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ABSTRACT

The use of chlorine in agriculture and settlements increases and impacts surrounding waters, such as watersheds:
The land area is a unit with rivers and tributaries that function to accommodate, store and distribute water from
rainfall to the sea naturally. The environmental condition of the Tondano watershed is important to study in
terms of chlorine distribution, considering that residential and agricultural activities in the watershed can cause
residues in the aquatic environment, which harm the environment, especially phytoplankton. This study aims to
examine the concentration of chlorine and its impact on the phytoplankton diversity in the Tondano watershed,
North Sulawesi, Indonesia. Using the composite method, water quality sampling to calculate chlorine concentra-
tion was carried out at 17 river locations using the composite method, while six river stations represented phy-
toplankton sampling. Chlorine concentration was measured using UV-VIS spectrophotometry, while plankton
sampling used a plankton net with a mesh size of 40 pm and a net mouth diameter of 20 cm. The results show
that the highest chlorine concentration was found in the Tondano Hilir River (0.05 mg/L), followed by the Kakas
River downstream (0.04 mg/L). Chlorine concentration distribution in other rivers has the same concentration
(0.03 mg/L). Quality standard Chlorine according to Government Regulation number 22/2021 Appendix VI
Class II is 0,03 mg/L. The highest number of species and index of phytoplankton species diversity was found in
the Hulu Panasen River, while the highest species abundance was found in the Tondano River downstream. The
correlation analysis of species diversity index with chlorine concentration did not show a significant relationship
with the diversity of phytoplankton, but aquatic ecosystems have experienced moderate ecological pressure.
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INTRODUCTION ber 26 of 2008 concerning the National Spatial
Planning (RTRWN) stipulates that the Tondano
watershed is designated as a national strategic
area from the point of view of the importance
of the function and carrying capacity of the en-
vironment and a national strategic river area. The

Tondano River, which has its upstream in Lake

The physical and environmental condi-
tions of the Tondano watershed are important to
study in terms of the spatial distribution of chlo-
rine, considering that residential and agricultural
activities in the watershed can cause residues in

the waters of Lake Tondano and Tondano River,
which empties into Manado Bay. Government
Regulation of the Republic of Indonesia Num-
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Tondano, has an important role in supporting the
lives of the people of Manado City, Tondano,
and its surroundings, namely as a source of drin-
king water for the community, raw water sources
for the local water company in Manado, and Ton-
dano, a source of power plants (hydroelectric po-
wer plant) Tanggari and Tonsealama, sources of
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irrigation water, inland fisheries and tourism ob-
jects (Sittadewi, 2008). This condition causes the
Tondano watershed to experience environmental
degradation due to the entry of wastewater from
these activities, such as chlorine, which can cause
residues in the aquatic environment (Wantasen et
al., 2020).

The chlorine sources are the outlets of
irrigation canals, rivers, and settlements draina-
ge outlets. River pollution increases when rivers
pass through areas contaminated with chlorde-
cone/organochlorine pesticides (Della Rossa et
al., 2017). Chlorine residues impact aquatic bio-
ta such as phytoplankton because aquatic orga-
nisms accumulate toxic substances in their organs
(Da Costa et al., 2014), and the effect depends on
the time, frequency, and duration of the applicati-
on (Levillain et al., 2012). Data from the Agricul-
tural Extension Center (BPP) Kakas in June 2021
shows that the time, frequency, and dose of KCl
fertilizers and pesticides are high according to the
growing season. The location of the Tondano Ri-
ver, which crosses the settlements, also receives
input of wastewater containing chlorine from the
settlement drainage.

The use of chlorine materials, named the
chemical compound chlorine (CaCl,), increases
clean water treatment. The use of chlorine at a
low percentage can be used as a water purifier,
bleach clothes, larvae killer, disinfectant for drin-
king water and industry. In agriculture, chlorine
is used for pesticides and inorganic KClI fertili-
zers. Irrigation and fertilization contribute signi-
ficantly to the precipitation of chlorine (Hassaan
& El Nemr, 2020). The remaining free chlorine
distribution is influenced by the location of the
injection position, the dose, and the time of injec-
tion—the further away from the chlorine source,
the less the residual chlorine spread. The chlorine
concentration decreases with increasing distan-
ce from the source (Bassey, 2017). The dangers
of chlorine concerning the ecological effects of
pesticides are biomagnification, bioconcentra-
tion, and bioaccumulation (Jayaraj et al., 2016;
Hassaan & El Nemr, 2020). Organochlorine
pesticides belong to chlorinated hydrocarbon de-
rivatives with high toxicity, slow degradation, and
bioaccumulation.

