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Analysis of Polychlorinated Biphenyls (PCBs) in
Wastewater Sludge Drying Bed

Yong Chan Seo and Kee D. Kim*"

Department of Environmental Engineering, Sangji University, 660 Usan-dong, Wonju 220-702, Korea
*Department of Fine Chemical and Advanced Materials, Sangji University, 660 Usan-dong, Wonju 220-702, Korea

PCBs in the sludge drying bed of Calumet East municipal wastewater treatment plant near Chicago was col-
lected and analyzed to address the feasibility of accelerated solvent extractor (ASE) analysis method. Before
the sludge samples were transferred to precleaned ASE cell, were added anhydrous sodium sulfate and Ottawa
sand sequentially in a depth of approximately 1 cm, spiked with proper surrogate then transferred to accelerated
solvent extractor. The sample were extracted with a 1:1 mixture of acetone and hexane. The extracts were then
concentrated by using Zymark Turbovap Il evaporator to final 1 mL under pure nitrogen blowing. The PCBs
concentration was determined by means of GC/ECD with the application of dual column technique. Calibration
curve was achieved based on the total sum of 144 PCBs congeners and showed very good correlation.
(r*>0.999). Surrogate recoveries were turned out to be within the acceptable range (60-125%). The moisture
contents of the actual samples were in the wide range of 20-80%. PCBs concentrations of the actual samples
are 0.79-3.14 ug/g based on dry weight. According to the data, ASE extraction technique for solid samples can
be considered as a potential analysis preparation technique over all.
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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 agyml each in Isooctane 39 comps. 10 agml each in Isooctane 36 comps. 10 ogyml each in Isooctane 27 comps
(IUPAC/BZ #) :IUPACFBZ #) (IUPAC/BZ #)
1 2-Chlorobiphenyl 2 3-Dichlorobiphenyl 15 4,4'-Dichlorobiphenyl
2 3-Chiorobiphenyl 1 '.' 2 4-Dichlorobiphenyl 20 2,3,3-Trichlorobiphenyl
3 4-Chlorobiphenyl 10 2,6-Dichlorobiphenyl 27 2,3 B-Trichlorobiphenyl
4 2,2-Dichlorobiphenyl 17 2,2 A-Trichlorobiphenyl 29 2 4 5-Trichlorobiphenyl
6 2,3'-Dichlorobiphenyl 24 2.3 6-Trchlorobiphenyl 34 23 5-Trichlorobiphenyl
8  2,4'-Dichlorobiphenyl 26 2,3 5-Trichlorobiphenyl 40 223 3-Tetrachlorobiphenyl
9  25-Dichlorobiphenyl 31 24" 5-Trichlorobiphenyl 42 2,2'.3 4'-Tetrachlorobiphenyl
16 2,2'.3—Trichlorobiphenyl 32 24" 6-Trichlorobiphenyl 47 2,2' 4 4'-Tetrachlorobiphenyl
18  2,2' 5-Trichlorobiphenyl 37 3,44 -Trichlorobiphenyl 69 234 6-Tetrachlorobiphenyl t
19 2,2 6-Trichlorobiphenyl 41 2.2 3 A-Tetrachlorobiphenyl 92 22 355-Pentachlorobiphenyl
22 2,3,4'-Trichlorobiphenyl 45 2,2 3,6-Tetrachlorobiphenyl 93 22 35 6-Pentachlorobiphenyl
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-Tetrachlorobiphenyl 1056 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 2,34 5-Tetrachlorobiphenyl 119 2.3 4 4' 6-Pentachlorobiphenyl
56 23,3 4'-Tetrachlorobiphenyl 83 2,233 5-Pentachiorobiphenyl 128 2,2',3,3" 4 4'-Hexachlorobiphenyl
66  2,3'4.4'-Tetrachlorobiphenyl 84 22'33 6-Pentachlorobiphenyl 13 223735 6-Hexachlorobiphenyl
67 2,34 5-Tetrachlorobiphenyl 95 2,2 3,5 6-Pentachlorobiphenyl 136 2,2'3,3,6,6'-Hexachlorobiphenyl
al 2,3' 4' 6-Tetrachlorobiphenyl 103 22" 4.5 6-Pentachiorobiphenyl t 144 223 4 5 6-Hexachlorobiphenyl
