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Human Health Risks Associated with
Energy Production-Related Activities

and Innovative Technology Implementation in USAID-Assisted Countrie:;

The goal of this report is to outline a way in which imman health risk assessment can
be incorporated into the innovative energy technology activities of the USAID Office of
Energy and Infrastructure. Human health risk assessment is a decisian-making tool that can
be used to set priorities, to make choices among techoalogy alternatives, and to evaluate the
impact of cleaner technologies on human health. Energy production practices in developing
countries often have adverse impacts on public health that are partly attributable to the air
pollution that results from the use of poor-quality fuels and antiquated technologies.
Incorporating human health risk as3essment into programs intended to address energy
production practices in developing countries would provide a means to improve the quality of
public health while providing cleaner energy sources.

-
... 1. Background

-

-:Ii

Air pollution is a complex mbcr.ite of substances emitted to the atmosphere by both
humM and natural activities. Th~ adverse health consequences of air pollution are multiple,
ranging from eye irritation to death. Although air pollution related to human activities has
been around since- the cavemen frrst lit frres, development and industrialization have added
new dimensions to air pollution, including power plants that bum fossil fuel to generate
electricity and automobiles whose exhaust blankets cities. !~creasing urban populations in
many developing countries, accompanied by growth in transportation, energy consumption,
and industrial activity, are contributing to the poor quality of urban air.

As the energy requirements of many developing countries expand to meet the
increased needs of their populations and industrial sectors, further environmental decline,
especially increased air pollution, is likely to result. The Office of Energy and Infrastructure
promotes the impmvement of energy consumption and production practices in USAID
assisted countries through the application of innovative, energy-efficient, and
environmentally-benign technologies. In additian to being more environmentally sound,
innovative energy technologies offer many developing countries opportunities to use
previously undeveloped indigenous fossil fuel and renewable energy resources and to expand
current fossil fuel utilization without undue environmental degradation. One of the primary
impacts of implementing such innovative technologies will be a reduction in air pollution
levels and its consequent adverse effects on human health.

Human health ri3k assessment is a methodology used to estimate the likelihood of
"_n_ ~dver~ health .ntlt('.nmp.~frnmP'llpnSIlf'e8.-tn chemi('~1s in the-pnvimnment. 'n"•. methntfnlnov6J

is based on assumptions relating to the biology of human exposures to chemicals and their
effects. Health risk assessment has become an important decision-making tool over the last
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twenty-five years, although it was not until a National Academy of Sciences committee
produced Risk Assessmelll in the Federal Govemmelll: MQlUJging the Process in 1983, that a
generally accepted framework and nomenclature for risk asse.ssment was established in the
United States. The four-step risk assessment process set forth by the report for determining
whether adverse health effects are likely to occur as a result of a particu'.ar chemical
exposure is described briefly below.

1. Hazgrd Identification: Determine the identities and quantities of environmental
contaminants present that may pose a hazard to human health.

2. Exposure Assessment: Determine the conditions under which people could be
exposed to the contaminants and the levels of exposure that could occur.

3. Dose-Response Assessment: Evaluate the relationship between exposure levels and
the incidence of adverse effects in humans.

4. Risk Characterization: Estimate the likelihood of an adverse health outcome in the
exposed population.

The outcomes of health risk assessments are estimates of the impact of a particular
exposure on human health that can help guide choices among remedial alternatives.
Specifically, such estimates would be useful guides to decisions regarding innovative energy
and environmental technology alternatives: controlling pollution necessitates characterizing
its impact prior to implementi~g remedial measures so that an appropriate alternative
technology or course of action can be chosen and its health impact, if any, can be assessed.
As the Office of Science and Technology Policy's states, "Risk assessment is used to
maximize risk reduction in the same manner as cost assessments are used to defme and
minimize economic imp~cts. Engineering strategies for the future should incorporate risk
assessment principles, if ti:~y are to he truly effective."

Health risk assessments can ~ntribute to the mission of the Office of Energy in the
following ways:

• Performing health risk assessments for a variety of energy production facilities or .
practices in a particular country or region would permit comparisons ~mong them on
the basis of the extent to which they present risks to human health, providing a basis
for setting priorities when, for example, financial resources are limited and only one
or a few of the potentially hazardous facilities can be addressed.

