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A Study on the Harmful Algal Bloom 
at the Southwestern Section of the Caspian Sea 

Introduction 

The Caspian Sea, the largest landlocked body of water in the world with an area of 386,400 square kilometers and 7,250 kilometers of coastline is under severe environmental threats including the water level fluctuations; over fishing; poaching; invasive species; industrial, agricultural and urban pollution; and unsustainable development. The southern Caspian water basin with an area of 17,700 square kilometers (7% of the total Caspian water basin) provides about 5% of incoming waters to the Caspian Sea. The rapid growth of population in the Caspian water basin is one of the factors threatening its aquatic biota.
In early September 2005, an unprecedented algal bloom in the western, central and Iranian coastlines of the Caspian Sea was observed. This phenomenon was filmed and reported at that time. These reports identified the bloom as Cyanophyta, which was never seen in the Caspian waters before. The Iranian Fisheries Research Organization determined that the algae type was Nodularia and it was reflected in its website and national newspapers. 
According to the reports of Iranian Fisheries Research Organization, the algal bloom was first seen at northwestern waters of Gilan Province and then it moved towards Anzali and Nowshahr Ports. 
The cause of this giant algal bloom is not yet known, however for the formation of Cyanophyta algal bloom, a series of intricate factors are to be present in the water including pollutants, considerable amount of nutrients and appropriate temperature.
The observed algal bloom was quite large and covered an area of 150 square kilometers from Anzali to Nowshahr Ports. The calm sea conditions and appropriate water temperature (25 degrees Centigrade) contributed to its formation. 

The reports prepared by the various research centers of the Iranian Fisheries Research Organization have emphasized on the identification of the bloom type and its impact on the Caspian ecosystem. These reports have foreseen the possibility of its reappearance. Although physical and chemical analysis of water and the bloom was conducted, the causes of its formation were not studied. 
There has never been a documented report on the detection of harmful algal blooms in the Iranian waters of the Caspian Sea in the past. Nevertheless, their presence in the Anzali Wetlands was reported in limited studies conducted by college students. Moreover, algal blooms have been detected in the Persian Gulf and the Sea of Oman. Unfortunately, no specific study has been conducted on them either. The possible lack of interest for identification of these blooms might be due to their apparent harmless presence in terms of mortality of aquatics or threat to human health. In Europe and America, the excessive amount of nutrients produced by the industrial, agricultural and urban wastes has contributed to the regular formation of algal blooms. These blooms are constantly monitored in USA, Spain, France, England, Italy and Greece to control their adverse effects on the marine environment. 
The occurrence of this phenomenon in the Caspian Sea is important and could indicate an alarming signal on the well being of the Caspian environment. It is possible that the formation of algal blooms in the Caspian Sea is related to other phenomena like mass mortality of Caspian seals and fish species, as well as the sharp decline in sturgeon stocks. 

In this study, the status of phytoplankton, nutrients, dissolved oxygen, water temperature, chlorophyll type A and water transparency in four transects from Astara to Kiashahr were studied in order to identify their changes in relation to the algal bloom. 

Objectives  
1- Study the temporal and geographical changes in phytoplankton and nutrients in relation to the algal bloom 
2- Identify the type of algae involved in the algal bloom and estimate its amount and distribution pattern

3- Identify the toxic materials produced in the algal bloom

4- Measure the physical, chemical characteristics of water including temperature, PH, dissolved oxygen, water transparency, nutrients (P,N, Si), chlorophyll type A and salinity. 

Project Time Schedule 

Table #1: Project Time Schedule
	Time Schedule
	August
	Sept.
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.

