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ABSTRACT

In Peru, the high toxicity of arsenic constitutes a public health issue; however, data on its presence
in water and human biomarkers is limited. The aim of this systematic review was to synthesize the
evidence regarding reported arsenic levels in humans and drinking water in Peru. A systematic search
was conducted on July 19, 2024, across eight databases (PubMed, WOS Core Collection, Scopus,
Embase, CINAHL, CABI, LILACS and SciELO) using the search terms "Arsenic poisoning", "Arsenicals",
"Arsenic" and "Peru". We included studies that contained data on reported arsenic levels in humans
and drinking water. Our search identified 967 records, of which 21 were studies: 11 focused on human
biomarkers (urine, blood, hair, nails and breast milk); 8 on water samples (groundwater, surface water
and potable water), and; 2 studies addressed both scenarios. The highest concentrations of arsenic in
humans were reported in Tacna, Junin and Apurimac, whereas the highest concentrations in water
samples were observed in Puno, Junin, Lima, Ucayali and Tacna. Human studies reported arsenic
concentrations ranging from 5.27 pg/L in urine to levels exceeding 424 ug/L; in blood, values ranged
from 0.64 pg/L to 1.43 pg/dL. In water samples, average arsenic concentrations ranged from 12.2 ug/L
to 54.5 pug/L, surpassing the established reference limits. These findings indicate high arsenic levels,
underscoring the need to strengthen surveillance systems and implement mitigation strategies
tailored to the specific conditions of each region. Our systematic review was registered in PROSPERO
(CRD42022375707).
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RESUMEN

En el Pery, el arsénico representa un problema de salud publica debido a su alta toxicidad; sin
embargo, los datos sobre su presencia en el agua y en biomarcadores humanos son limitados. Esta
revision sistematica tuvo como objetivo sintetizar la evidencia relacionada con los niveles de arsénico
reportados en humanosy en el agua potable en el Peru. EL19 de julio de 2024 se realizd una busqueda
sistematica en ocho bases de datos (PubMed, WOS Core Collection, Scopus, Embase, CINAHL, CABI,
LILACS y SciELO) utilizando los términos de busqueda "Arsenic Poisoning", "Arsenicals", "Arsenic" y
"Peru". Se incluyeron estudios que proporcionaban datos sobre los niveles de arsénico notificados en
seres humanos y en el agua potable. La busqueda identificd 967 registros, de los cuales se incluyeron
21 estudios: 11 se centraron en biomarcadores humanos (orina, sangre, cabello, uiasy leche materna),
8 en muestras de agua (aguas subterraneas, aguas superficiales y agua potable) y 2 estudios abarcaron
ambos escenarios. Las concentraciones mas altas de arsénico en humanos se registraron en Tacna,
Juniny Apurimac, mientras que las concentraciones mas altas en muestras de agua se observaron en
Puno, Junin, Lima, Ucayali y Tacna. Los estudios en humanos informaron concentraciones de arsénico
que oscilaban entre 5,27 pg/L en la orina y niveles superiores a 424 ug/L; en la sangre, los valores
variaban entre 0,64 pug/Ly 1,43 ug/dL. En las muestras de agua, las concentraciones medias de arsénico
oscilaron entre 12,2 ug/Ly 54,5 ug/L, cifras que superaron los limites de referencia establecidos. Estos
hallazgos indican niveles elevados de arsénico, lo que subraya la necesidad de reforzar los sistemas de
vigilancia y aplicar estrategias de mitigacion adaptadas a las condiciones especificas de cada region.
La revision sistematica se registré en PROSPERO (CRD42022375707).

Palabras clave: intoxicacion por arsénico, compuestos arsenicales, arsénico, Pert
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Introduction

The presence of arsenic in drinking water supplies
exceeding the 10 pg/L limit established by the World
Health Organization (WHO, 2022a) constitutes a public
health issue. While the United Nations’ Sustainable
Development Goal 6.3 calls for the improvement of
water quality by 2030, by reducing pollution, eliminating
discharges and minimizing the release of hazardous
chemicals and materials (Sachs et al., 2022), in 2013,
more than 200 million people were exposed to arsenic
(Rahaman et al., 2021). The highest figures were reported
in Asian countries such as Bangladesh and South American
countries such as Chile and Argentina (Naujokas et al.,
2013). Worldwide, in 2021, more than 290,000 disability-
adjusted life years and over 10,000 deaths were attributed
to arsenic exposure (Institute for Health Metrics and
Evaluation, 2021). Measures to counteract this global
problem include regular monitoring and surveillance
in order to maintain arsenic concentrations below the
recommended limit. The WHO emphasizes the need for
the implementation of water safety plans in order to
identify, evaluate and manage risks throughout the entire
water cycle, from source to final consumption (Luo et al.,
2025; WHO, 2022b).

Across Latin America and the Caribbean, in 2009,
approximately 4.5 million people were reported as being
exposed to drinking water with concentrations of arsenic
exceeding 50 pg/L. This problem is attributed in large part
to the natural mobilization of arsenic from volcanic rocks
and sulfide mineral oxidation processes, compounded by
anthropogenic activities such as mining (Bundschuh et al.,
2012). In fact, based on the 10 ug/L limit, the estimated
figure is closer to 14 million people in at least 14 different
countries, with Argentina, Chile and Mexico being the
most seriously affected (Bundschuh et al., 2012). According
to the WHO, in Peru, the arsenic limit in drinking water
is 0.01 mg/L (10 pg/L) (WHO, 2022a). This figure was
adopted by the Peruvian state in 2010 with the approval
of the Drinking Water Quality regulatory framework,
replacing the previous limit of 0.05 mg/L (Ticona Castro
et al., 2019). Despite this increase in the cutoff point, it
has been reported that around 35% of residents in the
regions of Puno, Moquegua and Tacna are exposed to high
arsenic concentrations, ranging from 25 pg/L to 250 ug/L
(Fano-Sizgorich et al., 2021; Medina-Pizzali et al., 2018).
This figure may be attributable to lack of access to reliable
and safe water for household consumption, as well as to
human activities such as artisanal mining, and natural
factors such as volcanic ash emissions resulting from
tectonic movement (Abebe et al., 2023).

