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Abstract The concentrations of total polycyclic aro-
matic hydrocarbons ( PAHs) and 22 individual PAH
compounds in 42 surface sediments collected from the
mangrove forest of Qeshm Island and Khamir Port
(Persian Gulf) were analyzed. PAHs concentrations
ranged from 259 to 5,376 ngg−1 dry weight with mean
and median values of 1,585 and 1,146 ngg−1, respec-
tively. The mangrove sediments had higher percen-
tages of lower molecular weight PAHs and the PAH
profiles were dominated by naphthalene. Ratio values
of specific PAH compounds were calculated to evalu-
ate the possible source of PAH contamination. This
ratios suggesting that the mangrove sediments have a
petrogenic input of PAHs. Sediment quality guidelines
were conducted to assess the toxicity of PAH com-
pounds. The levels of total PAHs at all of stations
except one station, namely Q6, were below the effects
range low. Also, concentrations of naphthalene in
some stations exceeded the effects range median.

Keywords Polycyclic aromatic hydrocarbons (PAHs) .
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forest . Persian Gulf

Introduction

PersianGulf is one of themost important water pathways
in the world. This gulf has been heavily developed for
crude oil production, transportation, and exportation. It is
well established that such activities result in contamina-
tion of the marine environment by petroleum and petro-
leum productions. This gulf represents a highly stressful
environment due to prevailing natural conditions and
development pressures along its coastline. The Gulf has
approximately two thirds of the world’s proven oil
reserves and currently account for approximately one
fourth of the world oil production (Khan et al. 2002).
This gulf is greatly intensified by oil spills, and acciden-
tal discharges of various magnitudes have been reported
in the region (Linden et al. 1990). Thus, it is expected
that oil pollution is distributed on the Persian region and
has seriously endangered the marine ecosystems
(Behairy and Saad 1982; Rushdi et al. 1991). The
enclosed and shallow nature of the Gulf makes it espe-
cially subject to accumulation of contaminants. Because
of the narrow exchange through the Strait of Hormuz
into the Gulf of Oman, the time needed for all Gulf water
to come within the influence of the open sea is about 3–
5.5 years (Sheppard 1993). The Gulf suffers from chron-
ic oil pollution associated with local exploration,
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refining, discharge of tanker ballast water as well as from
natural seeps and wars (Zarba et al. 1985).

One of the most valuable of Persian Gulf ecosystems
are mangrove forests. Mangroves are perhaps the dom-
inant and most important intertidal habitat along tropical
and subtropical coastlines and estuaries. These rich eco-
systems are located in areas of high risk of acute or
chronic petroleum pollution. Further, high levels of
hydrocarbons may be expected to remain in mangrove
sediments after occurrence petroleum contamination be-
cause these environments are not favorable for hydrocar-
bon depletion by sediment transport or degradation by
bacteria. These zones are critical areas where valuable
biological resources and rich biodiversity are threatened.
These regions are continually exposed to anthropogenic
contamination of polycyclic aromatic hydrocarbons
(PAHs) from different sources (Lu and Lin 1990;
Klekowski et al. 1994). Mangrove’s unique features such
as high productivity, abundant detritus, and rich organic
carbon may make it an advantageous site for uptake and
preservation of PAHs (Bernard et al. 1996).

PAHs are widespread contaminants throughout na-
ture (Vilanova et al. 2001). Due to toxic, carcinogenic,
and mutagenic properties of some these compounds,
they are listed by the United States Environmental
Protection Agency and the European Community as
priority pollutants (Wenzel et al. 2006).

PAHs introduced to the environment are present in
complex mixtures. Two classes of PAHs can be rec-
ognized based on their properties and molecular
weight. First, PAHs with two or three aromatic rings
are named low molecular weight, and secondly PAHs
with four to six benzene rings are named high molec-
ular weight. The first class has an acute toxicity while
some of the high molecular weight PAHs shows high
carcinogenic and mutagenic potential. Because of their
hydrophobic and persistent nature, they accumulate in
sediments. Therefore, many studies have examined
PAHs contamination in coastal and oceanic sediments
(Boonyatumanond et al. 2006; Zakaria and Mahat
2006; Ibrahim 2004).

