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SUMMARY

The separation of Aroclor 1254 on various reversed-phase columns was inves-
tigated. The results show that the cyano- and phenyl-bonded columns performed
poorly, but C;g bonded columns gave better results. It was also found that the ab-
sorption wavelength at which the effluent is monitored has great effect on the detec-
tion of these isomers. The optimum conditions for the separation and detection are:
Cjs, 5um; reversed-phase column, 20 cm X 4.6 mm I.D.; acetonitrile-water (60:40);
flow-rate 1.5 ml/min; detection at 210 nm or 205 nm.

INTRODUCTION

Polychlorinated biphenyls (PCBs) are a class of chlorinated aromatic com-
pounds which found wide industrial use due to their chemical and physical properties.
As a result, it is now known that PCBs are widespread in the environment and
accumulate in the food chain. It is also known that they are toxic to animals and
man. The mechanism of the toxicity is not known, and renewed interest has increased
in recent years in the separation of the individual PCB isomers in order to understand
the mechanism of action of chlorinated biphenyls. PCBs are usually analyzed by
gas-liquid chromatography (GLC) with an electron-capture detector!-3. The elec-
tron-capture detector response for PCB isomers shows great variation, which would
result in erroneous quantitative measurements. However, Klimisch and Ingebrigston*
showed that liquid chromatography (LC) can be used for the quantification of PCBs.
Dong and DiCesare® showed that high speed can be attained in the analysis of PCB
1248 when a gradient of 65% to 100% acetonitrile in 7 min is used. Kaminsky and
Fasco® used reversed-phase high-performance liquid chromatography (HPLC) to
separate the isomers of Aroclor 1221, 1016 and 1254 with gradient elution and C,g
packed columns, monitored at 254 nm. Our study deals with the separation of Ar-
oclor 1254 on various reversed-phase columns by means of isocratic elution. The
effect of column temperature on the separation and of absorption wavelength on the
detection of individual isomers of Aroclor 1254 were studied.
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EXPERIMENTAL

Aroclor 1254 was obtained from Monsanto (St. Louis, MO, U.S.A.) and was
used without fractionation or purification. The acetonitrile used was glass-distilled
(Burdick & Jackson, Muskegon, MI, U.S.A.). Water was glass distilled, deionized,
filtered through a 0.22-um membrane filter (Millipore, Bedford, MA, U.S.A)), and
degassed before use.

A liquid chromatograph, Model 1090 (Hewlett-Packard, Avondale, PA,
U.S.A.) equipped with a variable-wavelength detector, a column oven, variable au-
tomatic injector, automatic sampler, and HP-85 personal computer, and a 200 x 4.6
mm L.D. column prepacked with Sum spherical C, 3 particles (Hewlett-Packard), were
used. The results were printed on an HP-3390A reporting integrator. Also, a Waters
Assoc. (Milford, MA, U.S.A.) HPLC system, equipped with a Schoeffel (Schoeffel
Instrument GmbH, F.R.G.) 770 6M monochromator and SF 770 spectro flow mon-
itor, and U6K injector (Waters Assoc.) was used. The columns were packed with
different reversed-phase materials and different size particles. These included: Hew-
lett-Packard, spherical, Sum, C,g particles, 20 cm X 4.6 mm; Waters Assoc. uBon-
dapak C, 4 particles, 10 yum, 30 cm X 3.9 mm; Clear Sil-ODS, spherical, C, 5 particles,
10 ym, 25 cm X 4.0 mm (R. E. Gourly, Laurel, MD, U.S.A.) Vydac, C;g, 10 um,
30 cm x 3.9 mm (The separations group, Hespera, CA, U.S.A.). A Spherosorb
cyano-bonded column, 5 um, 30 cm x 3.9 mm (Phase Separations, Norwalk, CT,
U.S.A)) and Spherosorb phenyl-bonded column, 5 um, 30 cm x 3.9 mm (Phase
Separations). The last three columns were slurry-packed by R. E. Gourley, by the
upward technique at 8000 p.s.i. with a pneumatic pump.

Aroclor 1254 was dissolved in acetonitrile to give a concentration of 5 ug/ul.
Experimental details are given in the figure legends.

