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Water Pollution and Children’s Health!?

Aikaterini Ntokou?, Sofia Kapeni*, Armandos Papadimitriou®,
Katerina Lefkidou® & Sofia-loanna Tsalopoulou’

Abstract

Water is the basic element for human survival and plays an important role to sustainable and socio-economic
development, energy and food production, the preservation of healthy ecosystems. However, it is neglected,
misused and undervalued as society does not protect it from various threats, climate change and pollution.
The latter has affected freshwater sources, followed by an impact to children, as they are extremely sensitive
to pollution. Most relevant water contaminants that affect are lead, pesticides, arsenic, perchlorate and
nitrates. Addressing the problem and its components, the next step is to give answers to the issue outlining
best practices and useful policy recommendations.

Key Words: water pollution, water scarcity, water contaminants, children’s health, climate change.

Introduction

One of the most basic human rights is access to safe water, sanitation and hygiene, which is, also, an
important need for health and well-being. Factors, such as rapid population growth, urbanization and
increasing demand for water from all sectors (agriculture, industry, energy) are influencing the
exacerbation of the rising water demand (UN, 2023). According to UNESCO, one in three people
don’t have access to drinking water (WHO, 2019) and 1.8 million deaths are caused by water pollution

annually. Environmental pollution is an underrecognized threat to children’s health (Suk et al., 2016).

In spite of the size of the problem, international development and global health agendas do not address
it with the same value (Landrigan et al., 2019). The purpose of this policy brief is to address the issue
of water scarcity and pollution to children’s health and to share and promote the best practices and

recommendations from the experts.
Water Scarcity and Water Pollution

Water scarcity is a constantly growing problem and it can be defined relatively as the amount of water

that cannot be physically accessed easily as supply, therefore its demand for population changes,
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increases and/or as water supply is affected by decreasing quantity or quality (UN, n.d.).

On the other hand, water pollution is when water is contaminated by different sources, mostly polluted
substances such as chemicals, trash, bacteria, and parasites, which make the water unusable for
drinking, cooking, cleaning, swimming, and other activities. It is notable that pollution in any form
eventually ends up in water. Pollutants from air might settle onto lakes and oceans and from land
could make into an underground stream, following a river, and finally to the ocean. As a consequence,

waste materials can eventually contaminate the water nearby (Last, 2007).
Why is water scarcity an issue?

On the one hand, the efficiency of water use has risen by 9% and between the years 2015 and 2022,
access to safe drinking water increased from 69% to 73%. However, many countries still face
problems with water stress -2.4 billion people lived in those in 2020 (UN, 2023)- and water scarcity
-half of the world’s population is already threatened at least one month a year (WMO, 2022).
Therefore, the UN concerns that this number will quadruple unless effective actions are made to
tackle these tremendous results of climate change (UN, 2023). Respectively, limiting global warming
from 2°C to 1.5°C would approximately decrease by half the percentage of the world population
expected to suffer from water scarcity (Douville et al. 2021).

Freshwater, essential for humans and ecosystems, is menaced by the sea-level rise, therefore the
extended salinization of groundwater (Bates et al. 2008). Furthermore, food supply would suffer from
water scarcity, as agriculture uses about 70% of global freshwater on average. To understand the
impact of water in food supply in numbers, FAO estimates that 1kg of cereal requires 1 and 3 tons of
water to grow, a kilogram of beef takes up to 15 tons and the production of daily food needs between
2.000 and 5.000 liters. In the last 30 years, there has been an enormous increase (more than 100%) of
food production and by 2050 the need for food will rise up to 60% (FAO, 2017).

Why is water pollution an issue?

