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ABSTRACT:Largeamounts of degradablewastesincluding sewagewater and agricultural wasteor
nutrientsthat stimulate growth of organic matter aredischarged into the Caspian Sea. Asaresult,
average dissolved oxygen concentration in deeper layers is decreasing. This paper presents
distribution and seasonal variations of the concentration of dissolved oxygen over the southern
shelf of the Caspian Seaadjacent to Iran. Thedissolved oxygen datawere collected down to 200 m
depth in two areasin east (off Babolsar in Mazandaran) and west (off Kiyashahr in Gilan) of the
southern coast of the Caspian Sea. Surface dissolved oxygen concentration varied between 7.1 and
10.9mg/l. Distribution of dissolved oxygen acrossthe depth wasin accordancewith thetemperature
structure.  The presence of the seasonal thermocline during spring to mid winter significantly
affected the concentration of dissolved oxygen across the depth. In autumn, in late October, the
dissolved oxygen concentration ranged between 7.6 mg/l below thermocline at 40 m level to less
than 5mg/l at 160m level and4.2mg/l at 200 mleve. Inwinter inlate February, in the upper 100m
mixed layer the dissolved oxygen concentration was more than 11 mg/l. The data indicates the
possibility of significant declinein dissolved oxygen concentration and serious damage to marine
lifeif algal bloom occursduring the strong seasonal thermocline. Theresultshighlight the necessity
of certain measuresfor an effective decreasein theinputs of degradable wastesand plant nutrients

intothe Caspian Sea.

K ey wor ds: Caspian Sea, Dissolved Oxygen, Seasonal Variations, Environment

*Corresponding author: Email-nhzaker@ut.ac.ir

INTRODUCTION

The Caspian Sea, as the largest lake in the
world with a unique marine environment has a
great importance for the world and in particular
for the lateral countries around it (Karpinsky et
al., 2005; Zonn, 2005b; Dumont, 1998). There
are extensive oil fields within and close to the
Caspian Sea. Oil industry is growing fast and
becoming a major component of the economy of
thelittoral countries of the Caspian Sea. Fishing
and caviar production isthesecond largeindustry
inthe Caspian Sea. The Caspianisthe only water
body in the world that has a large stock of
sturgeon, yielding in recent years about 85% of
theworld's catch. Theseliving fossils are of high
biological, ecological, genetic and commercial
importance (Zonn, 2005a; Karpinsky, et al.,
2005; Dumont, 1998).

The marine environment of the Caspian Sea,
due to extensive human exploitation and

discharge of large magnitudes of human waste,
is under extensive pressure (Zonn, 2005a;
Korshenko and Gul, 2005). Large amounts of
degradable wastes including sewage water and
agricultural waste or nutrients that stimulate
growth of organic matter are discharged into the
Caspian Sea (Korshenko and Gul, 2005).
Intensification of theriverinewater inflow (1980s
to 1990s) and rdlated enhancement in the nutrient
supply together with the decrease in the severity
of winter served as a strong factor in preventing
the deeper layers of the Middle and South
Caspian from ventilation (Tuzhilkin and Kosarev,
2005). As a result, a decrease in average
dissolved oxygen concentration in deeper layers
is changing into amajor threat to the marinelife
and ecosystem of the Caspian Sea (Tuzhilkin, et
al, 2005). Therefore, the understanding of
distribution and concentration of dissolved oxygen
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is a very important requirement for the study of
the quality and level of safety of marine
environment in the Caspian Sea.

The study area in the west of the southern
coast of the Caspian sea is located at
approximately N37°, 27’ latitude and E49°, 55’
longitude, off Kiyashahr, Gilan Provincein Iran
(Fig. 1). Thestudy areain theeast of the southern
Caspian coast is located at approximately N36°,
41, 54" latitude and E52°, 33, 23" longitude off
Babolsar, Mazandaran province in Iran (Fig. 1).
The Caspian shelves in the study areas in west
and east have widths of about 9 and 10km
respectively. The depth gradually increases to
about 50m near the shelf break, after that the depth
sharply increases to 500m about 18km from the
coastline. In the east the Babolrood River and in
the west the Sepidrood River discharges into the
Cagpian Sea in the study area.

The southern coast of the Caspian Sea has a
subtropical climate characterized by warm humid

summers and mild, wet winters (Kosarev, 2005;
Kosarev and Yablonskaya, 1994). The air
temperature is maximum in August and minimum
inJanuary. Windswith northerly and southeasterly
directions are the most stable and dominate winds
over the Caspian Sea during the magjor part of the
year (Kosarev, 2005). In the South Caspian, strong
winds are rarely observed and the recurrence rate
of weak winds here reaches 90%. In the southern
part of the sea, the number of days with storms
(wind speed greater than 15 nv/s) is not greater
than 20-30 per year (Kosarev, 2005).

