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Abstract. Siombak Lake is a brackish or coastal lake in Medan, Indonesia. Water fluctuation 

in the lake was affected by sea tide, so it was more appropriately called tidal lake. Thus the 

influence of tides could affect the quality of water in the lake, especially temperature, salinity, 

dissolved oxygen, and pH. The purposed of this study was to describe the profile of 

temperature, salinity, dissolved oxygen, and pH in the waters of Siombak. Lake. This study 

was conducted in June to July 2018. The data measured and were analyzed in the waters 

spatially (horizontally) and vertically. The results showed no significant difference of 

temperature distribution in surface between high tide and low tide. However, it was more 

influenced by daily time differences. While salinity was quite different between high tide and 

low tide. In the dry season (April to June) salinity values were higher during high tide 

compared to low tide. Conversely, during the rainy season (June to August) the salinity values 

in  low tide were higher than when they were in high tide. The vertically distribution of 

temperature, oxygen, and pH decreases with respect to increasing depth. But the salinity value 

increases with depth increased. 

1.   Introduction  

Temperature, dissolved oxygen and pH were very important water quality parameters related to the 

life of aquatic organisms [1,2]. They were key parameters of water quality that controlled the 

distribution and spread of aquatic organisms [3,4], including salinity in estuary [5,6] and in tidal lake 

[7]. Vertical distribution and stratification of temperature, salinity, oxygen, and pH in lake could show 

the aquatic dynamics, productivity potential and chemical evolution in them [1,2,4,8,9].  

Temperature stratification in the water played an important role in the ecological process of water 

bodies [10]. Vertical temperature profiles on the lake were needed to determine the heat content in the 

waters, the thermocline layer and the mixing of water masses [10,11]. The temperature of a water 

body was influenced by the season, latitude, height of sea level (altitude), time of day, air circulation, 

cloud cover, water flow and the depth of water bodies [1]. 

The salinity distribution in the water affected the distribution of aquatic organisms, due to 

differences in the environmental osmoregulation system with the fish bodies [2,5]. Salinity spread was 

influenced by various factors such as the water circulation pattern, evaporation, precipitation and river 

flow (run-off) around it [5,6]. The distribution of temperature and salinity vertically in the water 

would form a layer so that it would be difficult to mix between the upper and lower layers [10].  

Mean while, dissolved oxygen was very important for respiration, growth, breeding, metabolic 

processes by all aquatic living organisms[1,2,5]. In addition, dissolved oxygen also played a role in the 
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decomposition of organic matter in waters [1]. The dynamics and distribution of oxygen in heat-

stratified lakes were controlled by a combination of solubility conditions, hydrodynamics, input from 

photosynthesis, and loss for metabolic and chemical oxidation [8,10]. Vertical temperature and oxygen 

profiles would provide important information regarding turbulence, stirring and oxygen reduction in 

the hypolimnion layer [4,10]. Dissolved oxygen and pH directly or indirectly affected other limnology 

parameters such as viscosity, total dissolved solids and conductivity which were very important in 

water management [1,3]. 

Siombak Lake was a tidal lake because water fluctuations in this lake were very influenced by the 

sea tides of Belawan waters [12]. Thus study of profiles of temperature, salinity, dissolved oxygen and 

pH was needed as an initial description of the lake’s characteristics. This was expected to be important 

information for the management of tidal lakes in Medan City.  

2.   Method   

2.1.   Study site  

This research was carried out in Siombak Lake, Medan City, North Sumatra Province, Indonesia. It 

was conducted in June to July 2018. The tools used in this study were Garmin Oregon GPS 65 with 

accuracy up to 3 m, hand refractometer, DO meter and pH meter. 

2.2.   Data retrieval procedure 

The sampling point was taken as many as 9 observation locations. Measurements were done in situ at 

the time of high tide and low tide. For vertical profiles the data was taken at the depth of the surface 

(0.1 m), and within the 1 m interval to a depth of 6 m (high tide) and 3 m (low tide).  

2.3.   Procedure for processing and analyzing data 

The results of the study were processed with MS Excel for vertical profiles and Arc Gis for spatial 

(horizontal). Data analysis was carried out descriptively. 

3.   Results and Discussions   

3.1.   Temperature  

Temperature observed at SiombakLake ranged from 28.5 to 30.1 oC in the rainy season and 29.5 - 32 
oC in the dry season (Figure 1). The high temperature in the dry season was related to heat or sunlight 

that plenty in the dry season. Meanwhile, there was no significant difference in temperature on the 

surface of the waters between high tides and low tides. The temperature difference in the surface of the 

water was more due to weather factor and the measurement time. The water body temperature was 

affected by season, latitude, altitude from sea level, time of day, cloud cover and depth of water [1].  

The temperature of the research at Siombak Lake has decreased with increasing depth (Figure 5). 

Even though the changes were not so drastic. The results of previous studies recorded the same thing 

that the temperature will decrease with increasing depth [1,3,4,8,9,10,11]. In volcanically formed 

lakes, the temperature at the bottom was not always lower than the surface. However, it could be 

higher as reported in Kivu Lake in Congo [11]. Even at the Toba Lake in the 400 m depth, the 

temperature raised to near surface temperature [8]. This was because Toba Lake was a lake that was 

formed volcanically and was a caldera from Toba Mount [13]. 

