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ABSTRACT 

 

Sewage sludge is a mud-like residue generated from wastewater treatment that contains 

pollutants such as heavy metals, fecal coliforms, Escherichia coli, Salmonella, and other 

harmful bacteria. Coliform bacteria are rod-shaped Gram-negative non-spore forming motile 

or non-motile bacteria that may ferment lactose with the production of acid and gas when 

grown at 35-37°C. The presence of coliform bacteria in sludge is a serious problem for both 

human health ranging from mild gastrointestinal complaints to more severe illnesses and, 

environmental safety. Controlling coliform bacteria demands proper sludge management, 

treatment, and disposal. Appropriate treatment processes, such as aerobic digestion and 

composting, can reduce the number of coliform bacteria in sludge. Several nanoparticles, 

including silver nanoparticles (AgNPs), titanium dioxide nanoparticles (TiO2NPs), and 

copper nanoparticles (CuNPs), play a significant role as anti-microbial agents and may be 

effective in the disinfection of E. coli. The United States Environmental Protection Agency 

(EPA) has set regulations governing the maximum allowable number of coliform bacteria in 

sludge. This review provides an overview of the origins of coliform bacteria in sludge, their 

health concerns, strategies for identification, and various degradation techniques along with 

their limitations. 
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INTRODUCTION 

Sludge is a semi-solid substance formed 

during wastewater treatment [1]. It is made 

up of organic particles, nutrients, and 

microbes such as coliform bacteria [2]. 

Coliform bacteria are frequently regarded as 

markers of fecal contamination which are 

frequently identified in association with 

enteric pathogens [3]. Several coliform 

bacteria, such as Erwinia and Enterobacter, 

are often part of the natural flora of many 

vegetables and usually do not indicate a 

potential public health problem [4]. 

Fecal coliforms, a similar subset of the 

coliforms, are frequently used to detect the 

presence of E. coli in water. The existence 

of this organism may indicate fecal 

contamination and be related to the use of 

polluted irrigation water, the presence of 

feces, or poor sanitation and hygiene 

practices [5]. Vegetables can, however, 

contain microbes other than E. coli that 

cause fecal coliform tests to be positive. For 

instance, only 29% of vegetables that tested 

positive for fecal coliforms contained 

recoverable E. coli [6]. False positive results 
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for fecal coliform tests were caused by other 

bacteria such as Klebsiella pneumoniae, 

Enterobacter cloacae, Enterobacter 

agglomerans, and Enterobacter aerogenes. 

Hence, fecal coliform testing may be helpful 

when water quality or good hygiene is in 

question, but positive results may not 

necessarily point to a problem. Various 

methods and tools are required to detect the 

presence of fecal coliforms in food [7]. 

Prudent management of water resources 

towards a targeted level of drinking water 

quality is necessary for the security of a 

town's water supply. It is crucial to identify 

pollution sources and channels before 

putting effective mitigation techniques in 

place to reduce hazards to source water. 

Fecal bacteria are regarded as a health risk 

in sources of drinking water since they may 

be a sign of human viruses or parasites like 

Giardia or Cryptosporidia [8]. Risk levels for 

municipal water supply wells compare 

favorably about coliform detection in 

groundwater risk assessment research [9] 

employing a multi-barrier analysis 

technique. 142 of the 144 town water supply 

wells in South Australia showed coliform 

detection, with rates ranging from 1% in 

low-risk confined aquifers to 87% in high-

risk unconfined aquifers in karst limestone. 

Also, E. coli has been found in shallow 

wells, but in low concentrations and at low 

frequency. The management of water 

quality has been concerned about the 

occurrence of coliforms in several of the 

low-risk, enclosed, and semi-enclosed deep 

wells. E. coli was found in 92.6% of 

samples from protected public water supply 

wells and 100% of those from unprotected 

wells [10]. In recent research, intestinal 

Enterococci and E. coli were reported to be 

present in 56.2% and 72.9%, respectively, 

of the studied drilled wells that had coliform 

bacteria contamination [11]. In the United 

States (US), illnesses brought on by 

pathogens, present in water continue to be a 

major cause of sickness. According to data 

from the US's waterborne disease 

surveillance program, groundwater sources 

were responsible for roughly 74% of 

confirmed outbreaks of waterborne diseases 

that occurred between 2001 and 2002 [12]. 

