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Concerns over the adverse effects of Polycyclic Aromatic Hydrocarbons (PAHS) in
human health and environment, results their extensive studies all throughout the
World. Studies on PAHs deposition on surface soil has been reported by numerous
researchers for last three to four decades. However study on PAHs contamination in
groundwater is limited. Integrated data on PAHs, heavy metals and carbon
concentrations in soils and groundwater yielded synergistic information that could be

interpreted in terms of PAHs emission sources, transport and spatial distribution.

2.1 Worldwide scenario of PAHSs

2.1.1 PAHs in surface soil

Among the earlier studies, Youngblood and Blumer [1] conducted a study on
presence of PAHSs in surface soil in 1975. They reported that these hydrocarbons are
produced in natural fires, dispersed and transported through air and later on deposited
onto various surfaces. In 1989 Jones et al. [2] determined the total concentration of 14
PAHs in surface soil of Wales, which ranged from 100 to 55,000 pg kg™. Samples
were taken along a gradient of remote-rural-urban locations showed an increase in soil
PAHs. Fluoranthene was the most abundant of all the measured PAHSs. Soil organic
matter content had showed a great influence over soil XPAHs concentrations. A
higher XPAHs concentration was observed in soils naturally rich in organic matter,

like peat bogs or deciduous and coniferous woodland soils.

Wilcke et al. [3] estimated the concentrations of 20 PAHSs in hydromorphic urban
surface soil of tropical metropolis, Bangkok. The TPAHS concentrations ranged
between 12 and 380 ug kg™; far lower than in soils of temperate cities. The dominant
PAH was Nap contributing 14% of the total PAHs concentration. They concluded that
enhanced biodegradation, volatilization, photo-oxidation and leaching into the

groundwater in the tropical climate may be the reason of lower PAHs concentration.

A study on vertical distribution of soil PAHs in different particle-size fractions
showed that the fine silt fraction contained higher PAHSs level than sand and coarse
silt fraction [4]. This difference in concentration was due to the fact that PAHSs in

macroporous fractions were susceptible to volatilize or degrade compared with that in
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microporous fractions. The study also reported that the vertical transport of PAHSs in
soils was controlled by the properties of PAHSs (i.e. log Kow, molecular weight), soil

particle size and soil organic matter contents.

Spatial variation of PAHs in surface soils from five different locations in Klang
Valley, Malaysia was investigated by Lau et al. [5]. The total concentrations of 14
priority PAHs was found in the range from 64 to 155 pg kg™, Results showed that
regardless of the land use pattern, all the measured soil PAHs concentrations were
significantly lower than that found in soil samples in temperate forest regions. The
profile of PAHs in the soils was dominated by the 3-ring PAHs in most of the
sampling sites. The PAHs source in soil of Klang Valley was found to be originated
from pyrogenic sources, with a combination of petroleum and biomass combustion in
vehicles, industries and non-point sources. Saba et al. [6] also found dominance of
LMWPAHSs with 3-4 ring structures in PAHs compositional profile of surface soil
samples from an area adjacent to petrochemical plant in Rawalpindi Pakistan. The
ratios of Phe/Ant reflected the pyrogenic origin of PAHSs in the study. The relationship
of PAHs with TOC has also been investigated and a positive correlation was observed
between XPAHs and TOC.

Yuan et al. [7] measured the PAHs concentrations in 61 surface soil samples collected
from the Yellow River Delta (YRD), China. The total PAHs flux ranged from 27 -
753 pg kg, with a mean of 118 + 132 g kg™. The maximum concentration was
noticed in the mid-southern part of the YRD (753 pg kg™), which was associated with
the oil exploration. The diagnostic ratio studies indicated that the PAHs throughout
the YRD were mostly of pyrogenic origin; while various sites in mid-southern part in
the region were resultant from the petrogenic sources. Multivariate statistical analyses
confirmed that the PAHSs in surface soils of the YRD were mainly from the coal and
biomass combustion, petroleum spills, and/or vehicular emissions. The PAHs toxicity
analysis revealed that the PAHSs in soils were at low potential of ecotoxicological

contamination level for the YRD.

The PAHs concentration on surface soil was also measured in remote areas like
Tibetan Plateau (TP) by Wang et al. in 2007 [8]. Concentrations of PAHSs ranged from
5.54 to 389 pg kg™ with an average of 59.9 ug kg, the values were relatively lower
compared to other parts of the world, implying the TP is comparatively pristine.
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Elevation was found to play a significant role in determining the spatial distribution of
soil PAHs. The long range atmospheric transport (LRAT) by prevailing wind is
considered as the main pathway that inputs pollutants to the plateau along with
domestic activities like burning of yak dung and wood. The air- soil exchange
indicated that the soils of the TP will act as a sink for HMWPAHS, but may turn into a
possible “secondary source” for LMWPAHS.

Shi et al. [9] estimated the distribution of 16PAHSs in industrial, traffic, rubbish, gas
station, residential, and suburban areas of the surface soils of Baise, in southwest
China between June and November 2013. The average concentrations of XPAHs
varied significantly, depending on the sampling location and ranged from 16.8 to
6,400pg kg™ (dry weight basis), with a mean value of 566 pg kg™. A decreased in
PAHs concentrations was noticed along the industry-traffic-rubbish-gas station-
residential-suburban transect. The sampling site profiles in the industrial, rubbish, and
residential areas were ruled by four-ring PAHs, whereas five-ring PAHs were the
major components in the traffic zones. Two ring PAHs dominated the gas station
fields, whereas three-ring PAHs dominated the suburban sites. The PAHs profiles
denoted that their distribution in surface soil was influenced by source proximity to
the sampling sites, or transport and deposition effects. Similar study was conducted by
Mizwar et al. [10] in surface soils of three different coal stockpile, agricultural and
residential sites in South Kalimantan Province, Indonesia. Total PAHSs concentration
ranged from 4690 to 22700 pg kg™*. Higher PAHs concentrations was observed at the
surface soil samples of coal stockpile sites compared to those in agricultural and
residential soil. A mixture of petrogenic and pyrogenic sources was found within the
study area, as suggested by the isomeric ratios of PAHs. The results of PCA/MLR
showed that three sources contributed to the PAHs in the study area, including
biomass and coal combustion, raw coal and vehicular emission. The high value of

BaPeq suggested that local residents were exposed to a high carcinogenic potential.
2.1.2 PAHSs in Groundwater

Groundwater is considered as an important source of drinking water for human being.
The assessment of chemical composition of groundwater is essential to examine its
degree of suitability as a source of water for human and animal consumption,

irrigation and for industrial and other purposes [11]. The quality of groundwater
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mirrors inputs from the atmosphere, from soil and rock - water interactions along with
pollutants from agriculture, land clearance, domestic and industrial effluents, mining,
acid precipitation [12]. Contamination of groundwater with synthetic organic
materials is triggering major environmental problems in many areas of the
industrialized nations. At present much interest is focused in evaluating the nature and
extent of groundwater contamination from toxic or hazardous organic pollutants [13,
14].

Martens et al. [15] determined the concentration and distribution of PAHSs in
groundwater of a rural region in Bavaria, Germany in 1990. Compounds like Nap and
Phe were found to be predominant in groundwater. The study reported that the
distributions of PAHs were the result of different transport mechanisms as, 2- and 3-
ring PAHSs are transported mainly in the dissolved or gaseous state whereas the 4- to 6

ring PAHs mainly through the particle or colloid-associated state.

The PAHSs flux was evaluated in groundwater at a mid-Atlantic coal tar site between
December 1995 and September 1996 [16]. Results showed that PAHs concentration at
a coal tar site were raised by factors from 3 (Pyr) to 50 (IcdP) over purely dissolved
concentrations. The low groundwater turbidities and small colloid particle sizes
suggest that the PAHs observed in the bulk groundwater were mobile. Similarly,
groundwater samples of the monitoring wells of gasoline stations were studied from
Rio de Janeiro City, Brazil during 2003 and 2004 [17]. Total PAHSs concentrations
ranged between 0.05 and 84.9 ng mlI™ in 2003 and 0.25 and 54.6 ng ml™ in 2004.
Naphthalene was the predominating PAH and it was found in all samples with
concentrations between 0.20 and 83.4 ng ml™ in 2003 and between 0.116 and 20.5 ng
ml™ in 2004. The concentrations of BaP in all the samples were below its maximum
concentration limits (MCL) in drinking water adopted by the Brazilian Regulation.
The study concluded that PAHs present in some of the locations leading to a

deterioration of groundwater quality.

Study on distribution and risk assessment of PAHSs in drinking water resources have
been carried out in Henan Province, China by Ma et al. [18] during May, August and
November, 2001. Total concentration of 16 PAHSs in the study area ranged from 15 to
844 ng ml™* with a mean value of 178+210 ng ml™. Higher concentrations of total

PAHs were observed in August and November than in May. Evaluation of the
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possible sources of PAH contamination by diagnostic ratio indicated that the coal
combustion sources were the main contributors to PAHs in most drinking water
resources. Some petrogenic sources of PAHs were also found. Study concluded that
PAHSs for drinking water resources in Henan province showed some carcinogenic
potential. Another study on PAHSs concentrations in groundwater samples, collected
from the 12th coal mine around gangue piles in Henan Province, China, were
estimated by Wang et al. [19]. The concentrations of PAHs in the leachate from
different weathered gangues were compared with PAHs concentration in groundwater
to investigate the pollution effects of PAHs from leachate on groundwater. The total
concentrations of 16 USEPA PAHSs ranged from 0.147 to 1.22 ng ml™*. The PAHs
profile was dominated by the 2- and 4- ring PAHs whereas; PAHs such as Chr, BaA,
BbF, BKF, IcdP and DaA were fairly high. This may be due to the transport of
LMWPAHSs leached by rains from the coal mines after landfilling and dumping.
Ansa-Asare [20] also found Nap as abundant species in the groundwater at the site of

a fuel service station.

To understand the deleterious effects caused by wastewater, broadly used for
agricultural irrigation in china twenty-three groundwater samples were collected and
analysed for PAHs concentration [21]. Mean concentrations of 16 PAHs ranged from
3.67-25.7 ng mlI™ in the groundwater samples. Maximum PAHSs concentration was
observed in case of BaA and BKF, as they were easily adsorbed to the colloidal phase
particles. The study concluded that PAHs concentration in groundwater was due to
the contaminated soils irrigated with wastewater discharged from petrochemical

factory.

Similar study was carried out by Saba et al. [6] on groundwater samples collected
from an area adjacent to petrochemical plant in Pakistan. Concentrations of six PAHSs,
Nap, Ace, Phe, Ant, Fla, and Chr were ranged from 0.201-1.63ng ml™ (average:
0.763+0.377ng ml™). The PAHs profile was dominated by 3- to 4- ring PAHS.
Positive correlation was observed between XPAHs and TOC which indicates that
partitioned in organic matter may be the possible source of PAHs in water. An
assessment using widely cited guidelines indicated that water samples do not pose

biological impact.
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Kalmykova et al. [22] studied partitioning of PAHSs in landfill leachates and storm
water in the Gothenburg region, Sweden in between 1936-1976. A statistically
significant difference was observed between total, dissolved and colloid-bound
fraction for three of the PAHSs; Nap, Phe and Fla. The Kow value negatively correlated
with occurrence and concentrations of pollutants in dissolved and colloid-bound
phases. The results confirm that the compounds partitioning and binding process to
dissolved organic carbon (DOC) is well described by the Kow values of specific
organic pollutants.

2.2 Indian Scenario of PAHSs

Like many other countries around the world, in India also researchers take initiative in
the study of PAHSs form the earliest years. Now-a-days, scientists from various parts
of the country started the assessment of PAHSs in different environmental matrices like

air, water and soil.
2.2.1 PAHSs in surface soil

Masih and Taneja [23] conducted a study in surface soil at four locations including
industrial, residential, roadside and agricultural areas in Agra to assess the PAHs
contamination levels for a span of one year. The total PAHs concentrations in
industrial (13.7 pg g') and roadside (12.9 pg g ') soil were less than the
concentrations found in Austria (79.0 pug g %) [24], Germany (16.0 pg g %) [25] and
the USA (58.6 pg g *) [26], respectively, while residential (9.37 pg g ') and
agricultural (6.73 pgg ™) sites PAHs concentrations showed higher than in the UK
(4.20 pg g [27] and Germany (1.90 pug g ') [24] respectively. Maximum PAHs
concentrations were found in winter season. In all the sites Chr and BbF were the

dominant compounds.

The level of PAHs contamination due to jet turbine exhaust in the peripheral soil of
the International Airport in Delhi, India was determined by Ray et al. [28]. The
sampling site near landing point revealed maximum concentration of PAHs, while
minimum concentration was observed at the site near take-off point. The XPAHSs

concentration detected was ~2.58 times higher than that of the background (BG) site.
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Atmospheric deposition was considered as the most common source of soil PAHs
contamination. Predominance of Pyr was noticed in the airport soil. The PAHs

composition profile was dominated by 4- ring PAHs (41%).

Concentrations of XPAHSs on traffic soil of Delhi determined by Agrawal [29] during
winter season in the year 2006 were ranged from 1100 to 9700 pg kg* with an
average value of 4700+3000ug kg * and found many fold higher than the rural site
(886+303pg kg ). Observed concentrations were similar to the PAHs content in the
roadside soil of Brisbane, Australia, 3300 pg kg (ZsPAHSs) [30] and Shanghai,
China, 6280 pg kg (Z16PAHS) [31]. The PAHs profile was dominated by 5- and 6-
ring PAHs (contributing >50% to the total PAHs) at the traffic sites whereas, rural soil

revealed a predominance of 2- and 3-ring PAHs.

A study of PAHSs pollution in roadside soil was conducted in Jalandhar city, Punjab
during autumn and winter seasons in the year 2009 to ascertain the contamination
levels and their distribution behavior in soil [32]. The average TPAHs concentration
was found to be 4.04 and 16.4 pug g respectively. The highest concentration was
recorded for DaA and BaP at all the sampling points ranging between 0.008 to 28.4
ngg ! during winter and 0.01 to 253 pg g * during autumn. Average concentration of
non-CPAHSs and CPAHSs during winter and autumn was found to be 2.1 and 6.4 and
4.74 and 35.1 pg g * respectively. Total CPAHs concentration was found higher (80
%) compared to non-CPAHSs (20 %) at most of the stations.

Sing et al. [33] evaluated the concentration of 16 PAHSs in soil samples collected from
four different sampling sites including industrial, roadside, residential and agricultural
areas of Delhi. The PAHSs concentrations at industrial and roadside soils indicated 3—7
times greater value in comparison to residential and agricultural soils. Industrial and
roadside sites were dominated by 4- and 5-ring PAHSs (contributing >50% to the total
PAHSs) with higher concentration of Fla, Chr, BbF, BkF, BaP, BgP, and Pyr while, 2-
and 3-ring PAHSs (Fla, Ace, Nap, Chr, and Ant) showed a predominance in residential
and agricultural sites. Isomeric pair ratios suggested biomass combustion and fossil

fuel emissions as the main sources of PAHSs in the study.

