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W.C. SHAW (2) 
W.W. HECH (3) 

H.E.  HEGGESTAD (2) 

Role of agriculture 
in  a i r   pol lut ion 

and control (l) 

(1) An invitational at  the 
19th Annual of the 

13-14, 1970. 
Academy Sciences, 

and Air Labo- 
(2) Assistant to 

of 
(3) 

sion, 
ment of and of 

and Chief, 
of Economic Effects, and 

of Educa- 
National 

tion and State Uni- 

if anyone had 
pollutants would  make it difficult 

to healthy plants in  the Washington 
he would  have  been 

labeled an in 1970 
it is a fact that many plants cannot be 

months in in  the Washington 
unless the is 

did in the Nation’s 
Capitol become so in so 
a time? 

the past  decade we have  witnessed 
an an 

and a population explosion 
in the of mankind. 

The 
of the 

The 
scientific  technology that made  these deve- 
lopments an of 

in 
goals 

the side effects  of such  technological deve- 
opments on esthetic  values, and the quality 
of little 

attention. 
in  the 

do not always  seem to have 
been  guilded by the teaching that man 
does not “ alone ”. This 
same teaches that man was  given 

the all of its 
Too often man has acted as 

the and has as his 
subject. this often 
life to of 
man and not 
a joint mutual benefits. Fu- 

in 
the quality of will 

emphasis on the ecological  conse- 
quences of technological  development. 
A  commitment, not yet  made,  will also 
be 

The population of the 
to 3.3 billion in 1965 to 
5.0 billion in 1985 and to 7 billion by 
the 2000, if does not change 
and continues to 

if we to succeed in achieving 
a 30 % in the next 
20 the population would  be 
4.6 billion by  1985 and 6  billion by the 

2000. of some of 
stable population 

a to be 
achieved. 

an it is 
most to that man 
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“ lives  by dilution alone ”. of 
that exceed 

ance limits, the quality of 
onment and thus the quality of lives. 

cesses that 
too many automobiles in  too limited 
space; too many  people too many 
cattle feed lot;  too 
in too much  ozone 

and chemical  waste 

that ecosystems  can  be 
managed in such a way as to obtain high 

yields and quality  livestock  without 
the quality of 

and 
limits established  and inputs 
and kept  within  these  limits. 

is a fallacy to assume that 
pollution can 
by 
of ten the of 

who can be fined into submission, lax 
public officials  who can 

often it  is the 
mands at least  lets himself  be  cajoled 
into 
and the 
cost in of and sick- 

The technological  achieve- 
ments of 
have  made and 
communications  a 

we must  conclude 
that  the on the planets that 
we have  visited in with 

totally hostile to man. 
have any new mecha- 

nisms still 
dependent upon the of the sun 

with and the 
of 

adequate supplies food, feed, and 
of space has 

h e d  most is to 
the of and to 

The 
the as 

the massive pollution 
that enveloppes the 
in the is 
the 

a 
and 

vital to 
the of the Those 

to the 
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photochemically pollutants such as ozone 
Note this  Table does not include 

and These cause 
damage to plants and 

and objects. 
(5) 

coal waste 
of Emissions 1970. 

of an abundant supply of 
quality food, feed and that will 
sustain the human, livestock, and wildlife 
populations of Nation, and to 
assistance nations. 

goal  is to achieve this significant 

and the quality of 
pollution, a to 

this mission, cannot 
estimated. 

OF 

is with: (u) 
pollutants that 

that have an impact on 
and (b) pollutants that 

that have an 
impact on aspects of 

society. 
pollutant emissions that conta- 

minate the the United States 
total than 200 million tons 
These in Table 1. 

and pesticide wastes. These pollutants, 
in abundance 

at point 
in a and dis- 

of effluents such point 
in limiting detectable 

to commodities to a 
of a few  miles the 

Ethylene and notable 
exceptions  since  significant amounts 
emitted in automobile exhaust and because 
they much in 

pollutants such as ozone and 
the as 
of photochemical in the atmos- 

than  the pollutants. 
of these pollutants 

of a state 
to 

of and 
pollutants believed to cause 

to than  do  the 
pollutants that 

pollutants 
that have an impact on and 

Estimated  Nationwide  Emissions, 1968 
millions of (4) 

. . 
Fuel combustion 

Solid waste dispo. 
ses . . . . . . . 

