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Analysis of Polychlorinated Biphenyls from Ambient Air
Near to Sludge Drying Bed

Yong Chan Seo'
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PCBs in ambient air around the sludge drying bed of Calumet East municipal wastewater treatment plant
near Chicago was collected and analyzed to address the feasibility of PUF-ASE air analysis method. Air
sampling was carried out under the regulation of EPA air sampling method using Hi-Volume sampler. PCBs,
adsorbed in polyurethane foam (PUF) installed inside of the sampler, were extracted out then concentrated
thru sequential operation of accelerated solvent extractor (ASE) and N, blowing concentrator. The PCBs
concentration was determined by means of GC/ECD with the application of dual column technique. Cal-
ibration curve was achieved based on the total sum of 144 PCBs congeners. Surrogate recoveries were
turned out to be within the acceptable range (60-125%). SRM 1493 recoveries showed even better results
with the range of 64-96%. According to the data, PUF-ASE method can be considered as a potential air anal-

ysis technique over all.
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Fig. 1. Schematics of Hi-Volume sampler
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Table 1. PCBs standards used for calibrations

PCB Congeners contained in Aroclors 1242, 1254 & 1260

PCB Congener Mix #1

PCB Congener Mix #2

PCB Congener Mix #3

C-Cs-01 1x1mL C-Cs-02 1x1mL C-Cs-03 1x1mL
10 og/mL each in Isooctane 39 comps. 10 og/mL each in Isooctane 36 comps. 10 og/mL each in Isooctane 27 comps.
(IUPAC/BZ #) (IJUPAC/BZ #) (IUPAC/BZ #)
1 2-Chlorobiphenyl 5 2,3-Dichlorobiphenyl 15 4,4'-Dichlorobiphenyl
3-Chlorobiphenyl t 7 2,4-Dichlorobiphenyl 20 2,3,3-Trichlorobiphenyl
3 4-Chlorobiphenyl 10  2,6-Dichlorobiphenyl 27 2,3 6-Trichlorobiphenyl
4  2,2'-Dichlorobiphenyl 17  2,2'4-Trichlorobiphenyl 29 24 ,5-Trichlorobiphenyl
6 2,3"-Dichlorobiphenyl 24 23 6-Trichlorobiphenyl 34 2'3,5-Trichlorobiphenyl
8 2,4'-Dichlorobiphenyl 26 2,3',5-Trichlorobiphenyl 40 2,2'3,3-Tetrachlorobiphenyl
9 2,5-Dichlorobiphenyl 31 2,4’ 5-Trichlorobiphenyl 42 2,23 4'-Tetrachlorobiphenyl!
16 2,2" 3-Trichlorobiphenyl 32 2,4’ 6-Trichlorobiphenyl 47 2,24 4'-Tetrachlorobiphenyl!
18 2,2' 5-Trichlorobiphenyl 37 3,4,4'-Trichlorobiphenyl 69 23" 4 6-Tetrachlorobiphenyl t
19 2,2' 6-Trichlorobiphenyl 41 2,2' 3 4-Tetrachlorobiphenyl 92 2,2'3,5,5-Pentachlorobiphenyl
22 2,3,4'-Trichlorobiphenyl 45 2,2' 3 6-Tetrachlorobiphenyl 93  2,2'3,5,6-Pentachlorobiphenyl t
25 2,3' 4-Trichlorobiphenyl 46  2,2'3,6"-Tetrachlorobiphenyl 101 2,2°,4,55"-Pentachlorobiphenyl
28 2,4 4'-Trichlorobiphenyl 48 2,2' 4 5-Tetrachlorobipheny! 105 2,3,3',4,4'-Pentachlorobiphenyl
44 2,2'3 5'-Tetrachlorobiphenyl 60 2,3,4,4'-Tetrachlorobiphenyl 118 2,3'4,4' 5-Pentachlorobiphenyl
52 2,2' 5,5"-Tetrachlorobiphenyl 70 2,3'4'5-Tetrachlorobiphenyl 119 2,3 4,4' 6-Pentachlorobiphenyl
56 2,3,3',4'-Tetrachlorobiphenyl 83 2,2',3,3'5-Pentachlorobiphenyl 128 2,2',3,3',4,4'-Hexachlorobiphenyl
66 2,3',4,4'-Tetrachlorobiphenyl 84 2,23 3" 6-Pentachlorobiphenyl 134 2,2'3,3',5,6-Hexachlorobiphenyl
67 2,3' 4 5-Tetrachlorobiphenyl 95 2,2'35' 6-Pentachlorobiphenyl 136 2,2°,3,3',6,6'-Hexachlorobiphenyl
71 2,3'4' 6-Tetrachlorobiphenyl 103 2,2'4,5' 6-Pentachlorobiphenyl t 144  2,2'3 4.5 6-Hexachlorobiphenyl
74 2,44 5-Tetrachlorobiphenyl 109/107  2,3,3'4',5-Pentachlorobiphenyl 161 2,2',3,5,5',6-Hexachlorobiphenyl
82 2,2'3,3' 4-Pentachlorobiphenyl 115  2,3,4,4' 6-Pentachlorobiphenyl 157  2,3,3',4,4' 5'-Hexachlorobiphenyl
87 2,2'3,4,5'-Pentachlorobiphenyl 131 2,2',3,3',4,6-Hexachlorobiphenyl 158 2,3,3'4,4' 6-Hexachlorobiphenyl
