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Abstract This study was undertaken to determine the

level of 16 polycyclic aromatic hydrocarbon (PAH), listed

as priority pollutants by the United States Environmental

Protection Agency (USEPA), in surface soils around a

coal-transporting facility in the western part of South

Kalimantan, Indonesia. Three composite soil samples were

collected from a coal stockpile, coal-hauling road, and coal

port. Identification and quantification of PAH was per-

formed by gas chromatography–mass spectrometry. The

total content of 16 USEPA-PAH ranged from 11.79 to

55.30 mg/kg with arithmetic mean value of 33.14 mg/kg

and median of 32.33 mg/kg. The 16 USEPA-PAH mea-

sured levels were found to be greater compared with most

of the literature values. The levels of high molecular-

weight PAH (5- and 6-ring) were dominant and formed

67.77–80.69 % of the total 16 USEPA-PAH The most

abundant of individual PAH are indeno[1,2,3-cd] pyrene

and benzo[a]pyrene with concentration ranges of

2.11–20.56 and 1.59–17.84 mg/kg, respectively. The de-

gree of PAH contamination and subsequent toxicity

assessment suggest that the soils of the study area are

highly contaminated and pose a potential health risk to

humans.

Introduction

South Kalimantan is one of the five Indonesian provinces

in Borneo Island. It lies between 11481901300 and

11683302800 east longitudes, and 182104900 and 481001400

south latitudes. South Kalimantan is the Indonesian top

coal producer with total production of 0.12 and 0.15 billion

tons in 2011 and 2012, respectively (ESDM 2012). The

coal-mining area in South Kalimantan can be divided into

western and eastern parts, which are separated by the

Meratus Mountains. There are 688 coal mine sites, 813

coal stockpiles, 97 coal ports, and several hundred kilo-

meters of coal-hauling road or conveyors in South

Kalimantan (ESDM 2012). The coal-mining area poten-

tially has significant polycyclic aromatic hydrocarbon

(PAH) contamination as reported by Liu et al. (2012),

Wang et al. (2010a), and Ribeiro et al. (2012) in their study

areas in China and Portugal.

PAH are aromatic hydrocarbons made up from inter-

connection of two or more benzene rings in variety of

structural configurations (Gan et al. 2009; Haritash and

Kaushik 2009). They are group of organic pollutants with

strong toxic, carcinogenic, and mutagenic characteristics

(Wang et al. 2010a). From several hundred different

combinations of PAH, 16 compounds have been listed as

priority pollutants by the United States Environmental

Protection Agency (16 USEPA-PAH) (Achten and Hof-

mann 2009; Gan et al. 2009, 2012). Due to their ubiquity

and persistence, PAH are present in most soils where they

accumulate because of their low solubility in water (Gan

et al. 2009; Wang et al. 2010a). The existence of PAH in

the environment is usually associated with incomplete

combustion at high temperature (500–800 �C), or subjec-
tion of organic materials at low temperature (100–300 �C)
for long periods (Ene et al. 2012; Haritash and Kaushik

2009). It has been reported in several sources that PAH

have been widely researched in fossil fuels utilization in-

cluding coal combustion and coal pyrolysis (Achten and

Hofmann 2009).
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Surprisingly, unburnt coal has rarely been considered as

a source of PAH pollution (Ahrens and Morrisey 2005).

PAH in coal are usually present as complex mixtures with

varying concentrations and patterns due to their differences

in physicochemical properties and composition (Laumann

et al. 2011). PAH concentrations in soils vary by coal rank

(35–11,000 mg/kg coal), and reaching a maximum within

the high volatile bituminous rank (Stout and Emsbo-Mat-

tingly 2008; Wang et al. 2010b). PAH in sub-bituminous

coals were dominated by medium molecular-weight

(MMW) and high molecular-weight (HMW) PAH (Achten

and Hofmann 2009; Puettmann and Schaefer 1990).

Meanwhile, the low molecular-weight (LMW) PAH was

the most dominant PAH type in bituminous and anthracite

coals (Ahrens and Morrisey 2005; Chen et al. 2004). PAH

release to the environment during mining operations,

transport, and storage activities could pose a risk to the

quality of soils, sediments, groundwater, surface water, and

biodiversity (Ahrens and Morrisey 2005; Pies et al. 2007;

Wang et al. 2010a).

Although earlier publications have reported that con-

centrations of PAH in soil around coal-mining areas greatly

exceed the level of natural PAH concentrations in soil, in-

vestigations on PAH in soil around coal-transporting fa-

cilities is very limited. The objective of the present study

was to determine the pattern and distribution of PAH in

surface soils around a coal-transporting facility located in

the western part of South Kalimantan in the Tapin district of

Indonesia. The coal-haul road of 28.60 km distance con-

nects several coal mine sites in Tapin district with ap-

proximately 30 intermediate coal-stockpile sites and a coal

port in Nagara river side. The total transported coal through

this coal haul road amounts to 2.5 million tons annually

(BPS-Tapin 2013). The coals from Tapin coal-mining dis-

trict are mostly sub-bituminous in rank (Nas and Hidartan

2010; Riswandi 2008). Data from the present study will be

beneficial for the provision of pollution abatement and

proper land-use planning around coal-mining areas.

