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FOREWORD
Though not generally thought of in wuch a term, soil is indeed an essential wupport

of human life, not only in relation to our food eupply but aleo for the production of
fibre and ehelter. Unlike air and water, for which anti-pollution provisions are being
established, the use of land is still not guided by any agreed standards. While the
demand for land increases at a very rapid rate through population growth, technological
progress and industrial development, soil resources remain fixed. The maintenance of
their productivity is therefore of paramount importance.

This problem will need to be reviewed at the United Nations Conference on the
Human Environment to be held in Stockholm in 1972. In preparation for this Conference,
FAO as a UN Inter-Agency focal point prepared the present paper on Land Degradation,
with contributions from UNESCO, IAF.A and WHO. This paper which is meant as a background
document for discussions is felt to be of value in the general field of land development,
which warrants its reproduction for a more general distribution.

Edounrd Saouma
Chairman of the Inter-Departmental Working Croup
on Natural Resources and the Human Environment
Director, Land and ihter Development Division



LAND DUJRADATION

'SUMMARY

SINAT/ON AND PROBLEX3

Because of the rapid increase in the rate of uzo of the land as a result of pressures from
population and technolo,v, it is imperative that Adequate attention be given to problems of land
degradation.

Soil erosion has been and remains one of the major causes of that degradation. Losses of fertile
top soiTF;7311-17lowering of yields, eenecially in countries which do not practice extensive
fertilization. Sediment loads in streams and estuaries ruin wild life havitate and cause sedimentation
of reservoirs, waterways and domestic water supplies.

The accumulation of !mite and alkali threatens productive agricultural lande in arid or semi-
arid regions which practiee irrigation. The high coot of reclamation and the irreversibility of certain
phenomena call for special Attention to salinity and alkalinity hazards.

The disnosal of organic wastes hae created concern about diseaeea and toxic elements in surface
and ground waters, as well as soils and their productivity.

Infectious organisms,althouel in most instances already present in eoils, must be regarded as a
form of land de:Tadation as they may result in health hazards and heavy crop loases.

Industrial effluenta, uuch as heavy metalu, stack gases of various sorts, and waste water
containing many kinds of nollutin:f byproducts, are introduced oT, to the land by air or water.

Because of their interaotion with other fators of the environment, peeticides have become a
concern. Chlorinated hydrocarbons are of ma,jor concern because their persistence may create a situation
where they are hazardous to animal health through the introduction into the food chain by, for example,
the erosion of soil into waterways.

.tadioactive weete ori:Tinatea from nuclear weapons, teeting, power generators, and from medicinal
and research uses. Contaminated soil may be of concern by inhalation, ingestion or concentration. At
the present time stringent controls and standards are imposed in most countries for the dispersal or
containment of radioaotive wastes. These schame s call for little or no detectable difference above
natural radiation level°.

Most heavy metals exist in a natural state in highly insoluble forma and usually do not enter
into interactions with other factors in the environment. Land degradation may result from industrial
and domestic uses by which the form of heavy metals may be changed.

aro a eoil improvement factor and a moans of maintaining produotivity. They can only
be a factor in land degradation when applied in exceoe, which may occasionally occur.

The effect of deterrents on land degradation only applies in those areas using land extensively
for the disposal of wrdttEe effluent.

Recognizing the relative importance of thetas land degradation problems, the following categories
are zuggested as a guide to the use of resources for the oolution problema.

Category I (erosion and sedimentation, salts and alkali, organic waste and infectious organiems).
The causes of land degradation in this category will require immediate application or available
technology and the development of new technology to prevent degradation reaching a state of emergency.

Category II (industrial inorganic wastes, _pesticides, radioactivity and heavy metals).These
cause° of land degradation represent a lower order of magnitude in importance because of theirleeser
extent, intensity or rate of increase.



Categorv III (fertilizers and detergenta). Thia category contains those causes of degradation
which are of lowest priority. They conatitute no widespread immediate hazards to soil nor are there
numerous isolated areaa requiring attention.

While each of the ten causes of land degradation require attention, they should not compete at
the sane level for facilities, staff and financial assistance. It is also recognized that in
specific instance one or more of the cauaea may ausame the highest priority. These should then be
regarded as being of a highest priority requiring immediate action. Also in a region, one or more of
the oaunes within a category may assume greater significance in relation to the others no there should
be a periodic reappraisal to make the necessary changes of priorities.

POLICY GRTIDMI:r:Z

An essential policy for national governmenta and international agencies ia to develop the
recognition of land as a basic and limited resource.There is therefore a need for regulation of its
use to provide for orderly growth and development in the light of the competing demands nade on its
capaoities.

National governments snould engage in international agreements and pooperation to aeek solutions
to mutual problems of land degradation and develon international standards. In regard to the latter,
the dynamic nature of the environment must be recognized. therefore, provision should be nade for
periodic reappraisal of the standards to change them in lit of new information. The United Nations
and its specialized agencies are in a poaition to assist in the development of international
standards.

Nations must also adOpt a policy with regard to the payment of the cost of remedial action and
of controlling or preventing land degradation. Should the coat of maintaining environmental quality
be assigned to the producer or the government, or some combination of the two? Such a deciaion will
influence consumer buying patterns, industrial and agricultural expanuion, and the development of
neceosary technology to prevent or control land degradation.

National governments should also create the tyre of social attitude and economic incentives to
promote the reoyoling of waaleand reuse of limited resources. The former may be achieved through the
use of rasa media to develop awarenesa and motivation and by showing methods of engaging in auch
disposal. International Agencies such as FAO should inform those coutrien currently unaware or
indifferent to land degradation problems of the need for remedial action. Thia may be done through
the use of periodic newaletters to national miniatries or agencies.

ACTION PROPOSAW

To find and implement aolutions will re-luire the cooneration of governments, education and research
institutions (local, national and international) and induatry. The maintenance of the environment will
require constant vigilance and effort rrom now on. As a means of seeking solutions to the problems, and
developing and maintaining a aatisfantory environmental nunlity, the following aotions (not necessarily
listed in their order of priority) are proposed:

Assessment of the Problema. This involves international interests as well as local govern-
menta and institutions in the iaentification of the cause, extent and intensity of the problems to
determine needs for the establishment of standards, controln and preventive measurea and for specific
problemoriented programmes of research (see 2 below). The authoritiea would aloo be reqnired to
provide an eatimate of tho consequences of no action. An important aspect of sunh assessment would be
the measurement of cor.aint levels of varioua factors causing land degradation and the establishment of
benchmark data for the evaluation of the rate of change (see monitoring).

Goaloriented Research. In addition to basic and adaptive research, there is a need for goal-
oriented research through the multidiscipline approach. Suoh research should be performed on a
contract baais with a provision not to exceed five years. This reaearch may be performed by task
forceo both at national and international levels. At the termination of the contract the results would
be nummarized and the necessity for further reeoarch determined. If deemed necessary to continue the
sane line of investigation or to chango goals, the new contract would have the same terminating
provision.



3. Data collection, summarized and information diesemination u-stem. This system nhould provide
for the automatic review of published research informatiOn. Thie information should be (summarized and
evaluated with respect to current controla or standards. Such action can hardly be done by individual
abstracting services. The evaluation should preferably be entrusted to international organizations in
their respective fields of competence, using existing data oollection ayatems.

4. Environmental quality standards. In some instances standards are not available. Where standards
are available there may be some question as to their suitability, cinco it is necessary to make pro-
vieion for changes in them as nea information becomes available. Standards should be established first
locally and then on a national baais with the understanding of developing them into regional and global
once. Standards should take into account the anoimilative capacity of different environments and the
feasibility of controlo.

Monitoring systems. Monitoring systemo are required for the determination of the rato of
ehange of an environmental factor for the purpose of predicting when, where and if a certain type of
land degradation problem will arise. Monitoring should be applied both to specific land degradation
and to the activities by which different typen of degradation are caused. Highly qualified staff will,
therefore, be required to provide the interpretation and summarization of the data. The oystem should
rely on local facilities, suca as existing experimental and rcaearch atations, to provide the mechanics
of oollecting and interpreting the data. The different types of land degradation require different
ad-hoc systems of monitoring. Theae oysteme should ),e1 linked aith t!ider monitoring networks both
sector-vise and area-wise. But they ahould retain their individuality for specific interpretation at
local level. The information should become part of national and international oollection oystems to
assist in determining arena requiring attention and to provide information regarding those factors of
international interest. There should also be a provision for periodic ehecking of performance of local
monitoring stations by the national agencies concerned. International agencies ahould help in harmoniz-
ing methods and techatTueo of monitoring and facilitate exchange of data between countries.

Expanded educational and technical asoistance programmes. In many countries programes already
oxiot for agricultural education. In many inctances however reorientation of staff may b( required to
provide more specific education and technical ansiatance on natter° related to land degradation.

Legislation. The purpose of legislation is to put into force political and technical decisions
with regard to land as a basic and easential resouroe. The baaic laws should provide for the changing
of standards without requiring further formal parliamentary amendments. The lawa ahould aleo spell out
the terna of financial eontribution or participation of the government and implementation and enforce-
ment. When drafting such laws, international agencies concerned with land une can advise in giving
internationalperspective in the proposed legislation.

Note: Other measures to prevent land degradation are deacribed in the basic
papero dealing with "Agriculture and Soils" item II a (i) "Forestry" (II a (ii))
"Wildlife and Recreational Reaourceo" (II a (iv)) "Water" (II a (v)). Thew,
me:enures are mostly directed towards an improvement of the land une planniag process
and a bettor management of land renourcea as a means of preventinr land degradation.
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1. INTRODUCTION

There is an ever increasing awareness and concern about the environment and the extent of the inter-
relationships between the three basic resourcea: land, water and air. A seemingly far removed input
into one of thee° resources can be detrimental to another. Because:1 of the immenaity of tne environ-
ment and the heretofore relatively low rate of use, intereate have generally been centred on other
aspects of daily aetivitiec; thus, food, fibre and shelter formed the popular theme in the late fifties
and early sixties. It has now become apparent that thio can no longer be the case. As population
increanes and the cpectre of even larger populationo loomo on the horizon, te rate of use of the
environment increaaec and tht consequences of man'u activities become more apparent. It has been hiu
activities which have lareely contributed to the problem of land degradation, and it will have to b.
largely due to him that colutions to tee problem will be found.

In come cases the technology for the satisfactory aolution of environmental problema exists.
However, the implementation is prevented by lack of awareness or indifference or inadequate economic
incentives. For teese oituations where technoloey does not exist, especially with regard to tee
environmental quality of toe three baaic resources, the agricultural ocientiat naa the necocuary
expertise to provide polutions. Agricultural scientists have inevitably .ad a vested intereut in the

maintenance of environmental quality through their investigation° of rectors in the environment.
However, becauee of to intricacies and the all-encompassing nature of tee environment, ttere is a
critical need for an inter-disciplinary approadh in eutablinhing standards anl controls, and in seekine
solutione to environmental problems.

One concern of agriculture and industry is that the standards or controls may be 30 stringent tnat

there will be no way to implement them. Or the cost of so doing will be so eigh as to create economic
hardseipe. Teerefore, it ie neceueary to allow the widest latitude possible for the adoption of
alternativos for the control of environmental rectore within the quality standards.

There iu a need for a concerted international approach to the establishment of such standards and
controls, ounecially for those sourceu of land degradation which are of international concern.
Similarly, pollutants and other nuisances not only create trouble in theimmediate area of tetir
releaze but mey have adverso effecte that spread far and wide and acroeu national boundaries. Sucn a
situation not only calla for remedial action but may lead to many complications and liabilitiee,
including legal actions for compencation at national and international levele. For example, it ic
useless for one nation to establish standards for a particular form of land degradation when the nource
of degradation originates in an area ehere there are no standards or controle, or whcre they are lees

stringent.

Finally, but not 'cast, is thc consideration of the individual in the environment. The public

should be educated as to thtir role and the conuequencea of ticir actions. Jeere pozsible, tee
consequences ohould be spelled out in terms of economic effects on them. They should be taught the
principles tnat woe< in the environment and the application of teoue principios to different environ-
mental conlitione. Implementation of controle without education is poosible but regulation without
public acceptance in imposcible. The success of a control programme depende upon the :mid:ledge of the
public tnat certain of teeir activities cause an undesirable change in the environment, adversely
affecting all of them.



II. APNAISAL aND EVALUATION

A. Land Degradation Problems

Technology, which has aeemod to be a boon to the world, is a kind of paradox. It provides many of
the things which improve the quality of li'e while contributing in some cases to the decrease of the
quality of the environment. For example, through the development of nuclear energy there has been the
extension of electrical energy into many countries, providing job and manufacturing opportunities never
before available. The sane nuclear energy can be used for the distillation of sea water for use as
domestic water. There is also a likelihood of arid lands being irrigated with waters distilled by the
nuclear reactors, thun making it possible to turn desert arcas into productive agricultural land.
Nuclear energy has, too, been a aource in the development of stable isotopen which may be used in
reaearch to underatand more fully the mechanisms involved in plant and animal growth and development,
perhaps some day allowing groat breakthroughs in food production and healte benefit°. Theae, and many
other great benofita are coming from the uso of nuclear energy. Yet there is concern about it a°, for
instance, in the diapopal of radioactivo vasteo into the environment. People wonder what these effect°
might be in the long term.

Posen fueln provide the energy for many electricity generating plante and in no doing their
combustion results in the emisaion of aulphur dioxide, fluorides, radioactivity and other undenirable
inputs into the environment.

Technology is also responsible for the production of come of the mineral materials that are deemed
necessary by the present lay civilization. The manufacture of nitrogen supplied in fertilizers ia used
to increaae the food production of the world. Without thia readily available nitrogen the food cupply
of the world would be much lens than the current supply and there would be wide-spread starvation.

Similar analogies may be made for peaticides. Peaticidea not only prevent disease and crop loaaea,
they also provide some of the major safeguards for plant, human and animal health. Even so, residuee
of many of three materials are found in soils, plants and animals, and aometimes they have adverse
effects. (hile many of these effects are opon to interpretation, peuticides entering into the water
have killed fish, and, it is claimed, various types of wildlife, mostly birds.

Production technology siso providea paper, plastic° and metal, the uses of which are too numeroua
to mention except to indicate that these as well as other materials are part of a way of life and it
seeme unlikely that civilization as it exists today ill accept the posuibility of doing without them.

The technical diacussions in the Appendix deal with several types of materials or agents which can
contribute to the land degradatinn problem. Their source, extent and intensity are discussed. It

seems appropriate now to attempt to evaluate each of these causes of land degradation in relation to
one another in order to identify the asnociation of one with the otaer. The ranking of the causes of
land degradation has been done by the use of several broad criteria. They vere tho magnitude of the
problem, the benefit in relation to cost, irreversibility, and the cusceptibility to increaae.

ros ion

Of primary intereat is the erosion of sediment from agricultural soils and its associated effects
on crop production and water pollution. Tremendous amounts of sediment are removed from top coils by
surface ranoff (water erosion) and to a leaser extent by °oil blowing (wind eroaion). Erosion is
directly asnociated with the loes of plant nutrients and th se plant nutriento are related to the
yield. As a result of topsoil loss there is also degradation through the creatiOn of was-co and
gullies which make the land unsuitable for production agriculture.

In addition to these loose° there ic also the contribution which absorbed nutrienta make to the
degradation of surface water aupplies. Their contribution to the nutrient level of such water allows
algal growth to occur which i° the first stop of eutrophication of a body of water. The organic matter
contribution and Pediment load deotroya renervoira and makes the treatment of water for domestic use
more costly. The loss of sail nutrients, degrading of the land, and the ansociated costa make °oil
erosion a major concern.

2. Salta and Alkali

As already pointed out, the management of saline and alkali soils in the world has been onc of the
problema that has beleaguered man in his attempt to maintain the land in itn hiuhest productive atatc.
Te salt and alkali problems are in general associated with irrigated lands. It is estimated that
around 13 percent of the cultivated area of the world iu irrigated. While this is only a amall past



of the total cultivated acreage, the production from it provideu the major contribution to the
world'c food supply. A eood example of tee importance of irrigated eericulture rzy be seen in
California which ranke as the first agricultural state in the United tates and has donc so for the
past 22 years. elighty-teo percent of the cultivated land of California is irrigated. California io
in the top four of U.S. producers of almoct 70 crops. 'he main reason for this, of courae, is the fact
that the edmate and good quality irrigation water with proper manaeement enable° Growers in California
to obtain high production levels per acre from a variety of cropo, most of vhich nave high cauh value.

Organic 'easteu

Many of the land degrading materials aro directly related to inputs from population. Large numbers
of people, particularly in urban centres, create land degradation problem°. Thc most recoenizeable
in that ausociatel with the dispocal of refuse which includoc domeatic, municipal, and industrial
wastes. There is also, of course, the problem of sewage diepocal. Although thc organic content of
tee ceeN:e effluent is not oe primary concern ;ite regard to lane degradation, the addition of aalts
to the effluent from oxcretia and the use of eater softonero, as well as the specific ion effecte of
boron, make this a eource of degradation whore it in applied to land.

Other sourcec of oreanic vaste are ansociated with agricultural production, forestry and induntry,
sueh as concentrated animal wastes, umeduets and cannery and processinG wastec. The magnitude of this
problem io large and although the dioposal of nout of taese wastes can be effoctively handled by
technology, there are no economic incentives for so doing.

Anoter source of land degradation in the encroachment of urban population centres on Nericultural
land. If one vieus agricultural land as a limited recource then encroachment tu a form of degradation
even though ouch use may have a higher priority from the urban point of view.

It haz been estimated such encroachment in California is proceeding at the rate of 40 to 65 tecous-

and acreo por year. Although people require cities and citicu require land come planning needs to be
done to determine the judicious use of such a limited resource.

Infectious Organioes

An indtcated earlier, to principal concern eith infectioun disoanes and insects is degradation
asuociated with oreanisms. The battle againut thia source of land degradation ic also never-endine.
Insects and disease cause billions o: dollarc of crop loasen throughout ele world each year and, from
the degradation eoint of view, render many acres of land unsuitable for the best adapted crop or the
one with highest caeh value. Development of tolerant varieties of crops are temporary colutiOna as
disease organismo, by their very nature, are able to mutate and adapt, thereby becoming equally viru-
lent for the new variety. Conseeuently, a oontinuing effort eas to be made in the development of
disease and insect tolerant varieties of crepe.. But this ie a general viee of all dipeasec and all
insecto, reeardlece of tee menner in which they infect and inflict injury. If one conciders tho
predominant soilborne disown& solely from tee standpoint of infectation of acre= previouely wl-
e.ffectcd, this aspect of degradation looks loss important.

Industrial Inoreanic haste

Thc concern about industrial eazte in relation to land degradation arises from the release of etack
gases and the disposal of inorganic residuco. Stack gases which consist of flyash, uulphur dioxide,
fluorides, and in Boma cases heavy =tale, aro of oourse subject to meteorological influences. Flyash
is also diatributed by the influence of rravitation. From the standpoint of land degradation, the
fluorideo and heavy metalo teem to be of principal concern. Fluoride° and sulphur dioxide have caused
leaf injury to planto resulting in loaf abscission and stunting of groeth when deposited on the surface
of the planta or absorbed in a easeoua ctato by planto. Neen sulphur dioxide reaches the soil it
undergoee reactions in the coil weich overcome its initial toxic effect and transform it into a useful
soil nutrient. Fluoride, when reaching tho soil, becomec involved in numerouc reaction° as won. noot

of these restrict the availability of fluoride by precipitating it in a rather insoluble form, thereby
limiting plant absorption of this element.

Pesticide°

Pesticides present one of the greatest technoloeical advance° of man, copeically in terms of human
healte. A major concern eith pecticides iu their persistence in the soil. Pesticidee are used
primarily in countries where aericulture can afford their high coot. Technoloey is creating pecti-
cidec of loeer persistence in soils as well as the more rapid breakdown of exiating peaticides. A

princepal concern with pesticides remaine their adsorption to soil particles and subsequent dopocit in
streams, and entry into two food chain of various wilflife.



Chloronated hydrocarbons are of major concern in this respect since thr organo-phosphateo are more
rapidly decompoeed in the uoil environment. The effects on human health are not fully known. lith
present knowledge it has not been possible to dotormine that any ill effect has reculted from the
current levels of chloronated hydrocarbons in the fatty tinoue of man. There is evidence however that
fieh and wildlife have been killed when directly associated with chloronated hydrocarbon pecticides.
It seems a question of priorities, weighing the benefits derived against the undesirable effects. The
fact that there are undesirable effects would load one to conclude that technology should develop
pesticide materials from which there arc no adveres effects. 4hile this Demo an inuurmountable teak,
the scientiuts have embarked on its invectiaation.

Radioactivity

?he principal concern with radioactivity is still the fallout of radioactive materials produced
fron explosions of nuclear weaponu. The relative importance of thin category from the land degradation
point of view will depend upon the futuro activities of nations. ::;ven if atmoupheric nuclear explocionu
ceased, it would be ceveral generations before radioactivity levelc in coils returned to te naturally
occurring background radiation levelc. It is known that radioactive material° react in soiln in much
the sane manner an other elemento. They are subjected to the came exchange reactions, p effecte, and
selective exclusion or uptake by plant rooto. It has also been demonstrated that radioactivity from
fallout may be conuiderably reduced simply by waehing the plant. WitA the advent of nuclear reactor
power generating plante there in concern whether the same corto of radioactive materials aro beina
produced as from nuclear weapon teuting. Aseuning a large increase in the use of ouch a-neratina
plante, will they coon be increasing radioactivity levels?

Perhaps the more proper quection is to ask how much radioactivity is too much? Countries involved
with the use of radioactive materialu have ect rather stringent control laws on the handling and use
of thee() materials. But in many instances, exposure levelc have been establiehed which are several
orders of magnitude greater than current background radiation level's. It would be a great step fomard
if man would stop p011utina thc environment by exploding nuclear bombs, especially in the air. Then
the world would only have to be concerned with the relatively minor pollution from nuclear power
generators and other sourcec.

Heavy Metale

Another matter of concern ie the appearance of heavy metals in many of thv food eupplies around the
world. The principal manner in which heavy metals reach soil° and become involved in their degradation
in from industrial and domestic uses of materials as well as from industrial wastes, nest, if net all,
soils already contain relatively minute amounts of heavy metalu. They arc genn..ally in very atable
forms and are not considered available for plant uptake. 3ut becaune of the nature of te cource of
the nested') contributing to land degradation, areas of high population density with correspondina
industrial activity and concentrated upe of automobilec seem to be recponsible for the major oontribut-
ion of those materials to the environment. By the Use of more sophisticated technology it is poesible
in many cases to evaluate concentration levels of thee') materiale which were previouely undetectable.
Further, more sophieticated diagnoses are now poseible to detect agents of adverse human health
effectc, chewing that heavy metals in the environment may b- a major cauce for concern. Little evidence
is available to indicate that an appreciable amount of heavy =talc deposited on soils entere the food
chain by absorption by plants. It appearc that most of the metals may be absorbed through the leavec.

Heavy metals are influenced by the same meteorological factorc as are radioactivo wastec. Prevail-
ing windo and velocity and precipitation determine how the materials are dietributed from their =tree
and influence their concentration. The heavy metal° which Deem to be of primary concern at preeent
are lead, mercury and cadmium.

Fertt/izers

Fertilizers are one of the primary methoda of improving uoils for the enhancement of food product-
ion. But occaeionally there are contaminante aepociated with them uhich may be a contributing factor
to land degradation, In raw rock phosphates, for instance, the occurrence of radioactive elements has
been detected which, uhen applied to coils, could be conatrued as a form of degradation. Theee
concentrations aro extremely-low. Continued lona-term, high usage could, perhaps, ultimately lead to
a significant eontribution of radioactivity to the coils. However, the phouphatc is generally
considered as a raw material in phosphorus production and the treatment of the raw material eliminate')
to a largo extent the problem.

Detemnts

The effect of detergents on land degradation is perhaps the least of all these diccucsed. There
could be' come detrimental effects froto the use of sewace effluents with large amounts of detergente in



them. Sinne detergents are noted as a dispereal agent, tiiey could create enter infiltration problems
of soils but the widespread abuse of soils in this manner is unlikely. It ie not teerefore conceivable
that the phosphorue entering soils in tho form of detergente would be of any consequence.

Technology

The technology already exists for setting up many of the measures needed to prevent land degradat-
ion. Por example, the technology and standards are already available for the control and prevention
of pelt baildup. Similarly, technology is available for erosion control, oreanin waste disposal, sew-
age treatment and land use, az well as for population control. For one reauon or another, these
control medhanisms or methodz of disposal have not been fully used. There is little intereet on the
part of th, populancc to pay for the cost of treatment or pay more for the things they buy when they
have not been convinced that land degradation or lops of production aas been a factor in destroyinr
the quality of tee environment. In many cases ecientista are blamed both for magnifying a problem out
of all proportion and for not realizing its importance.

Perhaps one of the reasons for this is that the individual has a tendency to think of the environ-
ment in relation to himself. That io, to coneider the microenvironment without considering the
environment in entirety. Another factor is that individuals cave a tendency to think of wastes in the
aggregate and not on an individual basis. For example, billions of gallons of sewage art disposed of
each day, and if an individual leaveo the eicinity for a day, there is hardly a noticeable difference
in the amount of material weich han to be treated. Therefore, he tends to think of himself as only a
negligible contributor to the total and assumes his activity is of little or no consequence.

..!ith the problem of insecto and diseases, technology is in a continual tate of turnover. There
is a conetant need for development and re-evaluation of treatments and resistant varieties just to
maintain a plight load in the etruggle with these enemies.

In some cases, technology is being developed to provide control or preventative measures or establish
standards for levels of certain materials in our environment - specifically, radioactivity, heavy metal,
and industrial wastes. ..fhile in several inetances technology, as a result of recent advanece, is
available to ameliorate the effects of tee entry of such materials into tee environment,answere are not
available for thc solution of all problems.

one of the things that cannot be measured,is the value assigned to one particular aspect of the
environment by an individual who may be more willinG to accept land degradation than to be a party to
the imposition of controls on an industry,which resulta in the loos of income for the individual
employed by the industry. Legislation is one of the techniques avaelable for eutablishing standards
and control and providing impetue for new technology. Tee participation of scientists through the
provision of their technical advice is, of course, necessary. In come cases land degradation standards
have been eetabliehed out of neceszity. Por example, salinity levels and management proceduree were
developed in some places without legislation, as the controls were essential to maintain agricultural
production.

Legislation

There does not appear to be any zimilar impetus for the implementation of meanures to prevent land
degradation. If, in fact, there were economic incentives, many of the problema woull perhaps have
been solved. Legislation can, in one uense, provide economic incentives. Assuming legislative acto
reflect the intereet of the people, implicit in the enactment is the willingness to pay for the imple-
mentation of a control. Legislative regulations can provide for one of two coursea of action. It can
provide for economic incentives for developing technology for control, or provide for payment of the
cost of implementing a control. Both of these provisions are needed and are complementary.

Another approach is enactment of legislation to provide for penalties if certain prescribed standards
are exceeded. In many instances thie approach would leave the burden of development of less costly
tecenology to the entorpriee producing the causative agent of land degradation. Vhile one region may
inetitute such control, not all regions may see the benefit of such action and vould not be willing to
impose the same stringent restrictions.

It eeems likely that the only standards of land degradation imposed at the present time are those
imposed by legielative activity. Teie being the case, then it bocones most important for the legislat-
ive body to provide for periodic updating of tee standards as new information become° available, as
well as for the choice of prioritien and alternatives in land use planning, development and conservat-
ion.



13. Appraiaal

In an appraisal of land degradation, one consideration is its role in the degradation of the other
two resources - air and water.. The causee of degradation already mentioned appear to be among those
receiving tee greatest amount of attention from thc ecientific oommunity. Bicrly has forecast the
chift in activity in pollution research in the United Stats Department of Agriculture and the number
of scientist:3 man-yearn to be expended on varioue cubject oreas by 1977. The ereateet increase in use
of scientiets man-years will occur in the disposal of animal, domestic, and proccesing waxtes. The
next greatest will be in erosion control or Pediment management. Then comes th- control of infectious
agents equally vith the incroane in effort put into tee arca of plant nutrients. Prom the land degrad-
ation point of view, plant nutrients art of little coacequence, but from the etandpoint of taeir entry
into water eepplice they are important.

B. Xnowledge and ito Application

Xnoeledge Gaps

There am certain caps in knowledge raearding the etate of four specific problems. Neil- much in
:eurei and understood of reactions in thc decomposition of organic matter in coils, thie information has
been generally rained through the investigation° of incorporation of crop and animal residurs. Much
of the information relates to the nutritional status of the cubsequent croo when the recidues have
been incorporated at levele which have normally been considered economically feasible.

There is not very much information available on thc effects of loading the soli to dispose of vasto
material and thc effects on aubsequ.nt cropo. Tac concequences of loadine organic :aatea of all ranees
of carbon-nitrogen ratios are virtually unknoene Another concept of considerable importance, but one
for hich very little information in available, in that of the effecte of email amounts of materials
in the soil and their magnification or accumulation in plante and animale. The accumulation in not
necesearily at tee toxic level but at some cubelinical level. In short, does loe level long-term
exposure produce effects equal to those of short-term high level expooure? The qurstion also applies
to pecticidess, radioactivity and heavy metale.

One of thc problema is related to chronic lov level exposure: doce the decae or deetruction rato
reach an equilibrium eithin the environnent end doe° that equilibrium concentration then have an
edverse effect on planto and animals, or does it occur at a low enough leve: to be of no consequence,
aosuming a conetant input? If the input either increaoce or decrease°, hoe doea this affect the
concentration? These are come of the queetions that need to be anowered.

7or erosion control, teem appears to be sufficient technology which could, if implemented, control
e major portion of tae ranoff from the agricultural and forect lands; excepting where fire, lumbering,
and overerazing denude large arcas of eaterehed and ehere ouch operations destroy the stability of the
coil, teue creating erosion problem... Inveotigatione into control of euch eroeion vould be beneficial.
Aloe of interest ie thc waterborne sediment in streamo coming from their banks and bode. Information
is needed rerarding the stability of te banko and bede. If the control was such that only limited
amounts reaceed major rivrre, would the banks and bode aeon stabilize And so reduce the sediment load
or would their pediment continue to be a major contributor to the otream load?

meard to radioectivity, tee increased une of nuclear reactors as power generators make°
necessary invectieatione into the oontinual release of their low levelc of radioaetive smatee.
en eeuilibrium concentration of these matcriale ultimately be reached no has been eaegested and would
thc effect be different from that of a (tingle higher level exposure?

New Technology

Nee techniques will necessarily have to be developed in order to control or prevent some kinds of
land degradation. The incorporation of plant residues of all sorte present different kinds of problems.
eecause of teo intensified type of agriculture in the hirhly productive areas of tee world it is
necessary to incorporate laree amounts of material in the uoil. In many cases thin interferes with the
plantinj and/or development of the subsequent crop. Techniques need to be developed to overcome the
eroblems created.

One of the eroblems with sewace disposal is the degradation of the water, making it unsuitable
for re-use. Information is lacking regardine the extent of treatment noceseary to make it suitable for
eee on irrigated land. Public hcalte lave prevent the usage of raw sewage on vegetable crepe.
eowover, weat level of treatment is necocomry before thie source of water can be used for such irrirat-
ion?



With regard to organic cellulosic wastes from industrial, municipal, outi Agricultural
sources, technology needs to be developed to allow more extensive use of theme materials. In
certain instancee, cellulosic material from agriculture has been used in paper and hardboard
production. Cellulosic .aate from municipal and sources other than agriculture is already being
used. There te also a need for developing techniques for handling and preparing thie material
for entry into a recycling eysters. If large amounts of cellulosic waste could be recycled, it
would ease the problem.

In the case of paper, metal, plastics, rubber, textile, clans, and wood found in municipal
refuse, techniques of segregation are currently under connideration, but there is etill a need to
make this approach economically feaaible.

One approach to the control of eronion would be to develop material which could economical-
ly stabilize the eoil. Thus, wind or water erosion could be prevented without adversely affecting
the soil's productivity.

New peoticides nould be developed which have as their prerequisite a biodegradability,
thereby eliminating pernistence in coils. Preeumably a short-lived pesticide would be as effect-
ive as the current producto.

There in a new concern about the types of contaminante which may be present in some of the
producto used and the foods consumed. /t may become neceusary to develop technology which will
reduce or remove such contaminants from the food supplien.

3. Selection of 41ternatives

One of the key factors in the eelection and evaluation of treatments which provide solut-
ions to pollution probleme ie to select alternatives for investtlation. In some cases socio-
logical and economic factors determine the selection of an alternative. Tac', for inntance, the
accumulation of soluble nalts or alkali in soils. There neem to be few alternatives. One is to
allow the salto to accumulate. Another is to leach the nalts below the root zone. A third is to
use a water source of extremely low solute content. And another is not to grow crops in those arena
where salinity control is a problem. A high quality water supply can provide a solution to the
increaeed salinity content of groundwater, but sometimee, in order to maintain production, it ie
neceseary to leach the salts out. In arras where water nupplies are not of the low electrolyte
content type, perhaps some effort ehould be made to develop a suitable water treatment or find a
different water supply. At current production levels of low cost high quality water it eeems
unlikely that agriculture will bn able to use thie for irrigation for a number of yeare yet.

The alternatives for organic waete disposal are eoil loading, inoincration and recycling
(exclusive of domestic and animal manuree). It may also be possible to redistribute organic
waates in an area comparable to the area from which the material eas produced. Some combination
of alternatives may be best suited for different areaa. For example, in a large metropolitan area
it would seem more reasonable to incinerate cellulosic material rather than rely on the rehandling
and dietribution of it over large areas of land. Incineration also enema to hold other advantage:3.
The residue may be more easily sorted for materials which may be introduced into a recycling system.
The ash may be used as filler for the manufacture of brickn or blocks for building. Much of this
technology ie already available but nome new techniques would have to be developed.

Technology ie aleo available for the re-une of domestic wante water. Municipalities may
be forced to cnneider re-use of water as their sources of mupply may be insufficient to meet
their needs. Providing the need ariees, the cost for domestic water will be paid. The eame eort
of analogy may be applied to agricultural water since people are unlikely to limit agricultural
production but would seek alternative or additional supplieo.

For agricultural and industrial chemicale, both organic and inorganic, there ehould be a
ro-ordering of priorities and a further investigation of materiale to be used instead of those
which are affecting the environment. The alternative to dispersal is collection of wasten at
their site of production. In this connection, the selection of dump sites where the wastes can
be concentrated for complete dispoeal would appear desirable. It may b. possible at some future
date to reclaim some of the wastes, an action which would be feaaible at centrally located disposal
sites.

The technology for control ani prevention of disease and insect problems ie of two main
types: the development of tolerant variotiss and the 1180 of pesticides. Pestcides still provide



a major means of control of insecto and weedo. The application of pesticides for the control of
eoilborne bacteria or fauna, that in soil organisms, :Ate been seecessful to a limited extcnt.
The primary technique for plant protection for soilborne diseases and insecto is the development
of plants which are not sesceptible to the organioms. In the cano of man and animal, immunizat-
ion provide° health protection.

