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Study on the Analysis of PCBs in Papers by
the Peak Pattern Method
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ABSTRACT — The new approach using the Peak Pattern Method was conducted for the an-
alysis of polychlorinated biphenyls (PCBs) from the papers or paper products to provide certain
hygienic data for the recycled papers as well as white papers. The height of the each peak,
obtained from the PCBs standards, was transformed to the spectrum to compare with that of
the samples. In addition to the results of the single PCBs standards, the pattern of mixed PCBs
standards with the adequate concentration and ratios were obtained prior to the analysis of the
paper samples. The test showed excellent repetition within 5% variation, and the recoveries of
PCBs ranged from 92% to 97%. The PCBs, considered as a hazard material, were analyzed
using the Peak Pattern Method from six different types of paper samples including the roll
tissue. It could not find the same pattern of the PCBs peaks from all of the paper samples.
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Fig. 1. The diagram of extraction and refine for PCBs
from papers.
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Table 1. Instrument conditions of GC-ECD
Model Hewlett Packard 5890 A
Column HP-5 (Diphenyl-Dimethyl
polysiloxane copolymer),
30 mx0.32 mmXx0.25 pm
Gas flow (m/min.) N, gas 1
Injector temp. (°C) 250
Detector & temp. ('C) 270
Chart speed (cm/min.) 0.5
Oven Temp. (°C)
280°C, 0 min.

160°C, 10 min.
25 °C/min.

2.5 °C/min.
100°C, 2 min.

Aroclor 1248

r—J
Aroclor 1254

Peak pattem of Alockr 1248

Response (peek height %)

.

0 5

i

10 15 2 25 0 % 4 4 S0 %5 &
Retertion time (min.)

Fig. 2. Chromatograms and retention index spectrums.
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Table 2. Retention times and peak heights of PCBs

Standards
AC 1016 AC 1221 AC 1232 AC 1242 AC 1248 AC 1254 AC 1260
RT H% RT H% RT H% RT H% RT H% RT H% RT H%

11.7 0.8 9.6 16.1 8.8 25 12.6 0.7 18.9 29 253 3.7
13.3 0.7 12.6 9.4 11.7 1.4 14.3 0.5 20.4 22 25.6 1.2
14.1 0.8 14.3 17.1 133 1.9 15.1 0.7 22.5 3.7 26.9 2.2
14.5 3.8 15.1 12.1 141 1.5 15.6 3.0 23.4 20 27.8 0.7 25.3 0.2
16.1 0.6 15.6 38.4 14.6 53 17.2 0.8 23.9 1.3 29.6 0.4 30.2 2.5
17.9 6.8 20.6 3.7 17.9 3.2 18.9 8.1 243 1.9 29.9 1.9 31.6 0.5
18.0 4.0 222 31 18.0 2.0 19.8 1.5 24.9 0.6 30.2 7.5 31.9 2.5

18.7 09 19.4 3.0 20.4 79 253 6.8 30.7 1.6 339 0.6
19.5 6.5 209 0.7 21.9 1.2 25.6 5.6 31.4 0.4 344 1.6
20.9 1.5 21.6 5.1 226 75 259 4.0 31.5 1.8 34.6 1.4
211 0.9 224 3.0 233 54 26.9 85 318 3.1 355 38
21.7 10.7 23.0 1.9 23.9 35 27.1 3.7 32.0 7.9 35.9 2.5
22.4 6.3 23.3 0.7 243 2.7 27.8 7.3 324 35 36.4 7.6
23.0 4.0 24.4 1.9 25.3 5.6 28.4 2.3 332 0.6 37.1 0.4
234 1.6 24.7 1.7 257 5.0 29.6 2.4 335 2.8 377 1.2
24.0 0.5 249 1.1 26.4 3.8 29.9 5.6 339 57 37.8 7.1
245 4.4 26.0 24 26.9 73 30.1 6.4 342 1.7 38.8 4.0
24.8 4.0 26.3 1.4 27.2 3.7 30.7 1.7 344 0.8 39.0 3.9
25.0 29 26.9 22 27.8 6.6 31.4 42 34.6 9.2 39.6 1.2
26.0 5.7 27.5 0.6 28.4 22 31.8 2.6 354 1.2 40.1 7.2
26.2 2.6 28.7 1.2 29.6 1.7 31.9 3.9 35.5 1.3 40.7 1.4
269 4.6 29.0 2.3 29.9 3.6 324 24 359 1.4 41.1 0.4
27.6 1.0 29.3 2.4 302 4.0 33.2 0.5 36.2 04 413 5.9
28.8 0.4 30.5 21 30.6 1.2 33.5 1.9 36.4 438 41.6 3.6
29.0 0.7 31.1 0.6 314 2.9 339 32 36.5 4.8 41.9 0.9
29.4 0.8 331 0.4 31.7 1.5 342 1.9 37.1 0.7 42.3 1.2

338 0.7 32.0 2.0 34.6 4.5 37.7 0.9 429 6.1
442 0.5 324 1.2 354 1.4 38.1 4.3 432 34
48.8 0.8 33.3 0.9 36.5 1.5 38.3 4.6 43.5 2.2
339 1.5 382 04 39.0 2.1 440 0.6
341 0.8 38.4 1.3 39.5 0.8 44.3 0.9
34.6 2.0 40.1 0.7 39.7 0.9 44.8 9.7
354 0.6 46.3 0.5 40.1 7.9 45.6 0.5
40.6 1.1 46.2 04
41.3 0.5 46.7 4.6
41.9 0.4 47.3 3.1
42.3 2.1 47.7 34
42.8 0.6 49.6 15
43.6 0.6 50.9 2.6
447 1.0 533 1.1
46.2 0.9 55.3 0.3
46.7 0.7