Organochlorine pesticides have high per-
sistence and are toxic, harmful to aquatic orga-
nisms (Jayaraj et al., 2016; Garcia-Espinoza et
al., 2018; Pan et al., 2019). The toxicity of the
effluent under inadequate dichlorination condi-
tions is mainly due to residual chlorine, especi-
ally monochloramines. Disinfectants (NH,CI)
can pose a significant risk to aquatic life (Zhang
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et al., 2018) and have adverse effects on human
health, such as disinfectant by-products that are
suspected of causing cancer (Tsitsifli & Kanakou-
dis, 2018). The condition of the Tondano River,
which receives input from the irrigation channel/
moor outlet, the settlement drainage channel out-
let carries residual chlorine in chlorite ions, chlo-
rate, and chlorophenol compounds.

Chlorophenol compounds are toxic to
aquatic life and cause histopathological changes,
mutagenic, and carcinogenic effects (Igbinosa et
al., 2013). When chlorine gas is dissolved in wa-
ter, it will hydrolyze rapidly to produce hypochlo-
rous acid Cl, =H,O ...... > HCIO + H+ CI. The
HCIO ratio depends on pH 6-9 and climate. The
role of climate produces heterogeneity of polluti-
on because these compounds are sensitive to sun-
light and are not easily decomposed (Sharma et
al., 2018; Mottes et al., 2020). Pesticides have be-
come an important part of agriculture to protect
cultivated crops from pests but pose a risk to the
environment. Spatially, the largest source is from
pest control activities (Li et al., 2011; Ozkara et
al., 2016; Mahmood et al., 2016).

Chlorine that enters water bodies such
as watersheds will impact the biota that lives in
them, such as phytoplankton. Phytoplankton has
an important role in aquatic ecosystems and is a
producer of oxygen (O,) through photosynthesis
and absorbs carbon dioxide (CO,) in producing
food. Phytoplankton productivity contributes to
almost half of the global net primary producti-
vity (Sriwijayanti et al., 2019). Phytoplankton
as primary production is a source of food for all
populations in the waters (Sardet, 2015; Rowe et
al., 2017). Phytoplankton of the types of Bacil-
lariophyceae, Chlorophyceae, and Chynophyceae
as indicators to determine the level of pollution of
waters (Hou et al., 2018; Yusuf, 2020) and Chlo-
rination in power station cooling water systems:
Effect on biomass, abundance, and physiology of
natural phytoplankton communities (Vannoni et
al., 2021).

Several studies on the distribution of chlo-
rine in waters and the relationship between water
quality and phytoplankton have been carried out,
including analysis of free chlorine (CL,) levels and
their impact on public health along the Cidanau
river, Cilegon (Hayat, 2020), evaluation and ana-
lysis of the distribution pattern of residual free
chlorine in the distribution network of Lulut Ri-
ver WTP PDAM Bandarmasih (Sofia & Riduan,
2017), and analysis of the relationship between
water quality and the diversity index of plankton
and benthic in the Cirata reservoir (Prasiwi &
Wardhani, 2018).
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Research on chlorine concentration and its
relationship with air quality and phytoplankton
diversity in the Tondano watershed, North Sula-
wesi, has never been studied and published. This
research is vital because the current community
activities along the Tondano watershed can di-
scharge chlorine into the river body. These activi-
ties are in the form of agricultural and residential
activities in the watershed. The presence of chlo-
rine impacts air quality because chlorine causes
residues in the aquatic environment and will im-
pact biota, such as phytoplankton that lives in it.
Air quality conditions influence phytoplankton
diversity. Air quality conditions are indicated by
certain types of phytoplankton, such as Bacilla-
riophyceae, Chlorophyceae, and Chynophyceae.
The analysis was conducted to determine the
relationship between air quality and the corre-
lation of phytoplankton diversity. In addition, a
spatial analysis was carried out to determine the
distribution of chlorine and phytoplankton in the
Tondano watershed. Chlorine concentration and
phytoplankton biodiversity will indicate the con-
dition of the waters of the Tondano watershed.
In addition, locations that have experienced eco-
logical stress that can be identified spatially can
help policymakers identify target locations for
environmental management. This study aims to
examine the concentration of chlorine and the
diversity of phytoplankton in the Tondano water-
shed, North Sulawesi.