For the fully successful application of technology in combating environmental pollution, it
io neceseary to be able to predict events. Implicit in the ability to prrdict is a knowledge of
the rate at which action or reaction will take place. The difficulty in understanding the inter-
actione of different parts of the environment on each other and how they may be interpreted as
an effect. The idea of prediction on the baeis of evaluation of several variables is of particular
importance with regard to erosion, salt, radioactivity, heavy metal, pecticides, and fertilizers.

4. Criteria and Standards

One problem of applying alternativeu i3 that in many casen criteria or otandaris are not
available for land degradation. In other cases the standards are so rroso and open to inter-
pretation that they are not effective. About the only land degradation factor for which there
are workable criteria ic that for establishing salt and alkali accumulation in soils. Even theee
criteria vary with many ot:ler factors.

In the case of radioactivity, the standards were set under the threat of nuclear zar. In

view of the present political climate and the advances in nuclear technology there is need for
re-evaluation.

Erosion criteria seem to be rather subjective and there are no finite ntandards for thie
type of land degradation.

Standards regarding infectious diseases are largely governed by the criteria of economic
effect on the plant. The relation of inoculum level to a measurable response in the crop is
largely unknown.

The same in true of insecto living in the soil. Thoee living above ground have been evaluat-
ed in terms of population levelo and economic damage to crops and largely effective control
measures have been established. But this is not the case for below ground insects.

Criteria do not exict for many of the other cateeories of land degrading materiale or sub-
stance because they are already preeent in tho soil in a wide range of concentrations in the
natural state. lhat thon cnnstitutes "too much"? This is one of the question° which ill cave
to be answered before effectivr standards may be set.



III. POLICY AND GUIDELINES

Information Collection

In any attempt to solve a problem the first requirement is to identify it. Thio done, it
is neceesary to summarize all available information on thc eubject for application to the solut-
ion of the problem.

It is important to know not only what to look for but where to look fcr it. Tse person
collectine the information should be knowledgeable in the particular discipline. This knowledge-
ability ie of ereat value in the perusal of the literature, since it is possible to overlook
critical research vhic:: to the untrained individual may seem of little or no consequence in its
application to the solution of the problem.

A eyotem of automatic review of journals and texto, etc. ie required, assigning knowledge-
able individuals from each discipline concerned to review a number of publications. Care han to
be taken not to overload the individual who coula be a full-time staff member or, perhaps more
deoirablc, a part-time consultant.

Part-time consultant° are more desirable from several standpoints. First, it is extremely
unlikely that one individual would have command of a variety of language° to peruee all the
literature which may be publiencd on any given subj ct. Second, it makes possible the better
use of te money available for fees as a part-time worker frosts only a fraetion of the ealary of
a full-time employee. Third, from the information eupplied from many individuals, one can better
interpret the international significance of a given problem. The collection system requires
periodic summarizatinne of information. It is of considerable benefit to have the came man
involved for a number of yeare because the periodic summation should include not only new but an
asnossment of the old information.

These summarizatione are necessary to establish new levels or standards and to up-date old
standards as well as to idonty changes in the status of a problem. It is also necesoary to hold
meetings of the literature reviewers, not lese than biannually, to discuss land degradation
problems from the international point of view. This ehould result in international guidelines
being developed. At the oame time such a meeting would provide an excellent opportunity to
initiate replacement reviewer°.

Tne inventnry and distribution of the data thus obtained eould be distributed as periodic
reporto or in tee form of microfilm to each of the major libraries in the 'world and to govern-
mental agencies interested in such information. If required, it may be possible to provide the
reporta on a aubecriber basis.

Goal Oriented Reeearch

The alternative° for providing for adaptive and basic reocarch are: the use of grants or
formation of institute° of environmental investigation. In either case, it is essential that the
information developed through collection and interpretation be eupplied to the persono conducting
the research.

In providing grants for research, moniee should be allotted to task force groupe for the
investigation of one particular segment of environmental ooncern. If poseible, it would be
advantageous to have sa a project leader or co-projeot leader one of tee scientist° deeignated
as a oollector of information. This arrangement could promote internaa and international coordi-
nation of effort.

Tne task &roes would have the multi-discipline approach to tne problem as environmental
research ehould be conducted with consideration for as much of the environment as pees/bit). Au
an aid to tae coordination of a multi-diseiplinary investigation an interagency committeit ehould
be established to select, review, and evaluate projects and collate their findings into a
compendium.

Institutions of environmental research could be fancied in countries with the required
facilities, or if it was deeirable to locate such a research centre in a particular part of the
world, then the necessary facilities and equipment eould be provided along with the expert staff.
Where posoible, theee research institutos should be eotablished where the environmental oondition
to be investigated existo. A committee of experts should select the Bite', determine the
expenditure of funde, and evaluate the projects periodically.



Another approacel to the °election of sitee could be made by requesting proposals from exiut-
ing institutes, agencies, and universities.

The establishment of institutes or task force groups should not be on a permanent basis.
In view of the changing nature of the environment each contract ehould state a time for terminat-
ion. A suitable period for inveetigations of this nature would be in the order of five yeare.
If it was deemed by the selection and review committee that the project should continue, then the
new contract should aleo be limited in duration.

C. Criteria and/or Standards

It should be recognized that in the establishment of criteria and/or standards, the princi-
pal concern is tho effects of land degradation on plante, animals, or the quality of air and
water renources. The euitability of standards will depend largely on the ability to develop
oriteria which can properly measure the effects under a variety of conditions. For a given not
of environmental oonditionu the environment can utilizo or absorb a fixed amount of a compound
material or element without becoming degraded or resulting in adverne effects. Principles govern-
ing the reactions of the polluting material with the environment need to be determined in order
to be able to predict effects. One of the ecnentials of developing predictions ia the anderstand-
ing that principlea never change, conditions change, although it must be borne in mind that mane
understanding of thoee principles may change.

Thiu, for example, partly accountu for the wide oonflicts which occur in the literature
regarding nitrate appearance in surface or ground waters. Tnere are conditions which are favour-
able for the movement of nitrogen into water supplier; and accumulation there. At the cano time

there are conditione under ehich nitrogen does not move into ground or surface water. This

example in uaed to point out the necessity of developing adequate criteria for establishing
ctandarde.

In outablishing criteria one can view matter an being involved in a largo equilibrium with
the resource triangle of land, air, and water

AIR

LAND "/ATER

For a particular entity, it then becomes nececuary to define the rates of reaction or
equilibrium with the otacr resource. The equilibrium concept assume° a decay or remova from one
resource and inclusion in anoti,er.

Except for the case of radioactivity, which might be artificially produced, there is a
finite world concentration of an element which exista in an equilibrium. Te equilibrium concept
has been tined for the inveatigation of parto of our environmsnt, auch as nitrogen or sulphur
cycles, but to consider the total input and output from a reueurce into another reeource has not
been dono for the environment as a whole.

it ill recognized that in many inntancee there ie the need for standards before criteria can
be developed from adaptive and basic reuearch. Such atandarde should be used only as a guide for
environmental quality; tIlerefore they ahould be established in line with current abilities to
evaluate and oontrol a particular entity in the environment. As more information becomes available
the standards should be acoordingly changed.

The initial eetablishment of guidelines should be done with a wide base of approval. Ono

.ay to do this is to oollect information regarding standards for eadh of the propoced environ-
mental factory. This could perhaps be one of the firot efforta of the people aelected to collect,
interpret, and inventory land degradation information. The purponen would be to determine ranges
for standards which are carrently in practico without regard to criteria necesoarily involved in
obtaining or arriving at a standard. It should be reemphaaizel, however, that provision must be
allowed for change when new information regarding the level fa obtained, an well as for establish-
ing the standard within the current abilities to control or prevent land degradation.

Once tne information in obtained on current ctandardn, a compendium committee composed of
sociologiste, medical doctore, veterinarians, agronomists, soil acientists, economista, food
technologists, lawyers and otern, should meet to eatabliah, if poouible, the initial standards.



Another approach would be to request member nations of the United Nations and non-members to pro-
vide such information as they have regarding standards for the environmental problema being considered.
Each nation would also be called upon to list the recognized authorities in their country for each of
the disciplinnu named. These people would be among those to Or considered for appointment to tne
compendium committee which would establish the initial standards. Members for the committee should, of
course, be recognized as the best authorities available. Regional, environmental and cultural factors ani

and cost benefit ratios must be taken into account in establishing the standards.



IV. ACTION poLrcii

Priorities

The land degradation problema discussed in previous eectiono ef ;his paper are listed belOw in
three categories. 'erhile the ranking within a category may be oubject to interpretation from the land
degradation point of view, it is believed that these categorieo represent tnree diotinct levels of con-
cern; therby establiahing priorities for action in relation to land degredation problems and their
worldwide influence. Within specific equilibrium recions, one or more of the causee of the problem
may asoume greater significance in relation to the °teem within a category. It is also recognized
that in a specific instance a cause of a problem may aseume the highest priority requiring immediate
remedial action.

If land degradation control measures are to be implemented it will require the joist participation
of government, scientists, and laymen. One of the integral parts of the action programe in communicat-
ion between these three groups. It is of critical importance to eliminate possibilities of mieunder-
standing.

Social Implications and Education

The scientist should describe the action to be taken in terna familiar to everyone and not in terma
understood only by other professionals. There is a need to educate people in the necessity of control
measures and management of the environment.

Where the educational level of the people is low, the programme may have to be conducted by audio
means. One of tne important changes which will have to occur with recard to land degradation ie tho
attitude of tnose who, at present, do not see the need or are indifferent to the problem.

Suggested Priorities for Uorld Land
Degradation Problems

Category Causes of Problem

Category I Erooion and Sediment
Salts and Alkali
Organic Waste
Infectious Diseasou and Insecto

Category II Industrial Inorganic easte
Pesticideo
Radioactivity
Heavy Metals

Category III Fertilizers
Detergents

In the implementation of an action programo, care must be taken to prevent pollarization of groups
with opposite points of view or with legitimate concerno about the effect of theoe control measures on
their livelihood. Care must also be taken to prevent group identification with a problem. For example,
high ratos of refuoe disposal might be considered important by people of the middle and upper income
groups but of little or no interest by people of lower income groups.

Need for Alternativeo

One of the basic reaeons for failure to comply with standards by industries or persons is tnat the
standards are too stringent and there ie no mechanism for effecting the control, no alternative allowed
in this event, and no means of absorbing immediate increased costo.

Mere is little doubt that cleaning up the environment io going to increase mite for agriculture
and industry. At the present time, if many of the proposed mechanisms for waete disposal or prevention
of land degradation were implemented, agricultural and industrial production costs would increase
considerably. Agricultural and industrial wets are rapidly coming to tho point where increased prod-
uction can no longer offset increased costa. Consequently, alternative policies need to be established



to alloe the eilont possible latitude for adaptation of control meas.:rya within accepted standards for
varios region°. Government and private enterprise must work together to establieh suitable alternatives.

One of te problems of eetablishing uueh alternatives in the multi-disciplinarian aepects of the
environment. There should be provision for the establiehment of a coordinating group within each agency
responeible for collating the information obtained from varioue reneareh groups and determining the
implication° for environmental quality. This committee would be similar in action to the previoucly
discussed compendiun committee. /n the establishment of alternative approaches, it would be necessary
to make provision for emergency eenditions end tee procedures to be followed where euch events occur.

National and International Controlo

The implementation and enforcement of control measures need tax monies to support them. Tne collect-
ion and distribution of tax money requires legislativo action. Even if individual aseesned themselvee
to provide money for pollution control it would be undesirable. In some regionn, because of thr:ir
effluence, they would be able to buy more control tnan the people in otner regions. This is an ineffect-
ive way of controlling land deeradation cince certain aspects are not influenced by boundaries. Taxation
therefore an a source of funde in n^cesnary.

In some casen the activity of a nation may produce a caune of land degradation of eorld concern.
For (Rich situation° it is neceesary to eetablieh international standards weich can be enforced. The
assessment of concern regarding sucn problems of land degradation and persuasion to commitment by nstione
to llop:ement controle should be a function of tne United Nationn. Assuming an acceptance of the proponed
standards, the individual nation° would have to enact the appropriate legislative action.

In national eontrols of international or regional significance, the standards might nave to be more
stringent than the general standardn. For more local controls the utandards need to meet competing
demands and the ascimilative capacity of Vie land, air, and water resources available. Flexibility met
et allowed local government°.

If maximum standards wore accepted internationally, obviously the subsequent legislation and en-
forcement vould have to take place at the national level. However, in the legielation there would have
to be provision to allow for monitoring by an accepted world organization as the meane of double chocking
tse offectiveneee of the control measure!) on the environment.

In many inetanees local authorities (as, say, 3tate governments) do not have the expertise available
for the establisnment of standards or guideline°, therefore national governments and international
agencies should provide leadership in the entablishment of standards for all phases of land degradation.
But, as already pointed out, locally applied standards, penaltiee, or control° muet depend upon the
status of tec problem in each area.

Tho necessity for world coordination of activities in the control of land degradation specifically,
and environmental quality in general, has been recognized by the United Staten National Academy of
Science°. One of their recommendations nas called for the formulation of natural resource policies for
the nation, continent, and world through whatever governmental etructures or covenants that vould beet
serve the purpoee. The neceseity of cooperation and agreement upon international legislative action°
to control the world environment cannot be over-emphasized.

1.;conomic Imnlications of Policies

As previously indicated, the cost of implementing land degradation controls is a primary inhibitor
to the application of technology to the solution of current problema. The alternatives for aepigning
costs for tee implerentation of appropriate control meaSureo are: to assign the cost of diepocal to the
producer or to assign cost° to the user through the use of tax money. In either case the user pays the
coot.

In those industries for vhich the implementation of controls would create economic dioaeter, inter-
national and national funds uhould provide for the immediate application of technology for the improve-
ment of the environment. These funds enould be lent at the lowest possible rate, with repayment on te
nout equitable basis poseible,consistent vith good financial management.

Thoee countries or industries requiring financial assietance nhould submit to the lending agency
a plan of implementation as a condition of the aeceptance of financial help. The plan would have to be
approved by a regulating agency, perhaps the compendium committee, as providing suitable and proper
methods for tackling the problem.



!epnitoring Syetem

As it is not likely that a medical doctor would be able to discuss authoritatively or be in a
position to predict nitrogen transformations in eoil and its movement into tne groundwater or a soil
scientist diagnose methemoglobinemia, tnere if3 the need for experts of several disciplines to determine
which measurements are required to be able to diagnoce the status of an environmental problem. In some
cases it may be necessary to &epees the esthetic quality of a cause of land degradation. The question
then arises, how do you measure the esthetic Tualitee? Since this is a matter of personal and subjective
judgement, te only reaeonable approach is to rely on public axpreeeion of coneern.

A monitoring system should have two principal eoncerns: the rate of change of a variable, and the
level of concentration. The rate of change is of value in that it can forewarn of land degradation
problema. Establishment of the level is necessary in order to evaluate compliance witn existing stand-
arde. A monitoring system could be part of the normal activities of an Environmental Research Institute
(as proposeC or of a nation. knother poueibility is the use of euch a system through thr establishment
of groupe of experto at educational institutions, private research laboratorios, and industrial labora-
tories. A monitoring nyetem should be part of an international and nationally coordinated syntem. The
systeme should complement each other, eliminating much of tee duplication effort, teerefore reducing
costa. Monitoring information should be supplied to each of the participating agencies as well as to
non-participating regulating agencies.

Expert participation in the monitoring programme is required for two main reasone. First, in many
instances it is difficult to distinguish between effecte resulting from several probable causes. Because
of the similarity of effects it is necessary to interpret the data, a job beet done by experts. Second,
analysis of te information collected to determine its meaning with relation to changes in levels and
rate of change in needed and ehould be forwarded to tee proper agencies for implementation of appropriate
action.

Tne experto anould have trained obeervers and technical nelp to aseist in the collection of infor-
mation. Assistance from automatic recorders would allow the monitor to obtain more information from a
wider area, possibly reducing the large number of monitoring experts required.

Strengthen Zxisting Organizations

As already suggested, it may be feasible to fand additional staff at establisned educational ineti-
tutione or governmental oreanizatione. In many countries, there already exist arrangements for providing
assistance to, and the education of persons involved in, the management of their environment, as in the
case of the farmer who is reached through a series of educational and direct assistance agenciee. In
general, urban planners and industrial managers have not had similar organizationu to call upon. It is
desirable to broaden many of the existing organizations to provide for a wider public. The initiation
of such an educational and techninal assistance system aseumee that the agency or the people concerned
are associated with the control problem and would receive all available information on environmental
standards.

If the cost were to be borne by the government, therewould be a greater necessity for the type of
staff capable of adapting control measures to a variety of conditione. In this case the educational
programme takec on a different light and becomes a "now to operate" drive.

rile pattern and functions of an Agricultural Extension Service might serve as an example of an
organization to provide technical assistance, as well as education regarding the environment. Many
countries nave sueh organizations into which the envirynnental specialiete are easily fitted. In many
instances, especially with regard to land degradation, much of the expertise in solving land pollution
problems already exists in ouch types of oreanieations.

As part of am education programme the applied techniTues of control methods may be demonstrated
thraegh pilot &tulles. There is not so much the need of facilities for this as there is for staff of
sufficient expertise to be able to demonotrate and discuse environnental control.



V. LEGAL AND INSTITUTIONAL ASPECTS 1/

Legal and institutional aspects of land, including soil degradation control, are important compon-
ents of the whole rango of problema relating to the rational use, management, and conservation of the

land. They constitute a means of implementing policy decisions to promote development compatible with
the need for conservat ion.

These components may be viewed either at the different levels at which they operate - local, reg-
ional, national, and international - or according to the functionc they perform, such as in policy mak-
ing and in executive and control matters or with reference to the specific character of the factors of

degradation involved.

The problem is to see how beat to devine a methodology for coping with all aspects involved and
which are inter-connected, inter-disciplinary, and inter-oectoral.

In their present status, legal provisions to control land and soil degradation as well as the
related institutions responsible for such control are, generally speaking, use or min-use oriented;
such is the case of soil conservation legislation and institutiona, watershed and drainage legislation
and inatitutions, municipal and urban lawe and institutions. It in submitted that such a sectoral

approach may not always be conducive to adequate planning for the rational development and conservation
of the land. Land and soil conservation legislation and institutions should be viewed within the larger
land use planning; the purpose of which is to enaure harmonious and adequate allocation of land and
soils for agriculture, town development and housing, industrial development, recreation, etc...In turn,
land use planning lawa and institutions will form an important component of the overall national plan-
ningof available natural resources such as water, minerals, bioresources, air and human beings.

The legal proviaions relating to thc control of soil degradation are more specifically aimed at
eneuring the protection, conservation, and reclamation of soils in order to satisfy present and future
demando for every purpose of utilization, taking account of the constraints imponed by population grovth
and behaviour. But unless there in a definite policy regardin6 land as a basic and essential natural
reaource the investigation, utilization, and conservation of it will be retarded, misdirected and waste-

ful.

Consequently, some countries are considering establishing basic land and soil policies which vary
from country to country according to the apecific needs and factors prevailing locally. Declarations
of policy are contained sometimes in constitutional laws or more generally in laws regulating land use,
soil conservation, agrarian laws, etc. In many countries such policies are often contained in land
reform laws.

A. Existing Situation

Although the importance and urgency of the problema related to land and soil degradation have been
generally recognized in most countries, legislativo action to meet such problema its relatively recent.
There is a clear tendency for such legislation to expand ita scope but in many cases it remains incom-
plete or even non-existent, and emphasis is mostly put on aoil erosion.

Soil conservation legislation ie most highly developed in the United States,in European countries,
and in India, Japan, Pakistan, and Australia. Certain European countries, such as France, Western
Germany, Switzerland and the Scandinavian countries have a long tradition of soil conaervation and
have improved their legislation on the subject over the years.

In certain Asian countries, recent legislative action combines soil conservation and agrarian
reform meaaures - and tends to be of a more compulsory nature, thus falling into line with the trend
of numerous other legislative systems. In the same region, Japan, Ceylon, the Federation of
Malaysia and India have specific legislation for the prevention of noil degradation.

The Latin-American countries are becoming more conscious of soil degradation in view of the
increasing pressure of population and have adopted national land, soil and water conservation
programmea. Mexico and Venezuela for instanee, have a soil and water conservation law which provides
for the adoption of measures aimed at controlling soil degradation (31.12.1945). But, generally
speaking, provisions on soil conaervation are contained in land settlement and land reform legislation,
as well as in legislation dealing with other natural reeources, auch as water.

1/Prepared by the FAO Legialation Branch, Legal Office



A similar situation in (duo frequently to be met in certain Near Feet countrieo, although the
relevant factors on the problems poned by land degradation are eometimou different.

The United States nave an extensivo experience with aoil conservation,
cinco the conoervation programme in based on the Soil Conuervation Act of 1935.

In Africa, uoil conaervation programmes have recently been adopted by Mali and Zambia, and are
being actively carried on by many other countries.

The common feature of the leeinlotion reviewed
are, inter alia: limitation of individual ownership
ion; exerctree of the right of eminent domain; otate
Theue concepto are apt to deal with ouch recognized
created by new factors of degradation would require

B. Infrautructural Constrainte

above to that it in boned on a few concepts which
and rights of une; control of land and exploitat-
ownernhip and control on foreste and crazing lande.
degradation agente an water and wind. The problema
a different set of measures.

From an analynia of the present situation it in notable that there are many inetitutional and
infrastruotural constraint°. Particularly, since eoil conuervation adminietration ia generally une or
function- orionted rathor than reeource-oriented, thero io an impeding obatructive or rotarding effect
on the control of land and soil degradation.

Traditional and modern infraetructurea of human society or community,especially an regarde their
legal and para-legal forma, happen to affect in a negativo way tho diutribution, the development, and
the protection of land and ooil.

Thew.: traditional conoepte of owneruhip, rights of une, and wayn of acquiuition of such, may lead
to elusive and abusivo utilizatione of soil and eubuoil. On the other hand, traditional eocial
reutrictionu (tribal and feudal eyetento on reeource utilization) and relieiouo reatrictiona prevailing
in many developing countrieo prevent an adequate development of Boil, with the consequence of ita
deterioration.

The same observation iu true of modern conceptu related to territorial uovoreignty and pOitical
boundariee, and federal, °tote or local divieione which do not take nufficient account of ecological
or natural unitu.

As has been mentioned, coil coneorvation adminiotration is use or function orientd. Thia con-
copt results in a nectoral approach of problems related to eoil degradation control. In most countrien,
noveral minentriea or departments, as well an sometimes autonomous or oemi-autonomous authorities, are
directly or indirectly reeponoible or interented in eectoral aepecto of soil conservation and control
of ooil degradation. These generally include Miniotrieo of Agriculture, Public Worka, Planning,
Transport and Communicationo, Public Health, and such authorities ronponuible for ourveys, land une
planning, development and conacrvation of Don, water management, afforontation, crazing, fire control,
etc.

The reoulte of this situation are highly detrimental through lack of efficient planning, overlapp-
inc of function° and reeponuibilities, wapte of financial and human reuources, and uncertainty an to
tee successful implementation of projecta.

C. Land and Spil Degradation Control and Conoorvation Legiolations

Land une legielation in general, and coil conservation lecislation in particelar, are the moonu
through which it in possible to implement the docisiono and orientation framed at the national level
by the policy making bodice, on the basio of the political, technical, economic, social, legal and
inotitutional factors prevailing in the country as regarde the various requirementu of coil protection.

Adequate legislation uhould neceeearily include provioions with reopect, inter-alia, to the follow-
inc items:

( i) Clear statement-of purpose; it should not limit iteelf to propone conservation of
land in general but ohould identify thc vrioun approachon (p\lyeical noonomic)
tO he adopted, as well ae the lovol of coneervation to be practised.

(ii) Identification of tho variouo pol/utanta and degradation egento and the monearen
to apply to control thnm.



Establishment of prioritiee (agriculture - municipal - zoning -
industry) to prevent conflicting policies and actions, eupecially
when agricultural production is at issue.

Power to declare protected sones or areas in the case of emergency
circumotancee, and the right to control and prevent waete, misuse, and
over-exploitation.

Government financial contribution° or participation through tax exemptions,
subsidies, credit facilities and compeneatione.

Creation of institutions and authorities responsible for land and soil
conservation policy-making, execution, and implementation at any required
level (local, regional, national) commensurate with tne countries' mean°
in terna of finance, utaffing, etc...:

Coordination and interconnection between different legal enactments directly
or indiretly affeIting land and soil, sucu as: land reform, land settle-
ment, mining, urbanization, protection of landucapt, foreetry and water.

Educating the public to appreciate land and soil conservation.

Implementation and enforcement; police powers; eettlement of disputes;
penalties and °miler factors.

Since uoil conservation legislation is not tail abstract and easily tranuferable set of norms,
and in view of C.e prejudicial impact it may nave in certain cases upon tho whole management of lend
reaourcee development and utilization, it muet be conveived as a direct implementation of land use
policy and treated as such. Further, land use plannlng must Oe viewed within the framework of the
overall national planning of all available and related natural resourcea.

D. Land and Soil Control Ineitutione

Legislation by itself dove not constitute the panacea for eolving problems connected with soil
coneervation, and will be ineffective and inefficient if not complemented by adequate tructures, which
have to be coneidered at any required level.

1. Oreanization at the National Level - Appropriate institutione are required to leal, at the national
level, with the rational use and management of land and eoils. This could Be achieved by establishing
a National Land Reuource Council or Commission responsible for dealing with the overall policy aspecto
and the technical, economic, und legal aspects of land and uoil development and conservation activities.

A Land and Soil Council m.ould be composed of those ministere having sectorial responsibility for
soil and land use. Such a body snould ensure coordination at the highest political level for: framing
the overall land and soil conservation policy of the nation, determining priorities, and deciding on
actions to be taken to control land degradation.

A Land and Soil Board or Commission should be composed of varioue eFecialiste responsible, in the
varloue departments and authoritieu, for sectorial aspects of land and soil development and conservat-
ion activitiee. Thie body should ensure an inaiitutionalized and compulsory inter-ministerial coordinat-
ion, and assume advisory and/or executive functions.

The action of the two above mentioned bodies should be complemented by a Central Land Adminietrat-
ion, with functions inter-alia to:

execute the political and technical decisions taken by such bodies;

evaluate and coordinate the project° related to land and soil
development and coneervation;

etandardize and pool information and data relating to land and soil,
including degradation;

prepare a plan of actions for the rational use, management, and conservation
of land and soil.



2. Orgnnization at the Lower Level - Regional inetitutions may be envisaged, either as Branchee
or Departments of a unified land and soil coneervation administration or as more or less autonomoue
bodies. Such lower level institutions should follow as much as possible ecological and national
conditions.

At the user's level, land and soil conservation should be eventually placed under local leader-
ship by means of soil conservation districts, whose function should be to assist and guide the
population in nolving problems related to the control of soil degTadation.

E. International Legal Machinery

Legal action at international level to ensure adequate control over land and soil degradation
can be undertaken (1) through separate inter-states conventions andtreatiee, (2) through a basic)
framework treaty establishing uniform legal standards, or (3) through legal assistance provided by
international organizations.

International conventions - thie traditional method may be of limited application because it
laks tlexibility, whereas many problems related to land and soil degradation control requires
solutions subject to constant up-dating and adaptation to technological changes. On the other hand,
such problems often require simultaneous action at the national and local levels, frequently affecting
private rightn, thus entailing the conversion of international treaty texts into national laws and
regulations.

Enactment of international uniform standards - This method Depurates the "basic treaty" which
provides an institutional framework from the "technical rules" which provide detailed standards and
can be periodically amended by an international expert body without requiring further formal
ratifications by member otates.

This flexible formula has been widely utilized in recent years by international organizations.

Legal aesistance - This wa,y of action, which consist° mainly in providing aosistance for the
drafting and administration of more reeource-oriented land and soil legislation, is especially adapted
to the needs or developing countries.



VI. RD( En I.aLF.A.SLYRI

There are several degrees of action which can be taken for controlling land degradation.
Degmdation ituelf may not appear to require emergency measure°. However, there is a difference
between emergency measures and the need for immediate attention. Emergency measures implieu the all-
out concentration of activity to correct a nituation or provide a control. Immediate activity
implies a need for rapid application of technology to prevent the degnidation problem from reaching
emerAency statue. This definition applies to Category I.

There will be eome isolated critical areas needing emergency attention as, for example, in an
accidental release of radioactive waste or the disposal of industrial or domeetic affluents in such
a manner as to create an immediate degradation problem.

In a sense, all ten degradation problems listed require immediate attention. The reason for
separating them into throe categories is to lint the priorities if resourcee are not available to
provide solutions at the eame time for all ten.

A. Category I

Erosion ie one of the most widespread forme of land degradation and is of general concern. The
fact that erosion generaly occurs rather slowly and may not create immediate problems is one of the
reasons for it not being considered for omergrocy measures.

As pointed out previously, large navings can result from implementing control measures to
prevent soil eroeion. Such controls consist of those techniques for preventing soil loes and surface
runoff in watersheds. Current control measures include the use of various forme of mulches, primarily
crop residues to prevent Boil perturbation by rainfall. The dieposal of organic wastes too may prove
to be an effective measure for controlling soil loss. It is not likely that the same approach
can be used on non-agricultural lands because of the inability to incorporate these materials into the
soil, thereby creating an esthetically unsuitable condition.

Preventive measures consist principally of structural and cultural techniquee to retard and
stabilize the soil and lessen the erosive force of wind and water. On forest and grasslands, the
principal measures consist of controlling fire° and over-grazing and of reseeding. rheee areas do
not readily lend themselves to the use of organic waste or mulches. The cost of implementing
control measures varies from perhaps u email amount for changing A cultural practice to a much higher

one for using organic wastes and mulches. Techniccies need to be developed or improved for the
stabilization of dieturbed soils and of e'.ream-bede and etream-banks, these latter being among the
major eourcee of sediment load for Larger etreams and rivers.

In the case of salinity and alkalinity, saitable criteria and standards have been established
and effective control measures are incurrent use in some areas. In other areas, such technology has
not been practiced although control measuren are available at coste which are economically feasible.
In some inetancee, salt or alkali build-up can be prevented by proper irrigation management with
knowledge of a plant's salt tolerance, the salinity level of the water, and soil characteristice
which promote good drainage and leaching. One of thedilemmas in which agriculture finds itself is
how to accomplish leaching without moving the salt into the groundwater, thus contributing to its
degradation.

There are eesentially two approaches to regulating salts in soils: (1) the use of nearly pure
water for irrigation, thereby eliminating the salt load added to the eoil, and (2) a requirement that
agricultural water eupplies consist only of thone unsuitable for uses at lower salinity levels. The

latter Approach is not the most deeirable but is the least coetly since the use of pure water may
require sophisticated water treatment techniques. Even left pure water, there would be certain
irrigetion management problems to be overcome as, for example, a lowered infiltration rate resulting
from the use of low electrolyte content water. The length of time required to overcome thiu physical
phenomena, if it can be overcome, is not yet known.

With organic waste, the immediate concern is to use carrent technology in the treatment of these
nateriale. Current technology is capable of disposing of the present levels of organic waste°, but
the costs of such disposal prohibits this. Incineration and re-cycling eeems to be the two most
desirable techniques eor handling the wnstee. Incineration would, of coarse, have to comply with air



quality standards. The immediate action should be to pass legislation for control metsuree adequate
to meet established standards and to provide for coste of implementation. In many instancee,
municipalities and industries Pave already establishei incineration or other disposal techniques.
These should be evaluated for acceptability in the light of eatablished standards and adequacy for
handling an incretsed volume. Where necesearyaflands for exTansion or improvement of existing control
measures should be provtded. In some GA808, technical as well ¡Aix monetary assistance will be required.
It may also be necessary to provide for operating costs in the initial stages until support can be
obtained througa local legislation. Part of the coots of implementation, operation, and maintenance
may be aosigned on the basic of national and local participation. It could conceivably be of inter-
national interest to participate in the irplementation of control measuree, in which case aid might
be provided by means of technioal assistance or financial help, or both.

Organic wastes from agriculture require a different set of controls. Once again, the technology
is available for the disposal of these wastes, but the costa involved prevent its widespread use.

The disposal of domestic sewage is another problem of ireediate concern, moetly to do with water
rather than land degradation. The by-products of treatment plants at well as raw sewage ultimately
are disposed on the land. Part of the coot of operation should include the additional cost for ldnd
disposal.

Curative measures consist of educating the public to persuade them to limit their use of cellulosic
waste and to stress its reuse. An eduoational programme may stress such matters as the reuse of paper
sacks or boxes and the voluntary aegregation of refuse to permit introduction of thie material into
a recycling system at minimum cost. It is not likely that the volume of human and animal waste will
decrease, so there is a need to develop more economical techniques for handling this material. The
use of reclaimed products from such wastes would require an extensive educational programme to gain
acceptance. For example, sodium chloride (tibie salt) could be reclaimed from animal and domestic
wastes. This is but one exmmple of many such uses of the minerals contained in theee wastee.

4. The ranking of infectious diseases and insects along with other sources of land degradation is a
problem. As infectious dieeases and insects form a population of organismo which have always been
present in soil, is their presence a form of degradation? Or, is land only degraded by the introduct-
ion of an organism into a soil previously uninfested by that organism? If one aseumen the latter,
then infectioua organisms would rank rather low in the area of land degradation. On the other hand, if
the presence of infectious organismo in soils constitutee a danger to crop production and animal and
human health, then their ranking would be high in relation to some other forms of degradation. In the
most strict and critical sense, they do not conatitute land degradation but they do form a constituent
of soils and their activities do result in severe economic lossee in termo of crope and health; therefor*
they ehould be considered high on the list of those items requiring control.

Current control methods dealing with diseases and insects seem partially succeesful, and the
cost to the producer is relatively low whea considerIng cultural practices or biological control
techniques. The use of eoil fumigants and other pesticidee represent a cost of production which can
rings from relatively low to very high. Soil fumigation for the purpose of growing strawberries is
an example of high cost.

The control measure which seems to have the greatest hope is the development of verietiee of crope
tolerant to infectious organisme or insects. Along with future development of euch tolerant varieties
is the need to aleo develop more specific pestiaidee with lower toxicities And greater biodegradability.

B. Category II

The land degradation problems presented i Category II represent a lower order of magnitude
and relative importance because of their lower extent and intensity, or rete of increase, or both.
This oategory should not compete on the eame level for facilities and financial aesistence with
Category I. But this does not preclude the possibility of Category II materials constituting a very
real land degradation danger for a locale; which may make it necessary for national and internationAl
funding agencies to provide for the use of area control measuree in critical cases. But there need
not be the serie degree of general investigation and concern as with the Category I problems.

