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Abstract— Since the Industrial Revolution, increasing CO, levels
of the atmosphere and other greenhouse gases has led to international
efforts to control its release and reduce its environmental impact.
CO2 is absorbed through photosynthesis by terrestrial and aquatic
plants from the atmosphere. The most important way to remove CO,
in dry areas is by aquatic plants. In the Middle East, the main sink of
CO2 is the Persian Gulf, which leads to the acidification of its marine
environment. In this paper, the parameters associated with
acidification of Nayband mangrove ecosystem, including total
alkalinity, pH, salinity, water temperature, electrical conductivity and
dissolved oxygen were measured. Samples were collected from five
stations distributed throughout the mangrove during two seasons of
summer (September 2016) and winter (February 2017). The results
showed that the average of alkalinity, salinity, electrical conductivity
and temperature at different stations in summer was significantly
higher than in winter (p<0.05) and the mean pH in winter was
significantly higher than in summer (p<0.05).
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|. INTRODUCTION

ANGROVE ecosystems are found in tropical and
subtropical regions which provide suitable shelter for
both marine and terrestrial organisms [1]. Mangroves protect
coastal areas from erosion, storm surge (especially during
hurricanes and tsunamis) [2]. The mangroves' massive root
systems are efficient at dissipating wave energy [3] Likewise,
mangroves slow down tidal water to levels that are enough for
sediments to be deposited as the tide comes in, leaving all
except fine particles when the tide ebbs [4]. In this way,
mangroves build their own environment. The healthy aquatic
ecosystem depends on the physico-chemical and biological
characteristics [5]. Therefore, several studies have been
conducted to evaluate the health status of mangroves
ecosystems by measuring physicochemical parameters [6]-
[10].
The Nayband, the largest mangrove forest located in the
Bushehr province in south of Iran, is largely affected by oil
and gas activities and their pollution (Pars Special Economic
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Energy Zone), land reclamation, agricultural and aquaculture
activity, over using natural resources, and changing landuse.
Road construction has been led to hydrological changes and
subsequent decline of mangrove forests of east Nayband Bay.
Therefore, in order to assess the environmental health of these
ecosystems, and identifying the negative factors affecting the
health of these forests, as well as providing solutions for
reducing pollution in these environments or improving the
condition of these ecosystems, we investigated the Nayband
mangrove ecosystem. To achieve these goals, physicochemical
parameters such as temperature, salinity, electrical
conductivity, dissolved oxygen, pH, and total alkalinity were
investigated.

Il. MATERIAL AND METHODS

A. Study Area

The Mangrove forests of Nayband, are the widest mangrove
communities in above 27 degrees latitude in the northern coast
of the Persian Gulf, and the last dense and extensive complex
of these ecosystems in the north-west Indian Ocean and has an
area of about 390 hectares. Water samples were collected from
5 stations distributed throughout the mangrove forest (Figure
1). Sampling was carried out during summer (September 2016)
and winter (February 2017) seasons. From each station three

Fig. 1 Sampling stations

B. Analytical Method

Total alkalinity was measured by open-cell potentiometric
titration [11]. Dissolved oxygen and pH was measured in situ
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using Hack multi meter (HQ40d). Conductivity and salinity
were measured in situ using a WTW 3210 portable meter.

C. Statistical Analysis

For Statistical analysis, the SPSS software version 22 was
used. To obtain the distribution of data the Klomogrov-
Smirnov test was used. The statistical differences were
determined by Mann-Whitney U test. Spearman test was used
to determine the correlation between the parameters.

Fig. 2 shows the measured total alkalinity of surface water
in two seasons at different stations. The results showed that the
average of alkalinity at all stations in summer was significantly
higher than in winter (p<0.05). The increase in alkalinity
during the summer seasons may be due to industrial
discharges, as well as low rainfall, high evaporation, sea water
intrusion [12]. Total alkalinity showed significant negative
correlation with pH at respective stations in two seasons. In
summer, total alkalinity was shown significant negative
correlation with temperature at respective stations. In winter,
total alkalinity was shown significant positive correlation with
salinity and conductivity. In the oceans total alkalinity changes
first of all with salinity as do the concentrations of Na*, Cl” etc.
Further important changes are due to various biogeochemical
processes such as calcium carbonate precipitation or
production of particulate organic matter by microalgae [13].
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Fig. 3 represents the measured pH of surface water in two
seasons at different stations. The average pH at all stations in
winter was significantly higher than in summer (p<0.05). The
average pH varied from 7.0 to 8.5 at different stations in
summer and winter, respectively. Generally fluctuations in pH
values during different seasons of the year is attributed to
factors like removal of CO, in photosynthesis, through
bicarbonate degradation, dilution of seawater by freshwater
influx, reduction of salinity, temperature and decomposition of
organic matter [14], [15].
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Fig. 3 Mean (+ SE) seasonal pH of surface water samples at each
station