• At a particular energy production facility, there may be a number of processes,
practices, or components that contribute to the total health risk associated with the
fitciliftfiidifferenf--ways;-alieaIffi I1SlC-asseSsmeillcan evaruate-ffierelative~------ ---
contributions of the different processes, practices, or components to the overall risk,
so that the riskiest can be targeted first for mitigation/remediation.
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When several remedial measures/technology alternatives are possible in an area or at
a facility, the extent to which each is expected to reduce health risks can be assessed,
so that the decision among technologies can be based partly on health risk
considerations.

The risks to human health resulting from a particular facility or practice can be
assessed prior to and following USAID-implemented remedial action/technology
implementation, demonstrating the impact that the USAID-assisted program has on the
health of the region.

Air Pollution-Related Health EfTeets

....
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Air pollution can contribute to the occurrence and aggravation of disease. The
diseases that are associated with air pollution include acute upper respiratory disease (the
"common cold"), chronic bronchitis, chronic obstructive ventilatory disease, pulmonary
emphysema, bronchial asthma, and lung cancer (Amdur 1991). Most of these outcomes
appear to be related to exposure to mixtures of air pollutants, not with one substance in
particular, with the interactions among air pollution components of critical importance.

There are a variety of substances in air pollution that contribute to morbidity and
mortality rates in exposed populations. The air pollutants with the greatest impact on the
respiratory system are sulfur dioxide, nitrogen dioxide, ozone, carbon monoxide, polycycli~

aromatic hydrocarhons, and suspended particulates. In addition, lead is often found in urban
air at levels that can have an impact on intelligence levels in children.

Sulfur dioxide is formed when materials containing sulfur are burned, and it is
therefore emitted to the environment as a result of the burning of fossil fuels. Its toxicity is
related to the fact that it is not emitted alone, but along with a variety of particles. Many of
these particles are capable of promoting the conversion of sulfur dioxide to the more irritant
sulfuric acid. Short-term exposures to sulfur dioxide lead to irritation of the mucous
membranes and con~t.riction of the respiratory tract; people with asthma experience
respiratory constriction at doses one order of magnitude lower than people without asthma
(Sheppard 1986, Amdur 1991). When sulfuric acid is inhaled, it is a poteilt respiratory
irritant that produces functional, biochemical, and morphologic changes in the respiratory
tract. Sulfuric acid produces bronchial obstruction due to both constriction and increased
mucous secretion; it alters the clearance of particles from the lung, thereby interfering with a
major defense mechanism; and, it ultimately produces chronic bronchitis. When exposure to
sulfuric acid as a surface layer on fine respirable particles occurs, such as in the vicinity of
some coal-fired power plants, chronic irritation occurs in addition to the other symptoms
(Amdur 1991).

I

---

NifrogenoXides· ire prooucooasa·-resuUof ooiii6ustlori--aiia,-like-sulfur-oxides, are --------.
respiratory irritants. Elevated ambient nitrogen dioxide levels appear to be associated with
acute respiratory symptoms and impaired lung function (Abramson and Voigt 1991). For
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example, exposure to nitrogen dioxide is thought to increase susceptibility to respiratory
infection (Amdur 1991). More important than their roles as direci. toxicants, however, may
be the role nitrogen oxides play in the formation of ozone. When nitrogen dioxide reacts
with ultraviolet light in the atmosphere, a series of photochemical reactions takes place that
produces ozone. Ozone production is also catalyzed by the presence of hydrocarbons.

Ozone exposure is associated with a variety 'of toxic effects, including morphologic,
functional, and biochemical alterations in respiratory characteristics (Amdur 1991). These
effects occur at exposure levels found in urban areas, and are suspected to be cumulative.
Ozone is a respiratory irrital~: that decreases pulmonary function and increases susceptibility
to allergens and infection.

Polycyclic aromatic hydrocarbons are also products of combustion as well as
contributors to photochemical pollution production. A number of these compounds are
carcinogenic in laboratory animals and suspected to be carcinogenic :..~ humans as well.
Exposure to atmospheric hydrocarbons in urban areas is thought to account for the greater
incidence of lung cancer in these areas as compared to rural areas (Abramson and Voigt
1991). Tobacco smoking acts synergistically with air pollution in the production of lung
ancer, with the increase in lung cancer among smokers caused by air pollution estimated to
be four times greater than that among nonsmokers (Wilson et ale 1980).