1. With industrial inorlanic waetee the principal control measures consist of containment, reuee,
or treatment before releaee. Each of the three methods increese costs and the consamer either pays
higher prices or higher taxes.



Future measurer' should centrist of improved technology to permit a more economical operation.
Perhaps such an economic incentive can be provtded so that previously anwanted wastes become desirable
and natural resourcee. This may come about through the introduction of new technoloa for the
treatment of heretofore unusable or unwanted byproducts.

The appearance of pesticide residues in plante and their persistence in soils has led to concern
about the upteke of these materials by plante and their redistribution into water eupplies. However,
under normal usage they constitute very little danger as a form of land degradation.

In many instances pesticides are used as a preventive rether than as a control measure. This

is especially true of fungicides and systemic ineecticides. Becauee of an inability to predict
aumaetely when and where an infestation may occur this is a necessary feature of their use and it
is unlikely there will be any change in this practice. Perhape bench mark data may be obtained to
ascertain when and if these pesticides reach unacceptable soil levels. This approach requiren
investigation to eetnblish such limits.

A third approach is to not use peeticides at all but much more work ie required before tolerant
plants or other biological contrels can be developed. In nome cases it may even be impossible to
develop a useable biological control method.

The development of more specific and leer; persistent pesticides is necessary to alleviate the
present concern. Pesticides of greater specificity nay require more frequent applications of
different types than in necessary with the broader spectrum pesticides. In addition to more
material, poeeibly of a toxic nature, being presen',, both the cost of materials and of application

would probably be inoreaeed. For peeticidea generally the principal control is the use of the
material in the prescribed manner.

The widespread distribution of radioactivity, even though extrerely low in intensity, is the
principal reason for its incluzion in Category I. There is aleo the possibility of its growing
in importance througa the increased use of nuclear power generators. With regard to control
matures, this is one instance where international and national controle and standards have already
been established and are being implemented. Also, etringent preventive measures to control nuclear
¡mete release into the environment have already been imposed. The contro/s and preventive measures
and standards were established when the principal concerns were the threat of nuclear war and the
possibility of accidental releasee of radioactive wastes. While the former threat seems removed,
the letter remains an ever present possibility. There is aleo today a questioning of the adequacy
of the standards in relation to low level chronic exposure to radioactivity and the entry of radio
active elements into the food chain of man. The apparent need, then, is to eetablish the level
at which accamulation becomes a hazard in the food chain. Perhaps this sort of information is
already available but is not Renerally known. If it is available, it should be conveyed to the
public to allay their fears.

Heavy metele are natural constitaents of soils and ere similar in that regard to radio-
activity, and like industrial inorganic wastes, they are eenertlly concentrated in areas surrounding
population centres as n result of man's use of them.

There are reports of uptake by plants of toxic heavy metal at relatively high concentrations.
There are also reporte that some plants do not absorb heavy metals at all. The confusion lies in

the differing abilities of plant species to exclude or absorb certain elemente a mechanism not well

understood although often demonstreted. Also, it has been pointed out that in eome of the inotances
where heavy metals are absorbed, they do not represent toxic levele in plants. In other, where
absorption reaches a toxic level, there is a builtin mechanisa which prevents the plant reaching
maturation. This Also prevents the use of that plant as a food noarce, thereby eliminating it as a

widespread health hazerd.

As with the other land degradation soarces in Category II, there nay be critical areae where
imaediate implementation of control measares are necessary. Known control measures are similar to

those used to combat the effect of radioactivity that in, the dilution of the heavy metal primarily

by soil manipulation.

Preventive mensures consist of containing these materials at their nource where they are
derived from industrial uses or eliminating them from materials used by people. It may be necessary

to develop replacement materials for those heavy metals which are deemed hazardoue. Replacement



metals or other materials should be investigated as to their effects in the environment before
being so used.

C. Category III

This category contains thoee sources of land degradation which are of the lowest priority.
They constitute no widespread immediate hazard nor are there numerous ieolated arete needing
attention. With fertilizers, there are two of main concern - nitrogen And phosphorue.

The movement of phosphorus in soils in extremely slow and, except for its movement into surface
waters in association with sedimente, it does not constitute a hazard to land, air or water. Its
presence in water even in association with sedimento ie in extremely low concentratione. There in
also mounting evidence that phoophorus in water in not the controlling factor for eutrification of our
surface waters.

The principal concern of nitrogen in fertilizert is with inefficient use. Through inefficiency,
high levels of nitrogen may accumulate in plante, resulting in toxic levels for animals. However,
this toxicity has not been demonetrated for humans.

The excessive application of nitrogen may contribute, under certain conditions, to the nitrogen
content in surface and groundwater supplies. But there have aleo been several investigations
which show that, under some conditions, even with exceseive use, nitrogen from fertilizers does not
reach such water supplies.

Along with oxygen and silicon, nitrogen is one of the most abundant and ubiquitoue elements in the
world. Methods for controlling and preventing nitrogen concentrations through fertilizer unage
call for the efficient use of the fertilizer. Considerable information exists concerning the
techniques for such efficient use which resulte in savinge in production conts and usually increteed
production.

FUture meaeures for prevention of land or water degradation coneist of developing criteria for
predicting nitrogen movement under a continuum of conditione regardless of the source of nitrogen.
The development of soil and tieeue teeting technique° will assist in ascertaining optimum ratee of
application and timing of ;Ipplication to promote most efficient use of the element.

Detergents are of a minor importance in land degradation. The principal adverse effect
which could be created by the une of sewage water containing detergents would be the aesociated
sodium and its dispersing effect on eoils. The phosphorus in detergente, although more water
soluble than sediment associated phosphorus, is not, AO already pointed out, the principal
contributor to eutrification of water.

Finally, it should be stressed again that the three designated categories of land
degrtdation problems do not repreeent a permanent aspignment of prioritiee, but are a temporary
aseensment. The maximum time that theee should be considered in their present category in five
years. At the end of that time there should be 3 re-tesesement of categorice and a re-assignment
of priorities in relation to the current need. It is hoped that, as a result of successful
alleviation of some of the present day problema, the prioritiee will not then be the same.



1. SALTS AND ALKALI

uriarr
The most classic of land degradation problems that has faced man around the world has been that

of controlling, preventing, or reclaiming saline and alkali soils. Ueually, saline and alkali soils

I are associated with arid and eemiarld regions where rainfall is not adequate to provide leaching of
the soil profile. This does not preclude the possibility af finding them in other areas. Blovekya

1 finds ealine soils are common to the meadows of Takutia, USSR. The salinity has accumulated due
to poor drainage renulting from a rather shallow multiannually frozen parent material usually at the
10 to 30 om depth. Another feature of the arid and semiarid areae of the world is that in order to
have agricultural production in these areas the :Jolla have to be irrlgatea.

Egorov et al found that one of their main probleme of irrigntion farming in the cotton belt of
the USSR vas that of nalinity. From 1945 to 1961 the amount of weakly and medium saline soils increas-
ed from 49.6 to 85 percent. In a second oategoryscalled strongly saline soile, the percentage
decreased from 50.4 to 15 percent of the Vakhsah Vftlley. Thie is the kind of trend in salinity which
has been observed in other are-as of the world. That ie, the etrongly saline sollo are generally
reclaimed in order to obtain production, whereae the producing nonsaline or weakly saline soil has
a tendency to accumulate sane.

In developing 4 soil map of the Near Eaet, Dudal found the most characteristic feature of sois
in that region was the wide occurrence of saline soils. In the United States, Bower and Foreman
estimated that about onofourth of the !rrigated soils were salt or alkali affected to the point
where productivity was lowered. There is little doubt that salt and alkali affected soils are
widespread throughout the world.

SOURCE AND INT7NSITT

In some instances the salinity is the reeult of geologic weathering. Por the most part,
especially on irrigated soils, the source of salinity is due to the application of irrigation water.
Estimates of the world irrigated acreage for 1967 was 401.8 million acres (Water Encyclopedia).
Irrigation water supplies come from two sourcen. They are surface ranoff, impounded or a portion of
the stream flow, and groundwater. Occasionally drainage water is collected and reintroduced into
surface streargathereby becoming, in the contexa of thie report, considered as surface water.

The consideration of water quality in evnluating the encroachment of salinity in soils in very
critioal. For althouah it is true, one usually cannot change the source of water supply, one can
change management practices to account for the amount of salts being added. Therefore, losses of

production can be prevented from ualt accumulation, or if it is known that aalt levels are high, one
can change the crope grown and use a more tolerant plant, see Table I.

The salinity in water supply io usually tearessei as electrical conductivity (Ex;) in terra of
millimho per centimeter (mmho/cm) or as EC x 10). One amho/cm is approximately equivnlent to 700

ppm of total soluble salta. The average of 700 pi' m is derived from the average of the electrical
conductivity measurements versus concentration of a variety of single salt solutions. Salt

concentrations at one millimho per or conductivity varied from 400 ppm for magnesia- chloride to

1000 parto ppm for °odium bicarbonate. Conductivities for other single sa/t solutions fell in
between this rang*. Consequently, an average value of 700 ppm ie uaed for a solution of rixed salte.
A water having a oonductivity of one mmho/om would contain approximately 1900 pounds of salte per
acre 'oot of water. This should be viewed only as a guide and not as an absolute value.

Much of the water applied ie lootthrough evapotranepiration and only a very small amount of the
salts are taken up by plants. Consequently we have an accumulation of salte in a soil profile
resulting from irrigation. Another problem which leads to snit buildup is inadequate drainage.
Water can rise byospiiiariay carrying along with it dissolved salte. As this water reaches the root
zone or the soil eurface from the water table, the water is consumed through evaporation and
trannpiration leaving a salt depoeit. In many ealine soils the capillary eorement of water contain-
ing salte ie dramatically illustrated by the evaporation of the water resulting in a salt depoeit on



Table 1 - Salt tolerance of crops relative to the electrical conductivity af a saturation extract-1/2/

Rjgb Salt Tolerance
(18 to 1-0 amhos/cm)

Alkali eac-aton

Salt grass
Bermuda «raen

Rhodes grass
Canada wild rye
western wheat grass

Birdsfoot trefoil

Medium Salt Tolerance Low Salt Tolerance
7175rer4 mmhoe/cm) (4 to 2 mmhos5W7-

field crop

Barley(grain) RY,
Sugar beets Wheat
Rape Cate
Safflower Rice
Cotton Sorghum

Corn
Sunflower
Castor ,eine

vegetable crops
Tomato Radis),

Darden beets Broccoli Celery
Asparagus Cabbage Oreen beans
Spinach Bell pepper

Cauliflower
Lettuce
Sweetcorn
Potatoes
Carrot
Onion
Peas
Squash
Cucumber

fruit crope

Date palm Pmmegranate
Fi g Pear
Olive Apple
Grape Orange

Grapefruit
Prune
Almond
Peach
Strawberry
Lemon
Avocado

-forage crope
White clover
Yellow clover
Perennial ryegrass
Dallis grass
Sudan grasa
Alfalfa
Tall fescue
Wheat hay
Ont hay
Orchard grass
Yeadow foncue
Roed cuutry
Sour clover

Field beans

White Dutch clover

Alsike clover
Red clover

Ladino clover

il Aa.pted from Magnoeis and Improyamont of Saba. onA-11-171r7ofia: a.4rjc.aÌ on4lactivity in
ex.lressel in toms of mtllimhom por ..lre at 250

2/ In order of decreseing tolerance assuming 50% yield reduction.



the eurface of the soil.

Saline soils are characterized rather arbitrarily as soile which have an electrical conducti-
vity of a saturation extract of more than four mmhos per cm at 25 degrees centigrade and an
exchangeable podium percentage of less than 15. Saline soils are often recognized by the presence of
cruets of white salt on the surface of the eoil. Saline eoils are generally flocculated, and in
some cases the surface of the Boil may appear powdery or aggregated and very loose. One of the
principal effecte of salinity is to reduce the availability of water to the plant by the high osrotic
concentration of salts in the soil solution. Considering total wilts without being concerned with the
type of salts preaent is not taking into coneideration the whole problem.

Another important asaect of water quality along with total salts is the sodium abuorption ratio
(SAR). The SAR of an irrigation water is used to express the relative activity of sodium ions in
exchange rttctione with the aoil,as comparea to aalcium and mageedikaaand is used as an index of the
sodium hazard of an irrigation water. Formula 1 shows the calculation for SAR:

++ H\/ Meg CA + meq ,

2
The SAR is also related to the exchttageable sodium percentage (ESP) of the eoil e which ia

indicative of the problem aadociated aith alkali soil.

Alkali agile are geaaralla characterized by having exciangeable /sodium, peraentaave of greater
than 15. The exchaaaaatle -odium paeaant in tito soil has a maxted infltienoe on the phaelaal and
chemical prapertiau of the will becaeae w Lite large ionic radius of the hydrate,: ',sodium ion and the
low charge deneity. When cCiniti 0,131UM le dum,..ued on the aatian exchange eiteu the .Auy minerals in
the soil have u rusultant rict negative aaarge cal the eon paeticia ahiah resulce i i. repnlaion of soil
particles and dispersion. lipan drying a single grain etructere oreatee email pores which have the
effect of reducing the infittation ra'te of Lae water and limiting the seratIon 01 the uoilu. This
lone si etruatare and aeratica aradeaa., saaaaaeJL10 pailu of Wet: uuik doneity wid interfered with
plaat nutritioa asaulting ta atuntei alaata. Sande may not be phydically affected by alahanaeable
modital since their particle size prevente tne extremely small pored Crom developing This is
characteriatic of soils of heavier texture.

In addition to the two previone factors in evaluating water quality there are specific effects
due to preaence of uome ione.

Specific ion effecte are characterized by the content of ions such as ooran or 1 hilirr in
irrigation waters. Occasinaally ¡sodium for some plants has a specific ion effect. Shown in Table 2
are the relative tolerance of planta to boron and permiseable irrigation water limits of boron. The
uptake of boron by different plant upecies wae investigated by Tanaka, his resulte are ehown in
Table 3. The data show that aonocotyledonous plants do not have the boron absorption capacity that
is exhibited by the dicotyledonoue plante.

The exchange uensitivity of citiax to 4 low level concentration of lithium wae reported 'by
Maas in 1929. Appreciable eoncentration of lithium has been found in grape leaves and citrus leavee
in Arizona ranging from 1 to 2o ppm in grapes,varying with the eeason and in citraa leaves all
valuee exceeded 30 ppm. The normal lithium content of citrus leaves is about 5 ppm (Smith eta).

The effecte of exchangeable eedium percentages on various crops are listed in Table 4. While
the major effect of exchangeable sodium is considered to be the effect on particle iispersion and
Phasiaal condition or the saii it can be :lean that the extremely aensitive,and a)80 peraaps the f,:nr. tive,
planta may be afCeated by tlAt dpeaifia Ian effeat of sodium. Thie effect can be overcome ti) a
certain extent apparently Ly tee presence of calcium in the nutrient soil solution. LaHayo and
Epstein found that calcium al ,yed a vital role in the regulation of the salt economy of plants,
and epecifically in the selective traneport or exclusion of sodium by plant cell membranes. They
showed the °odium concentration decreaaed by one third as the calcium sulfate concentration in the
aerated nutrient delutions wau raised from 0.1 to 10 millimole. Over the same range of calcium
sulfate concentrations the eodium content of the stems in brittle wax bunh bean plante dropped by

(f0V4411A 1 ) S:Ift -
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Asparagus Sunflower(native) Pecan
Palm Potatc Black walnut
Sugar beet Cotton glieh walnut
Alfalfa Tomato Artichoke
Onion Radish Navy bean
Turnip Field pea Plum
Cabbage Olive Pear
Lettuce Barley Apple
Carrot Wheat Grape

Corn Kadota fig
vilo Persimmon
Oat Cherry
Pumpkin Peach
Bell pepper Apricot
Sweet potato Orange
Lima bean Avocado

Grapefruit
Lemon

1/ Adapted from Diagnosis and Improvement of Saline and Alkaline Soils
Plante at the top of the list within a group are more tolerant than plante at the bottom of
the list
The effect of boron concentration in parta per million conditioned by soil characteristics
and management practices

Table 2 Relative tolerance of plante to boron and permissible limite for irTigatior. wate

Irrigation water limite2/

Tolerant Semitolerant Sensitive
1.00 to 3.75 ppm 0.67 to 2.50 ppr 0.33 to 1.25 ppm



Table 3 - Boron Adsorption by Plant Roots 1/

Boron Adsorption Capacity

(uR/M)

Cucumber (Cucumis eativus L.) 30
Sunflower (Helinathus annua L.) 28
Radish raphanue sativus L.) 19
Tomato Lycopersicon esculentum Yill. L.) 15
White clover (Trifolium repens L.) 11
French bean (Phaaeolua vuleards L.) 11
Lucern (Medicago sativa L.) 10
Wheat (Triticum aestivum L.) 5
Italian rye grasp (Lolium italicum L.) 4
Oat (Avena sativa L.) 4
Corn (Zea mays L.) 4
Barley (Hordeum vulgare L.) 3

Plant Species

Taken from Tanaka

Table 4 - Tolerance of Various Crops to Exchangeable-Soeum-Percentage (ESP)V'

Extremelyli/ KoderatelyA,
Sensitive& Sensitive2 Tolerant 1, Toleranti/ /Moot Toleranti
ESP.2 to 10 ESP..10 to 20 E3P-20 to 40 ESP-40 to 60 ESPomore than 60

Deciduous Beans Clover Wheat Crested wheatgrase
fruits
Huts Oats Cotton Fairway wheatgraes
Citrus Tall fescue Alfalfa Tall wheatgrass
Avocado Rice Barley Rhodes grans

Dallisgraan Tomatoes
Beets

2/ Adapted from Peareon; most sensitive plants are at the top of each group.

In addition to soil physical effects there ray aleo be specific ion effects of sodium.

A/ Stunted growth of more tolerant cropn may be due to adverce soil physical conditions rather than
nutritional effecta.



a factor ofabout 2. 5. More dramatic drops in the sodium content of leves, changing from 3.2
milligrame per hundred milligrams of dry weight at 0.1 millimole of calcium 'sulfate to 0.2
milligram, per hundred grane of dry weight at 3 millimolea of calcium oulrate.

The bicarbonate concentration appears to ba impartant . in low conductivity waters where the
calcium ano magneeium may be precipitated out of solution by the carbonates thereby increasing
the sodium hazard of water. Classification of irrigntion water according to reeidual sodium
carbonatee (RSC) are shown in Table 5. Values greater than 2.5 may create soil alkali problems.

Somt recommended limit's for varioup compounde and water quality measeremente are ehown in
Table 6. The limits shown in the 'feble do not infer in every case that physiological or physical
change° will not occur ae the recommended limit is approached. In some inetanaes levels higher
thanthme recommended may te exceeded for a short duration without detrimental physiological or
physical effect's. Also water exceeding the proposed limits may be used intermittently with water
well below the limits,thereby mitigating none of the adversa effects of the undesirable water. Thew,
data are intended for use in interpreting water analysue to determine some of the nuitable uses ror
the water supply.

MEASUREMENT AND CONTROL

Several techniques have been developed in order to evaluate salinity buildup in rielde. The
principal method in widespread une today ie the collection of a eoil cumple from the area under
inveetigation, extracting the soil solution from a saturated paste under vacuam and then determining
electrical conductivity of the extract. Other methods have been developed Cor in situ eeasurement
of solute content in the soil oolution.

In eitu measurements or 'soil salinity were conducted by Oster and ingvaleon ¡wing the ceramic
electriZT-C7Tiductivity cell developed by L.A. Richard°. The cell connieted of a thin ceramic plate
1.5 millimeters thick asid d millimeters in diameter in which platinur electrode's were eebedded on
both sides. While the accuracy of the aeaeuroment(eotimated at plus or minim mmhou per centimeter)
was not eepecially good, the investigntore did find that the sensor° would mealier° changes in
electrical conductivity resulting from irrigation and plant uptike of water. Ehfield Lnd
reportad the use of a newly developed transducer conetiacted of commercially avuilable porous elass.
They found that conductivity rcaourements over a wide range of temperature° approximately to 350
centigrade reeulted in very little error in the condectivity measuremento. They fartner aeniaa trans-+ ar
would operate with good repeatibility over the entire field moieture of 0 to 20 bars of moietere
tension as an evaluation of soil ealinity. The sensors once placed in 4 Boil remain there and
periodic readings may be taken by the une of an appropriate meter.

another in place meaeureaent technique of measuring soil salinity wae developed by Rhoades and
Ingvaltion. The method coneists of meanurement of resietance between an array of electrodes that are
placed in the immediate surface of the moil at the site of investigation. They pointed out that
it is critical for this type of technique to calibrate for soil typee and water content. That is,
calibration should be made with a soil type and eome reference to irrigation eech that it is feasible
to make the resistance measareaent at a time when the water content is approxiaately the same with
relation to that for the ealibration measurement. One possible technique of accomplishing this
would be the use of teneiometers or gypour blocke for eoil moioture neasurement. They found a very
high correlation (greater than 0.9) between the electrical conductivity as calculated from the
resistance measurements at standard conditions and the electrical conductivity as determined on the
saturation paste extract. While theee in situ measurement techniques provide napid determination of
the ealinity in soils, the aa31 eautpment er)hibite their use r)r Cield inveetientione far all
but a few growers and/or experimental investigntors.

The method of obtaining 'soil eamples, making a oaturation extract, and aeternining the
conductivity of the extract in time coneuming and laborious. Nevertheless it provides a
widespread opportunity for soil salinity investigation for the enamastnurber of growers and
experimenters. Meath and Mikhail eaepled 58 difrerent sollo with a
variety of soil texture° and soil salt content to evaluete the effectiveness of electrical condactivi-
ty in the saturated paste et-xtract vermeil actual determinations of the soluble bait° present.They found



Table 5 Clansification of irrigation water according to residual sodium carbonate content 21 2/

Classification Residual Sodium Carbonate

millieguivalents/litre

Not suitable for irrigation Greater than 2.5
Marginal 1.25 2.50

Probably safe Lees than 1.25

1/ Adapted from Eaton

Residunl sodium carbonate .
minus (meg Ca." + meg Me+)

(meg CO; + meg HCO3)



Table 6 - Recommended limite for varioue water quality criteria

Source Domestic

Electrical Conductivity(x10 3 mhos/cm)
Total Soluble Salts ppm
Calcium ppm
Magnesium ppm
Sodium ppm
Chloride ppm
Sulfate ppm
Carbonate PPm
Bicarbonate ppm
Fluoride ppm
Nitrate PPm
Manganese ppm
Iron PPm
Boron PPm
Lithium ppm
Hardness g gal
Sodium absorption ratio (SAR
Residual sodium carbonate (RSC) meq/1
pH

150
200
250
250
20

150

0.8-1
45
0.054
0.3

30

10
*

* *

.71/

e of usa
Stock

7 1

50001./
1000

500
2000
1500
1000

1-1CLS2
100

Irrigation

- =2/
See SAR
See SAR
See SAR
41.8

*9
See RSC
See RSC
10
4.10

* No established limit or the limit is higher than that found in normal water supplies.

" Not applicable

1/The 1962 U.S. Public Health Service(USPHS) Drinking Water Standards suggest the salt concentration
-61 good, potable water not 3xceed 500 ppm. Higher concentratione may be consumed without harmful
ahytiological effects. Each water exceeding 1000 ppm TSS should be judged on the bsais of local
eituation, availability of alternativo eupplies, and reaation of the local population. Many commu-
nities use water containing 2000-4000 ppm TSS when no better water is available. Such waters are
not considered very potable and may have a laxative effect on new users. Water containing more than
4000 ppm TSS are considered unfit for human consumption.

2L/Tbe USPHS Drinking Water Standards of 1962 do not contain any limits for calcium; World Health
Organization International Standard of 1958 indicate 75 ppm is permieeible and above 200 ppm is
excessive, probably based on hardness of the water.

I./Permissible concentratione vary with the mean maximum daily air temperature. The lowest limit
applies at 79.3-90.5° F. and the highest limit at 50.0-53.70 F.

AAVLiaits are based on aesthetics rather than any phyeiological effects.

1./ In interim threshold limit of 5000 ppm depends primarily upon animal species; however, diet, age,
condition, seaeon and climate also influence the safe upper limit. Some animals may use waters
containing as mach as 10 0)0 upon or more without deleterious effects.

6/The permissible limit varies depending upon animal species and mean annual maximum daily air
Tiimperatures, eee 3.

7/ As ealinity increase° water management becomes extremely important. Salt tolerance of the plant is
tf primary importance in evaluating ealinity effects. Although some plants are considered Bait
tolerant their production ie increased at lower salinity levels. Cther factors such as soil texture,
drainage, type of 'alto present, and quantity of water available for le7ching influence the effect
of irrigation with water containing salts.

lyreCertain
plant species have been shown to be sensitive to chlorides ft,g., Lemon, alfalfa, fruit

es, and potatoes. LegIthan 100 ppm is not considered harmful.

IL/Conoentrations exceeding 1000 ppm may cause deterioration of concrete ditchee.

10/Nitrates present in irrigation water may influence a grower's nitrogen fertilization programme
eepeoially for plants whose maturity or quality is considerably influenced by excessive nitrogen.

IL/11i/ 11b The permiseible limit varies depending upon the tolerance of varioue plant species.

11

2
ee ae

e 13
e. 2.5

5_911b /



a highly significant correlation of 0.937 between the conductivity in the saturation extract Rnd
the total salte found present by actual determination. This study is further iddication,along with
other studies by several investigators,that this teohniqus is extremely valuable in evaluting
salinity levels of soils. Within certain limite, the salinity or alkalinity of soil may be controll-
ed through the effective management of soils and irrigation water.

Boils should be managed in a manner which is conducive to . the maintenamce of a relatively high
infiltration rate. Such things as minimum tillage to prevent compaction(and therefor* of infiltration),
land leveling to provide for uniform distribution of water, the flooding of the entire
surface where flood type irrigation is practiosd to prevent accumulation of salts at high points in
the field, seedbed preparation and bed ehape are important factors in considering ealt accumulat-

ions.

The acumulation in salts on the surface of beda has been demonstrated by Rauschkoll. A study

of the distribution of salts in beds before and After a germination irrigation with well water
containing A 2500 ppm total soluble salte showed that prbr to the irrigation the salte were uniformly
distributed in the bed. After the germination irrigation, salts acoumulated on the surface resulting
in a concentration of approximately 5300 ppm over all treatments. At the 1.5, 3 and 4.5 inch depths
in the beds the average concentration was 1500 ppm of total soluble salts. The deposition of ealts
at the surface resulted from capillary movement of the soil solution to the surface of the bed and
evaporation of water from the surface resulting in deposition of salts.

In seedbed preparation and bed shape, one can take advantage of the knowledge that salte tend
to accumulate in high pointsof the field,or the high point of the bed and place the seed in each ei manner

as to avoid the concentrntion of salte near ths4eed at germination and during early plant growth.
Placement of the seed in the bottom of an irrigntion furrow or corruEation where the least concentrat-
ion of salt occurs also assists gerdnation and aeedling growth.

Sprinkler irrigation is very effective in moving salts through the soil profile and preventing
harmful accumulation of salts. Nielsen st al have shown that frequent light irrigations can often-
times be used to prevent harmful accumulation of salts in a soil profile.

Sub-irrigation and drip irrigation are two practices which are receiving widespread attention
at the present time, especially in countries where there are limited supplies of water available for
irrigation. Undoubtedly these technique° provide a water saving. However, it must be recognized
that when this type of inigation is practised, depending on the water quality, sooner or later these
soils will have to be leached of their salt accumulatione,since almont by definition theae method° to
not provide for a leaching requirement. The water saving is attributable to the more efficient
technique of irrigating during the season. However, water will have to be supplied for leaching in
sufficient quantities at the termination of the crop or some time during the life of the crop,
depending on water quality and salt tolerance of the crop. By leaching the salte out of the profile

in preparation for the next crop,(rnther than accomplishing leaching with each irrigation and
submitting to the inefficiencies of surface irrigation), one can apply the leaching irrigation at a
time when there is less demand on the water supply and more labour available to h-mdle the large
volumes of water necessary to achieve leaching.

In some areas where water supplies permit, it is also possible to alternate between a

relatively high salt water and a water with relatively low salte. The authors experience in irrigat-

ing alkali soils with water of relatively high conductivity (EC x 103- 3.5 to 4.5) has beenthat 2 tD
irrigations may be applied with water containing relatively high salt before salinity built up to the

point where it would begin interfering with the production of a ootton crop. Then water .ith a lower

salt content (EC x 103 . 1 to 1.5) would be used in the next 2 to 3 irrigations until the infiltrations

would notioeably decreape as a reoult of leaching out the salts and dispersion of the soils

oontaining a high xchangeable sodium percentage. Then the alternate relatively high ealt content

water would again be used. Yielde obtained on a variety of crops ranging from moderately salt

tolerant to tolerant waase oomparable to those obtained in Arena where salinity buildup during the

season was not a factor.

As has been alluded to many times, the leaching requirement is an important concept in
control of soil salinity. Leaching requirement may be defined ne the fraction of irrigation water that



Figure 1. The relationship between salt content of the irrigation water and salt buildup

1/in soils.

1/ Taken from Fuller
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must be leached through the root zone to control Boil salinity at any specified level. The leaching
requirement as defined may be ezpresoed in the following simplified manner:

Ddw
LR

Diw BCdw

Simply etated it is the ratio of the equivalent depth of drainage water (Ddw) to the depth of
irrigntion water (Di) and may be expressed ne a fraction or a percent. The ECiw and ECd, represent the
electrical conductivity of the irrigation water and drainage water, respectively. Por field crops

where a value ECdw- 8 mmhos/cm can be tolerated and for irrigation waters with conductivities of
1,2 and 3 mmhos cm respectively, the leaching requiremente would be 13, 25 and 38 percent respective-

ly (Handbook 60). In general, the poorer qunlity the irrigation water, the more frequently the soile
need to be leached to keep the salta washed out of the active root zone. See Figure 1on relative

accumulation of salts in soil eolution.

When calculating the amount of water to apply to accomplish leaching one should aleo
consider the irrigation efficiency factor. For example, if a normal irrigation would be 4 inches, as
previouely calculated the leaching requirement for a water with conductivity of 2 whoa per cm would
require 25 percent more water, therefore, you would need to apply 5 inches. If one assumes a 50
percent irrigation efficiency, this amount would have to be applied in addition to the 5 inches,

therefore, you would have to apply a total amount of 7.5 inchee to accomplish the 4 inches irrigation

with 25 percent leaching at a 50 percent irrigation efficiency.

One of the essentials 7f leachim- is to have a deep well drainel soil
or make some provision for removal of salte by the use of drainage tile or pumps. As a minimumthe
drainage system must be adequate to remove from tne soil the equivalent depth of water that would

pass throuAt the root zone in order to maintain a favourable salt concentration in the soil.

In the reclamation of alkali soils, chemical amendments are used which provide for the
replacement of ndsorbed sodium on the exchange complex of the soil. The choice of amendmente will
depend on the eolubility of the amendment, the lime content of the soil,the pH of a soil and economic

considerations. Because of their low cost and availability, gypsum and sulfur are the most commonly
uBed materials. Where sulfur is used, the soil must have a sufficiently high content of limestone
to provide for a formation of calcium sulfate as the sulfur is oxidized in the soil. In addition,

soil temperatures and other variables afffecting soil microbial activity will influence the rate of
sulfur oxidation to sulfate. The sulfate reacts with the calcium carbonate to form oalcium

sulfate and carloonic acid. The calcium sulfate then will perform in the eame manner as the gypsum
(calcium sulfate) when that material is used.

The reclamation of elkali soils,in addition to the application of an appropriate amendment
in adequate amounts,requires large quantities of water leaching through the profile in order to
accomplidhthe dissolution of the cation bearing material and provide for replacement of sodium on the
exchange site and simultaneous movement of sodium below the root zone. Consequently, the same need
for drainage inthereclarstion of alkali soils is necessary as in the reclamation of saline soile.
Usually the alkali soils have very low permeability and leaching may be slow, perhaps requiring
several days or weeks to apply the required amount of water in order to distribute the

calcium through the profile and remove the sodium. Becauee of the complexity of effects results from
saline and/or alkali soils,and because soil management factors profoundly influence the degree of salt
accumulation, the plants response to a given irrigation water, as pointed out by Bernstein, cannot be

predicted without taking into account the probable effects of conditione under which the water will

be uned on the reBultant level of soil salinity or alkalicity.

EC.iw
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Alen man was lees numerous, on the face of the earth, there was little concern about the effects
of man's activities on the environment. However, as our population increased, man being a social
animal, develope high population density centres. Along with this congregation of man, industries
have had to develop and expand, and in developing they choee an area close to the work force. Raw

materials were necessary for the induatry and food was necessary for the population. This brought
about a high production level and concentration of some 'pee of gricultural production in order
to meet these demanda. Now the consequences of these aggregate activities are the production of all
kinds of wastes that are not only odorous, infectious, or degrade the environment, but are aleo
objectionable from the esthetic point of view. The end remult has been that this waste is being
collected in huge quantities. It han been estimated by Hershaft that domestic vaster; are produced in
the United States at the rate of about 190 million tens per year (Sea Table 7). On the basis of a
population of 200 million people, this figuromout to be slightly over five pounds of solid waste
producelper day per person. Abelson estimated the production of solid saute to be approximately eight
pounda per day per person. At that use rate, it would take approximately one Acre per year for a
population of 10 thouaamd people to dispoee of this material in a sanitary land assuming
a 10 foot thick layer of waste in deposited.

SOURCE AND TNTENSITY

It Alto is recognized that population in all parts of the world will not use their environment
at the same rato. It has been eotimated by Miller that the annual per capita consumption of paper
in the United States amounte to approximately 525 pounda. Most other countries 1180 lees.

There is another aspect of domestic waste which the world at large hae in common, and that is
human excrement. Estimates by Wadleigh and Byerly indicate that human waste in the United States ie
approximately equirldent to the production of animal waete,which alsovaries in estimates from about
1-1/7 to 2 billionYtons per year. This is equal to a daily deposit of 2 to 2-i/4 pounds per person
per day of noiid and liquid waete. In aome countries this material is looked upon as desirable from
the standpoint of fertilizer and is used for that purpoee. In many of the same cuountries, cost of
handling and distributing this material from a high population density centre would prohibit ite use
in thie manner. Consequently, around the world the material ie passed into the environment with
treatment consisting of none at all to sophisticate tertiary treatment.

In relation to domestic watite, a certain portion of the total solid waste production can be
directly attributed to population density cinco the waste generated in metropolitan areas
must be assigned on a per capita baais. In Tabla 8 (taken from a report on the status of solid waste
management in California) the quantity of waste produced is listed by different categories. One can
readily see that as population density increaeee, the amount of waste generated increases. The report
states that renidential wastes were found to be very oonsietent and did not appear to fluctuate
significantly with the size of the community. Sewage residue as shown in the table refere to a
material remaining at the [sewage treatment plant after treatmentj sewage eludge. This doen not refer
to the Amount of raw newage produced per person.

