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Abstract

Groundwater is one of the primary and most safe sources of freshwater supplies to sustain human life. Emerging contaminants
(ECs) including pharmaceutical contaminants (PhACs), personal care products (PCPs), endocrine-disrupting compounds
(EDCs), synthetic chemicals, and artificial sweeteners (ASWs) are detected in groundwater supplies in trace amounts, raising
concerns about the possible adverse effects on humans and the ecosystem; thus, surveillance of contaminants is important to
minimize risks. Therefore, this paper reviews more than 50 studies (2000-2020) that provide accurate and analytical information
on PhACs and their composition in groundwater. In specific, detailed data on the occurrence and impact of ECs in various water
body matrices are systematically analyzed and classified with respect to distinct groups (PhACs, PCPs, EDCs, ASWs, etc.). The
main objective of this study is to (1) evaluate groundwater contamination via depicting occurrence and classification of PhACs as
ECs, (2) analyze the health and ecological risk due to emerging PhACs, and (3) showcase challenges faced by industries and
future prospects for further research on PhACs. The correlation between the occurrence of PhACs and their related health and
ecological risks can be easily understood by this paper, which opens a new gateway to discover analytical strategies for future

surveillance research works and to fill in the research gaps found in the existing state of knowledge on PhACs.
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1 Introduction

Groundwater has been a significant source of water for sus-
taining human life throughout history [1]. Since the weather
patterns are buffered from short-term fluctuations, groundwa-
ter is often considered a secure and reliable resource [2].
Groundwater is the most crucial factor and represents about
two-thirds of the world’s freshwater supplies and, neglecting
the polar ice caps and glaciers, groundwater contributes to all
freshwater available. Nearly, 70% of the world’s groundwater
collected is used for cultivation, 38% of irrigated land is fit for
groundwater irrigation, and about half of the domestic intake
of human water in urban areas is groundwater [2—4]. It is
estimated that nearly 90% of the water used for drinking pur-
pose is from groundwater at the area where there is no such
plan distributed by the water department of the government or

< Manan Shah
manan.shah@spt.pdpu.ac.in

Department of Chemical Engineering, School of Technology, Pandit
Deendayal Energy University, Gandhinagar, Gujarat, India 382426

by any of the private water supply companies [5]. In India,
currently 60% of freshwater is from groundwater and due to
growing population groundwater will be soon at alarming
levels which can lead to the water crisis, so in this situation,
humans cannot afford contamination of groundwater or any
other source, but in the frame of modernization, such issues
are neglected and in the long term, it will lead to destructions
of mankind [6]. Owing to numerous agricultural processes
and anthropogenic sources, a growing number of emerging
contaminants (ECs) and anthropogenic compounds are found
in groundwater [7-9].

The rise in environmental levels of pharmacological com-
pounds and their possible harmful effects on biological pro-
cesses are global phenomena that would bring greater chal-
lenges to countries with high population growth rates. The
insertion of pharmacological agents into animals and habitats
poses a risk to genetic diversity, habitat diversity, and popu-
lation diversity [10]. Thus, the long-term toxicity triggered by
these pharmaceutical contaminants (PhACs) could not be
overlooked and more precise examinations are needed to ex-
amine its side effects on human, aquatic, and animal health by
means of detailed surveillance and toxicological studies
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[11-14]. Therefore, this paper reviews more than 50 studies
that provide accurate and analytical data on PhACs and their
groundwater composition (Tables 1 and 2). Our main objec-
tive is (1) evaluating groundwater contamination by providing
data on occurrence and classification of PhACs, (2) systemat-
ically presenting the impact and risks of PhACs on humans
and the environment, and (3) highlighting challenges faced by
industries and future scope on further research on PhACs.
Due to rapid urbanization and development, water bod-
ies are prone to be a hub of anthropogenic contaminants
including nanograms of PhACs to huge portion of
microplastics indicating severe concerns [38, 39].
Subsequently, ECs are nowadays known to be widely
spread in a vast array of solid (soil, food, dregs) and liquid

(river, ocean, ponds, groundwater, effluent of WWTP and
DWTP) matrices exhibiting their unbound transmission
[40-53]. A broad variety of chemical substances, primarily
from PhACs and pharmaceuticals and personal care prod-
ucts (PPCPs), polymers, dietary supplements, food addi-
tives, cleaning products, surfactants, antiseptics, fire retar-
dants, pollutants, and disinfection by-products, are covered
by contaminants of emerging concerns [54].

Nearly all ECs are primarily a derivation from the con-
taminants resulting from the following categories: PhACs,
PCPs, endocrine-disrupting compounds (EDCs), and pes-
ticides [8, 40, 41, 43-45, 47, 49, 50, 52, 55-68]. ECs might
be of some industrial origin and may come from house-
hold, agrarian, medical clinic research facility wastewater,

Table 1 Occurrence of pharmaceutical contaminants according to different therapeutic groups
Groups Region of  CTs Occurrence Conc.in  Impact References
CTs water
measured
Antibiotic Okhla, Ciprofloxacin  * Effluent discharged from pharma 0.012—1.5 < Decline in genetic diversity Wilson et al.
Delhi industries mg/L of algal communities and [15],
sewage pipes threat to other aquatic Balakrish-
organisms na et al.
[16]
Anti-inflammatory Pearl River, Diclofenac * Enter water system through 8.3-114 * Extinction of several Asian Peng et al.
China hospital sewage pipes and dead pg/L subcontinent vulture [17]
vaccinated animals died near species
water bodies * Cause heart-related diseases
Anti-microbial agent, River, Triclosan and  * Agriculture waste by wash out of 4.54-61.3 + Growth inhibition of algae  [19, 133]
antiseptics, and Brazil tricarban soil during to monsoon ng/L * It causes microbial de Sousa
disinfectants » Domestic waste through city resistance and act as toxic et al. [20]
sewage pipes or biotic agents
Anti-inflammatory Marina Ibuprofen » Sewage waste from pharma 2-76 pug/L o It suppressed growth of Xu etal. [21]
Catchm- industries plant and led root to being
ent, shorter
Singapo- * Affects the aquatic life of
re rivers especially fishes
Anti-epileptic drug  River, Carbamazepine ¢ Pharma waste through pipes 8.8 ng/L e« Itis toxic for various Lietal. [22,
Banglad- invertebrates and other 23]
esh organisms
Blood lipid regulator Water Gemfibrozil * Through hospital sewage pipes ~ 518-3720 < Fishes such as Japanese Huggett et al.
treatment and from dumped medic waste in ng/L medaka face reduction in [24]
plant, dumping yard viable eggs
Iran
Anti-inflammatory Seine River Ketoprofen * Through hospital sewage system <2.4-33.2 It affects human Togola and
estuary, ug/L healthNon-targeted terres- Budzinski
France trial and aquatic species [25]
Endocrine-disrupting  River, Bisphenol A ¢ Effluent from pharma industries 1131 ng/L e« It causes hormonal changes Dodds and
compound China (BPA) in rats Lawson
* Such effects lead to breast (1938)
cancer risk in human Tan et al. [26]
« It has androgenic effects that
cause side effects in men
Anti-inflammatory Danube Naproxen * Veterinary hospital and pharma ~ 5.7-62 * It is highly non-degradable =~ Helenkar
River, industrial waste pg/L * Target the lives of organism et al. [27]
Hungary in a habitat due to

