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From Mines To Medicines: The
Role Of Community
Pharmacists In Protecting
Populations Near Phosphate
Mining Sites

Abstract

Phosphate mining is a source of fertilizer production; but particulate matter,
silica, fluoride, heavy metals, radionuclides, and other contaminants can be
released into the air, water, soil, and food-chain pathways during phosphate
extraction, beneficiation, phosphoric acid manufacture, and phosphogypsum
disposal. This narrative review outlines the community health impacts of
phosphate mining and examines the potential contribution of community
pharmacy to the protection of populations of those living near mining and
processing sites. The literature was sorted out from PubMed, Scopus, Web
of Science, and Google Scholar, primarily from 2015 to 2026, and some
former basic works were also selected. Narrative synthesis was conducted on
the routes of exposure, priority contaminants, health outcomes, vulnerable
groups, and interventions to be offered by the pharmacy. Chronic low-level
exposure can occur in communities around the phosphogypsum stacks,
phosphogypsum processing plants, tailings, and phosphate mines via
inhalation, ingestion, dermal contact, and the food chain. Respiratory
disease, renal toxicity, skeletal effects, neurodevelopmental issues,
cardiovascular risk, inflammation, oxidative stress, and potential long-term
carcinogenic effects are the major health concerns. The young, pregnant
women, the elderly, smokers, and those with chronic conditions are
especially susceptible. Community pharmacists have the opportunity to
assist with risk reduction in the following ways: health education, symptom
screening, respiratory care, medication review, antimicrobial stewardship,
referral, documentation, follow-up and linkage with primary care and public
health services. To enhance surveillance, early detection and protection of
communities around mines, the collaboration between pharmacies, primary
care, public health authorities and environmental agencies needs to be
integrated.

Keywords: Community pharmacy, Phosphate mining, Environmental hazards,
Public Health, Pharmaceutical care.
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INTRODUCTION

Phosphate mining is an important industry because
phosphate rock is the major source of phosphorus used in
fertilizer manufacture and world agricultural production.
The mining of phosphate rock, however, can produce
significant environmental impacts, especially when the
extraction, beneficiation, and processing of phosphate
rock are not managed properly. The open-pit mining,
crushing of the ore, beneficiation, production of
phosphoric acid, and disposal of phosphogypsum could
change landforms, affect ecosystems, and release
contaminants to the air, water, and soil [1-3]. Phosphate
mining is not only a problem of ecological degradation, it
is also a problem of exposure to the environment.
Residents residing in the vicinity of phosphate mines,
processing plants, tailings ponds, and phosphogypsum
stacks can be exposed to low levels of phosphate over
time by inhalation of dust, oral ingestion of contaminated
water or food, dermal exposure to contaminated soil or
water, and food chain exposure [3,4]. Phosphate mining
contamination can have a variety of health impacts,
including respiratory, renal, skeletal, neurological,
cardiovascular, and carcinogenic effects. The risks
identified draw attention to the importance of considering
phosphate mining as a social and/or a public health
problem, as well as an environmental or industrial
problem [34].

Community pharmacists are the most accessible health
care providers and frequently the first health care
professionals seen by patients with respiratory symptoms,
chronic diseases, medication-related problems, or
concerns related to environmental exposures [5,6]. In the
past, the environmental impacts of phosphate mining and
phosphogypsum disposal have been considered [2,7], but
there has been less discussion about the actual health-
system response required in communities near phosphate

mines. The contribution that community pharmacy can
make is in particular underexplored. Hence, this narrative
review primarily focuses on the community health effects
of phosphate mining, and the importance of community
pharmacy's contribution to the reduction of health risks
through various means. This review aims to bring together
environmental exposure science and community-based
pharmacy practice in a way that will enable a practical
approach to enhance health protection in populations
exposed in close proximity to phosphate mining and
processing operations.