The studies of distribution and concentration of PAHs
were mainly performed in marine water and sediments
(Boonyatumanond et al. 2006). Studies that have been
carried out to assess the distribution and accumulation of
PAHs in mangrove ecosystems are scarce. Therefore, the
primary objective of this study is to investigate PAH
contamination in the mangrove forests of Qeshm Island
and Khamir Port (Persian Gulf), identify possible PAH

sources in area, and evaluate potential toxicological
impacts using biological thresholds.

Materials and methods

Study area

Qeshm is the biggest island in the Persian Gulf. This
island is located in the Strait of Hormuz into the Gulf of
Oman. This regain have high temperature and negligible
precipitation. The sediment of these forests is muddywith
high salinity water. Only two species of mangrove are
found within Iranian mangrove forests, Avicennia marina
and Rhizophora macrunata, and in the Hara Protected
Area, A. marina species is dominant. Daily, many tankers
and ships that transport oil production of Persian Gulf
throughout the world cross near this Island. Therefore, the
island and mangrove forests which are located in the
northwest are continually subjected to oil contamination.

Sample collection

During April 2010, 42 surface sediment samples (0–
5 cm) were collected from the mangrove forest of
Qeshm Island and Khamir Port (Fig. 1). The global
position of each station is given in Table 1. Sampling
was conducted during low tide and no water overlying
the sediments. Surface sediment samples were collect-
ed by using a stainless steel spoon and then transferred
into a stainless steel container to reduce any contam-
ination. The containers were labeled and placed in an
icebox at 4 °C then transported to the laboratory for
further analysis. The samples were stored in a cold
room (−20 °C) until further analysis.

Sample preparation

The collected sediment samples were freeze dried for
3 days to get rid of any water contained in the samples.
After the samples were freeze dried, they were then
stored frozen before proceeding with the analysis of
the PAHs.

PAHs analysis

The samples were purified and fractionated by the meth-
od described elsewhere (Zakaria et al. 2002). Briefly,
about 10 g of each sample (dry weight) was used for
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extraction. The samples were extracted with a Soxhlet
extractor using 300 ml dichloromethane for 8 h. After
Soxhlet extraction, 100 μl of deuterated PAH surrogate
internal standard mixture (naphthalene-d8, anthracene-
d10, chrysene-d12, and perylene-d12) was added to the
samples for quality control of PAHs analyses. In order to
eliminate any sulfur in the samples, a few copper chips
were added into the samples and left overnight.

Volume of the solvents was reduced using a rotary
evaporator to approximately 1 ml. In order to avoid
loss of samples by volatilization, the temperature of
the water bath kept at 40 °C.

The extracts were transferred onto the top of a 5 %
H2O-deactivated silica gel column. The column internal
diameter in this step was 0.9 mm and the 5 % H2O-
deactivated silica gel was added until a height of 9 cm.
The column was rinsed with 20 ml dichloromethane/
hexane (1:3, v/v). In this step, most of the organic
pollutants including n-alkanes, PCBs, LABs, and PAHs
were separated from other polar compounds. The eluted
sample was reduced in volume by a rotary evaporator
for the second step of column chromatography.

Fully activated silica gel was used in the second
step column chromatography. The column internal
diameter in this step was 4.7 mm and the height of
activated silica gel was 18 cm. To get PAHs fraction,
14 ml dichloromethane/hexane (1:3, v/v) was used.
PAHs fraction was evaporated to approximately 1 ml
then transferred to a glass ampoule and evaporated to
dryness under gentle stream of nitrogen and re-
dissolved into 100 μl p-terphenyl-d14 as an internal
injection standard for PAHs.