Despite growing concern regarding arsenic exposure
in Peru, actual knowledge related to specific levels of
this metalloid, both in the population and in drinking
water, remains insufficient and fragmented. Resulting in
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both acute and chronic health effects, arsenic exposure,
particularly in its inorganic form, constitutes a public
health problem. The symptoms of acute arsenic poisoning
can include nausea, vomiting, abdominal pain and
diarrhea, and in severe cases may progress to neurological
manifestations, renal injury, cardiovascular collapse
and death (Kuivenhoven and Mason, 2026). Long-term
exposure has been associated with carcinogenic and
non-carcinogenic outcomes, including skin pigmentation
changes, hyperkeratosis, cardiovascular disease, diabetes,
respiratory disease, renal impairment, peripheral
neuropathy, adverse pregnancy outcomes and cognitive
development deficits (Rodriguez Padilla, 2021; Swedish
Council on Health Technology Assessment, 2017). In
particular, inorganic arsenic, the most toxic form, has
been associated with an increased risk of hypertension
and coronary heart disease, peripheral neuropathy and
neurobehavioral alterations, even contributing to Type 2
diabetes, through the dysfunction of pancreatic B-cells
and insulin resistance (Baker et al., 2018; Rahaman et al.,
2021).

It is in this context that our aim in this study was to
synthesize and analyze the available scientific evidence
evaluating the presence of arsenic in humans and drinking
water in Peru. By organizing the existing evidence, the
aim of our research was to provide an overview of arsenic
exposure throughout Peru. Through our findings, we hope
to provide support for the formulating of public policy,
mitigation strategies and measures aimed at improving
water quality and reducing the risks associated with
chronic arsenic exposure.

Materials and methods
Study type

For our study, we adopted the methodology of
a systematic review, without meta-analysis of the
biomedical literature. In order to ensure a rigorous and
transparent presentation of our methods and findings,
we followed, as applicable, the PRISMA and SWiM
recommendations (Campbell et al., 2020; Page et al.,
2021). Initial search was conducted in PROSPERO, in
order to determine whether or not any recent or ongoing
systematic review on the subject existed. Following
this search, we registered our study in PROSPERO, with
registration number CRD42022375707.

Formulation of the research question

The research question for this study was as follows:
What levels of arsenic in humans and in drinking water in
Peru are reported in the available biomedical literature?

In the structuring of this human-oriented question,
the PEO (Population, Exposure and Outcomes) format
was used:
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Population: The general population residing in Peru.
Exposure: Exposure to arsenic from any source.
Outcomes: Arsenic levels in biological samples.

Sources of information and search strategy

The literature search was conducted across the
following electronic databases: PubMed, Embase, Web
of Science Core Collection, Scopus, CINAHL (Cumulative
Index to Nursing and Allied Health Literature), CABI
(Commonwealth Agricultural Bureaux International),
LILACS (Latin American and Caribbean Literature in
Health Sciences) and SciELO (Scientific Electronic Library
Online) on July 19, 2024.

The search terms used included "Arsenic poisoning",
"Arsenicals", "Arsenic" and "Peru". These terms were
combined using Boolean operators (AND/OR) to focus on
studies related to arsenic exposure or contamination in
the Peruvian context, with "Peru" as a mandatory term,
combined with any of the arsenic-related terms. The
search strategy was conducted in English, with additional
searches using Spanish equivalents in Latin American
databases (LILACS and SciELO). The preliminary search
strategy was conducted in PubMed and later adapted
to the other databases. The design and validation of the
strategy were carried out using the PRESS checklist, in
order to identify and correct possible typographical errors
or omissions (McGowan et al., 2016). No restrictions were
applied with regard to language, study type or publication
period. The full electronic search strategy for all the
databases is provided in the Supplementary Material.

Grey literature sources, such as theses, government
reports or technical reports, were not included, in order
to limit the analysis to studies published in peer-reviewed
journals.

Eligibility criteria

The following inclusion and exclusion criteria were
established:

- Inclusion: Peer-reviewed articles reporting arsenic
measurements in human biological samples or water
samples, including potable water and natural sources
used for human consumption (surface and groundwater).
Studies conducted in Peru, published in English, Spanish
or Portuguese, available in full text, with no publication
year restrictions, and with sufficient data to assess
reported arsenic levels (either in quantitative form or as
percentages above the limits).

- Exclusion: Editorials, letters to the editor, conference
abstracts, reports and case series, multi-centric or
multinational studies without Peru-specific data, and
publications that did not undergo peer review.

Study selection

The records identified were exported to EndNote
X9 for duplicate removal by one of the authors
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(DC). Subsequently, an initial screening of titles and
abstracts was performed using Rayyan, followed by a
full-text evaluation. These processes were carried out
independently and blindly by two authors (AVRL and
ACKS). Discrepancies were resolved by consensus or by
the intervention of a third researcher (AHV).

Data extraction and synthesis

Relevant data were extracted independently and
blindly using a template created in Google Sheets, which
included variables such as author, journal, study design,
geographic area, population characteristics and reported
arsenic levels. In cases of missing data, the corresponding
authors were contacted for additional information. The
extracted data were verified and validated by a team
member (FJVL). A narrative synthesis was used to describe
the characteristics and findings of the included studies.

Quality assessment of the included studies

For the evaluation of human studies only, the National
Heart, Lung and Blood Institute (NHLBI) tool, containing
14 assessment criteria, was used (National Heart Lung and
Blood Institute, 2021). These criteria allow for assessment
of the validity and reliability of observational cohort and
cross-sectional studies, to identify potential flaws in
design and implementation. The quality assessment was
performed independently and blindly by two authors
(AVRL and ACKS). Discrepancies were resolved by
consensus or with the intervention of a third researcher
(AHV).

Ethical considerations

Given that this systematic review was based on
articles published in scientific journals, ethical committee
approval was not required. It should be noted that no
primary data were collected, nor were any interventions
performed on human subjects.

Results
Study selection process

The electronic search identified 967 records. After
removing 552 duplicates, 415 records were screened by title
and abstract, leading to 29 full-text articles for eligibility
assessment. Applying the predefined inclusion and
exclusion criteria during full-text assessment, 8 studies
were excluded for the following reasons: inappropriate
study design (n = 4) (Delahoy, M. ). et al., 2018; Fano et al.,
2021; Garavito Renteria et al., 2012; O’Callaghan-Gordo
et al., 2023), absence of arsenic measurements (n = 3)
(Barenys et al., 2014; de Meyer, C. et al., 2019; Ramos et al.,
2008), and a study on non-potable water (n = 1) (Condori
Apazaetal., 2023). A list of excluded studies is provided in
the Supplementary Material. Finally, 21 studies that met
all the eligibility criteria were included in the review (Ale-
Mauricio et al., 2018; Astete et al., 2014, 2010; Berky et al.,
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2023; Bolisetty et al., 2021; Choque-Quispe et al., 2021;
Custodio et al., 2020; de Meyer et al., 2017; Delahoy et al.,
2022; Fandifio Pifieiro et al., 2021; Fano et al., 2020; Fano-
Sizgorich et al., 2021; Fernandez Jeri et al., 2022; Ferro et al.,
2023; George et al., 2014; Linares et al., 2024, 2021; Malaga
Apaza, 2023; O'Callaghan-Gordo et al., 2018; Pettigrew et
al., 2022; Ramirez et al., 1997).

