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Abstract - Anzali Lagoon and Gorgan Bay are two important inland water bodies in the Southern boundary of the Caspian 
Sea, in the north of Iran. In this paper water exchange phenomenon and physical and chemical properties of seawater along 
connecting channels between Gorgan Bay and Anzali Lagoon with the Caspian Sea were evaluated. The research is based on 
field collecting data on 12 sampling stations during warm and cold seasons. Measurements were performed by a portable 
CTD Ocean Seven 316 probe using local vessels. The parameters ranges in the warm and cold seasons were different. Based 
on data, water temperature in vertical direction changed between 27.5-25 centigrade in June and it ranged between 9.3-7.5 
centigrade in February. In general, concentrations of dissolved oxygen along connecting transect was increased from lagoon 
side to seaside in warm and cold seasons. Furthermore, levels of saturated and dissolved oxygen in cold seasons (10-12 ppm) 
were more than those (6-8 ppm) in warm seasons. Mean values of water salinity in cold season were less than that in warm 
season in the connecting channel. Variations of salinity were around 12 psu in warm season while salinity values in cold 
season observed about 7.5 psu. According to high correlation between seawater density and temperature in the Bay and 
Lagoon connecting channels as well as the Caspian Sea, vertical structures of water density and temperature were in 
agreement. 
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I. INTRODUCTION 
 
The Caspian Sea, the largest closed water body in the 
world, with rich biological and petroleum resources plays 
important role in the region (Dumont, 1998; Kosarev, 
2005). Nowadays the Caspian Sea (especially south basin) 
is one of the heavily polluted seas. The Caspian 
environment due to extensive exploitation and discharge of 
large magnitudes of human wastes is under high stress. 
From the main sources of the Caspian Sea pollution: 
industrial and agricultural wastewaters, municipal domestic 
sewage waters, heavy metals, oil and petroleum products, 
nutrients such as phosphate and nitrate, pesticides and 
detergents can be mentioned. Since the beginning of the 
twentieth century, the large river discharge into the Caspian 
Sea was characterized by reduced concentrations of 
dissolved oxygen and increased nutrient contents. 
Enhancement in nutrient supply (due to increase of rivers 
inflow) and reduce in severity of winter are the most 
important factors for unfavorable ventilation of deep waters 
of the Southern Caspian. Nowadays, the dissolved oxygen 
amounts in the Caspian Sea deep-water are unsuitable to 
most aquatic organisms. Dissolved oxygen levels of below 
3 mg/l are stressful to most aquatic organisms. Its levels of 
at least 5-6 mg/l are usually required for growth.  
Seasonal and inter-annual variability of phytoplankton 
biomass in the Northern Caspian Sea is under the 
influencing of freshwater discharges of the Volga 
Rivers. In the deep area of the middle and southern 
Caspian Sea, vertical thermal structure and 
stratification of the water column adjust influence the 
concentrations of Chlorophyll-a. Here, thus the sharp 
summertime thermocline acts as a resulting in natural 
nutrient limitation for phytoplankton growth. The 
seasonal pattern of chlorophyll concentration (basis 
on Sea WiFS observations 1997-2004) shows 
maximum values in surface layer in August in the 
southern Caspian Sea. During the months of the year, 

chlorophyll concentration in the northern Caspian Sea 
is higher than its concentration in the southern and 
middle deep Caspian (Nezlin, 2005). In recent 
decades, the Caspian environment due to extensive 
exploitation and discharge of large magnitudes of 
human wastes is under high stress (Zonn, 2005; 
Korshenko and Gul, 2005). Discharge of great 
amounts of municipal domestic sewage waters, 
industrial and agricultural wastewaters, that contain 
nutrients, pesticides and detergents that threat the 
Caspian ecosystems (Zonn, 2005; Korshenko and 
Gul, 2005). Aim of this research is to evaluate effect 
of Caspian Sea water on characteristics of southern 
lagoon and bay of the sea. Furthermore, physical and 
chemical properties of sea water near the mouth of 
the lagoon and bay were studied. 
 
II. DETAILS EXPERIMENTAL  
 
The Caspian Sea can be divided into the three major 
regions: North (shallow part), Middle and South 
(deep parts) Caspian (Kosarev, 2005). The shallow 
and deep parts of the Caspian have very differences 
in hydrological and ecological characteristics. 
Chlorophyll-a distributions of the Caspian Sea is 
under effects of some important factors such as sea 
surface highly influenced by several factors such as 
temperature, wind stress, Atlantic Oscillation Index, 
Volga and Ural Rivers (Nezlin, 2005). 
The study area in the west part of the southern coast 
of the Caspian Sea is located near mouth of Anzali 
Lagoon and Gorgan Bay and the sea (Figure 1). Mean 
temperature in study area was reported about 16oC, 
which varies from 4.5oC in February to 27.5oC in 
August. Data collection was performed during years 
of 2014 to 2015 using Matlaolfajr 23 vessel in the 
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study area. Field measurements in the study area were 
carried out at 12 sampling stations along a survey 
line. Distance between the stations reached an 
average of 0.2 km along transects. 
For measuring seawater properties a portable CTD 
probe (Ocean Seven 316) developed by IDRONAUT 
was used. The probe was set in Timed Data 
Acquisition mode with one-second time intervals. 

