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We are pleased to present this final report on the assessment of trace
element hazards in the reclamation of various waste materials from the
proposed Hat Creek Mine. Concerns raised in your review of the draft
report have been addressed. The information contained in this report
represents a "state of knowledge" for most of the elements dealt with.
There are, despite this, significant areas of uncertainty that result

principally from the lack of standardization of sampling techniques and
analytical methods in the literature.

I &

wWog 7T
awd oL
A>ed7y

SYP

Insofar as 1t is currently possible to ascertain, there are no unexpected
or unusual conclusions to be drawn from this study. Zinc and boron
deficlencies are evident In most of the materials 1listed, but these
deficiencies also occur commonly throughout central British Columbia.
Deficiencies of manganese and molybdenum were also noted, The only
element occurring at toxic concentrations was boron in the fly ash. This

is a common potentially toxic element 1in fly ash,
observed that 1levels of
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We have found this projeect to be both challenging and interesting, and we

trust that you will find that it fulfills your requirements and expecta-
tions.
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PREFACE

This report fulfills client purchase order number [59815.

Major professional expertise in the preparation of this report
has been provided by Peter R. Guy, Senior Bioleogist (literature review},
Philip J. Burton, Senior Plant Ecologist (statistical analysis), and J.
Cameron Bateman, Biologist (field sampling). Project Manager was
Alexander E.A. Schumacher, Chief Agrologist, Interpretations,
conclusions and recommendations were made by the project team, and are in
part based on consultations with Canada Agriculture researchers.
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ABSTRACT

Random samples of substrate material and grass and legume
shoots were collected from reclamation trial plots and nearby rangeland
at Hat Creek, British Columbia. The waste materials sampled included fly
ash, baked clay, colluvium, gritstone and coal waste. On fly ash, baked
clay and the Houth Meadows rangeland, separate plant samples were taken
of roots, leaves and seed stalks. All samples were analyzed for their
total contents of As, Be, B, Cd, Cr, Co, Cu, F, Pb, Mn, Hg, Mo, Ni, Se,
Sn, U, V, Zn. The significance of concentration differences among waste
materials and among differeant plant parts was statistically evaluated for
each element.

The mean and range of element concentrations are compared to
those documented from an extensive review of the literature. Particular
attention is paid to the ranges of concentrations documented as normal
for soils and plants, and to the critical levels at which deficiency and
toxicity symptoms appear ir plants and livestock which feed on such plant
material, Reference was also made to local experience in known toxic
levels and deficiencies of trace elements for plants and animals.

Although several elements had plant and soil concentrations
outside the ranges previously reported as normal, only boron was found in
lavels toxic to plant growth, and only on fly ash, No elements were
found to be at levels toxic to animals, but because of the copper to
molybdenum ratios present, deficiencies or toxicities of these two
elements may occur in cattle fed solely on vegetation from any of the
waste materials (and from Houth Meadows rangeland as well). A number of
materials also have deficiencies of B, Mn, Mo or Zn for proper plant or
livestock growth. Rated in order of the least to greatest number and
severlty of toxicities and deficiencies are baked clay, coal waste, Houth
Meadows topsoil, gritstone, Trench A topsoil and colluvium,

Alfalfa concentrzted B, Cr, Mn, Mo and Ni more than did crested
wheatgrass; conversely, crested wheatgrass accumulated Cu. B and Cd were
concentrated by plants, to 1levels of up to ten times the total
concentration found in the soil. Distribution within plants typically
showed higher concentrations in the roots, while concentrations in the
leaves and seed stalks are lower and are not significantly different from
each other (except for Dborom, which tends to accumulate in
inflorescences).

(1ii)
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1.1 BACKGROUND

The Hat Creek Thermal Project will involve the mining of coal
from a large open pit mine to serve a mine-mouth thermal plant. Over 33
years of operation, 340 million tomnes of coal and 430 million cubie
metres of waste will be removed from the pit. The waste materials will
be stored at two disposal areas: Houth Meadows and Medicine Creek
Valley. The waste dumps will be reclaimed to productive land uses,
primarily agricultural forage production and wildlife habitat (British
Columbia Hydro and Power Authority 1981).

B.C. BHydro has been conducting Iinvestigations into the revege-
tation potential of the waste materials since 1977. These investigations
were initiated in order to develop and refine methods for land reclama-
tion at Hat Creek. Assessuents of plant growth in terms of biomass pro-
duction, cover build-up, plant health and maintenance of species composi-
tion and soil nutrient status are summarized by Monenco Consultants
Pacific Limited (1981) and Monenco Consultants Pacifiec Limited (1982),
This report addresses another aspect of mine waste reclamation, that of
potential trace element hazards.

Mineral deposits and mining wastes have higher concentrations
of elements than those found in the biosphere. Many of these elements
are required in small amouats by plants and animals, but high concentra-
tions could, 1if sufficient, prove toxic. Different specles respond
differently to equal levels of elements, and the zone of concentration
between deficiency and toxicity is often very narrow. Many studies have
dealt with the responses of organisms to exceptionally high element
concentrations, but in many cases the "normal” background concentration
under which organisms appear to function normally is not known,

Determination of normal concentrations and critical levels for
different plant and animal species 1is required before the hazard of any
abnormal concentrations can be assessed.

Sampling of =so0ils, mine waste and plants at Hat Creek for
abnormal concentrations of trace elements has been a continuing part of
the environmental studies conducted in conjunction with the Hat Creek
Thermal Generation Development Project.

The 1978 study (B.C. Hydro 1979) found that, except for the fly
ash plots, all trace element data were within the range of wvalues nor-
mally found in natural soils., The levels of arsenic, boron, and copper
were found to be higher in the fly ash, while the fluorine level was much
lower. Comparative studies were done of total and extractable element
assays, with acidic or miltiple water extractions being performed to
estimate the amount of trace elements that could potentially be available
to plants. The fly ash and coal waste materials showed higher concentra-
tions of some acid extractable elements (including arsenic, boron, copper
and molybdenum) than the other soil materials. Gritstone also had higher
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levels of extractable elements than the other materials, which implies
that 1t is easily weathered and that trace elements are readily
released. Vegetation was collected from the colluvium, glacial gravel
and fly ash test plots, aad analyzed for trace elements, On  the
colluvium and glacial gravel plots, the concentrations of trace elements
in vegetation were similar and it was decided that all were within the
range normally found in the natural environment (B.C. Hydro 1979).
Element levels in legumes were generally higher than those in grasses.
Some elements such as arsenic, tin, and selenium were below their
detection limits in both grasses and legumes, Topsoil appeared to have
no major effect on trace element concentrations in vegetation growing on
the colluvium plot. Only boron and molybdenum were more concentrated in
the vegetation than in the waste material, while zine and cadmium showed
vegetation concentrations of about one half that found in the waste
material, Trace element concentrations in vegetation grown on the fly
ash plot were different from those on the colluvium and glacial gravel
plots. The levels of arsenic, boron, copper, molybdenum and selenium
were greater than in the vegetation on the other plots, and also greater
than found in natural vegeta:tion growing in the Hat Creek area, On the
other hand, manganese levels in fly ash vegetation were counsiderably
lower (B.C. Hydro 1979).

The 1979 sampling program was expanded to include analysis of
selected radionuclide concentrations (B.C. Hydro 1980). In terms of the
elements tested for in 1979 and 1981, most of the trace element levels in
vegetation were similar to these found in the 1978 survey, although the
levels of cadmium and mercury appeared to be significantly greater. The
average concentration of cobalt in vegetation grown on the gritstone and
bentonitic c¢lay plots was six times the average coancentration in
vegetation from the colluvium, glacial gravel and fly ash plots, and
concentrations were variable in plants growing on coal waste, Boron
levels were found to be higher in legumes than in all other species at
all of the Aleece Lake plots. The trace element concentrations in the
Aleece Lake spoil materials and native soils were also generally similar
to levels found in the 1978 survey. Concentrations of fluorine and
uranium were consistently lower in 1979 than in 1978 in the colluvium,
glacial gravel and £fly ash plots, but showed no change in the native
soils. In general, trace element concentrations in the colluvium and
glacial gravel were similar to those in the native soils near the Aleece
Lake plots and elsewhere in the region. Levels of arsenic were higher in
all of the waste materials than in the native soils, In fly ash, the
levels of boron, copper, molybdenum, and wuranium were higher, while
fluorine and manganese levels were lower than in the native soils (R.C,
Hydro 1980), It was also found that roots of plants generally contained
higher levels of trace elements than did the spikes and above ground
portions; only boron tended to be concentrated in the shoots.

The 1981 trace element sampling program is a continuation of

the 1978 and 1979 programs, with samples taken from the Aleece Lake and
Trench A reclamation trial plots, Materials sampled include fly ash,
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coal waste, baked clay, gritstone, colluvium, topsoil, native soil (Houth
Meadows) and plant tissue from the vegetation growing on these
materials. Emphasis 4in 1981 was placed on the determination of
variability, the compilation of ecritical element concentrations reported
in the literature, and the determination of the probability that values
could be beyond acceptable limits,

Eighteen of the 23 elements selected for study in 1978 were
again analyzed in 1979 and 1981. These elements were arsenic (As)
beryllium (Be), boron (B), cadmium (Cd), chromium (Cr), cobalt (Co),
copper {(Cu), fluorine (F), lead (Ph), manganese (Mn), mercury C(Hg),
molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), wuranium (U),
vanadium (V), and zinc (Zn).

1.2 OBJECTIVES

The objectives of the 1981 trace element assessment program are
the following:

i. To review literature on trace element concentrations found in plants
and soils to determine for each element:

a) the range and mean concentrations of each element in natural
soils and in agrounomic plant species (particularly alfalfa and
crested wheatgrass);

b) the concentrations in plants at which toxicity symptoms appear;

c) the concentrations in plants at which deficiency symptoms
appear;

d) the concentrations in soil which are toxic to plant health or
plant growth;

e) the concentrations in soil which represent deficiencies to
plant needs for health and growth;

£) concentrations in plants which are toxic to livestock or at
which toxic levels nay accumulate in animal tissue;

g) concentrations in plants at which deficiencies may occur in
livestock; and

h) whether deficiencies or toxicities of each element can be over—
come in livestock through the use of mineral diet supplements;

-2, To determine the concentrations of 18 trace elements in different
waste materials and in rative soil at Hat Creek, and in the tissue
of crested wheatgrass ancd alfalfa growing on these substrates:

a) to test whether element concentrations are significantly dif-
ferent from those found in undisturbed rangeland soils and
plants; and

b) to determine whether elements are concentrated in the leaf,
root or seed stalk portions of plants; and
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3. Based on the findings of the literature review and the sampling pro-
gram, to determine the frequency and likelihood of element concen—
trations being at levels such that plant growth or livestock health
is adversely affected.

In addition, results are related to the findings of the 1978
and 1979 investigations wherever possible, in order to facilitate gener~
alizations, to summarize the results to date and to base conclustfons on a
broader data base,
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2.1 SAMPLING

TRACE ELEMENT CONCENTRATIONS

Soil and plant tissue samples were c¢ollected from the following
reclaimed waste materials during the week of 29 June to 3 July 1981:

Fly ash (Aleece Lake)
Coal waste (Trench A)
Baked clay (Trench A)
Sandstone (gritstone) (Trench A)
Colluvium (Trench A)
Topsoil (Trench A)

Native soil samples were also obtalned from a nearby pasture
(Houth Meadows) to provide control data from a site not disturbed by
excavation. These locations are shown in Figure 2~1.

Sampling locatioms at each site were determined by cardinal
coordinates generated from a random numbers table. Four samples were
taken of the soil or spoil material, and four samples were taken of plant
shoots from each substrate type. Scil samples were composite samples of
three subsamples collected from a 0-15 cm depth within 0.5 m of the
randomly selected sample pcint. A minimum of two kilograms of substrate
material was collected using a water—-rinsed spade. Samples were placed
in labelled heavy plastic hags and sent to Chemex Labs Ltd. in Vancouver
for analysis.

Composite plant shoot samples were also collected from each
substrate type, and were composed of three subsamples of the top
two~thirds of plants within a 0.5 m radius of the randomly selected
sample point. Sample locations were selected using a separate set of
random number coordinates and did not correspond to the soil sampling
locations. Two species were sampled when possible: crested wheatgrass
(Agropyron cristatum) and drylander alfalfa {(Medicago media)., As the
preferred species could not be found in the immediate vicinity, Kentucky
bluegrass (Poa pratensis) was substituted for crested wheatgrass and
yellow locoweed (Oxytropis sp.) was substituted for alfalfa on the native
soil at Houth Meadows. Later in the summer, some alfalfa shoot samples
were obtained from a farr in the area, and these samples were also
analyzed for Cu and Mo; the results of these alfalfa analyses are
included in Table 3~3 to provide some data on alfalfa growing in a
commercial operation on undisturbed topsoil, All plants were clipped
with water-rinsed shears and placed in labelled brown paper bags. Within
two days, plant samples were taken to the Agriculture Canada Resear h
Station at Kamloops, where they were dried in a forced-air oven at 100°C
for 48 hours, All samples were then sent to Chemex Labs Ltd. in
Vancouver for tissue analysis.
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TRACE ELEMENT DISTRIBUTION

During the same week (29 June to 3 July 1981), additional
samples of crested wheatgrass growing on two waste materials (fly ash and
colluvium) and on native so0il were sampled to determine the distribution
of trace element concentrations among plant organs. Four composite
samples (consisting of three subsamples each) were collected for each of
the following plant parts: roots, lower leaves, and stems (seed stalks
with or without flowers or seeds)., Sample locations were based on a set
of independently randomized coordinates for each plant part and each
sample, Water-rinsed shears were used for c¢lipping leaves and stems, and
a water—-rinsed spade was used to collect the root samples. Root samples
were rinsed repeatedly with water until no further soil particles could
be removed. Samples were kept in brown paper bags and were dried within
two days of clipping in a forced-air oven at 100°C for 48 hours.

On native soil in Houth Meadows, bluegrass and locoweed saomples
were substituted for crested wheatgrass and alfalfa, repectively. All
samples were sent to Chemex Labs Ltd. in Vancouver for analysis.

2.2 LABORATORY ANALYSIS

VEGETATION PROCEDURES

The plant tissue samples were dried at 45°C, weighed and milled
to a minus 20 mesh size, The sample preparations and analyses were
carried out by Chemex Labs Ltd., Vancouver as follows:

(i) ¢€d, Cu, Pb, Mn, Mo, Ni, Zn: A sample of the vegetation was
wet—ashed with a combination of nitric¢ and perchloric acids and
each element was determined by direct atomic absorption usiug
Varian AA5 or AAf spectrophotometers. Cd, Pb, and Ni were
corrected for background absorption.

(ii) As, Se: An aliquct of the above solution was reduced and both
elements were analyzed as their hydrides via hot vapour flame-
less atomic absorption using a Varian AA6 Spectrophotometer.

(iii) Hg: Samples were digested with nitric and sulphuric acids,
potassium permanganate and potassium persulphate. Mercury was
reduced and analyzed via cold vapour U.V. absorption using a
Jarrell Ash Spectrophotometer.

