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Global Health & Engineering

Shannon P. Márquez,  PhD, Meng
Dr. Shannon Márquez is the Associate Vice Provost for Global Health and International Development at Drexel University. In addition, she 
serves as the Director of the Global Health Program at the Dornsife School of Public Health.  As Associate Vice Provost, she oversees 
Drexel’s Dornsife Global Development Scholars Program, which leverages an exciting capacity-building partnership between Drexel and 
World Vision International to provide training in WASH, global health, and international development and funding for faculty/student 
research and student field experiences in 24 countries across Sub- Saharan Africa.  As a “public health engineer,” she has garnered local, 
national and international recognition for research and practice in the field of global environmental health, safe water systems, and 
sustainable solutions to address the environmental burden of disease and health disparities in developing countries of Africa. She holds a 
BS in mechanical engineering, a masters in civil engineering, and a PhD in environmental sciences and engineering from The UNC-Chapel 
Hill Gillings School of Global Public Health, and has held distinguished international faculty appointments in global health at The University 
of the The Gambia; the Université Gaston- Berger de Saint-Louis in Senegal; and as a Erasmus Mundus Scholar at the Ecole des Hautes
Etudes en Santé Publique (or EHESP, The French School of Public Health), and the University of Sheffield (UK) School of Health and Health 
Related Research (ScHARR). She teaches graduate courses in WASH, global health ethics, public health in developing countries and 
maternal and child health, and helps support a number of global health research and training activities in Europe, Asia, Latin America, and 
Africa on behalf of Drexel.  Dr. Márquez serves on numerous boards and committees including, the Board of Directors of the Consortium of 
Universities in Global Health (CUGH).
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Objectives

1. Define engineering as it relates to global health.

2. Give examples of engineering applied/within the context of a global 
health interventions.

3. Describe the inter-professional and workforce development needs.



What is engineering?
• “engineering is the application of scientific knowledge to solving 

problems, designing and building things in the real world…”

• “the ability to solve complex problems and implement solutions and 
designs and translate them into reality in cost effective and practical 
ways...”

• “engineers are problem solvers, organizers, communicators, calculators, 
and designers...it’s about using science and math to solve problems..”

• There are many branches and fields within the various engineering 
disciplines; however, all engineering degrees are based on one (or a 
combination) of the four major disciplines:  mechanical, electrical, 
chemical and civil engineering.



Engineering Education in the US
• ABET is the engineering professional body dedicated to the education, accreditation, regulation and 

professional development of engineering professionals and students.

• 35 member societies provide experts and set the standards for the ABET accreditation process.

• Educational standards have served as the basis of quality against which professional engineers are held for 
licensure. Engineering programs align their curricula with ABET standards (and prepare students for licensure).

• ABET accredits approximately 3,700 programs at over 750 colleges and universities in 30 countries.

• The professional engineer license (PE) is the engineering profession’s highest standard of competence, a 
symbol of achievement and assurance of quality. 

• “…just as the CPA defines the accountant, and a law license defines the lawyer, the PE license tells the public 
that an engineer has mastered the critical elements of the profession….” (NSPE;  NCEES)

• Receiving the engineer-in-training (EIT) designation is one step along the path toward PE licensure.



Intersection of global health and engineering
• There is a need for professionals who can provide sustainable solutions and 

resilient infrastructure to help alleviate poverty and address global health 
challenges.

• Engineers are needed to work in a global context and with the skills and 
understanding to address global health challenges and international 
development. 

• Engineers can help with the understanding of infrastructure design and 
delivery processes in resource-limited settings, and can assist with the 
mobilization of technical expertise to implement global health 
interventions addressing natural and environmental disasters, food 
security, WASH, energy, housing, disease outbreaks, etc



Mechanical engineering

• One of the broadest 
engineering disciplines. 

• Mechanical engineers design, 
develop, build, and test 
mechanical and thermal 
sensors, materials, and devices, 
including tools, engines, and 
machines.



PASSIVE VACCINE STORAGE DEVICES 
“A revolutionary cooler that could save millions of lives”

“an insulated container to strengthen and extend vaccination services in 
developing countries…its designed to keep vaccines at the appropriate 
temperature for a month or more with repeat vaccine retrievals and no need for 
electricity...”



Electrical engineering

• Designs and develops new 
electrical equipment, solves 
problems and tests equipment; 
it deals with electricity, electro-
magnetism and electronics. 

• Works with all kids of 
electronic devices, from the 
smallest pocket devices to 
large supercomputers and 
telecommunications



New horizons for global health through mobile technologies (mHealth)



Chemical engineering

• Deals with the chemical production 
and manufacture of products through 
chemical (and biological) processes.

• Chemical engineers apply the 
principles of chemistry, biology, 
physics and math to solve problems 
that involve the production or use of 
chemicals, fuel, drugs, food and many 
other products. 





Civil engineering

• One of the oldest engineering 
disciplines 

• Deals with the built environment 
including the design, construction, 
and maintenance of the physical 
and naturally built environment, 
including works like roads, bridges, 
canals, dams and buildings; as well 
as engineering for air pollution, 
water resource management, water 
and wastewater treatment (e.g. 
public health engineering).  



