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SUMMARY

- Gas chromatographic separations of chlorobiphenyls, alkyibiphenyls and
alkylchlorobiphenyls were carried out at 200° on glass capillary columns coated with
OV-101, Carbowax 20M and Apiczon L as stationary phases. Apiezon L was the
most suitable phase for this purpose, in terms of separation, reproducibility of reten-
tion indices and reliability of structure-—retention correlations for the prediction of
indices. Compounds in the mixtures were identified by comparison with reference
materials analyzed under similar conditions, by structure-retention correlations and
by combined gas chromatography--mass spectrometry. Quantitative analysis of a mix-
ture of polychlorinated biphenyls was performed by using the internal standard
method, taking into account experimentally determined flame iomization detector
response factors. The results, obtained on stationary phases with different polantx&s
can be used as an additional tool for qualitative analysis.

INTRODUCTION

Polychlorinated biphenyls (PCBs) are very persistent and accumulative en-
vironmental pollutants. Alkylated PCBs have been suggested as possible substitutes,
because biodegradation is facilitated by the presence of the alkyl groups. This has
been verified for both the metabolic! and the photolytic? degradation. The isopropyl
group is the most suitable alkyl substituent for this purpose. Mixtures of isopropyl-
chlorobiphenyls (IPCBs) are produced by catalytic isopropylation of PCBs.

Sundstrdm et al.® analyzed a mixture of IPCBs (Chloralkylene 12, Prodelec,
Paris, France), using profton magnetic resonance spectroscopy, gas-liguid. chro-
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matcgraphy (GC) and mass spectrometry (MS). It was shown that this mixture is very
complex, containing also PCBs and isopropylbiphenyls (IPBs). Packed columns, with
Apiezon L and Carbowax 20M as stationary phases, were used for GC analyses.
Combined GC-MS has shown, however, that several peaks in the chromatograms of
Chloralkylene 12 were not resolved.

The present report shows the possibilities of glass capillary columns for the
analysis of mixtures of PCBs, IPCBs aad IPBs, by GC and GC-MS.

MATERIALS AND METHODS

Mixtures of alkylated PCBs were prepared by catalytic isopropylation of a2
429 chlorine-containing PCB mixture (Aroclor 1242)°. IPBs were prepared by iso-
propylation of biphenyl®. Pure 2-, 3- and 4-isopropylbiphenyl, as well as 3,5-, 3,3'-, 3,4"-
and 4.4'-diisopropylbiphenyl were obtained from Dr. J. KfiZ. The origin of individual
PCBs and commercial mixtures has been described®.

Gas chromatography

A Carlo Erba (Milan, Italy) Model 2300 gas chromatograph, equipped with a
flame ionization detecior (FID) aad inlet sample splitter, was used. Glass capillary
coluinns were made of soft glass. Coiumn etching, coating and testing procedures were
describad earlier’. The columns (50 m X 0.25 mm L.D.) were coated with OV-101,
Carbowax 20M or Apiezen L as stationary phase. Nitrogen was used as carrier gas at
inlet pressures of 100-250 kPa. Samples were dissolved in acetone before injection.
Scparations were carried out isothermally at 200°. Retention times were measured
with stop-watches. Peak areas were obtained from a Spectrophysics Autolab (Moun-
tain View, Calif., U.S.A.) Model 6300 digital integrator.

Combined gas chromatography—mass spectrometry

Combined GC-MS analyses were carried out using the capillary columns as
mentioned above. Helium was used as carrier gas, with inlet pressures of 50-150 kPa.
Two GC-MS systems were applied: a Finnigan 4000 (Sunayvale, Calif.,, U.S.A.)
quadrupole mass spectrometer interfaced via a Pt-Ir capillary (60 cm X 0.1 mm L.D.);
an AEI (Manchester, England) MS-12Z single-focussing magnetic sector instrument,
coupled directly via an aill-glass interface®. Both mass spectrometers were operated
in electron impact mode, under the following conditions: electron energy, 70 €V;
electron current, 0.20 mA ; source temperature, 250°. The MS-12 was operated at 4 kV
ion zccelerating voltage. Mass spectra were recorded at scan speeds of 1 sec per scan
and 2 sec per decade, respectively. Data were acquired and handled by a home-made
hard- and software system, based on a DCC (Fairfield, N.J., U.S.A.) D-116E mini-