(iv) Be, Cr, Co, V: Samples were dry-ashed at 550°C, digested with

nitric, perchlori: and hydrofluoric acids and analyzed by
direct atomic absorption.
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(v)

(vi)

(vii)

(viii)

F: Samples were ashed at 550°C using sodium hydroxide as an
ashing aid. The ash was fused with sodium carbonate, leached
with water, buffered and analyzed for fluoride with a specific
ion electrode.

Sn: Samples were ashed at 550°C, fused with ammonium iodide,
leached, extracted and analyzed by atomic absorption.

B: Samples were ashed overnight at 550°C and the ash was dis-—
solved in hydrochloric and nitric acids. Pyrex glassware
(borosilicate glass) was not used., Samples were ashed in por-
celain and leached in polyethylene containers, The resulting
solutions were analyzed by CanTest Limited using an inductive-
ly-coupled plasma :orch.

U: An aliquot of the digested solution from part (iv) was
extracted with acid-deficient aluminum nitrate and other
reagents into an organic solvent. The solvent was removed by
evaporation and thie residue fused with sodium carbonate and
sodium fluoridae. The uranium content of this melt was then
determined fluorimetrically.

All reported values represent best estimates of total concen—

trations for each element, a3 opposed to soluble concentrations.

SOLL PROCEDURES

The so0il samples were analyzed for the 18 elements by Chemex

Labs Ltd., Vancouver. The samples were dried at 45°C and pulverized in a
ring grinder to approximately minus 200 mesh.

(1)

(ii)

Analytical methods used for the soil analyses were as follows:

Cd, Cu, Pb, M™Mn, Mo, In: Samples were digested with a
combination of nitric and perchloric acids and each metal was
determined by direct atomic absorption using a Varian 275
Spectrophotometer. Cd, Pb and Ni were corrected for background
absorption,

As, Se: An aliquot from the digested solution in (i)} was
reduced and both elements were analyzed as their hydrides via
hot vapour flameless atomic absorption using a Varian AA6
Spectrophotometer.
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(iii) Hg: Samples were digested with nitrie and hydrochloric acids.
Mercury was then reduced and analyzed via cold vapour atomic
absorption using a Varian AAS Spectrophotometer,

{iv) Be, Cr, Co, V: Samples were digested with nitric, perchloric
and Thydrofluoric acids and analyzed by direct atomic

absorption.

(v) F: Samples were fused with sodium carbonate, leached with
water, buffered and analyzed for fluoride with a specific ion
electrode.

(vi) Sn: Samples were fused with ammonium iodide, leached,

extracted and analvzed by atomic absorption.

(vii) B: Samples were leached in hydrochloric and nitric acids and
the resulting solutions were analyzed by CanTest Limited using
inductively—-coupled plasma emission spectroscopy.

(viii) U: An aliquot of the digested sclution from (iv) was extracted
with acid-deficient aluminum nitrate and other reagents into an
organic solvent. The solvent was removed by evaporation and
the residue fused with sodium carbonate and sodium fluoride.
The wuranium content of this melt was then determined
fluorimetrically.

Reported concentrations represent best estimates of the total
levels of each element tested, and do not refer to soluble or plant
extractable concentrations. o

2.3 DATA ANALYSIS

The purpose of the random sampling procedure was to determine a
statistically valid mean concentration with 95% confidence limits for
each of the 18 elements in the soil and plant samples submitted for
analysis. Many concentrations were reported as "less than™ a particular
value, representing levels below the quantitative detection limits of the
methods employed. For the purposes of calculating averages, these values
were converted to 704 of their stated upper possible value, a procedure
commonly emploved for the quantitative comparison of analytical results
{Severson and Gough 1981). The mean values, each representing four
composite obsetrvations or analyses, were compared with the critical
valuyes of concentration of these elements as determined £from the
literature search., Ratings for likelihood of normal, deficient and toxic
levels of elements were developed by comparing means and confidence
limits with the means and ranges reported in the literature. Based om a
summation of the semi—quantitative ratings for each element, the relative
hazards of the different materials are summarized,
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Further statistical analyses were carried out through the use
of procedures in the Statistical Analysis System (S.A.S.) package
(S.A.S. Institute 1979). An analysis of variance was conducted for each
element, to determine if the variability in element concentrations within
each substrate material was less than the variability among different
substrate types. If the different substrates accounted for most of the
variability, a Duncan's Mul:iple Range test (Duncan 1955) was performed
to evaluate which materials were significantly different from each other,

An analysis of variance due to plant part was done for each
element on crested wheatgrass and alfalfa data from the fly ash, baked
clay and Houth Meadows substrates. Duncan's Multiple Range tests were
then done to determine if concentrations of an element in the roots,
leaves or seed stalks were significantly different., Soil samples were
not inecluded as part of the accumilation pathway analysis, because soil
concentrations for almost all elements were very high relative to those
found in plant tissue (since they represent total concentrations, not
that which is available to plants).

Paired t—tests were used to determine the significance of
differences in element concentrations between crested wheatgrass and
alfalfa across all substrate types.

The ratio of average shoot concentrations and average soil con-
centrations was calculated for each element for each species growing on
each substrate, This ratio (expressed as a percentage) represents the
degree of element accumulation exhibited by the two different species
when growing on different waste materials, Further quantitative analyses
of trace element distribution and accumulation in the plant soil system
were not undertaken because »f the low sample numbers and the uncontrol-
led nature of sample collect:ion.
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3.1 LITERATURE REVIEW

Various sources were consulted in order to determine "normal”
concentrations of the 18 trace elements in soils, and in alfalfa and
crested wheatgrass., Most of the information was gathered from review
articles of a general nature (Aubert and Pinta 1977, Bidwell 1974,
Bollard and Butler 1966, fuckman and Brady 1969, Chapman 1967, Heit 1977,
Jones 1967, Lisk 1972, 3auchelli 1969, Swaine 1955, Underwood 1971),
although data from carefully controlled, detailed studies were also used
(Brown 1976, Loneragan 1980, Romney and Childress 1963). Data specific
to alfalfa and agronomic grasses are scarce, particularly with reference
to the grasses. Large amounts of information on the more toxic elements
such as cadmium, lead, metrcury and selenium are available but were not
found to be of direct value because they generally deal with atypical
situations such as those close to industrial facilities and areas with
anomalously high concentrations of a particular element (Mankovska
1981). Because there is ro standardization of sampling techaiques, it is
difficult to evaluate the figures from different sources relative to one
another. 1In addition, not only do plant species respond differently to
similar concentrations of trace elements in the soils, but differences in
tolerances within a species also occur, further confounding the situation
{Jones 1967). Davison, Blakemore and Craggs (1979) have shown that the
fluoride content of forage varies during the year, and wore significant-
ly, that on several occasions there were significant differenes in the
fluoride content of their samples from day to day. Their conclusion is
that if this daily change is a common occurrence, a single sample does
not provide a very good measure of the fluoride content of a grass sward
over long periods and although they do not allude to it in their papery
the next step 1s to question the value of a single measure for any
element as all elements may fluctuate in a similar way. Thus, much of
the data in the literature is of 1little value because very often no
information is given as to the parts analyzed, the age of the parts, the
stage of maturity of the plant, the analytical procedures used, or any
other specifics. Consequently, data of this nature were not used in this
analysis.

The data on the toxic or deficient levels of the elements
canuot be viewed with a great deal of definity because the interactions
between the elements and the influence of different elements on the
different physiological functions and activities are not known 1n
sufficient detail. Inte-actions such as those between manganese and
iron, copper, zinc and irom, zinc and cadmium, and arsenic and selenium,
have been shown to be very important, so much 80 that studies of the
individual elements may give misleading results unless the quantitative
relationships between the interacting elements are known and considered
(Underwood 1971). 1In addition most deficiencies of, for example, copper,
iron, manganese, molybdenum and zinec in plants do not result from a lack
of these elements in the soil, but result from an inability of the plant
to utilize the element that is present i.e. total element concentrations
do not equal plant available element concentration (Hodgsoun 1970).
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The values giver in Table 3-1 must be viewed as being a rough
guide to the normal concentrations found in soils, alfalfa and crested
wheatgrass. 1In some cases, because of the wide ranges and the number of
different mean values given in the literature for the same element,
general plant values are given, These data naturally do not include
plants that can tolerate exceptionally high or low concentrations of
certain elements. Specific references are made in the table to alfalfa
(*) and crested wheatgrass(**), Caution must be exercised in the
interpretation of these data and in the comparison of the sample data
with those given in the literature.

The soil mean ccncentrations must also be viewed with caution
since concentrations of the elements in "normal” solls are seldom given.
Most solls have "above normal” and "below normal” concentrations of one
or more elements. In general, however, some standard can be adopted
since most soils have consistently high or low levels of particular
elements e.g, manganese and molybdenum (Chapman 1973), Other elements
are present 1in comparatively high quantities but, as a result of
complexing with the s0il components, their availability to plants is
extremely low., In addition, soil pH, the presence of other solutes, and
the soil redox conditions may also affect their solubility or the ability
of the plant to absorb them, Plant deficiencies thus frequently occur
despite high total soil quantities {Antonovics et al. 1971). Frequently
investigators give their own interpretation of “plant-available”
concentrations rather thar total concentrations of the elements, making
comparison of the values in different soils as plant growth media
impossible. Similarly, although extractable (generally taken to be plant
available) concentrations of elements are given, the method of extraction
is not described and because different methods of extraction give
different results, comparison of published values is difficult.

It myst also be remembered that the threshold values that will
result in toxicity or deficiency symptoms in plants are measures of
“plant available” cencentrations of the different elements. These values
cannot be compared directly to total concentration of the element in the
soil because the availability of the different elements depends on a
myriad of factors, as discussed above. Most of the figures given in
Table 3-1 have been derivecd in laboratory experiments in which plants are
grown in nutrient solutions and therefore all of the element under study
is available to the plant. There iIs no constant factor that can be used
to calculate plant available concentrations of an element from the total
concentration of the element. Each case will be different,

The figures given in the columns relating to quantities of
trace elements affecting livestock should also be regarded as guides
only, because the relationships between trace element concentrations and
livestock are, among other factors, influenced by the amount of trace
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elements in soils ingested at the same time as the herbage (Healy 1974).
In vitro studies show that soil ingestion can substantially alter the
element composition of diges:tive fluids, and that this effect varies with
soil type. Annual intakes of so0il can be large, although they are
probably less than 2% of the fresh herbage consumed. However, the
ingested soil may supply more of various elements than the herbage. In
addition, mild trace element toxicities and deficiencies in animals are
difficult to diagnose because their effects are masked by those caused by
a primary dietary deficit (2f vitamins or other minerals) and they are
seldom manifested by specific clinical signs., It 1s therefore difficult,
if not impossible, to determine a series of "safe” dietary levels of
potentially toxic trace elements, because other elements which affect
their retention and absorption are also present. These considerations
apply to all the trace elements 1In varying degrees, but are more
important to some elements than others., For example, a particular intake
of copper can lead to signs of copper toxiecity or copper deficiency,
depending on the relative in:akes of molybdenum, inorganic sulphate, zine
and iron {(Underwood 1971), Most trace element deficiencies or excesses
result in loss of appetite and subnormal growth. The extent to which
these take place and take precedence over other symptoms of the dietary
abnormality varies with thz trace element concerned. Trace element
deficiencies in livestock are usually easier to control than toxicities,
especially under natural grazing conditions (Underwood 1971).

The “"normal"” values and designated deficiency and toxicity
levels for trace element concentrations given in the summary table (Table
3-2) were obtained by averaging the individual values given by various
authors in Table 3-1. When a range of values was given, the mean of the
upper and lower limits was taken as the mean value, on the assumption
that the values are normally distributed between the two extremes., This
method was used in the absence of any convenient method of obtaining a
single value from a set of figures giving means and ranges, and takes

into account some of the variability in the literature. Single "less
than” or "more than” wvalues were regarded as being unsuitable for

identifying the normal range and were rejected. Single values, in the
absence of any other data, were taken as being definitive. It is not
possible to put confidence limits on the mean values obtained in this way
because of their method of derivation., All values reported in the tables
represent total concentrations except where soil element concentrations
resulting in toxdcity or deficiency symptoms in plants are reported, ia
this case they are noted as "available”, because of the very large
differences that frequently occur between the total amount found in the
s0oil and the amount actually available to the plants.

The ranges to be expected of “normal” concentrations, as
summarized in Table 3~2, have likewise been derived from the values given
in Table 3-1. They must not be considered absolute figures since the



TRELE 32

Sumnary of ™ormal® Mean and Ranges In Trace Elemest Concentrations (Tatal) In Plaats and Sof Is and of Trace Element Levels Caskng Taxicity or Deficiercy Synptoms |1n Plants and Mamals, ppm

Parameter As Be B £d Cr Co Cu F Pb Mn Hg Mo N1 Se Sn u v Zn
Moan value (plants) 04 O 45 0.4 0.3 0.3 1 7 2.3 110 0.03 1.8 2.3 0.2 0.4 .06 1 40
Range (plants) <1 0.1 20-100 0.1-0:6 0.1-0.5 0.02-0.5 5-30 215 0.5 36-50  0.01-0.05 0.45 Cut-5 0.05-0.45 0.2-0.5 0.06 0052 10-10¢
Maan value (salls) ] 3.3 15 0.1 100 16 30 00 15 00 Q0.3 2 50 0.6 o] 3 15 50
Range (solls) 0.25-45 0.1-40 10-100 0.04-0.4 30-400 4-75 4-10 10-1000 40 200=3000 0.07-0.5 0.2-8 5500 0.05-2 2-200 N 15450 15-3%0
Plamt taxliclty level >2 > 2 120 100 3 ND 40 D D 50 ND 500 ND 5 ND D 400
(plant confent)
Piart ®ficlency lewl N NE 20 N NE D 4 HE NE 15 K 0.3 NE N NE MNE NE 10
(plant content)
Plant taxlcity level =2 ND =30 14 9 [N z 7 125 500 0 N 5 500 D N Y B0
(sol i content} {avallablal
Plamt deflclency level NE NE 0.5 N NE 0.02 1.7 NE NE 20 A 0.2 MNE ND NE NE NE 15
(50l content) (avallala)
Livestock taxiclty level 13 M L 4] 2000 505+ 20 100 50 &0 X0 G.18 L] 1000 5 5 b ) 5 BOO

65000

Llvestock deficlercy level 001 W N NE .01 0.08 5 0.5 NE 30 N 0.5 0.94 0.04 NE N 0.1 30

ND = No data glven In the literature.
NE - Nat yet proved essamtlal to plants o livestock.



ranges will vary from soil to soil, with the species, the part and stage
of maturity of the plant being analyzed, and the analytical method.
Although this wmethod may be inexact, the data are offered as a guide
against which the values obtained from the samples at Hat Creek can be
compared.

The levels found by analysis of the vegetation growing on the
different substrates at Hat Creek have been evaluated on the basis of
the mean levels and normal ranges found from the literature review, The
results of this comparison are given in Part 4.

