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Abstract 
 

The purpose of this study was to investigate the water qual-
ity and phytoplankton abundance in Lake Toba to determine 
its trophic status. This research was conducted from January 
to March 2024 at four stations in Lake Toba. Water samples 
were taken using a UWITEC water sampler and a plankton net 
and brought to the laboratory for analysis. The study meas-
ured physical and chemical water quality and phytoplankton 
abundance. The results showed a brightness ranging between 
5.8 and 6.3 meters, chlorophyll-a content <10 µg/L, total ni-
trogen <750 µg/L, and phosphorus ranging from 20 µg/L to 
30 µg/L. Based on these parameters, the nutrient quality of 
Lake Toba was classified as mesotrophic. Phytoplankton abun-
dance ranged from 22,514 to 33,475 individuals/L, with 33 
genera identified across nine classes: Bacillariophyceae, Chlo-
rophyceae, Cyanophyceae, Coscinodiscophyceae, Di-
nophyceae, Euglenida, Fragilariophyceae, Mediophyceae, and 
Zygnemophyceae. The diversity index (H') was 2.631 - 2.723, 
the uniformity index (E) was 0.828 - 0.872, and the percent-
age of blue-green algae was 14.75 - 20.85. Zygnemophyceae 
was the most dominant phytoplankton class, with Staurastrum 
sp. being the most prevalent species. In conclusion, Lake To-
ba's waters are categorized as mesotrophic based on the chem-
ical parameters and as eutrophic based on phytoplankton 
abundance, indicating potential nutrient enrichment issues 
that warrant further investigation. 

 
 

INTRODUCTION 
Lake monitoring has become an im-

portant part of lake management due to the 
increasing human population and the threat 
of pollution from various activities. Lake 
Toba is located in the northern part of the 
volcanic Barisan Mountains and crosses Su-
matra Island from northwest to southeast. 

The lake is surrounded by sheer cliffs 400 - 
1,200 m high. Based on topographic features 
and volcanic eruptions around the lake, 
some geologists and volcanologists consider 
it a caldera or giant cauldron (ILEC, 2024).  

Maintaining the long-term economic 
and environmental value of Lake Toba 
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depends on addressing water quality degra-
dation. The acceleration of water quality 
degradation since the mid-1990s has been 
driven by excessive nutrient additions result-
ing in algae blooms, large fish kills, and 
health concerns. As one of the world's deep-
est volcanic tectonic lakes, water quality 
management in Lake Toba is further con-
strained by an 80-year residence time (i.e., 
the time required to replace water) and in-
homogeneous mixing that results in com-
partmentalized lake water (World Bank 
Group, 2019).  

The water quality of Lake Toba is a 
major key to the sustainability of all activi-
ties in the lake. Monitoring water quality pa-
rameters and phytoplankton abundance is 
important in determining the trophic status 
of the lake as an indicator of the state of the 
environment and the load it can accommo-
date. Determining the trophic status of the 
lake by PermenLH No 28 of 2009 (Table 1) 
describes each range for the parameters total 
Nitrogen (µg/l), total P (µg/l), Chlorophyll a 
(µg/l) and water brightness (m).  

Estimating trophic status based on 
phytoplankton abundance is guided by 
Landner and Reuther (2005). Oligotrophic 
waters are waters of low fertility with phyto-
plankton abundance ranging from 0 - 2000 
ind/l, Mesotrophic waters are waters of me-
dium fertility with phytoplankton abun-
dance ranging from 2000 – 15.000 ind/l, Eu-
trophic waters are waters of high fertility 
with phytoplankton abundance ranging 
from > 15.000 ind/l. Phytoplankton. Most 
primary producers in waterbodies perform 
photosynthesis which is the basis of the food 
chain for marine life and river waters. Phy-
toplankton is also one of the parameters in-
dicating the fertility level of a water body 
(Sunarto, 2008; Yuliana et al., 2012).  

Changes in water quality can be seen 
from the abundance and composition of phy-
toplankton in these waters (Wijaya and Hari-
yati, 2011). Phytoplankton is a biological pa-
rameter that can be used as an indicator to 
evaluate the quality and fertility of a water 
body (bioindicator) (Yuliana et al., 2012). 
Polluted waters cause changes in the struc-
ture of the plankton community, especially 

in abundance and species diversity. Changes 
in abundance and number of species can be 
used as indicators of water fertility in the re-
gion, as a result of changes in environmental 
conditions (Fajrina et al., 2013). 

