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Abstract: Currently, water pollution represents a serious environmental threat, causing an impact
not only to fauna and flora but also to human health. Among these pollutants, inorganic and organic
pollutants are predominantly important representing high toxicity and persistence and being difficult
to treat using current methodologies. For this reason, several research groups are searching for
strategies to detect and remedy contaminated water bodies and effluents. Due to the above, a current
review of the state of the situation has been carried out. The results obtained show that in the
American continent a high diversity of contaminants is present in the water bodies affecting several
aspects, in which in some cases, there exists alternatives to realize the remediation of contaminated
water. It is concluded that the actual challenge is to establish sanitation measures at the local level
based on the specific needs of the geographical area of interest. Therefore, water treatment plants
must be designed according to the contaminants present in the water of the region and tailored to the
needs of the population of interest.

Keywords: wastewater treatment; environmental public health; environmental impact assessment;
inorganic pollutants; organic contaminants

1. Introduction

Water contamination represents a current crisis in human and environmental health.
The presence of contaminants in the water and the lack of basic sanitation hinder the
eradication of extreme poverty and diseases in the poorest countries [1]. For example,
water sanitation deficiency is one of the leading causes of mortality in several countries.
Due to unsafe water and a lack of sanitation, there are several diseases present in the
population [2—4]. Therefore, the sixth global objective of the United Nations, foreseen
as part of its sustainable development agent 2030, aims to guarantee the availability and
sustainable management of water resources. In this sense, numerous research groups
have focused on proposing alternative solutions focusing on three fundamental aspects:
(a) detection of contaminants present in water for human consumption, (b) assessment of
risks to public and environmental health due to the presence of contaminants in the water,
and (c) the proposal of water treatment technologies. In the case of the American continent,
the detection of contaminants (inorganic and organic) has been studied; the research
works show alarming results in which the impact of water pollution is demonstrated,
how the ecosystem is being affected, and consequently the repercussion towards human
health [5-8]. This last point becomes worrying due to the fact that there are reported
cases in which newborns, children, and adults consumed drinking water from various
sources (such as rivers, lakes, groundwater, and wells) without the certainty that it is free of
contaminants, representing a health risk factor [9-11]. Some of the detected contaminants
have been associated with a potential health risk, such as the case of some disinfectants
with cancer [12] and NO3; ™~ and NO; ™ as potential carcinogens in the digestive system [13].
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The lack of safe drinking water has been reported in several countries [3,14] since the
presence of contaminants in water has demonstrated that actual quality controls are not
able to detect or treat pollutants that are present [15-18].

In this sense, numerous research groups have focused on proposing alternative solutions
focusing on three fundamental aspects: (a) the detection of contaminants present in water for
human consumption, (b) assessment of risks to public and environmental health due to the
presence of contaminants in the water, and (c) a proposal for water treatment technologies.
This communication shows a critical review of the latest published research works. The
use of Web Of Science from Clarivate Analytics was used for the bibliographic review. The
bibliographic search was carried out in January 2023 using the keywords “public health pol-
lutants/contaminants water” + “name of the American country.” The retrieved articles were
filtered considering the following: (i) articles published in the period 2018-2023, (ii) articles
carried out based on effluents and bodies of water belonging to the American continent, and
(iii) articles that demonstrate the presence and/or treatment of organic (excluding biological
contaminants) and inorganic contaminants in water. The selection of these research articles
was used to carry out a critical review of the current situation to propose future challenges to
achieve efficient, and sustainable water treatment processes.

2. Critical Review: Evaluation of the Current Situation, Perspectives, and Challenges
in the Detection of Contaminants, Health Risk Assessment, and Water Treatment
Technologies in the American Continent

2.1. Detection of Contaminants in Water

At present, there are various analytical techniques that have been used in the detection
and quantification of inorganic and organic contaminants in aqueous matrices. Mainly,
these techniques can be divided into three major groups: chromatographic, spectroscopic,
and other techniques, such as electrochemical and colorimetric titration. A comparison
of the advantages and disadvantages of the most commonly used analytical techniques is
presented in Supplementary Table S1. From these, techniques that have been used the most
are shown below.

In chromatographic techniques, the most reported are gas chromatography-mass spec-
trometry (GC-MS), gas chromatography/mass spectrometry with selected ion monitoring
(GC-MS/SIM), liquid chromatography-mass spectrometry (LC-MS), liquid chromatog-
raphy quadrupole time-of-flight- mass spectrometry (LC-QTOF-MS), high-performance
liquid chromatography-electrospray ionization-mass spectrometry (HPLC-ESI-MS), ultra-
performance liquid chromatography- electrospray ionization-mass spectrometry (UPLC-
ESI-MS), high-performance liquid chromatography-charged aerosol detector (HPLC-CAD),
and ion chromatography (IC). In the case of spectroscopic techniques, these include in-
ductively coupled plasma mass spectrometry (ICP-MS), atomic absorption spectrometry
(AAS), inductively coupled plasma dynamic reaction cell mass spectrometry (ICP-DRC-
MS), thermal ionization mass spectrometry (TIMS), high resolution inductively coupled
plasma mass spectrometry (HR-ICP-MS), particle-induced X-ray emission (PIXE), fluores-
cence spectrometry, inductively coupled optical emission spectrometry (ICP-OES), and
cold vapor atomic absorption spectrophotometry (CVAAS).

From these techniques, it has been possible to determine the concentrations of various
pollutants of interest to human health and the environment.

The compilation of information from the latest scientific reports (related to the de-
tection of inorganic contaminants present in the water) is shown in Table 1 and Figure 1
(geographical distribution). On the other hand, the comparison of the detection limits
for the limits of interest using different analytical techniques is presented in
Supplementary Table S2. Among them, some works have been carried out based on
water bodies in different countries, such as Canada [19], USA [20-22], Mexico [23], and
Brazil [24], in which the presence of As, Fe, U, Zn, Na, K, Ca, Mg, HCO; ™, and Hg with
respect to interactions among water, bedrock mineralogy, and geochemical conditions of
the region has been studied, so they can be classified as contamination due to a natural
source. A particular case can be analyzed for U, which is present in water bodies of the
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PCBs and PDBEs

Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Hg,

Se,Sn, Th, T, U, V, Zn
NOjy, NO;7, NHy, PO, silicate
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southwest and west central USA, because high levels of acute exposure can be fatal for the
population, and chronic exposure at low levels is associated with health problems, such as
renal and cardiac risk. Although, exposure studies of surrounding communities cannot be
considered conclusive, they correspond to a great advance in the field, and future studies
should be carried out to assess possible damage to human health and the ecosystem.
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Figure 1. Geographical distribution of pollutants detected in the American continent in different
matrices (water, blood, sediments, biota) in the last 5 years.

On the other hand, research works stand out showing that water pollution can occur
due to anthropogenic activities [25], being evident that modern practices of agriculture
and livestock have consequences as the indiscriminate use of fertilizers, pesticides, and
hormones results in nitrates in the water, which are associated with a risk of congenital
anomalies, such as heart and neural tube defects.

Within the works carried out, one of the most concurrent techniques used in the
evaluation of contaminants has been performed via ICP (MS or OES) due to its high
precision, low cost, low detection limits, and the advantage of analyzing a large num-
ber of elements simultaneously in a short time [26]. However, in some cases, the de-
tection limits of the technique are above the maximum permissible limits proposed by
the WHO (World Health Organization), such is the case of Hg, for which the detection
limit is of 0.0025 mg L~ ! and the maximum detection limit recommended by the WHO is
0.002 mg L~!. Therefore, it is concluded that one of the challenges to be dealt with for
metal detection in water is based in the fact that current techniques must be complemented
by advanced analytical techniques, such as electrochemical tests [27]. These techniques
are of great interest for their study due to the benefits they have, such as improvements
in detection limits, low operating costs, short analysis times, and mobility, being able
to perform analytical determinations in situ [27]. It is concluded that the contaminants
with the greatest presence in the continent are As, U, Pb, Mn, Se, and Hg, mainly related
to the mineralogy of the analyzed site and anthropogenic activities in the analysis areas.
However, in some cases, the source of contamination is natural and occurs periodically
due to seasonal changes, with the rainy season being the period with the greatest presence



Int. |. Environ. Res. Public Health 2023, 20, 4499

40f18

due to the mobility of metals contained in the rock and soil of the region [28,29]. More-
over, the presence of ions in solution related to the use of fertilizers and agrochemicals in
crop fields has also been documented [30]. It is important to denote that the origin of the
contamination source is not accurately concluded, providing a current challenge for the
exact determination of the source to propose containment and sanitation actions to solve
the problem.

Table 1. Detection of inorganic pollutants in environmental samples.

Environmental

Analyte Samples Region Risk Assessment Analytical Technique Ref.
As, Mn, Fe, CaCO;3 Well water Western Quebec Potential neuronal ICP-MS [19]
(Canada) damage
U, As, Zn Well water l\fgstt:nze(r{tfsi) Carcinogenic risk ICP-MS [22]
Decreased
Arizona, New cognitive function,
As, U, Pb, Mn, Se Groundwater Mexico, and Utah  cardiovascular and ICP-OES [21]
(USA) renal problems,
neurotoxicity
Na, K, Ca, Mg, HCO3 ™, Arid US-Mexican Multimeter, titration,
Cl—,S042~,NO;—, F~, Groundwater border Tecate, Baja Not mentioned ICP-MS, [23]
Sr, Si, Fe California (Mexico) chromatography
Nova Scotia Risk of bladder
As Well water (Canada) and kidney caner ICP-MS [31]
Navajo Nation Potential neuronal
V, Ca, As, Mn, Li,and U Groundwater (USA) damage and ICP-MS and ICP-OES [20]
carcinogenic risk
. . Western Amazon Risk of Cold vapor .atormc
Hg River fish Basi . L . absorption [24]
asin (Brazil) mercurialism
spectrophotometry
Eastern half of Advel.'se health
Surface and effects in humans TIMS
Pb USA and . . [32]
groundwater California (USA) (mggsted, inhaled, HR-ICP-MS
or imbedded)
Alkalinity (as CaCOg),
S042—,Cl~,NOs;~, Br™,
F~, Inorganic
phosphorus, total . Titration and
dissolved sulfide, Ca, Groundwater Quebec (Canada) I;(;tt gi?tligiz’ colorimetric methods [33]
Mg, Na, K, Al, Ag, As, B, hoalth ean o ICP-MS
Ba, Be, Bi, Cd, Co, Cr, 1C
Cu, Fe, Li, Mn, Mo, Ni,
Pb, Sb, Se, Sn, Sr, Ti, U, V,
Zn
Multiple adverse
F~ Groundwater USA human health Not specified [34]
effects
Temperature, salinity,
dissolved oxygen, .
chlorophyll, NO3~, Sea water Gl;\Tlf Oi}f ia)pa%.ayo, Not mentioned Spectro}l::h.o tometric [35]
NO,~, NHs, PO~ orth Pacific techniques
silicate and BOD
As, Cd, gr:,d Cl;t Ni, Mn, Surface water ]oa(r];iz ;{iB/er, Little oiirslli) health ICP-MS (28]
Association with
NO3~ Drinking water California (USA) risk of Historical data [36]
spontaneous

preterm birth
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Table 1. Cont.

