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FOREWORTD

Though not generally thought of in such a term, soil is indeed an essential support
of human life, not only in relation to our food supply but aleso for the production of
fibre and shelter. Unlike air and water, for which anti-pollution provisions are being
established, the use of land is etill not guided by any agreed standards. While the
demand for land increases at a very mapid rate through population growth, technological
progress and industrial development, ®oil resources remain fixed. The meintenance of
their productivity is thersfore of paramount importance,

Thie problem will nesd to be reviewed at the United Nations Conference on the
Human Environment to be held in Stockholm in 1972. In preparmtion for this Conference,
FAC ae a UN Inter-Agency focal point prepared the present paper on Land Degredation,
with contributions from UNESCO, IAEA and WHO., This paper which is meant ae a background
document for discuseions is felt to be of value in the general field of land development,
which warmants its reproduction for a more genemal distribution.

Edouard Saouma
Chairman of the Inter-Departmental Working Group
on Hatumal Resources and the Human Environment
Director, Land and Water Development Division



LAND DEGRADATION

SUMMARY

SITUATION AND PROBLEMS

Because of the rapid increase in the rate of use of the land as a result of pressures from
porulation and technolosy, it is imperative that adequate attention be given to problems of land
dasradation.

5S0il erosion has been and remains one of the major causes of that degradation. Losses of fertile
top soil result in lowering of yields, especially 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 acoumulation of saits and alkali threatens preductive agricultuwral lands in arid or semi-
arid regions which practice irrigation. The high cost of reclamation and the irreversibility of certain
phanomena call for special attention to salinity and alkalinity hazards,

The disposal of organic wastes has created concern about diseases and toxic elements in surface
and ground watera, as well as soils and their productivity.

Infectious organisms,although in moat instances already present in soils, must be regarded as a
form of land degradation as they may result in health hazards and heavy oron looses,

ndustrial effluents, such as heavy metals, stack gasea of wvarious sorts, and wastie water

——

containing manyr kinds of nolluting by-nroducta, are introduced on to the land by air or water.

Deacause of their interaction with other fectors of the environment, pesticides have become a
eoncern. Chlorinated hydrocarbons are of major concern because their rersistence may create a situation
whera they are hazardous to animal health through the introduction into the food chain by, for example,
the erosion of soil into waterways.

fadicactive waste originatea from nuclear weapons, testing, 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 radioactive wastes, These schemea call for little or no detectable difference above
natural radiation levelo,

Host heavy metals exist in & natural state in highly insoluble forms and usually do not enter
inte 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.

Fertilizers are a soil improvement factor and a means of maintaining productivity. They can only
be a factor in land degradation when applied in excess, which may occasionally ococcur.

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

lecognizing the relative importance of these land degradation problema, the following categories
are suggested as a guide to the use of resources for the solution problems.

Category I {erosion and sedimentation, salte and allkali, organic waste and infectious organisme).
The causes of land degradation in this category will require immediate application of available

technology and the development of new technology to prevent degradation reaching a state of emergency.

Category 11 find.ultrial inorganic wastes, pesticides, radicactivity and heavy metals).These
cauges of land degradation represent a lower order of magnitude in importance because of their lkasser
extent, intensity or rate of increase.



Category III I[fartﬂ;ura and duturﬁmta}. Thia category contains those causes of desradation
which are of lowest priority. They constitute no widespread immediate hazards to soil nor are there
numerous isolated areas requiring attention,

While each of the ten causes of land degradation require attention, they should not compete at
the same level for facilities; staff and financial assistance, It is also recognized that in a
apecific inatance one or more of the causes may assume 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 ocauses within a category may assume greater significance in relation to the othera so there should
be a periodic reappraisal to make the necessary changes of priorities,.

POLICY GUIDELINES

An essential poliey for national governments and intermational agencies im to dewvelop 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 made on its
capacities,

National governments should engage in international agreements and gooperation to seek solutions
to matual problems of land degradation and develop international standards, In remard to the latter,
the dynamic nature of the environment must be recomnized, Earcfora, provision should be made for
periodic reappraisal of the standards to change them in light of new information. The United Nations
and ite apecialized agencies are in a position to assist in the development of intermational
standards.

Nationa nmust 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 emvironmental quality
be assigned to the producer or the government, or some combination of the two? Such a decision will
influsnce consumer buying patterns, industrial and agricultural expansion, and the development of
necessary technology to prevent or control land degradation.

National governments should also create the typce of social attitude and economic incentives to
promote the recyoling of was® and re-use of limited resources. The former may be achieved through the
use of mase media to dmfop awareness and motivation and by showing methode of engaging in such
disposal. International Agencies such as FAD should inform those coutries currently unaware or

indiffersnt to land degradation problems of the need for remedial action. This may bhe done through
the use of periodic newgletters to national ministries or agencies,

ACTION PROPOSALS

To find and implement solutions will require the cooperation of governments, education and research
institutions (local, national and international) and industry. The maintenance of the environment will
require conatant vigilanoce and effort from now on. As a means of seeking solutions to the problems, and
develeping and maintaining a satisfactory envirenmental quelity, the following actiona (not necessarily
listed in their order of priurit:.r:l are proposed:

1. Assessment of the Problems. This involves international interests as well as local povern—
ments and institutions in the identification of the cause, extent and intensity of the problems to
determine needs for the establishment of standards, contreols and preventive measures and for specific
problem=oriented programmes of research (see 2 below). The authorities would also be remuired to
provide an eastimate of the consequences of no action. An important aspect of such assessment would be
the measurement of carient levels of various factors causing land degradation and the establishment of
benchmark data for the evaluation of the rate of change (see monitoring).

2. t]na.;-ar;ugtad Research. In addition to basic and mdaptive research, there is a need for goal-
oriented research ugh the milti—discipline approach. Such research should be performed on a

contract basis with a provision not to exceed five years. This research may be performed by task
forces both at national and intermational levela. At the termination of the contract the results would
be summarized and the necessity for further research determined. If deemed necessary to continue the
same line of investigation or te change poals, the new contract would have the same terminating
proviaion.



3. Data oclleuti.unI summarized and information diesemination system. This system should provide
for the automatic review of published research information. This information should be summarized and
evaluated with respect to current controls or standards. OSuch action can hardly be done by individual
abstracting serviceas. The evaluation should preferably be entrusted to international organizations in
their reapective fields of competence, using existing data collection systems.

4. Environmental quality standards. In mome instances standards are not available. Where standards
are available there may be some question as to their suitability, since it is necessary to make pro-—
vision for changes in them as new information bocomes available. Standards should be established first
locally and then on a natiomal basis with the understanding of developing them into regional and global
ones. Standards should take inte account the assimilative capacity of different environments and the
feasibility of controls.

S« Momitori ems. Monitoring systems are required for the determination of the rate of
change of an envirommental 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 types of degradation are caused. Highly qualified staff will,
therefore, be required to provide the interpretation and summarization of the data. The system should
rely on local facilities, such as existing experimental and research stations, to provide the mechanics
of collecting and interpreting the data. The different types of land degradation require different
ad-hoc systems of monitoring. These systems should he linked with wider momitoring networks both
sector-wise and area~wise. Dut they should retain their individuality for specific interpretation at
local level. The information should become part of national and international collection systems to
aspist in determining areas requiring attention and to provide information regarding those factors of
international interest. There should also be a provision for periodic checking of performance of local
monitoring stations by the national agencies concerned. International agencies should help in harmoniz-
ing methods and techniques of monitoring and facilitate exchange of data between countries.

6. Expanded educational and technical assistance programmes. In many countries programmes already
exist for uxri.ml.itura.l education. In many instances however reorientation of staff may be required to
provide more specific sducation and technical assistance on matters related to land degradation.

T- Lﬁslmim. The purpose of legislation is to put into force political and technical decisions
Wwith reg to a8 a basic and essential resource. The basic laws should provide for the changing
of standards without requiring further formal parliamentary amendments. The laws should also spell out
the terma of financial contributionm or participation of the government and implementation and enforce—
ment. When drafting such laws, intermational agencies concerned with land use can advise in giving
international perspective in the proposed legislation.

Hote: Other measures to prevent land degradation are described in the basic

papers dealing with "Agriculture and Soils" (item II a (1) "Forestry" (II a (ii))
"{ildlife and Recreational Resources" (IT a (iv)) "Water" (II a {vﬁ Thesa
measures are mostly directed towards an improvement of the land use planning process
and a better sansgement of land resources as a means of mvenﬂ;,ng land degradation,
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1. INTRODUCTION

There is an cver inoreasing avareness and concern about the environment and the extent of the inter-
relationahips between the three basic resources: land, water and air. A seemingly far removed input
into one of these resources can be detrimental to another. Because of the immensity of the environ-
ment and the heretefore relatively low rate of use, interests have gonerally been centred on other
aspecte of daily activities; thus, food, fibre and shelter formed thc popular theme in the late fiftios
and early sixties. It has now become apparent that this can ne lenger be the case. As population
increases and the spectre of even larger populations looms on the horizon, the rate of use of the
environment increases and the conseguences of man's activities become more apparent. It has been his
activities which have largely contributed to the problem of land degradation, and it will have to be
largely due to him that solutions to the problem will be found.

In scome cases the technology for the satisfactory gsolution of environmental problems exists.
Howewver, the implementation is prevented by lack of awarencss or indifference or inadequate economic
incentives. For those situations where technology does not exist, ecepecially with regard to the
environmental quality of the three basic resources, the agricultural scientiet has the necessary
expertise to provide solutions., Agricultural scientiets have inevitably had a vestcd interest in the
maintenance of environmental quality through their investigations of factors in the environment. .
Howevor, because of the intricacles and the all=encompassing nature of the environment, there ie =2
eritical need for an inter-disciplinary approach in establishing standards and controls, and in seeking
golutions to environmental problems.

One concern of agriculture and industry is that the standards or controls may be so stringent tnat
there will be no way to implement them. Or the cost of po doing will be so nigh as to create sconomic
hardships. Tuerefore, it is necessary to allow the widest latitude possible for the adeption of
alternatives for the control of environmental factors within the quality standards.

There iz a need for a concerted intermational approach to the establishment of such standards and
pontrols, especinlly for those sources of land degradation which are of international concern.
Similarly, pollutants and other nuisancee not only create trouble in the immediate area of their
release but may have adverse effects that spread far and wide and across national boundaries. Such a
situation not only calle for remedial action but may lcad to many complications and liabilities,
including lepal actione for compensation at national and intemational levele. PFor example, it is
useless for one nation to ectablish standards for a perticular form of land degradation when the source
of degradation originates in an area where thcre are no standards or controls, or vwhere they are less
strinsent.

Finally, but not lcast, is the consideration of the individual in the enviromment. Thc publie
should be educated as to their role and the consequences of tacir actions. here poesible, tic
consequences should be spelled out in terms of economie effects on them. They should be taught the
principles that work in the environment and the application of those principles to different environ-
mental conditiens. Implementation of controls without education is possible but regulation without
pablic acceptance is impossible. The success of a control programme depends upon the mowledge of the
public that certain of tieir amctivitics cause an undesirable change in the environment, adversely
affecting all of them.



II. APPRAISAL AND EVALUATTON

A. Land Degradation Problems

Technology, which has seemed to be a boor 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 davelopment of nuclear energy there has been the
extension of electrical energy into many countries, providing job and manufacturing opportunitiecs never
before available. The same 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, thus making it possible to turn desert arcas into productive agricultural land.
Nugclear energy has, too, been a source in the development of stable isotopes which may be used in
research to understand more fully the mechaniems involved in plant and animal growth mnd development,
perhaps some day allowing great brealkthroughs in food production and health benefits. These, and many
other great benefits are coming from the use of nuclear energy. Tet there is concern about it as, for
instance, in the dispoeal of radiocactive wastes into the environment. Feople wonder vhat these effects
might be in the long term.

Foseil fuels provide the energy for many electricity generating plants and in so doing their
combustion results in the emission of sulphur dioxide, fluorides, radicactivity and other undesirable
inpute into the environment.

Technology i® also responsible for the production of some of the mineral materials that are deemed
negessary by the present day civilization. The manufacture of nitrogen supplied in fertilizers is usmed
to increase the food production of the world. Without thie readily available nitrogen the food supply
of the world would be much less than the current supply and there would be wide—spread etarvation.

Similar analogies may be made for pesticides. Pesticides not only prevent disease and crop lossmasn,
they alse provide some of the major safeguards for plant, human and animal health. Ewven so, residucs
of many of these materials are found in soils, plants and animals, and sometimes they have adverse
affects. While many of these effects are open to interpretation, pesticides entering into the water
have killed fish, and, it is claimed, wvarious types of wildlife, mostly birds.

Production technology also provides paper, plastics and metal, the uses of vhich are too numerous
10 mention exocept to indicate that these as well as other materials are part of a way of life and it
soams unlikely that eivilization as it exisets today will accept the possibility of doing without them.

The technical discussions in the Appendix deal with several typecs of materials or agents which can
contribute to the land degradation problem. Their source, extent and intensity are discussed. It
seems appropriate now to attempt to evaluate each of thesme causes of land degradation in relation to
one another in order to identify the asscciation of one with the other. The ranking of the ceuses of
land degradation has been done by the use of several broad criteria. They were the magnitude of the
problem, the benefit in relation to coet, irreversibility, and the susceptibility to increase.

zrosion

Of primary interest is the erosion of sediment from agricultural soils and ite associated effects
on crop production and water pollution. Tremendous amounts of sediment arc removed from top soils by
osurface runoff (water eroeion) and to a lesser extent by soil blowing (wind erosion). Zrosion is
directly associated with the loss of plant nutrients and th~ee plant nutrients are related to the
yield. As a result of topsoil loss there is also degradation through the creation of was:cs and
gullies which make the land unsuitable for preduction agriculture.

In addition to thesme losses there ie aleo the contribution which absorbed nutrients make to the
degradation of surface water eupplies., Their contribution to the nutrient level of such water allows
algal growth to ocour which is the first atep of eutrophication of a body of water. The organic matter
contritution and sediment load destroys reservoirs and makee the treatment of water for domestic use
more costly. Thne loss of soil nutrients, degrading of the land, and the associated costs make soil
erosion a major concern.

2. Salts and Alkali

Ag already pointed out, the management of saline and alkali soile in the world has been one of the
problems that has beleaguered man in his attempt to maintain the land in its highest productive state.
The salt and alkall problems are in general assoclated with irrigated lands., It is estimated that
around 13} percent of the cultivated area of the world is irrigated. Wnile this ie only a emall part



of the totel cultivatoed acreage, the production from it provides the major contribution to the

world'e feod supply. A good example of thc importance of irrigated agriculture may be seen in
Califormip which ranks as the firet agricultural state in the United States and has donc so for the
puot 272 years. Eighty-two percent of the cultivated land of Califernia ie irrigated. Californin ie

in the top four of U.J. producers of almost 70 crops. The main reason for this, of course, is the fact
that the ¢limate and good guality irrigation water with proper management enables growers in Califomisa
to obtain high production levels per acre from a variety of crops, most of which have high cash walue.

3. Organic Jastes

Hany of the land depreding materials are directly related to inputs from population. Large numbers
of people, particularly in urban centres, create land degradation problems. The moat recognizeable
ies that associated with the disposal of refuse which includes domestic, manieipal, and industrial
wagtes. There is alse, of course, the problem of sewage disposal. Although the organic content of
the pewage offluent is not of PriBATY concern with regard to land degradation, the addition of salts
40 the effluent from excretia and the use of water softencrs, as well as thc gpeecific ion effccts of
boron, make this & source of desradation where it is applied to land.

Other sources of organic vaste are associated with agricultural production, forestry and industry,
such as concentrated animal wastes, sawdusts and cannery and processing wastes, The magnitude of thia
problem ie large and althoush the dispesal of most of these wastes can be effectively handled by
iechnology, there are no aconomic incentivea for so doing.

Anotiier source of land degradation is the encroachment of urban population centres on agricultural
land. If one views agricultural land as a limited resource then encroachment is a form of degradation
even thourh such use may have a higner priority from the urban point of wview.

It has been estimated such ocneroachment in California is proceeding at the rate of 40 to 65 thous-
and acres per year. Although people require cities and cities require land some planning needs to be
done to determine the judicious uee of such a limited resource.

4. Infectious Organisms

Ap indicated earlier, tho principal concern with infectious diseanes and insects is degradation
asgociated with organisms. The battle against this source of land degradation is also never—ending.
Insects and disease cause billions o. dollars of crop losses throuthout the world each year and, from
the degradation point of view, render many acres of land unsuitable for the best adapted erop or the
one with highest cash value. Development of tolerant warietics of crops are temporary solutions as
disease organisme, by their very nature, are able to mutate and adapt, thereby becoming equally viru-
lent for the new variety. Consequently, a continuing effort has to be made in the development of
disease and insect tolerant warieties of crops. But this is a goneral view of all diseases and all
insects, regardless of the manner in which they infect and inflict injury. If ¢ne congiders the
prodominant soilborne diseases solely from tie standpoint of infestation of acreas previously un-
affected, this aspect of degradation looks less important.

5« Industrisl Inorpganic Laote

The concern about industrial wvaste in relation to land degradation arises from the release of stack
goases and the disposal of inorganic residuen. Stack gases which consiet of flyash, sulphur dioxide,
fluorides, and in some cases heavy motals, are of course subject to metcorclogical influences. Flyash
ig also distributed by the influence of gravitation. From the standpoint of land degradation, the
fluorides and heavy metals seem to be of prinecipal concern., TFluorides and sulplur dioxide have caused
leaf injury te plants resulting in leaf absclesion and stunting of grovth when depositcd om the surface
of the plants or absorbed in a jaseous state by planto. Hien sulphur dioxide reaches the seil it
undergoce reactions in the soil which overcome its initial toxic effect and transform it into a useful
soil nutrient, Fluoride, wion reaching the soil, becomes involved im numerous reactions as well. lMost
of these restrict the availability of fluoride by precipitating it in a rather insoluble form, therely
limiting plant absorption of this element.

&, Pesticides

Pesticides present one of the greatest technological advances of man, espeically in terms of human
nealth, A major concerm with peoticides is their persistence in the soil, Pesticides are used
primarily in countries where agriculture can afford their high cost. Technology is creating posti-
cides of lower persistence in soils as well as the more rapid broeakdown of existing posticides. A
principal concern with pesticides remains their adsorption to soil particles and suvsequent deposit in
streams and entry into the food chain of various wilflife.



Chloronated hydrocarbonse are of major concern in this reapect since the organo-phosphaten are more
rapidly decomposed in the soil environment. The effects on human health are not fully lmown. With
present lmowledge it has not been possible to determine that any ill offeet has resulted from the
current levels of chloronated hydroocarbons in the fatty tisoue of man, There is8 evidence however that
fish and wildlife have been killed vhen directly associated :rith chleronated hydrocarbon pesticides,
It seems a question of priorities, weighing the benefits derived against the undesirable effocts. Tuo
fact that there are undesirable effects would lead cne to conclude that technology should develop
peaticide materiale from which there are no adverse effects. While this seoms an insurmountable tasl,
the scientists have embarked om its inwvcetigation.

7. Radicactivity

The principal concern with radicactivity is still the fallout of radicactive materials produced
from explosions of nuclear weapono., The relative importance of this eategory from the land degradation
point of wiew will depend upon the future activities of natione. Uven if atmospheric nuclear explosions
ceased, it would be several penerations before radicactivity levels in soils returned to the naturally
ccourring background radiation lewvels. It is knovm that radioactive materiales react in soils in much
the same manner as other glementn. They are subjected to the same exchange reactions, pi offeote, and
solective erclusien or uptake by plant roots. It has also been demonstrated that radicactivity from
fallout may be considerably reduced simply by washing the plant. Wita the advent of nuclear reanctor
pover generating plants there is concern whether the same sorts of radicactive materials are boing
protiuced as from nuclear weapon testins. Assuming a large increase in the use of such poencrating
plants, will they soon be increasing radioactivity levels?

Perhaps thoe more proper question is to ask how much radiocactivity is too much? Countries involwed
¥With the use of radicactive materials haove set rather stringont control lawe on the handling and use
of theen materials. Dut in many instances, exposure levels have been eetablisned which are several
orders of magnitude greater than curremt background radiation levels. It would be a great steop foruard
if man would stop polluting the enviromment by cxploding nuclear bombs, especially in the air. Then
the world would only lhawve to be concerned with the relatively minor pollution from nuclear power
generators and other sources.

8. Heavy Metals

Another matter of concern is the appearance of heavy metale in many of the food supplics around the
world. The principal manner in which heavy metals reach soils and become invelved in their degradation
iz from industrial and domestic uses of materials ap well as from industrial wastes. lost, if not all,
soils already contain relatively minute amounts of heavy metals. They are gencrally in very otable
forme and are not considered available for plant uptake. Dut because of the nature of the sourco of
the metals comtributing to land degradation, areas of hich population demsity with corresponding
industrial activity and concentrated use of automobiles seem to be responsible for the major contribut-
ion of these matnrigls t0 the onviromment. By the uze of more sophisticated technology it ie possible
in many cases to ovaluate concentration levele of these materials which were previously undetootablo.
Purther, more sophisticated diagnoses are now possible to detecot agonts of adverse human health
effects, shouing that heavy metals in the cnvironment may be o major causge for concern. Little evidence
is available to indicatc that an appreciable amount of heavy motals deposited on soils enters the food
chain by absorption by plants. It appears that most of the metals moy be aboorbed through tho leawveso.

Heavy mctals are influenced by the same metecoreclogical factors as are radicactive wasteo., Prevail-
ing windn and velocity and precipitation detcormine how the matoriale are distributed from their source
and influonce their concentration. Tne heavy metale which seem to be of primary concern at prosent
are lead, mercury and cadmium.

9. PFertilicers

Fertilizers are one of the primary methods of improving soils for the enhancement of food produst-
ion., But occasionally there are contaminants associated with thenm which may be a contriuting factor
to land degradation, In raw rock phosphates, for instance, the occurrence of radioactive elemcnts hao
been deteoted which, when applied to soils, could be construed as a form of degradation. These
concentrations are extromely lov. Continued long-term, high usage could, perhaps, ultimately lead to
a significant contribution of radicactivity to the seila. However, the phoaphate is generally
congidered as 3 raw material in phosphorus production and the treatment of the rew material eliminaten
te a large extent the problem.

10. Detergents

The effect of detergents on land degradation is perhaps the least of all these discussed. There
could be some detrimental offects from the use of sewage effluents with large amounts of deterpents in



them, Since detergents are noted as o dispersal agent, they could create wmter infiltration problems
of soils tut the wideapread abuse of soils in thie mamner is unlikely. It is not therefore conceivable
that the phosphorue entering soile in the form of deterpents would be of any comsedquence.

11. Technolegy

The technology already existe for setting up many of the measures needed to prevent land degradat-
ion. PFor cxample, the technology and stendards are already available for the contrel and prevention
of salt tuildup. Similarly, technology is awvailable for erceion control, orsanic waste disposal, sev-
oge treatment and land use, as well as for population centrol. For one reason or another, these
control mechanisms or methods of disposal have not been fully used. There is little interest on the
pert of the populance o pay for the cost of treatment or pay more for the things they uy when they
bave not been convinced that land degradation or loss of production has been a factor in destroying
the quality of tlie environment. In many casec scientists 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 thc environ-
ment in relation to himself. That is, to concider the microcenvironment without comsidering the
environment in entirety. Another factor is that individuals have a tendency to think of wastes in the
aggregate and not on an individual basis. For example, billicns of gallons of sewage are disposed of
each day, and if an individual leawves tho wicinity for a day, there ise hardly a noticeable difference
in the amount of material which has to be treated. Thereforc, he tends to think of himself as only a
negligible contributor to the total and assumes his activity is of little or no consequence,

With the problem of insects and diseases, technology is in a continual atate of turnover. There
is a constant need for development and re—evaluation of treatments and resistant varieties just to
maintain a slight lead in the strusgle 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, radicmctivity, heavy metals,
and industrial wvastes. Ilhile in several instancea technology, as a result of recent advances, is
available to ameliorate the effects of tue entry of such matcrials into the environment,answers are not
available for the polution of all problema.

Ume of the things that cannot be measured, is the walue assigmed 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 results in the loes of income for the individual
employed by the industry. Legislation is one of the techniques available for establishing standards
and eontrol and providing impotus for new technology. The participation of scicntists throush the
provision of their technical advice is, of course, necessary. In some cases land degradatien standards
have been established out of necessity. TPor example, ealinity levels and management procedurcs were
develeped in some places without legislation, as the controls were essential to maintain agricultural
preduction.

12. Legislation

There does not appear t0 be any zimilar impetus for the implementation of measures to provent land
degradation. If, in fact, there werec economic ineentives, many of the problems would perhaps have
Leen solved. Legislation can, in one Bense, provide economic incentives. Assuming legislative acta
raflect the interest of the people, implicit in the enactment is the willingness to pay for the imple-
mentation of & control. Lesislative rerulations can provide for one of two couraes of action. It can
provide for economie ineentives for developing technology for control, or provide for payment of the
cogt of implementing s control. Beth of these provisions are needed and are complementary.

Another approach is enactment of legislation to provide for penaltiee if certain preseribed standards
are exceeded. In many instances this approach would leave the burden of devclopment of less costly
tecanology to the enterprise producing the causative agent of land degradation. While one region may
institute such control, not all regioms may see the benefit of such action and would not be willing to
impose the same stringent restrictions,

It seems likely that the only standards of land degradation imposed at the present time are theae
imposed by legislative activity. Thie being the case, then it becomes most important for the legislat-
ive body to provide for periodic updating of the standards as new information becomes available, as
Well as for the choice of priorities and altermatives in land use planning, development and conservat-—
ion.



13. Appraisal

In an appraisal of land degradation, one consideration is its reole in the degradation of the other
two resources -~ air and water. The causes of degradation already mentioned appear to be among those
receiving the greatest amount of attention from the escientific community. Bicrly has forecast the
ghift in activity in pollution research in the United Statce Departmont of Agriculture and the number
of scientists man-years to be expended on various subject areas by 1977. The greatest increase in use
of scientists man-ycars will ocour in the disposal of animal, domestic, and processing wastes. The
next greatest will be in erosion control or sediment management. Then comes the control of infactious
agonts equally vith the increase in effort put into tne area of plant nutrients. From the land degrad-
ation point of wviewu, plant nutrients are of little conceguence, but from the standpoint of thcir entry
into water suppliecs they are important.

B, HEnowledge and ite Applicatiocn
Ll Kﬂﬂ'-]'leg:f. G“E

There are cortain gsaps in kmowledze regarding the stato of four epecific problems. lkile much is
Imerm and understood of reactions in the decomposition of organic matter in soils, this information has
been generally pained through the investigations of incorporation of crop and animal residues. Much
of the information relates to the nutritional status of the subsequent crop when the residucs have
been incorporated at lewvels which have normally been considered economically feasible.

There is not very much information available on the offects of loading the soll to dispose of waste
matoerial and the effecte on subsequent crops. Tae concequences of loadins organic wvastes of zll ranges
of carbon-nitrosen ratios are virtually unlmoim. Another concept of considerable importance, btut one
for vhich wery little information is available, is that of the effects of small amounts of materials
in the soil and their magnification or accwmlation in plante and animals. The acowmlation is not
nogessarily at the toxie level but at some subelinieal level. In short, does low lewvel long-torm
exposure produce effects equal to those of short—term high level exposure? The question also applics
to pesticides, radicactivity and heavy motals.

One of the problems is related to chronic low level exposure: does the decay or destruction rate
reach an equilibrium within the environment and does that equilibrium concentration then hawve an
adverse effeet on plants and animals, or doee it ccour at o lov enough level to be of no conseguence,
asguming a constant input? If the input either increases or decreases, how doea this affect the
concentration? These are some of thc quostions that need to be anawered.

FPor crosion control, ticre appears to be sufficient technology wiich could, if implemented, control
& major portion of the runoff from the agricultural and forest lands; excepting where fire, lumbering,
end overgrazing denude large areas of iatarshed and wheroe such operations destroy the stability of the
goil, tius creating ercsion problems. Investizations into control of such crosiom would be bencficial.
Also of interest is the watoerborme sediment in streams coming from their banks and beds. Information
is noeded reparding the stability of the banks and beds. If the control was such that only limited
amounts reachicd major rivers, uould the banks and beds soon stabilize and 8o reduce the sediment load
or would their oediment continue to be a major contributor to the stream load?

ditl. moard to redioactivity, t.ie inoreased use of nuclear reactors as power gonerators makoes
necessary invootigations into tie continual release of their low levelo of radioactive wastes. lHould
an equilibrium concentration of these matorials ultimately be reached as has been oungested and would
the effect be different from that of a single higher level oxposure?

2. MWew Technolo

Heu 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 sorts present different kinds of problems.
Hecause of the intensified type of agriculture in the highly productive areas of the world it is
necessary to incorporate large amounts of material in the soil. In many cases this interferes with the
nlanting mdfo:' development of the subBequent crop. Techniques need to be developed to overcome the
problems created.

OCne of tho problems with sewsre disposal is the degradation of the water, making it unsuitable
for re-use., Information is lacking regarding the extent of treatment nocessary to make it suitable for
use on irrigated land. Public health lawe prevent the usage of raw sewags on vegetable crops.
liowever, what level of treatment is necessary before this source of water can be used for such irrigat-
ion?



With regard te erganic cellulosic wastes from industrial, municipal, and agricultural
mources, technology neede to be developed to allow mores axtensive use of these materials. In
certain inetances, cellulosic material from agriculture has been used in paper and hardboard
production, Cellulosic waste from municipal and sources other than agriculture is already being
used. There is alsc a need for developing technigques for handling and preparing this material
for entry into a resyoling aystem. If large amounts of cellulosic waste could be recycled, it
would ease the problem.

In the casme of paper, metal, plastice, rubber, textile, glase, and wood found in municipal
refuse, techniques of segregation are currently under conoideration, btut there is still a need to
make this approach sconomically Teasmible.

One approach to the control of erosion would be to develop material which could economical-
1y etabilize the soil. Thus, wind or water erceion could be prevented without adversely affecting
the soil's productivity.

New pesticides could be developed which have as their prerequisite a biodegradability,
thereby eliminating persistence in soils. Presumably a short-lived pesticide would be as effect-
ive as the ocurrent products.

Thers is a new ooncern about the types of comtaminants which may be present in some of the
products used and the foods consumed. It may become necessary to develop technology which will
reduce or remove such contaminants from the food supplies.

3. Selection of Alternatives

One of the key factors in the selection and evaluation of treatments which provide solut-
ions to pollution problems is to melect altermatives for investigation. In some cames mocio-
logical and economic factors determine the melection of an alternative, Take, for instance, the
acoumilation of soluble salts or alkali in soils. There oeem to be few alternatives. One is to
allow the salts to accumulate., Another is to leach the salts below the root zone. A third is to
use a water source of extremely low molute content. And another ie not to grow crops in those areas
where salinity control is a problem. A high quality water eupply can provide a solution to the
increased ealinity content of groundwater, but sometimes, in order to maintain production, it is
necessary to leach the salts ocut. In areas where water supplies are not of the low electrolyte
content type, perhaps some effort ghould be made to develop a suitable watar treatment or find a
different water supply. At current production levels of low cost high guality water it seems
unlikely that agriculture will be able to use this for irrigation for a number of years yet.

The alternatives for organic waste disposal are soil loading, incineration and recyeling
{(exclusive of domestic and animal manures). It may aleo be possible to redistribute organic
wastes in an area comparable to the area from which the material was produced. Some combination
of alternatives may be best suited for different areas. For example, in a large metropolitan area
it would seem more reasonable to incinerate cellulosic material rather than rely on the rehandling
and distribution of it over large areas of land. Incineration also seems to hold other advantages.
The residue may be more easily sorted for materials which may be introduced into a recyoling system.
The ash may be used as filler for the manufacture of bricks or blocks for building., Much of this
technology is already available but some new technigques would have to be developed.

Technology is also available for the re-use of domestic waste water., Municipalities may
be forced to coneider re-use of water as their sources of wupply may be insufficient to meet
their needs. Providing the need arises, the cost for domestic water will be paid. The same sort
of analogy may be applied to agricultural water since people are unlikely to limit agricultural
production but would seek altermative or additional supplies,

For agricultural and induetrial chemicals, both organic and inorganic, there should be a
re—ordering of priorities and a further investigation of materials to be used instead of those
which wre affecting the enviromment. The alternative to dispsrsal is collection of wastes at
their site of production. In this connection, the melaction of dump sites where the wastes can
be concentrated for complets dieposal would appear desirable. It may be possible at some future
date %o reclaim some of the wastes, an action which would be feasible at centrally located disposal
sites,

The technology for contrel and prevention of discase and insect problems is of two main
types: the development of tolerant varie¥iss and the use of pesticides. Pastcides still provide



s major means of control of insecte and weeds, The application of pesticides for the contrel of
soilborne bacteria or fauna, that is soil organisms, has been successful %o a limited extent.
The primary technique for plant protection for soilborne diseases and insecte is the development
of plante which are not susceptible to the organisms. In the case of man and animal, immunizat-
ion provides health protection.

