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REDUCTION OF CHEMICAL OXYGEN DEMAND (COD) AND TOTAL SUSPENDED 

SOLID (TSS) LEVELS IN RUBBER WASTEWATER USING BIOSAND FILTER 

REACTOR WITH ACTIVATED CARBON MEDIA BASED ON THE EFFECT OF 

RESIDENCE TIME 
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*
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Department of Environmental Engineering, Institut Teknologi Sumatera (ITERA), Indonesia 

 

Abstract 

 

Wastewater from the rubber industry that is not treated optimally can be one of the causes of 

environmental damage. Initial concentration of COD waste rubber liquid 711 mg/l and TSS 407 mg / l. 

Biosand Filter with activated carbon can eliminate pathogenic bacteria by passing the sand in the filter 

and activated carbon will absorb organic substances. This study aims to determine the effectiveness of 

concentration reduction, COD and TSS, using a reactor with BioSand Filter reactor dimensions used 

measuring 12 cm x 12 cm x 120 cm and its effect on residence time. Filter Media used are sand, gravel, 

pumice and activated carbon. The research variable is the residence time in the reactor (10, 30, 50, 70, 

and 90 minutes). Removal efficiency after being processed using Biosand Filter technology with activated 

carbon media lowered the concentration of COD and TSS parameters to 93% for COD and 79% for TSS. 

Test the effect of residence time to reduce the levels of COD and TSS is done by regression test has a 

value of R
2
=0.7014 for COD and R

2
=0.681 for TSS, with tcount > ttable. the results show that the residence 

time of rubber wastewater in the reactor affect the decrease levels of COD and TSS, and quite effective in 

eliminating COD and TSS parameters. 

 

Keywords: COD, TSS, Biosand filter-activated carbon, residence time, rubber wastewater 

 

Introduction1 

Indonesia has a very large rubber plantation land 

and circulates in various regions, and every year 

it will increase. Based on data from the Ministry 

of Agriculture, the national rubber plantation 

area at the end of 2021 it reached 3.69 million ha 

(Direktorat Jenderal Perkebunan, 2021). Rubber 

wastewater usually comes from cleaning, 

grinding, weakening, drying, and burn pressing 

activities to produce wastewater with high 
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organic content (Sari Dewi et al, 2020). Based 

on testing in this study the characteristics of 

rubber wastewater containing COD and TSS at 

the inlet is 711 mg/l and 407 mg/l. Quality 

standards for industrial wastewater are 

regulation of the Minister of environment No. 5 

of 2014 on wastewater quality standards. COD 

parameters have a maximum rate of 200 mg/l 

and TSS parameters maximum rate of 100 mg/l 

(Mayasari et al, 2020). Various rubber industries 

generally process liquid waste using biological 

treatment. But its effectiveness largely depends 

on the ability of its bacteria to be able to form 

flocks; this processing requires expensive costs 

and large area of land. Treatment using Biosand 

Filter with activated carbon can reduce organic 

and inorganic levels in rubber wastewater. In the 

https://dx.doi.org/10.23969/jcbeem.v7i1.6285
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upper layer of the media will occur biofilm 

growth, this layer will reduce the smell, taste 

and color, on waste rubber liquid. Adding this 

activated carbon to the BioSand filter treatment 

improves the efficiency of reducing organic 

content in wastewater and decomposing 

substances that have not been degraded from the 

BioSand Filter treatment. Research on the 

processing of industrial rubber wastewater with 

BioSand Filter Technology has been previously 

conducted Suligundi (2013), the results of 

processing with BioSand Filter and activated 

carbon COD efficiency of 98.33% (Suligundi, 

2013), and also in Halim’s research (2016) using 

Biosand Filter technology with activated carbon, 

it has the effectiveness of reducing COD levels 

up to 85.42% and TSS 82.65% (Halim, 2014). 

Based on this description, treatment for rubber 

liquid waste is chosen using Biosand Filter 

reactor with activated carbon, so that it can be 

known the efficiency of estimating COD and 

TSS levels in rubber liquid waste, and the 

influence of variations in residence time in 

reducing the concentration of COD and TSS in 

rubber liquid waste. 

So that the removal efficiency of COD, TSS 

levels in rubber wastewater and the influence of 

variations in residence time in reducing the 

concentration of COD and TSS in rubber 

wastewater can be calculated. 

Research Methodology 

Scope and Design 

This research’s scope and design includes: 

1. Rubber liquid waste samples were taken from 

the inlet of WWTP PTPN VII Lampung. 

2. Preparations of sand, pumice, activated 

carbon, and gravel media by washing, drying 

and activation of media. 

3. The height of the sand filter media is 50 cm, 

pumice stone 10 cm, activated carbon 20 cm 

and Gravel 10 cm and the total height of the 

media is 90 cm. 

4. Biofilm formation was observed physically 

and isolated microorganisms to determine the 

formation of biofilms. 

5. Variations of residence time used 10, 30, 50, 

70, 90 minutes. 

Material  

a. Rubber Industry Wastewater 

Rubber is currently widely produced 

synthetically, as a raw material for rubber, latex 

that can be made in a bowl container taken by 

grinding the bark of the rubber tree so that it will 

remove the thick liquid from the gutter and then 

be accommodated for later processing (Nuraini 

et al, 2019). Many rubber exports in Indonesia 

are provided in the form of crumb rubber which 

has been included in the Indonesian rubber 

standard (SIR). There are two products of crumb 

rubber, namely high grade, made from latex raw 

materials, and low grade produced from Felts 

(Sari Dewi et al, 2020). 

The wastewater parameters of the rubber 

industry consist of physical and chemical 

parameters. Physical parameters include total 

suspended solids (TSS), temperature, turbidity, 

odor, and color. Chemical parameters consist of 

acid (pH), chemical oxygen demand (COD), 

biochemical oxygen demand (BOD), and 

ammonia (NH3). 

b. Chemical Oxygen Demand (COD) 

Chemical Oxygen Demand (COD) is the total 

oxygen required for a chemical compound in a 

reaction to be able to oxidize all organic matter 

contained in water (Rahmat and Mallongi, 

2018). Rubber processing waste at the inlet has a 

COD concentration in liquid waste 120-15069 

mg/l (Nasrullah et al, 2014). Determining COD 

concentration's value in water is done by 

reacting it with potassium dichromate as an 

oxidizer or reagent (Atima, 2015) (Nugroho et 

al, 2017).  

c. Total Suspended Solid (TSS) 

Total Suspended Solid (TSS) is the content in 

water consisting of solid substances (sand, clay, 
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mud, etc.) or suspended particles 

(phytoplankton, zooplankton, bacteria, fungi), 

and also the rest of dead microorganisms. Waste 

water rubber industry has a concentration of TSS 

30 - 525 mg / l (Nasrullah et al, 2014). The 

brightness in water depends on the color and 

turbidity. High concentrations of TSS will 

inhibit the entry of sunlight for photosynthesis, 

so the content and dissolved oxygen needed by 

plants will decrease. The decreasing oxygen 

content causes the ecosystem in the water to be 

disrupted (Nuraini et al, 2019).  

d. Biosand Filter 

Biosand filter in principle is the development of 

a slow sand filter that is processing by flowing 

water on the media to remove pathogenic 

bacteria by flowing water by gravity through the 

filter media. Pollutants in the water are then 

retained and absorbed into the pores of the filter 

media this process can remove suspended 

particles and also dissolved in wastewater. 

Microorganisms and solid particles floating in 

the upper layer of the media when left at a 

certain time in the topmost sand layer will form 

a biofilm (Suligundi, 2013). Biosand filters in 

processing generally only use fine sand media, 

coarse sand and gravel. The addition of filter 

media is done to get maximum processing 

results with pumice media and the addition of 

activated carbon. The function of fine sand in 

the upper layer is for the initial filter that can 

hold solid particles in wastewater in large 

quantities, while for coarse sand, gravel, pumice 

media serves to buffer the media from the 

previous filter. Activated Carbon is used as an 

addition to the BioSand Filter to improve the 

efficiency of reducing dissolved organic matter 

content in liquid waste. 

e. Residence Time 

Residence time is the time required to carry out 

a treatment process in a reactor used under 

certain conditions (Ratnawati and Al Kholil, 

2005), residence time is also a concept to 

express how fast a fluid that moves, through a 

system in equilibrium and consumes a substance 

in a certain space, such as a reservoir or reactor. 

The residence time is not only related to 

hydraulic but also the residence time of bacteria 

(Kencanawati, 2016). The longer the residence 

time of a fluid in the reactor will make the 

removal of substances greater, so as to set aside 

organic and inorganic compounds to the 

maximum 

Methods 

a. Research Variables 

1. Independent Variable 

Independent variables contained in this study 

are: variations in residence time (10, 30, 50, 70, 

90 minutes). 

2. Dependent Variable 

The dependent variable contained in the test is 

the concentrations of the parameters studied are 

COD and TSS. 

b. Procedure  

1. Media Preparation 

Media washed, then dried, for the activation of 

carbon using chemicals as activators that is by 

using a basic solution of NaOH. then the carbon 

is soaked for 24 hours. wash using aquadest until 

the pH of the activated carbon washing water is 

neutral.. Activated Carbon is filtered and dried 

in an oven at 105o C for 2 hours. Activated 

charcoal is then in the wind until it reaches room 

temperature (Primasari et al, 2020). Once all the 

substrate is ready, prepared by height. 

2. Biofilm 

Biofilm formation is done by immersing the 

reactor with waste water until at a certain time a 

slimy layer is formed with the water level in the 

reactor kept 5 cm above the topmost media by 

paying attention. speed between inlet and outlet 

faucets. This height is set so that the biofilm 

layer is not easily damaged and still maintain the 

life of microorganisms in the biofilm layer (Jin 

et al, 2021), (Harahap et al, 2020). Biofilm layer 

formed on the sand media can be observed 
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visually with a slippery layer such as mucus and 

the color of the sand surface layer will change 

from the initial light yellow color to brown color 

based on previous researchers this is a sign that 

there has been activity of microorganisms on the 

biofilm. The formation of biofilms can also be 

observed by isolating microorganisms to see 

what colonies of microorganisms contained in 

the biofilm layer after the biofilm layer grows 

(Srimurni, 2016), (BSN, 2004). 

3. Data Analysis 

Data analysis for the test results by descriptive 

analysis, and a linier regression test to know 

whether the variables affect each other. 

Results and Discussion 

Characteristics of Waste Rubber 

Preliminary test of COD concentration, and TSS 

with 3 repetitions obtained an average of 436 

mg/l, and 711 mg/l, respectively. 

Table 1. Characteristics of wastewate 

Parameters 

(mg/l) 
Results 

Quality 

Standard  

TSS 436 100 mg/l 

COD 711 200 mg/l 

 

Biofilm Formation 

Biofilm growth process in this study formed up 

to 15 days. Biofilms were grown by immersing 

the media in a BioSand filter reactor with 

activated carbon media with a sample of rubber 

wastewater, with the water level maintained 5 

cm above the sand media. Biofilm formation on 

the surface of the water until the 7th day there is 

still a small number of bubbles. On the 10th day, 

a film has formed. On 15th day already seen 

changes characterized by the formation of 

mucus at the top of the brown as the end of the 

formation of biofilm when the formation of 

factors that are considered are temperature, pH 

and nutrients. 

 

   
(a)     (b) 

   
(b)  (d) 

Figure 1. Biofilm growth on water surface 

(a). Day-1 (b). Day-15 with the addition of 

sugar, (c) front view 

(d) side view 

   
          (a)  (b) 

   
          (c)  (d) 

Figure 2 . Observation of microorganisms on 

biofilms 

(a). PDA media observation, (b) NA Media 

observation, 

(c,d) observation microscope magnification 40x 

dan 100× 

To determine the presence of microorganisms in 

the biofilm layer is to isolate bacteria and fungi 
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using NA and PDA media. Then observation 

with a microscope to see microorganisms on the 

biofilm layer.  

Amount of fungal content in biofilms more than 

bacteria because the layer taken to be tested is 

the dominant top layer consisting of fungi. Fungi 

contain extracellular enzymes to be able to 

decompose complex compounds in water 

(Atima, 2015). Microscope observations were 

also carried out on the biofilm layer contained in 

the upper layer of sand and from the 

observations in the Figure (c-d) can be seen the 

presence of microorganisms such as bacteria and 

protozoa. 

