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Chemical control agents have also been 
carefully scrutinized and evaluated to 
determine their effect on crops, soil, 
and also livestock that feed on pre
viously treated forages and grains. 
These tests have resulted in recommen
dations with respect to strength of mix
tures, application rat es, frequency of 
application, and a host of precaution
ary measures in handling agricultural 
chemicals. 

Most research projects are conceived 
in terms of multiple objectives. Ten 
years of research on aortic rupture in 
tur keys has yielded valuable data on a 
similar condition in man. Studies of 
waste disposal not only hold implica
tions for agricultural engineers, they 
also concern sanitat ion specialists, mi
crobiologists, and soil fert ility experts 
as well as pollution control engineers. 

The complex relationship between 
agricultural research and envi ronme n
tal quality will be even mor e tightly 
interwoven in the years to come. Appli
cation of modern techno logy to tradi
tional and new research projects should 
lead to faster identification and resolu
tion of the problems that beset us. 
Computerized soil testing will enable 
farmers to determine precisely what 
nut rients their croplands lack. This will 
prom ote efficient use of fertilizer ad
ditives and reduce a potential source 
of pollution. Chromatographic anal ysis 
will aid scientists in their studies of 
pesticide residues. Infr ared film will en
able plant pathologists and fores ters to 
pinpoint previously undetectable plant 
and tree diseases before they become 
fully established. Plant growth hor
mones will permit growers to time ma
tur ity dates when markets are most fa
vorable. 

Agricultura l research, in the final 
analysis, goes far beyond maintaining 
the quality of our environment. It seeks 
to preserve what is valuable, and to 
overcome and master those destructive 
and harmful elements tha t are also par t 
of our environment. 

During recent months environmental 
pollution, including water, land, and air 
pollut ion control, has been the focal 
point of widespread and intense publ ic 
interest. More and mor e frequently we 
hear the phrase " maintenance of en
vironmental quality" which seems more 
appropriate because it encompasses the 
enor mous range of physical, biological, 
and economic problems confronting 
man and his world today. 

Environmenta l quality co ntrol is not 
a new area of research to the Univer
sity of Minnesota Agricultu ral Experi
ment Station. Its research program 
through the decades has focused atten
tion on man and his enviro nme nt. It 
has provided an opport unity for man to 
better understand the environment in 
which he lives and to develop methods 
whereby he could exact from this en
vironment those things which we have 
come to regard as necessary to the 
"good life." Many of the projects es
tablished years ago in th is area were 
not thought of as environmental qual
ity control, but in fact results of this re
search have had that type of impact. 

When we th ink of environmental 
quality in its largest context , it includes 
any endeavor that not only preserves 
resources but continually seeks to im
prove their natu ral state. In the agricul
tural sector this could mean eradicating 
disease and insect problems of live
stock, poultry, and plant s. Or it might 
mean developing new crop varieties or 
changing plant species so they are bet
ter adapted to the environment. Experi
ments in livestock breedin g have taken 
into account the changing environment 
in which anima ls are raised and, in fact, 
attention must continue to be given to 
complete environment control for effi
cient livestock production. 

Most pro blems that deal with en
vironment are difficult to solve. A sin
gle disease, such as staphylococcal in
fection, has eluded scientific solution 
since its existence was established in 
J870. Thousand s of man-years have 
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been concentrated in the effort to de
velop an effective vaccine against these 
infections. But the stubborn bacterial 
strain still persists today. 

Cereal rust research programs have 
made it possible for man to understand 
and bring abo ut some control of th is 
disease. But in nature, rapid hybridi
zation brings about new rust races 
that keep the plant breeder and plant 
pa thologist busy developing resistant 
stra ins. 

Studies of wildlife and fish habitats 
have been a major effort at the Minne
sota Agricultural Experiment Station . 
Environment in spawning areas is cri ti
cal if Minnesota's sports fishermen are 
to have an adequate supply. Knowl
edge and understanding of the hab itat 
of such game bird species as the ruffed 
grouse have not only provi ded interest
ing academic information, but also 
have slowly result ed in an increa se of 
this bird in areas of form er abundance. 

Ea ch year the Experiment Station 
conducts field trials of crop varieties to 
evaluate and compare new hybrids and 
lines of plant material with established 
varieties. University crop scientists also 
conduct breeding experiments to de
velop uniformity in stands, early matur
ity, and disease-resis tant pro geny. At 
the same time, research on the rate and 
methods of applying agricultural chemi
cals is carried out to insure that these 
mater ials can benefit food production 
without harming our envi ronm ent. It 
may not be apparent at first glance, bu t 
all these efforts contribute to man's 
economic well-being and quality of life. 

Occasionally agricultural researc h 
may simply appear to be an attempt to 
exploit the productive efficiency of our 
land reso urce without regard for what 
effect fer tilizers and pesticides have on 
the environment. But studies such as 
controlled tests to measure the amount 
of nutrient runoff fro m plots in which 
fertilizer has been plowed down, broad
cast, or applied in bands, bear directly 
on the attempt to reduce pollution. 
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THE DDT SCARE 
Do We Have All the Answers? 
LAURENCE K. CUTKOMP 
professor 
Entomology, Fisher ies and Wildlife 

Lab technician Shelley Wool ey assays th e eff ect of pest icides on mosquito larvae 
after a 24·hour te st period. 
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DDT has fallen into disrepute
despite its unmistakable and remark
able successes for over two decades. 
Reliable sources estimate that DDT has 
saved over 600 million lives from the 
ravages of mosquito-borne malaria, 
freed millions of acres of agricultural 
crops from insects, and rescued many, 
many square miles of paper and lum
ber-producing forests from multiple in
sect attacks. 

DDT's most striking feature, its 
long-lived persistence, is a character
istic of great value for insect control. 
But this characteristic has also contrib
uted to the downfall of DDT and its 
chemical relatives. Small, sublethal 
amounts of DDT and DDE , a less 
toxic breakdown product of DDT, have 
been found in fatty tissues of man, 
birds, fish, and smaller organisms, 
which form the food chain for birds 
and fish. Furthermore, DDT and diel
drin commonly pers ist for several years 
in treated soils and ground beneath or
chard and shade trees sprayed to con
trol pests. 

CHANGING PATTERNS OF USE 
Without question, domestic uses of 

DDT, DDD , aldrin, dieldrin, hepta
chlor, and endr in are rapidly declining. 
Many recommendations have been 
withdrawn for these chlorinated hydro
carbon pesticides, especially when a 
suitable substitute has been found. Or
ganophosphate and carbamate com
pounds, such as malathion and carbaryl 
(Sevin), are replacing the questioned 
chlorinated hydrocarbons. These short
er-lived chemical replacements are de
tectable in crops, but they are less per
sistent. 