long-term exposure

CTs, contaminants
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Table 2 Environmental and human health impact of PhACs according to different therapeutic groups
Group PhACs Main use Impact on environment Impact on human health References
Antibiotic Amoxicillin Veterinary * Decline in genetic diversity of « It increases the chances of bacteria [28]
Azithromycin Humans algal communities and threat to becoming resistant to medication Phillips
Ciprofloxacin Humans other aquatic organisms of antibiotic due to which et al.
Cephalexin Veterinary « It affects the ecosystem including antibiotics do not affect them [29]
Natamycin (dogs) conversion of nitrogen to its when it is needed
Vancomycin Food additive oxides, methanogenesis, and * Its long-term consumption can af-
Erythromycin Veterinary reduce the amount of sulfate in fect the liver and stomach
Sulfamethoxazole Human the environment. * High concentration in water leads
Oxalinic acid Veterinary « It also affects the micro-ecosystem  to diarrhea and nausea
(cattle, including hormone alteration, re- * It also wipes out beneficial bacteria
poultry) sistance expansion to that help to regulate weight.
Veterinary (pigs) microbacteria, phylogenetic
Plants structure, and other ecological
Veterinary distribution
Anti- inflammatory  Ibuprofen Humans « Its long-term exposure can cause It causes kidney damage and cause Carlsson
Meloxicam Humans chronic toxic effects in organisms ~ diabetes and obesity et al.
Ketoprofen Humans * Causes adverse effect on living * Its high concentration leads to [30]
Diclofenac Humans creatures and accumulation of exacerbating asthma Tan et al.
Indomethacin Veterinary toxic chemicals in the food chain e It contributes to chronic diseases [31]
Celecoxib Humans « It suppressed growth of plants and ~ such as heart diseases and blood
Sulindac Humans led to root to being shorter vessel diseases
piroxicam Humans * Diclofenac leads to extinction of
Humans several Asian subcontinent
vulture species
Endocrine-disrupting  Estrone (E1) Majorly used for ¢ It causes reproductive problems in « It causes problem in reproduction Edward
compound Estradiol (E2) humans only various species such as decrease in fertility and archer
Ethynyl-estradiol * Estrogenic abnormalities in fishes abnormalities in the reproductive etal
(EE2) and various other aquatic species tract of male and female, and [32]
Progesterone (P) * It can cause hormonal changes in disturbs male/female sex ratios, = Malgorzata
Testosterone (T) various species loss of fetus, and menstrual prob-  kajta
lems etal.
» It changes hormonal levels which [33]
cause early puberty and several
other problems
« It also causes brain and behavior
problems
Anti-epileptic drug ~ Carbamazepine =~ Humans + Cause oxidation stress in rainbow « It decreases the amount of platelets Rezka et al.
Clonazepam Humans trout. Carbamazepine is toxic for and leukocytes in the blood and [34]
Diazepam Humans some algae, bacteria, increases the risk of fatal distress Joyce A &
Gabapentin Humans invertebrates, and fishes * It majorly affects children’s neural ~ Mattson
Lamotrigine Humans development Kimford J
Lorazepam Humans » Its high concentration can cause et al.
Pregabalin Humans migraines headaches, neuropathic
Valproic acid Humans pain, and psychiatric disorders
Antiseptics and Chlorhexidine Humans, « It effects the softness of water « Its intake is harmful and causes Williams
disinfectants Anti-bacterial Humans, which lead to stone problems stomach ache and
dyes veterinary » Heavy metals such as mercury can * Long-term intake can cause vari- White
Metal peroxides (pets) cause serious physical and mental ~ ous disorders mentally and phys- [37]
Metal Humans, vet- disorders in various organisms ically
permanganates erinary (cattle, [35] * Mercury in drinking water can
Halogenated dogs) » It reduces the oxygen level in cause disorders in next
phenol Humans, water which somehow affects generations
derivatives veterinary aquatic life [36]
Humans,
veterinary

leachate from landfills, mines, quarries, wastewater treat-
ment plants (WWTPs), and so on ([69, 40, 44, 70, 63, 71].
The large quantity of various pollutants relies upon the
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accessibility of their root sites, such as excess wastewater
coming from pharma industries, medical clinics, dispensa-
ries, and hospitals [8, 72-75].
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Due to their widening uses in humans and animals, PhACs
are emerging pollutants in the environment [76]. Oral nar-
cotics and drugs travel through the human body ending up
with concentrations in the bloodstream ranging from ng/L
(e.g., carbamazepine) to pug/L (e.g., acesulfame). Therefore,
PhACs remain inevitable as they are an integral part of con-
temporary civilization [15, 72, 77]. PhACs concentration in
different water matrices covers few orders of magnitude: in
industrial untreated water, it was found below ng/L; in raw
wastewater, often measured in thousands pg/L; while in
drinking water, usually in the ng/L range or its fraction
[78-93]. The Global Water Research Coalition (a non-profit
organization founded in 2002 that serves as the collaborative
mechanism for water research) has rated various PhACs, such
as carbamazepine, diclofenac, sulfamethoxazole, gemfibrozil,
atenolol, erythromycin, ibuprofen, bezafibrate, and naproxen,
as being of primary concern to PhACs in the hydrological
cycle [40]. An enormous number of veterinary PhACs like
anti-parasitic drugs, antibiotics, antifungal drugs, hormones,
anti-inflammatory drugs, anesthetics, sedatives, and so forth
set foot in the water resources worldwide and make a deep
impact on non-target organisms including fish and plants [94].
PhACs can impact water quality by exceeding, persisting be-
yond predicted no effect concentration (PNEC—concentra-
tion limit below which no adverse effect will occur during
long- or short-term exposure), and significantly affecting the
availability of drinking water, environmental health, and the
efficiency and EC removal cost of WWTPs [40, 64, 77,
95-97]. In surface water and the marine ecosystem, the in-
volvement of human or veterinary PhACs is prolific [92,
98-104]. However, only based on specific compounds has
the danger of drinkable water with PhACs been measured
and there is a keen need to evaluate the long-term toxicity of
these compounds [52, 105].

Owing to the growing use of PhACs in everyday life,
PhACs are being pollutants to the environment due to which
health and ecological risks increased [76]. Increasing PhACs
in water bodies may have a significant impact on organisms
and agriculture yield. Often, it is also possible for certain bac-
teria to build a resistant antimicrobial-antibiotic coating all
over their cell, which can cause detrimental effects on the
human body and other creature; for example, (3-lactam anti-
infection agents can cause harmful effects on green algae
[106—108]. Less concentration of multiple PhACs mixtures
on water biota can result in acute and long-term damage, be-
havioral changes, tissue aggregation, reproductive damage,
and cell proliferation reduction [12]. Hazardous impacts on
non-targeting species such as marine environments compris-
ing freshwater algae, zooplankton, and phytoplankton are in-
creasing with the application of vast quantities of antibiotics
for humans and animals [109—113]. Such chemicals induce
hermaphroditism in marine organisms, which can contribute
to effects on freshwater organisms (amphibians and fish),
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animals, and humans. It also increases possibilities for human
testicular and breast cancers [114, 115].