PAHs was analyzed by gas chromatography–
mass spectrometry using an Agilent Technologies
5975C quadrupole mass spectrometer coupled with
an Agilent 7890A gas chromatograph. A 30-m
fused silica capillary column was used with 0.25-
μm internal diameter and 0.25-μm film thickness;
helium was used as carrier gas in the analysis.
The injection port was maintained at 310 °C and
the sample was injected in the splitless mode
followed by a purge 1 min after the injection.
The column temperature was held at 70 °C for
2 min, programmed at 30 °C/min to 150 °C, and
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Fig. 1 Map of the sampling sites in the Mangrove forest Qeshm Island and Khamir Port (Persian Gulf)
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then 4 °C/min to 310 °C and held for 10 min
(Zakaria et al. 2002; Bakhtiari et al. 2009).

After a delay of 3 min, a selected ion monitoring
method was employed. PAHs were monitored at m/z0
128 (naphthalene), m/z0152 (acenaphtylene), m/z0154
(acenaphthene),m/z0166 (fluorene),m/z0178 (phenan-
threne, anthracene), m/z0192 (3-methylphenanthrene,
2-methylphenanthrene, 2-methylanthracene, 9-
methylphenanthrene, 1-methylphenanthrene), m/z0202
(fluoranthene, pyrene), m/z0228 (chrysene, benz[a]an-
thracene),m/z0252 (benzo[k]fluoranthene, benzo[b]flu-
oranthene, benzo[a]pyrene, perylene), m/z0276
(indeno[1,2,3-cd]pyrene, benzo[ghi]perylene), and
m/z0278 (dibenz[a,h]anthracene).

Total organic carbon analysis

The total organic carbon (TOC) content of samples
was measured following the wet digestion methods of
Gao et al. (2005). Briefly, in this method 1–2 g dry
weight of samples was oxidized with acidified (con-
centrated sulfuric acid) dichromate (K2Cr2O7)
followed by titration with ferrous sulfate (FeSO4).

Analytical quality control

The losses of PAHs during processing the samples
were estimated by deuterated PAHs that spiked to all
samples. Average recovery ranged between 73 % and
95 %. Concentration of PAH compounds was cor-
rected with the recoveries. In order to analytically
quality control the procedure, blanks were run with
each batch of samples. Limits of detection (0.2 ng/g)
were estimated as three times the baseline of the
measured chromatograms.

Result and discussions

Table 2 shows the composition of PAH compounds
and total PAHs concentration of mangrove forest sed-
iment samples in the Qeshm Island and Khamir Port
(Persian Gulf). Total PAHs concentration ranged from
259 to 5,376 ngg−1 dry weight. Most paired stations
such as 36–39, 3–5, 20–21, 31–32, etc. appear to have
similar total PAHs because these stations were very
near together (about 500 m), but total PAHs in Q4 and

Table 1 Location of sampling
sites in the mangrove forest of
Qeshm Island and Khamir Port
(Persian Gulf)

