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 The small-scale tofu industry Tahu Sumedang Putri Deli generates large 

volumes of wastewater that have been discharged directly into the drainage 

channel without treatment, causing odor, turbidity, and blockage that disturb 

the surrounding settlement. This community service program aims to 

implement an eco-wetland phytoremediation technology using water lettuce 

(Pistia stratiotes) and water jasmine (Echinodorus palaefolius) equipped with 

a coarse screen, as well as to strengthen the partner's capacity in wastewater 

management and cleaner production practices. The method consisted of 

socialization, training, technology implementation, mentoring and evaluation, 

and sustainability planning, supported by the environmental group Klinik 

Reboisasi. Results showed a 77.8% plant survival rate on day 7, with all water 

jasmine plants surviving while water lettuce reached 66.7%. Over six days of 

operation, wastewater pH increased from 4.76 to 7.3–7.4, TDS decreased by 

43.3–49.9%, and dissolved oxygen increased by 29.6–48.1%. Partner 

knowledge scores rose from an average of 55.0 to 86.25, with 87.5% of 

partners able to operate the system independently. These improvements were 

also supported by routine cleaning of the channel and plants, as well as the 

selection of water jasmine seedlings with well-developed root systems. The 

program indicates that eco-wetland is one of the least expensive and viable 

solutions for small scale tofu industries, though it requires source reduction 

for wastewater management to remain sustainable. 
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INTRODUCTION 

Household-based tofu production is an important small enterprise sector in many residential areas, such 

as the "Tahu Sumedang Putri Deli" enterprise, which began operations in 2014. This enterprise produces a 

white tofu with a daily capacity of around 500 kg. The tofu is sold to two major markets and processed to order 

to make fried tofu, fried tempeh, and pastel (savory pastries). Processing tofu generates a large volume of 

wastewater, estimated at 4,250 to 5,100 liters per day. This is estimated by processing 250 to 300 kg of 

soybeans per day and assuming a pollution ratio is around 17 liters of wastewater for one kilogram of processed 

soybeans. These estimates fall within the range of other studies of the characteristics of wastewater from small 
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tofu industries, where volume of wastewater discharged is directly proportional to the volume of soybeans 

processed, and has the potential to exceed set standards, if not controlled at the source (1). 

Business owner observations and interviews indicate that production wastewater discharges directly 

untreated through PVC piping in the factory ditch. The waste carries residual whey and finer soybean pulp that 

settles in the pipes and ditches, causing foul odors, turbid water, and potential blockages. Clustered small to 

medium scale tofu factories in Indonesia face the same issues, as most do not have wastewater treatment plants 

(WWTPs), resulting from land scarcity and high capital costs. For these reasons, many studies advise 

establishing common WWTPs or appropriate technologies for small and medium enterprises (SMEs) (2). 

Designs for small scale wastewater treatment plants for tofu or tofu-tempeh industries have been evaluated for 

their pollution removal efficiency and cost, as well as occupied space. Based on these, the appropriate 

technology for a particular business is selected (3). In terms of regulations, every wastewater generating 

business or activity in Indonesia is obliged to ensure the wastewater that are discharged into water bodies or 

environmental drainage systems meet the applicable wastewater quality standards as stipulated in Government 

Regulation Number 22 of 2021 on the Implementation of Environmental Protection and Management (4).  

To solve the identified challenges, this community service project developed a technology with 

provisions for eco-wetland phytoremediation using water lettuce, (Pistia stratiotes) and Mexican sword plant 

(Echinodorus palaefolius) and the installation of coarse filters on discharge channels.The chosen technology is 

based on simplicity, low cost, and ease of operation, and requires no maintenance by our partners. The main 

goals of this initiative are to: (a) increase the partners’ capacity in management of environmental business by 

enhancing their understanding of management of tofu wastewater; (b) decrease the pollution load of wastewater 

by showing improved values of pH, reduced values of TDS, enhanced DO, and enhanced effluent aesthetics; 

(c) stimulate the application of cleaner production principles in small-scale tofu business.  

