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 The purpose of the sewage treatment process is to decrease the concentration of 
contaminants, including pathogens, before discharging into the receiving streams. And the 
standard operating procedure of STP in Malaysia is to discharge the treated wastewater with 
low nutrient and low organic materials into the streams but the bacterial content of the discharge 
and its risk to the stream’s natural microbial verity or health is unknown. However, studies 
reported that pathogens could escape sewage treatment plants (STPs) processes and showed 
health risk of streams impacted by STP effluent. On the other hand, majority of these studies 
relied on metagenomic strategy, without assessing changes to culturable bacteria. Isolation 
of living microbes provides realistic risk assessment compared to metagenome survey alone. 
Therefore, this study aims to determine the presence of culturable pathogenic bacteria from 
water impacted by STP effluent to establish justifiable public health risk. For that, the presence 
of bile resistant bacteria was determined from water taken from surface water receiving effluent 
from STP-1 (Kolej 9, UTM) in Malaysia. Enumeration and isolation of bacteria were done on 
MacConkey agar through membrane filtration method, followed by partial identification, using 
Triple Sugar Iron agar (TSI). The result showed that STP effluent changes the diversity, and 
abundance, of bile resistant bacteria (specifically Enterobacteriaceae family) of receiving 
streams. Most of the isolated bile resistant bacteria are opportunistic pathogens for human. 
Findings from this study provide a snapshot of the bigger picture of microbial changes in a stream 
impacted by STP effluent painted initially by metagenome studies. And shows that despite of 
treatment, some contaminants (microbes) remained and released into surface waters, which 
contribute to the water pollutions.
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 A large portion of water bodies is impacted 
by different kinds of wastewater released from 
various sources: household, business properties, 
industry, and farming1. Modern wastewater 
management systems treat the wastewater into low-
nutrient and low-organic content for release into 

the surface water without risk to human wellbeing 
or harm to the environment.The proficiency of any 
Sewage Treatment Plant (STP) is specified by the 
general execution of plant and effluent quality fit 
from an environmental standpoint2. In this manner, 
the system is scrutinized to specify the general 
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pollution associated with it. The efficiency of the 
system is vulnerable to several factors. Sewage 
from different sources, such as residential and 
industrial, produced intricate blends of inorganic 
and organic constituents causing incompatibility 
with the system’s operation. The system can also be 
overwhelmed bythe influent of raw sewage beyond 
the system’s capacity. High operational cost makes 
maintenance difficultas well and causessystemsto 
poor performance3. These threats can reduce the 
efficiency of the system, causing the release of 
faecal bacteria, parasites, and viruses with potential 
health risks such as gastrointestinal and respiratory 
illness4. Furthermore, Despitetreatment, some 
contaminants remain in treated wastewater released 
into surface waters, such as microbes (mostly 
intestinal) as well as chemicals from personal 
care items5. Al-gheethi and Ismail (2014) studied 
the bacterial assorted variety in treated sewage 
plus biosolid produced from five STPs in Yemen. 
160 bacterial strains were isolated of which, E. 
coli was the most widely recognized. Osuolale 
and Okoh (2017) study from the five wastewater 
treatment plants (WWTPs) in South Africa, 
Eastern Cape showed that in the treated effluents, 
the existence of faecal coliforms and E. coli was 
higher than that of rotaviruses or enteroviruses. 
Shigellaspp, Salmonellaspp, Staphylococcusspp, 
Vibriospp, as well as Listeria spp. were isolated 
from STP in Aswan, Egypt8. Similarly, Pant and 
Mittal (2007) reported that all three faecal-oral 
pathogens, Shigella, Salmonella, and Vibrio were 
notable in all the effluent samples from the plant 
alongside indicator microorganisms. Their findings 
recommended that treated sewage routinely 
contained pathogens as well as faecal coliform 
(FC) and faecal streptococci (FS). 
 This demands the question: how do 
regulated effluent from wastewater treatment plants 
(STPs) impacts surface water? Metagenomics 
studies identified changes in the microbial 
abundance and diversity of surface water that 
received effluents from STP10,11. For instance, 
the significant increase in abundance of human 
gut bacteria and decrease of phototrophic 
microorganisms or even disappearing after mixing 
upstream and outflow in surface water receiving 
effluents from (STP) effluent12. Metagenomeisa 
powerful tool, capable of identifying bacteria, 
viruses, fungi, and parasites in complex samples 

