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FIGURE4~17 Smallincreases in income per person in low-income countries are associated Wwith significant
increases in access to an improved drinking water source and an improved sanitation facility. (The dots
represent the 100 most populous countries, Note the use of the logarithmic scale on the x-axis)

Data from World development indicators 2076 (Table 2.9). Washington DC: World Bank; 2016,

than less-industrialized lower-income coun-
tries (FIGURE 4-20), 25
Both indoor and outdoor air pollution are
hazards to human health, The substances in pol-
luted air include carbon monoxide (CO), nitro-
gen oxides (NOx), sulfur dioxide (80,), ozone
(0,), volatile organic compounds, and partic-
ulate matter. Particulate matter describes
substances that are small enough to

suspended in the air for long periods of timeand
can travel deep into the lungs Air pollutants
can cause lung disease by triggering inflamma-
tion, damaging the cells that line the respiratory
tract, and impairing immune response. They
increase the risk of numerous respiratory dis
cases, including pneumonia, asthma, luig
cancer, and other chronic respiratory diseases
remain  and they exacerbate cardiovascular disorders”
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FIGURE 4-18 Many homes in lower-income countries do not have electricity.
D fom Progress toward stainable enrgy 2017: Globalracking frameworkreprt. Washington DC:World Bank/IEA; 2017.
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FIGURE4-19 Most residents of low-income
countries burn solid fuels to cook food rather than
using clean fuels and technologies.
hmmwmmwzomwmm
me&mﬂ(:wmsamﬂﬂ; 2017.

lf’ many low- and middle-income countries, a
Proportion of deaths are attributed to

ined effects of indoor and outdoor air
Pollution (FIGURE 4-21).16

SDG 7 is focused on “ensuring access to
affordable, reliable, sustainable, and modern
energy for all” (FIGURE 4-22) *In lower-income
countries, progress toward this goal will be met
by increasing the proportion of households
with electricity, since indoor air pollution lev-
els will be reduced when fewer people cook
with solid fuels. There are also interventions
that can reduce exposure to indoor air pollu-
tion among people without electricity?® Using
a cook stove with a flue that diverts pollutants
out of the home improves indoor air quality.
When it is not possible to increase ventilation
inside the home, moving the kitchen to the
outside of the home reduces smoke inhalation
(if the outside cooking area has a good venti-
lation system). Improved cooking devices such

as those that use solar panels or other alterna-
tive energy sources generally create less smoke
than biomass. It is also helpful to change
behaviors to reduce the health risks associated
with cooking, such as keeping children away
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FIGURE 4-21 Mortality attributed to household and
ambient air pollution Per 100,000 people.
Datafrom World health staristis 2015, Geneva: WHO; 2016

from smoke and
heat.

In higher-income countries, Progress
toward achieving SDG 7 will require gener-
ating a higher Proportion of electricity from
Tenewable sources that release fewer emissions
air. Renewable energy s energy
derived from , source like wind or

[ olar power
that is not depleted when it js used, Wind,

using pot lids to conserve

o

€O, emissions per capita (m

o
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re energy and generate more carbon
FIGURE4-20 People in higher-income countries use more energy and generate more ¢ on dioxide

7.1 Ensure universal access to affordame,
reliable, and modern energy Services,

72 Increase substantially the share of

renewable energy in the global energy
mix.

Double the global rate of
improvement in energy efficiency,

Enhance international COoperation
to facilitate access to clean energy
research and technology, including
renewable energy, energy efficiency,
and advanced and cleaner fossil-fuel
technology, and Promote investment
in energy infrastructure and clean
energy technology,

7b Expand infrastructure and upgrade

technology for Supplying modern
and sustainable Energy services

for all in developing countries, in
particular, least developed countries,
small island developing states, and
landlocked developing countries,

FIGURE 4-22 Targets for Sustainable Development
Goal 7, which focuses on energy,

Data from Uniteq Natigns, Translorming ourwori:Te 2030 agend
sunainabledevdapmem. New York: UN; 2015,
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FIGURE4-23 Renewable sources emit fewer
greenhouse gases (CO, emissions per GWh) than
nonrenewable energy sources.
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FIGURE4-24 Countries with high rates of
electrification generally have small shares of energy
consumption from renewable €energy sources
(including biofuels, hydro, wind, solar, geothermal,
and other renewable sources).