One of the best known toxic effects associated with vehicle exhaust results from
carbon monoxide production. Excess carbon monoxide leads to the formation of excess
carboxyhemoglobin and reduced oxygen transport by the blood. Consequences of excess
carboxyhemoglobin formation are psychomotor disturbances, cardiovascular toxicity and,
ultimately, asphyxiation.

Particulate matter is often associated with many types of air pollution sources.
Elevated levels of particulate matter are associated with decreased lung function and
increased prevalence of respiratory illness (EPA 1982). Interestingly, an association
between air pollution measured as particulate matter and overall mortality has been reported
in several different locations and over a wide range of climates and populations (Ostro 1993).
Studies of the simultaneous occurrence of daily fluctuations in air pollution and mortality
provide the strongest evidence of a true association. It is as yet unclear whether it is the
particles themselves, the acid aerosols with which they are associated, or some other
pollutant that occurs in association with particulates that is responsible for the adverse health
effects. Particulates are irritants and can exacerbate the respiratory toxicity of other
substances.

Another common component of air pollution that is not associated with respiratory
..._.~!!~ts i~)~~.. ~~ .. ~U!~!l~tll!@y.~_~~_~~vi~'?!1J!1~!1~~~u~m~st of.the lead ~ . _

dispersed throughout the environment results from human activities. Combustion of leaded
gasoline is the primary source of human exposure to lead in areas where it is still used.
Children are at the highest risk of health effects from lead exposure (ATSDR 1992). When
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children are exposed to lead either before or after birth, it may produce effects on normal
growth and development, leading to height and weight deficits, intelligence deficits, and
attention deficits. The U.S. EPA believes that there may be no threshold, or safe exposure
level, for lead exposure and intelligence deficits in children (IRIS 1993). In adults, lead can
be toxic to the central nervous system, producing weakness in the fingers, wrists, and ankles.
It can increase blood pressure and cause anemia.. It can damage th~ kidneys of both children
and adults. Lead may increase the rate of spontaneous abortion and damage the male
reproductive system, leading to sterility. Evidence in laboratory animals indicates that lead
exposure can be associated with kidney cancer (ATSDR 1992).

3. Role of Energy PrOduction in Creating Air Pollution

Air quality in much of the developing world is poor and has been deteriorating (OTA
1991). For example, Figures 1 and 2 show that concentrations of sulfur dioxide and airborne
particulates in major cities throughout the developing world are considerably above World
Health Organization guidelines. Photochemical smog has become a recurrent seasonal
problem in many large tropical and subtropical cities.

Table I summarizes the primary and secondary air pollutants that have an impact on
human health and their energy production-related sources. Some of the agents in Table 1 are
primary air pollutants; that is, they are produced directly as a result of fuel combustion.
Others, such as nitrogen dioxide and Olone, are secondary air pollutants produced in the
atmosphere in the presence of ultraviolet radiation and hydrocarbons. The sources of these
pollutants vary. Electric generating units rely on the combustion of oil, gas, or coaL Coal
is also used for both industrial and domestic heat and sometimes cooking. Mobile sources
are the major sources of pollution in urban areas.

Indoor air pollution can also occur in developing countries as a result of heating and
cooking practices. Toxic smoke can be generated by open fires fueled by biomass such as
wood, crop wastes, and dung. Such fires generate carbon monoxide, particulates~ and
hydrocarbons.

... 4. Extent to Which Human Health Effects Can Be Attributed to Energy PrOduction

-,

While it is known that energy production generates substances associated with adverse
human health effects, it is difficult to attribute specific proportions of morbidity or mortality
rates within an exposed population to a particular energy production source. The adverse
human health effects associated with the substances produced as a result of energy production
can also be caused by other factors and, conversely, the substances generated by energy
production can have other sources as well.

