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Abstract: This study was investigated both the Korean official soil test method and the international various
methods for PCBs in soil sample. The analytical guideline of PCBs in contaminated soil were proposed based
on the official soil test methods by discussing the extraction, column cleanup, instrumental conditions, quantification
methods of peak matching and individual isomers. The total 28 soil samples were selected by consideration of
PCBs-contamination, land use etc., and then analyzed using gas chromatography/electron capture detection (GC/
ECD) and gas chromatography/mass spectrometry(GC/MS). In this study, the PCBs were not detected as peak
matching method using GC/ECD, but PCBs detected 0.002~0.487 ug/kg using GC/MS in background

concentrations.

Key words : PCBs, Soil, GC/ECD, Aroclor, GC/MS

% Corresponding author
Phone : +82-(0)32-560-7175 Fax : +82-(0)32-568-2039
E-mail: shinsun@me.go.kr

—-91 -



92 Aels - A4 - §487] - AF38E - APA - o1 F o}
1.M 2 WS edsl 9Jom, B T84S Eo|7] 9
3l AlgHg o] thFskAl A=A et
PCBs= vil-¢- 540] st f71stE2A AAA YUkl M= PCBs $H Al&Fo] o] A18% A
A0 =2 1930~1970dth7HA] 130 %HEo] ALkE Ao F71et Fx7] W] AAH F PCBs LHUFEE %
2 484 gtk 197040 o] F AAHoE ik Abel7] 918l =+ H 34 et ol A= aroclor EEEZE
AHgo]l FAEA oY MY7] AR AR 5ol 9 o] FAHHE o]& AARF F PCBsE A 3=

3 014 87 Fol =27 K54l EAS

o, o5

]q_ 14
SAEr.

PCBsE 209% 9] congener® TAE ITEZ EF 2
s BesAl Hrtsler] Lxe] B47]so] 74
A AIAHS 7 S7PEE e AR

[e]

=

23
el
2l

Soil Sample
(30 g ~100 g)

ri‘d_"ﬂw % Z A3 L F(PCBs) AlF-24A

nldsle] wzseio] YeiA ek AR

3= G

5 2~ o)1
g F =

C/MSE EA3l0] PCBs &4 o3&
ZAE AANEAT 28y d8 29

v

v

[

4{ Alkali treatment I

+ Added 1M KOH-EtOH 100 mL

- Boiling for 1hr, Cooling to 50C

+ Shaking with n- hexane 50 mL

- Filtering and Washing the Round flask
with 20 mL of n-hexane

- Added distilled water 25 mL, Shaking

- Solvent separation (n— hexane)

+ Added n- hexane 50 mL, Shaking

- Added distilled water 100 mL,
Shaking (three times)

300 mL

Soxhlet

- Extraction time: more 16 hr, Cycle: 4~6 cycle/hr

- Solvent exchange n-hexane or Acetonitrile

}7

+ Mixing of Soil 10 g + Sodium phosphate 10 g
- Solvent: n- hexane/Acetone(1:1) or DCM/Acetone(1:1),

3

2

v
—‘ Alkali treatment }7

- Added 1M KOH-EtOH 100 mL, Shaking
- Added n-hexane 50 mL + n- hexane : EtOH (1:2) 20 mL
+distilled water 25 mL, Shaking
- Added n- hexane 50 mL (two times), Shaking
- Added distilled water 100 mL, Shaking (three times)

v

Surrogate injection

(PCB-209)

v

¢c~HySO, treatment

v

GC/ECD Analysis

v v

v

v

v

Quantification 1 Quantification 2

Quantification 3

Quantification 4

Quantification 5

- 25% of the highest

- IUPAC. No. 28, 52,

-+ Index peak of

+ Total isomer peak Intensity + + Index peak of 101(118), 138, three or more
peak Index peak of 13 kinds 153, 180 (25% of the highest
13 kinds Peak intensity)
Official Soil Official Waste ISO 10382/
Test Method Test Method [EC 61619 DIN 51527 EPA 8082

Fig. 1. Analytical procedure of PCBs in soil sample.
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Soil Sample
(30 g ~100 g)

v
—{ Alkali treatment ’7

+ Added IM KOH-EtOH 100 mL
- Boiling for 1hr, Cooling to 50C

- Shaking with n- hexane 50 mL

- Filtering and Washing the round flask with 20 mL of n- hexane
- Added distilled water 25 mL, Shaking

- Solvent separation(n- hexane)

- Added n- hexane 50 mL, Shaking

-+ Added distilled water 100 mL, Shaking (three times)

v

Surrogate injection
(PCB-209)

v

S ZOoZ23>»08=3 303U

¢~HSO,4 treatment

v

Column cleanup

v

ISTD injection
(for GC/MSD)

v

\
v

GC/ECD

| GC/MSD

Quantification (Peak matching)