Analysis of cod and TSS levels reduction 

efficiency 

Reduction COD levels 

Processing with COD concentration 711 mg/l 

has an removal efficiency of COD levels 

reached 93% which is reinforced by research 

Bonifasia (2013) and Yuni lestari (2014) the 

efficiency of cod with BioSand Filter technology 

with activated carbon reaches 65% - 98,33% 

(Suligundi, 2013), (Yadav et al, 2018). rubber 

wastewater treatment has an optimum point at 

the 70 minute. Rubber wastewater treatment 

without biofilm has COD removal efficiency 

reached 68% in the 70 minute and COD levels 

and increased again in the 90 minute 

Based on the results of processing carried out in 

the absence of biofilm, only applying adsorption 

with filter media in the reactor has not met the 

quality standards for COD parameters according 

to regulations and from these results it can be 

concluded that biofilm serves to degrade organic 

levels in water (Fadhillah and Wahyuni, 

2016).The efficiency of reduce COD levels 

continues to reduce over time which indicates 

the filter media has reached the optimum point 

so that it is necessary to wash the media again 

this is in accordance with the Sulistyanti 

experiment (2018) controlled flow velocity at a 

point will occur decrease back after reaching the 

optimum point to decompose organic 

compounds in wastewater (Ramdja et al, 2008). 

 

Figure 3. COD reduction percentage 
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Reduction TSS levels 

TSS concentration of 407 mg/l, has  efficiency  

removal of TSS levels reached 79% in the 70 

minute so that the treatment of rubber 

wastewater has an optimum point in the 70 

minute. Rubber wastewater treatment without 

biofilm has an efficiency of removal of TSS 

levels reached 70% in the 70 minute and TSS 

levels increased again in the 90 minute. The 

efficiency of reducing TSS levels by processing 

using biofilm is higher than processing without 

biofilm, due to the presence of microorganisms 

that can reduce the levels of organic and 

suspended solids in rubber wastewater. 

Processing without using biofilm TSS levels 

have not met the quality standards for TSS 

parameters so that additional processing is 

required. The Re-increase in TSS concentration 

in the 90 minute of processing is caused by TSS 

that occurs in rubber wastewater containing 

suspended particles. 

 

 

Figure 4. TSS reduction percentage 

Analysis the effect of variation residence time on 

the reduction of COD and TSS levels 

Analysis the effect of variation residence time to 

reduce COD levels 

Regression analysis of the variation residence 

time to reduce COD levels resulted in the value 

of R2 or coefficient of determination of 0.7014 

means that the variation of residence time to 

reduce COD levels of liquid rubber waste 

70.14% and the remaining 29.86% are 

influenced by variables that are not discussed. P 

value<0.05 that is 0.037 indicates that the 

regression line equation is significant. Based on 

statistical results using Jamovi can be seen that 

the value of t count is 3.07 is greater than the T 

table with the level of significance allowed %. 

The value of T table is 2.772 hence the decision 

is to reject the null hypothesis. The value of t 

with a negative sign that explains the existence 

of a counter-directional relationship between 

residence time and COD levels. So it can be 

concluded that the true residence time affect 

COD levels. 
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Figure 5 Regression analysis effect of variation residence time to reduction COD levels 

 

Analysis the effect variation of residence time to 

reduce TSS levels 

Regression analysis of variations in residence 

time to reduce TSS levels resulted in the value 

of R2= 0.681 means that variations in residence 

time affect the reduce TSS levels to 68.1% and 

31.2% are influenced by other variables that are 

not discussed. P value<0.05 that is 0.043 

indicates that the regression line equation is 

significant. Based on statistical results using 

Jamovi t value results calculate the test results 

are 2.92 greater than T table with a significance 

level of 5%. The value of T table is 2.772 so the 

decision is to reject the null hypothesis. The 

negative sign for the calculated t value illustrates 

the opposite relationship, and it can be 

concluded that the residence time has an effect 

on the reduction of TSS levels. The dwell time 

has the most optimum reduce at the 70 minute. 

From the results of testing the treatment of 

rubber wastewater using a BioSand filter reactor 

with Activated Carbon, the results showed that 

the residence time of rubber wastewater in the 

reactor has an effect to reduce the levels of COD 

and TSS with a negative X-marked value which 

explains the relationship in the opposite 

direction. 
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Figure 6.  Regression analysis effect of variation residence time to reduction TSS levels 

 

Conclusions  

Based on the research of COD and TSS 

reduction in rubber wastewater with BioSand 

Filter with activated carbon media, concludes 

that: 

1. Reduction of COD and TSS levels of rubber 

wastewater using BioSand filter reactor with 

activated carbon media based on the variation of 

residence time has the highest efficiency in the 

70th minute of 93% and 79% respectively. 

2. Residence time effect on reduce COD and 

TSS levels, based on a simple regression test of 

reduce COD and TSS levels in rubber 

wastewater with variations in residence time has 

a value of R2= 0.7014 for COD and R2= 0.681 

for TSS, the value of t count obtained is greater 

than t the table shows the influence reduce COD 

and TSS 
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Abstract 

 

In the drinking water treatment plant involves a significant component i.e., coagulation, which distributed 

coagulants vastly and equally through rapid stirring for destabilizing colloids and suspended particles in 

the raw water. In water treatment plants, coagulation units are often classified into mechanical and 

hydraulic coagulation.  This study aimed to discover the use of and in-line static mixers as coagulation in 

designing the Duren Seribu II Drinking Water Treatment Plant (WTP). The design criteria for coagulation 

unit in Duren Seribu II WTP was determined by comparing several data obtained from literature studies 

and evaluation of the existing conditions of Duren Seribu I WTP. Duren Seribu I WTP was evaluated by 

direct measurement in the field. From the results of data analysis, the design criteria appropriate for Duren 

Seribu II WTP, the G value is 2078.07 sec
-1

, the detention time (td) is 4 sec, and the G.td value is 

8352.19. 

 

Keywords: coagulation, drinking water, Duren Seribu II WTP, water treatment plant 

 

Introduction1 

Along with the population growth in Depok 

City, it will increase the water demand therefore 

the development of drinking water services are 

necessary. A way to conform the increasing 

water demands is developing a water treatment 

plant (Reynold & Richard, 1996). Based on 

RISPAM or Master Plan for Drinking Water 

Supply for Depok City, it is planned to develop 

Duren Seribu II WTP with capacity of 150 L/sec 

that uses Angke River as raw water source to 

increase the service coverage of Depok City 

(RISPAM Kota Depok, 2020). The WTP is 

planned to be built in Bojongsari District, Depok 
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City that met the Indonesian standard drinking 

water quality requirements according to the 

Regulation of the Minister of Health Republic of 

Indonesia Number 492 of 2010.  

On the time being, a 100 L/sec WTP named 

Duren Seribu I is operated to fullfil the existing 

water demand. It is located at Sawangan Elok 

Street Number 10, Duren Seribu, Bojongsari, 

Depok.  Consider the existing WTP withdrawn 

its raw water from Angke River which will be 

used as raw water resources for the new WTP, 

therefore the Duren Seribu I WTP is used as a 

reference for design the new Duren Seribu II 

WTP. The existing Duren Seribu I WTP is a 

conventional water treatment plant consists of 

coagulation, flocculation, sedimentation, rapid 

sand filtratrion, and disinfection units. It uses in-

line static mixer as coagulation unit.  

The coagulation unit is a significant component 

in drinking water treatment, as mixing 

https://dx.doi.org/10.23969/jcbeem.v7i1.7260
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coagulants is dispersing coagulant uniformly 

throughout the basin and allowing contact 

between the colloids particles and coagulant for 

destabilizing colloids particles in raw water 

(Kawamura, 1991). By the time the water leaves 

this unit, the coagulation process has progressed 

sufficiently to form microfloc. 

Various types of coagulation units may be 

generally classified as (i) mechanical 

coagulation uses mechanical equipment as 

impeller and turbine mixers,  paddle mixers, by 

a motor with the help of electricity (Reynold & 

Richard, 1996), and (ii) hydraulic coagulation 

with gravity force as hydraulic jump, and in-line 

static mixers (Qasim, 2000). The degree of 

mixing is based on the power imparted to the 

water that measure as velocity gradient, 

considering that more input power creates 

greater turbulence, and greater turbulence lead to 

better mixing. 

                           G =  
 

     
 (1) 

Where G is  velocity gradient (sec
-1

), P is mixing 

power (watt), V is volume (m
3
), µis dynamic 

viscocity (kg/m.s). As shown in the Equation 

(1), the value of G depends on the power input, 

the fluid viscocity, and the basin volume. The 

velocity gradient also related to the shear forces 

in the water; thus, larger velocity gradients 

produce appreciable shear forces. G value in-line 

static mixer are shown in Table 1.  

The degree of mixing completion is dependent 

on the velocity gradient and the value of G.td, 

whereas td is the detention time. The magnitude 

of the dimensionless parameter G.td is related to 

the vigorous of the mixing during coagulation 

(mixing intensity) (Gabrielle et al., 2021). G.td 

value has a range of 600-10.000 (Davis, 2010).  

Table 1. Design Criteria Coagulation In-Line 

Static Mixer 

Parameter Design Criteria Source 

Detention Time (td) 1-5 sec (Davis,2010) 

Velocity Gradient (G) >750 sec-1 (Davis,2010) 

G.td Value 600-10.000 (Davis,2010) 

 

In general, hydraulic coagulation depend on the 

head differential that provides hydraulic 

turbulence to achieve the desired velocity 

gradient. Static mixers are principally identified 

by their lack of moving parts. Typical examples 

include in-line static mixer, which is a type of 

rapid mixing which occurs in a standard pipe 

diameter that equipped with plates/elements that 

causing sudden changes in the velocity patterns 

as well as momentum reversals. It can break up 

the flow and increasing turbulence.  

The advantage of using an in-line static mixer is 

that there are no moving parts, and no external 

energy sources are needed. Thus, mixing using 

an in-line static mixer is quite effective and the 

coagulation of an in-line static mixer does not 

require a large area (Davis, 2010). The in-line 

static mixer is the most compact method and is 

increasing in popularity. It is found that in-line 

static mixer is used in 65 L/sec Sindang Pasekan 

water treatment plant (Arief et al., 2020) and 

290 L/sec Kaligarang III water treatment plant 

(Lestari et al., 2019). 

The power consumed by static-mixing devices 

can be computed using the following equation. 

          P = Q × hL × ρ (2) 

Where P is  mixing power (watt), Q is flow rate 

(m
3
/sec), hL headloss (m), ρ is water density 

(kN/m
3
). 

Headloss dissipated as liquid passes through in-

line static mixer can be calculated according to 

the graph that determining pipe diameter and 

head loss per element, as shown in Figure 1. 

Mixing ratio of 1.5 is usually used in the design. 

(Davis, 2010).    



Journal of Community Based Environmental Engineering and Management, 2023, Vol. 7, No. 1: 11-16 

13 

 

Figure 1. The Graph of Determining Pipe 

Diameters and Headloss per Element. 

hL = Total of elements × hL per element   (3) 

The pipe length (L) of in-line static mixer can be 

obtain as follows. 

L = Total of elements x mixing ratio x pipe 

diameter   (4) 

 

Research Methodology 

The design of the coagulation unit for Duren 

Seribu II WTP consists of several stages: 

a. Evaluation the performance of in-line static 

mixer which is used in the existing Duren 

Seribu I WTP, as follows: 

Data collection: 

- Inventory of pipeline from intake to 

flocculation unit (length and diameter). 

- Measure the pumping head in the intake. 

- Measure the pressure as shown in the 

manometer inserted after the static mixer. 

Performance evaluation: 

- Calculate headloss occuring in the static 

mixer using the head differential between 

pumps and manometer. 

- Evaluate mixing power (P), velocity 

gradient (G), and G.td value. 

b. Literature review,  

The literature review was conducted to 

provide such a useful information in the 

design of coagulation unit of Duren Seribu 

II WTP, i.e: 

- Guidelines for water treatment pant 

design, 

- The condition of the planning area, 

- Related researchs in the area of mixing 

and coagulation. 

c. Design of coagulation unit, as follows: 

- Jartest analysis to select the proper 

coagulant and determine its doses. 