Owing to the isolation of the Caspian Sea from
the world oceans, the formation of its thermohaline
and circulation regime procesds only under theaction
of atmospheric processes over the sea basin and its
vast drainage area.  Together with river runoff, the
fluxes of heat and freshwater across the sea surface
causad by thisaction control thelarge-scalefeatures
of the thermohaline structure and its temporal
variability (Tuzhilkinand K osarev, 2005).
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Fig. 1. a) Southern Caspian Sea Basin and position of the study ar easin east and west of the Souther n Caspian
Coast. b) Topography and sampling stationsin thewest of the souther n Caspian coast off Kiyashahr.
¢) Topography and sampling gationsin theeast of the souther n Caspian coast, off Babolsar
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MATERIALS AND METHODS

Dissolved oxygen data were measured using
the oxygen sensor of Ocean Seven 316 CTD
probe developed by Idronaut. The oxygen data
had the accuracy of 0.1 mg/L and 1% saturation.
Data were collected every 1 second with the
profiler in afree fall modefalling at a rate of one
meter per second. Dissolved oxygen profileswere
measured in spring 2004 in the study area in the
east of the south coast of the Caspian Seaand in
autumn 2004 and winter and spring 2005 in the
west of the south coast of the Caspian Sea. Data
were measured along a transect perpendicular to
the coast. In the east the data were collected at
11 stations with the distance of 1km. In the west
the data were measured at 17 stations. The
distance between the stations were 1km for the
first 15 stations and increased to 2km for the last
two stations.

RESULTS AND DISCUSSIONS

Vertical structure of dissolved oxygeninearly
spring (April 11, 2004) across a transect
perpendicular to the coast in the east of the
southern Caspian coast is presented in Fig. 2. On
this time of the year the process of formation of
the new seasonal thermocline was started and the
temperature structure was characterized by a 10
m surface layer with a temperature of 14°C. The
temperature in the 10-30 m layer was 12°C and
gradually decreased to 8°C at 90 m leve (Zaker,
et al., 2007a). Thesalinity intheupper 30 mlayer,
under the effect of high local rivers inflow in
spring, was below 12 and gradually increased to

12.3 at 40 m level (Zaker et al., 2007a). The
dissolved oxygen concentration outside of the shelf
ranged between 8.3 and 9.2 mg/l (78-94% sat.) in
the upper 40 m layer and then gradually reduced
to 6.5 mg/L at 70 m level. Over the shdf the
dissolved oxygen was mainly 8.6 mg/l (86-90%
sat.) and horizontally varied towards the coast
with aminimum of 7.1 mg/L (74% sat.) inaband
of 3km width adjacent to the coast (Fig. 2).

Dissolve oxygen concentration in the study
area in the west of the south coast of the Caspian
in autumn on October 27, 2004 is presented in
Fig. 3. Thetemperaturestructureat thistimewas
characterized by a thin thermocline in the 30-40
m layer. The surface layer was deepening and
the thermocline was under destructions. The
temperature above the thermocline ranged
between 19 and 21°C and below the thermocline
it varied between 11.5 and 6.5°C in the 40-200 m
layer (Zaker et al., 2007b). Salinity outside the
snhdf was uniform and equal to 12.35 inthesurface
layer and mainly ranged between 12.3 and 12.4
across the depth.  Salinity reduced over the shelf
and reached a minimum of 11.65 adjacent the
coastline (Zaker et al., 2007b). The Dissolved
oxygen outside of the shelf in the upper 30 mlayer
was mainly 7.6 mg/L (74-90% sat.). Below the
30 mleve thedissolved oxygen gradually reduced
to 6 mg/L (55%sat.) at 100 mlevel and 4.6 mg/L
(42% sat.) at 200 mleved. Over the shelf near the
coastline, under the effect of Sepidrood River
inflow, the dissolved oxygen reached a maximum
of 8.8 mg/l (100% sat.) (Fig. 3).
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Fig. 2. Dissolved oxygen concentr ation along a tr ansect per pendicular tothe coastlineintheeast of the
southern Caspian coast off, Babolsar, M azandar an on 11 April 2004
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Dissolved Oxygen (mg/L), October 2004
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Fig. 3. Dissolved oxygen concentr ation along atransect per pendicular totne coastiinein thewes of the
souther n Caspian coast off, Kiyashar, Gilan on 27 October 2004

Dissolved oxygen concentration on 24
February in winter 2005 is presented in Fig. 4. At
thistime of the year the seasonal thermocline was
disappeared and the temperaturein the upper 100
m mixed layer mainly ranged between 9.5-10.5
°C. Below 100 m level, temperature gradually
decreased to 7.2 °C at 200 m leve (Zaker et al.,
2007b). Salinity in the upper 100-m mixed layer
mainly ranged between 12.3-12.35 and below 100-
mit was mainly 12.4 (Zaker et al., 2007b). The
dissolved oxygen in the upper 100 m mixed layer,
due to high ventilation and low temperature, was
high and mainly ranged between 10.9 (92%) to
11.2 (108%) mg/L. Below upper mixed layer,
dissolved oxygen reduced sharply decreased to
7.9 (72%) at 180 m leve (Fig. 4).

