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human consumables, which have a crucfahennai, India.
impact on the ecosystem's water and sgdevithacm2l@gmail.com
Micro pollutants are a wide range of
categories involving organic and inorganighaibi M ohamed
pollutants causing harm to the environmeBepartment of Genetic Engineering
even at very low concentrations. The moSRM Institute of Science and Technology
significant barrier that stands in the way @hennai, India.
accurately determining the degree to whigdendtomdshaibi@gmail.com
the water is safe for human consumption is
the challenge posed by the difficulty of
identifying micro  pollutants. Recent
advances in detecting micro pollutants have
been made thanks to multiple distinctive
methodologies, including biomarkers for a
specific target in the detection of micro
pollutants in an ecosystem. Biomarkers are
the essential agents used to identify the
presence of causative substances in a
sample, and the amount of impact that it is
capable of causing may be investigated in
more detail. Both the degree of infection
that was produced and the quantity of
chemical that were entrapped may be
determined. In this study, a comprehensive
analysis of the various biomarkers used to
detect micro pollutant populations in the
environment has been carried out.

Additionally, the process that is followed to
detect these populations, as well as the
results of the research has been investigated
in great detalil.
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. INTRODUCTION

The evenncreasing world population is accelerating thedpiion of a wide rang
of chemical agents, leading to their unsafe dispmsthe environment anposing a severe
threat to all living beings. Mici pollutants, which comprise organic and inorge
substances, are particularly concerning as theycease environmental harm even at
concentrations. Whilesarious treatments ¢ available to eliminatdhazardous pollutant
micro pollutants prove challenging to remove through e¢hg@socesses. These harmr
substances take diverse forms, such as efflueots fharmaceutical industries, dyes fr
factories, and various chemical agents, with wdiemg ¢ major reservoir for thes
contaminants.

Even at minimal concentrations, mic pollutants can damage the ecosyst
affecting aquatic organisms and humans [1]. The toxicity leése micr pollutants is
extensive and includes adverse effects such as infertility [2], endocrine disruptior
carcinogenicity, antibioticesistant bacteria [3], teratogenic, and mutagempacts [4].
Researchers worldwide are actively exploring adgdntechnologies to treat and elimin
micro pollutants from various surfes. However, the initial stage of identifying th
contaminants poses a significant obstacle. Detgcliw-concentration levels of mic
pollutants proves to be a challenging task whenluatiag treatment procedure
Consequently, the precise and eent detection of micropollutants has become a pur
area of emphasis for numerous researc

Micro pollutants come in various types, including pharengical and personal ca
products (PPCPs), Biocides, and Perfluoroalkyl @oty-fluoroalkyl substaces (PFAS),
originating from diverse sectorPPCPs play a prominent role in sewage v and pose
challenges for wastewater treatment processes.bMotaicropollutants produced fro
PPCPs include Tramadol, Lofepramine, Fluoxetine,b&berine, and Diclonac [6].
Different analytical protocols and sensitive detestare utilized to identify food and wa
micro pollutants Chromatographic techniques such as HPLC, HPTh@,&C are combine
with spectroscopic detection methods like NMR, Maggctrometryand PCR. Sensing
devices detecmicrobes and their metabolites, especially in lowleoular weight micr
pollutants. Molecular detection techniques invousing quantum dots, nanoparticles w
modified proteins and DNA, a nanodiamonds [8Additional methods utilized fomicro
pollutant detection in wastewater include fluorescence quegcktudies, Ultraviolet an
visible spectrophotometenethods, fluorescent probes, and flame ionizateteaion. Thes
approaches colitively contribute to precisely and comprehensively detec micro
pollutants in various environmental samg There are different kinds of biomarkers used
a wide range of studies, such as diagnostic bioensrkPredictive biomarkers, a
monitoringbiomarkers, as shown in FigL1.