Stations Longitude Latitude Stations Longitude Latitude

Q1 55° 44′331″ 26° 50′580″ Q22 55° 45′105″ 26° 50′111″

Q2 55° 44′331″ 26° 50′580″ Q23 55° 40′815″ 26° 49′958″

Q3 55° 45′240″ 26° 50′741″ Q24 55° 40′891″ 26° 50′455″

Q4 55° 44′184″ 26° 49′658″ Q25 55° 41′679″ 26° 50′871″

Q5 55° 45′250″ 26° 50′746″ Q26 55° 41′963″ 26° 50′537″

Q6 55° 44′183″ 26° 49′658″ Q27 55° 41′963″ 26° 50′538″

Q7 55° 45′855″ 26° 49′838″ Q28 55° 42′251″ 26° 50′399″

Q8 55° 48′175″ 26° 55′108″ Q29 55° 43′001″ 26° 50′483″

Q9 55° 45′393″ 26° 48′283″ Q30 55° 37′759″ 26° 46′175″

Q10 55° 44′583″ 26° 47′680″ Q31 55° 40′682″ 26° 47′609″

Q11 55° 45′408″ 26° 47′551″ Q32 55° 40′695″ 26° 47′607″

Q12 55° 45′702″ 26° 47′342″ Q33 55° 42′437″ 26° 48′369″

Q13 55° 45′838″ 26° 47′234″ Q34 55° 42′686″ 26° 47′783″

Q14 55° 44′200″ 26° 47′447″ Q35 55° 43′005″ 26° 47′236″

Q15 55° 43′851″ 26° 47′560″ Kh1 55° 35′640″ 26° 54′630″

Q16 55° 42′981″ 26° 47′080″ Kh2 55° 34′924″ 26° 54′156″

Q17 55° 41′781″ 26° 48′341″ Kh3 55° 34′923″ 26° 54′156″

Q18 55° 41′080″ 26° 42′565″ Kh4 55° 35′637″ 26° 54′634″

Q19 55° 38′603″ 26° 50′772″ Kh5 55° 35′158″ 26° 54′322″

Q20 55° 38′927″ 26° 50′584″ Kh6 55° 35′410″ 26° 53′747″

Q21 55° 38′927″ 26° 50′584″ Kh7 55° 35′483″ 26° 53′366″

4022 Environ Monit Assess (2013) 185:4019–4032
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Q6 were magnitudes apart because in Q6 we observed
a point source of oil pollution.

Correlation of PAHs with TOC

It has been demonstrated that the chemical composition
of the sediment such as organic matter and clay content
influences the distribution and concentration of PAHs
(Kim et al. 1999; Witt 1995; Wang et al. 2001). In other
words, sediments with high organic carbon content were
characterized with high values of PAHs (Witt 1995;
Yang 2000). However, in the present study, no correla-
tion was found between PAHs and organic matter
concentration (Fig. 2). This non-affinity between organ-
ic matter and concentration of PAHs has also been
reported by previous workers (Raoux and Garrigues
1991; Coakley et al. 1993). These studies suggested that
the distribution and concentrations of PAHs in sedi-
ments would be determined more by direct input, rather
than by the type of sediment. Moreover, Simpson et al.
(1996) demonstrated that the relationship between total
PAHs and organic carbon was only significant for
highly polluted places where total PAHs concentration
was greater than 2,000 ngg−1.

Assessment of sediment quality using biological
thresholds

In order to make an assessment of aquatic sediment
with a ranking of low to high impact values, the effects
range low (ERL) and the effects range median (ERM)
values were used (Long et al. 1995). The measured
concentrations of PAHs were compared with the ERL
and ERM levels. Table 3 lists the thresholds for sedi-
ments quality guideline and values obtained from this
study. Total PAH concentrations at all stations, except
one that is located in the harbor (Q6), had total con-
centrations lower than the ERL value (4,000 ngg−1)
suggested by Long et al. (1995). They reported that the
concentrations below the ERL value represent a neg-
ligible effect range, i.e., adverse biological effect
would seldom be discovered below the ERL. On the
other hand, adverse effects on biological systems will
frequently occur if the concentration is higher than the
ERM value (4,4792 ngg−1). The concentrations of
individual PAH recorded in the present study ranged
from non-detected level to 4,753 ng/g. Results showed
that all of individual PAH except naphthalene had
values below ERL, but concentrations of naphthaleneT
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in some stations such as Q2, Q6, Q10, Q29, Q30, Q31,
Q32, Q33, Q35, Q39, and Q42 exceeded the ERM, which
might need a more detailed study. Most of the stations
in which the concentration of naphthalene exceeded
the thresholds are located in the main mangrove chan-
nels where boat traffic occurs. Naphthalene and its
alkyl derivatives are known as the most toxic petro-
leum compounds for marine organisms because of

their medium to low boiling point (Anderson et al.
1974; Moore and Dwyer 1974), and in high concen-
trations they are known to provoke behavioral
responses in organisms (Hargrave and Newcome
1973; Linden 1977; Nagarajah et al. 1985). Also, the
low to moderate octanol–water partition coefficients
of naphthalene (log Kow 3.01–3.45) suggest that this
compound is moderately hydrophobic and may thus

