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Water, Air, Environmental Science & Health

Editor’s Note: The following paper was originally written for the general
public, not for cleaning and restoration professionals per se. The purpose
is to better acquaint consumers with environmental science and the ways in
which environmental quality directly affects human health and wellbeing.

In large part due to the writings of Dr. Berry, the work of cleaning and res-
toration professionals is increasingly understood to be that of environmental
guardianship. At its best, the process of cleaning protects humans from the
dangers of pollution and environmental contaminants.

Our readers are consumers as well as cleaning and restoration profession-
als. We publish this paper in the hope it will be found informative and useful
personally and professionally.

umans cannot live a healthy
life anywhere on Earth without

clean water and clean air. There

Water Quality

In the face of growing populations,
there is a common misdirected envi-
ronmentalist demand to conserve
water. However, the need is not to con-
serve, the need is to have more access

are some basic things every person
should know about water and air as it
affects health and quality of life.
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to this renewable resource to support
human life.

Water is essential for all life forms
and is the most abundant, cleanable,
recycled substance on Earth. It is
essential for sanitation. Earth is not
running out of water. The same amount
of water that was here 4.6 billion
years ago, and constitutes 70 percent
of Earth’s surface, is still here today.
This is why Earth is called the “Water
Planet.”

Approximately 40,000 billion gal-
lons of water vapor pass over the
U.S. each day. More than 4,200 bil-
lion gallons fall as precipitation, 2,800
billion gallons are returned via evapo-
ration and transpiration, 399 billion
gallons are withdrawn for use, and
92 billion gallons are consumed and
incorporated.

Water is an essential but often a
location-specific scarce resource. Life
in the natural environment and human
settlements, and industrial activi-
ties are all in competition for water
use with varying requirements for its
quantity and quality.

Water is useful only to the extent it
is of acceptable quality. Unfortunately,
it’s a fact that polluted water is the
leading source of disease around the
world.

Some measures of water quality
include BOD, COD, pH, turbidity,
odor, and organic load.

The good news is that water can be
cleaned to any desirable level depend-
ing on willingness to pay for treatment.

Currently, there are places on Earth
where ocean, ground water, and sur-
face water pollution pose challenges
to the quality of human life, the health
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of the natural environment, and to busi-
ness productivity and opportunity. For
example, coastal and wetland manage-
ment, pollution discharge, and water
treatments are just a few of the issues
facing society, especially in under-
developed, poor regions of the world.
But all of these undesirable condi-
tions are manageable through effective
policy, infrastructure, management, and
viable economies.

The problem is not with the use
of water, especially in something as
health-essential as hygiene and clean-
ing. The problem is the unwillingness to
impound water and treat it. Water needs
only to be managed: impounded, deliv-
ered, cleaned, and reused.

If we can pipe oil and gas thousands
of miles around regions of the globe,
we can surely pipe and deliver water to
places where humans need it.

Water availability is a matter of
public policy and priority, not resource
scarcity.

Air Quality

Most of our daily exposure to pollutants
occurs through our exposure to air
pollutants. In the course of a day, a
human takes in about two pounds of
food, four pounds of liquid, and 40
pounds of air.

A pollutant is any unwanted matter or
substance that gets in the way of human
endeavors, poses a risk, or causes an
undesirable or adverse effect. Air pol-
lution — unwanted matter in air — is
the ever present, ubiquitous, unwanted
matter byproduct of human activity,
especially those related to combustion
processes found in the primary energy
sectors: industry, transportation, com-
mercial and residential. Air pollution
has adverse effects on human health,
the natural environment, visibility,
valuable materials, and water bodies.

Human exposure to polluted air
occurs in the boundary layer of the
atmosphere, that region 0—1 kilome-
ter (km) above Earth’s surface where
air is very unstable and well-mixed.
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Humans cannot live a healthy life with-
out clean water and air.

In the face of growing populations,
there is a common but misdirected
environmental demand to conserve
water. The need is not to conserve;
the need is to increase access to this
renewable resource. Water is the most
abundant, cleanable, recycled substance
on Earth. 1t is essential for sanitation.
Earth is not running out of water. The
same amount of water that was here
4.6 billion years ago is still here today.

Water is useful to the extent it is
of acceptable quality. Polluted water
is the leading source of disease, but
water can be cleaned to any desirable
level depending on willingness to pay
for treatment. The problem is not with
the availability of water; the problem
is unwillingness to treat it. Water
availability is a matter of public policy
and priority, not resource scarcity.