Clean water is not something to take for granted considering the fact that climate change is affecting
the supply of water on Earth, which only 0.5% is usable and available freshwater (WMO, 2021). In
the previous year, 2.2 billion people didn’t have access to safely managed drinking water, 703 million
people didn’t have a basic water service, 3.5 billion people were living in environments that lacked
safely managed sanitation and 1.5 billion of those were without basic sanitation services. Moreover,
2 billion couldn’t wash their hands in a facility and 653 million didn’t have a handwashing facility at
all (UN, 2023).
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Climate change has aroused extreme and severe weather events that impact the water supply and
quality (Caretta, et al. 2022). Rising global temperatures affect the moisture of the atmosphere,
resulting on the one hand in storms and heavy rains, followed by floods, which in that case remote
rivers are not safe as water resources (FAO, 2017; World Bank, 2021). Since 2000 rain-generated
floods have increased by 134%, with most of person and economic losses recorded in Asia (WMO,
2021). On the other hand, global warming provokes drought risk because of the intense dry spells and
water evaporation (World Bank, 2021). The number and duration of droughts also increased by 29%
compared with the two previous decades, with most drought-related deaths in Africa (WMO, 2021).
Water quality is affected by frequent floods and droughts and it is projected to exacerbate many forms

of water pollution — from sediments to pathogens and pesticides (Bates et al. 2008).

Sources of water contamination are runoff from farms, ranches, animal feeding operations (large
industrial animal farms), manufacturing operations, excessive use of fertilizers, pesticides and
chemicals that can impact the water quality of rivers, lakes, water and groundwater (Etzel & Balk,
2019), sewer overflows, storm water, rocks and soil that naturally have chemicals and minerals such
as arsenic, radon, and uranium, cracks in water pipes or other problems in the distribution system
(CDC, 2022).

Who is vulnerable to water pollution?

Among the most vulnerable population to get sick from germs and chemicals in water are infants and
young children (CDC, 2022). Children consume more food and water in proportion to their body
weight and thus, they are more likely to be exposed to contaminated water (Galvez & Balk, 2017). In
addition, since their metabolic and organ systems are still developing, they are at risk of coming in
contact with or ingesting chemicals when they are eating, putting objects in their mouth or crawling
(Paulson & Council on Environmental Health, 2011). In 2016, pollution in air, water, soil and from
chemicals caused 940,000 deaths in children worldwide, two-thirds of them in children under 5 years
old. Main reasons were respiratory and gastrointestinal diseases caused by polluted air and water
(Landrigan et al, 2019). Every year, 297.000 children under the age of 5 years die because of diarrhea
linked to inadequate handwashing. Diseases such as cholera, dysentery, hepatitis A, and typhoid are
associated with poor sanitation and contaminated water, too (WHO, 2019).

People familiar to children, healthcare professionals and parents, should be informed about the
possible pollutants and their effects for the purpose of protecting the health of their children. As

follows, it is important to explain the most relevant water contaminants that affect children’s health,
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which are lead, pesticides, arsenic, perchlorate and nitrates (Bantol et al., 2020), their health effects,

with the intention of suggesting policy recommendations.
Water Contaminants
Lead exposure

First of all, lead exists in various sources, such as drinking water, playing with toys, jewelry, antiques
or in fields with contaminated dust or soil, getting in contact with paint chips and dust from lead paint
in buildings and homes built before 1978 and in some candy and candy wrappers (National Center
for Environmental Health, 2022). Drinking water contaminated with lead is due to plumbing materials
that contain lead corrode (in pipes, faucets, fictures). Lead absorption is associated with low levels of
calcium, iron, and zinc in blood among infants aged 6 and 12 months and in adults during periods of
calcium deficiency stored lead into blood is affecting both maternal and fetal blood lead levels (BLLS)
(National Toxicology Program, 2012). If the level of lead in a child's blood is at or above the CDC
action level of 3.5 micrograms per deciliter, it may be due to lead exposures from a combination of
sources (EPA, 2023).

