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Estimated 2.6 billion people lack access 
to adequate sanitation globally. If the 
current trend continues, by 2015 there 
will be 2.7 billion. 

In Africa, 115 people die every 
hour from diseases linked to 
poor sanitation, poor hygiene 
and contaminated water 

  Diseases	  from	  water	  
contaminated	  with	  
human	  waste	  
  Diarrhoea	  
  Cholera	  
  Dysentery	  
  Typhoid	  
  Hepatitis	  A	  



Diarrhoea 
responsible 
for 1.5 
million 
deaths 
every year, 
mostly 
among 
under-five 
children 
living in 
developing 
countries 



Goal 4
Reduce child 
mortality

TARGET
Reduce by two thirds, between 1990 and 2015, the under-five 
mortality rate

Child mortality falls by more than one third, but 
progress is still too slow to reach the target
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Considerable progress has been made in reducing under-five mortality 
since 1990. In the developing regions, the mortality rate declined by 
35 per cent, from 97 deaths per 1,000 live births in 1990 to 63 in 
2010. Despite population growth, the number of under-five deaths 
worldwide fell from more than 12 million in 1990 to 7.6 million in 
2010. 

Five of nine developing regions show reductions in under-five mortality 
of more than 50 per cent from 1990 through 2010. Northern Africa 
already has achieved the MDG 4 target, bringing down the child 
mortality rate by 67 per cent, and Eastern Asia is close, with a 63 per 
cent decline.

  37%	  decline	  in	  
developing	  regions	  

  Total	  annual	  deaths	  
down	  from	  12	  M	  
(1990)	  to	  7.6	  M	  (2010)	  
  5	  of	  9	  Dev.	  Regions	  
show	  great	  progress	  

  Target	  already	  
achieved	  in	  North	  
Africa	  



Figure 10: African and South-East Asian children suffer
disproportionately
Deaths in children aged under five years from pneumonia
and other acute infections of the lower respiratory tract due
to indoor air pollution, by WHO region, 2002
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ver 10 million children aged under five years
die every year – 99% of them in developing

countries. "To reduce by two-thirds the under-five
mortality rate between 1990 and 2015" may be the
most ambitious of the Millennium Development
Goals.

Globally, pneumonia remains the single most
important child killer and is responsible for 2 million
deaths every year (Figure 9). Newborns and infants
are often carried on their mother's back while she
is cooking, or kept close to the warm hearth.
Consequently, they spend many hours breathing
polluted air during their first year of life when their
developing airways and their immature immune
systems make them particularly vulnerable. Indoor
smoke is one of the underlying causes and to
blame for nearly 800 000 child deaths annually.
These deaths are not equally distributed
throughout the world: more than one third of the
child deaths due to indoor smoke, that is 358 000
deaths, occur on the African continent, and
another 288 000 child deaths occur in South-East
Asia (Figure 10).

In most societies, women are in charge of cooking.
Day after day, and often throughout the course of a
lifetime, they spend many hours in the vicinity of
the fire or stove. The acrid smoke depositing soot in
their lungs is responsible for 511 000 of the 1.3
million deaths due to COPD among women
worldwide per year. In contrast, only 173 000 of a
total of 1.4 million deaths from COPD among men
are due to indoor smoke (Figure 11). Inefficient
household energy practices may be of particular
significance to the health of pregnant women:
carrying heavy loads during fuel collection may
bring about prolapse during pregnancy, and
exposure of the developing embryo to harmful
pollutants may lead to low birth weight as well as
stillbirth.

Users of solid fuels in developing countries tend to
be poor and, especially in rural areas, are unlikely
to live in the vicinity of health care facilities. Their
ability to afford medical treatment and to seek
medical care for themselves and their sick children
is limited. Consequently, trying to reduce the
number of deaths from pneumonia through
treatment may not benefit the poorest of the poor.

O

"Her three children were blinking at me in the darkness from behind her skirt. The
woman was extremely ill and had a racking cough, and I remember the blackness
inside the home and the stench of wood smoke which was overpowering." 

Hilary Benn,
currently Secretary of State for International Development,

United Kingdom, reminiscing about a visit to Northern Ethiopia

Women and children
overlooked

And, even if a child is successfully treated for
pneumonia, he or she will have to return to a home
where high levels of indoor air pollution prevail in
combination with other threats to health, such as
overcrowding and an inadequate diet.

