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Abstract:

Anthropogenic pollution, particularly that which persists over time, is the primary
cause of the global distribution of polycyclic aromatic hydrocarbons (PAHS).
Because of their hydrophaobicity, thermostability, and heterocyclic aromatic ring
structures, PAHs are naturally resistant to degradation and remain in the
environment for long periods of time. Multiple studies have shown that PAH
contaminants are extremely harmful to different kinds of life, including mutagenic,
carcinogenic, teratogenic, and immunotoxicogenic effects. Consequently, the main
causes, pathways of exposure, and harmful effects of PAHs on humans are covered
in this review. Physical and chemical methods for PAH remediation, including soil
washing, adsorption, electrokinetic, thermal, oxidation, and photocatalytic
treatments, are provided in a concise overview in this article. Environmentally
friendly biological treatment options for PAH remediation, including microbial
remediation methods utilising bacteria, archaea, fungus, algae, and co-cultures, are
systematically compiled in this research. Bioremediation, biostimulation,
bioaugmentation, land farming, bioreactors, and vermiremediation are some
examples of in-situ and ex-situ biological treatments.
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Introduction

Anthropogenic activities, such as the multitude of toxins released into the environment as a result of fast
industrialisation and urbanisation, include polycyclic aromatic hydrocarbons (PAHs). Remediation of PAHs from the
environment has been a worldwide problem due to their intrinsic features, which make them persistent pollutants with
a wide range of biological toxicity. All ecosystems, whether terrestrial or aquatic, and even the air we breathe include
PAH contaminants. Because PAHSs are less soluble in water and have a higher hydrophobicity, they were discovered
to accelerate the rate of deposition in soil and sediment. The soil ecosystem serves as a final destination for PAHs due
to their high adsorption onto soil particles. There are three levels of soil PAH pollution: unpolluted, mildly polluted,
and severely polluted. Various forms of PAH pollution have a significant impact on the health and welfare of humans
and other creatures worldwide (Garcia-Sanchez et al., 2018). There are two main factors—the polluted matrix and
environmental conditions—that greatly impact the selection of suitable PAH cleanup procedures. There has been an
ongoing effort to remediate the site using various techniques, with mixed results, using physical, chemical, biological
[1] , and more recently created combined systems. One of the numerous remediation strategies that has been
thoroughly studied is the use of microbes to restore PAH-contaminated habitats ecologically. More recent reports have
also detailed integrated PAH treatment approaches that effectively reduce PAH pollution. The purpose of this study is
to go over what is known about PAH remediation efforts, what has changed recently, what elements are involved, and
how effective and limited these strategies are. This study provides a comprehensive overview of PAHSs, including their
properties, origins, exposures, toxicity, and health impacts. It also discusses the importance of PAH remediation, the
role of -omics techniques in PAH bioremediation, and the challenges that arise throughout this process.

Hydrocarbon Classification

Hydrocarbons can be classified into five groups: alkanes, unsaturated nonaromatic hydrocarbons, aromatic
hydrocarbons (which are defined as having one or two linked aromatic rings in their structures), polycyclic aromatic
hydrocarbons (which have multiple rings), and mixed hydrocarbons (which contain combinations of two or more of
the previous types). Here are the main categories:

Alkanes

In hydrocarbons known as alkanes, paraffins, or aliphatic hydrocarbons, the carbon atoms are connected through
sigma bonds, which are single covalent bonds that consist of two shared electrons. Examples in demonstrate this point.
Alkanes can be either straight or branched chains. They can also take the form of cyclic structures; cyclohexane
(C6H12) is one such example. The molecular structure of cyclohexane is a ring of six carbon atoms, two of which are
hydrogen atoms. Alkanes with straight or branched chains have the molecular formula CnH2n+2, while cyclic alkanes
have the formula CnH2n. Methane [2] , ethane, propane, butane, pentane, hexane, heptane, octane, nonane, and
decane are the names of the alkanes with one to ten carbon atoms per molecule, in that order. A straight-chain alkane
can be indicated by adding n- to these names. An n-butyl group is a straight-chain four-carbon alkane group (formed
from butane) connected to a molecule by an end carbon; these substituent groups on molecules are named after their
respective bases. There is a risk of flammability and explosion from these reactions. Combustion in an oxygen-
depleted environment or within an internal combustion engine of a vehicle also poses a risk since it produces large
amounts of the poisonous gas carbon monoxide (CO). Substitution reactions, in which an alkane has one or more
hydrogen atoms swapped out for those of another element, are the second main category of alkane reactions to think
about in this context. To produce organchalide compounds, the hydrogen atom is typically swapped out for a halogen,
most often chlorine. In this case, the resulting chemical is known as an organochlorine compound.

Hydrocarbons That Are Not Saturated Aromatic

When carbon atoms in a hydrocarbon bond share more than two electrons, we say that the bond is unsaturated. Eleven
and 1,3-butadiene are examples of such compounds; they are alkenes or olefins with double bonds that share four
electrons. Acetylene, shown in the same picture, is an example of a triple bond with six shared electrons. Compounds
with unsaturated bonds are more versatile chemically, metabolically, and toxicologically because they can undergo
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addition reactions, as demonstrated in the following reaction of ethylene with hydrogen to produce ethane [3]. This
type of reaction is not possible with alkanes. The formation of vinyl chloride from the addition of HCI gas to acetylene
is another example of an addition reaction. This byproduct is a known carcinogen since it causes an extremely rare
kind of liver cancer in those who work with polyvinylchloride plastic. One example of a chemical with two bonds is
1,2-dichloroethylene, which has two geometrical isomers. Molecularly, these two compounds are quite similar to one
another (C2H2CI2), but their hydrogen and chlorine atom orientations are different, and their boiling and melting
points and other characteristics are also different. Although they differ greatly, their toxicity levels are minimal.
Experimental animals have shown evidence of liver and kidney damage caused by the irritating and narcotic cis-
isomer. Because of its effects on the central nervous system, the trans-isomer induces cramps, tremors, and weakness.
Its deleterious effects on the gastrointestinal tract include nausea and vomiting.

Hydrocarbons with an Aroma

Works on organic chemistry go into great detail on the many features of aromaticity in organic molecules. A low
hydrogen:carbon atomic ratio, strong C-C bonds of an intermediate length compared to alkenes and alkanes, and a
propensity to undergo substitution reactions are all features of these compounds. instead of the addition events seen in
alkenes, and the m-electrons are spread out among multiple carbon atoms, which causes the molecule to become more
stable due to resonance. You may find more in-depth explanations of these ideas in most generalised organic
chemistry textbooks. The majority of the aromatic compounds covered in this article have either one or more fused
benzene rings; examples of this are naphthalene and benzo(a)pyrene. The chlorination of biphenyl is an example of an
aromatic compound reaction that has major implications for toxicology and the environment. The name "biphenyl"
comes from the fact that it is composed of a single covalent connection between two phenyl groups, which are defined
as benzene molecules without a hydrogen atom. This substance forms many polychlorinated biphenyl (PCB)
molecules when it interacts with chlorine in the presence of an iron(11) chloride catalyst [4].