An algal bloom is another term for an 
algal explosion. An algal bloom is an event 
or condition where a water body, swamp, ex-
periences a large plankton population explo-
sion. The occurrence of algal blooms is the 
presence of excess nutrients contained in the 
water. The disposal of waste containing a lot 
of phosphate into waters such as domestic 
waste can also be an additional factor to al-
gae blooms. Increasing phosphate levels in a 
water body will trigger rapid growth and de-
velopment of algae. The overwhelming num-
ber of algae can result in mortalities in a va-
riety of Aquatic life. These mortalities can oc-
cur due to exposure to toxins that come from 
the excretion of algae. Algal blooms will cer-
tainly produce a lot of toxins as well. If al-
lowed to drag on, this will certainly cause 
mortalities to various types of aquatic organ-
isms. 

The parameters of total nitrogen, total 
phosphate, chlorophyll a, water brightness, 
and phytoplankton abundance can clearly 
describe the trophic status of a water body as 
a reference for determining future policy. 
The purpose of this research is to make a 
study for water quality parameters and de-
termine the trophic status of Lake Toba. This 
is to complete the Lake Toba water quality 
data series and update the trophic status. 
The result can be a recommendation to the 
government and stakeholders in making pol-
icies related to the management and utiliza-
tion of Lake Toba. 
 
METHODOLOGY 
Ethical Approval 
 There is no animal used in this re-
search. Ethical approval for handling ani-
mals is not required. The samples refer to 
water from Lake Toba. 
 
Place and Time 

Sampling was carried out at 4 sam-
pling stations namely Pangambatan, 
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Lontung, Pangambatan areas located in the 
Samosir district of Lake Toba and Si-
rungkungon located in Toba district, North 
Sumatra, Indonesia. The study was con-
ducted from January to March 2024. 

Sampling and testing of water quality was 
carried out every month while sampling and 
testing of phytoplankton was carried out in 
March 2024. 

 
 
 
 
 
 
 
 
 

 
Figure 1. Sampling location (a); Lake Toba area (b). 

 
Research Materials 

In situ measurements were carried out 
for chlorophyll-a and water brightness pa-
rameters. Chlorophyll-a testing was per-
formed using the Aquafluor Turner Designs 
fluorometer (Sunnyvale, CA, USA) to meas-
ure chlorophyll/turbidity. Water brightness 
was measured using a white/black Secchi 
disk plate from Regal Springs Indonesia 
equipment. Data recording was done in the 
field, ensuring accurate and immediate cap-
ture of measurements before collecting phy-
toplankton and water samples.  

Water samples were collected using a 
5-liter UWITEC water sampler and kept cool 
in a cool box during transport. Phytoplank-
ton was collected using a HYDRO-BIOS KIEL 
plankton net with a 55 µm mesh size. Phyto-
plankton samples were transported to the la-
boratory with the addition of 2 ml of 1% 
Lugol solution per 30 ml extracted sample 
and sent to Shafera Enviro Laboratory in Me-
dan, North Sumatra, Indonesia, for analysis. 
Phosphorus analysis was carried out using a 
Phosphate cell test, and nitrogen analysis 
was performed using a Nitrogen cell test 
from Merck KGaA, Germany. 

 
Table 1. Parameters and equipment. 

Testing Equipment Unit 
Chlorophyll-a Aquafluor Turner designs µg/I 
Water brightness  Secchi disk plate  Meter 
Water samples collected  UWITEC water sampler Liter 
Phytoplankton HYDRO-BIOS KIEL  - 
Phosphate cell test  Merck KGaA Germany mg/I 
Nitrogen cell test  Merck KGaA Germany mg/I 

 
Research Design 
 The research design was a quantitative 
descriptive approach with the data collection 
in situ from the sampling location using 

purposive sampling and sample transport 
and testing on Laboratory Regal Springs In-
donesia in Ajibata, North Sumatra, Indone-
sia, and Shafera Enviro Laboratory in Me-
dan, North Sumatra, Indonesia. 

 
 
 
 
 

A
z 

B 
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Table 2. Parameters and equipment. 

