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Silica columns require the use of hexane or heptane as eluents and a low water content,
which is not easy to control. Moreover we have observed that retention of PAHs
with five or more rings was insufficient for their isolation when present at low levels in
lubricating oils (cf, Table I). Bonded silica (C l S) columns are easier to use but lead
to an elution order which does not follow the ring number. However, high efficiency
is obtained and PAH synthetic mixtures show very good resolutiorr'rv-'". With com
plex hydrocarbon mixtures, such as lubricating oils, the results were very disap
pointing.

We therefore decided to explore the capabilities of liquid-liquid chromato
graphic columns. Two problems had to be solved: choice of the liquid phase and
preparation of high-efficiency liquid-liquid chromatographic columns.

After several trials with polar solvents, we decided to use dimethyl sulphoxide
(DMSO). This solvent is often used for liquid-liquid extraction of PAHs in oils or
other samples" and is known for its highly selective solvent properties'". Its behaviour
with petroleum samples is well known at our Institute where an industrial process for
selective aromatic extraction by DMSO has been developed-".

The main difficulty with liquid-liquid chromatography is to maintain good
efficiency when a solvent is deposited on microsilica or other adsorbents. Engelhardt
and Weigand." used p,p'-oxydipropionitrile (ODPN) on silica. Viricel and Lemar'?
studied liquid chromatographic phenomena on microsilica particles impregnated
with polar stationary phases such as ODPN or Carbowax 20M. For PAH separation,
Vespalec'" used tricyanoethoxypropane on silica columns, Grimmer and Bohnke'"
chose dimethylformamide (DMF) on Sephadex LH-20 and Jentoft and GOUW22 tried
several polar solvents (DMSO, DMF, Carbowax) on a gas chromatographic support.
In all cases, column efficiency was poor and did not allow direct analysis of B[a]P
and other PAHs. We observed the same behaviour.

We have now developed a new simple method for preparing efficient liquid
liquid chromatographic columns for polar solvents, and have used a DMSO column
with fluorescence detection for B[a]P and some other PAHs in lubricating oils. For
some PAHs such as coronene, the fluorescence was very slight and UV detection at
290 nm was used.

EXPERIMENTAL

Materials
Microsilica particles (LiChrosorb Si 60, Merck) were used. The mean diameter

of these non-spherical particles was 5 pm and porosity was ca. 550 m 2Jg.
Dimethyl sulphoxide (E. Merck, Darmstadt, G.F.R.) was freshly distilled and

dehydrated on activated molecular sieves (5 A). The elution solvent was n-heptane
(pure grade; J. T. Baker, Phillipsburgh, N.J., U.S.A.) freed from aromatic traces by
filtration in large columns filled with activated silica gel.

Standard samples of PAHs were commercial products (Fluka, Buchs, Switzer
land; Aldrich, Milwaukee, Wisc., U.S.A.) used without purification. Reference
solutions were prepared in n-heptane and stored at 4°, protected from light.

Apparatus
A Varian Model 8500 liquid chromatograph was equipped with a Valco Model
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The mobii phase was generally n-heptane + 0.35% DMSO. The flow-rate 
was9Oml/handcohmnpressure was 70 bars. when the W fluorescence detector 
was used, the excitation filter band was set from 325 up to 385 nm, and the emission 
~~baadat~408nm.FotWdetcction,thewavelengrhwas290nm.oilsampks 
were diluted with rpheptane in ratios from 2 to 10, and the volume of solution injected 
through the valve ranged between IO and 3OpL The analysis time was 20 min for 
B[u]P and 25 min for coronene. 

RESULTS AND DISCUSSION 

It is well hewn that the coxentration of the stationary phase in liquid-liquid 
chromatography is ckcly related to eh~tion time. We observed the same relationship 
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with the spefwfluorimttric method# the opthlm excitation WaveIength for 
B[u]P di; - tion in -so&&n is & = 3Snm. Mmlations are done at the 
niaximamintheemission~~=4o6nmor429nnl. 

With a DuPont liquid detector, Gkes of large wavelength intervals are 
~~~toobtainenoughenergy.~o~,thebcst~~~for semi&i@ 
and scktiviv of B[rz]P respomc are ;t, 325-385 nm and &,_ > 408 nm. Under 
these conditions, some highly condcnsai PAHs show almost no response. For 
e%anlpk wronmc gives no respomc. Table II gives the response factors of several 
PAHs rdativc to the B[u]P rcsponie. 

UV absorption detection YhiabIe-wavelength UV de&c&n provides a de&c- 
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exasnpk, thk detection limit for B[u]P is 15 mg ptr litrc of oil for 2 fi injections. 
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ranthene, all these compounds can be determined by the method described here;
determination of fluoranthene is possible if the sample does not contain a high con
centration of PAHs with three and more aromatic rings.

Research is currently being undertaken at our Institute to correlate the PAH
content of oil with mutagenic characteristics". This new type of liquid-liquid chro
matography can be used for semi-preparative fractionation, giving fractions which
may be analyzed in detail and evaluated for mutagenic properties.
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