	Preparation
	*
	*
	*
	
	
	
	

	Scientific Cruises #1, #2, #3
	
	*
	*
	
	
	
	

	Scientific Cruises #4, #5
	
	
	
	*
	
	
	

	Analysis of abiotic factors in water samples
	
	*
	*
	*
	
	
	

	Analysis of biotic factors in water samples
	
	*
	*
	*
	*
	*
	

	Preliminary report
	
	
	
	*
	
	
	

	Analysis of data
	
	
	
	*
	*
	
	

	Final report
	
	
	
	
	
	
	*


Technical Performance
The first scientific cruise was commenced on 19th September 2006 from the Anzali Port and was concluded on 22nd of September 2006 in Lisar. The purpose of this cruise was to take water samples from the depths of 20, 50 and 100 meters. 
The second scientific cruise began on 1st October 2006 from Kiashahr and ended on 8th October 2006 in Lisar. 

 The third scientific cruise was commenced on 4th of November 2006 from Kiashahr and was concluded on 5th of November 2006 in Anzali Port. During this cruise samples were collected. However, the stormy conditions of the sea have prevented the other scientific cruises to be conducted and samples be taken. 
Afterwards, the laboratory analysis of the samples was conducted and the complete data on hydro-chemical status of the samples was obtained. Also, the phytoplankton samples from the first and second scientific cruises were analyzed and their biomass was determined. The preliminary data is presented in this report and the comprehensive information and analysis of samples will be incorporated into the final report. 
Discussion & Results 
Water Temperature Regime
Water temperature is one of the main factors in metabolism of the aquatic species. The temperature regime of the Caspian Sea has a significant impact on its water cycle behavior. During the scientific cruises, the water temperature was measured up to the depth of 100 meters in various levels. The results indicate that the temperature difference in various levels of the water is considerable and its trend varies in different regions. In Lisar region, the thermo-cline in depths of 20 to 35 meters is established with the temperature difference of 10 degrees Centigrade. While in Astara, it occurs in depths of 30 to 35 meters with the temperature difference of 6 degrees Centigrade, in Anzali Port, in depths of 40 to 45 meters with the temperature difference of 13 degrees Centigrade and in Kiashahr, in depths of 30 to 40 meters with temperature difference of 13 degrees Centigrade. The presence of thermo-cline and its distance from the water surface is influential in biological activities and the amount of nutrients. Therefore, the biological activities at the depths lower than the thermo-cline level tend to diminish. 
Figure #1: Temperature Changes in Various Regions
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Vertical Pattern of Water Temperature in Kiashahr, Astara, Anzali Port and Lisar (Temperature in Centigrade versus Depth of water)

Salinity
The water salinity in the areas under study (Tables #7 to #9) varies between 9.26 grams per liter to the maximum of 12.67 grams per liter. The lowest amount is registered at the depth of 20 meters near Anzali Port, which apparently is due to the effect of fresh waters in the nearby areas. The maximum salinity was observed at the depth of 100 meters near the Anzali Port and the depth of 50 meters near Lisar region. The salinity levels of the Caspian coastlines are instrumental in the water current trends and are important in identification of hydro-chemical status of the water. 
Chlorophyll A
The concentrations of chlorophyll A (Tables #7 to #9), which is one of the indicators of phytoplankton biomass, are studied in this project. The concentrations of chlorophyll A were measured in three intervals and they varied from the minimum of 2.71 micrograms per liter at the depth of 20 meters in Lisar region to the maximum of 35.25 micrograms per liter at the depth of 20 meters near Anzali Port. These studies indicate that the fresh waters of Sefidroud River and the water basin of the Anzali Wetland play an important role in the biological activities of the southern coastlines of the Caspian Sea. The levels of chlorophyll A registered in this project are much higher than the numbers registered in 1994 (chlorophyll A concentrations of 0.54 to 1.34 micrograms per liter). The sharp increase could indicate serious changes in the environment of the Caspian coastal areas, which needs more in depth studies. 
Nutrients