99 2,2'4,4' 5-Pentachlorobiphenyl 132 2,2',3,3',4,6'-Hexachlorobiphenyl 190 2,3,3'4,4'5,6-Heptachlorobiphenyl
110 2,3,3',4' 6-Pentachlorobiphenyl 135 2,2',3,3',5,6'-Hexachlorobiphenyl 191  2,3,3'4,4'5',6-Heptachlorobiphenyl
138 2,2',3,4,4' 5'-Hexachlorobiphenyl 141 2,2',3,4,5,5'-Hexachlorobiphenyl 207 2,2'3,3',4,4'5,6,6'Nonachlorobiphenyl t
146 2,2'3,4'5,5'-Hexachlorobiphenyl 149 2,2'3,4'5',6-Hexachlorobiphenyl 208 2,2',3,3'4,5,5'6,6'-Nonachlorobiphenyl
147 2,2' 3 4' 5,6-Hexachlorobiphenyl t 164 2,3,3'4'5' 6-Hexachlorobiphenyl 209 2,2'33'4,4'55" 6,6-Decachlorobiphenyl t
153 2,2'4,4' 5,5'-Hexachlorobiphenyl 170 2,2',3,3',4,4' 5-Heptachlorobiphenyl
173 2,2',3,3' 4,5,6-Heptachlorobiphenyl 171 2,2',3,3',4,4' 6-Heptachlorobiphenyl
174 2,2'3,3'4,5,6"-Heptachlorobiphenyl 172 2,2'3,3' 4,5 5-Heptachlorobiphenyl
177 2,2'3,3',4',5,6-Heptachlorobiphenyl 178  2,2',3,3',5,5',6-Heptachlorobiphenyl
179  2,2',3,3',5,6,6"-Heptachlorobiphenyl 183 2,2'3,4,4'5' 6-Heptachlorobiphenyl Reference Key
180 2,2'3,4,4'5,5"-Heptachlorobiphenyl 193 2,3,3'4'5,5' 6-Heptachlorobiphenyl Bold = C . f
187  2,2'3,4"5,5' 6-Heptachlorobiphenyl 196 2.2'3,3'4,4'5 6-Octachlorobiphenyl 0Ty = A;"‘gl’e"e:;;“;/;&
194 2,2'3,3',4,4'5,5'-Octachlorobiphenyl 197 2,2'3,3',4,4' 6,6'-Octachlorobiphenyl 12%%%?( 1 O\M o €
195 2,2'3,3',4,4' 5,6-Octachlorobiphenyl 205 2,3,3'4,4'55" 6-Octachlorobiphenyl . 0
199/201 2,2'3,3' 4,55 6' Octachloroblphenyl B .
203 2.23.4,4'5,5'6-Octachl old = Congener in any of
. Aroclors 1242, 1254 or
206 22 33 44 5, 5 ,6- Nonachloroblphenyl PCB Congener Mix #5 1260 @> 1.0 Wt%
C-Cs-05 1x1mL
10 oymL each in Isooctane 20 comps. = Congener not in any of the
PCB Congener Mix #4 (IUPAC/BZ #) f 3Argclors@ > o.ogm.%
C-CS-04 1x1mL 12 3,4-Dich[orobiphepyl
10 ag/mL each in Isooctane 22 comps. 33 23,4-Trichlorobiphenyl Bold congeners related to mixes #6, 7 & 8
(IUPAC/BZ #) 49 2,245 Tetrachlorobiphenyl marginally above 0.05 W%, except #43
13 3,4'Dichlorobiphenyl 59 2,3,3',6-Tetrach|orob!phenyl @ 0.24 Wt% in Aroclor 1242.
14 3.5-Dichlorobiphenyl t 63 2,3,4‘,5Tetrachlorob|ghenyl S . §
35  3/3'4-Trichlorobiphenyl 64 2,34’ 6-Tetrachlorobiphenyl Some "non-Aroclor” congeners assigned to
51 2246 Tetrachlzrobl h 77 3,3 4,4 Tetrachlorobiphenyl Mixes 1-5 to reduce coelutions and
DRt phenyl 85 22" 3.4 4'-Pentachlorobiphenyl number of mixes needed.
53  2,2'5 6-Tetrachlorobiphenyl 2 19,44 -rentachlorobipheny|
54 2.2'6.6'Tetrachlorobiphenyl t 91 2’2.'3’.4 ,&Pentachloroblp_henyi
73 235 6-Tetrachlorobiphenyl t 97 2,2,3'4,5-Pentachlorobiphenyl
75 24,4 6-Tetrachlorobiphenyl 104 272 ,4,6:,6-Pentachloroblphenyl t
81 3,4,4'5-Tetrachlorobiphenyl 1 P 5%‘1"3 7 Panctiormbiphen!
90 2,2',3,4' 5-Pentachlorobiphenyl t 9,44 ,o-fentachiorobiphenyl
100 22/4.4'6-Pentachiorobiphemy t 129 2,2.3,3'4,5 Hexachlorobiphenyl
117 2,3,4'5,6-Pentachlorobiphenyl 187 22,3445 Hexachlorobiphenyl
122 2'3,3'4,5-Pentachlorobiphenyl 156 2,3,3,44'5-Hexachlorobiphenyl
124 2/3,4,5,5-Pentachlorobiphenyl 167 2.3.4455Hexachlorobiphenyl
130 2,233 4,5-Hexachlorobiphenyl 176 22,3,3,4,6,6-Heptachlorobipheny!
154 2.2'4.4"5 6'Hexachlorobiphenyl t 185 2,2',1?,4,5: G:Heptachloroblphenyl
163 2,3,3'4',5,6-Hexachlorobiphenyl 189 2,3,3',4,4' 5,5 -Heptachlorobiphenyl
165 2,3,3'5,5',6-Hexachlorobiphenyl t
175 2,2'3,3' 4,5' 6-Heptachlorobiphenyl
200/199 2,2'3,3'4,5,6,6'-Octachlorobiphenyl
201/200 2,2'3,3'4,5'6,6'-Octachlorobiphenyl
202 2,2',3,3'5,5',6,6'-Octachlorobiphenyl
4 BHE AAg 5k 25 mLA 33 O AYS & 9 4F UME ORIERE cAE A Az
Azl F e gk g FEV)E AR 1 ml 3R S AASY] 8 w58 A8 438
2 F2AY. AR Age ¥ 3 EF 1 em, 3 2 27 3140 mesh)E ©3 WF ¥FEHS Yo
gol Ael7t A, 1 emo] 7 HEF 2232 10 g F B4 AR8=ith