. 
sal . . . . . . . 

Total . . . . 

ulates nonoxide 

63.8 

8.9 1.0 

1.2 

1.1 7.8 

7.5 9.7 

16.9 9.6 

100.1  28.3 

~~ 

oxides 

O. 8 

24.4 

7.3 

.l 

.6 

33.2 

oxides 

16.6 

1.6 

.2 4.6 

10.0 .7 

8.1 

8.5 1.7 

32.0 20.6 

Total 

90.5 

45.9 

29.3 

11.2 
37.3 

21  4.2 

The most toxic pollutants - that 
that affect include 

ozone, dioxide, the 
and oxidants,  ethylene 

and 
and 

ammonia, 
monoxide,  pesticide and 

chemical  wastes, and 
Although little is known about 
the of of these 
pollutants, i s  evidence that 
tions, do exist. 

that toxi- 
city  may  be  enhanced by combinations 
of two pollutants. 

Contaminants in the 
into (1) 

pollutants emitted by combustion 
and (2) 

pollutants 
in the pollutants 
of to 

- 9 - Oct. 1971 

on aspects of society,  include 
chemical pollutants that 

and 
ous agents and and pesticides 
and 

oxides and which a 
small amount of pollut- 
ants 1970, 
on to 3,625,075 
tons as a means to 
losses  caused  by plant diseases and 

pests, and also as a  means 
the disposal of 

dust  is  emitted into the atmo- 
of the United States at the of 

about 30 million tons This 
is equivalent to the  top soil 30,000 

of of this dust 
excavations  involving the building 

of homes, sites,  highways, and 
that involve 

soil also 
butes to this dust by 
wind-blown  soil, the of 

and 
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fields. 
cotton gins 

and alfalfa mills.  Some  of the 
effects  of dust illness; 
ion; and  the accummulation 
of silt in homes and on mechanical  equip- 
ment. 

infectious  agents and 
known to cause plant, animal and hu- 

man diseases.  Weeds pollens 
and toxins that human 
gies in most of heavily populated 

and 
weed pollens  caused an 

estimated 12 1 /2 million cases 
of both. Of these, 
about 5  million asthma and 
about 75 % became  ill  because  of the 
weed pollens in the 
About 10 1 /2 lost 

a total annual cost of 
$ 125 million in 

to 
this 

in benefits to man and 
misused 

The 
effects have 

in to  the that have 
safe and effective  pest 

and management. 
the and volati- 

lization of plant 
desiccants and defoliants, has been 

effective 
and 
some  losses 
by faulty application techniques, and by 
the and volatilization of chemicals 
to and 
ings.  While 
discussion of the effects  caused 
by  pesticides on 
few  if data exist to document 
the annual losses  caused by 

COST 
OF 

pollution man and 
in many ways. 

the of food, 
mental  plants, and diminishes 
the value of 
man's  view, adds  unpleasant  smells to 

and 
his health. 

pollution and 
costly  damage to plant life,  buildings, and 

of the past 
us of extensive  damage 

pollutants. 
a smelting plant in 

of of this 
mountain land is still Today 

to plants pollutants is  less 
and physio- 

logical  types of on 
and 

by and of 
pollutants has to all 

of the Total damage to vege- 
tation photosynthetic effec- 
tiveness and yield and 

unknown. annual 
the 1951-60, 

due to pollution estimated-at 
$500 million, and losses  have  continued 
to at  an 
of these  losses due to sup- 