Seasonal variation of PAHs concentration in urban soil of the Brahmaputra Valley
was investigated by Hussain et al. [34] in 3 consecutive seasons, viz. monsoon (May),

post-monsoon (November) and pre-monsoon (February), during 2011-12. Mean
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concentrations of XPAHs were found to be highest during post-monsoon seasons
followed by pre-monsoon and monsoon season. Total PAHs concentration of the
study area ranged between 800 and 51300 ng g™ and comparable with studies reported
from South Korea [35], Delhi [28, 29], Shanghai [36], Beijing [37] and Egypt [38].

Dominance of 2- and 4-ring PAHs was observed in the PAHSs profile.

Suman et al. [39] examined the impact of vehicular traffic on the contamination status
of urban traffic soils in Dhanbad City with respect to PAHs. Total PAHs
concentration of 13 priority PAHs ranged from 1.02ug g™ to 10.9 pg g™ with an
average value of 3.49 pg g™ at traffic sites and 0.640 ug g™ at rural sites. The PAHSs
profile was dominated by 4- and 5-ring PAHs (contributing >50% to the total PAHS)
at traffic sites, rural soil showed a predominance of LMWPAHSs (3-ring) (contributing
>30% to the total PAHSs). Comparing to the control or rural soil the carcinogenic
potency of PAHs load in traffic soil was almost 6.15 times higher. The results
indicated that vehicular emission was the major source for PAHs contamination with

moderate effect of coal combustion and biomass combustion.
2.2.2 PAHs in groundwater

A very limited study has been conducted on PAHs contamination of groundwater in
India. Masih et al. [40] measured the concentration of 13 PAHSs in groundwater at 12
locations of Agra in 2008. The concentration of ZPAHs ranged from 13.2 to 64.3 ng
lit™* with a mean of 31.9 ng I"*. The carcinogenic potency was found to be 2.7 ng I,
Another study was conducted on groundwater PAHs concentrations at commercial
site of Gorakhpur during winter season [41]. The total PAHs concentration ranged
from 9.89 to 50.6 ng I with a mean and median value of 23.2 ng I* and 8.02 ng I
respectively. The PAHs profile was dominated by 3-, 4- and 5-ring PAHSs having 41,
19 and 19% of the total PAHs respectively. Determination of toxic equivalent factor
(TEFs) revealed that IcdP contributed the highest carcinogenic exposure equivalent
(3.15 ng I"%). The levels of PAHSs in the groundwater can help in environmental risk

assessment of this area.

Page 8



Review of Literature

2.3 PAHSs in oilfield

2.3.1 PAHs in oilfield surface soil

Recently, studies of PAHs concentrations, distribution and risk assessment in soils
have been conducted at different regional scales across the world. However, there has
been less research on the concentration, distribution, and possible sources of PAHs in

oilfield soils, as compared to urban, industrial and agricultural soils.

Accumulation and risk assessment of PAHSs in oily sludge from Zhongyuan oilfield
and its peripheral soil, China were investigated [42]. Compounds like Nap, Any, Ane,
Flu and Phe were observed as the major pollutants in oily sludge. The PAHSs
concentration in soil samples around the oily sludge dumping sites varied from 435-
2400 ng g™. A visible difference in the concentration levels of PAHs was observed in
oilfield top soils from five different sampling sites of China in June 2009[43]. The
concentrations of PAHs in the soils ranged between 1340 and 82400 ng g*. The
pattern of PAHSs profile of soil samples followed the order: 5-ring> 4-ring>3-ring>2-
ring. The soil samples collected near to oil platform were contaminated with high
PAHSs concentration and should be considered for remediation; however, levels of
PAHSs in the other sites were lower and could be used for various land use type.

Concentration of XPAHs in soil samples collected from different depth of Jianghan
oilfield of China were as follows of 1300ng g™ (0-10 cm), 1600 ng g™ (10-20 cm),
1700 ng g™*(20-30 cm), 1900 ng g™ (30-40 cm), 1130 ng g™ (40-50 cm), 739 ng g™
(50-60 cm), 387 ng g™(60-70 cm), 214 ng g*(70-80 cm), 149 ng g™ (80 -90 cm), 98
ng g™ (90-100 cm) [44]. The results indicated that the study area was severely polluted
by PAHSs like Nap, Any, Flu, Phe, Chr, BbF, BKF, BaP, IcdP, DaA, BgP, while the
amount of Ane, Fla, Pyr and BaA was comparatively low. The greatest value of PAHs
appeared in the depth of 30-40 cm. Study confirmed that PAHs showed a strong
capability to migrate downward. The ability of different PAHs components to
transport downward follow the order: 2 ring >3 ring>4 ring>5 ring>6 ring PAHSs.

Jiao et al. [45] reported XPAHs concentrations from Dagang oilfield, China in April
2013 which varied between 104 and 5900 pg kg, with an average of 920pg kg .
The maximum PAHs concentrations were recorded at urban and residential zones

followed by oil well areas and arable desert soil. About 22% of sampling sites were
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identified as heavily contaminated, 22% as moderately contaminated, 37% as lightly
contaminated and 19% as not contaminated. Two- and three-ring PAHs were regarded
as the main components of pollution, with a corresponding mean ratio of 38.4 and
27.8% to total PAHs concentrations respectively. The total concentrations of CPAHs
varied from 13.3 - 4400 pg kg * for all samples, with an average of 594 ug kg *. The
results indicated that the oilfield soil is exposed to a certain level of ecological risk.
Similar study was carried out in four different oilfields across China (Daging, DQ;
Shengli, SL; Xinjiang, XJ; and Huabei, HB) reported that the most dominant
components of all PAHs were Phe, Chr, and Pyr [46]. The seven possible CPAHs
accounted for 8-25.7 % of the total PAHs. The PAH isomeric ratios indicated that
PAHs in oil fields mainly originated from petroleum. The toxic assessment explained

that people living and working in oilfields would suffer low carcinogenic risk.

Various studies indicated that oil spills around petroleum exploration and refinery
areas in Nigeria were the major sources of PAHs pollution. Abbas et al. [47]
investigated the distribution and sources of PAHs in soil at Niger Delta (Nigeria) in
21 soil samples (0- 10cm upper layer) collected in May, 2003. The soil samples were
predominated by 2- and 3- ring aromatic hydrocarbons. Soil pollution by PAHSs in two
Niger Delta communities, Eleme (highly industrialized) and Ahoada East (less
industrialized), Nigeria was assessed by Ana et al. [48]. The highest total PAHs
concentration (2.30 x 10° ng kg) was recorded in the samples adjacent to the
petroleum refinery at Alesa (Eleme), even though the value was slightly lower than
the EPA guideline value of 25 x 10° ng kg*. The study showed that the
communities at Eleme may be more susceptible to the threats associated with
increased PAHs exposure compared to Ahoada East. The highest level of BaP was
recorded at the heavily industrialized communities of Alesa, Ebubu and Onne at
Eleme area. Nganje et al. [49] reported the concentration of XPAHs ranged from 4.28
to 29.8 mg kg™ in the contaminated soils from two spilled sites of Calabar, Nigeria for
the samples collected at depths of 15 to 100cm between the months of August and
November 2000. They reported that PAHs concentration was decreased with depth.
The obtained PAHSs concentrations were higher in comparison to the values attained
from rural and semi urban soils, however lower than the values acquired from soils of
some petroleum handling facilities of the study area. The soil of the study area was
dominated by LMWPAHS.
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Table 2.1 Soil PAHSs concentrations (ng g™) reported from elsewhere.

Location Number of  £PAHs conc.(ng g~) References
PAHSs
!Shanghai, China 16 PAHs 3280-38900 [36]
%Indira Gandhi International 12 PAHs 2390-7530 [28]
Airport, New Delhi
*Shanghai, China 22 PAHs 422-19700 [31]
16 PAHs 347-17900

*0ilfield, China 16 PAHs 1340 - 82400 [43]
3Jianghan oilfield China 16 PAHs 98-1900 [44]
*Switzerland 16 PAHs 32-8470 [29]
¥Zhongyuan oilfield, China 16 PAHs 434-2410 [42]
*Klang Valley, Malaysia 14 PAHs 64 — 155 [5]
*Egypt 16 PAHs 53.4-5560 [38]
'Guwahati, India 16 PAHs 799-51300 [34]
* Baise, China 16 PAHs 16.8 - 6440 [9]
*Dagang oilfield, China 16 PAHSs 104- 5870 [45]
!Dhanbad City, India 13 PAHs 1020-10900 [39]
*Indonesia 16 PAHs 4690 — 22700 [10]

'Urban top soil; 2Peripheral soil of airport; *Oilfield topsoil; *Surface soil; *Surrounding areas of oilfield.

2.3.2 PAHs in oilfield groundwater

Sixteen USEPA priority PAHs were analyzed for the groundwater samples in Nigeria
[50]. The concentrations ranged from 1.92 - 40.5 pg 1", which was above the WHO
recommended maximum limit for safe drinking water. Due to low water solubility
HMWPAHs such as BgP, DaA and IcdP were mostly absent. High PAHSs
concentrations in the studied samples were found to cause health hazard to the
population. Ogbuagu et al. [51] found concentration of six PAHs namely BbF, Fla,
BKF, Pyr, BaA and Chr varied from 0.00037-0.512 (mean 0.081+0.03) mg I, 0.0006-
0.328 (mean 0.047+0.02) mg I, 0.0002-0.084 (mean 0.023+0.01) mg I™, 0.0002 -
0.247 (mean 0.051+0.02) mgl™, 0.0002-0.219 (mean 0.051+0.02) mg 1™, and 0.0001 -
0.165 (0.048+0.01)mg I™ respectively in a study carried out in Okrika mainland,
Nigeria. Concentration of 7 PAHs evaluated by Gawad et al. [52] in Marmul area,
Sultanate of Oman ranged between not detected to 0.806ppm. The highest
concentration was showed by Nap (0.616ppm) and the lowest concentration was by
Flu (0.004ppm).
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Table 2.2 Concentration ranges of PAHs (ng ml™) reported from different

groundwater sources worldwide.

Site Period Total studied PAHs YPAHs colnc. (ng ml' References
)
Nigeria Delta - 16PAHSs 1.92-40.45 [50]
’Accra, Ghana - 18 PAHSs 20.9-51.9 [20]
'0ilfield of Marmul 2008 7PAHs BDL -806 [52]
area, Oman
'Okrika Mainland, 2010 6PAHS, [51]
Nigeria Fluoranthene 0.60 - 329
Pyrene 0.15 - 248
Benzo(a)anthracene 0.20 - 220
Chrysene 0.13 - 166
Benzo(b)fluoranthene 0.37 -513
Benzo(K)fluoranthene 0.17-84.8
3GW, Terai belt, 2010-2011 16 PAHSs 0.010-0.044 [23]
North India
*Henan Province, - 0.147-1.22 [19]
China

2.4 Atmospheric signature of soil PAHs

Researchers also tried to estimate the atmospheric signature of soil PAHs from earlier.
Jones et al. [53] reported from a study conducted at Rothamsted experimental station
southeast England at various times since the mid-1800s that the total PAHs flux of the
soil has increased approximately 4-fold since the 1880 t01890s, with noticeable
increase in some compounds like BbF, BkF, BaP, Pyr, BaA and IcdP. They found that
the average increase in PAHSs rates in the Rothamsted plots over the centuries were

similar to contemporary atmospheric deposition rates to semirural locations.

Aamot et al. [54] concluded that PAHs concentration of soil samples from southern
Norway were about ten-fold higher compared to central Norway with respect to 4-
and 5- ring PAHSs. Long-range atmospheric transport was considered as the major
source of soil PAHs. This assumption was confirmed with the analyses of peat cores
from ombrotrophic bogs, which provide a potentially useful method for temporal
studies of atmospheric PAHs deposition. Higher concentration of Nap was observed

in comparison to many other studies.

Spatial and temporal variation in the atmospheric deposition of PAHs into soil was
examined by Wong et al. [55] in experimental soils and forest soils at several sites

along an urban-rural transect of Toronto. Concentration of PAHs was decreased with
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distance from the urban center by a factor of 2 for the experimental and 60 for forest
soils respectively. The study used a dynamic model to assess the long-term uptake of
PAHSs in forest soils. The model indicated that LMWPAHSs may attain equilibrium
and become involved in soil-air exchange whereas HMWPAHS are stored for much

longer time periods.

A study by Nam et al. [56] in 1998 reported the concentration of 16 PAHSs ranged
between 42 and 11200 pgkg™ and 8.6 and 1050 pgkg™ in the UK and Norwegian soil,
respectively. The PAHSs profile indicated that 90% of XPAHSs in the UK soil and 50%
in the Norwegian soil comprised of 4- and more rings. It indicated that the
atmospheric transport and deposition was the main factor causing the fractionation
occurred in PAHSs profile. Due to low Kow values the lighter PAHs were more readily
reached the remote sites whereas, the heavier PAHs with higher Kow values persisted

in close to their sources.

Wang et al. [57] studied the air—soil gas exchange of PAHs in remote, rural village
and urban areas of Beijing—Tianjin region, North China between 2007 and 2008
covering four seasons. The annual median air—soil gas exchange flux of PAHs from
soil to air was recorded as 42.2 ngmday™. Moreover, the air-soil gas exchange
fluxes of PAHSs at the urban sites were greater than those at the remote and rural sites.
Due to high temperatures and increased rainfall in summer, more gaseous PAHSs
volatilized from soil to air. On the other hand, in winter, more gaseous PAHs
deposited from air to soil due to high PAHs emissions and low temperatures. There is
no significant influence of soil TOC concentration on the air—soil gas exchange of
PAHs. Similar study was carried out in Izmir, Turkey between May 2003 and May
2004 indicated that Flu, Phe and Ant were deposited to soil in winter while they were
volatilized in summer where, other compounds like Fla, BgP were deposited to soil in
both periods [58]. Calculated gas-phase air—soil exchange fluxes showed that annual
average fluxes of PAHSs representing soil to air (i.e., gas volatilization) and air to soil
transfer (i.e., gas absorption, dry deposition, and wet deposition) processes were
comparable for 14PAHs however their input was dominated by gas absorption. For
LMWPAHS, gas absorption was dominated and for HMWPAHSs dry deposition was
dominated process. Xiao et al. [59] also concluded that the long range transport of

PAHSs via atmosphere from urban area impact the PAHSs distribution in the forest soils
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of rural areas in the Pearl River Delta of Southern China in a study conducted from
July to August 2013.