Materials and Methods

Sample Collection and Preparation

Surface soil samples (5–20 cm) were collected on May

2014 from three different sites surrounding the coal-

transporting facility. Site 1 (SP) was selected near the coal

stockpile; site 2 (HR) was located at side of the coal-haul

road; and site 3 (PR) was situated near the coal port. Lo-

cation of the soil-sampling sites is depicted in Fig. 1. Eight

to 10 soil samples were collected at each sampling sites by

grab sampling. Soil samples containing oily materials were

not used and were replaced with new samples. After

removal of stones and large particles, the grab samples

were mixed to make three composite samples. Samples

were placed in polyethylene bags and transported to the

laboratory.

PAH Analysis

Before analysis, the soil samples were air-dried and ho-

mogenized by passing through a 2-mm sieve and stored in

the laboratory at room temperature. Forty grams of soil

samples were extracted by the Soxhlet extraction method

with 120 mL of dichloromethane (Merck, Germany) for

8 h. The extract was transferred to a Micro Snyder column

in a water bath (1–15 �C) and reconcentrated to a volume

of 1 mL. The concentrated extract was cleaned up using

alumina column (Sigma-Aldrich type WB-5, USA). PAH

in the extracts were fractionated by a silica column (silica

gel 60, 70 to 230 mesh; Merck, Germany). PAH were

eluted with methylene dichloride–hexane mixture (pro-

portion 1:1, 5 mL; Merck, Germany) and then evaporated

to 1 mL in a water bath. Before analysis by gas chro-

matography-mass spectrometry, 1 mL of the solution of

Semivolatile Internal Standards Mix (naphthalene-d8,

acenaphthalene-d10, phenanthrene-d10, chrysene-d12, and

perylene-d12; Sigma-Aldrich, USA) was added to the

sample.

Sample analysis was performed with a HP 5890 Series II

gas chromatograph and a HP 5989 mass spectrometer

(Hewlett-Packard, USA) operated in selected ion

monitoring of molecular ion peaks (Table 1). Chromato-

graphic resolution is achieved with a 30 m 9 250–lm DB-

5 capillary column with a 0.25-lm film thickness. The

carrier gas was helium at a flow rate of 1 mL/min. The

temperature of the injection port was 300 �C, and the

transfer line was 290 �C. The quantitative analysis was

performed by internal calibration method, and PAH iden-

tification was performed by comparison of their retention

time with standards.

Analytical Quality Control

To ensure precision and accuracy, the analytical methods

were checked. All of the samples were analyzed in tripli-

cate. Replicate analyses yielded an error rate between 10

and 15 %. The recovery efficiency was checked by

analyzing soil samples spiked with known amounts of PAH

standard. Recoveries ranged from 80 to 95 % for the re-

ported PAH in soil samples. The procedural blank was

determined by going through the extraction and clean-up

procedures using glass beads instead of soil sample. Re-

sults indicated that they were generally low and posed no

problem to the analytical quantification.
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Fig. 1 Map of soil-sampling locations

Table 1 Target analyte parameters

Analyte Abbreviation Quantitation ion Confirmation ion % Relative abundance

of confirmation ion

Naphthalene Naph 128 127 13

Acenaphthylene Acy 152 153 15

Acenaphthene Acen 154 153 98

Fluorene Flu 166 165 95

Phenanthrene Phen 178 176 20

Anthracene Anth 178 176 20

Fluoranthene Flan 202 101 15

Pyrene Pyr 202 101 15

Benzo[a]anthracene B[a]A 228 226 30

Chrysene Chry 228 226 30

Benzo[b]fluoranthene B[b]F 252 253 30

Benzo[k]fluoranthene B[k]F 252 253 30

Benzo[a]pyrene B[a]P 252 253 30

Indeno[1,2,3-cd]pyrene IP 276 277 25

Benzo[g,h,i]pyrylene B[ghi]P 276 277 25

Dibenzo[a,h]anthracene DB[ah]A 278 279 25
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Results and Discussion

Concentration and Distribution of PAH in Soils

The measured concentrations of 16 USEPA-PAH are listed

in Table 2. The total content of 16 USEPA-PAH in SP soil

is 11.79 mg/kg. In contrast, 16 USEPA-PAH in HR and PR

soils are 32.33 and 55.30 mg/kg, respectively. These con-

centrations greatly exceed the level of natural PAH con-

centrations in soil (0.001–0.010 mg/kg) (Edwards 1983).

