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This study investigated the occurrence of polycyclic aromatic hydrocarbons (PAHs) in water and sediment samples collected along
the harbour line, Mumbai, India. The

∑
PAHs quantified in water and sediment samples were ranged from 8.66 ng/L to 46.74 ng/L

and from 2608 ng/g to 134134 ng/g dry wt., respectively. Significantly high concentration of
∑

PAHs was found in water samples
of Sewri and sediment samples of Mahul (P < 0.05). PAH concentrations detected in the present study were several folds higher
than the existing sediment quality criteria suggested by various statutory agencies. The PAH composition patterns in water and
sediments suggest the dominance of high molecular weight compounds and indicate important pyrolytic and petrogenic sources.
The occurrence of PAHs in the marine environment has attracted the attention of the scientific community as these compounds
are frequently detected in seawater and sediments at increasing levels and can have adverse health effects on marine organisms and
humans. PAH concentrations detected at Sewri-Mahul site were sufficiently high to pose a risk to marine organisms if they are
exposed continuously to this concentration. Hence, continuous monitoring of the ecosystem is highly warranted.

1. Introduction

All over the world over there have been imminent prob-
lems of pollution in many of the coastal regions resulting
in significant damage to marine ecosystems. Polycyclic
aromatic hydrocarbons (PAHs) are a group of over 100
different chemicals that are formed during the incomplete
burning of coal, oil and gas, garbage, and other organic
substances [1, 2]. These contaminants generate considerable
interest because some of them are highly carcinogenic in
laboratory animals and have been implicated in breast,
lung, and colon cancers in humans [3–5]. Accordingly,
they are included in the US EPA and the EU priority
pollutants list. PAHs can reach surface waters and sediment
in different ways, including atmospheric deposition, urban
run-off, municipal and industrial effluents, and oil spillage
or leakage [6, 7]. Owing to their low aqueous solubility
and strong hydrophobic nature, these contaminants tend to

associate with particulate material in the aquatic environ-
ment, with the underlying sediments as their ultimate sink
[8].

Recent efforts by the EPA have been aimed at establishing
sediment quality criteria in an effort to further reduce human
exposure to PAH, especially via ingestion of shellfish. Sedi-
ments may be a significant source of PAH to the overlying
water column particularly in areas where historical PAH
input to the sediments has been high. Because some of the
PAHs in sediments are not readily available to partition (i.e.,
PAH associated with soot) and are therefore not bioavailable
[9], measuring the PAH in the overlying water may provide a
better indication of exposure of marine organisms to PAH
than discrete sediment sampling. Also, the distribution of
PAH in the sediments may be quite heterogeneous and
small numbers of samples may not provide a representative
distribution, while overlying water measurements can be
made much more extensively in a short period of time [10].
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It has also been emphasized that open seas play a role as
a final sink for persistent toxic contaminants and accumulate
on marine organisms [11]. The coastal zone represents that
part of the land affected by its proximity to the sea and
the part of the sea that is affected by its proximity to the
land. Papers concerning PAHs in seawater and sediment in
India are scarce, due to their very low concentrations in that
matrix, in comparison with the concentrations in wastes,
sewage, and contaminated soils. Unprecedented increase
of human activities and other sources in and around has
imposed considerable stress on the surrounding marine envi-
ronment, and Mumbai harbor is no exception. Mumbai is
one of the fastest growing metropolitan cities. Its population
is projected to increase from 18.3 million, as per 2001 census,
to 22.4 million in 2011. The quality of environment is
deteriorating due to release of contaminants from industries
and municipal wastes. It was also estimated that 2485 MLD
wastes are released in to the marine environment from both
industries and domestic sewage [12]. The major objective
of the present study was to determine the distribution of
PAHs in water and sediment, to assess the toxicological
implications of these contaminants, and to generate baseline
information on the pollution status along harbour line,
Mumbai, India.

