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Cornell University 

Perhaps the last word in the title of this paper should be "quality" rather 
than "pollution". Certainly if one includes food and clothing as part of man's 
total environment, the positive effects of agriculture must outweigh the negative. 
But today we take all of the good things about life for granted and tend to em
phasize what's bad about our way of life. We have developed a breed of self
styled "ecologists", some of whom might more ac9urately be labeled "enviro
maniacs". Some of this group use the mantle of "science" to further their pur
poses but their methods are not always scientific. Nevertheless, this group has 
prodded many true scientists into taking a closer look at what man is doing to the 
environment and the possibilities of alleviating this pollution. Although l'm sure 
that much more could and will be done in the area of research on agriculture's 
detrimental effect on the environment, I'm also impressed by the amount of work 
that has already been done in this area by scientists such as agronomists and 
agricultural engineers whose primary professional interest was in some other 
area until the environmental scare surfaced. Although a vocal group believes 
that society is unresponsive to what they perceive to be the real needs of society, 
I believe that the work already being done by agricultural researchers on pollu
tion from agriculture is evidence that there has been a positive response to the 
environmental issue. 

The possible adverse effects of agricultural production and processing on 
the environment could be characterized in several ways. I will list several po
tential pollutants, recognizing that others might prefer a somewhat different list 
and that my categories are not mutually exclusive. 

1. Sediment from erosion 
2. Livestock manure 
3. Waste from processing plant and animal products 
4. Plant nutrients 
5. Pesticides 
6. Air pollution, primarily odors and dusts 

One possible approach to the measurement of pollution from agriculture 
would be to compare it with the total environmental pollution in the United States. 
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Both of these quantities could probably be measured in units such as tons if we 
could agree on what items are pollutants but measurement would be difficult and 
perhaps not very useful. Comparing old car bodies with livestock manure is ir
relevant. Even comparisons of livestock manure with domestic sewage can be 
very misleading. While comparison of agriculture with other sources of a spe
cific pollutant may be useful as will be illustrated later, I have, in general, re
jected the idea of measuring agricultural pollution relative to pollution from all 
other sources. 

The time available does not permit a detailed analysis of each of these 
sources of pollution. I have selected manure, processing plant wastes and plant 
nutrients for more detailed analysis and will comment only briefly on the other 
pollutants. 

Sediment from erosion of farmland is probably a smaller problem today 
than in the past. This may be particularly true in Northeast where much of the 
steeper land is no longer farmed. From the viewpoint of my paper today, sedi
ment is important as the carrier of phosphorus into stream water. 

The detrimental effects of some pesticides are serious. Some of the worst 
offenders have been outlawed but the damage already done will be difficult or im
possible to correct. Pollution from pesticides may be relatively easy to control 
compared to some other types of pollution. Use of those that are particularly bad 
can be made illegal. Compare this to livestock manure which is essentially im
possible to outlaw and difficult to regulate spreading. 

The form of air pollution from agriculture most familiar to us is unpleas
ant odors from livestock operations. Other examples are dust from cotton gins 
and alfalfa dehydrators and smoke from burning crop residues such as in the 
Willamette Valley of Oregon. These are usually localized problems and rather 
insignificant compared to industrial pollution, both in quantity and in terms of the 
specific pollutants released to the air. 

Odors from livestock operations are a particularly perplexing problem. 
There is no objective test to distinguish between acceptable and unacceptable 
odors. Odors may be unpleasant but not likely to cause people physical harm. 
The odor problem intensifies as farmers enlarge livestock units to achieve size 
economies, particularly if they have close neighbors. In the Northeast, this 
means not only those producers near cities but most farmers as they are out
numbered by rural non-farm residents by at least three or four to one. In New 
York the odor from livestock operations has so far probably been the largest 
source of conflict between farmers and environmental quality. Cornell's agri
cultural engineers, in response to requests from egg producers, have been study
ing thisproblem for morethan 10 years. There are no complete solutions to the 
problem short of stopping livestock production. 
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Now that I have neatly disposed of those problems of environmental pollu -
tion by agriculture, let me return to the major objectives of this presentation: 

1. To review some of the attempts that have been made to measure ag
ricultural pollution 

2. To point out that accurate measurement of pollution is difficult 

3. To argue that some of the pollution attributed to agriculture is ficti
tious 

4. To tell you what I think are some of the critical types of agricultural 
pollution, particularly in the Northeast. 

It may be useful at this point to comment on a distinction between "farm
ing" and "agriculture". Farming will be defined as the growing of crops and 
livestock. Agriculture is broader and could be defined to include everything from 
production of farm machinery (and the steel with which to build it) to retailing of 
food. In fact, we could include domestic sewage as part of the problem of agri
cultural pollution. In this paper I will conceptually include the processing of ag
ricultural products as part of the agricultural pollution problem, but none of the 
pollution from farm supply activities nor from food wastes at the wholesale and 
retail level. 

The pollutants with which this paper is concerned are those that relate pri
marily to water pollution. Within water pollution, we are primarily concerned 
with the use of water for recreation such as swimming and fishing, rather than 
for domestic or industrial uses. We are concerned with nutrients, particularly 
nitil'ogen and phosphorus from plant and animal production and processing because 
of their relationship to eutrophication. We are also concerned with BOD (bio
chemical oxygen demand) from livestock manure and processing plant wastes be
cause of its relation to dissolved oxygen in stream water and the potential for 
killing fish. 

Five general kinds of studies in which attempts were made to measure pol
lution from agriculture will be reviewed. 

1. Lake (watershed) Studies 

2. Nutrient Balance Sheets 

3. Nitrates in Stream and Ground Water 
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4. Livestock Manure 

a. Feedlots 
b. Spreading 

5. Stream pollution from processing 

Lake Studies 

Cayuga Lake 

In 1967, Gates and Riordan (10] estimated the inputs of nitrogen and phos
phorus to Cayuga and Seneca Lakes from various sources. Their data for Cayuga 
Lake is shown in Table 1. They concluded "Despite the limitations imposed on 
the accuracy of the calculated nutrient input values by the necessary assumptions 
this study suggests very strongly that runoff from cultivated land is by far the 
largest contributor of nitrogen to Cayuga and Seneca Lakes. Public and institu
tional waste-water disposal systems and runoff from cultivated land appear to be 
equally important as contributors of phosphorus." 