Withdrawing the DDT group of 
compounds has resulted in a gradual 
decline of their presence in some living 
organisms and some soils. The degrad
ing process for DDT compounds is 
slow but continuous and in time they 
disappear. This method of reducing 
DDT residues was first employed sev
eral years ago when dairy farmers were 
forbidden to feed DDT-contaminated 
hay to milking cows or directly spray 
barns and animals with DDT com
pounds. Consequently, levels of DDT, 
DDE, and DDD in marketed milk were 
reduced to quantities not to exceed 50 
parts of the insecticide per billion 
parts of milk. This minute quantity is 
roughly equal to 1 ounce of contami
nant in 20 railroad tank cars each hold
ing 150,000 gallons of milk. A regu
lated type of control has been an effec
tive tool for growers, including dairy
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men. U.S. dairy farmers and food growers will lose their 
livelihood if they fail to abide by label requirements admin
istered by the federal and state agricultural departments, or 
if products exceed legal tolerances established by the Fed
eral Food and Drug Administrat ion (FDA) to pro tect 
consumers. 

INSECTICIDE PERSISTENCE AND HUMANS 

Persistent insecticides have caused concern in two ma
jor areas : their effect on hu man beings and on wildlife. 
Hu man tissues and organs have been analyzed for insecti
cides since 1950. Fatty tissues are the chief repository for 
DDT, DDE, dieldr in, and similar compounds. No measur
able ill effects occur in fatty tissues, bu t the deposits indi
cate the degree of insecticide burden. 

Over 1,000 samples have been analyzed since sensitive 
gas chromatographic techniques became available. In the 
United States (1 962-1966 ) the average person had 2.6 
par ts of pure DDT per million parts of fat, and 7 ppm of 
the less toxic breakdown product, DDE . Comparative 
analyses show higher levels (1 3.5 ppm of DDT) among 
India's population. Countries such as Israel and Poland 
also have higher levels on the average than those in the 
U.S. Somewhat lower values were recorded among Cana
dians and populations of several western European coun
tries. The compound dieldrin, used less exte nsively than 
DDT, averaged 0.14 ppm in the U.S., about 1/ 20 of the 
amount of DDT found. 

The chief source of insecticide traces is food, notably 
meat, fish, and poultry (about 40 percent ), followed by 
dairy prod ucts, fruits, cereals, and vegetables: A 1965-67 
survey revealed that 28 and 21 m icrograms of DDT and 
DDE were present in a large daily intake of food (meals 
large enough to sat isfy the appetite of a 16 to 19 year old 
boy) . On a comparative basis, 28 micro grams is approxi
mately one-millionth of one ounce. 

To provide up-to-date information on detectable resi
dues the FDA conducts "Ma rket Basket" surveys six times 
each year in five geographic regions of the Un ited States 
(including Minneapolis) . Experiments have ver ified a pre
dictable relationship between food intake and DDT stor
age in fat. The detectable amounts of DDT and related 
compounds found in fat have not changed significantly 
during the last 15 years, except for a small decline repor ted 
in 1966. 

Several medical studies have assessed the effects of low 
levels of chlorinated hydrocarbons on man. In one study, 
volunteers were fed doses of DDT 200 times greater than 
levels found in an average diet. Medical examinations re
vealed no abnormal ities in any of the volunteers. Thi s ex
periment was completed nearly 15 years ago. 

More recently chemical workers who had been exposed 
to DDT for periods ranging from 11 to 19 years were 
given thorough medical examinations. Their body fat 
showed levels of DDT that were from 39 to 128 times 
greater than tha t found in the general U.S. popul ation. 
Findings from medical histories, physical exams, clinical 
tests, and chest x-rays revealed no ill effects from their ex
posure to DDT. 

These.studies represent only a portion of the experi
mental evidence, The health of people has been studied 
in several regions where pesticides are heavily used. A few 
of the areas studied were the orchard areas of the Pacific 
Northwest; citrus-growing areas of Californ ia, Arizona, 
and Texas; the cotton growing land s of the south; and in
tensively cultivated croplands of Flo rida. Th e United King
dom has also made similar studies. 

T he overwhelming conclusion is that there is no evi
dence to suppor t the charge tha t residues of pesticides are 
endangering man. Even chronic DDT poisoning has not 
been detected in humans, includ ing many spraymen and 
formulators of persistent insecticides. 

INSECTICIDE RESIDUES AND WILDLIFE 

Insecticide residues in wildlife bring up several points 
that have also generated concern . Persistent insecticides 
display the same characteristics in all wildlife species, and 
the organisms on which they feed, as pesticides do in man. 
This means that insecticides of this type are long-lived, 
accumulate in fatty tissues, degrade slowly, and are de
tected in greatest quant ities in fats. DDT, and sometimes 
DDE, is associated with soil particles, and these sometimes 
get blown into the atmosphere. Also very minute amounts 
are found in some bodies of water. 

Because this review must be brief, little attention is 
given to early incidents where the unwise use of insecti
cides killed certain fish and wildlife. Situations where 
spraymen used a large dose of a persistent insecticide (be
cause it was the most efficient way ) with little concern for 
the game birds in the area are also passed over. T hese un
fortunate happenings took place in early days of use. No 
such large scale treatments occurred in the Upper Mid
west. Almost from the outset, it has been known that most 
fish and crustaceans (shrimp, crayfish, crabs, and lobsters ) 
were very sensitive to most chlorinated hydrocarbons. 
Some early users failed to take this into accou nt. 

The greatest concern centers on how traces of these 
insecticides affect all living things, part icular ly those highly 
regarded by man . DDT has been found in many animals. 
Levels approach the same range found in humans. 

In one study several animals collected from a Long Is
land estuar y contained DDT . Amounts ranged from 40 
parts per billion in tiny organisms called plankton to 75.5 
parts per million in ring-billed gulls. The largest amoun ts 
of residues in this and other studies, were found in car
nivors and scavengers. These animals normally eat more 
contaminated organisms containin g DDT and DDE in their 
fatty tissues. However, in an uncontroll ed situation many 
d iverse organisms are involved where the precise source 
and amount of the persistent insecticide may be unknown. 

Laboratory data provide a more reliable means to in
terpret the meaning of this inform at ion. Substan tial experi
mental evidence shows that animals exposed to DDT, 
DDD, and dieldrin show neurological symptoms (tremors 
are evident ), but this occurs with ra ther high doses. Those 
animals are affected only after insecticides have reached 
a critical level in the brain and nervous tissues. Carefully 
controlled experiments with rats showed that exposure to 
more than 200 parts per million of DDT in the brain was 
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required before tremors appeared. Amounts deposited in 
fatty tissues of the rats could not be related to symptoms. 

More subtle effects related to low-level DDT and ODE 
residues have been reported. Hatching problems of car
nivorous bird eggs is one of the most frequently occurring 
difficulties. A recent 618-page book devoted to the decline 
of the Peregrine falcon populations shows that chlorinated 
hydrocarbon residues are correlated with thinner egg shells. 

Similar problems have been noted among bald and 
golden eagles, ospreys, and the Bermuda Petrel, an ocean
going bird of the Atlantic. Much of this evidence appears 
to be circumstantial. One carefully controlled expenment 
showed that DDT had no harmful effect on sperm from 
treated male bald eagles. The most pertinent findings in
volve indirect evidence showing a deficiency in available 
calcium. This has been related to the production of thin
ner egg shells and a "calcium hunger" of birds exposed 
to DDT and dieldrin. The crux of the disagreement pri
marily rests on whether the amount of insecticide encoun
tered is suffi cient to produce the effect. 

