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SUMMARY

High-speed liquid chromatography in the system silica gel-dry n-hexane has
been used to characterize the behaviour of 2 series of commercially avaiiable mixtures
of chlorinated biphenyls, viz., Aroclor 1221-1268. An attempt has been made to as-
signt a large number of peaks in the chromatograms of the Aroclors to the individual
constituents. To this end, retention times gnd UV spectra were recorded for 47 poly-
chlorinated biphenyls. The dependence of retention and spectral characteristics on the
chlorine content of the suhstituted biphenyis is diccussed.

INTRODUCTION

The separation, identification and quantitative determination of polychlori-
nated biphenyls (PCBs} and chlorinated pesticides are problems of much current inter-
est. In the literature, gas chromatography and (reversed-phase} thin-layer chromato-
graphy are the methods generally recommended for analysis (for a review, see e.g.,
ref. I}. Up to now, the use of high-speed liquid chromatography (HSLC) appesars to
have been considered by only a few workers®>™, nc doubt largely due to the fact that
the electron-capture detector. and thus gas chromatography, is well suited for the
determination of polyhalogen compounds. This detector has a seasitivity for this type
of compound that is several orders of magnitude greater than that of detectors com-
mercially available for liquid chromatographs. On the other hand, HSLC often opens
the possibility of creating very sharp and rapid separations. Moreover, more sophis-
ticated UV detectors having a UV range down to 200-210 nm have recently become
available, and the coustruction of an electron-capture detection system suitable for
HSLC has been announced®. A study of the potentialities of HSLC for PCB and
pesticide analysis, therefore, appears te be fully justified.

MATERIALS AND METHODS

A Siemens SI00 liquid chromatograph equipped with an gutomatic injection
system (10 ub) and a Zeiss PM2 DLC UV detector was used. In order to avoid con-
tamination of the samples and to obtain repreducible results, it was found necessary
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to rinse the needle of the injection system 67 times between runs. Baseline noise was
eliminated by inserting an RC filter {rg. 0.9 sec) at the output of the recorder, as
recommended by Brocker®. Long-term drift was decreased by using a home-made
thermostatted detector cell (volume, 8 mm?®: pathlength, [ cm)” instead of the
Siemens cell. The column was a stainless-steel tube, 25 cm X 3 mm L.D., pre-packed
with S-gm Lichrosorb SE 60 silica gel (Merck, Darmstadt, G.F.R.}. The number of
theoretical plates of the column was calculated to be ca. 24,000 per metre (for deca-
chlorobiphenyl} at the optimum flow-rate of 0.3 ml/min. Unless otherwise stated, #-
hexane (pesticide grade; Merck) dried over molecular sieve SA was used as the mabile
phase. The column was thermostatted at a temperature of 27 £ 1°.

The PCB samples investigated included Aroclor 1221, 1232, 1242, 1248, 1254,
12€9 and 1268, produced by Monsante (St. Louis, Mo., U.S.A). As is well known,
the Aroclor products are characterized by their four-digit number: the first two digits
represent the type of molecule (12, chlorinated biphenyl), while the latter two digits
give the weight percent of chiorine. Biphenyl and decachlorobiphenyl were purchased
from Aildrich Europe (Beers, Belgium), and small samples of 46 PCBs were received
as free gifts from Dr. O. Hutzinger (University of Amsterdam, Amsterdam, The
Netherlands). The pesticides used in the present study were 0,p-DDD, o,p-DDE,
p.p'-DDE, 0,p-DDT, p,p-DDT (all from Aldrich), hexachlorobenzene (. and K,
Plainview, N.Y.. U.5.A.), heptachlor (Riedel de Haen, Seelze-Hannover, G.F.R.} and
aldrin.

UV spectra were recorded on a Beckman Acta CIHI specirometer using ceils
with quariz windows.

