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SUMMARY 

A method is proposed for the determination of polycyclic aromatic hydrocar- 
bons (PAHs) in carbon blacks. The PAHs are extracted from the carbon black with 
benzene in a Soxhlet apparatus, purified by silica gel thin-layer chromatography, 
weighed and analysed by gas and/or high-performance liquid chromatography. 

The total PAH and benzo[u]pyrene (BaP) concentrations in different types of 
carbon blacks and in different batches of the same carbon black were determined. It 
is shown that the distribution of the PAH fraction in different types of carbon blacks 
is almost the same but there are considerable differences in the total amount of the 
PAH fraction and the BaP concentration.. 

INTRODUCTION 

The term carbon black refers to a wide range of products obtained by partial 
combustion or thermal decomposition of hydrocarbons under controlled conditions. 
The raw materials used in the production of carbon black are mainly liquid hydro- 
carbons obtained as by-products in petroleum refineries, ethylene plants and coal 
coking plants. At present most carbon black is produced by the “furnace” process 
and only small amounts by the “thermal” and “channel” processes’. In 1980, world 
production of carbon black was estimated at about 5 million tons. About 93% of 
the carbon black produced is employed in the rubber industry as a reinforcing agent. 
It is also used in the ink industry, as an additive to polyolefins and as a pigment. 

The interest in carbon black by environmentalists is due to its fine particulate 
and easily respirable nature and to its tendency to adsorb potentially dangerous levels 
of organic substances such as polycyclic aromatic hydrocarbons (PAHs) and other 
polynuclear compounds containing sulphur and oxygen. 

The possibility of elution of some PAHs, which are carcinogenic, from carbon 
blacks is often taken as a criterion for the evaluation of their carcinogenicity2-5. The 
conclusions drawn are conflicting. Some workers, considering the drastic conditions 
necessary for the extraction of PAHs, believe that they are so strongly adsorbed that 
they are not biologically active. Others, considering the low eluting power of some 
biological fluids for some carcinogenic PAHs and the long time of contact of the 
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particles with cellular membranes, have concluded that there is a possibility of trans- 
fer of PAHs from carbon black to the membranes and hence the possibility of the 
development of cancer increases as the amount of carcinogenic substances present 
increase@. 

Several methods have been reported for the analysis of carbon black extracts. 
Employing different types of extraction, such as Soxhlet extraction7*8, vacuum sub- 
limationg or extraction with sonificationlO, and different chromatographic tech- 
niques, such as gas chromatography fGC) with packed and capillary columns’ iJ* 
and high-performance liquid chromatography (HPLC) with spectrophotometric and 
spectrofluorimetric detection’ 3 , numerous PAHs and sulphur and oxygen-containing 
compounds have been determined. However, in the work cited, particular aspects 
of the analytical problem of adsorbed organic compounds were considered and there 
has not been a systematic study of the evaluation of those parameters which are 
directly correlated with hazard problems such as the determination of total PAH or 
benzo[a]pyrene (BaP) concentrati9ns, the latter compound being the most important 
hydrocarbon with respect to carcinogenic activity. An exact evaluation of these 
parameters is desirable because it should be useful for the routine evaluation of 
hazards connected w ith carbon black. 

At present the methods available are not suitable for this purpose. The most 
frequently used method is ASTM Standard Test Method D 1618, in which the trans- 
mittance at 425 mn of toluene after contact with carbon black for 1 min at room 
temperature is measured. In a method proposed by the National Institute for Oc- 
cupational Safety and Health (NIOSH)6, extractable PAHs are determined gravi- 
metrically in the residue after solvent evaporation following room-temperature son- 
ification of a slurry of carbon black in cyclohexane. The extraction efficiency of 
cyclohexane with respect to BaP is very low. Cyclohexane preferentially desorbs non- 
aromatic components and only partially desorbs PAHs with less than four rings. 

In this paper we propose a method employing selective chromatographic tech- 
niques that provides information on PAHs adsorbed on carbon black, in particular 
the total PAH and BaP concentration, with consideration of results of our previous 
studies14-1g. 

EXPERIMENTAL 

Materials 
Carbon black. Samples were of the furnace combustion and thermal types. 

ASTM identification, type and surface area are reported in Table I. 
Solvents. Benzene (free from PAHs) was distilled before use. n-Hexane, di- 

chloromethane (analytical-reagent grade), tetrahydrofuran and acetonitrile (for 
HPLC) were used as received. 

Silica gel thin-layer chromatographic (TLC) plates. Plates of dimensions 20 
x 20 cm were obtained from Merck (Darmstadt, F.R.G.). 