SEARCH METHODOLOGY

A narrative literature review was used to locate and
combine the evidence related to community health effects
and the potential involvement of community pharmacists
in mining-adjacent communities. PubMed, Scopus, Web
of Science, and Google Scholar were used in the literature
search. The primary search period was from 2015-2026.
Selected earlier studies were also added; however, where
they contributed to providing key background
information or foundational evidence related to phosphate
mining, phosphogypsum, environmental contamination,
or community health risks.

HEALTH IMPACTS OF PHOSPHATE MINING

The communities near the phosphate mining and
processing sites can potentially be exposed via inhalation,
ingestion, dermal exposure, and food chain. One of the
most significant routes of exposure is through inhalation,
since mining dust can be carried long distances by wind.
Fine particles can enter deep into the respiratory tract and
can contain toxic metals, silica, and radioactive particles
[8-12]. Figure 1 shows the major health effects of
phosphate mining on humans [3,4,8-12].
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Figure 1. Schematic representation of the major health impacts of phosphate mining on human health.
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The adverse health impacts of phosphate mining are associated with several key contaminants, as summarized in Table 1.

Table 1: Priority contaminants associated with phosphate mining and their health impacts
Contaminant category Specific contaminants Source/origin Major health effects

Respiratory irritation,
airway inflammation,
asthma, bronchitis,
COPD, reduced lung
function, and possible
cardiovascular effects

. Mining, drilling, blasting,
Part1cu[1 ?;3 matter PM..s, PMio crushing, transport, and

processing activities

Silicosis, pulmonary

Silica-containing dust . - Excavation, rock fibrosis, chronic
Crystalline silica . . . .
[14] handling, and crushing respiratory disease, and
increased lung cancer risk
Nephrotoxicity,
. neurotoxicity, skeletal
. . Naturall t ’ .
Trace elements/heavy Cadmium, lead, arsenic, aturally present in effects, metabolic
. phosphate ores and . .
metals mercury, chromium, . L. disorders, cardiovascular
. . released during mining
[8] uranium, vanadium effects, developmental

and processin . . .
p & toxicity, and carcinogenic

risk

Phosphate ore,
beneficiation, fertilizer
production, wastewater

Dental fluorosis, skeletal

. fluorosis, bone pain, joint
Fluoride compounds > pain, j

[14] Fluoride discharge, and st.1f.fness, bqne .
. deformities, and impaired
contaminated .
mobility
groundwater

Naturally occurring

. . .o, Ionizing radiation
radioactive materials in

Uranium, thorium, exposure, increased long-

Radionuclides radium, radon, and decay phosphate rogk : term cancer risk, and
[11,15] concentrated in . .
products radiological health
phosphogypsum and
; . concerns
processing residues
Long-term environmental
contamination,
Mixture of radionuclides, | By-product of phosphoric groundwater pollution,
Phosphogypsum waste . . . . . .
fluoride, trace elements, acid production; stored in dust dispersion, radon
[12,16] .
and heavy metals large stacks release, and combined
chemical-radiological
toxicity

THE ROLE OF COMMUNITY PHARMACY IN MINING-ADJACENT SETTINGS

Communities that are near the phosphate mining and processing activities can be impacted by environmental,
occupational, social, and health access problems [3,4]. The inhalation of dust, the drinking of contaminated water,
exposure to other pollutants such as heavy metals, fluorides and naturally occurring radionuclides can add to respiratory
disease, cardiovascular disease risks, kidney toxicity, neurological problems and psychosocial stress [8,11-16]. In
addition, there could be socioeconomic instability in the mining-dependent communities, limited access to medical and
health care facilities, and greater vulnerability in children, pregnant women, older people, and patients with chronic
diseases [17]. In these environments, community pharmacists have the chance to be convenient and first-line healthcare
professionals, providing support in every aspect of healthcare: prevention, early detection, patient education, medication
optimization, referral, and public health communication.
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Figure 2: Role of community pharmacy in mining-adjacent settings, highlighting healthcare delivery:digéase
prevention, environmental health promotion, and integration with primary care and public health systems