For the fully successful application of technology in combating environmental pollution, it
is necessary to be able to predict events. Implicit in the ability to predict ie a knowledge of
the rate at which action or reaction will take place. The difficulty is understanding the inter—
actions of different parts of the environment on each other and how they may be interpreted as
an effect. The idea of prediction on the bamsis of evaluation of several wariables is of particular
importance with regard to erosion, salt, radicactivity, heavy metal, pesticides, and fertilizers.

4. Criteria and Standards

One problem of applying alternatives i that in many cases criteria or standarde are not
available for land degradation. In other casea the standards are 80 gross and open to inter-
pretation that they are not effective. About the only land degradation factor for which there
are workable criteria i that for cetablishing salt and alkali acouwmulation in soils. Ewven theoe
criteria vary with many other factors.

In the case of radiocactivity, the standards were set under the threat of nuclear war. 1In
view of the present political climate and the advances in nuclear technology there ia need for

re—svaluation.

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

Standards regarding infectious discases are largely governed by the criteria of economic
effect on the plant. The relation of inoculum level t0 a memsurable response in the crop is

largely unknown.

The same is true of insects living in the soil. Those living above ground have been cvaluat-
ed in terms of population levels and economic damage to orops and largely offective control
meagures have been established. But this is not the case for below ground insects.

Criteria do not exict for many of the other categories of land degrading materials or sub-
stance because they are already present in the soil in a wide range of concentrations in the
natural state. What then constitutes "too much"™? This is one of the questions which will have
to be anewered before effective standards may be set.



III. POLICY AND GUIDELINES

A Information Collection

In any attempt to solve a problem the first requirement ie to identify it. Thie done, it
is necessary to summarize all available information on the subject for application to the molut-
ion of the problem.

It is important to know not only what to look for btut where to look fer it. The person
collecting the information should be kmowledgeable in the particular discipline. This knowledge-
ability is of great value in the perusal of the literaturc, since it is possible to overlook
gritical research vhich to the untrained individual may seem of little or nmo conseguence in ite
application to the solution of the problem.

A myotem of automatic review of jourmals and texts, ete. 18 required, assigning kmowledge-
able individuals from cach discipline concerned to review o number of publications. Care has to
be taken not to overload the individual who could bo a full-time staff member or, perhaps more
desirable, a part-time consultant.

Part-time consultants are more desirable from several standpoints, First, it is extremely
unlikely that one individual would have command of a variety of languages to peruse all the
literaturc which may be published on any given subj-ot. Second, it makes possible the better
use of thr money available for fees as a part-time worker coste only a fraction of the salary of
a full-time employee. Third, from the information supplicd from many individuals, one can better
interpret the international eignificance of a given problem. The collection system requires
poriodic summarizatione of information. It is of comnsiderable benefit to have the same man
involved for a number of years because the periodic summation should include not only new but an
aspassment of the old information.

These summarizations are necessary to establish new levele or standards and to up-date old
ptandards as vell as to identy changee in the status of a problem. It is alec necessary to hold
meatings of the literature reviewsrs, not less than biannually, to discuss land degradation
problems from the internatiomal point of view. This should result in international muidelines
being developed., At the same time such a meeting would provide an excellent opportunity to
initiate replacement reviewers.

The inventery and distribution of the data thus obtained could be distributed as periodic
reports or in €4 form of microfilm to each of the major libraries in the world and to pgovern-—
mental agencies interested in puch information. If required, it may be poesible to provide the
roeports on a subscriber basia.

B. Goal Oriented Hesearch

The alternatives for providing for adaptive and basic pescarch are: the use of grants or
formation of inastitutes of environmental investigation. In cither case, it is essential that the
information developed throuch collestion and interpretation be supplied to the persons conducting
the research.

In providing grants for research, monies should be allotted to task force groups for the
investigation of one particular segment of environmental concerm. If possible, it would be
advantageous to have as a projoect leader or co-project lcader one of thec scientists desifnated
as a collector of information. This arrangement could promote intermal and international coordi-
nation of effort.

The task foroes would have the multi-discipline approach to tine problem as environmental
research should be conducted with consideration for as much of the environment as possible. As
an aid to the coordination of a multi-dispiplimary inveetigation an interagency committce should
bo established to select, revicw, and evaluate projects and collate their findinge into a
compendium,

Institutions of environmental ressarch could be funded in countries with the required
facilities, or if it was deslrable to locate such a research centre in a particular part of the
world, then the necessary facilities and equipment could be provided along with the expert staff.
Where possible, theee research institutes should be established where the environmental condition
to be investigated existo., A committee of experts should select the sites, determine the
expenditure of funds, and evaluate the projects periodically.



Another approach to the selection of sites could be made by requesting proposals from exist-—
ing institutes, agencies, and universities.

The establishment of institutes or task force groupe should not be on a permanent basis,
In view of the changing nature of the environment each contract should state a time for terminat-
ion. A suitable pericd for investigations of thie nature would be in the order of fiwve years.
If it was deemed by the selection and review committee that the project should continue, then the
new contract should aleso be limited in duration,

C. Criteria mﬂ or Jtandards

It should be recognized that in the establishment of criteria and/or standards, the princi-
pal concern ie the effects of land degradation on plante, animals, or the gquality of air and
vwater resources. The suitability of otandards will depend largely on the ability to develop
ariteria which can properly measure the effectas under a variety of conditions. For a given set
of environmental conditions the environment can utilize or absorb a fixed amount of a compound
material or element without becoming degraded or resulting in adverse effects. Principles govern-
ing the reactioms of the polluting material with the environment need to be determined in order
to be able to predict effects. One of the essentials of developing predictions is the understand-
ing that principles never change, conditions change, although it must be borme in mind that man's
understanding of those principles may change.

This, for example, partly accounts for the wide conflicts which occur in the literature
regarding nitrate appearance in surface or ground waters. There arc conditions which are favour-
able for the movement of nitrogen into water supplies and accumulation there. At the came time
there are conditions under which nitrogen does not move into ground or surface water. This
example is used to point out the nccessity of developing adequate criteria for establishing
standarde.

In establishing criteria one can view matter as being involved in a large equilibrium with
the resource triangle of land, air, and water )

2N

LAND > WATER

For a particular entity, it then becomes necessary to define the rates of reaction or
equilibrium with the otiner resource. The equilibrium concept assumen a decay or removal from one
resource and inclusion in another. :

Except for the case of radioactivity, which might be artificially preduced, there is a
finite world concentration of an element which exists in an equilibrium. The equilibrium concept
has been used for the investigation of parts of our environmemt, such as nitrogen or sulphur
cycles, but to conaider the total input and output from & resource intoc another resource has not
been done for the environment as a vhole.

It io recognized that in many instances there is the need for standards before criteria can
be developed from adaptive and basic research. Such standarde should be used only as a guide for
environmental quality; therefore they should be established in line with curremt abilitiece to
evaluate and control a particular entity in the environment. As more information becomes available
the standards should be accordingly changed.

The initial establishment of puldelinee should be done with a wide base of approval. One
way to do thie ie to collect information regarding standards for each of the proposed environ-
mental factors. This could perhaps be one of the first efforts of the people selected to collect,
interpret, and inventory land degradation information. The purposes would be to determine ranges
for standards which are olrrently in practice without regard to¢ criteria necessarily involwved in
obtaining or arriving at o standard, It should be reemphasized, however, that proviesion must be
allowed for change when now information regarding the level is obtained, as well as for establish-
ing the standard within the current abilities to control or prevent land degradation.

Once the information is obtained on current standards, a compendium committee composed of
sociologints, medical doctors, veterinarians, agronomists, soil scientists, economists, food
technologists, lawyers and others, should meet to ecstablish, if possible, 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 etandards for the environmental problems being considered.
Sach nation would aleo be called upon to list the recognized authorities in their country for each of
the disciplines named. These people would be among those to be considered for appointment to the
compendiuwm committee which would establish the initial standards., Members for the committee should, of
course, be recognized as the best authorities available. Hegional, environmental and cultural factors and
and cost benefit ratios must be taken into account in establishing the standards.



IV. ACTION POLICI.S

A. Priorities .

The land degradation problems discussed in previous sections of chie paper are listed below in
three categories. Whnile the ranking within a category may be subject to interpretation from the land
degradation point of view, it is believed that these categories represent taree distinct levels of con-
carn; therby establishing priorities for action in relation to land degrasdation problems and their
worldwide influence. Within specific equilibrium regions, one or more of the causes of the problems
may asgumé greater significance in relation to the others within a categery. It is also recognized
that in a specific instance a cause of a problem may assume the highest priority requiring immediate
remedial action.

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

B. Social Implications and Bducation

The scientist should describe the action to be taken in terms familiar to everyone and not in terms
understood only by other professionals. There is a nced to educate people in the neceesity 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. Ome of the important changes which will have to occur with regard to land degradation is the
attitude of thome who, at present, do not see the need or are indifferent to the problem.

Suggested Priorities for World Land
—_ Degradation Problems

Category Causes of Problem

Category I Erosion and Sediment
Salte and Alkali
Organic Wabte
Infactious DMseases and Insects

Category II Industrial Inorganic Waste
Pesticiden
Radioaotivity
Heavy Metals

Category III Fertilizers
Detergents

In the implementation of an action programme, care must be taken to prevent pollarization of Eroups
with epposite points of view or with legitimate concerns about the effect of these control measures on
their livelihood. Care must also be taken to prevent group identification with a problem. For example,
high rates of refuse 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.

C. Need for Alternatives

One of the basic reasoms for failure to comply with standards by industries or persons is that the
standards are too stringent and there is no mechanism for effecting the control, no alternative allowed
in this event, and no means of absorbing immediate incressed costs.

There is little doubt that cleaning up the environment is going o increase costs for agriculture
and industry. At the present time, if many of the proposed mechanisms for waste disposal or prevention
of land degradation were implemented, agricultural and industrial production coste would increase
coneiderably. Agricultural and industrial coste arc rapidly coming to the point where increased prod-
uction can no longer offset incremsed costs. Consequently, alternative policies need to be establighed



to allow the widest possible latitude for adaptation of control mens:res within accepted standards for
various regions. Government and private onterprise must work together to sstablish suitable alternatives.

One of the problems of establishing such alternatives is the multi-disciplinarian aspecte of the
environment. There should be provieion for the establishment of a coordinating group within each agenoy
responsible for collating the information obtained from various research groups and determining the
implications for environmental cuality. This committes would be similar in action to the previoucly
diseussed compendium committee. In the establishment of alternative approaches, it would be neoessary
to make provision for emergency conditione and the procedures to be followed where such events occur.

D, HNational and International Controle

The implementation and enforcement of control measures need tax monies to support them. The colleot—
ion and distribution of tax momey requires legislative action. Even if individuale asscssed themselves
to-provide money for pollution control it would be undesirable, In some regions, because of their
affluence, they would be able to buy more control than the people in other regions. This is an ineffect-
ive way of controlling land depradation since certain aspects are not influenced by boundarics., Taxation
therefore as a source of funds is nocesaary, i

In some cases the activity of a nation may produce a cause of land degradation of world concern.
For such situations it is necessary to establish international standards which can be enforged. The
asgessment of concern regarding such problems of land degradation and persuasion to commitment by nations
t0 implement controle should be a function of tae United Nations. Assuming an acceptance of the proposed
standards, the individual nations would have to enact the appropriate legislative action.

In national controle of international or regional eipgnificance, the standards might nave to be more
stringent than the general standards. For more local controle the standards need to meet competing
demands and the aseimilative capacity of the land, air, and water resources available., Plexibility must
e allowed local povernments,

If maximum standards were accepted internationally, obviously the subsequent legielation and en-—
forcement would have to take place at the national level. iowever, in the legislation thaere would have
to be provision te allow for monitoring by an accepted world organization as the means of double checking
the effectivenrsn of the contrel measures on the environment.

In many instances local authoritics (as, say, State governments) do not have the expertise available
for the esatablishment of standards or guidelines, therefore national povernments and international
agencies should provide leadership in the establishment of standards for all phases of land depradation.
But, as already pointed out, locally applied standards, penalties, or controls must depend upoen the
status of the problem in sach area.

The necessity for world coordination of activities in the control of land degradation specifically,
and environmental quality in goneral, has been recognized by the United States National Academy of
Sciencen. One of their recommendations has called for the formulation of natural resource policies for
the nation, continent, and world throwch whatever governmental structures or covenants tnat would best
serve the purpose, Tie necessity of coocperation and agreement upon intermational legislative actiona
to gontrol the world environment cannot be over-emphasized.

£, Economic Implications of Policies

A8 previously indicated, the cost of implementing land degradation controls is a primary inhibiter
to the application of technology to the solution of current problems., The alternatives for assigming
costn for tie implerentation of appropriate control measures are! to aseign the cost of disposal to the
preducer or t0 aseirm costs to the user through the use of tax money. In either case the user pays the
coat,

In those industries for wvhich the implementation of controls would create economic disaster, inter-
national and national funds should provide for the immediate application of technology for the improve-
ment of tiic environment. These funds shouild oe lent at the lowest possible rate, with repayment on the
most equitable basis poseiblc ,comsistent with good financial management.

Those countries or industries requiring financial aesistance should submit to the lending ageney
& plan of implementation ne o condition of the accoptance of finanecial help. The plan would have to ba
approved by a regulating agenoy, perhaps the compendium committee, as providing suitable and proper
methods for tackling the problam.



F. Monitoring 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 soil and ite movement into the groundwater or a soil
scientist diagnose methemoglobinemia, there is the need for experts of several diseiplines to determine
wWhich measurements are required to be able to diagnose the status of an environmential problem. In some
cases it may be necessary to assess the esthetic quality of a cause of land degradation. The question
then arises, how do you measure the esthetic quality? Since this is a matter of personal and subjective
judgement, tie only reasonable approach is to rely on publie expression of concern.

A monitoring system should have two principal concerna: 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
problems. Establishment of the level is necessary in order to evaluate compliance with existing stand-
arde. A monitoring system could be part of the normal activitiea of an Environmental Research Institute
{as proposed) or of a nation. Another possibility is the use of such a aystem through the establishment
of groups of experts at educational institutions, private research laboratories, and industrial labora-
tories. A monitoring system should be part of an international and nationally coordinated system., The
systems should complement each other, eliminating much of the duplication effort, therefore reducing
costs. Monitering information should be supplisd to each of the participating agencies as well as to
noen-participating repulating arencies,

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

The experts should have trained observers 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
vider area, possibly reducing the large number of monitoring cxperts required.

. dtrengthen Exieting Organizations

As already suggested, it may be feasible to fund additional etaff at established educational ineti-
tutions or governmental organizations. In many countries, there already exist arrangements for providing
assistance to, and the education of persens involved in, the management of their environment, as in the
cage of the farmer who ie reached through a series of educational and direct assistance apgencies. In
general, urban planners and industrial managers have not had similar organizations 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 technical assistance systcom assumes that the agency or the people concernad
are associated with the control problem and would receive all available information on environmental
atandards.

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 wvariety of conditions. In this case the aducational
programme takeo on a different light and becomes a "how to operate" drive.

The pattern and functions of an Agricultural Extenaion Serviece might serve as an example of an
organization to provide technical assistance, as well as education regarding the environment. Many
countries have such organizations into which the environmental specialists are easily fitted. In many
instances, especially with regard t¢ land degradation, musch of the expertise in solving land pellution
problems already cxiste in such types of organizations,

As part of an education programme the applied techniques of control methods may be demonstrated
through pilot studies. There is not so much the need of facilities for this as there is for staff of
sufficient expertise to be able to demonetrate and discuss environmental control.




V. LEGAL AND INSTITUTIONAL ASPECTS 1/

Lezal and institutional aspects of land, including seil degradation control, are important compon-—
ente of the whole range of problems relating to the rational uees, management, and conservation of the
land. They constitute a means of implementing policy decisions to promote development compatible with
the need for conservation.

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

The problem is to see how best to devise a methodology for coping with all aspecte involved and
which are inter-connected, inter-disciplinary, and inter-ssctoral.

In their present status, legal provieions to control land and soil degradation as well as the
related institutions responeible for such control are, generally speaking, use or mis-use oriented;
such is the case of soil conservation legislation and institutions, watershed and drainage legislation
and institutions, municipal and urban lawe and institutions. It is 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 ensure harmonious and adequate allocation of land and
soils for agriculture, town development and housing, industrial development, recreation, eto...In turmm,
land use planning lawe and institutions will form an important component of the overall national plan-
ningof available natural rescurces such as water, minerals, biorssources, air and human beings.

The legal provisions relating to the control of soil degradation are more specifically aimed at
ensuring the protection, conservation, and reclamation of soils in order to satisfy present and future
demands for every purpose of utilization, taking account of the constrainte impozed by population growth
and behaviour. BPut unless there is a definite policy regarding land as a basic and essential natural
reaource the investigation, utilization, and conservation of it will be retarded, misdirected and waste-
ful.

Consequently, @ome countries are considering establishing basie land and soil policies which wvary
from country to country according to the specific needs and factore 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.

4. Existing Situation

Although the importance and urgency of the problema related to land and soil degradation hawve been
generally recognized in most countries, legislative action to meet such problems is relatively recent.
There is a clear tendency for such legislation to expand ite mcope but in many cases it remaine incom-
plete or even non-existent, and emphasis is mostly put on soil erosion.

S0il conservation legislation ie moat highly developed in the United States,in European countries,
and in India, Japan, Pakistan, and Australia. Certain European countries, such as France, Western
Jermany, Switzerland and the Scandinavian countries have a long tradition of soil conservation and
have improved their legislation on the subject over the years.

In certain Asian countries, recent legislative action combines Boil conservation and agrarian
reform measures - 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 soil degradation.

The Latin-American countries are becoming more conscious of soll degradation in wview of the
increasing pressure of population and have adopted natiomal land, soil and water conservation
programmes. Mexice and Venezuela for instance, have a s0il 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 conservation are contained in land settlement and land reform legimlaticn,
as well as in legislation dealing with other natural resources, such as water.

1/Prepared by the FAD Legislation Branch, Legal Office



A similar situation is aloo frequently to be met in certain Near Eaet countries, although the
rolevent factors on the problems posed by land degradation are eometimen different.

The United States have an extensive experlience with soil conservation,
oince the conservatlion programme 1la based on the 5oil Conservation Act of 1935,

In Africa, soll conservation programmes have recently been adopted by Meli and Zambia, and aro
being actively sarried on by many other countries.

The common feature of the legislation reviewed above io that it is besed on a Tew concepts which
are, inter alias: limitation of individual ownership and righte of use; control of land and expleitat-
i¢n; exercise of the right of ominent domain; state ownership and control on forests and gFrazing landas,
Theese concepte are apt to deal with such recognized degradetion agents os woter and wind. The problems
oreated by now factors of dogradation would require a differsnt set of moasures.

B. Infrastructural Constraintse

From an analysis of the present situation it ie notable that there are many institutional and
infrastructural censtrainte. Particularly, since soll congervation administration is pencraelly use or
function- oriented rather than rescurce-corionted, thers io an impeding obetructive or retarding effoct
on the contrel of land and soil depradation.

Traditional and modern infrastructuree of human society or community,especially as regards their
legal and para-legal forma, happen to affect in a negative way the distribtution, the development, and
the protection of land and moil.

These troditional conoepts of ownorship, righte of use, and waye of acquisition of such, may load
to elusive and abusive utilizntions of soil and subeoil. On the other hand, traditionnl scoial
reastrictiono {trihal and feudal systems on resource utilization) and raligioun restrictions prevailing
in many developing countrien prevent an adequates development of soil, with the conscquence of its
deterioration.

The same observation is true of modern concepts related to territorial sovereigniy and political
boundaries, and federal, state or loecsl divieions which do not take sufficient account of cocological
or_nntural unite.

A8 has been mentioned, eoil conservation adminiotration is use or function oriented., This con=-
copt results in a sectoral approach of problems related to eoil degradation control. In most countries,
gseveral ministries or departments, as wWell an sometimes autonomous or semi-autonomous suthorities, are
directly or indirectly respomeible or interested in eectoranl aepectn of soil conservation and control
of 8eil degradation. These peonerally include Ministries of Apriculture, Public Works, Planning,
Transport and Communications, Public Health, and such authorities respensible for surverxs, land uso
planning, development and conservation of poeil, water management, afforestation, grazing, Tire control,
etc,

The resulte of this situation are highly detrimental through lask of efficient plenning, overlapp—
ing of functions and responpibilities, waste of finanecial and human resources, and uncertainty as to
the succeseful implementation of projects.

¢+ Land éﬁd 501l Degradation Controel and Coneervation Loglelations

Land uee legieglation in general, and soll conservation legislation in particthlar, are the moanso
through vwhich it ie poesible to implement the decisions and orientation framed at the national lowvel
by the policy making bodies, on the basie of the political, technical, economic, socinl, legal and
inotitutional factors prevalling in the ecountry as regarde the various regquirements of soil pretection.

Adequate legislation should necessarily include provieions with ronpect, inter-alia, to the follow-
ing items:

(i) Clear statement of purpose; it should not limit itself to propose conservation of
land in general tut should identify the various approachen Ephyﬂical = agonomie)
1o be edopted, ms well as tho leovel of conservation to be practised.

Eii} Identification of the wvarious pollutante and degradation agents and the measuraes
to aoply to control them.



(1ii) Establishment of priorities (agriculture - municipal - szoning -
industry) to prevent conflicting policies and actions, espscially
when agricultural production is at issus,

(iv) Power to declare protected zones or areas in the case of emergency
circumstancea, and the right to control and prevent waste, mieuse, and
over-sxploitation.

{v) Government financial contributions or participation through tax exemptions,

subsidies, credit facilities and compensations.

(wi) Creation of institutions and authoritics responsible for land and soil
conservation policy-making, execution, and implementation at any required
level [local, regional, national) commensurate with the countries' means
in terms of finance, staffing, eto...)

{vii) Coordination and interconnection between different legal enactmente directly
or indirectly affecting land and soil, such as: land reform, land settle-
mént, mining, urbaniszation, protection of landscape, forestry and water.

(viii) Educating the public to appreciate land and soil coneervation.

{ix) Implementution and enforcement; police powers; settlement of disputes;
penalties and esimilar factors.

Since 80il conservation legislation is not an abstract and easily transferable set of norms,
and in view of the prejudicial impact it may have in certain cases upon the whole management of land
regources development and utilization, it must be comosived as & direct implementation of land uss
policy and treated as such. Further, land use planning must be viewed within the framework of the
overall national planning of all available and related natural resources,

D, Land and Joil Control Inscitutioue

Legislation by itself does mot constitute the panacea for solving problems connected with soil
conservation, and will be ineffective and inefficient if not complemented by mdequate structures, which
have to be considered at any required level,

1, Organization at the National Level - Appropriate institutions are required to deal, at the national
level, with the rational use and management of land and soils. This could be achieved by establishing
a National Land Hesource Council or Commiseion responsible for dealing with the overall policy aspects
and the technical, economic, and legal aspects of land and eoil development and conservation activities.

A Land and Soil Council should be composed of those ministers having sectorial responsibility for
8oil and land use. Such a bedy should ensure coordination at the highest political level for: framing
the overall land and scil conservation policy of the nation, determining prioritiea, and deciding on
actione to be taken to contrel land degradation.

4 Land and Soil Board or Commission should be composed of various specialists responsible, in the
various departments and authorities, for sectorial aspects of land and soil development and conservat-—
ien activities. This body should ensure an institutionalized and compulsory inter—-ministerial eoordinat-
icn, and assume advisory and/or axecutive functions.

The action of the two above mentioned bodies should be complemented by & Central Land Administrat-
ion, with functions inter-alia to:
- axeécute the political and technical decisions taken by much bodies:

- evaluate and coordinate the projects related to land and soil
development and conservation;

- standardize and pool information and data relating to land and seil,
inoluding degradation;

prepare a plan of actions for the rational uee, management, and conservation
of land and eoil.



2. Om zation at the Lower Level - Regional institutions may be envisaged, either as PBranches
or De ents of @ unified land and soll conservation adminietration or as more or less autonomous
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 distriocts, whose function should be to assist and guide the
population in solving problems related to the control of soil degmndation.

E. Intermational Legal Machinery

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

1. International conventions = this traditional method may be of limited application because it
lavks flexibility, whereas many problems related to land and soil degradation contrel requires
solutions subject to constant up-dating and adaptation to technological changea. On the other hand,
such problems often require simultaneous action at the national and local levels, frequently affecting
private righte, thus entalling the conversion of international treaty texts into mational laws and
regulations.

2. Enactment of internmational uniform standards — This method meparates 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
rotifications by member states.

This flexible formula hams been widely utilized in recent years by intermational organigations.

3+ Legnl assistance - This way of action, which consists mainly in providing assistance for the
drafting and adminietration of more resource—oriented land and soil legislation, is especially adapted
to the neede of developing countries.




V1. HREMEDIAL MEASURES

There are several degrees of action which can be taken For controlling land degradation.
Degradation itself may not appear to require emergency measures. However, there is a difference
between emergency measures and the need for immediate attention. Emergency measures implies the all-
out concentration of activity to correct a situation or provide a control. Immediate netivity
implies & need for rapid application of technology to prevent the degradation problem from reaching
emergency atatus, Thias definition appliea to Category I,

There will be some isolated critical areas needing emergency attention as, for exmmple, in an
accidental releame of mdiocactive waste or the disposal of industrial or domestic affluents in euch
& mannerT a8 to create an immediate degradation problem.

In a sense, all ten degradation probleme listed require immediate attention. The reason for
peparating them into throe categories is to list the priorities if resources are not awailable to
provide sclutions at the same time for all ten.

kv Category I

1. Eromion ie one of the most wideapread forms of land degradation and is of general concern. The
fact That erosion generally occurs rather slowly and may not create immediate problems im one of the
reapons for it not being coneidered for emergeacy melpures.

Aa pointed out previously, large savings can result from implementing control measures to
prevent scil erceion.  Such controls conmmist of thoee techniques for preventing soil loss and surface
runoff in watersheds. Current control measures include the use of various forme of mulches, primarily
crop residues to prevent soil perturbation by rainfall. The dieposal of organic wastes too may prove
to be an effective measure for controlling eoil losa. It is not likely that the same approach
ean be used on non—agricultural lands because of the inability to incorporate these materials into the
poil, thereby creating an esthetically unsuitable condition.

Preventive measures consist principally of etructural and cultural techniques to retard and
stabilize the soil and lessen the erocmive force of wind and water. On forest and grasslands, the
principal measures consiet of controlling fires and over—-grazing and of reseeding. These areas do
pot readily lend themselves to the use of organic waste or mulches. The cost of implementing
control measures varies from perhaps a small amount for changing a cultural practice to a much higher
one for using organic wastes and mulches. Technigues need to be developed or improved for the
stabilization of dieturbed soils and of eiream—beds and stream-banks, these latter being ameong the
mjor sources of sediment load for larger streams and rivers.

2, In the cape of ealinity and alkalinity, suitable criteria and standards have been established
apd effective control measures are inaurrent use in some areas. In cther areas, such technology hae
not been practiced although control measures are available at costs which are economically feasible.
In some instances, salt or alkali build-up can be prevented by proper irrigntion management with
knowledge of a plant's salt tolerance, the salinity lewvel of the water, and soil characteristics
which promote good drainage and leaching. (me of thedilemmas in which agriculture finds iteelf is
hew to accomplish leaching without moving the salt inte the groundwater, thus contributing te ite

degradation.

There are essentially two approaches to regulating salte in soile: (1) the use of nearly pure
water for irrigation, thereby eliminating the salt load added to the soil, and {2) a requirement that
agricultural water supplies consist only of those unsuitable for uses at lower salinity levels. The
latter approach is not the most desirable but is the least costly since the use of pure water may
require sophisticated water treatment techniques. Even wih pure water, there would be certain
irrigmtion 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 thie physiecal

phenomena, if it cam be overcome, is not yet known.

3. With organic waste, the immediate concern is to use current technolegy in the treatment of these
paterials. Current technology is capable of disposing of the present levels of organic wastes, but
the costs of such disposal prohibite this. Incineration and re-cycling seems to be the two most
desirable techniques for handling the wastes. Incineration would, of course, have to comply with air



quality standards. The immediate action should be to paee legislation for contrel measures adequate
to meet established standards and to provide for coste of implementation. In many instances,
municipalities and industries pave already established incineration or other disposal techniques.

These should be evaluated for acceptability in the light of established standards and adequacy for
handling an increased volume. Where necessary, funds for expansion or improvement of existing control
meagures should be provided. In some cases, technical ae well as monetary assistance will be required.
It may also be necessary to provide for operating coste in the initial atages until support can he
obtained through local legislation. Part of the costs of implementation, operation, and maintenance
miy be apsigned on the basis of national and local participation. It could conceivably be of inter-
national interest to participate in the implementation of control measures, in which case aid might

be provided by means of technical assistance or fimanclal help, or both.

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

The disposal of domestic sewage is another problem of immediate concern, mostly to do with water
mather than land degradation. The by-producte of treatment plante as well as raw sewage ultimately
are disposed on the land. Part of the cost of operation should include the additional cost for land
dispoeal.

Curative measures coneimt of educating the public to persuade them to limit their use of cellulosic
waste and to stress ites reuse. An educational programme may strese such matters as the reuse of paper
sacks or boxes and the voluntary segregation of refuse to permit introduction of thie material into
a recycling eystem at minimum cost. It is not likely that the wolume of human and animal waste will
decrease, g0 there im 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 (table salt} could be reclaimed from animal and domestic
wistes. This is but one emmple of many such uses of the minerals contained in these wastes.

4+ The ranking of infectious diseases and insects along with other sources of land degradation ie a
problem. As infectious diseases and insects form a population of organisms which hawve alwaye 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 organiem? If one aspumen the latter,

then infectious organisms would rank rather low in the area of land degradation. On the other hand, if
the presence of infectious organieme in soils constitutes 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
moat strict and oritical sense, they do not constitute land degradation but they do form a constituent

of esoils and their activities do result in severe economic losses in terms of crops and health; therefore
they should be considered high on the list of those items requiring control.

Current control methods dealing with diseases and insects seem partially successful, and the
cost to the producer is relatively low whem considering culural practices or biologlecal control
techniques. The use of soil fumigants and other pesticides represent a cost of production which can
range from relatively low to wery high. Soil fumigation for the purpose of growing strawberries ip
an example of high cost.

The control measure which seems to have the greateet hope is the development of warieties of crops
tolerant to infectious organiems or insects. Along with future development of such tolerant varieties
is the need to alec develop more specific pesticides with lower toricities and greater biodegradability.

B, Category II

The land degradation problems presented i Category Il represent a lower order of magnitude
and relative importance because of their lower extent and intensity, or mate of increase, or boih,
This category should not compete on the same level for facilities and finmancial assistance with
Category I. But thie does not preclude the poseibility of Category II materials constituting a very
real land degradation danger for & locale; which may make it neceseary for national and international
funding agencies to provide for the use of area control measures in critical cames. But there need
not be the same degree of general investigation and concern as with the Category I problems.

1. With industrial inorganic wastes the principal control measures consist of containment, reuse,
or treatment belore relesame. Bich of the three methods increase coata and the coneumer eithear pays
higher prices or higher taxes.




Puture meagures should consist of improved technology to permit a more economical operation.
Perhaps such an economic incentive can be provided so that previcusly unwanted wastes become deairable
sad natwal resources. Thie may come about through the intreduction of new technology for the
treatment of heretofore unusable or unwanied by-producte.

?. The appearance of pesticide residues in plants and their persistence in soils has led to concern
about the uptake of these materials by plants and their redistribution inte water supplies. However,
under normal usage they constitute wery little danger aes a form of land degradation.

In many instances pesticides are used as a preventive rather than as a control measure. This
is especially true of Mungicides and systemic insecticides. Because of an inability to predict
agourately when and where an infestation may ocour this is a necessary feature of their use and it
is unlikely there wlll be any change in this practice. Perhaps bench mark data may be obtained to
ascertain when and Lf these pesticides reach umacceptable soll levels. This approach reguires
investigation to establish such limite.

A third approach im to not use pesticides at all but much more work is required before tolerunt
plante or other biological controle can be developed. In some capes it may even be impossible to
develop 2 useable biological control method.

The development of more specific and lese persistent peaticides is neceseary to alleviate the
present concern. Pesticides of greater specificity may require more frequent applicationa of
different types than is necessary with the broader spectrum pesticides. 1In addition to more
material, possibly of n toxic nature, being preseni, both the cost of materiales and of application
would probably be inorsamed. For pesticides generally the principal contrel is the use of the
miterial in the preseribed manner.