Regulations on the highest permissible 

concentrations of coliform bacteria in 

sludge have been established by the United 

States Environmental Protection Agency 

(EPA) [13]. Before it may be utilized for 

certain reasons, such as fertilizing farmland, 

sewage treatment plants must test their 

sludge for coliform bacteria and make sure 

it complies with these guidelines [14, 15]. 

Moreover, the development and spread of 

coliform bacteria can be reduced by careful 

treatment and storage of sludge. To reduce 

exposure to potentially hazardous 

microorganisms, sludge should be handled 

while wearing the proper protective clothing 

and kept in a safe area away from potential 

sources of contamination [16]. This review 

emphasizes the numerous issues, its 

management techniques with limitations, 

and the regulatory authorities involved with 

fecal pollution in the environment due to the 

presence of coliform bacteria in sewage 

sludge.  

 

Brief details about coliform bacteria 

Since the existence of coliform bacteria may 

indicate the presence of potentially harmful 

pathogens, they are frequently used as 

indicators of fecal contamination in water 

and soil [17]. Rainfall, temperature, pH, and 

the amount of organic matter can all impact 

their occurrence in soil. These have also 

been identified in both surface and 

groundwater [18]. They can infiltrate water 

sources through several channels, including 

agricultural runoff, sewage overflows, and 

faulty septic systems [19]. The coliform 

bacteria in water can suggest the presence of 

dangerous pathogens such as E. coli [20]. It is 

crucial to emphasize that coliform bacteria 

do not imply the presence of hazardous 

pathogens, but it suggests some possible 

risks [21].  

 

Prevalence 

Several factors, such as the wastewater 

source, the kind of treatment process, and 

the storage and handling conditions, affect 
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the proportion of coliform bacteria in 

sludge. Yet since they are abundant in both 

human and animal faeces, which make up a 

sizeable portion of wastewater, coliform 

bacteria are frequently discovered in sludge. 

According to studies, the number of colony-

forming units (CFU) of coliform bacteria 

per gram (CFU/g) in sludge can vary from 

less than 103 to over 108. According to 

WHO recommendations, sludge should 

include concentrations of fewer than 1,000 

CFU/g and, fecal coliform bacteria 

concentrations of less than 1,000 CFU/g [22, 

23]. It is critical to keep in mind that sludge 

is not always harmful just because it 

includes coliform bacteria. To make sure the 

sludge is suitable for disposal or beneficial 

use and to safeguard public health, regular 

testing and monitoring of the concentration 

of coliform bacteria and other pathogens in 

the sludge is crucial [24, 25].  

 

Genetics  

Coliform bacteria are a group of gram-

negative, rod-shaped bacteria that are 

commonly found in the intestinal tract of 

humans and animals. These bacteria are 

used as indicators of fecal contamination in 

water, soil, and sludge [26]. The genetic 

makeup of coliform bacteria can vary 

depending on the specific species and strain. 

However, most coliform bacteria contain 

plasmids, which are small, circular pieces of 

DNA that can replicate independently of the 

bacterial chromosome. Plasmids often carry 

genes that confer antibiotic resistance, 

virulence, or other traits that can give the 

bacteria a selective advantage. In sludge, 

coliform bacteria can be present due to the 

presence of human or animal waste, as well 

as other sources such as food processing 

facilities [27]. The genetic makeup of these 

bacteria can be studied using various 

techniques, such as whole genome 

sequencing or PCR (polymerase chain 

reaction) amplification of specific genes. 

Understanding the genetic makeup of 

coliform bacteria in sludge can be important 

for several reasons. For example, it can help 

to identify potential sources of 

contamination and track the spread of 

antibiotic resistance genes [28]. In addition, 

some strategies might be useful for the safe 

and effective management of sludge as a 

waste product. 

Furthermore, epigenetics is the study of 

changes in gene expression that occur 

without changes in the underlying DNA 

sequence. In coliform bacteria, epigenetic 

modifications can have a significant impact 

on their ability to survive and thrive in 

different environments, including sludge [29]. 

The epigenetic modifications in coliform 

bacteria in sludge can affect their ability to 

break down organic matter and survive in 

this environment [30]. One example of an 

epigenetic modification that may occur in 

coliform bacteria in sludge is DNA 

methylation, the addition of a methyl group 

to a cytosine base in the DNA molecule. 

