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Abstract: The trestment efficiency of PCBs containing wastes has been investigated. The samples treated by
electron beam and de-chlorination method were analyzed to verify the byproducts before treatment and after
treatment. In the treated samples by electron beam irradiation, PCBs were not detected by comparing the pesk
matching using the Korean officiad waste test method. On the other hand, PCBs congeners were detected by
andyzing individual isotope method using HRGC/HRMS. Most of PCB congeners in waste were decomposed
to 3-chlorobiphenyls, lower chlorinated congener produced during the treatment of electron beam. In the chemical
dechlorination trestment, it was found that the concentrations of PCBs in treasted samples were lower than those
of regulation criteria in Waste & POPs management law and the after treatment concentration were satisfied
to the regulation criteria. Also, dioxins were not observed after the physio-chemical treatment processes of PCBs
containing wastes.
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Oil Sample (0.1-0.5 g)

Alkali Treatment

. Add 1M KOH/Ethanol 50 mL

. Reflux for 1 hr and then cooling to 50 °C
. Add Surrogate STD

{Deca-chlorinated biphenyl 50100 ng)

Extraction

. Shaking with n-hexane 50 mL two titnes
« Washing with Reagent water 100 mL{x2)
- Concentration to SmL

v

Sulfuric Acid Treatment

. Add c-H,80, 30~50 mL

« Repeat until sulfuric acid phase cleaned
. Washing with Reagent water 100 mL(x3)
- Concentrate to 1 ml

Silicagel column cleanup

. Elute with n-hexane 200 mL
- Concentrate to 1 mL

L 4

GC-ECD & HRGC/MS Analysis

Fig. 1. Analytica procedure of PCBs in transformer samples.
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Table 1. Andytica conditions of GC/ECD and HRGC/HRMS for determination of PCBs

Condition
Column DB-5 (30 m, 0.25 mm 1.D.,0.25 um film thickness)
Carrier Gas 99.999% N,
Detector uCD
GC/ECD Total Flow 60 mL/min

Injector Temp. 250°C
Oven Temp. 100°C— 160°C(15°C/min)—300°C(5°C/min)
Detector Temp. 320°C
Column DB-5MS (60 m, 0.32 mm 1.D.,0.25 pum film thickness)
Carrier Gas 99.9999% He
Column flow 1 mL/min

HRGC Injector Temp. 270°C
Injection mode splitless
Oven Temp. 75°C(1 min, 40°C/min)—190°C(1°C/min)—240°C(10°C/min)—320°C(2 min)
lonization volt 36.0 eV

HRMS lonization mode El
lon current 0.38 mA

sample electron beam sample
e —
inlet l reaction system l outlet

(a) electron beam reaction system

sodium in
>
mineral oil gauge
Insulation ey heating filtration - vacuum - reaction 15| cortrifuge |—» storage
oil l tank systemn filter tank l g tank
A B

sludge

A : sampling point before treatment, B : sampling point after treatment

(b) dichlorination reaction system

Fig. 2. Scheme of PCBs remova treatment system and sampling points.

Vol. 21, No. 3, 2008

2 A7 = Al L2azt, gy
2 Fa3tA e 59 shshA YR o] PCBs &t o]
7= Al gol A&Ea glon, AHdy] &

=

5 2 H7E AHEdes SvlE
oju} FeHo] A&E 3y 58

oM e 24 Aerled A S o83

-



204

Al A

RMASME

CRE SR E R

o

Table 2. PCBs concentrations(mg/L) of transformer insulation oil before and after physical treatment

Before treatment After treatment
sample description
GC/ECD HRGC/HRMS
1 7.76 451 )
5 17.24 430 The PCBs patterns were destroied after treatment,
3 63. 80 56. 57 therefore the analytical results of PCBs after treat-
’ ’ ment obtained N.D. using GC/ECD
4 288.94 123.82
~1ECD1 A, (USARMY\)70805\2-PRE.D)
Hz Before Treatment
17.24ppm
40007
30007
20007
10007 L{
EI_1I] 12!5 15 17.5 20 25 25 275 30 min

Hz ]

1000

800 7

600

400 7

200 7

ECD1 A, (USARMY\070305'2POST.D)

1n 15 15

28 278 an min

Fig. 3. The GC/ECD chromatogram of transformer insulation oil before and after physica treatment.