METHODS

A water sampling for testing the chlorine
concentration was conducted at 17 stations in the
Tondano watershed, North Sulawesi. The river
stations are located in the Tondano watershed
(upstream and downstream): Noongan River is
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the upper part of the watershed, Kakas River, Ti-
kala River, and Tondano River are rivers that flow
through settlements, and Panasen River flows
through agricultural land/rice fields and horticul-
ture. Water sampling was carried out using the
composite method (Hadi, 2015). Chlorine con-
centration data were analyzed using the UV-VIS
Spectrophotometry method and compared with
the Quality Standards according to Government
Regulation (PP) Number 22 of 2021 Attachment
VI Implementation of Environmental Protection
and Management (P3LH). Class II is water who-
se designation can be used for water recreation
infrastructure/facilities, freshwater fish cultivati-
on, animal husbandry, water for irrigating crops,
or other designations that require the same water
quality as that user.

Phytoplankton sampling was only con-
ducted at six river stations: Panasen River
upstream, Panasen River downstream, Noon-
gan River upstream, Kakas River downstream,
Tikala River downstream, and Tondano River
downstream. Phytoplankton samples were taken
using a plankton net with a mesh size of 40 m and
a net mouth diameter of 20 cm. Phytoplankton
samples were taken as much as 50 L from each
station, then filtered with a plankton net (Prasiwi
& Wardhani, 2018). The filtering results were put
into a 100 ml sample bottle labeled and preser-
ved with Lugol. Furthermore, the phytoplankton
samples were observed and identified in the labo-
ratory (Lestari et al., 2021). Identifying phytop-
lankton species, the sample was observed under
a microscope and then identified using the iden-
tification book from Borja (2012). Identification
is made by matching the sample with the image
in the identification book. In detail, this research
method is presented in a flow chart (Figure 1).
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Figure 1. Research Framework
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The study begins with a field survey and
sampling of water quality at the river outlet.
The next stage is the analysis of water quality
data with chlorine parameters using analysis of
phytoplankton diversity and the correlation bet-
ween the two parameters. The final stage in this
research is the visualization of chlorine distri-
bution data on water quality and phytoplankton
diversity. Chlorine distribution mapping in 17
rivers was processed in ArcGIS desktop 10.7.1
(Bajjali, 2018). The abundance of phytoplankton
was analyzed using the formula: E= ¢ X A/fa X
V; where: E = phytoplankton density (ind/ltr), ¢
= total observed individuals, A = phytoplankton
concentrate volume, fa = phytoplankton samp-
le volume, and V = sample volume (Clesceri et
al., 1989). The species diversity index (Shannon-
Wiener diversity (H’), the species evenness index

8 Concentration Chlorine (mg/L)
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(Pielou evenness (J) and the correlation between
species abundance, number of species, diversity
index, and species evenness index with chlorine
content were analyzed using Paleontological Sta-
tistics software (PAST software v. 2.12) (Koneri
et al., 2021).

RESULTS AND DISCUSSION

Chlorine concentration measurement re-
sults show that the highest chlorine was found
in the Tondano River downstream at 0.05 mg/L,
followed by the Kakas River downstream at 0.04
mg/L. Panesan River upstream 1 and downstream
1 have the same concentration of 0.03 mg/L. The
other thirteen rivers had the same chlorine con-
centration (0.02 mg/L) (Figure 2).
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Figure 2. Chlorine Concentration and Quality Standard (Government Regulation No. 22/2021 Class

ID)

The results of this study indicate that
the concentration of chlorine fluctuates in the
upstream, middle, and downstream rivers. High
concentrations exceeding the quality standard
and threshold were found in four of the seventeen
sites studied. These locations are the Tondano
River downstream, Kakas River, Panasen River
downstream 1, and Panasen River downstream
2 (Quality Standards according to PP No. 22 of
2021 Appendix VI chlorine concentration is 0.03
mg/L).

