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Metabolism of decabromodiphenyl ether in tilapia and its fate during cooking processes
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Abstract The present study was designed to identify the metabolites of decabromodiphenyl ether BDE-209 in tilapia and to assess its
bioavailability and that of its metabolites in the fish. The changes in the composition and concentration of PBDEs in tilapia during cooking
processes were also evaluated. The major metabolites of BDE-209 were identified as BDE-208, BDE -207, BDE -206, and BDE -154,
whereas its suspected metabolites including hex—BDE, hepta—BDE, and octa—BDE should be confirmed in future studies. The concentra—
tions of BDE-209 metabolites in tilapia accounted for 97+0.8 % of the total amount of PBDEs. These findings indicated that the bioavail -
ability of BDE-209 in fish might exhibit in the form of its metabolites. The bioavailability of BDE-209 in tilapia was 3.7+0.9 %. In addi-
tion, there were no significant differences in masses of PBDEs in tilapia before and after the boiling and steaming processes. However, BDE—
209 was degraded into low brominated BDE congeners during the frying process. The metabolites of BDE-209 during the frying process
would increase human dietary exposure risks. As a result, human health assessments through dietary intake of food contaminants should con—
sider the changes in concentration and composition of organic contaminants during cooking processes.
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2.6£1.0 ng-g™, BDE-209

3
BDE -209
BDE [16—18]0
BDE-209 BDE-209 2o
BDE-209 o BDE-209
BDE-209 BDE-153.-183. BDE-209
-196.-197.-203.-206.-207.-208 BDE-209 o BDE-209
5. 5-HO-BDE-47
2.4 PBDEs [21-22)  Wan 6
4 10.20.30.35 min BDE-209
BDEs BDE-28.-47.-66.-85.-99 BDE-204 .-202.-201.-154.-188 .
-100.-153.-154.-183 . —-184.-183.-197.-126, Stapleton [
P>0.05 t BDE-209 BDE-209
35 min BDEs 7
6, N BDE-155 BDE-154
BDE N o
BDE o BDE BDE-209 24
50 000
40 000 3
| 4
30 000
2 5
20 000
10 000
6
0
4 6 8 10
/min
50 000
40 000 3
30000 1 4
2 5
20 000
10
10 000 7 8 9 11 12 13 6
14
0
4 6 8 10
/min

1 BDE-69 IS 2 BDE-51 SS 3 BDE-115 SS 4 “C-BDE-139 IS 5 F-BDE-208 SS 6 BDE-209 7 BDE-153 8 BDE-183 9 BDE-197
10 BDE-203 11 BDE-196 12 BDE-208 13 BDE-207 14 BDE-206

5 BDE-209 35 min
Figure 5 Gas chromatograms of fish samples before and after the frying process showing the peaks of BDE-209 and

its major metabolites cooking time 35 min



BDE-209 1067
20 6213 . 214217 | 40388 | 336+64 . 183x1.6 .
oo 523+15 | 409+20 ng-g™ o
gl 97+0.8 % 7
BDE-209
1.0
£ 05 1~8 BDE-209
= 101.64.221.413.345,
0 191.538.425 ng- g 560.290.
A K P H P O @ e @ nete
SV P g g Y T o g o 442 294459 423 485 551 ¢ BDE-209

2.0

1.5

Ing-g”

0.5

BDEs

0
b K e D P O @ s @
RO NN U g S S

2.0
0
s 1.5

1.0

0.5

BDEs

0
B R i N IO &
Q,QQ) %QQ) Q,()?) Q&% Q&@ %Q?) %Q$ %QQ) %QQ)
6 BDEs
35 min

Figure 6 Concentrations of individual BDE congeners in fish

undergoing different cooking processes cooking time 35 min

BDE-209
o BDE
BDE-209
[25]O

BDE-209 5.6.7.
8.10 BDE-154

5.6.7.8.10
BDE-206.-207.-208 1~-8

BDE-209 9911 |

1181.597.3030.2568.3929.1821.11 634,

9164 pg. Stapleton 1" BDE-209
BDE-209
BDE-209
3.7£0.9 %
8 . 0.44%
0.02%~0.13% [17.26]
10.14 cm
30 cm 5
|27]O
< 100 10d 20d 30d 40d
80
60
40
§ 20
-
()
=0
1 2 3 4 5 6 7 8
7 PBDEs

Figure 7 Relative abundance of metabolites of BDE-209 in tilapia

8 10d
8 20d
6 30d
40d
4
D
5
L2
3]
a
[aa}
0
1 2 3 4 5 6 7 8
8 BDE-209

Figure 8 Bioavailability of BDE-209 in tilapia



BDE-209 o BDE-209 2 PBDEs
BDE-209
0.14% 0.005% ™, BDE-209 o
10 PBDEs 3
P>0.05 t o
PBDEs
100 °C [1] Birnbaum L S, Staskal D F. Brominated flame retardants Cause for con—

370~425 °C ™,
BDE-28.-47.-66.-85.-99.-100,-153.
-154.-183 P>0.05
t BDE-209 35 min
77% BDE-
153.-183,-197.-203,-196 ,-208 . -207 ,-206,
150 C

BDE-209 >425 C

BDE-209
O BDE-209
. . 31.2%.
28.6% 14.6% 291
[30]O
[31]O
[32-34]
[35-37]
PAHs 138] . .
4
1 BDE-209 BDE-
208.-207.-206.-154 . .
97% BDE-209
. BDE-209

o]

cern?|]J]. Environmental Health Perspectives,2003, 112 1  9-17.