Researchers have had difficulty showing adverse ef
fects in any animal when minute quantities of pure DDT 
were used. As a result, attention has been directed to two 
compounds closely associated with DDT. One is an isomer, 
or errant DDT molecule, called ortho-para prime DDT, 
which constitutes about 20 percent of commercially pro
duced DDT. USDA researchers are working to determine 
its effect on reproduction in the Japanese quail, a sensitive 
laboratory bird. Others are wondering if DOE, the metabo
lite of DDT, can upset metabolism and jeopardize re
productive success. This has not been resolved. 

AN ANALYTICAL PROBLEM 

Proper identification of DDT residues further compli
cates the already snarled question of how hazardous min
ute residues are to bird and fish. Certain industrial chemi
cals used as plasticizers and for other purposes can appear 
in the same analytical region as DDT (using gas chroma
tography) and might be mistaken for DDT. Conceivably 
those chemicals could be the culprits that are plaguing bird 
eggs. Clearly, some DDT analyses are suspect. The issue 
is far from being closed. 

WHAT CAN WE CONCLUDE? 

Domestic uses of DDT and related compounds are 
rapidly falling off. As a result, detectable amounts of the 
chlorinated insecticides are slowly declining. They are still 
present, however, and pesticide monitoring stations are 
operating all over the United States. They ensure not only 
human protection, but also monitor residue levels in wild
life, food, and water. There is no indication of hazard to 
humans from the minute residues. However, subtle effects, 
particularly those affecting reproduction in birds, are asso
ciated with low residue values. 

Further research will be needed to resolve the validity 
of these reports, and also to provide analyses that dis
criminate between minute amounts of DDT and unsus
pected chemicals. 
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Economic 
Aspects of 

Water Quality 
JOH N 1. WAELTI 
assistant professor 

Department of Agricultural Economics 

ROBERT C. LEWIS 
research assistant 

Depa rtment of Agricultura l Economics 

Unaba ted pollution of Minnesota's lakes and streams 
is becoming an increasingly important factor in the quality 
of our state's physical environment. Burgeoning industrial 
development, greater population concentration in urban 
centers and around lakeshores, and inadequate waste treat
ment in many communities are adding to the amount of 
wastes entering Minnesota waters. Use of waterways for 
waste discharge is competing with recreational uses and 
undercutting the aesthetic quality of our environment. 

Pollutants of two major categories, degradable and 
nondegradable, cause deterioration of Minnesota's water 
resources. Degradable pollutants include organic matter 
discharged by municipal, industrial , and other sources. The 
organic material is decomposed by biochemical processes 
after it enters into waterways. These materials are broken 
down by bacteria in a process that uses oxygen, which is 
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dissolved in the water . Gradually, the organic matter un
dergoes decomposition and in the process the stream be
comes purified. However, the capacity of each waterway 
to purify organic matter is limited. The amount of flow, the 
surface area, turbulence, and temperature of the water all 
play a hand in the process. If the waste load is too heavy 
for the stream's capacity to purify, the amount of oxygen 
dissolved in the water becomes dangerously low. As a re
sult, game fish and other desirable aquatic life perish. 

In contrast, nondegrada ble pollutants are not altered 
by biochemical processes once they enter waterways. These 
pollutants include some chemical compounds and nutrients 
such as nitrates and phosphates. Farm lands, and fer tilized 
lawns and golf courses are sources of nutrients, which 
wash off after rainfall or snowmelt. Nutrients also remain 
from the breakdown of degradable materials. Nutrient 
pollution stimulates excessive algal and aquat ic weed 
growth in lakes and slowly flowing streams. The same nu
trients that promote vigorous plant growth on land also 
foster underwater plant growth. 

Many other forms of pollution trouble our lakes and 
strea ms, but organic matter in streams and nutrient pollu
tion in lakes are the most widespread and problematic. 
Both forms of pollution, oxygen-demanding wastes and 
nutrients, have common economic aspects. 

lOSS OF ECONOMIC PRODUCT 

Lakes and streams are valuable assets to society. They 
furnish water for municipal and industrial use, for recrea
tion, and a host of other uses. Pollution severely reduces 
the value of water, especially for recreational and aes
thetic uses. This reduced value is a direct loss to so
ciety, though it is difficult to measure these losses in dollars 
and cents. A lake clogged with algae is certainly not as 
valuable for recreation as a clear lake . 

Uncontrolled water pollution could hold severe eco
nomic consequences for Minnesota because a large part 
of our tourist trade is attracted by the state's high quality 
lakes and streams. If lakes deteriorate to the extent that 
game fish are replaced by rough fish, or to the extent that 
swimming, boating, and waterskiing are no longer enjoy
able, tour ist trade would be drastically curtailed. 

If nobody favors pollution, and it clearly represents an 
economic loss to society, why is it allowed to continue? 
A major reason is that while pollution is costly, pollution 
control also involves costs. Additionally, costs of pollution 
and costs of controlling pollution do not fall to the same 
people. 

If pollution control laws don't exist or if they are not 
enforced, municipalit ies and industrial firms use the cheap
est means to dispose of wastes. The cheapest means for in
dustry is to take advantage of the purifying capacity of 
streams to decompose wastes. Similarly, there is pressure 
for municipalities to keep taxes low by not providing ade
quate waste treatment facilities. 

Since the costs of pollution in terms of deter iorating 
lakes and streams is shifted from municipal and industrial 
pollutors to society, the pollutors see little reason to incur 
pollution control costs. 

A similar example exists in instances of nutrient pol
lution of lakes. Consider the case where several resorts and 
several hundred homes around a lake discharge varying 
amounts of nutrient-laden wastes into the lakes. The con
tribution of each poilutor is small in relation to the total. 
However, if a single individual bore the expense of provid
ing adequate waste treatment facilities, the costs to the in
dividual would far outweigh the benefits he received if oth
ers continued to pollute the lake. The all-too-familiar 
result is that the prob lem is ignored until pollution reaches 
crisis proportions. 

The only effective means of controlling pollution is for 
every potential pollutor to have access to adequate waste 
treatment facilities. Effective control further requir es co
operative community action as well as a strong sense of 
social responsibility amon g individual citizens. 

POLICY DECISIONS 

Although economic decisions have an important bear
ing on water quality, these decisions are meaningful only 
in the context of the total problem. A useful way of organ
izing the policy issues, of which economic aspects are a 
part, is as follows: 

1. What are t he best means of attaining a given level 
of water qualit y? 

Although several technical solutions exist to improve 
water quality, some are more economically or politically 
feasible than others. There is probably less controversy on 
this set of issues than in the remaining two. 

