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Abstract 

The effect ar different saiyents on extraction with liguid carbon dioxide was studied. Extracted palynuclear 
aromatic hydracarbons (PAHs) were opplied on Sephadex C-50 geJ. The model PAHs were phenanthrene, 
pyrene and benza(a)pyrene. R is stated that the percentage af PAH model extractians was diminished when 
water-immiscibie solyents (cyclohexane, chloroform and benzene) and methanot were added to the system. The 
addition oj" acetone and dimethylformamide caused increases in extractian percentage. The optimum content of 
bath these sotyents was shown to be approximately 0.8% in relation to the yolume of CO2 used .IJnder these 
conditians, a single extroction in the presence af acetane made it passible ta recoyer 67% af phenanthrene, 62% 
af pyrene aud 86% of benzo(a)pyrene, whereas in the presence of dimethyiformamide these numbers were 
66%, 80% and 90%, respectiyely. 
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Introduction 

One of the most impartant probiems in PAH analysis in 
the human enyironrnent is quantitatiye isolation of the hyd-
rocarbons frora snmpies such as soiis, sewage siudges, 
dusts, etc. because during isolation they can be subject of 
many reactions ar eyen destruction. In such cases super-
criticai and high pressure extraction haye been widely used 
recentiy because of numerous adyantages such as the shart 
time of the process, ease of soiyent remoyal, bw tempera-
ture, etc. [1]. Additionalty, new solyents which wet solid 
sampies may be used. These are mainly iiquid carbon dio-
xide, nitraus oxide aud chiorodifiuaromethane [1, 2]. Un-
der standard conditions they are gases and this makes it 
passible ta easiiy isolate the extracted material without 
heating [1]. 

Liguid CO2 is the most commonly used solyent due to 
its ayailability. Attempts to use iiquid CO2 in the extraction 
of PAHs fram many enyironmental materials makes anty 
partiat hydracarban recayery passibie. Then the use af sub-
stances madifying a soiyent"s praperties are required [1]. 
The effect of the madifiers may be explained by their mul-
tiple influence: they may reduce surface tension of iiquid 
CO2 on solid arganic and marganie particies on which 
PAHs are deposited, they may damage the aqueous bayer 
surrounding the particies, and they may increase PAH solu-

bitity in the mixture compare to pure liquid carbon dioxide. 
Gere et ni. [3] haye defined the effect of methanol ad-

dition, obtaining an increase in extraction percentage in 
practicaily nil cases, aud especiaiiy far high malecular hyd-
rocarbons such as benzo(k)fiuoranthene, benzo(a)pyrene, 
dibenza(a,h)anthracene aud indeno(1,2,3-c,d)pyrene (from 
0% without modifier ta 80-100% with methanal addition). 
H6fier et ni. [4] in similar studies showed that the addition 
af 5-10% of methanol to CO2 cansiderabiy imprayes ex-
traction (npproximateiy 10-20%) of naphthnlene, biphenyi, 
phenanthrene, pyrene, dibenzo(a,h)anthracene and 
benzo(g,h)peryiene isolated fram soils and sewage siudge. 
Dankers et al. [5] showed thnt when using CO2 as nn ex-
traction solyent the addition of dichioromethane enhnnces 
extractian percentages of the majarity af 16 studied PAHs 
by 10-100%. In the case of ancennphthyiene and ben-
za(g,h)peryiene the enhnncement was from O to 100%. Lo-
pez-Ayita et ni. [6] reported increased PAl-I recayery in 
n similar extraction system with CO2. Hillls and Hill [7] 
showed the adyantageous effect of hexamethyisiiane nud 
trimethylchlorosilane on PAH extraction from urban dust at 
300 atm pressure and 60°C. 

These studies are nimed at improying high pressure ex-
tractian recayery af paiynuciear aromatic hydrocarbons 
fram solid enyiranmentni sampies under moderate condi-
tions (4.6 Mpa, 50°C), which limits the possibiiity af PAH 
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reaction and destruction. Organie materia! isolated in this 
way will be used for further separation and determination 
of particutar hydrocarbons using chromatographic methods. 

The purpose of this stage was to choose the best modi-
fier under a lower range of pressure (50 atm.), which would 
permit enhaneed extraction pereentages of some PAHs. 

Experimental 

Sample Preparation 

Sephadex C-50 sitica gel (diameter 20-120 mm, 12.8% 
water content) was chosen as a model PAT-1 carrier repre-
senting solid enyironmental samples. The standard hydro-
carbons were phenanthrene Supelco (3 rings), pyrene Loba 
(4 rings), benzo(a)pyrene Aldrich-Chemie (5 rings). 