through sequencing of DNA fragments. However, 
the presence of DNA fragments does notguarantee 
the presence of viable microbes. In this regard, 
metagenome analyses could not perceive the actual 
risk of STP effluent on health or the environment.
 Unregulated discharges of untreated 
wastewater are also serious threat causing faecal 
contamination of surface water. The coliforms 
arebacteria from the Enterobacteriaceae family 
resistant to bile to adapt to gut condition. They are 
common in faecal materials, and can be found in 
the aquatic environment contaminated with faeces. 
Because they are easy to grow, and are reliable 
faecal contamination indicator13, 14, 15. However, 
the coliforms are universal faecal bacteriafound in 
all mammals, not only humans. In this sense, they 
are not effective for differentiating the source of 
faecal contamination, whether fromhuman such 
as the STP, runoff from agriculture farms, or even 
wildlife normallyinhabitingnear water bodies16. 
Recognising themain bacterial residence of the gut 
or bile-resistant bacteria,the frequently isolated in 
faecal contaminant can be indicative of potential 
source indicator15.
 A study showed that even the appropriately 
treated sewerages are capable of negative 
ramifications on the self-purification capacities 
of water reservoirs1. The serious ramifications on 
human health due to deficient wastewater treatment 
is underlined by the United Nation: globally, 2 
million tons of sewage plus industrial as well as 
horticultural wastes are released into the world’s 
waterways. At any time, 1.8 million children 
under five years of age passed away each year 
from water-related sicknesses. People who died 
as a consequence of polluted water exceeded those 
who perished by all kinds of violence, including 
wars. A report from the American Academy 
of Microbiology shows the built-up of global 
complacency on wastewater treatment could be 
hazardous; causing widespread sickness every year 
16. Therefore, there is an intense need for checking 
the water quality, the assessment for the presence 
of infectious bacteria in the water that is harmful 
to humanand animal wellness17.
 This study aims to preliminary assess the 
effect of STP effluent on surface water by studying 
the population of culturable gut bile-resistant 
bacteria in the surface water. Bile-resistant bacteria 
wereselectively grown on MacConkey agar and 
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partially identified by Triple Suga Iron agar. If bile-
resistant bacteria can be isolated from surface water 
downstream of STP, it is possible the bacteria were 
faecal-origin and from STP. However, the surface 
water is open to contamination by animal faeces. 
Thus, the population of bile-resistant bacteria that 
closely resembles the population from STP effluent, 
but different fromundisturbed water upstream of 
STP means that bacteria would likely originate 
from STP effluent rather than the environment.

Material and Methods

sampling
 Samples were collected from the stream 
receiving effluent of Kolej 9 sewage treatment plant 
in UniversitiTeknologi Malaysia (UTM) Skudai, 
Johor Bahru (Figure 2.1).  The stream was sampled 
at three different points: (1) 5 m upstream from 
effluent outflow, which does not receive the effluent 
of STP to determine the presence of microbes in 
those water, which are not affected by STP effluent 
(2) effluent outflow, and (3) 5 m downstream of 
effluent outflow, which can receive the effluent 
of STP outflow as well as upstream to identify 
the impact of STP on surface water. Samples 
were collected by the grab method using a plastic 
scoop. The scoop was rinsed with water from the 
sampling site before sample-grab. Water samples 
were placed in a sterile screw-cap container. Then, 
the culturing of bacteria was carried out as soon as 
after sampling.
detection of Bile resistance Bacteria in Water 
samples
enumeration of bile resistant bacteria
 Isolation plus enumeration of bile resistant 
bacteria was carried out using standard membrane 
filtration methods on MacConkey agar (MAC) 
(Figure 2.2). MAC agar was used because the 
incorporation of bile salts and crystal violet make 
the medium selective towards Gram-negative 
coliforms and Coccus (bacteria from the guts). 
The phenol red allows differentiation of lactose 
fermenting coliform from non-lactose fermenting 
coliforms. The 50 gr of MacConkey agar powder 
(Catalogue No: 1.05465.0500 & Brand: Mark 
KGaA) was dissolved in 1 litre of distilled water 
using a magnetic stirrer and was autoclaved for 15 
minutes at 121°C. The medium was poured into the 