Figure 2 shows that 23.53% of the chlorine
concentration does not meet the quality standard
(Government Regulation Number 22/2021 Class
II), whose distribution is shown in Figure 3.

Chlorine distributed in the Tondano wa-
tershed has a high concentration in the lower
reaches of the Tondano and Kakas rivers. Both
rivers cross dense residential areas and rice fields
or moor. River flows carry domestic and agricul-
tural waste from their catchment areas.
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Figure 3. Chlorine Distribution in the Upstream and Downstream of the Tondano Watershed

The results obtained were six classes, 37
species, and 594 individual phytoplankton. The
most common class found was Bacillariophyceae
(38.9%) and Cyanophyceae (22.4%), while the
class with the least number was Trebouxiophyceae
which was only found in 2% (Table 2 and Figu-

re 3). Navicula sp is the most common species
(6.57%), then Anabaena sp. obtained as much as
6.23%. The species with the least number of indi-
viduals found were Hydrophycea sp. and Merismo-
pedia sp., each as much as 0.34% (Table 1).
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Table 1. Class, Species, and Number of Individual Phytoplankton Found in 6 Research Stations (SKR: Ka-
kas River Downstream, SNU: Noongan River Upstream, SPR: Panasen River Downstream, SPU: Panasen
River Upstream, STIR: Tikala River Downstream, STOR: Tondano River Downstream)

Location/Number of Individuals
Class Species > %
SKR SNU SPR SPU STIR STOR
Conjugatophyceae Mougeotia sp. 4 9 0 0 0 0 13 2,19
Bacillariophyceae Cymbella sp. 0 6 0 0 10 12 28 4,71
Bacillariophyceae Diatoma sp. 0 0 6 2 0 0 8 1,35
Bacillariophyceae Eunotia sp 0 10 0 0 9 5 24 4,04
Bacillariophyceae Gomphonema sp. 7 5 2 6 0 9 29 4,88
Bacillariophyceae Gyrosigma sp. 0 9 0 2 5 9 25 421
Bacillariophyceae Melosira sp. 11 8 5 0 0 0 24 4,04
Bacillariophyceae Navicula sp. 0 10 6 6 2 15 39 6,57
Bacillariophyceae Nitzchia sp. 12 7 3 0 0 7 29 4,88
Bacillariophyceae Pinnularia sp. 5 0 0 0 3 2 10 1,68
Bacillariophyceae Surirella sp. 6 3 0 0 0 0 1,52
Bacillariophyceae Synedra sp. 4 2 0 0 0 0 1,01
Cholorophyceae Microspora sp. 0 0 2 2 0 0 4 0,67
Cholorophyceae Oedogonium sp. 0 3 0 0 5 7 15 2,53
Cholorophyceae Pediastrum sp. 9 16 0 0 0 0 25 4,21
Cholorophyceae Peridinium sp. 0 0 2 2 0 0 4 0,67
Cholorophyceae Staurastrum sp. 5 0 10 0 7 6 28 4,71
Cholorophyceae Tetraspora sp. 0 0 0 8 6 5 19 3,20
Cholorophyceae Ulothrix sp. 0 0 14 0 0 0 14 2,36
Cholorophyceae Zynegma sp. 0 0 4 0 0 4 0,67
Cyanophyceae Anabaena sp. 7 0 8 8 3 11 37 6,23
Cyanophyceae Aphanocapsa sp. 0 0 10 7 0 0 17 2,86
Cyanophyceae Coleosphaerium sp. 9 4 0 0 0 14 27 4,55
Cyanophyceae Fragillaria sp. 0 0 0 7 0 0 7 1,18
Cyanophyceae Hydrophycea sp. 0 0 2 0 0 0 0,34
Cyanophyceae Merismopedia sp. 0 0 0 2 0 0 0,34
Cyanophyceae Oscillatoria sp. 0 0 4 6 0 0 10 1,68
Cyanophyceae Phormidium sp. 0 0 6 8 0 0 14 2,36
Cyanophyceae Protococus sp. 0 0 0 8 0 0 8 1,35
Cyanophyceae Rivularia sp. 0 0 2 7 0 0 9 1,52
Fragilariophyceae Asterionela Sp. 0 0 0 0 9 5 14 2,36
Fragilariophyceae Tabellaria sp. 0 0 0 6 4 3 13 2,19
Trebouxiophyceae Botryococcus sp. 0 0 0 0 7 5 12 2,02
Xanthophyceae Tribonema sp. 5 0 0 0 15 8 28 4,71
Zygnemophyceae Closterium sp. 0 0 8 0 0 0 8 1,35
Zygnemophyceae Gonatozygon sp 10 0 0 0 5 7 22 3,70
Zygnemophyceae Tetmemorus sp. 0 0 2 5 0 0 7 1,18
Grand Total 94 92 92 96 90 130 594 100,00