The concentrations of nitrogen and phosphor nutrients (Tables #7 to #9) at the Caspian coastlines are relatively high. The total nitrogen concentrations vary from the minimum of 2.31 milligrams per liter to the maximum of 2.335 milligrams per liter at the depths of 20 meters near Anzali Port. The concurrent increase in total nitrogen with the reduction in salinity in this station indicates that a large volume of fresh water from the Anzali Wetland is injected into the coastal region. This phenomenon is instrumental in the high concentrations of phosphor (0.5 milligrams per litter) and chlorophyll A (32.25 Micrograms per litter). 
The horizontal changes in the total nitrogen concentration in Lisar and Astara reveal that contrary to the Anzali Port and Kiashahr, the total nitrogen concentration intensifies as the distance from the coastline increases. The total nitrogen concentration at the depth of 20 meters from the coast is 0.593 and at the depth of 100 meters is 0.589 milligrams per liter. In the 2nd scientific cruise, the changes in the total nitrogen concentration were amplified as the distance from the coastline increased, as it jumped from 0.282 to 0.463 milligrams per litter at the depth of 20 meters. The same trend was observed for phosphor concentration. Therefore, the factors influential in this trend are to be studied more closely. 
The total phosphor concentrations fluctuate from the minimum of 0.026 to the maximum of 0.500 milligrams per liter and the maximum amounts of phosphor are registered at the Anzali Port and Kishahr Port. 
The N/P ratio is an indicator for identification of the factors limiting the growth of primary producers. This ratio varies in different planktons, where the maximum ratio is 7 to 1. Therefore, any amount of nitrogen less than 7 could be considered as a limiting factor. The N/P ratio varied from 2/8 to 17/1 in this study. The minimum and maximum amounts were registered in Astara and Lisar region, respectively. Meanwhile, the total mean average was over 7. 
Phytoplankton 
Phytoplankton is the primary link in the food chain of the aquatic ecosystems, which are very sensitive to the changes in the environment. In the first scientific cruise, at the southwestern stations of the Caspian Sea (Tables #2 to #6), a total of 34 phytoplankton species from five phylum of Cyanophyta (6 species), Chrysophyta (15 species), Pyrrophyta (7 species), Chlorophyta (4 species) and Euglenophyta (2 species) were identified. In comparison with the data from 1994 (Research Center of Mazandaran Province), which indicated a total of 66 species from the Cyanophyta (9 species), Chrysophyta (33 species), Pyrrophyta (11 species), Chlorophyta (9 species) and Euglenophyta (4 species), the number of species registered are quite different. The Chrysophyta phylum with 15 species was registered with the highest number of phytoplankton species in this scientific cruise and the same supremacy in the number of species was reported in the previous studies (Ali Ganjian, 2003; Research Center of Mazandaran Province, 2004). Therefore, the number of observed species is much lower than before. This is also true for other phytoplankton phylum, where the variety of species has decreased in comparison with the numbers from 2004. 
The Nodularia harveyana, a phytoplankton species that bloomed in late summer of 2005 was also reported in the coastal areas of Gilan Province in 2004 (Research Center of Mazandaran Province). But, the phytoplankton species were not identified. In this project, the number of phytoplankton species was different in the four studied regions. Anzali Port with 22 species from the phytoplankton Phylum had the highest biodiversity followed by Kiashahr with 16 species, Lisar with 8 species and Astara with 7 species. The entrance of fresh waters into the Anzali Port region and Kiashahr through the breakwater canals, discharge of Sefidroud River into the sea and the closeness of deep sea sections to the shorelines could be the main reasons for the increase in the number of phytoplankton species in these regions. The Cyclotella menenghiniona with the total number of 89,400,000 and biomass of 894 mg/l had the highest biomass between phytoplankton species. This species belongs to the Chrysophyta phylum. 
Hetrocapsa Algal Bloom 
The interesting phenomenon observed on 6th October 2006 was the creation of an algal bloom outside the studied areas. This algal bloom at the Anzali Port area covered the region between the breakwater canal and the Hassanroud Township up to 300 meters away from the shorelines. The sea water at this area had a reddish brown color (Figure #2). Water samples were taken from the sea and it was concluded that the reddish color was due to the creation of an algal bloom called Red Tide. An algae from Heterocapsa genus, Peridinaceae family, Peridiniales order, Dinophceae class and Pyrrophyta phylum was responsible for this algal bloom. This genus is predominantly seen in brackish waters and has a short life span. Also, it is very sensitive to the stabilizing solutions and its cellular walls are quickly dissolved in diluted formalin solutions. This genus can not be detected in samples stabilized by formalin. 
It is interesting to point out that the above-mentioned incident occurred after a flood at the Anzali Wetland water basin and the Azolas brought to the coastal areas by the flood were covered by the algal bloom. The phenomenon gradually disappeared in three days. 
Figure #2: Heterocapsa Algal Bloom with Reddish Brown Color (Red Tide) along with Azola 
6th October 2006
[image: image1.jpg]