Fig. 2 Relationship
between total PAHs and
total organic carbon (TOC) in
surface sediment collected
from mangrove forests,
Qeshm Island and Khamir
Port (Persian Gulf)

Table 3 Standard pollution cri-
teria of PAH components for
sediment matrix (ng/g)

aERL effects range low
bERM effects range median
cNA not available

Compounds ERLa ERMb This study

Average Maximum

Naphtalene 160 2,100 1,274 4,752

Acenaphthylene 44 640 8.8 24.3

Acenaphthene 16 500 0.9 2.2

Fluorene 19 540 7.1 19.1

Phenanthrene 240 1,500 54.9 77.9

Anthracene 853 1,100 2.8 5.6

Fluoranthene 600 5,100 28.1 57.1

Pyrene 665 2,600 67.2 267.8

Benzo[a]anthracene 261 1,600 1.5 5.2

Chrysene 384 2,800 7.5 24.0

Benzo[b]fluoranthene NAc NA 4.1 19.5

Benzo[k]fluoranthene NA NA 2.8 18.3

Benzo[a]pyrene 430 1,600 2.5 9.3

Indeno[1,2,3-cd]pyrene NA NA 0.72 10.9

Dibenzo[a,h]anthracene 63.4 260 1.0 13.2

Benzo[ghi]perylene NA NA 5.4 38.0

Total 4000 44792 1585 5376
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have a tendency to adsorb particulate matter and ac-
cumulate in biota (Bates et al. 1997). PAHs with log
Kow below 5.2 such as naphthalene are considered to
be directly toxic for marine environments due to their
high water solubility (Sverdrup et al. 2002).

Uncertainty of sediment quality guidelines (SQGs)

There are many uncertainties in the application of
biological threshold levels in this type of environmen-
tal assessment. The threshold levels set in this guide-
line has been based on one or a few species, which
raises concerns when the results are extrapolated to
diverse communities. This suggests that a complete set
of SQGs with a comprehensive set of biological data
should be used at each site. Furthermore, sample col-
lection, storage, and manipulation may alter the natu-
ral concentration of contaminants (Dennis et al. 2000).
Also, a wide variety of factors influenced the bioavail-
ability of sediment contaminants that are not consid-
ered in the current SQGs. These factors include pH,
hardness, organic matter content, particle surface
area and size, hardness, redox gradients, chemical
time-of-contact (spatial and temporal dynamics),
pore water convection, resuspension and deposition
(flux), organism acclimation, and ingestion (Allen
Burton 2002). In order to reduce these uncertain-
ties, these impacts will be further evaluated and
addressed as part of the ongoing research for this
regain and the values used in combination with

other sediment quality assessment tools including
effects-based testing.

Profile PAHs

The dominant PAH compound in all stations was
naphthalene (Fig. 3). Naphthalene, the simplest lower
molecular weight PAH, accounted for 70–80 % of
total PAHs in the present study. This is in good agree-
ment with the finding of Wu et al. (1999) who exam-
ined the PAH profile in sediments of the northern part
of the South China Sea. Naphthalene was also found at
relatively high levels (Yang 2000) in the Beaufort Sea
and Cook Inlet sediments (Venkatesan and Kaplan
1982); these previous studies indicated that naphtha-
lene was derived mainly from anthropogenic activities
especially from petrogenic sources. Naphthalene con-
stitutes an important fraction of crude oils and petro-
leum products with lighter fractions. This compound
can be used as an indicator of petrogenic source of
PAH contamination (Sporstol et al. 1983).