2. What level of water qua lity should be att ained? 

Alternatives range from no waste treatment to complete 
waste treatment designed to maintain waters close to their 
na tural state. Few would urge no waste treatment. Most 
citizens would likely opt for cleaner water than we now 
have in Minnesota. The central question is "What resources 
will be made available for pollution control in Minnesota 
and how strictly will polluters be regulated?" Private re
sources and tax revenues are limited. Resources for pollu
tion control must compete with countless private and pub
lic wants and needs. 

3. What is th e best means of implementing a water 
quality cont rol poli cy? 

Even the most idealistic plans for water quality control 
are worthless if they cannot be put into effect. An effective 
water qual ity control policy normally involves an agency 
that is responsible for monitoring and enforcing standards. 
Such an agency depends on the willingness of citizens and 
legislators to provide the necessary technical and legal 
staff. In turn the staff requires suffi cient monitoring equip
ment and legal authority to enforce regulations. 

The decisive factors regarding Minnesota's water qual
ity in the future, as in the past, will be political. Increasing 
concern among citizens over Minnesota's water quality 
problems has provided the momentum necessary to bring 
about polit ical action necessary for higher water quality 
standards and more stringent enforcement. 
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SULFUR FALLOUT
 

For centuries man has considered the earth's atmos
phere a limit less commodity. Cliche such as "free as the 
air" reflect th is carefree attitude toward the ea rth's a ir 
supp ly. But, in fact, it is not present in end less abundance. 
The great mass of air that enve l pes the earth varies from 

miles in depth at either pole to 10 miles at the equator. 
But the sma ll porti n which sustains life, sometimes ca lled 
th "breathosp her ," extends only a few tho u an d fee t 
above sea level. Even this "breathosphere" is no t always 
entir Iy a ailable due to un favorable climatic conditions. 

Man has po lluted the at mosphere for thousands of 
years, bu t in the last half-cen tu ry the ra te of po lluti n has 
accelerated alarmingly. During this same time, man's need 
for unpolluted ai r has grow n increasingly greater. 

Major p llutants f the earth's atmosphere are su lfur 
dioxide, carbon monoxide, carbon diox ide, ozone, Iluoride, 
sulfuric acid roplets, smoke dust, toxic metal . and hydro
ca rbons. 

Sulfur dioxide is perhaps the best known gaseous ai r 
pollutant. Since it is present in the atmosphere n ar ly 
everyw here, it is o ften a general index of air p lIuti n. 
Power pla nts, buss s and trucks, home heating pla nts, and 
factor i s all contribute sulfur dioxi de to our a tmosph reo 
T he gaseous po llutant is colorless, non inflammable, heav
ier than air, and it mixes easily with water. 
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Does It Injure Plants? 

EI WIN C. SEIM 
r sea rch assistant 

De part ment of Soil Science 

ALFRED C . CALDWE L 
professor 

Department of Soil Science 

In low oncentrations it affects br a thing an d at higher 
concentra tions it irri ta tes the eyes, nose, an d throa t. H igh 
sulfur dioxide concentrat ions were c nclusively linked to 
the maj r air poll ution disas ters, which res ulted in hun
d reds of dea ths in ondon, New York City, and St. Lou i.. 

Sulfur d ioxide exerts bot h a toxic and beneficial effect 
upo n plan t life, depend ing on its level of concen tra tion. 
Damage to vegeta tion may be acute or chronic. Acute 
damage resu lts from dist inct fum igat ion; chronic damage 
to plants may be caused by pro l nged exposure t low con
centrations of su lfur dioxi de gas . But at very low concen
tra tions the gas may have no har mfu l effect on vegeta tion 
if it is con verted t su lfate . In this state, it may be used 
by plan ts to form sulfur-conta ining compounds su h as 
pr tin and certain nzymes. Differen t plant species a nd 
variet ies vary considerably in their susceptibility to sulfur 
dioxide damage. 

Sulfur content in rainfall was investigated as early a. 
1825. Rainfall was foun d to contain sulfate particles, 
which occ ur nat ura lly in sea spray or may be I' rmed 
through a chemical reaction that produces sulfur tr ioxides. 
Th i gas then reacts with water vapor to form hydros ul
Iuric acid. 

Early investigat i ns of sulfur diox ide in the atm 
sphere made use of a lead-d ie id -coated fabric on a 
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spool, called a "lead dioxide candle." This method has 
been updated by more sophisticated sampling techniques, 
but the lead dioxide candle still provides the best means 
of measuring sulfur dioxide concentration over long time 
intervals. 

Work is now und erway to determine what role soil 
plays in removing sulfur from the atmosphere thro ugh 
natural processes. The cyclical nature of atmospheric sul
fur is well known but almost no measurements have been 
made during various stages of the cycle. 

In Minnesota, investigations of the sulfur dioxide con
tent of air and rainfall , along with other research on sulfur 
nutrition of plants, were carried out during the 1930's by 
Dr. F. J. Alway and his Experiment Stat ion coworkers. 

More recent research efforts were initiated in 1962 
with studies of sulfur fertilizers and sulfur nutrition of 
legumes, corn, and small grain, and sulfur fallout. The 
amounts of sulfur contained in the atmosphere and de
posited by rain and snow were measured at four sites in 
Minneso ta : two ru ral area s - Lamberton and Park Rap
ids - and two urban sites - Dulut h and St. Paul. At
mospheric sulfur was measured by exposing the lead di
oxide candles to the atmosphere for one month and then 
replacing them with fresh candles. Exposed candles were 
analyzed using the method described by Alway and his 
associates. 

Rainfall and snow were collected in Alway-deve loped 
gauges, and amou nts were recorded immedi ately after each 
snow or rainfall ended. Snow and ice were melted and 
measured in liquid state. All precipitation was stored and 
grouped into monthly samples over a 5 year period begin
ning January 1963. 

For the enti re period sulfur in the atmosphere ranged 
from a low of 5.8 poun ds of sulfur per acre at Park Rap
ids to a high of 36.4 pounds per acre at St. Paul. "Can
dles" exposed at Lamberton registered nearly the same 
amount as Park Rapids (6.2 poun ds) . But at Dulu th they 
absorbed nearly twice as much sulfur, 10.1 pound s, as at 
Park Ra pids. 

Most monthly averages maintained the same spread 
over the 5 year period. But sulfur levels in the industrial 
St. Paul area rose during the winter mont hs to 14 times 
the Park Rapids levels. Du ring summer months, it again 
fell to within three times the Park Rapi ds' values. 

Sulfur content in precipitation collected at Park Rap
ids averaged 3.65 pounds per acre each year compared 
to 14.71 pound s at St. Paul. Yearly averages at Duluth and 
Lam berton were almost identical, 8.01 and 8.29 pounds 
per acre. 

The amount of sulfur directly absorbed by the soil 
var ies considerably. But Alway found that it usually aver
aged about 22 percent of the amount absorbed by the 
lead dioxide candles. Thi s figure was used to calcula te how 
much sulfur was direc tly absorbed by the soil at each site. 
That amount was then added to the total sulfur deposits 
contributed by precipitation . Final annua l estimates of the 
amount of sulfur added to the soil at each location from 
atmospheric sources averaged 4.93 pounds at Park Ra p
ids. 9.6 poun ds at Lamberton, 10.2 pounds at Dulu th, and 
22.7 pounds per acre at St. Paul. 