RESULTS AND DISCUSSION

Aroclors, biphenyi and pesticides

An illustrative example of the separation of eight common pesticides, deca-
chiorobipheny! and biphenyt is shown in Fig. 1. Apart from a minor exception (hepta-
chior precedes p,p’-DDE), the order of clution agrees with that observed by Leoni®
using (classical) microcolumn chromatography on silica gel containing 59 (w/w) of
water, using r-hexane and 60 9 benzene in r-hexane as the mobile phases. The efficient
separations of e.g. a.p'- from p,p’-DDT, and of p,p’-DDT from its metabolite p,p’-
DDPE, merit attention. Under the prevailing conditions, the peaks of 0,p'-DBT and
o.5'-DDE are not resolved. However, on increasing the efficiency of the chromato-
graphic system by decreasing the fiow-rate to ce. 0.3 ml/min, two separate peaks are
observed, o0,p"-DDE preceding 0,p"-DDT. The figure aiso demoanstrates that for all of
the pesticides investigated excepting the DDEs, detection at or around 205 nm is
distinctly superior {16-80-fold increase} to that at 254 nm, the wavelength generally
used in photometric detectors for liguid chromatographs.

The chromatographic behaviour of PCBs and pesticides is compared in Fig. 2,
wkere chromatograms of & mixiure of Aroclors (Aroclor 1232, 1248, 1254 and 1268)
and the mixture already shown in Fig. ! are superimposed. Evidently, no useful over-
all separation of the PCBs and the common pesticides results. However, from a more
detailed study of the behaviour of the individual Araclors {¢f. the arrow in Fig. 2},

" Counstruction details availzable on zpplication.
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Fig. 1. HSI.C of 8 common pesticides, decachlorobipheny! and biphenyl in the system silica gel-dry
n-hexane at (a) 205 and (b) 254 nm. ¥, Hexachlorobenzene; II, decachlorobiphenyl; I, aldrin; IV,
heptachior; V, p,5-DDE; Vi, ¢,p-DDE; VH, 6,p-DDT; VIIL, p,p-DDT; IX, biphenyl; X, p,p'-
DDD. Conditions: column, 25cm X 3 mm LD. filled with 5-um Lichrosorb SI 60; flow-rate, 4
ml/min; temperature, 27 + 1°.
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Fig. 2. HSLC of & mixture of pesticides (broken line; ¢f. Fig. 1} and a mixiure of Aroclor 1252, §.245,
1254 and 1268 (solid line). The arrow marks the time at which the elution of the mazjor peaks of
Araclor 1254 is complete. Conditions as in Fig. 1, except for flow-rate (3.5 mi/min}; UV detecticn
at 205 am.

one may conclude that the highly chlorinated products, i.e., Aroclor 1254, 1260 and.
1268, are quantitatively separated from the DDTs, ¢,p-DDE and p,p’-DDD; this is
in agreerment with recent findings of Aitzetmiiller’. Besides, it should be borne in
mind, that all Aroclors cae be separated very effectively from pesticides such as BHC,
endosulfan, endrin, dieldrin and methoxychlor, all of which display retention times
in the present chromatographic system much longer than that of p,p’-DDD.

The data recorded in Figs. 3—5 show clearly that the chromatograms of each
of the Aroclors have a characteristic pattern and range of retention times. As with
the pesticides, detection at 205 nm instead of at 254 nm effects an increase in sensitivity,
especially with the more highly chiorinated Aroclors {¢f. Fig. 6b}). To quote an
example, at 200-210 nm, with the latter type of products, the patterns can be recog-
nized down to 14 ppm. The introduction of a perchlorination step prior to analysis
(see below) reduces this detection lim:t by about an order of magnitude. Also, it can
be seen that the reiention times of the Aroclors decrease with increasing chiorine
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Fig. 3. HSLC of {2) Aroclor 1221 (220 ppm in r-hexane) and (b) an artificial mixture having a com-
position roughly equal to that czlculated by Willis and Addison® {¢f. Table II}. Conditions as in
Fig. i, except for flow-rate (1.4 ml/min); UV detection at 205 nm. In Fig. 3a, tentative assignments
are indicated by brackets.

Fig. 4. HSLC of Arcclor 1232 (235 ppm), 1242 (205 ppm) and 1248 (243 ppm) dissclved in n-hexane.
Coaditions as in Fig. 3. Tentative assignments are indicated by brackets.

