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Abstract

The environment plays a significant role in the global burden of disease for children. Climate-

related disasters such as the 2017 Atlantic hurricane season are increasingly contributing to 

this burden. United Nations designated Small Island Developing States (SIDS) like Puerto 

Rico and the U.S. Virgin Islands are particularly at risk due to environmental health hazards 

caused by natural disasters, and health care structure vulnerabilities. United Nations’ Sustainable 

Development Goals (UN SDG), specifically UN SDG 3, 13 and 17, focus on climate impacts via 

promotion of health preparedness and building partnerships between different sectors of society, 

respectively. The Pediatric Environmental Health Specialty Unit’s (PEHSU) work is consistent 

with these most notably via the delivery of environmental health services along with training 

nurses, doctors, and other health professionals, formation of partnerships and linking resources. 

Therefore, training a diverse array of health professionals and linking these groups to relevant 

community resources is of utmost importance and has the potential to enhance the effective 

management and early prevention of top environmental health (EH) risks. Nursing is identified 

as a key health sector to engage for this initiative. This article describes the work of the Federal 

Region 2 PEHSU in Puerto Rico and the U.S. Virgin Islands that supports health professionals’ 

knowledge building, development of environmental health services, and promotion of wide scale 

access to such services for children and families. The PEHSU’s work is consistent with these most 

notably with regards to the delivery of environmental health services in pediatrics
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Introduction

A child’s environment plays a critical role in his or her health and development. During 

early fetal and childhood periods, children are more vulnerable to harmful environmental 

exposures that can result in lifelong repercussions. A quarter of the global burden 

of diseases, including non-communicable diseases (NCD), can be attributed to early 

exposures to environmental factors. (Leith Sly and Carpenter 2012). In addition, climate 

change is worsening the risks to the well-being of children, a subpopulation that will 

disproportionately bear the burden of climate-related disease through mechanisms such as 

heat-related injuries and illness, asthma, allergies and neurodevelopmental and mental health 

disorders (Sheffield and Landrigan 2011).

The importance and meaning of children’s environmental health (CEH) and the 

corresponding clinical field called pediatric environmental health (PEH) has changed over 

time. Over the past century, many gains have been made against childhood infectious 

diseases. However, non-communicable diseases (NCD) – such as asthma, obesity, and 

neurodevelopmental disorders - have emerged as a large and growing threat dubbed the “new 

pediatric morbidity” with environmental exposures playing an important role (Landrigan 

and Etzel 2014). Further, the growing burden of NCD, combined with a changing climate, 

has a compounding effect for developing countries particularly in resource limited or 

geographically remote regions of the world such as parts of Latin America and the 

Caribbean (Leith Sly and Carpenter 2012). Two populations particularly vulnerable to 

environmental health hazards are the children living in Puerto Rico (PR) and the U.S. Virgin 

Islands (USVI), two of the 52 developing countries and territories designated Small Island 

Developing States (SIDS) by the United Nations, and affected by the brutal 2017 Atlantic 

hurricane season. The 2017 Hurricanes Irma and Maria created a public health emergency, 

exposed the vulnerabilities of these SIDS’ health care systems and infrastructure, and 

raised public awareness of the need for resilience. The concept of resilience has emerged 

as a prominent idea in PEH. While no universal definition exists, resilience is generally 

defined as having a positive outcome despite the presence of negative factors (Aburn et 

al 2016). Resilience can exist in the presence of short-term and/or long-term or chronic 

stressors, including those from the chemical, physical, psychosocial or other environments. 

Specifically, disaster resilience is defined as the ability of individuals, communities, 

organizations and states to adapt to and recover from hazards, shocks or stresses without 

compromising long-term prospects for development (Combaz 2014).

To build resilience and to support specific pediatric environmental health concerns, the U.S. 

federal government has taken specific action over the last couple of decades. In response 

to calls for increased environmental health (EH) training for health care providers, the 

national network of Pediatric Environmental Health Specialty Units (PEHSU) was launched 
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in the late 1990s to address the gap in medical expertise in children’s environmental health 

(Paulson et al 2009). The mission of the PEHSU program is now to improve reproductive 

and children’s health by leading the integration of environmental health into clinical care 

and public health while supporting communities to address historical injustices and ongoing 

environmental racism and address the existential threat of climate change. This PEHSU 

network is divided into ten federal regions. The PEHSU serving Puerto Rico and USVI is 

the Federal Region 2 PEHSU that also serves New Jersey and New York. Having developed 

over almost two decades, the regional PEHSUs are well positioned to address on-going 

pediatric environmental health needs in scalable and sustainable ways particularly as climate 

events increasingly aggravate environmental hazards.