Alkane Toxicology

Inhalation is the most common route of exposure for workers to alkanes, particularly the lower-molecular-mass
compounds. The American Conference of Governmental Industrial Hygienists attempts to establish reasonable values
for inhaled solvent, hydrocarbon, and volatile organic liquid toxicant exposure by establishing threshold limit values
(TLVs) for airborne toxicants.1,2 For example, a level of 3.1 ppm by volume for 1.25 hours would be used to
calculate the timeweighted average exposure (E). The denominator represents an 8-hour day. Higher exposure levels
for shorter durations, like 10 minutes once day, are subject to short-term exposure limits (STELs) and ceiling (C)
recommendations that are applicable alongside exposures determined by this equation. Therefore, TLVs frequently
represent nonsystemic effects of odour, narcosis, eye discomfort, and skin irritation; setting "safe" levels of air
pollutants based on systemic toxicologic effects is challenging. This is why it is not always helpful to compare
substances' systemic toxicological effects in the workplace using TLVS.

The Gases Propane and Butane

Butane is C4H8, while propane is C3H8. One isomer of butane is 2-methylpropane, while the other is n-butane.
Asphyxiants include propane, ethane, and the butane isomers, all of which exist as gases at ambient temperature and
pressure. Propane has effects on the central nervous system at high concentrations. It is reasonable to assume that the
two butane isomers will behave similarly to propane, as there are currently no documented systemic toxicological
consequences.

The octane series

There is a growing number of branched-chain isomers with higher numbers of carbon atoms per molecule, and the
alkanes with five to eight carbon atoms are known as n-alkanes. As an example, heptane (C7H16) has nine different
isomers. The boiling temperatures of the straight-chain isomers of these compounds vary from 36.1°C for n-pentane to
125.8°C for n-octane; under ambient conditions, all of these compounds are volatile liquids. Many commercial items,
such as varnishes, glues, and inks, use these compounds as solvents. They also find application in fuels, such gasoline.
The extraction of lipids is another application for them. The C5-C8 aliphatic hydrocarbons are now known to have
substantial toxic effects, despite their former near-harmlessness in toxicology. Experimental animals have been killed
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by exposure to high quantities of C5-C8 hydrocarbons in the air, which mostly enter the bloodstream through the
lungs. People who breathe in large quantities of these hydrocarbons have experienced vertigo and clumsiness due to
depression in the central nervous system. The most prevalent non-fuel application of the C5-C8 alkanes is n-hexane.
Use it as a solvent to get the oil out of seeds like sunflower and cottonseed. Myelin, a fatty substance that forms a
sheath around certain nerve fibres, and axons, a component of nerve cells that transmits impulses out of the cell, were
both lost in the exposed workers' leg muscles when this alkane was mixed with more polar solvents, like furfural.
Recovery from polyneuropathy symptoms took place years after exposure ended, but they were reversible. Dermatitis
can develop when contacts with liquids containing compounds 5-8 are made. The breakdown of the skin's adipose
tissue causes this, the most prevalent toxicological occupational concern linked to hydrocarbon liquid use on the job.
The skin gets dry and scaly and also becomes irritated [4].

Gases other than octane

Middle distillate fuels with boiling points between 175 and 370°C, such as kerosene, jet fuel, diesel fuel, mineral oil,
and fuel oil refined from crude oil, include alkanes with carbon numbers more than 8 [5]. A blend of mostly alkane-
based C8-C16 hydrocarbons, kerosene is also known as fuel oil no. 1. Diesel is sometimes known as fuel oil number
2. Fuel oils having a higher boiling point, a deeper colour, and a rising viscosity are those with a number 3—-6 weight
classification. Light mineral oil has a density ranging from 0.83 to 0.86 g/ml and heavy mineral oil from 0.875 to
0.905 g/ml [6]; both are precisely chosen fractions of petroleum hydrocarbons. There are some concerns regarding the
toxicity of the higher alkanes, but generally speaking, they are not considered to be extremely poisonous. The majority
of occupational exposure occurs by inhalation, which can cause vertigo, headaches, and stupor. Coma and death have
been reported in instances of severe exposure [7]. Aspiration pneumonia has been caused by inhaling mists or
aspirating vomitus that contains higher alkane liquids. While there is no evidence that they cause cancer, mice exposed
to middle distillate fuels for extended periods of time displayed a mild tumorigenic response with a long latency
period. Middle distillate fuels can be effective carriers of recognised carcinogens, particularly polycyclic aromatic
hydrocarbons. The observed effects have been attributed to prolonged skin irritation, and these compounds do not
cause tumours when skin irritation is not present [8].

The Alkanes, Solid and Semisolid

Vaseline, or semisolid petroleum jelly, is a very refined substance that is mainly composed of C16-C19 alkanes.
Sulphur and nitrogen compounds, resins, and unsaturated hydrocarbons are removed by meticulously controlled
refining processes. Another comparable substance that has a solid behaviour is paraffin wax. The human body is
unable to break down or absorb petroleum jelly or paraffin.

It is cyclohexane.

Among cyclic alkanes, the most important is the six-carbon ring hydrocarbon, whose chemical formula is C6H12 [9].
At room temperature, it turns into a highly combustible liquid that is transparent and highly volatile. Its primary
application is as a starting material for the synthesis of cyclohexanol and cyclohexanone, which is achieved through a
liquid-phase oxidation with air and a dissolved cobalt catalyst. It is produced by hydrogenating benzene [10].

The Physical and Chemical Characteristics, Pollutant Sources, and Exposure Routes of Polycyclic Aromatic
Hydrocarbons

Organic pollutants known as polycyclic aromatic hydrocarbons are typically colourless, white, or light yellow solid
substances that consist of two or more fused aromatic rings containing carbon and hydrogen atoms. Space can be
occupied by aromatic rings in a linear, angular, or clustered molecular arrangement. Some PAHSs, known as light-
molecular-weight PAHs (LMW PAHS), include just two or three aromatic rings [11], while others, known as high-
molecular-weight PAHs (HMW PAHS), contain four or more aromatic rings. Both gaseous and particle forms of these
PAHs are released into the atmosphere, depending on their molecular weight. In addition, PAHs can be categorised
according to their ring structures. Alternant PAHSs, for example, have only six carbon benzene rings fused together,
while non-alternant PAHS, such as fluorene, have six carbon benzene rings fused together with an extra ring that has
less than six carbons. The biological endurance of PAHs [12], which makes them more resistant to nucleophilic
assault, is caused by the presence of concentrated m electrons on aromatic rings. In 1983, the US Environmental
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Protection Agency (EPA) designated 16 PAHSs as priority pollutants due to their toxicity, high concentrations, high
exposure [13], and resistance to removal. PAHs are defined by their structure-dependent high melting and boiling
temperatures, low vapour pressure, and poor water solubility. The water solubility and lipophilicity of PAHSs are both
predicted to decline as their molecular weight increases, rendering these molecules more resistant to hydrolysis. The
two primary types of causes of PAH contamination are those caused by humans and those that occur naturally. There
are far less significant or insignificant natural emission sources, such as forest fires, volcanic eruptions, and lightning-
caused moorland fires. Industrial, mobile, residential, and agricultural emission sources are the four main categories of
anthropogenic sources that contribute to PAH contamination. Many industrial processes release PAHSs into the air due
to incomplete combustion. These processes include incineration of waste, making iron and steel or aluminium, making
cement or dye, making asphalt or rubber tyres, making fungicides or insecticides, producing exhaust from refineries,
or generating electricity. Coal gasification, electric arc furnaces, oxygen furnaces, diesel engines, and gasoline-
powered engines of big machinery are among other sources of industrial emissions. Many vehicles' exhaust systems
contribute to mobile pollution sources, including aeroplanes, ships, railways, and both heavy and light off-road
vehicles. Burning of refuse, coal [14], wood, oil, gas, and kerosene in stoves and other home heating appliances are all
examples of activities that contribute to domestic emission sources. Inadequate combustion conditions during the
burning of open biomass and agricultural waste are the main causes of emissions in the agricultural sector. While
industrial, mobile, and home sources contribute to high PAH pollution in cities, agricultural and domestic sources are
the primary culprits in rural areas. Seasonal variations in PAH concentration are constant; winter has the highest
concentration [15], followed by spring, fall, and summer. Incomplete fossil fuel burning, more domestic heating,
reduced photodegradation, and poor diffusion caused by atmospheric conditions like calm winds and low temperature
all contribute to the higher PAH level in winter and spring. The three main categories of PAH sources are biogenic,
petrogenic, and pyrogenic, which are defined by the place of synthesis. The formation of pyrogenic PAHs occurs
when organic materials are inadvertently burned to a partial combustion at extremely high temperatures (350-1,200-C)
in the absence of or with very little oxygen [16].