On the basis of literature, the foliowing soiyents were 
typified as modifiers: cyclohexane, acetone, dimethy1for-
mamide, chloroform, methanol and benzene. 

To 200g of Sephadex C-50 get (dried for 2 hours at 
130°C) 200 cm3 of cyclohexane solution was added, in 
which concentrations of exnmined hydrocarbons were as 
fol lows: 

phenanthrene 1.06 mg 
pyrene 1.00 mg 
benzo(a)pyrene 1.05 mg 

After accurate mixing cyclohexane was eyaporated. 

Extraction 

The sample of the gel (2g) with modet PAHs was pla-
ced on an extraction thimble, which was thea placed in 
a high-pressure Soxhlet extractor (J 8 W Scientific Inc., 
USA). The required amount of modifier (0.4 cm3) was ad-
ded to the extraction thimble, the extractor was closed and 
fitled with CO2, and the process was carried out for 
2 hours. The other extraction conditions were: 

CO2 pressure inside the extractor 4.6 MPa 
heater temperature 52°C 
cooler temperature 0-4°C 

The extraction percentages of examined PAHs without 
modifying solyents was estimated by carrying out extrac-
tion from examined samples twice. Each dme, extracts were 
analyzed quantitatiyely assuming that in both extractions 
the extraction percentage was the same. 

Extracts Anatysis 

Extracted polynuclear aromatic hydrocarbons were elu-
ted with cyclohexane from a Soxhlet round-bottomed fiask. 
The solutions were transferred into a measuring fIask (25 
cm3), diluted with cyclohexane (to the mark) and then sub-
jected to spectrophotometric analysis (ultrayiolet range). 
Before determination, the so1yents were remoyed from sam-
pies containing benzene, acetone and dimethylformamide 
as modifying additiyes, since they show absorption within 
the UV spectrum range. A Uy-160A spectrophotometer 
(Shimadzu) was used to measure the concentration of ex-

tracted PARs („Multikomponent" programme). Alt results 
presented in tables are arithmetic means of 3 parattel mea-
surements. Ayerage standard deyiations of each measure-
ment were only slightly different and ayeraged from 1 to 
3% (Table 2). 

Results aud Discussion 

Quantitatiye recoyery of polynuclear aromatic hydrocar-
bons placed on gel is not possible in a single extraction in 
chosen extraction conditions both with and without selec-
ted modifiers. 

The amount of a giyen hydrocarbon permanently boun-
ded with gel and unrecoyerable in extraction was unknown 
and difficult to determine. That is why the real extraction 
percentage was only estimated. In order to do this two 
consecutiye extractions were performed from the same 
sample and each dme extracted masses were determined 
(extraction solyent yolume was always the same). It can be 
proyed that extraction percentp rnay be calculated from the 
formuta: 

(nr2 
p = 1 - 100% (1) 

nZj) 

nr, and nr2 refer to masses extracted in the tirst and second 
extractions, respectiyely. 

This is a conyenient way of determining real extraction 
percentages, for instead of concentrations (masses) propor-
tional quantities can be used, e.g. absorbance. Then, instead 
of the nz/m1 ratio one can use the a2/a ratio, where a, and 
a2 refer to extract absorbances in the first and second ex-
tractions. Adequate data determined to meet this aim are 
presented in Table 1. 

The mass of substance extracted in the first extraction 
was assumed as 1 and nr represents mass ratio mim,. Cal-
culations performed on the basis of data presented in Table 
1 show that extraction percent p of examined hydrocarbons 
according to formula (1) was as follows: 

for phenenthrene 74% 
for pyrene 88% 
for benzo(a)pyrene 92% 

In comparison to PAHs placed on gel the recoyery per-
cent was: 

phenenthrene 65% 
pyrene 80% 
benzo(a)pyrene 85% 

The addition of solyents affected extraction percentages 
of examined PAHs. In many cases recoyery deteriorated 
and only in a few was improyement found. The results are 
collected in Table 2. 

In comparison to extraction with pure CO2, the best 
improyements in extraction of phenanthrene and 
benzo(a)pyrene were obtained after the addition of acetone 
and dimethylformamide. This is why both solyents were 
selected for further examinations. When checking them the 
extraction percentage changed, depending on the amount of 
solyent added. Results are presented in Figs. 1 and 2. 

As can be found in Figs. I and 2, under experimental 
conditions the best resutts are obtained after introducing 
both 0.4 cm3 of acetone and dimethylformamide (i.e. 0.8% 
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Table L Extraction pcrccntages of chosen PARs in the second 
extraction. 
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Fig. L Influence of acetone addition (cm3) on extraction percen-
tages of phenanthrene, pyrene aud benzo(a)pyrene with CO2 in 
high pressure conditions. 

in relation to the yolume of liquid CO2 used). In a singie 
extraction with the addition of acetone 67% of phenanth-
rene, 62% of pyrene and 86% of benzo(a)pyrene applied on 
gel are recoyered. In extraction with dimethylformamide, 
the percentages are ćó, 80 aud 90, respectiyely. 