Trophic States 
Average total 

Nitrogen (N) levels 
(mg/l) 

Average total 
Phosphat (P) levels 

(mg/l) 

Average total 
Chlorophyll-a 
levels (µg/l) 

Average 
Brightness (m) 

Oligotrophic ≤ 650 < 10 < 2.0 ≥ 10 
Mesotrophic ≤ 750 < 30 < 5.0 ≥ 4 

Eutrophic ≤ 1900 < 100 < 15 ≥ 2.5 
Hypereutrophic > 1900 ≥ 100 ≥ 200 < 2.5 

Source: KLH (2009). 
 
Work Procedure 

Water sampling at 4 stations was col-
lected using a UWITEC water sampler with a 
volume of 5 liters from a depth of 2 m 3 
times per sampling location. Water samples 
were stored in a cool box and transported to 
the Regal Springs Indonesia water quality la-
boratory located in Ajibata, Toba Regency, 
North Sumatra, Indonesia. Samples were 

tested for total nitrogen and total phosphate 
Phytoplankton was collected using a plank-
ton net with a mesh size of 0.55 µm.  

The extracted sample was added with 
1 % Lugol solution and brought to the Shaf-
era laboratory for Phytoplankton analysis. 
The test results were transferred into an Ex-
cel file to be analyzed and compared with the 
reference standard for each parameter. 

 

   
Figure 2. Sampling water and phytoplankton; a. sampling water sampler; b. water sam-

pler; c. phytoplankton net; d. Aquafluor. 
 
Data Analysis 

Data that has been obtained is ana-
lyzed with MS. Excel 2017. The method used 
in this data analysis is a descriptive statistical 

test by measuring data centers such as mean 
value, standard deviation, etc. 
 
RESULTS AND DISCUSSIONS 

 
Table 3.  Water quality testing results based on sampling location. 

 
 

 The results of the water brightness test 
(Table 3) show that the average water qual-
ity of the four sampling stations' monthly 

measurements was lowest in January and 
best in February. Water brightness is in the 
range of 5.75 m to 6.65 m with an average 

A B C D 
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value of 5.78 m in January, 6.33 m in Febru-
ary, and 5.95 m in March. Based on the 
trophic status criteria that refer to the Minis-
ter of Environment Regulation No. 28 of 

2009 concerning the capacity to accommo-
date the pollution load of lakes and/or reser-
voirs, the water brightness parameter meets 
the criteria for mesotrophic status.

 
Table 4.  Average of sampling. 

Sampling 
Location 

Average of Testing Results 
Water Brightness 

(m) 
Chlorophyll-a 

(µg/I) 
Phosphate 

(mg/I) 
Nitrogen 
(mg/I) 

Lontung 5.92 0.22 0.03 1.00 
Pangambatan 6.18 0.23 0.02 0.47 
Silimalombu 5.92 0.20 0.03 0.47 

Sirungkungon 6.05 0.20 0.02 1.07 
 
 The results of testing the Chlorophyll-
a (Table 4) show the average value is below 
2 µg/l which means it meets the criteria for 
oligotrophic status. Low chlorophyll-a con-
centrations in oligotrophic lakes lead to nu-
trient limitation, high dissolved oxygen lev-
els, reduced predation pressure, and better 
overall water quality, which collectively sup-
port a diverse and healthy aquatic ecosys-
tem. The total Phosphate (Table 3) shows a 
value of 0.02 mg/l to 0.03 mg/l or equiva-
lent with 20 μ/l and 30 μ/l which meets the 
criteria for mesotrophic status.  
 The total Nitrogen (Table 4) parame-
ter shows an average value of 0.75 mg/l 
which meets the criteria for mesotrophic sta-
tus. Phosphate levels in mesotrophic lakes 
are moderate. This supports a moderate 

growth of algae and other photosynthetic or-
ganisms, leading to moderate chlorophyll-a 
levels and water clarity. Overall, moderate 
phosphate concentrations support a healthy 
and diverse aquatic ecosystem in meso-
trophic lakes (Trowbridge, 2009). Phyto-
plankton abundance ranges from 22,514 to 
33,475 Individuals/L.  
 The nutrient levels in these lakes fos-
ter a diverse range of aquatic life, including 
salmonid fish species, as well as a variety of 
macrophytes and macroinvertebrates. Regu-
lar monitoring of phosphate and phosphorus 
levels, along with other water quality pa-
rameters, is crucial to ensure the lake condi-
tions remain balanced and to prevent exces-
sive nutrient inputs that could lead to eu-
trophication (Pujiastuti et al., 2021).