EPA estimates that up 20% or more of one’s total exposure to lead can be drinking water and for
infants who consume mostly mixed formula, the percentage reaches 40% to 60% of their exposure to
lead from drinking water (EPA, 2023). Children in school and child care settings might be exposed
to lead as, unfortunately, in most facilities, lead testing in drinking water is not required by law,
thereby protecting them from lead in water varies across countries (GAO, 2020). Some of the serious
dangers of lead exposure are damage to the brain and nervous system, slowed growth and
development, learning and behavior problems, hearing and speech problems. Additionally, even low
levels of lead in the blood of children can result in behavior and learning problems (Shadbegian et al.

2019), lower 1Q and hyperactivity, slowed growth, hearing problems and anemia (EPA, 2023).
Pesticides

Pesticides are reagents for protecting crops against harmful pests, insect-borne diseases in humans
and increased the quality and quantity of food. However, their excessive use raised issues on affecting
the environment, including water resources. Pesticides occur in soils and streambed sediment,
groundwater and surface water due to agricultural activities, urban use and pesticide production
factories (Syafrudin et al., 2021). 1 billion pounds of pesticides is applied annually to agricultural
land, non-crop land, and urban areas throughout the United States (Water Science School, 2018).

People may be exposed to pesticides from food (insecticides, herbicides, fungicides) and in some
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water supplies where there are still running by conventional drinking water treatment technologies
(Bantol et al., 2020).

Pesticide contamination in acute ratio might lead to symptoms, such as nausea, vomiting, eye
irritation, coughing, shortness of breath (Galvez & Balk, 2017) and long-term exposure to low
concentration has results in non-carcinogenic health risks (Syafrudin et al., 2021). Exposure to
pesticides during pregnancy is associated with miscarriages, birth defects, such as gastroschisis (Shaw
et al., 2014), urogenital and nervous systems’ malformations, childhood cancer (risk of lymphomas,
leukemia, bone tumor), neurobehavioral disorders (Matysiak et al., 2016), musculoskeletal
development, poor cognitive function in school-aged children, lower scores on tests that require
working memory, reasoning, comprehension and low 1Q among agricultural families (Bouchard et
al., 2011).

Arsenic

Arsenic is a widely metalloid found in soils, rocks, food, water and air that can be released through
natural (volcanic eruptions, groundwater) and human (mining, commercial use) processes (CDC,
2018). Exposure to inorganic arsenic could cause cancer in skin, lungs, urinary bladder, kidney and,
possibly, liver. Symptoms of acute poisoning are vomiting, abdominal pain and diarrhea, followed
by numbness, tingling of the extremities, muscle cramping and death, in extreme cases. Moreover,
effects after a long period of time could be skin pigmentation changes, skin lesions, hard patches on
the palms and soles of the feet (hyperkeratosis), and adverse health effects may be developmental
effects, diabetes, pulmonary disease and cardiovascular disease. Regarding children, arsenic is
associated with adverse pregnancy outcomes, infant mortality (Quansah et al., 2015), increased
mortality in young adults due to multiple cancers, lung disease, heart attacks and kidney failure
(Farzan et al., 2013), problems with cognitive development, intelligence and memory (Tolins et al.,
2014).

Perchlorate and Nitrate

Perchlorate and nitrate are common environmental pollutants in daily life. The former appears in
military operations, explosives, fireworks, and notably high in drinking water and food (Nizinski et
al., 2020). The latter is used as agricultural fertilizers, preservatives in processed meats and in
contaminated water and leafy vegetables (Ward et al., 2018). Consequences of exposure to
perchlorate and nitrate are perturbed thyroid homeostasis by lack of iodine uptake (Pleus & Corey,
2018), reproductive problems as urinary perchlorate and nitrate levels may relate to serum total
testosterone levels in specific sex-age groups (Han et al., 2023). Evidence also showed that mothers
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with thyroid problems due to perchlorate levels had high risk of having a child with lower 1Q at 3
years old (Taylor et al., 2014).