Table 1. 
Estimated Annual Nitrogen and Phosphorus Contributions 

to Cayuga Lake 

Total Total 
Nitrogen Phosphorus 

Source lbs./year lbs./year 

1. Public and institutional waste-
disposal systems 216,000 78,400 

2. Private (individual) 18,500 5,900 
3. Lakeside cottage waste disposal 

systems 17,000 4,900 
4. Runoff from cultivated land 1,950,000 110,000 
5. Runoff from forested land 160,000 92,000 
6. Wastes from boat traffic 1,500 450 
7. Precipitation 246,000 

Source: [10] 
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While the estimates of Gates and Riordan can be supported by coefficients 
found in the literature, other coefficients can be found which would make sub
stantial changes in the relative importance of the sources of inputs of nitrogen 
and phosphorus. For example, phosphorus input from sewage was assumed to 
be 2. 8 lbs. per person per year. The Canadarago Lake study reported below 
found the phosphorus from a village sewage plant to be 4. 8 lbs. per person per 
year. Changing this one coefficient would increase the phosphorus from public 
sewage systems from 78, 400 to 134, 400 lbs. In addition, they apparently used a 
seweredpopu.lationof 28,000 whileAllee [2] statesthatsewagefrom 48,500 "pop
ulation equivalents" enters the lake. If both population and phosphorus per cap
ita are changed the annual phosphorus input would be 232,320 lbs. or more than 
double the estimated input from cultivated land rather than 71 percent as much. 
The estimates assumed 433 square miles of cultivated land and 193 square miles 
of forested land in the Cayuga Lake watershed. According to Child, Oglesby and 
Raymond [ 4], there are 349 square miles of active agriculture (not all cultivated 
land) and 225 square miles of forest of which ma: e than half is described as "for
est brushland and brush pasture--regenerating lands with brush cover and pole 
stands to 30 feet in height; 40-50 years of age". The inputs of nitrogen and phos
phorus per acre were assumed to be 7. 03 and • 40 lbs. per acre for cultivated 
land and 1. 30 and O. 73 lbs. for forest land. The data from the Canadarago Lake 
study reported below (5. 63 lbs. of N per acre from a watershed that is primarily 
forest) would question whether the 1. 30 coefficient is correct. And if the phos
phorus coefficients used are correct, returning agricultural land to forest would 
increase the phosphorus input! 

The Cayuga Lake study is cited here for two reasons: First, to illustrate 
the difficulty of accurate measurement of sources of pollution and second, to il
lustrate that the results of this attempt to measure the sources of N and P to 
Cayuga Lake may be very misleading. 

Canadarago Lake [12, 13, 14] 

Canadarago Lake is located in Otsego County in Upstate New York. The 
lake is about 1 mile wide and 4 miles long with a surface area of 2. 94 square 
miles, a maximum depth of 42 feet and average depth of 22 feet. The watershed 
of the lake covers 67 square miles at elevations of 1300 to 1900 feet. The vil
lage of Richfield Springs, with a population of 1,500 located near the head of the 
lake is the only significant permanent population center in the watershed. The 
permanent population of the watershed is about 3, 500. During the summer months 
about 1,300 additional people occupy cottages around the lake shore. About50 
percent of the watershed is agricultural land, either cropland, pasture or idle, 
while 35 percent is forest and brush. Most of the agricultural land is used for 
dairy farming with about 6,000 head of cattle. 
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In response to concern of residents and cottagers about the deterioration 
in the quality of the lake water, the Environmental Research and Development 
Unit of the New York State Department of Environmental Conservation!/ in 1969 
began an intensive study of Canadarago Lake. Gauging stations in the four major 
creeks that drain 78 percent of the watershed were used to measure the rate of 
flow and obtain samples for analysis. While many nutrients were measured, our 
attention is focused onnitrogenand phosphorus, particularly phosphorus. Avail
able evidence suggests that phosphorus is the limiting element for algal growth 
in the lake [8], although the possibility exists that some other nutrient may be 
limiting. 

Hetling and Sykes [12] concluded that for the April 1969 - April 1970 year 
44 percent of the total annual phosphorus input to the lake was contributed by the 
village of Richfield Springs but during the June to September growing season the 
percentage rose to 68. The annual input of phosphorus from the lake shore cot
tages was calculated to be about 2 percent of the total. Applying the data from 
the gauged tributaries to the remainder of the watershed led to the conclusion that 
52 percent of the annual input of phosphorus came from the land but in the June -
September period this dropped to 24 percent. It was tentatively concluded that 
about 40 percent of the total phosphorus input to the lake could be attributed to 
farm operations. 

If only suluble rather than total phosphorus is considered, sewage contrib
utes 72 percent of the annual and 89 percent of the growing season phosphorus 
input due to the fact that the sewage phosphorus was 87 percent soluble while the 
stream phosphorus was 28 percent soluble. 

It was estimated that the village plus cottages contributed 6 percent, the 
land runoff 91 percent and rainfall 3 percent of the nitrogen (nitrate, nitrite, am
monia and organic) input to the lake. 

The relevant question at this point is "how much of the nutrient input to the 
lake actually comes from farming? 11 or perhaps "how much of the nutrients from 
the land runoff actually comes from farming?" The available data do not allow 
a conclusive answer to either of these questions but can at least shed some light 
on them. 

!./ In 1969, the Unit was part of the New York State Department of Health. 

i 
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The four major watersheds are drained by Ocquionis, Mink, Hyder and 
Herkimer Creeks, located to the north and west of the lake and in that order in 
a counterclockwise direction. The two northern watersheds have limestone
derived soils, gentle slopes, broad, marshy valleys and are largely devoted to 
farming. The two southerly watersheds have acid shale and sandstone derived 
soils, steep slopes, few marshes, and more pasture and forest land. Actually, 
the intensity of farming diminishes as one moves southwesterly over the four 
watersheds and the Herkimer watershed is predominantly forest covered. The 
number of non-agricultural residences, a potential source of nutrients from sep
tic tanks, diminishes as one moves south and west [2]. 

If farming operations are major contributors of nitrogen and phosphorus to 
stream waters, we should expect a decrease in the runoff of these nutrients as 
we move southwesterly. In fact, the concentrations of both soluble and particu
late phosphorus are greater in the streams from the limestone soil, the more 
intensively farmed areas. For example, soluble phosphorus was about 15 p.p. b. 
(partsperbillion) inOcquionix, 12 inMinkand l0inHyderand Herkimer. Wheth
er this additional phosphorus is due to crq:is, livestock, septic tanks or geomor
phology is unknown. 

