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Abstract : The effects of physico-chemical properties of soils on PCBs analysis in Korea was studied.
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Three kinds of extraction solvents (toluene, acetone:hexane, dichloromethane) was selected to apply

three different soils. The silicagel, florisil and alumina column cleanup also performed to compare the

elution patterns, and three different methods (EPA, Japan, Proposed method in this study) of 62 PCBs

also compared the individual peaks recoveries. The solvent average recovery was surveyed the order of

toluene, acetone:hexane, dichloromethane as 77.94%, 58.59%, 54.20% for soil A,

53.65%, 80.32%,

68.27% for soil B and 44.52%, 60.35%, 56.36% for soil C, respectively. The average recovery was

depended on the soil characters. The highest recoveries of each soil were obtained the toluene for soil

A, acetone:hexane for soil B and C. However, the coplanar PCBs was obtained the highest recovery

with dichloromethane. Thus, to select the solvent for the analysis of PCBs in solid, the selected

compounds have to consider to get good result. The silicagel, florisil, alumina I and alumina II column

cleanup process were surveyed the range of 38.73% ~98.26%, and the higher chlorinated compounds

was obtained the lower recovery compared to the low chlorinated compounds, generally. This results

are also consistent with the coplanar PCBs isomers. The compared results of three different countries
were obtained the 37.15% for USA, 45.92% for Japan and 44.46% for proposed method in this study.
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Table 1. Analytical compounds

IUPAC CB congener CAS No. R',T Quantitation ion  Confirmation ion
No. = (min)
1 2-MoCB 2051-60-7 14.525 190.0
1 3 4-MoCB 2051-62-9 15.708 1880 1520
4 2,2"-DiCB 13029-08-8 16.189
e 8 2,4’-QiCB 34883-43-7 17.460 2220 2240
10 2,6-DiCB 33146-45-1 16.189 1520
15 4.4-DiCB 2050-68-2 18.949
18 2,2",5-TrCB 37680-65-2 18.730
19 2,2°,6-TrICB 38444-73-4 18.029
3 32 2,3,4‘—’1‘1CB 38444-85-8 20.964 256.0 258.0
28 244-TrCB 7012-37-5 20.351 186.0
33 2°.34-TrCB 38444-86-9 20.658
37 3,44-TrCB 38444-90-5 22.585
44 2,2°.3,5'-TeCB 41464-39-5 22279
49 2.2°45-TeCB 41464-40-8 21.665
52 2,2°5,5-TeCB 35693-99-3 21490
54 2,2°.,6,6"-TeCB 15968-05-5 19.869 2919
4l 70 2,3°,4°,5-TeCB 32598-11-1 23.876 289.9 2939
74 2,44,5-TeCB 32690-93-0 23.734
77 3,3°4,4°-TeCB 32598-13-3 26.685
81 34,4 5-TeCB 70362-50-4 26.209
87 2,2‘,3 4.5'-PeCB 38380-02-8 26.114
95 2,2'3,5,6-PeCB 38379-99-6 23.792
99 2,2°,4,4"5-PeCB 38380-01-7 25.114
101 2,2°4,5,5-PeCB 37680-73-2 24.924
104 2,2°,4,6,6™-PeCB 56558-16-8 22.103
501 105 2,3,3°,4,4-PeCB 32598-14-4 29.018 3259 3239
110 2.3,3°.4".6-PeCB 38380-03-9 26.542 3279
114 2,3,44°.5-PeCB 74472-37-0 28.304
118 2.3,4,4,5-PeCB 31508-00-6 27.733
119 2,3°,4,4°,6-PeCB 56558-17-9 25.400
123 2°.3,4,4° 5-PeCB 65510-44-3 27.590
126 3,3°4,4°,5-PeCB 57465-28-8 30.589
&l 128 2,2°,3,3°,4,4-HxCB 38380-07-3 31.446 350.8 361.8
138 2,2°,3,44",5-HxCB 35065-28-2 30.113 357.8

