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Abstract.In this recent age of advanced technology and biotechnology, the existing water bodies that serve
as a reservoir for lives are experiencing a surge in the occurrence of chemical contaminant. These classes of
contaminants were found to include both organic and inorganic, synthetic and natural pollutants of serious
environmental concern. Studies revealed that these contaminants were predominantly recalcitrant chemicals
that have been grouped as either toxic, hazardous and carcinogenic. There occurrence is not limited to their
numbers, types or variety but also a concentration that is alarming, leading to what is known as emerging
chemical contaminants (ECC). Sudden increase in the occurrence of chemical contaminants in our water,
wetlands, ponds, wastewaters and sludge were due to increasing population, high demand and consumption,
while their persistent in the environment is strongly linked to their recalcitrant nature and physiochemical
properties. Partial treatment of wastewater results in the accumulation of recalcitrant chemicals while
incomplete degradation of recalcitrant chemicals give birth to emerging contaminant (EC). Incorporation of
tertiary treatment systems to our conventional wastewater treatment system in combination with advance
treatment processes becomes paramount. Advance oxidation treatment (AOP) processes, membrane systems
coupled with bioreactors, biodegradations using bacteria and fungi could be used in combination to remove
these recalcitrant chemicals from wastewater. Test to proof the safety and safe reuse of these treated
wastewaters should also be conducted using model organism to achieve an ecofriendly treated wastewater.
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1 Introduction

Recalcitrant chemicals belonging to both major or minor class leave negative impact in our environment.
These class of recalcitrant are predominantly synthetic chemical compounds which have emerged due
to high production, aimed at meeting the desired demand of the growing population. Sectors of human
endeavors that inevitably release recalcitrant chemical into our water and wastewaters include feeding,
health and fashion. Feeding is where food dyes are introduced into our food, chemical preservatives,
flavors and seasoning chemicals, heavy metals and other carcinogens. Health sector can be divided into
two basic unit beauty (aesthetics) personal care products (PCP) and medications where pharmaceutical
drugs fit in. Fashion is where dyes are used on fabrics for fashion and for makeups [1]. Synthetic

compounds used in the manufacture of drugs by the pharmaceutical industry to keep fit and to treat
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undesired health situations in humans and animals are the predominant sources of recalcitrant chemical
in the wastewater [2, 3] and persists in the environment. Recalcitrant chemicals used in the food and

feed sector and synthesized to take care of plant pest, herbicides and other plant diseases of significance.

Ternes and Joss [4] reported that utilization of pharmaceuticals by humans is estimated at 15g.cap™'. and
50-150g.cap™ in the developing countries and industrialized countries respectively. According to Ajay
et al. [5] advancement in healthcare have created a swift change and awareness for the pharmaceutical
industry which make the sector one of the most GDP buster of the global economy, generating about
$50 billion annually. The unfortunate aspect of the industry is the generation of waste that are mostly
chemical byproducts of serious environmental concern weighing up to about 200 tons per year. Animal
health treatments in the veterinary sector are reported to have almost equal consumption of

pharmaceuticals as in humans [4].

Moreso, improper use of personal care products, mishandling of pharmaceutical waste and improper
disposal of expired drugs and steroids, and uncontrolled discharge of wastewater or illegal release of
partially or untreated industrial wastewater into water bodies or municipal wastewater treatment plants.
The raising concern of personal care products (PCPs) has been linked to its toxicological and ecological
impact in the ecosystem. Recent studies have demonstrated their presence in the environment and their
faith is questioned. Research conducted by [6, 7, 8] revealed the presence of recalcitrant chemicals of

personal care origin at a concentration above environmental allowable limit.