2.5 PAHSs toxicity assessment

The PAHs are potentially toxic, carcinogenic and mutagenic to living organisms
including plants and animals. The LMWPAHSs are acutely toxic but non-carcinogenic,
whereas the HMWPAHSs are strongly carcinogenic and mutagenic to living organisms
[60]. Among all the 16 priority PAHs, BaP has the highest carcinogenic potency and
long-term persistency in the environment and used as an indicator of human exposure
to PAHSs [61]. According to the WHO [62], the permissible limit of BaP in ambient
air is 1 ng/m®. Extensive reviews of potential exposures and health effects of PAHs
and PAHs mixtures were carried out by the United States Agency for Toxic
Substances and Disease Registry (ATSDR) [63], the International Agency for
Research on Cancer (IARC) [64] and the U.S. Environmental Protection Agency
(USEPA) [65, 66]. Several organizations, including the ATSDR, IARC, DHHS (the
Department of Health and Human Services), OSHA (National Occupation Safety and
Health Administration), and the USEPA has classified PAHs as carcinogenic
compound. Table 2.1 shows the carcinogenic classification of 16 priority PAHSs as per
IARC, DHHS and the USEPA.

The Risk assessment of 16 PAHs was evaluated by using toxic equivalency factor
(TEF) by many researchers in surface soil around the world [7, 67, 68, 69, 70, 71, 72].
In India evaluation of the PAHs toxicity along roadside soil within a fast developing
northern city results that toxic equivalent factor of BaP and DaA were in higher side
as compared to the other PAHSs [73]. Thus BaP and DaA were the two most toxic and
carcinogenic PAHs in the study area. The toxic potential of PAHs in traffic soil of
Delhi, India was measured and found the average BaPeq concentration in the traffic
soil was 1009 ug BaPeq kg, which was a ~21 time higher than in the rural soils
[29]. Sing et al. [33] also reported BaPeq concentration of PAHs load in industrial and
roadside soils, which were ~10 and ~6 times greater than the agricultural soil of
Delhi. Toxicity assessment was also employed to the urban soil of the Brahmaputra

Valley, North eastern India and the results showed that total mean BaPeq values were
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309 + 525, 116 + 93 and 557 + 828 ng BaPeq g ™ during monsoon, pre -monsoon and

post -monsoon seasons respectively [34]. Risk of PAHs exposure for soil in Guwahati

was detected to be high during the pre-monsoon season.

Table 2.3 Carcinogenic classification of 16 USEPA priority PAHSs as per IARC,

DHHS and US-EPA.

PAHSs

EPA

IARC

DHHS

Acenaphthylene
Fluorene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benz(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenz(ah)anthracene
Benzo(ghi)perylene
Ideno(1,2,3-cd)pyrene
Fluorene

Phenanthrene

Not classifiable
Not classifiable
Not classifiable
Not classifiable
Not classifiable
Not classifiable
Probably Carcinogen
Probably Carcinogen
Probably Carcinogen
Probably Carcinogen
Probably Carcinogen
Probably Carcinogen
Not classifiable
Probably Carcinogen
Not classifiable

Not classifiable

Not classifiable

Not classifiable
Not classifiable
Not classifiable
Probably Carcinogen
Not classifiable
Possibly Carcinogen
Possibly Carcinogen
Probably Carcinogen

Not classifiable
Possibly Carcinogen

Not classifiable

Animal Carcinogen

Animal Carcinogen

Animal Carcinogen

Animal Carcinogen

Animal Carcinogen

Toxic equivalency factor was evaluated in groundwater samples at commercial site of

Gorakhpur, India during winter season [41]. Results showed that IcdP contributed the

highest carcinogenic exposure equivalent (0.32 ng I"*) followed by BaP (0.30 ng I™),
BbF (0.25 ng I") and BKF (0.15 ng I"*), accounting for approximately 28, 27, 22 and
13% of the total BaPeq concentration of groundwater PAHs in this region,

respectively.
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2.6 Analytical Techniques

2.6.1 PAHs extraction

The extraction is considered as the most important step in the determination of PAHs
in different environmental matrices since these hydrophobic compounds are strongly
sorbed. The degree of extraction yield depends on the method used and especially on
the type of solvent. Solvents like dichloromethane (DCM), hexane, DCM/acetone,

hexane/DCM, toluene used in different extraction procedures.
2.6.1.1 Extraction of soil

The extraction of PAHs from solid matrix such as soil can be accomplished with
conventional extraction techniques such as soxhlet extraction [47, 48, 56, 74, 75, 76,
77], ultrasonic shaking apparatus [78] and ultra- sonication [28, 29, 33, 79, 80].

In recent years, other extraction techniques have been studied to reduce the
consumption of organic solvent, improve the precision of analyte recoveries and
reduce extraction time and sample preparation. These modern technique includes
accelerated solvent extraction (ASE) [49, 81, 82], pressurized fluid extraction [83],
supercritical fluid extraction (SFE) [84, 85], microwave-assisted extraction (MAE)
[86, 87], pressurized hot water extraction (PHWE) [88, 89] pressurized liquid
extraction (PLE) [90].

Zuazagoitia et al. [91] compared two different headspace solid-phase microextraction
(HS-SPME) for extraction of soil PAHSs results the hot water direct HS-SPME was
significantly superior to the sonication organic extraction-HS-SPME for screening

method of PAHSs determination.
2.6.1.2 Extraction of water

Extraction of PAHs from aqueous medium can be achieved by several methods such
as liquid/ liquid extraction [15, 22, 41, 50, 92, 93], Solid Phase Extraction (SPE) [94,
95], Solid Phase Micro Extraction (SPME) [96] or Stir Bar Sorptive Extraction
(SBSE) [97, 98].
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2.6.2 Clean up

Column chromatography is commonly used for adsorption of the interfering
substances in the extracted samples for PAHSs purification. Some of the sorbents used
in column chromatography includes alumina [47], silica/alumina (1:1) [58, 99] and
the most widely used one is silica gel [28, 29, 76, 79, 82, 100]. In current times
conventional chromatographic columns are replaced by pre packed commercial
cartridges which are more advantageous in terms of time, solvents consumed and

reproducibility of performance [101].
2.6.3 Quantification of PAHs

Day by day, tremendous improvements in analytical instrumentation have been
occurring for better detection of the persistant organic pollutants. Many analytical
techniques have been developed for the estimation of PAHs in different
environmental matrix. The most common instrument used at present for identification
and quantification of PAHs are GC/MS (Gas Chromatography/ Mass Spectrometry)
[47, 49, 75, 76, 77, 99, 102], Gas chromatography together with Flame lonization
Detector (GC-FID) [21, 32, 51], HPLC (High Performance Liquid Chromatography)
equipped with UV detector [28, 29, 53, 79], HPLC with a photodiode array detector
[103], HPLC equipped with fluorescence detector [15, 78, 100, 104].

2.7 PAHSs source apportionment

Several methods have been described in the literature for qualitative and quantitative
assessment of PAHs sources in different environmental matrix. Some of these
methods include the use of source diagnostic ratios [9, 105], Principal Component
Analysis (PCA) [106, 107], Multiple Linear Regression (MLR) [103, 108],
Hierarchial Cluster Analysis (HCA) [109, 110], Chemical Mass Balance (CMB)
[111], Positive Matrix Factorization (PMF) [46, 112], UNMIX [113, 114].

2.7.1 Diagnostic ratios

The PAHs diagnostic ratios are important tools for the qualitative identification of

pollution emission sources. Some diagnostic ratios are based on parent PAHS,
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whereas, others on the proportions of alkyl-substituted to non-substituted molecules
[115]. In order to decrease various challenging factors such as differences in volatility,
water solubility, adsorption, computation of PAHs ratios are generally limited to
PAHs within a given molecular mass [116]. However, several researchers have

criticized the unquestioning application of PAHSs diagnostic ratios [117, 118, 119].

The PAHSs diagnostic ratios express intra source variability, but inter-source similarity
[117]. The diagnostic ratios calculated for each proposed source may not be definitive.
As per the diagnostic ratios reported by Ravindra et al. [120, 121], IP/(1P+BgP)=0.37
indicates diesel emission, whereas Kavouras et al. [122] described IP/(IP+BgP) ratio
range from 0.35-0.70 for diesel emission. Thus it is difficult to identify a particular
source based on one particular diagnostic ratio. Therefore, use of multiple ratios
validates the source apportionment study to a certain level. Table 2.2 describes the
specific values of PAHSs diagnostic ratios for a particular source category.

Table 2.4 VValues of PAHSs diagnostic ratios for a particular source category.

PAHSs ratio Value range Source Reference
Ant/(Ant + Phe) <0.1 Petrogenic [123]
>0.1 Pyrogenic [105]
Phe/Ant <10 Pyrogenic [124]
>15 Petrogenic [105]
Phe/(Phe+Ant) >0.7 Fossil fuel burning [122]
<0.7 Biomass burning
BaA/(BaA + Chr) <0.2 Petrogenic [105]
0.2-0.35 Petroleum combustion
>0.35 Coal, grass, wood combustion
>0.35 Combustion [125]
0.5 Diesel [126]
0.73 Gasoline
Fla/(Fla + Pyr) 0.60-0.70 Diesel vehicles [127]
0.43 Diesel vehicles [128]
0.62 Oil burning
0.42-0.52 Road dust
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>0.5 Pyrogenic [105]
<0.5 Petrogenic
Flu/(Flu + Pyr) <0.4 Petrol emissions [120, 121]
0.4-0.5 Liquid fossil fuel combustion [129]
>0.5 Biomass and Coal combustion
Flu/Pyr >1 Pyrogenic [124]
<1 Petrogenic
IcdP/(IcdP + BgP) <0.2 Petrogenic [105]
0.2-0.5 Petroleum combustion
>0.5 Grass, wood and coal
combustion
0.35-0.70 Diesel emission [122]
0.37 Diesel emission [120]
SLMW/ZHMW <1 Pyrogenic [130]
>1 Petrogenic
YCOMB/ZPAHs ~1 Combustion [121]
0.78 Diesel vehicle [131]
0.73 Catalyst equipped cars
0.82-0.87 Wood combustion,
Road dust
BbF/BKF 2.5-2.9 Aluminium smelter [115]
emissions [132]
>0.5 Diesel
BaP/BgP <0.6 Non-traffic emissions [118]
>0.6 Traffic emissions
0.5-0.6 Traffic [133]
Nap/Phe <<1 Petrogenic [134]
IcdP/BgP 0.4 Gasoline [135]
1 Diesel [29]

*LCOMB=  Fluorene+ Pyrene+ Benzo(a)anthracene+  Chrysene+  Benzo(b)fluoranthene+

Benzo(k)fluoranthene+ Benzo(a)pyrene+ benzo(ghi) perylene+ Indeno (1,2,3-c,d) pyrene.
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Molecular indices based on ratios of selected PAHs concentrations are widely used to
identify PAHs from petrogenic and pyrogenic origins in surface soil [105, 119, 123,
136]. The PAHSs isomer pair ratios of Phe/ (Phe + Ant), BaA/ (BaA + Chr), Flu/ (Flu
+ Pyr) and IcdP/ (IcdP + BaP) were used to distinguish between petrogenic and
pyrogenic sources in urban soil of Shanghai, China [31]. The data from the study
indicated that the PAHSs in Shanghai urban soil were mainly derived from combustion
sources i.e pyrogenic (e.g. petroleum, biomass, coal). Source apportionment by
diagnostic ratios such as Phe/Ant and Flu/Pyr indicated the strong pyrogenic influence
on soil PAHSs, specifically in industrial areas in top soil at Ji’nan city, China [76]. The
isomer ratios of Ant/(Ant + Phe), Fla/(Fla + Pyr), BaA/(BaA +Chr), and IcdP/(lcdP +
BgP) along with ratio of LMW/HMW PAHSs showed that the PAHSs in soils from the
mid-southern part of the YRD were mainly derived from the petroleum sources; while
in the remainder of YRD area, showed mixed sources of petroleum combustion and

coal and biomass combustion [7].

In India, source apportionment study was undertaken by Ray et al. [28] to determine
the sources of 16PAHSs in the peripheral soil of the International Airport; Delhi using
diagnostic ratios inferred that the primary source of PAHs in the study area was
petroleum  combustion. Interpretation of  Ant/(Ant+Phe),  Flu/(Flu+Pyr),
BaA/(BaA+Chr), Flu+Pyr and BaP/(BaP+Chr) ratios implied that mixed pyrogenic
activities such as biomass and coal combustion, petroleum combustion are the main
sources of PAHs pollution in roadside surface soil of Delhi [137]. The study
commenced by Bhupander et al. [138] conducted in urban roadside soil of India
showed that fuel combustions occur in the vehicles was the major source of PAHs by
using isomer ratio of Flu/(Flu+Pyr), lcdP/(IcdP+BgP), BaP/BgP, BaA/(BaA+Chr) and
BaP/(BaP+Chr). Study conducted on urban surface soil of Brahmaputra Valley, [139]
using isomer ratio Phe/(Phe+Ant), Ant/(Ant+Phe), Flu/(Flu+Pyr), BaA/Chr and
IcdP/(lcdP+BgP) showed pyrogenic emission mainly from fossil fuel or gasoline and
diesel type. The results of ratios like Ant/(Ant+Phe), Fla/(Fla+Pyr), BaA/( BaA
+Chr), and IcdP/(lcdP+BgP) indicated that PAHs contamination in Dhanbad City was
mainly due to vehicular emission with moderate effect of coal and biomass

combustion [39].

The application of Phe/Ant, Flu/Pyr, Flu/(Flu+Pyr) and IcdP/ (IcdP+BgP) to oilfield

soil of China showed petrogenic origin of PAHs sources of the samples near oilfield,
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whereas the other sampling sites PAHs originates from combustion of petroleum.
Analysis of Flu/Pyr ratio in peripheral soil of Zhongyuan oilfield, China indicated
both pyrogenic and petrogenic input in terms of sources of PAHs [42]. Similar results
were also obtained from the diagnostic ratio analysis in surface soil samples from oil
exploration area of Nigeria Delta, Nigeria [140]. Abbas and Brack [47] investigated
the origin of PAHSs in oilfield surface soil of Nigeria Delta, Nigeria by applying five
diagnostic ratio viz. Phe/Ant, Flu/Pyr, BaA/BaP, Pyr/BaP and Nap/ Phe. The ratios
confirmed that both pyrogenic inputs like vehicular exhaust and heavy industry
emission and petrogenic inputs were dominant source of PAHSs in Nigeria soil. Use of
ratios Phe/Ant, Fla/Pyr, Fla/(Fla+Pyr) and BaA /Chr indicated the presence of both
petrogenic and pyrogenic sources of PAHs at two spilled sites of Calabar, Nigeria
[49].