74 2,44 5-Tetrachlorobiphenyl 1081107  2,3,3' 4 5-Pentachlorobiphenyl 151  2,2',3,5,5' 6-Hexachlorobiphenyl
82 2,2',3,3' 4-Pentachlorobiphenyl 115 2,34 4" 6-Pentachlorobiphenyl 157 2,33 4 4' 5-Hexachlorobiphenyl
87  2,2'3,4,5-Pentachlorobiphenyl 131 2,233 4 6-Hexachlorobiphenyl 158 2,33 4 4 6-Hexachlorobiphenyl
99  2,2' 4.4’ 5-Pentachlorobiphenyl 132 2,2 3,3 4,6'-Hexachlorobiphenyl 190 2,33 445 6-Heplachlorobiphenyl
110 23,3 4' 6-Pentachlorobiphenyl 135 2,2",3,3',5,6'-Hexachlorobiphenyl 191  2,3,3'4 45" 6-Heptachlorobiphenyl
138 2,2'3,4,4' 5'-Hexachlorobiphenyl 141 2,234,565 -Hexachlorobiphenyl 207 2233 4456 6-Nonachlorobiphenyl t
146 2,23 4',5,5'-Hexachlorobiphenyl 149  2,2° 345" 6-Hexachlorobiphenyl 208 2233455 6,6-Nonachlorobiphenyl
147 22345 6-Hexachlorobiphenyl t 164 2334 5 B-Hexachlorobiphenyl 209 22334455 6 6-Decachlorobiphenyl
153 2,2'4,4'5 5 -Hexachlorobiphenyl 170 2,2°,3,3' 44", 5-Heptac fl
173 2,2'3,3' 4,5 6-Heptachlorobiphenyl 171 22°33'44" S-I'leptachlorohlphenﬂ
174 2,2'3,3'4,56"-Heptachlorobiphenyl 172 2,233 4,55 -Heptachlorobiphenyl
177 2,23,3' 4',5,6-Heptachlorobiphenyl 178 2,233 55 6-Heptachlorobiphenyl
179 2,2'3,35,6,6'Heptachlorobiphenyl 183 2,23 ,4,4'5' 6-Heptachlorobiphenyl Reference Key
180 2,2'34.4' 55 -Heptachlorobiphenyl 193 233" 4' 5,5 6-Heptachlorobiphenyl _ .
187 2.2'3.4'5,5 6-Heptachlorobiphenyl 196 2.2/3,3'4,4' 5 6-Octachlorobiphenyl T I
194 2,2'3,3'.4,4' 5,5 -Octachlorobiphenyl 197 2,233 4.4' 6 6-Octachlorobiphenyl 1260 @ < 1 I]“J'\ﬂ 9,
195 2233445 ﬁouachlnrohnphenyl 205 2334455 6-Octachlorobiphenyl : .
199/201 2,233 4,55 6'-Octac
203 2.23,4,4'5,6'6-Octachlorobiphenyl =i = mmm“}’zz o
206 223,344 55 6-Nonachlorobiphenyl PCB cOngener Mix #5 1260 @ > 1.0 Wt.%
C-Cs-05 1x1mL
10 sg/mlL each in Isooctane 20 comps. = Congener not in any of the
PCB Congener Mix #4 (IUPAC/BZ #) ) i 3mm@>n.ogm.%
c.cS-04 1x1mL 12 34-Dichlorobiphenyl
10 agyml each in Isooctane 22 comps. 33 2,3 4-Trichlorobiphenyl Bold congeners related to mixes #6, 7 & 8
(IUPAC/BZ #) 48 22 .4.\;5 -Tetrachlorobiphenyl marginally above 0.05 W%, except #43
13 3 4"Dichlorobiphenyl 58 2.3.3..5-T91f9!’-'"0f0b|_9heﬂ?| (@ 0.24 Wt% in Aroclor 1242
14 35-Dichlorobiphenyl t 63 2,3,4.,5-Telracﬂorobm_henyl . e
35 3,3:4-Trichlorobiphenyl 8 R eacoroipheny! Mixes 15 fo reduce coslutions and
51 6-Tetrachlorobiphenyl 77 3,34 4-Tetrachlorobiphenyl et
53 2,256 Tetrachlorobiphenyl 85 22344 Pentachlorobiphenyl :
54 2 2 6,6 Tetrachlorobiphenyl t o9 2,2',3,:1 6-Pentachlorobiphenyl
73 2,35'6-Tetrachlorobiphenyl ! 97 22,3'4,5-Pentachlorobiphenyl
75 2,4,4'6-Tetrachlorobiphenyl 104 224,66-Pentachiorobiphenyl t
81 3,4.4'5 Tetrachlorobiphenyl t }g 5;331-‘:'1 ;?ﬁﬁ;ﬁﬁg{“{%ﬁm
90 2,234 5-Pentachlorobiphenyl t PRl !
100 2,2'4.4'6-Pentachlorobipheny! t 129 22,3345 Hexachlorobipheny!
11723450 Pentachorobipheny 137 22,344'5-Hexachiorobiphenyl
122 2 /4.5-Pentachlorobiphenyl 156 233 ,4' ,GI-HOKDEI’"WOt_liPhBI'Iy'
124 23,455 Pentachiorobiphenyl 167 2.3.4.4'5,5- Hexachlorobiphenyl
130 2233 45 Hexachlorobiphenyl 176 2,233 4,66 Heptachlorobiphenyl
154 22'44'5.6-Hexachlorobiphenyl * 185  2,2,34,5,5 6-Heptachlorobiphenyl
163 2,3,3',4':5,B-Hexachlorobiphenyl 189 233 44 5 5 -Heptachlorobiphenyl
165 23,355 6-Hexachlorobiphenyl
175 2,233 45 6-Heptachlorobiphenyl
2,2 3,3 45 6,6'-Octachlorobiphenyl
3,3 4.5 6,6'-Octachlorobiphenyl
3,5,5' 6,6'-Octachlorobiphenyl
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Table 2. ASE extraction condition.