The spectrum of pharmaceutical chemicals in the environment coupled with their unpredicted impact
on the ecosystem are the main reason for their growing concern. The vast majority of pharmaceutical
chemicals vary from each other due to their design; mode of action target tissues, hence these intentions
are guided by their physical and chemical properties. Even with the existing variety of pharmaceutical
chemicals more synthetic chemicals are being formulated and designed to meet higher efficiency. Due
to high production of pharmaceuticals, acetaminophen (ACT) or paracetamol were reported in the

environment at a concentration far above allowable limit [9].

Efforts have been made by scientist to stop accumulation of these recalcitrant chemicals and there
persistent in nature by employing various methods of degradation, remediation and mineralization. Most
of these recalcitrant chemicals are known to have escaped the primary and secondary treatment
processes of the treatment plants. From among the treatment techniques reported include advance

oxidation processes (AOP) [2, 3] bioremediation [10], biodegradation [1] and membrane removal [11].
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Recalcitrant chemicals have numerous ways through which they get into wastewater and to the
environment. The recalcitrant chemicals gain access to our water through direct domestic usage, while
their presence in our wastewater treatment plants is mainly through discharge from the municipal waste.
Persistence of recalcitrant chemicals in our environment to the ecosystem occur when the pollutants in
question escape the treatment processes that are been carried out in our conventional wastewater

treatment plant [12, 13].

Studies have reported reduction of the recalcitrant chemical after passing through wastewater treatment
systems. The results achieved from these systems are related to some of the properties of the recalcitrant
chemicals that support sorption (adsorption or absorption). Some properties of the recalcitrant chemicals
that made sorption possible include physical and chemical properties, polarity, functional groups,
charges and others. Even with the above-mentioned properties, recalcitrant chemicals find their ways
into the environment, because some conditions need to be meet for a successful sorption to take place

and subsequent removal of the recalcitrant from the wastewater.

Most conventional municipal wastewater treatment systems are not equipped or designed to handle
recalcitrant chemicals of great concern hence leading to the discharge of the treated wastewater into

nearby water bodies rendering the ecosystem loaded with recalcitrant chemicals.

Recalcitrant chemicals of pharmaceutical origin have been included in the group of emerging
contaminants due to their dynamic and cryptic health problems impacted on humans and farm animals.
These unclear nature of health problems caused by recalcitrant chemicals of both pharmaceutical origin
and personal care products have raised issues of great concern in the past two decades. Guedes-Alonso
et al. [14] reported the presence of recalcitrant chemical of great concern “priority pollutants”
(fluoroquinolones) having a hazardous effect on the ecosystem after escaping from wastewater treatment
system. This was the result of a study conducted in Spain in 2013 from the analysis of two wastewater
treatment systems after post treatment and more were found to include anti-inflammatory drugs,

analgesic and weight regulatory pills [15].

2 Treatment Methods

Most conventional wastewater treatment plants that are designed without tertiary treatment facilities are
usually not capable of handling recalcitrant chemicals hence, treated wastewaters containing such
pollutants are discharged to receiving water bodies. These water reserves will contain trace amounts of

some of the classes of recalcitrant chemicals if not all, hence creating fear for the reuse of wastewater.

21



@om ISSN: 3062-3235

Guedes-Alonso et al. [14] in their research, while working with a membrane bioreactor reported a result
of successful removal of the recalcitrant chemical with great success relative to sorption of the pollutants
on an activated sludge at the secondary treatment stage of the conventional wastewater treatment system.

Llers et al. [16] reported results with similar success [15, 17].

Miége et al. [18] demonstrated in research comparing some treatment processes for the removal of
recalcitrant chemicals of personal care origin and pharmaceutical sources. The results proved that
membrane bioreactors and activated sludge coupled with nitrogen treatment gave most promising results

with reliable efficiency for the removal of recalcitrant chemicals of both origins [15].