3. The widespread distribution of mﬂb&c‘ti?ﬂ.t§t even though extremely low in inteneity, ims the
principal reason for ite inclusion in Category 1l. Thers is alec the possibility of ita growing

in importance through the increased use of nuclear power generators. With regard to contirol
measures, this is one instance where internmational and mational controle and standards have already
been eatablished and are being implemented. Also, stringent preventive mensures to control nuclear
waste relsase into the environment hawe already been imposed. The controls and preventive measures
and standards were eatablished when the principal concerns were the threat of nuclear war and the
possibility of accidental releases of radio-active wastes. While the former threat seems removed,
the latter remaine an ever present possibility. There is aleo today a questioning of the adequacy
of the standards in relation to low level chronic exposure to mdioactivity and the entry of mdio—
active elements into the food chain of man. The apparent need, then, is to establish the lewvel

at which accumulation becomes a hagzard in the food chain. Perhaps this sort of information le
already avallable but is not generally known. If it is awmilable, it should be conveyed ic the

public to allay their fears.

4. Heayy metals are natural constituents of soils and are similar in that regard to radio—
antiﬁﬁr. and like industrial inorganic wastes, they are penerally concentrated in areas surrounding

population centres as a result of man's use of them.

There are reports of uptake by plants of toxic heavy metales at relatively high concentrationa.
Thers are alpo reports that some plants do not abeorb heavy metale at all. The confusion lies in
the differing abilities of plant species to exclude or abeorb certain elemenis — a mechaniem not well
understood although often demonstrated. Also, it has been pointed out that in some of the instances
where heayy metals are absorbed, they do not represent toxic levels in plants. In other, where
abgorption reaches a toxic level, there is a built—in mechanism which prevents the plant reaching
maturation, Thie aleo prevents the ume of that plant ae a food mource, thereby eliminating it as a

videspraad health hazard.

As with the other land degradation sources in Category II, there may be critical areas where
immediate implementation of control measures are NeCeSBATY. ¥Known control meagpures are similar to
those ueed to combat the effect of mdic—activity = that is, the dilution of the heavy metal primarily

by soll manipulation.

Preventive meamures coneist of containing these materials at their mource 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 metale whlch are deemed hazardous. Replacement



metale or other materials should be investignted aes to their effecte in the environment before
being so used.

C. Cat agoTy III

Thin category containe those sources of land degradation which are of the lowest priority.
They conatitute no widespread immediate hazard mor are there numerous isolated areas needing
attention. With fertilizers, there are two of main concern — nitregen and phoephorus.

1. The movement of phosphorus in soils is extremely slow and, except for its movement into murface
waters in assoclation with sediments, it doee not comsmtitute o hazard teo land, air or water. Its
presence in water even in association with sediments ie in axtremely low conoentrations. There im
aleo mounting evidence that phosphorus in water is not the controlling factor for eutrification of our
surface waters.

2+ The principal concern of nitrogem in fertilizers is with inefficient use. Through inefficiency,
high levels of niirogen may accumulate in plants, resulting in toxic levels for animals, However,
this toxieity has not been demonstrated for humanm.

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

Along with oxygen and eilicon, nitrogen is one of the meost abundant and ubigquitous elements in the
world, Methods for controlling and preventing nitrogen concentrations through fertilizer usage
call for the efficient use of the fertilizer. Considerable information exieis concerning the
techniques for such efficient use which results in eavinge in production costs and usually increased

production.

Future measpures for prevention of land or water degradation consist of developing criteria for
predicting nitrogen movement under a continuum of conditions regardless of the source of nitrogen.
The development of soil and tissue testing techniques will assist in ascertaining optimum rates of
application and timing of acpplication to promote most efficient use of the element.

3 Deteargenta are of a minor importance in land degmdation. The principal adverse effact
which could Ea created by the use of sewage water containing detergents would be the associated
sodium and ite dispersing effect on soils. The phosphorus in detergents; although more water
soluble than sediment assoclated phosphorus, is not, ne already pointed out, the prineipal
contributor to eutrification of water.

Finally, it should be stressed again that the three depignated categories of land
degradation problems do net represent a permancnt aseignment of priorities, but are a temporary
appagament . The maxmum time that these should be considered in their present category is five
¥ears. At the end of that time there gshould be o re—assessment of categories and a re-apsignment
of priorities in relation to the current need. It is hoped that, as a result of succesnful
alleviation of some of the present day problems, the priorities will not them be the same,
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aPPENDILES

I. SALTS AND ALKALI

The most classic of land degradation problems that has faced man around the world has been that
of sontrolling, preventing, or reclaiming saline and alkali soile. Usually, saline and alkali soils
are associnted with arid and semiarid regions where minfall is not adeguate to provide leaching of
the soil profile., This does not preclude the possibility >f finding them in other areas. Blowskya
finde ealine eoils are common to the meadows of Yakutia, USSR. The ealinity has accumulated due
to poor drainage resulting from a rather shalleow multiannually frozen parent material usually at the
10 to 30 om depth. Another feature of the arid and semiarid areap of the world is that in erder te
have agricultural production in these areas the soils have to be irrigated.

Egorov et al found that one of their main problems of irrigation farming in the cotton belt of
the USSR was that of salinity. From 1945 to 1961 the amount of weakly and medium saline seoils increas—
ed from 49.6 to 55 percent. In o second category called strongly saline soils, the percentage
decrensed from 50.4 to 15 percent of the Vakhsah Valley. This is the kind of trend in salinity which
haes been observed in other areas of the world. That is, the etrongly saline scils are generally
reclaimed in order to obtain produetion, whereas the producing nonsaline or weakly saline soil has

a tendency to acounulate palts.

In developing & soll map of the Near East, Dudal found the most characteristic feature of soile
in that region was the wide occourrence of saline soile, In the United States, Bower and Foreman
estimated that about one—fourth of the !rrigated soils were salt or alkali affected to the point
whers productivity was lowered. There is little doubt that salt and alkali affected soile are

widespread throughout the world,

SOURCE AND INTEMSITY

In some instances the salinity is the result of geologic weathering. For the moat part,
eapecinlly on irrigated soils, the source of salinity is due to the appliecation of irrigation water.
Estimater of the world irrigated acreage for 1967 was 401.8 million acres (Water Imcyclopedia).
Irrigation water supplies come from two sources. They are surface runoff, impounded or a poriion of
the stream flow, and groundwater. Occasionally drainage water is collected and reintroduced into
surface streams, thereby becoming, in the context of this report, considered as surface water.

The consideration of water guality in ewaluating the encroachment of salinity in soils is wery
eritical, Por although it is true, one usually cannot change the mource 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 salt accumulationy, or if it is known that salt levels are high, one
can change the crops grown and use a more tolerant plant, see Table I.

The salinity in water supply is uwsually expressed as electirical conductivity () in terme of
millimho per centimeter (mmho/em) or as EC x 10°. Ome mmho/om is approximately equivalent to 700
ppe of total soluble salte. The average of 700 ppm is derived from the average of the electrical
condustivity measurements versus concentration of a wariety of single ealt solutions. 3alt
concentrations at one millimho per em conductivity waried from 400 ppm for magnesium chloride to
1000 parto ppm for sodium vicarbonate. Condustivities for other single salt solutions fell in
between this range. Consequently, an average walue of 700 ppm ie used for a solution of mixed malis.
A water having a conductivity of one mmho/om would comtain approximately 1300 pounds of salts per
acre oot of water. This should be viewed only ns a guide and not as an absolute value.

Much of the water applied is lostthrough evapotranepiration and only a wvery emall amount of the
salts are taken up by plants. Conseguently we have an acoumulation of saltm in a soil profile
resulting from irrigation. Another problem which leads to salt buildup is inadequate drainage.

Water can rise bycapillarity carrying along with it dissolwed salts., Am this water reachea the root
zone or the soll surface from the water table, the water is consumed through ewaporation and

transpiration leaving a salt deposit. In many saline seils the capillary movement of water contain-
ing ealts is dramatically illustrated by the evaporation of the water resulting in = galt depopit on



Table 1 = Salt tolerance of crops relative to the electrical conductivity of a saturation oﬂmct-‘/ Ef

3alt Tolerance Medium Salt Tolerance Low Salt Tolerance
E#E to 10 mmhos/cm) (10 to 4 mmhos/em) Té to 2 mmhosfem)
fiald crop _

Barley(grain) Rye Pield beana
Sugar beste Wheat
Rape Oate
Sarflower Rice
Cotton Sorghum

Corn

Sunflower

Castor vewnsg

vegetable cropa -

Tomato Radish
Garden bests Broccoli Cealery
Asparagus Cabbage Oreen beans
Spinach Bell pepper
Cauliflowar
Lettuce
Sweetcorn
Potatoes
Carrot
Cmion
Peas
Squash
Cucumber
fruit crops
Date palm Pomegranate
Fig Pear
Olive A
e pple
Orapefruit
Prune
Almond
Peach
Strawberry
Lemon
Awocado
Torage crope

Alkall sacaton

S5alt graasa
Bermudn grass

Rhodes grase

Canada wild rye
Western wheat grass

Birdafoot trefoil

White clover
Yellow clover
Perennial ryegrass
Dallis grass
Sudan grass
Alfalfa

Tall fescue
Wheat hay
Oat hay
Orchard grass
Meadow lemcue
Raed cinary
Sour clover

White Dutch clover

Aleike clover
Red clover

Ladine clowver

1/ Adipted from Magnomin and Improvement of Salins and AlFall Gali1a: Flasirical fenducktivlty In
exnresaed in tarme of millimhom par ~m at 25 O,

g,-’ In order of decressing tolerance assuming 509 yield reduction.



the surface of the soil.

Jaline soils are characterized rather arbitrarily ae soils which have an electrical conducti-
vity of a saturation extraci of more than four mmhos per em at 25 degrees centigrade and an
exchangeable sodium percentage of less than 15. Saline soils are often recognized by the presence of
cruste of white palt on the surface of the soil. Saline soils are generally flocculated, and in
gome cages the surface of the soil may appear powdery or aggregated and very loome. Ome of the
principal effects of saliniiy ie to reduce the availability of water to the plant by the high csmotic
concentration of salts in the soil solution. Coneidering total salts without being concermed with the
type of salie present is nol taking into consideration the whole problem .

Another important aspect of water quality aleong with total salts is the sodium absorption ratie
(S4R). The SAR of an irrigation water is used to express the relative activity of sodium ioms in
exchange rtictions with the wsoll as compared lo caleiwm and magnesiun, and is used as an index of the
sodium hazard of an irrigation water. PFormula 1 shows the calculation for SAR:

(Rl Na+

'Url’ mexg GB++

{(Foraula 1 ) SAR =
+ meq HEH

2
The SAH ie also related to the exchangeable sodium percentage {EﬂP'}I of the soile which is
indicative of the problem associated with ulkali soil.

nlkali soile are gencrally characterized by having exciangeable sodium perventages of greater
than 15+ The exchangeable .odiwn peesani in the soll has a mared influence on the physical and
chemical propertics of the woll Lecsuse wi the large ionlc radiua of the hydrated sodium ion and the
low charge densivy. When ecicess sodiun 1e avsucved on the catiou exchunge sites the clay minerals in
the poll have a resultant nel negative charge oo the soil particle which results iu repulsion of seil
particles and dispersion. \ipcn drying 4 single grain structure creates small pores which have the
effect of reducing thie infiitiation 1ate of Lhs water and liwiting the aeration of the solls. This
loss of structurs and aeratlsca produccs dwpesasable soile of ldgh bulk density and inierferes with
plant nutrition reoulting 1. stunted plantc. Sands may not Le physieally affected Ly sschangeable
sodie since their particle sise prevents tne sxbtremely emall poree from developing . This i=s
characteristic of acile of hLeavier itsxture.

In addition to the tuo previous factora in evaluating water quality there are specific effects
due to presence of some iono.

Specific ion effecta are characterized by the content of ions such &s ieron or lithiwm in
irrigation waters. Occasicnally sodiun for some plants has a specific ion effect. GShown in Table 2
are the relative telerance of plante to boron and permissable irrigation water limits of boron. The
uptake of boron by different plant wspecies was investigated by Tanaka, his resulta are shown in
Table 3. The data show that monocotyledonous plants do not hawve the beron absorptior capoeity that
is axhibited by the dicotyledonous plante.

The exchange seneitivity of citrus to a low level concentration of lithium was reported by
Haag in 1929. Appreciable concentration of lithium has been found in grape leaves and citrus leaves
in Arizona ranging from 1 to 28 ppm in grapes ,varying with the peason and in citrus leaves all
values exceeded 30 ppm. The normal lithium content of citrus leaves is about 5 ppm (Smith et d),

The effects of exchangeable sodium percentages on various crops are listed in Table 4. While

the major effect of exchangealle sodium is considered to be the effect on particle dispersion and

physi sal condition of the acil it can be asen that the extremely sensitive.,and also perhape the sennitive,
plants may be affected Ly ile specific lon efrect of soedium. This effect can be cvercome toa

certaln extent apparently by the presence of calcium in the nutrient scil solution. LaHaye and

Epetein found that calelum played a vital role in the regulation of the salt economy of plants,

and epecifically in the selective trunsport or exclusion of sodium by plant cell membranes. They

showed the sodium concentration decreased by one third as the calcium sulfate concentration in the
aerated nutrient selutions was raised lrom 0.7 to 10 millimole. Ower the same range of calcium

gul fate concentraticns the sodium content of the stems in brittle wax bush bean plante dropped by



Table 2 - Relative tolerance of plants to boron and permissible limits for irrigatior watersy 2/

Tolerant

1oﬁ to 3-?5 PR

Irrigation water limltlij

Asparagus
Palm
Sugar beet
Alfalfa
Onion
Turmip
Cabbage
Lettuce
Carrot

Semitolerant
. o 2.50 ppm

Sunflower(native)
Potate
Cotion
Tomato
Radish
Field pea
Olive
Barley

Wheat

Corn

Milo

Oat

Pumplcin

Bell pepper
Sweet potato
Lima bean

Senaitive
. o 1.25 ppm

Pecan

Black walnut
English walnut
Artichoke
Havy bean
Flum

Pear

Apple

Grape
Kadota fig
Persimmon
Cherry
Peach
Apricot
Orange
Awocado
Grapefruit
Lemon

1/ Adapted from Diagnosis and Improvement of Saline and Alkaline Soils
2/’ Flants at the top of the list within a group are more tolerant than plants at the bottom of

the liet

}f The effect of boron concentration in parts per million conditioned by soil characteristics

and management practices



Table 3 - Boron Adsorption by Plant Roote y

Plant Species

S E R R PR T NN NN NN RN RN RN NN NN

Cucumber (Cucumis satiwvus L.)
Sunflower (Helinathus annus L.}
Radish (Raphanus sativuae l.u}

Tomato (Lycopersicon esculentum Mill. L.)
White clover (Trifolium repens L.)
French bean (Phaseolus wul a L.}
Lucern (Medicago sativa L.

Wheat (Triticum asstiwvum L.)

Italian rye grass (Lolium italiecum L.)
gat (Avena sativa L.)

Corn (Zea maye L.)

Barley (Hordewm wulgare L.)

Boron Adsorption Capacity

{UE/E) ssersssnsssssssssnsssssnsssnnsssnsssanss

1/ Taken from Tanaka

Table 4 = Tolerance of Various Crope to Exchangeable-Sod!um=Fercentage {l‘-‘}y

Extremely Koderately

sensitive?  Sensitived Tolerant &/

FE3Pw2 to0 10 ESP=10 to 20 ESP=20 to 40

Deciduous Beans Clover

fruite

Hute Oats

Citrus Tall fescue

Avocado Rice
Dallisgrass

Tulnnntﬂ-/
ESP=40 to 60

Wheat

Cotton
Alfalfa
Barley
Tomatoes
Baeta

Waih Saumad)
ESPsmore than &0

Crested wheatgrass

Fairway wheatgrase
Tall wheatgrass
Hhodes grass

y’ Adapted from Pearson; most sensitive plants are at the top of sach group.

_y’ In addition to soil physical effects there may aleo be specific ion effects of sodium.

y’ Stunted growth of more tolerant cropn may be due to adverse soil phyrical conditions rather than

mutritional effects.



a factor of about 2, 5 More dramatic drope in the sodium content of leaves, changing from 3.2
milligrame per hundred milligrams of dry weight at 0.1 millimole of calecium sulfate to 0.7
milligrams per hundred grame of dry weight at 3 millimoles of caleium sullate,

The bicarbonate concentration appears to bo important . in low conductivity wnters whers the
calcium and magneaium may be presipitated out of solution by the carbonates thereby increasing
the aodivm hagzard of water, Classification of irrigation water according to residual sodium
carbonates (BSC) are shown in Table 5. Values greater than 2,5 may create sgil alkali problems.

Some recommended limite for wvaricous compounds  and water quality meapurements are shown in
Table 6, The limits shown in the Table do not infer in every case that physiclogical or phyeical
changes will not ocour as the recommended limit im approached. In some inetances lowels higher
than thes recommended may be exceeded for a short duration without detrimental physiological or
physical affectm. Alpo water oxceeding the proposed limits may be used intermittently with water
well below the limite thereby mitigating some of the adverse effects of the undemirable water. Theon
data are intended for use in interpreting water analyses +o determine =ome of the sultable usea for
the water supply.

MEASUREMENT AND CONTRCL

Several techniques have been devwloped in erder to evaluate palinity buildup in lields. The
principal method in widespread use today is the eceollection of 4 soil sample from the aren under
inveptigation, extracting the meil solution from a saturated paste under vacwm and then determining
electrical conductivity of the extract, Cther methods have been developed for in situ measurement
of solute content in the soil solution.

In mitu measurements of ooil epalinitiy were conducted by Ceter and Ingvalson using the ceramic
slectrical conductivity cell developed Ly L.A. Richarde. The cell consisted of A thin ceramic plate
1.5 millimeters thick and & millimeters in diameter in which platinum electrodes were ambedded on
both sides. While the accuracy of the neasurement(estinated at plus or minue o, mmhos per centimeter)
wans not especially good, the investigators did find that the sensors would measure changes in
elactrioal conductivity resulting from irrigation and plant uptake of water. bnfield and Evune
reported the use of a newly developed transducer constructed of commercially available porous glass.
They found that conductivity measurements over a wide range of temperatures approximately 5 to 35¢
centigrade resulted in very little error in the conductivity measuremento. Thoy further Card the trana+ sr
would operate with good repeatibility over the entire field moisture of O to 20 bars of moieture
tension as an evaluation of moil salinity. Tho sensors once placed in a so0il remain there and
periodic readings may be taken by the use of an appropriate meter.

Another in place meapurement technique of measuring eoil ealinity wae developed by Rhoades and
Ingvaleon. The method consiets of measmurement of resistaince between an array of electrodes that are
placed in the immediate surface of the soll at the eite of investigation. They pointed out that
it is critical for this type of techninque to calibrate for spil types and water content. That ias,
calibration should be miude with a esil type and some reference to irrigation such that it ie feasilble
to make the resistance measurement at a time when the water conmtent ie approxmately the same with
relation to that for the calibration mespurement. One poesible technique of accemplishing thie
would be the use of tenemiometers or gypeum blocks for soil moisture measurement. They found a very
high correlation (greater than 0.9) between the electrical conductivity as ecalculated frem the
resiptance measurerents at standard conditions and the electrical conductivity as determined on the
paturation pasgte extract. While these in situ measpurement techniques provide rapid determination of
the malinity in eclle, the rist 3f amuipment prohibite their use For Field investigations far all
but a faw growars nnd)’ur exparimental investigatora.

The method of obtaining moil samples, making a paturation extract, and astermining the
conductivity of the extract ie time consuming and laboricus. Nevertheless it provides a
widespread opportunity for eoil salinity investigation for the greatect number of growers and
sxperimentare. Chaith and Mikhail earpled 58 different soile with a
variety of soil textures and epil salt content to evwaluate the effectivensss of electrical conductivi-
ty in the saturated paste extract wversus actual deteminations of the soluble salts present,They found



Table 5 Classification of irrigation water acoording to residusl sodium carbonste content If y

Claseifioation Residunl Sodium Carbonate
rilliequivalents/litre
Fot suitable for irrigntion Orenter than 2.5
Marginal 1.25 = 2.50
Frobably safe Leam than 1.25

1/ Adapted from Eaton

2/ Residunl sodiym carbonate = (meq COJ + meq HCO3)
minus (meg Ca™ + meg Mg ')



Table 6 — HRecommended limite for various water quality criteria

Type of usage
Source Domeatic Stock Irrigation
Electrical Conductivity(x10 3 mhos/cm) 0.7 T:% - -
Total Soluble Salts ppm 5005—/ 50002/ T /4
Caloium Ppm 2 1000 See SAR
Magnesium PP 150 500 See SAR
Sodium PP 200 2000 Ses SAR
Chloride Ppm 250 1500 =8
Sulfate ppm 250 1000 g
Carbonate ppm 20 - See RSC
Bicarbonate Ppm 150 - Ses RSC
Fluoride Ppm 0.8-1. 1-10-5—/; 10
Hitrate ppm 45 100 =10
Manganese Ppm 0. y * -
Iren PPm 0.3 * »
JozoR ppo 30 » 411/
Lithium Ppm < * 2 /
Hardneas ml 10 L L
Sodium abmorption ratio (SAR - L 13
Residual sodium carbonate (RSC) meq/1 »e " 2.5
pH - - 5_211\1 !

* Fo established limit or the limit ie higher than that found in normal water suppliea.
#* Not applicable

1 /The 1962 U.3, Public Health Service(USPHS) Drinking Water Standards suggest the salt concentration
good, potable water not sxceed 500 ppm. Higher concentrations may be consumed without harmful

physiological effects. Each water exceeding 1000 ppm T3S should be judged on the basis of local

situation, awailability of alternative supplies, and reaztion of the local population. Many commu—

nities use water containing 2000-4000 ppm TSS when no betier water is awvailable. Such waters are

not considersad vary potable add may hawve a lazative effect on new users. Water containing more than

4000 ppm TSS are considered unfit for human consumption.

y'ﬂlt USPHS Drinking Water Standarde of 1962 do not contain any limite for caleium; World Health
Organization International Standard of 1958 indicate 75 ppm ie permiseible and abowve 200 ppm ie
excessive, probably based on hardnems of the water.

ﬂ?umlaihla concentrations wvary 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.

j_/’jg"’l.imita are based on assthetices rather than any phyeiolegical effects.

y An interim threshold limit of 5000 ppm depends primarily upon animal species; however, diet, age,

condition, season and climate also influence the safe upper limit., Some animals may use watars
containing as mnch as 10 000 upon or more without deleterious effects.

6 /The permissible limit varies depending upon animal species and mean annual maximum daily air
emperatures, see 1.

y As salinity increases water management becomes artramolﬁoim rtant. Salt tolerance of the Ela.nt. im
f primary importance in evaluating salinity effects. Alt u@&ulmu plante are considered asal

tolerant their production ie increased at lower salinity levels. Other factors such as soil texture,
drainage, t¥pe of salts present, and quantity of water awvailable for le~ching influence the effect
of irrigation with water containing salte.

B /Certain plant species have been shown to be sensitive to chlorides e,g., Lemon, alfalfa, fruit
ress, and potatoes. Leé than 100 ppm ie not conmidered harmful.

_?_jﬂunumtratinn- exceeding 1000 ppm may cause deterioration of concrete ditches.

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

11./11a )/ 1‘1\:,? The parmigeible 1limit waries depending upon the tolerance of various plant species,



a highly significant correlation of 0.937 beiween the conductivity in the saturation extract and

the total salts found present by actual determination. This etudy is further iAdiecation,along with
other studies by several investigators,that this technique is extremely waluable in evalusting
salinity levels of soils. Within certain limits, the salinity or alkalinity of soil may be controll-
ed through the effective management of solls and irrigation water.

So0ile should be managed in a manner which is conducive to ' the maintenance of a relatiwvely high
infiltration rate. Such thinge as minimum tillage to prevent compaction(and therefore of infiltration),
land levelling to provide for wniform distribution of water, the flooding of the entire
surface where flood type irrigation ie practised to prevent accumulation of salte at high pointe in
the field, seedbed preparation and bed shape are important factors in conmidering salt accumulat—
ionm.

The acumulation in salte on the gurface of beds has been demonstrated by Rauschkolb. A4 study
of the distribution of salts in beds before and after a germination irrigation with well water .
containing a 2500 ppm total soluble salts showed that prior to the irrigation the salts were uniformly
distributed in the bed. After the germination irrigation, salts acownulated on the surface resulting
in a concemtration of approximately 5300 ppm over all treatments. At the 1.5, } and 4.5 inch depths
in the beds the average concentration was 1500 ppm of teotal soluble galis. The deposition of salte
at the surface resulted from capillary movement of the soll solutiom te the surface of the bed and
avaporation 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 pointeof the field,or the high point of the bed and place the seed in such a manner
as to avold the concentration of salts near thebeed at germination and during early plant growth,
Placement of the peed in the bottom of an irrigation furrow or corrugation where the least concentrat-
ion of salt ocours aleo assists germnation and seedling growth.

Sprinkler irrigation ie wvery effective in moving saltis through the soll profile and preventing
harmful accumulation of salts. Nielsen et al hawve shown that frequent light irrigations can often—
times be used to prevent harmful acoumulation of ealte in a soil profile.

Sub-irrigation and drip irrigntion are two practices which are receiving widespread attention
at the present time, especially in countries where there are limited supplies of water awailable for
irrigatien. Undoubtedly these technigques provide a water saving. However, it must be recognized
that when this type &éf irrigation ie practised, depending on the water gquality, sconer or later these
goile will hawve to be leached of their ealt accumulations,since almost by definition these methode do
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 guality and ealt tolerance of the crop. By leaching the salts out of the profile
in preparation for the next crop,(rather than accomplishing leaching with each irrigation and
submitting to the inefficiencles of surface irrigation), cne can apply the leaching irrigation at a
time when there ie lese demand on the water supply and more labour available to handle the large
volumea of water necessary to achieve leaching.

In some areas where water supplies permit, it ie also poseible to alternate between a
relatively high salt water and a water with relatively low salis. The author!s experienee in irrigat-
ing alkali soils with water of relatively high conductivity (EC x 103= 3.5 to 4.5] hae beenthat 2 to 3
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
galt content (EC x 103 = 1 to 1.5) would be used in the next 2 to 3 irrigations until the infiltrations
would notioeably decrease as a result of leaching out the ealts and dispersion of the soils
containing a high exchangeable sodium percentage. Then the alternate relatively high salt content
water would again be used. Yields obtained on a variety of crops ranging from moderately salt
tolerant to tolerant were comparable to those obtained in areas where salinity bwildup during the
season was not a facter.

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



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

. . 1
in Boils.

RELATIVE SALT ACCULULATION
iN THE SOIL SOLUTION

INCREAS|HG "mhos —

o [ et | 1 T r
|
- I
|
! e
- - 4 e
| b
f— i — T — I
- ‘ 2 %
[ phis ~
B~ 1= ~
- Im -
2 al 5 N
= 1= ol
o I~ r:g
f; =
R [P
-]
g 2 1 ( = —
les
= .. L I~
E = r~
= I~ Q
m M 1= =
- I )
ik Iz n
1= r~
I |
L |
5 =
| h
! m
L5 0 ] I :h
1
o !
|
5 ( :

1/ Taken from Fuller



must be leached through the root zone to control eeil salinity at any specified level. The leaching
requirement as defined may be expressed in the follewing simplified manner:

I
LR = dw .

Diw BC i

Simply stated it is the ratio of the eguivalent depth of drainage water {D'h.:l to the depth of
irrigation water (Diy) and may be expressed as a fraction or a percent. The ECy,, and ECy, represent the
alectrical conductivity of the irrigation water and dminage water, respectiwvely. For field crope
where a value ECqy= 8 m.hnnfm can be tolerated and for irrigation waters with conductivities of
1,2 and 3 mmhos om respectively, the leaching requirements would be 13, 25 and 38 percent reapective-
ly (Handbook 60). In general, the poorer quality the irrigation water, the more frequently the soile
need to be leached to keep the salts washed out of the actiwve root zone. See Pigure 1on relative
accumulation of salts in ecil sclution.

ECiw

When caloulating the amount of water to apply to accomplish leaching one should aleo
coneider the irrigation efficiency facter. PFor example, if a normal irrigation would be 4 inches, as
previously calculated the leaching requirement for a water with conductivity of 2 mmhos per om would
require 25 percent more water, therefore, you would need to apply % inches. If one z2ssumes a 50
percent irrigation efficiency, this amount would have to be applied in addition te the 5 inches,
therefore, you would hawe to apply a total amount of 7.5 inches to accomplish the 4 inches irrigation
with 25 percent leaching at a 50 percent irrigation efficiency.

Ona of the sssentials of leaching is to have a desap well drained 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 the soil the equivalent depth of water that would
pass  through the root zone in order to maintain a favourabls galt concentration im the secil,

In the reclamation of alkali soils, chemical amendments are used which provide for the
replacement of adsorbed sodium on the exchange complex of the scil. The choice of amendpents will
depend on the molubility of the amendment, the lime content of the soil, the pH of a soil and economic
consideratione. Because of their low cost and awvailability, gypsum and sulfur are the most commonly
used materials. Where sulfur is used, the soil must have a sufficiently high content of limestone
to provide for a formation of caleium sulfate as the pulfur is oxldized in the soil. In additionm,
soil temperatures and other variables afffecting soil microbial actiwvity will influence the rate of
sulfur oxidation to sulfate. The sulfate reacts with the calcium carbonate to form calecium
sulfate and carbonic acid. The caleium pulfate them will perform in the same manner as the gypsum
(calecium sulfate) when that material is used.

The reclamation of rlkali soile ,in addition to the application of an appropriate amendment
in adequate amoumts requires large quantities of water leaching through the profile in order to
accomplighthe dissolution of the cation bearing material and provide for replacement of sodium en the
sxchange site and simultaneous movement of sodium below the reot zone. Consequently, the same need
for drainage inthe reclametion of alkali solls is necessary as in the reclamation of saline soilas.
Usually the alkali moils have wery low permeability and lerching may be slow, perhaps requiring
seyeral days or weeks to apply the required amount of water in order to distribute the
ecaleium through the profile and remove the wodium. Because of the complexity of effects results from
saline andfor 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 Bermsiein cannot be
predicied without taking into account the probable effects of conditicns under which the water will
be used on the resultant lewel of moil salinity or alkaligity.



171, ORCANIC WASTES

EXTENT

When man was less numerous on the face of the earth, there was little concern about the effects
of man's activities on the environment. However, ns our population incresnsed, man being a social
animal, develops high population denmity centres. Along with thie congregation of man, industries
hawve had to dewvelop and expand, and in deweloping they chose an aren close to the work foroe. Raw
materials were necessary for the industry and food was necessary for the populnticn. This brought
about a high production level and concentration of mome itypes of agricultural production in order
to meet these demande., HNow the consequences of these aggregate activitiesm are the production of all
kinda of wastes that are not only odorous, infectious, or degrade the snvironment, but are aleo
objectionable from the esthetic point of view, The end result has been that this waste is being
collected in huge quantities. It han been estimated by Hershaft that domestic wnstes are produced in
the United States at the rate of about 130 million tons per year (see Table 7). Om the basis of a
population of 200 million people, this figuredout to be slightly over five pounds of solld waste
producel per doy per person. Abeleon estimated the production of solid waste to be epproximately eight
pounds par day per person. At that use rate, it would take approxrimately one acre per year for a
population of 10 thousand people to dispose of this material in a sanitary land fill ... assuming
a 10 foot thick layer of wnete is deposited.

SOURCE AND INTENSITY

It ale is recognized that population in all parta of the world will not use their environment
at the same rate, It has been estimated by Miller that the mnnual per caplte consumption of paper
in the United States amounte to approximately 525 pounds. Most other countries use leas.

There im another naspect of domestic waste which the world at large has in common, and that is
hugran excrement. Estimates by Wadleigh and Byerly indicate that human waste in the United States is
approzimntely equivplent to the produstion of animal waste,which almvnries in estimates from about
1—1;’2 to 2 billionttons per yoar. This is equal to a dnily deposit of 2 to 2-3/4 pounds per person
por day of solid and liquid waste. In some countries thie material ie looked upon as desirable from
the standpoint of fertilizer and is used for that purpose. In many of the pame ocountries, cost of
handling and distributing this material from a high population density centre would prohibit ite use
in this manner. Consequently, arcund the world the material ie passed into the environgpent with
treatment consisting of none at all to sophisticated’ tertiary treatment,

In relrtion to domestic wuste, a certain portion of the total solid waste production can be
directly attributed to population density since the waste generated in metropolitan areas
must be nesigned on 2 per capita basis. In Table B (taken from a report on the status of sclid waste
m-nagement in California) the quantity of waste produced is listed by different categories. CUne can
readily see that ae population density increases, the wmount of waste genernted increases. The report
etates that residential wastes were found to be wery consistent ond did not appear to fluctuata
pignifionntly with the size of the cormunity. Sewnge residus as shown in the table refers to a
material remaining at the sewage treatment plant after treatment; sewage sludge. This does not refer
to the amount of raw sewage produced per perscn.

Agricultural waste also suffers to a large extent from population density of animale. As long aa
animaile wWere pastured, manure management was not a problem. However, by conflning rnimale wither for
purposes of protection against the weather or intensified production, the management of their solid
wagte doedbecome A problem. Table 9 lists the estimated production of warious types of
livestock which may be producedon 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-
gity of monure production will depend upon the manner and quantity of each animal produced in
respective countries. In Californim, slightly over 17.5 million tons of manure ig estimated to hawve
been produced in confinement by various animals, (Oarrett et al).