Extraction solvent Acetone:Hexane(1:1)

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

Total extraction time
Total solvent use

12 min/sample
30 mL/sample
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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

Oven temperature

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

Flow rate 1.0 mL/min(He 99.999%)
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Fig. 1. Chromatogram of standard mix 1 (DB 5, 500 pg/mL).

Table 4. PCBs concentration in sludge samples. Unit: ug/g
sampling Weight (g) Moisture PCBs sampling Weight (g) Moisture PCBs
number number
date Wet Dry (%) conc. date Wet Dry (%) conc.
1 '02/06 7.95 1.78 77.62 2.75 11 '02/07 10.58 4.07 19.57 1.85
2 '02/06 9.24 2.40 74.03 2.92 12 '02/07 10.19 4.09 59.87 1.99
3 '02/06 10.20 2.81 72.46 2.63 13 '02/10 10.99 2.11 80.81 2.13
4 '02/06 10.61 2.76 73.99 3.14 14 '02/10 10.16 497 13.19 142
5 '02/09 10.15 4.07 59.91 1.55 15 '02/10 10.17 4.10 59.87 1.67
6 '02/09 10.39 5.40 48.03 141 16 '02/10 10.09 6.33 37.27 1.33
7 '02/09 10.09 3.20 68.29 135 17 '02/11 10.94 4.37 60.06 1.56
8 '02/09 10.25 4.97 51.52 0.79 18 '02/11 10.61 4.58 56.84 0.99
9 '02/07 10.84 3.43 68.36 2.54 19 '02/11 10.40 2.71 73.95 1.81
10 '02/07 10.77 3.65 66.11 3.06 20 '02/11 10.90 2.61 76.06 1.45
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