Types of
Diagnostic Safety Risk Monitoring Response Prognostic
Biomarker Biomarker Biomarker Biomarker Biomarker Biomarker

Figure 1: Various types of biomarkers are based on theirctieteand assessment metr
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Diagnostic markers serve the purpose of confirnmimg presence of a disease or
medical condition. On the other hand, safety bidk®aie are employed to predict the toxicity
of drugs and their related adverse effects andyaeagents responsible for environmental
pollution. Risk biomarkers aid in assessing anvialdial's susceptibility to developing certain
diseases or medical conditions. Monitoring biomeske crucial in understanding the
disease's progression, spread, and response tmerda Response biomarkers, part of
pharmacodynamic studies, detect the specific resgsofrom drug consumption or clinical
interventions. Prognostic biomarkers are instrum@eintscreening for disease recurrence and
predicting the progression of a diagnosed patiem€dical condition. All these diverse types
of biomarkers are valuable in detecting variousrmpollutants in an extensive environment.

Detecting biomarkers in sewer waste poses a camadilge challenge due to the
varying spatiotemporal conditions inside the sesyamtem. While some studies have shown
minor results concerning temperature changes caogeslispended solids in the sewer, a
more significant impact is observed when biomarkeestransformed by changes in the pH
of the sewer environment [9].

II. METALSAND CHEMICALSASBIOMARKERS

A human trial comparing groundwater-consuming arap twater-consuming
populations revealed higher levels of heavy mdiisdsarsenic and lead in groundwater than
in tap water. The hazardous levels exceeded thmalorange of 0.01 to 16.34, with an
average acceptable level of 1.20 + 2.50. Biomarksrsh as hair, fingernails, and urine, were
used to assess heavy metal exposure, with urimgy lseiggested as a biomarker for daily
analysis and fingernails for long-term evaluatid][ The marine ecosystem is affected by
hazardous chemicals like polycyclic aromatic hydrbons (PAHS), non-degrading
chemicals, and heavy metals such as polychlorobyghBiomarkers indicating responses to
glutathione S-transferase and catalase activityaitive mussels can be used to detect their
toxic levels. For instance, these biomarkers' dgtikrelped detect heavy metals like zinc,
lead, and cadmium iNlytilus galloprovincialis from the coastal region [11].

I11.PHARMACEUTICAL MICROPOLLUTANTSAND THEIR BIOMARKERS

The study involved a control group that examinesl genetic expression patterns of
pharmaceutical products in zebrafish. Two specifibarmaceutical micropollutants,
norfluoxetine and venlafaxine, were introduced adlupants in separate and mixed
conditions. The gene expression patterns were ze@dlgn 32 genes to assess the effects of
these micro pollutants on gene regulation. Thegeession patterns were then utilized as a
method to detect pharmaceutical micro pollutan@.[In farming practices, pesticides like
organophosphates and carbamates are commonlyasedttol insects on plants. However,
these pesticides pose severe toxicity to the enwiemt. Zebrafish were exposed to water
containing pesticide micro pollutants, and the gtulbcused on their effects on
acetylcholinesterase signals in the model organidrhe inhibition of acetylcholinesterase
was considered a biomarker for the presence oficubst, as it led to behavioural and
developmental impairments in the zebrafish [19]r &etecting xenobiotic contaminants in
in-vivo fish models, ethoxy resorufin-O-demethylasas used as an efficient biomarker to
assess CYP1A catalytic activity in the fish. Adalitally, antioxidant enzymes such as
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glutathione reductase, glutathione peroxidase, rewje dismutase, and catalase were
studied as defence mechanisms against generatyngdicals [20].

IV.MICROPOLLUTANTSDETECTION USING REPORTER GENE ASSAY

To detect micro pollutants in highly polluted aqoaamples, researchers can perform
the CALUX in vitro bioassay. This assay allows them study various physiological
processes of water extracts, including immune #gtivnetabolism, response to oxidative
stress, and cytotoxicity. The in vitro reporter geassay has proven to be a valuable tool in
understanding the toxicity levels of the environtmemd the hazards caused by the
accumulation of micro pollutants [21].'

