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AN ASSESSMENT OF THE GEOCHEMICAL VARIABILITY FOR PLANTS AND SOILS
AND AN EVALUATION OF INDUSTRIAL EMISSIONS REAR THE
KENAI NATIONAL WILODLIFE REFUGE, ALASKA

by
R. C. Severson, J. G. Crock, and L. P. Gough
SUMMARY

Investigations on the Kenai Peninsula, including areas within the Kenaf
National Wildlife Refuge, had two major objectives: (1) to determine the
feasibitity of preparing maps showing regional trends for elements in native
plants and solls; and, (2) to define possible element additions to the
environment from industries north of the town of Kenai. The first objective
was accomplished using an urbalanced, nested analysis-of-variance (ANOVA)
barbell design. The second was accomplished by establishing three generally
west-to-east transects with sample localities positioned at geometric
intervals beginning 0.5 km away from the industrial complex. At each
locality, samples of Hylocomium splendens (feather moss, whole plant), Picea
qlauca (white spruce, twigs and needles), and soil horizons (02, B2, and C)
were collected and analyzed for their major and trace total element
concentrations.

Results of the barbell ANOVA show that intensive soil or plant sampling
would be needed to reliably map the geochemistry of the area, chiefly because
of the large local variability found for the concentrations of most elements
in the materials sampled. For example, producing reliable element maps of
feather moss using a 50-km cel)l would require sampling densfties of from 4
samples per cel) for aluminum, cobalt, iron, lanthanum, 1fthium, and vanadium
to more than 15 samples per cell for copper, lead, selenium, and zinc.

Using geometric means and geometric deviations, expected baseline values
were calculated for elements which were above the 1imits of determination in a
sufficient number of the barbell samples for each of the sampling media.
Baseline value ranges for the 02-horizon samples compare very favorably with
published values of Gough and others (1988) for observed concentration ranges
in Alaskan surfictal materials.

Qur study of possible industrial contamination revealed no strong trends
in soils, but feather moss collected on the north transect showed a
Togarithmic decrease with increasing distance for several elements, including
aluminum, cobalt, sulfur, and vanadium. Comparison of the transect samples to
the expected ranges as calculated from the barbell study did not show any
obvious element cutliers, with the exception of sulfur in some samples of
feather moss. For each of the three transects, six samples exceeded or
equaled the upper baseline 1imit for sulfur {n feather moss. This is probably
not due to sea spray effects because the pattern of the stable isotopes of
sulfur is relatively flat (Jackson and Gough, 1989). The correlation between
elements in plants with the soil horizons show that the feather moss had
higher correlations than the white spruce, and the correlations are stronger
for the 02-horizon than the C-horizon for both plants. There are numerous
strong correlations between the feather moss and white spruce, possibly
indicating simitar plant accumulation controls,.

Necrotic vegetation was observed close to the industrial complex.
However, because there were not many strong directional or distance related
features seen in the total soil chemistry, a mild partial-extraction of the




soils was. investigated. .Selected samples of 02- and C-harizon soils were
extracted with demineralized water and three extracted anions determined. The
02-horizon samples had considerably higher values of chtloride, sulfate, and
nitrate than the companion C-horizon sample. There were several 02-horizon
samples that had very high nitrate concentrations present. This high nitrate
content may be a result of nitrous oxide, ammonia, or urea emissions from the
industrial complex. further study would be required to confirm this.

INTRODUCTION

The Kenai National Moose Range was established in 1941 by President
Roosevelt and was expanded to include almost 2 million acres in 1980 when the
Alaska National Interest Lands Conservation Act was enacted. This Act also
changed the name of the Reserve to the Kenai National Wildlife Refuge
(KNWR). This name more appropriately reflects the multifaceted landuse of
the management area. KNWR 1s located on the Kenal Peninsula in southcentral
Alaska, south of Anchorage (figure 1). KNWR §s a very diverse area made up of
lowland spruce-birch forests with hundreds of lakes. The Kenai Mountains form
the eastern boundary of the Refuge.

Vegetation and organic-rich soils have been used with success to assess
the influence of industrial emissions [for example, Folkeson (1981), Godbeer
and others (1981), LeBlanc and de Sloover (1970), Markert and Weckert (1989),
Oniarwa (1988), Pilegaard (1987), and Thomas and others (1984)|. Folkeson
(1981) used a feather moss (Pleurozium schreberi) to monitor heavy metal
contamination resulting from peat-fired power facilities in Finland.

Increases in cadmium, copper, lead, vanadium, and zinc and a decrease in
manganese were observed downwind from the facilities. This trend in manganese
was attributed to an increase in the sulfur dioxide in the plume gases close
to these facilities. The solubility (and the phyto-availability) of manganese
decreases as soil pH decreases. Godbeer and others (1981) did a similar study
using cleaned Sphagnum moss enclosed in fine mesh envelopes placed on stakes.
The moss was used as & biomonitor of trace element input from a power station
in New South Wales, Australia. Seasonal variations in the trace element
contents of the moss were observed. Slight decreases were noted as the
distance from the power station increased. Le Blanc and Sioover (1970) used
the presence or absence of various mosses and their tolerances for toxins as a
method of mapping the long range effects of air pollution. Polytrichum
formosum (moss) was sampled seasonally over three years by Markert and Weckert
(1983) and also found strong seasonal variations in its metal content. They
proposed that to obtain comparable results, samples must be taken at the same
time of year, preferably in September. They also proposed that moss would be
an effective global monitoring medfum for air pollution. In Greenland for the
I1imaussaq mafic intrusion, Hylocomiun splendens was used by Pilegaard (1987)
to indicate the mineralization seen in the country rock. Trends in heavy
metals in the feather moss were mirrored In the substrate's geochemistry.
Heavy metal concentrations in top soil, 1itter (humus layer of sofls), and
mosses were used by Onfarwa (1988) to monitor air pollution in Nigeria. He
found that the mosses tended to have higher levels of metals than the soil
materials, but all three media were effective monitors of aerial deposition of
heavy metals. Thomas and others (1984) demonstrated that various trees, both
declduous and coniferous, and soil litter were all suitable monitors for both
man-made organic compounds and heavy metals resulting from aerial deposition
from an industrial area in Sweden. They also suggest that contamination
levels observed in mosses and lichens may be used to predict the pollution
levels in higher vegetation.




The two objectives.of the reconnaissance sampling of soils and native
vegetntion completed between August 1 and August 12, 1988, were: (1) to
determine the feasibility of preparing geochemical maps showing regional
trends for elements in native plants and soils; and, (2) to define possible
element additions to the environment from an industrial complex north of the
town of Kenai. The first objective was accomplished by use of an unbalanced,
nested analysis-of-variance (ANOVA) design of the barbell type (Fig.2).
Results of the ANOVA were interpreted to assess spatial varfability over
increments of distance in order to arrive at an estimate for & grid interval
necessary to most effictiently map element concentrations in soils and plants.

Samples of feather moss clumps (Hylocomium splendens (Hedw.) BSG), white
spruce twigs and needies (Picea glauca (Moench) Voss), and soil horizons were
collected at each barbell location. Two samples of elderberry twigs and
leaves (Sambucus callicarpa Greene) were collected also. Only the 02- and B2-
horizons were sampled for the spatigl variability study.

The second objective used log-linear transects away (down-wind) from the
industrial complex at Kenai, Alaska to assess trace elements and sulfur
additions to the environment resuiting from air emissions. Along linear
transects, at logarithmic intervals, samples of the 02-, B2-, and C-horizons
and vegetation (same as in the barbell study) were collected.

METHOBS
Sampling Design

General Considerations

General sampling locations for the landscape variability and imdustrial
emissions studies were predetermined based on a set of sample site criteria,
and placed on U.S. Geological Survey 15-minute topographic maps. Once in the
field, all sampling sites were subject to relocation based on field
observations and accessibility.

Landscape Variability

An unbalanced, nested, analysis-of-variance design was used to assess
spatial variability over increments of distance for element content of feather
moss, white spruce, and 02- and C-horizons of sofl. Sites for sampling were
located using a barbell-cluster design (Fig. 2). The major axis of the
barbell was positioned in a general north-south arientation to correspond to
the geometry of the Refuge boundaries. The four minor axes were oriented with
the constraint that the sites be accessible by road. The five axes Shown
(Ftg. 2) represent distances of 50 km, 25 km, 5 km, 1 km, and 0.1 km. Samples
of plants and sofls were collected at 24 Tocations, 16 of which are shown in
figure 3. A totally balanced sampling design would have resulted in 32
sampling locations. The unbalanced sampling design is illustrated by a
dendrogram in figure 2.

Industrial Emissions

Three transects were established to assess element additions to the
environment from the industrial complex at Kenai, Ataska. The Unocal ammonta
piant was chosen as the starting point for the transects. Ffrom this point,
transects that progressed, generally in north, east, and south directions were



. established with log-linear sampling.intervals of approximately 0.5, 1, 2, 4,

8, 16, 32, and 64 km. Locations of sampling sites are shown in figure 3. At

each sampling site, feather moss, white spruce, and 02-, 8-, and C-horizons of
soil were collected for trace and major element analysis.

Statistical Techniques
Analysis-of-Variance

The analysis-of-variance design allows the partitfoning of the total
measured natural variation into components. The components are related to the
various sampling intervals (50, 25, 5, 1, and 0.1 km). In addition, several
samples were chosen at random and split into two parts in the laboratory and
each part was analyzed independently. This duplicate analysis represents the
sixth level of the design and gives an estimate of all procedural errors.

A further precaution was taken to convert any systematic error, which
might occur in either sampling or analysis, into random error. This was
accompiished by analyzing all samples (original and duplicate) in a randomized
sequence so that samples collected in the field to represent some geographic
progression would not be analyzed in that same progression.

The variance components associated with different distance increments
are useful in determining the optimum sampling interval and minimum number of
samples necessary for the preparation of maps showing spatial distributions of
the element concentrations in .plants and soils.

Variance Ratios and Mapping Requirements

The variance-mean-ratio (vm) (Miesch, 1976) 1s computed from estimates
of varlance components associated with distance increments described above.
The Vm provides an index of relative stability of mean values used to
construct geochemical maps. Vm values computed for different distance
increments are useful for evaluating the feasibility of mapping the
distribution of an element at those different intervals. For example, Vm
values for 25 km cells would be computed as follows:

where the numerator is the sum of the variance components (52) for the 50 and
25 km distancg increments and the denominator is the sum of the variance
components (5°) multiplied by the average number of samples (n) collected at
each smaller distance increment, plus estimates of procedural error. In other
waords, the numerator is the variance between 25km distance increments and the
denominator is the variance within the 285km distance increments. A \Vm equal
to 1.0 is approximately equivalent to an F-test probability level of 80
percent. for Vm values less than 1.0, a map of element concentrations
prepared from the existing data would not faithfully reproduce the true
geochemical pattern (Miesch, 1976, p. 102). As Vm increases, the map pattern
increasingly reflects the true geochemical pattern.



Regression Analysis

The effects of point-source industrial emissions on element
concentrations in plants or soils with increasing distance from the emission
source were evaluated by regression analysis. A Teast-squares criterion was
used for the regressfon and the prediction equation took the following form:

10g10Y = ﬂ+b10§10 X

where "Y* is an estimate of the element concentration in the plant or soil
sample, and "X" 1s the measured distance from the industrial emission

source. The expected logarithmic concentration at 1 km is "a", and the slope
of the regression line is "b”. The correlation coefficient (r) is not used as
an indication of statistical significance because the values for distance were
selected and canEot be considered random variables. The coefficient of
determination (r“) is a measure of the proportion of total observed variation
that §s explained simply by the distance from the industrial emission source
and 1s used as an Indicator of important relations.

Baseline values

The baseline value is computed as the expected 95-percent element
concentration range (Tidball and Ebens, 1976). This means that if a new
sample is collected and analyzed for some element, there is & 5-percent chance
that the determined value for that element will be outside of this range.
These summary statistics provide an overview of soil and plant chemistry.

This information 1is useful for making comparisons between the chemistry of
soils and plants of this study with similar soils and plants from other
similar areas. These comparisons help determine, on a gross scale, whether
the newly collected soils and plants are typical or unusual in their chemical
compos ition.

Field Sampling and Sample Preparation
General Considerations

Sampling sites for the landscape variability study were randomly
located, to the extent possible considering accessibility constraints, to
include the true extent of the natural variability in the samples collected.

Sampling sites for the industrial emissions study were selected to be as
similar to one another as possible. A1l sites were evaluated for similar
sofl, vegetation, geology, slope, and aspect so that any variation observed in
element content of plants or solls could be attributed to distance-related
rather than site-related effects. Plant and sofl samples were collected in
close proximity to each other for both studies. Voucher specimens of all
plant species were collected.

Feather Moss and White Spruce

Moss samples were collected from the forest floor where it was found
growing over decaying logs. The moss samples consisted of very dense, uniform
mats and Included old as well as young material. Rhizome material with
attached organic detritus was removed in the field. Needles and twigs
(terminal 15 cm) were collected from white spruce by clipping with stainiess



steel sheers. A composite sample of numerous low branches was.made from
around a single tree. field notes were made and samples were labeled as to
Tocation, placed in Hubco cloth bags, allowed to atfr dry, and then mailed to
the Denver 1aborator1ss. At the laboratory, samples were further dried in a
forced air oven at 40°C. Dry samples were ground to minus 10 mesh using a
Hi18y mill. A split of the ground sample was ashed in a muffle furnace at
450°C, and ash percent calculated. Moss and spruce samples were not washed,
but processed as received from the field.

So11 Horizons

Sampling of soil by horizon was accomplished using the following general
guidelines. At each sampling location, living vegetation was removed from the
s01l surface and a shallow sofl pit was excavated using hand tools. The
sequence of horizons was examined and described using commonly accepted
procedures. A typical cross section of the non-peat, mineral soils that were
sampled consisted of: (1) 02-horizon - organic floor mat, 5-15 cm thick; (2)
A2-horizon - oxidized and leached grey zone, 2-5 cm thick; 3; B82-horizon -
oxidized, red colored zone of accumulation, 1-15 cm thick; (4) C-horizon -
unweathered, yellow-brown colored volcanic ash, 50-100 cm thick; and, (5)
glacio-fluvial deposits of till or outwash. The properties and classification
of the majority of the soils derived from volcanic ash on the Kenai Peninsula
have been described in detail by Ping and others (1989) and Shoji and others
(1988). Typically 'an 02, B2, and C sequence of soil horizons was encountered.
Soil horizons selected for sampling were placed in water-resistant paper bags
and labeled as to their location and position in the sampling design and field
notes were made. The Ssamples were mailed to the U.S. Geological Survey
laboratories in Denver, Colorado.

Samples of the 02-, B-, and C-horizons were collected for the industrial
emissions study while only 02- and C-horizons were collected for the landscape
variability study. B-horizons were not collected because sampling locations
selected randomly may or may not contain soils with a B-horizon.

At the laboratory, all soil samples were dried under forced air at
ambient temperature. All of the dry samples were disa?gregated using a
mechanical ceramic mortar and pestle, sieved to minus 10 mesh (2 mm), and a
split of the minus 2 mm sample of mineral soil (B- and C-horizons) was ground
to minus B0 mesh. Sample splits of the 02-horizon were ground to minus 100
mesh with an agate shatter box agd a split of the minus 100 mesh material was
ashed in a muffle furnace at 450°C and ash yield was calculated. Both the raw
and the ashed material were used for analysis, depending on the method of
analysis.

Laboratory Methods

Chemical analyses were performed by two main techniques, inductively
coupled plasma, atomic emission spectroscopy (ICP-AES) and continuous-flow,
hydride-generation atomic absorption spectroscopy (HGAAS). V. S. Geological
Survey quality assurance and quality control procedures were followed
throughout (Arbogast, 1990). Additional determinations are described under
the heading "Miscellaneous Determinations”.

