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ABSTRACT 

Samples of surface soil from urban areas of Japan were analysed for polynuclear aromatic hydrocarbons (PAHs). Concentrations of 
benzo[a]pyrene were in the range 12-225 yg/kg. Profiles of polynuclear aromatic materials were obtained by glass capillary gas 
chromatography. The overall distribution of PAHs is similar to the distribution of PAHs in air particulate matter and combustion 
sources. Benzanthrone is found at concentrations ranging from 10 to 160 pg/kg. The presence of benzanthrone and other polynuclear 
aromatic ketones also indicates that polynuclear aromatic materials in surface soil have originated from combustion sources. A 
comparison with air particulate matter showed that the concentrations of PAHs in air particulate matter are about IOO-fold higher than 
in surface soil. Perylene seems to be more resistant to degradation in the soil environment than in air particulate matter. Subsurface 
layers of soil contained PAHs at concentrations below 2 pg/kg, which was the detection limit. 

INTRODUCTION 

Organic substances in soil can be translocated in- 
to plants. Therefore, knowledge of the presence of 
toxic or carcinogenic substances in soil is important 
[ 11. Polynuclear aromatic hydrocarbons (PAHs) 
have been found in soil and soil-related samples like 
sediments, and the occurrence of PAHs in soil- 
plant systems has been investigated extensively 

P-41 * 
Previous work has shown that PAHs released in- 

to the air with particulate matter from combustion 
sources occur together with polynuclear aromatic 
ketones (PAKs) and other derivatives of PAHs 
[5-g]. Since air particulate matter settles out and 
will be incorporated into the soil environment, po- 
lynuclear aromatic substances are transferred into 
surface soil by this process [9]. 

* Corresponding author. 

PAKs are more polar than PAHs and may be 
more rapidly dissipated by leaching and degrada- 
tion. PAHs, however, are lipophilic and almost in- 
soluble in water. They should be only slightly trans- 
located from surface layers of soil by leaching. In 
order to obtain data on the fate of PAHs and PAH- 
related compounds, samples of surface soil ob- 
tained from urban areas in Japan are investigated in 
this work. Polynuclear aromatic compounds were 
isolated by clean-up on XAD-2 [lo] in order to ob- 
tain unique information about PAKs occurring to- 
gether with PAHs. 

EXPERIMENTAL 

Chemicals 
n-Pentane was purchased from Nakarai (Kyoto, 

Japan). Ethanol and toluene were purchased from 
Wako (Osaka, Japan). All solvents were of chro- 
matographic grade and used as supplied. Polycyclic 
aromatic hydrocarbons, I-nitropyrene and benzan- 
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throne (7-H-benz[de]anthracene-7-one) were also 
purchased from Wako and used as supplied. 

Samples 
Sampling sites were chosen in park areas in 

downtown Nagoya, Tomakomai and Sapporo, and 
on a field near Nagoya Airport. One sample was 
taken from each site at a depth of O-3 cm. Further 
samples were taken from surface soil in a forest in- 
side Nagoya University campus. The soil was then 
separated from residues of vegetation (grass). Sam- 
ples were dried in a desiccator over silica gel at 
room temperature for 24 h, and transferred into 
glass fibre extraction thimbles. They were extracted 
by the Soxhlet method with a mixture of ethanol 
and toluene. Total carbon contents of the samples 
were determined after drying at 110°C using a Ya- 
naco MT-500 C-N-corder (Yanagimoto, Kyoto, Ja- 

pan). 

Isolation of polynuclear aromatic compounds 
Extracts were concentrated to 0.5 ml and sub- 

jected to clean-up on XAD-2. Sample extracts were 
transferred to the top of a column of XAD-2 (50- 
100 pm particle size, Serva Feinbiochemica, Heidel- 
berg, Germany). The column had an internal diam- 
eter of 1.4 cm, and the height of the resin packing 
‘was 9 cm. The packing of the column was done with 
a slurry of XAD-2 in ethanol. Stepwise elution was 
carried out with ethanol, n-pentane and toluene. 
Polycyclic compounds were eluted with the toluene 
fraction, which was concentrated to 0.5 ml under 

vacuum (water aspirator) using a rotary evapora- 
tor. The concentrated extracts were directly subject- 
ed to capillary GC. Details of the analytical proce- 
dure are published elsewhere [11,12]. 

