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Abstract 

The simple and low cost water treatment of effective microorganisms (EM) technology was applied for water quality 

restoration; NH4-N and carbon content removal. The EM balls were prepared from EM stock, molasses and dried bran. 

The 30-L opened reactors were operated under different air supplies (namely no aeration and aeration reactors) and 

quantity of EM balls (namely 1EM, 2EM and 3EM reactors). The results revealed that the aeration benefited to rapid 

pollutants reduction due to the increasing microorganisms activity under sufficient dissolved oxygen concentration. The 

concentration of NH4-N and COD in the aeration reactor was notably lower than that in the no aeration reactor during 

the experimental period. The aeration reactor achieved 83% for total nitrogen removal and 80% for COD removal after 

17 days. On the other hand, the lower total nitrogen and COD removals of 77% and 60% respectively was observed in 

the no aeration reactor. In the meanwhile, the quantity of EM balls had significant impacts on the pollutants removal, 

because the number of effective microorganisms were dependent on quantity of EM balls. The best performance was 

observed in 2EM reactor, and followed by 1EM reactor and 3EM reactor respectively. This was because the excessive 

EM balls led to very high NH4-N and COD releasing from substrates decomposition. According to this study, the DO 

should be maintained around 6 mg/L and the optimal quantity of EM balls was two for achieving the efficient NH4-N 

and COD removals with a high NH4-N removal rate.  
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1. INTRODUCTION 

The effective microorganisms (EM) technology was 

developed during the 1970’s by Professor Teruo Higa at 

the university of Ryukyus in Okinawa, Japan. The EM are 

multi-culture of aerobic and anaerobic beneficial 

microorganisms, which is capable to decompose organic 

matter by converting it to carbon dioxide (CO2), methane 

(CH4) or use it for growth and reproduction. The main 

species include lactic acid bacteria (i.e., Lactobacillus 

casei), photosynthetic bacteria (i.e., Rhodopseudomonas 

palustrus,), yeasts (i.e., Saccharomyces cerevisiae, 

Candida utilis), actinomycetes (i.e., Streptomyces albus) 

and fermenting fungi (i.e., Aspergillus oryzae, Mucor 

hiemalis) (Victoria & Mahaeswari, 2016). Recently, the 

EM technology has been widely used in developing 

countries for enhancing sewage and wastewater treatment 

(Boruszko, 2017; Lananan et al., 2014), increasing plants 

growth under salt stress (Abd El-Mageed et al., 2020), 

reducing residual sludge in septic tanks, livestock 

development and household uses (Higa & Kanal, 1996). 

Significant advantages of using EM were ease of use and 

relatively inexpensive technology. In addition, it can be 

applied in various fields such as agriculture, environment, 

etc.  

     Aeration (or dissolved oxygen concentration; DO) and 

amount of EM were important factors for water quality 

improvement by EM technology. The ratio of activated 

EM culture and domestic wastewater was 100:2000 mL 

in a literature (Namsivayam et al., 2011). After 20 days, 

the COD was decreased from 164 mg/L to 109 mg/L and 

the DO was low as 1.7 mg/L due to no air supply. 

According to Thepnarong et al. (2015), the effluent from 

aquaculture was treated by EM balls; the aeration was 

controlled at 2.5 L/min and the quantity of EM balls was 

two. The organic content in term of BOD and NH4-N was 

decreased to < 20 mg/L (initial 25 mg/L) and < 0.5 mg/L 

(initial 1.5 mg/L) respectively, which were acceptable 

concentrations for effluent standard in Thailand (PCD, 
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2021). The DO of treated wastewater was in the range of 

4-5 mg/L.  

     With current increasing population growth and socio-

economic development, the quality and quantity of water 

resource are gaining the attention. The improper 

management of waste and wastewater causes negatively 

impacts on water resource and human health from 

pollutants exceeding the standards, unpleasant by-

products and odor. The sustainable development 

incorporating both socio-economic and environmental 

perspectives is essential task in order to prevent the 

environmental deterioration. Various advanced 

technologies such as nanoparticle-activated carbon 

hybrid (Kamaraj et al., 2020) and innovative hybrid 

membrane-ultrasound (Naddeo et al., 2020) are in 

practice for improving water quality as well as pollutants 

removal, however most of them are costly and generate 

secondary waste. Therefore, the EM is one of promising 

ways for improving water quality, due to its ecofriendly 

nature, less cost and capital requirement. However, 

several aspects of its operating conditions are unclarified. 