The highest number of phytoplankton
species was found in the Panasen Hulu River (18
species), while the least in the Kakas Hilir and
Noongan Hulu rivers, each with 13 species (Figu-
re 4a). The Tondano Hilir River had the highest
abundance of 130 individuals, while the lowest
abundance was the Lower Tondano River (90 in-

dividuals) (Figure 4b). The highest species diver-
sity index was found in the Panasen Hulu River
(2.78), while the lowest was in the Noongan Hulu
River (2.43) (Figure 4c). The Kakas Hilir River
has the highest species evenness index (0.94)
compared to other rivers (Figure 4d).
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Figure 4. Diversity of Phytoplankton Species at Six Observation Stations for Species Number (A), Species
Abundance (B), Species Diversity Index (C), And Species Evenness Index (D) (SKR: Kakas River Down-
stream, SNU: Noongan River Upstream, SPR: Panasen River Downstream, SPU: Panasen River Upstream,

STIR: Tikala River Downstream, STOR: Tondano River Downstream)

The results of the correlation analysis bet-
ween species diversity and chlorine concentration
have different values and show a positive correla-
tion. The correlation between species and chlo-

rine is 0.14, while the number of species is 0.78.
The correlation between the species diversity in-
dex and chlorine is 0.27, while the evenness index
is 0.36 (Table 2).

Table 2. Correlation between Wealth, Abundance, Dominance, Diversity, and Evenness of Phyto-

plankton with Chlorine

Number of Species Species Abundance Diversity Index  Evenness Index
Pearson 0.14 0.78 027 036
. Correlation
Chlorine
Sig. 0.79 0.07 0.60 0.49

Note: The sign** indicates a very significant correlation at =0.01 and * shows a significant correlation at =0.05

The high chlorine concentration in the Pa-
nasen River is caused by KCl fertilizer, pesticides
in rice fields, and horticultural fields. Upstream
of the Tondano watershed is dominated by wet-
land agriculture with an area of about 2,924 ha
of rice fields (Luntungan, 2014). The active ing-
redients in pesticides include organochlorines
(Bassey, 2017). Chlorine input can be obtained
by precipitation of fertilizer salts (David et al.,
2016). In addition, it can also be from certain
pollutants such as chlorinated hydrocarbons pro-
duced from municipal and industrial waste (Azi-
zullah et al., 2011). Domestic waste that contains

chlorine, such as preservatives, disinfectants, sol-
vents, bleach, household, and industrial cleaners,
creates residual chlorine in the water bodies of
the Tondano river.

Residential activities cause a high chlorine
concentration in the Tondano and Kakas river
downstream. Waste containing household was-
te, human waste discharged directly into natural
sewers or water bodies, and open agricultural
land (Iglesias & Garrote, 2015). The leaching to
a lower soil profile (Singh & Singh, 2012) and its
persistence in the soil are influenced by organic
matter (Zhao et al., 2013). Nutrient uptake of N,
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P, K decreases due to exposure to pesticides can
form oxidative microbiological reactions of com-
pounds that degrade cells resulting in the death of
soil microorganisms.

