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Abstract

Purpose — All those effluent streams having compromised characteristics pose negative effects on the
environment either directly or indirectly. Health care facilities and hospitals also generate a large amount of
effluent like other industries containing harmful and toxic pharmaceutical residual compounds due to
uncontrolled use of drugs, besides others. The occurrence of antibiotic in the environment is of utmost concern
due to development of resistant genes. These get mixed up with ground and surface water due to lack of proper
treatment of hospital wastewater. The effect of pharmaceutical compounds on human society and ecosystem as
a whole is quite obvious. There are no strict laws regarding discharge of hospital effluent in many countries.
Contrary to this, the authors do not have appropriate treatment facilities and solution to solve day by day
increasing complexity of this problem. Moreover, water discharged from different health facilities having
variable concentration often gets mixed with municipal sewage, thus remains partially untreated even after
passing from conventional treatment plants. The purpose of this paper is to highlight the occurrences and fate
of such harmful compounds, need of proper effluent management system as well as conventionally adopted
treatment technologies nowadays all around the globe. This mini-review would introduce the subject, the need
of the study, the motivation for the study, aim, objectives of the research and methodology to be adopted for
such a study.
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Design/methodology/approach — Hospital effluents consisting of pathogens, fecal coliforms, Escherichia
coli, etc, including phenols, detergents, toxic elements like cyanide and heavy metals such as copper (Cu), iron
(Fe), gadolinium (Gd), nickel (Ni), platinum (Pt), among others are commonly detected nowadays. These
unwanted compounds along with emerging pollutants are generally not being regulated before getting
discharged caused and spread of diseases. Various chemical and biological characteristics of hospital effluents
are assessed keeping in the view the threat posed to ecosystem. Several research studies have been done and
few are ongoing to explore the different characteristics and compositions of these effluent streams in
comparison so as to suggest the suitable conventional treatment techniques and ways to manage the problem.
Several antibiotic groups such as ciprofloxacin, ofloxacin, sulfa pyridine, trimethoprim, metronidazole and
their metabolites are reported in higher concentration in hospital effluent. The aquatic system also receives a
high concentration of pharmaceutical residues more than 14,000 ug/L from treatment plants also and other
surface water or even drinking water in Indian cities. Many rivers in southern parts of India receives treated
water have detected high concentration drugs and its metabolites. As far as global constraints that need to be
discussed, there are only selected pharmaceuticals compounds generally analyzed, issue regarding
management and detection based on method of sampling, frequency of analysis and observation, spatial as
well as temporal concentration of these concerned micropollutants, accuracy in detecting these compounds,
reliability of results and predictions, prioritization and the method of treatment in use for such type of
wastewater stream. The complexity of management and treatment as well need to be addressed with following
issues at priority: composition and characterization of effluent, compatible and efficient treatment technology
that needs to be adopted and the environment risk posed by them. The problem of drugs and its residues was
not seen to be reported in latter part of 20th century, but it might be reported locally in some part of globe. This
paper covers some aspect about the disposal and regulatory standard around the world toward hospital
effluent discharge, its managements and treatment technologies that are adopted and best suitable nowadays
various industries and monitoring the efficiencies of existing treatment systems. This mini-review would
introduce the subject, the need, the motivation and objectives of the study and methodology can be adopted for
such a study.

Findings — The compiled review gives a complete view about the types of antibiotics used in different health
care facilities, their residue formation, occurrences in different ecosystems, types of regulations or laws
available in different counties related to disposal, different type of treatment technologies, innovative combined
treatment schemes and future action needed to tackle such type of effluent after its generation. The thesis also
highlights the use of certain innovative materials use for the treatment like nanoparticles. It also discusses
about the residues impact on the human health as well as their bioaccumulative nature. If the authors relate the
past to the current scenario of pharmaceutical compounds (PhACs) in the environment, the authors will
certainly notice that many diseases are nowadays not curable by simple previously prescribed Ab. Many
research projects have been done in European countries that have shown the risk of such residues like Pills,
Sibell, Poseidon, No pills, Neptune, Knappe, Endetech, etc. In the previous section, it was mentioned that there
are no stringent laws for hospital wastewater and in many countries, they are mixed with domestic wastewater.
Many difficulties are there with this research due to complex analysis, detection of targeted Ab, affecting
waterbodies rate of flow, nature of treatment varies with season to season. The way nature is being degraded
and harmful effect are being imposed, it is important to take immediate and decisive steps in this area.
Wastewater treatment plants (WWTPs) serves as a nursery for antibiotic-resistant systems, hence monitoring
with great attention is also needed. Many trials with different treatment process, in combination, were
considered. Many countries are paying great attention to this topic by considering the severity of the risk
involved in it.

Research limitations/implications — Previous studies by several scientists show that the pharmaceutical
residues in the discharged effluent displayed direct toxic effects, and sometimes, detrimental effects in the
mixture were also observed. The discharge of untreated effluent from hospitals and pharmaceuticals and
personal care products in the natural ecosystem poses a significant threat to human beings. The
pharmaceuticals, like antibiotics, in the aquatic environment, accelerate the development of the antibiotic-
resistant genes in bacteria, which causes fatal health risks to animals and human beings. Others, like
analgesics, are known to affect development in fishes. They also degrade the water quality and may lead to
DNA damage, toxicity in lower organisms like daphnia and have the potential to bioaccumulate. A few
commonly used nanoadsorbents for water and wastewater treatment along with their specific properties can
also be used. The main advantages of them are high adsorption capacity and superior efficiency, their high
reusability, synthesis at room temperatures, super magnetism, quantum confinement effect as well as eco-
toxicity. This review will focus on the applicability of different nanoscale materials and their uses in treating
wastewater polluted by organic and inorganic compounds, heavy metals, bacteria and viruses. Moreover, the
use of various nanoadsorbents and nano-based filtration membranes is also examined.

Practical implications — A number of different pharmaceutical residues derived from various activities like
production facilities, domestic use and hospitals have been reported earlier to be present in groundwater,
effluents and rivers, they include antibiotics, psycho-actives, analgesics, illicit drugs, antihistamine, etc. In past
few years environmental scientists are more concerned toward the effluents generated from medical care



facilities, community health centers and hospitals. Various chemical and biological characteristics of hospital
effluents have been assessed keeping in the view the common threats pose by them to the entire ecosystem. In
this study, seven multispecialty hospitals with nonidentical pretreatment were selected for three aspects i.e.
conventional wastewater characteristics, high priority pharmaceuticals and microbial analyses. The present
work is to evaluate efficacy of advanced wastewater treatment methods with regard to removal of these three
aspects from hospital effluents before discharge into a sewage treatment plant (STP). Based on test results, two
out of seven treatment technologies, i.e. MBR and CW effectively reducing conventional parameters and
pharmaceuticals from secondary and tertiary treatments except regeneration of microbes were observed in
tertiary level by these two treatments.