In contrast, switching to cleaner fuels and
increasing fuel efficiency through better stoves can
reduce health risks for all family members. Beyond
curbing respiratory problems, a more secure
household energy situation enables water to be
boiled and thus helps reduce the incidence of
water-borne diseases. It can also increase the
number of hot meals consumed per day and thus
improve food safety and nutrition. A closed, raised
stove prevents infants and toddlers falling into the
fire or knocking over pots of hot liquid and being
burned or scalded. 

Closing the household energy gap can therefore be
a springboard for achieving the health-related
Millennium Development Goals.   

Figure 9: Pneumonia is a major child killer
Percentage of deaths in children under five years of age, by cause, 2000–2003 
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Undernutrition is an underlying cause of 53% of deaths among children under five years of age.
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WHO distinguishes between the following geographical regions: African Region
(Afr); Region of the Americas (Amr); Eastern Mediterranean Region (Emr); European
Region (Eur); South-East Asia Region (Sear); Western Pacific Region (Wpr).
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Figure 11: Women most at risk
Deaths from chronic obstructive pulmonary disease due to
indoor air pollution, by gender and WHO region, 2002 

Nu
m

be
r o

f d
ea

th
s 

(0
00

)

350

300

250

200

150

100

50

0

WHO distinguishes between the following geographical regions: African
Region (Afr); Region of the Americas (Amr); Eastern Mediterranean Region
(Emr); European Region (Eur); South-East Asia Region (Sear); Western Pacific
Region (Wpr).

Afr Amr Emr Eur Sear Wpr

WHO region
Women
Men



  2	  million	  annual	  
deaths	  (2004)	  
  COPD	  (54%)	  
  Pneumonia	  (44%)	  
  Lung	  cancer	  (2%)	  

  Solid	  fuel	  for	  
cooking,	  heating,	  etc.	  
  3	  billion	  users	  world	  
wide	  
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ooking as an enjoyable pastime and passion
for a privileged minority – on an electric range

or a gas stove in a stylish kitchen in New York, Paris
or Tokyo. Cooking as a chore and threat to the lives
of the great majority – on an open fire in a shabby
hut in rural Africa, south Asia or Latin America.

Worldwide, more than three billion people depend
on solid fuels, including biomass (wood, dung and
agricultural residues) and coal, to meet their most
basic energy needs: cooking, boiling water and
heating (Figure 1). Opening the door to their homes
makes for a hazy welcome: thick grey smoke fills
the air, making breathing unbearable and bringing
tears to the eyes.  The inefficient burning of solid
fuels on an open fire or traditional stove indoors
creates a dangerous cocktail of hundreds of
pollutants, primarily carbon monoxide and small
particles, but also nitrogen oxides, benzene,
butadiene, formaldehyde, polyaromatic hydro-
carbons and many other health-damaging
chemicals. Day in day out, and for hours at a time,
women and their small children breathe in amounts
of smoke equivalent to consuming two packs of
cigarettes per day. Where coal is used, additional
contaminants such as sulfur, arsenic and fluorine
may also be present in the air.

Yet, these families are faced with an impossible
dilemma: don't cook with solid fuels, or don't eat a
cooked meal. Being poor condemns half of
humanity to dependence on polluting household
energy practices. With increasing prosperity,
cleaner, more efficient and more convenient fuels
are replacing, step-by-step, traditional biomass
fuels and coal. Climbing up the energy ladder tends
to occur gradually as most low- and middle-income
households use a combination of fuels to meet their
cooking needs (Figure 2).

The problem of indoor air pollution has been around
since the Stone Age, yet international development
agendas still fail to recognize that missing out on
clean energy equals missing out on life.

C

"The health of the people is really the
foundation upon which all their happiness
and all their powers as a state depend."

Benjamin Disraeli,
British statesman and writer (1804—1881)
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Increasing prosperity and development
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Household energy:
three billion left behind

Figure 2: The energy ladder: household energy and development
inextricably linked
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51%–75%

76%–100%

Figure 1: Energy poverty in people's homes
Percentage of population using solid fuels (Millennium
Development Goal indicator 29), 2003 or latest available data

Reproduced with permission from: © Myriad Editions
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Source	  

•  Industry	  &	  Energy,	  Transport,	  Domestic	  activities,	  
Waste,	  Agriculture,	  Nature	  	  