Inductively Coupled Plasma Atomic Emission Spectroscopy

Samples were analyzed simultanecusly for 38 elements using ICP-AES.
Each s0i1 or soil-ash sample (0.200 g) and plant ash sample (0.100 g) was



dissolved using a low-temperature digestion with concentrated hydrochloric,
hydrofluoric, nitric, and perchloric acids (Crock and others, 1983). The
acidic sample solution was taken to dryness and the residue was dissolved with
1 mL of aqua regia and then diluted to 10 g with demineralized water., Reagent
blanks, reference materials, and sample replicates were all digested by the
same procedure and analyzed at the same time as the samples. The elements
determined and their 1imits of determination are shown in Table 1. The
elements silver, gold, bismuth, cadmium, holmium, tin, tantalum, and uranium
were below detection in all samples. The relative standard deviation (RSD) for
replicate determinations of most elements 1s five percent or less.

Cont inuous-Flow, Hydride-Generation Atomic Absorption Spectroscopy

Arsenic and selenium in soils were determined by HGAAS (Crock and
Lichte, 1982; Sanzolone and Chao, 1987). A 0.25 g sampie of soll was digested
with concentrated nitric, perchloric, and hydrofiluoric acids. After
digestion, the sample was brought to 50 mL with 6K hydrochloric acid. Arsenic
and selenium were determined independently using specifically designed
cont inuous-flow systems. In the procedure, the sample solution was rea&cted
with sodium borohydride to generate the gaseous hydrides, which were swept
into the heated quartz furnace of an atomic absorption spectrometer. Arsenic
and selenfum were determined using an aqueous standard calibration curve.
Determination 1imits for arsenic and selenium are shown in Table 1. The RSD
for the determination of both elements was about ten percent. :

Arsenic and selenium 1n the vegetation were determined by HGAAS (Crock
and Lichte, 1982; Sanzolone and Chao, 1987). A 1.000 g plant sample was
digested with nitric and perchloric acids and 30 percent hydrogen peroxide.
After digestion, the clear, colorless solution was diluted to 50 mL with 6N
hydrochloric acid. Arsenic was then determined by the same technique as used
for so0il. An in-house, standard alfalfa sample and a National Bureau of
Standards standard citrus leaves were carried through the entire sample
preparation and analysis procedure. Unfortunately, both the standards and the
majority of the samples were below the detection 1imit of 0.05 part per
nillion (ppm) arsenic or selenium.

Miscellaneous Determinations

Mercury in soil and plants was determined using an automated continuous-
flow, cold-vapor atomic absorption spectroscopic method (Kennedy and Crock,
1987). A 0.100 g soil sample or a 0.200 g plant sample was digested with
nitric acid and sodium dichromate in a closed tefion bottle and then diluted
to 12 mL with defonized water. The solution was reacted with a suifuric acid-
hydroxylamine hydrochloride solution and stannous chloride solution in a
continuous-flow system. The gaseous mercury was separated in a phase
separator and swept into a quartz cell of an atomic absorption gpectrometer.
Mercury was determined using an aqueous standard caltbration curve.

Soil pH was determined by a 1:1 extraction according to the method g1ven
by Crock and Severson (1980). A standard 1:1 (20 g soil to 20 mL
demineralized-deionized water) extraction was made and the sojution pH
measured using a standard pH meter and combination pH electrode calibrated
with pH 7 and pH 10 buffer solutions. A 1:3 extraction was used for the 02-
horizon samples because there was no free-standing water with the 1:1 method.

Total sulfur in both soils and plants was determined using a Leco SC-132
automated analyzer. The sample and a vanadium pentoxide flux were combusted



in an. oxygen-rich atmosphere at 1370°C and the evolved sulfur dioxide measured
by an IR (infra-red) detector (Jackson and others, 1987). Ten white spruce
samples were analyzed for their stable sulfur isotope content by Coastal
Science Laboratories, Inc., Austin, Texas. The ground, raw plant material was
combusted in a Parr bomb, with all the sulfur converted to barium sulfate.

The stable sulfur isotopes were then measured on this precipitate using a
Micromass isotope ratfo mass spectrometer.

RESULTS
Landscape Variability
Feather Moss

Components of variation over increments in distance are given for 30
elements and ash yfeld in feather moss in table 2. Elements not included,
because a large proportion of the samples were below the limit of detection
(the values referred to as censored) of the analytical method, are cadmium,
molybdenum, thorium, and tungsten. Statistical significance of variance
components was determined by using the conventional F-test. The F-value was
computed by dividing the mean-square value for the component by the mean-
square value for the next smaller sampling interval. If a component is not
significant, then preparing a map based on the sampling interval represented
by that component would be impractical because the same general map patterns
would be obtained by mapping at the next greater interval, involving much less
sampling. The greatest number of significant variance components occurs at
the smallest sampling interval (0.1 km), however the majority of variance
?omponen§s greater than 50 percent occur at the largest sampling interval

table 2). :

The major purpose for computing variation over increments of distance is
to use that information to compute estimates of map stability (Vm) and to
determine the minimum number of random samples that would need to be collected
within a grid based on the various sampling intervals. Estimates of sampling
needed to prepare stable geochemical maps far elements in feather moss are
given in table 3 for four sampling intervals.

The information in tables 2 and 3 can be used to determine the optimum
sampling interval necessary to prepare geochemical maps for specific
elements. For example, a geochemical map for sulfur in feather moss could
best be prepared based on a 25 km sampling interval. At both the 50 km and §
km intervals, no variation was observed. A map prepared at 25 km would give
the same resolution as one prepared at 5 km, and nearly the same detail as one
prepared at 1 km (only and additional 1.4% of the vartation would be
explained, as 1s shown in table 2). While the same number of samples within a
sampling interval would be needed to prepare a stable map at 25, 5, and 1 km
(table 3) the total number of samples would increase by a factor of 25 between
a map based on a 25 km versus a 5 km sampling interval, .and a factor of 125
between a map based on a 25 km versus a 1 km sampling interval because many
more iocations would need to be sampled.. A geochemical map of suifur in
feather moss prepared at a 25 km interval would reliably show the patterns on
the landscape (Vm of 5.8, table 3); however, it would not reflect the small
scale (0.1 km) variation which, 1n the case of sulfur, is quite large (37.3%
of the total variation, table 2).

Most elements show large and significant variance components at the 50
km sampling interval (table 2). However in order to prepare maps for



envirommentally .important elements such as arsenic, mercury, lead, and sulfur,
1t i1s necessary to sample at the 25 km interval.

Summary statistics for the elements detected in feather moss samples
from the barbell sampling design are given in table 16. These include the -
geometric mean, the geometric deviation, and the expected baseline value
range. A listing of the results of analysis for all feather moss samples is
given in appendix table Al.

White Spruce

Components of variation over increments in distance are given for 28
elements and ash yield in white spruce in table 4. Elements not in¢luded,
because a large proportion of the samples were censored, are cadmium,
molybdenum, scandium, selenfum, yttrium, and ytterbium. Procedural error is
greater than 50 percent of the total variation for cerium and tungsten, and
therefore, the data for these elements should be interpreted with the
knowledge that natural varfation is obscured by procedural errors. Most
variables show statistical significance, or a large percentage of their total
variance, at the two smallest (0.1 and 1 km) sampling intervals (table 4).
This 1s in contrast to the distribution of variance components for the feather
moss, where most of the variation was at the larger sampling intervals. Only
- a few elements in white spruce show a large proportion (statistical
significant) of their varfance components at the 25 and 50 km sampling
intervals.

Map stability (Vm) and sampling intensity (n,) estimates (table 5) for
white spruce show that, in order to prepare maps for most elements, a 1 km, or
posstbly 5 km, samp11ng interval is needed.- At 25 km, only 10 elements
exhibit a value for Vm greater than one.

Sumpmary statistics for the elements detected in white spruce samples
from the barbell sampling design are given in table 17. These include the
geometric mean, the geometric deviation, and the expected baseline value
range. A listing of the results of analysis for all white spruce samples is
given in appendix table A2.

Soil 02-Horizon

Components of varjation over increments in distance are given for 29
elements, pH, and ash yield in 02-horizons of soils in table 6. Elements not
included, because a large proportion of the samples were censored are silver,
gold, beryllium, bismuth, cadmium, holmium, molybdenum, niobium, tin,
tantalum, thorfum, uranium, and ytterbfum. Procedural error is greater than
50 percent of the total varfation for chromium, and therefore, the data for
this element should be interpreted with the knowledge that natural variation
is obscured by procedural errors. Most variables show statistical
significance, or a large percentage of their total variance, at the smallest
(0.1 km) sampling interval (table 6). A few elements in 02-horizons of soils
show significant variance components scattered over the 50, 25, 5, and 1 k&
sampling intervals, but few of these signiffcant components account for a
large proportion of the total variation.

In order to prepare stable geochemical maps of element distribution in
02-horizons of solls for a large number of elements from a single sampling, it
would be necessary to sample at a 5 km or less interval (table 7). Sampling
at intervals of 50 or 25 km would result in stable maps for only 8 to 14
elements (Vm greater than 1.0, table 7).



Summary.statistics for the elements detected in surface soil 02-horizon
samples from the barbell sampling design are given in table 14, These include
the geometric mean, the geometric deviation, and the expected baseline value
range. This baseline range for the 02-horizon compares very favorably with
the values reported for surface materials from Alaska by Gough and others
(1988). A listing of the results of analysis for all samples of 02-horizons
of solls is given in appendix table A3.

Soil C-Horizon

Components of variation over increments in distance are given for 28
elements and pH for C-horizons of soils in table 8. Elements not included,
because a large proportion of the samples were censored are silver, gold,
bery1lium, bismuth, cadmium, holmium, molybdenum, niobium, tin, tantalum,
thortum, and uranium. Procedural error is greater than 50 percent of the
total variation for lead and zinc, and therefore, the data for these elements
should be interpreted with the knowledge that natural variation is obscured by
procedural evrors. Significant variance components and a large portion of the
total variation i1s shown for the greatest number of elements at the 50 km
saspliing interval. Several additional elements with significant variance
components occur at the 25 km sampling interval.

A suitable sampling interval for the preparation of geochemical maps
showing element distribution in C-horizons of soils can be determined from the
data in table 9. Most of the elements show high map stability (Vm greater
than 1.0) at both the 50 and 25 km sampling intervals, however the 25 km
interval would seem preferable because of greater map resolution.

Summary statistics for the elements detected in surface soil C-horizon
samples from the barbell sampling design are given in table 15. These include
the geometric mean, the geometric deviation, and the expected baseline value
range. A 1isting of the results of analysis for all samples of C-horizons of
soils is given in appendix table AS.

Industrial Emissions
General Considerations

Transects from the industrial complex at Kenai were established to
determine whether element concentration variables exhibited systematic
decreases in concentration with increasing distance and were thus related to
emissions from the industrial complex (see the Methods section). The
industrial complex just north of Kenai, Alaska is composed of a Unocal
chemical factory (urea/ammonta), a Phillips LNG facility, a Tesoro petroleum
refinery, and a Chevron petroleum refinery and tank farm. The Phillips LNG
facility i1s the second largest of its type in North America producing over
3600 tons per day of ammonia and 3500 tons per day of urea. The majority of
this is used as agricultural fertilizer and is sold mainly to oriental
markets. This facility emits to the atmosphere 40 to 60 tons of ammonia per
day which has resulted in the etching of glass and car paint 1n the immediate
area of the facility (Ritchey, R., U.S. Fish and Wildlife Service, KNWR,
Personal Communication, August, 1988). The Unocal facility also releases
ammonia as well as heavy metals 1nto the air as sited by the local press.
(For example, The Kenai, Alaska Peninsula Clarion published on August 9, 1988
an article entitled “What is the Unocal plant putting into the air?". This
article discusses a host of contaminants that the facility is suspected of

10



emitting.) . There was no available.emissfons information for the Chevron or
Tesoro facilities at the time of this investigation.

‘ A wind-rose diagram (fi1g. 4) shows that the winds are predominantly from
the north/northeast from September to May, and from the south/southwest during
June through August. The annual mean hourly wind speed based on a 19 year
average is 6.6 mph (Climatological Data Summary, Department of Commerce, ESSA-
Envirommental Data Service [pre-1970 data]). On the Kenai Peninsula, the
period of maximum precipitation is June through October, with a mean of 3.6
{nches for September for that 19 year pericd.

Feather Moss

Coefficients of determination (CD) for the relation between element
concentration and distance are shown for three transects in table 10. Three
variables along the east transect, 14 variables along the north transect, and
one variable along the south transect show CD values of 0.50 or greater.
Regression equations for these 18 variables are given in table 11. Al1 18
equations show negative slopes, Indicating a decrease in variable
concentration with increasing distance. Graphs showing a regression line fit
to the data for the regression model, described previously, are given for
aluminum (f1g. 5); cerium, cobalt, and chromium (fig. 7); iron (fiq. 8);
lanthanum, 11thium, and sodium (fig. 9): nickel and scandium (fig. 10); sulfur
(fig. 11); titanium and vanadium (fig. 12); and yttrium and ytterbium (fig.
13).

The data given in Appendix Table Al for the three transects was compared
to the calculated range for detected elements as given in table 16. Only
sulfur exceeded the upper 1limit of the 95% expected range. This may indicate
that the feather moss is showing an industrial addition to its sulfur content.

White Spruce

Coefficients of determination (CD) for the relation between element
concentration and distance are shown for three transects in table 10. One
variable along the east transect, four variables along the north transect, and
no variables along the south transect show CD values of 0.50 or greater.
Regression equations for these five variables are given in table 11l. Only two
equations, both for sulfur, show negative slopes, indicating a decrease in
variable concentration with increasing distance. Graphs showing a regression
line fit to the data for the regression wmodel, described previously, are given
for sulfur (fig. 11).

Radloff (1989) describes an aluminum-tnduced calcium deficiency in
spruce trees due to excess nitrogen in solls derived from atmospheric
pollution. The visual symptoms described 1n Radloff's repert are similar to
those observed in the spruce trees close to the Kenai industria) site. Figure
14 shows the acute necrosis that {s characteristic of older spruce needles.
Whether the damage to the spruce 1s due to physiological deficiencies or
excesses of micro-nutrients or toxic metals remains to be determined.

However, appendix Table A7 1ists the analytical data of young spruce twigs
21abe1ed KTN.51-2, one- to two-year old twig segments) and older spruce twigs

labeled KTN.53-5, three- to five-year old twig segments) which were collected
from a single tree 0.5 km from the Unocal facility. These data indicate that
the older twigs have higher concentrations of aluminum, calcium, chromfum,
iron, manganese, sodium, nickel, lead, strontium, vanadium, and zinc than the
younger twigs (commonly by a factor of two or slightly less).
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Similarly, samples of elderberry leaves (Fig. 15) showing necrosis and
curling were collected 0.5 km from the Unocal facility (ELDER1, appendix
table A6). Samples of leaves without necrosis or curling were collected from
an area considered uncontaminated 32 km east of the facility (ELDER2, appendix
table A6). Concentrations of aluminum, iron, potassium, 1ithium, manganese,
sodium, nickel, and sulfur were found to be considerab]y higher 1n the close~
in sample (ELDERL) and concentrations of barium, calcium, molybdenum,
neodymium, and strontium, were higher in the presumed uncontaminated sample
(ELDER2). We can only speculate that the higher concentrations of metals as
well as sulfur are the result of the Industrial complex. The biochemistry of
barium, calcium, and strontium in plants is similar and the decreased
concentration of these elements in the samples from the contaminated site may
reflect physiological exclusion or competition.

Soil 02-Horizon

Coefficients of determination (CD) for the relation between element
concentration and distance are shown for three transects in table 12. No
variables along the east or south transects, and only one variable along the
north transect show CD values of 0.50 or greater. A regression equation for
copper is given in table 11. This equation shows a negative slope, indicating
& decrease in copper concentration with increasing distance. A graph showing
2 regression line fit to the data for the regression model, described
previously, 1s given for copper (fig. 7).