Anpther aspect of agricultural waste production is that of residuee [rom various crope. The
figures given in Table 10 are bamed on the fresh weight of residue produced per erop. The contribut-
ion of the lumber indumiry is shown in Table 11. There would be some obvicus weight losses dus to the
loss of water if these values were erxrpressed on a dry weight basis.

1; #illion American usage = thousand million



Table 7 - Classification of United States solid waste 1/

Category

Depoription

Composition %

P‘rodugtinn Hate
(X 10° 4ons/yr)

Refuse; garbage

Bubbish & ashes

Nundeipal waste
Sorap metal

Mining
Agriculture

animal & wvegetable
kitchen waste

dry household, commercial
and industrial, and
combustion residue

street sweepings,
construction

autos, major appliances
& machinery

averburden gangue

animal carcasses, manure
crop reeidues, logging
debria

15

paper 28

yard 14
metal &

glase 10

other 10

23

170

1500

y Taken from Hershaft .

2
Table 8 - Domestic waste production by category and population damity—f

Category

Waste CQenaration Factor

Hesidential waste
Commercial waste:

less than 1000

1001 = 10,000

10,001 = 100 200
greater than 100 200

Demolition waste:

1000 = 10 000

10 001 = 100 00D

greater than 100 000
Special waste:

Street refuse™ .
Sevage residue

2.5 pounds/capita/day

1.5 pounds/capita/day
2.0 pnundu,r’aapitafday
2.5 pounds/capita/day
3.5 pounds/capita/day

100 pounds/capita/year
250 poundafcapita}’aar
500 p-nmdiﬁ}&pita.éaar

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

2/ idapted from Status of Solid Waste Management

}f Only applied to incorporated cities or large metrocpolitan areas.



Table 3 —~ Estimated production of solid and liquid waste by livestock as produced —T-"f

Animal Waste production/animal/day

Cattle:
Beef (feedlot) 9
Dairy 51

Hormes 40

Swine 9.5

Sheap 4.0

Fowl:
Chi cicen( fryers) 0.025
Chicken (hens) 0.25
_O‘Ehlr 0.4 - 0.8

Lf Adapted from Status of Solid Waste Management nnd Waste in Relation to Agriculture and Forestry

Table 10 = Waste production frem verious classes of plmtiy y

Plant Residue productien factor
Fruit and nut crope:
Class 1. 2.5 tons/acre
grapag, peaches,nectarines
Class 2. 2.25 tons/acre
apples, figs, pears
Class 1. 2.0 tons/acre
apricots,plums, quince
ch—.- 4. 1-5 tm!’m“
almonds, avocados, olives
miscellarneous
Class 5. 1.0 tons/acre
cherries, citrus, dates, prunes
walnute

Fleld and row crope:

Chass 1. 4.5 tons/acre
field corn(maize), sweet corn

Class 2. 4.0 tonsfacre
broccoll, cauliflower, lettuce

Class 1. 1,0 tons/facre

brussel eprouts, cabbage,cantaloups,
melons, rice , sugar bests,tomatoen
Class 4. 2.0 tons/acre
benns, carrots, celery, cotton
oucumbers, garlic, peanuts,peppers
potatoes, onions, other miscellanscus
vogetables -
Class 5. 1.5 tum:fa-cﬂ
asparagus, barley, cats,safflowsr
sorghum, wheat

2/ Mdapted from Status of Solid Waste Management in Californmia

3/ Classes are based on approximately squal produstion of fresh weight aspuming average
production in California.



Table 11 - Organic molid waste production from the lumber industry 1-"; y’

Foreat plants Hesidue produciion factor o
logging debris 1 ton/1000 board feet
Sawmill(barik,eawdust, ete.) 1.25 tona/1000 board feet

yldapt-d from Statue of Sollid Wasta Management

yﬂﬂ.lh Production ie based on yieldm obtained in California

Principal concern with plant resliduea from the pollution point of wiew 18 their contribution
1o land degradation through the incculation and perpetuation of diseapap or inmects in solls and
their contribution of hydrocarbons amd particulate matter to tis atmosphere upon burning. This
atmoapheric contribution may be of concern from the health of plant and animal point of view,howevar,
it is of little consequence from the standpoint of land degradation. Where the land degradation may
te involved im through the lose of nutrienta oy wvolatilisation from burning a.nd;":}r loss of the
benefit which may have been derived from the incerporation of the residus in the seil. In this
regard it has been pointed out by Garrett, et al im thelr report that in Califernia as much nm 98
percent of the solid waste from succulent crops is dieposed of by moil inceeporation. Of the tree
afdd vine crope and the fleld and row crope, the latter acopunte for about 70 percent of the total
hydrocarbon production dn Califormia; indioating that A significantly larger area of flield and row
crope residuss are burned.

Industrial organic wastes are derived rom canneries, animal processors, sugar relineries,
pulp and paper mills, and the petrdleum industries. These organic wastes constitde the same hazard as
attributable to domestic agd agricultiural wastes plus the extra hagard of containing toxic substances.
When theas materiale are disposed of in lagoone they creats odorous mnd esthetically unpleasant
oonditions., Considerable concern about these types of wnate 18 their contribution to
contamination of water supplies.

MEASUREMENT AND CONTROL

Effluents are usually discussed in terma of the biclogical oxygen demand for the wamte., The
biological oxygen Jemnnd (B.0.D.) indiecates the amount of oxygen required for the complete oxidation
of the organic matter present in a sample of water. It ie expressed by the amount of oxygen the water
will absorb when it is inoubated for a five—dey period at 68° F, Water samples absorbing less than
ones ppm of oxygen -in five days are considered wery pure, Samples absorbing threes ppm in five days
ruggest reasonably clean water and water absorbing five ppm of oxygen or more is considered of
doubtful purity. The BOD for processing effluent may range rom less than one to greater than 50
thousand, As previcualy pointed out, many of these different sources of organic wastes are disposed
of in a mapnner thatdnnot be conaidered as directly degrading from the land point of view,with tha
possible sxoeption of iransmitdnl of infectious disease ntc an ares previcuwsly mminfested,



It soems unlikely that hydrocarbon produstion 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 envircnmental tremd, burning or dumping of thie effluent ilnto waterwaye will ceame %o
be methods of disposal of these materials, In that event, it becomes necessary to look to the land
as a means of recyoling these residues.

Other methods of disposal of organic matter need to be evniluated with regard to some of the
oonsequences, either good or bad, from the incorporation of this materinl. In considering effects
one should also look at costs of disposal since this im one of the major influences in the disposal
of this material. Cost is probably the overrtding reason why procedures have not been deweloped
that will effectively handle the tremendous gquantities of orgnnic substances coming from domestic
sewvage, garbage, food processing industries, lumbering operations, crop residues, and animala. Thers
are a nimber of other factors to consider when assessing the desirability of incorperating this
matarial im land,

Increasingly, as people become more aware of their environment and the fact that conditions
can change for the better regardless of their indiwidual economic stntus, it will become more
important for these materinls to be disposed of in A mamer that will not demtroy the esthetics of
the aren nor create undemirable odoura. Stephens used nn analytioal method which showed promise na
& practioal means for the field study of cdours. He wam alpo able to show the odour threshold conceniri-
tione of some strong odorantes. Table 12 showe the threshold concentrations of various compounds anm
detected by Stephens and others. These compounds were detected in promixty of feedlote and may be
characteristic of them nlone. Some of the by-products of miocrebial decomposition of organic material
can be detected At extremeoly low concentrations.

While it is true that soil incorporation of organic material has o tendency to reduce the
production of these odorous compounds, there ie the clmssic example of gne production in rice paddien
causing plant damnge. It ccocurs in sufficient magnitude to be of economic importance in rice

production.

Another indirect and minor effect of aite and smell sttributable to disposal of these residues
in the soll and around population centres results from their non—compatibility with the urban publie.
Thera are many cases where irate home owners hawe brought such pressure to bear through litigation
and harrassment that land disposal sites or areas of accumulation of organic wmste have been forced to
move to low population demsity areas.,

Crganic matter depends upon soil micreorganisms for ite decomposition. Figure 2 shows the
relative activity of three important soil wariibles. These wyarinbles are important factors to consi=
der when trying to ascertain the rate of decompomition of the organic waste, assuming adequate
nutrients are there for the decomposition of the material. The rate of decomposition im an important
facter to consider sspecially if ecil is the medin for dispoeing of these mnterials. If the rate of
decomposition were not rapid, these materials would mnocumulate. For the most pam, when all three of
thease major faotors are at their optimum the rate of decomposition can be fairly rapid. Most mate=
rials decompose in soiles within n few weaks to two years time.

(me wvory good exception ie in sanitary land-fill where paper has been found intact in completed
land fills 15 te 25 years later (Sorg and Hickman). In the nnme report it was stated that approximate-
ly 90 percent of settling that is going to occur does so within five years. In a Los Angeles land
fill %0 to 110 feet deep, it had settled 2—1,-"2 to 5.5 feet in three years, In sanitary land fille,
production of gases (methane, carbon dioxide, nitrogen, hydrogen and hydrogen sulfide) usually reach
their peak mate of svolution after two years and then taper off. MKethane is a concern because of
its explosion hazard,

The asrobic decomposition of organic wastes ie generally conmidered more desirable because of
the undesirable gnses and cdour associnted with the annerobic decomposition of these materiale.
It is well known that when a large smount of easily decomposable high-carbon organic matter ia
present in the socil, the miorvorganiema will utilize this material. In order to decompose thia
material, =ioroorganidems will have to appropriate the nitrogen contained in the soil, thus limiting
or aptirely preventing the ncommulation nitrate. Thise ie one of the rensons A depression of yield
ie obeerved in crops planted shortly after a high-oarbon content material is incorporated in the moil.



Table 12 = Odourthreshold concentrations of some strong odomtuL/

Odorant Concentration (ppm by volume)

Ret 3V Rer 22/ Ref 13/
Trimethylamine 00,0006 0.00021
Dimethylamine 0.089 0.047
Monomethylamine 0.021
Fropylamine 0.009
Ammonia 3-9‘ 46-5
Pyridine 0.021
Hydrogensulfide 0.048 00,0047 0.0045
Ethyl mercoptan 0.0010 0L0004
T-butyl mercoptan 0.,00009
Acetic acid 1.0
Butyric ncid 0.001
Formaldehyde 1.0

1» Taken from Stephens
2. Wilby, F.V, Air Pollution Comtrol Assoc. Jour, 19(2): 96, 1969
3, Lecnardes et al (ibid) 19(2):91, 1969.

Table 131 Nitrification of mixtures of carbonacecus materinle and sulfate mm_ﬁf

Carbon source Carbon content =N ratio Added nitrogen converted
of mixture to nitrate
——percent— percent
20 days &0 d_ggr_n
Lignin 5742 2011 86 86
Cornetarch 35.0 20:1 49 54
Dextrose 35.8 20:1 45 50
Cottonseed oll T6.5 201 19 49
Cellulose 42.0 1 i T1
Cellulose 42.0 10:1 &5 66
Cellulose 42,0 20:1 41 49
Cellulose 42.0 40:1 -2 21
Cellulose 42.0 8011 -19 =18
NHo carbon added —_— —_— 91 85

y Adapted from Rubens and Bear



Figuu. 2. The influence of certain =so0il variables on microbial activity.
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A the decomposition procese continues, nitrogen will tend to concentrate. Table 13 (Rubens and
Bear] wery dramatically illustrate the effect of carbon-nitrogen ratic on nitrogen relense., One
can readily eee from these data that soil incorporation of residues with different carbon-nitrogen
miim oan have a marked effect on crop yield through ite influence on the nitrogen availability in
poils for plante through the direct competition of micro—organisme for the soil nitrogen. This
deficiency can be easily overcome, if one exiets, by the additien of inorganic fertilizers. The
nitrogen content of the material should only be of conmequence when one is not considering applying
nitrogen to enhance the decomposition of a material with a high carben-rifrogen ration.

Various estimates of cost of processing and hauling of organic waste to the location where it
would be used range from %315 to 350 per ton of material. Cost will depend upon the size and
sophistication of the plant processing the material. Processing materiale costing from $20 to 870
per ton can hardly be nn economical means for farmers to improve soil chemical and physical conditions.

The influence of znimal manures on plant grewth may be more than can be attributed to the simple
asddition of nutriente alome. Ir n six year study on cotton,Tucker et al compared the addition of .
manure at the annual rate of 10 tone per acre with cotton receiving nitrogen alone with ne manure.

The firet three years the yields were grester with nitrogen plus manure thra they were with nitrogen
alone, The fourth year, Verticilliuwm wilt began to build up in manured plots and the yield advantage
in favour of the manure plots was lessened. In subsequent years, a2 Verticillium wilt tolerant Pima
wartety of cotton wans planted. The manure advantage maintained itself for the next three year

p'lr'iod-

When considering the nutrient level of manure, one has to recognize there are tremendous
variations in quality of the initial preduct. This was shown in a study conducted by Stewart when
he used ~ laboratory model to study soil moisture conditions on ammonia wvolatiligation and nitrate
sgeumulation under cattle feedlots. When urine from cattle was edded every two days to an initially
wet moil, lems than 25 percent of the nitrogen was lost as ammonia and approximately 65 percent of
the nitrogen in the urine was transformed to the nitrate form. However, when urine was added to =
dry soil every four days, essentially 2ll the water evaporated and 90 percent of the nitrogen was lost
g ammenin. This wvariation in quality of manure is shown in Table 14.

Steer nnd poultry manure were used as sources of phosphorus for alfalfa production in o five=
year study. Chicken manure from four different sources was applied on two separate occasions. Tields
were not statistically different between the manured plots and the plots receiving treble super
phosphaote. In another study, dairy manure was compared with treble superphosphate. Agsin the four-
year total production was not significantly different between the manured plots and the plote receiw

ing the commercial phosphorus.

Some effects of incorporation of cattle manure on chemical properties of soile were studied
by Pratt. Organic carbon content for the soils was 0.44, 0.91, 1.12 and 1.32 percent, respectively
for manure application rates of 0, 6, 12 and 18 tons per acre per year. These treatrents were applied
from the period 1939 to 1955. Associated with the increase in organic carbon was an increase in the
cation exchange capacity of the surface siz-inch depth. Large amounts of phosphorus and potassium
were ndded to the soil; in each case most of these elements stayed in the surface foot of soil.
Similar results have been obtained by Broadbent concerning the decompoeition of organic residues in
goile. He found the larger the nddition of plant residue, the lower the percentage loss of added
=aterial. Small, frequent additions will do little to change the level of soil organic matter, however,
regular additions of resonably resistant materials such as farm manure in susbetantial amcunts may
increage the organic matter level.

Incorporation of plant residuss can have n substantial effect on plant nutrient status in the
goils. In a study conducted by Abbot and Tucker where residues of sorghums, emall grains and cottone
were either incorporated or removed, it wae found that incorporation of the residues cver the three
year period of the study resulted in 2 yleld advantage on the soll with & low phosphorus level. There
was no apparent effect of incorporation of the plant residues on the soil with the relatiwvely higher

phosphorus level.



Table 14 = Approximate composition of manures on a dry weight 't:nzl.a.‘l.ll-.-_I.I""r
—

Type Futrient

N Py K50

_—— e m m m m == PATCENE = = = = = - - - - - = = =

Dairy, steer & feedlot:

Low 0.53 O.24 1.08

High 3.55 1.75 5.01

Avera 2.03 1.06 1.06
Poultry:

Low 1.T0 0.75 0.90

High 3/ 5.14 5456 3.7T6

Average— 3.48 2.85 2.18

1/ Adapted from Solid Waste Disposal and Management Research Task Group, University of California
2/ Average of 15 pamples in the Los Angelas area
3/ Average of 40 samples in the Lom Angeles area

In two studies, Williame and Doneen investigated the effect of green manures and crop residues
on the improvement of infiltration rates of irrigated scil. They found that incorporation of whole
crop residue (tops and roote) 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, Sespania, Suaan grass, camat
rye, soft chess, annual rye grass and mustard.

In a study by Laws, meveral different farming systems were evaluated over a 12-year period.
It was found that only systems with the annual average return of more than 3500 pounds of residue
per acre maintained the organic matter content of the soil at a constant lewel. Larger quantities
of residue returned were required to increase the organic matter content a eignificant amount.
Signifieant increases were only obtained in syetems producing more than 5100 pounds of above-ground
residue per acre annually.

In a study of farmyard manure and grass residues on soil etructure, Williams and Cook found
that continuous grase was more effective than annual dressing of farmyard manure in making more moile
more permeable through formation of more water s¥ble aggregates.

Scome of the adverse effects on soile resulting from disposal of organic wastes on the land
are as follows: Application of 5 and 10 tonm per acre of garbage compost containing one percent
nitrogen was used to grow corm in five experiments on nitrogen deficient soil (Terman and Mays).
They found this material caused immobilization of moil and fertiliszar nitrogen,resulting in a
nitrogen deficiency in the crop. Small yield increases were obtained for Bermuda grass and serghum
forage in field plots with a lees nitrogen deficient moil where compost applications were made up to
B2 tons per acre. However, in no case did yield equal that obtained with 160 pounds of mitrogen per
acre. Positive yleld 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 salts in soils and ite movement into the groundwater
in relation to cattle feedlots was studied by Adriano, Pratt and Bishop. Soil and water samples were
collected at various 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 ppe in groundwaters. 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 least for irrigated fields. However, the downward movement of phosphorus under the corrals waa
not greater than under the field sites.

Bentty et al compared the nitrate and ammonium nitrogen levels to a 20-foot depth between a
virgin forest ®moil , cultivated soil, and soil under a ecattle feedlot. The lowest concentration, 56
Ppm nitratesnitrogen was obtained under the virgin seil, 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 barmyard
feedlot. Because of the highly permeable soils and the tremendous load of nitrogen available in these
soils, there im a definite hazard of groundwater contamination of nitrates from these types of organic
wigtea.

Another concern with regard to dairy and feedlot manures is the salt content of these materials.
Unleached, fresh manures may contain as high as 10 percent total soluble salts. When these manures
are added to soils in the rates 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 salte in addition to those
already present in soils may be sufficient to createsalt 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 subject to further leaching into the groundwater supplies creating the poseibility of
degrading the quality of the groundwater.

There im little concern about the movement of dimense orgnnisms into groundwaters, especially
where there is good drainage, since one of the classic methods of purifying water from the standpoint
of bacterial content has been to filter the water through the scil. Ome of the problems associated
with all sorts of organic wastes are their susceptibility to runeff 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 waterborre agents; & from typhoid fever,4 from chemical
poisoning, and 4 from infections other than typhoid. Wadleigh points out the excellent record in
protecting human health ie most likely due to the high lewel of activity in preventing and controlling
animal deseases as well as the intense vigilance in monitoring drinking water supplies.

CUther sources of undesirable side effects are those of phytotoxic substances, either through
the exudation of phytotoxine and antibiotice by soil microorganisms in the decomposition of the
material or by the addition of phytotoxic substances in the material itself. Various studies hawve
shown that phytotoxic subastances could be extracted with water and various organic solvente from a
number of crop residues used for mulchng purposes. Several fungi and other organiems have been
found to hawve the capability of producing phytotoxic substances. Ome other interesting aspect of
these studies was that when rates equiwvalent of 4 to 10 tons per acre of wheat straw were ground and
mixed into the surface one-half inch of soil simulating the stubble mulching, this created the most
phytotoxic effect on wheat seedling development. When the same rate of wheat straw was mized in six
inches of moil simulating the effect of ploughing, the influence of phytotoxic substanceas on plant growth
was not evident,It was alsofard that when wheat straw had decomposed for a period of times it showed
less phytotoxicitiy than fresh wheat straw.

The addition of phytotoxic substances inherent in the plant are characteristic of sawdust and
bark of some tree species. Resins, phencls, and terpenes contained in the fresh sawmill by products
of these trees have an inhibitory effect on plant growth . Aging or partial decomposition of the
sawdust can prevent the toxicity from occurring. Most of the investigations have been in the use of
these lumber by-products as socil conditioners for ommamental and horticultural type crops. The
studies have shown that bark and sawdust from some lumber species of trees have greater toxicities than
others ,while some have none at all. There are also varying degrees of plant susceptibility teo the
phytotoxic effects.

As pointed out in the disease section, organic wastes may be helpful or o hindrance with regard
to disease and insects. If the infectious organism is not a good competitar in the soil enviromment,
the additions of organic matter can reduce ite number and hence decrease the disense potential.
Organic matter especially in the form of plant residues may alsc provide a2 means of overwintering
and transmission of the organism. In California, it has been estimated by McNelly that yleld losses



in tree crope from dimease and insects totalled elipghtly over 53 million dellars in 1968,

Ancther adverse effect is the perpetuation of weeds through the use of animal manures, green
manure crops, or inecorporation of plant residue. According to Harvey, the percent of viable weed
seeds pasped by animals shows casttle 9.6 percent, hogs 8.8 percent, horses 8.7 percent, sheep 6.4
percent and chictens 0.2 percent. Cow manure composted in piles showed n 22 percent germination of
morning glory seed afier two months of composting. However, there was only one percent germination
after three monthe. Morning glory seed surviwved chicken manure composting regardleme of traatment.
A mixture of cattle and horse manures wers composted with 52 different weed species present. None
germinated after one month.

What can be done about alleviating the undesirable effescte of accumulations of organic wastes
in our environment? In the literature there hove been two predominant themes which have ocourred in
relation to the disposal of organic wastes, These are the costs of handling or disposing of the
material and the seeming unwillingnese to pacrifice wery much in the way of convenience or to pay the
cost of the necemsary disposal, either by increased costs of cdnsumer goods or incrensed inxem.

Coste of disposal of orgnnic wastes vary widely. In the United Statesm last year the Bureau of
Solid te Management in the Department of Health, Education and Welfare estimated it cost 4.5
billiorl{dollars to collect and dispose of the previous year's waste which amounted to almost 4.3
billionftons including industrid, agricultural and domestic wastes of all types.

An economic review can be conducted more readily in the area of disposal of agricultural
organic wastes. The most intimate nssociation of agriculture with the dispoeal of organic waste has
resulted in the necessity of developing cost information for various mechanisms of diaposal.
Agriculturists have long recognized that dieposal ie part of production costs and have attempted to
develop efficient means of disposing of these materiale. In 2 cost analysis study of various
alternative methods forduiry and manure disposal, Beage found that the mnnusl cost per animal for
a 50-cowdairy ranged from $29 to 349 for different syetems of handling the material. Fairbanke
estimated that the cost of treatment of dairy waste to the same degreeas city sewage would raime the
retail price of milk about four cente per quart.

There are various methods of treatment of our organic wastes which have been investigated and
are currently being re-investigated in order to determine if modifications may produce more efficient
ways of disposing of these wastes, Currently known methods of disposal of domeatic reluse
include land filling. This method has the advantage of being relatively inexpensive and applicable to
the wide wvariety of terrain. Some of the disadvantages are rising land coste, increasing urban
prespure requiring more stringent controls for the use of the land for higher value purposes. Open
dumps are usually the most prevalent type of disposal. The current environmental emphases render
this am a very undesirable technigue.

Incineration, whichis the process of bwrming solid or semimolid combustible wastes is another
methed of treatinforganic wastes. The principal odvantages of inecinerntion are less land reguired
and the facility may be stalled in a centralized location reducing collection and hauling coste. Some
of the disadvantages of this method consist of the high capital cutlay and coet of operation. There
is also the problem of loading the atmoaphere with contaminants and the fast that it is not a complete
disposal method. The residues from the system must be disposed of am well.

: Another technigue ie composting. Like incineration it cannot be conmidered an ultimate
disposal method in as much as the material im treated mo that it can be disposed of by other means.

It has the advantage of conserving resource material. It too may be conducted in a centralized locat-
ion reducing hauling distances, and it may provide a useful end product. The disadvantages of the
gystem are the high capital and operational coste including the megregnting of non organic refuse.
Another major problem ie finding the markete for the end product.

Recycling ie another means of reducing the total amount of materinl to be diepomed. The
obvicus disadvantages of this nre the costs of sorting through the refuse and segregating the
material into a number of like materinle. Currently abeut 20 percent of the paper consumption in the

‘I:'l Billion American usage = thousand million



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

Pyrolysis is another technique which has been under investigation. This im a process of destruc—
#ive distillation carried out in an atmosphere nlmost completely devoid of oxygen. Similar to incine—
ration and composting, prrolyeis cannot be considered an ultimate disposal method.

Various studies are in progress to determine methods for handling some of the plant residuea
which are not presently being incorporated into the soil. Ome of the more interestimgkinds of dispe—
sal techniques has been the preparation of cellulosic wastes for animal feeding. Several investiga-
tors: Kohler, Guggolez, Waiss, Oraham, Oarrett, and Klopfenstein have been investigating this possibi-
lity of utilizing cellulosic wastes for animal feeds. Klopfenstein found that 4 percent sodium
hydroxide seemed to be a practical level of trentment for corncobs. Steers fed this enailed material
were able to gain 1.6 pounds per day. Lambe fed treated wheat straw supplemented with scybean meal
and urea were able to gain 35 and 18 pounds per day. Oarrett found that pelleting or cubing the
straw containing rations improved the animal intake. He also found that sodium hydroxide treatments
increased the total digestibility frem 38 to 59 percent. Rice straw can be treated to have a
rengonable value in feeding of animals. An economic study by Parsons showed that if rice straw could
be cubed and sold for 325 per ton the increased value per acre to the grower would be 360 for four tons
of rice straw. The study assumed n possible demand for the product.

In countries where the nvailability of feed for animale is somewhat limited, the utilization of
these odlulosic crop residues as feeds for ruminant type animals may provide an additional source of
income from production of plant residue or through the increased number of animals which could be fed.
The problem then arises in developing a technique for on farm treatment of these cellulosic plant
renidues for utilization by animale.

With regard to domestic sewage effluent, there is a time honored practice in many countriee
of utilizing this material for its fertilizer wvalue. One of the problems associated with its use in
that manner is the pomsible contamination of food crope with human or animal pathogenic organismas.
In some areas,use of sewage is prevented by regulations by the public health agencies, Regulations
on the use of sewage for irrigation crops are usually a general law under the public health act. The
law will state specifically that effluents of septic tanks, dher settling tanks, partially
disinfected effluents, aprinkling filtera, nctivated sludge plants, similar sewages shall
not be used to water any growing vegetables, low growing fruits, fruit that is in contact with
the ground, vimeyards or orchard crope during seascns in which fruit lieson the grourd. Such mewages,
effluents, sludge, or screenings are not permitted in ditches or pipes which may be used to irri-
gate the aforementioned crops. It may also state the effluents can be used on certain specified
field crops. Moet countries, if not all, have similar laws. One of the obvious benefits deriving
from theee regulations is the low rate of human and animal mortality from the utilization of contami-
nated plante or water, This has already been pointed out by Wadleigh.

Varicus techniques of handling animal manures produced from confinement animal production are
beins investigated. Those which have “een most successful involve the biological degradation of these
materiale. Aerated composting and lagoons are receiving renmewed . attention. The aeration in lagoons
ia achieved by floating an merator on the surface thus creating an asrobic layer of water on the surface.
The municipal type of cewage treatment plant is under investigntion am a poseible 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 amnimal to operate{Fairbank).

Another techmique which is currently bteing investigated for disposal of dairy waste is the use
of wash water to transport suspended solid material to the field andto use this for irrigation of field
cropa. Investigations are currently under way to ewvaluate this eystem snd to determine the effect of
different loadings of material on crop production, eoil characteristics, and the quality of the
groundwater (Rauschkolb, Ayers and Kite, unpublished data),

In many areas where commercial fertilizers are not awvailable, animal organic wastes are held in
high regard and still provide a beneficial effect. These areas do not constitute a 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 fartilizer. This makes the utilization



of organic waste for plant nutriente too costly.

There have been speveral instances cited to indicate that soil can withstand very large loads
of organic waate without resulting in adverse affecte upon crope providing the soil is managed in esuch
a manner as to account for the presence of this organic waste. Itwuld seem likely that land is or will
have to become the primary manner of disposal of organic wastes. In order to do this there are
several critical matters requiring attention.

What ie now needed is to develop information regarding the characteristice of these materiale
to ascertnin some of the long-term usage effects on soile. The primary concern has bem the effects on
the fertility of the moil. Although some investigations have loocked perfunctorily at the phyeical
characteristios of the soil resulting from the incorporation of these materials, there is still wvery
1ittle evidence on the long=term changes of moil structure and the benefite if any derived from this
change. Perhapa one of the reasons for this has been the lack of uniformly acceptable and reproducible
techniques for ewaluating soil structure. Even assuming an improvement of soll structure from the
incorporation of these organic materials, there have been few investigations that have attempted to
assemAan eccnomic value to this improvement. Ome of the problems has been that soil improvement is
generally so slow and of such subtle nature that changes on the shortwterm have not been discernible.
Even though its economic value resulting from spreading it on the land is 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 wastes in thise
DANNET,



IIT. RADIQACTIVITY

EXTENT

In any discuseion about madicactivity and ite effects, it im difficult to be factual and
objective without conjuring up in people's mind a sort of insidious death, genetic abterrations caus-—
ing congenital birth defects and malformation, and umexplained adverse effects on the enviromment
which affect all of our lives. For those same reasons it is necessary to mors fully understand the
cocourrence, transmission, and reactions of madicactivity in our enviromment. People hawve been weaned
on the mass hysteria which dewveloped 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, remscn among men has prevailed, which in itself is comforting, and several nations entered
inte an agreement wherety atmospheric testing of nuclear weapons was banned., Unfortunately, other
nations,alsc with nuclear weapons capabilities,hawve not entered mtc such an agreement. Consequently,
atmospheric explosions of nuclear weapons continus +to be a source of radioactive sontamipation.

Cther mources of madiocactive contaminants are wastes f-om mining and refineries of uranium and thorium,
power plant muclear reactors and medical and research laboratory wastes. Since soils maturally
contain radicactive materials, it is necessary to become familiar with their contribution to the
madiation level of the environment sc one can acourately determine the comtribution from other sources.

SOURCE AND INTENSITT

Some of the radicactive slement®in pature are discussed to asses their contribution to the
natural radicactivity of soil. According to Talibudeen, Carbon-14 has a mean specific activity in
squilibrium bicsphere of 16.1 disintegmations per minute per gram of carbon as a wery weak beta
emission. Potassium=40 has a specific actiwity of 28.3 dieintegrations per second per grem of potassium
as beta emissions and 3.6 disintegrations per second per gram of potassium as famma emissions.
Rubldium=87 has a marimum beta emission energy similar to that for Carbon=14s Thorium-232 is the
parent member of the thoriwm family which has a disintegration mte of 4100 disintegrations per
sscond per gram of uranium. The total alpha madicactivity of the uranium family at 1 ppm uraniuwe is
285 micro-microcuries (ML) per hundred grame of soil, and for the thorium family at 1 ppm thorium,
the level was 77Muc per hundred grams of scil. In a study using Montpilliar coarse sandy loam located
in the San Joaquin Valley in California, Hanmon found urenium concentrations wvaried from 1.9 to 2.6
ppn and thorium concentrations from 9 to 11 ppm in the seil profile. The isotopic activities d the
soll horizons ranged from 1.5 to 2.9 disintegrations per minute per gram,. Hanson indicated he was
able to calculate the madicactivity per unit of area and depth from the study. Thie type of
information is of use when assaying background radicactivities. Another interesting finding of the
study was uranium is leached more rapidly through the soil profile than is thorium.

The phyesical chemioal composition of madio elements in soils is complicated by the added
feature of radio elements being transformed continuously into new elements, In the gneeous phase
there is mdon and carbon dioxide, In & study emmining the appearance of radon in soil atmosphere,
Delwiche ot al concluded a major portion of airborme radiocactivity of matural origin is due to
madonisotopes having their origin in ureniwm and thorium found in soils and rock., Some of the
naturally occurring redionuclides also occur as solutes in the soil solution. The degree depends
on solubility of the minemal. All of the matumally ccourring madicactive elements are found in soil.
Probably the most importarnt radicelement contributing to the activity of the biocaphere is potassium and
the second is carbon (Hansen et al}. In Table 15 are given the mources and estimates of background
irradiation received by man.