Most of our exposure to pollutants
occurs through our exposure to air
pollutants. In a day, a human takes in
about two pounds of food, four pounds
of liquid and 40 pounds of air. A pollutant
is unwanted matter that gets in the way
of human endeavors, poses a risk, or
causes an undesirable or adverse effect.
Air pollution — unwanted matter in air
— is often a byproduct of human activity.

Particles and dusts come from many
sources, both natural and manmade.
The most common particle, soot, is
carcinogenic. Soot is adsorbed to the
surfaces of fine particles that can be
inhaled deeply into the lungs. Dusts
can spoil property when deposited
on surfaces, scatter and absorb light,
reducing visibility, damage precision
machinery, and soil and discolor artwork.

Biological aerosols are also particles.
Some were originally in living plants,
including pollens, spores, molds,
and a variety of plant parts. Animals
and humans also produce biological
aerosols. These include bacteria,
viruses, hair, insect parts, and skin cells.

Combustion dusts are products of
incomplete combustion. These come
from tobacco products, cooking, heating
appliances, and outside industrial
sources. Most are small enough to be
breathed into the lungs where they can
seriously damage heaith.

Asbestos is a naturally occurring
mineral fiber found in rocks. Because of
its resistance to fire, heat and chemicals,
along with its low cost and physical
strength, it was widely used in textile,
friction, cement, plastic, paper, insulation
and other products. Asbestos has been
linked to several types of cancer. There
may not be a “safe” level of exposure
that would eliminate all risk.

The principal air pollution gases are
nitrogen dioxide, carbon monoxide,
sulfur dioxide, and ozone.

Nitrogen dioxide (NO,) is emitted from
many combustion processes. Health
effects associated with exposure to NO,
include eye and respiratory irritation,
respiratory  function impairment,
allergic/infectious, and immune effects.

Carbon monoxide (CO) is emitted from
all combustion processes. When inhaled,
it displaces oxygen in the bloodstream
and can lead to death, brain damage,
and heart disease.

Sulfur dioxide (S0,) is a combustion
product. It causes eye and respiratory
irritation, and respiratory function
impairment. It contributes to acid rain.

Ozone is a highly reactive gas and
a strong oxidant. Ozone blocks out
harmful radiation from the sun. But too
much ozone on the ground, where we
live and breathe, is not good.

Gas Phase Organic Air Pollutants are
compounds that contain carbon. We
commonly call them volatile organic
compounds (VOCs). VOCs make up a
large class of compounds with varying
chemical and physical properties. Mild
effects include sensory irritation. They
can also induce neurotoxic symptoms
such as headache and fatigue.
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Pollutants become a big risk when there
is a temperature inversion. Normally air
becomes cooler with altitude. However,
if temperature of air increases with alti-
tude, the air pollutants are trapped close
to the ground. Inversions are the cause
of sometimes tragic and fatal air pollu-
tion episodes.

Different sources of pollutants can
generate wide ranges of pollutant con-
centrations over time. Risk from these
pollutants varies greatly, depending on
how hazardous the sources are, how
long we are exposed, and how we
respond to doses of them.

Particles and Dusts

Particles and dusts can damage health
and soil property. These particles come
from many sources, both natural and
manmade.

Particles, by virtue of their physical
characteristics, their size and shape,
may play a role in adding to the risk of
cancer. They serve as carriers of car-
cinogens when these cancer-causing
agents are adsorbed onto the particle.
When the particle enters the lung, the
cancer-causing agent stays in contact
with the cells of the lung longer than
they would otherwise as a gas. In some
ways the particles act much like a time-
release capsule. Composition of these
cancer-causing agents, particles, and
gases, varies with fuel and burning
conditions.

Inhaled particles can irritate respira-
tory tissue and airbomne particles can
irritate the eyes. The severity of the irri-
tation depends on the concentration of
particles which depends in part on what
the particle itself is made of, the chemi-

The most common particle, soot, is itself
carcinogenic. These are adsorbed to
the surfaces of fine particles that can be
inhaled deeply into the lungs.

Health effects from dusts are directly
related to the size and the total amount
of particles that are inhaled. Particles
larger than 30 um in diameter have a
low probability of entering the lung
beyond the nasal passage. But particles
smaller than two pm can be distributed
in the lower alveolar region of the lungs.