In the Australian reverie environment, a hazartingasystem was proposed for
marine endemic systems based on the effects olaservéhe reporter gene assay in vitro.
This system categorizes micro pollutant levelsoas (1ng/L E2 eq.), medium (1-10ng/L E2
eg.), or high (10ng/L E2 eq.). However, it is im@mt to note that these values are
determined based on laboratory exposure alone amibidaccount for other external factors.
To conduct the study, water samples were colledtgthg pre and post-monsoon periods,
considering the rainfall received from June to 8Sefder. Environmental conditions such as
temperature, pH, turbidity, and dissolved oxygerO)Oevels are noted during sample
collection. Solid-phase extraction (SPE) is useextpact the samples. CALUX cells are then
seeded in 96 well plates, and the water sampla@sttreated with DMSO are added. The
control solvent has a mean standard deviation diot+2OD (Limits of Detection) and +10
for LOQ (Limits of Quantification). The final quaftation data analysis indicates that
extracts from the Allahabad sites during the prexsoon period exhibited upstream
estrogenic activity when treated with Biomarker3][2

V. PLANAR ENVIRONMENTAL CONTAMINANTS BIOMARKERS

PCBs, highly carcinogenic chemicals commonly foumctoastal debris, can harm
aguatic organisms. To examine the environmentabohpf these compounds on Dab fish
(Limandalimanda) in the coastal region of the Dutch, scientistbzetd the gene Cytochrome
p450 1A (CYP1A) as a biomarker. A total of 25 Dadhfsamples were collected from four
sites in the North Sea, including one coastal arba.protein induction level of CYP1A was
measured using an enzyme-linked assay (ELISA) tlamactivity of another enzyme, EROD
(7-ethoxyresorufin O-deethylase), was also analyZbd data obtained from the CYP1A and
EROD assays performed on the Dab fish revealedttieatevel of PCB was higher in the
coastal area compared to the other three sites.etAmwthe values showed considerable
variations due to background levels. In summarg, @YP1A biomarker proved useful in
distinguishing the coastal population of Dab fisbni other groups in the sea. These
biomarkers indicate environmental conditions thaymnfluence fish migration during
spawning [23].

VI.BIOMARKERS FOR IDENTIFYING SEWER CROSS CONTAINMENT
Fecal contamination in storm sewers can be accdssedgh various biomarkers,

including the 16S rRNA Bacteroide Human-specifiorbarker, Mitochondrial DNA genetic
markers, and chemical markers. The investigatiowolies studying wastewater
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micropollutants (WWMPs) like ACE, CAF, THEO, and ZBbout these biomarkers, using
their threshold reference values as a basis. Theetration values of these micropollutants
in cross-contaminated samples were also examingd. grocess begins with isolating
Bactericidal DNA and then amplifying it using humspecific HF183 marker and human-
specific mitochondrial marker (HMT) primers througCR. Different combinations of

studies were conducted while keeping the WWMP comno nearly all the samples.

Notably, the concentration of E. coli was foundbi® particularly sensitive to the HF183
human-specific marker and CAF, falling below orabdthe threshold of approximately 235
CFU or MPN 100mL-1 [24].

VII. EFFECTIVENESS OF BIOMARKERSIN MODEL ORGANISMS

1. Gammarus Fossarum : Gammarus fossarum, a freshwater amphipod, was used as a test
organism to explore the relationship between patitd¢ and biomarkers. Two groups of
amphipods were studied: one group was exposedreeationally treated wastewater,
and the other was exposed to river water. Afted@ys, the survival rates were analyzed
using a two-way ANOVA test for biomarker data. Tdraphipods exposed to wastewater
exhibited significantly higher values than thosethe river water samples. Among the
five biomarkers studied, glycogen, lipid conterid gophenoloxidase biomarkers showed
the most significant p-values [25]. However, it glib be noted that the biomarker
response in amphipods depends on various factwhkyding the characteristics of the
pollutant mixture, duration of exposure, pollutasdncentrations, and the metabolic
activity of the amphipods [26]. In a similar studlie sublethal effects of the disrupting
agent Bisphenol A (BPA) were assessed in GammaulexpThe evaluation involved
various biomarkers, including SOD and CAT actiwti@fhe study demonstrated that
biomarkers like GSH and TBARS were significanthhanced, indicating metabolic and
biochemical responses in G. pulex to assess emagntal BPA pollution [27].