AC: Aroclor
RT: retention time (min.), H(%): height %.
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Table 3. Mixtures of PCBs standard solutions

PCBs standards

Mixed ratio

AC1016:AC1221

ACI1221:AC1232

AC1221:AC1242

AC1232:AC1242

AC1242:AC1248

AC1242:AC1254

AC1248:AC1254

AC1242:AC1260

ACI1248:AC1260

AC1254:AC1260

AC1242:AC1248:AC1254

AC1242:AC1248:AC1254

AC1242:AC1248:AC1254

AC1242:AC1248:AC1254

AC1248:AC1254:AC1260

AC1248:AC1254:AC1260

AC1242:AC1248:AC1254:AC1260

ACI1221:AC1242:AC1248:AC1254:AC1260

AC1016:AC1221:AC1232:AC1242:AC1248:
AC1254:AC1260

1:1

1:1

1:1

1:1

1:1

1:1

1:1

1:1

1:1

1:1
2:1:1
1:2:1
1:1:2
1:1:1
1:1:1.5
1:1:3
1:1:1:2
1:1:1:1:2
1:1:1:1:1:1:1

19:28:
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/ x /
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Fig. 3. Chromatogram and mass spectrum of peak of Aroclor 1248.

Journal of Food Hygiene and Safety, Vol. 14, No. 1



72 Ki Myong Kim, Seung Seok Yoo and Kwang Ho Lee

. AgEN
49 AFA 11}01] e v Ay dAE A4S ghs
A

Fig. 2= ofu]
ature programmed retention index spectrum-g2 Z}A4J 3l 70|
t}'Y o]i= X 9] Alg.e] tjg} integration data®} H| WS &
SEEEEEE

A2 integration data & Z} peak®] temper-

Z2} E= 29Y9| Chromatograms

Table 4. Results of chlorine numbers in PCBs

AC 1242 N,  AC 1248 o AC 1254 g,
RT H% CI RT H% Cl Rr H% Cl
156 30 2 189 29 3 253 37 4
172 08 2 204 22 3 269 22 4
189 81 2 225 37 3 278 07 4
204 79 3 234 20 3 299 19 4
219 12 3 239 13 3 302 75 5
226 75 3 243 19 4 307 16 5
233 54 3 253 68 4 315 18 5
239 35 3 256 56 4 318 31 5
253 56 4 259 40 4 320 79 5
257 50 4 269 85 4 324 35 5
264 38 4 271 37 4 335 28 5
269 73 4 278 73 4 339 57 5
272 37 3 284 23 4 342 17 5
278 66 4 299 56 4 344 08 5
284 22 4 301 64 4 346 92 5
296 17 4 314 42 4 354 12 5
299 36 4 319 39 5 355 13 6
302 40 4 324 24 5 359 14 5
314 29 4 335 32 5 362 04 5
3.7 15 5 346 45 5 364 48 6
320 20 5 354 14 5 365 48 5
324 12 5 365 15 5 377 09 6
333 09 5 384 13 5 381 43 6
339 15 5 383 46 5
341 08 5 390 21 6
346 20 5 395 08 6
354 06 5 397 09 6

401 79 6

406 11 6

413 05 6
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Table 5. Relative intensities according to chlorinated de-
gree of polychlorinated biphenyls

Chlo- Numbers of experiments Average Relat
rinated (height) (standard infeitsli\;e
degree 1 2 3 4 dev.%) y

1 773 796 814 782 791.3 (1.5) 0.069
4,726 4,862 5,002 4,885 4870.0 (1.8) 0.423
5,906 6,198 5,720 5,927 59380 (2.7) 0.15
5,616 6,180 5,798 6,230 5972.0 (4.8) 0.519
8,965 8,847 8585 9,247 8911.0 (2.3) 0.774
7,055 7,840 7,229 7,983 75263 (5.4) 0.653
7,714 7,629 7,890 8,092 76915 (4.9) 0.668
8,816 8,762 9,202 8,961 89353 (2.1) 0.776
11,055 11,954 11,081 11,990 11520.0 (4.4) 1.0

0NN W

—
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Fig. 4. Relative response of GC-ECD according to vari-
ous choline number in PCBs.

Table 6. Recovery rate of AC 1248, AC 1254 for extrac-
tion steps from paper

Recovery %
PCBs standard solution Y 2 Mean
2 3 4 (RSD%)
AC 1254 974 96.4 94.0 95.3 95.78(1.5)
AC 1248 97.8 93.0 92.7 92.3 93.9 (2.6)

AC 1254:AC 1248 (1:1) 925 92.7 924 95.1 93.2 (1.3)

paper core(board)®} carbonless paper= PCBs¢} t}2 u

/1% s wgel 4% Wt Hast EAls 2
el 4 9Ugith ECDAR) Uehdt Ak 91210] of
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Mixture of AC 1242, 1248, 1254(ratio 1:1:2), 440 injection.

Roll tissue,GC-ECD, 548 injected

Normal tissue, GC-ECD, 540 injected

Paper for copy (A4 size) , GC-ECD, 5¢¢ injected

Fig. 5. Chromatograms of typical PCB mixture and ex-
amples of paper samples by GC-ECD.
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