     In the present study, the performance of EM 

technology was evaluated to remove ammonium-nitrogen 

(NH4-N) and carbon content (as presented in chemical 

oxygen demand; COD) which are common pollutants in 

water resource and causing an unpleasant odor. The 

influence of aeration and amount of EM on both 

pollutants removal were clarified and discussed.    

 

2. MATERIALS AND METHOD 

2.1 Preparation of EM ball and synthetic water  

The EM stock was collected from Land Development 

Office Section 8 (Phitsanulok, Thailand), and 12.5 g of 

EM stock was mixed with 25 mL of molasses and 1 L of 

deionized water. The EM solution was kept at room 

temperature (25C) for 2 days. Later, the EM solution 

was slowly mixed in 2 kg of dry bran, and the mixture 

was molded into spherical balls each of diameter 3 cm 

(namely EM balls). The EM balls were kept at room 

temperature (25C) for 7 days before using in the 

experiments. 

 

2.2 Reactor setup and operation 

     The opened cylinder plastic reactors with 30-L 

working volume (28  cm x 65 cm) were used in this 

study. The synthetic water was prepared by following 

chemicals (g/L); 1.13 of CH3COONa3H2O, 0.11 g of 

NH4Cl, 0.24 g of NaHCO3 and 0.01 g of KH2PO4. The 

synthetic water contained approximately 30 mg/L of 

NH4-N and 600 mg/L of COD. Various quantity of EM 

balls and air were supplied via aquatic aerators to the 

reactors, as summarized in Table 1. No fresh water was 

fed to the reactors during the experiments. The water was 

sampled, collected and analyzed every 1-2 days for water 

quality analysis.  

Table 1.  Operating conditions for the experiments. 

 

Reactor Amount of 

EM (balls) 

Air supply 

(L/min) 

Approximately 

DO 

concentration at 

the steady state 

(mg/L) 

Influence of aeration  

1 2 0 0.7 

2 2 2 6.0 

Influence of amount of EM  

1 1 0 0.7 

2 2 0 0.7 

3 3 0 0.6 

 

2.3 Analytical methods  

Three forms of nitrogen including NH4-N, NO2-N and 

NO3-N were determined by phenate, colorimetric and 

ultraviolet spectrophotometric screening methods, 

respectively in accordance with the standard methods for 

the examination of water and wastewater (APHA, 2017). 

The COD was determined by closed reflex method 

(APHA, 2017). The in-situ DO, pH and turbidity were 

measured every 1-2 days by DO meter (DKK-TOA DO-

31P), pH meter (Proline B210) and turbidity meter 

(HACH 2100Q).  

 

Equations used for calculations  

At the end of experiment (day 17), the performance of 

EM on water quality improvement was indicated by total 

nitrogen removal and COD removal, as presented in 

Equations 1-2.   

 

Total nitrogen removal (%) 
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3. RESULTS AND DISCUSSION 

3.1 Influence of aeration and no aeration to water 

quality 

Two fed-batch-mode reactors containing 2 EM balls 

were operated without air supply (namely no aeration 

reactor) and with air supply of 2 L/min (namely aeration 

reactor) to investigate the effect of aeration and DO 

concentration on the pollutants reduction. The no aeration 

reactor referred to the condition of natural water 

restoration which obtaining dissolved oxygen from the air 

diffusion, whereas the aeration reactor referred the 

condition of excessive dissolved oxygen from external 
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aerator. In the no aeration reactor, the NH4-N was 

continuously decreasing from initial concentration of 30 

mg/L to 14 mg/L in day 5 (reduction rate of 2.8 mg/L-

day), whereas the slight NO3-N concentration was 

observed. Later, the NH4-N was increasing to the 

maximal concentration of 26 mg/L and this concentration 

was again decreasing until the end of experiment (see in 

Figure 1). Similarly, three changing concentration 

profiles of COD were observed in the no aeration reactor; 

1) the concentration was started to decrease, 2) it was 

raised in sequencing days, and 3) finally it was constantly 

decreased (Figure 2).  

The biological mechanisms relating to the reduction 

of NH4-N and COD were suggested in Equations 3-5 

(Alikhani et al., 2017; Tenore et al., 2020). The nitrogen 

and organic carbon was oxidized by microorganisms 

existing in EM balls to synthesize the new cells, as 

described in Equation 3. The initial DO concentration was 

around 5.8 mg/L, which was in the range of surface water 

quality from 4 to 6 mg/L (PCD, 2021), and it was sharply 

decreased to approximately 0.7 mg/L at the steady state. 