The significance of the cleaner production approach lies in its focus at all stages of production in 

preventing waste generation at a minimum cost. It is, therefore, more appropriate for small-scale tofu 

enterprises than many waste treatment methods that involve substantial capital investments (5). This effort also 

aligns with the spirit of implementing green industry concepts within small-scale industries, emphasizing waste 

management as an integral component of business sustainability and a demonstration of the industry's 

environmental responsibility toward the surrounding community (6). 

 

 

METHOD 

The implementation method for this community service activity is designed to support the application 

of phytoremediation eco-wetland technology—utilizing water lettuce (Pistia stratiotes) and Echinodorus 

palaefolius (often known as "water jasmine") and featuring a coarse filter at the discharge channel alongside 

strengthening wastewater management and implementing cleaner production practices at a small-scale tofu 

factory. Implementation is carried out in stages and through a participatory approach, involving the supporting 

partner "Klinik Reboisasi" (Reforestation Clinic), an environmental group experienced in developing eco-

wetland systems and community-based environmental rehabilitation. The implementation stages comprise the 

following five key activities: 

a. Socialization 

Socialization is conducted to reach a consensus on the issues, partner needs, eco-wetland design, and 

the activity implementation workflow. The proposing team facilitates discussions and the mapping of 

wastewater issues; the partner, "Tahu Sumedang Putri Deli," provides data on production, location, and the 

condition of wastewater channels; while Klinik Reboisasi offers technical input regarding the eco-wetland 

design. 

 

b. Training 

The training phase aims to enhance the partner's capacity in wastewater management and the 

implementation of cleaner production; it is conducted by the proposing team with active support from Klinik 

Reboisasi. Training materials cover cleaner production principles in the tofu industry, the concepts and 

operational mechanisms of phytoremediation eco-wetlands, the function of coarse filters for solids control at 

the source, and the basics of water quality monitoring (TDS, pH, and DO). Proposing team members and 

students create and facilitate learning modules, deliver lectures, and facilitate discussions. Klinik Reboisasi 

provides training based on its practical field experience. Meanwhile, the tofu factory partner actively joins the 

discussions and simulation exercises. The end of training evaluations is based on a pre- and post-knowledge 

test. The indicator of success is an increase in post-knowledge test scores by 80% or more when compared to 

pre-knowledge test scores. This approach of an evaluation of training is similar to that of other community 

service programs that measure the effectiveness of training by using a pre- and post-knowledge test to assess 

understanding of the participants (7).  
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Figure 1. Technical training on Eco-Wetland implementation with partners and Klinik Reboisasi 

 

c. Technology Implementation 

The proposing team along with the tofu factory partner and the Reforestation Clinic implement the 

technology. The main activities include the installation of coarse filters on drainage pipes, the construction of 

a phytoremediation eco-wetland unit with two types of floating plants (water lettuce and water jasmine), and 

the integration of the waste stream from the production process into the filtration and eco-wetland system. The 

proposing team conducts the implementation tasks based on the design and cleaner production approach. 

Students support implementation tasks by measuring the quality of waste and documenting the quality of waste. 

The Reforestation Clinic supports the task by installation and planting. The partner is highly engaged in the 

construction and the initial operational stage of the system. In this phase the evaluation is of the installation of 

the system according to the design, the waste flow operational, the phytoremediation plants survive, and grow 

with a minimum level of success of 80%.  

 

d. Mentoring and Evaluation 

The Reforestation Clinic implements periodic mentoring to assist the proposing team in the 

operationalization of the eco-wetland system in accordance with the SOPs. Guidance is provided as needed 

and the partners are guided on how to monitor the quality of liquid waste (TDS, pH and DO) and the adherence 

to SOPs. The proposing team and student volunteers monitor system performance and evaluate the partner's 

waste management practices. The partner at the Reforestation Clinic develops the partner's capacity to identify 

and resolve issues while the factory partner runs the operations and reports any operational challenges. 

