
SUMMARY 

A clean-up procedure is developed for polynuclear aromatic compounds. It is 
based on adsorption chromatography on XAD-2 and stepwise elution with ethanol, 
n-pentane and toluene. The poiynuclear aromatic fr_action of air particulate matter is 
isolated by this method and analyzed by glass capillary gas chromatography. Re- 
coveries of nine polynuclear aromatic compounds are reported. The eihciency of 
group isolation is demonstrated with mixtures of polyaromatic compounds, phtha- 
lates and hydrocarbons. 

INTRODUCTION 

Polynuclear aromatic hydrocarbons (PAHs) are carcinogenic’*’ and appear in 
the environment at concentrations at parts per i06 and 10’ IeveIs. Their determi- 
nation requires efficient separation from polar and non-polar substrates, which usu- 
ally appear in the sample at much higher concentrations. This has been achieved by 
various methods, e.g., column chromatography on silica gel or Sephadex IL&I-203 or 
thin-layer chromatographf. In order to obtain a clean PAH fraction, normahy sev- 
eral methods have to be combined. The analysis of air particulate matter is usually 
carried out by solvent extraction, partition, chromatography on silica gel and Seph- 
adex III-20 and &ass capillary gas chromatography (GC)‘. 

Considering the good solubihty of PAHs in aromatic solvents, a polymer con- 
sisting of aromatic units should adsorb these compounds strongly. One such polymer 
is XAD-2, a resin consisting of copolymerized styrene and divinylbenzene6. This 
polymer is normally employed in trace enrichment of organic compounds from 
Water’.‘. In this work, the applicability of XAD-2 to group separation of poly- 
aromatic compounds from polar and non-polar contaminants in air particulate 
matter-was investigated_ 

EXPJZRIMJZNTAL 

_&Qgeti d s_tatxh& -_ 
_ . A referencesolution was prepared from phenanthrene, anthracene, pyrene 
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(Merck, Darmstadt, G.F.R.), benzo(a)pyrene, bcnao(e)pyrene, perylenc,coronene, 
bcnzo(gh~pcrylene and chrysene (EGA-Chemie, Steinheim, G.F.R.) at conccntra- 
tions of 40-300 ppm ia toluene. Another stock solution was prepared fromrt;alkaties 
(C,& C18, Ctet C22, C,,, CZJJ Cz5, C,, and C& (Supelco, Bellefonte, PA, USA_) at 
concentrations from IS0 to 850 ppm and from diethyl and dibutyl phthalate at a 
concentration of 15,000 ppm in n-hexane. Squalane, squalene, n-eicosane (Sup&o) 
and noayl phthalate (Merck) were dissolved in cyclohexane. Dilutions of the desired 
strength were prepared with cyclohexane, using a Hamilton digital dilutor. 

Solvents were glass-distilled through a column 40 cm long. XAD-2 of particle 
size 150-200 elm was supplied by Serva (Heidelberg, G.F.R.). OV-1 was purchased 
from Phase Separations (Queensferry, Great Britain). 

Somplr preparation 

Airborne particulatcs were precipitated on glass-fibre filters (Schleicher & 
Schiill, Dassel, G.F_R.) with a high-volume sampling system (HVS 100; Sartorius, 
Giittingen, G.F.R.). The loaded filters (257 mm in diameter) were extracted with 
toluene or cyclohexane in a Soxhlet extraction apparatus. The extracts were evap- 
orated to dryness at 4OT (rotary evaporator). 

A glass column of 1.4 cm I.D. was tilled with XAD-2 resin to a height of 9 cm. 
A solvent reservoir was fitted to the top of the column and a stop-cock to the bottom. 
The extracts uzre dissolved in ethanol and transferred quantitatively to the top of the 
resin bed. The column was then eluted successively with 25 ml of ethanol (polar 
fraction), 10 ml of n-pentane, followed by 10 ml of ethanol (non-polar fraction) and 
12 ml of toluene, followed by IO ml of ethanol (PAH fraction). The solvent flow-rate 
was adjusted to 2 ml/mm. Finally, a further 20 ml of toluene were passed through the 
column, followed by 25 ml of ethanol, and the column was then ready for the next 
samplt. 

The PAH fraction Was evaporated to a small volume (05 ml). n-Dotriacontane 
was added as an internal standard if quantitative results were to-be obtained. 

Em-acis were analyscd on a Carlo Erba 4160 high-resolution gas chromato- 
graph, equipped with a flame-ionization detector and a column of OV-l(30 m x 0.22 
mm I.D.; &COT). The capillary was drawn from Pyrex tubing, high-temperature 
silaaized and coated statically. Column bleed was low up to 300°C and no deteriora- 
tion occurred during operation. 