The manner by which radicactive materials are disseminated becomes important from the standpoint
of ewmalmting distribution and intensity of land degradation. Meteorclogical dispersal of madicactive
asrosols is one method of transmission. These asroscls may result from an atmospheric nuclear
explosion and release their fismsiomable products inte the air or from radicactive relsase, either
acoidental or uncontrolled,or from wastes. The importance of atmospheric redistribution as a
mechaniem for the radiocactive contamination of soil was shown by Schleien et al. In monthly
componite sampling of the air one meter above the ground near Winchester , Nassachusstts, they were
able to detect tne influr of radicactivity from all but one of the Chinese atmospheric detonations
during the sampling period. In 1968, they found approrimately &0 percent of the detectable radio-
activity originated after 19561, The samples were collected and smlymed as suggested by the United



Table 15 = Dose rates due to external and intermal irradiation from natural sources in "Normal"
l.ru-.lf{:n parentheses, estimates given in the 1962 report)

Dose Hates {mﬂd{:)

Source of irradiation Jonads Haversian canal Bone marrow
External irradiation

Cosmic rays
Ionizing component sesessssssssssnssssnnnans 28 28 28
(=8) {28) (28)
!“t““ LEE RN N E R R ERENNENLNLERERERIEEIEENE NN RN Ql? GIT GIT
(2.5) (2.5) (2.5)
TIETIItl'ill mdi?tiun
ineluding air 50 50
E'gﬂ} (50) (50)
Int 1 irradiation
[ I ERSEERE RN EEN N NS RN E NN NN NS R ENERERENENERNES] N 15 15
87 (20) (15) (15)
Rb [EE R AR R REENEENEN NN E RN NENNEE R EERENRRENNERENNLSE] ui} uij 0-3
614 LA R R AR REREREREEENEEERERENENRENEEREEERENRERSEE:RS:EHS] ?i? ) EPG } E.GE}
0.7 1.6 1e
m22, ..., e teneeeeareaanseannnneeannrrans e 0.6 0.03
(0.05) (0.54) (0.06)
me (AR R AR EREEENENEE R EEENEEE RN EERERERNENENNEN] —— QOT 0103
(0.08) {0.86) (0.1)
P°21?Iiitiiili.iitii‘iii.tiiiliitliiiiiiit‘ii GIJ 2.1 013
(0.03) {0.26) (0.04)
Rn?2? (4issolved in tissuss) 0.3 0.3 0.3
{0.3) (0.03) (0.3}
Tuulzf 100 99 96
(102) (99) (98)
Parcentage from alpha particles and neutrons 1.3 4.4 1.4
(3) (2.8) (3)

Y Taken from the United Nations Report on Effects of Atomic Radiations

3 Totals were rounded off to two significant figures



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

Several factors are to be considered when evaluating wind pickup of radicactive particles from
the ground surface and their ultimate redistribution causing land pollution. Such scil factors as
particle size, area covered by nonerrodible particles, vegetative cover, cohesiveness of surface
particles, density and shape of the individual particles, coupled with meteorclogical factors such
as wind speed , gustiness near the ground, temperature, humidity, and the occurrence of precipitation
all influence the wind pickup of radioactive particles EHIH-II and Fuquay).

Menzel indicates that momt fission products and naturally redioactive elements in the air are
carried on moli particles, In higly contaminated zones close to a nuclear explosion the particles may
be relatively large, one micron to several hundred microns in diameter, whereas world wide fall out
of radiocactivity are associated with smaller particles usually from 0.1 to 1 micron in diameter. A
rule of thumb which hag been developed to estimate the decay mate of a mixture of isotopes resuliing
from anuclear explosion states that "for every sevenfold increasein time following the sxplosicn,
there will be a tenfold decrease in madiation activity".

Indications are that rainfall is one of the principal means by which the smaller radicactive
particles are deposited on the surface of the earth. In Florida, approximately 90 percent of this
Strontiuwm—90 content of the crops resulted from intercepted rainfall (Menzel), He also found that
particles greater than 10 microns are likely to settle by gravity before a rainfall occurs. In the
arid regions where total rainfall is very low, the Strontium-90 deposited by rain was cetimated 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 accumulations of radicactiwe fallout in the world occur between the latitudes
30 degrees north and 50 degreesm north. Peak concentrations of 120 millicuries of Strontium=-90 per
square mile were found in samples at latitudes corresponding to Canada and Central Eurcpe. The
remaining latitudes showed concentrations of Strontium-90 at less than 80 millicuries per square mile
with approrimately two—thirds of thoee below 40 millicuries per sguare mile, After these radicactiwve
materials are depoeited from the air there is some wind and water movement after it reaches the soil.

From data obtained in erocsion test plots, Heald found 99 percent of the fallout Strontium=50
remained on the soil where it fell, however, the Strontiwm-90 that ran off was concentrated 10 times
in the sediment. Therefore, it seems likely that in areas subjected to sediment acounulations,
radicactivity could be found in higher concentrations than in the surrcunding areas. OCther sources
of radicactivity need to be evaluated as well.

To evaluate the exrtent of a possible hazard from the content of uranium, thorium, and radium
in the world phosphate rock depositse, a survey of sphate rock samples from all major phosphate
producing areas in the world was conducted (Mensel)., Out of a total of 3116 individual phosphate rock
samples, the median content of radium, uranium, and thorium was 18 umm.fkg, 59 milligrems/kg, and
8 milligrems/kg, respectively. Mensel concluded that phosphate fertilizer applications probably have
not or will mot result in an appreciable radiation hazard since the addition of high rates of phoaphats
may only equal the amounts of uranium and redium ococurring naturally in the low layer, however, the
addition of thorium would be lese than the amount occurring paturally.

Thers geems little doubt that the electrical power consumption in the world will increase. At
the same time, there im some doubt that foseil fuels will be capable of providing the mergy needed to
generate this power. Furthermore, it seems only realistic to recognize that fossil fuels are not a
limitlesa 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 planta.

It is projected that by the year 2000 in the United States approximately cne-half of the power
generated will come from nuclear power plants. Shaw and Whitman eatimate that by 1975, 25 nations will
have commercial nuclear power plants. The reascn for concern about nuclear power planta is from the
standpoint of accidental and waste release of radicactive materials into the surrounding enviromnment.
In the United States the Atomic Energy 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 checks on sampling techniques and accuracy by
the Atomic Energy Commission. These surveys of background rediation are very critical since they
provide the benchmark data fon evaluating the effects of & nuclear reactor plant on the surrounding
environment.

What happens in soils onoe they have been exposed to contamination by redicactive material? In
this regard the reactions of maturally occourring and artificially produced radionuclides will be
discussed,

MEASUREMENT AND CONTROL

Investigatinone have indicated that in soils the cation exchange capacity of the soil has a
marked effect on movement of radicactive pnuclides through the soil. Leaching scils with mixed fission
product solutions resulted im 80 to 85 percent adsorption of the total radicactivity in the first few
centimeters of soil (National Academy of Sciences Publication 1092). Thae fimation of these fission
products have been studied by several investigators. Ome such study by Evens and Dekker showd that
Ceaium—13T was fixed apainst extreaction by neutral one normal ammonium acetate. Puller and
L'Annunziata found the presence of various algme and fungi could incude some slight movement
of Strontium=39 through the soil profile with water leaching. Most of the radioactivity was found
in the first 2.5 centimeters layer of the soil where it was applied,

Since the principal reaction of the radicactiwve cation is similar to those of other cations in
soils, they would be su3ject 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 cesium. The order of replacement on soil materials is usually lithium < sodim <
f“"'im « ammoniumm < rubidium < cesium < hydrogen < magnesimm < caloium < sirontium

National Academy of Sciences Publication 1092). The type of anion present has alsc been found to
have an influence on the awailability 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 plante as strontium added to the moil am either the chloride or nitrate. Massive doses of phosphate
have reduced strontium uptake 50 percent on alkaline soils but give no such reduction on acid soil.
Plutoniunm seemsto be so tightly held by scil that little ie taken up by plants mo it may be considered
of slight concern to man. Unless incorporated throughout the soil by mechanical manipulation of the
soil, the best evidence indicates that these radicactive materials will be adsorbed at or very near
the surface. Since very few if any plant roote feed at the surface, there seems little likelihood
these materials will be taken up by plants, especially in arid regions where soil surfaces dry rather
rapidly. In the more humid regions the possibility doee erxist for roots to explore the soil near the
surface for its nutriemt supply. Howewver, when considering the rather small concentration of
radioactive 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 non—radicactive materials, it also
seems reasonable to assume that planis would not absorb great amounts of radiocactive material.

Over the long term soils are manipulated,and these radiocactive materials are distributed more
uniformly in the moil profile increasing the probtability of adsorpiion. Yeit at the mame iime the soil
is tilled,the contamination in many cases is diluted to the point where it is no longer discernible frm
background rediation. Concern with radicsotive materials in soils is not with their affect on soil

r se, but their entry into crops and ultimately their entry into the food chain of man. The
principal method of eniry into the food chain is wien fallout lodges directly on plants that are satem
by man or animals (Alexander,Menzel and Reitemeier).

auerbach and Croesley found that soll applied radipcesium and
radicatrontium had higher concentrations in the leaves and flowers of corn than in the other plant
parts sampled, However, in sampling the natural vegetation it appeared that flowers of these plante
bad the lowest concentration. There were some plant apecies differences in this regard. This might
be expected mince it is well characterized that plants have different abilitisme to absorb and
accunulate various slemants.



Several isotopes investigntions bave shown greater acoumulation of sirontium im the above
ground parts, whereas radicisotopes of ytirium, cerium and sirconium are retained mainly in the rocts.
The data also indiocated that the madicactive elements concentrated mainly in the wvegetative portion
of the plant with smaller quantities acoumulating in the seeds. Studies by Oulyakin and Tudintsewa
found that strontium and cesium madiocisotopes were more readily taken up by plante than other fission
producte. They have also demonstrated the close relationship between the uptake of radicstrontium and
radiccesium to caleium and potassium, respectiwvely. They indicated that in soils where the abscrpiion
propertim of the solls are intensified, the acoumulation of these radicactive materials in farm crope
may sharply decrease.

Evidence of the influence of fertility om the uptake and rediocactive strontium and its
distribution in plants is wiewed with mixed concern . A study by Andersen found that heavy applications
of phosphorus decreased the concentration as well as the total uptake of Strontiuwe—30 in ocats.

(n the other hand, nitrogen applications inoreased the total uptake of Stromtium—50. Howewer, the
distribution of the isotope in grain and strew 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 soll pH on the uptake of Strontiwm-50. In
general, the uptake was greater from acid soils, intermediate from slightly scid soils, and least on
soils that bave been limed (Haghiri and Sayre). The same study indicated the acomulation of
radiostrontium varied for different planta. After five weel®growth the uptake was in this order:
buckwheat > soybeans > alfalfa > Sudan grass, which was approximately equal to corn. Sudia
and Linck demonstirated greater abmorption of redicactive materials ocourred at the lower pH walues
2.5 and 4.5 and significantly lower amounts were absorbed at the higher pH welues of 7 and 8.2. in
interesting corollary of this study was the trenslocation of redicactiwe strontium from the site of
foliar application. Less than ? percent of the radiostrontium was transported from the applied leaf.

Investigating the awmilability of exchangeable and non—exchangeable Strontiuwm-90 to plants,
Roberts and Menzel found that cow peas ware capable of extracting 5 to 18 percemt of the exchangeable
strontium, depending on the upiake of exchangeable calcium. They alsc found that non—exchangeable
ptrontium made little or mo comtribution to the total uptake.

Through the acoumulation of redioactive wastes in soils and their resultant uptake by plants,

mdiation enters into the realm of internal rediation in animal and man, Table 16 shows the amount
of radiocactiitycalculated to be in one amcre of a green crop by Hansen,Vidal and Stout.

Table 16 HRadioactivity in one mcre of green crop plant in curies per ito‘tapuj/ 31"

Fuolide Hadicaciivity in curies
x40 T6 500 x 1CII"9
o7 19 900 x 10~
cl4 13 500 x 10~
Ra226 400 x 1077
p23¥ 157 x 1077
5 156 x 107

1/ The total activity (mlculated) for the entire above ground portion of the crop on cne acre is 0.11
millicurie :

2/ Adapted from Hansen, Vidal and Stout.



It im not within the scope of this paper to discuss the affects of radiation dosages on animal
and hman health. As pointed out previcusly, there are severanl methods by which mdisation may become
an interma]l probles. Also, the concern of ingesting mdiocactive material is not necesesarily that of
& large mmount of radicactivity ingested at one time, but rather the ncoumulation of small amounts
through handling, ingestion or inhalation. Py ioniration, disscciation of compounds in the bedy,
and denmturi ation of protein, the effects of mdicactivity may be immediately exhibited. Or, the
exprossion of the affecte may be delayed for & oconmiderable period of time depending upon the
intensity and chronic pAture of the mdintion.

Mothods of ameliorating the effects of radicactive contamination of the eoil have besn the
subjeoct of much investigation over the past several years., Thers are few practical solutions for
decontamipating soils with relatively large aAmounts of radicactivity that might be fsscciated with
comparatively large releames from a nuclear explesicn or an accidental fission product release. The
tearm practical™ ie used in the menss that as long as other large areas of soil ars amilable for
utilisation in the growth of plante, decontamination precedures muat fall within the realm af
esconomically feasible reclamation.

Procedures of soll decontamination which have been investignted are continuous cropping,
removal of sod or the surface 2 to 4 inches, deep ploughing,leaching and the uss of fertilizers and
soll amendments (Hills). While some of these practicesm may not be feasible from the etandpoint of &
large comtamination, it may be reasonable to ume certain of thease technigques in the decontamination
of small aroumts of rmdionctivity, which are significant increases above the nmatuml background
radiation.

The use of chelating agents him been iopvestignted am a possible wechanism for leaching
radisactive materials below the root zone of plantes where they could acoumulate and harmlessly
decay. Chelating agents such as esthylenediamine tetracidiec acid (EDTA), ethylene diamene di—c—hydroxy
phenylacidic acid (EDDHA) and diethylene triamine [DTPA) wers compared with deionized water as to thelir
ability to move several fislon products, Strontium—89, Tttriuwe—91, Ruthenium—106, Cesiue—13T, and
Corium—134 in different kinds of msoils Eh‘j,lhita and I‘.lling'r.nn]. Irrespactive of moll type, the order
of magnituode of fissionable products movement by water was in the following order: C5=137 = T=91
= CE-134 & SE-89 &« HRuthenium-106. Among the chelating agents, EDDHA was generally least effective
while the relatiye effectiveness of DTPA and EDTA waried with the eclil and the radionuclides. These
investigators conocluded that the applioation of synthetic chelating agente for leaching of mixed
fiselopable producte im of limited walus. Howewer, investigations by Puller and L'Annunziata would
indisate that the chelating agent DTPA in oconjunction with algal or fungnl activity in eoll may provide
a very important mechanism for moving Strontium—30 through the soil profile. Fertilization coupled
with use of manure or organic waste incorporation in the moil seems to be another techmique which may
reduce the acousulation of strontiue and cesium in crope (Ouylyakin and Yudintseva). The use of
fypeom to. anocourage the replacement of the radiocactive ocation with caleium on the exchange complex
cansing the mdioactive oation to be leached despar in the root zone may be another technigque which
is awailable to reduce relatively low amounts of redipcactive material in the moil.

Desp ploughing could be ancther practical technique. Thara are
two aspeots of deep plovghing which may be applicable, One is the actual burial of the contaminated
soll to a depth of 2 to 3 feet, in which case shallow rooted plants could be grown. The other
altermativye is thoroughly mixing the contaminated soil in the 2 to 3} foot moil profile, therely
diluting and decreaping the probabllity of the madicactive element being taken up by plants.

It appears that four redionuclides are of importance in the coneideration of the radicactive
contamination of foods from solls. Theee are Strontium—89, Strontlum—90, Iodine—131, and Cesium=137
(Federal Radiation Council), However, ss polnted cut by Reitemeyer et al, the half life of Iodine—131
is B days, which is too shert, a time for it to be connidered with respect to socil contamination.

Lieberman digcuseess the waste mapagement problem in the nueclear energy industry and indicates
that there are three basic considerations in the disposal of nuclear wastes. First, the establishment
of appropriate standards. RNecond, the specific nature of radicactive waste under consideration.
Third, the phyeical,chemieal, and btiologioal characteristics of the enviromment in which the waste is
to be handled. Am pointed out, sanentially the proper waste management im in identifying and



quantitatively describing iteme 2 and 3 and their combined behavimrmso as to insurea cenformance with
the standarde setablished. The standards should be compomed of the best aweilable biologloal and
medical knowledge and need to be of universal applioation. There are certain limitations however.
Standards sometimes lack complete knowledge . They must therefore be subject to medificaticn as better
knowledge is gained. The general attitude toward madicactive waste managenent has been "conocentrate
and contain" or "dilute and dieperse”. The "dilute and dieperse" technique has generally been imposed
upon low concentration radicactive wastes and the "concentrate and contain" ils generally asscoiated
with the disposal of highly radioactive wastes., With regard to waste containing low oconcentrations

of radioactivity, the general practice has been to disperse these in the environment in such a manner
as to not contribute to the background rediation level in any significant amountis. According te
Lieberman, there are two cardinal principles in establishing performance criteria for waste dimpersal
operations from nuclear installations. They are (i)t the minimum practicable amount of radicsctivity
should be dispersed into the environment commensurate with specific environmental standards to protect
public health and safety; and (ii): & continuing pericdic mandatory verification of performance
eriteria. Further investigation may be necessary to characterize wastes from nuolear power plants,
and their long term contribution to our external and intermal radiation exposure.

One can only hope and aasume that reasoning of reasonable men will prevail and the danger of
nuclear war is only an unpleasant memory of the past. And further, that reamson will prewail in
such nations that are practialng nuclear atmospheric testing so thim source no longer becomes an
snvironmental concern.

Upper air direction and speed are important indieators of whers the fallout will be deposited,
The same indicators are of walue in estimating the distribution of radiocactive waste disparsal through
atzospheric venting of nuclear power planta. Of considerable interest would be the radiation decreane
rate following an accidental release of nuclear power plants which produce different kinds and amounts
of fissionable products.



Iv. INFECTIOUS OROANISM

EXTENT

Infactious diseapes from the standpoint of land degradation may be considered on the basie of
the introduction of an infectious agent into an uninfected area. In that sense it becomes necessary
ta assema relatively high degree of importance to the mode of transmission of these dimeases, Healiz-
ing their presence in soils is of great sconomic importance, regardless of mode of infestation, ther
apsure higher priority.

When one considers the number of years that plante and animals have existed, one can assume
that large numbers of microorganisme causing various diseames must have been introduced inte soila.
Thut being the case, what has become of thess infectious organiems, espscially the ones that cause
diseases in man and animals, for example, typhoid fever, dysentery, cholera,diphtberia, tuberculosis,
maptitis, abortion in cattle, and numerous cther diesasen?

SOURCE AND INTENSITT: ANIMAL PATHOJENS

The results of moil invemtigations for presence of agents causing infectious dipsapes have
established that many organisms pathogenic to man and animals do not remain alive iln the moil very
long. Howaver soms pathogens are able to survive in the soil for considerable periods. The
infectious agents of anthrax, the clostridial diseases(including Ht-lnun}. coccldieidomycosin and
ascariasis, for sxample, are found in soile after several years. There are als¢ numerous plant
diessases that are able to remain viable in the moll for considerable pericds of time.

The lack of persistence of many pathogenic organisma in soile is probably due to such factors
ap unfavourable environment, lack of substmate, destruction by predatery organiems and antibotic or
antagoniatic effecta from the indigencus moil population of microorganiems. However, it is not within
the moope of this paper to discuss all types of organisms that can survive in soils and are pathogenin
in nature to plants, man and animals.

MEASUREMENT AND CONTROL

In the transmission of hyman and animal pathogens, asrial transport of the organiem ap & fres
organism or attached to organic Boil particles ie one of the principal methods of trensmission of the
dipease. Investigations into the surviwel of organisme as asrcsole have Tevealed that relative humidity
im ons of the contrelling factors in surviwal rate. It is, however, very interesting to note that
organisms wary in their ability to survive at different levele of relative humidity. Investigations
by Stewart and Wright, using streptococcal L formas showed that surviwel was greatesr at comparatiwvelry
low and high relative humidities while the intermediate relative humidity was the most lethal. In
apother investigation using Escherichis ocoli B, Cox found the best surviwal in air cccurred at the
relative hunidity mange of 40 to 10 percent. 4t relative humidities greater than 40 the surviwal rate

was grestly reduced.

In swmluating the effect of warious asrceocls on the survival rate of airborne u.c.Ahizobium
melilote, Won and Roes found that surviwal rate of this organiem was marimum at high relative
homidities, and the survival rate was reduced significantly at lower relative humidities. They alss
found that certain other asrosoles and environmental factors influsnced the mate of survivwal., It
sesma that the organism was oapable of surviving in the air at relatively high concentrations of
RO., 80,, or formaldehyde, and while the surviwal rate was reduced by ultraviolst irrediation the
or}mt 8 accentuated at low relative humidities.

The survival of varicue microorganiams in water has aleo been found to vary considerably woi..
dagrea of contamination of the Water. The organiam Eberthella tyvophona survived in mtarilized wator
for 15 to 25 daye as opposed to 4 to 7 daye in fresh water. It died off even mors rapidly, 1 to 4
days, in raw river or canal water, and in this instance the degrees of tha aurvival of the organiam
in water was found to ba inversely related tc the degree of contamination. 3Saprophytic bacteria
were directly reaponsible for the destruction of the pathogens (Waksman). Wnan Pesudomonas aeruginosa
on the other hand is present in drinking water, it may not be accompanied by other bacteria. When
water was inoculated with Escherichia coli and Peeudomonas aeruginosa only the latter organism
surviyed, ) However, Wakeman found the two organisms can coexist in sterilized
water. In sterilirzed tap water inoculated with Brucella melitensie the organism was able to survive
for 42 days as opposed toTdaye in unsterilized tap water, further indicating the microbial complimant
of the media is extremely important in evaluating the rate of survival of a pathogen.




Soil survival of various organisme aleo is quite wariable. For ezample Mycobacterium
tuberculosis was found alive and wiable 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 soils, it was slowly destroyed until it was uced to about
/6 of its original count at & one—month period (Wakesman).

A fungus diseage of man and animals, coccidicoidomycosis, resulting from inmhalation of
spores of Cocoldioides immitis is & soil borne disease endemic to the arid area of the southwestern
United States, FPEpidemics of coccidioidomycosis sometimes associated with severe dust storms are
regarded as examples of true aerial transmission. It also appears that the soil serves as a point
source of nfection and the most common means of transmission involves physical parturbation of soil
upon the naturl site of moil inhabitation of the organiem (Kahrs). The hookworm disease caused
by Ancylostoma ducdenale and Necator americanus is primarily due to soil pollution (Wakeman). The
larvae were found to survive for as long as & monthe in soil protected by vegetation, and the larwe
were found largely in the capillary film of moisture surrounding the moil particles.

SOURCE AND INTENSITY: PLANT PATHCOENS

There is widespread distribution of many different types of moil organiesms which can infect
plante through their intimate association with plante in soils. Thessorganiems have adapted over
& wide range of soll environments and are able to persist for long pericds of time, especially in
the presence of host plante.

Seedling diseanes may be caused by many organisms. Two organisms asscciated with this type of
plant disease are maturally found in soils and have worldwide distribution. They are Pythium species
and Rhizoctonia species. Davidson estimated that seedling diseasee have caused slightly over one
percent losses in cotton in 1966 in Arizona. By using the estimate of lompes due to
seedling disease, wvery often the only consideration is the reduced stand and effect of stunting on
the ultimate production. However, ae it is pointed out by Oarber, the seedling disease crganisme 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 loss of stand and cost of replanting are
sconomic losses which are not generally considered when estimating yield lomses due to inadequate
stands.

Another type of widespread soil inhabiting plant pathogens are the wilt organiems. These
organismse, Pusarium oxysporum, and the Verticillium albo—atrum are worldwide in di: tribution
and the Verticillium albo—atrum especially has & wide host range (Hall). Severe crop losses have been
attributed to this eoll microorganism in strawberries (Wilhelm ). In order to combat this diseass,
soil fumigants are used extensively and repeatedly in the California strawberry industry to prevent
losses 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 Cali fornia, in 1963 Schnathorst reported a two percent
loss to the cotton crop due to the Verticillium species and Thielaviopsis mpecies complex.

Variocus root rotting organisms are aleso known to eriet in many areas of the world and also have
a wider range of hosta, For eaxample, Phymatotricum omnivorum was reported by Davideon to have caused
approximately 5/10 of one percent of a crop loss in cotton in 1966, Another organism, Macrophominia
phasecli, inwvades roote of numerous higher plants at relatively cocl and warm climates. The
orea serious problems with cotton production in Pakistan ae reported by Uhaffar and Erwin, especial-
ly under water stress conditions. Thie organism has also been the cause of serious losses of corn
and sorghum in the midwestern United States (Ashworth).

Other plant infecting organisme intimately asscciated with soile are nematodes. These
organisms have a rather wide distribution as indicated by investigations oonducted by meveral indivi-
dvals and also have a rather wide host range. The Southern Cooperative Series Bulletin No. T4
indicated there were 68 different epecies or genmera of plant parasitic nematodem in the South and
these were asscciated with at least 52 plant families. They indicated that the mumber of plant species
known to be attacked by the roolknot nematode throughout the world exceeds 2000. Outstanding cases
of injury by these organisms have been known to oceur in the southern United States on such important crops
as tobacco, cotton, peanuts, sugar cane,forage legumes,and many vegetables including melon,beans,pess and
tomatoes. In Australia, Meagher found damaging infestation of nematodes in grapes, In Egypt,



Elmiligy attempted to esstablish & nematode infection index on cowpeas, The wvertical distribution
of root knot nematode was studied in Rhodesia by Ferris. These varicus etudies serve to indicate the
worldwide distribution and sconomic importance of nematodes.

Nematodes of the genera Meloid and Pﬂtglmr:hul seem to be mather common. Thelir
persistence in soil seems to be related to soil fexture. soils with 50 parcsmt or mors sand,
O'Bannon and Reynolds found the nematode population increased very rapidly. In a loamy soll,
Elmiligy found & high rate of orop damage despite a low infection index; the soile which he studied
had a sand content between 61 and 75 percent.

Annual losses due to nematode infestations can be quite mevere. It was estimated by Reynolda
that during the period 1951 to 1965, there was an estimated yield reduction equivalent to the full
production of approrimately 10 thousand acres par year from nematode infestations. In fields which
are known to have infestations, soil treatments have provided rather dramatic increases.

MEASUREMENT AND CONTROL

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

There are four generally accepted methode for controlling indigenoums soil pathogenic orgnniems.
Thess are by the use of biocides, cultural practioces, biologleal controls and immunization by
salection for tolemance,

So0il fumigation and Nmngicides have been used by several investigators as a means of controlling
infectious organisme in prevention of lomses: Nigh, Wilhelm, Reynolda, Meagher, Ashworth, see Table 17.
(ne of the sxpected but undesirable side effects from fmigating the soil im the adverse affect on
what might be considered desirable soil organiems. For example, Chandra and Bollen were able to
demonstrate changes in the microbial population in a soil. They were able to completely suppress
nitrification for 310 days. However, by the end of 60 days, nitrification had recovered sufficiently
to become approrimately 1,1"’2 the rate shown by the ocontrols. In another investigation with a
differant armay of soil fumigants, Koike wam able to demonstrate the same kind of effect on
nitrification mtes. All the materials used markedly inhibited nitrification for a period of 4 to &
weakn,

Cultural practices hawve markedly different effects on the control of indigenous soll organiems.
Garber indicates thatblack —eyed becns have been incorporated as green manure orop in soils to promote
the incidence of seedlings diseases for their sxperiments. Blank and Tucker demonstrated the effect
of cropping sequence and nitrogen fertilization on Verticillium buildup in soils. They found the
incidence and intensity of wilt was greatest in cropping systems where cotton ooccurred most frequently.
The infestation was intensified by the addition of manure and/or high rates of nitrogen lertilisation.
Rotation with other crops was helpful in retarding the buildup of wilt. Orains and sorghume were more
effective than alfalfa.

Established nematode populations of M. incognita acrita were very mapldly reduced when purse
stands of Pangolegrass remained in the plot. Coastal rmuda graes 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 Pangolegmass (Winchester and Hayslip).
They found that wild crabgrass, Cosmon Bermuda grass, and water sedges, while showing no symptoms of
galling upon casual examination, appear to be sxcellent hosts and maintain the root kmot nematods at

high population levels.

The use of organic matter incorporation for the control of Phymototricum Cmnivorum root rot of
cotton in Arizona was demonstrated by Dr. E.B. Streets. Investigntions into the mechanism of mction
showed the development of saprophytic organiems which were able to reduce the inoculum lewel of the
infectious organism. Uther emamples of this method of biological control of several soil borme
diseases are available. For example, the inoculation of moil with the saprophytic fungus, Trichiderma,
was found to prevent infection of citrus seedlings by the pathogenic Rhizoctonia(Waksman)’ though
this technique is not widely-used because of lack of better knowledge of soll microbial antagonisme,
there are certain instances whers it has been demonstrated as an effective method for regulating high
inoculum levels of infectious diemeases,




Table 1] = A list of fungicides and soil fumiganie commonly used in the United States

Common Name Chemical Name
funglcides:

Captan trichloromethyl)thio}-4 cyclohexene — 1,

carboxamide

Ferbam Ferric dimethyl dithioccarbarmate

Habam Iisodium ethylene bis—dithiocarbomate

PCHB Pentachloronitrobenzene

| ¥ Hydroxymercurichlorophenol

U Fhenylmercuric mhtty

Termazole d=trichloromethyl 1-5-ethoxy 1, 2, 4 thiadiazole
fumigante:

Chlorepierin Hitrotrichloromethane

DBCP DMbromochloropropans

oD 1, 3 dichloropropene

EDP Ethylene dibromide

Methyl Bromide -- -

Telone 1; 3} dichloropropene and 1, 2 dichloropropane

_!ﬁ Either no common name or the common name is the same as the chemical name.
j- Theas are the only mercuric compounds now registered in the United States for commercial usage(1970)

Pathogenic virumes are of conmsiderable interest in both the plant and animal kingdom snd may
be transmitted me asrcsocls.

In 1960, Sill et al reported the reactions of winter weeds to soil borne wheat mosaic virus
in Kansam. They were investigating the sumceptibility of various winter wheat warietal selections
and orosmses to 3he soil borne wheat mosaic virus.

Immunization of man and animales along with plant selections for tolerant or resistant varieties
gsex to hold the moet promise for wideepread prevention of infectious discases. There are severul
classic examples from which to choose to point out the effectiveness of this sort of control. Immuni-
gation for smallpox and tetanus in man, and anthrax, tetanus and other clostridial infections in animale
are axamples from the animal world, Varietal selectione in cotton for Verticillium wilt tolerance, and
in alfalfa and grapss there is varistal selection for wheat mosaic virus resistance, The success of
thess selections or immunizations indicates that thess are appropriate and proper methods for preventing
1snd pollution by infecti-us organisms from becoming a mor= merious hasard,



AURICULTURAL ANT INTUSTHRIAL CHEMICALS
k. DETERIER TS

EXTENT

Invesatigntions of mources and their contribution te the sutrophication of our surface waters
his revealed that phosphates from detergentis constiiute a major portiom of the contributiom of
phosphorus to thess waters. Miller found that when considering all the water sheds, which Teed Lake
Erie, it ham been estimuted that the toial input of phosphorus from rural runoff was only 13%L. The
greatest inputs Accorus from detergents: 46% of the total, and human excretia 707, Wadleigh pointed
out that im the United States metropolitan sewage offlusnts yield about 2 pounds of phosphorus per
person annually. He also indicated that this phosphorus comes mainly as the rewult of approximately
5 billion pounds of detergents bteing used esach year in the United Stiates. In a mirvay af Lhe
FPotomie Hiver near Wamhington DO, he found that the Potomac Eamtuary's dally lead of phoephorus
contained 14% contributed by the river'm watsrshed above Oreat Falls, the remainder of the phoaphorus
{approxrimately 55%) came from the Washington Metropolitan Area,

SOURCES AND INTENSITY

The phosphites usually contained in detergents w~ one of the three prineipal ingredients in
detergents. The three categories of ingredienis teing the surfmctant, the phosphate builder, and
mimoellansous ingredients such ss brighteners, perfumes, and inhibiters. The phosphate bullder in
detargenie consistBof a sodium tripolyphomphate complex which is the basie ingredient of the all
purpose nousshold detergent [Weaver). In Tuble 13 are listed some af the mos: widely used products
in the United States by name, showing thelr ranking by the percent phosphorus content [Burgess).

Table 18 Fhnosphorus conient of several houmehold soaps and detergents 1—-"’

Type of material Product L Fercentage phosphate
I. Automatio dishwashing Cascade 54.5
detergentna: All 54.0
Calpgonite 49.4
M™nish {formula for):
hard water 41.8
medium hardness LT
goft watar 17.9
II. Heavy duty detergents Imeh 8.2
{dry)s Tide 43.5
Oxydol 6.6
Ajax Laundry 44,5
Dreaft 41.5
BEinaso 35.5
Tue felsrgent) 38,5
Concentrmted A11 17.9
Chear .3
Pai 4.8
I17. Heavy duty detergentin Cold Wailer All 24.5
(1iquid Wiak 14.7
IV, Heavy duty sopaps Inetant Fels Naphtha 11.9
Iz Q
V. Light duty detergenta: Thrill {liquid) 11.9
Trend (dry) T-1
i Ivory (liguid) 1.0
InwEliqﬂidg o
Jox (liguid o
Swan {liquid) 0
Trend (liguid] 0
¥I. Pre—spak enzyme product: Biz Ti.9
Axion 6.7

_P’. Taken [ror ARS University of (alifornia Bulletin, Gonsimer Economlce Ln Seview, May, 1970



Tarkeltaub and other afuatic ecologiste agrees that the addition of phosphates to bodies of
water increases the rate of eutrophication, esxcept where other nutrients are in such short supply as
to limit plant growth. One source of these unwanted supplies of phosphorus is the wastie water containing
detergents. Thie led to a ban of detergents containing more than 12 percent phosphates in the state
of Indimna, a8 the first state in the United States taking such & step.
®

There is svidence also that in certain marine estuaries nitrates may be limiting the growth of
aquatiec flora. Im such r~ases phosphate additions have less or no sutrophication affects. In still
other cases, occuring much less fremuently, other plant nutrients limit the development of aquatic
flora.