This modification can affect gene 

expression by altering the accessibility of 

the DNA to transcription factors and other 

proteins involved in gene regulation [31]. In 

some cases, DNA methylation may be 

involved in regulating the expression of 

genes involved in the breakdown of organic 

matter in sludge. Another example of an 

epigenetic modification that may occur in 

coliform bacteria in sludge is histone 

modification. Histones are proteins that help 

package DNA into the compact structure of 

chromatin. Modifications to histones, such 

as acetylation or methylation, can affect the 

accessibility of the DNA and regulate gene 

expression [5]. In some cases, histone 

modifications may be involved in regulating 

the expression of genes involved in the 

breakdown of organic matter in sludge. 

However, the epigenetics of coliform 

bacteria in sludge is an area of active 

research, with potential implications for 

wastewater treatment and bioremediation 
[32]. 

 

IMPACT OF COLIFORM BACTERIA 

ON VARIOUS ENVIRONMENTAL 

FACTORS 

When coliform bacteria are found in sludge, 

they can generate a variety of issues. If 
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coliform bacteria-containing sludge is 

spread to soil or utilized as a fertilizer, it can 

pollute the soil and adjacent water sources 
[33]. This can endanger people’s health if 

they come into touch with polluted soil or 

water [34]. Coliform bacteria are a possible 

health risk since they are markers of 

fecal contamination and can transmit 

diseases that cause sickness in people and 

animals, such as Salmonella and E. coli. If 

coliform bacteria-containing sludge is not 

adequately treated or handled appropriately, 

it can endanger public health. As coliform 

bacteria degrade organic materials in 

the sludge, they emit foul odors that can be 

bothersome to neighboring inhabitants. 

Many nations have restrictions in place to 

limit the number of coliform bacteria in 

sludge. If sludge includes significant 

amounts of coliform bacteria, it can lead to 

regulatory noncompliance and, ultimately, 

fines or other penalties. Coliform bacteria 

can degrade sludge quality by emitting 

unpleasant aromas, lowering nutritional 

content, and making it more difficult to treat 

and manage [35]. Water supply has been a 

vital aspect of society since the birth of 

human civilization for a variety of functions 

including drinking, agriculture, industry, 

home, and so on. Many of the health issues 

in impoverished nations are caused by a 

lack of clean drinking water [36, 37]. As per 

the report of WHO, over 600 million 

episodes of diarrhea and dysentery are 

reported each year, with 46000 newborn 

deaths occurring as a result of dirty water 

and inadequate sanitation [38]. Water scarcity 

affects about 1.2 million people in 

developing nations, with the number 

predicted to rise to 1.8 million by 2025 due 

to a lack of sustainable legislation or a 

proper management plan for the reuse of 

treated wastewater in agricultural 

production [39]. There is a rising need for 

water in dry places, which has resulted in 

the use of wastewater in agriculture to 

minimize the pressure on freshwater 

resources. Around 70% of treated 

wastewater is utilized in agriculture [40], 

which can have negative environmental and 

health consequences. Determining the 

quantity of various microbiological 

pathogens in partially treated wastewater 

samples is critical and can allow for an 

accurate assessment of the treatment 

process. There are always concerns and 

precautions concerning the negative impact 

of using treated wastewater to irrigate food 

crops [41].  

As a result, international and local 

organizations are concerned about 

establishing guidelines for the reuse of 

treated wastewater in agriculture [42]. Plant 

production of corn, potato, lettuce, olive 

trees, and alfalfa irrigation with treated 

wastewater increased compared to plants 

irrigated with natural water resources, which 

could be attributed to the presence of plant 

nutrients (primarily nitrogen and 

phosphorus) in the treated wastewater, but 

the risk due to the presence of some 

pathogens is still being considered [43, 44]. 

Fecal coli bacteria are found in human and 

animal feces and are mostly innocuous to 

people's intestines. The most prevalent type 

of fecal coli bacteria is E. coli. 

Streptococcus species can also cause 

pneumonia, ear infections, and meningitis 
[45]. Fecal streptococci, like fecal coli 

bacteria, are utilized as markers of water 

contamination and have been used for many 

years to assess the quality and safety of 

water for irrigation and human consumption 
[22]. Waterborne infections can cause 

gastrointestinal problems such as severe 

diarrhea, nausea, and perhaps jaundice, as 

well as headaches and exhaustion [46]. 

