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ABSTRACT

The estuary, downstream of  the river, accumulates pollutants from upstream and marine. Tuntang is one of  the 
major rivers in Central Java, 139 km length from Rawapening Lake, and ends in the Java Sea. Mangroves are the 
dominant riparian vegetation in the downstream and estuary of  the Tuntang River. This research analyzes the 
water quality and pollution index (PI) of  Tuntang Estuary, Demak. Water samples were collected from four sites 
in February (wet season) and September 2022 (dry season) and were analyzed for temperature, TDS, pH, BOD, 
COD, DO, nitrate, nitrite, ammonia, TN, TP, Cd, Cu, Pb, Cr, fecal coliform, and total coliform. The water quality 
parameters of  Tuntang Estuary in the dry season exceeded the threshold for Class I-III, such as TDS in T1 ((2530 
mgL-1), BOD (4.06-5.12 mgL-1), COD (28.32-102 mgL-1), DO for Class I and II (3.93-4.28 mgL-1), Pb at T1 and 
T3 in the wet season, and T1 in the dry season, and Cr for Class I, II, and III (>. 0.05 mgL-1), Pb (T1), and Cr for 
Class I, II, and III (>. 0.05 mgL-1). In contrast, in the wet season, BOD (4.37-7.15 mgL-1), Pb (T1 and T3), fecal 
coli, and coliform exceeded the threshold. The TN (0.83-2.48 mgL-1) and TP in the wet season (0.45-0.53 mgL-1 

at T1 and T1) indicated that Tuntang Estuary was in the eutrophic condition. Based on the PI method, the water 
quality of  Tuntang Estuary is good to slightly polluted for Class I, II, and III. The sustainable river management 
that is appropriate to be developed for the Tuntang River is conserving the mangrove ecosystem in the Tuntang 
Estuary.
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INTRODUCTION

Rivers are natural resources that play an 
important role in providing the availability of  wa-
ter on the land, as indicated in the Sustainable 
Development Goals (SDGs) number 15, and in 
maintaining clean water and sanitation (SDGs 
number 6). However, surface water quality is a 

sensitive and crucial issue in many nations, and it 
continues to be a big concern globally, driven by 
both natural and anthropogenic processes (Sener 
et al., 2017; Zhou et al., 2022). Water pollution 
can be caused by industrial, agricultural, geologi-
cal, and residential activities (Helard et al., 2021). 

Essential information on water quality that 
is influenced by precipitation, evaporation, and 
the quantity of  natural material carried by river 
water bodies can be found in the physicochemical 
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characteristics of  the rivers (Qu et al., 2018). River 
downstream to the estuary accumulates material 
from the upstream and catchment area around the 
downstream (Xu et al., 2021). The relationship 
between the upstream and downstream rivers is 
very complex between natural and anthropogenic 
activities (Baubekova et al., 2023). 

Due to the influence of  chemical elements 
like salinity, dissolved oxygen, pH, and nutrient 
content, as well as physical factors like tempera-
ture, turbidity, light, and current arising from the 
confluence of  freshwater rivers with the ocean, 
the estuary is vulnerable (Liu et al., 2021). Both 
ecological and economic functions in the estua-
ry are vital to the community (Booi et al., 2022). 
Numerous migratory birds use the estuary as a 
habitat (Canhan et al., 2021). Large volumes of  
sewage and industrial effluents have been dum-
ped into it, as shown in the Estuary of  Oued 
Souss, Morocco (Bergayou et al., 2019). A mo-
dification of  the cross-sectional profile may result 
in an estuary that is dominated by ebbs instead 
of  floods (Liang et al., 2019). In addition, hydro-
dynamic factors such as wind, tides, freshwater 
input, morphology, and geometry may influence 
water quality (Zarzuelo et al., 2023). An increase 
in population and industrialization in urban areas 
have impacted land-use change and water pollu-
tion (Tanaka et al., 2021), specifically in South 
East Asian, such as Malaysia (Zaki et al., 2021) 
and Vietnam (Pham et al., 2021), and India 
(Singh et al., 2021), Japan (Chao et al., 2020), 
China (Cai et al., 2021), and Australia (Birch et 
al., 2015). Those mangrove functions and prob-
lems occurred in Tuntang, as reported by Irsadi 
et al. (2019, 2020). The mangrove ecosystem is 
healthy growth in Tuntang Estuary that might 
contributed to the water quality stated. Therefore, 
monitoring water quality is a suitable approach 
to test it.