Agriculturrawaste also suffers to a large extent from population density of animals. As long an
animals were pastured, manure management was not a problem. However, by confining animal° either for
purpoees of protection againat the weather or intensified production, the management of their eolid
waste doesbecome a problat. Table 9 note the eetimated production of various typee of
livestock whioh may be produoedon a confinement basis. There is no Attempt in thie paper to determine
the whole amounts of material produced,but rather to indicate the production per animal because inten.-
eity of manure prodaction will depend upon the manner and quantity of each animal produced in
respective countries. In California, slightly over 17.5 million tone of manure is estimated to have
been produced in confinement by various animals, (Garrett et al).

Another aspect of agricultural waste production is that of residues from various crops. The
figure° given in Table 10 are based on the fresh weight of residue produced per crop. The contribut-
ion of the lumber induatry is shown in Table 11. There would be some obvioua weight losses due to the
loes of water if these valaes were expreseed on a dry weight basie.

ORGANIC WASTES

2/ :3111ion American usage - thouean,i million



Table 7 - Classification of United States solid waste y

Category

Refuse; gArbage

Rubbish & ashes

Municipal este

Sorap metal

Xining

Agriculture

Residential waste
Commercial waste:

lesa than 1000
1001 - 10,000
10,001 - 100 000
greater than 100 000

Demolition waste:
1000 - 10 000
10 001 - 100 000
greater than 100 CCC

Special waste:
Street refund/
Sewage residue

Descript ion

animal & vegetable
kitchen waste
dry household, commercial
and industrial, and
combustion residue

street eweepings,
construction
autos, major appliances
& machinery

overburden gangue
animal carcasses, manure
crop residues, logging
debris

Taken from Hershaft .

Table 8 - Domestic waste production by category and population density 2/

Category Waste Generation Factor

2.5 pounds/capita/day

1.5 pounds/capita/day
2.0 pounds/capita/day
2.5 pounds/capita/day
3.5 pounds/capita/day

100 pounds/capita/year
250 pounds/capita/year
500 pounds/capita/year

120 pounds/capita/year
54 pounds/capita/year

2./ Adapted from Status of Solid aste Management
1/ OnlY applied to incorporated cities or large etropolitan ares.

Composition Produgtion Rate
(X 10 tons/yr)

15

paper 28
yard 14
metal &
glass 10 170

other 10

23

20

1500

2000



Table 9 - Estimated production of solid and liquid waste by livestock ass produced 1/

1,1 Adapted from Status of Solid Waste Management And WAste in Relation to Agriculture and Forestry

Table 10 - Waste production from varioue classes of plante

Fruit and nut crope:

Clase 1.
grapes, peachestnectarines

Clams 2.
apples, figs, pears

Class 3.
apricots,plums, quince

Class 4.
almonds, avocados, olivee
miscellaneous

Class 5.
cherries, citrus, dates, prunes
walnuts

Field and row crops:

Ciass 1.
field corn(maise), sweet corn

Class 2.
broccoli, cauliflower, lettuce

Class 1.
bruseel sprouts, cabbage,cantaloupe,
melons, rice, sugar beets,tomatoee

Class 4.
beans, carrots, celery, cotton
cucumbers, garlic, peanuts,peppers
potatoes, onions, other miscellaneous
vegetables

Class 5.
asparagus, barley, onts,safflower
sorghum, wheat

2J1/

Plant Residue production factor

2.5 tons/acre

2.25 tons/acre

2.0 tons/acre

1.5 tons/acre

1.0 tons/acre

4.5 tons/acre

4.0 tons/acre

1.0 tons/acre

2.0 tons/acre

1.5 tons/acre

-2/ Adapted from Status of Solid Waste Management in California

.)./ Classes are based on approximately equAl produotion of freoh weight assuming average
production in California.

Animal Waste production/animal/day

- - - - pounds

Cattle:

Beef (feedlot) 39
Dairy 51

Horses 40
Swine 9.5
Sheep 4.0

Fowl:

Chicken(fryers) 0.025
Chicken (hens) 0.25
Cther 0.4 - 0.8



Table 11 - Organic solid waste production from the lum 2/berindustry -

Forest plants Residue production factor

!Awing debrie 1 ton/1000 board feet

Salmiill(bark,sawd.ist, etc.) 1.25 tons/1000 board folAt

Adapted from Status of Solid Waste Management

2/ Waste Production ia based on yields obtained in !::alifornia

Principal concern with plant residues from the pollution point or view is their contribution
to land degradation througn the inoculation and perpetuation of diseasee or insects in soils and
their contribution of hydrocarbono and particulate matter to theatmosphere upon lairning. This
atmospheric contribution may be of concern from the health of plant and animal point of view,however,
it is of little coneequence from the standpoint of land degradation. Where the land degradation may
te involved is through thm lose of nutrients by volatilization from burning and/or loss of the
benefit which may have been derived from the incorporation of the residue in the soil. In this
regard it has been pointed out by Garrett, et el in their report that in California %. much ma 98
percent of the solid waste from succulent crops is disposed of by soil incorporation. Of the tree
arid vine *rope and the field and row crops, the latter aceounte for %bout 70 percent of the total
hydrocarbon production in :::alifornia; indicating that a significantly larger area of field and row
crope residues are burned.

Industrial organic wastes are derived from canneries, animal processors, sugar refineries,
pulp and paper mills, and the petreleum industries. These organic wastee constitls the same hazard as
attributable to domestic add agricultural wastes plus the extra hazard of containing toxic substances.
When these materials are dispomed of in lagoons they create odorous and esthetically unpleasant
oonditions. Considerable concern about these types of waste is their contribution to
contamination of water supplies.

MEASURFNENT AJO CONTROL

Efflaents are usually dieouseed in terne of the biological oxygen demand for the waste. The
biological oxygen Jemand (B.O.D.) indicates the amount of oxygen required for the complete oxidation
of the organic matter present in a sample of water. Ti is expressed by the %mount of oxygen the water
will absorb when it is incubated for a five-day period at 680 F. Water samples absorbing lees thnn
one ppm of oxygen in five days are considered very pure. Samples absorbing three ppm in five days
muggeet reasonably clean water and water absorbing five ppm of oxygen or more is oonsidered of
doubtful purity. The BOD for processing effluent may rrangi from lose than one to greater than 50
thousand. As previously pointed out, many of these different sources of orgnnic wastes are disposed
of in a mannner thatcannot be oonsidered as directly degrading from the land point of view,with the
poseible exception of transmittal of infectious di...anoint° an aren previouslyvozinfested.



It seems unlikely that hydrocarbon production or particulate matter produced from burning of
either plant or industrial organic residues would create much of a hasard with regard to land. However,
with the current environmental trend, burning or dumping of thio effluent into waterways will cease to
be methods of disposal of these materials. In that event, it becomes necessary to look to the land
as a mswis of recycling these residues.

Other methods of disposal of organic matter need to be evaluated with regard to son of the
oonssquences, either good or bad, from the incorporation of this material. In considering effects
one should also look at coots of disposal since this is one of the major influences in the disposal
of this material. Cost is probably the overrtding reason why procedures have not been developed
that will effectively handle the tremendous quantities of organic substances coming from domestic
sewagi, garbage, food processing industries, lumbering operationo, crop residues, and animals. There
are a number of other factors to consider when asoeseing the deeirability of incorporating this
material in land.

Increasingly, as people become more aware of their environment,and the fact that conditions
can change for the better regardless of their individual economic status, it will become more
important for these materials to be diepooed of in a manner that will not destroy the esthetics of
the area nor create undssireble odours. Stephens used an annlytioal method which showed promise as
a praotioal means for the field etuay of odours. He wae aleo able to show the odoarthreshold concentrl-
tions of some strong odorants. Table 12 shows the threshold concentratione of varioue compounds as
detected by Stephens and others. These compounds were detected in promixity of feedlot° and may be

characteristic of them alone. Some of the by-products of miorobial decomposition of organic material
can be detected at extremely low concentrations.

While it is true thAt soil incorporation of organic material has a tendency to reduce the
production of these odorous oompounds, there is the clA5sic example of gas production in rice paddies
causing plant damage. It occure in sufficient magnitude to be of economic importance in rice
production.

Another indirect And minor effect of site and smell attributable to disposal of these residaes
in the soil and &round populAtion centres results from their non-compatibllity with the urban public.
Theie are many cases where irate home ownero have brought such pressure to bear through litigation
and harressment that land disposal sites or areas of accumulation of organic waste have been forced to
move to low population density areAs.

Organic matter depends upon soil microorganismo for its decomposition. Figure 2 shows the
relative activity of three important soil variables. These variables are important factors to consi-
der when trying to ascertain the rate of decomposition of the organic waste, assuming adequate
nutrients are there for the decomposition of the material. The rate of decomposition ie an important
faotor to oonsider,espeoially if soil is the media for disposing of these mnterials. If the rate of
decomposition were not rapid, theoe materials would accumulate. For the moot pnat, when all three of
these major factors are at their optimum the rate of decomposition can be fairly rapid. 1o.t mate-
rial, decompose in soils within a few weeks to two years time.

One very good exception is in eanitary land-fill where paper has been found intact in completed
land fills 15 to 25 year' later (Sorg and Hickman). In the orime report it was stated that approximate-
ly 90 percent of settling that is going to occar does so within five years. In a Los Angeles land
fill 90to 110 feet deep, it had settled 2-1/2 to 5.5 feet in three years. In sanitary land fills,
production of gases (methane, carbon dioxide, nitrogen, hydrogen and hydrogen sulfide) uaually reach
their peak rate of evolution after two years, and then taper off. Methane is a concern because of
its explosion hazard.

The aerobic decomposition of organic stes is generally considered more desirable because of
the undesirable gases and odour associated with the annerobic decomposition of these materials.

It is well known that when a large amount of easily decomposable high.carbon organic matter is
present in the soil, the microorganisms will utilize this material. In order to decompose this
material, mioroorganisms will have to appropriate the nitrogen contained in the soil, thum limiting
or entirely preventing the acommulation nitrate. This is one of the reasonn a depreension of yield
is observed in crops planted shortly after a high-carbon content material io incorporated in the ooil.



Table 12 - Odourthreahold concentrations of some strong odorante-"

Taken from Stephens

Wilby, F.V, Air Pollution Control Assoc. Jour, 19(2): 96, 1969
Leonardos et al (ibid) 19(2):91, 1969.

1/ Adapted from Rubens and Bear

Table 13 Nitrification of mixtures of carbonaceous materials and sulfate ammoni",-

Carbon source Carbon content C-N ratio
of mixture

Added nitrogen converted
to nitrnte

---percent---- percent
20 days 60 days

Lignin 57.2 20:1 86 86
Cornstarch 39.0 20:1 49 54
Dextrose 35.8 20:1 49 50
Cottonseed oil 76.5 20:1 39 49
Cellulose 42.0 5:1 77 77

Cellulose 42.0 10:1 65 66
Cellulose 42.0 20:1 41 49
Cellulose 42.0 40:1 -2 21
Celluloae 42.0 80:1 -19 -18
No carbon added 91 85

Oiorant Concentration (ppm by volume)

Ref Ref 2E2 Ref 11/

0.00021Trimethylamine 0.0006
Dimethylamine 0.089 0.047
Monomethylamine 0.021

Propylamine 0.009
Ammonia 3.9 46.8
Pyridine 0.021

Kydrogensulfide 0.048 0.0047 0.0045
Ethyl mercoptan C.0010 0.0004
T-butyl mercoptan 0.00009
Acetic acid 1.0

Butyric acid 0.001
Formaldehyde 1.0



Figure 2. The influence of certain 8011 variables on microbial activity.
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As the decomposition procese continues, nitrogen will tend to concentrate. T4ble 13 (Rubins and
Bear) very dramatically illustrate the effect of carbonnitrogen ratio on nitrogen release. One
oan rimelily Gee nrom these data that °oil incorporation of residues with different carbonnitrogen
=tam can have a marked effect on crop yield through its influence on the nitrogen availability in
voile for plants through the direct competition of microorgnnisms for the soil nitrogen. This
deficiency can be easily overcome, if one exists, by the addition of inorgnnic fertilizers. The
nitrogen content of the material should only be of consequence when one is not considering applying
nitrogen to enhance the decomposition of a material with a high carbondirogen ration.

Various estimates of cost of processing and hauling of organic waste to the location where it
mndd be used range from $15 to $50 per ton of material. Cost will depend upon the size and
sopliintication of the plant processing the material. Processing materials costing from $20 to $70
per ton can hardly be an economioal means for farmers to improve noil chemical and physical conditiono.

The influence of animal manures on plant growth may be more than can be attributed to the simple
addition of nutrients alone. Ir a six year study on cotton,Tucker et al compared the addition of
manare at the annual rate of 10 tons per acre with cotton receiving nitrogen alone with no manure.
The first three yeare the yields were greater with nitrogen plus manure th-n they were with nitrogen
alone. The fourth year, Verticillium wilt began to build up in manured plots and the yield advantage
inflwmx of the m,-nure plote was lessened. In subsequent years, a Verticillium wilt tolerant Pira
variety of cotton was planted. The manure advnntage maintnined itself for the next three year
period.

:Chen considering the nutrient level of manure, one has to recognize there are tremendous
variations in quality of the initial product. This was shown in a study conducted by Stewart when
he used , laboratory model to study soil moisture conditions on ammonia volatilization and nitrate
accumulation under cattle feedlots. When urine from cattle wan added every two days to an initially
wet toil, lees than 25 percent of the nitrogen was lost as ammonia and approximately 65 percent of
the nitrogen in the urine wao trannformed to the nitrate form. However, when urine was added to
dry aoil every four days, essentially all the wnter evaporated and 90 percent of the nitrogen was lost
as unemda. This variation in quality of manure is shown in Tibie 14.

Steer and poultry manure were used as soarces of phosphorun for alfalfa production in a five-
year study. Chicken manure from four different sources was applied on two separate occasionz. Yields
were not statistically different between the manured plots and the plots receiving treble supera
phosphate. In another study, dairy manure wns compared with treble superphosphate. Again the four-
year total production was not significantly different between the manured plots and the plote receiva
ing the commercial phoephorue.

Some effects of incorporation of cattle manure on chemical propertieo of soils were studied
by Pratt. Organic carbon content for the soils was 0.44, 0.91, 1.12 and 1.32 percent, reopectively
for manure application rates of 0, 6, 12 and 18 tons per acre per year. These treatments were applied
from the period 1939 to 1955. Aesociated with the increaae in organic carbon was an increase in the
cation exchange capacity of the surface sixinch depth. Large amounts of phosphorun and potassium
were ndded to the soil; in ench case most of these elements etayed in the surface foot of soil.
Similar results have been obtained by Broadbent concerning the decomposition of organic residues in
soils. He found the larger the addition of plftnt residue, the lower the percentage loss of added
material. Small, frequent additions will do /ittle to change thelevel of soil organic matter, however,
regular additions of resonably renistant materinls such as tarar manure in suststantial amounts may
incrense the orgnnic matter level.

Incorporation of plant residues can have a substantial effect on plant nutrient status in the
soils. In a study conducted by Abbot and Tucker where residues of sorghums, small grains nnd cottons
were either incorporated or removed, it was found that incorporation of the residues over the three
yenr period of the study resulted in a yield advantage on the soil with a low phosphorus level. There

was no apparent effect of incorporation of the pinnt residuee on the soil with the relatively higher
phosphorus level.



Table 14 - Approximate composition of manures on a dry weight basis.1/..,

'13Te

N

Nutrient

P205 K20

percent

Dairy, steer It feedlot:

Low 0.53 0.24 1.08
High 3.55 1.75 5.01
Average( 1.06 3.06

Poultry:

Low 1.70 0.75 0.90
High 5.14 5.56 3.76
Average)! 3.48 2.85 2.18

1/ Adapted from Solid Waste Disposal and Management Research Task Group, University of California

2/ Average of 35 samples in the Los Angeles area

3/ Average of 40 sample', in the Los Angeles area

In two studies, Williams and Doneen investigated the effect of green manures and crop residues
on the improvement of infiltration rates of irrigated soil. TheY found that incorporation of whole
crop residue (tope and roots) is one of the most effective ways of improving the infiltration rate nf the
soil. Plante used in the study were barley, corn, cotton, cow peas, Sesoania, Sudan grass, cereal
rye, soft chess, annual rye grass and mustard.

In a study by Lawn, several different farming systems were evaluated over a 12-year period.
It was found that only systems with the annual average return of more than 1600 pounds of residue
per acre maintained the organic matter content of the soil at a constant level. Larger quantities
of residue returned were required to increase the organic matter content a significant amount.
Significlnt increases were only obtained in systems producing more than 5100 pounds of above-ground
residue per acre annually.

In a study of farmyard manure and grass residus on soil structure, Williams and Cook found
that continuous graso was more effective than annual dressing of farmyard manure in making more soils
more permeable through formation of more water stiole aggregates.

Some of the adverse effects on sollo resulting from disposal of organic wastes on the land
are %s follows: Application of 5 and 10 tono per acre of garbage compost containing one percent
nitrogen was used to grow corn in five experimente on nitrogen deficient soil (Terman and Mays).
They found this material caused immobilization of soil and fertilizer nitrogen,resulting in a
nitrogen deficiency in the crop. Small yield increasea were obtained for Bermuda grass and sorghum
forage in field plots with a less nitrogen deficient soil where compost applications were made up to
82 tons per acre. However, in no case did yield equal that obtained with 160 pounds of nitrogen per
acre. Positive yield benefits from compost were not profitable but do show the potential of agricul-
tural land for accepting large amounts of compost without yield reductions.



The occurrence of nitrate and soluble salto in soils and its movement into the groundwater

in relation to cattle feedlots was studied by Adriano, Pratt and Bishop. Soil and water samples were
collected at varioue locations in the Sutter Basin and in the dairy production area of the Chino Basin
in California. Nitrate-nitrogen levels range from 14 to 210 ppm in groundwatere. EVidence for

substantial movement of nitrate into the water table was obtained. The pollution hazard from surface
runoff of phosphorus was greatest from the corral areas intermediate from the permanent pasture Areas
and le. d. for irrigated fields. However, the downward movement of phosphorus under the corral(' WA8

not greater than under the field sites.

Bentty et al compared the nitrate and ammonium nitrogen level° to a 20-foot depth between a
virgin forest ZIT, cultivated soil, and soil under a cattle feedlot. The lowest concentration, 56
ppm nitrate...nitrogen was obtained under the virgin soil, 407 ppm nitrate-nitrogen was found under the

feedlot. In the virgin soil the ammonium nitrogen level was 21 ppm and 2203 ppm under the barnyard
feedlot. Because of thehighly permeable soils and the tremendous load of nitrogen available in theee
Boils, there is a definite hazard of groundwater contamination of nitrates from these typee of organic
wastes.

Another concern with regard to dairy and feedlot manures ie the salt content of these materials.
Unleached, fresh manures may contain as high as 10 percent total soluble salte. ahen these eanuree
are added to soils in the ratee usually recommended for an adequate supply of nutrients, 1000 to 2000
pounds of total soluble salts may be added to the soil. That amount of salts in addition to thoee
already present in soils may be sufficient to creabesalt toxicity problems for the plant being grown.

In order then to prevent the addition of salts from manures from becoming a problem in plant
growth the soils have to be leached to remove the soluble salts from the root zone of the plant. These

salts are oubject to further leaching into the groundwater supplies creating the possibility of
degrading the quality of the groundwater.

There ie little concern about the movement of diseftse organisms into groundwatere, eepecially
where there is good drainage, since one of the clasetamethods of purifying water from the standpoint
of bacterial oontent has been to filter the water throagh the soil. One of the problems ausociated
with all sorts of organic wastes are their susceptibility to runoff and contamination of our water
supplies. According to Wadleigh,during the 15 year period, 1946 to 1960, there were only 16 human
deaths in the United States attributable to waterborne agents; 8 from typhoid fever,4 from chemical
poisoning, and 4 from infections other than typhoid. 4adleigh points out the excellent record in
protecting human health is most likely due to the high level of activity in preventing and controlling
animal deseases as well as the intense vigilance in monitoring drinking water cupplies.

Other sources of undesirable sido effects are those of phytotoxic substances, either through
the exudation of phytotoxine and antibiotics by soil microorganisms in the decomposition of the
material or by the addition of phytotoxic substances in the material itself. Various studies have
shown that phytotoxic substances could be extracted with water and various organic solvente from a
number of crop residues used for mulchhg purposes. Several fungi and other organisms have been
found to have the oapability of producing phytotomic substances. One other interesting aspect of
these etudies was that when ratee equivalent of 4 to 10 tons per acre of wheat strawwere ground and
mixed into the surface one-half inch of soil simulating the stubble malching,this created the most
phytotoxic effect on wheat seedling development. When the SAMO rate of wheat straw was mixed in six
incheo of soil simulating the effect ofploughing, the influence of phytotoxic substances on plant growth
was not evident.It wae alsofumithetwhen wheat straw had decomposed for a period of times it showed
lees phytotoxicity than fresh wheat straw.

The addition of phytotoxicsubstancee inherent in the plant are characteristic of sawdust and
bark of some tree species. Resins, phenols, and terpenes contained in the fresh sawmill by products
of these trees have an inhibitory effect on plant growth . Aging or partial decoaposition of the
sawdust can prevent the toxicity from occurring.Most of the investigations have been in the use of
these lumber by-products as soil conditioners for ornamental and horticultural type crops. The

studies have shown that bark and sawdust *om some lamber species of trees have greater toxicitieu than
others,while come have none at all. There are also varying degrees of plant sasceptibility to the
phytotoxlc effects.

As pointed out in the disease section, organic wastes may be helpful or a hindrance with regard
to disease and ineecte. If the infectious organism is not a goodcompetitar in the soil environment,
the additione of orgamic matter can reduce its number and hence decrease the disease potentill.
Organic matter eopecially in the form of plant residues may also provide a means of overwintering
and transmission of the organism. In California, it has been estimated by Mchelly that yield loseee



in tree crops from disease and insects totalled slightly over 58 million dollars in 1968.

Another adverse effect is the perpetuation of weeds throue the use of animal manures, green
manure crops, or incorporation of plant residue. According to Harvey, the percent of viable weed
seeds passed by animals shows cattle 9.6 pereent, hogs 8.8 portent, horses 8.7 percent, sheep 6.4
percent and chie:ene 0.2 percent. Cow manure composted in piles ohowed a 22 pereent germination of
morning glory seed after two months of composting. However, there was only one percent germination
after three months. Morning glory seed survived chicken manure composting regardlees of treatment.
A mixture of cattle and horee manures were composted with 52 different weed species preeent. Hone
germinated after one month.

What can be done about alleviating the undesirnble effects of accumulatione uf organic wastez
in our environment? In the literature there havebeen two predominant themes which have occurred in
relation to the disposal of organic wastes. These are the coste of handling or dispoeing of the
material and the seeming unwillingness to eacrifice very much in the way of convenience or to pay the
cost of the necessary disposalseither by increased costo of cOnsumer goods or increased taxes.

Coste of disposal of orgnnic wastes vary widely. In the United States last year the Bureau of
Solid Wa te Management in the Department of Health, Education and Welfare estimated it cost 4.5
billio4dollare to collect and dispose of the previoum year's waste which amounted to almost 4.3
billio tone.including industrill, agricultural and domeetic wastes of all types.

An economic review can be conducted more raadily in the area of diopoeal of agricultural
organic wates. The most intimate association of agriculture with the dieposal of organic waste has
resulted in the necessity of developing cost information for various mechanisms of disposal.
Agriculturists have long recognized that disposal is part of production coste and have attempted to
develop efficient means of disposing of these materials. In a coot analynio study of various
alternative methodz fordtiry and manure disposal, Berge found that the annual cost per animal for
a 50-cowdairy ranged from $29 to $49 for different eystems of handling the material. Fairbanke
estimated that the coot of treatment of dairy waste to the sane degreeas city sewage would mine the
retail price of milk about four cente per quart.

There are various methods of treatment of our organic waRten which have been inveetigated and
are currently being re-invsstigated in order to determine if modification° may produce more efficient
ways of disposing of these wasten. Currently known methods of dieposal of domestic refuse

include land filling. This method has the advantage of being relatively inexpensive and applicable to
the wide variety of terrain. Some of the dioadvantages are rising land coste, increasing urban
presoure requiring more stringent controls for the use of the land for higher value purposes. Opon

dumps are unually the most prevalent type of disposal. The current environmental amphaseo render
this as a very undesirable technique.

Incinerntion, whichin the procese of burning no/id or aemisolid combustible wastes in another
method of treatinEcorganic waste°. The principal advantagee of incineration are less land required
and the fncility may be stalled in a centralized location reducing collection and hauling coste. Some
of the disadvantages of this method conoist of the high capital outlay and cost of operation. There
is also the problem of loading the atmosphere with contaminants and the fact that it is not a complete
dispoeal method. The residue° from the aystem must be disposed of as well.

Another technique is composting. Like inoinerntion it cannot be considered an ultimate
dioposal method in as much as the material is treated so that it can be disposed of by other mean°.
It has the advnntage of conserving resource material. It too may be conducted in a centralized locqt-
ion reducing hauling distances, and it may provide a uneful end product. The disadvantages of the
system Are the high capital and operational coste including the segregnting of non organic refuse.
Another major problem in finding the markets for the end product.

Recycling is another means of reducing the total amount of material to be disposed. Th.
obvious disadvantages of this are the coste of sorting through the refune and segregating the
material into a number of like materiale. Currently about 20 percent of the paper consumption in the

1/ tillion American usage . thounand million



United States is being supplied by the use of recycled paper.

Pyrolysis is another technique which hen been under investigation. Thin is a procese of destruc-
tive distillation carried out in an atmosphere almoot completely devoid of oxygen. Similar to incine-
ration and composting, pyrolysis cannot be considered an ultimate disposal method.

Varioua studies are in progreno to determine methods for handling some of the plant residues
which are not prenentty being incorporated into the soil. One of the more interestingkinds of dispo-
sal techniquee has been the preparation of cellulosic wastes for animal feeding. Several investigea
tors: Kohler, Guggolz, Waise, Graham, Garrett, and Klopfenstein have been investigating thie possibi-
lity of utilizing cellulosic wastes for animal feedn. Klopfenstein found that d percent uodium
hydroxide seemed to be a practical level of treatment for corncobs. Steers fed this °nailed material
were able to gain 1.6 pounde per dny. Lambs fed treated wheat straw supplemented with soybean meal
and urea were Able to gain 35 and 18 pounds per day. aarrett found that pelleting or cubing the
straw containing rations improved the animal intake. He aleo found that sodium hydroxide treatments
increased the total digestibility from 38 to 59 percent. Rice straw can be treated to hAve
reasonable value in feeding of animals. An economic study by Parsons showed that if rice straw could
be cubed and sold for S25 per ton the increased value per acre to the grower would be $60 for four tono
of rice straw. The ntudy asnumed a possible demand for the product.

In countries where the availability of feed for animalo is aorewhat limited, the utilization of
these nilulosic crop residues as feeds for ruminant type animals may provide an additional source of
income from production of plant reeidue or through the increased number of animals which could be fed.
The problem then arises in developing a technique for on faro treatment of these cellulosic plant
reniduee for utilization by animals.

With regard to domestic sewa ge efrluent, there is a time honored practice in many countries
of utilizing this material for its fertilizer value. One of the problems associated with its use in
that manner is the possible contamination of food crepe with human or animal pathogenic orgnnisme.
In some areas,use of sewage is prevented by regulatione by the public health agencies. Regulations
on the use of :sewage for irrigatior crope are usually a general law under the public health act. The
law will state specifically that effluenta of septic tanks, ether settling tanks, partially
disinfected effluents, aprinkling filters, activated sludge plants, similar sewages shall
not be used to water may growing vegetables, low growing fruits, fruit that is in contact with
the ground, viseyardn or orchard crops during seasons in which frait liemon the ground. Such sewages,
effluents, sludge, or screenings are not permitted in ditches or pipes which may be used to irri-
gate the aforementioned crops. It may aleo state the effluents can be used on certain specified
field crops. Most countries, if not all, have similar laws. One of the obvious benefits deriving
from these regulations ie the low rate of human and animal mortality from the utilization of contami-
nated plants or water. This has already been pointed out by Wadleigh.

Various techniques of handling animal manures produced from confinement animal production are
beinr investigated. Those which have been mont euccessful involve the biological degradation of theee
materials. Aerated composting and lagoons are receiving renewed attention. The aeration in lagoons
ie achieved by floating an aerator on the surface,thus creating an aerobic laaer of water on the surfece.
The municipal type of sewage treatment plant is under investigation as a possible means of disposing
of animal manures. A secondary type treatment plant would cost about $250 to $1000 per cow to build
and perhaps $60 to $100 per year per animal to operate(Fairbank).

Another technique which is currently being investigated for dieponal of dairy waste is the use
of wash water to transport suspended solid material to the field andato use this for irrigation of field
crops. Investigation° are currently under way to evaluate this system and to determine the effect of
different loadings of material on crop production, soil characteristics, and the quality of the
groundwater (Rauschkolb, Ayers and Kite, unpublished data).

In many areae where commercial fertilizers are not available, animal organic waotes are held in
high regard and still provide a beneficial effect. These areas do not constitute 4 problem as
far as organic waste disposal is concerned. Where the problem arises ie in countries which have access
to plant nutrients through relatively inexpensive commercial fertilizer. This makes the utilization



of organic waote for plant nutriente too costly.

There have been several instances cited to indicate that soil can withstand very large loads
of orgnnic waste yithout resulting in adverse affects upon crops providing the soil is managed in such
a manner as to acnount for the presence of this organic waste. It lould seem likely that land is or will
have to become the primary manner of disposal of organic waoteo. In order to do this there are
several critical matters requiring attention.

What is now needed is to develop information regarding the characteristics of these materials
to ascertain some of the long-term usage effects on soils. The primary concern has bselthe effects on
the fertility of the soil. Although some investigations have looked perfunctorily at the physical
characteristics of the eoil resulting from the incorporation of these materials, there in still very
little evidence on the long-term changes of soil structure and the benefits if any derived from this
change. Perhape one of the reanons for this has been the lack of uniformly acceptable and reproducible
techniques for evaluating soil structure. Even assuming an improvement of (soil structure from the
incorporation of these organic materiale, there have been few investigations that have attempted to
assempan economic value to this improvement. One of the problems has been that soil improvement is
generally so slow and of such subtle nature that changes on the ehortwterm have not been discernible.
Even though its economic value.resulting from spreading it on the land.io not commensurate with the
advantages it may provide,the use of this technique is possible. However, for the very reason stated,
economic incentives will have to be provided for those willing to utilize organic waoten in thio
manner.



EXTENT

In any discussion about radioactivity and ita effects, it is difficult to be factual and
objective without conjuring up in people's mind a sort of inaidioue death, genetic aberrations caus-
ing congenital birth defects and malformation, and unexplained adverse effects on the environment
which affect all of our lives. For those sane reasons it is necessary to more fully understand the
occurrence, transmission, and reactions of radioactivity in our environment. People have been weaned
on the mane hysteria which developed after the nuclear explosion toward the end of WW II and the
threat of nuclear war which prevailed for a number of years after the close of WW II.
However, reason among men has prevailed, which inifteelf is comforting, and several nation° entered
into an agreement whereby atmospheric testing of nuclear weapons was banned. Unfortunately, other
nations,also with nuclear weapons oapabilities,have not enteredinto such an agreement. Consequently,
stmospheric explosione of nuclear weapons continue to be a source of radioactive contamination.
Other sources of radioactive contaminants are wastes f:om mining and refineries of uranium and thorium,
power plant nuclear reactors and medical and research laboratory wastes. Since soils naturally
contain radioactive materials, it is necessary to become familiar with their contribution to the
radiation level of the environment so one can accurately determine the contribution from other sources.

SOURCE AND INTENSITY

Some of the radioactive elementsin nature are discussed to assesstheir contribution to the
natural radioactivity of soil. According to Talibudeen, Carton-14 has a mean specific activity in
equilibrium biosphere of 16.1 disintegrations per minute per gram of carbon ao a very weak beta
emission. Potassium-40 has a specific activity of 28.3 disintegrations per second per gram of potaesium
ae beta emissions and 3.6 disintegrations per second per gram of potassium as Rama emissione.
Rubidium.87 has a MASIMUM beta emission energy similar to that for Carbon-14. Thorium-232 in the
parent member of the thorium family which has a disintegration rate of 4100 disintegrations per
second per gram of uranium. The total alpha radioactivity of the uranium family at 1 ppm uranium is
285 micromiorocuries 044-) per hundred grams of soil, and for the thorium family at 1 ppm thorium,
the level was 77/Jamcper hundred grams of soil. In a study using Montpilliar coarse sandy loam looated
in the San Joaquin Valley in California, Hanson found uranium concentratione varied from 1.9 to 2.6
ppm and thorium concentrations from 9 to 11 ppm in the soil profile. The isotopic activities cf the
soil horizons ranged from 1.5 to 2.9 disintegrations per minute per gram.. Hanson indicated he was
able to calculate the radioactivity per unit of area and depth from the study. This type of
information is of use when assaying background radioactivities. Another interesting finding of the
study was uranium is leached more rapidly througn the soil profile than is thorium.

The physioal chemical composition of radio elements in soil@ is complicated by the added
feature of radio elements being transformed oontinuously into new elements. In the gaseous phase
there is radon and carbon dioxide. In a study examining the appearance of radon in soil atmosphere,
Delwiche et al concluded a major portion of airborne radioactivity of natural origin is due to
radonisotopes having their origin in aranium and thorium found in soils and rock. Some of the
naturally occurring radionuclides also occur as solutes in the soil solution. The degree depends
on solubility of the mineral. All of the naturally occurring radioactive elements are found in eoil.
Probably the most importad radioelement contributing to the activity of the biosphere is potaseium and
the mecond in carbon (Hansen et al). In Table 15 are given the sources and estimates of background
irradiation received by man.