computer.
RESULTS AND DISCUSSION

Qualitative analysis

Isopropylated mixtures of PCBs are compiex. They contain xsopropvlbxphenyls
(IPBs), isopropylchlorobiphenyls (IPCBs), chlorinated biphenyls (PCBs) and by-
products of the isopropylation. The number of isomers present in these mixtures
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depends on the number of substituents as is seen from Table I. The total number of
compounds with up to four substituents, which could be expected in 2 mixture, is more
than 785 (Table I). Therefore, the mixtures were analyzed on capillary columns. To
minimize the number of components in the mixture, samples with a limited number of
isopropy! groups were used. Model mixtures of PCBs and IPBs, as well as samples of
IPCBs, were analyzed on glass capillary columns coated with OV-101, SE-30, Apiczon
L and Carbowax 20M as stationary phases.

TABLE I

NUMBER OF POSSIBLE ISOMERS OF ISOPROPYL (fPBs), CHLORO (PCBs) AND ISOPRO-
PYLCHLORO (IPCBs) DERIVATIVES OF BIPHENYL, CONTAINING ONE TO FOUR

SUBSTITUENTS

No. of substituents No. of isomers
Toral Chlorine Isopropy! PCBs IPBs IPCBs Toral
1 1 0 3 - - 6
0 1 - 3 —
2 2 0 12 — — 43
1 1 - — 19
) 2 -~ 12 —
3 3 0 24 — - 176
2 1 _ —_ 64
1 2 - - 64
0 3 - 24 —
4 4 1] 42 — — 560
3 1 - - 136
2 2 — — 204
1 3 - - 136
1) 4 - 42 —

Recently we have shown that glass capillary columns, coated with OV-101, can
be used for the separation of a standard Aroclor 1242 mixture of PCBsS. However,
some compounds coclute as overlapping peaks on such columns (Fig. 1). Separation
problems could not satisfactorily be solved by changing the temperature, even if high
efficiency columns were used. The reproducibility of Kovats® retention indices of PCBs,
obtained on glass capillary columns ccated with this phase, was within a few units only
after standardization of the column preparation procedure’. Contrary to published re-
sults?, we have found that the prediction of Kovats’indices, using structural increments,
is inadequate for all trichlorobiphenyl and tetrachlorobiphenyl derivatives. The largest
differences between predicted and measured Kovats’ indices were found for compounds
having chlorine atoms at para positions with respect to the phenyl-phenyl bond.

Differences between predicted and measured Kovats® indices were even larger
on Carbowax 20M columns, although the separation of some overiapping peaks of
PCBs on this phase is better than on OV-101 (Fig. 2). Some overlapping peaks on
Carbowax 20M can be resolved by decreasing the separation temperature (e.g.,
peaks 10 and 15 are each resolved into two peaks). Analysis of PCBs on Carbowax
20M capiilary columns is rather complicated, as the elution order of the peaks depends
even on the film thickness of the stationary phase. The reproducibility of such analy-
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Fig. 1. Separation of Aroclor 1242 by capillary gas chromatogmphv on OV-101 as stationary phasc
at200°. Peaks of PCBs:6 = 22"; 7 = 24;8 = 2,3";9 = 2410 = 2,6,2; 11 =252°;12 =44 +
242°; 13 =263 14 =232+ 264" 17 = 2,5,3’; 18 =243, 19 =254";20 =244"; 21 =
_,3,3' 2526 +3427;22=234";23=353";24=354"4+2336:25=2525:38=
2,2,2°.5°; 27 = 2,4,2°,4"; 28 = 2.4,6,4"; 29 = 2,3,2°5"; 30 = 2,3,2°,4" + 3,4,3%; 31 = 2,3,4,2" + 2,5,
64" 4+ 2,6,3°4"; 33 =23,2°3"; 37 =23,2",5" $-2,3,3°5"; 38 =25.3'4"; 39 =2434"+ 2356,
2°,5; 41 = 2,3.3°.4".

ses is not satisfactory and can be improved only by standardization of the column
preparation procedure.