Chromatography 
GC was carried out with a Dani (Monza, Italy) Model 6800 instrument 

equipped with a flame-ionization detector and an on-column injector. Separations 
were carried out on glass columns (70 cm x 0.3 cm I.D.) packed with N,N’-bis-(p- 
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TABLE I 

CARBON BLACKS STUDIED 

Carbon black 
(ASTM identification) 

Type Surface area 
(m21d 

N 220 ISAF 115 
N 326 HAF/LS 80 
N 347 HAF/HS 90 
N 550 FEF 42 
N660 GPF 36 
N990 MT 10 

butoxybenzylidene)-c,a’-bi-p-toluidine (BBBT) (Eastman Kodak, Rochester, NY, 
U.S.A.) on 140-170-mesh glass microbeads (Analabs, North Haven, CT, U.S.A.) 
pre-treated with sodium dodecylbenzensulphonate (NaDBS)14. Nitrogen was used 
as the carrier gas. 

HPLC analysis was performed using a Perkin-Elmer Series 2 instrument with 
a gradient Series LC-55 UV spectrophotometric and Series LS-5 spectrofluorimetric 
detectors. A reversed-phase system was used, consisting of a column (16 cm x 0.4 
cm I.D.) packed with a stationary phase consisting of 5 pm octadecylsilane (ODS) 
silica particles (Phase Separations, Queensferry, Clwyd, U.K.). The eluting solvent 
programme consisted of operating isocratically with acetonitrilewater (60:40) for 
the first 63 min and then programming to 80% acetonitrile at 0.7%/min. 

Method 
The extraction method is shown schematically in Fig. 1. A 50-g amount of 

carbon black was weighed into a thimble and extracted in a Soxhlet apparatus (about 
300 extractive cycles) with benzene free from PAHs; 400 ml of the solvent were used 
and evaporation losses were replaced periodically. The benzene containing the or- 
ganic fraction was concentrated to about 10 ml in a rotary evaporator, then evap- 
orated to dryness, in the dark, under nitrogen in a weighed container. The residue 
was placed in a desiccator and dried to constant weight. 

CARBON BLACK 

I 
EXTRACTION 

GRAVIMETRIC’ DETERMINATION 
OF TOTAL ORGANIC FRACTION 

SEPARATION OF PAH silica 0-s, 
FRACTION BY TLC n-hexane/benzena 

I 
(r:r) 

GRAVIMETRIC DETERMINATION 
OF PAH FRACTION 

I 
DETERMlNATlbN OF BaP 
BY GLC AND/OR HPLC 

Fig. 1. Outline of the method. 
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TABLE II 

DISTRIBUTION COEFFICIENTS OF A THREE-RING AND A FIVE-RING PAH IN CARBON 
BLACK-SOLVENT SYSTEMS 

500 pg of PAH were equilibrated with 1 g of carbon black N 326 in 5 ml of solvent. Distribution coefficient 
= @g PAH/g solvent)/bg PAH/g carbon black) = ppm(,,/ppm(.,. 

Solvent Phenan threne Benzo[a]pytene 

Toluene 1.75 1.83 . lo-’ 
Benzene 9.4 . 10-l 7.3 . 1o-3 
Methylene chloride 5.1 . lo-’ 7.5 lo+ 
Cyclohexane 1.7 . 10-Z 9.3 ( 1o-6 

Determination of total PAH and BaP concentration. The organic fraction was 
dissolved in the minimum possible volume of benzene and applied to a silica gel 
plate. The plate was developed in n-hexane-benzene (1:l) in the dark. After removal 
of the mobile phase the plate was irradiated for a few seconds with UV light (254 
nm). The PAH spot was marked, scraped off, powdered, eluted with about 5 ml of 
benzene and filtered through a glass frit. The filtrate was evaporated to dryness in 
the dark under nitrogen in a weighed container and the residue was dried in a des- 
iccator to constant weight. The dried residue was dissolved in tetrahydrofuran and 
the BaP was determined by GC and HPLC. 

ppmt I I 

Fig. 2. Plot of BaP concentration in carbon black (N 326) Lppm(,J versus BaP concentration in benzene 
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RESULTS AND DISCUSSION 

Extraction 
Benzene was selected for its extraction efficiency and for the negligible losses 

of the volatile organic fraction during evaporation. 
The distribution coefficients of phenanthrene and BaP between a carbon black 

(N 326), free from PAHs, and the solvents more frequently employed in this type of 
extraction were determined. Table II shows that the distribution coefficient relative 
to BaP in benzene is 0.4 times that in toluene, whereas it is about 10 times that in 
methylene chloride and 800 times that in cyclohexane. The percentage of BaP ad- 
sorbed increases on decreasing the initial amounts, as shown in Fig. 2, in which is 
plotted the concentration of BaP in carbon black [ppm(.J verse the concentration 
of BaP in benzene [ppma,]. For concentrations in carbon black above 100 ppm the 
distribution coefficient is virtually constant. 