 It is crucial to highlight, however, that these 

symptoms are not just connected with 

disease-causing organisms in drinking 

water. They might also be caused by a 

variety of other circumstances. In addition, 

not all persons will be impacted to the same 

degree; younger children and the elderly are 

frequently more sensitive [3, 47]. Coliform 

bacteria in sludge can have serious 

environmental, economic, and public health 

effects. In addition, it is critical to monitor 

and regulate the prevalence of these bacteria 
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in sludge, as well as to guarantee that sludge 

is treated correctly and safely. 

 

WHY EUROPEAN COMMISSION 

BANNED COLIFORM BACTERIA? 

The European Commission has not imposed 

any ban on coliform bacteria [48]. The 

European Union has developed guidelines 

for tolerable coliform bacteria levels in 

drinking water and food. The European 

Drinking Water Directive, for example, 

limits the number of colony-forming units 

(CFU) of E. coli (a kind of coliform 

bacteria) to 0 per 100 milliliters of drinking 

water [21, 49]. Nonetheless, it is crucial to 

emphasize that the European Commission 

and national authorities in the EU take food 

and water safety seriously and periodically 

test for the presence of hazardous bacteria, 

including coliform bacteria, to protect 

public health [50]. If required, they may issue 

recalls or take other precautions to prevent 

the spread of hazardous microorganisms. 

 

ADVERSE SIDE OF COLIFORM 

BACTERIA  

The presence of fecal coliform bacteria in 

water sources, in particular, might suggest 

the presence of pathogens such as E. coli, 

which can cause gastrointestinal disease and 

other health issues [17]. Coliform bacteria are 

a worldwide problem because polluted 

water may cause epidemics of sickness in 

populations. The danger of coliform bacteria 

infection is especially significant in places 

with poor sanitation facilities or restricted 

access to clean water. The World Health 

Organization estimates that over 2 billion 

people worldwide lack access to adequate 

drinking water [51], and waterborne 

infections are responsible for an estimated 

3.4 million fatalities per year [52]. Coliform 

bacteria exposure can have a substantial 

economic impact in addition to impacting 

human health. Waterborne infections can 

result in lost productivity and higher 

healthcare expenditures, as well as harm to 

businesses that rely on clean water supplies, 

such as agriculture and tourism. To address 

the dangerous feature of coliform bacteria, 

appropriate water management methods, 

such as frequent monitoring and treatment 

of water sources, as well as encouraging 

good hygiene and sanitation practices in 

communities, are essential. Governments, 

non-governmental organizations, and 

individuals may all help to ensure that 

everyone has access to clean drinking water 
[51]. In India, many initiatives have been 

implemented to mitigate the negative impact 

of coliform bacteria. The Indian government 

has set up a water quality monitoring 

program to guarantee that drinking water is 

safe and free of hazardous microorganisms. 

This approach includes frequent testing of 

water samples for coliform bacteria and 

other pollutants [53]. India has also made 

investments in water treatment facilities to 

eliminate toxins like coliform bacteria from 

drinking water. This covers the sterilization 

of water using chlorine, ozone, and UV light 
[54]. To raise awareness of the value of clean 

water and good hygiene habits, the Indian 

government has undertaken public 

education initiatives. This involves teaching 

people about the dangers of consuming 

water infected with coliform bacteria and 

the significance of boiling water before 

drinking it [55]. To lessen the quantity of 

human waste that enters rivers and 

facilitates the spread of coliform bacteria, 

the Indian government has invested in 

enhancing sanitary infrastructure, including 

public toilets [56]. The number of coliform 

bacteria that can be present in drinking 

water is regulated and subject to rules in 

India [57]. Nevertheless, these initiatives 

have helped to lessen the negative effects of 

coliform bacteria on public health in India, 

but there is still more work to be done to 

guarantee that all Indians have access to 

safe and clean drinking water. 

 

DEGRADATION METHODS OF 

COLIFORM BACTERIA  

Warm-blooded animals' faeces include 

coliform bacteria, and their presence in 

sludge implies contamination with human or 

animal waste. It is recognized that a mix of 

physical, chemical, and biological elements 
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govern the process that lowers the 

population of pathogens and coliform in the 

water treatment process [58-60]. A mix of 

chemical, physical, and biological 

techniques can be utilized to remediate 

sludge contaminated with coliform bacteria. 