and 
this is by the 
and quality of plants in ambient  polluted 

to plants in 
which  most  oxidants and 

some of the pollutants have  been 

Assessment of the of 
pollutants to human and 

livestock  diseases is complicated  by the 
of pollutants to which man 

and  animals exposed the day 
of is also difficult to 
pollution the biological and 

to which people and ani- 
mals subjected.  Nonetheless, it is 
well established pollution 
butes to the incidence of such 
diseases as emphysema, and 

is also linked to 
and 

of 
living in highly polluted cities  have a much 

of lung than 

The 
death diseases  of the 

1950 to 
10 100,000 population 

in 1950 to 33 in 1965. pollution 
is cited as one of the causes 
this death 

The total damage  caused  by pollution 
in  the United States cannot 
calculated but they amount to many 
billions of Annual damage 
to and livestock is estim- 
ated at than $ 112  billion, and it is 

The cost of 
ing  steel damaged by pollut- 
ion is  estimated at $100 million 

and 
dyeing of by pollution 
cost about $ 

by pollution cost about $240 
effects  of 

pollution on cost $40  to 
$ 80 difficult 
to estimate is the cost of and 

main- 
taining cleanliness in the of 
foods, and consumable 

is  equally difficult to assess damage 
due to soiling and added  maintenance to 

to 
the impact of pollution on values. 
The cost of fuels  wasted in incomplete 
combustion, and of 
such as in the is also 

to estimate. is  still difficult 
to the value of medical 
costs and of time lost 
of pollution, calculate the 
in of businesses 
and 

65 
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The cost of pollution at 
the will also The 
investment that will  be  needed 
1975 of the 
and of mat- 

dioxide, and 
monoxide  within  acceptable stand- 

in 100 of the 
United States -has  been estimated at 
$2.6 billion.  This  include?  costs 

both existing and new 
of pollution. is also estimated that 
by  1975 it will cost $ 1.9  billion 

and spite of the seemingly 
high total, the of 
these pollutants 
low: less than 1 % of the value of the 
annual output of the 

the cost to will 

to estimates  made by indus- 
the cost of  devices that will 

emissions  within vehicle 
is is be- 

cause of in and 
the of 

1968 and 1969 the cost was $18  to 
$ 19 automobile. 1970 the estimate 
is $36 1971 automobiles, 
the estimated  cost is $49 each. The cost 

installing pollution devices 
on  the 10 million new in 
1971  will $500 million. 

this equal to 
the annual losses  caused  by pollutants 
to plants.  Assuming that the 
life of a vehicle is about the 
cost is still  only $ 5  

pollution 

STATE OF 

to 
pollutants can 

by: (1) of pollutant emissions 
at the (2) of pollutants 

the by use of vegetation 
and by and 

(3) of the damage  caused  by 
pollutants 
and developing  mechanical and chemical 

must play a in the by 
conducting the of which 
will  be  used as the development 
of ambient and 
emission at levels that biological 

will Technology 
pollutants the atmo- 

and  the development of  genetic, 
mechanical, and chemical methods 
minimizing  damage to plants and animals 

tists must  play a significant in achiev- 
ing  these  objectives. 

the development  of 
chemical and bioassay  techniques to detect 
the kinds, and the quantities of 
chemical pollutants in the 

the effects  of these pollutants 
on plants and 
and being  develop- 

ed to study the effects of pollutants on 
both 

and field  conditions.  These  systems will 
the study both acute and 

effects.  Emphasis is being  given to sys- 
tems exposing plants and animals 

life  cycle to 
known of individual pollut- 
ants, known and pollutant com- 
plexes to individual and 

effects on plants and animals. 
Chemical pollutants being 

investigated  include,  ozone, the 

and 
auto- 

mobile and 
pollutants. One type of 
has little to date, 
attempts to locate the sites  of action, to 

the mechanisms of action, and 
to- the metabolism and  fate of 
pollutants in plants, animals, and  the 

emphasis  is also 
on to: (1) yield 
and quality field condit- 
ions; (2) the influence of 
climatic,  edaphic, and genetic as 
they to plant and animal suscepti- 
bility; (3)  assess the economic  impact of 
pollutants on and animal 

and (4)  develop  biological 
of pollutants. 