The main problem in the Tondano River
watershed is domestic and agricultural waste re-
sidue. The dominant agricultural waste residues
are derived from the residual leached nutrients
(leaching) during fertilization in agricultural ac-
tivities. Agricultural waste residues include chlo-
rine. Around 77% of the water catchment area
(DTA) of the Tondano watershed is used for
intensive agricultural cultivation, and the rest is
in the form of forests, settlements, swamps, and
solfatara (Luntungan, 2014). The land used for
agricultural cultivation is a mixed garden, 1,856
ha or 17.73% of the total research area, rice fields
are about 2,924 ha or 27.95%, and upland about
3,231 ha or 27.95% of the research area.

A decrease in river water quality is a dec-
rease in water quality due to the leaching of
nutrients, some of which will become residue
(Pereira et al., 2019) carried into rivers, causing
a decrease in river water quality (Da Costa et
al., 2014). Chlorine is beneficial for human life
and can be toxic to the environment and human
health. The nature of chlorine as a solid oxidizing
agent makes it easy for chlorine to bind with ot-
her compounds to form toxic compounds, such as
organochlorine compounds, which have carcino-
genic effects (Hassaan & El Nemr, 2020). Chlo-
rine and its compounds are widely used for wa-
ter disinfection because they are available in gas,
liquid, or powder form and are also inexpensive
and easy to apply because of their relatively high
solubility (7000 mg/L). They leave residues in so-
lution, which are temporarily harmful to humans,
protect the distribution system, are highly toxic
to most microorganisms, stop metabolic activity
(Erlangga & Setiawan, 2018). Microbiological
reactions in water and earth and the metabolism
of pesticides consumed by organisms can ultima-
tely interfere with the reproduction and growth
of organisms (Gill & Garg, 2014).

Chlorine can exhibit high acute toxicity to
aquatic organisms with a toxicity value of less
than or equal to 1 mg L-1. The toxicity of chlo-
rinated effluents in aquatic systems depends on
added chlorine and the concentration of residual
chlorine remaining in the solution (Da Costa et
al., 2014). Organochlorine insecticides are absor-
bed by plankton, algae, invertebrates, plants, and
fish in the food chain, causing pesticides’ con-
centration in the food chain to increase over time
(Kibria, 2016). Chloride in ion Cl- is one of the
major inorganic anions or negative ions in salt wa-
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ter and fresh water. It comes from the dissociation
of salts such as sodium chloride or calcium chlo-
ride in water (Alkhateeb, 2014). Chlorine is reac-
tive. It quickly combines with other chemicals in
the environment to form secondary compounds.
It is toxic to aquatic life and can cause histopat-
hology, mutagenicity, and carcinogenicity, inclu-
ding high acute toxicity (Emmanuel et al., 2004;
Igbinosa et al., 2013). These compounds are kno-
wn for their high toxicity, slow degradation, and
bioaccumulation.

The trend that has occurred during the last
seven years is that the analysis data of Chlorine
concentration is above the quality standard in
March, June, and November. The results of in-
terviews with farmers show that fertilization and
pesticide use are generally carried out in March
and November (Wantasen et al., 2020). Domestic
waste, which currently contains many chlorine
products such as household appliances, medical
devices, paper, drugs and pharmaceutical pro-
ducts, refrigerants, cleaning sprays, solvents, and
various other products, also contributes to the
chlorine concentration in the aquatic environ-
ment. The use of pesticides affects the balance of
the ecosystem/changes the food chain (Hassaan
& El Nemr, 2020).

The research results on the Panasen River’s
water quality show that the parameters analyzed
generally meet Government Regulation Number
22 of 2021 Appendix VI: chlorine 0.03 mg/L, ex-
cept that the chlorine parameter does not meet
the quality standard requirements. Chlorine ana-
lysis results ranged from 0.03 to 0.26 mg/1 (Wan-
tasen et al., 2019). The main source of chlorine
can come from fertilizers and pesticides whose
concentrations fluctuate depending on fertilizati-
on and pesticide spraying, namely in March and
November. The agricultural intensification pro-
gram harms water resources because it causes a
decrease in water quality. The use of fertilizers
and pesticides that are not following the needs of
agricultural intensification will cause residues/
pollution in the aquatic environment. Land use
and water pollution in the Tondano Hulu water-
shed are needed to protect aquatic ecosystems.
Upstream and in the middle of the Tondano
watershed, there is a relatively large area of agri-
cultural land. In its cultivation activities, pestici-
des are often used, which impacts the quality of
the waters of the upstream, middle, and finally
downstream of Tondano watersheds (Wantasen
et al., 2020).