Table #2: Phytoplankton Species, Pyrrophyta Phylum in the 4 Studied Areas
	Sample Code
	Phylum
	Species
	Number per Cubic Meter  
	 Biomass
mg/m3
	Station 
	Depth (Meter)

	64
	Pyrrophyta
	Exuviella cordata
	27600000
	55.2
	Anzali
	20

	81
	Pyrrophyta
	Gymnodinium variabile
	1200000
	2.4
	Anzali
	20

	64
	Pyrrophyta
	Exuviella cordata
	3200000
	6.4
	Anzali
	50

	64
	Pyrrophyta
	Exuviella cordata
	800000
	1.6
	Anzali
	100

	64
	Pyrrophyta
	Exuviella cordata
	7000000
	14
	Kiashahr
	20

	64
	Pyrrophyta
	Exuviella cordata
	4000000
	8
	Kiashahr
	50

	168
	Pyrrophyta
	Prorocentrum scutellum
	800000
	26.4
	Kiashahr
	50

	393
	Pyrrophyta
	Peridinium sp
	800000
	9.6
	Kiashahr
	100

	64
	Pyrrophyta
	Exuviella cordata
	1600000
	3.2
	Kiashahr
	100

	64
	Pyrrophyta
	Exuviella cordata
	22400000
	44.8
	Astara
	20

	64
	Pyrrophyta
	Exuviella cordata
	2400000
	4.8
	Astara
	50

	64
	Pyrrophyta
	Exuviella cordata
	1000000
	2
	Astara
	100

	70
	Pyrrophyta
	Glenodinium lenticula
	1000000
	4
	Astara
	100

	64
	Pyrrophyta
	Exuviella cordata
	3000000
	6
	Lisar
	20

	156
	Pyrrophyta
	Peridinium latum
	1000000
	30
	Lisar
	50

	73
	Pyrrophyta
	Goniaulax digitale
	1000000
	12
	Lisar
	100


Table #3: Phytoplankton Species, Chlorophyta Phylum in the 4 Studied Areas
	Sample

Code
	Phylum
	Species 
	Number per Cubic Meter
	 Biomass

mg/m3
	Station
	Depth (Meter)

	391
	Chlorophyta
	Crucigenia tetrapedia
	2400000
	0.024
	Anzali
	20

	173
	Chlorophyta
	Scenedesmus quadricauda
	2400000
	1.44
	Anzali
	20

	13
	Chlorophyta
	Ankistrodesmus acicularis
	1200000
	0.64
	Anzali
	20

	392
	Chlorophyta
	Sceletonema costatum
	7200000
	2.16
	Kiashahr
	50


Table #4: Phytoplankton Species, Cyanophyta Phylum in the 4 Studied Areas
	Sample

Code
	Phylum
	Species 
	Number per Cubic Meter 
	 Biomass

mg/m3
	Station
	Depth (Meter)