The study selection process, along with the number of
studies evaluated and the reasons for exclusion at each
stage, is detailed in the PRISMA flow diagram (Figure 1).

General characteristics of the studies

The main characteristics of the included studies are
summarized in Table 1, which details the author, study
design, type of sample source (human or water), study
areas and exposure sources. Of the 21 included studies,
11 reported arsenic levels in humans exclusively through
biological biomarkers such as urine, hair, nails, breast
milk and blood (Ale-Mauricio et al., 2018; Astete et al.,
2010; Berky et al., 2023; Bolisetty et al., 2021; Fandifio
Pifeiro et al., 2021; Fano-Sizgorich et al., 2021; Linares et
al., 2024, 2021; O’Callaghan-Gordo et al., 2018; Pettigrew
et al., 2022; Ramirez et al., 1997), while 8 studies reported
arsenic levels solely in water samples (Choque-Quispe
et al., 2021; Custodio et al., 2020; de Meyer et al., 2017,
Delahoy et al., 2022; Fano et al., 2020; Ferro et al., 2023;
George et al., 2014; Malaga Apaza, 2023). Additionally, 2
studies reported arsenic levels in both humans and water
sources (Astete et al., 2014; Fernandez Jeri et al., 2022).

Records identified from:
PubMed (n = 106), Embase
(n =109), CINAHL (n = 11),
Web of Science (n = 236), >
Scopus (n = 226), CABI (n =
211), LILACS (n = 25),
SciELO (n =43)

Records removed before
screening:
Duplicate records removed
(n = 552)

I

Records screened »| Records excluded

(n=415) (n = 386)

Reports sought for retrieval 5| Reports not retrieved

(n=29) "l n=0)

Reports assessed for eligibility Reports excluded:

(n=29) i Inappropriate design (n = 4)

A

Not outcomes (n = 3)

Study on water not intended
for human consumption (n =
1)

A4

Studies included in review
(n=21)

Figure 1. Summary of selection of studies included
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Human studies were conducted in various departments
of Peru (Junin, Apurimac, Tacna, Ica, Pasco, Loreto and
Madre de Dios), with predominantly cross-sectional
designs and published between 1997 and 2024 (Table 1).
The main exposure sources identified for humans were
environmental (n = 12) (Ale-Mauricio et al., 2018; Astete
et al., 2014, 2010; Berky et al., 2023; Bolisetty et al., 2021;
Fandifio Pifieiro et al., 2021; Fano-Sizgorich et al., 2021;
Fernandez Jeri et al., 2022; Linares et al., 2024, 2021;
O'Callaghan-Gordo et al., 2018; Pettigrew et al., 2022)
and occupational (n = 1) (Ramirez et al., 1997). The studies
focused on drinking water quality were carried out in the
departments of Tacna, Lima, Puno, Loreto, Ucayali, Junin,
Apurimac and Piura. Mostly cross-sectional and published
between 2014 and 2023, these studies evaluated the
presence of arsenic in drinking water, groundwater and
surface water in localities such as Azangaro, San Antonio
de Putina, and San Roman in Puno, as well as Andahuaylas
in Apurimac (Choque-Quispe et al., 2021; Fernandez Jeri et
al., 2022; George et al., 2014).

Arsenic levels in humans

A total of 13 studies analyzed human biomarkers of
arsenic, primarily using urine samples (n = 7) (Astete et
al., 2010; Fernandez Jeri et al., 2022; Ramirez et al., 1997;
Astete et al., 2014; O'Callaghan-Gordo et al., 2018; Fano-
Sizgorich et al., 2021; Ale-Mauricio et al., 2018), blood (n
= 2) (Berky et al., 2023; Linares et al., 2021), hair (n = 1)
(Fandifno Pifieiro et al., 2021) and nails (n = 1) (Table 2)
(Pettigrew et al., 2022). Additionally, 2 studies evaluated
arsenic levels in both blood and breast milk, as well
as in nails and hair (Bolisetty et al., 2021; Linares et al.,
2024). Average arsenic concentrations in urine ranged
from 5.27 ug/L, reported in Tacna (Fano-Sizgorich et al.,
2021), to values exceeding 424 pg/L in Junin (Ramirez et
al., 1997). In blood, results showed broad variability in
arsenic concentrations; in Madre de Dios, the average
concentration was 0.64 pg/L (Berky et al., 2023), while
in a recent study in Ica it was 1.43 pg/dL (Linares et al.,
2024). In hair, average concentrations ranged from 0.14
mg/kg to 0.47 mg/kg, reported in studies conducted in
Junin and Pasco (Fandifio Pifieiro et al., 2021). In Madre de
Dios, the median value in nails was 177 ng/g, with levels
reaching up to 1260 ng/g (Pettigrew et al., 2022), while in
Ica the median concentration in breast milk was 0.73 pg/L
(Linares et al., 2024). The average duration of residence
in the study areas ranged from 6 months to over 5 years.
The analytical methods employed included inductively
coupled plasma mass spectrometry (ICP-MS) (n=6) (Berky
et al., 2023; Fandifio Pifeiro et al., 2021; Fano-Sizgorich et
al., 2021; Linares et al., 2024, 2021; Pettigrew et al., 2022),
atomic absorption spectrophotometry (AAS) (n=4) (Ale-
Mauricio et al., 2018; Bolisetty et al., 2021; Fernandez Jeri
et al., 2022; O'Callaghan-Gordo et al., 2018), ultraviolet-
visible spectrophotometry (n=1) (Ramirez et al., 1997),
while 2 studies did not report the analytical method used
(NR) (Astete et al., 2010, 2014).
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Table 1. Characteristics of the studies included