Policy Recommendations and Conclusions

The quality and adequate quantity of water is one of the principal challenges our world face that
threatens human health, limits food production, disturbs ecosystem functions and menaces economic
growth. Water scarcity along with pollution of freshwater resources have a greater impact that might
lead to an untreated situation. Pollution has a tremendous impact on children’s health and the global
burden of pediatric disease is still unknown. Also, chemical exposure and potential toxicity is
underestimated. In order to understand the occurrence and association of pediatric NCDs and
pollution, as well as the health effects, it is essential to invest in research to define new chemical

pollutants, their characteristics and their associations to diseases (Landrigan et al. 2019).

Prevention is the key to pollution and it can be an opportunity to ameliorate children's health and
prevent possible diseases (Landrigan et al. 2019). Collectively and individually, we have the duty to
diminish this problem by taking the right actions, widely known from the professionals. Some

solutions that can manage the danger from climate change are:

) Plan, implement and evaluate water management policies for healthy aquatic
ecosystems aiming at lower greenhouse gas emissions and protection against climate hazards
(Water and Climate Coalition).

° Nature based solutions to reduce greenhouse gas emissions and protect from extreme
weather events, such as wetlands (mangroves, seagrasses, marshes, swamps) which are highly
effective at absorbing and storaging of CO2, excess water from storms and precipitation
(UNEP, n.d.)

° Invest in early warning systems for floods, droughts and other water-related hazards
to reduce disaster risk (30% less damage after a 24-hour warning of a coming storm) (WMO,
2022).

° Invest and use of water supply and sanitation systems (ex. filter certified to reduce
chemicals, lead, reverse osmosis or anion exchange for perchlorate and nitrates treatment) and
facilities that can withstand climate change (Mountford et al., 2018; Maffini et al., 2016).

° Use of climate-smart agriculture means (drip irrigation) (UNEP, n.d.).

° Invest in implementing programs for the protection and restoration of water-related

ecosystems and hygiene education (EPA, 2023c)
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° Regarding children’s protection from chemicals’ exposure, healthcare professionals
(pediatricians, specialized nurses, health visitors) could play an important role in the
prevention of drinking contaminant water, with regular recommendations, consultations and
providing educational resources to children’s parents (EPA, 2023b).

° National, local and community leaders should strengthen communication systems to
improve access to information regarding water pollution and quality with civil society (Scharp
etal., 2019).

) Water-service providers (public and private) could develop and manage drinking-
water safety plans to meet drinking-water standards and safeguard supplies against potential
risks (Scharp et al., 2019).

° Construction services should cooperate with water-service providers and public health
specialists with the aim of investigation, surveillance and management of water utility services
in buildings constructed before 1978, especially schools, due to high risk of lead and pesticide
pollution (National Center for Environmental Health, 2022).

° Educate and engage the community members to understand the risks of chemicals,
exposure, their sources (crops, cooking water) (WHO, 2022).

° High-risk populations should be monitored. Although children with lead in their blood
may seem healthy and have no visible signs or symptoms, CDC recommends blood testing at
the age of 12 and 24 months (CDC, 2022). Usually, skin problems might be early signs of
arsenic poisoning (WHO, 2022).

° Install arsenic removal systems — either centralized or domestic — and ensure the
appropriate disposal of the removed arsenic. Technologies for arsenic removal include
oxidation, coagulation-precipitation, absorption, ion exchange and membrane techniques.

° Reduce occupational exposure from industrial processes.

° Independent surveillance agencies could be responsible to assess the relationships and
performance of sector institutions (ex. schools) in meeting health-based targets (Scharp et al.,
2019).

° Decision makers should advocate on policy and regulatory reforms regarding water
quality and protection. Also, civil society should force decision makers to advocate about
those matters (Scharp et al., 2019).

References

Bantol, K. E. A., Brumberg, H. L., Shah, S. I., & Javier, J. R. (2020). Perspectives from the Society for Pediatric
Research: contaminants of water and children's health: Can we do better? Pediatr Res, 88(4), 535-543.