Petri dishes and solidified at room temperature18. 
MacConkey agar plates were labelled with the 
sample number/identification as well as the 
sample volume to be analysed. Then, a sterile filter 
membrane (0.45 ìm, Whatman) was placed on the 
porous plate filter housing (Nalgene) using flamed 
forceps. The funnel was then attached to the filter 
unit base19. Next, 100 ml of the water sample was 
measured and poured into the funnel. The vacuum 
pump was switched on for the water sample to pass 
through the filter membrane. The filter membrane 
was picked by its side with flamed forceps, gently 
lifted, and placed face-up on a labelled MacConkey 
agar plate. To prevent trapping air bubbles between 
the underlying agar and the filter membrane, 
the filter was slide onto the agar using a rolling 
technique. Finally, the agar plate was inverted and 
incubated at 35°C for 22 to 24 hours. The next 
day, colonies grown on the filter were counted to 
find out the bacterial population in surface water. 
The final values of the colony-forming unit in the 
water sample were calculated using the following 
formula20:

For the diluted samples, the dilution factor was also 
included as the following equation.

Purification of bile resistant bacteria
 After the enumeration of bacteria colony-
forming units (CFU/100 ml) membrane filter plate, 
the colonies were differentiated visually according 
to shape and colour for initial identification. For 
this, plates with the countable number of colonies 
used for enumeration, were selected for streaking. 
Every colony of bacteria on the filter membrane 
from this countable plate was streaked onto fresh 
MacConkey agar plates for purification. Each 
streak plate was labelled and incubated for 22 to 
24 hours at 35 °C.
Partial identification of bile resistant bacteria
 Bile resistant bacteria growing on 
MacConkey agar were partially identified using 
triple sugar iron (TSI) agar (due to the limitation 
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of time). The agar is commonly used to distinguish 
groups of Enterobacteriaceae, especially for 
intestinal pathogens based on the ability to 
ferment carbohydrates and reducing sulphur22. 
TSI agar contains glucose, sucrose, and lactose in 
a concentration of 0.1%, 1%, and 1%, respectively. 
Phenol red (pH indicator) was used to detect 
carbohydrate fermentation, which is yellow when 
below the pH of 6.8. Therefore, the uninoculated 
medium (pH 7.6) is red from phenol red. In 
addition, the medium contains two indictors for 
detecting H2S formation, which are sodium 
thiosulfate and ferrous sulphate. Thus, it is a two 
steps process. The H2S is formed from sodium 
thiosulfate, in the first step. As H2S is a colourless 
gas, ferrous sulphate, a second indicator is required 
for visually detecting its production23. The 65gr of 
TSI agar (Catalogue No: 1.03915.0500 & Brand: 
Merck KGaA) was dissolved in 1 litre of distilled 
water using a magnetic stirrer and was autoclaved 
for 15 minutes at 121°C. Then, the TSI agar was 
poured into the sterile universal tubes and was 
solidified to give agar slant24.      
 Next, a small number of bacteria from 
the 24-hour streak plate was inoculated using the 
stab and streak inoculation method into the tubes 
with inoculating wire lope. Then, the tubes were 
incubated for 22 to 24 hours at 35 °C to identify 
the opportunistic pathogenic bile resistant bacteria 
in surface water.