Evaluation involves comparing pre- and post-intervention conditions regarding technical aspects (improvement 

in waste quality) and managerial aspects (SOP compliance and the partner's operational independence). 

 

e. Program Sustainability 

Program sustainability is fostered through the implementation of simple SOPs, a passive and low-

maintenance eco-wetland system design, and partner capacity building conducted jointly with the Reforestation 

Clinic. Partners are encouraged to integrate eco-wetland-based waste management into their factory's 

operational routines, with the Reforestation Clinic serving as a post-program support network for technical 

consultation as needed. 
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RESULTS AND DISCUSSION 

Before the coarse filtration system and eco-wetland were put into operation, the proposing team, 

together with partners and the Reforestation Clinic, conducted a thorough cleanup of the wastewater drainage 

ditch. This process included removing accumulated soybean residue and old sediment the result of long-

standing habits of discharging untreated waste. This initial cleanup was crucial to ensure that the flow of 

wastewater toward the filtration and eco-wetland units would not be obstructed by residual solids, while also 

establishing a cleaner environment for the phytoremediation plants to adapt. 

It is important to note that cleaning the ditches will be a continuous activity, even after the construction 

of the eco-wetland. Lack of continuous cleaning results in the build-up of solid and liquid whey that ultimately 

leads to the eco-wetland media over saturation and root deterioration. This results in a lack of capacity for the 

eco-wetland to absorb and neutralize contaminates, resulting in rapid wilting of the plants. The effects of 

inadequate cleaning have been observed in the rehabilitation of community wastewater treatment plants, where 

the performance of the biological treatment systems deteriorated and ammonia started accumulating due to 

lack of cleaning of the treatment media and components (8).  

Wastewater was directed to the coarse filter and the eco-wetland following the designed treatment flow 

when the system was ready for operation. After one week, plant growth was monitored and of the 18 planted 

seedlings, 14 (77.8%) had survived. In particular, all of the 6 Echinodorus palaefolius (water jasmine) had 

survived. seedlings (100%) survived, whereas among the 12 *Pistia stratiotes* (water lettuce) seedlings, 8 

(66.7%) survived and 4 wilted. 

 

Table 1. Survival Rate of Phytoremediation Plants on Day 7 
Plant Type Initial Quantity Alive Wilted Survival Percentage 

Water Jasmine 6 6 0 100% 

Water Lettuce 12 8 4 66,7% 

Total 18 14 4 77,8% 

 

During the implementation period of six days, wastewater quality parameters were captured for every 

plant unit. In the Echinodorus palaefolius (water jasmine) unit, wastewater pH increased from 4.76 to 7.32, and 

TDS decreased from 383 ppm to 192 ppm (a 49.9% decrease), while DO increased from 2.7 mg/L to 3.5 mg/L 

(a 29.6% increase). For the Pistia stratiotes (water lettuce) unit, pH increased from 4.76 to 7.35, TDS decreased 

from 383 ppm to 217 ppm (a 43.3% decrease), and DO increased from 2.7 mg/L to 4.0 mg/L (a 48.1% increase).  

 

Table 2. Changes in Wastewater Quality in the Water Jasmine Unit 
Parameter Initial Condition Day 2 Day 4 Day 6 

pH 4,76 7,24 7,45 7,32 

TDS (ppm) 383 201 194 192 

DO (mg/L) 2,7 3,2 3,2 3,5 

 

Table 3. Changes in Wastewater Quality in the Water Lettuce Unit 
Parameter Initial Condition Day 2 Day 4 Day 6 

pH 4,76 7,54 7,61 7,35 

TDS (ppm) 383 219 200 217 

DO (mg/L) 2,7 3,2 3,8 4,0 

 

Based on the research, the improvements in pH and DO observed in the water lettuce unit have been 

reported to be the results of pH increases of approximately 11.9% and TDS reductions of up to 83% in water 

lettuce in constructed wetlands treating domestic wastewater. Thus, the plant has the ability to neutralize acidic 

wastewater and increase DO in different types of liquid waste (9). For the water jasmine unit, results align with 

studies showing long hydraulic retention times lead to better pollutant removal and improved pH and 

temperature. As such, the six-day period of this field application should be considered satisfactory for achieving 

measurable improvements in the quality of wastewater (10).  

