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INTRODUCTION

Collectively, unintentional injuries and interpersonal
violence accounted for at least 8 percent of deaths and
9 percent of disability-adjusted life years (DALYs) in
low- and middle-income countries (LMICs) in 2012
(WHO 2016). Diseases related to air pollution and inad-
equate water and sanitation measures accounted for
15 percent of attributable deaths and 10 percent of
attributable DALYs in LMICs in 2013 (IHME 2015).
Millennium Development Goal 7 has inspired steady
progress on water- and sanitation-related indicators,
although many countries have not yet reached target
levels of coverage (Luh and Bartram 2016) or the newer
targets for Sustainable Development Goal 6 (UN 2016).
Health losses from road traffic injuries (RTIs), interper-
sonal violence, and outdoor air pollution continue to
rise (WHO 2016).

A common feature of the seemingly disparate condi-
tions covered in this volume is that they can be
addressed largely through population-based policies
and regulations using intersectoral approaches. For
example, risks related to most types of injuries can be
substantially reduced through educational programs
and legal regulations (Ditsuwan and others 2013).

The regulation of air pollution usually occurs within the
purview of the public sector environmental agency, as
does the provision of clean water and basic sanitation
services that are then implemented by public works
agencies (Pattanayak and others 2010). Reducing the
health risks associated with these environmental haz-
ards involves partnerships between ministries of health
and ministries responsible for environment, transporta-
tion, and public works. As another example, reduction
of occupational hazards is considered the responsibility
of employers and employees alike, but it is often moni-
tored and regulated by ministries responsible for labor.

This chapter summarizes the evidence of the costs
and benefits of interventions to prevent injuries and
reduce occupational and environmental risks in LMICs.
Although the interventions reviewed reflect a set of con-
ditions and risk factors more narrow than those covered
in this volume, they are the major drivers of disease
burden in these cause and risk factor groups in LMICs.
The overarching objective of this chapter is to summa-
rize the evidence on value for money to reduce the
burden of injuries and environmental and occupa-
tional risks in these settings. Evidence on the costs and
cost-effectiveness of treating the medical consequences
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of injury, trauma, and environmental exposures can be
found in other volumes of this series.

Although externalities and their policy solutions,
such as tradable emissions, that are associated with air
and water pollution are critical for human health, this
chapter does not review these economic issues as they
relate to environmental health. Readers are referred to
environmental economics textbooks and manuals for
discussions of these issues (Maler and Vincent 2005).
This chapter focuses exclusively on studies of costs and
cost-effectiveness (including benefit-cost studies) that
have been conducted in LMICs.

The economic evidence is modest for injury and
ambient environment interventions compared to other
conditions, but important lessons can be learned about
the types of interventions to receive the highest priority
for public investment. Benefit-cost analysis (BCA) is
the standard approach in environmental economics.
Cost-effectiveness analysis (CEA) is typically applied to
health sector interventions, but environmental and
other intersectoral interventions—such as development
and education—are more suited to BCA because many
of the costs and benefits are likely to accrue outside the
health sector, and many of these direct benefits can be
more easily valued in monetary terms. For example,
improved water reduces the risk of morbidity and
mortality from diarrheal disease, but it also has many
nonhealth benefits, such as its intrinsic value to the con-
sumer and positive effect on tourism. Further, these
benefits may even be worth more in monetary terms
than the health benefits. This chapter presents CEA and
BCA evidence side-by-side with some comments on
differences in methods and results.

METHODS

During July 2015, we systematically searched the litera-
ture on costs and cost-effectiveness of interventions to
prevent injury and reduce risks in the ambient environ-
ment. The search combined terms for the specific inju-
ries and occupational and environmental hazards
addressed in this volume, together with economic terms
and names of specific LMICs and regions containing
LMICs. Our search did not include studies on self-harm,
which is treated in volume 4 of this series (Patel and
others 2015). Annex 10A contains the search terms and
strategy used to identify relevant articles. We were inter-
ested in CEAs regardless of perspective. However, we
present program costs from the health system or govern-
ment perspective. The BCAs presented here were con-
ducted from a societal perspective, which is standard in
the field.
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Our search yielded 4,539 titles through database
searches and 31 additional studies through expert con-
sultation. After screening titles and abstracts, we
reviewed 161 full-text studies. We included 42 of those
studies in the final review on the basis of criteria related
to evaluation methods used and quality of the data.
Additionally, we considered only those studies pub-
lished on or after January 1, 2000 (including costs that
were collected on or after that date) and pertaining to
LMICs (annex 10A). We assessed the quality of included
studies using a checklist developed by Drummond and
others (2015). Annex 10B provides a flow diagram of the
review process.