Since the dissolved oxygen was still remained in the no 

aeration reactor (DO of 0.7 mg/L), the nitrification was 

occurred to transform NH4-N to NO3-N, as described in 

Equation 4. The generated NO3-N was continuous 

transformed to gaseous N2 by denitrification, as shown in 

Equation 5. Although the conventional denitrifying 

microorganisms were active in anaerobic condition, the 

literatures reported that the denitrifying microorganisms 

were also effective in a low DO condition (Song et al., 

2020). The EM balls consisted of multi-culture 

microorganisms, therefore various microbial species 

including nitrifying, denitrifying, autotroph and 

heterotroph were co-exited and caused synergistic effects 

on pollutants removal. However, the other organic 

contents such as molasses and bran in EM balls were 

decomposed, causing the increasing NH4-N and COD 

concentrations during day 4-9. However, those active 

microorganisms can remove the decomposed matters via 

their microbial activity consequently. At the end of 

experiment, the no aeration reactor achieved 77% of total 

nitrogen removal and 60% of COD removal.  

 

Oxidation and synthesis: 
COHNS + O2 + nutrients → CO2 + NH3 + C5H7NO2 + other end products                  (3)                        

Nitrification: 
NH4

+ + 1.83O2 + 1.98HCO3
- → 0.021C5H7NO2 + 0.98NO3

- + 1.041H2O + 1.88H2CO3     (4) 

Denitrification: 
NO3

- + 1.08CH3OH + H+ → 0.065C5H7NO2 + 0.47N2 + 0.76CO2 + 2.44H2O   (5) 

 

 
Figure 1 Change of nitrogen forms in the no aeration 

reactor 

 

 
Figure 2 Comparison of COD trends in the no aeration 

reactor and aeration reactor 

 

In the aeration reactor, the NH4-N was sharply 

decreased and reached the minimal concentration of 3 

mg/L which was lower than the no aeration reactor 

(Figure 3). The results exhibited the enhancing 

nitrification activity under continuous air supply (DO of 

6.0 mg/L) with a high reduction rate of 8.8 mg/L-day. In 

the meanwhile, the increase in NH4-N from substrates 

decomposition of EM balls was also happened. The 

aeration can cause the improvement of microbial activity 

to utilize the organic carbon, as indicated by the lower 

COD trend in the aeration reactor rather than the no 

aeration reactor (Figure 2). Finally, the aeration reactor 

with EM balls reached the 83% of total nitrogen removal 

and 80% of COD removal, which was better performance 

than the no aeration reactor with EM balls.  

 
Figure 3 Change of nitrogen forms in the aeration 

reactor 
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Turbidity is one of important water quality factors for 

residential satisfaction. The impact of using EM balls on 

the water turbidity was examined. The EM balls were 

immediately separated after adding in the reactors 

(Figures 4a and 4b). This resulted the suddenly increasing 

turbidity value at day 1 (see in Figure 5). The continuous 

air supply had significant impact on the dispersion of 

microorganisms and microorganisms’ growth, thus the 

high turbidity of 30 NTU was detected in the aeration 

reactor. The greater number of suspended 

microorganisms in the aeration reactor led to agglomerate 

and consequently the microorganisms were settled down 

at the reactors base (Figure 4c). This phenomenon led to 

the lower turbidity of aeration reactor (of 9 NTU) rather 

than the no aeration reactor (of 15 NTU) at the end of 

experiment. The increase in total heterotrophic bacteria 

and yeast population in the EM system was reported in a 

previous study (Namsivayam et al., 2011). The change of 

EM balls in the reactors was illustrated in Figure 4.  

Furthermore, the settling microorganisms provided 

anaerobic condition for microbial reactions (i.e., 

denitrification). Therefore, either no aeration reactor or 

aeration reactor was facultative system for pollutants 

removal. Although the pollutants removal efficiency was 

improved via continuous air supply, the increase in 

operating cost and on-site condition should be concerned 

for EM balls implementation.  