Petrogenic versus pyrogenic sources

The sources of PAHs, whether from pyrolytic or from
petrogenic origins, may be determined by ratios of indi-
vidual PAH compounds based on properties in PAH
composition and distribution pattern as a function of
the emission source (Gschwend and Hites 1981;
Colombo et al. 1989). The molecular patterns produced
by each source, however, are like fingerprints, which

Fig. 3 Gas chromatogram of PAHs in surface sediment samples, Qeshm Island and Khamir Port (Persian Gulf)
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make it possible to hypothesize which processes pro-
duce PAHs. Pyrolytic sources are distinguished by the
presence of PAHs over a wide range of molecular
weights, while petrogenic sources are dominated by
the lowest molecular weight PAH compounds (Culotta
et al. 2006). If PAH compounds are separated into
different classes depending on the number of rings
present in their structure, it can be observed that the
PAHs with two or three aromatic rings in the present
study were found at high levels.

In order to source identification of PAHs, ratio
values such as fluoranthene/pyrene (Flu/Pyr) and
phenanthrene/anthracene (Phe/Ant) are widely
employed as characteristic tools (Benlahcen et al.
1997; Baumard et al. 1998; Tam et al. 2001; Yim et
al. 2005). These ratios had been employed by previous
workers (Sicre et al. 1987; Budzinski et al. 1997;
Soclo et al. 2000). Due to differences in the kinetic
characteristics and thermodynamic properties of some
PAHs, it is possible to exactly establish the source of
the compounds in the environment (Benlahcen et al.
1997; Baumard et al. 1998). Processes involving high
temperatures, such as the combustion of organic ma-
terial (pyrogenic process), usually release PAHs with
Phe/Ant ratios <10, while the slow maturation of the
organic material during catagenesis (petrogenic pro-
cess) leads to Phe/Ant ratios >10 (Benlahcen et al.
1997; Baumard et al. 1998). Motor vehicle exhaust
had a Phe/Ant ratio of around four, and crude oil had a
ratio of around 50 (Yang et al. 1991). Low Phe/Ant
ratio values (range from 4 to 10) suggested that the

main PAHs source were from combustion of fossil fuel
(Gschwend and Hites 1981; Colombo et al. 1989).

Budzinski et al. (1997) suggested that sediments
with Phe/Ant >10 were mainly contaminated by pet-
rogenic sources and Phe/Ant <10 was typical of pyro-
lytic inputs. In the present study, large Phe/Ant ratios
(>10) were found in sediments, indicating that the
major source in this regain is petrogenic.

Similarly, Flr/Pyr ratios >1 and <1 indicate pyro-
genic and petrogenic sources, respectively (Benlahcen
et al. 1997; Baumard et al. 1998). Crude oil and fuel
oil had Flu/Pyr ratios of 0.6–0.9, while combustion of
coal and wood gave values of 1.4 and 1, respectively
(Gschwend and Hites 1981). Mangrove sediments
from this study had values less than 1. The small
Flu/Pyr ratio values suggest strong petrogenic input.
In order to provide a good estimate of PAH sources,
Budzinski et al. (1997) plotted Phe/Ant against Flu/
Pyr and defined two zones from the plot: one is char-
acteristic of pyrolytic PAHs and the other of a petro-
genic origin. In this study, sediment samples with Phe/
Ant >10 and Flu/Pyr <1 showed strong petrogenic
origin (Fig. 4).

The benzo[a]anthracene/chrysene (BaA/Chr) ratio
has also been suggested to identify PAH origins; this
ratio tended to increase as petrogenic contribution
decreased (Colombo et al. 1989). The ratio values
for crude and fuel oil ranged from 0.24 to 0.40
(Gschwend and Hites 1981). The mangrove sediments
in this study had very small values, around 0.05 to
0.36, suggesting that the main source of PAH

Fig. 4 Ratios of Phe/An
were plotted against Flu/Pyr
to identify origin of PAHs in
the mangrove forest of
Qeshm Island and Khamir
Port (Persian Gulf)
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contamination in mangrove sediment came from crude
and fuel oil. Also, Getter et al. (1981) stated that
mangrove is a coastal ecosystem regularly polluted
by accidental oil spills.

