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HEAVY METAL CONTENT OF WHEAT, BERMUDA GRASS AND SOIL
IRRIGATED WITH ELECTRIC PLATING EFFLUENT

CHAPTER I

INTRODUCTION

Pollution is one of the many problems faced by an industrial-
ized world. Every year industry must dispose of tons of unwanted by-
products. Attention has become focused on the pollution problems
facing the United States and the world. Efforts are being made to con-
trol the contamination of water, air and food by pollutants whose
effects on human and animal populatiorns have not been compietely deter-
mined. It is becoming apparent in many instances that it may be
necessary to pay a higher price for production to prevent irreparable
harm to the environment.

In a world controlled by intricately iinked cycles, an effect
on one cycle eventually affects all cycles. Thus it is important
that we consider the effects that our actions have on the whole system
before proceeding with them. Life as we know it depends on water.

Where there is an abundance of unpolluted water, there is an abundance
of life. But the supply of clean water in this country has been greatly
diminished over the last several decades as municipalities and industries

1
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dump Tiquid and solid wastes in lakes, streams and oceans. Many streams
and lakes are now "dead" because of this practice. The dissolved oxygen
(D.0.), B.0.D., pH, organic and temperature levels are such that aquatic
1ife can no longer survive and thus the system of self-cleaning has been
destroyed. Toxic materials such as heavy metals are often constitutens
of wastewater. Even when the concentration levels are not high enough
to destroy the organisms, the organisms are often capable of accumulat-
ing such toxic materials and passing them on through complex food chains.
Some organisms have the ability to concentrate an effluent in the order
of thousands of times above the environmental level (Kormondy, 1969).
It is possible, therefore, for the final consumer to receive large
amounts of the elements which are concentrated in this way. This final
consumer may be a higher aguatic organism, or various species of animals.
Quite often it is man.

A program has been initiated by the government to regulate the
discharges into streams and bodies of water. Stringent standards are
scheduled to go into effect in 1977 and the complete elimination of dis~
charge of pollutants into navigable streams is planned for 1985 (Federal
Water Pollution Control Act Amendment of 1972). This will require new
methods of waste control and disposal.

Industries faced with stringent discharge standards and an
ultimate no pollutant discharge edict have several methods to choose
from in solving the problem of what to do with wastewater. The ultimate
dispcsal of wastewater is to treat it to meet government standards or to

store what cannot meet these standards. With shortages of raw materials
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that are becoming common, water reuse and by-product recovery may be
more economical than cleaning and/or storing wastewater. Another partial
solution is the reduction of the volume of water used in industrial pro-
cesses. In the past atmopsheric, ocean and deep well disposal methods
vere used and are still in use in some areas, aithough felt by many
environmentalists to be unsatisfactory.

A method of ultimate disposal of wastewater and sludge is land
disposal. Recycling of sewage waste on land, if properly managed, is
probably the most economical solution and has the least pollution poten-
tial of any method presently available (Sabey et al, 1973). Land dis-
posal methods include:

1. Overland flow in which the soil surface is used as a

horizontal trickling filter.

2. Infiltration-percolation which is used to recharge

the ground water.

3. Irrigation of grazing and crop lands.

It is possibie that a problem is being made of what is poten-
tially a valuable asset. As the population continues to increase there
is an ever increasing demand for greater crop production. In many arid
and semi-arid regions the lack of water greatly limits the amount and
type of crops that can be produced. While in other regions the rain-
fall may be adequate, it does not fall at times that are optimal for
crop production. A steady supply of water for irrigation would be use-
ful in solving water shortages in both cases. Wastewater, however,

supplies more than just water - it supplies nutrients. The same nutrients
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that cause algal blooms and contribute to the eutrophication of lakes
could be of great value when applied to land to replace those nutrients
that are removed with crops. In a world where the cost of fertilizers
is rising as the supply diminishes, wastewater as a source of nutrients
should not be overlooked.

Wastewater effluent from municipal sewage treatment plants has
been used for irrigation for years in Europe with no i11 effects reported
when properly managed. Many investigations have been carried out on
the effects of irrigating crops with municipal and industrial effluents.
(Forester, 1973; Hatcher, 1974; Seabrook, 1973; Harlin, 1973; and Lamb,
1973). Often the yields and quality of the crops have been markedly
improved by the application of effluents. In Oklahoma several small
municipal systems under construction utilize irrigation as a means of
lessening lagoon size, thus making the sewage treatment facility less
costly. In the future it may be possible for municipalities to help
pay for the operation and maintenance of their sewage treatment systems
by the sale of wastewater or the sale of crops grown on land irrigated
by wastewater.

There are many questions still unanswered concerning the effects
of effluent on the soil, groundwater, and plant and animal life. Of
special interest is the ability of the soil, plants, and animals to
accumulate certain materials including heavy metals. It has been
generally concluded that while land disposal of effluent in the form of
crop irrigation may be satisfactorily accomplished for municipal effluent

and certain industrial effluents containing principally organic materials
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(food processing in particular), the effluent of industries such as
electric plating industries would not be satisfactory for irrigation due
to. the accumulation of heavy metals by the soil. Such an accumulation
would be expected in time to be toxic to plants and render the soil un-
productive or completely unuseable for crop production, or produce a
crop with a heavy metal content toxic to the animals or humans who con-
sume the crop.

To date no study has completely answered the question of re-
lationship of the quality of the crops harvested and the mineral centent
of the soil on which they grew, or the effect of these crops on the
animals which consume them. It is generally accepted that the mineral
quality of the soil influences the mineral quality of the foods grown
on it (Goldstein, 1973a). More research in this area is vital because
changes in nutrient composition of the plants could have far reaching
effects on the health of the animals and the people who consume them.

The objectives of this research were to:

1. Study the feasibility of disposal of treated electroplating

wastewater effluent by land irrigation

2. Study the effect of the effluent on the potential crops of

wheat and bermuda grass

3. Study the accumulation of the heavy metals, chromium,

copper, iron, nickel, and zinc, in the soil and plant
material and assess the potential hazard to animals and man.

In order to meet these objectives a laboratory study was

conducted. Winter wheat (Triticum aestivum var. Danne) and bermuda
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grass (Cynoda dactylon var. Midland) were grown in the laboratory under

controlled conditions. These plants were watered with effluent obtained
from the Western Electric Company located in Oklahoma City and grown on
soil obtained from land belonging to that company. The plants were
harvested at intervals and analyzed for five heavy metals present in

the effluent (chromium, copper, iron, nickel, and zinc). The amount of
effluent added to the plants was recorded and the concentrations of
heavy metals in the soil prior to planting and at the completion of the
growth period was measured.