When the phosphorus input is calculated in terms of land area we find a quite 
different picture. The watershed with the most farming contributed the least total 
phosphorus while the forested watershed contributed the most phosphorus per 
acre (Table 2). There was some decline in soluble phosphorus per acre from 
Ocquionis to Mink to Hyder but Herkimer contributed more than any of the other 
three. 

The nitrogen data tell a similar story. The pounds of nitrogen (N) per acre 
from the most agricultural and the forested watershed were about equal while 
the intermediate watersheds each contributed appreciably more nitrogen. 

What conclusions about nutrient pollution can be drawn from the Canadarago 
Lake study? Any conclusions must be tentative because of the differing geomor
phology of the farmed and forested watersheds and because neither is entirely 
forest or cropland. But it appears that this type of agricultural watershed is con
tributing less of the limiting nutrient for algal growth, phosphorus, than is the 
forested watershed. 

Assuming that phosphorus is the limiting element for algal growth in the 
lake, how can the lake be cleaned up? My calculations indicate that about 28 
percent of the phosphorus input came from farmland and about 24 percent from 
non-farin land. Hetling and Sykes estimated that 44 percent came from the vil
lage and two percent from cottages. Because the largest source of phosphorus 
is the village sewage system and because there is known technology for remov
ing this phosphorus, the obvious solution (to a layman like myself with little 
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lmowledge of the problem) is to dephosphate the sewage. Somehow, those with 
more control over the situation than I came to the same conclusion. Richfield 
Springs has been required by the Department of Environment Conservation to in
stall a new sewage plant because the existing one does not properly handle the 
organic matter. Because the village is small, the state does not require removal 
of phosphorus. The village is now constructing a new sewage plant and is volun
tarily installing equipment that is designed to remove 90 percent of the phosphorus. 
If removal of this large amount of phosphorus does not improve the quality of the 
lake, whatnext? Farming or forested land? Reductionof phosphorus input from 
either will be difficult. Some phosphorus may be entering streams directly from 
manure in barnyards. Phosphorus from land gets into stream water almost en
tirely on eroded soil particles. There is probably less erosion of farmland than 
in the past because some of the steeper land is no longer farmed and because of 
better cultural practices. Much of the soil in streams comes from stream bank 
erosion. Erosion from construction sites probably contributes a significant amount 
of soil particles. Converting cropland to idle land or forest won't reduce phos
phorus input to streams to zero. 

Watershed 

Ocquionis 
Mink 
Hyder 
Herkimer 

Watershed 

Ocquionis 
Mink 
Hyder 
Herkimer 

Table 2. 
Nutrient Losses from Canadarago Lake Watersheds, 

April 1969 - April 1970 

Phosphorus 
Lbs. Eer acre Eer iear 

Soluble Particulate 

0.051 0.093 
0.041 0.116 
0.037 0.127 
0.058 0.164 

Nitrogen 
Lbs. per acre per iear 

N03+N02 NJl4 Organic 

3.68 0.38 1.55 
5.13 0.38 2.44 
5.72 0.32 1.34 
3.79 0.42 1.42 

Source: [13] and [1] 

Total 

0.144 
0.157 
0.164 
0.222 

Total --

5.61 
7.95 
7.38 
5.63 

'I. 
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At this point we just don't know how to significantly reduce phosphorus in
put from a farming area such as that surrounding Canadarago Lake. Since we 
are dealing primarily with diffuse rather than.point sources of pollution we aren't 
even very sure of the relative importance of the sources of phosphorus. Cornell's 
agronomy department has a graduate student making a detailed study of land use 
in the watershed. Perhaps this will provide more data about the relationship 
between farming activities and phosphorus input to stream water. 

Nutrient Balance Sheets 

There have been several attempts to estimate pollution from farming ac
tivities by preparing budgets describing the inputs and outputs of a particular 
system. Any nutrients put into the system not accounted for by output are then 
assumed to be pollutants. 

A Connecticut Dairy Farm 

Three such budgets will be described here. The first was prepared by 
Frink using adairy farm as the unit of analysis [7]. Output of the farm in terms 
of nutrients in milk and meat (plus volitalization) was subtracted from ·inputs as 
concentrate, fertilizer, fixation and rainfall (Table 3). The difference or net 
loss indicates that a large portion of the nutrients are lost--i. e., they cannot be 
accounted for in measured outputs. Frink concluded that a large part of the ni
trogen ultimately reached waterways but the P and K were largely fixed in the 
soil. 

The Genesee River 

Schultz [8] developed a balance sheet for a farming area along a portion of 
the Genesee River (Table 4). He used a different approach in which the land in 
the drainage area was the unit of analysis. Inputs of N, P, and K came from 
fertilizer, manure, precipitation and fixation. Output was contained in crop pro
duction and percolation, which was assumed to go to ground water rather than 
stream water. His data indicate a loss of about 18 pounds of N and 4. 8 pounds 
of phosphorus per acre per year. 

New York State 

Rezelman [17] prepared a balance sheet for nutrients for crop production 
in the State of New,York (Table 5). He used three levels of volitalization of ni
trogen applied as fertilizer and two levels of fixation by legumes. Removal in 
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Table 3. 
Nutrient Budget for a Connecticut Dairy Farm 

Item Pounds per cow per year 
INPUT Nitrogen Phosphorus Potassium. 

Concentrate 
Fertilizer 
Fixation 
Rainfall 

Total 

OUTPUT 
Milk 
Meat 
Volatilization 

Total 

NET LOSS 

180 
110 
200 

10 
500 

70 
10 

155 
235 

265 

40 
50 

90 

10 
2 

12 

78 

Source: [7]; kilograms converted to pounds by Garman [9] 

Table 4. 
Nutrient Balance Sheet for Farmland 

in a portion of the Genesee River Basin 

45 
90 

135 

18 
2 

20 

115 

Nitrogen Phosphorus 
Nutrients Added 

Fertilizer 
Manure 
Precipitation 

Total 

Nutrients Lost 

Crop Production 
Percolation 

Total 

Net Loss to 

Surface Waters 

Loss per acre of total land 

2.6 
3.1 
1.4 
7.1 

million pounds 

2.#1 
• 7 

2.9 

4.2 

18.1 

2.1 
0.3 

2.4 

1.7 

1.7 

0.7 

4.8 

~ Nitrogen in crops produced 7. 6 million pounds less fixation of 5. 4 million 
pounds 