PAHs of molecular mass 178 and 202 are widely
used to identify between petrogenic and pyrogenic
sources (Gschwend and Hites 1981; Sicre et al.
1987; Budzinski et al. 1997; Soclo et al. 2000). For
mass 178, an anthracene to anthracene plus phenan-
threne (An/An+Ph) ratio >0.10 usually is taken as an
indication of combustion while a ratio <0.10 indicates
a dominance of petroleum (Budzinski et al. 1997).

Another molecular ratio that has been suggested to
characterize the source of PAHs is fluoranthene to
fluoranthene plus pyrene (Fl/Fl+Py). The value is
0.40 for this ratio, specified as the petrogenic/pyro-
genic transition point (Yunker et al. 2002). Most pe-
troleum samples have Fl/Fl+Pyr ratio below 0.40
while those of most combustion produced PAHs are
above 0.40. In addition, the ratio is further parted into
two regains: a ratio between 0.40 and 0.50 is more
characteristic of liquid fossil fuel combustion, while a
ratio greater than 0.50 is characteristic of biomass and
coal combustion (Zhang et al. 2004).

Among PAHs with molecular mass of 228, the ratio
of benzo[a]anthracene to the sum of benzo[a]anthra-
cene and chrysene, BaA/BaA+Chr is also declarative
of the PAHs sources. Values lower than 0.20 for this
ratio suggest a petrogenic source, whereas values from
0.20 to 0.35 indicate a petroleum or combustion
source, and values higher than 0.35 signify a combus-
tion source. Likewise, petrogenic sources may be

identified by a ratio of indeno[1,2,3-cd] pyrene to the
sum of indeno[1,2,3-cd] pyrene and benzo[g,h,i] per-
ylene, IP/(IP+Bghi), lower than 0.20. A ratio between
0.20 and 0.50 may suggest liquid fossil fuel combus-
tion, and a ratio higher than 0.50 indicates biomass
and coal combustion (Chen et al. 2005).

The samples were also calculated using methylphe-
nanthrene/phenanthrene (MP/P) ratio to determine the
source of PAHs. The value of <1 is the combustion
sources and >1 consists of petroleum sources (Zakaria
and Mahat 2006). In the present study, most of the
samples had MP/P ratio high than 1; this indicates that
sources of PAHs in this mangrove forest are from
petrogenic input.

In order to provide a good estimate of PAH
sources, Yunker et al. (2002) plotted some of
ratios against another and defined petrogenic and
combustion zone for each plot. Table 4 and Fig. 5
show some of these ratios.

Perylene (Per) is a PAH with five benzene rings and
isomers of BbF, BkF, and BaP (C20H12). The origin of
this compound is still debatable (Silliman et al. 1998,
2000, 2001; Jiang et al. 2000). Low concentrations of
this compound are generated during the burning of
fossil fuel and released into the atmosphere (Silliman
et al. 1998). Furthermore, Per is absent in the water
column and only found in sediments (Silliman et al.
1998).

Generally, PAH levels in contaminated sites are high-
est in sediments that were recently deposited. However,
for Per, the levels increase toward the deep sediments.
This suggests that perylene is not transported and

Table 4 Characteristic values of selected molecular ratios for pyrogenic and petrogenic origin of PAHs