Social implications — This review has aimed to identify the emerging contaminants, including
pharmaceutical residues, highly consumed chemicals that are present in the hospital effluent, along with
their physicochemical and biological characteristics. In this, the main objective was to review the occurrences
and fate of common drugs and antibiotics present in effluents from hospital wastewaters. As far as global
constraints that need to be discussed, there are only selected pharmaceuticals compounds generally analyzed,
issue regarding management and detection based on method of sampling, frequency of analysis and
observation, spatial as well as temporal concentration of these concerned micropollutants, accuracy in
detecting these compounds, reliability of results and predictions, prioritization and the method of treatment in
use for such type of wastewater stream are among the major issues (Akter ef al, 2012; Ashfaq et al, 2016;
Garcia-Mateos ef al, 2015; Liu et al., 2014; Mubedi et al., 2013; Prabhasankar ef al,, 2016; Sun ef al, 2016;
Suriyanon et al., 2015; Wang et al., 2016; Wen et al., 2004). This paper covers some aspect about the disposal and
regulatory standard around the world toward hospital effluent discharge, its managements and treatment
technologies that are adopted and best suitable nowadays.

Originality/value — This study many multispecialty hospitals with nonidentical pretreatment were selected
for three aspects ie. conventional wastewater characteristics high priority pharmaceuticals and microbial
analyses. The present work is to evaluate efficacy of advanced wastewater treatment methods with regard to
removal of these three aspects from hospital effluents before discharge into an STP. Based on test results, two
out of different treatment effectively reducing conventional parameters and pharmaceuticals from secondary
and tertiary treatments except regeneration of microbes were observed in the tertiary level by these two
treatments were studies followed by ozonation and ultraviolet-ray treatment.

Keywords Characteristics, Drugs, Residues, Emerging, Contaminants, Hospital effluent, Treatment process
Paper type General review

1. Introduction

Fecal coliforms, Escherichia coli, pathogens, etc. as well as copper (Cu) and cyanide, nickel (Ni),
iron (Fe), phenols, detergents and other toxic elements are founded in current hospital
wastewater (HWW) (Cosgrove et al., 2018; Kalhor et al, 2019; Panwar and Ahmed, 2018;
Tomenko et al., 2007). These undesired compounds, along with emerging pollutants, usually
are not extracted before discarding (Babbar et al, 2017; Huang, 2010; Nigam and Srivastava,
2020; Papa et al, 2015; Roy et al., 2020). Many biological and chemical indicators of hospital
sewage are taken into account to view the threat posed to the natural components (Diwakar
et al,, 2015; Eum et al,, 2019; Mahanta ef al,, 2015; Shekhar ef al., 2015).

Various studies’ types have been carried out, and only a few continuing to investigate the
most important characteristics and proportions of these sewages in comparison, in order to
develop suitable conventional treatment methods and solving the problems’ ways. Several
antibiotic groups such as ciprofloxacin, ofloxacin, sulfapyridine, trimethoprim,
metronidazole and their metabolites are reported higher in sewage from health facilities
(Machiwal and Jha, 2015; Shekhar et al, 2015; Watto and Mugera, 2015). More than 14,000 ug/1
of pharmaceutical residues fell into water bodies from sewage treatment plants (STPs) and
other polluted surface waters (Chen ef al, 2014; Kulkarni ef al., 2015; Shahul Hameed et al.,
2015). It should be emphasized that many rivers in southern India that receive processed
water contain high concentration medical supplies and their metabolites (Garcia-Avila et al,
2020; Guilherme and Rodriguez, 2015; Li ef al., 2017; Saeed et al.,, 2012).

With regard to global constraints requiring discussion, only selected pharmaceuticals
were the focus of attention. With regard to the management and detection of pharmaceuticals,
sampling has been carried out in accordance with the required observation frequency; the
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spatial and temporal concentration of micropollutants were taken into account; the detection
accuracy, the results’ reliability and the forecast presented were analyzed. In addition, the
priorities and the applied method of wastewater treatment of a certain type are taken into
account. (Bond et al., 2010; Leavey-roback et al.,, 2016; Legay et al., 2015; Serrano ef al., 2015,
Wang ef al., 2015). Determination of wastewater composition and characterization, selection
of treatment technologies that are compatible and effective for implementation, and the
environmental risk associated with the use of these technologies are priorities that need to be
quickly addressed by effective management methods (Bull ef al,, 2011; Chen and Westerhoff,
2010; Hanigan et al., 2016; Richardson and Postigo, 2016; Shah and Mitch, 2012; Wei et al,
2010; Xie et al., 2016). The problem of pharmaceuticals in the environment and their residues
was not urgent in the second half of the 20th century, however, this problem can be
highlighted in some parts of the world in a local way (Chhetri et al., 2016; Dongmei et al., 2015;
Feretti et al, 2008; Igbinosa et al., 2013; Xiao et al., 2016). This paper covers various aspects of
the regulatory and disposal standard in different countries of the world regarding the
discharge of medical facilities’ wastewater, these streams’ management and way for their
treatment, which are currently accepted and best suited. The following works (Abu-shanab,
2013; Garcia-villanova et al., 2010; Yang et al., 2019; Zhai et al., 2014; Zhang et al., 2016) present
the results of monitoring existing treatment systems for various industries. This mini-review
would introduce the subject, the study’s need, the motivation for the task, aim, objectives of
the research and methodology that can be adopted for such a study (Awual et al, 2011;
Benanou et al., 2010; Dad et al., 2018; Gopal et al., 2007; Kogevinas et al., 2016; Mazhar et al,
2020; Yang et al., 2019).

2. Guidelines for hospital wastewater for its managements

The members of the European Union have adopted their own laws, assessment criteria and
disposal ways of health care facilities’ wastewater to effectively their manage. This is due to
the fact that there are currently no specific guidelines in this area of activity. For example,
Germany has established that the medical institutions’ wastewater is domestic. In this regard,
there is no special permitting procedure for the discharge of this wastewater into the sewer
system (Cen et al., 2020; Huang et al., 2020; Lin et al.,, 2020; Madureira et al., 2020; Manigrasso
et al, 2020; Pompilio and Di Bonaventura, 2020). If HWW meets specific characteristics
concerning sewage, no further consideration is required regarding the discharge of these
streams to wastewater treatment plants. If an Italian medical institution has 50 beds or less,
then the wastewater of this institution is discharged into the sewer without additional
analysis.