3,2 1981 HAT CREEK SAMPLING RESULTS

Tables 3-3, 3-4 and 3-5 show the concentratrations of the
eighteen elements analysed for in alfalfa, crested wheatgrass and waste
material, respectively, for 1978, 1979 and 1981. All 1981 values are
expressed with a 95% confidence interval, where upon repeated sampling,
the mean concentration of that element would probably fall within the
expressed interval 95% of the time. Values expressed with an approxi-
mately sign ( ® ) have been averaged using one or two figures which were
below the detection level, so should only be taken as a best estimate.

It is of interest to note that concentrations of elements in
waste materials fluctuate from year to year, Chromium concentrations for
example have decreased in all substrates since 1978. This may be due to
sampling error or actual leaching of this element through the soil
profile. Vanadium concentrations are also unoted as decreasing on fly
ash, coal waste and colluvium,

Levels of arsenic, boron, cobalt, copper, lead, wmolybdenum,
nickel and vanadium are higher ia all waste materials than in the native
soil at Houth Meadows, wheleas manganese concentrations are lower in fly
ash and coal waste than in the native so0il sampled at Houth Meadows.

Table 3-6 1is the result of the analyses of variance and
Duncan's Multiple Range tests used to determine significant differences
in trace element concentrations among the substrate materials., The
concentration of each element is compared among all substrates and the
natural soil. Consistent similarities among any two substrates do not
exist for all 18 elements. Tin, selenium and cadmium concentraticns are
not significantly different among any of the seven materials tested.

3-8
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TABLE 3-3
Altal ta Shoot Trace Element Conmentrations, ppm
Fly Ash Coal Waste Baked Clay Griltsione Col luv lum Topsol | Houth Mearbws

1978% 1979% 1981  Average 1979 198) Average 19861 1979 1981 Average 19718 1919 1981 Average 190t 1981 1981
E lemart (Farm F [ald) (Dxytrepls sp.)?
Arsenlc 3 1.5 x 2.3 0.5 <1 0.6 <1 0.5 < 1 0.5 1 0.5 <t 0.6 <t - |
Baryl lum - - 3 - .02 < 0.04 0.03 0.04 0.04 0.0410.04 0.04 - 0.05 .04 <004 0.0340.01 - ~ 0.04
Baron - - x - % @B.012.0 T3 56.0845.0 B 42.049.0 68 - 5 A28 Se so.Gds.2 - 3219
Cadmlum < 0.2 0.1 x ~0.12 0.8 0.2240.16 0.5 0.04t0.03 0.8 0.2340.06 0.9 iR} 0.7 0.240.00 0.3 0.13%0.08 - 0,180,110
Chromlum - - x - 1.2 0. 720,53 0.9 0,940.3 2.2 0.910.6 1.6 - 0.8 1.540.6 1.2 1.110.53 - t.4%0.8
Cobal t - - x - 0.712 1.541.0 1 0,210.2 0.5 0.,410.4 0.4 - 0.04 0.510.2 0.17 0.1i0,1 - 0,202
Copper 16 2 X 19 17 a.242,0 135 1.6t1.9 16 81330 12 3 13 9.612.4 .2 9.622.0 1123.4 9.614.0
Fluarine - - x - 1.4 by 2 413 2.5 "5 4.9 - 1.4 oka 3.6 110 - 532
Lead < 2 2 x o~ 1.7 2 1.430.4 Fd 0.530.2 4 1.741.2 2.9 t 2 1.280.4 1.3 0.710.4 - 0.5940.9
Mangaresn 25 &5 * 5 153 st 1%0 5749 1] torktn o4 19 4 [2E#]) M prisl] - 6343
Marcury - - ® - 0.060 0.033£0.008 0.0565 0.01240.009 ' 0.105 0.(2440.021 0.0683 0.03 0.105 0.0 240.010 0.08 0.04240.02%6 - G.09520.065
Motybdaoun 22 LT * 18 1 1.450.7 1 4,740.9 5 32004 44 4 4 9,583.3 5.8 3,581.7 9.049.8 3687
Nickle 3 2 x 15 2 Ay 2 T.020.4 2 2.342.6 2.2 12 1,300,351 1.2%0.0 - 1.881.3
Selenium 0.2 0.2 ¥ 0.2 < 0.2 <% < <1 0.3 <1 0.5 0.2 0.2 t 0.3 1 - 1
Tin - - H - <t = 0.8H0.2 < 1 <! <y < ¥ <1 - <1 ~0.730.2 0.7  ~0.90.3 - == ,Gt0.3
Liranum - - x - < @ < 0. < < 0.4 < 0.1 2= 0.0840.02220.08 - 04 < ) 0. <0 - = 0.1
Yanad! vm - - x - 1.2 130 L] 120 2.2 0 2 - 1.2 1.040 11 1.620 - 1,30.8
ZInc 3 S0 x 40 54 36.2415.1 45 1612 107 1743.4 62 % 1.8 19.045.4 24 17.248.3 - 18.410.3

* 1978 and 1929 values from B.C. Hydro (1979, 1980}
x Insufflent materlal for analysls

™ fa- purposes of averaglng “tess then™ values () are taken & balng 70% of the stated upper Vimit
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TARLE 34
Crested Wheatgrass Shoot Trace Element Concertraflons, ppm
Fly Ash Coal Waste Baked Clay GOr | tstone Col luvlum Topsol 1 Houth Moadows
1978*  1999% 190t Avorage 1979 1981 Average 1981 1979 1981 Avarage 1978 1979 1981 Average 1981 1981

E lemant

Arsenic 1 2.0 <1 1.2 0.5 <1 0.6 <t 0.5 <1 0.6 1 0.5 <1 0.63 <1 1.0¢1
Baryl | lum 0.2  0.0d <(.04 G.03  0.00 < 0.04 0.02 < 0.04 0.2 < 0.04 0.03 0.0 0.2 < 0 0.049 0.0240.00 < 0.04
Boron 480 312 2A1.5159.9 ¥H7.2 A 18. 15,1 19.8 66.3492.4 5 16.442.7 0.7 - 19 7.245 13.t 133473 196
Cadmlum <0.1 1.0 0.2580.05 0.64 05 0,2940.10 0.4 0.1410.05 0.6 0.2740.11 044 0.1 06 072006 (A5 0.3640.14  0.3040.14
Chrom] um - 2.5 0.740.6 1.6 0.9 0.410.0 0.5 0.410.0 2.5 0.540.3 1.5 2.5 0.8 091 .2 14 0.4£0.0 0.510.3
Cobalt 0.4  0.28  0.1404 0.2 o.1 0.440.4 0.3 0.240,2 040 0.340.2 0.5 0.04 0.05 0.210.2 0.9 0.110.1 0.1540.16
Copper 4.5 23 12.213.6 4.6 G 12.5t2.7 11 14.2£2.5 15 11.345.0 13.1% 45 9 11.942.3 8.5 10.03.6 11.8H.2
Fluorine < 10 1.2 a1 4 2.4 1 2 e it 3.8 412 3.9 <10 1.9 110 2.6 4.8%1.5 5.02.2
Lead <1 3 1.430.5 2 2 0.6580.7 1.4 1.180.4 1 z.0t1.5 1.5 ! 1 t.740.8 1.23 1.680.5 0.510.6
Manganose 19 P 15412 21 B 514 3 2844 10 S818 &4 52 63 26 47 544 4030
Morcury 0.02 415 Let.d 0.06 075 L033t.008 0.054  .036%.024 095 .0161.008 0.06 0.0F .065 O3.087 2107 L2024 22E.027
Mol yhdenum 9 1 4.641.3 a.2 1 0.340.3 0.5 2.240.2 4 0.340.2 2.5 <% 1 0.2¢0.1 0.65 0.640.7 0.7:0.8
Nlckal <1 1 A5 0.7 1 0. 7411 0.85 0.3k0.4 4 0.340.4 .15 <1 <1 G 0.0 0.5 o4t0.0 1.110.7
Seleniun 0.3 0ud t 0.5 <0.2 <A 0.42 <1 0.8 1 0.75 < 0.2 < 0.2 <1 0.3 <1 <

Tin <1 <1 < <1 < < <1 0913 < 0.8 07 <1 <1 < t 0.00k0.02 <
Uranlum - < 0.l 0.8 0.45 < Q.t < 0 < Q.4 < Ot < 0. 0.8 < 0.l - <0. < Q.1 < Out 0.08 « 1
Vanadiom 3.0 6.2 Hl 3.4 (X} 1%0 1.2 2t 2.4 120 1.7 0.5 1.0 110 0.8 110 1y
Zinc 17 19 18.6849.3 18.3 40 5. 74144 32.8 10.944.5 a7 24.519.8 55.13 3 15 14.744.5 1.9 9.619.0 11.745.4

¢ 1978 and 1979 values fram B.C. tydro (1979, 1980)

** for purposes of averaglng, "less than™ values (<) ae taken as balng 70§ of the stated upper limlt
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TAIRE 35
Waste Materlal Trace Eloment Corxentrations, ppm
(tiouth Mo adows }
Fly Ash Canl Waste Baad Clay Gritsone Cob uvium Tpaol| Natve Soll

£ lomont 1918 1979*  198) Average 1978 1981 Average 1978 1961 Average 1978 1979 1981 Average 19784 1979 1981 Average 98 191 B Awrage
Arsonic 16 73 1633 18 5 2345 4 9 1583 12 6 8 1243 9 10 20 1t 14 1245 2 .8 3
Baryilium 2.0 2.6 2000 2.2 1.5 1013 2.5 2.310.8 2.4 20 1.5 ) 2 20 15 1.010.0 1.5 1.080.0  +.7 1o 1.3
Boron 1718 47 1628509 162 17 o915 13 13 B4 1 B8 6.8 95 8 1" 9.9 513 9 4,845 40 3.2b4 3.7
Cadutum ~0,2 0. (VA E-1] 0.1 < 0.2 0.110 0.0 < 0.2 0.110.1 0.0 < 0.2 0. 0.4t 00 <02 04 0.310.0 0.1 00,0 O.F 0100 0.Y
Charcun hum [l I P 10324 118 105 4302 7 13 102419 18 133 98 816 104 [ Ak 1642 oL H5 B 51 BTG i
Cobalt 0 1" 1012 W0 " 136 12 14 1te 1% 18 19 11 8 15 15 1743 16 10+ N ¥ 914 1
Copper 530 460 potel 463 55 5517 55 61 54114 58 46 44 48414 46 » 42 53416 45 508 30 2685 28
Fluorlne 2 108 100129 7 133 45166 189 123 13867 130 o T BA3s 24 03 305 BB Bé xst46 218 1BOX7.9 199
Load 2 4 a3 3 6 144 7 3 516 4 6 6 63 & 4 3 16224 8 [54] z 343 3
Manganese 288 X0 %3449 270 140 061242 173 453 4761431 464 30 28 a5\ 533 535 4L 512 [0 v ) THEYES ST
Marcury 0.050 0.55 0.05110.004 0.052 0,105 0.1190.078 0.112 0.049 .233L00% 00X 0.056 0.0 00360002 0067 0.00 06.100 0.07510.023 0.08 0.070£.017 0.050 0.04510.020 0.048
Mol yhdsnum 5.5 1 612 ] 4 2t) 3 3 2t 3 2 2 3t 2 2 2 25 2 20 1 11 H
Mlcket 53 %9 4719 53 45 B0 @ 60 5149 2] 51 45 1415 51 45 43 56415 8 5137 30 1748 24
Selentum L B <1 <y 1< <1 <1 <1 <1 < <1 <1 <1 “ i ~1 < ~ 1 ] <1 s
Tin - < 1w o9 - 110 1 - 10 1 EEE | 110 1 - =1 1 1 0 .1 o 1
Ur anlum 0.5 1.5 L6 1.2 < 05 14104 0.9 <05 1.8t.5 1.1 s 1.8 23105 14 0.5 1.3 1.4t4 1. L3030 05 1.1t.0.4 0.8
Vanadiun 0 8 225487 M 150 et 1 245 B04} 243 15 120 2415 B6 13 118 10724 120 12131 103 78L15 0.5
ZInc 50 46 40019 45 57 64142 6l 51 42+ a1 &® 5 68L% % 75 66 a7t43 76 Wi R 56432 0

* 1978 and 1979 values fram B.C. Hydo (1979, 1900}

% for purposes of averaging, "less than® values (<) aro tawn o teing 108 of the stated upper limtt

"% 1979 Values from Exdract @ 55 - 60°C
1979 Values trom Extract @ 45°C
1981 Values from Extract & 45°C



Average Trace Element Concentratlons in Waste Macerials (ppm)

TABLE 3-6

Element F Value FRs F Grouping Fly Baked Calluviun Gritstone Houth Tapsail Coal
* wx Ash Clay Meadows Waste

Atgeaie 3,30 0.019 16.00 14,350 10,75 12,15 4.00 12.06 1,23
A
B
c

Beryllium 13.64 0,000} 2,57 2,80 1.73 2.25 1.63 1.75 1.45
A
B
[

Boron 20,43 0,0001 161,75 8.00 4.00 9.00 3.18 4,15 9.25
A
B

Cadmium ~- - Q.10 0.10 0.10 0.10 0.10 0.10 0.10
A

Chromd um 10.29 0.0001 103.25 102.00 75.75 B0,50 86,75 81.00 49,00
A
B
c

Cabalt 9.51 0.0001 9.75 16.50 17.00 16,50 8.50 15.75 13.00
A
B
C —
D [

Capper 280.94 0,000} 398,00 54,00 52.50 47,50 26,25 50,25 54,75
A
B
c

Fluorine 7.53 Q.0002 108,75  137.50 25B.75 250.00 160.00 265.00 245.00
A
)]
[

Lead 2.21 0.0827 3.50 5.00 16,00 5.50 2.75 5.50 6.50
A
3

Manganese 4.20 ¢.0063 263,00 476,00 468,75 495,00 459.25 602,50 206,25
A
B
c

Mercury 9.24 0.0001 51.25 23,75 75.00 30,00 44,50 70.G0 118,75

(ppb} A
B
c

Holybdenum 16,28 0,0001 5.50 1.75 1.88 2,50 i.50 .25 2.00
A
3

Nickel B.4Q 0,0001 4h.75 56.75 55,50 56.75 17.25 55.50 48.25
A
B

Selenium 0.76 0,6:08 0.73 0.70 0.80 0.70 0.80 0.70 0.79
A

Tin - - 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A

Uranium 6,90 0,0004 1.68 1.75 1.38 2,25 .13 1,25 1.38
A
3
c
Jul

Yanadiua 57.89 0,0001 225.00  25Q.00 107.00 204,00 76.00 121.00 107.00

o0 @




TABLE 3-6 (Cont'd)}

Element F Value PR-F Grouping Fly Baked Colluvium Sandstone flouth Topsoil Coal

* *k Ash Clay Meadows Waste

Zinc 5.1 0.0012 40,25 41.50 86.25 67.50 58.25 89.75 64.25
A
B
C

* 1f (PR-F) <0.05, then variabllity among waste matetlals is significantly greater than variability within waste materials.