Among the 42 studies, we identified 16 higher-quality
studies. The majority of those studies addressed water,
sanitation, and hygiene (WASH); one to two studies
were found in each category of injury; and no studies
were available on occupational injury. We extracted
41 estimates of intervention costs and 59 estimates of
intervention cost-effectiveness, including incremental
cost-effectiveness ratios (ICERs), net benefits, and
benefit-cost ratios (BCRs). All ICERs, net benefits, and
program costs were converted to 2012 U.S. dollars. Costs
were first converted to local currency units based on
midyear exchange rates in the year that the data were
collected. Then they were inflated to 2012 values using
the World Bank consumer price index series for the
country of the study. Finally, they were converted to
U.S. dollars using midyear exchange rates for 2012.

We qualitatively summarized the remaining 26
studies that were of lower quality or used older data
sources, but we did not extract quantitative estimates
of ICERs or BCRs. In general, an intervention with an
ICER less than 1-3 times the per capita gross domestic
product of a country was considered cost-effective. An
intervention with positive net benefits or a benefit-cost
ratio greater than 1 was considered a good investment.
Annex 10C provides costs, cost-effectiveness ratios, and
descriptive information for each study and a quality
assessment score.

COST-EFFECTIVENESS OF INTERVENTIONS

Injuries and Occupational Hazards

Economic analyses on injury prevention suggest that
interventions to prevent RTIs, drowning, and interper-
sonal violence are cost-effective and may even be cost
saving (table 10.1). A quasi-experimental study by Bishai
and others (2008) assessed a traffic enforcement program
in Uganda. This program, which focused on reducing
speeding, demonstrated a reduction in fatal crashes at a
cost of US$944 per death averted (Bishai and others 2008).



Table 10.1 Results from Economic Evaluations of Injury Prevention Interventions

Cost per Cost per

Study author Location, outcome as Currency as outcome
(year) Intervention perspective® presented  Unit of outcome presented (year) (2012 US$)
Bishai and others  Traffic enforcement Uganda, 603 Death averted U.S. dollar 944
(2008) government (2005)
Ditsuwan and Checkpoint and media Thailand, 10,400 DALY averted Thai baht 400
others (2013) campaign government (2004)
Ditsuwan and Breath testing (selective) ~ Thailand, 13,000 DALY averted Thail baht 600
others (2013) government (2004)
Ditsuwan and Breath testing (random) Thailand, 14,300 DALY averted Thail baht 600
others (2013) government (2004)
Ditsuwan and Media campaign Thailand, 10,300 DALY averted Thail baht 400
others (2013) government (2004)
Ditsuwan and Breath testing (selective)  Thailand, 12,700 DALY averted Thail baht 500
others (2013) and media campaign government (2004)
Ditsuwan and Breath testing (random) Thailand, 13,500 DALY averted Thail baht 600
others (2013) and media campaign government (2004)
Rahman and Anchal drowning Bangladesh, 812 DALY averted International 256
others (2012) prevention program societal dollar (2010)
Rahman and SwimSafe drowning Bangladesh, 85 DALY averted International 27
others (2012) prevention program societal dollar (2010)
Rahman and Anchal-SwimSafe Bangladesh, 362 DALY averted International 114
others (2012) drowning prevention societal dollar (2010)

program (combined)
Jan and others Microfinance and gender  South Africa, 7,688 DALY averted U.S. dollar 9,826
(2011) training (trial period) government (2004)
Jan and others Microfinance and gender  South Africa, 2,307 DALY averted U.S. dollar 2,948
(2011) training (scale-up period) ~ government (2004)

Note: DALY = disability-adjusted life year.
a. "Perspective” refers to the perspective from which costs were estimated.

A study in Thailand modeled the cost-effectiveness of
several hypothetical interventions for RTIs, including
checkpoints, media campaigns, and breath testing, alone
or in combination. Compared to the null set, all interven-
tions were very cost-effective; all interventions were cost
saving when treatment costs averted were included in the
ICER calculations (Ditsuwan and others 2013).

A quasi-experimental study (Rahman and others 2012)
addressed drowning prevention in rural Bangladesh. The
intervention had two components. The first program,
Anchal, focused on direct supervision of children ages
1-5 years at child care centers near bodies of water. The
second program, SwimSafe, focused on teaching children
ages 4—12 years about basic swimming, safety, and rescue
of others from drowning. Both Anchal and SwimSafe
were very cost-effective; when their results were com-
bined and extrapolated to a program that would apply

to the entire population of rural Bangladesh, they cost
approximately US$114 per DALY averted (Rahman and
others 2012).