In aquatic environment the PAHSs exists, suffer from photolysis [141], which could
change the values of diagnostic ratios. Results from PAHSs cross-plots for Ant/Phe
against Fla/Pyr indicated that the PAHs contamination in water samples from YRD
was most likely from mixed sources of petroleum and combustion [142]. Molecular
ratios of Flu/(Flu+ Pyr) and Ant/(Ant+Phe) showed that in most of the drinking water
resources PAHs were originated from combustion of wood and coal i.e. of pyrogenic
origin in China [18]. A study was conducted by Riccardi et al.[143] on the influence
of accidental fuel leaks from a tank on the groundwater system. The values of isomer
pair ratio, Ant/(Ant/ Phe) and Flu/(Pyr/ Flu) proposed that PAHs present in
groundwater originated from fuel leaks, nevertheless the pyrogenic origin of PAHSs in
some samples was also prominent. Analysis of surface water of Hangzhou city, China
indicated that petrogenic (FIlu/Pyr <1) input was mostly responsible for PAHs
contamination of surface water [144]. Hussain et al. [139] investigated PAHSs sources
in surface water of Bharalu Tributary of Brahmaputra River using diagnostic ratio
which showed considerable input of PAHs from combustion sources with some

moderate input from petrogenic sources.

2.7.2 Principle component analysis/ Multiple Linear Regression
(PCA/MLR)

The PAHSs diagnostic ratios could only provide qualitative information about the

contribution of various sources. Multivariate statistical tool like PCA-MLR was
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applied to assume PAHSs groups. The main purpose of this technique is the reduction
of number of variables while holding the original information as much as possible and
thus variables with similar characteristics can be grouped into factors [145]. Several
authors [31, 146, 147, 148, 149, 150, 151] have reported the application of PCA/MLR
to apportion the percentage contributions of major sources of PAHs in various
environmental compartments. Source apportionment by PCA/MLR model in surface
soils of Baise, China showed that coal and wood combustion, petroleum combustion
and evaporative and uncombusted petroleum contributed over 52.1, 32.5 and 15.4%
of the total source of soil PAHSs, respectively [9]. Another study from Indonesia
reported that three sources contributed to the PAHs in the study area, including
biomass and coal combustion (48.46%), raw coal (35.49%), and vehicular emission
(16.05%) [10]. Mean source contributions were found to be 25.45 % from diesel +
coal and wood combustion, 11.45% from diesel + coal combustion, 6.97 % from
traffic, 1.41% from vehicular and 54.72% from diesel engine vehicular emission as
per a study conducted on surface soil of Brahmaputra valley [34]. In traffic soil of
Delhi, PCA provided the fingerprints of vehicular traffic emission and coal

combustion [29].

2.8 Relationship of PAHs-OC-BC

The soil TOC has been considered as a key property and governing factor for
distribution, sorption, sequestration and fate of POPs [74]. Association of BC with
PAHSs in soils may be expected due to i) co-emission of BC and PAHSs, ii) PAHSs gas-
to-BC particle partitioning during atmospheric transport, iii) PAHs air-to-BC soil

partitioning and iv) Sorption of PAHSs to BC in the soil after deposition.

Association of PAHs with TOC and BC was determined in soil samples from
background locations of UK and Norway [56]. A significant statistical relationship
was observed between PAHs and TOC in the Norwegian soil samples. In UK-
woodland soil, HMWPAHSs correlated with BC. These observations conclude that
TOC plays an important role in retention of PAHs in soil and association of PAHs
with BC during combustion emissions. Similar study was carried out by Agarwal and
Bucheli [152] in the surface soils of Switzerland and Delhi, India. Both TOC and BC
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revealed significant positive correlation with LMWPAHSs, but not with the
HMWPAHSs in Swiss soils. In contrast, HMWPAHS were significantly correlated only
with BC in Delhi soils. It appears that TOC governs the distribution of PAHS in
organic matter rich background soils, whereas the association between BC and PAHSs
was reflected by closeness to emission sources in urban soils. Wang et al. [153]
studied the correlation between PAHs and TOC in soils from Beijing, Tianjin and
surrounding areas, North China during September 2007. They concluded that the
LMWPAHSs were more strongly correlated with the OC content in comparison to the
HMWPAHs, mainly because of their higher saturated vapor pressure and
consequently higher mobility. Ray et al. [154] investigated the relationship between
PAHs and carbonaceous species in soil layer as the controlling factor of PAH
pollution cycling. They reported that both BC and TOC are important geosorbents for
PAHs and both of them, especially BC can be harnessed for sequestering PAHs by

limiting their transport and retarding their bioavailability

On the other hand, pearson’s correlation analysis performed by Liu et al. [103] at
surface soil of Shanghai, China showed that the XPAHSs in soils were not significantly
correlated with TOC (r = 0.062 and p = 0.65). Jiang et al. [5] also reported a similar
result between PAHs and TOC in urban soil of Shanghai. This may be due to non-
equilibrium adsorption between TOC and PAHSs in soils. Continuous input of fresh
PAHs by vehicular and industrial sources is also one of the causes of such type of
relationship. Accordingly, TOC may have less importance in controlling surface soil

PAHs concentrations in such case [33].

2.9 Distributions of heavy metals

Metals are considered as the main inorganic constituents of environmental concern
due to their toxicity and threat to human life and the environment. The “Heavy metals
are the group of metals and metalloids having atomic density greater than 4000 kg m
% or 5 times more than water and they present naturally in the earth’s crust [155].”
The toxic influence of heavy metals on living organisms is indisputable. The mobility
of the heavy metals in the ecosystems and their transfer in the food chains are the key

issues in the environmental research on heavy metals [156, 157, 158, 159].
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2.9.1 Heavy metal in surface soll

Heavy metals pollution in surface soil is a significant environmental problem
worldwide [160]. Specifically, in many developing countries soil pollution with heavy
metals due to extreme industrialization and urbanization has become a serious issue of
concern [161, 162, 163, 164].

A total of 227 surface soil samples (0-0.1 m depth) from six different land use types
were collected from Pearl River Delta (PRD) were analyzed for major heavy metals
using microwave-assisted acid digestion and inductively coupled plasma—mass
spectrometry (ICP-MS) [164]. The mean concentrations of Cr, Fe, Mn, Ni, and Pb in
the soil samples were 67.2, 5,100, 371, 26.0, and 51.4 mg kg™, respectively. Soil
pollution by Pb was more prevalent than the other heavy metals, which was mostly
come from anthropogenic sources. On the other hand metals like Mn, Co, Fe, Cr, and
Ni in the surface soils were mostly derived from lithogenic sources. Mean values of
Cu, Ni, Pb and Zn were found to be 71.2+74.7, 22.2+8.7, 66.2+44.2 and 87.6+31.2
respectively in surface soil of urban park, Beijing, China [165] analyzed with a flame
atomic absorption spectrometer. The investigation revealed that the accumulations of
Cu and Pb were readily apparent in the soils. Analysis of PCA revealed that the
source of Ni and Zn were parent material whereas Cu, Pd and a part of Zn were
accounted from anthropogenic sources. The study revealed that the accumulation of
Zn did not appear to reach pollution levels, and no obvious pollution by Ni was
observed in the soils of the parks in Beijing. Similarly the multivariate statistical
analysis showed that the metal like Cu, Zn, and Cd were associated with and
controlled by anthropogenic activities in an agricultural area of China [166].

Researchers from India also did a lot of study on Heavy metal contamination of
surface soil. Sharma et al. [167] investigated the heavy metal contamination of soil in
suburban areas of Varanasi. The results showed that the mean concentrations in soil
were below the Indian standards for all heavy metals, but higher value of Cd recorded
during January. High level of metal was observed in soil samples near the industrial
area, Rajasthan for metals like Pb (293 mg kg™), Cr (240 mg kg™), Cu (298 mg kg™),
Zn (1,364 mg kg?) and V (377 mg kg?) [168]. The soils in the area require
remediation as per environmental quality criteria. Also regular monitoring of toxic

metals enrichment in the area needs to be carried out. Parth et al. [169] assessed the
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heavy metal contamination in soil around hazardous waste disposal sites in
Hyderabad city; found that the mean value of Cr and Pb concentrations exceed the
threshold and natural background values, whereas the highest concentrations of Cu,
Ni and Zn surpassed the prescribed threshold limit. Govil et al. [170] evaluated the
spatial variability and extent of contamination in Patancheru industrial
development area, Andhra Pradesh. The study reported that the soils in the area are
significantly contaminated with two to three times higher levels of toxic elements than
normal. Concentration of heavy metal such as Cr, V, Cd and Cu were 240, 235, 200
and 500 mg kg™ respectively. Most of the soils in the study area should be removed
from agricultural production and the area needs to be monitored regularly for heavy

metal enrichment.

Metal concentration in oilfield soil was also reported by various authors, considering
oilfield as a possible source of pollution, since oil excavation activities raised the
levels of metallic pollution (Cd, Cr, Ni, Cu, Zn, Pb and V) to the adjacent
environment. Afkhami et al. [171] reported concentration of metals like Cr, Ni, Cu,
Pb and Zn were far below the reference values however Cd and V are remarkably
above the limits in Ahvaz oil field, southern Iran in October 2009. Edwin O.
Adaikpoh [172] documented the existing status of some metals viz. Cr, Cu, Cd, Co,
Ni, Zn, Pb, Mn and Fe as well as their bioavailability in surface soils of Umutu Oil
Field, Niger Delta Nigeria using atomic absorption spectrophotometer. The study
reported that except for the high contents of Cu, Cd, Co, Zn, and Pb in auto-mobile
mechanic waste dumpsite, mean metal levels in mg kg™ are Cd (0.65-1.83), Cu (2.20-
6.30), Pb (4.06-5.90), Cr (7.10-15.6), Ni (1.10-2.00), Zn (33.0- 45.0), Co (0.01- 0.06),
Fe (1100- 3000) and Mn (1.83-18.8). Similar study was carried out in surface soils of
another oilfield in the Niger Delta in two regimes, January — February, 2005 for dry
season samples and June and July, 2005 for rainy season samples [173]. Soils around
the gas plant showed higher concentration of metals viz. Cd, Pb, Cu; Ni, Zn, Cr and
Mn than the pipeline areas. The heavy metals were distributed in soil by following
order: Fe> Mn> Zn> V> Cr> Pb> Cu> Ni> Cd>. Comparing to the concentrations of
metals in background levels and concentrations found in natural and agricultural soils
and soil around the oilfield could be considered unpolluted. Xiao et al. [174] explored
the impact of oil extraction on migration and temporal distribution of heavy metals
namely Cd, Cu, Cr, Mn, Ni, Pb, V, Zn and Mn in soils of an oil region of Shengli
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Oilfield, China. The mean concentrations of the measured heavy metals Cu, Zn, Pb,
Cd, Cr, Ni and V were 18.4, 78.2, 20.8, 0.19, 56.6, 26.3 and 62.1 mg kg%
respectively. The vertical distributions of Cd, Cu, Ni, Pb, V and Zn were found to be
affected in oil-polluted soils after comparing with the control profile, mostly those of
Cd and Ni. Depending upon the duration of oil well development, the concentrations
of Cd, Mn, Ni, V, and Zn in oil-polluted soils were augmented indicating the
influence of anthropogenic activities. Potential sources of Cr, Ni, V and Cu in the
soils were both natural sources and petroleum hydrocarbon spills, while Zn, Pb and

Cd were probably from anthropogenic sources such as farming activities and traffic.

The total metal concentration and chemical fractionation of Cd, Cu, Cr, Ni, Pb and Zn
in top soils around Lakwa oil field, Assam, India was studied during the period 1994—
1995 [175]. Two to four fold increases in the metal concentration was observed after
comparing it with the internationally accepted shale standard [176] and normal
abundance values [177]. Concentrations of Cd, Cu, Ni, Zn and Cr were lower than the

local background whereas, Pb and Co had higher values than the local background.
2.9.2 Heavy metal in groundwater

The harmful effect of toxic metals from contaminated drinking water has grown as
one of the major threat to human health in the 21 century. Studies also confirm the
heavy metal contamination of groundwater in many areas of India [178]. Current
studies indicated that the levels of trace metals present in drinking water could

seriously affect human health [179].

Impact of large-scale irrigation projects on groundwater status has been evaluated by
Li et al. [180] in the North China Plain (NCP) on the basis of trace metal
concentration. Concentrations of metals like Fe, Mn, and Zn in groundwater exceeded
drinking water standards by 3.8, 11.5, and 7.7%. Combined origin of geogenic as well
as agriculture and industrial activities were found to be the major source of these
metals. Similar study was carried out in groundwater used for irrigation in Tabriz
City's countryside in the end of spring and all of summer of 2010, the mean
concentration of metal like Cd, Cu, Cr, Ni, Pb and Zn were found to be 6.55+3.80,
16.23+7.69, 3.41+1.90, 4.49+4.43, 0.79+1.65 and 49.33+42.61 pg I respectively
[181]. The analyzed heavy metal concentrations, excluding Cd, were found below
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allowable maximum level in potable water. Researchers from India also reported on
metal contamination of groundwater. Ravishankar and Rao [182] evaluated the trace
metals in industrial groundwater in and around Vijayawada, Andhra Pradesh and
reported that Cd, Cr, Fe, Mn exceeded the maximum limits of WHO and 1S10500
2012 for drinking water. The minimum and maximum trace metals concentrations in
the study areas for, Pb, Cu, Fe, Ag, Zn, Cd, Mn, Ni, Cd, and Co are 0.012-0.153, 0.00
and 1.85, 0.00 -1.35, 0.05- 020, 0.05 -1.5, 0.2-0.446, 0.081 - 0.155, 0.096-0.646, .007-
0.137, 0.093-0.157 mg I respectively. Krishna et al. [183] reported the mean
concentration of Cr, Mn, Fe, Ni, Zn and Pb were 16.8+ 11.1, 72.9+ 77.5, 162+ 386,
26.7+ 16.3, 98.6+ 87.9 and 2.1+ 3.0 respectively from industrial area of Andhra
Pradesh. Source apportionment study concluded that Co, Ni and Cr were associated
and controlled by mixed origin with similar contribution from anthropogenic and
geogenic sources whereas Fe, Mn, Pb, Zn and Co were derived from anthropogenic
activities. Concentration of Cd, Fe, Mn, Pb, and Zn were estimated in Brahmaputra
flood plain of Barpeta District, Assam, India using atomic absorption spectrometer
[184]. The concentration of Fe exceeds the WHO recommended levels in about 80%
of the samples, Mn concentration in about 22.5% and Pb in about 22.5% of the
samples. Cd was present only in four sites and three of them exceed the WHO
permissible limit (0.003 mg/L). Concentrations of Zn were reported to be within the
prescribed WHO limits. Similar study carried out in Kamrup district of Assam
reported the concentration of Cu and Zn were within the prescribed WHO limits
[185]. Significant positive correlation between Mn with Zn and Cu indicated their
similar source of origin and mobility.

2.10 Analytical methods for determination of heavy metals

A number of analytical methods for determination of heavy metals in different
environmental matrix are used in various studies. The most predominant techniques
are Atomic Absorption Spectrometry (AAS) [166, 186]; Atomic Emission/
Fluorescence Spectrometry (AES/AFS) [187, 188]; Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) [164]; Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) [189, 190]; Neutron Activation Analysis (NAA) [191], X-
ray Fluorescence (XRF) [192] and Anodic Striping Voltammetry (AVS) [193].

