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Talk outline 

Sustainable Development Goal 6

• What is SDG 6 and the associated UN 

Global Indicators and Targets?

• Challenges, and need for clean water and 

sanitation

• Where we lag behind

• Groundwater – a particular challenge

• Example Niger, Africa

• Suggestions for a way forward



What is Sustainable Development 

Goal 6?

• One of 17 SDGs

• “Ensure availability and 

sustainable management of 

water and sanitation for all”

• Global indicators and Targets



SDG 6 Targets - Most by 2030



Abundant, clean, available groundwater promotes international stability



Clean Water – The Challenge
• U.N World Water Development Report 2020 estimates 4 billion people 

face water scarcity at least one month each year

• 1.6 billion economic water shortage – no infrastructure to obtain sufficient 
water

• 52% of the world’s population will live in water-stressed regions by 2050

• 3,400,000 will die each year from lack of clean drinking water (~9,300 
people each day)

• Mostly children (2,200,000/yr)

• Does not reflect deaths associated with lack of handwashing and resultant 
deaths with global pandemics such as Covid-19

• Estimates are that approximately 6,000 children die each day from 
diarrheal fluid loss or lack of clean drinking water

• About one child every 14 seconds. 

• The United Nations and the World Health Organization have attributed 
water-related causes to about 80% of all diseases in the developing world.



Statistics – Estimates vary but these are approximate 

values

• 2 billion people in the world do not have a safe supply of clean water close to home. 

• 3.6 billion people in the world – more than half of the world's population –

do not have access to a decent toilet.

• 2.3 billion people do not have access to basic hygiene facilities
Source - WHO/UNICEF (2021) Progress on household drinking water, sanitation and hygiene 2000-2020. Joint Monitoring Program. 

• Every minute a newborn dies from an infection caused by lack of safe water and an 

unclean environment. (WHO, 2015)

Around the world, up to 443 million school days are lost every year because of water-

related illnesses. (Human Development Report, 2006)

• Every $1 invested in water and toilets returns an average of $4 in increased 

productivity. (WHO, 2012)

• Promoting good hygiene is one of the most cost-effective health interventions.
(Disease Control Priorities, third edition (volume 2), 2016)

• If everyone, everywhere had clean water, the number of diarrheal deaths would be 

cut by a third. (Tropical Medicine and International Health, 2014)



Global Challenges – Overcoming Scarcity

•

• When a territory withdraws 25% or more of its renewable 
freshwater resources it is said to be ‘water-stressed’.

• 72% of all water withdrawals are used by 
agriculture, 16% by municipalities for households 
and services, and 12% by industries.



Beyond a shadow of a drought
About 4 billion people experience severe water scarcity during at 

least one month of the year (
Mekonnen and Hoekstra, 2016)

700 million people worldwide could be displaced by intense water scarcity by 2030. 
(Global Water Institute, 2013)

https://advances.sciencemag.org/content/2/2/e1500323/tab-figures-data
https://img1.wsimg.com/blobby/go/27b53d18-6069-45f7-a1bd-d5a48bc80322/downloads/1c2meuvon_105010.pdf


Global Challenges – Overcoming Scarcity

Half the global population are already living in 
potential water scarce areas at least one month 
per year and this could increase to some 4.8–5.7 
billion in 2050. About 73% of the affected people 
live in Asia (69% by 2050). (Burek et al., 2016)

http://pure.iiasa.ac.at/id/eprint/13008/


Drought and Famine

• Example – Sub Sahelian
Africa

• 1968 -1975 Drought - 200,000 
died

• millions of herd animals were 
dead

• many thousands of children 
were brain damaged from 
inadequate nutrition

• Economy of region (8 
countries) devastated

• Large shifts in population
• Major Societal upheaval





Regulatory and Governance Challenges

• Another Example of Concern 

- Transboundary Aquifers 

and Surface water 

• In 2015 -366 identified 

transboundary aquifers and 

226 transboundary 

‘groundwater bodies' (as 

defined in the European 

Union Water Framework 

Directive) underlying almost 

every nation state.

Concern with lack of enforcement of water-related laws and regulations

• Corruption - Every 10% of investment in the water sector that is lost to corruption 

equates to over $75 billion in losses per year, according to a 2016 study.



592+ Transboundary aquifers (IGRAC)

Few Transboundary groundwater agreements compared to 

surface water 



Global Challenges – ending gender bias

“No country can every truly 
flourish if it stifles the 
potential of its women and 
deprives itself of the 
contribution of half its 
citizens.” ― Michelle Obama

https://www.womensweb.in/2020/03/book-review-becoming-by-michelle-obama-2/


What about water quality?