Distribution of sulfur deposits at each of the four sites 
falls into distinct patterns. At Park Rapids and Lamberton 
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the pat tern is one of nearly uniform absorption through
o.ut t~e year. During summer months absorption levels 
nse slightly or peak. Summer peaks at these two sites pr ob
ably come from natu ral sources of atmospher ic sulfur . 
Winter peaks, such as those that occur in St. Paul, how
~ver , indicate increased fuel consumption during the hea t
mg season . These peaks can almost undeniably be attrib
uted to industrial and urban air pollution. 

The amounts of sulfur deposited by precipitation show 
no seasonal fluctua tion . No significant connection between 
the amount of precipitation and the amount of sulfur de
posited is evident. After a long dry period, a large amount 
of sulfur may fall with a small amount of precipitat ion. 
Similarly , after the atmosphere has been "cleansed" of 
accumulated sulfate, a prol onged rainfall may bring down 
only small amounts of sulfur. 

The amount of sulfur being brou ght to the soil by rain 
and snow has declined in the metropolitan area. In 1936 
Alway reported that 25.96 pounds of sulfur were deposited 
by precipitation at the University farm and that figure 
climbed to 27.9 pounds the following year. When amounts 
declined to nearly half tha t figure in 1963, researchers 
decided to investigate possible explanations for this change 
a~ part of their overall study of sulfur nutrition. The prin
~ Ipal reason appe ~r s to be tha t types of fuels being used 
III homes and by industry dump much less sulfur dioxide 
gas into the atmosphere. The switch from coal, which con
tains two to four percent sulfur, to fuel oils (maximum 
of 2.5 percent) and natural gas with no sulfur content 
drastically cut back the amount of sulfur in the at mo~ 
sphere . The drop in sulfur content might have been even 
greater if it had not been offset by tremendous indust rial 
and urban growth, and increased numbers of automobiles 
and trucks. For every 1,000 gallons of gasoline burned, 
an estimated 17 pounds of sulfur dioxide gas is released 
into the atmosphere along with countle ss other byproducts 
that pollute the air. 

T he amount of sulfur in precipitation at Park Rapids 
app~ars also to have declined but it has been slight. No 
previous figures are available for comparison with levels 
at Duluth and Lamberton. 

Results of the 5-year study indicate that the atmo
sphere of the Twin Cities metropolitan area contains con
siderable amounts of sulfur. Whether these levels are high 
enough to damage plant life is difficult to determine with
out further study and improvements in data-gathering 
equipment. Midwinter pollution levels are certainly cap
able of injurin g plants, but injury would be confined to 
coniferous and other evergreen vegetation capable of ab
sorb ing large quantities of gases. 

Many north central Minnesota soils are naturally low 
in sulfur , and on sandy soils some sulfur may be lost by 
leaching. For this reason, along with low atmospher ic sul
fur levels, many crops grown in that area are sulfur defi
cient. Thi s is especially true for crops like alfalfa, which 
contain high amounts of protein and sulfur. 

Soils in the metropolitan area will not require sulfur 
fertilization as long as the current level of pollution con
tinues. However , more information on the effect that sul
fur from atmospheric sources has on the acidity of these 
soils and their subsequent nutrient-supplying capacity is 
needed. 



LEAD POISONING
 
Man's Ancient Foe
 
P. B. HAMMOND 
pro fessor, Veterinary Physiology 
and Pharmacology 

In recent years the controversy centering around pesti
cides has obscured the fact that lead poisoning continues 
to plague wildlife managers, livestock owners, veterinari
ans, and public health officials. Industrial lead poisoning, 
which once affected large numbers of workers, has nearly 
been brought under control. But other exposures affect
ing children , livestock, and wildlife have not been sub
stantially reduced . 

Lead poisoning was first recorded centuries ago among 
ancient Greek miners and smelters. Lead was a popular 
item of commerce then because it could be easily procured 
and refined. Since lead withstood corrosion far better than 
most other metals available, it was used to construct primi
tive plumbing systems and also for kitchen vessels in 
wealthier homes. Poorer Greeks and Romans used earth
enware for cooking and drinking. 

The fall of the Roman Empire, according to one 
theory, may have resulted from the effects of chronic lead 
poisoning on the ruling classes. Sterility and madness 
among adults, and mental retardation among children of 
the upper class patricians were common. Studies of lead 
concentrations in the bones of wealthy Romans support 
the theory. This type of exposure to lead was apparently 
not considered dangerous since it was common practice 
to sweeten wine with lead acetate. This practice was even
tually recognized as extremely hazardous centuries later . 
Some medieval officials even imposed the death penalty for 
adulteration of beverages with lead. 

This mallard exhibits 
th e classic symptoms 
of lead poison ing
drooped head and 
wings. 

Photo co u rtesy of Je rry 
Long core . Pat u xent Wil d li fe 
Research Center. U.S. Dept . 
of Int er ior. 
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By the late 19th and early 20th century ma ny new uses 
for lead were introd uced, including lead pellet s for shot 
guns, lead paint pigments for hom es and artwork, an d a 
host of other uses. 

During this period of technological advance, poisoning 
among worke rs in lead-u sing industri es reached shocking 
proportions. Most legislation enacted then to protect work
ers from industrial lead po isoning can be traced to aroused 
public opinion over the issue. To day, industrial lead poi
soning occurs far less frequently and in a mu ch milder 
for m. 

Perhaps the most tragic aspect of lead poisoning is its 
effect on infan ts. At one time, virtually all paint con ta ined 
high concentrations of lead, making an y painte d obje ct a 
potenti al source of lead poisoning. T his was unfortunate 
for children who developed the habit of licking and chew
ing inedible objects or who craved unnatural foo ds. 

T he craving for un usual foods, often referred to as 
pica, is also common in livestock, particularly when their 
diet is de ficient in certain mineral s. Cur iously, lead po ison
ing in infant s wasn't extensively recognized until after 
World War II, although it und oubtedly existed before then. 

Lead poisoning in infants is hardly noticeable at first. 
The child exper iences stomach pains and is irr itab le. T his 
may go on for some weeks before the child is taken to a 
doctor. Th e rather common symptoms of lead poi soning 
were overlooked by physicians many years ago and sim
ply regarded as an upset stomach. 

However, the ensuing nervous disorders that often fol
low the onset of lead poison ing are extremely serious and 
often fatal. If the child survives, his brain may be per
manently damaged or, at best, impai red for several yea rs. 

To day , lead-bea ring paints and other finishin g materi
als are no longer used indoo rs or on objects to which in
fant s have read y access. Yet poison ing continues to occur, 
mostly in slum areas where dwellings abound with crum
bling plaster and flaking paint, and where children are 
poorly supervised. 