The dissolved oxygen concentration on May
7 in spring 2005 in the study area is presented in
Fig. 5. In this time of the year the temperature
structurewas characterized by anewly formedthin
thermocline in the 10-20 m layer (Zaker et al.,
2007b). The temperature above the thermocline
was 17°C and bd ow thermoclineit ranged between
11 and 6.8°C at 200 m level. Salinity over the
shelf, due to high inflow of Sepidrood in spring,
was mainly less than 12 and was separated by a
front from the adjacent waters outside the shdlf
with salinity of 12.3-12.4 (Zaker et al., 2007b).
Dissolved oxygen above the thermocline ranged
between 8.1 mg/l (92% sat.) and 10.5 mg/l (96%
sat.). Bedow thermaocline in the 20-80 m layer,
the dissolved oxygen distribution was patchy and
ranged between 10.2 and 12 mg/l (100-120% sat.)
and reduced to 8.4 mg/l (84% sat.) at 100 mlevel
and 6 mg/l (52% sat.) at 200 mlevd (Fig. 5).

Higher values of dissolved oxygen were
observed in winter in comparison to autumn and
early spring (Figs. 2to 5). The lack of seasonal
thermocline as an obstacle for the ventilation of
thelower layers, high turbulent kinetic energy and
deepening of surface mixed layer to more than
100 m level together with lower temperatures
increased the dissolved oxygen concentration in
the upper 100 m layer in winter.

Dissolve oxygen concentrationin early spring
had significant decrease in lower layers in
comparison with winter indicating the significant
effect of seasonal thermocline on the vertical
distribution of dissolve oxygen (Figs. 4 and 5).
However, in compari son with autumn, the oxygen
in the newly separated lower layers below
thermocline was higher (Figs. 3 and 5).

Therefore, the lowest level of dissolved
oxygen in the lower layers of water column is
expected during the period of strong seasonal
thermocline between late spring and early autumn.
As shown by the data (Fig. 3) the oxygen content
of the water column below 150 m level is
unfavorablefor thefish and biological activity and
the situation rapidly deteriorate with increase in
depth. This indicate that any occurrence of algal
bloom event during the period with strong seasonal
thermocline could result in very low levels of
dissolve oxygen below thermocline and possible
sever damage to the marine life in the region.
Therefore, certain measuresfor reducing theinput
of degradable and plant nutrient wastes into the
Caspian Sea are necessary and must be
undertaken.
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Dissolved Oxygen (mg/L), February 2005

Dissolved Oxygen (%), February 2005
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Fig. 4. Dissolved oxygen concentr ation along atransect per pendicuiar wotne cuasuinein thewes of the
southern Caspian coast off, Kiyashahr, Gilan on 24 February 2005

Dissolved Oxygen (mg/L), May 2005

Dissolved Oxygen (%), May 2005
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Fig.5. Dissolved oxygen concentr ation along atransect per pendicular tothe coastlinein thewes of the
souther n Caspian coagt off, Kiyashahr, Gilan on 7 M ay 2005

CONCLUSION

The dissolved oxygen concentration at water
surface varied between 7.1-10.9 mg/L during the
period of observationin Spring and Autumn 2004
and Winter and Spring 2005. The variations of
dissolved oxygen concentration across the depth
were correlated with the vertical temperature
structure and the characteristics of seasonal
thermocline. In autumn, the dissolved oxygen
concentration below thermoclinewas 7.6 mg/L at
40 m levd and gradually reduced to less than 5
mg/L at 160 mlevd. Inwinter the upper 100 m
layer was almost mixed and a high dissolved
oxygen concentration of 11.2 mg/L was observed
in that layer. In early spring after formation of
seasonal thermocline the dissolved oxygen
concentration rapidly decreased with depth and

reducedto 9.3 mg/L at 100 mand 6.3 mg/L at 200
mlevel. Theresults showed unfavorable condition
for biological activity and fish bdow 150-200 m
levels in terms of oxygen concentration. The
results showed the possibility of dangerous low
levels of oxygen concentrations in case of the
occurrence of algal bloominthe presenceof strong
thermocline and imply the necessity of rapid
measures to decrease the input of the oxygen
demanding waste and plant nutrients into the
Caspian Sea.
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