1017-07-009 Sm (Mn, 1x1)

1: Voitage SIR 5 Channels El+

188.0393
1007 93087
3Chlorobiphenyl
PCB #2)
LIS
0
1 T 1 T 1 1
6.00 8.00 10.00 12.00
1017-07-003 Sm (Mn, 1x1) 1: Voitage SIR § Channels El+
190.0363
100 3027
3-Chlorohiphenyl
" PCB#2)
0 T T T T T = Time
6.00 8.00 1000 1200

(a) sample No. 3

1017-07-0010 Sm (Mn, 1x1)

1: Voitage SIR § Channels El+

188.0393
1004 2.16e8
3-Chlorobiphenyl
(PCB #2)
Ea
C 1 1 1 U
6.00 8.00 10.00 1200
1017-07-0010 Sm (Mn, 1x1) 1: Yoitage SIR 5 Channels El+
190.0363
1004 69487
3-Chlorobiphenyl
- (PCB #2)
0 r T T ' Y = Time
6.00 8.00 10.00 12.00

(b) sample No. 4

Fig. 4. The HRGC/HRMS chromatogram of transformer insulation oil before and after physica treatment.
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Table 3. PCBs concentrations (mg/L) of transformer insulation
oil before and after chemical treatment

After
sample Before
1st 2nd
DCI-1 7.04 0.18 (0.64) 0.18 (0.98)
DCl-2 11.10 N.D. (0.18) N.D. (0.26)
DCI-3 55.28 N.D. (1.44) N.D. (0.56)
DCl-4 371.18 N.D. (043) N.D. (0.05)

Analytical method : Korean officid waste test method.
() :totd concentrations of 209 PCBs congeners determinated by
HRGC/HRMS.
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Fig. 5. The GC/ECD chromatogram of transformer insulation oil before and after chemica treatment.
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4
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MS
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NL:
9.59E3

wz=
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Fig. 6. The HRGC/HRMS chromatograms of transformer insulation oil after chemica treatment.
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Fig. 6. Continued.
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Fig. 6. Continued.

Analytical Science & Technology



PCBS T+ Aol Ae) F 4HE MjE 54 A

PCBs 237122 @94 A2 $ol= PCBs? #d

of fFAlEA Borg HregHARYHEE ¥ Zlo= Addr

RT:33.00 - 57.00 SM: 3G

o0 RT: 48.33
RT: 44.24
| RT: 4111 [
] RT: 41.84 RT: 44.86
1 RT:37.33 RT: 4550
20| RT:3826 4000 4330 sy 3
13333 3488 364 T "7{& A 6 Y 42,61 . 4r14 || 898 4936 5046 5189 [ 15240 sunn s 56008
0 RT:48.33 NL: 2.88E2
100
] miz=
| 395.7992-395.8000 F:
80 RT: 4114 Ms
1 RT: 52,13 16ppm-1-A-tpeb
RT: 44.21 PP pet
60
1 RT: 41.82 4412 | RT: 44.86
m 4188 RT: 4555
| RT: 37.35 RT: 38.26
39.98 41.96 4731 55.99
20 38.32 g $324 45.65 f 48.87
13«3\,36 3506 zsv‘es 37.01 }& ) B N . Au E Loz..ss ' b, | »w 49.15  50.87 Isz.u 5349 5407 5587 | s6.20
0 RT: 34.69 TUNL:2.15E3
100
miz=
3 RT:55.96  405.8424-405.8432 F:
80 MS ICIS
g 16ppm-1-A-tpeb
2
5 60
<
2 40
3 1
2
20
. RT: 34.69 RT: 5594  NL: 1.72E3
100
] miz=
] 407.8394-407.8402 F:
80 MS ICIS
] 16ppm-1-A-tpch
60|
|
a0
20
‘ L
= -
RT: 44.50 - 60.60 SM: 3G
T: 58.. NL: 1.15E2
00 RT: 58.38
miz=
427.7632427.7640 F:
80 S
RT: 54,07 16ppm-1-A-tpch
60
R R
40 RT: 56.87 58.61
54.28
45.00 4745 50.06 53.7 |} 53.37 F I 1 59.02
i 45,16 " 52.73 57.30 F 59.36
207 Vi 4s.38 w020 P70 ) s00s 5139 A ) BMssst s )| 0 s [ ot
0 : NL: 8.81E1
100 RT: 54.10 ;8.
| RT: 5839 Ve
429.7602-429.7610 F:
80 MS ICIS
16ppm-1-A-tpcb
RT: 5325 RT: 56.87 " "
60
45.13 56.92
| 46.28 g
40 45,07 | 45.21 T 529 || 5334 | 5409 58.08
07 )] 14632 4735 49.63 50.67 - 5481 s6.72 P llssss o4
(‘\ﬂ 4534y | 4750 48654949 ) so21 | SL2 5264 g 36 SN Y \ 6036
ot AL I < i [TV DG OO ¥ - i e
0 RT: 5857 NL: 2.27E3
100 -
439.8034-439.8042 F:
807 RT:45.10 MS ICIS
g 16ppm-1-A-tpch
K
EKS
<
ERS
2
20-
0 - ) - RT: 5857 NL: 2.75E3
100
m/z=
441.8004-441.8012 F:
MS ICIS
16ppm-1-A-tpch