Peak matching with Aroclor STD
and sample chromatogarm
(at least 25% of the highest peak
intensity + 13 PCB congeners)

w2

Quantification (Isomer peak)

13 PCB congener :
TUPAC No. 18, 28, 31, 52, 44, 101
118, 138, 153, 149, 170, 180, 202

Fig. 2. Analytical guideline of PCBs in soil sample.
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Table 1. Analytical conditions of GC/ECD and GC/MS for determination of PCBs

Parameters

onditions

Instrument
Column
Injection Type & Volume

GC-ECD (Agilent 6890N)

DB-5 (30 mm X 250 pum X 0.25 pm)
Splitless, 1 puL

50°C (2 min)

GC/ECD Oven Temp. 15°C/min, 170°C (0 min)
5°C/min, 300°C (2 min)
Flow Rate 1.0 mL/min (N,)
Inlet & Detector Temp. Inlets 250°C, Detectors 320°C
Instrument Agilent 6890N-5975B
HP-5MS 5% phenyl methyl siloxane
Column (30 mm X 25po wﬁ x o.zys um)
Injection Type & Volume Splitless, 1 pL
GC/MS 70°C (2 min)
Oven Temp. 30°C/min, 170°C(0 min)
5°C/min, 290°C(1 min)
Flow Rate 1.0 mL/min (He)

Inlet & Detector Temp.

Inlets 250°C
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Table 2. Residual concentrations of PCBs in worldwide sites

95

Country Matrix(region) Quantification Methods Concentrations Remarks
. Sum of 44 PCB congeners in Ar1242 Sample No.: 11"
Sweden Soil GC/ECD 2.3~986 ug/kg City and rural

Germany Soil (farmland)

Sum of 5 PCB congeners
GC/MS

0.95~3.84 ug/kg

Sample No.: 117
Vary with the distance from
potential source

Individual concentration of
22 PCB congeners GC/MS

Sample No.: 2'¢

Britain - Soil (farmland) MDL: 0.005 ug/kg ND~0.210 ug/kg Analysis of 2 soil series
(Individual concentration)
Soil (Park around Sum of 22 PCB congeners Sample No.: 37"

France river basin) HRGC/UV+Fluorimetric ND~342 ug/kg Sampling in industrial, city,
MDL: 0.04~0.15 ug/kg forest area
Sum of 7 PCB congeners Aal8

Switzer- Soil HRGC/HRMS 0.86~12 ug/kg ia;;gﬁtiz izrk grass land

land MDL: 0.01 ug/kg ’ ’ ’ ’

(Individual concentration)

forest, horticulture

Sum of 19 PCB congeners

Sample No.: 26"

Rumania Soil GC/MS, GC/ECD 4.0~63.2 ug/kg Urban, industrial, rural, waste
0.1~0.25 ug/kg sites
Sum of 12 PCB congeners
. 20
Taiwan  Soil (river) GC/ECD 1~55 ug/kg Sample No.: 11

MDL: 0.032~0.088 ug/kg
(Individual concentration)

Sampling in sediment surface

India Soil (river estuary)

Sum of 14 PCB congeners
GC/MS
MDL: 0.02u g/L

(Individual concentration)

0.18-2.33 ug/kg

Sample No.: 10*'

. Soil Quantification (DIN 38407-3) , A
Chile (forest, farm land) GC/MS 8.9~16.8 ug/kg Sample No.: 3
. Sample No.: 117
. Soil Sum of 17 PCB congeners .
Ri 5.0~31 k f M ~160
ussia (forest, glass land) GC/MS ug/kg Cltlzfmcenter [ 0SCOW
Sum of 7 PCB congeners o
Sediment Soil GC/ECD z((;(())11~(())7654 ulil;kg Islzltn :(l)erlgr(l)‘;inléied soil
China MDL: 0.01 ug/kg e &

Sediment (bay)

Sum of 12 PCB congeners
GC/ECD

0.85~27.27 ug/kg

Sample No.: 9%

Antarctic Soil

Sum of 21 PCB congeners
GC/ECD
MDL: 0.01ug/kg

23~34 ug/kg

Sample No.: 6%
Qualitative analysis: GC/MS

Individual concentration of 9 PCB

congeners

0.0005~17.9 ug/kg

Sample No.: 1917
tri-PCB, tetra-PCB,

World  Soil (unpolluted area) 6 homologue . 0.0015~50.9 ug/kg penta-PCB, hexa-PCB,
Sum of detection congeners 0.26~96.9 ug/kg hepta-PCB, octa-PCB
GC/MS ’
Conversion of 17 PCB congeners into
1 . 28
oy | SedimentGiven Ct‘/’]t\j‘[ISPCBS concentration 13.3~290.8 ughkg Zag;gz Ei’érslz
Korea MDL: 2~3 ng/kg (Individual concentration)