Consistent with the United Nations’ Sustainable Development Goal (UN SDG) 13 on 

climate impacts, promotion of health is needed to address a continuum of healthcare delivery 

needs and potential health risks (Morton et al 2017). By extension, public health and 

clinical service initiatives – such as healthcare detailing visits, clinic site visits, community 

presentations and the distribution of action kits to health providers led by the PEHSU 

- should incorporate the social determinants of health (e.g. by identifying and acting on 

aspects that build resilience) into each sector’s practice (Garg et al 2012). Further, the 

2017 hurricanes revealed the importance of creating alliances and networks with and within 

these SIDS, consistent with UN SDG 17 on partnership-building between governments, 

academia, and other civil sector entities is essential, particularly where sheltering in place 

during disasters is likely necessary (Morton et al 2017). Lastly, and most fundamentally, the 

PEHSU work supports UN SDG 3 to ensure healthy lives and promotion of well-being at all 

ages.

Within both the larger scope of the PEHSU work and these specific post-disaster recovery 

and resilience building efforts, the nursing profession plays a key role. Nurses are the largest 

group of health professionals in the US and they comprise the primary providers of hospital 

patient care, and delivery of long-term care (AACN 2019). This sector participates in all 

scopes of both clinical and community-centered education (Leffers 2018). Nurses play key 

roles in the national PEHSU network and lead other national environmental health efforts 

like Alliance of Nurses for Healthy Environments (envirn.org). The trust the public bestows 

in nurses and their interdisciplinary training contribute to the PEHSU programmatic efforts 

of community building, partnerships, outreach, and education (Milton, 2018; Sattlet, 2008). 

Nurses have longer consultations with patients and the frequency of attended return visits 

is slightly higher for nurses, compared to doctors. The longer consultations provide more 

health advice to patients, which can result in higher levels of patient satisfaction. In addition, 

they provide leadership and response to the reduction of pollution and most importantly 

management in all phases of disaster response during extreme weather events (Leffers, 

2018). By providing children’s environmental health (CEH) training and educational tools to 

nurses and other health care providers for early detection and prevention of environmental 

health exposures, the PEHSU aims to reduce CEH risks. The objective of this article is 

to describe the work of the Federal Region 2 PEHSU in PR and USVI supporting health 

professionals’ knowledge building and how the nursing sector was integral to these efforts 

to build PEH capacity and promote access to PEH services for families to bolster disaster 

resilience.
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Pediatric Environmental Health in Puerto Rico and the U.S. Virgin Islands

Multiple structural reasons relating to funding, surveillance, and other long-standing policy 

towards U.S. territories underlie health disparities of people living in PR and USVI 

compared to the mainland U.S. (Rodríguez-Vilá et al 2017). Children experiencing diseases 

with known or suspected environmental contributors are also disproportionately burdened in 

these areas. Rates of childhood asthma are some of the highest in the country (Chen 2013; 

Bartolomei-Díaz 2008). Among infant mortality rates, PR and the USVI have a total of 6.3 

and 7.7 deaths per 1000 live births respectively, while the rate in the mainland U.S. is lower 

at 5.7 per 1000 live births. (CIA 2018). In this Caribbean region, there are higher rates of 

adverse health conditions such as obesity, neurodevelopmental disorders, and prematurity; 

and evidence around differential environmental exposures continues to emerge (Watkins et 

al 2019).

A history of experimentation and exploitative treatment by the U.S. federal government and 

others in positions of power further exacerbates the distrust of healthcare as well as the 

perception of a contaminated environment and ill health (Rodríguez-Vilá et al 2017). Poor 

environmental enforcement and tax incentives for polluting industries have contributed to 

the now 18 Superfund sites in Puerto Rico and one in USVI plus hundreds of hazardous 

waste sites (EPA 2018). A 2012 survey of professionals working in pediatric health in 

PR reported multiple environmental exposure issues of concern: water contamination (25% 

respondents reported as a concern), pesticides (18%), air pollution (18%), and land waste 

(12.5%) (Ritter and Agu 2014).

