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ABSTRACT 

Topsoil samples taken from different areas of a disused experimental coking plant were 

analysed in order to determine their polycyclic aromatic hydrocarbon (PAH) 

concentration. The variation in concentrations as a function of distance from the coking 

oven battery was studied and a reduction in PAH concentration as the distance to the 

coking ovens battery increases was observed. Two exceptions are the area in the vicinity 

of the tar distillation section of the plant, with a strong contribution from high 

temperature tar, and the area where hot coke was taken out of the ovens, with lower 

concentrations than expected, as a consequence of the significant presence of coke in 

the soil. Isomer ratios were calculated, indicating that coal is the source of the PAHs in 

the soil, but also suggesting an influence of transportation fuels. A comparison of the A 

horizon samples evidences PAH leaching. 
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1. Introduction 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental contaminants, 

which exhibit varying degrees of mutagenic and carcinogenic activity [1]. These 

compounds may originate from natural sources, such as the non-anthropogenic burning 

of biomass, the high temperature pyrolysis of organic matter, the diagenesis of 

sedimentary organic material or the biosynthesis by microbes and plants [1]. Although 

these terrestrial sources may lead to the concentration of PAHs in the atmosphere, this is 

insignificant when compared to PAH emissions from human activity. Among the 

anthropogenic sources, the domestic and industrial uses of fossil fuels, including 

transportation and coke fabrication, represent a major contribution to global emissions. 

From these sources, PAHs are first emitted into the atmosphere and, then, by dry and 

wet deposition they reach the soil surface (O horizon). 

During cokemaking, significant continuous and fugitive emissions occur in all the 

operations involved (coal handling, charging, carbonisation, coke pushing, coke 

quenching, coke handling, battery underfiring, gas cleaning and by-product plant 

operations) [2-3], and they represent the main source of soil contamination in the 

vicinity of coking plants [4]. Also, PAHs can be significantly introduced in soils as 

components of the coal tars that can eventually be spilled during coking operations. 

Hence, the monitoring of the contamination levels in the soils of old coking batteries 

and their surrounding areas is a mandatory procedure for the remediation of these areas 

for subsequent human use. However, a complete analysis of PAH emissions in coal 

conversion processes is too complex to be realised by routine monitoring. For this 

reason, several selected PAHs are normally analysed as representative compounds. 

Based on the US EPA (United States Environmental Protection Agency) and Norwegian 

environmental legislation, 18 PAHs can be considered as priority contaminants [5-6]: 
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naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, 

fluoranthene, pyrene, benzo[a]fluorene, benzo[b]fluorene, benzo[a]anthracene, 

chrysene, benzo[b]fluoranthene, benzo[e]pyrene, benzo[a]pyrene, indeno[1,2,3-

c,d]pyrene, dibenzo[a,h]anthracene and benzo[g,h,i]perylene. 

In the European Union, though several directives have been formulated to protect the 

environment, only a few of them are directed towards the protection of soil [7]. The 

extent of anthropogenic pollution can be assessed by means of limit values, which are 

often fixed by law. PAHs are included in the hazardous air pollutant lists of many 

countries, but until now, no binding restrictions have been considered. An agreement 

between the countries of Europe was not reached until 2005, when Directive 

2004/107/EC was published, in relation to the presence of carcinogens in ambient air, 

including PAHs [8]. This Directive identifies some PAHs as human genotoxic 

carcinogens and identifies benzo[a]pyrene as a reference for the carcinogenic risk of 

PAHs in the atmosphere. It provides a target value of 1 ng m-3 for the concentration of 

benzo[a]pyrene in the PM10 fraction averaged over a calendar year, not to be exceeded 

after 31 December 2012. Lower and upper assessment thresholds have also been 

established (0.4 and 0.6 ng m-3), which require, respectively, the use of modelling 

techniques and measurements to assess the quality of the ambient air. However, no such 

values are provided for the concentration of PAHs in soils. 

