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Analysis for Polybrominated Biphenyls(PBBs) Existing in
Water, Soil and Sediment Samples of Korea

Yun-Woo Eo, Hyun-Mee Park, Jae-Chun Ryu*, Jongki Hong**
Young-Man Kim and Kang-Bong Lee

Advanced Analysis Center, *Bioanalysis and Biotransformation Research Center,
Korea Institute of Science and Technology,
P.O. Box 131, Cheongryangri, Seoul 130-650, Korea
*Mass Spectrometry Team, Korea Basic Science Institute,
Taejon 305-333, Korea

Analytical method using GC/MS has been developed in order to monitor congeners of polybrominat-
edbiphenyls (PBBs) for samples collected with 43 kinds of water, 35 kinds of soil and 11 kinds of sediment
matrices in various places of Korea. In our analytical investigation, the 24 standard congeners of PBBs were
used and were separated using AT-1 column (30025 mmx 0.1um), and were monitored using SIM
(Selected lon Monitoring) method. The mean recoveries were 96.6% for water, 96.8% for soil and sediment
samples. Detection limits of PBBs in water are 20 ng/L(mono-, di-, tri-, tetra-, penta-, hexa-BB) or 300 ng/
L(deca-BB) and those of soil and sediment samples are 3 (mono-, di-, tri-, tetra-, penta-BB), 5 (hexa-BB) and
50 (deca-BB)g/kg. PBBs congeners in all samples were not detected within quantitation limit, and the con-
tamination level of PBBs in Korea was evaluated to be much lower than that in advanced countries like USA,
Japan and European countries.

Key words: PBBs, congeners, GC/MS, SIM, Analytical method
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2.3. Ale}

¥i= PBBs congener 2583 WHETEZS] Phen-
anthrene-d;;2 Ultra ScientificAH(USA)IA 9} 3led
ARE-3199 32, Hexane, Acetone, Florisil(60~ 100 mesh)
£ J. T. Baker*H(Houston, TX, USA)®] ZHFsoki
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1o =
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24. 717 4 =R
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7} F2ele] 9o 5=4X]E= B chirH(Switzerland)
o] B-480 3x2 7%t 5571, GCMSEN H=
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AFS ARSI

2.5. EEMHO| =X
24709 EBESMAY EFF(Table 1) 10mg
A &5 #H3sle] n-hexaned] =< 3 100 ml W

PBBsoll 23 ¥ 24% <] PBBs congeners

PBB congeners Number of Congeners

Structures

monoBB 3
diBB
triBB
tetraBB
pentaBB
hexaBB
decaBB

=W N &~ OO

2-/3-/4-

2,2'-/2,5-/2,6-/2,4-/4,4'"-
2,4,6-/2,2',5-/2,3',5-/2,4,5-/2,4',5-/3,4,5-
2,2'5,6'-/2,2',4,5-/2,2'5,5'-/3,3'5,5"-
2,2'4,5'6-/2,2',4,5,5'-
3,34,4'5,5'-/2,2'4,4'5,5'-/2,2',4,4',6,6-
2,2,3,3,4,4,5,5,6,6-




Table 2. PBBs ¥&22 9] =Ho]2

23 e Jepol & EnpE
monoBB 234.0 152.1, 232.0
diBB 311.9 309.9, 313.9
triBB 389.8 391.8, 230.0
tetraBB 469.7 467.7, 471.7
pentaBB 547.6 549.6, 387.8
hexaBB 627.5 625.5, 629.5
decaBB 623.5 621.5, 625.5
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Fig. 1. Schematic diagram of sample pretreatment for
PBBs analysis from the water and sediment.
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3.1. PBBs2| 22| ¥ &l
PBBs= ©|&8 %= &A) 7V congeners®] 7}
2007019, olF A HPH R ol& 75 AT
congeners-< Table 1914 B wl9} 7do] 25%0|t},
oA AFE GOMS Eelz27de we 2eje 24
70 congener®] GC chromatogram>} ©]-2% chro-
matogram< Fg. 23} 3ol z}2F Yelfich. PBBs
congener=2] & % Q1 o] Table 29 YERA

21
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Fig. 2. Total ion chromatogram of PBBs standard(25
congeners of PBBs). 1) 2-MonoBB 2) 3-MonoBB
3) 4-MonoBB 4) 2,2'-DiBB 5) 2,6-DiBB 6) 2,5-
DiBB 7) 2,4-DiBB 8) 4,4'-DiBB 9) 2,4,6-TriBB 10)
2,2' 5-TriBB 11) 2,3',5-TriBB 12) 2,4,5-TriBB 13)
2,4'5-TriBB 14) 2,2',5,6'-TetraBB 15) 3,4,5-TriBB
16) 2,2',4,5-TetraBB 17) 2,2',5,5'-TetraBB 18) 2,2
4,4,5,6-PentaBB 19) 3,3,5,5-TetraBB 20) 2,2'4,5,5-
PentaBB 21) 2,2'4,4,6,6-HexaBB 22) 2,2'4,4'55'-
HexaBB 23) 3,3'4,4',5,5'-HexaBB 24) OctaBB 25)
DecaBB.
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Fig. 3. Total ion chromatogram and extracted ion chro-
matogram of 25 congeners of PBBs.
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Fig. 4. The mass spectrum of standard PBBs(A: 3-MonoBB, B: 2,6-DiBB C: 2,4,6-TriBB D: 2,2'5,5-TetraBB, E:
2,2'4,5,5-PentaBB F: 2,2'4,4'5,5-HexaBB, G: Phenanthrene-d;,).
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33. WBY, 3I+8, US| X BZ RF
331 ARe) AW, 358 2 HEW
FANRS AEWA 2 B5ESE B 11E Hs]