. Environmental . .
Analyte Samples Region Risk Assessment Analytical Technique Ref.
Future research to
As Well water USA assess arser.uc Historical data [37]
exposure with
health outcomes
Ti Squid, swimming Brazil Potent1.al health ICP-MS [38]
crabs, and shrimp risk
As, .
Fe, Li, Mn, Mo, Pb, and Well water Nevada, (UsA) ~ 1vegafive health ICP-MS [39]
U effects
North Carolina Potential health . .
As, Cd, Pb, Mn, Hg, Cr Well water (USA) risk Historical data [40]
As, Na, K, Ca, Mg, ].J' B, Titration methods
Fe, As,Ba, P, Rn, Si, S, ICP-MS
Cl—,Br—,NO3~, 50,2, Guanajuato Health risk . .
_ Well water . . Picarro cavity [41]
F (Mexico) (carcinogen) rine-down svstem
Water isotopes (the & IC y
ratios of 8180 and 52H)
As, Cd, Fe, Mn, Pb, Al,
Mo, Zn, B, C1~, SO,, pH, Altiplano-Puna Potential human .
electrical conductivity, Surface water (Chile) health risk Mathematical models [42]
and %Na
Mn, Cr, Cu, Mg, AL Si, P, . Genotoxic and
S, Cl, K, Ca, Ti, Fe, Ni, Surface water Rio Grande. do Sul mutagenic effects PIXE [43]
(Brazil) .
Zn, Sr and Zr in cell assays
Sb, As, Ba, Be, Cd, Cr, Potential human . .
Hg, Se, Tl and U Surface water USA health risk Historical data [44]
Al, As, Ba, Be, Cd, Co,
Cr, Cu, Fe, Hg, Mn, Pb, Guatemala City Potential human
Sb, Se, Sn, Th, T1, U, V, Tap water (Guatemala) health risk ICP-MS [45]
Zn
Al, As, Ba, Cd, Co, Cr, Potential human
Cu, Fe, Ni, Pb, Se, and Canned Sardines Brazil ote . ICP-OES [46]
71 health risk
A dF G d wat D (Mexico) Potential human Historical dat [47]
s an round water urango (Mexico health risk istorical data
Comarca Lagunera Potential human . .
As Groundwater (Mexico) health risk Historical data [48]
. Gulf of Uraba Potential human
Cr, Pb, and Hg Seawater and fish (Colombia) health risk MIP-OES [49]
Water, sediment,
As, Cd, Cu, Fe, Hg, Pb, Flamingo Lake Uru Uru Potential human Graphite furnace AA, [50]
and Zn eggshells, feathers, (Bolivia) and wildlife health Atomic fluorescence
and blood
Groundwater, AAS, semiquantitative
surface water, and . . e
As rainwater Lake Poop6 Potential human modified 51]
. (Bolivia) health risk Gutzeit-method field
harvesting oL
asrsenic kit
tanks
Atrato River Delta, Potential human
Hg, As, Cd, and Pb Eight fish species Gulf of Uraba . MIP-OES [52]
. health risk
(Colombia)

Research studies presented in Table 1 demonstrated the potential human health risks
that metal presence can have in water bodies, being important to highlight that there is still a
need to evaluate the impact that inorganic contaminants have on human health. Furthermore,
several research groups in different countries have detected the presence of contaminants not
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only in the supply sources, such as water bodies, but also in aquatic environments, such as
flora and fauna being affected and representing economic importance since certain species
can be traded, based on great demand to satisfy local and international markets.

On the other hand, organic contaminants can be divided into several groups; never-
theless, the principal groups are the ones denominated as persistent organic pollutants
(POPs). These pollutants have an important impact on the environment and human health.
Some examples are per- and polyfluoroalkyl substances (PFAS), personal care products,
pharmaceutical compounds, pesticides, phenolic compounds, dyes, hormones, sweeteners,
surfactants, and others.

Their detection has been primarily necessary to assess the effects that these pollutants
have. Most of them are primarily obtained from industrial activities having different
uses, such as flame retardants, coolants, cement, and others. Their presence represents an
important contribution to water ecotoxicity (Ecuador, Argentina, Mexico) that affects the
integrity of the species that inhabit that ecosystem [53-55].

Important issues have been detected in aquatic environments. The bioaccumulation
of several organic compounds, such as polychlorinated biphenyl compounds (PBCs) and
polybrominated diphenyl ethers (PBDEs), in important water bodies, such as Lake Chapala
(Mexico), has been reported, through the analysis of samples recollected from water, fish, and
sediments from two local seasonal periods. In this case, the fish analyzed were Cyprinus carpio,
Oreochromis aureus, and Chirostoma spp., establishing that these chemical substances can reach
the lake via industrial activities and strong winds and enter from the Lerma River (Mexico) [55].

In the study of Ramos et al. (2021), a water analysis was performed in the river and its
treated water throughout a year in Minas-Gerais (Brazil). The detection of seventeen pheno-
lic compounds with a single quadrupole gas chromatograph-mass spectrometer equipment
(GCMS-QP2010 SE) coupled with a flame ionization detector (FID) was analyzed. From the
samples analyzed, only sixteen were detected, being that 3-methylphenol was the only one
not detected. In raw water, the detection of 2,3 4-trichlorophenol, 2,4-dimethylphenol, and
4-nitrophenol was found with the most frequency and for treated water, 4-nitrophenol and
bisphenol A, establishing that a health risk to the environment and humans was identified
with the contamination of these phenolic compounds [56]. Another study carried out in the
St. Lawrence River, Quebec, (Canada), was performed based on an analysis of surface water
for the detection of ultraviolet absorbents (UVAs) and industrial antioxidants (IAs). The
detection was carried out via gas chromatography-mass spectrometry (GC-MS) detecting
several groups of UVAs, such as organic UV filters (benzophenone (BP), 2-ethylhexyl salicy-
late (EHS), 2-hydroxy-4-methoxybenzophenone (BP3), 3,3,5-trimethylcyclohexylsalicylate
(HMS), 2-ethylhexyl 2-cyano-3,3-diphenylacrylate (OC), and ethylhexyl methoxycinnamate
(EHMC)), aromatic secondary amines (diphenylamine (DPA)), benzotriazole UV stabi-
lizers (2-(2H-benzotriazol-2-yl)-4,6-di-tert-pentylphenol (UV238), and synthetic phenolic
antioxidants (2,6-di-tert-butyl-4-methylphenol (BHT) and 2,6-di-tert-butyl-1,4-benzoquinone
(BHTQ)). The field-based tissue-specific bioaccumulation factors (BAF) were analyzed to
assess these contaminants in fish tissues (lake sturgeon and northern pike) in which some of
the compounds that accumulated in lake sturgeon were BP3, BHT, and UV238. For northern
pike, some were BP, BP3, BHT, and BHTQ), establishing an environmental risk assessment in
terms of possible adverse effects on fish [57].

Finally, in the case of PAHs, several compounds have been detected (fluorene, naph-
thalene, anthracene, chrysene, and others) in different American countries, such as Canada,
United States of America, Ecuador, Peru, Chile, and Brazil [58-66]. Their presence has been
related to anthropogenic activities, such as aluminum smelter or oil production, having a
negative impact on health, such as carcinogenic effects.

For this reason, analytical assays must be performed to establish the concentrations of
these pollutants using techniques that are capable of studying a complex matrix and if it is
possible, in situ. In Table 2, the description of several studies that were able to detect organic
compounds in environmental samples and the technique that was employed are provided.
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Table 2. Detection of organic pollutants in environmental samples.
. Environmental . .
Analyte Samples Region Risk Assessment Analytical Technique  Ref.
PCBs and PDBEs Sediments, water,  Lake Chapala ;. mulation GC-MS/SIM [55]
and fish (Mexico)
Pesticides (herbicides,
fungicides, and insecticides), Groundwater USA Carcinogens LC-MS/MS [67]
and its degradates
Inorganic (As, U, and Pb)
) . . Tapwater, L.
and organic (disinfection Potential risk of
untreated lake 1 ..
by-products, Lake Michigan contamination e
water, and treated Not specified [68]
per/polyfluoroalkyl (USA) exposure
. . water treatment . .
substances, pesticides, and (carcinogenic)
plants
others)
Pharmaceuticals, pesticides, Lake Guaiba High toxicity n LCQTOF-MS,
and metals/metalloids Surface water (Brazil) algae and aquatic GC-MS/MS, and [69]
invertebrates ICP-MS
Drinking water Endocrine .
Pesticides (antifungals, treatment plants, Porto Alegre, disruption and SPE with LC-MS/MS3
herbicides, and insecticides) =~ public water, and (Brazil) antimicrobial system [70]
! Ly . (HPLC-ESI-MS)
sewage sites resistance
Surface water,
Antibiotics sedlment,' and Cordo‘pa Antlr'rucroblal UPLC-ESL-MS,/MS (71]
natural river (Argentina) resistance
biofilm
p-Toluendiamine, Raw river water, Araraquara, Sao 3 .
p-aminophenol, and drinking water, José do Rio Preto Mutagenicit HPLSQ?{?E;ZS linear [72]
Bandrowski’s base and wastewater in Sao Paulo State & y techni uesy
derivative from beauty salon (Brazil) !
. o Water, sediment, Lake Titicaca TOXlC. rls.k fgr a !gal SPE-LC-MS/MS
Veterinary antibiotics . species inhibiting [73]
and trout tissue (Peru) . . system
protein synthesis
Four extraction
methods, two based
Pesticides, antibiotics, on SPE and two on
pharmaceuticals, pe.rsjonal Pacu fillets from Potential QuEChERS. Ultra-
care products, plasticizers, . . . . high-performance
supermarkets and Argentina toxicological risk . [74]
sweeteners, drug fish markets in humans liquid
metabolites, stimulants, and chromatography
illegal drugs coupled to a
Q-Exactive Orbitrap
mass spectrometer
Pharmaceutical, personal Endocrine
care products, PFAs Surface water and Lake Huron to disruption, cancer,
. ’ ’ . Lake Erie corridor SN ! SPE-LC-MS-MS [75]
pesticides, sweeteners, sediments (USA) antimicrobial
stimulants resistance
482 organic and 19 inorganic Tap water 11 states of USA Potential of human 12' target (')rgamc and 1 [76]
elements health risk inorganic methods
Polycyclic aromatic .
hydrocarbons, pesticides, Water, sediment, Puerto Rico Poten}’ilea;llgluman GC-MS, ICP-AES, (7]
(PCBs), and metals (Hg, Cd, and biota (bioaccumulation) CVAA
Cu, Pb, Ni, Zn, and Se) accumuia
LC-MS/MS with
Pha;;?scilggiacl;spzfgnal Sediments, surface, Northern Colorado Potential effects in t?g;ﬁgiify (78]
p ’ and cave water Plateau, (USA) environment /

pesticides

SPE-HPLC-MS/MS,
GC-MS
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Table 2. Cont.

Analyte Samples Region RE;IIZ i(;;\:;:;t:rll ¢ Analytical Technique  Ref.
Untreated water
ponds, wastewater
reclamation sites,
untreated tidal
Pharmaceutical, herbicides, blackish rivers, Potential human
and disinfectants non-tidal USA health risks UPLC-MS/MS (7]
freshwater creeks,
produce
processing water
plant (wash water)
High-resolution
accurate mass
Central Potential (HRAM), Q Exactive
Pharmaceuticals Groundwater Pennsylvania minimum human Orbitrap mass [80]
(USA) health risk spectrometer through
a heated electrospray
injection (HESI) source
Raw untreated Presence after still
Pharmaceuticals water and drinking Minas G.erais treatment remains HPLC-MS 81]
water treatment (Brazil) as a potential
plants health risk
Residues in fish
can impact human
Antibiotics Market fish Argentina health, such as UPLC-MS/MS [82]
antimicrobial
resistance
Atrazine Synthetic and real USA Carcinogen HPLC-DAD [83]
wastewater
Elevated human
Surface, risk associated
Pharmaceuticals wastewater, and Canada with the mixture of Q-TRAP LC/MS/MS [17]
drinking water these organic
compounds
Confocal Raman
Microscopy, polarized
. light optical
Microplastics Wastewater 1\(/[8nteV1de)o Not mentioned microscopy, NIR [84]
ruguay spectroscopy and
Scanning electron
Microscopy (SEM)
Surface and trea’ted HPLC coupled to
Pharmaceutically active water (fomprSIte Brazil Potential human micrOTOF-QII mass 85
compounds Csla.mp. es) from razt health risk spectrometer with an (8]
rinking water ESI
source
treatment plants
Basin of Rio San
Water sources Francisco in Minas A L ith Passive sampling
.. (rivers, lakes, Gerais state and ssoc1at19 n wit device with carbon
Pesticides several disorders [86]

lagoons, and
streams)

urban lagoons of
Belo Horizonte
(Brazil)

and diseases

nanomaterial and
GC/MS

As it can be appreciated in Table 2, a variety of organic compounds have been identified
as being associated with several disorders and diseases. Nevertheless, most of the studies
analyzed correlated its contaminant of interest with previous research that evaluated its
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potential human health risk effect. For this reason, it is important to detect the contaminant
and correlate it with its health impact in the environment (population and biota).