	152
	Cyanophyta
	Oscillatoria sp
	60600000
	13.69
	Anzali
	20

	151
	Cyanophyta
	Oscillatoria limosa
	600000
	0.135
	Anzali
	20

	11
	Cyanophyta
	Anabaenopsis cunningtonii
	13800000
	33.12
	Anzali
	20

	94
	Cyanophyta
	Lyngbya sp
	600000
	0.24
	Anzali
	20

	180
	Cyanophyta
	Spirulina laxissma
	800000
	1.04
	Anzali
	50

	152
	Cyanophyta
	Oscillatoria sp
	4000000
	0.9
	Anzali
	50

	152
	Cyanophyta
	Oscillatoria sp
	800000
	0.18
	Anzali
	100

	152
	Cyanophyta
	Oscillatoria sp
	27000000
	6.1
	Kiashahr
	20

	152
	Cyanophyta
	Oscillatoria sp
	16800000
	3.79
	Kiashahr
	50

	152
	Cyanophyta
	Oscillatoria sp
	4000000
	0.9
	Astara
	50

	152
	Cyanophyta
	Oscillatoria sp
	1000000
	0.226
	Lisar
	50


Table #5: Phytoplankton Species, Chrysophyta Phylum in the 4 Studied Areas
	Sample Code
	Phylum
	Species
	Number per Cubic Meter
	Biomass

mg/m3
	Station 
	Depth (Meter)

	48
	Chrysophyta
	Cyclotella menenghiniana
	89400000
	894
	Anzali
	20

	83
	Chrysophyta
	Gyrosigma attenuatum
	1200000
	57.6
	Anzali
	20

	99
	Chrysophyta
	Melosira varians
	1200000
	4.8
	Anzali
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	8400000
	6.37
	Anzali
	20

	187
	Chrysophyta
	Synedra ulna
	600000
	3.6
	Anzali
	20

	28
	Chrysophyta
	Chaetoceros sp
	600000
	0.271
	Anzali
	20

	125
	Chrysophyta
	Nitzschia acicularis
	8400000
	8.4
	Anzali
	20

	136
	Chrysophyta
	Nitzschia reversa
	2400000
	2.4
	Anzali
	20

	140
	Chrysophyta
	Nitzschia sp
	600000
	1.2
	Anzali
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	3200000
	4.24
	Anzali
	50

	125
	Chrysophyta
	Nitzschia acicularis
	800000
	0.8
	Anzali
	50

	142
	Chrysophyta
	Nitzschia tenirustris
	800000
	1.36
	Anzali
	50

	191
	Chrysophyta
	Thalassionema nitzschiodes
	4800000
	4.37
	Anzali
	100

	136
	Chrysophyta
	Nitzschia reversa
	800000
	0.8
	Anzali
	100

	197
	Chrysophyta
	Thalassiosira sp
	800000
	5.3
	Anzali
	100

	48
	Chrysophyta
	Cyclotella menenghiniana
	21000000
	210
	Kiashahr
	20

	392
	Chrysophyta
	Sceletonema costatum
	12000000
	3.6
	Kiashahr
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	13000000
	17.26
	Kiashahr
	20

	83
	Chrysophyta
	Gyrosigma attenuatum
	8000000
	384
	Kiashahr
	20

	125
	Chrysophyta
	Nitzschia acicularis
	47000000
	47
	Kiashahr
	20

	136
	Chrysophyta
	Nitzschia reversa
	1000000
	1
	Kiashahr
	20

	142
	Chrysophyta
	Nitzschia tenirustris
	2000000
	3.4
	Kiashahr
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	17600000
	23.37
	Kiashahr
	50

	125
	Chrysophyta
	Nitzschia acicularis
	50400000
	50.4
	Kiashahr
	50

	54
	Chrysophyta
	Diatoma volgare
	1600000
	10.85
	Kiashahr
	50

	48
	Chrysophyta
	Cyclotella menenghiniana
	13600000
	136
	Kiashahr
	50

	83
	Chrysophyta
	Gyrosigma attenuatum
	800000
	38.4
	Kiashahr
	50

	48
	Chrysophyta
	Cyclotella menenghiniana
	800000
	8
	Kiashahr
	100

	392
	Chrysophyta
	Sceletonema costatum
	800000
	0.24
	Kiashahr
	100

	125
	Chrysophyta
	Nitzschia acicularis
	11200000
	11.2
	Kiashahr
	100

	191
	Chrysophyta
	Thalassionema nitzschiodes
	2400000
	3.18
	Astara
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	11200000
	14.87
	Astara
	50