It should be noted that the degree of TDS reduction in this field application was greater than what has 

been observed in laboratory studies. For example, in one laboratory study, water jasmine only achieved a 12.4% 

TDS removal for domestic wastewater. Variations in the degree of removal can be attributed to variations in 

the characteristics of wastewater, plant density, and operating conditions (11). In general, water jasmine 

showed better removal of TDS when compared to water lettuce. However, water lettuce had better 

improvements in DO over water jasmine. Both water jasmine and water lettuce showed good improvements in 

wastewater pH from an acidic state of 4.76 to a pH above 7.0. This is important because acidic tofu wastewater 

poses a negative impact on the ecosystem and drainage networks surrounding the wastewater treatment facility.  
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The ability of water jasmine to absorb pollutants is evidenced by studies that show it being an effective 

phytoremediator to extract heavy metals, such as copper (Cu), via the accumulation of the heavy metals in the 

root and stem tissues (12). Similar findings have been published for the treatment of landfill leachate, where 

water jasmine reduced various pollutant parameters in the constructed wetland systems, further showing the 

plant has the ability to be employed in various types of wastewater that are characterized by high loads of both 

organic and inorganic substance (13). The literature basically supports the notion that water jasmine is a 

multipurpose phytoremediation tool, capable of combining the absorption of pollutants with aesthetic value, 

and hence, can be employed in both the treatment of industrial wastewater and in the urban landscaping of 

aquatic settings (14). The higher mortality rate of water lettuce (33.3%) compared to water jasmine (0%) shows 

that water lettuce is more sensitive to higher initial pollutant loads. This further supports the assertion that the 

decomposition of tofu wastewater reaches the optimal balance of water lettuce only after a certain period of 

time with low initial pollutant loads and with a higher biomass density (15).  

Improvements in TDS, pH and DO levels as well as the considerable reduction in TDS levels in both 

units cannot be attributed to the plants alone. The improvements can be attributed to the maintenance carried 

out in both units during the period of the study. It is common practice to clear channels during the operational 

phase of the eco-wetland to facilitate the flow of waste water and to prevent the deposition of raw solids on the 

roots of the plants. Routine maintenance on the plants (removing dead leaves and debris) also helped in 

maintaining optimum conditions for the uptake of pollutants. The choice of plants also contributed. The water 

jasmines were of mature specimens with extensive root systems, which provided an extensive area for the 

uptake of pollutants. This was compared to Water lettuces (Pistia stratiotes) which are difficult to obtain in 

older specimens with mature root systems. The water lettuces used in the study were of smaller size with fine 

roots compared to the water jasmine which led to faster wilting and slower uptake of pollutants.  

A study by Amirah et al. Comparing the phytoremediation abilities of Limnocharis flava (genjer) and 

Eichhornia crassipes (water hyacinth) on tofu wastewater from the home industry illustrates the need for root 

density and the contact time of wastewater within the phytoremediation system (16). In these studies, the water 

hyacinth exhibited the highest removal at 46% for Biochemical Oxygen Demand (BOD), and 44% for 

Chemical Oxygen Demand (COD), in just 2 days; but its effectiveness dropped to 25–26% at 4 and 6 days. 