Further complicating the situation, mass exodus of primary care physicians in Puerto Rico, 

due to an economic crisis, has led to a debilitated health infrastructure (Pinto 2019; Perreira 

2017). Primary care physicians in Puerto Rico are aging and leaving the island faster than 

they are being replaced (Wilkinson 2019). USVI faces similar trials as Puerto Rico in the 

recruitment and retention of primary health providers that was exacerbated after the 2017 

Hurricane season (Artiga 2018). These shifts have further placed nurses at the forefront 

of primary health care delivery. Additionally, this context highlights the critical nature of 

partnerships with key providers that participate in different health sectors (e.g. health care 

institutions, non-profits, departments of health). Health care professionals overall, and public 

health nurses specifically, play key roles in disaster resilience through their collaboration 

with other experts in the field such as environmentalists, epidemiologists, other health 

professionals (Jakeway 2008).

History of PEHSU work in Puerto Rico and the U.S. Virgin Islands

For over a decade, the Federal Region 2 PEHSU has been proactively reaching out to 

populations at high risk of toxic environmental exposures, with a particular emphasis on 

increasing activities in PR and USVI (Agu 2013). We have, for example, co-organized two 

Children’s Environmental Health conferences in Puerto Rico; supported an EPA-funded 

local PEHSU and fellowship training program based at University of Puerto Rico Medical 

Sciences Campus; consulted with USVI Department of Health and federal partners on 

specific cases (e.g. elevated blood lead levels and banned fungicide poisonings (Kulkarni 

Ramos et al. Page 4

Appl Nurs Res. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



et al 2015)); collaborated with a USVI school nurse to identify and elevate school 

EH concerns; spearheaded a school integrated pest management project partnering with 

students, teachers, and school and government decision makers; and served as faculty 

for a distance learning collaborative via an telementoring platform called Project ECHO. 

In addition, grant funding from The Pew Charitable Trusts/RWJF in 2012 enabled a 

collaboration with local organizations Proyecto ENLACE and G-8 to conduct a health 

impact assessment in the Caño Martín Peña communities of San Juan (Sheffield et al 2014).

PEHSU initiatives post-2017 hurricanes

Following the environmental disaster caused by the 2017 hurricanes in PR and USVI, 

Federal Region 2 PEHSU – with supplemental funding from the U.S. Centers for Disease 

Control and Prevention (CDC) - implemented an educational campaign to support health 

care and childcare providers in these areas to reduce post-hurricane environmental health 

(EH) risks and improve EH services and access to resources. The climate-related events 

have caused the emergence of hazards such as flooding with subsequent mold and vector 

problems, debris accumulation, indoor and outdoor air pollution from on-going generator 

use during the prolonged electrical grid failure, and significant disruptions in routines 

with school and childcare facility closures (Shultz 2018). In addition, as noted above, an 

exodus and subsequent shortage of primary health care providers occurred after the 2017 

hurricanes (Artiga 2018). These exposures and health infrastructure problems have direct 

and indirect adverse effects on children’s well-being but the impact can be reduced with 

strong community disaster resilience (Baez 2007).

Our program used the following four phase framework: planning, implementation, 
execution, and evaluation. Figure 1 shows the components of each phase to bring about 

the overall effort to build PEH training and services. The phases are cyclical and iterative.

Planning

The planning phase entailed determination of the factors that would define the initiative. 