Fig. 5. HSLC of Araoclor 1254 (225 ppm}, 1260 (235 ppm) and 1268 (220 ppmy} dissolved in u-hexane.
Coaditions as in Fig. 3.
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Fig. 6. UV absorption spectra of (2} 4-mono-, 4,4"-di-, 2,4,4"-tri- and 2,4,2’ 4'-tetrachlorobiphenyl;
(b) Aroctor 1221, 1248 and 1268. Concentrations: 20 ppm PCR in n-hexane; 22 ppm Aroclor in #-
hexane. Celi path, 2 mm.

content. As was first noticed by Aitzetmiilier, such behaviour is oppeosite to that ob-
served in gas-liquid and reversed-phase thin-layer chromatography, where the reten-
tion increases with increasing chicrine content. A detailed discussion of this aspect is
given in the next section.

It is interesting that the water content of the r-hexane used as the mobile phase
plays 2 decisive role in the separation, especially with the less highly chiorinated PCBs.
A tvpical set of data is as follows: when the water content of the mobile phase de-
creases from 50 to 2 ppm, the retention time of biphenyl increases ca. 2-fold, whereas
the retention times of decachlorobipheny! and the major peaks of Aroclor 1254 show
only a I.1- and ca. 1.2-fold increase, respectively. The sharp separation of biphenyl
from even the lower PCBs is important, because various recent procedures® ' for the
rapid qualitative and semi-quantitative analysis of PCB-containing mixtures are based
on perchlorination with, e.g., SbCls, the fully chiorinated decachlorobiphenyl sub-
sequently being determined by electron-capture gas chromatography. With this
method of analysis, compounds such as chlorinated pesticides, polychlorinated
naphthalenes and biphenyl may be thought to interfere. Fortunately, chlorinated
pesticides are converted intc products with retention times which are much longer
than that of decachlorobiphenyl: under suitable conditions, the polychlorinated
naphthalenes are also degraded into non-interfering products. Biphenyl, however, if
it comes from sources other than the Aroclors, must be absent from the samples to
be analyzed, as it is converted quantitatively intoc decachlorcbiphenyl. Therefore,
HSLC in the present chromatographic system is recommended as a purification step
prior to analysis by perchlorination. Preliminary experiments have been carried out
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succassfully in our laboratory. The only loss stems from the biphenyl present in the
Aroclors (1221 znd 123Z) themselves. This compares very favourably with, e.g., the
results obtained by Miilier ef gl'f, who use a treatment with dichromate—sulphuric
acid in order to eliminate interference by pesticides: losses of over 859 cccur with
soms mono- and di- and even a trichiorobiphenyl; the recovery for tetra- and higher
substituted biphenyls is 809/ or more.

individual PCBs

In order to study more closely the dependence of the retention times of the
constituents of the Aroclors on their chlorine content, HSLC was carried out on 47
individual PCBs and biphenyi. Without exception, a single peak was obsarved in the
chromatograms of these ““99 9/ pure PCB isomers™. The relevant data are summarised
in Table I; for clarity, the position numbering is kept separate for each ring.

The results demonstrate that, in general, retention times decrease with in-
creasing chlorine content, as is to be expecied en the basis of the chromatograms
shown in Figs. 3-5. However, no strict relationship exists, the ratention varyving widely
with both number and position of the chlorine atoms in the biphenyl nucieus. Ii-
lustrative examples are 2,4,6,2°,4°,6'-hexachlorobipheny! and 2,6,2",6'-tetrachlorobi-
pheayl, which display unexpectedly small and lazrge retention times, respectively.
Closer inspection of the data reveals that the introduction of an increasing number
of chicrine atomis into z particular PCB leads to 2 decrease in the retention time, as
is manifest from such series as:

2 >22 >252 > 2325 > 2362.,5 > 2,3,56,2.5 > 2,3,4,56,2'.5

4 > 34 > 342 > 23425 > 234245 > 2,34,52,3.4,5 >
> 2,3 ,6 2’.3’," 5,6":
2>26>236>2356>23456 > 2345625 > 5,6,2',3,4',5