Since chromium is difficult to remove by most conventional treat-
ment processes, and since it was present in the effluent in relatively
high concentrations, a special study of the cycling of chromium was
undertaken using radioactive chromium-51. Winter wheat and bermuda
grass were watered with deionized water containing chromium-51 and
chromium-51 concentrations were determined in the plant material.

These studies demonstrated the quantities of heavy metals taken
up by plants compared to the amount of heavy metals added to the soil.
The results indicate the feasibility of irrigation as a method of

disposal for the effluent involved.



CHAPTER II

LITERATURE SURVEY

A. Introduction

The pertiment literature on the use of industrial wastewater
containing heavy metals for irrigation of croplands was surveyed with
particular emphasis on the accumulation of chromium, copper, iron,
nickel and zinc by soil, crops and animals and the subsequent entry
into the food chain.

Municipalities and industries today are faced with the problem
of disposal of effluent and sludge which often include toxic materials
such as heavy metals, cyanide, and phenols. The chemical properties
of industrial wastes may fluctuate widely. The pH and temperature may
vary considerably depending on the industrial process. The problems are
as varied as the types of industrial processes which produce the wastes.
There are many methods for primary treatment of these wastes.

The ultimate disposal of wastewater effluent will be either to
treat and clean it or to store or contain all that cannot be cleaned.
The Federal Water Pollution Control Act Amendements of 1972 require that
the discharge of pollutants into navigable waters eventually must be
prevented. Atmospheric, ocean and deep well disposal methods are not

7
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looked upon favorably and in some states are illegal. Faced with zero
discharge of pollutants by 1685, producers of municipal and industrial
wastes must undertake the technology advances needed to bring about
water reuse and by-product recovery (Forester, 1973a).

There is no one correct way to handle wastewater and sludge.
Many methods are now in use with varying degrees of success. Storing
the effluent in lagoons is one such method. This method has draw-
backs as well as advantages. At best lagoons are only a temporary
answer since they are subject to leaching into the groundwater and
possible overflows during heavy rainfall. Lagoons also require rather
large amounts of land area, which may not be available or economical for
many industries and municipalities.

Other acceptable methods which will allow many treatment blants
to meet 1977 NPDES requirements comprise what are known as tertiary
treatment methods. These are usually very expensive both in capital
costs and in operation and maintenance costs.

The recycling of wastewater and residuals on the land may be
an acceptable method of ultimate disposal. According to Sabey et al
(1973), the recycling of sewage waste on land is probably the most
economical and has the least pollution potential of any method presently
available, when managed properly. Of the three most commonly used land
application methods, irrigation, overland flow, and groundwater recharge,
irrigation is the most reliable with respect to long term use and renova-
tion of wastewater. Current technology is sufficiently developed so

that general design and operational guidelines can be prepared (Pound



9
and Crites, 1973a). The effectiveness of irrigation for waste disposal
treatment depends on several factors: the availability of suitalbe land
in the vicinity; the cost of such land; and wastewater characteristics

such as B.0.D., pH, toxic materials, and heavy metals.

B. Brief History of Wastewater Irrigation

The use of wastewater for irrigation is not new. The history
of irrigation with wastewater is a long one. Wastewater application to
land was practiced in Athens, Greece, in the B.C. period (Metcalf and
Eddy, 1972) and irrigation with wastewater was recorded in Germany in
the 16th century, A.D. (DeTurk, 1935). The practice of "sewage farming"
spread to England in the 1700's. Crops grown were grains, grasses, root,
vegetables, corn, and fruit. The yield from a sewage farm was usually
at least twice that of a conventional farm in the same area. The excess
wastewater was usually conveyed to nearby streams by underdrain systems
with no adverse effect on the purity of the stream (Pound and Crites,
1973b). The practice of wastewater irrigation spread to South Africa,
Australia and Mexico where it continues today.

Wastewater irrigation was used in the United States in the
1870's. However, only recently has the possibility of irrigating with
wastewater and Tiquid sludge been given serious attention in the United
States. This is because of the new NPDES limitations which have caused
a drastic increase in the cost of "adequate" wastewater treatment.

Wastewater irrigation has proven to be reliable in terms of
length of useful 1ife. In the United States systems have been in opera-

tion at Cheyenne, Wyoming, since 1881, at Fresno, California, since



10

1891 and at Bakersfield, California, since 1912 (Pound and Crites, 1973a).

Application of industrial wastewater to the land has been a
relatively recent development in the history of land application of
wastewaters. Reports of land application operations specifically for
industrial waste did not appear in the literature until the 1940's.
Extensive use of land application has been restricted primarily to the
food processing industry, the pulp and paper industry, and the dairy

industry (Pound and Crites, 1973b).

C. Current and Recent Research

Many research projects, both laboratory and field investigations,
have been conducted in an attempt to determine the effect of wastewater
irrigation on soil, plants, groundwater, and human and animal consumers.

Spray irrigation has been used successfully in St. Petersburg,
Florida, on a golf course and park lands with no salting out. Success
with sludge and wastewater used as soil conditioners for land reclama-
tion has been reported in Oregon on marginal desert land (Forester, 1973b).
There are several studies underway on the use of effluent and sludge as
soil conditioners and fertilizers for forest and crop lands (Hatcher,
1974; Seabrook, 1973; Harlin, 1973; and Lamb, 1973).

Studies on the effects of irrigation with disinfected municipal
effluent on crops at Pennsylvania State University have indicated that
when practiced in a cool, semi-humid climate, increased crop production
can be achieved while contributing a substantial recharge to groundwater.
Changes in soil chemistry were small and probably not a future problem

(Harlin, 1973 and Lewicke, 1572).
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Kardos et al (1974) reported on a study in Pennsylvania using
chlorinated, secondary wastewater through sprinkier irrigation systems
to approximately 70 acres of crop and forest land in well drained clay
loam soils and sandy loam soils. Application at hydraulic loading rates
of one to two inches per week resulted in a guaranteed economic level
of crop production, while at the same time recharging 50 to 100 percent
of the applied wastewater as potable water. Crop removal contributed
substantially to the rencvation of wastewater by removing the equivalent
of 20 to 80 percent of the apolied phosphorus and 40 to 100 percent
of the applied nitrogen. The chemical composition of the harvested
crops were well within the normal ranges of such crops as reported in
agronomic Titerature. The quality of the groundwater where the recharge
was taking place changad slightly. There was an increase in nitrogen
and chloride in one monitoring well, but the water met the USPHS drinking
water standards.