2.2. Presence of Pollutants in Water: Impact on Human Health and Its Possible Sources

The inorganic contaminants with the greatest presence in water bodies correspond to
heavy metals. At the moment, the potential damage to health due to heavy metals has been
reported as listed below: As(III) (skin damage, circulatory system issues), Cd(Il) (kidney
damage, carcinogenic, cardiovascular damage, hematological, and skeletal changes), Cr(IlI)
(allergic dermatitis, diarrhea, nausea, and vomiting), Cu(Il) (gastrointestinal, liver or kidney
damage), Pb(Il) (kidney damage, reduced neural development, behavioral disorders), Hg(II)
(kidney damage, nervous system).

According to the scientific reports analyzed, it is concluded that there are two main
risk factors in public health: (i) the intake of contaminated water, being the main factor
due to direct exposure to the contaminant, which can produce different anomalies as those
described in the previous paragraph. However, the studies presented cannot be considered
conclusive, since the reports show that the impact on health is directly related to the clinical
history of the exposed population [20]. (ii) The consumption of contaminated food, such as
in the case of the report of da-Silva et al. (2019) [24], which reported Hg migration in water
from the Western Amazon Basin (Amazon Triple Frontier: Brazil, Peru, and Colombia)
to fish; being that if they are intended for human consumption, this can cause mercury
intoxication (mercurialism). While the intake of contaminated food is the most likely
action to occur, there are other special factors that particularly attract attention, such as the
report presented by Oliveira et al. (2021) [87] studying a potential health risk in terms of a
cognitive deficit due to soil intake by pre-school children aged 1 to 4 years, which presents
high levels of Pb and Cd due to contact with contaminated wastewater from industries in
the region of Sao Paulo (Brazil).

On the other hand, for organic contaminants, data analysis and comparison has
been performed in different countries evidencing the necessity of establishing strategies to
remediate water pollution (Figure 1). These strategies are urgent, based on the potential risk
that these contaminants can have on human health [88-90]. Although there are currently
certain reports, guidance values or standards that allow establishing criteria based on the
presence of these contaminants and their potential toxic effect are needed [43,91]. Efforts
have been performed to establish international regulations since the majority of organic
compounds are not quality controls [92].

For this reason, several research groups have tried to determine the impact a chemical
compound has on human health. For example, atrazine, an artificial herbicide that was
detected in surface water, has been associated with an impact on human health and
aquatic biota [93], upon evaluating endocrine-disrupting compounds that can affect human
health via cell-based assays [94]. Moreover, per and polyfluoroalkyl substances have been
determined, but there are no reference points that establish a water quality criterion for its
impact on human health [91]. Based on this, there is a need to establish scientific studies in
a human population and evaluate the impact of water pollution on its health. Some studies
have been performed (see Table 3) to correlate the exposure of contaminants in people’s life
and if possible, establish the impact that water sources and body contamination have.

Table 3. Scientific studies on the correlation between a water source and the presence of certain
pollutants in a human population.

Analytical

Analyte Population Sample Region Source Technique Ref.
elr\;liicelrll?:)? nadnic 287 urban anglers Blood and urine Detroit River Consumption of GC_EC];I;CIICP_MS, [95]
p & & (USA) local fish

pollutants

HRGC/ID-HRMS
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Table 3. Cont.

Analytical

Analyte Population Sample Region Source Technique Ref.
Bgffalo Rl.V <L, Locally caught
409 licensed anglers Niagara River, fish, store-bought
Metals and persistent and 206 Burmese Blood and urine Eighteenmile ! fish and ICP-MS and [96]
organic pollutants Creek, and the T GC-HRMS ?
refugees Rochester consuming
fish/shellfish
Embayment
Well and
Al, As, Cd, Co, Cu, Three regions of tapwater intake,
Hg, Mn, Ni, Pb, Se, 300 volunteers Blood 8! fish, seafood ICP-MS [97]
Brazil .
and Zn consumption, and
drinking water
Water (drinking Water source .
Hg, As, and Cr 32 children and cooking), Yucatan (Mexico) (drinking and (AAS) and graphite [98]
> . furnace AAS
blood, and urine cooking water)
Maternal blood
and urine (during
and after
B 177 mother—child pregnancy), Argentina Water source ICP-MS [99]
cohort placenta, breast
milk, infant (urine
and blood), and
drinking water
Not possible to
. . establish drinking
Fe, Pb, and Zn 353 early.school-aged Blogd, urine, and Montevideo water as a main ICP-MS [100]
children drinking water (Uruguay)
source of
exposure
Vila de Beja and Drinking water
Cd 469 people Blood Bairro Industrial source (general ICP-MS [101]
(Brazil) network)
Nitrates 348,25;2::;§let0n Historical data Missouri (USA) Drinking water Historical data [25]
2433 preschoolers Sao Paulo
Pb and Cd aged between 1 and Nails O Industrial activity ICP-MS [87]
(Brazil)
4-years-old
. Joanes River in .
As, Cd, Cr, Cu, N, 6’267’905.) adults and Statistical data the northeast of Industrial activity Mathema'tlcal [28]
Mn, and Pb children X calculation
Brazil
Seronorm® Trace
Barcarena and Elements in Whole
Cd Not specified Blood samples Abaetetuba city Industry Blood Lyophilized [101]
(Brazil) Level 1 and Level 2
(SERO)
U, As, As, Hg, Pb, Cd, 231 pregnant women
monomethylarsonic . Unregulated ICP-MS
acid, dimethylarsinic between 14 and Blood and urine USA water sources (ICP-DRC-MS) [102]
. 45 years of age
acid, and Mn
213 non-smokin Home water
PFAS & Serum USA district and SPE-HPLC-MS/MS [103]

adults

bottled water

2.3. Water Treatment Technologies for the Remouval of Contaminants in Water: Status
and Perspectives

2.3.1. Inorganic Contaminants

Taking into consideration the environmental and public health risk represented by
effluents and water bodies contaminated with metals, numerous research groups have fo-
cused on proposing remediation alternatives, highlighting the adsorption process [104,105],
coagulation/flocculation [106], chemical precipitation [107], ion exchange [108], electro-
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chemical treatments [109,110], membrane use (ultrafiltration, osmosis, and nanofiltra-
tion) [111,112], and other alternative treatments based on the use of biopolyelectrolytes and
coupled adsorption processes with electrochemical regeneration [113,114]. In all cases, the
actual challenge consists of evaluating the scale-up process, for which studies have been
performed on a small scale under controlled conditions.

Although, scientific reports have demonstrated great efficiencies in the removal of
heavy metals, there has been certain problems documented for each technology, which
must be addressed to present advanced remediation technologies. For the ion exchange
process, it has been documented that those present with low efficiencies for the removal
of high concentrations of metals [115]. For example, Malik et al. (2019) reported removal
efficiencies of 55% for Pb and 30—-40% for Hg [116]. In the case of membrane filtration, good
removal efficiencies have been reported (around 90% for Cu and Cd) [116], however, it
requires high installation costs and maintenance [117]. Likewise, it has been reported that
the electrochemical, catalysis, and coagulation/flocculation processes present high metal
removal efficiencies (around 85-99% for Cd, Zn, and Mn) [118]. On the other hand, the main
drawbacks are high installation costs and extra operational costs, as well as the generation of
unwanted by-products (sludge) [119]. These drawbacks significantly reduce the effectiveness
of water treatment processes, so a second challenge to deal with is process optimization.

Finally, the third challenge is the design of environmentally and economically sustain-
able treatment processes. The current paradigm of water treatment of metal contamination
must be broken; the importance is not only in water sanitation, but also in recovering the
metal in order to obtain valuable products and not only change the pollutant phase [120].
For all the above, adsorption and chemical precipitation have turned out to be the most
used methods. However, the removal results obtained depend on each matrix used, so the
materials and experimental conditions must be proposed based on the needs and the type
of effluent to be treated [121].

2.3.2. Organic Contaminants

In the previous sections, the detection of these pollutants is only the first step to
evaluate the environmental risk that communities and countries have in their respective
water sources. The next step is to determine technologies that can establish an efficiency in
the removal of these contaminants in a complex matrix without affecting the environment
using novel systems [122-124]. In this regard, an actual challenge is the development of
technologies capable of treating specific organic compounds and if it is possible, to use
these treatment technologies with the current systems that governments have implemented.
Some technologies that have been investigated are the use of continuous flow supercritical
water (SCW) for the removal of hormones from the wastewater of a pharmaceutical industry.
In their results, the technology was demonstrated to reduce 88.4% of the initial total organic
carbon (TOC) value, and the presence in gas phase of Hy, CHy, CO, CO,, C;Hg, and
CyHy, which could be used to produce renewable energy. Moreover, phytotoxicity assays
demonstrated that there was no risk of the treated samples with respect to the germination
of Cucumis sativus seeds [125]. Another technology that has been used is direct contact
membrane distillation, which can be used to treat raw surface water contaminated with
phenolic compounds [126]. In this case, water samples were spiked with 15 phenolic
compounds. An important parameter evaluated was the recovery rate (RR) to demonstrate
the stability of the direct membrane distillation, being up to a 30%. Pollutant removal
reached 94.3 + 1.9% and 95.0 £ 2.2% for 30% and 70% RR, respectively. A consideration
for this technology is to work at a recovery rate in which flux does not decay (RR < 30%) to
avoid performing loss and fouling.

Different approaches have been used for the removal of contaminants, such as the use
of a photocatalytic paint based on TiO; nanoparticles and acrylate-based photopolymer
resin for the removal of dyes in different water matrices [127]. Another strategy was
subsurface horizontal flow-constructed wetlands (planted in polyculture and unplanted)
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as secondary domestic wastewater treatment to demonstrate the removal of personal care
and pharmaceutical products [128].

Considering the above mentioned content, among all technologies evaluated currently
to eliminate organic contaminants present in water, Advanced Oxidation Processes (AOPs)
stand out, since they generate highly reactive and non-selective radicals capable of almost
completely mineralizing the contaminant of interest, generating mainly CO, and H,O as an
oxidation product. In this sense, the most widely studied AOPs correspond to catalytic wet
peroxide oxidation, catalytic wet air oxidation, homogeneous catalyst, photo-Fenton, Fen-
ton process, photocatalysis, Fenton-like, electro-Fenton, heterogeneous catalyst, ultrasound,
and microwave [129]. Although the results show the potential use of technologies for water
treatment, there are still challenges to address. The current challenge of this technology
must be aimed at scaling the process, optimizing operational parameters, and designing a
sustainable technology to have a low cost and be environmentally friendly, achieving the
lowest generation of by-products. In this sense, two recently published research articles
stand out in which AOPs have been evaluated for the treatment of contaminated water
effluents in the Latin American region. Mejia-Morales et al. (2020) [130] presented the use
of an AOP based on UV /H;0, /O3 for the remediation of residual water from a hospital
in Puebla (Mexico), showing the feasibility of its use to remediate effluents contaminated
with a high organic load. On the other hand, Zarate-Guzman et al. (2021) [131] presented
the scale-up of a Fenton and Photo-Fenton process for the treatment of piggery wastewater
in Guanajuato (Mexico). The results show that these two AOPs have great application
potential for the remediation of effluents contaminated with a high organic load due to
their high removal percentages (COD, TOC, and Color) and low operating costs.

