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Abstract

The most common marine environmental pollutants are metal pollutants, petroleum hydrocarbons, and aromatic
hydrocarbons. In the present research, metallic and organic pollutants of Nayband Gulf were investigated. Sampling was
done from 20 stations in the winter of 2018. From each station, two sediment samples for organic matter and heavy metals
(with 3 replications) were collected and a total of 120 sediment samples were collected using Van Veen Grab. To measure
metals and petroleum hydrocarbons, ICP(Agilent7500cx) and GC (Agilent 6890n) devices were used, respectively. Data
were analyzed using SPSS 22 software. The mean concentrations (mg/kg) of iron (7980), nickel (19.71), vanadium
(14.90), and cobalt (5.71) were measured. Although it did not exceed domestic and international standards, nearby stations
Asaluyeh region showed a significant difference (P<0.05) with other stations. The total amount of petroleum
hydrocarbons (TPH) with an average of 14.33 mg/kg and the maximum concentration of 42.16 were recorded at a station
(19) near Asaluyeh wharf and the amount of polycyclic aromatic compounds (PAH) with an average of 223.09 pg/kg and
maximum concentration of 657.68 were recorded at a station (20). Based on the data, Nayband gulf has low levels of
pollution (TPH> 15) in terms of TPH compounds and moderate levels of pollution (PAH> 100) in terms of PAH
compounds. The difference between stations near Asaluyeh and other stations in terms of pollution shows that the gradual
increase of pollution caused by industries and its impact on the functioning of Nayband gulf ecosystem should be
considered as a serious issue.
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Introduction

With the development of agriculture and industry as well as population explosion in the world, the problem of
marine environment pollution has become increasingly serious (Wang et al., 2020). Pollution of the marine
environment, especially in the coastal waters and the continental shelf, is one of the great challenges of the
environment. Metal pollutants, aromatic halogenated hydrocarbons (HAHs) and polycyclic aromatic
hydrocarbons (PAHs) are among the most common types of marine environmental pollutants that can be
widely detected in the coastal waters of industrial areas. Heavy metal pollution has increasingly become a
problem and has been of concern due to its adverse effects worldwide. These mineral pollutants are dumped
into our waters, soils and atmosphere due to the rapid growth of agriculture and metal industries, improper
waste disposal, fertilizers and pesticides (Briffa, 2020). In addition, polycyclic aromatic hydrocarbons (PAHs)
are an important class of persistent organic pollutants with carcinogenic, mutagenic, and persistent degradation
properties that are of particular concern (Sofowote et al., 2008; Wang et al., 2020). Heavy metals are natural
components of the marine environment and also enter the sea through human activities. Some of them exist in
very low concentrations and others are biologically necessary (Nies, 1999). Heavy metals are among the
persistent pollutants and are among the pollutants that are not biodegradable (Hyun et al., 2006). The ecological
effects of heavy metals on aquatic organisms depend on the type of metal, concentration and duration of metal
exposure and the physical and chemical conditions of the environment (Shulkin et al., 2003).

Nayband Bay is one of the most important marine ecosystems of Iran in the waters of the Persian Gulf, which
has been affected by industrial and production pollutants from the aforementioned industries, including heavy
metals and oil pollutants, due to its proximity to the South Pars Energy Special Economic Zone. The source of
pollutants entering Nayband Bay can be caused by the traffic of various ships carrying hydrocarbon materials,
the output of wastewater treatment systems of refinery and petrochemical complexes, or the entry of various
chemical and hydrocarbon materials that enter this ecosystem in an unrefined and raw form as a result of
industrial interactions. In other words, due to its proximity to the South Pars Energy Special Economic Zone,
this area is affected by the refinery and petrochemical projects that have been implemented or are being
implemented in this area, or at least, the potential of pollution caused by the aforementioned industries can
always be considered a threat to Naiband Bay. Despite the creation of centralized wastewater treatment systems
and dozens of environmental plans and projects implemented and under implementation, industrial effluents
are considered the most important threat to the coastal ecosystem of this region. Therefore, conducting research
studies on the effects of pollution on regional ecosystems is of particular importance. In the current research,
the study and measurement of metal and organic (petroleum) pollutants in the sediments of 20 stations from
Naiband Bay (Persian Gulf) has been studied.

Methodology / Experimental Design

* Determination of study stations

Nayband Marine National Park is located about 320 km southeast of Bushehr city and includes: Nayband Bay,
Nayband region and mangrove forests (borders of Asaluyeh, Basatin and Hale). After studying the research
carried out in Nayband region and conducting a land and sea patrol of the region's coasts, various ecosystems
and habitats as well as urban and industrial polluting sources were identified and recorded. Then, based on the
collected data, 20 stations were selected for sampling. In the selection of study stations, two factors were taken
into consideration: 1) attention to the inputs of polluting sources and 2) the maximum coverage of Nayband
Bay (Fig. 1).

* Laboratory operations

The concentration of nickel, cobalt, vanadium and iron metals was measured by Agilent 7500cx ICP-MASS
device. The samples of PAHs obtained by Agilent 6890n gas chromatography and mass spectrometer with a
silica gel column with a length of 30 meters and an inner diameter of 0.32 mm and a thin film of 0.25
micrometer installed on the device were measured.
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Figure (1): Geographical Location of study stations in the study area

Results and Discussion

In this study, four metals, iron (Fe), nickel (Ni), vanadium (V) and cobalt (Co) were measured in all stations.
Based on the results, the amount of iron and vanadium in all stations is lower than the background values of
these metals on a global and regional scale, and regarding nickel, the amount of this metal is higher in all the
studied stations except station 1, 2 and 3. It is beyond the limits of the background values of these metals on a
global and regional scale. Also, regarding cobalt metal, it is more in stations 11, 19 and 20 and in other stations
it is less than the background values of these metals in global and regional scale. In addition, in Figure 6, maps
related to the distribution of iron, nickel, vanadium and cobalt metal pollution are shown. As the results of the
distribution of metal pollution show, the level of these metals near stations 20, 19, 18, 17 and 11, which is close
to the urban and industrial area of Asaluyeh, has a higher level of pollution than other areas of the Gulf. The
average amount of TPA and ZPAHs was 14.33 mg/kg based on dry weight and 223.09 pg/kg based on dry
weight, respectively. Also, figures 7, 8 and 9 show the changes of TPH and PAHS in the study stations. In
addition, based on the results of Figures 7, 8 and 9, the distribution results of metal pollution show that the
level of TPH and PAHS near stations 20, 19, 18, 17 and 11, which is close to the urban and industrial area of
Asaluyeh, has a higher level of pollution than to other areas of the Gulf.

Conclusion

Therefore, according to the results of this research, the majority of polluted stations were located in the vicinity
of Asaluyeh region, and looking at the data obtained from measuring the pollutants, the type of gradient and
the flow of pollution from the facilities of the South Pars Special Economic Zone to the interior of Nayband
Bay can be inferred. In general, the level of pollution in the studied area is lower than the level of pollution of
the compared standards, and the damage to benthic organisms of the studied sediments seems to be low, but
this small level of pollution has the potential to change the macrobenthic communities of Naiband Bay in the
long term.
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