2 Origin and classification of groundwater
contaminants

The major burden has been applied to groundwater infrastruc-
ture because of rising pollution and depletion of surface water
supply [116]. If we consider how ECs are produced and their
source or origin and embrace the prevention methods, pollut-
ants that have adverse effects on humans and the environment
may be minimized. They include toxins, PhACs, synthetic
chemicals, PCPs, aromatic, nicotine, and many more that have
a major impact on the ecosystem and human health [117,
118]. The origin of water contaminants can be traced to their
occurrence on earth, the conversion of natural materials, and
their synthesis [119].
Contaminants can be classified based on the following:

(1) Occurring process:
(a) Naturally occurring contaminants:

Natural contaminants are produced due to long-term con-
tamination of natural compounds by microorganisms and such
contaminants may be poisonous or can lead to chronic dis-
eases [54]. Substances like natural antibiotics and hormones
may have a significant impact on ecosystems [119-121].

(b) Man-made or anthropogenic contaminants:

Anthropogenic contaminants have a large variety of com-
pounds as their production and discharge in water, land, and
atmosphere is more. This can further be classified into PCPs,
natural and synthetic hormone and steroids, pesticides, dietary
supplements, wood additives, cleaning products, surfactants,
antiseptics, fire retardants, pollutants, NO3, NH4Cl, dissolved
organic carbon, SOy, aromatic, and halogenated hydrocarbons
[54, 121].

(2) Sources:

(a) By the release path:

It includes contaminants originating from discharge
sources, transport sources, injection wells (pathogens NO3,
NH,, Cl, brine disposal, drainage), septic tanks, cesspools,
wastewater, and its by-products (e.g., spray irrigation, sludge).
Leachate from garbage dumps, septic systems, and sewage
pipes and water management for irrigated agriculture are mi-
nor antibiotic sources [114, 122, 123].

(b) By origin:

It comprises contaminants from domestic and agricultural
sources, landfills, hazardous and non-hazardous liquid waste
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(e.g., brine, sludge), mining waste tailings, material stockpiles
(coal, salt, etc.), illegal dumps, spills, leaks, radioactive dis-
posal sites, graveyards, mobile containers, etc.

(iii) By chemical form:

Contaminants based on their properties and chemical type
occurring from various sources such as hydrocarbons and
pesticides are categorized.

(iv) By point of location:

Contaminants in this category are classified based on their
presence above or below ground surface (containing contam-
inants from injection wells). An important cause of ECs in
groundwater appears to be the penetration of contaminated
wastewater to the subsurface or below ground level
[124-126].

(e) By character:

Contaminants can be classified by their character based on
point, diffuse, and line sources. Point sources and diffuse
sources are the main sources of water contaminants.
Significant examples include pipeline oil leaks, hazardous
waste, sewage treatment plants, and mixed storm-water sew-
age overflows, mining of energy, and underground septic
tanks [61]. In groundwater contaminated by sewage effluent,
caffeine and nicotine were commonly identified [117].
Diffuse contamination has non-identifiable origins where pol-
lutants come from poorly described, diffuse origins with large
regional scales and pollutants are not directly absorbed into
the water but from those that eventually land there, such as
fertilizers, chemicals, and agricultural waste that are eventual-
ly washed into the soil making their way through groundwater
and into the watercourse [61].

3 Occurrence and classification
of PhACs-based emerging contaminants

The increase of PhACs as EC in the ecosystem is due to their
expanding applications in human medication and livestock
(Meng [76]). PhACs are primarily found in discharged waste-
water from pharmaceutical industries, dispensaries, and hos-
pitals [8, 72—75]. PhACs migrate through the sewage system
until they reach WWTPs and reach water supplies where a
wide number of such substances and their derivatives have
been identified [11, 97, 127-130]. A lot of oral narcotics and
medicines migrate into the human body, resulting in blood-
stream amounts varying from ng/L (e.g., carbamazepine) to
mg/L (e.g., acesulfame). Therefore, since they are an indis-
pensable part of contemporary balanced civilization,

pharmaceutical pollutants remain unavoidable [72, 77, 131].
In fish ranches, PhACs are used as antibiotic for fishes to
prevent them from epidemic infections; such antibiotics are
good for short-term periods but in the long term, they pollute
surface water and groundwater and eventually disturb the eco-
system [97, 132, 133]. Agricultural lands and landfills are
major reasons for leaching of PPCPs containing biosolids into
groundwater of local regions [134, 135]. Figure 1 illustrates
various potential routes by which compounds from PPCPs
reach water.

[136] carried out an evaluation of water quality interims for
the existence of some selected PPCPs and artificial sweeteners
(ASWs) in the groundwater of the Ganga River basin. The
focus of the study was to assess ECs (such as PPCPs and
ASWs) and to evaluate human health and ecological risk.
For examination purposes, they collected 9 samples of
groundwater and surface water from various regions within
5 km of the Ganga River basin. After examining, they found
13 PPCPs in groundwater ranging from 34 to 293 ng/L such as
atenolol, ibuprofen, DEFT, ketoprofen, triclocarban, sulfa-
methoxazole, and caffeine (highest 743 ng/L); similarly, they
found 3 artificial sweeteners such as saccharine, sucralose,
and cyclamate in groundwater ranging from 0.2 to 102 ng/L
and 0.5 to 25 ng/L, respectively. Concentrations from 4.8
ng/L to 12.8 mg/L of all detected PPCPs have been found in
people with risk quotient (RQ) ranging from 1.5 x 107 to
0.0021.

[137] conducted research to deliver the initial and detailed
evidence upon the existence of 17 main PPCPs in the ground-
water of Singapore. The main purpose of their study was to
establish the adequacy of PPCPs as unique molecular markers
for the pollution of untreated liquid waste in water resources.
For analysis, they have chosen different sites to collect sam-
ples from groundwater. After chemical and statistical analy-
ses, they have found 9 PPCPs in groundwater ranging from <
0.3 to 16,249 ng/LL where < specifies underneath method
quantification limit. Analytical findings for wastewater re-
vealed that only 5 PPCPs (acetaminophen, salicylic acid, car-
bamazepine, diethyltoluamide, caffeine) were reported in
large concentrations among the 17 target PPCPs analyzed.
Concentrations were higher for the 3 PPCPs (acetaminophen,
salicylic acid, carbamazepine) compared to the rest of the
PPCPs and it was concluded that only those 3 compounds
can be utilized as appropriate molecular markers of unpro-
cessed sewage in aquifers, springs, wells, oceans, rivers, and
so forth.

