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Abstract : This study was performed to describe analysis method of 209 PCB congeners in ambient air
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samples. The samples were collected by high volume air sampler in Chonju city. Extracted samples were
cleaned by silicagel cleanup modified with sulfuric acid and activated carbon cleanup processing. The
cleaned samples were analyzed by high resolution gas chromatography and high resolution mass
spectrometry (HRGC/HRMS) with DB-5 column (60 m, 0.25 mm i.d., 0.25 m film thickness) to analyze
the 209 kinds of PCB congeners. PCBs levels of air samples were detected to the range between 0.003
and 0.163 pg-TEQ/m’. The PCBs congener of 162 kinds were detected in samples analysed using
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DB-5 column and 37 kinds peaks were overlapped with congeners more than one. It is difficult to

isolate PCB 118/106 and PCB 105/127 in coplanar PCB,

so it is likely to overestimate the

concentration.. The distribution of coplanar-PCB congeners in origin source samples (Kanechlor and

exhaust gas from incinerator) was compared with that in air samples, and PCB 81, PCB 77, PCB 126,

and PCB 169 were higher in incinerator samples.
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Table 1. List of PCB standards used in this study

. Internal standards
Native standards (BP-MS)

MBP-MXP MBP-MXK WP-LCS
Congeners
62 PCBs 12PCBs 10 PCBs 12 PCBs
Numbers
1,3,10/4,8,15,19,18,28,33,22,37,54,52,49,
44,74,70,81,77,104,95,101,99,119,87,110
3,8,28,52,101, 105,114,118,123, 77,81,105,114,
,123,118,114,105,126,155,151,149,153,1
IUPAC 118,138,153,180, 156,157,167,170,  118,123,126,156,
68,138,158,128,167,156,157,169,188,178
Number 194,206,209 180,189 157,167,169,189
, 187,183,177,171,180,191,170,189,202,
199, 201,194,205,208,206,209
These standards are from Wellington laboratories.
Table 2. Column clean-up methods for PCBs analysis
Amount of Elution condition
Column Activated condition
adsorbent Ist (pre) 2nd (post)
Wako silicacel 05 130 C for 4 hr
ako silicage .
& & 3.5 hn)
Acid-silicagel  Sulfur-silicagel’
10 g n-hexane (180 ml) -
column 44%, wlw)
Merck silicacel 1 130 C for 4 hr
erck silicage!
8 g 3.5 hr)
25% DCM/n-h Tol
Activated carbon column 05¢g - 0 In-hexane opene
(25 mL) (250 mL)

* Silicagel column modified with sulfuric acid is made with activated Merck silicagel

Z22 e 1:389 Dichloromethane:Hexane, v/v)o.2 S A&ste] B AP 29S8 WA oH SIRE
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Table 3. Monitoring ions of HRMS for PCBs analysis
Monitor Ions M M+2)" (M+4)° M+6)" Theoretical ion  Lower  Upper
abundance ratios QC limit QC limit
MICBs 188.0393 190.0366 3.01 2.56 3.46
D2CBS 222.0003 223.9975 1.51 1.29 1.75
T3CBs 255.9613 257.9585 1.02 0.87 1.17
T4CBs 289.9224 291.9195 0.767 0.65 0.88
P5CBs 325.8805 327.8776 1.53 1.30 1.76
H6CBs 361.8386 363.8358 2.29 1.95 2.64
H7CBs 393.8025 395.7996 1.02 0.87 1.18
0O8CBs 427.7636 429.7606 0.88 0.75 1.01
N9CBs 461.7246 463.7217 0.77 0.65 0.88
D10CBs 497.6827 499.6798 1.15 0.98 1.33
®C,-M1CB 194.0594 196.0565 3.01 2.56 3.46
“C1,-D2CB 234.0406 236.0376 1.54 1.31 177
C,-T3CB 269.9987 271.9957 1.03 0.87 1.18
BC,,-T4CB 301.9626 303.9597 0.772 0.66 0.89
C1»-P5CB 337.9207 3399178 1.54 1.31 1.77
C,,-H6CB 373.8788 375.8758 231 1.97 2.66
C1,-H7CB 405.8428 407.8398 1.03 0.87 1.18
C1,-08CB 439.8038 441.8008 0.88 0.75 1.01
C1,-N9CB 473.7648 475.7619 0.77 0.65 0.88
C,-D10CB 509.7229 511.7199 1.15 0.98 1.33
PC,-T4CDD  331.9368 333.9339 0.78 0.60 0.90
Table 4. HRGC/HRMS conditions for PCBs analysis
HRGC
Instrument Aglient HP 6890
Injection mode Splitless
Carrier gas He (99.9999%)
Sample volume 12 uL
Column J&W Scientific DB-5 60 m (length)x0.25 mm (LD.)x0.25 uL (film)
Temp. program 70 C (1 min) - 190 C@0 ‘C/min, O min) - 240 C(1 C/min, 0 min) - 320 C(10 C /min, 2 min)
HRMS
Instrument Micromass VG Autospec Ultima
Ton source EI ion source, positive
Source temp. 250 C
Detection mode Selected ion monitoring (SIM)
Ionization voltage 35 eV
Trap current 500 A
Accel. Voltage 7500 V
Resolution >10,000 (10% valley)
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Y axis mean percentage of detected amount against to input amount of PCB standard.