In society’s health and care process, the hospital plays a vital role. In the course of health
care procedures, various types of unwanted and harmful products are generated. Due to the
environmental hazard of biomedical wastes, their management is the most pressing issue in
maintaining public health and a favorable environment. In 1998, India promulgated its
original regulations on biomedical waste. At the same time, a deadline for their validity was
set in December 2000, which was subsequently extended until December 2002. However,
the on-ground situation remains far from satisfactory. According to these rules, medical
institutions are obliged to sort, ensure effective disinfection and disposal of waste in an
environmentally friendly manner. However, few hospitals are sincerely complying with
such stipulations (Grasso ef al., 2020; Lee et al., 2020; De Matteis et al., 2018; Mubarakali
etal, 2012; Pantidos and Horsfall, 2014; Philip, 2009; Prasad et al., 2007; Vigneshwaran et al.,
2006). The World Health Organization guidelines are very understandable and clear and in
document form for medical wastewater as “Safe Management of Wastes from Health-care
Activities.” It documents collection, treatment and separates medical wastewater into three
streams:



(1) A blackwater has a high content of waste from toilets or urinals (i.e. faeces);

(2) A greywater is water with other types of contamination (no faecal contamination),
which is formed after showers, laundries, film cleaning, laboratories, X-rays, etc. and

(3) Storm water, which is not classified as wastewater, and is collected from sediments on
the Earth surface.

HWWs can be used with benefits for various purposes; however, they usually have different
degrees of pollution, which depend on the maintenance of the wastewater discharge and
accumulation systems and the tasks that the particular medical institution performs. It is in
developing countries that there is the highest degree of environmental risk associated with
the release of HWW into the environment. This is due to the fact that uncontrolled discharges
of such wastewater occur in practice, which contributes to the penetration of hazardous
pollutants into ground and underground aquifers. With that said, it should be summarized
that the best way to manage HWWs is to ensure their local sorting into primary, secondary
and tertiary (Khan ef al, 2019a, b, ¢, d, e, f, g; Khana et al,, 2019). Detailed information on silt
disposal and possible water reuse, including the introduction of new and innovative
techniques the HWW treatment, is also provided in this document. It also directs to the
minimum necessary actions regarding the HWW management, in view of the fact that
suitable sanitation facilities are missing in developing countries.

3. Treatment techniques available for PhACs

The effective removal of medical preparations, remnants, cleansers and sanitizers from the
HWW needs special attention due to the inhibitory effects during the biological treatment. A
membrane bioreactor (MBR) is used in many countries for secondary treatment. However, a
sudden increase in formic acid has been noticed due to the presence of certain contaminants in
the wastewater from medical facilities. This situation is capable of providing pH shock in the
reactor and a decrease in the efficiency of its operation, since the sludge is destroyed. Among
the various technologies known today for one of the three treatment steps, the most common
are firstly conventional activated sludge (CAS), and secondly, an MBR. Several factors affect
the efficiency of removing new pollutants from wastewater, and at the same time, any
treatment method has undeniable advantages and disadvantages as shown in Figure 1.
However, it is not possible to claim that any of the known technologies are absolutely
appropriate for HWW purification as shown in Table 1.

Previous studies by several scientists show that the pharmaceutical residues in the
discharged effluent definitely render toxic effects, and in some instances, cumulative harmful
effects were also discovered. The discharge of untreated HWW, and pharmaceuticals and
personal care products to the natural ecosystem poses a significant threat for human beings.
Others, like analgesics, are known to affect growth in fishes. They also degrade the water
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Table 1.

Removal efficiency of
pharmaceuticals from
medical institutions’
wastewater

quality and may lead to Deoxyribonucleic acid (DNA) damage, toxicity in lower organisms
like daphnia and have the potential to bioaccumulate.

The well-known nanoscale adsorbents can also be used to remove contaminants from
wastewater with their special properties. This is promising, since among their many
advantages, the main ones are high efficiency due to excellent adsorption capacity,
reusability, environmental safety, synthesis at room temperature, supermagnetism and
quantum confinement effect (Andersen et al, 2020; Hai et al,, 2014; Hard, 2000; Heberer, 2002;
Khan et al.,, 2019a, d; Lotfi et al., 2020; Lu et al, 2020; Thompson et al., 2001). Therefore, this
review is focused on the possibility of using some nanoscale materials for the removal of
heavy metals, organic and inorganic compounds, and disinfection of viruses and bacteria. In
addition to this, the same nanoadsorbents’ use and nano-based filtration membranes is being
studied.

Several different pharmaceutical residues derived from various activities like production
facilities, domestic use and hospitals have been reported earlier to be present in groundwater,
effluents and rivers; they include antibiotics, psychoactives, analgesics, illicit drugs,
antihistamine, etc.

So the details of some nanoadsorbents given in Table 2 indicate the expediency of their use
for the purification of pharmaceutical wastewater.

In the past few years, to see the common threats to the entire ecosystem posed by
wastewater generated in health care facilities, public health centers and hospitals,
environmental scientists assessed the various chemical and biological characteristics of
this wastewater. In current investigation, seven multidisciplinary hospitals, which use the
different pretreatment, were selected in accordance with three aspects, namely, conventional
wastewater characteristics, microbiological testing and high priority pharmaceuticals. These
three aspects are important in order to have a Wastewater Discharge Permit (STP).
According to the test results, an effective improvement in conventional parameters and
quantitative reduction of pharmaceuticals after secondary or tertiary treatment was
observed using two methods, namely, MBR and constructed wetlands (CW), from seven
different processing technologies, but with the exception of microbial regeneration.

Treatment schemes Effectiveness Reference

MBR 22% Kovalova et al. (2012), Khan et al. (2019g)
39-60% Gobel et al. (2007)

Three-stage moving bed biofilm reactor MBBR)  More than 20%  Casas ef al (2015)

Sequential aerobic + anoxic/anaerobic 75-100% Wiest et al (2018)

treatment

Filtration + CAS 59-76% Lien et al (2016)

Table 2.