River management relies heavily on wa-
ter quality monitoring (Susanti et al., 2020). To 
properly interpret the results of  the water quality 
monitoring procedure, it is necessary to identify 
the sampling locations and analyze the water’s 
features (Alilou et al., 2019). According to Ko-
mala et al. (2023) and Musliu et al. (2018), the 
physicochemical parameters are crucial for pre-
serving the restoration system and controlling the 
water quality. The most commonly utilized water 
quality parameters are the physicochemical and 
biological factors (Soeprobowati et al., 2021).  

Tuntang is one of  the major rivers in Cent-
ral Java; the upstream area is in Semarang Regen-
cy, the middle area is in Salatiga and Grobogan 
Regency, and the downstream region is in Demak 

Regency, which empties into the Java Sea. The 
channel of  the Tuntang River is narrowing, and 
silting reduces the cross-sectional capacity of  the 
river, which, in turn, drains flood discharge (Ha-
diwijaya et al., 2022).

The main problems of  the Tuntang River 
are water quantity and water quality. Flooding 
in the Tuntang River occurs due to the postal 
floods flowing upstream (Rawapening Lake) or 
seawater inundation. These conditions influen-
ce the water quality in Tuntang Estuary. The 
downstream of  Tuntang River Demak has been 
used for agriculture, forestry, fish ponds, fisheries, 
and household waste. The river flow in the mouth 
of  Tuntang River inhibits the current speed of  the 
southwestward longshore so that the rate of  the 
longshore wind on the western side of  the river 
mouth is weaker than on the eastern side. The-
refore, the longshore wind in the Tuntang Estu-
ary affects the coastal morphology (Wirasatriya 
et al., 2017). This current research differs from 
previous research focusing on the eutrophication 
in Rawapepning Lake, whose lot is to the Tun-
tang River (Soeprobowati et al., 2012; Piranti et 
al., 2018), or spatial distribution of  Pb, Cd, and 
coliform in Demak (Tjahyono & Suwarno, 2018). 
The water quality status of  the upstream Tuntang 
River has been studied (Saputro & Siwiendrayan-
ti, 2023). Diatoms have been used to reconstruct 
flood records in the lower Tuntang River (Al Fa-
lah et al., 2023a) and to determine water quality 
in the Tuntang Estuary (Al Falah et al., 2023b). 
Therefore, this research focuses on the Tuntang 
River estuary spacious-temporally. Downstream 
river accumulates the upstream activities and pro-
cesses (Xu et al., 2021). 

Due to the urban development of  Tuntang 
downstream and estuary, this research aims to 
determine the water quality status based on the 
physicochemical and biological parameters and 
combine it with the pollution index (PI) of  Tun-
tang Estuary, Demak. The pollution upstream of  
the Tuntang River may be accumulated in the es-
tuary. This research also verifies that an establis-
hed mangrove ecosystem in the Tuntang estuary 
may filter and purify water. The PI method helps 
provide information about water quality in a sing-
le index value as a pollution indicator against the 
standard (Syeed et al., 2023).

METHODS

The 139-kilometer-long Tuntang River 
drains into Rawapening Lake. The watershed of  
the Tuntang River spans a total of  1038.90 km2. 
This fieldwork was carried out at the Tuntang Es-
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tuary Demak in Central Java in the wet season of  
February 2022 and the dry season of  September 
2022. Purposive random sampling was used to 

identify four research locations with varying fea-
tures that reflect activities occurring downstream 
of  the Tuntang River (Figure 1). 

 
Figure 1. Four Research Sites Downstream of  Tuntang River, Demak Regency, Central Java

Site 1 (T1) is near the highway to Demak, 
Site 2 (T2) is next to the embankment for hou-
sing, Site 3 (T3) is an inlet from an agricultural 

area, and Site 4 (T4) is a mangrove ecosystem in 
the estuary (Figure 2). 