Very fine particles are produced in
cigarette smoke, by combustion, and
by breaking apart or weathering of
materials. Cancer is the most serious
health consequence of inhaling com-
bustion particles. The most common
particle, soot, is itself carcinogenic.
These are adsorbed to the surfaces of
fine particles that can be inhaled deeply
into the lungs.

cal species. Lung function decreases
when respirable particles occur alone,
along with gases, or in concentrations
greater than 300 pg/m3.

Dusts can damage property. When
deposited on surfaces, they make floors,
carpets and windows dirty. Some scat-
ter and absorb light, thereby reducing
visibility. They can damage precision
machinery and soil and discolor art-
work. The size of the particles deter-
mines the type of damage they do to
these materials.

Dusts are formed in many ways.
They can result from condensation,
combustion, the breaking down of
materials, suspension of particles tossed
into the air through human activity,
and spraying. Sources of particles and
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dusts indoors include plants, animals,
minerals, combustion and home or
personal care aerosols. Each of these
has different sizes. The nonbiological
particles are of two classes: Total
Suspended  Particles (TSP) and
Respirable Suspended Particles (RSP).
TSP are particles of all sizes. RSP are
particles that are no greater than 10
microns in diameter. They present the
greatest concern to health. They can be
inhaled deep into the lung. Cigarette
smoking and combustion appliances
indoors produce most RSP particles.
Cancer is the most serious health effect
associated with small particles. Soot is
also carcinogenic. Other health effects
associated with small inhaled particles
are lung function impairment and
allergic diseases.

Biological aerosols are also particles.
They are made up of particles that were
originally in living plants or creatures.
Plant particles include pollens, spores,
molds, and a variety of plant parts. Most
of these will enter the built environ-
ment from the outside, through doors,
windows, and air handling systems.
Animals and humans also produce bio-
logical aerosols. These particles can
be very minute. They can remain in
the environment for a long time. They
include bacteria, viruses, hair, insect
parts, and skin cells.

Ambient soils are common sources
of particulate matter. There are basi-
cally three types of soils: organic,
humic, and mineral. These all have
different particle construction and life
support properties. Mineral dusts are
produced when weathering or breaking
wears down inorganic matter. The most
well known include gravel, sand, silt,
clay, talc, carbons and asbestos. Other
well-known dusts come from heavy
metals such as lead and manmade min-
eral fibers such as fiberglass insulation.
They are blown or tracked indoors, or
sometimes produced indoors. They are
the largest group of indoor dusts. Some
have carcinogenic potential, but as a
class they do most damage in soiling
materials.
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Burning produces combustion dusts.
These are called products of incom-
plete combustion or PICs. These par-
ticles come from tobacco products,
cooking, heating appliances, and out-
side industrial sources. Most of these
particles are small enough to be inhaled
into the lungs where they can seriously
damage health.

Products of incomplete combustion
are a major source of air pollution.
“Incomplete combustion” means that
not everything was burned up. Some
matter was left behind. They pose haz-
ards to health and can damage mate-
rials. Many products of incomplete
combustion are carcinogenic. Some are
oily and sticky and adhere to surfaces.
When they are emitted into the indoor
environment, they can be managed by
good ventilation and cleaning.

Combustion particles occur when
solids being burned do not go to gas
phase. Common combustion organics
include formaldehyde and polynuclear
aromatic hydrocarbons (PAH).

Soot has been associated with cancer
in humans for many years. Special care
should be taken to prevent humans
from breathing, ingesting, or making
dermal contact with soot. Soot are black
substances that are byproducts of the
incomplete combustion of materials
containing carbons. They often con-
tain highly toxic polyclinic aromatic
hydrocarbons, resins, and incompletely
carbonized fuel fragments. Most soot
contains inorganic matter such as
oxides, salts, metals, absorbed liquids,
gases, sulfur, and nitrogen compounds.
There is great potential for occupational
exposure to soot by chimney sweeps,
heating-unit service staff, firemen, and
fire damage restoration staff, to name
but a few. The general public is also
potentially exposed because soot is a
widespread environmental contami-
nant. Cleaning is essential in removing
these potentially toxic substances.