results

Bile resistant bacteria in surface water before 
and after receiving STP effluent
 The culture was collected twice at the 
one-month interval (2nd of February and 2nd of 
March 2020). For the first time the samples, which 
were collected after rainfall, three different colony 
colours on MAC were detected after 22 hours to 24 
hours incubation at 35°C. The colonies observed 
were: pink to red, yellow to white, and black(Figure 
3.1).Also, there was less obvious presence of 
lactose fermenters (pink colonies) in the upstream, 
and more obvious presence in the downstream. The 
obvious presence of lactose fermenter colonies 
in downstream compared to upstream can be an 
impact of STP outflow, rich in lactose fermenters. 
Besides, the number of bacterial colonies in 
outflow was higher than upstream, which caused 
the downstream to have a high number of bacteria 
as well (Table 3.2).
 Sampling for the second time was done 
one-month later, (2nd March 2020). The second 
time sampling did not have black colonies in any 
of the samples(Figure 3.2). As the first-time sapling 
was done after raining and rainfall can accumulate 
microbes from the environment, and second time 
sampling was done when there was no rainfall, 
thus, rainfall can be the reason for the verity and 
presence of black colour colonies in the first-

Fig. 2. 1. Kolej 9 stream sampling sites
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Fig. 2.2. Method of membrane filtration used for enumeration of bacteria from water samples21

Fig. 3.1. Bile-resistant bacteria on MacConkey agar from first sampling, after raining (2nd February 2020). From 
A to F, are bacterial isolated colonies on membrane filter using MacConkey agar plates with different dilution 

numbers. From G to I are streaking plates for purification of a bacterial colony. pH readings of upstream, outflow, 
and downstream were 6.31, 6.81, and 6.19 respectively

Colonies from Upstream Samples  Colonies from Outflow Samples Colonies from Downstream Samples

time water samples or possibly, the   differences 
between first- and second-time sampling could be 
caused by changes that happened within one month 
(interval of two times sampling). Regarding this, 
studies that monitor the impact of STP on stream 

showed microbial differences over different times. 
These studies showed microbes in the stream 
changed by wetter antecedent moisture conditions, 
environmental perturbation, physiochemical 
properties and toxicity of sewage, or hydraulic 
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Fig. 3.2. Bile-resistant bacteria on MacConkey agar from second sampling when there was no rain (2nd March 
2020). From A to F are bacterial isolated colonies on membrane filter using MacConkey agar plates with different 

dilution numbers. pH reading of upstream, outflow, and downstream were 6.33, 7.13, and 7.17 respectively

Colonies from Upstream Samples Colonies from Outflow Samples Colonies from Downstream Samples

mixture [25], [26]. The change of pattern was 
high microbial diversity occurring after rainfall, 
lower microbial diversity after precipitation, and 
increasing or even disappearing of microorganisms 
after mixing between upstream and outflow.
 In general, culturable bile resistant 
bacteria in surface water that received STP 
effluent tend to have majority lactose fermenter. It 
resembles culturable bile resistant bacteria of STP 
outflow more than undisturbed upstream.
Partial identification using triple sugar iron 
agar test
 All isolates were partially identified using 
triple sugar iron (TSI) agar slants incubated for 22 
hours to 24 hours at 35°C. Growth on TSI yields 
nine combinations of characters, (Table 3.1), and 
each combination of characters can be attributed to 
several types of Enterobacteriaceae. The number of 
times colonies with TSI combination of characters, 
which were found in enumerated plates, were 
recorded (Table 3.2) This qualitative assessment 
provides a general idea of the occurrence of the 
types of Enterobacteriaceae in the samples.
 Growth on TSI showed including some 
unknown bacteria, Enterobacteriaceae can be found 
in every sample not only STP outflow but in samples 
before and after receiving outflow. However, the 
Enterobacteriaceae population from the sample 
after STP effluent was introduced into the stream 
(downstream) was very different from upstream.
Outflow from STP changed downstream population 
to favour 3 to 6 Enterobacteriaceae groups, even 

though both upstream and outflow almost always 
carried all 10 members of Enterobacteriaceae. The 
favoured groups in downstream are Escherichia 
and Enterobacter, Citrobacter, Klebsiella, 
Aeromonas, Alcaligenes, and Serratia and Vibrio. 
Of those favoured, Escherichia and Enterobacter, 
Citrobacter, and Klebsiella seemed to be a constant 
feature and Escherichia and Enterobacter as the 
dominant changes. The abundance of bacterial 
content (CFU/100 ml) downstream was affected 
by the entry of outflow into the stream. This is 
because bacterial count in upstream was3.0x103 
CFU/100 ml, very far from the outflowcount,which 
was92x104 CFU/100 ml. On the other hand, 
bacterial counts downstream were consistently 
higher,1.29x102 CFU/100 ml.