The city of Yakima, Washington, irrigates 120 acres of hay with
sludge and industrial (cannery) effluent. The hay (alta-fesque grass
hay) is a mixture of orchard grass, fesque grass and vernal alfalfa
adapted for conditions of excessive moisture. The crop yield was gener-
ally greater than the yield from conventionally-run hay fields in the
area. The saturation point where production leveled was not reached
(Lamb, 1973).

Spray runoff studies were undertaken at Napoleon, Ohio, and
Paris, Texas. Preliminary results over a two-year period show that the
system has a capability of producing a tertiary level of treatment with-

out producing sludge (Harlin, 1973).
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Sullivan et al (1971) performed a survey of facilities using
land application of wastewater. They conducted field investigation of
67 municipal and 20 industrial facilities and questionnaire investiga-
tions of 300 additional facilities. Of the 67 municipal systems studied,
ten had operated prior to 1920. The earliest industrial system surveyed
began operation between 1940 and 1945. The prevalent industrial types
were food processing, milk processing, pulp and paper mills and organic
chemical production. They found that under proper conditions land
application of wastewater is a workable aiternative to advanced or
tertiary treatment of municipal wastes. MNinety-five percent of the
industries surveyed intended to keep their irrigation systems.

Very 1ittle research has been conducted to determine the
feasibility of irrigation with wastewaters that contain significant
levels of heavy metals. The general consensus appears to be that such
industrial waste is unsuitable for land application (Pound and Crites,
1973a and 1973b). Of primary concern is the accumulation of heavy metals
in the soil itself. This could lead to a lowering of crop productivity
and even to plant toxicity. Another concern is the effect such heavy
metal enriched soils might have on the uptake and accumulation of these
heavy metals by crops. In conjunction with this is the problem of in-
volving possibly higher than normal levels of heavy metals in food chains.

The characteristics of industrial wastewaters vary widely not
only by industry, but also by product and processing technique used.
There is no typical industrial wastewater. It has been concluded that

in general industrial wastewaters containing significant concentrations
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of heavy metals are not suitable for application to most soils. However,
successful operations with such wastewater have been reported. For
example, in Vicksburg, Michigan, paper processing wastewater high in
lead, vanadium, and cadmium concentrations was applied to a peat-type
soil. The high organic content of the soil provided a large heavy
metal retention capacity. However, this capacity is not limitless and
is expected to be exhausted within 20 years (Pound and Crites, 1973b).
The response of the soil at a proposed site should be studied carefully
prior to full-scale application of industrial wastewaters containing

significant concentratiocns of heavy metals.

D. Factors To Be Considered in Irrigation Systems

1. Introduction

There are several factors that should be considered before land
application of industrial waste by irrigation is chosen as the method
for wastewater treatment: climatic conditions; amount of waste flow;
industry size; population equivalent of industrial wastes; availability
of open land; land use zoning; cost of land; type of crops and market
needs and demands; groundwater depth and quantities and use for water
supply; proximity of surface waters; nature of soil (Sullivan et al,
1971); and wastewater characteristics such as B.0.D., C.0.D., suspended
solids, total fixed dissolved solids, nitrogen, pH, temperature, color,

heavy metals, SAR, pesticides and other organo-compounds and salts.
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2. Method of Application

Sometimes the method of application can play an important role.
While spray irrigation has become the predominant method of application,
the ridge and furrow methods has been used with some success in systems
where the wastewater is apparently toxic to the vegetation (Pound and
Crites, 1973b). Zinc, iron, and copper, usually as sulfates, are often
sprayed on the leaves of plants to alleviate deficiencies. The leaf
has essentially no selective capacity to preferentially absorb one
nutrient over another. Thus a leaf will absorb any element contained
in a spray solution (Foy et al, 1953 and Volk and McAulippe, 1954).
The sensitivity of leaves to noxious elements in spray solutions has
not been determined adequately and merits further research (Melsted,

1973).

3. Type of Vegetation

The type of vegetation grown at the irrigation site will also
affect the success of the system. Plants vary widely in their ability
to absorb nutrients from the soil and to transport nutrients or toxic
substances from the roots to the vegetative sutructures above ground.
Some of these differences are genetic in origin and may be associated
with the physical distribution of roots and their chemical character-
istics such as cation exchange capacity and pH (Melsted, 1973). The
productivity of the plant on the land irrigated by industrial wastewater
and the uptake and accumulation of heavy metals and other substances by
the plant can vary widely from species to species and even from variety

to variety within the same species.
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4. Nature of Soil

The success of irrigation with wastewater depends to a great
extent on the type of soil to be irrigated. Irrigation requires soils
with a particular balance of two basic properites, adsorption and per-
meability. These two properties tend to counteract each other. A
compromise must be reached between the type of soil with excellent per-
colation and low adsorption, which while allowing heavy hydraulic load-
ing, would also allow movement of substances found in the wastewater
into any groundwater present; and a tight clay or silt loam soil with
high ion adsorption capacity and an infiltration rate too low to operate
successfully (Melsted, 1973).

Many soil factors influence the uptake of heavy metals and other
substances by plants. Some of the more important factors are pH, organic
matter content, moisture, pore space, proportion of clay and silt, type
and size of microbial 1ife (Sauchelli, 1969), phosphate content, and

cation exchange capacity (Chaney, 1973).

5. Nature of the Wastewater
A necessary preliminary step when planning a 1and application
system is a detailed evaluation of the wastewater to be applied to the
land. The following factors should be determined: total solids content,
suspended solids, dissolved solids, temperature, color, odor, dissolved
oxygen, dissolved organic matter, dissolved inorganic matter, nitrogen
content, phosphorus content, potassium content, heavy metals content and

the content of other toxic elements (Oklahoma State Department of Health

1977) .
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E. Heavy Metals In The Soil-Plant-Animal System

1. Introduction

In any plan for land application of water containing heavy
metals it is necessary to consider the effect of the following elements
on the soil-plant system: heavy metal interaction with the soil, heavy
metal interaction with plants, and heavy metals in the food chain.

a. Heavy metal interactions with soil. It has been suggested
that soil is the ultimate receptacle of most of our solid and 1iquid
wastes (Korte et al, 1976). But it should be remembered that sludges
and effluents containing non-essential toxic chemical compounds cannot
be expected to enhance the soil for crop production, but under controlled
applications they should not affect the soil to the extent that crop
yield and quality are impaired (Melsted, 1973). When trace elements are
added to the soil via irrigation waters they may: react with the soil,
be removed from the soil through harvested piants; or move through the
soil with percolating waters. The fate of any given element wili depend
on the chemistry of the element and on plant and soii factors. Some
trace metals are not removed by leaching and can accumulate to toxic
levels in the soil (Pratt, 1973).