The best separation of the Aroclor 1242 mixture was achieved on Apiezon L
glass capillary columns (Fig. 3). Since the predicted and measured Kovits® indices of
PCBs with three and four chlorine atoms also agreed within a few index units on these
columns, most further analyses of PCBs, IPBs and IPCRBs were carried out on this

F: ]
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Fig. 2. Separation of Aroclor 1242 by capillary gas chromatography on Carbowax 20M as stationary
phase at 200°. Peaks of PCBs: 5 = 2,2'-7 =23:8=24:9=262";10 = 24.2'-2- 252513 =
263 15=44 1+ 264" 17 =232"; I8 = 2.5.3" 19 = 2,4,4"; 20 = 2,5,4"; = 3,4,2" + un~
known; 26 = 23,423 4’; 37 = 2,4,2’,5’ 128,25 =343"; 31 =232"%5 ¢+ :mknown; 36 =
23,24 37 = 2,5,34"; 38 = 24,5,2,5".
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phase. Fig. 4 shows the separation at 200° of a mixture of PCBs, IPBs and IPCBs, and
added n-alkanes, on a glass capillary column coated with Apiezon L. The peaks were
characterized by analyzing model mixtures of PCBs and IPBs, using structure-reten-
tion correlations and quantitative information, as well as by combined GC-MS.

To model mixtures of PCBs and Aroclor 1242, n-alkanes were added as in-
ternal standards. These mixtures were separated on Apiezon L capillary columns, and
retention indices were determined (Table II). The indices for known compounds were
used to predict retention indices for unideatified compounds. Structural increments!o.1
were calculated as follows.

From symmetrically substituted PCBs, the structural increment is simply half
of the retention index. For instance, the increment H for 2,6-dxcblorophenyl was cal-
culated from the Kovats® index of 2,6,2’,6'-tetrachlorobiphenyl:

H, ¢ = 1826.2/2 = 913.1

From asymmetrically substituted PCBs, the structural increment for one substituted
phenyl group can be calculated by subtraction of the increment of the other group
from the retention index. For instance, H, 3 ¢ of trichlorophenyl was calculated by
subtracting the increment of 2,5-dichlorophenyl (&, ; = 981.9) from the retention
index of 2,3.4,2°,5'-pentachlorobiphenyl (I = 2173.9):

H,,.= 21739 — 981.9 — 1192.0

TABLE I

KOVATS" RETENTION INDICES OF PCBs ON A GLASS CAPILLARY APIEZON L
COLUMN AT 200°

The chromatogram is shown in Fig. 3.

Peak No. Aroclor 1242 Pure comaounds Calculated PCB derivative

1 1452.2 1452.3 14522 Biphenyi

2 1545.4 - 1545.5 15458 2

4 1638.6 1640.0 1639.2 2,6

4 1638.6 1639.8 2,2

5 16452 1646.5 16433 3

6 1652.0 1653.9 4

1708.8 17080 2.5
8 1725.8 1723.8 24
9 i730.1 17303 23
17330 26,2
10 17402 1737.1 2,3
11 17474 17477 24
12 18025 18022 1801.8 25,2
12a 18686 1808.2 1808.7 3,5
13 1817.3 1817.6 2,42
14 1815.1 1824.1 2,3,2°
15 18253 1826.2 18262 2,6,2°,6°
18303 26,3
152 18337 1834.5 1834.4 3,3
16 1240.0 18409 2,64
18434 1844.5 34