We selected a “train the trainer” methodology based on feedback we had received from 

in-person meetings with health professionals in USVI and PR in December 2017 following 

the hurricanes that indicated preference for in-person interaction. The “train the trainer” 

methodology uses a modified version of a public health detailing approach developed by 

the New York City Department of Health. We used this approach to focus on environmental 

health keeping the same structure of detailing visits (i.e. brief, 10-minute encounters in 

clinical settings) and the use of “action kits” with specially developed materials around 

the key activities of screen, counsel, and refer. The results of the Public Health Detailing 

Program of the NYC Department of health suggested that detailing assisted in providing 

promotion of important clinical practices (e.g. up to a 42% increase in screening for clinical 

preventive services among providers at clinics that received detailing) and the improvement 

of population health. (Dresser et al 2012). In this manuscript, we use “trainer” and “detailer” 

somewhat interchangeably though, notably, trainers also did larger and more involved 

educational activities outside of the environmental health detailing.
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Through the use of local environmental health liaisons and the creation of partnerships, 

we determined health provider groups that would become important assets in the 

implementation of this training campaign. We used sector mapping to identify key 

stakeholder groups in children’s environmental health. Sector mapping considers the 

multiple settings and organizations that serve or otherwise cluster groups within a sector. 

The nursing sector was essential given their involvement across clinical, childcare programs, 

and other public health services where PEH education is crucial. Figure 2 shows a summary 

of a sector map showing the nursing sector with regards to children in Puerto Rico and the 

U.S. Virgin Islands. This graphic illustrates the linkages used by the PEHSU to strengthen 

networks that are essential to achieving environmental health delivery services to children.

As seen in Figure 2, we identified clinics, health professional associations, training 

locations, and community based organizations as important areas for nursing influence. 

Clinical entities include organizations running community health centers such as 

Frederiksted Health Care, Inc. in St. Croix, USVI; St. Thomas East End Medical Center 

Corporation, in St. Thomas, USVI; and HealthProMed in PR. In the clinical sector, we also 

include school and childcare programs such as Head Start and Early Head Start – a key 

partner spanning both PR and USVI and serving lower income populations. Also, within 

the clinical sector, the government agencies of these Caribbean SIDS and their respective 

Departments of Health have their own line of public health and clinical programs that were 

vital for this planning phase, for the identification of and access to key hospitals and clinics.

The professional associations encompass organizations such as Colegio de Profesionales de 

Enfermería in PR. Training locations include the Schools of Nursing at University of the 

Virgin Islands and Universidad Adventista de las Antilles in Mayaguez, PR. Community 

based organizations include, but are not limited to, Centro Mujeres Ayudando Madres 

(MAM) (a pregnancy and childbirth service organization) and Asociación de Salud Primaria 

de Puerto Rico (PR Primary Care Association). Organizations such as Centro MAM, that 

served an important recovery function in terms of prenatal care post-hurricanes, highlight 

the critical interplay of all these entities across the sectors. The community sector also 

involves public health community outreach through organizations where nurses engage with 

the community, such as Project Launch that convenes Wellness Committees in various 

municipalities in PR (e.g., Culebra and Fajardo). The sector mapping process clarified which 

stakeholders we were already engaging, and helped identify gaps in our outreach to nursing 

groups and other health professionals (Figure 2).

Implementation

The implementation phase included onsite networking in PR and USVI to introduce the 

program and strengthen relationships. Using the sector mapping for nursing, we sought 

feedback from those working in settings such as teaching hospitals, departments of health 

and pediatric clinics on our planned methodology and presentations about the program. We 

then developed educational material including clinical tools, family resources, curriculum, 

and trainings on environmental health exposures particular to their region and post-disasters. 

Drawing from the public health detailing approach, we developed action kits to be given to 

the providers that include patient-friendly materials for distribution and use in the waiting 
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rooms and resources for the clinicians to build their PEH knowledge base and ease adoption 

of related services (e.g. billing codes). One example is an initiative called Prescriptions for 

Prevention for which locally relevant topics are complemented with actionable steps, with 

materials formatted so that clinicians can give them directly to patients (Figure 3).

Execution

The PEH trainers visited clinics to provide on-site educational material and train nurses, 

other clinicians and trainees about PEH risks particular to their region. In addition to 

providing tools to health care providers, a survey assessed their experience, knowledge and 

perception of PEH issues most pertinent to their patients (results below in Outreach and 

Outcomes section). An “all office” approach, including all staff and clinicians, was used for 

detailing at clinics because by educating health professionals, such as nurses, who provide 

a first encounter with the patient, early onset detection can increase and environmental risks 

can be minimized.