3. Conclusions

The presence of contaminants in the water is a severe environmental and public health
problem in the American continent. The presence of inorganic (As, Cd, Cr, Pb, Cu, Hg, and U)
and organic pollutants (dyes, phenolic compounds, hormones, pesticides, and pharmaceuti-
cals compounds) in effluents and water bodies is due to anthropogenic activities and natural
factors in the region. The health risks associated with these contaminants primarily encom-
pass skin damage, carcinogenic effects, nervous system damage, circulatory system issues,
kidney damage, gastrointestinal damage, and impacts on the food chain. The critical review
of the reports presented in this document identifies the following as the main challenges:

(i) Implement advanced analytical detection techniques, such as those based on electro-
chemical tests, to achieve improvements in detection limits, low operating costs, short
analysis times, and mobility to perform in situ determinations.

(ii) Accurately determine the source of contamination in each geographic site of interest
to propose containment and sanitation actions to solve the problem.

(iii) Evaluate water treatment technologies on a large scale and under real conditions to
optimize the treatment processes.

(iv) Design and/or conditioning of specific water treatment plants according to the pol-
lutant of interest in the region. The universal design paradigm of a water treatment
plant must be broken; the pertinent modifications must be made according to the
needs of the population of interest.

(v)  Design environmentally and economically sustainable treatment processes. Future water
treatment processes will need to integrate circular economy concepts to obtain high-quality
water and valuable products, such as precious metals, and /or produce biofuels.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/ijerph20054499 /51, Supplementary Table S1: Comparative table
of analytical techniques most used for the detection of inorganic contaminants present in water.
Supplementary Table S2: Comparison of detection limits in ug L~lat3 sigma [132].


https://www.mdpi.com/article/10.3390/ijerph20054499/s1
https://www.mdpi.com/article/10.3390/ijerph20054499/s1

Int. |. Environ. Res. Public Health 2023, 20, 4499 13 of 18

Author Contributions: Conceptualization, A.LZ.-G. and L.A.R.-C.; Methodology, all authors; Formal
analysis, all authors; writing—original draft preparation, all authors; writing—review and editing,
all authors. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: Not applicable.

”

Acknowledgments: The authors thank the “Secretaria de Innovacion, Ciencia y tecnologia (SICyT)
and “Consejo Estatal de Ciencia y Tecnologia de Jalisco (COECYTJAL)” for the support received
through the Convocatoria del fondo de Desarrollo Cientifico de Jalisco para Atender Retos Sociales
“FODECIJAL 2022” (Clave del Proyecto: 10169-2022).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Moe, C.L.,; Rheingans, R.D. Global challenges in water, sanitation and health. J. Water Health 2006, 4, 41-57. [CrossRef] [PubMed]

2. Ortiz-Prado, E.; Simbana-Rivera, K.; Cevallos, G.; Gomez-Barreno, L.; Cevallos, D.; Lister, A.; Fernandez-Naranjo, R.; Rios-Touma,
B.; Vasconez-Gonzalez, J.; Izquierdo-Condoy, J.S. Waterborne diseases and ethnic-related disparities: A 10 years nationwide
mortality and burden of disease analysis from Ecuador. Front. Public Health 2022, 10, 1029375. [CrossRef] [PubMed]

3. Smith, C.D.; Jackson, K.; Peters, H.; Herrera Lima, S. Lack of Safe Drinking Water for Lake Chapala Basin Communities in Mexico
Inhibits Progress toward Sustainable Development Goals 3 and 6. Int. J. Environ. Res. Public Health 2020, 17, 8328. [CrossRef] [PubMed]

4. Wampler, PJ. Karst aquifers and water resource contamination in Haiti. Hydrogeol. . 2022, 30, 1453-1467. [CrossRef]

5. Niemeyer, ].C.; Medici, L.O.; Correa, B.; Godoy, D.; Ribeiro, G.; Lima, S.D.O.E; de Santo, EB.; Carvalho, D.F. de Treated produced
water in irrigation: Effects on soil fauna and aquatic organisms. Chemosphere 2020, 240, 124791. [CrossRef]

6. Bradley, PM.; Padilla, 1.Y.; Romanok, K.M.; Smalling, K.L.; Focazio, M.].; Breitmeyer, S.E.; Cardon, M.C.; Conley, ] M.; Evans, N;
Givens, C.E.; et al. Pilot-scale expanded assessment of inorganic and organic tapwater exposures and predicted effects in Puerto
Rico, USA. Sci. Total Environ. 2021, 788, 147721. [CrossRef]

7. Blazer, V.S.; Gordon, S.E.; Walsh, H.L.; Smith, C.R. Perfluoroalkyl Substances in Plasma of Smallmouth Bass from the Chesapeake
Bay Watershed. Int. J. Environ. Res. Public Health 2021, 18, 5881. [CrossRef]

8.  Bradley, PM.; LeBlanc, D.R.; Romanok, K.M.; Smalling, K.L.; Focazio, M.].; Cardon, M.C,; Clark, ].M.; Conley, ] M.; Evans, N;
Givens, C.E,; et al. Public and private tapwater: Comparative analysis of contaminant exposure and potential risk, Cape Cod,
Massachusetts, USA. Environ. Int. 2021, 152, 106487. [CrossRef]

9.  Huang, H,; Woodruff, TJ.; Baer, R].; Bangia, K.; August, L.M.; Jellife-Palowski, L.L.; Padula, A.M,; Sirota, M. Investigation of association
between environmental and socioeconomic factors and preterm birth in California. Environ. Int. 2018, 121, 1066-1078. [CrossRef]

10. Alarcon-Herrera, M.T.; Martin-Alarcon, D.A.; Gutiérrez, M.; Reynoso-Cuevas, L.; Martin-Dominguez, A.; Olmos-Mérquez, M.A ;
Bundschubh, J. Co-occurrence, possible origin, and health-risk assessment of arsenic and fluoride in drinking water sources in
Mexico: Geographical data visualization. Sci. Total Environ. 2020, 698, 134168. [CrossRef]

11.  Ehrhart, A.L.; Granek, E.F,; Nielsen-Pincus, M.; Horn, D.A. Leftover drug disposal: Customer behavior, pharmacist recommenda-
tions, and obstacles to drug take-back box implementation. Waste Manag. 2020, 118, 416-425. [CrossRef] [PubMed]

12.  Evans, S.; Campbell, C.; Naidenko, O. V Analysis of Cumulative Cancer Risk Associated with Disinfection Byproducts in United
States Drinking Water. Int. |. Environ. Res. Public Health 2020, 17, 2149. [CrossRef] [PubMed]

13. Buller, LD,; Patel, D.M.; Weyer, PJ.; Prizment, A.; Jones, R R.; Ward, M.H. Ingestion of Nitrate and Nitrite and Risk of Stomach and Other
Digestive System Cancers in the lowa Women’s Health Study. Int. ]. Environ. Res. Public Health 2021, 18, 6822. [CrossRef] [PubMed]

14. Rodrigues Peres, M.; Ebdon, J.; Purnell, S.; Taylor, H. Potential microbial transmission pathways in rural communities using
multiple alternative water sources in semi-arid Brazil. Int. |. Hyg. Environ. Health 2020, 224, 113431. [CrossRef] [PubMed]

15.  Pivetta, R.C.; Rodrigues-Silva, C.; Ribeiro, A .R.; Rath, S. Tracking the occurrence of psychotropic pharmaceuticals in Brazilian wastewater
treatment plants and surface water, with assessment of environmental risks. Sci. Total Environ. 2020, 727, 138661. [CrossRef]

16. Kassotis, C.D.; Harkness, ].S.; Vo, PH.; Vu, D.C.; Hoffman, K.; Cinnamon, K.M.; Cornelius-Green, ].N.; Vengosh, A.; Lin, CH,;
Tillitt, D.E.; et al. Endocrine disrupting activities and geochemistry of water resources associated with unconventional oil and gas
activity. Sci. Total Environ. 2020, 748, 142236. [CrossRef]

17.  Schwartz, H.; Marushka, L.; Chan, H.M.; Batal, M.; Sadik, T.; Ing, A.; Fediuk, K.; Tikhonov, C. Pharmaceuticals in source waters of
95 First Nations in Canada. Can. J. Public Health 2021, 112, 133-153. [CrossRef]

18.  Adams, E.M.; von Hippel, FA.; Hungate, B.A.; Buck, C.L. Polychlorinated biphenyl (PCB) contamination of subsistence species
on Unalaska Island in the Aleutian Archipelago. Heliyon 2019, 5, €02989. [CrossRef]

19. Bondu, R.; Cloutier, V.; Rosa, E. Occurrence of geogenic contaminants in private wells from a crystalline bedrock aquifer in
western Quebec, Canada: Geochemical sources and health risks. J. Hydrol. 2018, 559, 627-637. [CrossRef]

20. Credo, J.; Torkelson, J.; Rock, T.; Ingram, J.C. Quantification of Elemental Contaminants in Unregulated Water across Western
Navajo Nation. Int. J. Environ. Res. Public Health 2019, 16, 2727. [CrossRef]

21. Hoover, ].H.; Coker, E.; Barney, Y.; Shuey, C.; Lewis, J. Spatial clustering of metal and metalloid mixtures in unregulated water sources

on the Navajo Nation—Arizona, New Mexico, and Utah, USA. Sci. Total Environ. 2018, 633, 1667-1678. [CrossRef] [PubMed]


http://doi.org/10.2166/wh.2006.0043
http://www.ncbi.nlm.nih.gov/pubmed/16493899
http://doi.org/10.3389/fpubh.2022.1029375
http://www.ncbi.nlm.nih.gov/pubmed/36620267
http://doi.org/10.3390/ijerph17228328
http://www.ncbi.nlm.nih.gov/pubmed/33187103
http://doi.org/10.1007/s10040-022-02475-8
http://doi.org/10.1016/j.chemosphere.2019.124791
http://doi.org/10.1016/j.scitotenv.2021.147721
http://doi.org/10.3390/ijerph18115881
http://doi.org/10.1016/j.envint.2021.106487
http://doi.org/10.1016/j.envint.2018.07.027
http://doi.org/10.1016/j.scitotenv.2019.134168
http://doi.org/10.1016/j.wasman.2020.08.038
http://www.ncbi.nlm.nih.gov/pubmed/32949811
http://doi.org/10.3390/ijerph17062149
http://www.ncbi.nlm.nih.gov/pubmed/32213849
http://doi.org/10.3390/ijerph18136822
http://www.ncbi.nlm.nih.gov/pubmed/34202037
http://doi.org/10.1016/j.ijheh.2019.113431
http://www.ncbi.nlm.nih.gov/pubmed/31978728
http://doi.org/10.1016/j.scitotenv.2020.138661
http://doi.org/10.1016/j.scitotenv.2020.142236
http://doi.org/10.17269/s41997-021-00499-3
http://doi.org/10.1016/j.heliyon.2019.e02989
http://doi.org/10.1016/j.jhydrol.2018.02.042
http://doi.org/10.3390/ijerph16152727
http://doi.org/10.1016/j.scitotenv.2018.02.288
http://www.ncbi.nlm.nih.gov/pubmed/29669690

Int. |. Environ. Res. Public Health 2023, 20, 4499 14 of 18

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Eggers, M.].; Doyle, ].T.; Lefthand, M.J.; Young, S.L.; Moore-Nall, A.L.; Kindness, L.; Medicine, R.O.; Ford, T.E.; Dietrich, E,;
Parker, A.E; et al. Community Engaged Cumulative Risk Assessment of Exposure to Inorganic Well Water Contaminants, Crow
Reservation, Montana. Int. J. Environ. Res. Public Health 2018, 15, 76. [CrossRef]