 

 
Figure 3.  Diagram water testing, a. Water brightness testing result; b. Phosphate testing 

result; c. Chlorophyll-a testing result; d. Nitrogen testing result. 

A 

C 

B 

D 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Journal of Aquaculture and Fish Health Vol. 13(3) - September 2024 
DOI : 10.20473/jafh.v13i3.57981 

 

 
Cite this document Saragih, F.S., Djamil, H., Juanda, Mubarak, A.S., Hasan, V., Sihombing, A. and Satyantini, W.H., 2024. 
Nutrient Concentration, Water Brightness, Chlorophyll-a, and Phytoplankton Abundance as Indicators for Determining the 
Trophic Status of Lake Toba, North Sumatera - Indonesia. Journal of Aquaculture and Fish Health, 13(3), pp.366-374. 
This article is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.   

371 

 The highest abundance was found in 
the Sirungkungon location with 25 taxa fol-
lowed by the Silimalombu, Pangambatan, 
and Lontung locations. Phytoplankton com-
position consists of 33 genera and 9 classes 
namely Bacillariophyceae, Chlorophyceae, 
Cyanophyceae, Coscinodiscophyceae, Di-
nophyceae, Euglenida, Fragilariophyceae, 
Mediophyceae, Zygnemophyceae.  

 The diversity index (H') is 2.631 - 
2723, the uniformity index (E) is 0.828 - 
0.872 and the percentage of blue-green al-
gae is 14.75 - 20.85. Zygnemophyceae is the 
dominant phytoplankton class based on 
abundance and is dominated by Stau-
rastrum sp. Based on the level of phyto-
plankton abundance, Lake Toba waters are 
categorized as a eutrophic lake with an 
abundance of > 15.000 ind/l. 

 
Table 4.  Phytoplankton test results. 

Taxa Project 
Lontung Pangambatan Silimalombu Sirungkungon 

Phytoplankton     
Class: 
Bacilliariophyeeae     
Fam: Aulacoseiraceae     
Aulacoseira sp. 1204 662 963 783 
Fam: Naviculacea     
Navicula sp. 662 1686 722 1385 
Fam: Nitzchiaceae     
Nitzhia sp. 1385 2227 2830 3010 
Fam: Surirellaceae     
Surirella sp. 120 - 241 - 
Fam: Rhophalodiaceae     
Rhopalodia sp. 421 - - 241 
Fam: Rhizosoleniaceae     
Guinardia sp. 1565 662 - 602 
Fam: Fragillariaceae     
Fragillaria sp. 1264 421 - 722 
Synedra sp. - 783 963 2167 
Fam: Pinnulariaceae     
Pinnularia sp. 181 602 181 783 
Fam: Cymbellaceae     
Cymbella sp. - - 120 - 
Class: Chlorophyceae     
Fam: Selenastraceae     
Selemastrum sp. - - 181 - 
Fam: Scenedesmaceae     
Coelastrum sp. - 301 181 - 
Fam: Hydrodictyaceae     
Pediastrum sp. 963 1084 1806 1264 
Fam: Chorellaceae     
Gleotila sp. 1144 963 963 963 
Fam: Oocystaceae     
Oocystis sp. 722 1385 1264 3492 
Fam: 
Sphaerocystidaceae     
Sphaerocystis sp. 181 - - 181 
Class: Cyanophyceae     
Fam: Oscilatoriaceae     
Oscilatoria sp. 241 301 542 783 
Anabaena sp. 602 241 482 241 
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Fam: Spirulinaceae     
Spirulina sp. - 301 - - 

 