To disinfect and eliminate coliform bacteria, 

sludge can be treated with several 

chemicals, including chlorine, ozone, or 

hydrogen peroxide [61]. The environment 

must not be harmed by the chemicals 

utilized, and harmful by-products must also 

be avoided. Coliform bacteria can be 

eliminated with the potent disinfectant 

chlorine [62]. A chlorine solution may be 

used to treat the sludge; this will cause the 

bacteria in the sludge to react and die [63]. 

When treating sludge tainted with coliform 

bacteria, another potent disinfectant called 

ozone can be used. It is possible to kill 

bacteria by passing ozone gas through the 

sludge (Ozone Applications). Heat can be 

used to destroy coliform bacteria in sludge. 

The sludge can be heated to a temperature 

of at least 70°C for a length of time, which 

will eradicate the bacteria [64]. Filtration can 

be used to remove coliform bacteria from 

sludge. A sand or charcoal filter, for 

example, can be used to pass the sludge 

through a filter that can get rid of the 

bacteria [65]. Ultraviolet (UV) radiation is a 

non-chemical disinfection approach in 

which sludge is exposed to UV light. UV 

radiation can kill coliform bacteria by 

causing DNA damage [66]. Aerobic digestion 

is a biological process that breaks down 

organic matter in sludge by using oxygen. 

Because the bacteria will be destroyed by 

the microorganisms responsible for 

digestion, this approach can also be 

employed to kill coliform bacteria [67]. 

Anaerobic digestion is another biological 

approach that may be utilized to treat 

coliform bacteria-contaminated sludge. To 

break down organic content in the sludge, 

this procedure employs microorganisms that 

do not require oxygen [68, 69]. The bacteria 

that are responsible for anaerobic digestion 

will also devour coliform bacteria, killing 

them [70]. 

 

 
Fig. 1 Various methods for coliform bacteria degradation 

 

It is crucial to note that these methods' 

efficacy can change depending on a variety 

of variables, including the type and quantity 

of coliform bacteria present in the sludge, its 

composition, and the conditions under 

which the treatment is conducted. 

Therefore, it is recommended to consult 

with experts or regulatory agencies to 

determine the most appropriate treatment 

method for specific situations [33]. 

Around the world, 1.1 billion people 

continue to drink water that has been tainted 

with fecal microorganisms [71]. Detecting 

each waterborne pathogen is complex; 

therefore, a standard reproducible microbial 

water quality test was developed by the 

International Organization for 

Standardization (ISO) to test the water 

quality. The detection of specific bacterial 

species serves as a fecal contamination 
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indicator in this method [72]. The most 

extensively utilized markers are total 

coliform, Enterococci, and E. coli [73]. The 

water quality of a region is, however, 

influenced by several physicochemical 

factors in addition to bacterial pathogens. 

For the safe and sanitary water index, there 

are standardized recommendations from 

both WHO and BIS (Bureau of Indian 

Standards) [72, 74]. 

There are several ways already employed 

for coliform bacteria destruction in sludge, 

including physical, chemical, and biological 

treatments [75, 76], as illustrated in Figure 1. 

The efficiency of each approach may vary 

based on the exact characteristics of the 

sludge and the treatment procedure 

employed. Thermal treatment is the process 

of heating sludge to high temperatures to 

kill coliform bacteria. The most common 

thermal treatment method is the use of an 

anaerobic digester, which can operate at 

temperatures ranging from 35°C to 55°C 
[77]. Studies have shown that anaerobic 

digestion can reduce coliform bacteria by up 

to 99.9% [78-80]. The employment of 

chemicals to cleanse the sludge and kill 

coliform bacteria is known as chemical 

treatment. Chlorine is the most commonly 

utilized chemical for this purpose [63]. 

Chlorination has been proven in studies to 

eliminate coliform bacteria by up to 99.9%. 

UV radiation is the use of UV light to 

destroy coliform bacteria [81]. UV light has 

been demonstrated in studies to eliminate 

coliform bacteria by up to 99% [82]. 