Interpersonal violence is the intentional use of physi-
cal force or power against other persons by an individual
or small group of individuals (chapter 5 in this volume,
Mercy and others 2017). A modeling study by Elliot and
Harris (2001) estimated the costs and benefits of land-
mine clearance in postconflict Mozambique. They found
negative net benefits and recommended against land-
mine clearance. Despite ongoing calls for and guidance
on conducting economic evaluations for intimate part-
ner violence (IPV) (Duvvury and others 2013), only a
single study included in this review focused on IPV. This
study, by Jan and others (2011), evaluated a trial of
microfinance to reduce IPV in South Africa. In the South
African economic context, ICERs for this program were
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favorable in both the trial and a subsequent scale-up
period (Jan and others 2011).

Additional global and regional studies and modeling
approaches using a set of assumptions and secondary
data sources provide insights into the potential eco-
nomic costs and benefits of injury prevention. Bishai
and Hyder (2006) found that increased enforcement,
speed bumps, bicycle helmets, motorcycle helmets, and
childproof containers to prevent poisoning were cost-
effective in most world regions. Chisholm and others
(2012) conducted an RTI prevention study using the
World Health Organization—-Choosing Interventions
That Are Cost-Effective (WHO-CHOICE) approach.
Focusing on WHO regions, the authors found that
(1) bicycle helmets; (2) a combination of speed limits,
drunk-driving laws, and motorcycle helmet use; and
(3) a combination of speed limits, drunk-driving laws,
seatbelt laws, bicycle helmet use, and motorcycle helmet
use were cost-effective in high-mortality Sub-Saharan
African countries, such as Kenya and Tanzania. They also
found that a combination of speed limits, impaired driv-
ing laws, seatbelt laws, and motorcycle helmet use—with
or without bicycle helmet use—were cost-effective in
high-mortality Asian countries, such as India and Nepal.
Finally, using a preevaluation—postevaluation strategy,
Stevenson and others (2008) found that a seatbelt use
program was cost-effective in Guangzhou City, China.

Additionally, two regional analyses using the WHO-
CHOICE model provide evidence on the cost-effectiveness
of measures to prevent occupational injury. In the first
study, training programs were more cost-effective than

engineering and ergonomics programs in all WHO
regions (Lahiri, Markkanen, and Levenstein 2005). In
the second study, engineering controls were more cost-
effective than masks and respirators to prevent silicosis
(a frequent cause of occupational lung injury) in the
Western Pacific, including China (Lahiri and others
2005). Finally, a study by Guimaraes, Ribeiro, and Renner
(2012) looked at ergonomic changes in footwear manu-
facturing facilities in Brazil; their intervention had a
BCR of 7.2.

Environmental Hazards

The limited evidence on economic evaluation for
improved air quality comes from Mexico and focuses
on reducing pollution from small-scale industry and
automobiles (table 10.2). Blackman and others (2000)
investigated different ways of reducing pollution from
brick kilns, which are a significant contributor to
industrial pollution by the small-scale informal sec-
tor. Their analysis used an air dispersion model for
pollution and assumed a linear relationship between
particulate concentration and health outcomes. Net
benefits, measured in total dollars per population,
were greatest for the strategies focused on retrofitting
kilns or using natural gas. Relocating kilns to less
densely populated areas or instituting no-burn days
had lower net benefits (Blackman and others 2000). In
another study, Stevens, Wilson, and Hammitt (2005)
assessed a variety of methods for retrofitting vehicles
to reduce air pollution. They used a box model with

Table 10.2 Results from Economic Evaluations of Ambient Environment Interventions: Benefit-Cost Analyses

Net benefit as Currency as Net benefit
Study author (year) Intervention Location presented presented (year) (2012 USS$)
Blackman and NMSU kiln Mexico 46,810,286 U.S. dollar 73,761,533
others (2000) (1999)
Blackman and Natural gas Mexico 47,063,087 U.S. dollar 74,159,885
others (2000) (1999)
Blackman and Relocation Mexico 26,759,571 U.S. dollar 42,166,522
others (2000) (1999)
Blackman and No-burn days Mexico 905,308 U.S. dollar 1,426,543
others (2000) (1999)
Stevens, Wilson, Catalyzed DPF Mexico 400-1,700 U.S. dollar 500-2,300
and Hammitt (2005) (2000)
Stevens, Wilson, Active regeneration DPF Mexico 100-8,100 U.S. dollar 100-10,800
and Hammitt (2005) (2000)
Stevens, Wilson, Diesel oxidation catalyst Mexico 100-2,600 U.S. dollar 100-3,500
and Hammitt (2005) (2000)

Note: DPF = diesel particulate filter; NMSU = New Mexico State University.
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health outcomes informed by concentration-response
coefficients from cohort studies in the United States.
Despite the cost of the retrofit, all interventions had
impressive net benefits that ranged from US$100 to
nearly US$11,000 per vehicle retrofitted.