Ratio Pyrogenic Petrogenic This study Reference

Origin Origin Range Average

Phe/An <10 >15 11.16–39.21 20.91 Baumard et al. 1998

Chr/BaA <1 >1 2.77–19.18 5.61 Soclo et al. 2000

Flu/Pyr >1 <1 0.21–0.62 0.45 Baumard et al. 1998

Flu/(Flu+Pyr) >0.5 <0.4 0.17–0.38 0.31 Yunker et al. 2002

BaA/Chr >0.4 <0.4 0.05–0.36 0.21 Gschwend and Hites 1981

IP/(IP+Bghi) >0.5 <0.2 0.02–0.30 0.11 Yunker et al. 2002

MP/P <1 >1 1–5 2 Zakaria and Mahat 2006

BaA/(BaA+Chr) >0.35 <0.2 0.05–0.26 0.17 Yunker et al. 2002

An/(An+Ph) >0.1 <0.1 0.02–0.08 0.05 Yunker et al. 2002

LMW/HMW Low High 2.81–38.92 15.22 Budzinski et al. 1997
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Fig. 5 PAH cross-plots for the ratios of a Flu/(Flu+Pyr) vs.
An/(An+Ph), b Flu/(Flu+Pyr) vs. IP/(IP+Bghi), c Flu/(Flu
+Pyr) vs. BaA/(BaA+Chr), d An/(An+Ph) vs. IP/(IP+Bghi),

e An/(An+Ph) vs. BaA/(BaA+Chr), and f BaA/(BaA+Chr)
vs. IP/(IP+Bghi) in mangrove forest of Qeshm Island and
Khamir Port (Persian Gulf)
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deposited in the sediment like other PAHs, but
created after deposition from anaerobic diagenesis
of organic matter (Silliman et al. 1998, 2000,
2001; Jiang et al. 2000). Silliman et al. (2000)
described that Per concentrations in a sediment
core from Lake Ontario (Canada) significantly in-
creased under the bioturbation zone. Anoxic con-
ditions are the principal obligatory for the
formation of Per in the sediments (Silliman et al.
1998, 2000, 2001; Jiang et al. 2000). Furthermore,
some of the organisms can produce perylene in high
levels. For example, Bakhtiari et al. (2009) reported that
termites on woody plants in tropical environment pro-
duce large amounts of this compound.

The %Per is the percentage of Per concentration
relative to the total PAH concentrations. Values
>10 % indicate natural sources for this compound
(Baumard et al. 1998), while ratios of %Per to
total concentration of PAHs with five benzene
rings (%Per/ PAHs five rings) higher than 10 %
suggest diagenetic processes (natural). For ratios
lower than 10 %, an anthropogenic input is more
probable (Tolosa et al. 2004). The %Per versus
%Per/ PAHs five rings ratio for this study are
plotted in Fig. 6. All sites showed anthropogenic
inputs for this compound.

Conclusion

The available data for PAHs in many regions of the
Persian Gulf are relatively distributed and generally

indicate medium levels of PAH contamination com-
parative to other marine areas. This is in spite of
heavy introduction of oil hydrocarbons to the Per-
sian Gulf marine environment. In this study, no
significant differences were observed between
PAHs concentration in Qeshm Island and Khamir
Port. This matter refers that oil pollution in Hara
Protected Area came from the same origin and is
not localized. The PAH profile reveals that the
dominant PAHs were lower molecular weight and
approximately all of the ratios used for source
identification confirmed that the dominant origin
in this regain is petrogenic input (Fig. 5). Howev-
er, some stations showed a mixed source. This
behavior was observed in other ecosystems espe-
cially near urban centers. Thus, when a primary
source of PAHs was confirmed in one environ-
ment, another source cannot be completely dis-
carded. In this study, some stations showed a
mixed source; these stations that were outliers
from the remainder were the same stations such
as Q13, Q29, Q35, Q41, etc., but we did not observe
any potential PAHs sources such as roads, ports,
and so on in these stations.

In this study, the concentrations of total PAH and
most individual PAH compounds were below the ERL
guidelines, suggesting that PAHs accumulated in man-
grove sediments were unlikely to cause any serious
toxicity. However, periodic monitoring of persistent
sediment-associated contaminations such as PAHs
should be instituted as an indicator of environmental
quality in this region.

Fig. 6 %Per versus %Per/
PAHs five rings ratios to
identify origin of PAHs in
mangrove forest of Qeshm
Island and Khamir Port
(Persian Gulf)
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