The accuracy of pressure, temperature and 
conductivity sensors of Ocean Seven 316 probe was 
0.05 full-scale, 0.003oC and 0.005 mS cm-1, 
respectively. Data collection was performed with 
profiler in free falling mode into the seawater column 
down with a time interval of one meter per second. 
 

 
 

 
 

 
Fig.1. Study area and stations in the southern Caspian Sea 

 
III. RESULTS AND DISCUSSION 
 
3.1. Finding and Discussion 
Variations of physical and chemical properties and 
water exchange phenomenon along the connecting 

transect between the Caspian Sea and Anzali Lagoon 
and Gorgan Bay were evaluated. Water parameters  
 
such as temperature, salinity, dissolved oxygen and 
chlorophyll-a are important in mouth area of lagoons 
and bays in the southern coastal area of the Caspian 
Sea. Based on the results of field measurements in the 
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study area in the eastern part of the southern 
boundary and near the Gorgan Bay mouth 
temperature ranged between 24°C–28°C and salinity 
was about 13.5 psu in warm season while temperature 
changed between 10-11.5°C and salinity mostly was 
15-16.5 psu in cold season. 
Based on the results of site measurements in the study 
area in the western part of the southern boundary and 
near the Anzali wetland mouth range of changes in 
salinity was less than 7.5 psu in warm and cold 
seasons. Concentrations of dissolved oxygen were 
increased from lagoon side to seaside in warm and 
cold seasons. Levels of saturated and dissolved 
oxygen in cold seasons (10-12 ppm) were more than 
those (6-8 ppm) in warm seasons. Chlorophyll-a 
variation was between 6.5 mg/m3 and 1 mg/m3 in 
summertime and levels of Chlorophyll-a were around 
1 mg/m3 mostly in the subsurface layers. 
Vertical structure of physical parameters and their 
variations beside thermal stratification are very 
important factors in circulation and dynamics of 
waters and exchanging between Caspian Sea waters 
and southern lagoon and bay. In summertime that 
level of water in southern lagoon and bay are low, 
seawater inflow inside the connecting channels in 
front of mouth. Collected data showed that the 
exchange of Caspian seawater with Anzali lagoon 
and Gorgan Bay affects the physical and chemical 
structure of water column in connections of those 
inland water bodies. Chlorophyll-a and dissolved 
oxygen are two important characteristics of water that 
indicated situation of the environment because of 
influence of pollutant and urban and agricultural 
waste. For example, a great scale Anomalous Algal 
Bloom was observed for the first time in the southern 
basin of the Caspian Sea during August-September 
2005. The algal bloom was consequence of the highly 
increased concentration of phytoplankton as 
following increased nutrient input to the Caspian 
seawater.  
 
Maximum levels of chlorophyll-a concentration 
observed in the middle and southern parts of the 
Caspian Sea in summer 2001 (Kideys et al., 2008; 
Nezlin, 2005). This phenomenon was not related to 
the changes in physical conditions such as 
temperature or wind current. Some Scientists believe 
that maximum levels of chlorophyll were to the 
invasion of Jellyfish which was observed in the 
middle and southern Caspian Sea (Kideys et al., 
2008; Nezlin, 2005). On the other hand, chlorophyll-
containing organisms are the first step in most food 
chains, the health and abundance of these primary 
producers will affect the integrity of the other tropic 
level. Therefore, very low and high concentrations of 
the chlorophyll-a can be harmful to marine biota. 
Thus, measurement of chlorophyll concentration is 
one of the key indices in the study of the health status 
of any natural marine ecosystem. Variability of 
chlorophyll-a concentrations determines the 

ecological conditions of marine systems such as the 
changes in the physical and chemical characteristics 
of the environment. One of the fundamental interests 
of oceanographers is investigation on ecological 
characteristics of seawater. Recently, several studies 
on physical, chemical and biological oceanographic 
conditions of the southern Caspian Sea waters in 
adjacent to Iranian coasts were made (e.g. 
Nasrollahzadeh et al., 2008; Zaker, 2007; Zaker et al., 
2007).  
 
CONCLOSION 
 
Effects of the Caspian Sea water on characteristics of 
and physical and chemical properties of Gorgan Bay 
and Anzali Lagoon in the southern Caspian Sea was 
presented and discussed. Furthermore, horizontal and 
vertical structure of the mentioned parameters was 
studied and major conclusions are as follows: In all 
cases, the parameters range in the warm and cold 
seasons were different. The mean values of water 
salinity in the cold season were more than that in the 
warm season. Thermal stratification is not strong in 
water column of the Bay and lagoon. Almost daily 
thermal stratification of water column was observed. 
Due to increasing the depth near the mouth of the bay 
in the eastern part and water changes between the 
Gorgan bay and the sea, characteristics of physical 
and chemical properties of water in this area was like 
the adjacent seawater. In addition, water exchange 
between Anzali Lagoon and coastal waters of the 
Caspian Sea via connecting channel, North of Iran 
were evaluated. Due to increasing the depth near the 
mouth of the lagoon and bay, and water changes 
between the lagoon and the sea, characteristics of 
physical and chemical properties of water in this area 
was like the adjacent coastal seawater. Comparison of 
concentrations of dissolved oxygen between cold and 
warm seasons displayed that levels of dissolved 
oxygen in winter was more than that in summer. 
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