Removal efficiency of
some heavy metals by
nanoadsorbents from
medical institutions’
wastewater

Contaminant Nanoadsorbent Effectiveness Reference

Crf* Carbon nanotube supported ceria ~ 30.20 mg/g Di et al. (2006)
nanoparticles
Akaganeite nanocrystals 80 mg/g Lazaridis et al (2005)

Cdz* Ascorbic acid-stabilized zero 79.58% Savasari ef al. (2015)

As® Hematite 2,899 +71.09 ug/g Dickson et al (2017)

Cu®* Chitoson-bound Fe30,4 215 mg/g Khan et al. (20193, b, ¢, d, ¢, 1, g),
nanoparticles Khana et al. (2019)

Source(s): Khan et al (2020)




This review aims to identify the emerging contaminants, including pharmaceutical residues,
highly consumed chemicals present in the hospital effluent, and their physicochemical and
biological characteristics. At the same time, the primary direction of the study was to analyze
the factors influencing the emergence and distribution of medicines and antibiotics present in
the wastewater of medical institutions.

4. Future scope of research

Application of nanotechnology-based membrane filters will further gain acceptance in future,
due to their high efficiency in removing inorganic, organic and biological impurities, with
metal selectivity as well as, being durable, low cost and resistant to fouling. Research studies
can have future prospect involving below said direction for the attainment of better
management of hospital effluent. Research studies can have future prospect involving below
said direction for the attainment of better efficiency regarding HWW:

(1) The effect of physiochemical parameters on PhACs concentrations. Aerobic,
anaerobic and facultative ponds can have future in the removal of Ab with fewer
energy requirements.

(2) Proper studies can be performed about the intermediate compounds that are formed
during various treatment processes. Their chemical identity can be established with
full-scale investigations.

(3) Sludge matrix on PhACs can also be studied keeping in mind the removal efficiency
of the different treatment process.

(4) Degradation of PhACs and Ab in natural environments can be further studied
considering the nature and types of microbiological activities taking place.

(5) During degradation process, formic acid and acetic acid formation were reported in
many studies which can be further investigated and correlation can be developed
with a model.

5. Conclusion and recommendations

The compiled review gives a complete view about the types of antibiotics used in different
health care facilities, their residue formation, occurrences in diverse ecosystems, types of
regulations or laws available in various counties related to disposal, other type of treatment
technologies, innovative combined treatment schemes and future action needed to tackle
such kind of effluent after its generation. The thesis also highlights the use of certain
innovative materials used for the treatment, like nanoparticles. It also discusses the residues
impact on the human health as well as their bioaccumulative nature.

A comparative analysis of early and current PhACs scenarios in the environment shows
that at present it is extremely difficult, and sometimes even impossible, to overcome some
diseases by simple previously prescribed Ab. Many investigation projects that have been
carried out in European countries demonstrate the existence of an environmental risk
associated with residues such as Sibell, No pills, Pills, Endetech, Neptune, Poseidon, Knappe,
etc. Research also shows that many countries do not have specific legislation regarding
pharmaceutical preparations in wastewater, and therefore it is allowed to mix such
wastewater with household. Significant difficulties accompany such complex analysis
studies due to the fact that it is difficult to detect of targeted Ab that affect the flow rate in
water bodies and the treatment type varies depending on the season. Undoubtedly, due to
such a situation, the degradation of nature occurs, as a result of which it negatively affects
humans, as well as the animal and plant world, which forces us to immediately take decisive

Effluent
management
for hospital




FEBE

action. The overwhelming majority of modern wastewater treatment plants not only fail to
solve this important environmental problem but also contribute to the development of
antibiotic resistant systems. This issue needs serious and careful monitoring. Countries that
care about the health of the population and about future generations take into account the
risks associated with the problem of pharmaceuticals in the environment and strive to solve
this problem most effectively; therefore, many trials have been investigated with a
combination of different treatment processes.

References

Abu-Shanab, HZIM.A. (2013), “Monitoring of some disinfection by-products in drinking water
treatment plants of El-Beheira Governorate, Egypt”, Applied Water Science, Vol. 3, pp. 733-740.

Andersen, K.G., Rambaut, A., Lipkin, W.I., Holmes, E.C. and Garry, RF. (2020), “The proximal origin
of SARS-CoV-2", Nature Medicine, Vol. 26 No. 4, pp. 450-452.

Awual, MR, Jyo, A, Thara, T., Seko, N., Tamada, M. and Lim, K.T. (2011), “Enhanced trace phosphate
removal from water by zirconium(IV) loaded fibrous adsorbent”, Water Research, Vol. 45
No. 15, pp. 4592-4600, Elsevier.

Babbar, P., Verma, S. and Mehmood, G. (2017), “Groundwater contamination from non-sanitary
landfill sites — a case study on the Ghazipur Landfill Site, Delhi (India)”, International Journal of
Applied Environmental Sciences, Vol. 12 No. 11, pp. 1969-1991.

Benanou, D., Hebert, A., Forestier, D., Jacob, S., Arfi, C., Lambolez, L. and Levi, Y. (2010), “Innovative
method for prioritizing emerging disinfection by-products (DBPs) in drinking water on the
basis of their potential impact on public health”, Water Research, Vol. 44 No. 10, pp. 3147-3165,
Elsevier.

Bond, T., Goslan, EH., Parsons, S.A. and Jefferson, B. (2010), “Disinfection by-product formation of
natural organic matter surrogates and treatment by coagulation, MIEX® and nanofiltration”,
Water Research, Vol. 44 No. 5, pp. 1645-1653, Elsevier.

Bull, R], Reckhow, D.A, Li, X, Humpage, AR, Joll, C. and Hrudey, SE. (2011), “Potential
carcinogenic hazards of non-regulated disinfection by-products: haloquinones, halo-
cyclopentene and cyclohexene derivatives, N -halamines, halonitriles, and heterocyclic
amines”, Toxicology, Vol. 286 Nos 1-3, pp. 1-19, Elsevier Ireland.

Casas, ME, Chhetri, RK, Ooi, G., Hansen, KM.S,, Litty, K., Christensson, M., Kragelund, C.,
Andersen, HR. and Bester, K. (2015), “Biodegradation of pharmaceuticals in hospital
wastewater by staged moving bed biofilm reactors (MBBR)”, Water Research, Vol. 83,
pp. 293-302, Elsevier.

Cen, ], Jia, Z.-L., Zhu, C-Y., Wang, X.-F., Zhang, F., Chen, W.Y,, Liu, K.-C, Li, S.-Y. and Zhang, Y.
(2020), “Particulate matter (PM10) induces cardiovascular developmental toxicity in zebrafish
embryos and larvae via the ERS, Nrf2 and Wnt pathways”, Chemosphere, Vol. 250, 126288,
Elsevier.

Changani, F., Yousefi, M., Vambol, S., Khan, S.U. and Husain, A. (2020), “Occurrence, sources and
conventional treatment techniques for various antibiotics present in hospital wastewaters: a
critical review”, Trends in Analytical Chemistry, Vol. 129, 115921, Elsevier B.V.