MEASUREMENT AND CONTROL

Ryther and Dunstan in their investigations of eutrophication of marine snvironments indicated
the nitrogen to phosphorus ratic in domestic wastes is slightly higher tham 5 to 1. They further
indicated that if half the phosphorus and sewage came from detergents, and if all the phesphorus
from that source could ba aliminated, the amount of nitrogen and phosphorus entering the coastal
marine snvironment would still ha in the atomic ratio of 10 to 1 and no reduntions of alpal prowth ar
sutrophication would be expected. Their investigations would indicate that about twice the amount of
phosphate as can be used by algae is normally preeent in coastal marine waters. Thie 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 widespread
phoephate fertilization was practiced. In evaluating the phosphorue concentration in natural
drainage waters in 1921, Mc Hargue and Peter found that the phosphorus content in several stireams
and rivers in Ohio, Miesissippi and Kentucky contained phosphate levels of a trace to 0.22 ppm,
and there was a high correlation between the parent rock through which they ran or drained. In the
Ohio and Miesiseippi 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
gaological formation. The phoephorus concentration in the Mississippi River also reflescts
influence of the sediment load. While there is no verification of what the sediment load would
have besn in the year or two preceding 1921, it seems reasonable to assume that the sediment load
would not have changed a great deal. The estimate of the amount of sediment discharged in the
Misesiseippi currently is approximately 500 million ton® of sediment per year.

As regards the use of waters with increased phosphate contents for irrigation purposes, it has
besn measured that the world consumption of detergente contains about 5.3 million metric tons of
P.0. per year, while the world consumption of PEQ as fertilizers was 16,4 tone in 1968 of which more
% half was used in the highly industrialiszed cguntrinu. This shows that for irrigation purposas
the water quality is hardly diminished by detergent containing effluents.

There have been several investigations into the movement of phosphorus in the soile and this
movement has besen reasonably well characterized. In an experiment with nitrogen, phosphorus and
potassium fertilizera from 1551 through 1959, Alben and Hammar found that on & loam soil
fertilized with triple supar phosphate and muriate of potash, the phosphorus penstrated to a depth
of 18 inches, and potassium to 30 inches during the 10 year period of the study. Hannapel st al
demonstrated essentially the same lack of movement of phosphorus through a sandy loam when
inorgenic phosphorus was the material applied to the soil, see Table 13. However, they were able
to demonstrate that organie phosphates through the incorporation of residus containing organic
phosphorus or through the incorporation of an energy source conducive to microbial activity in the
soils that thers is a considerable amount of movement through the soil profile in the organic phosphate
form.

There are situations when phosphorus in the inorganic form will move through the scil profile.
These represent esssntially two sxtremes in soiltexturs: sandy and organic soils. Miller found that
phosphorus moves in fairly large muantities through sandy soile and Larsen et al, with the use of
radio autographs, also found that thers was no movement of inorganic phosphorus in the mineral soil,
whereas in an organic soil considerable movement was found to oocour.



These and other numercus data are evidence of the fact that phosphorus is a relatively immobile
nutrient in soile. This accounts for the statement that phoephorus does not move in soil, although
a8 pointed out by Grant it is‘'more accurate to say "phosphorus does move in the soil but the amount
of phosphorus moving in the eoil solution ie very low compared io the total amount of phosphorus
in the soil." Oftantimes among Boil uoioiutinl the modifier "relative™ i® impliecit in the
dimcussion of phosphorus movement in relation to other esmsentiel plant nutrients, In tha
snvironmental context perhaps it is more meaningful to discuss phosphorus movement in the more
accurate manner.

There sesems to be little advantage to belabour the point that phosphorus is a very necassary
plant nutrient and in many areas of the world has to be added to the soil in order to promote optimum
growth and production of plants which is turn provides the absolutely necessary mineral nutrition of
animale and man, It im difficult to conceive of the situation whera additions of phosphorus to the
80il would be construsd as land degradation. The possible exceptions being the contaminanta
asgoolated with phosphorus minerale or the induecing of the micronutrient deficiences through the
use of sxocessive applications of fertilizer phosphorus,

Table 19 - Cumulatiwve phosphorus displaced from Tucson sandy loam soil columns by deionized ut-r.l'"r

Cumulative P di lplﬂ'lﬂgf

Material added Amount added Total P Org. F Inorg. P
t“.f“" ssesnranannnnnsnanssin NI ssssssamsssnssnnsssannsnmrs

Control - - 153 a 79 a T4 bo

Barley midmy 2 201 a 148 a 54 ab

Barley midny 10 T40 © 662 b T8 be

Bean residus 2 218 & 155 a &1 ab

Bean residued 10 887 o 789 b 98 od

HyPOy Peto 10T 15T & a5 a £2 ab
Bsan residue

1?!12!:!:|='4::-4 Feto 10T 15T a 116 a 41 a
Bean residus

Sucrose +

I'Edl’l:I':*I Caote 10T 1197 d 1077 120 d
Bean residus

Standard error 42.0 18.9 T

1}. Adapted from Hannapel, et al
%

Data represent a total of 10 displacements through an 8 inch seil column. The same latier follow—
ing any two values indicates that they belong to the same population at the 0.05 level according
to the Duncan Multiple Range Test

% Hesidue from plants grown in P-)}2labelled nutrient molutions. F=32 in the inorganic form added to
2ll other columns pricr to incubation



V. AORICULTURAL AND INDUSTEIAL CHEMICALS
5. PESTICIIES

By the very nature of the product a donsiderable amount of pesticides ultimmiely reachss
the soil. The purpose of their use is very specifioc, that is to kill the target pest. Severnl
oountries have registmtion procedurss which prevent the use of pesticides ukiil solentifie
svidsnce is cbtained to prove that it can be used safely and effectively when applied aocoording
to direotion., It has appearsd to the general public that these laws have not been sdequate in the
regulation of the pestiocide impaot on safety, health, and environmental oomsidermtioms. The poteniial
for contamination of the environment by pesticides, particularly the chlorinated hydroomrbons, has
been under public and private debate since about 1961, Although the use of these matarials has made
& tremendcur contributiom to the walfare of man, thers have been soms instances where the preduoois
have besn misused, It has not been until quite recently that widespread public concern hes rasulted
in the banning of the use of pesticldes of varicus sorts because of their proolaimesd adverss sifeotn
on the snvironmemt, Thers are reasonable doubis raised as to the pesticides widespread adverss
sffocts, Some of the svidence wmmed to indict pesticides, empecially IDT, is muspsct in view of
sxpsrimental evidenocs which is currently being developed and oritical examination of the mmnner by
which the indiciing évidence was collected. In any regard, it does seem in peoples best interest
to promote the judicious use of these materials,

SOURCE AND INTENSITY Y/

1

Pestiolds production in United States for 1969 was 1,133 billiod pounds imcluding all
classes of pasticidal Uhll.iﬂll’ which is about 50 +o 75 percent of world production. Sales of
thess mynthetic organic pesticides moccunted for $28,66 million pounds in 1969, both foreign and
domewtic sales, The foreign sales accounted for greater than 44 percent of the mterials sold,
The United Staten usage was 526 million pounds in 1569, which included slightly over 7 milliom pounde
of aynthetio pesticides lmported from other couniries. The breakdown on all oclassens of pestioidal
chendoals is about 16 percent as fungloides, 33 percent as herbicides, 51 percent as inssoticides or
fumigants, and rodentiocides.

The principal concern over pesticides is related to the persistence of chlorinated hydrocoarbons
in the environment. Even though these mterials are degraded in soil, they tend t{o degrade rather
slovly and persist in soils for a pericd of a few months to saveral years, It is the ability te
persist in a toxic form,either am the original chemical or ms an equally toxic bseakdown product;
that oreates conoern about the effects of these materials in ocur enviromment, This seems to be
mather ironic sinoe the organo-phosphates which are mors readily broken down in soils and are not
oonsidared persistent are by far the more toxic to animals and husans in their applied form,

The acoumulation and persilstence is viewed wilh alarm becauss of untold damage which mdght
poour if these materials ere allowed to accumulats in the envircnment. Ssveral investigators heve
shown DDT résidues, including ite derivatives,in the fatty {issue of man and varicus organisms all
over ths world, There is a wide distribution of the chlorinated hydrooarbons in warious organismsj
the highest concentratione sesm to be in carnivorous birds,

The relative importance of chlorinated hydrooarbons in worldwide orop production and estimmted
lossss in the world due to insect damage on various orops are shown in Table 20, Pesticides are used
throughout the world in varying smounts, and beomuse of the persistence of some of thess chémicals,
sven in places where pesticide applications are known not to bave cocured, residues in animal tismue
are found, As a result there is a need to examine some of the effects on enimale and plants whizh

ars considered nontarget organiems.

in tha
In Pigure 3 thers is shown the flow diagram for a regiomal system of pestlcide movement
snvironment, This is sn important considerstion sinos the concentration of any one partioular segmint
af the spvironment msy be low. These presumably insignificant amounts may accumilate into toxio lsvels
in warious organisms ihrough magmification 1ln the food chain,as polnted out by Woodwell.

The sffects of thess inmecticides on the target organisms is the death of the organism. The
effacts on nontarget orgsnismam are usually more subile, Thers have besn reported deaths of ocerizsin
figh and birds with ths entry of the so-called persistent pesticides intc the environment, The 2
California Department of Fish and Jame has eatimnted the total mumber of fish and wildlife i:;:t:m L]
to pasticide pollution are slightly less than 781 thousand imown killed, This doeé not ine L]

probably or possibly killed by the pesticides. This was for the pericd 1965 3o 1969.

1/ Billion - Ameriecsn ussge = thoueand millien



Table 20: World usage of insecticides for various crop groupe and estimated losses due to
insect damge. 1/ .

Inpecticide usage Chloronated Crop lomsan

1966 A Hydrocarbons 1967 3

Crop Group tone x 10 Pim in tons x 10
Cotton 60.4 38 1 698
Rice 12.0 59 107 324
411 other cereals 7.6 85 37 991
Tegetalles 6.8 46 20 BE5
Fotatoes 2.8 61 14 825
Sugar beets 2.4 55 9 735
Sugar oane 2.1 T4 199 330
Tobacoo 2.0 67 443
0il seeds 1.9 7 9 345

MEASUREMENT AND CONTROL

There are various current investigations to indicate organic matter comtent influences markedly
the breakdown of chlorinated hydrocarbons in soils, COther studies on soil microorganisms as affected
by pesticides, have shown & wariety of effects, Winely et al in a study of nitrite oxidation by

. nitrobacter agilis show that in a dase actIvity was totally inhibited in concentrations
of 375 ppm DDT in cell free extmacts. AnothSr inmecticide CIPC inhibited -~oxidase by 67 percent
at 500 ppm. The concentration of these two materials is quite high and it is %ery unlikely that such
concentretions will exist in the soil.

Changes in soil fauna population resulting in treatment with Aldrin and DDT were investigated
by Edwards. Dosage rates applied to fisld plots varied from 4 to 60 kg of active material per
heotare. They found that Aldrin did not affect predatory mites,nematodes, and earthworms,but killed other
mites such am Collembola and root aphids to name a few, MAlso, IDT readily killed predatory mite
increasing the nusbers of Collembola which were relatively immune to the insecticida,
Otherwise, BDT had less effect on most groups of moil animals than Aldrin, About 10 percent of the
IDT applied disappeared anmally. Aldrin dissipated faster, tut about half of the amount that
disappsared was converted to Dieldrin,

With regard to miorobial activity in soils and their reactioms to additions of pesticides to the
soil and the unexplained miorobial failure to metabolize or degrade, these added substances constitute
according to Alexander, " the principle of miorobial infalibility". According to his conoepts, some
microorganism axists in nature which can metabolize and destroy any organic compound. However, he
points out that there are omases whers ocertain organic compounds have not sucoumbed to biodegradation
for millions of years. The recaloitrance of certain pesticides has been noted and unquestionably
attributed to the appearance of these chemicale in unintended segments of our environment.

Table 21 shows the persistence in years or monthe of several pesticides in soils. (Alexander).

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

1/ Mdapted from U.S, Department of Health Education and Welfare
Report to the Seoretary, E.M. Mrak, Chairman, 1969,
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persistence in soils may be dramtically influenced by the addition of organic matter to the ootil,

Table 211 Selected data on the persistence of several pesticides in soils, 1h g’ﬂ

Pestioide FPersistence
Insscticidest

Toxaphene & yeara (7 )
Heptachlor 9 years (7
Aldrin/dieldrin 9 years (7
oT 10 years (7
HCH 11 years (7
Chlordane 12 years (7
Herbiocidess

2,4,5-T & months (7
Diuron 16 monthe (7
Simogzine 17 monthe
Atrazine 17 months
E.jfﬂ"m 18 montha (7
Fenac 18 months (7
Tordon 19 monthe (7
Monuron 36 monthe

Johnsen reported that sandy soils treated with cow manure and incubated for one and two momths were
essentially free of the parent compound DDT. After only ome week, most of the DDT had been degrmded
by microorganisms in the enriched soil. In soils where mamure had not been added, essentially 100
percent of the DDT was recoversd in the same two-month period. Peterson et al, in studying the
effects of various soil properties, concluded that the sorptionof DDT by 8061l organiec mtter was the
principal means of deactivation and that modest mccumulation of DDT in soils high in organiec emtter
my present little biologleal hagard, These men are not nearly so eager to conclude that the deacti-
vation of DIT by soils high in organic matter is through the degradation of chlorinated hydrocarbon,
However, thay do seem to be in general agreement that the organic mmtter in the soil is the most
important property governing the persistence of these compounds if persistence is based on the
bioactivity of the compound mather than the presence of the compound,

The resistance of Diaszinon in soils and ite effect on soil mioroflors and uptake by plantn .-
studied by Ounner et ml. Diaginon is an organc—phosphate. They found shat Diazinon applied nt the
three pounds per acre rate under nonsterile moil conditions persisted for as long as 180 days after
application. IMaszinon or its degradation products exerted a selective effect on moil mioroflcm.
After 180 days a large mumber of the genus stre 8 appsared as & climax population,

Diazinen was adsorbed and mapidly tmanslocated 0] plant with no apparent adverse effact,
They also indieated the biodegradation of Diazinon was conditioned by the presence of a readily decom
posable oarbon source,

Lange et al studied the effect of different cultursl prectices on phytotoxtoity of herbicides
and their peTsistence as evidenced by orop response, Phytotoxiolty readings were taken on a variety
of crops, Hatings are shown in Table 22 for various materials at different appliocation retes and
under different cultursl conditions; matings are averages of all crops for thres replications, The
post—emergence herbicides commonly applied to foliage and weeds showsd essentially no residual effect
on crops even At rates higher than potential load om soils resulting from 4 to 16 years of contimuous
application. The three herbicides are 2-4-D, Dowpon, and MSMA, Breakdown of herbicides wae influen—
ced by method of incorporation and amount of soil molsture, which are factors that can be altered by
culturmal pmotices.

.'y': Adapted from Alexander,
d Hesults of wvarious individual studies on differsnt solls and different conditions,

¥ Pestioide still present at detectable levels at last sampling date; deteotion levels
vary depending upon the pesticide,



Tables 23 and 24 show the effects of soil fumigation and applicatione of varicus chlerinated
wpdroocarbons to soils and their effects on soil microorgenisms (Martin). The chlorinated hydrocarbons
slso have very low solubility in water and tend to be admorbed on clay particles and organic matter.
dcoordingly, the substances are very resistant to downward leaching. Lindane has been shown to be one
of the momt readily leached pesticides; 54 to 88 percent of this chemical was removed from six different
soils (USDA and Ceorgia Expt. ﬁtn.% . Endrin was found to leach from thres of the moils but did not
leach in the other three poils. ieldrin ranged from 1 to &5% of the material applied and leache!
from the sixz different soils., Aldrin was very resistant to leaching, only a tmce was removed from
five of the soils. In a two—year investigation evaluating the effeck of DDT sprayed on the Tellow River
drainage area at the mrate of one pound per acre, recovery to normal total mumbers of stream bottom
invertebrates occured within a year in most streams, but specles composition was altered. No moria-
14ty to fieh was found although chemioal mnalyseils mhowed DDT in concentrations up to 0.03 ppm in
several smmples of the stream. In one case, a trmoe was found 55 miles downstream from the apray
aren, Vegetation samples contained up to 2.3 ppm of DDT, Concentrations as high as 14 ppm were found
in fish samples taken from the stream, Two yeara after the initial spraying, DDT wae etill found in
the stream (U.5. Department of Health, Edueation and Welfarse, Im.'t).

In general, each pesticide has a compler mode of sction. In most cases the modes of actions of
the pesticides againet target organisms are only partially known, Even less is known about the actions
in nontarget organisms, However, if the target patho-physiology of the chemioal were kmown, its effect
on nontarget organisme may be gquite differsnt due to the differences between mpecies. For emmple,
IDP, DIE, and DDD are thought to act on the nervous system of most insects. In some birde, DDD espe-
elally, influences their physiclogy of egg production (U.S., D.H,E.W,, Mrak).

There are mumercus other investigationa of pesticide residues and the ecosystem. A great deal
of information is awailable regarding the appeamance of DDT and its breakdown products in seveml
different kinde of animals, fish and birds as well as the larger game animals. Earth-
worms have been found to contain 4 to 194 ppm in varying body tiseues. Dead and dying robina have
had 50 to 7O ppm of residues in brain tisene, Irebes were found to contain as high as seversl hundred
mrts per million, Elk were found to have as much as 22ppm. Thic present knowlsdge demonstrates the
existence of pesticide residues nearly everywhere, and the impact of these new components of the
soofywtem has appeared as death, reproductive impairment, disruption of apecles,and balance and behaviou-
ml alteration, but the overall effects on the enviromment have not been determined and cannot be well
foreseen., The development of effective short—=lived pesticides whioch remsin in the environment &
miter of weeks or months rather than years is perhape the solution to the magnification of pesticide

effects on wildlife.

The effects of a coordinmated hydrocarbon type of pesticide on humAns has been more subile, if
indeed there has been any effect. In Table 25 are listed the acute LD_, values for mats of some
widely used pesticides and cther chemicals (Hayem), According to Burndlde et al, in 1966, 1967, and
1965 the total DDT and metabolite intake for man in the United States was 0,0010, 0.0008, and 0.00Tmg
mr kg body weight, respectively. Assuming thcir figures are correct and assuming DIT ie all
asooumulated, they oalculate the amount of DDT that would be ingested by a 154 pound men during a
To=year lifetime total was 1,25 gramm of DDT. Further, they ocomparel this amount with the fact that
a mngle dose of five grams of DDT had been administersd to humene in the successful treatment of

tarbituate poisoning.

¥o disocussion of the effects of pesticides om the environment would be complete without some
indioation of the benefits which hawve heen derived from the use of thess materiala, DBummeide ei al
ghowed the influence of DDT on malaria ocases in Ceylen. In 1550 there were more than two mi11Ton
cases of malariaj; ohortly after that the LDT mosquito control progrem was begun, In 1963 there were
17 cames of malaria reported, In 1965, DDT use mtopped and there were 150 oases reported, The
benefits derived from other insecticides and herbicides are not demonstreted so dmmatically in terms
of human suffering, although they have accounted for billioms of dellars in savings froa the stand-
point of production and food cost.

Ons of the interesting sspects of pesticides in soils is the uptake by plants and entry into the
animal diet from eoils through plante. In thie regard, the plant uptake and soll reactions are
legitimte areas of investigation to understand where, how, and if controle must be applied. Clore
et al investigated the residual effects of DDT, Chlordane, and Aldrin on waricus planis, FHates of
appliostion of mterials wvaried from 15 pounds to 238 pounds for a one—time application at the ini-
tiation of the sxpsriment, TYislds of all plants sxcept alfalfm were reduced. It should be pointed
out the application mates were exrtremely high, The percent material remaining in the soil at the end



Table 22t A comparison of herbicide residne effects on oropes under warious cultural prn.u-tiu-..y

Bate of Sprinkler Irrigation Furrow tion
Herbicéde Aelas Mechanical No Mechanica
i Incorporatin Incorporation Incorporation
1ba/4 AYaY Y 4 8 32 ... 5/ 48 2
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
Nitralin 1 3.8 0.3 0.2 2.8 1.4 0.4 2.2 1.0 1.1
o 4 T.4 5.2 1,2 6.5 2.2 0.2 6.1 4.1 1.9
Pﬁmm' 1 l-s uta 0-2 0-4 0112 0.1 1-0 1-1 G.E
L 4 0,8 0,1 0.1 0.4 0.1 0.4 1.4 0.1 0.3
Piphenamid 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.T 4.4 1.5
" 16 8.2 3.5 0.3 B.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
" 32 7.6 2.8 0.8 5.0 3.1 0.3 5.7 3.0 1.6
244~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
MEMA 16 1.2 0.6 0.6
MSMA 64 1.6 0,3 0.2
MEMA 256 3.1 0.4 0,2

ble 231 Influence of soil fumigation on mumbers of bacteria in Hanford sandy loam y

Treatment Bacteria x 106 per gram of soil
following treatment:

lday 10days 350 days 250 days

None 48 22 16 15
D-D at 400 1bs/A 18 85 3l 17
Chloropicrin at 200 1bs/A 4 T 38 29
Carbondisulfide at 600 lbs/A 23 73 27 24
Table 221

ed from Lange et al
Crops: barley, milo, lettuce, sugar beets, brooooli and tomatoes,
Cropst barley, mile, cotton, and tomatoes,
Crops: barley, ocanary gwass, safflower, sugar beets, lettuce and carrots.
5/ Hatings zero (0) = no effect on crop rlant; 5 = one half a stand or stunted;
10 = 2l1l plants dead or missing.

Table 23t
y Taken from Martin.



Table 24: Influence of five apnual applications of insecticides to Hamome sandy loam on soil
mioroorganisms, |

Bactaria Fungi Gﬂznmlutiﬂn y
Insectiocide é 3

x 10" /gram x 10° /gram mg/100 grame of soil
None 53 238 2T
Aldrin 53 239 284
Meldrin 42 254 285
Chlordane 48 264 262
DOT 48 248 256

Table25: Aoute Orel LD Values (Rats) of Some Widely Used Chemicals in the United States < ¥

Pesticide Acute Omal Human
I..II5D for Bate "wathe - 1961
Insecticiden
Parathion 4 18
foxaphense 80 2
Carbaryl 500 0
noT 118 0
Endrin 7 1
Herbicides
234-D enter TOO 1
Atmazine 3080 1]
Trifluralin 5400 0
Fropanil 2270 0
Amiben 3500 0
Other
Aspirin 365 182
Amitrole 15000 ]
Lead arsenite 10 29
Strychnine 1 1
T IRDLE Z4a

u‘ Taken from Martin, differencesare nut statistically significant,

‘_c'.'j Inoubation period ~f one month.

Table 263
Adapted from Hayes.
4/ Pesticides are representative of those widely used in 1969,



of 10 years manged from 10 to 11 percent depending upon the mte of mmterial added. The lower mrates
tended to show only low percentages of material.

Using madicactive carbon labeled DDT, Ware et al found that cuttings of alfalfa removed perio-
dically at 89, 158, 226, and 295 days after plantIng In moils with 4 ppm of ring labeled Carbon-14
DDT did not have counting mtes signifisantly higher than background and counting error. Soybeans
and cotton grown in Lakeland eandy loam and Hagerstown silty clay loam soils treated with 0.5 ppm DDT,
DIMeldrin, Endrin, and Heptaclores containing Carbon-14 were investigated by Mash et al. No DIT or
Heptaclore was deteoted in any of she soyhean or cotton samples by gas chromatographic determinations,
Smmll amounts of unidentified Heptaclore and DDT metabolites were detected by ligquid sointillation
counting of the plant saxtmocte of both species,

Thers are currsntly severnl methods of control under investigation. The principal method in
that of bilologioal control, either by the use of pesticides, predators, pathogens, sex lure tmaps,
or the use of aterile mles. Each of these has had limited success for ccoasional insects, However,
thers has not been widespread general usage of thesa technigques. Another biologikoal control teohnique
which may have possibility is the development of the streins or warieties of plants which are tolerant
to the in-nﬁnut. For some insects,which overwinter im crop residues, suitable cultumal practices may
be developed which oan reduce the population and limit the infestation potential so that other biolo—
glcal methods of comtrol may be more effective, Another alternative is the development of
pesticides which are more specific for the target organism plus have the advantage of being repidly
biodegradable in the environment.

The necessity of weed control results from the persistence of weed seeds in soils, sees table 26,
Concerning harbicide replacement, there is already a reasonably effective method, albeit expensive
with regard to the advantage of weed control with herbicides, and that is the use of mechanical means
for destruction of weeds, MAnother technigue whioh im awvailable is the use of flame. Although not
usually persistent, ococcasionally soil oarryover of herblcides i® a factor in the production of crops
senaitive to specific herbicides following a crop om which the herbicide was used,

It 18 interesting to note in the literature of the early 60's there occurred an incrsase in the
mimbar of publications regarding pestioide reactions and movement in moils and how this persistence
and movement influenced other segments of the environment, There has been & tremendous amount of
information ganined since that time, With an squal effort in attempting to develop materials, as there
i in determining what happens to them, the development of pestiocldes which meet the oriteria of being
affective, specific, and decomposable in relatively short periods of time should not be far away.
Parhaps one of the oriteria in developing a pestiocide would be to ascertain if there are microorganisms
in the environment which oan degrade the product before it is relsased for usage.

Table 26 : Survivwal of weed meed in -uu’J

OJermination percent following burial im soil for:

Woed 40 years 50 yeara &0 years 70 yeara
Tumbling pigweed &6

Hough pigweed 2

Black mustard 18 8

Lambaquarters 4

Plantain 10

Dock 18 52 4 8
Mallein 62 68 T2

U Taken from Harvey.



V. AORICULTURAL AND INDUSTRIAL CHEMICALS

c. FEEILIZERS

EXTENT

The principal concern over fertiliszers has been the entry of nitrogen into our eurface and
ground water eupplies and the concern over ite poseible adverse effects on human health., There.
are numerous investigations on the nitrogen in our envirnnment because of ite importance in all
aspectas of plante, animal, and human existence, Because of its transitory nature and necessity for
all blologioal aotivity, it ie only reasonmable to assume that nitrogen plays a very wvital role in
controlling the activity of biclogical systems,

The importance of nitrogen to our existence and ite tranaformations in our environment through
wmrioue biologioanl and chemical reactions are depioted very well in the nitrogen cycle ae proposed
by Delwicher

SOURCE AND INTENSITY

In Table 2 are given the estimated gaine and losses of nitrogen from the atmosphere due to the
inoorporation and loss of nitrogen from biologiocal systems on or in land and the oocean, Juvenile
additions of nitrogen to the atmosphere and sediment losses of nitrogen are offsetting gains and
lossen of approximately equal magnitude, Thess are incosequential fluetuations in relation to the
total amount of nitrogen present in sediments and orust of the earth. The nitrogen E those sources
are sssentially unavailable for cycling and are estimated by Delwiche to be 1.8 x 107 metric tons.

The figures which Delwiche has developed indicate the fraotion of nitrogen which ie cyoling,in
relation to the amount of nitrogen awallable,to be 3.2 x lﬂeuf the total., Localized concentrations of
nitrogen ococur from runoff or percolation through the soil and entrv in the water waye and have
ocooureed long before man became interesced in adding nitrogen fertilizers to the moil.

However, in order to manage resources to obtain their fullest bemefit and yet prevent the loocaligzed
contamination it is necessary to become familiar with the types of reactions which nitrogen undergoes
in moils,

Table 27: Balance for Nitrogen cynli.ngy.

Source Amount
metrioc tona x 106_
Gainet
Biologieal fimtion;
Terrestrial 32
Legumes 14
Marine 10
Industrial fizmtion 30
Atmospheric fimtion 7.6
Juvenile addition 0.2
Total gain 91.8
Lossen:
Benitrifioation;
Terrestirial 43
Marine 40
Sediment «
Total loss 83,2

1/ Adapted from Delwiche,



ive soil organic matter may contain from 4 to 8 percent nitrogen and if one assumes & mean

value of six percent, then for every one percent organic miter in a foot of soil there is approximate—
Ly 2400 pounds nitrogen. The organic nitrogen is only slowly available and does not provide the
supply of nitrogen which is nermally required for the rapid growth and development of planta,fonse—
quently, thers is a need for the additlon of fertilizer nitrogen. It has long besn lmown that
-;fglicﬂ‘t-ﬁﬁnﬂ of fertilizer and nitrogen are not totally recovered by the plant. The movement of

nitrogen applied in fertilizers through lysimeters in which plants were grown was studied by
Hillaford and Tucker. They wers able to acocount for 61 to 80 percent of the applied fertilizer
nitrogen in the form of plant residue from a barley and grain sorghum crop and from soil extracte and
leachatens, These flgures agree with other investigations of nitrogen fertilizer recovery. This
nitrogen waa applied at one time at the beginning of the experiment. They conuluded that the unacooun—
ted portions of mitrogen would include those quantities lost by volatilization, denitrification,; nitro—
gen in plent roota, adsorbed on the clay complex, nitrogen converted to organic form by a soil bao—
teria and remaining in solution in a soil ocolumn. Mare invest igations of this port are needed to -
determine what portiom of the nitrogen applied is invelved in sach of the fractions of
the moil nitrogen mentioned., Tt also oeems of interest that approximstely 85 to 90 percent of the
s0il nitrogen exists in the organic form (Delwiche; Stanford et al).

The use of niitrogen as fertilizer in relation to tetal requirement was depioted by Stanford
et al. They showed that in 1930, 1947, and 1969 the use of fertilizer nitrogen amcunted to 0.3, 0.7,
and 5.8 millions of tons respectively in the United States, For those same years, harvested orops
removed 4.6, 6.5, %5 millions of tone respectively of nitrogen. The additional nitrogen required
for plant growth was supplied through nitrogen fixation and release from orgenic matter in soil,
Also, in 1969 for the Tirat time, the aitrogen gains were greater than the nitrogen losses if one
apgumens no loss due to denitrification of nitrates in the soil in the United States, IF all the
animal waste now produced in the United States were applied to the soil, this could account for
approximtely 10 million tons of nitrogenalthaugh very slowly released. In studies by Reubena
and Bear, they found that the rate of release of nitrogen from varicus animal and plant organic mate—
rials varied coneiderably. For oattle mamare and chicken manure, the amount of nitrogen
added which wae converted {o nitmte in 40 days wae 7 and 30 percent, respectively, The slow mate
of releans coupled with the expense of animal manures in relation to inorganie nitrogen socurces
acoount for the principal reason why the use of animsl mamures is not more widespread, especially
in countries with agriculture developed to the point where yields provide grose inoomes adequate to
allow for the production cost of nitrogen fertilizer. The merits of nitrogen fertilization hardly
need to be defended.

Of all the easential plant mutrients, nitrogen is the element most universally limiting plant
growth and development. To further point out the fact that nitrogen fertilizers are a necessary addi-
tion to our emvironment, Stout has caloulated the farmesite nitrogen needed to support the foed demands
in the United 3tates. He shows that amount of nitrogen to be 65,1 pounds per capita per year without
any allowances for afficisncy of nitrogen use or other lossas. He finds that when the effiociency and
losses ara taken into acoount, the farmesite nitrogen needed to produce the vegetable protein fed to
animls becomen 173 pounde of nitrogen per capita per year, or a total of slightly less than 18 milliom
tons of elemental nitrogen per year for the United States, An additional 1.8 million tons of nitrogen
would be required for plant protein, mugar, and fiber production, This is a total of slightly more
than 19.5 million tons of nitrogen required per year, This figure is about 5 million tons greater
than the figure ocited by Stanford at al.