Fig. 1. Diagram of recoveries for the PCBs and PCDDs/DFs in silica gel column modified sulfuric acid
cleanup processing.
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Fig. 2. Diagram of recoveries for the PCBs and PCDDs/DFs in the activated carbon cleanup processing.
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Table 5. Recovery of BC-PCBs in air samples (n=10)

Hgéc PCB structure (RI\::;ZT;]Z))
3 4-mono-CB 34+6.3
8 2,4’-di-CB 17£8.3
28 2,4.4’-t1i-CB 26+16.9
52 2,2°,5,5-tetra-CB 31173
81 34,4’ 5-tetra-CB 56+29.3
77 3,3’,4,4’-tetra-CB 60+31.7

101 2,2°,4,5,5’-penta-CB 49+19.0
123 2°,3,4,4° 5-penta-CB 66+23.8
118 2,3’,4,4’,5-penta-CB 62121.8
114 2,3,4,4° 5-penta-CB 69+24.0
105 2,3,3’,4,4’-penta-CB 68+24.0
126 3,3’,4,4’ 5-penta-CB 66+27.5
153 22’44’55 -hexa-CB 58+7.5
138 2,2’3,4,4°,5-hexa-CB 61£8.4
167 2,3’,4,4°5,5’-hexa-CB 6918.5
156 2,3,3’,4,4’,5-hexa-CB 73+9.4
157 2,3,3’,4,4’,5’-hexa-CB 72+8.8
169 3,3°,4,4°,5,5-hexa-CB 62+15.3
180 2,2°,3,4.4°)5,5-hepta-CB 73+11.7
170 2,2°,3,3°,4,4° 5-hepta-CB 77+11.0
189 2,3,3’,4,4°,5,5-hepta-CB 71+11.5
194 2,2°,3,3°,44°,5,5’-octa-CB 62+28.2
206 2,2°,3,3°,44°5,5" 6-nona-CB 53+9.8
209 2,2°,3,3°,44°5,5,6,6’-deca-CB 57+12.2

3.4. MFX|Y 7| & PCBs sk

E AFA E43 AFAY9 gi7] F PCBs €55
Table 69 YERNRATE

HAFEAY 7] % PCBs FEE  0.003~0.163
peTEQm’ M2 YR TolSaF t71877|FX
(coplanar-PCB + Dioxin 5%)%] 0.6 pg-TEQ/m' Rt} S
FTE HAE ey t7] & PCBse] #A A 37
S5 9 05 pgm' BT} 57 AlBolM =& F=r1 A
HAok 7 =2 FEE AFE ) ARE A9t
= 179.7~860.5 pgm o2 YE FAHAG] 7]
PCBs %% (130~650 pg/m) ¢} Blas] Bw oF7t =
FEE UYERSITE mEbA 2AF 3RS ti7] F PCB

A9 et % A7 o] Waw Aow AR

O

o

fo ol Rt

12

£

Copyright (C) 2005 NuriMedia Co., Ltd.