Chen, B. and Westerhoff, P. (2010), “Predicting disinfection by-product formation potential in water”,
Water Research, Vol. 44 No. 13, pp. 3755-3762, Elsevier.

Chen, ], Li, ., Zhang, Z. and Nj, S. (2014), “Long-term groundwater variations in Northwest India from
satellite gravity measurements”, Global and Planetary Change, Vol. 116, pp. 130-138, The
Authors.

Chhetri, RK, Baun, A. and Andersen, HR. (2016), “Algal toxicity of the alternative disinfectants
performic acid (PFA), peracetic acid (PAA), chlorine dioxide (CIO 2) and their by-products
hydrogen peroxide (H 2 O 2) and chlorite (CIO 2-)”, International Journal of Hygiene and
Environmental Health, Vol. 220 No. 3, pp. 570-574, doi: 10.1016/1.ijheh.2016.11.011.


https://doi.org/10.1016/j.ijheh.2016.11.011

Cosgrove, W ]., Rijsberman, F.R., Cosgrove, W]. and Rijsberman, F.R. (2018), “The use of water
today”, in World Water Vision, pp. 4-21.

Dad, A., Jeong, CH., Wagner, ED. and Plewa, M. (2018), “Haloacetic acid water disinfection by
products affect pyruvate dehydrogenase activity and disrupt cellular metabolism”. doi:
10.1021acs.est.7b04290.

De Matteis, V., Cascione, M., Toma, C.C. and Leporatti, S. (2018), “Silver nanoparticles: synthetic
routes, in vitro toxicity and theranostic applications for cancer disease”, Nanomaterials, Vol. 8
No. 5, doi: 10.3390/nano8050319.

Di, Z.C, Ding, J., Peng, XJ., Li, Y.H,, Luan, ZK. and Liang, J. (2006), “Chromium adsorption by
aligned carbon nanotubes supported ceria nanoparticles”, Chemosphere, Vol. 62 No. 5,
pp. 861-865.

Dickson, D., Liu, G. and Cai, Y. (2017), “Adsorption kinetics and isotherms of arsenite and arsenate on
hematite nanoparticles and aggregates”, Journal of Environmental Management, Vol. 186,
pp. 261-267, Elsevier.

Diwakar, J., Johnston, S.G., Burton, ED. and ShresthaDas, S. (2015), “Arsenic mobilization in an
alluvial aquifer of the Terai region, Nepal”, Journal of Hydrology: Regional Studies, Vol. 4,
pp. 59-79, Elsevier B.V.

Dongmei, L., Zhiwei, W., Qi, Z., Fuyi, C., Yujuan, S. and Xiaodong, L. (2015), “Drinking water toxicity
study of the environmental contaminantee Bromate”, Regulatory Toxicology and Pharmacology,
Vol. 73 No. 3, pp. 802-810, Elsevier.

Eum, K.D., Kazemiparkouhi, F., Wang, B., Manjourides, J., Pun, V., Pavlu, V. and Suh, H. (2019), “Long-
term NO, exposures and cause-specific mortality in American older adults”, Environment
International, Vol. 124 No. 2, pp. 10-15, Elsevier.

Feretti, D., Zerbini, L, Ceretti, E., Villarini, M., Zani, C., Moretti, M., Fatigoni, C., Orizio, G., Donato, F.
and Monarca, S. (2008), “Evaluation of chlorite and chlorate genotoxicity using plant bioassays
and in vitro DNA damage tests”, Water Research, Vol. 42, pp. 4075-4082.

Garcia-Avila, F., Valdiviezo-Gonzales, L., Cadme-Galabay, M., Gutiérrez-Ortega, H., Altamirano-
Cardenas, L., Arévalo, C.Z. and Flores del Pino, L. (2020), “Considerations on water quality and
the use of chlorine in times of SARS-CoV-2 (COVID-19) pandemic in the community”, Case
Studies in Chemical and Environmental Engineering, Vol. 2, 100049.

Garcia-Villanova, R].,, Oliveira, M.V., Leite, D., Herndndez, J.M., De Castro, S. and Garcia, C. (2010),
“Science of the total environment occurrence of bromate, chlorite and chlorate in drinking
waters disinfected with hypochlorite reagents. Tracing their origins”, The Science of the Total
Environment, Vol. 408 No. 12, pp. 2616-2620, The, Elsevier B.V.

Gobel, A, McArdell, CS,, Joss, A., Siegrist, H. and Giger, W. (2007), “Fate of sulfonamides, macrolides,
and trimethoprim in different wastewater treatment technologies”, The Science of the Total
Environment, Vol. 372 Nos 2-3, pp. 361-371.

Gopal, K., Tripathy, S.S., Bersillon, J.L. and Dubey, S.P. (2007), “Chlorination byproducts, their
toxicodynamics and removal from drinking water”, Journal of Hazardous Materials, Vol. 140
Nos 1-2, pp. 1-6.

Grasso, G., Zane, D. and Dragone, R. (2020), “Microbial nanotechnology : challenges and prospects for
green biocatalytic synthesis of nanoscale materials for sensoristic and biomedical applications”,
Nanomaterials, Vol. 10 No. 1, p. 11, doi: 10.3390/nano10010011.

Guilherme, S. and Rodriguez, M.J. (2015), “Science of the total environment short-term spatial and
temporal variability of disinfection by-product occurrence in small drinking water
systems”, The Science of the Total Environment, Vols 518-519, pp. 280-289, The,
Elsevier B.V.

Hai, F.I, Riley, T., Shawkat, S., Magram, SF. and Yamamoto, K. (2014), “Removal of pathogens by
membrane bioreactors: a review of the mechanisms, influencing factors and reduction in
chemical disinfectant dosing”, Water, Vol. 6 No. 12, pp. 3603-3630.

Effluent
management
for hospital



https://doi.org/10.3390/nano8050319
https://doi.org/10.3390/nano10010011

FEBE

10

Hanigan, D., Ferrer, L., Thurman, EM.,, Herckes, P. and Westerhoff, P. (2016), “Drinking water supplies
is predictable and aids their identification”, Journal of Hazardous Materials, Vol. 323, Part A,
pp. 18-25, doi: 10.1016/j.jhazmat.2016.04.023.

Hard, G.C. (2000), “Re-evaluation of the 2-year chloroform drinking water carcinogenicity bioassay in
oshorne-mendel rats supports chronic renal tubule injury as the mode of action underlying the
renal tumor response”, Toxicological Sciences, Vol. 53 No. 2, pp. 237-244.