Solvent soil washing Bacterial degradation

Magnetic nanoparticles Fe,;O, coated
photocatalyst Ag;PO, (Photochemical
degradation) and encapsulated microbial
consortium (biological degradation)

Physical- biological
integrated method

< = ; S : 3
Chemical oxidation Bacterial degradation
Persulfate Injection

Chemical- biological

il Activator + 5,04

/ Physical- chemical- biological
integrated method

integrated method

Figure 1. Various integrated approaches used in polycyclic aromatic hydrocarbon (PAH) remediation
processes.

Exposure to Harmful Polycyclic Aromatic Hydrocarbons and Their Impact on Living Things

The impact on human health might vary greatly throughout PAH substances. To name only a few examples, PAHSs can
cause cancer, teratogenic effects, immune system suppression, and mutations in microbes, mammals, and humans.

CCME 2 (9), 19-35 (2024) VISION PUBLISHER | 23



Pollutants in the environment can harm birds and aquatic life [17]. Parameters that significantly impact the severity of
PAHSs' harmful effects include the manner of exposure, period of exposure, and dose. Based on their analysis of the
three different exposure routes to soil-bound PAHs, Zheng et al. (2018) determined that PAHs from different sources
posed varying degrees of risk. Ingestion posed the highest cancer risk (98.1-99.3%), followed by dermal contact (0.66-
0.83%) and inhalation (0.03-0.04%). Factors including pre-health state and age may influence the toxic consequences
of PAHSs [18]. Inflammation, nausea, vomiting, diarrhoea, disorientation, and skin irritation are some of the acute side
effects. For both humans and animals, naphthalene, anthracene, and benzo(a)pyrene all act as direct skin irritants and
sensitizers. Chronic health impacts can manifest in a variety of ways, including cloudy vision, damage to the kidneys
and liver, difficulty breathing, lowered immune function, altered lung function, and symptoms similar to asthma.
When inhaled or consumed in large quantities, napthalene can trigger the hemolysis of red blood cells [19].

How Polycyclic Aromatic Hydrocarbons Are Phototoxic

As a whole, sunlight consists of three wavelengths: visible light (400-700 nm), ultraviolet A (320-400 nm), and
ultraviolet B (280-320 nm). Particulate organic hydrocarbons have the ability to absorb both ultraviolet A and visible
light. The cellular processes of electron or energy transfer from excited PAHs to other molecules, as well as the
creation of reactive intermediates from excited PAHSs reacting with oxygen or other molecules, are triggered by the
absorption of UVA radiation. Proteins, nucleic acids, and cell membranes are all vulnerable to harm from these
reactive species or intermediates. DNA single-strand cleavage, oxidation of DNA bases, and creation of DNA
covalent adducts can be caused by PAH-contaminated human skin being subjected to UV irradiation. This suggests
that PAH toxicity can be over a hundred times higher in light than in darkness.

The Risks of Carcinogenesis and Genotoxicity

Liver catalytic processes involving cytochrome P450 and many oxidase enzymes produce water-soluble epoxide
glutathione conjugates, which are the primary end products of polycyclic aromatic hydrocarbon detoxification in
mammals. Nevertheless, reactive intermediates such as diolepoxides, quinones, and hydroxyalkyl derivatives are
produced during the metabolism of some PAHs. These compounds are not polar enough to be eliminated, and as a
result, they form covalent adducts with nucleic acid, causing genotoxic consequences. Group 1 PAHs are known to
cause cancer in people, group 2A PAHSs are likely to cause cancer in humans as well, group 2B PAHSs are possibly
carcinogenic to humans, and group 3 PAHSs are not carcinogenic to humans at this time. As an exposure marker for
risk assessments, benzo(a)pyrene is commonly utilised because it is one of the most carcinogenic PAHs. An
unacceptable level of PAH exposure is associated with a 45 percent chance of carcinogenic risk, according to Tong et
al. (2018). Because of their high lipophilicity, PAHs accumulate and become bioavailable in organs that are abundant
in adipose tissue following exposure. Exposure to PAHs over an extended period of time can cause tumours to
develop in several organs, including the lungs, skin, oesophagus, colon, pancreas, bladder, and breasts in women.

Polycyclic Aromatic Hydrocarbon Pollutant Analysis in Environmental Samples Detection and extraction methods are
employed. The limitations of traditional solid-phase and liquid-liquid extraction techniques are mitigated by modern
extraction techniques, primarily microextraction and miniaturised extraction. Flow injection and syringe SPME are
two examples of solid-phase microextraction methods; dispersive liquid-liquid microextraction, ultrasound/vortex-
assisted LPME, single-drop and hollow-fiber LPME are examples of liquid-phase microextraction technigues.
Sorptive extraction using stir bars, rods, or plates; magnetic solid-phase extraction; fabric-phase sorptive extraction;
and solid-phase extraction using pipette tips are all examples of miniaturised extraction procedures. Modern PAH
extraction techniques make use of innovative sorbents such as molecularly imprinted polymers, graphene, carbon
nanotubes, graphene oxide, metal-organic frameworks, zeolitic imidazole frameworks, and graphene. In LPME, ionic
liquids are used instead of hazardous organic solvents. Simplified procedures, reduced solvent needs, smaller sample
volumes, easier handling, and shorter extraction times are all advantages of modern extraction techniques. Detection
techniques such as ultra-high-pressure liquid chromatography (UHPC), gas chromatography, gas chromatographymass
spectrometry (GC-MS), and ultraviolet (UV), diode-array, tandem-mass, flame ionisation, and fluorescence detectors
are the most pertinent.