Soil1 B-Horizon

Coefficients of determination (CD) for the relation between element
concentration and distance are shown for three transects in table 12, Eight
variables along the east transect, three variables along the north transect,
and two variables along the south transect show CD values of 0.50 or
greater. Regression equations for these 13 variables are given in table 11.
Only two equations, calcium and strontium, show negative slopes, indicating a
decrease in varfable concentration with increasing distance. Graphs showing a
regression 1ine fit to the data for the regression model, described
previously, are given for calcium (fig. 6) and strontium (fig. 12). A listing
of the results of analysis for all samples of B-horizons of soils is given in
appendix table A4.

Soil C-Horjzon

Coefficients of determination (CD) for the relation between variable
concentration and distance are shown for three transects in table 12. Ten
variables along the east transect, six varjables along the north transect, and
one variable along the south transect show (D values of 0.50 or greater.
Regression equations for these 17 varjables are given in table 11. Ten
equations show negative slopes, indicating a decrease in variable
concentration with increasing distance. Graphs showing a regression line fit
to the data for the regression model, described previously, are given for
aluminum (fig. 5); calcium (fig. 6); gallium and mercury (fig 8); phosphorus
and selenium (fig 10); strontium (fig. 12); and yttrium (fig. 13).

Data for white spruce and the two soil horizons from the transect
samplings were compared to the calculated ranges from the barbell study. No
element for any of the three media exceeded the upper 1imit of the 95%
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expected range. This implies that the industrial outputs may not be affecting
these media for the elements analyzed.

Correlation coefficients between elements in the two soil horizons and
the two plants and between the two plants are presented in table 18. There
are numerous significant correlations in all cases at the 99% confidence
level. Generalized statements would be that the feather moss correlated
better to the 02-horizon than the C-horizon; the moss correlated better to the
soil horizons than the white spruce for most elements; and, many of the
controlling factors for a given element are similar for both plants because of
the large number of correlations between plants.

So11 extractions

Extraction data for three comson anions, chloride, sulfate, and nitrate,
from a simple 1:5 (sample:demineralized water) extraction procedure are given:
in table AB. Since the total chemistry of the sofls did not show any strong
relationships with distance, partial chemistry of the soils was examined. The
02-horizons tended to have more extractable anfons than the C-horizons at each
site and there does not appear to be any trends for chloride or sulfate. This
would indicate minimal or consistent sea spray influence on these anions.

The nitrate data is interesting because of the aerial trends and because
some high values observed. Nitrate was not detected in efther horizon of the
samples collected furthest away from the industrial complex; these data
therefore, can be considered as background. The sample closest to the
complex, SOKTN.51, contains 55 ppm nitrate and is considered very high. There
does appear to be an influence by the complex on nitrogen levels in the
soil. Further, the values obtained from these samples should be considered
minimum values because of the way the samples were handled. In order to
prevent the transformation of nitrogen species in soll, the samples should be
frozen in the field and the nitrate determinations performed under controlled
atmosphere conditions. An alternative method is to do the extraction and
nitrate determination in the field. Our samples were dried and nitrate was
determined almost a year after collection. The amount of nitrogen lost due to
microbia) activity following collection is unknown and must be determined in
some future study.

CONCLUSIONS AND RECOMMENDAT IONS
Landscape Variability

Analysis-of-variance, with calculatjons based on the variance
components, for element concentrations in two plants (feather moss and white
spruce) and two soil horizons (0- and C-horizons) were used to estimate the
feasibility of preparing blogeochemical or geochemical maps at various
sampiing intervals. Intervals of 50, 25, 5, 1, and 0.1 km were evaluated.

Our intent was to provide as much background information for as many elements
as possible in each of the sampling medfa with the smallest sampling cost.

In order to most efficiently map the chemistry of feather moss (table 3)
and soil C-~horizon (table 9), a 25 km cel) size {s suggested with a minimum of
three moss samples and four soil samples within each cell. With these
sampling intensities, reliable biogeochemical or geochemical maps can be
prepared for most elements. Increasing the number of moss samples to five per
cell will add nickel and selenium as mappable elements, and increasing the
samples to six per cell wil) add copper and zinc. Increasing the samples of
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the soil C-horizon to five samples per cell will add potassium, lead, and
selenfum as mappable elements, six samples per cell will add cobalt and
magnesium , and eight samples per cell will add copper. Whether the cost of
additional sampling is justified to prepare maps for one or two elements
depends on the need for information on those specific elements.

Reliable biogeochemical or geochemical maps for white spruce (table 5)
and the soil 02-horizon (table 7) require sampling based on a cell size of 5
km or less. Five to ten samples of white Spruce are necessary within each 5
km cell, and within a 1 km cell four to five samples are necessary. Most
elements in 02-horizons of soils can be mapped with four to five samples
collected in either the 5 km or 1 km cell., Because of the small cell size and
the intensity of sampling within each cell, the effort would be very
expensive.

Industrial Ewissions

The elements showing a decrease in concentration with increasing
distance from the industrial complex at Kenai, Alaska (figs. 5-13) for two
plants (feather moss and white spruce) and three soil horizons (0-, B-, and C-
horizons) do not provide conclusive information to state that the trends
observed are related to iIndustrial emissions. Elements related to airborne
industrial emissions should show consistent trends in both feather moss and
02-horizons of soils along down-wind transects.. While several elements show
decreases with distance along all three transects in feather moss, the only
element showing a similar pattern in 02-horizons of soils is copper along the
north transect (table 12), but copper in feather moss is not considered.
Sulfur (fig. 11) trends suggest an industrial emission source for feather moss
and white spruce along two transects each, however the two transects are not
the same in all cases; feather moss along the north and south transects and
white spruce along the north and east transects. Sulfur trends in soil 02-
horizons are not considered important by the criteria chosen.

Selected samples of white spruce were analyzed for their stable sulfur
isotope ratios as follows:

Transect Distance (km) de134SCDT

North 1 +4.9
2 +6.4
4 +5.4
8 +4.5
16 .7

South 1 +6.8
2 +6.9
4 .7
8 +5.2
16 +4.9
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de]ijS represents the enrichment factor for s and is expressed as
del sgqlur 1§4parts per thousand (o/co0) or per mil. The equation used to
calculate del SCDT s:

y 1345 ; 325 | sample
de1¥%Spy 0/00 = -gzenmggmmcmmmcmmommeeaeooo - 1.000 X 1000

34
{75 / 7°S ] Canyon Diablo

Troilite Meteorite

The use of stable sulfur isotopes to evaluate anthropogenic and natural
sources of atmospheric sulfur and the natural sulfur cycle is described by
Jackson and Gough (1989). The data here may represent a weak trend of
decreasing inputs from natural sources, but the data are inconclusive.

We spectulate that the trends observed with {increasing distance from the
industrial complex may reflect the differences in aerial deposition of
volcanic ash. The source of the ash is from the same direction as the
industrial complex (Alaska Range to the west and across the Cook Inlet).
Whatever the true reason is for the measured trends, the data of this
investigation can be used as a baseline against which to assess future changes
in the biogeochemical and geochemical enviromment due to additions to or
changes in the industry of the Kenai Peninsula.
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Figure 1l4.--A mature white spruce stand located 0.5 km from the
Unocal and Tesoro facilities showing needle loss, a general lack
of forest understory shrubs, and a robust ground cover compoged

of Calamagrostis canadensis (bluejoint grass).



7

Figure 15.--Necrosis and curling of Sambucus callicarpa (slderberxy)
leaves was occasionally observed through the study area but was
most pronounced and prevalent within about 5 km of the industrial
complex.



Tabla 1. Listing of spproximate Limits of determination for pH and elements reported.

Anslytical method Medium  Daterminetion l{mit Varisbles
Cont inuous- flow hydride Soft 0.1 pp= As, Se
generat{on Pl-nt‘ 0.05 ppm
Inductively-coupled argon soil and 2.0 ppm Ad, td, La, Li, Mo, Ni,
plasma optical let2'3 S, Sr, V, Y
eniss{ion spectroscopy 0.05 X AL, Ca, fe, K, Mg, Na,
P, T
1.0 ppm 8a, Be, Co, Cr, Cu, Yb
4.0 ppm Ce, Ga, Ho, Mn, Nb, Nd,
Pb, Th, Zn
8.0 ppo AU
10 ppm B{
20 pom &n
40 ppm Ta
100 ppm u
Continuous-flaw cold Soit 0.02 ppm Hg
vapor let’ 0.01 ppm
Vater glurry Safl 0.1 units pH
Combust fon-1R Soil 0.0%% ]
1
Plant

! Determined on dry plant material.

2 Determined on plant ash.
Sasple mess for plant ssh was one-half that for solls, 8o determination limits for plant
ash are twice those listed for soils. Values reported are Listed on a dry weight basis.



Table 2.--Distance-related and procedurat veriance for element concentrat{ons measured in feather moss.

Var{able, Percentage of variance:
unit Total e-eo-- e anAmasremeaiacissmesa-smeccccen~ r e e S cccsuss-dasssseasvsesemvmman
of {ogto Procedursl
messure  variance 50 ke 25 km 5 ka 1 lm 0.1 km acror
Agh, % 0.04622 78.6" 1.9 6.8 5.7 8.5 0.5
Al, ppm 0.10780 69.4 12.8¢ 5.7 8.9 5.0 0.2
A8, ppm 0.058903 0.0 37.6* 0.0 2. ™ 0.0 ° 39.7
Bes, prm 0.12088 %1 26.3% a.2 0.0 374" 2.3
Ca, ppm 0.02918 L3.6* 13.6 a.0 0.0 41.8* 1.0
Ce, ppm 0.06653 42,1 13.9 1.9 23.3 18.5* 0.3
Co, prm 0.06362 62.8¢ 0.0 0.2 25.5 11.2* 0.3
Cr, pm 0.05007 48.4" 0.0 27.6* 15.0* 4.6 4.4
Cu, ppm 0.00876 13.6 0.1 12.1 15.7 54.2% 4.3
fe, pom 0.08652 66.5¢ 9.1 3.9 8.8* 5.8 - 0.9
Ga, ppm 0.05602 55.4 10.4* 5.8 15.2 1.0 2.2
Hg, ppPm 0.03022 0.0 36.4* 13.3 0.0 48 2= 2.1
K, ppm 0.00739 0.0 12.6 0.0 H.a 12.0 . 3.6
Lb, ppm  0.04134 &7.7° 0.0 8.6 12.2 12.2¢ 1.3
Li, ppm  D.05728 56.5* 0.0 4.3 16.7 12,2% 0.3
Mg, pem  0.02924 55.0* D.0 9.6 14.1 21,0 0.3
Mn, ppm 0.04778 0.0 41.5* 0.0 12.3 46.0" 0.2
Ns, ppm 0.10492 68.4 15,7 5.5 5.1 3.9* 0.2
Nd, ppm 0.04529 A2.0* 18.3 6.2% 6.6 4.3 2.6
Ni, pom D.02848 20.5* 0.0 343" 31.9 12,1 1.2
P, ppm 0.00831 0.0 13.9 0.0 54.8 30,5+ 0.8
Pb, ppm 0.08204 141 58.3* 9.5 13.1 16.8» 1.2
S, % 0.01044 0.0 56.0* 0.0 1.4 37.2 5.4
Sc, ppm 0.09605 67 9.8 7.5 9.9 5.5* 0.2
Se, ppm 0.09711 14.5 3.4 0.0 44.2 13.6 24.3
Sr, ppm 0.06391 55.0" 0.0 7.6" 0.0 37.3% 6.1
T4, ppm 0. 10945 76.5* 2.5 é.1 9.4% 4.4 AR
vV, ppm 0.09782 6.4 - 9.3 6.3 10.0 5.5 Q.5
Y, ppm 0.0888% 63.2 18.6* 0.8 1.3 4.0% 0.1
Yb, ppu 0.06294 69.1 11.2* 1.6 11.8 6.2 a.3
In, pom 0.033%0 6.5 0.0 0.0 58.7 34.7¢ 0.1

* Statistically significent at the 0.05 probability level.



Teble 3. Varfance mean ratio ond eatimated number of samples necessary within a cell of
specificed s{ze to prepare stable geochemical meps for feather moss.

(Vm, veriance mesn ratio; n.. rnunber of samples required; 80X and 95%, p'robcbility levais)

variable, ---50 lm cell--- ---25 km cell--- -~--5 ikm cell--~ ~-~ 1 km coll---
unit n. " ne n.
of R e SR T S DL LS
measure vm 80X 95% vm 80X 95% v 80% 95% vm 80X 95X
Ash, % 16.0 2 3 0.3 2 3 12.8 2 3 18.8 2 3
Al, ppm 7.2 3 3 125 2 3 4.7 2 3 32,9 2 2
As, ppm 2.6 3 7 1.6 3 7 4.6 3 4
Ba, ppm 1.9 3 a 6.9 3 4 6.2 3 4 2.8 3 4
¢a, ppa .8 3 A 6.1 3 4 3.6 3 4 2.4 3 3
Ce, ppm 3.1 3 4 4.3 3 5 2.8 3 4 7.8 2 3
Co, ppm n.x  x 4 57 3 4 3.3 3 4 %0 2 5
Cr, ppm 4.4 3 5 2.2 3 S 6.5 2 3 22.7 2 3
Cu, ppm 1.1 & >15 0.6 & »>15 0.8 4 10 1.3 3 6
Fe, ppm 7.2 3 4 8.1 2 3 11.1 2 3 2.3 2 2
Ga, ppm 5.1 3 5 59 3 4 s.3 2 3 12.6 2 3
Ng, pem R 2.0 3 7 2.7 3 s 1.4 3 5
K, ppm R A 0.5 7 »>15 6.3 7 >t% 0.7 2 3
Ls, ppo 1227 3 4 6.4 3 4 6.2 2 3 11.9 2 3
Li, pom 6.9 3 4 1.5 3 4 49 2 3 12.7 2 3
%3, pom 7.5 3 5 3.7 3 5 4.0 3 4 6.7 2 3
M, ppm mem mee ees 29 3 & 1.7 3 6 2.1 3 5
NB, ppm 6.6 3 4 13.7 2 3 16.9 2 3 28.1 2 2
Nd, ppm 4.9 3 4 1n.e 2 3 14.1 2 3 28,9 2 2
Ni, ppm 1.3 5 13 0.6 5 13 23 3 s 12.1 2 3
P, ppm 0.6 6 >15 0.3 6 »>15 $.0 3 4
Pb, ppa 0.1 >15 15 4.4 3 A 4.8 3 4 8.4 2 3
s, % —ee eee --- 5.8 3 4 3.5 3 4 2.6 3 4
Sc, ppm 7.2 3 4 8.8 2 3 0.7 2 3 3.3 2 3
se, pom 1.t 6 >1% 0.8 5 15 0.5 S 15 L0 3 4
8r, ppm 8.8 3 5 44 3 5 4.5 3 4 30 3 4
Ti, ppm 1%y 2 3 10.3 2 3 1.4 2 3 3.9 2 2
v, poe 7.8 3 4 9.6 2 3 10.4 2 3 9.2 2 2
Y, pem ‘5.2 3 4 14.7 2 3 9.2 2 3 27,7 2. 2
Yb, ppm 79 3 4 13.0 2 3 8.9 2 3 2.2 2 2
2n, ppm 0.5 11 1§ 0.2 11 >15 0.1 11 »18 3.4 3 3

1 Not determined



Toble 4. Distance-related and procedural varisnce for element concentrationsmesasured {n white spruce.