In Europe, there is as yet no common policy on contaminated sites, although data are 

available on polluted sites in most European countries [9]. The establishment of 

common measures will have to take into account national differences and will depend 

on voluntary commitments. With respect to the contamination of soils by PAHs, Dutch 

guidelines are commonly taken as a reference, and are based on hazardous 

concentrations or intervention values, maximum permissible concentrations or limit 
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values and negligible concentrations or target values [10-12]. On the other hand, 

Maliszewska-Kordybach [13] established the following classification of soil 

contamination by PAHs based on the total concentration of 16 PAH considered as 

priority pollutants by the US EPA: <200 μg kg-1, uncontaminated; 200-600 μg kg-1, 

weakly contaminated; 600-1000 μg kg-1, contaminated; >1000 μg kg-1, heavily 

contaminated. In 2002, a European Commission report [14] introduced the basis and 

guidelines for maintaining and improving soil quality. Some years later, soil 

contamination was recognised by the European Soil strategy [15] as one of the main 

threats to soil quality. During recent years, several studies to establish baseline values 

for PAHs in soils have been carried out [9, 16-17], and the evaluation of PAH 

contamination of soil by human activity is now mandatory for effective site remediation 

[18-20]. 

Taking into account the above described, the objective of this work is to evaluate the 

concentration of 18 priority PAHs contaminants on the soil surrounding of a semi-

industrial coking plant used exclusively for research purposes, in an area free of other 

sources of industrial contamination. 

This work follows a previous one [21] that was focused on particulate organic carbon 

distribution and metal concentration on the same area. The results will permit an 

evaluation of the impact of 30 years of coking activities on the O and A soil horizons. 

This is particularly relevant when the soil is considered for other uses. 

 

2. Materials and methods 

2.1. Soil samples 
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The contaminated industrial area chosen for this study was an experimental coking test 

plant (Fig. 1). This plant was in operation for 30 years. Before the construction of the 

plant the area chosen for its location had been a rural area totally free from other sources 

of industrial pollution. The coking plant was equipped with six ovens of different 

widths, which carbonised around 30 tonnes of blended coals per day. The installation 

also incorporated a coal blending station, coal hoppers, a charging car, a pushing 

system, a coke quenching tower, a coke classification plant, a coke fines pond, a tar 

distillation plant for the separation of various tar fractions, a gasometer and a gas 

chimney. The total area covered by the coking plant activities amounted to around 9,000 

m2. 

Soil samples were taken just after the closure of the coking plant and the location of the 

sampling points is shown on the schematic map in Fig. 1. Based on the different 

activities carried out in the coking plant, nine zones were selected as being of special 

interest. These zones include: BLEND, next to the coal blending plant; CBELT, the area 

under the coal conveyor belt, between the coal blending and the coal preheating plants; 

PHEAT, next to and around the coal preheating plant; PUSH, next to the coke pushing 

car; INTER5, located between the BLEND and PUSH areas; QUENCH, the coke 

quenching area close to the coke oven battery; TDIST, the area between the tar 

distillation plant and the gasometer; GAS, on the opposite side of the gasometer, 

EXTERNAL and FAR, the areas farthest away from the coke oven battery which are 

used as reference samples.  

In each area, several points were sampled (Fig. 1), and, at every sampling point, two 

different types of samples were collected; one from the O horizon (surface layer, usually 

with a depth of 2 inches, dominated by the presence of large amounts of organic 

material in varying stages of decomposition) and another from the A horizon (top layer 

of the soil horizons, usually with a depth of 10 inches, and consisting of mineral soil 

with organic matter accumulation and soil life). Before sampling, the vegetation in the 

area was removed by hand. The surface samples were taken with a spatula. The sub-

surface undisturbed samples were taken using an Eikelkamp sampler, to meet the NEN 

5743 (1995) standard for sampling soils and sediments containing volatile components. 
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This device consists of a core sampler with sampling cylinders 5 cm in diameter and 30 

cm in height, and is fitted with liner tubes and soil sample containers. Every full 

cylinder was cut into 6 slices, 5 cm in height, for analysis. After collection, the soil 

samples were refrigerated (4 ºC) under argon in glass bottles and covered with plastic 

caps (surface samples) or in sealed PVC containers (deep samples). Before being 

subjected to physico-chemical analysis, the surface samples were dried at 40 ºC. In 

order to obtain samples of a suitable size for analysis, the classical method of coning-

and-quartering was used. For the determination of trace elements, any fraction over 2 

mm was rejected and any fraction less than 2 mm was divided again using a 50 μm 

sieve. The rejected material was ground to < 50 μm. Both fractions, > 50 and < 50μm, 

were analysed in this study. 

