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The manual was c;snceiyéa by a tégm of It-u-iters. and subject~
) matterlcon;ultants. vhich gathered during the&suMNer or-197q. united’in‘
8 common intereat--ai} pollution. fhay maint;ined\the following premises
as a rouhga£ion upon which to'cente; thgir acti;ity:
1. Poliution problems are inteméciplmm in originm -
and s&lution. h ‘
2. Teaching in_the area of environﬁentalﬂproblenn should
not be delegated £o an "ecblog&" gourse, but ghould
. be incorporated in all courses, at all levels of
wg | eaucationf | .

3. Another vay of incorporsting the interdiseiplinary
approach is to crfent teaching around real environmentsl
prohlems |

4, An effective rescurce manual should be created with the
active assistance of those persons uho represent the
potential users.

: Tﬁe above guidelines have become cliches of the environmental

education movement, often spoken about but seldom converted to action.

With these guidelines a team of writers and subject matjer experts vere

drawn from_sucﬁ diverse areas as economicé, gebgraﬁhy, atmospheric sci—

encé, socioloéy; and law. Tﬁe writers vere primariiy gecondary and

middle échool teachers of English, social science, and Bcience. The en-
tire group exchanged ideas, evaluated written efforts, and learned frdm‘
ohe another. Thelfinished‘product is a8 manusl of essenti#ll; four sec-

tions:
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1. A basic background in the_scientific aﬁd sqciétal
crigins of tte problem, ‘ -
2. A treatment of tHe.nature and ‘scope of manés activities”
which cpntrihufe fo air pollution. ] o
3. Saﬁple exercises in the sciences, social sciences, and
._ } humanities. |
‘4. A bibliography.
The manuel is planned as & resource for teachers at the middle
“school and high school levels, It is not intended -to serve eiéhe; as &
syliébus, or aé 8 student text.. In the idesl sense, the teacher, or pos-
sibly groups of cooperating teachers, might select units which would be
suggeétive of ectivities corresponding to their reSpgctive areas of study.’
Addiiion&lly; date, charts, and illustrations have been incerporated, which
mey be useful in eleysroom situatioﬁs.' ﬁAny of the illustrative exeréjseh
have heen highly structured Qs a éuidekfor the person méking his firsf
aﬁtempts_in this mrea of instruction. As each individual's program evolves,
it is hoped that the teacher will use.thgse éxercises gs & starting point
for more locally sdapted and Open;ended procedures. |
Finally,nas 8 teacher resource, thehmanual Presents~£deaé which
hqf? begn utilized extensively at all lévels-—elgmentary scho9l through
undergraduate inétruction in college., We hopz that its utilization will

extend also to the primary grﬁdes, since this area represents a critical

period in environmental education.

Robert G. Nurnlerger
Prolect Director
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I. The Atmosphere
A. Introducti;n

It is oﬁiy poésible to hypothesize about thé original atmos-
phere of the earth and its evolution over the past % billion years.
Since the atmosphere hes been coptinuously polluted ﬁy natural geo—
physical and bio-physical systems‘pfidr to and during msan's existerce
on earth, it is not possiblg to define an uncontaminated atmosphere.
it is, howevef, possible to esteblish norms for the vafiaus constituents
of the atmosphere and limits compatible with the maintenance of iife
systems. These limits are sub}ect to change as we learn more abou. the
dynamic balance of our ecosystem. In order to have & clearer under-
standing of the problem of air Qollutioh, it js necessary to first know

sdmething‘bf composition and dynamics of the atmosphere.

B. Composition erd structure of the atmosphere

It is necessary to know the present dynamic system (in terms
of its composition)l in ;rder to assess past chahges and proJject
possible future changes. A typical clean, dry atmosph«<Te contains
78.09% nitrogen, 26.9h% oxygen, with the remaining 0.97% consisting
of sm;ll amounts of carbon dioxide, neow, helium, argon, krypton, and
Xenon by volume. Small smounts of other inorgaqic and organié gases
. are foundlin‘the atmosphere verying with time and blacé. Water vapor
is present, varying in concentratioa up to 3-4%. Nitrogen, oxxgep,
argon, carbén dioxide, neon, and helium are believed to remain essen-:
tially unchanged in these relative concentrations by volume,‘ub to 50
kiloﬁeters (se= tuvle 1).

E]

Until about five years ago, gases such ags nitrous oxide,



TABLE 1

Composition of clean, dry air near sea level®

‘ . Content ' ’ Content
Component % by vol. ppm Component % by vol. ppm
Nitrogen - 78.09° 780,900 Hydrogen ~ .00005 0.5 -
Oxygen 20.94 209,400  Methane - .00015 1.5
Argon .93 ~ 9,300 - "~ Ritrogen
' Dioxide . 0000001 0.001
Carbon
Dioxide ..0318 N8 . Ozone -, 000002 0.02
Neon - .0018 18 " sulfur _
' Dioxide . 00000002 .0002
Helium  ,00052 5.2 Carbon | __
- Monoxide © .00001 0.l
Kryptaon . 0001 1 ] .
: Ammonia . 000001 01
Xenon . 000008 0.08 ' .
Nitrous ) _
Oxide . 000025 .0.25

*From Cleaning Our Environment the Chemical Basis of Action, American

Chemical Society Washington, D.C., 1969 page 2k.
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hitrogen diogide, methene, sulfur didxide, carbon monoxide and
ammonin, were not even included in a table listing the compesition of.

clean, dry air. Although these compounds are small in quantity, they

- . i 1

'aré important because they represents gaseous bollutants added to ‘
the atmosﬁhere. Tae average daily bonceﬁtfation, measured at

street level in & large city, may exceed lS_ﬁfm for-carbon monoxide.

INormal values for nitrogen dib;ide are 0.09 ppm, and 0.11i1 ppm for

sulfur dioxide. The averége daily concentration is contraatedlwith

governmenégstandards in Table 2.

Table 2

Concentration of Pollutant Levels i

Average Daily Concentration

Couptnent ~ Measured at Street Level Government Standards
Carbon . S .
Monoxide greater than 15 ppm 9 ppm per 8 hrs.
Oxidants " .04 ppm , " 0.08 ppm per
' ' hour
Nitrogen -
Dioxide - .09 ppm .- 0,05 ppm
Sulfur , '
Dioxide .111 ppm leas than. .03 ppm
Suspended 124 micrbgrams/ . -
Particulates ~ cubic meter (m3) less than 260 micrograms/m>/24 hr

" Hydrocarbons 2.5 ppm : 0.2h ppm/3 hrs.
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All of these constituents compose an atmosphere whiih is
divided into various sectors (e.g. the troposphere, closest to
the earth, the straﬁosphere; the mesosphefe, and the thermOSphere),
based on phyéical properties. ) ‘

Figure I presents the major di}iéioné according to the
I.U;G.G. 1960 proposal. The lowest layer of the atmosphere, from
the earth's surface to the tropopause, is called the-troposphere.
This region varies in height from 17-20 kilometers in the tropiés,
tq 8-10 kilometers in the polar regions. Within ﬁhis region is
produéed all of our weathér, and mgn's activities are primarily’
resﬁricted to its limits. The temperaturé; pressure, and water
vapor content decrease upwa?d in this region. From the earth's
surface to about. § kilometers in the troposphere, }Qe pressure
decreases abbup 1 millibar per 10 meters,

The stratosphere has an isbtﬁemﬁl lower layer. 1In its
uppeﬁ region, the temperature iééreaseslwith elevétion. ‘This
region is noted for it; ozone, the production of‘ﬂhich aids in .
depleting the incoming ultraviolet radiation, which damages living
tissue. The horizontal dashed line at about 30 kilémeters {in
Figure 1) islimpértant, since 99% of the weight of the atmosphere !
is below this level. Qur discussion will principally be involved
with man's effect on the troposphere, with some réferencé to the
stratosphere.

The mesosﬁhere is a region in which the temperature .
decreases rapidly with height, reaching the coldest point in the ©
atmosphere, approximately 178 dégrees Kelvin, or about -9% degrees
Celsius. 1In t,.he thermousphere, the temperature increases rapldly i
first, and then itore slowly with height.

_Thé uppermost region, known as the exosphere, begins at OG-
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1ooqpkm, and is ﬁot‘shown'on the diagram. In thé excsphere, particles

can escape the earth's gravitational pull;-therefore, this region

marks the zone of transition between the earth's atmosphere and
interplanetary'spﬁce.

- " Secientists other than meteorologiats‘and atmospheric scientists
are interested'in specific atmospheric processes. These°people-ha§e'
devéloped systems of nomenclature used for ﬁarious parts_of the aimosphere,
acco;ding to their pﬁrticular-intgrest. These-alternative systems

are included in Figure 1, It is hoped that this .inclusion wiil prevent

any misundérstan‘ding in terminology.

C. Thermal Energy and Its Effects

Energy is commonly defined as the capacity to do work. It
may take a number of forms: heat, mechanicél, electricel, and chemical.
The main source of the energy for oui earth is the sun, and an impor-
tant function.of the energy from the sun is the heating of the earth's
surface and our atmosphere. - | |

Some points are to be noted in considering atmospheric
dynamics:- ‘

iJ An energy belance has existed over a few ﬁundred years
befween the sunland thelearth/atmospherﬁ system (the Global Heat Balance
is summarized in Figure é). The incoming sclar radiant'energy (insolati9n)
is taken to be equal to 100 units, or 100%. The ;bsorption by ozcne in
the stratosphere is not considered in this diagram.. Fifteen per cent
of the insolation. is absorbed by carbon dioxide, oxygen, ozone, water
vap;r, clouds, and dust in the troposphere. Forty-three percent of thé
energy réaches the sarth’s suariuce, buoth direetly, and by radiation,

which scelv-xw * om the Lropospivs o The vemaliing 42% of the energy,

i
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which is reflected back to space from the earth's surfaze (snow, waté;:
iand, clouds? and air melecular scattering?, is known as the earth's
albedo. e
| ‘The incoming solar rgdiant energy is predéminantly in the

short waveiéngth region’of the electromagnetié-radiation spectrum. The
outgéing radiation from the earth's surface and the tropésphere reacheg
its height in tﬁe longer wafélength region of the electfumagnetic radiation
spectrum, known as the infrared’region. Three percent of the outgoing
radiation from the earth's surface leaves the atmosphere directly, and
goes tack to space. The majority of the energy that leaves the earth's
surface is absorbed by carbon dioxide, water vaﬁor, and ecloud droplets
in the troposphere; this energy is'then.radiated outward to space and
backward to the earth's surface, thus further_wanming it. This phenomenor
is known as the "Greenhouse Effect.”

Some of the energy that leaves the earth's surface does so in
the form of latent energy when liquié vater is converted to the vapor
phase. To achieve & balance for the atmosphere, we assume this évaporative
process, along with conduction, to be 6% of the total heat lo0ss.

I2. The uneven distribution of energy on the earth's surface,
and the rotation of the earth about its axis, produée the large-scale,
horizontal movement of air, called winds. Different substances absorb
insoclation at different rates. These different absorption rates, plus
further differences in thermal conduction and mobility (e.g. gases
vs. éolids), result ?n uneven heating of the earth's surface. These
combined processes produce three cells-in the meridional plane (see
Figure 3). ‘

The cells closest to the equatorial snd polar regions are
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called Hadley, or direct circulat;o' . A5 the atmosphere closest to

the earth's surface is warmed, it becomes buoyant and rises. The result-
ing circwlations are energy-producipg. The middle cell, in either
Ihemiéphere, is celled.a Ferrell, or indirect cell. In essence, this cell
raises cool, dense air, and forces warm, light air downward. The enﬁ
result of this process is the conversion of the energy generated by the
Hadley cells into potential energy. The cells, then, are part of &
simple thermal engine that moves energy from one location to encther »t

g different latitude, helping t6 establish the heat balance of the
earth/atmospheré system in the process.

The sinking.;ir at the Horéé Latitudes (30 degrees) is warmed by
compression, and is quite dry (i.e. of low relative humidity). There
is limited chance of precipitetion, end, in faét, tremendous evaporation
oceurs at this latitude aroun%/t@e earth. The'major’desefts of thé world
are found pear this region in both hémispheres.

The sinking process, becruse it is persistent, leads to two
semi-permanent features in the Northern Hemisphere--the Bermude and -the
Pacifie high pressure regions. The Aleqtian and Icelandiec lows associated .
with the region denoted by the ares merked "polar front,”" result from
' the same persistent air movement, except that this region represents air
that is rising and cooling..

Along a band between tw; different latitudes, the uneven heating
of the egrth's surface produces both high and low pressure régions. As the
gir near the earth's sprface flows from the high pressure region toward the
low pressure fegion, it is deflected to the right {of an observer looking
along the direction of flow) in the Northern hemisphere. This apparent

deflection is attributed to the earth's rotstion sbout its axis and is the
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Ccriolis deflectipn. The most important results of this aeflection
ere the major wind systems, &8s lapeled in Figure 3.

Winds are always named for the direction from_which they blow.
Furthermore, & west vind is Qné that is moving west-east faster thgnﬁ
the earth is rotating in this direction, and an east wind is one that
ig moving vest-east slower than the earth is rotating in the west-east

direction.

—

', Physical processes-
There are physicél processes in the atmosphére which may have
an effect, whether detrimental or beneficiel, on man. It is netessary
to understand these processes in order that we méy understand and
influence our atmospheré. Control of the following processes is ﬁot
vithin our preseﬁt capabilities; howéﬁer, we may, by our actions, ingdver-
tently influence their balance, or produce an effect which is detrimen-
tal té our environment.
1.I Lapse rgtes
a. Vertical movement of air causes it to cool at & specific
rate, depeﬁding upon its moisture content. When the air
rises, it expands, because thg pressure aloft is decreasing.
This expansiqn frequires work to be done at the expense of
the internal energy of “he volume of air. . This lowers itsl
temperature st the rate of S.4 degrees F/1000 feet, or 10
degrees Celsius/km (see Figure 4). This specific rate is
known as the dry adiabavic lapse rate, since no energy is
exchanged between the ambient air and the rising parcel.
When the air hecomes satufgted and water vapor begins to

condense, the latent heat of vaporization csuses the parcel
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to cool at a rate which is less then the dry adiabatic
rate. This is termed the moist adisbatic rate.
b. The troposphere has, at any one time, a definite rate
of temperature change in the verticel, which may sufpress
or enhance vertical air movement. The exiéting temperature
decrease with height will vary with local atmospheric
conditions {Figure 4). When the ambient air is isothermal,
& rising parcel will first be buoyant and then become
denser than the surrounding etmosphere. Where the two lapse
rates cross, vertical motion is spppressed.
An inversion exists wh;n the temperature increases
wirh elevation. The parcellwill'again, for & short time,
behbuoyant, but the vertical ascent is rapidly suppresseﬁ
beyond the crossing of the two lapse rates. The weék or
the strong lapse will-prO@uce vertical motion that is en-
hanced. If the atmosphere should be "dry‘adiabatic,“

then the parcel will continue to rise at a constant

rate,

"Vertical motion of air is one of the malor methods

by. which air pollutants are dispersed from thelly sources.
Elected into the upper atmosphere, the pollutants are
readily moved horizontally by the strong winés aloft in thé
mid-latitudes. Any suppression of vertical motion leads
to & concentration of pollutants locally, especially if there
are light horizontal winds near-the surface of the earth.

c. Suppression of vertical motion and the consequent concentra-
tion of pollutants «<am be prciuc=i by the e’ tiow of n

warm air mass sloft. or by & vadiation, szute’ s - Lr
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frontsl inversion.

When meteorologicel conditions are appropriate,

a large mass of warm air aloft may move uver a locality;
Tﬁis produces an inversion aloft and effecti*ely places

a8 lid on eny vertical convection from the earth's surface
upward. - If this situation persists long enough, sérious
local concentirations of Pollutants may accﬁmulate.

In Figure S, diagrems & and B refer to subsidence
inversions produced by high pressure regions. The curve
'Td in these e¢ages represents very dry air. The air descends
and{is heated by compression in a’high éressure region.

The inversion be comes particularly acute when the high
pressure region sfagnates'forhh or mofeldaysi Along the
'eaaterﬁ seaboard, there is & maximum freqﬁency of stagnation
in Octobér, and a seéondary meximum frequency in June.

A radiation inversion {Figure 5-¢) occurs most frequently
during winter nights, when clear, calm conditions prevail.
The earth's surfape is slways radiating energy in-the
infrared region, resulting in cooling of both the earth's
sﬁrface and the atmosphere in cont;ct with that surface.

In this type of inversion, the moisture content, Td , 1is
higher thaﬁ in the case of & subsidence inversion. Ususally
this invérsiqn produces maximum‘concentration of atmos-
pheric ﬁollutants in the early morning hours. Vertical
motion produced by insolation eliminates the radiation

inversion ty late morning or early afternoon.
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Diagram D_rePreseﬂts the temperature inversion
structure that exists with a cold %rontal sttem.
However, frontal trapping can occur-with either cold
or warm fronts. The movement of the frontael system is i
important in determining the pollutent leve}s that can
occur. 'The slower the frontel system‘moves, the higher
the concentration of poliutants; for this reason, slower
rmoving wﬁrm rroqts are associamted with large~scale trap-
ping. Surface winds ahead of the ;arm front will usually
be less-intense than than those behind a cold front. In
many instences, precipitation is associated with frontal
activity; this-precipitation will further reduce the
concentrﬁtion of pollutants because of its cleansing prop-
erties. |
2: Cl;ansing processes
a. The troposphere can cleanse itself by the natural mechanisms

of impaction, precipitation and sedimentation. These
mechanisms are responsible fér removiﬁg particles from the
atmosphere. An investigation of Figure 6 shows that at

- radii greatér-than about lO“h cm. {1 micron), we find 99%
of the particuiate mass aCCOupted rér in the atmosphere.
Very few particles are involved cdmpared to thé particles

less than 10"h cm. in radius, which account for 99% of

.ooans
the totel number of particles found in the atmosphere.
Particles larger than 0.1 -~ 1 micron in radius have
high sedimentary rates. They settle out of the atmosphere

within a short distance »f their source because of the

weight of the partic.es invelved. Ten to forty percent of
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ﬁhe partiéglate mattér in the atmosphere is removed by
-aedimeﬁtation. - |

The impaction of airboréé particuiates with different
structures is also an effective means of removal. Most
darkening and discéloratibn of buildingsvﬁc;urs because
of this process. If particulates adhere to each other.
upon impaction, the process is called coagulation. This
results in increased mass and 1eads‘to sedimentation of
the original particulates,

The majority of pgrticufates sre removed by some
form of precipitation. The Aitken nuclei (Figure &) are
présumed to be produced AB combustion by-products from
sutomocbiles, and are effective hygroscopic nuclei which
'initiate drbplet formation. Other hygroscopic nuclei are
saltbparticles from éea spray, and smoke. Thés; particiea
absorb moisture and produce droplets ranging from 10-100
microns, which are found in clouds. The droplets grow
upon collision when convective motions are produ;ed with--
in the clouds. The resulting droplet growthvproduces
small to large rain drops in the range of 1,000 to 5,000
microns. The raindrops capture more particles by collision
as they descend. This is a teﬁporary pleansing effect,
since ﬁhe réin.does not last forgvér; but the sources of
particulate pollufion usually contingoﬁsly emit particle
pollutants into the-atﬁ;sphere.

Another mechanism responsible for rapid growth of

liguid droplets involves ice crystals. Water vapor con-
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denses rapidly on ice crystals, and a sizablé droplet
results in a very short time. Freezing nuclei are about
1/1000 the number of hygroscopic nuclei per liter.
Sources of fréezing nuclei are vﬁ;canoes, meteoric dust,
lead iodide, and silver iodide. Ngclei from the latter
two soﬁrces may lead to weather modifications, producing
either precipitation or drought. The end result depends
upon the amount of freezing nuclei and waﬁer vapor present.
An important idea must be pﬁt forth hereT Particles

are necessary for the production of precipitation. With
an absolutely clean atmbsphere it is highly probable tpat
there wiuld be no precipitation at all. Paradoxical as
+his mey seem, particles, or mejor atmospheric poilutantis,
are necessary.for preéipitation to occur; the precipitation_
then removes the particles which had initislly caused‘its
onset. . | |

b. The atmosphere can effectively 1ocaiize gases and particles
without removal by the formation of clouds. At any
instant in the troposphere, there are more liquid water
droplets in clouds than in rainwater. As convective
currents ﬁnd entrainment occur at the edges of the cloud,
the cloud droﬁlet; caen act as a filtering system for the
atmosphere. The droplets capture particles by impaction,
and if the droplet ean;rates, a residusl, larger particle
is left, which can then be reﬁoved by sedimentation. The
particles themselveé adsorb various gaseous pollutanis on
their surfaces; this process invglves complex chemicul and
physical processes. Cioud dropieps can absorh faseous

pollutants which go into solutinn, forming wesk sncisde,




~20-

Thus cibud droplets may be part of a series of chemical

reactions which convert gases into aerosols.
TABLE 3

SELECTED EQUATIONS FOR THE
CONVERSION OF A GAS INTO AN AEROSOL

+ 0 - ’ HO - +
(1) M + 80, > M+80 + 1, y M+ HSO

3 4

(2) H,0 + 2NO, ~-» HNO, + HNO,

(3) H,0 + €O, --3 H,C0

2 3

c. The stratosphere may Bé cleansed by the vertical
transport of alr associated with a frontal system or
intense thunderstorm activity. The tropopause, which is
the bouhaary layer between the troposphere and the strato-
sphere, yas originally ihought to prevent any exchange of
air betweén the- two lower regions of the atmosphere. As
.more atmospheric data was gathered and analyaéd} it was
_f‘ou.nd that breaks, assoclated with frontal activity,’
occurred in the tropopause, énd therefore if is possible
for exchanges to occﬁr in the frontal region between Lhe
nlrutosphere and Lhe Lropoaphe e,

Radioactive material in the stratosphere may readily
descend upon the earth's égrface in dangerous amounts and
concentrste in localized areas. The most recent lnvestigation
of cumulonimbus, or ithunderstorm, clouds indicétes that
they may extend well intolthe stratosphere. Within those

clouds, violent up and down drafts occur, which can transport
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the radioactive material to the earth. BScientists are
searching for correlations between thunderstorm activity
and increased thyroid abnormelities, which may re;ult
from Iodine-131 radiation. Laboratory tests have been

performed on children living in the Utah-Nevada area.

3.7 Photocheﬁical pProcesses

a.

Another series of éhemical reactions which may occur in
tHéT;;;;sphére are the photochemical processes. The term
fhotochemical is used since incoming light enlergy,
primarily in the ultraviolet region, drives the chemical
réaction.

- Without a certain minimum intensity of radistion, the
reﬁctions are impossible. Morecver, since n?ﬁ Products
are formed by these reactions, there is no definitive

1ist of pollutants found in any area. A prime example of
this is a suggested list of seventeen reactions which
produce:peroxyacyl nitrate (PAN). The production of PAN,
vhich is one of the major pollutants of the photochemical
smog prevailing in Los Angeles is a serious problem, since
the molecwle is a severe irritant.

At the other end of the scale exists a series of

beneficiel chemical reactions which protect humans from

the harmful effects of certain wavelengths of wltraviolet

radiation. They produce esthetically pleasing "blue hezes,"

typical of the Virginia Blue Ridge Mountains, by'converting
terpenes into aerosols.

The equllibriom reactions mentioned in connection

with the stiatosphere ere sluws in Tebls L, below,
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TABLE &
SELECTED PHOTOCHEMICAL REACTIONS

02+0+M=)03+M
Gy + hf ? 0, + 0

0, + hi » 20

2

M+ 03 +0 20, + M

In this series of reactions, the rates of production of

t

oione, diatomic oxygen,_and monatomic oxygen are such

“that an equilibrium exists among the three. Without

the ‘photochemical producfiqn of ozohe, the absorption of
harmful ultraviolet radiation might not oeccur. Of-course,
ozone found at the earth's surface ié responéible for

the corrosion of metals, the production of nitrogen

dioxide, and the deterioration of rubber and leather

goods.

4. Electrical phenomena

a.

The greatest denger of pollution in ﬂature is from thunder-
storms with their attendant lightening discharge batween
the earth's surface and the atmosphére. The heating effect
of the stroke may produce fairly high concentrations of
ozone. Usually this is not a serious problem because the
intense vertical motion associated with the storm diluies
the concentration of ozone rapidly. A greater source of
danger is £he production of forest fires durihg a dry
spell. The'résulting smoke, or particulates, may be iraced
as 8 haze layer across the entire continental United States

when o severe fire persists for a long period of time.

-
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Polluted air is a poor conductor of electricity, since
gases may capture charged particles and can therefore
affect earth-atmosphere charge distribution. This may
be no cause for-concern; however, there ig & possibility
that precipitation may be influenced and even initiated
in some way b} electricel charge distribution ;n the
atmosphere. A severe local pollution problem may affect
‘precipitation patterns in certein localities.

An interesting effect of electricity islthat of an
extremely high concentration of negatively charged particles
on one's health. The number of particles involved is in
exces8 of any number found in the atmosphére; yet, for
the treatment of certain disorders, there have been positive
results when patients have undergone charged particle

treatments.l

E. Locel topographic effects
1. Industrielization in valleys, particularly near bodies of
water, leads to pollution problems, since cold drainege winds establish
inversions during the night. This is known 25 the "valley effect”" (see
rigure 7). In ihe evening the hillside cools more rapidly than the
valley for two reasong:

"a. The ventilation in a valley iq less turbulent than that
of the surrounding mountainside, and the valley tends to
retain its heat.

b. Thg mountainside, beiné higher tﬁan the hillside and

continually radiating energy in the infrared, loses

1
) .
[l{lC Landsvzre, H.E., Weather and Fealth, =, 17 .

IToxt Provided by ERI
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energy more rapidly. The cooler draigﬁge winds, because
of fheir density, flow down ihe sides of the valley and
£111 the bottom of the velley with very cold air in the
early morning. The valley now has warmer eir aloft and
colder air et, and Just above, its bottom; therefore,
an inversion exists. In the morning, &8s insolation is
absorbed on the mountainside, a circulation is set up,
which moves the pollutants trapped by the inversion up
the mountainside, put because ﬁf the ipversion lid, the
pollutents are returned to the velley floor.

If an inversion occurs and fog_e#ists in the
valley, the concentration of pollutants can hecome
quite severe before the fog is evaporated and
the inversion disrupted. Spectacular photographs exist
of a polluted fog poufing through & mountein gap as if
over & waterfall.

2. The effect of hills or ridges on pollution depends upon the
locetion of the source of pollution and on etmospheric stability. Under
very stable conditions, air flovslaround 8 hill or ridge; when instebility
exists in the atmosphere, the air flows over a hill, mountain, or ridge.
A source of pollution upﬁind from the orographic feature will strike the
hill or ridge under unstable atmospheric conditions. Homes or structures
on the hillside will receive the full brunt of the pollutants, while '
these game structures would-not be affected by gtable Conditions.

When pollution sources are located on the lee side of the
mountain, the descending air tends to move ewey from the mountein in a
vertical wave pattern, termed roll clouds. TIn this instance, the

pollutant can be bhrought down to the earth's surface at guite & distance

-
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from the source. There will also be turbulence in the lee of the source
of pollution; such turbulence will bring large concentrations dawn to
the surface within a'fairly short distanée of the source. Climatological
studies of an ares are necessary before local planning and zoning can be
estaﬁlished, especially for large, persistent sources of pollutants.

| 3. Shoreline winds which are quite strong, may be modified by
the land mass to prbduce & diurnel inversion or localized pollution
dowvnwind. The "sea-breeze' or "lake breege" effect may extend from two
ta Tive milesiinland on any given dﬁy. The inland penetration depends
upon local terrain, large pressure systems mas king the breeze effect,
and the temperature difference between the? land and weter masses.

The flow of cool, moiét onshore a&r, which is asgociated with
the sea or lake sreeze, is 8 welcome relief during & hot summer's day.
ilowever, the temperature structure of the air moving onshore is very
important (seg Figure 8). Cool air at the surface of the water and warm
air aloft create an inversion which moves onshore. If & power generution
plant, a fertilizer plant, or any other pollution source is located on-
shore, the emissions from the source are trapped under the inversion. .
This process is. depicted at the bottom of Figure 8. As the breeze moves
inland, its lower layers are heated; & strong lapse rate is produced in
the lower layers of the breeze by the temperature modification of the
air in contact with the sufface of the ea th; The strong lepse rate
produces vertical up and down drafts that ceuse & plume to loop; there-

fore, the pollution is brought down to thL surface of the earth at

considerable d;stances from its source.

k. A large body of water and atténdant concentration of
industry may modify the climate of u locality downwind. In considering
the above statement, one assumes that the industry center does not

[ o . .
control its emissions, and that large masaes of conuensatisn, or -
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nuclei, are injected into the atmosphere. As these nuclei are

cﬁrried along over a large body of water downwind, a great amount of
meoisture ié added to the atmOSphefe. Any orographic effect or thermal
effect from another city at the opposite edge of the bod& of water wilil
Produce vertical motion. These mechanisms usually a.l or produce what
is known es the "lake effect” weather, found on the eastern sides of
the Great Lskes. It is possible that the combination uf tﬁe industry
near Gary, Indiana, together with moisture from Lake Michigan produce
abnormally large amounts of precipitation downwind, for example, in La

Porte, Indiana.

F. The effects of ecities
The climatological comparison of an urban area with a rural

area is summarized in Table 5.

Climatie Changes in .an Urban Community

Ciimatic factor % differencei_g:bah
cloudiness ' 5-10 +
winter fog 100 +

© summner fog 30 +
precipitation 5-10 +
solar radiation, ~ 30 -

ground level

TABLE 5

Most of the effects summarized in Table 5 can be attributed to
the Heat Island ¥ffect (see Figure 9). The urban area, being
slower to cool than the surrounding rural area, {8 a warm source
surrounded by & cooler region. ‘I'his creates a slow, rising motion

o the air _wor the city, a rigsing air mass wni-h rools and descendys

pear the <lge: of the urban area. v ois whis el pur i
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-ihstead of cool, clear, rural air, that is brought into the urban
"area (see Table 6). This return of polluted air is one par£ of the
reason for likening a modern city to a volcano iﬁ a desert which
continuwously belches forth noxious effluents into d;so]ate streety.

Even théugh the precipitation is greater over a city than over a
rurel area, the city has both lower relative and aﬁéolute humidity
thaﬁ tﬁe surrounding air. This_phenoménon is the result of two factors.
One is the gfeater runoff of precipitation from the paved surfaces of the
‘urban area. §econdly, humidity ié temperature-dependent. ‘The elevatea
temperatures resulfing from radiaﬁt heat loss to the ambient air from
urban activities reduces the relative humidity and the absolute moistﬁre
content of the urban air.

Urban increased cloudiness has many important ramifications. Tné-
incréased cloud cover, along with the great numbers of small particulates,
decreases the ultraviolet radiation recejved at the surface af the city.
This incréases the possibility of bacterial or virus infections, since
ultraviolet light destroys these organisms. Conversely, it does decreasc
the potential for the ‘formation of photochemical smog. Moreover, c¢louds
interfere with the development of convective processes which could rid “
the urban area of pollutan£s. Firstly, clouds iead to a faster increase
in particle size and to attendant sedimentation; a decrease in particu-
lates is expected witn increased cloudiness. . Secondly; the decrease in
particulates increases concentrations of gases, since there is a decreuse
in the surface area of adsorbent material.

One: of the major problems with which a city must concern itself is
planning for growth and industrial zbning. Within or at the edges of
every major city will be found the stacks used for disposing of ;astes

and geses associated with industry. When certnin atmospheric conditions
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: THE HEAT ISLAND EFFECT"®

Air circulation in a city

After Pollution Primer, p. 17

Figure ©
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TABLE ©

AVERAGE DUST CONCENTRATIONS
FOR UNITED STATES COMMUNITIES

Community Dust load E/m3
rural 4o
suburban . ' TQ
" city less than 0.7 million 110
people
city 0.7 - 1.0 million people 150
city larger than 1 millioh 200
people

prevail, the height and location of the stack may help with the
uispersing of péllutants (see Figure 10).

The supéradiahatic conditions shown at‘the'top of Figure 10 occur
dnly with light winds aﬁd strong solar heating. The pollutant; will
reach the surface &t points separated from each other and at quite a
distapce from their source. Cloudiness or high winds will prevent
such & situation from occurring.

When a stack extends above & surface-inversionband into & super-
adiabatic region, gﬁseé cannot, resach the surface; however, particles

' with appreciable settling velocities will drop through the inversion.
The effluent of & stack located in an upper air inversion is trapped
and spreads horizontally. As solar heating of tﬁe earth's surface
increasgs,lduring clear skies and iight winds, Eonditions typic&l of
a summer day, the lower layers of air become superadiabqtic. This
super adiasbatic lapse rate_oécurs through an incfeasingly deeper layer
until the inversion is. reached. The thermal turbulence associated
with the superadiabatic conditions in the lower layers of the atmos-
Phere carriés high concentrations of pollutants t§ the surface along

o ’
|Che entire length of the plume.

Text Provided by ERI
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Trapping is produced when a stack is below a frontal or sub-

‘ sidence inversion. Nearly all of the pollutants are held below the

inversion and can produce severe conditions some distance from the gource.

G. Interacting atmospheric subsystems
Although our spaceship ecarth conétdntly receives energy from

outside sources, we have no similar extraterrestrial source of
cﬁrbon, oXygen, nitrogen, potassium, and sulfﬁr, and other esgentials
for life. These substances must continually be recycled throughout the
ecosystem 1f we and the system are to persist. The present ecological
balance can easily be displaced by upsetting one or more of the inter-
connecting iinks, resulting in a new unknown balance, possibly toxic
to man. |

Probably tne most useful concepts for the student to have in mind
in attempling to grasp the sighificance of cycles in the moderation of
air pollution, is that all of the comﬁounds which we classify as
pollufants are produced in natursal processes. He should also be aware
that, in undisturbed conditions, an equilibrium ig established between

the production of the specific end product of a process, such as respira-

tion, and the euvironment into which it is introduced. In other words,

some part of the environment, at equilibrium, acts as a receptor for
the end producf of the reaction. This receptor is commonly termed &
sink. If such siﬁks exist for the small amoupnis of materials in a
"natural" remction, they should also function in the removal of large,
polluting amounts of the same materiasls. Identification of fhe equi lib-
rium reactions &nd the involved sinkslgan be instfuctive in understunding
the natural cleansing processes, und why these seem {0 nave oroken down’
in some instances.

1. 'The carbon cycle

"he esarbon cycle is ocu excel_ent siarting point for examining
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natural equilibria apd the unbaelancing forces which man nas introduced
1

by nis societal activities (see figure 11 on page 35). The point Bf
production of carbon monoxide provides a good entry point into the X
cycle (point A in the diagram). Carbon monoxide (CO) ishthe product
of burning carbon-containing fuels (é.g; -coal,.gasolines, natural
gas) in a limited supply of oxygen. An excess of 72 million tons of
-ca}bon monoxide is put into the air as a result of these incomplete
combustion processes, approximately o million tons of which are
produced by the internal combustion engine. Concentrations of these
gases vary from 1 to 2 parts per million, to 400 parts per million
on city streets during beak rush hours. A recent study made on the
F.D.R. Drive in New York City showed a variation from a low of 8
p.p.m. at 4:00 A.M., to & high of 86 p.p.m. at 8:00 A.M. Compilu-
tion of CO levels over a period of years show no accumulation
commensurate with these rates of produﬁtion.

The question is, then, where is the sink and by what mechanism
is the carbon monoxide exhausted? Carbon monoxide i& relatively low
in reéctivity under the conditipns of the lower atmosphere. Consequently,
oxidation to carbon dioxide does not occur to the extent necessﬁry to
rem;ve significant quantities of CO. Other mechanisms have been pProposed,
including the conversion of CO to hydrocarbons by bacterial action.
Although no conclugsive evidence exists, one process which occurs in the

stratosphere seems to be most likely:

2C0 + 20H -»-2C0, + 2H (Equation L)}

This reaction wili occur at the energy levels available and will
account for the conversion of carbon monoxide to carbon dioxide.
Other sources of carbon dioxide include the burning of fossil

fuels, respiration of living organisms, and bacterisl decomposition of

orzeni- resiidues. Carben diox ae, raganiizi cof its gorree has a
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regsidence time in the atmosphere of approximetely ten y2ars. Some of
this is removed by gréen plants in the process of photosynthesis; At
320 parts I.r million it is typically th: limiting factor in the
photosynthetic process. Considerable quantities,-espeqially those
produced by respiration in root systems, are dissolwed in soil water.
This portion creetes an acid condition (Equation 2) necessary for the
solubility of minerals requisite to proper plant nutrition.

€Oy + Hy0 =mwmom > HY + HCO, ™ Equation 2
Eventually, much of this carbon dioxide becomes part of insoluble
deposits of calcium cerbonates. The same process occurs in the formstion
of the shell or bone structures of animals.

Probably the major sink for carbon dioxide is sea water, which
contains siXty times the concentration of carbon dioxide found in the
air. However, the problem rests in the slow rate of equilibrium change.
The seas will cogtinue to absorb some 100 billion tons of carbon dioxide
per yéar. increaéing only gradually with the increase in atmospheric
concentration. Consequently, it is ressonable to expect a continuation
of the trend which has incressed stmospheric carbon from 312 parts per
million during the decade 1960 through 1969.

2. The nitrogen cycle
l Again, we can establish that those oxides of nitrogen, i.e.
No0, NO, ﬁogo which are produced by the high temperature oxidation of

nitrogen (Equation 3} do occur under high energy conditions in nature.

"high energy

Ny + 0, > 2NO Equation 3
Atmospheric nitrogen is commonly fixed in & reaction with astmospheric
oxygen in the presence of energy from lightening discharges. Approximete-

1y 4.million tons are fixed this way each yeor. ‘The nitric oxide (NO)

formed in this way oxidizes rapidly to nitrogen dioxide, or NO», &
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poisonous, yellow-brown gas. This gas-reacts with airborne alkalis
Equation 3e
an& is deposited as nitrate salts. Man has upset this equilibrium
by the introduetion of the internal combusfion engine. At the high
pressures and temperatures present in the combustion chamber, nitriec
oxides are formed &t & rate of about 13 million tons per year.
Particulaerly under inversion conditions, whieh restriet the distribution
of effluents, nitriec oxides tend to meccumulate in hazerdous Quantities.
Nitrates formed from oxidizing atmospherie nitrogen are
deposited in the s0il, wherc they may move in one of three direetions.
That quantity which is absorbed by plant roots becoﬁes ineorporated
into plant proteins and into the proteins of the animals which consume
these plants {figure 12). Orgenic wastes decay in & series of steps
from witich different s0il bacteria derive energy. Ult&mately nitrates

Organic nitrogen Bacillus pseudomonas

-> NH3

NH3 Nitrogomonas-bacteria -3 N02 : (h)

Hitrobact
NO, __,__3_59_35_353-_____9.No3

are formed. These may recycle, or, as may happen with any soil nitrates,

they may be denitrified by bacterial action to molecular nitrogen, NQ.

This moleqular nitrogen will return to the atmosphere. As & third

alternative, the highly soluble nitrate may leach out of the soil into

bodies of water where it may contribute to the water pollution problem.
The natural nitrogen cyele has been further unbalanced by

industrial fixstions of nitrogen! which, at 80 million tons, constitutes

over 1/3 of the total nitrégen fixed by all processes.

3. The Sulfur Cycle
Most-sulfu; in the air_isAthe product of decay of organic matter
{see Figure 13). ‘'his decay, under snaerobic conditions, produces

approximately 68 million tons oi sulfur {1 the form of hydrogen sulfide.
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Burning of fossil fuels will produce, as & by-product, 26 million tous
of sulfur dioxidg, S05. The hydrogen sulfide from-biological decay will
also oxidize in the stmesphere, producing water and sulfur dioxide.

2H . 30, -eemme--=--d 2H00* 280, (5)

Normal residence time in the air for tliese oxides of sulfur is

from five days to three weeks. This comparatively shqrt_duration of
sulfur oxideg implies & mechanism for their removal. Moﬁt typipa]lj,
the méchanism is a photochemical process using uliraviolet light from
the sun as a source of energy, and producing sulfur trioxides us «
product (Equation 6) -

80, + 0 —-N02, UV 5 504 (6)

2
Sulfur trioxide reacts readily with water to form sulfuric acid which
can:then be removed in the form of precipitation. This reaction
(Equation 7) requires the presence of a particle, ﬁ, as & reaction
site, and produces a fine mist, or aerosol, of sulfuric acid.

SOB + Hp0 + M commmem Y Ho80, (aerosol) (7)

Alternatively, sulfur dioxide will oxidize, in an atmosphere containing

ammonia, producing 803. The ammonia will react with the resultant
sulfuric acid to rorm ammonium-sulfate, which Qill in Lurn precipitale.

2MH, + Hy80), —mm-mmmmmmm” > (NHy,) ,80,, (8)

A major protlem inherent in -overloading the sulfur cycle with
oxides of sulfur is the tendency of sulfuric gcid and its &qéd«galts to
accunulate inlexcess in the natural sinks {i.e., lakes, stieams, and
oceans). Reain water in the pH range of 4.0 - 4.5 has been recordedl
downwind of industrial areas. Some European lakes have shown drops
from pH 7.3 to 6.8. If this trend were to éontinue fo the 5.0 - 6.0 range,
many species, sueh as salmen, ¢cnld not survive.

k. The Water Cynle “

The ot L woelatz wabe ool osrimuted to be o the orier
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of 1.% billion cubic kilometers. (A cubic kilometer is approximately 0.2k
cubic miles). Of this total, 97% is estimated to be in the form of oéean
water. About 2.2% of this is in the solid state, primarily in the ice
caps, and the balancé is distributed among fresh water bodies, ground
wvater, bioiogically fixed water, and water vapor. Water molecules of
su}ficientbenergy content continuously escape from the surface of nfther
the liquid or tbe solid phase, creating a gaseous phase. Water in the
.gaseous phase in the ambient air is of immediate concern in @& study of
air pdllution. Tﬁc concentration of this water vapor in thelair variocs
from 1 to 3% (10,000 to 30,000 parts per million) depending upon temper-
ature and the availability of evaporation sources.

Several pathways are avasilable to water vapor. As hags been
previously indicated, it may condénse on particles in the air formins
droplets large encﬁgh to precipitate. In the process, many air particles
are washed out of the atmosphere. Often, in cases of severe pollution,
c]ouds.of water,@roplets with impacted, or enclosed pollutant particles,
remain suspended in a sustained ouvercast, or smog.

That portion of the water which precipitates on land, along-
with its suspended particulates, may become part of the ground water.
Part of this water is rather perﬁanently attached to soil particles a3

' while some moves through the soil until it reaches the

"hound water,'
water table, or the level of free watcr in the soil. Phis underground
reserve of water may move graduslly through gndergréund routes back to
streams, lakes, and oceans. Much of ﬁhe water rises by dﬁpiklary
action, or diffusion through small channels in the sdil, until it

evaporates from the surface of the soil or enters plant roots. O Lhut

portion which enters the plant, only about 1.5 parts per 1000 by weight
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Lecome incorperated in the tissues of the plant. This biclogically
bound water, however, constitutes 85-90% of the mass of living cclls
and it is held until the plant gr animal dies and decays, or is
céﬁverted to &2 consumer Pproduct. The balance of the water cntering
the plant is lost by eveporation inic the atmosphere, - The bulk ol
ﬁhis loss is by eveporation through special openings, termed stomuts, in
the leaves of higher plants. This process is termed transpiration.
Respiration of both plants and animals, as well as the cambustion of
fuels of organic origin, return water vapor to the air.

Some water vapor reaches the stratosphere where a special
réabtion occurs with the ozone present at that level (see equation 9).
This is limited under no¥mal conditlons, by the quantity of wanter

vapor at this level.
Equation 9

HQO .

Large guantities of water vapor could-concéivably'reduce the ultfavjolet
absorbing ozone layer.

5. Oxygen Cycles

bxygeﬁ, by ell indications that we now have, was not a component

of the initial atmosphere of the earth. Free oxygen was first generated
by -photosynithetie, one—éelled organisms over 2 billion years ago.
Originally these organisms gbtained energy from reducing oxygen-contain-
ing compounds, guch as sulfate, and eventually they acquired the capabil-

. ity of releasing energy by the splitting of oxygen from water. The



excess 6f oxygen diffused into the atmosphere, increasing gradually
to the 20.98% level currently eﬁisting.

Atméspheric oxygen participétes in seve?al cycles. At the
.tropopause, it enters into the fonmation of oZone, in the presence af
ultraviolet radiation (see Figure 15). The pdol of Oehis also fed from
the oZone-water reaﬁtion previously mentioned.
| _In the process of photosynthesié, both by aquatic plants
(plankton, etc. ) and terrestrial plants, oxygen is produced in the
light phaﬁes by the dissociation of hydrogep aﬁd.oxygen. The aﬁoﬁnu of
_oxygen thus proiuced is estimated by Brocher and others to be 256 grams

. , Hgo __!iﬁiblg_lishi_, [0) + 2ut
per square meter of tne earth's surface. This amount corresponds nearly
eﬁactly to the amounts used by planﬁs:and animals in the process of
resPifation. The time required for thé total cycle, from molecular
oxygen through the binsphere back to molecular oxfgen, is estimuted Lu
be approximately 2,006 fears.

o Some concern exists over the effect. of burning fossil fuels
and dumping wvasters of high biological'oxygen-demanﬁ 6n the oxygen
supply. Such activities produce local deficiencies- in eutrophied stro:uns
end confined areas, such as citf streets; however, there is noé evidetce
‘to indicatg that the current éupply of oxygen can be seriﬁusly depietéd-

by these activities.

IT.' Societal Aspects of Air Pollution -
_!\. Introduet,ion
The control of nif pollﬁtion, and the larger environmentil
degradatidn probiem of -which it is a part, is 'a social problem{‘ u
problem thet is intertwined with the values nod TI..h-b wt.;rlri vizws Lhat,

ERIC
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méke upvour culture;-'éo déﬁy'this, to.refusé to'éxamiﬁe gu# culture,
our eﬁhicé, oﬁr éocial-énvironmeht, ail of which ﬁave unwittingly creﬂted
‘the_pfoblém; is tp perpetuafe the thought prbeeSses which have brought
. us here. To assume ﬁhaf "science will find a way" is to take a fatally
ﬁarrow view of tﬁe prpblem¥ :ééiencg itselflhés relinqﬁished to tﬁe
social sciéntists the'"éhbsét"'of problemsl(pppu;ation, Auclear wgrfure,
epvironmenté; pollution, efc. ) which eohf;on;s modern man.
Environmental dét@riorgtioﬁ is-thelresult Of alcémplex interaction
among, multiple sociul, iﬁdividuélt gnﬁ ;ecﬁnp}ogical factdys;‘whichlhuve
created édr ufban indusprialiied soeiety. A'socigtyfshv;lpes u?e'shapea
by. its coneeption of the universe in which it.lives. Aﬁ anthropoeentric_
L“i?“ 6f the wofld, Which égparaﬁeé.man from the rest Qflnéture, allows
nim tﬁ-"tdrtﬁre nature's sectéts from her." We have a linear view of -
tiﬁe, in which. there is a belief in an historical progrésé from & p?imif_
‘Live state, ﬂpward;"abcomplisheﬁ by fighting a-resisting ﬁniverse. Thig
has”spawnéd a_feeligé that techno#ogy aﬁd indﬁ%tr;gliﬁapion are the
pangeééé-fo% hil_of_mankiqus ills.;:This cultufal'heyitage h&slprodpged','

a phenomenally high standard of living in material terms leaving man "rich-

. . "

in means,”" " but iﬁpoveriéhed_in}terms:of'fendF."
In order to view phe_éituatiqn as a.wholeslit'is-ﬁepe&sé;y‘tb ekﬁmiﬁe
" some 5asie coneépts.ébdﬁt:our sobiallagtweli as-ohr phySibgl enﬁoronmeh;.
B.- Histbricgi Péfgpéctivesl |
| Man‘s:mbst'éﬁécéésful écopomie system is a complef market”

_ .Systeﬁ, char#&férizéd'by-a’vast‘exchgnge of goods and services bétwgcﬁ
:buyérsfapd éeliérﬁ;_kndwn'as freg-enterprise. Other écénbmic syﬁ?ems
-Iexiét, buplnoﬁé_pppﬁfde 56 rémérﬁably'wellﬁfor,man's'wuq;s-and,nest.

é\ N Tt is only fair £o-poin£ ;gtlthqt; ésidé fromitheﬁﬂmericaﬁ

system, the sociulist system. has also led Lo environmentel déterioralion.

I S RORITAL ystem hes mlso T enviromentat.

IToxt Provided by ERI
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Glébaj energy use rose from 3-1/4% annually, during the years 1860
ihrough 1958, to 2 record 19% for the period 1961 to 1964. The rate
of indust;ialization of underdeveloped regions and world-widc
population rise, shculd produce a highér increase in future years.
Energy production rose by the same figures during the period 1961 .196k.
The increase in high .energy economies in the United States, U.S.35.R.,
gnd Europe, resulted in the rise in energy consumption (see Figure 1¢}.
Free enterprise is the result of a long écriod of development based
on man's practicg of conducting trade for the material items that he did
not’ or could not provide for himself, but which were available {rom olher
parts of the earth. Evidence exists ithat such trade has been carricd on
since &t least the last Glacial Age. Even at that time there were
traveling salesmen engaging in basic economic activities.
Concepts of economics déveloped because men's wants exceeded\thu
gifts of nature, and their "appetites" led to a #eneral condition d}-i
' scarcity. 'This, stated simply, is the idea thatleacﬁ man desires something
which he does not have, or cannot obtain, because of its low availability; \
the concept of worth applies hére, since anything in secarce supply acquireu
a certain value. The condition of scarcity is satistied when someunc,
somevhere , has ah excess of what other men went, or he is able *o produce
it. It is then "501d" to the man inhneéd for the highest "price" offered
for its use or ownership.
Scarcity presented society with two.problems: it had to provide for
the production of enough of the right goods, and il had to manage their
_ distribution. Until the end of the Middle Ages, provision for the production
of goods and determination of the ultiﬁate-CONSumer was relatively uncom-
plicated. Those whe had aulhority, or power, merecly communﬁcd or comnii-
sioned prodﬁction, either for their own consumplion, o for whalever ende

they d:i~ -7 . esirable, by whatever methods *rere fearmnl.y
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their reigns or tenures.
Power derived from energy éonversion is now the key to the industrial
expansion of highly Pﬁvﬂlated, less developed, regions. This.ig not a
Hstop—gap need for fooil, but a ﬁe§d for transportation, communications,
distribut;om, industriaiization éﬁd education.. ({(Figure 17 shows that the
use of muscle and dung as sources of power are useless to the rapid
industrislization of a nation.) Our timber resources are so depleted and
80 necessary in other crucial areas that they can no longer be allowed
to be used 83 fuel. Throughout the entire world, coal has been replaced
by oil and natural gas 8s the major gource of power. 01l and natural gas
will continue to rise in absolute terms as total world energy demands
continue to expand. Coal wil) be used only if 1t becomes economically
Yfeasible to tap the less productive supplies available. Nucle;r energy is
the only mew source that is currently expected to make a significant
contribution to solving energy needs dufing the latter quarter of the
20th century. The fast breeder reactor may be available late in the 20th
century. This reactor will eventually produce more fuel than it consumes.
At the onset of the Middle Ages, wars, famine, and disesse shattered
. the fabric of European societies and these sccleties withdrew into aelf;
sufficient units in order to survive. )
&The subseuent gradual emergence of societies from the Hiddle Ages
coincided with a gradual change from the independent, fregmented, self-
sufficient, feudal system to one dominated by new att;tudes. Money making
became an aspect of business activity. Money became necessary fof labor
goods snd lend. Demand and supply became factors in th? production of
éoods and services. Thié change in'atfitudea continued until the cﬁnaumer,

not the people with authority or pover, exercised economic control. Money
) - —1
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‘became the priﬁcipal medium of'eschenée,-end she_prefis motive -'the
mex;@atign of iecbme and the minimizstion’of expenses becaﬁe established
1_ ss a legit{mate incentive for business. | |
Pollutlon of the earth’s atmosphere was not a significent threat to
“man’s health and well—belng, durlng this long perlod of'change, because
_sgricu;ture and comuerce were st;li_the pr1nc1pa1 bs31s of economic
. N acfivity and the eeﬁulation was smali. However thls period of transxtlon
led dlrectly to the Industrlal Revolutlon, which began in Lngland as a
.result of fsyersﬁle attitudes toward,eomme?ce, sczentlflc dlscsvery,;and .
technoiogicei innotstion.-iThehIhdestriai'Reselutien eaused-ébcisl,upﬁeavals_
‘end important chsnges-in;society.- It breugst gbout the creation of fac-
_torjland ineustrial slums, increase inlurbenizetieﬁ, increase\inltheldegree"
of 1n%1v1dual 1eterdependence, awareness of economlc growth and the -
beglnnlngs of the present atmospherlc pollution situation. .
‘ooclety 5 applicatlop of sc;ence and-technoiogy to therproduction of
_ gsods ans'sereices;(fiest tq,texfiiezmachinery, then to mininé,:sgricuiyure;
.éewer:proﬁsetion;-ﬁrsnsbortatien;-electrenies,:s?ace.explsfasions}.;)z
ihitiaﬁe& alsteady inereese1in ihdust?isi.outpus. This ieq fo the elimiestion
_“of.mueh poverty witbin_inﬂustrisl-sscieeies; and #ﬂe eventys} rise ig‘tee
’ seandsrd ef_liVing sas'continued'to:the presenf tine -'a_sfasdsrd-héretefoee
'fusknows'to'mah.:lﬁn‘ajf poilutien sffuatien Heretofore:unknown_to'ﬁsnfhas'
Ialso afisen as e resuleIOf indsstfislisetiee. o -‘ N
Ose can see thstlllfe expecfsncy of 1ndustr1al men far-exceed that
of primitlve trlbal man (Figure 18), Prlmltlve man prlmerlly slept or
worhed An sgrlcultursl man fbund some t1sc thst could be devotod LO
creaﬁive and 1eisure'activity,_butelittle need fo; fo;mal educatiée.
‘Whe rfeut incrcunc-insﬁhe rofmsl eduéu;idn‘ofﬁindﬁsts{uj muﬂ-puVud ihn

‘way For i Lr mendous amount of crentlvu and lnl.urv Lsme

: [ERJ!: '{ - With tns;technologleel revolutlon one_flnqs a QommEﬂjﬂftiﬁ Sioear T




-52.

LIFE TIME ACTIVITIES

TR TR
00X 0‘3‘0‘0’0‘0‘0’::0:020,‘/ ‘

| __ 0’0‘0::’:0": IRXAARY
e 23.’333233333232'5 v
SOOI
SO
| N ,

AR
AR
DRI

XONXNXNN
RIS
-'-\éQu‘E’_

&qﬁ)eﬁhia‘ Y

X~ Formal
\education
\\._

f.ife expeciancy

[ DS T N
) Byrs 35yis 70yrs
Prirnitive Agricultural  Industrial
man o man man

—_—

———



[}

~53-

LABOR FORCE DEPLOYMENT IN AN ADVANCING ECONOMY
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in thé agricultural labor force needed to sustain the population (Figure
19). The need for raw materisls remains about constant, but the emphasis

is shifted. Figure 20 points this out dramatically; either natural products
are not sufficient or they cannot be obtained. Greater dependence is pleced
on synthetic products or metals - especially the rare, exotic metals.
Furthermore, 35% of the technological labor force iS needed to provide
services with a less rapid increase in the force needed in commerce,
t}ansportation, and construction. The latter three items produce théir

own share of modern mén's problems, especially in cities.

The present air pollution situation has been developing for approXimate-
1y two hundred years. It has caused, principally, by the g#rowth oriented
PdeUEtiOﬁ of the goods And'services‘which ﬁaﬁe contributed to the relative-
1y high standard of living currently enjoyed in this ﬁnd other industrialized
countries of the world.