- Evaluate and select the value of velocity 

gradient (G), time detention (td), and G.td. 

- Spesify pipe diameter from intake to 

flocculation unit that fullfil the velocity 

requirement. 

- Calculation of the headloss occurs in the 

in-line static mixer using graph developed 

by Davis (2010) as shown in Figure 1. 

- Calculate the required length of in-line 

static mixer using equation (4). 

Results and Discussion 

Existing Coagulation at Duren Seribu I WTP. 

In designing a WTP, it is necessary to reference 

an existing WTP for estimating (i) the water 

treatment unit that can be used, (ii) the water 

treatment process can be operated optimally, to 

produce water that meets the quality of drinking 

water. The evaluation performance of the 

coagulation unit carried out at Duren Seribu I 

WTP with a design capacity of 250 L/sec. The 

schematic of coagulation unit Duren Seribu I 

WTP can be seen in Figure 2. 

 

 

 
Figure 2. Schematic of Coagulation Unit of 

Duren Seribu I WTP.   
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The type of coagulation used by the Duren 

Seribu I WTP is in-line static mixer, where this 

system does not use a machine, but uses a plate 

that causes mixing power. The coagulant used 

by the Duren Seribu I WTP is aluminum sulfate 

with a dose of 30.68 mg/L. Aluminum sulfate 

coagulant that has been diluted will be injected 

to the coagulation unit using a dosing pump.  

The coagulation in-line static mixer at Duren 

Seribu I WTP has a diameter of 400 mm and a 

pipe length of 8 m. The head of pump at the 

intake is 30.8 m, and the manometer 

measurement is 24 m. Thus, the headloss value 

obtained on the static mixer pipe is 6.77 m or 

equivalent to 0.677 bar. 

The volume in the in-line static mixer is 1 m
3
 

with a discharge at the time of observation of 50 

L/sec which is less than design capacity of 250 

L/sec.  This existing operational condition gives 

detention time (td) value of 20.10 second. The 

mixing power (P) can be estimated using water 

density value of 996.81 kg/m
3
 and headloss of 

6.77 m as mentioned above, resulted the mixing 

power of 3324.32 Nm/sec. Then, it followed by 

resulted the value of G (velocity gradient) = 

1944.94 sec
-1

 and G.td = 39,086. The detention 

time (td) and G.td value obtained have not met 

the design criteria of Davis (2010).  

In spite of that, the quality of the water produced 

based on tubidity parameter found in the 

reservoir of Duren Seribu I WTP is 0.74 NTU. It 

shows that the existing WTP has fulfilled the 

drinking water standard according to the 

Minister of Health Republic of Indonesia 

Number 492 of 2010 based on turbidity 

parameter below 5 NTU. In the existing 

conditions, the td and G.td values in coagulation 

do not conform the design criteria. However, it 

does not cause problems during operation 

because the flocs that were formed are quite 

large and dense. Accordingly, the in-line static 

mixer of Duren Seribu I WTP is adopted as 

coagulation unit in the new Duren Seribu II 

WTP.  

Design of Coagulation Unit at Duren Seribu II 

WTP.  

The schematic of coagulation unit Duren Seribu 

II WTP can be seen in Figure 3, where the 400 

mm diameter with 17.95 m pipe length transmit 

water from intake to flocculation unit. The in-

line static mixer has a diameter of 400 mm and 

length of 5 m. 

 

Figure 3. Schematic of Coagulation Unit Duren 

Seribu II WTP. 

 

Calculation the in-line static mixer dimensions 

starts with calculating the headloss value. Based 

on the graph of the pressure drop for pipe 

diameters between 150 mm to 700 mm (used 

400 mm), discharge of 540 m
3
/h, resulting in 

headloss value of each element is 2 kPa = 1.02 

m, as shown in Figure 4. 

Figure 4. The Pipe Diameters and Headloss 

per Element for Q 150 L/sec or 540 m
3
/h 

 

Total headloss (hL)  

hL  = Total of element × hL per element 

 = 8 × 2 kPa  
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 = 16 kPa = 1.63 m 

The lenght of static mixer (L) 

L    = 8 × 1.5 × 0.40 m  

 = 5 m 

Volume static mixer (V)  

V   = 
 

 
   π   D²   L 

      = 
 

 
 × 3.14 × (0.4 m)² × 5 m  = 0.60 m

3 

Detention time (td)  

td  =  
 

 
  = 4 sec 

The detention time (td) obtained meets the 

design criteria of Davis, 2010 and several 

researchs related to the coagulation in the pipe, 

i.e 5.4 sec is found in Sindang Pasekan WTP 

(Arief et al., 2020), and 5.2 sec is used in 

Kaligarang III WTP (Lestari et al., 2019).   

Mixing power (P) imparted in this static mixer is 

calculated using equation (2) above: 

P     = 0.15 m³/sec × 1.63 m × 9987 kN/m
3
 

       = 2442 kW  

 

The velocity gradient (G) resulted can be 

calculated using equation (1), i.e.:  

G      =  
          

        = 2078.07 sec-
1
 

G.td value = 2078.07 /sec × 4 sec 

  = 8352.19 

The resulted velocity gradient is within  the 

range of the existing Duren Seribu I WTP i.e. 

1944.94 sec
-1

 and 3183.09 sec
-1

 is found in 

Solear WTP (Ramdhan et al., 2019).  

G.td value obtained has met the design criteria 

of Davis, 2010 with a range of 600-10000 and 

similar to Cipageran WTP that resulted 6746.6 

as its G.td value (Sani et al., 2019).  

The proposed design of coagulation unit Duren 

Seribu II WTP can be seen in Figure 5. 

Coagulant to be used is aluminum sulfate that 

consistent with the existing Duren Seribu I 

WTP. The jartest experiment with Al2O3 content 

of 17% results an optimum dose of 15 mg/L 

which is twice the average dose of the existing 

Duren Seribu I WTP i.e 30.68 mg/L of 

aluminum sulfate that contain 5% of Al2O3. 

Figure 5. Coagulation Plan Design 

Based on the existing Duren Seribu I experience 

above, an average dosages of 30.68 mg/L 

aluminum sulfat (5% Al2O3) will be added to the 

new Duren Seribu II WTP. 

Conclusions  

Based on the Duren Seribu I WTP performance 

evaluation, it can be concluded that several 

design parameters do not meet the design criteria 

standard such as the detention time (td) and G.td 

value in the coagulation in-line static mixer. 

Nonetheless, the production water has fulfilled 

as the quality of drinking water standard 

according to the Regulation of the Minister of 

Health Republic of Indonesia Number 492 of 

2010. Therefore, the evaluation of existing 

parameters in Duren Seribu I WTP can be used 

as a reference for planning a new water 

treatment plant Duren Seribu II. 
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Abstract 

 

The community's input on climate change issues in the city of Ternate is urgently needed. The purpose of 

this study is to document how the people of Ternate City understand and respond to issues of climate 

change mitigation and conditions. This study used a community-based participatory research method 

involving 30 people consisting of community members, teachers, lecturers, and students. Focus group 

discussions (FGD) and photovoices were conducted to obtain data on causes, impacts and solutions to 

climate change problems in the city of Ternate. The research results confirmed that the people in the city 

of Ternate feel the negative impacts of climate change in the city, such as reduced water sources, loss of 

plant vegetation (for example: mangroves, sago and sea grass), reduced marine habitats, floods and 

landslides at several points, increased sea level. The main causes of climate change in the city of Ternate 

are the establishment of non-environmentally friendly development policies, the lack of public knowledge 

and awareness of climate change adaptation, and the lack of regional regulations at the city to village 

levels related to environmental issues. The solutions offered by the community are very diverse but 

according to the community, the government and young people need to conduct education, mitigation, 

and adaptation to climate changes in the city of Ternate. 

 

Keywords: adaptation community perception, climate change, mitigation 

 

Introduction1 

Climate change is a major problem for countries 

around the world including Indonesia. Climate 

change not only has an impact on ecological 

conditions, but on the entire structure of human 

life. Research into climate change continues to 

be conducted around the world using remote 

sensing technology and satellite imaging. The 
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results show that the impact of climate change 

on environmental damage continues to increase 

(IPCC 2018, 2020, Gabrys 2016). This increase 

is due to increased emissions of greenhouse 

gases such as carbon dioxide (CO2), methane 

(CH4) and nitrogen oxides (N2O) that have been 

produced since the pre-industrial era to the 

present day. In addition, environmentally 

negligent development increases the temperature 

of the earth. IPPC data suggests that the earth's 

average temperature periodically increases by 1 

°C due to the emission of greenhouse gases 

(IPCC, 2018, 2020).  

https://dx.doi.org/10.23969/jcbeem.v7i1.6870
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The increase in the earth’s temperature has a 

negative impact on climate change. According to 

the 2019 UNCCS report, climate change has 

resulted in droughts, floods, hurricanes, storms, 

heat waves, forest fires, landslides, etc. Based on 

a research report by the Center for Research on 

the Epidemiology of Disasters (CRED), every 

year cases of natural disasters in the world 

increase significantly. In 2018, 315 cases of 

natural disasters resulting from climate change 

were reported, including 16 cases of drought, 26 

cases of extreme temperatures, 127 cases of 

floods, 13 landslides, 95 cases of storms and 10 

cases of forest fires. The number of people 

affected by natural disasters in 2018 was 68.5 

million, with floods, storms, and droughts 

accounting for 94% of the total people affected. 

In Indonesia, climate change has led to the 

occurrence of natural disasters such as 

landslides, floods, flash floods, earthquakes, 

tsunamis, tidal waves, tornadoes, volcanic 

eruptions, forest fires to drought (BPS, 2018). 

People in North Maluku also experience the 

impact of climate change. The results of 

Indonesia’s disaster risk index analysis in 2020 

indicate that North Maluku is in the category of 

"prone" to disasters such as earthquakes, 

volcanic eruptions, tsunamis, floods, landslides, 

forest fires, drought, extreme waves, abrasion, 

and extreme weather. North Maluku’s disaster-

prone index (IRBI) in 2020 reached 144.81, 

which is categorized as high (IRBI, 2020). Of 

the nine districts/cities in North Maluku, six 

have a high IRBI, and four have a moderate 

IRBI, including the City of Ternate. 

Ternate is included in the disaster-prone area 

because of its hilly and sloping topography. 

Ternate also has many active volcanoes. In 

addition, the limited land area has resulted in 

development centered on urban coasts. This land 

conversion has an impact on climate change in 

Ternate City. Some of the impacts that the 

people in the city have experienced include lava 

floods, flash floods, high sea waves, land 

abrasion and coastal abrasion. 

Abrasion and landslides are among the 

significant problems threatening coastal areas in 

subdistricts on Ternate Island. These natural 

disasters can occur due to the nature of the 

island’s territory, which tends to be sloping, 

hilly and mountainous. The topography of such 

an area increases the potential for landslides. 

The effects of the Ternate landslides have been 

exacerbated by beach reclamation on Ternate 

Island, which has been carried out from 2006 to 

the present. Beach reclamation has resulted in 

sea level rise, soil erosion and beach abrasion. 

Coastal abrasion also damages plants on the 

coast of Ternate Island. Beach abrasion can even 

damage homes on the beach. Therefore, young 

people need to undertake mitigation and 

adaptation to climate change in Ternate City. 

The increase in disaster risks due to climate 

change at global, national, and local levels has 

led to social and economic problems, as climate 

change is estimated to have the most severe 

impacts on human populations, especially 

children in disaster-prone areas (areas with very 

poor ecological conditions) (Landrigan PJ, 

Stegeman JJ, Fleming LE, et al, 2020; Crate and 

Nuttall 2009). Cultural issues related to climate 

change have also become popular among the 

public and have been disseminated through 

various information, digital and social media 

(Scott Allan Orr, Jenny Richards & Sandra 

Fatorić, 2021, Lowe et al. 2006; Stokol et al. 

2009). 

The climate change issues are important to 

discuss. Research related to public conceptions 

and perceptions of climate change is needed to 

increase and encourage public involvement in 

solving climate change problems. Based on this 

explanation, there are two objectives in this 

research, namely: 1) to determine public 

understanding of climate change issues in 

Ternate City; and 2) to determine public 
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perceptions of climate change mitigation and 

adaptation in Ternate City. 