3-monoBB, 2,6-diBB, 2,4,6-triBB, 2,2'5,5-tetraBB,

2,2'4,4'5,5-hexaBB= 717} 100 ng, decaBB= 3,000
ngS A7l flollA 71EsHiE A8 HAE] 8
< S3le] 43] BAg AFEFE Fale] Table 390
eI 35g2] H9E 86.4~111.4%°|92

AN EFH2H %)= 3.34~1055%= F5 8t 22
37 3-monoBB, 2,6-diBB, 2,4,6-triBB, 2,2',5,5'-tetraBB,
2,24,45,5-hexaBBe] AEM= 20 ng/Le13L, decaBB
£ 300ng/Leolth. BN RS A& 2 FEe
E%F 20¢S I8l 3-monoBB, 2,6-diBB, 2,4,6-triBB,
2,2'5,5-tetraBB, 2,2'4,4'5,5-hexaBBE 7}7} 100 ng,
decaBB= 3,000 ngS #7Fste] 9ol 7|&shnal iz
A5 e HFL 3t 43] A5 A2 HE
Tste] Table 40 FAIEIATE EYF B A Ao A
3E9] H9E 86.7~11.25%°]™, 3] 3-monoBB
= 86.7%= 7V¢ A2 ke YepIUth Ao Esdzt
(By= 247~16.7%RE=0, 2,4,6-triBB7} 16.7%= 7}
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Table 3. 29| A PBBs¢ 3|+& 2 A=3HA
. . 271 3 5E(%) RSD HESHA
1] 1

ompot (ng) 1 2 3 4 3 (%) (ng/D)
3-monoBB 85.3 89.7 94.5 762 86.4 9.01
2,6-diBB 89.5 94.5 95.8 82.8 90.6 6.50
2,4,6-triBB 100 95.1 102.6 96.5 975 97.9 3.34 2
2,2' 5,5 tetraBB 91.9 85.6 93.2 92.8 90.9 3.92
2,2 45,5-pentaBB 97.4 94.9 103 95.8 97.8 454
2,2'4.4' 55 hexaBB 97.1 109.7 124 114.7 111.4 10.07
decaBB 3,000 1066 87.7 98.7 112.4 101.4 10.55 300
Table 4. E 2 A &AoA PBBse 3& E 7HAEIH
. . 2 7her 3 & (%) RSD AZSHA

111] 1

ompot (ng) 1 2 3 4 a4 (%) (Mg/kg)
3-monoBB 87.9 109.8 83.4 775 86.7 15.7
2,6-diBB 88.1 103.6 1022 1011 98.8 7.26
2.4,6-triBB 100 92.5 1125 81.3 79.2 91.4 16.7 3
2,255 -tetraBB 95.6 107.9 112.6 90.5 1017 10.2
2,2'455-pentaBB 85.4 100.2 97.1 87.6 92.6 7.76
2,2 4,4 5,5-hexaBB 110.9 115.6 1095 1139 1125 2.47 5
decaBB 3,000 86.2 104.2 97.2 89.3 94.2 8.60 50

7 wiekst AFAES Btk HE3l= 3-monoBB,
2,6-diBB, 2,4,6-triBB, 2,2'5,5-tetraBB, 2,2'4,5,5'-
pentaBB= 3 pg/kg, 2,2',4,4'5,5-hexaBBE 5 ugkge]
™, decaBB= 50 pug/kgel ATt

3.3.2. dRF

PBBs®] RF#:S 38171 281 3-monoBB, 2,6-diBB,
2,4,6-triBB, 2,2',5,5'-tetraBB, 2,2',4,5,5'-pentaBB,
2,2'4,4'55-hexaBB congener=<] 739 0.025, 0.05,

4, 5 yg/ml F=& ARS8t RFgES 8] 2 23&
Table 59 YERHRATE. 4743k 772 PBB congeners
o tiste] FE=E(0.025~0.20 ug/ml) RF 7k 247)
gstom E3], decaBBE mass ranged AR EA}o]
238 AR Esled 2 AolE JeRITh Hagk
o] M= 0.0345~1.404017 JlHdAZR= 4.36~
10.7%% W2 53k Holrt.

0.10, 0.15, 0.20 pg/ml F==5 AM&3le] RFE =43t 35. Al 2o
90w, decaBBE WAV £ BAZ 1, 2,3 a8 QAN WIS A% 244e) )
Table 5. Ultra Scientific®] PBBs®] %3+l Congeners®| ¥+ response factor, TFHF 2 i EF=HA}
T 3-mono 2,6-di 2,4,6-tri 2,2'5,5'- 2,2'455- 22'44'55'- decaBB
A& BB BB BB tetraBB pentaBB hexaBB
0.025 0.548 1.504 1.400 0.896 1.544 1.416 0.0328
[ 0.05 0.732 1.396 1.354 1.034 1.434 1.402 0.0307
((L)lg/_ml) 0.10 0.621 1.393 1.156 0.874 1.304 1.254 0.0385
0.15 0.601 1.379 1.139 0.825 1.244 1.316 0.0337
0.20 0.640 1.339 1.188 0.919 1.494 1.486 0.0370
Average 0.628 1.402 1.247 0.909 1.404 1.374 0.0345
Std. Deviation 0.067 0.061 0.120 0.077 0.126 0.090 0.00317
RSD (%) 10.7 4.36 9.67 8.54 9.02 6.59 9.179
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Fig. 5. Total ion chromatogram and extracted ion ch-

romatogram of typical water sample.
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