Core responsibilities and service model

Community pharmacies in mining-adjacent areas should
not be seen as a place of dispensing medicine. They can
serve as community-based health access points that offer
preventive health care, chronic disease support services,
and early detection of environmentally related health
issues. Dispensing medications, counseling, and
providing minor symptom management, support for
adherence, smoking cessation counseling, vaccination
services, and basic screening of common chronic
conditions like hypertension, diabetes, asthma, and
chronic obstructive pulmonary disease (COPD) are all
examples of core responsibilities. This is an expanded role
in line with the current health promotion and health
inequalities reduction focus of the expanding asset-based
and community practice model of the pharmacist [5,6,18-
20]. This model is especially applicable to phosphate
mining communities, where residents can be exposed to
low levels of the environment at multiple times and where
there is a shortage of specialized health care. Pharmacists
can proactively identify patients who have a persistent
cough, wheezing, shortness of breath, uncontrolled blood
pressure, renal-risk symptoms or medication-related
issues and should refer them for medical evaluation if
necessary.

Integration with primary care and public health
systems

To properly manage health risks associated with mines,
there is a need for coordination among community
pharmacies, primary healthcare centers, physicians,
public health agencies, environmental agencies and
community organizations. Community pharmacists are
well-positioned to help this integrated approach,
identifying common health complaints, making
appropriate referrals to medical services, involvement in

ejprd.org - Published by Riset Publishing Services LLC

vaccination and awareness-building programs, and
involvement in community health education [21,22].
Pharmacists can also assist in the dissemination of public
health messages on reducing dust exposure, smoking
cessation, early public health warning signs, and
respiratory protection, as well as safe drinking water
[23,24]. Environmental risks in mining-adjacent settings
are frequently poorly understood by the general public,
and are chronic and cumulative in nature, thus making this
form of communication valuable [25].

Pharmaceutical care interventions

Pharmaceutical care in communities next to mines should
be targeted towards follow-up, preventive, and patient-
centered services. Pharmacists have the opportunity to
maximize medication utilisation to manage these various
chronic conditions, which can be exacerbated by
environmental  exposures, such as respiratory,
cardiovascular, renal, metabolic and neurological [26].
Pharmaceutical care interventions are the measures taken
in the course of pharmaceutical care, which include
medication review, review of adherence, counseling,
disease monitoring, identification of drug-related
problems, and referrals to physicians if symptoms worsen
or are not controlled [26,27]. Some patients with asthma
or COPD may need a review of inhaler use and adherence;
patients with hypertension and cardiovascular disease
may need a review of blood pressure and medication; and
patients with chronic kidney disease or diabetes may need
to be advised not to use medications that are harmful to
the kidneys and to ensure their laboratory follow-up
[28,29].

Screening and referral pathways
Pharmacy-based screening and structured referral
pathways can play a key role in the early detection role

Copyright ©2026 by Riset Publishing Services LLC.
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for the community pharmacist. In the mining
communities, some priorities for screening may be
respiratory symptoms, blood pressure, blood glucose,
smoking status, medication adherence, and risk factors for
chronic cardiopulmonary disease. Pharmacists can also
provide assistance with respiratory screening (where
feasible) or make a pulmonary function testing referral for
high risk patients [24,30,31]. Persistent cough, difficulty
breathing, wheezing, chest tightness, frequent infections,
tiredness, neurological symptoms or possible exposure-
related symptoms should prompt a referral to relevant
healthcare facilities. Special consideration should be
given to children, pregnant women, older adults, smokers
and those with asthma, COPD, cardiovascular disease,
diabetes and kidney disease [30,32].

Medication therapy management

Medication Therapy Management is a specific,
pharmacist-led service that is aimed at optimizing
therapeutic results and minimizing medication related
problems. Contains med reconciliation, review of
medication and over-the-counter medications, adherence
assessment, dose optimization, medication interaction
screening and patient education [33,34]. For mining-
related communities, Medication Therapy Management is
particularly critical for individuals with multiple chronic
conditions that are likely taking multiple medications [33-
35]. Pharmacists are helpful in detecting self-medication,
overuse of antibiotics, overuse of non-steroidal anti-
inflammatory drugs, incorrect use of inhalers, when
symptoms are uncontrolled despite treatment and when
drug interactions are possible. They can also collaborate
with doctors to optimize treatment and timely referrals
when patient symptoms are suspected to be associated
with the process of disease or environmental exposure
[24,36,37].