2. Materials and Methods

2.1. Study Area. Mumbai is one of the major cities in India
which is located along the western coast of the country. City
with a human population density of 25,000 persons/km−2

generates 2.2 × 106 m3 d−1 of domestic sewage out of which
about 2 × 106 m3 d−1 enters marine waters including creeks
and bays, largely untreated [13]. It has great diversification of
industries in metropolitan region. About 8% of industries in
the country are located around Mumbai in the upstream. A
variety of industries, including refineries and petrochemical
complexes, from this area are releasing their effluents largely
untreated into the sea. There are number of ports wherein
the ship and cargo handling activities contribute to marine
pollution. Sewri-Mahul and Nhava mud flats about 1000 ha
have been identified as an important bird area (IBA) [14].
Sewri-Mahul mudflats (19◦01′00′′N, 72◦52′60′′E) (Figure 1)
which extent over an area of 10 km long and 3 km wide are
dominated by mangroves all along the coast. The Sewri Bay
is situated just off the wide mouth of Thane Creek along the
northern periphery of Mumbai’s eastern harbour.

2.2. Sample Collection. Seawater samples (1 L volume) for
determination of PAH were collected during 2008 along
the harbour line (Sewri, Mahul, Nhava), Mumbai, India
(Figure 1). A total of 27 (9 sample pooled into 3 samples
from each location) water samples were collected at 1 m
depth by submerging a pre-cleaned glass amber bottle by
hand. Water was filtered under vacuum through a Whatman
GF/F filter (previously muffled at 300◦C overnight). The
samples were stored in PTFE bags and frozen at −20◦C
until processing. Twenty seven sediment (9 samples pooled
in to 3 from each location) were collected during the
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Figure 1: Study area showing water and sediment sample collection
locations at Mumbai harbor line, Maharashtra, India.

research period. Pre-cleaned PVC core sampler was used for
sampling. Sediment surfaces were sliced to 1 cm-thick slices
immediately after sampling. The sediment samples were
sealed in polythene covers and transported to the laboratory
at SACON, Coimbatore, in ice box and stored at −20◦C in
the deep freezer until analysis.

2.3. Sample Processing. Water samples were extracted with
dichloromethane (glass distilled grade; 3 × 100 mL). The
first aliquot was used to rinse the sampling bottle and the
remaining was used for solvent extraction. The two solvent
extracts were combined over anhydrous sodium sulphate
(also previously muffled at 300◦C overnight). The collected
extract was transferred to a pre-cleaned “hypovial”, capped
with a PTFE septum, and stored at −20◦C prior to analysis.
The extract was allowed to return to room temperature,
and then reduced to 2 mL by means of a rotary evaporator
with a water-bath operated at <30◦C so as to minimize
loss of volatile components. The reduced extract was then
transferred to a 10 mL test-tube and reduced to near dryness
under a stream of nitrogen, before being made up to 1 mL
volume by addition of Acetonitrile. Sample extracts were
then filtered into an auto sampler vial.

Freeze dried sediment was air dried, ground with pestle
and mortar, and sieved through 0.5 mm sieve prior to further
processing. Ten gram of dry sediment mixed with sodium
sulfate and copper granules were extracted twice in 100 mL
cyclohexane for 30 min. The extracts were concentrated to
0.5 mL under a gentle stream of nitrogen. The concentrated
extracts were fractionated by a silica gel column (4 mm i.d.
90 mm). The column was then eluted first with 3.5 mL of
hexane and the solution discarded. Further elution was by
benzene (5 mL) to obtain PAHs [16]. All the extracts were
concentrated by gentle N2 blowdown to about 100 µL.

2.4. Chemical Analysis. All the samples were quantified
for PAHs using HPLC (Agilent 1100) consisting of pro-
grammable fluorescence detector at excited and emission
wavelength of 260 nm and 500 nm, respectively. A 20 µL
aliquot of the extract was injected through an auto sampler
into C18 column (Zorbax 4.6 × 250 mm) of 5 µm particle
size. The temperature of the column was maintained at 20◦C.
Water/Acetonitrile (ACN) was used as mobile phase with a
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flow of 1 mL/min. The initial content of ACN will be 50%
and then increased into 60% (0–3 min) and 95% (3–14 min).
This level will be held constant for 24 minutes until the end
of the analysis. Recoveries of the compounds from fortified
samples (50 ng/g) ranged from 94 to 103% and the results
were not corrected for per cent recovery and the results were
expressed in wet weight basis. Analyses were run in batches
of 10 samples plus four quality controls (QCs) including one
reagent blank, one matrix blank, one QC check sample, and
one random sample in duplicate. The minimum detection
limit for all the compounds analyzed was 10 ng/g.

Statistics. All the data were log transformed to get normal
distribution. One way analysis of variance (ANOVA) was
performed to assess the variation locations. Means were
compared using the Bonferroni multiple comparison test.
The significant level was P < 0.05. All the calculations were
done using statistical software, SPSS student version 10.