---·------FOi-example~~-reSPiiitory-canCers,-as well as many acute and chronic respiratory
diseases, can be attributed largely to cigarette smoking. Attempts to assign proportions of
these disease burdens to separate causal agents, such as air pollution, are frustrated by the
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Figure 1
Sulfur Dioxide Levels In Selected CIties, 1980-1984 ,-
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Figure 2
Suspended Particulate Matter Levels in Selected Cities, 198',l.J984
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Table 1
~nergy Production-Related Sources or Air Pollutants·

.
Sou&~ Air Pollutant-

Nitrogen oxides
Gas combustion Polycyclic aromatic hydrocarbons

Sulfur dioxide

Polycyclic aromatic hydrocarbons
Diesel exhaust Carbon monoxide

Suspended particulates

I
Sulfur dioxide

Coal and oil combllstion Sm~pended particulates
Nitrogen oxides

Suspended particulates
Combustion engines Polycyclic aromatic hydrocarbons

Lead
Carbon monoxide

Photochemical reactions involving Photochemical smog
oxygen and :illlrogen oxides (Ozone, nitrogen dioxide,
catalyzed by hydrocarbons peroxyacetyl nitrate)

Photochemical smog and Acid aemsols
fossil fuel combcstion

aBased on Abramson and Voigt (1991) and OTA (1991)
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multifactorial and interactive etiology of these diseases (NAS 1985). Further frustrating
attempts to assign attributable risks is the observation that susceptibility to the effects of air
pollution varies widely. Particularly sensitive subgroups include the young, the elderly,
asthmatics, and those with particular pre-existing diseases. Nonetheless, ai ~ pollution might
cause considerable burdens of respiratory disease, although cigarette smoking has a greater
impact: even if the proportion of respiratory disease cases were low, the absolute number of
cases in an exposed population would be high r.ompared to other public health problems. In
addition, because air pollution and cigarette smoking may have synergistic effects on the
incidence of respiratory disease, action taken to reduce the impact of air pollution would
have the concomitant effect of preventing some smoking-related illness (NAS 1985).

Thus, because of the multifactorial n~ture of respiratory disease etiology and the
problems QSsociated with assigning attributable risks to air pollution itself, much less to
particular sources of air pollution, energy production-related or otherwise, evaluating the
impact of energy production on human health is problem~tic. Nonetheless, disease related to
air pollution is relatively amenable to primary prevention (NAS 1985) and reducing
emissions related to energy production can be expected to have a positive impact on the
health of exposed populations.

s. Role of Human Health Risk Assessment in Quantitatively Assessing the Impact of
Energy Production on Human Health

In the absence of epidemiologic data that can be used to assign attributable risks to
particullU" sources of energy production-related air pollution, health risk assessment
methodologies can be used to generate estimates of the extent to which an air pollution
source contributes to adverse health effects. Such health risk assessments could be used to
set priorities for addressing emissions issues, to predict the impact that use of an alternative
technology at a particular facility would have on human health, or to make human health
risk-based decisions among technology alternatives. Health risk assessments estimate the
extent to which a population is exposed to poIlUtallts, assess the inherent toxicity of those
pollutants, and predict the extent to which adverse health effects might be expected in the
exposed population as a result. Performing health risk assessment is an uncertain process
that relies on assumptions and to some extent, subjective judgment; as a result, they should
not be used to determine actual risks, but to generate reasonable estimates that are useful for
decision-making.

a. Monitoring/exposure assessment issues

The first step in a health risk assessment is to evaluate the extent to which a
population is exposed to contaminants. In the {'.age of air pollution related to energy

_u_ ._prOOnr.tinn activitip~, thi~ sf", wnllMev~ll1~tp.thplpvpl~ nf ~;rhnmp. rnnt~m;n~nts in ~

particular city or region, and estimate the doses to which the population in that area is
exposed. It is often impractical (cue to cost) or impossible (due to the absenca of suitable
methods) to measure air pollution exposures directly for a particular perron or population; it
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is common, therefore, to estimate exposures using surrogate mea:.lures, such as emission
estimates or mathematical models (Sexton et a1. 1993). For er.ample, measured ambient
ooncentrations of orone, nitrogen dioxide, carbon monoxide, sulfur dioxide, and particulate
matter are often used to estimate exposures for the residents of a particular community.
These estimates may be used as reasonable approximations of exposure for people who are
outdoors near the monitoring stations. Accuracy is assumed to decrease with distance and
with time spent indoors (Sexton et ale 1993).