Based on the temperature stratification at SiombakLake there was no thermocline layer. Thus there 

was no striking temperature difference between the surface and bottom of the waters. This was 

because the lake was shallow (average depth 4 - 6) and was easy to experience stirring [12]. It was 

very different from Toba Lake which reached a maximum depth of 508 m with a thermocline layer 

estimated at a depth of 0-30 m [8]. But despited Rudrasagar Lake in India relatively shallow (6m), but 

the change in temperature between surface with the bottom large enough reached 3 °C [4], while on 
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the Siombaklake only about 1 °C (Figure 5).This showed that there was an influenced of climate and 

geographical conditions of the lake which could affected temperature fluctuations in lake [4]. 
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Figure. 1 Distribution of temperature horizontally in Siombak Lake a) high tide at rainy, b) low tide at 

rainy, c) high tide at dry, and d) low tide at dry  

3.2.   Salinity  

Salinity measurement results ranged between 15-170/00 at high tide, and lower tide at 14-150/00 at lower 

tide in dry season (Figure 2). In the rainy season the salinity spread normally (4 0/00) on the surface at 

high tide and low tide ranged between 3-5 0/00. Based on the salinity distribution during the dry season 

at high tide as shown in Figure 2 showed that the salinity value was not been spread evenly where in 

the western part that was close to the inlet has a higher salinity compared to the eastern part. In the 

eastern part the salinity ranged of 15-17 0/00, it was lower due to the influenced of the tide push became 

smaller to theeastern part. The difference between the value of salinity in the lake’s part was relatively 

small 1-2 0/00.This indicated that the influenced of tides was quite large affected the salinity 

distribution in Siombak Lake. At low tide it was seen that salinity was lower in the western and 

northern part, while in the eastern part it was slightly higher. It was also evident from the study results 

that the fish diversity that found in each part in SiombakLake did not show a significant difference. 

Diversity index obtained in the study ranged from 0.20 to 0.59 [14].  

During the rainy season at high tide, salinity measured was the same (4 0/00). This indicated that the 

influence of rainwater (river discharged) that enters the lake’s waters was very large. This also 

indicated that the salinity that came in from the sea was low due to the amount of water discharged 

from the river. At low tide water salinity values varied (3-5 0/00) and became higher. This was 

presumed because the water volume reduced so that the water that was left is experiencing evaporation 
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and the water below was "raised" upwards, so the value became higher. This could be seen from the 

vertical distribution of salinity which indicated that the salinity at the bottom was higher than the 

surface. In other words, there was an increase in salinity value along with the increased in depth 

(Figure 5) both during high tide and low tide. During high tide, the salinity vertical profile was also 

higher than at low tide.  
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Figure. 2 Horizontal distribution of salinity a) high tide at rainy, b) low tide at rainy, c) high tide at 

dried, and d) low tide at dried 

3.3.   Dissolved Oxygen 

During the rainy season the measured oxygen ranges from 5.5-7.6 mg / L at high tide and 5.5-6.1 mg / 

L at low tide. While in dried season oxygen was measured 7.1-7.4 mg / L at high tide and lower tide at 

7-7.1 mg / L low tide (Figure 3). The oxygen was higher during high tide due to "fresh" water entering 

the lake from the sea or river. The entry of the water caused the stirring of the water mass to allow 

diffusion to occur.  

Dissolved oxygen concentration in SiombakLake has decreased with increasing depth (Figure  5). 

The results of previous studies recorded the same thing that oxygen would decrease with increasing 

depth [1,3,4,8,9,10,11,15,16]. In stagnant waters such as lakes or reservoirs, the condition of dissolved 

oxygen was generally stratified. This was thought to occur because oxygen supply from 

photosynthesis and diffusion processes decreased [9]. In addition, in the bottom layer of water occured 

organic matter decomposition [8]. 

The highest dissolved oxygen concentration in each station was at the surface layer of the water. 

This was because the presence of sunlight in the surface layer of the water was observed so that it 

helped the photosynthesis process in supplying oxygen to the waters [9]. This was related to the 

highest phytoplankton on the surface and would decrease with increasing depth [9,15,16]. Others, 
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caused by the waters oxygen diffusion became slower, excepted in conditions of strong turbulence, 

some of the important sources of oxygen were through photosynthesis process by organisms and 

aquatic plants [3].  

 

 
A 

 
B 

 
C 

 
D 

Figure. 3 Horizontal oxygen distributionin Siombak Lake a) high tide at rainy, b) low tide at rainy, c) 

hightide at dry, and d) low tide at dry  

3.4.   pH 

At the rainy season the measured pH ranges between 6.9-7.5 at high tide and 6.7-6.9 at low tide. In the 

dry season the pH ranges from 6.2 to 6.4 at high tide and 6.3-6.4 at low tide (Figure 4). The lower pH 

in the dry season was thought to be high decay of organic matter in the dry season, because the high 

intensity of sunlight entering the waters.  

In general, the observed pH values also appeared to decrease with water depth increased (Figure 5). 

The results of previous studies recorded the same thing that pH would decrease with increasing the 

water depth [3,9]. The decreased of pH at the bottom was increased in microbial activity to decompose 

organic matter so that O2 decreased and CO2 increased. Increased CO2 would make the waters became 

more acidic (pH decreases) [3,9]. 
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Figure. 4 Horizontal pH distribution in Siombak Lake a) high tideat rainy, b) low tide at rainy, c) high 

tide at dried, and d) low tide at dried 

    
 

Figure. 5 Distribution of temperature, salinity, O2, and pH vertically in SiombakLake  

4.   Conclusions  

There was no significant difference in the temperature distribution on the surface between high tide 

and low tides. While salinity was quite different between high tide and low tide. In the dry season 

(April to June) salinity values were higher during high tide than low tide. Conversely, during the rainy 

season (June to August) the salinity values at low tide were higher compared to when low tide. 
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Vertically the distribution of temperature, oxygen, and pH decreased with respect to depth increased. 

But the salinity value increased with depth increased. 
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