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lean and safe water is fundamental to public health, and understanding how its quality is

assessed is vital. Instead of testing for every possible pathogen, which is often expensive
and time consuming, scientists rely on indicator microorganisms to reflect contamination
levels and treatment efficiency. Traditional indicators such as coliforms, Escherichia coli,
fecal streptococci, and Clostridium perfringens reveal the presence of fecal pollution and
show whether disinfection or purification processes are working effectively. Complementary
indicators like bacteriophages, Pseudomonas aeruginosa, Staphylococcus aureus, and
Aeromonas hydrophila provide additional insights into viral contamination, nutrient loads,
and the hygienic condition of recreational waters. Together, these microbial indicators offer a
comprehensive picture of water safety identifying both recent and long term contamination.
As pollution, climate change, and urbanization continue to challenge water resources,
strengthening indicator based monitoring remains essential for ensuring access to clean and
safe water for all.

Introduction

Water is essential for life, but keeping it clean and safe is a major global challenge. Pollution
from human activities and natural sources often introduces harmful microorganisms into
water bodies. Since testing for every pathogen is difficult and costly, scientists use indicator
microorganisms to assess water quality. These indicators act as biological signals, revealing
contamination levels and the effectiveness of treatment processes. Understanding and
applying these indicators help ensure that the water we drink, use, and share with the
environment remains safe and healthy for all.

Criteria for an Ideal Indicator Organism

An ideal indicator organism should naturally occur as part of the normal intestinal microflora
of warm blooded animals, including humans, so that its presence clearly signals fecal
contamination. It must be sensitive to the substance or treatment being tested and consistently
appear whenever enteric pathogens are present, serving as a reliable warning of possible
contamination. The organism should not multiply in the tested environment, preventing
misleading results, yet it should survive longer than the most resistant enteric pathogens to
ensure accurate detection. Additionally, it should be easy to identify and quantify through
simple laboratory tests, with measurable metabolic or physiological responses. A good
indicator organism should perform reliably across different environments such as food, water,
and soil, without being affected by minor variations in conditions. Ideally, it should also be
specific to fecal contamination sources, ensuring that its detection directly reflects a potential
health risk.

Definitions and Examples of Indicator Microorganisms

Process indicators are groups of organisms used to check whether a treatment or control step
is working properly. Their presence or reduction reflects how effectively the process removes
or reduces microbes. For example, in chlorination of drinking water, monitoring total

PRgri grticles ISSN: 2582-9882 Page 602

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O


mailto:anshidabeegumek@gmail.com

parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Beegum and Rajan (2025) Agri Articles, 05(05): 602-605 (SEP-OCT, 2025)

heterotrophic bacteria or total coliforms helps confirm efficiency if their numbers drop
significantly, the disinfection process is considered effective.

Fecal indicator organisms are microorganisms that specifically signal contamination
originating from fecal matter. Direct detection of intestinal pathogens is often challenging, as
it can be costly, technically demanding, and time intensive. Consequently, fecal indicators are
employed as reliable proxies for assessing potential health risks. Common examples include
fecal coliforms and Escherichia coli, both of which are abundant in the intestinal tracts of
warm blooded animals. Their presence in environmental or food samples strongly suggests
the possible occurrence of fecal associated pathogens such as Salmonella, Shigella, and
various human enteric viruses.

Index and model organisms go beyond general indicators by linking more directly to
pathogens. Index organisms signal that certain pathogens are likely present, for example, E.
coli is often used as an index for Salmonella since they commonly occur together in
contaminated settings. Model organisms, on the other hand, act as safe stand that mimic how
real pathogens survive or resist stress. A good example is male specific coliphages, which are
used as models for human enteric viruses because of their similar persistence and resistance.
Together, these categories of indicator organisms help monitor food and water safety by
providing practical, reliable, and cost effective ways to assess contamination and treatment
efficiency without always needing to test for every possible pathogen directly.

Total Coliforms

One of the most important markers of fecal contamination in water is the coliform group,
which includes Escherichia coli, Citrobacter, Enterobacter, and Klebsiella. Gram-negative,
lactose fermenting rods are simple to find, and if there are none in 100 millilitres, the water is
safe. False signals could result from coliforms ability to repopulate in nutrient rich or biofilm
environments, and they can occasionally survive in chlorinated systems. Complementary
indicators are therefore required for a precise evaluation of water quality. The presence-
absence (P-A) tests, membrane filtration (MF), and the Most Probable Number (MPN) are
the three primary techniques for their detection.