Taxa Project 
Lontung Pangambatan Silimalombu Sirungkungon 

Fam: Chroococcaceae     
Chlorococcum sp. 421 - - - 
Chroococcus sp. 722 301 722 542 
Gloeocapsa sp. - - 783 181 
Fam: Merismopediaceae     
Merismopedia sp. 1084 722 662 542 
Fam: Microcystaceae     
Microsystis sp. 1625 3010 2167 2528 
Fam: Gloeotrichiaceae     
Gloeotrihia sp. - - - 120 
Class Coseinodiscophyceae     
Fam: Coscinodiscaeceae     
Cosdinodiscus sp. - - 542 - 
Fam: Rhizosoleniaceae     
Rhizosolenia sp. - 482 - - 
Class: Dinophyceae     
Fam: Ceratideae     
Ceratium sp. 301 - 181 783 
Class: Euglenida     
Fam: Phacaceae     
Phacus sp. - 361 602 602 
Class: Cyanophyceae     
Fam: Oscilatoriaceae     
Oscilatoria sp. 241 301 542 783 
Anabaena sp. 602 241 482 241 
Fam: Spirulinaceae     
Spirulina sp. - 301 - - 
Fam: Chroococcaceae     
Chlorococcum sp. 421 - - - 
Chroococcus sp. 722 301 722 542 
Gloeocapsa sp. - - 783 181 
Fam: Merismopediaceae     
Merismopedia sp. 1084 722 662 542 
Fam: Microcystaceae     
Microsystis sp. 1625 3010 2167 2528 
Fam: Gloeotrichiaceae     
Gloeotrihia sp. - - - 120 
Class Coseinodiscophyceae     
Fam: Coscinodiscaeceae     
Cosdinodiscus sp. - - 542 - 
Fam: Rhizosoleniaceae     
Rhizosolenia sp. - 482 - - 

 

Taxa Project 
Lontung Pangambatan Silimalombu Sirungkungon 

Class: Dinophyceae     
Fam: Ceratideae     
Ceratium sp. 301 - 181 783 
Class: Euglenida     
Fam: Phacaceae     
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Phacus sp. - 361 602 602 
Class: Fragilariophyceae     
Fam: Tabellariaceae     
Tabellaria sp. - - - 181 
Class: Mediophyceae     
Fam: Biddulphiaceae     
Isthmia sp. - 783 181 532 
Class: Zygnemophyceae     
Fam: Desmidiadeae     
Staurastrum sp. 5599 4937 6141 6201 
Cosmarium sp. 2107 3131 4636 4636 

 
Table 5. Phytoplankton analysis. 

Taxa Project 
Lontung Pangambatan Silimalombu Sirungkungon 

Number of Taxa 21 22 24 25 
Abundance (Ind/L) 22514 25346 28056 33465 
Diversity Index (H') 2.647 2.696 2.631 2.723 
Uniformity Index � 0.869 0.872 0.828 0.846 
Blue Green Algae Percentage (%) 20.85 19.24 19.1 14.75 

 
 The presence of Cyanophyceae spe-
cies, specifically Oscillatoria sp., Anabaena 
sp., Chroococcus sp., Merismopedia sp., and 
Microcystis sp. was observed in all sampling 
stations. These species are associated with 
high levels of phosphorus and nitrogen in 
the lake. The highest percentage of blue-
green algae or Cyanophyceae was found at 
the Lontung station, which had high levels 
of phosphorus and nitrogen. These species 
can be harmful and toxic to organisms and 
their environment. Anabaena species, for 
example, produce the monocyclic heptapep-
tide toxin called microcystin, which can 
cause significant mortality in freshwater 
aquatic organisms. The high intensity of 
light from January to March, coupled with 
high temperatures, also contributed to phy-
toplankton abundance (Hertika and Umi, 
2009). 
 The values of H' in Table 5 illustrate 
that a higher H' value indicates a greater di-
versity of aquatic species. Based on the data 
above, the diversity index ranges from 
2.631 to 2.723, indicating an increasing 
abundance of 22514 to 33465 ind/L. The 
uniformity index (E) ranges from 0.828 to 
0.872, indicating that the species in the 
community are evenly distributed. The 
study found that the number of taxa ranges 
from 21 to 25. 

CONCLUSION 
Based on the five key water quality 

parameters (total nitrogen, total phosphate, 
chlorophyll a, water brightness, and phyto-
plankton abundance), Lake Toba is cur-
rently classified as a lake with a mesotrophic 
trophic status. Although the chlorophyll val-
ues are still relatively low and meet the oli-
gotrophic criteria, the other four key param-
eters consistently indicate mesotrophic sta-
tus at the maximum threshold. This situa-
tion should concern stakeholders because 
environmental pressure and exceeding the 
carrying capacity and environmental capac-
ity of Lake Toba can lead to eutrophication. 
Eutrophication negatively impacts all activ-
ities in Lake Toba and its surroundings. 
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