Research Methodology 

This qualitative research employed a 

community-based participatory approach to 

explore and describe people’s conceptions and 

perceptions of problems, impacts and solutions 

for climate change mitigation and adaptation in 

Ternate City. This method was used to facilitate 

collecting and presenting data or information 

sourced from the local community. This study 

involved 30 people from different backgrounds. 

Research Location 

The current study was conducted in a village 

named Rua on the Ternate Island, Ternate. 

Tools and Materials 

The study’s data were obtained through focus 

group discussion (FGD) and photovoice. Data 

analysis is carried out inductively, from data 

exploration, data reduction, and data 

classification to data construction. 

The FGD technique was chosen because data 

and information can be obtained quickly 

together by discussing specific questions about 

the causes, effects and consequences of climate 

change and their solutions. The FGD activities 

were carried out with the support of a facilitator 

who acted both as a facilitator and as a motivator 

for the participants. The log supported the 

moderator, whose task was to collect and record 

all data. FGD was used as a practical approach 

to identify and analyze problems, causes and 

strategies for climate change mitigation and 

adaptation. The objectives of conducting the 

FGD are 1) to identify and rank the main climate 

change issues in Ternate City based on 

community perceptions; 2) identify and 

understand the main causes and drivers of 

climate change; 3) identify and understand 

several potential climate change mitigation and 

adaptation strategies. 

Results and Discussion 

The findings reveal that all participants in this 

study are aware of the concept of climate change 

and their perceptions of the impact of climate 

change on their region. The majority of 

participants believed that climate change was 

happening in their region, with dire 

consequences. On average, their arguments were 

similar, but in some ways, their perspectives 

differed, allowing them to complement each 

other. 

Climate change was a major issue for 

communities with the agreement that 

environmental degradation has impacted climate 

change. In the FGD sessions, the community 

members described their deteriorating 

environmental conditions such as erratic weather 

patterns, flooding, and local environmental 

problems that affected the way people lived in 

the city. Of the many opinions put forward by 

the community, four main issues that were often 

found in discussions about climate change in 

Ternate City are: 1) erratic weather changes; 2) 

reduced water sources; 3) contamination of 

groundwater and seawater; and 4) sea level rise 

leading to abrasion in coastal areas. Reduced 

water sources was one of the four issues that 

received the most attention during the FGDs. 

The following are excerpts from the presentation 

of the DW-1 FGD.  

“The environmental conditions in the city of 

Ternate have undergone changes, including 

frequent abrasion of the coastal environment, 

conversion of forest land as a source of water to 

become community settlements and service 

industries. These changes caused the extinction 

of mangroves and seagrass beds, which have 

high carbon absorption. These environmental 

changes occurred at several points in the City of 

Ternate, such as in the Kota Baru Sub-District 

and the Kastela Sub-District. I will show you 

some photos of changes in the topography of the 
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mangrove forest and the impact felt by the 

community” 

The opinion of DW-1  is in line with that of  

MM-1, who stated that: 

“Ternate is a very small island whose water 

source comes from the hills. When it rains, the 

water settles in the lowland areas with 

mangrove forests, forming swampy areas that 

serve as a water source for the people of Ternate 

city, such as akegaale water in Sangaji Village 

which is the center of the regional drinking 

water company in Ternate. However, the non-

environmentally friendly development impacts 

on the conversion lands for mangrove, sago or 

nipa. This activity has a major influence on the 

water shortage in the city of Ternate. We are 

already feeling the impact, I don’t know how it 

will affect us in the future.” 

The discussion then developed and shifted to the 

factors that affect the reduction of water sources 

in the city of Ternate. The participants 

mentioned that reduced water sources in the city 

of Ternate could be caused by the loss of 

mangrove, nipa and seagrass vegetation at 

several points, as happened in Akegaale in the 

Sangaji Village, the coastal areas in the Jambula 

and Kastela sub-districts, the Ngade Lake area 

and the Talaga Ici lake area in Takome sub-

district, the coastal areas in Gambesi and Sasa 

sub-districts, Toboko and Kota Baru areas (MC-

1). 

The vegetation loss is the result of land 

conversion into residential areas, urban 

development areas, offices, tourist areas, 

schools, and steam power plants. The FGD 

participants presented their arguments using 

photos taken directly at their observation sites. 

Figure 1, 2, and 3 show the condition concerning 

mangrove area.  

 

 

 
Figure 1. The condition of the remaining mangroves before development 
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Figure 2. The conversion of mangrove land into urban areas 

 
Figure 3. Rob floods in Ternate’s residential areas because of the conversion of mangrove lands 

The photos above prove that mangrove 

vegetation changes have occurred in Mangga 

Dua Village, Central Ternate District. The 

remaining mangrove forests (Figure 1) have 

been converted into residential areas and roads 

and ports have been upgraded (Figure 2). The 

effects of this land conversion are now felt by 

residents, namely the appearance of Rob 

flooding in coastal areas in Manga Dua Village 

(MC-2). 

Through photovoice, MC-3, who is also an 

environmental activist, said that one of the 

factors causing environmental damage in the 

city of Ternate is the spatial planning of the city 

of Ternate, which does not endorse nature 

reserves (meaning that the development 

planning in the city of Ternate has not yet no 

preference shown for the environment). In 

addition, the lack of public knowledge and 

awareness about the function of natural 

vegetation also leads to environmental damage 

(UP-1). 

All community members recognized that 

maintaining mangrove vegetation and protecting 
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their environment from damage was very 

important for their survival in the present and for 

the survival of future generations. Several 

community members explained in detail how the 

recent weather events had impacted their lives, 

most of whom are residents of the coastal area of 

Ternate. They directly experienced floods, rising 

sea levels, reduced water sources, reduced 

marine habitats such as fish (MM-2). They then 

decided that the problem of climate change was 

a joint responsibility of the government, society, 

community, educators and all members of 

society. Mitigation and adaptation strategies 

then became the theme of FGD’s second 

session. 

In the second session, the community members 

suggested that the best way to mitigate and adapt 

to climate change was to develop an 

environmentally sensitive mindset in society 

(IN-1). According to them, education was 

important to build public awareness. Through 

education, the community will have knowledge 

about how to use renewable energy and at the 

same time have an awareness that is reflected in 

their attitudes and behavior on a daily basis 

towards the environment. In addition, several 

community members suggested that there was a 

need for favorable policies related to climate 

change issues, from the top level to the sub-

village or neighborhood association level (UPI-

2). Household waste management and organic 

farming systems were also proposed as climate 

change mitigation and adaptation (IN-1). These 

community member’s suggestions align with 

Wardekker (2021) opinion, which states that 

environmental conditions can be maintained by 

building community resilience, educating the 

community to be disaster resilient and 

developing a resilient community. 

This empirical research provides unique insights 

into how people conceptualize and discuss 

climate change and its impact on their 

communities. Most of the FGD participants in 

this study had no background in the 

environmental field, but they were 

environmentalists. The FGDs conducted in this 

study focused on public opinion about the 

causes, impacts, and strategies for mitigating 

climate change. There were common and 

different perspectives on conceptualizing 

climate change, levels of concern, and 

mitigation and adaptation measures. 

The current study results show that climate 

change is happening and, if not addressed 

quickly, will continue to hamper national policy 

responses to global problems. These results 

indicate how society conceptualizes climate 

change. The results of this study are expected to 

help guide policy development as well as the 

development of effective community 

engagement. The results of this study are also 

expected to contribute to risk communication 

and awareness strategies in the community. This 

study supports the findings of Buys et al. (2012) 

and Wardekker (2021) who argue that public 

participation and support is crucial to ensure 

adaptation to climate change. In line with this, 

Fisher et al (2022) propose that translating 

people’s knowledge and perceptions of climate 

change may enable the development of 

resilience strategies. Such actions can help 

governments and stakeholders develop relevant 

joint policies and enhance institutional 

understanding of local physical processes and 

climate change impacts. 

Conclusions  

The people in the city of Ternate feel the 

negative impacts of climate change in the city, 

such as reduced water sources, loss of plant 

vegetation (for example: mangroves, sago and 

sea grass), reduced marine habitats, floods and 

landslides at several points, increased sea level. 

The main causes of climate change in the city of 

Ternate are the establishment of non-

environmentally friendly development policies, 

the lack of public knowledge and awareness of 

climate change adaptation, and the lack of 
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regional regulations at the city to village levels 

to environmental issues. 
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Abstract 

 

Within the national scope, based on Government Regulation no. 47 of 1997 concerning the National 

Spatial Plan, the City of Tasikmalaya which is included in the East Priangan Region is included in the 

mainstay area. Where Tasikmalaya City functions as a Regional Activity Center (PKW) city. One result is 

the increased volume of traffic in the area. One of the impacts of motor vehicle traffic activity is air 

pollution. Air pollution is defined as the contamination of the atmosphere by gases, liquids or by-products 

in such concentrations and periods that can harm human health/life, and or create discomfort. The method 

used in conducting the research was in the form of monitoring ambient air parameters which were carried 

out at 10 points, spread across community activity centers in Tasikmalaya City. Based on the research that 

has been done, it can be concluded that the parameters Sulfur Dioxide (SO2), Nitrogen Dioxide (NO2), 

Oxidants (O3), Dust (TSP), Ammonia (NH3) and Hydrogen Sulfide (H2S) at 10 the testing location still 

meets the required quality standards based on PP RI No. 41 of 1999. Meanwhile, the results of noise level 

measurements have exceeded the noise level quality standards, so that treatment is needed in the form of 

implementing sound emission rules and localizing industrial pollutant sources. 

 

Keywords: air pollution, ambient air, city air quality, vehicle emissions, noise levels  

 

Introduction1 

Tasikmalaya City was inaugurated as an 

autonomous region on October 17, 2001, 

containing a logical consequence of demands for 

increased government services to the 

community. This is in line with the objective of 

forming the Tasikmalaya Autonomous City 

which is stated in Law Number 10 of 2001 

concerning the formation of the Tasikmalaya 

City (Salman, 2021). 
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As an autonomous region, Tasikmalaya City has 

autonomous authority in planning and 

implementing development according to its 

needs and potential. This also includes 

environmental management and protection, one 

of which is air quality in Tasikmalaya City 

(Kuncoro et al, 2020). 

According to Government Regulation no. 41 of 

1999 concerning Air Pollution Control, the 

definition of ambient air is free air on the earth's 

surface in the troposphere which is within the 

jurisdiction of the Republic of Indonesia which 

is needed and affects the health of humans, 

living things and other elements of the 

environment. 

The activities of living things cause the 

composition of natural air to change. If the 

change in natural air composition exceeds a 

https://dx.doi.org/10.23969/jcbeem.v7i1.7187
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certain concentration which causes the ambient 

air to be unable to fulfill its function, then the air 

is said to be polluted. 

In an effort to maintain the quality of the 

ambient air so that it can provide a carrying 

capacity for living things to live optimally, 

prevention and/or control of air pollution and 

restoration of air quality are carried out. 

Air pollution is the entry or inclusion of 

substances, energy and/or other components into 

the ambient air by human activities, so that the 

quality of the ambient air drops to a certain level 

which causes the ambient air to be unable to 

fulfill its function (Kadyarsi, 2006). Today's air 

pollution is increasingly a cause for concern, 

along with the increasing activities of 

transportation, industry, offices and housing 

which contribute quite a lot to air pollution 

(Pariyanto, 2015), (Catleya et al, 2021), 

(Mulyatna et al, 2019). Polluted air can cause 

health problems, especially disorders of the 

lungs, blood vessels, and eye and skin irritation. 

Air pollution due to dust particles can cause 

chronic respiratory diseases such as bronchitis, 

pulmonary emphysma, bronchial asthma and 

even lung cancer. Air pollutants in the form of 

gases can directly enter the body to the lungs 

and be absorbed by the circulatory system (Latif 

et al, 2006). 

Ambient Air Parameters indclude Sulfur 

Dioxide (SO2), Nitrogen Dioxide (NO2), 

Oxidants (O3), Particulate and Noise. Air 

pollution by Sulfur Oxide (SOx) is mainly 

caused by two colorless sulfur oxide gas 

components, namely Sulfur Dioxide ( SO2 ) and 

Sulfur Trioxide ( SO3 ). SO2 has a characteristic 

sharp odor and is not flammable in air, while 

SO2 is a non-reactive gas. 