Place

Authors (year) Study design Sample Human
source Department Province District exposure
Ramirez et al. (1997) Cross-sectional study Humans Junin Yauli La Oroya Occupational
Haquira
Cotabambas
Astete et al. (2010) Cross-sectional study Humans Apurimac Chalhuahuacho Environmental
Grau Progreso
_ i Cairani
Ale Ma;g;;lo etal. Cross-sectional study Humans Tacna Candarave Environmental
( ) Camilaca
Cuninico
O'Callaghan et al. (2018)  Cross-sectional study Humans Loreto NS Environmental
San Pedro
Tacna
Tacna
Bolisetty et al. (2021) Cross-sectional study Humans Tacna Inclan Environmental
Jorge Basadre Ticapampa
Fano et al. (2021) Cross-sectional study Humans Tacna Tacna NS Environmental
Linares et al. (2021) Cross-sectional study Humans Ica NS NS Environmental
Junin Junin Carhuamayo
Fandifio et al. (2021) Cross-sectional study Humans Environmental
Pasco Cerro de Pasco Paragsha
Manu Huepetuhe
Inambari
Laberinto
Tambopata
Tambopata
Pettigrew et al. (2022)  Cross-sectional study Humans Madre de Dios Environmental
Las Piedras
Tahuamanu
Tahuamanu Ibérica
IRapari
Berky et al. (2023) Cross-sectional study Humans Madre de Dios NS NS Environmental
Linares et al. (2024) Cross-sectional study Humans Ica NS NS Environmental
Achaya
Azangaro
San Anton
San Antonio de Putina Ananea
Caracoto
San Roman
Juliaca
Puno
Plateria
George et al. (2014) Cross-sectional study Water NA
Puno Puno
Chucuito
Carabaya Crucero
Huancane Taraco
Junin Yauli La Oroya
Lima Lima Lima
Loreto lquitos
de Meyer et al. (2017)  Cross-sectional study Water NS NA
Ucayali Pucallpa
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LaYarada

Gregorio Albarracin
Lanchipa

Fano et al. (2020) Cross-sectional study Water Tacna Tacna Tacna NA
Alto de la Alianza

Ciudad Nueva

Pocollay
Custodio et al. (2020)  Cross-sectional study Water Junin NS NS NA
Andahuaylas
Choque-Quispe et al. Cross-sectional study Water Apurimac Andahuaylas San Jeronimo NA
(2021) Talavera
Chiara
Piura
Morropon
Delahoy et al. (2022)  Cross-sectional study Water Piura Paita NS NA
Sechura
Sullana
Capachica

San Antonio de
Esquilache

Vilque

Pichanaqui

Ferro et al. (2023) Cross-sectional study Water Puno Puno Acora NA

Paucarcolla

Manazo

Capachica

Coata

Malaga (2023) Cross-sectional study Water Puno San Roman Juliaca NA

Chalhuahuacho

Cotabambas

Humans / Apurimac Haquira Environmental

Astete et al. (2014) Cross-sectional study Water

Grau Progreso

Apata
Junin Jauja Environmental
Molinos

Humans /
Water

Fernandez et al. (2022)  Cross-sectional study

Note. NA: Not applicable. NS: Not specified.
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Table 2. Arsenic levels in humans

Analyzed

Authors samples Place Biological Arsenic level Reference T'!“e of Analysis method
(year) (n) sample values residence
, B . Ultraviolet and visible light
Ramirez et al. (1997) 166 LaOroya Urine Mean; 424 pg/L; SD: 49.2 pg/L NR NR (Uv-ViVsI) Spectro;'hgton:gter
154 Haquira* Mean: 36.7 pg/L; SD: NR
Astete et al. (2010) 214 Chalhuahuacho* Urine Mean: 58.6 ug/L; SD: NR <100 pg/L 26 months NR
85 Progreso* Mean: 55.7 pg/L; SD: NR
Chalhuahuacho* Mean: 26.1 ug/L; SD: NR
Asteteet al. (2014) 304 Haquira* Urine Mean: 24.2 ug/L; SD: NR <100 pg/L >6 months NR
Progreso* Mean: 14.6 pg/L; SD: NR
e-Mauricio et al. airani rine 16016 :407.3 uglg - 8471 ug/g) Cr >1year tomic absorption
Ale-Mauricio et al 103 Cairani* Uri M: 601.6 ig/g (IQR: 407.3 g/ - 8471 pugfg) C NR 1 Atomic absorpti
(2018) spectroscopy (AAS)
7 Camilaca® M:30.2 ug/g (IQR: 21.4 ug/g - 39.7 ug/g) Cr
0'Callaghan et al. Cuninico? . M: 291 ug/g (1QR: 2.91 pgg -3.17 ugle) Cr Atomic absorption
(2018) 13 Urine 20 ug/g Cr 26 months trophotometry (ASS)
San Pedro? M: 3.5 pg/g (IQR: 3.55 ug/g - 2.34 pg/g) Cr spectrophotometry
Mean: 0.27 ug/g(-1) (Hair Sample)
Mean: 0.46 ug/g(-1) (First Nail Sample)
Tacna*
Mean: 0.84 pg/g(-1) (Second Nail Sample)
Mean: 0.57 pg/g(-1) (Third Nail Sample)
Mean: 0.11 pg/g(~1) (Hair Sample)
. - e . 0\ (Bt Na Atomic absorption
Bolisetty et al. (2021) NS Inclan Hair / Nail Mean: 112 ug/g(-1) (First Nail Sample) NR NR spectroscopy (AAS)
Mean: 1.36 pg/g(-1) (Second Nail Sample)
Mean: 1.34 ug/g(-1) (First Hair Sample)
Mean: 2.68 ug/g(-1) (Second Hair Sample)
Ticapampa®
Mean: 0.12 pg/g(~1) (First Nail Sample)
Mean: 2.46 pg/g(~1) (Second Nail Sample)
. . GM1SD: 52.65 pg/L + 331 pg/L (U-tAs) Inductively coupled plasma -
Fanoetal. (2021 W Tacna’ Urine GM#SD: 5.27 pg/L £ 2.91 pg/L (U-iAs) \R 25 years mass spectrometry (ICP-MS)
; . ) . Inductively coupled plasma -
Linares et al. (2021) 4 Ica Blood M: 136 pg/L (IQR: 0.71 pg/L) NR NR mass spectrometry (CP-MS)
% Carhuamayo’ Mean: 0.18 mg/ki g(l-(l:{;;c;?;)), Mean: 0.14 mg/ .
Fandifio et al. 2021) Hair <020 mg/kg NR '”d”‘t'velI ‘°”ptled Fl’éf”l\]las
% Paragsha® Mean: 0.47 mg/kg (Hair root); Mean: 0.42 mg/ mass spectrometry (ICP-MS)
g kg (Hair tip)
Pettigrew et al. —— ; . ; . ) Inductively coupled plasma -
(022) 47 Madre de Dios Nail M: 177 ng/g (Min/Max: 8 ng/g - 1260 ng/g) NR 26 months mass spectrometry (ICP-MS)
. Apat M: 4.4 ug/L (1QR: 34 pg/L - 75 pg/L) (U-tAs)
M: 6.2 ug/g Cr (IQR: 5.0 ug/g - 8.9 pg/g) (U-tAs)
Fernandez et al. Urine R S5 years Atomic absorption
(2022) M:28.5 pg/L (IQR: 224 pg/L - 414 ug/L) (U-tAs) =Y spectroscopy (AAS)
81 Molinos* M: 32.4 ug/L Cr (IQR: 24.8 ug/g - 418 pg/g)
(U-tAs)
Venous Blood
198 GM£SD: 0.64 ug/L + 1.7 ug/L . )
Berky et al. (2023) Madre de Dios*** (Mother) NR NR Inductively coupled plasma
mass spectrometry (ICP-MS)
198 Cord blood GM#SD: 0.6Tug/L £ 1.7 ug/L
Blood GM5D: 143 pug/L £1.39 ug/dL <13pg/dl
) Inductively coupled plasma -
Linares et al. (2024) 40 lca*** _ NR
Breastmilc  M:073 g/l (Min/Max: 063 pug/L-091pgll) 02 “Eé /LL 06 mass spectrometry (ICP-MS)