Page 27



Review of Literature

2.11 Application of pollution indices in metal toxicity studies

Different pollution indices like, Pollution Index (PI), Pollution Load Index (PLI),
Nemerow Integrated Pollution Index (NIPI), Ecological risk factor (E') and potential
ecological Risk Index (RI) were widely used to measure contamination level of heavy
metals in surface soil [164, 165]. Pollution index is commonly used to assess
environmental quality. Nemerow integrated pollution index is the environmental
quality index based on weighted multi-factors, which reflects the degree of soil
pollution caused by various heavy metals [194]. Pollution load index signifies the
number of times by which the heavy metal concentration in soil exceeds the
background concentration and provides an indication of the overall level of heavy
metal toxicity. Main purpose of ecological risk assessment is to find a fast and simple

quantitative value on the possible ecological risk of a particular condition in a system.

2.12 Heavy metal and PAHs

Inorganic tracers like heavy metals (Cd, Cu, Cr, Fe, Ni, Mn, V, Zn) could be used
with PAHSs for source apportionment study to advance the process and to validate the
results since both of them are co-emitted from similar sources like biomass burning,
wood combustion, coal and petroleum combustion, vehicular traffic emission. Napier
et al. [195] reported from a study in the UK environment that automobiles are the
major sources of Cu, Zn and PAHs to the environment. They reflected the
significance of automobiles as a continuing source of persistent pollutants in the
environment. Brown et al. [196] conducted a study on sources of PAHs and heavy
metals in urban stormwater runoff in Dunedin, New Zealand over 7 storm events from
1998 to 2000. They concluded that the road debris, in particular street dust and tanker
effluent solids were the principal sources of the heavy metals and PAHs in the storm
water collected from New Zealand.

In Indian perspective few such studies has been conducted which reported the similar
source of origin of PAHs and heavy metals. Association of PAHs and metallic species
in a tropical urban atmosphere Delhi, India was characterized during December 2008-
November 2009 with respect to 16 US EPA PAHSs and 8 major and trace metals (Fe,
Mn, Cd, Cu, Ni, Pb, Zn and Cr) [151]. PCA-MLR apportioned four common sources
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viz. crustal dust (73%), vehicular emission (21%), coal combustion (4%) and
industrial emission (2%) that was further validated by hierarchical cluster analysis
(HCA). Temporal trend analysis showed that crustal sources were predominant in
summer while the remaining sources were most active in winter. Particulate-bound
PAHs and trace metals composition were determined at a site in Delhi (India) during
the winter and summer periods in 2007-2008 by Singh et al. [197]. The results of
diagnostic ratio and enrichment factor analyses showed that wvehicular and
anthropogenic emissions related to combustion, industrial processes as well as natural
sources associated with the transport of dust from the roadside area were the main
pollutant sources for PAHs and trace metals. The levels and distribution patterns of
>16 PAH and heavy metals (Pb, Cu, Ni, Co and Cr) were determined in soil in the
vicinity (5 km radius) of an oil refinery in India [198]. Concentration of £16 PAH in
the soils was found to be 60.4 mg kg™. The levels of Pb, Cu, Ni, Co and Cr in soil
were 12.5, 13.5, 18.8, 4.84, and 8.29 mg kg™. Molecular diagnostics indices of PAH
(Ratio of Phe/Ant, Flu/Pyr) indicated that the oil refinery environment was
contaminated with PAH from petrogenic as well as pyrolytic origin and heavy
vehicular traffic on the Agra- Delhi National highway. A comprehensive assessment
of USEPA’s priority 16 PAHs and heavy metals in street dust of Guwahati, a fast
growing city of the Brahmaputra Valley was carried out during 3 seasons Vviz.
monsoon, post-monsoon and pre-monsoon of 2011-12 [199]. In the study PCA,
diagnostic ratios and correlations of PAHs with heavy metal implied that the
PAHs originated mainly from coal and wood burning, and vehicular emission
sources along with the metal species. To study the impact of automobile and industrial
emission, distribution patterns of 16 different PAHs and 8 heavy metals were
investigated in the soil samples collected from 15 different sites in Guwahati, Assam
[200]. Higher concentration of total PAHs and heavy metals was found in the
industrial areas compared to the high traffic areas. Differences in the pollutants
observed between the polluted and nonpolluted sites, endorse that anthropogenic

activities are the major cause of soil contamination by PAHs and heavy metals.

The spatial distribution of 16 PAHs and 8 heavy metals (Pb, Cu, Ni, Cd, Zn, Fe, Mn
and Cr) were studied in 10 crude oil contaminated sites of Assam, India as PAHSs are
considered as an essential component of heavy metal and both are coexist with crude
oil. [201]. The X16 PAHs in soil were detected with a minimum of 13.48 and a
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maximum of 86.3 mkg 'and $8 heavy metal concentrations in the soil ranged
between 69.5 and 336 mg kg '. A negative correlation was detected between the
relative concentrations of PAHs and metals. The results confirmed that the non-
biodegradable nature of heavy metals made them stay in the soil for longer periods of

time.

Thus, this can be regarded as another important aspect for the researchers during the
study of PAHSs source apportionment. The synchronized buildup of heavy metals and
PAHs have gained considerable attention from the researchers since soils polluted
with PAHs were often reported to contain high quantities of heavy metal [202, 203].

Page 30



Review of Literature

References

1.

10.

Youngblood, W.W. and Blumer, M. Polycyclic aromatic hydrocarbons in the
environment: homologous series in soils and recent marine sediments.
Geochimica et Cosmochimica Acta., 39 (9):1303-1314, 1975.

Jones, K.C., Stratford, J.A., Waterhouse, K.S. and Vogt, N.B. Organic
contaminants in Welsh soils: polynuclear aromatic hydrocarbons. Environmental
Science & Technology, 23 (5):540-550, 1989.

Wilcke, W., Muller, S., Kanchanakool, N., Niamskul, C. and Zech, W. Polycyclic
aromatic hydrocarbons in hydromorphic soils of the tropical metropolis
Bangkok. Geoderma, 91(3):297-309, 1999.

Zhang, Y., Zhu, S., Xiao, R., Wang, J. and Li, F. Vertical transport of polycyclic
aromatic hydrocarbons in different particle-size fractions of sandy soils.
Environmental geology, 53 (6):1165-1172, 2008.

Lau, Gan, S. and Ng, H.K. Distribution and source apportionment of polycyclic
aromatic hydrocarbons (PAHS) in surface soils from five different locations in
Klang Valley. Bulletin of environmental contamination and toxicology, 88
(5):741-746, 2012.

Saba, B. Distribution, toxicity level, and concentration of polycyclic aromatic
hydrocarbons (PAHs) in surface soil and groundwater of Rawalpindi,
Pakistan. Desalination and water treatment, 49 (1-3):240-247, 2012.

Yuan, H., Li, T., Ding, X., Zhao, G. and Ye, S. Distribution, sources and potential
toxicological significance of polycyclic aromatic hydrocarbons (PAHS) in surface
soils of the Yellow River Delta, China. Marine pollution bulletin 83 (1):258-264,
2014.

Wang, C., Wang, X., Gong, P. and Yao, T. Polycyclic aromatic hydrocarbons in
surface soil across the Tibetan Plateau: Spatial distribution, source and air—soil
exchange. Environmental Pollution, 184:138-144, 2014.

Shi, B., et al. Distribution and source apportionment of polycyclic aromatic
hydrocarbons in the surface soil of Baise, China. Environmental monitoring and
assessment, 187 (5):1-14, 2015.

Mizwar, A., Priatmadi, B.J., Abdi, C. and Trihadiningrum, Y. Assessment of
polycyclic aromatic hydrocarbons (PAHSs) contamination in surface soil of coal

Page 31



Review of Literature

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

stockpile sites in South Kalimantan, Indonesia. Environmental monitoring and
assessment, 188 (3):1-9, 2016.

Babiker, 1.S., Mohamed, M.A. and Hiyama, T. Assessing groundwater quality
using GIS. Water Resources Management, 21(4):699-715, 2007.

Appelo, C.AJ. and Postma, D. Groundwater, geochemistry and
pollution, Balkema, Rotterdam, 1993.

Dzombak, D.A.and Luthy, R.G. Estimating adsorption of PAHs on soils. Soil
Science, 137(5):292-308, 1984.

Fang, G.C., Wu, Y.S,, Fu, P.P.C., Yang, I.L. and Chen, M.H. Polycyclic aromatic
hydrocarbons in the ambient air of suburban and industrial regions of central
Taiwan. Chemosphere, 54:443-452, 2004.

Martens, D., Maguhn, J., Spitzauer, P. and Kettrup, A. Occurrence and
distribution of polycyclic aromatic hydrocarbons (PAHSs) in an agricultural
ecosystem. Fresenius' journal of analytical chemistry, 359 (7-8):546-554, 1997.
MacKay, A.A. and Gschwend, P.M. Enhanced concentrations of PAHS in
groundwater at a coal tar site. Environmental science & technology, 35 (7):1320-
1328, 2001.

Rego, E.C.P. and Netto, A.D.P. PAHSs., BTEX in groundwater of gasoline stations
from rio de janeiro city, brazil. Bulletin of environmental contamination and
toxicology, 79 (6):660-664, 2007.

Ma, Y.G., Cheng, J.P., Jiao, F., Duo, K.X., Rong, Z., Li, M. and Wang, W.H.
Distribution, sources, and potential risk of polycyclic aromatic hydrocarbons
(PAHS) in drinking water resources from Henan Province in middle of China.
Environmental monitoring and assessment, 146 (1-3):127-138, 2008.

Wang, X.W., Zhong, N.N., Hu, D.M., Liu, Z.Z. and Zhang, Z.H. Polycyclic
aromatic hydrocarbon (PAHS) pollutants in groundwater from coal gangue stack
area: characteristics and origin. Water Science & Technology, 59 (5), 2009.
Ansa-Asare, O., Tay, C.K. and Biney, C.A. Total petroleum content and
polycyclic aromatic hydrocarbon levels in soil and groundwater at the site of a
fuel service station in Accra. Journal of Applied Science and Technology, 13
(1):64-71, 2009.

Zhang, Y.J. and Wang, J. Gas chromatographic determination of polycyclic
aromatic hydrocarbons (PAHS) in groundwater along wastewater irrigation areas.

Progress in Environmental Science and Technology, 6:688-692, 2009.

Page 32



Review of Literature

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Kalmykova, Y., Bjorklund, K., Strémvall, A.M. and Blom, L. Partitioning of
polycyclic aromatic hydrocarbons, alkylphenols, bisphenol A and phthalates in
landfill leachates and stormwater. Water research, 47(3):1317-1328, 2013.

Masih, A. and Taneja, A. Polycyclic aromatic hydrocarbons (PAHS)
concentrations and related carcinogenic potencies in soil at a semi-arid region of
India. Chemosphere, 65:449-456, 2006.

Tebaay, R.H., Welp, G. and Brimmer, G.W. Contents of polycyclic aromatic
hydrocarbons (PAH) and their distribution pattern in soils with different
contamination levels. Zeitschrift fuer Pflanzenernaehrung und Bodenkunde
(Germany). 1993.

Weiss, P., Riss, A., Gschmeidler, E. and Schentz, H. Investigation of heavy metal,
PAH, PCB patterns and PCDD/F profiles of soil samples from an industrialized
urban area with multivariate statistical methods. Chemosphere, 29:2223-2236,
1994,

Rogge, W.F., Hildemann, L.M., Mazurek, M.A., Cass, G.R. and Simoneit, B.R.
Sources of the fine organic aerosol 3. Road dust, tire debris, and organometallic
brake lining dust: roads as sources and sinks. Environmental Science &
Technology, 27(9):1892-1904, 1993.

Wild, S.R. and Jones, K.C. Polynuclear aromatic hydrocarbons in the UK
environment: a preliminary source inventory and budget. Environmental
Pollution, 88:91-108. 1995,

Ray, S., Khillare, P.S., Agarwal, T. and Shridhar, V. Assessment of PAHSs in soil
around the International Airport in Delhi, India.Journal of Hazardous
Materials, 156 (1):9-16, 2008.

Agarwal, T. Concentration level, pattern and toxic potential of PAHSs in traffic soil
of Delhi, India. Journal of Hazardous Materials, 171(1):894-900, 20009.

Yang, S.Y.N., Connell, D.W., Hawker, D.W. and Kayal, S.I. Polycyclic aromatic
hydro-carbons in air, soil, and vegetation in the vicinity of an urban roadway.
Science of Total Environmental, 102:229-240, 1991.

Jiang, Y. F., Wang, X.T., Wang, F., Jia, Y., Wu, M.H., Sheng, G.Y. and Fu, J.M.
Levels, composition profiles and sources of polycyclic aromatic hydrocarbons in
urban soil of Shanghai, China. Chemosphere, 75 (8):1112-1118, 2009.

Kumar, V. and Kothiyal, N.C. Distribution behavior of polycyclic aromatic

hydrocarbons in roadside soil at traffic intercepts within developing

Page 33



Review of Literature

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

cities. International Journal of Environmental Science & Technology, 8 (1):63-72,
2011.

Singh, D.P., Gadi, R. and Mandal, T.K. Levels, sources, and toxic potential of
polycyclic aromatic hydrocarbons in urban soil of Delhi, India, Human and
Ecological Risk Assessment: An International Journal 18 (2), 393-411, 2012.
Hussain, K. and Hoque, R.R. Seasonal attributes of urban soil PAHs of the
Brahmaputra Valley. Chemosphere, 119:794-802, 2015.

Nam, J.J., Song, B.H., Eom, K.C., Lee, S.H. and Smith, A. Distribution of
polycyclic aromatic hydrocarbons in agricultural soils in South Korea.
Chemosphere, 50:1281-1289, 2003.

Liang, J., Ma, G., Fang, H., Chen, L. and Christie, P. Polycyclic aromatic
hydrocarbon concentration representing different land use categories in Shanghai.
Environmental Earth Sciences, 62:33-42, 2011.

Liu, S., Xia, X., Zhai, Y., Wang, R., Liu, T. and Zhang, S. Black carbon in urban
and surrounding rural soils of Beijing, China: Spatial distribution and relationship
with polycyclic aromatic hydrocarbons (PAHs). Chemosphere, 82:223-228, 2011.
Havelcova, M., Melegy, A. and Rapant, S. Geochemical distribution of polycyclic
aromatic hydrocarbons in soils and sediments of El-Tabbin. Egypt. Chemosphere,
95:63-74, 2014.

Suman, S., Sinha, A. and Tarafdar, A. Polycyclic aromatic hydrocarbons (PAHS)
concentration levels, pattern, source identification and soil toxicity assessment in
urban traffic soil of Dhanbad, India. Science of The Total Environment, 545:353-
360, 2016.