[2] La Guardia M J, Hale R C, Harvey E. Detailed polybrominated diphenyl
ether PBDE congener composition of the widely used penta—, octa—,
and deca—PBDE technical flame-retardant mixtures[J]. Environmental
Science and Technology, 2006,40 20 6247-6254.

[3] Birnbaum L S, Bergman A. Brominated and chlorinated flame retar —
dants The San Antonio statement|J]. Environmental Health Perspec —
tives, 2010, 118 12 A514-AS515.

[4] Alaee M, Arias P, Sjodin A, et al. An overview of commercially used
brominated flame retardants, their applications, their use patterns in dif—
ferent countries/regions and possible modes of release[J|. Environment
International, 2003,29 6 683-689.

[5] de Wit C A. An overview of brominated flame retardants in the environ—
ment[J]. Chemosphere,2002,46 5 583-624.

[6] Ross P S, Couillard C M, Tkonomou M G, et al. Large and growing envi—
ronmental reservoirs of Deca—BDE present an emerging health risk for
fish and marine mammals|J]. Marine Pollution Bulletin, 2009, 58 1
7-10.

[7] Schecter A, Papke O, Tung K C, et al. Polybrominated diphenyl ethers
contamination of united states food[J]. Environmental Science and Tech—
nology, 2004, 38 20 5306-5311.

[8] Domingo J L. Polybrominated diphenyl ethers in food and human dietary
exposure A review of the recent scientific literature[J]. Food and Chem—
ical Toxicology,2012,50 2 238-249.

[9]Ni K, Lu Y, Wang T, et al. A review of human exposure to polybrominat—
ed diphenyl ethers PBDEs in ChinalJ]. International Journal of Hy—
giene and Environmental Health,2013,216 6 607-623.

[10] Costa L G, Giordano G. Is decabromodiphenyl ether BDE-209 a de-

velopmental neurotoxicant?[J]. Neuro Toxicology,2011,32 1 9-24.

[11] Chen Q, Yu L, Yang L, et al. Bioconcentration and metabolism of de -
cabromodiphenyl ether BDE-209 result in thyroid endocrine disrup—
tion in zebra fish larvaelJ]. A quatic Toxicology,2012,110/111 141-148.

[12] Feng C, Xu Y, Zha ], et al. Metabolic pathways of decabromodiphenyl
ether BDE209 in rainbow trout Oncorhynchus mykiss via intraperi—
toneal injection[]]. Environmental Toxicology and Pharmacology, 2015,
39 2 536-544.

[13] Josupeit H. World market of tilapia| EB/OL].[2017-1-20]. http //www.
infopesca. org/sites/default/files/complemento/proyectos/194/World %
20Market%200f%20Tilapia2. pdf.

[14] Organization for Economic Co—operation and Development. OECD Test
No. 3050ECD guidelines for testing of chemicals ‘Bioaccumulation in

fish Aqueous and dietary exposure’[S]. Paris OECD, 2012.



2017 6 BDE-209

1069

[15] Soderstrom G, Sellstrom U, de Wit C A, et al. Photolytic debromination
of decabromodiphenyl ether BDE 209 [J]. Environmental Science and
Technology, 2004,38 1 127-132.

[16] Wan Y, Zhang K, Dong Z M, et al. Distribution is a major factor affect—
ing bioaccumulation of decabrominated diphenyl ether Chinese stur—
geon Acipenser sinensis as an example[]]. Environmental Science
and Technology,2013,47 5 2279-2286.

[17] Stapleton H M, Alaee M, Letcher R J, et al. Debromination of the flame
retardant decabromodiphenyl ether by juvenile carp Cyprinus carpio
following dietary exposure[J]. Environmental Science and Technology,
2004,38 1 112-119.

[18] Vigano L, Roscioli C, Guzzella L. Decabromodiphenyl ether BDE-
209 enters the food web of the River Po and is metabolically debromi—
nated in resident cyprinid fishes[J]. Science of the Total Environment,
2011,409 23  4966-4972.

[19] Korytar P, Covaci A, de Boer J, et al. Retention—time database of 126
polybrominated diphenyl ether congeners and two Bromkal technical
mixtures on seven capillary gas chromatographic columns(J]. Journal of
Chromatography A, 2005, 1065 2 239-249.