[138] convey information of about 24 PhACs from dis-
tinct sources like rivers, ponds, and groundwater wells from
Nairobi and Kisumu City, Kenya. From a groundwater per-
spective, they have collected water samples from three shal-
low wells which are near populated cities. The concentra-
tions that resolute in the shallow wells are relatively lesser
than those found in the river and wastewater, which is
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Fig. 1 Flowchart showcasing pathways of contaminants to water bodies

similar to their low detection frequency. Numerous values
are in the range of 5-50 ng/L, which is alike from other
literature. In groundwater, there are antibiotics and psychiat-
ric drugs that have been detected, where concentration
ranges from 18 to 40 ng/L [139]. In their study, concentra-
tions of about 1.2-1.6 mg/L are measured from nevirapine
from the first two shallow wells and were relatively higher
than the third well because nevirapine is a densely populated
shanty town where groundwater is lacking in these shallow
wells. Protection and located near latrines and septic tanks
make them much more susceptible to contamination. Such
areas are responsible for emerging organic pollutants in
groundwater. This requires further investigation as most of
the shallow wells are sources of drinking water and such
contaminants have impacts on human health. Their literature
was the first literature in which occurrence of antiretrovirals
in groundwater is reported in Kenya which explains their
forthcoming conditions of groundwater. In overview, com-
pounds like antiretrovirals zidovudine and nevirapine, and
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the antibiotics metronidazole, trimethoprim, and sulfameth-
oxazole are detected frequently with high concentration
values up to 160 mg/L.

[139] analyzed the California Groundwater Ambient
Monitoring and Assessment Program Priority Basin Project
0f2004-2010. It had 14 PhACs from 1231 sites (groundwater
samples) in California. In the collected groundwater sample,
2.3% of contaminants were detected as PhACs. The concen-
tration of half of the PhACs was found to be higher than the
detection limits of other articles in that region. With a detec-
tion frequency of 1.5-2%, carbamazepine was the most fre-
quently encountered drug. Carbamazepine is not reduced
greatly and has little to no sorption in water-sediment systems,
as per laboratory and field research. The involvement of mod-
ern water and the presence of other anthropogenic compounds
were found to be directly correlated with the presence of
PhACs. The presence of modern water and the presence of
other anthropogenic compounds were expected to be fully
related. At least some modern water could be found in
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groundwater samples with trittum concentration greater than
0.2 TU (water recharged since 1952).

Godfrey et al. 2007 [140] investigated the presence and
persistence of 22 target PhACs in two shallow coarse-
grained aquifers in Western Montana. After percolation via
2.0-m-thick powder, sulfamethoxazole, nicotine, and carba-
mazepine were found in groundwater. Groundwater tests at
Frenchtown High School revealed carbamazepine concentra-
tions of 60-210 ng/L, sulfamethoxazole concentrations of 10—
450 ng/L, and nicotine concentrations of 50 ng/L.
Pharmaceutical concentrations in Missoula City and metro-
politan area site samples were less than 25 ng/L. Local month-
ly use is related to the presence of PhACs in aquifers. Under a
variety of geochemical conditions, some PhACs are found in
groundwater, according to their research. The presence of
measurable compounds in aquifers means that sewage waste-
water infiltrating into shallow groundwater may affect.
Human health assessment studies will be required after addi-
tional studies are carried out to characterize groundwater to
avoid the possibility of the water containing traces of PhACs.

Paiga et al. 2016 [141] conducted research in five
Portuguese cemeteries with the aim of testing and determining
PhACs in groundwater. In total, 33 PhACs were selected for
the analysis from 3 therapeutic classes that were tested in
groundwater samples, including non-steroidal anti-inflamma-
tory/analgesics, psychiatric, and antibiotic medications, as
well as some of their primary metabolites. Two groundwater
samples were gathered from each cemetery. The PhACs used
in the tested samples included acetaminophen, carbamaze-
pine, sertraline, ibuprofen, nimesulide, ketoprofen, fluoxetine,
and salicylic acid. Antibiotics were not detected in any of the
samples that were tested. In the remaining PhACs, fluoxetine
was included in eight of the ten samples tested, acetamino-
phen in four, sertraline in three, and nimesulide in one.
Fluoxetine, carbamazepine, and salicylic acid were the only
PhAC:s that had a detection level greater than 10% and con-
centrations greater than the MDL (method detection limit—
the lowest concentration of a drug that can be determined with
99% certainty that the analyte concentration is greater than
zero), except for nimesulide. Salicylic acid (33.7-71.0 ng/L)
and carbamazepine (20.0-22.3 ng/L) have the highest
concentration.

[142, 143] collected samples in the Rhone-Alpes region of
southeast France. From March to April 2007, January,
September, and October 2008, using standard sampling site
protocols, they collected 70 groundwater samples in amber
glass bottles. In Serbia, the concentration range between 78
and 610 ng/L of acetaminophen was detected in only 15% of
groundwater samples. Regarding PhACs, the frequency of
groundwater testing and the increase in the average level are
relatively small and less polluted compared with other ground-
waters. Several of the PhACs were not detected in groundwa-
ter. This is the case with metronidazole, ibuprofen, ofloxacin,

bezafibrate, and pravastatin. The PhACs are most commonly
detected in groundwaters, and the highest medium concentra-
tion was carbamazepine—PhACs most related to groundwa-
ter infiltration—and the highest concentration that was detect-
ed in groundwaters is 900 ng/L. The second PhAC observed
was sulfamethoxazole, which has the highest frequency and
average concentration in groundwater. Sulfamethoxazole ac-
counts for about 70% and 53.9 ng/L concentration in the
groundwater samples. Through analysis of PhACs, the re-
search was initially resting on the quantity and nature of the
substance, while the source of groundwater was determined
by the number of samplings.

[144] looked at emerging pollutants including PhACs and
industrial compounds in Taiwanese groundwater and linked
their existence to potential pollution sources. The presence,
climatic distribution patterns, and attenuation mechanism of
PPCPs in riverside groundwater parts of Beijing’s Bei Yun
River were examined by Lei Yang et al. in 2017. Yen-Ching
Lin’s study uses spatiotemporal data to assess 50 PhACs and
per-fluorinated molecules in groundwater as well as investi-
gates the relationship between emerging pollutant concentra-
tion in groundwater and surface waters, with 20 groundwater
wells in the sedimentary basin and plains of Hsinchu and
Taipei, while Lei Yang examined 15 PPCPs in riverside
groundwater and neighboring rivers at 5 riverside regions of
the Bei Yun River and two different riverside areas in Beijing
as comparisons. Both the studies have 10 PhACs in common
for analysis: diclofenac, gemfibrozil, bezafibrate, clofibric ac-
id, nalidixic acid, trimethoprim, propranolol, metoprolol, caf-
feine, carbamazepine. In Taiwan, after per-fluorinated com-
pounds, caffeine (ranging from 1.2 to 930.7 ng/L and is one of
the psychostimulant PhACs) and carbamazepine (ranging
from 0.4 to 37.9 ng/L) were the most frequently detected
compounds in the groundwater. Caffeine and bezafibrate were
the most prevalent compounds in riverside groundwater in
China’s Bei Yun River, with an average concentration of
125.0 ng/L, respectively, with metoprolol being responsible
for groundwater attenuation.