Water Quality and Sanitation

UN estimates 2.3 billion people worldwide do not 

have access to toilets or sanitary pit latrines





Global Challenges – inadequate sanitation

• People forced to inhabit, provide sanitation and 

obtain water from very limited areas. 

• Shallow groundwater widely used as the source of 

water. 

• Inadequate protection of groundwater from onsite 

sanitation and waste disposal

• Three billion people do not have access to 

handwashing facilities with soap.

• Still, ~673 million people practice open defecation.

2,50m



Landfills, Cesspools



Toxic Waste Challenges



What people don't understand is like when water gets 
polluted, it's an entire aquifer. There's a whole fascinating 
world that exists underneath our feet that we don't see, 
therefore we don't relate. Erin Brockovich

Industrial and Agricultural Pollution – historical and “emerging” contaminants

https://www.azquotes.com/author/22418-Erin_Brockovich






Groundwater quality along basement fractures in the dallols

Sambera's white salt, like Kwara N'Débé's, is 

collected by populations at the top of N-S-

oriented basement faults, consistent with rift 

opening, with high contents of rubidium, 

nickel and chrome. These metals reflects 

their hydrothermal origin from the basement

The Natron de la Mare de 

Bambi also has high contents of 

rubidium and arsenic, 

These metals reflects their 

hydrothermal origin from the 

basement

Potential for Arsenic Contamination because it isn’t 

measured in groundwater - Niger



Natural Background Groundwater Contamination –

including Spring and Ecosystem Health



Arsenic (As)

• 87 % of time not analyzed

• 53.8 % above MCL when 

detected 

• 78 Springs above MCL of 

0.01 mg/L



New Pollutants –

example PFAS

• “forever chemicals”



Muir Glacier, SE Alaska

August, 1941 (photo by William Field) August, 2004 (photo by Bruce Molnia)





Courtesy of Dan Schrag, Harvard Univ.



Courtesy of Dan Schrag, Harvard Univ.







Global Challenges -Coastal Saline Water Intrusion



Importance of Groundwater

• Provides drinking water to at least 50% of the 

global population

• Over 97% of the fresh, liquid water on earth is 

groundwater

• Key element in global resilience to climate 

change, Underpinning of energy production, 

Supports food security and economic 

development

• In times of Covid-19, groundwater promotes 

hand washing in isolated rural communities.



Worldwide, approximately 2.5 

billion people depend solely on 

groundwater resources to satisfy 

their basic daily water needs



Groundwater supports 

food security and 

economic development, 

and is essential to the 

health of all living things. 



Groundwater is 

a shield against 

ecosystem loss

For many of us, water simply flows from a faucet, and we think little about it beyond 

this point of contact. We have lost a sense of respect for the wild river, for the complex 

workings of a wetland, for the intricate web of life that water supports. Sandra Postel

http://www.azquotes.com/quote/667593?ref=wetlands
http://www.azquotes.com/quote/667593?ref=wetlands
http://www.azquotes.com/quote/667593?ref=wetlands
http://www.azquotes.com/author/38394-Sandra_Postel


Groundwater is a defense against human deprivation and 

poverty



So Why is

• Groundwater is a hidden and vulnerable resource, and

• Not physically visible, 

• Difficult for the general population and decision-makers to 

connect-up with the challenges affecting this resource,

• Appreciation of groundwater is not taught in elementary schools,

• Many university programs do not have hydrogeology courses in 

their undergraduate curricula,

• Many people do not know: 

– That surface water and groundwater are closely connected, 

– That pollution of one can pollute the other, 

– That rivers and lakes derive water from underground baseflow,

• Many decision makers do not know that, in drylands, slight 

changes in groundwater levels, due to over-pumping or climate 

change, can diminish or eradicate springs and well-water

Groundwater Invisible?



U.N. World Water Day 2022: Groundwater, 
Making the Invisible, Visible

If there is magic on this planet, it is contained in water. Loren Eiseley





Niger - Landlocked

• About 80% in the Sahara Desert

• Surrounded by 7 different countries

• “Frying Pan of the World”

• 56% of population does not have access 

to clean drinking water



Niger - health and water scarcity

• Consistently one of the lowest on the World 

Health Organization Index

• Life expectancy at birth: total population: 55.9 

years, male: 54.7 years

female: 57.3 years (2017 est.) 