has been initiat- 
ed to of plants that 

eliminate  damage 
caused  by  chemical pollutants. As 

and 
The 

effectiveness of chemical to 
inhibit 
investigation. 

of will 
us to establish  classes of and 
susceptibility of field and 

to the chemical pollutants 
and pollutant complexes. An extension 
of the studies will aid us 
in the establishment of of concen- 

of pollutants by 
at stages of 

life cycle. The data 
such  studies will be  used to establish 
quality set safe and 

and development of 
pollution con- 

and in and 
livestock 

is also designed to 
the effects  of 

nematicides,  fungicides and insecticides 
on plant and to 
fate  in soil, plants and in 
components of the of 
the objectives of this on 

chemicals,  including  pesticides, is to 
the physiological and bioche- 

mical  effects on photosynthesis, 
ion, and metabolism, The 
antagonistic, and effects  of 
combinations of these  chemicals as 
pollutants on plants also being  studied. 

is being  emphasized to develop 
an of the 
pesticides dissipated the 

and depo- 
sit, and volatilization being  studied. 
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of photodecomposit- 
ion, by plants, by 

and movement in and 
on 
ation. 

to the pollution of the 
by pesticides being  developed. 

soil 
to 

ation and with 
led and biological,  mecha- 
nical, and ecological  techniques to 

in the 
emphasis. 

on infectious  agents and 
should help us 

the conditions that in- 
fluence the and 

of of 
This  applies  also to toxic plant pollens 
and infectious  agents and 

effective all safe 
chemical  methods 
and weeds on lands. 

should the 
genic by such  weeds. 

in fields often 
as a  means  of  disposal the 
of insects, weeds, and plant 
nisms. We to the 

effectiveness and safety of 
as a method of disposal and 
of such  pests in to possible 
ful effects  of and 

on adjacent 
and com- 

ponents in  the 
to develop 

ecological,  chemical,  mechanical, 
and 
that will  minimize the build-up of populat- 
ions of soil inhabiting pests.  Special 

being  made to develop  new 
non-polluting  techniques disposal of 

Studies, to minimize the 
by the dust that 
fields and 

also in 
cotton gins 

and plants an 
excellent potential 

developing plants 
and that stabi- 
lize the soil, scientists 
making  significant 

in pollution wind- 
blown soil. 

been made 
in the development of methods to 
limit, and minimize the damage of 
pollutants, the 
the scope of 

solutions.  Among the most 
national to 
that 

1. Time - - 
lationships. 

Something  less than complete  eliminat- 
ion of pollutants can be  anticipated even 
when the 

is that 
the of of 

to pollutant 
ions, and lengths 
so that of food and can be 
accomplished in conjunction  with  indus- 

and 
should 

also  be assessed. 

2. Effects. 
Effects  of pollutants on 

ment, and quality of plants, 
and native  species 

study. The 
symptoms of acute usually 

and associated  with  a 
pollutant. little is 
known about possible effects on the 

of pollinat- 
ion and on vegetative 

in the absence of visible  symptoms. 
Excessive amounts of some pollutants 

may  accumulate in plant tissue  without 
but 

of accu- 
mulative pollutants in plant tissues should 

attention has 
been focused on effects of 

and continuous to toxicants. 
plants seldom  exposed 

wide 
of and times, and would 

a of 
tal conditions.  Such  conditions  must  be 
used in studying the effects  of pollutants 
on 

3. 
We about the 

that plants play as sinks pollutants. 
This  is  essential to the development and 
use of plants cleansing the 
and in developing an of 
the accumulation of toxic  substances in 

effects, and changes in the chemical  com- 
position and quality of 

4. of 
contain 

of toxic  substances,  many of  which may 
in is 

found in the 

needed in 
values , and 

as a guide to and 
is needed 

to the anta- 
gonistic, additive effect of multiple 
toxicants at low  levels. 