     

Site 2Site 1

Site 4Site 3

Figure 2. The Condition of  Site 1-4 Downstream of  Tuntang River, Demak Regency, Central Java. 
T1 is near the main road to Demak, T2 is next to the embankment for housing, T3 is inlet from an 
agricultural area, and T4 is a mangrove ecosystem in the estuary (September 2022)
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In-situ measurement of  water quality using 
water checker Horiba U50 for temperature, pH, 
total dissolved solids (TDS), and dissolved oxy-
gen (DO) was measured using a DO meter (Table 
1). Each research location collects water samples 
following the Indonesian National Standard (SNI 
6989.57, 2008) for surface water sampling. Using 

a van Dorn water tester, the water samples were 
taken from the surface (20 cm), filled with one-li-
ter clean plastic bottles, labeled, and placed inside 
a refrigerator. The Environmental Laboratory of  
Diponegoro University received these samples. 
Table 1 lists a few of  the examined parameters. 

Table 1. Methods for Determining Water Quality

Parameter unit Method

Temperature °C water checker Horiba U 50

pH - water checker Horiba U 50

TDS mg L-1 water checker Horiba U 50

DO mg L-1 DO meter

COD mg L-1 SNI 6989.2: 2009 

BOD mg L-1 SNI 6989.72: 2009 

Nitrate mg L-1 APHA 4500.NO3 B: 2017 

Nitrite mg L-1 APHA 4500.NO2 B: 2018 

Ammonia mg L-1 SNI 06 6989.30 : 2005 

TN mg L-1

APHA 4500.NO2 B : 2018 wet destruction 
– indofenol 

Tota phosphate mg L-1 APHA 4500. P-D: 2017 

Pb mg L-1 SNI 6989.08: 2009 

Cr mg L-1 SNI 6989.17: 2010 

Cd mg L-1 SNI 6989.16: 2011 

Cu mg L-1 SNI 6989.06: 2012

fecal coli MPN/100mL 3M Petrifilm

total coliform MPN/100mL 4M Petrifilm

Water samples collected from the field-
work were then analyzed for chemical oxygen 
demand (COD), biological oxygen demand 
(BOD), nitrate, nitrite, ammonia, total nitrogen, 
total phosphate (as P), lead (Pb), Chromium (Cr), 
Cadmium (Cd), Cooper (Ci), fecal coli, and total 
coliform following the methods provided in Table 
1. 

Following Appendix VI of  Government 
Regulation Number 22 of  2021 about the imple-
mentation of  environmental protection and ma-
nagement for the rivers, the results of  the physical 
and chemical parameter values of  the obtained 
water were compared with the water quality stan-

dards for Class I, Class II, Class III, and Class 
IV for each parameter. Class I water is meant for 
drinking, raw water sources, and other uses that 
need the same water quality as the use; Class II 
water is meant for infrastructure and facilities re-
lated to water recreation, freshwater fish farming, 
animal husbandry, crop irrigation, and other uses 
that need the same water quality as the use sta-
ted; Class III water is designed for freshwater fish 
farming, animal husbandry, and other uses that 
require the same water quality as the use; and 
Class IV water is meant for irrigating crops and/
or other uses that require the same water quality 
as the use (Table 2).

Table 2. River Water Quality Standards for Four Classes Used (Government Regulation Number 22 
of  2021) 

Parameter Unit Class

I II III IV

Temperature oC Dev 3 Dev 3 Dev 3 Dev 5

TDS mg L-1 1000 1000 1000 2000

pH mg L-1 6-9 6-9 6-9 6-9

BOD mg L-1 2 3 6 12
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COD mg L-1 10 25 40 80

DO mg L-1 6 4 3 1

Nitrate mg L-1 10 10 20 20

Nitrite mg L-1 0.06 0.06 0.06 -

Ammonia mg L-1 0.1 0.2 0.5 -

TN mg L-1 15 15 25 -

TP mg L-1 0.2 0,2 1 -

Cd mg L-1 0,01 0,01 0,01 0,01

Cu mg L-1 0,02 0,02 0,02 0,02

Pb mg L-1 0,03 0,03 0,03 0,5

Cr-IV mg L-1 0,05 0,05 0,05 1

Fecal coliform
MPN/
100 ml

100 1000 2000 2000

Total coliform MPN/ 100 ml 1.000 5.000 10.000 10.000

Determining the water quality state of  the 
Tuntang River employed the Pollution Index (PI) 
approach, which corresponds to the Decree of  
the Indonesian Minister of  Environment Num-
ber. 115/2003 about Guidelines for Determining 
Water Quality state. Water quality status was 
performed based on the recent data from this 
research (data on February 2022 and September 
2022) combined with previous data from 2021 
collected from Hera (2021), data from 2020 was 
collected from Suwarno et al. (2020), data from 
2019 was collected from BPS (2022), the data 
from 2017 was collected from Tjahyono and Su-
warno (2018). The Pollution Index (PI) value was 
determined with the formula (the Decree of  the 
Indonesian Minister of  Environment Number 