Gas chromatography 
A Hitachi 263-50 gas chromatograph equipped 

with a flame ionization detector and adapted for 
capillary columns was used. Nitrogen was used as a 
carrier gas. The injection port was maintained at a 
temperature of 260°C and the detector temperature 
was 300°C. A temperature programme from 110 to 
260°C was chosen throughout the work, and the 
heating rate was S”C/min. A fused-silica capillary 
column coated with SE-54 (25 m x 0.3 mm I.D., 
Gaskuro Kogyo, Tokyo, Japan) was used for all 
determinations by GC. The injection port was 

glass-lined and allowed split or splitless injections. 
All injections were done in the splitless mode. 

RESULTS AND DISCUSSION 

Polynuclear aromatic compounds were isolated 
by clean-up on XAD-2. This method allows a selec- 
tive isolation of PAHs, PAKs and nitro- and other 
derivatives of PAHs [13]. Further determination of 
polynuclear aromatic compounds was carried out 
by capillary GC, and profiles of polynuclear aro- 
matic compounds were obtained. One of these pro- 
files from the surface soils is displayed in Fig. 1. 

PAHs and PAKs were not detected in the sub- 
surface layers of soil in urban areas. These data, 
however, do not prove that polar metabolites of 
PAHs cannot be translocated to deeper soil layers, 
which remains to be investigated in the future. 
PAHs and PAKs were also not detectable at con- 
centrations above 2 pg/kg in surface soil from a for- 
est in the Nagoya University campus grounds. 

The qualitative compositions of polynuclear aro- 
matic materials in the four soils analysed are simi- 
lar. Several PAHs and benzanthrone are present in 
higher concentrations and are visible as major 
peaks in the gas chromatograms. There also are a 
large number of minor peaks present. 

The patterns of polynuclear aromatic com- 
pounds found in the samples resemble the pattern 
of polynuclear aromatic compounds in air partic- 
ulate matter. In the soils from downtown Nagoya 
and Sapporo, benzo[a]pyrene is present in a smaller 
amount than benzo[e]pyrene. This fact indicates a 
more rapid decomposition of benzo[a]pyrene than 
benzo[e]pyrene as both isomers are released in a ra- 
tio of 1: 1 from most combustion sources. A ratio of 
benzo[a]pyrene and benzo[e]pyrene close to 1: 1 is 
encountered in the soil sample from Nagoya Air- 
port, and this ratio is also found in aircraft turbine 
particulate emissions [ 141. 

Another remarkable result is the presence of 
benzanthrone among polynuclear aromatic com- 
pounds in all four surface soil samples. This indi- 
cates an origin of polynuclear aromatic compounds 
from combustion processes, where benzanthrone 
always accompanies PAHs. 

Table I lists the absolute concentrations of some 
PAHs found in the four samples of surface soil in- 
vestigated. Concentrations of PAHs in the sample 
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Fig. 1. Gas chromatogram of polynuclear aromatic substances found in surface soil from Nagoya Airport. GC conditions: stationary 
phase, SE-54; carrier gas, nitrogen; temperature programme, 1 IO-260°C S’C/min; column, fused silica, 25 m x 0.3 mm I.D.; stationary 
film thickness, 0.2 ,um. Peaks: 1 = phenanthrene; 3 = fluorantbene; 4 = pyrene; 5 = ~~[u]anthm~ne; 6 = chrysene; 7, 8 = 
benzofluoranthenes; 9 = benzo[e]pyrene; 10 = benzo[a]pyrene; 11 = perylene; 32 = benzanthrone. 

TABLE I 

CONTENT OF SOME POLYCYCLIC AROMATIC COMPOUNDS IN SURFACE SOIL 

Numbers in italics are relative amounts based on benzo[e]pyrene = 1. 

Substance Content (ng/kg) 

Air particulate Nagoya Nagoya Sapporo Tomakomai 
matter centre Airport centre industry 

Fluoranthene 7800 38 128 160 37s 
4.9 2.1 0.58 1 2.3 

Pyrene 54000 31 118 160 570 
3.4 1.7 0.5 1 3.5 

Benz[a]anthracene 1500 99 160 203 
0.93 118 0.45 1 1.2 

Cbrysene 7400 6.5 225 320 345 
4.6 I 2 2.1 

Benzofluoranthenes 27000 70 278 440 329 
1.7 0.25 1.3 2.8 2 

Benzo[e]pyrene 16000 18 220 160 165 
1 1 I I 1 

Benzo[a]pyrene” 7000 12 225 100 120 
0.43 0.7 1 0.63 0.73 

Perylene 500 <2 34 20 38 
0.03 0.15 0.13 0.23 

Benzanthrone 2000 10 60 160 4s 
0.13 0.55 0.27 1 0.27 

4 Benzo[a]pyrene is co-eluted with 6-H-benzo[cdJpyrene-6-one on SE-54, and quantitative values are tbe sum of both compounds. 
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from downtown Nagoya are as low as 10% of the 
concentrations found in the other three samples. 
The range of concentrations encountered was IO- 
500 pg/kg. This is 100 times lower than concentra- 
tions of PAHs in air particulate matter. This reduc- 
tion in the concentrations of PAHs in surface soil 
compared with air particulate matter indicates that 
PAHs are not accumulated, but degraded in surface 
soil. 