Notes. 2: Native communities; Cr: Creatinine; M: Median; IQR: Interquantil range; U-tAs: Total arsenic urinary; Min/Max: Minimum / Maximum range; SD: Standard deviation;
GM=+SD: Geometric mean + Standard deviation; U-iAs: Inorganic arsenic urinary; NS: Not specified; NR: Not reported.

*District.

** Province.

***Department.
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Table 3. Arsenic levels reported in water samples

Adama Victorio, R. L. et al.

Authors

Sample

Analyzed

Reference

% of water samples out of

(year) provinence  samples (n) Place Arsenic level values range Analytical method
6 Chalhuahuacho*
hstetectal Not specified 6 Haquira* NR 10 pg/L 0% NR®
(2014)
10 Progreso*
Groundwater m Puno*** Mean: 54.5 pg/L; SD: 36.2 ug/L >10 pg/L: 86%; > 50 pg/L: 56% )
Inductively coupled
Georgeetal. .
201) Junin 10 pug/L plasma - mass
( Surface Water 40 - Mean: 12.2 ug/L; SD: 11.1 ug/L >10ug/L: 50% spectrometry (ICP-MS)
i
M: 27ug/L (Min/Max: 3 ug/L - 715
ug/L) (Aquifer Type 1)
26 Ucayali***
M: 2 ug/L (Min/Max: 0.5 ug/L - )
de Meyer et al. 35ug/L) (Aquifer typer 2) Inductively coupled
(2017) Groundwater - 10 pg/L NR plasma - mass
M: <0.5 pg/L (Min/Max:: 0.5 ug/L - spectrometry (ICP-MS)
2 ug/L) (Aquifer Typer 3)
31 Loreto***
M: Tug/L (Min/Max: 0.5 ug/L-10
ug/L) (Aquifer Typer 4)
225 pg/L:70.25% (35.44% _— L
Fnoetal. o water 158 Tacna™™* NR 0pg/l  with25pg/land 34810 with  ulitative colorimetric
(2020) analysis
>25ug/L)
Mean: 0.0837 mg/L; SD: 0.0787
mg/L (CIMIRM Canal)
Mean: 0.0689 mg/L; SD: 0.0565
mg/L (Meris Canal)
Mean: 0.0143 mg/L; SD: 0.0017
mg/L (Chanchas River)
Custodio et al. . Mean: 0.0116 mg/L; SD: 0.0027 N Atomic absorption
(2020) Surface water NS Junin mg/L (Chia River) 0.01mg/L 85.71% spectroscopy (AAS)
Mean: 0.0107 mg/L; SD: 0.0012
mg/L (Cunas River)
Mean: 0.00685 mg/L; SD: 0.0037
mg/L (Shullcas River)
Mean: 0.0341 mg/L; SD: 0.0213
mg/L (Junin Lake)
5 Andahuaylas*
Choque- 4 San Jerénimo* lnﬁzg:f{yoc&?gf d
H 0
Quz{i)e;;r al. Groundwater ] S NR 0.01mg/L 100% emission spectrometry
(ICP-OES)
4 Chiara*
Inductively coupled
Del?%)gze)t al. Not specified 9% Piura** NR 10 ug/L 25.0% plasma - mass
spectrometry (ICP-MS)
Fernindezetal  Groundwater Apata* M: 5.0 pug/L (IQR: 2.0 ug/L - 6.0 pg/L) Atornic absorption
(2022) NS 10pg/t \R spectrophotometry (AAS)
Surface water Molinos* M: 47.0 pug/L (IQR: 42.0 pg/L - 535 pg/L) pectrop Ty
Groundwater Inductively coupled
Fe(rzrg 2eat)al. NS Puno*™* NR 0.01mg/L g‘o? ((22%11?) plasma - atomic emission
Surface water ° spectrometry (ICP-AES)
. - ) . Atomic absorption
Malaga (2023) Groundwater % Juliaca Mean: 0.031mg/L; SD: 0.01mg/L 0.0Tmg/L NR spectrophotometry (AAS)
Notes. M: Median; IQR: Interquantil range; NS: Not specified; NR: Not reported; SD: Standard deviation.
*District.
**Province.
***Department.

2The article only specifies the analysis of lead, cadmium and zinc by atomic absorption spectrometry (AAS).
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Table 4. Quality assessment according to the NHLBI tool for observational cohort and cross-sectional studies

N Author Year Study design Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI0 Q11 Q12 QI3 Q14
1 Ramirez et al. 1997  Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA
2 Astete et al. 2010  Cross-sectionalstudy Yes Yes Yes Yes Yes No No NA NA NA Yes NA NA NA
3 Astete et al. 2014  Cross-sectionalstudy Yes Yes Yes Yes Yes No No NA NA NA Yes NA NA NA
4  O'Callaghanetal. 2018  Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA
5  AleMauricioetal. 2018  Cross-sectionalstudy Yes Yes Yes Yes Yes No No NA NA NA Yes NA NA NA
6 Fano etal. 2021 Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA
7 Bolisetty et al. 2021 Cross-sectionalstudy Yes Yes Yes No NR No No NA NA NA Yes NA NA NA
8 Linares et al. 2021  Cross-sectionalstudy Yes Yes Yes Yes No No No NA NA NA Yes NA NA NA
9 Fandifio et al. 2021  Cross-sectionalstudy Yes Yes Yes Yes No No No NA NA NA Yes NA NA NA
10 Pettigrew et al. 2022  Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA
n Fernandez et al. 2022  Cross-sectionalstudy Yes Yes Yes Yes No No No NA NA NA Yes NA NA NA
12 Berky et al. 2023  Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA
13 Linares et al. 2024  Cross-sectionalstudy Yes Yes Yes Yes NR No No NA NA NA Yes NA NA NA

Note. Quality assessment tool for observational cohort and cross-sectional studies. CD: Cannot determine; NA: Not applicable; NR: Not reported. Q: Question of the study

assessment tools.