Bioremediation using enzymes extracted from fungi has gained ground and the interesting part are the
potentials demonstrated by the extracellular (ligninolytic) enzymes produced by white rot fungi [19, 20]
which enabled them to captivate the interest of researchers. Laccase, LiP, MnP HrP are examples of the
most reported ligninolytic enzymes that have demonstrated excellent biodegrading and bio-detoxifying
results when use to treat industrial wastewater [1, 21,22, 23]. Studies on laccase have been on the leading
front since reports on its substrate non-specificity. Laccase enzyme gave excellent results during dye
decolorization [1, 19, 24, 25] biodegradation of hazardous compounds and complex micro-pollutants
[26] bioremediation of xenobiotic and recalcitrant pollutants [27, 28, 29, 30] bioconversion of fuel (jet

fuel) [31] and monomers crosslinking [32, 33].

Advanced oxidation processes (AOPs) are defined as technologies used in environmental management
that generate hydroxyl radicals to effectively degrade complex organic pollutants in water and soil,
which are often resistant to traditional treatment methods. AOPs are used similarly to other drinking
water treatment processes such as membranes, granular activated carbon, air stripping, and biological

degradation [3].

3 Detection and Determination of the Recalcitrant Chemical Pollutants

Studies reveal the existence of recalcitrant chemical pollutant in small concentration and in trace
amounts, but their negative impact and unpredictive level of danger up to a catastrophic level is what is
posing treat to both environment and human health [1, 34]. Tracing these chemical pollutants, detecting
them as well as determining their concentrations in different media complex (biotic and a biotics) e.g.
solids (sediments and sludge), liquids (leachates and wastewater) and others (living organisms) at

different destinations becomes paramount [35].
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Therefore, strategic combination of extraction techniques before instrumental analytical becomes key to
achieving techniques that are more sensitive, selective, fast, and friendly to the environment. The
solubility and mass transfer of any analyte is the primary driving force guiding its successful detection
in any matrix [36]. Moreso, advancement in research is able to come up with more classical techniques
that bring about advancement in both separation and quantification methods that have become the basics
of modern standards methods of sample analysis example liquid-liquid extraction [37] for liquid samples

and Soxhlet extraction methods for solid samples [38].

While the liquid-liquid extraction uses liquid, the solid extraction method (soxhlet) employs a very
practical method of sample preparation that uses no solvent or a very small amount. Pawliszyn [39]
classified the analyte extracting phases into; sorbent, membrane and gas also reporting that most basic
steps involve in sample preparation include but not limited to careful sampling and proper
homogenization, proper extraction using the right method followed by clean-up and analyte
concentration before injecting or sending it to the chromatographic machine for analysis. Future research
in the areas of extraction and determination should be improved to target analytes of interest using more

sensitive techniques that will bring about ease of handling and less toxic and environmentally friendly.

Advancement in modern analytical instrumentation of high precision have enabled scientist to also
improve on the systems and methods of analytical separation and detection techniques. To mention but
a few from the advancement are such as GC-MS (Gas chromatography Mass Spectrometry), GC—
MS/MS (Gas Chromatography tandem Mass Spectrometry), LC-MS (Liquid Chromatography-Mass
Spectrometry) and LC-MS/MS (Liquid Chromatography-tandem Mass Spectrometry) all of which have
inbuilt libraries of all the contaminants and their properties which make comparison easy. Technological
evolution of instruments with high precision have helped to detect, determine and measure the
concentration of recalcitrant chemicals up to nano quantities per liter level present in water and
wastewater [37]. The results of a study conducted between 1999 and 2000 by the United States
Geological Survey (USGS) confirmed the presence of recalcitrant chemicals, more than 50 of which are

pharmaceutical chemicals in 139 streams across 30 states in the USA [12, 39]