Emission	  

Concentration	  
•  Air,	  Water,	  Food,Soil	  

Exposure	  
•  Population	  distribution,	  Time	  activity	  

Dose	  
•  Dose,	  Absorbed	  dose,	  Targeted	  organ	  dose	  

Health	  effects	  
	  

•  	  Sub	  clinical,	  Morbidity,Mortality	  



Figure 7: Energy – a major expenditure
for poor households
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xtreme poverty remains a daily reality for
more than 1 billion people who survive on

less than 1$ per day1. Being poor means getting up
hungry in the morning, anxious where to find
enough food to make it through to the evening (Box
2). Being poor means being forced to accept any
work there is and being denied a good school
education. Being poor means living in an
overcrowded smoky dwelling that lacks sufficient
water for drinking, hand-washing and personal
hygiene. Being poor means not having the freedom
to make choices.

Millennium Development Goal 1, to eradicate
extreme poverty and hunger, represents the essence
of the Millennium Declaration. Dependence on
polluting inefficient household energy practices
stops people from breaking out of the vicious cycle
of poverty.

Good health is crucial as household livelihoods rely
on the health of family members. Being ill as a
result of indoor smoke or having to care for sick
children reduces earnings and leads to additional
expenses for health care and medication. Broken
bones, backache and snake bites endured during
fuel collection add to the problem. Reports from
war zones and refugee camps provide sad testimony
of girls and women being assaulted when they leave
the relative safety of their homes to collect fuel.

Where fuel is purchased, for example in urban
slums in Africa and Asia, spending money on large
quantities of inefficient fuels places severe
constraints on household budgets. Poor households
tend to spend a larger percentage of their income
on energy than well-off households (Figure 7).
Where fuel is collected, women and children lose
many hours a week searching for wood branches
and twigs (Figure 8). Fuel collection is not
necessarily a daily task, as the duration and
frequency of collection varies depending on the
availability of wood for use as a fuel. In rural India,

E
Trapped by energy poverty

for example, daily fuel collection time ranges from
only 20 minutes per day in Andhra Pradesh to more
than one hour per day in Rajasthan, which is mostly
covered by desert. Cooking, serving foods and
washing the soot-laden pots adds to this time
burden, eating up about three hours of women's
time every day.

Alleviating the drudgery of collecting fuel far from
home and easing the task of cooking through
ownership of more efficient devices can free
women's time for productive endeavours, education,
child care and relaxation. With less time wasted on
collecting wood and being ill, children will have
more time available to attend school, do their
homework and enjoy childhood. Finally, involving
women in household energy decisions promotes
gender equality and empowers women. Owning a
less-polluting stove raises a woman's prestige – both
by being a sign of wealth and, indirectly, through
providing a soot-free kitchen environment. 
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Box 2: Too little wood for too many people: household
energy and hunger

Where wood supplies are scarce, unsustainable harvesting of fuel
endangers agricultural production and threatens a stable supply
of crops. Deforestation and ensuing erosion damage formerly
fertile fields; this is particularly true where trees are felled for
charcoal production to supply urbanizing areas of Africa with
fuel. Resorting to dung as a lower-grade fuel interrupts the
normal composting process and diverts the dung from being used
as a natural soil fertilizer. In the absence of any chemical
fertilizers, this will ultimately reduce field productivity.

For these reasons, improving household energy practices will also
boost agricultural productivity and food security. By restoring
natural soil fertility, they reduce expenditure on chemical
fertilizers. Higher fuel efficiency frees women's time for growing
food and tending animals.

1 $ Purchasing power parities (PPPs): These conversion rates
equalize the purchasing power of different currencies by
eliminating the differences in price levels between countries.

Adapted with permission from:
International Energy Agency, OECD. World Energy
Outlook 2002. Paris, International Energy Agency and
OECD, 2002. Table 13.1.

Figure 8: Time ticking away
Daily hours that women spend collecting fuel in different African
geographical settings, by country, 1990–2003
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Dutta S. Energy as a key variable in eradicating extreme poverty and hunger: A gender and
energy perspective on empirical evidence on MDG 1. In: Gender as a key variable in energy
interventions. Draft background paper for ENERGIA/DfID/KaR Research Project R8346. 2005.
Available at: http://www.energia.org/
Hutton G, Rehfuess E, Tediosi F, Weiss S. Evaluation of the costs and benefits of household energy
and health interventions at global and regional levels. Geneva, World Health Organization, in press.
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Figure 8: Time ticking away
Daily hours that women spend collecting fuel in different African
geographical settings, by country, 1990–2003
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bones, backache and snake bites endured during
fuel collection add to the problem. Reports from
war zones and refugee camps provide sad testimony
of girls and women being assaulted when they leave
the relative safety of their homes to collect fuel.