varisble, Percentage of variance:
unit © TotAl =00 mmeeeeeveseimmemmeeeidc-aasmsmmmammmeaee- eemAmAmAmETaseemmmm At aam s
of log10 Procedural

measure varisnce 50 km 25 km 5 km 1 km 0.1 km error
Ash, % 0.00396 15.1 0.0 0.0 47.9 35.9° 0.1
Al, ppm 0.07843 0.0 29.9 30.8* 4.2 34,6 0.5
As, ppm  0.00000 0.0 0.3 g.0 0.0 99.7 0.0
82, ppm 0.03035 2.0 0.0 0.0 9.2 26.5 22.3
Ca, ppm 0.0t771 2.5 0.0 20,2 0.0 75.5* 1.8
Ce, ppm 0,01530 1.2 0.0 0.0 27.2* 0.0 7.6
Co, ppm 0.02321 0.0 0.0 28,.0*° 3.1 34.4 3.5
cr, pm 0.05073 0.0 39.3» 19.5 0.0 4D.6% 0.6
Cu, ppm 0.00793 5.0 6.7 0.0 3.3~ 13.4 3.8
Fe, ppm 0.07079 0.0 44.0* 21.8 2.3 k3 DV o B 0,2
Ga, ppm  D.01490 12.3 8.8 0.0 0.1 78.8* 0.0
Hg, ppm  0.02418 . 0.0 26.6* A4 0.0 é9.0" 0.9
K, ppm 0.01602 0.0 0.0 12.7 38.4 48,9 0.0
La, ppm 0.01694 0.0 7.1 3 .6" 0.0 §0.2 8.1
Li, ppm  0.05850 0.0 0.0 36.0% 0.0 $1.9 12.1
Hg, pom 0.00962 0.0 0.0 0.0 79.4" 19.6% 1.0
Mn, pmn 0.05430 0.0 27.7 0.0 60.3* 11.5* 0.5
Na, ppa 0.08148 6.0 29.4% 6.0 3.1 41,4 0.1
Nd, ppm 0.02132 0.0 0.0 0.0 5.4 26.4 48.2
Ni, pem 0.06557 55.3= 1.4 0.0 30.0 13.1» 0.2
P, ppm 0.00945 0.0 13.9 1.0 60.6 23.8* 0.7
Pb, ppm 0.02907 0.0 17.3* 28.1 0.0 54.6" 0.0
s, X 0.00499 8.3 12.6 213 10.0 27.8 0.0
sr, pom  0.03279 4.6 a.0 0.0 60.8 33.8* 0.8
Th, ppm  0.01019 0.0 9.0 0.0 76.6* 14.4" 0.0
Ti, pom  0.17229 0.0 18.9* 20.6 0.0 46.3 16.2
vV, ppm 0.11320 0.0 33,2~ 17.1 0.5 48,3 0.9
W, prm 0.03517 0.0 6.2 0.0 19.7 2.3 71.8
n, ppa 0.02973 0.0 16.7 0.0 39.0 44 . 2% 0.1

* Statistically afgnificant at the 0.05 probability level,




Teble 5. variance mean ratioc and estimated number of samples mecessary within a cell of
specificed size to prepare stable geochemical maps for white spruce.

{vm, variance mesn ratio; N resber of sanples; 80% and $5%, probability {evels)

Variable, -=-50 km catl=--- ==-25 km cebl--- ~==-5 km cell--- === 91 km ce(l---
unit n. n. P By
of = messesmsesao cce--c-sees sesesssgsss cmewssocess

measyre vm a0x  95x Vn aox  95% Vm 80X 95% Vm 80X  95%

Ash, X 1.3 & »>15 0.6 6 >18 0.4 6 »15 3.1 3 4

Al, ppm sam mas aam 1.1 4 ) 3.9 3 4 3.3 3 4

As, ppm v wee eee B T PO CELUNE T I «,1 »15 >15

Ba, ppm 0.2 »15 »>15 0.1 >15 »>15 0.1 »15 »>15 2.3 3 5

Ca, ppm 0.2 >15 >15 0.1 >15 >15 0.8 4 12 0.5 4 12

Ce, pom 0.1 >15 >15 0.1 »15 »>1% <0.1 >15 >15 1.2 4 9

Co, ppom - mam aaa aaa O R 0.8 A 9 3.1 3 4

cr, pom amd  amm eme 2.0 3 7 3.8 3 4 2.6 3 4

Cu, ppm 0.3 14 »>15 0.3 8 »>t5 0.2 8 15 9.6 2 3

Fe, ppm 2.2 3 & 4.9 3 4 3.8 3 4

Ga, ppm 0.9 7 »>i5 1.2 5 13 0.7 5 13 0.5 H 13

Hg, ppm SRR LI 1.5 4 10 1.2 4 9 0.8 4 9

K, ppm R S 0.3 7?7 »15 1.9 3 5

La, ppm EECEE PR P 0.2 10 »>18 2.0 3 6 1.6 3 6

Li, ppu I L R 1.6 3 7 141 3 7

Mg, ppm mmm eee aea R L I T 7.1 2 3

Mn, pem mme emn aan 1.2 4 10 0.7 4 10 13.5 2 3

e, ppm 1.5 4 9 1.2 3 7 25 3 4

Nd, pom 0.8 4 10

Ni, ppm 7.7 3 3 4.4 3 4 2.5 3 4 11.8 2 3

P, ppm ans amm aad 0.5 6 »>15 0.3 6 »>15 5.6 2 3

Pb, ppm R 0.6 5 >15 2.2 3 [ 1.5 3 6

S, % 1.7 4 9 1.9 3 [ 3.8 3 4 4.7 2 3

Sr, ppm 0.3 1S >t 0.2 15 »>1§ 0.1 15 >15 3.4 3 4

Th, ppm S E T 0.3 9 >1i5 0.2 9 »15 10.7 2 3

Ti, ppm R 0.8 5 14 1.9 3 7 1.3 3 7

vV, ppm I 1.6 3 .} 2.7 3 5 1.9 3 5

¥, pem N 0.3 t2 »>15 0.2 12 »>15 1.0 4 10

zn, ppm “ae aam aan 0.7 S >15 0.4 5 »13 2.3 3 5

! Not deterwmined



Tabte 6. Distance-related and procedursl variance for pH, ash yleld, and element concentrations
measured in the D-horizon of soils.

variable, Percentage of vsriance:
unjt Total ~evmceveccmcmnasen. g
of log10 procedural

measure varisnce 50 km 5 km 5 km 1 m 0.3 km error
pH 0.21830 0.0 28.3* 0.3 0.0 70.8 0.6
AL, X 0.03703 11.4 6.6 29.0 13.9 38.6* 0.5
As, ppm 0.04275 5.0 18.3 0.0 0.0 76.8* 6.0
Ash, X 0.03143 15.5 9. 0.0 22.4 52.8* 0.2
Ba, ppm 0.0547& 0.0 23.0* 0.0 0.0 76.9* 0.1
Ce, % 0.02818 35.9 24L.7T 0.0 0.0 38.5* 0.9
Ce, ppm 0.03216 0.0 0.0 3.9 0.0 61.6* 3.5
Co, ppm 0.04483 20.2 3.7 5.7 0.0 39.0* 3.4
Cr, ppm 0.05009 0.0 12.2 10.1 0.0 17.0 60.7
Cu, ppm 0.00945 0.0 32.3* 20.0 2.4 2y, 2* 4.3
fe, X 0.04328 22.2 0.0 38.5* 8.4 30.0* 0.9
Ga, ppm. 0.05261 19.7 0.0 . 11.14 0.0 67.,3* 1.9
Hg, ppm  0.02255 16.1% 2.7 " 0.0 33.6 22.1" 6.5
K, X 0.01942 04 10.2 25.9 0.a 58.9* 4,9
La, ppm 0.02716 0.0 21.3 14.9 0.0 63.1* 0.0
Li, ppm 0.03366 1.9 0.0 9.1 26.4 60.9* 1.7
Mg, X 0.03363 36.4" 9.6 16.3 10.1 26.7 0.9
M, opm 0.23596 6.7 0.0 17.6 0.0 75.8* 0.0
Na, £ 0.03749 16.3 2.4 26.9 18.4 35,7 0.3
Kd, ppm 0.05508 0.0 0.0 43.7 0.0 50.9* 5.5
N, pem 0.03712 0.0 46.9% 1.9 8.4 0.0 42,7
P, X 0.00665 0.3 g.0 4.0 0.0 94.4" t.3
Pb, ppm 0.14951 g.0 20.1* 0.0 0.0 r2.0* 7.9
s, X 0.01210 0.0 12.8 0.0 60.4 18.6* 8.3
Sc, Fom 0.04339 15.0 0.0 30.2 23.3 31.5 a.o0
Se, pp 0.04236 0.0 22.5 33.8 0.0 7.8 35.9
Sr, ppm 0.02709 9.8 47.4% 0.0 1.9 39.1* 1.8
T, X 0.04321 10.3 0.0 36.1 1%.8 34.0* 0.8
vV, ppm 0.02828 2.2 ~0.0 37.4 17.6 42.4* 0.4
1, ppn 0.03338 3{.1* 0.0 2.0 20.7 24.8* 1.6
n, ppm 0.05521 1.8 0.0 0.7 0.0 97.4* 0.1

! Meagured in standard units, not trensformed to (oger{thas.

* Statistically significant at the 0.05 probability level.




Table 7. variance mean ratio and estimated number of somples necessary within a cell of
specificed aize to prepare stable geochemicel mepa for the O-horizon of soils.

(v, variance mean ratio; ALr mumber of samples; 80X and 95X, probability levels)

variable, -==50 ion cell--- ---25 km cell--- =--~5 km cell--- == 1 km cell---
uni¢ n, ne " n.
of = semmecucees ssmassnaeas meamssssses cmesesesoces
measure Ve 80X 95% vm 80X 95X v BOX 95X vm 80% 95X
pH, std.  ---) oo- e 1.8 4 9 11 4 9 6.7 & 9
Ash, % 141 & »15 t.4 3 12 0.7 4 11 1.6 3 5
Al, ppm 0.6 7 >18 0.6 5 15 2.1 3 5 2.8 3 4
As, ppm D.3 14 >S5 1.4 4 12 0.8 4 12 0.5 4 12
Ba, ppm mes  e=s v 1.3 4 12 0.8 4 12 0.5 4 12
Ca, pow 2.2 3 7 7.0 3 ‘ &1 3 4 2.8 3 4
Ce, ppm LR LTI T 1.5 3 7 1.0 3 7
Co, ppm 0.9 5 13 4.2 3 5 3.7 3 4 2.3 3 4
cr, ppm 0.6 7 »5 1.0 4 12 0.8 4 12
Cu, pem em mme ees 1.3 4 a 2.4 3 5 5.7 2 3
fe, ppm 1.4 4 12 0.7 [ 12 3.7 3 4 4.1 3 4
Ga, ppm 1.8 5 14 0.9 5 14 1.2 4 9 0.8 4 9
Hg, ppm 0.8 & >15 2.2 3 7 1.3 3 7 &9 2 3
K, ppm <«0.1 >»15 >15 0.4 8 »15 1.6 3 7 1.1 3 7
La, ppm “ss e m-- 1.0 4 12 1.6 3 7 1.0 3 7
Li, ppm 0.1 >»15 >15 0.1 »15 »>15 0.3 7 >15 1.1 3 7
Mg, pom 2.6 3 7 2.5 3 () 3.8 3 4 4.8 2 b
Mn, ppm 0.5 11 »>15 0.3 {11 »>15 0.9 4 14 0.6 & 1
Na, pom 1.0 5 15 0.6 5 14 1.9 3 3 3.2 3 4
Nd, pom ass ass eaa mas  aaa ea. 2.1 3 [-) 1.5 3 é
Ni, ppm 43 3 5 3 3 5 4.0 3 4
P, ppm 0.1 >15 >15 <0.1 >15  »>15 0.1 »15 >15 0.1 >15 »>1§
Pb, ppm IR 1.2 ) 13 0.7 5 13 0.5 S 13
s, X R 0.5 7 >15 0.3 7 >15 5.6 2 3
Sc, ppa 1.0 6 >15 0.5 6 >»15 1.8 3 6 3.9 3 4
Se, pon .- aas o= 0.8 4 12 4.7 3 4 3.5 3 [3
Sc, ppm 0.3 & »>15 5.9 3 4 3.5 3 4 2.6 3 4
Tf, pom 0:6 8 >15 0.3 B8 >15 2.0 3 é 2.9 3 4
vV, pem 0.t >15 15 0.1 »15 >15 1.5 3 7 2.4 3 4
Y, ppm 2.5 4 8 1.2 4 | 2.4 3 5 5.2 2 3
2n, pesR 0.2 »>15 >15 0.1 >15 15 0.1 »15 »15 <«0.1 >15  >15

L Not determined



Toble 8. Distance-related and procedural varisnce for pi and element concentrations messured in
the C-horizon of sofls.

variable, Percentage of variance:
unft Total ~meecmmccaaa-.. R R LR R L L L L LRt DL et
of logl0 Procedural
measure variance S0 km 25 km 5 xm 1 km 0.1 km error
pH! 0.05764 0.0 0.0 5.3 47.0¢ 0.0 7
AL, X 0.00090 34.8* 0.0 13.3 11.9 0.0 40,0
As, ppm 0.07052 72.0 14.5+ 0.0 0.0 13.0 0.5
Ba, ppm  0.00168 51.2 18.2% 0.0 3.4 211 6.1
Ca, X 0.01909 83.9* 1.7 0.0 0.0 13.5* 0.9
Ce, pmm 0.00701 54.0% 0.0 5.1 11.5 15.3 12.1
€o, ppm 0.00410 13.2= 0.0 0.0 66,3 13.9 8.6
cr, ppa 0.03239 &3.8* 0.6 0.0 1.1 7.9 6.6
Cu, ppm 0.00491 0.0 9.3 0.0 78.8* 8.9 3.0
fe, X 0.00151% 28.5 25,7 0.0 6.9 13.4 27.5
Ga, ppm 0.00211 0.9 8.1 0.0 0.0 45.8 45.2
Hg, ppm 0.0775S 0.0 28,7 4.1 23.4* 0.0 43.8
K, X 0.00279 0.0 18.2* 0.0 0.0 75.4* 6.4
La, ppm 0.00337 3.7 0.0 as.™ 0.0 35.9 8.7
Li, ppa 0.01340 79.5* 4.3 0.0 0.0 11.5 4.7
Mg, ¥ 0.00361 0.0 15.6* 0.0 0.0 74 .8* 9.6
Mn, ppa 0.01201 48.6 26.2* 0.0 15,1 8.6 3.5
N8, X 0.00108 29.9* 8.2 0.0 27.1 4.8 28.0
Nd, ppm 0.00609 24.2* 0.0 14,7 22.6 0.0 38.5
Ni, ppm 0.07415 70.2* 7.6 0.0 0.0 22.0" 0.2
P, % 0.04476 57.2* 0.0 22.9* 4.9 9.7 5.3
Pb, ppm 0.01096 18.3 0.0 22.4¢ 0.0 0.0 59.3
Sc, ppm 0.00280 49.2 0.0 0.1 1.3 0.0 19.4
Se, ppm 0,01032 0.0 20.0 0.0 20,9 59.1* 0.0.
Sr, ppm 0.01114 77.6* 1.2 0.0 9.9 10.1# 1.2 -
", X 0.00233 54.6* 0.1 0.0 0.0 3.2 11.1
vV, ppm 0.00522 57.5 14.8* 0.0 0.0 24 .9* 2.8
Y, ppm 0.00237 2.3 0.0 31.8 0.0 54.9% 11.0
Yb, ppa 0.01542 0.0 0.2 32.0% 0.0 67.8 0.0
In, ppa 0.01007 2.4 6.1 0.0 35.4 0.0 56.1

1 Heasured in standard units, not transformed to \ogar{thma.

* Statistically significant at the 0.05 probability level.



Table 9. Variance mean ratio end estimated number of samples neceasary within s cell of
specificed aize to prepare stable geochemical weps for the C-horizon of soils.