With aitrogen 1t im not the fact that it degrades the land, but rather that nitrogen in soils
geens to be a sink from which nitrogen entera into our ground and surface waters, either indirectly
through animel consumption and depomition, or directly through runoff and leaching, In order to
ameliorate the problems associated with nitrogen in soils, it becomes neceseary to evaluate some of
the reactions and movement of nitrogen in soils with the goal in mind of being able to prediot and
pravent ite unwanted antry into our water supplies,

MEASUHEMENT AND CONTROL

There are five basic reagtions which nitrogen undergoes in moils, It can: (1) be {ncorporated into
organic mtter through utilization by soil micrcorganisms: immobilization, It can be released from
unisable organic forms into a usable inorganic form by soil miercorganismi mineralization,



1) be transformed into inert gasecus forms by soil mioroorganismi denitrification, 4) ha
moved cut of the root zome of plantes by the downward movement of watert leached,or 5) can he
utilized by crop: orop removal,

When crop or animal residues with relatively low nitrogen contents are incorpomted into the
80il the nitrogen needs of the organism for the decompoemition of the residue are obtained from the
soil, The effect of carbon-nitrogen ratio on nitrogen immobiliszation or mineralization ham alrsady
bean discussed.

Another soll reaction of considerable importance is denitrification., In a study by Meak at
al, the effect of a relatively high water table on applied nitrogen was measured, Table 28, Nitrogen
wag applisd at the mate of 280 kilogmms per hectare; one=half in May and the remminder in June,

The water table ccourred between 107 and 152 centimeters, Thers 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, Thers was also a corresponding shift in the reduction—oxidation (redox) potential from an
average of 172 millivolte (mv) above the water table to 186 mv below the water table, Previocus
studies have indicated denitrifioation cccurs at redox potentials below 100 mv,

Connell and Patrick found that denitrification can occour at a very mapid
rate, Partial resulte of their study are shown in Pigure 4. Within four daye approximately 380 ppm
nitrogen war transformed from nitmate to the gasecus form and volatilized from the soil,

TABLE 28t The Rffect of Depth and Location on Nitmte Nitrogen Concentration of the Soil
Solution During June, July, and August,]

Location
Sample Depth iE 3 44 SA
G ppm HEIB-H—
15 1.8 2T 3.8 1.4
31 1.8 2.8 3.8 1.2
46 1.2 3.0 2.1 1.1
16 2.2 iz 2.2 1.2
lu? 2-4 — 4-3 214
152 0.6 0.9 0.7 0.5
244 0.4 1.0 1.1 0.5
05 1.6 0.3 0.2 0.7

Theres are three conditions that muet be met simltaneously before denitrification can coourt first,
the micrcorganism must be presentj second, there must be an emergy source, wsually in the form of an
organic carbon sourcej and third, an anaerobic condition must exist in the socil.

Leaching into the groundwaters or drainage water and subsequent entry into our surface waters
is another possible way of nitrogen promoting eutrophication, 4An investigation of nitrogen dietri-
btution in moil profile under varicus cropping systems was conducted by Stout and Bureu, 3Soil samplea
were taken at various depths and analyzed for nitrate content. The nitrate nitrogen valuee shown in
Table 25 are data adapted from thelr study. Miesing values in the table result from not having a
sample at corresponding depthe for all locations. The nitrogen content of the soil deep in the
profiles is less under irrigated strawberries, which are usually heavily fertiliszed, 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 dreinage waters was a matter of concern almost 100
years ago, In a report by Miller in 1906 on a study that had been initiated in 1877, he showed the

1/ Adapted from Meek ot al.
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Table 26t A Profile of Hitn.? Nitrogen in the Soil for Different Cropping Histories
and Soil Textures

Sample Irrigated Uneropped Irrigated Fermanent
Depth Strawberries 5 years Celery Pasture

Teel Boll yﬂ;‘l Boll WO,-F SoIl m;'-: Soll TO.-F

Texture*— ppm Texture ppm Texture PR Texture ppm
1 5 1.8 c 41 L 58
2 YF3 8 c n L 2
3 s VFs <l c 45 oL <1
4 5 2.7 VF3 1.4 c 25 GsL el
& P 3.5 G3L el
8 =1 1.6 Fs 4.3
10 s 2.0 FS 3.9 5 4
12 3 2.0 Fs 24 14
14 5 2.0 3 4.3 GSL el
16 3 2.5 s 3.7
.18 5 1.4 SIC 16 GscL «l
20 5 el F3 7.9 g5CL 1
22 5 1.4 11.8 c 16
24 5 1.6 as 4.8 c 15 GSL <1
Takble 30: Loes of nitrogen in the soils of the three gauges during a 15 years p-uri.o-d'.l
Hltropn
Depth of Remaining Loss from
soil In soil and main per acre In drmeinage per acre in soil
1905 soil
In soil In Tain Total 1870= 1877= Total
1870 35 yra. 1877 1905
Est. Deter,
“Ynches  Tba, Toa. Toa, Tbs., ~Tbs. 1Cs. TGe. TBs. &
20 inches 6027 175 6202 231 926 1157 5045 g82 16,1
40 10434 175 10609 204 816 1020 9589 845 8.1
(] 14043 175 14218 223 Bg2 1115 13103 940 6.7

Table 29

i/ #7apted from Stout and Burau

2/ Soil texture symbols are as follows:

S = mand L= loam
PS= fine sand GL= gravelly loam
03= gravelly sand 0SCL= gravelly sandy clay lcam
GSL= gravelly sandy Cw= clay
loam

FVS= very fine sand 5IC= eilty clay

=3

ble
3/ Teken from Miller



yearly meamurement of nitrogen loss in pounds per acre for the 20 year period, WNitrogen losses
varied from 15 to 60 pounds per acre as determined v the soil leachate, The large amount of variation
in the amounte of nitrogen leached for any given year was related by Miller to the differences in
rainfall, Table 30 eshows the 35 year losses of nitrogen at various depths of soil. The real point
to be made here is that the amount of nitrogen lost from leaching was from an unmarured and uncropped
land.

The effect of nitrogen fertilisation on nitrogen content of irrigation and drainage waters of
the upper Rio Orande River was studied by Bower and Wilcox, Some of their data are reported in
Table 31, Essentially, it shows no increase in the nitmate-nitrogen content of either the irriga—
tion water or dmainage water over the i0—year period the measurements were made., During the same
i0 year period there was a 15 to 100=fold increase in the amount of nitrogen fertilizers applied to
the irrigated areas under investigation.

In & lysimeter experiment conducted to determine the fate of nit applied to soile several
months prior to cru y the fate of ammonium nitrogen labeles with was followed over & 2=year
poriod fmm-] 5 percent of the nitrogen was accounted for at the termination of the study

and the leaching lonsu were directly proportional to the amount of water moving through the profile.

The composition of the leachate from undisturbed lysimeters cropped with white clover and
meadow fescue was nvestignted by Low and Armitage. No nitrogen fertilisers were applied and only ini-
tial dressings of phosphorus and potassium 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 was in the nitmate-nitrogen form, The
amount of nitrogen leaching from the clover and greaes coversd lysimeters was 2,7 and 2,3 pounds,
reapectively. The mates of leaching of potassium and phosphorus from the grass and clover covered
lynimeters were very uinilnr amounting to approximately 1.7 pounds and 0.8 pounds per acre per year,
reapactively.

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 subject of investigation
by Nielsen et al. Their studies revealed that chloride movement through the soil profile may be
altered or controlled with the method of water applioation, They proposed a model for predicting
the redistributior, drainage, or svaporation of water under natuml field conditions which could be
of value in predicting the redistribution of anions known to move with the water in the soil.

Ayers and Krauter investigated the use of soil suction probes (ceramic cups similar to those
uand for tenmioscter measurements) placed at different depthe in the soil, and followed by the
soil solution being extracted under vacuum and analyzed for various solutes contained in the soil
aclution, Soil profiles were sampled under a variety of orope in an attempt to determine i1f thie
technimue was suitable for etudying leaching lospes related to fertilizer rates and water management,
Figure 5 shows the results of their preliminary investigation. Ayers has also developed a table
showing the concentration of nitrate-nitrogen in drainage water when the soil profile is lesached with
different increments of water, Table 12,

The key to preventing pollution from nitmade-=nitrogen ie to retain the nitrogenin the root sone
8o plants can use it before it has an opportunity to become a pollutant. As shown in Table 313, plants
can use large quantities of nitrogen, thus preventing nitrogen from becoming a haszard.

There is an additional concern about excessive nitrate-nitrogen present in soila, and that is
the ooncern of accumuilation of nitmtes in grase or legumineus hay conesumed by animale or humans, As
pointed out by Summer et al, the literature regarding nitrete toxicity of forage is far from
conclusive with regard fo what levels are safe or toxric. Economic losses have been reported above
0.3 percent nitrate; however in other cases 2.0 or 2.5 percent nitrete resulted in no more mortality
in livestock, loss of milk production or increased abortion mates, The coritioal nitrate level for
plants to grow and develop deficiency varies with plant species, In most cases, if not all, it ie
lower than would be considered toxio concentmtions in the forage for livestook. The problem with
nitrates in forege is there must be adequate nitrogen for maximum growth and produstion but not
excessive amounts,



Nitrate Frofiles

Soil Suction Probe

Figure 5.
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Table 31: HNitrate nitrogen concentmations of irrigation and drainage waters for three irrigated
areas of the upper Rio Grande.!/

Average HO;H Average NOW
IrriEtod Area Period _I_:__T_ietiun Water Dn.iEE Water
-==PpR = == - PPl =~ =
Rincon Valley 1934-43 0.15 2.31
1944-54 0.11 2.84
195463 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

The appearance of nitrate in well water supplies tends to be asscciated with arid or semi-arid
areas, In California, thers are several areas where nitmate levels in drinking water supplies
exceed the U,3, Public Health Service limit of 45 parte per million, yet there has been no report
of infant deaths 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 nitmte source was from private well water supplies. Adults drinking the same water wers not
affected., Wadleigh points out there were no reports of methemoglobanemia in infants fed water from
public water supplies in the United States, although levels of nitmate in some of the water supplies
my be in excess of the 45 parts per million mllowable limit set by the United States Publioc Health
Service,

Wnile standards have been set for nitmate levels in drinking water supplies, no such standards
exist for nitrate levels of plant tissue which are consumed by humans, Por that matter, there have
never been reports of nitmate poisoning sssocciated with ingestion of such foods, It seems unlikely
this represents a serious problem, however data should be obtained to support the supposition,

Bacause certain plant parts eaten as vegetables may accumulate nitmate to very high levels, the

present potential sources of toxicity to hummane, The toxicity which develops is not from nﬁ;{tﬂ
iteell but ite reduction product, nitrite, Thae have also been some attempts to relate high nitrate
levela in plant tissue to the production of nitroscamine whioch has been charmcterized as m carcinogenic
agent. While such a possibility does eximt, the role of nitmate, if any, in inducing the formation

of A carcinogenic agent has yet to be determined.

Nitrate acoumilations in blades and petioles of apinach were investigated by Barker et al with
different mtes of nitrogen fertilization, They found that due to the rapid conversion of urea and
ammonium nitrogen in soils, the nitrogen carrier had no significant affect on the nitrate nitrogen
concentration in spinach leaves, Oenemlly, 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 nitmte acoumulations in spinach, nitrogen fertilizers should
be applied periodically as required by the crop mather than a single application,

In another investigation along the same line with table bests, Peck et al found the same general
typesof results were obtained, Both studies found that late application of fertilizer resulted in very
high acoumulatione of nitmate in the timssue. These studies and others show that the same timing of
fertilizer applications that are necessary to improve production and create more efficent utilisation
of soil nitrogen aleo prevent ite leaching inte ground water or dmainage into surface water supplies
thus preventing unnecessary and unwanted nitmte acoumlations in plant tissue.

Table 311
1/ Adapted from Bower and Wilcox (1)




Table Et Theoretical average nitmte nitrogen concentmations in dminage waters yl

K available ve. drainage below root zone.

Inches Pounds N awvailable for 1uuh1n¢2j
Drainage
Water 10 20 40 &0 8o 100
2 98 196 192 588 784 980
4 49 98 196 294 392 490
& 33 65 111 196 261 327
8 24 49 98 147 196 245
'10 20 a9 78 118 157 196
12 16 33 65 o8 131 163
14 14 28 56 84 112 140
16 12 24 49 T4 98 122
18 10,8 22 44 £5 87 109
20 5.8 20 39 59 78 98
22 8.9 18 36 53 n 89
24 8.2 16 33 49 &5 8z
26 1.5 15 30 45 &0 15
28 7.0 14 28 42 56 70
o .5 13 26 39 52 65
iz 6.1 12 24 LY 49 61
14 5.8 11.5 23 5 46 56
36 5.4 10.9 22 33 44 54
38 5.2 10.3 21 3l 41 52
40 4.9 9.8 20 29 39 49
42 4.7 9.3 19 28 LY| 47
44 4.5 B.9 18 27 36 45
46 4.3 8.5 17 26 34 43
48 4.1 8.2 16 24 33 41

e = —

Table 331 Crop Utilization of Il'uremz./

CROP YIELD N CONTENT
Corn £000 1bs. . 160
Cotton 750 1bs. 105
Sugnr Beets 20 tona 150
Wheat 2400 1ba. 70
Alfalfa 4,5 tons 170
Red Clover 2.0 tone 80
Potatoes 500 bu. 225
Tomtoes 20 tona 200
Apples 500 bu, 45
Poaches &00 bu. 95

Table 32: 1) Adapted from R.5. Ayers (University of California-Iavis unpublished, 1571)
2), Caloulated from formula: Ce 19.6 N '

Ce Nitrate concentmtion in ;nrt::pur million in drainage water,

19.6= Constant from conversion N to NO.and inches of draina :
acre inchea of D ., 3 ge water to pounds per

K= Nitrogen availadbYe for leaching in pounds per mcre.
D W Inches of applied water plus mainfall dmining below recovery by roote.

Table 33: 3/ Adapted from American Potash Institute Plant-Food Utilization Chart.



V. ACRICULTURAL AND INDUSTRIAL CHEMICALS
D. HEAVY METALS

EXTENT

A considerable degree of worldwide concern has been developing regarding the effects of heavy
metals on the environment. The concern comes from the fact that the mmgnification of very small
amounts of other compounds has resulted in adverse affccts on biosyesteme. The distribution of lead
in the environment has resulted,in part, from ite use as an anti-knock ingredient in gascline, Cther
heavy metals are being used in the control of mthogens or pests and have accumulated to the degrees
that there is the possibility of being toxiec. Another factor intimately involved with the current
concern over the appearance of heavy metals in toxic amounts in the environment has been the develop-
ment of analytical procedures which allow socientists to determine the presence of the materials in
extramely small concentmtion, Not too many years ago it was difficult to determine concentmtions
of compounds or elements in the parts per million range. Now it is commonplace to see data repor—
ted for compounds and elements in the parts per billion wenge, The sophistication of mnalytical
equipment has allowed detection of elements in our environment in minuie concentrations. Nevertheleas,
mmifieation or acoumilation may result in an undesimble effect.

SOURCE AN INTENSITY

There are four heavy metals with lmown toxicities to humans that are currently of concern.
Fractieally any element when present in suffidently large concentrations in the soile will become
toxic., Only those elements normally present in plante and animals in extremely low concentrations
"t have been shown to have no known beneficial effect will be considered. The four principal metals
of concern at the present are lead, mercury, cadmium, and arsenic, This automtically precludes such
aslamants as zine, whioh has been demonstmted to be an eseential element, although it is well known
that thie element in high concentmtions can becoms toxic. In normal diets the concentmation of
these sorte of elements would not become toxic. The principal concern will be with those elements
which may be introduced into plants from soils or air and consequently enter into the diet, They
have besn demonstrated to have no essentiality and therefore may constitute a present danger.

The principal concern with lead im the long term exposure to low levels, Airborne lead occurs
in nesociation with particulate mtter, flyash or as an aercsol itgelf, The combustion of foseil
fuels in indusiry, emissions from motor vehicular combustion of gasoline, and smelters are the
sources of lead. Industrialized countries use large tonnages of lead annually, In recent years,
the United States alone has consumed an average of 1.1 million tons per year. Ault et al showed that
lead in flyash from burning from coal was present in the same isotopic matios as it wa® in the coal
from which it came, The mtio of mdiogenetic lead-208& to lead-204,which is not known to have been
formed from any mdioactive decayed process, constitutes a measure of the source of lead, Investiga-
ting the isotopic lead mtios from tree rings showsl that as they sampled the more and more recent
ringa the mtio of lead-206 to lead-204 increased, indicating the lead in the more recent tree rings
came from a different source of lead than that available to the plant in the sarly stages of develop—
ment for growth., In soil studies the lead-206 to 204 matio was different at the
surface of the scil than it was in the 10 to 10" depth in the soll, once again indicating that the
souree of lead at the surface is of a different origin than the lead present in thes remainder of the
anil prefile,

Acecording to Page and Ganje the lead conmumed in the Los Angeles Basin amounted to approxima=
tely 2300 metric tons per year for an average value for 27 year period from 1940 to 1967, and all of
this lead was assumed to have come from the ume of leaded gasoline., In Table 3i, taken from Page
and Ganje, one can alao ses that the lead has a tendency to remain in the murface 2 to 3 centimeters
of soil;and while it is not evident that as tmffic density increases the lead concentration increases
proportionately, it ie apparent that ams the traffic density reaches a certain level there is a greater
tendency for lead to accumulate in the surface., Those areas where vehicle denaity is greater than
100 per square mile showed two to threefold increases in lead increase in the murface inch., They
pointed cut these amounts were considerably below levela which may cause toxicities to economic plants
or cause abnormally excessive accumulations of lead in plants., Tn 1964, 100 thousand tons of lead
wers discharged in the United States atmosphere through the use of gasoline or motor wvehicles.

lazarus et Al pointe out that,in addition to dry fallout, lead may become a contaminate of soils
by entmapment In precipitation., In the course of their investigntion they found that there was on
the average during the & months sampling pericd of the last half of 1966, twice as mich lead in the
atmospheric precipitation as there was in the water supply. The values being 0.034 ppm and 0,017
ppm respectively, In either case these values were below the United States Public Health Service
limit met for water which is 0.05ppm. The investigators concluded the difference in concentration



betwesn the precipitation and water supplies implied the existence of a process whereby lead wae
depleted after precipitation reachees the surface, Other investigators have shown that there wae a
tendency for lead to ocour in suspended matter rather than in solution. One of the posaible reasons
for the discrepancy which occurred between precipitation and surface water concentretions is 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 unscluble salts form and precipitate.

Table 14t Accumulations of lead in soils related to year sampled, depth and wvehicle traffic

intensity.1/
Location Caloulated density of Pﬂ-l?}}'yr 1967
motor vehiocles %” 0-2.5cm soil depths
per square mile of moil 0-2.5 2,5-15 15-30 %ﬁ
= = = Pb in parte per million -
La wverne T35 17 52 19 12 16
Puente 1525 16 52 15 13 16
Whittier 2475 16 39 20 15 15
La Habrae 1475 17 50 19 16 15
Tustin 1370 16 i1 15 14 16
Riverside 580 17 38 18 16 20
San Bearnardino 630 12 24 11 13 16
Hemet 25 19 21 15 13 15
Santa Paula &0 21 23 15 13 20
Meloland 50 26 25 18 14 15

lagerwerff and Specht found that soil contamination of lead cocured principally through the
dry or wet precipitation form of aercsol lead,They also showdthet lead concentration varied with die-
tance from the vehicular tmaffic. Trmaffic related lead has been found as far as 250 meters from
the roadside, They further found that concentration decreased with distance from traffic and
decrsased with depth from the highest concentration occuring at the 0 to Scm depth, & meters from
traffic for lead as well ae cther metals they had been eampling: cadmium, zine, and nickel.

1f Adapted from Page and Ganje,

2/ Based on 1967 population within & 10-mile radius of the sample and the average number
of persons per motor wehicle in southern Califormia.

'3_.’ Sampling dates varied from 1919 to 1933 at different locations,

y‘ Oven dry weight basis, 40° ¢, for 48 hours.



Figure 6. Changes in ambient air lead concenirations in relation to
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According to Klein and Goldberg the 1966 world production of mercury was estimated at 9200 metric
tons, approximately one half of this is released into the environment, Presumably the way in which
thie i releaped into the environment ie in the form of aerosol from various industrial sources and
sedimente. The scurce of mercury in sedimentse, 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 agricultuml,
Agricultural pesticides accounted for elightly more than 200 thousand pounds of Mercury, Other
bactericcide uses in paints and paper and pulp mills accounted for slightly greater than T80 thousard
pounds of mercury in 1969. Total pesticide, bacteriocide, fungicide usage counted for just slightly
greater than 16k of the total usage of mercury in the United Staves. Over the past 23 years this
percentage of the total usage has varied from 13 to 21% in the United States, Kline and Goldberg
found that in sediments the mercury content varied from approximately 30 to 90 ppb which was 5 nommal
concentration for saltic and granitie rock, Mercury concentmations in occean bottom sediments collec—
ted near La Jolla and Paloe Verdes, Califernia,varied from 0.02 to lppm.

Cadmium has aleso been found in the environment and as a result of human activities, Cadmium
concentrations in lubricating oil for automobiles vary frem 0.20 to 0,26 ppm and varied in tires
samples from 20 to 90 ppm (Lagerwerff and Specht). They were unable to detect cadmium in Frnolin
sampled frem 12 different sources, In evaluating contamination of roadside soil with
various heavy metals they found that eadmium,like lead,occcurred at higheet concentmation at the
0 to 5 om depth, 8 metears from traffic, Concentrations ranged for different locations from 0,90 to
1.82 ppm. In the same study they found that nickel was distributed the same as lead and cadmium,and
the concentmations from nickel ranged from 4.7 to 7.4 depending on location,

MEASUREMENT AND CONTROL

In a study of the effects of lead levele in mabbitBand guinea pigs, Smith et al found that
there was an increase in the lead content in tissue and bone in animals which had Gbeen exposed Lo
approximately 2.5 miorograms of lead per cubic meter of air for a period of nearly 4 years. The
vaue of 2,5 microgrems per cubic meter wae based upon the average air lead analysis for a & year
period determined in a study conducted by the University of Michigan. The tissue and bones from
animale subjected to the ambiant air,concentretion of lead was compered with control enimals which
breathed only filtered air. The source of food and water was the same for both grouoe of animals,

The total absorbed dose of lead for mabbite and guinea pige was 73 and 83% respectively from {ood,

23 and 13% respectively from air and 4% for both animals from water, Tiesue and bone analyeis for
both epecies, comparing the exposed animals with the control, show that the spleen and bone are the
sites of highest concentmation in these animals,and that the concentratione are 4 to 10 times greater than
that found in other tissuea -~f these animals. The concentmations varied from 0.1l 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 guines pige showed increases of lead in the tissue and bone when exposed to a 2.5
micrograms of lead per cubic meter in the air. Studies of the health effects of lead on these
animle failed to disclose differences between the comtrol and exposed group. The only significant
difference occcurred in she case of the bone levels, The conclusion was that the lead intake via in-
gestion was much less efficiently absorbed than the inhaled lead,and the inhaled lead accounted for
the reported difference in bone lead levels,

The importance of airborne particulate air in the contamination of plants and soils 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 stylized curves summarizing & mimber of individual analyses at different
periods during the day and on different days., Their combined findinge from investigations of
5 different crops, cauliflower, tomatoes, cabbage, strawberries and valencia omanges,strongly suggest
that the edible portione of the plant deo not absorb automotive lead particulates, They exist
rather as a topical dust coating of which at least 50% could be removed by eimple washing with water,
Their data agrees with other investigators showing the lead concentmation was grester in soils at the
gurface than in the seil profile. They were not able to demonstmate any absorption of lead by these
crops through the root system of the plante,

Mercury content in moils was the subject of investigation by Aomine et al, They showed concen~
tmtion of 2.7 ppm mercury in paddy and orchard soils., The high concentration of 2,2 ppm was
obtained in a soil sample taken close to & tree where the socil had been disinfected by &2 mercu—
rial fungicide. The concentmtions of meroury had a tendency to be near the surface on the finer
textured soils.In soils having 50% sand or more,the mercury seemed to be more uniformly distributed
throughout the moil profile, Depthe of sampling range from 40 to TOom in the sandier soil., It was
believel that the reduction te mercury sulfide type of clay mineral and amount in organic matter
content were the major soil wvariables influencing leachability of mercury and availability for plant
absorption. In & subsequent investigation Aomine and Inouwe in adsorption studies,using montmorillos
nite, alophane and kaolinite, found that montmorillonite had a very much greater adsorptive capacity



for phencl mercury acetate than did either alophane or kaolinite. They concluded that of the two
soil colloids, clay minerauls and organic matter, the former ies far more important for mercury reten—
tion in soils. Phenol mercuric acetate adsorbed on montmorillonite was only slightly removable

by leaching with water, Allophane adsorbed less phenol mercuric acetate,and that which was adsorbed
wad more sapily removed by leaching, Kaolinite abeorbed very little,

Cadmium in soil may vary from .0l to 7 ppm and in plantes the mange is normally 0.2 to 0.8,
Concentrations larger than this may be toxic in man. An average concentration for cadmium is
«04 ppm. It has a tendency to accumulate in the kidneys. Although most food plants usually contain
less than 0.5 cadmium, they may accumilate up to 3 ppm, before severe plant growth depression occurs,
{Allaway), The levels in humen diet which are required to produce detrimental effects are not kmown
at the present time.

According to Allaway, arsenic concentrations in soils from 0,1 to 40 ppm. and in plants
from 0.1 to 5 ppm., The lowest oxidation state of arsenic (1&3 ia the more toxic of the two
oxidation states in which arsenioc most commonly exists., In man the blood content of arsenic is
normelly 0.49 ppa.

In a study by Benson,showing the effect of residual arsenic from insecticide asprays on the
survival of apple trees, it was found that at 100 ppm residusl arsenic in the soil tree growth
ceases, Denson found that field seils have high arsenic contents at the surface, which decreases
with depth. On some fieldsywhich have been subjected to continual applications of arsenic—
containing insecticides, elevated levels were frequently found below 3 feet. Arsenic is believed
to undergo reactions in eoile eimilar to those undergone by phosphorus.

Johnson and Hiltbold found that about 50% of the moil arsenic content wap associated with the
clay fmction, much of which could be extracted by ammonium chloride which removes little if any
phosphorus. Also, while most of the soil phosphorus was associated with iron minemales and organic
mitter the arsenic was associated with the aluminum oxides in the soil, They found that arsenic
contenis of the crope differed with the plant species mtes of application and source of arsenic
in different materiale. Cotton and soybeans were among the highest concentrations of arsenic while
Crimson clover; oats and vetch have the lowest concentmations of those crops tested. Intermediate
wae sorghum and corn, Concentraiions ranged from approximately 5 ppm. to 1.5 pma. arsenic, Organic
forms of arsenic wers not found to be an appreciable part of the total soil arsemic, The arsenic

was applisd in the form of metharsenate, which i used commonly as herbicides, In the untreated plots
the arsenic content at O to 30 inches varied with Boil increments from 9 to } ppm. In the treated
Boil, with the same depth of sampling, the concentrations range from approximately 7 to 28 ppm.

Tields of all the crope investigated were not affacted by the arsenic treatments,

It doea seem fortunate,as Alloway pointed out,that the plant subjected to excesses of these
heavy metals either are stunted or cease to grow., Thus there is & built—in mechanism which helpa
to prevent plants from becoming a source of thess toxic elements, However, in light of the new
technology scientists are coming to understand that chronic exposure to low levels of these mterials
may be as detrimental {o health as a one—time exposure to a toxic concentmtion. Investigations into
the uptake and translocation of these materials and long-term use dietary levels are necessary in
order to evaluate the environmental impact of accumetions in the soil of these mate=inls.



V1. INDUSTHIAL WASTES

EXTENT

Aside from the organic waetes which may be dietributed in the environment through the
activities of industry, there are other by-products which hold some significance in relation to land
degradation., Romenfeld and Beath point out that increasing use of selenium in manufacturing procenses
presents an important industrial health hazard.

Another effluent of industrial activity is sulfur dioxide. Sulfur compounde in the atmosphere
come from both the natural environment and air pollution emispions. 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 occours in a matter of days, perhaps about
four (Robinson and Robbins). Other industrial stack effluents include fuoridee and flyash. Minute
traces of fluorides are found both inthe air of rural communities and cities, Normal concentrations
are usually less than 0.2 microgrems fluoride per cubic meter of air. It was estimated by the Edieon
Electric Institute that approximately 30 million tone of flyash were generated in 1969, About 17.4
million tons of thie was recovered for eventual by-product reuse.

Other possible industrial or mining wastes consist of waste water from irom, szinc, coal, copper
and aluminium mines and smelters. It was found that about 5890 miles of streams and approximately 15
thousand acres of impoundments in 20 states of the United States were del teriously affected by acid
mine waptes.

SOURCE AND INTENSITY

Sdenium is used in the manufacture of pigments, rubber, and photoelectric cells. Selenium
bearing dust, fumes, or liquids may present definite hazarde depending upon the protective devices
used to diesipate these noxious materials. Thie selenium is generally associated with the selenium
contents in native sulfur. According to Anderson et al, selenium contents of natiwe sulfur supplied
in the Western Hemisphere range from less than one ppm To as high as 8350 ppm.

In addition to the melenium content in sulfur supplies, selenium is generally found well dispersed
in the earth'e crust: and oncurs_in amounts rarely above the concentration of 100
ppm.  Plants may take up varying amounts of selenium from the soils in which they grow. Normally
those plante which have a high sulfur requirement also etore a relatively large quantity of selenium.
It may be distributed throughout the profile, acoumulated at some depth in the profile, or accumulated
near the surface,

Sources of hemispheric eulfur dioride pollutants are shown in Table 36 taken from Robinson and
Robbins. According to Argenbright and Preble, approximately 2.2 million metric tons of pulfur per year
are emitted in sulfur gases generated in the operation of copper, zinc and lead emelters in the
Western United States ,indicating that approximately 23 percent of thie im recovered.

Industries which heat n.nd.for acidulate large amounts of fluorine containing ores include those
devoted to aluminium reduction, esteel manufacture, superphosphate and phosphoric acid production, and
ceremic manufacture, including brick and clay tile. They comtribute varying amounts of fluoride to the
atmosphere (Brewer, Hodge and Smith). Plants are usually considered to be more sensitive to atmospheric
fluoride exposures than man or animals. Consequently, as Hodge and Smith point out, the air quality
standard to protect the vegetaticn 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 prewvent tooth decay.

Flyash io generally associated with those indusiries burning large amounis of coal, althouph
conl used for heating homes may also be a limited source.

About 97 percent of the acid mine waste pollution reported for streams and 93 per cent of that
reported ror impoundments resulted from coal mining operations (Anon). The iron industry judiciously
reuses water from ite settling pondsj however in some plante where a heavy medium of finely diwided
farrosilicon is involved a slight solubility of iron in the water effluent may result,



Table 5 — Hemispheric BOE pellutant emissions

Source Total 30, Northern Southern
Hemimphers Hemisphere
ssssssssnsssssssanasanass LONE X “}6 e I T
Coal® 102 98 4
Petroleum”
Comb. and Refin. 28.5 271 1.4
Smelting
cﬁ'p'pqr 12-? E’iﬁ 4.3
Lead 1.5 1:2 0.3
Zine 1.3 1.2 a"
Total 146 136 10

a. United Nations Statistica) Papers — World Energy Supplies 19631966, Series J, No. 11, Tables 2
and 9.

L. U.S. Bureau of Minea, Mineral Trade Notee Vol. 64, Nom. 5 and 12 (1967)

MEASUREMENT AND CONTROL

The reactions which selenium underge is dependent upon the chemistry of the soil. The
tendency is for the sdenium toxicity to be greater in alkaline soils of semiarid and arid regions.
Where selenium toxicity may be a problem, the application of sulfates decrease the uptake of
gelenium by plants (Anderson et al). It should aleo be pointed out that selenium provides some beneficial
effects with regard to animal health. For ruminants fed high carbohydrete diet which results in a
vitamin E deficiency,emall doses of selenium can alleviate the effects of the deficiency. The
rapid reaction rate plus the ready abeorption of 50, by vegetation contributes to a rapid decrsase
in the conzentration outside emimsion source areaeg.” In ambient atmosphere, most of the sulfur ie
present as sulfate. Thus, if any large-scale envircomental effects are the result of sulfur
emissions, they will probably result from adverse effects of sulfate particulate material. The
effects would have to be within the dispersal area of the source which,according to Robinson and
Robbine could not be any further away than the material could be dispersed in four days at
a glven wind wvelocity.

Soil conditions,such as high moisture,low transpiration rate and high nitrogen content, may produce
a rapidly gprowing plant which will tend to inorease injury to plante caused by a given concentration
of sulfur dioxide (Benedict). Sulfate in soils is of little consequence since scils generally contain
large amounts. Those solle which do not contain sulfate, the addition of sulfur would help alleviate
the deficiency. It would be possible to oreate an acid soil from very large quantities of sulfate
being added to moile, but this could be easily and econmomically corrected by the addition of limestone.