How Unsaturated Nonaromatic Hydrocarbons Affect Human Health
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One of the most common organic compounds is ethylene. The production of other organic compounds uses nearly all
of it as a chemical feedstock. The process of polymerizing ethylene into polythene is demonstrated in. Many
additional polymeric materials, including elastomers, fibres, resins, and plastics, contain ethylene as a component. The
production of solvents, ethylene glycol antifreeze, plasticisers, surfactants, and coatings all begin with ethylene as a
raw material. When left untreated, ethylene remains a colourless gas with a boiling point (bp) of -105°C. It is
extremely combustible, produces explosive combinations with air, and has a slightly sweet aroma. Compared to
alkanes, ethylene's activity is significantly higher due to its double bond, or unsaturation. The following examples
demonstrate how it reacts with other compounds to produce useful byproducts: There is great commercial,
toxicological, and environmental significance in the byproducts of the addition reactions depicted above. As an
intermediary in the production of ethylene glycol and surfactants, as well as a fumigant and a highly reactive
colourless gas, ethylene oxide finds widespread usage in several industries. It irritates the eyes and the mucous
membranes of the pulmonary system, and breathing it in can lead to pulmonary edoema. A colourless, slightly viscous
liquid, ethylene glycol is mixed with water to create antifreeze and antiboil, which are liquids that boil at low
temperatures but do not freeze. These are employed in cooling systems. Ingesting this substance produces effects on
the central nervous system that are marked by excitement at the beginning and then depression. Ethylene glycol
undergoes metabolic oxidation to oxalic acid, glycolic acid, and glyoxylic acid at higher concentrations, which can
induce poisoning. Section explains how glycolic acid leads to acidosis and how oxalate creates insoluble calcium
oxalate, a substance that blocks the kidneys. An insecticidal fumigant and a lead scavenging additive, ethylene
dibromide has found usage in the combustion of leaded gasoline. The presence of this chemical in food products
caused a great deal of alarm in the 1980s, when it was believed to be a carcinogen, mutagen, and teratogen. An
odourless, colourless, volatile liquid with a boiling point of 83.5 degrees Celsius, ethylene dichloride is a fumigant for
soil and food. Its toxicological effects are multi-faceted, affecting not just the central nervous system but also the eyes,
liver, and Kkidneys. It appears that the harmful effects of ethyl chloride are comparable, although somewhat milder.
Ethylene, a very combustible chemical, creates extremely explosive combinations when mixed with air. To put it
simply, it Kills plants. An innocuous asphyxiant, ethylene is not very harmful to animals in and of itself. As an
anaesthetic, it puts the patient to sleep when administered in large doses. Inhalation is the sole major route of exposure
to ethylene for humans. Ethylene has a low blood-gas solubility ratio, which means that exposure is confined to values
below gas saturation in the blood.

Propylene, often known as C3H6, is a gas that shares many of ethylene's physical, chemical, and toxicological
characteristics. Just like that, it is a basic asphyxiant. A variety of products, including injection-molded bottles, pipes,
valves, battery cases, automotive body parts, and rot-resistant indoor-outdoor carpet, are created from polypropylene
polymer, which is its primary purpose.

The molecule 1, 3-butadiene

Synthetic rubber and other polymers rely heavily on the dialkene 1,3-butadiene. A styrene-butadiene polymer was the

first mass-produced synthetic rubber; in higher concentrations, it can induce coma and death; and it was utilised as a
replacement for natural rubber that was scarce during WWII. Exposure in humans causes a variety of symptoms,
including dry mouth, nose, and throat as well as impaired vision, nausea, and paresthesia. Unconsciousness may
follow extreme exhaustion, headache, vertigo, and a drop in blood pressure and heart rate in circumstances of extreme
exposure. Only catastrophic leaks of 1,3-butadiene gas have resulted in fatal exposures. The chemical is easily kept
and handled as a liquid, and it boils at -4.5°C. If the liquid is released onto exposed skin, it can induce burns similar to
frosthite. The possible carcinogenicity of 1,3-butadiene is the most concerning issue from a toxicological standpoint.
Mice are more susceptible to the carcinogenic effects of butadiene compared to rats and rats in general. Despite
concerns that it may cause cancer in humans, epidemiological studies of people who work with synthetic rubber and
plastics have found that typical worker exposures are unlikely to be high enough to have any effect. Genotoxic
metabolites, the most notable of which are epoxybutene and diepoxybutene, are produced when P-450 isoenzymes
react with butadiene.5 Furthermore, the two stereoisomers of 3,4-epoxy-1,2-butanediol and diepoxybutane, 3-butene-
1,2-diol, are both generated via microsomal metabolic pathways in rats. Making mercapturic acid derivatives from
1,3-butadiene oxidation products. causes the chemical to lose its harmful effects and acts as a biomarker for its
exposure. Haemoglobin adducts 1- and 2-hydroxy-3-butenylvaline are additional valuable indicators [20].6
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Butylenes

Butylenes are a class of four monoalkenes defined by the formula C4H8. The boiling points of these compounds,
which are all gases at room temperature, vary from -6.9°C for isobutylene to 3.8°C for cis-2-butene. Isomerization, or
the conversion to different isomers, is a common reaction for butylenes. Polymers are formed when they take part in
addition processes. Their tremendous flammability is their main danger. Despite their lack of toxicity, these
substances are asphyxiants and, when breathed in, provide a narcotic effect.

Butylene CH
4 8

a- butylene

'jctc ~C
:ba.& Hy C” k.
‘*;Q(' Trans-B-butylene

-C
&% 3
€ Cns—B—bu tylene

H~ /CH3
C=C

2-methylpropene

Figure 2. Chemical formula and molecule model of Butylene C4H8.

Alpha-Olefins

In the C6-C18 carbon chain length range, alpha-olefins are linear alkenes that have double bonds between carbons 1
and 2 [21]. They serve many functions. Comonomers from carbon atoms 6-8 are utilised in the production of
modified polythene polymer, whereas alpha-olefins from carbon atoms 12-18 are utilised as primary ingredients in
detergents. Lubricants and plasticisers are also made from these chemicals. Alphaolefins were consumed by a global
audience of about 1 million metric tonnes. Given the magnitude of the quantities involved, it is imperative that the
toxicological and occupational health implications of these substances be adequately addressed [22].

Both Cyclopentadiene and Cyclopentadiene

Polymeric elastomers, polyhalogenated flame retardants, and polychlorinated pesticides are all made from
dicyclopentadiene, which is formed when two cyclopentadiene molecules spontaneously combine. The crystals of
dicyclopentadiene (mp, 32.9°C; bp, 166.6°C) are transparent. It irritates the skin and produces a narcotic high. Its
toxicity levels are high when taken orally and mild when absorbed through the skin.

Chemical Name: Acetylene

has many use as both a chemical component and an oxyacetylene torch fuel. Although various synthetic approaches
are currently utilised, it was formerly the primary raw material for vinyl chloride production. The colourless gas
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known as acetylene has an aroma similar to that of garlic. Although it is not particularly poisonous, it possesses
narcotic and asphyxiant properties and has been utilised for anaesthesia. If exposed, you run the risk of experiencing
nausea, vertigo, and headaches. The inclusion of contaminants in the commercial product could be the cause of some
undesirable consequences from exposure to acetylene [23].