Samples were denoted first with the name of the sampled area, followed by the number 

of the sampling point (BLEND1, PUSH3, etc.). 

 

2.2. Analytical methods for PAHs 

The soil samples were stored at -8 °C until the analysis of PAHs. After division with a 

riffle, a representative sample of 1 g of the soil was Soxhlet-extracted with 

dichloromethane in glass thimbles for 24 h, according to the US EPA 3540 Method. The 

dichloromethane extract was concentrated in a Kuderna-Danish device, changing the 

solvent to toluene. The concentrated 2 mL solution was analysed by gas 

chromatography without any previous clean up, following the US EPA 8100 and 610 

Methods.  

Immediately before the chromatographic analysis 10 μL of a solution of three internal 

standards (acenaphthene-d10, 6368 μg mL-1; 2-ethylanthracene, 6076 μg mL-1; 

perylene-d12, 105 μg mL-1) was added to the samples. An Agilent 6890 chromatograph 

was used for the analysis, in the following conditions: 
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• Column: HAP-5, (5%-Phenyl)-methylpolysiloxane, 30 m x 0.320 mm x 0.25 μm 

of phase width. 

• Injection: splitless, 300 ºC, 1 μL of sample. 

• Carrier gas: helium, 1.5 mL min-1. 

• Oven temperature: 80 ºC (0.5 min); 10 ºC min-1 up to 120 ºC (3 min); 6 ºC min-1 

up to 300 ºC (15 min). 

• Detector: FID, 320 ºC. 

• Calibration: linear curves, including the origin. 

The control of the quality of the analysis was assured by performing duplicate analyses 

in all samples and by using reagent blanks and a certified reference soil sample 

(LGC6138, soil sample from a contaminated carbonisation site). The total standard 

deviation (SDTotal) was evaluated by analysing eleven replicate samples of the reference 

material, and the standard deviation of instrumental analysis (SDInstr) by analysing one 

extract sample eleven times. The tandard deviation of sample preparation (SDSP) was 

calculated by equation (1). The results are listed in Table 1. The relative standard 

deviation was better than 5% for all the compounds. 

 

(SDTotal)2 = (SDSP)2 + (SDInstr)2 (1) 

 

3. Results and discussion 

3.1. PAHs concentration in the O horizon samples 
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Table 2 shows the concentrations of the selected 18 PAHs, in the O horizon soil 

samples. Although the concentrations are significantly lower than those observed in 

industrial coking plants [18], the differences found between the various sites of the 

plant, could bear similarities to actual industrial cases.  

Two spots in the coking plant can be regarded as the main PAH emission sources: the 

battery of coking ovens and the tar distillation plant. In the areas near these two points 

(PUSH, BLEND, QUENCH, PHEAT and TDIST) the total concentrations of PAHs 

tested are higher than 100 mg kg-1 (Table 2). It can be observed that the samples in the 

TDIST area have an excessively high PAH concentration, if only the distance from the 

coking battery is taken into account. Undoubtedly, this is due to the significant 

contribution from the tar distillation plant. Hence, samples in this area must be 

considered separately. Fig. 2 displays the variation in the total concentration of the 18 

PAHs with the distance from the coke oven battery for the samples in the other zones. 

Most of the points show a decreasing trend with increasing distance. The main 

exceptions are the samples in the QUENCH area, which should display higher values to 

match the trend. 

The examination of the gas chromatograms of the O horizon sample extracts (Fig. 3) 

reveals different profiles depending on the sampled area. Samples from the TDIST site, 

next to the distillation plant, give rise to chromatographic profiles typical of high 

temperature carbonisation tars (Fig. 3a), with mainly the parent un-substituted PAHs 

displaying the most intense peaks. 

