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Levels of PBDEs in Pig Feed
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Korea Basic Science Institute, Seoul, Korea

ABSTRACT

Polybrominated diphenyl ethers (PBDEs) are a group of brominated flame retardants (BFRs),
which are used in a variety of consumer products. Several of those are produced in large
quantities. Their chemical structure similarities to polychlorinated dibenzo-p-dioxins and
polychlorinated biphenyls (PCBs), as well as their toxicity, has been studied. PBDEs are
persistent and lipophilic, which results in their bioaccumulation in the fatty tissues of organisms
and enrichment throughout food chains. In addition, a number of studies also reported high
levels of PBDEs in animals and food resulting from the use of contaminated animal feed
Public concern about PBDEs levels in animals and food has been raised. Feed contamination
by toxic chemicals has been the cause of the contamination of poultry products. The purpose
of this study was to evaluate PBDEs in pig feed to search the origin chase of POPs in pigs.
Feed samples were obtained wheat from East Europe, corn from South America and America,
soybean meal from Korea, America, South America and India and tallow from Korea. The
preparation of samples was based on the EPA method 1614. Instrumental analysis was based
on the use of high resolution gas chromatography coupled to high resolution mass spectrometry
(HRGC/HRMS). Quantification was carried out by the isotopic dilution method. The analysis
of X PBDEs involved 22 PBDE congeners, including BDE-17, 28, 47, 49, 66, 71, 77, 85,
99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 190, 191, 196 and 197.

Key words: polybrominated diphenyl ether(PBDE), HRGC/HRMS, animal Feed,
EPA method 1614
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Table 1. Detail informations of measurment compounds

in PBDEs
Homolog  IUPAC No. Isomer
THBDE BDE-17 2,2'4-TrBDE
BDE-28 2,4 4-TtBDE
BDE-47 2,2',4,4-TeBDE
BDE-49 2,2',4,5'-TeBDE
TetraBDE BDE-66 2,3',4,4-TeBDE
BDE-71 2,3',4',6-TeBDE
BDE-77 3,3'4,4-TeBDE
DE-85 2,2'3,4,4'-PeBDE
BDE-99 2,2',4,4'5-PeBDE
PentaBDE ~ BDE-100 2,2'4,4'6-PeBDE
BDE-119 2,3',4,4',6-PeBDE
BDE-126 3,3',4,4',5-PeBDE
BDE-138 2,2'3,4,4'5'-HxBDE
HexaBDE BDE-153 2,2',4,4'5,5'-HxBDE
BDE-154 2,2'4.4'5,6-HxBDE
BDE-156 2,3,3',4,4',5-HxBDE
BDE-183 2,2'3,4,4.5',6-HpBDE
HeptaBDE ~ BDE-184 2,2'3,4,4',6,6'-HpBDE
BDE-191 2,3,3',4,4',5',6-HpBDE
OctaBDE BDE-196 2,2'3,3',4,4',5,6'-OcBDE
BDE-197 2,2'3,3',4,4',6,6'-OcBDE
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Table 2. List of PBDEs calibration solution(BDE-CVS-

E)

Native PBDE congeners

Concentration (ng/mL)

IUPAC CS1 CS2 CS3 CS4 CS5
2,2'4-Tribromodipheny ether 17 1.0 5.0 20 100 400
2,4.4-Tribromodipheny ether 28 1.0 5.0 20 100 400
2,2'4 4'-Tetrabromodipheny ether 47 1.0 5.0 20 100 400
2,2'4,5"-Tetrabromodipheny ether 49 1.0 5.0 20 100 400
2,3',4,4'-Tetrabromodipheny ether 66 1.0 5.0 20 100 400
2,3',4',6-Tetrabromodipheny ether 71 1.0 5.0 20 100 400
3,3'4,4'-Tetrabromodipheny ether 77 1.0 5.0 20 100 400
2,2'3,4,4'-Pentabromodipheny ether 85 1.0 5.0 20 100 400
2,2'4.4' 5-Pentabromodipheny ether 99 1.0 5.0 20 100 400
2,2'4.4' 6-Pentabromodipheny ether 100 1.0 5.0 20 100 400
2,3',4,4',6-Pentabromodipheny ether 119 1.0 5.0 20 100 400
3,3',4,4',5-Pentabromodipheny ether 126 1.0 5.0 20 100 400
2,2'3,4,4',5'-Hexabromodipheny ether 138 2.0 10 40 200 800
2,2'4.4'5,5'-Hexabromodipheny ether 153 2.0 10 40 200 800
2,2'4.4'5,6'-Hexabromodipheny ether 154 2.0 10 40 200 800
2,3,3',4,4',5-Hexabromodipheny ether 156 2.0 10 40 200 800
2,2'3,4,4',5',6-Heptabromodipheny ether 183 2.0 10 40 200 800
2,2',3,4,4',6,6'-Heptabromodipheny ether 184 2.0 10 40 200 800
2,3,3',4,4',5',6-Heptabromodipheny ether 191 2.0 10 40 200 800
2,2'3,3',4,4'5,6'-Octabromodipheny ether 196 2.0 10 40 200 800
2,2'3,3',4,4',6,6'-Octabromodipheny ether 197 2.0 10 40 200 800
Mass-Labelled PBDE congeners
2,4,4‘-Tribromo[BClz]dipheny ether 28L 100 100 100 100 100
2,2‘,4,4‘-Tetrabromo[l3Clz]dipheny ether 47L 100 100 100 100 100
2,2‘,4,4‘,5-Pentabromo[]3C12]dipheny ether 99L 100 100 100 100 100
2,2',4,4,5,5'"-Hexabromo[ °Cy,]dipheny ether 153L 200 200 200 200 200
2,2',4,4,5,6'-Hexabromo[ °Cy,]dipheny ether 154L 200 200 200 200 200
2,2'3,4,4',5',6-Heptabromo|[ *Cy,]dipheny ether 183L 200 200 200 200 200
2,2'3,3',4,4,6,6'-Octabromo[ °C,]dipheny ether 197L 200 200 200 200 200
Mass-Labelled PBDE intemal standard
2,23, 4,4'5"-Hexabromo["“C,]dipheny ether 138L 200 200 200 200 200
] sonication®] 20 A% FE3}PoH, o] A 2 Iml AE 952 SUAATE  multi-column
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Table 3. The condition of HRGC/HRMS for PCDD/Fs