Table 2. ASE extraction condition

Extraction solvent Hexane
Temperature 100°C
Pressure 10 MPa(1500 psi)
Heat-up time 5 min
Static time 5 min
Flush volume 60%
Purge time 100 s
Static cycles 1

12 min/sample
30 mL/sample

Total extractiontTime
Total solvent use
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Table 3. Analytical condition of GC/ECD
EI (70 eV)

60 m x 0.25 mml.D. x 0.25 um
60 m x 0.25 mml.D. x 0.25 um
100°C(1 min) — 2°C/min —

Ionization mode

DB-XLB
DB-5

Column
Column

Oven temperature

280(15 min)
Injection mode Splitless
Injection volume 1 ul
Inlet temperature 300°C
Detector temperature 330°C

Flow rate 1.0 mL/min(He 99.999%)
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Fig. 2. Chromatogram of standard mix 1 (DB 5, 500 pg/mL).
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Table 4. PCBs concentration in air samples. Unit: ng/m®
Site A Site B Site C Site D
PUF 1 PUF 2 PUF 1 PUF 2 PUF 1 PUF 2 PUF 1 PUF 2

0.08 0.03 1.17 0.10 0.61 0.01 0.48 0.01
1.03 0.02 0.69 0.05 0.73 0.008 0.70 0.00
2.17 0.12 2.30 0.05 1.63 0.08 0.84 0.00
2.98 0.54 2.25 0.06 1.80 0.13 2.24 0.01
1.12 0.00 1.56 0.05 0.68 0.05 0.14 0.05
1.80 0.15 0.79 0.01 0.81 0.03 1.41 0.03
5.06 0.57 1.41 0.21 1.88 0.00 1.34 0.29
1.84 0.44 2.01 0.20 1.51 0.25 1.11 0.10
0.61 0,02 2.00 0.18 1.62 0.35 1.02 0.24
1.71 0.58 0.99 0.02 0.52 0.03 1.11 0.04
1.43 0.04 2.06 0.09 1.43 0.15 1.17 0.06
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. EPA, US EPA Method TO-4A (EPA/625/R-96/010Db).
. US EPA Method 3540.

. Dionex Application Note 333.

. http://epa.gov/glnpo/glindindicator/air/air/air.html.

. US EPA Method 8082A.

. US EPA Method 3665.
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