Complex gas chromatograms also come from the samples taken from the PUSH area 

(Fig. 3b). The parent PAHs give rise to very intense peaks, but numerous other peaks 

can be observed. This area proved to be one of the most contaminated with coal [21], 

probably originating from the coking battery and the coal blending plant. 
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Similarly, samples from the BLEND and PHEAT areas contain abundant compounds 

other than the parent PAHs (Figs. 2c and 2d). However, the CBELT samples contain 

only small amounts of coal material [21] and, in spite of being relatively near the coking 

ovens, possess low concentrations of PAHs (Table 2). Nevertheless, the amount of 

compounds different from the parent PAHs is still quite significant (Fig. 3e). The GC 

profiles of the samples taken from these three areas, can be considered as representative 

of the PAH emissions from this particular semi-industrial coking plant. 

The QUENCH area is located in front of the battery oven doors, and is thus accessible 

not only to vapour phase PAH emissions but also to particulate coke deposition. In fact, 

the soil samples in this area consist of almost 50% of coke material and the presence of 

coal is low [22]. There is a significant amount of non-chromatographiable material 

present in the samples from this area, reflected by the large unresolved complex mixture 

of compounds (or GC 'hump') observed in the GC profile (Fig. 3f). Finally, the samples 

in the GAS and FAR areas possess the lowest PAH concentrations (Table 2) and 

produce very simple chromatograms with a few unidentified intense peaks, the parent 

PAHs showing very small concentrations (Figs. 2g ,h). 

The soil of the QUENCH area is the only one with significant concentrations of coke, 

and should be considered together with TDIST as the two most special soils of the 

coking plant. In the other areas, the dominant PAH contamination comes only from the 

coking battery and decreases with distance, as can be observed in Fig. 2, if one does not 

take into account QUENCH samples. The PAH content in the soil O horizon shows the 

lowest values beyond 30 m from the coking battery. 

According to the limits proposed by Maliszewska-Kordybach [13] for the concentration 

of the 16 PAHs considered by the US EPA as priority contaminants, all the areas of the 

coking plant studied (Table 2) can be considered as highly contaminated (>600 μg kg-1). 
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The situation may vary if other references are used as guidelines. For example, it is 

usual for the Dutch guidelines to be taken as a reference in Europe for soil 

contamination. They consider 10 PAHs as priority pollutants: naphthalene, anthracene, 

phenanthrene, fluoranthene, benzo[a]anthracene, chrysene, benzo[a]pyrene, 

benzo[g,h,i]perylene, benzo[k]fluoranthene and indeno[1,2,3-c,d]pyrene, 40 mg kg-1 

being regarded as the intervention value or value of hazardous concentration for the 

addition of these 10 compounds [12]. In the coking plant of this study and in accordance 

with the results reported so far, most of the samples display values well above this 

intervention value (Table 3), and even those taken far away from the coking ovens 

(GAS and FAR areas) with values of around 10 mg kg-1 could be considered as being in 

areas that require remediation measures. 

Several PAHs have been identified human carcinogens. However they do not share the 

same carcinogenic potency, which is closely related to their molecular structure. 

Benzo[a]pyrene and dibenz[a,h]anthracene are two of the most dangerous. One 

approach for estimating the carcinogenic potency associated with the exposure to a 

given PAH compound can be obtained by calculating its benzo[a]pyrene equivalent 

concentration (BaPeq) using equation (2). 

 

BaPeq = C × TEF (2) 

 

where C is the concentration of a specific PAH and TEF is its toxic equivalent factor, 

relative to benzo[a]pyrene carcinogenic potency (Table 2) [23]. The trends observed are 

similar to those followed by the total concentration of the 18 PAHs considered. 
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Relative abundances of specific parent PAHs may be indicative of the source of 

contamination or of biodegradation after deposition [24]. More specifically, relative 

abundances or isomer ratios have been proposed as useful indicators of the origin of the 

PAHs found in environmental samples [19, 25], because isomer pairs behave similarly 

when they are mixed with natural particulate matter and distributed in other phases. 