Rosario et al. 2014 [142] conduct an analysis in the coastal
plain of NC, USA, to find PPCPs in groundwater below onsite
wastewater treatment systems. [145] performed a thorough
study into the phenomenon of 9 PPCPs in collecting ground-
water and reclaimed water in China. Water samples were tak-
en from 12 cities in 11 Chinese provinces (12 reclaimed and
groundwater samples), whereas the groundwater samples in
North Carolina were taken from aquifers in the coastal plain.
The only common PPCP in both was caffeine which was
detected only in the coastal plain of North Carolina and not
from 12 selected cities of China. As median PPCP concentra-
tions across all 4 onsite wastewater treatment systems togeth-
er, N,N-diethyl-meta-toluamide (1.01 pg/L) and ibuprofen
(3.46 ng/L) were the most observed compounds in ground-
water, followed by caffeine (0.36 pg/L) and homosalate (0.29
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pg/L). The overall concentration of PPCPs in groundwater
samples from China varies from not detected to 60.1 ng/L,
with ketoprofen (4.0 ng/L), mefenamic acid (1.1 ng/L),
nalidixic acid (2.7 ng/L), and sulfide (60.1 ng/L) being the
only PPCPs found in groundwater.

[146] studied PhACs from non-steroidal anti-inflammato-
ry/analgesics, antibiotics, and psychiatric drugs in cemetery
areas and collected samples of the groundwater, whereas
Banzhaf et al. 2012 [147] investigated the applicability of
selected PhACs as anthropogenic of groundwater indicators
for the interaction and field site in Grand Duchy of
Luxembourg, Europe. Five cemeteries were observed in
Portugal and 2 samples were collected in each cemetery from
two separate places. On the other hand, the second study fo-
cused on 4 sampling campaigns in June, August, October, and
November 2010 that included 35 groundwater samples in total
from the Grand Duchy. Ibuprofen, carbamazepine, and sulfa-
methoxazole changed into the PhACs achieved within the
analyzed samples areas. The highest concentration obtained
was 20.0-22.3 ng/L for carbamazepine from the cemetery
region and the concentrations detected were up to 600 ng
from the Grand Duchy site, whereas sulfamethazine of only
up to 19 ng/L and carbamazepine concentrations as much as
100 ng/L in groundwater near a riverbank. A combination
with all internal standards became organized and 5 of the
combination turned into delivered to the requirements and
the extracts acquiring a final concentration of 75 ug/L for
ibuprofen-d3, 10 ug/L for carbamazepine-d10, and 50 ug/L
sulfamethoxazole-d4, respectively. The PhACs ibuprofen and
carbamazepine had been prescribed to be present in all sam-
ples with 100% of discernment frequency.

[148] collected water samples from 37 rivers in the winter
0f2004-2005; surveys were carried out within the Tamagawa
estuary, Japan. Yang et al. 2017 [101] investigated the preva-
lence, seasonal spatial distribution characteristics, and attenu-
ation procedure of 15 PPCPs in riverside sections of the Bei
Yun River of Beijing, China. They accumulated 15 ground-
water samples from the Tokyo metropolitan region.
Groundwater samples were gathered from thirty-four20-m-
deep monitoring wells of the seven riverside sections by a
sampling equipment in May 2014 and December 2015.
Thirteen PPCPs are found such as crotamiton, ibuprofen,
naproxen, triclosan, propyphenazone, carbamazepine,
diethyltoluamide, ethenzamide, ketoprofen, fenoprofen,
mefenamic acid, thymol, and caffeine, whereas in the riverside
section, 7 representative PPCPs were found such as caffeine,
carbamazepine, metoprolol, N,N-diethyl-meta-toluamide,
diclofenac, bezafibrate, and gemfibrozil. In most of the
groundwater sample from Tokyo, they detected PPCPs like
carbamazepine, ketoprofen, and ibuprofen (5 out of 14 sam-
ples), caffeine (4/14), and diethyltoluamide (3/14), whereas
caffeine and bezafibrate, respectively, were the most abundant
compounds in the riverside groundwater, with median
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concentrations of 3020.0 and 125.0 ng/L. In 3 surveys in the
Tamagawa estuary, crotamiton, carbamazepine, and
mefenamic acid behaved conservatively throughout seasons
within a salinity range of 0.4-29%.

4 Health and ecological risk assessment
of pharmaceutical contaminants

PhACs are EC in the environment due to their increasing use
in daily life, which significantly expands the environmental
evaluation of human and veterinary drugs, particularly in
water, resulting in increased health and environmental risks
[76, 149]. The increase in the number of pharmacological
compounds in the atmosphere and their potential adverse ef-
fects on biological processes are a global problem that will
cause greater difficulties for countries with high population
growth rates. The incorporation of pharmacological agents
into species and ecosystems presents a challenge to genetic
diversity, diversity of ecosystems, and diversity of biomass
[10, 150]. The existence of human or veterinary
pharmaceutics is prolific in seawater and the marine surround-
ings [79, 92, 99, 100, 102—104, 151]. By increasing, persisting
above acceptable thresholds, and substantially influencing the
supply of drinking water and environmental health [152],
PhACs can influence water quality [40, 64, 77, 95-97].
Massive amounts of veterinary PhACs, such as anti-parasitic
medicines, antibiotics, antifungal medicines, hormones, anti-
inflammatory drugs, anesthetics, and sedatives, have set foot
in the atmosphere and can have a profound effect on non-
target animals, including fish and plants [94].
Hermaphroditism-causing chemicals in aquatic living organ-
isms may contribute to the impact on animals and humans,
and can generate chances for testicular and human breast tu-
mors (Liu et al. 2011; [115, 153]). The accumulation of
PhACs in plants, regardless of any adverse effects, leads to
growth degradation and chlorophyll content loss [154, 155].
For both human health and the environment, continuous re-
lease and sustained exposure to either of these pollutants can
pose a risk [156]. The chronic toxicity prompted by these
PhACs can therefore not be overlooked and more precise
studies are required to evaluate its side effects on human,
aquatic, and animal health through comprehensive surveil-
lance and toxicological studies [11, 12, 157].

Bartelt-Hunt et al. 2010 [91] conducted an experiment and
describe it in their journal paper; the experiment was to deter-
mine seventeen veterinary PhACs and thirteen hormones in
groundwater. Samples were collected from groundwater flow
of four different sites, two of them are swine facilities and
other two are beef facilities, and site selection was based on
previous indication of contamination due to nitrogen sources
and wastewater. Contamination from the sites was analyzed
by different methods for different compounds. The journal
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paper describes about contamination of these compounds in
various months including October and December; from the
experiment, it was found that concentrations of monensin,
sulfathiazole, and erythromycin were higher in the October
sampling in comparison with sampling in December ranging
from approximately 980 to 12,900 ng/L. Almost every PhACs
found in this experiment was veterinary as sites were cattle
facilities. Contamination of groundwater near such cattle fa-
cilities was higher than other rural regions and drinking this
contaminated water for a long time can lead to various chronic
diseases.