>
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o

Item Condition

Instrument Hewlett Packard 6890 Plus GC system

JEOL 700D Mstation High
resolution mass spectrometer

Column DB-5HT (15m X 0.25mm x 0.lum)

120C(1 min) 10C/min to
330C (5 min), total 27 min

Carrier gas Helium, 1.0 mL/min
Injector temp (C) 280C

Injection mode

Oven temp

splitless mode

Ion voltage 38eV
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Table 4. Result of recovery test in PBDEs

tets|x| 232 35 2012

(%)
Compound Sonication Soxhlet

Aceton : Hexane {2:1) Hexane Aceton : Hexane {2:1) Hexane

Cip-2,4,4-3BDE 88.2 93.9 84.0 715

13C12-2,2',4,4'—4BDE 94.7 100.3 104.8 109.0

BC1p-2,2'4,4',5-5BDE 76.2 94.3 92.6 95.4

13C12-2,2',4,4',5,5'—6BDE 69.0 74.6 58.2 75.9

13C12-2,2',4,4',5,6'—6BDE 66.3 81.0 85.7 97.8

13C12-2,2',3,4,4‘,5‘,6-7BDE 64.6 70.9 72.4 70.0

13C12-2,2',3,3',4,4',6,6'—8BDE 67.7 79.4 66.2 75.1

Table 5. The concentration of PBDEs in feed sample
(pg/e)

PCDD/F Wheat Corn Soybean Tallow

Wi Cl C2 S1 S2 S3 S4 Tl
BDE-17 N.D 0.136 N.D N.D 0.011 N.D N.D N.D
BDE-28 N.D N.D N.D 0.122 N.D N.D N.D 0.660
BDE-47 N.D N.D 0.174 1.170 0.407 0.359 0.148 9.473
BDE-49 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-66 N.D N.D N.D N.D N.D N.D 0.138 N.D
BDE-71 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-77 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-85 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-99 0.397 N.D 0.408 1.903 0.54 0.239 0.475 22.037
BDE-100 N.D N.D 0.072 0.312 N.D N.D N.D 6.539
BDE-119 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-126 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-138 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-153 N.D N.D N.D N.D N.D 0.122 0.286 5.200
BDE-154 N.D 0.062 N.D N.D N.D 0.252 N.D 3.815
BDE-156 N.D N.D 0.408 N.D N.D N.D N.D N.D
BDE-183 N.D N.D N.D N.D N.D 0.107 N.D N.D
BDE-184 0.300 N.D N.D N.D N.D N.D N.D 6.309
BDE-191 0.424 N.D N.D N.D N.D N.D N.D N.D
BDE-196 N.D N.D N.D N.D N.D N.D N.D N.D
BDE-197 0.162 0.352 N.D N.D N.D N.D N.D 3.439
2 PBDEs 1.283 0.550 1.062 3.507 0.958 1.079 1.047 57.472

W1: wheat from East Europe, Cl: corn from South America, C2: America, S1: soybean meal from Korea,

S2: soybean meal from South America, S3: soybean meal from America, S4: soybean meal from India,

T1: tallow from Korea
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Fig. 2. PBDE congener levels and profiles of individual samples

S2: soybean meal from South America, S3: soybean meal from America, S4: soybean meal from India,
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