As the only major exception to this rule, the introduction of one, or even two, chiorine
atoms intc 2 PCB in such a way that 2,3-substitution resuits generally effects an in-
crease in the retention time. Fo quote some examples: 2,3,2" 3 -tetrachiorcbiphenyl
has a longer retention time than has 3,3'-dichlorobiphenyl, and the same applies to
2.3.,4-trichlorobipheny! compared with 2.4-dichlorobiphenyl; 2,3,4,2',3",4"-hexachlo-
robiphenyl is retarded much more than are several iri- (2,4,4'} and tetra- (2,4,2",4" and
2,4,.3',4°) suebstituted biphenyls. In this context, one should also mention the
2,3,6,2',3',6'- and 2,3,4,2',3' 4’-kexachlorobiphenyls, which have much longer reten-
Tion tnmes thar has the isomeric 2,4,6,2'.4",6'-hexachlorobiphenyl.

Table I also summarizes data on the UV absorption spectra of the PCBs; four
spectra are shown in Fig. 6a. Agreement with results in the literature!? is good; how-
ever, large discrepancies were noted in a few imstances when comparing the molar
extinction coefiicients. The specirz of the individual PCBs were recorded chiefly with
a view to seleciing the proper wavelengths during detection in HSLC. However, in
view of their diagnostic value, particularly with respect to the degree of chiorine sub-
stitution orffo to the phenvi-phenyl bond, further discussion appears to be justified.
This discussion will follow the lines of 3 recent review by Hutzinger er a/.*%, who ba,ed
their conclusions on data for a2 more limited number of PCBs.

The UV spectrum of bipheny! features two important maxima, the so-called
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TABILEI
HSL.C RETENTION TIMES AND UV SPECTRAL DATA FOR 50 PCBs AND BIPHENYL

HSL.C congitions: silica gel (S-rem Lichrosorb ST 60)—dry n-hiexane; flow-rate, 1.4 mi/min; UV detec-
ton at Aun,:.; temperature, 27 £ 1°. UV conditions: solutions of PCBs in n-hexane; Beckman Acta
C [IT spectrometer.

Ne. Substituted PCB froo. ez, Gl A it (g-107% inn I-nmiole=*-cm™)
(rtire)}
Mair band K Band
1 2.3,4,5,6,.2°,3°,4°,5,6° 1.70 215 (114}, 237, 240
2 23,4,5,6,2°,3°.4.5 2.00 213 (84), 229, 240
3 2,4,6,2° 4.6 2.05 203 (70)%, 208, 221, 233
4 2,34,5,2°,3" 4,5 2.25 209 (63), 217. 229, 238
s 2,3.5,6,27,3°,5,6" 2.30 211 (97), 231, 239
6 2,3,4,56,2.5 2.50 315 (73)7, 228, 240
7 2,3,4,5.2°.5" 2285 214 (58)
8 2,3,5.6,2,5 2.9G 311 (65), 240
e 2,452’5 2.95 211 (51), 22¢, 225
113 2,3,42°4.5 3.00 212 (690), 228 240245
it 2424 3.05 306 (57), 218, 230-240
2 2,434 315 210 (51), 219 251 (18)
13 2,535,374 3.30 214 (46), 225 248 (13)
i4 2,425 3.35 205 (57}, 225 240245
15 2,44 3.45 205 (49), 214, 220 256 (17
{1 2,4,5,2°.3° 3.50 209 (58), 220, 229 240-245
7 25,47 3.55 204 (43}, 225 (29) 248 (14)
i8 2,3,4,2°,5 3.60 218 (51}, 207 (590), 220, 228 245
i¢ 2,537 3.65 213 (48 240 (10}
20 2,3,4,2°,3°,4° 3.65 203 (56), 212 ¢55), 221, 228 240-245
2t 2,3,6,2.3°,6" 3.75 336 (82), 220-225, 234
22 2,3,6,2",5 3.80 203 (57, 220225, 233235
23 2,3,4,5,6 395 214 {63), 225235, 240
24 3,5 4,15 206 €42}, 210 (42}, 221 (30) 251 (i7)
25 3,37 4.25 212 (52) 249 (15)°
26 2,3,2°.5 4.25 201 (63), 210, 219, 228
27 3,4,27 4.30 2609 (51) 245 (13)
238 2,345 4.30 209 (49), 224 248 (12)
29 245 445 T 207 (423 221 247 (12)
30 246 4.45 204 (53), 221, 229 243 ()
31 4.4 4£.50 204 (46), 210 258 {21)
32 2,3,5,6 4.55 308 (54), 220, 230, 236
33 2,52 485 192 (47)7, 208, 230
34 24 5.00 302 ¢{46), 208, 218 344 (15)
35 23,237 5.20 204 (55), 215, 226 240
36 2,5 5.30 203 (41}, 221 29} 240 (11)
37 2.6,2°.6" 5.50 200 (71)7, 218, 227
38 24 5.55 203 (47), 211 244 (15)
39 3.4 5.80 205 (43}, 210, 219 254 (20}
40 234 6.16 305 (£7), 221, 228 347 (12)
41 2.3.6 6.15 205 (49), 224, 234
42 3 6.50 204 (£1), 267, 218 248 (16)
43 4 7.00 199 (47}, 208 253 (21)
44 23 7.25 204 (42), 218 242 (16}
45 26 7.45 203 (453, 219, 228 240 (6)
46 2,2 7.55 19% (39}, 205, 212 230240
£7 2 8.55 201 {45}, 211 239 (11)
48 Biphenyt 11.90 301 (46}, 205 246 (18)
49 242" 5.3¢
50 33,27 6.20
51 2,5,2°.5" 3.85