The largest number of economic evaluations of
environmental health interventions address water and
sanitation and highlight a range of interventions at the
population, community, and household levels (tables 10.3
and 10.4). One quasi-experimental study that assessed a
hygiene education initiative in Burkina Faso (Borghi and
others 2002) found this program to be modestly cost-
effective at approximately US$1,100 per death averted. A
randomized, controlled trial looked at home-based educa-
tion and provision of filters, specifically targeting house-
holds affected by human immunodeficiency virus/acquired
immune deficiency syndrome (HIV/AIDS) in Uganda.
The ICER for this program was more than US$2,000 per
DALY averted, which is not considered cost-effective in the
Ugandan context by Shrestha and others (2006).

The nine remaining water and sanitation evalua-
tions are derived from public works programs affecting
environmental health. Giinther and Fink (2011) devel-
oped a model using Demographic and Health Survey
data from 38 countries that demonstrated the relative
cost-effectiveness of both basic improved water and
sanitation and privately piped water and toilets. Three
benefit-cost analyses of improved water and sanitation

in different settings demonstrated favorable BCRs
(ranging from 1.9 to 5.1) for a variety of interventions,
including filters, piped water, and boreholes, as well as
private latrines and community-based sanitation prac-
tices (Cameron and others 2011; Hutton and others
2014; Whittington and others 2009). The study by
Cameron and others (2011) used preintervention and
postintervention data from their study site to estimate
health outcomes, whereas the other two studies used
static (equation-based) models of health outcomes.
Another study (World Bank 2013) used a water quality
simulation model to assess wastewater treatment strat-
egies in Indonesia. This study demonstrated favorable
BCRs for all approaches except one that focused only
on large industries. Finally, two multicountry studies
that used static (equation-based) models of health out-
comes demonstrated wide variation in BCRs by coun-
try. However, all the water and sanitation
strategies—alone or in combination—were generally a
good return on investment (Hutton 2012; Hutton,
Haller, and Bartram 2007).

Further findings based on the WHO-CHOICE and
other models compare cost-effectiveness of various
community-wide and household prevention
approaches for water treatment and reduction of
indoor air pollution. One study found that household
water treatments were generally more cost-effective
than piped water supply and sewage connections in

Table 10.3 Results from Economic Evaluations of Ambient Environment Interventions: Cost-Effectiveness Analyses

Cost per Currency as Cost per
Location, outcome as Unit of presented outcome
Study author (year) Intervention perspective? presented outcome (year) (2012 USS$)
Borghi and Hygiene promotion Burkina Faso, 657 Death averted  U.S. dollar 1,113
others (2002) government (1999)
Shrestha and Improved water among Uganda, 1,252 DALY averted U.S. dollar 2,066
others (2006) households affected by government (2004)
HIV/AIDS
Giinther and Fink Basic improved water and Multiple, 1,104 LY saved U.S. dollar n.a.
(2011) sanitation in Sub-Saharan government (2007)
African countries
Gtinther and Fink Privately piped water and Multiple, 995 LY saved U.S. dollar n.a.
(2011) flush toilets government (2007)
Giinther and Fink Improved water and Multiple, 3,281 LY saved U.S. dollar n.a.
(2011) sanitation government (2007)
Giinther and Fink Privately piped water and Multiple, 3,188 LY saved U.S. dollar n.a.
(2011) flush toilets in other LMICs government (2007)

Note: HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome; DALY = disability-adjusted life year; LMICs = low- and middle-income countries;
LY = life year; n.a. = not applicable. Costs were estimated for multiple countries and then aggregated; no cost deflator is available for this grouping.

a. "Perspective” refers to the perspective from which costs were estimated.
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Table 10.4 Results from Economic Evaluations of Ambient Environment Interventions: Benefit-Cost Analyses

Study author (year) Intervention Location Benefit-cost ratio®  Currency used (year)