115/2003 about Guidelines for Determining Wa-
ter Quality Status) below:

Where:
PI

j
: Pollution Index for designation (j)

C
i
: Concentration of  water quality parameters (i)

L
ij
: Concentration of  water quality parameters 

stated in the quality standard for water use (j)
(C

i
/L

ij
)M: maximum value C

i
/L

ij

(C
i
/L

ij
)R: average value C

i/
L

ij

 
The determination of  water -quality status 

is based on the criteria in Table 3.

Table 3. Water Quality Status Classification based on Pollution Index (Minister Environment of  In-
donesian Decree Number 115/2003)

Score Criteria of Water Quality

0.0 ≤ PIj ≤ 1.0 Good water quality

1.0 ≤ PIj ≤ 5.0 Lightly polluted

5.0 ≤ PIj ≤ 10 Polluted

PPIj > 10 Extremely polluted

RESULTS AND DISCUSSION

The water temperature of  the Tuntang Es-
tuary in the wet and dry seasons did not signi-
ficantly differ, ranging from 28.5°C to 29.5°C in 
February 2022 and 31.05-31.47°C in September 
2022 (Figure 3). The higher water temperature in 
September 2022 is due to hot weather and high 
sun radiation. The Tuntang Estuary’s average wa-
ter temperature still passes the criteria for water 
quality standards based on Government Regula-

tion Number 22 of  2021 for classes I, II, III, and 
IV, with a 3°C divergence from the natural con-
ditions of  the surrounding environment. Seasons 
influence the temperature of  water bodies, as do 
river size, flow, water speed, river forms, bed di-
mensions, and human activity near the river (Bo-
nacci et al., 2021). Water chemical processes in 
the river increase as the temperature rises; hence, 
temperature affects the rate of  photosynthesis, 
metabolism, and pollutant interaction (Marlina 
& Melyta, 2019). 
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Figure 3. The Water Temperature of  Tuntang Es-
tuary, Demak Regency, Central Java

In February 2022 (wet season), the dissol-
ved oxygen (DO) in research sites was above 7 mg 
L-1, below the threshold water quality for the river 
for all classes (Government Regulation No 22 the 
Year 2021), but in September 2022 (dry season) 
above the threshold for Class I (sources for drin-
king water) and Class II (recreation infrastructu-
re/facilities) (Figure 4). The water temperature 
influences the DO concentration, an increased 
temperature, decreased oxygen content, and the 
wind. The greater the wind speed, the higher the 
DO concentration (Marlina & Melyta, 2019). 
DO has been used to indicate water health (Ham-
mond, 2009).

The concentration of  BOD (Biological 
Oxygen Demand) in the wet season at all sites is 
more significant than in the dry season, exceeding 
the threshold for Class I and Class II water qua-
lity criteria. The BOD ranged from 4.37 to 7.15 
mg L-1 in February 2022 and 4.06 to 5.12 mg L-1 
in September 2022. T1 has the lowest concentra-
tion, while T4 has the highest concentration (Fi-
gure 5). T2 and T4 in February 2022 exceeded the 
water criteria for Class III, which is a maximum 
of  6 mg L-1.

	

Figure 4. The Dissolved Oxygen (DO) of  Tun-
tang Estuary, Demak Regency, Central Java

According to Government Regulation 
Number 22 of  2021, the BOD value of  the Tun-
tang Estuary is higher than the permitted limits 
of  2, 3, and 6 mg/L for Class I, II, and III, which 
represent the quality requirements. However, it 
still falls below the 12 mg L-1 Class IV water qua-
lity threshold. Demak water below the Tuntang 
River is inappropriate for use as drinking water, 
recreational purposes, or aquaculture; neverthe-
less, agricultural uses are still permitted. Accor-
ding to Anniy et al. (2017), BOD measurements 
show contamination by organic matter, which is 
typically from industrial, agricultural, and natu-
ral sources. As a result, BOD increases the river 
downstream and correlates it with temperature.