“ Some 20-409%, higher values are quoted in ref. 12.
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main band with A, at 28! nm and z shoulder at eg. 205 nm, and a second maximum
at 46 nm, generally referred o as the x band, which is attributed to the conjugated
biphenyi system with the contributions of both phenyl rings. With the mono- and di-
chlorobiphenyls, the main band changes its position only slightly compared with bi-
phenyt, both hypso- and bathochromic shifts being observed. With the more highly
chiorinated biphenyls. the main band almost invariably shifts to longer wavelengths
over a distance generally not exceeding 10~12 nm. As z rule, one, two or even three
shoulders occur in the main band in the region between 210 and 240 nm; occasionally,
they form into an additional peak, notably with 2,5-di-, 3,5-di- and 2,54 -trichloro-
biphenyl. As for the intensity of the main band, the molar extinction coefficient, £y.iq,
varies between ca. 40,000 and 60,080 for ali but the highly ortho-substituted (2,5,2°
and 2,6,2',6') biphenyls. With the latter type of PCBs, typical values of gg,,;, are be-
tween 60,000 and 110,000.

Changes in the « band are more marked thap theyv are for the main absorption
band. PCBs with no or oaly one chlorine atom ortfio to the phenyl-pheny! bond have
relatively strong and well formed « bands in the 240-260-nm range. Compared with
biphenyl, meta, 2nd even more so para, substitution induces 2 shift towards the visi-
ble region, while the introduction of a (single) ors/io substituent causes a small hypso-
chromic shift. Ortho substitution, moreover, leads to a marked decrease in the inien-
sitv of the x band; whereas the ratio &,.,./£. has a value of 2-2.5 for bipheny!l and most
noa-ortho-substituted PCBs, this ratio increases to 3—4 upon the introduction of a
chlorine atom in the 2-position. Even more drastic changes occur cn introducing
further chiorine atoms ortizo to the phenyl-phenyl bond. Owing fo the considerable
hindrance to free rotation of the rings, and the resulting loss in coplanarity, a sharp
decrease in ¢, ensues, while the band itself shifts still further towards the ultraviolet
region and shows up as a shoulder on or contiguous to the main absorption band™.