During the execution phase, we disseminated information through the PEH trainers 

to nurses, other clinicians, community workers, and educational institutions for health 

providers and governmental agencies. With the help of the nursing sector map, we partnered 

with nurses of different sectors. For example, on one detailing visit in St. Thomas, USVI, 

our detailer connected with a nurse practitioner who later invited our team back to do a 

larger in-service training for all clinical staff at the practice as seen in Figure 4. In another 

example, when visiting pediatric health clinics in the municipality of Guayama, Puerto 

Rico detailers interacted with and provided action kits to nurses, physicians and staff. And 

community organizations led by nurses midwives were also impacted, such as at Centro 

MAM where the PEH trainer (Figure 4) educated community health workers and other 

health professionals. In another example, a partnership with the USVI Department of Health 

facilitated access to health professionals in the public and private sectors where our trainers 

used the environmental health detailing approach (as described above) to educate about 

environmental health issues. We have further illustrated the role PEHSU plays in bolstering 

children’s environmental health and interacting with these important partners and providers 

in Figure 5 and nursing plays a critical role throughout this work. In summary, many of these 

encounters between our detailers/trainers in pediatric clinical practices and public health 

leaders were with nursing professionals who were leaders in the delivery of primary care to 

the patients.

Outreach and Outcomes

During the implementation phase, surveys were provided to program advisers, health 

providers and community stakeholders asking for feedback and interest regarding 

participation in future PEH activities. These surveys informed the subsequent sector 

mapping and educational tool development. Using an action kit, trainers “detailed” (i.e. 

conducted site visits) to 55 pediatric clinics and other health service sites reaching 761 

health care and childcare personnel over a wide geographic area (Figure 6). Overall, 91 

action kits were distributed to pediatric health providers.
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After each detailing visit, a different survey was used to assess whether the educational 

material improved knowledge on the topic(s), health care provider perception on integrating 

PEH into their practice, and their clinical care needs related to environmental health 

exposures. These surveys were provided to key health professionals contacts at the sites that 

received action kits. We had a 79% response rate, with 29 respondents. When asked about 

how often the participants took an environmental health history 58% responded sometimes 

or often; 40% responded they rarely or were unsure. 73% responded that they agreed or 

strongly agreed when asked if they knew more about the topic CEH after reading the action 

kit and agreed or strongly agreed that they plan on making changes to their practice to 

improve the health of their patients based on the action kit.

Lastly, and a key outcome metric of the project, multiple new partners were engaged because 

of this project. One example of meaningful engagement involved a new partnership between 

PEHSU, Frederiksted Health Care, Inc (FHC, a federally qualified health center in St Croix, 

USVI), and Virgin Islands Good Food Coalition (an organization working to strengthen 

local food networks and health food access). As a result of this new collaboration, we 

organized a subsequent community event where approximately 200 families were provided 

local healthy food and PEHSU educational resources. Clinicians from FHC engaged by 

prescribing “healthy food”. Ultimately, we are making progress toward the UN SDGs and 

disaster resilience by building partnerships and reaching a bigger scope of sectors involved 

in pediatric environmental health.

Looking Forward: Future PEHSU initiatives in PR and USVI

These experiences have shown that the PEHSU is able to leverage additional funding to 

deepen partnerships as with the health impact assessment work in the Caño Martín Peña 

communities and the hurricane recovery supplemental funding for island-wide initiatives 

described in this article. A historic pattern is that work with populations where health 

disparities exist is often deficit-focused (Richard et al 2011). In addition to adopting a 

more proactive approach to focus on these populations, our strategy has also shifted to 

be asset-focused, emphasizing support of local initiatives to improve sustainability of our 

program and invest in local solutions. For example, in the environment and sustainable 

energy sector, we lift up work being done by Island Green Living Association in USVI and 

Comite Dialogo Ambiental, Inc. in the Salinas and Guayama communities of PR. In the 

local food movements, there are numerous agricultural producers and markets such as the 

VI Good Food Coalition and ArtFarm on St. Croix, USVI and Cooperativa Orgánica Madre 

Tierra in San Juan, PR who are transforming the food landscape of these Caribbean SIDS 

and making major contributions to public health and disaster resilience. We are looking 

toward additional innovative approaches to link childcare and health care providers with 

these efforts through such initiatives as fruit and vegetable food coupons (similar to New 

York City’s Health Bucks program) as these linkages are critical for post-disaster resilience.