Global water, sanitation 
and hygiene promotion 

(WASH)



DORNSIFE GLOBAL DEVELOPMENT SCHOLAR FRAMEWORK

“teaches global health through an interprofessional lens…”

• Summer international experiences
• 6 month Co-ops  or research
• All majors, graduate/undergrad
• 20 students per year funded

• ANGOLA

• ETHIOPIA (Center)

• GHANA (Center)

• KENYA

• LESOTHO

• MALAWI

• MALI

• NIGER

• MOZAMBIQUE

• NIGER

• RWANDA

• SENEGAL

• SIERRA LEONE

• SOUTH AFRICA

• SWAZILAND

• TANZANIA

• UGANDA

• ZAMBIA (Center)

• ZIMBABWE



2014-16 Dornsife Global Development Scholar Placements

Students from the following 

eight (8) colleges and 

schools have participated:

• School of Public Health

• College of Medicine

• Honors College

• Nursing & Health 

Professions

• Arts & Sciences

• College of Business

• College of Engineering

• School of Biomedical 

Engineering Science & 

Health Systems



Global Water Crisis: Multidimensional



Is it 
hurting 

us?

Clean 
Enough?

Enough 
for all 
uses?

Too 
much? 

Too Little?



Is it hurting 
other 

species?

Do we have 
enough 
data?

Are we 
being 

equitable?



A Critical Health Issue 

“Every 20 seconds someone 
in the world will die from a 
water-related problem” –
United Nations 



The Problem: Sanitation and Drinking Water

Problem

• Inadequate drinking 
water, sanitation, and 
hygiene 

Inter-agency Group for Child Mortality Estimate (IGME) 2014, led by UNICEF and WHO)



Lack of Adequate Sanitation

2.4 billion people worldwide 
do not have access to 
improved sanitation 

[approx. 28.7% of the world’s 
population]

1 billion people 
practice open 
defecation 

UNICEF, WHO “Progress on Drinking Water and Sanitation 2014 Update”



WASH and Global Health 

Top 10 countries with the highest number of people (millions) practicing open defecation

UNICEF, WHO “Progress Drinking Water and Sanitation 2014 Update”

82% of the 1 billion people practicing open defecation in the world live in 10 countries

India, 597

Indonesia, 54

Pakistan, 41

Nigeria, 39

Ethiopia, 34

Sudan, 17

Niger, 13

Nepal, 11

China, 10

Mozambique, 10

Rest of the world, 182



The Sanitation Ladder

Improved Sanitation Facility 

Toilet/Latrine to piped sewer system

Septic Tank

Pit Latrine

Shared Sanitation Facility  

Two or more households share

Public Toilets 

UNICEF, WHO “Progress on Drinking Water and Sanitation 2014 Update”



Unimproved Sanitation Facilities  

Pit latrines without platform

Bucket latrines

Open Defecation  [1 billion people]

In fields, forest areas, bodies of water 

The Sanitation Ladder –Global Statistics

UNICEF, WHO “Progress on Drinking Water and Sanitation 2014 Update”



How WASH contributes (engineering approaches)

Health and Nutrition Literacy Self-reported well-being

88% of diarrheal disease is 

caused by unsafe WASH*

Reduced school absenteeism 

by half or more among girl 

students

Provided the entry point to 

gain community support and 

ownership of projects

Reduced chronic 

malnutrition rates by 40%

Dramatically improved 

teacher deployment and 

retention rates

Removed the heavy burden 

and threats on women and 

children from walking long 

distances

Increased food security 

allowing communities to 

grow nutritious  vegetables 

and reduce hunger

Increased student test scores 

by one full letter grade

Enabled parents to better 

care for their children with 

the time saved fetching water

*Source: World Health Organization; World Vision Water



*Source:  World Vision Water



Beyond Access:  Promising Potential Solutions 

Community-
based, 

“bottoms-up”
approaches: 

CLTS

Hardware 
Focus/

Engineering 
Approaches:

household 
level, 

point-of-use 
[POU] 

solutions; 
well/pump & 
latrine design

Health Impact 
Focus: 

Designing 
for Behavior 

Change 
(DBC)

Sustainability 
focus:  

Institutions, 
policies, cost 

recovery, 
private-sector 
involvement, 
training and 

capacity 
building



Patil SR, Arnold BF, Salvatore AL, Briceno B, et al. (2014) The Effect of India's Total Sanitation Campaign on Defecation Behaviors and Child Health in Rural Madhya Pradesh: A 
Cluster Randomized Controlled Trial. PLoS Med 11(8): e1001709. doi:10.1371/journal.pmed.1001709
http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1001709

Hypothesized causal pathways for WASH intervention impact 
and measurements.

*Environmental enteropathy affects the small intestine and is the result of chronic childhood exposure to fecal microbes due to poor sanitation. It also reduces a child’s ability 
to absorb nutrients.

*

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.1001709


Conclusion:  Emerging Issues 
(the intersection of global health and engineering)

Inequality (gender and income) of services

Nexus between water, food, and energy crises

Urban Issues

Connecting public health, medical, engineering 
and water professionals

Impacts of climate change



Questions and Discussion