Data immhugmmwammmwbkmryymv: Global tracking
framework report. Washington DC: World Bank/IEA; 2017,

solar, ocean, geothermal, and other renewable
sources of energy produce less environmental
damage than combustible fossil fuel sources
like oil and coal (FIGURE 4-23).* Countries
Wwith high rates of electrification generally
have small shares of energy consumption from
renewable energy sources (FIGURE 4-24),* and

44 Occupational and Industrial Health 81

SDG 7 can only be met if the Proportion of
energy generated from renewable sources in
those countries increases significantly

» 4.4 Occupational and
Industriai Health

The field of occunational fieaith, also called
Occupational safety health and workplace
health and safety, focuses on primary preven-
tion of injuries and other work-related health
problems. Occupational health was one of the
first public health specialty fields® In 1713,
Bernardino Ramazzini published Diseases of
Workers, a book that detailed the environmen-
tal hazards encountered in 52 Occupations, list-
ing poisoning, respiratory diseases, problems
related to prolonged postures and repetitive
tasks, and psychological stress as some of many
on-the-job threats to health. In 1753, James
Lind published the results of an experiment
that supported the hypothesis that sailors could
prevent scurvy if they carried citrus fruit with
them on long journeys.** (After this discovery,
sailors were sometimes called “limeys” for the
citrus fruit carried on ships.) In 1775, Perci-
vall Pott identified chimney soot as the cause
of elevated rates of scrotal cancer in chimney
sweeps, which was the result of constant eXpo-
sure to coal tar due to sweeps rarely bathing or
changing their trousers. New occupational
risks continue to be identified today.

Many workers are exposed to a mix of
biological, chemical, physical, mechanical,
and psychosocial challenges at work.® Some
occupations carry specific risks. Workers
exposed to loud noises are at risk of perma-
nently impaired hearing. Office and factory
workers have an increased risk of repetitive
strain injuries, such as carpal tunnel syndrome,
that can develop after repeatedly performing
the same tasks. Some workers who have long-
term exposure to industrial chemicals are at
increased risk of developing certain types of
cancers. Those who work in the manufactur-
ing industry may be at risk of crush wounds
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ear protection to n‘x
high noise levels,
spend their days in front of §
ergonomically designed chairs and are taking
steps to minimize repetitive motion injuries,
providing education about proper use of heavy
machinery and hazardous materials, equipping
healthcare workers with personal protective
equipment, and providing wellness coaching.
Each year, at least 1.1 million people die
from on-the-job injuries and job-related dis-
eases, including about 490,000 people who die
from lung cancer, bladder cancer, and other
cancers attributed to workplace exposure to
harmful chemicals or radiation; 400,000 who
die from work-related respiratory diseases,
such as COPD, asthma, and pneumoconi-
osis, which is caused by inhalation of silica,
asbestos, coal dust, and other substances; and
200,000 people who die from occupational
injuries.”” Occupational risks are estimated
to be responsible for 31% of years of life lived
with low back pain, 27% of hearing loss, 15%
of COPD, 8% of asthma, 8% of injuries, and
2% of leukemia cases worldwide Every year
there are more than 300 million occupational
accidents that are severe enough to keep the
injured person away from work for at least 4
days.® Most occupational injuries, diseases,
and deaths could be Pprevented if worksite
managers and government officials enforced
compliance with safety regulations.®
Toxicology is the study of the harmful
effects that chemicals and other environmen-
tal materials can have on living things. Chem-
icals and other substances produced, handled,
stored, transported, or disposed of at work and
chemicals released from work activities can