Analytical Science & Technology
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-continued-
1UPAC CB congener CAS No. R',T Quantitation ion  Confirmation ion
No. = (min)
149 22°34.5 6-HxCB 38380-04-0 27.542
151 2,2°,35,5",6-HxCB 52663-63-5 27018
153 2,2'44.5,5"-HxCB 35065-27-1 28.732
155 2,2°.4.4°,6,6'-HxCB 33979-03-2 24.495
6Cl 156 2,3,3",4,4’,5-HxCB 38380-08-4 32,590 3508 361.8
157 2,3,3°,44°,5"-HxCB 69782-90-7 32.853 357.8
158 2,3,3°4,4°,6-HxCB 74472-42-7 30.113
167 2,3°,4,4",5,5-HxCB 52663-72-6 31.446
168 2,3°,4,4°,5",6-HxCB 59291-65-5 28.732
169 3,3°,4,4°,5,5-HxCB 32774-16-6 34.562
170 22°,33'4,4",5-HpCB 35065-30-6 34.956
171 2,2'3,3",4,4",6-HpCB 52663-71-5 32.459
177 2,2°,3,3°4°.5,6-HpCB 52663-70-4 32.196
178 2,2°.3,3°,5,5,6-HpCB 52663-67-9 30.303
180 2,2°,34.455-HpCB 35065-29-3 33.379
7d 183 2,2°,34,4.5",6-HpCB 52663-69-1 31.017 3938 3958 3978
187 2,2°,34°,5,5",6-HpCB 52663-68-0 30.732
188 2,2°345,6,6-HpCB 74487-85-7 28.304
189 2,334,455 -HpCB 39635-31-9 36.665
191 2,3,3°,4,4°,5",6-HpCB 74472-50-7 33.642
194 2,2'3344'55-0cCB  35694-08-7 38.855
199 22°33455,6-0cCB  52663-75-9 35.307
8Cl 201 22°33'45,6,6-0cCB  40186-71-8 32.722 429.8 427.8 431.8
202 2,2°,3,3°,5,5",6,6"-0cCB 2136-99-4 32.328
205 2,3,3°,4,4°.5,5,6-OcCB 74472-53-0 39.118
206 2,2'.3,3°,44°55,6-NoCB3  40186-72-9 41.440
odl 208 2,20°3,3°4,5,5,6,6-NoCB  52663-77-1 37.366 4617 463.7 465.7
10 Cl 209 DeCB 2051-24-3 44.025 497.7 499.7 495.7
Table 2. physical and chemical properties of selected soils
Character s . organic  organic
pH pH Delta EC sand silt clay soil carbon  matter P P.O: CEC TKN
Soil H0 KCl pH (@Sfm) () (%) (%) texture contents  contents - (Cmolkg) (%)
clay
A 566 455 -1.12 0.18 3624 3276 31.00 loam 6.97 202 154 354 7.65 0.12
B 740 664 -076 030 2646 4554 2800 l:\‘lln 8.48 1462 10222 23409 1640 0.34
.. sand
C 7.87 679 -109 0.6 3922 2995 {083 loam 7.31 1260 166 1066 1.80 0.03

CEC: Cation Exchange Capacity
TKN: Total Kjeldahl Nitrogen
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Table 3. Experimental and analytical conditions for PCBs

& Fig. 13} 20

Exp. Methods

Contents

Extraction

Soxhlet

- n-hexane, dichloromethane, toluene

Clean up

This study

- Silicagel :

n-hexane 100 mL

« Aluminar (I)

- n-hexane 40mL
- 5% DCM : n-hexane 160 mL

Column USA

+ Silicagel
- Florisil

: n-hexane 25 mL
. 6% ether;hexane 100 mL

Japan

- Silicagel :
- Aluminar (II)

n-hexane 150 mL

- 2% DCM:n-hexane 100 mL
- 50% DCM:m-hexane 150 mL

Instrument

GC/MSD

- HP5890N

Table 4. MS/MSD analytical conditions

- GC/MS
- Column
- Column temp

HP 5973N

DB-5MS (60 m X 0.32 mm X 0.25 um)
105 C (1 min)—10 C/min—245 C (2 min)—3 C/min—290 T (8min)

- Injector temp 300 T

- lon source MS Source 230 T,
- lonization energy F0eV

- lonization method El method

- Injection mode Splitless mode

- Carricr gas He (1 mL/min)

MS Quad. 150 C

Analytical Science & Technology



soke] oshetn Sl PCBs ¥4 A g

lon 188.00 (187.70 to 188.70). 120607.D

Abundance

53

3
6000 1
4000
2000
0
Time-> 12,00 13.00 1400 1500 16.00 17.00 1800 1900 20.00 2100 2200 2300 2400
lon 222.00 (221.70 to 222.70): 120607.D
Abundance 4110
5000
8
15
2500
0
Time--> 12.00 13.00 14.00 1500 1600 17.00 18.00 19.00 20.00 21.00 2200 2300 24.00
lon 256.00 (255.70 to 256.70): 120607.D
Abundance 33
28 22 a7
3000
1g 18
2000
1000
R 0
Time-> 4200 13.00 14.00 1500 16.00 17.00 1800 19.00 20.00 21.00 2200 2300 2400
lon 289.90 (289.60 to 290.60): 120607.D
Abundance
o, 74, 70 81
2000 49
44 77
1000
0
Time-> 1200 13.00 14.00 1500 16.00 17.00 1800 19.00 2000 21.00 2200 23.00 24.00
lon 323.90 (323.60 to 324.60): 120607.D
Abundance
2000 104 119 110 118 126
99 123 105
95 4p1 87
1000

0
Time--> 1200 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00 21.00 2200 23.00 24.00

Fig. 1. Mass Chromatogram of PCBs
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lon 359.80 (359.50 to 360.50): 120607.D
Abundance 153/168
3000 158
138/158 128/167
2000 151 140 158. 157 169
1000
0
Time--> 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
fon 393.80 (393.50 to 394.50): 120607.D
Abundance 188
2000
187 191
"
1500 8 471180 189
178
1000 177 170
500
Time--> 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
lon 427.80 (427.50 to 428.50); 120607.D
Abundance 202 201
1000
139 104 205
500
Time--> 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
lon 461.70 (461.40 to 462.40): 120607.D
Abundance 208
800
600 206
400
200
Time--> 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00
lon 497.70 (497.40 to 498.40): 120607.D
Abundance 209
600
400
i
200
A 0
Time--> 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00

-Fig. 1. continued
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