• 210 out of 223 nations

• 2005 “famine” – drought 2018 , locusts, poverty



Niger – population and poverty

• Highest fertility rate in the world –about 

seven children per woman

• Population doubled in about 25 years 

(compared to 61 years globally)

• Roughly 48 % of population is 14 or younger

• According to UNESCO 42.9% of Nigerien 

children between five and fourteen are 

working instead of going to school



Niger

• Main agriculture subsistence farming 

but only 11% of land is arable

• Over 80% of population identifies as 

Islamic

• Principal educated language is French

• Threats do exist in form of kidnapping,  

slavery (although officially outlawed), 

Boko Haram

• ISIS and Al Qaeda



End of the dry season



WATEX method: a new method of remote sensing to 

better understand the Hydrogeology of Niger





Landsat 8 imagery



Transfer faults (or hydrothermal dikes) oriented NE-SW on the Zinder uplift 

from Landsat 8 imagery



Presentation of all the study area WATEX imagery which 

represents the culmination of the whole of a sequence of 

treatments

This ultrasound image represents 

the aquifer potential up to a depth 

of 60 m for dry areas on the surface



An area of top/medium potential (zoomed in)



Suggested Ways Forward

• Effective Hydrophilanthropy

• Move toward Sustainability

• Better Monitoring, Data 

Collection, and Data sharing

• Capacity Building

• Connecting Research and 

Innovation with Practitioners

• Advocacy



Sustainable management of groundwater and 

aquifers can lay a foundation for peace and the 

alleviation of suffering. 



Definition – Humanitarian actions 

which increase and sustain clean 

water in areas of need 

Philanthropy = a desire to help mankind, especially as 

shown by gifts to charitable or humanitarian institutions; 

benevolence (Webster’s New World Dictionary, 2nd Edition)

Hydrophilanthropy



Student Association for International 

Water Issues, University of Nevada, 

Reno install well – Kenya, 2004

Suggested Ways to Move Forward

Using Appropriate, Transferable Technology



Changing the Paradigm

Shift in Goals from Number of Beneficiaries to Sustainability –
historical breakdowns

• 21 African nation survey reported that 36% of installed well 
pumps were non-functional (Rural Water Supply Network 
Work Plan, January 2009-December 2011) 

• Menaca region of Mali, 80% of water points 

are “dysfunctional” The Institute for 

Environment and Development 

(IIED 2009) 

• 58% are in need of repair in northern Ghana



Rainwater Harvesting System – Liquidambo, 

Guatemala – January 2010;

Higher Education System of Nevada



Manual Well Drilling – Turkana, Kenya – 2007; 

University of Nevada students, Teaching the Local 

Men and Women How to Drill 



Low Tech is sometimes the best tech

San Julian, 

Bolivia









Examples 

South Africa 

and Arizona

Other Challenges – Subsidence



One Possible Future Solution -

The Feasibility of Using Large, Retired and 

Mothballed Ocean Vessels as Mobile 

Desalinization and Power Plants



DESAL Watercraft Carrier Concept –

John Zulaikha, 2005

• Wind, wave, tide, and solar energies with battery and 
reverse osmosis desalination

• Daily routine governed by the tide, wave, wind, and sun 
direction. 

• Massive - able to withstand storms and/or relocate.



New Solutions – Remote Imagery



New Geophysical tools



Uranium

Thorium Potassium

Example – Remote sensing for potential contamination

Northern Arizona, USA



So, aside from the technical solutions we work 

toward everyday, what additional things can we (or 

do we already) do to make the world better? 

Publish.       Make high quality data available. 

Make use of innovative technologies  where appropriate.



Selected Suggestions for Improvement

(bottom up)

• Education – Community, Primary, 

University

• Holistic Sanitary Community Improvement

• Increase Analytical, Technical and Economic 

Capability

• Wellhead Protection

• Improving  Enforcement



What else can we do? 
Education and Capacity Building



Water Quality 

training in Iraq



So what can we (or do we already) do?
Be an advocate for the wise use and protection of 

groundwater and all water resources

Make the invisible, visible!

Example – Become a signatory of the Sao Paulo – Brussels 

Groundwater Declaration



Water Professionals Acting Together



“What our society has today is a 

perfection of means and a 

confusion in goals” Albert Einstein

Shift in Goals from Number of Beneficiaries to Sustainability

Better Data Collection and Sharing

More Emphasis on Groundwater

Better Steps to Connect Innovations with Practioners

Capacity Building



Water in many languages and 

cultures

If a tree falls in the forest, will you make a sound? —

(Homer Simpson, The Simpsons)

Water is the driving force of all nature. 

Leonardo da Vinci

“Water, like religion and ideology, has the power to move millions of people. 
Since the very birth of human civilization, people have moved to settle close to it. 
People move when there is too little of it. People move when there is too much of 
it. People journey down it. People write, sing and dance about it. People fight 
over it. And all people, everywhere and every day, need it.” –Mikhail Gorbachev
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