pose both acute (immediate) and long-term
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health risks to people exposed to them Haz.
ardous exposures in the workplace may inclyde
radiation, chemical pollutants, and toxic sub.
stances like polychlorinated biphenyls (PCBg),
dioxins, asbestos, lead, mercury, cadmiyp,
organic solvents, and pesticides. Many of thege
are released into the environment thyo,
industrial activities (FIGURE 4-25).4" Toxico).
ogists study the effect of exposure frequmq.
(how often a person is exposed), duration (the
length of exposure at a given time), and doge
(the amount of hazardous substance contacted)
on health. They also assess the various exposure
routes (like inhalation, ingestion, and. absorp-
tion through the skin) and pathways (through
air, water, food, soil, or other mechanisms)
related to hazardous exposures. Carcinogens
(substances that can cause genetic mutations
that lead to cancer), teratogens (substances
that can cause birth defects), and other hazards
can be regulated or banned.

Hazardous  substances cause more
than 500,000 deaths worldwide each year,
including about 180,000 deaths attributable
to asbestos, 120,000 attributable to diesel
engine exhaust, 85,000 attributable to silica
exposure, and several thousand deaths due
to poisonings.” Although these hazardous
substances are used and produced in indus-
trial settings in countries across the income
Spectrum, workers in lower-income countries
have greater risks from Occupational expo-
sure. Many highly toxic agents that are heavily
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Mercury Used in thermometers, dental fillings, batteries, and some anti creams and
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ointments

s ducts like pipes, wire and cable

Vinyl chloride Used to make polyvinyl chioride (PVC), plastic products like pines, wire a

coatings, and packaging materials

Polychlorinated

biphenyls (PCBs)  equipment

Used as coolants and lubricants in transformers, capacitors, and other electrical
Used to make other chemicals that form plastics, resins, nylon and synthetic
Extracted during the production of metals like zing, lead, and copper for use in

A group of more than 100 different chemicals that are formed during incomplete
burning of coal, oil, gas, garbage, tobacco, charbroiled meat, and other organic
substances; also found in coal tar, crude oil, creosote, roofing tar, some medicines

Benzene .
fibers, rubbers, lubricants, dyes, detergents, drugs, and pesticides
Cadmium
batteries, pigments, metal coatings, and plastics
Polycyclic
aromatic
hydrocarbons
(PAHS) and dyes, plastics, and pesticides

FIGURE4-25 Harmful substances commonly found at worksites (ATSDR 2015 Substance Priority List).
Data from 2015, ATSDR Substance Prority List. Aanta GA: U.S. Agency for Toxic Substances and Disease Registry (ATSDR); 2015.

regulated or banned in high-income countries
are still used in lower-income countries, and
most workers in low-income countries where
occupational regulations are rarely enforced
do not have access to protective gear and
safety training * Furthermore, in some places
Wwhere paid jobs are scarce, work that requires
Tepeated exposure to dangerous chemicals
may be seen as the only alternative to unem-
Ployment, The industries producing the most
pollution-related health problems worldwide
Include used Jead acig battery recycling, min-
Ingand ore Processing, lead smeltin g, tannery

Operating, artisang] small-scale gold Mining,

industrial and municipal dumping, chemi-
cal and product manufacturing, and the dye
industry,*

E:otoxicology examines the impact of
toxic exposures on Populations, communi-
ties, and ecosystems, When industrial acci-
dents occur, they often affect people who do
not work at the site of an incident. The pol-
lutants, toxins, and other substances released
into air or water as a result of an accident can
affect the local community and may spread to
alarger area. The radioactivity released during
the meltdown of the nuclear reactor at Cher-
nobyl in Ukraine (then part of the USSR) in
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most of Europe. One health-rela !
of the meltdown was an increase in the inci-
dence of thyroid cancer among children in the
most mnu;mnmed regions.”® An accident at a
chemical plant in Bhopal, India, in December
1984 released liquid and vapor methyl isocya-
nate. Several thousand people died wl\:tn (he)f
were exposed to the fumes, some in their beds
and others in the street after they staggered
out of their homes to try to escape from the
chemical. Hundreds of thousands of peogle
sustained lung injuries.* Routine indus‘lr.xal
practices may also put entire communities
at risk, especially in lower-income countries
with few regulations to prevent environmental