Figure 5. The BOD of  Tuntang Estuary, Demak 
Regency, Central Java

The high concentration of  COD (Che-
mical Oxygen Demand) relates to the increase 
in BOD. According to Government Regulation 
Number 22 of  2021, the COD during the wet sea-
son has surpassed the limits of  Class I, II, III, and 
IV river water quality standards. Figure 6 shows 
that the Tuntang Estuary’s COD concentration 
exceeds 10 mg L-1, making it unsuitable for use 
as a source of  drinking water (25 mg L-1), rec-
reational activities (25 mg L-1), aquaculture (40 
mg L-1), and agriculture (80 mg L-1). The high 
COD concentration  is associated with organic 
compounds that are difficult for these waters to 
break down, maybe from residential, agricultu-
ral, and aquaculture activities (Rahutami et al., 
2022). The majority of  garbage is produced by 
households and industries (Wang et al., 2020). 
Additionally, the oxidation of  inorganic substan-
ces like nitrites and ammonia can raise the COD 
value (Tabla-Hernandez et al., 2022). The COD 
and BOD levels in these waters increase with dec-
reasing oxygen content. However, COD cannot 
accurately reflect the wastewater degree because 
its concentration relates to the oxidant’s types, the 
catalyst, and the reaction solution acidity (Patel 
& Jariwala, 2023). 
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Figure 6. The COD of  Tuntang Estuary, Demak 
Regency, Central Java

In both the wet and dry seasons, the Tun-
tang River’s TDS (Total Dissolved Solids) fluctu-
ated from 190 to 515 mg L-1. For both the wet 
and dry seasons, T4 has the highest concentration 
and is more turbid than other locations (Figure 
7). There are two ways in which temperature can 
impact turbidity. One is how temperature affects 
the photoelectric elements in the turbidity sensor, 
such as the electrical components that emit and 
receive light (Hidayati et al., 2018). The other 
is how temperature affects how small particles 
move and are distributed in water (Rakotondrabe 
et al., 2018).  

Figure 7. The TDS of  Tuntang Estuary, Demak 
Regency, Central Java

Tuntang Estuary has a pH range of  6.03 
to 6.6 (Figure 8). This pH value, which should be 
between 6 and 9, is still within the range of  water 
quality criteria for Classes I, II, III, and IV (Go-
vernment Regulation Number 22/2021). Since 
hydrogen ions are acidic, the pH of  water indica-
tes the existence of  hydrogen ions in the solution. 
All four research sites had generally caustic water 
pH levels (Figure 5b). This pH is related to the li-
mestone present in the riverbed and could also be 

related to runoff  from agriculture. The distributi-
on of  seasons and day-night cycles might impact 
the acidity of  water by affecting the temperature 
of  the water (Romanescu et al., 2016).

	

Figure 8. The pH of  Tuntang Estuary, Demak 
Regency, Central Java

The nitrite, ammonia, and total nitrogen 
(TN) concentrations are still within the Class I, 
II, III, and IV water quality standards (Govern-
ment Regulation Number 22 of  2021, concerning 
the implementation of  environmental protection 
and management). Although they are greater in 
the wet season than in the dry (Figure 9), the nit-
rate (NO3-N) concentrations at Tuntang Estuary 
remain below the Government Regulation Num-
ber 22 of  2021 threshold for Class I, II, III, and 
IV. T2 has the highest nitrate concentration. 

Figure 9. The Nitrate of  Tuntang Estuary, De-
mak Regency, Central Java

The nitrite (NO
2
-N) concentration is 0.01 

mgL-1 in the wet season and 0.02 mgL-1 in the dry 
season (Figure 10). The use of  manure and in-
organic fertilizer in agriculture is related to the 
nitrate concentration (Wang et al., 2019). Neural 
tube abnormalities, thyroid disorders, colorectal 
cancer, and methemoglobinemia are all brought 
on by drinking water containing excessive nitrate 
levels (Ewaid & Abed, 2017; Ward et al., 2018).
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Figure 10. The Nitrite of  Tuntang Estuary, De-
mak Regency, Central Java

The nitrite concentration must be below 1 
mgL-1 for conventional drinking water treatment. 
The amounts of  nitrite in natural waterways are 
inadequate. The unstable oxygen content and 
the ammonia-to-nitrate transition phase are the 
causes of  the low nitrite concentration. If  the 
water’s pH is low, nitrite toxicity rises (Shishaye, 
2017). The organic materials in the sediment bre-
ak down to produce ammonia, which oxidizes to 
produce nitrate (Patty, 2014) (Figure 11). 