{vm, variance mean retio; s nurber of samples; BOX and 95X, probability tevels)

Variable, -<<50 km cell--- -«-25 km cell--- «==<5 km cell--- «== 1 km cell---
unit n, n. Ne n
of ........ woem 000 esessumawwew == meaamswsssww= = wa vamsasseaa

Deasure Vm BOX 95X va a0x  95X% vm 80X  95% vm 80X 95%

pH, std. B can e e 0.1 14 »>15 33 31 5

At, ppm 3.9 3 8 1.9 3 3 2.8 3 5 4.5 3 4

AS, ppm 8.3 2 3 29.3 2 3 17.4 2 3 1.7 2 3

Ba, ppm 4.1 3 5 10.2 3 6 6.1 k] 6 5.3 2 3

Ca, ppm 34.7 2 -3 27.2 2 3 16.2 2 3 11.0 2 3

Ce, ppm 9.3 3 4 4.6 3 4 3.9 3 4 5.8 2 3

Ca, ppm 1.0 6 »>15 0.5 6 >15 0.3 6 >18 8.0 2 3

Cr. ppm 44,1 2 3 26.2 2 3 16.0 2 3 12.9 2 3

Cu, ppm me mes eee 0.3 &8 »15 0.2 g »>15 14.8 2 3

Fe, ppm 1.5 4 10 5.3 3 5 3.3 3 5 3.5 3 4

Ga, ppm 0.1 >15 >15 0.5 9 >15 0.3 9 »>15 0.2 9 >15

Hg, ppm m-e w=s ees 1.8 4 9 1.3 4 8 3.9 3 4

K, pem ama mme ees 1.0 5 15 0.6 ) 15 0.4 5 15

La, ppom 2.5 4 9 1.3 4 9 3.5 3 5 2.4 3 5

Li, pom 21.0 2 3 <Y 2 3 15.3 2 10.5 2 3

Mg, pem Tes ea= a-- 0.9 4 »1§ 0.5 8 »15 0.3 4 »>15

Mn, ppm 2.9 3 5 10.6 2 3 6.1 2 3 18.6 2 3

Ns, ppm 2.6 4 9 2.5 3 7 1.5 3 7 5.0 3 4

Nb, ppm 0.3 13 >15 0.3 13 »>15 0.5 7 »15 0.4 7 >15

Nd, ppm 1.1 4 11 1.1 4 1 1.7 3 7 4.8 3 4

N{, pom 5.8 2 3 15.8 2 3 9.4 2 3 8.3 2 3

P, ppm 3.3 3 4 313 3 4 10.2 2 3 11.9 2 3

Pb, ppm 0.8 5 15 0.8 ] 15 2.7 3 (] 2.1 3 6

Sc, ppm 3.6 3 5 3.6 3 5 2.1 3 S 12.4 2 3

ga, ppm 1.0 S i3 1.0 S 13 0.6 H 13 1.2 3 é

S¢, pem 13.7 2 3 13.7 2 3 7.9 2 3 14.7 2 3

Ti, ppom 5.8 3 5 5.8 3 5 3.5 3 5 2.4 3 5

V, ppa 12.0 2 3 12.0 2 3 7.2 2 3 4.9 2 3

Y, ppm 0.1 »18 >15 0.1 >15 »iS 1.5 3 8 1.0 3 8

Yb, pem 0.1 >15 315 @.1 >15 >1§ 1.3 & 8 0.9 4 a

2n, ppm 0.4 9 »1§ 0.4 9 »>15 0.2 9 >1§5 2.6 3 &

! Mot determined



Tabte 10. Coefficient of determination between logerithmic distance
and element concentration, or ash yjeld for white spruce
and feather moss along three transects.

Veriable, East Transect North Transect South Trensect
unit of SmeacemsadmErass  mmeemsasse--mneree cmsm-ecemasssoea-
measure Spruce Moss Spruce Moas Spruce Mons
Ash, X 0.12 0.3y 0.64 0.49 0.19 0.38
AL, X 0.1% 0.48 0.03 0.56 D.92 D.32
As, pgm 0.21 0.1% 0.02 0.08 0.15 0.04
ga, ppm 0.45 <0.01 0.48 0.35 0.12 0.05
Ca, % 0.42 <0.01 0.31 0.11 0.04 0.18
Ce, ppm 0.12 0.40 0.1 0.56 0.17 0.3
Co, ppm 0.08 0.11 0.07 0.41 0.01 0.23
Cr, ppm .38 0.a2 0.19 0.52 0.20 0.03
Cu, ppm 0.46 0.05 0.1 0.49 0.35 0.26
fa, X 0.15 0. 0.1 0.61 0.1 0.24
Ga, ppm 0.07 0.35 0.12 0.49 0.19 0.23
Ha, ppm 6.19 0.14 0.14 0.02 0.02 0.1
K, % 0.30 0.02 0.04 0.43 0.14 0.31
La, ppm 0.18 0.3 0.36 0.50 0.28 0.25
Li, ppm 0.49 0.09 <0.01 g.58 0.20 0.14
Ng, X <0.01 <0.01 0.48 0.49 0.03 0.45
¥n, ppm 0.07 0.08 0,18 <0,01 0.04 <0.01
Ns, X 0.10 0.55 0.27 0.58 D.13 0.42
Nd, pom 0.27 0.25 0.03 0.44 0.05 0.24
Ni, ppm 0.3 0.06 <0.01 0.56 0.18 0.16
P, X 0.46 0.18 0.16 <0,01 n.2% 0.05
Pb, ppm 0.48 0.32 0.10 0.18 <0.01 0.0
s, X 0.462 0.17 0.64 0.50 0.27 0.62
Sc, ppm s 0.40 .- 0.52 - 0.22
Se, ppm - 0.3 " 0.2% - 0.16
ST, ppm 0.36 ¢.00 0.62 0.0 <0.01 0.2
TN, ppm 0.21 -~ <0.01 .- 0.28 -
T, % 0.28 0.44 0,0t 0.58 0.34 0.24
v, ppm 0.16 0.45 6.13 0.58 0.03 0.29
W, ppm 0.01 .- 0.24 - 0.03 ..
Y, ppa -, 0.84 -.- 0.53 - 0.46
b, ppm - 0.62 o 0.46 - 0.45
2n, ppm 0.1 0.01 0.30 0.40 0.02 0.31




xe

Table 11, Regression equationa for variables in plants and soils with
coefficients of determination greater than 0.50.

Transect
Variable direction Sample medium
Ash North White spruce
Aluminum East C horizon
North Feather moss
Arsenic East B horizon
North B horizon
C horizom
Calcium East B horizon
C horizomn
Noxrth White spruce
C horizon
Cerium North Feather moss
Cobalt North Feather moss
Chromium East B horizon
. C horizon
North Feather moss
B horizon
C horizon
copper North 0 horizon
Iron North Feather moss
Galliun East C horizon
Mercury East € horizon
South C horizen
Lanthanum North Feather moss
Lithium East B horizon
C horizom
North Feather moss
€ horizon
South B horizon
Sodium East Feather moss
North Feather moss
Nickel East 8 horizon
G horizon
North Feather moss
B horizon
C horizon
Phosphorus East C horizon
South B horizon
Sulfur East White spruce
North Feather moss
White spruce
South Feather moss
Scandium East B horizon
North Feather wmoss
Selenium East C horizon
Strontium East B horizon
North White spruce
C horizon
Titanium East B horizon
North Feather moss

Vanadium North Feather moss

Yecrium East Feather moss
C horizon
North Feather moss

Ytterbium East Feather moss

Regression

-----------------------------------------------------------------------
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L 10gX 1s distance, in kilometers.
2 Number of samples.
Coefficient of determination
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Table 12. Cosfficient of determination between logarithmic distance and element concentrations,
PN, or ash yietd for three goil horizons siong three transects.

varfable, East Transect, horizon North Trensect, horizon South Transect, horizon
UNTE 0f = mesesmmaeacmedmecieooiies revess-seedi-acsvaccsmnens CeTAsmma—s-o-mmmmmsvooSass
measure 02 B C 02 B c 02 B c
pH' .17  0.05 0.0 0.07 0.0  0.21 ©.00 038 0.0
Ash, X 0.01 .- .- 0.18 .. ... 0.37 - ..
Al, % 0.03 0.37 0.62 0.26 0.08 0.24 0.34 0.06 <0.01
As, ppm 0.22 0.58 0.44 0.03 0.62 0.69 0.03 0.12 <0.01
Ba, ppm 0.12 0,14 0.49 a.02 0.02 0.30 «0.01 0.08 0.05
Ca, X 0.02 Q.74 0.72 0.21 0.3 0.74 0.1 0.12 <0.01
Ce, ppm g.10 0.34 0.62 0.06 0.02 0.38 0.30 0.01 0.01
Co, ppm 0.08 0.08 0.03 0.54 0.03 0.16 0.07 0.19 6.01
Cr, ppo 0. 01 0.60 D.79 0.10 0.69 0.67 0.06 0.23 0.12
Cu, ppm 0.04 0.13 0.16 0.71 0.1 <0.01 0.31 0.49 0.23
Fe, X «<0.01 0.12 0.19 0.31% 0.05 0.07 0.27 0.14 <0.0%
Ga, ppu .01 0,01 0.53 0.10 0.05 0.16 0.30 0.25 <0.01
Hg, ppm 0.21 0.37 0.59 0.08 0.24 0.42 0.08 0.41 0.49
K, X <0.01 <0.01% 0.37 0.04 0.04 0.04 0.27 0.01 0.02
La, ppm 0.02 0.08 0.05 0.01 <0.01 0.48 0.2% 0.21 0.01
t{, ppm 0.02 0.46 0.62 0.09 0.08 0.5¢ 0.21 0.64 0.05
Mg, X 0.04 0.03 0.41 0.30 0.07 0.07 0.30 0.08 0.13
¥n, pps 0.16 <0.01 0.42 0.20 0.10 0.04 C.04 0.12 0.07
Na, X 0.03 0.21 0.06 0.24 0.07 0.36 0.30 0.01 0.07
Nb, ppa .- 0.22 0.34 ... 0.02 0.0 - 0.45 0.01
Nd, ppm 0.10 0.14 0.32 0.01 <0.01 _ 0.26 0.38 0.12 <0.01
N, ppm <0.01 0.32 0.77 Q.01 0.58 0.72 0.10 D.30 0.10
P, X 0.38 0.03 0.67 0.41 0.02 0.27 0.32 0.83 0.1
Pb, ppm 0.08 D.Dt 0.28 0.16 0.07 0.09 0.DB <«0.DY D.04
s, % 0,03 .. -.- 0.08 - .. 0.01 -.- -.-
Sc, ppm <0.01 0.50 0.24 0.09 «0.01 0.14 0.37 0.18 0.06
Se, pmm 0.04 0.21 0.46 0.02 0.14 0.27 0.03 <0.01 0.30
€r, ppm <0,01 0.76 0.42 0.10 .32 0.47 p.03 0-14 0.01
T, % .0 0.72 0.3 0.18 0.02 0.02 0.34 0.27 0.03
V, ppm 6.01 0.46 <0.01 0.27 0.29 0.03 0.34 0.14 0.01
Y, ppm <0.0% 6.01 0.53 0.24 p.or <0.01 0,30 0.06 0.02
Yb, ppm -, 0.16 - - 0.15 <0.01 - 0.04 D.04
Zn, ppa 0.01 <0.01 0.0% 0.3 <0.01 0.13 0.05 0.07 0.0

Measured (n steandard units, not transformed to \ogacithms.
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Table 13. Baseline data for element concentrations

in samples of surficial materials from

Alaska (Gough and others, 1988).

Variable,
unit

of Geometric Geometric Observed
measure maan daviation range
pl 5.5 1.20 3.7 - 9.0
Al, % 6.2 1.38 1.2 - 10
As, ppm 6.7 2,31 <10 . 750
Ash, & 8s 1.33 6.6 - 99.7
Ba, ppm 595 1,67 39  -3100
Ca, & 1.3 2.61 0.04- 10
Ce, ppm 28 1.84 <5 - 180
Co, ppm 13 1.67 <2 - 55
Cx, ppm 50 2.00 5 - 390
Cu, ppm 24 1.81 3 - 810
Fe, 8 3.5 1.52 0.55- 10
Ga, ppm 15 1.44 <4 - 32
K, & 1.2 -1.57 0.09- 4.1
La, ppm 19 1.68 . < - 120
Li, ppm 26 1.74 <2 - 130
Mg, ® 0.98 1.84 0.13- 7.4
Mn, ppm 510 2.07 <200 -4000
Na, % 1.2 1.74 <0.07- 3.6
Nd, ppm 23 1.73 <4 - 120
Ni, ppm 24 2.17 <3 - 320
P, 3 0.078 1.55 <0,02- 0.34
Pb, ppm 12 1.74 <4 - 310
Sc, ppm 13 1.67 <2 - 39
Sx, ppm 159 1.93 21 - 760
TL, & 0.48 1.48 0.09- 1.5
vV, ppm 112 1.69 11 - 490
Y, ppm 14 1.55 <4 - 100
Yb, ppm l.4 1.60 <t - 6
Zn, ppm 70 1.64 <20 -2700
1

logarithms.
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Table 14. Summary statistics for element concentrations in soil
02-horizon samples from the barbell sample design,

[Detection ratlo, number of samples in which the element was found in
measurable concentrations relative to the number of samples analyzed;
Basellne, expected 95-percent range.]

Variable,

unit of Detaction Geometric Geometric Baseline
measure ratio mean deviation

pul 26:24 4.00 1.09 3.37-  4.75
Al, % 24:24 2.0 1.52 0.87- 4.6
Ash, % 24:24 30.4. 1.47 16 .4 - 65.7
As, ppm 24:24 0.7 1.50 0.3 - 1.5
Ba, ppm 24:24 310 1.39 160 - 610
Ca, % 24:24 1.2 1.37 0.63- 2.2
Ce, ppm 24:24 9 1.46 4 - 21
Co, ppm 24:24 4 1.55 2 - 11
Cr, ppm 24:24 17 1.56 6 - 42
Cu, ppm 24:24 12 1.22 9 - 18
Fe, & 24:24 0.97 1.52 0.42- 2.2
Ga, ppm 16:24 5 1.58 2 - 12
Hg, ppm 24:24 0.19 1.34 0.10- 0.34
K, & 24:24 0.41 1.35 0.22- 0.74
La, ppm 26:24 6 1.42 4 - 12
L, ppm 24:24 ] 1.50 2 - 10
Mg, 8 24:24 0.34 1.45 0.16- 0.72
Mn, ppm 26:24 570 2.04 140 -2300
Na, % 264:24 0.70 1.52 0.30- 1.6
Nd, ppm 17:24 ) 1.59 2 - 13
N{, ppm 24:24 7 1.46 3 - 16

P, % 24:24 0.14 1.13 0.11- 0.18
Pb, ppm 17:24 5 1.92 1 - 18

S, & 24:24 0.11 1.25 6.07- 0.18
S¢, ppm 24:24 4 1.51 2 - 9
Se, ppm 24:24 0.2 1.46 0.1 - 0.4
Str, ppm 24:24 120 1.40 63 - 240
Ti, ¢ 24:24 0.12 1.54 0.05- 0.28
V, ppm 24:24 1 1.46 4 - 71

Y, ppm 24:24 5 1.47 2 - 12
Zn, ppm 24:24 44 1.57 17 - 110

1 Measured in standard units, not transformed to logarithms.



Table 15. Summary statistics for elemant concentrations in soil C-horizen
samples from the barbell sample design.

[Detection ratio, number of samples in which the elament was found in
measurable concentrations relative to the number of samples analyzed;
Baseline, expected 95-percent range.]