Ozonation is the process of disinfecting 

sludge using ozone gas and killing coliform 

bacteria. According to research, ozonation 

can eliminate coliform bacteria by up to 

99% [49]. Microorganisms are used in 

biological therapy to decompose coliform 

bacteria. The utilization of activated sludge 

systems is the most frequent biological 

treatment technology, which may eliminate 

coliform bacteria by up to 99% [83-85]. To 

summarise, all of the approaches discussed 

above are efficient in eliminating coliform 

bacteria in sludge, with various degrees of 

efficacy depending on the method and 

sludge conditions. The treatment technique 

chosen will be determined by criteria such 

as cost, efficacy, and environmental impact. 

 

COLIFORM BACTERIA 

DEGRADATION VIA MECHANISM 

Coliform bacteria can be eliminated by a 

variety of techniques, including biological 

treatment procedures such as activated 

sludge, trickling filters, and biofilm reactors 
[86]. These methods rely on the employment 

of microorganisms, such as coliform 

bacteria, to break down and absorb organic 

debris and nutrients in wastewater. 

Activated sludge is a popular biological 

treatment procedure that includes aerating 

wastewater in a reactor tank with a culture 

of microorganisms [87]. Microorganisms, 

such as coliform bacteria, eat organic 

materials and convert them to biomass and 

various by-products. Before release, the 

treated wastewater is separated from the 

biomass in a settling tank. A trickling filter 

is another biological treatment method that 

employs a bed of porous media, such as 

gravel or plastic media, as a substrate for 

microbial growth [68]. The effluent is 

sprayed over the medium, where 

microorganisms, notably coliform bacteria, 

break down the organic materials. Biofilm 

reactors include the formation of a microbial 

biofilm on a support medium, such as 

plastic media or membranes. The biofilm 

serves as a surface for microorganisms to 

adhere to and proliferate, resulting in a 

dense microbial population capable of 

breaking down organic materials in 

wastewater, including coliform bacteria [88]. 

Other strategies for coliform bacteria 

degradation, in addition to biological 

treatment procedures, include chemical 

oxidation, UV disinfection, and ozonation 
[89]. Chemical oxidation is the process of 

breaking down organic materials and killing 

coliform bacteria by using powerful 

oxidizing chemicals such as hydrogen 

peroxide or chlorine. UV disinfection 

uses high-energy UV radiation to damage 

coliform bacteria's DNA, stopping them 

from reproducing. Ozonation is the process 
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of using ozone gas to break down organic 

debris and cleanse wastewater, eliminating 

coliform bacteria. 

 

NANOTECHNIQUES: A FUTURISTIC 

DEVELOPING APPROACH  

Nanotechnology is an advanced technique 

that may play a significant role in coliform 

bacteria degradation [90]. Some advanced 

techniques including photocatalysis, 

nanoscale sensors, nanomaterial filtration, 

nano biosensors, etc. might be beneficial to 

degrade the coliform bacteria from 

wastewater, as shown in Figure 2. 

Nanoparticles like AgNPs, titanium dioxide 

TiO2NPs, and CuNPs have demonstrated 

antimicrobial properties. These 

nanoparticles can be used to coat or 

impregnate sludge materials, aiding in the 

disinfection and reduction of coliform 

bacteria. Also, nanoparticles can serve as 

carriers for antibiotics or antimicrobial 

agents, ensuring controlled and sustained 

release in sludge to combat bacterial growth 
[91]. An alternate approach that effectively 

kills E. coli from water is the use of 

inexpensive filter materials coated with 

AgNps [92]. Advanced oxidation processes, 

such as photocatalysis using nanomaterials 

like TiO2 or ZnO, can generate reactive 

oxygen species (ROS) that effectively kill 

bacteria in sludge [93]. Further, 

nanomaterials like graphene oxide and 

carbon nanotubes can be used in water 

filtration systems to effectively remove 

coliform bacteria and other contaminants 
[94]. Although, nanomaterials have a high 

surface-to-volume ratio, high sensitivity and 

reactivity, high adsorption capacity, and 

ease of functionalization, making them ideal 

for coliform degradation in sludge [95]. 