Source: [18] 
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Table 5. 
Annual Nutrient Balance Sheet, Agricultural Land, New York 

(Tons of Nutrients) 

N 
Item I II III IV V VI E K 

Chemical Fertilizers 26,266 42,050 
0% Volatilized 35,067 35,067 

25% Volatilized 26,300 26,300 
50% Volatilized 17,534 17,534 

Legume Fixation 112,340 112,340 112,340 95,756 95,756 95,756 
Manure 74,621 74,621 74,621 74,621 74,621 74,621 23,997 101,735 
Precipitation 24,106 24,106 24,106 24,106 24,106 24,106 
TOTAL 246,134 237,367 228,601 229,550 220,783 212,017 50,263 143,785 

I 
CTI 

Removed in crops 149,242 149,242 149,242 149,242 149,242 149,242 20,219 109,765 co 
I 

Residual 96,892 88,125 79,359 80,308 71,541 62,775 30,044 34,020 

Source: [17] 
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crops was the sole output. His unaccounted for residuals of nitrogen at all com
binations of volitalization and fixation were greater than the input of N as fertil
izer. The residual of phosphorus was also greater than the input from fertilizer 
while it was 80 percent for potassium. 

Usefulness of Balance Sheets 

While balance sheets such as those illustrated here may point out some 
critical areas for further research, they don't necessarily tell us much about 
nutrient pollution from farming. One problem is defining the relevant balance 
sheet. Frink used the inputs and outputs for the entire farm while Schultz and 
Rezelman considered inputs and outputs for the land being cropped. Schultz cal
culated percolation losses as an output; his residual is "net loss to surface wa
ters" although he recognizes that some part of the nutrients in percolation re
turns to stream water. While the problem of proper definition of the balance 
sheet probably could be solved, the more serious problems are those that raise 
difficult questions about the usefulness of balance sheets. The nitrogen cycle, 
while well understood qualitatively, is not quantitatively well defined. There is 
non-symbiotic fixation as well as denitrification. Rezelman assumed these to be 
equal which may not be true. The amount of nitrogen from fertilizer and manure 
that is volitalized cannot be estimated accurately. Fixation varies tremendously 
with the percentage of legumes in the stand. The soil itself is a reservoir that 
can soak up or release nutrients. Phosphorus added to soil is quickly fixed to 
soil particles and is lost to stream water almost entirely as erosion, which has 
not been considered in the balance sheets. Also, the phosphorus content of soils 
can be substantially increased by fertilization. And finally, should we be con
cerned only with the nutrients that are released to stream and ground water or 
should we worry about nitrogen released to the atmosphere? There have been 
reports that increased nitrogen in rainfall downwind from cattle feedlots has 
eutrophied lakes [3]. 

The most striking result of these balance sheets is the -apparently very 
large amount of excess nitrogen. Frink puts it at 265 lbs. of N for every dairy 
cow, Schultz at 18 lbs. of N for every acreo:fland in the region and Rezelman at 
63,000 to 97,000 tons for New York State. Exactly where this nitrogen goes is 
unknown but other data indicates that at least part of it goes to stream and ground 
water. Estimates of nitrogen released to stream water of 18 lbs. per acre of 
total land in the watershed (Schultz) or 11 to 17 lbs. per acre of total land in farms 
(Rezelman) are far higher than the nitrogen found in the streams around Canada
rago Lake (5 to 8 lbs. per acre) and may indicate that the balance sheet estimates 
are not very accurate. 

" 
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Nitrate in Midwest Stream and Well Water 

In 1968, Barry Commoner [5) at the A. A. A. S. meeting in Dallas said "It 
is evident ••• that the nitrate level of the Kaskaskia River has increased about 
threefold betweenl946-50 and 1956-68. In.contrast, therehasbeen no significant 
change in the nitrate load of the Skillet Fork River in that period. The only lmown 
difference in the nitrogen inputs between these two drainage areas is the sharp 
increase, during this period, in the use of nitrogen fertilizer in the Kaskaskia 
area as compared with the Skillet Fork area. Hence it is likely that the increased 
nitrogen load of the Kaskaskia is due to the increased use of nitrogenfertilizer 
in its drainage area. 11 In 1970, Sam Aldrich [1), et. al., at the A. A. A. S. meet
ing in Chicago, referring to Commoner's first sentence above, said "Data col
lected by Harmeson and Larson (1957, 1969) from several rivers in and around 
Illinois indicate no close relationship between nitrate concentration and nitrogen 
fertilizer tonnage ••• 

Except for 1965, nitrate has not increased in the lower Kaskaskia River at 
New Athens since 1946. Nitrates one hundred miles upstream at Shelbyville, on 
the other hand, increased abruptly in 1965 and then remained at about the 1965 
level through 1969 though fertilizer nitrogen in the watershed nearly doubled in 
this 5-year period. This river was the subject of an unfortunate error which is 
widely scattered through environmental literature concerning the nitrate status 
of Illinois rivers. At the A.A.A. S. meeting two years ago, Commoner (1968) 
stated, 'It is evident that the nitrate level of the Kaskaskia River has increased 
threefold between 1946-50 and 1956-68'. This erronem.,s conclusion was based 
upon the use of data from the New Afhens location in the first period but from 
Shelbyville in the latter period. " 

This exchange gives us some idea of the state of the controversy over the 
relationship between increased use of nitrogen fertilizer and increased levels of 
nitrates in Midwest streams. While part of the concern over high nitrate levels 
is because of eutrophication, a larger concern is that many of these streams 
have been found to have nitrate concentrations above U. S. Public Health Service 
Drinking Water Standard of 45 mg./1. High levels of nitrate have also been 
found in many shallow wells, probably related to percolation from feedlots. 

Harmeson and Larson (11], who have been studying water quality of Illinois 
Rivers report that before 1956, maximum nitrate concentrations equaling or ex
ceeding 45 mg. /1. were not found in any of the streams sampled but since 1956 
this level has been exceeded in 9 rivers • 

Evidence of increased nitrogen levels in stream water in Illinois can be 
found and this has occurred during a period of increasing rates and total use of 
nitrogen fertilizer. Whether fhere fa a causal relationship is more difficult to 
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determine. Garman [9] points out that during this period of increasing nitrate 
levels, many cities and villages have upgraded waste treatment which has re
duced the organic matter and BOD of effluent. The result is less use of nitrogen 
by bacteria, resulting in increased levels of nitrate in the stream water. 

