimation of the amount of unknown congeners could be
made. By making the assumption that the ECNI responses
of the unknown BDE congeners are between the responses
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of BDE153 and DeBDE, the sum of the congeners was
calculated to be within the range of 85—1000 ng/g of fresh
weight in muscle after 120 days. Taking into account that
each congener derives from one molecule of DeBDE, the
uptake based on the sum of all congeners in muscle was
estimated to be 0.02—0.13% after 120 days of exposure.
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