Medication safety and antimicrobial stewardship
Community pharmacists have a key role in medication
safety. Pharmacists can identify prescription errors,
provide patients with counselling on proper medication
use, recognize adverse drug reactions, and minimize
preventable medication-related problems. Pharmacists
may be the first point of contact in a community with poor
access to care within the healthcare system for patients
presenting with a respiratory complaint, gastrointestinal
complaint, fever, skin irritation or minor illness. So, safe
triage and referral is key [26,34,38,39]. A further role that
community pharmacists play in antimicrobial stewardship
is to dissuade inappropriate antibiotic prescribing, educate
patients on the issue of AMR and encourage evidence-
based prescribing. This is especially relevant when there
is a risk of symptoms relating to the recurrent respiratory
system due to dust and pollution being confused with
infectious illness, resulting in inappropriate antibiotic use
[36,40,41].

Respiratory care optimization

Dust exposure, particulate matter, smoking and pre-
existing respiratory disease could be additive in
influencing respiratory outcomes and respiratory care is a
priority in phosphate-mining communities. A pharmacist
can assist respiratory care by checking inhaler technique,

ejprd.org - Published by Riset Publishing Services LLC

tracking adherence to controller medicines, looking for
inadequate symptom control, providing counseling on
trigger avoidance and smoking cessation. Pharmacist-led
respiratory interventions have been proven to enhance
recognition and management of chronic respiratory
illnesses like asthma and COPD [24,42]. If patients are
using their rescue inhaler regularly, if their symptoms
occur at night, if they have had more than one
exacerbation, if they find it difficult to use their inhalers
properly, or if they still have breathlessness, they should
be referred for a review. The pharmacist can also work
with patients to help them understand how to minimize
exposure to dust indoors, how to avoid exposure to
secondhand smoke and how to seek medical care if
symptoms related to breathing get worse or last longer
[43,44].

Health promotion and environmental health
education

Smoking Cessation Services, Vaccination Services,
Nutrition Counseling, Lifestyle Modification Advice, and
Disease Prevention Education, are all areas of health
promotion that community pharmacists can participate in
[45]. Within the mining environment, environmental
health education is also important for health promotion.
Pharmacists may deliver simple and practical messages
about reducing exposure to dust, sources of safe water,
signs that may require medical evaluation and the
protection of vulnerable family members [46,47]. Health
education should reflect cultural appropriateness and
understanding, and be action oriented. In addition,
pharmacists can also join community awareness
campaigns in partnership with public health agencies,
schools, community leaders, and environmental agencies
[48,49].

Patient counseling

Medication adherence, understanding and self-
management are all important areas that can be enhanced
with patient counseling. It is important for a pharmacist to
educate patients on proper dosage amounts, timing,
storage, side effects, drug interactions, and signs of
concern that should be referred to a medical professional
[50]. For the mining adjacent communities, counseling
should also include information on the potential impact of
environmental exposures on chronic disease management
[26,51]. For instance, patients with asthma or COPD
should be instructed to use their inhaler, avoid exposure
to dust and smoke and emphasize the need for follow-up
if symptoms worsen. Those with hypertension, diabetes,
kidney disease and cardiovascular disease should be
educated to take care, monitor regularly and not take
medicines which are harmful. Specific counseling should
be provided for pregnant women, caregivers of children,
and older adults, who may be at increased risk from
environmental contaminants [29,52,53].