Qur knowledge of the chemistry of toxic metals in soils is very
incomplete and largely speculative.(Lisk, 1972). The chemistry of trace
elements in soils is dominated by reactions that lead to the formation
of inert and insoluble compounds or complexes (Allaway, 1968). The

solubilities of soii constituents is markedly affected by several factors
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such as pH, oxidation processes and organic matter (Bowen, 1966).

Heavy metals are generally much more available at pH values be-
low 6.5 to 7.0 (Chaney, 1973). The availability of cations is decreased
at high pH values. In acid conditions there is an abundance of the ions
of iron, zinc, and copper. As the pH increases the ionic forms are
changed to hydroxides or oxides. All the hydroxides of the trace
element cations are insoluble. The exact pH at which precipitation
occurs varies from element to element (Buckner and Brady, 1969).

The organic matter content of the soil is important since it
forms stable complexes with metal jons making them unavailable (Antonovics
et al, 1971). Organic matter in soil seems to form a complex with clay
minerals, thus increasing the cation exchange capacity (Reynolds and
Gloyna, 1963). |

The cation exchange capacity is important in binding all cations,
including heavy metal cations. However, Korte et al (1976) stated that
cation exchange capacity is not related to the environmental fixation
of trace metals. They have proposed instead control by hydrous oxides
of iron and manganese.

The divalent metal ions zinc, copper and nickel are normally
not found in soils in large quantities. Therefore, their inclusion in
wastewater may increase the total content of these elements in the soil
significantly. Although these cations can be held as exchangeable ions
most of them will precipitate out of solution. These metals are poten-
tially toxic to plants and animals and may constitute future hazards if

continually added to soils (Lindsay, 1973).
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b. Heavy metal interactions with plants. There are many fac-
tors affecting plant accumulation of toxic metals: 1) Any factor that
affects the plant accumulation (total amount of metal, pH, organic matter,
P04, CEC, and reversion control the amount of excess metal available to
the root); 2) Characteristics of the toxic metal (in acid soils zinc
is easily translocated to plant tops, while copper and nickel are trans-
located in appreciable quantities only during severe injury to the plant);
3) Presence of competing ions; 4) Phosphate availability (phosphate
interferes with zinc, copper, and iron metabolism of plants); 5) Rooting
depth and soil distribution of metals; 6) Plant age and seasonal effects
(the growth rate of some crops allows a dilution in leaf zinc as the
season progresses); 7) Plant species and variety; and 8) Soil moisture,
aeration and temperature (Chaney, 1973). |

Agronomists have long debated to what extent the soil or the
plant dictates ion uptake by roots. The nature of the plant including
its species, size, growth rate, extent and depth of rooting, transpira-
tion rate, and nutritional requirements may effect its efficiency for
metal absorption from soils. The mechanism of ion uptake by roots is
speculative and may involve direct ion abscrption of soluble ions in
soil solution as well as exudation of organic complexing anions by roots
or bacteria to render fixed metals soluble for absorption. Physical
contact between the root and absorbed or precipitated ions may result
in direct passage of the ions into the root. Finally one ion species
may interfere with root absorption of a different one in the same solu-
tion. The behavior of toxic metals in soils and the mechanisms of ion

uptake by plants are largely speculative (Lisk, 1972).
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Melsted (1973) however, stated that active uptake is the domi-
nant entry pathway of cations once they are absorbed on the rcot exchange
surface. This is an aerobic process by which the plant can accumulate
cations against nutrient gradients and by which it exercises a degree
of discrimination against cations present in the biosphere. According
to Melsted (1973) passive entry is the major pathway of anions.

Plant species vary widely in tolerance to toxic metals and
varieties within a species can vary three to tenfold. Many general farm
crops (corn, small grains and soybeans) are moderately tolerant. Most
grasses (fescue, lovegrass, bermuda grass, orchardgrass, and perennial
ryegrass) are tolerant to high amounts of metals (Chaney, 1973).

The mechanisms whereby the 1iving organism can grow on apparent-
ly contaminated soil may prevent the heavy metals from reaching their
sites of toxic action within the plant or they may simply be external
factors that prevent the metals from entering the organism. External
mechanisms include: the form of metal is not directly soluble in water
and/or if dissolved then rapidly diluted by surrounding water; actual
amount of freely diffusable metal ions is small compared to total amount
present; lack of permeability to heavy metals under specific conditions;
and metal jon antagonisms. Internal mechanisms include: differential
uptake of ions; removal of metal ions from metabolism by deposition in
vacuole; removal of metal ions from metabolism by pumping from cell;
removal of metal ions from metabolism by rendering into an innocuous
form; excretory mechanisms; greater requirement of enzyme systems for

metal ions; alternative metabolic pathway by-passing inhibited site;
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increased concentration of metabolic that antagonize inhibitor; increased
concentration of enzyme that is inhibited; decreased requirement for
product of inhibited system; formation of altered enzyme with decreased
affinity for inhibitor or increased relative affinity for substrate
compared to the competitive inhibitor; decreased permeability of cell
or subcellular units to metal ions; and alteration in protoplasm so that
enzymes may function even when toxic metals replace physiological metals.
A11 the above are possible mechanisms for metal tolerances (Antonovics
et al, 1971).

c. Soil testing and plant uptake of heavy metals. There is no
single approved method of determining the concentration of heavy metals
in soils. Among the many methods used are tests that measure the total,
exchangeable, available, and water soluble cations. Many of these measure-
ments show no correlation with plant content of the heavy metal in ques-
tion.

Antonovics et al (1971) states that most workers have resorted
to measuring total metal concentrations since this has been found to
refiect in a relative way on the concentration affecting the plants, and
because it is easy to measure. They found no evidence that other methods
reflected more accurately the amount available to plants.

In Sweden, copper extractable by strong acid digestion of a soil
correlated reasonable well with the copper content of the tissues of
plants grown thereon. However, at present no precise chemical method
has been developed for determining the amount of copper in soil which

is available to plants (Reuther and Labanauskas, 1966).
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There has been no acceptable chemical test for determing iron
availability approved officially in the United States {Sauchelli, 1969).

The nickel content of plants appears to be closely correlated
to the exchangeable nickel of soils as determined by neutral normal
ammonium acetate solution. Total nickel content is not a good measure
of the availability of the element to plants (Vanselow, 1966).

d. Heavy metals in the food chain. One of the problems with
heavy metals is their tendency to concentrate through both aquatic and
terrestrial food chains. The more links in the chain, the more severe
the bioaccumulation phenomenon (VERSAR INC., 1975).