Le ad poison ing in livestock was recognized as a seri 
ous problem in a bygone era when horses served as the 
prin cipal sourc e of power. Lead poisoni ng was a common 
affliction of animals that worked in lead smelters or lead 
product factories. H or ses, however, reacted differently than 
humans to lead poisoning. After prolonged exposure, 
nerves controlling the chest and thr oat muscles became 
paralyzed. Poisoned hor ses exhibited a peculiar ratt ling in 
the throat . icornmonly referred to as "roaring," when they 
were exercised. The advent of the gasoline engine marked 
the decline of the horse, and lead poisoning in ho rses be
came a rarity. 

Today, the domestic animal most frequ ently affected is 
cattle. In fact, lead pois oning is one of the most common 
toxicological problems of livestock in this area, due almost 
solely to Minnesota' s large cattle population. Cattle, along 
with young children, share the unfortunate hab it of chew
ing and eat ing foreign objects, including painted board s. 
Ca ttle have actually drunk fresh paint that was carelessly 
left lying around . 

Gr eases are also att ractive. A dozen or so cows on a 
farm near Princeton, M innesot a cleaned out a tub of gear 
compound contai ning lead. Nearly half the animals died. 
Old car and tractor batt eries are also a pop ular item with 
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cows. The acid taste is probably attr active because it adds 
zip to an oth erwise bland diet. 

Lead-poisoned cattle often die so suddenly that own
ers suspect lightning stroke. But a correct diagnosis can 
be made because lead is detectable in tissues of dead ani
mal s. A search of the premises usually turns up the source 
of the trouble. Animals that survive lon g enough to receive 
professional attention often recover. 

Lead poisoning in cattle also affects the nervous sys
tem . Odd behavior patterns may take the form of severe 
depression (sometimes referred to as "dumb form") or 
exa ggerated movements or even convulsions. Unlike chil
dr en, cattle that recover rarely show any lingering brain 
damage. 

Other dom estic animals are po isoned much less fre
quently than catt le. Severa l factors contribute to lower 
incide nce among other animals. Most animals are less in
clined to eat or drink inedible ma ter ial. Also, absorption 
of lead from the stomach and intestine is not as great. The 
large paunch of ca ttle acts as a trap for dense material like 
gravel, nails, wire, and probably for some forms of ingested 
lead such as paint flakes. The longer a substance rem ains 
in the stomach an d intestines, the more completely it is 
absorbed. 

In rece nt years debates on the effect of pesticides on 
wildlife have overshadowed the fact that lead poisoning 
is also taking its toll, particularly amon g waterfowl. 

T he problem is hardly new. In stances of lead poisoning 
in ducks and geese were described by German researchers 
as early as 1842. Sporadic episodes in this country were 
reported at the turn of the century and continue today. 

All birds require grit as grinding material in their giz
zards, which acts as a substitute for teeth. Th ey swallow 
and reta in small pebbles or coa rse sand for this purpose. 
Th e bottom s of lakes and streams that are favorite hunt
ing haunts are heavily sprinkled with lead shot. Birds seek
ing underwater roots and seeds frequ ently pick up the lead 
shot. The shot remains in their gizzards as if it were peb
bles. The grinding action and strong acid secre tions of the 
gizzard then erode the shot and convert it to lead salts 
which are absorbed by the bird . 

Sometimes spectac ular "die-offs" involving hund reds 
and even thousand s of birds occur when flocks feed in 
lead-infested waters. Countles s individual birds are also 
poisoned and die un noticed in remote places. Conserva
tionists estimate that four percent of the mall ard duck s 
travelin g the Mississippi Flyway die each year from lead 
po isonin g. Annually, between two and three percent of 
all wild waterfowl in this cou ntry are fatally poisoned . The 
problem will probably get more serious as the number of 
wildlife feed ing areas steadily declines. 

Effor ts have bee n underway for several years to de
velop non toxic shot. Some approaches include coating the 
shot with pla stic, substituting other metals for lead, and 
mixing magnesium with lead so that spent shot will dis
solve qu icker. Iro n shot is the most promising substitu te, 
but it would be more costly to produce. Hunters might be 
willing to pay more for ammunition once they become con
vinced that the bird population is bein g seriously jeopard
ized by lead shot. Most conservationists feel that lead shot 
can be outlawed only through publ ic pressure. And they 
think that the time to force the issue is now, before it is 
too late . 



Misconceptions About 
Pesticide Residues 
in Soil 
RUSSELL S. ADAM S, JR . 
associate professor 
Depa rtment of Soil Science 

Throughout the world people concerned about pes ti
cides residues are playing a numbers game : ten parts per 
million here, three parts per billion there, one pa rt per 
trillion somewhere else. How many of you can visualize 
one part per trillion? It's like sorting through 1,280,000 
bushels of wheat for one kerne l of smutty grain. A stag
gering task, yet it is easily accomplished with modern tech
niques when looking for pesticide residues. But even sci
entists who are familiar with methods used to measure 
pesticides often find it difficult to interpret how important 
these small amounts are. No wonder that those unfamiliar 
with amounts as small as one pa rt per trillion have trou
ble understanding their impor tance. 

Author R. S. Adam s, Jr. injects a pest icide sample to be ana
lyzed into th e gas chromatograph in his laboratory. 

Current confusion and misconceptions regarding pesti
cide residues may be directly connected with development 
of more sophisticated analytical instruments. These devices 
make extremely sensitive quantitative measurements, but 
exceed our ability to interpret the measurements. Withou t 
support ing data one can only assume that the compound 
measured is the sought-for pesticides. Often the only way 
to establish the ident ity of these minute amounts is by cir
cumstantial evidence. 

Absolute proof of the identity of residues requires ex
pensive and involved pur ification and concent ration in the 
laboratory. When DDT is present in a sample at less than 
the prescribed level of tolerance, investigators rarely go 
to the tro uble and expense of confirming its identity. Fail
ure to use adequate purification techniques has undoubt
edly led to many false claims of the presence of DDT. 

Th ere are many naturally occurring compounds, and 
some synthetic organic compounds being added to our en
vironment that "look like pesticides" when they pass 
through analytical instruments. For example, several root 
crops conta in compounds which cannot be separated from 
aldrin and dieldrin (see charts A, B, and C ) on some gas 
chromatographs - the device used to analyze samples. 
This fact has been known for years. Yet some pesticide 
analysts still appear unaware of it. 

Cyanuric acid and similar compounds are also com
mon in soil organic matter. These natural compounds can 
interfere with some determinations for the triazine herbi
cides since these herbicides are made from cyanuric acid. 

A large number of previously unidentified chlorine-con
tain ing compou nds have been detected in bird and fish 
samples. Recently these compounds have been identified as 
polychlor inated biphenyls; comp ounds that are used in 
petro leum prod ucts, rubber , coolants and several other 
products. They are reported toxic to wildlife and affect 
their calcium metabolism. (Holmes, D. c., et al. Nature 
216 : 227-229. 1967. ) Since these compounds are used 
extensively, since they resist chemical breakdown, and are 
easily confused with DDT, some early findings that pointed 
to widespread DDT contaminat ion are open to question. 
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Table 1. Amount of DDT required to kill one-half t he f lies in a 
bioassay over a 24·hour per iod in t hree di ff erent soil types* 

ppm 

Zimmerman sand� 92 
Nicollet clay loam� 159 
Blue Earth clay loam 428 

• Dat a� courtesy of James Peterson, So i l Science Department , Un iversit y 
of Minnesota. 