[158] evaluated the uptake of antibiotics by vegetable (car-
rot and lettuce) and human risk to antibiotics due to contam-
inated water used in irrigation. For evaluation purposes, they
have collected some vegetable samples which they planted
and some from a native farmer in Ghana. They found amox-
icillin and tricyclene as the main contamination compounds in
vegetables such as carrot and lettuce [159]. The concentra-
tions of antibiotics in carrot (27 + 9.3 ng/g) were slightly
higher than those in lettuce (20.3 = 9.4 ng/g). As the detected
concentration is less, those plants are safe to consume and
there is no occurrence of antibiotic-resistant bacteria. But oth-
er studies of antibiotics in sewage water and irrigation water
determine that there were some possibilities of occurrence of
antibiotic-resistant bacteria in vegetable plant and soil. They
concluded that as the concentration of antibiotics in vegetable
is acceptable, human health risk is low yet.

Sarva et al. 2019 [160] carried out an evaluation of the
occurrence of PhACs impurity in drinking water and their
possible human risk in Putrajaya. For this purpose, they have
collected 80 samples of potable water from the residential area
of Putrajaya. After examining samples, they found 9 residues
up to 0.38 ng/L such as amoxicillin, caffeine (highest 0.38 ng/
L), chloramphenicol, ciprofloxacin, dexamethasone,
diclofenac (0.14 ng/L), nitrofurazone, sulfamethoxazole, and
triclosan. The hazardous quotient (HQ) values were found out
for the groups of all ages (ranging 8.76 x 10~ t0 3.0 x 107°).
They reported that ECs have the ability to create problems
with the endocrine and biological function of hormones and
cause infertility problem in humans [161]. An HQ value less
than 1 indicates the possible human risk is considerably low
yet though it might increase in a short time as emergence of
PhAC:s is more.

[162] have shown the pathways of PhACs from the effluent
of irrigation to groundwater. A 14-month research was con-
ducted to analyze the fate and concentration of PPCPs in
around 13 groundwater wells at Penn State.
Sulfamethoxazole and caffeine were detected frequently with
a concentration of about 40% and 32% of the groundwater
samples and other contaminants such as naproxen (19%), am-
picillin, ofloxacin, acetaminophen, and trimethoprim were
found in less than 15%. Detection of such PPCPs in ground-
water clearly indicates the contribution of wastewater in

contaminating groundwater in the past few years. The flow
of such contaminated groundwater will affect the groundwater
of the other nearby regions where spray irrigation is not com-
monly used. However, the concentration in the groundwater
was less than the effluent of WWTPs. It can be determined
that in the travel of wastewater from effluents of spray irriga-
tion to groundwater, some of the contaminants were absorbed
by soil which eventually affects the agriculture and the crops
that are grown on it. [163] Moreover, such contaminants in
groundwater are a serious threat for drinking water as this can
cause chronic diseases and the purification of such contami-
nated groundwater will lead to more effort and energy in mak-
ing this water drinkable.

Mutiyar et al. 2009 [164] from the Department of Civil
Engineering, Indian Institute of Technology Delhi, Hauz
Khas, New Delhi, 110016, India, analyzed the environmental
and ecological effects related to PhACs as a new class of ECs
in the water environment. The main goal was to recognize the
risks to the environment posed by PhACs because they have
been ignored and it is a sensitive issue. The pharmaceutical
industrial effluent was sampled from Patancheru
Pharmaceutical Industrial Cluster, Hyderabad (India), and
was diluted to 1000 times before exposing to fishes [165].
The results showed that PPCP residues in the Indian environ-
ment are at dangerous levels. Analgesic drug residues (such as
diclofenac, ibuprofen, ketoprofen) were associated with a de-
crease in the Indian vulture’s population [166]. In several riv-
ers of Switzerland, about 50% decrease in fish was observed
and associated with increased organic micro-pollutant concen-
trations in rivers [167], while an increase in the growth of
cyanobacterial species and duckweed by ibuprofen exposure
is reported [105]. Most studies report acute toxicity for short-
term exposures, while aquatic species are exposed over their
entire life cycle and real exposure is much longer than the
period of exposures used in the experiments [89].
Considering the concern over increased incidence of harmful
impacts and possible increased incidence of other disorders of
the male reproductive system, urgent efforts must be taken to
obtain accurate data regarding the possible existence of a syn-
drome of which sperm count, testicular cancer, and other re-
productive disorders are symptoms. Future research on PPCPs
in India needs to address the issue.

Lisa et al. 2013 [168] reviewed the health effects of four
compounds from multiple treatment ranges in groundwater. A
review of the literature was conducted, as well as a risk as-
sessment of the chemicals in question. Based on the concen-
trations detected, the USEPA methodology for deducing at-
mospheric water quality criteria for human health safety was
used to estimate the water. According to the available evi-
dence, there are no significant risks to humans because the
concentrations of PhACs detected (less than 1 ng/L) were well
below the derived acceptable limits, and detection limits are
expected to decrease over time. Only clofibric acid was found
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in the groundwater of the four PhACs. It has been proposed
that adverse effects and the possibility for idiosyncratic reac-
tions be checked too, to compensate for a specific purpose in
regions of complexity. A sole analysis in Germany showed
that groundwater had greater clofibric acid quantities than
surface water, which defied the pattern. This occurred as a
result of direct groundwater contamination from sewage tanks
or various ground sources. The research focused on the danger
to humans rather than the ecological consequences of polluted
groundwater due to a lack of data and methodology.

[169] reviewed and analyzed the occurrence of PPCPs in
China’s aquatic climate. The purpose was to check the pollu-
tion levels of PPCPs associated with China’s densely populat-
ed megacities with high density. The purpose of screening the
level ecological risk assessment was to assess the potential
natural risks of PPCP to marine species. It has a clear leader-
ship role in selected PPCPs in surface waters to mirror the
general level of risks in China. The 6 types PPCPs were
macrolide anti-infection agents, anti-inflammatory drugs,
and anti-microbial sulfonamides. It can be estimated that with
the development of China’s economy and the improvement of
clinical considerations, the trend of PPCP emissions and pol-
lution will appear, which will bring more risks to human wel-
fare and ecology. However, it shows adverse health results in
marine species. A best management practice should be tried
during the season of PPCP existence in the climate which
involves production, transportation, use, and garbage removal
of PPCP in surface and groundwater. Lately, in China, by the
beginning of 2013, the Ministry of Environmental Protection
starts 12 five-year plans to control and predict the environ-
mental risks of synthetic substances alongside PhACs as one
of the major contaminants of the environment.