Harmeson and Larson [11] have measured nitrate in the discharge from 
drainage tile serving an area of 400 acres in the upper Kaskaskia watershed and 
in the stream 3 miles below the tile outlet at Bondville. Nitrate concentrations 
from the drainage tile ranged from 20 to 60 mg. /1. and from the stream samples 
1 to 63 mg. /1. The small watershed above the stream sampling location is al
most entirely devoted to agriculture and' there is no discharge from sewage treat
ment plants. The nitrate from the tile was 15 to 25 percent of the nitrate in the 
stream during July - September 1969 but only 7 to 10 percent inOctober and No-· 
vember. The 400 acres drained by the tile is about six percent of drainage area 
above the stream sampling point. They state "Here the available data seem to 
point more conclusively to mineralization of basic soil humus and/ or applications 
of commercial inorganic fertilizers as the source(s) of nitrates in the stream. 
But the relative contribution of each source is not revealed. " Aldrich, accord
ing to Harmeson and Larson [11], has estimated that about 80 lbs. of N per acre 
is released from the basic soil humus in East-Central Illinois. Fertilizer N ap
plication on the 400 acretiled watershed averaged about 75 lbs. per acre. Thus 
the two sources appear to be about equal in terms of the amounts of N but this 
doesn't necessarily mean that they contribute equal amounts of the nitrate found 
in the tile discharge. 

The amount of nitrate N from the 400 acres, estimated from the July -
October data is 9. 5 lbs. per acre per year. Data for the entire year including 
periods when runoff is higher probably would increase this estimate. The amount 
of nitrate N carried by the Kaskaskia River past Shelbyville (downstream from 
Bondville) was estimated to be over 7, 200 tons or 20. 5 lbs. per acre of drainage 
area. The potential sources of this nitrogen and approximate contributions of 
each were estimated by Harmeson and Larson to be: 

Soils 
Commercial Fertilizers 
Animal Wastes 
Atmospheric Source 
Domestic Wastes 

61.5% 
26.8% 

7.6% 
3.8% 
0.3% 

After reviewing this and other data, I have concluded that increasing rates 
of nitrogen fertilization is at least partially responsible for increased levels of 
nitrate in stream water in the Midwest. The impact of reduced fertilization on 
items such as crop yields, farm incomes and food output are beyond the scope of 
this paper. 

• 
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Livestock Manure 

There have been several widely reported incidents of fish ldlls in the South
west related to stream pollution by livestock manure. Although the Northeast 
does not have extremely large feedlots, there are a substantial number of barn
yards located very close to· streams and we do have an increasing number of dairy 
farms of more than 100 cows. Manure spread on land at high rates, particularly 
when the ground is frozen, may pollute surface waters. 

A Small Feedlot in Ohio 

A study by Edwards, Chichester and Harrold [ 6] of a small feedlot (6 0 steers 
from November through May) in which an estimated 1/3 of the manure was de
posited in the outside yard may give some indication of pollution potential of dairy 
farms in the Northeast. Samples were taken from the runoff as it left the barn
yard and after it passed a 500 meter grassed waterway. The area above the 
downstream sampling point included the feedlot and 7 5 acres of land, half of which 
was pasture and half cropland in a contour strip four-year rotation of corn-wheat
meadow-meadow. The corn and wheat were fertilized and the meadow received 
18 metric tons per hectare of manure in the winter prior to plowing for corn. 

The concentrations of N03-N and Pin the barnlot runoff were well above 
the nuisance threshold levels of 0. 2 and 0. 01 ppm. The volume of runoff at the 
end of the grassed waterway was about 100 times as great as the runoff from the 
feedlot. Dilution plus whatever else occurred in the waterway resulted in an 
average annual concentration of N03-N at the barnlot of 1. 3 times that at the wa
terway outlet. When all forms of soluble N were considered, concentration was 
reduced 8. 3 times by the waterway. For phosphorus, the concentration at the 
feedlot was 27. 9 times that at the waterway outlet. BOD averaged 121 mg. /1. 
(with a range of 5 to 359) at the barnlot but 4. O (range 1 to 12) at the outlet. In 
May 1970, the barnlot runoff was diverted, stored and spray irrigated on the pas
ture land at a rate low enough to preclude runoff. There was no noticeable im
provement in the quality of the water at the outlet during the following 8 months. 

Space precludes full reporting of the results of this measurement attempt. 
However, I believe this study illustrates several important points. Measure
ment was difficult and interpretation possibly more difficult. Concentrations of 
pollutants at the feedlot were high but the total runoff compared to the watershed 
was low. It would be easy to become overly concerned. with the quality of the 
runoff and forget the high dilution factor that reduces the problem. Much of the 
downstream nitrogen came from outside the barnlot while a high proportion of 
the phosphorus came from the lot. Concentrations of phosphorus at the water
way outlet were about 10 times greater than those in a nearby stream draining a 
123 acre farmland watershed reported by Taylor, et. al. [21). 
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Commercial Feedlots in South Dakota and Nebraska 

A study of runoff from six commercial feedlots in South Dakota by Madden 
and Dornbush [15] in 1969 and 1970 separated runoff from snowmelt from that 
caused by rainfall. Their conclusions follow: 

1. "Under conditions similar to these occurring during the study, ap
proximately 30 percent of the total annual runoff may be attributed to 
snowmelt. 

2. "One half of the total annual runoff may be attributed to rainfall events 
which may not produce runoff from the general surrounding area. 
Minimum diversion of foreign drainage and detention of runoff would 
control these events and reduce the pollution potential in excess of 
fifty percent. 

3. "In a typical feeding operation approximately 95 percent of the total 
waste produced is either removed by cleaning operations or decom
posed on the feedlot surface. Potentially 5 percent of the total waste 
generated may leave the feedlot in surface runoff. 

4. "Minimum detentionfacilities, diverting of foreign drainage, and re
duction of runoff velocities will reduce the pollution potential to less 
than 2 percent of the total animal waste produced. " 

The magnitude of the livestock manure problem has often been discussed in 
terms of the total amount of manure produced by livestock. This approach is 
misleading because much of the manure is deposited on pasture and rangeland 
where pollution hazard, while not necessarily zero, is minimal. Manure from 
concentrated livestock operations that is carefully land.disposed has little effect 
on water quality. The part that enters streams directly and thus does affect water 
quality is a small proportion of the total manure production. The South Dakota 
data indicate that even in medium sized feedlots where manure is removed in
frequently, only 2 to 5 percent of the waste (or N, BOD or P) produced by the 
livestock is carried in runoff. Looking at the problem in a different way, Swan
son [20], in a talk at the International Symposium on Livestock Wastes at Colum
bus, Ohio in April 1971, stated that the total amount of runoff from feedlots in 
comparison to the total runoff of water in Nebraska is equal to 5 hours of runoff 
on one day per year. 