Where fuel is purchased, for example in urban
slums in Africa and Asia, spending money on large
quantities of inefficient fuels places severe
constraints on household budgets. Poor households
tend to spend a larger percentage of their income
on energy than well-off households (Figure 7).
Where fuel is collected, women and children lose
many hours a week searching for wood branches
and twigs (Figure 8). Fuel collection is not
necessarily a daily task, as the duration and
frequency of collection varies depending on the
availability of wood for use as a fuel. In rural India,

E
Trapped by energy poverty

for example, daily fuel collection time ranges from
only 20 minutes per day in Andhra Pradesh to more
than one hour per day in Rajasthan, which is mostly
covered by desert. Cooking, serving foods and
washing the soot-laden pots adds to this time
burden, eating up about three hours of women's
time every day.

Alleviating the drudgery of collecting fuel far from
home and easing the task of cooking through
ownership of more efficient devices can free
women's time for productive endeavours, education,
child care and relaxation. With less time wasted on
collecting wood and being ill, children will have
more time available to attend school, do their
homework and enjoy childhood. Finally, involving
women in household energy decisions promotes
gender equality and empowers women. Owning a
less-polluting stove raises a woman's prestige – both
by being a sign of wealth and, indirectly, through
providing a soot-free kitchen environment. 
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Box 2: Too little wood for too many people: household
energy and hunger

Where wood supplies are scarce, unsustainable harvesting of fuel
endangers agricultural production and threatens a stable supply
of crops. Deforestation and ensuing erosion damage formerly
fertile fields; this is particularly true where trees are felled for
charcoal production to supply urbanizing areas of Africa with
fuel. Resorting to dung as a lower-grade fuel interrupts the
normal composting process and diverts the dung from being used
as a natural soil fertilizer. In the absence of any chemical
fertilizers, this will ultimately reduce field productivity.

For these reasons, improving household energy practices will also
boost agricultural productivity and food security. By restoring
natural soil fertility, they reduce expenditure on chemical
fertilizers. Higher fuel efficiency frees women's time for growing
food and tending animals.

1 $ Purchasing power parities (PPPs): These conversion rates
equalize the purchasing power of different currencies by
eliminating the differences in price levels between countries.

Adapted with permission from:
International Energy Agency, OECD. World Energy
Outlook 2002. Paris, International Energy Agency and
OECD, 2002. Table 13.1.

Figure 8: Time ticking away
Daily hours that women spend collecting fuel in different African
geographical settings, by country, 1990–2003
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Sources:
Dutta S. Energy as a key variable in eradicating extreme poverty and hunger: A gender and
energy perspective on empirical evidence on MDG 1. In: Gender as a key variable in energy
interventions. Draft background paper for ENERGIA/DfID/KaR Research Project R8346. 2005.
Available at: http://www.energia.org/
Hutton G, Rehfuess E, Tediosi F, Weiss S. Evaluation of the costs and benefits of household energy
and health interventions at global and regional levels. Geneva, World Health Organization, in press.



Indoor air quality is one of the US EPA’s 
top five environmental risks to public 
health. Indoor air can be 2-5 times 
worse than air outdoors 

  Radon	  gas:	  
  3	  –	  14	  %	  of	  lung	  cancers	  
  2nd	  leading	  cause	  
 No	  known	  threshold	  for	  
safety	  

  Radon-‐induced	  cancer	  
can	  be	  caused	  by	  low	  
and	  moderate	  exposure	  
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Figure 1. Relative risk of lung cancer versus long-term average residential radon 
concentration in the European pooling study
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Source: Darby et al. 2005
Relative risks and 95% confidence intervals are shown for categorical analyses and also best fitting straight line.
Risks are relative to that at 0 Bq/m3.