[170] evaluated a study to estimate risk against different
aquatic species and human health risk due to antibiotics in
groundwater. Similarly, Zhen [145] carried out a study to
assess the risk of PhACs and PPCPs in reclaimed and receiv-
ing groundwater in China. For the calculation of RQ and HQ,
highest investigated concentrations of PhACs were used.
They have shown that detected PhACs have acute biological
activity even at insignificant concentration and may impose
toxic impacts on human and maritime life. Even ng/L range
concentration exposure may lead to miss function of the body.
Measured RQs and HQs for the different age groups are found
less than 1 ranging from 1.5 x 107> to 6.1 x 10~ which
indicates no potential human and ecotoxicological or environ-
mental risk, however, as groundwater is a crucial source of
drinking water, increasing contaminant and RQ level may be a
concern in native decades.

[171] carried out evaluations for possible adverse effect on
human health through environmental exposures via potable
water and fish intake for 44 active pharmaceutical ingredients
at trace amounts (ng/L) in chosen GlaxoSmithKline-marketed
products in surface waterways in Europe and North America.
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Similarly, [172] performed a study to provide a step-wise
implementation of the system for quantitative pharmaceutical
risk assessment, involving a Monte Carlo uncertainty evalua-
tion for meprobamate, carbamazepine, and phenytoin in kids
and adults through unintentional exposure to river water and
fish consumption and direct intake of finished drinking water
during outdoor activities. Characterization of risk from envi-
ronmental exposures for human health was carried out by
measuring the ratio of 90th percentile PECs to the PNECs in
the study of [171], and the findings revealed that ratios of all
the 44 active pharmaceutical ingredients were < 1, ranging
from 7 x 10 to 6 x 10™"", implying no major risk to human
health due to environmental exposure from ingestion of drink-
ing water and fish, whereas [172], access hazards to humans
related to exposures of non-therapeutic PhACs doses from
water utilizing HQ and ADI-equivalent drinking water levels
(DWEL py) for all 3 PhACs; the analysis indicates that mean
HQ was between 1 x 10 '® and 3 x 107> and 99th percentile
HQ values were less than 1 x 10™* along with concentrations
less than respective DWEL 4 py, signifying no permissible risks
to human health due to exposure to PhACs.

[173] screened seventeen different PhACs and their transi-
tion products in Dutch waters and assessed their human health
risks. Vanessa [174] initiated a surveillance system to examine
the presence and status of thirty-one PhACs in the Empresa
Portuguesa das Aguas Livres water supply system of Portugal,
as well as the possibility of negative health impacts on con-
sumers. Two samples were analyzed as a drinking water
source from groundwater that is influenced by river bank fil-
trate and surface water from the overall samples gathered in
Dutch waters. The samples from the Netherlands came from a
screening program that looked at the prevalence and toxico-
logical importance of substances of trafficking in (drinking
water) supplies. The water supply system depends on 20
groundwater sources, which supply nearly 10% of the total
amount of drinking water generated, and 250 samples of raw
water including groundwater and potable water were obtained
for the study. The estimation of RQs was used to characterize
human health risks in the study of [174]. Ten PhACs out of 31
were found in groundwater samples, with varying concentra-
tions from 0.005 to 12 ng/L. The only common compound
found in groundwater samples from both studies was carba-
mazepine. The majority of PhACs found in Dutch waters
came from surface waters, with PhACs being almost non-
existent in groundwater. According to the findings of the
screening campaign, no negative health effects of the com-
pounds tested are reported in drinking water sources of the
Netherlands. Similarly, no PhACs with RQ > 0.1 were ob-
served in any water supply system groundwater sample,
meaning that the PhACs found in the water samples tested
do not pose a health risk to consumers.

[136] have evaluated human health and ecological risk
linked with PPCPs and ASWs in drinking water (mostly
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groundwater) near the Ganga River basin as a second major
goal and Tiziana [175] have carried out a study to provide the
Ist estimation of environmental risk of propranolol in ground-
water of Europe. Age-dependent RQ was calculated for each
PPCP found in groundwater. RQ values of caffeine, sulfa-
methoxazole, and triclosan were found greater than 1 for al-
gae. Overall, there is no substantial human health and ecolog-
ical risk found of PPCPs in groundwater. Most of the PhACs’
RQ level indicated as less than 1. They absorbed a moderate
risk of some PPCPs for aquatic organisms such as algae and
Daphnia magna. A potential risk due to propranolol in
European groundwater is null. However, increasing contami-
nant rates show the possibility of human health and ecological
risk in the near future that requires a potential mitigation
strategy.

5 Comparison of worldwide PhACs
in groundwater

Increasing PhACs ingredient as a contaminant in groundwater
is a global concern. To trace the exact concentration of PhACs
in the global groundwater scale is still elusive. In many coun-
tries, researchers have examined water samples from 5-50 m
below the earth’s surface and well. Some common PhACs that
were found in the ground and drinking water worldwide are
carbamazepine, sulfamethoxazole, acetaminophen, sertraline,
atenolol, ibuprofen, caffeine, salicylic acid, ciprofloxacin,
N,N-diethyl-meta-toluamide, and diclofenac [176].
Comprehensive data relating to the concentration of PhACs
on the global scale has been given in various studies. There are
more than 70 countries in which at least one pharmaceutical
substance was reported in the literature at a concentration ex-
ceeding the detection limit of the analytical method employed.
Mainly analyzed PhACs are the therapeutic group of the an-
tibiotic, analgesic, and estrogens. In the Asia-Pacific region,
mostly antibiotics; in Africa, estrogens; and in Eastern Europe

Fig. 2 Percentage of
pharmaceutical group detected
globally
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27%

and Western Europe, various ranges of PhACs were found
[177, 178].

The globally detected pharmaceutical groups with their
percentage ratio are shown in Fig. 2. This data is generated
by reviewing other studies and it is based on comparison and
average proportion.

Many researchers have included data related to the concen-
tration of PhACs in various studies like [177, 179]; Qian
[180—182]; and [183, 184]. According to studies, the highest
concentration is detected at nearly 12,000 ng/L which is of
ibuprofen and primidone (Fig. 3). Other pharmaceutical con-
taminants like clofibric acid, N,N-diethyl-meta-toluamide,
ketoprofen, and phenazone are detected in the range of
2500-7500 ng/L. Lincomycin, sulfamethazine, salicylic acid,
diclofenac, sulfamethoxazole, triclosan, and lopamidol are de-
tected in lower range of 300-2500 ng/L.

This map chart is made by comparing different studies such
as[117, 146, 177, 180-182, 185]; Ngoc Han Tran et al. 2013;
Laurel A. [186]; Lei [144, 183, 187]; and [81] (Fig. 4).