- Perhaps the greatest impact of iﬁdustrial technology was the internal
combustion engine and its epplication to transportation. Consumers' -
demqnd for thié invention, and the production of agutomobiles and other motor
vehicles resulted in a redistribution of the ﬁork fqrce, the subsequent
rise of unionism, the economicg of large-scale production, and the eventual
conception Bf indﬁstrial and commercial monoplies.

Use of motor vehicles nesPlted in great changes in the living habits

R ]
1 T —— -

* of society and the viability o? traditioﬁal ﬁrban centers. Supplying the
demand for motor vehicles has created employment and income for a large
éector of industrial sécieties. llovever, the greatest single source of
a@ﬁospheric pollution‘has been the operation of these same motor vehiélgs
with-ﬁheir_fbssil-fuel burning internal combustion Propwlsion units.

C. 'Society is a System of Relations Among Indlviduals

We find ourselves in a society in which thers are many syslems



ﬁnteracting ratper than existing in ieolatioe. The tunoei vieioniof
" each syetem‘@ust e replaced of dimeneionhd'visdon, which apprecdates
this relationship.l | -

Our society is characterlzed by interdependence 1natead of the
nurtured myth of 1ndependence In any System composed of two or’ more

unlts,_relatlonsh;pS'are such.that‘changes 1p oné unit affect-others. Tﬁe'

. larger end the more compler'the system, ehe\more difficwlt it. is to
.predict.the:effect.ofdchange inze specificheit ﬁpon all other units,
Do'we hare:liperty or‘freedom?l In the Platonlc deflnltlon, llberty
i,.:1s the removal of restralnt, i.e., d01ng wham is good for me! ThlS is
‘the théme of the ploneer “the hipple, and the corporate busxnessman. The *
pioneer polluted and then moved on to new terrltory, the hipple w&nted to'#
be’ free to Mo his thing," : 1rrespect1ve of the.impact_on the enplre

social group. 0bv1ou$ly, "whatever is good for General Motors" or

General Electrie must be‘good'for yru. , - 3¥
Tt is to be noted thet -socielistic man pollutes as blindly as the
'most grcedy entreprcneur. Corporations.have goﬁe to zreat lengths to

develoP ind1v1dual consumer-preference through advertlsement ' Th13 is

most eaally recognized whereas collectlve preference (1 e. that for.
. clean alr)‘ re not as easy"to see, Secondly, in the pest,.all -

eﬁvironmenfal poilbtion_hes-beee-exiernalized by the'poilﬁter. -This

-;mcens that the. cosfs are not borne by the producer of the product fbr

J \

example: chlcken farm started next to ‘8 health resort However all.

Y

;publ;c goode, like land water, and alr are collectlvely consumed and;--

t.he ch1ronment rcqulree collectlve solutlons

+

T l;ht‘ Ari: .Loi.vllan titf‘in:l“tlon, i"r’oedom is the n.blLLt._,r Lo mu}'- B
_l’l'!‘fi':'.iill!‘l:}f" n choice ror Llu romi nf‘ Lhe gr r\u;: ll“ le t:'l‘l\fi--t‘“l‘]nlf:lll‘ is

made uninbsbitabic, one does not hnve-freedom; there is no cho’ze.or

-
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decision to be made. The important jdea to grasp is that only-through
a group effort can we achieve success in cleaning up_our environment.
This is‘achieved at the expeﬁse of the individual's liberty.

In.the case'of an individual vs. an environmental polluter,
“stunding in court" must be demqﬁstrated‘by the plaintiff. This means
that & person in New York cannot éue'an oil company in the Gulf of
ngico for damages to the énv;ronment, There are also very few #ays to
establish esthepic damage to property. Should such & case come to trial,
a verdict against the plaintiff would set precedent for future cases.

A case in point is that of Boomer et. sal. vs.‘ Atlantic Cement Company
(ease No. 55M, 2nd 1023). Boomer sued for dameges to his pfoperty and

an injunction to stop the company from polluting. He won demages, however,
after receipt of damages he lost standing in court in regard to further
damages from the same source. This is tantamount to giving companies

the righf of eminent domain, formerly only the right of government.

In 1968, Garrett Hardin published an article entitled, "The Tragedy
of the Commoné." The commons is & fundamental sociel institutiom which
recognizes that there are c;rtain environmental entities which have never
been and should never be appropriated t6 any-individual or group of
individuals; The commons wvas just that in England, an area of lﬁnd set
aside for public usage. The tragedy was the overgrazing which resulted
from individuals adding "one more.cow“ to the herd. ‘fhe profit to the
individuni was large, and the deterioration té the commons minimal, until -

Y _ the same con¢lusion was reached by every herdsman. ‘
In a populous society, wélmus£ regulate'the use of the comﬁons_for

the genersl welfare. The real danger lies not in the laws but in their

e -administration. There is enough documentation to build a model for what
. -will ovcur ipn a society:
%

Q a. A general outcry produces a regulatory agency.

1
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b. Political quietness develups among the majority, which
has a genéfai, but unérgan%zed interest in the "
comﬁons.

c. The interestéd groups bring pressure té bear through
any political processes which would tend to convert

" the agency. These groups protect the commons from
incursions and further their inﬁerests.

d. The s£aff of the agnecy is finally drawn from the ranks
of the‘regulated.l

D. Society has Seldom Foreseen or Questioned the Long-Range

Coﬁsequences of:its Action.

Culiurdl conditioning has produced pafiterns of thought which

value the short-term over the ldng—term. Long-term effects have gone

'unqueationed in favor of the immediate or short-term benefits. There

ié_a need to exaﬁine.certain culturally-produced ﬁxioms by which our
society has functioned ——"econdmié growth is the meésure of all good;"
"eternal progress is possible in an ini"inite world;" "what planning
there is should maximi;é production and resource cxploitation."” We
seem to have plaéed more impo:taﬁce on the fact that men live in the
shbrt—term rather than appreciating that "the collective man" can
exis£ only in the long term.

There is a need to view new technological triumphs in the
light of what their effects will be on human life. Western-culture

can no longer view man as separatc from and above nature. The simple

use of cadmium in the electronics industry, without propner safety fac-

tors in.indefensible. The'knowlédge‘%hat cagmium can be inhaled and

transported by the blood atreanyresﬁiting in its replacemenf of

‘ calcium in- the skeletal system, demands Protective measures {see section



" on non-ferrous metals).

Sogiety's.head long rush to improﬁe the environment by passing
and enforéing appropriate legis}ation can be tragic indeed. We
recaghize the effeﬁt of phoéphate excesses on the ecology of a body of
ﬁater. We do hpt anticipate the conseguences of corrosive substitutes.
Nor does nature stand still while a pesticide is beingZ benned by
governmental procedures. The dynamic system responds to the decrease
of controls and the insect population grows at an increased rate. Do
we want to make commensurate the control of "equine encepﬁalomyelitié"
end the freedom of the commons from‘DDT? |

Our present individual activit;es must be examined in relation
ﬁo the r;sﬁ of sociéty, We need to consider the possibility that
technology is & "double~edged sword,"- aﬁle to help and to harml Does
the orgaﬁized pursuit and realization off technologiéal progress act to
destroy the chief ingredients that contribute to man's well-being? The
levels of wvarious pdlluthnts can be defermineé, economic damaée estimated,
methods of controlling pollution can be established, and a price teg caﬁ
be placed on cleaniﬁg up the environment. But what level of clean air
is desirable when contrdsfed to the other pressing environmental problems
of housing, nutriti&n,'or hospital serviceé? If the air ig clean, is our.
environment necessarily more healthfulf

If we neglect the input of solar energy, we are living on a
finite earth thch contains finite resources. The law of cohservation
6f energy, or the First Law of Thermodynamics, fells us that we may
optimally expect a 1L00% transformaﬁion of ehergy from one form to
another. This means that we have‘alfinite amount ©of material resources
to support a population. Ve may use an\economié equation that says

population size is equal to a constant times the inverse of the stundard
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hof iiving. A large populatlon can be supported 1f e, accept the lowe°L
' pﬁsuihle standard of living. y The Second Law of" Thermodynamlcs state
‘thag'a lOQﬁ eneréy t;anéformatlon is_1mpossible. Sqme energy is always
‘ wasted or unattain;ble ‘and ﬁé'are'forced to support a lesser numbérlof
-.people or subscrlbe an even lowar standard of llVlng. E 3!
Uncontrollea population tpndsjtoward an Equllbrlum 1n blrth
rates-at LS per 1000 Dopulation whereas, deaths tend to occur at 4
qonstant.rate of 35 per 1000 population.{ In the followxng graph we
are plotting‘ﬂbpuiation‘size.v§: timeg the slope of_the graph equals

" a gpbwth cﬁryé.‘
"deulatiOn_ ' II-' A o ,,f”’
Sizé_ K ;/;//;/,<¢ -

Time. -

[

Sif our population exceeds our resources; the‘populatzon declines. When o
' the populatlon size-is lower than that allowed by the resources avallable
:ntge populatlon 1n¢reases more rapidly than the slope for an undlsturbed
society._ K populdtlon could, if 1t were sensxt;ve to the envxronment
:determlne for 1tself when it has passed the equiilbrium p01nt bécause
:T;the syﬁptoms of OVPrpopulamion bepln to- occur - nalnutrltlon aisease
"'psychologlcal dlsturbanues, and env1ronmental démage.,ﬁ%hen-éhange in

an ecosystem 6c¢p£s,more-rapidly_£han a Species.;; ablé-tb'adapt to,
--thé;;pedies faces-cﬁpiﬁdfion. Examp1es of the stresses that can

'pwﬁse e#tinction:ufe food écérc1ty, climatlc change, competitivp_i

-Lii_:m(lwmtagc-;‘ er o sudden natural cycle imbalance.
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Possible cures for over—populétion may he suﬁmnriiy lumped
u&der two headinés, "birth control," or increased death rate. Faéed
with these alternatives, man must make & mofal decision - should he
reduce births or face an increased rate of deaths, often beyond his
control. |

Most approaches to the problem of population control revolve
around the attainment of zero population growth. Achievement of Z.P.G.
for the U.S. will result from & drop of the current birth rate from
17.% per thousand to about 13.0 per thousand. Once Z.P.G. is reached,
the population gize will levelloff and remain constant as long as
Publiec support of the program is general. This approach is not a total
solution to overpopulation, since the population size may still be in
excess of the resource base supporting it, and a negative population -
growth rate may have to occur; no agreement exists or is apt to exist
as to what thé ideal population size should be.

E. Society may need to change, modify, or adapt human wants
which are in themselves, reasonable and defensible.

We must come to tge recognition that the terms reasonable and
defehsible are relative ones - their meaning can shift with time. Human
wants that were at one time justifiable may no longer be éo in a
bhysical world of limitled resburces. The ﬁeans by which huQan'wants
traditionally have been satisfied (increaéing technology, conquest of
-nature) need to bé loo#ed at in the light of scientific and social
evidence of their consequences.

Ve know that life is damaged by present social cohdifions but
we all participate willingly or unwillingly in a system that despoils
the earth and exacerbates human relationships. We gare unwilling to
mlve up the personal advantages derived from the conditions which we

[:R\ﬂzaow are objectlonable.

Aruitoxt provided by Eic:
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Jmericans do not seem to bg willing to.let the utilities

continue devouring these ever-increasing guantities of

water, air, land. And, yet, elcarly they are also not

now willing to contemplate doing without all the elec-

tricity they want. (Jeremy Main, "A Peak Load of Trouble

for the Utilities," Fortune, Nov., 1969),

Does every new automobile, highway, air coﬁditioner, electric can opener
create more problems for society than they solve?

The proper flow of materials is now as essential to the main-
tenance of the human society as it is to the maintenance of natural
eyceles. However, the economic system ig opefated in large sectors in
terms of & barter gystem characteristic of an agriculturally based
society. Most of the resources in current yse were not even recognized
as such fifty to one hundred years ago. OQur current dependence on key
metals, many of which were regarded as waste impurities in other ores,
is a result of the menner in which we cénceive them to be. We need to
redesign our major social, industrial and agricultural procedures toward
a more effective means'of functioning.

a. A faster, more efficient recycling of the materials in the
system,

b. A greater dependence on natural energy processes and & saving
of our fossil fuels.

¢. A refashioning of our food cyele to produce the most efficient
natural meéns of food conversion while decreasing oﬁr |
dependence on 1arge.§olume fertilizer and pesticide usage.

d. An establishment of early warning systems which will.stu?y
the immediate and long-range effects of technological |
undertekings on the quality of the environment. IComplete
studies will need to be made concerning all of the costs
of all Societal function ~even the social costs of the in-

.tangible effects, including the esthetic¢. The incluzion
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of all such costs may possibly prevent certain menufacturing -
or construction processes by rendering them uneconomical by
neu benefit-cost standards. -
F. SBocial impétus for solutions can only come from the large group.
Because of the charactéristics of the problem and because of

human hature, it is almoét impossible to visualize solutions being accem—

.plished on an individual or small-scale level. ‘The problem is such that

"there is ho one factor tﬁam hy its remo*al or control alone will lead

to the ultimate solution.” {Cassell, Eric J., "The Health Effects of

Air Pollution and Their Implications for Control," Law and Contemporary

- Problems, Duke University School of Law, Spring, 1968). Individﬁal |

actions must be combined to press for solutions.

1., By its rature, air pollution calls for public action, since
air is a public commons subject to overuse, and. it isg
difficult to trace pollution froﬁ one source to one receptor.

2. Air pollution has no political boundaries. Air conieminants

'frequently cross state 1inesland contribute to a condition
of pollution in a neighboring state..

3. The danger of creating "pollution sanctuaries" érgues for
broad-based action because "emitters uho'hgve established
strong economic positioné as thef poliuted the air usually
feel that thej'have also built up pre-emptive rights which
ought not to bé taken from them." (Earl Finbar Murphy,
Governing Nature, p. 186).

LY, Human nﬁture end its tendency to minimize the protlem
undermines'broad action, | _

a. "The reallqucstion is whether the sense of public

concern is enough to persuade people to sacrifice

certain private goods for the suppression ot nublic
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bads." {Kenneth Boulding, "No Second Chance for

Man," The Progressive, April, 1970, p. 41.)

b. "When we use the word responsibility in the absence
of substantial sanctions are we not trying to
browbeat a free man in & commons into acting aguinst
his own interest?" (Gilbert Hardin, "The Tragedy of

the Commons,"” The Environmental Handbook, p. 45).

-

c. Réstrictions, controls, sanctions, appesls to
conscience must apply to all, or ultimately,‘thgy will
-affect phe behavior of none,
Our obligation to future generafions may need to be rgdefined;
progress in a direction favorable to human welfare will need to be main~
tain?d. Whatever restraints are placed oﬁ men will have to be placed

on them with their concurrence, and will have to be such that they do

not destroy man's sense of worth and security.

ITT. Activities of Man Contributing to Air Pollution

A. Introductiion

hMan's activities have led to a higher standafd of living us &

consequence of his efforts to satisfy basic physical and[psychologicai
needs., Inﬁustrﬁalization was a hecesséry consequence of the effort to
fulfill man's felt needs and led to & technological soclety that pro;
duces on enormous amﬁunt of energy‘and material necessary to sustailn
us at our desired étandafd of living. Over-the DaS£ 30 years the
energy needs for every American man, woman and-child has more than Y
tripled. Currentl;, these human activities resuit in a produgtion in
excess ol 209,000,000 tons of alr pollutants per year, or over one ton

of pollutunts per. person.




We use approximately thirtecn tons of material per person
each year. QOver ahlung period pf time people and buéinesses do net
consume goods. All goods are eventually ecither discharged to the
environment or cycled back into the production process. An under-
standing of the kinds and sources of atmospheric pollution is
necessary Lo assess their collective defiling effect an& desired con-
trol measures.

Iq terms of the atmosphere, only two categories of pollutﬁnts
exist: gascous and suspended particle additions to thelnorm;l air.
While thése things do occur n;turally, by and large, pollution is the
result of man's activities. Similerly, whether a particular substance
is Judged & pollutant or not is & consequence of ﬁan's attitudes. It
isloften very difficult to assess the-role of any one gasseous or
particulate additive to the ‘natural atmospheric state unless it is
presenl in exceptional quantity (e.g. SO2 in an industrial center).

‘In looking at the politiﬁal and economic implications of air
pollution and it; control, there are-some génerallconsiderationé thgt
apply to al]l of man's pollution-creatiné activities..

The economic dilemma arises from the historicél fact that until
recently, eir has been rega;ded és free and the cost of its use for
waste disposal haé seldom, if erer, been a consideration. It has béen
precisely for this reason that the atmosphere has been sop widely used
as a disfosal medium.

Politically, the problem is compounded because of the various

levels for sdministering controls (federal, iﬁterstaﬁe, regional, stete,

locall}, the difficulty in arriving at and enforcing satisfactory stan-
dars, and the fact that air sheds do not usually conform to traditional
political boundsries. To date, the Federal government has been more

inclined to Lake & relative back seat in Lhe push for eir « . ution
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control; it is willing to step in only when it has been demonstrated
that the state and/or locael machinery cannot arrive at s satisfactory
solution of the pfoblen.

Industry hes indicated that it will actively pufsue pollutioni
control if all have to live under the game regulations. Their desire
for laws with wide applicebility comes from the fea: whiech each |
company has that the “good-guy" who has to raise prices to pay for
cleaning up his operations will suffer competitively with the "bad-guy ,"

" who has not bothered.
B, Primery Industries
1. Mining
8. Overview
The histéry of the copper and bronze ages indicaetes
that man hes, for an appreciable time, been able to extract and
refine . our ﬁatural rev m?terials. The Roman Empire established a
thriving trade with the British Isles for mineral resources. - Later,
the industrialization of countries led to the establishment of factories
close tq natural resoufces of power and minersl wealth., Open pit and .,
then- dvep mining, as surfacé deposits became depleted, became prevalent.
Deep mining became practical as ventilation and automation were improved.
The requirement for chesp fixed costs led to the exploitation of fossil
fuels Bs & source of power. (Closure, limited amounts of land in
Western Europe, famine and political unrest (vers) led to large emigre-
tion, which provided a large labor force that could extract natural re-
Isources very cheaply.
The first evidence of concern with air bollution WwaS

the suggestion g Pliny the Elder that workers in mining and grinding
|

operations wear protective masks. Since Pliny’s time, exparsion of

Q mining operations, increesed deep mining, increased use of mechanical
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devices such as the pneumatic drill, and many other factors, have led
to greayly increased air pollution and eventually an increased‘éoncern
over the nature of such pollution and its deleterious effects.
‘ b. Sources, Hezards and Controls

Drilling, blesting, haqdling operations, and wind
erosion are the major sources of particulates from open mining. The-
appfopriate use of we¥% methods and consideration of meteorological
conditions can.control the dust, but add to water pollﬁtion! Deep
mining effluents can come primaril& from exhsusting of:mine air
into the outside atmosphere and can be controlled by appropriate
filters. However; poor disposal of dust (stockpiles) mey lead to-
the dispersal of particulates by wind. Furthermore, chemical reaction:

can occur in stockpiles of slag with the resultent production of

" hydrogen sulfide, and underground fires that cannot be extinguished.

Many of these fires have been burniné for over 15 years and in addition,
they are diminishing %he structural support of the earth. ' A recent
study shows that there are five hundred mine fires burning concﬁrrently
in 15 states. |
The U.S. Public Health Service indicates that 142
uranium miners have already died from rqdiation overdoées. This danger
is pred&minantly due to radon £&s, which may cause.an additional 600
to 1100 uranium miners to die of lung cancer within the next 20 years.'
The control of dusts being emitted from uranium mines
and sfockpiles is very imbortant.‘ The radioaétive wastes can attach

to dust particles on the ground or iﬁ the air. These dust particles

are then trapped by the moist surfaces of the air passages in the lungs.

Long-term exposure may lead to carcinoma of the lung. The proximity of

the radioactive dust particles to cell tissue will-desiroy or modify
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the cell in a short time span, either by beta or gamma emission.
Alpha emission injﬁry requires entrance of the emitter through ingestion,
or through epidefmal breaks.

The disposal of all ufanium mill trailings is anothe;
serious problem} The common practice is to use thelrefuse for construc-
tion f£ill., In seme isolated instances, the radiation levels measured
in the houses built on this fill are so high that the homes must be
evacuated,

Cogl mining operations produce large amounts of dust
from refuée and coal stoqage piles. A major hazard results froﬁ the
fact that particles from 1.0 to 0.1 microns remain suspended in in-
haled air and are irritents in respiratory diseases, such as silicosis;

' bronchit;s, end emphysema (see Table 7). With every Bfeath, ﬁe inhale
particles up to fivelmicrons in size, which will reach our lungs,
Certain dusts change healthy sponge tissue to useless fibrous or scar
tissue. 8ilicosis is the most general disorder and has gone by the
names grinder's consumption end rock tuberculosis. Usually‘hharacﬂer- .y
istic fibrous nodules develop and increase in size up to about four
millimeters. As s result of loss of spongy material, shortness of
breath, difficulty in breathiﬁg, chest pains, and a racking cough are
commonly experienced by tﬁe individual. 'Thﬁ more advanced the disease,
the'gregter the'susceptibilitylté infection of the luné tissue.

Fortunately, the body has some Primary ﬁefenaes such
as cilia, tonsils, hair,.éneézing and mucus. Referring to Figure 21,
one finds that the hair in tﬁé nose filters out particles. The contours

of the nasal cavity cause particles to come in contact with pﬁe cilia
_und mucus membranes. Diffuﬁion 41sc aides the removal of particles-as
they'pass through the tréchea. ‘Phe filter system of the nose removes

Qo ’ : ’
E[{l(i particles greater than JO microns in diameter. - Particles from 2 to 10

IToxt Provided by ERI
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microns will usually settle on the walls of the trachea. Only
particles botween 0.1 and 2.0 micrqns gre like;y to reacli the alveoli.
IParticles less than G.3 microns, if not absorbed by the blood, will '
be exhaled from the lungs. |
In spite of all the mechgnisms, parficles still lodge

in the alveoli. This may be preceded by bronchial asphma (see Figurc
22), where exeessivé secretion of mucus in the bronchial tube obstrunts
the air way. This results in recurrent cough;ng and d@ifficulty in

_ breathing. 1In extreme cases, the alveoli become cnlafged due to & loss
of elasticity. This disorder is termed emphysema and it is the most
common: disease of Lhe Jung. Air becomes trapped in the lung end
cahuot be expelled. Shortness of breath aﬁd extreme difficulty in breath-

ing result.

TABLE T

Particulate Sizas for Different Particle Types

F

Size
Small - L Medium ' _ Large
(.02-2 ) (1.0-100 u) (greatex than 100 u)
smoke fine sand | liquid spray
metallurgical . fly ash coarse sand
dust
" carbon black . coal dust - : drizzie
q_’ . R L
o E Tine tale paint pigments fertilizer
E'lé insect dusts insecticide - ground limestone
o ' dusts
o
salt nuclei pollen plant large organic W
- spores ) fragments

acroscl mistis milled flour

cclloidal silica - bacteria
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2. Agricultursal.Activities
a. DOverview
As a socliety progresses from an agficultural economy
towards iﬁdustrializa£ion and an automated technological economy,
there is 2 continual movement of people to urban areas. TFor example,
in England (Circa_the age of the Tudors), landholders becaﬁe aware
that raising shesp to supplylthe burgeoning textile trade with wool was
more profitable than raising crops. Consequentlf, & series of
closﬁre acps were passed, and many farmers were thrown off their land,

which was in turn pre-empted for sheep. These farmers gravitated to

" the tities. A Parallel can be drawn between this forced migration

from the country to urban areas and_our modern American migration.

Gradually; the Industrial‘Revclution, with its concen=~
tration of materials and manufacturing in single piants, led to higher
wagés and contlnueg migration to the urban sreas. These condltions
prevailed not only in Burope, but_incféasingly! after 1800, in the
United Statesn::Tge Industrial Revolution continued, accel?rating the
movement from country to citﬁ, after each major war.ix

In the_U.S., a steadily increasing‘industrialization
provided the lure of Jobs and higher wages in urban arecas, again

decreasing the furm population. With the application of technology., .

" (mechanized farming, agricultural chemicals, and genetic improvement),

it became possible for fewer farmers to farm incresasing amounts of land
to feed a larger number of people.

Th¢ iniroduction of the methods of technology to farming
: ' N

increased production to the point where fuym profits decreased, nescessi-

tating help for the farmer in the form of subsidies - land bunk programs,._

and price supports. The jncreased profits that could now be obtained
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resuited in accumulation of lﬁrge amounts of acreage, increased
automation, and use of pesticides. The development of hybrids
and dfseﬁse;resistant strains of plants added to the unit produc-
tivity.
b. 8Sources, Hazards, and Controls
One of the perils of so many rapid changes over a
relatively short period of time can be_seen if we recall the soil
erosion in the Middle West and South West during the 1930's. A
latent dust proklem may be created through improper seil preparation
and use., The conversioh-o¥ range lend into wheat land in Kansas and
Okléhoma led to dust sto;ms that were carried to the eastern seaboard
of the U.8. Furthermore, the production of speciaity products {white
aspafagus), application of fertilizers and soil conditioners occasionally
creates localized dust problems, which can be controlled by wind breaks,
prOpe; time of application, and proper cultivation procedures.
Natural desert conditions and wind accompaniedlﬁy low
' rainfall‘can produce dust storms. According to L. Battan (Unclean sky,
Anchor, 1968),.Sahara dust can be found on all parts of the globe. (The
enlargement of the Sahara Desert “in th ﬁast century is‘a phenomenon that -
needs additional investigation)., Man's activities (travel, grazing,
building) ﬁay churn the desert and produce conditions conducive to
continual dust storms. In fact, city suburbs in desert valleys are
mééor sources of dust. Diffusion and mbsorption of light can become
so intense that the sun maylappéar red to the viewer. Dust, which is
breally displaced soii, creates ﬁuch ﬁollution on its own. Additionélly,
airborne toxic materials, principally pesticides, are usually incorporated
with the soil particles and .zdd to ‘the problem.
Spraying of pesticides also pfoduces aqfosols ﬁhich,

ERIC

IToxt Provided by ERI
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- - depending on their diameter, may drift substantial distances from

their source.,

1
TABLE &

-

Horizontal Drift of Particles

Size Drift
vapor  indefinitely ‘
‘less than 5 u many miles
- _ 10-50 u | . several miles
greater than 80%,1335 than a mile
100 u

At present, the best method of control is to coordinate spraying with
meteovrological con&itions.

Still'@ore gir Pollution may be caused by indiscriminate
use of burning as a meaAS'of disposgal of agricultural waste. Private
bﬁrning of weeds, leaves, and horticultural refuse is genérélly banned
by air pollution laws.in metropolitan states. -ﬁowever, commercial

"agricultural enterprises arE'generall& exempted from the provisions
of such statutes. Prescribed fires in ihe southeastern pine foresis
are examples Qf large-scale burring of this type. In this instance,
"Bﬁrning is émpioyed prior to planting of seedlings to remove weeds
and brush, to facilitote Pplanting, and to lessen the hazard of uncon-
trolled fires during the early yearﬁ of the forest. Removal, chip-
ping, and landfill operations are eXpensive a]tefnatives tq these
burning Procedures,

Smudging of orchard crops to protect fruits from frost
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is a great source of pollutants, and it is being controlled by the
use of more efficicnt burners, the }equirement of permits and
legislative restriction. iIn Celifornia, smudge pots are not
permitted. 6thef altefnatives are infrared heaters ﬁith reflectors,
large wind machines, and'flooding or spraying with water. Tﬁe
“technique used depends upon the friit or vegetable in question,
Agricu}ture has allo been under pressure to reduce
.odor,em%ssion as residential areas become contigqus with farmlands.

For example, fruit and vegetable growing leads to odorous rcsidue.

-t

014 9abbage leaves; dropped fruit and grass silage are notorious
for their offensive odors. A common disease, known as Farmer's
Lung, may be caused by N02 vhich results from the decey of silage.
Dust, containing spores and fungi which are inhaled when handling
silage and hay, are common hazards. Also, the raising of chickens,-
cattle, sheep, and hogs for sale pfoducea a noxious odor problem,
particularly due to nitrogenous wastes.
The injection of liquid mgnﬁre intolthe éround_as
a msthod of disposal is technicall} feasible, but expensive. The
chemical treatﬁent'fér odors, when the manure is spread above &round,
is not satisfactory at present. Also, the run-off water from feed
lots leads to enhanced pollution of streams.
Fafm animals produce ten times the’waste produced
by the human ﬁopulation- Good sanitary procedures, inciuding the
employment of lagoons for waste dispésal, aid in the solution of the
. problem. OF 1égal and social inteieat is the encroachment of housing
tracts on rural aféas. When livestock is raised under such conditions,
it becomes imperative to peﬁ the animals. " The feeding lot situation
‘o intensifize odors and crertes complaints which initiate legael action.
El{l(iSuﬁh courL-acLious have ruised legal questions of prior cccupeney, t.0.,

Aruitoxt provided by Eic:
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the "grandféther_élause"'prohlem of much social legislut.on. .

The detection of odors is at best very subjéctivb
since ihese noxious 5ubbtance= depﬂﬂu upon coucentlatlon and duldtlon
Some substanccs, 11LL hydrogen qulf1do, are noxious at very low

concentrations (this gas hu* an oddr similar to that of rotten ngq)

— b

and they block the ol*Jctory mechanlsn at hlgher concentraiton

At thes& @1gh couuentraﬁions, hydrogen sulfide is odorlessmgqéuygry

- tox}c.'-A further‘problem to be considcred is whether or hoL thé
édor affécts one's océuﬁation, o? whether it ié simply an esthelic
Iproblcm. _ﬁgpglé seem 1o be'le$s tole?dﬁt_of Qdo;s, particui;tes,

- and noise, i the pollutants are unrel&ted o their géouomic welfare.
hWhep relatea 10 a ﬁersgﬁ'é emplbyment,_otherwise_&nnb&ing pollutants

are more often tolerated.

Thc plepdratlon of Tfood for man &nd anlmal whieh
reguires milling, m1r1ng, and drylng, ésults in dusk prob]ems.

Cyc]onn -type flltcr¢ Znd cloth co]]egtozs aze both- offectivuly uned

for centrol (see Tigure 23). The cyclone depends upoﬂ“thé incoming

gus being'gy&ded into a .cylinder -in such a way that a strong vortex’

is estahlishedfagﬁhe heovier particles leave tangent to the circular
. ’ W . .

mofion on the outside of the cone. Clean'gas-escapes through a

center outlet becmise of a vortex~broated~updraft; and the concentrat-

e e

ed dust laden air i% wlthdrawn at the bottom. p
T The bag filter passes gas at a low velopity through
Tinely WO€cn fabric_arranbed in tubular "bags.™ The dirpier the bag,

the"more effective is its cleﬁning-action. The.bags are rapped,
_*revelqenblown or vibralted pﬁrlod*(allv to drop the dust 1nto a hoppcr.
In any casc, the bags must be cleaned or replaced. it tbe partlcles

C¢nn0t be usced in Lomc manner, or :er»cled a Lrémandous refuse problem

[C cml Yeraorlt
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The whole food-processiné industry produces odors from
oxidative rancidity, catechol, and nitrogenous compounds. These
rroducts occur when unsaturgted oil from fish’‘oxidizes, or when uuther
qutolytic processes, br bacteriél drcay'processes occur in proteins
composed in p;rt éf nitrogen and ;ulfur. Most of the gases produced
are amiﬂu;._IStarches and sugars decomposing under aerobic conditions
produce nleohdls and acids with unpleasant od&rs (coer.y lactic ncid).
Sood sanitary practices aré an obvious solution.

By-product processing represents thelmost difficull
odor problem. The transportation, storage, and cooking of raw
material require expensive equipment to control plant air, and probab-

ly refrigeration during transportation and storage. The residues

-

from canning, dehfdration, and quick-freezing must be disposed of
befére an odor problem develops. Anaerobic andlaerobic lagoons,

. sanitary landfill, and incineration, as well as charcoal filters, and
'scrubbers (see Figure 24), are all being used to disposé of food-pro-
cessing wastes. |

The scrubber can remcve fumes, mists, and séluble gases
in addition to very fine particles. Tﬁe one illustrated uses a spray
to remove particles and gases, whereas others employ atomizing, dynamic,
_centrifugal,kand packed towers. The mgjor proﬁlem is what.-to do with
the resulting polluted water.

Incinerators, of course, create their o air pollution
problem. All methods produce golid waste-problems. Do we solve one
problemibg crea£1ng anothe1?

3. Gilviculture
in. I()Vcr\.l'.i. ow

During the colonlization of the U.3., the foersels wers -




E

. Mountauins.

- =T8-

"denuded primarily 10 clear land for farming and to supply timber fer

the British Navy. The-use of“lumber as the‘predcminant‘buildinh
material éalned monientur throughout the 19£ﬁ century, which has
o;cn termed the "Ag;$ﬁf Wood Until this time, no one,. except for
a few visionary w}iters,‘paid mﬁ;h attention to Lhé idea'oflconsérvution.
Graduaily, concéfn‘for n;tufal resoﬁrceé eﬁérged, énd b#'ﬁhe egd bf
the nineteenth-éentﬁry,Ha strong bonsgrvaﬁion ﬁovemegt existed: Initiated
by ?reSident'Theodéré Roosgvelt and éupﬁorted by concerﬁe@ ﬁmericans,
legislation estahliéhing nationai parks, forests, wild lifé refuges,
and wilderness areas was passed iﬁ the early part of this century.
This actlvity spawned the soil conservation serv1ces- aﬁ,we]l a5 the
creation of hundreds of state parka and Iotestsl ( . i
b. Sources, Hazards, and Controls

Forests éregte pollution fesultiﬁg from both fqré§t fireg
and the decay éf'organic material.. The pollﬁtaﬁts are generally short-
chain ﬁydrocarbons-(methane, orgénic sulfur and nitrogen éompoundé).

Pine forésts release emissions, known as turpenes, which are then

converted to particulates. These particulates are responsible.for

. thé esthetically pleasing haze associsted with the Blué Ridge

SN

™

Irresponsible .ilviculture results in 4dn imbalance of nﬁtural

LI

o cycles. ‘The cutting of all ‘trees in‘a water shed lcads to erosion

and possible erlargement of arid regions. Changes in Lhe plant community ‘
{size of wooded afea,-types of vegetation)'will also affect the structure
of an_animal community. A study of the Hubbard Brook Forest in New

Hampshire, where 'ull the trees in a water shed were cut, indicated

~that the,ion concentration of runoff waler from the cul area_ﬁhlluﬁed

the slreams in the witershed.. The use of trees Ly cliff-dwel ling,

R\!: Indians of Lthe W.8.  Goutbwest resutbed in enlarvement of the dusert,

1

Y
N
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and the region has never returned to i;SMformer ecélogical talance.
Fifty percent cof the carbon dioxide in the naturally bvalanced
cycle is assimilated by terrestrig] plaﬁt'life. Since improper
silviculture, or air pollution, along with removal nF‘Qegetatiou for
the purpose of constructing roads and buildings, will hamper the
process of pholosynthesis global carbon dioxide concentrations may
increasé at a faster pate in the.future (see Figure 25a). According
to some éstimates, the cumulative effect of burning of fossil fuel:s
a4s energy sources, and the decrease of green planfs as utilizers, qould,
barring the action of other related variables, raise the temperature
of the earth from one to seven dégrees. An increase of seven degrees
is bésed‘on a sfatic moéel, assuming no increase in yater vapor or
‘particulates. Accurate estimates of the variables affecting the dynamic
model are not possible at the present, but estiﬁatea would indicate '
something cliose to a 1% temperature increase. Up to jh? present, the
temperature ha; nou sﬁown a substa;tial incr;ase.
The facl that & static model utilizing carhon dioxide has
been used in calculatiovns Qelative to temperature shoulﬁ be stressed.
One might also hypothesize that the increased production of light-colored
particulates associated with increased cénsu@ption of fuels, would
lower the global temperaturc. This would result in an increase of
Qarbou dioxide dissolved in the obeans. The phytoplankton wguld then
be able to photosyntheticelly fix more carbor-dioxide. 'Tbe carbon
dioxide equilibrium would then be displaced in a direction tending
to reduce atmospheric carbon dioxide and deérease the "hot house”
effect. The resulting lower temperatures, enhanced by the light-colored

Cparticles, would agalin Increase the-rate at which carbon dioxide is
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dissolved in the ocean. It is possible thét an ice-agr could resuilt.
from this dynamic process. ' ' .- -
C. DProcess Industries
\ 1. Power Ceneration .
a, Qverview

The Industrial ﬁetolution in England (1760~1830) and
the United States (early 1800's with acceleraled growta after the Civil
War) progressed from the use of wooden machines which utilized water,
steam, and animﬁl power, to melal machines dependent‘upon electrical
jpower, or pneﬁmatic power for stationary machine operation. Eli Whit-
ney developed the system of interchangeable parts for ménufdctured
items, and Henry Ford initiated the assembly line. Technological
advances, théh resulted in aqtdmatéd-industrial procedures, required
iremendous amounts of power. Electricity is the most efficient form
of power for long dlstance transmission between stationary sources;
therefore the demend for electrical power soLréEs incre;sed rapidly.

b. GBources, Hazards, and Controls

The sources of energy that are presently available
Tar the production of electrical power are solar, hydrodynamié,;fossilf
fuels, and nuclear. The use.of solar energy is largely limited by
climatic factors. Unfortunately, air pollution in some areas which
might otherwise ¢ mble to utilize solar ;ne:gy, sometimes creates
too much interference with solar radiation to permit the development
" of solar energy s a resource. Thé increased use of water power is
hiﬂdered by the ecologlcal ramifications of d;mming water sheds, and
by £he aneflficiency of lonz distance power transmission, as well as

1and conservation problems.
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_Bere'and there engiﬁeers ere trying new eppreeehes to
the preblem of water pover. Engineers'in-france_ for exampie, are
trying to harness ti-al energyues a-means ef generetlng electflca]
pover. However, unless there is a major 1nnovat10n in hydrc lectrlc
. pewer, we seem to be limited to using fossil fuels and nqclear |
reeetiens as sources-ef energy fe:-poﬁer-generaﬁlon (see:Figuee‘
255f?"0ﬁe”c§n'éee from tﬁe'grhph“tﬁﬁt:by'thé'year"2000,:barring"
eahnges~in Lsage patterns natural gas as a source of energy

will exceed nuclear energy and be approxlmately equal to the energy ‘ -
'derlved_from coal. Hydroelectric power'and nuclear energy are
.ﬁrojected te prodecedabouﬁ the eame totel émoune of energy. Compared
with'all'eeergy'eourees, hydroelectric energy will constitute a eerel
12% of the total world primary energ§ production by 1990. -

| ' Electric power plants produce approx1mately 24% of
the total air pollutant emlssions 1n the U.S5. during 1970.
*  The major pollutants-emltted weré the sulfur Qxides; with

' nltregen oxidee.and particlee of secondary‘iﬁpertance.; Coal-fired.
’ Piants preeuce cver 90% of the sulfur oxides'and-particulates emitted

by pewef-generating plants;- The prodqceion of cafbon dioxide, not

consldefed an air pollueent! is prbdﬁcedlprimerily ey'powerfgenerating

‘plaﬁts, and the intermnal combusﬁieh engine. Estimaees for the annual

emission of earbpn'dioxide,in~the'Unlted States Qhew a 332 iﬁereese‘

Between 1800 anﬁ‘EOOO. The passage of legislation in‘lerge urban

efeas requirin the burnlng or organlc fuels containlng less.than l _ - e
‘sulfur content has already decreased the SOq concentratlon to 607 of

the 1965 levels. 1F1gure 26 gives the relet1onsn1ps betweenlgaseous

pollutants and tﬁeir eources ‘Table 10 shows' that the part1culate

R\f: problem is baoicly vuused 537 spacn heatlng, and munic1pal and cn-site

wll Toxt Provided by ERIC
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incineration.

-The oxidation of SO, to 805 and conséquently the pro-
duction of sulfur acids in the atmoéphefe, require about a four day
time period. Sulfurocus and sulfuric acids, causes deterioration of
metals, limestone, marble, leather, cotton, wool, and other méterinls
either througﬁ dehyd;ation or the formation of sulfate salfs. Plant
and animal damage occurs hy reaction of 802 vith water in the-tissues-
The gas enters the plant thrﬁugh the Stomata, and the first indication
of damage is typically necrotic (dead)\sﬁots about these stcmata (see
Figure 27). The palisade and spongy cells ma& also be affected.

Sulfur dioxide, reacting in this fashion, is one
¢f the gases most toxic to plants. Near Ducktown, Tennegsee, an area
of vegetation yas destroyed and the scil was chemically affected by
the effluent from a copper smelter. Fifty years after this incident,
Lhe area remaing barren. Acute injurf to plants by sulfur dioxide
typically occurs above 0.25 ~ 0.30 ppm over-a one to two hour exposure.
Chronic exposure may result in injuries-at concentrations between 0.10
and 0.30 ppm. Table 9 giﬁes‘sensiti?ity of some selected plants in

order of increasing resistance.
TARLE 9

Plant Registance to Various.Concentrations'or .
" Sulfur Dioxide Over Long Time Periods

@
% Plant Concentrations

)

-E Clover, Trefoil .1% - .2 ppm )
@ , .

o . '

50 Corn, beens, spinach

& {Roses, strawberries .2 = .3 ppm

W

@

¢ |Cabbage, soybeans «3 - .4 ppm

g

"V
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Some investigations are beihg‘conduEfed onlthe effects. of two or
. more gaseous ppliutantS'upon a plant’s }esispance-te damage.

TARLE 10 -

Analysis of Sources for Dust and éoet'
: in New York City: 1969

%:' - Sources . R H%“of Total ff} -
:Spece-heating'% B ) .32.3
“Municipal_ineine¥a£ien- ' 'mmﬂiQ.j_

- Oh-eite ieeieefetioh“- | 118.4
Mobile sources - H S 1.3
Poﬁee generation . e 9;2
Industrial seufces - 6.5
Total tonnege[yean-rdv ":69,120 '

‘Table 11 listeJhealfh effects of various concentrations
of sulfurldioxide. This gas is ae allergenic agent with reepect to

bronchial asthma. " In the presence of smoke, 0.21 ppm of sulfur dioxide -

is_essociated with deterioration of_phﬁsical'well-being.of urban dwellers..

quicblpgical data seems to indicate, however, that an‘sop but SOj ney’
be the harmful compound.

y

The elimination of 80p from stack gaeeelto'reduce air

' pollutlon creaees other peeblems. One methodlof removal is the'injeetion
of limestone: 1n£o the combustion flame to form-calcium sulphate, but
-thls fresents a waete dlsposal-problem; al, 000 megéwett pover plaetl\l-
would produce approximatel; 1 100 ‘tons of calC1um sulfate per day. - -
Other metheds Lhat arc more expensive in terms of capital 1nvestment

and nperut'.'iup: costs yield sulfur or sulf‘vutjlc ncid a-;! by-products. 1f

.\' \.

o



these ﬂéthdds are ﬁidgly adopted, the electric generatiné'indusﬁfy

" could produce these chemicals-intshch'large quantities as to damage

‘the. existing markets over s relati%ély short. period of time. If our

T -

sulfur demand’ should increhase or our resources become limited, then
this source might meet sulfur requirements. - However, no process now.

in use is sufficiently economical to encourage general'éddption.' ’
B ) . . %o .

. TABLE 11

- Health Bffects of Sulfur Dioxide -

Concéntration.of

S0_in Mr - Bffects
‘ 25 - k4o ppm ‘ : No'dhrénié éffeéis ohservéﬁ : :
20 - 25 ppm. o Irfitation |
-Lcss than 20 ppm, No chronic-effécps - : RS
.I-S ppm ' , o fhreshold-fﬁr odor B ' ﬁ
. .3 ﬁpm R Threshqld for taste
Is_ppm 3 B Industrial threshold lgvel'

,Hore recently, oxideﬁ‘or nitrogen have béeﬂ'fecoguized-

' ﬁs'serious'éﬂmosﬁhef?c_pollut}%F ugents. Nitrogen oxides-éa? be
converted iﬁjihe éﬁmoﬁpﬁere into acids of nitrogen. Thése_nitrogen_
aéids_aﬁéack much'thefsame matériéls as'thelsulfpr éqids: -Nitrogen
dioxidefproducés fading of d&éd fabrics gnd“is véry pgisohoué-to
apimais and plangs,: fhe effects of ﬁitpoéen dioxide on'hhmgﬁs ére
given in Table 12. | |

- | . N}Lrous oxide:is of lower toxicity Lhun nitrogen

-f‘dibxidq.' ﬁpwévef, SDﬁ of-nitrqus éiide isIcenverted to ni#rogen dioxide

i & [fa_-w |r;11|1;t:-;: _ilbn Lhe almosphore,  The inbter o r'a-.l.n'.r'th'. plant

prowth ab G5 ppm,  Hitrogen dioxide is producidd primuarily  as o hy-

“product of ligh tempernture combusbion. | U ornbe sbabed L5E Lhe e

N
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problém due to nifrogen oxides is primerily oné_gf afflueht.societies;
oo ’ ' [ ' . . ! I 4 I

in urban areas., HNitrogen oxides contribute to photochemical smog of

urban ‘areas by entering into ‘the reactions which{pfoduce PAN, or

peroxyacetal pit}ate. - ) _ - ' \"
"TABLE 12

Health Effects of Nltrogen Dioxide

Concentratlon of

. NO _in Air - _ SxéEtoms
.dréater than 50 ppm . : _Né-tissue response
10 - 40 ‘ppm- o Pulnonsry fibrosis, . =~ .
: - S Emphysema, and Farmer's Lung
5.;‘10 ppn - j-Ifritation of thrdat'and:nose_
1 - é ﬁpm' . j', Dﬂor irritati@n'

5 ppm Industrial threshold limit

‘The use of altepaatelfuéls} in addition to posing serious
. problems for the coal and oiI_indgstries, raises other complications.

Naturel gas, a desirable fuel 'in terms of ?dlfur-cdntent and other

. emis#ioﬁs from turning, is limited in"supply. It is the least . abundant

".  of the fossil fuels w1th a potential reserve fbr only 4o - 60. years

Currently, an attempt is belng made to burn only coal
of 0.2% su}fur content in major power'plants. At phe present time,
"there is no "ecohoﬁical" means of desulfuring coal; however, fuél.qi}
rather than coal is eurrently being uaed by electrlc utilitles
- The movement avay from kigh sulfur con tent fuelglprovokes
déep concern among coal producers,,who seejth1s as a start towﬁrds a.
'n;tionalfpolicy awvay -from ﬁll fﬁt the small percentage'of coal thqt--

" Hy - ' i

contains no sulfur. Such a policy, it has been estimated, will cost
> .

~the coal industry more.than 130 million tons of saleé per yaar,



I
ellmlnate 50,000 jobs, and -hurt the rallroads whlch proflt from a
huge coal- haullng bu51ness

The projected rapld growth of - the electrical power

1ndustry (doubling by 1980), and the unfortunately slowerfthan ant1—-

c1pated growth of . the nuclear electric generatlon of power are

oompoundlng the problem Is 1s hlghly unllkely ‘that the 1980 su]fur
dioxide emissions will be reduced to even the 19{0 1evels.
Other pr0posed alternitlves ‘include the ga51f1cation

of coal, 1ncrease in hydroelectric productlon geothermal power, tidal

(-]

'power, ‘'solar power,\uee of fuel cells, and increased reliancé on nuclear'

reactions. All of these alternatives at present involve problems.

Coal gas, which is relatively pollution-free, costs quite a bit more

~"than solid coal. Fuel cells, because of ‘the cost of their catalysts,

ere still’ prohibitively expensive. Costs oflgatalyste aloﬁe,how_range

i

about $2h00 per kilowatt hour of gehereting}ﬁapacity as coﬁbared with -\ :

the ‘total costs of approximately $100 per gﬁlewatt hour fof‘steem-

"
t

powered plants. Nuclear.prodﬁction of enfrgy presents other problems

- in addition to costs: | fear of radiationﬁeffects,_lack of' specific

knowledge of the effects of nuclear piaﬂt emissions on the surrounding
_ . sar : o : .

environment , and the acknowledged ther@hi-pollution of rivers, slireams,
or the atmosphere. Additionally, there is concern over the adeguacy

of feserves of nhclearmfuel At presént ‘electrical encrgy uti]izatloh
anounts to onlj 0.1% of the total potentlal energy available in uranlum—.

135. If it were not for - the 1nab111ty to construtt and opercte nuclear

. |f "
electrical generation plant¢ at maxlmum capac1ty, the current supplv of

560, 000 per-ton uranium ore would be one depleted in lees thun rive .
.Y

u-
'i

years. A]l that would remaln is an n stimated halr mlllion tono at F(

mllllon dollars. pe* ton. Hydroclectrlc povet, now about 1 2% of in-

[:R\f: allesd cwparlty in the United -tates, is alreaay approaching tull . L “ﬁ

Aruitoxt provided by Eic:
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- exploitation. Geothermal power, tidal power, and solar-poﬁer, at, ’

present, appear to be limited to specific regions.

‘ As nhas been previously indicated, power demends‘have

1

been neerly doubiing,every ten years for the last several decades.;

Projections of this growth rate ﬁould indicate an increase in

\ S S C
United States power - consumption from 1,500 billien kilowatts in

1970, to 2 TBh-Biliion kiloﬁatts in 1980. TFaced with a shortage of

a-‘

low sulfur fuels, as: mentloned previously, and increasing demands,

-tne povwer 1ndustry has. been turnlng 1n~rea51n%_y to nuclear-rueled

- plants.. At:the t1me of this wrltlng, July, 1971 therp are 21 operable

nuclear-fueled power plants produc1ng 8,300 000 kllowaits (see Figure

28) ' Flfty-31x more. are under constructlon, and thlrty-seven are in

-the advanced plannlng stages wlth reactors ordered. Minimally, tﬁesé's
.venctors, planned or operable, should result by 1978, in 214 nuclear—ﬂ

- fueled unlts produc1ng 92,135,800 kilowatts.

Currently the nuclear-fueled power generators in the

United States are of two t&pes, either boiling we@er, or pressurized

o

water. TFigure 29 illustrates the basic -components.of thesé systens.
In essence, the pressurized water reactor has-three discrete water
oiscuits for transfer of energy. The first c1rcu1tstransfers heat .

from nuclear flsSJOn 1o a heat exchanger. Thls'heat'excbanger

' transfers heat energy to water in the second circuit at the boiler

LY

unit. The steam generated is ‘used to drive a turbogeneretor."The

thjrd water qircﬁiflis_ueually a-phrough system in which peter is'
drawn from a_iake.or stream, used to condense the steam' and then
returned-to the source. It is thlo third c1rcu1u, requlrlng aﬁproxi-'
mately 1, OPO »000 gallons of flow~per minute in a 1,000 megawatt plant

that is cdusang concern relative to thermal pollutlon of streams.

- The boiling water redcior uses the steam gonerated 1D



NUCLEAR POWER PLANTS v THE UNITED STATES

The nuclear power plants included in this map are ones whose power is
being transmitted or is scheduled to be transmitted over utility electric
power grids and for which reactor suppliers have been selected

NMUCLEAR PLANT CAPACITY

CPERABLE 8,306,800 -

BEING BUILT 47,102,000 OPERABLE 1 {21) ' >

BEING BUILY
P.ANNED REACTORS ORDERED 36,727,000 PLANNED. (Reactors Ordered) o :gg:
TOTAL 92,135,800

"

FotiiD Blg

TOTAL ELECTRIC UTILITY CAPACITY AS OF B L.
JANUARY 31, 1971; 340,710,975 KILOWATTS . U.5.Atomic Enzigy Commission

March 31, 1971

[MC y Figure 28

e



the r-actor 'ore to drive the turbine without the intermediate
circuili. This system uses water, which has been in direct contact
wilh the reactor in the external system and results in a somewhat
higher radioactive disgharge into the gir.

Radivactive materials inevitably escape into the
effluents oflnuclear-powered plants. ‘These radiomctive materinls
may resull from the escape of fission products in a gageous form
through small boles in the cladding which encase the uranium oxide
fuels. Also, gases dissolved in the cooling water may be made
radiocactive by bombardment with neutrons from the reactor corc.
Radicactive forms of oxygen and nitrogen have half-lives in the range
of seconds and constitute no contamination problem in spite of rather
high initianl concentrations. Argon-41 has a helf-life of 110 minutes.
Iodine-131, whieh escapes in microcurie gquantities #S a vapor, has a
half-life of eight days. Some representative nuclear discharge rates
are'shown in Table 13.

Regulations currently in effeect require that the
cadiation levels outside the boundaries of the plant be such that
the general population is exposed to no more than 0.17 rems per year
(e rem is defined as & unit of radiation dosage which is the product
of two fmectors: exposure to ionizing radimtion and the relative
biological effectiveness of this dosage). Typical background radiation
levels from coswic rays, rock deposits, ete., are in the range from
160 to 125 millirems. Radimtion levels within the permitted range are
achieved by holding the gaseous effluents until decay hus reduced
radionctivity to within the safe range. Proposed changes in licensing
requirements would reduce the permitted exposure to 5% of the average
background exposure, or about 1% of the current Federal protection

guide wmounts. These new levels are within the effluent ranfe of il
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but three reacotrs in operation in 1971.

TABLE 13
Nuclesar reactor discharge rates of ac*ivation and

noble gases and of halogens and particulates

Nuclear power plant f Activation and Halogens and ]
| UCisceond) fact/ secons |
: uCi/secon ! )
. Dresden I% [ < 102 to 2.5 x 10" E 2 x 10 to 3 x 13 :.
_ Big Rock Point® ' . €20 to 3.5 x 10" I £1.2 I
 Kumboldt Bay® | 50 to 2.8 x 10° | 10° o ~ x 10° *
' Elk River® | 0 to1.1x 10° I &3 x 107 :
_ Indien Point® ' 0.07 to 1.6 L om2x 10
boiling-water reactor ® pFessurized-water f@acto;

UVtilities complain:of the lack ¢ a coordinated and
é&atematic review by a single ageﬁcy to consider all the factors
implicit in the construction of new power facilities (the need for the
additional power supply, cost of the Project, its impact on the environ-
ment: ahd“th; available alternatives). Charles F.  Luce, Chairman of
the board of Consolidated Edison ~ites the various laws that apply
to new constructicn by Con Ed in & speech before the Bar Association
of New York City:

1. If the plant is fossil-fueled, apprnval is needed
from three federal agencies, four New York State-
agencies, and 20 New York City agencies.

2. If the plant is nuclear, permits must be obtained
from the same 8gencies as for the fossil-fueled

plant, and in addition, 2 licenses must be obtained

from the U.S. Atomic Energy Commiesiun.