Cameron and Improved water South Africa 3.1 South African rand

others (2011) (2008)

Hutton and Community sewage system (urban) East Asia and Pacific 19 U.S. dollar

others (2014) (2008)

Hutton and Private wet pit latrine (rural) East Asia and Pacific 5.1 U.S. dollar

others (2014) (2008)

Whittington and Borehole and public hand pump Multiple 33 U.S. dollar

others (2009) (2007)

Whittington and Community-led total sanitation Multiple 3.0 U.S. dollar

others (2009) program (2007)

Whittington and Biosand filter Multiple 30 U.S. dollar

others (2009) (2007)

Whittington and Large dam Multiple 37 U.S. dollar

others (2009) (2007)

World Bank (2013) Treatment of domestic wastewater Indonesia 2.3 Indonesian rupiah

(2010)

World Bank (2013) Treatment of industrial wastewater, Indonesia 0.6 Indonesian rupiah
differentiating all industries or (2010)
large industries only

World Bank (2013) Treatment of domestic and Indonesia 2.0 Indonesian rupiah
industrial wastewater (2010)

World Bank (2013) Treatment of domestic and Indonesia 2.3 Indonesian rupiah
industrial wastewater and recycling (2010)
of industrial wastewater

Hutton, Haller, and Improved water Multiple 44-316 n.a.

Bartram (2007)

Hutton, Haller, and Improved water and sanitation Multiple 5.5-455 n.a.

Bartram (2007)

Hutton, Haller, and Improved water and sanitation Multiple 5.2-45.0 n.a.

Bartram (2007) and universal basic access

Hutton, Haller, and Universal basic access and Multiple 5.7-40.7 n.a.

Bartram (2007) point-of-use treatment

Hutton, Haller, and Regulated piped water supply and Multiple 21-11.8 n.a.

Bartram (2007) sewer connection

Hutton (2012) Universal access to improved sanitation Multiple 2.8-8.0 n.a.

Hutton (2012) Universal access to improved drinking Multiple 0.6-3.7 n.a.
water sources

Hutton (2012) Universal access to improved sanitation Multiple 2.0-5.3 n.a.

and improved drinking water sources

Note: n.a. = not applicable. Costs were estimated for multiple countries and then aggregated; no cost deflator is available for this grouping. Net benefits and benefit-cost ratios
are presented from a societal perspective.
a. Benefit-cost ratios are presented as given in the article because they are independent of currency inflation and exchange rates.
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different world regions (Haller, Hutton, and Bartram
2007). Within the household, two studies found that
using home-based water filter techniques was ulti-
mately more cost-effective than boiling water (Clasen
and others 2007; Clasen and others 2008). A study by
Larsen (2003) found that providing safe sanitation
facilities was more cost-effective than providing safe
water supplies, which was more cost-effective than
hygiene improvement strategies. Finally, Jeuland and
Pattanayak (2012) developed a model for use in con-
ducting multiple sensitivity analyses related to cook-
stove interventions. A major finding is that uptake
levels of interventions and other assumptions greatly
alter the estimated net benefits to households; in some
cases, households are worse off with improved cook-
stoves (Jeuland and Pattanayak 2012).

PROGRAM COSTS

Injuries and Occupational Hazards

The estimated costs of the injury prevention program
derived from the cost-effectiveness and benefit-cost
studies are presented in table 10.5. The RTI prevention

interventions in Thailand and Uganda cost less than
US$1 per capita. However, the combined drowning
prevention program in Bangladesh and the IPV preven-
tion program cost more than US$20 per capita per par-
ticipant, owing to the higher resource needs and training
required to conduct these programs. Mine clearance was
very expensive, at more than US$14,000 per hectare,
which is part of the reason the program had net negative
benefits.

Environmental Hazards

Table 10.6 summarizes the costs of programs to reduce
environmental risks. Air pollution control, despite being
cost-effective, was relatively expensive in Mexico. Water
and sanitation programs also required large investments
over a long time horizon, with the exception of personal
point-of-use technologies. Special attention was paid in
these studies to the recurrent costs of WASH infrastruc-
ture, which in many cases were a substantial contributor
to overall costs and might be borne by households.
However, these large costs appeared to be outweighed
by the economic benefits. A collection of studies on
water and sanitation demand not included in this

