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Greetings, 

 

We extend a warm welcome to the 1st  International Conference on Environment, Green 

Technology, and Digital Society 2023. 

 

The ongoing discourse revolves around sustainable development and the pivotal role of 

technology. Green technology is dedicated to the creation and implementation of eco-

friendly solutions aimed at fostering a sustainable society. This encompasses initiatives 

in renewable energy, waste management, water conservation, sustainable transportation, 

and green manufacturing. On the other hand, Industry 4.0 incorporates cutting-edge 

technologies such as the Internet of Things (IoT), artificial intelligence (AI), big data 

analysis, robotics, and automation into industrial processes. Simultaneously, a digital 

society has emerged, utilizing tools, platforms, and networks for communication, 

commerce, governance, healthcare, education, and entertainment. 

 

Recognizing the potential synergy between these domains, our present conference 

anticipates valuable contributions from esteemed keynote speakers and presenters to 

explore the combined impact of green technology and digital society on sustainable 

development. This marks the inaugural occasion where The 1st  International Conference 

on Environment, Green Technology, and Digital Society, are being held in conjunction 

with The 5th Borobudur International Symposium 2023. 

 

To guide the discussions, we are honored to have world-class keynote speakers, namely: 

1. Prof. Thomas Kivevele, PhD., from The Nelson Mandela African Institution of Science 

and Technology, Tanzania. 

2. Prof. Madihah M. Saudi, PhD., from Universiti Sains Islam Malaysia. 

3. Prof. Hamit Solmaz, PhD., from Gazi University, Turkey. 

4. Prof. Mustafa Mat Deris, from Universiti Muhammadiyah Malaysia. 
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In our records, this symposium has garnered participation from 400 presenters 

representing eight countries, namely Indonesia, Malaysia, Thailand, Taiwan, Hungary, 

Turkey, Tanzania, and the Philippines. These presenters hail from 64 institutions. We 

express our gratitude to all the co-hosts and sincerely hope for the continuation of this 

collaborative effort in the coming years. 

 

We encourage you to immerse yourselves in the discussions and trust that this event will 

provide you with valuable insights. 
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Dichloro Diphenyl Trichloroethane (DDT) 
Insecticide Polluted Soil Remediation by 
Bacteria Consortium with Co-Substrate 
Utilization 

Almeira Putri Adefia1, Astri Rinanti1*, Melati Ferianita Fachrul1, Astari Minarti1, Sarah 
Aphirta1, Lutfia Rahmiyati1, Sheilla Megagupita Putri Marendra1, and Thalia Sunaryo1 
1Universitas Trisakti, Jakarta, Indonesia 

Abstract. Dichloro Diphenyl Trichloroethane (DDT) is an organochlorine 
insecticide that are largely used on agriculture and health sectors. DDT is an 
organic pollutant that are difficult to be dissolved and tend to survive in the 
environment for a long time because it is highly stable and persistent. DDT 
insecticide residue is still discovered in the soil even though its utilization 
has been stopped years ago and still negatively impacting human life and the 
environment through bio accumulation and bio magnification. 
Bioremediation is a potential method to remove recalcitrance compound 
such as DDT. The objective of this study is to gather and analyze information 
on DDT degradation by bacteria consortium with co-substrate addition. 
Pseudomonas putida and Pseudomonas stutzeri bacteria consortium were 
utilized to remediate DDT with glucose, sucrose, and yeast extract as co-
substrates. During 72 hours of observation, the three co-substrates namely 
yeast extract, glucose, and sucrose are able to degrade 75%, 56% and 
39.55% of 10 ppm DDT. Yeast is the most ideal co-substrate to assist 
bacteria consortium growth and to degrade DDT. The implementation of 
pilot scale land treatment bioremediation is planned to be at 50m3, with 
dimension of 20m length, 5m wide, and 0.5m high. The efficiency of the 
removal reached 90% with 67 hours of detention time. 

1 Introduction 
The Increasing population growth demands a rapid and sustainable agricultural sector 
production. Up until now, insecticides are still widely used by around 95.29% of 
Indonesian farmers because its high effectiveness, easy application on agricultural crops, 
and high success rate in avoiding crop failure [1]. However, excessive insecticide 
utilization will create problems towards the ecosystem and human health [2], because 
certain type of insecticides will leave residue that could last for decades [3]. 

 
* Corresponding author: astririnanti@trisakti.ac.id  
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DDT is hazardous for the environment because of its non-polar nature that enables it 
to not dissolvable in water but dissolvable in fat. The higher the number of trapped 
insecticides in fat (lipophilic) the higher its non-polar nature. Besides that, DDT is also 
quite stable and persistent which makes it harder to dissolve and last longer in the 
environment [4]. DDT has a long half-life, resulting in bioaccumulation and 
biomagnification in the food chain, which is 7 to 12 years. DDT and its main derivatives 
1,1-dichloro-2,2 bis-(4-chlorophenyl) ethane (DDD) and 1,1-dichloro-2,2-bis-(4-
chlorophenyl) ethylene (DDE) are found in water, soil, air and river sediments [5]. 