discussion

 Sewage t reatment  processes  are 
capable of decreasing the concentration of faecal 
pathogens14,27,28. However, studies also showed 
the public health risk of streams impacted by 
STP effluent as metagenome analyses showed 
pathogenic bacteria can escape STP treatment 
processes29–32. These metagenomic studies found 
nucleic acid indicators of pathogens such as 
Bacteroides HF183, Helicobacterspp, E. coli, 
Enterococci, and Acinetobacter baumannii. In 
addition, many metagenome studies also showed 
STP effluent changes the microbial landscape of 
streams26,33–35. And these studies explained changes 
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table 3.1. Triple sugar iron agar slant tubes after incubation with the TSI reactions: Acid reaction (A) = yellow 
colour, Alkaline reaction (K) = red colour, Hydrogen sulphide production (H2S) = black precipitate, Gas 

productions   (G) = bubbles, cracks or media displacement, No change (NC)

Tube Reaction (slant/butt) Symbol Possible ID

1 No changes NC Control 
2 Yellow/No change A/NC Unknown   
3 Red/Yellow K/A Unknown 
4 Yellow/yellow with gas production  A/A,G,H2S Citrobacter freundii
 and black precipitation
5 Red/Red K/K Pseudomonas aeruginosa
6 No change/Yellow NC/A Unknown 
7 Red/Yellow with gas production K/A,G Salmonella
8 Yellow/Yellow with gas production A/A,G E. coli, E. aerogenes, E. cloacae
9 Yellow/Yellow A/A Vibrio cholera, Serratia,Klebsiella 
10 No change/No change (but including bacteria) NC/NC Alcaligenes faecalis

from the perspective of microbial metabolism. 
It showed that under long term nutrient stress 
conditions, such as in wastewater treatment 
plants, microbial communities developed special 
metabolic patterns such as specific amino acid 
metabolism and membrane transporters to maintain 
optimal cellular activity. However, all of the studies 
had relied on metagenomic strategy. The very 
limited study assessed the impact of STP effluent 
on changes to culturable or living bacteria in the 
STP and the stream, including pathogenic strains. 
Isolation of living pathogenic bacteria provide 
realistic health risk assessment compared to the 

metagenome survey alone36. Therefore, there is a 
need to determine the actual presence of culturable 
bacteria in water impacted by STP effluent to assess 
any impending public health risk from pathogenic 
or potentially pathogenic strains. Findings from this 
study complete the big picture of microbial changes 
in a stream impacted by STP effluent revealed by 
metagenome studies and opened up an avenue to 
potential source-specific bacterial indicators.
 In this study, STP effluent (outflow from 
Kolej 9 STP) was shown to cause the water of the 
receiving stream to have higher selected groups 
of Enterobacteriaceae. In addition, the number 
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table 3.2. Possible ID and number of colonies of both time sampling using MacConkey and TSI 
agar, from upstream, outflow and downstream sampling 

Presumptive Bacteria ID Upstream Outflow Downstream
 Number of  Number of  Number of 
 colonies (10-3)  colonies (10-4)  colonies (10-2) 

Citrobacter freundii 2&2 0&1 1 & 1
Citrobacter diversus 0&1 0&2 0&0
E. coli, E. aerogenes, 
E. cloacae 3&36 7&64 64 &63
Aeromonas hydrophilia 1&3 38& 4 22 &0
Alcaligenes faecalis 6&1 5&1 1 &0
Serratia, vibrio cholera 4&13 15&10 11 &0
Pseudomonas aeruginosa,
pseudomonas putida 1&1 1&0 0&0
Klebsiella pneumonia 4&5 2&3 4 &1
Shigella dysenteriae,  1&4 0&0 0&0
Shigella boydii, Shigella flexneri
Salmonella cholerasus,  0&2 12&2 0&0
Morganilla morganii
Unknown  3& 3 1& 16 11& 0
No growth on TSI 2& 0 2 & 5 2 & 0
CFU/100 ml (Total) 3.0 x 103 [27]& 92x104 [83]& 1.29x102 [116]&
 7.9x103 [71] 120x104 [108] 72x104 [65]