As mentioned above, there is substantial year-to-year random variation in the 
average annual radon concentration in a home, depending, for example, on variation 
in the weather (Zhang et al. 2007). Therefore, if the risk of lung cancer due to 
radon from the case-control studies is estimated based only on the measured radon 
concentrations and without taking this variation into account, then the risk is likely 
to be underestimated. Therefore, in the European pooling study, the analysis was 
repeated using “long-term average radon concentration” (i.e. taking into account 
the random year-to-year variability in measured radon concentration). The final 
estimated risk coefficient, based on the long-term average radon concentration, 
was 16% per 100 Bq/m3 (95% confidence interval 5-31%). Once again, on this 
proportionate scale, the risk did not vary more than would be expected by chance 
with age or sex or according to the smoking status of the individual, and the dose-
response relationship was approximately linear, as demonstrated in Figure 1. 



Created in 2007 to stimulate a 
global sense of urgency for 
reaching the health-related 
MDGs (4, 5, 6) 

(picture from 2011) 

Informal	  group	  of	  8	  health-‐
related	  organizations	  
  WHO	  
  UNICEF	  
  UNFPA	  
  UNAID	  
  	  GFATM	  
  GAVI	  
  Gates	  Foundation	  
  World	  Bank	  



Hygiene education and 
promotion of hand washing 
are simple, cost-effective 
measures that can reduce 
diarrhoea cases by up to 
45%. 

Prevention	  and	  treatment	  
  Access	  to	  safe	  drinking	  water	  
  Use	  of	  improved	  sanitation	  
  Good	  personal	  and	  food	  

hygiene	  
  Exclusive	  breastfeeding	  1st	  6	  

months	  
  Health	  education	  
  Rotavirus	  vaccination	  

Every US$1 invested in improved 
sanitation, translates into an average 
return of US$9 experienced specifically 
by poor children and in the 
disadvantaged communities (WHO) 



Water Safety Planning 
for Small Community Water Supplies
Step-by-step risk management guidance  
for drinking-water supplies in small communities

Target	  audience	  
  Local	  governments	  
  NGOs	  
  PHC	  workers	  
  Other	  interested	  parties	  
	  
Key	  principles	  

  Understand	  ing	  commitment	  
  Preventive	  risk	  management	  	  
  Flexible	  and	  adapted	  
  Disease	  microorganisms	  
  Multiple	  barriers	  
  Incremental	  improvements	  
  Regular	  review	  

	  



Source: WHO 
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to assess radon concentrations (WHO 2007). Grab samples are air samples collected, 
using various devices like scintillation cells, over time intervals as short as minutes 
and then taken to the laboratory for analysis. These types of measurements do not 
capture the fluctuations in radon or radon decay product concentration over time. 
Grab samples are not included within the guidelines as they are not recommended 
for assessment of radon exposure or for making decisions regarding the need for 
mitigation. Additional details on measurement devices can be found in George 
(1996) and in reports from OECD (1985), NCRP (1988), SSK (2002) and USEPA 
(1992, 1993).

2.1 Measurement devices 

This section summarizes the main measurement devices of radon and its decay 
products, reflecting current practice in some countries with established radon 
programmes.

2.1.1 Radon gas detectors

a. Alpha-track detectors

An ATD is a small piece of specially produced plastic substrate enclosed within a 
filter-covered diffusion chamber 
that excludes the entry of radon 
decay products as shown in Figure 
2. The plastic is generally a polyallyl 
diglycol carbonate (PADC or CR-
39), cellulose nitrate (LR-115), or 
polycarbonate (Makrofol) material. 
When alpha particles are generated 
by radon or radon decay products in 
proximity to the detecting material, 
they can strike the detecting 
material, producing microscopic 
areas of damage called latent alpha 
tracks. Chemical or electro-chemical 

etching of the plastic detector material enlarges the size of the alpha tracks, making 
them observable by light microscopy so that they can be counted either manually 
or by an automated counting device. The number of tracks per unit surface area, 
after subtracting background counts, is directly proportional to the integrated radon 
concentration in Bqh/m3. A conversion factor obtained by controlled exposures at 
a calibration facility allows conversion from track density to radon concentration. 
Alpha-track detectors are generally deployed for an exposure period ranging from 
1 month to 1 year. Alpha-track detectors are insensitive to humidity, temperature, 
and background beta and gamma radiation, but measurements performed at very 
high altitudes (e.g. above 2000 m) may require slight adjustments due to differences 

Table 7. Primary methods and devices for residential radon measurements

Method Measurement Type Device

Preliminary Test for Radon Short-term Sampling CRM, EIC, ACD

Assessment of Exposure Time Integrating ATD, EIC, CRM, EID

Remediation Testing Continuous Monitoring CRM   

Figure 2. Examples of radon detectors
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