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Determination of the trophic status of Jatigede 

reservoir using the trophic state index method 

 
Cahyo Shifaris Putrandy, Zahidah, Herman Hamdani and Heti Herawati 

 
Abstract 

This study aims to determine the trophic status of the Jatigede Reservoir based on the Trophic State 

Index. The study was done from August 2020 to March 2021. This study used a survey method. 

Determination of the research location is done by the purposive sampling method. Sampling was carried 

out at six stations representing three reservoir zoning. The parameters analyzed were the physical and 

chemical parameters of the waters, namely water transparency, temperature, pH, dissolved oxygen (DO), 

total phosphorus, nitrate and chlorophyll-a. The trophic status was measured by the Trophic State Index 

method. The average value of the trophic state index in the Jatigede Reservoir ranges from 57.82-60.35, 

so that it is classified as eutrophic waters. The trophic status during the study was influenced by several 

physical and chemical parameters measured at each observation station. 

 

Keywords: trophic status, trophic state index, water quality, Jatigede reservoir 

 

1. Introduction 

Trophic status is an indicator of the fertility level of water that can be measured from the 

nutrients and brightness levels and other biological activities that occur in a water body. 

Trophic status is often used to classify aquatic ecosystems based on their biological 

productivity [1]. Fertility status or trophic status of waters can be determined through various 

approaches, both biologically and a combination of biological and water quality (physical and 

chemical parameters) [2]. That is based on the understanding that changes in trophic levels are 

marked by changes in water quality, including changes in biological conditions, in this case, 

the presence of phytoplankton [3-5]. The use of three approaches will give more representative 

results than using only physical-chemical parameters. The values obtained are unstable 

because the water's physical and chemical parameters change rapidly due to changes in season 

or weather over time, while the biological parameters are relatively stable. Nevertheless, often 

between one approach and another give different results [6]. Therefore, the application that uses 

the three approaches is the TSI (Trophic State Index) method. 

The TSI method only uses three water quality parameters, namely transparency, total 

phosphorus, and chlorophyll-a, because these three parameters significantly affect the 

eutrophication process [7]. The choice of total phosphorus in the calculation is because total 

phosphorus is a limiting nutrient for aquatic ecosystems. Besides, that anthropogenic activities 

can increase the total phosphorus concentration in the waters. The choice of chlorophyll-a is 

because chlorophyll-a can describe the biomass of the phytoplankton population. The choice 

of transparency measurement using a secchi disc is based on the density of algae that can 

affect water transparency. These three parameters are used to determine the status of 

eutrophication because these parameters are correlated with each other. 

A reservoir is an artificial lake that dams rivers' flow to form a flooded water ecosystem, 

which was previously a flowing water ecosystem. The reservoir water source mainly comes 

from surface runoff plus direct rainwater. In general, river flows that enter the reservoir carry 

water containing nutrients from the washing of the surface soil layer from agricultural 

activities so that the reservoir experiences nutrient enrichment. That happened to the Jatigede 

Reservoir because the Jatigede Reservoir was built on the plantation and residential land [8]. 

After the inundation period, many inputs of wastewater discharge from the surrounding 

residential areas are carried away by the river flow [9], thus making Jatigede Reservoir has the 

potential for high nutrient content. Distribution of nitrate, nitrite, ammonia and phosphate  
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values in the waters of the Jatigede Reservoir is uneven. That 

is because the Jatigede Reservoir has several tributaries that 

drain into the reservoir [10]. If the nutrients that enter the 

Jatigede Reservoir exceed the threshold, it will accelerate the 

eutrophication process. Therefore, it is crucial to know the 

trophic status of the waters of the Jatigede Reservoir. 

Determination of the trophic status of the Jatigede Reservoir 

using the Trophic State Index method to determine the trophic 

status of the Jatigede Reservoir based on the Trophic State 

Index. 

 

2. Materials and Methods 

The research was done from August 2020 - February 2021. 

Samples were taken at six stations with six replications. The 

selection of stations is based on water input, BOD levels, and 

six stations (Figure 1) representing three reservoir zoning, 

namely riverine zone, transition zone, and lacustrine zone. 

Stations 1 and 2 represent the riverine zone that gets water 

input from the Cimanuk, Cialing, Cibuntu, Cimuja, and 

Cijajaway rivers. Stations 3 and 4 represent the transition 

zone, which is used as a floating net cage area. Stations 5 and 

6 represent lacustrine zones and outlets where there are no 

human activities such as cultivation and fishing. Sampling 

was carried out in the morning using a water sampler, and 

then in situ measurements were made for transparency, pH, 

temperature, and DO, for ex-situ measurements.  