Considering that insecticides are difficult to degrade in the soil, a technology is needed 
that can overcome the accumulation of insecticide residues in the soil. Overcoming the 
accumulation of insecticide residues can be done by remediation. Bioremediation is a 
method of environmental recovery by utilizing microbes such as fungi, microalgae, and 
bacteria. The advantages of the bioremediation method are that the costs used are 
relatively lower than physical-chemical remediation technologies and are safe for the 
environment. Another advantage of bioremediation is that it can detoxify pollutants into 
CO2, and H2O and biomass, which means that bioremediation can remove pollutants 
permanently [6], [7].  

Although many bacteria have been shown to be capable of degrading DDT, their 
efficiency is relatively low, especially when DDT is used as the sole carbon source or due 
to limited substrate availability. Recent studies have shown that the addition of nutrients 
can stimulate the growth of microorganisms in the ecosystem [8], [9]. Based on that, the 
objective of this research is to analyze DDT insecticide bioremediation by bacteria 
consortium with co-substrate utilization as a basic for DDT insecticide bioremediation on 
pilot scale. 

2 Method 
This research was implemented in a number of stages. The main reference for secondary 
data is [9] and a number of supporting journal articles. 

2.1 Bacteria consortium cultivation and sensitivity test against ddt 

DDT degrading bacteria consortium is isolated from DDT contaminated soil sampled from 
Menasagere Village, Mandya District in India. 10 ppm of DDT addition is implemented 
periodically for 24 hours. The cells were examined with a spectrophotometer with 
density level of O.D(600). This bacteria consortium can be used to degrade DDT. 

2.2 DDT degradation with co-substrate addition 

Erlenmeyer flask filled with DDT, acetone, and bacteria consortium was incubated in a 
rotary shaker with 180 rpm rotation speed on 26-30oC room temperature for 24, 48, and 
72 hours. To study co-metabolic degradation of DDT, 0.5% of glucose, sucrose, and yeast 
extract as co-substrates were added. 
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2.3 Pilot scale implementation recommendation 

To determine the suitability of bacteria consortium utilization with co-substrate addition 
to degrade DDT in soil, a pilot scale study was conducted. 10 grams of utilized soil in the 
research was mixed with liquid media and prepared for the next stage. 

3 Result and discussion 

3.1 DDT insecticide bioremediation with co-substrate utilization 

DDT insecticide degradation occurred on optimum environment which is at 30oC 
temperature [11] and pH level of 7 [12]. The utilized co-substrates are glucose, sucrose, 
and yeast extract. Consortium growth graphic that includes all three co-substrates is 
shown in Fig. 1. 

 
Fig. 1. Consortium growth with three co-substrates added. 

During 72 hours of incubation, the bacteria are able to grow with the existence of 
glucose as co-substrate at 0.085 O.D600, sucrose co-substrate at 0,065 O.D600, and yeast 
extract co-substrate at 0,21 O.D600 [10]. The existence of co-substrates is proven to be able 
to improve bacteria activity and enhance DDT degradation process. Glucose co-substrate 
was able to improve DDT degradation up to 56% for 72 hours of incubation time (Fig. 2). 
Glucose co-substrate was able to degrade DDT up to 39.5% for 72 hours of incubation 
time (Fig. 3). Yeast extract co-substrate was able to degrade up to 78.4% of DDT with the 
same incubation period (Fig. 4) [11]. 

 
Fig. 2. Degradation of 10 ppm DDT with glucose as co-substrate [9] 
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Fig. 3. Degradation of 10 ppm DDT with sucrose as co-substrate [9] 

Substances that contain nitrogen such as yeast extract are able to support bacteria 
consortium growth better than simple sugar. Even though sucrose shows lower 
performance to degrade DDT than any other co-substrates, the degradation result is 
better than control (Fig. 5). 

Out of the three types co-substrates, the best 10 ppm DDT degradation occurred when 
yeast extract was utilized as carbon source. Based on observation, 75% of 10 ppm DDT 
were degraded after 1% of yeast extract co-substrate was added without additional 
degradation level on more than 1% utilization (Fig. 6). The low value of yeast extract will 
slow bacteria growth and main enzyme synthesize, and high co-substrate concentration 
level will lower degradation efficiency because of competitive inhibition [13]. 

 
Fig. 4. Degradation of 10 ppm DDT with yest extract as co-substrate [9] 

 
Fig. 5. Degradation of 10 ppm DDT with all three co-substrates 
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Aerobic DDT degradation by bacteria was started by oxygenation process to form 2.3-
dihydrodiol DDT, which would lead to structure breaks that cause complete degradation 
and the formation of 4-chlorobenzoic acid (4-CBA) [14]. 