The sum of 7 PAH indicated as carcinogens by the Inter-

national Agency for Research on Cancer (7 CPAH) varies

among the sampling sites. The sum of these 7 CPAH

formed 71.76, 84.16, and 86.58 % of total 16 USEPA-PAH

in SP, HR, and PR soils, respectively.

The measured levels were also significantly greater than

those measured in several coal mine sites. For example, Liu

et al. (2012) reported the sum of 16 USEPA-PAH of

0.05–5.64 mg/kg of soil in the Tiefa coal mine district at

Diaobingshan city, northeast Liaoning province, China.

Lower concentrations of 0.13 and 3.54 mg/kg soil were

observed by Wang et al. (2010a) in three coal mines lo-

cated in Huainan and Huaibei city, northern Anhui Pro-

vince, China. Meanwhile, levels of 0.002–0.07 mg/kg have

been reported from coal waste pile in the Douro coal field

(northwest of Portugal) (Ribeiro et al. 2012). Conversely,

compared with those previous studies in industrial sites,

relatively low PAH concentrations were found in the pre-

sent work. Literature data are listed in Table 3.

Being one of the leading coal producers, the Indonesian

Government has not established national standards con-

cerning allowable PAH concentrations in soils. Therefore,

the present data were compared with the Netherland stan-

dards (0.02–0.05 mg/kg), the Mexican standards (0–6

mg/kg), and the Poland standards (0.02–10 mg/kg) (Ray

et al. 2008). The comparison showed that the PAH concen-

tration in studied samples exceeded the maximum value

standards of those three countries. According to the Polish

standard (Skrbic et al. 2005), all soil samples can be classi-

fied under the pollution class of V and assessed as ‘‘very

heavily polluted’’ soil with respect to PAH contamination.

PAH Pattern in Soils

The distributions of PAHmolecular-weight groups in all soil

samples were found to be similar (Fig. 2). The levels of

HMW-PAH (5- and 6-rings) were dominant and formed

67.77 to 80.69 % of the total 16 USEPA-PAH. Meanwhile,

LMW-PAH (2- and 3- ring) andMMW-PAH (4-ring) formed

9.58 to 17.13 % and 9.73 to 15.10 % of the total 16 USEPA-

PAH, respectively. In addition to the variation in the total

content of PAH groups, the individual PAH also show var-

iations. The most abundant PAH in the samples are inde-

no[1,2,3-cd] pyrene and benzo[a]pyrene with concentrations

Table 2 Concentrations of 16

USEPA-PAH in soil samples

a Potentially carcinogenic
b Toxic equivalent quantity

(TEQ) factor values

PAH compounds No. of rings TEFsb Concentration (mg/kg)

SP HR PR

Naph 2 0.11 0.06 0.08

Acy 3 0.22 0.50 0.78

Acen 3 0.16 0.68 0.87

Flu 3 1.02 0.82 1.03

Phen 3 0.23 0.67 1.45

Anth 3 0.28 0.68 1.09

Flan 4 0.34 0.38 0.80

Pyr 4 0.42 0.39 0.17

B[a]Aa 4 0.1 0.31 2.05 3.80

Chrya 4 0.01 0.71 1.02 0.61

B[b]Fa 5 0.1 2.64 2.90 3.21

B[k]Fa 5 0.1 0.74 1.42 1.00

B[a]Pa 5 1 1.59 7.71 17.84

IPa 5 0.1 2.11 11.17 20.56

B[ghi]P 6 0.55 0.94 1.15

DB[ah]Aa 6 1 0.36 0.94 0.86

Total 16 USEPA-PAH 11.79 32.33 55.30

Total 7 CPAH 8.46 27.21 47.88

7 CPAH/16 USEPA-PAH (%) 71.76 84.16 86.58

Total B[a]Peq 2.41 2.54 10.41 21.56
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ranging from 2.11 to 20.56 and 1.59 to 17.84 mg/kg, re-

spectively, and arithmetic means of 11.28 mg/kg and

9.05 mg/kg, respectively. Only in the SP soil sample was a

predominance of benzo[b]fluoranthene observed, while In-

deno[1,2,3-cd] pyrene was most dominant PAH in both the

HR and PR soil samples.

Although it is difficult to identify PAH contamination

derived from coal particulate, several previous studies have

shown that PAH in soil and sediment around coal mine

areas are associated with native PAH in raw coal. For ex-

ample, Pies et al. (2007), Hofmann et al. (2007), and Yang

et al. (2008) reported that the bituminous coal in the Saar

coal district (Germany) was the major reason for high

naphthalene and methylnaphthalene concentrations in Saar

and Mosel River floodplain soils downstream from the

mining activity. In addition, the predominance of naph-

thalene and acenaphthene in soils around Luling, Liuer,

and Zhangji coal mines (China) might be due to the bitu-

minous and anthracite coals in those coal mine sites (Wang

et al. 2010a; Xue et al. 2007). Based on the findings of

those previous studies, the high content of HMW-PAH in

the studied samples might be associated with the sub-bi-

tuminous coals in Tapin coal district, which were trans-

ported by this coal-transporting facility. This predominance

of HMW-PAH might also be due to the occurrence of

thermal transformations derived from natural coal fires

(Emsbo-Mattingly and Stout 2011; Readman et al. 2002).