I
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3. ‘If. the plantnis.hydroeiectric,;e license must bee-
q?‘ah"-- | obtained from ohe'Fedefai Pover Cemmission.
W, .If the facility is a new‘trensmissionzline; rightvf
'1 ‘ o of ﬁay th?ough prinaoelproperpy must .be obteineo:
in edqﬁtion‘to'nerﬁnte fron all public bodies | ;
‘Whose'lands or stfeets are efosséd and from ali :
eonihg aﬁtnorities concerned with-tne:drea.
. _-'5: if-the facility (generafing plant or trnnsmiesion'l
) ‘|

illne) is to be located in.the Hudson River Va&ley, .

plans must ‘e filed wlth the Hudson River Vulley

———

Commission for review to dete;mine nhether'it-
conforms oo a plan fof_the-p;esenvation?.enhanee—
menﬁ end developmenf of-the valley."Luce feels
' that because ol this fragmentation of revleu,
envlronmental trade—offs, need for power,
reliebility, cost, re;ationship to other projecfs,'
: end alterngfivesjere eccorded oniy euen-inforﬁatiop
ano ad hoc coneideeetion'as men of gooﬂ'wili who
administer the various laws for bfotection of tne_;
:eneironﬁent feei they-can give them."”
The‘increasing shift by power—generating utilitiee
from high'sulfur:content fuels has neant higher operating.exnenses
for ‘the utilioiee and coneequentlf, highef prices for electricity.
For example Con Edlson of New York has been changlng to fuels that
contazn less than 1% sulfur nlth the consequence that there w1ll be'
-Ia decoeaSed use of coal and an—increased reliance on gas_and atomic
. power, 'B&hl976; bon'Edison wi;l be ueing-lowlsulfUr coel-and fnelf
oil,_the'equivhlenf or'6.2:million tons of.coal pef year, aercoﬁpared

El{l(i with 10k million tons in 1966. New Jersey's Public Service Electric
@ . : , ¥ . B - o 9




and Gas Company has signed long-termed contracts for low-sulfur oii
to replace some coal. In Los Angeles, local rules require utilities
t¢ use natural gas instead of fuel cil. Commonweelth E@ison in
Chicago is retiring its coal-burnming units and replecing them with
gas turbines and expects, by 1980, to have reduced its use of coel
by 68%. Here, too, the}e is a trend toward atomic power. The
increased consumption of low sulfur content fuels in urban areas
results in an increase in sulfur content of the fuels available to
other geographic areas,.

This switch and other measures taken in the interest
of pollution control are costing the utilities ever-increasing sums
of money. Cincinnati Gas and Electric estimates that its total invest-
ment in antipollution equipment runs to nearly $8 million and that
expeniitures will rise from 3% of total capital investment to 5% and
higher in the near future. In addition, removing 50, from stacks
wilt iﬁcrease electric rates by another 5-10% once this equipment is
ready for operation, probably in the late 1970's. Their operating
costs for pollution control inereased from $90,000 a year in 1960
to over $1 million in 1969, .argely a result of the change from coal
to gas. Con Edison of Hew York says its fuel costs will rise more
than 10% a year, or a total of $15 million. The privately owned
plectric power industry spent over $200 million in 1969 to counter
air pollution as compared with $127 million in 194:7. 'These are all
costs that the utilities will pass on to their customers.

For utilities which reguire fuel with a relatively
high sul fur content, there yre nevern’ processes for cleansing the
stack gases that are commercielly applicable. These prccessés are
capable of sharply reducing the concentrations of sulfur oxides

emitted by electric power generating stations, The consume: %ijll
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have to_payl6 to 10 percent more for his gléﬁtricity,-according to

i

recent estimates, for these processes.
- 2. Manufacturing Tridustries
‘a.’ Overview

By their nature, manufacturing industries can be

located in a wider range-of places than can primary industries. The

owner.of a cea; mine cannot pick up his coal mine and move to anothér
siate if he feels the ﬁfgssure of increased labor cost, or o% anti-
pollution legislation. in_contrast, the manufacturer or'a‘ﬁfoductn
can, in principle, decentraliie his industry in a nﬁmber,df states
s if grows. He is .governed less rigo?ously_by the locatiﬁn of raw
material, and-ﬁor; by auch variébleé as availability of pdwer,lqost

of labor, business inducéments'such'as low taxes, und advantageous

- legislation.

O

Many industries-may;pollute:the gnvir&nﬁeqt-;ocally.
Some of the;é indﬁétrieé-may have;enqugh plaqté'in many'différeﬁt
locations to require federai legislation or sanctions pertﬁining fo
the éntire indusﬁry. This type of legislation, if ﬂecessa;y, should -
apply #ﬁerever;ﬁhe corpofaﬁgvplantg are established. Evéntuaily, as

concern over world-wide pollution grows, international treaties and

“agreements will have to be souight so that one country will not,-by its

manufacturing srocssses, pgllute‘anothér.

Hince the atmosphere does not_rgspépt national boundariés,-
it would not be acceptable to have a plant3 ba§¢&.in an gdjacent cquﬂ%ry,
polluting thelUﬁited Stateslbecéuse of prefailing wind, When tﬁere are
s limited number of planté located iﬁ one state, thenlstate-genefated
emission st;ndafds'shduld be.sufficient. nIn'facﬁ, a test case is now
in brdgress which will défe;ﬁihe ifla sﬁatémcan réqgirg more stringent

rontrols over an industry than -established federai'regulations.

ERIC

IToxt Provided by ERI
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a édlfUr dioxide is.of major-concern because of the
fonmationlof acid mists which ardseffrom the'oridation and hydration
of the original 'dioxide. Close. to 80% of the world's atmospheric
‘sulfUrmdloxlde was or1g1nally emitted. as hydrogen sulflde. The
combustlon of fuels accounts for 16% of the world s sulfur dioxide
_and‘the sme1t1ng of non—ferrous mater1als-and petroleum refining
constutute 4% of the total sulfur dioxide which is put into the
a}mosphere;_ The industrial contritution of hydrogen sulfide is not
slgniflcant on a global basis; thural gources of hydrogen sulfide ‘
are organic metder, oceans, and volcanoes. -

L b. Sources, hazards, and controls
Because of the dependence)of our technology on the use
of f0351l erls, the petroleum 1ndustry :;-a logical- start1ng p01nt
for our examlnetlon of elr pollut1on problems 1n-manufactur1ng indus-
tries. There are over 200 refioeriee of petroleum in the U.S. which"
supply. over 50% of the total United States requlrements for llqu1d ‘
petroleum products and natural gas.. The petroleum refining process
‘consists‘of‘separatloo, conversion, treating,land oleodipg. IWe are
: perticularly codcerned with the treating process in whieh sulfur is
removed from petroleum as hydroéen sulfide. The hydrbgen sulfide is -
'theolconverted-and reco;erEdhEE*EﬁITuf“ﬁﬁf‘it is burned 'releasi;g
sdlfur dioxide. The industry has spent cons1derable effort in trylng
to -come up with efficlent methods for desulfurizat1on. \ )
Currently, hlgh molecular welght organic molecules
are used iostead of lead anti-knock additives to achieve non-leaded
gasoline. To date, there is no indioatioh whether these additives
will reswlt in increased‘or-deoreoeed air pollutioo:when comparedi;o

the formerly used lead additives.
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More researen will have to be done on alternative

methods of improving thelanti-knock properpies of gaooline. - Burveys
indicote"that unleaded gasoline performence levels similar tolfhose-
of the current leaded fuels can be achieved{if_the_public will
acoept.the 2 fo 5 ceﬁts per gallon incresase, ;
.Refinery emissions cover the ontire'gamut oflﬁoJor

poliutants. The problems vary, delendidg upon'the type of plant and

the guantity of emissions. ‘The most ef}ective.pollutants are hydro-d

carbons, nitrogen oxides, sulfur dioxide, carbon-monoxides, and smoke.

Unsaturated hydrocarbons react rapldly in the abmosghere wlth oxides

of nltrogen snd ultrav1olet 1light to produce the various gases which

‘conatltute photochem1 al SMOog. In_1968, petro;eum refineries in the

United States -vented 100,000 tons of particulate'matfer; which. éonsti-

‘tuted only O.4% of the nation’s total.

The use of external cyclones can reduce 90% of

-

- particulates and a.meximum level of control, 98% or more,,cao be

achieved with electrostatic precipitation {see Figure 30). The

electrostatiofﬁrecipitator‘is most effective in the removai of small

partlcles, however it will remove gaseous effluent at temperatures
below 1100° Farenhelt. The yartlcleo pass through‘an 1onlzing_reglon
and are charged by accumulation of ions.-_Next, these charged particles
pass between oollectihg electrodes, The efflueﬁt‘particdes are removed
from the'eleCtrodes by vibration or washdown. - - |

| Tn achieve 90% control of particulotolfmissioné the
1nvestments cost per plant would range between $69 TOO and $103 500,

for maximum control, the cost would range between' $137, 000 and $203, 000.

In’ order for maxlmum control to be reached by 197h total lndustry

|
investment would have to be between $11.2 million end $16.5 million.

R\f: Presentjy in the Unlted States 2)m of the plants huve a?h)ﬁVed maximum
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controi; andH%B% have.none, or only mip}muﬁ ;ontrol.
! The petroleum industry eﬁitted 2.1 ﬁillion tons of
sulfur péi@es in 1966, which vﬁs T% of the netional total. Thé
: induétry's major source of sulfur oxide emissions is thé purning of
hyd:ogep'éulfide. This gaslforms in a number of refinery operations;
uch as catﬁlftic cfacking,uhydrécracking; reforming, &nd‘hydrotestingi
Hydrogen sulfide is also associated with the formation of lownmolecular
we1ght hydrocarbon products of paraffin ref1n1ng.llThe gas m1xture_
produced,.usually called "reflnpry process’ gas, is usually collected ;
and ‘used as a réfinegylfg;i. This‘hydragen sulfide cen bé removéd -
:by-use of amino aﬁsorbefs. It cah then be récovere&,to producé'elementai
sﬁlfur aqd water vapor. o
| .Fér the industry to achieve 90% control of sulfur oxideé
b&'leh, estimated posts ‘would be.about $18.2 million. In 1966,fthen
) petroieum iﬁdﬁstry spent ﬁbout $70 million to prevent boﬁh air a@d
water pollution. - Accdrding to a spokesman.forhii? énd Waterlcbnéervation of
the American Petroleum Instutute: "Produce pricés will undoubtedly rise:

e -

in proportion to the amount-of'equiphent installed end the scope of

- research and developmentfneeded to meet 1ncreasingly high standards of

air and water-purlty. (U.S. News and World Report, Aprll 3, 1967, p-
b5). ‘ '
. L o - The vast consumpt1on of paper in this country is keeping
our. pulp and-paper mills working overtime. " Here, of the three processes,
. mechanical, semichemical, and chemlcal used in the r eparation of nulé,
_tbe chemical processes have the greatest potentlal for air pollut1on
Chemicals used ir the preparation of pulp aré expensive enough that the
plant makes an effort to recover as much of thgﬁ as poss@ble from the
épént coolingliiquid.- During theagﬁem#cgl_fécqvery process, lérge-

[SRJ!:‘ quantities of hydrogen sulfide are emitted to the atmosphere. I iron
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.

shot is used during the chemical recovery process, iron particles

may deposit onjbéinted surfaces in the vieinity of tie plaut,

direoloring the surfaces. These chemical processes also produce

offensive, irritating'bdors. Various systems are in use and'pfoposed
for odor abatement in the paper and pulp industry, btut the most

direct and effective method is incineration, which, unfortunately,

 does not provide for chemical recovery.

_ The control of particle emissions in this industry

is ‘standard procedure, since the salt cake collected can be_used in.

the papef and pulp protess. The use of electrostatic precipitators

as & first‘choicé represenfs higﬁ:ipvestment and maintepance césts.
The gecoﬁd most irequenily‘uéed collécpor is the'%enturi‘scrubbeq -
Iwﬁich has-lowlihvgstment and'ﬁainténa;ce costs,

In order to\reaéh maximim control by 19?&, total
industry_investﬁenf would have to be between $2.7T miglioﬁ and $h.6 

million. For 18 companies engaged'in'the<production of paper and

allied products, h.51% "of the tota) :apital expenditures was spent

- ) - .
for ppllutiﬁﬂ controls, of which 1.b% was for air pollution, in 1467-

—— 1

(8. During the same period, 1h industries in this field spent a total

~of $3,150,000 on research and engineering for-pollution control.

The Crown-Zellerbach Corporation's Mill at Poft,Toﬁnshed,
Washington, has been equipped with new faciliﬁies to combat pollution -
at a cost of $6 million and 2 years for complete installations (including

a récovery bioler 10 stories high to remove 98% of solids and 90% of

the hydrogen sglfideileaving the bldnt).' Cfown—Zellerhach, however, niidus

Cho rlose a Bralt-paper mill in British Columbig because "polliution cosis

are prohibitive." The St. Regis Paper Company expects t6 spend $50

million on air and water pollution over the next S years. L American
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Can Company's nev .paper mill in Halsey;—Oregon, pollution control

'costs average about 10% of total capital investment.

Presently, sulfate- (Kraft) pulpmills account for @ /3

of the total pulp production in the United States. In 1966,_sulfate

paper mills  emitted 315,600 tons of particulates (3.5% of the natjonél

total). The major sources of particulate emission are recovery fur-

naces,- generally controlled by :electrostatic. precipitators, lime kiins,

and smeiﬁ tanks, both commonly controlled by'wet'scrubbers;

To control particulate'emissioﬁs the cost of investment’

per plant ranges from $209,300 - $336,800 for 80% control to Bb hOO'-_

—————

%585 100 for Q0% control “and $509 300 - $851 300 for max imuam control.

'The Americen chemical industry today produces hearly -
half the hon—CQmmunisf worid‘s éﬁpﬁly of chemicals.  There is a wide
diversity of produc£ionT In addition to pfoducing industrial solvents,
catalysts, and antings,-thé induétry provide; bﬁse ingfediénts for .
food, drugs, dyes, fibers,lplaétics, paints, ferti;izers, pesticides,

and cléaners. This wide range of products also involves a wide range )

of waste materials-that are introduced into tiie water and the atmos-

phere. The sﬁeed.with'yhich new chemicals are developed, produced,
and marketed is often such that there is inadequate knowledge of the
long-range effects. Hydrogen sulfides, oxides of sulfur, flourides,.

organic vapors, acids, particulate matter, and odors are’among the

_yasteé added to the air by the chemjcal indusﬁfy.

The effect wf only one of the chemical-ipdustryisl
effluénts;-fiouridés,'is ﬁeli kﬁoﬁn.: Polk éount# in flo}idé had beep”
a"center of‘the‘catple faising industry‘since the 1850's and the centér
of a‘profitable citfus'industry Between 19;3 and 1964, an estimated

150 000 acres of cattle land were abandoned, and 25, 000 _acres of c1trus

e

e Y
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groves ﬁére dameged. In the seven Year perioa betveen 1953 and 1960,

thé caltle population of Pﬁik éopﬁty dropped 30;b00 head. The cause.

of thu-cattle deaths was diughose;,as flouride poisoniﬁg. The

source of the poisoning was traced Lo gas and dpsp en&sﬁions, spread

by wind, from the stacks of ;he‘many phosphate-processing plants thut

had appeared in the aren Tollowing Worlid War‘II. Payel}'County,
IMbntana, expcriqnced similar probloms yith their cattle followinglthe
" location there Qf'Rocky Mountain Phospﬁatés, Inc., in 1963. ‘Floﬁride

is abs;rbcd and cdhccntiated in veggtuﬁipn, éspeciallylgr&SSOS.‘ This

can l;aa tb-flou;osis of animels féeﬁing on the vegctation..'Taﬁle 1k
" 1ists the effects of flourides.oﬁ humen health.

.9
TABLE 14

Flourides and Human Health .

Concentrations . : . Sxmﬁﬁgﬂg
120 ppm. ) -Highest concentration tolerated less

than 1 min. by 2mm, smarting of skin.

60 vpm - o ~Brief exposure - irritation of nasal

47,

' pissages, discomfort of”pﬁarynx, trachea.
- 30 ppm _ . -A1l personé complain and objéct

seriously to staying in the environment.

10 ppm —Eiperieﬁce of diséomfbrt;_'
3 ppm ’ ‘ -¥o locél'inmediate.effecﬁé ére @oted.
"0.1 ppm of floqfide ' -Thresﬁo;d limiting valuc
3'ppm of hydrogen floufide -fhgeshuld limiting value

There have Leen a number of ldwsuits involving flouride
damege. 1n one case in Florida, thﬁ plaintiffs were attempting to force

a manufaculrer to-install higher stacks. ,The company argued thal this

O




~1G5-

wus not 8 pfactical solution'ﬁebﬁuse tﬁeﬁextréme corrosiveneés-of
fiuuride ﬁoﬁldlcorrode the ntacks tos rapidly. ‘The compan§-wou thc
suit. |

1n en attemt & allcviate‘fhe prubiems created sy '
the phosphate industry, Flur,ua'cfeatéd the Polk-Hilisborough Air-

Pollution Control Districi. &t a ¢gst of $16'milliou to the phosphate
- L ' ’ Lt . ':‘
industry between 1959 and 1Qﬂj, fouride .emissions were cut from -

33,000 pounds per ddy in the winler of 1961-62, 1o 13,000 pounds per

‘ddy in the winter of 1963-6k. Aciually, the ¢ost of this control

has been higher than the figures indicate becausé it .has meant the

‘building of more modern plants, one, for example, at a cost of $20

miltion. Even with these measures, the: continued existence of the

problem .will require mdrenstringent control which will in,kurn mean

higher expenditures. Due to this, one large company closed its

phosphate sﬁbsidiary becanse it felt that changes in-treﬁtment were

not economically feasible.

| | :?he largest group of_actiéities‘ﬁndgr the iﬁorganic
chémical_iﬂdustry label is the productiqns of acids. The grestest
Ihazard.creatéd by £his p£oce§s ié the releasé of acid mists which
can cause the deterioration of méperials in the near vicinity of the
plant. A colorless efflueht-cannot be écceptéd as an indication of.

proper plant'operation. The emissions from a nitric acid plant can

be made colorless by reaction with methane; however; the corrosive

properties'afe not -eliminated.

Costs to the chemical industry for pollution control

‘have incressed in recent years. A report-issued by the Hanﬁfactﬁring

'Chemists Association surveyed the recent activities of chemicgl'manu-

facturers in controlling pollution. The report indicated that by

——-
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the beginning of 1967,'phe U.S. Chemical Industry had invested $673

million in air énd water pollﬁtiqn control facilities and had spent

$226 million, or about LO% oflthis investment, in the five year

period 1962;664 Based on these figures, the MCA has projected that

the qhemical-iniugff&rﬁiiiﬂinvest $405 million during the period -

. 1967-7%( To opdrate and'maintain these facilities, annuel expenditures -

by the industry had reached $101 million at the beginning of 1967,

. showing & 50% increase over the previous five year period. Operating

.expenditures for-air pollution control were $23.7 million in 1962,

and - $h1 T million in 1967. In the'area of research for air pollution

i

control, spending by the industry was $9.1 million in 1967

1

‘The 1ncreaalng amounts spent by the chemlcal industries -

in the area of pgiiutidn control have‘prodﬁced_sevefal‘éhénges within

:the_industry. For exaﬁple, a spokesman for- Union Carbide says: "In

our proceéSing work with chemicals énd-plastics,.we used to conecern

ourselves with minimum investment and efficiencies of raw materials.

.Now .we have a tﬁird ingredient, pollution costs. So we reassess the

process. We trﬁée off the originﬁl reactants for more expensive ones
if the procéss_?esults in fewer pollution costs." _tBusiness Week, April
11, 1970, p.. 66). | |

As‘a consequence'of tackling their own. pellution prob-
;ems, several chemical companles are u51ng the:r knowledge thUb galned

to enter the pFIlution control bu81ness. Monsanto has combined all of

-1ts pollutlon control actlvitles into Environmental Control Enterprlse.

Included in this will be Monsanto's subsidiary, Biodize Systems Inq.,‘

which-offérs commerciaily'the Cat=0Ox catalytic oxidation process éy#tems

for removins 802 from stack gaSes; American Cyanamid, Alljed Chemicals,_
Dow ﬁhemical; Dﬁfont, and Union Carbide are other companies that aype in

the business of pollution control.



-111=- .

Ores of‘the:non-ferroué‘metais: copper, lead, and-
iinc, occuf as sulfide mingrais-in the ea:th's,crust.-.The'smelting_
of the ores results in the réMOval of sulfur as sulfur dioxide.
Aﬁditionallngmhgﬂemigsions of riouri&es from aiuminum smelting are
- of great concerh. But possibly‘of more ?oncern is the rapid incfease'
_of nevy ﬁrq@ucts ang theliﬁprove;cnt'of existing proQuctslfor our
ébgietal needs, which leads tolthg utilization of hck metals tLhat
coﬁtfibuto to atmdapﬁeric poilutants. In most instances, little |
_research and testing have been donc relat1Ve to their potentlal as
stmospheric pollutants bvefore their use by industry. 1In this section .
Ve shall_cite-exiétiﬁé evidence concerning the ﬁanécrs-that‘arié; ffom‘
pﬁe production énd ﬁrﬁcéss of ‘various nonfferrous metels. -
'Aréenié, which has béeﬁ used for many-ygarslés an.insecti— ’
~ cige, is:emitted priméfily during thelhickél, cadmium, zinc, and copper
smelting opéfatidns., Smp.ll amownts 61‘ arser-lic‘_ can be mca-g‘ured in the'
a@biént air of most cities. The effect of arsenic and ifs\compouqu
on:humans is depend¢nt ubon the. level éﬂ concentration angd the partic-
rular‘compound, i.é.? elementalfarsenic is hon—toxic; but arsine (ASHj)
is ef‘cr.af:_nely toxié. " Humans can take i;l aréenic compounds by inhalation,
ingestion, or aﬁsorptibnlthrough the skin. ‘Currently, the supply 6f
arsenic produced by'smelfing operations ‘is greater thﬁn the commercial

demand. The dlsposal of 1arge Btockplles is an on501ng problcm.

There have been three arsenic p01soning episodes in
1903, 1905, and_1562 agsociated’ wizglsmelting operations.. The local
populati;n sho?ed‘thé effec%s of'arsenic boiéoninﬁ while herbivorous
‘ animals died during the 1ncidénts, snd in one instance, the Montana
s eplsode, animals were killed as far away &s 15 miles from the plant.

Very little is known about the dangers of barium. This

[:R\jzlement is. being studied currently as & potentiul air pollutant because
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of itz extensive use in diecel fucls a5 an additive for reducing black -’
smoke emissions. Barium compounds are alse used in the ojl drilling
industry, in the white paint pigment: Lithopone, and in paper, rohbuer,
cloth, linelews, and oil cloth 2s & filler. The only evidence of an
affect upon humans is the production of & benign pneumonicosis {known
us baritosis), in peroons inhaling barium compounds. Scoluble barium
compounds are known to be highly toxic.

Beryllium is among the most toxic und hazardeus of Lhe
substances being used in industry. One of its original uses was 45 &
phosphor in flourescent lamps. This use continued until 194%9. The
primary sources of beryllium peollution are mining, burning of coal, and
exhausts cf machine shops and foundaries.

Boreon is probably inhaled as a dust during the produc;ion
and manufacutre of boron compounds and products. Borates are used in
high-energy fuels and produce a localized problem where these fuels are
used. Borate peisoning is characterized by disorders of the centrel
nervous system.

Cadmium cccurs as a by-preoduct in the refining of
zinc and other metals. It has a large range of industrial uses (e.g.,
electroplating, storage batteries, semiconductors, atomic fission controls,
fertilizers, and pigments for paints). Cadmium can produce chronic and
acute poisoning. Inhalation of cadmium fumes causes damage to the
kidneys and studies have linked it to.heart disease and cancer. Recent-
ly, the first repurt of cadmium poisoning of a Japanese female worker
in the electronics industry was published. In this instunce, the
cudmium was reperted to have replaced skeletal calcium, which led to
extreme pain and a weakening of bodily functions. The worker died by
committing suicide.

The decorative use of chromium #3 well wg bhe proade, -
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tion of stainless and austenite‘étéel, and chrbmiuﬁ chémicalﬁ {fuel
additifes, corrosion iphibifofé, pigments, &and tenning agénts) ﬂas-
iﬁcreased environmentgl contamination. It has'ﬁéen found that a
number of health problems arise frcm contact with the compounds

of chromlum- ulcers on the skin perforatlon of the nasal ‘septum,
and cancer of the resplfatory tract. It 15 both stlmulatlng andl
toxie to plant‘growth;:dépending upon the concedtration-appiied t6
thé plant. 'Contéct.will cause ;orrosiOn of ﬁgta]s3-discolofﬁtidnl
oflpainis’and‘building-materiéls, éﬁd damages t0‘papef and téxﬁilés.
I - ~Almost gll manéanese énfers the atmospﬁere as-manéanése
oxides, primarily-from bigst furnaces. " Other sources include the
manganese found in fuel additives, Weldi;g rodé, and 'the incineration
of manganesefébntaining products. As & pollutant, manganese écts as
' a cafalyst; producing efén more undgsirable.atmospheric pollutanps,
e;g.,‘sulfuf trioxide. Manéanese can cause generalized soili@g of
" materials, as well as manganese ﬁoisoﬁing {a diseaée of £he central
-nervoﬁs-System) ‘or manganlc pneumonia in humans.

" Mercury is used extensively for the electrolytlc prep—
aration of chlorine and caustlc soda, Also mercurylls used in in-
creas:ngly greater apounts’ in electrical apparatus apints, ~and
laboratory products. This 1nC“eased use results in potentlallj
hazardoué‘conditiéns in laborqtorles, thools, hospztals, and
dentai'offices. Both mining and teh refining of ore léad to the
input of mercury and its compounds into,tﬁe atmosphere:

-'Mercurf can iead to the poisoning of fheﬁhuman
syétem. &tmospherlc monitor:ng of thlS substance should inecreease

in th futu:p. Once the mercury pusses the blood-brain barrier, it

+
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becomes bound in tite brain in greater concentrations than any other
organ of the body. Alkyl mercury compounds affect the motor and
sensory nerves, and this disorder is known as chronic poisoning. When
acute toxicity occurs, the following symptoms may be noted: metallic
taste, nausea, vomiting, diarrhea, and-headache. Teeth muy loosen

and ulcers may develop on the lips and cheeks.

The predominaﬁf use of nickel ore in the production
of stuinless stecl and nicKel-plating, along with the use of nickel
for the aging of liquors, dying of oils, bleaching, purification of
waste water, cracking'of amnonia, ang cathlytic combusiion of orgenic
-compounds in auto exhaust. While nickel metsl is non-toxic, the nickel
salts are highly toxic. The inhalation of the nickel compounds may
produce cancer of the lung and sinus, or other respiratory diseases.
5igns of central nervous system disorders are quite common. Kickel
carbonyl, which is found in cigarettes, is known to be extremely toxic.

Selenium dust, fumes, or vapor, produces irritation
of eyes, nose, throat, and respiratory iract on contmct. A prolonged
exposure results in gastrointestinal disorder, and possibly kidney
and lijver damage. An early indication of a selenium disorder is a
gariic odor of the breath. Selenium is produced as an atmospheric
pollutant at‘copper refineries and lead smelters. It is used in the
production of electrbnic and electrical products, paint pigments, glass,
lubricants, blasting -aps, photocopies, stainless stee?, and chromium
plating.

The present concentrations of vanadium found in the
atmosphere are very low. ‘The inereased use of vanudiuwm, und the
consumption of vaniviium-beuring oils wad couls will increase the poten-
Lial [or aiv pollution by vanadium.  Hew York apd New Jersey rank first

) . . , ) . :
Elk‘lcmi seeond, rospeelively, wilh redurd Lo vanodiws concenbra? sor in L

Full Tt Provided by ERIC.
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ambient air, but this is probébl& due to thé high densitf of
vgnadium.chemical industries found in these statés. The .uses of
vanadium are in photography, ceramics, atomie reactors, and as a
catalyst, for exaﬁpie, in the pr&duptioﬁ of sulfuric acid by the
confact prcécsz. -

it prosuﬁt, only threshold 1imi£ valueé have

béen set for these metals and their cbmpounds by the governmental

industrial hygienists. To date, no environmental air pollution

. levels have been set for these various metals or their compound,.‘

" The bpen—hearth method of steel manufacture which

produces T-12 pounds of dust and rume per tori“of produced steel isl

being replaced by the oxygen furnace. The electric arc furnace

prasents sgecial problems in emission control because of the location
of the eleetrodes and high temperatures involvgd.‘ The major pollutant
ig iron particulate which can coat ali surfaces in the neighborhood ,
phu; depreciating the value of propérty. "Iron oxide is not considereﬁ
to be toxic, but i£ is cbnsidered & nuisance péliﬁtant, However, to
the car owner who must repaint hié car‘or ;ﬁe parking lot owner who
mus£ close the lot because of its proximity fo a steel-producing plant,
iro. particulates are more than a nuisan@e. The steel plant‘may find
that ﬁpon controlling pollutants, they cannot dispose of theﬁ in adja-
cent water supplies and unless they. own considerable iand; the disposal

of iron oxide in approved landfill. locations ﬁight be quite costly. The

" steel industry might well find i’c.self mvolved in the trucking business.

In 1968, the steel industry's em15510n of* partlculates
amounted té 1,900,000 tons, or 7.0% of the national total. The industry
also emitted about 415,000 tons ‘of gulfur oxides, although fuels burned

porLivon of abeed indusbry are aleendiy :(10H 1% culfur
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content for meﬁallurgica; reasons. The blast furnaces used-to geduce
iron ore td'pig iron-afe not a signifiéant source of air pollﬁfioﬁ,
sirnice. the éxhauSt gases are normally cleaned to a high deéree and
recycled to ﬂelconsumed as fuel. The particulate emissions in steel
production come from sinter plants, open-hearth furnaces, bhs%p oXY gen
furnaces, and electric furnsaces. ”

- Tﬁé highqst-estimaté of the annu:l cost Qf maximumn
control for particulate emissions in 1974 is $69.7 million;ivThi;Twould
be less ‘than ppe,half of one bercent of tﬁegpbojecﬁed value of the
product for tha£ Jear, Theliﬂvestment to-control emissions from an
opn-hearth furnace ranges from a low of $90,000_pef plant for 80%‘

coritrol, to a high of $285,000 for maximum control. lFor a basic oxygen

‘furnace, control costs range from a low of $337,500 for 80% coﬁtrol,

to a high-of $1,068,800 for maximum control. Costs for an electric

furnace range from $72,000 for 80% coﬁt;ol; to a high of $28,000 for

-_mhximum control. Sintering plant costs range from $169,300 for B0%

control, to $1,262,700 for maximum controi.

The total steel gndﬁstry investment to reach 80% control
by 1974 would range bétwéen $33-,500,000 sad $67,500 ,000; to reach 90% .
by 1974, between $33,;900,000 and $68,600,QOO{ and to reach maximm -
control by 1974, between $63,900,000. and $126,900,000.

In the Calumet area, Chicago-Gary, Indiana, the feur
major steél producers’ in the. ares have agreed to spend $é0 miliion
bg 1972, substantiallylreducing the;r air poliutionm These four
produc;rs account for 90% of Chicago's steel production. Youngst&ﬁﬁ
Sneet aﬁ&fTube Company is installing a water control plant to eliminapg
discharges of flue dust from hlast-fgrnaceé at a. cost of $2.5 million.

Interleke Steecl Corporation has spent $1.5 million to date for electro-

static precipitators. In New York State, approximately $1.00 per
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ton’ of the cost of stegi is accounted for by air pollutlon control
costs. .New York State's portlon of the iron and steel ‘industry's iﬁvest—
ment in control and gbatement equlpment is expected to double by 1973
going from'$17.9 million in 1967,1t0 $h0.7 million Ln'1973. Ir

operating-costs/aif pollution control costs remain in the same ratio,

‘then in New York State, the steel industry would spend around $10-million.

by 1973 for abatement. ' ,'j o

U.S. Steel, which has been using eiegtroétatic pre-

_cipitators since the early 1050's puts its cumulative. investment in

air and water pbllution controls =t well: over $235 million in 1969.

Bethlehem Steel figures that its expenditures for pollution control

will rise from 6% to 11% of its cepital investment. The American

Iron and Steel Institute estimatcs that reporting members are currently
budgeting over $325 million = year for pollution control of one kind
or another.

Even as U.3. Steel and others are‘installing new

controls, a "bBig Steel" spokesman has said that there is no chance,

]

) at least for the present -of changing 1nternal processea to eliminate

4 major pollutant - iron dust. Abetement efforts are'being concentrated
at points of emission and fbr-a gdod ecoﬁomiclreason: The basic
dxygen furﬁaqe, & vary heavy poliuper, is still the most economical
way to produce large quanﬁities 6f éteel.
The miﬂor fap?ication industries may‘cpntribute

substantialiy to the pollution.of the local enviromment. An asphaltic

concrete plant produces both dust sand odor.‘ The odor is_usualiy 8

very localized problem and the particulate emission can be reduced
twenty times wlth.approprlate control devices. (Concrete batching
plants produce local dust problems which can be controlled. An

: S _
uncontrolied plant is estimated to produce ten -times the dust as
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to a'controlled-plant.llThe production of cement is a notorious
dust source. The cement dust settling on matérials in the neighbor-
hood quickly produces a'hard,‘gfay cbatiﬁg which can oniy bel |
removed by péigg extreme measures. A large cemen? plant may broduce
_gs much as_60:tpns‘of dust per day. Even if this anount were reduced
‘by 95%, the rgsplting-j tons of dust per‘day would result'in an air
-pollutiop probiem‘ﬁo ma£terl§here the plant is located. Because of'u
the trgmendous_amounts ofldustlpfdduced, the ;olleétor used ﬁust_be 99% +
efficient. Yét, vecause of the concen?ration of plants near the natural
resoﬁrées,-evén £he use of the most efficientlfilfers may not.be
' enough; dustfall ratés of ovéf.35 tons_pef square mile per month are
being recorded in areas of fhelLéhigh Valley iﬁ Pennsylvania. This
amognt can be compared to the verylheavx dustfall of New éork City,
New York,lof-approximately 100 tons per square mile per moqth.
In 1966 there were 188 éement ﬁlants in operation
in the U.8. OFf these, 116 were wet procéss’plants and the remainder
were dry péqcess. Both processes a;é potential sources of substéntial
amounts of-particulate-emissions. Inf1968, Portland Cgmént, witﬂ 48%
of the total cement production, ﬁécounted for dboutISYO,OOO tons of
particuiaté emissions, 3% of-the nationél'tqtal;
- In cement prodﬁction; thelmgin source of emissibﬁs
is the kiln. Other sources include grinding.aﬁd materials handling'
‘operations, but air pollution'contfol is an integrsl part of these
operations as the valﬁe of recovered products is more than enough to
X pay_for thé cost of control. - -
Thq investment cost perjplant for particu;éte.control
ranges from & lpw of $47,300 for B80% controllin a wat plant, to a high

of $L0S 0UG Tor maximum control in a dry plant. Tolal industry -
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investment to rchh maximum eontrol by 19Th would range from a low
of $15.2 mi;lion*;o a ﬁigh of $17Lh million.

| Aéphalt batching plants are sources of ﬁoﬁeﬁtially
héauy dust emissions; many plants epit well over 1000 pounds per h&ur.
Even with an'industry—wide average level of 90%-contr01, asphalt-plﬁnts
account for about 540,000 tons per year of’ partlculdte ndtter, or about
2.0% of the nation’ s tqtal., W1thin each plant the rotary dryer is
the principle soﬁrcé of particulate emissions. ‘

Based on 1974 capacity of.asphalt batching plants,
the hlgh annual cost for maximum particulate reductlon is $19. 8
pllllon. This would be .atout 1.17% cf the projected value of ship—
ments for that year,

| ‘ The productién of gless and ceramics require; very
h;gh'temperatﬁres (1000-17;000°C)-wh1qh convert part of the raw
matériéis into .gaseous mixtures. ITLé ﬁfinciﬁie ga;ebus poliutant,
h}drogen‘chloride, is fbuﬁd to be = constitﬁent of somelfurnaCes
‘ withha downwind concentration approaching i ppm. This causeé atten-
dant material and vegetative damage in 'the adjacent area.

The milling, product manhf;étﬁring, and use of
asbestos has becoﬁe of prime importance lately. The asbestos fibers
are placed'inqb the air through ﬁiiling brocedures; deterioration of
uufomotive'brake linings, and, more recently, the use of sprayed-on
“fivers as insulatioﬁ in the building coustructionltrade. The fiber
caﬁ reach a human‘lﬁng where it may cause.asbestﬁais; Thjs disease
lias been recognized since 1927 as being associated with the mining
. and p?déessing of asbestos. The:lung lesion is & diffusc fibrdus'in-
filtration. Coughing, loss sf appetite, and‘increased-shoptness of

bréa@h are symptomatic of the disease. It has also been. linked
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with lung cancer. Unfortunately, the disorder does not hecome apparent

until 15-30 years after exposure'to'asbesfos fibers. 

D. Traﬁsportation
Societies have giways hed a need for transportation., Individual
and éocio-economié crite;ialfér tfaﬁsportation incl;de\freedom, mobility,
qgfidify, and convehiencé.' Thesg are ithe primary considerationé in the
] develdpment of any transporialion system. Thé automovile provides .us
. - —— :
with' optimum gpeed, comfort and flexibilit} between origih égd destina-
tion. Our changing sociél‘patterns have necessitated‘not.single, but
multiplé vehicular traﬂspoftation per famiiy. The"yife now works, or -
must transport thebchildren. ‘Hogse-calls By doctors and deliveries
by storeg are on the‘dgc?eds;.' Weekerd road tfips afé formulated
aﬁg promotéd by travel and state”égen?ies.\
-fhe'most'vigorous efforts to control air pollﬁtion will need
to be aimed at the largest single source, transportation,.wh}ch pro- .
dﬁces_g;eat;;'than 45% of the total emitted_atmdspheric'ﬁollﬁtants.
-Itlis iﬂ,precisely this grea that perhaps t?e greatest'obstdclgs are
encountered. If'is much easier to_regulhte one étationary source than
10,000 Qutomobiles'(there are apbroximatély 106 million automoﬁiles

!

in the United States}. Furthermore, no one legislalive agency has
controi-over the ﬁrﬁnspo}%atién'industry.

The‘ethUQt emiésions from the autdmobile are most impprtanf.
Sixty-three percent of the total carbon monoxide emitted annually comes
-from gasoline-powered motor vehiqles; Even though vehicular,£r§vel is
evenly divided ﬁetween urban gnd rurgl areas, the slowér driving speeds
ﬁﬁich-prevail in urban. areas accounts for-well over 60% of the total
,ca:bén monoxide emissions. Adding to the carESn mOnoxfde probfgm are"
tgv-emiyﬁianq tfrom ;éfusc disposal, sircraft Lelow 30,000 feet. and

IToxt Provided by ERI
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industriel emissions in urban aréas. Table'lé sthS the nationwide
,carbbn monoxide emissions for 1968 by category. Carbon-moﬁoxide

ié chemically rt=:llatiw.*e13,_r inactive, but it restricts oaygen inteke
severely {see Table 16). -High b;ncentrations during peak.tfaffic,
-Qre found at street level,'and in tuﬁnels. Ip has been conjectured
that many automobile aceidents in tﬁnneis-are the resu}t éf an
impaired judgment produced by increased ggrbon mopoxide ievels-iu
the blood stream. .

‘Hydrocarbon emission'is next iﬁ importance gnd nit:ogen oxides
ﬁre third. Motor vehicies acééﬁnted for over- 50 percent of the total
hydrocarbons emittea iﬁ:the Uniféd States.. One half of the hydrocarbon

- emiséion oceurred ‘in urban areas with the production of hydrocarbons
inversely réigted to speed. A marked,decreaéelin‘hydrOCa;ﬁon productién‘

will ocﬁuf in fural.areas where-tr;vel sﬁeeds are higher and stops are
minimized. Table-l? summarizes hydrbcafbon sourtes;

The burning of fossil fuels accounted for 88 bercent of the
total emittéd nitrogen oxides in- the United States in 1968. Within
tﬁis 88%, 8.1 milliéﬁ £0n3 came from transpdrtﬁtion, of which 7.2
miliion_were accounted for by motor vehicles (see Table 18). Unlike
carbon monoxide -and hydrocarbons, nitrogen oxide emissions are unaf—-
fected by the speed of the vehiele. It ié not surprising-tha£ the
moveﬁgnt-of'poﬁulation‘to metropolitgn areas correlated with the ﬁp
-pﬁrcent of all nitrogeh oxides occurring in urban arcag.

fhe‘exhauat gas from automobiles accounts for all of the
_carbon monoxide, nitroéen oxides, lead compounds, and 65 percent of the
hydrgearbons. The remaining hfdrocarbons are emitted from the
_crankcase and-evaporu%icn from the carbufetor and fuel tank.l On a hot

Q r duy in congested traffic the'emission of hydrocarbous Prom the
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PABLE 15. NATIONWIDE CAREON MONOXIDE EMISSIONS, 1968 - Jp—

éource N ] ] 'Egissions, Percent

10° tons/yr of total
Transportation . 63.8 63.8
Motor vehicles 5.2 50.2
Gasoline 50.0 | 59.0
Diesel - 0.2 0.2
Airecraft 2.4 2.h
Railroads 0.1 0.1
~ Vessels . 0.3 .3
Non-highway use of motor fuels 1.8 1.8
Fuel combustion in stationary 1.9 1.9

sources _

Coal 0.8 0.8
Fuel oil 0.1 0.1
Natural gas a - N
Wood 1.0 1.0
Industrial processes . 9.7 9.6
- Solid ééste disﬁbsgl 7.8 . 7.8
Miscellaneous 16.9 . 16.9
Forest fires . T.2. 7.2
Stiuctursl fires © 0.2 0.2
Coal refuse burning — 1.2 l.2
Agricultural burning 8.3 8.3
Total : 1001 100.0

N = Negligible

" Source - NAPCA Publication # AP~73
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TABLE 16. HEALTH EFFECTS OF CAREON MONOXIDE {CO)
Prepared by D.M. Bnoodderly, Jr., New York Scientists' Committee for Public Information

woneceniration

% CarbomonoXyhemoglobin

Symptﬁms

" of CO in Air

Up to 300-h00 ppm

100 ppm

50 ppm and below

15 ppm

in blood

30-%0% and above

Up to 20% depending on
exposure and activity
of sublect, -

20% in dogs exposed for

. only 5.75 hours per day,

for 11 weeks.

2 - h%hand above.
Maximum .of about &%
{calculated from <)

Up to 2.4% {ecaiculated
from 5)

Severe headache, dim vision,

nausea, collapse.

Headache at 20%.
performance on simple
psycholeogical tests and
arithmetic above 10% CO .

in blood.

Brain and heart damaée

found at auvtopsy.

Impaired

Ability to detect a flashing
light against dim background

worsens with increasing
amounts of CO.

4% was lowest

point. shown, but anthors state
that even the CO from a single
cigurette could be.shown to cause

rise in visual threshold.

It

it, therefore, obvious that

smoking and exposure to CO
from auto exhaust interact.
Subjects presented with two
tones and asked to Jjudge which

is longer.

Judgment impzired

at this level of CO in the air;
lover levels of CO not studied.

~ Resuwlts interpreted us

impairment of ability to Judge

time.

Not known whether this

may influence people's ability

ta judge time.

Wot known whether

this may influence people’s

ability to drive safely.

‘Another

suthor. concluded that 1 = 2%

CO in. the blood should cauvse a
detectable number of errors
on psychological tests if a

sufficiently large-scale.
experiment were done.

New York's air quality goal.

Even this amount of CO could
chuse some of the effects on
vision and loss of Judgment of
time that are menticned above.
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PABLE 17. NATTONWIDE HYDROCARBON EMISSIONS, 1968

Source Emissions, lO6 tons/yr Percent of total
. - J -
Transportation , 16.6 51.9
Motor vehicles 15,6 48,8
Gasoline : 15.2 - ' 47.5
Diesel ' 0. b X 1.3 ¢
Aircraft - - .3 . 0.9
‘Railroads ) . 0.3 -~ . 0.9
Vessels ! 0.1 0.3
Non-highway use of motor fuels G.3 " 1.0
Tuel combustion in stationary 0.7 2.2
sources ' .
Coal . : . 0.2 0.6
Fuel oil - o 0.1 0.3
Katural gas _ a N
Wood ‘ - 0.1 1.3
Industrial processes : e b6 1k Y
Soiid waste disposal 1.6 5.0
Miscellaneous 8.5 26.5
Forest fires 2.2 6.9
Structural fires "0.1 - 0.3
Coal refuse burning 0.2 0.6
Agricultural burning 1.7 ) 5.3
Organic solvent evaporation 3.1 9.7
Gasoline marketing = | 1.2 3.7
Total . 32.0 100.0

|
|

Source: NAPCA Publication # AP-T3
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TABLE 18. NATIONWIDE NITROGEN OXIDES EMISSIONS, 1968

- Source Emissions, ldﬁ_tohs/yr Percent of total
Transportation - 8.1 39.3
Motor vehicles T.2 34,9
Gasoline 6.6 32.0
Diesel 0.6 - 2.9
Adreraft Ne " N
Railroads 0.4 1.9
Vessels 0.2 1.0
Non-highway use of motor fuels 0.3 1.5
Fuel combustion in stationary 10.0 48.5
sources :
Coal _ b.0 19.4
Fuel oil 1.0 ; 4.8
Natural gas S 4.8 . 23.3
Wood 0.2° 1.0
Industrial processes - . 0.2 - 1.0
S8o0lid waste disposal - " 0.6 2.9
Miscellaneous 1.7 8.3
Forest fires 1.2 5.8
Structural fires N N
Coal refuse burning 0.2 1.0
_ggricultural burning 0.3 1.5
Total =~ . — 20.6 - ."100.0

Source: NAPCA Publication # AP-T3

S
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carhoretor and erlltank approximatee Ehat from the tail pipe.
Toe 1963 crankcase control device (see Figure 3%) decelerateﬁ
--the rate of increase of hydrocarbonse Except for aromatics and
ethylene, unburned hydrocarbons pose no great problem io the atmosphere.
However, it ie the photocatalytic chemicai processlresulting in the
production of oxidantlwhich makes the hydrocarhons undesirable. in
order to controi carbon monoxide and unburned'hydrocarbon emissions,
the techniques of better fuel control, adjustments to spark timing;
containment of crankcase, fuel t%ok and carburetor vapors , aloné with
mechanical chenges, have been tried. The exhaust may be converted by
catalytiC'muffers (see Figure 3h] or by being converted when' kept
'suff1c1ently hot ‘and exposed to oxygen. In addition ‘to this device,
evaporatlon control is obllgatory for 1970 model cars. 'Figure 31
shows clearly that if gutomobile exhausts are not controlled by 1)75“
the automobile would aegogpt.for almost one half of the total world
pollutlon generatlon By controlling‘the emiesions of automooile
exhaust, it is projected that by 1990 the automobile and aircraft would
produce about. L0 of the world pollutloq“generatlon from the consumptlon
of fossil quiS- |
Tﬁe engine emiesion comparison (Figurel32] points out thatlthe
turbine engine would be the most feasible method at this time to
L _ﬂecrease pollutants at cruising speeds. . In urban areas, society must
shift qulckly to some type of rapid mass trans1t or electrical-powered .
vehlcle to transport pecple. The diagrammatic analydls of pollutants
foond in Figure 38 demonstrates that the‘oombustion‘process at high
temperatores will produce & variety of pollutants. Thie burﬁiﬁé is oot
. enough to produce the Exbeeted bﬁ—products of complete combustion --

carbon dioxide and water vapor.
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,Thé most feasible ﬁethod to eontrol nitrogen oxide emission is
by restricting its production in the combustion ch%ﬁﬁer.: This would
reéuire modifiying the combustion température by su;h adjustments as
retarding the spark, burning a ricﬁer mixture, or lowering the compres-
sion ratio. The recycling of exhaust gas will also accomplish the
reduction of nitrogen oxides by reducing the itotal oxygen in the o
‘_ combustion chamber. In this technique about 25% of thé exhaust éas'

: is reintroduced into.the intake manifold. Engine adjustments which
reduce carbon monoxide ang ﬁyéfocarbone Ly hurqing highéy oxygén-to-
fuel mixture conversely results in iﬁcreaged nitric oxide production.
Since.there'are no current_effecpive contr01$ for nitrogeﬁ'oxides,:
these emissions-will continue to inerease at-the same rate as vehicu- ’
lar travel.

Currentlj, new cars are bui;t'at the rate of 22,000 per day -
and it is predieted that production-will climb in the near future p&
1,000 per day. The Automobile Assaciation 6f America eﬁbects that
by 1985 there will: be 170 ﬁillion cdrs - 60% more than there are
today;. Put in other terms, the human population of the United_Sta;eSb_
is expected tp grow by 58 million'by-%he end of this decdde,‘whilq
in lhe éame_time épan, the car‘population will grow by 50 miilionl By
the end of the ée#enties, metropolitan traffic %olumes ar; expeétéd to
inerease téomé examplegg LO% increase in Pittsburgh, 50% in Baston;
90% in Detrqit,'and 100% in Los Angeles). Cufpent projections indi-
cate that Py‘1980;l983 the increase in motor vehicle travel will
counter-act ;he effe&ts'af the contrOIS'if the internal'cémbus;ion
engjnc i sti]J_in use .

Federal statutes requiving the installation of pollution con-.

trol devices on new cars only bind the munufacturcr; Lhere is no
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maintain these devices once installed. Some states, like New York,
Hew JerQey, and Ca}ifornia,:for example, do have-iaws that reqqi;e the
‘maintenance of ihese controls; however, at this wriling, theve are ro -
o fective, simﬁle‘procedures for Lesting and msintenance. There are
as yet no laws compelling the installation of tﬁesa controls. on older
model .cars, -and it is estimated thaﬁ_it takes from 5-10 years for the

',nafional car porulation to be'reneweg. |

- -The estimated cost to the consumer for the install#ﬁion of the
various federally requifed pollut{on céntrols‘is: $18 per ;ar to meet
the 1968 gtandafﬁs, 435 per car to meet the 1970 staﬁdards, and $u8

-per car to meet the 197i standards. These;figures ;re industry estimatesl
of the cééts that have been or will be passed on to'ney car buyers,

ﬁ large pa;t of the problem éf cars and pheir.concomitant

poliution ig the amazing degree fo which thé aqtomobile has bgcome sucﬁ

a ﬁart of the fahric of American life. Two nationwide surveys conducted
in 1967 posed the éuestiqp: "The auto péllptes the air, creates traﬁfié,'
demolislies Propert?,.and kil;s people. Is the contributioé the auto
makes to our way of life worth this?" Four out of - five fgople gquest ioned
answered yes!
| In Lds Angeles, a model city_for air poliution cont;ol; a maésive
reduction in refinery and industrial apd,open—bgrning‘emissions did not .

IMake thé city's infamoué émog disappear. In fact, it became worse.

' Hydrocarbon ﬁollution dropped at first with the controls applied to thz '
refineries,hbut in 1960, there was a hoticeable‘increase.in this type of -
pellution. Carbon moﬁq;ide in the‘air Rept climbing until foday it is
fouf times the 19%0 value. When the city beg;n its ﬁ;téck on the air

: ﬁﬁllhtiou brublcm, the ‘rutlo of pollution was about thet in Lhe nalion

Q  genervlily: 04 rrom stetionary sources and O0% from mobor vbnip}vaf




=133~

Eventhough populafion and industry-havemdoubled in thé intervening
years; pollution from stationery sources is now only 10%._ The remaining
907 is attributable to motor vehicles. - |
$till more poliution results from lead introduced through . Rl
production of tires, manufaéture of storage batteries, and above all,
leaded gasoline. Sincé no technology exists for the removﬁl‘of lead
from gutomobile emissidns.‘the only iossible meihod of' lead control__
. currently available ﬁould be to reduce or eliminate 1L he émount bf leud
" used Qn_gaso;ine. Besides the possible effécts-bf lead -on human heaiﬁh,
_there'is alsolfhé pﬁssibility that lead iodide in the atmosphere can
prodﬁce léfge—scale wagther modification, produéing increased or
_ decreased precipitation,’depending vpon meteorological consideraﬁions.
A major emission from automobiles which affecfs vegetation is ethylené.
Growth retardation in plants is achieved at a concentration of 0.65_ppm
for several weeks.
The diesei engine is notofious’for the smoke and odor of its
exhaust, as testified to by anyone-who has-begn behind a diesel'truck
in trqffic. The diesel units, however,vonly constitute less than 1% .
of the U.S. wveshicle population. The emissions are deceptive in terms
" of concentrations since the diesel engine operates on large quantities
.Qf excess air that dilu?e the  products. The major emissipnslaref
"~ hydrocarbons and nitrogen oxides in addition to smoke und odor. .The
distinctive oéor &S'caused by aldehydes vhich, although annaﬁing,.
have-not been shown to be a hazard. -
When we contrast various modes of travel (see Figure .35), it f'f
R j.nt'.r'::;‘t:st;ing Lo note that Jel ail rcr‘t}[‘t prfod-ut:c?.Ll;c lowest améunts of
pellutants in pounds‘pér 1000 éeat miles gnder ¢ruise operétibﬂ. The
implication that might be driwn Crom Lhis calculation is l‘.l-m,l‘. the Honitoed

O Siates could increase fts nircrafl. flect without wny worey about polioaling
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the atmosphere. However, in 1968, aircraft were ranked sixth in the

production of carbon monoxide, twelfth in the production of hydrocar-~

bons, and negligible in gll other areas of pollutants. These figures

are b&seﬁ ori éltitudes below 3,000 feef and a sulfur content of-0.055
percent for the fuel. It was fUrthéf assumed that only 20 percent
of the total fgg;fwas consumed below an aititude of 3,000 feet.
The aircraft follution problem is.a localized one, except
for conjecvured weather médification along flight paths.. The iﬁcreaééh

air trqffic of hO0,000 take-offs and landings by jet aircraft at New

York City's airports each year, has led to serious pollution problems.

The exhaust of smoke, hydrocarbons, nitrogen oxides, and aldeﬁydes

are problém; that must be faceg onée égain. Aireraft operation éi
JFK‘Intefnational airporp produces from 2-4% of the totél partiqulate
émissions that are measure. in New York City. At Los Angeles International-
Airport, traffic has iqcreased'from 80 flights to nearly 1000 flights

daily ovér a 10 year period. Statistically, this'méan; that jetrgiizraft
emit-almost 80% aé much pollutlion as pbwér plants during the summeé‘ ' | B
ﬁonthé, or 1/h as much‘pa;ticﬁlates as the daily output of_h millioﬁ-
motor vehicles. -

"

Shock waves generated at supersonic speeds, as well as the
.% - " -

_incréasing number of planes landing and taking off from large airports

have created a new health‘and'ésthetic problem. Legislation limiting
regions of supersqﬁic'flight is only a partial approzenh to this problem.

S8till unknown is the effect of spniclbeem on the ecology of arcag of

" low human population.

During -eacﬁ hour cof flight at cruising altitude, which is

about '16-22 kilometers in the lower atmosphere, the'SST will burt an
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estimated 66 tons of fuel. This fuel consumption will prodﬁce aﬁoﬁt

83 tons of water, 72 tons of carbon dioxide, and approximately U tons
each of carbon monoxide and nitric oxide. - Mos£ metéorologiéts agree
‘that guseous exhaust produced, other than-water, will present uo sgpecial
probléms. For eXample, carbon monoxide will be immedistoly oxddized
‘into carbon dioxide by the generally available OH radiculs. The 35

will slso release hydrocégbons as well as sulfur dioxide, which in

the final analysis, will pxist in the aiﬁosphere as highly dispersed
p&rticﬁlaﬁé maﬁtér and *ill form a partlcle layer at that glEitude.

As far aé hydrocarbon parficles are concerned. we have a very
strong suspicioh that , due to photoc?emiqél action at that alti%ude,
they will slowly be ogidized_to carbon dioxide.and wnLer,‘i.e., this
'tyﬁe of particle is ﬁétlbersistent.l'fhe Jet fuel cbntain; on the.
avefage of 0.055% sulfuf, which is finally converted'into sulf}fés.
.Assuming 2 mnean residence time fof stratospheric aerosol of three years,
Wwe can caiculate t{hat the total amahnt of sulfate particles éomiﬂg
from 500 SST's flying;fbr‘ﬁ?vén.and one-half hours per day wouid_only
amount to less than one per;ent‘of the already existing sulfate pollution
in the stratosphere {called thelJunge Layer). |

. Nater is more iikely to be a problem because stratospheric uéter
conéeutrations are-generally low as the result of condensatilon in-the
troposphere. If water added directly to the stratosphere accumulates, it
could: |

1. Directly change the radiation balance of the:earth.

2. Initiate cloud formation and thus increase Lhe amount of ;olﬁr

energy raflected. into space, or _ |

3. ILgad to the decrease of the ozone concentration of the

. atratosphere thefutw allowing more ultraviolet radiation 1473
\)‘ ‘ . - ) - ) - .