 

  

 
 

Figure 4 Change of EM balls in the reactors; (a) after EM balls addition, (b)  EM balls was dispersed as effective 

microorganisms,  and (c) effective microorganisms were settled down

  

 
Figure 5 Comparison of turbidity trends in the no 

aeration reactor and aeration reactor  

 

3.2 Influence of EM ball quantity to water quality  

In this experiment, three no aeration reactors were 

operated under different number of EM balls to clarify the 

influence of EM balls on the pollutants removal; one EM 

balls (namely 1EM reactor), two EM balls (namely 2EM 

reactor) and three EM balls (namely 3EM reactor). From 

Figure 6, the NH4-N reduction and its change were similar 

in the three reactors. In day 1-5, the NH4-N reduction rate 

was ranged 2.8-3.0 mg/L-day in the 1EM and 2EM 

reactors, and it increased to 4.0 mg/L-day in the 3EM 

reactor. Although the greatest number of EM balls 

obtained the highest NH4-N reduction rate in the 

beginning, the large amount of molasses and bran 

contents caused the excessive NH4-N releasing from EM 

balls decomposition in day 6-10. This significantly 

affected on the deficient total nitrogen removal of 27% at 

the end, whereas the total nitrogen removal reached 63% 

for 1EM reactor and 77% for 2EM reactor.  

The decomposition of substrates contents in EM balls 

causing pollutants releasing was proved by the trends of 

COD concentrations in Figure 7. The increasing COD 

reached the maximal concentration of 3,600 mg/L in the 

3EM reactor, followed by 2,080 mg/L in the 2EM reactor 

and 1,280 mg/L in the 1EM reactor. In comparison, the 

highest COD removal of 60% was observed in the 2EM 

reactor, whereas only 3% of COD was removed in the 

1EM reactor. On the other hand, none of COD was 

removed in the 3EM reactor after the experiment, and the 

higher concentration of 900 mg/L than the initial of 600 

mg/L was found. From the above results, the number of 

EM balls was important factor for improving the water 

quality. The increasing number of EM balls led to the 
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increasing number of active microorganisms for efficient 

pollutants removal, however the high decomposition of 

EM balls substrate can cause the poor quality of water 

resource. Due to the present study, the optimal number of 

EM balls was two.   

The similar pH trends were presented in Figure 8. 

After adding the EM balls, pH of three reactors was 

immediately dropped, because the EM balls contained 

acidity property (pH < 3.5) with sweet-sour taste and 

smell (Victoria & Mahaeswari, 2016). Later, the pH was 

continuously increasing and stable in day 14; the pH 

value was around 7.8, 7.7 and 7.4 in the 1EM, 2EM and 

3EM reactors respectively. The lowest pH in the 3EM 

reactor was possibly because the different dominant 

microorganisms due to the excessive organic substrates 

(i.e., molasses and bran), fermentation and acidogenesis 

process. However, the microbial mechanisms as well as 

the microbial community should be further clarified. 

Priya et al. (2015) suggested that the pH level of 7.4 was 

indication of healthy anaerobic environment and 

satisfactory methanogenic activity for EM technology. 

Due to previous studies, the continuously increasing pH 

was detected along with EM technology operation (Priya 

et al., 2015), and it was applicable to remove other 

pollutants such as phosphorus (> 90%) from improved 

fermentation in anaerobic zone (Rashed & Massoud, 

2015).  

 

 
Figure 6 Comparison of NH4-N trends in the 1EM, 

2EM and 3EM reactors  

 

 
Figure 7 Comparison of COD trends in the 1EM, 2EM 

and 3EM reactors  

 
Figure 8 Comparison of pH trends in the 1EM, 2EM 

and 3EM reactors  

 

4. CONCLUSION 

The EM technology was able to remove NH4-N and 

carbon content from the water resource. The aeration 

enhanced the DO concentration, microorganisms activity 

and their growth, resulting in the increasing NH4-N 

reduction rate and pollutants removal (83% for total 

nitrogen and 80% for COD). In the meanwhile, the rapid 

growth and absolute dispersion of microorganisms in the 

aeration reactor caused high turbidity, however the 

microorganisms were agglomerated and settled at the end 

of experiment. The largest quantity of three EM balls also 

enhanced NH4-N reduction rate in the beginning, 

however the NH4-N and COD releasing from substrates 

decomposition caused that only 27% of NH4-N was 

removed and relatively high COD was remained. Due to 

the present study, two EM balls were optimum and the 

DO value should be maintained around 6 mg/L for 

satisfied pollutants removal efficiency (83% for total 

nitrogen and 80% for COD). However, the pollutants 

types, volume of contaminated water and affordable 

treatment cost from aeration should be concerned and 

optimized for suitable and low-cost technology for water 

quality restoration.  
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