Figure 4 shows the measured salinity of surface water in two
seasons at different stations. The average salinity in summer
was significantly higher than in winter (p<0.05). Lagoons and
creeks are diluted considerably by freshwater from rain and
river systems in the wet season, while in the dry season;
evaporation becomes more prominent [16], [17].
Electrical conductivity displayed significant seasonal variation
(P<0.05) and comparatively lower values were detected during

winter. Electrical conductivity is extremely sensitive to
temperature and increases at higher temperatures.
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Fig. 4 Mean (£ SE) seasonal salinity of surface water samples at
each station

Figure 5 shows the measured dissolved oxygen (DO) of
surface water in two seasons at different stations. The
statistical analysis shows that the mean DO in winter is
significantly higher than in summer (p<0.05) at stations 2, 3
and 4. This is due to the fact that in winter, the water
temperature is lower than in summer, resulting in higher
concentrations of DO. But, the mean DO in summer is
significantly higher than in winter (p<0.05) at station 5. In
aquatic systems, oxygenation is the result of an imbalance
between the process of photosynthesis, degradation of organic
matter, re-aeration [18], and physicochemical properties of
water [19].
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IV. CONCLUSIONS

In this paper, the parameters related to acidification of
Nayband mangrove ecosystem as the largest mangrove in
Bushehr province have been investigated. The study revealed
that the physicochemical parameters like water temperature,
pH, electrical conductivity, salinity, dissolved oxygen and
alkalinity exhibited considerable seasonal and spatial
variations. There are some difficulties to assess overall
acidification status of Nayband mangrove ecosystem due to
variations in analytical procedures between studies and the
presence of an unknown background in this ecosystem. But, In
comparison to other studies [12], [20] on mangrove ecosystem
in other part of the world, it could be concluded that this
ecosystem is in a good state of health for acidification.

Considering the need for long-term data to study the
acidification process of an ecosystem, it is suggested that
annual and seasonal monitoring be carried out. The findings of
this research can be useful as a basis for future research.

ACKNOWLEDGMENT
The authors wish to acknowledge the support of this work

by Iranian National Institute of Oceanography and
Atmospheric Sciences.
REFERENCES

[1] Gopal, B., Chauhan, M., "Biodiversity and its conservation in the
Sundarban Mangrove Ecosystem", Aquatic Sciences-research across
boundaries, 68, 3, October 2006, pp. 338-354.
https://doi.org/10.1007/s00027-006-0868-8

[2] Mazda. Y, Kobashi. D and Okada. S, Tidal-Scale Hydrodynamics
within Mangrove Swamps, Wetlands Ecology and Management,Vol
13(6): 2005, pp. 647-655.
https://doi.org/10.1007/s11273-005-0613-4

[3] Massel. S. R, Furukawa. K and R. M. Brinkman, Surface wave
propagation in mangrove forests, Fluid Dynamics Research, Vol. 24(4)
1999, pp. 219-249
https://doi.org/10.1016/S0169-5983(98)00024-0

[4] Mazda. Y, , Drag force due to vegetation in mangrove swamps,
Mangroves and Salt Marshes,Vol. 1, 1997, pp. 193-199
https://doi.org/10.1023/A:1009949411068

[5] Venkatesharaju, K., et al. "Physico-chemical and bacteriological

investigation on the river Cauvery of Kollegal stretch in Karnataka",
Kathmandu University Journal of Science, Engineering and Technology,
6, 1 2010, pp. 50-59.

https://doi.org/10.3126/kuset.v6i1.3310

https://doi.org/10.17758/EIRAI.P011804

40

[6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Srilatha, G., Thilagavathi, B., and Varadharajan, D., "Studies on the
physico-chemical status of muthupettai mangrove, south east coast of
India", Advances in Applied Science Research, 3, 1, 2012, pp.201-207.
Rahman, M. M., Rahman, M. T., Rahaman, M. S., Rahman, F., Ahmad,
J. U., Shakera, B., Halim, M. A., "Water quality of the world’s largest
mangrove forest”, Canadian Chemical Transactions, 1, 2, 2013, pp.
141-156.

https://doi.org/10.13179/canchemtrans.2013.01.02.0018

Srilatha, G., Varadharajan, D., Chamundeeswari, K., and Mayavu, P.,
"Study on physico-chemical parameters in different mangrove regions,
southeast coast of india", Journal of Environmental Analytical
Toxicology, 3, 2013, pp. 182.
https://doi.org/10.4172/2161-0525.1000182