 

 
 

Fig 1: Research Location Map 

 

2.1 Measurement of trophic state index parameters 

Measurement of water transparency (m) is measured using a 

secchi disc, that is, when the black and white colours on the 

secchi disc disappear from view. 

 

 
 

D1 is the depth when the secchi disc is gone, and D2 is the 

depth when the secchi disc is visible again. 

The concentration of chlorophyll-a (mg/L) in water samples 

from each station was measured using the spectrophotometric 

method with a spectrophotometer to measure the absorbance 

value in each sample. This method is based on three 

wavelengths (trichromatic), each of which is the maximum 

absorption for chlorophyll-a in acetone solvent. Calculation of 

the concentration of chlorophyll-a is calculated by the formula 
[11, 12] as follows: 

 

Chlorophyll-a (mg/L) = (Ca×v)/(V×L) 

 

Information: 

v = Volume of Acetone used (ml) 

V = Volume of filtered water for extraction (L) 

L = Length of cuvette (cm) 

Ca = (11.6 D665) – (1.31 D645) – (0.14 D630) 

D665 = Optical density at a wavelength of 665 nm 

D645 = Optical density at a wavelength of 645 nm 

D630 = Optical density at a wavelength of 630 nm 
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The measurement of the phosphate concentration was 

measured spectrophotometrically using the ammonium 

molybdate method. Then the phosphate concentration was 

converted to total phosphorus using the formula [13, 14] to 

convert the phosphate concentration to total phosphorus as 

follows: 

 

 
 

The value of 0.3262 is equal to 1 mg/L of phosphate. The 

value is based on the molecular weight in phosphate 

concentration (PO4) divided by the molecular weight of 

phosphorus (P). 

The three parameters (transparency, chlorophyll-a, and total 

phosphorus) were used to determine the trophic status based 

on the Trophic State Index method. TSI calculation can be 

calculated by the formula proposed by Carlson [7] as follows: 

 

TSI (SD) = 60 -14.41 ln (SD) 

TSI (CHL) = 30.6 + 9.81 ln (CHL) 

TSI (TP)  = 4.15 + 14.42 ln (TP) 

 

 
 

Information: 

SD = Secchi disc(m) 

CHL = Chlorophyll-a (μg/L) 

TP = Total phosphorus (μg/L) 

 

The final value obtained as the average TSI along with the 

other three parameters is then used to determine and classify 

the trophic status of the Jatigede Reservoir based on the TSI 

criteria with an index ranging from 0-100, which is shown in 

Table 1 as oligotrophic, mesotrophic, eutrophic, and 

hypereutrophic aquatic ecosystems. 

Table 1: Classification of reservoir trophic status based on TSI [15] 

 

TSI Trophic Status Secchi Depth (SD) Total Phosphorus (TP) Chlorophyll-a (Chl-a) 

0 – 40 Oligotrophic >8 – 4 0 – 12 0 – 2.6 

40 – 50 Mesotrophic 4 – 2 12 – 24 2.6 – 7.3 

50 – 70 Eutrophic 2 – 0.5 24 – 96 7.3 – 56 

70 – 100+ Hypereutrophic 0.5 - < 0.25 96 – 384 + 56 – 155 + 

 

3. Results and Discussion 

3.1 General Parameters 

The values of physical and chemical parameters in the waters of the Jatigede Reservoir during the study are listed in Table 2 
 

Table 2: Physical and chemical parameters in the waters of 
 

Unit Parameters 
station  

1 2 3 4 5 6 

Physical Parameters       

Temperature (°C) 28.9±0.6 28.7±0.7 29±0.4 28.7±0.5 28.7±0.7 28.8±0.8 

Chemical Parameter       

Acidity 7.12±0.26 7.45±0.57 7.1±0.26 7.01±0.1 7.12±0.3 7.03±0.13 

Dissolved Oxygen (mg/L) 5.38±0.66 5.2±0.53 5.07±0.76 5.58±0.7 5.77±0.95 5.65±0.9 

Nitrate (mg/L) 0.023±0.004 0.028±0.008 0.025±0.007 0.025±0.011 0.023±0.009 0.017±0.008 

 

3.1.1 Temperature 

Based on Table 2, the temperature values obtained are in the 

range of 28.7 °C–29 °C. The temperature value obtained can 

still be stable because there are no fluctuations that are too 

high. Following the statement [16], temperature fluctuations in 

tropical waters throughout the year generally have air 

temperature fluctuations that are not too high so that the 

temperature in the waters does not experience high-

temperature changes. However, the temperature difference 

can be caused by several factors. The water temperature is 

influenced by several factors, such as the presence of shade 

(e.g. trees or aquatic plants), wastewater entering water 

bodies, solar radiation, air temperature, weather, and climate 
[17, 18]. The temperature results obtained are still in the 

optimum temperature for phytoplankton life because the 

optimum temperature for phytoplankton life in waters is 

around 20 °C-30 °C. In addition to phytoplankton, the 

temperature in the Jatigede Reservoir is also suitable for the 

growth of several types of fish, because in general, fish can 

grow well in the temperature range of 25 °C-32 °C [19, 20]. 