Conversely, Limnocharis flava demonstrated its best removal at 35% for BOD and 37% for COD on day 4, 

and at 2 and 6 days, the reductions from 17 to 31% were observed. Amirah and colleagues proposed that the 

decreased effectiveness of both plants after day 4 was due to the saturation of the absorption of pollutants and 

the initiation of the degradation of the plant biomass. In this regard, the peak removal of BOD and COD 

obtained by Amirah and colleagues is slightly higher than the reductions of Total Dissolved Solids (TDS) 

achieved presently with Echinodorus palaefolius (water jasmine) (49.9%) and Pistia stratiotes (water lettuce) 

(43.3%). 

The choice of water lettuce and water jasmine as phytoremediators in this study is also justified since 

not all aquatic plants work to treat tofu wastewater. For example, for other tofu factory wastewater, research 

states that water spinach (Ipomoea aquatica) is not efficient to reduce COD in a short contact time, so the 

choice of the phytoremediator plants depends on the characteristics of wastewater and the contact time (16). 

On the other hand, the combination of Azolla microphylla and Eichhornia crassipes also shows that they can 

treat tofu wastewater, and this provides the partner the opportunity to develop other species of phytoremediators 

for the eco-wetland, if and when local plants become available (17).  

The constructed wetland technique in this activity is consistent with other studies on the treatment of 

soy industry wastewater. Those studies show that constructed wetland systems can remove organic pollutants 

at low cost (18). For partner capacity building, pre- and post-test results from eco-wetland management training 

showed an increase in knowledge from 55.0 to 86.25 (a 3.13 point increase on the scale used) with all eight 

participants (100%) showing improvements in their scores. Field observations after the training showed that 

seven out of eight partners (87.5%) worked independently to operate, maintain, and monitor the eco-wetland. 

As a result, the transfer of knowledge and skills was effective and the training supported the management of 

the system after the assistance period was over. 

 

Table 4. Evaluation Results of the Eco-Wetland Management Training 
Training Type Average Pre-test Average Post-test Improvement Participants Who 

Improved 

Eco-Wetland Management 5,50 8,63 +3,13 points 8 people (100%) 

 

In addition to reducing pollutant loads, the eco-wetland creates opportunities for partner engagement; 

tofu wastewater that has been treated to some extent can be used as a raw material for liquid organic fertilizer 

to help grow horticultural crops (19). To complement the existing phytoremediation system, partners might 

also consider adding a natural biocoagulant unit using locally sourced materials such as citrus peel waste as an 
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additional pre-treatment step to further reduce the solids load before the wastewater enters the eco-wetland unit 

(20). Overall, these results demonstrate that the integration of coarse filtration, phytoremediation eco-wetlands, 

and waste management training can yield significant improvements in both the technical aspects of wastewater 

quality and the partners' operational capacity within a relatively short period of assistance. 

 

 

CONCLUSION 

This community service activity demonstrates that the implementation of a phytoremediation eco-

wetland technology utilizing Pistia stratiotes (water lettuce) and Echinodorus palaefolius (water jasmine) 

integrated with a coarse filter in the drainage channel can significantly improve the quality of tofu factory 

wastewater within six days. Improvements were evidenced by a shift in pH toward neutral, a reduction in Total 

Dissolved Solids (TDS) of nearly 50%, and an increase in dissolved oxygen levels. A plant survival rate of 

77.8% by day seven, combined with a rise in partner knowledge scores from an average of 55.0 to 86.25 and 

the fact that 87.5% of partners could operate the system independently indicates that this approach is feasible 

and applicable for low-cost implementation in small-scale tofu businesses. 

It should be noted the eco-wetland will not solve tofu factory waste management. This system is a 

demonstration of a beginning for using ecological approaches to managing pollution loads. However, along 

with this system, there needs to be a priority on waste reduction. This includes using cleaner production 

principles, controlling solids at the source with filtration, and maintaining partners' discipline in keeping the 

drainage channels free of pollution. Therefore the management of tofu factory waste needs a combination of 

different ecological technologies, partnership operational discipline, and the application of cleaner production 

principles to ensure long-term sustainability. 
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