Heberer, T. (2002), “Occurrence, fate, and removal of pharmaceutical residues in the aquatic
environment: a review of recent research data”, Toxicology Letters, Vol. 131, pp. 5-17.

Huang, J.L.C. (2010), Generation of Disinfection By-Products (DBPs), pp. 365-375.

Huang, K., Yang, XJ., Hu, C.Y,, Ding, K,, Jiang, W., Hua, X.G,, Liu, ], Cao, J.Y., Sun, C.Y., Zhang, T,
Kan, X.H. and Zhang, X]. (2020), “Short-term effect of ambient temperature change on the risk
of tuberculosis admissions: assessments of two exposure metrics”, Environmental Research,
Vol. 189, 109900, Elsevier.

Ighinosa, E.O., Odjadjare, E.E., Chigor, V.N,, Igbinosa, L.H., Emoghene, A.O., Ekhaise, F.O., Igiehon,
N.O. and Idemudia, O.G. (2013), “Toxicological profile of chlorophenols and their derivatives in
the environment: the public health perspective”, Scientific World Journal, Vol. 2013, 460215.

Kalhor, K., Ghasemizadeh, R., Rajic, L. and Alshawabkeh, A. (2019), “Assessment of groundwater
quality and remediation in karst aquifers: a review”, Groundwater for Sustainable Development,
Vol. 8, pp. 104-121, Elsevier.

Khan, I, Saeed, K. and Khan, 1. (2019a), “Nanoparticles: properties, applications and toxicities”,
Arabian Journal of Chemistry, Vol. 12 No. 7, pp. 908931, The Authors.

Khan, N.A., Ahmed, S. and Islamia, J.M. (2019b), Review on SBR Technology of Industrial Wastewater
Treatment.

Khan, N.A., Ahmed, S., Vambol, S., Vambol, V. and Farooqi, LH. (2019¢), “Field hospital wastewater
treatment scenario”, Ecological Questions, Vol. 30 No. 3, p. 57.

Khan, N.A,, Islam, D.T., Ahmed, S., Farooqi, LH., Isa, M.H., Hussain, A., Changani, F., Dhingra, A. and
Khan, S.U. (2019d), “Desalination and water treatment performance evaluation of column-SBR
in paper and pulp wastewater treatment: optimization and bio-kinetics”, Desalination and Water
Treatment, Vol. 143, pp. 1-16.

Khan, N.A., Khan, S.U,, Ahmed, S., Farooqi, LH., Dhingra, A., Hussain, A. and Changani, F. (2019%),
“Applications of nanotechnology in water and wastewater treatment: a review”, Asian Journal
of Water Environment and Pollution, Vol. 16 No. 4, pp. 81-86.

Khan, N.A., Khan, S.U, Ahmed, S., Farooqi, LH., Hussain, A., Vambol, S. and Vambol, V. (20191),
“Smart ways of hospital wastewater management, regulatory standards and conventional
treatment techniques: a short review”, Smart and Sustainable Built Environment. doi: 10.1108/
SASBE-06-2019-0079.

Khan, N.A,, Khan, S.U.,, Ahmed, S., Farooqi, LH., Yousefi, M., Mohammadi, A.A. and Changani, F.
(2019g), “Recent trends in disposal and treatment technologies of emerging-pollutants — a
critical review”, TRAC Trends in Analytical Chemistry, Vol. 122, 115744.

Khana, N.A,, Khan, S.U, Islam, D.T., Ahmeda, S., Farooqj, L.H,, Isac, M.H., Hussaind, A., Changanie, F. and
Dhingra, A. (2019), “Performance evaluation of column-SBR in paper and pulp wastewater
treatment: optimization and bio-kinetics”, Desalination and Water Treatment, Vol. 156, pp. 204-219.

Khan, N.A., El Morabet, R.,, Khan, R.A,, Ahmed, S., Dhingra, A., Alsubih, M. and Khan, A.R. (2020),
“Horizontal sub surface flow constructed wetlands coupled with tubesettler for hospital
wastewater treatment”, Journal of Environmental Management, Vol. 267, 110627, Elsevier.

Kogevinas, M., Bustamante, M., Gracia-laved_an, E., Ballester, F., Cordier, S., Costet, N., Espinosa, A.,
Grazuleviciene, R., Danileviciute, A., Ibarluzea, ]., Karadanelli, M., Krasner, S., Patelarou, E.,
Stephanou, E., Tard n, A., Toledano, M.B., Wright, J., Villanueva, CM. and Nieuwenhuijsen, M.
(2016), “Drinking water disinfection by-products, genetic polymorphisms, and birth outcomes
in a European mother — child cohort study”, Epidemiology, Vol. 27 No. 6, pp. 903-911.


https://doi.org/10.1016/j.jhazmat.2016.04.023
https://doi.org/10.1108/SASBE-06-2019-0079
https://doi.org/10.1108/SASBE-06-2019-0079

Kovalova, L., Siegrist, H., Singer, H., Wittmer, A. and McArdell, CS. (2012), “Hospital wastewater
treatment by membrane bioreactor: performance and efficiency for organic micropollutant
elimination”, Environmental Science and Technology, Vol. 46 No. 3, pp. 1536-1545.

Kulkarni, H.,, Shah, M. and Vijay Shankar, P.S. (2015), “Shaping the contours of groundwater
governance in India”, Journal of Hydrology: Regional Studies, Vol. 4, pp. 172-192, Elsevier B.V.

Lazaridis, N.K,, Bakoyannakis, D.N. and Deliyanni, E.A. (2005), “Chromium(VI) sorptive removal from
aqueous solutions by Nanocrystalline Akaganeite”, Chemosphere, Vol. 58 No. 1, pp. 65-73.

Leavey-roback, S.L. Sugar, C.A., Krasner, SW. and Mel, LH. (2016), “NDMA formation during
drinking water treatment: a multivariate analysis of factors influencing formation”, Water
Research, Vol. 95, pp. 300-309, Elsevier.

Lee, KX, Shameli, K., Yew, Y.P., Teow, S.Y., Jahangirian, H., Rafiee-Moghaddam, R. and Webster, T ].
(2020), “Recent developments in the facile bio-synthesis of gold nanoparticles (AuNPs) and their
biomedical applications”, International Journal of Nanomedicine, Vol. 15, pp. 275-300.

Legay, C., Levallois, P., Aranda-rodriguez, R., Dabeka, L., Hnatiw, J., Rodriguez, MJ. and Ok, K.A.
(2015), “Variability of non-regulated disinfection by-products in distribution systems”, Chapter
18, Recent Advances in Disinfection By-Products, pp. 341-362, ACS Symposium Series, Vol. 1190,
ISBN13: 9780841230767¢, ISBN: 9780841230774.