Benzo[a]anthracene/chrysene (BaA/chrysene), indeno[1,2,3-

c,d]pyrene/benzo[g,h,i]perylene (IP/BghiP) and benzo[a]pyrene/benzo[e]pyrene 

(BaP/BeP) are some of the pairs considered in this regard. The concentrations for each 

pair of isomers are plotted in Figs. 3a-3c, fitting the points with a straight line from the 

origin. Good correlations have been found, so that the slopes of the lines can be 

considered as the average of the isomer ratios. The values for IP/BghiP and BaP/BeP, 

0.96 and 1.27, respectively (Figs. 3a and 3b), can be regarded as close enough to the 

typical values (1.09 and 1.48, respectively [19] assigned to the PAHs derived from coal 

carbonisation or combustion. 

In contrast, the slope for BaA/chrysene, 0.78 (Fig. 4c), resembles those typically found 

for PAHs derived from biomass sources (0.79) [19] However, the values of the other 

isomer ratios and the low probability of biomass combustion operations having taken 

place near the area of interest lead one to discard them as a source for the PAHs in these 

soil samples. However, the constant traffic along the roads surrounding the plant might 

have an influence on these ratios. Thus, the combination of automobile fuel combustion 

(BaA/chrysene ratio, 0.53) [19] and coal related sources (1.11) [19], which are the most 

probable PAH sources in the area, could produce an intermediate value for this ratio, 

which could be mistaken with the typical of a biomass combustion source. 

 

3.2. PAHs along the A horizon profile  
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A sampling point was selected in some of the areas of the plant in order to analyse 

different samples along the A horizon. Three different depths were considered: 0-5 cm, 

10-15 cm and 25-30 cm. The samples were evaluated in order to ascertain whether 

PAHs could leach. 

The results obtained for the analyses of these samples are shown in Figs. 4 and 5, which 

also include the concentrations of the corresponding O horizon samples. Some of these 

sub-samples are contaminated with tar and pitch, the latter probably proceeding from 

coking tests performed on several occasions using coal-pitch blends. However, in 

general, higher concentrations are observed for the higher-sized PAHs, as a 

consequence of the volatilisation of the lighter ones. 

The PUSH area was one of the most complexes in terms of PAH contamination judging 

from the gas chromatograms of the O horizon samples (Fig. 3b). The first A horizon 

sample (0-5 cm depth) gives rise to a very similar chromatographic profile, with the 

parent PAHs displaying very similar concentrations (Fig. 5a). In deeper samples (10-15 

and 25-30 cm depth), the situation is very different and only some of the parent PAHs 

are visible in very low concentrations. 

In the case of the BLEND area, significant concentrations of the 18 PAHs are still 

observed at a depth of 10-15 cm. In fact, the concentrations of the higher molecular 

weight PAHs in this fraction are very similar to those observed in the 0-5 cm fraction, 

although, in both cases, a reduction of around 50% was found compared to the O 

horizon sample (Fig. 5b). PAH derivatives are also detected in the gas chromatogram. 

The 25-30 cm fraction displays very low concentrations. 

Something similar can be observed for CBELT4, although, in this case, the second A 

horizon sample (10-15 cm) shows very low PAH concentrations, which are sometimes 
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similar to or lower than those of the third sample (Fig. 5c). The chromatograms also 

become simpler for the two deepest samples. 

The concentrations of the 18 PAHs in the O horizon sample are comparable to those of 

the first two A horizon samples (0-5 and 10-15 cm depth) at the sampling point 

QUENCH3 (Fig. 6a). This area of the coking plant has been identified as the one with 

the largest quantity of spilled coke in the O horizon soil samples, and it seems that over 

the years when the plant was operating, the amount of insoluble coke grew to the 

mentioned depth. As a consequence, the PAH concentrations remained low and similar 

from the O horizon down to a depth of 15 cm. 

This is not the case for the samples in the TDIST area. The residual tar which 

presumably spilled in this area next to the tar distillation plant does not seem to leach, 

and so the variation in the concentrations of the 18 parent PAHs with depth (Fig. 6b) 

resembles the situation already observed for PUSH and CBELT (Figs. 4a and 4c) areas, 

with relatively significant values in the first A horizon sample, but very low ones in the 

two deepest samples. 