Chemicals Derived From Benzene

benzene and its main hydrocarbon derivatives are shown by their structural formulae. These chemicals play a crucial
role in solvents, unleaded gasoline compositions, and chemical synthesis. The most important hydrocarbon,
chemically speaking, is benzolene (C6H6). Benzene (bp, 80.1°C) is a volatile, colourless, extremely flammable liquid
with a distinctive odour. It is utilised as a precursor in the production of a wide range of goods, such as phenolic and
polyester resins, polystyrene plastics and elastomers (via intermediate styrene), chlorobenzene compounds,
insecticides, and dyes.

Short-Term Harmful Reactions to Benzene

has been used for commercial purposes for more than a century, and concerns about its toxicity date back to before
1900. There are both short-term and long-term toxicological effects of benzolene. Although inhalation through the
nose or mouth is the most common route of absorption, it can also happen via the skin or the digestive system when
taken in liquid form. Because it is an irritant to the skin, benzoene can produce erythema, burning, edoema, and
blistering at ever-increasing local exposure levels. A few minutes of breathing in air with 64 g/m3 of benzene can be
lethal; acute poisoning with a narcotic effect on the central nervous system, progressive excitement, depression,
respiratory failure, and death, can be caused by about a tenth of that level of benzene within an hour.

The Long-Term Harmful Impact of Benzene

While much research has focused on the short-term effects of benzene exposure, the longer-term consequences are of
far more concern. Chronic benzene exposure, like exposure to many other toxicants, causes honspecific symptoms in
humans, such as lethargy, headaches, and a lack of hunger. People who suffer from chronic benzene poisoning often
experience anomalies in their blood. Low white blood cell counts are the most prevalent. Upon closer inspection, it
may be discovered that there is an abnormally high concentration of blood lymphocytes, anaemia, and a decrease in
the amount of platelets needed for clotting, known as thrombocytopenia. There is some evidence that benzene harms
bone marrow, which could explain some of the blood abnormalities seen. According to epidemiological research,
benzene has the potential to induce acute melogenous leukaemia, which originates in the bone marrow. There has been
a significant reduction in the permissible amounts of benzene in the workplace due to worries that long-term exposure
could induce preleukemia, leukaemia, or cancer. As a result, alternatives like toluene and xylene are utilised whenever
feasible.

A Hydrocarbon's Metabolism Includes Benzene,

The solubility of benzene in water is 1.80 g/l at 25°C, which is moderately high. Blood quickly absorbs the vapour,
and fatty tissues take it up quite strongly from there. The process is reversible for nonmetabolized benzene, and the
molecule is expelled through the lungs. It is mostly in the liver that benzoate is metabolised. Cytochrome P-450
enzymes oxidise benzene to benzene oxepin and benzene oxide; these intermediates are biocompatible with one
another; either benzene oxepin or oxide can form a glutathione conjugate or undergo nonenzymatic rearrangement to
get phenol. Several oxyaryl compounds are produced by phenol and catechol, as demonstrated in. Urine testing can
detect benzene exposure through the presence of phenol, hydroquinone, catechol, 1,2,4-trihydroxybenzene, and
trans,trans-muconic acid, which are results of phase 1 benzene oxidation. As a byproduct of the processes that follow
the phase 2 conjugation of benzene oxide with glutathione, another compound seen in the urine of benzene-exposed
persons is S-phenylmercapturic acid. Blood samples taken from employees who have been exposed to benzene often
contain benzene oxide adducts such as haemoglobin and albumin. Proteins, DNA, and RNA can all bind to reactive
benzene oxide intermediate and other oxidised benzene intermediates [24]. This has the potential to block enzymes
involved in the processes of making blood cells, change cell development, and cause cell death. Exposure to benzene
is related with aplastic anaemia, bone marrow destruction, and, in extreme circumstances, leukaemia. These symptoms
are likely caused by this phenomenon.
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Indole, Xylene, and Ethylbenzene Substances

At a boiling point of 101.4°C, toluene becomes a colourless liquid. The majority of people's exposure to toluene
comes from gasoline, which contains 5 to 7 percent of the chemical. Solvent abusers often inhale toluene, among other
solvents. When exposed topically, it has a low toxicity level but is moderately harmful when breathed or swallowed.
In most cases, exposure to ambient air concentrations up to 200 ppm does not induce noticeable symptoms. However,
at 500 ppm, it is possible to experience headaches, nausea, lethargy, and poor coordination without any noticeable
physiological effects. Toluene is a narcotic that can induce unconsciousness at extremely high doses. Toluene
accumulates in adipose tissue and has an affinity for brain tissue. Toluene, in contrast to benzene, has an aliphatic side
chain that is easily expelled from the body as a result of enzymatic oxidation. As demonstrated in, the methyl group is
oxidised to produce the conjugate chemical hippuric acid, which is believed to be the first step in toluene metabolism.
This includes xylenes and ethylbenzene. human exposure to these substances is common because they are common
components of gasoline, industrial solvents, and reagents. Like toluene, these solvents are absorbed (mostly through
the lungs), broken down, and have similar effects. The CNS is the primary target of the effects. It would appear that
xylenes and ethylbenzene have minimal effects on organs apart from the central nervous system. Because of its
possible function as a procarcinogen in the production of carcinogenic styrene oxide, an industrial chemical to which
employees may be exposed, styrene is a serious toxicological issue. Direct inhalation of styrene oxide causes its
distribution throughout the body through the circulatory system. Nevertheless, the carcinogenicity hazard of styrene is
likely to be significantly lower than that of styrene oxide, since the latter is quickly hydrolyzed in the liver by epoxide
hydrolase to form mandelic acid and phenylgloxylic acid. This is because styrene oxide has been tracked in blood as a
biomarker of exposure to both styrene and styrene oxide. Exposures to styrene oxide resulted in levels of the adduct
that were around 2000 times higher than comparable styrene exposures. These results provide strong evidence that
styrene exposure does not cause cancer as much as direct exposure to styrene oxide does, because the production of S-
(2-hydroxyl-1-phenylethyl)cysteine is a measure of the tendency towards adduct formation and, by extension, the
formation of nucleic acid adducts that cause cancer.

The chemical name for napthalene

An important industrial chemical is naphthene, which goes by several names including tar camphor. One of its alkyl
derivatives is 1-(2-propyl)naphthalene. The volatile white crystalline substance naphthalene has a distinct odour and is
used to produce mothballs. The two primary resources for naphthalene are petroleum and coal tar. It is the raw
material for a wide variety of chemical products used in industry [25].

Naphthalene Metabolism

Enzymatic epoxidation of the aromatic ring is the first step in naphthalene's metabolism, which is comparable to
benzene's:

Potential Harm from Naphthalene Exposure

In certain people, a genetic metabolic disorder characterised by low glucose-6-phosphate dehydrogenase enzyme
activity in red blood cells can lead to a serious hemolytic crisis. Symptoms include low red blood cell count,
haemoglobin, and hematocrit levels, as well as anaemia. In people who are sensitive, coming into contact with
naphthalene can cause severe dermatitis or skin irritation. In addition to the hemolytic effects already mentioned,
naphthalene can produce vomiting, disorientation, and headaches when inhaled or consumed. The most common cause
of death in situations of deadly poisonings is kidney failure. Potential eye problems caused by naphthalene include
degeneration of the retina and cortical cataracts. The metabolite naphthalene dihydrodiol is responsible for these
effects.