RT: 45.13

v =2 2 =
$.5.3% . 8

B

e ——

(h) octachlorobiphenyls
Fig. 6. Continued.

Vol. 21, No. 3, 2008

209

37] ©}21%] HRGCIMSE o] &-8te] A sfo] %715



[e)

=

RT: 56.40 - 60.70 SM: 7G

100

80

60

40

20

Relative Abundance

20

RT: 56.75

57.39

\
L 3684 5715

RT:56.72
A

57.24

57.04 57.18 57.50

RT: 56.71
A
A
A

RT: 60.70 - 64.00 SM: 3G

100

80

60

40

20

100

80

60

40

100

2 =
g B

Relative Abundance
s
&

80

60

40

20

RT: 61.39

> N
RT: 61.38
N

57.68 57.78

57.69

58.02

57.84 57.99

58.17

58.67
821 5807 5888 5896 5015

58.46

(1) nonachlorobiphenyls

R

E

8.5 9
845 861 5878 58.99 5937 5930 3940 5949 5653 5981 o g0

4
59.45 59.52

A

59.92 60.09
59.8

RT: 60.15
|

60.45
60.36 [\ 6056

NL:
L1
m/z=
461.7241-
461.7251 F:

MS
16ppm-1-A-
tpeb

NL:
2.59E2
m/z=
463.7211-
463.7221 F:
Ms
16ppm-1-A-
tpeh

NL:
L71E3
m/z=
473.7643-
473.7653 F:

MS ICI
16ppm-1-A-
tpeb

miz=

475.7614-
475.7624 F:

MS IC
16ppm-1-A-
tpcb

MS IC]
16ppm-1-A-
tpch

NL:
6.72E4
m/z=
499.679
499.680

MS ICIS
16ppm-1-A-
tpeh

2-
2 F:

60.81 60.87 6106 61.13 6128

Fig. 6. Continued.

), 61.46 61.56 61.69

61.93 61.99

6217 623 6250 6265

() decachlorobiphenyls

62.87 62.95

63.17 63.25 63.33

63.46  63.58 63.66 63.81 63.91

NL:
3.29E3
m/z=
509.7224-
509.7234 F:
MS ICIS
16ppm-1-A-
tpch

NL:
2.70E3
miz=

16ppm-1-A-
tpeb

A2 Table 3] e B84 Aol A ]
§ 942 7185 £F3to] PCBs ¥
AAfsh WSAP oA AHgIHE HERS Fro

[e]
s

Analytical Science & Technology



£
o

i
B
)
2

it
-

3

d

o Hﬂ
ofo do

mrﬂ
off HF & T 2

A E Ao
Z5 %= PCBs
o AH8-® YEF2 o] DC-2, 3, 49
Fo ol o] Hof Table 33} 22 4
Ao 2 At mEtA] PCBse] A&
171 S18lA = Aol AHE-El= A4 39
& 2483l ARgstedor & R o= dkdr)
51512 2] 2] A1 9] PCBs 5= GC/IECDZ
Az, A2 & WA wiE oM AH T AAF F
PCBs s=& #7|E&48H ¥ A4 f71=4 &
Hol FA71E 2 ppme] &= VENS W, HRGC/
MS &4 A3 PCBs A& 4 #El2 Fall=e
w AR AH3} PCBs 52 MEe| A7 AEFHUL
i}, POPs #EH e A T8 7S WSt 22
Z YEth o9 19 Fig. 5, Fig. 6ol g A
S| NE ARvETHS JERIT

u

W

w2 PCBs| #afloll d&F=
lom, & dA5olx DCl-1¢]

o

>~
=

[e)
-+
E
=
R

T ot K
(M o
tn @

o

]

i?l ki
L oy

X

)