3. Results and Discussion

This paper presents results from analyses of PAHs in water
and sediment samples collected along the harbor line,
Mumbai, India. Concentration range of individuals and total
PAHs are given in Tables 2 and 3.

3.1. PAH Concentrations in Water. The mean total con-
centrations of 15 PAHs (

∑
PAHs) in water ranged from

8.66 µg/L Nhava to 46.74 µg/L at Sewri (Table 1). The
highest concentration (104.07 µg/L) was observed at Sewri,
where oil intrusion was clearly visible. Among the three
locations, samples collected from Nhava detected lower
concentration than other two places (Figure 2). Similarly,
high concentration (66.74 µg/L) was also found at Mahul,
which is close to sewage outlet from Mumbai. Sewri-Mahul
mudflats have a surface area of about 4 sq km. The Mahul
rivulet, highly polluted with wastes from Vadala, drains
directly into this area. The amount of PAHs detected there
is obviously related to urban runoffs, sewage discharges, and
intense shipping and oil refinery activities. Ship breaking
and oil seepage from industrial activities near Sewri area
lead to high concentrations of total PAHs. Additionally,
boats and ships transports in these regions were discharging
black smokes throughout their movement, hence there are
many nonpoint sources in the bay, contributing to the wide
variations of PAH concentrations detected.

In terms of individual PAH composition in water, almost
all of the compounds (11 out of 15) analyzed were detected at
all the sampling places. Many of the samples from Sewri and
Mahul were present at concentrations in excess of µg/L, sug-
gesting that the water in the area was heavily contaminated by
PAHs. Such a wide range of PAHs at different concentrations
indicates that there are potentially many different sources of
PAHs in the area, possibly including combustion followed
by oil residues, sewage outfalls, and industrial wastewater.
From the distribution of PAHs in water alone, it is difficult
to differentiate these different sources of input, nevertheless,
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Figure 2: Concentration and comparison of PAHs in water sample
collected from different locations along harbor line, Mumbai, India.
∗ANOVA, P < 0.05.

the data can act as an indication of the potential impacts of
such high levels of PAHs on the local ecosystems.

The total PAH concentrations found in water along the
harbor line, Mumbai, are several orders of magnitude higher
than those detected in various other studies around the
world (Table 3). Similarly, comparable high levels of PAHs
were also found in seawater samples of Daya Bay, China
[18], and northern Spanish [19]. Although PAHs do not
show extremely high acute toxicity to aquatic organisms,
the lower molecular mass compounds tend to exhibit higher
lethal toxicity than the larger PAHs [33]. In addition, lethal
concentration (LC50) down to less than 10 µg/L has been
reported for various organisms including mysid [34, 35]. The
PAH concentrations detected in water samples of Sewri and
Mahul clearly show (Figure 2) that the concentrations are
greater than 10 µg/L, as a result, acute toxicity may have been
caused to certain exposed organisms [33]. It should be noted
that different numbers of target analytes (PAH congeners)
and instrument were employed in individuals studies.

3.2. PAH Concentrations in Sediment. The
∑

PAH con-
centrations in sediment ranged from 17 ng/g at Sewri to
134134 ng/g at Mahul with mean concentrations of 2608–
51606 ng/g dry wt. (Table 2). Although the higher load of
PAHs was recorded in water samples of Sewri, sediment
from Mahul recorded the highest concentrations of PAHs.
The highest concentration was observed at Mahul, which is
close to sewage intrusion to seashore and also receive water
flow from Sewri, which is closer to Mahul. The total PAH
concentration detected in sediment samples of Mahul is 20
times higher than the levels detected in Sewri and 13 times
higher than those detected in sediment samples of Nhava
(Figure 3).

In terms of individual PAH composition in sediment, the
most compounds analysed except naphthalene were detected
at all the sediment samples. Many of the PAH compounds
were present at low concentration range. As far as the
composition pattern of PAHs in sediments is concerned, it
is mostly dominated by four-ring PAHs as shown in Table 2.
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Table 1: Concentrations of
∑

PAHs (µg/L) in water collected along the harbour line, Mumbai, India.