Mahlknecht, J.; Daessle, L.W.; Esteller, M.V.; Torres-Martinez, J.A.; Mora, A. Groundwater Flow Processes and Human Impact
along the Arid US-Mexican Border, Evidenced by Environmental Tracers: The Case of Tecate, Baja California. Int. ]. Environ. Res.
Public Health 2018, 15, 887. [CrossRef] [PubMed]

da Silva, S.E,; Oliveira, D.C.; Pereira, ].P.G.; Castro, S.P.; Costa, B.N.S.; Lima, M.D. Seasonal variation of mercury in commercial
fishes of the Amazon Triple Frontier, Western Amazon Basin. Ecol. Indic. 2019, 106, 105549. [CrossRef]

Blaisdell, J.; Turyk, M.E.; Almberg, K.S.; Jones, R.M.; Stayner, L.T. Prenatal exposure to nitrate in drinking water and the risk of
congenital anomalies. Environ. Res. 2019, 176, 108553. [CrossRef]

Wysocka, I. Determination of rare earth elements concentrations in natural waters—A review of ICP-MS measurement approaches.
Talanta 2021, 221, 121636. [CrossRef]

Mukherjee, S.; Bhattacharyya, S.; Ghosh, K.; Pal, S.; Halder, A.; Naseri, M.; Mohammadniaei, M.; Sarkar, S.; Ghosh, A.; Sun, Y,;
et al. Sensory development for heavy metal detection: A review on translation from conventional analysis to field-portable sensor.
Trends Food Sci. Technol. 2021, 109, 674—-689. [CrossRef]

de Carvalho, V.S.; dos Santos, I.LE.; Almeida, L.C.; de Souza, C.T.; da Silva, J.B.; Souza, L.A.; dos Santos, L.O.; Ferreira, S.L.C.
Spatio-temporal assessment, sources and health risks of water pollutants at trace levels in public supply river using multivariate
statistical techniques. Chemosphere 2021, 282, 130942. [CrossRef]

Neta, A.D.B.E; do Nascimento, C.W.A.; Biondi, C.M.; van Straaten, P.; Bittar, S.M.B. Natural concentrations and reference values
for trace elements in soils of a tropical volcanic archipelago. Environ. Geochem. Health 2018, 40, 163-173. [CrossRef]

Paul, V.; Sankar, M..S.; Vattikuti, S.; Dash, P.; Arslan, Z. Pollution assessment and land use land cover influence on trace metal
distribution in sediments from five aquatic systems in southern USA. Chemosphere 2021, 263, 128243. [CrossRef]

Saint-Jacques, N.; Brown, P.; Nauta, L.; Boxall, J.; Parker, L.; Dummer, T.].B. Estimating the risk of bladder and kidney cancer from
exposure to low-levels of arsenic in drinking water, Nova Scotia, Canada. Environ. Int. 2018, 110, 95-104. [CrossRef]

Ayuso, R.A.; Foley, N.K. Surface topography, mineralogy, and Pb isotope survey of wheel weights and solder: Source of metal
contaminants of roadways and water systems. . Geochem. Explor. 2020, 212, 106493. [CrossRef]

Bondu, R.; Cloutier, V.; Rosa, E.; Roy, M. An exploratory data analysis approach for assessing the sources and distribution
of naturally occurring contaminants (F, Ba, Mn, As) in groundwater from southern Quebec (Canada). Appl. Geochem. 2020,
114,104500. [CrossRef]

McMahon, P.B.; Brown, C.J.; Johnson, T.D.; Belitz, K.; Lindsey, B.D. Fluoride occurrence in United States groundwater. Sci. Total
Environ. 2020, 732, 139217. [CrossRef]

Saravia-Arguedas, A.Y.; Vega-Bolanos, H.; Vargas-Hernandez, ] M.; Suarez-Serrano, A.; Sierra-Sierra, L.; Tisseaux-Navarro, A.;
Cambronero-Solano, S.; Lugioyo-Gallardo, G.M. Surface-Water Quality of the Gulf of Papagayo, North Pacific, Costa Rica. Water
2021, 13, 2324. [CrossRef]

Sherris, A.R.; Baiocchi, M.; Fendorf, S.; Luby, S.P; Yang, W.; Shaw, G.M. Nitrate in Drinking Water during Pregnancy and Spontaneous
Preterm Birth: A Retrospective Within-Mother Analysis in California. Environ. Health Perspect. 2021, 129, 57001. [CrossRef]

Spaur, M.; Lombard, M.A.; Ayotte, ].D.; Harvey, D.E.; Bostick, B.C.; Chillrud, S.N.; Navas-Acien, A.; Nigra, A.E. Associations
between private well water and community water supply arsenic concentrations in the conterminous United States. Sci. Total
Environ. 2021, 787, 147555. [CrossRef]

Rodrigues, P.D.; Ferrari, R.G.; de Pinho, J.V.D.; do Rosario, D.K.A.; de Almeida, C.C.; Saint'Pierre, T.D.; Hauser-Davis, R.A.;
dos Santos, L.N.; Conte, C.A. Baseline titanium levels of three highly consumed invertebrates from an eutrophic estuary in
southeastern Brazil. Mar. Pollut. Bull. 2022, 183, 114038. [CrossRef]

Arienzo, M.M,; Saftner, D.; Bacon, S.N.; Robtoy, E.; Neveux, I.; Schlauch, K.; Carbone, M.; Grzymski, J. Naturally occurring metals
in unregulated domestic wells in Nevada, USA. Sci. Total Environ. 2022, 851, 158277. [CrossRef]

Eaves, L.A ; Keil, A.P; Rager, J.E.; George, A.; Fry, R.C. Analysis of the novel NCWELL database highlights two decades of
co-occurrence of toxic metals in North Carolina private well water: Public health and environmental justice implications. Sci.
Total Environ. 2022, 812, 151479. [CrossRef]

Huang, Y.B.; Li, YM.; Knappett, PS.K,; Montiel, D.; Wang, ].J.; Aviles, M.; Hernandez, H.; Mendoza-Sanchez, I.; Loza-Aguirre, L.
Water Quality Assessment Bias Associated with Long-Screened Wells Screened across Aquifers with High Nitrate and Arsenic
Concentrations. Int. |. Environ. Res. Public Health 2022, 19, 9907. [CrossRef] [PubMed]

Lizama-Allende, K.; Ramila, C.D.P.; Leiva, E.; Guerra, P; Ayala, J. Evaluation of surface water quality in basins of the Chilean
Altiplano-Puna and implications for water treatment and monitoring. Environ. Monit. Assess. 2022, 194, 352. [CrossRef] [PubMed]
Picinini, J.; Oliveira, R.F.,; Garcia, A.L.H.; da Silva, G.N.; Sebben, V.C.; de Souza, G.M.S.; Dias, J.F,; Correa, D.S.; da Silva, J. In vitro
genotoxic and mutagenic effects of water samples from Sapucaia and Esteio streams (Brazil) under the influence of different
anthropogenic activities. Mutat. Res. Genet. Toxicol. Environ. Mutagen. 2022, 878, 503484. [CrossRef]

Ravalli, E; Yu, Y,; Bostick, B.C.; Chillrud, S.N.; Schilling, K.; Basu, A.; Navas-Acien, A.; Nigra, A.E. Sociodemographic inequalities
in uranium and other metals in community water systems across the USA, 2006-2011: A cross-sectional study. Lancet Planet.
Health 2022, 6, €320-e330. [CrossRef]


http://doi.org/10.3390/ijerph15010076
http://doi.org/10.3390/ijerph15050887
http://www.ncbi.nlm.nih.gov/pubmed/29710847
http://doi.org/10.1016/j.ecolind.2019.105549
http://doi.org/10.1016/j.envres.2019.108553
http://doi.org/10.1016/j.talanta.2020.121636
http://doi.org/10.1016/j.tifs.2021.01.062
http://doi.org/10.1016/j.chemosphere.2021.130942
http://doi.org/10.1007/s10653-016-9890-5
http://doi.org/10.1016/j.chemosphere.2020.128243
http://doi.org/10.1016/j.envint.2017.10.014
http://doi.org/10.1016/j.gexplo.2020.106493
http://doi.org/10.1016/j.apgeochem.2019.104500
http://doi.org/10.1016/j.scitotenv.2020.139217
http://doi.org/10.3390/w13172324
http://doi.org/10.1289/EHP8205
http://doi.org/10.1016/j.scitotenv.2021.147555
http://doi.org/10.1016/j.marpolbul.2022.114038
http://doi.org/10.1016/j.scitotenv.2022.158277
http://doi.org/10.1016/j.scitotenv.2021.151479
http://doi.org/10.3390/ijerph19169907
http://www.ncbi.nlm.nih.gov/pubmed/36011539
http://doi.org/10.1007/s10661-022-10628-1
http://www.ncbi.nlm.nih.gov/pubmed/36260192
http://doi.org/10.1016/j.mrgentox.2022.503484
http://doi.org/10.1016/S2542-5196(22)00043-2

Int. |. Environ. Res. Public Health 2023, 20, 4499 15 of 18

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Redmon, J.H.; Mulhern, R.E.; Castellanos, E.; Wood, E.; McWilliams, A.; Herrera, I.; Liyanapatirana, C.; Weber, E; Levine, K,;
Thorp, E.; et al. A Participatory Science Approach to Evaluating Factors Associated with the Occurrence of Metals and PFAS in
Guatemala City Tap Water. Int. J. Environ. Res. Public Health 2022, 19, 6004. [CrossRef]

Leite, L.C.S.; de Lima, N.V.;; Melo, E.S.D.; Cardozo, C.M.L.; do Nascimento, V.A. Exposure to Toxic Metals and Health Risk Assessment
through Ingestion of Canned Sardines Sold in Brazil. Int. |. Environ. Res. Public Health 2022, 19, 7678. [CrossRef] [PubMed]
Gutierrez, M.; Alarcon-Herrera, M.T.; Gaytan-Alarcon, A.P. Arsenic and fluorine in groundwater in northern Mexico: Spatial
distribution and enrichment factors. Environ. Monit. Assess. 2023, 195, 212. [CrossRef] [PubMed]

Mahlknecht, J.; Aguilar-Barajas, I.; Farias, P.; Knappett, P.5.K.; Torres-Martinez, J.A.; Hoogesteger, J.; Lara, R H.; Ramirez-Mendoza,
R.A.; Mora, A. Hydrochemical controls on arsenic contamination and its health risks in the Comarca Lagunera region (Mexico):
Implications of the scientific evidence for public health policy. Sci. Total Environ. 2023, 857, 159347. [CrossRef] [PubMed]
Pemberthy, M.D.; Padilla, Y.; Penuela, G.A. Assessment of chromium, lead and mercury in seawater and some fish species from
the Gulf of Uraba, Colombian Caribbean: A baseline study. Environ. Sci. Pollut. Res. 2021, 28, 16804-16815. [CrossRef]

Rocha, O.; Pacheco, L.F,; Ayala, G.R.; Varela, F.; Arengo, F. Trace metals and metalloids in Andean flamingos (Phoenicoparrus
andinus) and Puna flamingos (P. jamesi) at two wetlands with different risk of exposure in the Bolivian Altiplano. Environ. Monit.
Assess. 2021, 193, 535. [CrossRef]

Quaghebeur, W.; Mulhern, R.E.; Ronsse, S.; Heylen, S.; Blommaert, H.; Potemans, S.; Valdivia Mendizabal, C.; Terrazas Garcia, J.
Arsenic contamination in rainwater harvesting tanks around Lake Poop6 in Oruro, Bolivia: An unrecognized health risk. Sci.
Total Environ. 2019, 688, 224-230. [CrossRef] [PubMed]

Gallego Rios, S.E.; Ramirez, C.M.; Lépez, B.E.; Macias, S.M.; Leal, J.; Velasquez, C.M. Evaluation of Mercury, Lead, Arsenic, and
Cadmium in Some Species of Fish in the Atrato River Delta, Gulf of Uraba, Colombian Caribbean. Water Air Soil Pollut. 2018,
229, 275. [CrossRef]