Arsenic levels in water samples

Ten studies evaluated arsenic concentrations in water
sourcesintended for human consumption (Table 3), mostly
using groundwater samples (n = 3) (Choque-Quispe et
al., 2021; de Meyer et al., 2017; Malaga Apaza, 2023),
potable water (n = 1) (Fano et al., 2020), surface water (n
= 1) (Custodio et al., 2020) and unspecified sources (n =
2) (Astete et al., 2014; Delahoy et al., 2022). Additionally,
three studies analyzed arsenic levels in more than one
category of water sample, specifically groundwater and
surface water (Fernandez Jeri et al., 2022; Ferro et al., 2023;
George et al., 2014). In the study by George et al. (2014),
the reported average arsenic concentrations ranged from
12.2 pg/L in surface water samples from Junin and Lima
to 54.5 pg/L in groundwater samples from Puno (George
et al., 2014). Furthermore, in 100% and 85.71% of the
analyzed samples in Apurimac and Junin, respectively,
the values exceeded the reference levels of 0.01 ug/L
(Choque-Quispe et al., 2021; Custodio et al., 2020). The
highest arsenic levels were found in groundwater and
surface water sources. The most affected departments
included Junin (Lake Junin, major rivers and irrigation
channels) (Custodio et al., 2020), Puno (wells in Juliaca and
Caracoto) (George et al., 2014) and Apurimac (springs in
Andahuaylas) (Choque-Quispe et al., 2021). The analytical
methods used included atomic absorption spectrometry
(AAS) (n = 3) (Custodio et al., 2020; Fernandez Jeri et
al., 2022; Malaga Apaza, 2023), followed by ICP-MS (n =
3) (de Meyer et al., 2017; Delahoy et al., 2022; George et
al., 2014), inductively coupled plasma optical emission
spectrometry (ICP-OES) (n = 1) (Choque-Quispe et al.,
2021) and inductively coupled plasma atomic emission
spectrometry (ICP-AES) (n = 1) (Ferro et al., 2023), and a

qualitative colorimetric method (n =1) (Fano et al., 2020).
One additional study did not report the analytical method
used (Astete et al., 2010, 2014).

Quality assessment

Thirteen studies reporting arsenic levels in humans
were analyzed. The evaluated studies exhibited strengths
intheclarity of theresearch questions and the specification
of the study populations, receiving a «Yes» rating in these
aspects. Only three studies reported a justification of
sample size, power analysis or effect size estimations.
Details of the quality assessment are provided in Table 4.

Discussion

In this systematic review, we summarize the evidence
regarding the presence of arsenic in humans and drinking
water across 11 political-administrative regions of Peru.
Overall, variationsin arsenic levels in humans and drinking
water were dependent upon factors such as sample type,
analytical technique and the political-administrative
region in question. The highest arsenic levels in humans
were reported in Tacna, Junin and Apurimac, while for
water samples the highest concentrations were observed
in Puno, Junin, Lima, Ucayali and Tacna. These findings
contribute to strengthening knowledge regarding the
presence of this metalloid in Peru and highlight the need
for implementation of control measures, in order to
achieve the goal of Sustainable Development Goal 6.3,
the aim of which is to improve water quality through the
reduction of pollution, the elimination of discharges, and
the minimization of the release of hazardous chemicals
and materials by 2030 (United Nations, 2026).
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High arsenic exposure is a problem in several Latin
American countries, including Peru. For example, a study
in Mexico reported median urine arsenic levels ranging
from 4.8 pg/L to 18.1 ug/L (Sanchez-Rodriguez et al.,
2023), while in Ecuador the average urine arsenic level was
24.38 pg/L, with a maximum of up to 50.32 pg/L (Lam-
Vivanco et al., 2022). In Chile, arsenic levels in urine were
found to be as high as 239 pg/L, substantially exceeding
the reference value of 35 pg/L (Medel-)ara et al., 2023). In
Brazil, arsenic levels have been measured in both blood
and urine, with average urine levels of 31.5 pg/L exceeding
the reference value of 9.210 pg/L. Meanwhile, reported
arsenic levels in blood increased over the years from 3.2
pg/L to 7.2 ug/L, exceeding the reference range of 0.1 to
3.2 ug/L (Vormittag et al., 2021). Similarly, Argentina has
reported blood concentrations in two cities (Ushuaia and
Salta) with geometric means of 0.63 pg/L and 0.55 pg/L,
respectively (Xu et al., 2022). The main source of arsenic
exposure in these countries is the consumption of water
in areas with high levels of arsenic and mining activities
(Lam-Vivanco etal., 2022; Medel-Jara et al., 2023; Sanchez-
Rodriguez et al., 2023; Vormittag et al., 2021; Xu et al.,
2022).

Arsenic levels in humans in Peru

Our results indicated that arsenic levels in humans in
Peru varied according to the type of biological sample,
analytical technique and political-administrative region.
Urinary arsenic measurements should be interpreted with
caution, since the included studies did not systematically
report whether the values corresponded to total arsenic
or to specific urinary species or metabolites. This is
relevant because inorganic arsenic is the most toxic form,
and urinary measurements without chemical speciation
provide a less precise estimate of toxicologically relevant
exposure (Kuivenhoven and Mason, 2026). In addition,
the included studies did not consistently report clinical
diagnoses or symptoms compatible with arsenic
intoxication, which limits the interpretation of elevated
urinary arsenic levels in clinical terms. The highest average
arsenic levels were found in urine samples compared to
studies focused on blood, hair, nails or breast milk. This
difference may be attributed to the metabolism of arsenic
in humans. Generally, both organic forms of arsenic (e.g.,
monomethylarsonic acid and dimethylarsinic acid) and
inorganic forms (arsenite and arsenate) are excreted
through the kidneys, and their detection in urine is an
indicator of recent exposure (Lindberg et al., 2007).
Moreover, urine sampling is one of the most common
practices in epidemiological studies to detect the health
effects of arsenic exposure (Rivera et al.,, 2010), as
evidenced by the fact that seven of the 13 included human
studies employed this biological sample (Ale-Mauricio et
al., 2018; Astete et al., 2014, 2010; Fano-Sizgorich et al.,
2021; Fernandez Jeri et al., 2022; O’Callaghan-Gordo et al.,
2018; Ramirez et al., 1997). In contrast, arsenic has a short
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half-life in blood, making this study method most suitable
for identifying very recent exposure. In the case of nails
and hair, arsenic is incorporated into keratin and remains
for prolonged periods, which allows for the assessment
of long-term exposure (US National Research Council,
1999); however, these samples may be susceptible to
environmental contamination, potentially compromising
their diagnostic validity (Katz, 2019).