Figure 11. The Ammonia of  Tuntang Estuary, 
Demak Regency, Central Java

Tuntang Estuary in Demak flows through 
ammonia-rich residential, agricultural, and in-
dustrial sectors. Elevated ammonia levels lower 
the oxygen content, which affects aquatic biota’s 
metabolic and physiological functions (Zhang et 
al., 2017). Based on the TN concentration, Tun-
tang Estuary is eutrophic, as TN concentrations 
are above 0.75 mgL-1 (MoE, 2009) (see Figure 
12).

Figure 12. The Total Nitrogen of  Tuntang Estu-
ary, Demak Regency, Central Java

The phosphate concentration of  Tun-
tang Estuary at all sites (Figure 13) is below the 
threshold for Class I (0.2), II (0.2), III (0.1), and 
IV (-) water quality standards (Government Re-
gulation Number 22 of  2021, concerning the 
implementation of  environmental protection and 
management). However, the TP concentration of  
Tuntang Estuary, particularly T1 and T2 in the 
wet season, is in the eutrophic condition; the con-
centrations are above 0.75 mg L-1 (MoE, 2009). 
The residual fertilizer in the environment increa-
ses the concentration of  phosphates in rivers. A 
high phosphate concentration induces uncont-
rolled phytoplankton and aquatic plant growth 
(Tandjung et al., 2019). This is indicated by the 
color of  the river water, which is green (Figure 
2). High organic content increases water produc-
tivity and reduces dissolved oxygen (Bosman et 
al., 2021).  

	

Figure 13. The Phosphate of  Tuntang Estuary, 
Demak Regency, Central Java

The heavy metals analyzed in this research 
are lead (Pb), chromium (Cr), cadmium (Cd), and 
copper (Cu). The concentration of  Cd and Cu are 
below 0.01 mg L-1, whereas the concentrations of  
Pb at T1-T3 in the wet season and T1 in the dry 
season are above the water quality threshold for 
Class I, II, and III (0.03 mg L-1, Figure 14). 

Lead (Pb) pollution is reported in the Tun-
tang estuary by Tjahyono and Suwarno (2018). 
Lead is mostly utilized in the battery and cable 
manufacturing sector. Nonetheless, Pb is fre-
quently included in engine fuel as an additive to 
raise the octane number (Tjahyono & Suwarno, 
2018).

Figure 14. The Heavy Metal Pb in Tuntang Estu-
ary, Demak Regency, Central Java
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The concentration of  Cr in February and 
September 2022 exceeded the water quality stan-
dard of  0.05 mg L-1 (Figure 15) for Class I, II, and 
III. Heavy metals are a group of  pollutants that 
influence the ecosystem’s health. Pb enters the 
food chain and is exposed to humans, which may 
induce the risk of  various neurological diseases 
(Demaku & Bajraktari, 2019). 

Naturally, heavy metals occur from geolo-
gical processes and biological cycles. Heavy me-
tal concentration varies greatly depending on the 
extent of  exposure to the mineral (Rakotondrabe 
et al., 2018). However, heavy metals may origina-
te from human activities (Seo et al., 2019). 

Figure 15. The Heavy Metal Cr in Tuntang Estu-
ary, Demak Regency, Central Java

The concentration of  fecal coli exceeded 
the criteria for Class I (source of  drinking water), 
Class II (tourism), Class III (fisheries), and Class 
IV (agriculture), which is 100, 1000, 2000, and 
2000 MPN/100 mL, respectively (Figure 16).  

Figure 16. The Fecal coli in Tuntang Estuary, 
Demak Regency, Central Java

The concentration of  total coliform is abo-
ve the threshold water quality standards for Class 
I and II, which are 1000 and 5000 MPN/100 
mL (Figure 17) (Government Regulation Num-
ber 22 of  2021, concerning the implementation 
of  environmental protection and management). 

This indicates the contamination of  bacteria or 
other pathogenic organisms from non-point sour-
ces from human and animal waste from domestic 
sewage. Based on the research in the Nakdong 
River in South Korea, total coliform is mainly 
affected by organic matter, and fecal coliform is 
primarily influenced by phosphate phosphorus 
and suspended solids. Rainfall is the most influ-
ential factor affecting both coliforms (Seo & Kim, 
2019).