Soil (Ulsan)

Peak pattern
GC/ECD

ND~108 ug/kg

Sample No.: 15%

Vol. 20, No. 2, 2007
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Table 3. PCBs analytical methods of each country in soil or waste sample

Internal

Test Method Extraction & Clean-up Standard

Quantification Index Peak

Alkali treatment

Official Soil Florisil column - Peak pattern Total isomer peak

Test Method Silicagel column
R.of Soxhlet extraction
Korea . Alkali treatment Index peak of
?fs‘fﬁevtﬁff ¢-H,S0, treatment C-209 Peak pattern 13" kinds + at least 25 % of
Florisil column the highest peak intensity
Silicagel column
Soxhlet extraction Choose index peak of three
US.A E(])’sAzl\A/lethod c-H,SO, treatment ?CZI(\)/IgX“ Peak pattern or five (at least 25% of the
KMnO, treatment highest peak intensity)
Industrial Waste Alkali treatment Coefficient
Japan Analytical Florisil column - comparison Total isomer peak
Method Silicagel column P
1SO 61619 100:1 dilution
DIN EN61619 Silicagel+ sulphonic acid g:i(())g Peak pattern g;.df; i?;ﬁ;sa
KS C IEC61619 column
Germany Shaking extraction 2 kind
1SO 10382 (ultrasonicormicrowave) ( Cn 1S5 5& PCB Index peak
KSM ISO10382  Alumina column . COMEENEES £ 7 Kinds
L C-143, C-207)
Silicagel column
a. TUPAC No. 18, 28, 31, 44, 52, 101, 118, 138, 149, 153, 170, 180, 194
b. IUPAC No. 28, 52, 101, 118, 138, 153, 180
c. Trichloro-m-Xylene
U Fig. 30 @8 EYeATGAELH, H7les 2hoell wE Belo RS stk
AATER, 180 61619" 2 1SO 10382'2] 41 2 g AR5 AREste] 48 A3 th59
W A w=2 Jeh oo Fig. 49 Yept e} o] S48 5 $ 4z &
e AR7 BRSOl 230 ARnT =
312 FEdY HE A e A4S B a8y, 38 Eged
EY F PCBs= w4138H7] 913l PCBs®E o ¥H€E & A7 A8 EGodTAAIENHEeZ AAH
FARE MF st HHY FE-L2E Fafet ‘”%} Z1Eoln®, Aol A #AI71E W0l T
g wal-oel 23 e viwsich 48 75 HOE PYESo|o} ¥ 0% weHh
S EGANR 10gd) BEY 5 FES AAS -r]6H = 3 Fig 59 YERS bk} 2Fo]) Aroclor EFE
T FMIEF 10gS EFst] A EE AR6I2H, Ao 7t gz Bl 6~30 %P = A
% 42 ngihoAE 131 300 mLE Ak%é}&l o n, PCB-209¢] 4 A= IN-KOH 1 A7kl A= &
1647F ol FEHTh Be el IN FUSHT s 94 e R0 dehpuE, $a3ge 3
Folghes ARkt TE #dshy] 98 #7ksks PCB-209 oA &

3, FRYEE o] 8 LE(IN-KOHyEs o Zejis] Foll Frhehs Zo] ugd e Zos dd
©]&k Aroclor EFEEZ B! PCB-209% o] g#e] ®al  =HAUoh
5 ERls] flste] 4] g (KONE FEE

(IN, 2N)Z2 Z A8l Aroclor &2 1242:1248: 313 MUY HE
1254:1260% 1:1:1:12 &% 0}0:1 20 ppm 2 PCB 209 E% = PCBsS #41317] 9l Al PCBs ¥&
W ool A 200 nge FUS T BHWAAZ (1hy,  ERL F¢5to] PCBs7t SHA 2o Eoko] F3
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Fig. 4. Comparision of PCBs concentrations by various extraction methods.
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Fig. 5. Recoveries of alkali treatment (in case of PCBs free oil).
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Fig. 8. Comparision of PCBs chromatogram by DMSO treatment (GC/ECD).
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Table 4. Comparision of analytical results in soil by quantitative methods