SOx pollution causes irritation of the respiratory 

system and eye irritation, and is harmful to the 

health of the elderly and people with chronic 

cardiovascular respiratory system diseases. 

Besides affecting human health, SOx pollution is 

also harmful to animal health and can damage 

plants. 

SO2 is the main contributor to acid rain. Once in 

the atmosphere, SO2 undergoes conversion to 

SOx which then becomes H2SO4. At night or in 

humid conditions or during rain, SO2 in the air is 

absorbed by the alkaline water droplets and 

forms sulfate in the droplets. Burning fossil 

fuels, such as oil and coal and other materials 

containing sulfur will produce both forms of 

sulfur oxides; SO2 is always formed in large 

quantities, while the SO3 that is formed varies 

from 1 to 10% of the total SOx (Rizqiyah and 

Rosyida, 2021). 

Nitrogen Dioxide (NO2) and nitrogen monoxide 

(NO) are the most widely known groups of 

nitrogen oxides (NOx) as air pollutants. NO is an 

odorless and colorless gas, while NO2 has a 

sharp odor and is reddish-brown in color. 

Nitrogen oxides such as NO and NO2 are 

harmful to humans. NO2 is toxic, especially 

attacks the lungs, which causes difficulty 

breathing in asthma sufferers, coughs in children 

and the elderly, and various respiratory system 

disorders, and reduces visibility. 

Nitrogen oxides are also major contributors to 

smog and acid deposition. Nitrogen oxides react 

with volatile organic compounds to form ozone 

and other oxidants such as peroxyacetylnitrate 

(PAN) in photochemical smog, and with 

rainwater to produce nitric acid and cause acid 

rain. Wet (acid rain) and dry acid deposition 

(when NOx gas forms nitrate aerosol particles and 

is deposited on the earth's surface) can harm 

plants, agriculture, aquatic ecosystems and 

forests. Acid rain can flow into lakes and rivers 

and leach heavy metals from the soil and change 

the chemical composition of the water. This can 

eventually degrade and even destroy aquatic life. 

Oxidants are compounds that have oxidizing 

properties, their effect on health is interfering 

with the respiratory process and can cause eye 

irritation. Apart from causing adverse impacts 

on human health, ozone pollutants can cause 



Journal of Community Based Environmental Engineering and Management, 2023, Vol. 7, No. 1: 25-32 

27 

 

economic losses due to wear and tear of 

materials (textiles, rubber, wood, metal, paint, 

etc.), decreased agricultural yields and damage 

to ecosystems such as reduced biodiversity. 

Airborne oxidants include ozone (more than 

90%), Nitrogen Dioxide, and 

Peroxyacetylnitrate (PAN). Because most of the 

oxidant is ozone, ambient air monitoring is 

expressed as ozone levels. 

Particulates are solids or liquids in the air in the 

form of smoke, dust and vapor with very small 

diameters (ranging from <1 micron to 500 

microns), which can stay in the atmosphere for a 

long time. Besides disturbing aesthetics, small 

particles in the air can be sucked into the 

respiratory system and cause respiratory 

disorders and lung damage. 

Particles that are sucked into the respiratory 

system will be set aside depending on their 

diameter. Large particles will be stuck in the 

upper respiratory tract, while small particles that 

can be inhaled (inhalable) will enter the lungs 

and remain in the body for a long time. Inhalable 

particles are particles with a diameter below 10 

microns (PM10), which are known to increase 

mortality due to heart and respiratory diseases, 

at concentrations of 140 µg/m
3 

can reduce lung 

function in children, while at concentrations 350 

µg/m
3 

can aggravate the condition of patients 

with bronchitis. The toxicity of inhalable 

particles depends on their composition. 

Inhalable particles can also be secondary 

particulates, namely particles formed in the 

atmosphere from combustion gases that undergo 

physical-chemical reactions in the atmosphere, 

for example sulfate and nitrate particles which 

are formed from SO2 and NOxgases . Generally the 

secondary particles are 2.5 µ or less in size. The 

major proportions of PM2.5 are ammonium 

nitrate, ammonium sulfate, sodium nitrate and 

secondary organic carbon. These particles are 

formed in the atmosphere with a slow reaction 

so they are often found as transboundary air 

pollutants that are transported by wind 

movements to places far from their sources. 

PM2.5 secondary particles can cause a more 

dangerous impact on health not only because of 

their size which allows them to be inhaled and 

penetrate deeper into the respiratory system but 

also because of their chemical nature (Rivaldi, 

2021), (Mulyono et al, 2019). 

The noise level is known through the results of 

direct measurements in the field. Noise is 

unwanted sound or sounds that can cause harm 

to human health and environmental comfort. 

Noise can also be defined as unwanted sound, 

annoying sound or annoying sound (Syaiful, 

2015), (Syaiful, 2020). Noise level is a measure 

of sound energy expressed in units of decibels 

A, abbreviated as dB(A) (Wahyuni et al, 2019). 

Pollutant sources that have the potential to 

increase noise parameters include (Kusuma, 

2002):  

a. Moving sources , namely the exhaust sound 

of 2- wheeled and 4 -wheeled motorized 

vehicles . 

b. sources , namely small and large industrial 

activities, 

c. Daily community activities (markets, 

households). 

Research Methodology 

The research was carried out by taking direct 

samples 2 (two) times. in 10 (ten) locations 

spread across the Tasikmalaya City area, shown 

in Figure 1 and Table 1. The data collection 

flowchart is shown in Figure 2. 

Table 1. Air Quality Monitoring Locations 
No. Location Sampling Point Coordinate 

1 Jl. KHZ. Mostofa (A) In front of Asia Plaza Mall 07°20'35.9"S 08°13'02.6"E 

2 Jl. KHZ. Mustafa (B) Home Yogya Dept. Store 07°19'52.4"S 108°13'10.1"E 

3 Jl. Hospital (C)  In front of SMA Negeri 1 

Tasikmalaya 

07°19'56.3"S 108°13'25.0"E 

4 Jl. Brigadier General Wasita 

Kusumah (D) 

In front of Permata Bunda Hospital 07°17'14.8"S 108°11'46.2"E 
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No. Location Sampling Point Coordinate 

5 Jl. Yudanegara (E) In front of Hotel Santika 07°19'33.4"S 108°13'01.8"E 

6 Jl. Otto I Scandardinata (F) In front of SMP Negeri 1 

Tasikmalaya 

07°19'35.3"S 108°13'24.3"E 

7 Jl. Siliwangi (G) In front of Siliwangi University 07°20'56.3"S 108°13'20.2"E 

8 Jl. RE Martadinata (H) In front of SMA Negeri 2 

Tasikmalaya 

07°18'07.36"S 108°12'12.38"E 

9 Jl. Ir. H. Juanda (I) In front of the Budiman Pool 07°18'24.4"S 108°12'12.7"E 

10 Jl. Dr. Sukardjo (J) In front of the Word Meatballs 07°19'12.9"S 108°13'12.6"E 

 

 
Figure 1. Distribution of Sampling Points in the 

City Taikmalaya 

Results and Discussion 

Results of Air Quality Monitoring 

Air quality monitoring is carried out at 10 (ten) 

sampling points . The conditions at the time of 

measuring air quality and noise were on sunny 

days without rain, the temperature ranged from 

29 ºC - 31 ºC. At the sampling location there is a 

lot of mobility of motorized vehicles carried out 

by the community and there is also a lot of 

potential for dust because the sampling is done 

during the dry season (Kusminingrum and 

Gunawan, 2008), (Listyarini, 2021). 

All monitoring results are shown in the Tables 

2-11. The test results explained that the value 

still met the allowable air quality standards. 

Even so, at almost all noise inspection points 

exceeding the quality standard, it is hoped that 

all people will continue to pay attention to both 

environmental conditions and the use of 

transportation facilities, as well as the good 

condition of motorized vehicles, so that the 

problem of exhaust emissions due to traffic will 

not occur. 

Table 2. Results of Air Pollution Laboratory Tests on Jl. KHZ. Mostofa (A) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 3.56 3.69 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 1.91 1.82 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 8.53 7,26 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 88 85 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.8 x 10 
- 6

 2.6 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.16 0.15 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 73.2 ^ 72.5 ^ 70 Kep-48/MENLH/11/1996 
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Table 3. Results of Air Pollution Laboratory Tests on Jl. KHZ. Mustafa (B) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 6,72 6,60 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 5.95 6,84 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 2.36 2.49 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 108 110 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.5 x 10 
- 6

 2.7 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.095 0.091 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 74.1 ^ 73.8 ^ 70 Kep-48/MENLH/11/1996 

Table 4. Air Pollution Laboratory Test Results on Jl. Hospital (C) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 3.38 3,24 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 1.85 1.65 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 8,17 6,22 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 88 85 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.7 x 10 
- 6

 2.5 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.23 0.18 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 73.0 ^ 72.0 ^ 70 Kep-48/MENLH/11/1996 

 

Table 5. Laboratory Test Results for Air Pollution on Jl. Brigadier General Wasita Kusumah (D) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 2.72 2.69 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 2.82 2.88 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 5.79 5,51 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 62 66 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.9 x 10 
- 6

 2.8 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.087 0.075 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 69,2 70.5 ^ 70 Kep-48/MENLH/11/1996 

Table 6. Air Pollution Laboratory Test Results on Jl. Yudanegara (E) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 6,82 7,49 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 3.61 3.68 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 3.71 3,33 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 95 88 230 Direct Reading 

Odor 
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1 Hydrogen Sulfide (H 2 S) Ppm 3.1 x 10 
- 6

 3.8 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.17 0.16 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 73.8 ^ 71.1 ^ 70 Kep-48/MENLH/11/1996 

Table 7 Air Pollution Laboratory Test Results on Jl. Otto I Scandardinata (F) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 4.82 4.80 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 5,15 5,68 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 7,22 7,16 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 64 68 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.7 x 10 
- 6

 2.3 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.15 0.19 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 75.0 ^ 80.2 ^ 70 Kep-48/MENLH/11/1996 

Table 8. Air Pollution Laboratory Test Results on Jl. Siliwangi (G) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 5,25 4,17 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 4.88 4.56 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) 6.85 8,17 6,32 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 75 86 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.5 x 10 
- 6

 2.8 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.21 0.18 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 73.2 ^ 74.3 ^ 70 Kep-48/MENLH/11/1996 

Table 9. Air Pollution Laboratory Test Results on Jl. RE Martadinata (H) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 7,15 6,73 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 4.56 4,24 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 3,18 3.64 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 105 108 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 3.1 x 10 
- 6

 2.5 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.15 0.11 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 72.0 ^ 76.2 ^ 70 Kep-48/MENLH/11/1996 

 

Table 10. Air Pollution Laboratory Test Results on Jl. Ir. H. Juanda (I)  
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 7.51 8.49 400 SNI 19-7119.2-2005 
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2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 2.93 2.25 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 8.75 8,15 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 78 85 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 3.2 x 10 
- 6

 2.8 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 0.06 0.06 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 74.1 ^ 77.8 ^ 70 Kep-48/MENLH/11/1996 

 

Table 11. Air Pollution Laboratory Test Results on Jl. Dr. Sukardjo (J) 
No. Parameter Unit Test result Quality 

standards 

Reference Method 

Period I Period II 

Chemistry 

1 Nitrogen Dioxide (NO 2 ) µg/Nm 
3
 4,12 4,22 400 SNI 19-7119.2-2005 

2 Sulfur Dioxide (SO 2 ) µg/Nm 
3
 4,11 3.63 900 SNI 19-7119.7-2005 

3 Oxidants (O 3 ) µg/Nm 
3
 6,45 6,37 235 SNI 19-7119.8-2005 

Physics 

1 Dust (TSP) µg/Nm 
3
 81 66 230 Direct Reading 

Odor 

1 Hydrogen Sulfide (H 2 S) Ppm 2.1 x 10 
- 6

 2.65 x 10 
- 6

 0.02 JIS K-108 

2 Ammonia (NH 3 ) Ppm 2.6 x 10 
-3

 2.6 x 10 
-3

 2 SNI 19-7119.2-2005 

Noise 

1 Noise dB 71.8 ^ 72.4 ^ 70 Kep-48/MENLH/11/1996 

 

From the test results it can be seen that the 

parameters Sulfur Dioxide (SO2), Nitrogen 

Dioxide (NO2), Oxidants (O3), Dust (TSP), 

Ammonia (NH3) and Hydrogen Sulfide (H2S ) at 

10 test locations still meet the required quality 

standards (Republic of Indonesia Government, 

1999). The results of measuring dust parameters 

from the 10 measurement locations ranged from 

56µg/Nm 3 
to 

110µg/Nm 
3 

. The smallest 

concentration of dust was found at the test 

location (10), namely Jl. Dr. Sukardjo 

(07°19'12.9"S 108°13'12.6"E) of 56 µg/Nm 
3 

, 

while the highest dust concentration was found 

at location 3, namely on Jl. Hospital 

(07°19'56.3"S 108°13'25.0"E) of 70.2 µg/Nm 
3 

. 