 

3.1.2 Acidity 

The data on the acidity (pH) in Table 2 obtained during the 

study at the six stations of the Jatigede Reservoir obtained 

values between 7.01-7.45. The pH value obtained is 

influenced by several things, one of which is the activity of 

phytoplankton, such as photosynthesis and respiration [21]. The 

pH measurement results are still within the appropriate range 

for the life of freshwater biota. According to Berutu 

statement, that the ideal pH for freshwater biota life is around 

6.8-8.5. In addition, the pH measurement results obtained 

indicate that the Jatigede Reservoir is fertile and productive 

water because, waters that have a pH value between 6-9 water 

with high fertility are classified as productive [23]. 

 

3.1.3 Dissolved Oxygen 

Based on the results of dissolved oxygen measurements in 

Table 2, the dissolved oxygen obtained at six stations in the 

Jatigede Reservoir ranged from 5.07-5.77 mg/L. The results 

of the dissolved oxygen measurement indicate that the 

Jatigede Reservoir is still included in good waters and has a 

low level of pollution. Waters can be categorized as good 

waters and have low pollution levels if the dissolved oxygen 

value 

is > 5 mg/L [24]. The value of dissolved oxygen in the Jatigede 

Reservoir does not exceed the standard value of dissolved 

oxygen for natural waters. Dissolved oxygen in natural waters 

is usually less than 10 mg/L [25]. 
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3.1.4 Nitrates 

Based on Table 2, the nitrate values obtained at six stations of 

the Jatigede Reservoir ranged from 0.017-0.028 mg/L. The 

results of nitrate measurements in the Jatigede Reservoir are 

not yet in the optimal category for phytoplankton life. 

Optimal phytoplankton growth requires a nitrate value in the 

range of 0.9-3.5 mg/L [26, 27]. In addition, the nitrate value 

obtained indicates that the fertility level of the waters in the 

Jatigede Reservoir is classified as oligotrophic waters. 

Following the statement of Davis and Cornwell [28], 

oligotrophic waters have nitrate values between 0–1 mg/L. So 

that the nitrate value in the Jatigede Reservoir can be 

categorized into waters with low fertility or oligotrophic 

levels because the average value of the measurements 

obtained is 0.017-0.028 mg/L (<1 mg/L). 

 

3.2 Trophic Status of Jatigede Reservoir 

3.2.1 TSI Parameters 

The results of the parameter measurements used to calculate 

the TSI can be seen in Table 3. 
 

Table 3: TSI Calculation Parameters 
 

Parameter 
Station 

1 2 3 4 5 6 

Transparency (m) 0.75±0.2 0.71±0.19 1±0.32 0.88±0.2 1.01±0.24 1.06±0.23 

Chlorophyll (mg/m3) 19.36±3.46 14.29±1.83 15.5±3.18 14.14±4.05 14.37±2.61 12.75±2.27 

Total Phosphorus (mg/L) 0.031±0.006 0.03±0.003 0.03±0.007 0.029±0.007 0.031±0.005 0.03±0.008 

 

3.2.1.1 Transparency 

Based on table 3, the transparency value obtained is in the 

range of 0.71-1.06 m., the transparency data in table 3 

obtained during the study, shows that the transparency of the 

waters of the jatigede reservoir varies. Varied transparency 

values can be caused by several things, including the number 

of suspended solids, the amount of phytoplankton biomass, 

differences in measurement time, and weather [29]. In addition, 

the transparency value obtained shows that the fertility level 

of the waters in the jatigede reservoir is included in the 

category of eutrophic waters. That is following the statement 

of Carlson [15], eutrophic waters have a transparency value 

between 0.5–2 m. So that the value of transparency in the 

jatigede reservoir can be categorized into waters that have a 

high fertility level or are eutrophic. Even so, the measurement 

results include optimal transparency for aquatic biota life 

because good transparency for aquatic biota is transparency 

whose value is > 0.45 m [30]. 

 

3.2.1.2 Chlorophyll-a 

Based on table 3, the chlorophyll-a values obtained at six 

stations in the jatigede reservoir ranged from 12.75-19.36 

mg/m3. The difference in the value of chlorophyll-a at each 

station can be influenced by several factors, especially 

nutrients. The level of chlorophyll-a is closely related to the 

supply of nutrients. Besides that, the results of chlorophyll-a 

measurements in the jatigede reservoir describe these waters 

as eutrophic waters [31]. That is following the opinion of 

Henderson-Sellers and Markland [32], that chlorophyll-a can 

describe the trophic status of a water. According to Carlson 

[15], water fertility status based on the value of chlorophyll-a is 

classified as eutrophic if it has a chlorophyll-a value of 7.3-56 

mg/m3. 