Aromatic Polycyclic Compounds

Benzol(a)pyrene is the chemical name. polycyclic aromatic hydrocarbon (PAH) that has been the subject of the
greatest research. Incomplete combustion of other hydrocarbons forms these molecules by consuming hydrogen in the
favoured production of H20O. For the carbon-rich, hydrogen-deficient residue, the thermodynamically preferred form
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is the PAH compounds' condensed aromatic ring structure. Methane (CH4) has a hydrogen to carbon ratio of 4:1, but
benzo(a)pyrene (C20H12) has a far lower ratio of 3:5. Air, soil, and other environmental sources are rich with PAH
chemicals, which can be produced under a variety of partial combustion and pyrolysis conditions. Charbroiled food,
cigarette smoke, wood fire smoke, and motor exhausts are some of the sources of PAH chemicals. There are a lot of
PAHs in coal tars and petroleum wastes.

Understanding the Metabolism of PAHs

benzo(a)pyrene is mentioned as an example of a PAH molecule whose metabolism is discussed here. The creation of
benzo(a)pyrene, a carcinogenic metabolite, involves multiple processes. As demonstrated by the following reaction,
the 7,8-diol-9,10-epoxide isomer is formed based on the relative orientations of the epoxide and OH groups to the
molecule's plane. This is followed by an initial oxidation to form the 7,8-epoxide, and the 7,8-diol is produced by the
epoxide hydrase enzyme. The (+)antiisomer is considered carcinogenic due to its mutagenicity, DNA binding ability,
and extreme pulmonary carcinogenicity in newborn mice [26]. The lungs are the most likely sites to develop cancer
from exposure to PAH compounds due to inhalation of smoke, particularly tobacco smoke. But these chemicals,
which are thought to cause cancer of the oesophagus and stomach, are also present in meals cooked in direct exposure
to pyrolysis conditions. It is possible that PAHs from unvented cookstoves are to blame for the unusually high
incidence of oesophageal cancer in Linxian, China. As a biomarker of exposure to PAH chemicals, this study
measured the glucuronide conjugate of 1-hydroxypyrene.

Xenobiotic Analysis

Any organism that does not naturally occur in a given ecosystem is considered a xenobiotic. Some such examples
include synthetic organic chemicals (COCs) and heavy metals (like lead) that do not have any physiological purpose.
An essential aspect of environmental and toxicological chemistry is the exposure of organisms to xenobiotic
substances. Consequently, one of the most important parts of environmental chemistry is the determination of
exposure using different analytical techniques. The presence of these compounds in human tissues and other samples
of human origin is the most concerning, although they can be measured in a range of tissues. Most of these procedures
originated from research conducted on animals, and they are virtually indistinguishable from those used on other
species. Plant or microbiological samples may necessitate quite distinct procedures. Biological monitoring allows for
the determination of exposure to harmful substances by measuring xenobiotic compounds and their metabolites in
biological samples such as blood, urine [27], and breath. An important part of toxicological chemistry is comparing
the amounts of analytes with the amount and kind of exposure to foreign chemicals. Quick progress is being achieved
in this field. There are two primary methods for keeping tabs on harmful chemicals: biological monitoring and
workplace monitoring with samplers that collect xenobiotic compounds from the air in the workplace. Although
biological monitoring is often more difficult to evaluate, it provides a more accurate indication of exposure since it
measures exposure via all channels (oral, dermal, and inhalation) and provides an integrated value. In addition,
biological monitoring is highly beneficial for figuring out how well exposure prevention measures, such sanitary
practices and protective apparel, are working.

Signs of Contact with Xenobiotics

The sample type and analyte type are the two main factors to consider when estimating xenobiotic exposure. What
happens to xenobiotic material once it enters the body influences both of these. The entrance site is used to create the
sample for certain exposures. In the case of asbestos exposure, for instance, which causes lung lesions, this is the
situation. It is more usual for the analyte to manifest in a location distant from the first exposure; for example, lead in
bone after inhalation through the respiratory route. The analyte may even lack the original xenobiotic in some
instances. The presence of methemoglobin in blood, which develops after skin absorption of aniline, is an illustration
of this. When testing for exposure to xenobiotics, blood and urine are the two most common types of samples used.
We look for xenobiotics that are metabolised in different parts of the body—those that are considered systemic—in
both of these kinds of samples. The body absorbs xenobiotic chemicals, metabolites, and adducts, and then carries
them throughout the bloodstream. Hence, when it comes to biological monitoring, blood is the sample of choice.
Subjects frequently protest the collection of their blood because it is not an easy sample to process. Before being
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processed for examination as whole blood, blood may be treated with an anticoagulant, often an EDTA salt, after it is
collected. The leftover liquid is blood serum, which is obtained by allowing it to coagulate and then centrifuging it to
remove particulates. Because they are excreted in urine, it is a useful sample to examine for signs of xenobiotic
exposure. One benefit of using urine instead of blood for analysis is that it is easier for subjects to provide and has a
simpler matrix. You can also test for trace elements like selenium in hair or nails, xenobiotics and volatile metabolites
in breath, fat in adipose tissue, and milk (only from nursing women, of course) in milk samples. The analysis of
different types of organ tissue in cadavers can be helpful in determining the cause of poisoning-related deaths. The
xenobiotic chemical introduced to the person determines the analyte that is actually tested. Thus, it is practical to
categorise xenobiotic studies according to the chemical species identified. Of all xenobiotics, the most basic analyte is
the foreign substance itself. For xenaobiotics, this is particularly true for elemental forms, such as metals, which are
practically always determined in their elemental form. It is also possible to identify organic xenobiotics as the parent
compound in certain instances. Metabolic processes in phases | and Il often convert organic xenobiotics into various
byproducts. Measurements of the phase | reaction product are typically taken after the phase Il conjugate has been
hydrolyzed, either by enzymes or acid hydrolysis techniques. The presence of trans,trans-muconic acid, for instance,
can be quantified as proof of contact with the parent chemical benzene. On the other hand, there are situations where a
phase Il reaction product is quantified; for instance, hippuric acid can be used to prove that toluene was exposed. As
proof of exposure, certain xenobiotics or their metabolites can be evaluated when they form adducts with endogenous
substances in the body. The adduct carboxyhemoglobin, which forms when carbon monoxide and haemoglobin are
two simple examples. The adducts created by the DNA or haemoglobin with the carcinogenic phase | reaction
products of polycyclic aromatic hydrocarbons are more complex examples. Endogenous compounds are another type
of analytes that are created when a xenobiotic chemical is exposed to. A substance that does not include any of the
original xenobiotic material is methemoglobin, which is generated as a result of exposure to nitrobenzene, aniline, and
related chemicals. Enzyme activity is quantifiably changed by another class of substances. The inhibition of the
acetylcholinesterase enzyme by organophosphates or carbamate pesticides is the most typical instance of this.