Little information concerning accumulation in organisms,
magnification in food webs and mechanism of transport throughout the
environment is available for most of the heavy metals (VERSAR INC., 1975).
Copper, zinc, and nickel will reduce yields and severely injure plants
before they are accumulated to levels that are toxic to most animals.
Thus the food chain appears to be protected (Chaney, 1973).

It may be possible to avoid potential toxicity to animals by
utilizing the forage at a state when the concentration ¢f a potentially
tdxic element is least (Allaway, 1968).

e. Heavy metals in the soil-plant-animai system. The soil-
plant system can be viewed as a dynamic living system of competing
biological, chemical and physical reactions (Lisk, 1972). Although the
concentrations of trace elements in living tissue are ordinarily very
low, these concentrations must often be maintained within narrow limits

in order to permit optimum biological performance of plants, animals, and
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man. The route from soil, to plant, to animal or human remains the pre-
dominant one for many elements (Allaway, 1968).

Man, like all terrestrial animals, depends on food derived from
the soil and the composition of the soil is, therefore, of vital impor-
tance to him. Having evolved against a background of food supply based
on virgin soil we run the risk of creating serious biochemical difficul-
ties for ourselves if we allow the soil to be contaminated in the long
term with toxic substances which can pass freely into plants. Contamin-
ation of soils with elements such as copper, lead, and zinc appears to
be largely irreversible. The trace element content of plants grown on
contaminated soils can be enhanced and deleterious effects on plant
growth are possible (Purves, 1972).

It is possible for feed and food plants to grow "normally" at
optimum or near-optimum rates, even though they contain insufficient
chromium, copper, and/or zinc to meet the dietary requirements of some
animals for these elements (Allaway, 1968).

The soil plant system provides an effective barrier against
toxicity from arsenic, iodine, beryllium, fluorine, nickel and zinc.
Plant growth will cease or be greatly depressed before these elements
will be taken up from the soil, and accumulated in concentrations that

would be dangerous for animals. The soil-to-plant route is, for most

trace elements, the major route of entry into the living tissues of plants,

animals, and man. The soil-plant system exerts an effective buffering

action on the environmental cycling of trace elements (Allaway, 1968).
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2. Chromium

a. Introduction. Chromium has been determined as essential to
humans and animals (National Acadamy of Sciences, 1974; Allaway, 1968;
Bowen, 19663 Lisk, 1972; Underwood, 1975; and VERSAR INC., 1975) but not
to plants (Allaway, 1968; Pratt, 1973; Davis, 1956 and Pratt, 1966).

Chromium is fairly abundant in the earth's crust, ranking fourth
among the 29 elements of biclogic importance (NAS, 1974). Chromium metal
is stable and relatively non-toxic due to its insolubility in water and
body fluids (VERSAR INC., 1975). However, hexavalent chromium is a strong
oxidizing agent and readily reacts with organic matter in acidic solutions,
leading to reduction to trivalent chromium. The toxic action of hexava-
lent chromium is largely due to this oxidizing reaction. Hexavaient
chromium can penetrate biologic membranes easily, trivalent chromium can-
not (National Acadamy of Sciences, 1974).

Chromium is one of the few essential elements for which no
accumulation against a concentration gradient is evident at any point
in the biological cycle from soil to plant to animal (Allaway, 1968).
The pubiished data cannot be assumed to be accurate because the analyti-
cal methods and sampling techniques have been unreliable and highly
variable (National Academy of Sciences, 1974).

b. Naturally occurring chromium concentrations in soil. Chrom-
ium concentration in the soil has been reported to range from 10 to 150
ppm with an average of 40 ppm (NSA, 1974). In 19 soil samples in France

chromium ranged from 1.7 to 88.4 ppm (Davis, 1956). American soils have
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been tested with chromium concentrations from 1 to 1500 ppm (Lisk, 1972).
Bowen (1966) reported chromium concentrations ranging from 5 to 3000 ppm
with a mean of 100 ppm while Norrish (1975) listed chiromium in soils at
200 ppm and Pratt (1966) at 5 to 1000 ppm. |

¢. Chromium reactions in soil. At this time the soil chemistry
of chromium is largely speculative (Lisk, 1972). The chromium in soil
is relatively unavailable as insoluble oxides or in silicate lattices
(NSA, 1974; Lisk, 1972; and Allaway, 1968). Lindsay (1973) reported
that chromium in soils is generally oxidized or reduced to trivalent
chromium and precipitated as an inscluble hydroxide.

The important chromium ions are chromates and dischromates which
are easily oxidized to trivalent chromium in acid solutions and in the
presence of organic matter (NSA, 1974). The unavailability of trivalent
chromium may be partially due to a strong attraction to negatively
charged sites on clays or in organic matter (Lisk, 1972 and NSA, 1974).
Very Tlittle chromium is available to plants in soils with a pH greater
than four (Davis, 1956).

Soluble chromium added to the soil probably reacts to form
insoluble oxides. Even chelated chromium added to the soil may result
in only a temporary increase in the soil solution (Allaway, 1968).

d. Availability of chromium to plants, its uptake and accumu-
Tation. Most of the chromium naturally occurring in the soil is insoluble
and of low availability to plants (Allaway, 1968; Lisk, 1972; and Lindsay,
1973). Soluble chromium added to the soil is likely to revert to very

insoluble oxides (Allaway, 1968). Thus very high amounts of trivalent
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chromium may be added to the soil without increasing the chromium con-
tent of crops appreciably, and constitute no hazard (Chaney, 1973).

Plants absorb only a small proportion of the chromium in soils
and chromium additions to the soil usually result in very small increases
in plant absorption of chromium (Lisk, 1972). Chaney (1973) reported
that very high amounts of trivalent chromium added to the soil would
not increase the chromium content of crops appreciably and would con-
stitute no hazard. However, vegetables growing on soil irrigated with
chromium containing wastewaters had three to ten times more chromium
than control plants in some instances (VERSAR INC., 1975 and Lisk, 1972).
The reason for this increase in chromium content might be due to the
efficient plant absorption of continuously provided chelated chromium
(Lisk, 1972).

Higher plants such as conifers, deciduous trees and shrubs
usually take up less chromium than do lower plants like lichens, mosses,
ferns and grasses (NSA, 1974). The roots of plants usually contain a
higher concentration than the tops (Lisk, 1972 and Bowen, 1966).