The low concentrations of PAHs observed in the O horizon samples of the FAR area are 

considerably reduced in the first A horizon sample in most of the cases (FAR2 sampling 

point in Fig. 6c), subsequently decreasing with depth. 

 

4. Conclusions 

The soil O horizon in most of the areas of the experimental coking plant under study 

displays a reduction in PAH concentration as the distance to the coking ovens battery 

increases. There are two exceptions: (i) the TDIST area, in the vicinity of the tar 

distillation section of the plant, which displays higher PAH concentrations with a profile 
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typical of high temperature tar, and (ii) the QUENCH area, where hot coke was taken 

out of the ovens. Here the concentrations are lower than expected, as a consequence of 

the significant presence of coke in the soil. 

In most of the plant areas, PAH concentrations are well above the intervention values 

specified in the Dutch guidelines. Even the areas located far away from the coking 

ovens (GAS and FAR areas) could be considered as requiring remediation action. 

The isomer ratios indicate that coal is the source of the PAHs in the soils, and suggest 

an influence of transportation fuels. 

Evidence for the leaching of the PAHs is provided by the significant concentrations of 

PAHs in samples taken from a depth of 15 cm depth in most of the areas. The large 

amounts of insoluble coke that had accumulated during the operative life of the plant in 

the QUENCH area may be the reason for the similar or lower concentrations of PAHs 

found from the O horizon to a depth of 15 cm in this area. 
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Table 1 
Precision and accuracy obtained for the PAH analysis of reference soil sample. 
 

Compound 
⎯X (mg 

kg-1) 
SDTotal 

(mg kg-1)
SDInstr 

(mg kg-1)
SDSP (mg 

kg-1) 
%RSD 

(mg kg-1) 
Naphthalene 35.9 3.71 0.77 3.63 2.1 
Acenaphthene 41.3 0.43 0.40 0.16 1.0 
Fluorene 170 3.66 1.56 3.31 0.9 
Phenanthrene 1028 12.59 7.77 9.91 0.8 
Anthracene 141 2.67 2.39 1.19 1.7 
Fluoranthene 476 6.28 3.15 5.44 0.7 
Pyrene 515 6.89 5.51 4.13 1.1 
Benz[a]anthracene 139 8.87 5.64 6.84 4.1 
Chrysene 169 5.99 3.06 5.15 1.8 
Benzo[a]pyrene 134 1.87 1.62 0.94 1.2 
Indeno[1,2,3-c,d]pyrene 113 4.57 1.80 4.20 1.6 
Benzo[g,h,i]perylene 127 3.47 1.39 3.18 1.1 
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Table 2 
Concentration of individual PAHs and BaPeq (both in mg kg-1 dry soil) in some O horizon samples and TEF values of the PAHs [23]. 
 