18450 34
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TARBLE M (continued)
" Peak -No. Aroclor 1242 Pure compounds Calculated PCB derivative
17 18584 i857¢9 18556 44
18a 1895.5 R 18950 2,52.6°
. 1902.4 1899.1 2,537
19 1902.9 1902.5 3,5,2
20 1909.3 1999.7 254
21 1910.6 1910.8 24,2°,6°
22 1514.6 19149 24,3
i917.3 2326
1918.1 2,34
23 19222 1921.4 2,3,3°
19255 244
24 19319 1929.1 11932.0 234
25 1933.2 ,
% 1944.1 7 1938.3 342
27 19569 1965.7 1963.8 2,5,2°.5°
28 1979.3 1980.6 1979.6 2425
30 1989.0 19880 1986.1 23,25
31 1957.8 1997.1 19954 2,423 4"
1995.7 2,6,3°,5°
1999.8 3,5,3°
32 2004 6 2001 9 2324
33 2011.0 2010.8 2008.4 2,3,2°,3°
33 2011.0 20104 3,54
20119 2,3,4,2°
2031.5 26,34
36 20349 20635.6 34,3
37 2049.5 2046.2 34,4
2064.5 2,5,3°,5
43 20825 2080.3 24,35
44 20844 2086.8 23,358
47 2103.6 2102.3 2100.3 2,5,3°,4°
48 21082 2109.2 2,3.4,3°
49 2114.1 2116.1 2,3,3°4"
2119.8 2,344
50 21249 21226 2334
21652 3,5,3.5
2201.0 3,4,3.,5
2236.8 3434

In Table I structuraf increments of mono-, di- and trichlorophenyl groups are given,
from which Kovats’ retention indices of mono-, di-, tri- and tetrachlorobiphenyls were
calculated (fourth column in Table IT).

Structural increments of monoisopropyl- and diisopropylphenyl groups were
calculated similarly (Table IV). The calculated Kovits’ indices of isopropylbiphenyls
are given in Table V. Kovats’ indices of chloroisopropylbiphenyls (Table VI) were
calculated from the increments given in Tables IIf and IV.

As the number of compounds expected in the IPCB mixtures exceeds the sepa-
ration power of the column used (the separation number is lower than the expected
number of peaks), Kovits’ indices were used for characterization of the peaks only in



J. KRUPCIK, P. A. LECLERCQ, J. GARAJ, A. SIMOVA

214

‘TIA 0[qU], U} s1squny Yuad oty s puodsoriod syuad JOYI0 SY) JO SIBQUINY Y], °¢ SRy U} SU sAUBN[Y-1 7 uozojdy
s patuod uwnjod Asvfjided ssuB v UO (007 v SOUTN[YL PUB SGOJY SAJl SGDJ JO OIMXIW U JO uopmuddg "y 81
0 Uw=——es O 02 ob 05 09 0L

f T ! T ]

(L M we 1]

Ll ,
r 5.3 ot 9“—3 (1}

By



GC-MS OF ALKYLATED PCBs . . - 2i5

TABLE HI
STRUCTURAL IKCREMENTS OF CHLORINATED PHENYL GROUPS
Calkeulated from refention indices of PCBs on a glass capillary Apiezon L column at 200°.

Substructare Increment

Phenyl 726.1
2 819.9
3 $17.2
4 927.8
23 1004.2
24 997.7
2,5 3819
26 913.1
34 11184
35 1082.6
234 119290
TABLE IV

STRUCTURAL INCREMENTS OF ISOPROPYLATED PHENYL GROUPS
Calculated from retention indices of IPBs on a glass capillary Apiezon L column at 200°.

Substructure Incremen:

Phenyl 727.2
2 775.8
3 934.6
4 981.9
3,5 1090.6
TABLE V

KOVATS' RETENTION INDICES OF ISOPROPYLATED BIPHENYLS
Caliculated from increments given in Table IV (Apiezon L, 200°).

Bipkenyl derivative Index

2 1503.0
3 1661.8
4 1709.1
2,2 1551.6
2,3 17104
24 17571.7
3,3 1869.2
34 1916.5
4.4 1963.8
3,52 1866.4
353 20252
3,54 20725
3,539 2181.2

cases, where the structure agreed with that suggested by mass spectral data. In Table
VI proposed structures, Kovéts® indices and data from GC-MS for the peaks in
Fig. 4 are given. .