Masih, A., Saini, R. and Taneja, A. Contamination and exposure profiles of
priority polycyclic aromatic hydrocarbons (PAHS) in groundwater in a semi-arid
region in India. International Journal of Water, 4 (1-2):136-147, 2008.

Masih, A., Lal, J.K., Mishra, A., Prasad, R., Mukharjee, B.B., Barai, S.V., Nayak,
C., Sharma, 1.D., Sood, K.N., Sharma, S.K. and Ghosha, A. Concentrations and
carcinogenic profiles of polycyclic aromatic hydrocarbons (PAHS) in groundwater
of an urban site at a Terai Belt of North India. International Journal of Applied
Engineering Research, 9 (1):1-8, 2014.

Kuang, S. and Xu, Z. Pollution characteristics of polycyclic aromatic
hydrocarbons (PAHSs) in oily sludge from the Zhongyuan Oilfield and its
peripheral soils. Chinese Journal of Geochemistry, 28 (2):176-183, 2009.

Page 34



Review of Literature

43.

44,

45.

46.

471.

48.

49,

50.

51.

Du, X., Liu, J., Xin, J,, Li, Y., Li, X. and Lang, Y. Polycyclic Aromatic
Hydrocarbons (PAHS) in Soils Sampled from an OQilfield: Analytical Method by
GC-MS, Distribution, Profile, Sources and Impacts, 4th International Conference
on Bioinformatics and Biomedical Engineering (iCBBE), 1-4, 2010

Li, B., Zeng, F., Ma, W., Dong, Q., Fan, H. and Deng, C. Vertical Pollution
Characteristics of PAHs around an Oil Sludge Storage Site of Jianghan Oil Field
of China. Procedia Environmental Sciences, 11:1285-1290, 2011.

Jiao, H., Rui, X., Wu, S., Bai, Z., Zhuang, X. and Huang, Z. Polycyclic Aromatic
Hydrocarbons in the Dagang Oilfield (China): Distribution, Sources, and Risk
Assessment. International journal of environmental research and public
health, 12 (6):5775-5791, 2015.

Wang, J., Cao, X., Liao, J., Huang, Y. and Tang, X. Carcinogenic potential of
PAHs in oil-contaminated soils from the main oil fields across
China. Environmental Science and Pollution Research, 22 (14):10902-109009,
2015.

Abbas, A.O. and Brack, W. Polycyclic aromatic hydrocarbons in Niger Delta soil:
contamination sources and profiles. International Journal of Environmental
Science & Technology, 2 (4):343-352, 2006.

Ana, G.R.E.E., Sridhar, M.K. and Emerole, G.O. A comparative assessment of
soil pollution by polycyclic aromatic hydrocarbons in two Niger Delta
communities, Nigeria. African Journal of Pure And Applied Chemistry, 3 (3):31-
41, 2009.

Nganje, T.N., Neji, P.A., Ibe, K.A., Adamu, C.I. and Edet, A. Fate, Distribution
and Sources of Polycyclic Aromatic Hydrocarbons (PAHS) in Contaminated Soils
in Parts of Calabar Metropolis, South Eastern Nigeria. Journal of Applied
Sciences and Environmental Management, 18 (2):309-316, 2014.

Anyakora, C. and Coker, H. Assessment of the PAHs contamination threat on
groundwater: a case study of the Niger Delta region of Nigeria. International
Journal of Risk Assessment and Management, 13 (2):150-170, 2009.

Ogbuagu, D.H., Okoli, C.G., Gilbert, C.L. and Madu, S. Determination of the
contamination of groundwater sources in Okrika Mainland with Polynuclear
Aromatic Hydrocarbons (PAHS). British Journal of Environment and Climate
Change, 1 (3):90, 2011.

Page 35



Review of Literature

52.

53.

54.

55.

56.

S7.

58.

59.

60.

61.

Gawad, E.A., Lotfy, M.M. and Sakroon, S.A. Assessing the organic and inorganic
pollutants of oil field brine water in Marmul area, Sultanate of Oman. Australian
Journal of Basic and Applied Sciences, 4 (5):859-876, 2010.

Jones, K.C., Stratford, J.A., Waterhouse, K.S., Furlong, E.T., Giger, W., Hites,
R.A., Schaffner, C. and Johnston, A.E. Increases in the polynuclear aromatic
hydrocarbon content of an agricultural soil over the last century. Environmental
Science & Technology, 23 (1):95-101, 1989.

Aamot, E., Steinnes, E. and Schmid, R. Polycyclic aromatic hydrocarbons in
Norwegian forest soils: impact of long range atmospheric transport.
Environmental Pollution, 92 (3):275-280, 1996.

Wong, F., Harner, T., Liu, Q.T. and Diamond, M.L. Using experimental and forest
soils to investigate the uptake of polycyclic aromatic hydrocarbons (PAHSs) along
an urban-rural gradient. Environmental Pollution, 129 (3):387-398, 2004.

Nam, J.J., Thomas, G.O., Jaward, F.M., Steinnes, E., Gustafsson, O. and Jones,
K.C. PAHSs in background soils from Western Europe: influence of atmospheric
deposition and soil organic matter.Chemosphere, 70 (9):1596-1602, 2008.

Wang, W., Simonich, S., Giri, B., Chang, Y., Zhang, Y., Jia, Y., Tao, S., Wang,
R., Wang, B., Li, W. and Cao, J. Atmospheric concentrations and air—soil gas
exchange of polycyclic aromatic hydrocarbons (PAHSs) in remote, rural village
and urban areas of Beijing—Tianjin region, North China. Science of the Total
Environment, 409 (15):2942-2950, 2011.

Demircioglu, E., Sofuoglu, A. and Odabasi, M., Particle-phase dry deposition and
air-soil gas exchange of polycyclic aromatic hydrocarbons (PAHS) in Izmir,
Turkey. Journal of hazardous materials, 186 (1):328-335, 2011.

Xiao, Y., Tong, F., Kuang, Y. and Chen, B. Distribution and source
apportionment of polycyclic aromatic hydrocarbons (PAHS) in forest soils from
urban to rural Areas in the Pearl River delta of Southern China. International
journal of environmental research and public health, 11 (3):2642-2656, 2014.
Stogiannidis, E. and Laane, R. Source characterization of polycyclic aromatic
hydrocarbons by using their molecular indices: an overview of possibilities,
in Reviews of environmental contamination and toxicology Springer International
Publishing, 49-133, 2015.

Wohak, L.E., Krais, A.M., Kucab, J.E., Stertmann, J., Ovrebo, S., Seidel, A.,
Phillips, D.H. and Arlt, V.M. Carcinogenic polycyclic aromatic hydrocarbons

Page 36



Review of Literature

62.

63.

64.

65.

66.

67.

68.

69.

70.

induce CYP1A1 in human cells via a p53-dependent mechanism. Archives of
toxicology, 90 (2):291-304, 2016.

WHO, Polynuclear Aromatic Hydrocarbons (PAHSs), in Who Air Quality
Guidlines for Europe, 2" ed., World Health Organization Regional Office for
Europe, Copenhagen, Denmark, 2000.

ATSDR (Agency for Toxic Substances and Disease Registry). Toxicological
Profile for Polycyclic Aromatic Hydrocarbons (PAHSs), US Department of Health
and Human Services, Atlanta, GA, 1995, available at.

http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=122&tid=25.

IARC (International agency for Research on Cancer). Certain Polycyclic Aromatic
Hydrocarbons and  Heterocyclic Compounds, 1972. Available at,
http://monographs.iarc.fr/ENG/Monographs/vol1-42/mono3.pdf IARC.

US Environmental Protection Agency. Health Effects Assessment for Polycyclic
Aromatic Hydrocarbons (PAHs). EPA-540/1-86-013. 1986. Available at,
http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=2000FD6E..txt.

US. Environmental Protection Agency. Polycyclic Aromatic Hydrocarbons,
2009.http://www.epa.gov/sites/production/files/201403/documents/pahs factsheet
cdc 2013.

Dong, T.T. and Lee, B.K. Characteristics, toxicity, and source apportionment of
polycylic aromatic hydrocarbons (PAHs) in road dust of Ulsan,
Korea. Chemosphere, 74 (9):1245-1253, 2009.

Chen, C.F., Chen, C.W., Ju, Y.R. and Dong, C.D. Vertical profile, source
apportionment, and toxicity of PAHs in sediment cores of a wharf near the coal-
based steel refining industrial zone in Kaohsiung, Taiwan. Environmental Science
and Pollution Research, 23 (5):4786-4796, 2016.

Olson, G.M., Meyer, B.M. and Portier, R.J. Assessment of the toxic potential of
polycyclic aromatic hydrocarbons (PAHSs) affecting Gulf menhaden (Brevoortia
patronus) harvested from waters impacted by the BP Deep water Horizon
Spill. Chemosphere, 145:322-328, 2016.

Liu, J., Liu, G., Zhang, J., Yin, H. and Wang, R. Occurrence and risk assessment
of polycyclic aromatic hydrocarbons in soil from the Tiefa coal mine district,
Liaoning, China. Journal of Environmental Monitoring, 14 (10):2634-2642. 2012.

Page 37


http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=122&tid=25
http://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=2000FD6E.txt
http://www.epa.gov/sites/production/files/201403/documents/pahs_factsheet_%20cdc_2013
http://www.epa.gov/sites/production/files/201403/documents/pahs_factsheet_%20cdc_2013

Review of Literature

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Yang, Y., Zhang, N., Xue, M. and Tao, S. Impact of soil organic matter on the
distribution of polycyclic aromatic hydrocarbons (PAHS) in soils. Environmental
Pollution, 158 (6):2170-2174, 2010.

Liu, Z,, Li, X., Xu, L., Shuang, S. and Li, Z. Risk Assessment of Polycyclic
Aromatic Hydrocarbons in the Shenfu lIrrigation Area in China and their
Application for Determining the Optimum Land Use Model. Soil and Sediment
Contamination: An International Journa,l 23 (4):464-479, 2014.

Kumar, A.V., Kothiyal, N.C., Kumari, S., Mehra, R., Parkash, A., Sinha, R.R.,
Tayagi, S.K. and Gaba, R. Determination of some carcinogenic PAHs with toxic
equivalency factor along roadside soil within a fast developing northern city of
India. Journal of Earth System Science, 123 (3):479-489, 2014.

Chen, L., Ran, Y., Xing, B., Mai, B., He, J., Wei, X., Fu, J. and Sheng, G.
Contents and sources of polycyclic aromatic hydrocarbons and organochlorine
pesticides in vegetable soils of Guangzhou, China. Chemosphere, 60(7):879-890,
2005.

Crnkovic, D., Ristic, M., Jovanovic, A. and Antonovic, D. Levels of PAHSs in the
soils of Belgrade and its environs. Environmental monitoring and assessment, 125
(1-3):75-83, 2007.

Dai, J., Li, S., Zhang, Y., Wang, R. and Yu, Y. Distributions, sources and risk
assessment of polycyclic aromatic hydrocarbons (PAHs) in topsoil at Ji’nan city,
China. Environmental monitoring and assessment, 147(1-3):317-326, 2008.
Orecchio, S. Assessment of polycyclic aromatic hydrocarbons (PAHS) in soil of a
Natural Reserve (Isola delle Femmine) (Italy) located in front of a plant for the
production of cement. Journal of Hazardous Materials, 173(1):358-368, 2010.
Wang, Z., Chen, J., Qiao, X., Yang, P., Tian, F. and Huang, L. Distribution and
sources of polycyclic aromatic hydrocarbons from urban to rural soils: a case
study in Dalian, China. Chemosphere, 68(5):965-971, 2007

Masih., A. and Taneja, A. Polycyclic aromatic hydrocarbons (PAHS)
concentrations and related carcinogenic potencies in soil at a semi-arid region of
India. Chemosphere, 65:449-456, 2006.

Fadzil, M.F., Tahir, N.M. and Zin, W.M.K.W.M. Concentration and distribution
of polycyclic aromatic hydrocarbons (PAHS) in the town of Kota Bharu, Kelantan
Darul Naim. Malaysian Journal of Analytical Sciences, 12 (3):609-618, 2008.

Page 38



Review of Literature

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Wang, X.J., Chen, J., Zhang, Z.H., Piao, X.Y., Hu, J.D. and Tao, S. Distribution
and sources of polycyclic aromatic hydrocarbons in soil profiles of Tianjin area,
People’s Republic of China. Bulletin of environmental contamination and
toxicology, 73 (4):739-748, 2004.

Wang, X., Zuo, Q., Duan, Y., Liu, W., Cao, J. and Tao, S. Factors affecting spatial
variation of polycyclic aromatic hydrocarbons in surface soils in North China
Plain. Environmental Toxicology and Chemistry, 31(10):2246-2252, 2012.
Bixiong, Y., Zhihuan, Z. and Ting, M. Pollution sources identification of
polycyclic aromatic hydrocarbons of soils in Tianjin area, China. Chemosphere,
64(4):525-534, 2006.

Librando, V., Hutzinger, O., Tringali, G. and Aresta, M. Supercritical fluid
extraction of polycyclic aromatic hydrocarbons from marine sediments and soil
samples. Chemosphere, 54(8):1189-1197, 2004.

Lang, Q., Hunt, F. and Wai, C.M. Supercritical fluid extraction of polycyclic
aromatic hydrocarbons from white pine (Pinus strobus) needles and its
implications. Journal of Environmental Monitoring, 2(6):639-644, 2000.

Saim, N.A., Dean, J.R., Abdullah, M.P. and Zakaria, Z. Extraction of polycyclic
aromatic hydrocarbons from contaminated soil using Soxhlet extraction,
pressurised and atmospheric microwave-assisted extraction, supercritical fluid
extraction and accelerated solvent extraction. Journal of Chromatography A,
791(1):361-366, 1997.

Camel, V. Recent extraction techniques for solid matrices Supercritical Fluid
Extraction, Pressurized Fluid Extraction and Microwave Assisted Extraction:
Their potential and pitfalls. Analyst, 126:1182-1193, 2001.

Andersson, T., Hartonen, K., Hyotylainen, T. and Riekkola, M.L. Pressurised hot
water extraction and thermal desorption of polycyclic aromatic hydrocarbons from
sediment with use of a novel extraction vessel. Analytica Chimica Acta, 446:93-
100, 2002.

Teo, C.C., Tan, S.N., Yong, JW.H., Hew, C.S. and Ong, E.S. Pressurized hot
water extraction (PHWE). Journal of Chromatography A,1217(16):2484-2494,
2010

Carabias-Martinez, R., Rodriguez-Gonzalo, E., Revilla-Ruiz, P. and Hernandez-
Méndez, J. Pressurized liquid extraction in the analysis of food and biological
samples. Journal of Chromatography A, 1089 (1):1-17, 2005.

Page 39



Review of Literature

91.

92.

93.

94.

95.

96.