*% Means with the same letter are not significantly different
Alpha level = .05



3.3 TRACE ELEMENT DISTRIBUTION

Table 3-7 shows the results of the trace element distribution
in plants sampled on two waste materials (fly ash and baked clay) and
from a natural situation at Houth Meadows. For each set of plant
organs (roots, leaves, and inflorescences), a mean concentration and 95%
confidence interval for the mean has been calculated for each of the 18
elements. Table 3-8 shows the results of the Duncans Multiple Range test
indicating significant differences of mean trace element concentrations
among the three plant organs., The lines under these means join plant
parts that are not signif:icantly different from each other at the 95%
confidence level, The distribution of arsenic concentration, for
example, is significantly higher in roots than either leaves or stems in
crested wheatgrass grown ¢n fly ash and baked clay, while there are no
significant differences in concentrations between the three plant tissue
types growing at Houth Meacows.

3-14
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TARLE 37
Trace £ lemont Distrlbutlon In Plants Grown on the Three Subshrates
Hean and 95X Confldence Interval, ppm
fiy Ash (Agropyron oristatum} Baked Clay tAgropyron orlstatum) Houth Meadow (Poa pratersls)
£ lomnt/Plont Tlssve
Aoots Leaves Inflorascence foots Leaves intloresoance Foots Loaves tat loresasnce
Arsenic 1.243.4 1] 110 3 1 i3] 110 110 1o
Beryl Ellum 0.75%0.26 0.0410.01 0.0410.00 0.8410.26 0.0410.04 0.0310.04 0.5240.26 0.0410.4 0.0410.08
Baron 125823 98162 216.8168.3 33.8414.0 360 61.0401.5 6.941.0 5.081.1 10.415.8
Cadnium 0, 3610.04 0. §0d0.08 0.18£0.10 0.4740.10 0.2540.25 0.1810.23 0.5210.13 0.1410.03 0. 2620.51
Chreml 27414 0.540.3 n.ath.n 1004105 LR TN} o.4i0.0 20,0850 .580.4 1.6805
Cabalt 6,84 .4 0.280.2 0.110.0 10.0£0.8 0.140.0 0.280,2 4.,042.6 0.240.2 0.2£0.2
Copper 377.5£76.5 10.944.8 18.143.8 51.6420.5 8.580.9 21.81.3 19.641.9 11.881.3 16.513.8
f luor Ina 32 P24 412 94 24 20 ato 510 612
Lead 6.411.0 0.410.2 1.340.2 4.113.8 1.340.8 1.420.2 2.411.0 0.7£0.3 0.610.4
Mangarnkise 155483 1atis 17146 19366 45127 3044 BN plitet 65173
Mercury (ppb) 36126 »ilé 12.518.0 30426 85181 26131 2140 9.416 115
Mol ybdenum 18.746.3 1.Bt2.7 3.841.5 1.840.7 0.740.9 1.241.2 2.110.8 1411 .4 t.120.8
Nickal 24.087.1 0.530.5 0.140.5 29.949.2 0.116.0 0.240,2 14.4141.3 0.7140.3 1.010.4
Selenium ity LRy kB 11 b1} 111 110 110 [F3d]
Tin 14 B3] 11 By [} i 110 110 1o
Uranlun 0.440.5 0.110.0 0.040.1 0.610.2 0.1£0.1 0.130.3 0.120.1 0.110.0 0.110.0
Vanadium 69£27 [F1] 110 TELE 110 4] 3319 130 1o
IZinc 42.4821.8 19,1896 22,7417 31.287.6 T.343 20.146.9 44.1123.4 V5. 143.1 17.742.8




TMLE >8
Trace E isment Distrivution in Plants Growt on Thres Substrates;
Mean Concentrations In ppm, unless Otherwisa sated

Fly Ash {Crested Whestgrass) tsked Clay {(Crested wheatorass) Houth Moadows (Kertucky Bluegrass)
Elomat  *Grouning Substrate Aoty Leaves Infloresence Grouping Sumtrate Roots  Lesves  (nflresence Grouping Substrate  Aoots  Leaves  Infloresance
Arsanlc 18 12 1 | 15 3 1 | b} | | !
A A A
] B
Seryl | tum 2 0.7% 0.04 9.03 2.3 0.84 0.03 Q.03 2 0.52 0,04 0.03
A A A
] -]
Boron 62 125 ) Fit:] ;] M » 1] 9 7 5 16
A A A
8 8
Cadmium 0.1 0.3 0.10 0.18 0.1 0.47 ¥ -] .18 0.1 Q.42 C.14 0.20
A A A
-} B 8
[+4
Chreml um 103 .3 0.3 0.4 102 19.0 a4 0t al 20.0 0.6 1.6
A A A
8 8 -]
Cabatt 19 6.4 0.2 0.4 17 10,0 0.1 0.2 17 4.0 0.2 0.2
A A A
8 B B
Coppar xe .S 10.9 184 54 51.6 8.3 21.8 L] 19.6 1n.a 6.5
A A
A B -]
B € c
18 9 2 2 20 ] 5 3
F luar e L} 3 H 4 A A
A 8 8
® 4.1 1.3 1.0 6 14 0.7 0.6
Load 3.3 Gad 0ud 1.3 A A
8 8
A
8
¢
Manganesa 63 155 19 17 476 193 45 30 495 B4 = [}
A A A
g 8 2
Maraury bl % » 12.5 B X &5 » 0 n 9 1
topd} A A" A
8 -] B
Mo | ybdmmin ] 18.7 3.8 3.8 Fd 1.8 Q.7 1.2 3 2.% V.4 1.1
A A® A
-] B
Nickal 47 24.0 2.5 0.7 57 29 9.1 0.2 57 14.4 Q.7 14
A A A
8 ] 8
Salenlum 1 1 1 1 1 1 1 1 1 1 1 1
A A A
Ttn i 1 ¥ 1 1 1 1 1 1 1 ! 1
A A A
Uranium 1.2 0.4 0.1 3.1 1.8 0.6 941 0.t 1.3 0.3 0. Q.1
AT A A
B -3 8
Yonadium = L] 1 l 0 k| 1 ' 204 33 1 H
A A A
a B :]
Zine 40 42.4 19.1 2.7 42 3.2 1.3 21 &8 . 15.7 7.7
A - N - A
- B B

*  Moans with the sam lether se not signd flcatly of ffarent
Alpha = .05 df = 3

A® The di flerence botween mars should nat be consldared sign|flcant tecouse the probebl [Tty assoclated with the F statfstic s {eass than 951,
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4.1  TRACE ELEMENT HAZARD ASSESSMENTS

It is to be noted that trace element concentration found at
Houth Meadows were not all within the normal or safe ranges reported in
the literature (especially for boron and zine). Because of this, the
following discussion 1s based largely on comparisons with the literature
rather than the significance of differences between waste materials and
Houth Meadows.

Based on the results of the literature review, the trace
element levels obtained by analysis of the alfalfa, crested wheatgrass,
bluegrass and locoweed growing on the different substrates has indicated
the following general conclusions: vegetation has below normal levels of
Be and above normal levels of Cr; and only five elements (arsenic,
selenium, tin, uranium and vanadium) occur in levels that are within the
normal range for all species on all substrates. Other elements that are
either in excess or below normal levels depend on the species involved
and the substrate, The results are summarized in Tables 4~1 and 4-2,
More detailed assessments are given in Appendix B (Tables B~1, B~2 and
B-3).

The low levels of beryllium do not indicate a deficiency, since
there is no information to show that beryllium is an essential element
for either plants or animals. The high levels of chromium are difficult
to assess, since the wvalues represent total concentrations (not
available) and the Cr3* and Crf* ions have different mobilities. Studies
have indicated that most of the Cr®* in the soil solution remains mobile
and therefore available to the plants, On the other hand, nearly all the
Cr3t is immobilized in soils with a moderate to high cation exchange
capacity since it is readily absorbed or complexed (National Research
Council of Canada 1976). Total chromium content of the soil is therefore
a poor measure of plant available chromium. In general, poorly drained
soils with decaying organic matter have more total chromium than well
drained soils; about half the plant avallable chromium is contained in
the clay fraction, even thcugh clay may only contain 10-207 of the total
chromium; and cr3* is most available in sandy soils with little decaying
organic material,

There are data to show that 1-5 ppm of available Cr3% or crb+
is the toxic threshold for a number of plant species, indicating that
there is little difference in the action of either form of chromium on
the plant., Once absorbed by the plants, both forms can interfere with
the uptake of essential nutrients through their inhibiting effects on the
functioning of the roots. There are, however, no recorded examples of
deleterious plant responses which can be attributed directly to chromium
toxieity (National Research Council of Canada 1976). The high levels of
chromium therefore need not: be a cause for concern, but should receive
further study to ascertain the available concentrations involved.



TABLE 4-~1

Trace Elements Occurring in the Vegetation in Levels
Outside the Normal Range for Plants

i Elements
Substrate Species Be B Cd Cr Co Cau F Pb Mn Hg Mo Ni Zn

Fly Ash CWG -—  +++ ++ - —— + - -
Coal Waste CWG —_— = + - _— - -
A - - ++ 4+ - +
Baked Clay CWG —_— —~ - - - -
A - - —— - - - ~ + -
Gritstone CWG —~_— = + - - _— -
A - - - - - -
Colluvium CWG —_— - ++ - —_— _— _— - -
A — +++ - ~ +++ -
Topsoil CWG ——— - - —— - - —
A - - +++ - — ~ + + - -
Houth Meadows BG _—— = + - - - -
0 _— - - +++ - - - - + 4+ -

CWG Crested Wheatgrass

A Alfalfa

BG  Bluegrass

0 Locoweed.

-—-~ definitely abnormal - mean and Confidence Limit (C.L.) below normal range
—-— abnormal - mean below normal range but C.L. extends into this range

- slightly abnormal - mean inside range, C.L. extends below normal range

+++ definitely abnormal - mean and C.L. above normal range

++ slightly abnormal ~ mean abovz normal range but C.L. extends into this range

+ slightly abnormal - mean inside range, but C.L. extends above normal range

4-2



TABLE 4-2

Trace Elements Occurring in Substrate Materials
in Levels Outside the Normal Range for Soils

Elements
Substrate As B cr Co Cu Pb Mn  Hg Mo Sn 4]

Fly Ash ++ ++ - —— 4 - -
Coal Waste + - - - — -
Baked Clay - - - — _ -
Gritstone - _— —— — -
Colluvium — - - _— ~-
Topsoil —— mem— et - —_ ~

Houth Meadows —— - — — -

- definitely abnormal ~ mean and Confidence Limit (C,L.) below normal range
- adnormal - mean below normal range but C.L. extends into thig range

- slightly abnormal - mean inside range, C.L. extends below normal range
+++  definitely abnormal -~ mean and C.L. above normal range

++ ‘slightly abnormal - mean above normal range but C.L. extends into this range
+ slightly abnormal — mean inside range, but C.L. extends above normal range
4-3



Often there 1s ro clear case of a particular element having
below or above normal levels. The same elements may be in excess in some
subgstrates but deficient in others: such is the case with cobalt and
molybdenum. The trend, however, is for most elements to be below normal
levels, but this is not confined to a particular species except for boron
in crested wheatgrass, where it is deficient in all cases except.for fly
ash, On baked c¢lay the iadividual boron levels in the shoots are very
variable, with a range of 21-127 ppm (Appendix A). The tendency is for
the boron to be present in concentrations below normal.

The trace elements which occur at concentrations deficient or
toxic to plants or animals are listed in Table 4-3. Boron may be widely
deficient in grasses, but toxliec in those growing on fly ash., Zinec will
be in levels deficient to livestock which feed on vegetation growing on
all substrates, and manganese and molybdenum are present in insufficient
amounts on several of the waste materials, This 1s not wunusual for
central British Columbia rangelands (Van Ryswick 1982).

Some of the deficiencies and toxicities noted may be an
artifact of the method used to derive the normal range found in soils,
and a more thorough literature search may produce more data. This is
particularly true for the levels of beryllium, tin and uranium in plants,
as the figures for each element given in Tables 3-1 aund 3-2 are based on
a single reference, It seems unlikely, however, that this would result
in any major changes in conclusions drawn. Had earlier workers shown or
suspected that these elements were an integral component 1n the
physiology of plants, it is probable that more data would be available in
the literature. It is probably safe to infer, therefore, that the levels
of arsenlc, beryllium, selenium, tin, uranium and vanadium are within
normal ranges for all species in all substrates and are neither toxic nor
deficient,

Crested wheatgrass and bluegrass will possibly show deficiency
symptoms for the following elements:

1) boron on all substrates except fly ash (where there may be toxic
levels) and baked clay;

2) manganese on fly ash; and

3) molybdenum on coal waste, gritstone and colluvium,

Alfalfa is unlikely to show any toxicity or deficiency symptoms on any of
the substrates. Although the mean values are sometimeg greater than, or
less than, the normal value, they do not approach the critical toxic or
deficiency levels.



TABLE 4-3

Trace Elements Occurring in the Vegetation in Levels
That are Either Toxic to or Deficient for Plants or Livestock

Element
Substrate B Mn Mo 7n
Fly Ash Plant CWG ++ -
Livestock CWG —-— —
Coal Waste Plant CWG - —_—
A
Livestock CWG — -
A
Baked Clay Plant CWG
A
Livestock CWG —_—
A _—
Gritstone Plant CWG - -
A
Livestock CWG — -
A -~
Colluvium Plant CUG - —
A
Livestock CWG — — —
A —_—
Topsoil Plant CWG —_ -
A
Livestock CWG _ ~ —
A —
Houth Meadow Plant BG -
0
Livestock BG _—
0 —_—

~—~ Very deficient, mean and Confidence Limit (C.L.) below deficient level
-~ Deficient, mean below deficient: level but C.L. extends above

- Slightly deficient, mean above deficient level but C,L, extends below
+++ Very toxic, mean and C,L. above toxic level

++  Toxlc, mean above toxic level but C.L. extends below

+ Slightly toxic, mean below toxic level but C.L. extends above,
CWG Crested Wheatgrass

A Alfalfa

BG  Bluegrass

0 Locoweed



As shown in Table 4-3, livestock grazed on pastures of alfalfa
or crested wheatgrass may show zinc deficiency symptoms (except in
alfalfa pastures on coal waste), Manganese deficiency symptoms may be
encountered in cattle grazed on crested wheatgrass on fly ash, colluvium
and topsoil, and molybdenum deficiency symptoms may be found in cattle
grazed on crested wheatgrass on coal waste, gritstone, c¢olluvium and
topsoil.