Variable,

unit of Detection Geometric . Geometric Baseline
measure ratio mean deviation

ph! 24124 5.51 1.03 5.19- 5.85
Al, 8 24:24 7.2 1.05° 6.5 - 7.9
As, ppm 24:24 7.2 1.59 2.8 - 18
Ba, ppm 26124 570 1.08 490 -670
Ca, % 24:24 1.7 1.26 1.1 - 2.7
Ce, ppm 24:24 31 1.17 23 - 42
Co, ppm 24:24 13 1.15 10 - 17
Cr, ppm 24:24 57 1.37 31 -110
Gu, ppm 24:24 18 1.14 14 - 23
Fe, % 24:24 3.5 1.08 3.0 - 4.1
Ga, ppm 24:24 17 1.08 14 - 19
Hg, ppm 24:24 0.03 1.52 0.02- 0.07
K, & ° 24:24 0.95 1.08 0.81- 1.1
La, ppm 24:24 17 1.12 14 - 22
Li, ppm 24:24 25 1.22 17 - 38
Mg, & 24:24 0.91 1.09 0.77- 1.1
Mn, ppm C24:24 . 660 1.22 440  -980
Na, % 24:24 ; 2.0 1.06 1.7 - 2.2
Nb, ppm 24:24 5 1.39 2 - 9
Nd, ppm 24:24 15 1.15 11 - 20
Ri, ppm 24:24 17 1.60 7 - 44

P, s 24:24 0.08 1.46 0.03- 0.17
Pb, ppm 24:24 10 1.18 7 - 14
Se, ppm 24:24 11 1.10 9 - 14
Se, ppm 2424 0.4 1.22 0.3 - 0.6
Sr, ppm 24:24 250 1.20 180 -370
Ti, s 24:24 0.39 1.08 0.33- 0.46
V, ppm 24:24 110 1.13 B8  -140

Y, ppm 2424 12 1.10 10 - 15
Yb, ppm 24:24 2 1.22 1 -3
Zn, ppn 24:24 56 1.18 39 - 81

1 Measured in standard units, not transformed to logarithms.
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Table 16. Summary statistics for element concentrations in feather moss
samples from the barbell sample designm.

{Detection ratlio, number of samples in which the element was found in
measurable concentrations relative to the number of samples analyzed;
Baseline, expected 95-percent range.)

Variable,

unit of Detection Geometric Geometric Baseline
measure ratio mean deviation

Al, % 21:21 5.0 1.29 3.0 - 8.3
As, ppm 21:21 0.1 1.64 <0.1 - 0.3
Ash, % 21:21 7.47 1.48 3.61- 16.4
Ba, ppm 21:21 930 1.45 440 -2000
Ca, 8 21:21 9.2 1.33 5.2 - 16
Ce, ppm 21:21 18 1.29 11 - 30
Co, ppm 21:21 14 1.26 9 - 22
Cr, ppm 21:21 46 1.19 32 - 65
Cu, ppm 21:21 61 1.34 34 - 110
Fe, % 21:21 2.4 1.23 1.6 - 3.6
Ga, ppm 21:21 12 1.15 9 - 16
Hg, ppm 21:21 0.09 1.37 0.05- 0.17
K, 8 21:21 5.6 1.51 2.5 - 13.
la, ppm 21:21 16 1.10 13 - 19
Li, ppm 21:21 12 1.18 9 - 17
Mg, % 21:21 2.2 1.26 1.4 - 3.5
Mn, % 21:21 0.60 1.75 0.20- 1.8
Na, % 21:21 1.8 1.28 1.1 - 2.9
Nd, ppm 21:21 17 1.22 11 - 25
Ni, ppm 21:21 26 1.30 15 - 44
P, % 21:2% 1.6 1.57 0.65- 3.9
Pb, ppm 21:21 27 2.29 5 - 140
S, ® 21:21 0.07 1.21 0.05- 0.10
Sc, ppm 21:21 8 1.25 5 - 13
Se, ppm 21:21 0.1 1.73 <0.1 - 0.3
Sr, ppm 21:21 600 1.35 330 -1100
Ti, 8 21:21 0.23 1.28 0.14- 0.38
V, ppm 21:21 3] 1.25 45 - 110
Y, ppm 21:21 13 1.24 8 - 20
Zn, ppm 21:21 450 1.72 150 -1300




Table 17. Summary statistics for element concentrations in white spruce
samples from the barbell sample design.

[Detection ratio, number of samples in which the element was found in
measurable concentrations relative to the number of samples analyzed;
Baseline, expected 95-percent range.]

Variable,

unit of Detection Geometric Geometric Baseline
measure ratio mean deviation

Al, & 22:22 5.4 1.73 1.8 - 16
Ash, % 22:22 3.75 1.13 2.94- 4.79
Ba, ppm 22:22 400 1.43 200 - 820
Ca, % 22:22 16 1.18 11 - 22
Co, ppm 22:22 5 1.34 3 - 9
Cr, ppm 22:22 14 1.50 6 - 32
Cu, ppm 22:22 72 1.22 48 - 110
Fe, % 22:22 0.29 1.66 0.11- 0.80
Hg, ppn 22:22 0.02 1.33 0.01- 0.04
K, % 22:22 14 1.37 7.5 - 26
La, ppm 22:22 7 1.24 5 - 1
Mg, ® 22:22 2.7 1.19 1.9 - 3.8
Mn, @ 22:22 1.0 1.68 0.35- 2.8
Na, & 22:22 0.26 1.75 0.09- 0.80
Ni{, ppm 22:22 23 1.59 9 - 58

P, & 22:22 4.0 1.30 2.4 - 6.8
S, ¢ 22:22 0.07 1.19 0.05- 0.10
Sr, ppn 22:22 1000 1.34 560 -1800
Ti, ¢ 18:22 0.02 2.33 <0.01- 0.11
VvV, ppm 22:22 6 2.07 1 - 26
Zn, ppm 22:22 1100 1.46 520 -2300




Yable 18. Correlation coaffients between element concentrstions in the 02- and C-horixons
of solls and two plants and also betwsen the two plants.

r*, correlation coeffient s significant at the 0.0f probabil{ty lovel when greater than
0.354 for 50 degrees of freedoml

Veriable, O-hor{zan-
unit feather
of Noss
;msagure 5y
Ash, X 0.34
Al, ppm 0.S0*
As, ppm 0.33
Be, opm 0.80*
Ca, ppa -0.50*
Ce, ppm 6.39*
Ca, ppm 0.25
Cr, ppm 0.05
Cu, ppm -0.37*
Fe, pee 0.47*
Ga, ppm 0.28
Hg, ppm 0.24
K, ppm -0.19
Le, ppm 0.32
Li, ppm 0.45%
g, ppa -0.21
®n, ppm 0.06
Ne, pom 6.48"
Nd, ppm 0.12
N, pom 0.17
P, ppm 0.23
fb, ppe 0.54°
5, X 0.20
8¢, pom 0.36
Se, ppm 0.10
Se, ppm -0.17
Ti, ppm 0.32
v, ppm 0.44*
Y, pp@ 0.43*
in, ppm 0.3

O-hor{zon-

White
Spruce

C~horizon-
Feather

Moss

0.34
-0.05
0.09
-0.33
0.05
0.1%
0.30
-0.16
-0.18
0.08
0.16
0.05
0.13
c.03
0.28
-0.13
-0.05
.20
0.42%
-0.29
<0.24

0.01

- 0.26

-0.15
-0.3%
-0.15
9.30
0.25

C-horjzon-

White

.21
-0.06
8.17
-0.35
-0.25
-0.06
0.08
0.20
0.06
0.27
0.2%
-0.14
0.30
-0.05
-0.19
-0.04
0.1
0.04
-0.10
0.19
a.o0

0.02
0.00
0.06
0.06
0.14
0.29

White spruce-
feather moss

-0.17

0.5¢"
~0.05
0.03
0.41*
~0.06
0.35¢
-0.11
0.59*
0.57=
0.33
0.60%
6.23
0.28
0.12
0.09

! fot determined.
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EXPLANATION OF APPENDIXES

ERIEEEETE SR I RN TS = IR = T == SEANEREIEETRINERETXIRNES

Tables Al, A2, A6, and A7

These four tables give the sample identification, location, and chemical
composition of the plant samples taken in this study of the Kenai, Alaska
area. The sample identifications are keyed as follows:

Barbell Study: first position (H or P) for feather moss or white spruce;
second position (1 or 2) for the 50 km level; third position (1 or 2) for the
25 km level; forth position (1 or 2) for the 5 km level; fifth position (1 or
2) for the 1 km level; sixth position (1 or 2) for the 0.1 km level; and,
seventh position (blank or X) for laboratory duplicates.

Transect Studies: first position (H or P) for feather moss or white spruce;
second position (K) for the Kenai study of 1988; third position (T) for the
transect; forth position (E, N, or S) for which of the transects (east, north,
or south); fifth and sixth position for the distance in km away from the
industrial complex at Kenai, Alaska (.5, 01, 02, 04, 08, 16, 32, or 64);
seventh position (1 or 2) for field duplicates about 10 m apart; and, eighth
position (blank or X) for laboratory duplicates.
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Tables A3, A4, A5, and A8

These four tables give the sample identification, location, and chemical
composition of the soil horizon samples taken in this study of the Kenai,
Alaska area. The sample identifications are keyed as follows:

Barbell Study: first position (S) for soil sample; second position (0, B, or
C) for the soil horizon sampled; third position {1 or 2) for the 50 km level;
forth position (1 or 2) for the 25 km level; fifth position (1 or 2) for the 5
km level; sixth posttion (1 or 2) for the 1 km level; seventh position (1 or
2) for the 0.1 km level; and, eighth position (1 or 2) for laboratory
duplicates.

Transect Studies: first position (S) for soil sample; second position (0, 8,
or C) for the soil horizon sampled; third position (K) for the Kenai study of
1988; forth pasition (7) for the transect or X for laboratory duplicate; fifth
position (E, N, or §) for which of the transects (east, north, or south);
sixth and seventh position for the distance in km away from the industrial
complex at Kenal, Alaska (.5, 01, 02, 04, 08, 16, 32, or 64); and, eighth
position (1 or 2) for field duplicates about 10 m apart.

T==x === T MR ST == P33 b S =t - ¢

Figure 1.--Index map showing location of the Kenai National Wildlife Refuge,
Alaska.
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Table AY. Lizting of snalytical data for ash yield and element concentrations in feather moss samples collected

according to barbel({ and transect vampling designs.

Sample ID

H11111
H11121
H11211
H11211X
H11221
H12119
R12112
H12112x
Hi2121
w1221
H12212
H12221
H21111
#21112
H21121
21211
H21211x
H21212
H21221
K22111
H22121
n22211
H22212
K22221

HKTEO11
HXTEO1]
HKTEQN2
NXTEO12X
RKTEAZ1
WXTE022
HKYEO42
HKTEOS]
HXTED82
HKTEO82X
HKTE161
NXTE162
RKTE3Z1
HKTE321X
HKTE}22
NKTESS 1
HKYES42

Lat{tude

604528
604503

604359 .

604359
604354
604422
604422
604422
604407
604257
604250
604317
601516
601516
601507
601720
601720
601720
601659

601516
595907
595934

595917

1500426
1500426
1500426
1500458
1500849
1500849
1500752
1511049
1511049
1511154
1511459
1511459
1511459
1511420
1511049
1512720
1512206
1512206
1512312

1511845
1512124
1512124
1512121
1512024
1512024
1511845
1511220
1511220
1511220
1510340
1510340
1504702
1504702
1504702
1501550
1501520

AL, % ‘Az, ppm Ba, ppm
Barbell Sempling Design
5.8 6.2 880
4.3 0.2 1800
5.7 8.2 1300
5.5 0.1 1300
5.4 0.2 1100
4.0 0.2 1400
4.4 0.2 470
4.4 0.1 600
3.5 0.1 750
4.0 0.1 790
2.8 0.4 380
3.2 0.1 600
4.7 0.1 1200
4.8 0.1 1400
6.0 0.3 1300
6.4 0.3 1000
6.4 0.2 1600
5.9 6.2 ‘960
5.6 0.3 1200
6.4 0.1 840
6.3 0.0 870
8.3 0.9 920
8.6 0.1 850
6.2 0.0 700
Eant 4
7.0 0.3 1000
6.4 0.2 1200
6.8 0.2 1000
8.6 0.2 1000
6.7 0.2 980
6.9 5.3 1000
7.2 0.2 870
5.8 0.1 1300
6.6 0.1 990
6.4 0.1 970
6.4 0.6 4900
5.8 0.4 3300
5.5 0.4 1600
5.5 0.4 1500
5.3 0.4 1300
4.0 0.3 1200
5.0 0.4 220
| S |
no

Cs, %

5.8
10
7.6
7.2
6.9
12
10
9.9
13
13
18
14
9.5
11
8.7
?.5
2.5
6.7
7.9
7.9
7.5
7.9
7.7
7.9

5.7
6.1
5.1

4.9
5.1
5.3
8.2
5.7

5.7

Cd, pam Ce, ppm

24
20
25

24
3
20
20
19
16

18
13

Co, ppm

13
12
13
1%
15
13
15
1%
13
14
14
26
10
12
25
19
20
17
13
13
14
13
12
14

12
15
15
15
15
15
13
17
18
17
22
18
14
16
14
16
17



Table Al.--Listing of analytical data for msh yleld and element concentrations {n festher moss samples collected
according to barbell and transect sampling designa (continued).

Sasple ID Laticude Longitude Ash, X Al, 2 As, ppm Ba, Prm Ca, X Cd, ppm Ce, ppam Co, ppm
Morth Trengect
KKTNO11 604112 1512137 17.0 8.7 0.2 1100 5.0 <4 27 16
HICTND12 404112 1512137 14.9 4.9 0.3 1100 4.9 <b 27 15
HXTNO21 604118 1512106 7.60 5.7 0.2 1200 6.3 <4 22 15
NKTNO22 404118 1512106 10.7 8.6 0.2 990 5.0 <4 25 15
HXTHO4 1 604142 1511853 A.44 6.3 0.3 1100 5.1 <4 28 15
HKTR042 604142 1511883 14.8 6.6 Q.5 1100 5.8 <4 26 14
NKTNOB1 604241 1511338 13.2 6.2 0.1 g7o 5.8 <4 16 14
HKTRDB2 604241 1511338 11.4 6.6 0,2 1200 6.5 <% 27 13
HKTN164 604328 1510707 7.7 6.0 0.2 1200 7.1 7 24 5
HKTN 162 604328 1510706 9.38 6.1 0.2 1200 7.2 < 27 15
HKTN321 604407 1504430 9.8 5.9 0.2 1200 6.9 <4 24 10
HKTN322 604406 1504430 7.55 5.1 0.2 1300 8.7 < 18 14
RKTNES Y 604158 1501028 5.7 4.0 0.2 1400 13 <4 17 14
NKTNS42 604158 1501029 §.80 2.7 0.2 340 18 <4 9 14
South Trongect
RKTSD11 603956 1812149 15.0 8.9 0.2 1000 5.5 <b el 12
- HKTSO11X 403956 1512149 14.9 7.0 0.2 1100 5.4 <4 28 15
HKT8012 603956 1512149 13.9 7.1 0.3 1000 5 < 29 15
HKT$021 603933 1312127 12.1 6.4 0.2 80 5.4 <4 P 12
HKTS022 603933 1512127 10.3 5.4 0.2 850 6.3 <4 22 15
RKTS04 1 603858 1511943 14.2 8.7 0.1 840 5.9 R 25 17
RKTS042 603858 1511943 17.4 7.5 0.2 720 5.3 <4 24 1%
HKTS081 602535 1511949 16,2 6.8 0.6 1800 5.6 <4 5 18
WT8082 603525 1511949 16.8 6.8 0.8 1500 5.3 <% 25 17
HKYS141 603252 1511253 8.7 6.2 0.3 1300 6.1 <4 5 17
NKTS142 603252 1511253 10.1 6.2 0.4 1500 8.9 < 23 18
RKT8321 602732 1505735 14.8 7.3 0.4 930 5.1 < 10 16
HKTS322 602732 1508735 9.80 6.6 0.5 1000 4.9 <4 24 .13
HKT$641 601516 1511049 5.67 4.6 0.1 920 B.9 <4 17 12
RKYS642 601516 1511049 7.16 4.7 0.2 1400 11 < 20 12

1
1
1
1
1
1
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Table Al.--Listing of analytical deta for ssh yield and element concentrations in festher mcss samples collected
according to barbell and transect saspling designs (continued).