Figure 3 shows that the certainty of exposure estimates depends on th~ surrogates
being used. Some c.omparatively inexpensive exposure estimators, such as production
volumes or emission estimates, are far removed from the point of contact between people and
pollution. Their use to estimate human exposures requires assumptions, often heroic, about
matters such as transport of a pollutant into the environment, its concentrations in both
indoor and outdoor air, and contact between people and the pollutant. The resulting
exposure estimates are very uncertain, although they can be useful in identifying areas where
exposures are likely to be elevated (Sexton et a1. 1993). More accurate and precise methods
are needed to document actual exposures of people living in proximity to pollutant sources.
Ambient air measurements, such as those recorded at central monitoring sites, provide better
estimates, but can still be very inaccurate for members of a community who spend substantial
time indoors (Sexton et ale 1993).

Estimating human exposures to air pollutants in developing countries for the purpose
of assessing the health impact of energy production could best be accomplished through the
use of ambient air concentrations or emissions measurements and simple atmospheric
transport and dispersion models. This approach, while uncertain, would provide economi~,

upper-bound estimates of exposure that would be useful for making decisions and risk
~omparisons in the policy context ~ought by the Office of Energy and Infrastructure.

b. Dose-response assessment issues

The second step in a health risk assessment is characterizing the relationship between
dose and effect for the contaminants of concern. Under the Clean Air Act, the U.S.
Environmental Protection Agency has promulgated air quality criteria for pollutants that may
be reasonably anticipated to endanger public health. These primary National Ambient Air
Quality Standards represent levels of air quality that are, with an adequate margin of safety,
considered requisite to protect public health. These standards are health-based standards
derived from a quantitative evaluation of the relationship between exposure and effect for
pollutants of concern. They do not consider economic or technical feasibility. Ambient Air
Quality Standards have been promulgated for nitrogen dioxide, sulfur dioxide, ozone, lead,
carbon monoxide, and particulate matter. These are summarized in Table 2. Polycyclic

. ~romatichy""----hl'\n........ nnt "'""U1"'ted und t Clean ,AJr Act 1..... ..I. ... EPA- u,.I~~ '--j""__~ Ii .,.,...... r~ ••

Environmental Criteria and Assessment Office has issued inhalation exposure criteria for
individual hydrocarbons, depending on whether they are considered carcinogens or
noncarcinogens.
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Figure 3
Comparison of the Utmty or DUferent Exposure Estimators·

SfXTON et 81., 1992 NATIONAL RESEARCH COUNCIl., 1991b
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Table 2
Summary 01 National Ambient Air Quaiity Standards·

Pollutant Standard Averaging Time

Carbon Monoxide 9 ppm 8-hourb

35 ppm 1-hour

Lead 1.5 g/m3 quarterly

Nitrogen dioxide 0.053 ppm annual
(arithmetic mean)

Particulate Matter 50 g/m3 annual
(PM1O)C

150 g/m3
(arithmetic mean)d

24-hourc

Ozone 0.12 ppm 1-hour

Sulfur dioxide 0.03 ppm annual
(arithmetic mean)

0.14 ppm 24-hour

aBased on EPA (1992) and IRIS (1993)
bNot to be exceeded more than once in any consecutive 8-hour period per year
epMlO is th~ designation for particulate matter in the atmosphere that has an
aerodynamic diameter of 10 J,£m or less.
dThe standard is attained when a 24-hour average concentration above 150 g/m3 occurs
no more than one day per calendar year.
cThe standard is attained when a maximum hourly average concentration above 0.12 ppm
occurs no more than one day per calendar year.
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While the criteria and standards for air pollutants promulgaCd by EPA are based on
dose-response relationships, they are not suitable for determining ~ulation risks because
they are standards not to be exceeded, not exposure levels associated with a certain level of
adverse health risk. They often incorporate safety factors intended to protect the most
sensitive members of a population from the most sensitive· adverse effect (i.e., that which
occurs at the lowest dose). The documentation for the criteria and standards, however, is
extensive, and integrates many types of adverse health effect data to be used as the basis for
standard-setting. These documents, most of which have been updated very recently, include
information on a variety of effects that occur at a variety of pollutant exposure levels and
could be relied on for dose-response information for the purpose of perfoming risk
assessments of ~nergy production-related activities in developing countries.