Chromium concentrations of 80 ppb in potatoes, 590 ppb in hay,
and 40 ppb in grains and cereals have been reported (NSA, 1974). Most
plants fall between 100 to 500 micrograms/kilogram. Plants grown on
silica soil with a chromium concentration of 140 ppm took up 4.9 to 7.6
ppm chromium (NSA, 1974). Allaway (1968) reported the normal concentra-
tions of chromium in feed and food plants ranging from 0.03 to 1.0 ppm.
Pratt (1973) reported chromium concentrations of 7.6 ppm in barley leaves;

4.5-6.5 ppm (Tow range) and 10.2-14.0 ppm (high range) in wheat leaves; and
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4.0-14.0 ppm in tobacco leaves. A concentration of 18-34 ppm in tobacco
leaves was toxic and 252 ppm in oat leaves was toxic.

Davis (1956) reported that vegetables from 25 botanical families
contained 10-1000 micrograms of chromium per kilogram dry matter. Most
of the plants fell in the 100-500 microgram/kilogram range. Bowen (1966)
reported chromium in land plants at 0.23 ppm. While Melsted (1973)
listed the chromium content of common agronomic crops (corn, soybeans,
legumes, wheat, oats, barley and grasses) as ranging from 0.1 to 0.5 ppm
with a suggested tolerance level of 2 ppm.

e. Th2 role of chromium in plant metabolism. Chromium has not
been proven as essential for plant metabolism (Allaway, 1968; Pratt 1966
and 1973; and Davis, 1956), however crop yields in Germany, Poland, France,
and Russia have been improved by application of chromium (NSA, 1974).

Specific functions of chromium in plants have not been deter-
mined (Tiffin, 1972). Very little information is available on the effects
of chromium on plants. Chromium appears to affect the roots of plants
(NSA, 1974). Plants with induced chromium toxicity often contain the
same concentration of chromium in the tops as are found in unaffected
plants (Allaway, 1968).

The effects of chromium on plants vary with the species and the
specific chromium compound. Other chemicals in the soil such as nickel,
cobalt and magnesium may interact with chromium in its effect on vegeta-
tion (NSA, 1974).

f. Chromium toxicity in plants. The addition of large amounts

of chromium to the soil has been reported to be poisonous to plants (NSA,
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1974). Applications of 150 ppm to a soil was toxic to citrus seedlings
and the addition of 100 and 500 ppm chromium to soils reduced the dry
weight and nodulation of peas (Pratt, 1966 and 1973). Chromium has low
toxicity when applied as poorly soluble compounds or in alkaline soils
(Davis, 1956). Hexavalent chromium appears to be more toxic than the
trivalent form (Pratt, 1966).

Excessive chromium levels in the soil cause two plant diseases:
witches broom in tea plants and yellow branch in citrus plants (Davis,
1956). Phytotoxicity by chromium has been reported and inhibitation of
nitrification has been observed (Lisk, 1972). Chromium has produced iron
chlorosis in sugar beets grown in sand cultures (Pratt, 1966). Oat plants
affected by chromium toxicity were stunted with narrow brownish red leaves
" containing small necrotic areas and with poorly developed rcots. Toxic
chromium levels in tobacco was reported as 18-34 ppm in leaves and 375-
410 ppm in the roots, while the toxic level in corn leaves was 4.0-8.0
ppm and in cat leaves 252 ppm (Pratt, 1966).

g. Chromium abscrption and accumulation in humans and animals.
Little information is available on the degree to whicﬁ the chromium con-
tained in plants is absorbed and retained by animals. It appears that
there is a relatively low absorption and retenticn of chromium by animals
(Allaway, 1968). The availability of chromium varies with its dietary
source ranging from less than 1% to 25% of an oral dose (NSA, 1974).

In fact chromium intakes are insufficient in some people (Underwood, 1975).
Even in its most soluble forms, the element is not readily absorbed by

animals (NSA, 1974).
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The chromium content has been reported for a variety of foods.
Most of them contained levels in the range of 0.1 ppm. Fish and fruit
contained less chromium and condiments contained as much as 2.7 ppm
(Lisk, 1972). Most meats are good sources of chromium (NSA, 1974).

Bowen (1966) reports that animals contain about 0.075 ppm chromium.

It is apparently accumulated by RNA and insulin. A majority of the food
and feed crops now produced do not contain enough chromium to meet the
requirements of humans and animals (Allaway, 1968).

Institutional diets in the United States provide varying concen-
trations of chromium ranging from 52 to 78 micrograms/day (NSA, 1974) Lisk
(1972) reported the range of chromium in institutional diets to be 0.36
to 0.89 mg per day. Chromium intake is considered marginal in the United
States (NSA, 1974). Chromium intake is higher in other countries.

h. The role of chromium in human and animal metabolism. Chromium
is now recognized as an essential trace element to humans and animals
(NSA, 1974; Allaway, 1968; Bowen, 1966; Lisk, 1972; Underwood, 1975; and
VERSAR INC., 1975). Chromium appears to play a role in glucose metabolism
and the effectiveness of insulin. Chromium is an essential part of a
glucose tolerance factor (NSA, 1974; Allaway, 1968; Lisk, 1972; Bowen,
19663 Underwiood, 1975; VERSAR INC., 1975 and Scott, 1972). The digestive
enzyme trypsin appears te contain chromium as an integram part (NSA, 1974).
Chromium may play a ro]é in preventing atherosclerosis andserve as an anti -
cholesterogenic agent (Lisk, 1972 and VERSAR INC., 1975). It is also
believed to be involved in carbohydrate metabolism (Lee, 1975 and Under-

wood, 1975) as well as in lipid and protein metabolism {Underwocd, 1975).
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Baetjer (1956) reported that trivalent chromium could serve as a coacti-
vator in the activation of phosphoglucomutase and an activator in the
succinic dehydrogenase cytochrome system. Nucleic acids contain chromium,
however, the function of chromium in RNA is not known (NSA, 1974). Chrom-
jum may also be antagonistic to lead toxicity (Lisk, 1972). Chromate is
absorbed by body organs less readily than chromite (Lisk, 1972). The
overall nutritional significance and biochemical role of trivalent chrom-
ium is unknown (Scott, 1972).

i. Chromium deficiency and toxicity in humans and animals.
Chromium is lost through urinary excretion at the rate of between 7 and
10 micrograms/day. Since chromium is so poorly absorbed, to compensate
for this loss a daily intake of 40 to 2000 micrograms would be necessary
depending on the chromium compound. Chromium deficiency is of greater
concern than’overexposure (NSA, 1974). A diet of 0.15 to 0.20 ppm chrom-
ium resulted in deficiency in rats (Allaway, 1968).

Impairment of the glucose tolerance is the first symptom of de-
ficiency in experimental animals (NSA, 1974 and VERSAR INC., 1975). A
lack of chromium has also been associated with arteriosclerotic heart
disease, elevated cholestrol levels in the blood, and high fat content
of the aorta (VERSAR INC., 1975).