Sasple 1D

H1t111
Hi1121
#11211
H11211X
Hit221
H12Y11
Hi2112
12112
n12121
Hi2211
w2212
H12221
21111
R21112
H21121
Hz1211
H21211X
H2t212
H21221
Ha2111
H22121
BeZe11
N22212
H22221

HKTEO11
NKTEO11
HKTEO12
BKTEDI2X
HXTEOQ21
HKTE022
WKTEQL2
HKTEOS1
BXTEOR2
RKTEG82x
HKTE161
KKTE162
HKTE321
HKTE321X
HXTE322
HKTES41
BXTES42

Cr, ppm

Y4
51
53
51
57

57
43

FRQLGERIQTREBEEYUYES

116

-h
-
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-
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sas

2.7

2.7
2.5
2.5
2.2
2.4
2.3
1.7
2.0
1.4
1.8
2.1
r
2.6
3.0
2.8
2.7
2.5
2.8
.7
2.8
2.8
2.7

3.2
2.7
2.9
3.8
2.9
3.2
3.2
2.5
3.0
3.0

...............

L es{

% 0.08 8.5
10 0.10 7.9
15 0.06 5.4
13 0.06 5.7
% 0.08 9.6
12 0.17 6.3
12 0.13 6.9
13 0.15 7.0
12 0.1 8.8
12 0,12 6.9
1 0.09 6.3
° 0.07 1"

9 0.06 8.8
10 0.06 6.4
13 0.08 3.7
12 0.05 2.6
13 0.05 2.9.
it 0.08 3.7
12 0.08 5.0
13 0.08 4.1
13 0.08 4.7
% 0.16 2.8
12 0.08 3.4
14 0.08 6.7

East Transect

14 0.30 3.7
16 0.1 5.0
13 0.09 6.4
15 0.09 4.5
15 0.08 &6
16 0.08 3.3
16 0.14 3.0
13 0.09 5.9
16 0.18 5.6
1% 0.17 5.5
14 0.10 3.5
17 0.09 5.0
12 0.10 4.5
13 0.12 6.7
13 0.12 3.5
10 0.06 8.6
1% 0.08 7.4

18 13 1.9
17 12 2.4
18 14 1.5
19 14 1.5
17 13 2.7
18 13 2.6
17 13 2.9
18 13 2.9
17 10 2.9
17 12 2.3
15 10 2.4
14 9 3.9
16 10 2.0
17 10 1.8
18 14 2.2
18 16 2.4
12 16 2.5
17 13 1.9
17 15 1.6
14 10 1.9
14 1 2.0
14 10 1.8
15 10 1.7
14 10 1.9
17 14 1.7
1?7 14 1.5
17 14 1.6
17 14 1.6
18 13 1.6
17 15 1.9
17 14 1.6
16 " 2.5
17 13 2.3
17 13 2.2
19 17 1.8
17 15 2.5
19 19 1.7
20 20 1.8
18 17 1.5
17 15 3.1
19 18 2.9

.....

8500

3500
4300
4900
1600

3300
3300
2800
2800
3200
4200
2900
6200
11000
11000
5200

4500



Table AS.--Listing of analytical deta for ash yleld end element concentrations in feathar moss saples collected
according to berbel!l and trensect saapling desipns (continued).

Sesple 1D

HKTHOTY
HKTH012
RKTNO21
NKT022
HKTNOS 1
RKTNO42
HKTNOB1
RKTNDA2
HKTN161
HKTN162
HKTN321
KKTN322
WKTHES 1

Cr, ppm Cu,

2.9
3.1
2.8
3.1
2.7
2.9
2.6
2.9
2.8
2.7
2.6
2.3
2.1
1.4

Hg, ppm K, %X
Nocth Transect
0.14 3.8
8.08 4.5
6.10 7.6
0.08 5.7
0.07 4.3
0.4 4.6
6.10 6.2
0.10 4.3
0.09 6.1
0.10 5.2
0.09 4.4
0.10 5.3
0.13 6.5
0.10 5.6
South Transect
0.0% 3.3
6.00 3.6
0.14 2.8
0.12 6.5
0.11 7.4
0.10 4.0
n.os 2.7
0.12 3.1
0.12 2.8
0.07 5.7
6.08 4.5
0,16 2.4
D.08 3.7
0.06 8.7
8.04 6.8

95

17 13 1.9
16 14 2.0
17 14 2.7
17 1% 1.9
17 15 1.8
18 16 2.0
16 13 2.2
17 13 1.9
18 15 2,9
17 1% 2.4
17 13 1.7
17 13 1.8
16 12 2.2
15 10 2.4
17 14 1.6
18 14 1.6
18 14 1.5
17 13 1.7
16 12 2.2
17 13 2.0
16 13 1.5%
18 17 1.8
18 17 1.6
18 17 2.1
17 16 2.0
20 19 1.5
19 20 1.7
16 1 2.0
18 9 1.8

...................................

$300

20000
15000

6500
12000
8500

2300
3100

6300
£100
4000

3500



Table Al.--Liatfng of anslytics! data for esh yfeld and element wn:u"matiom in teather moss samples collected

according to barbell and transect ssopling desfgns (continued).

Sesple 10

Na, X

Pb, ppm Total §, X Sc, ppa

LI svevseanrwenBsonnaance evenemmweuanmrammm e emmemmma R SeMANmmmesRAsannew Geremaca-usmm=mr=nsnay vasmw

BN
H11121
15211
H11211%
H11221
2111
H12112
H12112x
Hi2121
H12211
H12212
Hi2221
#2411
21112
H21121
H21214
H21211X
H21212
H21221
H22111
H22121
#22211
Ke2212
H22221

HXTEO11
HXTEO11
HXTED12
HKTEO 12X
HKTEO21
HKT1E022
HXTED42
RXTECS1
HXTEOA2
BXTEOA2X
HXTE161
HKTE162
HKTE321
HKTE321X
HKTE322
HXTESA
RKTE642

2.1
1.8
2.0
2.0
1.8
1.4
1.5
1.5
13
1.4
0.9
1.2
1.7
1.7
2.
2.2
2.2
2.0
1.9
2.2
2.2
2.3
2.3
2.2

2.6
2.4
2.6
2.5

20
19
3
20
18

18
18
17
12
10
12
14
19
18
18
18
16
20
17
19
16
18
17
18

18
18
18
18
17
19
18
19
15
19
15
20
19
1?7
21

SaIVNENNYRINBUNESLEEERBUN

By yRreyy

P, %

Bachell Seqling Desion
1.9 26 0.05
2.2 28 0.07
1.4 r’3 0.05
1.4 23 0.05
2.4 30 0.06
2.4 110 0.10
2.5 130 0.07
2.4 130 0.08
3.1 73 0.08
2.1 86 0.08
2.0 55 0.08
3.6 41 0.06
2.0 21 0.06
1.6 20 0.07
1.2 el 0.08
0.6 22 0.07
0.6 20 0.07
0.9 23 0.07
1.4 23 0.08
1.2 17 0.09
1.2 9 0.07
1.0 1" 0.10
0.9 <8 0.67
1.0 9 0.08

East Transect
1.1 32 0.13
0.9 43 0.09
0.8 48 0.09
0.9 48 0.09
0.9 54 0.09
0.7 50 0.08
0.7 19 0.10

1.5 1 0.10
1.6 31 0.12
1.6 3 o1
1.1 26 0.1
1.4 28 0.10
1.2 490 0.08
1.3 » 0.08
1.0 37 0.08
2.2 rZ3 0.07
2.0 34 0.08

—_ aa
Q@ © O Q

— A A A A
o oo -0

O NNUY V(YO DO NdADPO O®

0.01
0.1
0.04
0.02
0.08
0.12
0.05
0.04
0.07
0.03
0.07
0.04
0.07
0.07
0.10
0.08
- 0,05
0.07
0.0&
0.08
0.05
0.09
0.10
0.08

0.15
0.10
0.07
0.07
0.07
0.10
Q.10
0.07
0.08
0.09
0.07
0.06
0.09
0.08

0.09

430
620
540
530
650
610
1300
1000

ge833%

570
550

470

490
500

410

370

400
n

450
450
470



ve

Yeble Al.--Listing of analytical data for ash yield snd element concentrations in feather moss samples collected

according to barbell and trensect sampling designs (continued).

HKTNO19 2.5
HXTNO12 2.6
HKTNO21 2.1
HKTNO22 2.5
HICTNO4L 1 2.3
NKCTNO42 2.4
HKTNO81 2.4
HICTNOB2 2.4
HKTR161 2.1
AKTH162 2.1
HKTH321 2.1
HKTN322 1.9
RXTNG4 1 1.4
HXTNGA2 0.9
NKTS011 2.5
RXTS011% 2.6
HKTS012 2.6
HKT$021 2.5
NXT5022 2.1
RKTS04 1 2.6
HKT5042 2.7
NKTS081 2.3
HKT3082 2.3
mKT5169 2.1
HKTS162 2.2
RKTS321 2.4
HKTS322 2.2
HKTS641 1.7
HKTS642 1.7

Nd, ppm

18
19
18
21
16
"
18

1
3
20
18
15

22
16

.......

Ni, prm

RugrUIEEIRUIBY

RueavYgegpooupnes

P, %

—-aﬂ»oonaboohb'*

A B ol ot cp NS ol o b A A D
]

T 9

0.97
0.54
0.90

o7

0.10

410

JEEERESR

610
1300

400
400
390
420

490
370

410

bobhboobbBALBLLAS

666086066 8660606



Table At.--Listing of analytical data for ash yieid and element concentrations in feather moes semples collected
according to barbell and transect ssspling designs (continued).

H11114
K1112t
HRM
n11211x
Hi1221
H12119Y
12112
H12112x
H1212%
R12211
H12212
H12221
21111
21112
W12y
21211
H21211%
421212
21221
22111
22121
H22211
H22212
H22221

RKTEO11
HKTEO1 1
NKTED12
RKTEO1X
HKTE021
HKTEQ22
RKTECE2
HKTEOAY
HXTEOS2
NKTEO82%
HKYE164
HKTE162
NKTE321
HXTE321X
NKTE32D
NKTESL1
HKTES42

0.18
8.21
0.29
0.2
0.19
0.20
0.2
0.21
0.17
0.19
0.14
0.15
0.22
0.23
0.28
0.33
0.31
0.29
0.27
0.28
0.28
0.28
0.2%
0.27

0.34
0.3
0.32
0.32
0.31
0.33
0.35
0.27
0.3t
0.31
9.3%
6.28
0.28
0.28
0.28
0.20
0.20

vV, ppm

Iz ]
61

- 4
-

iggge

B3V RIBSI_RRLEE Y

g

®eaR

81
2
7

16
1"
15
1
14
10
1t
11

4
1"

8

9
11
12
16
14
13
14
12
15
15
15
16
15

19
19
20
20
19
19
et
16
18
18
15
16
12
13
12

11
12
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Table Al.--Listing of anslytical data for ssh yfeld and element concentrations in feather moss samplex collected
sccording to barbell and transect sempling designa {continued).

socth Trengect
#XTND11 0.32 o8 19 2 880
HKTNO12 0.31 o5 20 2 890
HKTRO21 0.27 a3 " <@ 570
HTRO22 0.32 o7 13 2 420
RKTHOA 0.27 50 18 2 760
RKTHOA2 0.32 o7 18 2 610
“xXTNOa1 0.27 89 18 2 420
HKTROS2 a.3t 92 19 2 760
MKTH141 0.24 4 16 2 880
HKTN162 0.28 a9 16 <2 960
HKTN321 0.28 ({4 17 2 400
HKTNS22 0.23 3 14 < 590
RKTNGLY 0.21 60 10 Q 610
HKTNG6A2 0.14 43 7 <2 510
South Transect

HKTS011 0.34 100 29 3 410
HXT$011X 0.3 100 29 3 450
KXTS012 0.34 110 21 3 360
HKTS021 0.30 a8 19 2 260
HKT 8022 0.3 a0 16 2 480
RKTS041 0.31 9 20 3 470
RKTS042 0.3 110 22 3 190
HKYS081 0.36 110 17 2 300
HKY 5082 0.37 110 17 2 310
HKT5161 030 15 @ 550
T8162 0.3 ['4 16 2 480
RKTS3214 0.3 110 18 2 210
#KTS322 0.32 98 15 < 210
HXYS641 0.20 &3 12 <@ 470
HKTS642 0.22 &3 12 < 560




Table A2.--Listing of analyticel deta for ssh yleld and element concentrations in white spruce samples collected
according to barbel{ and transect sampling designs.

Sasple ID

P11
P11121
P11121x
pi1211
PH211X
P11212
p11221
P12111
P12112
piaia1
Pi211
P12212
pi2221
p21111
P21112
P21121
P21211
p2t212
p21221
pe2111
p2212t
p22211
p2212
p22221

PKTEDT
PXTEO12
PKTEG 12X
PXTEO21
PKTEO41
PKTED42
PKTEQB
PKTE161
PKTEY41X
PKTE162
PKTER21
PKTEGA1
PXTEGA2

Lacitude

mamesesvy

604528
604303
604503
604359
604359
604359
604354
604422
604422
604407
604257

604257

604317
601516
601516
601507
601720
601720
601700
595916
595908
595934

595917

604034
604034
604034
404031

1503023
1503022
1503022
1503640
1503640
1503640
1503608
1500426
1500426
1500458
1500849
1500849
1500752
1511049
1511049
1511154
1511459
1511459
1511420
1512835
1512720
1512206
1512206
1512313

1512921
1512121
1512121
1512029
1511845
1511843
1511220
1510340
1510340
1510342
1504702
1501550
1501350

2.97
3.90
3.87
3.9
4.00
3.45
2.92
3.13
4.11
2.93
4.18
4.2
3.65
3.55
4.08
3.48
4.26
{.22
3.%
4.21
3.66
4.08
3.7
4.18

0.59
0.58
0.35
0.2%
0.20
0.80
0.35
0.67
0.84
0.35
0.76
1.1

1.2

1.4

0.72
0.25
0.53
0.33
0.32

«0.05
0,05
<0.05
<0.05
<0.05
<0.05
.05
.05
.05
«,05
<0.0%
.05
<0.05
<).05
<0.05
<0.0%
.05
Q.05
<0.05

BEE

410

¥IEEBEESER

Eost Transect

«0.05
<0.03
<0.05
<©.0%
<0.05
<0.03
<0.05

0.09

0.0%

EBZEEE

EEREREZ
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15
16
15
27
26
16
17
13

1
13
10
15
19
10
17
16

3t
14
10
12



Yable A2.+-Lizting of arelytical date for =sh yield and element concentrations {n white spruce samples collected

......................... dwesNoovravEtup——m—mcauvrrTve s

Sample 1D Latitude Longitude

.............................

PKTK.51
PKTN.52
PXTN.53
PKTHO11
PKTNOT12
PETHO21
PKTHOL 1
PKTNG42
PXTNGE1
PRTHI61
PKTN162
PKTN32Y
PrTNSLL
PKTNS42

PXTSO14
PKTS012
PKXT8021
PKYSO4
PKTISD42
PKTSO31
PXT$141
PXTS161x
PKTS162
PXTS321
PXTS&41
PKTS642

B R R N L L L LR LR LT ¥ VP T ORI PN S, [ T T pp——— ceawse

sccording to berbell and transect gampiing designa (continued).