I conclude from reviewing these and similar studies that the total magnitude 
of the manure problem is much less than some have led us to believe but there 
are spots, particularly with extremely large feedlots and heavy, infrequent rain
fall where the problem is immense. It also appears that the input of phosphorus 

" 
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to streams from feedlots may be more important than that from cropland runoff, 
particularly in view of the fact that it is mostly soluble phosphorus while most of 
that from land is carried on soil particles and may do little harm. 

Nutrient Runoff from Manure Spread on Land 

The interest and controversy related to 1he effects of spreading manure on 
stream water quality indicates that it would be appropriate to review some re
search on theproblem. In a threeyear study begun in winter of 1967 on 10 to 12 
percent slopes at Lancaster, Wisconsin reported by Minshall, Witzel, et. al. (16] 
runoff was measured from plots with no manure, fresh manure applied in winter 
and fermented and liquid manure applied in the spring. Each summer corn was 
grown on all the plots. 

While N and P runoff from winter manured plots was much greater than any 
of the other plots, the spring manured plots had less nutrient runoff than the non
manured plots (Table 6). It might be concluded that spring spread manure does 
not increase nutrient losses but that winter spreading should be avoided. The 
latter conclusion might be tempered somewhat by a rather unusual occurrence in 
the winrer of 1967. Two hours after the manure was spread on frozen ground 
with no snow cover, o. 75 inches of rain in 1 hour resulted in almost 100 percent 
runoff. Seventy-two percent of theN and 42 percent of the P lost during the win
ter of 1966-67 from the winter manured plots were lost during this one rainfall. 
In the winter of 1967-68, with precipitation less than half that of either of the 
other two years' average December to March runoff from all treatments was 2 
percent of the year's total compared to 70 percent for each of the other years. 
Nutrient loss from all treatments was extremely low and losses from the winter 
manured plots less than that from some of the other treatments. Another inter
esting result was that summer runoff from the unmanured plots exceeded the 
average runoff of all other treatments by 78 percent and this became worse over 
the three year period (34, 48 and 155 percent) possibly due to these plots having 
less organic matter. For the threeyear period theunmanured plots lost 50 per
cent more P 1han the spring manured plots. 

Several important conclusions and questions can be drawn from this re
search. It indicates that winter spreading on frozen ground may result in high 
nutrient losses, particularly if there is no snow cover and heavy rain. But the 
variability among years raises questions about how serious the nutrient losses 
from winter spreading really are. Does a situation like the 1966-67 winter oc
cur once in threeyears or once in twenty? The winter 1966-67 precipitation was 
10 percent above average and that in 1968-69 was average, yet runoff in each 
year from nearby experimental watersheds was more than double the 25 year 
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average. This undoubtedly influenced the results of the manure study. In addi
tion, there were variations in the amount of snow cover on the plots. While this 
research implicates winter spread manure as a source of N and P in stream wa
ter, it also suggests some positive effects of manure. And it points out that long 
term research is needed to more accurately assess winter spread manure as a 
stream polluter. 

Table 6. 
Nutrient Losses from Manured and Non-Manured Corn Plots, 

3 Year Average, 1967-69, Lancaster, Wisconsin 

Manure Treatment 
Fresh Fermented 

Nutrient None Winter Spring 

Total N 3.89 11. 30 3.59 

Total P 1.17 2.62 0.72 

Source: [16] 

Stream Pollution from Processing 

Liquid 
Spring 

3.20 

o. 86 

Two examples from the many situations where processing of agricultural 
products might or does pollute stream water will be cited. 

Delaware Vegetable Processing 

A 1967 study of six vegetable processing plants by Stevens and Cole [19] 
revealed very high water use in relation to product output (Table 7) as well as 
high variability among plants. Recirculation varied from 39 to 93 percent. In 
addition to the variation in water use among plants and products, there was great 
variation among days in water use per case for a given product in the same plant 
due primarily to fluctuations in product output. 

There were wide variations among plants and products in the strength of 
the waste, as measured by BOD per case. Low case yields of product per ton of 
raw product resulted in higher BOD because much of the raw product went down 
the drain. 

" 
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Table 7. 
Water Use and BOD in Several Delaware Vegetable Processing Plants, 1967 

Plant 
Number 

1 
2 
3 
4 
1 
3 
4 
1 
2 

Source: 

Product 

Green beans 
Green beans 
Green beans 
Green beans 
Peas 
Peas 
Peas 
Asparagus 
Asparagus 

[21] 

Water :eer 303 case BOD per 
Gross Intake 303 case 

gallons :eounds 

591 117 0.34 
571 120 0.29 
320 73 0.97 
178 77 0.23 
748 53 0.79 
818 44 0.57 
137 83 N.A. 

2,857 203 N.A. 
1,250 190 0.02 

BOD levels for individual samples of waste water taken in these plants 
ranged from 168 to 2,450 for beans and 576 to 4,880 ppm. for peas. Another 
study [23] found an average BOD level of 2,730 mg./1. in waste water from pea 
processing. These levels are well above the 200 to 300 mg. /1. of BOD usually 
found in domestic sewage. In addition, the large volumes of water present a dis
posal problem because they lower stream water quality if discharged directly, 
require large areas if irrigation disposal is attempted and add greatly to the total 
sewage loads if discharged to municipal systems. 

A Genesee Valley Cannery 

Data from a survey of the Genesee River [22] show the probable impact on 
stream water of discharge from a processing plant (Table 8). The plant is lo
cated on a tributary about 1 mile upstream from the river. Both the river and 
tributary drain primarily agricultural land above the plant. Water quality, as 
measured by BOD or coliforms was definitely lower at the sampling station be
low the plant than at either the river or tributary stations above the plant. There 
was a further drop in water quality as the river passed a village with a municipal 
sewage system. 
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Table 8. 
Water Quality Measurements, Genesee River, August 25, 1959 

Sampling 
Station 

Tributary above plant (1. 9) 

Genesee River above plant 
(40. 3) 

Genesee River below plant 
(34. 7) 

Genesee River below village 
(33. 4) 

Source: [22) 

Dissolved 
Oxygen ppm. 