Figure 17. Total coliform in Tuntang Estuary, 
Demak Regency, Central Java

Based on the pollution index (PI), the wa-
ter quality of  Tuntang River in 2022 met the qua-
lity standard for slightly polluted (Table 2). This 
result is similar to research conducted by Tjahyo-
no and Suwarno (2018), Suwarno et al. (2020), 
Hera (2021), and BPS (2022) that the Tuntang 
River is lightly polluted. The PI has a different 
concept from the STORET. 

Table 2. Pollution index of  Tuntang Estuary, De-
mak Regency 

Year Site
Water quality standard

Sta-
tus of 
water 

quality

I II III IV

2022

T1 3.52 3.55 3.54 0.46
good  - 
slightly 
polluted

T2 3.7 1.68 0.73 0.72
good   - 
slightly 
polluted

T3 2.20 1.47 0.75 0.72
good - 
slightly 
polluted

T4 3.68 2.17 1.42 0.72
good - 
slightly 
polluted
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PI is typically employed to quantify the 
amount of  pollution to make the pollution levels 
in the drainage water system easier to grasp (Rus-
pita & Atika, 2022). PI is more representative to 
be implemented in Indonesia and has been used 
to determine water quality for Lampung Bay (Ba-
rokah et al., 2017), Warna and Pengilon Lakes, 
Central Java (Soeprobowati et al., 2021), and Ko-
kok Putih River East Lombok Timur Fakhurrozi 
et al., 2022).

Because it synthesizes data from multip-
le factors into a single value, the PI aids in the 
status of  water quality monitoring (Poonam et 
al., 2013). Regular monitoring is required to of-
fer a more thorough water quality assessment for 
ecosystem health, and it should come after this 
initial fast assessment of  water quality.

The pollution levels in Tuntang Estuary 
are influenced by garbage from industry, house-
holds, and agriculture. The mangrove ecosystem 
is seriously threatened by heavy metals, which are 
mostly found in industrial wastewater (Sun et al., 
2022). Mangrove ecosystems have a high toleran-
ce for heavy metals and serve as binding agents, 
pollution traps, and biofilters (Lufthansa et al., 
2021). The downstream rivers can be improved 
by establishing forest cover to control erosion and 
sedimentation in the stream, arranging land use 
in the catchment area, and controlling pollution. 
T3 and T4 of  this research (Figure 2c-d) mangro-
ve ecosystems are well developed and may cont-
ribute to the natural water quality management. 
This result supports the hypothesis that mangrove 
ecosystems support water quality improvement. 

Naturally, rivers can recover from the pol-
lutants, called self-purification, a biological, che-
mical, and physical process that simultaneously 
works in the river (Sileshi et al., 2020). The puri-
fication process is related to the DO, the sources, 
and the use of  oxygen in the river. Therefore, DO 
is the main parameter in water quality (Nugra-
ha et al., 2020). The self-purification has been 
studied in the Bhavani River, India (Karthiga et 
al., 2017), wetland (Sileshi et al., 2020), Lituania 
(Šaulys et al., 2020), and Nigeria (Ogbuagu & 
Obele, 2021). In Indonesia, self-purification has 
also been studied in Banjarmasin (Zubaidah et al., 
2019) and the Jajar River (Nugraha et al., 2020). 
The fluctuating water quality in Tuntang Estuary 
may be affected by many factors that work simul-
taneously, probably also self-purification. Further 
research about self-purification will improve the 
understanding of  the river’s mechanism. 

CONCLUSION

In the Tuntang Estuary, a number of  met-
rics have surpassed the river’s water quality stan-
dard threshold, mostly for Class I (drinking water 
source), Class II (tourist), and Class III (aquacul-
ture). These parameters include DO, BOD, COD, 
Pb, Cd, coliform, and total coliform. The water 
quality of  the Tuntang Estuary is either good or 
slightly polluted, according to the pollution index. 
The Tuntang Estuary’s eutrophic state is greatly 
impacted by anthropogenic activities (T1 and T2, 
Figure 13). Eutrophic conditions are indicated by 
the total phosphate content. The research is new 
in that it goes against the conventional method of  
measuring water quality, which involves compa-
ring the standard value and the measured value 
of  water parameter analysis using a water qua-
lity index such as PI. Management of  nutrients, 
such as pound treatment before entering the river, 
could be developed to overcome the eutrophicati-
on problem in tropical rivers.
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