Bates, B.C., Z.W. Kundzewicz, S. Wu and J.P. Palutikof, Eds., (2008). Climate Change and Water. Technical Paper

vol. 4| no. 2 | December 2023 14



HAPSc Policy Briefs Series ISSN: 2732-6578 (print version) 2732-6586 (online)

of the Intergovernmental Panel on Climate Change, IPCC Secretariat, Geneva, pp. 210.

Caretta, M.A., A. Mukherji, M. Arfanuzzaman, R.A. Betts, A. Gelfan, Y. Hirabayashi, T.K. Lissner, J. Liu, E. Lopez
Gunn, R. Morgan, S. Mwanga, and S. Supratid (2022). Water. In: H.-O. Portner, D.C. Roberts, M. Tignor,
E.S. Poloczanska, K. Mintenbeck, A. Alegria, M. Craig, S. Langsdorf, S. Loschke, V. Mdller, A. Okem,
B. Rama (eds.). Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, UK and New York, NY, USA, pp. 551-712.

Centers for Disease Control and Prevention (2018). Case Studies in Environmental Medicine. Available at:
https://www.atsdr.cdc.gov/csem/csem.html (Accessed: 15/11/2023).

Centers for Disease Control and Prevention, National Center for Emerging and Zoonotic Infectious Diseases
(NCEZID), Division of Foodborne, Waterborne, & Environmental Diseases (DFWED) (2022). Water
Contamination and Diseases. Centers for Disease Control and Prevention. Available at:
https://www.cdc.gov/healthywater/drinking/contamination.html (Accessed: 15/11/2023).

Centres for Disease Control and Prevention. (2022). Blood Lead Levels in Children. Available at:
https://www.cdc.gov/nceh/lead/prevention/blood-lead-levels.htm (Accessed: 10/11/2023).

Douville, H., Raghavan, K., Renwick, J., Allan, R. P., Arias, P. A., Barlow, M., Cerezo-Mota, R., Cherchi, A., Gan,
T.Y., Gergis, J., Jiang, D., Khan, A., Mba, W. P., Rosenfeld, D., Tierney, J. and Zolina, O. (2021). Water
cycle changes. In: Masson-Delmotte, V. P., Zhai, P., Pirani, A., Connors, S. L., Péan, C., Berger, S., Caud,
N., Chen, Y., Goldfarb, L., Gomis, M. I., Huang, M., Leitzell, K., Lonno, E., Matthews, J. B. R., Maycock,
T. K., Waterfield, T., Yelekgi, O., Yu, R. and Zhou, B. (eds.) Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to 45 the Sixth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press, Cambridge, UK, pp. 1055-1210.

Environment Protection Agency (2023a). Basic Information about Lead in Drinking Water. Available at:
https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water
(Accessed: 10/11/2023).

Environment Protection Agency (2023b). Actions to Reduce Potential Lead Exposure. Available at:
https://www.epa.gov/lead/actions-reduce-potential-lead-exposure (Accessed: 15/11/2023).

Environment Protection Agency (2023c). Ten Tips to Protect Children from Pesticides and Lead Poisoning.
https://www.epa.gov/safepestcontrol/ten-tips-protect-children-pesticides-and-lead-poisoning  (Accessed:
15/10/2023).

Etzel, R. A., & Balk, S. J. (2019). Drinking Water. In Pediatric Environmental Health (Vol. 4th Edition, pp. 277—
291). American Academy of Pediatrics.

FAO. (2017). Water for sustainable food and agriculture a report produced for the G20 presidency of Germany.
Rome.

Farzan, S. F., Karagas, M. R., & Chen, Y. (2013). In utero and early life arsenic exposure in relation to long-term
health and disease. Toxicology and applied pharmacology, 272(2), 384-390.