)

1C

IText Provided by ERIC

teach the eszth's sui'face,

It one again anqines 500 S8T'e flylng each day and & meanl
regidenys timé for watef yaphHr of one and one-half years, and that
most flights will be fp & bhand from hS“'north, calculation shows
thet water vapor in this limited regign would increasse from 3 pafts
per million to 5 parts per mi;lion. With added water, corresponding
to projectéd-flighﬁs of stratespheric aircrgff es meﬁtioned a?dVe,
the ozone,colpmﬁ may dim?niéh by 3.8 percest, the transmitted solar

- power mey increase by 0.07 peréent, and the surface tempé}ature may
ri;e by  0.04® Kelvin in the northern hemispﬁere. Teﬁperatufes in t£9'
lowér stratosphere remain essentially unchanged. Even an.increase of
lb-parts'ber million of water vapoy concentrations. would have little

effect on ozone poncentration. Thiq-meaas the shielding effect of the

ozone for ultraviolet radiation reaching ground level will not be

. greatly distd?béd.‘
The question of whether clcuds form in certain regions of the
stratosphere could probably hg angwered byldirect observation. In the
1950's, Lheoretical work and obser*&tions of military aircraft_provided
tmach informaticn about conditions nebeséary for cloﬁd formation. It
has_beén concluded on the basis of these studies that the few clouds

formed in proposed SST flight bands would produce no serious climatic .

changes. In 95% of all projected SST Tlights, the formation of condensa- .

~tion trails from meteorologicﬁ; reasons is not possible. Thére are,
however,'extremely cold areas st an-altitude of about 17 kilométers in
the tropogphere, high above the Arctic aﬁd the Aﬁtarctic, that are

‘_thought to be saturated. Becauge of thé.saturation?'these are-potential
cloud-forming ﬁreaé, but no predictioné ¢can be méde on the basis of .
our pregsent knowledge since preciég informetion on humidi;y iz not.
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In summary, it wouid appéar that the pollution aﬁd the
resulﬁing effects from supefsonic transport in the stfatosphere is
;ess sevefe fBan originally thought . qugyer, fhe effect of large
numbers of aireraft at high sltiﬁu&es can best be answered by making
fliéhts through the proposed region and takiﬁg data. Oniy in this
way can accurate and meaningful theoretical work be carried_out.

At this tiwme, the-elimination of the supersdnié transport on
the-basislof straetospheric poilution alone is not Justifiéble. - More.
detailed informatioh is needed concerning the flight path, sonie boom

danger, length of time subsonic, and number of flights per year.

E. Servicé Industries
Continued ufbanizaﬁion~and industrial growth éeem certaih to
produce strip cities of the future. Existing urban complexes have
already been named BOSWASH, CHIPITTS, and SANSAN. 'The oﬁher:afeas to
be named are the Mobile—Jackéonville—Miami strip and the San Aptoﬁio—:
Dallas—Galvestbn—Neﬁ 6rleans strip. 'These latfér two sprips may final]y
mepgé into one super strip ci£y. To sﬁrviﬁe, these'conggSted arcas
are suypiied by service industries. In order to efaluate some of the
poliutidn potenfiallof service indﬁstries fof.these striﬁ cities, it
seems appropriate to consider the effeets of service industries oﬁ
Hew York City. These éffects will ;;;;ifﬁfgﬁfﬁg-mfﬁiﬁﬁm for the strip‘_
eity. In May,IIQEG,‘a report on’agr pollution soufces in Mew York
Cit& released the followihg: |
a, Thére are eleven munieipal refuse-disposal statlions with
forty-seven furgacés and 5ﬂwkg stacks.”
b. Public housigg, pri#ﬁte apartm¢n£ houses, and oflice _
dalldings accounl For 12'!,[:5';5- ir;cin:‘i":lﬂ.un':'. and 137 R00 !wr.j,i;.ir', ’

Mirneos.
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c.. Approximately 13,000 public eﬁting'eStablishments emit

smoke agd odor at étreet level.

d. Fuei oil ig empioyed by approximately 600,000 sinélé—

double occupancy private dweiling; for heafing furnﬁces.:

. e:u_&he city records the operations of over twéntj.thouéaqd

| steamships in Héw York Harbor each-year.
_F. Solvent evaporation from dry cléaning is equivalent to

24 tons per day: surface coating < 350 tons per day; and
from all othérs, 176 tons ﬁer day. A large percentage of
the "all others" category probably is evaporation of dyes
and éolvents from the printing'industry; This is known
to be one of the laégest polluters of water, and probably
also of air.

Incinerators have traditionally been established as far away -
from inhabited areas as is feasible because of their offensiveness
-to the optical and olfacyory_senses. The unpleasantness ig iwo—fﬁld;
First, incinerator design has beénlap,unrewardiqg ﬁcp for-enginee;s
énd muniqipa} officials, and secondly, no ﬁhilanthropist wants an
inéingrator dedicated to him; at least publicly he doesnft.‘_Most of
the pollution problems ariaé from inefficient opeﬁation. For exﬁmplg,
‘few, if any, incinerating plants;;mploy dust co;lection_deviees.-

The-construction of tall.apartment buildingslto handle thg
concentraﬁions of popul;tion has led to the installation oflcentrél
basement incinerators. The randoﬁ feeding-énd iniermittent burning
has long since beenla source of odor. The develppment of suitable
éontainers for-storage béfore tfanspart to municipai iﬁcinerators may
be a éolution to apartment incineration-. |

The use of -organic fuels for heating furnaces produces tﬂe
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usual smoke and gaseous poilutant problems. - The variability of flug
height produceé & pequli;r problem; the effl@eﬁt from building A may
vecome the "fresh air" for building B. The effect. of space heating

“oi the quality éf air'is greatér than would be ;ndicatéd by the total
amount of effluent from this source. Low altitude emission also means
thut the source is, closer to strgetllevel where atmospheric mﬁxing

' préduced'by f;;”building éan bring the pollutant déwu to Lhé ground.’
The major problem is to find an effective means to control Lﬁouéands
of multiple soﬁrces rather than a few large s?ufcgg.

New.YorR City has attempted to control its muitiple soureces Ly
upgrading the older incineraﬁors, by cbntrolling the. sulfur content
of all fuels,‘by allowing no iﬁciﬁcrators-go be installed in newly
con?tructed_buildihgs, by prohibiting all open burning within city.

. 11mits,.and Ty upgrading and using only municipal incinerators. -
These efforts have resulted in an estimated_coét of 12 nillion dollars
Lo upgrade Lhe municipal incineratofs. However, no warranty exlstgq
for thé equipmenf that was to be installed. ‘Following'these effofts,-
apartment owners brought suit against the city charging that the changes
réquired were unconstitutional and imposed unreasoﬁablc hafdship on bhe
landlord. This litigationlhas stalled the renovation progrﬁm. It is
eslimated that to clesn the air in.HeQ York City will cost about H500
militon by 1972, a. 1‘;i.gurr:e which-@qlm,ls the estimated .'.I‘)'i'l‘toi,ul QYT
diture for tﬁe enlire United States.l .

Similarly, the restaﬁrants répresenﬁ a probhlem ot multiple
smull sources of.gmissioﬁ. Prohably an efficient; lov=cost absorption
uﬁit for odors would suffice.‘ Filters could uff&ctively-cclleQL prense:
and particles. |

* .. :
Po.eontrol the smoke and gases from steamships may bz wery
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difficult, since this would require international coopsration. A

solution mlght be the esteblishment of new poris of entry far removed .

from urban areas with rapid transit hauling goods and people between

urban areas and the ports. Since most natursl harbors are already
qccupied, this would pose unusual problems. |

It is hard to estimafe_the tbtal-uir peidution frqm Lthe apll-
;uga and subsequent evaporatipn-of gasoline énd fuel oils by sgrvicé
;tatiﬁns, delivery trucks, and by the transfer of fuel to building'
storage tanké. Nationally this type of problem wili contribute to
sﬁme degfeé to the overall background pollution.

‘There is no difference between constituent alrborne particlés_
foﬁnd in-urbap and rural gir except that ;ural concéqfrations are bwo

to twenty_timeé less than urban concentrations.

F. Governmental Activities

The gursuit'offnational secﬁrity and. world politiéai powerbhas
led and still does lead many nations to the atmOSpherlc testing of
nuclegr weapons. The biological effects of radloactzve pollution are
d;fﬁicult to detect since they may be‘mgsked by other forms of pollutlon.
Héwéver; we khow-that a material damage can fesul£ from radioactive |
pollution and a definite‘health hazard ddeé, in fact, exist. The
rad10activ1ty forced into the stratosphere exlsts for a long tlwc and
cannot be made harmless by any known means. 1he tropOSpherlc fa]loub
occulrs within a few weeks and contains a large amount of short-lived
nuelides such as iodine-13L. |

The important radidactive elements are strontiumPQO and-BQ,
béta emitters; cesium-le a bets and g&mma emltter, carbon-1k4, a

beta ana gamma emitter. Strontium-90 is chem:cally 51mllar to Lalc;um

and‘passes through. the food chain, from the plant to man, belng deposited
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3than one millirad per year, 'The greatest hazard probably lies in

C
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in man's skeleton. The principle effect is the increased incidence
of bone cancer and leukemia. Cesium concentrates in soft tissues

resulting in internal whole-body ifradiation, out it does not bvecome

fixed in.the body. .It represents ﬁrimarily a genetic hazanrd through

irradiation of gonadal tissue.

 Carbon-lh is'produced'from the capturé of neutfoﬂs ﬁy
atmospheric-nitrogen. Thislpchess occurslnaturaily_in the upper éﬂmﬁ-
sphere, or as a result’ of neutron release in weapons testlng Cafboﬁ-
lh has. increased. approxlmately 30% since the 1nceptlon of weapons teu11ug,

however, the whole-body dose from 1ngested C—lh is estimated at less

vt

genetlc damage whlch cen occur if the isotope becomes 1ncorporated in
the .genetic materlel of the body. |

Iodine-131 illustrates~an_¢fféctIcharacteristic of many air
and wafer pollutants.‘ Inhalation of.radioactiye iodine has liitle _‘
deleterious effect on the individua} becgﬁﬁe-of the.i%otope's short
halfflife and low-cqncenﬁration} however, tﬁé-isotope,QEposiﬁs on
Foliage consuned by aqimélslsuch as' the déiry cow, whieh fbraées over

wide afeas.‘ Consequently; iodine-131 concentrates in the cow and

its milk., Milk-drinking adults and children show marked incresses in

: 17131 in the thyroid gland ofer persons who were exposed to the-same

enviromment but drank no milk.
Radicactive material can be absorbed in wvarious ways. IF My

be inhaiéd oh dust to permit casy passage to the blood stream and ther

to.a vital organ. The finer particles will remain in the lungs for

some timk, irradiating neighboring tissue with enough energy Lo prmduca
ﬂamage. Some of the partlcles are swallcwed and enter the gastro-intestinal- -

ract, butl Tadioactive particles absorbed via the. fouc eohed N B iy v b
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case of radioactive. iodine, are more important.

-Various other governmental sctivities, lucal,-state, and

 fuedernl, contribute Lo some dé'greé to the overall pollutiou nroblem,

The establishment of power-generating stations. for rural electrification,

,‘
-

especi&lly where fbssil fuels are the principle energy sources, have
led to air quality problems. Recent pfoblems in the southwestern

sector of the United States are an example. Govermmental assistance

in urban redevelépment and road construction have led to local pollq;ioﬁ

probléﬁs. It seems that noilong-rahge planning or methods have heen
instituted to control air pollution. The use of modular cots tructlon
' - . bl

of builQingé, and the use of demolition techniques,which considér mini~

mizing-pollution, have been by~passed in our hurry to rectify:long-

standing problems at minimel cosis.
The mejor function of any goverament agency in the area of air
pollution is the enactment, proﬁulgation, and enforcement of effective‘

control legislation. Thé Ciean Air Act of-l967 establishes air quality

'coﬁtfol regions. These reglonS, 91 in number, may ‘be e:ther slngle or

multlstate dependlng on the partlcular 1ocal problkms. ;Mithln these

bl

. reglons the states may set standards for pollution 1evels for the various

designated pollutants. If local stendards are not enacted, the federal

governmentlis empowered to impose standards. These standards gréﬁthen
’ ) -

reviewed by HEW. Most stafes heve established agencies either as separate

‘entities or under ététéahealfh-departménts. .The designéted state agency

then conduct hearings where interested individuals maylpresent their
bfiéfs.. Qut of tﬁeSe heériﬁgs cdme the legiblaﬁion which is_pussed on
to the secretary of HEW and EPA whlch must then pass judgment on the‘
proposeq st%ndgrds. Next the plans of implementatlon must be formulated

by the appropriate’ state agency;- It should be moted thatnthe standards

" are set for atmosphefic concentrations in the lower level of the
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© troposphere, and the étate'agency,'in order to enforce the regulaﬁion,

rust searcin out and prove the violation of the standards is caused by
specific sources. It would bve preferable to set siandards at the source,

rather than set standards of air quality. -Under this procedure it

- woulu be the res ponslblllty of the source to malntaln its em1551on

- level in conformlty with the standards. However, since sources of

Lhe' seme type cecur in more than one state, such iocui logiﬁiation
might lead to an economic imbalaﬁce across the nation for u given
industry.. Federal. sanctions thro#ghqut the nation on . .industrial umis-
sions:would'bé anlobyious solutiqn,léith individual“states'guttiﬁg
sfandards for sources that are entirely'within théir boﬁndafies.‘
A brief insert is includedlon the following ﬁwd pages- to

survey the history of federal legislation on air pollution, legisiut iumn

bestniques Tor controlling. air pollution, and suggested economic mesns

* 1

N

t& conbrol ipﬁustrigl air poiiﬁtionf
- Dgngefbus levels of air poilgtants can be reached Qt certain
tlmeé whféh,may reqﬁire officials to shu£ down their cifiés. The puﬂlic
must face the rea%ization-tﬁat we haﬁelté ii%e with déngErous-epiéodes
ﬁhat'can hos italize or kill hiuman beings. However, considerablé re-
luctance to the utilizaﬁion of eﬁergency powers has Leen shoﬁp by public

officials in recent air pollution emergencies. in the major cities.

~ An effort must be made to alert the voting pﬁblic to the dangers of an

air polliution episcde.

An interesting aspect of the environmental pollution avareness

in our society has been the desire of arcused citizéns to .take offenders

into court. . Legal aqﬁion has been an effective method for the preven-

ticn of the construction of power plants and industiry where environmental

damage is feured. In many . Q&bes, however the proclem may not be dolved

R\!: by slmply chasing the corporatlon away since the publlc may demand

PR |
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. " Federal Legislation
I:-‘l- S

Pollution Control Act of 1955

Provzded a small program of research and technlcal

assistance to local control districts.

Established the basic policy which assigned primary .
responsibility for air pollution control to the lo-
cal and state level. :

I
ki

Provided flnancial a551stance for developmeut of state
and local air pollutlon control programs.

Called for national standards for motor vehicle
emissions (1905 Ammendmentu).

Called for maintenance grants to finance state and
local alr pollutién control programs.

Qqallty Act of 1967

Called for states to. set air pollution standards on a
regional basis with local enforcement of standards.’
Strengthened powers of lucal state and federal
control agencies.

Required that HEW publlsh air qualzty criteria for
pollutants harmful to health and: welfare. Criteria
provided states with information for use in develop-

ing air quality standaras.

‘Designated HEW as agency to set air quality regions.
Governor of the states glven 90 days to signify
intent to set air quality standards.

States given 180 days to hold public hearings and-
adopt standards, and an ‘additional 180 days to adopt -
plans- and schedules for zmplementatlon and enfbrce-
ment.

HEW de31gnated to review and approve standards.

Quality Act of 1970

. Calls for -reduction of 1975‘automdblle exhaust
. emission to levels at least 90% lower than 1970

standards.
Establishment of national alr quallty standards for
six pollutants was announced under the Act on April
30, 1970.

Pollutant ~ SR : Limits
Sulfur dioxide, | 0.03 ppm 3 _
Particulates . 260 micrograms/meter /2l hr.
Carbon monoxide E 9 ppu/8 br. or 35 ppm/hr.
Photochemical oxidants ~ ' 0.08 ppm/hr. -
Hydrocurbons .. .- 0.24 ppm/3 hrs.
Nitrogen. oxidey- ' 0.05 ppn



~146-

Implemgntatién plang for all federal air quality
regions must be completed by July 1, 1972.
Target date for achievement of ambient air standards

'set at July 1, 1975.
.Environmental Protection Ageney authorized to aet in

those "cases where an imminent .threat to health is

.showmn during period preceding completion of state

plans.,
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the services which it supplies.. Alternatives 1o the need-fbr 2
product or-servicé wi;] requiré the‘marshalling_éf scientific and
pecﬂuicalhqxpert witnesses. There is the danger fhat, if a easelshmuId-
be decided in favof of the dgfendaﬁt, other members of the pub}ic wgu{d
_ be bdrred frém sqing on the same grounds.
The gfounds dpon ﬁhich‘a court héy allow a case to be tried
is the doctrine of "standihé.“ Under this doctrine, the plaintifi
il W a harm which:i; e, thihre&-uqually by everyome else in-
ordef to obtaini"standing 1o sue." .Reeently, sfanding‘has becr éllowed
Lo plaintiffs a;légiﬁg that the'sceniﬁhvalues of th;ﬁr propébty-uouid
'-_be chédnged. by fhe‘constructibn-of ihdustriai f@biligies”nedr ﬁhéir'
~homes. An effe;ﬁivg strategy is the addition of an estahliéhedl:
organizatiun to the plaintiff'groﬁp. Once the‘prohlem of sﬁanding is
surmbunted the%e-are other leggl'qﬁeétions that can déﬂy the pléint{ff
COurt.proceediﬁgs, but standing is the first obstacle. that must b&_-
overcome- to Bring a:case before the.courts.
‘ G.‘ Comﬁuniiylﬂgtivities"
.Contrafy tp‘pOPular belier, moéﬁ gir pollution is not nroduced
L7 industfial soufces, but fathgr, non-industrial activities. Far .
ékample, in a survey of alr pollutidn in RBassau County, Hew York, it
was'found that of the 275,000 fons of air contaminanis emittcd-héch vear,
industry contributed bnly-QSE of the total contamination. The othér 5%
was found'té be from domespic and commercial heating, gupo and ﬁrﬁck{
traﬂ;portation, and refuse bufning (Aig Pollutipn iﬂ Nassau Cqﬁntx;n
published by.New York State Air Pollutioﬁjdontfol Board,_lQGG). lngiuded
aﬁong the’COmmunity‘prqblems that this report acknowledged'yefe; use of
residual héating'fuels, without ﬁfoPérly installed, ﬁaipfainéd, and

operaled equipment;‘poofly designed ahd_inaquuutélylmulntained inciner-
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ation facilities, ‘as found ip-apartments, schools, and supermarkets;
open burning of trash,'leavés, refuge, snd otheyr materials, where-
alternate me#hods such. as compositing, would be'suitable; improperly
‘ méintainéd or operated cars, buses, and trucﬁs;.anﬁiQuated heating
systems ;. and dust and é;rticulate emisgidns from building const;uction '
activiﬁ&.. | |
| Thelhﬁmber of,éstaﬁligﬁed acute air pqllution-episodes indicaﬁes ‘
that phe air quality of a cbmmunity caﬁ, undex the appropriate
meﬁeoroiogical'conditions, déteriorate to a point where dﬁmgge to
-éhe health‘of éiiiz;ns-results, Theée conditions éhd the effects of
air pollu#i&n_are usually only abpreciatéﬁ after ﬁhe episode; ppéé
-épisode protective measures are rarely taken. -The-episodgs‘ofhthel
. Meuse Val;eyliﬁ 1930, Donoralin‘lghﬂ, Poza ﬁica'iﬁ 1950, Lpndon,lin
1952, 1959, and 1962, New York, 1953, 196?, ;nd 1966, New Orlecans
in 1955,'and Minnéapolis in 1956, ha&e cie&rly shown that sdme controls
must be instiﬁuﬁgd to protect human lives, and if not to qliminéte,
at least to ﬁinimize the effgeté oflthg'épisode.b-sincé i952, valid
measureménﬁs‘have been made during epiéodeé. ‘Also, a federal high
air polluticn potential forecast sygtem (curreﬁtiy termed HAPP) Ihas-l
been instituted with information being disseminated by.éhe u.8. Weﬁther
Bureau. “ |
_ ﬁegides‘relatéd degths and increased reépiratory irrifation during
.the épisﬁde, the bonora residents affécted bthhe 1948 incideﬁt have
shéwq iess favoraﬁle medical histories than persons that_were not -
ﬁffectedﬂ Theré'afe-;t least two possible reasons for this. The
é#ppshre had long—ﬁerm effects, 6r these peﬁple would have had_a less

favorable history anyway: Evidence is not conclusive on this point.
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Man& metropolitan areas are fuced with incréasiné amounts of
refuse and fewer and fewer landfill sites at greater and greater
,distanées from éoilection'pointsa As a result, greafer réliance has
been placed on ceﬁtrél incineration. éince cmmplete-combustién rérely' !
Occdrs, soot, smoﬁe; hvdrocarbons, aldehydes, sulfur oxides,,ﬁydrogen
éhloride,'gnd nitrogen oxides are added to the-airi Theoretically, it is
ﬁossible to capturc all solid materials produced in dust coliectors'aﬁd'
to have complete coﬁbustion; however; even under ideal conditions,
pombuspion producésllocai imbalances of ﬂaseoushpol]utants.

One.example.of desirable municipal inciﬁeration is operated by

the community of Oceanside, Hew York. .This-incinerator burns garbhge

.to prqduce steam asnd electricity aﬁd to produée freshlwater from the
nearby §aitwater.‘ The refuse of a half million pe;ple is ipcinérgted
'to produce 3;000 kilowatt hours of eiectficiﬁy, stéaﬁ, heat?_and AE0,000
gailons of fresh water per‘day. The plant is equiﬁped with a cyclone-

type control to remove soot, msh, and chemiéﬁls.from stack exhausts. In

-

addition, the'salt;freé-water it produces is used in scrubbersrwhjch
clean the smoke from the plant. ’ |

One activ@ty orbthé'constfucfion industry that has-contributed‘to air
pollution is the deholi%ion of thpusand§ of buildings t6 make way rorurbaa
,rénewal and-highﬁays.l Much of the refuse prodppgd from this is bufnéd on -
the site with fgsultant'aﬁditioﬁ'of éohtaminanﬁs to thé air. 1In Deéémber,
.1965, Néw York Cit& prohibitéd-open Eurning of‘thfs wasie lumber.

Before the ordinarce went_ihto effect on Janbary 1; 1966, four city
burning sites had accepted an average of 485 truckloads of demolition o

_wastes Pér week. Under thé'regulatiqn, ﬁrecking céntragtors‘weré required -
" to cut the waste lumber into three-faot- sections and pack it solidly to

eliminate holcé where fircs couid start gnd.raté could live in the

‘ _‘ o : | ’ | - . ’ . .'--.."r‘

' TR
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sanitery'landfill sites,. ‘In‘the first week follouinglthe ban, only 331
truckloads of debris were hauled to 1endfill sites, Buildjng sites'
throughout the eity beecanme small mountains of splintei*ing iumber. A
spokesman for the Bnilding Trades Employees Associanion expressed the
bitterness of the wreckers who were hurt by the city's actions: "It
seems they singled out this industry.l.Everyone can see that the air

pollution lumber creates is infinitesimal compared to other sources.”

(Henry Sill, The Dirty-Animal, P :k3). His comment is typical of every
company and every indiridual nho is against pollution of all Einds, but
resists any'eontrols on his particuler activities., - ‘ . . |

The disposal of solid naste which amounts %o about 5 > pounns per

capita per ddy in the Un1ted States and may, in fact, be as high as 10

R pounds per caplta per day, represents e problem because of the method of

- disposal. 1In 196&, 367 million tons of solid waste were-disposed_of in

the United States. Approxim&tel&'SO%‘was disposed of by muniecipal

.

incineration, on-site incineration, open dump burning, and wigwam burners.

- Tne on-site incineration and open dump burning accounted for more than f

70% of ali disbosal by burning.. It is very'difficult to control such &
large number of point sources.

Urban Plannlng, ir possible, should consider the 1ocation of

; industriel and municipal sources of air pollution as well as economic

factors., Zonlng can lead to dllutlon_of emissions and. reduetion ‘of the o

potentlal for 8 pollutlon incldent Theldownw1nd side of the urban are%'

is the logical zone-for air pollution sources. Attention should be paid
at the same time to placement of the blant in locations of minimal down-

wind population. In the case of service industries, central locations

" dictate more stringent control. Air pollution is less & problem of

urban congestion than of .urban sprawl, which itselfl, intensifies the

[:R\f: problea by requlring an inorease in transportatlon hy eslmrnﬂt = of

wll Toxt Provided by ERIC
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‘poteptial downwind locétioﬁs, and by créaﬁing the need for new ﬁollution
control zones Mhi0£ could reqﬁife movement ol established industries.
Alsd,lurban spravl increases the number and decreases the size of
combustion sources us wWell as ipcregsing £he numﬁer of municipal
governinents that must be coordinated. Increasingl&, walkiné? bicycling,
and publié transit have beconme léss effective m;ans o} tran;portéiion
within an urban spravl. | - |

The use of proper insulatién materials; if large expanses of
glass are to be used in northefﬁ latiﬁﬁdqs,laﬁd the usé of roof over-
hang in soutﬁern latitﬁdes, canlgrea£lyf;educe-the space héatiﬁg‘and ‘
cooiing requirements of a coﬁmﬁnity. Gas burping ié usuaily foun@ to
produce tﬁefminimumvof air p011utibn. The limited amount bf fﬁiS'
resourcé and-the expensé of piping or tragsportation limit its usp{
Electricgl heating of & home or buiiding pfoduces no direét air pollu-
-tion, ﬁut does reqﬁirb inérééséd outbut from\powe: plents and the
'resultiqg_air‘pollution'ffom consumption of fossil fuelsf

ﬁans onh qpeﬁ burniqg bf dwaps are imposed éventhdugh-me£ﬁﬁég
exiét-for providing relatively clean exhaust gas. .?fimarily, this'ban
Qas‘ingtituted_because the problem of Ily ash emission from-open:
burping'hﬁs not'beep overcoﬁe. 'DomesPic béckyard incinera@ors have

. given-way to ﬁrash removal_ﬁnd lapdfil; sifest The problem of the
rﬁaxpayihg persdn vho lovesjtu burn ieaves becéuaé the smokeléﬁélls_

_ nice still remgiqs,'evenfﬁough'opeﬁ bufning'has begn‘banned in
' mﬁny state§. Some poliution regulﬁs frum'the Qpen fi;éplécé o

burning of qoal'énd,wood. In England, this type of Burning is a

major'céntributquto urban air poliution;

H. Recreational Activities

: ;~"f"Industfiﬁl man has an average life expectancy of 70 years. _Hé
[ERJ!: ‘ & ‘ B ) > exp ‘ .y. N b . K
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haslgaiﬁed an extra 20 years of life since 1900,'with'a commensurate
_ poppntial increase in lejsure time.' In faét, his tgpgl leisufe timé
is approximatei? equivalent to the average life expectancy of primitive
- man {see Fiéqre 18).

_This increased "free time". has 1ed.to the very rapid incréase in
recreational areas: pa;ks, goif courses, beaches, ski résorts, elc.
The location of these sites is limited by available land, clean water,

and adequate snowfall. Usually, these facilities are far removed from

-
b

thé;habitats of_the‘potentf&l users;‘ The. problem of transportation to -
thé-fécilities,‘and the pollution éeneratedlby‘this transportétibh,add
to - the problems which have already been explored. ‘Rﬁpid.mass transit,l
in place of individuel autos,could be onehSOlution. Hultiple facilities
have been constructed to éxtend'the'recreafional_uselfo almost a full-
'year; A possible solution, where climatologically possible, would.ﬁe
continued construection of résort areas near cities ih order to usé

-

operating public @nd private conveyance. - The éonétructiqﬂﬁ?f hilisé'

: . . P
'Iusing solid waste, and the creation of artificiai swimming afgas ﬁave
already been tried. If-these synthetié areas take on an artificiar‘
Christmas tree look, will our aesthetic senses accept this ersatz
. faeility? ' - ‘ . ) e T~
| Thelnﬂmbér'of people engagiﬁg‘in leisure and recreational acti;ities
hgé.demanded tﬁat industry produce more products-fo; these areaé.‘ IndUSer,
:thg;éforg, considers new, chéaper; ﬁnd_more efficient methqu-of producing
and improving its prb&ucts; -¢here has been aﬁ‘incrééséd use of synthetiecs,
‘some of wﬂiéh derive from materials £hat used to be thrown out bgcauée
thére yég nb“use-for them. We are now entéring areas where qo'one knows
tﬁechnséquénces of soméhof the~§rocesses beingluséd.iﬁ terms-af ppteﬁtiql ]
sources Ofiair:poliutipﬁ. | ‘

IvThé American sociéty lives with a paradox: the desire %o go beck ve

PR
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and get out jin nature while dreéging-with it ell the industrielr
paraphernalia. Roads must be cut through national parks in order

to provide access for. camping trailers, mobile homes,.and the large
Inumbers of people that have taken up camping. There is apparently
somethlng beneficial to just being outdoors under an open sky and so

we construct stadiums where people can sit and‘wetch. We promote
electric. golf carts and snowtmobiles, neglectiug the beueficial_aspects(—
of exercise.l In Yellowstone National Pafk, incteaeed-perticulete

counts have been uotedlsince the introduetion of snow mobiles to the .
area. -How long will an ares remain clean dnd natural before;our pufgudt'
of fecreational_and leisure actiuities leads to ;ts pollution? How

. many arees have requested the dnstitution of waikiug, bicyeling,-and_

riding trails?

Summdr&.

Man's contribution to pollutiou oflthe atmosphere .is & product of
several factors, all of whicu#;uet be considered if the situation is to
be alleviated. - Primary;among.these factors is gross populetion. But
popuiation_es a contributing factor must be‘cousidered:in tetms of the
psychological, social, and economic feotors,_uhich caugse it to cluster
in couplexlurban societies. Intricate technological societies-place-
inereesed demand on out resourceS'and produce incteasiug quantdties of
wastes. - The waste products from energy release are partlcular problems
-in the ares of air pollution. In part the solution may be found at
least on & short-term basie, in the utlllzation of cleaner energy sourees.
) Ultdmately,:theosolution'seems'tolie in a'reordering'oflsoeiel stfucture--_
a proeess whieh has occurred historicaily as a gradual response to

~increased environmental pressures.
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IV Student Oriented Activities

We have divided the activities into five sections. Section A
deals primarily with tne construction of fimple instrumentation to be
used in the projects suggested in section B or in investigations
evolved by the user. It gshould be noted by the teacher that the ex-
erciges in B, C, D, £ are neither exhaustive in their scope nor sac-
rosanct in their methodology. They are designed to be suggestive of
activities thet may be undertaken by individuals and/or clesses and
may be refined, udepted or restructured to fit the needs of & particular
class, locale o student. It is the hope of authors thet cnce started
the student might originate his own ares of investigation and experi-

mental design.

The 8Cciunl science activities and humanities activities are
rather wiique for & manuel of this type. All have been used in variocus
clagses, grades seven through twelve--again never exactly in the same
fashion on twe different cccasions. We have included scme cther activ-
ities in section E. Some of these activities guch 85 the air sampling
project are new but have been used widely. Except in instances where
& particular exercise was needed to complete the development of an
investigation, we have avoided the inclusion of exercises already in
print. Credit is given in the text in cases of adaptation of published
or unpublished exercises. A list of other manuals of this type which
you chould cbtain follows: )

. Hunter, Donald C. and Wohlens, H. C., Air Pollution Experiments
for Junior snd Senior High School Science Classes, 1968. Ailr
Pollution Control Association, LU0 Fifth Avenue, Pittsburgh,
Penna. 15213

Soporowski, J.J. (Editor) Air Pollution Experiments, 1967. College
of Agriculture ani Environmental Science, Rutgers University,
New Brunswick, N.J. 08903

Lyons, Yolande (Editor) Experiments for the Science Classroorz
Based on Air Pollution Problems, 1962. Department of Public
Heelth, State of California, 215 Berkeley Way, Berkeley, Cal.

Weaver, Elbert C. {Editor) Scientific Experiments in Environmental
Pollution, 1968. Holt, Rinehart and Winston

Ay Pollution Study Program Manual, 1970. Eduquip Ine.
1220 Adams St., Boston, Mass., (2124
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A, Measurements, Data Collection and Instrument Construction

l. Wind direction indicator

2. Anemometer '

3. Hair Bygrometer

4, Rain Gauge

5. Phototrell - pilliameter radiation detector
6. Air Pump Calibartion

7. Electroscope - environmentsl chamber

8. Louvered shelter

9. ©Smog Box

10. Cold Chamber

11. ‘udiometer

12. Condensation nucleil counter

13. Acoustical Particie counter

14, Diasgrams of home-made veather inatruments
15. Diagrams of photoelectric ceil and sound level meter




IT.

ITI.

Iv.

_156_

A~) Wipd Direction indicator

Introductivn

The wind direction (the direction from which the wind blows)} can
be sensed by smoke drifts, flags, and & wind vane. The wind
vane is designed tn point in the direction from which the wind is
blowing; i.e. if the vane points N.E., it is & N.E. wind.

Objectives

1. To determine the local pbllution moverent Dutterns through
the atmosphere {e.g. pollen, geses, particles)

2. 7To correlate wind direction +ith pollutant trends from foil
studies ’

Materials

glue, nails, glass beads, 1/2 inch dowel rod - 18 inches long,
support stick - 5 feet long, two Pieces of tin-can metal 4 inches
x T 1/2 inches, arrow tip from tin-can metal 2 1/2 inches x

%k 1/2 inches and & piece of tin-can metal 1/2 inch x L inches .
long and & compass (gsee A-lk: A-1 disgram)

Procedure

Slot ends of dowel rod. Nail arrovw tip to one end and both

7 1/2 inch x b inch pieces to the other end. Spread feather
end so that the two sheets are three inches apart and secure by
bending the 1/2 inch x 4 inch piece of metal end glue. Balence
vene on knife edge and drill hole through the dowel rod at tbe
balance point. Insert loosely fitting nmail through dowel, then
glass bead and hammer intoc stand rod. Mount the compass on the
base of the stand sand by sighting read the wind direction.
Galvenized sheet meta) will not work. If tin~can metal is not
availsble, alumirum flashing will work very well.
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A-2 Anemometer

I.  Introduction
The wind speed at a given location can be estimated from the
" Besufort scale (Appendix F-l) or en anemnmeter can be made and
calibrated.

II. Objectives

1. io_determine the wind pattefns in & particular'geognaphic
' area - ' ' - '

2. To deterﬁine the ﬁistance‘pnrticqlates.hawe traveled.

III. Meterials

three sluminum funnels 2 1/2 inches wide, three 3/16 inch dowel
reds - T inches long, one plagtic pen cap, metal lid from ink

" bottle or olive jar, nail, metal washer - 3/8 inch diameter,

- glue, flat black paint and three pieces of tin-can metal 2 1/2
inches x 5 inches for a high speed anemnmeter (see Arlh A=2
for diegrem} :

IV, . Procedure
The fuvanel spouts are cut off ang the ends are cut-bent over and
sealed with solder. -Drill 3/16 inch holes in the funnel rim and
push dowel rod through and glue. - Trisect the metal lid and drill -
three 3/16 inch holes in the rim. Insert dowel rod until a
total length of T inches exists from center of cap to edge of
funnel. Drill hole in center of cap to just fit the pen cap.
Push pen cap through 1j4 and between dowel rods. The washer is
glued to the dowel rods and pen cap. - The hole of the washer
should be in line with the pen cap. - A three inch nail sherpened
at both ends is used to support the apparatus. One end pounded
into the support and then file the other end into a sharp point.
For a high speed anemometer use the tin-can metal instead of the

funnels.

calibrate by attaching it to a hrnomstick and drive-1n an auto-
mobile at various speeds and count the revolutiors per minute at
-each speedometer reading and graph RPM vs MPd ror emsy reference
and conversion. i




—
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A3 ﬁéi:_ﬂxzzgmgis;

Introduc}ion

Water vapor in the atmosphere is en importent variable that is
necessary for the production of precipitation. The ratio of
the amount of water vepor ectuelly present in the etmosphere
to the amount of water vapor that the saturasturated atmosphere
could hold is knrwn ag the relative humidity. A useful.instru-
ment for measuring relative humidity is e hair hygrometer.

Ubjectives

i. To determine the relative humidjty of the atmoaphere.'

Materials

_ empty l/2'géllon'milk barton, glue, blond hair, broom straw,

sewing needle, ruled paper for scale and wesher (aee A—lh
A-3 for diagram)

Procedure . | B .

Cut one side out of the carton end glue end of blond hair to

the bottom of carton (see A-14). Cut flaps in next side of |
the carton and insert sewing needle through the bent out flaps.
Wrap the heir twice around the needle apd glue the hair to

. the washer. Push the sharpened end of the broom strav through

the eye of the needle. Psste the ruled paper on the carton
behind the broom straw. Calibrate tie ruled paper by compar-
ison to a s8ling psychrometer or other available hygrometer.
Instead of waiting for wide varietions of relative humidity
to occur in the classroom, it would be better to take the

hygrometer to various locations that would exhibit different

bhumidities during = laboratory pericd.
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A<k Rain Gauge

IntrodUctian

Any cylindrical can may be used to catch precipitation; however,
to determine the rainfall to the nearest 1/100 of aen inch, it is
necessary to magnify the depth of tane rain catch.. This ia done
by-use of some devise such as the plastic rain table or metal
can rain ganvge. ,

ObJéctives

"I, To determine the effectiveness of rain or snow acavenging S

in: renoving atmospheric pollutants

2. To study precipitatlon patterns

N

Materials

two large Juice cans,'l inch thick styrofoam - cut in a circle
to fit inside the can, 5 inch diameter plastlc funnel, glue,
and shielding material

Procedure
Cut both ends out of one can and one end from the seebnd.

Soldef or epoxy the two capns together. :Insert fumnel into
styrofoem and place styrofoam into opening. Glue shield mate-

.rial to rim of funnel and to sufficient height to extend

beyond the can opening. Mount the finished gauge on a platform

', with vooden stick extending - above the plattorm halfway up the

rain gauge. Tie rain gauge to the stick. The apparatus should
be placed as far awey from any oblects as the objects ere high.
In order to measure the precipitation, the water collected is

. poured into any other can of much smaller dismeter called the _

measuring tube. Precipitation is calculated accoriing to the
following relationship.
‘ -PeH(4/D)2 . where Pmdepth of precipitation
. : ' . d=inner diemeter of measuring tube
‘ _ D=inner diameter of funnel top - _
' “ Haheight messured in the measuring tube

" Snow fall is colliected in any open can but of 1arger diameter.

Two cans from commercial foods cen be used or remove the funnel from
the rain gauge. Melt the snov by adding a known depth of warm
water ~and aubtract from the resulting measured value.-
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Instead of making the suggested rain gauge, the plastic rain
table in the following disgram could be constructed. This
would serve for both the collection of rain end snov. If both
are constructed, it would then be possible to compare the two

instruments as rain gauges.
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PLASTIC RAIN TABLE

Amplification ratio

W Plastic area _ Ht. of water
Collector area Amt rain fall
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A-% Photocell - Milliametér Radiation Detector -

L

Introduction

In many cases, radiation from a source can be used as an indirect

_indicator of the amownt of pollution in the atmosphere.

Objectives

1. To measure radiation coming from sky on groes basis

2., To measure rsdiation reflect or scattered from various
pollution meterials

- . 3. To study ecloud cover:

I1].

IVo ’

"Materie.ls '

watch glass, block of wood, bell wire, binding post and photo—

electric cell

\

Procedure

The photo electrie ce11* may be enclosed in an inverted watch
glass on & block of wood with the two wires led out to binding
posts (see A—lS for diagram)

The photo electric eell mey be connected to a continuous recorder
such as a Rustrak Recorder and placed outside a window or on a
roof and a oontinuous record of changes in radiation levels may
be kept for & period of time. These results may then be corre- -
lated with other observations and data collected to identify
trenda in ecloud cover and pollution levelo. .

To calibrate the instrument‘you need a light source which pro- -
duces a parallel beem of light, a slit- aperture which emits only
a narrow bundle of rays and a wooden box to hold samples verti-

‘¢ally. Place a piece .of shiny white paper in the holder and let
. the reflected light impinge upon the photo cell., Use any appro-

priate electrical measuring dévice of adequate sensitivity such
as a d¢. milliameter. Use a sample of black crepe paper or B
velvet Yo give a zero reading.  The calibration should be carried
out in the dark if a zero value is to be essumed. .A graph of -

‘voltage versus intensity can then be made to calibrate the photo
‘eell. Assign maximum value of 100 and use a linear scale.

*A photo 1ight meter.calibrated in foot candles may be gubstituted

~ for the photo cell. However, the student then does. fiot have the
" opportunity to build and calibrate an inatrument that he may use

to measure with. o
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. A=6 Air Pump Calibration”

I, Introduction

You will need to calibrate a vacuum pump before using the pump
to draw air through & sampling device. This calibration will
allow you to describe your data per unit volume. A flow rate
meter can be used for this purpose or the following procedure.

II. Objectives
1. To gather air samples for qualitative and qqantiﬁative-study

_ 2. To teach calibration of an instrument

IIL.  Materials

two gallon Jugs, vacuum pump. stop watch.arubber tubing, glass
tubing ‘and water.

IV. Procedure

Use two gallon jugs connecting the vacuum puwp to one of the
containers. A siphon tube 1s connected from this container to
‘the second container. The first container 15 sealed and the
second one is left open. The siphon is completely filled with -
‘water ‘and both ends of the siphon are placed beneath water but
in different containers.  Measure the c¢hange in volume of liquid
in both containers per unit of time by some suiteble means and
average for several trials. Celculate the flow rate in liters
per minute and cubic fEet/second.

Notes on - -Experiment

l. Gallan Jars are 1deal . tor the large bottles needed in the
calibration. : .

2, ' If a vacuum-pump is to be calibrated, extreme caution must
be exercised not to createra vacuum which will cause the closed

' bottle to implode. The vacuum pump should be run for only a few
seconds to prevent 1mp1031on.

*source - Weaver, E.C. ed. ‘Sclentific Expgriménts in ERViraﬁf _
mental Pollution, New Iork.‘Holt. Rinehart & Winstén, Inc., 1968.
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A-T Electroscope - Envircmmental Chember -

Introduction

In'meny cases before field work is begun it is neceesery to
experiment under controlled oonditions. An emvironmental chember
is a satisfactory method for containing atmoepheric pollutants

_ with minimael danger. A method of detecting the amount of pol-

lution in the chamber at various times is also advantageous when
pollutants and thelr concentrations 1is desired.’ .

ObJectives
1. To determine the mobility of ionn in polluted air

2; %o determine the effects of a polluted environment on plants

. and materials.

Materials

electroecope, environmental chamber (cardboard box), light source
(filmstrip projector), screen (white. paper or cerdboard),_sourcee ’
of pollutants to be added to the &ir (dry ice, smoke, 505, etc.)

n

Refer to the accompanying diagram. The hox used for the environ-
mentel chamber has two windows cut in it, ome in the front and
another in direct line with the first, in the back. These are
covered with transparent plastic. or clear wrap to keep the chamber
sealed.. The electroscops is so positioned that the light source

 placed outside the chamber will cause & ghadow of the leaves to

Tall on the screen. A scale is drawvn on the screen to take read-’
ings. (The method of placiag a charge on the electroscope ehould
be determined by the student.) The scale is determined by placins
& meaximum charge on the electroscope and getting the maximm - .
deflection of the leaves. The lowest charge and therefore least
leaf deflection is also marked on the scale. The calibrated scale

. can then be used as a etandard for Tuture tr‘als.

The teacher should encourage the student to be as creative as - .
possible in designing modifications of this apparatus to get finer .

. more accurate measurements-or'to branch out to other investigations.
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A-8 Louvered Shelter

Introduction

Certain materisl damages caused by air pollutsnts can he mimicked
by other caussl factors. The effects of sunlight, high temper-
atures and hot particles from exhaust stack can be eliminatead

by placing test materials in a louvered shelter.

ObJectives

1. To house materisls to be tested for long term pollution
effects

Materials

two (2 1/2 feet x 3 1/2 feet x 1/2 inch) pieces of marine plywvood,
4 - 2 inch hinges with screws, 1 1/2 ipnch wood screws, 8 - 18
inch pine louvered shutters and cans of white spray paint

Procedure

Build a rectangular enclosure approximately 5 feet above the
ground. The sides should be louvered to keep out direct sun-
light and other weather effects and one side should open. (The
use of inexpensive louvered pine ghutters will simplify the
construction.) The enclosure should be large enough (2' x 3')
to hold experiments and should be placed in an open eree such
as in & field or on a roof top. The roof of the shelter should
be of a shed type end the entire structure should be painted
white,
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A-9 Smog Box*

Introduction

In many instences, it ie better 10 work with atmospheric pollutante
under controlled conditiona, This minimizee errors which might
produce hazardous side effects. Also it is then poseible to study
certain effects and familiarize oneself with monitoring equipment
before working in the environment.

Objectives
1. To demonstrate the acidity of various gasee in the atmosphere

2. To introduce students to the use of gas sampling tubes in
order to practice determining of gaseous concentration in the
atmosphere®®

Materials

cardboard carton, masking tape, glass tubing, atomizer

Procedure

The box is a cardboard carton vhich ia air tight et all cormers
and edges. Tepe if necessary to insure that the ®ox is air tight.
In the center of one side push the giless tubing, vhich ie cen-
nected 10 & vash bottle, into the box and tape the tube to the
box. The wash bottle should bhe aspiratored by a hand pump. Om
the oppoeite side make & hole large enough t0 accomodate the
nozzle of a spray etomizer. The atomizer conteins dilute sul-
furic acid. Cut a flap in the top and place an evaporating
dieh in the box. In the eveporating dish place copper and cover
with dilute nitric acid. Punch a few holes with & nail in the
sides of the box to admit air. Squeeze the atomizer every 30
seconde and begin aspirstion. Discard emog box after use,

CAUTION: ©Should ve done in a hood or under good ventillating
conditions.

*Source: Weeaver, B.C. ed., Scieatific Experiments in Environ-
mental Pollution

*#cee Exp Bl3-B
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. A-10 Cold Chamber

Introduction’

'_The‘atmosphere has many cle&nsing processes which aid in the

removal of pollutants. However), the pollutants themselves may

" interfere with the triggering dev1ces for the cleansing processes.

Air pollutants rmay then be a cause of inadvertant weather modifi-

" .cation. ’

Objectives

1. To . demonstrate cloud formation
2. To study ice erystal formation

3. To show the eff8cts of Various ‘pollutants on 1ce crystal
formatlon

h, To demonstrate other factors and processes which aifect
ice crystal formatlon :

Materimls

styrofdﬁm ice chest, black paper or . black velwét or black water
base paint, dry ice, beaker, warm water, light source.

Procedure

A

‘Obtaih an inexpensive styrofoam ice chest and lipe it with blaék,
. paper or paint its inside surface with water soluable black T e

paint. Place a chunk of dry ice in the bottom and a container .

of warm water in the chest. Close the top and allow the atmos-'
phere inside to saturate with water vapor.. Open the top and shiie

a narrow intense beam of light down into the chest or make a narrow '
sllt inside of the chest and llning. : :
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A=-11 Audiometer

Introduction

Increasing population, technology and chanzing sociael patterns

.have resulted in r.1 interest in the danger of noise level. More

and more people are beginning to realize that a feeling of well
being can be influenced by noise. Of practical concern is the
problem that hearing loss induced by intense noises may not be
reversible.

0% Jectives

1. To measure sound levels at various locations

2. To determine acceptable jimits for sound levels by comparison
to standarts determined by various studies

Materials

amplifier (see procedure}, microphone, potenticmeter (Sk), diode,
resistor {100), component mouniing bvex (5 1/2 x 3 1/2 x 3 1/2),
capacitor (1 microfarad) and 50 micro amp meter

Procedure

Obtain a smell amplifier such as an RCA CA3033 or Realistic 277-12L0
which sell for under $5.00 each. Connect the smplifier as shown

in disgrum A~15. The meter should be made to deflect full scale

at various sound levels {by adjusting the potentiometer), Standard
levels of sound for calibration in decibels may be reproduced using
en osudiometer available from most school nurses. Lower and upper
limits of sound intensities may be determined and the instrument
calibrated with enough accuracy to make comparisons between soun
levels at differant locations poasible. :

The instrument may be used to get reletive sound levels without
calibration in decibels, if an audiometer is not available. The
direct reading of the scale in microamperes at various locations
of differing sound levels will give an accurate relative sound
level.

As a comparison standard the following list of noise levels may
be used as & rough calibration in decibels:

—_—
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* Noise Levels - « - db
Threshold of hearing -1
Normal Breathing - 16 |
Leaves rustling in the breeze - 20
Whispering , - 30
Quiet office -~ - Lo
House ' R
Quiet restaurant , - 50
Conversation ., - 60 .
Automobile -T0 R
.Food Blender o . =80
~Niagra Falls at base . - 90

Heavy automobile traffic, or.
Jet aircraft passing

overhead _ =100
Jet aircraft teking off, or - .
machine gun et close range -120 .

*Ehrlick, Paul R., Ehrlich, Amne H.: Populetion,
Resources, Environment - Issues in Human Ecology
(W.H. Freeman Company, San Francisco, 1970).

»

An excellent article for reference on sound levels and
other sound effects can be found in Scientific Americen - :
December, 1966.° '

L
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A-12 Qualitative Condensation Nuclei Counter

.Inffpduction

The number of condensation nuclei in the atmosphere at any moment
is a good indication of the pollution of a locality. The higher
the concentration of particles, the greater the pollution of the
atmosphere.  Most of these particles are produced primarily by
automobiles and although the seme particles are found nationally,
the numbers vary depending upon the environmént. The greatest -
concentrations are in cities and the lowest over the oceans or
in the center of a vast forest.

Obje~tives -

1. To construct & portable instrment to be used to detect
condensation nuclei in various. environments

- To estimate the amount of pollution due to small particulates

3. To emphasize ediabatic processes in science . .

'Materials

empty soda can, water, nail -

Procedure

" Punch & small hole in thé side of an empty soda can close to the

bottom rim of it. Place a small-amount of water in the can (one : -
teaspoon full) and swirl to saturate the air.. Covering the '
opening in ta® with your mouth iphale vice or twice. Thia will
introduce particulates into the can. Cover the opening on %op .

with your mouth and put a finger over the nail hole. Exhale into

the can. Maintain the pressure for five seconds. Release pressure
and hold the can so that you can view particles in the beam of

light coming through the nail hole.. By estimating: distance

between the particles, with a little practice, you can determine

the number of condensation’ nuclei per unit volume. For example,

if the particles are 1/10 cm apart, then there are 1,000 particles
per om”.

.
N -
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A-13 Acoustical Particle Counter . .

Introdugﬁibn

Many times a demonstration is nseded to generate enthusiasm -
and motivate students. The acoustica. particle counter is such
an isstrument since it can be used to detect particles on seem-
ingly clean materials, It can-also be used as a quantitative

_ instrument to measure particles larger than 10 microns.

Objectives

B
\

1. To pr071de a count of plrticles above 10 microns in a sample
of air drawn through it ’

2. Teo provide motivaticn

Hgterials

acoustical counter (see following disgrem or obtain from E. Bollay
Asscc., Inc. Boulder, Colo.), inexpensive microphone, digital
counter (or eight decade counter coupled with an amplifier power

supply), vacuum source

Procedureé

Set up the equipment as shown in the follcﬁing diasgram. The-

. L)
acoustical particle counter ghould be calibrated to determine the
air flow in a given time. This may be done using an air flow
meter available from most scientific supply houses. Other means
of calibrstion may be devised by the student and this should be
encouraged.

The counter can be used to*sampl; air from outside ‘a window or in

" various locations around the school building. The data collected

can be analyzed on & statistical capability or graphical basis.

';Comparisdn for various times of day or different locaticns- would
be appropriate as possible activities. Electric fields around the.

tube might be tried to separate varicus types of particles.
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 ACOUSTIC PARTICLE COUNTER

v Air - Electromagnetic
sample - @ - Mmicrophone .

attachment
°2m_m
3cm
. 1. _capillary
"”"’/tube (1.5mm)
'- P
: g;-4

5cm “

- ..._'.....,.__._'_'.-_.J__’ h_;

]

+— 1.5cm —

after G.Langer

h ;rﬁt o ' Journal Of Colloid Science
“air fiiter -
and pump || 20:602-609(1965)

O : l
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i HOME MADE WEATHER INSTRUMENTS

Alummum funneis ‘

Bead bearing

| '(,A-'?)

Needle with
- -hair wrapped

BEARING

DETAIL "~ twice.

__"L

— Broom straw

“Long hair

. Gllu_.e-‘, |

(A'S)

Sealed . .
- saft glass
tubing

L Needle
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PHOTOELECTRIC CELL

Watch glass | .
| " Phatacell

‘Sealed .in
gl_ue '

R !\I-" ]
- . SOUND LEVEL METER
3 . ..\L
‘Low. impedance .. P
| mtcrophone : /5K°h’."s I 'Didde-
- 50ua

Ampiifier (T Meter

o dahms 1 uFD
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Science Projtcts - lxperimentaticn and Data Analysis
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tudent Projegts)

Determine Smoké Shade

. Pollution and Visibility Effects

Calculation of Ventilation

Vertical Motion in the Atmosphere

Effect of Electric Field on Charged Partlcle
Estimation Suspended Particulates

Ozone and its Effect on Rubber

ArtifTicial Weather Modification

High Volume Sampling

.. Suspended Particulates

Dust Fall.
Cléansing Action of 1&tura1 Precesses
“Rain Scavenging - T.Horton ’

'Measurement of Pollution liffects

a. electrical - Dave's electroscope

b. plant damage

¢. material soiling

d. material damege

e. insolation depletion :
Testing for Radicactivity in the Atmospherc
Determining the Siza of Particles
Analysis Using Sedimentation Foil Data
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rB—i ‘Determining Smoke Shade?*

Introduction

Combuation of oréanic fuels, iflcomplete,nﬁould yield
only carbon dioxide and water vapor; however, combustion
is never 1007% complete under ordinary conditions. -

- . Particles of unburned carbon and colorless gasee are

I.'Objectivee

ITI.

' released from the source as atmospheric pollutants. The

unburned carbon produces 2 plume that Varies from gray
to black’ in color.

- A standard procedure for estimating the amount of blackness

of a smoke plume was established by M. Ringelmann., The
Ringelmann standards are a series of grids which when
compared visually with the smoke allows.one to estimate
blackness from 20%Z .to B0X. : . :

1. To test for smoke emitted from stationary sources.

2. To realize the problems associated with the Ringelmann
chart. : C

Materials -

_-microringelmann chart. (These gridslmay be purchased'from

IV.

Vo

_Power, 330 West 42 Street, New York, N.Y. 10036 @ 35¢ each).

Procedure

l. Select a site not closer than 100 feet from the stack nor .
greater than 1/4 mile from the stack.

2, The background behind ‘the stack should be free of dark
objects.

3. Directions for the microringelmann chart are printed on
the back of the chart.

Date.and Results

. 1. Fill in the following table from measurements made 1/2

minute apart. . At least 20-30 measurements should be taken.

Ringelmann ‘ number of : product of
numbex ' obsexrvations : R.N. X N.O. -
0 -
1 ;
3 :
4 }
5 -

~8am of products

Total number of observations =

-

o
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St i e i A

2, Compute the we1ghted average R1ngelmann ‘number of the
smoke -

wt. R. ho. = E:(R no. x no. of observatlons)
number of observations

Questioné N ' —_ C

— ;

1, If a plume doesn't exist or is completely white, is there .

any danger of air pollution?