Nanoscale photocatalysts, such as TiO2NPs, 

can be employed in water treatment systems 
[96]. Nanofiltration and ultrafiltration 

membranes containing nanoscale pores can 

be used to physically separate and remove 

coliform bacteria from sludge, providing an 

effective means of purification [97]. When 

exposed to ultraviolet (UV) light, these 

nanoparticles generate reactive oxygen 

species that can break down and kill 

coliform bacteria [98]. Moreover, nano-sized 

delivery systems can encapsulate 

disinfectant agents, such as antimicrobial 

peptides or chemicals, and release them 

gradually to target and eliminate coliform 

bacteria in a controlled manner [91]. 

Nanotechnology has also led to the 

development of highly sensitive 

nanosensors that can rapidly detect and 

quantify coliform bacteria in water, 

allowing for early contamination monitoring 

and response [99]. Nanoscale biosensors can 

detect specific coliform bacteria strains, 

enabling precise targeting and treatment 
[100]. Nanotechnology can be used to design 

advanced membranes with nanoscale pores 

that effectively filter out coliform bacteria 

while maintaining high water flow rates 
[101].  

 

 
Fig. 2 Advanced techniques useful to degrade coliform bacteria in wastewater 
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Hence, these nanotechnology applications 

offer innovative and efficient approaches to 

tackle coliform bacteria contamination in 

various settings, including drinking water 

treatment, wastewater treatment, and 

healthcare facilities.  

 

LIMITATIONS OF DEGRADATION 

TECHNIQUES 

Coliform bacteria degradation is a crucial 

step in sludge treatment that is required to 

lower the risk of pathogen transmission and 

improve the end product quality. Yet, 

diverse strategies for coliform bacteria 

breakdown in sludge might have downsides. 

Anaerobic digestion is a widespread 

approach for sludge treatment, however, it 

has limits for the breakdown of coliform 

bacteria [102]. Also, composting is a natural 

process that may be used to decompose 

coliform bacteria, but it requires a specific 

combination of parameters, including 

optimal temperature, moisture, and oxygen 

levels. If these criteria are not satisfied, the 

procedure may not be successful, resulting 

in the partial destruction of coliform 

bacteria [103]. While decomposing coliform 

bacteria at high temperatures can be 

efficient, it can also be energy-intensive and 

costly. Furthermore, the technique may 

release odors and generate air pollution, 

which can be a significant negative. 

Chemical treatment degrades coliform 

bacteria using chlorine or ozone, which can 

be effective but also expensive and produce 

harmful by-products. Moreover, the usage 

of chemicals might hurt the environment 
[104]. Since each technique for coliform 

bacteria breakdown in sludge has 

advantages and disadvantages, it is 

important to consider several factors before 

selecting one. These factors include the kind 

of bacteria, the concentration of the sludge, 

and the available resources. 

 

CONCLUSIONS 

In conclusion, coliform bacteria are 

typically found in sludge and pose a concern 

to public health if not adequately managed. 

Several research has been conducted to 

explore the breakdown of coliform bacteria 

in sludge, and a range of treatment strategies 

have been utilized to eliminate or lower the 

bacterial burden. Physical, chemical, and 

biological approaches have been explored to 

remediate sludge, with encouraging results. 

Physical treatments including heat 

treatment, UV irradiation, and filtration 

have been shown to reduce coliform levels. 

Chemical treatments, such as the use of 

disinfectants such as chlorine, ozone, and 

hydrogen peroxide, have also demonstrated 

considerable decreases in coliform levels.  

Biological approaches such as aerobic and 

anaerobic digestion have proved successful 

in lowering coliform numbers in sludge. 

The process's efficiency, however, is 

affected by variables such as pH, 

temperature, and sludge retention time. 

Overall, treating coliform bacteria in sludge 

is an important step in protecting public 

health and environmental safety. The 

treatment technique used is determined by 

the sludge's individual features as well as 

the desired amount of coliform reduction. 

Future research can concentrate on the 

development of novel and more effective 

treatment strategies for coliform bacteria in 

sludge. Advanced oxidation processes 

(AOPs) such as the Fenton reaction, Photo-

Fenton reaction, and electrochemical 

oxidation, for example, can be further 

examined. Additionally, the application of 

innovative technologies such as 

nanotechnology, membrane separation, and 

microbial fuel cells (MFCs) to lower 

coliform levels in sludge can be examined. 

Finally, continuing research and 

development of treatment methods will help 

to reduce the hazards associated with 

coliform bacteria in sludge while also 

protecting public health and the 

environment. 
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