[20] Stapleton H M, Brazil B, Holbrook R D, et al. In vivo and in vitro de —
bromination of decabromodiphenyl ether BDE-209 by juvenile rain—
bow trout and common carp|J]. Environmental Science and Technology,
2006,40 15 4653-4658.

[21] Zheng X, Zhu Y, Liu C, et al. Accumulation and biotransformation of
BDE-47 by zebrafish larvae and teratogenicity and expression of genes
along the hypothalamus—pituitary—thyroid axis[J]. Environmental Sci-
ence and Technology, 2012,46 23 12943-12951.

[22] Van Boxtel A L, Kamstra J] H, Cenijn P H, et al. Microarray analysis re—
veals a mechanism of phenolic polybrominated diphenylether toxicity
in zebra fish[J]. Environmental Science and Technology, 2008, 42 5
1773-1779.

[23] Meerts I A, Letcher R J, Hoving S, et al. In vitro estrogenicity of poly—
brominated diphenyl ethers, hydroxylated PBDEs, and Polybrominated
Bisphenol A compounds(J]. Environmental Health Perspectives, 2001,
109 4 399-407.

[24] Damerud P O, Eriksen G S, Johannesson T, et al. Polybrominated
diphenyl ethers Occurrence, dietary exposure, and toxicology[J]. En—
vironmental Health Perspectives,2001, 109 Suppl 49-68.

[25] Tittlemier S A, Halldorson T, Stern G A, et al. Vapor pressures, aque—
ous solubilities, and Henry's Law Constants of some brominated bromi—
nated flame retardants|J]. Environmental Toxicology and Chemistry,
2002,21 9 1804-1810.

[26] Kierkegaard A, Balk L, Tjarnlund U, et al. Dietary uptake and biologi—
cal effects of decabromodiphenyl ether in rainbow trout Oncorhynchus
mykiss [J]. Environmental Science and Technology,1999,33 10 1612—
1617.

[27]Hendriks A J, Van der Linde A, Cornelissen G, et al. The power of size
1. Rate constants and equilibrium ratios for accumulation of organic
substances related to octanol —water partition ratio and species weight
[J]. Environmental Toxicology and Chemistry, 2001, 20 7 1399-
1420.

[28] Rahman F, Langford K H, Scrimshaw M D, et al. Polybrominated
diphenyl ether PBDE  flame retardants|J]. Science of the Total Envi—
ronment, 2001,275 1 1-17.

[29] Gibis M. Effect of oil marinades with garlic, onion, and lemon juice on
the formation of heterocyclic aromatic amines in fried beef patties[]].
Journal of Agricultural and Food Chemistry, 2007, 55 25 10240-
10247.

[30] Dong S, Liu G, Zhang B, et al. Formation of polychlorinated naph—
thalenes during the heating of cooking oil in the presence of high
amounts of sucraloselJ|. Food Control,2013,32 1 1-5.

[31] Wu J, Dong S, Liu G, et al. Cooking process A new source of uninten—
tionally produced dioxins?[J]. Journal of Agricultural and Food Chem—
istry, 2011, 59 10 5444-5449.

[32] , ) )

[J]- ,2014,35 8 3175-3182.
WANG Jun-xia, WANG Chun-yan, LIU Li-li, et al. Distribution of
polybrominated diphenyl ethers in wild crucian carp and exposure esti—
mation of dietary intake[J]. Environmental Science, 2014, 35 8
3175-3182.

[33] Su G Y, Liu X H, Gao Z S, et al. Dietary intake of polybrominated
diphenyl ethers PBDEs and polychlorinated biphenyls PCBs from
fish and meat by residents of Nanjing, ChinalJ]. Environment Interna—
tional, 2012, 42 138-143.

[34] Chan J K, Man Y B, Wu S C, et al. Dietary intake of PBDEs of residents
at two major electronic waste recycling sites in ChinalJ]. Science of the
Total Environment, 2013, 463/464 1138-1146.

[35] Zohair A, Salim A B, Soyibo A A, et al. Residues of polycyclic aromatic
hydrocarbons PAHs , polychlorinated biphenyls PCBs and organo—
chlorine pesticides in organically—farmed vegetables[]J]. Chemosphere,
2006, 63 4 541-553.

[36] Claeys W L, Schmit J F, Bragard C, et al. Exposure of several Belgian
consumer groups to pesticide residues through fresh fruit and vegetable
consumption|]]. Food Control,2011,22 3 508-516.

[37] Yu Y X, Huang N B, Zhang X Y, et al. Polybrominated diphenyl ethers
in food and associated human daily intake assessment considering
bioaccessibility measured by simulated gastrointestinal digestion[]].
Chemosphere,2011,83 2 152-160.

[38] Farhadian A, Jinap S, Hanifah H N, et al. Effects of meat preheating
and wrapping on the levels of polycyclic aromatic hydrocarbons in

charcoal-grilled meat|]]. Food Chemistry,2011, 124 1 141-146.