PAH of molecular mass of 178 and 202 are commonly

used to distinguish between petrogenic and pyrogenic

sources (Liu et al. 2012; Soclo et al. 2000). For PAH with a

mass of 178, a ratio of anthracene to anthracene plus

phenanthrene (Anth/178) of 0.10 is defined as the petro-

genic/pyrogenic transition point (Yunker et al. 2002).

Meanwhile, for PAH with a mass of 202, a ratio of

fluoranthene to fluoranthene plus pyrene (Flan/Flan ? Pyr)

\0.50 is taken as an indication of petrogenic origin,

whereas a ratio[0.50 indicates a pyrogenic origin (Yunker

et al. 2002). The Anth/178 ratio in SP, HR, and PR soils

were 0.55, 0.50, and 0.43, respectively. Meanwhile, Flan/

Flan ? Pyr ratios of 0.45, 0.49, and 0.82 were detected in

SP, HR, and PR samples, respectively. It could be inferred

that the primary source of PAH in SP and HR soil was of

petrogenic origin, whereas in PR soil sample the source

was derived from both petrogenic and pyrogenic sources.

Potential Toxicity Risk Assessment

Information on PAH-contaminated soil is important for

determining the extent of carcinogenic exposure to the

residents residing near the coal-transporting facility. Be-

cause the occupational exposure limit for total PAH has not

been established, the carcinogenic toxic equivalent quan-

tity (B[a]Peq) was used to evaluate the toxicity of PAH.

The B[a]Peq was calculated as the sum of multiplying

Table 3 PAH concentrations in soil samples from a number of coal mine and industrial sites

Soil(s) source No. of

PAH

Concentration (mg/kg) Reference

Range Mean

Tiefa coal mine district at Diaobingshan, Liaoning, China 16 0.05–5.64 1.54 Liu et al. (2012)

Luling and Liuer coal mines at Huaibei and Zhangji coal mine

at Huainan, Anhui, China

16 0.13–3.54 0.84 Wang et al. (2010a)

Coal waste pile soil at the Douro coal field, Portugal 16 0.002–0.07 0.01 Ribeiro et al. (2012)

Industrial site (highly polluted by the coal industry) at Beijing, China 16 69.70 Zhang et al. (2011)

Manufactured gas plant site at Clitheroe, Lancashire, UK (coal tar–

contaminated soil)

16 100.30

423

Antizar-Ladislao et al.

(2005), Canet et al. (2001)

Former tar-producing plant at Ostrava, Czechoslovakia 16 2832 Cajthaml et al. (2002)

Power plant, coke-manufacturing plant, and gasworks at Poland 16 0.05–3722.3 Bojakowska (2005)

Coal-transporting facility at Tapin, South Kalimantan, Indonesia 16 11.79–55.30 33.14 Present study

Fig. 2 Distribution of PAH groups in soil samples
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PAH concentration by toxic equivalent factors (TEFs)

(Ruwei et al. 2013). The list of TEFs compiled by Tsai

et al. (2004) was adopted in this study (Table 2). This

method has the main advantage of being relatively easy to

apply in the affected human environment. However, un-

derestimation of the risk may occur because only limited

PAH compounds are considered (World Health Organiza-

tion/International Programme on Chemical Safety 1998).

As listed in Table 1, total B[a]Peq in PR soil (21.56 mg/

kg) was found to be much greater than that in HR soil

(10.41 mg/kg) and SP soil (2.54 mg/g). This indicates that

the higher concentration of PAH species has greater car-

cinogenic potential.

Conclusion

The total contents of 16 USEPA-PAH in SP, HR, and CP

soil samples were 11.79, 32.33, and 55.30 mg/kg, respec-

tively. The measured levels were obviously greater than

most of reported PAH concentrations in soil and exceeded

the maximum values of the Netherland, Mexican, and

Poland standards. All of the soil samples exhibited the

presence of predominantly 5- to 6-six ring PAH

(67.77–80.69 % of total 16 USEPA-PAH), a finding that is

associated with the subbituminous-coals rank as a raw coal

in this coal-transporting facility. Evaluations of several

diagnostic ratios suggest that the PAH contaminating soils

in the coal port was derived both from petrogenic and

pyrogenic sources, whereas that in coal stockpile and coal-

hauling road was mainly of petrogenic origin.
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