Test Method Quantitative Peak Sample 1 Sample 2
Official Soil Test Method Total isomer peak 11.46 10.91
0 . . S .
Official Waste Test Method 25% of the highest peak intensity + I3 kinds of =, 5, 11.05
index peak
ISO 61619 13 individual PCB congeners 13.00 11.87
ISO 10382 7 individual PCB congeners 11.93 11.24
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Table 5. Quantitation and confirmation ions for PCBs

determination by GC/MS

Standard Quantitative ion Confirmation ion
Monochlorobiphenyl 188.0 190.0, 152.0
Dichlorobiphenyl 222.0 224.0, 152.0
Trichlorobiphenyl 256.0 258.0, 186.0
Tetrachlorobiphenyl 289.9 291.9, 2939
Pentachlorobiphenyl 3239 3239, 3279
Hexachlorobiphenyl 359.8 361.8, 357.8
Heptachlorobiphenyl 393.8 395.8, 397.8
Octachlorobiphenyl 427.8 427.8, 431.8
Nonachlorobiphenyl 461.7 463.7, 465.7
Decachlorobiphenyl 497.7 499.7, 495.7
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Fig. 9. GC/MS chromatogram of 13 individual PCB congeners.
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GC/ECD % GC/MSE ©]8-3F E% 5 PCBs w21 1% 103

Table 6. Outline of detailed PCBs analytical procedure in soil sample

Contents

Extraction methods (Alkali treatment, Sohxlet extraction)

1. Pretreatment .
Cleanup method (Acid treatment, Column treatment etc.)

MDL have evaluated with signal to noise ratio 2.5 by injecting the standard 0.05 mg/L to

2. Method Detection Limit same kind of sample matric which did not contained the PCBs(average value of 3 times)

Calibration and quantification ranges
— Correlation coefficient (R?) : more than 0.98
— The standard deviations have to satisfied the £ 15% limit

3. Calibration and
Quantification method

Propriety of quantification methods
— Official Soil Test Method : Choose total peaks in each Aroclor standards that are at
least 25% of the height of the largest peak, and 13 PCB congeners

Result present
— Results is specified the mg/kg unit
— Results have to present two decimal places after rounding off at three decimal places

4. Analytical result and
Recovery

Surrogate amount injected and Recovery ranges
— The decachlorobiphenyl (IUPAC No. 209) 200 ng/mL injected after alkali treatment
— Sample analytical result have to satisfy the 60~120% recoveries
— 1 duplicate sample have to analyze per 20 samples

Table 7. Analytical results of soil samples (in case peak pattern appeared)

Peak pattern Concentration (mg/kg) Recovery (%)

Sample 1 Aroclor 1242:1254 = 5:2 11.34 80
Sample 2 Aroclor 1242 73.72 87
Sample 3 Aroclor 1254:1260 = 2:3 11.05 83
Sample 4 Aroclor 1242:1260 = 2:1 0.55 87
Sample 5 Aroclor 1242 30.29 82
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Table 8. Concentrations of PCBs in soil samples

- 847 -

A% - AR - ool

Sample Soil Use Concentration (ug/kg) GC/MS Detection PCB Congeners Recovery
Numberr GC/ECD  GC/MS
N-T Railroad N.D 0.052 18, 52, 101, 138, 153, 138, 202, 180 §7%
N-2 School N.D 0.004 101, 153, 138 98%
N-3 Rivers N.D 0.006  28/31, 101, 153 98%
N-4 Orchard N.D 0.006 18 74%
. N-5 Road N.D 0.002 101 97%
Soil N-6 Upland N.D 0.007 18, 101, 118, 153 97%
Use N-7 Recreation N.D 0.016 18, 101, 153, 138, 202 102%
N-8 Pasture N.D 0.010 18, 28/31, 101, 153, 138 85%
N-9 Field N.D 0.016 18, 28/31, 101 101%
N-10  Park N.D 0.060 18, 153, 138, 202, 180, 170 101%
N-11  Sports N.D 0.007  28/31, 101 91%
ST Sediment N.D 0275 18, 28/31, 52, 101, 118, 153, 138, 202, 180 96%
Sediment  S-2 Sediment N.D 0.061 18, 28/31, 101, 153, 138 83%
S-3 Sediment N.D 0.055 18, 28/31, 44, 52, 101, 118, 153 84%
I-1 around the N.D 0.052 2831, 101, 153, 138, 202, 180, 170 90%
Incinerator
Incinerator | around the ND oagy 18 2831,44,52, 101, 118,153, 138,202, .
soil Incinerator 180, 170
13 around the 0.123 18,2831, 52, 101, 118, 153, 138,202, 180 78%
Incinerator
R-1 ;f;‘;d the N.D 0.026 18, 52, 101, 153, 138, 202 86%
Road soil
. around the
(Electric  R-2 Road N.D 0.038 18, 44, 52, 101, 138, 153 93%
Transformer) around the
R-3 Road N.D 0.030 18, 28/31, 52, 101, 118, 153, 138, 202 94%
H-1 Industry N.D 0.003 101 97%
Industry ~ H-2 Industry N.D 0.018 18, 28/31, 52, 101, 118, 153, 138, 202 83%
H-3 Industry N.D 0.002 101 89%
Sum n=23
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14. Distribution of PCB congeners in soil samples
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