Rahaman, S. M., Sarder, L., Rahaman, M. S., Ghosh, A. K., Biswas, S.
K., Siraj, S. S., Hug, K. A., Hasanuzzaman, A. F., Islam, S. S., "Nutrient
dynamics in the Sundarbans mangrove estuarine system of Bangladesh
under different weather and tidal cycles", Ecological Processes. 2, 1,
Dec 2013, pp. 29.

https://doi.org/10.1186/2192-1709-2-29

Arumugam, A., and Kumar, S. P., "Evaluation of physico-chemical
parameters and nutrients in the Mangrove ecosystem of Manakudy
Estuary, Southwest coast of India", International Journal of Latest
Research in Science and Technology, 3, 6, 2014, pp. 205-2009.

Dickson, A.G., Sabine, C.L. Christian, J.R. 2007. Guide to best
practices for ocean CO2 measurements. PICES Special Publication 3:
191.

Rahman, M. M., Rahman, M. T., Rahaman, M. S., Rahman, F., Ahmad,
J. U., Shakera, B., Halim, M. A., "Water Quality of the World’s Largest
Mangrove Forest", Canadian Chemical Transactions, 1, 2013, pp. 141-
156.

https://doi.org/10.13179/canchemtrans.2013.01.02.0018

Friis, K., Ko'rtzinger, A., Wallace, D. W. R., "The salinity
normalization of marine inorganic carbon chemistry data", Geophysics
Research Letter, 30, 2, 2003, 1085, doi:10.1029/2002GL015898.
Saravanakumar, A., Rajkumar, M., SeshSerebiahs, J., and Trivakaran,
G.A., "Seasonal variations in physico-chemical characteristics of water,
sediment and soil texture in avid zone mangroves of Kachchh-Gujarat",
Journal of Environmental Biology, 29, 5, 2008, pp. 725-732.

Rajasegar, M., "Physico-chemical characteristics of the Vellar estuary in
relation to shrimp farming" Journal of Environmental Biology, 24,
2003, pp. 95-101.

Chukwu, L.O., "Ecological effects of human induced stressors on
coastal ecosystems in southwestern Nigeria" PIM 2002 Conference: The
Ocean in the new Economy. Held in Cape Town, South Africa, 8-14,
Dec. 2002, pp. 61.

Nwankwo, D.l., "The Microalgae: Our indispensable allies in aquatic
monitoring and biodiversity sustainability”, University of Lagos Press.
Inaugural Lecture Series, 2004, pp. 44.

Granier, J., Billen, G. and Palfner, L., "Understanding the oxygen
budget and related ecological processes in the river Mosel", The
Riverstrahler approach. Hydrobiologia, 410, 2000, pp. 151-166.
https://doi.org/10.1007/978-94-017-2163-9_17

Aston, S. R., "Nutrients dissolved gasses and general biochemistry in
estuaries. In: Chemistry and biogeochemistry of estuaries”, E. Olausson
& |. Cato (Eds.), New York: Wiley, 1980, pp. 233-262

Bava, K.A.; Seralathan, P., "Interstitial water and hydrochemistry of a
mangrove forest and adjoining water system, south west coast of India",
Environmental Geology, 38, 1999, pp. 47-52
https://doi.org/10.1007/s002540050399


https://doi.org/10.1007/s00027-006-0868-8
https://doi.org/10.1007/s00027-006-0868-8
https://doi.org/10.1007/s00027-006-0868-8
https://doi.org/10.1007/s11273-005-0613-4
https://doi.org/10.1007/s11273-005-0613-4
https://doi.org/10.1007/s11273-005-0613-4
https://doi.org/10.1016/S0169-5983(98)00024-0
https://doi.org/10.1016/S0169-5983(98)00024-0
https://doi.org/10.1016/S0169-5983(98)00024-0
https://doi.org/10.1023/A:1009949411068
https://doi.org/10.1023/A:1009949411068
https://doi.org/10.3126/kuset.v6i1.3310
https://doi.org/10.3126/kuset.v6i1.3310
https://doi.org/10.3126/kuset.v6i1.3310
https://doi.org/10.3126/kuset.v6i1.3310
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.4172/2161-0525.1000182
https://doi.org/10.4172/2161-0525.1000182
https://doi.org/10.4172/2161-0525.1000182
https://doi.org/10.4172/2161-0525.1000182
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.13179/canchemtrans.2013.01.02.0018
https://doi.org/10.1007/978-94-017-2163-9_17
https://doi.org/10.1007/978-94-017-2163-9_17
https://doi.org/10.1007/978-94-017-2163-9_17
https://doi.org/10.1007/s002540050399
https://doi.org/10.1007/s002540050399
https://doi.org/10.1007/s002540050399