	48
	Chrysophyta
	Cyclotella menenghiniana
	16800000
	168
	Astara
	50

	125
	Chrysophyta
	Nitzschia acicularis
	1600000
	1.6
	Astara
	50

	191
	Chrysophyta
	Thalassionema nitzschiodes
	11000000
	14.6
	Astara
	100

	125
	Chrysophyta
	Nitzschia acicularis
	1000000
	1
	Astara
	100

	191
	Chrysophyta
	Thalassionema nitzschiodes
	5000000
	6.64
	Lisar
	20

	48
	Chrysophyta
	Cyclotella menenghiniana
	9000000
	90
	Lisar
	20

	191
	Chrysophyta
	Thalassionema nitzschiodes
	7000000
	9.29
	Lisar
	50

	48
	Chrysophyta
	Cyclotella menenghiniana
	12000000
	120
	Lisar
	50

	125
	Chrysophyta
	Nitzschia acicularis
	3000000
	3
	Lisar
	50


Table #6: Phytoplankton Species, Euglenophyta Phylum in the 4 Studied Areas
	Sample

Code
	Phylum
	Species 
	Number per Cubic Meter 
	Biomass

mg/m3
	Station
	Depth (Meter)

	63
	Euglenophyta
	Euglena viridis
	1800000
	14.4
	Anzali
	20

	197
	Euglenophyta
	Trachelomonas sp
	800000
	5.3
	Astara
	20

	197
	Euglenophyta
	Trachelomonas sp
	3000000
	19.9
	Lisar
	50


Table #7: Results of the 1st Scientific Cruise, Analysis of Physical and Chemical Parameters 

of Sea Water (Algal Bloom Project)
	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Astara

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	0.001
	0.03
	0.007
	0.609
	0.018
	0.051
	0.09
	12.62
	3.68

	50 meters
	0.006
	0.029
	0.005
	0.546
	0.017
	0.056
	0.09
	12.62
	4.86

	100 meters
	0.0007
	0.032
	0.003
	0.507
	0.033
	0.054
	0.1
	12.62
	3.41

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Lisar

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l))

	20 meters
	0.001
	0.028
	0.004
	0.589
	0.02
	0.051
	0.081
	12.62
	2.71

	50 meters
	0.0009
	0.016
	0.005
	0.542
	0.022
	0.048
	0.084
	12.67
	4.07

	100 meters 
	0.0009
	0.022
	0.004
	0.593
	0.023
	0.074
	0.09
	12.63
	2.91

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Anzali Port 

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	0.002
	0.036
	0.011
	2.335
	0.036
	0.5
	0.387
	9.26
	35.25

	50 meters
	0.001
	0.028
	0.009
	0.707
	0.031
	0.215
	0.115
	12.35
	7.92

	100 meters 
	0.0007
	0.025
	0.008
	0.637
	0.027
	0.062
	0.273
	12.66
	8.69

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Kiashahr

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	0.0007
	0.013
	0.006
	0.687
	0.004
	0.071
	0.22
	12.43
	17.39

	50 meters
	0.0007
	0.014
	0.005
	0.815
	0.004
	0.088
	0.21
	12.47
	12.47

	100 meters 
	0.001
	0.027
	0.003
	0.596
	0.005
	0.063
	0.27
	12.45
	8.89


Table #8: Results of the 2nd Scientific Cruise, Analysis of Physical and Chemical Parameters 

of Sea Water (Algal Bloom Project)
	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Astara

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	n.d
	0.005
	0.009
	0.276
	0.038
	0.056
	0.126
	12.41
	5.46

	50 meters
	n.d
	0.007
	0.008
	0.231
	0.018
	0.082
	0.098
	12.58
	9.69

	100 meters 
	n.d
	0.009
	0.006
	0.286
	0.013
	0.069
	0.095
	12.62
	7.55

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Lisar

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT ) 
	Chlorophyll A

(ug/l)