Place of collection

PAHs SEWRI (n = 3)∗ MAHUL (n = 3)∗ NHAVA (n = 3)∗

Range Mean Range Mean Range Mean

Naphthalene <1 <1 <1 <1 <1 <1

Acenaphthene <1–2.98 1.33 <1–2.13 1.39 <1 <1

Fluorene <1–2.55 1.52 <1 <1 <1 <1

Phenanthrene <1 <1 <1–3.14 1.08 <1 <1

Anthracene <1 <1 <1 <1 <1 <1

Fluoranthene <1–5.11 1.7 <1–1.84 1.17 <1–3.05 1.02

Pyrene <1 <1 <1 <1 <1 <1

Benzo(a)anthracene <1–2.93 1.78 <1–3.48 1.18 <1–3.16 1.35

Chrysene <1 <1 <1 <1 <1 <1

Benzo(b)fluoranthene <1–23.2 8.83 <1–17.3 5.61 <1–8.05 2.58

Benzo(k)fluoranthene <1–2.06 1.29 <1–2.75 1.25 <1 <1

Benzo(a)pyrene <1–1.94 1.32 <1–4.67 1.57 <1–2.03 1.34

Dibenzo(a,h)anthracene <1–28.2 10.9 <1–12.9 4.38 <1–1.97 1.04

Benzo(g,h,i)perylene <1–15.5 7.97 <1–5.53 2.52 <1 <1

Indeno(1,2,3-cd)pyrene <1–19.6 10.1 <1–13 3.93 <1–2.23 1.33

Total PAHs <1–104.07 46.74 <1–66.74 24.08 <1–20.49 8.66

<1: values below detectable concentration, ∗pooled from 9 water samples.

Table 2: Concentrations of
∑

PAHs (ng/g, dry wt.) in sediment collected along the harbour line, Mumbai, India.

Place of collection

PAHs SEWRI (n = 3)∗ MAHUL (n = 3)∗ NHAVA (n = 3)∗

Range Mean Range Mean Range Mean

Naphthalene <1 <1 <1 <1 <1 <1

Acenaphthene <1–245 110 <1–5265 1821 <1 <1

Fluorene <1 <1 <1–28 9 <1 16

Phenanthrene <1–354 120 <1–51 31 9–24 410

Anthracene <1–331 110 <1–6.2 2 <1–1228 658

Fluoranthene <1 <1 <1–70496 24857 527–955 17

Pyrene <1–12 8 <1–419 271 8–23 89

Benzo(a)anthracene <1–6 2 <1–107 54 37–143 152

Chrysene <1–22 8 <1–344 170 13–424 193

Benzo(b)fluoranthene <1–2796 932 <1 <1 110–470 293

Benzo(k)fluoranthene <1–472 204 <1–40914 17486 <1–480 9

Benzo(a)pyrene <1–265 90 <1–364 201 <1–28 739

Dibenzo(a,h)anthracene <1–359 135 104–1450 999 316–1417 210

Benzo(g,h,i)perylene 17.3–920 337 92–13696 5153 <1–491 1251

Indeno(1,2,3-cd)pyrene <1–1498 552 168–994 552 <1–3395 <1

Total PAHs 17–7280 2608 364–134134 51606 1020–9078 4037

<1: values below detectable concentration, ∗pooled from 9 sediment samples.

Pereira et al. [36] also showed that four-ring PAHs dom-
inated PAH distributions in sediments from San Francisco
Bay. Pyrolysis/combustion of fossil materials yield such PAH
assemblages, which are subsequently introduced into the
marine environment by coastal and river runoff [37, 38].

Industrial and domestic wastes are often another important
local source. The changes in the composition pattern of
PAHs between sampling sites may occur due to variations
in additional input sources. The coastal region of Mumbai
receives industrial discharges up to 230 million liters per
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Table 3: Comparison of total PAH concentrations (µg/L) in sub-surface water from various marine sites around the world.