The number of Soxhlet cycles required to extract the sample depend on these 
values. For the carbon blacks examined, which differ sufficiently in surface area and 
amount of PAH adsorbed, for nearly complete extraction about 300 extraction cycles 
are necessary in a Soxhlet apparatus in which the volume ratio of solvent to solid is 
about 3. The values reported in Table II and Fig. 2 were obtained by concentration 

solvent front 

00000 0 
00000 
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Fig. 3. Thin-layer chromatogram of the benzene extracts of carbon blacks on silica gel. Mobile phase: 
n-hexane-benzene (1: 1). 
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measurements by HPLC with spectrofluorimetric detection in the solvent equilibrated 
with carbon black. 

Determination of total PAH and BaP concentration 
Fig. 3 shows the TLC separation of the benzene extracts of the carbon blacks 

listed in Table I. Fraction A (RF = 0.5-0.6) is composed of PAHs. Fraction B (RF 
= O-0.2) contains strongly fluorescent heterocyclic compounds. The fraction com- 
posed of saturated aliphatic hydrocarbons (C14-CJs) (RF = 0.9-l) does not exceed 
more than 10% of the benzene extract. 

Figs. 4 and 5 show chromatograms of the PAH fraction of a carbon black (N 
550) obtained on a GLC column and on an HPLC column, respectively. For the 
determination of BaP (peak 7 in Fig. 4 and peak 4 in Fig. 5) GLC and HPLC gave 
virtually the same results. The BBBT column separated BaP completely from its 
C20H12 isomers (benzofluoranthenes, benzo[e]pyrene and perylene) and also in 
HPLC there was no interference from other hydrocarbons, as shown the Fig. 6, which 
shows the UV spectra for peak 4 in Fig. 5(B) and for a peak of pure BaP (99.8%) 

(A). 
The qualitative distribution of the PAH fraction is virtually constant for the 
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Fig. 4. Gas chromatogram of the PAH fraction of a carbon black (N 550). Glass column (70 X 0.3 cm 
I.D.) loaded with 0.05% (w/w) BBBT on glass microbeads (l&170 mesh) pre-treated with 0.025% (w/w) 
NaDBS. Column temperature: 210°C. Injector temperature: 230°C. carrier gas: nitrogen. Flow-rate: 10 
ml/min. Flame-ionization detector. Peaks: 1 = phenanthrene; 2 = fluoranthene; 3 = pyrene; 4 = ben- 
zo[ghi]fluoranthene; 5 = benzo[b]fluoranthene; 6 = benzo[k]fluoranthene and benzo[e]pyrene; 7 = ben- 
zo[a]pyrene; 8 = benzo[ghz]perylene and indeno[l,2,3+d]pyrene; 9 = dibenzopyrenes; 10 = coronene. 
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AUFS 

J&LJ I- AUFS 1 

4 

Fig. 5. HPLC trace of a PAH fraction (the same as in Fig. 4) on a reversed-phase column (16 X 0.4 cm 
I.D.) packed with 5 pm OD’S-silica gel. Solvent programme: acetonitrile-water (60:40) for 63 min then to 
80% acetonitrile at 0.7%/min. Flow-rate: 1 ml/min. Detector: UV spectrophotometer at 254 nm. Peaks: 
I = phenanthrene; 2 = fluoranthene; 3 = pyrene; 4 = benzo[n]pyrene; 5 = indeno[l,2,3-cdjpyrene; 6 
= benzokhflperylene; 7 = = coronene. 

I 
nm 400 350 300 250 200 

Fig. 6. UV absorption spectra of the BaP peak in Fig. 5(B) and of pure BaP (99.8%) (A). 
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TABLE III 

TOTAL BENZENE EXTRACT, PAH FRACTION AND BaP CONCENTRATIONS (mg/kg) IN CAR- 
BON BLACKS 

Carbon black Total benzene extract PAH fraction BaP 

N 220 172 36 0.04 
N 326 225 80 0.18 
N 347 343 120 0.50 
N 550 610 298 0.14 
N 660 620 359 6.10 
N 990 8020 2140 35.00 

TABLE IV 

TOTAL BENZENE EXTRACT, PAH FRACTION AND BaP, CONCENTRATIONS (mg/kg) IN DIF- 
FERENT BATCHES OF CARBON BLACK N 660 

Batch Total benzene extra& PAH fraction BaP 

1 396 250 4.1 
2 1062 736 1.2 
3 841 614 6.1 
4 583 377 9.7 
5 620 359 6.1 
6 416 200 1.5 

different types of carbon black in Table I. In contrast, considerable differences were 
found in the total amount and in the concentration of each PAH. Tables III and IV 
report the total organic fraction and BaP concentrations found in the carbon blacks 
in Table I and in six different batches of one of them (N 660), respectively. These 
tables show that the PAH fraction is not a constant percentage of the total organic 
fraction and that the BaP concentration varies widely in the different batches of the 
same carbon black type. 
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