Chromium, especially in the hexavalent form, is toxic at high
levels to animals. However, the margin is substantial between essential-"
ity and toxicity (Allaway, 1968). Trivalent chromium is moderately toxic
(Bowen, 1966) and trivalent chromium compounds probably do not produce

serious damage to body tissues. Laboratory animals ingesting fairly
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large doses of such compounds exhibited no sign of illness, loss of
weight or tissue damage. Analysis of the ash of tissue indicated no
absorption of chromium or at least no retention of chromium in the body
(Baetjer, 1956).

Symptoms of excessive dietary intake of chromium is unknown in
man (NSA, 1974). Internally, the chrome salts act as an irritant causing
tissue corrosion in the intestinal tract. Vomiting and bloody stools
are often noted. The central nervous system is often involved and dilated
pupils, coma, collapse, slow respiration, shock and death sometires
occur.

The toxic dose to man is reported to be about 0.5 g KZCrZO7
(VERSAR INC., 1975). The toxic dose to adult mammals was shown as 200
mg/day with 2000 mg/day being lethal (Bowen, 1966).

j. Chromium limitation in irrigation water. Pratt (1973)
recommended that the maximum concentration of chromium in irrigation
water used for sensitive crops on soils with low capacities to retain
chromium in an unavailabie form be 0.1 mg/1. This concentration was
recommended in view of the lack of knowledge concerning chromium accumu-

lation and toxicity (NAS, 1974).

3. Copper
a. Introduction. Copper has been determined as essential to
plant (Eyster, 1964; Boakdman, 1975; Sauchelli, 1969; and Buckner and
Brady, 1969) and animal nutrition (VERSAR INC., 1975 and Reuther and
Labanauskas, 1966).



31

Copper is not normally found in soils in large quantities and
its inclusion in sewage wastes may increase the total content of copper
in soils significantly (Lindsay, 1973). In soil only a small amount of
the copper ions will remain in the exchangeable form (Lindsay, 1973).

There are definite 1imits to the amounts of copper than can be
applied to agricultural soils without damage to crops (Reuther and Lab-
anauskas, 1966). Copper is highly toxic to plants at low concentrations
(Bowen, 1966 and Pratt, 1973), and moderately toxic to mannals
(Bowen, 1966). Copper will usually cause severe plant injury before the
content is high enough to be toxic to most animals (Chaney, 1973). There-
fore the chances are small of excess copper moving through the food chain
from plants to animals.

b. Naturally occurring copper concentrations in soil. Various
copper concentrations have been reported in soil. Bowen (1966) reported
copper concentrations ranging from 2-100 ppm with a mean of 20 ppm; Sauchelli
(1969) stated that a normal agricultural soil contains from 1 to over 50
ppm copper; while Reuther and Labanauskas (1966) reported mineral soils
with textures ranging between loam and clay to have 10 to 200 ppm copper
with a majority between 25 and 60 ppm. The total copper concentration
averaged 31 ppm in 54 soil samples. In 16 Kentucky soils copper ranged
from 1 to 27 ppm. In other soils copper ranged from 10 to 140 ppm (Reuther
and Labanauskas, 1966). Buckner and Brady (1969) reported the normal range
of copper in soils as 5-150 ppm with 50 ppm being representative.

c. Copper reactions. The divalent copper cation reacts strong-

1y with soil colloids and organic matter (Devlin, 1967; Pratt, 1973;
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Sauchelli, 1969; and Bowen, 1966). Copper added to the soil is tightly
held in the surface few inches of soil and moves very slowly, if at all,
with drainage water (Pratt, 1973; Sauchelli, 1969; and Reuther and
Labanauskas, 1966) and is not subject to leaching out of the princi-
pal root zone (Reuther and Labanauskas, 1966). Copper retention in the
soil appears to be correlated more with organic matter and soil alkalin-
ity than with clay content of the soil (VERSAR INC., 1975). A single
application of copper can produce a strong residual effect in the soil
which may persist for years (Reuther and Labanauskas, 1966).

Copper can be held as an exchangeable ion, however, only small
quantities will remain exchangeable as precipitation reactions lcwer the
copper level in solution below that of the common exchangeable cations.
The exact reaction products that precipitate in soils are unknown (Lindsay,
1973). A major portion of the copper is evidently held with such secur-
ity that it cannot be displaced readily by other common soil cations in
the ordinary range of soil acidity (Reuther and Labanauskas, 1966).

Soil copper may also form very stable complexes with organic matter of
soil and become nonexchangeable (Devlin, 1967). The hydroxide forms of
copper are extrememly insoluble (Buckner and Brady, 1969).

The activity of copper cations decreases with an increase in
soil pH (Lindsay, 1973). Copper is held to soil most securely at pH 7
and above (Buckner and Brady, 1969 and ﬁeuther and Labanauskas, 1966).
Copper is most soluble and available under acid conditions (Bucker and

Brady, 1969 and Reuther and Labanauskas, 1966).
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d. Availability of copper to plants, its uptake and accumula-
tion. Factors affecting the availability of copper in scil are pH,
organic matter content, proportion of sand to clay, and the presence of
other chemicals (Sauchelli, 1969). Copper is less available in soils
with pH values of 7 and above (Buckner and Brady, 1969) and in organic
and heavy clay soils (Sauchelli, 1969). Application of zinc fertili-
zers to soils Tow in copper can induce copper deficiency in wheat
(Loneragan, 1975). High rates of nitrogen fertilizer can cause copper
deficiency as can phosphorus accumulation in soils (Reuther and Laban-
auskas, 1966).

In the soil only small amounts of the copper ions will remain
in the exchangeable form (Lindsay, 1973). The amount of copper removed
when a crop is harvested is infinitesimally small compared to the amount
usually in the soil (Reuther and Labanauskas, 1966).

Roots contain greater amounts of copper than shoots (Bowen, 1966
and Antonovics et al, 1971). Antonovics et al (1971) found that copper
uptake in the above ground parts of plants stayed low and constant when
soil copper Tevels were low, but above some higher level of soil copper
the quantity of copper in the plant tops increased abruptly. At slightly
higher levels the copper in the soil was lethal. They found that species
differed both in their overall copper content and in the concentration
at which the sudden increase in copper uptake occurred. It appears that
in some plants the roots prevented copper from reaching the upper part

of the plant until the root system was swamped.
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In a wide variety of plants the range of copper in the dry matter
of leaves falls between 5 and 20 ppm for normal growth (Allaway, 1968
and Reuther and Labanauskas, 1966). Bowen (1966) reported the copper
concentration found in land plants as 14 ppm, while Melsted (1974) found
that the average concentration ranges calcualted from composition data
reported in the literature for corn soybeans, legumes, wheat, oats,
barley and grasses was 3 to 40 ppm with a suggested tolerance level of
150 ppm. Sauchelli (1969) reported that herbage (mixed pastures) con-
tained 1.1 ppm copper.