5. of Toxicant  Action. 
The effects  of toxicants on basic 

physiological and 
both plants and animals, and the mecha- 
nisms  of action of these  toxicants at the 

and be 
and un- 

of such  mechanisms assen- 
tia1 in this field, and should 
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enhance selection and genetic 
manipulation in to 

ment of 
may  also  be enhanced by such  knowledge. 

6. of 
pollutants will be to 

some  designated  low  level, but elimination 
is unlikely. ad- 
vantageous if of 
ant could be  selected and 
to minimize the economic effect  of  low 
levels of pollutants. 

7. 
ments. 

Application of 
would  be  feasible in some  instances.  Spe- 
cialty of high  value  might  be 
ed low levels of toxicants, from 

but to 
elevated by appli- 
cation of An 
should be  made to develop  such 
ments. 

8. 
lance. 

to the effect  of on 
susceptibility of plants and animals to 
pollutants, but the .findings have  been 
inconclusive.  These  studies should be 
continued and expanded. 

9. of 

of pollutants 
may  influence  sensitivity of plants to such 
toxicants. action of the pollutant 
on the disease pest, as well as possible 

of plant tissue to 
sensitivity, should 

be  investigated. 

I O .  of Effects Eva- 
luation. 

of methods of assessing 
economic  damage pollutants is  need- 
ed to estimate  losses due to the 
effects of effluents on 

should also  de- 
velop  diagnostic  tests and techniques that 
will the effects  of pollu- 
tants disease, imbalance, 
pests, 

1 l. .Tech- 
niques. 

of methods 
sampling and pollutants is 
needed.  These  studies should include 
development  of  acceptable methods of 

and plant animal 
tissue of toxicants. 

The listed above an estimation 
of the 

in  the field  of pollution. They 
do not include all the that 
should of 

in localized 
but they not as 

national need. 

lives  by dilution alone! will 
to eliminate all 

the of pollution. 
the will 
undoubtedly continue to be the implemen- 
tation of educational 
and designed to 

the of an abundant 
supply of  high quality food, 
and to sustain the human, domestic 
livestock, and wildlife populations of 

can and should play 
a in using its technological 
know-how to achieve  this  objective and 
at the 
logy pollution 

and 

One of the most needs of 
is to make an assessment of 

those that cause 
pollution. 

should be  modified, 
discontinued and 

by such 
not should be  empha- 
sized to develop  them. This will 

commitments of  scientific 
than have  been allot- 

ted to We  will need  well 
scientists- to tackle the complex 

and of pollution 

has an 
of on economic plants 

an’d domestic  animals. and animals 
unusual bioassays identifying 

and quantitating the effects  of pollu- 
tants. They  tell us much about the quality 
of the that can not be obtained 
in any conducting  com- 

on the effects  of 
pollutants, can both 
the basic and applied essential 
to the establishment of pollution 

and acceptable 
limits a of components 

in 
schools and colleges should 
by  including emphasis on scientific 
disciplines to  the of 
the quality of 
its adult education and 

is in a unique position to 
to a full of educational 
that will 
and consciousness 

ing on of all 

and 
its 

they can have  a impact in 

and educational needed in 
to the base of 

technology in to 
minimize the damage  of pollution 

to The simple fact is that 
no scientific  discipline of 
technical  competence it as  well  qualified 
as to 
needed to accomplish  these 
goals. 

most goal  is to achieve 
and maintain a  fine  ecological  balance. 

On the one hand, health and 
and the of ample food  and 

the hand, we 
a of the ecological  significance 
of in 
to pollution and 

a voice in the 
decisions that lead to those 

which designed to 
and 

limits  must  be weighed against 
the needs and 
expanding population. We shall 
have to all of the values 

the potential 
and 

fully in 
the public be made. We 
confident that this can and will be done. 
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