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SUMMARY 

The application of high-performance liquid chromatography (HPLC) on 
microparticulate silica gel with selective ultraviolet monitoring at four wavelengths 
has led to a rapid method for the reliable analysis of polycyclic aromatic hydrocarbons 
(PAH) in tar and petroleum materials. Preliminary separation of the PAH fraction is 
accomplished, if necessary, by a new form of thin-layer chromatography which in- 
corporates the organo-clay Bentone 34 and which has been shown to be selective for 
PAH. This selectivity has been utiiised in additional separations of HPLC fractions to 
facilitate their identification by UV spectroscopy_ The operation of a “stop-start” 
liquid chromatograph is described in which the UV spectra of peaks can be scanned 
during chromatography for identification purposes. 

INTRODUCTION 

Polycyclic aromatic hydrocarbons (PAH) are ubiquitous in our environment 
and occur as a result of industrial, domestic and natural processes. Methods for the 
analytical determination of these compounds have received considerable attention in 
recent years in view of their toxicoIogica1 importance_ PAH also occur in commercial 
products, particularly those derived from the petroleum and coal carbonization in- 
dustries, and a continuing vigiIance is necessary to safeguard the health and safety of 
industrial operatives. Reliable and rapid methods for the analysis of PAH are re- 
quired to provide data for the maintenance of safe working conditions, and to mini- 
mise environmental pollution. 

In the coal carbonization industry there is a variety of different situations where 
the routine determination of PAH is required, ranging from environmental and 
effluent samples to bulk products such as tar, pitch, and bitumen. To cope with this 
range of samples a method was required which would conform to the following 
criteria vi- - 

la) All the major PAH in the molecular weight range 200-300 be determined. 
(b) The method to be quick, reproducible, and reliable. 
(c) The handling of pure PAH for the purpose of calibration to be minimal. 
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(d) The identity of all the components reported to be confirmed by applying 
ancillary techniques to a typical sample during an investigation stage. 

(e) Applicability to samples from diverse sources. 
(f) Ability to upgrade the method as more components are identified and im- 

provements are made. 
Modern high-performance liquid chromatography (HPLC) on micropartic- 

ulate silica gel, with selective UV detection, appeared to fulfill these requirements 
rather more satisfactorily than any of the other available techniques. With regard to the 
need to identify compounds a novel form of thin-layer chromatography (TLC) has 
been developed based on the use of the organo-clay Bentone 34’ in the adsorbing 
layer. This gives a selective separation of PAH which is different in character to that 
produced by silica gel HPLC. The combination of HPLC and this “Bentone selective 

TLC” (BSTLC) constitutes a powerful separation technique which can produce 
virtually pure compounds in sufficient quantity for their subsequent identification by 
UV spectroscopy. BSTLC is also employed for the preliminary treatment of samples 
containing a high proportion of non-PAH matter, to obtain a fraction rich in PAH. 

The system of lettering used herein to describe the position of fused rings is in 
accordance with the recommendations of the International Union of Pure and Applied 
Chemiitry’, but familiar names have been retained in preference to prescribed names 
in several cases to avoid confusion_ 

Review of chromatographic methods of PAH analysis 
Until very recently gas chromatography (GC) has been the preferred techni- 

que for this type of analysis. For instance Liberti et al_z determined PAH in atmos- 
pheric dust using glass capillary columns coated with silicone SE-30 operated at 
temperatures of over 200”, but no separation was apparently achieved between the 
important benzopyrene isomers. Wilmshurst3 has published results from the use of 
both packed and capillary columns but experienced tailing peaks and poor repro- 
ducibility. More recently Grimmer and BohnkeJ used a stainless steel capillary 
column coated with silicone OV-1, and a 10-m packed column containing silicone 
OV-17 but the separations of the benzofluoranthenes and of the benzopyrenes and 
peryJene were poor. Perhaps the most effective application of GC to this problem is 
due to Lao et aL5a6 involving the use of a GC-MS data processor combination. Re- 
sults were reported for atmospheric particulates, coal tar volatiles, wood preservation 
sludge and coke oven emission particulates. However, whilst the technique gave a 
wealth of detailed information, the validity of data with regard to the identification 
of geometric isomerides must be in some doubt. Also, as was noted by Lao et al_ in 
their first papeP, quantitative agreement of the results from two different columns was 
poor. Burchfield et a2.’ employed a 6-ft. glass column containing silicone OV-1, and a 
3-ft. column containing Dexsil300, using both electron capture and gas-phase fiuorim- 
etry for detection but no separation was achieved between benzo[e]pyrene, benzo[a]- 
pyrene and perylene. Electron capture detection has also been employed by Harrison 
and Pcwells for the quantitative determination of PAH. Separation was carried out by 
programmed temperature GC on a 5-ft. column containing polymetaphenoxylene. 
All of these techniques involve the use of a relatively non-polar stationary phase and 

* Dimethyl dioctadecyl ammonium bentonite; trade mark of F. W. Berk & Co. Ltd., London, 
Great Britain. 
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7 Benzo[u]pyrene 

8 Benzo[e]pyrene 
f antbantbrene 

i pfxylene 

9 Benzo[g,h,iJperylene 

Anthracene 
5 Pyrene 

Anthracene NC - - 

Pyrene 0.77 BG pyrene 

3 NI NI 0.80 v l-Methyl pyrene? 
4 Fluoranthene Fluoranthene 0.73 BG FIuoranthene 

0.84 v 3-Methyl pyrene? 
5. NI Benzo[a]fluorene 

+ benzo[e]fluorene NC - 
6 Benz[a]anthracene Benz[u]anthracene” 

i chrysene f chrysene”* 0.60 LB Benzo[a]pyrene (contamina- 
tion from peak 7) 