Table 10.5 Program Costs of Injury Prevention Interventions

Location, Cost as Currency as Cost
Study author (year) Intervention perspective®  presented  Unit of cost presented (year) (2012 USS)
Bishai and others Traffic enforcement Uganda, 0.45 Per vehicle per U.S. dollar 0.70
(2008) government year (2005)
Ditsuwan and others Sobriety checkpoints by Thailand, 0.27 Per capita per Thai baht 0.01
(2013) metropolitan police government year (2004)
Ditsuwan and others Sobriety checkpoints by Thailand, 529 Per capita per Thai baht 0.23
(2013) traffic police government year (2004)
Ditsuwan and others Media campaign on Thailand, 2.86 Per capita per Thai baht 0.12
(2013) drink-driving government year (2004)
Rahman and others Anchal drowning Bangladesh, 60.50 Per capita first International dollar 19.07
(2012) prevention program societal year (2010)
Rahman and others Anchal drowning Bangladesh, 50.74 Per capita second  International dollar 16.00
(2012) prevention program societal year onward (2010)
Rahman and others SwimSafe drowning Bangladesh, 13.46 Per capita per International dollar 4.24
(2012) prevention program societal year (2010)
Elliot and Harris (2001) ~ Mine clearance Mozambique, 6,176.50 Per hectare U.S. dollar 14,249.00
societal (1996)
Jan and others (2011) Microfinance and gender  South Africa, 4293 Per capita per 2 U.S. dollar 54.87
training (trial period) government years (2004)
Jan and others (2011) ~ Microfinance and gender ~ South Africa, 12.88 Per capita per 2 U.S. dollar 16.46
training (scale-up) government years (2004)

a. "Perspective” refers to the perspective from which costs were estimated.
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Table 10.6 Program Costs of Ambient Environment Interventions

Currency as

Study author Location, Unit of presented Cost
(year) Intervention perspective? Cost as presented  cost (year) (2012 USS)
Air pollution
Blackman and NMSU kiln Mexico, 175,214.00 Per year U.S. dollar 276,094.00
others (2000) societal (1999)
Blackman and Natural gas Mexico, 249,553.00 Per year U.S. dollar 393,234.00
others (2000) societal (1999)
Blackman and Relocation Mexico, 350,429.00 Per year U.S. dollar 552,190.00
others (2000) societal (1999)
Blackman and No-burn days Mexico, 24.692.00 Per year U.S. dollar 38,909.00
others (2000) societal (1999)
Stevens, Wilson, Catalyzed DPF Mexico, 270.00 Per vehicle  U.S. dollar 360.00
and Hammitt societal per year (2000)
(2005)
Stevens, Wilson, Active regeneration DPF Mexico, 600.00 Per vehicle  U.S. dollar 800.00
and Hammitt societal per year (2000)
(2005)
Stevens, Wilson, Diesel oxidation catalyst Mexico, 90.00 Per vehicle  U.S. dollar 120.00
and Hammitt societal per year (2000)
(2005)
Water, Sanitation, and Hygiene
Borghi and Hygiene promotion Burkina Faso, 8.11 Per capita U.S. dollar 13.73
others (2002) government (1999)
Cameron and Improved water South Africa, 153.31 Per capita South African 2.58
others (2011) societal per year rand
(2008)

Shrestha and Improved water among Uganda, 219 Per capita U.S. dollar 3.61
others (2006) households affected by government per year (2004)

HIV/AIDS
Whittington and Borehole and public hand Multiple, 2.00 Per house U.S. dollar n.a.
others (2009) pump societal per month (2007)
Whittington and Community-led total Multiple, 0.39 Per house U.S. dollar n.a.
others (2009) sanitation program societal per month (2007)
Whittington and Biosand filter Multiple, 1.25 Per house U.S. dollar n. a.
others (2009) societal per month (2007)
Whittington and Large dam Multiple, 3,743,000.00 Per 75 years  U.S. dollar n.a.
others (2009) societal (2007)
World Bank (2013) ~ Treatment of domestic Indonesia, 888,000,000,000.00 Per 20 years  Indonesian 109,000,000.00

wastewater societal rupiah

(2010)

World Bank (2013)  Treatment of industrial Indonesia, 172,000,000,000.00  Per 20 years Indonesian 21,000,000.00

wastewater, differentiating  societal rupiah

all industries or large (2010)

industries only
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Table 10.6 Program Costs of Ambient Environment Interventions (continued)