Galvez, M. P., & Balk, S. J. (2017). Environmental Risks to Children: Prioritizing Health Messages in Pediatric
Practice. Pediatr Rev, 38(6), 263-279.

GAO. (2020). Child Care Facilities: Federal Agencies Need to Enhance Monitoring and Collaboration to Help
Assure Drinking Water is Safe from Lead. Available at: https://www.gao.gov/products/gao-20-597
(Accessed: 15/11/2023).

Han, Y., Li, D., Zou, C., Li, Y., & Zhao, F. (2023). Effects of perchlorate, nitrate, and thiocyanate exposures on
serum total testosterone in children and adolescents. Science of The Total Environment, 861, 160566.

Landrigan, P. J., Fuller, R., Fisher, S., Suk, W. A., Sly, P., Chiles, T. C., & Bose-O'Reilly, S. (2019). Pollution and
children's health. Science of The Total Environment, 650, 2389-2394.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2018.09.375

Last, J. M. (2007). A Dictionary of Public Health. Oxford: Oxford University Press.

Maffini, M. V., Trasande, L., & Neltner, T. G. (2016). Perchlorate and diet: human exposures, risks, and mitigation
strategies. Current environmental health reports, 3, 107-117.

vol. 4| no. 2 | December 2023 15



HAPSc Policy Briefs Series ISSN: 2732-6578 (print version) 2732-6586 (online)

Matysiak, M., Kruszewski, M., Jodlowska-Jedrych, B., & Kapka-Skrzypczak, L. (2016). Effect of prenatal exposure
to pesticides on children's health. Journal of Environmental Pathology, Toxicology and Oncology, 35(4).

Mountford, H., Corfee-Morlot, J., McGregor, M., Banaji, F., Bhattacharya, A., Brand, J., Colenbrander, S., & Stern,
N. (2018). Unlocking the inclusive growth story of the 21st century: Accelerating climate action in urgent
times. Global Commission on the Economy and Climate.

National Center for Environmental Health. (2022). Prevent Children’s Exposure to Lead. Centers for Disease
Control and Prevention. Available at: https://www.cdc.gov/nceh/features/leadpoisoning/index.html
(Accessed: 13/11/2023).

National Toxicology Program. (2012). United States Department of Health and Human Services. NTP Monograph
on Health Effects of Low-Level Lead.

Nizinski, P., Blazewicz, A., Konczyk, J., & Michalski, R. (2021). Perchlorate—properties, toxicity and human health
effects: an updated review. Reviews on Environmental Health, 36(2), 199-222.

Paulson, J. A., & Council on Environmental Health. (2011). Chemical-Management Policy: Prioritizing Children's
Health. Pediatrics, 127(5), 983-990.

Pleus, R. C., & Corey, L. M. (2018). Environmental exposure to perchlorate: a review of toxicology and human
health. Toxicology and applied pharmacology, 358, 102-109.

Quansah, R., Armah, F. A., Essumang, D. K., Luginaah, I., Clarke, E., Marfoh, K., Cobbina, S. J., Nketiah-
Amponsah, E., Namujju, P. B., & Obiri, S. (2015). Association of arsenic with adverse pregnancy
outcomes/infant mortality: a systematic review and meta-analysis. Environmental health perspectives,
123(5), 412-421.

Scharp C., Sargsyan H., Polo F. 2019. UNICEF Policy Brief: Mitigating arsenic in drinking water. UNICEF.

Shadbegian, R., Guignet, D., Klemick, H., & Bui, L. (2019). Early childhood lead exposure and the persistence of
educational consequences into adolescence. Environmental research, 178, 108643.

Shaw, G. M., Yang, W., Roberts, E., Kegley, S. E., Padula, A., English, P. B., & Carmichael, S. L. (2014). Early
pregnancy agricultural pesticide exposures and risk of gastroschisis among offspring in the San Joaquin
Valley of California. Birth Defects Res A Clin Mol Teratol, 100(9), 686-694.