Li, C, Wang, D., Xu, X. and Wang, Z. (2017), “Science of the total environment formation of known and
unknown disinfection by-products from natural organic matter fractions during chlorination,
chloramination, and ozonation”, The Science of the Total Enviromment, Elsevier B.V. doi: 10.
1016/j.scitotenv.2017.02.108.

Lien, L.T.Q.,, Hoa, N.Q., Chuc, N.-T.K,, Thoa, N.T.M., Phuc, HD., Diwan, V., Dat, N.T., Tamhankar, AJ.
and Lundborg, C.S. (2016), “Antibiotics in wastewater of a rural and an urban hospital before
and after wastewater treatment, and the relationship with antibiotic use-a one year study from
Vietnam”, International Journal of Environmental Research and Public Health, Vol. 13
No. 6, pp. 1-13.

Lin, L, Li, T, Sun, M,, Liang, Q., Ma, Y., Wang, F., Duan, ]. and Sun, Z. (2020), “Effect of particulate
matter exposure on the prevalence of allergic rhinitis in children: a systematic review and meta-
analysis”, Chemosphere, Vol. 268, 128841, Elsevier.

Lotfi, M., Hamblin, M.R. and Rezaei, N. (2020), “COVID-19: transmission, prevention, and potential
therapeutic opportunities”, Clinica Chimica Acta; International Journal of Clinical Chemistry,
Vol. 508, pp. 254-266, Elsevier B.V.

Lu, P, Wang, X, Tang, Y., Ding, A., Yang, H. and Guo, J. (2020), “Granular activated carbon assisted
nitrate-dependent anaerobic methane oxidation-membrane bioreactor: strengthening effect and
mechanisms”, Environment International, Vol. 138, 105675, Elsevier.

Machiwal, D. and Jha, MK. (2015), “Identifying sources of groundwater contamination in a hard-rock
aquifer system using multivariate statistical analyses and GIS-based geostatistical modeling
techniques”, Journal of Hydrology: Regional Studies, Vol. 4, pp. 80-110, Elsevier B.V.

Madureira, ]J., Slezakova, K., Silva, AL, Lage, B., Mendes, A., Aguiar, L., Pereira, M.C., Teixeira, ].P.
and Costa, C. (2020), “Assessment of indoor air exposure at residential homes: inhalation dose
and lung deposition of PM10, PM2.5 and ultrafine particles among newborn children and their
mothers”, The Science of the Total Environment, Vol. 717, 137293, Elsevier B.V.

Mahanta, C., Enmark, G., Nordborg, D., Sracek, O., Nath, B., Nickson, R.T., Herbert, R., Jacks, G.,
Mukherjee, A., Ramanathan, A.L., Choudhury, R. and Bhattacharya, P. (2015),
“Hydrogeochemical controls on mobilization of arsenic in groundwater of a part of
Brahmaputra river floodplain, India”, Journal of Hydrology: Regional Studies, Vol. 4,
pp. 154-171, Elsevier B.V.

Manigrasso, M., Costabile, F., Di Liberto, L., Gobbi, G.P., Gualtieri, M., Zanini, G. and Avino, P. (2020),
“Size resolved aerosol respiratory doses in a Mediterranean urban area: from PM10 to ultrafine
particles”, Environment International, Vol. 141, 105714, Elsevier.

Effluent
management
for hospital

11



https://doi.org/10.1016/j.scitotenv.2017.02.108
https://doi.org/10.1016/j.scitotenv.2017.02.108

FEBE

12

Mazhar, M.A., Khan, N.A,, Ahmed, S., Khan, A H., Hussain, A., Rahisuddin, Changani, F., Yousefi, M.,
Ahmadi, S. and Vambol, V. (2020), “Chlorination disinfection by-products in municipal drinking
water — a review”, Journal of Cleaner Production, Vol. 273, doi: 10.1016/].jclepro.2020.123159.

Mubarakali, D., Gopinath, V., Rameshbabu, N. and Thajuddin, N. (2012), “Synthesis and
characterization of CdS nanoparticles using C-phycoerythrin from the marine cyanobacteria”,
Materials Letters, Vol. 74, pp. 811, Elsevier B.V.

Nigam, N. and Srivastava, SK. (2020), “Groundwater quality of shallow aquifer in Uttar Pradesh”,
Vol. 3, No. 7.

Pantidos, N. and Horsfall, L.E. (2014), “Nanomedicine and nanotechnology biological synthesis of
metallic nanoparticles by bacteria, fungi and plants”, Journal of Nanomedicine and
Nanotechnology, Vol. 5 No. 5, doi: 10.4172/2157-7439.1000233.

Panwar, RM. and Ahmed, S. (2018), “Assessment of contamination of soil and groundwater due to e-
waste handling”, Current Science, Vol. 114 No. 1, pp. 166-173.

Papa, F., Frappart, F., Malbeteau, Y., Shamsudduha, M., Vuruputur, V., Sekhar, M., Ramillien, G.,
Prigent, C,, Aires, F., Pandey, R K., Bala, S. and Calmant, S. (2015), “Satellite-derived surface and
sub-surface water storage in the Ganges-Brahmaputra River Basin”, Journal of Hydrology:
Regional Studies, Vol. 4, pp. 15-35, Elsevier B.V.

Philip, D. (2009), “Biosynthesis of Au, Ag and Au-Ag nanoparticles using edible mushroom extract”,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, Vol. 73 No. 2,
pp. 374-381.

Pompilio, A. and Di Bonaventura, G. (2020), “Ambient air pollution and respiratory bacterial
infections, a troubling association: epidemiology, underlying mechanisms, and future
challenges”, Critical Reviews in Microbiology, Vol. 46 No. 5, pp. 600-630, Taylor and Francis.

Prasad, K., Jha, AK. and Kulkarni, AR. (2007), “Lactobacillus assisted synthesis of titanium
nanoparticles”, Nanoscale Research Letters, Vol. 2 No. 5, pp. 248-250.

Richardson, S.D. and Postigo, C. (2016), “Discovery of new emerging DBPs by high-resolution mass
spectrometry”, in Comprehensive Analytical Chemistry, Elsevier, Vol. 71. doi: 10.1016/bs.coac.
2016.01.008.

Roy, S.S., Rahman, A, Ahmed, S, Shahfahad and Ahmad, LA. (2020), “Alarming groundwater
depletion in the Delhi Metropolitan Region: a long-term assessment”, Environmental Monitoring
and Assessment, Vol. 192 No. 10, doi: 10.1007/s10661-020-08585-8.