There is a relationship between the con-
centration of Chlordecone pesticide residues in
Galion River water from upstream to downstream
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and its tributaries. The location upstream of
the Galion River is not contaminated, while
the concentration increases to the middle and
downstream (Della Rossa et al., 2017). Chlorine
distribution follows the Noongan River, Kakas
River, Panasen River, Tikala River, and Tondano
River. The waters of the Tondano River estuary
and the surrounding waters have a high potential
for water resources, in the form of potential fis-
hery resources, tourism, settlements, ports, tran-
sportation facilities, and many others, which will
be affected if there is a decrease in water quality
or pollution in these waters.

Pesticides that reach water bodies are
quickly absorbed and accumulate in the sedi-
ments, plankton, algae, aquatic invertebrates,
aquatic vegetation, and fish (Ogunfowokan et al.,
2012). Excessive chlorine can affect salinity and
is toxic to plants (Chen et al., 2010), weakening
the accumulation of nutrients in the topsoil (Li et
al., 2014). Chlorine affects microbes that convert
nutrients into nutrients that are not available to
plants. Toxic chlorine leaves residues in humans
through the food chain and bioaccumulation in
tissues (Badawi et al., 2000; Kibria, 2016; Choud-
hary et al., 2018). It causes the risk of cancer (Ja-
yaraj et al., 2016). Organochlorines are a group
of widely used chlorinated compounds belonging
to the dangerous persistent organic pollutant
group. Chlorine affects the function and activity
of biota, changing microbial communities (Wang
et al., 2010; Atashgahi et al., 2018; Medo et al.,
2020) affects the growth/availability of nutrients
for plants in terms of absorption. The effect of
chlorine on biota activity and nutrient availabi-
lity, chemically microbes will convert some nut-
rients into insoluble forms to become unavailable
to plants (Nogueira et al., 2020). Active ingredi-
ents pesticides can affect the balance of adsorpti-
on complexes in the soil. It affects the balance of
nutrients and soil acidity levels to affect the avai-
lability of nutrients that plants can absorb.

The water supply management sector is
responsible for solving this problem by complete
monitoring and using sufficient chlorine so that
no more water is harmful to the health of resi-
dents (Abid et al., 2014). The government must
monitor the use of chlorine and water quality as a
whole according to its standards to minimize the
effects of various harmful effects on living things
(Abid et al., 2014). Therefore, it is necessary to
manage a watershed system that can provide high
land productivity, watershed sustainability, imp-
rovingcommunity welfare (Asdak, 2018). With
surface water analysis being able to distinguish
contaminated/polluted watersheds from those
that are not polluted, the control of fertilizer and
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pesticide residues in the watershed environment,
especially the Tondano watershed, is under cont-
rol (Rochette et al., 2020).

Bacillariophyceae was the most domi-
nant class found in the study, followed by Chlo-
rophyceae and Cyanophyceae. River waters are
generally dominated by phytoplankton from the
Bacillariophyceae, Chlorophyceae, and Cyanophyceae
classes. According to Widigdo and Wardiatno
(2013), the class of phytoplankton often found
in large amounts of water is the Class Bacilla-
riophyceae. The Cyanophyceae class is also domi-
nantly found because this class can bind nitrogen
free from the air so that Cyanophyceae will grow
faster than other classes. Several genera of the
Cyanophyceae group that is thread-shaped have
special cells called heterocyst that can bind free
nitrogen from the air so that these species can sur-
vive in waters with low nitrogen concentrations
(Widigdo & Wardiatno, 2013). Bacillariophyceae
and Cyanophyceae. Chlorophyta is green algae that,
if they are numerous and dominate the waters,
will make the waters look greenish, while Ba-
cillariophyta is phytoplankton, better known as
diatoms. The dominance of the number and ty-
pes of Chlorophyta can indicate that water is eut-
rophication (Mujiyanto et al., 2011).

Bacillariophyceae is a group of algae that,
qualitatively and quantitatively, are abundant in
various types of waters, both in plankton and
periphyton. The Bacillariophyceae class is a cos-
mopolitan phytoplankton class, resistant to ext-
reme conditions, easy to adapt, and has very high
reproductive power. Abundant phytoplankton
was found to be a genius with high tolerance;
besides, it is supported by water conditions that
contain sufficient nutrients needed for developing
phytoplankton, namely phosphate and nitrate
from household and industrial waste.