Toxicity symptoms may be encountered in livestock grazing on
any species on any substrate but are unlikely to manifest themselves,
because element levels are, in general, well below the toxic levels.
As indicated below, however, the physiology of trace elements in diets is
not well understood (Table 4-3), In the case of molybdenum, the
copper/molybdenum ratio is very important (Erdman et al. 1978). Five ppm
is the approximate upper limit tolerated by cattle, although values of 2
ppm have been congidered important in molybdenum-induced hypocuprosis.,
It is posgible that it is rot the levels of molybdenum per ge that cause
the development of hypocuprosis symptoms, but rather the copper/molyb-
denum ratio. Hypocuprosis symptoms result from abnormally low levels of
copper and moderately high levels of molybdenum; molybdenosis symptoms
result from abnormally high molybdenum levels and normal copper levels,
A recommended copper:molybdenum ratio for cattle is 6:1 (Erdman et 2al.
1978), although Buckley (1982) recommends 4:1., Assuming that the copper
levels are normal, a ratic of 2:1 will probably result in the development
of molybdencsis symptoms. The copper: molybdenum ratic varies for each
species in each substrate and different symptoms will develop depending
on the ratio (Table 4-4),

The syndromes produced by dietary molybdenum in ruminants are
consequently very complex, not only in their biochemical pathogemnesis but
in the variety of effects produced, both che ical and clinical. A
syndrome may have two interrelated components: copper deficiency per se
arising from the interference with copper absorption as a result of the
interaction of molybdenum and sulphur in the alimentary canal; and
molybdenosis arising from high molybdenum intakes and normal copper
intakes, Molybdenum and copper affect copper metebolism by interacting
in the rumen to form molybdates. These compounds decrease the
availability of dietary copper and, if absorbed, they impede the
metabolism of tissue copper and inhibit copper enzymes, Thus, because of
the complexity of these reactions it 1s difficult to draw any firm
conclusions as to the 1likely effects on grazing cattle absorbing
molybdenum and copper from plants in the field ~ too little of the
different interaction is known at present (Underwood 1971, Buckley
1982). It must be emphasized, therefore, that Table 4-4 outlines
possible symptoms, not necessarily probable symptoms.

Other interactions between the different elements are less easy
to define in terms of ratios. Many interact with each other and canm, in
gome cases, partially substitute for each other in certain physiological
reactions, Some of the more important Interactions between plant
nutrients (micronutrients and macronutrients) are;
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TABLE 4-4

Copper: Molybcdenum Ratios in Plant Shoots
and Their Potential Impact on Livestock

Plant Cu Mo Cu:Mo Possible Symptoms
Substrate Species Level Level Ratio in Livestock
ppm ppm
Fly Ash Wheatgrass 12,2 4.6 2.7 Molybdenosis*
Alfalfa
Coal Waste Wheatgrass 12,5 0.3 41,7 Copper toxicity**
Alfalfa 8.2 1.4 5.9 -
Baked Clay Wheatgrass 14,2 2.2 6.5 -
Alfalfa 7.6 4.2 1.8 Hypocuprosisg***
Sandstone Wheatgrass 11.3 0.3 37.7 Copper toxicity
Alfalfa 8.1 3.2 2.5 Hypocuprosis
Colluvium Wheatgrass 11,9 0.2 59.5 Copper toxicity
Alfalfa 9.6 9.5 1.0 Molybdenosis
Topsoil Wheatgrass 10.0 0.6 16.7 Copper toxicity
Alfalfa 9.6 3.3 2.9 Molybdenosis
Houth Meadows Bluegrass 0.2 0.7 0.3 Hypocuprosis
Locoweed 9.6 3.6 2.7 Molybdenosis
Normal Cu level in vegetation: 11 ppm
Normal Mo level in vegetation: 1.7 ppm

* Molybdenosis symptoms result from abnormally high levels of molybdenum
and normal levels of copper.

*%  Copper toxicity symptoms result from abnormally high levels of copper and
abnormally low levels of molybdenum.

k%% Yyposcuprosis symptoms result from abnormally low levels of copper and
moderately high levels of nclybdenum.



- zinc with phosphorus, copper, nitrogen, magnesium and iron;
- iron with phosphorus, manganese, molybdenum and copper;

- copper with phosphorus and molybdenum;

-~ molybdenum with phosphorus and sulphur; and

- boron with calcium,

No doubt similar interactions between elements exist in
livestock and wildlife. These are less well documented because of the
complexity of the interactions as in the copper/molybdenum/sulphur
interaction.

In cases where deficlency symptoms result, these can be
corrected by adding the deficient element as a feed supplement. Element
supplements to salt blocks are usually not used, because of chemical
reactions with salt ions. In cases of the element being in deficient
quantities in the plant, it is added as a fertilizer (Buckley 1982),
Such additions of boron are commonly applied to forage crops in the
British Columbia interior every three to five years (Van Ryswick 1982),

4.2 COMPARISON OF TRACE ELEMENT ACCUMULATIONS IN CRESTED
WHEATGRASS AND ALFALFA

To determine whether creasted wheatgrass and alfalfa accumulate
significantly different quaatitites of trace elements when grown on the
same material, a pailred Student's t-~test was performed using the 1981
concentrations. Values were compared from crested wheatgrass and alfalfa
samples grown on c¢oal waste, baked c¢lay, gritstone, colluvium and
topsoil. Fly ash was not included in the comparison as data for alfalfa
grown on this material were not available. The results of this
comparison are shown in Tatle 4-5. The mean value for each element is
given for both crested wheatgrass and alfalfa, along with the respective
Student's t value and the level of significance associated with this
value. From this comparison it is evident that alfalfa accumulates
approximately twice the levels of boron, chromium and manganese, and six
times the levels of molybdenum and nickel; crested wheatgrass accumulates
significantly more copper than does alfalfa when grown on these
materials. All other trace elements analysed do not vary significantly
between these two plant species.,

4.3 TRACE ELEMENT DISTRIBUTION

The concentration of trace elements in plants is dependent on
four basic interdependent factors;



TABLE 4-5

Comparison of Trace Element Accumulation in
Crested Wheatgrass and Alfalfa Sheots

Crested Calculated

Element Wheatgrass Alfalfa t Significance
Arsenic 0.70 0.82 1.63 N.S.
Beryllium 0.03 0.03 1.49 N.S.
Boron 24,38 50.4 2.62 +
Cadmium 0.24 0.17 1.76 N.S.
Chromium 0.52 1.02 7.07 %%
Cobalt 0.25 0.48 1.33 N.S.
Copper 11.98 8.62 3.25 L
Fluorine 2.56 b,2 1.11 N.S.
Lead 1.44 1.10 1.33 N.S
Manganese 37.6 83.0 3.21 *
Mercury 0.03 0.02 1.33 N.S.
Molybdenum 0.72 4,32 2.47 +
Nickel 0.30 2.0 3.42 *
Selenium 0.7 0.7 1.63 N.S.
Tin 0.76 0.78 0.34 N.S.
Uranium 0.07 0.08 2.05 N.S.
Vanadium 1.2 1.0 0.99 N.S.
Zine 17.1 21,1 1.3 N.S.

*%*  Very significant (t>4.604, 99% confidence at df=4) difference between
species

* Significant (t>2.776, 95% confidence at df=4)

+ Marginally significant (t>2.122, 90Z confidence at df=4)

N.S. Not Significant (t<2.132, 907 confidence at df=4)
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- the genus, species or strain of plant;

- the soil type in which the plant has grown;
- the conditions during growth; and

- the stage of maturity of the plant.

Not all elements oaccur in equal concentrations in all parts of
the plant. Copper, for example, usually occurs in all plant tissues but
concentrates in the leaves and seeds. Zinc and vanadium also occur in
all plant tissues but usually vary in concentration in the following
order from most to least: roots, stem, leaves, and fruits. Molybdenum,
lead and chromium generally occur Iin greater quantities in the roots than
in stems, leaves or seeds (Sauchelll 1969, Pratt 1973a, Brewer 1973b,
National Research Council of Canada 1973 1976.) Jones (1959) and Cannon
(1976) reported concentrations of lead in roots with limited tramsloca-~
tion to the shoots. Arsenic has also been reported to be more concen-
trated in plant roots than in above-ground portioms (Liebig 1973), As a
result, analysis of the above~-ground parts of plants for arsenic usually
provides little information on plant toxicity, since root rot as a result
of arsenic toxicity will take place before the symptoms are manifested
above—-ground, Cobalt concentrates in the root nodules of legumes, but
most other plants have greater concentrations of cobalt in the
above~ground parts (Vanselow 1973). The generally high concentration of
fluorine in the above ground parts of plants compared to the roots has
been interpreted to indicate the atmosphere is the principal source of
fluorine for plants (Brewer 1973a), although some fluorine is taken up
from the soil,

The distribution of beryllium, chromium, cobalt, manganese,
nickel, selenium, tin, uranium and vanadium does not differ from the
plants grown on the two waste materials tested (fly ash and baked clay)
and those grown at Houth Meadows. However, vanadium concentrations in
roots on the two waste materials tend to be higher than those at Houth
Meadows. The distribution of arsenic, boron, cadmium, copper, fluorine,
lead, mercury, molybdenum and zinc in the plant varies between substrates
(Table 3-7). Boron concen:rations are higher in the infloresence than
either the roots or leaves on all substrates. This is possibly because
boron is readily translocated through the xylem but on arriving in the
apices, it becomes one of the least mobile of the elements (Mortvedt et
al. 1972), The high concentration of this element in the seedhead of
crested wheatgrass plants grown on fly ash may be due to the relatively
high concentrations of boron found in this substrate (Monenco Consultants
Pacific Limited 1981). Alchough 218 ppm of boron concentrated in the
infloresence is higher than the upper limit in plants before toxicity
symptoms occur, no such symptoms were noted in the plants in the field.
There are no data available to determine whether this level of boron is
toxic to livestock.

Cadmium uptake and accumulation by crested wheatgrass differs

between fly ash and baked clay. The roots, leaves and inflorescences of
plants growing on fly ash all have different levels of cadmium, The
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level of cadmium in plants growing on baked clay is statistically the
same in leaves and inflorescences and is different from the level in the
roots,

Grass plants grown on fly ash and baked clay accumulate much
higher levels of copper in roots than the comparable tissue at Houth
Meadows: 377.5 and 51,6 ppm fly ash and baked clay, respectively,
compared to 19.6 ppm at Houth Meadows, respectively. This may be a
result of the higher copper levels in these two substrates (Table 3-5),
or because crested wheatgrass may concentrate copper more than does
bluegrass. Copper levels in the above ground portions of these plants do
not vary significantly between substrates.

The fluorine level in the crested wheatgrass grown on fly ash
is in equal concentrations throughout the plant, but for the plants
growing on baked clay and in the native soil of Houth Meadows it occurs
in a higher concentration in the roots than in the leaves and
infloresgcences. Just how much these observations mean 1iIs debatable
because the atmosphere is considered the principal source of fluoride for
plants. In addition, Davison et al. (1979) have shown that the fluorine
content of forage varies during the year, and that there are significant
changes in fluoride content from day to day. They further question the
use of an single sample for the analysis of plant fluoride content.

The lead concentration of the plants growing on the baked clay
and the Houth Meadows is highest in the roots and is found ia equal
concentrations in the leaves and inflorescences, In the tissue taken
from plants on the fly ast there are different levels of lead in the
different parts of the plant., In all cases however, there is a tendency
for lead to accumulate in the roots, a trend which reflects the typical
gsituation.

Mercury levels in leaves from crested wheatgrass plants grown
on baked clay are much higher than in any other portion of the plant but
are still below the upper limit of concentration in plants of 180 ppb at
which toxic levels accummulate 1in livestock (Underwood 1971). The
accumulation of mercury in the crested wheatgrass and bluegrass is not
the same on the three substrates. This may be a result of species
differences but the mercury accumulation in crested wheatgrass alone is
also different on fly ash and baked clay.

Molybdenum concentrations temd to be very high in crested
wheatgrass roots grown on fly ash. Levels in above ground tissues are
also higher than those found in plants grown on baked clay and at Houth
Meadows, however, they are below the upper 1limit of concentration in
plants at which toxic levels accumulate in livestock (Underwood 1971),

Manganese levels in roots from plants sampled at Houth Meadows

are above the upper 1limit for plant toxicity defined by Martin and
Matocha {1973) but within the limit defined by Labanauskas (1973),
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Zinc in all three cases is found in greater concentration in
the roots than in the inflorescences or leaves., In the plants grown on
the baked clay the zinc accumulation is higher in the inflorescences than
in the leaves; in the plants grown on the fly ash and in the natural soil
of the Houth Meadows the leaf and inflorescence concentrations are
equal. With increasing maturity the levels of zinc may increase in the
leaves and the more typical situation be adopted in the plants growing on
the baked clay. At the time of sampling however, there was a tendency
for the inflorescences to have higher zinc concentrations than the
leaves, although this difference is not significant except on baked clay.

Table 4—~6 shows the ratio of the average shoot concentrations
and average soll concentrations of each element, as calculated for each
substrate. Although these accumulation percentages vary widely, they are
generally of the same magnitude for each element for all species across
all substrates. Interpretation of these values must be based on the
realization that the soil values represent total concentrations, of which
only a small portion is available to plants, Elements which are gshown as
being concentrated (ratios greater than 100%), therefore, are most
assuredly being accumulated. FElements which are indicated as being
excluded from plants (ratio less than 100%), however, cannot confidently
be assumed to be excluded from plant shoots,

Boron and cadmiunn Are noticeably accumulated by all plants
growing on all substrates: the only exception is Alfalfa on baked clay
{(where cadmium was not concentrated). An apparent “active” exclusion of
elements (as indicated by shoot to soil concentrations arbitrarily set at
less than 10%) may be occurring for arsenic, beryllium, chromium, cobalt,
fluorine, nickel and vanadium., The remaining elements showed no marked
deviation between soil and plant shoot value,

The physiological explanations for the accumulation or
exclugion of certain elements are beyond the scope of this report. The
ratios reported in Table 4-6 are largely useful for roughly predicting
expected elemental concentrations in plants on the basis of soil
analyses,
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TABLE 4-6
Traca E lement Concentratlons In Flant Shoots Ratativa to Substrate Concentration (%)
Fly Ash Coal Waste Baked Clay Sandstone Col luy fum Topsol | touth Meadows
Crested Crested Orested Crested Crested Crested

E lement Whoatgrass Whoatgross Affalfa Moan Whaatgrass Alfalfa Mean

Wheatgrass Alfslfa Mean

¥Wheatgrass Alfalfa  Moon

Whestgress Alfalfa Meon

Bluegraes Locowsed Moan

Arsonlc duid 3 3 3 4.} 4.7 4.7
Baryl i fum 1.3 3 4 5.8 1.2 Loz
Boron 130.6 i ] 533 370.5 47 00 o
Cadmlum 50 50 20 2% 140 40 =)
Chroml um 0.683 0.8 1.4 0.8 [+ 0.9 0.7
Cobalt t 3 12 1.5 1.2 1.27 1.2
Copper 3.1 23 15 19 .3 " 20
Flyorine 3.7 0.4 1.2 Db 14 2.9 2.2
L.ead k2 n 0 15.5 2 10 16
Manganase 5.7 = 72 48.5 5.9 12 9.0
Marcury 56.8 ;] ;] 2 150 50 100
Mot yhdanum 77 15 0 42.5 1o 210 160
Nickat 0.R5 1 9 5 0.5 1.8 1.2
Salenlum 100 *100 oo Y00 100 0o M0
Tin 70 *10 *80 k] 90 "o "M
Uranlum 47 50 0 50 R 3.9
Vanadium 0.44 0.8 0.8 0.8 0.8 0.4 0.6
ZInc 47 40 67 48.5 % B 32

5.8 5.8 5.8
12 2 1.7
182 470 3%
220 230 20
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1.8 24 3
23 ” 2
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33 - 30
12 22 17
93 a0 67
10 107 9
0.5 4.0 13
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80 0 *15
30 3.5 17
0.5 0.5 0.5
¥ o] N

6.4 3 1.8
2.1 A.0 34
1% na 632
220 240 230
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1.2 t.8 1.5
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0.4 2.3 t4
11 1.5 9.3
5.5 4 3.8
44 16 30
10 475 n3
0.2 2.3 1.3
100 10D *100
T0 70 10
50 7.1 ol
0.9 0.9 0.9
17 22 20

5.8
*2.0
277

2.9
0.1

1.8
2

4.4
41

0.2

]
6.2
0.8

u

8.3
3.0
1042
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6.9
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o4
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tHo
1.7
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* Values catcrlated with flgures below detectlon limit in plant tissue, therefore a possibly high estlimate.