6.4 

5.2 

5.0 

2.4 

Conclusions 

BOD 
5-day ppm. 

1.2 

1.2 

5.0 

6.6 

Coliforms 
per 100 ml. 

9,300 

2,300 

230,000 

930,000 

Available measurements of the impact of agricultural production and proc
essing on water quality are at best inadequate and sometimes very misleading. 
Data that I have reviewed suggest that the problem of excess phosphorus in lake 
and stream water will not easily be solved through the agricultural route. Farm 
land probably contributes no more phosphorus per acre than forest or idle land 
and in both cases it is largely particulate rather than soluble. However, there 
may be cases where soluble phosphorus from manure enters streams directly 
from feedlots. Nitrogen from heavy fertilizer applications does not appear to be 
a problem in much of the Northeast, primarily because a rather low percentage 
of the land is in corn or other crops with high rates of N fertilization. But even 
my agricultural bias doesn't prevent me from concluding that there is probably 
a relationship between increasing nitrogen fertilization levels and increasing ni
trate levels in Midwest stream waters. 

We are sadly in need of data showing the actual relationship between farm 
operations and stream water quality. Data purported to show this relationship 
is largely circumstantial--collected by comparing stream water quality in areas 
that are supposedly agricultural and non-agricultural but ignoring other factors 
in the watersheds. Data collected by measuring runoff at the edge of plots may 
be misleading in either direction. Nutrient loss per acre from large fields may 
be much higher than from plots. When runoff from cultivated fields crosses non
cultivated fields, border strips, or grass waterways, nutrient contents may be 
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greatly reduced from levels at the edge of the field. This statement also applies 
to runoff from feedlots, as shown by the Ohio Feedlot study. 

In the Northeast, th.ere are several kinds of situations where tlie problem 
of pollution from agriculture is real, measurable, and in need of attention. Wastes 
from fruit, vegetable, and milk processing plants are problems of this type. Some 
processors appear to be handling the problem adequately th.rough municipal sys
tems,· lagoons or irrigation. Others because of factors such- as plant location, 
type of waste product, or financial resources, couldnot meet current regulations 
if they were strictly enforced. Acid whey from cottage cheese is an immense 
problem because it is produced in very large quantities of dilute material pro
hibitively expensive to dry in relation to the value of the finished product. Ac
cidental or intentional location of dairy barns near streams or watercourses, 
particularly with increasing herd sizes sometimes presents a barnyard runoff 
problem with essentially no solution except relocation. 

Rather large amounts of resources have been expended in attempts to meas
ure pollution from agriculture. Sometimes data has been collected to point the 
finger at a particular industry as a polluter rather th.an to make a thorough study 
of the problem. For example, concentrations of N and P have been measured at 
times of low flow, spring runoff, etc. in streams entering Cayuga Lake. The 
absence of a systematic procedure for continuous monitoring of the streams to 
determine flow as well as concentrations, may mean that the data is almost mean
ingless. Even well collected data on stream water quality may be of little help 
to one who wishes to analyze the economic relationship between agricultural pro
duction and water quality because the nature of all activities, including agricul
ture, in the watersheds has not been well specified. As an economist who is a 
member of an interdisciplinary team studying agriculture's relation to environ
mental quality, I am beginning to wonder whether I must collect data myself be
cause there are too many gaps in th.at collected by the agronomists and conserva
tionists. Much of the data problem, in my opinion, is due to the lack of a com
prehensive view of the problem, even by ecologists. But perhaps we economists 
are primarily at fault for not defining the problem in economic -terms and com
municating this definition to those in other disciplines who are attempting to meas
ure pollution. 
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Reaction· 
MEASUREMENT OF THE CONTRIBUTION OF AGRICULTURAL 

PRODUCTION AND PROCESSING TO ENVffiONMENTAL POLLUTION 

Discussion of George L. Casler's Paper 

Donn A. Derr 
Assistant Professor 

Department of Agricultural Economics & Marketing 
Rutgers University 

Mr. Casler' s paper is indeed a monumental undertaking. He has reviewed 
studies that have involved several science-man years, and, in turn, has pre
sented the relevant findings within an hour-time period. Also, the topic is both 
current and interesting, not only to the researchers of the Northeast, but to the 
whole country. The problem of environmental pollution, or on the positive side, 
environmental quality, has touched the lives of practically every American within 
the past several months. 

1. The Problem of Definitions 

Mr. Casler touched upon the age-old problem--that of definitions. The 
definition of agricultural production and agricultural processing was indicated. 
It is vital that limits or boundaries be placed around what the researcher is try
ing to measure. Where does agricultural pollution stop and other sources start? 
H'or example, what if a pilot accidentally applies too much pesticide to a well
marked field or over shoots the field and applies the pesticide to a nearby body 
of water? Is the source of pollution agricultural or non-agricultural? The meas
urement is further complicated by the frequency of non-farm rural residents in 
agricultural areas of the Northeast. 

A more difficult definition is that of environmental pollution, or environ
mental quality. The concept of environmental quality is so recent that there is 
no widely accepted definition of the term, [1]. According to some definitions, 
pollution would exist even without the presence of man. There are pollutants 
from natural sources. 

Consideration must be given to the classification of pollutants. Some have 
a direct impact on man's health (fecal coliform) and others have an impact pri
marily on the natural environment (oil film). 
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2. A Unit of Measurement 

The lack of a common denominator or common unit of measurement com
plicates the task. Certain pollutants are measured in parts per million, tons or 
pounds. Coliform are measured in terms of most probable number per 100 mil
liliters. For example, a dairy cow canproduceup to 16-17 tons of animal waste 
annually. In turn, this waste contains a certain amount of N-P-K. If the waste 
reaches a water course, it can increase the coliform count. 

Additional units of measurement are also employed: BOD (biochemical 
oxygen demand)--the amount of oxygen required to break down organic matter, 
and DO (dissolved oxygen)--the ability of a body of water to support life. 

3. The Lack of a Total Approach to the Measurement of Pollution 

Perhaps many of the discrepancies in the research results reviewed by 
Mr. Casler could, in part, be rectified if a broader approach were to be taken. 
For example, coordinated monitoring by the sanitary engineer, the agronomist, 
the agricultural engineer, along with surveys by the agricultural economist and 
the sociologist may prove helpful. Many of the studies examined were assessing 
the contribution of a nutrient. But what about the seasonality of odors, dust and 
insects given off by a feedlot? How close were non-farm residents and what was 
the zoning where the livestock operation is located? What will be the impact of 
future growth of housing on agriculture in the region under study? Although the 
runoff water may be within acceptable limits, the odors and insects may be suf
ficient for the public health authority to close the livestock operation. 