316 AAF - FRF AT
Table 6. Concentration of PCB congeners in Chon-ju (continued)
air samples (N=10) . Average conc. Min. conc. Max. conc.
. Average conc. Min. conc. Max. conc. TUPAC No. (pg/m’) (pg/m’) (pg/m’)
TUPAC No. ,
(pg/m) (pg/m’) (pg/m’) 59 2.14 0.01 7.79
1 13.97 3.16 53.61 42 357 0 18.87
2 64.55 11.50 296.21 7 0.12 0 0.67
3 55.25 12.52 24442 71 373 0.14 2221
10/4 16.76 2.62 40.76 64/41/68 1825 1.73 91.01
97 1023 3.05 43.04 40/57 321 0 22.95
6 10.89 1.61 28.88 67 0.70 0.06 2.64
8/5 46.90 7.79 123.22 58 0.19 0.01 0.71
14 1.88 0.44 8.88 63 043 0.04 2.05
11 56.23 14.67 244.19 74/61 541 0.46 20.61
12 7.46 0b 26.84 70/76 9.03 0.68 39.17
13+Fc 3.07 0.29 9.00 80/66+F 9.43 0.88 42.65
15+F 485 0.51 14.74 55 072 0.04 2.01
19 4.78 0.45 14.52 56/60+F 8.06 0.09 42.79
30 0.18 0 0.64 79 0.18 0 0.61
18 34.15 0 122.70 78 0.15 0 0.46
17 13.78 0.14 40.07 81 030 0.02 0.94
2724 2.96 0.13 9.58 77 110 023 283
16/32 2251 0 82.89 104 0.10 0.01 0.57
34 0.37 0.02 1.77 9% 0.18 0 L13
3 0.46 0.07 127 103 0.07 0 0.35
29 1.04 0.12 3.05 100 0.08 0.02 0.32
26 5.02 0.37 20.19 94 0.05 0 0.26
25 3.80 0.37 12.07 98/102 0.17 0.01 0.98
31 20.61 0 62.83 93/95 4.45 0 27.19
28 25.76 0.69 99.92 121/88 021 0 0.87
21 10.60 0 104.07 91 0.55 0.07 2.97
33/20 15.29 0 38.36 9 0.58 0.12 2.83
22 10.82 0 51.17 84 122 0 10.10
36 0.59 0 372 89/101/90 391 0.99 18.66
39 0.42 0 2,07 113 0.01 0 0.03
38 372 0.13 13.63 99 142 023 6.19
35 0.54 0.04 1.34 119 0.11 0.01 027
37 0.95 0 3.55 112 0 0 0
54 0.08 0 0.51 83/109 0.39 0.03 1.04
50 0.07 0 042 97/86 122 0.19 3.93
53 2.53 0 14.80 125/116/117/87 2.13 0.32 741
51 11.34 0.61 42.92 /111115
45 4.39 0 29.16 120/85 0.55 0.08 1.79
46/69 1.57 0 11.24 110 280 0.60 14.62
52/73 12.26 111 59.74 85 0.67 0.06 263
43/49 8.87 0.82 40.13 124 021 0.02 0.67
47/75/48 67.43 6.61 260.63 107/108 0.44 0.04 L10
65 0.17 0 057 123+F 021 0.02 0.63
62 0.25 0 0.81 118/106 1.60 024 5.08
44 10.77 0 78.36 114 0.20 001 0.45
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7] A& & PCBs A o]dA &Ae] #g A+ 317
(continued) (continued)
Average conc. Min. conc. Max. conc. Average conc. Min. conc. Max. conc.
IUPAC No." IUPAC No."
(pg/m’) (pg/m’) (pg/m’) (pg/m’) (pg/m’) (pg/m’)
122 0.37 0.02 1.08 185 0.07 0.01 0.18
105/127 0.80 0.09 1.93 174 0.33 0.09 0.63
126 0.40 0.03 1.45 g; g% 0%5 8-22
155 0.26 0.10 1.08 171 021 003 048
150 0.04 0.01 0.11 173 011 001 030
152 0.03 0 0.17 172/192 0.15 0.02 0.49
145 0.03 0 0.13 180 058 0.17 133
148 0.02 0 0.04 193 0.09 0.02 0.24
136 0.43 0.03 297 191 0.11 0.01 0.42
154 0.06 0.01 0.25 170 0.45 0.07 1.10
151 0.50 0.13 2.59 190 0.21 0.02 0.73
135/144 0.40 0.13 1.79 189 0.26 0.03 1.02
147 0.06 0.01 021 202 . 0.04 0.27
149/139 1.47 0.55 641 201 0.20 0.04 0.85
140 0.03 0 0.08 204 0.06 0.01 0.27
197 0.13 0.02 0.46
143 0.02 0 0.09 200 0.19 0.03 0.61
134 0.12 0.01 0.53 198 0.15 0.02 0.66
131/142/165 0.18 0.01 0.52 203/196 0.71 0.16 2.84
146/161 0.30 0.08 1.07 195 0.28 0.05 1.16
153 1.52 0.34 6.30 194 041 0.10 1.70
132/168 0.56 0.12 2.26 205 0.26 0.03 1.10
141+F 0.34 0.08 1.18 208 031 0.05 122
137 0.14 0.01 024 207 050 0.06 2.35
130 0.20 0.02 044 206 e 047 265
164/163/138 172 0.44 5.09 = 1.25 018 4.24
158/160 041 07 0.99 1CB 133.78 27.19 594.24
2CB 158.27 39.53 531.12
129 0.32 0.03 0.78 3CB 178.35 2.62 649.64
166 0.1 0.01 0.33 4CB 186.45 1529 858.64
159+F 0.08 0.02 0.18 5CB 25.08 575 114.74
162+F 0.12 0.02 0.26 6CB 11.50 2.87 36.66
128 0.74 0.06 372 7CB 4.19 0.93 9.24
167 0.19 0.04 0.55 8CB 2.80 0.69 11.14
156 0.44 0.06 1.38 9CB 1.43 0.22 445
157 021 0.03 0.65 10CB 1.25 0.18 424
169 0.38 0 1.55 Co-PCB (pg/m“) 6.09 0.87 14.92
188 0.01 0 0.03 Total (pg/m“) 703.11 179.67 2794.17
184 0.30 0.10 0.75 TEQ Totaxld 0.045 0.003 0.163
179 021 0.07 071 , (pg-TEQ/m)
176 0.12 0.02 034 * JTUPAC No. is elution order from DB-5 column.
186 0.03 0 0.08 ® 0 mean not detected(N.D.).
178 0.11 0.02 0.38 ¢ F means fragment (influenced by higher degree of
175 0.06 0.02 0.20 chlorination or same degree of chlorination).
182/187 0.33 0.11 077 ¢ TEQ concentration is calculated by WHO-TEF.
183 0.22 0.07 0.53 Congener cluster which co-elute on DB-5 column is
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