 
Fig. 6. The influence of yeast extract level difference on DDT degradation [9] 

3.2 Bacteria consortium growth rate 

Because the data only consist of 3 incubation periods which are 24, 36 and 72 hours, 2 
additional incubation periods were added which at 54 and 96 hours to complete the data 
[9]. Fig. 7 shows that DDT utilization rate as substrate (q) has value range of 0.067-
1.430/hour. Pseudomonas putida and Pseudomonas stutzeri specific mix culture bacteria 
growth (µ) is between a range of 0.013-0.0261/hour. The relationships between q and µ 
values produced total growth (YT) level against DDT at 0.016 hour-1, a value of 1/YT was 
obtained from slope value of 60.83, and the obtained bacteria death constant (Kd) was at 
0.0029 hour-1. The relationships between xmax and substrates (S) are presented in a graphic 
that forms Yobs slope of 0.0213/hour as seen in Fig. 8. 

Based on Fig. 9, the maximum specific growth value is at 0.0261/hour and saturated 
concentration value (Ks) of 1.2 ppm. Pseudomonas putida and Pseudomonas stutzeri 
bacteria consortium growth happened on reaction order 1 with growth rate constant 
value of 0.169/hour (Fig. 10). 

 
Fig. 7. Relationships between specific growth rate with specific substrate utilization rate 

   

 

 

 

 
 
 

 
 
  

 
 

 

, 02009 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202450002009 500
INTERCONNECTS 2023

5



 

 

 
Fig. 8. The relationships of bacteria growth with DDT utilization 

 
Fig. 9. The relationships between specific growth rate and substrate concentration 

 
Fig. 10. Growth rate on order 1 

3.3 Pilot scale implementation recommendation 

Based on laboratory scale research result, we can recommend an implementation of DDT 
removal on pilot scale. 1% addition of yeast extract co-substrate produced the best result 
for bacteria to remove DDT. If there is 10 ppm DDT pollution on 100 m3 of soil with 
specific weight of 1700 kg/m3, the weight of the soil is at 170,000 kg. Polluted soil is 
stimulated by using 2 beds design as shown in Fig. 11. 
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Fig. 11. Pilot Scale Processing Bed Design 

The bed shape is planned to have a rectangle shape with length: width ratio of 4 to 1. 
The weight is assumed to be at 0.5m, based on that, with design volume of 50m3, the 
calculation of L would be length x width x height = 4L x L x 0.5. L2 value is at 25m3, which 
makes L at 5m. The length measurement is at 20m, so the volume would be at 50m3. 
85.000kg of soil can be inserted in a 50m3 bed. Based on that, with the utilization of 2 
beds, we can process 170,000 kg of soil.  

Based on laboratory research, 10 gr of 10 ppm DDT polluted can be degraded up to 
90% by 25 ml of bacteria consortium with 5% co-substrate addition on 1% concentration 
for 96 hours. On similar condition, when a land is polluted by 10 ppm DDT with 85,000 
kg of weight, the required bacteria consortium and co-substrate needed to degrade the 
soil are respectively at: 
a. Bacteria consortium requirement  

 
!"#$%&	#(	)*+*!),-	+#./(1))
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 = 	 !"#$%&	#(	+#./	(1))
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Based on that, the requirement is at 425,000 L of bacteria consortium  

 
b. Yeast extract co-substrate requirement  
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Based on that, the requirement of yeast extract co-substrate is at 21,250 L  

 
Based on these calculations, the required mixed culture for both beds is 425000 L, so 

the required co-substrate is 21250 L. Based on the reaction rate equation, it is known that 
the first-order reaction rate has an R2 value that is closest to 1, so that the value of Y = 
0.1695x - 0.0147 and the growth curve equation in the exponential phase is Y = 0.0025x 
+ 0.0361. By using order 1, the detention time (t) for degrading DDT can be calculated as 
follows: 
 

t = 
/%!"! <.%&*)+*?

+/#?*
    (3) 
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The So value comes from the initial concentration of DDT, which is 10 ppm, the S 

value comes from the DDT removal value for 96 hours to 90% is 1 ppm, the intercept and 
slope values are obtained from the first order graph equation, so that the following 
equation is obtained: 
 

t = 
7,@A	B	/%#$# C5,5@8

5,5567&	C	5,5DE4
            (4) 

 
0,0025 t2 + 0,0361 t – 13,65 = 0         (5) 
 

t  = −b	±	
!𝑏2−4𝑎𝑐
2a

 = −0,0361+
!0,03612−4	𝑥	0,0025	𝑥	(−13,65)

2	x	0,0025
 = 0,335

0,005
 = 67,02 jam (6) 

 

t = −b	±	
!𝑏2−4𝑎𝑐
2a

	= −0,0361−
!0,03612−4	𝑥	0,0025	𝑥	(−11,22)

2	x	0,0025
 = − 5,W58

5,557
 = - 81,46 jam (7) 

 
Thus, the detention time required by the mixed culture to set aside 90% of DDT is 67 

hours. 

4 Conclusion 
Based on this research, it was proven that the consortium of Pseudomonas putida and 
Pseudomonas stutzeri bacteria was able to degrade 10 ppm of DDT. The increase in 
bacterial growth and the degradation rate of DDT indicated that the presence of co-
substrate had a positive effect on DDT degradation and could be utilized properly by the 
bacterial consortium as a source of additional nutrients. From the calculation results, it is 
known that the detention time required by the bacterial consortium to remove 90% of 
DDT is 67 hours. 
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