of bile resistance bacteria in the outflow of STP 
was higher than upstream, which indicates the 
presence of bacteria (opportunistic pathogenic 
bacteria) in the treated wastewater of kolej9 STP 
and can contribute to the water pollution. The 
effluent makes the Enterobacteriaceae population 
in the sample downstream of STP different from 
that upstream from STP. Particularly, Escherichia 
(E. coli), Enterobacter (E. aerogenes and E. 
cloacae), Citrobacter (C. freundii), and Klebsiella 
(K. pneumoniae) are favoured features. All 
these are known as opportunistic pathogens for 
humans. Unlike obligate pathogens, opportunistic 
pathogens cause infection to those who are 
immunocompromised either from diseases or poor 
diet30. For instance, E. coli is a gut organism. It 
causes infection of the intestine and causes diarrhoea 
when contaminated food or water is consumed37. C. 
freundii is another intestinal inhabitant of humans, 
which can be found in environments such as water, 
sewage, soil, and food. C. freundii may sometimes 
acquire the ability to produce an enterotoxin, 
mostly causing abnormal inflammatory changes 
in the intestinal tract affecting biliary, urinary, 
and respiratory tracts, and blood of patients with 
the weak immune system38. K pneumoniae is 

present as commensal in the nasopharynx and 
the intestinal tract. Occasionally, Klebsiella spp. 
causes human diseases, including asymptomatic 
colonization of the intestinal, urinary, or respiratory 
tract, and even fatal septicaemia38,39. Apart from 
these favoured feature groups, the presence of 
Aeromonas hydrophilia and Serratia marcescens 
or Vibrio cholera, which were also detected 
in samples, are concerning as these bacteria. 
Similarly, these bacteria are opportunistic human 
pathogens. A. hydrophilia causes gastroenteritis, 
septicaemia, meningitis, and wound infections39 
whereas Serratia marcescens causes respiratory 
tract infection, urinary tract infection, pneumonia 
and meningitis40. Vibrio cholera is responsible for 
intestinal infections of humans causing cholera 
worldwide when the bacteria-contaminated 
drinking water is consumed38.
 Does isolation of the mentioned bile 
resistant bacteria (opportunistic pathogens) imply 
the health risk of surface water impacted by STP 
effluent? One of the main bacterial indicators of 
faecal contamination is Faecal Coliform E. coli. 
Studies have shown that gastrointestinal and 
respiratory diseases are linked to polluted waters 
with high numbers of indicator bacteria16, 41.  WHO 
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suggested that Faecal Coliform must be less than 
1000 cells/100 ml for harmless recycling of sewage 
treated effluents42. The results of the current study 
showed the presence of opportunistic pathogenic 
bacteria in the samples taken from the stream 
impacted by STP and also showed that the total 
number of E. coli and Enterobacter in downstream 
is 63x104 CFU/100 ml.
 The presence of gut organisms and 
opportunistic pathogens, such as E. coli, is proof of 
faecal contamination. However, studies showed E. 
coli as an indicator of faecal contamination could 
not tell the source of faecal either from humans 
or animals. This is because, these indicators are 
universal faecal indicators found in all mammals, 
not only humans16. Besides, sources of faecal 
pollution in water varies. For instance, it can be 
from the human sewage treatment plant, runoff 
from agriculture farms, or even wildlife that are 
normal inhabitants around water bodies.16,43. Thus, 
the inability to differentiate the source of faecal 
would prevent effective control of faecal pollution. 
In this study, gut bacteria other than E. coli were 
also detected in downstream samples, which 
particularly received the effluent from Kolej9 
(a residential place) STP. Partial identification 
by TSI suggested Enterobacter were very high. 
Thus, Enterobacter can be a candidate for a 
source-specific faecal indicator. Common featured 
bacteria, which are Citrobacter and Klebsiella, or 
the occasionally detected in high number Serratia, 
Vibrio, and Aeromonas could be considered as 
candidates as well.
 To date, other studies that researched 
alternative of E. coli as faecal bacterial indicator 
had identified bacteria such as Clostridia, 
Bacteroides, Bifidobacter, enterococci as the 
possible source-specific faecal indicator44,45. 
However, these bacteria have problems, or their 
use is limited. There is considerable debate 
regarding the use of Clostridium perfringens as 
an indicator of water quality due to its persistence 
in the environment46. On the other hand, the need 
to maintain anoxic conditions for cultivation, 
isolation, and biochemical identification limits 
the use of anaerobic Bacteroide species as a 
faecal indicator45. Bifidobacterium tolerates some 
oxygen but is a fastidious bacterium that grows 
very slowly in culture media, and are the least 
studied of all faecal bacteria due to the technical 