2. What color plume would the addition of excess amounts of
water vapor to the stack effluent produce? .

3. . Are theré other techniques for producing a colorless plume
and still have particles emitted from a source?

* Source: Air Pollution Experiments for Junior and Senior High -
School Seience Classes. Edited by D. Hunter and
H. Hohlers o
' AP.CJA.
L4400 Fifth Avenue
Pittsburgh, Penn. 15213
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B~2 Pollution and Visibility Effects

Introductioﬁ T el
Aerosols in the atuosphere absorb, refleet and scatter
light which results in a marked reduction of visibility.

.The extent of the scataering of light is influenced strong-

ly by the number and size of particles in the air. When
the particle is of ‘a size equal to half-the wavelengt' .-
of light(about 1/4 micron) the light is efficiently
scattered.

Water condenses on dust particles, salt nuclei and other
types of condensation nuclei. $Since some particles are
hygroscopic, a fog can 'be formed evéen though the air is
not saturated with water vapor Reduced wisibility atc

90%Z R.H. or higher 1is almost always the result of water

droplets;  however, below 70% R.H. pollution must be
considered the principal factor. ° .

i

1. To correlate viéibility variacions and air,pollutioh.

Materials
hygrometer,‘topégraphic map.
Procédqre |

Obtain a good map df thé surrouﬁdingl.area'and a hhmidity'

measuring device (Hair Hygrometer). 'Select a good position
for observation that will allow you to identify landmarks

;1/4, 1/2, 3/4, 1, 2, 5 and 10 miles distant. - Each day or
several times a day, establish your wvisibility and record

R.H., wind directiow, time of day, time of year, and local
weather patterns. Discount all decreases in visivility
when relative humidiiLy is greater than 70%7.

Data and Results,

1. ggnstruct a table for the variables listed in the

procedure. (visibility, R.H., Date-Time, wind direction,
local weather) o

2. Try and establisl patterns between degree of pollution,
source of pollution, time of day, season and curreant
weather pattern. ' ‘ ‘
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B-3 Calculation of Local Ventilation

Introduction

Large cities or industrial complexes depend upon large
volumes of moving air to carry away pollutants downwind
and to dilute the concentration of the pollutants.
Under low wind speeds and inversion layers adequate
ventilation of the locality may not occur and a poten-
tial pollution hazard can be produced quite rapidly.

The ventilation over an area 1s the product of the
maximum wixing depth, whizh 1s the helght to the
inversion determined by a dry adlabat drawn through

this depth, and the average vertical wind speed through
the mixing depth. Ventilation of less than 3,000 m2/sec
is considered hazardous.

Objectives

l. To help the student understand that an inversion by
itself may not produce a hazardous condition.

2. To help the student understand that low horizontal
wind speeds and a low inversion 1lid produce hazardous
conditions.

Materials

radiosonde sounding data or included data, pseudo-
adiabatic chart.

Sample Data

P{mb) T(°C) Wind Speed(Knots)
1000 19 2
990 18 3
970 : 16 5
940 28 10
850 ) 21 25
710 10 20

Note: A pseudo-adiabatic chart may be purchased from
the U.5. Dept. of Commerce WB Form 770-11.

Procedure

l. Obtain a radiosonde sounding with wind speeds from
your local yeather bureau or use the above data.

2. Plot the sounding data on the pseudo-adiabatic chart.

3. Follow the dry adiabatic line from the 1000 mb, 19°C
point uhtil the dry adiabatic line crosses the sounding.
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Y. ' Data and Results

1. From ithe height scale at the right side of th chart, uvtermlne
the m&x1mum mixlng aepth

2. Compute the average wind spees. through the maximum mixlnr depth

3. Caléulate the ventilation

V = M.M.D. x Average Speed .

vI. Questions

1. Does the continental weather pattern indicate what type of inversion
is affecting your locality? What additional information would you
need to definitely establish the mechanism producing the inversion?

2 How would you weigh the importance of inversion height versus wind
. speed? . Does this depend upon surrounding terrain, source of pollution
and size of city? )
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B-4 Vertical Motion in the Atmosphere

Introduction

Surface materials absorb insolation at various rates dependin# ugon
their albedo. When & parcel of air becomes buoyant with respect to
surrounding ambient eair it is forced aloft by pressure differences

and vertical up drafts are created. The parcel, if it is large enough
and rises rapidly enough, ca'. be considered to be undergoing adiabutic
motion. The parcel will continue to rise until its identity is lost
or until an equilibrium is reached with the ambient atmosphere.

This type of mdtion is important since it is a mein mechanism for
transnorting poéllutants aloft where the pullutants can be rapidly
dispersed ard diluted.

Objectives
L. To make determinations of vertical motion in the atmosphere
2. To determine rate of ascent over various types of land forms

3. To demonstrate that vertical ascent gnd descent can occur side
by side in the atmosphere

4. To demonstrate that vertical ascent 1S more vigorous than
descending air unless the descent is produced by obstacles(e.g.
mountains, buildings).

Materials

supply of natural £as, toy inlloons, coda straws, two tripods,
protractors, cardboard, plum bob, uscrews, 4% x 8 x 1" plywood
(Gee attached diagram).

Procedure

Use a hand aspirator attached to a natural gas Jjet to fill toy balloons.
Tie and welgh so that they have slow ascent rates. Build two simple
transits (sce diagram).

Lay off a 200 foot bLase line, plaee the transitis at each end and orient
the transits with respect to each other. A team of 3 observers and a
recorder jis assigned egeh transit. A palloon of very small positive
buoyancy is released at transit height from the center of the base line
and both azimuth and elevation angles are re¢ad and recorded every 15-30
scconds.

The baze line can be ccordinated with local wind conditions such that
1ift rake can be measured over various types of land forms, asphalt

parking lot, grass play area, wooded area, friskly plowed earth, und
water surfares.
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SODA STRAW TRANSIT
(THEODOLITE)

') Soda straw
! /~ sighting tube

Protractor ,,,me S ‘G- |

scales

| : ' Altitude
b -

. —
“z
. _“r'
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.:Horizontal“wind'apeed , ' e

'Plot the pointe representing the posﬁtions of the.

K theodoliteb (cd4ll them T; and Tp) .according to a scale
'-laid out on a p1ece of graph paper. . ) : e

-2.+-Plot the sight lines at the end of each time

increment .from the theodolltes (T3 and T2) to the

balloon's position.; ’

a. The reécorded azimuth . angles from each theodolite

“ at the end of each time increment are plotted on
‘the graph with the “vertex of each plotted azimuth.

v angle being the position of tiie™ theodolite from-
-which 1t was. ‘read’ (T1 ot Tz) One side.of the. angle
is the base line and ‘the other side is the sight

line from that theodolite ) f-

b. The point of intereection of the two .gight lines
is the ' point in the plane:of the theodolites at
,whlch the -balloon is located .

.3.‘Measure the horizontal displecement during the time

1ncrement

S a. Measure the distance between the positions of the-
-balloon at the beginning- and end of- the time 1ncre-_
.ment using the same ,Scale as the graph paper

d.fDetermine the average wind direction dnring each
"time dincrement and determine the average wind velociry
'dnring the time increment

"

.-Vertlcal wind speed

1. Plot the points representing the positions ‘of the T

. theodolites (T1 and T2} according to a scale on a piece
of. graph paper. ’ - -

2, Plot the eight'lines nt'the end of each .time increment.

from the theodolites (both Ty. and T2) to the position of
the .balloon. S .

“a. The recorded elevation angles. from each . theodolite
- at - the end of each tiwe increment are plotted .on the.
graph with- the vertex of each elevation angle being
the position of the theodolite from which it was read
(Tl or Tz), one side being the base line and the .

other being the'qight 1ine from the theodolite

]

b.  The point of intersection of the sight. 1ines is
the position of-the balloon at the’ end of ‘that time
_increment (B2, B2,: ete.).

3. Determine the perpendiculal d*stance between the
ponitlon of-the balloon at the end and at the beglnning
of the time increment .
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ﬁ.lFrom #3 determine the rate. of . ascension\of the o =
balloon in feet per minute for each minute of flight. '

:VI.‘Questions:, .

-

.. :'q. -'%

1, Talk to glider pilots, 1f possible; to ascertain if
,strong vertical motion ds. ever noted by them. :

Z, How would you evaluate your- local atmoSpheric
conditions ‘during the experiment and obServed rates’ of
ascent’ R SR -
LA - - \\'
3. Would you expect rapld rafes of increase ‘when your
location As under the influence of a high pressure system’

4. Thermal lows give rise to large scale vertical motion,
.. can you list. some phenomena expected from this type of '
i motion° e .

5. What would you hypothesize would happen 'to the water

vapor from a hyper blic cooling tower associated with - a ’
¢ nuclear power Senerating plant under cold Eront conditions’

Sourcet After, R. Ward & H._Broland.

T
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B-5  Effects of .an LFlectric Field on Charged Particles*

s . . . b

I. Introduction . _
An effective way to remove particulates'frqmla stack 1s .
by means of an electrostatic precipitator. Suspended-
solids may .carry an electric charge: or be charged by -
contact’ with ions produced by an-electrode,- When .’
charged particles are passed between plates carrying
opposite charges they are attracted to the plate which
has the, opposite charge. .: After impaction the particle a

-fremalns on the plate.,

) II‘I‘.-ObjectiveS . 'b::. i -I.-]
- To study one’ method by which particles may be removed:f
rfrom the atmosphere. , : '
III.':'Mate-rials L
2“'diameter metal tube or 2" diameter glass tube, aluminum
foil, non-conducting stands, clamp, metal rod, induction
'coil or Whimshurst generator, bell wire, alligator clips
'Tfﬁ.'Procedure -
Clamp the metal tube or glass tube-wrapped with aluminum
foil {(cut a window for viewing) about 12 inches off a '
table. Make sure. that ‘the stand supporting the tube is
non-conducting. Center a metal rcd in the chimney and
- support the rod from the insulated stand.: An induction
".coil or Whimshurst generator can be used. to establish a
potential difference between ‘the. chimney and the center
’ rOd. A ' . R

“Smoke may ‘be introduced into.the chimney by burning
camphor in -an evaporating dish, burning shoe polish,
burning a wick that has been soaked in turpentine or
by producing a chemical swoke by allowing ammonia water .
and hydrochloric acid vapors to react. Tobacco -smoke
produces some startling effects, also. S '

%Séurce{"Huntgr & Wohlers Manual

.y,
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'3f§1.EstiﬁatingiSuapendedfParticulates f"

TR

IIntroduction‘ o f%'x, A

.\%';' -

_Aitken nuclei .are believedtte»ﬁave a weather modifica-
;tion ‘effect since .they may serve.as condensation nuclei.

Large numbers of particles may enhance’ precipitation or,
conversely prevent precipitation if large numbers of

“nuclel ‘are present. Infany caae, Aitken nuclei. are’

"fndicative of the emoun of pollution in’ a given area.

IT

III.

IV,

Objectlves

l. To measure the variation in condensation nuclei as.’ a; a
pollution 1ndicator. . o : ;

x

HaterialS-‘ R s

Qualitative condensation nuclei counter, acoustical

.particle counter.

Procedure-

sting the qualitative condenaation nuclei counter

|

-students may establish numbers of nuclel aimultaneously
'in different locationa"HWind direction, sources of -

',pollution and counts can be plotted on a- topographic

.map. Analysis over a period of days can be made to’

establish patterns. An interesting project would be to

e

‘monitor different parts of the school building to ' 3

establish hypotheses for variations observed. The .

-acoustical particle counter ‘can be used at fixed locations .
around the school over a period of time: to give-'a size '
" distribution to be used in conjunction with the ;

gualitative condenaation nuclei counter data.
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ftogether.

_Rubber ‘15 "a nataral. polymer used in hundreds of. articles

"valence bonds of ~carbon.

Y

a

e

Ozone and its Effects on Rubber*ﬂ'

Intioduction S

essential to. our modern civilization.. The rubber

molecule is made -up.of many small units, .CsHgy, linked .

This molecule is unsaturated which mearns - that
there are not. -enough ‘hydrogen atoms to. satisfy ‘all of the -~
This results. in .two carbon atoms-

T of CSHB repeating unit’ being linked by a- double bond

o (a)

-Two examples which might occecur are.' e

. r- HHEHAHHAE | , . R . m
NN SN N N N I R B L |
=C=C=C~C-C~ “(b) . ~C=C=C~_
SN DR I | ' - Ry
N 4 H HH-C'H .
S R R
E~C-H
R f
- o L~ P -
”Ozone, although present in: small amounts reacts vigorously
_with the double bonds" oxidizing the molécular chain. -This
‘occurs most rapidly when ‘the nubber is stressed. A good.
example i5 the cracking observed in. rubber ‘tires. This.

problem has been overcome -to some extent by the ptoduction :

U of synthetic rubbers.

CIT.

TIT.

| 1 Io

Objectives

'To study.the effectrof_ozqne;on rubber.

p— .

-Materialsj

'\rubber ozone sensitive sheets (from Goodyear Tire and

V.

,fl. Cut the rubber sheet into strips 1/16" x 2".
.the. unused rubber in a sealed container in a cool
2. Suspend ‘the strips
the strips for A days

" An alternative method.

Cincinnati, Ohio),
ozone generator,

Rubber ‘Co.;
louvered shelter,

1356 Tennessee Avenue,
375 grams of mass,

Ienvironmental chamber, vernier caliper, magnifying glass.

Procedure'

étore
dark

place.-

in a louvered shelter with 375 )

end of the rfubber strip. Expose

and’ remove from the shelter.l“~

grams attached to one

is to construct an ozone generator
and. pump - the air into an environmental. chamber. Follow
the above procedure for: suspending the rubbcr strips in

" the environmental chamber.
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1. Hougt the Tubber strip horizontally under the same

"tension as when the rubber strip was suspended.

i2. Examine the su face for cracking with a magnifying
: glass. M i r . . - , , .

' 3 Heasure the depth of cracking with a vernier caliper.“-='

% Use the depth of cracking as a relative indicator of
_ozone concentration.“ : . :

‘A

i
s

1. Did you notice any cracking or checking in the rubber -
which was under tension? : . _

2. Does the exposed strip of rubber return to its original:u
shape as. well as an unexposed strip? N

3. Can’ :;you find any other materials that are chamically
Iattacked by ozone?

.
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B-9 High Volume Sampling

© Introduction

A quick way to sample the air for suspendedlsolids is to use the

h_‘High Volume Sampling .technique. This gives a. quant1tative measure

: ijectirea o L H“_Z SN

. for the degree of particulate pollution in en-area. Sincelnany of -

the particulates are dark -in color the collected semple can readily
be seen. This material upon 1mpaction with surfaces will 1ead to
the. disculoration of buildlngs in your locality.

- N -

£

~ 1. . To measure "the amount of suspended particulates in the atmbsphere o

: _and compare ‘with other rural suburban and urban areas

III.

"as micrograms/cubic meter.

Materials o ' C ST \

flber glass filter Bucru1er~ funnel, rubber tubing, louvered shelter,

calibrated vacuum system, analytic balance dessicator W

Procedure U

Cut a piece of fiber glass filter to fit 1n51de of a Buchgner Funnel .
and hold the filter in place with a piece of rubber tubing. The funnel
is placed in the louvered shelter and connected to-a wacuum system. |
The filter should. be desiccated. at rbon tenperature for- 24 hours -and
its mass found to the nearest 0,1 mg. using an analytlc balance. ’

 With the filter in place cslibrate the vacuum- system.- Le4 the system
'run for & period of time {24 hours if possible). " Calibrate the system )

again with the filter:in place. The air flow. rate is the average.of -

the two readings. . Again. desiccate the filter for the. same period of

time as dcne originally and find its nev mass. Enpress your result
Dsta and Resulta

J".

‘Record volume rate and nmass of- the f1lter at the beginning of the

experlment. .

- " Volume Rate s - - - : liters/minute
Orlginal Mass =, . . milligrams

2. Record volume rate and masa of the f11ter at the end of . the‘

experiment. ' . o - S
Volume Rate = & ° e lltors/minute

New Mass = S . milligrams
3. 'Find‘average volume- Rate

hyerage Volume Rate = Volume Rate; + Volume Ratep - 7.

e

2
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4. Find mass difference
Mass Difference = New Mass - Original Mass (micrograms)
5. Calculate suspended particulates

Suspended Particulates =

Mass Difference X 1 x 1 X 106cm3 x 1 liter

Average Volume Rate 60 min. hours run . 3 103 em3
hour m

Questions

1. How does your value compare to average values for other areas?
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. B=- lO Suspended Particulates * - o . .“ﬁ ‘

- y...-»f-.
o e PR

'I;-Introdnction :

]

,Wind blown particles in the range 20 lOO microns ‘can be .
. observed visually after they are collected. The direction S
e from which the greatest number of-: particles come can be

- ."ascertained and correlated with- industrial sources upwind.’

.-These particles do.not enter the lungs but are responsible

- for soiling in the community. "The particleé collected are

~in the region between those particles which remain suspended

.jand those particles which, sediment out rapidly .

¥ - . -

;lI; Objectives .'-h __ s '“ ) __ : o S ) Y

1. To~ visually determine the number of particles suSpended
in the, atmosphere. - :

III. Material% 1.“‘. o ;ﬂ”-
__stand container 2 3/4" diameter x 3" high Fassons
Pli-A-Print R135 adhesive paper which can. be obtained
" ‘from Fasson Products Division of Avery Paper Co.,
250 Chester Street, Painesville, Ohio. Cincinnati Visual Cen
Standard A-3 photograph obtained by writing to the
R Robert A. Taft Sanitary Engineering Center, Cincinnati
Y . . Ohio 45226 : . :

IV{-Procedure:

‘Moun't the "container on the stand' Cut a strip of adhesive
‘paper 2" x 10" .from the Fasson's -paper. The adhesive paper .
is- wrapped around the outside.of the-container. "The stand
."is placed,’ removed a distance from obstacles at least ehual
..to the height of. ‘the. obstacle -The cardinal compass points
.are marked on the adhesive, paper for reéfereénce. -After a
. seven day exposure the surface of - the adhesive '‘paper. is - -
‘sprayed with a crear lacquer and removed from the stand.

.The number of particles per square inch can be obtained ;Jﬁ

*by compatison with the: v1sual standard photograph ,

* Source:'_D;'Hunter & Wohlers Manual‘

1
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B~11 Dust Fall -

-gIntroduction” - '_--: R S S *

-Dusts and other solids present in our atmosphere have

. ‘many sources.’ Natural .sources (pollen, -soil, ‘volcanic

dust) ‘are picked up by the wind- and may - ‘be distributed'
warldwide. Man's activities (e.g. - ‘eonstruction, ‘refuse
disposals, power generatiomn) introduce large amounts of
particles into our 'atmosphere.” Particulate. emission
may be the most serfous pollution problem of the

'atmosphere for a- given locality.

The particlea in the atmoaphere have a size and maas
distribution (see Section F - Appendix) that allow’ some
pacticles to remain suspended and others to settle out
onto surfaces. We shall be ‘concerned :with particles
greater than :the lOO micron size.

§o.
..

:_The amount' of materil settling out: gives an indication of

U IT.

I11.

the local pollution and cost to the individual and community
through soiling of aurfacas. . : :

fObjectivea ' :‘ C '-_J'I" oo ‘;-' . _u

l. To determine the mass ‘of-solid particles aettling onto
a. surface during a given period of time._‘

-‘\

Materials o g ol »7,3.

glass jar with mouth diameter greater than 4 inches, standg

':to hold jar upright algacide.;.

Iv.

Procedure . _ S, ‘_ﬁﬁg

Clean-the.jat-and add 5 ml of algacide solution to .the -

‘jar to retard growth of algae. "Place the jar on a suitable-

surface, well away from any- structures. ‘The.jar is’exposed
for 30 days and then ‘the contents are analysed.

Remove any extraneous materials from the jar. Scrub the
inaide surface of~the. 4Jar and. wash 1t .down with measured .
amounts of hot distilled water. Placa the sample in ‘a

.beaker on a, hot plate and evaporate to.a small volume of .

ligquid. Use a steam bath to evaporate all yisible liquid.

_Cool the beéeaker and find its mass to the nearest 0:l mg. :

Subtract the mass of the: beaker to obtain the residue whﬁch
. B \

.:,was deposited.

'Data and Results

J..

1. Record grams of mtttrial{cmzlmonth.
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Questions
1. What was the area of exposur:?

2. at were the total settleenle particulates exrressca gs
mg/em=/30 days?

3. What is your result expressed in pounds/acr /5. 2ays?
y, Wh-_at control could pave been used in this eXper ment?

5. How does your area compare with the following :lassification?

slight dust fall 0 ~ 0.7 mg ‘cm®/mobth
moderate dust fall T o= 1.0 1“ /month
heavy dust fall 1.4 - 2.5 ag/em?/month

very heavy dust fell greater thap 3.5 mg/cmzlmonth
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| B-12 - Clebnsing Action of Naturel Processes - . - % .

) In:troduct ion

—

Precipitation is an excellent scavenger of @ollutmts found in the e
atmoephere, Solid particulates may .serve as condensation or-ice U,
nuclei and- liquid aerosols may_be removed:by accretion. Gases will .
‘be’ removed by photochemicdl processes, adsorption or absorption in o
water. . The precipitation will® remove the pollutants and cleanse
the sif. However, since the imput of pollutants into-the atmospliere

- -48 continuous the cleansing action is a temporary one. Also, the.

~ pollutants are brought dovn to the surface of tlie ‘earth in a concen-

_trated form where they. present a dszerent type of pollution problem._

_.Ii . ObJectJ.ves

l. «r-To determine whether or not precipitation removes pollutants

from the atmosphere .

'2. To detelrmine the most effective size of razndrops for optimum
-cleansmg , . : .

III. Msterials R S ; )

,p—H paper nylon- stocking. 9 inch hoop. confectioner s sugar, rain ' S
guuge ‘or plastic rain table jars with tops, Kodak linograph paper _ <

i : RS

1v. - Procedure

Colject rain in the gauge or rrzn table using some predetermmed
time interval, Ce.g every 15 minutes for light rain ‘and every minute

. for a thunder shower') ., Snow may be collected and melted,again using .
appropriate time intervals. Usep -H paper to analyae the acidity -
of the rain water as a function of time. Set the individual samples -
aside and these may be analysed for partlculates with a meter or -

. analytiéal balance (see exp. B-11}. . :

~Place the nylon over: the 9°'inch hoop and faaten to the hoop.-
Sprinkle powdered sugar on top. ' Expose the hoop to the rain for a
" 'ghort time. The rain drops pass ‘through the mesh and take the sugar.

with‘ them. - The sized and numbers; of rain drops may be: ea81ly determined
“An alternative method uses-.. linograph paper. . o

Y. . Data and‘Result_s; ' _I - . I. - _‘ . _ %
1. 'Fill in the following t'ables: '

Reading. -‘Time - . pH o : gn. ot particuia'tes
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2. Reading Time pH particle. ¥ of gm of
size particles particulates

Questions

1. How does the P-H compare with the d@wation and amount of
precipitation? '

2. How does P-H compare with the size distribution found in
various rain falls?

3. Is there sn optimum size of raindrop for the most effective
cleansing of the atmusphere?

b. How do»s particulate mass compare with duration, size of
raindrop <nd amount of precipitation?

5. I8 wet or dry snovw a more efficient scavenger of air
pollutants?
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. on electrical charge and mobility of ions.

Iri.

J-ISee‘diagram in A-7).

Iv.

L -197-

'_B—lS Measuring'the;gffects-of Alr Pollution

. - .-_"'- ) o ‘:' - \

"Electrical ' e ' ) e

'Introduction

Polluted air is a poor ‘conductor, sincenit captures charged

'particles. - Also, as the number of particles increases,

the mobility. of the fons decreases and a charged

-‘electroscope will not - discharge as quickly as 1in clean air.

Objectives

1. To study the effects of various atmoSpheric pollutants

Materials _

o . - ’ ' ’ 4 R - ’ R
Electroscope - environmental chamber, various pollutants

o N ! N

.Procedure

The general procedure to be used 'is to introduce varlous

" atmospheric pollutants into the chamber and time the-

- . collapse of the leaves of the electroscope. There are 3

le'o

" many approaches .as to how this might be accomplished and ?ﬁ

i1t 1s here that student ingénuity and creativity should be
relied on to set up the experiment to accomplish his goalu

‘There are many variables and the control of those not

being tested- should be*explored by the student. The. data
collected will be determined by the student's project
design and ‘the interpretation should ‘be done by the =
student based upon his reading in the literature and the

'data he obtains from the experimental procedure.

Data and Results

1. Plot rate of ‘collapse of electrogcope versus pollutant.

Questions

s

l. Hhich pollutant affects the mobility of ions the mast? -

2. If the’ concentration of each pollutant is. knOWn, 1s .
your answer the’ same as in #1°? -
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'B. Plant Damage
R Introduction-
Gases account for the maJorlty of 1njury to voge;atlon Ozone, -

PAN, nitrogen dinxlde, hydrogen fluorigde, ethyh%ne and chlorine °

..may inhibit growth, destroy Plant chlorophyl or dlsrupt the photo-
"synthetlc process.

Pollutant =~ -~ - Part of Leaf Affected*
Ozone . - _ " Palisade

PAN . - - . Spongy cells,

NO2 S ' Mesophyll cells

S0 o . Mesophyll cells .

HF - R Epidermis of mésophyll
Clp | ' : ) Epidermis of. mesophyll

*Refer to Section III - for croas—sec_tion diagram of a lesf.

II. Objectlves

C.‘_

1. To study the effect of various concentratlons of gaseous air
pellutants on sensitive plants

lII.: Materials
Obtain specific gas sampling tubes from:

Unico, Ine. ; ‘ " Bauquip Inc.

- . P-O+-Box 590" or 1220 Adems Street . .-
Fall River Mass 02720 B , Boston, Mass. 0212h

'-nicr09qope environmental chamber, laboratory gas demonstration
bottles, camera, color film and infra red film, seeds or plants ..
\specific_for various gases (see Section F - Appendix), ventilation

»

IV. Procedure ‘ S (e -

Grow or obtain sensitive plents for the various pollutants to be
. tested. Set amside one plant to be used as a control and‘place an-
other plant in the environmental chamber. - Put the environmental -
chamber in ‘a hood .and introduce the pollutant gas. Monitor the con~
- centration of the ges over.a l-4 hour perlcd(&q.e?ery 1/2- hour)
The greater the concentration of gaseous pollutant the shorter the
plant exposure that is needed, -

Photograph the ¢ontrol anﬁ exposed plant over a perioﬁ of days -under
identical conditions. Note any damage indicated by the photographs
or observed vifually and study a section of the leaf undey -

ER\(: a microscrpe.

ullToxt Provided by ERIC }
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VI,

Questions
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Continued

Y

Data and Results

-~

‘1. For eacﬁ plant listgﬁ'- _ e - ‘ -

a.’ plant

b. time of exposure and pollutant concentration

c.'photographic evidence of damage

d. complete description of visual damage and
any prepared slides that were made.

1. Which part of the plant was affected by each pollutant?

2, Does varying the'concentration-and'exposure.time - . :

_produce any notable_changee in plant,damage?

3. What are the effects of mixing two or more. pollutants
and exposing the plant to the combination.:

4, AreJthere any’ noticeable growth or morphological effects7

- 5. Check. the literature for estimates of the cost of
vegetative damage from alr pollution in the United Stdtes.

What are these estimates? - How do they compare over the

.. past 10, 20, 30 years?

ﬁahhg‘st : . . T : . -
. * . i - - -
.
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ﬂgterial Soiling *

Introduction_'

Polluted air contains many particulates which are dark in
color: and can be readily seen when taken from the air.
These particles cause. soiling of'fabrics. It is estimated
that every person spends $50-$75 a year in additional ’

‘cleaning bills because of alr pollucion. In large cities,“

the cost may run to’ $125 per person annually.-

Objectives .

1. To estimate soiling of filter samples over a period of
time and durlng various parts. of the year.

Materials

vacuum pump, two pieces of 28 . mnm glass tubing, 50-75 mm
long with 1.2 mm wall thickness window 'screen .28 mm.in

- diameter, two rubber stoppers to fit 28 mm. tubing with

8 mm héle in center, two pieces of 8 mm diameter tubing
75 mm long, masking tape, Whatman #41 filter paper: 28 mm
diameter, flow meter, gallon jug, funnel, photocell-. ;

L

milliameter radiation detector.

Procedure

Place' the screen'qn one end of the 28 um tubing-fcllowed'
by the filter and the other 28 mm piece of tubing. Seal

“the joint with the masking tape. 'Stopper the-ends of the

tube and insert the 8 mm. tubing in each stopper., .Connect
the side opposite the screen to the funnel and the ather

_:end to the flow meter, gallon jug and vacuum system.

Start the pump and record the beginning flow rate and
time. When the filter is darkened sufficiently, turn off
the vacuum system and record the flow rate and time,

Data and ResultS‘ - . B ';' fﬁl
The clean filter paper can be considered. 100% reflectant
for light measured with the radiation detector. From prior
calibration the % reflectance (R) .of. light can be found for
the sample filter and the optical density calculated by:
Optical density = logjg _Ilg = “1og10 1007 -

- : o T Ip : %z R

.

0.D. = 2 - logyg *R°
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C. Continued

Vi. A Questibns'

1. 'How -does the optlcal density vary at’ dlfferent sites and times
_ of the day/year‘? -

# Source:  D. Hunter & H. Wohlers Manual
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"B-=13 Continued '

D}. Materia; Damage ::

. v )
" I. - Introduction

The stability of colors-in dyed fabrics can be -affected by sunlight,
washing, heat and humldity. Oxides Of nitrogen and ozone are also.
causes of fading. : ' .

The usablé 1ife of nylon goods is shortened by .air pollution. -The
factors which may affect nylon are: . L
"+ 1. . hot particles from chimneys
2. sulfurous or sulfuric acid mists-
3. nitrogen oxides. -’
k. phenols and aldehydes
5. solvent vapors .
Metals are rapidly attacked by many gaseous pollutants when the tamperature,
~ concentration or relative humidity are high. Under ‘any-or a combination -
. "~ of the above- factors, the metals undergo chemlcal reaotions known cate-
. gorieally as. corrosion. ' : o

II. Objectives

l. To study the effect of stmospheric pollutants on:

a. nylon -
b. colored fabric

e. metals - . _' .

" IIT. Materiels -

photocell-millismeter detector, nylon hose, b x 5 polaroid mounts,
' copper; steel and zinc sheets, louvered shelter, AATCC Gas Fading
Control Fabric and Color Fastness to Ozone: . Aveilable from:

TestlFabrics, Ine. -
55 Vandarh Street -
New. York, New'York 10013

W 1 . - e

Iv. .-Procedure

'Make sure the nylon has no. breaks in it before mountlng. Cut'the,
~ econtrol fahr1c and nylon to fit the polaroid mounts; label and place
- the aamples in the shelter. (See following diagram) 3
Clean the metals using acid and acetone if necessary. " {Wash the sample .
with distilled water after cleening.) Make sure that this ig dome in &
+ hood, and extieme caution is exercised by the student. After cleaning
the metals find their mass.  Place the mete] samples on top of the '
Bhelter ‘n 241 exposed location._ : :

. IERJKZ‘ Leeve elilsemples exposed foo 90'de§sf
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EFFECT OF AIR POLLUTANTS ON o
o MATERIAL (B \3) | -

e 'L'Blu\{féfed'sheltér. _—
. . C NS

. Test swatches of
" materiol held .in |
plastic 4X5 trams-
-pqrency mounting -

Control swntches |
.- " sealed in plasﬂc -
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Continued
Data and Results

'l. Messure the reflectance of control cloth end metal samples to

’ establish callbration curves

2. Exnmine the'nylon for breaks.

3. At the end of the 90 days, clean the metal samples of all corroslon
ahd determine their mass defiC1t )

- Questions L ‘ N - S

1. From the mass loss of. each type of metal, the cost per pound and
the totel tonnage of each metal used in the past year, whet is the.
economio loss because of air pollution? )

|2} From the damage to nylon what is the estimated yearly economlc
cost because of air pollution?

3. From a class opinlon what. % reflectance Hould be allowed before
cleaning a fabric was necessary? - What is the economic loss because S
of required cleanlng nece331tated yearly by air pollution? :
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D. Continued

- Y. Data end Results

. !
1. Measure the faflctance of control cloth and meta) samples to
establish calibration curves.

- 2. Examine the nylon for breaks.
3. At the end of the 90 daye, clean the petal samples of all corrosion
and determine their mane deficit.
VI. Questions
1. From the mass loss of each type of metal, the cost per pound and
the total tonnage of each metal used in the past year, vhat is the
economic loes because of air pollution?

2. From the demage to nylon, what is the estimated yYearly economic
cost because of air pollutin?

3. From A class opinion, vhat % reflectance would be alloved before
cleaning a fabric was necessary?! What is the econoeic loss because
of required cleaning necessitated yearly by air pollutian?




1L

11I.

i

VI.

' Iﬁf:oduction

"206“ - B ' R -

Insoclation ﬁepietioﬁ'

Very small particlés scatter the insoletion that we receive. By
coagulation tbese particles may grow to large sizes and change their
scattering properties. Very large numbers of small psrticles can deplete

. the insolation sufficiently to lewer the earth's temperature over [:1 very

long period of time,

Obgéctives

1. To study the effect of insolation during various times of tbe dqy
and at various seasons . X

2. To 'study the effect of partlcle size on scattering ef 1ight

o

Materials

) . . . o - |
photocell-milliemeter rediation detector, clear polystyreene ‘box with
cover: ' S5 x b x 12 inches, one hole rubber stopper, 2 feet of tﬁbing,.
light source, powder°‘lycopodium, alum;num, carbon, epoxy .

f Pfocedure

Cut & hole in the side of the box and imsert the rubber stopper {or
drill srbole and epoxy the glass tube to tHe box). Connect the rubber
tubing to the stopper using & short piéce of glass. Place the 1light
source &t one end of the box, and the radiation detector at tbe other:

" end. Place the powder in the box and blow through the tube. Note the:

meter reading and relate this change to the size of the particles {see
B-15). Try various powders and note their effect. (see following
diagram) ' : : ’ : : ‘-

The radiation detector may be set ontside on & suitsble flat surface
and measurements teken during clesr days as compared to hazy or
eloudy, polluted days. A normal diurnal variation during clear-dayg
and cloudy dsays should be taken for a comparisés standard.

.Data and Results

1. Make up youricwﬁ data and result tables.

‘2. “Enter appropriate data in the various tables. .

,Questions

" 1. ¥hich type of particle, light or dark, influences radigiiop the

most?

1
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INSOLATION DEPLETION
o (B I3e) |

't

J'_. . . TR nghi source

~ ' "Plastic shoe box

» -»J0 dust so‘u'rcr;. A

=To meter
‘ i

O
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E. Continued ; - ' . I;‘

'Continued' o -

2. Is the influence of particles radiation related to size?

3. Which particle, light or dark would cause & cooling effect of
the. earth's surface? -Which particle would cause a warming effect
of the earth's surface? - .
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B~1h Testing the Radioactivity in the Atmosphere

Introduction

Nuclear testing above ground is capable of in)ecting radioactive
particles into the troposphere and stratosphere. The particles can
be scavenged from the atmosphere by precipitation 3nd sedimentation.
The radioactive particles removed from the atmosphere can enter man
through the food chain. Whern radioactive nuclei are absorbed by
particles which remain irn suspension an inhalation hazard aiso exists.
Objectives

1. To detect radioactivity in the atmosphere

2. To measure atmosphergc radioactive contaminents gqualitatively

3. To explore the health hazard of radicactive particles in the
atmosphere.

Materials

fil%er paper, Buchner funnel, vacuum pump, rain scavenging pollution
detector, 300 speed Polaroid film pack

Procedure

Collect a sample of particles on a piece of filter paper using éhe
Buchner funnel technigue previously used in exercise B-9. Radios
active particles so collected are detected by their effect on un-
exposed 3000 spesd Poleroid film using the following steps:

1. Remove the film cover as if the camera were to be used normsally.

2. Remove the pack from the camera in a dark room.

3. Place the filter paper in contact with the film apd return film
pack to the camera for a period of 2.5 hours.

4. Develop the fitm by the usual method.

5. BSave the filter paper and make exposures after 24 hours and
weekly for four weeks to determine decay note. :

6. Count bright spots on film. What do these spots indicate?

T. Develop the next film in the pack. I8 there evidence of
exposure? How would you account for bright spots on the second film?



Iv.

1. Report your date as short and long half life particles, the
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Continued -

Use-the‘rain Bﬁaﬁenging_pollutidn detector (See_nexf pagej to collett
particles. Dry the filter paper and follow the preceding detection
method. - o ‘ C : :

' Data and Results .

e
- - -

b |

number of each and the number of each per unit volume.

Questions

1.. During which-season do you notice more scavenging?

Do you find 4 greater incidence of radioactlvity during v1olent

thunder storm activity or duri ng frontal passage° ‘

i~
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RAIN SCAVENGING POLLUTION DETECTOR

Preweighed
e .'filter* paper

PP e

,' f&\\\\i\'\\\\ l 'f/,/':f/{

Filtered
rain water

Unfiltered
rain water
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B-1% Particulate Sizing

I. Introduection

Often it is useful to know the size distribution of a sample. The
size distributien will give you some idea of the potential horizontal
moverment 0f the perticles, the type of cleansing anparatus that would
be most appropriate and in some instances, the source of the pollutent.

Sizes of irregular pariicles ig considered to be diameter of & pircle
whose area is equal to the area ©f the particle. These diameters are
most easily measured with a graticule placed in the microscope eyepiece.
Most graticules consist of a series of circles or a combination of
circles and rectangles. The diemeter of a particle is that of the
circle which appears to have an area closest to the projected area of
the particle.

II. Objectives
l. To determine size distribution of & particulate sample

2. To indroduce students to reprvsenting statistical data and results

III. Materials

nicroscope slide, petroleum jelly, gréticule, miecroscope, powder as
a sample, {as an alternative gee: Ward and Reynolds, "Simplified
Airborn Solid Sempling" The Science Teacher, Vol 38 No 1 (Jan 19T1).

IvV. Procedure

Cover a clean slide lightly with the petroleum Jjelly and expose it to

a dusting of the selected powder. The graticule may be calibrated by
placing a scale divided into millimeters, on the stage. A 1l cm. to 1 mm.
circle may be found and, from the diameter ratios given with the graticule,
the sizes of the other circles determined. One student may size while

the other student records the data. The students may pericdically
exchange positions until the entire slide has been sgized.

V. Data and Recults

After all of the data ig teken it should be ordered into class boundaries
(microns) and fré@guencies.
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Class Member Clags Boundaries Prequency Class Mark

{microns)
l 0=-1 0.5
2 1 -2 1.5
3 2-3 2.5
i 3.4 3.5
5 k-5 k.5
6 5-6 5.5
7 6 -1 6.5
8 7-8 7.5
9 8-9 8.5
10 9 -~ 10 9.5

A histogram may be plotted of no. of particles vs. particle
diameter. ,
VvI. Questions
1. What is the arithmetic mean for your data?
2. What is the mode? Median?

3. What are some methods of representing the spread of your data?
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B-16 inilys_i.ulfi s ntation Foil Data
*HYE Project)

I. Introduction
In many instances available data may be used to supplement an
experiment or to replace an experiment where time and materials
prohibit the actual experimentation. A further gain can be made
when students analyze published data and extrapolate the date or
infer conclusions from the data.

IT. ObjJectives
1. To carry ocut an analysis of gedimentation foil data.

2. To extrapolate and infer conclusions from another person's data.

ITII. Materials

Data and charts included in this laboratory experiment.

IV¥. Procedure

1. Transfer foil data of tons per sq. mile per month to township map.

2. Locate areas of similar levels of pollution.
One suggested technigue:

Poliution Level

Color Code (Tons/sq.mi/month)

Red over 16
Yellow 12 - 16
Gfeen . 9 -~ 12
White less than 9

3. Add wind rose data from Schenectady and Albany County Airports for
the sampling period to the map. Use a transparency overlay or trace
onto township map.

k. Add topography date to the map or place transparency over the map;
or trace in details.

5, If pdditionel data can be noted or collected on the sites of in-
dustriel plents that have large stack effluents, place their locatioms

on the mar.

*Source - ‘00C Join in Air Pollution Survey, by Pr. V. Mohnen,
. The Cocnse-vationist, Aug. - Sept., 1970.
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Questions

1. Vhat relatibnships exist. between pollutioh levels and prevailing

. wind, topography and industrial sonrces? Which has the greatest -

influence?

2. What are the ten mcet polluted areas and their pollution’ level the

" ten least’ polluted areas?

3. Where. would you choose to buy or build your home? what other factors
must be considered?

k. How mmeh pollution does home type heating contribute-to the air as
compared to industrial effluent? Does the mep analysis give any in-
dication? Compute the actual emount of maes on a typical 9.3 mg foil:’

1) due to home heating; 2) due to industrial pollutants.

5. How would You expect the pollution levels to differ in summer,

- fall, winter?

6. ‘Détermine other ways to communicate with others the meaning or

'impact of the data e¢ollected (see sample ccmputations)

a) Convert mass increases cn foils to tons, tons per square
mile per month.

b) How many railroad cars wuuld be needed to move this air
pollution sediment away from the sempling area? To vhere -
would you move it? -How much would it cost? .

T- What size of partlcles found in the atmosphere does this technique
measure? Why? What other particulates are present? Which sizes
should we be most concernedﬂabqut? wWhy?

8. If afterburners were added to.the major stack effiuent sources in
‘the area, what would be the effeet cn the weight ineremsses found in

the foils? What does the afterburner do to the size of particles.
emitted from. the stack? Dees it reduce the total mass of materisl"
injected 1nto the atmosphere?

et ro
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FOIL DATA -
Average Weight Aversge Dust Fall
' : ' on Poils in tons per sq. 'mile
Samples Located Within . in milligrams {mg) per _month
Albeny County 1.1 12.58
Rengaelaer County - 8.2 9.29
Saratoge County’ 7.2 8.15
Schenectady County . " 9.3 - 10.51
10 Albany ' 12.7 k.39
12 Cohoes 1i.7 13.22
© Watervliet 15.2 17.20
2T Bethlehem 7.9 "8.95
: Coeymans 12.6 - -1kh.26
9 Colonie 1.7 13.22
"11 Green -Islend 15.5 17.5h
29 Guilderland . y, R L L
28 New Scotland 5.2 _5.89
20 Troy 11.1 12.58
~ Rennsalaer 10.9 12.33
19 Brunswick h.9 5.5k
22 East Greenbush B.6 9.73
21 HNorth Greenbush 5.k 6.11
23 Poestenkill ' 7.5 B.L8
2k Sand Lake 5.8 6.56
17 . Schaghticoke ‘7.6 8.60 -
25 Schodack 5.8 6.56"
15 Mechanicville 10.2 11.54
2 Ballstoen: S.h 6.12
3 Charlten h,2 .75 -
.7 cClifton Park 7.3 "B.2€
14 ‘'Halfmoon 10.6 12.00
1 Malta 7.6 - B.60
16 Stillwater - 5.8 6.57
.13 Waterford 9.0 10.18
> .8 Schenectady 12.9 1k.60
4 Glenville 6.2 T.02
30 Niskayuna © 5.9 6.78
6 Princetown 6.1. . 6.91
S . Rotterdam 9.9 11,20
- Special Network i7.9 20.25
- Virgin Feil . 1.6 ©1,13
Outside Study Boundary 5.3 6.00







Wind Rose Data (C-1)

Top - North
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ERIC

Full Tt Provided by ERIC.
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Townshipmap

(C~3)
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C. Humaenities Projects . Envircnmental

Pollution and Literature

Uge of a Poetry Unit in Environmental Studies
Model for Possible Unit in Engliash for
Teaching Some Ecological Considerations
Model for a Unit in Life Styles

Model for a Unit in Ssmantica and
Environment: Lenguage in Thought and
Action, by 8.1. Hayakawa

Model for Critical Reading Unit
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c-1 Use of & Poetrx;Unit in Environmental Studies

_Eireland Ice
] . ==Robert Frost--

Some think the world will end in fire;
Some think in ice.
From what I've tasted of desire,
1 hold with those who favor fire;
But if it had to perish twice,
I think I know enough of hate
__To say that, for destruction ice
Is also great B
And would. suffice.

" The scientiLt came to. our school and'spoke at an assemhly,

. telling us about air pollution. " He pointed out that man. and plants

are interrelated in a*neat 1ittle cycle in which man {and the other
animals) inhale air and exhale (among other things) cerbon dioxide,

retaining oXygen for his own combustion purposes.

Plants, onfthe other hand, consume carbon dioxide in .the process
of photosynthesis, excluding oXygen which then is available for animals. -

Plants, it was implied, could exist very happily without man
(and the other animaels), but man really needs that oxygen that .the
plants 80 cheerfully prov1de.

All of this interaction takes place in a gaseous mixture we call
"air" which we tend to take for. granted as something that is there, has

always been there, and presumably will always be there. But what is
this thing called "air?" - L

_ _ -
t Mostly air turns out to be nitrogen which does not concern us here
at the moment. Oxygen does concern us, and, if we take a sample of what.
someone claimed was clean, dry air gathered at ses level, we find that
20,9476% of it is oxygen. Carbon dioxide concerns our frlends, the
plants, the oxygen processors; their share of the air, the COz, comprises
0.0314% of the volume of clean, dry air- gathered at sea level.

All well and good, and as long as man was content to confine his
combustion activities to breathing, not much happened to affect this
balance. But mqn is in love with combustion. From the moment his
big brother Prometheus brought him fire, man has been burning something
someplace: first, perhaps, for warmth; then, to prepare food or scare

~ away sabre toot tigers -- or both. Bye and bye he discovered that he.

could: get his fires hot: enough to melt certain rocks, and metallurgy
was born, and 80 on to that ultimate in combustion the ege of technology.

_ The-scienti t pointed out that as a result .of our enthusiasm for
combustion we were throwing a lot more carbon dioxide into the atmosphere,
than would have normelly been occurring. Then he began to speculate on

.the implications of the ihcreage of 002.

5

Y e
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He postulated two possihilities. We could throw enough CO

in the air that it could ahsorb rather then reflect more of the sun's
: radiation. This could cause & gradual heating up of the atmosphere, -
vhich in turn could cause a gradual melting of glaciers, ice caps,
and other frozen water repositéries. Where would the water go?
Ultimately to the oceans which, in turn, would rise, creating real
‘éstate problems on shore fronts, massive changes in herbare' and 80 ob,

) Reducing this to an ahsurdity, one envilioms the Empire State
'Building he used as & mooring for the Queen Elizabeth inatead of for
the Good Year Blimp. ) :

Seriously, the geologicel changee which would ensue from such &
catastrophe would create as much of & change as any of the great : v
‘ geological temperature shifts of the PaSt-

" But Buppose “the scientist vent an, that all the €O, did was
create, elong with other particuiaste matter, & shield through which .
- less of the. sun's radiant heat could pasa? " Suppose. that what occurred
was & great chill? * ("Some think the world will end in fire, some “hink
in ice.") Then we would R hack to our next ice age that much sconer.

The scientist didn't come to any conclusion, bhut he 1eft us with
a lot to think about. We went hack to the room and decided. that having
heard from the acientist, mayhe we'd hetter get a reading oh the problem
from the poet.

"Some think the world will end in fire,

" But which fire? The slow hurn of the exceses carbon dioxide? The
quick flash of the hydrogen bomb? The trenscendent glory of our sun
" becoming & Super-novs -- perhaps to he the Chriatmas star for some
other planet in' some other solar system in our galaxy?.

_ And why fire, anyvey? Frost says: 'from what I've tasted of
‘desire, I hold with those who favor fire.” - At first, that's sort of
romantic -- .burned out with passion, as it.were. But is that the kind
of desire that produces the fire that deetroys the uorld? What desires
do. we have that destroy?

"

‘ Well, there goes the rest of the period. Do not take more than
one period to list the 1,942 desires of man that ultimately generake

more combustion, end consequently more CO,. After you and the class

- bave listed & lot, you could group them into categories like transportetion,

" industry, indlviduel consumer desires and so on.

"...I think I know enough of hate )
" To say that, for destruction, ice ) -
is also:great...”

blqA
i

It's funny-about hate. -If you want to simplify (over simplify)?
the 'state of the world, you cen.say that the hate that leads us to
napalm, the -ICBM, end the hydrogen bomb could lead to the destruction
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_that Frost feels is a possibility. But You never see the word "hate"
in a scientific Journal. "Hate" is not a scientific word: in fact,
. even to mention it in a vaguely scientiflc contnxt seems like bad taste.

" Maybe that's part of the.problem.- Maybe we aren’t going to work
our way .out of the "Fire and Ice" dilemma until the scientist is able
to acknowledge that.desire and hate are operative factors in the world,
even if they are not subject to laboratory. demonstration. - And maybe

" -the rest of us cennot learn to deal with desire and hate and their

combustible by-products until we gain & little of the scientists' ability
to. measure and count and identlfy

Perhaps, until we_learq to b;end what both the scientists and the
humenists perceive as the way the world is, we will continue. toward the
_destructlon which is the subject of Frost’s-poem.

l“!
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C-2 Model for Possible Unit in English

For Teaching Some Ecological Considerations

Objectives: To teach social criticism through:
a. satire
b. discussion of implications gf satire
¢. discussion of social action of various types

Materials: Kurt Vonnegut Jr., Cat's Cradie

Resources ! Library, Av Department, outside speakers, etc.

Cat's Credle is a novel which can be taught to bright tenth
graders {bonors level) and Juniors and seniors. It can be called
science-fiction, but we prefer to think of it as satire since i*
makes a strong soeciel commentary on the irrespornsivility of a certain
type of thinking prevelent in our society -- m.ybe an irresponsibility
that is part of men's "natural condition."

The central figure in the book is & seientist who enjoys pure
science as a game (Cat's Cradle?; that he plays with life. His pre=-
occupation with his game keeps him first of all from any normal father-
child relationwhip that his children 2re sll physically unusuasl or
grotesque.

More important is the fact that he has invented or discovered
a form of water vwhich turns to ice at a relatively high temperature.
This he calls "ice-nine." Ice-nine, we quickly learn, has the property
of converting sll water to ice-nine as gsoon as it comes into contact
with normal water. Ultimately, we realize, that ice-nine could solidify
the whole world.

Throughout the book we are aware that the scientlist has no concern
for the consequences of his discovery. He is merely amused by the
cleverness of his discovery. Eventually, through ice-nine, the world
as we know it is destroyed.

I. Teaching the Book

Since it is short, two or three days at the most is necessary for
it to be read in. It would be well to read the first chepter out loud
with the students to help them with any difficulties they have with
Vonnegut 's style. The main difficulty will be with the literal minded
student. Probably a class session should be spent on the discussion of
the ironic tone of the book, since it is through irony rather than direct
statement that Vonnegut makes his points about social responsibility.

II. Discussion

Probablily any discussion of the idea of the book should be ppstponed
until %= - 23f has had a chance to read it cieey through at Jeast once.
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II. Discussion (continued) -
A. Discussion of the central character
1. What kind of person is he? .

'2. Do some people make such important contributions
to our Society that they should not be held ac-.

" jm' " countable for normel sociasl responsibility? (For

i students who have read Crime and Punishment this

is the question Raskodlnikov raised which leads him
to commit his crimé. ‘See also "The Snow Queen" by
 Hans Christien Anderson.'
L ‘I' . . . . !
3. Encourage the students  to come up with their own’

*"  examples of social irresponsibility. You will want
to distinguish between the kind of irresponsibility
that probably cannot be avoided because implications
of an invention or inmovation cannot be projected

- from exist-information, and the kind of irresponsi- '

bility which refuses to examine obvious problems that
will probably arise. '

. Suggested examples:
_a. McCormack and the reeperl This made it posgible
" to exploit large areas of lend. .Originally, it
. ) : was auppoaed ‘to make it possible for one man to
’ o ) produce mor€ from his efforts. One. probably could
'\,f not have" projected dust bowls and irsect problems
: ' from this 1nvention which was ' to spare man from
backbreaking labor.

: b.. The cotton gin: This had the effect of locking
Cow " much of the South into a cotton economy which
-~ perpetuated slavery (leading Wltimately to Black -
Power!), stripped the soil, etc.

c. Ford, automa.tion, and the Five-dollar day. What
* did that do. to the-air!

_d;' Keep 6ne.' There are many more.
L, The proﬁlemﬂ created by social responeibility
_ . a. .Robert Oppenheimer end his de51re not to work
on the hydrogen bomb.

bf Harry Trnman and . the difficultles ‘he faced in -
pecidipg to drop the atomic bomb on Hiroshiia.

2 B. Warnings -

. 1. To keep this responsible it might be well to assign
SU o reports. As different items of discussion come up,
) different student3 may research different 1tems ac~
Q * - cording to their interest. The hiatorically oriented

3
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might research 1nd1v1dual contrlbutions -

cotton gin, ete. The literary types . colld explore

suggested items of literature —- Jonathan Swift's

"A Modest Proposal,” ete,

2. The English teacher will not have the time to make
herself cognizant of all the ecclogical implications
or sociologicel implications. She (he) will find that
social studies teachers, especially those versed in.

.o economics will be usefull as guest speakers or as

idea sources. for herself.

C. Political Action

‘1. fThis can be handled by the English teacher with a
strong social studies background-or in a tean teaching
31tuation wlth a-sociml studies teacher. '

.2. Begin with discussion of social-responsibility on the
home level, school level, community level. Find out
where your kids are in their thinking. If they're at
the school level you cen eXplore school problems. -

. Example: = Ope’ school. we .decided that..it would help to

‘ shut down the school incinerator. A student committee
discussed this with the principal. He got permission
from central administration to shut down the incinerator
for two weeks. This turned out to cost $12.00 a week
for a "dumpster.” HNext year the same student. conmittee
is going to explore ways of cutting school waste. It
‘has already gotten the office to publish the gehool
absentee 1ist and the school bulletin on both sideg of
one' sheet, rather than on one side of two sheets. This
saves & ream of paper a day or 180 reams a year. (Hhat
does &.ream cost? How much do 180 pollute?)

3. If they're at the community level things open up. .

Examples: We brought in a sewer "expert" from the city .

- who-told-us af the city sewer system and projected plans
for its improvement. We learned about primary and sec~
ondary treatment. ‘Later research by one student revealed
that secondary treatment has its drawbacks. We Regen to
learn 8bout writing to government officials. We leerned
"to understand how bills get through Congress or the State
Legislature. We learned that we needed to read the daily
paper {(one student was assigned to clip pertinent legis-
lative items from The N¥w York Times and keep them in a-
vertical- file for reference.) Class time was allowed’
for writing letters to legislators. Answers were posted-

- on the bulletin board. We began to learn to make Jjudgments
about legislators from their. voting records.

b. 8oeisl Aetion

o L. Ewsniually we get into a diszcussi.om of 1ife stvied,
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d.

-230;.

Quality wversus quantity

The car as status symbol :

What happens to the economy if people start
demending quality?- If they consume less goods?
National parks, over-crowding, littering

What price clean alrﬁ (This must be open-ended. The
teacher is there to expose options, to open up areas

of thought, not to sell any particular way of 1ife)

III. Back to Literature. Thoreau, anyone?

F
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C-3  Model for & Unit in Life Styles

Thank God men cannot as yet fly,
and lay. waste the Bky as well 2s
the earth,.

Henry David Thoreau
(1817-1862)

Model for & unit in English or humanities. By examining twe
"extremes in life style we hope to focus attention on the fact that

~varying life styles exist, that they produce varying side-effects,
and thet our involvement with our own life style is basically un-
critical unless we take a look at it ard learn to examine it,

In order to explore a variety of life-styles it might be useful
to examine different concepts of what constitutes the. Good Society.
We frequently oppose our own American way, which we associste with
"individuwalism,"” "free enterprise,” and other such ideas, with the
way chosen by countries which we describe as collectivist * "eommun~
ist," "socimlist,” or "totalitarian.”" Unfortunately, we tend to
ovér-generalihe with all these expressions, failing to see that
several of these words contein concepts which mey hd%e-qpalities for
Poth good and ill. We hope to avoid such confusion-in this unit.