Saeed, AK, Cited, R. and Documents, US.P. (2012), “(12) United States patent”, Vol. 2
No. 12, pp. 2-9.

Savasari, M., Emadi, M., Bahmanyar, M.A. and Biparva, P. (2015), “Optimization of Cd (I) removal
from aqueous solution by ascorbic acid-stabilized zero valent iron nanoparticles using response
surface methodology”, Journal of Industrial and Engineering Chemistry, Vol. 21, pp. 1403-1409,
The Korean Society of Industrial and Engineering Chemistry.

Serrano, M., Montesinos, 1., Cardador, M., Silva, M. and Gallego, M. (2015), “Science of the total
environment seasonal evaluation of the presence of 46 disinfection by-products throughout a
drinking water treatment plant”, The Science of the Total Environment, Vol. 517, pp. 246-258,
The, Elsevier B.V.

Shah, A.D. and Mitch, W.A. (2012), “A critical review of nitrogenous disinfection byproduct formation
pathways”, Environmental Science and Technology, Vol. 46 No. 1, pp. 119-131, doi: 10.1021/
€s203312s.

Shahul Hameed, A., Resmi, T.R,, Suraj, S., Warrier, C.U., Sudheesh, M. and Deshpande, R.D. (2015),
“Isotopic characterization and mass balance reveals groundwater recharge pattern in Chaliyar
River Basin, Kerala, India”, Journal of Hydrology: Regional Studies, Vol. 4, pp. 48-58, Elsevier B.V.

Shekhar, S., Mao, R.SK. and Imchen, E.B. (2015), “Groundwater management options in North district
of Delhi, India: a groundwater surplus region in over-exploited aquifers”, Journal of Hydrology:
Regional Studies, Vol. 4, pp. 212-226, Elsevier B.V.


https://doi.org/10.1016/j.jclepro.2020.123159
https://doi.org/10.4172/2157-7439.1000233
https://doi.org/10.1016/bs.coac.2016.01.008
https://doi.org/10.1016/bs.coac.2016.01.008
https://doi.org/10.1007/s10661-020-08585-8
https://doi.org/10.1021/es203312s
https://doi.org/10.1021/es203312s

Thompson, G., Swain, J., Kay, M. and Forster, CF. (2001), “The treatment of pulp and paper mill
effluent: a review”, Bioresource Technology, Vol. 77 No. 3, pp. 275-286.

Tomenko, V., Ahmed, S. and Popov, V. (2007), “Modelling constructed wetland treatment system
performance”, Ecological Modelling, Vol. 205 Nos 3—4, pp. 355-364.

Vigneshwaran, N., Kathe, A.A., Varadarajan, P.V., Nachane, R.P. and Balasubramanya, R.H. (2006),
“Biomimetics of silver nanoparticles by white rot fungus, Phaenerochaete chrysosporium”,
Colloids and Surfaces B: Biointerfaces, Vol. 53 No. 1, pp. 55-59.

Wang, C, Liu, S, Wang, ]., Zhang, X. and Chen, C. (2015), “Monthly survey of N-nitrosamine yield in a
conventional water treatment plant in North China”, Journal of Environmental Sciences, Vol. 38,
pp. 142-149, Elsevier B.V.

Watto, M.A. and Mugera, A.W. (2015), “Econometric estimation of groundwater irrigation efficiency of
cotton cultivation farms in Pakistan”, Journal of Hydrology: Regional Studies, Vol. 4, pp. 193-211,
Elsevier B.V.

Wej, ], Ye, B, Wang, W., Yang, L., Tao, J. and Hang, Z. (2010), “Science of the total environment
spatial and temporal evaluations of disinfection by-products in drinking water distribution
systems in Beijing, China”, The Science of the Total Environment, Vol. 408 No. 20,
pp. 4600-4606, The, Elsevier B.V.

Wiest, L., Chonova, T., Bergé, A., Baudot, R., Bessueille-Barbier, F., Ayouni-Derouiche, L. and Vulliet,
E. (2018), “Two-year survey of specific hospital wastewater treatment and its impact on
pharmaceutical discharges”, Environmental Science and Pollution Research, Vol. 25 No. 10,
pp. 9207-9218.

Xiao, Q, Yu, S, Li, L., Wang, T, Liao, X. and Ye, Y. (2016), “An overview of advanced reduction
processes for bromate removal from drinking water: reducing agents, activation methods,
applications and mechanisms”, Journal of Hazardous Materials, Vol. 324, Part B, pp. 230-240,
doi: 10.1016/j.jhazmat.2016.10.053.

Xie, M., Shoulkamy, M.L, Salem, AMH., Oba, S., Goda, M., Nakano, T. and Ide, H. (2016), “Aldehydes
with high and low toxicities inactivate cells by damaging distinct cellular targets”, Mutation
Research: Fundamental and Molecular Mechanisms of Mutagenesis, Vol. 786, pp. 41-51, doi: 10.
1016/j.mrfmmm.2016.02.005.

Yang, M., Zhang, X,, Liang, Q. and Yang, B. (2019), “Application of (LC/) MS/MS precursor ion scan
for evaluating the occurrence, formation and control of polar halogenated DBPs in disinfected
waters: a review”, Water Research, Vol. 158, pp. 322-337, Elsevier.

Zhai, H,, Zhang, X., Zhu, X, Liy, J. and Ji, M. (2014), “Formation of brominated disinfection byproducts
during chloramination of drinking water: new polar species and overall kinetics”,
Environmental Science and Technology, Vol. 48 No. 5, pp. 2579-2588, doi: 10.1021/es4034765.

Zhang, N, Xu, B, Qi, F. and Kumirska, J. (2016), “The occurrence of haloanisoles as an emerging
odorant in municipal tap water of typical cities in China”, Water Research, Vol. 98, pp. 23-25.

Corresponding author
Nadeem Ahmad can be contacted at: er.nadimcivil@gmail.com

For instructions on how to order reprints of this article, please visit our website:
www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

Effluent
management
for hospital

13



https://doi.org/10.1016/j.jhazmat.2016.10.053
https://doi.org/10.1016/j.mrfmmm.2016.02.005
https://doi.org/10.1016/j.mrfmmm.2016.02.005
https://doi.org/10.1021/es4034765
mailto:er.nadimcivil@gmail.com

	Treatment of drug residues (emerging contaminants) in hospital effluent by the combination of biological and physiochemical ...
	Introduction
	Guidelines for hospital wastewater for its managements
	Treatment techniques available for PhACs
	Future scope of research
	Conclusion and recommendations
	References