RESULTS AN5 Di!SCU!BION 

: Dcsorption of or,oanicc- compolunds from the macroreticular X4D-2 -resin is 
strong@ i@cnccd -by: l &e type of solvent. Table I lists the I volumes of dilfercnt 
solvents required for complete elution of n-alkanes (C,,-C,,), phthalatcs (diethyl and 
dibut@) and PAHs at column loads of 40 pg per n-alkane, 5 pg per PAH and 1 mg per 
phthzlate- The values were obtained by collecting 20-.X)-ml portions stepwise from 
the column eluate and analysis by GC. 

n-Pentane is -a strong eluent for n-alkancs and phthalatcs, but its drawback is 
the c&y elution of-phenanthreue and anthraceae_ which start at 15 ml- On the other 
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TAkE I 

DESORPTION OF COMI’OUND CLASSES FROM XAD-2 

Coiuxnn: 9 cm x 14 an I.D. 

Ethanol >I50 IO0 >I50 
ISOp~pzIlOl 100 60 >I50 

Acetone 20 20 20 
Toluene 20 20 20 
Die&y1 ether 20 20 40 
tx-Pentme 20 20 >I50 

hand, heavy PAHs such as benzo(gIu-‘)perylene require elution volumes in excess of 
150 ml. Ethanol is a weak eluent for non-polar compounds and PAHs. Owing to these 
difficulties, a clean-up with three different solvents was developed, as outlined in Fig_ 
1. The procedure can remove 200 mg of diethyl phthalate from a sample. Filters can 
be impregnated with diethyl phthalateg in order to improve the recovery of volatile 
PAHs (phenanthrene, fluoranthene) from air. 

CRUDE EXTRAC7 

I 

Filtratron on XAD-2 (9x1.4crn) 

25 ml ethano1 

I 
?olar compounds 

10 ml n-pentnne 
10 ml ethano! 

I 
Non-polar ccmpounds 

12 ml toluene 
10 mt ethanol 

I I’AHs 

Fig. 1. scheme for clean-up on XAD-2. 

The solvents acetone, toluene and diethyl ether are strong eluents and do not 
achieve any group separation of alkanes and PAHs on XAD-2 if they are used alone. 

Recoveries were determined by applying standard mixtures of PAHs to the 
column and eIution according to the standard procedure outlined in Fig_ I. Values 
were obtained by capillary GC with an internal standard (n-dotriacontane) and are 
iisted in Table IL Repeating the clean-up procedure with a sample did not cause losses 
of PAHs, apart from phenanthrene and anthracene. When fresh resin was used for 
the first time, recoveries of some PAHs [e-g., be&o(a)pyrene] were low. Nevertheless, 
irreversible absorption does not occur after repeated use of the column. 

The ef&iency of clean-up was tested wit& aiicial mixtures containing nine 
PAHs (amounts as given in Table II) and increasing amounts of six contaminants as 
listed in Table III. 
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Fig- x@ chromato~ obtained Cram the aude extract of air particu!aws. GC conditions: injection, 2 

L(: SPkkS% iI+ZtiOIl port tanpetaturc, 290X; cohxmn, 30 m x 0.22 nm I.D.; stationary phase, OV-I; 
tempcratnrc programme, t IO to 300°C at SC&in- Peaks: 3 = pristane; 3.= phyrane; 7 = &own; 
13 = rz-~~*~cosanc + phthzdate; remaining peaks 1-20. c,,-4& It-allrane+. 
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Contaminants are eluted with the polar or non-poIar fraction_ At higher 
column loads, however, they exhibit tailing behaviour on the XAD-2 resin, and less 
than I % of their total amount is co-ehrtcd with PAHs. Repeating the clean-up would 
purify the PAH fraction completely in such a case. 

Fig_ 2 shows the gas chromatogram of a cyclohexane extract from a glass-fibre 
Alter after sampling 316 mg of urban particulatea in the city of Hamburg_ The extract 
was evaporated to 10 ml. Ah PAHs overlap with large amounts of co-extractants 
which are present in much higher concentrations. 

clean-up on XAD-2 removes polar and non-polar contaminants; Fig. 3 shows 
the PAH frastion from 228 mg of air particulates which had been extracted with 
toluene. The PAH fraction was evaporated to a volume of 0.5 ml. 

TABLE III 

AMOUNTS OF SIX COMPOUNDS ELUTED WITH THE PAH FRACTION FROM XAD-2 AFTER 
A SINGLE CLEAN-UP 

Compowzd Column load 

1O.W ImPg lmg z-1 me 

I-EiCOSZIkZ 0 0.2 pg 0.8 pg 4.2 pg (9 mg) 
n-Eicosane 0 O-2 fJg O-7 Pg 3.9 pg (11 mg) 
Squalane 0 l-l pg 4-6 pg 35 pg (12.5 mg) 
Dmonyi phthalare 0 0 49 Pg 50 pg (15 mg) 
fr-octacosane 0 o-7 Pg 11.5 pg tiCcg(lOmg) 
squakne 0 0 o-7 Pg 128 pg (28 mg) 

* The actual column load is giwn in parentheses. 

CONCLUSION 

XAD-2 is a suitable adsorbent for group separation of PAHs from polar and 
non-polar compounds. It readily provides the PAII profile of airborne particulates. 
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