Table 2. Effect of 3A parts per million of simaz ine on t he 
growth of oats * 

Without simazine With simazine 

Zimmerman sand 0.41 0.13 
Nicoll et clay loam 0.48 0.27 
Blue Earth clay loam 0.44 0.67 

•� All f igures rep resent gram weight of the d ry stems grown in pots con
taining different soil types. 

Neither the amount of these compounds present in our soil 
and water nor their potential effect on our wildlife has been 
studied. 

Another misconception fostered in recent years centers 
around the idea that the accumulation of any amount of 
pesticide residues in soils constitutes a potential hazard . 
Pesticides do persist longer in soils. For example, about 
one half the DDT sprayed on an apple tree disappears in 
7 days. If that same DDT falls on soil, it may take 7 years 
for one half the DDT to disappear. H owever, the amount 
of pesticides accumulated in soil offers no direct indication 
of the biological effect that a pesticide is likely to have. 

One reason why DDT persists in soil for such a long 
time is that it is adsorbed by soil. Adsorpt ion may in no 
way change the DDT. While adsorbed to soil part icles, 
however , it is less potent and cannot control insects as 
eftectively. Furthermore, its resistance to breakdown by 
microorganisms is increased. For this reason it remains 
much longer in soil than on the surface of plant tissue. 

The effect of soil adsorp tion on the biological activity 
of DDT and simazine is shown in tables 1 and 2. Adsorp
tion of either DDT or simazine by the soil reduces its ac
tivity. The potential toxicity of any pesticide residue .varies 
with the type of soil containing the residue. With both 
these chemicals, organic matter in the soil plays the great
est role in the adsorption process. Small amounts of s-tria
zine herbicides have been known to stimulate plant growth. 
This effect was observed with simazine in Blue Earth 
clay loam where ~ parts per million actually increased 
the growth of oats. But oats plan ted in Zimmerman sand 
were killed (see table 2 ) . Clearly, the amount of pesticide 
present in soil is not a measure of its potential hazard. Ha z
ard resulting from exposure to or consumption of a pesti
cide must be a combi nation of many factors including the 
effective dose, chronic and acute effects, and the amount 
and frequency of exposure. 

Contrary to popular belief the pers istence of a pesti
cide in our environment does not necessarily indicate a 
greater human hazard. Potent ial danger to human health, 
may, in fact, be greater from the use of less persistent pesti
cides. Dr. D. D. Kaufman has observed that with herbi-
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cides of aro matic chemical structure (the 2,4-D's ) any 
change in chemical structure that increased soil persistence 
decreased its toxicity. (" Pesticides and their Effects on 
Soils and Water ," Ame rican Society of Agronomy Special 
Publication o. 8, 1966. pp. 85-94. ) This concep t may be 
roughly applied to all pesticides. Some of the less persistent 
pesticides in soil are quite toxic. Larger amounts of less 
persistent chemicals must be used to ensure that enough 
pesticide is present for control when the invasion occurs. 
If the timing of application is not right then a second ap
plication may be necessary. In either case, more chemical 
must be used and the chance of accidental exposure to 
toxic amounts looms larger. 

The term "toxicity" is often care lessly used. Pesticides 
are selective chemicals : They are highly effective against 
some pests and much less deadly to other animals. F or 
instance, a lethal dose of DDT to a mass of house flies 
weighing 1 pound is approximately 0.01 gram. About 2.5 
grams are required for a 15 pound rabbit. But that dosage 
would hardly faze a 9 pound chicken. A dose of 6 grams, 
more than double the amount lethal to the larger animal, 
would have to be administered. 

Many microscopic bacter ia surv ive in almost pure 
pesticide environments. Not only are these bacteria un
affected by the pesticide, they use it as a source of food. 
It is apparent, then, that " toxicity" has little meaning un
less it is expressed in terms of dosage (i .e., a given quan
tity of pesticide per pound of live weight of a specific or
ganism) . 

The reputed worldwide distribution of DDT also raises 
some questions of credibility. Pes ticides are normally used 
over limited areas . For them to be distributed all over 
the globe requires some means of transport either by 
atmospheric or water routes. Much of the pesticide used 
eventually reaches the soil, either by direct application 
or by rainfall which washes it from plant surfaces. A great 
deal of the pesticide reaching the soil may be degraded 
by microorganisms in the soil or through chemical reaction 
with soil water. Pesticides move out of the soil either by 
vaporization, through leaching, or by surface runoff - all 
potential sources of environmental pollution. 

Factors that determine whether a pesticide will vapor
ize from the soil depend on how strongly the chemical is 
adsorbed by soil particles and how soluble it is in water. 
Since the hard pesticides are weakly adsorbed by soil col
loids and because they do not easily dissolve in water and 
are not easily broken down by chemical or other means, 
the major avenue of escape from soil is vaporization. Be
cause this is a slow process it has never been considered 
a serious source of pollution. Moreover, most pesticides 
exist only a short time in the atmo sphere due to the de
grading effects of ultraviolet rays in sunlight. 

If DDT is tru ly present in the Antarctic snowcap, the 
only way it could have arr ived there is throu gh the atmo
sphere. Neither the mechanisms' of atmospheric distribu
tion nor the stability of pesticides in the atmosphere have 
been studied well enough outside the laboratory to make 
any firm conclusions, however. 

Leaching, as well, is not generally regarded as a major 
source of pesticidal pollution. Most pesticides that are 
soluble enough to leach are easily broken down. Note in 
table 3 that the more water soluble, less persistent atra
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0.5 ppm Aldr in� 0.5 ppm Aldrin 

0.5 ppm Dieldrin� 0.5 ppm Dieldrin No chemicals added 

Chart A Chart B� Chart C 

The t hree charts shown above illustrat e how natura lly occu rring chemical com pounds in root crops 
mig ht be confused with residual levels record ed for aldr in and dieldrin by a gas chrom atograph. Chart 
A is a recording of the two pest ici des alone. Chart B shows t he two chemicals mi xed with carrot ex
tract. Chart C is a recording of the natural residues present in a carrot extract t hat was not t reated 
with chemicals. Not e t hat the peaks or high points on Chart C resemble those record ed for aldrin and 
d ieldrin in bot h Chart s A and B. Thi s phen om enon can elevat e record ed levels of undesirabl e residu es 
in food above their actual values. Dat a courtesy of Jon Barber, Soil Science Depart ment, University of 
Minnesot a. 

zine moved down through the soil profile. But the per
sistent (organochlorine) insecticides remained near the 
surface where they were applied. 

Pest icides usually are carried from where they were 
applied to another point in a field or to streams by soil 
movement. The incidence of pesticides in strea ms or lakes 
results either from direct and intentional application, from 
promiscuous discharge or disposal of chemicals and con
tainers, or through runoff of sediments from treated fields. 
Most documented fish kills have resulted from disposal of 
pesticide wastes or conta iners directly into streams or at 
locations that drain into nearby streams. 