While interpreting the mass spectra obtained on the Finnigan 4000 quadrupole
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KOVATS’ RETENTION INDICES OF SOME ISOPROPYLCHLOROBIPHENYLS
Calculated from increments ksted in Tables IE and IV (Apiezon L, 200°). iPr = Isopropyl;

C1 = chioro.

Biphenyl derivative Index
2-CI-2°4Pr 1595.7
241-3%-iPr 17545
234-iPr 1801.8
2-C1-5%,5"diiPr 1910.5
4-C1-3’,5'diiPr 2018.4
2.3-diC1-2"-iPr 17200
2,3-di3-3<iPr 1938.8
2,3-diC14°4PFr 1686.1
2,4-iCH2-iPr 17735
24-diC-3%-iPr 19323
24-GiCe4"-iPr 1979.6
2 5-diC-2°9Pr 1757.7
2,5-diC1-3-iPr 1916.5
2,5diC14'-iPr 1963.8
2,6-diC1-2"~iPr 1688.9
2,6-diC1-3~iPr 1847.7
2, 6-diCl4'-1Pr 18950
3,4-diC1-2’-iPr 18942
3,4-diC1-3"-Pr 2053.0
3,2-diCI44Pr 21003
3,5-GiCl-2"-iPr 18584
3,5-diCL-3"-iFr 20172
3,5-diCl4"-Pr 2064.5

instrument, it became clear that catalytic dechlorination had occurred to some extent.
This is probably caused by the Pt-Ir GC-MS inferface. Mass spactra obtained on ihe
AEI MS-12, with an all-glass interface, did not show this effect. Moreover, the spectra
from toth mass spectrometers showed different ratios in the abundances of molecular

TABLE v

MEASURED KOVATS’ INDICES AND MASS SPECTROMETRIC CHARACTERIZATION
CF ALKYLBIPHENYLS, ALKYLCHLOROBIPHENYLS AND CHLOROBIPHENYLS

iPr = Isopropyl; Cl = chloro. The corresponding chromatcgram is given in Fig. 4 (Apiezon L,

220°).
Peak No. Biphenyl derivative Index GC-MS characterization
7 Biphenyl 14526 biphenyl
3 2-C1 1546.4 monaCl
3 3-Methyl (+ 4-C) 1551.6 methyl (< moncCl)
10 4-Methyl 1565.3 methyl
11 3-Ethyl 1628.1
12 2,2°diC1 and/or 2,6-diC1 1639.0 alcohol (MW 145)
13 3,3-Dimetnyl 16426 dimethyl
14 4C1 1652 4 monoll
15 3-iPr 1666.% iPr
18 4-iPr 1709.0 iPr
19 2,5-d3iC1 17185 gia
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TARELE VI (continued)

Peak No. Bipkenyl derivative Index. GC-MS characterization
29 2.4-diCl1 17258 diCt

21 2,3-diC1 1730.1 &

22 2,6,2"-txiCl 17396 il

23 2.4t 17472 diCl

24 2,5,2°-tiC1 18028 il

26 3,5-diiPr + 2,4,2"-triCl 1816.7 diiPr + tiCl

27 2.3,2-triC1 18250 triCl

28 3,3°-4iC1 18338 diC1

29 2.6,4"-0iC1 18433 - triCl

30 3,4-diCi - 3,4-diCt 18451 diCl

31 4,4-d4iC1 18579 diC1

32 3,3'diiPr 1868.4 diiPr

33a 1887.2 diCl + triCl

33b 2,5,2’,6-tetraCl 18904 tetraCl

34 3,5,2-tmCi 19026 &iCl

36 2,5.4°-¢riCl 19110 triCl .