Currency as

Study author Location, Unit of presented Cost
(year) Intervention perspective® Cost as presented  cost (year) (2012 USS)
World Bank (2013)  Treatment of domestic and  Indonesia, 1,059,000,000,000.00  Per 20 years  Indonesian 130,000,000.00
industrial wastewater societal rupiah
(2010)
World Bank (2013)  Treatment of domestic Indonesia, 1,164,000,000,000.00  Per 20 years  Indonesian 143,000,000.00
and industrial wastewater  societal rupiah
and recycling of industrial (2010)
wastewater
Glinther and Basic sanitation (latrines) Multiple, 600.00-965.00 Per house U.S. dollar n.a.
Fink (2011) government per lifetime  (2007)
Glinther and Basic improved water Multiple, 309.00-545.00 Per house U.S. dollar n.a.
Fink (2011) government per lifetime  (2007)
Giinther and Flush toilets Multiple, 2,099.00-2,400.00 Per house U.S. dollar n.a.
Fink (2011) government per lifetime  (2007)
Giinther and Privately piped water Multiple, 1,623.00—-2,509.00 Per house U.S. dollar n.a.
Fink (2011) government per lifetime ~ (2007)

Note: HIV/AIDS = human immunodeficiency virus/acquired immune deficiency syndrome; DPF = diesel particulate filter; NMSU = New Mexico State University; n.a. = not applicable.
Costs were estimated for multiple countries and then aggregated; no cost deflator is available for this grouping.

a. "Perspective” refers to the perspective from which costs were estimated.

review suggests that despite the high cost of water and
sanitation infrastructure, households in LMICs are gen-
erally willing to pay a substantial amount for these
goods and services (Dutta and Tiwari 2005; Pattanayak
and others 2010).

Some recent studies can inform the costs of these
programs, although data may be incomplete or out of
date. For example, a study by Banerjee and others
(2007) found that social marketing of safe water sys-
tems resulted in economies of scale and greater finan-
cial sustainability. A study by Crocker and Bartram
(2014) looked at the cost of routine water quality test-
ing in seven countries. They documented great hetero-
geneity and economic inefficiencies in existing
monitoring practices and proposed ways of optimizing
monitoring. A study by Dodane and others (2012)
demonstrated that in urban Senegal, sewer-based sys-
tems were more expensive, less feasible, and no more
effective than more commonly used on-site waste man-
agement systems.

OTHER ECONOMIC ASPECTS OF INJURIES
AND ENVIRONMENTAL HEALTH

Prevention of injury is likely to have more economic
benefits than those described in the cost-effectiveness

studies here. Injury often leads to disability, which can
be permanent. From a human capital perspective, injury
leads to foregone wages and hinders economic growth
and development (Nguyen and others 2016). Gender-
based violence, in particular, can hinder women’s eco-
nomic opportunities and impede gender equity, leading
to consequences for overall economic growth (Duvvury
and others 2013). Occupational injury may have delete-
rious effects on both employees and employers, but in
practice, costs often fall exclusively on employees. In
countries where trauma care is financed predominantly
by out-of-pocket funds, injuries can have catastrophic
or impoverishing effects on households (Nguyen and
others 2016). Preventing injury in these settings can
reduce the risk of medical impoverishment (Olson and
others 2016).

The rationale for government intervention to pre-
vent environmental exposures stems from the concept
of internalizing externalities or reducing the social
costs associated with private decisions. Such social
costs include negative effects on the environment. The
BCA approach used in most environmental health
evaluations reviewed should, in principle, include an
estimate of the environmental (nonhealth) benefits
of scaling up WASH and addressing air pollution.
In practice, however, many of these benefits are
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undervalued. For example, households appear to place
a high intrinsic value (willingness-to-pay) on WASH
services, but when these services are not present,
households face high coping costs related to unreliable
water supply (Dutta and Tiwari 2005). In such cases,
public sector regulation can improve economic effi-
ciency. Empirical evidence suggests that in most set-
tings, people are willing to pay substantial amounts to
mitigate negative externalities in the injury and envi-
ronmental health domains (Ortuzar, Cifuentes, and
Williams 2000).

LIMITATIONS IN EVIDENCE

Our review has summarized the recent economic
evaluations that focus on preventing injuries and
reducing environmental hazards in LMICs. The abso-
lute number of studies on such hazards in LMICs
published since 2000 is small in comparison to other
areas of health. However, there are a few additional
studies from LMICs published before 2000; these were
reviewed in chapters 42 and 43 of Disease Control
Priorities in Developing Countries (second edition)
(Bruce and others 2006; Kjellstrom and others 2006).