Many heavy metals are classified
as carcinogens. The metals and metal
compounds of most concern are arsenic

AUGUST 2016

CLEANING » RESTORATION

(salts, arsenates, arsenites), beryllium,
cadmium (oxide, bromide, chloride),
chromium (hexavalent), nickel (car-
bonyl, subsulfide), and selenium (sul-
fide). These metals are often found in
house dusts.

Where the concentrations of metals
such as lead have been measured
indoors, alarmingly high levels of heavy
metal contamination have been found,
mainly arising from outside sources.
There is every reason to expect that
concentrations of many metals indoors
are related to pollutant sources out-
doors. Studies around smelters indicate
that surface soils are the greatest con-
tributors to specific particles indoors. In
some cases, the average concentration
of metal in house dusts is similar to the
concentration of that metal in the soil.

Asbhestos

Asbestos is a naturally occurring min-
eral fiber found in rocks. Asbestos is
of course no longer used in building
materials to the extent it once was.
When the heat resistant and durability
properties of asbestos were first discov-
ered, many uses were developed for it.
Because asbestos was used for so long,
a great deal of information is now avail-
able describing the increased health
risk that results from exposure. People
who are exposed to high levels of air-
borne asbestos fibers for a long time

Asbestos Serpentine Fibers
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in uncontrolled amounts often contract
asbestosis. This is a disease of the lung
where scar tissue gradually grows over
lung tissue reducing gas exchange. The
Romans observed that their slaves who
worked with asbestos tended to lose
their breath when working and after a
time died as their breathing difficulties
became more severe. Asbestos has been
linked to several types of cancer, includ-
ing mesothelioma (a rare cancer of the
chest and abdominal lining) and cancers
of the lungs, esophagus, stomach and
colon. These cancers can appear many
years after the initial exposure to asbes-
tos fibers. There may not be a “safe”
level of exposure to asbestos that would
eliminate all risk of cancer. Worst of
all, cigarette smoking combined with
asbestos exposure greatly increases the
risk of developing lung cancer.

There are several types of asbestos.
Forms of asbestos include actinolite,
amosite, anthopyllite, chrysotile, cro-
cidolite, serpentine and tremolite. They
were used-in a variety of commercial
products where their resistance to fire,
heat and chemicals is needed. Because
of its resistance, along with its low cost
and physical strength, it was widely
used in textile, friction, cement, plastic,
paper, insulating and other products.
Many of these products were used in
buildings.
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Gases

The principal air pollution gases are
nitrogen dioxide, carbon monoxide, sul-
fur dioxide, and ozone.

Nitrogen dioxide (NO,) is emit-
ted from many combustion processes.
Health effects associated with exposure
to NO, include eye and respiratory irri-
tation, respiratory function impairment,
allergic/infectious, and immune effects.
Nitrogen dioxide is a byproduct of
combustion, especially of cooking with
gas and heating with kerosene. At high
enough concentrations, it can be dam-
aging to our lungs. Studies have shown

have been exposed to moderate or high
concentrations, their symptoms mimic
many illnesses. In fact, symptoms of
CO poisoning are often not attributed to
CO, but to food poisoning or to illnesses
such as flu.

Sulfur dioxide (SO,) is a combus-
tion product. SO, is emitted when fuels
that contain sulfur are burned. Indoors
it comes from kerosene heaters, fuels
combusted in garages, and local out-
door sources such as coal and oil-fired
power plants. It causes eye and respira-
tory irritation, and respiratory function
impairment. It is derived from burning

Organic pollutants are a class of compounds
that contain carbon. We commonly call
them volatile organic compounds or VOCs
when they exist as a gas.

that being exposed to between one and
2.5 parts per million of NO, decreases
lung function in children and per-
haps adults. Studies involving animals
show that it interacts with other pollut-
ants. The interaction can decrease the
immune response and change the anat-
omy and function of the lungs. Some
epidemiological studies (that is, studies
of disease in human populations) con-
firm this result.

Carbon monoxide (CO) is emitted
from all combustion processes. It can be
emitted from hot water tanks, automo-
biles running in garages, tobacco, out-
door air, and gas stoves. When inhaled,
it displaces oxygen in the blood stream
and can lead to death, brain damage, and
heart disease. Each year, many people
die from accidental CO poisoning. It
is caused by incomplete combustion in
faulty combustion appliances. It is often
misdiagnosed where the victim has a
lower exposure. Even where victims

fuels with high sulfur content, such
as kerosene and oil and some natu-
ral gases. Concentrations of less than
0.75 ppm administered for less than one
minute have caused a decrease in lung
function in infants and the elderly. The
lungs’ resistance to air moving through
them often doubles in the affected indi-
viduals after this exposure.