Wheat (Triticum species) straw was reported to contain 9-18 ppm
copper and the grain 3-4.5 ppm (Chapman, 1966). Antonovics et al (1971)
found that the copper content of plants rarely varies more than 5-15 ppm.
. Utah wheat contained from 6 to 12 ppm Qhen grown in soils containing
from 4 to 51 ppm of total copper. From 20 to 25 ppm of total copper in
organic soil and 8 to 10 ppm in mineral soils produced grass crops with
a normal copper content (Reuther and Labanauskas, 1966).

e. The role-of copper in plant metabolism. Copper plays an
important primary role in plant metabolism (Reuther and Labanauskas, 1966).
It is an essential element for plants (Eyster, 1964; Boardman, 1975;
Sauchel1i, 1969; and Buckner and Brady, 1969). Copper is an essential
component of the electron transport chain (Boardman, 1975; Salisbury and
Ross, 1969; and Buckner and Brady, 1969). Copper may fqnction in
photosynthesis (Devlin, 1967 and Salisbury and Ross, 1963) and play a
catalytic role in nitrogen fixation (Salisbury and Ross, 1969). Copper

is involved in respiration and the utilization of iron (Buckner and
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Brady, 1969).

Copper is a component of certain enzyvmes such as tyrosinase
(Nicholas, 1975 and Sauchelli, 1969), laccase (Nicholas, 1975 and Devlin,
1967), cytochrome oxidase (Nicholas, 1975), plastocyanin {Nicholas, 1975;
Boardman, 1975; and Salisbury and Ross, 1969), ascorbic acid oxidase
(Sauchelli, 1969 and Devlin, 1967), polyphenol oxidase (Salisbury and
Ross, 1969), phenolases (Devlin, 1967), perphas nitrate reductase
(Salisbury and Ross, 1969), and many metalloenzymes especially, those
concerned with oxidation (Bowen, 1966 and Buckner and Brady, 1969).

f. Copper deficiency and toxicity in plants. In a wide variety
of plants copper deficiency is characterized by levels of 1ess than 4 ppm
copper in the dry matter of leaves (Allaway, 1968 and Reuther and Labanau-
skas, 1966). Copper in wheat straw was reported as deficient at a level
of 8.5 ppm dry weight basis (Chapman, 1966).

Copper deficiency delayed maturity, reduced straw yield and
severely depressed the grain yield of 7 wheat genotypes. Genotypes
differed considerably in their expression of deficiency symptoms
(Nambiar, 1976).

| Early stages of copper deficiency are manifested in reduced
growth or yield. Deficiency symptoms of wheat (Triticum species) included
paleness, lack of turgor and rolling or yellowing of terminal or new leaves;
older leaves become 1imp and bent at the ligule. In severe cases the
leaves die and dry to a bleached gray (Reuther and Labanauskas, 1966).
Copper deficiency can cause a necrosis of the tip of young leaves that
proceeds along the margin of the leaf giving a withered appearance (Devlin,

1967).
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Copper is highly toxic at quite low concentrations in plants
(Bowen, 1966 and Pratt, 1973). Amounts of 20 ppm in the dry matter of
leaves should be looked on with suspicion (Allaway, 1968 and Reuther and
Labanauskas, 1966). A tolerance level of 150 ppm copper was suggested
by Melsted (1975).

In the early stages of copper excess growth is reduced (Reuther
and Labanauskas, 1966). Excess copper reduces the root yield more than
the top yield. Roots prevent much of the toxic metal from reaching the
leaves (Chaney, 1973). Excess copper commonly induces iron chlorosis
symptoms in plants. This is due to a depression of iron concentration
in the leaves (Reuther and Labanauskas, 1966) as a result of reduced iron
transport by roots (Chaney, 1973).

Copper toxicity may interfere with the uptake of certain heavy
metals and phosphorus and otherwise derange the normal process of nutrient
accumulation by roots (Reuther and Labanauskas, 1966).

g. Copper absorption and accumulation in humans ard animals.
Copper will usually cause severe plant injury before the content is
high enough to be toxic to most animals (Chaney, 1973). Copper is often
deficient or marginally sufficient in agronomic soils resu]ting in Tow
1é§e]s of copper in crops and less availability of copper to animals
(Chaney, 1973). Animals require copper leveis of 1-10 ppm dependent on
the molybdenum level (Allaway, 1968). Bowen (1966) reported the copper
content of land animals to be 2.4 ppm. The normal amount of copper in
the diet of adult mammals is 2-5 mg/day (Bowen, 1966). Sheep need
between 5 and 10 mg of copper per day (Lee, 1975). The adult human
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requires 3 mg/day of copper and children need 2 mg/day (VERSAR INC., 1975).

h. The role of copper in human and animal metabolism. Copper
is found in traces in all animal life and is essential for animal nutri-
tion (VERSAR INC., 1975). It plays an important role in animal metabol-
ism (Reuther and Labanauskas, 1966). The copper requirement is reported
to be about 2 mg/day for children and 3 mg/day for adults (VERSAR INC.,
1975). Copper is essential in the generation of hemoglobin of higher
animals (Reuther and Labanauskas, 1966; VERSAR INC., 1975; and
Sauchelli, 1969). Copper content is generally highest in the 1iver,
brain, heart, and kidney (Sauchelli, 19-9 and Bowen, 1966).

There seems to be some reciporocal relationship between copper
and molybedenum in animal nutrition. Molybedenum content of the diet
may exert a strong effect on copper metabolism of ruminant animals
(Reuther and Labanauskas, 1966) and can interfere with copper metabolism
in humans (Allaway, 1968). Copper and aluminum are also reported as
being antagonistic (Reuther and Labanauskas, 1966).

i. Copper deficiency and toxicity in humans and animals.
Copper deficiencies often occur in animals which are fed plants with Tow
copper concentrations (Allaway, 1968 and Chaney, 1974). Copper deficiency
in lambs causes enzootfc ataxia (nervous degeneration of the spinal cord).
It also results in stringy wool. A falling disease in cattle character-
ized by sudden death of seemingly normal cattle is caused by copper
deficiency (Lee, 1975). Cattle in Florida have suffered a debilitating

disease associated with extreme anemia caused by a deficiency of iron and
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copper in the diet. A wasting disease o