The manner by which radioactive materials are disseminated becomes important from the standpoint
of evaluating distribution and intensity of land degradation. Meteorological dispersal of radioactive
aeroeols is one method of transmission. These aerosols may result from an atmospheric nuclear
explosion and release their fissionable products into the air °retool radioactive release, either
accidental or uncontrolled,or from wastes. The importance of atmospheric redistribution an a
mechanism for the radioactive contamination of soil was shown by Schleien et al. In monthly
compoeite sampling of the air one meter above the ground near Winchester ,Massachusetts, they were
able to detect tne influx of radioactivity from all but one of the Chinese atmospheric detonations
during the sampling period. In 1968, they found approximately 60 percent of the detectable radio-
activity originated after 1963. The samples were collected and seareed as suggested by the United

III. RADIOACTIVITY



Table 15, tose rates duo to external and internal irradiation from natural sources in "Normal"
areas.1/(In parentheses, estimates given in the 1962 report)

Dose Ratee (mradiy)

Source of irradiation Gonads Haversian canal Bone marrow

External irradiation

Cosmic rays
Ionizing component

Neutrons

Terrestrial radiation
(including air)

IrTtral irTftdiation

Rb87

c14 0.7

(0.7)Ra226

(0.05)
Ra228

(0.08)

y Taken from the United Nationa Report on Effects of Atomic Radiationa

Totals were rounded off to two signifioant figures

210
Po 0.3

1:81

3(0.03)

i30::

0 6.04)

Rn222 (diusolved in tissue
)

s) 0.3 0.3

(0.3) (0'

1(°1?)2)

(0.3)

Total?' 99 96
(99) (98)

Percentage from alpha particles and neutrons 1.3 4.4 1.4

(3) (2.8) (3)

50 50 50
(50) (50) (50)

20 15 15

(20) (15) (15)
0.3 0.3 0.3

28 28 28

(28) (28) (28)

0.7 0.7 0.7
(2.5) (2.5) (2.5)

1.6 1.6

(1.6) (1.6)

0.6 0.03

(0.54) (0.06)
0.7 0.03
(0.86) (0.1)



States Department of Health, Eduoation and Welfare radioactive material assay procedure for
envirenmental sampling (1967).

Several factors are to be conaidered when evaluating wind pickup of radioactive particles from
the ground surface and their ultimate redistribution causing land pollution. Such soil factors as

particle size, area covered by nonerrodible particleo, vegetative cover, cohesiveness of surface
particles, density and shape of the individual particlea, coupled with meteorological factors such
as wind epeed , gustiness near the ground, temperature, humidity, and the occurrence of precipitation

all influence the wind pickup of radioactive particles (Healy and Fuquay).

Menzel indioateo that most fiesion products and naturally radioactive elements in the air are
carried on solid particles. In higly contaminated zones close to a nuclear explooion the particles may
be relatively large, one micron to (several hundred microne in diameter, whereas world wide fall out
of radioactivdy are aesociated with smaller particles usually from 0.1 to 1 micron in diameter. A

rule of thumb which has been developed to estimate the deoay rate of a mixture of isotopes reeulting
from ("nuclear explosion states that "for every sevenfold increaeein time following the explosion,
there will be a tenfold decrease in radiation activity".

Indioations are that rainfall in one of the principal mean() by which the smaller radioactive
particles are deposited on the surface of the earth. In Florida, approximately 90 percent of this
Strontium-90 oontent of the crops resulted from intercepted rainfall (menzel). He also found that
particlee greater than 10 microns are likely to settle by gravity before a rainfall occurs. In the
arid regions where total rainftll ie very low, the Strontium-90 deposited by rain was estimated to be
roughly equal to that deposited by dry mechanisms. In the absence of rainfall, large particles are
deposited by a gravity impaction in eddy turbulence. Studies by Woodwell and other investigators
have shown the highest accumulatione of radioactive fallout in the world occur between the latitudes

30 degrees north and 60 degree() north. Peak concentrations of 120 millicuries of Strontium-90 per
square mile were found in samples at latitudes corresponding to Canada and Central Europe. The

remaining latitudes showed concentrations of Strontium-90 at lesa than 80 millicuries per square mile
with approximately two-thirds of those below 40 millicurieo per square mile. After theee radioactive
materials are deposited from the air there is some wind and water movement after it reaches the soil.

From data obtained in erosion test plots, Heald found 99 percent or the fallout Strontium-90
remained on the soil whore it fell, however, the Strontium-90 that ran off was concentrated 10 times
in the sediment. Therefore, it Deems likely that in areae subjected to sediment accumulations,
radioactivity oould be found in higher concentrations than in the surrounding areae. Other sourcee

of radioactivity need to be evaluated as well.

To evaluate the extent of a possible hazard from the content of uranium, thorium, and radium
in the world phosphate rock deposits, a survey of phoophate rock (samples from all major phosphate
producing areae in the world was conducted (Menzel). Out of a total of 316 individual phosphate rock
samples, the median content of radium, uranium, and thorium was 18 manograms/kg, 59 milligrams/kg, and

8 milligrams/kg, respectively. Menzel concluded that phosphate fertilizer applications probably have
not or will not result in an appreciable radiation hazard since the addition of high rates of phoephatp
may only equal the amounts of uranium and radium occurring naturally in the low layer, however, the
addition of thorium would be less than the amount occurring naturally.

There eeems little doubt that the electrical power consumption in the world will increase. At
the same time, there is some doubt that fossil fuels will be capable of providing theeiergy needed to
generate this power. Furthermore, it seeme only realistic to recognize that fossil fuels are not a
limitless supply of energy, nor is there likely to be much more development of hydroelectric power.
Consequently, the door has been opened for the entry of nuclear reactor power plants.

It is projected that by the year 2000 in the United States approximately one-half of the power
generated will come from nuclear power plants. Shaw and Whitman estimate that by 1975, 25 nations will

have commercial nuclear power plants. The reaoon for concern about nuclear power planta is from the
standpoint of accidental and waste release of radioactive materials into the surrounding environment.
In the United States the Atomic Ehergy Commission requires a minimum of one year of background
radiation survey data before the nuclear power plant can become operational. The surveys are conducted



at the expense of the requesting company with periodic checka on sampling techniques and accuracy by
the Atomic Energy Commission. These surveys of background radiation are very critical since they
provide the benchmark data fon evaluating the effects of a nuclear reactor plant on the surrounding
environment.

What happens in soils once they have bien exposed to contamination by radioactive material? In
this regard the reactions of naturally occurring and artificially produced radionuclides will be

&scummed.

MUS1JREME27 AND CONTROL

Investigations have indicated that in soils the oation exchange capacity of the soil has a
marked effect on movement of radioactive nuclides through the soil. Leaching soils with mixed fission
product solutions resulted in 80 to 85 percent adsorption of the total radioactivity in the first few
centimetere of soil (National Academy of Sciences Publication 1092). The fixation of theme fission
products have been studied by several investigators. One ouch study by Evans and Dekker show that
Cesium-137 was fixed against extraction by neutral one normal ammonium acetate. Fuller and
L'Annunziata found the presence of various algae and fungi could incude some slight movement
of Strontium-89 through the soil profile with water leaching. Moot of the radioactivity waa found

in the first 2.5 oentimeters layer of the eoil where it waa applied.

Since the principal reaction of the radioactive cation is similar to those of other oations in
soils, they would be su'dject to the same influences of olay content, organic matter content, and pH
effect. Where they may differ is in the degree or extent to which they participate in such reactions.
In this regard, it has been found that several cations have a tendency to reduce the adsorption of
strontium and oesium. The order of replacement on soil materials is usually lithium .,:. sodium

potassium c ammonium a rubidium < cesium 4 hydrogen < magnesium 4 oalcium strontium
(National Academy of Sciences Publication 1092). The type of anion present has also been found to
have an influence on the availability of strontium for plant growth. When strontium was added to soils
as the sulfate , oxylate, hydroxide, fluoride, carbonate or phosphate it was one tenth as available
to plants as strontium added to the soil as either the chloride or nitrate. Masaive doses; of phosphate
have reduced strontium uptake 50 percent on alkaline soils but give no ouch reduction on acid soil.
Plutonium seemoto be so tightly held by soil that little is taken up by plants so it may be considered
of alight concern to man. Unless inaorporated throughout the soil by meohanioal manipulation of the
aoil,the best evidence indicates that these radioaotive materials will be adsorbed at or very near
the surface. Since very row if any plant roots feed at the surface, there Deems little likelihood
mese materials will be taken up by plants, special/y in arid regions where soil surfaces dry rather
rapidly. In the more humid regions the possibility does exist for roots to explore the soil near the
aurface for its nutrient supply. However, when considering the rather small concentration of
radioactivs materials near the surface,in relation to the more uniform distribution of the essential
plant nutrients throughout the soil profile and the magnitude of the nonradioactive materials,it also
seems reasonable to assume that plants would not absorb great amounts of radioactive material.

Over the long term soils are ranipulated,and these radioactive materials are distributed more
uniformly in the soil profilevincreasing the probability of adsorption. Yet at the same time the soil
ir tilled,the contamination in many cases is diluted to the point where it ir no longer discernible frail

background radiation. Concern with radioaotive materials in soils is not with their effect on soil
per es, but their entry into crops and ultimately their entry into the food chain of man. The
principal method of entry into the food chain is wlain fallout lodges directly on plants that are eaten
by man or animals (Alexander,Menzel and Reitemeier).

Auerbach and Crossley found that eoil applied radiooeeium and
radiostrontium had higher concentrations in the leaves and flowers of corn than in the other plant
parte aampled. However, in sampling the natural veeetation it appearad that flowers of these plants
had the lowest concentration. There were some plant species differences in this regard. This might
be expected since it is well characterized that plante have different abilities to absorb and
accumulate various elements.



Several isotope investigations have shown greater acoumulation of strontium in the above
ground parts,whereas radioieotopee of yttrium, cerium and ziroonium are retained mainly in the roots.
The data also indicated that the radioactive elements concentrated mainly in the vegetative portion
of the plant with smaller quantities accumulating in the seeds. Studies by Oulyakin and Tudintseva
found that strontium and cesium radioisotopes were more readily taken up by plants than other fission
products. They have aleo demonstrated the close relationship between the uptake of radiostrontium and
radiocesium to calcium and potassium, respectively. They indicated that in soils where the absorption
propertiesof tho soils are inteneified, the acoumulation of these radioactive materials in farm crops
may sharply decrease.

Evidence of the influence of fertility on the uptake and radioactive strontium and its
distribution in plants is viewed with mixed cmicern A study by Andersen found that heavy applications
of phosphorus decreased the concentration as well as the total uptake of Strontium-90 in oats.
On the other hand, nitrogen applications increased the total uptake of Strontium-90. However, the
distribution of the isotope in grain and straw was differently affected. Concentration of Strontium-
90 in the grain decreased with inoreasing nitrogen supply until the maximum yield was obtained.

There is also information regarding the influence of soil pH on the uptake of Strontium-90. In

general, the uptake was greater from acid soils, intermediate from slightly acid soils, and least on
soils that have bien limed (Haghiri and Sayre). The sana study indicated the accumulation of
radiostrontium varied for different plants. After ti ve weiásgrowth the uptake was in this order:
buckwheat r soybean,' r alfalfa r Sudan grass, which was approximately equal to corn. Sudia
and Linak demonstrated greater absorption of radioactive materials occurred at the lower pH values
2.5 and 4.5 and signifioantly lower amounts were absorbed at the higher pH values of 7 and 8.2. An
interesting corollary of this study was the translooation of radioactive strontium from the site of
foliar application. Loss than 2 percent of the radiostrontium was transported from the applied leaf.

Investigating the availability of exchangeable and non-exchangeable Strontium-90 to plants,
Roberts and Menzel found that cow peas were oapuble of extracting 8 to 18 percent of the exchangeable
strontium, depending on the uptake of exchangeable calcium. They also found that non-exchangeable
strontium made little or no contribution to the total uptake.

Through the accimulation of radioactive wastes in soils and their resultant uptake by plants,
radiation enters into the realm of internal radiation in animal and man. Table 16 shows the amount

of radioactiritycalculated to be in one acre of a green crop by Hansen,Vidal and Stout.

1/ The total activity (calculated) for the entire above ground portion of the crop on one acre is 0.11
milliourie

I/ Adapted from Hansen, Vidal and Stout.

Table 16 Radioactivity in one acre of green crop plant in curiee por isotope.J./ 2/

Radioactivity in curiesNuclide

K40 76 500 x 10-9

Rb87 19 900 z 109
c14 13 500 x 10-9

26
Ra2 400 x 10-9

U238 157 x 10-9

H3 156 x 10-9



It is not within the scope of this paper to discuss the affects of radiation dosages on animal
and h'a' health. As pointed out previously, there are several methodn by which rmdiation may become
an internal problem. Also, the ooncern of ingesting radioactive material te not necessarily that of

large emount of redioactivity ingested at one time, but rather the accumulation of small amounts
through handling, ingestion or inhalation. By ionization, diesociation of compounds in the body,
and densitureration of protein, the effects of rmdioactivity may be immediately exhibited. Or, the
expression of the effects may be delayed for a considerable period of time depending upon the
intemsity and ahronic netere of the radiation.

Wethode of ameliorating the effects of radicactive contamination of the soil have been the
subjeol of muoh investigetion over the past several years. There are few practioal solutions for
deoontaminating soils with relatively large amounts of radioactivity that migbt be associated with
oomperatively Large relenees from a nuclear explosion or un accidental fission product releaee. The
erm "preationl" is used in the some, thnt as long as other large areas of soil are available for

utilisation in the growth of plants, decontamination procedures muet fall within the realT of
economioally feasible reclammtion.

Procedures of soil decontamination which have been investigated are continuoue crepping,
removal of sod or the surfaee :" to 4 inoheo, deep ploughing,leaching and the use of fertilizers and
soil amendments (Rills). While some of these practice,' mey not be femsible from the etandpoint of a
large oontamination, it may be reasonable to use certain of these technique° in the decontamination
of mail amoents of radioactivity, whioh are signifioant increases above the natural background
radiation.

The use of chelating agents hme been investigated as a peesible mechenism for leaching
radiemotive materiels below the root zone of plante where they could accumulate and harmlessly
deoay. Chelating agents ouch as ethylenediamine tetrmcidic acid (EDTA), ethylene diamene di-o-hydroxy
phenylacidic acid (E)DRA) and diethylene triamine (DTPA) were oompared with deionized water as to their
ability to move several fision products, Strontium-89, Tttrium-91, Ruthenium-106, Cesium-137, and
Cerium-134 in different kinds of soils (Nishita and Eesington). Irrespective of soil type, the order
of maiMitude of fissionable products movement by water was in the following order: CS-137 T-91

0B-134 < SR-89 ce Ruthenium-106. Among the chelating agente, EDDHA was generally leaet effective
while the relative effectiveness of DTPA and EDTA varied with the oil and the radionuclides. Theis
investigetors concluded that the applioation of synthetic chelating agents for leaching of mixed
fissionable products is of limited value. However, investigations by Fuller and L'Annunziata would
indieate that the etiolating agent DTPA in oonjunction with algal or fungal activity in soil may provide
a very important meohanism for moving 3trontium-90 through the soil profile. Fertilization coupled
with use of manure or orgenio waste incorporation in the eoil,seeme to be another technique which nay
rodeos the aeoumulation of strontium and oesium in crops (Oeylyakin and Yudintseva). The uso of
apses to- enoourage the replaoemert of the radioactive oetion with minim on the exchange complex
causing the radioactive cation to be leached deeper in the root zone may be another technique which
is available to reduce relatively low amounts of radloactive material in the soil.

Deep ploughing could be another preotical technique. There are

two aspeets of deep aloughing which mey be applicable.One is the actual burial of the contaminated
soil to a depth of 2 to 3 feet, in which oase shallow rooted planto could be grown. The other
&normative is thoroughly mixing the contaminated soil in the 2 to 3 foot soil profile, thereby
diluting and decreasing the probability of the radioactive element being taken up by plante.

It appears that tour radionuclidee are of importnnce in the consideration of the radioactivo
contmmination of foode from soils. These are 3trontium-89, Strontium-90, Iodine-131, and Cesium-137
(Federal Radlation Council). However, an pointed ont by Heiteeeyer et al, the half life of Iodine-131
is 8 &Lye, which in too short, a time for it to be eoneidered with respect to eoil Contamination.

Lieberman discuses* the waste management problem in the nuclear energy industry and indioatee
that there are three basic considerations in the disposal of nuclear waetes. First, the establishment
of appropriate standards. second, the specific nature of radioactive waste under consideration.
Third, the physioal,chemioal, and biological oharaoteristics of the environment in which the waste is
to be handled. AB pointed out, eenentielly the proper waste management is in identifying and



quantitatively describing iteme 2 and 3 and their combined behavicurso as to insure oonformanos with
the standards established. The standards should be oomposed of the best available biological and
medical knowledge and need to be of universal application. There are certain limitations however.
Standards sometimes lack complete knowledge. They must therefore be subject to modification as better
knowledge is gained. The general attitude toward radioactive waste management has been "concentrate
and contain" or "dilute and disperse". The "dilute and disperse" technique huu generally been imposed
upon low concentration radioactive wantes and the "concentrate and contain" is generally assooiated
with the disposal of highly radioactive wastes. With regard to waste containing low ooncentrations
of radioactivity, the general practice has been to disperse these in the environment in such a manner
as to not contribute to the background radiation level in any significant amounts. According to
Lieberman, there are two cardinal principles in establishing performance criteria for waste dispersal
operations from nuclear inetallations. They are (i): the minimum practicable amount of radioactivity
should be dispersed into the environment commensurate with specific environmental standards to protect
public health and safety; and (ti): a continuing periodic mandatory verification of performance
criteria. Further investigation may be necessary to characterize waetes from nuclear power plants,
and their long term contribution to our external and internal radiation exposure.

One can only hope and assume that reasoning of reasonable men will preveil and the danger of
nuclear war is only an unpleasant memory of the past. And further, that reason will prevnil in
such nations that aro practising nuclear atmospheric testing so this source no longer becomes an
environmental concern.

Upper air direction and speed are important indicators of where the fallout will be deposited.
The same indicators are of value in estimating the distribution of radioactive waste dispereal through
atmospheric venting of nuclear power plants. Of considerable interest would be the radiation decrease
rate following an accidental release of nuclear power plants which produce different kinds and amounts
of fissionable products.



IV. INFECTIOUS ORGANISM

EXTENT

Infectious disemees from the standpoint of land degradation may be considered on the basis of
the introduction of an infectious agent into an uninfected area. In that sense it bocones necessary
to amnesia relatively high degree of importance to the mode of tranemission of these diseases. Realiz-
ing their presence in soils is of great economic importance, regardless of mode of infestation, they
asure higher priority.

When one considers the number of years that plants and animals have existed, one can assume
that large numbers ofrnicroorganisms causing various dies/tees must have been introduced into soils.
Thatbeing the case, what has become of these infectious organisms, especially the ones that cause
diseases in man and animals, for example, typhoid fever, dysentery, cholera,dipht6eria, tuberculosis,
mastitis, abortion in cattle, and numerous other diseases?

SOURCE AND INTENSITIt ANIMAL PATROGENS

The resulta of soil investigation° for presence of agente causing infectious dimeases have
establiehed that many organisms pathogenio to man and animals do not remain alive in the soil very
long. However some pathogens are able to survive in the soil for considerable periods. The

infectious agents of anthrax, the clostridial diseases(including tetanus), coccidioidomycosis and
ascariasis, for example, are found in soile efter several yeare. There are also numerous plan

diesoases that are able to remain viable in the soil for considerable periods of time.

The lack of persistence of many pathogenic organisms in soils is probably due to such factore
as unfavourable environment, lack of oubstrate, deetruction by predatory organisms and antibbtic or
antagonistic effeots from the indigenous soil population of microorganisms. However, it is not within

tho mcope of this per to discuee all types of organisms that can survive in soile and are pethogenic

in nature to plants, man and animals.

MEASUREMENT AND CONTROL

In the tranemission of han and animal pathogens, aerial transpor/ of the organism as a free
orgetaism or attached to organieloil particlee is one of the principal methods of transmission of the
disease. Investigations into the survival of organisms as aeroeole have revealed that relative humidity
is one of the controlling factors in survival rate. It is, however, very interesting to note that
organisms vary in their ability to survive at different levele of relative humidity. Investigation/3

by Stewart and Wright, liming streptococcal L forms showed that survival was greater at comparatively
low and high relative humiditieswhile the intermediate relative humidity was the most lethal. In

another investigetion usieg Esoherichia ooli S, Cox found the best ¡survival in air occurred at the
relative humidity range of 40 to 10 percent. At relative humidities greater than 40 the survival rate

was greatly reduced.

In evaluating the ffect of various aeroeols on the survival rate of airborne u.c.Rhixobium
melilote, Won and Ross found that survival rate of this organism was MAJDOVJM at high relative
V2175ITIes, and the survival rate was reduced signifioantly at lower relative humidities. They aleo

found that certain other aerosols ad envtronmental factors influenced the rate of survival. It

seemi that the organism was capable of eurviving in the air at relatively high concentrations of
NO,, SO,, or formaldehyde, and while tho survival rate was reduced by ultraviolet irradiation the

ffeot *a. acoentuated at low relative humidities.

7he survival of various microorganisms in water has ale° been found to vary consiJerably

degree of contamination of the water. The organism Eberthella tyophona eurvived in rterilired watur

for 15 to 2') days as opposed to 4 to 7 days in frenh water. It died off even more rapidly, 1 to 4

days, in raw river or canal water, and in this instance the degree of the eurvival of the organism

in water was found to be invereely related to the degree of contamination. Saprophytic bacteria

were directly reoponeible for the destruction of the pathogens (Wakeman). When Feeudom.onae aeruginosa

on the other hand is present in drinking water, :t may not be accompanie by other bacteria. When

water wae inoculated with Secherichia coli and Pseudoconas aeruginosa only the latter organism

survived. However, Wakeman found the two organiemb can coexist in sterilized

water. :n sterilised tap water inoculated with Brucella melitensie the organiem was able to survive

for 42 days as opposelto7dsys ht unsterilized tap water, further indicating the microbial compliment

of the media ie extremely important in evaluating the rate of survival of a pathogen.



Soil survival of various organismo aleo is quite variable. For example Mycobacterium
tuberculosis was found alive and viable in cow feces on pasture land after 5 months during the
winter, but were undetectable after 2 months in the summer. In other studies where Mycobacterium
tuberculosis was added to nonsterile soiln, it was olowly destroyed until it was reduoed to about
1/6 of ite original count at a one.month period (Wakeman).

A fungus dieease of man and animals, coccidioidomycosis, resulting from inhalation of
spores of Cocoidioides immitis is a soil borne disease endemic to the arid area of the southwestern
United States. Rpidemics of coccidioidomycosis sometimee associated with sever* dust storms are
regarded as examples of true aerial transmission. It also appears that the soil serven 48 a point
source ofinfection and the most common means of tranumieeion involves physical perturbation of soil
upon the natural site of soil inhabitation of the organism (Xahrs). The hookworm disease canned
by Ancylostoma duodenal° and Necator americanus is primarily due to °oil pollution (Wakeman). The
larvae were foUTIN-177,71ive for as long an 6 months in Roil protected by vegetation, and the larvae
were found largely in the capillary film of moisture surrounding the soil particles.

SOURCE AND INTENSITY: PLANT PATHOGENS

There ie widespread distribution of many different types of soil organisms which can infect
plants through their intimate association with plants in soile. Theseorganisms have adapted over
a wide range of soil environmentn and are able to persist for long periods of time, especially in
the preeence of host plants.

Seedling diseases may be caused by many organismo. Two organisms associated with thie type of
plant disease are naturally found in soils and have worldwide distribution. They are Pythium species
and Rhizoctonia species. Davidson estimated that seedling diseases have cauned slightly over one
percent losses in cotton in 1966 in Arizona. By ueing the estimate of losses due to
seedling disease, very often the only consideration is the reduced stand and effect of ntunting on
the ultimate production. However, as it is pointed out by Garber, the °codling disease organisms are
capable of rotting seeds or killing seedling plants often to the point where it becomes necessary for
cotton growers to replant their fields. The complete loes of stand and cost of replanting are
conomic losses which are not generally considered when estimating yield losses due to inadequate
stands.

Another typo of widespread soil inhabiting plant pathogens are the wilt organisms. These
organisms, Fusarium oxysporum, and the Verticillium albo-atram are worldwide in di. tribution
and the Verticillium albo-atrum especially has a wide host range (Hall). 3evere crop losses have been
attributed to this soil microorganism in strawberries (Wilhelm ). In order to combat this disease,
soil fumigants are used extensively and repeatedly in the California strawberry industry to prevent
losnes due to the Verticillium wilt. In Arizona, estimated yield losses due to Verticillium in 1966
were about 5 1/2 percent of the total production. In California, in 1963 Sohnathorst reported a two peroont
loss to the cotton crop due to the Verticillium species and Thielaviopois species complex.

Various root rotting organisms are also known to exist in many areas of the world and also Nave
a wider rang* of hosts. For example, Phymatotricum omnivorum was reported by Davidson to have caused
approximately 8/10 of one percent of a crop loss in cotton in 1966. Another organism, Macrophominia
haseoli, invades roots of numerous higher plants at relatively cool and warm climates. The fungua

croat.d serious problems with cotton production in Pakistan ex reported by Ghaffar and Erwin, especial-
ly under water stress conditions. This organism has also been the cause of serious losses of corn
and sorghum in the midwestern United States (Ashworth).

Other plant infecting organisms intimately associated with soils are nematodes. These
organisms have a rather wide distribution as indicated by investigations oonducted by several indivi-
duals and also have a rather wide hoe range. The Southern Cooperative Series Bulletin No. 74
indicated there were 68 different species or genera of plant paraeitic nematodes in the South and
these were associated with at least 52 plant families. They indicated that the number of plant species
known to be attacked by the rootknot nematode throughout the world exceeds 2000. Outstanding cases
of injury by these organisme have been known to occur in thenouthern United States on such important crops
as tobacco, cotton, peanuts, sugar cane,forage legumes,and many vegetables including melon,beans,peas and
tomatoes. In Australia, Meagher found damaging infestation of nematodes in grapes. In Egypt,



Elmiligy attempted to establish a nematode infection index on cowpeas. The vertical distribution
of root knot nematode was studied in Rhodesia by Ferris. These various studies serve to indicate the
worldwide distribution and economic importance of nematodea.

Nematodes of the genere Meloidogyne and Praty
persistence in moil seems to be related to soil taxi
O'Bannon and Reynolds found the nematode population
Elmiligy found a high rate of crop damage despite
had a sand content between 61 and 75 percent.

Annual losses due to nematode infestations can be quite severe. It was estimated by Reynolds
that during the period 1951 to 1965, there was an estimated yield reduction equivalent to the full
production of approximately 10 thousand acres per year from nematode infestations. In fields which
are known to have infestations, eoil treatmerts have provided rather dramatic increases.

MEASUREMENT AND CONTROL

Cotton production was increased 2 1/2 times (Nigh and Tate). In Australia, Meagher found
approximately 85 percent of the grape areas treated gave good yield increases due to treatment.

There are four generally accepted methods for controlling indigenoue eoil pathogenic organisms.
These are by the use of biocides, cultural practioes, biological control. and immunization by
selection for tolerance.

Soil fumigation and fungicides have been used by several invectigetors as a means of controlling
infectious organisms in prevention of lenses: Nigh, Wilhelm, Reynolds, Meaeher, Ashworth, see Table 17.
One of the expected but undesirable side effect, from fumigating the soil is the adverse effect on
what might be considered desirable soil organisms. For example, Chandra and Bollen were able to
demonstrate changes in the microbial population in a soil. They were ab/e to completely supprese
nitrifioation for 30 days. However, by the end of 60 days, nitrifioation had recovered sufficiently
to become approximately 0 the rate shown by the controle. In another tnvestigation,with a
different array of soil fumigants, Koike was able to demonstrate the same kind of effect on
nitrification ratee. All the materials uaed markedly inhibited nitrification for a period of 4 to 8
weeks.

Cultural practices have narkedly different effects on the control of indigenouz soil organisms.
Garber indicates thatblack eyed ber.ne have been incorporated as green manure orop in soils to promote
the incidence of seedlings diseases for their experiments. Blank and Tucker demonstrated the effect
of cropping sequence and nitrogen fertilization on Vertioillium buildup in soils. They found the
incidence and intensity of wilt was greatest in cropping epitome where cotton oocurred most frequently.
The infestation wae inteneified by the addition of manure and/or high rates or nitrogen fertilization.
Rotation with other crope was helpful in retarding the buildup of wilt. Grains and sorghums were more
effective than alfalfa.

Established nematode populations of M. incognita aorta were very rapidly reduced when pure
stands of Pangolegrass remained in the plot. Coastal Bermuda grass was also effective in maintaining
the nematode populations at low levels. Clean fallow and clean fallow plus flooding was effective in
controlling nematodes, but neither methods was superior to the Pangolegrass (Winchester and Hayslip).
They found that wild crabgrass, Common Bermuda grass, and water sedges, while showing no symptoms of
galling upon casual examination, appear to be excellent hosts and maintain the root knot nenatode at
high population levels.

The use of organic matter incorporation for the control of Phymototricum Omnivnrum root rot of
cotton in Arizona was demonetrated by Dr. E.B. Streets. Investigations into the mechanism of action
showed the development of saprophytic organisms which were able to reduce the inoculum level of the
infectious organism. Other xamples of this method of biological control of several soil borne
diseases are available. For example, the inoculation of eoil with the saprophytic fungus, Triohidorma,
was found to prevent infection of citrus seedlings by the pathogenic Rhisoctonia(Waksman)-7=ou4
this technique is not widely-used because of lack of better knowledge of soil microbial antagonisms,
there are certain instances where it has been demonstrated as an effective method for reguleting high
inoculun levels of infectious dieseases.

lenchue seem to be rather common. Their
un. Zrel soils with 50 percent or more sand,
increased very rapidly. /n a loamy soil,
low infection index; the soils which he studied



Tal. 17_ A list of fungicidee and soil fumigants commonly used in the United States

Common Name Chemical Name

fungicides:

Captan N:1trichloromethyl)thio)-4 cyclohexene - 1,
2-31

Ferbam Ferric dimethyl dithiocarbarmate

Nabam Disodlom ethylene bie-dithiooarboaate

PCNB Pentachloronitrobentene

Kydroxymercurichlorophenoll

Phenyl:mercuric acetateY

Terrazole 3-trichloromethyl 1-5-ethoxy 11 2, d thiadiasole

fumigants:

Chloropicrin Nitrotrichloromethane

DBCP Dibromochloropropane

DD 1, 3 dichloropropene

EDP Ethylene dibromide

Methyl Bromide

Telone 1, 3 dichloropropene and 1, 2 dichloropropane

2A !tither no common name or the common name is the sane as the chemical name.

4. These are the only mercuric compounds now registered in the United States for commercial usage(1970)

Pathogenic virumes are of considerable interest in both the plant and animal kingdom and may
be transmitted as aerosols.

In 1960, Sill t al reported the reactions of winter weeds to soil borne wheat mostic virus
in Kansas. They were investigating the ousceptibility of various winter wheat varietal selections
and °roses* to !he soil borne whent mosaic virun.

Lmeunisation of man and animals along with plant selections for tolerant or resistant varieties
seem to hold the most prontas for widespread prevention of infectious diseases. There are several
classic examples from which to choose to point out the effectiveness of this sort of control. Lmmuni-
zation for smallpox and tetanus in man, and anthrax, tetanun and other clostridial infectione in animals
are examples from the animal world. Varietel selections in cotton for Verticillium wilt tolerance, and
in alfalfa and grapes there is varietal selection for wheat mosaic virus resistance. The success of
these selections or immunizations indicates that these are appropriate and proper methods for preventing
1,nd pollution by infecti-rde ormenisme frmm beooming n mor- eerious heserd.



I/. Heavy duty detergents Dash 58.2
(dry): Tide 49.8

Ogydol 46.6
Ajax Laundry 44.6
Dreft 41.9
Ringo 39.5
Dux (ipergent) 38.5
Concentreted All 37.9
Cheer 316.3
10&-o 34.8

III. Heavy duty detergenlo Cold Water All 24.5
(liquid) Wisk 14.2

TV. Heavy duty soaps Instant Fel Naphtha 11.9
Dug 0

Light duty detergents: Thrill (liquid) 11.g
Trend (dry) 7.1

Ivory (liquid) 1.0

Dove(liquil o
Joy (liquid 0
Swan (liquid) 0
'.7rend (liquid) 0

Pre-soak enzyme product: Biz 73.5
Axion 63.2

77.---7exel7 fiTier)-(ES Univerelty of California B17:Yritin, Consumer Economics in Review, Mal, 1970

V. kU'lf;C:A: ANT IN7-7.7--.A:

A.

Investigations of sources and their contribution :o the outrophioation of our surface waters
has revealed that phosphates from detergents constitute a major portion of the contribution of
phosphorus to these waters. Miller found that when considering all the water sheds, which feed Lake
Erie, it has osen estimated that ins total input of phosphorus from rural runoff was only 1i. The

greatest inputs Accrue from detergents: 46'1( of the total, and human xcretia 2140%. nedleigh pointed
out tha. in the ir nited 3tates metropolitan ewage ffluents yield abot 2 pounds of phosphorus per
person annually. He also indicated that this phosphorus comes mainly un the renult Or Approximately
5 billion pounds of detergente being used each year in the United States. In a nurvey of the
Potomac River near Wanhington DC, he found that the Potomac Estuary's daily load of phosphorus
contatned 1.4't contributed by the river's watershed 490Y. Groat Falls, the remainder of the phosohcrus
(approximately b5%) °axe from the Washington Metropolitan Area.

SMACKS AND INTEXSITT

The phosphates usually contained in detergents ar.. one of tne three principal ingrodtents in
detergents. ihe three categories of ingredients neing the surfactant, the phosphate builder, and
misce:laneous ingredients such as brighteners, porfAmes, and inhibitors. The phosphate builder in
detergent. consietzof a sodium tripolyphoephate oomplez which is the basic ingredient of the all
purpose household detergent (Weaver). In Table la are listed some of the most widely used products
in the United States by name, showing their ranking by the percent phosphorus content Burgess).

Table 18 Phosphorus content of several household vamps and detergents 10(

Type of material Produc Percentage phosphate

I. Automatic diphwashing Cascade
detergents: All 54.0

Galgonite 49.4
Finish (formula for):

hard water 43.8
tre,7Lrr hardneee 26.7
soft water 17.9



Terkeltaub and other aquatic ecologists agree that the addition of phoephatee to bodies of
water increases the rate of eutrophication, except where other nutrients are in such short upply as
to limit plant growth. One source of these unwanted supplies of phosphorue is the waste water containing

detergents. This led to a ban of detergents containing more than 12 percent phosphatee in the etate
of Indiana, as the first state in the United States taking such a step.

There is evidence also that in certain marine estuaries nitrates may be limiting the growth of
aquatic flora. In suoh ,-ases phosphate additions have less or no eutrophication effects. In still
other cases, occuring much less frequently, other plant nutrients limit the development of aquatic

flora.

MEASUREMENT AND CONTROL

Ryther and Dunstan in their investigations of eutrophication of marine environments indicated
the nitrogen to phosphorue ratio in domestic wastes is slightly higher than 5 to 1. They further
indicated that if half the phosphorus and sewage oame from detergents, and if all the phosphorus
from that source could be eliminated, the amount of nitrogen and phosphorus entering the coastal
marine environment would still he in the wtomio ratio of 10 to 1 And no reduntions of elpal prnwth or

eutrophication would be expected. Their investigatione would indicate that about twice the amount of
phosphate as can be used by algae is normally present in coastal marine waters. This results from

the very rapid utilization of nitrogen by algae and plankton and the more rapid regeneration of
phosphorus than ammonia from decomposing organic matter.