Alava, J.J.; Calle, P; Tirape, A.; Biedenbach, G.; Cadena, O.A.; Maruya, K.; Lao, W.]J.; Aguirre, W.; Jimenez, P.J.; Dominguez,
G.A,; et al. Persistent Organic Pollutants and Mercury in Genetically Identified Inner Estuary Bottlenose Dolphin (Tursiops
truncatus) Residents of the Guayaquil Gulf, Ecuador: Ecotoxicological Science in Support of Pollutant Management and Cetacean
Conservation. Front. Mar. Sci. 2020, 7, 122. [CrossRef]

Yamamoto, F.Y.; Diamante, G.D.; Santana, M.S.; Santos, D.R.; Bombardeli, R.; Martins, C.C.; Oliveira Ribeiro, C.A.; Schlenk, D.
Alterations of cytochrome P450 and the occurrence of persistent organic pollutants in tilapia caged in the reservoirs of the Iguagu
River. Environ. Pollut. 2018, 240, 670-682. [CrossRef] [PubMed]

Oregel-Zamudio, E.; Alvarez-Bernal, D.; Franco-Hernandez, M.O.; Buelna-Osben, H.R.; Mora, M. Bioaccumulation of PCBs and
PBDE:s in Fish from a Tropical Lake Chapala, Mexico. Toxics 2021, 9, 241. [CrossRef]

Ramos, R.L.; Moreira, V.R.; Lebron, Y.A.R; Santos, A.V.; Santos, L.V.S.; Amaral, M.C.S. Phenolic compounds seasonal occurrence
and risk assessment in surface and treated waters in Minas Gerais—Brazil. Environ. Pollut. 2021, 268, 115782. [CrossRef]
Castilloux, A.D.; Houde, M.; Gendron, A.; De Silva, A.; Soubaneh, Y.D.; Lu, Z. Distribution and Fate of Ultraviolet Absorbents
and Industrial Antioxidants in the St. Lawrence River, Quebec, Canada. Environ. Sci. Technol. 2022, 56, 5009-5019. [CrossRef]
Aguilar, L.; Dzul-Caamal, R.; Rendon-von Osten, J.; da Cruz, A.L. Effects of Polycyclic Aromatic Hydrocarbons in Gambusia
yucatana, an Endemic Fish from Yucatan Peninsula, Mexico. Polycycl. Aromat. Compd. 2022, 42, 907-924. [CrossRef]

Remolina, M.C.R.; Peleato, N.M. Augmentation of field fluorescence measures for improved in situ contaminant detection.
Environ. Monit. Assess. 2023, 195, 34. [CrossRef]

Donohoe, R.M.; Anulacion, B.; Witting, D.; Cosentino-Manning, N.; DaSilva, A.R.; Sullivan, L. Biliary Polycyclic Aromatic
Hydrocarbon Metabolite Equivalents Measured in Fish and Subtidal Invertebrates Following the Refugio Beach Oil Spill. Arch.
Environ. Contam. Toxicol. 2022, 83, 117-128. [CrossRef]

Souza, M.R.R.; Suzarte, ].S.; Carmo, L.O.; Santos, E.; Soares, L.S.; Antonio, R.V.; Santos, L.; Krause, L.C.; Damasceno, E.C.;
Frena, M.; et al. Assessment of polycyclic aromatic hydrocarbons in three environmental components from a tropical estuary in
Northeast Brazil. Mar. Pollut. Bull. 2021, 171, 112726. [CrossRef] [PubMed]

Li, Z.Y.; Peleato, N.M. Comparison of dimensionality reduction techniques for cross-source transfer of fluorescence contaminant
detection models. Chemosphere 2021, 276, 130064. [CrossRef] [PubMed]

Tucca, F; Luarte, T.; Nimptsch, J.; Woelfl, S.; Pozo, K.; Casas, G.; Dachs, J.; Barra, R.; Chiang, G.; Galban-Malagon, C. Sources and
diffusive air-water exchange of polycyclic aromatic hydrocarbons in an oligotrophic North-Patagonian lake. Sci. Total Environ.
2020, 738, 139838. [CrossRef]

Anulacion, B.F; Ylitalo, G.M,; Sol, S.Y,; Silva, D.A.M.; Lomax, D.P.; Johnson, L.L. Temporal trends in aluminum smelter-derived
polycyclic aromatic hydrocarbons in outmigrant juvenile Chinook salmon from Kitimat, British Columbia, Canada. Mar. Pollut.
Bull. 2020, 157, 111284. [CrossRef] [PubMed]

Webb, J.; Coomes, O.T.; Mergler, D.; Ross, N.A. Levels of 1-hydroxypyrene in urine of people living in an oil producing region of
the Andean Amazon (Ecuador and Peru). Int. Arch. Occup. Environ. Health 2018, 91, 105-115. [CrossRef]

Santos, E.; Souza, M.R.R.; Vilela, A.R.; Soares, L.S.; Frena, M.; Alexandre, M.R. Polycyclic aromatic hydrocarbons (PAH) in
superficial water from a tropical estuarine system: Distribution, seasonal variations, sources and ecological risk assessment. Mar.
Pollut. Bull. 2018, 127, 352-358. [CrossRef]

Bexfield, L.M.; Belitz, K.; Lindsey, B.D.; Toccalino, P.L.; Nowell, L.H. Pesticides and Pesticide Degradates in Groundwater Used for
Public Supply across the United States: Occurrence and Human-Health Context. Environ. Sci. Technol. 2021, 55, 362-372. [CrossRef]


http://doi.org/10.3390/ijerph19106004
http://doi.org/10.3390/ijerph19137678
http://www.ncbi.nlm.nih.gov/pubmed/35805336
http://doi.org/10.1007/s10661-022-10818-x
http://www.ncbi.nlm.nih.gov/pubmed/36536100
http://doi.org/10.1016/j.scitotenv.2022.159347
http://www.ncbi.nlm.nih.gov/pubmed/36228788
http://doi.org/10.1007/s11356-020-11894-7
http://doi.org/10.1007/s10661-021-09340-3
http://doi.org/10.1016/j.scitotenv.2019.06.126
http://www.ncbi.nlm.nih.gov/pubmed/31229819
http://doi.org/10.1007/s11270-018-3933-8
http://doi.org/10.3389/fmars.2020.00122
http://doi.org/10.1016/j.envpol.2018.04.019
http://www.ncbi.nlm.nih.gov/pubmed/29775944
http://doi.org/10.3390/toxics9100241
http://doi.org/10.1016/j.envpol.2020.115782
http://doi.org/10.1021/acs.est.1c07932
http://doi.org/10.1080/10406638.2020.1755322
http://doi.org/10.1007/s10661-022-10652-1
http://doi.org/10.1007/s00244-022-00945-4
http://doi.org/10.1016/j.marpolbul.2021.112726
http://www.ncbi.nlm.nih.gov/pubmed/34343757
http://doi.org/10.1016/j.chemosphere.2021.130064
http://www.ncbi.nlm.nih.gov/pubmed/33714155
http://doi.org/10.1016/j.scitotenv.2020.139838
http://doi.org/10.1016/j.marpolbul.2020.111284
http://www.ncbi.nlm.nih.gov/pubmed/32469746
http://doi.org/10.1007/s00420-017-1258-3
http://doi.org/10.1016/j.marpolbul.2017.12.014
http://doi.org/10.1021/acs.est.0c05793

Int. |. Environ. Res. Public Health 2023, 20, 4499 16 of 18

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Bradley, PM.; Argos, M.; Kolpin, D.W.; Meppelink, S.M.; Romanok, K.M.; Smalling, K.L.; Focazio, M.].; Allen, ].M.; Dietze, ].E.;
Devito, M.J.; et al. Mixed organic and inorganic tapwater exposures and potential effects in greater Chicago area, USA. Sci. Total
Environ. 2020, 719, 137236. [CrossRef]

Perin, M.; Dallegrave, A.; Barnet, L.S.; Meneghini, L.Z.; Gomes, A.D.; Pizzolato, T.M. Pharmaceuticals, pesticides and met-
als/metalloids in Lake Guaiba in Southern Brazil: Spatial and temporal evaluation and a chemometrics approach. Sci. Total
Environ. 2021, 793, 148561. [CrossRef]

Lovison, O.V,; Jank, L.; de Souza, W.M.; Guerra, R.R.; Lamas, A.E.; Ballestrin, R.A.D.; Hein, C.D.M.; da Silva, T.C.B.; Corcao, G.;
Martins, A.F. Identification of pesticides in water samples by solid-phase extraction and liquid chromatography-electrospray
ionization mass spectrometry. Water Environ. Res. 2021, 93, 2670-2680. [CrossRef]

Valdes, M.E,; Santos, L.; Castro, M.C.R,; Giorgi, A.; Barcelo, D.; Rodriguez-Mozaz, S.; Ame, M. V Distribution of antibiotics in
water, sediments and biofilm in an urban river (Cordoba, Argentina, LA). Environ. Pollut. 2021, 269, 115765. [CrossRef] [PubMed]
de Souza, ].C.; da Silva, B.E,; Morales, D.A.; Umbuzeiro, G.D.; Zanoni, M.V.B. Assessment of the compounds formed by oxidative
reaction between p-toluenediamine and p-aminophenol in hair dyeing processes: Detection, mutagenic and toxicological
properties. Sci. Total Environ. 2021, 795, 148806. [CrossRef] [PubMed]

Vilca, FZ.; Galarza, N.C.; Tejedo, J.R.; Cuba, W.A.Z.; Quiroz, C.N.C.; Tornisielo, V.L. Occurrence of residues of veterinary
antibiotics in water, sediment and trout tissue (Oncorhynchus mykiss) in the southern area of Lake Titicaca, Peru. J. Great Lakes
Res. 2021, 47, 1219-1227. [CrossRef]

Carrizo, J.C.; Vo Duy, S.; Munoz, G.; Marconi, G.; Amé, M.V,; Sauvé, S. Suspect screening of pharmaceuticals, illicit drugs,
pesticides, and other emerging contaminants in Argentinean Piaractus mesopotamicus, a fish species used for local consumption
and export. Chemosphere 2022, 309, 136769. [CrossRef] [PubMed]

Baker, B.B.; Haimbaugh, A.S.; Sperone, EG.; Johnson, D.M.; Baker, T.R. Persistent contaminants of emerging concern in a great
lakes urban-dominant watershed. J. Great Lakes Res. 2022, 48, 171-182. [CrossRef]

Bradley, PM.; Kolpin, D.W.; Romanok, K.M.; Smalling, K.L.; Focazio, M.].; Brown, J.B.; Cardon, M.C.; Carpenter, K.D.; Corsi,
S.R.; DeCicco, L.A; et al. Reconnaissance of Mixed Organic and Inorganic Chemicals in Private and Public Supply Tapwaters at
Selected Residential and Workplace Sites in the United States. Environ. Sci. Technol. 2018, 52, 13972-13985. [CrossRef]
Buttermore, E.N.; Cope, W.G.; Kwak, T.J.; Cooney, P.B.; Shea, D.; Lazaro, P.R. Contaminants in tropical island streams and their
biota. Environ. Res. 2018, 161, 615-623. [CrossRef]

Weissinger, R.H.; Blackwell, B.R.; Keteles, K.; Battaglin, W.A.; Bradley, PM. Bioactive contaminants of emerging concern in
National Park waters of the northern Colorado Plateau, USA. Sci. Total Environ. 2018, 636, 910-918. [CrossRef]

Panthi, S.; Sapkota, A.R.; Raspanti, G.; Allard, S.M.; Bui, A.; Craddock, H.A.; Murray, R.; Zhu, L.B.; East, C.; Handy, E.; et al.
Pharmaceuticals, herbicides, and disinfectants in agricultural water sources. Environ. Res. 2019, 174, 1-8. [CrossRef]