Walden by Henry David Thoreau is mn extreme example of indivi-
dualism carried to.a limit. From it one can genérate many questions
about the advantages and disadvantages about individuslism. Walden Two;

"on the other hand,. is a description of a society in which the individuql
is accomodated &s happlly as possible to the needs of the total com~
munity. Tt is & "collective society, without necessarlly being a
totaliterian society. .

lieedless to say, one could use two other books or sources for

a starter in getting students to examine the Good Society. We have
included other titles, and suggestions for use, in. the bibliography
which accompanies this unit. We are not trying to give our version of
the Good Society; we are merely trying to set up a situation in which
good questions can be msked, and in which students csn be. led to begin,
to develop their own sense of what constitutes for them a good society.

Objectives:
1. To arrive at a deflnltion of a Good Society.

v 2. Mo get some sense of the "Trade-offs" that we make, consciously
or unconsciously, in.order to arrive at an optimum life style .
“for curselves and for the community. Probably we need to explore
" how -far we extend the concept of the community.- Our Lown? Our
state? Our nation? Our world? -

e et s senge of how an unthinking clhoice ot 1life style chi
e 7 prsince stde effects tost mey ul.imﬂ=f!v dlﬁ*lnv fhe Tif iy Te
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4,” To involve the student very deeply. Many schools require
& Junior or senior éssay, research paper, or the like. We
propose that this unit be used as a Junior or senior project,
and that time in the curr;culum be ziloted for extensive
searching.

Such an involvement should be highly individuslized, We
envision a situation in which one student might be off in
one direction preparing an snnotated bibliography ef twenty
of the world's great Utopias, while another :is working in
close cooperation with the science department of the school,
or with thé engiﬂeering department of a nearby university

. on methods of producing housing through the use of rsmmed

earth. :

IF WE ARE GOING TO TRY TO TEACH STUDENTS THAT EVERYTHING IS INTER-

CONNECTED WE ARE GOING TO HAVE 70 LET THEM TAKE ON A WIDE RANGE OF

PROJECTS 10 INTERCONNECT.

Materlsls

Class sets of Walden and Walden Two. Class sets of The Environ-
mental Handbook and "Ecology: Making Peece with Nature and Each Other."
" Make assignments according to the level of your class. Few high school
students can read Walden all the way through. We have found it best to
essign the first two chapters, and then to let those who get hooked on
- Thoreau go ahead and read as much as they want. ‘ . i

Resources: Life Sgyle Bibliogrephy,

If this unit is being taught for only .a few weeks, siugle copies
of these books in the classroom or in the library should be sufficient.
If you plan to extend the unit to cover ten weeks ¢or a semester, it

- would be well to have multiple copies of Langgage in Thought and Action,

Siddhartha, Isiand, and The Subversive Science.  Magazine articles
are included, also. .

Film strips: Another mathod of expandlng this unit to a full
course could be to use it in conjunction with The New York Times sound
film strip series, "Crisis of the Environment," Each one of the film
strips could be used to extend the time of the course for one to tenm
days, depending on how deeply one exploited the possibilities suggested
by the film strip and the accompanying teachers' guide.

We have inserted into the study guide mention of the film stip
at times where it might fit in. You may discover other ways to use the
series which you fesl are more fruitful. : .
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Method:

I. He can think of Walden as explicating an 1nd1V1dualist1c life
style; Walden Two unfolds & collectivist life style. A day could be . .
spent on these two terms alone, since many of our decisions, politiceal,
economic and Sociml, depend on our conscious or unconscious allegiance to
one or the other point of view.

,Briefly the individualistic concept of the good society can be
summed up in the idea of everyone "doing his own thing." This is what
ve see in the "hippie" communes, but we also see it in laissey faire
economic theory. It is certainly part of the American Mythology: all
kinds of images come to mind: rugged individualism, "go West, young
man," the "self-made man"., It is an extremely American point of viev.
It would be worth while to spend class time explqring this, and the
different aspects of the culture that are suggested by it.

Certainly, in Walden, Thoreau is '"doing his thing." Be sure that
~—the studeits understand vhat the "thing" is that he is doing. He is
not an sdult boy-scout. Bear in mind his statement from his second
. chapter: ' )

I went to the woods because I wished to .
live deliberately, to front only the essential. -
facts of life, and see if I could not learn what-
it had to teach, and not, when I came to die,.
discover that I had not lived. 1 did not wish
to live what was not life, living is so dear; nor
did I wish to practice resignation, unless it was
quite necessary. I wanted to live deep and suck
out a1l the marrow of life, to live so sturdily and

' Bpartan-like as to put tc rout all that was not 1life,
to cut a broad swath and shave close, to dwive

" 1ife into a.corner, and reduce it to its lowest

. terms, and, if it proved to be mean, why then to
get the whole end-genuine meanmess of it, and pub-
lish its meanness to the world; or if it were sub-
lime, to know it by experience, and be able to give
& true account of it in my next excursion.

In order to do this, Thoreau stripped life activity down to what
was needed to maimtain his body lieat. On this basis, he -could then re-
- introduce to his life those other things beyond food, clothing, and
- shelter that he needed for his own gratification.

- It is well worth the time to ask the students what the first thing
is that they would add to their lives, as soon as minimal food, clothing

_ and shelter had been provided. This might even be the subject of a
short essay. "The first three things I want" sort of thing. Or, group~
ing the clags into small committees, each committee could come up with '
its hree things and present them to the class for discussion.

Out of these could grow an examination of the kinds of things -
_vanted, ¥- large generalities should be allowed ("a complete electrified
Chouse™ ), e makic three things have to be relatively. specific:’ o car,
O vy ?ﬂA“L p#xuoﬂal library, matsvia, to paint with, evs. :
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These discussions should be fairly productive. Perhaps it
might be well to give the "my three thing" assignment both &t the
beginning and at the end of the total unit.

Implications of the "things" should be discussed. For example,
if most of the class-has a car or & motorcycle as one of its things,
what implication does that have for the atmosphere? . In other words,
is it possible to do the things we want to do without imping:ng
(infringing)? upon others' wents, rights, "things"?

At this point, if time and facilities permit, one might plan
a field trip. A field trip is e highly individualistic thing. It
should only be done by a teacher whose personal schedule is flexible
enough to handle this kind of & disruption. The class should only

"be taken to a place that the teacher is already familiar with. Only

interested teachers should be invited to co-cheperone. We shall des-
¢ribe one that we have done'and one that we are contemplating.

‘A, On Earth Day two teachers guided & group of twenty—five students

on a bicycle trip. Our destination was the State Capitol. We
had several purposes:

1. To escort one of the 3tudents who was part of the Earth
' Day mook legislature.

2. To watoh the governor 8ign the Ehvironmental bill and
dedicate the Capitol 8 nev bicyole reck,

3. To demonstrate that non—polluting transportation exists
for relatively short distances.

' This project required two teaohefs-vho were interested. One rode

ta.bike; the other followed behind in a station wagon to pick up any

casualties. It required a dittoed map of the projlected route so we
could find each other if e got separated. It required the usual
permission slips and communications, letting parents, administrators,

and the police of two oounties know what we were doing._

B. We are planning = field trip to an area ten miles from our school,
the Bozen Kill.. This is an extremely lovely stream-waterfall- .
gorge-woods area vhich is currently threatened by an interstate

. highway: We hope to demonstrate to the students just what kind
of thing has happened in the past, snd will continue to happen with
the indiscriminate planning of highways.

This tr1p needs to be thought of in terms of Trade-offs" and
other options, Do we need an ‘extension of the highway badly

nnough to give up an irreplaoable wilderness spot? Are more high-
ways the only alternative to our transportation difficulties?

What is involved socially, economically, politically, by increasing
opportunity for private transportation? "For publio transportation?

'~ At this point_one could also introduce the first film strip in
the New York Times series: 'Man: An Endangered Species. One
could merely show it and have a discussion, or one could expand it
into & sub-unit, if time Permitted.- - -
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Walden Two presents us with a proJection of & collectivist concept
of Good Society. Skinner puts forth & pumber of socially provocative
ideas, based on his experiences as & behavioral psychologist. He pre-
sents his own argﬁments in favor of his theories; if you want an antidote,
try the Measure of Man by Joseph Wood Kruteh.

Walden Two is & small utoplan soclety which is ‘governed on the’
Principles of social engineering. Behavior is directed by sublecting
children to positive reinforcement of. their good behavior. The book is
placid and rational, making sn honest attempt to imagine a society in
which everyone wants to be well-behaved, in which &ll menial Jobs are
divided among everyone, and in which most community needs are provided
by the community itself. It is rich in thought-provoking ideas for &

‘"good soeiety." It raises questions: Can human behavior be "engineered"?

Would we want it to be, even if it were possible? What loses might we
envision? How would Thoreau behave in Walden Two?

Here again we turn to the students. Again they éould-be led. to

- individual essays, or to small group work after whieh they would present
" their findings to the class. What would be the benefits to the world of

such & society? Is there really a loss of individuaslity in such & socisl
structure? How much individuality should we surrender to make life a
1ittle nicer for the whole society? If we are properly "conditioned"

a8 la Skinner would we feel & loss to ocur individuality? Would such a
loss be any greater than the losses suffered by people under our system
as it exists? Who does what ip our system?

The Good Society -

A, Compile with the class {in small groups or altogether)*a‘list
of b:ologlcal beatitudes.

It is better to be alive than dead.

It is better to be well than sick.

It 1is better to be nourished than hungry (to what extent?)
It is bvetter to hsve,s comfortable temperature surround:ng
us than to be too warm or cold: '
5. 'Etce. '

W
-

: Expand these & lot. Ten? Twenty? Can the cless assign relative |
values to thelei What order would they put them in? .

~ Film strip opportunity . This is & point at which one could use the
second New York Times film strip: '"Breaking the Biological Strand. " The
same opportunities for expansion exlst as did before. )

1

B, _ Try to arrive, with the class, at a definition of "Freedom."

. What @istinction do they perceive between "freedom" and ?liberty?"
What response do they have to the following 1deas’ :
1. Freedom is the qspacity to act.

2. If we cannot be free socially, we cannot be free.

3. Liberty and freedom must be distinguished:
s.' Liberty is the removml of constraints.
- Freedom is the capacity to act.
b, The individual s liberty may have to be restricted to. provide
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freedom for all.

Use the essay, "The Tragedy of the Commons in The
Environmental Hendbook, at tbis point. The class might
compile 2 list of 1ibertiee Ve have eslready relinquished
for the good of the group {the liberty of choosing our
own speed in a residential district versus the freedom
of the residents to not be killed by speeding cars ).

Are the "demands" put forth on many campuses today demands
for freedoms or for liberties? Are gll such demands valid?
How many if-any encroach on. anyone else's freedoms?

Ancther Film strip: Part III,"Vanishing Species" can ve

used. as part of the exploration of the lnterplay between

. our desires and our eneroachments

) Individualistic versus collective societies

If one of the things that the person in ‘the individuelistic
society wants is a fast car, how does he go about getting
it in & completely individuelistic society? Does he build
his own? How? Can there be such & thing as an sutomotéve
industry in such 2 soelety? Do corporations assume preroge
atives of individuals in our society?

How-does the person in our pfesent day society who wants
to live like Thoresu go about getting pure air to breathe and

- pure water to drink?

If one of the things that the person in & collectivist scciety
wants is a certain degree of individuality and non-confbrmity,

how’ does he go about achieving it?

We thlnk of the pioneer days in Amerlca as an individuelistic,

- self-sufficient situation. If you didn't like the way things

were, you could move on. (Turner Thesis?) On the other hand,
we tend to think of collective societies as being akin to
communism (Russian style) and to totelarian forms of government.
This is not without some foundation. Certainly as we surrender

" some liberties for some public good, we are getting away from

the pioneer dream.

On the other hand, we-seem to‘like our industrialized society -

- or at least some aspects of it. Like uhat?

N3

Question: Can we have an interdependent industrial soc1ety, _
with its attendent goodies (cars, air conditiocners,
phonographs [sorry! sterecs!]) without giving up.
some of our orlginal libertles?

Probiem: How to strike = halanCe between the 1ndiv1du3113tic
R and the collectivist life styleSe

THIS WILL BE THE PRORLEM FOR THE REST OF YOUR LIFE.
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And at this point we can once again introduce a -film -
strip. Part IV, "Preserve and Protect.”

4., At this point one might distribute class sets of "Four
Changes" by Gary Snyder and of Allan Berube's "Ecology:
Meking Peace with Nature and Each Other.”" While these
are relatively short papers, they are thought-provoking
and raise many questions which the class needs to consider
as it gropes for its definition of & Good Society. Flan
to take at least a week in explorlng the implications of
these papers.

-Ask students to compile their own list of. discussion

" questions from the two papers. One way of approaching
this would. be to suggest one list of things they deflnitely
agree with, another of things they dlsagree with.

What do we want and how do we go about getting it? -

This is the point at which to launch people into their individual

proJects. ' An annotated bibliography could be distributed &t this point
for those who wish to read further. Various projects recommend them-
selves. . ' -

A.

C.

The stendard "paper': This. could take the form of an additional .

annotated bibliography, consisting of items which show an explora-
tion in greater. depth of any aspect of the whole picture -- llke

"a list of readings in Utopian literature

Tbe preparation of s scenario or series of scenarios which project
in dramatic form possible answers' to the .question "What if . . .?2"

1. What if we continve our population growth at present rates .
and our consumption of natural resources, with no restrictions
on the use of air, land, and,water as dumps for wastes?

2. What if we ban the use of the internal combustlon englne after

19757

3. What if we switch {rom fossil fuels as a pover squrce to
stomic energy and then discover that our computations about
the radiastion safety -of atomic power plants were 2ll wrong?

4, What if we made & law that no private cars could be ‘driven
within the city limits of a city of 50,000 or over?

5. A selected bibliography of science fzctlon has been appended
The vworks were selected because each one is a creative response
' to the question "What if . . ,?"

Mock legislatures: These need to be preceded by some study of how
legislation is generated. If possible, get a local legislator to
come and talk to your class or to a group of clesses. We have
taken small groups of students to the’ State legislature to watch
what goes on. At any rate, let them understand the concept of
getting up a bill, the existence of varioua commattees, expert
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testimony, ete. Then l:st them form their own legislature
committees to identify problems in the society, to gather
information about the problems, and to formulate legislation
designed to. eradicate or mod)fy the problem.

Then, if you really want to live it up, get one classahambgr
to contact one or more legislators to see if it would be
possible for the class committee to testify at a hearing on
that type of legislation. . This can be done; when it is done
it is an unusuelly rich learning experience for-'the students
involved. Obviously, it’s only feasible if you live within
g sensible distance from a'legislgtive body.

D. Let ore or more of the students use the last film étrip in
: the series, Part V, "The Population Explosion,” and develop
e teaching plan on population for the whole class.

B. Creative writers might try ve-writing the continuity for.
some of the film strips so that they could be used with
elementary school children or with. other classes. After -
writing the continuity, they could have a student who speaks
well make a tape recording of the continuity to accompany the
film strip,.

F. Introduce students to items in either of the bibhliographies.
Let themw report orally or in writing on one or more or the
books. If each student-has & copy of the llst he will be
able to mull .over his ch01ce .

G. - Other:' This is where your imagination esnd your resources. take

’ over. For example: If youlhappen to have & lot of caimera freaks
around, you may be able to d6 something with film. A good art . -
department  can produce things you never dreamed of.

If you are working on & teeam, each member should have & copy of
the study guide.’” You way discover that different people see .
different péssibilities. Pool your resourcea. Don't do it elone
l.ml/ss you ’re & real Renaissance man. :

V. When it's all over, you might ask for a brief peper from each person:
. "The three things I want most, after the basic necessities, in the
light of what I've learned in the last six (ten) weeks™.

" NOTE: See Section F - Appendix for Life Style 3ook List
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'C—h Mbdel for a Unit in

Semantics and the Environment

Objectives: To increase knowledge of some basic priﬁqiples-of

‘communication. To apply these principles to -environ~-
mental prcblems: o

'Mqteriéls: S.1. Hayakawa, Language in Thought and Action, New York,

196k,

Resources: Mass medisa

Semantlcs units may be taught in little or in big, modules

_depending on the nature of the class, the inelinations of the students

and the time available to the teacher. Let us assume that the teacher

- merely wants to teach enough semantics to sharpen students' critical
.reaction to.information in text or. advertislng in television, radio,
magazine and newspaper. :

I.. Preliminary Reading

A. gggge in Thought and Action, Ch. 2 -~ "Symbola. In this'
chapter Hayakaews describes the symbollc process He quotés
. from [.sanne Langer '

This basic need, which’ certalnly is obvious only

in man, is the need of symbolization, The symbol-
making function is one of man's primary activities
like eating, looking, or moving gbout. It is the.
fundamental process of the mind, and‘goes ¢én all ’
the. timé- : C

Particularly important is his discussion of how pervasive the
symbolic process is. For example: The female teacher reading
this outline is going to be concerned in some measure this
year with the distance of the hem of her skirt from the floor.
Since such length has nothing to do with. comfort and- 1ittle

to do with modesty, it is obvious that ‘the guestion of the

hem length is & symbolic one. . Any way she wears her skirt
will be some kind of:symbolic statement. If she wears a "midi,"
she is fashion's slave. ~Is she keeps her skirts short, she

is careless or indlfferent

For'the.purposes'of this unit, the chaptér gives enough under-
standing of the symbolic process so that we can understand how
ceople cam use symbols to influencze our. thinking,

" B. Language 1n Thought and Action, Ch 3 -~ "Reports, Inferences,
. Judgments. '

If you realy want to help your students clarify their thlnklng,
this chapter will do sbout as much a&s any thinking in the field

AY
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’ of humanities that we can think of. Hayazaws shows

through lucid examples the difference between verifiable
reporting, and the almost continucus inference and Judg-
ment making that we 1ndulge in, under.the illusion +hat
we are thinking. _

Again the chapter provides semantic tools for exsmining ;;
information to which we. are exposed, in order to test it o

- against reallty.

He touches on slanting," the technique of using aelected

-factual material-to bring forth a specific reaction in the
" reader. :

An interesting example of "slanting" can be shown if one
were to. make. a collection of all the advertising that has
appeared in the press in 1969 and 1970 about baby seals. '
The first ads appeared, sponscred by a save-the-baby-aseal
group., - It displayed a pitiful ‘looking baby seal, obviously -
torn from its mother. The advertising copy described the
brutality of the means of killing baby seals: they were
clobbered. over the haad and skinned alive in order that the
pelt would be at optimum beanty. While the ad was "factual,”

it was ‘aleo- slanted, since words like "clubbed" when connected

with baby anythings (except spiders) cause a profound reaction

in many people, especially_nomen.

Another interesting example of slanting can be found if you
look up the ads prepared e&s a response to the outfaged ory
that went up from animal lovers, girl. scouts, and grandmothers
all over the United States and Canada, These ads employed

" the same technique: counter-symbolism and counter slanting.

To counte: the over-powering symbol of the pathetic baby sesal,
they came up with the rugged pioneer symbol of the stalwart
seal fisherman, braving he wilds of Northern Canada to eke
out a precarious living. This ad’s slanting consisted of a
little ecology.lesson in which we learned that, left to their

own devices, seals breed indiscriminately producing young that
-may- starve to déath or fall prey to sharks.- How much more

merciful. to give the guick tap on the head freeing the baby
seal from the perlls of arctic.life. -

Discu581on and- Activity . e

-A, These must be intertwined as activity should lead to dlscu531on
and discmssion to activity.

B. In connectien with: readlng- Be sure that the students hnve
worked through the exercises in Langusge in Thought and Action.

- Devote some diseussion to these exercises until everyone is able
to handle the vocabuﬁery.‘

C:. Have the students start their own collectlons of semantically

.1nteresting events in the media.

M A
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Soéiai Science Projects - Environmental Pollution
and Social Science Disciplines

1.
2,

3.

A Sample Approach to the Problem of Air -
Pollution -

Model for & Unit on Human Values.u
Bigger is Better :
Socletal Problens for . Class- Dlscu581on3

B.a

b,
© e

_“d.

: Ecology>

Social Implicetions of: -
Transporat ion Problems :
Modél for a Unit-‘on Individualism
Model for a Unit on the Industrial -

- Revolution .
‘Model for a Unit on Legislation

Model for-a Unit .on, Societal

1
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C-5 Mcdel for Criticel Reading Upit

Objective: To improve critical reading of expository materiasl by
examination of the volce and tone of such materisal.

Method: Examination of three essays relating in one way or
another to atomic radiation. Specific attention is
paid (1) to the qualification of the authors, (2) the
tone of each essay, and (3) the voice of each essay.

Materials: Gofman, John W. and Arthur R. Tamplin, "Radistion: The
Invisible Casualties,” Enviromment 12:12-19, 4§, April, 1970.
Rapoport, Roger, "Catch 2W,H00 (or, Plutonium Iz My Favorite
Element)" Ramparts, pp. 16-21, May, 1970. :
Seaborg, Glenn T., "The Environment: What %o Do About It"
Vital Speeches of The Day, XXXV: 51h4-520, June, 1969,

The Men - In arriving at an informed opinion, the student nezds to
know who is talking or writing, what his qualifications are for
discussing the subject, what his possible biss ig likely to be. How
do we go about getting this information? Does Who's Who, for example,
give us all ve want tO know about such people?

A. John W. Gofman - formerly Associete Pirector of the Biomedical

Pivision of the U.S. Atamic Energy Commission's Lawrence Radietion
Laboratory at Livermore, California. Now Professor of Medical
Physics at the University of California, Berkeley.

B. Roger Rapoport - free-lance Journalist and co-author with L.J.
Kirshbhaum of Is The Library Burning? He was editor of the
student newspaper at the UniversitY¥ of Michigan.

C. Glenn 7. Seaborg - Chairman, U.S. Atomic Energy Commiasion.
His speech was delivered at a meeting of the National Academy
of Scliences.Panel, Argonne National Laboratory, Argonne, Illinois
May 5, 1969.

P. Arthur R. Tamplin -~ Research Assoclate at the Lawrence Radiation
laboratory at Livermore, California.

The above, the student discovers, 18 minimal information. Except
for Rapoport, the authros work in the field of atomic energy. We may
assume that they are competent enough 1n their field to continue to be
hired in that field. Since there 13 a difference of opinion between
Seaborg on ope hand and Gofman and Tamplin on the other, a difference
which Rapoport uses as the focug of his essay in Ramparts, we need to
know more. Why do we need to know more?! Becsuse the three articles
deal with the question of allowable radiation in the environment. One
of the potential sources of elazctric energy is the puclear power plant.
If we have miclear power plants what risks are we ruaning from possible
contamination of the atmosphere or the total environment?
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Eventualiy, we come to the question: How much do we care? If we

-'really'dcn’t csre avout what radioactivity does to us or might do to

ué, we can settle for the information we already have. But suppose we
really feel thet the solution to the problem of power generation lies

in development of the nuclear pover plant. Then we will find:ourselves
trying to support Seaborg, to refute Gofman and Pamplin, anpd to dieparage
Rapoport. If on the otherhand we are worried over the degree to which .
radiation can tnarease cancer or cause us to have two-heeded grand-
children, we will find ocurselves trying to refute Seabor. support Gofman
and Templin,. and extol Rapcport. ‘

. Either way, if we are. intereeted. we need to do three things
"1. Find out more about atomic radiation.
a. learn some basic vocdbulery
b. lesrn some bagic concepts of radiation and atcmic energy
- learn scnething about the link between rediation and disease.
2. Pind out more about the four sibhors. '
3. Read the articles carefully -and critically

" The physics teacher or the encyclopedia can help us with the first.
We can find out more about the suthors through Who's Who, The Readers'

Guide to Periodical Literature. and- The Hew York 1 Tines Index.

. The third item requires. development of ciritcal resding skills.
Understanding of two rhetorical principles, tome and voice, will help
develop skill in “reeding between the lines or getting at the author's.

o point of view or bias. '

Tone in the articles. Tone is the way in which. the author uses _votabulary

Since tobe can work to influence the reader through word choice rather
than inrormation the student must lesrn to recognize it. . .

. A Tone in the Gofnan article. This is ‘the most objective or the three

articles. The tone is reasondble. The material is presented in

a logical organization; it is carefully limited@ to deal only with
‘one aspect of radiation dsmage: ‘cencer. This limitation -enables
. the authors to go into scme depth and. detail to expose.their
srgument. The tone. of the. sixth paragraph, however, gives us =
.some insight into the anthors point of view. , -

-

Quotation.

The cheral Radistion Louncil. Hhtch sets the -
allowab’e nescetime radiation etandarde, has access -
_to the informetion by which we have arrived et the
. showe sonelusions. The prasent storderd, If edloved
Lot stamd, wost be undewstodd o weon that the gevere
mert is willing to trade off® thousands of . caszs of
""" concer and leukemia in return for peacerul atomic
’ ellergy activities. . )
: 'italicc by sVS -
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: FPor our study of tone, the mosgt important expression iz the para-
graph is- "trade off" in the second sentence. Colloquially Ptrade off"
'means to accept an acknowledgedloss in expectation of a greater gain.
This mey very well be what the government is doing; however, the word
"trade off" vhich is commonly applied to the inanimate, in this case
L ‘implies a callousness or 1nhunan1ty on the part of the Federal Badiation
. Council. —

'E:ercise{_

A; .Rewrite the second sentence to elininate the effective connotation
of "trade off.” Rewrite it to make the FRC look warmly concerned with
human problems. : B ' ‘ S .

B. ‘fone in the Rapoport article. The tone-ensitive reader can have
a field day vith this one. The title itself sets the tone: "Catch 24,400,
(or, Plutoniuu Is My Favorite Element.)" -

1.  Title

a. "Cetch 24 400" ig an allusion to Catch 22. an ironic. anti-
© 7 war novel.
~b. "24,400" is the half-life of plutonium. ” '
c. “Plutonium Is My Favorite Element," 1z a quotation. attributed .
to Dr. Wright Langham, an AEC plutonium expert at Los Alamos. . - .-
d. What is the €ffect on the reader of using this titie instead.
. of "Certain Questions about the Atomic Energy Comnission L
Self-Regulating Powers"? : .

"o

'2.. Examples of maintenance of tone through verb choices

‘a. - Par 13 "cloak-snd—dagger air"

b. Per 14 "background radiation is a favorite ARC g
c.” Par 1k "the orgenization's . . . nuclear g{jhologz
d. Par 18 "AEC totalitarianism

k. Bte. Suggested activities

a. Each student can compile his own 1list of "loaded" vords-
. b.  An exercigse in Genotation and connotation leadirg to a
. study of Rapoport’s "loaded" words. Can the student see - .= -
.how meny of these word choices represent judgments rather :
) than facts or inferences? : .
“¢. Each student could write an asseasment of Bapoport'
" personal bias as the student infers it from the article.
This should be brief and should be- supported by examples
of'Bapoport's word choices. o . T Sy

———




I1I.

: usage as it revenls hls attitude toward a‘s uuﬁience.
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C. Tone ip the Seaborg Speech.

. Seabdrg achleves his tone partly through word choice but efén
more by arranging historical and contemporary information in'a way to

* suggest that there have been problems before, there are of course,

problems now, but wise good men -are working on the problems and tbings
will work themselves out. :

.'1' Sooth1ng expressions

~ a. “Par. 1 "More is being done today A harmonibus relation-
ship." . . " . |
b. . Par. 2", . . calmly attempting'.,._. perspective.”
e. Per. 3 ". . . abuilding hysteria . . . should be -

tempered . . . rational butlook . . ."

‘2. Histdrﬁca1 réferenceé

a. Par 8 catalog of-famous natural disasters’
b. - Par 13 antiquity of air pollutlon legislation .
c. Psar 15 the horse, cities, and air pollution

3. Wise and good'men are working

a. Par 2k Dr. Abel Wolman .
_ b. Par 28 "President Nixon's great concern . . ."
.e. Par 48 Dr. &erald F. Tape : o

‘h. 1Etc. ‘Suggested activitles B

a. Let the student compile e list of expressions from. the
speech that are soothing or relaxing. The begimning of
the Speech is gtudded with topical ‘allusioms and. collo-
quialisme. ’
How do tbese work to establish the tone of concerned
equanlmity? : :

" b.  Let the student think of why, when Sesborg's field is
- atomic energy, he does not mention atomics or redistion .
until peragrsph 41?7 On the otber hend, since his title
‘ie "'The Environment: What to do About It," why does
" be devote 25 paragrapbs of a 67 paragrapb speecb to
nuc‘ear energy? :

Voice . in the articles.’ Voice is. what Ve call _the - author s language

o

. A, Va&e in Gofman and Tamplin. The very ‘ghaence’ of affective language

provinm torpdew. The oblestivity nnd aaratal,. pratvicse tygle pree

_/BUPPOBEY " &Xi audlence who prides 1tbelf on omi*ct3?ixv T ;atienal
discourse. : : - .
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1. .The atudent m:ght count the colloguial expressions and plot
their distribution. They are-nbt evenly distributed. What
purpose do. they serve? What is achieved by locating the
bulk of them where they are?

2. Dr. Sesborg devotes & fair amount of space -to "what might
seem a nev era of nature vorahip (paragraph h) ‘

a. Par 4 . . . an ardent hiker and nature-lover myself. . ." -
b. Par b ". . . technology hes mede nature accessible to us
- a8 & friend to be understood. .- . rather than a foe to
be over come.™
c. Par 4 "The new conservationist. . . 'roughs it' on his own
terms with . . . 'store bought' items . . . But he . . .
forgets . . . this in his ‘attacks on his technological
society.” Question: ‘is the conservationist who sttacks
. the technological society necessarily the same man vho
- goes canping in a $3,000 canper? -

4. 'Pa; T ".-. . nature plays no ravorites.“

e. Par 8§ ". . . nature destroys ard pollutes-"

f. Par 20", . . the vell-meaning concern and dedication of the
' conservationist and nature enthusisst. . "

3. Although Dr. Seaborg exeatual ly arriVes at e point where he -
: suggests thet a balance can be resched between ecologists .
' and. technologists, he has been at some length feintly dis-
' pareging the naturei~oriented point of view. Congidering his -
. audience, why might he be doing this? . What does his audience
: have as their primary interest?.

D. - Activity

1. Since the Gofman-Tamplin article and the Ramparts srticle both
. express alarm over atomic radistion, the student might write
‘8 brief compare-constrast paragraph discussing the audience’

implied by the voice of each article. uaing exanples.;

2. _Discuss orallyaor in e paragraph the purpose or each or the
' articles as implied by their voice and tone. A good. spproach
to this is to nsme the magazines to which you as agent would
. try to sell theé articles. How would each article haye to be
changed to make it accepteble to The Atlantic Mon :
. Mademoiselle? 'Life? The gggservationist? Fortune?
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This last activity is iﬁportant and can be a.lot of fun. Students
.who write fairly well en)oy parodying and can leayrn from rewriting
key paragraphs to slant them -for different publications. ‘

Iv. Furthen adventures ~ if the teacher finds an increased concern ‘over
the manipulative aspects of language, we recommend a short course in
semanticsr ~ or at least an introduction to Langnage in Thouggt and

IAction by S.T. Hayskaua.
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D-1 A Sample Approach to thé Problem of Air Pollution

: ObJectivea:-

: 1. Tolunderstand that part of the problem of air'pollution
_ lies in the ‘treating of air as a free good.

2. To understand through a discussion of this idea that a - ' .
solution to the problem may lie in restricting everyone' s
individual liberty to. provide freedom for all.

= '3. To'understand that there are many factors that make -this
solution a difficult one,

L 1. Accounts of the various air disasters in the 20th century
o '(London New York, the Meuse Valley in Belgiwm, Donora in
.'Pennsylvania, New York City) see bibliographya

2. Reading’ "The Tragedy of the: Commons," by Gilbert Hardin in
The Environluntal Handbook.

7 . I. The problem of air pollution cern be estsblished by a reasding of
" - one or more of the accounts of the various 20th century air disasters.
- These accounts are avsilable in many. forms ‘one or more of which will
~ be suitable for the level of students you are dealing with.. The
_entire class couwld read more then one account or groups of students
can be assigned to read a particular account and ‘symmarize it for the
class. )
" A. After these accounts have been read, class should try to arrive
at the common- aspects of each:
1. What happened in each didaster? -
2. -What did these particular areas have in common?
3. What specific factors account for the extreme effects .
- - in these cases? - . - .

B. Even though theae disasters .are extreme. exemplea whet factors
that contributed in' each of these are not limited to these needs
elone? The idea should be brought out here that certain activities
of man contribute to air pollution - the more obvious oues

 industrialization, increasing urbsnization. Discussion showld

also bring out that even such activities as certain’ fermingpractice: %

. (spraying, use of fertilizers, deforestation), individwal acti-
vities (driving & cer, burning trash, incressing demands for
electricity) contxlbute to conditions of air pollution.




I1T.

2ho-

Reading of Gilbert .Hardin's "Tragedy of the Commons":. This
reading may be rather difficult for some students, in which

- case it could be exerpted or simplified. Another possibility

lies in using Just the example of the herdsmen and the common

pasture. The ideas of the article are specifically related to
population growth but: they can be applied to the treatment of

the air. )

. How hss the air been treated as A conmons?
‘What -individual benefits have been deriyed'from this?

How would you react if someone offered to buy the air around
your house? If you were to take the idea seriously, what -
problems would you fact? {here the idea of difficulty of -
deciding exactly what portion of air is "yours" and difficulty
~of assigning 8 price to the air).

Is it true to say that since everyone owns the air, no one
in particular is responisible fbr it and its use poses no-cost
' to anyone’ :

Is the pollution of the air really-a free activity? {possibly
- free to the immediate polluter, “but what costs are there in-
volved?- health costs, aesthetic costs, property costs, ete.)
If there are costs, who ultimately pays them? Who should pay?
(only the polluter or everyone who shares the benefits of clean
air?) . :

‘The idea of social or extermal costs could oe introduced here -

the difficulty of measuring them, the difficulty in pinpointing

_the exact source.'ﬁ

Ways of making the pollnter_bear_the cost of his pollution:’

This can be'handled in several ways --indepéndent or gfoup'investiga--

tions, outside speaker, use and collection of current news articles
(assigning students to clip pectinent articles during the course of
the units is a good idea whatejer approach to this is chosen)

"Briefly summarized the means of making the pollnter assume the

cost of. his pollution fall roughly into 3 areas.

l. Internalizing costs - most common in this area are effluent
or emission fees., requiring the addition of pollution control
equipment in new or existing plants in industry; réquiring )
‘the installstion of pollution controls on autombiles -~ these costs '
generally passed on to consumer in form of higher p“ices.

. -

2. External costs - use of public monies (taxss) to bey the cost.

- of preventing, controlling or rectifying the dansges caused by
"poliution. Examples here in industry would be subsidies, tax
write~offs for pollution control equipment , better deprecistion
. allowances eté. = Thcse costs are borne collectively through
* higher taxes. '
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3. Sanctions - outright prohlbltion of certain activlties

Investlgation of the various ways of maklng the polluter bear
the cost of his pollution could 1nvolve 3Toup ‘or 1ndependent
study .of the follou1ng. .

1. Most students, as do most people today, probably
.~ assume that, in talking about the "polluter" being
. forced to pay the cost of his pollution,'reference
is being made solely to industry. A student or group
of students could search out informatlon concerming -
the actual percentage of sources of air pollution.
What individual or community activities are responsible
for large amounts of air pollution? What. ways can they
recommend to curtail this? What would be the effect
of control of these 1nd171dua1 or commun1ty actlvitles?

C 2. A survey could be conducted’ in the commnity to deter-

- mine peoples' attitudes tovard air pollution - what do -
they see as the main sources of the ‘problem, (individual -
activities, industrial activitiea, governmental acti-

_ wvities); how do they feel that solutions might best
" . ‘be handled, what restrictions would they be willing to
.. accept in order to iuprové the situation, would they
"be willing to pay: for 1mprovement through higher prices,
hlgher taxes, . ete. :

3. Is the electric car the anawer to the automobile and
_ air pollutlon’ an investigation could be made of the’
effects of an electric car - is it feasible, what would .
be the effects; for example, on the oil industry and.
service stations, on air pollution from 1ncreased
_electric generation? :

L, The P1ttsbur5h ‘'situation - why were buainess and banking
intereste so -concerned about Pittsburgh being knowm as -
“the "smoke city?" What did they do about it and how did
~ they go about solving their amoke problen? T

5. A study of ‘effluent fees - How will businesa react? Will -
polities play a role in-sdministering the fees? How many
fees discriminate againat small firms? How could the fees
become a "license-to pollute?"” 'Can effective monitoring
and detection systems be .established?. Will the fees be
a sufficient incentive to reduce pollution? (A good
auesion of, and approach to, effluent fees . is a leafl t
‘published by the Joint Council on Economic Education:
"The Economics of Pollution, Part III, Can Pollution Ve
Controlled?" by Herold' Wolozin) :

6. Air Pollution ‘control in Los Ahgelea = What is the back-""~

: - ground of the various air pollution control ‘lawes in this
community? How. did community consciouaness lead to'a partial
solution? Even though industrial- pollution is fairly well
controlled, wliat still._accounts for .the severeness of the
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-situation there? (A good starting point for the.
L.A. story is the October 8, 1966 issue of Saturday
Evening Post, the story on air pollution).

T. The possibility of a pollution tax - a tax (similar -

in idea to industrial effluent fees) to be paid by the

- consumer of an article that contributes to pollution - -
a ear, disposable cans or bottles, gasoline, etc. Money
from the tax would be used to pay the cost of the pollu=-
tion that the use of the article creates. What diffése.
culties are involved in this? What efrects would thls
have?

. 8. A case study of the internsal and external costs of the
manufacture of a partlcular article - for examgle, the
automobile:, This could be used for several items.

- -list the costs involved in the-manufacture of an
* ‘automobile that are figured into the cost of pro- -
duction. - Why are these called "internal costs?”

- what external costs are thefe involved in the pro-
duction of an automobile?’'(the pollution involved in
‘the various processes involved in the production of
the components of the car - the'steél ‘the glaSS, ete.).

- what external costa are there involved in the use
of the car? )

- who pays the costs?

- what are some possible ways of 1nternallzlng these
external ‘costs?
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D=2 Model for & Unit on Human Values

Bigggr is Better -+ . : | o N

Model for possible unit in Humanities (or Sclence) using folk - T

tales as e source for examinlng some human- assumptions uhich relate
to how we treat our env1ronment.

Bear Ain mind that such a study guide is an example of how an
English teacher can use basic literary material to encourage Environ-
mentel. Awareness, . By all means use your owmn ravofite materials to

~work- toward the same ends.

o
ObJectives.

I. To use tradltional folklore of the western world to show ] ,
how folklore reflects. values end sssumptions of a culture. :

2. .To examine some of these values -‘and assumptions to see how
.they might have contributed to some of our contemporaxy
enV1ronmental problems.

Msierials:'

Prometheus, The Sorcerer's Apprentice, The Fisherman .and his . .y
wife. All of these are available in a variety of authologies and ~ '
children'’s collections. 'The individual teacher will decide what kind

- of translation he wants for his own purpo:es

Resources:

Library, AV Department. A Disney version of "The Sorcerer's

" Apprentice” is part of the film'Fantasia. Illustrated children's
editions can be found in the children's room of most public libraries.

Synopses

Prometheus was the T1ten who aef1ed the Gods and brought fire o

to man. For this he was punished by being chained to a rock where he

was daily attacked by eagles. His sister-in-law was Pandora who opened
the box contalning ell the world's evils plus Hope.

'"The Sorcerer s Apprent:ce," is the story of the boy; apprentlced

- to a §orcerer, whose Job is to sweep out the house ‘and carry heavy Teﬂnﬁ

buckets of wvater. When the sorcerer goes out, the boy uses an enchant-

,ment he has learned to bring the broom-to llfe so that it will carry-

water for him.  The broom does’ come to life and: immediately’ starts'

‘ecarrying the water. Unfortunately the boy does not know how to stop .

the bioom. -It continues to carry water until the house is flooded.
Eventually the sorcerer returns and restores order .

i
i
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“The Fisherman and his Wife: The poor fisherman and hie wife .

live in a hovel by the sea. The fisherman catches a flounder who

- persuades him to let him go in return.for a wish. Consulting his
wife,.the fisherman asks for a pleasant- small house and receives it.
However the dissatisfied wife sends the fisherman back to the fish
. for a castle then & king's palace, and so on. Eech wish. is granted .
"until the woman asks for the power tc¢ rule the sun and the moon.

Then the fisherman returus from the shore to find his wife back in
the orlglnal hovel. .

A Note cn Teachlng

The three storles could be taught all at cnce. .The teacher
could assign. all three stories to be read overnight. This means he
would have to have duplieated classroom sets of each story. 'The class '
"eculd then bhe d1v1ded inte three groups each of which -would have one.
of the stories to study. o '

Alternat1vely, the teacher could read each. stofy aloud; or use
a film or available recording, on success1ve days, then work 1n dis-

" cussion with the whole class on each item.

Either way certaln discusaions points will emerge, certaln

opportunitles for independent. study will arlse

. . . s
L e,

A. Disecussicn -

l. What does fire represent?
a. good aspects -
1. “warmth -
2. .'cooking . .
3. metal—working : .
4. ultimately it symbolizes. the opportunity for ° ..
technology - air pbllution S

b. bad aspects“; can't you work out your own!

2. .(Very hard queetion - attack .it from different. angles).
: Why did the Gods. punish Prometheus? Or,. why did the o
- Greeks have the story, come out that way? "What statement . ¥
does this possibly make about man's feelings about fire '
and the power for ‘good or evil repreaented by flre? '
3. Since the fire represents energy, does thls story reflect -f-“
_any wheonseious reservations about the risks men runs when
. he pokes around with nature? S o
"4, Is there'any signifieance to the fact that a*eompanion-qyth,
< . shows Prometheus’ sister-in-law, Pandora, having an irresis-
; tlble urge to open the box whici'.it ‘turna out, contains all
© the evils of the world? It alse turns -out that. the box
‘eontains Hope. - Again what are the Greekq trylng to tell 1&?
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Any parallels between stealing the fire and opening
the box?

Surely there are more gquestions.

How many Prometheuses have there been? (okay ~ not
meny big ones, but how about the lifitle ones?} List
& number of inventions and discoveries that have been
double~edged with vast potential for both g€cod and
ill. Are there any important inventions that don't
have such potential. Now tie this all in with air
pollution.

Activities

These can pretty much depend on the level of your class,
and the interests of the students. The list generated
by A 6 could be used as & basis for individual reports

on particular inventors and inventions. For the purposes
of this unit it would be well to ask each student inves-
tigator to wind up with & statement of his inventor's
contribution to air peollution.

Place emphasis on the fact that we are beginning to
bring the conscious level what the collective unconscious
seems to have been aware of for & long time. Our purpose
is not to decry invention, but to become environmentally
avare enough that we think of environmental consequences
far more than we ever have before.

If this is & humenities unit one could at this point
or at the end of the whole unit use the Encyclopedia
Brittanica film Oedipus the King which explores some
of these questions.

Slides of Greek Art, statuary, pottery, and architecture
can be used. Get your Art History teacher in on this one.

"The Sorcerer's Apprentice”

Piseusaion

Since the moral of this story is not going to be too
hard to dig out, especislly after you have been through
the discussion of Prometheus, we suggest you divide the
class into small groups, appointing & recorded in each
group, and let them do their own discussion.

Small group work goes berier with -some direction, so
each group could be charged with coming up with its owm
answers to the following:
&. Using the churacters in "The Sorcerer's Apprentice"
as symbols, what would you say that each represented?
1. The apprentice
2. The broom
3. The flood of water
4, ‘he sorcerer
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b. Can you draw analogies bastween the folktale
and contemporary technological civilization?

¢. Do you feel that the interpretation ti:at we make
of the story today is the same that a rerson of
the elghteenth or nineteenth century would have
made? {In other words, teacher, on one level this
is merely a stbry sbout what happens to lazy, dis~
obedient children; on our level it is more ominous--
or is Man merely a lazy, disobedient child?)

Activity

1. Reports from your discussion groups. If these turn out
to be good they may suggest a whole mess of topics that
we haven't even thought of. 1In that case, follow through
on wha. the students come up with -- at least for a vhile.

2. Ask people to watech in the publie press, media, etc., for
use of expressions like "...if we open this Pandora's box,"
and bring in any such allusions that they find. Editorial
peges are a great source for this type of rhetorie.

3. If your school is rieh, try to rent Disney's Fantasia. It
contains & "Sorcerer's Apprentice' sequence, plus a lot of
other items you could use happily in a humanities course,
unless you can't stand Disney.

Fisherman and His Wife

Discussion:

Whole group or small group according to your personal style,
Mainly the question in this case is the insatiable person. This
should lead quickly to consideration of the guestion of whether
it ever possible to give men everything they want.

This can lead to an exploration of the question: Why is Man in-

satiable? What are human needs? How do we go about meeting them?

It the teacher is familiar with Maslow's Hierarchy of Needs, he
can put them on the blackboard and introduece the stvdents to these
concepts., A modified diagram for this is ineluded at the end of
this unit.

Ultimatély, we get to the question of whether greed (desire) is
polluting our air. Whose greed? The manufacturer who wants
profits, even if they poison the air? The consumer who wants
goodies even if the manufacture of them poisons the air? The boy
who dreams of the day he'll have "four on the floor: even if &
stream of particles from his exhsust will poisce ris neighbor's
air -~ and his own.

Activities

1. If Man Is greedy, and we still wish to have air for our
grandchildren to breath, can we find & wey to keep Mrn's
greed from killing us? In other words, how can anti-pcliuvi.=r
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measures be made profitable? Get an economics teacher

to visit your e¢ilass to discuss some of these items. PFor
example, there iz a large increase in the number of stocks
on the market for companies who have as their business im-
proving the environment. Environment I of Schenectady is
one such Company.

2. If money permits, use a film such as "Take One Deep Breath"
to illustrate what can result from unthinking pursuit of
our own material desires.

3. At this point I could spend a day asking students what
individual items they would like to pursue. I would leave
it wide open, letting some students go to other myths and
legends to see wvhat insights they might yield about human
behavior.

Hopefully, two other ideas would emerge: one scientifice,
one political.

a. Scientific

1. Laboratory. Compare foils (HYE) left in different
strategic places. The students will probably do
very well thinking up their own, but one should be
in the faculty smoking room, one or more should be
in the student parking lot, and one should be in
-some area that one would hope wag relatively free
from auto or tobacco particulates at least.

2. Historic or research., This could be a written
report on some of the great air "episodes” like
London, 1952, etc.

b. Political
1. Simple social action of the "write-your-Congressman"
variety.

2. More complex. Search for a local air-polluter.
{In our town this turmed out to be the incinerator
at a near-by hospital}. Many activities can be
generated frum this, depending on the nature of the
class, transportation, ete. One could write to your
local polluter asking what he intends to do. One
could establish contact with city officials. 1In
our community, such people have been willing to come
in to spesk to classes.

Summary

What are some of the human assumptions which ultimatley relate to the
way we treat our environment? Certainly Man's difficulty in doing any
long term thinking when he perceives an immediate good is reflected in
both Prometheus and "The Sorcerer's Apprentice." Man'is urge to satisfy
felt needs no matter what the cost -~ his greed, if you will, - is
reflected in "The Fisherman and His Wife." As long as Man is uncon-
scious that he acts this way, he can do little to improve his condition.
When we examine these attitudes and assumptions, however, we begin tc

be ahle to think of ways of doing something about them.
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D-3 Societal Problems for Class liscussion

a. Bocial Implications of Transportation
Prohlems

It is important - wital - that the students realize that most of
the questions raised by tranaportation problems are questions they
will have to help find the answers to.

-1l. How important is a car to you?
2. ¥Why don't more people uae public transportation?

3. Make & list of changes that you feel would have to be made if
people were to be won over to Public transportation. (This should
be a full period activity).

k. The electric car has been suggested as an alternative soluticn to
urban transportation. Spend a period exploring the possibilities
of the electric var. Would this start a chain of "Rent a lightning
bug" stations around the periphery of central cities? Would you
own your own and plug it in every night? What supplies electric
pover to electric cars? Would this merely transfer the problem from
city streets to the areas around power plants? Etc.

5. Do other "developed" countries have this problem? How do they cope
with the problems they do have?

6, Would there be any benefit to setting limits to allowable horse
power for private transportation?

7. Think up seven (or forty) more questions of your own.

Activity:

Have one student asaigned to keeping track of legislation in this area.
When a public hearing is held in your area arrange a field trip to the
hearing. If a student hag done extensive research in this area he could
ask to testify. He should have multiple copies of this tesatimony in this
case.
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. ®. " Model for a Unit on Individualism

f

If The Environmental Handbook is available in class sets, the .class

could read 'The Tragedy of the Commons" by Garret Hardin, p.. 3l.

P

2.

3.

.
5.

Cant the airfbe considered a 'commons"?'

Why can't we rely on 1nd1v1duals to be responsible in B

' their ‘use of the air?

What do we need to know economically if we are 301ng to
have fair ruleslabout the use of the air?

Hhat do we need to know politically?
N : T e
What do we need to know’ scientificallx? ' -

Once the decision or realization has been rzached that air is no
longer a free good, several problems come to-the fore: -the difficulty
. of assigning & price to clear air, the choice that must be made be-
'.tween various means to forcé air to be considered a cost of produc~
tion; a determination. of who shall pay the price (and how): ' and

the question of the level at which controls should be administered.
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-c-"quel for a Unit on the Industrial Revolution

Usually students ,in a history course will study a sequence of events

which constltutes an “industrial revolution.”™ These processes are -

occurring todasy in emerging nations and the following questlons might
- aid 8 Llass dlscu551on in thls area of investigatlon

1. Llst some problems you envis:on if all the underdeveloped
. countries realize their dream of industrialization9 .

2. What economic stresses mlght occur?

I3( 'How would we arrive at social, economic and political sclutlons
to these problems? - ) .

4, Vhat are "trade-offs“? Make a list of the "trade offs" we
make personally in everyday life.: - .

5. Whet "trade-orfsf do. couptries make? How are these "trade-
offs" affecting society within the country? . o




d.  Model for & Unit on Legislation

At the heart of our democracy has. been the individusl in the
society and established legislative patterns. The questions which
follow may aid your students in realizing. that they may influence
the passage.of laws ‘&t various governmental levels.

1_.

Activity:

What is your atate doing about air pollutlon? Is there .-

a problem in- your sta.te?

Do you have & local air pollutian problem? IT so what
seems to be the cause? : .

What action does your city council {county board) take -

to alleviate local eir pollution?

-Coqu the. problem be helped if there were greater co-
.operation between city and county? . . :

How might air pollutlon ultlmately affect local govern-

- mental. structure?

Arrange for a field trip to & meeting of one of your local govern-
mental bodies. What goes on? How do they go about establlshing
rules for the betterment of communlty ‘1ife?

e
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" e, Model«for a Unit on Societal Ecology -

-

. . . - %o
The word "ecology is no longer restrlcted to the sczentlfic domain.
Since ecology refers to the balances in nature that exist between .
-1iving and non-living material, it is possible to establish the con~-
" cept in relation to societal probtlems. The sequence of questions
below is suggested as a model which will aid students in reslizing
that man takes an active part in an ecologiasl pattern.

-

1. List the inconvenlences caused by the "brovn-out" in
New Yoxk State during the -temperature 1nversion of the
. last week ig,July, 1970. . :

L

-2, :What caused the "brown-out"?

3. How successful were volﬁntarylcontrols; ﬁppeals to con-
science,-in limiting use of. electric power?

L. How do we arri?e'at.priorities when we consider:
a. The polluting proclivities of fossil fuél power plants.

b. The vital electric needs: ~
1. elevators in tall buildings
2. lighting for indoor r981dence bu51ness, industry. ..
3. name others. : '

c. The 1uxu;y electric requirements:
1. electric "gadgets”.
2. wasteful use of 1ight1ng.
3. 'name others. .

d. 'Acquireg “needs' such as gir—cénditioning.-

5. If we move to the non-polluting electric car for iirban
transportation, what power problems may we anticipate?
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::E, " Other Activitiea to Try

1.
2..
3.
by

5.

6.

7.

10,

Dispossl of Vinyl Chloride’
Temwperature Invaraion '

Effects of Two Different Pollutsnts
on Plant Lifs

Distributicn of Continentcl snd
Maritime Aerocaols '

Intensive Study of a Local
Environmant

Sedimentation Foil E:perlnents tor
Air Pollution Measursments
Social Sciencs Queationa

~==Process Industries

~==Wgste Dispoasl .
~==Agricultuyursl Comntrol of Inaects
~~=Syatems Analyais
Role Playing ‘

- Abto Exhaust. Activity

Noiee Pollution
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E~1 Dispoaasl of Vinyl Chloride*

I. 1Introduction:

Sociatal use of increasingly new and varied products
. can lead to disposal problame. A pnumber of plastica
¥ contain vinyl cbloride (CHy = cR Cl). A prevalent
method of diapoeing of plastics ia te incinerate them
deapite restrictions.

II. Objectivas:

1. To 11lustrate potential harmful producis of vinyl
chloride incineration.

2. To observe comparative biodegradation of plastics.

ITI. Materials:

wide mouth bottla, deflagrating epoon., distillad water,
pH paper, silver nitrate aolution (0.1N) and assort-
ment of plasticse which contain and do not contain

vinyl chloride.

IV. Procedure:

1. Place a -mall amount of water in the bottle.

2. 1Ignite the plastic matarial and quickly lower tba
spoon and contents into the apace above the water in
the bottla.

3. When the bottle becomes full of amoke, remove the
spoon and contents, cap the bottle and shake tha bottle
to dissolve the smoke in the water.

4. Test the pH of the solution 8nd add a couple of
drops of ailver nitrate to a 5cc. aample of the aolution
to confirm the presence of the chloride.

5. Prepare 4 : 1x 3 inch strips of the varim s
plastics and meagure the average thickmess of each strip.

6. Bury the samples in the ground or in compost so
that only about one inch remains above the soll level.
Keep the soil moist.

7. Remove one of the samples each week for a month.

; Observe the appearance of each sample.

*Source: 1970 Gemeral Chemistry Syllabus, State of
) New York amd A.D. Hueblick
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E;2 Temperature'Inversion*

Introductiou: ~ .

A temperature inversion, may be formed by frontal activity,
radiation losses from the earth's surface and high ‘pressure
systems. A temperature inversion reduces vertical .
turbulence since .the lower layers of air cannot penetrate

_the inversion layer. :

Uhjectives: ‘ . T
1. To study the facto:s that contribute to an inversion.

2. To determine the effect a temperature inversion has
on tu”bulence

Materials:

‘ice, hot water, aﬁallow pan, 2 thermometera, glass column,
.ring stand; clamps, glass.tube, cigarette(see following
diagram) ' ' :

_Procedure.l-

1. Set up the apparatus as diagramwed.

: . .8 : : : : .
2. Place hot water in the pan andrrecord the temperature
.on. each thermometer after each period of one minute until
there is a difference.

3. Blow smoke very gently into the botton of the cylinder
until. there is a layer of smoke. Then observe,

-4._ Replace ‘the hot water with ice water and repeat the-
previous procedures. . : -

Questions:
1, What is a'temperature inversion°

2. Why is there little teru’ence during a temperature
inveraion? .

3., th dpes an-in#eraién.usually produce smog in
industrial areas? - :

*Sgurce: . Audrey Benson . - _ , I

[,
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INVERSION MODEL

cfn

Thermometers di
|| Large diameter

| glass tubing

" Water bath
(hot or cold)

Smuke

ot
source
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E-3 Effects of Two Different Pollutants

on Plant Lifex

I. Introduction:

Certain pollutants produce noticeable morphological
changes that are easily recognizable by students. For
the junior high school student a subjective experiment
is all that 1s necessary to demonstrate the adverse
effectsof air pollutants.