4. The Separation of Agriculture's Contribution to Pollution from Other Sources 

Should agriculture's contribution to pollution be separated from other sources 
of pollution? Historically, many of the country's social and economic problems 
have been categorized as agricultural or non-agricultural, and with good reason. 
The separation of the agricultural and non-agricultural sectors for the purpose 
of measuring pollution is certainly going to limit the efforts of researchers be
cause of the problem of externalities. Waters containing pollutants cross prop
~rty lines, state boundaries and borders between countries. Many pollutants are 
linked regionally, like watersheds. 

Also, how would one use the data once agriculture's contribution is meas
ured? Perhaps if one could use the findings to establish priorities for research 
and extension activities, then the effort would be worthwhile. 
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Summary 

The Casler paper has pointed out the problem with recent efforts to meas
ure the contribution of agricultural production and processing to environmental 
pollution. The difflculty appears to be centered around the lack of basic data. 
For example, how much pollution is there occurring from natural sources? How 
much of the pollution is attributable to man-made sources? Al'8o, how do the 
levels of pollution fluctuate throughout the year and over a period of years? A 
partial solution is a more comprehensive monitoring on a regional basis, per
haps on a watershed basis. 

Other problems center around definitions, units of measurement, a com
prehensive research effort and whether a source or a regional approach should 
be taken for the measurement of environmental pollution. 

1. 
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summary 
MEASUREMENT OF THE CONTRIBUTION OF AGRICULTURAL 

PRODUCTION AND PROCESSING TO ENVffiONMENTAL POLLUTION 

Chairman: Stanley K. Seaver, University of Connecticut 
Speaker: George L. Casler, Cornell University 

Reactor: Donn Derr, Rutgers University 
Recorder: Earl I. Fuller, University of Massachusetts 

The discussion indicated the profession lacks a comprehensive perspective 
of the nature of agriculture's contribution to either pollution or environmental 
quality. Even though the speakers provided useful definitions for a number of 
terms being used, it was evident that the participants had not yet learned to com
municate well while using these terms. A clarity of common meaning in use is 
needed. 

Further, the problems, either researchable or amenable to educational 
activities, were not well defined in the minds of the participants. It was noted 
that more time and thought is needed to really understand what the problems are. 

Among other tasks that need to be done is some "system modeling" of the 
production activities of agriculture including environmental quality attributes. 
These modeling efforts need to acknawledge the by-products of agricultural waste 
in addition to their usual structural. attributes. 

Further, the biological relationships which underlie these production func
tions in agriculture need to be explicitly acknowledged. Stock quantities and flow 
rates need to be carefully defined and made explicit in such models. 

Perhaps the developed systems should be basically dynamic models. Flow 
rates for various pollutants are of considerable importance because of the en
vironment's rate of assimilation. Most measurablequantities need to be related 
to the time dimension. Predictive models need to take into account the substi
tutability of factors under changing price relationships for those factors. 

The chairman proposed that the'l!li-scussion center on a number of questions 
of the usual kinds economists ask. These questions relating to such considera
tions as (1) the cost of environmental. quality improvement, (2) how much, (3) 
when, (4) who pays and (5) what is external to the decision makers of the system? 
(6) What role can thepricing system playinhelping to controlpollution? (7) What 
transfers from a public sector to the private sector are required in order to en
courage proper adjustments? (8) What can be done by regulations in lieu of pay
ments? 
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(9) What. kinds of program priorities should be established? (10) Given 
limited funds for research and administration of pollution control programs, where 
should these funds first be expended? (11) And in what quantities? 

(12) What can be done to inform the public as to "the true status" of the 
environment? (13) How can the myth and the erroneous claims made by some in 
our society be minimized in their impact upon rational decision making? (14) 
What can be done to develop models which will predict the likely behavior of firms 
and individuals in the society under new pollution control regulations? 

The agricultural economist has developed substantial expertise in helping 
decision makers find and evaluate viable alternatives in a rational manner. It is 

\ this expertise which our profession can offer. t.owards a team effort in working on 
the pollution problems of our modern society. Problem solving requires input 
from a variety of disciplines. Various biological scientists are required to help 
develop the structural models necessary t.o do any kind of viable economic anal
ysis of the pollution problems of our society. 

Thus ways need to be found to encourage interdisciplinary cooperation to 
develop models, bbtain the empirical data and provide evaluation of the alterna
tive policies capable of dealing with the pollution problems of the day in which we 
live. Economists should be capable of developing the leadership t.o put together 
such teams. 

Several areas were discussed where we as individuals, and as agricultural 
economists, could work or should give priority to working. One of these was 
concerned with tb.e questions and issues and the economics of recycling animal 
waste products. New technology may be needed but in any event an economic 
analysis of both recycling through livestock and recycling through plant products 
needs work in ways to evaluate economics of the available alternatives. 

Another area concerns the by-product disposal of agricultural processing 
plants. What is the economics of further processing of various by-products into 
final consumer goods? What would be the magnitude of the necessary subsidies 
t.o processors in order to encourage further manufacturing?, Would this be more 
economic than the development of more complete waste treatment facilities for 
the disposal of these by-products? What is the location of the cost incidence, be
tween the firm and society, in following the different alternatives for the disposal 
of these by-products? 

What is the long and short range economics of various alternatives towards 
insect control? Natural insect control procedures should be part of this eco
nomic analysis. Procedures which require higher level of management by con
tinually monitoring for infestation as compared to routine insecticide usage should 
also be included. 
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Where does the incidence of cost absorption actually lie for different kinds 
of pollution regulations? Who in fact does pay the increased cost of mare strin
gent regulation? 

At a more theoretical and philosophical level the issues were also raised 
in the group as to how the "economics of an affluent society" concerned with con-
sumer_ protection and the quality of life differ from the economics of years gone 
by, termed that of "survival and subsistence"? What is optimal in relationships 
between public sector economic activity_ and private sector economic activity to 
deal with the increasing complexities of our expanding population and greater 
levels of affluence? With respect to these issues, are our theoretical economic 
models valid? Is our understanding in human behavior sufficient to enable us to 
develop models which will be useful in the future? As the current observable 
trends in our society continue will economists prove to be useful in solving emerg
ing environmental problems? 