0.75 v Bem[a]anthracene 
0.80 V Benzo[b]fluorene 
(Chrysene not detected because of its low 

fluorescence) 
Benzo[a]pyrene 0.65 LB Benzoia]pyrene 

0.80 V Benzo[b]fluorene 
Benzo[e]pyrene 0.48 BG Perylene 

+ anthauthrene 0.58 B Benzo[e]pyrene 
+ anthanthrene 

-I- perylene 0.69 V Benzo[aa]pyrene (contamina- 
tion from peak 7) 

NR 0.45 B Benzo[g,h,i]perylene 

0.63 V Alkyl benzo[e]pyrene? 
0.71 v NI 

Benzofklfluoranthene 0.45 B Benzo[k_@oranthene 
0.55 Y NI 
0.71 v NI 

Bcnzo~]fluoranthene 0.47 BY BeEo[‘Jfluoranthene 

0.58 LB Benzo[b]jIttoranthene 
0.70 B NI 
0.81 v NI 
0.88 LB NI 

12 Indeno[l23,c,dJpyrene Indeno[l23,c,dJpyrene 0.42 G Indeno[l23,c,d]pyrene 

h coronene 0.61 BG coronene (v. small) 
0.72 V NI 
0.83 BG NI 

13 Dibenz[a,j]antbracene weak spectrum 0.75 BG Dibem[aJ]anthracene 
0.86 BG NI 
0.80 V NI 

14 NI weak spectrum 0.70 v NI 
0.82 G NI 

15 Dibenz[a,h]antbracene weak spectrum 0.50 v NI 
+ dibenz[a,c]anthracene 0.65 V NI 

0.74 BG Dibe~~[a,h]anthracene 

10 Benzo[k]fluoranthene 

I1 Benzo[b]fluoranthene 

TABLE II 

IDENTIFICATION OF MAJOR PAH COMPONENTS OF COAL TAR PITCH CYCLOHEXAN 
soLU3xEs 

NC = not collected, NI = not identified, NR = spectrum not run. Colours: Y = yellow, G = green, B 
blue, V = violet, BG = blue-green, YG = yellow-green, LB = light blue. Compounds in italics are the major 
components of peak. 

Peak Identification 
NO. 

HPLC retention Stop-start UV scanning BSTLC & UV of HPLC fractions 

RF coiour’ Identification 
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TABLE IE (continued) 

peak Identification 
No. ___ 

HPLC refention 
P 

6 Dibenzo[a,i]pyrene 
f dibenzo[a&]pyrene 

7 Dibenzo[a,e]pyrene 

8 NI 
9 NI 

0 NI 

SroP-start UV scannitzg BSTLC & UV of NPLC fractions 

R= Colour - Identification 

NI 0.75 YG DibeLTo[a,i]pyrene 
0.44 BG Dibenzo[a,hJpyrene 
0.55 v NI 
0.70 B NI 

Dibenzo[u,eJpyrene 0.31 LB NI 

0.45 Y Dibenzo[a,e]pyrene 

0.67 G NI 
EiI 0.67 G NI 

NI 0.32 G NI 
0.43 B Dibenzofb,kJperyiene . 
0.67 V (faint) NI 
0.85 V (faint) NI 

NI 0.30 BG NI 
0.45 Y Dibemo[e,kJpery!ene 

* Colour under UV light. 
l * First part of peak. 

l ** Last part of peak. 

ference with the measurement of this important compound by the proposed HPLC 
procedure. 

It is evident from Table II that the HPLC/BSTLC/UV procedure has estab- 
lished the identities of most of the major compounds in the range. Several Of these 
emerge in unresolved groups but, by the use of selective wavelengths, it is possible to 
determine the individual components in most cases. 

Preliminary treaiment of sampie for quantitative analysis 
The separation of the P-AH fraction from a preponderance of non-aromatic 

material is usuaily based on a Rosen type separation’* or some form of selective 
solvent extractionlg. An alternative technique based on BSTLC has been developed 
which is reasonably quick and effective when applied to petroIeum pitch, bitumen and 
low temperature coal tar. . 

About 2 g of a representative sample is weighed out and digested in 10 ml 
freshly distilled tetrahydrofuran (THF) over a water bath until completely dispersed. 
The solution is cooled and made up to 20ml in a graduated flask with more THF. Five 
lO-,~l aliquots of the solution are applied to a BSTLC plate from a microsyringe as 
five separate spots and the plate is developed. When the development is completed the 
plate is removed from the tank and dried at ambient temperature in air for no longer 
than 15 min. The total layer between RF = 0.15 and 0.85 is carefully removed with a 
spatula and transferred to a lOO-ml beaker. “Analar” grade benzene (BDH) (20 ml) 
is added and the mixture is digested over a water bath in a fume cupboard for 30 min 
and then centrifuged while hot to remove the thin-layer adsorbent. The clear super- 
natant solution is poured off into a clean covered beaker and the procedure is repeated 
a further four times. The five extracts are combined, concentrated to about 5 ml and then 
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Fig. 4. HPLC on 25cm Partisil 5 column at selective wavelengths. a = Pyrene, b = fluoranthene, 
c = chrysene -!- benz[a]anthracene, d = benzo[a]pyrene, e = benzo[e]pyrene, f = anthanthrene, 
g = benzo~$,i]perylene, h = benzo[k]tluoranthene, i = benzo[~b]tluoranthene i- benzolj]fluoran- 
thene, j = indeno[l23,c,~pyrene, k = dibenz[aj]anthracene, 1 = dibenz[u,,lz]anthracene, m = di- 
benzo[&,hlpyrene + dibenzo[~,i]pyrene f unidentified, n = perylene, o = benzo[j]tIuoranthene, p = 
dibenzo[u,i]oyrene, q = dibenzo[a,lz]pyrene. 
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