Metal Determination
Examining Metals Directly

A number of metals with crucial biological roles can be detected directly in bodily fluids, particularly urine, through
atomic absorption. The most basic method involves diluting the urine with an acid or water solution and then
analysing a small sample directly using graphite furnace atomic absorption, which is highly sensitive to certain metals.
Chromium, copper, lead, lithium, and zinc are among the metals that can be detected directly in urine using this
method [28]. Graphite furnace atomic absorption techniques can measure extremely low metal concentrations, and
Zeeman background correction with a graphite furnace allows metal concentration measurements in samples with
enough biological material to generate a lot of "smoke" during atomization, reducing the need to ashing the samples.
In a reported approach, a solution containing ammonia, Triton X-100 surfactant, and EDTA was used to dilute blood
and serum tenfold and fivefold, respectively, in order to determine the concentrations of various metals utilising
inductively coupled plasma atomization with mass spectrometric detection. Zinc, cobalt, copper, lead, rubidium, and
cadmium all had detection thresholds that were sufficient for serum or blood testing.

Metals in Blood and Urine After Wet-Sashing

Atomic spectroscopy makes short work of a number of metals with essential toxicological roles in urine and blood.
While there are a number of possible approaches to ashing, the final step is always to dry the sample by heating it with
a strong acid and oxidant, then dissolve any remaining residue in acid. Typically, when testing for cadmium in blood
or urine, the sample is mixed with a similar volume of concentrated nitric acid, heated to reduce volume, 30%
hydrogen peroxide oxidant is added, and then heated to dryness. Finally, the sample is dissolved in nitric acid before
being measured by atomic absorption or emission. An effective, but somewhat dangerous, medium for digesting
blood, urine, or tissue is a mixture of nitric, sulfuric, and perchloric acid. Some of the metals that can be found in urine
or blood samples are cadmium, chromium, copper, lead, manganese, and zinc, and these can be determined by atomic
absorption analysis after wet ashing. Metals in biological samples have traditionally been measured by atomic
absorption, particularly by the very sensitive graphite furnace atomic absorption. However, inductively coupled
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plasma atomic spectroscopy has recently replaced this method due to its multielement capability and other benefits,
making it the preferred method for determining metals in urine and blood samples [29].

Metal Extraction for Applied Atomic Force Microscopy

Extracting the metal using an organic chelating agent to eliminate interferences and concentrate it for detection of low
levels is a need of several methods for the determination of metals and biological samples. Before the metal can be
extracted from the urine or blood sample, it may be wet ash. Before atomic absorption analysis, beryllium can be
removed from acid-digested blood or urine samples by adding acetylacetone to methylisobutyl ketone. This method,
when combined with the right extractants, can identify almost all of the commonly used metals. We have developed
ways to extract metals from minimally treated blood or urine and then quantify them by atomic absorption analysis.
This is made possible by the availability of powerfully chelating extractant reagents for a variety of metals. For
example, cobalt, lead, and thallium can be obtained by extracting the dithiocarbamate chelate from organic solvents,
while nickel can be obtained by extracting the chelate from ammonium pyrrolidinedithiocarbamate from
methylisobutyl ketone. The transformation into a volatile state is a common step in the processing of many metalloids
and metals. Through atomic absorption or other methods, the volatile hydrides of arsenic, antimony, and selenium can
be ascertained: AsH3, SbH3, and H2Se, respectively. Cold vapour atomic absorption is used to quantify the reduced
form of mercury, which is a volatile metal that is evolved from a solution.

Finding Inorganic and Nonmetals Phthalates

Determination of nonmetals in biological samples is not often necessary. The presence of fluoride ions (F-) in
biological fluids is a prime illustration of this. Excessive amounts of fluoride in the body can pose health risks in
certain instances of occupational exposure or exposure through food or drinking water. Using a fluoride ion-selective
electrode, the concentration of fluoride can be easily measured potentiometrically. A suitable buffer is used to dilute
the sample. The concentration is determined by measuring the potential of the fluoride electrode in comparison to a
reference electrode. A calibration plot is then used for further analysis. Using standard addition, which involves
reading the electrode system's potential in a known volume of sample, adding a measured amount of standard fluoride,
and then using the shift in potential to compute the unknown concentration of fluoride, yields even more accurate
values. The most prevalent and somewhat harmful elemental form of phosphorus, white phosphorus, is another
nonmetal that could benefit from a way to ascertain biological exposure. To make matters worse, there is currently no
chemical approach that can differentiate between white phosphorus exposure and the comparatively high levels of
organic and inorganic phosphorus found naturally in bodily fluids and tissues. By first treating the solution with acid
and then collecting the produced weakly acidic HCN gas in a base solution, toxic cyanide can be isolated using a
specialised apparatus known as a Conway microdiffusion cell. The creation of a coloured species allows for the
spectrophotometric measurement of the released cyanide. Because it produces a coloured carboxyhemoglobin with
haemoglobin, carbon monoxide is easily detectable in blood. The process involves taking readings of the blood
samples taken at 414 nm, 421 nm, and 428 nm. One sample is enriched with oxygen, which changes the haemoglobin
to oxyhemoglobin, and the other sample is enriched with carbon monoxide, which changes it to carboxyhemoglobin.
You may get the percentage of conversion to carboxyhemoglobin with the right calculations.

Organic Compound Parent Determination

Blood, urine, and breath can be tested for a variety of chemical substances that have not been metabolised. There are
situations where the sample and its water content can be directly fed into a gas chromatograph. Methoxyflurane,
acetone, n-butanol, dimethylformamide, cyclopropane, halothane, methanol, methyl chloride, methylethyl ketone,
toluene, trichloroethane, and trichloroethylene can all be measured by direct injection. It is possible to directly feed
headspace gas into a gas chromatograph after eluting the analyte at a high enough temperature to cause the volatile
component to concentrate above the sample. This is a simple method for determining volatile compounds in blood or
urine. Deproteinizing the blood or urine sample with a reagent like perchloric acid allows for the release of the volatile
xenaobiotic molecule. Acetaldehyde, dichloromethane, chloroform, benzene, trichloroethylene, toluene, cyclohexane,
and ethylene oxide are among the chemicals identified by this method. A variety of physiologically important volatile
organic compounds can be determined using gas chromatography in headspace, which becomes even more versatile
when multiple detectors are used.5 Another method, known as "purge-and-trap,” evolved volatile analytes from blood
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or urine in a gas stream and then collected on a trap for chromatographic analysis, has also been developed. The
method has been detailed for several volatile organic chemicals in blood, and it uses gas chromatographic separation
and Fourier transform infrared detection.6

Evaluation of Reaction Byproducts from Phases | and 11
First Products of the Reactions