The concentrations of PAHs in air particulate 
matter were obtained by high-volume sampling and 
extraction of precipitated matter with toluene and 
clean-up on XAD-2 [IS]. The quoted concentra- 
tions are average values encountered in urban air 
particulate matter, and individual values can be 10 
times higher or lower [7,16,17]. 

Degradation of PAHs is also indicated if an ex- 
cess of benzo[e]pyrene over benzo[u]pyrene is found 
in PAH profiles. While these isomeric benzopyrenes 
are released from most combustion sources in ratios 
close to 1: 1, benzo[a]pyrene is less stable and dis- 
appears more rapidly in an environment where deg- 
radation of PAHs can take place. Perylene occurs in 
rather low concentrations in air particulate matter 
compared with benzo[e]pyrene, whereas in soil the 
ratio of perylene to benzo[e]pyrene is higher. This 
may indicate that perylene is more resistant to deg- 
radation in the soil environment than in air partic- 
ulate matter. There was also a large number of mi- 
nor polynuclear aromatic compounds present, 
many of which where not resolved as single compo- 
nents by capillary GC. Such components are prob- 
ably isomeric or otherwise structurally related de- 
rivatives formed during primary degradation of 
PAHs in soil. Primary derivatization of PAHs can 
be the well known epoxide/diol formation [18]. An- 
other interesting finding is the presence of PAKs 
among PAHs in the samples investigated. Their 
half-lives in soil are therefore similar to those of 
PAHs. 

The concentrations of PAHs found in samples 
investigated here are of the same order of magni- 
tude as concentrations of PAHs found in other 
samples of surface soil from Japan [ 191 or Norway 
[20]. Much higher concentrations of PAHs are 
found in surface soil from waste disposal sites [21] 
or railway ditches [22]. The concentrations of PAHs 
directly near a road with heavy automobile traffic in 
Great Britain were 10 times higher than the concen- 

TABLE II 

RELATIVE RETENTION (a) OF IDENTIFIED COM- 
POUNDS BASED ON BENZO[e]PYRENE 

Substance c( 

Penanthrene 0.432 
Fluoranthene 0.569 
Pyrene 0.623 
Benz[a]anthracene 0.800 
Chrysene 0.804 
Benzofluoranthenes 0.957 
Benzo[e]pyrene 1.000 
Benzo[a]pyrene 1.011 
Perylene 1.025 
Betuanthrone 0.821 

trations of PAHs reported here [23,24]. It should 
also be pointed out that present-day concentrations 
of PAHs are the result of a higher intake of PAHs 
by precipitation of air particulate matter, and over- 
all concentrations of PAHs in surface soil are higher 
nowadays than they were 100 years ago [25-271. 

The concentrations of PAHs are affected by the 
sampling depth, since concentrations in deeper lay- 
ers of soil will be much lower. However, some accu- 
mulation of PAHs in deeper soil layers under excep- 
tional circumstances has been reported [28]. The ra- 
tio of benzo[u]pyrene to benzo[e]pyrene in air par- 
ticulate matter is often less than 1, since during at- 
mospheric exposure benzo[u]pyrene is degraded 
more rapidly than benzo[e]pyrene. The concentra- 
tions of benzo[a]pyrene were also lower than con- 
centrations of benzo[e]pyrene in all samples of sur- 
face soil investigated here. 

Table II lists relative retention times of some 
compounds based on benzo[e]pyrene, which had a 
retention time of 33.5 min. 

CONCLUSION 

The profiles of PAHs in surface soil from urban 
areas in Japan show a distribution of polynuclear 
aromatic compounds similar to air particulate mat- 
ter. PAKs are also present, which indicates that 
half-lives of such compounds in surface soil are sim- 
ilar to those of PAHs. Perylene seems to be more 
resistant to a degradation in the soil environment 
than in air particulate matter. 
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