The number of fish killed by pesticide-bearing sediments 
is unknown. Due to low water solubility of pesticides the 
amount of pesticide detaching from a sediment particle is 
about one molecule for each 1,000 adsorbed. (Warnick. 

Table 3. Recovery of pest icides f rom 4 inch columns of Fayette 
silt loam soil after leach ing wit h deionized water* 

Dept h Atra zinet Ald rin DDT End rin 

Inches 

0.4 
0 .4-0.8 
0.8·1. 2 
1.2·1.8 
1.8 -4 .0 

Total found 
in leachate 

Percent of t he pest icide recovered 

1.39 98.26 98.65 94.40 
1.48 0.72 1. 0 1 1.1 4 
1.29 0.19 0. 06 1. 10 
1.39 0 .10 0.07 2 .10 
1.11 0.72 0.20 1.25 

93 .34 Traced Trace Trace 

•� Data courtesy of Dr . Geo rge Ma dany and Mrs. Janice Ley. f ormerly of 
the Soil Science Depar tmen t . 

t Atrazine column wa s lea ched with 40 inches of water and the in sect i
ci de columns with 28 inches . 

t Only d ie ld ri n w as recove red i n the leachat e; aldrin was apparently con
verted to dieldrin in passing through the so i l . 

S.L., et . al. Journal of American Waterworks Association 
58 :60 1-608 . 1966.) Normally this would not release 
enough pest icide to present a hazard to fish. Ho wever , the 
problem is more complex than this ratio suggests. Bottom
feeding fish, such as carp, continually churn the sediments. 
When rou gh fish are present, game fish are forced to exist 
in turb id waters. Direct transfer of pesticide from sedi
ment to fish seems likely. This possible mode of transfer 
has been largely neglected. Fu rthermore, biological con
centration via the food chain must not be ignored. 

The use of the so-called "hard" pesticides by farmers 
has rapidly declined during the last decade. In many rural 
regions of the United States agricultural use of DDT is 
practically nil. Instead, the principal use of DDT is mos
qu ito and Dutch Elm disease control in rural towns and 
cities. A study by the Federal Water Pollution Control 
Administration in 1966 indica ted that in the Cincinnati, 
Ohio area the principal source of organochlorine pesticide 
residues in streams was urban. (Weibel, S. R. , et al. Jour
nal of American Waterworks Association 58 : 1075-1084. 
1966. ) 

As our technology advances ; as our popu lation ex
pands; and as our people become more affl uent, greater 
burdens will inevitably be placed upon our natural environ
ment. The task of contending with our wastes will become 
increasingly greate r. The amount of pesticidal pollution 
contributed by rural sources will und oubtedly change as 
our technology advances. As of now the total amount con
tributed by the rural community is relatively static and, if 
anything, it is likely to decline. In future years, the real 
battle against environmental pollution will be waged in our 
cities and metropolitan areas rather than the sparsely popu
lated countryside. 

Research to obtain original data reported in this article 
were supported ill part by NIH Grant CC00257 and 
USDA Grant 12-14-100-8177 (41). 
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Poisons, 
Pests, 
And 
World Food 
Problems 
PHILLIP K. HAREIN 
pro fessor and extension entomologist 
Department of Entomology, F isheries 
and Wildlife 
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In America where overeating has become a problem, it is difficult to understand 
that 65 percent of the world's popu lation suffers from malnutrition. We also are 
unmindful that at least 50 perce nt of the people on this earth are desperat ely in want 
of virtually everything that we regard as bare necessities of life. Thi s means that 
hundreds of millions of humans today live not only without adequate food , but also 
without adequate clothing, shelter, water, and even simple sanitation to pro tect 
them from disease and harmful insects. Their average life span scarcely reaches be
yond 30 years. 

Expanding world food production generates a demand for more effective pest 
control, and in turn encourages a rapidly growing pesticide industry. In the United 
States, farmers , industrial and governmen tal users, and home owners are becoming 
increa singly awar e of the usefulness of chemicals to contro l pests. Total U .S. pro
duction of pesticides in 1967 amounted to abou t 1 billion pounds - with a manu 
fac turin g value of $800 million. 

The U.S. Department of Agr iculture estimates that withou t pesticides, we would 
lose more than 30 percent of our pro tein supply and more than 80 percent of our 
high vitamin crops. Our food supply would dwindle under attacks from some 6,500 
harmful species of insects and rodents and the effects of 50,000 known plant dis
eases. Fo od pr ices would dou ble. 

Tod ay, the average American family spends abou t 16 percent of its daily living 
expen ses on food. Thi s figure is considerably higher in other countries. Canadians 
spend 22 percent , Australians 23 percent, and Danes 24 percent. Swedes, Belgians, 
Puerto Ricans, Bri tains, and Norwegians spend slightly less than 30 percent on food . 
In the 30 to 39 percent group are South Africans, French, Ir ish, Finns, Spaniards, 
and Panamanians . The rest of the world pays out 40 to 70 percent of its daily living 
expense on food. 

This difference in food cost is not solely the result of pesticides. But pesticides 
form a vital link in the chain of events involved in food production. 

Pro hibiting pesticide use in the United States would greatly alter our eating 
habits and lower our standard of living. The relatively low cost of food in the U.S. 
has released 90 percent of our people from the farm, permitting them to spend 80 
percent of their effort on production other than food. This enormous human resource 
has staffed our schools, colleges, and research laboratories. It has built our cities, 
bridges, and highways; worked our mines and industries; created our cultur ed arts; 
and made our nation a leader in toda y's world and in space. 

As with automobiles, drugs, and firearms, man must weigh the advantages and 
disadvan tages of continued use of pesticides. We must make the right decisions if 
we are to grow. To make the correct decision, we must fully comprehend the prob
lem. Chemicals used for pest control are correctly called poisons. The ir misuse has 
resulted in unnecessary losses of proper ty, wildlife, and humans. To reduce these 
losses, it is absolutely necessary that pesticides be used prop erly. 

We must conclude that chemicals, including pesticides, are an essential part of 
food and fiber production and marketing. It is obvious that in years to come these 
chemical tools will be used even more extensively. 

Similarly, there is no reason to believe that the use of pesticides to control medi
cally important insects will decrease. In the foreseeable future we will probably rely 
heavily on chemicals to cope with critical pest problems. Also we will undoubtedly 
develop better pesticides that are safer and more effective against resistant pests. 

The value of all possible pest cont rol methods to society is enormous. We not 
only need them, we are highly dependent on them , especially to meet growing world 
demand for increased food and fiber production. 

MINNESOTA SCIENCE is published by the University of Minnesota 
Agricultural Experiment Stat ion. It report s the results of research con
ducted by the Station, both on the St. Paul Campus, and at out lying 
branch stat ions throughout the state. 

YOUR COPY of th is magazine is sent you by your local county exten
sion agent. He represents the University's Insti tute of Agriculture in 
your county and helps make results of University research available to 
you. 