contamination.*
Chemical hazards in the home and com-

munity and at worksites can be especially dan-
gerou; for children who are still developing
and growing. The risk of exposure to hazard-
ous materials and other dangerous conditions

is especially high for children who are sent to
work at an early age. Some types of work, such

as when rural children work alongside their
Pparents on the family farm, can be a Ppositive
experience. But some children develop lasting
physical and psychological scars from long
hours doing domestic labor, agricultural work,
or factory work. The International Labor Orga-
nization (ILO) makes a distinction between
children Participating in economic activity—
working (whether for Pay or not) for a few
hours or full time doing activities other than
household chores or schooling—and children
who are involved in child Jabor Itis permissi-
ble for children aged 12 yearsand older tospend
a few hours a week doing light work that is not
ha?ardous. It is a child labor violation when 3
chlld'has an excessive workload, unsafe work
condmons,. Or extreme work intensity. Any of
these conditions may harm a child’s physical

Atworst, a child may be sold by his or her fam-
ily into bonded labor, forced into sex work, or
forced into armed contlict, In 2000, about 16%
of all children between 5and 17 years old were

engaged in child labor, about 245,000 childye,
:mi‘l By 2012, the rate had dropped .m abou|
10.6% of children, but there were still aboy,
170,000 children engaged in child }abon Thay
number included about 8.5% of children ageq
5-11 years, 13.1% of children aged 12-14yeq,¢

and 13.0% of children aged 15-17 years sy,
proportion of children b,m ween 5 and 17 Years
old who were engaged in F\azardous work
dropped by half between ;UO’J m:nd 2012, frop,
11% t0 5.4%, but in 2012 bout 85,000 childrey
were still doing hazardous work.*

Two of the SDGs have targets that focys on
occupational health, aiminig to end child labo,
(SDG 8.7), to “promote safe and secure work.
ing environments for a]l»workers (SDG 8.),
and to “build resilient infrastructure, Promote
inclusive and sustainable industrialization, and
foster innovation” (SDG 9) with “increaseq
resource-use efficiency and greater adoption of
clean and environmentally sound technologies
and industrial processes” (SDG 9.4)4 Many
countries from all income levels have Ppassed
occupational and environmental health and
safety laws,”” but meeting the SDG targets will
require more attention on occupational health
and safety, including protecting children from
harmful labor, preventing workplace injuries
and work-related diseases and disabilities, and
safeguarding the health and safety of commu-
nities located near industrial sites.

» 4.5 Urbanization

Urbunicity is the degree to which a partic-

ular location is urban, and it is a function of
total population size, population density, pop-

ulation diversity, and access to city services

like retail facilitjes and public transportation
(FIGURE 4~26) 5 Urbanicity is the opposite of
rurality, the degree to which 2 particular loca-
tion is rural. In 1950, about 30% of the worlds
people lived in urban areas. That percentage
increased to more than 50% by 2010 and is
Projected to further rige to more than 65%
by 2050 (FiGURE 4-27).% Most higher-income

77w T T,
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FIGURE4-26 Proportion of people living in urban areas (2015).
Data from United Nations Department of Economic and Social Affairs, World urbanization prospects: The 2014 revision. New York: UN; 2014,
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FIGURE4-27 The global urban Ppopulation will
continue to grow,

Data from Uiteq Nations Department of Economicand Social Affars, World
tion prospects; The 2014 revision. New York: UN; 2014,

countries have highly urban Populations, while
most lower-income countries continue to haye
mostly rura] Populations (FIGURE 4-28). How-
€ver, in nearly every country across the income
Spectrum, the Proportion of the population