N

a4

g

33 2| £
PCBs 3
3 T Tl SAF
AedEdel A
HRMSS ©]-8-3to] t}o]

F%

By
i)

[0
—-

e oor

=y
T
(@)
O

=
o
3

o do

)
T

f
i
:i

i

N{N‘ o
flu}
2
v
o,
o 1

£ A3oAaE PC
AP aes ZJEB‘}Z
s}3A A rles
AFe] AlEE B4

AR o= EE];Q A s ¢ AEE 24
PCBs ¥ ZAE S §8t7 YA aro} 77| %
Fuow 4 EL0}7] o1#1%) HRGC/HRMSS
o Zeksk A7}, PCBs] AlFol 7HAAL e
glo] 2al|=]o] A HF35}E<] 3-chlorobiphenylse]
Aoz 21 =Yt T3k,

EEE]
)
gl 2s) Bal2 shet

% Aele A$ol% PCBs FRE A7l ERY 2

AFARF/1EA Begel 7A71% ol 5= POPs
Mol Ael 2 /1FL BEFE Ao tehgeh

PCBS Tt /184 BEIsh 0 Aesls 49

F 24 oy RE A el Sae Y4EA ¢

£ Ao wu,

Vol. 21, No. 3, 2008

AC)

o

—Hz

10.

13.
14.

15.

16.

17.

18.

2
i
3
-

211

)
=

y
i
o

I

I
rar

1=

. ‘Toxic Substance Control Act Inventory’, USA, 1991.
. ‘Environmentd Hedlth Criteria 140, PCBs, WHO, 1993.
. V. den Berg, M. Birnbaum and A. Bosabel, Environ-

mental Health Perspectives, 106, 775-792(1998).

. UNEP Chemicals, ‘ Guidelines for the identification of

PCBs and materials Containing PCBS', First Issue,
UNEP, 1999.

. UNEP Chemical, ‘PCB Transformers and Capacitors,

From Management to Reclassification and Disposal’,
UNEP, 2002.

. UNEP Chemical, ‘ Regionally based assessment of per-

Sistent toxic substances. Regional Report’, (http://www.
chem.unep.ch/pts/), 2002.

. Basdl Convention, ‘ Preparation of a National Environ-

mentally Sound Management Plan for PCBs and PCB-
Comtaminated Equipement’, UNEP, 2003.

. UNEP Chemicals, ‘ Survey of Currently Available Non-

Incineration PCB Destruction Technologies', UNEP,
2000.

. Basel Convention, ‘ Destruction and Decontamination

Technologies for PCBs and Other POPs Wastes Under
the Basel Convention’, Volumn A, UNER, 2001.
SHEE AT, E A3 EE F(PCBy) it T
7189 HAYpegele] #3 A7, 2003,

. FEERE R R P AR B T, PCBREEEHANG 7 A N

7*7 7’ 1999.

H 7N EFHAEEE, 2001
f&?é%ﬂ—, T LA EZDTHAIEE’, 2007.
SYIAF A7, “HAR T PCBs Al F-EAA R,
2004.

W. Wu, J. Xu, H. Zhao, Q. Zhang and S. Liao, Chemo-
sphere, 60, 944-950(2005).

M. A. Manzano, J. A. Perales, D. Sales and J. M.
Quiroga, Chemosphere, 57, 645-654(2004).

H. Kanbe and M. Shibuya, Waste Management, 21,
371-380(2001).

M. Chaychian, C. Jones, D. Poster, J. Silverman, P.
Neta, R. Huie and M. Al-Sheikhly, Radiation Physics
and Chemistry, 65, 473-478(2002).