Location Year of Sampling N Range References

Chesapeake Bay, USA 1995 17 0.02–0.0657 Gustafson and Dickhut [9]

Baltic Sea 1995 14 0.300–0.594 Maldonado et al. [15]

Western Xiamen Bay, China 1998 — 0.106–0.945 Zhou et al. [16]

Alexandria coast, Egypt — — 0.013–0.120 El Nemr and Abd-Allah [17]

Daya Bay, China 1999 16 4.228–29.32 Zhou and Maskaoui [18]

Northern Spanish 2002 25 0.19–28.8 González et al. [19]

Saronikos Gulf (Greece) — 17 0.425–0.459 Valavanidis et al. [20]

Gerlache Inlet sea (Antarctica) — — 0.005–0.009 Stortini et al. [21]

Deep Bay, South China 2004 15 0.0247–0.069 Qiu et al. [22]

Western Taiwan Strait, China 2009 — 0.0123–0.058 Wu et al. [23]

Mumbai Harbour Line, India 2008 15 8.66–46.74 Present study

N: number of PAH compounds analysed in each study.
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Figure 3: Concentration and comparison of PAHs in sediment
sample collected from different locations along harbor line, Mum-
bai, India. ∗ANOVA, P < 0.05.

day (MLD) and domestic wastes of around 2200 MLD of
which 1800 MLD are untreated [12]. As a result, the high
concentrations of PAHs in sediment could be caused by the
large amount of soil runoff and sewage discharged from this
area into seawater. The results seem to suggest that PAHs in
the area are derived from both the combustion of fossil fuels
and petrogenic inputs.

The levels of sediment contamination by PAHs in along
the harbor line, Mumbai, India is fivefold lower than the
levels reported in sediment of Kitimat Harbour, Canada [25].
The total concentrations of 15PAHs in sediment of present
study are several folds higher than that the levels found in
Victoria Harbour, Hong Kong [24], Baltic Sea [26], Masan
Bay, Korea [27], and other places (Table 4). It is also worth
noting that different numbers of parent PAH compounds
were analysed in different studies, and that the compounds
measured may be different; so the comparison of total PAH
levels from different studies have to be treated with caution.
Additionally, high concentrations of total and carcinogenic
PAHs were also reported in fish samples collected from same
location [39].

In order to assess whether sediments in Mumbai harbor
will cause toxic effects, the PAH levels in sediments were
compared against effects-based guideline values such as
the effects range-low (ER-L), effects range-median (ERM),
and apparent effects threshold values developed by the US
National Oceanic and Atmospheric Administration [40].
Among the three study locations, the maximum mean
total PAH concentrations (51606 ng/g) were found in sed-
iment samples collected from Mahul followed by Nhava
(4037 ng/g). These levels were significantly higher than the
ER-L value (4000 ng/g). The total PAH concentrations found
in sediment samples in the present study locations exceeded
the maximum values of 2000–4000 ng/g in sediment quality
guidelines proposed by Ontario Ministry of the Environment
[41].

4. Conclusion

This study provides important data set on PAH levels in
the water and sediments along harbor line, Mumbai, India.
The levels of PAHs in water and sediment were several
folds higher than the other study reports from various
countries. The PAH distribution profile indicated potential
source dependence, as the levels were generally higher in the
vicinity of known inputs such as oil terminals and ports.
There are implications for the quality of seafood from many
aquaculture areas destined for human consumption. The
findings point to the urgent need to establish a monitoring
programme for persistent organic pollutants such as PAHs,
not only in water and sediment but also in the organisms
themselves to ensure that any excess in concentrations over
environmental quality standards is rapidly reported and nec-
essary actions are taken. Their presence in marine sediments
combined with other potentially toxic compounds can result
in negative effects, which have yet to be investigated to any
great extent.
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Table 4: Comparision of total PAH concentrations (ng/g, dry wt.) in sediment from various marine sites around the world.

Location Year of Sampling N Range References

Victoria Harbour, Hong Kong, China 1992 8 700–26100 Hong et al. [24]

Kitimat Harbour, Canada — 15 310–528000 Simpson et al. [25]

Baltic Sea 1996 18 3.96–22100 Baumard et al. [26]

Masan Bay, Korea 1998 16 41.5–1100 Khim et al. [27]

Western Xiamen Bay, China 1998 16 247–480 Zhou et al. [16]

East China Sea — — 17–157 Bouloubassi et al. [28]

Bohai Sea and Yellow Sea — 10 20.4–5734 Ma et al. [29]

Northern Adriatic Sea 1996 22 30–600 Notar et al. [30]

Daya Bay, China 1999 16 115–1134 Zhou and Maskaoui [18]

Deep Bay, South China 2004 15 353.8–128.1 Qiu et al. [22]

Southwestern Barents Sea 2006 22 58.8–326 Boitsov et al. [31]

Cienfuegos Bay, Cuba — — 180–5500 Tolosa et al. [32]

Mumbai Harbour Line, India 2008 15 17–134134 Present study
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