RESULTS AND DISCUSSION

The separation of Aroclor 1254 into its individual isomers by HPLC did not
result in the resolution of all the 65 isomers present’. Gradient elution with
acetonitrile-water seems to be the preferred HPLC procedure®-S. In the present study
the use of isocratic elution from various columns of different manufacturers was
investigated in order to achieve the best separation possible. Figs. 1-6 show the sep-
aration of Aroclor 1254 by acetonitrile-water (60:40) at room temperature on various
types of column. It is clear that the uBondapak C;g column performed better than
the others (Fig. 6), except the HP C;g column, which gave better overall separation
(Fig. 5). Although the total volume is virtually the same for the Waters and HP
columns, while the particle size is different (5 um for HP, 10 um for yBondapak),
the results are different.

The effect of the absorption wavelength on the detection was investigated, since
detection at 254 nm®, at 210 nm?®, and at 205 nm?® has been reported. It was found
that the 254 nm absorption wavelength is the least sensitive for the detection of
Aroclor 1254 isomers. Figs. 6-9 show the chromatograms of Aroclor 1254, monitored
at 254 nm (Fig. 7), 234 nm (Fig. 8), 210 nm (Fig. 6) and 205 nm (Fig. 9). The detection
limit increases ten-fold or more for certain isomers when monitored at 210 nm or 205
nm instead of 254 nm. For example, at 254 nm the isomers that are eluted between
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Fig. 1. HPLC separation of Aroclor 1254 (5 ug/ul) on a Clear Sil-ODS column (250 x 4 mm I.D.) using
acetonitrile-water (60:40) at a flow-rate of 1.5 ml/min, monitored at 210 nm. Injection volume, 2 ul.
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Fig. 2. Conditions as in Fig. 1, except that a Vydac C;s column (300 x 3.9 mm I.D.) was used at a
mobile-phase flow-rate of 1 ml/min.
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Fig. 3. Conditions as in Fig. 2, except that a cyano-bonded column was used.
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Fig. 4. Conditions as in Fig. 2, except that a phenyl-bonded column was used.
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Fig. 5. Conditions as in Fig. 1, except that a 5 um, C;s bonded Hewlett-Packard column was used, and
0.2 ul (1 ug) was injected.
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Fig. 6. Conditions as in Fig. 1, except that a uBondapak C;3 column was used.

18 and 26 min (Fig. 7) were not detected, while at 234 (Fig. 8) some of them are
detected and at 210 and 205 nm (Figs. 6 and 9) they are clearly detected. The same
is true for the isomers eluted between 31 and 36 mins and between 45 and 55 min.
Therefore, the recommended. detection wavelength: for Aroclor 1254 should be
205-210 nm.
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Fig. 7. Conditions as in Fig. 6, except that detection was monitored at 254 nm.
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Fig. 8. Conditions as in Fig. 6, except that detection was monitored at 234 nm.
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Fig. 9. Conditions as in Fig. 6, except that detection was monitored at 205 nm.

The effect of temperature on the separation and mobile phase composition was
investigated. The results (Fig. 10) show that better resolution and sensitivity of the
Aroclor 1254 isomers are achieved at 50°C than at 30°C, and the analysis time is
shorter. Also, Fig. 10 shows that although acetonitrile-water (70:30) was used at
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Fig. 10. Effect of temperature on the separation of Aroblor 1254 on a § um, C,g column with variable
organic solvent concentrations, as specified; 0.2 ul (1 ug) of Aroclor 1254 was injected. ACN = acetonitrile.

30°C, the chromatographer can decrease the percentage of organic solvent in the
mobile phase as the temperature of the column increases, and still achieve comparable
results, e.g. acetonitrile-water (60:40) at 50°C.

In a previous study?® it was observed that short columns, 3 cm and 5 cm, packed
with 3 um and 5 um particles were not adequate for the separation of Aroclor 1254
isomers.

CONCLUSION

The separation of the Aroclor 1254 isomers by HPLC is governed by the col-
umn used, the temperature of the column and the mobile phase. The optimum con-
ditions found are: a C, g reversed-phase S um Hewlett-Packard 20 cm x 4.6 mm I.D.
column and an isocratic mobile phase of acetonitrile-water (60:40) at a detection
wavelength of 205-210 nm.
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