Phosphorus has been a constituent of surface waters long before detergents were used or wideepread
phosphate fertilization was practiced. In evaluating the phosphorus concentration in natural
drainage waters in 1921, Mc Hargue and Peter found that the phosphorus content in several etreame
and rivers in Ohio, Mississippi and Kentucky contained phosphate levels of a trace to 0.22 ppm,
and there was a high correlation between the parent rook through which they ran or drained. In the

Ohio and Mississippi Rivers, at Paducka and Baton Rouge respectively, the phosphorus concentration
was 0.07 ppm. As was pointed out in the bulletin, the source of water came from mixed
geological formation. The phosphorus concentration in the Mississippi River also reflects

influence of the sediment load. While there is no verification of what the sediment load would
have been In the year or two preceding 1921, it seems reasonable to assume that the sediment load
would not have changed a preat deal. The estimate of the amount of sediment discharged in the
Missiesippi currently in approximately 500 million tons of sediment per year.

As regards the use of waters with increased phosphate contente for irrigation purposes, it has
oeen meaeured that the world consumption of detergents contains about 5.3 million metric tons of

15,0, per year, while the world consumption of P20 as fertilizers was 16.4 tone in 1968 of which more

tia ri half was used in the highly industrialized cciuntries. This shows that for irrigation purposes

the water /uality is hardly diminished by detergent containing effluents.

There have been several investigations into the movement of phosphorue in the soils and this
movement has been reasonably well characterized. In an experiment with nitrogen, phosphorus and

potassium fertilizers from 1951 through 1959, Alban and Hammer found that on a loam soil
fertilized with triple super phosphate and muriate of potash, the phosphorus penetrated to a depth
of 18 inches, and potassium to 10 inches during the 10 year period of the study. Hannapel et al

demonstrated essentially the same lack of movement of phosphorus through a sandy lotim when
inorganic phosphorus was the material applied to the soil, see Table 19. However, they were able

to demonstrate that organic phosphates through the incorporation of residue containing organic
phosphorus or through the incorporation of an energy source conducive to miorobial activity in the
soils that there is a considerable &mount of movement through the soil profile in the organic phosphate

form.

There are situations when phosphorus in the inorganic form will move through the soil profile.
These represent essentially two extremes in soiltexture: sandy and organic soils. Miller fognd that

phosphorus moves in fairly larpe quantitien through sandy soils and Larsen et al, with the use of

radio autographs, also found that there was no movement of inorganic phosphorus in the mineral soil,
whereas in an organic soil considerable movement was found to occur.



These and other numerous data are evidence of the fact that phosphorus is a relatively immobile
nutrient in soils. This accounts for the statement that phosphorus does not move in soil, although
as pointed out by Grant it isleore accurate to say "phosphorue does move in the soil but the amount
of phosphorus moving in the soil solution is very low compared to the total &mount of phosphorus
in the soil." Oftentimes among soil scieptists the modifier "reletive" is implicit in the
discussion of phosphorus movement in rolation to other essential plant nutrients. In the
environmental context perhaps it is more meaningful to discuss phosphorue movement in the more
accurate manner.

There seems to be little advantage to belabour the point that phosphorua is a very necessary
plant nutrient and in many areas of the world has to be added to the soil in order to promote optimum
growth and produetion of plante which is turn provides the absolutely necessary mineral nutrition of
animals and man. It is difficult to conceive of the situation where additions of phosphorus to the
soil would b. construed as land degradation. The poenible exceptions bf,ing the contaminants
associated with phosphorus minerals or the inducing of the micronutrient deficiences through the
use of excessive applications of fertilizer phosphorus.

Table 12 - Cumulative phosphorus displaced from Tucson sandy loam soil columns by deionized wat-r.

Cumulative P dispacedV

14

78 bc

5:5 a:

54 ab

Control - - - 153 a

7

Barley residuo/ 2 201 a

Barley residue-1i 10 740 b 662 b

74 be

Boan residueY 2 218 a

:3.1

63 ab

Bean residue 10 887 c 789 b 98 cd

H3PO4 P ... to 10 T 157 a 95 a C2 ab

Bean residue

2HPO4
P sr to 10 T 157 a 116 a 41a
Bean residue

Sucrose +

NH4NO3
C . to 10 T 1197d 1077e 120d

Bean residue

Standard error 42.0 38.9 7.9

J. Adapted from Hannapel, et al

4 Data represent ei total of 10 dispincoments through an 8 inch soil oolumn. The same letter follow
ing any two values indicates that they belong to the sane population at the 0.05 level according
to the Dunoan Multiple Range Test

yResidue from plants grown in P-321abellied nutrient solutions. F-32 in the inorganic form added to
all other columns prior to incubation

Material added Amount added Total P Org. P Inorg. P

tons/acre Pg



EXTEWT

By the very nature of the product a donsiderable amount of pesticides ultimately reaohss
the .oil. The purpose of their use is very speoifio, that is to kill the target pest. Several
°gantries have registration prooedures whioh prevent the use of pewtioides ultil soiortifio
evidenos is obtained to prove that it can be used safely and effectively when applied amording
to direction. It has appeared to the general publio that these laws have not been adequate in the
regalation of the pestioide impact on safety, health, and environmental considerations. The potential
for contamination of the environment by pesticides, particularly the chlorinated hydrocarbons, has
been under public and private debate sinoe about 1961. Although the use of these materials hen made

a tremendcue oontribution to the welfare of man, there hate been come inntanoes where the produots
have been misused. It has not been until quite recently that widespread publio cwomern has reaulted
in the banning of the use of pestioides of various sorts beoause of their proolaimed adverse effects
on the environment. There are reasonable doubts raised as to the peetioides widespread adverse
offeots. Some of the videnoe seed to indiot pestioides, espeoially DDT, is 'suspect in view of
experimental evidence which is currently being developed and critical xamination of the manner by
which the iadicting evidence 1194, collected. In any regard, it dove seem in peoples best interest
to promote the judicious use of these materials.

mom AND INTENSITY
i/

Pestioide produotion in United States for 1969 was 1.133 billion pounds including all
°lasses of pesticidal ohemioalaowhich is about 50 to 75 percent of world production. Sales of

these synthetic organio pesticides aocounted for 928.66 million pounds in 1969, both foreign and

domestic sales. The foreign sales amounted for greater than 44 percent of the arterials sold.
Te United States usage was 526 million pounds in 19697which inoluded slightly over 7 million pounds
of synthetic pestioidee imported from other countries. The breakdown on all olasses of pestioidel
chemioals ie about 16 percent as fungicides, 33 percent as herbicides, 51 peroent as inesoticiden or

fumigants, and rodentioides.

The principal concern over pesticides is related to the persistence of ohlorinated hydrocarbons
in the environment. Even though these materials are degraded in soil, they tend to degrade rather
slowly and persist in soils for a period of a few months to several years It is the ability to
persist in a toxic form either as the original ohemioal or as an equally toxio beeakdown prochurt,
that °recites conorn about the effects of these materials in our environment. This ammo to be
rather ironic sinos the organo-phosphates which are more readily broken down in soils and are' not
oonxidered persistent are by far the more toxic to animals and humans in their applied form.

The accumulation and pereietenoe is viewed with alarm because of untold damage which might
000ur if these materials are allowed to aocumulate in the environment. Several investigators havv
shown DDT residues,including its derivatives,in the fatty tissue of man and various organiems all
over the world. There is a vide diatribution of the chlorineted hydrocarbons in various organises;
the highest concentrations seem to be in carnivorous birds.

The relative importance of chlorinated hydrooarbons in worldwide orop production and estimated
losses in the world due to insect damage on various orope are ahown in Teble 20.Pertioides are used
throughout the world in varying amounts, and beoause of .the persietence of torne of theee onsmioals,

even in places where peaticide applicatione are known not to have occured, residues in animal tiaeue

are found. AB a reeult there is a need to examine nome of the effects on animals and plants whioh

are ooneidered nontarget organisms.

In Figure 3 there ie shown the flow diagram for a regional system of pesticide movement in the

environment. This is an important consideration minas the oonoentration of any one particular segment

of the environment may be low. These presumably insignifioant amounts may accumulate into toxio level.

in varioue organisme through magmifioation in the food ohain,as pointed out by Woodwell.

The effects of these insecticides on the target organises is the death of the organiem. The

offsets on nontarget organismo are ueually more mubtle. There have been reported (loathe of oertain

fish and birds with the entry of the so-oalled persistent pesticides into the environment. Tb.

California Department of Fish and Game has estimated the total number of fish and wildlife looses due

to pesticide pollution aro slightly leen than 781 thousand known killed. Thie dose not inolude those

probably or possibly killed by the pesticides. This was for the period 1965 to 1969.

V. AGRICULTURAL LID IMISTRIAL CHINICALS

B. PESTICIDES

I/ Billion - American usage thousand million



Table 20: World usage of insecticides for various crop groups and estimated losses duo to
inseot oikmage. 1/

Crop Group

MEASUILvMENT AND CONTROL

Insecticide usage
1966

tons x 10"

ilAdapted from U.S. Department of Health Education and Welfare
Report to the Secretary, E.M. Wrak, Chairman, 1969.

Chloronated
Hydrooarbons
Percent in
Total

There are various aurrent investigations to indioate organic matter
the breakdown of chlorinated hydrooarbons in soils. Other studies on soil
by pesticides)have shown a variety of effects. Winely et al in a study of

nitrobacter agilis show that in a NADHnoridase amTNITY was totally
of 31 ppm DDT in cell free exdracts. Anothir insecticide CIPC inhibited
at 500 ppm. The concentration of these two materials is quite high and it
conoentre+ions will exist in the soil.

Crop losses
1967

tons x 103

content influences markedly
microorganisms, as affected
nitrite oxidation by
inhibited in oonoentrations
NADkoxidase by 67 percent
is bery unlikely that such

Chantrea in moil fauna population resulting in treatment with Aldrin and DF were investigated
by Edwards. Dosage ratee applied to field plote varied from 4 to 60 kg of active material per
hectare. They found thet Aldrin did not affect predatory mites,nematodes, and earthworms,but killed other
mites suoh as Collembola and root aphids to name a few. Also, DDT readily killed predatory mite
increasing the nusbers of Collembola whioh were relatively immune to the insecticide.
Otherwise, EDT had less effeot on most groups of soil animal. than Aldrin. About 10 percent of the
DDT applied disappeared annually. Aldrin dissipated faster, but about half of the amount that
disappeared was converted to Disldrin.

Vith regard to microbial activity in soils and their reactione to additions of pesticides to the
soil and the unexplained miorobial failure to metabolise or degrade, these added substances constitute
according to Alexander, " the prinoiple of microbial infalhbility". According to his oonoepts, some
microorganism exists in nature which can metabolite and destroy any organio compound. However, he
points out that there are cases where oertain organic compounds have not succumbed to biodegradation
for millions of years. The reoaloitranoe of oertain pesticides has been noted and unquestionably
attributed to the appearanoe of these ohemioals in unintended segments of our environment.
Table 21 shows the persistence in yearg or months of aeveral pesticides in soils. (Alexander).

There appears to be growing evidence, as already alluded to, that chlorinated hydrooarbon

Cotton 60.4 38 1 098

Rice 12.0 59 107 324

All other oereals 7.6 85 37 991

Vegstalles 6.8 46 20 865

Potatoes 2.8 61 14 825

Sugar beets 2.4 55 9 735
Sugar oane 2.1 74 199 330

Tobacco 2.0 67 443

Oil seeds 1.9 77 9 345
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persistence in soile may be dramatically influenced by the addition of organic :setter to tho °oil.

Teble 21: Selected data on the persistence of several pesticides in soils. 1/

Pesticide Persistence

Insecticide:1:

Toxaphene 6 yearn ?

Heptachlor 9 years ?

Aldriedieldrin 9 yeare ?

DDT 10 year:9 ?

HCH 11 years ?

Chlordane 12 years ?

Herbicides:

214,5-T 6 months (?)
Diuron 16 months (?)
Simozine 17 monthe
Atrazine 17 months
2,3,6-THA 18 months
Penac 18 months ?

Tordon 19 months ?

Monuron 36 months

Johnsen reported that sandy soils treated with oow manure and incubated for one and two months were
essentially free of the parent compound DDT. After only one week, most of the DDT had been degraded
by mloreorganiema in the enriched soil. In soils where manure had not been added, ssentially 100
percent of the DDT was recovered in the same two-month period. Peterson et al, in studying the
effects of varioue soil properties, ooncluded that the sorptionof DDT by i311 organio matter wa5 te
principal means of deactivation and that modeet accumulation of DDT in soils high in organic miter
may present little biologioal hazard. Theee men are not nearly so eager to conclude that tho deacti-
vation of DDT by :wile high in organic matter is through the degradation of chlorinated hydrooarbon.
However, they do seem to be in general agreement that the organic matter in the soil is the most
important property governing the persistence of these compounds if persietence is based on the
bioactivity of the compound rather than the presence of the compound.

The resietance of Diazinon in :toils and its effect on soil mioroflora and uptake by plante
.

studied by Gunner et al. Diazinon ie an organo-phosphate. They found that Diazinon applied at the
three pounds per aTiV-7,ate under nonsterile soil conditions persisted for as long as 180 day:: after
application. Diazinon or its degradation products exerted a selective effect on soil mdoroflorn.
After 180 daya a large number of the genue .treptosWc.ß appeared as a olimax population.
Diazinon was adsorbed and rapidly translocated . pche elan plant with no apparent adverts ffeot.
They also indioated the biodegradation of Diazinon was conditioned by the presence of a readily decon-
posable oarbon eaurce.

Lange et al etudied the effect of different cultural practioes on Ohytotoxtoity of herbicidem
and their peTinTenoe as evidenced by orop response. Phytotoxioity readings were taken on a variety
of crope. Ratings are shown in Table 22 for various materials at different applioation ratee and
under different cultural conditions; ratings: are averages of all crope for three replioations. The
post-emergence herbicides commonly applied to foliage and weeds showed eesentially nc residual effect
on crops even at ratee higher than potential load on eoile reeulting from 4 to 16 years of continuous
application. The tkree herbicides are 2-4-D, Dowpon, and NSXA. Breakdown of herbioidee was influen-
ced by method of incorporation and amount of eoil moisture, whioh are factors that can be altered by
cultural praotices.

4 klepted from Alexander.

.4. Results of various individual studiee on different soils and different conditions.

Pestioide still preeent at detectable levels at Last sampling date; deteotion levels
vary depending upon the pesticide.



Teblee23 and 24 show the effects of eoil fumigetion and applications of various ohlorinated
eadrooarbons to polls and their effects on °oil microorganisms (Martin). The chlorinated hydrooarbons
siso have very low solubility in water and tend to be adsorbed on clay particles and organic matter.
Accordingly, the substance° are very resietant to downward leaching. Lindens) has been shown to be one

of the most readily leeched peeticidos; 54 to 88 percent of this chemical was removed from eix different

soils (USDA and Georgia Expt. Stn.) . Endrin vas found to leech frem three of the soils but dil
leach in :11,- other fhree moils. rangeo fror, I to 65/ or !he matorial appliPA Find

len-hefromthe eix different (wile. Aldrin wait very resistant to leaohing, only a trace was removed from
five of tbo eoils. In a two-year investigation evaluating the efface of DDT sprayed on the Tellow River
inainage area at the rete of one pound per acre, recovery to noreal total numbers of stream bottom
invertebrates occured within a year in most streams, but epecies composition wan altered. No morta-
lity to fieh was found although chemioal analyeie nhowed DDT in concentrations up to 0.01 ppm in
several samplee of the stream. In one case, a trece was found 55 miles downstream from the spray
crea. Vegetation samples contained up to 2.3 ppm of DDT, Concentrations as high as 14 PPm wore found
in fish samples taken from the stream. Two years after the initial °praying, DDT wae still found in
the stream (U.S. Department of Health, Eduoation and Welfare, Kruk).

In general, oach pesticide has a complex mode of action. In most casos the model of actions of
the pesticides against target organisms are only partially known. Even lose is known about the action°

in nontarget organism. However, if the target patho-physiology of the ahemioal were known, its effect
on nontarget organisms my be quite different due to the differenoes between species. For example,

EDT, DIE, and DDD are thoaght to act on the nervous eystem of moot insects. In some birde, DDD espe-

cially, influenoes their Ohysiology of egg production (U.S., D.H.E.W., Mrak).

There are numeroun other investigations of pesticide residue° and the ecooystem. A great deal

of !altercation is available regarding the appearance of DDT and its breakdown products in several
different kinds of animals, fish and birds as well as the larger game animals. aerth-

worms have been found to contain 4 to 194 ppm in varying body tioeues. Dead and aying robinn have

had 50 to 70 ppm of residues in brain tissue. Irebes were found to contain ao high as eeveral hundred

earts per million. Elk wore found to have as much as 22ppm. Thio preeent knowledge demonstrates the
existence of peaticide residues nearly everywhere, and the impacet of these new componento of the
eoogyetem han appeared as death, reproductive impeirment, disruption of species,and balance and behaviou-
ral alteration, but the overall effect° on the envirenment have not been determined and cannot be well
foreseen. The development of effective short-lived pesticides which remain in the environment a
matter of weeke or months rather than yeare is perhape the solution to the magnifioation of pesticide
effects on wildlife.

The effects of a coordinated hydrooarbon type of pesticide on humans has been more aubtle, if
indeed there has been any effect. In Thble 25 are listed me acute LD values for rate of some

widely used pesticides and other chemioals (Hayes). According to Burngde et al, an 1966, 1967, and

1968 the total DDT and metabolite intake for man in the United States was 0751510, 0.0008, and 0.007mg
par kg body weight, reepectively. Asnuming thcir figures are correct,and aseumang DDT is all
aocumulated, they oalculate the amount of DDT that would be ingeoted by a 154 pound man during a
70-yeur lifetime total wao 1.25 grams of DDT. Further, they compare' this amount with the feet that

a wingle dose of five grams of DDT had been administered to humeri° in the eucceneful treatment of
barbituate poisoning.

No diecuseion of the effects of pesticides on the environment would be complete without some
indioation of the benefits which have been derived from the use of these materials. Hurnoide et al

showed the influenoe of Dril' on malaria cases in Ceylon. In 1950 there were more than two ed1117,7-
mees of malaria; ohortly after that the DDT mosquito control program was begun. In 1963 there were

17 elegies of malaria reported. In 1965, DDT use °topped and there were 150 oases reported. The

benefits derived from other Insecticides and herbicides are not demonotrated so dramatioally in terns
of human suffering, althougt they have acoounted for billione of dollars in leavings from the etand-
point of production and food cost.

One of the interesting aspects of pesticiden in soils le the uptake by plants and entry into the
animal diet from soile through plants. In thie regard, the plant uptake and soil reactione are
legitimate arean of investigation to understand where, how, and if controlu munt be applied. Clore

et al investigated the residual effects of DaliaChlordane, and Aldrin on varioue plants. Rates of

ii7Troation of materials varied from 15 poundu to 238 pounds for n one-time application at the ini-
tiation of the xperiment. Yields of all plante except alfalfa were reduced. It should be pointed

out the applioation ratee were extremely high. The percent !material remaining in the soil at the end



Table 22: A oomparison of herbicide resid,te effects on crops under various cultural 1)mo-floe5-if

Table 23: Influence of soil fumigation on numbers of bacteria in Hanford sandy loam V

Treatment Bacteria x 106 per ffram of soil

following treatment:

Sprinkler Irrigation Furrow Irrigation
Meohanioal No Mechanioal

Incorpora Incorporation Incorporation

lbs/A-4-2 8 17-7_4_ _EL_ 17 Rat ingo5/ _a_

Table 22:
If Admpted from Lange et al

2J Crops: barley, miloTlliftuoe, swpar beets, br0000li and tomatoes.
Crops: barley, milo, cotton, and tomatos.
Crops: barley, oanary grass, mafflawer, sugar beets, lettuce and oarrots.

2/ Ratings zero (0) . no effect on crop 71ant; 5 one half a stand or stunted;
10 all plants dead or missing.

Table 23:

Taken from Martin.

Triflurilin 1 2.4 0.0 0.2 1.4 1.6 0.0 2.5 2.0 1.1
" 4 6.4 1.9 2.4 2.6 0.2 0.7 4.6 2.4 2.8

Nitnslin 1 3.8 0.3 0.2 2.8 1.4 0.4 2.2 1.0 1.1
4 7.4 5.2 1.2 6.5 2.2 0.2 6.1 4.1 1.9

Prometryne 1 1.8 0.8 0.2 0.4 0.2 0.1 1.0 1.1 0.2
" 4 0.8 0.1 0.1 0.4 0.1 0.4 1.4 0.1 0.3

Biphenamid 4 1.5 1.5 0.0 1.2 0.4 1.0 1.9 0.3 0.5
" 16 0.7 0.8 0.1 2.3 0.1 0.1 2.0 1.2 0.6

Pyramin 4 4.5 1.5 1.0 5.7 4.4 1.5
l 16 8.2 3.5 0.3 8.1 7.2 2.5

DCPA 8 5.1 1.1 0.1 2.6 1.5 0.6 4.7 2.9 0.1
m 32 7.6 2.8 0.8 5.0 3.1 0.3 5.7 3.0 1.6

2,4-D 16 0.9 0.0 0.2. 64 1.4 0.1 0.2
Dalapon 16 1.1 0.3 0.1. 64 1.4 0.0 0.0
MSMA 16 1.2 0.6 0.6
MSMA 64 1.6 0.3 0.2
CMA 256 3.1 0.4 0.2

LAL../ loadisa 20 days 250 days

None 48 22 16 15
D-D at 400 ibs/A 18 85 31 17
Chloropiorin at 200 lbs/A 4 71 38 29
Carbondioulfide at 600 lbs/A 23 73 27 24

Rate of
Herbic4de

Applio.



Table 24: Influence of five annual applications of insecticides to humona gaudy loam o uoil

mioroorganioma. 1/

Bacteria Pungi C09evolution

Insecticide ,n6/
3x /gram x 10lv /gram mg/100 gramm of .oil

?Tone 53 238 271

Aldrin 53 239 284

Dieldrin 42 254 285

Chlordane 48 264 262

DDT 48 248 256

1/ 9/Table25: Acute Oral LD50 Values (Rata) of Some Widely Used Chemicals in the United States

Parathion 4 18
Toxaphene 80 2

Carbaryl 500 0

DDT 118 o
Endrin 7 1

Herbicides

2,4-D ester 700 1

Atrazine 3080 0
Trifluralin 5400 0

Propanil 2270 0
Amiben 3500 0

Other

Aspirin 365 182
Amitrole 15000 o
Lead arsenits 10 29
Strychnine 1

11010 44,

lJ Taken from Martin, differencesare not statistically eignifioant.

Incubation period -f one month.

NMI 26:
Y Adapted from Hayes.
A/ Pesticides are representative of those widely used in 1969.

Pesticide Acute Oral Human

LD50 for Rate 'loathe - 1961

Insecticides



of 10 years: nsnged from 10 to 33 percent depending upon the rate of material added. The lower rates
tended to show only low percentages of material.

Using radioactive carbon labeled DDT, Ware et al found that cuttings of alfalfa removed perio-
dioally at 89, 158, 226, and 295 days after plant-17TM soils with 4 ppm of ring labdlod Carbon-14
DDT did not have oounting rate:: eignifiaantly higher than background and counting error. Soybeans
and cotton grown in Lakelend sandy loam and Hagerstown silty clay lonm soils treated with 0.5 ppm DDT,
Dieldrin, Rndrin, and Heptaolore containing Carbon-14 were investigated by /41sh et al. No DDT or
Heptaclore was detected in any of the soybean or cotton samples by gas chrosistojijac determinations.
Small amounts of unidentified Heptaolore and DDT metabolites were deteoted by liquid scintillation
counting of the plant extrects of both apeoies.

There are currently eeveral methods of control under investigation. The prinoipal method In
that of biologioal control, either by the use of peeticidee, predators, pathogens, sex lure traps,
or the use of sterile mole°. vasch of these has had limited succeem for occasional ineecte. However,
there has not been widespreed general usage of these techniques. Another biologioal control teohnique
which any have possibility ie the development of the strains or varieties of plants which are tolerant
to te insecOest. Por 80MA ineecte,whioh overwinter in crop residues, suitable nultural practices my
be developed whioh can reduce the population and limit the infeetation potential so that other biolo-
gioal methods of oostrol may be more effective. Another alternative is the development of
pesticides whioh are more specific for the target organism plus have the advantage of being rapidly
biodegradable in the environment.

The necessity of weed control results from the persistence of weed seeds in soils, see table 26.
Concerning herbicide replacement, there is already a reasonably effective method, albeit expensive
with regard to the advantage of weed oontrol with herbicides, and that is the use of mechanioal moans
for destruction of weede. Another technique which ie available is the uso of flame. Llthough not
usually peraietent, ocoasionally soil oarryover of herbicides is a factor in the production of crope
sensitive to specific herbicides following a crop on which the herbicide was used.

It is interesting to note in the literature of the early 60's there occurred an increase in the
number of pablioatione regarding peetioide remotions and movement in soils and how this persistence
and movement influenced other segments of the environment. Thero has been a tremendous amount of
information gained since that time. With an equal effort in attempting to develop materiale,ae there
is in determining what happens to them, the development of pesticides whioh meet the criteria of being
effective, specific, and decomposable in relatively short periods of time should not be far away.
Perhapo one of the criteria in developing a pesticide would be to ascertain if there are microorganisms
in the environment which can degrade the product before it is released for usage.

Table 26 t Survival of weed seed in soilid

Germination peroent following burial in eoil for:
lieed 40 years 50 years 60 years 70 years

Tumbling pigweed 66
Rough pig-seed 2
Mac% mustard 18 8
Lambeqaarters 4
Plantain 10,
Dock 18 52 4 8
Mullein 62 68 72

Li Taken from Harvey.



EXTENT

The principal concern over fertilizers has been the entry of nitrogen into our eurface and
ground water supplies and the concern over its possible adverse effeots on human health. There
are numerous inveetigatione on the nitrogen in our envirnnment because of its importanoe in all
aspecto of plants, animal, and human existence. Becauee of its transitory nature and necessity for
all biological activity, it is only reasonable to assume that nitrogen plays a very vital role in
controlling the activity of biological systems.

The importance of nitrogen to our existence and its transformations in our nvironment through
various biological and ohemioal reactions are depicted very well in the nitrogen cyole as proposed
by Delwiohe,

SOURCE AND INPENbITY

In Table 2 are given the estimated gains and losees of nitrogen from the atmosphere due to the
inoorporation and loes of nitrogen from biologioal systems on or in land and the ooean. Juvenile
additions of nitrogen to the atmosphere and sediment looses of nitrogen are offsetting gains and
losses of approximately equal magnitude. These are incosequential fluetuations in relation to the
total amount of nitrogen present in sediments and oruet of the earth. The nitrogen te those sourcee
are essentially unavailablefbr cycling and are estimated by Delwiche to be 1.8 x 10 metric tons.

The figures which Delwiche has developed indicate the,fraction of nitrogen which is cycling,in
relation to the amount of nitrogen available,to be 3.2 x 1of the total. Looalized concentratione of
nitrogen occur from runoff or percolation through the soil and entry in the water ways and have
occurred long before man became interes,ed in adding nitrogen fertilizers to the Boil.
However, in order to manage resouroes to obtain their fullest benefit and yet prevent the looalized
contamination it is necessary to become familiar with the types of reactions whioh nitrogen undergoee
in soils.

Tab', 27: Balance for Nitrogen Cycling".

Source Amount

AGRICULIVRAL AND DiDUSTRILL CHEMICALS

c. FERTILIZERS

metrio tons x 106

Gainst
Biological fixation;

Terrestrial 30
Legumes 14
Marine 10

Industrial fixation 30

Atmospheric fixation 7.6
Juvenile addition 0.2

Sediment

Total loss

1/ Adapted from Delwiche.

Total gain 91.8

Losses:
Benitrifioation;

Terrestrial 43
Marine 40

.2

83.2



Netive :roil organic matter my contain from 4 to 8 percent nitrogyn and if one aesumea a mean
value of 3iX pereent,then for every one percent organic matter in a foot of (foil there is approximate-
ly 2400 pounde nitrogen. The organic nitrogen is only elowly available and does not provide the
supply of nitrogen which in normally required for the rtpid growth and development of plants.Çonee-
quently, there in a need for the addition of fertilizer nitrogyn. It has long been known that
apRlications of fertilizer and nitrogen are not totally recovered by the plant. The movement of
le" nitrogen epplied in fertilizers through lysimetere in which plants were grown was studied by
Willaford and Tucker. They were able to a000nnt for 61 to 80 percent of the applied fertilizer
nitrogen in the form of plant residuo from a barley and grain sorghum crop and from eoil extracts and
leachates. Then° figures Agree with other investigations of nitrogen fertilizer recovery. This
nitrogen is apnlied at one time at che neginning of the exeeriment. They concluded that the unacooun-
ted portionnof nitrogen would include thone quantities lost by volatilization, denitrifioation, nitro
gen in plant roots, aduorbed an the clay complex, nitrogen converted to organic form by a soil bac-
teria and remaining in solution in a Boil column. Mere investigations of thie sort are needed to -

determine what portion of he nitrogen Applied is involved in each of thn fractions of
the noil nitrogen mentioned. It also mierne or intereat that approximately 85 to 90 percent of the
soil nitrogen ex5Artn in the organic+ form (Delwiche; Stanford et al).

The use of nitrogen as fertilizer in relation to total requirement was depioted by Stanford
et al. They showed that in 1930, 1947, and 1969 the use of fertilizer nitrogen amounted to 0.3, 0.7,
and 6.8 millions of tono respeotively in the United States. For those same years, harvested crops
removed 4.6, 6.5, 9.5 millionn of tons respectively of nitrogen. The additional nitrogen required
for plant growth wee supplied through nitrogen fixation and relaase from organic matter in soil.
Aleo, in 1969 for the firet time, the nitrogen gains were greater than the nitrogen loose° if one
aeeumen no loss due to denitrifioation of nitrateo in the soil in the United States. rr all the
animal waste now preduced in the United States were applied to the soil, this oould aocount for
approximately 10 million tono of nitrogentalthouph very slowly releaeed. In studies by Reubene
and Bear, they found that the rate of release of nitrogen from various animal and plant organio mate-
rials varied conuiderably. Por oattle manure and chicken manure, the amount of nitrogen
added which was converted to nitrate in 40 daye was 7 and 30 percent, reepectively. The slow 'ate
of releaoe coupled with the '3m:ens° of animal manures in relation to inorganio nitrogen eouroes
account for the principal reason why the une of animal manuree is not more widespread, eepecially
in countriee with agriculture developed to the point whert yields provide gross inoomes adequate to
allow for the production cost of nitrogen fertilizer. The merits of nitrogen fertilization hardly
need to be defended.

Of all the enuential plant nutrient:3, nitrogen ie the element most universally limiting plant
growth and deve/opment. TO further point out the faot that nitrogen fertilizers are a necessary addi-
tion to mtr environment, Stout has ealoulated the farmsite nitrogen needed to support the food demanda
in the United States. He ehown that amount of nitrogen to be 65.1 pounds per capita per year without
any allowances for effici,ney of nitrogen use or other looses. He finds that when the efficiency and
losses Are taken into account, the farnette nitrogen needed to produce the vegetable protein fed to
animaln benomen 173 pounds of nitrogen per capita per year, or a total of slightly lees than 18 million
torus of elemental nitrogen per year for the United Statee. An additional 1.8 million tons of nitrogen
would be required for plant protein, sugar, and filer production, This ie a total of slightly more
than 19.5 million tone of nitrogen required per year. This figure is about 5 million tons greater
than the figure nited by Stanford at al.

With nitrogen it in not 'Ole fact that it degrades the land, but rather that nitrogen in soils
seems to be a sink from which nitrogen enters into our ground and surface waters, either indirectly
through animal nongumption and iteoeition, ar directly through runoff and leaching. In order to
ameliorate the problems ansociated with nitrogyn in soils, it becomes neceesary to evaluate some of
the reaction:1 and movement of nitrogtn in soile with the goal in mind of being able to predict and
prevent ite Inwanted entry into our water supplies.

MEASUMMHT tiND ;;ONTROL

There are five banjo reaCtione which nitrogen undergoes in soils. It can: (1) be jncoreorated into
organic matter through utilization by eoil microorganiemer immobilization, It can be released from
unusable organic forme snto a 'Amble inorganic form by eoil microorganism: mineralization,



1) be treneformed into inert gaseous forms by soil microorganiem: denitrification, 4) he
moved out of the root zone of plante by the downward movement of water: leached,or 5) can be
utilized by crop: crop removal.

When crop or animal residues with relatively low nitrogen contents are incorporated into the
soil the nitrogen needs of the organism for the decomposition of the residue are obtained from the
soil. The effect of carbon-nitrogen ratio on nitrogen immobilization or minerelization has already
been discussed.

Another soil reaction of considerable importance is denitrification. In a otudy by Meek et
al, the effect of a relatively high water table on applied nitrogen was measured, Table 28.Nitrogen
was applies(' at the rate of 280 kilogrnme per hectare; one-half in May and the remainder in June.
The water table occurred between 107 and 152 centimeters. There was a sharp decrease in the nitrogen
content of the soil solution between the 107 and 152 centimeter depth. The average nitrogen level
over all locations in sampling times was 2.4 PPm above the water table and 0.6 ppm below the water
table. There was aleo a correeponding shift in the reduction-oxidation (redox) potential from an
average of 372 millivolts (mv) above the water table to 186 mv below the water table. Previouo
studies have indicated denitrification occurs at redox potentinle below 300 mv.

Connell and Patrick found that denitrification can occur at a very rapid
rate. Partial results of their study are shown in Figure 4. Within four days approxinately 380 ppm
nitrogen was transformed from nitrate to the gaeeous form and volatilized from the soil.

1/ Adapted from Meek et al.

There are three conditions that must be met simultaneously before denitrification can occur: first,
the mioroorganism must be present¡ second, there muet be an energy source,esually in the fcru of an
organic carbon source; and third, an anaerobic condition must exiet in the soil.

Leaching into the groundunters or drainage water and subsequent entry into our surface waters
is another possible wny of nitrogen promoting eutrophication. An investigation of nitrogen distri-
bution in soil profile under varioue cropping eyeteme was conducted by Stout and Burau. Soil samples
were taken at various depths and analyzed for nitrate content. The nitrate nitrogen values shown in
Table 2S, are data adapted from their study. Miseing values in the table result from not having a
sample at oorreeponding depths for all locations. The nitrogen content of the soil deep in the
profile is lose under irrigated strawberries, which are usually heavily fertilized, than in the
profile of the soil uncropped for five years. Interestingly enough, this same concern with nitrogen
leaching out of the soil profile and entry into drainage waters was a matter of ooncern almost 100
years ago. In a report by Miller in 1906 on a [study that had been initinted in 1877, he showed the

TABLE 28: The iffect of Depth
Solution During June,

and Location on Nitreite Nitrogen Concentration of the Soil
July, and August.1/

Location

Sample Depth 3E 3 4A 5A

C113--- NOppm 3-
15 1.8 2.7 3.8 1.4
31 1.8 2.8 3.8 1.2
46 1.2 3.0 2.1 1.1
76 2.2 3.2 2.2 1.2

107 2.4 4.3 2.4-

152 0.6 0.9 0.7 0.5
244 0.4 1.0 1.1 0.5
305 1.6 0.3 0.2 0.7



Figure 4. Denitrification AR a function of time
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Table 2ct A Profile of NitraI, Nitrogen in the Soil for Different Cropping Histories
and Soil Tertures.../

?able 30: Loes of nitrogen in the soils of the three gauges during a 35 yearn period.