97.

98.

99.

Zuazagoitia, D., Millan, E. and Garcia-Arrona, R. Comparison of Two Extraction
Methods for the Determination of Polycyclic Aromatic Hydrocarbons in Surface
Soils Using Headspace SPME with GC-FID. Journal of chromatographic
science, 47 (2):97-102, 2009.

Manoli, E. and Samara, C. Polycyclic aromatic hydrocarbons in waste waters and
sewage sludge: Extraction and clean-up for HPLC analysis with fluorescence
detection. Chromatographia, 43:135-142, 1996.

Tobiszewski, M., Bigus, P. and Namiesnik, J Determination of parent and
methylated polycyclic aromatic hydrocarbons in water samples by dispersive
liquid-liquid microextraction-two dimensional gas chromatography-time-of-flight
mass spectrometry. Analytical methods, 6:6678-6687, 2014.

Barranco, A., Alonso-Salces, R.M., Bakkali, A., Berrueta, L.A., Gallo, B.,
Vicente, F. and Sarobe, M. Solid-phase clean-up in the liquid chromatographic
determination of polycyclic aromatic hydrocarbons in edible oils. Journal of
Chromatography A, 988, 33-40, 2003.

Erger, C., Balsaa, P., Werres, F. and Schmidt, T.C. Schmidt, T. Multi-component
trace analysis of organic xenobiotics in surface water containing suspended
particular matter by solid phase extraction/gas chromatography-mass
spectrometry. Journal of Chromatography A, 1249:181-189, 2012.

Eisert, R. and Levsen, K. Development of a prototype system for quasi-continuous
analysis of organic contaminants in surface or sewage water based on in-line
coupling of solid-phase microextraction to gas chromatography. Journal of
Chromatography, 737:59-65, 1996.

Baltussen, E., David, F., Sandra, P., Janssen, H.G. and Cramers, C. Automated
sorptive extraction-thermal desorption-gas chromatography-mass spectrometry
analysis: Determination of phenols in water samples. Journal of Microcolumn
Separation, 11:737-747, 1999.

Garcia-Falcon, M.S., Cancho-Grande, B. and Simal-Géandara, J. Stirring bar
sorptive extraction in the determination of PAHs in drinking waters. Water
research, 38:1679-1684, 2004.

Ma, J. and Zhou, Y. Soil pollution by polycyclic aromatic hydrocarbons: A
comparison of two Chinese cities. Journal of Environmental Sciences, 23
(9):1518-1523, 2011.

Page 40



Review of Literature

100.

101.

102.

103.

104.

105.

106.

107.

108.

Kuang, S., Wu, Z. and Zhao, L. Accumulation and risk assessment of polycyclic
aromatic hydrocarbons (PAHS) in soils around oil sludge in Zhongyuan oil field,
China. Environmental Earth Sciences, 64 (5):1353-1362. 2011.

Blasco, M., Domeno, C., Bentayeb, K. and Nerin, C. Solid-phase extraction
clean-up procedure for the analysis of PAHs in lichens. International Journal of
Environmental and Analytical Chemistry, 87 (12):833-846, 2007.

Hu, G., Chen, S., Shi, W., Zhang, B., Zhang, Y., Huang, J., Chen, J., Giesy, J.P.
and Yu, H. Identification of polycyclic aromatic hydrocarbons in soils in
Taizhou, East China. Environmental geochemistry and health, 37 (3):429-439,
2015.

Liu, Y., Chen, L., Zhao, J., Wei, Y., Pan, Z., Meng, X.Z., Huang, Q. and Li, W.
Polycyclic aromatic hydrocarbons in the surface soil of Shanghai, China:
concentrations, distribution and sources. Organic Geochemistry, 41 (4):355-362,
2010.

Kuang, S. and Xu, Z. Pollution characteristics of polycyclic aromatic
hydrocarbons (PAHSs) in oily sludge from the Zhongyuan Oilfield and its
peripheral soils. Chinese Journal of Geochemistry, 28 (2):176-183, 2009.
Yunker, M.B., Macdonald, R.W., Vingarzan, R., Mitchell, R.H., Goyette, D. and
Sylvestre, S. PAHSs in the Fraser River basin: a critical appraisal of PAH ratios as
indicators of PAH source and composition. Organic Geochemistry, 33 (4):489-
515, 2002.

Soltani, N., Keshavarzi, B., Moore, F., Tavakol, T., Lahijanzadeh, A.R.,
Jaafarzadeh, N. and Kermani, M. Ecological and human health hazards of heavy
metals and polycyclic aromatic hydrocarbons (PAHS) in road dust of Isfahan
metropolis, Iran. Science of the Total Environment, 505:712-723. 2015.

Yang, B., Zhou, L., Xue, N., Li, F., Li, Y., Vogt, R.D., Cong, X., Yan, Y. and
Liu, B. Source apportionment of polycyclic aromatic hydrocarbons in soils of
Huanghuai Plain, China: Comparison of three receptor models. Science of the
Total Environment, 443:31-39, 2013.

Li, J., Dong, H., Zhang, D., Han, B., Zhu, C., Liu, S., Liu, X., Ma, Q. and Li, X.
Sources and ecological risk assessment of PAHs in surface sediments from Bohai
Sea and northern part of the Yellow Sea, China. Marine pollution bulletin, 96
(1):485-490,2015.

Page 41



Review of Literature

109. Tehrani, G.M., Hashim, R.O.S.L.l., Sulaiman, A.H., Sany, S.T., Salleh, A,
Jazani, R.K., Savari, A.H.M.A.D. and Barandoust, R.F. Distribution of total
petroleum hydrocarbons and polycyclic aromatic hydrocarbons in Musa bay
sediments (northwest of the Persian Gulf). Environment Protection
Engineering, 39 (1):115-128, 2013.

110. Liu, Y., Wang, S., Lohmann, R., Yu, N., Zhang, C., Gao, Y., Zhao, J., Ma, L.
Source apportionment of gaseous and particulate PAHs from traffic emission
using tunnel measurements in Shanghai, China. Atmospheric Environment, 107:
129-136, 2015.

111. Zheng, M., Cass, G.R., Schauer, J.J. and Edgerton, E.S. Source apportionment of
PM2. 5 in the southeastern United States using solvent-extractable organic
compounds as tracers. Environmental science & technology, 36 (11):2361-2371,
2002.

112. Jang, E., Alam, M.S. and Harrison, R.M. Source apportionment of polycyclic
aromatic hydrocarbons in urban air using positive matrix factorization and spatial
distribution analysis. Atmospheric Environment, 79:271-285, 2013.

113. Taiwo, A.M., Harrison, R.M. and Shi, Z.A. review of receptor modelling of
industrially emitted 531 particulate matters. Atmospheric Environment, 97:109-
120, 2014.

114. Lang, Y.H., Li, G.L., Wang, X.M., Peng, P. and Bai, J. Combination of Unmix
and positive matrix factorization model identifying contributions to
carcinogenicity and mutagenicity for polycyclic aromatic hydrocarbons sources in
Liaohe delta reed wetland soils, China. Chemosphere, 120:431-437, 2015.

115. Tobiszewski, M. and Namiesnik, J. PAH diagnostic ratios for the identification of
pollution emission sources. Environmental Pollution, 162:110-119, 2012.

116. Readman, J.W., Mantoura, R.F.C. and Rhead, M.M. A record of polycyclic
aromatic hydrocarbon (PAH) pollution obtained from accreting sediments of the
Tamar estuary, UK: evidence for non-equilibrium behaviour of PAH. Science of
the Total Environment, 66:73-94, 1987.

117. Galarneau, E. Source specificity and atmospheric processing of airborne PAHS:
implications for source apportionment. Atmospheric Environment, 42(35):8139-
8149, 2008.

Page 42



Review of Literature

118. Katsoyiannis, A., Terzi, E. and Cai, Q.Y. On the use of PAH molecular
diagnostic ratios in sewage sludge for the understanding of the PAH sources. Is
this use appropriate. Chemosphere, 69 (8):1337-1339, 2007.

119. Zhang, X.L., Tao, S., Liu, W.X., Yang, Y., Zuo, Q. and Liu, S.Z. Source
diagnostics of polycyclic aromatic hydrocarbons based on species ratios: a
multimedia approach. Environmental Science and Technology, 39 (23):9109-
9114, 2005.

120. Ravindra, K., Sokhi, R. and Van Grieken, R. Atmospheric polycyclic aromatic
hydrocarbons: source attribution, emission factors and regulation. Atmospheric
Environment, 42 (13):2895-2921, 2008a.

121. Ravindra, K., Wauters, E. and Van Grieken, R. Variation in particulate PAHs
levels and their relation with the transboundary movement of the air masses.
Science of the Total Environment, 396 (2):100-110, 2008b.

122. Kavouras, I.G. and Stephanou, E.G. Gas/Particle partitioning and size distribution
of Primary and Secondary carbonaceous aerosols in Public Buildings. Indoor Air,
12 (1):17-32, 2002.

123. Pies, C., Hoffmann, B., Petrowsky, J., Yang, Y., Ternes, T.A. and Hofmann, T.
Characterization and source identification of polycyclic aromatic hydrocarbons
(PAHS) in river bank soils. Chemosphere, 72 (10):1594-1601, 2008.

124. Baumard, P., Budzinski, H., Michon, Q., Garrigues, P., Burgeot, T. and Bellocq,
J. Origin and bioavailability of PAHs in the Mediterranean Sea from mussel and
sediment. Estuarine Coastal and Shelf Science, 47 (1):77-90, 1998.

125. Khalili, N.R., Scheff, P.A. and Holsen, T.M. PAH source fingerprints for coke
ovens, diesel and, gasoline engines, highway tunnels, and wood combustion
emissions. Atmospheric environment, 29 (4):533-542, 1995.

126. Guo, H., Lee, S.C., Ho, K.F., Wang, X.M. and Zou, S.C. Particle-associated
polycyclic aromatic hydrocarbons in urban air of Hong Kong. Atmospheric
Environment, 37 (38):5307-5317, 2003.

127. Sicre, M.A., Marty, J.C., Saliot, A., Aparicio, X., Grimalt, J. and Albaiges, J.
Aliphatic and aromatic hydrocarbons in different sized aerosols over the
Mediterranean Sea: occurrence and origin. Atmospheric Environment,
21(10):2247-2259, 1987.

Page 43



Review of Literature

128. Manoli, E., Kouras, A. and Samara, C. Profile analysis of ambient and source
emitted particle-bound polycyclic aromatic hydrocarbons from three sites in
northern Greece. Chemosphere, 56 (9):867-87, 2004.

129. Fang, G.C., Wu, Y.S., Chen, M.H., Ho, T.T., Huang, S.H. and Rau, J.Y.
Polycyclic aromatic hydrocarbons study in Taichung, Taiwan, during 2002—-2003.
Atmospheric Environment, 38 (21):3385-3391, 2004.

130. Zhang, W., Zhang, S., Wan, C., Yue, D., Ye, Y. and Wang, X. Source diagnostics
of polycyclic aromatic hydrocarbons in urban road runoff, dust, rain and canopy
through fall. Environmental Pollution, 153(3):594-601, 2008.

131. Mantis, J., Chaloulakou, A. and Samara, C. PM10-bound polycyclic aromatic
hydrocarbons (PAHSs) in the Greater Area of Athens, Greece. Chemosphere, 59
(5):593-604, 2005.

132. Pandey, P.K., Patel, K.S. and Lenicek, J. Polycyclic aromatic hydrocarbons: need
for assessment of health risks in India? Study of an urban-industrial location in
India. Environmental Monitoring and Assessment, 59 (3):287-319, 1999.

133. Park, S.S., Kim, Y.J. and Kang, C.H. Atmospheric polycyclic aromatic
hydrocarbons in Seoul, Korea. Atmospheric Environment, 36 (17):2917-2924,
2002.

134. Dahle, S., Savinov, V.M., Matishov, G.G., Evenset, A. and Naes, K. Polycyclic
aromatic hydrocarbons (PAHS) in bottom sediments of the Kara Sea shelf, Gulf of
Ob and Yenisei Bay. Science of the Total Environment, 306 (1):57-71, 2003.

135. Caricchia, A.M., Chiavarini, S. and Pezza, M., Polycyclic aromatic hydrocarbons
in the urban atmospheric particulate matter in the city of Naples (ltaly).
Atmospheric Environment, 33 (23):3731-3738, 1999.

136. Budzinski, H., Jones, 1., Bellocq, J., Pierard, C. and Garrigues, P.H. Evaluation of
sediment contamination by polycyclic aromatic hydrocarbons in the Gironde
estuary. Marine chemistry, 58 (1):85-97, 1997.

137. Kumar, V. and Kothiyal, N.C. Distribution behavior and carcinogenic level of
some polycyclic aromatic hydrocarbons in roadside soil at major traffic intercepts
within a developing city of India. Environmental monitoring and assessment, 184
(10):6239-6252, 2012.

138. Bhupander, K., Gargi, G., Richa, G., Dev, P., Sanjay, K. and Shekhar, S.C.

Distribution, composition profiles and source identification of polycyclic aromatic

Page 44



Review of Literature

hydrocarbons in roadside soil of Delhi, India. Journal of Environment and Earth
Science, 2 (1):10-22. 2012

139. Hussain K., Rajbangshi, R. and Hoque, R.R. Understanding levels and sources of
PAHs in Water of Bharalu Tributary of the Brahmaputra River. Asian journal of
water, environment and pollution, 11 (2):89-98, 2014.

140. Sojinu, O.S., Wang, J.Z., Sonibare, O.0. and Zeng, E.Y. Polycyclic aromatic
hydrocarbons in sediments and soils from oil exploration areas of the Niger Delta,
Nigeria. Journal of Hazardous Materials, 174 (1-3):641-647, 2010.

141. Jacobs, L.E., Weavers, L.K. and Chin, Y.P. Direct and indirect photolysis of
polycyclic aromatic hydrocarbons in nitrate-rich surface waters. Environmental
Toxicology and Chemistry, 27:1643-1648, 2008.

142. Yang, Z., Wang, L., Niu, J., Wang, J. and Shen, Z. Pollution assessment and
source identifications of polycyclic aromatic hydrocarbons in sediments of the
Yellow River Delta, a newly born wetland in China. Environmental monitoring
and assessment, 158 (1-4):561-571, 20009.

143. Riccardi, C., Di Filippo, P., Pomata, D., Incoronato, F., Di Basilio, M., Papini,
M.P. and Spicaglia, S. Characterization and distribution of petroleum
hydrocarbons and heavy metals in groundwater from three Italian tank farms.
Science of the total Environment, 393 (1):50-63, 2008.

144. Zhu, L., Chen, B., Wang, J. and Shen, H. Pollution survey of polycyclic aromatic
hydrocarbons in surface water of Hangzhou, China. Chemosphere, 56 (11):1085-
95, 2004.