Fecal Coliforms and Escherichia Coli

The ability of fecal coliforms, mainly Escherichia and Klebsiella, to ferment lactose at 44.5
°C makes them indicators of fecal pollution without being able to distinguish between animal
and human origins. Their inherent presence in tropical waters lowers specificity, necessitating
the use of more accurate indicators. Because of its unique biochemical characteristics (urease
negative, B-glucuronidase positive), E. coli is preferred as a trustworthy marker. Rapid
Colilert assays, which can identify coliforms and E. coli in less than a day, membrane
filtration on m-FC agar, and the MPN test using EC broth are examples of common detection
methods.

Fecal Streptococci

Fecal streptococci are markers of fecal pollution and are primarily composed of Enterococcus
species (E. fecalis, E. faecium, E. durans, E. avium, and E. gallinarum) and a few
Streptococcus species (S. bovis, S. equinus). While Streptococcus species are primarily
associated with animals, Enterococcus species are typically associated with humans.
Although it is only accurate for recent pollution, the fecal coliform/fecal streptococci (FC/FS)
ratio aids in source differentiation; values >4 indicate human origin and <0.7 indicate animal
contamination. Membrane filtration or MPN are detection techniques, and bile aesculin agar
is used for confirmation. Fecal streptococci, in contrast to coliforms, are less likely to
proliferate in water, exhibit greater resistance to chlorination, last longer, and serve as helpful
markers of enteric viruses and gastroenteritis risk.

Clostridium Perfringens
Anaerobic, spore-forming, sulfite-reducing bacteria, Clostridium species are able to produce
resilient spores that withstand extreme environments. The most important species, C.
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perfringens, is found in sewage and comes from the intestines of warm blooded animals and
humans. Its spores are very stable and can withstand environmental stress and disinfection,
despite the fact that they do not grow in water. These spores can indicate the presence of
waterborne pathogens like protozoan cysts or oocysts and are reliable markers of past or
distant fecal contamination. Their detection aids in evaluating the long term microbial water
quality and indicates possible treatment or distribution failures.

Heterotrophic Plate Counts (HPC)

The number of heterotrophic microorganisms that grow on non selective media under specific
conditions is measured by heterotrophic plate counts (HPC), also known as total plate or
colony counts. A wide variety of naturally occurring bacteria that use organic nutrients for
growth are included in HPC. Colonies cultivated at 37°C indicate bacteria of human or
animal origin, whereas those grown at 22°C primarily represent environmental
microorganisms unrelated to fecal contamination in drinking water. Because the goal of
water treatment procedures is to lower heterotrophs, high HPC levels or abrupt increases
indicate declining water quality, which could be brought on by insufficient treatment,
disinfectant residue loss, biofilm formation in pipes, or stagnant water in the distribution
system.

Bacteriopages

Sewage and contaminated waters are full of bacteriophages, which are viruses that infect
bacteria and act as markers of viral contamination. They are helpful for researching virus
survival, disinfectant resistance, and water treatment effectiveness because of their
resemblance to enteric viruses. Somatic coliphages, which infect E. coli through cell wall
receptors, and F-specific RNA coliphages, which infect through F pili, are the two primary
types under investigation. Using plating or MPN techniques, they can be found in 8-18
hours. F-specific coliphages are uncommon in human feces and are not accurate for
detecting fecal pollution, despite the fact that they resemble human enteric viruses and help
with tracing and disinfection investigations. However, because of their abundance and
persistence, they are useful for tracking the behaviour of viruses in water systems.

Other Potential Indicator Organisms

Alternative indicators for recreational water quality include a variety of organisms. Although
Pseudomonas aeruginosa is too common to be a sign of fecal pollution, it can cause
infections of the skin, ears, and eyes. Aeromonas hydrophila indicates nutrient levels rather
than fecal contamination, whereas Staphylococcus aureus and Candida albicans more
accurately reflect human activity and pool hygiene. Environmental yeasts and acid-fast
mycobacteria (M. fortuitum, M. phlei) are water persistent and can be used as indicators.
These organisms aid in evaluating the environmental conditions, infection risk, and sanitary
quality of recreational waters, but they are not as good at detecting fecal pollution.

Conclusion

Ensuring clean and safe water is vital for protecting public health and the environment.
Microbial indicators serve as practical tools for detecting contamination and evaluating
treatment efficiency without testing for every pathogen. Traditional markers like E. coli,
coliforms, and fecal streptococci remain essential for identifying recent pollution, while
alternative indicators such as Clostridium perfringens spores and bacteriophages help track
long term and viral contamination. Using a combination of these indicators provides a
clearer, more reliable picture of water safety. Strengthening such indicator based monitoring
is key to safeguarding water resources and ensuring access to safe water for all communities.
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