The above conclusions. which confirm and extend those previously reached by
Hutzinger and his colleagues, are illustrated by the UV spectra of Aroclor 1221, 1248
and 1268 shown in Fig. 6b. The main band, which has 2_,. 202 nm with Aroclor 1221,
shifts 1o longer wavelengibs (206 and 213 nm) on increasing the chiorine content of
the Aroclors. At the same time, the prominent « band cbserved at 245 nm in Aroclor
1221 reduces to a broad, fiat band with Aroclor 1248, while a mere shoulder at ca.
240 nm occurs with Arccior 1268.

Corposition of the Aroclors

A preliminary study has been made of the composition of the Aroclors. It
should be borne in mind that in this paper we merely intend to demonstrate the
potentialitics of HSLC in the analysis and identification of PCBs and other such com-
pounds. Peaks have been assigned by combining literature datz on gas chromato-
graphic analyses of the Aroclors?®~%7 and the HSLC results collected in Table I. No
attemnpt has yet been made to confirm further our conclusions by, e.g., recording UV,
IR or mass specira for individual peaks and comparing the results obtained with

~ As for the occurrence of se-calied 8 bands®® in highly hindered substituted biphsayls (2 265—
305 nin; £ < 250; ¢f. Fig. 6b, Aroclor 1268), these do not appear to be particularly importzant in the
present study, and therefore are not taken into consideration.
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those for authentic synthetic material. However, HSLC is a technique well suited to
this type of work.

Aroclor 1221, Gas chromatography reveals® 1% the presence of 7-12 PCBs in
Araoclor 1221; data on the qualitative and quantitative analysis are summarized in
Table FI. An HSLC chromatogram is shown in Fig. 3a: 17 peaks occur, ¢ of which can
be assigned to individual PCBs mentioned in the table; the peak identification num-
bers correspond to those in Table I. The peak at 7., 5.30 min, which is also present
in the chromatograms of Aroclor 1232 and 1242, may be due to 2,4.2'-trichlorobi-
phenyl, the only constituent identified in gas chromatography, which was not available
in the present study. Our results are confirmed by comparing the chromatogram of
Aroclor 1221 with that of an artificial mixture having a compaosition roughly equal
to that calculated by Willis and Addison®® (Fig. 3b}. The most notable differences are
the absence of peaks at 7. 6.5 and 3.45 min, which may be ascribed to 3-mono-
cklorobipheny! (¢f. Table II) and, presumably, 2 4.4'-trichlorobipheny! (c¢f. ref. 13),
respectively.

For quantitative analysis, peak areas were measured for all peaks and weight
percentages of the constituents were calculated on the assumption that g5 is ap-
proximately equal (=-59/) for all PCBs present. Inspection of the UV spectra shows
that this assumption is valid for all known constituents except 2,2'- and 4,4"-dichloro-
biphenyl, for which a correction was applied. The resuits in Table If show good agree-
ment with the data published by Wiilis and Addison'? and Webb and McCall'5. The
weight percent of chlorine calculated from our data is 20.8 9, which lies within the
manufacturers specifications {20.5-21.59%)).

TABELEIE
CGMPOSITION CF ARCCLOR 1221
Substituted Qualitative aralysis Quarntitative enalysis (%, wiw)
chiorabinhenyl — - - -
Ref 14 Tris work Ref. 12 Ref. I5 This work
Bipheny! -+ + 12.7 6.7 13
2-mono - -+ 28.4 31.8 33
3-moneo - - 4
4-mono ~+ - 18.7 19.3 17
2,2-di + -+ 2.2 10.1 7.5
2,3-di -+ - <0.5
2,4-di -+ 3.5 2.8 1.5
2,4-di + - i3.6 20.8 i5
4.47-di —+ + 6.2 4.6 5
2,421 - +? i
Unidentified peaks 2 7 7.7 3.9 3

Araoclor 1232, 1242 and 1248. Chromatograms of Aroclor 1232, 1242 and 1248
are shown in Fig. 4. [nterpretation was made with the help of gas-chromatographic
analyses published by Webb and McCall'*. Unequivocal assignment is possible for 18
or more peaks with all three products, while the peaks at 7., 5.55 and 6.50 min are
attributed to 2,4-di- and 3-monochlorebiphenyl, respectively, on the basis of the resulis
obtained for Aroclor 1221. For the peaks at ... 3.3 and 4.3 min, Webb and McCall
do not indicate the presence of any of the four PCBs concerned (¢f. Fig. 4; Araclor