Nitrogen

Depth of Remaining Lose from
soil In soil and rain per acre In drainage per acre in soil

1905 Boil

In soil In rain Total 1870- 1877- Total
1870 35 yrs. 1877 1905

Est. Deter.

inches MT 7S77 167W7-- MT -r67,77- Mr lls. lbs.

Table 29

1/ 1.%3p4oti from Stout and burro

2/ Soil texture symbols are as follows:

S - sand Lm loam
FS. fine sand OLm gravelly loam

OS= gravelly sand GSCL.. gravelly sandy clay loan
GSLm gravelly sandY Cm clay

loam
?VS= very fine sand SIC. silty clay

%Able )D

I/ Taken from Miller

Sample
Depth

Irrigated
Strawberries

Uncropped
5 years

Irrigated
Celery

Permanent
Pasture

Test Soil 103-N

Texture2/ ppm

Soil

Texture
HO3-IT

P-M-

Soil

Texture
FO3-N
ppm

Soil -N

Texture

03 -N

EV-
1 S 1.3 C 41 L 55
2 VFS ,I C 31 L 2

3 S VFS ,1 C 45 OL 41
4 S 2.7 VFS 1.4 C 25 G3L cl
6 FS 3.5 OSL <1
8 S 3.6 FS 4.3

10 S 2.0 FS 3.9 S 4
12 S 2.0 FS S 14
14 S 2.0 S 4.3 GSL 41
16 S 2.5 S 3.1
18 S 1.4 SIC 16 GSCL 41
20 S 41 FS 7.9 GSCL 41

22 S 1.4 11.8 C 16
24 s 1.6 GS 4.8 C 15 CSL A 1

20 inches 6027 175 6202 231 926 1157 5045 982 16.;
40 10434 175 10609 204 816 1020 9589 845 8.1
60 14043 175 14218 223 892 1115 13103 940 6.7



yearly measurement of nitrogen loos in paunds per acre for the 28 year period. Nitrogen loases
varied from 15 to 60 pounds per acre as determined in the soil leachate. The Large amount of variation
in the amounts of nitrogen leached for any given year was related by Miller to the differences in
rainfall. Thble 30 shows the 35 year losoeo of nitrogen at various depths of soil. The real point
to b. made here is that the amount of nitrogen lost from leaohing woo from an unmanured and uncropped
land.

The effect of nitrogen fertilization on nitrogen content of irrigation and drainage waters of
the upper Rio Grande River was studied by Bower and Wilcox. Some of their data are reported in
Table 31. Essentially, it shows no increase in the nitrate-nitrogen content of either the irriga-
tion water or drainage water over the 30-year period the measurements were made. During the same
30 year period there wee a 35 to 100-fold increase in the amount of nitrogen fertilizers applied to
the irrigated areas under investigation.

In a lyeimeter experiment oonducted to determine the fate of nitmen applied to uoils several
month° prior to cropping, the fate of ammonium nitrogen Labeles with te)was followed over a 2-year
period (Owene). About 65 percent of the nitrogen was accounted for at the termination of the etudy
and the leaching losses were directly proportional to the amount of water moving through the profile.

The composition of the leachate from undisturbed lysimetere cropped with white clover and
meadow feecue wae/nveetigated by Low and Armitage. No nitrogen fertilizers were applied and only ini-
tial dreesingaof phosphorus and potaseium were applied. They discovered the grass received more
nitrogen from the rain than it lost by leaching, whereas clover lost more than it received. Over
90 percent of the nitrogen leached through the soil profile wae in the nitrate-nitrogen form. The
amount of nitrogen leaching from the clover and graee covered lyeimetere was 2.7 and 2.3 pounds,
respectively. The retes of leaching of potassium and phosphorue from the grass and clover covered
lyeimeters were very similar,amaanting to approximately 1.7 pounds and 0.8 pounds per acre per year,
respectively.

The concept of solute movement through the soil profile being dependent upon the amount and
distribution of applied water, either through irrigation or rainfall.was the eubject of investigation
by Nielsen et al. Their studies revealed that chloride movement through the soil profile may be
altered or '&71U:oiled with the method of water applioation. They proponed a model for predicting
the redietributior, drainage, or evaporation of water under natural field condition° whioh could be
of value in predicting the redistribution of anione known to move with the water in the soil.

Ayers and Krauter investigated the use of soil suction probes (ceramic cupe similar to those
eeei (or tensiomcter meanurements) placed at different depths in the soil, and followed by the
soil solution being extracted under vacuum and analyzed for varioue solutes contained in the soil
solution. 6011 profiles were sampled under a variety of crops in an attempt to determine if this
technieue wan nuitable for studying leaching losses related to fertilizer ratee and water manaeement.
Figure 5 shows the results of their preliminary investigation. Ayers has also developed a table
ehowing the concentration of nitrate-nitrogen in drainage water when the soil profile is leached with
different increments of water, Table 32.

The key to preventing pollution from nitrate-nitrogen is to retain the nitrogenin the root zone
so plants can use it before it has an opportunity to become a pollutant. As shown in Table 33, plants
can use large quantities of nitrogen, thus preventing nitrogen from becoming a hazard.

There is an additional concern about exceesive nitrate-nitrogen present in soils, and that iu
the concern of accumulation of nitrates in gran° or leguminous hay consumed by animals or humans. Au

pointed out by Summer et al, the literature regarding nitrate toxicity of forage is far from
conclusive with regard-rE7hat levels are safe or toxic. Economic lossee have been reported above
0.3 portent nitrate¡ however in other cases 2.0 or 2.5 percent nitrate resulted in no more mortality
in livestock, loss of milk produotion or increased abortion ratee. The critionl nitrate level for
plants to grow and develop deficiency varies with plant species. In most canes, if not all, it is
lower than would be considered toxic concentrations in the forage for livestook. The problem with
nitrates in forage is there must be adequate nitrogen for maximum growth and production but not
exceesive amounte.
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The appearance of nitrate in well water supplies tends to be associated with arid or semiarid
areae. In California, there are several area° where nitrate levels in drinking water supplies
exceed the U.S. Public Health Service limit of 45 parte per million, yet there has been no report
of infant deathe resulting from methemoglobanemia in California according the State Department of
Health. In a report by Wadleigh, he indicated from 1947 to 1950, 139 cases of infant methemogloba-
nemia were reported in Minnesota alone. Out of the number of cases reported, there were 14 deaths.
The nitrate source was from private well water supplies. Adults drinking the same water were not
affected. Wadleigh pointe out there were no reporte of methemoglobanemia in infante fed water from
public water wupplies in the United States, although levele of nitrate in some of the water suppliee
may be in excess of the 45 parte per million allowable limit set by the United States Public Health
Service.

While standards have been set for nitrato levels in drinking water supplies, no such standards
exiet for nitrate levels of plant tissue which are consumed by humane. Por that matter, there have
never been reporta of nitrate poisoning easociated with ingestion of such foods. It seems unlikely
this represente a serious problem, however data should be obtained to wupport the supposition.
Because certain plant parts eaten As vegetables may accumulate nitrate to very high levels, they may
present potential sources of toxicity to humans. TLe toxicity which develops is not from nitrate
itself but its reduction product, nitrito. Then have aleo been eome attempts to relate high nitrate
levels in plant tieeue to the production of nitrosoamine whioh has been characterized as a carcinogenic
agent. While such a possibility does exist, the role of nitrate, if any, in inducing the formation
of ot carcinogenic agent has yet to be determined.

Nitrate accumulation° in blade° and petioles of spinach were investigated by Barker et al with
different rates of nitrogen fertilization. They found that due to the rapid conversion of-74;t7 and
ammonium nitrogen in soils, the nitrogen carrier had no significant effect on the nitrate nitrogen
concentration in epinach leavee. Generally, broadcast nitrogen resulted in relatively higher concen-
tration of nitrate in the leaves than when the nitrogen was side dressed (applied in a band). They
concluded that in order to minimize nitrate accumulations in spinach, nitrogen fertilizers should
be applied periodically as required by the orop rather than a single application.

In another inveutigation along the 66MA line with table beets, Peck et al found the sane general
typesof resulte were obtained. Both studies found that Late application orriTtilizer resulted in very
high accumulations of nitrato in the tissue. These etudiee and others show that the sane timing of
fertilizer applications that are necessary to improve production and create more fficent utilization
of soil nitrogen also prevent its leaching into ground water or drainage into surfaoe water wuppliee
thfla preventing unnecessary and unwanted nitrate accumulations in plant tissue.

Table 31:
2/ Adapted from Bower and Wilcox (1)

Table 3:: Nitrate nitrogen concentrations of irrigation and drainage watero for three irrigated
Rio Grande.V

Average NO3-N Average NON

areas of the upper

Irrigated Area Period Irrigation Water Drainage Alter

Rincon Valley 1934-43 0.15 2.31
1944-54 0.11 2.84
1954-63 0.12 1.61

Mesilla Valley 1934-43 0.29 0.17
1944-53 0.30 0.09
1954-63 0.24 Trace

El Paso Valley 1934-43 0.24 0.44
1944-53 0.20 0.40
1954-63 0.12 1.03



Table 311 Crop Utilization of Nitrogenli

YIELD N CONTENTCROP

Corn
Cotton
Sugar Beets
Wheat
Alfalfa
Red Clover
Potatoes
Tomatoes
Apples
Poaches

6000 lbs. 160

750 lbs. 105
20 ton' 150

2400 Iba. 70
4.5 tone 170

2.0 tone 80

500 bu. 225
20 tons 200

500 bu. 45
600 bu. 95

Table 32: 1.1 Adapted from R.S. Ayers (University of California-Lavis unpublished, 1971)
Calculated from formula: Cm 19.6 N

Cm Nitrate concentration in parts per million in drainage water.
ConstAnt from conversion N to NO3and incheu of drainage water to pounds per
acre inchee of D .

N. Nitrogen availabYe for leaching in pounds per acre.
Dw= Inches of applied water plus rainfall draining below recover:: by roots.

Table 33: 3/ Adapted fro= Anorioan Potash Institute Plant-Food Utilization Chart.

Table 12: Theoretioal average nitrato nitrogen concentrations in drainage wnters LI

N available vs. drainage below root =ore.

Inchee Pounds N available for leaching2-/

Drainage
Water 10 20 40 60 80 100

2 98 196 392 588 784 980
4 49 98 196 294 392 490
6 33 65 131 196 261 327
8 14 49 98 147 196 245

10 20 39 78 118 157 196
12 16 33 65 98 131 163
14 14 28 56 84 112 140
16 12 24 49 74 98 122
18 10.8 22 44 65 87 109
20 9.8 20 39 59 78 98
22 8.9 18 36 53 71 89
24 8.2 16 33 49 65 82
26 7.5 15 30 45 60 75
28 7.0 14 28 42 56 70
30 6.5 13 26 39 52 65
32 6.1 12 24 37 49 61
34 5.8 11.5 23 35 46 58
36 5.4 10.9 22 33 44 54
38 5.2 10.3 21 31 41 52
40 4.9 9.8 20 29 39 49
42 4.7 9.3 19 28 37 47
44 4.5 8.9 18 27 36 45
46 4.3 8.5 17 26 34 43
48 4.1 8.2 16 24 33 41



. AGRICULTURAL AND INDUSTRIAL CHEMICALS

D. HFIVY METALS

E/TF',NT

A considerable degree of worldwide concern has been developing regarding the effects of heavy
metale on the environment. Th, concerm comes from the fact that the magnification of very small
amounta of other compounds hen resulted in adverse efftnts on biosysteme. The distribution of lead
in the environment has resulted,in part, from its use as an anti-knock ingredient in gftsoline. Other
heevy metele are being uned in the control of pathogene or pests and have accumulated to the degree
thet there is the poseibility of being toxic. Another factor intimately involved with the current
concerr over the appearftnce of heavy metals in toxic amounts in the environment has been the develop-
ment of anelytioal procedures which allow scientists to determine the presence of the materials in
extremely small concentration. Not too may years ago it was difficult to determine concentrations
of compounds or elements in the parte per million range. Now it ie commonplace to see data repor-
ted for compounds and elements in the arte per billion eange. The sophistioation of analytical
equipment has allowed detection of elements in our environment in minute concentrations. Nevertheleee,
mmenificetion or accumuletion mny result in an undesirmble effect.

SOURCE AN INTENSITY

There are four heevy metele with known toxioities to humana that are currently of concern.
Practically any element when preoent in sufficiently large concentratione in the soile will become
toxic. Only thoee elements normally present in piante and animals in extremely low concentrations

have been shown to have no known beneficial effect will be considered. The four principal metale
of concern at the present are lead, mercury, cadmium, and arsenic. This automatioally precludes wuch
elements as zinc, which has been demonstrated to be an essential element, although it is well known
that this element in high concentrations can become toxic. In normal diets the concentration of
these aorta of elements would not become toxic. The principal concern will be with those elemente
which my be introduced into plants from soils or air and consequently enter into the diet. They
have been demonstrated to have no pesentiality and therefor* my constitute a present danger.

The principal concern with lead in the long term exposure to low levels. Airborne lead occurs
in fteeociation with particulate matter, flyftsh or as an aerosol iee.f. The combustion of fossil
fuels in industry, emisaions from motor vehicular combustion of gasoline, and smelters are the
sourtes of lead. Industrialized countries use large tonnages of lead annually. In reoent years,
the United States alone has consumed an average of 1.1 million tone per year. Ault et al showed that
lead in flvash from burning from coal wee present in the same isotopic ratios as it Ttérin the coal
from which it carne. The ratio of rediogenetic lead-206 to lead-204,which is not known to have been
formed from any radioactive decayed procese,conatitutes a meaeure of the source of lead. Investiga-
ting the isotopic lead ratios from tree rings Showd that as they sampled the more and more recent
rings the ratio of lead-206 to lead-204 incrensedoindicating the lead in the more recent tree rings
came from a different source of lead than that available to the plant in the early stages of develop-
ment for growth. In soil studies the lead-206 to 204 ratio was different at the
surfftce of the soil than it was in the 10 to 30" depth in the soil,once again indioetting that the
source of lead at the wurfece in of a different origin than the lead preeent in the remainder of the
Roil profile.

According to Page and Ganje,the lead coneumed in the Los Angeles Basin amounted to approxima-
tely 2300 metric tons per year for an average %/slue for 27 year period from 1940 to 1967, and all of
this leed wfts aswamed to have come from the use of leaded gasoline. In Table 34, taken from Page
and Canje, one can aleo see that the lead has a tendency to remain in the warface 2 to 3 centimeters
of soil;and while it is not evident that as traffic density increaees the lead concentrfttion increases
proportionotely,it is apparent that as the traffic density reaches a certain level there is a greater
tendency for lead to accumulate in the warfece. Those area(' where vehicle dennity is greater than
100 per square mile showed two to threefold increaeee in lead increase in the surface inch. They
pointed out these amounts were considerftbly below levels which my cause toxicities to economic plants
or cause abnormelly excessive accumulations of lead in plants. 7n 1964, 100 thousand tons of lead
were. diseherged in the Nitebd. States 'Atmosphere through the use of gasoline or motor vehiclee.

Lazarus et al pointe out that,in addition to dry fallout, lead may become a contamdnate of soile
by entrepment ri-Wecipitation. In the course of their investigation they found that there wfts on
the average during the 6 months eampling period of the laet half of 1966, twice as much lead in the
atmospheric precipitation as there was in the water supply. The values being 0.034 ppm and 0.017
ppm reepectively. In either cese these values were below the United States Public) Health Service
limit set for water,whinh is 0.05ppm. The inventigoltore noncluded the difference in concentration



between the precipitation and water supplies implied the existence of a procese whereby lead was
depleted after precipitation reaches the surface. Other investigatory have shown that there wae a
tendency for lead to occur in suspended matter rather than in solution. One of the possible reasons
for the discrepancy which occurTed between precipitation and surface water concentration:: ie that
sulfur dioxide may react with lead oxides in the atmosphere and maintain the lead as a relatively
soluble sulfate,while in surface water oxides and the other unsoluble salte form and precipitate.

Table 34: Accumulations of lead in soils related to year eampled, depth and vehicle traffic
intensity.y.

Location Calculated de:lefty of Pre-193311 1967
motor vehiclee qi 0-2.5cm eoil deptha
per square mileY of soil

0-2.5 2.5-15 15-30 3071,5

Lagerwerff and Specht found that soil contamination of lead oocured principally through the
dry or wet precipitation form of aerosol lead.They ak:oshogedthat lead concentration varied with dis-
tance from the vehicular traffic. Traffic related lead has been found as far se 250 meters from
the roadeide.They furtherfound that concentration decreaeed with distance from traffic and
decreased with depth from the higheet concentration occuring at the 0 to 5cm depth, 8 meter° from
traffic for lead as well as other metals they had been sampling: oadmium, zinc, and nickel.

1/ Adapted from Page and Canje.
y Based on 1967 population within a 10mile radius of the sample and the average number

of persone per motor vehicle in southern California.
2/ Sampling dates varied from 1919 to 1933 at different locations.

4/ Oven dry weight basis, 40° C. for 48 hours.

- - - Pb in parts per million

La verne 735 17 52 19 12 16

Puente 1525 16 52 15 13 16

Whittier 2475 16 39 20 15 15

La Habra 1475 17 50 19 16 15

Tustin 1370 16 31 15 14 16

Riverside 580 17 38 18 16 20

San Bernardino 630 12 24 11 13 16

Hemet 25 19 21 15 13 15

Santa Paula 80 21 23 15 13 20

Meloland 50 26 25 18 14 15



Figure 6. Changes in ambient air lead concentrations in relation to
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According to Klein and Goldberg the 1966 world production of mercury was estimated at 9200 metric
tone, approximately one half of this is released into the environment. Preetimably the way in which
thie ie releaeed into the environment is in the form of aerosol from varioue industrial sources and
sedimente. The source of mercury in sedimente,in addition to what would be there in the natural state,
would be principally from agricultural lands from the use of fungicides and bacteriocides. In the
United States in 1969, slightly over 6 million pounds were used, both industrial and agricultural.
Agricultural pesticides accounted for slightly more than 200 thouaand pounds of Mercury. Other
bacteriocide uses in paints and paper and pulp mills accounted for slightly greater than 780 thousand
pounds of mercury in 1969. Total peeticide, bacteriocide, fungicide ueage counted for juet slightly
greater than 16% of the total usage of mercury in the United Stales. Over the paet 23 years thie
percentage of the total usage has varied from 13 to 21% in the United States. Kline and Goldberg
found that in sediments the meroury content varied from approximately 30 to 90 ppb which waa p nOrrail
cOncentrAtion for Baltic and granitic rock. Mercury concentrations in ocean bottom sediments collec-
ted near La Jolla and Palos Verdes, California,varied from 0.02 to lppm.

Cadmium has aleo been found in the environment and as a result of human Rctivitiee. Cadmium
concentratione in lubricating oil for automobiles vary from 0.20 to 0.26 ppm and varied in tires
samplee from 20 to 90 ppm (Lagerwerff and Specht). They were unable to detect cedmium in g'aolin.
sampled from 12 different sources. In evaluating contamination of roadside soil with
various heavy metals they found that oadmium,like lead,occurred at highest concentration at the
0 to 5 cm depth, 8 metere from traffic. Concentrations ranged for different locatione from 0.90 to
1.82 ppm. In the same study they found that nickel wae distributed the same as lead and cadmium,and
the concentrations from nickel ranged from 4.7 to 7.4 depending on location.

MEASURFMINT AND CONTRIX

In a study of the effects of lead levels in rabbitsand guinea pigs, Smith et al found that
there was an increase in the lead content in tiseue and bone in animale which had been expoeed to
approximately 2.5 micrograms of lead per cubic meter of air for a period of nearly 4 years. The
value of 2.5 micrograms per cubic meter was based upon the average air lead analysie for a 6 year
period determined in a study conducted by the University of Michigan. The tissue and bones from
animals subjected to the ambiant air,concentration of lead was compared with control animals which
breathed only filtered air. The eource of food and water wae the sane for both groupe of animale.
The total absorbed dose of lead for rabbits and guinea pigs was 73 and 83% respectively frIm
23 and 13% respectively from air and 4% for both animale from water. Tissue and bone analysie for
both species,comparing the expooed animals with the control, show that the spleen and bone are the
sites of highest concentration in theee animals,and that the concentratione are 4 to 10 times preater than
that found in other tiesues of thee, animals. The concentrations varied from 0.11 to
3.2 ppm on a wet weight basis. Averaged lead content in bone ash varied from 5 to 110 ppm lead.
Both the rabbits and cuinen pigo showed increase° of lead in the tiosue and bone when expooed to a 2.5
micrograms of lead per cubic meter in the air. Studies of the health effects of lead on theoe
animals failed to disclose differences between the control and exposed group. The only significant
difference occurred in the case of the bone levels. 7he conclusion was that the lead intake via in-
gestion was much lees efficiently absorbed than the Lahaled lead,and tse inhaled load accounted for
the reported difference in bone lead levels.

The importance of airborne particulate air in the contamination of plants and Boils was inves-
tigated by Schuck and Locke; figure 6 shows a distribution of lead in the air with distance from the
highway. These curves are etylized curves eummarizing a namber of individual analyses at different
periodo during the day and on different days. Their combined findings from investigatione af
5 different crepe, cauliflower, tomatoes, cabbage, strawberries and valencia oranges,strongly suggest
that the edible portions of the plant do not absorb automotive lead particulates. They exist
rather as a topical duet coating of which at least 50% could be removed by simple waahing with water.
Their data agrees with other investigators showing the lead concentration was greater in soils at the
surface than in the soil profile. They were not able to demonatrate any absorption of lead by these
crops through the root system of the plante.

Mercury content in soile was the subject of investigation by Aomine et al. They showed concen-
tration of 2.7 ppm mercury in paddy and orchard eoils. The high concent7aTön of 2.2 ppm was
obtained in a aoil sample taken close to a tree where the soil had been disinfected by a mercu-
rial fungicide. The concentrations of mercury had a tendency to be near the surface on the finer
textured eoils.losoile having 50% sand or more,the mercury seemed to be more uniformly distributed
throughout the soil profile. Depths of sampling range from 40 to 70cm in the sandier aoil. It w;t6
believeithat the reduction to mercury sulfide type of clay mineral and amount in organic matter
oontent were the major soil variables influencing leachability of mercury and availability for plant
aboorption. In a subsequent investigation Aomine and Inoue in adsorption atudies,using montmorilloy
nite, alophane and kaolinite,found that montmorillonite had a very much greater adsorptive capacity



for phenol mercury acetate than did either alophane or kaolinite. They conoluded that of the two
soil colloids, clay mineruls and organic matter, the former is far more important for mercury reten-
tion in soils. Phenol mercuric acetate adsorbed on montmorillonite was only slightly removable
by leaching with water. Allophane adeorbed lees phenol mercuric acetate,and that which was adeorbed
was more eaeily removed by leaching. Kaolinite absorbed very little.

Cadmium in soil may vary from .01 to 7 ppm and in plante the range is normally 0.2 to 0.8.
Concentrations larger than this my be toxic in man. An average concentration for cadmium ie
.04 ppm. It has a tendency to accumulate in the kidneys. Although most food planto usually contain
less than 0.5 oadmium, they may accumulate up to 3 ppm. before severe plant growth depreseion occurs,
(Allaway). The levels in human diet which are required to produce detrimental effects are not known
at the present time.

According to Allaway, arsenic concentrations in soils range from 0.1 to 40 ppm. and in plante
from 0.1 to 5 ppm. The lowest oxidation state of arsenic (As+1) is the more toxic of the two
oxidation etates in which arsenio most commonly exists. In man the blood content of arsenic is
normally 0.49 Pecs

In a ntudy by Bensonohowing the effect of residual arsenic from insecticide sprays on the
eurvival of aeple trees, it was found that at 100 ppm residual arsenic in the soil tree growth
ceases. Benson found that field soils have high arsenic contents at the eurface, which decreason
with depth. On Rome fieldstwhich have been subjected to continual applications of arnenic-
containing insecticides, elevated levels were frequently found below 3 feet. Arnenic in believed
to undergo reactions in soils similar to those undergone by phosphorus.

Johnson and Hiltbold found that about 90% of the soil areenic content was aesociated with the
clay fraction, such of which oould be extracted by ammonium chloride which removes little if any
phosphorus. Also, while most of the soil phosphorus was associated with iron minerals and organic
matter,the arsenic was aosociated with the aluminum oxides in the soil. They found that areenic
contente of the crops differed with the plant species nettle of application and souree of arsenic
in different materials. Cotton and soybeans were among the highest concentrations of arsenic while
Crimson clover, fasts and vetoh have the lowest concentrations of those crops teeted. Intermediate
was sorghum and corn. Concentrations ranged from approximately 5 ppm. to 1.5 ppm. arsenic. Organic
forme of arsenic were not found to be an appreciable pert of the total soil arsenic. The aroenio
was applied in the form of methareenate, which ie used commonly as herbicides. In the untreated plot§
the arsenic content at 0 to 10 inches varied with soil increments from 9 to 3 ppm. In the treated
sil, with the sane depth of sampling, the concentrations range from approximately 7 to 28 ppm.
'fields of all the crops investigated were not affected by the arsenic treatments.

It doer) eeem fortunate,ae Alloway pointed outIthat the plant subjected to excessee of these
heavy motals either are stunted or cease to grow. Thus there ie a builtin mechaniem which helpe
to prevent planta from becoming a souree of theee toxic elemente. However, in light of the new
technology ocientiete are coming to understand that chronic exposure to low levele of theee materials
my be as detrimental to health as a onetime exposure to a toxic concentration. Investigations into
the uptake and tranelocation of these materials and longterm use dietary levele are necessary in
order to evaluate the environmental impect of accumatione in the soil of these matee.ials.



IÌfliST1IAI ;:ASTES

EXTENT

Anide from the organic wastes,which may be distributed in the environment through the
activities of industry, there are other byproducte which hold some significance in relation to land
degradation. Rosenfeld and Beath point out tma increaeing use of selenium in manufacturing processee
presents an important industrial health hazard.

Another effluent of industrial activity is sulfur dioxide. Sulfur compounds in the atmosphere

come from both the natural environment and air pollution emissions. The lifetime of hydrogen sulfide

in the atmosphere ranges from about two hours in urban areas to about two days in remote unpolluted
areas. Sulfur dioxide transformation to the sulfate ion occurs in a matter of days, perhaps about
four (Robinson and Robbins). Other industrial stack effluents include fuorides and flyash. Minute

traces of fluorides are found both inthe sir of rural communities and cities. Normal concentration°
are usually less than 0.2 micrograms fluoride per cubic meter of air. It was estimated by the Edison

Electric Institute that approximately N) million tone of flyaeh were generated in 1969. About 17.4

million tone of this was recovered for eventual byproduct reune.

Other possible industrial or mining waetes consist of wAete water from iron, zinc, coal, copper
and aluminium mines and ;smelters. It was found that about 5490 miles of streams and approximately 15
thousand acres of impoundments in 20 statee of the United Statee were del teriously affected by acid
mine stes.

SOURCE AND rNTENSITY

Sebnium is used in the manufacture of pigments, rubber, and photoelectric cells. Selenium

bearing dust, fumes, or liquids may present definite hazards depending upon the protective devices
used to dissipate these noxioue materials. This selenium is generally associated with the selenium

oontente in native sulfur. According to Anderson et al, selenium cnntents of native sulfur supplied
in the Western Hemisphere range from less than one ppm to as high as 33510 ppm.

In addition to the selenium content in sulfur supplies, selenium is generally found well dispersed
in the earth's crust; and onnars_in amounte rarely above the concentration of 100
ppm. Plants may take up varytng amounts of selenium from the soile in which they grow. Normally

those plants which have a high sulfur requirement aleo store a relatively large quantity of selenium.
It may be distributed throughout the profile, accumulated at some depth in the profile, or accumulated
near the surface.

Sources of hemispheric sulfur dioxide poUltants are ehown in Table 36 taken from Robinson and

Robbins. According to Argenbright and Preble, approximately 2.2 million metric tons of sulfur per year
are witted in sulfur gases generated in the operation of copper, zinc and lead smelters in the
Western United States,indioating that approximately 23 percent of thie is recovered.

Industries which heat and/or acidulate large amounts of fluorine containing ores include those
deveted to aluminium reduction, steel manufacture, superphosphate and phosphoric acid production, and
ceramic manufacture, including brick and clay tile. They contribute varyik: amounts of fluoride to the
atmosphere (Brewer, Hodge and Smith). Planta are usually considered to be more bensitive to atmoepheric
fluoride exposures than man or animals. Consequently, as Hodge and Smith point out, the air quality
standard to protect the vegetation would be far lower than thAt required to protect man. With regard

to man there is the well known benefit of fluoride treatment of water to help prevent tooth decay.

Flyash io general:y aseociated with those industrien burnint: lar ee amourrs of coa, ellhouth
coal used for heating homen may also be a limited nource.

About 97 percent of the acid mine waste pollution reported for streams and 93 per cent of that
reported ior impoundments resulted from coal mining operations (Anon). The iron industry judiciously
reuses water from its settling ponds; however in some plants where a heavy medium of finely divided
ferrosilicon is involved a slight eolubility of iron in the water effluent may result,



Table 35 Hemispheric SO2 pollutant emissions

Source Total SO2 Northern Southern
Hemisphere Hemisphere

tons x 106

United Nations Statistical Papere -- World Energy Supplier' 1963-1966, Series J, No. 11, Tables 2
and 9.
U.S. Bureau of Yinee, Yineral Trade Notes Vol. 64, Nos. 9 and 12 (1967)

YEASURHKENT AND CONTROL

The reactions which selenium undergo is dependent upon the chemistry of the soil. The
tendency is for the sdeniur toxicity to be greater in alkaline soils of semiarid and arid regions.
Where eeleniur toxicity may be a problem, the applioation of sulfates decrease the uptake of
eeleniur by plantm(Anderson et al). It should also be pointed out that selenium provides some beneficial
effects with regard to animal health. For ruminants fed high carbohydrate diet which resulte in a
vitamin E deficiency,small doses of selenium can alleviate the effecte of the deficiency. The
rapid reaction rate plus the ready absorption of SO, by vegetation contributes to a rapid decrease
in the con-Antration outside emission source areae.' In ambient atmosphere, most of the sulfur is
present as sulfate. Thus, if any largescale environrental effects are the result of sulfur
emissions, they will probably result from adverse effects of sulfate particulate material. The
effect° would have to be within the dispersal area of the source which,according to Robinson and
Robbins, could not be any further away than the material could be dispersed in four days at
a given wind velocity.

Soil coniitionn,euch as high moisture,low transpiration rate and high nitrogen content, may produce
a rapidly growing plant which will tend to increaRe injury to plants caused by a given concentretion
of sulfur dioxide (Benedict). Sulfate in eoils is of little consequence since moils generally contain
large amounts. Those soils which do not contain sulfate, the addition of sulfur would help alleviate
the deficiency. It would be possible to create an acid soil from very large quantities of sulfate
being added to moils, but this could be easily and economically corrected by the addition of limestone.

Soil studies of fluoride uptake indicated that fluoride tends to accumulate in the roots; however,
some ie translocated to the leaves. Airborne fluorides usually result in high foliage and low root
accumulation°, and the gradient is reversed for fluorides that enter the plant via the roots. This
may be one technique f'n- investigating the source of fluoride contamination (Dairies, et al). Plants
vary in their oapacity to absorb fluoride. In a study where corn and tomatoes were fumigated together
a composite analysis of foltage shawedthet corn absorbed approximately 75 ppr rluoride by weight, whereas
tomato leaf accumulated nearly 200 ppm. The corn foliage exhibited pronounced injury while no

Coala 102 98

Petroleuma

Comb. and Refin. 28.5 27.1 1.4

Smeltingb

Copper 12.9 8.6 4.3
Lead 1.5 1.2 0.3
Zinc 1.3 1.2 0.1

Total 146 136 10



injury developed on the tomato leaven (Baines et al ). Fluorine does not act like chlorine in soils.
The solubility of calcium fluoride is 16 ppm in water, but it is doubtful if its maximum concentration
would exceed 8 ppm, which is the concentration of fluorine in a saturated solution. Florida and

Tennessee° phosphate rock supplies contain three to four percent fluorine. About threefourthe of thie
remains in fertilizers made from these sources which do not require the furnace treatment to produce
elemental phoephorua.

In most European countries, flyash utilization is greater than that in the United States. In

England, about 40 percent and in France and Germany about 50 to 70 percent of flyash in salvaged and
utilised. One of the principal utilizations of the material now ie as "pozzolan" (a material that by
itself has no cementing property but when added to cement mixtures enhances the properties of the
final concrete mix through a chemical reaction with cement ingredients) and as a raw material for
building blocksand other maeonry.

Flyash is of little consequence with regard to affecting soils. As a matter of fact, in
England, the Central Electricity Generating Board has done considerable reasearch on the use of
flyash for land reclamation and as a soil amendment.

Clarified waters from the iron mining induatry can generally be discharged into public waters
without detrimental effect. An example of such water showed less than the U.S. Public Health Service
water quality standards for all of the heavy metals and all other criteria except hardnese (Anon).

Waates discharge° from a zinc mill showed a total dissolved solids of 243 ppm with most of the
conductivity resulting from calcium and bicarbonate. Again, resulting in a hard water which is

not too., suitable for domeatic purposes but is more than ade!uate for agricultural purposes.



VII. SOIL EROSION

Errar,
One mumt view sedimentation either by water or air with mixed emotions. Had it not been for

erosion and sedimentation, many of the great agricultural areas of the world would not exist. On the

other hand, present day erosion has a tendency to adversely modify the land surface. Wadleigh has

estimated that nearly 4 billion tons of sediment are eroded into United States waterways each year.
He assumed that at least 75 pereent of the material was derived from agricultural and forested landa.
Further assuming that if you have an average analysis of 0.1 percent nitrogen, 0.15 P

05 ,
and

g0.5 percent K,O, this means more than 50 million tons of primary nutrients were lost frm agricultural
and forested Iand each year through sediment effects delivery. On the other hand, there are areas
which depend upon nediment delivery for supplying the fertility for the land. Periodic inundation
during the year allown theee arene to be used for growing crops with little fertilization. Further,

there are soils which have been previously unsuitable for growing croplawhich through the continual
flooding and deposition of sediments,have developed a very recent alluvial noil of sufficient depthto
become nuitnble for growing a veriety or crops, including tree crops.