PART 5

CONCLUSIONS



PART 5 ~ CONCLUSIONS AND RECOMMENDATIONS

CONTENTS

5.1 CONCLUSIONS

5.2 RECOMMENDATIONS

TABLES
Table

5=1 Rating of Substrate Deficiencies and Toxicities

5-(1i)

5~2



5.1 CONCLUSIONS

All waste materials being evaluated for reclamation at Hat
Creek have been compared with natural soil of Houth Meadows for trace
element concentrations. Significant differences hetween the substrates
were as follows:

1. Fly ash had significantly higher concentrations of the
following elements: arsenic, beryllium, boron, copper,
molybdenum, nickel, uranium and vanadium;

2. Baked clay had significantly higher concentrations of arsenic,
beryllium, copper and nickel;

3, Colluvium had significantly higher concentrations of cobalt,
copper, lead, nickel and zinc;

4, Gritstone had significantly higher concentrations of beryllium,
cobalt, nickel, uranium and vanadium;

5. Trench A topsoil had significantly higher concentrations of
cobalt, fluorine, nickel and zinc; and

6. Coal waste differed significantly from Houth Meadows topsoil in
terms of its concentrations of arsenic and mercury (higher than
Houth Meadows) and chromium and manganese (lower than Houth
Meadows).

It was found that the concentrations of cadmium, selenium and
tin do not vary significantly between substrates.

A similarity in elemental concentrations with undisturbed
rangeland does not indicate that the levels of trace elements in a
particular waste material are not potentially dangerous, since the native
topsoil tends to have boron, manganese, molybdenum or zinc deficiencies
as well, The results of comparisons to reported deficient and toxic
levels for plant and livestock growth are summarized for these critical
elements Iin Tables 4-3 and 5-1, and are more relevant than comparisons
between the substrates and native topsoil, Boron from fly ash 1is the
only element found in concentrations toxic to vegetation, although no
toxicity symptoms were noticed in vegetation sampled in 1981, Although
chromium is accumulated in plants to above normal levels, the questions
of ionic composition and availability make it difficult to assess whether
these levels would be toxic to wildlife and livestock. Chromium levels
have been rated as not being dangerous, but further work needs to be done
on this element.
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TABLE 5-1
Rating of Substrate Deficiencies and Toxicities
-~
Element Ratings
B Mn Mo Zn Number of Number of
Deficiency Toxicity Total
Substrate Species Plant/Animal Plant/Animal Plant/Animal Plant/Animal (-) (+) Score
Fly ash Wheatgrass +++ - - - 5 3 8
Coal waste Wheatgrass —— —— - 5 0 5
Alfalfa
Baked clay Wheatgrass -
Alfalfa - 4 0 4
Gritstone Wheatgrass —— - - ~ 8 0 8
Alfalfa —_—
Colluvium Wheatgrass — — en .- - 12 0 12
Alfalfa —_
Topsoil Wheatgrass —— - - - - 11 0 11
Alfalfa -
Houth
Meadows Bluegrass —- - 6 0 3]
Locoweed -

~-~— Very deficient, mean and Confidence Limits (C.L.) below deficient level

——~ Deficient, mean below deficient level but C.L. extends above

~ Slightly deficient, mean above deficient level but C.L. extends below
+ Slightly toxic, mean below toxic level but C.L. extends above
++ Toxic, mean above toxic level but C.L. extends below

+++ Very toxic, mean and C.L. above toxic level

Note:

Houth Meadows because the Cu: Mo ratio may be more important than the actual value.

No data on molybdenum in animals is given for wheatgrass on fly ash, alfalfa on topsoil and locoweed in



A crude scale for rating the different materials was developed
{Table 5-1) based on a simple summation of the number and extent of
element deficiencies or toxicities exhibited by each substrate. In terms
of overall trace element hazards therefore, the materials are grouped in
the following order (from worst to best):

Colluvium

Trench A Topsoil

Fly Ash

Gritstone

Houth Meadows Topsoil
Coal Waste

Baked Clay

Additional criteria such as the ability to support plant growth
(Monenco Consultants Pacific Limited 1982) must of course be used in
assessing the overall suitability of materials for reclamation purposes.
In general, none of the materials pose any trace element problems which
could net be overcome through treatment and proper management. None of
the potential deficiency problems are serious from a practical point of
view, especially since they tend to occur naturally on undisturbed
materlals throughout the region.

Although no toxic levels of copper or molybdenum were found to
accumulate 1n plant shoots, levels which would be toxic to cattle were
found in crested wheatgrass roots growing on fly ash. Furthermore,
because of complex copper and molybdenum interrelationships, the levels
in vegetation are such that toxicity or deficiency symptoms may appear in
cattle grazing solely on that material. Molybdenosis may arise from
eating solely vegetation growing on fly ash, colluvium, Trench A topsoil
or Houth Meadows topsoil. Copper toxicity may come from plants grown on
coal waste, gritstone, colluvium or Trench A topsoil., Hypocuprosis may
result from vegetation grown on baked clay or gritstone.

In terms of element distribution and accumulation, it was found
that alfalfa concentrated toron, chromium, manganese, molybdenum and
nickel more than crested wheatgrass; conversely, crested wheatgrass
accumulated copper. Boron and cadmium were concentrated in plant shoots,
at up to ten times the total concentration found in the soil,
Distribution within the plant typically showed higher concentrations in
the roots, while concentrations in the leaves and inflorescences are
lower and not significantly different from each other (except for boron,
which tends to accumulate in inflorescences).

All  evaluations of plant uptake and accumulation in
relationship to soll concentrations are greatly limited by the fact that
total conceatrations have been assayed for, and these wvalues do not
necessarily reflect the amount available to plants.
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5.2 RECOMMENDATIONS

Since there are no severe trace element hazards, no special
management techniques need be applied to ameliorate their potential
danger. To offset the boron toxicity of fly ash, it can be buried
beneath other materials or treated with sulphur and manure. Possible
manganese, molybdenum, zinc and copper deficiencies and possible copper
toxicity can be avoided by never feeding cattle sclely on forage from the
Hat Creek or interior B.C. area. A more realistic alternative is to
provide mineral supplements to their diet, but appropriate blends and
doses would have to be carefully studied first. Copper to molybdemum
ratios, their effects on cattle, the effects of sulphur on copper
availability and metheds of controlling these ratios deserve particular
attention for further investigation.

Further field sampling programs, literature reviews and labora-
tory studies should emphasize the following elements: boron, cadmium,
chromium, copper, manganese, molybdenum, selenium and zinc. All future
soil samples should be analyzed by methods which more closely estimate
available concentrations of elements, and all should measure the pH of
the soil samples since this very often can be used as a guide 1in
determining the availability of elements. More sensitive analytical
techniques are needed to properly evaluate selenium, as methods used in
this analysis can not detect the low concentrations at which deficiencies
occur. Buckley (1982) has suggested that hydride generation is the most
efficient method of selenium detection. TFurther investigation of the
literature would be worthwhile 1in order to better determine what levels
of chromium, fluorine, lead, mercury, nickel, tin, uranium and vanadium
are toxlic to plants, what levels of cobalt and selenium are deficient to
plants, and what levels of beryllium, boron and uranium are toxie to
animals.

As far as levels of trace elements are concerned, the baked
clay material would most likely provide the best substrate for plants.
Colluvium is likely to be the worst substrate , and in between these two
extremes lie the other substrate, grouped from worst to best: Trench A
topsoll, fly ash, gritstone, Houth Meadows topsoil and coal waste. This
rating should be combined with productivity ratings (Monenco Consultants
Pacifie Limited 1982) to select the most suitable materials with which to
surface the waste dumps. Such an assessment would have to weigh
potential trace element problems against productivity, and any resulting
recommendations would have to be based on cost-benefit assumptions and
risk analyses that are beyond the scope of this document.

Any additional studies into the physiology of trace element
uptake, accumulation or exclusion should be done on the basis of
controlled experiments. Once quantitative estimates of flow rates and
physiological responses are desired, a sampling survey approach is not as
useful as an experimental approach conducted in a controlled laboratory
setting.
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APPENDIX A

1981 LABORATORY ANALYSIS RESULTS
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TALE A
Lab Analysls Results - Traoe Efement Concontrations In Yegetatlon Grown on Wasfe Materfals
053] Substrate Specles Plant part Rep *Cu Mo Pb In cd N{ Co r As u Se S0 Hg F Mo v Be B
Ippb)

| Hourth Bluograss Leaves 1 12.0 .0 05 17.0 0.2 0.6 0.3 0.4 <10 <04 <10 <10 <10 5 48 1 - 004 5.8
2 H B L 2 12.9 2.2 1.0 17.2 0.16 0.5 0.1 0.4 <0 <0. <10 <10 <10 5 » 1 <004 4.3
3 H B L 3 11.3 06 06 15.6 0.14 0.8 0.1 0.8 <18 <04 <10 <D <0 5 45 L} 0.08 4.5
4 H B L 4 1n.o 06 0.6 13.0 0.4 1.0 G.t 0.8 <10 <04 <10 <1.0 15 5 . 1 <0.04 5.3
5 H B Tops t 15.8 1.8 0.8 19.5 0.12 0.7 0.2 4.0 <10 <00 <10 <10 10 5 B 1 <004 8.3
6 H B T 2 153 0.8 0.7 17.3 o.16 0.3 0.3 0.8 <@ <01 <10 <10 15 B 132 1 0.04 15.0
7 H B T 3 2.0 1.0 0.2 17.9 0.4 k.0 0.1 0.8 <140 <00 <10 <10 10 6 32 1 <004 8.3
a H B8 T L] t4.8 0.6 0.6 15.9 0.26 1.3 0.1 0.8 <hg <00 <10 <10 <0 5 = 1 “0.04 @3
9 H B Roots 1 20.0 24 2.9 55.0 0.5 150 5.0 22.0 <1.0 0.20 <10 < t0 45 B 430 42 0.64 6.5
10 H 2] ] 2 18.7 2.0 2.2 3.3 0.5 143 4.0 18.0 < 1.0 .10 <10 < 1.0 15 8 30 1] 0.44 1.0
n H B R 3 0.0 . 2.2 3.1 0.48 140 2.9 20,0 <10 0.10 <1.0 <1.0 .1 a 362 ;) 0.48 1.3
12 H B Shoots ] 9.t 1.4 0.1 14.9 0.26 1.4 0.2 0.8 <1.0 <0 <1.0 <1.0 <10 T 65 1 <0.04 53
13 H B 5 2 15.4 G4 0.4 13.2 0.0 6.7 0.1 04 20 <0 <10 <10 15 4 63 T <00 13.0
14 H B 5 3 10.8 0.4 0.7 12.0 034 0.8 0. 0.4 <10 <01 <10 <10 1] 4 30 1 <0.04 1.5
15 H B H L] 1.9 05 0.9 1.0 0.40 t.5 0.2 04 <10 <00 <10 <10 45 5 33 1 <0 18.4
16 H Oxytropis  § 1 6.0 240 0.7 13.8 022 1.5 0.2 0.8 <10 <00 <t 1.0 40 5 €N 1 < 0.04 0.0
17 H o) ] 2 9.8 3.8 03 14.0 0.12 2.4 0.2 16 <1.0 <0.1 <10 1.0 100 7 72 1 <004 400
18 H (1] S 3 n7 4.4 0.2 23.7 0.16 2.6 0.4 2.0 <t.0 <0.1 <1.0 <1.0 QG 4 48 2 <0.04 3.0
19 H 0 S 4 10.9 4.0 0.8 21.9 0.4 0.8 0. 1.2 <10 <01 <10 <140 140 5 40 T 004 220
20 Ash Orested Tops 1 15.0 4.2 1.1 19.7 0.14 0.3 0.1 0.4 <10 <01 2.0 <1.0 0 4 18 1 <0.04 X650
2t A C T 2 20.2 246 1.3 2.4 0.% 0.6 oA 0.4 < 1.0 <0.1 <1.0 1.0 10 5 1B 1 <004 188.0
22 A [ T 3 17.4 3.4 .5 18.7 0.20 0.7 0.1 0.4 <10 «<0.1 <t.0 1.0 27 3 19 1 <0.04 174.0
23 A c T 4 19.7 4.8 1.3 23.0 0.12 1.1 0.1 0.4 <1.0 <0t <10 <10 <0 2 b 1 <0 240.0
24 A [ Rowts 1 %0 13.4 5.8 32.2 0.3 20.0 4.2 18.0 10,0 < 0.1 2.0 1.0 5 5 95 54 0650 141.0
25 A C R F4 346.0 3.0 6.0 29.0 0.3 0.7 53 190 110 <00 <10 <10 42 4 13 %5 0.64 132.0

* Valusm axprassed In parts por milllon (ppml unless otherwisa noted.



8 . 2 i i i i ' X ' A i 1
TABLE A (Cont'd)
ms Substrate Specles Plant part Repd Cu 5 -] (21 In Cd N Co Cr As 1} Sa Sn Hg F Mn ¥ Ber B
(ppb?