When compared with the quality standards 

based on Government Regulation of the 

Republic of Indonesia No. 41 of 1999, the dust 

content at all sampling locations is still below 

the quality standard set at 230 µg/m 
3 
. 

The results of noise level measurements at 3 

(three) activity locations ranged from 69 - 78 

dBA so that they exceeded the 60 dBA quality 

standard (Ministry of Environment of the 

Republic of Indonesia, 1996). This is because 

the activity location is on a road that is quite 

busy with motorized vehicles. When compared 

with Kep-48/MENLH/11/1996 concerning 

Noise Level Standards (Allocation of 

Government Areas and Public Facilities), the 

noise parameters at all air sampling points are 

above the required quality standard. 

Conclusions  

The results of monitoring the quality of 

emissions from immovable sources in 

Tasikmalaya City are still below the 

predetermined quality standards. This condition 

needs to be maintained so that emissions 

released from businesses/activities do not pollute 

the air. 
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Abstract 

 

Krukut River is one of the rivers that has an important role to support the activities of the residents of 

Jakarta City. Krukut River has a length of 44.3 km. In 2015 the Krukut River was the target of a master 

plan for improving river water quality in Jakarta by Regional Environmental Management Agency 

(BPLHD) DKI Jakarta but in fact there was a decline in river water quality due to increasing population 

growth so that monitoring activities are needed. The purpose of the study is to identify the polluting 

sources of the Krukut River, analyze the water quality of the river, determine the pollutant load. The 

research parameters used are Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). 

Sampling in the Krukut River was carried out using the grab sampling method in September, October, 

November 2021 divided into 9 segments consisting of 9 non-point sources and 5 point sources. Non-point 

sources of pollutants are obtained from domestic waste dominated by residential areas, as well as food 

stalls, point source of pollutants are obtained from drainage channels, Mampang River, Ciliwung River, 

Cideng Channel and Krendang River. Pollutant load carrying capacity for BOD and COD concentrations 

in the Krukut River were respectively 292.896-622.592 kg/day and 2440.8-13521.6 kg/day. The pollutant 

load for BOD and COD concentrations in the Krukut River were respectively 2601.3-13792.2 kg/day and 

3139.1-16542.6 kg/day. 

 

Keywords: BOD, COD, carrying capacity, Krukut River, pollutant load  

 

Introduction1 

Krukut River is one of the rivers that has an 

important role to support the activities of the 

residents of Jakarta City (Rachmawati, 2017). 

Krukut River has an area of 84.54 km
2
 and a 

river length of 44.3 km which flows in Situ 

Citayam, Cipayung, Depok City which is 

located in Pluit Reservoir, Penjaringan, North 

Jakarta. In 2015 the Krukut River was the target 

of the master plan for improving river water 

quality in Jakarta by Regional Environmental 
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Management Agency (BPLHD) DKI Jakarta, 

but in fact the quality of the Krukut River water 

is decreasing along with the increasing number 

of people in DKI Jakarta and the increasing 

number of industrial and household activities 

that contribute to the decline in the water quality 

of the Krukut River (Rachmawati et al., 2020).  

The decline in the water quality of the river goes 

along with the growth of its population and 

activity. Wastewater entering through drainage 

channels comes from settlements and other 

activities around the riverbanks. The water 

quality of a river can be determined by 

measuring several parameters of water 

pollutants. it is necessary to study the carrying 

capacity of pollutants in the Krukut River to 

determine the capacity of the water source 

https://dx.doi.org/10.23969/jcbeem.v7i1.7251
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against the influx of waste, both point sources 

and non-point sources. From the perspective of 

the causes of water pollution, with the 

improvement of point source pollution control 

capabilities, the problem of non-point source 

pollution has become increasingly prominent, 

and has become the main reason for the 

deterioration of environmental water quality in 

many areas (Zhang et al., 2014). 

Research Methodology 

The study was conducted from September to 

November 2021. The scope of the study area is 

the Krukut River from upstream in Cipayung, 

Depok City to downstream in Penjaringan, 

North Jakarta along 44,3 km. Research to 

determine the carrying capacity of the Krukut 

River pollutant load is divided into three stages, 

namely preparation for implementation, and 

analysis. 

Sources of pollutants that have the potential to 

pollute the river are in the data through 

preliminary surveys and observations during 

sampling. The results of identifying the source 

of pollutants are then tabulated and analyzed 

descriptively. The sources of pollutants 

identified can be related to the state of water 

quality of the Krukut River. Identification of 

waste can be seen in Table 1. 

Table 1. Identify sources of polluters 

Characteristic Point Source 
Non Point 

Source 

Domestic Waste 
Household Waste 

Stream 

Residential 

wastewater 

Non-Domestic 

Waste 

Industrial 

Wastewater, Hotel, 

and Motor Wash 

 

Sampling was carried out at 14 sampling points, 

namely 9 sampling points at non-point sources 

and 5 sampling points at point sources. Source 

of Pollutants Point source is a source of 

pollution that is discharged through a special 

location point using a gutter or discharge 

directly to the surface of a body of water. Non 

point source or source is not necessarily a waste 

stream originating from residential areas in 

general Sampling location can be seen in Table 

2. 

Table 2. Sampling Location 

Point Location 
Upstream Downstream Coordinate 

(km) (km) LS BT 

1 
Jl. Pinggir 

Setu, Depok 
  44.30   6° 26.593'S 106° 47.995'T 

2 
Jl. Cagar 

Alam, Depok 
44.30 42.16   6° 24.231'S 106° 48.490'T 

3 

Jl. Tridarma 

Raya, Jakarta 

Selatan 

42.16 42.04   6° 18.305'S 106° 48.551'T 

4A 

Jl. KHM 

Naim III, 

Jakarta 

Selatan 

36.92 36.69   6° 15.775'S 106° 48.681'T 

4 

Jl. Cemp III, 

Jakarta 

Selatan 

42.04 36.92   6° 15.766'S 106° 48.686'T 

5A 

Jl. Poncol 3, 

Jakarta 

Selatan 

34.2 34.07   6° 14.020'S 106° 49.054'T 

5 

Jl Puspa II, 

Jakarta 

Selatan  

36.69 34.2   6° 13.899'S 106° 49.010'T 

6A 

Jl. Tenaga 

Listrik, 

Jakarta Pusat 

29.80 29.61   6° 12.056'S 106° 48.912'T 

6 

Jl. Tenaga 

Listrik, 

Jakarta Pusat 

34.07 29.80   6° 11.880'S 106° 48.614'T 

7A 

Jl. Kebon 

Sirih, Jakarta 

Pusat 

25.04 24.99   6° 10.913'S 106° 48.988'T 

7 

Jl. Jati Baru 

Raya, Jakarta 

Pusat 

29.61 25.04   6° 10.910'S 106° 48.873'T 

8A 

Jl. Perniagaan 

Raya, Jakarta 

Barat 

19.19 5.37   6° 8.499'S 106° 48.408'T 

8 

Jl. Pekojan 

Raya, Jakarta 

Barat 

24.99 19.19   6° 8.474'S 106° 48.472'T 

9 

Jl. Inspeksi 

281-257, 

Jakarta Utara 

5.37     6° 7.460'S 106° 48.130'T 

Sampling refers to SNI 6989.57:2008 on Water 

and Wastewater – Section 57: Surface water 

sampling methods. In this study, sampling was 

carried out by grab sampling, namely samples 

taken directly from the water body being 

monitored, sampling with this method was 

carried out once per point and directly 

examined. Sample water was taken with a 

horizontal type water sampler and tools that 

have been sterilized first. After taking water 

with a water sampler, the sample water was put 

into a 1-liter jerry can and then the jerry can was 

numbered according to the sampling location. 

The jerry can was then placed in styrofoam 

containing dry ice so that it remains durable to 

be taken to the Environmental Laboratory of 
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Trisakti University for analysis as much as 2 

times (duplo). Sampling was carried out at 14 

points on the Krukut River which was carried 

out 1 time in September, October, and 

November 2021. 

Result and Discussion 

Measurements of the characteristics of the 

Krukut River during III Peride, namely in 

September, October, and November 2021 when 

the weather is clear. Characteristic of the Krukut 

River can be seen in Table 3. 

Table 3. Characteristics of the Krukut River 

Point 
Measurement 

Location 

River 

Width (m) 

River Water 

Depth (m) 

River Cross-

sectional 

Area (m2) 

Flow 

Rate (m) 

Flow 

Discharge 

(m3/detik) 

Elevation 

1 
Jl. Pinggir Setu, 

Depok 
4.62 1.2 5.58 0.28 1.56 78 

2 
Jl. Cagar 

Alam,Depok 
5.56 1.14 6.34 0.24 1.51 33 

3 
Jl. Tridarma Raya, 

Jakarta Selatan 
3.81 1.23 4.67 0.25 1.18 20 

4A 
Jl. KHM Naim 

IIIB,Jakarta Selatan 
1.95 0.38 0.741 0.086 0.46 11 

4 
Jl. Cemp III, Jakarta 

Selatan 
8.15 1.34 10.98 0.18 1.97 11 

5A 
Jl. Gatot Subroto 

Kav 14  
7 1.31 9.17 0.083 0.76 8 

5 
Jl. Puspa II No 46, 

Jakarta Selatan 
18.37 0.75 13.72 0.22 3.03 8 

6 
Jl. Tenaga Listrik, 

Jakarta Pusat 
34.74 1.47 31.5 0.11 3.36 6 

6A 
Jl. Tenaga Listrik, 

Jakarta Pusat 
6 0.91 8.84 0.2 1.74 6 

7A 
Jl. Jati Baru Raya, 

Jakarta Pusat 
8 0.81 6.51 0.09 0.56 3 

7 
Jl. Jati Baru Raya, 

Jakarta Pusat 
12.76 1.44 18.33 0.15 2.69 3 

8A 
Jl. Perniagaan Raya, 

Jakarta Barat 
13.38 1.72 23.05 0.16 3.77 2 

8 
Jl. Pekojan Raya, 

Jakarta Barat 
17.6 1.13 19.95 0.14 2.81 2 

9 
Jl. Inspeksi 281-

257,Jakarta Utara 
30.69 1.53 47.1 0.13 6.28 1 

 

The width of the river ranges from 1.95 – 34.,74 

m with a river depth between 0.75 – 1.72 m. The 

current speed ranges from 0,083 - 0.28 m/s so 

that the rated discharge ranges from 0.46 – 6.28 

m
3
/s. River discharge is influenced by the speed 

of the river flow current and the cross-sectional 

area of the river, the value of the river discharge 

is obtained from the speed of the flow current × 

the cross-sectional area of the river, while the 

value of the cross-sectional area of the river is 

obtained from the calculation of the river 

width×river depth, fluctuations in the Krukut 

River discharge can be seen in Figure 1. 

Figure 1. Krukut River Discharge Fluctuations  
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The results of the Grogol River sample water 

analysis for 3 periods, namely September 

October, and November 2021 using water 

quality standards in PP No.22 of 2021. The 

quality of river water tested is physics (turbidity, 

electrical conductivity, and water temperature) 

and chemistry (pH, dissolved oxygen, chemical 

oxygen demand, biological oxygen demand). 

River water quality data can be seen in Table 4. 