37 2,4,3-riC1 (+ 2,3,2",6"-tetraCl) 19144 triCl (4 tetraCl)
38 2.3,3-triCl + 3,4'-diiPr 19214 aiCl 4 diifr

38 2,44 tCl 19230 triCl

39 19309 triCl

40 2,3,4°-triC1 19319 triCl

41 3,4,2°4riCl + 2,3-diCl-3-iPr 1942.8 «iCl + iPr-diCl
42 4,4'-diibPr 1963.2 diiPr

43 2,5,2°,5 ietraCl 19664 tetraCl

44 2,425 -tetraCl 1981.0 temraCl

45 1983.1 tetzaCl

46 2,3,2°,5-tetraCl 1988.9 tetraCl

47 2,4,2° . 4"-tetraCl 1997.8 tetraCl

48 2004.8 triiPr

51 3,5,4-triC1 + 2,3,4,2"tetraCl 20119 &iCl 4 tetraCl
52 2014.7 tetraCl

53 3,5-diC1-3-iPr 2019.3 iPe-diCl

54 2026.9 tetraCl 4 iPr-triCl
55 3,4,3"-triCl 2037.3 triCl

56 3,4,4-wiCl1 2051.8 triCl

57 3,4-4iCl-3°-iPr 20530 iPr-diCl

58 2058.7 tetraCl + peataCl
59 3,5-diCl-4-iPr 2068.6 iPr-diCl

60 3,5,4'-triiPr 2071.5 triiPr 4 tetraCl
61 2079.3 ifr-diCl

62 2082.6 iPr-diCl + iPr-triCl
64 2,3,3%,5%tetraCl 20870 tetraCl

65 2090.8 Pr-teiCl

65 2096.0 tetraCl

67 25,3 4-tetraCl 21039 tetraCl

68 2,3,4,3"-tetraCl 21084 tetraCl + triiPr
69 2,43 4"-tetraCl 2it4.1 tetraCl

70 2,33 d"tetraCl 21220 tetraCl + tetraiPr
i 21293 iPr-triC1 + pentaCl
72 2134.4 tetraCl + hexaCl
) 21434 iPr-triCl

74 . 2146.8 peataCl

76 2163.0 pentaCl
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TABLE VI

FID RESPONSE FACTORS FOR PCBs
Measured on glzss capillary columns coated with OV-101 at 200°. Anthracene was used as standard
(f; = 1.00). f; = Mean valuc of tike response factors from three measurements; 5§ = standard devia-

tton.

Compourd  f; s Compourd S s
3 1.14 0.07 254 1.40 0.04
2 1.26 0.01 244 1.82 005
2,3 1.49 0.06 234 145 0.04
2,5 133 0.01 2,6,2°,6’ 1.52 0.05
2.4 1.27 001 242°4 1.57 0.05
2,6 1.18 0.06 2,5,2°5" 1.59 0.04
4.4 1.26 0.03 242°5 1.61 005
24 124 0.05 2,3,2°,3" 1.61 G.05
3,5 1.22 0.06 2,32°,5° 1.5 0.0¢
3,3 1.33 0.01 2,5,3°,4" 1.61 0.05
3.4 1.30 0.01 3434 1.84 0.02
5,2 1.32 0.04 2,3.4,2°,5 1.85 0.02
3,3,3° 1.42 0.05

ions (M*) aad fragment ions (M — C1}%, [M — 2ClI]*, etc.) This indicates that the
metal interface also causes a catalytic redistribution of the chlorine substituents.
Dechlorination and redistribution phenomena have previously been observed in

metal capillary columnsS.
Quantitative analysis

Knowledge of the quamntitative compocsition of the studied mixtures can be
applied as an additional tool in the identification of gas chromatographic peaks.
Resulis of quantitative apalysis, obtained on columns with staticnary phases of
different polarity, can be used for the detection of overlapping peaks.

An FID was used for the analyses of PCBs and IPCBs. Its response depends
inter alia on the number of chlorine atoms. This effect in the analysis of commercial
mixtures of PCBs was studied using the internal standard method!2. Anthracene was
chosen as internal standard. From amalyses of model mixtures, prepared from
standard PCBs and anthracene, flame response factors (f;) were estimated according

to 4
n, a

ﬂ - e A £
where n is the amount in mg and A is the peak area. The subscript i denotes the respec-
tive PCB and s refers to anthracene.