difficulties in their isolation and cultivation39. 
Several studies have identified difficulties to find 
media that can efficiently enumerate a wide variety 
of Enterococcus spp. Not sacrificing the specificity 
of the Enterococcus genus and the detection of 
enterococci isolates from environmental matrices 
(e.g. sediments, soil, sand, plants, plus water) 
remains challenging47. However, it is still too early 
to suggest bacteria as alternatives to E. coli but, as 
such bacteria cannot be definitive proof of faecal 
contamination. Results from current work open 
up the possibility of other possible source-specific 
faecal indicator candidates that can be further 
researched.
 Furthermore, the characteristics of the 
ideal indicator organism are: 1. suitable for all 
types of water. 2. Present in greater quantities than 
pathogens. 3. Present in sewage 4. They should be 
at least as resistant as the pathogen to environmental 
threats and disinfection processes of wastewater 
treatment plants. 5. The indicator organism should 
be non-pathogenic. 6. Occur in large numbers in 
the intestine and faeces. 8. Simple, accurate, and 
cheap to observe and enumerate. Not multiplying 
outside the enteric environment is the desired 
character as well39,45,47,48.  A perfect organism with 
all the criteria does not exist. Even existing faecal 
coliform E. coli is having concern with replication 
in the environment49. But studies that focused on 
the viable count of faecal or gallbladder bacteria 
from pig, human, and poultry sources, found the E. 
coli as the majority and most abundant across the 
different sources. Accompanying the E. coli, other 
bacteria such as Pseudomonas and Aeromonas 
were easily found in poultry50, Enterobacter for 
humans51, and Salmonella for pigs52. In this study, 
E. coli and Enterobacter were also found in favour 
of samples related to STP effluent, instead of 
the upstream sample without effluent. Perhaps a 
consortium of faecal bacteria, instead of a single 
type of coliform, is the way to go for source 
tracking.
 Furthermore, the black colour colony of 
bacteria on MacConkey agar, found in first time 
sampling of the current study are the colony, which 
is not reported about in the previous studies thus, 
it can provide an avenue for other researchers 
to do further researches to find about the risk or 
usefulness of this black colour colony of bacteria 
on MacConkey agar.
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conclusion

 The characteristics of treated sewage 
for discharge according to Malaysia Standard are 
low nutrient substances and organic materials. 
The coliform count is not included. Thus, it is not 
clear how Malaysia Standard comply STP effluent 
would affect bacterial diversity and health safety of 
surface water. This study showed that bile resistance 
bacteria were high in surface water that received 
STP effluent than upstream, which does not receive 
effluent from STP. In addition, STP effluent 
increased faecal-related Enterobacteriaceae in 
the surface water. The Enterobacteriaceae are also 
known to be opportunistic pathogenic bacteria. The 
presence of culturable opportunistic pathogenic 
bacteria could be a concern of public health risk. 
Besides, the detection of opportunistic pathogens 
in the wastewater of this research would facilitate 
decision-making for effective technology and 
management solutions to decrease microbial risks 
in receiving water bodies. Thus, further research 
and additional treatment are required to improve the 
treatment process and reduce the concentration of 
pathogens in treated sewage effluents. Additionally, 
this study found that STP effluents contain bile 
resistance bacteria associated with the human that 
can be suitable as a source-specific faecal indicator 
for human sewage.
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