Sulfur dioxide contributes to acid
rain. Acidity is measured by pH, where
pH = —log [H]. pH is a measure of free
hydrogen present. As pH increases,
less free hydrogen is present. Neutral
pH = 7. Acids are below 7, and bases
are above 7. Normal rain is pH = 5.4 as
a result of dissolved sulfuric, nitric and
carbonic acids in the atmosphere.

The chemical reaction that produces
acid rain from sulfur oxides: SO, reacts
with OH to produce HSO,. HSO, reacts
with H,0, or O, to produce H,SO,.
H,SO, is carried back to Earth by rain
or dry deposition processes.
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Ozone, or trivalent oxygen, is a highly
reactive gas. Ten percent of ozone is
found in the troposphere and 90 percent
in the stratosphere. Is it good or bad?
The ozone layer seven miles above the
earth in the stratosphere is good. We
need ozone up there to block out harm-
ful radiation from the sun. On the other
hand, too much ozone on the ground,
in the troposphere where we live and
breathe, is not good. Under natural con-
ditions, lightning creates ground-level
ozone. It does not last long because it
reacts with the surrounding environ-
ment. Under manmade conditions,
ozone is formed many ways: it can be
created when electricity arcs between
a positive and negative plate, when
nitrogen dioxide and sunlight form
with oxygen, or when hydrocarbons are
emitted into sunlight.

As a general rule, humans should
not be exposed to ozone for extended
periods of time. Data from controlled
human studies that are reported in the
literature (see U.S. Environmental
Protection Agency, 1986, 1992, 1995)
show that acute, reversible decrements
in lung function and increased respi-
ratory symptoms, such as cough and
shortness of breath, occur in some indi-
viduals exposed for one to three hours
to ozone concentrations as low as 120 to
160 ppb while performing heavy exer-
cise (e.g., jogging).

Ozone is a highly reactive gas and
a strong oxidant. Ozone is formed by
atmospheric physical and chemical pro-
cesses involving volatile organic com-
pounds (VOCs) and nitrogen oxides.
Pollution interaction with sunlight
causes unhealthy and unsightly envi-
ronmental conditions. Photolytic reac-
tions are chemical reactions in which
sunlight provides the energy to drive
the reaction. Such reactions are signifi-
cant in smog formation (Smog = Smoke
+ Fog). Ozone is formed in the pres-
ence of sunlight. Ozone then reacts with
other hydrocarbons to produce visible
smog. Smog formation occurs during
hours of daylight. Altitude also adds to
the reaction.
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Gas Phase Organic Air Pollutants

Organic pollutants are a class of com-
pounds that contain carbon. We com-
monly call them volatile organic
compounds or VOCs when they exist
as a gas. We should really call them
gas-phase organic air pollutants. VOCs
make up a large class of compounds
with varying chemical and physi-
cal properties. More than 900 differ-
ent compounds have been identified
in indoor environments alone. Many
more remain unidentified. They come
from many sources found indoors: fur-
nishings, building materials, tobacco
smoke, fires, fuels, solvents, pesticides,
and cleaning products. VOCs are a
byproduct of many cleaning processes.

Mild effects of VOCs include sensory
irritation. More serious effects include
behavioral and brain function changes,
blood disorders, and cancer. For some
compounds, we know the concentra-
tions needed for humans to respond.
For others, cancer risk numbers have
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not been calculated. Mixtures of VOCs
commonly found in office buildings
have been tested in chamber studies to
determine the concentrations needed
for humans to respond. VOC con-
centrations of five to 25 mg/m® have
caused behavioral changes in sensitive
adults (WHO, 1989). VOCs can affect
us in other ways. Their odor can annoy
people. They irritate the skin. They can
induce neurotoxic symptoms such as
headache, fatigue or reduced mental
concentration. But we do not yet have
much data on how humans respond to
VOCs in the long term. We do know,
however, that people have more com-
plaints and are more dissatisfied where
there is not adequate ventilation for
VOCs. This dissatisfaction translates
into reduced productivity for occu-
pants of those indoor environments
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