The calculated flame response factors for standard PCBs are listed in Table VIII.
It can be concluded that response factors increase with increasing number of chlorine
atoms in the molecule. Mean values of the correction factors for dichlorobiphenyls
(fy = 1.29), trichlorobiphenyls (f; = 1.48) and tetrachlorcbiphenyls (f; = 1.62) were
used for quantitative analysis of the compounds which were not available as standards.
The concentration of 2 component in the mixture was calculated as
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where 2z is the total amount of sample in mg. Table IX gives results obtained for the
main components of Aroclor 1242, using internal normalization® and internal stand-
ard methods. The results obtained by the internal normalization method are ca. 209

Iintleae tham thace akhtasaad fe tha intarnasl ctondard mathnad Tha ETNY recnanca nat
BIgACE wian wiOse OULanch Oy il ilina: SwantGaiq mouwidl. a0 I2i7 IRSPUlse R

only depends on the chlorine content, but also on the carbon content. Therefore the
differences between the results of these two methods for the analysis of IPCBs can be
as large as S0%. ‘

Table X contains the quantitative results, obtained on three stationary phases,
for the main components of Aroclor 1242. The internal normalization method was
used in this case. From these resulis it can be seen which peaks are overlapped on OV-
101, Apiezon L and Carbowax 20M. The conclustons agree with the results found by
the methods of qualitative analysis, described before.

TABLE IX

QUANTITATIVE ANALYSIS OF THE MAIN COMPONENTS OF AROCLOR 1242
Measured by internal normalization and internal standard methods on a glass capillary column
coated with OV-101 at 200°.

Peak No. Composition (%)

(Fig. 1) Internal normealization Internal starndard
6 3.19 2.52
7 0.33 0.26 v
8 1.4 098
9 8.08 645

10 1.06 0.99

11 12.11 10.05

12 5.15 4.79

13 0.65 0.61

14 6.95 7.36

17 1.51 1.30

18 0.52 0.3%9

19 1030 995

20 8.53 10.05

Z1 792 1.66

22 3.0 3.93

23 075 0.73

24 0.29 0.31

25 2.80 3.03

26 242 246

27 093 0.80

28 0.88 0.78

29 285 3.34

30 3.96 3.76

31 3.10 308

33 0.63 0.58

37 1.55 1.42

38 2.87 2.87

39 3.18 342

41 253 2.54
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TABLE X ]
QUANTITATIVE ANALYSIS OF THE MAIN COMPONENTS OF ARGCLOR 1242

Measured by the internal normalization method on glass capillary columns coated with OV-101,
Apiczon L and Carbowax 20M at 200°.

PCB Composition (%)

derivative ov-10f Apiezon L Carbowax 20M

22 3.19 3.07 3.15

23 1.04 1.06 1.08

24 3.08 8.07 8.07

25,2 1.06 111 1.05

252 12.11 +2? 10.74 1400 + 24,2

242 5.154-44" 447 1490 + 2,52

a4 5154242 241 5.19 + 2,64

232 695 1 2.64° 447 5.86 + 2.5.3°

264" 6.95 + 2320 278 + 34 5.19 + 447

253 1.51 1.59 5.86 + 23,2

243 0.52 0.73. 0.67

254 1030 4+ ? 9.42 9.05

244’ 8.53 1734+ 342 1044

342 7.92 17.34 + 24,4 7.38

343 3.90 10.90 + 2,5,2°,5" + 2.4,2",5
25275 2.80 299 1050 + 24,25 + 3,4,3°
344’ 259 258

24,25 242 232 10.90 + 3,4,3° + 2,5,2°,5
24274 093 1.08 1.00

23.2°.5° 285 296 42022

2333 0.63 0.83 378 £ 25304

2534 287 265 398 +2,3,2,%
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