6 Challenges and future scope

As the population grows, pharmaceutical pollution of water
sources increases and the problems associated with the man-
agement of such pollutants increase. Some of the major chal-
lenges are mentioned as follows: (1) issues for surveillance
systems which include challenges related to chemical detec-
tion, inspection methods, evolving pollutant properties and
behaviors, and multi-compartment river scale monitoring;
(2) challenges relating to the modelling of instruments and
the fate of emerging contaminants that include issues
concerning the determination and fate of pollutant sources;
(3) challenges in the risk management of pollutants which
require different methods used for risk assessment; and lastly
(4) water quality management and policy issues which include
multiple PhACs usage policies, their treatment parameters,

% Pharmaceutical group detected globally
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Fig. 3 Highest concentration (in
ng/L) of some PhACs in
groundwater from various areas

of the world
14000

12000
10000
8000
6000
4000
2000

ng/L

industrial effluent restriction, and comparatively strict rules
and regulations for such offenses.

According to WHO, to address challenges such as tracing
contaminants or determining pharmaceutical pollution level,
index of how much environment and people are attached to it
(here PhACs), and determining what impact could be on hu-
man health and the environment as a result of polluted water
intake, new tools and techniques should be made, since in the
current situation, it is seen that very less amount of data is
available due to adequacy of treatment techniques including
electrochemical oxidation process, photo-Fenton process,
membrane filtration, nanofiltration, photocatalysis, adsorption
process, and various other chemical and biological treatments

Highest concentration found of pharmaceutical

acording to most of the studies

N . .
@\x é&c (_'\bx o‘&«\ 04;\ 5 *o‘\ x"& &\e o“/é «,00@ o %Ob
SR S R T U S S & &
O AN &S < R 9 @ 6& ‘@ QQ &
DA AR Q &
G R N
PHARMACEUTICAL

[188—190]. The design of a conventional water treatment plant
is not much efficient to eliminate all PhACs. However, it
possesses the ability to remove active pharmaceutical ingredi-
ents to a certain range. Conventional methods measure only a
priority of selected ECs. PhACs are developed to interact with
target molecules or certain parts of human bodies at small
concentrations. Many PhACs tend to affect the environment
and living bodies at an extremely low concentration so for
their identification, new analytic methods are needed and for
the time being, a revolution in pharma industries new type of
drugs are being developed whose fate, occurrence, and human
intervention are still unaware (Violette [191, 192]). Drugs
used for animal and human consumption are not taken in their

[ concentration of pharmaceuticals in ground water ]

concentration in ng/L

5 10000

Created with Datawrapper
Fig. 4 Maximum concentration (in ng/L) of PhACs on a global scale
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entirety, but the majority of drugs ingested are excreted in
urine or feces [193]. With this, the industry cannot fully con-
trol the movement of PhACs. Properties and environmental
behavior of many PPCPs and other contaminants are still not
known, for example, ENM-engineered nanomaterials. Due to
contact with other substances in the atmosphere including
humid acids, cations, and anions or dissolution, ENM may
modify in an environment that enhances difficulty in tracing
and managing its fate [194, 195]. The developed modelling
framework for the fate of pollutants is less efficient. By the
time, increase in contaminants results in complexity to assess
the risk. Previously, assessment of risk is done by comparing
natural concentration in the environment but it is not much
efficient as the exposure is expected from different paths and it
is difficult to deal with PNEC data for a single species [191],
so new analytical techniques are needed for determination of
risk on humans and the environment, and relatively there is a
need of implementation of new rules, regulation, and other
policies to commercialize the use and to control the emission
of ECs in the environment. To track very low concentrations
of PhACs, highly sensitive and selective analysis methods are
needed such as liquid chromatography, solid-phase extraction,
and mass spectrometry [196].

From a future perspective, population growth is a major
concern as it leads to a higher consumption rate of PhACs
which causes an increase in chances of PhACs in water, con-
sequently increasing various adverse effects on the environ-
ment and organisms such as chronic diseases and other dis-
eases [197]. Under the current treatment process, removal of
every single EC is not efficient, so the development of ad-
vanced analytical techniques is needed to quantify the contam-
inants. In our complex environment, many new ECs are aris-
ing and are not reported or detected from current analytical
techniques so new efficient removal strategies should be made
to detect such ECs. For removal of ECs, more efficient com-
binations of treatment methods should be applied. Materials
like biochar, graphene, and activated carbon from various
sources are used in current analytical techniques but they face
recycling and recovery problems which further leads to eco-
nomic problems in the removal of such compounds [198].
New materials such as polymers and nanomaterials with in-
creased stability and adsorption capacity such as carbon
spheres, carbon nanotubes, and various other nanoporous ma-
terials can be used as filter media by taking all of this into
account.

Polymers experience disadvantages such as low efficient
surface area, while high efficiency can be obtained in the
removal of ECs using nanofilters, but this advantage is at the
expense of a reduced life cycle [199]. Studies have shown that
there is an increasing need to improve existing materials such
as polymer nanomaterials for large-scale water purification.
WWTPs should use new treatment methods for treating water
having PhACs as contaminants and treatment should have

good efficiency along with less cost. Nanomaterials, activated
carbon, and numerous other nanoporous polymers have a very
promising future in research and can help fix all our current
issues, such as efficiency, recovery rate, and several others.
There is truly little knowledge of the toxic effects of ECs and,
since they act in a natural environment that cannot be ob-
served in laboratories, new protocols are now required to mea-
sure certain effects on multiple species with sufficient end-
points. In the future, the estimation of the fate, sources, and
behavior of ECs in the ecosystem should be focused on the
risks to humans and the environment, and screening should be
based on models and framework.

7 Conclusion

Groundwater quality is supremely important for people’s
health. Groundwater is an important natural resource and oc-
cupies an eminent position in the environment. Water-related
disease is still one of the major health concerns in the world. It
causes local and global diseases through the spread of infec-
tious diseases and chemical hazards. In most parts of the coun-
try, the quality of groundwater is acceptable and reasonable
for drinking, agricultural, or mechanical purposes. The chem-
ical substances, PPCPs, are covered by contaminants of
emerging concerns in surface and groundwaters. The contam-
inant of groundwater can be classified based on synthesis and
source. Groundwater poisoning occurs when synthetic pollut-
ants meet groundwater and lead it to get unfortunate and un-
suitable for human utilization. This paper reviews more than
50 studies from the literature (2000-2020) that provide accu-
rate and analytical information on PhACs and their composi-
tion in water bodies. In total, 28 reviews focused on the oc-
currence and classification of PhACs as ECs in water bodies.
And 24 reviews focused on the assessment of health and eco-
logical risk due to PhACs as ECs. Individual EC parameters
occur usually at different concentrations. Regarding the eco-
logical risk caused by the presence of target compounds on the
surface and groundwaters [200], it can also be estimated by
calculating RQs and it can also be estimated based on the
maximum measured concentration of PhACs in wastewater.
The expansion of the measurement range of pharmacological
compounds in the air and its potential inverted impact on
natural measurement are worldwide problems, which will
pose more prominent challenges to countries with high popu-
lation growth rates. For human health and the environment,
both continual release and supported exposure to these pollut-
ants may pose risks. Hundreds of different chemical sub-
stances have not been monitored, and many of their health
consequences have yet to be determined. Therefore, their risk
assessment has become more important, leading to better
treatment techniques of contaminated water thereby reducing
environmental and health concerns.
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