IT. Objective:
To show the effects of pollutants on plant life.

III. Materijals:
6 petunia plants, matchlkes, mason jars, cigarette

IV. Procedure:

l. Start your own seedlings and when one to two
inches high begin the experiment.

2. Strike 2 or 3 matches in an ashtray and immediately
invert the jar over the ashtray to catch the fumes.

3. Clamp the cover over the jar and place the smoke
filled jar over one cf the seedlings. Keep in place
for 15 minutes.

4. Repeat the procedure with another seedlimg and
cigarette smoke.

5. Carry on the activity for several weeks and pollute
each seedling at least once a week. Use the remaining
seedlings as controls.

6. Make daily notes of height, color, and general
conditions of plants.

*Source: R. Stern
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E~-% Distribation of Continental and

Maritime Aerasols

1. Introduction:

Very small particulates less than 10}“ wmay flioat for
months in the atmosphere. Taking an ocean trip may
not even decrease the high concentration of aerosols.
Usually condensation nuclei (CN) counts are broken
down into the following categories:

1. 100-10600 particles/cm3 Oceanic or Polar Air
2. 1000-5000 particles/cm3 country air
3. 5000-50,000 particles/cm3 urban or c¢ity air

4. greatar than_ 50,000 large cities or hignly
particles/cm? industrialized area

11. Objectives:

l. To compare condensation nuclei concentrations over
various continental features and to contrast these with
levels over the Atlantic Ocean.

111, Materials:

Data charts (Source - Hogan, Bishop, Aymer, Harlow,
Klepper & Lupo, 1967: Aitken Nuclei Observations over
North Atlantic Ocean, Jouranal »f Applied Meterorology,
6, No. 4, 726-727.)

IV. Procedure:

1. Plot CN concentrations vs. horizontal distance across
the country. Use the peak readings found on the 3iccompany-
ing graph} let the students correctly locate the distances
from a4 map or atlas.

2., Plot CHN concentrations vs. distance from *“he continent

obtaining data from the accompanying graph. Include a
plot showing greater detail for the first 70 miles East
of the U.S. :

V., Questions:

l. In general, where do the greatest concentrations of CN
occur? Why?

2. What influence does the vontinental aerosol have ¢n
the pollution concentration over the ocean? Compare
continental aerosol influence on each side of tle
Atlantic Qcean.

g What results would you expect 1f data were collectel
[]{U:‘ from o ship golng from Grcenlaud to South Amerlcat
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Table I: East -~ West Cross Country Flight May 6-7, 1968

Location Nuclei/cm
Seattle 40,000
Spokane 15,000
Great Falls 5,000
Grand Rapids 45,000
Duluth : 80,000
Lake Superior 5,000
Lake Michigan 3,000
Traverse City ) 10,000
Lake Huron 2,000
Flint 35,000
Lake Erie 32,000
Akron 92,000
Wiiliamsport 5,000
Schenectady 35,000

Table II: Coastal U.s. and Atlantic Ocean

Locatien Nuclei/cm3 x 10-3
450300 "Eso " 6
39°30° 66° g
40°00' 67° . 23
40900’ 68°30" 24
40°30" 69°30" 16
41°00" 70°30°" 24
41°00° 72°00" 25
41°00° 72930" 41

41°00"' 73°00° 83
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E-5 fntensive Study of a.Local Environment
I. ~Objectives:

1. To find-“normal"3conditions‘and'determine pollut10n
conditions. . : o L _

2. To look for changes over time; determine rates of
change, make prOJections into- future,

3. To compare with other locallenvironments.

4.- To look for cycles systems, processes, various types.
of pollution suitabie for division of student labor or
long term 91ngle ‘student investigations

5. . .To emphasi e basic environmental concepts such as
interrelationships, interdependence eomplexity, change.

6. To collec similar data each year and compare to -
determine lonéﬁterm trends . -

IT. - Procedure:

1. Measure Meteorological Parameters - temperature T
variations, vertical and horizontal profiles, humidity,
visibility, wind direction and velo¢ity, pressure, sky .
conditions, precipitatioh, radiation-incoming and out~

going. % £ : -

a. compare data for areas of local influence - black
.~ - top, grass, bate soil, -trees, tall grass, etc.

b. relate. data to longer external influence -~
mtopography, weather patterns buildings, etc.

2. Collect "airborne particulates - aluminum sedimentation.”
foils, cellophane tape collector, high volume air sampler,
dust collector'jars, rain. water collection for solid content,
condensation nucleus ‘counter measurements, rain drop size
spectrum measurements (relate to cleansing. characteristics).

a. Determine average mass of material collected;

' ‘variations in average mass collected at same locations
at the same  time, at different times and at different
locations. v L S e

b. Measure sizes (radius, diameter or volume),and-size
.. distributions.- T
. _ ¢c. Determine qualitative characteristics of collected
o " mwaterials-shapes, Btructure and~ other properties_
perhaps leading to ‘identification.
d«” Measure the_numbefmof particles - total humber,, -
' - number per unit volume, number per unit area.
e 7 . . I o . - - ' e

o 3. - Measure gaseous components of -atmosphere. R
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E-6 Sedimentation Foil Experiments

for Air Pollution M:asurements

In:rvoduction:

A network of sedimentation foils placed over a fairly
large geographic area can give an indication of local
air pollution and its sources. The foils will collect
particles that settle out of the air and a.* larger than
the 10—50/{ range.

Objectives:

To determine some characteristics of local pollution by
measuring the amount of the larger size non-soluble
particulate. collected on sedimentation foils.

Materials:

Heavy-duty aluminum foil, CE silicone adhesive resin
8R-516, support stands, toluene solvent, analytical
balance, drying oven.

Procedure:

1. Determine specific experiment(s); select appropriate
site(s)(Keep experiment simple at first); determine
additional information desired - such as distance from
highway, smokestack, or other specific source, height
above ground, etc. (See Appendix F-4).

2. Prepare appropriate number of foils:

a. Cut alupinum to 4.0 cm x 7.4 cm foils(standard
size for direct comparisons with Project HYE and other
published data; Number the fpils using ball point pen
impression(see diagram la).

b. Dilute coating material 2 parts toluene, one part
Sr-5316. Coat foil liberally using a small brush or drip
on and spread with stick. Leave about 1l cm of one end
uncoated for easier handling.

c. Bake coated foils 1-2 hours @ 70°C in drying oven
(or box with light bulb), or dry at room temperature for
about 48 hours until weight stability is achieved (test
by weighing). Keep prepared foils in a dust~free area.

3. Construct suitable stands sufficiently sturdy to with-
stand local winds and weather(see diagrams 1lb, lc).

4., Weigh foils to nearest 0.1 milligram if possible just
before mounting and exposing.

i
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5. Mount and distribute ioils. Expose foils for 30 days.
(If exposed for shorter time, extrapolate to 30 days

for direct comparison pith published data).

6. Record d- :es, locatfons, special conditions, initial
weights. Inspect samples periodically during exposure.

7. Collect samples, and oven dry unless no rain has
occt red in 48 hours. Rewelgh foils. Note special
conc¢.tions or discrepancies which would invalidate results.

8. Relate to meteorakegical, topographical and other
pollution data availilable for the same period. (Contact
local and state health departments and atmospheric,
meteorologica. agencies).

9. Make optical observations of particles collected on
foil using microscope or binocular microscope. Coat glass
slides with S5r-516 to facilitate this part of work. Make
size distribution measurements.(See Experiment B-15).

CAUTION:

1. Keep wind from bending foil samples.

2. Keep coating away from moisture until dried.

3. cChoose locations not accessible, or at least
inconvenient to, the idle and the curious.

4. Don't make the coating on the foil too thin.

V. Questions:

1. What are the weight increases, average welght increases,
and frequency distributions? ’

2. What is the weight increase in tons per square mile
Per month? :

3. What is the relation of welght increases to locations
(city, suburbs, country), pollution sources(beware of false
conclusions here), prevalling winds?

Yi. Conment:

Measurements of this sort involve original research for
individual localities. If the work 1s carefully done, the
results would be ef sufficient interest to others to
warrant pubiication of the student's work in an appropriaice
science or teachers' journal or magazine. Foils have ‘been
placed at the Grand Canyon and Lake Powell, and plans exist
to use this technique in a2 few other metropolitan arecs
throughout the country. Comparisons can then be made for
different localities to permit larger scale trends to
become apparent. The individual results serve as a bench
mark against which future measuremen:s can be& cowmpared.
Thus long term changes in pollution ievels may be detected.
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FOIL SAMPLER AND HOLDERS

Coated

Handle and
. code number

Horizontal
array
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E-7 Social Science Questiens

tions-are intended'to aid the soclal studies
stimulating clhss discussion or projects when

certain broad areas of the social sclence ‘discipline are

presented

in class. The questions are suggested ways to

proceed ‘and are not neant "to be followed explicitly

Process Industries

A‘ Activities:

1. Use the bibliography for sources of information
relative‘to radioactlve sources :

t radioactive isotopes are potentially present-

(a) Wha
: - in uranjum minlng dusts? : g
(b) What biodogical effects might these: isotopes have? -
(c) What 1s a half-life? Coritrast this term with

) biologlcal_half life. e
(d)'What is "normal background radiation?™

2, Obtaln a geiger counter and see what background

radiatlon

is in your school. Where does it come from?,

3. Questions to answer:

t 1is steel used for?-

(a).ﬂha
(bj.Can we find out what proportion of steel goes into?
A1) car manufacture- . .
{2) structuralwsteel for reinforced concrete
(3) bridges
(4) tin cans
(5) appliances
{c) What would be the effect" on the steel industry if
* the population remaimed constant but cars were built
to last for ten years?" _ B _ _ -
{d) What do we know about reprocessing'of gcrap steel?
. L . . . \--_ —
., Waste Disposal . o
A, Questions: ' ' L I .

1. How many methods of solid waste disposal can you think
‘of7' What pollut1on risk does each incur? . :

_ 2. How much waste is potentially rec'clable - assuming
-that we could encourage people Lo recycle wastes?

3. What 1s

community?

the waste_productlon per capita in your'
In the United States? How.does this compare

.with the rest of the world?

*p
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4. What gaseous or particulate matter is put out by
incinerating plastics?'

Agricuitural‘Control of Insects
"A. Questions:
i._What are tﬁe purposes of, insecticides?~

2. How ‘do they differ.in chemical structure and mode
of action? : -

3.‘Select a commOnly used insecticide and etamine the
consequences of its- elimination in terms of the total
.ecological picture.

4. Nhat precautiOns Should be exercised in the’ use of,
spray,. aerosols,: fum;gants to minimize risks? )
5. What at;emptsﬁhave.Been made to find alternative
methods of insect comntrol? : S

.§ystgﬁs Aﬁalysis )
' A'iQuestibns:

- ' l. What is the relationship betweéh'E\Torest and a, water
. shed? - . : ,

2. What can a private c1tizen do‘*o work for sane
-silviculture practice? o

'3 Nhy would he want to? (Nhat 8 in it for him?) List
reasons. (Thls could take up quite a bit of time)
4, What is a "climax" fo:est?_

A
3

5.'How.@uéh importance should we attach to the economi¢
value of a forest? Long term? Short “erm? .

é. Can you "bring back™ a forest déstrdyed by improper
silviculturs? With what kind of trees? Deciduous?
"Coniferous? Red wood? T \ '

7. List a number of enemies of the forest.
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E-8 -Role Playing

I. Introduction-

Many students in Junlor hlgh .senool en joy acting especially when
they are . able to take adult’ parts

CII. 0bJect1v95°
1. To introduce students to various. types of media.

T2, To have students ‘write an "air pollutlonuinterv1eﬁ"
“scrlpt,for ‘some medla fbrm. _ 1

3. To involve students .in a group activity..
o : . :

) /,p?,f -
III. M&térialsﬁ

1§éfipt,'média'ébparatus
N ,
- IV  Procedure:
There is no set pattérn gince the teacher is bégt able to Judge
.about the necessary steps that should be followed. ' This type of
activity is especially good for_qé called slow groups of students.

e
|
Ll

‘\\_
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E-9 Auto Exhaust Actiuitx

l}. Introduction:

.-The major pollutants from automobile exhausts are carbon
monoxide, sulfur oxides, hydrocarbons, nitrogen oxldes
and particles., The automdébile accounts for 60%Z of the -
"total source pollution emitted every year in the -
United States.. The major pollutants in the automobile
exhaust are carbon monoxide, hydrocarbons and nitrogen
" oxidés.

11. bbjectives:'

1. To 1solate the major pollutants found in automobile
exhaust fumes.

2. To contrast the pollutant output from a new versus an
old automobile englne. - :

3. To contrast. pollution ‘output from a small versus a
big engine. - :

I111. Haterials:

~gas detection tubes) plastic bag, various types of cars

1v. Procedure* -
1. Collect exhaust gas in a plastic bag for a few seconds.
2. Using the gas: detection tubes, testnﬁ:r each type of/ﬂas.

3. Repeat the same procadure for a new car, old car,!small.,
compact, both old and new. ) -
. . . ‘//' )
4., Test during idling while engine 1is warm and cold.

5. Test after carszhave been driven for the same amount
-of time at high speeds.

V. Results:

1. Prepare a summary table to Iindicate type and amount of
"pollutant for each vehicle under the various test'conditionsa

VI. ‘Questions: -
1. Which gas seems to be evident in the greatest concen- -

tration? Is .it the same gas for all operating conditions
tested9

2. What conclusions can be drawn for old versus, new cars
under the same: conditions? -

3. What conclusions can be drawn for lnrge versusg small
cars under the same conditions? .

a1
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v.

VI.
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E-10 Noise Pollution

Introduction:

The'intenbity'of sound may give discomfort, pain and

damage to the auiitory system over an 8 hour day."
Although the frequency of the noise. is essential to -
the elimination of potentially hazardous noise problems

it ‘is easier to monitor sound intensity levels.

While ‘evidence indicetes thet levels of noise below

“75 db are not dangerous, progressive noisé - induced
deafness is. known to occur through continuous’ 8 hour .
exposure in the 80 to 85 db range.- : ST T

. 4
i

Objectives:

1. To determine local levels of intensity of sound and

estimate their potential as 2 heelth ‘hazard.
"Materials: -

audiometer (see A-11) Appendix F-8. . P

°Procedure:

1. Referring to Appendix F- 8. use the db retings to

: calibrate the inetrument. - . o

2. Measure the ‘level of sound intensity at verious'
areas(e.g. school. inter tections, store, etc.)-

3. Repeat your measurements at verioue times during
~the day and during the week.

Results.
1,

1. Rank the sites monitored from the most dangerous
to the least dangerous. :

Questions. ' T 7

- 1. Hov does four renking-egree with Appendix F=-8?

2. Can you suggest flow patterns. or elternetive
measuree for allevieting dangerous ereae? .

3. How would you go about detecting frequenciea that
might be dangerous to the auditory system? :
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F. Appnndix--Co;“ection of Tnblen, Graphn,

Dntn, and Uaeful Fnctn

: Bnnufert Scnle_ -
Pollutents and Sennitive Vngetntion;

Convarelion Fectors

.Ssmpls Computstion for Sedinnntntion

Foil Experimente

‘Unite . for Reporting Alr Pollution

Messuraments -

Noise Levels from Vnrtoun Activitinn
end Thresholde of Hesring

Life Style Book List

- Scisnce Ficelion for Scehpfion
. Historicel Bibliography
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/F-1 Beaufort Scale

'No. - Description of Wind Effect .

0 - Smoke rises vemcnlly
. {  Wind direction shown by smoke drift but not by
- wind vane
’ 2 Wind felt on fm, Jeaves rusLIe. vane moved by
- wind
3 Leaves and small twigs in constant motion; wind
extends light Bag: ]
4. Raises dust end : 100se paper; small branches are
moved -
$  Small trees in leal begin to sway; | crested wavelets
. form on inland waer '
. 6 Large branches in motion; wlustlma h:ard in
) telegraph wires; nmbrellas used with difficulty
*7  Whole trees in motion; inconvenience felt in
. walking against wind - .
8 ' Breaks twigs off irees; generally impedes progress
in walking against wind -
9 Slight structurat darnage occurs; chimmey pots )
Co and slate removed
T 10 Seldomexpu’mc'dmhnd treesuprooteﬂ-'
. . considerable damage occurs . -
. . it Very rarcly experienced; w:deapread damage
- - 12 Humcaue force

N Eguifalent :

in Knots

less than t



Pollutant

Ozcne
PAN
NO,
S0,
HF
Clo

CHp
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Pollutant and Sensitive Veget~tion

Sensitive Vegetation

Spinach, tobacco, tomat>, bean
Petunia, pinto begn
Petunia, bean, tomato
Potate, alfalfa, white pine
Gladiclus, ponderosa pine
Cucumber, begonia

Tomatc, azalia
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F-3 Conversion Factors

1. 2 knots = 1 meter/sec. = 2 naut. m.p.h. =

3.30 m.p.h.

2. lkm. = 1000m. = 0.621 stat. miles =

0.540 naut. miles

3. 2.5h4 cm. 1l inch
y, 30.5 epn. = 1 foot

5. l.0m. = 3.28 feet

6. lem. = 10 mm. = 0.39 inches

7. 1 micron 3}4) = 107 em.

8. u4Sh gm. = 1 pound
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F—h S ple ¢ utationn for Sodilentatinn Foil riments -

tizthed IO"CDthlflﬂT 30 day - foil welgnt incresses in mil‘:grams,to

_a) Convcrt foil w=1ght increases in mzlllgrama to tons..  For
e!nvﬁle dveraga Wi Dnt— 9.ng :

9, 3wb - ra, 2, 0%us. lton 20, h6tqns\_ 10. 25x10‘9tons
xloiwr J\3g Tee, | 2xlD5}hq “2x10° _

LKobe; Each frnctlon us ed to multlply 9. 3mg has a value or 1.
o "Trerefore- the value of the weight 9: jmf*remdlns unchanged,
dpr the unat of welgui ic changed o

Y
Ay

10.23x10‘9t0nb 1. 1x10- 9t0na
9,3mg | . i mg-.

i.omg'='i.1x10"9tons

b) 'Slmllarly, convert foil sample area to square mlle
: ':Area of Toil =k 0cm x 6, hcm = 25, 6eme
25,602, iin . lin o 1062 Imi o Imi o
' . 2.5ken 2, Shem iﬁhin S?dOft SaBth ‘

C29. Gcn? 11x- ft? % o Imi® = 25.6mi2r = 5

- 6. h5cn? 1 4hx10<1n% 27. 9x10°ft? 259.x108 . .o T
25 bmi2 . 9. 88x10‘10m12

- 2. ;9;:10—J S s

]

¢) Therefore, for a sampllng period of 30 days:

=10.23x10'9tonb = 1. OhxlOltons/mlzfmonth "10. htons/mlpfmonth
9.63x10~1Unpi<c .

£

Alternative metﬁodlusing stardard foil.coating size (h.0cm x 6.hem)

o 1.0mg ® 1. 13uons/m1
: Thus, for average foil depos;tlon of 9. Bmg

~9 . 3mgul, lthns}M12 10. stona/mz i
1 Omg . ' . -

Compar; this W¢tn 10 htons/m: of previous_computatidns.ﬁ

: "o* ”ari*n5 totul seaim&qtaulonlsampling area ie 1% mile radius:

of Albany Airport

&) Aven =yr? = 3.14(15i?) = 105.5mi° - o .

s

b) 10 hgoke/pi? x T08.5mi% = 73k8tons | | L

v o - ' o N
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 pay Life Style Book List o

" Clasé Bets__ i

De Bell,lGarrett, The EnvirohmentQ;.Handbpdk, ﬁallantine, 1970.

' Good for reading in whole or in part. The tollowing essays
. are particularly pertlnent for this unit,

l -De Bell, Ga.rrett “Badication and Ecology, p 12'?

".. . ve are not prcv1ding the kind of education .
that 'will ellow the electorate to evaluate . the choices
that are, or will 'be, availeble to them."
2. Flscher John, "Survival u.: Prospectua for a ReaJJy ,
. Relevent University, p. 13h .

""A11 these courses (and everything else tépght ‘at
Survival U) are really branches of -a sirigle science.l
Humsn ecology is one of. the youngest disclplines,
and probably the most important. It 16 the study of -
_ the relationship between man and his enviromment,-both
‘natural ahd techpological. It teaches us to understand
o the_congequences of our actions=-. : ."
~ S ~ (italics by svs)

3. De Bell, Garrett :"Recjcling;"' . 21,

A practical guide to the optimum use of material
and the avoidance of waste.

4, Hardin, Garrett "The Tragedy of the Commons, p.31(

Using the analogy of the pasture held in common
'by a whole community, Hardln says: '

‘Bach man is locked into a~system that compels
him to increase his herd without limit—in a
vorld that is limited. ' Ruin is the destination
tovard which all men rush, each pursuing his
own best interest in. a society that believes

in the freedom of the commons. Freedom in a
commons brings ruin 4o all. :

He quotes Charles Frankel.

Respgnsibillty is the prod;ct of definite
social arrangements.. o
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5. Snyder; Gary, "Four Chenges," p. 323 (In Phe Envirommental
Hendbook this is attributed to the Berkeley Ecological
Centre)

The four arees in which imaginative proposals are
made are:

a., Population

b. Pollution

c. Consumption

d. Transformation

6. White, Lymn, Jr., "The Historical Roots of our Ec01og1cal
' 0*1515," p. 12.

¥White ssys:

Christianity, in absolute contrast to sncient
paganism and Agia's religions (except pe.haps
Zoroastrianism), not only established a duaiism
of man and nature but also insisted that it is
God's will that man exploit nature for his proper
ends. . . . . PRy destroying psgen animisn,
Christianity made it possible to expleit nature ;
in a mood of indifference to the feelings of :
natuyral objects.

The greatest spiritual revolutionary in YWestern
history, Baint Prancis, proposed what he thoupht
was an alternative Christian view of neture and
man's relation to it: he tried to substitute %he
idea of the equality of all creatures, including
man, for the idea of maun's . imitless rule of
creation. He lailed. Polh owr present science
and our present technology sr2 so tinciured with
orthodox Christian srrogance Loward nature that
no solution for our ecological crisis can be
expected from them alone.

Kruteh, J. W., Thoreau: Walden and other Writings, Bantam
Therc iy no particular reason why the teacher should not purchease
his own favorite edition of Thoreau's WalGen. This edition is

chnicap, contains other pertinent esaays, , and an introduction by
Joseph Wood Krulch.
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Borube Allan "Beology: Maﬁ1ng'Peace with Nature and With Each Other:

,..;

The Bhagava@pita'

A Green Paper," Boston Area Fcology -Action, 925- Massachusetts _

. Avenue,’ Camb1ldge .Massachusetts 02139,

Slnce thls 1tem is ‘free, in the intereﬂts of ecologlcal conelstency
it might be well to ordcr a few c0p1es and then reproduce what _you
rzed through your school faci]1t1e ) :

Berubo Says: o ; : . Lc

"The purpose‘. . .-is to -examine the traditional
conservationist and antiﬁpollutioﬁiat'approach to )
environmental problems, to explain and illustrate the
nevw.ecology action approach, and to ‘evwloire the:
~implications of seeing ‘nonnenV1ronmenual' problems
from an ecologxcal perspectlve -

——

Ldterature to haVe available in your‘iibrary

R ‘_4;3"

The Edlulon we have, complete w1th San&krlt text, is hardcovcr,
published by Harper and Brothers. Abb:evzated -editions are
available in paperback (blgnet) S R

fIWe found it usefnl to abstract lists of eplgrammatlc statements,

ditto them, and pass them to the students. -Thoreau was well-
read . in Hlndu philosophy., and admitted to read widely and fre-

.quently in The Bhagavadgita. Occasionally one has students who
“are interested in Eastern Religion. This book is a good starting

point for uch a student. He could compare it with Herman Hesse's

Slddhartha.

-3

A good L of explorlng alternatlve life styles.

Chase, Stuart Guides to Stralgnt Thinking, New York; Harper and Row, 1956

-~

Fau]kner Wllllam, The Bear.

Since the whole area of enV1ronmenta1 studies and life styles

¢en lend itself to a great deal of sentimentalism and emotionalism,

8 book like this_can be & useful antidote. Use in conjunction

with Hoyskawa's Language in Thought and Action. Particulerly

useful are his chapters exposing common: falla01es. over-generalizing,
false analogy, argulng in clrcleS, ete. .

- -
n

Thls is avai]ab]e in most gchool 11brar1es, e1ther in anthology
or-in Go Down Moscs. For our purposes we would rccommend the |
full version of The Bear which can certainly be read by competent
Junior - and seniors, although it poses difficulties. :

k3
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’ It provides a_good- opportunlty to explere in literature, the._
" highly 1nd1v1duallst1c life- style whlch is part of the romance -
of America. - . f\

Hardln, Garrett, ed., Popula.tionJ Evolution - and Blrth Control San
Francisco, Freeman 1969

. One of the several gocd anthologles whlch are beginning to
appear. R .

fSample iﬁemS'

Thomas Malthus, "An Essay on the Princ1p1e ‘of Population

Harrison Brown, "The Challenge of Man's Future"

J. H. Fremlin,: "How Many People Can the World Support?"

William Petersen, "Mark versus Malthus" . -

Gerrett Hardin, "InterStellar Mlgratlon and the PoPulatiOH
Problen"

Robert Frost,‘"The Road Not Taken

Hayakawa, 5. I. Language in Thought and Action, Harcourt Brace and
Norld 196h _ _

A semantic approaoh to the whole prdblem., One could “of course,
start with a course in sem&ntics, and then move to enV1ronmental
aspects. Especially useful are. chapter 2, Symbo]s ‘and Lhapter 3,
Reports, Inferences Judgments. : .

Hexrman Hesse, Slddhartha, New=York°"New Directione,-iQSh;

This- short novel is a -good, 1n%roduct10n to Eastern concepts

of ‘the Universe.. It provides a uscful contrast to many Western
.- -,assumptions. Empha51s is on the unity of the universe, and

on the cyclical nature of experience. Compare with Lynn thte,

Jr.'s essay in The Environmental Handbook. Compare White's

" exposition of the Western world view with Hesse's exam1nation
of the Eastern world view. What implications have each fbr
choosing an &cologically ‘valid life style?

Huxley Aldous,—Brave New World and Brave New Norld Rev1sited, New York.
-Harper 1960 -

It you prerer Yyou cquld use this instead of Walden Two. Many

of the concepts of social conirol are the ssme. The difference
,lies in tone, eqphas:s, and -style (Skinner is no stylist!) This
- would be included in the list.of Utoplan societies that some

student may want Lo compile. A compare and contraqt paper us:ng«

tth anJ Wa]dnn Two might be fup for somebody

Huchy, Aldous, Isiend, New York Harper and Row, ]962.

This is worth tcachinglhy 1tselr, if you have -8 class of students
Wwho really want to explore The Good Society. MThe people on-the
Isiand of-Pala are eminently reasonzble. Huxley predicts that-

The root of inhs worla w113 not ‘iilow them Lo cth imue £o be
Q . Ry gV T

CERIC™ -
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Krutch, Joseph Wood The Measure of Man Charter Books, 1962

Yrutch is also the editor of the odltion of Walden which
gae recommend He is violently opposed to B.F.-Skinner's idess,

and raises some excellent objections to Skinner's "human ’

englneerlng which some students may wanb to explore.

Miller Perry, The American Puritans, Doubleday, 1956

mIn a very readable &nthology of selections from the writlngs

cf the Purltans, Perry Miller. provldes us with a sampllng

of items which demonstrate. some early views of The Good Society
on which our- country was founded. Redd the selections with
‘an’ eye Lo identifying assumptions about the good life and the
‘”rclatlonshlp between man and his world
Shepard Paul, and Danlel McK:nley, The Subverslve Science: o
-Egge 3 Toward an Ecology of Man Boston, Houghton Mifflln 19)9;

v My choice of ‘title is not facetious. I-wish to explore a
"question o? growing concern. Is ecology a phase of science of
© Jimited interest and utility? oOr, if taken seriously as an
instrument for the long-run- welfaro of mankind, would it
endanger the assumptions and practlces accepted by modern
societies, whatever thelr doctllnal commitinents?
R . : 1
--Paul B' Sears, 'Ecology—u
A Subversive Subject," Bio-
: Sc:Lence 14(7): 11, 196%.

Thls book is comprehen51ve enough that it could be used as
one of the texts for a full-fledged course. It 1is however
geared for the mature .and well-informed, and probably would

. not be appropriate for most hlgh school groups. - Sample
. titles include* ‘ ’

. | .
1. Samuel Brody, "Facts, Fables, ‘and Fallacies
on Feeding: the|World, Populatlon"’ , -

,é. Alan Watts, "The Indlvldual as Man/World" .

3. Colin Bertraﬁ, "Men Pressure

h.‘*G Evelyn Hutdhinson, “Fifty Years of Man in the Zoo'l
5.- Rene J. Dubos, "Second Thoughts on the Germ Theory

6. G. M Woodwell, et al., "A-Bombs, Bugbombs, and Us"‘.
7. Frank F. Egler, "Pesblcides- In Our- Ecosystem

!

H
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Watté fAlan The Book“hPaniheon,‘1966. S

- This is for the student who enjoys Slddhartha and Island
There are probably many bookz which help us look at ourselves
in new ways. Howéver Watts is a useful choice since he throws
light on Fastern ways pf looking at sélf in relationship to.
‘the universe. Currently this way appeals to many young people.

]
1

Watts, Alan, 'PSychétherapy East and West Pantheon 1961.

The important thing about Alan Matts 1s ‘that he puts concepts‘
‘in' ways that are unusual for most of us ~In Chapter 2, "Society _
a.nd Sanity," he says._ - '

Lo An endurlng organism is smmply one that is c05815tent
Lo © with its environment.. Its climate and its food sgree
i . with it; its pattern assimilates them, eliminating what
- ' does not agree, and this consistent: motlon this trans-
.formation of focd and air into the pattern of the organism,
~ is what we call its existence. There-is no mysterious -
" necessity for this to continue or discontinue. To say
w .7 ‘ithat the organism needs fobd is only to say that it is -
food.. To say- that 1t eats because it is hungry is only
to say that it- eats when it is ready to eat. To Bay -
5 that it dies because it camnot find food is only another -
o " ' 'way of ssying that its deasth is the same thing as. its
' ' - - ceasing to be consistent w;th the env1ronment.v

. He svggests that each soc:ety sets up its own set of rules for
. playing a gamc of living in that society. The first rule of the
* game for each society is, "This game is serious, i.e., is not a
1 gane . " He &oeﬂ on to point out ways in vhich our game frustrates
L us: ol
For example, one of our greatest assets for suryival
is our sense of time, our marvelously sénsitive memory,
which enables us to predict the future from the pattern.
. of the past. - Ygt awareness of time ceases to be an ersset
@ when concern for the future makes it increasingly certain
- that heyond a brief span we have no future. If, too,
man's growing sensitivity- requlres that be hecome more
|\ and more aware of himself as an individual, if social
1 institutions are deslgned more and more to foster the
1 unique person, not only are we in grezl danger of over-
populat;ng but also we are betting and concentrating upon
at man in his most vu]n%rable and impermanent form. ; .

[

‘White,'E.t ., The Second Treo From the Corner fﬂew York: Harper 195&.”
1\ .
E B.: white lias been concerned ahout <he environment' for several
Adecades and has recoided his concern in'the pages of The New
Yorket. One particularly good story expressing this concern is-
PPhe Marnlng of the Doy They Did It." ‘In "About Mysclr' White .
deS(tLyc« hWimuell in & way which zcvoaﬁs the duhnmanizing'éffectﬁ
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of some aspects of our society. "Thé Door" again touches on
*  dehumenization, comparing a man in the: pressures of society wlth
an erperamentel rat., - ’ . : s .

Hhitc is a long time disciple of Henry David lho%eau. Several
of the pieces in this volume are worth readlng as one reads
Walden. 7Try "The Retort: Transcendental.," Or get & copy of
White's One Man's Meat and read his imsginary letter to Thoreau.

1

Y-nggazines‘ : o :‘ s
Earth Day produced & spate of environmental articles. The
. environmental movement has also caused certain magazines to
" set up departments on the environment. Saturday Review has a
monthly "Earth Watch." Time has an-environmental section.
Furthermore, & number of mag magazines devoted whole issues to the
v . »subjJect of the environment: during the spring of .1970; maga21nos
" so varied in their normal pursults as Fortune (February, 1970)
and Ranparts (May, 1970). Many of these turn their sttention -
to the relationshlp of llfe-style to problems of the env1ronment.

. In add;tlon to the above, ve. list here a sampllng of periodlcal o
literature which appeared in general megazines during the spring

©of 19770. - Cur purpose - is to show the range, not ‘to provide an
xheustlve bibliography. - _ S

Barthlemes, W ' "Pollutlon and the Poor," Commonweal,
91; )h9-5 F 20 '70 :

: .Bernstein v., "Eerth Love it or Leave it," Redbook 135 97
' May . 1970. _ ’

_Collier, P., "Ecologlca& Destruetion is a condition of Ameriéan -é:-
Life," interview with Paul Ehrllch Mademoiselle 70:188-9,
Aprll 1970

IDnle,'EdwinfL;, Jr.,zﬁEeonomics of Poliution;" New York Times -
Magazine, pp. 27-29, April, 19, 1970. ) :

PEarth Watch," Saturday Review, 53: 60 March T; p. 58 Aprll 4
pp. 60-—-1 May 2, 19%0. '

:"Forty ways you can Depollute the Farth," Mademoiselle, 70:112,
. Aprtl 1970. ;

\

Frome M.,'“Croes ~purposes in the Environmental Prueade,
F1e1d and Stream, 75 42, May, 1970.
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Harrington,-Micﬁaei "Politios ‘of Pollutlon. Why are the Corporatlons
Cooperating?" Commonveal , 92 1l1~lh April 17 1970

Keller, G., "New COUTSCJ on the Environment " Seventeen,

29 36 May, 1970 : B

Nzxon Richard, and Edmund Muskle, "Env1ronmenﬁ A Natlonal M1351on
for the~onventzes,“ Fortune 81: 98—1h8 February, 1970,

'Rodgero W "H., Jr ,-"Taooma s Tall S ack f ﬂation 2103 )3 T, May
, 1970, © .

"Trade-oifs for a Better Envrronment,“ Bu51neos Week , pp- 62- 3
Aprll 11, 1970. _' S :

. "Film Strlp
"Cr191s of the Envrronmeut" The New York Tlmes, 1970

This consisis of flve filin strips, flve accompanylng rocords,
. Tive booklets, and a class supply of R,nﬂleman oharts
. The titles 1nolude : , .
..f"Man' An’ Endangered Species?"
"Breaking the Biolorlcal Strand“
"Vanishing Species"
"Preserve and Protect"
'"Population Explosion'

OB

The series is beantifully photographed and seéems to be responsibly -

‘written, In gdaition 1o a thorough exp031tion of the various

" problems, it quotes widely from scientists end from other people
-who are intimately concerned with envirommental problems"Dr
"Paul Ehrlich, Dr. Barry Commoner, Dr. Robert WhiLe-otevEns, Henry
David Thoreau Harry Laudill; and others. .

The text is adﬁ]f' This mgy pose problems for use of the film
strip with younger or slower groups. Suggestion: . let an 1nterestod

" student have -as a project the writing of a new oontinuity in )
51mpler terns so that the film sirips mey .be used Wlth a wider
range of classes. . . .

The booklets or teachors' guides contain study outlines which

could be used if one wanted 10 expand this unit into a full-fledged,
one semester course, They also contain questions for discussion,.
sugECoted activities, and blblioglaphieq ' .

‘In addition- to u51ng the fllm strips as an adJunct to the course,
".one could use them in severa? other ways: ! '

3. Aa student projects - Students could faml]i&li;ﬁ them- -
selves with the etr:ps "and offer their services to
other teachers. If other teachers were aware that your
¢lass was running a spea?ers bureau, they could invite

Q ' T cLidcehe owr Bo grre an illustroted 1o on osome

‘ ' o ”;f ‘ni“»‘., o e
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Environmental Ambassadors. Tuis is a project of the SURVIVAL
clvd in Linton High Scheool. Invirommental ambassadors

have prepared themselves to give talks to elementary school
children. They travel in pairs, going either to a single
elemenlary class {(4-6) or perhaps to an assembl” of several
clagses. This works in several ways. First, 1.y elementary
children are aware of “pollution” and welcowc the opportunity
to talk to somecne 2bout it. The film strip helps focug their
questions. The nuvelty for the child in having "one of the
big kids" come in and give s talk enhances the whole situation.
The harassed elementary teacher is relieved of the need to rush

out and bone up on still another topic.

And the awmbassadors, themselves, le&rn more than anyone
else by havirg to teach.
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'®-8 - Science Fiction for Scenarios =

Asiov, Isesc, The, Gaves of Bteel, New Ybrk Doubleday s 195hm
. L

Interestlng projectlon of a hlghly urbanlzcd wo id of
the future

' Bartheime Donsld, "Game," from Unspéakable Pract1ces, Unnatural Acts,
New York, Farrar, ete., (also Bantam {nbh11) '

Chllling short story of the. "what if the guylwho is
in a pos:t:on to push the button is crazy" variety...

"L

Bradbur}, Ray "There W111 Comc Soft Rains ;' The Martiln Chronicles,
" - Bantanm (shah?) :

-From the English teaclier's p01nt of view this is

fun to teach, a$ there is no human character,'and the

- vhole effect is achieved through personification:
Generally this is another good "what if" story, of the

: last housc left standing in California

Camis , Albert The Plagge, Modern Library (t69) , NG

This is not’ strlctly science flctlon although i%- is

. speculative. Howevex, in thls novel of seversal good

“men and their ways of facing disaster, many of the probliems
of human responsibility and of her01sm in the face of
despair are raised. For the philosophiceally oriented class,
it raises the quesiion: what does the good man - do 1n times.
of cataclysm

T

e

Capek Karél, R. U R. (h(29?)’R. E. Washington Square Press.

T . 1h15 play, written in 1923, ant1c1pates many of thé

" questicns thet have arisen in recently years, especially
about automation,'the future of man.in an increas;ngly_
.mechanlzﬁd society, and sO on- ‘

- Miller, Walter, A Canticle. for Lelbowatz, (52973) Bantan

This book is difficult, so save it for your best students.
ftylistically alone, it is one of the ten bec: science
fiction novels of ali time. Tts theme is the conflictl-
between science and religion. Miller probably lodads the
deck slightly in favor of religion, but he really does
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Miller, Walter, {continued)

play feir, and meke & good caseé for the need of &

synthesis of both, He takes menkind through three ages

in the fuiure, during which man recaepitulates his whole
experience since the fsell of Rome. In addition to the
seriousness of the theme, Miller is concerned with matching
his prose styie to his ideas; the result is a lightly
ironic style which nudges at you throughout the book,
making sure you understand. '

Vonnegul, Xurt, Player Piano, UN23 Avon

A gdod satire on the. effects of the sutometed society
upon men. Men replaced by machines begin to build up

& soclal resistance to managers of fectories, Eventually
there ig sn all out revolt, during which {he maechines
are destroyed. However, before the book is over,
someone is already inventing & new lebor-saving device,
and we realize we're tack on the merry-go-round.

Wyndham, John, Rebirth, (01638) Ballentine

This book deals with & post-holoceust society in

which e great deal of mutsetion has taken nlace.

Useges end customs have built up as & result of the
society's attempt to account for the biological disasters
ceused by excessive mutetion. The society depicted

in Rebirth is not unlike the society described in Arthur
Miller's The Crucible: bigoted, fearful, end punitive.
The book makes & good scenarioc for demonstrating the
TRt fanpon in TRE TT.18. "oWe Wa.S SCERUEY foTL B0 80
of being wrong in our explanation of why things happen,
then not try to explainr at gll. :
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F-9 HISTORICAIL_ BIBLIOGRAPHY

I. Accounts of the various 20th century air disasters.an be found

in varying length and detail in the following ssources:

Leinwerd, Gerald, Air and Water Pollution, Washington
Square Press, 1969.
Reference is made to the disester in the Meuse Valley,
Donora and London in the first section of this paperback

fpp. 22-23).

Lewis, Howard, R., With Every Breath You Teke, Crown’
Publishers Inec., 1965.

World Health Organization, Air Pollution, Columbia

University Press, 1961.

Alr Conservation Commiesion of the American Aasocliation for

the Advencement of Science, Air Coagervation, Publication

No. 80 of the American Association for the Advancement

of Science, Washington, D.C., 1965.

Carr, Doneld E., The Ereath of Life, W.W. Nortom and Company

Incorporated, New York, 1965. Chapter 3 of this book is

devoted to a discussion of the various air disasters.

Magill, Paul L., Francis R. Holden, Charles Ackley Editors,

Air Pollution Handbook, McGraw-Hill Book Company, 1956,

Perry, John, Sur Polluted World: Can Man Survive? New York!:

Franklin Watts Incorporated, 1967.
Sti1l, Henry, The Dirty Animsl, New York: Hawthorne Books, 1967.




-297-

II. Other sources specifically referred to:

Hardin, Garrett, "The Tragedy of the Commons," The

Envirconmental Hendbook, Ballentine Books, 1970,
Bagdikian, Ben H., "Death in Our Air," The Saturday

Evening Post, October 8, 1966, pp. 31~35, 106-110.
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GLOSSARY N

ABSORPTIOH - the passage of a substance into or throush snother substance
(see adscrption)

-
4

ADIABATIC PROCESS - changes in matter Hhich take place withaut the trana-
fer of energy .

ADVECTION - the horizontal movement of a mass of air tham causes changes
in physical properties or the local environlental ‘air. -

b

. ADSORPTION = the attachment of & substence to the surrace of a secand
' substance which: ia in the solid or liquid phase . ‘ Con

: AEROSOL - a solid or liquid psrticle that nay remain suspended in the
a’mosphere becanse of its size; generally refers to particles under
1 micron in dismeter :

ATR SHED - a geogiaphic aréc that 15 sssumed to share the same air
ALEUTIAR & ICELANDIC LOWS ~ the semi-permanent low pressure regions in the
troposphere that are normally round over the Aleutian Islands snd

Iceland ' . : )

ALVEOLI - the tiny air sac8 at the end of the bronchioles of the lung, where
oxygen and carbon dioxide trnasfer takes place ! :

AMBIENT AIR - the surrounding air

.-

BIOSPHERE - the partjor the world in'vhichllifh can exist ) R

. BRONCHIAL ASTHMA - en attack consisting of marrowing of the bronchicles,
- sWelling or thickening of the mucous mgmbrane. acconpanied by vheezins

or coushing
BRONCHIOLE - snell branch of the broﬁchua
BROHCHUS -a maﬁor aiyway of the respirht&ry-éyptem -
CILVA - hair-like cells that line the airuuys"'

CONVECTIVE MOTIOHS - the transfer1of masses of air. in the vertical. produced
by thermal or pressure differences

" CYCLONIC COLLECTOR - any of seversl mechanical devices that employ rotationsl
motion to remove purticles from an air strean :

ECOSYSTEM - the functioning unit which comprises the physical environnent
* and the ecologlcal community

ELECTROMAGNETIC RADIATION SPECTRUM - the CGNPlete-rﬁnge of waves, commonly-
clasgified according to rreqnency snd wave length that transmits energy
by rsdleticn
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,EMPHYSEMA - A chenge in the lungs vhich results in a breakdown of the - !
' 'ualls of the alvioli .

ENTRAINMEH’I' - the trenaport by mechanical means of foreign substance
by the system und.er study

EI"JIROWT = the composite of all external conditions and influences
affecting the snrvive.l of an organism - .

| EUTEOPAY < bodles of vater which are high in nutrients and low in oxygen
content at the -bc".:tom and characterized by rapid algee growth

FAST BREEDER REACTOR - the arparatus in which nuclear fissicn takes pluce
and ﬁ.ssionable byproducts are produced faster than consuﬂed

FISSION - the splitting of large atomic nuclei into smaller nuclei{fission
fragments), accompanied by the release of large amounts of energy

FLY ASH - the particle impurities exhensted into the nmmnsphere 88 a reault1
of the buming of organic fuels )

FRONTAL IRVERSION - an inversion condition produced by the frontal
tempere.ture in the vertical

" FUME - smoke vapor or gas produced by chemicel reactions or thc condensation
of vapor

GLOBAL HEAT BALANEE - the accounting of what happens to the incoming and
out going radiation of the earth-atmosphere system.

GROUND WATER - ‘water which satiurates a zone of earth below the surface
R and constantly seeps into streams and lekes
- GROWTH RATE - equqls ‘birthrate minus deathrate’

' HEAT TSLAND EFFECT - the phenomenon of eir'circulation peculiar to cities

'HOI\'_SE LATITUDES = either of the regions near 300 latitude cha.rl.cterized
' by high pressure, ca.llns and light baffling winda

HYDROCARBONS - any of the family of compounds which conte.in ca.rbon and
- hydrogen atoms in ve.rious combinations

HYGROSCOPIC - any part:l.cle that rea.d:l.ly ebaorbs and retains misture

" IMPACTION - the forceful collision and lodaing of airborne pa.rbicles

caused by hor:.zcntel movement of air masses

INVERSIOH - a leyer of cool gir trapped by a layer of warm air above it,
pre\fenting the J.ower J.aarer of air from rising

ISOTHERMAL -~ pomts in the enﬂronment that are at the same temperature
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LAPSE RATE - the rate of change b ftempereture' with altitude |
'LATENT ENERGY - energy that.‘:ls released or ataorb'ed duﬁngle_phese. ohenge'
_ LEACH - to remove soluble oomponents by usle of an excess of solvent -
LEE ~ the side that is sheltered from the wind ' |

LIGHT PHASE (photosynthesis) - the segment of the photosynthetic process
during which light energy i‘e utilized to deoompoee the water molecule

MERIDIONAL PLANE - & plane perpendicular to & tangent plane at the eerth'
surface and oontainips e line of longitude

LESOSPHERE -8 laarer\ 0f atmoephere extending rrom the top of the stretoSphere '

to an sltitude of sbout 50 miles. | | _ R

-MILLIBAR - a unit of atmosphere preeeure equel to 1/1000 of a bar (1013 mb=
one atmosphere)

-~

: IIILLIM - 1/1000 of a unit of measurement for ioniging radiation e‘bsorbed
by. men s .

MIXING DEPTH - the thickness of the. Sector ‘of the atmosphere in which a.ir
rises rrom the earth's surface to the inversion

NiTROGEN FIXATION - the conversion of free atmospheric nitrogen to n:lt'r'o;en
- compounds primarily by action of soil bacteria

. NITROGER OXIDES - gases fopmed from atlospheric nitrogen and oawg'en pr:lmeriiy
under conditions of combustion at h!.gh te-pereture end hitgh preesure

ORGRAPHIC - rela.ting to mounteina

" BXIDATION - the tormation of new substmces b&‘ chenical reactions :lnvolving
counbinet:lon with oxygen

OZONE - a pungent, colorless, trietomio oxygen gaa thet is toxic and corrosive

PHOTOCHEMICAL - chemical changes brought sbout by the ut:llizat:lon of redient
-energy - :

- PLUME - the vi.sus.l erﬂuent' from-.a steck

POLAR FRONT - the world's prinoipe.l :rront betwwern the polar easterlies and
"the vesterlies which ‘pamses much of the etominesa of the temperate zone

PFM - parts per nillion; the number of }-arts of a given pollutant in a
million parts of air

RECESSIVE GENES ~ a cheraoter fastor vhioh ie nasked by the dominent gene vhen
both are present :ln an :lndiv:lduel
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SCRUBBER - & device that uses & liquid spray to remove particulate and
gaseoue pollutants rrom an air stream

'-SILVICULEURE - the development and care of forests

SMOKE - solid or liquid perticles under 1 micron in diameter (a type of
aerosol) )

STABILITY - the atmoepheric condition vhich existe when the tenperature of
the air increases rather than decreases with eltitude

.w..m.gnui

STEMATA openings, largely on the underside of & leaf throuah which gaaes 5
' enter or ‘leave the leaf - , o 5.3

'STRATOSPHERE - the layer of the ntmosphere between the troposphere and
"mesosphere in which ozone is produced. Very little tenperature
chenge occurs and clouds of water are rare

TERPENE -8a hydrocerbon,tonnd in and evaporated from the conifers

THERMAL CONDUCTION - the trensfer of heat through er betveen substances
vhich are in contact by the: interection of the particlee vhich -
comprise the substences

THERMDSPHERE - the fourthclayer of the atmosphere, between 48 and 360 milee, P
in wvhich the temperature increases repddly with heiaht

I3
I

THYROID - & glend which produces an iodine containing hormone thet affects
growth, development and the metabolic rate )

- TOPOGRAPHIC - relating to-the configuration of a surface

. TROPOSPHERE - the layer of stmosphere which encircles the earth from its

-~ surface to the height of about 5 miles at the poles end 10 miles at
the equator

~:-TURBULENCE - con71ctively produced air movement end mixing

ULTBAVIOLET RADIATION - redietion beyond the visible spectrum nt its
violet end {less enargetic than x-rays)

VORTEX -a lerge mass of 'air heying whirling or circular motion

WIND - the nnturel, horizontel novement of the air



" -302-

Guide to Air Pollution Literature
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II. Pollﬁtioh-and the Environmental Crisis.

A. Books® -
B. Articles
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. . -
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F. Air Pollution Control :

G. Related Topics ' o

V. Social, Economic, Political .and Legal Aspects of Air
Pollution Control-

-t
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;3 Ecology, Environment, end Man
| The'following bocks are intended to provide you with'an
. ‘ecological framework yithin nhich environmerital problems, such as
air pollntion end its control, can be nnderstood.- Basic ecologieal . -
principles are presented from a variety of perspectives. . Intensive
reading of one or two works may be more rewardlng than skimmlng
through -many. Browse through several until you find an approach
that is appealing - then dig in! | ‘
I:. The books.are divided into two groups. The firstlgroup deals

with the eeologidal outlook applied to all living-things. _The'second

focuses on the ecology of man.

T AL Ecologyt The Interrelationslﬂmong Living Things and Their Environnents
Ashby, Maurice. Introduction to Plant Ecdlogy. 2nd ed. New York,
. St. Martin's Press, 1960. 287 D.

Bates, Marston. The Forest and the Sea. New York, Randan House,
1960. 277 p.. A

. Billings, William D. Plants;_Man, and the EcosYstem. 2nd ed.
Belmont California, Wa Wadsworth Publication Compeny, 1970 160 p.

Billington Elizabeth T. Understending Ecology. New York,
Frederick Warne, 1968.

Bonner, John T. Cells and Sociéties. Princeton, New Jersey,
Princeton University Press, 1955. 23h pPe '

-Boughey, Arthur S, , ed. Contemporary Readings in Ecologx_ Belmont,
California, Dickenson, 1969 390 p.- '

Buchsbaum, Ralph and Mildred. Baslc Ecologx Pittsburgh, Pa.,
Boxwood Press, 1957. 192 p.

Clarke George L. Elements of Ecology. Rev. ed. New York, Wiley,
- 1965. 560 p- - : .

'Cox, George W., ed. Readings in Conservation Biology. New York,
.!ppleton, Century, Crofts, 1969.

Dansereau, Pierre M. Biogeopraphy: An Ecological Perspective.
New York, Ronald Press, 1957. 394 p. ) -
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A. {continued)

Darlihsl Lois. A Flace in the Sun: Ecology and the Living World.
'New. York, Morrow, 196G. 125 p. . ,

. 1 ..:. -. - . it
Dasmann, Raymond F. Environmental Comseivation. 2nd ed.
New York, Wiley; 19 . 375 p.

-Daubenmire Ruxford F. Plants and Environmant, A Te:tbogg of
Plant Auto-ecology. 2nd ed. New. York, Wiley, 1959 b2 p.

DeLaubenfels, David J. A Geoggapgx of Plants and Animals.
Dubugne Towe, W.C. Brcwn, 1970 133 p. -

Elton, Charlea S. The Ecology of Animals. hth ed. New York,
Barnes and Nobie (Ch apman & Hall), 1966. 97 p.

Farb Peter. Ecology. New York, Time, Inc., 1963 192 p.
- (Lire nature Libra:v) - ‘

Friendly, N..  Miraculous Web: The Balance of Life. Englewood
Cliffs, New Jersey; Prenticeuﬂall 1963. .. _ ;

Grossman,’ Sheily Understanding_Ecologx Bew fork, Grosget
& Dunlap, 1970. : :

Henderson Lawrence J. The Fitness of the Environment: An Inquiry

Into the Biologgcel Sigg;ricance of the Properties of Hatter.

Boston, Pesacon Presa, 1959. 317 p.

Kendeigh, Samuel C. Animel Ecolo Englewood Cliffa, New Jeraey,
Prentice—Hall 1961, l76»'3 p.

Knight, Clirford B. Basic Concepta of Ecology. New York Mecmillan,
1965 k68 . .

Y ~

Kormondy, Edward J. Concepts of Ecologx__Englewood Cliffa, New
Jersey, Prentice-Hall 1969. 209 p. . :

Kormnndy, Edward J., ed. R in 8 in Ecology. Englewood
C Cliffa New Jersey, Prentice-Hall 1665. 219 P

MacFadyen, Amyan. Animal Ecologx 2nd ed. New York Pitman,
1963. 34k p. . , _

“Milne, Lorus J. and Margery J. The Balance of Nature New York,.
Knopf. 1960 . _ .

LY
-

_Milne Lorus J. and Margery J. Patterna of Survival. Englewood
" Cliffs, Kew Jersey, Prentice-Hall, 11, 1967. 339 p.

Nicklesburg, Janet .. Ecology: Hebitats, Niches, and Food Chaine..
P%ilaﬂelph*a Lippincott, 1969.
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A. (continued)

Odum, Eﬁgene P. Ecology. New York, Holt, Rinehart anh_ﬂinstbn;

Odum, Eugene P. Fundamentals of Ecology. 2nd ed.-Philadelﬁhia,
Baunders 1959 5u3 P : .

Reskin, Edith. The Pyramid of Living Things. New York, McGr&§7
Hill 1967 192 p. : _

Reid Keith. Nature's Network. Garden City, New York, Publ.
* for the American Museum of Natural History by the Natural
History Press, 1970 188 : p.

Sears, Paul B..The Living Landscape. New York, Besic Books, 1966 199 Do

Smith, Robert'L. Ecolo and Field Biolqu New York stper
& Row, 19661'. 683 D .
'Stephen, David &nd James Lockie. Natuse's ng; A Look at the
" Web of Life. New York, ‘McGraw-'H:I.ll 1969. 12 p. .
Storer, John H. The Wed of Life; A First Book of Ecolo . New York,
‘New American Library, 1966. EE p. ‘ ] ‘ . '

Wellace, Bruce &nd Adrien M. Srb. Adaptation. 2nd ed. Englewood
Cliffs, New Jersey, Prentice-Hall '1934. .

Whitteker, Robert H.. Cgmgunitiea and Ecogxstems Néw York,
Macmillan. 1970. 162 p- .

Woodbury, Angus M. Principles of General Ecology New York,
McGraw=-Hill, 19516 503 p. -

B. Humen Ecology: Man's‘Relafionahip to His Envircnment.

Listed below are general worke on human ecology and worke
dealing primarily with men's relationship to his physical and
blological environment. The literature on man's relationship
to his social enviromment is too vast to be dealt with here and
.may be searched in the library under the terms - Social Psychology
and SQciologx and their croas-references. ‘ .

. Adams, Robert M., et al .The Fitnasn of Man's Egii:ggngnij ‘
Introduction by Jennie Lee. Washington. p.c., Smithlonian
Institution Press, 1968. 250 p.-

Arthur, Donsald R Man and His Environment. New York, Amarican
Elsevier, 1969. 218 p.

Arvill. Robert. Meg ggd Environgggt. Londbn. Pelican Books,
o 1968, 19 p. . -




"
=306=

Baker, Paul T. and J.S.-Weiner, eds, , The Blology of H
Adaptability. New York, Oxford University Press, 193§. 5h1 p.