The diversity index is an index that expres-
ses community structure and ecosystem stability.
The diversity index value at the six observation
stations ranged from 2.43-2.78. Diversity at all
research sites is classified in moderate species
diversity. Yunandar et al. (2020) stated that the
diversity index value ranges from 0-1, indicating
that the area has high ecological pressure and low
species diversity index. The range 1-3 indicates
a moderate diversity index, for diversity values
more significant than three indicate the state of
an area experiencing low ecological pressure and
a high species diversity index. These results sug-
gest that the diversity of phytoplankton species
in the Tondano watershed has moderate distri-
bution, average productivity, balanced ecosystem
conditions, and moderate ecological pressure.



138

Based on the classification of the diversity
index, it can be said that the diversity of phytop-
lankton in the Tondano River watershed is classi-
fied as moderate. It indicates that the waters have
experienced moderate disturbances and affect the
diversity and abundance of phytoplankton. Seve-
ral factors that can affect the diversity of phytop-
lankton in water are currents, nutrient content,
predators, temperature, brightness, turbidity, pH,
dissolved gases, and chlorine levels that enter the
waters.

The species evenness index (E) is used to
see the level of each community formed whether
there is a balance and describes the distribution
of individuals between different species obtained
from the relationship between diversity (Dea,
2000). The evenness of species at six stations va-
ried with index ranging from 0.82 to 0.94. Based
on this value, it can be said that the evenness of
phytoplankton species at the six observation sta-
tions is high. Balqis et al. (2021) state that if the
E value is > 0.75, then the evenness of the species
is classified as high, meaning that the density or
presence of biota is evenly distributed, whereas if
the E value is < 0.75, the evenness is low, and the
distribution of species is uneven, or some species
dominate. The species evenness index is strongly
influenced by the distribution of individuals of
the species because even though a community
has many types if the distribution of individuals
is not evenly distributed, the evenness of species
is low. Differences strongly influence the distri-
bution of phytoplankton species in nutrients such
as phosphate and nitrate and chlorine levels in the
waters of the Tondano River watershed.

The correlation between species diversity
and chlorine concentration shows different va-
lues. According to Clarke and Ainsworth (1993),
the standard for grouping correlation numbers
is: If the value of r = 0: There is no correlation
between two variables; r > 0-0.25: very weak cor-
relation; r > 0.25 — 0.5 : sufficient correlation; r
> 0.5 - 0.75 : strong correlation; r > 0.75 — 0.99:
very strong correlation and if r = 1 : perfect cor-
relation. Based on these values, it can be said that
the correlation between the number of species
and the chlorine concentration is very weak, whi-
le the species diversity index and species evenness
index show a sufficient correlation. There is a
powerful correlation between the abundance of
phytoplankton and the chlorine concentration,
but the value is not significant. It means that the
diversity of phytoplankton species in the Ton-
dano watershed does not significantly affect the
phytoplankton diversity, but there is already eco-
logical pressure. There is no significant effect be-
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cause the chlorine concentration in each river has
not shown too high compared to the quality stan-
dard according to Government Regulation Num-
ber 22 of 2021, with a chlorine concentration of
0.03 mg/L. In contrast, those above the quality
standard are only two rivers, the Tondano River
downstream and the Kakas River downstream.

CONCLUSION

Chlorine distribution from upstream to
downstream of the Tondano watershed was ob-
served from 17 river stations. There were two ri-
vers with chlorine distribution at the threshold to
exceed the quality standard (0.03 mg/1). The do-
minant phytoplankton found were from the Bacil-
lariophyceae, Chlorophyceae, and Cyanophyceae clas-
ses, while the most abundant species was Navicula
sp. The diversity of phytoplankton species which
includes the number of species, species abundan-
ce, species diversity index, and species evenness
index in the Tondano River watershed, is ca-
tegorized as moderate and aquatic ecosystems
are experiencing moderate ecological pressure.
However, the impact of chlorine distribution on
phytoplankton species diversity has no significant
effect.
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