Table 4. Quality of Krukut River 

Point 

Temperature 

Air (oC) 

DHL 

(µmhos/cm) 

Turbidity 

(NTU) 
pH DO (mg/L) BOD (mg/L) COD (mg/L) 

Quality Standards of Government Regulation Number 22 of 2021 

Deviation 3 

From 

natural 

- - 6 - 9 Class 2 :>4 Class 2:>3 Class 2:>25 

1 26.3 124.5 10.7 6.5 5.8 27.7 34.1 

2 26.3 137.7 23.3 6.6 6.2 24.1 30.9 

3 27.0 313.1 24.0 6.9 4.5 33.0 40.5 

4A 26.7 244.2 28.7 7.1 5.3 28.6 35.2 

4 27.3 217.0 24.3 7.2 5.3 28.3 33.1 

5A 28.0 215.6 18.3 7.0 4.5 30.3 38.4 

5 28.3 232.6 22.3 7.3 5.3 24.2 27.6 

6A 29.0 373.2 41.3 6.9 3.0 33.8 40.5 

6 29.3 401.5 43.0 6.5 3.1 31.2 35.2 

7A 30.3 395.6 42.0 7.3 2.8 22.1 32.0 

7 31.3 435.8 32.7 6.9 3.0 22.5 28.8 

8A 29.7 514.4 30.3 6.5 1.5 24.4 28.8 

8 30.3 539.1 32.7 6.8 3.8 21.6 25.6 

9 29.3 519.1 31.0 6.5 2.0 21.4 30.9 

 

The water temperature of the Krukut River 

ranges from 26
o
C–32C. The water temperature 

of the Krukut River is influenced by altitude, air 

circulation time, discharge, depth and the 

presence of pollutants in the water and water 

temperature greatly affects the amount of 

dissolved oxygen in the water.  

Electrical Conductivity (DHL) obtained from 

observations for three periods, the DHL 

parameters from upstream to downstream 

experience an up and down state and at Point 7A 

to Point 8 it increases. The DHL parameter in 

the Krukut River was in the range of values of 

116.4 μmhos/cm – 557.4 μmhos/cm. 

The turbidity in the Krukut river ranges from 8 – 

47 NTU. The high turbidity in photosynthesis is 

disturbed, which leads to disturbances in other 

vegetation in water. 

The results of pH value analysis in the 3-period 

measurement were obtained on average in 

period 1 of 6.9, in period 2 of 6.9 and period 3 of 

6.8. Each sampling point in 3 periods did not 

show a significant difference and still entered 

the range of pH values in the quality standard, 

namely 6-9. 

The dissolved oxygen value in period 1 was 

recorded at 4.021 mg/L, in period 2 it was 3.95 

mg/L and in period 3 it was 4.019 mg/L. The 

highest DO concentration during monitoring was 

recorded in period 1, which was 4.021 mg/L and 

the highest DO concentration during monitoring 

was recorded in period 1 which was 4.021 mg/L 

and the lowest point 8A was 1.35 mg/L. 

BOD5 concentration results from the analysis in 

3 periods. The highest concentration value was 

recorded during the monitoring period 1 that 

point 6 of 38.9 mg/L while the lowest 

concentration was during the month to 

November at point 3 of 7.80 mg/L which was 

tested in the rainy season. 
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The concentration of COD values in the Krukut 

River during the 3 sampling periods ranges 

between 22.4 mg/L – 44.8 mg/L, COD 

concentrations from upstream to downstream 

tend to increase and decrease.  

The sampling location has several confluences 

of water flows, namely the Krukut tributary that 

enters the Krukut River water body, therefore, it 

is necessary to measure the mass balance to 

determine its magnitude. Here are the 

concentrations of the mixtures in Table 5. 

Table 5. Mixing Concentrations 

Point 
Debit COD data BOD data C COD C BOD 

(m3/s) (mg/L) (mg/L) (mg/L) (mg/L) 

4A 0.13 35.2 28.57 
33.20 28.32 

4 1.97 33.1 28.30 

5A 0.76 38.4 30.27 
29.75 25.43 

5 3.06 27.6 24.23 

6A 3.36 40.5 33.83 
38.71 32.92 

6 1.74 35.2 31.17 

7A 0.54 32.0 22.10 
29.33 22.46 

7 2.69 28.8 22.53 

8A 3.77 28.8 24.37 
27.43 23.19 

8 2.81 25.6 21.60 

After the calculation of the mixed concentration 

of each confluence of rivers and drainage 

channels. Therefore, the calculation of the 

capacity of polluting loads on the Krukut River 

is carried out. BOD and COD polluting load 

capacity are respectively shown in Tabel 6 and 

Tabel 7. 

Table 6 BOD Polluting Load Capacity 

Segment 
BOD Polluting Load BOD Capacity 

kg/day kg/day 

1 3733.6 404.4 

2 3449.0 391.4 

3 2730.6 305.9 

4 2601.3 292.9 

5 5919.6 671.3 

6 7562.1 863.1 

7 6621.0 759.5 

8 9191.2 1070.5 

9 13792.2 1622.6 

Table 7 COD Polluting Load Capacity 

Segment 

COD Polluting 

Load 
COD Capacity 

kg/day kg/day 

1 4600.6 3369.6 

2 4139.1 3261.6 

3 3290.0 2548.8 

4 3139.1 2440.8 

5 7135.7 5594.4 

6 9106.7 7192.8 

7 7965.9 6328.8 

8 11028.1 8920.8 

9 16542.6 13521.6 

The pollutant load capacity is determined based 

on the difference between the existing pollutant 

load in the river and the permissible pollutant 

load, namely the concentration of each water 

quality parameter according to the water class in 

the quality standard (Hossain et al., 2010). The 

calculation results use BOD and COD 

parameters in the Krukut River which are 

compared with the water quality standards of PP 

No.22 of 2021 in Appendix VI for class II rivers. 

Suppose the carrying capacity of the pollutant 

load is determined based on the difference 

between the pollutant load in the river and the 

allowable pollutant load. In that case, that is, the 

concentration of each water parameter in the 

quality standard. The difference can be negative 

or positive. If the difference between the 

pollutant load and its carrying capacity is 

negative, the pollutant load needs to be reduced. 

If the difference between the pollutant's load and 

its carrying capacity is positive, then it can be 

said that the river is still able to accommodate a 

certain amount of load before it exceeds its 

carrying capacity. BOD and COD excess are 

respectively shown in Tabel 8 and Table 9.  

Table 8 BOD Excess 

Segment 
BOD 

BOD Quality 

Standards BOD Excess 

(mg/L) (mg/L) 

1 27.70 3 89% 

2 24.10 3 88% 

3 32.97 3 91% 

4 28.32 3 89% 

5 25.43 3 88% 

6 32.92 3 91% 

7 22.46 3 87% 
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Segment 
BOD 

BOD Quality 

Standards BOD Excess 

(mg/L) (mg/L) 

8 23.19 3 87% 

9 21.43 3 86% 

Table 9. Excess COD 

Segment 
COD 

BOD Quality 

Standards COD Excess 

(mg/L) (mg/L) 

1 34.13 25 27% 

2 30.93 25 19% 

3 40.53 25 38% 

4 33.20 25 25% 

5 29.75 25 16% 

6 38.71 25 35% 

7 29.33 25 15% 

8 27.43 25 9% 

9 30.93 25 19% 

Based on the results of measurements of BOD and 

COD parameters in Table 8 and Table 9, the value 

obtained exceeds the quality standard. The 

difference between the excess BOD and COD was 

86%-91% and 9%-38% respectively. Excess 

pollutants are caused by an increase in the 

population and a large number of activities over 

time. 

Conclusions  

Residential areas dominate potential non point 

sources of pollutants in Krukut, be it housing or 

villages, in addition, the existing sources of 

potential pollutants are also caused by restaurants, 

shops, and other domestic activities. The water 

quality of the Krukut River for BOD parameters 

ranges from 21.43 mg/L – 32.97 mg/L while 

COD ranges from 27.43 mg/L – 40.53 mg/L. 

According to PP No.22 of 2021, Class II River 

Water Quality Standards have a BOD value of 3 

mg/L so that the BOD parameters exceed the 

quality standards and the quality standard value 

of class II for COD is 25 mg/L, so the COD 

parameters exceed the quality standards. 
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Abstract 

 

Environmental education (EE) is a tool for educating people about the environment, and EE textbooks are 

an essential resource for this purpose. This book was created by a group of elementary, middle, and high 

school teachers in the Medan City area who had yet to gain experience in textbook writing. A 

combination of problem and project-based learning (PBL and PjBL) by triggering teachers to develop a 

textbook for EE was carefully conducted. The project took three years, during which the teachers worked 

on conceptualizing and setting goals, selecting themes, creating the content, and designing teaching 

materials. Initially, the teachers conducted a poll which acted as a PBL approach to identify the most 

pressing environmental issues faced by the people of Medan City. This poll showed that waste 

management was the most crucial issue, followed by problems related to rivers, wastewater, waste 

disposal, and floods. The teachers then wrote chapters as a part of the PjBL approach for the EE book 

based on the identified issues and aligned with the EE curriculum. Over three years, the teachers tested 

the book with their students, evaluated the results, and revised it accordingly. The final questionnaire 

results showed that the experience of creating an EE book was valuable to the teachers and inspired them 

to consider making more EE resources in the future. 

 

Keywords: Deli River; environmental education; environmental leader; problem-based learning; 

project-based learning 

 

Introduction1 

The urgency of addressing global environmental 

challenges has led educational institutions to re-

evaluate their curricula and incorporate 

environmental education (EE) into their 

programs. Integrating EE into formal education 

has become increasingly important as the impact 

of human activity on the planet becomes more 

                                                           
*)

Corresponding Author:  

E-mail: r-indriyani@kitakyu-u.ac.jp 

 

Received: 6 Maret 2023 

Revised : 20 March 2023 

Accepted: 31 March 2023 

DOI: 10.23969/jcbeem.v7i1.7419  

apparent (Reid, 2019). EE and sustainable 

development are now considered essential 

components of a well-rounded education. The 

goal of EE in education is not only to increase 

awareness of environmental issues but also to 

equip students with the skills and knowledge 

they need to create positive change in the world 

(Fekih Zguir et al., 2021). By incorporating EE 

into the programs, students can be ready to act 

as leaders of change who will be responsible for 

addressing global environmental challenges. 

EE is a multifaceted concept that spans from 

basic primary education to higher education, 

regardless of the area of knowledge. Despite the 

https://dx.doi.org/10.23969/jcbeem.v7i1.7419
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absence of a simple or agreed definition for EE, 

it encompasses a clear and defined core that 

promotes the need for a behavioural change 

towards the environment, regardless of the 

teaching approach or didactic strategy utilized 

(Acosta Castellanos et al., 2020). There is an 

intricate link between the environment and 

various biological, physical, social, cultural, and 

socioeconomic factors, underscoring the 

importance of awareness and providing tools for 

sustainable decision-making (Pace et al., 2023). 

EE must empower students to understand the 

environment and generate action strategies to 

protect it. Many schools face the challenge of 

integrating the environment into their functions 

since EE is often ignored in several countries' 

primary and secondary education (Seikkula-

Leino et al., 2021). Therefore, incorporating EE 

into schools' curricula and practices is crucial. 

Problem-based learning (PBL) and project-based 

learning (PjBL) are two student-centered 

learning approaches that emphasize critical 

thinking, problem-solving, and real-world 

application of knowledge (Sukackė et al., 2022). 

PBL is a teaching and learning method that 

focuses on solving complex problems in real-life 

contexts. In PBL, students work collaboratively 

to identify problems, generate hypotheses, 

gather and analyze data, and draw conclusions. 

The instructor plays a facilitator role, guiding 

students through the process and providing 

support as needed. PBL emphasizes the 

development of critical thinking, problem-

solving, and communication skills, as well as 

content knowledge (Ali, 2019; Indriyani 

Rachman et al., 2021; Tell and Hoveskog, 

2022). PjBL, on the other hand, is an approach 

to teaching and learning that involves students in 

designing, planning, and execution of projects 

that are related to real-world problems or 

challenges. PjBL emphasizes the development 

of project management skills, as well as critical 

thinking, problem-solving, and collaboration. In 

PjBL, students are often given a degree of 

autonomy to design their projects, which may 

involve research, experimentation, and analysis 

(Aminatun and Oktaviani, 2019; Farrow et al., 

2022). Both PBL and PjBL share some 

similarities, such as focusing on real-world 

problems and emphasizing collaboration and 

critical thinking. However, PjBL tends to focus 

more on the project, while PBL focuses on the 

problem-solving process (Sukackė et al., 2022). 