Barker, Roger G. Ecological Psycholof&Y : Concepte and Methods
for Studying the Environment of Humen Behavior., Stanford,
Califorria, Stanford University Press, 1968. 242 p.

Bates, Marston. Man in Nature. 2nd ed. Englewood Cliffs,
New Jerseyk Pventice-Hall, 196L. 116 p. '

Bresler, Jack B., ed, Environments of Men. Reading, Mess., .
Addison-Wesley, 1968, 289 p.

Bresler, Jack B., ed. H Ecology: Collected Readinge.
Reading, Mass., Addison-Wesley, 1933. ET2 P.
Calder, Nigel. Eden Wag No Garden: An Inquiry into the

Environment of Man. New York, Holt, Rinehart, & Winston,
1967. 240 p. 1

Charter, S.P.R. Man on Earth: A Preliminery Evaluation of the

Ecology of Man. Sausalito, California, Contact Editions,
1962, 272 p. .

Ciriacy - Wantrap, 8.V. end J.J. Parsong, eds. Natural
Resources: Quality and Quentity. Berkeley,Univeraity of
California Press, 1967. 217 p.

Clarke, John 1. Population Geography, New York, Pergamon Fress,
1965. 164 p.

Clegg, Edward J. The Study of Men: An Introduction to Human.
Biology. New York, American Elsevier, 1968. 212 p.

Cohen, Yehudi A., ed. Man in Adaptation; Tho Biosocial Background
and The Cultural Present. Chicago, Aldine, 1968. 2 Vols.

Comfort, Alexander. The Nature of Humaen Nature. New York, Harper
- and Row, 1966. 222 p.

Darling, F. Fraser, West Highland Survey: An Egsay in Human Ecology.
Oxford, Oxford University Press, 1955. 438 p.

Darling, F. Fraser, and John P. Milton, eds. Future Environments
of North America. Garden City, New York, Natural History
Press, 1933. 768 P-

Darlington, Cyril D. The Evolution of Map end Society. London,
Allen & Unwin, 1969. 753 p.

Dasmenn, Raymond F. A Different Kind of Ceuntry. New York,
Macmillan, 1968. 276 p.
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Dice, Lee R. Man's Nature and Nature's Men: The Ecology of Human
Communities. Aon Arbor, University of Michigan Press, 1955. 329 p.

Dicken, Samuel N. and Forrest R. Pitts. Ingxgggggigng%g_ggegg

Doxiadis, Constantinos A. Ekistics: An Introduction to the Science
of Human Settlements. New York, Oxford University.Press, 1535_527 P

-Duboa "Rene J. Man Adarting. New Haven Conn., Yele University
Preaa, 1965, 527 p.

Dubos, Rene J. Man, Medicine, and Epvironment. New York, Praeger,
1968. 125 p.

Dubos, Rene J. So Human an Animal. New York, Seribners, 1968.
267 p.

Edholm, Otto G. and Alfred L. Bacharach, eds. The Fhyaiology of
Human Survival., New York, Academie Press, 1933. 581 p.

Ehrenfold, David W. Biologicel Conservation. New York, Holt,
Rinehart & Winston, 1970. 226 p.

Ehrlich. Paul R. and Anne H. Population, Resources, Environment:
Issues in Human Ecology. San Francisco, W.H. Freeman, 1970. 383 p.

Ekireh, Arthur A., Jr. Man and Hature in America. New York, Columhbia
University Press, 1963, 231 p.

Elder, Frederick. Crisis in Eden; A Religious Study of Man and
His Pnvironment. Nashville, Tenn., Abingdom Press, 1970. 172 p.

Eyre, S.R. and G.R.J. Jones, eds. Geoggaggx as Human Ecolody.
New York, St. Martin's Press, 1966. 303 p.

Flack, J. Ernest and Shipley, Margaret C., eds. Man gpd the
Quality of His Environment. Boulder, University of Colorado
Press, 1963. 251 p.

Forbes, Robert J. The Conguest of Nature: Technology and Its
Conseauences. New York, Praeger, 1968. 98 P

Glass, David C., ed. Enviro Influences. New York,
Rockefeller University Press, 1968. 304 p.

Goodman, Gordon T., et. al., eds. EcologY and the Industrial
Society. New York, Wiley, 1965. 395 p.

Gocdman, Mary E. The Individual and Culture. Homewood, Ill.,
Dorsey Press, 1967.
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Hadlow, Leonard. Climate, VEEQtation and Man. New Ydrk, Greenwood
Press, 1969. 288p.

Hall, Edward T. The Hidden Dimension. Garden City, New York,
Doubleday, 1966. 265 .

Hardin, Garrett J. Nature and Man's Fate. New York, Holt, Rinehart
& Winston, 195¢. 375 p. )

Hawkes, Jacquetta. Man on Earth, New York, Random House, 1955,
242 p. .

Hawley, Amos H. Human Ecology: A Theory of Community Structure.
New York, Ronald Press, 195G. 456 p.

Herber, lewis. Our Synthetic Environment. New York, Alfred A.
Knopf, 1962, 285 p.

Hinkle, Lawrence E. Human Ecology and Health in Modern Society.
Philadelphia, Lea and Febiger (in preparation).

Hoyt, Joseph B. Man and the Farth. 2nd ed. Englewood Cliffs, N.J.,
Prentice-Hall, 196T. 457 p.

Huxley, Thomas H. Man's Place in Nature. Ann Arbor, University
of Michigan Press, 1969. 184 p.

dennings, Burgess H., and John E. Murphy, eds. Interactions of Man
and His Environment. New York, Plenum Press, 1966. 168 p.

Kardiner, Abram. Stud¥ of Human Adaptation. Boston, Houghton-
Mifflin, 1970.

Kuhns, William. Environﬁental Man. New York, Harper & Row, 1969.
156 p.

Lebon, J.H.G. Introduction to Human Geography. 5th ed. London,
Hutchinson, 1966. 183 p.

Leeds, Anthony and Andrew P, Vayda, eds. Man, Culture, and
Animels; The Role of Animals in Human Ecological Adjustments.
Washington, D.C., American Association for the Advancemert
of Science, 1965. 204 p. (Its publication number 78)

Lowenthal, David, ed. Envircumental Perception and Behavior.
Chicago, University of Chi.lago, Dept. of Geography, 1967. 88 p.
{Its research paper, no. 109.)

Lynch, Patrick. Man and Nature. New York, 5t. Martin's
Press, 1964, 64 p.
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McKenzie, Roderich D. Roderick D. McKenzie on Human Ecology:
Selected Writings. Ed. by Amos H. Hawley. Chicago,

University of Chicego Press, 1969. 308 p.

Marsh, George P, Earth &5 Modified by Human Action. A last
revision of Man and %ature. New York, Reprint House
International c. 1399 29 p.

Masgsialas, Byron G. and Jack Zevin. Man and His Egvironmen .
Chicago, Rand-McNully, 1969 .

Mills, Clarence A. World Power Amid Shifting Climstes. Boston,
Mess., Christopher House, 1963. 171 p.

Muker)ee, Radhakamal. Man and His Habitation: A Stugg in Social
Ecology. 2nd ed. New York, Humanities Press . 195 p.

Nash, Roderick, ed. The Arericep Environment: Readings in the
History of Conservetion. Resding, Mess., Adaison-Wesley, 1968. 236 p.
National Research Council. Commitse ‘o Resources &nd Men.

Resources and Masn. SanFrancisco, W.H. Freeman, 1969. 259 p.
(Rationel Academy of Sciences Publ. No. 1703)

Park, Robert E. Human Communities: The City and Human Ecology.
Glencoe, I1l., Free Press, 1952. 278 p.

Poulton, E.C. Envmronments and Human Efflciency
Sprlngfleld, 111., Charles C. Thomas, 1370.

Randolph, Theron G. Human Ecology end the Susceptibility to the
Chemical Environment. Springfield, Ill., Charles C. Thomas,

1962. 1k8 p.

Revelle, Roger and Hans H. Landsberg, eds. America's Changing
I Environment. Boston, Houghton-Mifflin, 19T70. 314 p.

Rogers; Edward 5. Human Ecologx_and agg;_ An Introduction
for Admipistrators. New York: Macmillan, 1960. 334 p.

Roslansky, John D., ed. C trol of ronment. . New York,
Humanities Press. {North Holland Publ. Co.%, 1967. 11k p.
Rupsell, W.M.S. Man, Nature and History: Controlling the

Environment. Garden City, New York., Natural History Press,

Sauer, Carl O. Land snd Life: A Selection from the Writinas o
Carl Ortwin Sayer. Ed. by John Leighly. Berkeley, Uhivarsity
of California Press, 1963. 435 p.

Scheinfell, Auram. Your Heredity and Environmen; Philedelphia,
Lippincott 1965. 830 p.
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Sémple, Ellen C. American History and Its Geographic Copditions.

Rev. by Clarence F. Jenes. New Iork Rugsell and Russell, 1968 skl p.
Shaler, Nathaniel S. Nature and Man in America. Philadelphin,

Burt Franklin, c. 1891 . 290 p.

- Shepard, Paul. Man in the Landscébe: A Historic ?:I.e\r of the
Esthetics of Wature. New York, Alfred A. Knopf, 1967. 290 P

Shepard, Paul and McKinley, Daniel, eds. The Subvergive Sciegce:

Essays Towsrd an Ecology of Man. Boston, Houghton-Mifflin,

1969, 453 p. . : R
Silverberg, Robert. The Cha.llgngg of Climate: Man and Hie

E_:mri'ronment New York Meredith Publ. House, 1969. 326 p.
Simpson, George G. B:I.olomr and Me.n Hew York, Harcourt Brace

& World, 1969. 175 p.

Sinacore, J.S. Health, A Quality of Ligg New York Mbcmillan, '
1968. 496 p.

Skinner, Brisn J. Earth g. Englewood Cl:lfts. N.J.,
Prentice—l{s.ll 1969. 1 9 P. .

Snyder, Gary. Barth House Hold. New York, New D:lrecti:ons.
1959 143 p. : ) .

Spencer, Joseph E. and Williem L. Thomas. Cultural gggsggpgx
&g_Ex9;2&é99e£!3%9&:gggg3192=§2=99£_§92591222_En:1h; New
York, Wiley, 19 591 p. . .

Sprout, Harold H. and Margaret Ecological Pez:anective on
Humen Affaire, With Specisl Reference to International Polit:lcﬂ-
Princeton, N.J., Princeton University Press, 1965. 236 p.

Stapledon; Reginald G. Humen Ecoloiy. Ed. by Robert Waller.
New York, Hillery House, 1964. 240 p.

Storer, John H, Man in the Web of Life. " New York, New American
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' l-la.rper & Row, 1961 626 p.
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Earth. Chicago, University of Chicago Press, 1956. 1193 p.
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Studies in Cultura]l Anthropology. New York, Natural History
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1962. 589 p. :

Watson, Richard A. end Patty Jo. Man and Naturei An Antropological

Es in Buman Ecology. New York, Harcourt, Brace apnd World,
19%9. 172 p.

Watts, Alan W, The Book: On the Taboo Againet Knowing Who You Are.
New York, Pantheon Books, 1966. 1u6 p.

Watts, Alen W. Does it Matter? Essays on Man's Relation to Materiality.
New York, Pantheon Books,l1970.

Wylic, Philip. The Magic Anims). Garden City, New York, Doubledasy,
1968. 358 p.

Zipf, George K. Behaviop and the Principle of Least Effort.
New York, Hafner, 19%9. 573 p. D
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Pollution and the Environmental Crisis

In recent years there has been &8 grovwing awareness of the threat

to man's well=being and survival stemming from the accumulation of the
wastes produced as by-products of his activities: In the minds of

-.gome, this threat has reached crisis proportions. The following works
reflect this feeling of crisis snd point out as well the interrelations
of all environmental problems.

Eooks

Benarde, Melvin A. Cur Precarious Ha'bitat New York, W.H.
Norton, 1970. 362 p.

Blake, Peter. God's Oun‘.rumg,;ara-, The Plenncd Deterioration

of America's Landscape. New York, Holt, Rinehart, and Winaﬁon;
1965, . . . )

.

Bregmen, Jack I. and Sergei Lenormend. The Pollution Paradox.
New York, Sparten Books, 1966. 191 p.

Brown, Harrison S. -The Challqup of Man's Future. New York, Viking
Press, 195k. _

' Commoner, Barry.Science and Survival, New York, Viking Preas ’
1966. 150 p.

Cubbedge, Robert E. The Deatrofera of Mrica. New York, Ma.cfadden-
Bartell Corp., 196%..

Dansereau, Plerre M., ed. g’g’ lenge for Survivalt Lgt_:ﬁ. Air. and
Water for Man in MesaloPolis. New York, Columbia Univeraity
Press, 1970, 235 p.

Dasmenn, Reymond F. The Deatruction of California. New York,
Macmilla.n, 1965. 247 p.

De Bell, Garrett, ed. The Environmentsl Handbook., New York, Ballantine
Books, 1970. 365 p.

De Vos, Anthony, et. al., eds. The Pollution Reader. Montreal,
Harvest House, 196B. 264 p. .

Ehrlich Paul R., et, &l., Ecoggtastroghg Sen Francisco, City
Lights, 1970,

Goldstein, Jerome. Garbage as You Like It. Emiaus, Fa., Rodale
Books, 1969. 2!a3 p.

'-Hay, John. In Defense of ﬂgture Boston, Iittle, Brown & Co., 1970.

Hel:t‘rich, Harold Wep Jr., ed The Envimnt&l Crieis; Man's

Struggle to Live With Himself. New Haven, Yale University Press, .
1970..1 Tp. - . . ,

Herber, Tewls. Qrisis 4n Our (“:I.t“.es Fnglevwood Cliffe, N.J.. Treciios-
H&Jl H :"‘F\‘« 230 T.Jo . . ' -

B ! . '
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Hocking, Brian. Biblgsx_or Oblivion: Leseons from the Ultimate
Science. Cambridge, Mass., Dchenkman, 1965,

Lewrence, R.D. Thg Poison Makers. Camden, N.J., Thomas Neldon
& Sons, 1969. 160 p.

Leycock, George. The Dilig nt Destroxgrs. Garden City, N J.y .
Doubleday, 1970, 225 P

Léinuand Gerald Air snd Yater Poﬂlution. New York, Weshington
Square Preaa, 19 9. 160 p.

Lillerd, Richard G. den in Jegpargx; Man' s Prodigal Meddling

With His Environment: The Southern Cglifornie Experience. New
York Alfred A. Knopf, 1966. 338 p. . .

- Linton, Ron M. Terracide; America's tion of Her Livi
Environment. Boston, Little, Browm and Co., 1970. 376 p.

McClellan, Grant §., ed. Protecting Our Environment. New York, H.W.
wilson Co., 1970. 218 p. (The Reference Shelf, Vol. 42, No. 1}

Marine, Gene. America The Reped; The Engineering Mentality and the

Devastation of a Gontinent New York Simon and Schuster, 1969
312 p. ) ,

Marquis, Ralph ¥., ed Environmental Immrovement Air, Water. and

Soil. Waeshington, D.C., U.S. Dept. of Agriculture Graduate
School, 1966. 105 p.

Mellanby, Kenneth. Pesticiggg and Pollution. London, Collin?, 1967. 221 p.

Odum, Eugene P., et, al., The Crisis of Survival Glenvieu, 11l1.,
Scott, Foresman and Co., 19710C. .

Dsborn, Fairrield Our Plundered Plan Boaton, Little, Brown
and Co., 1948,

Osborn, Rdbert. Mankind nglNever Make Tt. New York, New York Graphic
Society,'1968. : .

Packard, Vance. The aste Mekers: Nev York, David McKay, 1960. 306 p.

Perry, John. Our Polluted World; Can Man Survive? New York Franklin
Watts, 1967 213 p.

Rienow, Robert and Leone T. Moment in the Sun: A Report on the De-

teriorating Quality of the American Epvironment. New York,
Dial Press, 196T. : .

Rodale, Jerome I. Qur Poisoned Farth and Skv. Emmaua Pa., Rodale
Books, 196L. T35 p.

Roveche, B, What’a Leftumaeports on A Dxmlnlshlng Amerlca.
‘Boston, Little Brewn 4 Gompany, 1969 _
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© Stewart, George R. Not So Bigh a8 You Think. Boston,
Houghton-Mifﬂin. 1968, 248 p. _
Still, Nenry. The DirtY Animel. Hew York, Hawthorne Booka.

1967. 298 p.

. Udull, Stewart L. The Quiet Crisis. New York, Holt, Rinehart,
and Winston, 1963. 209 p.

- Vogt, Williem. The Road to Survival New York, Hilliam
Sloane Association. 19

‘Wilson, Billy R., ed. Environmentel Problems : Pe aticides. Therm

Pollution asnd Environmental Synergisus. Philadelphia,
Lippincott 19

B. Articles

Over the Years there has been a steady increase in concern with
environmental problems, such a8 air pollution, as reflected in the number
of .articles published in popular Journals. However, until only recently,
these problems usuallyY been dealt with independently of one another.

The decade of the sixties marks & significant turning point in that not
only did the number of articles on these problems show 2 marked increase,
but the problems began to be viewed as interrelated.

These are several indexing services that are useful “"fn'fl’locating
articles on pollution and the enviroument. These. are ‘in Section I accompanied
by & set of terms under which relevent articles are listed.,

There are several magazines which present news. and articles on
environmental problems for the layman and atudant These are ligted in
Section 2. ) . .

In the spring of 1972 when public concern with environmental
problems reached a pesk, several magezines instituted regular sections
on the environment. These are listed in Section 3. In eddition, some -
megezines published specisl issues as noted in Section 4. -

Section I. Indexes

New York Timee Index

Air Poliution : U.S. - Environmental Problems
Environment ' Water Pollution
Pollution
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Readers Gaide to Periodical Literature
Air Pollution " Pollution

Environment (gl) - ' Water Pollution
Industry and the Environmental Movement

Public Affairs Information Service Bulletin

Air Pollution : . . Man-Influence @&f Environment

_ Ecology : Pollution
Environment - U.8. -[Environmental Agencies)
Human Ecology _ - . Water Pollution

Section 2. Magizines Presenting News and Articles on Environmental
Polluting Problems. )

Air & Water Conservation. News
Air & Water News

Bulletin of the Atomic Scientists
Chemical & Engineering News

Clenn Alr & Water News = . )
anaervation Foundation Letter

Envi ronment
Environmental Jomrnal

Environmental Monthly

Seétion 3. Magazines Having'Reéula: Sections on the Environment. «

Time - "Environment ~ beginning with February 16, 1970 igsue.
Science News - "Envircnmental Sciences beginning with February
s 1970. issue._
Satuxday Review - "Environment & the Quality Of Life" beginning
with March 7, 1970 issue.

Section 4, Special Tssues Devoted to the Envircmment.

Newsweek - "Thé Ravaged Environment”. Januamylzé, 1970.
Fortune - "Environment::A National Mission for the Sevehties”

February 1970 issue. _ .
Progressive - "The Crisis of Survival" April 1970 icsue.
Ramparts .- "Ecology Special” May 1970 issue.
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ITT. Genersal Works on Alir Pollution and Its Control
A. TIntroductory Works

American Association for the Advancement of Science. Committee
on Science in the Promotion of Huzan Welfare: Air Conservation

Conmission. Air Conservation; Report... Washington, D.C.,
Eatfan,'LduiB J. The Unclean Skxiig Meteorologist Looks of

Alr Pollution. Garden City, N.Y., Anchor Boocks, 1966.
151 P. DPIP. $1.25. (Science Study Series, No. Shé)

Bryson, Reid ‘A. and Kutzbach, John E. Air Pollutiocn.
Washington, D.C. Association of American Geographers,
1968. 42 p. (A.A.G., Commission on College Geography,
Resource Paper No. 2} - ' :

Carr, Donald E. The Breath of Life. New York, W.H. Nortonm,
1965. 175 p. $4.95. .

Corman, Rena. Air Pollution Priger. New fork, National
Tuberculosis and Respiratory Disease ‘Association, 1969.
10hpo $1¢250 - e )

" Edelson, Edward. The Battle for Clean Air. New York, Public
) Affaira)Committee, 1967. 28 p. 25% (Public Affairs Pamphlet,

" Edelson, Edward and Warshofsky, Fred. Poisons in the Air.
New York, Pouhet Books, 1966. 160 p. ¥1.00.

Esposito, John €. Vanishin .INew York, Grossman Publ,. 1970.
§7.95; pap. 95¢ (Ralph Naderfs Study Group Reports)

Farber, Seymour M., and Wilson, Roger H.L., eds. The Alf
" We Breathe: A Study of Man and Hia Envircnment. Springfield,
Til., C.C. Thomes, 1961. 41k p. $4,00. . : :
Lewls, Howard R. Htfh Every Breath You Take: New York,

Crown Publ., 1960. 322 p. $5.00.

Mills, Clarence A. This Air We Breathe. Boston, Mass.,
Christopher Publ. House, 1962. 112 p. $4.00.

Nadler, Allen C., et al. Air Pollution. New York, Scientists’
ormation, 1970. 28 p. $1.00

Institute for Public Inf

{Environmental Workbook )
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III. 'General Works on Air Pollution and Its Control

A,

" B.

C.

Introductory Works (continued)

Rossano, A.T., Jr., ed. Air Pollution Control: Guidebook
for Management Stanford, Connecticut, “Environment Research

‘and . Applications Inc., EnvirOnmental Science Service
Division, 1964. 214 p. $15.00.

Scorer, Richard S. Air Pollution. New York Pergamon
Press, 1968, 151 p. $7.50; pep.. $4.50 (flexi cover)

Sproul Wayne T. Air Pollution and Its Control. Jerlcho
N.Y. Exp051t10n Press, 1910. 106 p. $h 00.

Prophecies and an Account of an Air Pollution Episode in London

Lodge, James P., comp. The Smouke of London; Two Prophecies:
Famifugum; or, The Inconvenience of the Aer and Smoake of
London_ D1851pated by John Evelyn; and The Doom of London,
by Robert Barr. Elmsford, N.Y. s Maxwell Reprint 1969
56_p. $5.00.

Wise, William.‘killgr Smog; The World's Worst Air Pollution
Digester. Chicego, Rand McNully, 1968. 181 p. $5.95.

Textbooks ° ' ¢

.Faith, William L. Air Pollution Ccntrol New York Wiley,
1959 259 P O0.p. :

Gilpin, Alan. Control of Air Pollution. New York,. Plenum
Press, 1963. 51£'p. $25.00.

Meetham AR, Atmospheric Pollution: Tts Origina and Prevention.

3rd ed. Rev. by D.W. Bottom and 8. Cayton. Oxford Pergsmon
- Press, 1964. 301 p. $10.00.

Stern, Arthur C., ed. Air Pollut1on. 2nd ed. New York,
Academic Press, 1968 3 Vols. $95.00.

Thring, Meredlth W. » ed. Air Pollution, London Butterworths,
1957. 248 p. o.p.

World Health Organization.‘ﬂir Pollution. New York, Columbis

University Press, 1961. 442 p. o.p. (W.H.O. Monograph Series,
No. 46). '
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- I1I. General Works on Air Pollution snd Its Contirol

P. Pamphlets .

Air Pollution,..A National Problem. Washington, U.S. Govera-
ment Print.0ff., 1962 50 p. (PHS Publication No. 975).

Air Pollution: The Facts. New York, National Tuberculosis and
Respiratory D1sease Association, 1970. free. -

The Alr We [ive In: The Heslth Effeg;a of Air Pollutlon
Washington, U.S. Government Print. Off., 1959. (pHg -

Publication No.'6h0) free.

The Battle for Cleen Air, by Edward Edelson. New York, Public
Affairs Press, 153? 28 p. (Public Affairs Pemphlet No.

ho3) 25¢.

Clean Air for Your Commnnity, Washington D.C. Supt. Ff‘
Docs, U.S. Government Pfint JOff., 1969 12 p. 25¢.—~

Clearlng the Air: A Layman 8 Guide to A$mospheric Purity
by Wallace West, New York, American Petroleum Inatitute,
" Committee on Public Affalrs 1963. free.

The ffects of iy Pollution. Washington, Supt. ol Docs, ’
U.8.G.P.0., 19%7, 18 p. (PHS Publication HNo. 56 Rev L96T)

25¢.

Everyday Facts About Aj Pollution HaShington, Manufacturlnp
Chemists Assoc1ation 1533 free,

The High Cost of Airs Economic Effecta of Air Pollution.
Washington, Supt. of Docs, U.8. 1958. 5 p.

Physician’s Guide to Air Pollution. Chicago, T11., Amcricas'
Medical Association, 1968. 20 p. free. :

Primer on Air Pollution. 2nd ed. New York, Mobii O0ii Co.,
n.d., 20 p. free. :

- Smog-The Silent Killer; 1967 Bienniel Report. Los Aﬁgeles,
Cali.ornia State Motor Vehicle Control Board.IIQGT-

Some Healih Aspects of Air Pollution. New Yovk, bepl. of Air
Resources, City of New York; 1969.

-Sources of Air Pollution and Their Cont.rol. Washiington. Supt.
of Docs, U.S.G.P.0. 19661 PHS Publication No. 1548}
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General Works dnJAir Pollution and Its Control

.D. Pamphlets (contimed) : -

A Study of Pollution - Air; A Btaff Report to the Committee
on Public Works. U.S. Senate. Washington, U.S.G.P.0. 1963
 (Committee Print BBt.h Congress, ist Seuion) 62 p.

Teke Three Giant Steps to Cleaner Mr; Washington, D.C. U.5.G.P.0.
19

Together We Can Check the Blight of Alr Pollution; A Partnernhig ;

Local Control. Florbam Park, N.J., John Wood Company,
Air Pollution Cont.rol D:I.st.rict., n.d. 20p. .

No laughing Matter; The Cartoonist Focuses on Alr Pollut.ion.
Washington, D.C. U.S.G.P.O., 1966 704, -

Qur Polluted World; American Educational Publica.t.ions 1968
353 Junior H%gh .
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IV. Scientific and Technical Aspects of Air Pollution and Ite Control

The literature on the scientific and technical aspects of air

- pollution and its control 18 too vast to be listed here. Since 2955, vhen |
- the Air Pollution Control Associstion began to issue abstracts (see APCA

. Abstraets, behlw) more than 13..000 articleli and monographs have been
I:abstracted. Fortunately, thgre are several excellent bidbliographic tebdls

‘which permit easy identification of msterial on & given topic.

Any search of the literature should begin with the three-volume
text:book edited by Arthur C. Stern‘ (Asr Pollutioﬁ. 2nd edition, New 'York._ -
Acadenic Press, 1968). Although‘it is geveral years old, it provides s
comprehensive summary of the literature on the scientific and technical
gspecta of air pollution and its control.lolndiviclnal chapters‘ conaist
of reviev articles written by meny of the leading experts in the field.
Fach article cﬁn serve as an introduction to any particular topic as well
as a guide to the literature up to sbout 1968. Authoi"and ﬁub.ject indexes
are included in each volume.

For more recent worka on all aspects of air pollution and ita con-

trol the previously mentioned APCA Abitgcts is an excellemt guide. .

‘Issued monthly as a supplement to the Journal of the Air Pollution Contral

Association, it includes abstracts of articles appearing 1n over 600 journ-

als as well as preceedings of conferences, c.ollect-ed works snd ind;lvidual‘
monographs. Abstracts are numbered consecutively aince 1955 and 1nc1ﬁde

a complete citation (using standard ebbrevistions for periodical titles)
and e abstract or summary prerared either by the suthor or by the staff

of the Air Pollution Control Assoclation. The July issue .includes a Title

-
-~

Index for the previous volhme.(June-Huy);the August issue includes an Author-

- Index; and the September issue includes a Journal Index with Tull titles

|

and publisher’s addresses.

@
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The way in which these two tools may beluSed'fogether is shown by

the table below in which the parts of Stern are matched with the

corresponding sectiocns of APCA Abstracts . The numbers before the titles

of these gections correspond to their order in APCA Abstracta..

~

Stem - Alr Pollutior | APCA Abstracte
Volume I. Air Pollution and Ite Effects 1, Genersl Aspects
Part 1, Air Pollution {Phenomena) 2. Emission Sources -
Part 2, Air Pollution Meteorology 3. Atmospheric Interactions
Part 3. Effects of Alr Pollution = 6. Effects - Human Health.

. - T. Effects - Plents and Livestock
" B, Effects = Materials
: 9..Erfecta_- Fconomic

Yolume IT. Anaiysis, Monitoring, Surveying o
Part 4. Analysis of Pollutants = 4., Measurement Methods
. ' - 13. Basic Sciences and Technologies
Part 5. Air Quality and Meteora - 10, Air Quality Measurenments

logical Monitoring 13, Basic Sciences and TeChnolOBiea
. Part 6..Source Méasurements and Com-.. 2, Emigsion Sources
minity Survey ’ 4, Measurement Methods

Volume III. Sources of E:lr Pollution
~and Their Control . ’
Part 7. Sources of Air Pollutien - 2. Emission Sources

Part 8, Control Methods and Equip- 5. Control Methods
ment - .13, Basic Sciences and Technologies

Part 9. Air Pollution Control 11. Legal and Administrative Aspects
' - 12, Standards and Criteria

(not deelt with in Stern] 14, Social Aspects

1. There are qeparate chaptefs on the legal and administrative a®mpecta of
air pollution and its cont_rol, but economic, political, a.nd' soéiél aspeots

are dealt with only in pessing or not at all.
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_ Several ot.her- ehetrecting and _indexing services should be nientioned
also: _ | B |
1. Alr Pd:ilutim Abstracts. Issued m:ithly by The Herren Spring Laboratory,
| 'IStefenaée, England, it may Ipick up titles from British g.nd- other European

,cmntriee thet. Bre mieeed by APCA Abstracts. Orgenizei.ion is eimilar to
_thet of APCA Abstrs.ets. . Hmrever. Bince they 'photoreproduce e.bstra.cte from
original eourcee {as we.u a8 those of APCA Abstracts!), the variations

in’ typosraphy nake them aifficuit to read. . . _
. 2, AMlr Pollution Bibliography. This appears pe'rieaicaiiv in issuss of the

_ fournal Atmospheric Environnent, An Inte_rgretional Jonrnel. published

in Ensland. It conaiste of aelected titles rrom APCA Abstracts without

: {-.ﬁe ebsi-.'rgcta. The organization of the titles in APCA Abstracts is
'i-eteinecll.- 'it ca.t_zl serve as a quick find‘in‘g ‘che'cklist for retroapective '
‘searches only. since there is a deley of several months between the time -
they are abatmcted 4in APCA Abstre.cts md listed here. _

3. Air Pollution Titles; A Guide to t.he Current Air Ponuticm Literature,

-r—
Issued bimonthly by ‘the Center ror A.‘I.r mviromnent Stud:l.ee. The

4

Penneylvanie Stete University, University Perk. Penneylvenie. this

publication is & "Heya lvbrd-in-Contexb (KwWIC) Index" to articles on air
polluti.on. It is intended as a current awareness tool for ressarch workers -
rather than as. a retrospective searching tosl, The November - December

i_g-eue' cumlates the titles for the whole year and can be puréha.se&

—

separately. S o e

‘b, NAPCA Abstract Bulletin., Published monthly by the Air Pollution Technical
Information Center of the National Air Pollution Control Administration,
this pablication is. intended'es a current awareness bulletin pravidiné '

gbatracts from "over 1N00 domestic mnd *“oreign Journals.... from govern~

‘mentel end industrial report iiterature, and from preprim;s. It

A st R

EMC Muplinaten in atuge *he APCH Ans t“ar..sn "a.‘l'.h, perhape more itemy POW Tae
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techn.tcd revort literature made u\ra.ilnble through the Clearing house for

Federu Scientiric and Technical Inromation, the main source of pubidcations

produced by government gnd government__apomored reaearch. Ha:ving begun

publication in 1970 it can serve as & guide to the most recent literature

to supplement APCA Abstracts. -Its organization is that of APCA Abstracts.

A nymber of other indexing and sbatwacting services may also be

' searched for more upecidi_ied topics. Those include the rolloui_.ng" |

1. Aﬁplied Bgigﬁge and Tech:-n:li:_l.om'-lhdex. (Hihon,_llew York)

2. Battelle Technical Review. (Bsttelle Memorial Institute, Columbus, Ohio)
3. Bibliogrephy of Agriculture. (National Iibrary of Agriculture, Washington,D.C.)
k., Biolokigd Abgsracts. (Biological Abssracts Inc., Philadelphia, ?erm.)

Se Chaniﬁ Abstracts. (mrica.n Chem{cal Society, Esston, Pennsyivania).
6. Ensineering Index. (Enginecring Index, Inc., Kew York) | |
+ Environmental Effecta on Materials apd Equipment; Abstracts, (National
Acadenv of Sciences - National Research Council, Division_,_pf Chemistry -
and Chemical Technologyy Pre_vent.tm; of Deterioration Center, Washington,
DuC.} monshly | | | | o o
8. ndex Medicus '(ﬁationu Library of Medicine, Bethesds Msrylo.nd)
;ngulggis; nzgiene Digest. (Induatrial nygzenh Foundation, Pittahurgh,?a.)
10. nt.gmatioud Aeyospace Abptpacts, (Awericen Heteomlosicd Society, Weshing-
ton, D. c.)
- 13. Journal of gg Iron and Steed _Ia_._g;tute. (Iron and Steel Insut.ute. Londen, -
England) N
. 12, Met al and Geoastrophysical Abstracts. (iurica—l'n?teomlogical

Society, thhington. n.c.)
. NByglear Science Abstructn. (mvuion of '.vechnicu 'Institute, A.E.C.0ak mdge,

_ Tennessee)
ﬂhug Heglﬂl_ Egg;m! gg &tnctu. (National Center for Urban and In-

dustrinl Health U.8., P.H.8, Cincinnati, Ohio)
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15. Scieptific snd sorte J NASA, Washington, D.C.)
16. Technical Abstract Bulletin DDC, Deréﬁse Supply Agency, Cameron Station

Alexandria, Virginia ) |
17. .S, Government Research and Dev. Repts.( CPSTI, Washington, D.C.)
18. Biological and Agricultural Tndex. (H.W.Wilson Co., New York) =

19. Geophysicel Abstyggts. (U.S. Government Printing Office, Weshington,D.C.)

" 20. Qecypationsl Safety and Health Abstracts. (International Safety and
Health Information Centre, Geneva, Switzerland) - -

21. Monthly Catalog of U.S. Government Publications. (U.S. Government Printing

Office, Washington, D.C.) o

22. Pandex Current Index of Sclentific and Technical Literature. (C.C.M.
Infornatiﬁn Sciences, Inc., New York) ‘; —

23. 8cience gifatgon Indcx.(Instituﬁe for Scigﬁtific In?ormation, Philadelphia,

Pennsylvania).

2).Search: Chemical Materials & Products Diviston. (Compendium Publisher's

International Corpofation. Fort lee, N.J.) -

25. Wild Life Review. (Patuxent Hildlife Research Center, Lsurpl? Md.)

26, .Government-Wide Index to Federal Research and Development Reports.

(U,S. Department of Commerce, Clgéringhouse for Scientific and Technical =

Infbrmation. Springfield, V..l Indexes unclassified reports p:oduced as a
result of government.sponsored research and development as they are

abstracted in items numbered 13, 15, 16, and 17 above.

k]
L]
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Handbooks and Manuals.

CAir Pollution Control Association. Technical Manuals. Nos.’1-4,
Pittsburgh, Pa., 1963-19%68. .

American Industrial Hygdiene Association. Air Pollution Manual.
two parts, Detroit, Michigan, 1960, 1968.

Los Angeles County Air Pollution Control District. Air Pollution
Engineering Manual. compiled and edited by John A. Danielson.
Washington, D.C., U.S. Govt. Printing Office, 1967. (Publlc
Health Service Publication No. 999-AP-40}.

Magill, Paul L., et al., Handbook of Air Pollution; Trainigg
Program. Washington, D.C., U.S. Govt. Printing Office, 196

- (Environmental Health Series; Air Pollutlon Publlc Health
Service Publication No. 999-3AP-44}),

‘

Journals.

The following journals regularly include artlcles on the SClentlflc
and technical aspects of air pollut10n°

Air Pollution Contrel A55001ation Journal. 1951-Monthly.
Individuals 3515, Institutions $50. Alr Pollution Control _
Association, 4400 Fifth Avenue, Pittsburgh, Pemnnsylvania 15213.

American Industrial Hygiene Association Journal. 1940- Six issues/
year. $15. BAmerican Industrial Hygiene Association, 25711
Southfield Road, Southfield, Michigan 43075.

Analytlcal Chemistry. 1929. Monthly. Membership; non-members $5. .
American Chemlcal 5001ety, 1155 16th Street, N.W. ‘Washing,D.C.20006 .-~

Archlves of Env1ronmenta1 Health. '1950. Monthly $12. Amerlcan
Medlcal Assoclation, 535 North Dearborn.Street Chlcago 1111n01s 60610.

Atmospheric Env1ronment An International Journal. 1967- Bl-monthly.
Institutions $50. Pergamon Press, 44-01 2lst Street Long Island
City, New York 11101.

Atmospheric Pollution Bulletin. 1932 (In 3 Sections: Section 1
and 3 Monthly; Sectlon 2 Semi-monthly) Warren Spring Laboratory,
Gunnels Wood Road, Stevenage, England

_Bulletin of EnvironmentaL~Contaminatlon and Toxicologﬁ. 1966~
Bi-monthly. $20. Springer-Veriag New York, .Inc., 175 Fifth Avenue,
New York 10010. .

Chemical Engineering. 1902. Fortnightly. $4. McGraw-Hill, Inc.
330 West 42nd Street, New York, New York 10036.

Chemical qulneerlng_Progress. 1947. Monthiy' Free to Members;
Others $25. American Institute of Chemical Engineers, 345 East
47th Street, New York, New York 10017. :
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Conbustiona 1929 Monthly. $4. Combustion Publication Coupan¥, Inc.,
277 P.rk Avenue. New York. NEW York 10017

" Contsmination Control. 1962- Monthly. $5. (American Associstion for
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IV. Scientific and Technical Aspects of Air Pollution and Its Contrél (econtinued)

The f‘ollowina list of baokas is select.’we and :I.ncludea mainly booka in
print and available from trade publishers. Same goverrnment publications
are aleo included. Technical reporst have for the most part been '
excluded. They-may be found through APCA Abstracts or other abstracting
and indexing services mentioned abote

A. Geochenlstry and Geophysica of the Earth

nces in Geophysics. Ed. by H.E. Landsberz, and others, 1% volumes,
New York, Academic Press, 1952-1970.

Ahrens, Louis H. The Distribution of Elements in Our Planet. Rew York,
McGraw-Hil1l, 1965.

. Ahrens, Louls H.. et al., eds. The Ph_nics gx_:d Chemistry of the Earth.
. T volumes, Oxford, Perga.mon Presas -

American Chemical Society. Ch istry and the Environment :The Solid Earth
The Oceans, The Atmosghere. Washington, D.C. 1967. _ ‘
Bates, David R. glanet Earth. 2nd revised edition. Oxford, Pergamon Preas,
196k, |
Ceilleux, A, Anatomy of the Earth. New York, McGrew-Hill, 1968. -

Carrington, Rich_a.rd. Gu;ﬁe to Earth History. New York, New American Library.

De Witt, Cecile M., et al., Msicn.!‘.’he Earth's Emriroment., New York.
Gordon and Breach, 1933.

Dury, G.H. The Face of the Earth. Ne\r York. Penguin Books. 1959.

E Ergat. W. Earth &tegua Englevood Cliffs. New Jersey, Prent:lce-Ha.ll
1969,

Fra.ser. Ronald G.J. H a.bita'ble mg New York. Basic Books, 1965.
Gamow.Georse A. A gla.net c;; 1ed k . New York, V:lk:lng Press, 1963

Iy
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Seribners, 19 9. i

Hurley, Pa.trick M., ed. Advances in Earth Seience. Cambridae, Mass., M.I.T.
" Press, .

Jeffreys, Sir Harold. The Earth, Tte Origin, History and Physical Constitut
9th edition, Cambridge 3gland, Cambd dge Unlversity Preu. 70.

_ Krguskapct. Konrad B. Introduction to Geochemistry. New York, McGraw-Hill.
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Mason, Brian. Principles of Geocgggn_utzin 3rd edition, New York,h'iley,l%é_.
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. M.I.Te Pm‘

Ordway, Richard J. Earth Sc:l.ence. Princeton, N.J., Vﬁ: Nostrand, 1966.

Rumey , Geérge R. The Gec tan;_Drnallie Integration of Land, Sea, and
. ﬁ.;. Dubugue, Iowa, W.C. Brown, 1970. .

Runcom. S.K. 24, ;ntemt:l.onal D:lct:l.qnu:\r of GeODh}:a:l.cs. 2 \rolumeu New
York, Pergamon Preu. _ .

Runcom. S.K.,ed. Methods and Technic[uel 1n Geophysice, 2 volumea New
York, Wiley (Interuc:l.ence , 1960, 19 _

Runcorn, S.X,.,ed. Progress ino P_hxs:l.ca and C‘hemistgx of the Earth, New

York, Pergamon Press.

Scientific Amer:l.can. Ed:l.tions of, Pll.net Earth, New York, Simon and Schuster,
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Sn%tb Frederich G, m:l.cal Geochemistry, Rea.d:lng. bhos. 3 Addison-ﬂealey.
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Spar, J. Earth, Sea..‘a.nd A:I.r. A of the'GeomE:l.cal Sciences.,
Reading, Mua.. Adﬂilon-wealey. 2. - T

Spilhaue, Athela,tm Satellitg of the Sun. Hew York, Atheneum. 196k,
Strahler, Arthnr N. Earth Seiencgg Hew York, llnperu-naw. 1963,

Sutton, Graham. ed. The World Around Us:From Sea. Level to Ionosphere,
New York. Colliexr Books.

e

True. W.P., ed. Earth and Life. New !ork Simon md Schuater.

wedepohl Karl H..ed. Handhook of Geocheniatg New York, Springer-Verlag,

1969, 2 volumes.

P
T

The Atmosphere and Atmospheric Phenomena -

Barry, R.G. - tmghere Weather, and Climate. New York, Holt, Rinebart -

~and Winaton, 19

Batton, Louis J. Radl.r Obsérvea ‘the Hea.ther. Garden C:I.ty, New York.

" - Doubleday, 1962.

Blumenstock, David I. The Ocegi of Adyr. New Brunswick, _n.J.. Rutgers

University Press, 1959.
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B, ( continued)

Brooks, C.E. P. Climate Throuzh the ﬁgel. New York, Dover, 1970 (o, 1949),

Byers, Horace R, Gegml Meteornl®gy, 3rd,. ed. New York, Mc Graw-lﬁll.
- 1959, _

Cadle, Richard D, Particles in the At.moupher ﬂd Spm.ﬁw York, Reinhold
Publishing Compeny, 19

Chalmers, J, Alan, _t_mosg ﬂg Electricitx. 2nd. ed. Dxford, Perga.mon
Press, 1967,

Chendler, Tony J. The-Air-Around Us; Men Looks at His A_tuloephere. S
.Garden City, N.Y., Published for The American Museum of Natural History
by the Natural History Press, 1969 (c 1967). :

-~ Cliapmaﬂ, Sydney and Richard S./ Iinden. AtmoSpheric Tides 4 Thermal and
Gravitational ., New York, Gordon & Brench, 1950.

Conway, H., McKinley, Jr.,ed. Yeather Handbook. Cbnway P:_:es’s, 1963,
Cook, James G, Our Astonishing Atmosphere.New York, Dial Preas, 1957,

Cook, James G. He Live By the Sun. New York, Dial Press, 1957,
Creig, Richa.rd A, The Eﬁe of Space: Exploring The Upper Atmosphere.
New York, Doubleday, 19 _ o '
Craig, Richard A. The UEB%r Atmosphere: MeteorologY end Paysice.Nev
York, Academic Preessa, 1965, '

, Crit.chfield. Howard J. Gener&l Cima.t.olomr 2nd. edit.icn. Englewood Cliffs.
New Jersey, Prentice-ﬂall, 19

Day, John A. The Science of gggt.her. Bea.ding. Mags,, Addism-wesley,
1966, -

Dobson. Gordon M.B., Explori t.he Atmosphere2nd, editiock, New York,
Oxrord University Press, 19£§

Donn. Williem L. Mhteorolosz 3rd edition, Nev York, McGraw-H{11, 1965,

Edinger, James G. Watching for the Wind: The Seen and Unseen Influences
on Local Weather. Garden City, lle-ur York, Doubledazr. 1937.

Fairbridge. Rhodes W., editor, The Encyedopedia of At. ogpheric Sciences
and Astrogeolog-r New York, Reinhold,’ 1957. _ )

Farn.daq,r Soclety, London. Chemical Reactions 1n the Atmosphere. London.
Butterworths, 1964k, '

Fleagle, Robert G, An Ipntroduction to Atmosgheﬁc "P}ylica . New York,
Q@ . . Acsdsmic Prese, 1963, ‘ ' . '

L
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Flohn, Hermann, Climate and Heather.ﬂew York, McGrew-Hill, 1968.
Geiger, Rudolf. The Cl:lmte gea.r t.he Ground, Uth edition, Cmbridge.
Mags ., Harvard University Press, 1 - :

Griffiths, John F. Applied Climatology. New York, Oxford University |
Presa, 1966, ' - ’ :

Hare, Frederich X, The Resliess Atmamere. London, Hillary House. 1966.

I-Iellmgn. Hal, Light and Electricitx in the Atmagere.ueu York. Holiday .

House, 1968,

' - ‘ Hess, Seymour L, Introducticn to Theorgtical Meteorologc.ﬁew York,
Holt, Rinehart and Winston, 1959. .

P,

Hidore ‘Jonn J, Geography of the Atmosphere. Dubugue, Tows, William
c. Brown. 1969,

- Hidy, George M, Winds:The %gin and Behavior of Atmospheric Motion.
Neir York. Van Nostrand, 19 )

Horrochs, N.K. m'ucﬂ Geography and cumtolog Hew York, Humanities

Prels » 1965

Hunphreys, William J. %[s:lcs of the Alir, 3rd.edit:|,6n, New York, .
Dover Publicationa, 1963. ' . . :
International Symposium on Chemical Reactions in the Lower and Upper
Atmosphere, San Francisco, 1961, Cheaical Reactions the d
Upper Atmoaphcre.Proceedigg , New York, Wiley tlhterscienceg. 535% |

Ju.gge. G.E. Air Chemistry and Radioactivitx. New l’ork. Academic Preu.
1963,

Kazeck. Melvin. 1imte !orkboo . Stipes, 1967. .

Kendrew, Wilfred G. The Climates of}h_e Continents.>th edition. Hew York,
Oxford University Pregg, 1961, :

Kimble, George H.T, Our Amer:lca.n Hea.ther. Bloomington. Indiana Un:lversity
Press, 1961. _

Kond.rs.tyer. Kir:lll Ya. Radiation i-n the Atgosmere. New Iork Acaclem:lc
Press, 1969,

Lamb, H.H. Changing Climate, London, Hc![huen. 1966,

Luldﬂbel‘s. H.E, ﬁﬁic&l ClimtOlO . 2nd edj.tion Dubo’.ﬂ’ Pemyivma’
Gray Printing Company, 1968 '
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Landsberg, H.R., editor. World Survey of Climatology. New York,
American Elgevier,

Miller, A Ausgtin. C limtolog 9th edit:lon,London, McThuen 19614

Miller, Albert and Jack C. Thompaon. Elements of Meteorologx Columbus,
Ohio, Merrill, 1970. .

. Neuberger, Hans and John Cahir. Principlea -in Climatology: A Mamumsl in
Earth Science. New York, let. Rinehart and Winston, _1959. )

Palmen, Erik H. and Chester W. Newton. Atmospheric Circulation Systems:
Their Structure and Physical Integreta.tio::. New York, Academic Press,
1969.

Petterssen, Sverne. Introduction to Meteoroloﬂ 3rd edition, New York,
McGraw—Hill 1968 (8. 19 9 -

Poghecary, I.J.W. The Atmo_ghere :I.n Action.New York St. Martin's Preas,“
1965

Reiter, Elma.r R. gg-h Stre . New York, Dmbleday-ﬁnchor, 1967.

Riehl, H. Introduction to the Atmosphere. New ‘fork MeGrawsHill, 1965

Robinason, N. olgr Radiation. Amsterdam, American Elaev:ler, 1966

Rumneyy George R. limatoloﬂ gng the ‘Horld's Climates. New ‘fork,
Macmillian, 1968.

Sootin Harry. &e Long Search; [an Le About the Kature of Air.
New—York W.W. 'ﬂorton, 1967« i

Sutcliffe, R.C.-‘Heather and cnmte-.ﬁew York , New American Library.

Sutton, Oliver G. Atmoaggeric Turbulence.2nd edition, Loadon, McThuen,
1960 - * ’ - ’

Sutton, ‘Oliver G. The Challen_ge of the Atmosgere. New York. Greenwood
" Press, 1969 (c. 1961].

Sutton, Oliver G: Micrometeomlogc. New York-, Mcer—Hill, 1953.

Symposium on Ground Level Climatology, Berkeley, California, 1965.
Ground Level Climatology. edited by Robert H. Shaw, Waahington, D.C.,
" _American Association for the Advancement of Scimnce, 1967. -

Trewartha, Glenn T.. Introduction to Climate. Wth edition New York, -
McGraw~H111, 1968. .
1*w-:,“

Turner, D.Bruce - Workbook or Atmospheric Diapersion Estimates.
Arlington. Va.,U.5. haticnar Air Pollution Control Adminlstration,

1968. (Pnblic Heslth Service publication No. 999-AP-26)
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U.S. Standard Atmosphera, i962(and supplements ). Prepared under

sponsorship-of the Naetional Astronautical end Space Administration,
Unided States Air Force and U.S. Westher Bureau. Washington, D.C.,
Superintendent of Documents, U.S. Government Printing Office 1962

. Webbdb, Willis L. The Structure of the Stratosphere and Mesoephere

New York Academlc Press, 1963

i
Atmospheric Pollutants: Their.Detection'and Anelysis
General

Adams, Donald F., _ed. Air Pollution Instrumentation; A Symposium.
Pittsburgh, Pennsylvania, Instrument Society of America, 1966.

American Conference of Covernmental Industrial Hygienists. Committee
on Air Sampling Instruments. Air Sampling Instruments for Fvalustion
of Atmospheric Contaminants. 3rd edition, Cincinnati, 1906.

American Society for Testing and Materials. 1970 Book og ASTM
Standards. Part 23. Industrial Water and Atmoepheric Analvsie

_ Philadelphia Pa., 1970.

Chapman , Robert L., ed. Env;ronmental Poliution Instrumentation.
Pittsburgh, Pa., 1969. N .

Hochheiser Seymour Methods of Measuring and Monitoring Atmospheric
Sulfur Dioxide. Cincinnati, U.S. Dept. of Health, Education, and
Welfare, Public Health Service‘ Division of Air Pollution, 196h.

Imperial Chemical Industries, Ltd. Analytical Chemists' Committee.

The Determination of Toxic Substances in 8ir; A Manual of ICI Practice.
Edited by N.W. Hanson, D.A. Reilly and H. E Stagg, Rev1sed editidn,
Cambridge , England Heffner 1965 ‘

International Union of Pure and Applied Chemistry. Toxicology and
Industrial Hygiene Division. Methods for the Determination of Toxic

Substences in Adr. Edited by J.0. Gage, et. 8l., London, Butterworths, '

1959- - .

Jacobs, Morris B. Analvtical Toxlco;ng of Inorganlc Industrial-
Poisons. New York Wiley, 1967,

Jacobs, Morris B. The Chemiecal Ana1351s of Air Pollutants. New York
Wiley, (Interscienceé) 1960. .

Katz, M. Measuremesnt-of Air Pollutants; Guide to the Selection of
Methods. Geneva, World Health Organization, 1969,

Loy
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Leithe, W. The Anelysxs of Air and Its. Impurlties Pasadene, '
Califomla. Tenarths, 1970 .

hieberman A. and Schipma, Air-Pcllutlon;Monltorlng Instrumentation:

A Survey. Washington, D.C. U.S. Government Printing Office, 1969.
ENASA SP-5072).

Organization for Eeonomic Cooperetion and Déveloément, Working
Party on Methods of Measuring Air Pollution and Survey Techniques.
Methods of Measuring Air Pollution; Report. Paris, 1965.

. Ozolins, Guntis and Raymond Smith. Rapid Survey Teehnique for

Estimating Community Air Pollution Emissions. Cineinnzti, Ohio, -
U.S. Public Health Service, Division of Air Pollution, 1966.
(Public Health Service Publication No. 999-gP-29).

Ryd, Hartriet. An Attempt to Measure Objectively the Quality of Air.
Stockholm, National Swedish Institute for Building Research, 196__
(Rapport fran Byggforskningen, Stockholm, 1967 34).

- Stern, John A., ed. Instrumentation for Air Pollution Control.

Transactions of a Symposium held March 23, 1967, sponsored by the
Connecticut Valley Section, Instrument Society of America of Middle-
town, Connecticut, Hartford, Printed by Fox Press, 1968. :

Tobacco, Sensitive Monitor for Photochemical Air Pollution,
Weshington, D.C., U.S. Govt. Printing Office, 1969.

U.S. Division of Air Pollution. Analysis of Atmospheric Inorgsnics...
Course... conducted by Air Pollution Training Activities Training
Program at the Robert A. Taft Sanitory Engineerlng Center,
Cincinnati, 1961%.

U.S. Division of Air Pollution. Interbranch Chemical Advisory .
Committee., Selected Methods for the Measurement of Air Pollutants.
Cincinnati, Ohio, U.S. Department of Health Bducation, and Welfare,
Public Health Servmce Division of Air Pollution Robert A. Taft
Sanitory Engineering Center 1965. (Environmental Health Series:

Alr Pollution Publie Health Service Publication No. 999-AP-11).

U.S. Robert A. Taft Sanitory Engineering Center. Analysis of Atmos-
pheric Organics; Manual of Course, ¢onducted by Air Pollution
Training Aetivities Training Prog:am, Cincinnati, 1962.
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- Edison Electric Institute. Prime Movers Committee, Sulfur ]I:ﬂiox.f.deL

Sulfur Trioxide, Sulfuric Acid and Fly Ash Their Mature and Role in
Alr Pollution, New York, 1966, _ .

Stamford Research Institute, Sources, Abundance ‘and Fate of Qaseous - ~
Atmospheric Pollutents., New York, Americen Petroleum Institute, 1968.

Rengebrauck, R.P., D.J. von lehmden, end J,E. Mecker. Sources of
Polynuclear Hydrocarbons in the Atmosphere. Ineinnati, U,S. Dept.-

of Health, Education, and Welfare, National Center for Air Pollutien . - -
Control, 1967.

3, Particles end Aerosols

Allen, Terence, Particle Size Messurement.Luidon, Chapman & Hall,

Cadie, Richerd D, Particle 8ize: Theory and Industrinl Application.
Rew Yor‘{ Reinhold 1955,
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) FaradaJ Soc_et,,r, London. Disperse §ysten~s in Geses, Dust, Smoke and
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. Stepherd, Hermen R., 2d. fleronols: Scisne end Teclmale wo dow Yord,
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%, Photochemistry and Gas Chromatogrephy
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Advences in Photo Chemistry. 6 volumes, New York, Wiley (Interscience,,
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Annual Review of Photochemistry. Volume I, New York, Wiley (Interscience)
1967,
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York, Plenum Press, 1959,

Knox, J,H. Cos Chropatosreshy. London, Methuen, 1962,
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-
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terial from Industrial end Other Sources.Princeton, N.J. Ven Nostrend,
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1. Effects ot Human Health
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- peutics. New York, Academic Press, 1962, .

Dimmick, Robert L, end Ann B, Akers, An Introduction to _rperimenta.l
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