Documentation and follow-Up

Continuity of care and evaluation of the outcomes of
pharmacy interventions require documentation and follow
up. Pharmacists should record screening findings,
counselling given, medication problems and follow-up
consequences, referrals made and outcomes. The

Copyright ©2026 by Riset Publishing Services LLC.
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documentation of such issues can aid in the identification
of a pattern of respiratory complaints, uncontrolled
chronic disease or suspected exposure related health
concerns in the mining adjacent community [54-56]. In
many resource-limited health-care  environments,
however, documentation is still problematic. Hence, basic
systems of recording in the pharmacy, referral and linkage
with primary care services could help to enhance
continuity of care. Pharmacy observations may also
contribute to public health surveillance and provide
insights into community health needs when aggregated
over time, and particularly when used as a tool to assist in
understanding how new health needs emerge in
communities impacted by phosphate mining [54,57].

DISCUSSION

This narrative review emphasizes that phosphate mining
is more than an industrial and environmental problem; it
is a community health problem that must be addressed by
an integrated health-system response. While phosphate
rock continues to be a vital source of phosphorus, its
extraction, beneficiation, phosphoric acid manufacture
and phosphogypsum disposal can create complicated
environmental issues if not managed properly, yet these
activities continue to be of critical importance in
agriculture [1-3]. The review findings presented in this
report suggest that exposure to low levels can occur
repeatedly from inhalation, ingestion, dermal contact, and
through the food-chain in the communities directly
adjacent to phosphate mines, processing facilities, tailing
ponds, and phosphogypsum stacks [3,4]. Phosphate
mining is a relevant public health issue as it is a chronic
and cumulative exposure that can be an issue of health
concern especially in communities where environmental
monitoring, infrastructure and healthcare services are
weak.

One of the main issues is the variety of contaminants
brought by phosphate mining and processing. The dust
and particulate matter generated through the process of
drilling, blasting, excavation, crushing, transporting and
processing substances can be dispersed beyond the
mining operations and inhaled by those living in the
vicinity. The fine particles can enter the respiratory system
to a great depth and can also contain radioactive particles,
toxic metals and silica [8,9,12]. This aids the plausibility
of respiratory outcomes, including airway irritation,
bronchitis, exacerbation of asthma, and worsening of
COPD and decreasing lung function. One type of dust that
is especially relevant to consider is silica dust, particularly
crystalline silica, which is reported to be linked to chronic
respiratory disease, silicosis and pulmonary fibrosis, as
well as an increased risk of lung cancer [13]. Most silica-
related data are occupational, but may still be biologically
relevant in the community setting where dust control is
inadequate and where silica exposure occurs outside the
workplace.

Inhalation is not the only route of inhalation exposure that
is hazardous. Cadmium, lead, arsenic, mercury,
chromium, uranium, vanadium and other elements may be
present in phosphate ores and can be introduced to soil,
water, plants and to human pathways [8]. These
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contaminants have been linked to the risk of
nephrotoxicity, neurotoxicity, developmental toxicity,
cardiovascular effects, skeletal effect and carcinogenic
effects. Groundwater contamination is especially
significant as it may pollute water for drinking,
agricultural and domestic purposes, due to contamination
from mining effluents, tailings and phosphogypsum
leachates [4]. Fluoride exposure may also result in dental
and skeletal fluorosis, bone pain and stiffness of joints,
and overall decreased mobility particularly in areas where
safe water systems are not available [14]. These pathways
illustrate that the phosphate mining can impact health in
many ways and not one pollutant or pathway.

Phosphogypsum is one of the most persistent issues as it
is chemically as well as radiologically hazardous.
Phosphogypsum can have radioactive materials, fluoride,
trace elements and heavy metals as contaminants, and can
cause dust releases, leaching, runoff, groundwater
pollution and radon emissions when stored in high stacks
[12,16]. Uranium, thorium, radium, radon and decay
products of radon can pose long-term radiological risk,
such as enhanced risk of cancer over lifetime for exposed
people [11,15]. Such worries underscore the importance
of long-term monitoring of contamination in the air, soil,
and food-chain in and around phosphate mines and
processing plants.