2. Caenorhabditis Elegans. C. elegans, a model organism, was utilized as a biomarker to
assess micropollutants in wastewater treatmentysisalThe study examined larval
growth and cytochrome P-450 expression in treat@stewater samples. Specifically, the
expression of CYP-35A3 served as a biomarker far presence of PAHs and
polychlorobiphenyls [18].

3. Zebra Mussdals. PAHs, originating from coal, crude oil, and gaseliproduction
industries, tend to associate with sediments andecaignificant contamination as they
do not readily dissolve in water. Wastewater treatimplants (WWTPs) often assess
pollutant levels using zebra mussels and bioindrsato evaluate water quality. Several
genetic approaches have been employed on theseigrga including the comet assay,
micronucleus test (MN test), condition index (@Qpnado-somatic index (GSI), diffusive
gradients in a thin film (DGT), and analysis of @éitjve enzymes such as amylase and
cellulase. Among these, the MN test and Comet dsgag emerged as the most sensitive
tools for monitoring geno toxicity in freshwatengmonments [28][29].

4. Cyprinus Carpio: Fish, the most abundant aquatic organisms, arelyhggnsitive to
contaminants. Malachite green, a colorant usetientéxtile industry for dyeing clothes,
is considered a micropollutant in water. In Cypsnecarpio, various biomarkers are
employed to detect the presence of malachite gitgenHemoglobin levels are evaluated
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using cyanmethemoglobin, blood glucose is estimatitd O-Toluidine, protein levels
with Lowry's method, blood cholesterol with the Zalkthod, and total amino acids with
Moore and Stein method. Lipid content in the musslaletermined using the Folch
method. At the same time, antioxidant activity ke gills, liver, and kidney areanalyzed
through catalase activity (Luck method) and lipatqxide estimation (Ohkawa method).
Glutathione s-transferase is estimated using thieigHaethod, glucocorticoid receptor
activity with the David and Richard method, ascorbicid using Roe and Kuether
method, and glutathione using the Moron method.[BO&addition to malachite green, the
study analyzed organochlorine pesticides and ptiyickated biphenyls in Cyprinus
carpio tissues. Over four weeks, the exposure sif fo different aquatic sites in the
region allowed the determination of micropollutan@ntamination in marine systems.
Metals that were absorbed and distributed into fiseues were observed. To assess
contamination levels, acetylcholinesterase actiaondition factor, hepatosomatic index,
and osmolality in the fish were suggested as uskfomarkers [15]. Furthermore,
behavioural and genotoxic alterations were obsenvemmmon carp due to exposure to
organophosphate pesticides such as dimethoate hlodpyrifos. These alterations
included delayed opercular movements, retarded swign activity, and lowered
swimming velocity, all of which can serve as bioksas for detecting the presence of
these pesticides [31].

5. Anguilla Anguilla: Researchers studied the presence of micropollutanise aquatic
system by examining fish's gut microbiome and anaty microbiota changes. They
proposed using the microbiota as a biomarker terdehe the presence or absence of a
normal microbial population in the gut regionAsfguilla anguilla [16]. In European eels,
an increase in Ethoxyresorufin O-deethylase (ER@®ivity was observed, indicating
the presence of PAHSs like naphthalene and betathafidnvone. Additionally, there was
a rise in the level of liver cytochrome P450 contdarther suggesting the impact of
micropollutants on the eels [32].