	20 meters
	n.d
	0.009
	0.007
	0.282
	0.01
	0.026
	0.131
	12.44
	6.4

	50 meters
	0.001
	0.015
	0.005
	0.501
	0.007
	0.032
	0.088
	12.57
	4.85

	100 meters 
	n.d
	0.006
	0.007
	0.463
	0.005
	0.027
	0.079
	12.58
	6.8

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Anzali Port 

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT ) 
	Chlorophyll A

(ug/l)

	20 meters
	0.002
	0.009
	0.018
	0.57
	0.019
	 
	0.29
	12.45
	10.14

	50 meters
	0.001
	0.006
	0.013
	0.554
	0.028
	 
	0.101
	12.53
	4.64

	100 meters 
	n.d
	0.005
	0.008
	0.525
	0.021
	 
	0.042
	12.58
	3.3

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Kiashahr

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT ) 
	Chlorophyll A

(ug/l)

	20 meters
	0.002
	0.007
	0.008
	0.669
	0.018
	 
	0.161
	12.35
	5.7

	50 meters
	n.d
	0.01
	0.005
	0.489
	0.016
	 
	0.139
	12.37
	5.6

	100 meters 
	n.d
	0.009
	0.003
	0.647
	0.024
	 
	0.013
	12.38
	6.1


Table #9: Results of the 2nd Scientific Cruise, Analysis of Physical and Chemical Parameters 

of Sea Water (Algal Bloom Project)
	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Anzali Port 

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	0.001
	0.013
	0.023
	0.49
	0.03
	0.062
	0.474
	11.52
	18.27

	50 meters
	0.002
	0.009
	0.02
	0.542
	0.036
	0.051
	0.035
	12.46
	5.54

	100 meters 
	0.003
	0.011
	0.013
	0.493
	0.04
	0.064
	0.05
	12.67
	6.66

	
	
	
	
	
	
	
	
	
	

	 
	 
	 
	 
	mg/l
	 
	 
	 
	 
	Kiashahr

	Station
	NO2
	NO3
	NH4
	T.N
	PO4
	T.P
	SiO2
	Salinity (PPT )
	Chlorophyll A

(ug/l)

	20 meters
	0.002
	0.004
	0.009
	0.549
	0.018
	0.061
	0.183
	12.18
	15.75

	50 meters
	0.002
	0.004
	0.007
	0.496
	0.026
	0.053
	0.13
	12.33
	8.98

	100 meters 
	0.002
	0.005
	0.007
	0.648
	0.029
	0.051
	0.124
	12.34
	9.88
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						عمق			20m			50 m			100m			10-20m			25.4


						دمای آب سطح c			26.4			26.4			25.6			30m			25.3


						دمای آب 5 متر c			25.8			25.4			25.4			40m			12.6


						دمای هوا c			29.7			29.7			29.7			45m			10.6


						اکسیژن محلول با دستگاه mg/l			7.66			6.83			6.4			50m			10.2


						هدایت الکتریکی ms/cm			18.42			18.46			18.43			65-80 m			9.7


						pH			8.39			8.34			8.38
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						دمای آب 5 متر c			25.8			25.4			25.2			35m			20.6


						دمای هوا c			26			26.4			27			40m			14.6


						اکسیژن محلول mg/l												45m			13.4


						هدایت الکتریکی ms/cm			18.44			18.67			18.7			50m			9.6
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						عمق			20m			50 m			100m			10-20m			25.4


						دمای آب سطح c			26.4			26.4			25.6			30m			25.3


						دمای آب 5 متر c			25.8			25.4			25.4			40m			12.6


						دمای هوا c			29.7			29.7			29.7			45m			10.6


						اکسیژن محلول با دستگاه mg/l			7.66			6.83			6.4			50m			10.2
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						دمای هوا c			26			26.4			27			40m			14.6


						اکسیژن محلول mg/l												45m			13.4
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						pH			8.37			8.4			8.38			65-80 m			9.2
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						عمق			20m			50 m			100m			10-20m			25.4


						دمای آب سطح c			26.4			26.4			25.6			30m			25.3


						دمای آب 5 متر c			25.8			25.4			25.4			40m			12.6
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