In Armenia, the impact of erosion, particularly in the mountain region°, has been estimated to
aceount for 40 to 80 percent of annual harvest losses as well as removing approximately 12 million
metric tons of productive soil. More than 90 thousand hectares of virgin forest has been felled and
recent nforeetation schemes have only replaced approximately 3000 hectares (Anon). In the Rocky

Mountain area of the United States, Dortignac and Love found that erosionon forest atad rangeland varied
with vegetative cover, soil origin, and quantity of exposed or bare soil. They pointed out that
except in local severe erosion areas, water erosion tends to receive generally lees attention from
farmers than does wind erosion. In Eastern Canada,Ripley estimated that of the42.7 million acres of
farmland, 71 percent of the land is in production of orope which arelonsidered as good for soil erosion
control. Crops intermediate for erosion control occupied slightly over 12 percent of the total

farmland,for a total of 5.2 million acres.

In the Mississippi drainage beein, the average annual lose of sediment per square mile is
estimated at 390 tons (Walker and Wadleigh). They point out that variation throughout the basin is
tremendous ;varying from 9 tone to 10,000 tons per square mile per year. According to Cheremisinov,

about 50 million hectares of land in the Soviet Union are subject to water erosion of vnrying

degrees.

SOVRC AND rNTENSITY

In the USA, 10 to 11 million hectaren are moderately to strongly eroded. Recent surveys by G/ymph
and Storey in the intermountain area of the western part of the United Staten indicate that 66 to 90
percent of the sediment production of many of the streams comes from streambank and streambed erosion.
Other investigators estimate the sources of erosion to be about 73 percent fror sheet erosion, 10
pereent from gulley erosion, and 17 pereent from other sources such as roadbanks, streambank and
floodplain scour (Gottschalk). The relative importance of different sources of sediment vary with

watersheds. This is apparent when you compare the estimates by Gottschalk and the estimates by
Anderson and Wallace which indicate that 24 percent of thelediment is derived from forest lands, 22
percent from agricultural lande, and 54 percent from the main channel banks.

In many countries this mismanagement of range and virgin lands by overgrazing and shifting
cultivation creates a condition of susceptibility to both wind and water erosion. On ranges,the lack
of adequate rainfall is %usually the reason for limited regrowth and predisposes an area to over-

grezing. These same are^s are usually where infrequent but high intensity rainfall increases

the amount of soil eroded. Very often plant species unsuitable or undesirable for grazing become

established. Because of the necessity of destroying the unwanted plant speciesand the infrequent
rainfall the process of re-establishing the area for grazing requires considerabletimo,effort,and. money.
Where overgrazing is not controlled there is an economic lose due to lower carrying
capabilities of the area mnd cost of handling moresediment in waterways, estuaries and reservoirs.

kreas of shifting cultiantion occur from marginal dryland to high rainfall conditions. In any

case the results are the same; the degruction of native vegetative ground cover, a short period of
utilization for production,abandonment and creation of a susceptibility to erosion until revegetation

occurs. The amount of soil loss and the re-establishment of ground cover are subject to the
vagaries of rainfall patternn ano intensitiee.



Most of the erosion loesen neem to be associated with surface runoff resulting from rainfall.
However, over 90 million acre feet of water are delivered each year to the irrigated farms in the
United States. According to quackenbush, approximately 47 percent of this is beneficially used to
produce orope. The remaining 53 percent runs off or is lost through percolation below the root zone.
He shows the farm irrigation efficiency ranging from about 50 to 56 percent. This ie for about 85
percent of the irrigated landa which are surface irrigated. Usually heavy irrigation erosion losses
result from excessivy water use, steep elopes, and long rune.

Wind erosion is another form of land degradation. The sollo associated with water erosion
are more or leen the same soils associated with wind erosion. One important inclusion of soils
susceptible to wind erosion would be the irrigated areas of the world. This is a tendency for soil
erosion by wind to be aggravated by lack of vegetation and lack of water. These criteria make those
dryland aremi and many irrigated areas of farming very susceptible to wind erosion.

In the Great Plains of the United States during the early 1900's large areae were adversely
affected as a result of wind erosion. The crop damage resulted in enormous economic loasen for the
area known as the "duet bowl". According to Yakubov, vivid descriptions of dust storms and sooalled
"black winters" occurred during the late 1800's in Southern Ukrane Andicating that wind has been a
problem for agriculture for a considerable number of years.

MEASUREMENT AND CONTROL

As Chepil pointed out, those factors influencing wind erosion are depletion of vegetative cover,
high temperfttures resulting in dry soil surfaces, low rainfall, wind intensity, and soil texture. He

arranged soils in the following increasing order to erodibility by wind: clay loan, silt loam, loam,

silty clay, loamy sand, clay, and sandy cley loan; with the latter being the most susceptible. In

addition to the lose of nutrients, which results from wind erosion (similar to water erosion), there
is another problem of wind erosion and that is the abrasiveneme of rapidly moving dust particles near

the urf ce of the soil.

According to Yakubov, there is a definite pattern in the vertical particle size distribution of
airborne soils. Content of sand usually decreases with height and the amount of fine particles

increases correspondingly. The ratio of sand fractions with the eum of the silt and clay fractions
gradually decreases and nearly evens out at the height of 0.8 to 1 meters. The largest number of soil
particle., usually in the 0.1 to 0.5 diameter range, aretrtx.eported at a height of approximately one
meter from the soil surface under the direct pressure of turbulent air current. Particle sizes

greater than 0.5 mm in diameter tend to move by rolling and fine particles less than 0.1 mm in diameter

are suspended in a very thin layer of air near the ground. Most of the nasa of wind transportei
soil in concentrated in the 0 to 30 cm layer above the soil surface.

These characterietics of windborne soil can be readily associated with the pruning effect of
dust storms on small vegetative °rope. E.timates of crop lossen resulting from socalled "sand
blasting" are not available to the author's knowledge. In some cases the results of "sand blaetingn
may be an extreme as complete loss of the crop. Cther cases may result in stunting or stand loss. Any

of thse factors are oapable of severely affecting crop yields.

Other contributore to the erosion of soil,not already discuseed in relation to sources of
sediment ,are water repellent soile. Water repellent soil sometimes referred to as hydrophobic soile
may produce a serious problem on steep slopes where they reduce infiltration of rainwater, thereby
causing erosion. Debano found a high erosion rate after fire. The erosion was increased in part due

to the water repellent layer of soil that formed during the fire. According to Holzbey, wal.er repell-

ence of soil is primarily a surface phenomena and is usually associated with organic matter littered

surface. Usually, soils of 8 to 10 percent clay plus silt are those which are most susceptible to
hydrophobia,according to Bond. Bond has aleo isolated several species of fungi which are able to

produce the material that imparts the water repellent characteristics to the toil. The material

coats the surface of the soil particles which,according to Bond in probably the reason why sands

are the soils most often exhibiting the hydrophobic characteristic. Soils whica have particleo

with much greater surface are%dilute the water repellent material to the point winre it has little

or no effect.



Krommes and Osborne in a survey of recently burned watersheds show that 60 percent of the area
inveetigated had a water repellent or hard-to-wet soil layer. They found that in every case but one,
when a surfactant wae applied o improve the water penetration or infiltration rate the
amount of erosion was significantly decreased. The average over-all locations and years showed about
a 50 percent more soil loes from the untranted plots,which indicated a direct loss resulting from
wildfire berns and the formation of hydrophobic soils.

It has been estimated that more than a billion cubic yards of eediment is deposited each year
in the major reservoirs of the United States. In other parts of the world with great river basins,
the amount of noil lost from theee areae, if known, would be equally enlarge. The effects of losing
this soils ie not the loss alone, but is aleo the cost of removal from reservoirs, dredging of
streams, not to mention the esthetics and the effects on wildlife.

A rep.art by Glymph and Stores indicates that sediment and water adversely affects fish in
a number of ways: by silting up spawning beis, reducing the penetration of light, lowering the
productivity of the water so food for fish is less abundant, and reducing the visibility so that
finding food is more difficult. They report that in England, suspended soils from China clay
worka, in elneentratione of 1001 ppm, have markelle redueel the abendenee nf hrnwn troet.

Another result of sediment in water is the cost of purification of municipal water facilities.
Ninety four pereent of varioue facilities dispensing surface waters in the United States apply some
type of treatment to the water. Filtration for removal of sediment and other solida is almost a
universal practice. In a study a few years ago, a cost savinge of 10 percent per million gallons of
water treated eould be made by 13D percent reduction in suspended solide in the streams. The savings
would result primarily from lesser requirements for the alum needed for floculation and settlement
of sediment.

Records of reservoir sediment deposition gamey° available for 1069 reservoirs show the average
of storage loes due to eediment deposited in artificial reservoirs each year. These reserveirs have an
original capacity of approximately 500 million acre feet. The reserveirs will have been rendered
essentially useless before their capacity for water storage has been replaced by sediment. The
utility of old storage reservoirs wjll be seriously impaired by the time they are half full of
sediment (Glymph and Storey).

It has already beer pointed out that sedimente are carriers of pesticides and radioactivity in
addition to removing some of the primary nutrients necessary for crop development.

Another problem associated with surface runoff ie the lose of organic matter through erosion.
Studies of organic matter content of sediments have shown that organic matter removal by erosion occurs
at nearly five times the level found in the original soil (Mannering and Bertrand). This organic
matter contains relatively high amounts of nitrogen and phoephorus.Studiesshowed that soil erosion
removed higher proportions of silt and clay but less sand than was found in the original soil. The
summarization of a considerable amount of information indicated that nitrogen in runoff which included
water plus sediments was 2.7 times that contained in the original soil. A similar summary of
concentrations of available phosphores in sediment showed it to be 3.4 times that contained in the
original soil. Reported loes of potassium in sedimente show up to 19.3 times the content ofthe original
soil. Losses of other elements have not been investigeted in enough detail to estimate losses in
sediments.

The phosphorus content in aediments is of primary concern since it is often associated with
eutrophication of the surface water. Williams et al evaluated the adsorption and desorption
capacity of lake sediments and found that noncalcareous lake eediments generally adsorbed and
retained more inorganic phosphorus than calcareous lake sediments. Sediments which adsorbed the moet
phosphoreua tended to releane the least phosphorue during a subsequent desorption. In all levels
of phosphorus added there seeaed to be little relationship between the amount of phosphorus added
to the eolution and the ancomt adsorbed, indicating that there is a maximum level at which the
sediments become loaded with as much phosphorusasthey can adsorb; therefore, the remainder is left in
solution to undergo other reactions: precipitation as in soluble iron, aluminium, and calcium
phosohates, depending upon the pE of the eolution. In any case, they found no connintent relationehip



between lake eutrophication and phosphorus retention capacity, and concluded that the state of
eutrophication could not be explained solely on the bests of the capacity of sediments to retain
phosphorus.

There have been several people who have investigated techni/ues for preventing or controlling
surface runoff, and thereby limiting the amount of sediment whi,-h je lost. Braude in the U.S.S.R.
found that forest plantings on slopes were of value in protecting against wind and wind erosion, and
slopes were protected againat water erosion by 5 to 7 rows of trees, wind velccity decreased on an
average of 48 to 50 percent, and runoff was reduced by 25 to 50 percent. A report by :':ren indicates
the protective role of forests in the reduction of runoff and erosion. With a 50 mm/hr rainfall
the runoff for forest elvers of 75, 17 and 10 percent was 2,14 and 71 percent respectively. The
soil eroded from the three levels of forest cover was 0.05, 0.5 and 5.55 tone per acre,
reepectively.

Runoff and soi/ loes is intimately related to soil physical properties. However, it seems
unlikely that the soil variables which were important in the Bertrand et al estimation of sil loss
from runoff can be manipulated per se for controlling the losses. One factor conspicuously
missing from their list of variable ntudies is the amount 1r aggregation resulting from
decomposition of organic natter.

Several investigators have shown that organic matter mixed intimately with the soil is effective
in reducing the perturbation resulting from intenee rainfall, thereby reducing the amount ,f soil loss
through erosion. Aayes eetimated in fields planted with corn using a "slot method," whereby only a
small portion of the total surface of the field is distrubed and with 6 000 pounds per acre of corn
residue on the soil surface, the water induced erosion was reduced 90 percent from that in fields
conventionally planted to corn. He found that more than 6 000 pounds of plant residue (corn) lid
not greatly increase the effectiveness of the mulch in controlling water erosion; but that small
grain and soybean residues were about twice as effective as corn residue, and sod residue wee
approximately er,ually as effective.

Mannering and Meyer compared three separate methods of handling corn etalk for their
effectivenesa in preventing soil losses from water erosion: 1) the corn stalks standing,
2) corn stalks were shredded and 1) shredded and disced once. They found that the shredding alone
was the moat effective in reducing the soil loes due to water runoff. Therefore it was concluded
that there was a lower soil content in the runoff. Soil losses from the shredded plus discing
plots were intermediate between the unshredded and shredded alone.

Smith and Henderson found that ovar a eix-year period the average soil lose from four years of
corn after two years of grass and clover was 47 percent of the loss from six years of continuous corn.
In an experiment at Ottawa, Ripley found that 264 tons per acre of soil were lost in a 1?-year reriod
when corn was planted up and down the slope, whereaa only 41 tone were lost during the sane period when
corn was planted on a contoar or &crone the slope. Under the sane met of conditions, alfalfa
continuously grown only lost 0.1 tons of soil.

Studies by the Soil Conservation Service of the U.S. Department of Agriculture have shown the
effect of soil losses from aurface runoff on rangeland which had varioun degrees of grazing. On areas
which have rood palatable grasses and pood density, eoil losa per year in less than 1 000 pounds per
acre. On ranse where there in a mixture of weeds and grasses with medium density, soil loos is
slightly less than 5 000 pounds per acre. Or the area where annual weeds make up most If the
vegetation, and there is a low deneity, soil losses average 15 000 pounds per acre per year. On
prairie land with rood sod, no loss of moil was measured after a 24 inch rainfall on a 10 percent
slope. On overgrazed grwseland there WAS a 160 pound loss of soil per acre while on are soil there
was a 6800 pound loes of soil per acre from the same 24 inch rainfall.



nteric bicterii and protozoa can contaminate uoil 4-3 a reoult of insanitary excreta disposal
practices or AL I. result or soil fertilization by night uoil, sewage elude or by direct irrigation
of a¿ricultural crops with oewaLe. 7,oil and crops can become contaminated with the bacterial agente
of c'hclera, salnonollosis, bacillary dysentary (shieellosis) and typhoid and paratyphoid fever, or
with the protozoan aeent of amebiasis. however, these diseases are most often water-borne, trans-
mitttl by direct person-to-person contact or by the contamination of food. Flies whtch breed in,
or come in contant with, faeces-contaminated soil can serve as mechanical carriers of the chew's,
oreanisms, althoueh epidemiological evidence suggests that flies do not generally play an important
rc.O.t in the transmission of this group of diseasee.

ParAultic WOrMA or nelminths advorse/y affect the health of human populations all over the world.
t:el,n)nthu transmitted by polluted soil can be erouped into two cateeories:

;i) contatioue or faecal-borno; eges or larvae are passed from the faeces to the soil and
infect persons in immediate contact with the contaminated soil.

(b) soil-transmitted or geo-helminths; larvae or sego become infective after a P011Od of
incubation In the soil.

//7his section was contributed by WHO.

VI:I. -',PLI:IF1c nLalAT PFZOBLEN3 RELArED LAND DaMaDATION
1/

1. -oil Pollution bj 31o1o4ical %iseate

3io1oeica1 aeentn which can pollute the soil and lead to disease in MdA can bo classified tn
three eroups:

pathoeenic micro-organisms excreted by an and transmitted to man by direct contact
with contaminated noil or by the consumption of food erown in contaminated soil (san-
co-man contact);

pathoeenic micro-oreanismr transmitted to man by direct contact with soil contaminated
by wasten of infected animals (animal-soil-man contact); and

pathoeentc micro-organisms found naturally in soil ¡soil-man contact).

Kan-soli-man contact



In many Areas of the world the most prevalent And dangerous are helminths of the noil trans-

mitted group. A WHO Expert Committee on "oil Transmitted Helminths utateu that from the standpoint
of their prevalence and the severity of the diseases caused by them, the most important eoll-trans-
mitted helminths are Ascaris lumbricoidee, Trichuris trichiura, Necator americanos and Ancylostoma
duodenale, the last two being the causative agents of hookworm. The sama committee felt that the

direct relationship between anaemia And hookworm infection and to a lesser extent other helminthic

infections, though for many yearu obscure, has now been generally accepted. Helminthic infections

may cause losses of iron, protein, or other essential constitutents of the red-blnod cells; they

may also induce a failure to absorb theae substances, and may damage the liver and have other patho-

logical effectu. Inalnutrition may be induced or aggravated by helminthic infections, for worms may
not only produce uecretions known to interfere with protein digestion, but may themselves compete
with their nonce and absorb essential nutrients; and, by causing bleeding, they may bring aboat further

important losses which increaze nutritional demands.

Early attempts to control hookworm infection were initiated in mines in Europe and considerable
success wau achieved. The provision of sanitary facilities and the treitment of infected persons
reduced the prevalence of hookworm infection and disease to 4 point where it iu now nedll¿Ible IN
Zurope except for certain parts of Portugal and among agrinultural workers in Italy. However, in
most places where the environment is favourable to hookwomu there has been little change in pre-
valence. The prevention of eoil-transmitted helminth infections is largely a matter of the sanitary
dieposal of faeces, and in all control programmee this must be given high priority. Len in eco-
nomically advanced countries sanitary sewage disposal is far from Adequate. Che chemical treatment
of night soil and sewage is technically feasible; however, the chemicals are expensive and their
application is often impractical. It is difficult to kill eggs and larvae in the soil because
the es muy be washed down into it by rain, or the larvae may migrate downward so they are protected
by threc centimeters of soil or more. For thie reason many of the chemical:, that kill eggs when
applied under laboratory conditions are ineffective when applied to the soil.

The contents of latrines, septic tanks, sewage uystems or effluents of sewage treatment plants,
are frequently used for the fertilization of crope. :n water-short areas the reclamation of waste
water for irrigation often providee a valuable aource for additional water supply, but unless
certain precautions are taken such practices can be dangerous to the public health. Hookworm and

ascaris as well as other helminths may survive for 4 relatively long period in the soil and con-

taminate vegetable crops which are consumed uncooked. In addition, pathogenic enteric bacteria
and protozoan parasites such as Entamoeba histolytica may contaminate the soil and crops by such

practices. For practical purposee it cannot be assumed that even a well operated biological sewage
treatment plant can consistently remove more than 90, of the pathogenic organisms present in the

sewage, unless heavy chlorination is applied. Simple processes, such as the primary sedimentation,

may remove only ?0-40 of the micro-organiems.

Animal-soil-mar, contact

There are a number of zoonosee for which the soil playe a major role in transmitting the in-
fective aeent 'ro m animal to man. A recent WHO/FAO Expert Committee has extensively reported on

this problem. Leptospirosis, anthrax And ':-fever are transmitted in this way.

Leptospiroeis now constitutes a major problem in all parts of the world. The epread of lepto-

spires is related to specific environmental conditione, particularly those which bring animal carriere,
water, mud and roan together. !lusceptible animals and man enterine such environments are exposea
to the agent and may develop infection varying from an inapparent response to an acute fulminatine
fatal disease.

The number of reported cases of anthrax in humans is relatively low compared with other zoonoses,
but this disease ,is still of importance both as a human disease and because of its economic impact
on animal husbandry. The spore form of the Bacillus anthracic is very resistant to chemicil and
environmental influences and can survive for years in certain soils as well as in animal products
such as hide°, hair and wool. Heavy contamination of the soil exists in many Areas of the world,
particularly in Asia, Southern Europe and Africa; other countries have laree or small "anthrax
districts" but in general anthrax problems are lesa serious in the western hemisphere than in other
partu of the world.



I-fever is caused by Rickettsia (Coxiella) burneti ani is recognized as an important public
health problem. A WHO-aasisted survey or the dintribution of f'Z-fever in 32 countries and other
pub/lolled reports have ehown infection in over f0 countries on five continents, and only in a few
countries has investigation failed to reveal the existence of the disease. Rickettsta ace present
in milk and in soil and may survive for long periods.

Soil-man contact

During the last few years increasing evidence has accumulated that fungi potentia/ly pathogenic
for man can be isolated from the environment. An example is Aspergillus fumaeatun which is the
etiological agent of one type of aspergillosis which appears to be more common in warmer and humid
areas. Oeotrichosis is another disease associated with the organism '3eotrichum candidum, alco
frequent/y isolated in soils.

retanus is an acute disease of man induced by the toxin of the tetanus bacillus which grows
anaerobically, rho infectious agent Clostridium tetani is excreted by infected animalo, especially
hornos. The immediate nources of infection are soil, dust, or animal and human faeces.

Botulism is a highly fatal poiooning caused by bacterial toxins produced by Cloutridium botulinum.
The reeervoirs of the organiums Are soil and the intestinal tract of animals. The toxin is formed by
the anaerobic growth of spores in food which io the immediate source of poisoning.

Coccidioidomycosis is aleo associated with soil pollution and ranks high among the infectioue
occupational diueases of workers in endemic areas; it has been reported only in arid and semi-arid
4C04d of the south-west of the United f:tateu, Mexico, Central america and South America. The highly
infectious spores of Coccidiodes immitie aro found in the firat few incheo of soil and in larger
numbero in the vicinity of rodent hurrown. In the heat of early summer, wind disturb:1 the surface
duet and lifts the spores into the sir.

2. Soil Pollution by Chemical Agente

In the last 25 years the use of chanical pesticides and herbinides applied to the uoil and to plants
has increased enormously. In many countries agriculture has become dependent on the use of such
chemicals to maintain the high levelo of production required. F.'ome recent atudies reviewing the
problem!, of pollution by pesticides pointed out that the residuals of these chemicals which appear
in food for human consumption may present a health hazard to roan, although there in today little
evidence that soil pollution pet 60 has played a significant role. Many of thee() chemical° do
not accumulate in the soil and within a matter of monthu or in a year or two, are destroyed by aoil
bacteria, but certain chlorinated hydrocarbons and chlorinated phenoxy compounde pernist in the soil.
They can be held tightly by the clay and humus fractions of the soil which prevent the attack by
micro-organisms. Among the insecticideu, DDT and dieldrin have been shown to be reuiutant to bio-
logical degradation in the Boil. Whereao the weed killer 2,I-D in rapidly deotroyed by uoil micro-
organisms, the close:y related 2, 4, 5-7 remainu intact for longer periods. It is well known that
pernistant peuticides, if not fixed by the uoil, are subject to possible biological concentration
through the food chain. Cne example iu that of heptachlor epoxide which can be absorbed and con-
centrated from the soil by earthworm° either by contact or through the digestivo system. Birds
feed on the worms and may concentrate the pesticide still further. ihile the poneibility of biologi-
cal concentration of pesticides from the uoil remains a potential problem, it in felt that most
pesticides reaching the soil become unavailable or non-toxic and do not enter the food chain of
Animals or man.

roil pollution by artificial fertilizer:, ouch as ammonium nitrate may reuult in contamination
of groundwater aquifers by nitraten and nitrites. The consumption of water with high nitrate con-
centration may result in infant methaemoglobinaemia. This diseAne was first recognized clinically
in 1)11:. f;ince then several thousand canes including a number of fatal poinonings have been reported
in variouu countries of the world. For example, the number of cases recorded in Czechonlovakia
approache6 1000 and during the period from 1948-1960, 314 cases were recorded of which 8f were lethal.
The mean nitrate content in water coneumed by affected children ranged from 18 mg/1 to 247 mg/l. About
three-quarters of the sick infants connumed wtter contatning ni trates in concentrations above 100 mg/l.

.../...



A more important and generalized potential hazard may be connected with nitrites, éit; tt.uy ire

the essential precursors in the synthesis of nitroaaminee. Many of the known nitrosaminee are carci-
nogenic in a wide range of organs in various epecies at very low concentrationc. Nitrouamines are
formed chemically by the interaction of nitrites or oxides of nitrogen and secondary amines at low
pH values. Such reactione may occur in vitro in the gantric juice of various species but also in vivo
in the stomach of rodentu. The proposed replacement of phosphate detergent builders by nitrogen
compounds such as the nitrilotriacetic acid may result in the increase in the content of nitrates in
the water and soil.

Radioactivo Materials

Radioactivo materials can reach the soil and ancumulate there, either from atmospheric fal/out
or by the diupocial of liquid or Bond radioactive waates from atomic industrial or reaearch establish-
ments. The three mont important radionuclides with long half liveu produced by nuclear fiesion are
carbon-14 with a half life of 5600 years, radio Htrontium (Sr-90) with a half life of 28 years and
caeuium-117 with a half life of 30 years. Carton-14 is normally prenent in the soil and it appeare
unlikely that changee in the C-14 content of the aoil will be reflected in the composition of plantn,
becauee planto get the bulk of their carbon from the atmocpherer nor should there be any adverse
effect on soil fauna which feed largely on these planta. Radioactive strontium concentrations in
the soil are generally a function of the amount of precipitation, since this element is brought to
the noil primarily by rain. Within the coil the deposited Sr-90 is held firmly by electrostatic
forcea in the upper few incheu. If the soil ic eroded, the depocited radionuclides will be carried
away with the oilt and clay. Radioactive cesium is held even more tightly by the noil than strontium,
so much so that it is virtually unavailable to plants and moot likely presents little hazard.
rhe levels of radiation from fission producta deposited in the noil by fallout in the United tates

of America are of about the came order of magnitude or one order lower than natural radiation from
the soil. Many authorities feel that there is very limited evidence to date to prove that thiu in-
crease in radiation could affect coil fauna and their predators, but increased radioactive fallout
could in time result in soil contamination reaching levelu sufficient to cause concern.

The disposal of radioactive wastes from atomic energy installations can cause levela of uoil
pollution in certain local areas to reach concentritions which may present health problems unlesn
carefully controlled and monitored.

Soil Pollution by Solid Wastes

There is no doubt that solid waste disposal, in addition to agricultural chenicalu, presente
the most important source of soil pollution and land degradation. Solid wactes include domectic
refuee and other diecarded solid materials, such as thone from commercial, industrial and agricultural
operations. Domestic refuse includes paper, cardboard, notaln, glass, food, ashes, plasticn, wood
and other material. Commerical refuse includes the wastee from marketu, shops, restaurants and officen.
Industrial refune comprisee a wide variety of wastes ranging from completely inert materiale such as
calcium carbonate to highly toxic compounds. The growth and divercity of industrial operations
together with rapid technological development have resulted in a substantial increase both in volume
and the complexity of nolid wactes. Solid wastes are produced aloo in largo quantities by mining.
Agricultural waster) derive from the production and processing of food and other crops and from raining
and slaughtering of livestock. Special handling is required for potentially dangerous wasten such
as those from hospitalc and from the use of radioactive materiale.

The amount of solid wastes produced per person per year is increasing. Prior to about 1945 the
production of solid wastes was assumed to be 350-400 ken. per pernon per year. Improved standards
of living and the building boom, the increase in the connumption of consumer goods and the une of
synthetics have all contributed to an increase in the amount of urban wastes, so that the present
average in industrialized countries is probably at least 700 kge. per person per year. The annual
increase is between 1-21. These data do not adequately reflect the additional aolid wastes produced
by agriculture and large industrial operationb, not do they take into account the solid pollutants
increasingly being separated from gaseous and liquid wanten by improved treatment processes.
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Land dinposal of urban and agricultural solid wastes can be carried out in a sanitary manner so
as to minimize pollution. The controlled burial of nuch wastes in a sanitary landfill, when narefully
planned and executed, can prevent pollution and leak1 to the altimate reclamation of waste land arean.
However, problems of groundwater pollution or nuisance can result from improper fill. The convernion
of solid wantes, particularly those possessine a high organic matter content, to compost can ennure
in some areas cf the world a satisfactory method of preventing land pollution as well as the return
of ortanic matter to the soil. rhe views differ as to the use of the land AB ultimate repoeitory of
solid wastes. Some authorities hold that landfillinc resulto in relinquiehing valuable land and
limits future development; others think that some of our land resourcen must be given over to the
solution of waate management problem', and that with the transfer of solid wanten to Another sphere)
sue, AS to the air by incineration or to the water environment, may in the final Analysts lead to more
severe pollution problems.

5. Inter-rela..ionships between Air, .;ater and Land Pollution

Atmospheric pollutants such an ore:into or inorganic dust, pollene, funeal Rpores, and others are
returned to the soil by precipitation and natural duntfall. There are some inatances where such
fallout from industrial air pollution can cause serious land devastation, for e.g. around factoriee
producine artificial nitrogen fertilizer°.

The principle mechanisms of water to land movement of pollutants include the deposition of ni!,
clay and other Roil materials and organic residue° by outface waters, including flood overflown;
deposition of minerals in specific lrIcations by groundwaters; deposition of salts from intruoion or
f/oodine by aaline waters; accumulation of naltn an a renult of inadequate leaching durint irri-
cation; and accumulation of reniduen from spray irritation with domestic or industrial wantee.

Conversely, some methods of nolid waste manacement, for example, incineration, can lead to eertous
local air pollution problemn.

7elected WHO papers and documente on land pollution:

A review of the public health aspects of soil polletion, R.I. nhuval (1970) 4H0r4.POLI170.5

Tell Transmitted Helminths, Report of a WHO Expert Committee (1964), Wld Hlth CrL. tochn. Rep. ner. 21/

Joint WEO/FAO E1pert Committee on Zoonoses (1959) Wld Rlth Org. techn. Rep. ner. 161 (Second Report)

World Health Oreanieation, Expert Committee on Environments/ Chance and Resulting Impacts on Health.
(leneva, 1961) Wld. Hlth Org. tech. Rep. ser.

World Health Organization, :apart Committee on Environmental Aspects of Metropolitan Planning and
Development (1968), Wld RIth OrE. techn. Rep. ner. 221

,:orld Health Organization, Feport of a Ccientific Croup on Treatment and Disposal of Wates
;19('7) Wli Elth OrE. Sor. la



IX LANn SUBSIDENCE 1/

Land subsidence caused by extraction of water, gas or oil and by underground mining is rapidly
becoming major environmental problem.

Still restricted to a relatively small number of areas, mostly urban areas in the vicinity of
important oil or gas fields or important aquifers, the rate, magnitude and extent of land subsidence
and tte economic consequences have recently brought into the limelight this important problem.

Land eubsidence related to man'e activities became of economic importance long ago.
As early as in 1924, after repeated precise levelling, abnormal subsidence of benchmarks wan
discovered in the roto delta area, Tokyo. Sut it vas only in 1952 that it was ascertained that the
major part of the subsidence was caused by ground-water withdrawals which by then had reached
190.000 m3/day.

Land subsidence due to the withdrawal of fluids has become relatively common in the United
States since 1940. Other areas of major land subsidence caused by ground-water withdrawal are Osaka;
Nagoya, rokyo and Niigata in Japan; London, England; Mexico City, Mexico, Po Delta and Venice area,
Italy and several areas in Texas, Arizona, Nevada and California in the United States. At present,

the areas show¡ng greatent extent and maximum subsidence are located in California. It can be
anticipated however that because of the increase in industrialization in selected areas and the conse-
quent increase in the use of ground-water and oil the problems of subsidence will become more anA more
important And widespread.

As in other fields, studies and research on land subsidenceare done mostly at national level. The
causes of land subsidence have been circumscribed, theories have been developed (consolidation theory
and aquifer-system compaction) that satisfactorily explain the phenomena concerned and enable its
evaluation both in the laboratory and in the field. Prediction of land subsidence is now possible
and thus remedial measures can be taken in many cases. These consist mostly of injecting fluids
to reestablish As much as possible the original pressures. The experience gained in the Long-Beach,
California area has been in this respect of great assistance for the development of repressurisation
methods.

International action has been rather limited. The Co-ordinating Council of the IHD at its first
session in 1965 recognized the importance of the problem. As a result UNESCO and the /ASH organized
in 1969 in Tokyo a Symposium on Land Subsidence in which about 70 papers concerning all phases of the
problem were discussed. The symposium recommended that further international action be undertaken
particularly by providing a machinery for continuing international exchange of information on land
subsidence and by holding future symposia perhapn every 5 or 6 years.

Considering the results of investigations up to the present the following appear to be the
areas where continuing, additional research or action should be undertaken: evaluation of subsidence
both in the laboratory and in the field, prediction of land subsidence, and remedial measures for
reducing or reversing land subsidence.

As a result of the Tokyo symposium, the following research may be of special interent:

Effect of multi-cyclic loading of clays and sands within the sane stress range, as compared
to the usual loading technique in time-consolidation tests.

Research in development of field methods for determining approximate gross compressibility of
an aquifer system from aquifer pumping tests, in both the elastic and plastic-plus-elastic ranges.

Research in improved methods for measuring compaction or expansion of aquifer systems under changing
stress; development of frictionless methods to measure changes in aquifer systems (laser, etc.).

1/ This section was contributed by UNESCO



Additional research on the relation between liquid limit and the compression index. Studies
of possibility of using liquid limit tests (obtained from drilling samples) to furnish approximate
compression characteristics of aquitards.

Improved methods for determining preconsolidation loads of compressible beds (aquitards) at
substantial depth.

Improved geophysical methods for logging density, porosity, close-up and other physical properties
in boreholes in unconsolidated deposits.

Further development of numerical and electrical simulation methods for predicting compaction in
heterogeneous compressible deposits.

Research on the importance of secondary consolidation in the ultimate compaction of fine-grained

sediments.

Research on the importance and influence of other internal or external stresses on aquifer systems,
such as electrochemical stresses, the influence of physico-chemical factorn, and the effect of
bonded or adsorbed water.

Additional research on the relation between liquid limit and the comprennton index.

Research on compressibility and elasticity of sands, including the effect of shape, size, sorting
mica content, And multi-cycle loading.

Development of economic methods of determining pore pressures in fine-grained clayey beds "in situ".

Development of improved method.; of obtaining "undisturbed" cores.

Research on vertical and horizontal strain in the vicinity of a pumped well combined with measure-
ments in observation wells, to explore whether direct determinations of the hydrotopic or
mechanical properties of the aquifer system can be derived from such data.

International action in this respect should consist mainly in cataloguing information on, and
organizing and coordinating the diffusion of information about research methods and their results.
The organitation of seminars on selected research topirs should also he undertaken.

Areas of subsidence which by their economic or cultural importance are of great interest could
be used as "International cooperation problem areas". The results obtained in Venice for which UNESCO
has been in the past two years providing experts could be used as an example for future action.

Another area vhere exchange of information in of great importance in in the methods for reducing
and reversing land subsidence. Detailed information on methods and technique.; should be diffused for

the use of countries having less experience.
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