6. Seaweed: Seaweed serves as both an accumulator and bionfarkeéetecting exposure
to organic chlorine pesticides and PAHSs. It playsuial role in absorbing and retaining
organic micropollutants, contributing to the man@rce of the ecosystem. Ulva fasciata,
a type of seaweed, was found to contain 30.38%iefffi carcinogenic fractions [13]. In
coastal regions, biomarkers such as glutathiomarnsferase and catalase were utilized to
identify the toxicity levels of PAHs, polychloroliipnyls, and heavy metals like copper,
zinc, lead, and cadmium [14]. These biomarkers hefjess the impact of micropollutants
on the coastal environment and its inhabitantdyudiocg seaweed.

7. Bivalve Molluscs. Bivalve mollusks were subjected to environmental pollution caused b
microplastics (1 mg I}, size 0.1-0.5 mm) and the pharmaceutical drugrifep (0.8ug
L™). The study was conducted over a period of 14 dayth with separate exposures and
in a mixed environment. The research revealed aifgignt increase in the citrate
synthase level as a biomarker in response to txedniicropollutants, indicating the
potential use of biomarkers for detecting microptapollution [12]. Another group of
researchers conducted a systematic review to esdtablasic recommendations for
micropollutant detection, particularly focusing Bivalve mollusks. The results suggested
a minimum sample size of fifty in a specific areajng 10% KOH for preparing the
digestion solution, and a filter membrane with agpgize less than 5 pum. Following these
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parameters in long-scale biomarker studies couddl I® the identification of novel
components to combat pollution effectively [33]. Mover, the enzyme caspase-3 has
been found to be responsive to Ibuprofen's divinsetionality under various conditions
and environments. Changes in caspase-3 activitydcba employed as a detection
method to identify the levels of microplastics atied presence of ibuprofen in test
samples [12].

VIIl. CONCLUSION

The presence of hazardous micro pollutants posesigaificant threat to the
environment and can also impact human health. dheamination of natural habitats raises
concerns about the need to reclaim and restorellutgmb ecosystems. However, detecting
these micro pollutants has proven to be a chaltentask, given their low concentrations.
The advanced methods and biomarkers discussedsisttidy offer promising solutions for
accurate and efficient micro pollutant detectiog.rBonitoring the concentration and types of
micro pollutants using biomarkers; we can gain abla insights into the extent of
contamination in different environments. The recetvelopments in biomarker-based
detection are being actively employed in many coesitto address the issue of micro
pollutants Overall; this enhanced understandingbioimarkers and their application in
detecting micropollutants will foster further resda and raise awareness about the
importance of identifying and mitigating these @mninants in our daily lives. By reducing
the risk of contamination and preserving a polititee natural ecosystem, we can work
towards a healthier and sustainable environment.

Table 1: Biomarkersfor specific model organismsto detect the micro pollutants

ORGANISMS | BIOMARKER TEST DETECTION
Superoxide .
Gammarus Bisphenol A dismutase, Blsph.enol A
fossarum pollution
Catalase
Larval growth POIyCy(.;“C
Caenorhabditis expression aromatic
oleqans CYP-35A3 C ytochrom;e 450 hydrocarbons,
= . PASY Polychlorinated
expression .
biphenyls

polycyclic aromatic

Micronucleus test, Cold crude oil,
Zebra mussels| hydrocarbons

. Comet assay Gasoline
sediments
Acetylcholinesterase, Organophosphate
Cyprinus condition malachite  green pesticides of
carpio factor,hepatosomatic dye dimethoate  and
index and osmolality chlorpyrifos
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Polycyclic
Ethoxy resorufin- aromatic
Anguilla : , Y hydrocarbons
: Microbiota O-demethylase
anguilla - (naphthalene and
activity
beta-
naphthoflavone)
Organic chlorine
glutathione sS4 pesticides and
Seaweed Seaweed transferase angdPolycyclic
catalase aromatic
hydrocarbons
o , Liposomal Ibuprofen,
Bivalvia Citrate synthase functionality test | Microplastics
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