Seil studies of fluoride uptake indicated that fluoride tends to accumulate in the roots: however,
some is translocated to the leaves. Airborne fluorides usually result in high foliage and low root
accumulations, and the gradient is reversed for fluorides that enter the plant via the roote. This
may be one technique for investigating the source of fluoride contamination (Dminss, et al). Plants
vary in their capacity to absorb fluoride. In a study where corn and tomatoes were Tumigated together
4 composite analywsis of foliage showedthat corn absorbed approximately 75 ppm fluoride by weight whereas
tomato leaf acoumulated nearly 200 ppm. The corn foliage exhibited proncunced injury while no



injury developed on the tomato leaves (Daines et al ). Fluorine does not act like chlorine in socils.
The solubility of caleium fluoride is 16 ppm in water, but it ie doubtful if its maximum concentration
would exceed & ppm, which is the concentration of fluorine in a saturnted solution. Florida and
Tennessees phosphate rock supplies contain three to four percemt fluorine. About three—fourths of thie
remains in fertilizers made from these sources which do not require the furnace treatment to produce
elemental phosphorus.

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 is salvaged and
utilimed. One of the principal utilizations of the material now is as "pozzolan" (a material that by
itself has no cementing property but when added to cement mixtures snhances the properties of the
final concrete mix through a chemical reaction with cement ingredients) and asm a raw material for
building blocks and other masonry.

Flyash ie of little consequence with regard to affecting scila. 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 soll amendment.

Clarified waters from the iron mining industry can generally be discharged into public waters
without detrimental effect. An example of such water showed less than the U.5. Public Health Serwvice
water quality standards for all of the heavy metals and all other criteria except hardness (Anon).

Wastes diacharges from a zinc mill showed a total dissolwved molids of 243 ppm with most of the
conductivity resulting from caleium and bicarbonate. Again, resulting in a hard water which is
not too.: suitable for domestic purposes but is more than adequate for agricultural purposes.



711, SOIL EROSION

EXTENT

me must view medimentation either by water or air with mixed emotiona. Had it not been for
eronion and sedimentation, many of the great agricultural areas of the world would not exiest. On the
other hand, present day erosion has & tendency to adversely modify the land surface. Wadleigh has
eptimated that nearly 4 billion tone of sediment are eroded into United States waterways each year.
He assumed that at leaat 75 percent of the material was derived from agricultural and forested lands.
Further aseuming that if you have an average analysis of 0.1 percent nitrogen, 0.15 P l‘.‘l'j. and
0.5 percent K0, this means more than 50 million tonse of primary nutrients were lost fl'al agricultural
and foreated fn.ml each year through sediment affects delivery. Onm the other hand, there are areas
which depend upon sediment delivery for supplying the fertility for the land. Pericdic inundation
during the year allows these areas to be used for growing crops with little fertilization. Purther,
there are soiles which have been previously unsuitable for growing cropawhich through the continual
fleooding and deposition of sediments have developed a very recent alluvial seoil of sufficient depthto
become suitable for growing a variety of erops, including tree crops.

In Armenia, the impact of erosion, particularly in the mountain regions, has been estimated to
acoount for 40 to 50 percent of annual harvest losses as well as removing approximately 12 millien
metric tone of productive soil. More than 90 thousand hectares of virgin forest has been felled and
recent aforestation schemee have only replaced approximately 3000 hectares {Mn}. In the Rocky
Mountain area of the United States, Dortignac and Love found that erosionon forest and rangeland varied
with vegetative cover, soil origin, and quantity of exposed or bare scil. They pointed out that
except in local severe ercsion areas, water erosion tends to receive generally less attention from
farmers than does wind erosion. In Eastern Canada,Ripley eatimated that of the 42.7 million acres of
farmland, 71 percent of the land is in production of crope which are nonsidered as good for soil erosiom
control., Crops intermedinte for erosion control oceoupied slightly over 12 percent of the total
farmland for a total of 5.2 million ncres.

In the Missiseippi drainage basin, the average annual loss of sediment per square mile is
eatirated at 390 tons (Walker and Wadleigh). They point out that variation throughout the basin is
tremendous varying from 9 tons 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 ercmion of warying
degreen.

SOURCE AND INTENSITY

In the USA, 10 to 11 million hectares are moderately to strongly eroded. Recent surveys by Olymph
and Storey in the intermountain area of the western part of the United States indicate that 656 to 90
parcent of the esediment production of many of the streams comes from streambank and streambed erosion.
Other investigators estimate the sources of erosion to be about 73 percent from sheet erosion, 10
percent {rom gulley erosion, and 17 percent from other sources such asm roadbanks, streambank and
floodplain scour (Cottschalk). The relative importance of different sources of sediment wary with
watersheds. This is apparent when you compare the estimates by Gottechalk and the estimates by
Anderson and Wallace which indicate that 24 percent of thetediment ie derived from foreet lande, 22
percent from agricultuml lande, and 54 percent from the main chamnel banks.

In many countries this mismanangement of range and virgin landes by overgraszing and shifting
cultivation creates a condition of susceptibility to both wind and water erosion. On ranges the lack
of adequate minfall is usually the reason for limited regrowth and predisposes an arsa to over—
grazing. These same areas sre ususlly where infrequent but high intensity rainfall increases
the amount of soll eroded, Very often plant species unsuvitable or undesirable for grazing become
established. Becausme of the neceasity of destroying the unwanted plant specisand the infrequent
rainfall the process of re—sstablishing the area for gmazing requires considerable time, effort,and. money.
Where overgrazing is not controlled there is an economic loes due to lower carrving
capabilities of the area and cost of handling moresealiment in waterways, ecstuaries and reservoirs.

Areas of shifting cultivation occur from marginal dryland to high rainfall conditions. In any
cage the results are the same; the destruction of native wegetative ground cover, & short period of
utilization for production,abandonment and creation of a susceptibility to eroeion until revegetation
occuras. The amount of soil loss and the re—establishment of ground cover are subject to the
vamrien of rainfall patterns and intensities,



Moet of the erceion losses seem 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 crops. 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. Thim is for about 85
percent of the irrigated lands which are surface irrigated. Usually heavy irrigation erosion losmes
result from exceseive water use, steep slopes, and long runs.

Wind erosion is another form of land degradation. The golls associated with water erosion
are more or less the same soils associated with wind erosion. Ome important inclusion of soile
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 thome
dryland arems 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 areas were adversely
affected as a result of wind erosion. The crop damage resulted in enormous economic losses for the
arean known as the "dust bowl". According to Yakubov, wvivid descriptions of dust storms and so-called
"black winters" occurred during the late 1800's in Southern Ukrane indicating that wind has been a
problem for agriculture for a considerable mumber of years.

MEASUREMENT AND CONTROL

As Chepil pointed out, those factors influencing wind erosion are depletion of vegetative cover,
high temperatures resulting in dry soil surfaces, low rainfall, wind intensity, and soil texture. He
arranged soile in the following increasing order to erodibility by wind: clay loam, silt loam, loam,

8ilty clay, loamy sand, eclay, and sandy clay loam; with the latter being the most susceptible. In
addition to the loss of nutrients, which results from wind erosion (similar to water erosion), there
is another problem of wind erosion and that is the abrasiveness of rapidly moving dust particles near
the ~urf oce of the soil.

According to Yakubow, there is a definite pattern in the vertical particle size distribution of
airborne soile. Content of sand usually decreases with height and the amount of fine particles
increases correspondingly. The ratio of sand fractions with the sum of the silt and clay fractions
gradually decreases and nearly evens out &t the height of 0.8 to 1 meters. The largest number of moil
particles, usually in the 0.1 to 0.5 diameter range, aretrznsported 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

ara suspended in a very thin layer of air near the ground. Most of the mase of wind transportel
goil is concentrated in the O to 30 cm layer above the soil surface.

These characteristics of windborme soil can be readily associated with the pruning effect of
dust etorms on small vegetative orops. BEitimates of crop losses resulting from so—called "sand
blasting" are not available to the author's knowledge. In some cases the results of "sand blasting"
may be as extreme as complete loms of the crop. OCther cases may result in stunting or stand lose. Any
of these factors are capable of severely affecting crop ylelds.

Other contributors to the eroelon of soil ,not already discussed in relation to sources of
sediment are water repellent soils. Water repellent soil sometimes referred to as hydrophobic soils
may produce a serious problem on steep smlopes where they reduce infiliration of rainwater, thereby
causing eromion. 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, waier repell-
ence of poil im primarily a surface phenomena and is usually associated with organic matter littered
surface. Usually, soils of 8 to 10 percemt clay plus silt are thome which are most susceptible to
hydrophobina according to Bond. Bond has also isolated several species of fungi which are able to
produce the material that imparts the water repellent characteristice to the eoil. The material
coats the surface of the soil particles which according to Bond ,is probably the reason why sands
are the soils most often exhibiting the hydrophobic charmcteristic. Soils whica have particleas
with much greater surface aremdilute the water repellent material %o the point where it has little
or no effect.



Krommee and Osborne in a survey of recently burned watersheds show that 60 percent of the area
investignted had a water repellent or hard-to-wet soil Byer. They found that in every case but one,
when a purfactant was applied to 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 loss from the untrested plots,which indicated a direct loss resulting from
Wwildfire burns and the formation of hydrophobic seils.

It has been estimated that more than a billion cubic yards of sediment 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 seil lost from these areas, if known, would be equally as Brge, The effects of losing
this soils is not the loss alone, but is alsc the cost of removal from reservoirs, dredging of
gireams, not to mention the esthetics and the effects on wildlife,

A report by Clymph and Storer indicates that sediment and water adversely affects fish in
a number of ways: by silting up spawning beds, reducing the penetration of light, lowsring the
productivity of the water so food for fish is lese abundant, and reducing the visibility so that
finding food is more difficult. They report that in England, suspended soile from China clay
worke, in nonrentrations of 1000 ppm, have markedly reduned the abundance of hrown trout,

Another result of sediment in water is the cost of purification of municipal water facilities.
Ninety four percent of wvarious facilities dispensing surface waters in the United States apply some
type of treatment to the water. Filtration for removal of sediment and other solids is almost a
universal practice. In a study a few years ago, a coet savings of 10 percent per million gallons of
water treated could be made by 13 percent reduction in suspended solids in the streams. The savings
would result primarily from lesser requirements Ffor the alum needed for floculation and mettlement
of sediment,

Records of reservoir sediment deposition surveys available for 1069 reservoirs show the average
of storage loes due to sediment deposited in artificial reserveoirs each year. These reserveira have an
originil capacity of approximately 500 million acre feet. The reservoire will have been rendered
essentially useless before their capacity for water storage has been replaced by sediment. The
utility of old storage reservoirs will be seriously impaired by the time they are half full of
sediment (Glymph and Storey).

Tt has already been pointed out that sediments are carriers of pesticides and radiocactivity in
addition to removing some of the primary nutrients necessary for crop development.

inother problem associated with surface runoff ie the lose of organic matter through eroeion.
Studies of organic matter content of sedimente have shown that organic matter removal by erosion occurs
at nearly five times the level found in the original soil (Mannering and Bertrand). This orgenic
matter containe relatively high amounts of nitrogen and phosphorus. Studies ghowed 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 origlnal secil. A similar summary of
concentratione of available phosphorus in sediment eshowed it to be 3.4 timee that contained in the
original soil, Reported losses of potassium in sedimente show up to 19,3 times the content of the original
soil. Losses of other elements have not been investignted in enough detail to estimate losses in
sedimenta.

The phesphorus content in sediments 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 gediments and found that noncaleareous lake sedimenis generally adsorbed and
retained more inorganic phosphorus than ealeareous lake sediments., Sediments which adsorbed the most
phosphorus tended to release the least phosphorus during a subsequent desorption. In all levels
of phosphorus added there seened to be little relationship between the amount of phosphorus added
to the selution and the amount adsorbed, indicating that there is a maximum level at which the
sediments becone loaded with as much phosphorusasthey can adeorb; therefore, the remainder is left in
solution to underge other reactions: precipitation as in soluble iron, aluminium, and calecium
phoephites, depending upon the pH of the solution. In any case, they found no consistent relationship



betwasn lake eutrophication and phosphorus retention eapacity, and eoncluded that the state of
sutrophication could not he explained smolely on the basis of the capacity of sediments to retain
phosphorus.

There have been several people who have investigated techniTues for preventing or econtrolling
surface runoff, and thereby limiting the amount of sediment whi~h ie lost. Braude in the U.5.5.R.
found that forest plantings on slopes were of wvalue in protecting against wind and wind eroeion, and
slopes were protected apainst 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 Eren indicates
the protective role of forests in the redustion of runoff and eroeion. With a 50 mm/hr rainfall
the runoff for forest covers of 75, 37 and 10 percent was 2,14 and 73 percent respectively. The
801l eroded from the three levels of foreet cover was 0.05, 0.5 and 5.55 tone per acre,
reapactively,

Runoff and soil loss is intimately related to soil physical properties. However, it seeme
unlikely that the soil variables which were important in the Bertrand et al estimation of s3il loss
from runsff can be manipulated per se for controlling the losses. One factor conspicuously
misping from their list of wvariable studies is the amount of aggregation resulting from
decomponition of arganic mattar.

Several investigators have shown that organic matter mixed intimately with the scil is effective
in reducing the perturbation resulting Crom intense rainfall, thereby reducing the mmount of s+il loss
through erosion. Hayes estimated in fields planted with corn using a "elot method," whereby only a
small portion of the total surface of the field is distrubed and with & 000 pounds per acre »f carn
residue on the soil surface, the water induced erosion was reduced 90 percent from that in fields
eonventionally planted to corn. He found that more than 6 000 pounds of plant residue (corn) iid
not preatly increass the effectiveness of the muleh in sontralling water erosion; but that small
grain and soybean residues were about twice as affective as corn residue, and sod residue was
approximately eually as effactive,

Mannering and Meyer compared three separate methods of handling corn stalk for their
effectiveness in preventing soil losses from water erosion: 1) the corn etalke standing,
2) eorn stalks were shredded and 3) shredied and disced once. They found that the shredding alons
was the most effective in reducing the soil loss due ts water runoff, Therefore it was rancluded
that there was a lower eoil content in the runoff, Soil losses from the shredded plus discing
plots were intermediate between the unshredded and shredded alone.

Smith and Henderaon found that over a Bix—ysar period the average moil loss from four years of
corn after twa years of prass and clover was 47 percent of the loes [rom six years of continusus eorn,
In an experiment at Ottawa, Hipley found that 264 tone per acre of s0il were lost in a 17=yvear neriod
when corn was planted up and down the slope, whereas snly 41 tone were lost during the same period when
earn was planted on a cantour »r acrass the slope. Under the same sat of conditions, alfalfa
eontinuously prown only lost 0.1 tone of soil.

Studies by the Snil Coneervation Service of the U.5. Department of Agriculture hava shown the
effect of moil loesee from surface runoff on rangeland which had various degrees of grazing. On areas
which have pood palatable prasses and good density, soil loss per year is lesr than 1 000 pounds per
acre, On range where there is a mixture of weeds and grasees with medium density, ®oil loss is
slightly less than 5 000 pounde per acre. On the area where annual weeds make up most of the
vepatation, and there is a low density, soil losses average 15 000 pounds per acre per year. On
prairie land with good sod, no loss of eoil was measured after a 24 inch rainfall on a 10 percent
slops. On overgrazed prassland there was a 160 pound lose of s2il per acre while on bare soil thers
was a 6800 pound loma of soil per acre from the same ?=4 inch rainfall,



Y¥III. GSPECIFIC HEALTH PROBLEMS RELATED TO LAND DEGRADATION Yy

1. “o0il Pollution by Biclogical Tisease jpents

diological agents which can pollute the soil and lead to disease in man can be classified in
three froupsa:

() pathogenie micro-organions excreted by man and transmitted Lo man by direct contact

With contaminated moil or by the consumption of food grown in contaminated soil {man-
ooil-man contact);

{b) pathogenic micro-organisme transmitted to man by direct contact with soil contaminated
by wWastes of infected animale (animal-soil-man contuct); and

(¢} pathogenic micro-organisas found naturally in soil (soil-man contact).

Van=#oll-man contact

Enteric bacteria and protozoa can contaminate soil as a cesult of inganitary excreta disposal
practices or as a result of soil fertilization by night soil, sewige sludge or by dicect irrigation
of agricultural crope with sewage. Soil and crops can become contaminated with the bactecial agents
of cholera, salmonellosis, bacillary dysentary (shigellosis) and typhoid and paratyphoid fever, or
With the protozoan agent of amebiasis. However, these diseases are most often water-borne, trans-
mitted by direct person—to-person contact or by the contamination of food. Flies which breed in,
ar come in contact with, faeces—contaminated eoil can serve as mechanical carriers of the disease

organisms, although epidemiclogical evidence suggests that flies do not generally play an important
rola in the tranemission of this group of diseases.

Pagasitic worms or helminths adversely affect the health of human populations all over the world.
Helminthe transmitted by polluted seil can be grouped into two categories:

(1Y contagicue or faecal-borne; eges or larvae are passed from the faeces to the soil and
infect persons in immediate contact with the contaminated soil.

(0} soil-transmitied op geo=helminths; larvae or eggs become infective after a peciocd of
incubation in the seoil.

1/7his section was contributed by WHO.



In many areas of the world the most prevalent and dangerous are helminths of the Apil trans-
mitted group. L WO Ixpert Committee on Soil Transmitted Helminths states that from the standpoint
of their prevalince and the severity of the diseases caused by them, the most important soll=trans=
mitted helminths are Ascaris lumbricoides, Trichuris trichiura, Necator americanus and Ancylostoma
duodenale, the last two being the causative agents of hookworm. The same committee felt that the
direct relationship between ansemia and hookworm infection and to a lesser extent other helminthic
infections, though for many years obscure, has now been generally accepted. Helminthic infections
may cause losses of iron, protein, or other essential constitutents of the red-blood cells; they
mnay also induce a failure to absorb these substances, and may damage the liver and have other patho-
logical effects. Malnutrition may be induced or aggravated by helminthic infections, for worms may
not only produce secretions known to interfere with protein digestion, but may themselves compete
With their hosts and absorb essential nutrients; and, by causing bleeding, they may bring about further
important losses which increase nutritional demands.

Early attempts to control hookworm infection were initiated in mines in Burope and considerable
success was achieved. The provision of sanitary facilities and the treatment of infected persons
reduced the prevalence of hookworm infection and disease bto a point where it is now negligible 1in
Europe except for certain parts of Portugal and among agricultural workers in Italy. However, in
most places where the environment is favourable to hookworms there has been little change in pre—
valence. The prevention of scil-transmitted helminth infections is largely a matter of the sah;t;ry
disposal of faeces, and in all control programmes this must be given high priority. Even in eco-
nomically advanced countries sanitary sewage disposal is far from adequate. The 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 egks and larvae in the soil because
the exgs may be washed down into it by rain, or the larvae may migrate downward so they are protected
by three centimeters of soil or more. For this reason many of the chemicals that kill eges when
applied under laboratory conditions are ineffective when applied to the soil.

The contents of latrines, septic tanks, sewage systems or effluents of sewage treatment plants,
are frequently used for the fertilization of crops. In water—short aceas the reclamation of waste
water for irrigation often provides a valuable source for additional wabter supply, but unlesa
certain precautions are taken such practices can be dangerous to the public health. Hookworm and
ascarie as well as other helminths may survive for a relatively long period in the scil and con-
taminate vegetable crops which are consumed uncooked. In addition, pathogenic enteric bacteria
and protozoan parasites such as Entamoeba histolytica may contaminate the =oil and crope by such
practices. For practical purposes it cannot be assumed that even a well operated biological sewage
treatment plant can consistently remove more than 507 of the pathogenic organisms present in the
Bewage, unless heavy chlorination is applied. Simple processes, such as the peimary sedimentation,
may remove only 30=409 of the micro—organisms.

Animal=so0il=man contact

There are a number of zoonoses for which the soil plays 4 major role in transmitting the in-
fective agent from animal to man. & recent WHO/FAO Fxpert Committee has extensively reported on
this problem. Leptospirosis, anthrax and O-Tever are transmitted in this way.

Leptospirosis now constitutes a major problem in all parts of the world., The spread of lepto-
spires is related to specific environmental conditions, particularly those which bring animal cdarriers,
water, mud and man together. Tusceptible animals and man entering such environments are exposed
te the agent and may develop infection wvarying from an inapparent response to an acule fulminating
fatal disease.

The number of reported cases of anthrax in hunans is relatively low compared With other zoonoses,
but thies disease s still of importance both as a human disease and because of its econemic impact
on animal husbandry. The spore form of the Bacillus anthracis is very resistant to chemical and
environmental influences and can survive for years in certain soils as well as in animal products
such as hides, 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 large or small "anthrax

districts" but in general anthrax problems are less serious in the western hemisphere than in other
parta of the world.




T-fever is caused by Rickettsia (Coxiella) burneti and is recognized as an important public
health problem. A WHO-assisted survey of the distribution of O-fever in 32 countries and other
published reports have schown infection in over 50 countries on five continents, and only in a Few
countries has investigation failed to reveal the existence of the disease. Hickettsia are present
in milk and in soil and may survive for long periods.

S01l-man contact

During the last few years increasing evidence has accumulated that fungi potentially pathogenic
for man can be isolated from the environment. An example is Aspergillus fumigatus which is the
eticlogical agent of one Ltype of aspergillosis which appears to be more common in warmer and humid
areas. Oeotrichesis is another digease aspociated with the erganism Geotrichum candidum, alseo
frequently isclated in soils.

Tetanus is an acute disease of man induced by the toxin of the tetanus bacillus which grows
anaserobically. The infectious agent Cleostridium tetani is excreted by infected animale, especially
horses. The immediate sources of infection are soil, dust, or animal and human faeces.

Betuliam is a highly fatal peisoning coused by bacterial toxina produced by Clostridium botulinum.
The reservoirs of the organisms are soil and the intestinal tract of animals. The toxin is formed by
the anaercbic geowth of spores in food which in the immediate source of poisoning.

Coccidioidomycosis is also associated with soil pollution and ranks high among the infectious
occupational diseases of workers in endemic areas; 1t has been reported only in arid and semi-arid
areas of the south-west of the United States, Mexico, Central America and South imerica. The highly
infectious spores of Coccidiodes immitis are found in the first few inches of soil and in lacger
numbers in the vicinity of rodent burrows. In the heat of early summer, wind disturbs the surface
dust and lifts the spores into the aipe.

2. Soil Pollution by Chemical igents

In the last 25 years the use of chemical pesticides and herbicides applied to the scil and to plants
has increased encrmously. In many countries agriculture has become dependent on the use of such
chemicals to maintain the high levels of production required. Some recent studies reviewing the
problems 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 man, although there is today little
avidence that soil pollution per se has playsd a significant role. Many of theee chemicals do
not accumulate in the soil and within a matter of menths or in a year or two, are destroyed by soil
bacteria, but certain chlerinated hydrocarbons and chlorinated phenoxy compounds peraist in the soil.
They ean be held tightly by the clay and humus fractions of the soil whieh prevent the attack by
mizro-organisms.  Among the insecticides, DDT and dieldrin have been shown to be resistant to bio-
logical degradation in the soil, Whereas the weed killer 2,4-0 is rapidly destroyed by woil micro-
organismg, the closely related 2, 4§, 5-T remaina intact for longer periods. It is well known that
persistant pesticides, 1if not Fixed by the soil, are subject to possible biolegical concentration
through the food chain. One exanple iws that of heptachlor epoxide which can be absorbed and con-
centrated from the soil by earthworms either by contact or through the digestive system. Birds
Feed on the worms and may concentrate the pesticide still further. While the possibility of biologi-
cal concentration of pesticides from the soil remains a potential problem, it iz felt that most

peaticides reaching the soil become unavailable or non-toxic and do not enter the food chain of
wimalas orf man,

%eil pollution by artificial fertilizers such as ammonium nitrate may result in contamination
of groundwater aquifers by nitrates and nitrites. The consumption of water with high nitrate con-
centration may result in infant methaemcglobinaemia. This diseise was first recognized clinically
1n 1312.  Zince then several thousand cases including a number of fatal poiseninge have been reported
i various countries of the world. For example, the number of cases recorded in Czechoslovakia
approachies 1000 and during the period from 1948-1560, 314 cases were recorded of which 89 were lethal.
The mean nitrate content in waler consumed by affected children ranged from 18 mg/l to 237 mg/l. About
three—quarters of the sick infants consumed water containing nitrates in concentrations above 100 me/1.
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A more important and generalized potential hazard may be connected with nitrites, as thay are
the essential precurscrs in the synthesis of nitrosaminea. Hany of the known nitrosamines are carci-
nogenic in a wide range of organs in various species at very low concentrations. Nitrosamines are
formed chemically by the interaction of nitrites or oxides of nitrogen and secondary amines at low
pH values. Such reactions may occur in vitro in the gastric juice of vacious species but also in vive
in the atomach of rodents. 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.

3, Radiocactive Materials

Radicactive materials can reach the soil and accumulate there, either from atmospheric fallout
or by the disposal of liquid or solid radicactive wastes from atomic industrial or research eatablish-
ments. The three most important radionuclides with long half lives produced by nuclear fission are
carbon=14 with a half life of 5600 years, radio strontium (Sr=90) with a half life of 28 years and
caegium=11T with a half life of 30 years. Carton-14 is normally present in the soil and it appears
unlikely that changes in the C-14 content of the moil will be reflected in the composition of plants,
because plants get the bulk of their carbon from the atmespheref nor should there be any adverse
effect on soil fauna which feed largely on these plants. HRadicactive strontium concentrations in
the soil are generally a function of the amount of precipitation, since this element is brought to
the soil primarily by rain. Within the eeil the deposited S,-50 is held firmly by electrostatic
forces in the upper few inches. If the so0il is eroded, the deposited radionuclides will be carried
away with the silt and clay. Radicactive cesium is held even more tightly by the soil than strontium,
g0 much so that it is wirtually unavailable to plante and most likely presents little hazared.
The levels of radiation from fission products deposited in the soil by fallout in the United Stotes
of America are of about the same 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 thio in-
crease in radiation could affect soil fauna and their predators, but increased radicactive fallout
could in time result in s0il contamination reaching levels sufficient to cause concern.

The disposal of radicactive wastes [rom atomic energy installations can cause levela of soil

pollution in certain local areas to reach concentriations which may present health problems unless
carefully controlled and monitored.

4. Soil Pollution by Solid Wastes

There is no doubt that solid waste dispoeal, in addition to agricultural chemicals, presents
the most important source of soil pollution and land degradation. BSolid wastes include domestio
refuse and other discarded solid materiale, such as those from commeprcial, industrial and agricul tural
operations. Domeatic refuse includes paper, cardboard, metale, glass, food, ashes, plastica, wood
and other material. Commerical refuse includes the wastes f{rom markets, shops, restaurants and offices.
Industrial refuse comprises a wide variety of wastes ranging from completely inert materials such as
caleium carbonate to highly toxic compounds. The growth and diverpity of industrial ocperationa
together with rapid technological development have resulted in a substantial increase both in volume
and the complexity of sclid wastes. Solid wastes are produced also in large gquantities by mining.
Agricultural wastes derive from the production and processing of food and other crops and from raicing
and elaughtering of livestock. Special handling is required for potentially dangerous wastes such
as those from hospitale and from the use of radioactive materials.

The amount of solid wastes produced per person per year is increasing. Prioe to about 1945 the
production of solid wastes was assumed to be 350=400 kga. per person per year. Improved standardas
of living and the building boom, the increase in the consumption of consumer goods and the use 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 70O kgs. per person per year. The annual
inereass is between 1-2¥. These data do not adequately reflect the additional solid wastes produced
by agriculture and large industrial operations, not do they take into account the solid pollutants
increasingly being separated from gaseous and liquid wastes by improved treatment processes.
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Land disposal of wurban and agricultural solid wastes can be carried out in a sanitary manner so
as to minimize pollution. The controlled burial of such wastes in a sanitary landfill, when carefully
planned and executed, can prevent pollution and lead %o the ultimate reclamation of waste land areas.
However, problems of groundwater pollution or nuisance can result from improper fill. The conversion
of solid wastes, particularly those possessing a high organic matter content, to compost can ensure
in some areas of the world a satisfactory method of preventing land pallution as well as the relurn
of organic matter to the soil. The views differ as Lo the use of the land as ultimate repomitory of
solid wastes. Some authorities hold that landfilling results in relinguishing valuable land and
limits future development; others think that some of our land resources must be given over to the
aolution of waste management problema, and that with the teansfer of solid wantes to another sphere,
such as to the air by incineration or to the water environment, may in the Cinal analysis lead to more
severe pollution problems.

s Inter-relationships between Air, Water and Land Pellution

Atmospheric pollutants such an organic or inorganic dust, pollens, fungal spores, and others are
returned to the soil by precipitation and natural dustfall. There are some instances where such
falleut from industrial air pollution can cause serious land devastation, fer e.g. around factories
producing artificial nitrogen fertilizers.

The principle mechanisma of water to land movement of pollutants include the deposition of silt,
clay and other soil materials and organic residues by surface waters, including flood overflows;
deposition of minerals in specific locations by groundwaters; deposition of salts from intrusion or
flocding by saline waters; accumulation of salts as a result of inadequate leaching during irri-
gation; and aceumulation of reaidues from spray irrigation with domestic or industrial wastes.

Conversely, some methods of eolid waste management, for example, incinerntion, can lead to sericus
local air poellution problems.

Selected WHO papers and decuments on land pollution:

i review of the public health aspects of soil pollution, H.I. Shuval (1770) WO/ W.POLL/70.5

Toil Transmitted Helminths, Report of a WHO Expert Committee (1964}, Wld lilth Org. techn. Rep. Ser. 277

Joint WHO/FAOQ Expert Committee on Zoonoses (1953) 41d Hlth Org. techn. Rep. Ser. 167 (Second Report)

Jorld Health Organization, Expert Committee on Environmental Change and Resulting Impacts on Health.
{Geneva, 1764) i{ld. Hlth Org. tech. Rep. Ser. 232

dorld Health Organization, Txpert Committee on Environmental Aspects of Metropolitan Planning and
Development (1968}, Wld Hlth Org. techn. Rep. Ser. 297

Horld Health Organization, Heport of a Scientific Group on Treatment and Disposal of Wastes
(1967) W1d Hil1th Org. techn. Rep. Ser. 167




x LaND sunstDENcE L

Land subsidence caused by extraction of water, gas or oil and by underground mining is rapidly
becoming a major environmental problem,

Still restricted to a relatively small number of areas, mostly urban areas in the viciniiy of
important oil or gas Fields or important aquifers, the rate, magnitude and extent of land subsidence
and it economic consequences have recently brought into the limelight this important problem,

Land subsidance related to man'e activities hecame of economic importance long ago.
Es early as in 1524, after repeated precise levelling, abnormal subsidence of benchmarks was
digcovered in the Foto delta area, Tokyo, But it was 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
jtates since 1940. Other areas of major land subsidence caused by ground-water withdrawal are Osaka,
hagoya, Tokyo and Niigata in Japan; London, England; Mexico City, Mexico, Fo Delta and Venice area,
Italy and several areas in Texas, Arizona, Nevada and California in the United States. AT preaent,
the areas showing greatest extent and mexdmum subsidence are located in California. It cmn 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 and more

important and widespread.

As in other Fields, studies and research on land subsidence are done mostly at national level. The
causes of land subsidence have been circumscribed, theories have been developed (consolidation theary
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 reegtablish as much as possible the original pressures. The sxperience gained in the Long-Heach,
California area has been in this respect of great assistance for the development of repressuriszation
methods .

International action has been rather limited. The Co-ordinating Council of the IHD at its first
segsion in 1965 recognized the importance of the problem, As a result UNESCO and the IASH 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 gymposia perhaps every 5 or & years,

Consgidering 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 subgidence, and remedial measures for
reducing or reversing land subsidence.

As a result of the Tokyo symposium, the following research may be of special interest:

1. Effect of multi-cyclic loading of clays and sands within the same stress range, as compared
to the usual loading technique in time-consolidation tests.

2. Research in development of Field methods for determining approximate gross compressibility of
an aguifer system from aquifer pumping tests, in both the elastic and plastic-plus-elastic ranges.

i, FResearch 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.).

Lf This section was contributed by UNESCO



4. 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,

5. 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.

7. Further development of numerical and electrical simulation methods for predicting compaction in
heterogeneous compressible deposits.

8. Research on the importance of secondary consolidation in the ultimate compaction of Fine-grained
sediments.

9., Research on the importance and influence of other internal or external stresses on aquifer systems,
such as electrochemical stresses, the influence of physico-chemical factors, and the effect of
bonded or adsorbed water.

10, Additional research on the relation between liquid limit and the compression index,

11. Research on compressibility and elasticity of sands, including the effect of shape, size, sorting
mica content, and multi-cycle loading.

12. Development of economic methods of determining pore pressures in fine-grained clayey beds "in situ”.
13, Development of improved methods of obtaining "undisturbed" cores.

14, 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 organization of seminars on selected research topics should also be undertaken,

Areas of subsidence which by their economic or cultural importance are of great interest could
be uzsed as "International cooperation problem areas”. The results obtained in Venice for which UUNESCO
has been in the past two years providing experts could be used as an example for Ffuture action.

Another area where exchange of information is of great importance is in the methods for reducing
and reversing land subsidence. Detailed information on methods and techniques should be difFused for
the use of countries having less experience.
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