 Sample PUSH1 PUSH2 BLEND2 BLEND3 CBELT3 CBELT4 PHEAT1 PHEAT2 PHEAT3 TDIST1 TDIST2 
 Distance (m)a 22 16 23 26 27 32 25 16 20 28 41 
1 Naphthalene 14.50 21.90 8.04 11.10 5.58 1.26 11.20 11.80 16.60 14.60 4.40 
2 Acenaphthylene 0.00 3.99 1.21 0.95 0.00 0.56 1.36 4.41 2.73 11.40 2.85 
3 Acenaphthene 5.30 4.45 2.48 3.43 1.33 1.22 3.03 1.74 3.73 1.76 0.59 
4 Fluorene 3.03 4.26 1.49 1.46 0.77 0.61 1.60 2.73 3.46 4.79 1.23 
5 Phenanthrene 14.50 41.80 10.10 11.70 4.94 5.57 15.00 36.30 32.90 45.80 13.40 
6 Anthracene 3.33 11.30 3.24 2.41 1.15 1.37 3.03 8.71 8.52 16.40 4.21 
7 Fluoranthene 13.70 50.30 11.60 10.50 3.98 5.51 17.50 54.10 46.90 99.70 28.00 
8 Pyrene 9.72 38.40 10.10 8.28 3.07 4.48 13.70 39.20 34.10 69.80 19.20 
9 Benzo[a]fluorene 6.59 13.20 6.90 3.56 1.41 1.80 4.99 11.80 13.90 18.80 6.01 
10 Benzo[b]fluorene 1.72 7.59 3.91 1.49 0.55 0.62 2.36 7.74 3.75 8.90 4.07 
11 Benzo[a]anthracene 11.30 40.10 12.70 10.10 3.42 8.31 14.50 32.20 38.60 49.90 14.40 
12 Chrysene 15.20 51.00 16.30 13.20 4.35 8.83 19.50 39.80 50.40 65.00 17.20 
13 Benzo[b]fluoranthene 14.50 46.10 14.30 11.80 4.29 6.73 17.00 35.70 58.70 75.20 15.90 
14 Benzo[e]pyrene 11.60 38.30 12.90 8.83 3.66 5.20 13.80 25.60 48.10 41.00 9.83 
15 Benzo[a]pyrene 14.00 44.50 16.90 12.40 4.33 6.70 16.60 36.40 53.60 63.30 17.70 
16 Indeno[1,2,3-c,d]pyrene 10.40 41.00 16.50 10.60 2.72 5.73 14.60 30.30 42.20 55.30 14.00 
17 Dibenzo[a,h]anthracene 4.85 22.00 12.40 5.76 1.73 3.69 7.61 11.20 16.40 15.60 6.52 
18 Benzo[g,h,i]perylene 11.40 38.00 17.10 8.97 3.21 5.47 13.40 30.10 48.70 6.09 11.00 
 Total PAHs 165.00 518.00 178.00 136.00 50.49 73.70 190.00 419.00 523.00 663.00 190.00 
 BaPeq 22.95 80.77 34.19 21.79 7.25 12.69 29.38 58.61 85.65 98.47 29.14 
aApproximate distance from the coking batery. 
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Table 2 (Cont.) 
Concentration of individual PAHs and BaPeq ( both in mg kg-1 dry soil) in some O horizon samples and TEF values of the PAHs [23]. 
 
 Sample QUENCH1 QUENCH2 QUENCH3 QUENCH4 GAS1 FAR1 FAR2 FAR3 FAR4  
 Distance (m)a 5 9 10 12 59 49 63 66 75 TEF 
1 Naphthalene 15.40 14.50 13.20 9.14 0.20 1.15 0.73 1.13 0.73 0.001 
2 Acenaphthylene 1.28 0.96 0.72 0.78 0.18 0.00 0.00 0.00 0.00 0.001 
3 Acenaphthene 2.17 2.06 2.95 3.32 0.25 0.41 0.34 0.16 0.33 0.001 
4 Fluorene 1.30 1.08 1.27 1.58 0.13 0.19 0.17 0.33 0.27 0.001 
5 Phenanthrene 21.80 12.40 13.00 16.00 0.67 0.99 0.91 0.45 0.65 0.001 
6 Anthracene 5.54 2.53 3.05 3.93 0.22 0.24 0.21 0.06 0.17 0.010 
7 Fluoranthene 24.20 11.30 14.00 14.20 0.00 0.92 0.69 0.64 0.56 0.001 
8 Pyrene 19.00 8.49 10.90 12.50 0.67 0.92 0.82 0.49 0.55 0.001 
9 Benzo[a]fluorene 5.55 3.18 4.71 4.00 0.39 0.28 0.18 0.28 0.13  
10 Benzo[b]fluorene 2.38 1.32 2.78 1.38 0.00 0.45 0.42 0.23 0.24  
11 Benzo[a]anthracene 20.80 8.64 20.80 14.00 0.45 0.93 0.70 0.49 0.52 0.100 
12 Chrysene 27.60 12.30 22.30 19.10 0.73 1.36 1.09 0.63 0.64 0.010 
13 Benzo[b]fluoranthene 26.60 10.90 15.50 16.30 1.79 1.52 1.22 0.52 0.64 0.100 
14 Benzo[e]pyrene 22.10 7.99 14.00 13.20 0.86 0.22 0.00 0.48 0.27 0.010 
15 Benzo[a]pyrene 25.90 10.50 15.70 16.30 1.15 1.77 1.43 0.46 0.54 1.000 
16 Indeno[1,2,3-c,d]pyrene 28.00 11.40 14.80 14.30 1.95 2.50 2.03 0.52 0.83 0.100 
17 Dibenzo[a,h]anthracene 12.40 7.28 7.68 8.85 2.49 2.47 1.81 0.40 0.35 1.000 
18 Benzo[g,h,i]perylene 33.20 9.25 14.90 13.40 0.00 0.23 0.00 0.97 1.06 0.010 
 Total PAHs 295.00 136.00 192.00 182.00 12.10 16.60 12.70 8.24 8.47  
 BaPeq 46.81 21.25 29.09 30.16 4.08 4.76 3.65 1.04 1.11  
aApproximate distance from the coking batery. 
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Table 3. Total concentration of the 10 PAHs considered as priority pollutants in the 