Kibuye, F.A.; Gall, H.E.; Elkin, K.R.; Swistock, B.; Veith, T.L.; Watson, ].E.; Elliott, H.A. Occurrence, Concentrations, and Risks of
Pharmaceutical Compounds in Private Wells in Central Pennsylvania. J. Environ. Qual. 2019, 48, 1057-1066. [CrossRef]

Reis, E.O.; Foureaux, A.ES.; Rodrigues, ].S.; Moreira, V.R,; Lebron, Y.A.R.; Santos, L.V.S.; Amaral, M.C.S.; Lange, L.C. Occurrence,
removal and seasonal variation of pharmaceuticals in Brasilian drinking water treatment plants. Environ. Pollut. 2019, 250,
773-781. [CrossRef] [PubMed]

Griboff, J.; Carrizo, ].C.; Bonansea, R.I.; Valdes, M.E.; Wunderlin, D.A.; Ame, M. V Multiantibiotic residues in commercial fish from
Argentina. The presence of mixtures of antibiotics in edible fish, a challenge to health risk assessment. Food Chem. 2020, 332, 127380.
[CrossRef] [PubMed]

Kamaz, M.; Jones, S.M.; Qian, X.H.; Watts, M.].; Zhang, W.; Wickramasinghe, S.R. Atrazine Removal from Municipal Wastewater
Using a Membrane Bioreactor. Int. ]. Environ. Res. Public Health 2020, 17, 2567. [CrossRef]

Sierra, I.; Chialanza, M.R.; Faccio, R.; Carrizo, D.; Fornaro, L.; Perez-Parada, A. Identification of microplastics in wastewater
samples by means of polarized light optical microscopy. Environ. Sci. Pollut. Res. 2020, 27, 7409-7419. [CrossRef]

Santos, A.V.; Couto, C.F,; Lebron, Y.A.R.; Moreira, V.R.; Foureaux, A.ES.; Reis, E.O.; Santos, L.V.D.; de Andrade, L.H.; Amaral,
M.C.S,; Lange, L.C. Occurrence and risk assessment of pharmaceutically active compounds in water supply systems in Brazil. Sci.
Total Environ. 2020, 746, 141011. [CrossRef]

Valenzuela, E.F; de Paula, EF,; Teixeira, A.P.C.; Menezes, H.C.; Cardeal, Z.L. Assessment of pesticides in water using time-
weighted average calibration of passive sampling device manufactured with carbon nanomaterial coating on stainless steel wire.
Anal. Bioanal. Chem. 2021, 413, 3315-3327. [CrossRef]

Oliveira, A.S.; Costa, E.A.C.; Pereira, E.C.; Freitas, M.A.S.; Freire, B.M.; Batista, B.L.; Luz, M.S.; Olympio, K.PK. The applicability of
fingernail lead and cadmium levels as subchronic exposure biomarkers for preschool children. Sci. Total Environ. 2021, 758, 143583.
[CrossRef] [PubMed]

Almberg, K.S.; Turyk, M.E.; Jones, R.M.; Rankin, K.; Freels, S.; Stayner, L.T. Atrazine Contamination of Drinking Water and
Adverse Birth Outcomes in Community Water Systems with Elevated Atrazine in Ohio, 2006-2008. Int. ]. Environ. Res. Public
Health 2018, 15, 1889. [CrossRef]

de Aquino, S.E; Brandt, E.M.; Bottrel, S.E.; Gomes, E.B.; Silva, S.D. Occurrence of Pharmaceuticals and Endocrine Disrupting
Compounds in Brazilian Water and the Risks They May Represent to Human Health. Int. J. Environ. Res. Public Health 2021,
18, 11765. [CrossRef]


http://doi.org/10.1016/j.scitotenv.2020.137236
http://doi.org/10.1016/j.scitotenv.2021.148561
http://doi.org/10.1002/wer.1621
http://doi.org/10.1016/j.envpol.2020.116133
http://www.ncbi.nlm.nih.gov/pubmed/33316497
http://doi.org/10.1016/j.scitotenv.2021.148806
http://www.ncbi.nlm.nih.gov/pubmed/34243001
http://doi.org/10.1016/j.jglr.2021.04.012
http://doi.org/10.1016/j.chemosphere.2022.136769
http://www.ncbi.nlm.nih.gov/pubmed/36209849
http://doi.org/10.1016/j.jglr.2021.12.001
http://doi.org/10.1021/acs.est.8b04622
http://doi.org/10.1016/j.envres.2017.11.053
http://doi.org/10.1016/j.scitotenv.2018.04.332
http://doi.org/10.1016/j.envres.2019.04.011
http://doi.org/10.2134/jeq2018.08.0301
http://doi.org/10.1016/j.envpol.2019.04.102
http://www.ncbi.nlm.nih.gov/pubmed/31039472
http://doi.org/10.1016/j.foodchem.2020.127380
http://www.ncbi.nlm.nih.gov/pubmed/32603916
http://doi.org/10.3390/ijerph17072567
http://doi.org/10.1007/s11356-019-07011-y
http://doi.org/10.1016/j.scitotenv.2020.141011
http://doi.org/10.1007/s00216-021-03270-2
http://doi.org/10.1016/j.scitotenv.2020.143583
http://www.ncbi.nlm.nih.gov/pubmed/33243496
http://doi.org/10.3390/ijerph15091889
http://doi.org/10.3390/ijerph182211765

Int. |. Environ. Res. Public Health 2023, 20, 4499 17 of 18

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

New-Aaron, M.; Abimbola, O.; Mohammadi, R.; Famojuro, O.; Naveed, Z.; Abadi, A.; Bell, J.E.; Bartelt-Hunt, S.; Rogan, E.G. Low-
Level Groundwater Atrazine in High Atrazine Usage Nebraska Counties: Likely Effects of Excessive Groundwater Abstraction.
Int. J. Environ. Res. Public Health 2021, 18, 13241. [CrossRef]

Aly,N.A.; Luo, Y.S,; Liu, Y.N,; Casillas, G.; McDonald, T.J.; Kaihatu, ].M.; Jun, M.; Ellis, N.; Gossett, S.; Dodds, ].N.; et al. Temporal
and spatial analysis of per and polyfluoroalkyl substances in surface waters of Houston ship channel following a large-scale
industrial fire incident. Environ. Pollut. 2020, 265, 115009. [CrossRef] [PubMed]

Li, Z.].; Fantke, P. Toward harmonizing global pesticide regulations for surface freshwaters in support of protecting human health.
J. Environ. Manag. 2022, 301, 113909. [CrossRef] [PubMed]

Hansen, S.P.; Messer, T.L.; Mittelstet, A.R. Mitigating the risk of atrazine exposure: Identifying hot spots and hot times in surface
waters across Nebraska, USA. |. Environ. Manag. 2019, 250, 109424. [CrossRef]

Jones, R.R,; Stavreva, D.A.; Weyer, PJ.; Varticovski, L.; Inoue-Choi, M.; Medgyesi, D.N.; Chavis, N.; Graubard, B.I.; Cain, T.;
Wichman, M.; et al. Pilot study of global endocrine disrupting activity in Iowa public drinking water utilities using cell-based
assays. Sci. Total Environ. 2020, 714, 136317. [CrossRef]

Wattigney, W.A; Irvin-Barnwell, E.; Li, Z.; Ragin-Wilson, A. Biomonitoring of mercury and persistent organic pollutants in
Michigan urban anglers and association with fish consumption. Int. J. Hyg. Environ. Health 2019, 222, 936-944. [CrossRef]

Hsu, W.-H.; Zheng, Y.; Savadatti, S.S.; Liu, M.; Lewis-Michl, E.L.; Aldous, K.M.; Parsons, PJ.; Kannan, K.; Rej, R.; Wang, W.; et al.
Biomonitoring of exposure to Great Lakes contaminants among licensed anglers and Burmese refugees in Western New York:
Toxic metals and persistent organic pollutants, 2010-2015. Int. ]. Hyg. Environ. Health 2022, 240, 113918. [CrossRef] [PubMed]
Paulelli, A.C.C.; Cesila, C.A.; Devoz, PP; de Oliveira, S.R.; Ximenez, ] P.B.; Pedreira, W.D.; Barbosa, F. Fundao tailings dam failure
in Brazil: Evidence of a population exposed to high levels of Al, As, Hg, and Ni after a human biomonitoring study. Environ. Res.
2022, 205, 112524. [CrossRef]

Arcega-Cabrera, F,; Fargher, L.; Quesadas-Rojas, M.; Moo-Puc, R.; Oceguera-Vargas, I.; Norena-Barroso, E.; Yanez-Estrada, L.;
Alvarado, J.; Gonzalez, L.; Perez-Herrera, N.; et al. Environmental Exposure of Children to Toxic Trace Elements (Hg, Cr, As) in
an Urban Area of Yucatan, Mexico: Water, Blood, and Urine Levels. Bull. Environ. Contam. Toxicol. 2018, 100, 620-626. [CrossRef]
Hjelm, C.; Harari, F.; Vahter, M. Pre- and postnatal environmental boron exposure and infant growth: Results from a mother-child
cohort in northern Argentina. Environ. Res. 2019, 171, 60-68. [CrossRef]

Ravenscroft, J.; Roy, A.; Queirolo, E.I; Mafiay, N.; Martinez, G.; Peregalli, F.; Kordas, K. Drinking water lead, iron and zinc
concentrations as predictors of blood lead levels and urinary lead excretion in school children from Montevideo, Uruguay.
Chemosphere 2018, 212, 694-704. [CrossRef]

Naka, K.S.; de Cassia dos Santos Mendes, L.; de Queiroz, T.K.L.; Costa, B.N.S.; de Jesus, LM.; de Magalhaes Camara, V.; de
Oliveira Lima, M. A comparative study of cadmium levels in blood from exposed populations in an industrial area of the Amazon,
Brazil. Sci. Total Environ. 2020, 698, 134309. [CrossRef] [PubMed]

Thompson Gonzalez, N.; Ong, ].; Luo, L.; MacKenzie, D. Chronic Community Exposure to Environmental Metal Mixtures Is Associated
with Selected Cytokines in the Navajo Birth Cohort Study (NBCS). Int. |. Environ. Res. Public Health 2022, 19, 14939. [CrossRef]
Barton, K.E.; Starling, A.P.; Higgins, C.P.; McDonough, C.A.; Calafat, A.M.; Adgate, ].L. Sociodemographic and behavioral
determinants of serum concentrations of per- and polyfluoroalkyl substances in a community highly exposed to aqueous
film-forming foam contaminants in drinking water. Int. J. Hyg. Environ. Health 2020, 223, 256-266. [CrossRef]

Song, ].; Messele, S.A.; Meng, L.; Huang, Z.; Gamal El-Din, M. Adsorption of metals from oil sands process water (OSPW) under
natural pH by sludge-based Biochar/Chitosan composite. Water Res. 2021, 194, 116930. [CrossRef]

Castro, D.; Rosas-Laverde, N.M.; Aldads, M.B.; Almeida-Naranjo, C.E.; Guerrero, V.H.; Pruna, A.I. Chemical Modification of
Agro-Industrial Waste-Based Bioadsorbents for Enhanced Removal of Zn(II) Ions from Aqueous Solutions. Materials 2021,
14, 2134. [CrossRef]

Wan, J.; Chakraborty, T.; Xu, C.B.; Ray, M.B. Treatment train for tailings pond water using Opuntia ficus-indica as coagulant. Sep.
Purif. Technol. 2019, 211, 448-455. [CrossRef]

Xu, Z.; Gu, S.; Rana, D.; Matsuura, T.; Lan, C.Q. Chemical precipitation enabled UF and MF filtration for lead removal. ]. Water
Process Eng. 2021, 41, 101987. [CrossRef]