% Ash Crested Roats 3 383.0 19.0 6.7 55.0 0% 256 7.3 24.0 12.0 0.60 2.0 <1.0 25.0 2 210 T 0.5 120.0
21 A c R 4 445.0 19.2 7.2 3.5 G.32 29.5 2.5 28.0 15.0 o. 70 1.0 <1.0 © 2 186 €0 0.96 w0r.0
26 A G Leaws 1 15.3 2.6 0.4 21.9 0.15 a.7 0.2 0.8 <1.0 0.0 <1.0 <10 . X 3 » 2 0.4 42.5
ol A [ L 2 10.0 2.4 0.3 25.9 0.12 0.3 0.2 0.4 <1.0 <0.1 <1.0 <1.0 X 2 n i 0.04 62.5
b 4 A [ L 3 10.0 5.0 0.6 16.5 ¢.08 0.1 0.1 0.4 < 1.0 < 0.1 <1.0 <1.0 30 2 14 1 <004 118.0
al A G L 4 B.4 4.4 Q.3 1242 [VRY? ] a7 a2 fr ) TG Theh Tt b % b4 ] HEE 5 3.0
32 Baked Clay Alfalfa Shoats 1 1.3 4.8 0.5 16.0 0.4 1.3 0.1 0.8 < 1.0 <0.1 < 10 140 <10 5 2 1 <04 101.0
33 B A 1 2 6.8 4.4 0.3 14.4 004 0.8 0.2 1.2 < 1.0 <0.§ < 1.0 <1.0 .o 5 - 1 ~0.04 44.0
3 8 A 5 3 9.3 3.8 0.6 16.0 0.02 0.8 0.1 0.8 <1.0 <04 < t.0 “1.0 10 2 60 T <004 41.0
35 B A 5 4 6.8 s 0.5 17.2 0.06 t.2 o3 0.8 < L0 <0.] <1,0 <1.0 10 2 63 I 0.4 35.0
X 8 Crested S 1 13.5 20 1.3 8.5 0.18 0.6 Q.1 0.4 <1.0 <0.1 < 1.0 <1.0 40 2 i 2 <004 150.0
b1 B C 5 2 15.9 2.2 1.3 8.4 0.16 0.4 a.d 0.4 <1.0 <0.1 < 1.0 <1.0 55 2 p.l 1 <0.04 41.0
B 8 C S 3 5.1 2.2 0.9 14.0 0.12 0.1 G.1 0.4 <10 <0.1 < 1.0 1.0 0 2 9 1 <004 5%.5
» 8 [ 5 4 y2.4 2.2 0.9 12.5 0.12 a9 0.3 0.4 < t.0 <01 < 1.0 1.0 .1l 2 25 2 004 17.%
L] B (o8 Roots 1 51.0 2.4 4.8 2.0 0.0 350 0.4 X0 3.0 0.0 <140 1.0 3 9 190 2 4] 0.% 22.0
a1 a8 Cc R 2 69.0 1.d 6.0 28.3 .38 29.5 9.5 27.0 3.0 < 0.1 < 1.0 1.0 35 5 176 00 1.0 43.0
42 B ¢ R 3 3.0 1.8 4.8 35.8 oD N9 9.7 18O 4.0 060 <190 <1.0 0 10 212 o4 0.12 1.0
43 B [+ R 4 48.5 1.6 0.6 M.45 0.0 33.0 10,% 11.0 3.0 0.3 <1.0 <1.0 40 10 235 68 0.68 32.0
LE] 8 C Tops 1 24.6 0. 1.2 6.0 0.22 0.4 0.3 0.4 <1.0 <0.4 <10 <10 10 2 2 2 <0.04 39.5
45 B c T 2 0.0 1.6 1.0 18.0 0.% 0.1 0.2 0.4 < 10 <0.t < 1.0 < 1.0 10 2 » 1 <0.04 t43.0
46 8 C T 3 25.5 1.6 1.0 20.5 0.02 .5 0.1 0.4 < 1.0 <0.1 <1.0 <10 €0 2 b 1 <0.04 3t.5
47 B C T 4 21.0 1.6 1.0 6.0 0.10 0.1 Q.1 0.4 < 1.0 <0.1 <1.0 <10 35 2 33 1 <0.04 3.0
48 B C Leaves 1 a.1 0.1 t.5 9.8 0.10 (18} 0.4 0.4 < 1.0 <01 1.0 2.0 155 2 45 1 <004 17.5
49 B C L 2 a.2 1.4 1.6 6.5 0.12 0.1 a.1 0.4 < 1.0 <04 1.0 <10 55 ] 45 1 <0.04 12.9
4] 2] C L 3 8.5 0.B 0.5 1.3 0.40 o4 [+ | 0.4 < 1.0 <0.1 < 1.0 <1.0 it} 2 65 1 <004 08.0




| K | ] | i | | | [
TARLE A (Cont'd)
oS  Substrate  Specles  Ploat pat  Repf v M Pb Zn cd NI co or As u Se Sn Hg € Mo ] e 8
(ppb)

51 B c L 4 9.3 04 1.5 54 0% 04 00 04 <10 <0d <10 <l0 & 2 2 1 <004 29.0
=2 Werste Crested  Shoots ) 135 00 07 133 032 0t 02 04 <10 <l <l <0 4 1 55 1 <004 193
53 W c s 2 15.5 0.6 03 3.0 0M L6 06 04 <10 <00 <10 <10 ¥ 1 4 1 <004 160
= W c s 3 130 64 0.8 337 028 0.8 06 04 <10 <0 <0 <0 X 2 w0 1 <004 3.0
55 W C s ] 0.0 02 13 48 B 00 00 04 <L0 <00 <10 <10 0D 1 &0 1 <004 165
% W Alfalla s 1 8.8 1.2 1.2 MB X 30 1.0 0B <10 <) <10 <o 0 2 1. 1 <004 80
5 W A s 2 6.7 10 td4 X0 008 315 0.9 04 <10 <0 <10 <10 X 2 1% 1 <0g4 410
Y W A s 3 9.5 1.2 k7 480 030 60 20 0.8 <10 <00 <10 <10 B 4 s 1 -0.4 4.0
= W A s 1 7.6 2.0 1.2 ®»e 0% 42 20 0.8 <10 <04 <10 10 40 2 w7 1 <0.08 490
60 Col luvlum  Crested & ' 100 0.2 24 167 016 00 03 20 <10 <0t <0 <L D 1 34 1 ~0.04 10.8
) c c 5 ? 135 00 16 114 02 00 0 08 <10 <00 <10 <10 X 1 2 t <004 8.5
62 ¢ € 5 3 Mé 0.2 1.3 B2 0% 01 062 04 <10 <00 <i0 <L0 M 1 2 1 <004 43
3 c c 5 ] 123 02 16 L5 0.4 061 01 04 <t0 <00 <h0 <10 45 1 17 1 <004 S0
64 Topsol | Altalla & t M2 20 09 M5 02 22 0.2 1.2 <LO <0 <10 1.0 45 ( 32 1 004 %0
65 T A 5 2 9.0 36 02 20 0.4 08 01 08 <10 <00 <10 <i0 B 1 35 1 <004 540
6 T A 5 3 83 46 0.8 M8 040 1.1 @) 12  <L0 <01 <0 <10 W t 45 1 <0.04 DO
67 T A 5 4 190 30 07 125 008 08 01 1.2 <10 <0 <10 <10 W 1 45 1 <oo4 50,0
8 Gritstone A ] ¥ 7.2 38 1.8 188 024 1.0 02 08 <10 <0l <hd <10 X 5 120 1 <004 20
59 G A 5 2 60 20 26 ARG OB 44 08 L2 10 <00 <10 <10 35 12w t 008 4.0
76 6 A 5 3 85 30 12 180 0.2 1.0 03 KLZ <10 <o <ho <10 10 5 o2 1 <0.04 410
n G A 5 1 106 38 10 140 02 26 03 04 <10 0.0 <10 <10 10 7 @ ' <004 350
72 Topsot | Crested  § 2 8.7 04 L3 65 0.48 0.1 04 04 L0 00 <10 1.0 13 6 2 T o004 9.0
b5 T c s 3 9.2 04 1.4 68 0% 04 02 04 WO <00 <10 <h0 23 5 % toCo4 1o
il T c s 4 8.6 0.2 20 79 0% 04 01 0.4 <10 <@l <10 <10 2% 4 F 1 <0.08 2.0
75 Geitstone 5 1 B2 04 08 155 08 00 03 04 10 0.0 <ha <10 15 6 5 1 <004 200




TALE A {Cont'd}

O Substrate  Specles  Plant pat  Repf o M Pb n ce NI Co cr As " sa Sn Hg F #n VY B B
tpph)
76 Gritstme  Crested  Shoots 2 94 0.2 30 210 o.M 01 02 04 <10 <041 <10 <10 20 5 o4 1 <0.04 6.0
77 G c 5 3 152 04 20 25 028 02 0.2 04 <10 <00 <10 <1.0 10 3 B | <004 14.5
™ 6 c s 4 122 02 22 %0 0.2 06 04 08 <10 <00 <0 10 B 3 52 1 <004 240
9 Colluvlum  Aténlfa & 1 s B8 13 1.5 02 1.0 04 1.6 <10 <04 <10 1.0 <0 5 55 1 <004  60.0
a0 c A s 2 92 82 £S5 %5 02 1.5 03 1.2 <10 <04 <10 <18 <K 4 = ! <004 650
8l c A 5 3 9.0 Bd LI 192 0.0 K2 04 1.2 <10 <04 <10 <10 15 5 83 1 -0.08  49.0
a2 c A 5 4 B5 126 10 156 032 1.6 01 20 <10 <00 <18 <18 N 9 ) 1 <004 490
83 Ash Crested S 1 3.8 56 16 120 030 03 04 12 <18 <0l <10 <10 2 1 10 1 <0.04 2%.0
34 A c s 2 4.5 46 09 165 0.4 0.8 0.2 08 <10 000 <10 <1.8 25 4 12 72 <004 2160
g5 A c s 3 0.0 36 14 255 02 03 0.0 04 <10 <04 <0 <10 40 4 13 1 <004 150
® A c s 4 0.5 46 1.5 2.2 0z 01 001 04 <10 <04 <10 <10 W 5 ® 1 o<0.04 20
87 Topsol | c $ 1 133 12 1.6 180 026 00 04 04 <10 <00 <10 <0 W 4 il 1 <004 4.0
& Colluvlem  Root Medlum 1 600 20 11,0 8.0 0.0 6.0 190 760 1.0 1.0 <10 (.0 0 30 440 15 1.8 4.0
8% c R M 2 5.0 2.5 3BO 0 980 040 640 17,0 1.0 150 LW 10 1.6 60 305 445 1T 1.0 5.0
@ ¢ R M 3 550 1.0 8.5 B50 0.10 550 7.0 740 120 100 <40 d0 95 1% 55 16 1.80 4.0
ol C R M 4 .0 2.0 6.5 A2.0 0.10 42.0 14.0 750 6.0 1.1 <1.0 1.0 75 280 455 B85 1.60 3.0
@ TapsoH R M ' 410 20 50 930 0.0 440 150 760 100 100 <1.0 1.6 B85 240 60 110 1.8 4.0
93 T R M 2 DO 2.0 6.0 950 0.0 RO 160 B0 120 100 <10 1O 66 290 6% HS 1. 5.0
o T R M 3 00 20 50 860 0.0 R0 160 8.0 150 1.0 <10 1.0 65 M0 65 10 160 6.0
95 T R M 1 50 3.0 6.0 B850 0.0 5.0 16.0 880 1.0 1L, <1.0 1.0 0 20 A5 150 1.80 4.0
% Wasta R M 1 00 20 50 980 040 6.0 8.0 480 350 100 <1.0 1.0 190 20 430 15 160 1.0
97 W R M 2 5.0 2.0 100 470 0.0 B.O 100 460 0.0 1.0 <1.0 Lo 80 20 175 125 140 110
% W R M 3 600 30 50  40.0 0.0 %0 120 42.0 90 1.0 <1.0 1.0 95 210 105 110 140 130
] w R M 4 5.0 1.0 60 720 0.10 430 12.0 60.0 PO 1D <1.0 KO 1O 20 N5 1 1.40 6.0




[ | ] ] ] ] L [ i | A | i [
TMLE A (Cont'd)
oS Substrate Specles Plant part Repd Cu o Pb Zn cd NI Go cr As u Se Sn Hg F Ma ¥ Ba B8
{ppb)
100 Ash Root Medium 1 3650.0 5.0 6.0 57.0 0.10 400 10.0 B4.0 15.0 200 <1.0 1.0 55 130 300 210 2.60 76.0
w A R M 2 400.0 5.0 2.0 0.0 0.13  46.0 10.0 102.0 14.0 2.00 <1.0 1.0 &0 1m0 235 255 .60 19L0
102 A R [ 3 450.0 1.0 3.0 35.0 0.10 4.0 10.0 120.0 16.0 t.0 <1.0 1.0 20 110 M0 225 2.80 230
103 A R M 4 382.0 5.0 3.0 3.0 0.10 540 9.0 101.0 19.0 1.2 0.8 1.0 40 a5 217 230 2.30 140
04 Baked Clay R M 1 44.0 1.0 1.0 23.0 0.0 4.0 15.0 114.0 14.0 200 <10 1.0 25 120 815 235 3.60 8.0
105 8 R M 2 0 2.0 4 42 0.1 0 16 1o 15 1.5 <1.0 1.0 30 110 432 255 2.8 6.0
o B [ [ 3 7 Py Fi 63 Oad B8Z -] Sz ] P R ] ] ) 20 ] a0 2.8 V2.0
107 8 R M 4 65 20 10 b ;] 0.1 &l 15 92 17 1.5 <1.0 1.0 2 120 155 250 2.0 6.0
108 Houth R M ] 2 2.0 5 88 0.1 25 " 92 5 t.5 <1.0 1.0 &0 110 630 00 1.6 6.0
199 H R ] 2 22 2.0 3 4% 0.1 14 5 n 5 t.0 1.1 1.0 33 180 %2 57 1.5 3.0
10 H R H 3 b1 1.0 2 a3 0. 15 9 % 3 140 <140 1.0 4 220 955 0 1.6 3.0
m H R M 4 7 1.0 1 45 0.1 15 9 68 3 t.0 <16 1.0 35 210 0 75 1.8 0.7
1z Grltstone R M 1 40 20 4 2 0.1 L] 14 o n 20 <1.0 1.0 0 220 45 &0 2.0 5.0
13 G R M 2 55 3 8 B8 Q.1 66 0 a2 1] 2.5 <10 1.0 x 250 450 225 2.4 9.0
14 G R H 3 40 3.0 4 =2 0.1 48 14 n 12 20 <1.0 10 25 560 0 0 2.4 12.0
15 G R M 4 55 Lo 6 72 0.1 64 18 " 15 2.5 < 1.0 1.0 25 Fo00) 485 230 2.2 6.0
16 Farmers Flald Attalfa Shoats 1 " 6.2 - - - - - - - - - - - - - - - -
17 F A s 2 3 56 - - - - - - - - - - - - - - -
118 F A 5 3 12 5.8 - - = - - - - - - - - - - - - -
ne F A S 4 a8 0.2 - - - - - - - - - - - - - - - -
Dirt = Soil Sample
Houth = lout Meadows {native sotl}
rested = Crested Wheatgrass
Ash = Fly Ash
waste 2 Coal Waste