Despite broad recognition of the problem and
many effective interventions, there is surprisingly
little economic literature on the prevention of RTIs
in LMICs. Evidence from high-income countries
shows that investments in promoting or establishing
helmet laws, vehicle inspections, seatbelt use, and, to a
lesser extent, speed limits appear to be good value
for money (Waters, Hyder, and Phillips 2004). Many
of these approaches would likely be effective in
LMICs. However, the costs, affordability, and cost-
effectiveness may vary, depending on country context
and the amount of government and regulatory infra-
structure in place to implement and scale up these
interventions.

Similarly, there are few economic analyses on pre-
vention of falls, burns, poisoning, or injuries from
forces of nature in LMICs. Given the increasing burden
of injuries (in particular, falls) and of interpersonal
violence in LMICs, this area will be important for
future research. Studies in high-income countries have
demonstrated that regulatory and legal interventions
are cost-effective, but the social and legal differences
compared to LMICs make these studies difficult to gen-
eralize (Waters and others 2004). Further, the most
neglected area for economic analysis by far is occupa-
tional injury. We found no high-quality studies in
LMICs in this area, but we anticipate that the produc-
tivity benefits of addressing occupational hazards in
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these settings will be impressive and warrant further
investigation.

With respect to environmental risks, the evidence is
compelling for scaling up WASH interventions, particu-
larly basic sanitation measures and point-of-use water
quality interventions. Piped water and other large-scale
infrastructure projects can be good value for money
from a societal standpoint (that is, including the intrinsic
value individuals place on having piped water indepen-
dent of its health effect). However, these projects require
more substantial up-front investments and may be infea-
sible as a first step for low-income countries. Whether
WASH infrastructure should be a high priority for other
sectoral reasons (that is, besides the health benefits) for
governments of low-income countries is unclear.

Unfortunately, little economic evidence exists on
control of outdoor air pollution in LMICs outside of
Mexico, and there are essentially no economic studies
published after 2000 on control of indoor air pollution.
In contrast, outdoor air pollution—which, in the near
future, is expected to supplant the burden of indoor
air pollution in LMICs—has been the focus of many
epidemiological studies and economic evaluations in
high-income countries. These analyses can serve as a
first step to informing policy in LMICs. (See, for exam-
ple, the economic evaluations conducted by the U.S.
Environmental Protection Agency [2011].) Analyses of
outdoor air pollution policies in LMICs will be of
utmost importance given trends in urbanization and
the potential for mitigating climate change. We note
that a discussion of the economics of climate change is
particularly challenging and is outside the scope of this
review. See chapter 8 in this volume (Ebi, Hess, and
Watkiss 2017) for a discussion of potential global costs
and benefits of mitigating climate change.

Even more difficult than evaluating health sector
interventions, economic evaluations of cross-sectoral
interventions with multiple types of costs and benefits
face serious methodological challenges, given the diffi-
culty of valuing and combining the direct and indirect
benefits of reducing personal injury and promoting
environmental health. The literature is concentrated in
several areas, especially RTI interventions and struc-
tural WASH interventions. Both areas suggest quite
positive results, but do not fully account for social ben-
efits. For RTIs, an accounting for downstream health
effects of injury is lacking. For environmental expo-
sures, the key issue is the difficulty of capturing and
measuring benefits across sectors. In these cases, we are
likely to be underestimating the benefits of such inter-
ventions and therefore underinvesting in environmen-
tal health protection.



CONCLUSIONS

We have identified several areas in injury prevention and
environmental and occupational health where a good
economic case might be made for action. Yet impor-
tant methodological challenges remain, as well as unan-
swered questions and conditions for which no literature
exists. If one considers the human capital and other
social costs associated with these diseases and risk factors,
more research in this area is urgently needed to inform
the design and implementation of intersectoral policies.

ANNEXES

The annexes to this chapter are as follows. They are
available at http://www.dcp-3.org/environment.

+ Annex 10A. Search Terms Used to Identify Relevant
Literature

+ Annex 10B. Flow Chart of Identification, Screening,
and Eligibility of Included Studies

+ Annex 10C. List of Included Studies, Main Findings,
and Quality Assessment

NOTE

World Bank Income Classifications as of July 2014 are as
follows, based on estimates of gross national income (GNI)
per capita for 2013:

+  Low-income countries (LICs) = US$1,045 or less
+  Middle-income countries (MICs) are subdivided:

a) lower-middle-income = US$1,046 to US$4,125

b) upper-middle-income (UMICs) =US$4,126 to US$12,745
+ High-income countries (HICs) = US$12,746 or more.

All intervention costs in this chapter have been converted
into 2012 US$, using the World Bank consumer price index or
regional inflation rates, unless otherwise noted.
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