Domingos, R.D.; da Fonseca, F. V Evaluation of adsorbent and ion exchange resins for removal of organic matter from petroleum
refinery wastewaters aiming to increase water reuse. J. Environ. Manag. 2018, 214, 362-369. [CrossRef] [PubMed]
Reategui-Romero, W.; Morales-Quevedo, S.E.; Huanca-Colos, K.W.; Figueroa-Gomez, N.M.; King-Santos, M.E.; Zaldivar-Alvarez,
W.E,; Flores-Del Pino, L.V.; Yuli-Posadas, R.A.; Bulege-Gutierrez, W. Effect of current density on COD removal efficiency for
wastewater using the electrocoagulation process. Desalin. Water Treat. 2020, 184, 15-29. [CrossRef]

Morales-Figueroa, A.; Teutli-Sequeira, E.A.; Linares-Hernandez, I.; Martinez-Miranda, V.; Garcia-Morales, M.A.; Roa-Morales, G.
Optimization of the Electrocoagulation Process with Aluminum Electrodes for Rainwater Treatment. Front. Environ. Sci. 2022,
10, 860011. [CrossRef]

Efome, J.E.; Rana, D.; Matsuura, T.; Lan, C.Q. Effects of operating parameters and coexisting ions on the efficiency of heavy
metal ions removal by nano-fibrous metal-organic framework membrane filtration process. Sci. Total Environ. 2019, 674, 355-362.
[CrossRef] [PubMed]


http://doi.org/10.3390/ijerph182413241
http://doi.org/10.1016/j.envpol.2020.115009
http://www.ncbi.nlm.nih.gov/pubmed/32574947
http://doi.org/10.1016/j.jenvman.2021.113909
http://www.ncbi.nlm.nih.gov/pubmed/34624580
http://doi.org/10.1016/j.jenvman.2019.109424
http://doi.org/10.1016/j.scitotenv.2019.136317
http://doi.org/10.1016/j.ijheh.2019.06.007
http://doi.org/10.1016/j.ijheh.2022.113918
http://www.ncbi.nlm.nih.gov/pubmed/35016143
http://doi.org/10.1016/j.envres.2021.112524
http://doi.org/10.1007/s00128-018-2306-8
http://doi.org/10.1016/j.envres.2019.01.012
http://doi.org/10.1016/j.chemosphere.2018.07.154
http://doi.org/10.1016/j.scitotenv.2019.134309
http://www.ncbi.nlm.nih.gov/pubmed/31783457
http://doi.org/10.3390/ijerph192214939
http://doi.org/10.1016/j.ijheh.2019.07.012
http://doi.org/10.1016/j.watres.2021.116930
http://doi.org/10.3390/ma14092134
http://doi.org/10.1016/j.seppur.2018.09.083
http://doi.org/10.1016/j.jwpe.2021.101987
http://doi.org/10.1016/j.jenvman.2018.03.022
http://www.ncbi.nlm.nih.gov/pubmed/29544108
http://doi.org/10.5004/dwt.2020.25341
http://doi.org/10.3389/fenvs.2022.860011
http://doi.org/10.1016/j.scitotenv.2019.04.187
http://www.ncbi.nlm.nih.gov/pubmed/31005837

Int. |. Environ. Res. Public Health 2023, 20, 4499 18 of 18

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Adam, M.R;; Salleh, N.M.; Othman, M.H.D.; Matsuura, T.; Ali, M.H.; Puteh, M.H.; Ismail, A.F.; Rahman, M.A.; Jaafar, J. The
adsorptive removal of chromium (VI) in aqueous solution by novel natural zeolite based hollow fibre ceramic membrane.
J. Environ. Manag. 2018, 224, 252-262. [CrossRef] [PubMed]

Lopez-Maldonado, E.A.; Oropeza-Guzman, M.T. Nejayote biopolyelectrolytes multifunctionality (glucurono ferulauted arabi-
noxylans) in the separation of hazardous metal ions from industrial wastewater. Chem. Eng. J. 2021, 423, 130210. [CrossRef]
Ganzoury, M.A.; Chidiac, C.; Kurtz, J.; de Lannoy, C.-F. CNT-sorbents for heavy metals: Electrochemical regeneration and
closed-loop recycling. J. Hazard. Mater. 2020, 393, 122432. [CrossRef] [PubMed]

Guida, S.; Rubertelli, G.; Jefferson, B.; Soares, A. Demonstration of ion exchange technology for phosphorus removal and recovery
from municipal wastewater. Chemn. Eng. J. 2021, 420, 129913. [CrossRef]

Malik, L.A.; Bashir, A.; Qureashi, A.; Pandith, A.H. Detection and removal of heavy metal ions: A review. Environ. Chem. Lett.
2019, 17, 1495-1521. [CrossRef]

Abdullah, N.; Yusof, N.; Lau, W.]J.; Jaafar, ]J.; Ismail, A.F. Recent trends of heavy metal removal from water/wastewater by
membrane technologies. J. Ind. Eng. Chem. 2019, 76, 17-38. [CrossRef]

Shahedi, A.; Darban, A.K.; Taghipour, F.; Jamshidi-Zanjani, A. A review on industrial wastewater treatment via electrocoagulation
processes. Curr. Opin. Electrochem. 2020, 22, 154-169. [CrossRef]

Othmani, A.; Kadier, A ; Singh, R.; Igwegbe, C.A.; Bouzid, M.; Aquatar, M.O.; Khanday, W.A.; Bote, M.E.; Damiri, F.; Gokkus,
O.; etal. A comprehensive review on green perspectives of electrocoagulation integrated with advanced processes for effective
pollutants removal from water environment. Environ. Res. 2022, 215, 114294. [CrossRef]

Romero-Cano, L.A.; Garcia-Rosero, H.; Baldenegro-Pérez, L.A.; Marin, E.C.; Gonzalez-Gutiérrez, L.V. Coupled Adsorption and
Electrochemical Process for Copper Recovery from Wastewater Using Grapefruit Peel. . Environ. Eng. 2020, 146, 4020100. [CrossRef]
Chai, W.S.; Cheun, J.Y.; Kumar, P.S.; Mubashir, M.; Majeed, Z.; Banat, F; Ho, S.H.; Show, P.L. A review on conventional and novel
materials towards heavy metal adsorption in wastewater treatment application. J. Clean. Prod. 2021, 296, 126589. [CrossRef]
He, Y.H.; Patterson-Fortin, L.; Boutros, J.; Smith, R.; Goss, G.G. Removal of biological effects of organic pollutants in municipal
wastewater by a novel advanced oxidation system. . Environ. Manag. 2021, 280, 111855. [CrossRef] [PubMed]
Belalcazar-Saldarriaga, A.; Prato-Garcia, D.; Vasquez-Medrano, R. Photo-Fenton processes in raceway reactors: Technical,
economic, and environmental implications during treatment of colored wastewaters. J. Clean. Prod. 2018, 182, 818-829. [CrossRef]
Meléndez-Marmolejo, J.; Diaz de Leén-Martinez, L.; Galvan-Romero, V.; Villarreal-Lucio, S.; Ocampo-Pérez, R.; Medellin-Castillo,
N.A,; Padilla-Ortega, E.; Rodriguez-Torres, I.; Flores-Ramirez, R. Design and application of molecularly imprinted polymers for
adsorption and environmental assessment of anti-inflammatory drugs in wastewater samples. Environ. Sci. Pollut. Res. 2022, 29,
45885-45902. [CrossRef]

Ribeiro, T.S.S.; Mourao, L.C.; Souza, G.B.M.; Dias, LM.; Andrade, L.A.; Souza, P.L.M.; Cardozo, L.; Oliveira, G.R.; Oliveira, S.B.;
Alonso, C.G. Treatment of hormones in wastewater from the pharmaceutical industry by continuous flow supercritical water
technology. J. Environ. Chem. Eng. 2021, 9, 106095. [CrossRef]

Ramos, R.L.; Lebron, Y.A.R.; Moreira, V.R.; Martins, M.E,; Santos, L.V.S.; Amaral, M.C.S. Direct contact membrane distillation as
an approach for water treatment with phenolic compounds. J. Environ. Manag. 2022, 303, 114117. [CrossRef] [PubMed]

Islam, M.T.; Dominguez, A.; Turley, R.S.; Kim, H.; Sultana, K.A.; Shuvo, M.; Alvarado-Tenorio, B.; Montes, M.O.; Lin, Y.R;;
Gardea-Torresdey, J.; et al. Development of photocatalytic paint based on TiO, and photopolymer resin for the degradation of
organic pollutants in water. Sci. Total Environ. 2020, 704, 135406. [CrossRef]

Delgado, N.; Bermeo, L.; Hoyos, D.A.; Pefiuela, G.A.; Capparelli, A.; Marino, D.; Navarro, A.; Casas-Zapata, ].C. Occurrence and
removal of pharmaceutical and personal care products using subsurface horizontal flow constructed wetlands. Water Res. 2020,
187, 116448. [CrossRef]

Macias-Quiroga, I.F.; Henao-Aguirre, P.A.; Marin-Florez, A.; Arredondo-Lopez, S.M.; Sanabria-Gonzalez, N.R. Bibliometric
analysis of advanced oxidation processes (AOPs) in wastewater treatment: Global and Ibero-American research trends. Environ.
Sci. Pollut. Res. 2021, 28, 23791-23811. [CrossRef]

Mejia-Morales, C.; Hernandez-Aldana, E.; Cortes-Hernandez, D.M.; Rivera-Tapia, J.A.; Castaneda-Antonio, D.; Bonilla, N.
Assessment of Biological and Persistent Organic Compounds in Hospital Wastewater After Advanced Oxidation Process
UV /H,0,/03. Water Air Soil Pollut. 2020, 231, 89. [CrossRef]

Zarate-Guzman, A.L; Warren-Vega, W.M.; Romero-Cano, L.A.; Cardenas-Mijangos, J. Scale-up Fenton process: Study and
optimization in piggery wastewater treatment. J. Chem. Technol. Biotechnol. 2021, 96, 341-348. [CrossRef]

Tyler, G.; Yvon, J. ICP-OES, ICP-MS and AAS Techniques Compared. ICP Optical Emission Spectroscopy. Tech. Note 1995, 5.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.jenvman.2018.07.043
http://www.ncbi.nlm.nih.gov/pubmed/30055458
http://doi.org/10.1016/j.cej.2021.130210
http://doi.org/10.1016/j.jhazmat.2020.122432
http://www.ncbi.nlm.nih.gov/pubmed/32151932
http://doi.org/10.1016/j.cej.2021.129913
http://doi.org/10.1007/s10311-019-00891-z
http://doi.org/10.1016/j.jiec.2019.03.029
http://doi.org/10.1016/j.coelec.2020.05.009
http://doi.org/10.1016/j.envres.2022.114294
http://doi.org/10.1061/(ASCE)EE.1943-7870.0001783
http://doi.org/10.1016/j.jclepro.2021.126589
http://doi.org/10.1016/j.jenvman.2020.111855
http://www.ncbi.nlm.nih.gov/pubmed/33352381
http://doi.org/10.1016/j.jclepro.2018.02.058
http://doi.org/10.1007/s11356-022-19130-0
http://doi.org/10.1016/j.jece.2021.106095
http://doi.org/10.1016/j.jenvman.2021.114117
http://www.ncbi.nlm.nih.gov/pubmed/34838381
http://doi.org/10.1016/j.scitotenv.2019.135406
http://doi.org/10.1016/j.watres.2020.116448
http://doi.org/10.1007/s11356-020-11333-7
http://doi.org/10.1007/s11270-020-4463-8
http://doi.org/10.1002/jctb.6546

	Introduction 
	Critical Review: Evaluation of the Current Situation, Perspectives, and Challenges in the Detection of Contaminants, Health Risk Assessment, and Water Treatment Technologies in the American Continent 
	Detection of Contaminants in Water 
	Presence of Pollutants in Water: Impact on Human Health and Its Possible Sources 
	Water Treatment Technologies for the Removal of Contaminants in Water: Status and Perspectives 
	Inorganic Contaminants 
	Organic Contaminants 


	Conclusions 
	References