4.5 Urbanization 85

v

© Stephane Bidowze/Shutterstock

that lives in cities is increasing and is expected
to continue to rise (FIGURE 4-29).* SDG 11
has an aim of “making cities and human set-
tlements inclusive, safe, resilient, and sus-
tainable” through targets related to housing |
(SDG 11.1), transportation (SDG 112), air |

quality and waste management (SDG 11.6), |
and open public spaces (SDG 11.7).* Because /
the majority of the world’s people live in cit-

ies, urban health is a core component of global
public health
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FIGURE4-29 The Proportion of the population living in an urban area is increasing in nearly every country
and is projected to continue to increase.
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Urbanization s , shift toward more  of better jobs, higher incomes, more social
People living in citjes and fewer people living opportunities, and greater conveniences.
in rural areas 5! Each day, thousands of Peo-  Urbanization js
Ple move from rural areas

oceurring in nearly every part
to cities in search

of the world, but thjs transition is happening
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FIGURE4~30 Urban areas are growing faster than rural areas (2015-2020).

Data from United Nations Department of Economic and Social Affars. World urbanization prospects: The 2014 revision. New York: UN; 2014,

most dramatically in low- and middle-income
countries (FIGURE 4~30). In upper-middle-
income countries, birth rates are relatively
low and rapid rates of rural-to-urban migra-
tion are causing rural populations to shrink
as cities grow, In lower-income countries, the
birth rates remain high, but rural-to-urban
migration is causing the urban population to
Brow much faster than the rural population.
This process of urbanization affects both
urban and rural residents. Rural women,
for example, may bear a particularly heavy

burden when their husbands move to cities

to find wage employment, leaving the women

with the responsibility of completing all
household chores. Parents who move to a city
may have to leave their children in the care
of rural-dwelling grandparents, which puts a
strain on three generations.

On average, urban residents have greater
access than rural residents to water and san-
itation, to a relatively reliable public trans-
portation system, and to healthcare providers
and health technologies. Electricity in cities
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FIGURE4-9 Improvement in access to improved drinking water sources, 1990-2015.
Data from Progress on sanitation and drinking water: 2015 update and MDG assessment. New York: UNICEF/WHO Joint Monitoring Programme for Water Supply
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FIGURE 4 i i
10 Proportion of the total population with access to an improved water source (2015).

Bata from Pogres on saniation and drinki
e Hation and dinking water: 2015 update and MDG assessment. New York: UNICEF/WHO Joint Moritoring Programme for Water Supply
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nearly 1 billion people worldwide.

Datafom Progress onsaniation and drinking water: 2015 update and MDG.
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was met, but the target for sanitation was
not, despite good progress toward achieving
it (FIGURE 4-15)."° SDG 6 has the even more
ambitious goal of “ensuring available and
sustainable management of water and sanita-
tion for all™ A series of targets spell out how
universal access to WASH can be achieved
(FIGURE 4-16). There is a synergy between
economic growth, WASH, and health. Eco-
nomic development improves access to utili-
ties, and increased access to utilities enables
economic growth. Even small increases in

4.3 Energy and Air Quality

income per person in lower-income coun-
tries are associated with significantly greater
levels of access to an improved drinking
water source and sanitation (F IGURE 4-17)."*
Both economic growth and access to water
and sanitation are associated with improve-
ments in population health status.”” WASH
interventions are cost-effective means for
reducing the preventable burden of water-
and sanitation-related diseases in low- and
middle-income countries.”

» 4.3 Energyand
Air Quality
Energy is necessary for at least three import-
ant purposes: cooking food and boiling water
for safe consumption, providing a source of
heat when outdoor temperatures are low, and
providing a source of light at night. The per-
centage of the world’s people with electricity in
their homes increased from about 75% in 1990
to about 85% by 2015 (FIGURE 4-18).» Nearly
all of the 1.1 billion people without electricity
at home live in lower-income countries.
Having electricity does not mean that
electricity is the only source of household
energy. About 40% of people worldwide—
about 2.9 billion people who live in low-
and middle-income countries—use solid
fuels like wood, charcoal, coal, dung, and

© Svetlana Eremina/Shutterstock
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equitable sanitation and hygiene for
ding a handwashing facilty

with soap and water) and end open
defecation, paying special attention
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ing release of hazardous
and materials, halving the
proportion of untreated wastewater
and substantially increasing recycling
and safe reuse globally.