c. Risk characterization issues

The final step in health risk assessment, risk characterization, combines information
from the exposure and dose-response assessments to obtain estimates of the extent to which
adverse health effects might occur in a population as a result of a particular exposure. In the
case of energy production-related activities in developing countries, the outcome of a risk
characterization might be the conclusion iliat 10% of the population downwind of a certain
coal-fired electric plant is experiencing aiO% deficit in lung function and a 5% increase in
mortality rate as a result of exposure to the nitrogen oxides, sulfur oxides, and particulate
matter produced by the plant. Another risk characterization might conclude that in a certain
city in a developing country, exposure to mobile sources is contributing to a lO-point IQ
deficit among children, a 10% deficit in lung function, an increased risk of lung cancer of 10
new cases per 10,000 people, and Ci 5% increase in mortality rate due to the lead, carbon
monoxide, polycyclic aromatic hydrocarbons, and particulate matter produced. These
estimates of the human health impact of energy production could then be used to make risk
management decisions about appropriate remedial or technology innovation alternatives.

d. Risk assessment versus risk management

Risk assessment is the characterization of the potential adverse health effects of
human exposures to environmental hazards: risk assessment asks, "Is there a problem?" In
contrast, risk management asks, "What can be done about it?" Risk management is the
process of evaluating alternative actions and selecting among them. Risk managerr.ent takes
into acccunt issues in addition to concerns about health, such as economic and technical
feasibility, and public perception.

In the case of evaluating adverse health effects associated with energy production
related activities in developing countries, risk management would be performed following a

------------health-risk-assessmetlt,--for-exampie-;--to-seiect among SCVCIai Dmovative tecimoiogies au
- alternative that would produce the greatest reduction in health risk for the least cost.
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USAID has few, if any, projects iii which a human health risk component has been
incorporated into an energy technology project. Review of the on-line data base in the
USAID library and discussions with Ronald Greenberg, Division Chief, Environment and
Natural Resources, Europcl Bureau (ENI/EURlDRlENR); Robert F. Ichord, Division Chit~f,

Energy and Infrastructure, Europe Bureau (ENIlEURlDRlEI); and, Dennis Carroll, Bureau
for Global Programs, Field Support and Research, Office of Health (G/R&D/HleD)
identified only the following:

..

6.

•

7.

Related, On-Going Activities

The Department of Energy-sponsored, USAID-fmlded, Low-Level Emissions project
in Krak6w, Poland. This project is evaluating the emissions from small boilers and
other small generators that provide heat and energy using low-quality fuels. There is
no formal health risk component, however; qualitative consideration of human health
risks is implicit, but quantitative evaluation is not being performed.

Proposed Activities

-~

-.-

!'-

-..

Human health risk assessment could conceivably play a role in any Office of Energy
and Infrastructure project involving the implementation of cleaner alternative energy
technologies. This role would be complementary to the primary activit'j and could be as
extensive or as limited as interest and resources permit. Rough e5timate:; of health risks can
be made on the basis of whatever limited data are available in the country of interest as well
as from comparisons to similar situations about which more may be known in other
countries. More precise estimates of health risks can be made if ambient air quality and
emissions monitoring programs are instituted and complex exposure models developed in the
country of interest.

As there are no current models of human health risk assessment/energy production
related activities projects at USAID to follow, the first step in integrating health risk
assessment into energy technology projects is to design pilot projects. The pilot projects
could be add-ons to technical assistance programs in USAID-assisted countries that are
currently or about to be underway involving, for example, implementation of cleaner
alternative energy technologies. Health risks associated with current energy production
practices would be estimated, and the exrent to which each of several alternative technologies
reduced those risks would be compared. This comparison could then serve as one of the
bases for the choice among the technology alternatives. In addition, the extent.to .which a
USAID project is expected to reduce a country's health risks is; newsworthy and could serve
as attractive publicity for USAID.

--hOP--------------trseverat-ptmrprojects indicate°1hat ineiudmg a1realtirrisk assessment component in
innovative energy technology projects is feasible and useful, health risk ,assessment could
become an integral part of future Office of Energy and Infrastructure activities.
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