Determining the products of their phase | reactions provides the most precise measure of exposure for certain chemical
compounds. The reason behind this is that a lot of compounds undergo metabolism in the body and disappear when
they are no longer present as the original substance. Furthermore, the portions of VOCs that do not undergo
metabolism may be easily expelled from the body with lung exhaled air, making them impossible to detect. Acid
hydrolysis can restore the phase | product when a substantial portion of the xenobiotic molecule has gone through a
phase Il reaction. Analysing urine for phenol can identify exposure to benzene since it undergoes the following
processes in the body, and one of the substances typically detected as its phase | metabolite is benzene7. Despite the
availability of a highly sensitive colorimetric approach for phenol using diazotized p-nitroaniline, gas chromatography
analysis has recently gained favour. The phenol is extracted into diisopropyl ether for chromatographic examination
after being treated with perchloric acid to hydrolyze phenol conjugates in the urine sample. Analysis of 1-naphthol in
urine shows exposure to carbaryl, as two other metabolic products of benzene, trans,trans-muconic acid8 and S-phenyl
mercapturic acid9, are now widely assessed as more specific biomarkers of benzene exposure. Acid hydrolysis
releases the 1-naphthol that has been conjugated by a phase Il reaction; the remaining 1-naphthol is after that
measured spectrophotometrically or visually. These procedures are applicable to urine metabolites. The urine sample
is typically acidified to free any phase | metabolites from any phase Il conjugates. The analyte is then collected as
vapour or extracted into an organic solvent, unless direct sample injection is used. At times, a reaction between the
analyte and a reagent can yield a volatile byproduct that can be easily separated and detected using gas
chromatography.

Reaction Products from Phase |1

To identify potential exposure, one can look for hippuric acids, which are byproducts of the second metabolic pathway
from toluene, xylenes, benzoic acid, ethylbenzene, and similar chemicals. It is demonstrated that hippuric acid can be
produced from toluene. Below, we can observe the synthesis of 4-methylhippuric acid from p-xylene. Mandelic acid
and phenylgloxylic acid are two other metabolites that can be produced from aryl solvent precursors. To determine if
toluene has been exposed, the acidified urine can be extracted into diethyl ether or isopropanol to produce hippuric
acid. Then, the acid can be directly measured at 230 nm using UV absorbance. As a result of the formation of many
metabolites associated with hippuric acid, the ultraviolet spectrometric approach fails to provide the necessary
specificity when the analysis is intended to detect xylenes, ethylbenzene, and similar chemicals. It is possible to
derivatize volatile species from acidified urine into ethyl acetate, extract the acids generated by these chemicals, and
then quantify them using gas chromatography. The production of hippuric acid from natural sources is a drawback of
using it as a biomarker for toluene exposure; instead, toluylmercapturic acid determination is preferred.10 As an
intriguing aside, dietary habits can introduce uncertainty into the measurement of xenobiotic metabolites. The
formation of allylmercapturic acid is one way that workers' exposure to 3-chloropropene can be measured.

Molecularly bound

Thanks to their ophthaldialdehyde derivatives' fluorescence detection and high-performance liquid chromatography
(HPLC) separation, mercapturates are showing great promise as phase Il reaction products for xenobiotic exposure
measurement. Toluene isn't the only xenobiotic that mercapturates can detect; styrene, allyl chloride, atrazine,
butadiene, and epichlorohydrin are all xenobiotics that mercapturates can detect. As a consequence of glutathione's
phase Il conjugation, mercapturates or mercapturic acid derivatives are formed during xenobiotic metabolism. The
body's glutathione, or GSH, is an essential conjugating agent. Tripeptides are compounds that consist of three amino
acids joined together. This particular chemical falls under that category. Glycine (Gly), glutamic acid (Glu), and
cysteine (Cys) are the acronyms for these three amino acids. Though uncommon, direct excretion of glutathione
conjugate is possible. The majority of the time, further metabolic processes are carried out on the GSH conjugate,
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leading to the production of mercapturic acids or other species. As biological indicators of exposure to the xenobiotic
species that cause their creation, the particular mercapturic acids can be evaluated.

Adduct Determination

One elegant and practical way to measure exposure to xenobiotics is by determining adducts. The term "adduct"
describes exactly what happens when foreign chemicals react with naturally occurring ones: they form new
compounds. When a little foreign molecule binds to a big, naturally occurring macromolecular biomolecule, the result
is an adduct. The significance of adduct measurement as a biological monitoring tool is further underscored by the fact
that adduct formation is a toxic action mode, as seen in DNA methylation during carcinogenesis. Determination of
adducts is frequently an elegant and practical way to measure exposure to xenobiotics. The term "adduct” describes
exactly what happens when foreign chemicals react with naturally occurring ones: they form new compounds. When a
little foreign molecule binds to a big, naturally occurring macromolecular biomolecule, the result is an adduct. Adduct
measurement is a helpful and straightforward way to quantify exposure to xenobiotics. It is especially relevant because
adduct formation is a hazardous action mode, like in DNA methylation during carcinogenesis. The term "adduct"
describes exactly what happens when foreign chemicals react with naturally occurring ones: they form new
compounds. When a little foreign molecule binds to a big, naturally occurring macromolecular biomolecule, the result
is an adduct. The detection of adducts as a type of biological monitoring is particularly relevant since adduct
production is a harmful action mechanism, like the methylation of DNA during carcinogenesis. One of the most
practical ways to monitor biological processes is by looking for adducts to haemoglobin. Blood, the gold standard for
biological monitoring, naturally contains haemoglobin. Toluene diisocyanate, benzo(a)pyrene, styrene, styrene oxide,
and aflatoxin B1 exposure can be determined using adducts to blood plasma albumin, which are also helpful monitors.
Exposure to carcinogenic styrene oxide has been determined by measuring the DNA adduct of styrene oxide. The
somewhat involved processes and costly, specialised equipment needed for biological monitoring by adduct formation
can be a drawback. There are a number of steps that can be involved in releasing haemoglobin adducts, including
lysing red blood cells, derivatization, and the use of very complex experimental procedures for measuring the final
analyte species. The determination of haemoglobin adducts is becoming the preferred method for some xenaobiotics,
such as acrylamide, acrylonitrile, 1,3-butadiene, 3,3' dichlorobenzidine, ethylene oxide, and hexahydrophthalic
anhydride, despite these inherent difficulties.

What Immunological Methods Can Achieve

There are clear benefits to using immunoassay methods that rely on naturally occurring antibodies to target molecules
in terms of specificity, selectivity, ease of use, and cost. Immunoassay methods have their limitations in biological
monitoring of xenobiotics, despite their usage in simple test kits for blood glucose and pregnancy tests. This is due, in
part, to interferences in complicated biological systems. It is expected, however, that immunoassays will become
increasingly important for biological monitoring of xenobiotics due to their inherent advantages. The use of
immunoassay to quantify polychlorinated biphenyls (PCBs) in blood plasma is one example of this type of
application. Using immobilised antibodies, immunological techniques can separate analytes from complicated
biological samples; this is in addition to their usage in immunoassays for measuring xenobiotics and their metabolites.
Using HPLC and postcolumn derivatization and fluorescence detection, aflatoxicol and aflatoxins B1, B2, G1, G2,
M1, and Q1 were successfully isolated from urine using this method. A monoclonal antibody reactive with S-
phenylmercapturic acid, a key product of the phase Il reaction of benzene due to glutathione conjugation, was
produced from a suitable hapten-protein conjugate. Workers exposed to benzene have had their urine enriched for S-
phenylmercapturic acid using the immobilised antibody in a column.
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