64  Substantially increase water-use
efficiency across all sectors and ensure
sustainable withdrawals and supply of
freshwater to address water scarcity
and substantially reduce the number of
people suffering from water scarcity.

65 Implementintegrated water resources
management atall levels, including
through transboundary cooperation as
appropriate.

66  Protectandrestore water-related
ecosystems, including mountains, forests,
wetlands, rivers, aquifers, and lakes.

6a  Bxpandinternational cooperation and
capacity-buiding support to developing
countries in water-and sanitation-related
activities and programs, including water
harvesting, desalination, water efficiency,
wastewater treatment, recycling, and
reuse technologies.

6b  Support and strengthen the
participation of local communities
in improving water and sanitation
management.

flGlllE 4-16 Targets for Sustainable Development
Goal 6, which focuses on water and sanitation.

Data ﬁlml United Nations. Transforming our world: The 2030 Agenda for
Sustainable Development. New York: UN; 2015.
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62  Achieve access to adequate and
equitable sanitation and hygiene for
all{including a handwashing facility
with soap and water) and end open
defecation, Paying special attention
to the needs of women and girls and
those in vulnerable situations.

6.3 Improve water quality by reducing
pollution, eliminating dumping and
minimizing release of hazardous
chemicals and materials, halving the
Proportion of untreated wastewater
and substantially Increasing recycling
and safe reuse globally.

64 Substantially increase water-use
efficiency across al| Sectors and ensure
sustainable withdrawals and supply of
freshwater to address water scarcity

and substantially reduce the number of

people suffering from water scarcity.

6.5 Implement integrated water resources
management at all [evels, including
through transboundary Cooperation as
appropriate.
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€cosystems, including mountains, forests,
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6a Bxpand international cooperation and
Capacity-building support to developing

countries in water-and sanitation-related

activities and programs, including water
harvesting, desalination, water efficiency,
wastewater treatment, recycling, and
Teuse technologies,

6b  Supportand strengthen the
Pparticipation of local communities
inimproving water and sanitation
management.

FIGURE 4-16 Targets for Sustainable Development

Goal 6, which focuses on water and sanitation,

Data from United Nations. Transforming our world: The 2030 Agenda for
Sustainable Development, New York: UN; 2015,

land equitable access to

4.3 Energy ang air Quality 77

other solid fuels are Particularly unhealthy
because they re usually byen, i
ple stoves th
the smoke from bi

cooking shelter

ined in gpep
at release mogy of
1nto the home of

fires or in sim

urning

The health rigks associated wj
;’\’(:li;:i!]hy[v“.|I:x'l(:\1‘:1? Ax’w] Particularly high fo,
and 8 children who spend gev.
eral hours a day near fires whij cooking
se of solid fudls for cooking ang other
cnergy needs can have adverse effecy: on
respiratory health as wel] a5 other negatiye
health outcomes 2 Children are g¢ risk of
burns from falling into open fires or knock-
ing over pots of boiling water, Women and
children often spend hours each week col-
lecting sticks and brush to use as fuel, and
they are susceptible to injuries related to
carrying heavy loads over uneven terrain,
As sources of biomass close to the home are
used up, fuel-gatherers must travel further
distances to find fuel, There are also enyi.
ronmental consequences. Burning of solid
fuels contributes to outdoor air pollution,
and the demand for wood and charcoal con-
tributes to deforestation,

Having electricity in the home and
being able to cook without solid fuels has
numerous benefits, including cleaner indoor
air, safer food storage because of access to
refrigeration, and greater access to health
and  safety messages delivered through
radios or televisions, However, electric-
ity is not a pollution-free form of energy
when the energy is generated by burning
coal or oil. Power plants, the exhaust from
motor vehicles, and the wastes produced by
industrial processes, forest fires, and the dis-
posal of solid waste can all create ambient
air pollution, also called outdoor air
pollution, which is the presence of harm-
ful chemicals or other substances in the
air at concentrations above the thresholc.is
established for human safety. People in
higher-income countries use more energy
than people in lower-income countries, and

theyalso generate more emissions per person

ith indoor