Both approaches are effective in promoting deep 

learning, engagement, and motivation in 

students. They are often used in STEM fields, as 

well as in social sciences and humanities. 

Medan City is one of Indonesia's cities 

experiencing rapid population growth, which has 

resulted in a surge of environmental problems. 

One such issue is the pollution of the Deli River, 

which runs through Medan City and originates 

in Deli Serdang. The river suffers from water 

and waste pollution, as reported by (Susanti, 

2018). However, low environmental awareness 

among the residents of Medan City makes it 

challenging to address these problems (Aldhila 

et al., 2021). The city also faces a waste 

problem, with waste piling up along the Deli 

River and in illegal dumping sites. Moreover, 

the city grapples with flooding, traffic 

congestion, and a lack of public awareness about 

maintaining a clean environment, among the 

most critical problems (I Rachman et al., 2021). 

EE is one way to tackle environmental 

problems, but what kind of education model can 

effectively address the issues Medan City faces? 

Therefore, it is essential to create textbooks and 

learning media that act as part of the PBL-PjBL 

methods that provide guidance on EE materials 

and teaching techniques for educators. 

Unfortunately, few experienced teachers are 

available to write such books, and some teachers 

willing to write books may lack the necessary 

guidance. A comprehensive work project is 

required to produce an EE textbook from 

scratch. This book's production aims to help 
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address the shortage of teaching materials on EE 

and improve teachers' ability to create their own 

textbooks. 

Research Methodology 

The research project begins with problem-based 

learning (PBL) where the teachers invite 

stakeholders to generate the environmental 

problems. An opinion poll was conducted with 

40 people: traditional stakeholders, community 

leaders, school principals, and teachers, 

including 10 elementary school teachers, 5 

junior high school teachers, and 10 high school 

teachers. The results of this opinion poll will be 

processed using text mining to determine the 

theme of environmental problems in the field. 40 

people were asked about their environmental 

problems, and the data were analyzed using text 

mining, which generated 265 words related to 

the environment. Therefore, to gain the teachers' 

knowledge related to successful implementation 

of EE, the teachers were invited to Japan. This 

effort is part of an experience exchange between 

the schools, teachers, and students. It is to 

develop a new environmental leader (EL) when 

they returned to Medan City. This also aimed to 

provide an overview and comparison of EE 

development in Japan and Indonesia. After the 

EL understand and gain an overview of EE 

applied in Japan, it will be easier for the EL 

team to formulate an environment-based 

curriculum adapted to the culture of the people 

of North Sumatra to be applied in schools. The 

ELs were also given training on how to learn 

with the plan-do-check-act (PDCA) method. 

 

Figure 1. Methodological framework 

 

The production of this textbook, JICA funded, is 

one of the initiatives under the cooperation 

program between the University of North 

Sumatra and The University of Kitakyushu. 

Over three years, teachers from five schools, 

ranging from elementary to high school, were 

Identify the project area by 
analyzing areas with 
environmental issues. 

•Develop a draft 
curriculum and learning 

media. 

Compile the book using 
data collected from the 

field. 
Create student and teacher 

books. 

Test the use of textbooks in 
each school and refine 

them accordingly. 

Conduct workshops and 
training in Medan City, 

surveying various areas to 
identify environmental 

themes. 

•Poll community leaders, 
schools, and teachers about 

environmental issues in 
North Sumatra. 

•Determine the book's 
theme and align it with the 
environmental education 

curriculum. 

Provide training in 
Kitakyushu City to enhance 

teachers' skills in writing 
books. 

Evaluate the use of student 
and teacher books. 
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involved in the project to create EE textbooks. 

Every month, workshops were conducted to 

develop EE textbooks for students and teacher 

guidebooks. The teachers' activities were 

continually monitored throughout the research 

process, including planning, drafting, testing, 

and evaluation. To assess whether this project 

can establish a sustainable system/structure to 

manage EE and awareness activities for students 

and the community, questionnaires were 

distributed to 25 EL teachers. All data generated 

during the project are processed and analyzed 

using qualitative analysis. Fig. 1 provides the 

framework for creating EE textbooks. 

Result and Discussion 

Polling and Workshop Results 

The polling resulted in six most frequent words, 

which were then identified: waste (48 times), 

disposal (21 times), carelessly (16 times), 

household (16 times), trash can (12 times). From 

the results, it can be concluded that the 

environmental problems faced by the 

community are related to household waste being 

disposed of in random places along the Deli 

River. From the interviews with EL teachers 

who attended the EE training in Kitakyushu, 

they all reported gaining new knowledge related 

to environmental learning, getting new ideas, 

and being inspired. Some argue that the success 

of Kitakyushu City as an environmentally 

friendly city is due to the power of education in 

schools and communities. A visit to Kitakyushu 

City opened new ideas, broadened teachers' 

insights when writing books, and made them 

more communicative, including using learning 

media. The visit to Kitakyushu City aimed to 

learn how the city provides EE lessons to 

students and the public. Fig. 2 shows the EL 

workshop for teachers in Kitakyushu, Japan. 

 

 

Figure 2. Environmental Leader (EL) workshops for teachers in Kitakyushu Japan 

Textbooks Development 

In order to add insight to the teachers, several 

activities related to the textbook developments 

were done. The teachers were asked to write the 

material, surveys, and learn from the 

experiences after visiting several places such as 

waste banks, compost houses, wastewater 

treatment plants (WWTP), water supply 

companies, and landfills along the Deli River. 

The teachers also interviewed local 

communities, resource persons, and 

stakeholders. The teachers made EE books 

according to the areas where they teach. Table 1 

shows the textbooks' themes in different levels 

of education. The textbooks focused on the Deli 

River's history, current river functions, 

identification of river water quality, polluted 

river environment, river conservation, domestic 

wastewater treatment, and flood. 
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Table 1. Thematic list of textbooks in different levels of education 

No Name of 

School 

EE Theme 

1 Elementary 

School first 

grade 

The theme of this elementary school book focuses more on learning about 

rivers. Because this elementary school is very close to the river. History of 

the river, the role of the river, the function of the river, Animals and plants 

in the river, waste in the river, types of waste 

2 Elementary 

School 

second grade 

 

The themes for second grade of elementary schools are primarily about the 

history of rivers, river overflows, waste in rivers, river functions, types of 

rivers, the role of rivers, managing domestic waste 

3 Junior High 

School  

Middle school themes about types of rivers, the role of rivers, waste in 

rivers, river management, floods, wastewater, the role of the community, 

use of the Joukasou, visits to wastewater treatment plants (WWTP), water 

supply companies, and landfills, animals, and plants in the river 

4 Senior High 

School first 

grade 

 

High school theme, about the types of rivers, the role of rivers, waste in 

rivers, river management, floods, community role wastewater, use of 

joukasou, visits to wastewater treatment plants (WWTP), water supply 

companies, and landfills, plants and river plants, compost, biopore, floods, 

and the role of the community in managing green areas 

5 Senior High 

School 

second grade  

High school theme, about the types of rivers, the role of rivers, waste in 

rivers, river management, floods, community role wastewater, use of 

joukasou, visits to wastewater treatment plants (WWTP), water supply 

companies, and housing 

 

The teacher selected a theme based on the 

chapter and then identified the sub-theme before 

creating a storyline. This activity is conducted 

every two months, where teachers gather and 

produce books based on their collected data. The 

photos presented in Fig. 3 depict the teachers 

working on creating the book, which was carried 

out at the Graha Kirana Building, one of the 

NGOs that participated in the book-making 

project. During the book-making process, the 

teacher creates an initial draft that includes an 

introduction, an explanation of the theme, the 

use of media, assignments, and evaluations.  

 

Fig. 3. Textbook writing activities

Evaluation of Textbooks 

The teacher's guidebook is a compilation of the 

evaluation results from the trial of student 

textbooks. During the trial, teachers take notes 

on the learning process, identify media and 

teaching method deficiencies, and provide 

feedback on assignments and evaluations. These 

notes are recorded and used to create the 

teacher's guidebook, designed to support 

teachers using the student EE books to teach EE. 
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The revision and printing process for the 

teacher's guidebook takes approximately 7 

months. The book is valuable for other teachers 

to use. Following data collection through polling 

survey on waste problems in the field, teacher 

interviews were conducted after the book trial. It 

was discovered that the teacher wished to create 

textbooks on other themes and that the student 

knowledge test results were promising. 

Through this project, the implementation of EE 

programs for students and the community can 

continuously improve their knowledge, 

awareness, and attitude. A test on the knowledge 

and attitudes of elementary, middle, and high 

school students was conducted. The knowledge 

and attitude questions were adapted from the EE 

textbook compiled by the teacher EL. The 

knowledge and attitude of elementary and junior 

high school students were found to be similar. 

However, there was a difference in knowledge 

and attitude scores between high school and 

junior high, as well as high school and 

elementary school. 

Since the beginning of the project, the EL 

teacher and the Kitakyushu City team have 

developed a plan to create an EL book. They 

started by conducting an opinion poll to identify 

environmental problems in the Deli River and 

then developed a theme to be included in the 

textbook that aligned with the elementary, 

middle, and high school curriculum and EE 

subject matter. However, due to the pandemic, 

the meetings for making the textbook were held 

online. They have been holding weekly meetings 

to continue creating teaching materials, and the 

textbooks are expected to be finished in March 

2021, followed by testing at the beginning of 

April. The questionnaire results show that ELs 

have gained an understanding of how to create 

textbooks, teach EE, and feel capable of being 

agents of change. After the completion of the 

student books and teacher guidebooks, 

questionnaires were distributed to teachers to 

evaluate their experience in creating the books. 

 

Figure 4. Trial of EE Book 

This EE textbook was tested for one year in each 

school, with 30 grade 2 students involved. The 

book was tested based on chapters, with weekly 

meetings for 2-hour lessons over the course of a 

year. The trial results showed increased students' 

knowledge after studying EE using the PBL 

method. One of the discussion themes in the 

junior high school EE book are rivers and their 

surroundings. Students were assigned to analyze 

the condition of the river using the PBL method 

from upstream, middle, and downstream 

perspectives. As a result, students drew pictures 

of the current and future river conditions, shown 

in Figure 5. The questionnaire distributed to the 

25 teachers involved in making EE textbooks 

revealed that teachers with no prior experience 

writing books were interested in trying again 

after the training. Based on the PjBL methods 

done to the teachers as EL, they also gained 

valuable knowledge on how to make books. 
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Fig. 5. Students' drawings analyze the condition of the upstream, middle and downstream of a river 

Incorporating elements of both PBL and PjBL 

can effectively provide students with a more 

engaging and meaningful learning experience 

(Wiek et al., 2014). As in this case, the teachers 

are trained using PBL and PjBL approaches, 

they are more likely to engage in the learning 

process. Therefore, the environmental problems 

can be solved by developing textbooks which 

are relevant to their lives and interests. Besides, 

teachers can create projects that are relevant and 

meaningful and require students to apply their 

knowledge and skills in real-world contexts. As 

environmental problems are complex, both 

approaches used in this research project can help 

them develop important communication and 

collaboration skills (Farrow et al., 2022; 

Indriyani Rachman et al., 2021; Sukackė et al., 

2022). 

Conclusions  

The success of the project in creating teaching 

materials is strongly supported by the role of the 

school and the teachers involved in the project-

based activities, which provides teachers with 

experience in making books. Difficulties in 

bookmaking activities were encountered at the 

beginning of the writing process. Teachers had 

to determine the narrative, link pictures, and 

select appropriate learning media. However, the 

teachers became more skilled in making 

textbooks and finding information over time. 

The PjBL and PBL approach was successful 

when the teachers as part of the EL visited 

Kitakyushu City and saw real examples of EE 

implementation. They learned how to plan, 

teach, and evaluate EE, especially in river-

related materials. After attending a workshop on 

textbook creation and completing their 

textbooks, the teachers wanted to try creating 

books with other themes. This study shows that 

implementing PBL-PjBL approaches 

successfully improves the EL's environmental 

knowledge, especially the teachers of the Medan 

City schools. 
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