Gritstone = Sandstone



APPENDIX B

COMPARISON OF MEANS AND CONFIDENCE LIMITS WITH PUBLISHFD VALUES FOR
ALFALFA, CRESTED WHEATGRASS AND SOTLS



TARLE B~|

Caomparison of man lsvel anc confidenoa limits of the elghtean slements on the flwe substrates for sifalfo shaots

il
samp e Ay ) 8 ed or Co Cu F ] L Hy L] Nt So $n u ¥ n
| Weste 1979 = Mo data -
F] 1979 0.5 0.02 ] 0.8 1.2 0.72 17 1.4 2 153 20 t 2 0.2 1 0.1 1.2 5d
1991 1 0.04 48,3215 0.220.16 0.740.3  1.501.0 B.242.0  2.941.6  1.430.4  14.EEZ8.3 0-0530.008 1.410.7 42201 t 1 1 1.{.0 36,2813,
wormat value 2 X= b] 0- X+ X+ 0 > o] 0 o o o o 0 ] o 0
Slamt temiclty ] o [’ [ 5] L] 8 0 e ] L +] [\ 0 9 N e 1+ ]
Slart dattclancy 3 NE ] NE N o] 0 £ N [ 34 s N [} N N ME 0
|| vestock toxlcity ] Ny 4] [ . 0 ] 0 c a o [ ] 0 ] L] | I}
fvastode deficiency & E N N [\ 0 [ ] N ¢ E ] L] ] W 3 o o
Baved Clay 1978 - No data -
1979 - No data -
1981 t U004 S6.3H47.5 0.0450.03 0.920.3  0.220.7  T621.0 X8 (0.2 ST.3B.Z 0.01180.010 4.20.9  1.020.4 1 1 0.1 1.080.0 19.941.8
lcrmal value ] x= O o X+ o o > 0 ] 0= o Q Q o i a o
Plart toxlcity 9 a o] [+] ] o] o 0 *0 Q ] +] N 0 N ] L] 2
Plart cdeflclency NE NE 3} E N ] 0 E HE bl NE 1} N N E NE MNE a
Ivestodt toiclty ] o o [ . 0 [ ] ] L] 0 0 L] ] [} <] [} ]
Ivastack deflclency O E ¥ NE ] Q 9 o '3 [ NE ] 0 0 NE HE 9 X~
%asm 1978 - Mo data -
(Gl f5fene) 1979 0.5 0.04 93 0.8 2.2 0.5 5 2.5 4 20 108 5 2 2.3 1 C-1 2.2 1
1581 T 0,04 41.599.1 0.2MD.05 0.5%0.6  O.440.4  8.1%3.1 7.3 1.71.2 106.5518.4 O.02100.00 .24 2326 1 1 S 1.080.0 17,7854
armal valyge 9 X= [+ 0 X+ L O 3 [+] 0 Q [} O 0 Q o o ]
Hant toxicity ] ¢ ] a o ] ] © ] 0 ) ] L] o N D N ]
WP ot mficlency 3 \E 0 N [T o 0 £ N 0 E [ NE T4 N 13 13 ]
Livestodk toxlcity o] N N 5] . o Q 4 a [+] [ bl v] [« 1] L) aQ ¢
Livestock daficlency O '3 NE M o ] ] o 3 0 N [\ 0 0 M NE ] *=
stlyvium 1978 1 - - %l - - EH - i 10 0.03 4 1 0.2 - - - %
- 1979 0.3 0.05 % 0.7 0.8 0.04 13 1.4 2 48 105 4 2 0.2 1 0.1 1.2 18
1981 1 .04 H.8212.8 0.2410.08 15808 0.30.2 9,682, S35 1. 20.4 63.5120.9 0.01120.012 95553 1.340.4 1 1 0.1 (3 19.005.4
Norma) value 0 X- q a XH o 0 » 0 0 o X++ 0 [ 0 Q 0 0=
Dlant roxlelty q o 0 0 L] N L 1] b} N [H W 0 L] N} N o
Mar ceflclency E N 9 [ 3 Ll o £ '3 0 N | 3 L] NE NE H [\
lvastock toulclty ] ) N 0 . 0 0 ] [+ ] 0 [| n [:} 0 1] 0 ]
jvastock deflclency O NE N NE s] o} o 0 M ¢} M 2 o] [+ N N 0 X=
Tepsol | 1978 - Mo gatE =
1979 - N date -
o84 ' 004 50.085.2 0.130.08 1.030.3  00#0.1 9620 1.PD 0. 104 39.3310.7 0.04980.026 3.381.7 1280 1 1 4.1 120 17.258.8
LT TR ] X- ! 0= e 3 2 X— 8 o o o o= ] 0 9 0 o
Atam *oniclty 0 ] 0 ] ] o n ] N 0 )] 0 o [} 4] N i o
Prant wflclancy N E 0 W N o 5 E E 0 E [ € ] ¥ KE KE 0
Jvestocn temdelty Q V] ND o] * ] Q 4] ] o] ) ] ¢ [+ Q M) ] o
vestos dflclency O N M N 0 0 0 o N Q L3 8 0 ] ¥ W 0 -
-
* HuTh Muadows 1978 - ho doty -
1979 - Mo data -
198t 0,080 31.5212.0 0.1RC,I0  1.420.8  0.2M0.2 440 9.52.0  0.520.5 62,5136.3 0.09T0.065 3.601.7 1.aft,3 1 1 0l 1.3W.8 18.418.3
ormal valus [+ X= [+ o bisd 0= o= 0 [+ 0- X+ O+ o 1] Q a Q O
Mont fomicity ] [ [} 0 N [ 0 0 ] ] N 0 o [ o 0 ] [\
q‘!m? detlctency - KE 0 M N ] ] IE N o HE a N N} M N N [
L ivestock haiclty 0 5] N 0 * 0 0 0 ] 0 ] 9 s 0 ] ] 5 o
Llvastook deficlency © E 3 NE [ 0 3 ] 3 [} NE o o c KE E ] Y=
E | is sp,
a mean and C.L.'s Inside normel normal rangs unlikely fo be a problem

O=/+  sligntly snarmel, mean Inside narwml range, C.L.'s {when sppllcable) extend below/abom mormat rangs
-/+ sbnormal, mean cuTside narmel range, C.L.'s {when 2ppilcanlal extend below/sbowe nermal rangs
—/++ datinitely Dnormat, mean and C.L.'s {when mpligabis) cutsids normal ronge
- e and Cr* have very difterent toxiclty levels (50 pm for G and 65000 pom for C*t). The analysis was far fotai Or and not for Or af dlfterent vaiencles, An evalustlon cannat be mem
nare.
NO - No odata glven In the [|tereture
‘€ - Not yet proved essantisl to plants o | veatook



TALE 8-2

-
Meon level and conflcence (imits of the slghtest elamarts In (rested Whoatgrass shogts an the slx substrotes.
The results of the comparlsn of thess vatues against published daficlency {evels and toxicity laveis In
plart growth snd simei nutrition are given.
a
sopiw An - ] cd o Y Y 3 ™ w g e e [ &n u ¥ n
_'Fy Agn 1578 t 0.02 43 0.1 0.24 8.5 1 9 0.2 9 i 0.3 ! 30 17
1979 20 0.04 h1r] 1.0 2.5 0.8 ral 12 3 p--3 0.11% " t 0.4 i 8] 5.2 19
1981 1 Q.04 211,580,056 0.2540.05 0.780.6 OJ1EL 12,2836 4.30.8 1.430.% 1535115 0029014 46813 D.450.5 i 1 2.1 1.330.8 18.849.3
Normat values Q X bl Q X+ o 0 [ 0 %— 0 o O ¢ 0 a bl o
Plant tomiclty o 0 X4 o R 4] 30 a D ND 0 0] aq 4] 0 MO L] 2] 9
#lanr at|clency NE ME 0 NE NE b3 Q N M D= 3 Q9 N ] 3 NE L3 a
"Limm toxiclty Q L N Q - Q 0 Q s} o] Q o] 4 L] L) [+] 0
Livegten doticleny 0O N ME N 0 0 a ] 3 X- NE ] o (1] M 3 a X-
oal Weste 15T - No data -
1979 0.9 .0t il Q.5 Q.9 0.0 10 2.4 40 ] Q.073 1 1 2.2 H od L4 40
E ] 1981 1 C.04 18.785.1 0.7820.10 Qud0.0  0.440.4 12,5827 1 .330.8 0.810.7 50.8%13.8 0.0330.008 0.30.4 0.TH.1 1 ! -1 110 Z. 74
Normal valos e X Y= [} o OF a9 %= 0 [ 0 = o 0 o] Q [+] 0=
Plant texlcity [n] a 9 o] N M) bl 1] L] ] ] 0 ND o ] N ] ¢
Plant def lclency ME E = NE MNE D o] NE NE 0 NE X= NE ND N ME HE 0
Livestook food gl ty v} ] ND 0 b ¢ 0 o Q 0 0 Q Q [+ 1] H ] Q
-lem deticlency 0 NE NE ME 0 0 o] ] NE 0 E Y 9 0 HE NE o O=
Bahad Cley 1578 - ho data ~
1979 ~ No dats =
1981 1 G.0d  56,1192.5 0.1410.00% 0.440 0.240.2 14,225 2.0% 1.140,4  29.33.5 0.03640.024 2.240.2 0.MD.4 1 1 001 1,%0.9 10.924.5
Normi value o X O X= ¢ Q 0 o= 4] o Q ] o 4] 0 0 a O
S ant tomlcl ty 0 q a Q N MO Q ND N 0 ND [+ N ] ND N L] 3
Plant daffclency ME MNE Q MNE D 0 N NE o N +] ME L ¢] N NE N 9
Livestook taxlclty ] N N a * ] Q [1] Q ¢ 0 Q 0 ¢ 0 L] Q [+]
Livestock asfleisncy O L3 HE o a g 0 M 0 HE a [ 2} HE E ] L34
qauafma 15 - Mo data -
Gritytone) 1979 Q.5 [sBer) = 0.6 2.5 Q.4 15 3.8 1 T0 0.095 £ 2 Q.8 1 3.1 2.4 ar
1581 1 0.04 16.4112,7 C.77M0.11  0.5%80.3  0.340.7 LS00  4.32.4 2,019 97.847.8 0.01630.008 0.340.7 0.1t0.4 1 1 0.1 1.H0.0 24.5949.8
Homel valye 0 X= X q o o 0 ol bl 9 ol X= o 4] 1} ¢ 9 [+]
Flant texicity [s] [} a Q [l 0 N 0 D 3 o 1} N D N 1]
. Atant deficlency NE NE X= NE NE ] aQ NE N 0 3 O NE N ME L 3 N o
M mstock tmicly 0 e 0 0 . 0 0 0 0 0 0 0 2 0 o 10 9 0
Livstock deffclancy O NE 3 NE o 0 a 0 S [+ N = [+ 1} E M a 0=
ol lyvlum 1978 1 0.01 0.1 Q.04 4.5 10 T 12 0.01 1 ¥ 6.2 1 (5] k]
1979 0.5 0.02 19 [+1.] [+B:] 0.0% 9 1.9 1 &3 0.C65 1 1 02 1 [«N] 1.0 13
-l 1681 T 0.04  7.244.9 0.220.06 0.911.2 0.280.2 11.9%2,3 .00 108 25.5E11.2 0.0T30.017 0.240.1  O.i40 H 1 Q.1 1o 14.7RLS
Normat value a X X— o} X+ ol 0 Yo 0 X= a — = Q 0 0 0 ol
Prant toxlclty s} 9 Q a ND L4} a 0 N 0 N 0 N o ND ] N [+
O{ant @mticlency NE NE X= NE hE NG a “E KE o} NE X NE N NE ME KE o]
-Ivestock tesiclty o L} MO i} . 0 a 0 ] 0 a ) ] [+ 0 o] a ]
d_lmh'x) deticlercy O N 3 3 a 0 o] ] N X ME X= [+] Q N NE Q X=
Topsol | 1978 - Ne dotm =
199 = No data -
1981 1 0.04 13.3217,3 0.364. 14 0.480 C.130. 10.0¢3.6  4.321.5  1.520,% B.0FALD 0.02040.024 0.620.7 0.480 4 L) 0-1 13 9.659.0
MNermat value Q X~ X ] ¢ o b} Q Q X— a o= O 1] Q 0 0 %=
Wt teicity 0 a 0 ) o ) 0 0 W, o o a o o N w0 0 o
Plamt daflclancy N N X= NE HE N 0 E NE a NE )} NE L NE N NE -
Livestock toxlcity 4] N L) Q - a [+] Q [ o] Q [ 0 9 aQ N ] a
Livestoch deficlency & E NE NE a o b o N X= N o aQ o NE NE 0 X
#B Harth Meadows 1978 - No data -
1919 = No dats -
1981 T 0,030 11.219.6 030,14 0.5380.3  0.280.1 N.624.2 5,222 0.9M0.6 47.8230.0 0.02110.027 0.740.8 t.130.7 1 i 0.1 130 106394
Nome | vaiuve 0 X= X ] O 0 0 [ 0= 0 o 0= Q 0 o 0 a o
Frant fexiclty o] a a o M L) o] 0 ND [+ N a N 0 L) ND N} ]
"lmf‘ detlclency NE N X- MNE HE M) aQ £ '3 0 e ) NE N M NE N ]
Livestoo toxicity o N W 0 * ] ¢ 2 0 ] o] 0 [V 9 ] D a V]
Livestuck datfclency 0 N N NE ] 0 o a N o NE o] s] ¢ N K Q x=

* Bluegrass

1] Mot ond C.L.'s Inslde normal rangs = ynllkaly $o be problem

A=fe  allghtly ancrmai; mean fnslde normal range, Cil.'s (when sppllcable) extend below/oboe normal range

=/+ wbnormei; moan cutsids normal rangs: C.L.'s (when spplicabls exrend below/sbove normel rangs.

—f v+ Datinltaly sbrormal: mean and C.L.'s (when spplicable) cutsids rormal range.
Cr* and CeB* have very difforent toxiclty levels (50 ppm for Cr* and A500 pom for Q™). The mnalysis was for tatal Gr and not for O of different valences. An avalugtion can not be made
harw.

ME = Nof yor proved sssentlal to plants or |lvestook

7 = Ng defe given In the ||terature



THLE B-3

Comparlson of mpans ad oonflidencoe Himlts of the olghteen elements
In the seven substrates with pubifshed valves

Elomont
Substrate As Be B cd cr Co u F Pb Mn Hg Ho H1 Se 5n u v Zn
Mean Value [ 3.3 15 0.1 100 16 n 0 15 nn na 2 B 0L 10 T 19 =
Range 0.25-45  0.1-%0 10-100  0.04-0.4  30-400 435 4+~ 000 41100 200-3000 0.07-0.5 0.28 5500  0.05-2 2-200 - 15-450  15-350
Fly Ash 0 o] X+ \] 0 o X+ 0 0- 0 x— o 0 0 L - o 0
Coal Waste o o *- 0 0 0 o 0 0~ o] 0 0 0 0 X~ - 0 0
Beked Clay o) 0 * 0 0 0 o o o~ 0 x— 0 0 0 x- - 0 0
Sandstone 0 0 X 0 0 0 0 0 - 0 Yorm 0 o 4] x- - 0 [
Colfuvlum 0 0 x— 0 0 0 1] 0 0- o 0 4] ] ] x- - [ o
Tepsol | o 0 X— 0 X— X 0 o 0 0 0- 4] 0 0 %- - 0 0
Houth Moadows 0 0 X— 4] 0 [«] 4] 0 *- o X— 0 0 ] - - o 0

. Tao few data ae glven In the 11tersture for a valld comparison to be mods for wrenium.

0o Hoan and C.L.'s Inside normal rangs - untlkely to be & problem
a-/+ Slightly shearmal, wean Inslde mormel Tenge, CA.'s (when zpplicablel extend botow/azbove normt range
X-/+  Abnormal, mean outslde narmal range, C.L.'s (when appdlceble} extend below/above narmal ranga

X—/+ Dafinltety sbnormal, mean ond C.L.'s (when applicable) cutside normal rante
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