Another aspect influencing arsenic levels was the
analytical technique used. Most of the studies processed
samples using ICP-MS (Berky et al., 2023; Fandifio Pifieiro
et al., 2021; Fano-Sizgorich et al., 2021; Linares et al., 2024,
2021; Pettigrew et al., 2022). Notably, the highest arsenic
levels were reported in studies employing other analytical
techniques, such as ultraviolet-visible spectrophotometry
(UV-Vis) and atomic absorption spectrophotometry
(AAS) (Ale-Mauricio et al., 2018; Ramirez et al., 1997).
The choice of technique is dependent upon detection
limits and the economic resources of the laboratories
involved. Although ICP-MS is expensive, its low detection
limits compared to AAS and UV-Vis make it one of the
most sensitive techniques available (Valskys et al., 2022).
According to Bhat et al., the detection limit of ICP-MS is
lower (0.0003-1 parts per billion [ppb]) and requires a
smaller sample size (2-200 plL) compared to AAS, which
has a higher detection limit (0.0009-1 ppb) and requires
a larger sample (>1000 pL) (Bhat et al., 2023). This means
that ICP-MS is preferable for detecting ultra-low arsenic
concentrations, allowing for more precise detection
compared to other methods. Based on our findings, the
presence of high arsenic levels using techniques such as
AAS and UV-Vis might be subject to misclassification bias
or misinterpretation, due to lower sensitivity and the
difficulty in obtaining the required sample volume.

Across the different political-administrative regions of
Peru, the highest urinary arsenic levels were observed in
districts of Tacna (601.6 pg/g) (Ale-Mauricio et al., 2018),
Junin (424 pg/L) (Ramirez et al., 1997), and Apurimac
(ranging from 36.7 pug/L to 58.6 pug/L) (Astete et al., 2010).
In Ica, arsenic levels in blood of 1.36 pg/L were reported
(Linares et al., 2021). In Madre de Dios, the median arsenic
concentration in nails was 177 ng/g, reaching maximum
values of up to 1260 ng/g (Pettigrew et al., 2022).
Additionally, a study conducted on women and newborns
in Madre de Dios reported mean arsenic levels of 0.64 ug/L
in maternal blood and 0.61 pg/L in umbilical cord blood
(Berky et al., 2023), while a study of lactating women in Ica
reported an arsenic level of 0.73 ug/L (Linares et al., 2024).
Moreover, a study in Pasco reported arsenic levels of 0.47
mg/kg in hair, exceeding the reference value of 0.20 mg/
kg (Fandifio Pifieiro et al., 2021). While arsenic levels were
found to vary according to the study population and
sample type, this may be dependent upon the exposure
source. In Apurimac, Pasco and Madre de Dios, the main
exposure source is artisanal mining, which produces both
environmental contamination and the contamination of
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groundwater used for human consumption (Gerson et
al., 2022). This is relevant, since arsenic absorption occurs
mainly through gastrointestinal and respiratory routes,
as well as dermal absorption (Mohammed Abdul et al.,
2015). In Tacna, elevated arsenic levels in drinking water
are attributed to the dissolution of arsenic in volcanic soils
and agricultural activities (Mori Sosa et al., 2025), while in
Junin occupational exposure, such as in metallurgy, is the
main source of arsenic exposure (Castillo Ungaro & Pulido
Capurro, 2024).

In addition to exposure sources, arsenic metabolism
and susceptibility may also be influenced by host-related
factors such as genetics, age, nutritional status and
underlying health conditions. Children may be particularly
vulnerable, because arsenic metabolism can differ from
that in adults and exposure during early life occurs
during critical developmental periods. Also, inadequate
nutritional status, including deficiencies in nutrients
involved in one-carbon metabolism and essential trace
elements, may impair arsenic methylation and increase
toxicity (Skroder Loveborn et al., 2016). For example,
an earlier systematic review reported the presence of
polymorphisms in arsenic methyltransferase (AS3MT),
glutathione S-transferase (GST) and carbon metabolism
genes in Latin American populations that may modulate
arsenic metabolism (McClintock et al., 2012). However, the
presence of this characteristic in Peru remains uncertain.
Clinically, exposure to elevated arsenic levels in humans
(from 20 pg/L onward) is associated with increased
mortality and cardiovascular disease incidence, exhibiting
a dose-response relationship (Moon et al., 2017). Given the
values reported in our systematic review, it is imperative
that more rigorous control measures be implemented
in order to reduce elevated arsenic levels and prevent
potential health consequences. It should also be noted
that international evidence has identified foods such as
rice and crops irrigated or prepared with contaminated
water as potential complementary sources of exposure
(Harine et al., 2021).

The issue of elevated arsenic concentrations in water
in Latin American countries, such as Argentina, Chile,
Colombia and Mexico, constitutes a significant public
health concern. In Colombia, in surface water sources
in the Magdalena-Cauca basin, arsenic concentrations
exceeding 10 pg/L have been reported (Pedraza and
Espinosa Ramirez, 2021). In Argentina, groundwater
arsenic concentrations of up to 4.5 mg/L (Marchetti et
al., 2021) have been recorded, while in potable water
concentrations as high as 200 ug/L have been reported
(Navoni et al., 2012). In two municipalities in Mexico (San
Pedro and Lerdo) with high arsenic exposure, the median
concentrations were found to be 21.0 ug/L-1and 67.2 ug/
L-1in groundwater, and 16.8 pg/L-1 and 42.2 pg/L-1in
potable water (Sanchez-Rodriguez et al., 2023). In Chile,
arsenic levels in surface water were found to be as high
as 0.860 mg/L, although these were reduced to 0.005

mg/L through the work of treatment plants (Ruffino et al.,
2022). In some settings, elevated arsenic concentrationsin
groundwater may also be influenced by hydrogeochemical
changes associated with intensive groundwater
extraction, which can favor arsenic mobilization from
aquifer materials (Rahaman et al., 2021).

Arsenic levels in drinking water samples in Peru

According to our results, in the Peruvian context
arsenic levels in drinking water vary according to water
source, analytical technique and political-administrative
region. In the case of water source, most studies (i.e., six of
the ten studies included in this review) used groundwater
samples to determine arsenic levels (Choque-Quispe et
al., 2021; de Meyer et al., 2017; Fernandez Jeri et al., 2022;
Ferroetal., 2023; George et al., 2014; Malaga Apaza, 2023).
Notably, the highest arsenic concentrations were found
in these samples, followed by surface water samples
(George et al., 2014; Malaga Apaza, 2023). Natural
geogenic conditions and anthropogenic activities such as
mining and agriculture may promote the mobilization of
arsenic from soils, sediments and mineralized materials
into groundwater and surface water. In this context,
contamination of water sources intended for human
consumption constitutes a relevant pathway of exposure
for the population (Pal et al., 2009a; Rahaman et al.,
2021). Groundwater is one of the main sources of water
for human consumption, and arsenic mobilization in
these systems may be influenced by hydrogeochemical
conditions such as pH, redox status and groundwater
flow dynamics. In addition, in some settings, water
table decline and other hydrologic changes associated
with groundwater extraction may favor the release into
groundwater of arsenic retained in aquifer sediments (Pal
etal., 2009b).