4 Toxicity and Ecofriendly Test

Toxicity analysis is a major analysis that can restore or give room for wastewater reuse by end users.
Toxicity test are experiments design to test the impact of chemicals on a set of microorganisms at the

list allowable concentration that will impact minimal effect on the environment or the minimum
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concentration of toxic waste that can allow for a period of time that the environment can take care of it
with minimal or no threat. Different reference organisms were used for different test pending on the
available test method. Toxicity analysis is practically achieved by exposing some series of organism in
a medium which could either be soil or water in other to evaluate the effect of the contaminant at varying
concentration. The effect of the chemical contaminant could be monitored in terms of survival of the
organism in the contaminated medium relative to a control (free and uncontaminated media). Various
other survival activities could be monitored which ae not limited to growth, reproduction and other
behavioral patterns. In the case of recalcitrant, toxic and carcinogenic chemicals sometimes hormonal
changes and behavioral changes are also put into consideration during toxicity test. Some of the most
reported toxicity test include the use of fluorescence bacteria (Vibrio fischeri), model organism such as
crustaceans and algae and sometimes E. coli or cell cultures are also employed. Toxicity analysis
conducted by [1,34] reported a successful toxicity test result with Microtox toxicity test kits which were
based on the monitoring of luminous intensity of Vibrio Fischeri luminescent microorganisms before,

after and at intervals during the degradation experiments.

Dauda and Erkurt [1] demonstrated the use of model organisms for testing the toxicity of intermediate
compounds and final products generated during degradation of anthraquinone. Toxicity results from
research conducted by [1, 40, 41, 42, 43] revealed that the microorganism responded differently to
different toxicity levels during the degradation experiments. Toxicity test carried out at different stages
of degradation showed an increasing toxicity level prior to reduction then mineralization. Reasons for
the increased toxicity were due to the formation of toxic intermediates formed during degradation
processes as proven by [34] and during degradation of anthraquinone dye [1]. Hence drawing the
attention of researchers towards avoiding partial degradation or incomplete mineralization, as this might

result in the production of even more toxic chemical compounds than the original mother compound.

Results from toxicity tests after biodegradation with enzymes and mineralization with advanced
oxidation systems revealed that the treated medium containing the chemical pollutants contain a smaller
number of intermediate products which implies presence of chemicals of less toxicity to the environment

making them environmentally friendly.

5 Conclusions and Future Prospectives

Conventional system for the treatment of polluted water and wastewater from municipalities are not

capable of removing recalcitrant chemical of high environmental concern. The presence of recalcitrant
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chemicals of compounded origins with different characteristic properties ranging from organic to
inorganic, natural and synthetic, simple to complex make it very hard for the conventional system to
treat efficiently. Therefore, these conventional systems will inevitably discharge the treated wastewater
containing these recalcitrant chemicals into the receiving water bodies hence making the water bodies a
reservoir for contaminant and recalcitrant chemicals. These array of properties are a reason for including
the recalcitrant chemicals into hazardous, carcinogenic, mutagenic, biogenic hormone, endocrine
disrupting compounds and many other classes of pollutants including the recently discovered pollutant
as emerging contaminants. Moreso, both sludge and activated sludge that are generated from both
primary and secondary treatment systems respectively are often loaded with high concentration of
recalcitrant chemicals serving as reservoir or sink for the pollutant. Unfortunately, when these sludges

are used as fertilizers, they serve as intermediary sink for the recalcitrant chemicals.

The discharge of inadequately treated wastewater in to the nearby wet lands, pond streams and other
water bodies in the name of proper disposal of wastewater is the primary source of carcinogen and
environmental contamination. Alternatively, the direct use of the same ill-treated wastewater leaded
with recalcitrant chemicals will directly or indirectly affect the bioactivities and performance of our
agricultural crops. The need for tertiary treatment systems coupled with advanced wastewater treatment

technologies becomes a priority if we have to save ourselves and the environment.

No single independent treatment system is perfect for the removal of recalcitrant chemicals, but
researches have proven that a combination of the advance systems will give the perfect result [6, 7, 8].
Researches have demonstrated the combination of membrane bioreactors and systems that uses both
oxidative and reductive processes were found effective for the removal of a number recalcitrant chemical

compound [17, 18].
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