362 U. A. TH. BRINKMAN, I. W. F. L. SEETZ, H. G. M. REYMER

1242 and 1248) in Aroclor 1232, However, as the proportions of 2,5,3',4'-tetra- and
3,4,2 -trichlorobiphenyi increase relative to those of 2,4,2°.5-tetra- and 2,3,2,5-
tetrachlorobiphenyl, respectively, when going from Arcclor 1248 to 1242, it can be
conciuded that in Aroclor 1232 these peaks are chiefly due to the former two PCBs.

Lastly, for 2,3,2"-tri- and 2,5,2" 5'-tetrachiorobiphenyl, two relatively prominent
cons:itusnts'* of the Aroclors under investigation, inspection of the chromatograms
in Fig. 4 suggests that the peaks at 7. 6.20 and 3.95 min may be attributed to them.
The fairly large retention time assigned to the trichloro compound is in keeping with
the picture outlined above for 2,3- and 2,2'-substituted biphenyls.

Aroclor 1254, 1260 and 1268. Chromatograms of Aroclor 1254, 1260 and 1268
are presented in Fig. 5. Comparison with Fig. 4 shows that a drastic change occurs
on going from Aroclor 1248 to 1254: in the latter product, peaks having £, greater
than ca. 4.5 min are virtually absent. This is in agreement with the results in refs, 14
and 16, neither of which report the presence of significant proportions of mono-, di-
and/or trichlorobiphenyls in Aroclor 1254, For the rest, the lack of z sufficient number
of PCBs and of literature data, and the relatively small differences in retention times
observed with the more highly substituted chlorobiphenyls allow us to assign a few
peaks only.

However, to quote an example, Aroclor 1260 consists of about equal propor-
tions {409) of hexa- and hepiachlorobiphenyls!®, predicted structures for two very
prorainent hexachloro compounds being 2,3,4,2,4°,5'- and 2,3,4,5,2",5 -hexachloro-
biphenyl'. According to Table I, the retention times of these PCBs lie within the range
of retention times of one of the two major peaks shown in the chramatogram of Aroclor
1260, This strongly suggests that this peak is due chiefly to the hexa-substituted isomers,
a suggestion supported by the fact thart it is virtually absent from the chromatogram
of Aroclor 1268, and that the peak at ¢, 2.3-2.6 min may be assigned primarily to
hepta-substituted PCBs.

With Aroclor 1268, which has an average of 8.7 chlorine atoms per molecule,
the peak at 7., 2 min, still very small with Aroclor 1260, will be due at least partly®®
to 2.3,4,5,6,2',3' 4" 5 -nor.achlorobiphenyl. Also, it is worth noting that Aroclor 1268
is the only member of the Arcclor series that contains a significant amount of deca-
chiorobiphenyi.

CONMCLUSION

The application of HSL.C in the gualitative and quantitative analysis of mix-
tures of PCBs and/or pesticides has a high potentiality. In order to achieve sufficient
sensitivity, UV detection should be carried out at or arocund 203 om.

The system silica gel—dry r-hexane is well suited for the separation of biphenyl
from PCBs prior to quantitative analysis of PCB-containing mixtures by perchlorina-
tion procedures. Conversion of mixtures of PCBs into decachlorobiphenyl and sub-
segusnt analysis by HSLC permits the detection of PCBs down to ca. 100 ppb.

Use of the system: silica gel-dry r-hexane is alsc recommended for the study
of the composition of mixtures of PCBs such as the Aroclor 12211268 series. As, in
generzal, retention times increase considerably with decreasing chlorine content, the
results obtained with the lower Aroclors are superior 1o those obtained with the more
highiy chlorinated products. Te quote an example, in the case of Aroclor 1221, 17
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peaks have been observed in HSLC compared with 12, or less, in various gas
chromatographic analyses.
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