145. Ho, K.F. and Lee, S.C. Identification of atmospheric volatile organic compounds
(VOCs), polycyclic aromatic hydrocarbons (PAHs) and carbonyl compounds in
Hong Kong. Science of the Total Environment, 289 (1):145-158, 2002.

146. Simcik, M.F., Eisenreich, S.J. and Lioy, P.J. Source apportionment and
source/sink relationships of PAHSs in the coastal atmosphere of Chicago and Lake
Michigan. Atmospheric Environment, 33 (30):5071-5079, 1999.

147. Simeonov, V., Stratis, J.A., Samara, C., Zachariadis, G., Voutsa, D., Anthemidis,
A., Sofoniou, M. and Kouimtzis, T. Assessment of the surface water quality in
Northern Greece. Water research, 37 (17):4119-4124, 2003.

148. Singh, K.P., Malik, A. and Sinha, S. Water quality assessment and apportionment
of pollution sources of Gomti river (India) using multivariate statistical
techniques—a case study. Analytica Chimica Acta, 538 (1):355-374, 2005.

Page 45



Review of Literature

149. Yu, X.Z., Gao, Y., Wu, S.C., Zhang, H.B., Cheung, K.C. and Wong, M.H.
Distribution of polycyclic aromatic hydrocarbons in soils at Guiyu area of China,
affected by recycling of electronic  waste using  primitive
technologies. Chemosphere, 65 (9):1500-1509, 2006.

150. Zhou, W. and Zhu, L., Efficiency of surfactant-enhanced desorption for
contaminated soils depending on the component characteristics of soil-surfactant—
PAHs system. Environmental Pollution, 147(1):66-73, 2007.

151. Sarkar, S. and Khillare, P.S. Association of polycyclic aromatic hydrocarbons
(PAHSs) and metallic species in a tropical urban atmosphere—Delhi, India. Journal
of atmospheric chemistry, 68 (2):107-126, 2011.

152. Agarwal. T. and Bucheli. T.D. Is black carbon a better predictor of polycyclic
aromatic hydrocarbon distribution in soils than total organic carbon. Environment
Pollution, 159:64-70, 2011

153. Wang, W., Simonich, S.L.M., Xue, M., Zhao, J., Zhang, N., Wang, R., Cao, J.
and Tao, S. Concentrations, sources and spatial distribution of polycyclic aromatic
hydrocarbons in soils from Beijing, Tianjin and surrounding areas, North
China. Environmental Pollution, 158 (5):1245-1251, 2010.

154. Ray, S., Khillare, P.S., Kim, K.H. and Brown, R.J. Distribution, sources, and
association of polycyclic aromatic hydrocarbons, black carbon, and total organic
carbon in size-segregated soil samples along a background—urban—rural
transec. Environmental engineering science, 29 (11):1008-1019, 2012.

155. Garbarino, J. R., Hayes, H., Roth, D., Antweider, R., Brinton, T.I. and Taylor, H.
Contaminants in the Mississipi River, US geological survey circular usgs circ.,
53-72, 1995.

156. Steinnes, E., Allen, R.O., Petersen, H.M., Rambak, J.P. and Varskog, P.
Evidence of large scale heavy-metal contamination of natural surface soil in
Norway from long-range atmospheric transport. Science of the Total Environment,
205 (2):255-266, 1997.

157. Donisa, C., Mocanu, R., Steinnes, E. and Vasu, A. Heavy metal pollution by
atmospheric transport in natural soils from the northern part of eastern
carpathians. Water Air and Soil Pollution, 120 (3-4):347-358, 2000.

158. Lin, Y., Teng, T.P. and Chang, T.K., Multivariate analysis of soil heavy metal
pollution and landscape pattern in Changhua country in Taiwan. Landscape and
Urban Planning, 62(1):19-35, 2002.

Page 46



Review of Literature

159. Coskun, M., Steinnes, E., Frontasyeva, M.V., Sjobakk, T.E. and Demkina, S
Heavy metal pollution of surface soil in the Thrace region, Turkey. Environmental
monitoring and assessment, 119 (1-3):545-556, 2006.

160. Alloway, B.J. Soil processes and the behavior of metals. Heavy metals in soils,
Blackle academic & professional, Wester Cleddens Road, Glasgow, UK, 2™ eds.
38-57, 1995.

161. Mireles, F., Davila, J.1., Pinedo, J.L., Reyes, E., Speakman, R.J. and Glascock,
M.D. Assessing urban soil pollution in the cities of Zacatecas and Guadalupe,
Mexico by instrumental neutron activation analysis. Microchem Journal, 103:158-
164, 2012.

162. Wei, B. and Yang, L. A review of heavy metal contaminations in urban soils
urban road dusts and agricultural soils from China. Microchem Journal, 94 (2):
99-107, 2010.

163. Yaylali-Abanuz, G. Heavy metal contamination of surface soil around Gebze
industrial area, Turkey. Microchem Journal, 99 (1):82-92, 2011.

164. Hu, Y., Liu, X., Bai, J., Shih, K., Zeng, E.Y. and Cheng, H. Assessing heavy
metal pollution in the surface soils of a region that had undergone three decades of
intense industrialization and urbanization. Environmental Science and Pollution
Research, 20 (9):6150-6159, 2013.

165. Chen, T.B., Zheng, Y.M., Lei, M., Huang, Z.C., Wu, H.T., Chen, H., Fan, K.K.,
Yu, K., Wu, X. and Tian, Q.Z. Assessment of heavy metal pollution in surface
soils of urban parks in Beijing, China. Chemosphere, 60 (4):542-551, 2005.

166. Yang, P., Yang, M., Mao, R. and Shao, H. Multivariate-statistical assessment of
heavy metals for agricultural soils in northern China. The Scientific World
Journal, 2014.

167. Sharma, R.K., Agrawal, M. and Marshall, F. Heavy metal contamination of soil
and vegetables in suburban areas of Varanasi, India. Ecotoxicology and
environmental safety, 66 (2):258-266, 2007.

168. Krishna, A.K. and Govil, P.K. Heavy metal contamination of soil around Pali
industrial area, Rajasthan, India. Environmental Geology, 47 (1):38-44, 2004.

169. Parth, V., Murthy, N.N. and Saxena, P.R. Assessment of heavy metal
contamination in soil around hazardous waste disposal sites in Hyderabad city
(India): natural and anthropogenic implications. Journal of Environmental

research and management, 2 (2):27-34, 2011.

Page 47



Review of Literature

170. Govil, P., Reddy, G. and Krishna, A. Contamination of soil due to heavy metals
in the Patancheru industrial development area, Andhra Pradesh,
India. Environmental Geology, 41 (3-4):461-469, 2001.

171. Afkhami, F., Karbassi, A.R., Nasrabadi, T. and Vosoogh, A. Impact of oil
excavation activities on soil metallic pollution, case study of an Iran southern oil
field. Environmental earth sciences, 70 (3):1219-1224, 2013.

172. Adaikpoh, E.O. Metal fractionation in soil profiles in Umutu oil field, Northwest
Niger Delta Nigeria. International Journal of Chemistry, 3 (1):57, 2011.

173. Iwegbue, C.M.A., Egobueze, F.E. and Opuene, K. Preliminary assessment of
heavy metals levels of soils of an oil field in the Niger Delta,
Nigeria. International Journal of Environmental Science & Technology, 3
(2):167-172, 2006.

174. Xiao-Wen, F.U., Deng-Ge, W.A.N.G., Xiao-Hua, R.E.N. and Zhao-Jie, C.UL.I.
Spatial distribution patterns and potential sources of heavy metals in soils of a
crude oil-polluted region in China. Pedosphere, 24 (4):508-515, 2014.

175. Kotoky, P., Bora, B.J., Baruah, N.K., Baruah, J., Baruah, P. and Borah, G.C.
Chemical fractionation of heavy metals in soils around oil installations,
Assam. Chemical Speciation & Bioavailability, 15 (4):115-126, 2003.

176. Wedepohl, K.H. Handbook of geochemistry, Springer Verlag, Berlin, Heidelberg,
New York, 227-247, 1972.

177. Hawkes, H. E. and Webb, J.S. Geochemistry in mineral exploration, Harper and
Row, 409, 1972.

178. Bhattacharya, P., Chatterjee, D. and Jacks, G. Occurrence of Arsenic-
contaminated Groundwater in Alluvial Aquifers from Delta Plains, Eastern India:
Options for Safe Drinking Water Supply. International Journal of Water
Resources Development, 13 (1):79-92, 1997.

179. Boarh, M. and Misra, A.K. Seasonal distribution of trace metals in ground and
surface water of Golaghat District, Assam, India. Journal of Chemistry, 7
(S1):S465-S473, 2010.

180. Li, J., Inanaga, S., Li, Z. and Eneji, A.E. Optimizing irrigation scheduling for
winter wheat in the North China Plain. Agricultural water management, 76 (1):8-
23, 2005.

Page 48



Review of Literature

181. Taghipour, H., Mosaferi, M., Pourakbar, M. and Armanfar, F. Heavy Metals
Concentrations in Groundwater Used for Irrigation. Health promotion
perspectives, 2 (2):205, 2012.

182. Ravisankar, T. and Prasada Rao, P. T. S. R. K. Heavy metal assessment in
industrial groundwater in and around Vijayawada, Andhra Pradesh,
India. European Chemical Bulletin, 3 (10-12):1008-1013, 2014.

183. Krishna, A.K., Satyanarayanan, M. and Govil, P.K. Assessment of heavy metal
pollution in water using multivariate statistical techniques in an industrial area: a
case study from Patancheru, Medak District, Andhra Pradesh, India. Journal of
hazardous materials, 167 (1):366-373, 2009.

184. Haloi, N. and Sarma, H.P. Heavy metal contaminations in the groundwater of
Brahmaputra flood plain: an assessment of water quality in Barpeta District,
Assam (India). Environmental monitoring and assessment, 184 (10):6229-6237,
2012.

185. Chakrabarty, S. and Sarma, H.P. Heavy metal contamination of drinking water in
Kamrup district, Assam, India. Environmental monitoring and assessment, 179 (1-
4):479-486, 2011.

186. Ruiz, F., Gonzélez-Regalado, M.L., Borrego, J., Morales, J.A., Penddn, J.G. and
Mufoz, J.M. Stratigraphic sequence, elemental concentrations and heavy metal
pollution in Holocene sediments from the Tinto-Odiel Estuary, southwestern
Spain. Environmental Geology, 34 (4):270-278, 1998.

187. Elbagermi, M.A., Edwards, H.G.M. and Alajtal, A.l. Monitoring of Heavy Metals
Content in Soil Collected from City Centre and Industrial Areas of Misurata,
Libya. International journal of analytical chemistry 2013.

188. Jung, M.C. and Thornton, I. Heavy metal contamination of soils and plants in the
vicinity of a lead-zinc mine, Korea. Applied Geochemistry, 11 (1):53-59. 1996.
189. Okedeyi, O.0., Dube, S., Awofolu, O.R. and Nindi, M.M. Assessing the
enrichment of heavy metals in surface soil and plant (Digitaria eriantha) around
coal-fired power plants in South Africa. Environmental Science and Pollution

Research, 21 (6):4686-4696, 2014.

190. Deka, J., Sarma, K.P. and Hoque, R.R. Application of multivariate statistical
approach to identify heavy metal sources in oilfield soil of Brahmaputra Valley.
International journal of bio-resource, environment and agricultural sciences, 1
(4):199-215, 2015.

Page 49



Review of Literature

191. Johnson, A.H.M., Lalor, G.C., Preston, J., Robotham, H., Thompson, C. and
Vutchkov, M.K. Heavy metals in Jamaican surface soils. Environmental
geochemistry and health, 18 (3):113-121, 1996.

192. McComb, Rogers, C., Han, F.X. and Tchounwou, P.B. Rapid screening of heavy
metals and trace elements in environmental samples using portable X-ray
fluorescence spectrometer, A comparative study. Water, Air, & Soil Pollution, 225
(12):1-10, 2014.

193. Ostapczuk, P., Valenta, P., Ritzel, H. and Nurnberg, H.W. Application of
differential pulse anodic stripping voltammetry to the determination of heavy
metals in environmental samples. Science of the Total Environment, 60:1-16,
1987.

194. Hong-gui, D., Teng-feng, G., Ming-hui, L. and Xu, D. Comprehensive
assessment model on heavy metal pollution in soil. International Journal of
Electrochemical Science, 7 (6):5286-5296, 2012.

195. Napier, F., D’Arcy, B. and Jefferies, C.A review of vehicle related metals and
polycyclic aromatic hydrocarbons in the UK environment. Desalination, 226 (1):
143-150, 2008.

196. Brown, J.N. and Peake, B.M. Sources of heavy metals and polycyclic aromatic
hydrocarbons in urban stormwater runoff. Science of the total environment, 359
(1):145-155, 2006.

197. Singh, D.P., Gadi, R. and Mandal, T.K. Characterization of particulate-bound
polycyclic aromatic hydrocarbons and trace metals composition of urban air in
Delhi, India. Atmospheric environment, 45 (40):7653-7663, 2011.

198. Tiwari, J.N., Chaturvedi, P., Ansari, N.G., Patel, D.K., Jain, S.K. and Murthy,
R.C. Assessment of Polycyclic Aromatic Hydrocarbons (PAH) and heavy metals
in the vicinity of an oil refinery in India. Soil and Sediment Contamination, 20 (3):
315-328, 2011.

199. Hussain, K., Rahman, M., Prakash, A. and Hoque, R.R. Street dust bound PAHSs,
carbon and heavy metals in Guwahati city—Seasonality, toxicity and
sources. Sustainable Cities and Society, 19:17-25, 2015a.

200. Das, M. Patel, D.K., Sarma, A.K., Baruah, B.K., Banu, S. and Kotoky, J.
Assessment of polycyclic aromatic hydrocarbons and heavy metals pollution in
soils of Guwahati city, Assam, India. Current science, 110 (12), 2016.

Page 50



Review of Literature

201. Sarma, H., Islam, N.F., Borgohain, P., Sarma, A. and Prasad, M.N.V.

Localization of polycyclic aromatic hydrocarbons and heavy metals in surface soil
of Asia’s oldest oil and gas drilling site in Assam, north-east India: Implications
for the bio-economy. Emerging Contaminants, 2016.

202. Sun, M., Luo, Y., Teng, Y., Jia, Z., Li, Z. and Deng, S. Remediation of

polycyclic aromatic hydrocarbon and metal contaminated soil by successive
methyl-B-cyclodextrin-enhanced soil washing—microbial augmentation: a
laboratory evaluation. Environmental Science and Pollution Research, 20
(2):976-986, 2013.

203. Wang, Y. H., Lin, C., Lai, Y.C. and Chang-Chien, G.P. Characterization of

PCDD/Fs, PAHs, and heavy metals in a secondary aluminum smelter.
Journal of Environmental Science and Health, Part A. 44 (13):1335-1342, 2009.

Page 51