Exposure to arsenic-contaminated groundwater
has been linked to various chronic diseases (Fatoki and
Badmus, 2022). Given the importance of groundwater to
human health, the WHO promotes strategies to improve
its quality (Schmoll et al., 2006); however, regions
including South America continue to report elevated
groundwater arsenic levels (>10 pg/L), consistent with
the findings of this systematic review (Yadav et al., 2021).
In the case of surface water, samples originate from rivers,
lakes or channels that may be exposed to anthropogenic
activities such as artisanal gold mining (Custodio et al.,
2020; Fernandez Jeri et al., 2022; Ferro et al., 2023; George
etal., 2014).

Analytical techniques also affect arsenic level results
in water samples. In general, most studies employed ICP-
MS and AAS (Custodio et al., 2020; de Meyer et al., 2017;
Delahoy et al., 2022; Fernandez Jeri et al., 2022; George et
al., 2014; Malaga Apaza, 2023), while some used methods
such as qualitative colorimetry (Fano et al., 2020), ICP-
OES (Choque-Quispe et al., 2021), and ICP-AES (Ferro
et al., 2023). The highest arsenic levels were reported in
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studies using ICP-MS and AAS techniques (Custodio et
al., 2020; Fernandez Jeri et al., 2022; George et al., 2014;
Malaga Apaza, 2023). According to Bhat et al., ICP-MS is
the technique of choice for water sample analysis, due
to its low detection limits. But, although ICP-MS is the
preferred method, AAS is often used, by virtue of its cost-
benefit relationship compared to ICP-MS (Bhat et al.,
2023). Asin the analysis of human samples, the use of ICP-
MS for detecting arsenic levels in water in most studies
contributes to a reduction in misclassification bias and
misinterpretation, thereby increasing the internal validity
of the findings.

Across the different political-administrative regions
of Peru, the highest arsenic levels were observed in Puno,
Junin, Lima, Ucayali and Tacna. In this context, it was
reported that 86% and 56% of samples in Puno exceeded
the reference limit, while 50% of samples in regions such
as Junin and Lima had values above the reference level
(George et al., 2014). Another study that analyzed surface
water samples in Junin showed that 85.7% of river, lake
and canal samples had arsenic levels above the reference
value (Custodio et al., 2020). In Tacna, in 70% of drinking
water samples levels above 25 pg/L were recorded (Fano
et al., 2020), while in Apurimac, 100% of the samples
were found to exceed 0.010 mg/L (Choque-Quispe et
al., 2021). Similarly, in Tacna, 70% of samples surpassed
the permissible limits for arsenic (Fano et al., 2020).
While arsenic levels vary between different political-
administrative regions, most exceed WHO reference
values (WHO, 2022b). A possible explanation for these
findings is that these regions are consistently exposed
to arsenic-generating activities such as artisanal mining,
lack of access to quality water supplies, and volcanic ash
emissions resulting from tectonic movements (George et
al., 2014).

In Peru, water quality controlis an essential measure for
the surveillance and verification of arsenic contamination,
but it does not by itself reduce population exposure. For
example, Peru’s Drinking Water Quality Regulations
include maximum permissible arsenic limits (Ministry
of the Environment, 2017), which are aligned with WHO
recommendations (United Nations Children's Fund and
WHO, 2018). However, the effectiveness of reduction
of exposure is dependent upon the implementation of
treatment, remediation and safe water supply measures, in
addition to water safety and monitoring plans (Autoridad
Nacional del Agua, 2015). In a recent study in the province
of Pisco, Peru, in water passed through activated carbon
filters impregnated with iron (AC-Fe), arsenic levels were
reduced from 14 pg/L to levels recommended by the WHO
(i.e., below 10 pg/L) (Chavez and Ruffner, 2024). In order
to ensure access to good quality drinking water for all
affected populations, it will be necessary to strengthen
infrastructure and improve oversight throughout the

Adama Victorio, R. L. et al.

country. Collaboration between government, non-
governmental organizations and academia will be crucial,
if this problem is to be effectively addressed.

Several possible limitations in this systematic review
could potentially influence interpretation of the results.
The selected studies may be subject to selection bias,
which could affect the representativeness of their
findings. The included studies might not have covered all
the regions or populations exposed to arsenic, in both
humans and in drinking water. This is due principally to a
lack of available data and studies in geographically hard-
to-reach areas, possibly resulting in an incomplete picture
of the scope of the problem throughout Peru. Although
an exhaustive search was conducted across multiple
databases, analysis of a total of 21 studies may limit the
generalizability of the results. Another significant limiting
factor is the lack of data available for some Peruvian
departments, which could mean that the true magnitude
of the problem is being underestimated, particularly
in the case of rural or remote areas where research and
monitoring resources are severely limited. Additionally,
variations in the analytical methods used among the
reviewed studies, such as sampling procedures and arsenic
measurement techniques, may also have influenced the
results, hindering a homogeneous comparative analysis
of the data. For instance, in different studies ICP-MS,
ICP-AES and, AAS methods were selected for use,
making standardization of data analysis difficult. These
limitations should be considered when evaluating the
findings of this review, and they also highlight the need
for future research incorporating a broader and more
representative approach.

Conclusion

Our study highlights the critical importance of
addressing arsenic exposure in Peru. Elevated arsenic
concentrations in water sources for human consumption,
together with evidence of increased arsenic levels in
human biomarkers, constitute a significant public health
concern in Peru. This concern is of particular relevance
in regions where elevated levels have been documented,
including Tacna, Ucayali, Puno, Junin, Apurimac, Madre de
Dios and Pasco, and may be associated with a combination
of geogenic conditions and anthropogenic activities such
as mining, metallurgy and agriculture. It is essential that
effective mitigation and control strategies for arsenic
in both humans and drinking water be established, as
these are crucial for the preservation of public health.
Furthermore, it is imperative that government policies
ensure the implementation and strict enforcement of
rigorous regulatory frameworks, alongside continuous
monitoring of arsenic levels in water, in order to ensure
that they remain within the limits established by health
authorities.
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