Suk, W. A., Ahanchian, H., Asante, K. A., Carpenter, D. O., Diaz-Barriga, F., Ha, E.-H., Huo, X., King, M.,
Ruchirawat, M., & da Silva, E. R. (2016). Environmental pollution: an under-recognized threat to children’s
health, especially in low-and middle-income countries. Environmental health perspectives, 124(3), A41-
A45.

Syafrudin, M., Kristanti, R. A., Yuniarto, A., Hadibarata, T., Rhee, J., Al-Onazi, W. A,, Algarni, T. S., Almarri, A.
H., & Al-Mohaimeed, A. M. (2021). Pesticides in Drinking Water-A Review. Int J Environ Res Public
Health, 18(2).

Taylor, P. N., Okosieme, O. E., Murphy, R., Hales, C., Chiusano, E., Maina, A., Joomun, M., Bestwick, J. P., Smyth,
P., Paradice, R., Channon, S., Braverman, L. E., Dayan, C. M., Lazarus, J. H., & Pearce, E. N. (2014).
Maternal perchlorate levels in women with borderline thyroid function during pregnancy and the cognitive
development of their offspring: data from the Controlled Antenatal Thyroid Study. J Clin Endocrinol
Metab, 99(11), 4291-4298.

The World Bank (2021). Floods and Droughts: An EPIC Response to These Hazards in the Era of Climate Change.
Available at:  https://www.worldbank.org/en/news/feature/2021/06/17/floods-and-droughts-an-epic-
response-to-these-hazards-in-the-era-of-climate-change (Accessed: 22/10/2023).

Tolins, M., Ruchirawat, M., & Landrigan, P. (2014). The developmental neurotoxicity of arsenic: cognitive and
behavioral consequences of early life exposure. Annals of global health, 80(4), 303-314.

UN Environment Program. Nature for Climate Action. Available at:
https://wedocs.unep.org/xmlui/bitstream/handle/20.500.11822/35360/NatClim.pd (Accessed:
11/11/2023).

United Nations (2023). The Sustainable Development Goals Report - Special edition. Available at:
https://unstats.un.org/sdgs/report/2023/The-Sustainable-Development-Goals-Report-2023.pdf (Accessed:
15/11/2023).

vol. 4 | no. 2 | December 2023 16



HAPSc Policy Briefs Series ISSN: 2732-6578 (print version) 2732-6586 (online)

Ward, M. H., Jones, R. R., Brender, J. D., De Kok, T. M., Weyer, P. J., Nolan, B. T., Villanueva, C. M., & Van
Breda, S. G. (2018). Drinking water nitrate and human health: an updated review. International journal of
environmental research and public health, 15(7), 1557.

Water Science School (2018). Pesticides in Groundwater. U.S. Geological Survey. Available at:
https://www.usgs.gov/special-topics/water-science-school (Accessed: 12/11/2023).

World Health Organization (2022). Arsenic. Available at:  https://www.who.int/news-room/fact-
sheets/detail/arsenict#tcms (Accessed: 11/11/2023).

World Meteorological Organization (2022). Early Warning systems must protect everyone within five years.
Available at: https://public.wmo.int/en/media/press-release/%E2%80%8Bearly-warning-systems-must-
protect-everyone-within-five-years (Accessed: 15/11/2023).

World Meteorological Organization (2021). Wake up to the looming water crisis, report warns. Available at:
https://public.wmao.int/en/media/press-release/wake-looming-water-crisis-report-warns (Accessed:
11/11/2023).

World Meteorological Organization (2022). Protect our people and future generations: Water and Climate Leaders
call for urgent action. Available at: https://public.wmo.int/en/media/press-release/protect-our-people-and-
future-generations-water-and-climate-leaders-call-urgent (Accessed: 15/11/2023).

vol. 4| no. 2 | December 2023 17


http://www.tcpdf.org