The review also highlights the unequal distribution of
exposure risk. Pediatric and pregnant women, older
adults, smokers and individuals with asthma, COPD,
cardiovascular disease, diabetes, kidney disease may be
more likely to be affected by mining-related contaminants
[17,32]. Children are considered more vulnerable due to
their immature respiratory and neurological systems and
higher exposure due to their smaller body size. Special
care should be given for pregnant women as heavy metals
and air pollutants can have impacts on the growth and
development of fetuses. Chronic disease conditions (e.g.,
respiratory, cardiovascular, renal or metabolic) may
deteriorate in older adults and patients. Thus, community
health interventions should focus not solely on
population-level interventions, but focus on vulnerable
populations.

In this context, community pharmacy could offer a viable
and under-utilised platform for risk reduction.
Community pharmacists can be an accessible healthcare
provider and could be one of the first professionals that a
resident may see if they have symptoms relating to the
respiratory system, a chronic illness complaint,
medication related problems, or concerns regarding
environmental exposure [5,6]. Their responsibilities in
mining-adjacent communities should not end with the
provision of medicines, but should also involve health
education, screening for symptoms, review of
medications, support with medication adherence,
smoking cessation, vaccination, referrals and linkage to
primary care. This expanded role falls in line with asset
based and community oriented pharmacy practice models
[18].

Pathways for screenings and referrals undertaken by the
pharmacist are particularly important when it comes to

Copyright ©2026 by Riset Publishing Services LLC.
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early detection of risk factors for respiratory and
cardiometabolic conditions. Patients with persistent
cough, wheezing, breathlessness, blood pressure, blood
glucose, smoking status, poor adherence to medications
and uncontrolled chronic disease should be considered for
medical evaluation [24,30,31]. Additionally, pharmacists
have the opportunity to optimise the management of
respiratory care, which includes assessing inhaler use,
assisting with adherence to controller medicines, avoiding
triggers, and smoking cessation [42,44]. These
interventions can help to lower the symptom burden and
enhance early referral in communities with dust and air
pollutants.

Medication therapy management and medication safety
are also significant due to the fact that environmentally
vulnerable populations often suffer from multiple chronic
diseases, and may be taking multiple prescription and
non-prescription medicines [33,34]. The pharmacist can
detect inappropriate self-medication, excess NSAID use
in patients at risk for kidney damage, incorrect inhaler
technique, lack of control of symptoms, drug interactions,
and inappropriate  antibiotic use. Antimicrobial
stewardship is relevant in particular as the symptoms of
pollution can be taken for signs of infection, causing
inappropriate antibiotic treatment [36,40].

Lastly, documentation and follow up will be vital if
pharmacy services are to be a part of the wider public
health protection. Documentation is also frequently poor
in resource-limited settings, but basic records of
symptoms, screening, counselling, referrals and follow-
up results created in the pharmacy can facilitate continuity
of care [54]. Pharmacy aggregation observations can also
help with public health surveillance that is used to monitor
chronic diseases that are not controlled, or common
respiratory conditions, or new community health needs
over time [57]. The role of the pharmacy is supportive and
collaborative, however, and should not be considered as a
replacement for environmental regulation, exposure
monitoring or primary health care. Practical pharmacy
based protocols should be developed for mining-adjacent
communities to assess for early detection, referral,
medication safety, and community health outcomes and
should be evaluated for future use.

CONCLUSION

Phosphate mining is vital for the production of fertilizers,
but it can create a variety of environmental by-products
which may affect communities in the vicinity via air,
water, soil and food-chain routes. The exposures can lead
to  respiratory,  renal, skeletal, neurological,
cardiovascular, developmental and chronic cancer effects,
especially in susceptible individuals. Community
pharmacists can aid in risk reduction by offering health
education, symptom screening, medication review,
respiratory care, antimicrobial stewardship, referral,
documentation and follow-up. Collaboration across all
partners pharmacies, primary care, public
health/environmental agencies is needed to improve
surveillance and keep mining communities safe.
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