 

3.2.1.3 Total Phosphorus 

Based on table 3, the total phosphorus value obtained at six 

stations of the jatigede reservoir ranged from 0.029-0.031 

mg/l. The measurement of total phosphorus in the Jatigede 

reservoir includes waters with a high total phosphorus value. 

The high value of total phosphorus in the Jatigede reservoir is 

due to the input of nutrients from the activities of the 

surrounding community and the input of water from the 

cimanuk river and several tributaries. These rivers pass 

through residential areas and agricultural land that contains 

high nutrients [33]. Based on the measurement results of total 

phosphorus, the total phosphorus value obtained indicates that 

the fertility level of the waters in the jatigede reservoir is 

included in the category of eutrophic waters. If the total 

phosphorus value in the waters is 0.024–0.096 mg/l, the 

waters are classified as having a high fertility level 

(eutrophic) [15]. Even though it is classified as eutrophic 

waters, the total phosphorus value obtained is still within safe 

limits from phytoplankton blooms. Following the statement 
[34] the acceptable range of total phosphorus for a water body 

is 0.01-0.04 mg/L. 

 

3.2.2 Trophic State Index 

Trophic State Index measurement results can be seen in Table 

4 

 

Table 4: The average value of the Trophic State Index 
 

Parameter 
Station 

Parameter average 
1 2 3 4 5 6 

Chlorophyll-a 59.53 56.63 57.30 56.24 56,60 55.43 56.95 

Total Phosphorus 53.37 53.02 52.97 52.43 53.15 52.91 52.98 

Secchi Disk 64.57 65.58 60.66 62.18 60.24 59.46 62.12 

TSI 59.16 58.41 56.98 56.95 56.66 55.94  

 

Based on the results of the calculation of TSI values in Table 

4, the TSI values obtained at six stations in Jatigede Reservoir 

ranged from 57.82-60.35. The TSI value between stations is 

still in one category. That is because each of the measured 

parameters (chlorophyll-a, total phosphorus and transparency) 

has a value in the same category, namely eutrophic. The 

parameter that significantly affects the high TSI value in the 

Jatigede Reservoir is transparency because the value of 

transparency was low during the study, ranging from 0.71-

1.06 m (< 2.5 m). The measurement of trophic status using 

TSI between parameters does not always have the same 

results [15]. In this case, the TSI SD is classified as moderately 

eutrophic, while the other two parameters are classified as 

mild eutrophic. The difference is the turbidity caused by non-
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algae particles and the colour of the bottom waters. However, 

because these three are interrelated, the other two main 

parameters also have a reasonably high value. That is 

explained by [35] that total phosphorus is a limiting nutrient for 

phytoplankton growth so that total phosphorus will affect the 

value of chlorophyll-a in the waters. The high density of 

phytoplankton or the high value of chlorophyll-a can increase 

turbidity to reduce the transparency of water. 

The calculation of the TSI value is used to determine the 

fertility level of the waters in the Jatigede Reservoir. Based on 

these measurements, it can be concluded that the waters in the 

Jatigede Reservoir are categorized as mild to moderately 

eutrophic waters. That is following the opinion [7] based on 

the results of the TSI obtained, the level of water fertility are 

grouped into seven categories, including ultra oligotrophic 

(<30), oligotrophic (30–40), mesotrophic (40–50), mild 

eutrophic (50–60), moderate eutrophic (60 -70), severe 

eutrophic (70-80), and hypereutrophic (>80). 

Overall, both the TSI value and the TSI value per parameter 

show that the TSI value decreases from station 1 to station 6 

even though it is still in the same trophic status category 

(eutrophic). The higher TSI value at station 1 is because this 

station is the inlet of the Jatigede Reservoir, which carries 

waste, and the surrounding area is a residential and 

agricultural area that contributes nutrients to enter the 

reservoir waters. That is following the opinion of [36], which 

states that. the presence of organic matter that enters the 

waters comes from increased activities on land, such as 

agricultural activities and household activities that enter water 

bodies that affect the ups and downs of nutrients. 

 

4. Conclusion 

Based on the results of research that has been carried out in 

the Jatigede Reservoir, it can be concluded that the TSI value 

calculated using the Trophic State Index method in the 

Jatigede Reservoir is 57.82-60.35, so that the trophic status of 

the Jatigede Reservoir based on the Trophic State Index is 

mild to moderately eutrophic. 
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