Conclusions

In a time of growing environmental challenges, the necessity to build partnerships 

and strengthen relationships is vital. The sustained history of the PEHSU network is 
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critical to carrying out our current projects; and there remains a need to continue to 

explore mechanisms for improving this approach, building on successes and learning from 

challenges. Specifically, the emphasis needs to be on continuing to develop local PEH 

leadership, as external expertise is always limited and potentially counterproductive to 

the larger goal of building local capacity and sustainability for children’s environmental 

health and disaster resilience. Through our on-site networking and sector mapping, we 

identified that the nursing health sector is far-reaching with potential to lead to subsequent 

activities and new partnerships. The importance of their role is heightened due to the health 

care sector and professional shortages faced in these Caribbean islands. For these reasons 

nurses are an important sector to impact in the implementation and action of any health 

education program to build local capacity and sustainability in SIDS. By providing nurses 

with training, educational material and consultation about PEH challenges faced they will 

be equipped for early detection, and management of cases. By creating alliances with the 

public and private sectors of health care in both PR and USVI, we are providing support to 

already existing programs and establishing trust between our group, local health providers, 

and the larger community. These efforts are all in keeping with UN SDGs, specifically 

goals 3, 13, 17 on health promotion, sustainability and partnerships. The PEHSU activities 

all aim to increase the availability of preventive measures, to support and encourage a 

sense of community involvement and self-transformation when responding to environmental 

stressors, and to enable restoration of routines for children as quickly as possible when 

necessary, ultimately improving baseline health and contributing to disaster resilience.
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Core Findings of the manuscript:

• The Federal Region 2 Pediatric Environmental Health Specialty Unit’s 

(PEHSU) work in Puerto Rico and the U.S. Virgin Islands have strengthened 

local health communities in pediatrics’ environmental health and created 

partnerships to build sustainability and resilience post-disasters.

• Projects done by PEHSU in these territories have identified key health sectors 

in the nursing health care system that have embraced a preventive health care 

approach to pediatrics at a grassroots level.

• These collaborations with local health sectors have improved the promotion 

and strength of local capacities in children’s environmental health

• Utilizing an evidence based strategy towards health professional education 

has increased knowledge on PEH per surveys provided to trainers and 

trainees.
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Figure 1. 
Pediatric Environmental Health training and services development framework
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Figure 2. 
Nursing sector map related to children in Puerto Rico and the U.S. Virgin Islands
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Figure 3. 
Sample excerpt from a Prescription for Prevention on reducing exposure to mold (“moho” in 

Spanish). English version of this resource and others are available at the Region 2 PEHSU 

website: https://icahn.mssm.edu/research/pehsu/us-virgin-islands-puerto-rico
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Figure 4. 
PEH trainers educating community health professionals in a community garden at Centro 

MAM in San Juan, PR on health benefits of fruits and vegetables and reduced pesticide 

exposures (top) and doing an in-service training at St. Thomas East End Medical Center 

Corporation, in St. Thomas, USVI. (Photo credit: P. Sheffield, permissions granted by 

photographer and identifiable subjects)
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FIGURE 5. 
The graphic displays the PEHSU’s work through the health provider detailing campaign 

to better enable providers to screen, counsel, and refer families with environmental health 

concerns. (#1) A family can be exposed to environmental health exposures pertaining to 

their region. #2) Families come into contact with health care providers, such as nurses 

and physicians, who are the first line responders dealing with CEH risks. #3) The training 

from the PR and USVI PEHSU detailing campaign provided tools and education to health 

providers to maximize prevention and early exposure detection, response and awareness. 

The PEHSU also serves as the entity where providers can turn for additional expertise 

as needed. #4) Building partnerships with local organizations (Government agencies and 

community organizations) and linking providers and patients to local resources bolsters 

disaster response.
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Figure 6. 
Map presenting the 55 sites where over 700 providers were educated on PEH that were 

impacted through the PEHSU detailing campaign post-2017 hurricanes in the Caribbean. 

The numbers in the graphic represent the number of sites visited in each area of PR and the 

USVI.
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