Water (12.8%) present in geJ coutd haye influenced 
behayiour of the extraction system. Approximately 0.25 
g of H20 was introduced to extraction with a sample 
weighing 2 g. Water may form a thin layer surrounding geJ 
grains with PAHs deposited, and make contact of these 
compounds with tiquid CO2 difficult. Water-immiscible 
solyents such as benzene or chloroform may form additio-
nal layers, making access of Iiquid CO2 worse; despite 
the fact that they dissolye PAHs, they do not improye 
extraction. Water-miscible solyents DMF aud acetone, 
(although they dissotye PAHs worse than, e.g., benzene), 
giye positiye results because they probabiy allow the 
acquous shell to rupture from gel grains aud mix easily 
with liquid CO2. 

Conclusions 

1. In studied conditions singte supercritical extraction 
with liquid CO2 without modifiers did not allow quantitati-
ye extraction of model PARs placed on Sephadex C-50 gel. 

2. Non-water-miscibte solyents decrease the amount of 
extracted PARs in comparison to the amount extracted 
with pure CO2. 
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Fig. 2. Influence of DMF addition (cm3) on extraction percentages 
of phcnanthrenc, pyrene and benzo(a)pyrene with CO2 in high 
pressure conditions. 

Phenantbrene Pyrene Bcnzo(a)pyrene 

First cxtraction 
(mi) I 1 

Second extraction 
(m2/m,) 0.26 0.12 0.8 

Table 2. Extraction percentages of chosen PAHs when using a mi-
xture of carbon dioxide aud tested soiyent in relation to the one 
usiug pure CO2. 

Etiraction perceniage after addilion of: 

Cyrlo- 
hexane 

Acelone DMF Chioro- 
form 

tielbanol Benzene 
Withoul 

any 
addition 

Phenanthrene 85 104 101 79 82 64 100 

Pyrene 49 77 99 49 32 45 100 

B(a)P 75 107 138 89 78 30 100 

B(a)P - bcnzo(a)pyrene 
DMF - dimethyiformamide 

3. Some water-miscible solyents (acetone, DMĘ may 
enhance extraction percentages. 

4. Optimum addition of DMF and acetone for extraction 
in studied conditions is 0.4 cm3. 

References 

1. KOT A., SANDRA P., KOŁODZIEJCZYK A. M. Possibiiities 
aud limitations of supercritical fluid extraction (SFE) as a sam-
pic preparation technique. Potish J. Enyiron. Studies, 6, 5, 
1996. 

2. HAWTHRONE S., LANGENFELD J., MILLER D., BUR-
FORD M. Comparison of supercritical CHC1F2, N20, aud CO2 
for the extraction of polichiorinated biphcnyls aud policyclic 
aromatic hydrocarbons. Anal. Chem. 64, 1614, 1992. 

3. (ERB D.R, KNIPE C.R., PAPKIN W., RANDAL LO. Bn-
yironmcntal analysis; supcrcritical fluid extraction of PAH"s in 
solid waste. Intern. Bnyiron. Technol. 5(4), 20, 1995. 

4. HÓFLER F., REINDL S., RITCFIER B., PORTER N. Super-
critical fluid extraction (SPE) of enyironmental poliutants from 
oii sampies, Poster at the 22-nd Internationat Roland W. Frei 
memoriat Symp. on Enyironmentai Analyticai Chemistry Dort-
mund June 9-12, 1992. 

5. DANKERS J., OROENBNBOOM M., SCHOLTIS L.H.A., yan 
der HEIDEN C. High speed supercriticai fluid extraction met-
hod for routine measurement of poiycyciic aromatic hydrocar-
bons in enyironmentai soils with dichtoromethane as a static 
modifier. J. Chromatogr., 641, 357, 1993. 

6. LOPEZ-AyILA V., YOUNO R., TERRANI J., DAMIAN J., 
HAWTHORNE S., DANKERS J., nn der HEIDEN C., Mi-
ni-round-robin study of a supercriticai fluid extraction method 
for polynuclear aromatic hydrocarbons in soil with dichlormet-
hane as a static modifier. J. Chromatogr. A 672, 167, 1994. 

7. HILLS JW., HILL HR. Carbon dioxide supercriticai fluid ex-
traction with a reactiye solyent modifier for the determination 
of polycyctic aromatic hydrocarbons. J. Chromatogr. Sci. 31 
January 63, 2152, 1993. 