Dutch guidelines[12]: naphthalene, anthracene, phenanthrene, fluoranthene, 

benzo[a]anthracene, chrysene, benzo[a]pyrene, benzo[g,h,i]perylene, 

benzo[k]fluoranthene, indeno[1,2,3-c,d]pyrene. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Concentration (mg kg-1)b

PUSH1 122.83 
PUSH2 386.00 
BLEND2 126.78 
BLEND3 102.78 
CBELT3 37.97 
CBELT4 55.48 
PHEAT1 142.33 
PHEAT2 315.41 
PHEAT3 397.12 
TDIST1 491.29 
TDIST2 140.21 
QUENCH1 229.04 
QUENCH2 103.72 
QUENCH3 147.25 
QUENCH4 136.67 
GAS1 7.16 
FAR1 11.61 
FAR2 9.01 
FAR3 5.87 
FAR4 6.34 
Intervention valuea 40.00 
aAccording to Dutch guidelines[12]. 
bTo calculate the concentration of PAH in the 
samples, benzo[k]fluoranthene was substituted by 
benzo[b]fluoranthene.
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Figure Captions 

 

Fig. 1. Schematic map of the surface (~ 8000-10000 m2) covered by the activities of the 

coking plant and location of the sampling points ( ) and areas. This semi-industrial 

coking plant battery was located in Oviedo, North Spain. 

 

Fig. 2. Variation in the total concentration of the 18 PAHs with distance from the 

coking battery (excluding samples in the TDIST area). 

 

Fig. 3. Gas chromatogram of the extracts from: a) TDIST1, b) PUSH2, c) BLEND2, d) 

PHEAT1, e) CBELT4, f) QUENCH3, g) GAS1 and h) FAR2. Identification of the 

compounds is listed in Table 2 (internal standards: A, acenaphthene-d10; B, 2-

ethylanthracene; C, perylene-d12). 

 

Fig. 4. The relationship between the concentrations of a) benzo[a]pyrene and 

benzo[e]pyrene, b) indeno[1,2,3-c,d,]pyrene and benzo[g,h,i]perylene and c) 

benzo[a]anthracene and chrysene in the O horizon samples. 

 

Fig. 5. Variation with depth of the concentration of the 18 PAHs at the sampling points: 

a) PUSH2, b) BLEND 2 and c) CBELT4. 

 

Fig. 6. Variation with depth in the concentration of the 18 PAHs at the sampling points: 

a) QUENCH3, b) TDIST2 and c) FAR2. 
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a) Benzo[a]pyrene vs. Benzo[e]pyrene

y = 1,271x
R2 = 0,9606

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60

Concentration of benzo[e]pyrene (mg kg-1 of dry soil)

C
on

ce
nt

ra
tio

n 
of

 b
en

zo
[a

]p
yr

en
e 

(m
g 

kg
-1

 o
f d

ry
 s

oi
l)

 
b) Indeno[1,2,3-c,d]pyrene vs. Benzo[g,h,i]perylene
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c) Benzo[a]anthracene vs. Chrysene
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