403956
803252
603956
402732
801514

1512228
1512437
1512137
1512106
1511853
1511853
1511338
1510706
1510706
1504430
1501028
1501028

1512149
1512149
1512127
1511943
1512249
151149
1512149
1512149
1511283
1512149
1513735
1511049

3.40
3.5%
3.48
3.5
3.42
3.58
3.48
3.5%
3.2
3.3
3.56
4.08

0.93
1.2
1.0
0.25
o.n
1.6
1.8
1.3
0.32
0.85
0.45
0.3
0.65
0.30

0.98
0.52
0.55
0.36
0.48
0.31
0.85
0.2
2.0

2.7

0.84
0.38

North Transect
.05 218
<0.05 380
«0.05 460
<0.03 k P.1]
«0.05 320

0.a7 270
.09 250
0.07 540
<«0.03 390
.08 &40
<0.0% 300
<0.05 420
«<0.03 590
<«0.05 280
~South Transecty
<0,05 $50
«<0.0% 350
«0.05 320
<0.0§ 380
«0,05 340
<0.05 440
<0.05 290
.05 250
0,07 420
0.10 620
.05 480
<0.05 &00
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Table A2.--Listing of analytical data for ash yield and element concentcations in white spruce samples collected
according to barbell and trarmaect sampling designs (continued).

PI1IV1Y
PI1I2Y
P11121%
p11211
P11211xX
Pi11212
P11221
P12111
P12112
P12121
Pl12214
P12212
p12221
P21111
P21112
P21121
p21211
pR1212
P21221
P2211¢
p22121
p22211
P22212
pP2g221

PKTEQ11
PXTEQ12
PKTED12X
PKTEQ2]
PKTED41
PXTE042
PKTEDS1
PXTE163
PKTE161X
PKTE162
PXTE321
PKTES4Y

Y5232y BBBRRLS

BUS

57
110

110

LEYBABRYITEIZRES

-
L]
»
13
L]
’
’
»
1
1
'
1
1
1
»
[
’
1
1
t
L]
4
1]

0.13
0.14
0.25
0.19
0.36
0.46
0.21
0.40
0.58
0.59
0.73
0.38
0.15
0.26
0.18
6.15

0.30

ppm Hg, ppm K, X Le, pmm L
Barbell Sampling Oesign
0.02 15 7
0.03 16 7
0.3 16 8
0.04 11 1
0.04 1" 8
0.02 20 é
0.04 16 7
0.04 18 5
0.02 15 5
0.02 18 7
0.02 83 7
0.02 13 8
0.02 8.8 8
0.02 16 7
0.02 16 7
0.02 13 7
0.02 7.5 9
0.02 6.7 3
0.03 16 10
0.04 13 7
0.03 24 5
0.03 13 6
0.03 13 4
0.02 13 é
Ess ect
0.05 19 7
¢.03 16 8
0.03 16 a
c.03 15 4
0.0 21 5
0.03 24 é
0.02 16 7
¢c.a3 11 9
0.02 12 9
0.03 17 L4
0.03 15 7
0.0 12 7
0.02 1 10

RRofloNwoabflulLRARE_Jad b

Su~wvoalRlLAR.rb

3.3
3.2
3.5
2.7
2.8
2.8
2,5
2.6
2.4
2.9
2.0
2,2
2.6
2.9
3.4
2,0
2.1
3.1
2.6
2.8
2.2

2.3

35000

7000
14000

9200
6500
7600
4400
13000
10000
8000
12000
11000
15000
16000

13060
12000
12000
11000
12000



Table A2.--Listing of analytical data for ash yield and element concentrations {n white spruce semptes collected
according to barbel! and transect sampling desipna (continued).

Sample 1D Cu, ppm Fe, % Ce, ppm Ng, pom K, X Le, ppm LY, pp #g, ppm W, ppm Ne, X
‘ &l‘&h l:“g
PKTN.51 130 0.54 11 0.02 20 7 5 2.9 24000 1.5
PXTN.52 82 0.69 <8 0.02 18 7 6 2.8 27000 1.3
PKTN.S3 110 0.61 <8 0.04 18 7 4 2.7 27000 1.1
PKTNO11 ™ 0.22 13 0.02 2 7 <% 2.7 15000 0.1
PKTRO12 98 0.43 17 0.03 19 8 <4 2.1 23500 0.3
PXTNO21 86 0.87 9 0.04 16 8 8 33 4600 1.7
PKTHOG 1 n 0.94 14 0.03 13 10 7 3.0 13000 1.1
PXTHO42 88 0.69 <8 0.02 16 8 [} 2.5 12000 0.7
PKTNOS8Y 96 0.21 <8 0.02 19 6 <4 3.0 17000 0.4
PTK167 91 0.37 15 0.03 18 8 <h 2.3 14000 D.4
PKTN162 81 0.23 8 0.02 18 [ <4 3.3 9100 0.2
PKTN32% » 0.18 10 0.02 15 7 <4 2.8 16000 0.1
PKTNGL1 59 0.2 8 0.02 8.1 7 <4 2.6 7400 0.2
PKTHGA2 57 0.16 < 0.02 12 4 <% 2.3 5200 0.1
Iransec ’
PKYS0114 100 0.53 -} 0.02 1% 6 5 3.0 16000 0.8
PRYS012 100 0.3 <8 0.02 2t 5 <4 2.3 10000 0.5
PKYS029 120 0.31 4 0.03 21 [ <4 2.8 15000 0.6
PRTE041 91 0.29 <8 0.02 20 ) <% 3.5 &700 0.2
PKTS042 100 0.29 <8 0.02 18 5 <4 2.0 17000 0.4
PKTS084 44 0.17 <8 0.02 3 <% < 2.6 5000 0.1
PKIS141 97 0.49 <3 0.02 19 9 5 3.0 16000 0.3
PKTS161X o8 0.53 << 0.02 19 8 S 3.1 10000 0.3
PXTS162 120 1.10 < 0.04 14 10 10 3.0 16000 0.7
PKTS329 84 1.60 9 0.03 13 12 14 2.5 21000 0.8
PS84 s 0.45 -} 0.02 14 7 4 2.0 6500 0.3
PKTSE42 67 0.2% ] 0.02 15 7 <4 2.2 £900 0.1
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Table A2.--Listing of analytical data for ash yjeld and elament concentrations in white spruce namples collected

according to barbell snd trensect saspling designs (continued).

P11119
P11124
P1t121X
p1i211
p11211X
pPit212
p1I221
PI2111
P12112
Pi2121
P12211
P12212
P12221
P21111
P21112
P21121
p21211
P21212
p21221
p22111
P22121
p22211
p22212
p22221

PKTEO11
PKTEO12
PKTECT2X
PKTE021
PKTEQL §
PKTEQ42
PKTECB1
PXTE161
PKTE161X
PKTE162
PKTEZ21
PXTEGL
PKTESS2

L6808 04808

2446z
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17

6620666864

sraUessEINEANSGER
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19
35

4.5

3.4
3.4
6.8
5.0
5.2
4.0
5.2
3.9
3.6
3.8
3.9
4.4
4.7
2.0
2.2
4.1
3.5
6.3
4.6
4.3
3.7

5.0
4.7
4.7
4.3
5.3
5.9
4.8
3.4
3.6

Barbell Sempling Depion

<8 0.06 <4 890
-] 0.08 <4 1200
<3 0.08 <4 J200
<8 0.04 <4 1400
<8 0.06 <4 1300
- 0.06 <k 1000
<8 0.05 <b 680

9 0.06 <4 670
< 0.06 <4 810
-} 0.07 <4 430
15 0.05 <h 1100
< 0.06 <4 1700
15 0.05 <4 1800
< 0.06 < 1200
< 0.07 £’3 400
<3 0.07 <4 1000
.} 0.06 < 1800
<3 0.07 <« 1500
<@ 0.07 < ™v0
<8 0.07 < 1000
< 0.08 <4 750
.3 0.10 <4 1000
-} g.08 <4 980
<3 0.08 <4 1100

_Epst Transect

14 0.1 <4 as0
17 0.09 <4 890
[ 0.09 <% 920
14 0.06 <h 910
< 0.0a <4 910
<8 0.08 < 790
<8 0.07 <4 900
<3 0.07 <4 1100
<§ 0.07 < 1100
=) 0.08 <4 780
<3 0.06 <4 940
< a.0% <4 1200
<8 0.03 < 1100

.64

~NebbSse=

bbb LLLALLEBALS

-
-

&bcbcbbb&LALE HA&S

0.02
0.01
0.02
0.05
0.04
0.01
0.01
0.0
<0.01
<0.019
0.02
0.01
0.03
0.04
0.01
a.03
0.06
0.06
0.07
0.03
<0.,01
0.02
<0.01
0.01

SeoT VUL LR




Table A2.--Listing of snalytical data for ash yfeld and element concentrations in white apruce samples collected
according to barbell and transect sampling desigre (continued).

“emmamvassecasws sEERcemrww saorBERSs~cARgt s AR CEr T rassnuanurns 4sssAcrunEmcavewunn sMSpascssurussnEEsEveannnw wasssacews .o

Sample 1D Nd, ppm N}, pm P, X Pb, ppm Yotal §, X Sc, ppm Sr, pom Th, ppm i, % v, ppm
North Transect
PETH. 31 < 34 6.6 20 0.1 <% 550 1 0.02 135
PKTN.52 1" 40 5.0 32 0.09 <% 510 13 0.04 18
PKTN.53 < 50 6.3 it ] 0.08 < 380 7} 0.03 18
PKTNO11 12 X 6.8 <$ 0.11 <% 640 10 8,01 <%
PKTNO12 11 26 5.2 11 0.10 < 1200 1t 0.03 9
PXTHOR1 8 36 4,2 22 0.09 <4 590 <8 0.06 26
PKTROAY 9 39 4.2 < 0.08 < 960 - ) 0.08 26
PTNOSL2 9 30 4.5 %) 0.07 <4 1000 < 0.03 19
PKTNOB1 11 26 5.0 <8 0.07 <4 720 11 <0.01 <4
PKTR161 <$ 6.9 <8 0.07 <4 630 <8 0.03 9
PETN162 <8 14 4.5 ) 0.07 <% 980 < 0.02 H]
PKTN321 .| 21 3.7 < 0.08 <4 1000 <A 0.01 <4
PATNOL < 20 3.8 14 0.06 < 1100 .} 0.02 6
PXTNGL2 <3 2 3.6 < 0.06 -3 1600 <8 0.01 <4
Soyth Irsmsect
PKYS011 <$ 59 4.4 18 0.07 <4 1100 < 0,03 14
PKTS012 2% 40 5.4 11 0.0% < ™0 18 6.01 9
pPK15021 9 [3] 5.2 8 0.10 <% 930 10 6.0 7
PKYS04 1 . 17 6.9 <8 0.09 <4 920 <8 0.01 4
PKTS042 10 16 4.9 -3 0.08 <4 1200 8 0.01 6
PKTS081 <@ i 4.2 < 0.09 <4 810 <8 0.01 <4
PXTS161 9 & 4.9 % 0.07 <4 950 < 0.03 11
PKTS161X% 8 4 5.0 3 0.07 <« 960 <8 0.03 12
PKT5142 -} 41 4.7 100 0.07 < ™ <3 0.09 29
PKTS321 10 37 3.7 <8 0.07 5 4480 <. 0.13 42
PKTSSAN 9 9 4.0 <8 0.07 < 1200 .} 0.03 1"
PKTSE42 <* 17 4.3 .} 0.08 <% 1400 <8 0.02 <%
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Teble A2.--Listing of anatytical date for ssh yield and element concentrations {n white spruce samples collected
sccording to barbell and transect sempling desfprms (continued).

D L L L R N L " mrdwmsVsAsasAviARluuwmmw. Fe Yol eI e R A s AR N m e RREwTEv-AArANAAANTmAssaummeasNcAsAsAaAmngy v~

Sample 1D W, ppm Y, pp@ In, ppm

...........
wAmsuaANvAseUaNsaAsAccsnRanann AmmRARcm s s SvsRsamSEwmmrunw ssorssvevcsaamwmnunnnaw= Sssssanmanaccncnssaawn - -

arbell L
P111%1 =-- <4 2500
P11121 -n- “% 1000
P11121X -=- 4 1000
P11211 man <% 820
P11211X <8 <4 B340
Pt1212 .- <4 1000
P11221 c-a <4 1400
12111 -an < 1100
P12112 as- <% 970
P12121 <8 <4 960
P12211 ] <4 690
pPi12212 <A <% 960
p12221 <$ <4 720
P21111 -} <4 1300
P21112 9 < 1500
p21124 ] <4 650
P21211 we- <% 970
pP21212 -} <4 430
P21221 9 <% 1400
pa2111 < <b 990
P22121 --- <% 1200
P2221 .- <% 1600
P22212 8 <4 1700
p22221 ] <4 1400
East Trensect
PKTEO11 -} <% 1500
PKTEC12 ] <% 1600
PKTEDI2X 10 <4 1600
PXTED21 aen <4 1100
PXTEDL t 9 <4 1700
PKTEDL2 m=e <4 1300
PXTEOS1 -} <4 1300
PKTE161 < <4 1400 -
PKTE161X .- <4 1400
PKTE142 an- <% 1500
PKTE321 9 <4 1600
PKTESLY - 273 770
PUTELL2 ..} < 860
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Table A2.--Listing of analytical data for ash yield and element concentrstions in white spruce ulpln collected
according to barbell and transect saspling designs (continued).

PKTS161
PKYS161X
PKTS162

Lhorb bR SLASSLLLAREL SRS

1500
1300
1600
1900
1500
1700

1200
1200
1300
1500
1600

1400
1400
1100
1200
1300
1500
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Table AS.--L{sting of analytical data for pH, ash yield, and element concentratioma in samples of O-horizen soils
collected according to barbell and trangect designs,

Sample ID Latitude Longitude pH Ash, X Ag, ppm AL, % As, ppo  Ba, ppm Cs, X Ce, ppm
Barbell Sampling Design
SO111111 604328 1503023 3.6 26.4 @ 1.8 0.8 28 0.M 1
SOT11211 604503 1503022 4.0 7.4 @ 2.6 1.1 3% 1.1 1
SO112111 604359 1503440 4 26.6 < 1.7 0.8 43 1.0 7
$0112121 604359 1503640 3.7 .8 3 1.7 0.7 27 0.7 9
$0112122 604359 1503640 3.6 26.6 3 1.8 0.7 28 0.79 9
$0112211 604354 1503408 3.9 50.4 < 3.4 1.2 50 1.3 16
SOT21111 604422 1500426 4.8 5.4 Q 1.5 1.0 % 1.6 7
S0121121 604422 1500426 3.9 16.2 <@ 1.0 0.5 18 0.86 5
SO121211 604407 1500458 3.8 17.0 < 1.1 0.5 21 0.75 6
SO122111 604257 1500849 3.7 2.0 Q@ 1.5 - 0.6 28 1.0 [
$0122211 604257 1500848 3.9 3.2 @ 1.6 0.9 25 1.0 9
50211111 601516 151149 4.0 21.2 < 1.5 0.4 25 1.3 6
0211121 601516 1511049 4.5 39.8 %) 2.8 1.0 54 1.6 13
$0211122 601516 1511049 4.5 41.2 @ 2.9 1.0 55 1.6 13
$0211211 401507 1511154 4.6 2.6 @ 1.7 0.3 3 1.9 6
SO212111 601720 1511459 4.5 61.6 <@ 5.1 0.9 45 2.4 19
SO212211  €01659 1511420 4.1 $3.6 <@ 4.1 1.3 38 1.7 16
S0221111 595916 1512835 6.0 39.0 @ 2.6 0.5 30 1.3 12
S0221211 595907 1512720 3.6 36.6 <@ 2.7 0.5 2 1.2 12
§0221212 595908 1512720 3.6 36.0 <@ 2.6 0.5 2 1.2 11
$0222111 595934 1512206 3.8 17.4 <@ 1.2 0.4 14 1.0 6
S0222121 595934 1512206 4.0 22.4 <@ 1.2 0.4 2% 1.1 5
$0222211 595917 1512312 6.1 47.2 <@ 2.5 0.5 29 1.3 1
$0222212 595917 1512312 4.1 6.0 @ 2.4 0.5 28 1.2 9
East Tronsect
SOKTEOYY 604034 1512021 6.1 9.0 <@ 3.6 0.7 43 1.6 13
SOKXEDT1 504038 1512021 4.1 47.2 @ 3.6 1.0 43 1.6 15
SOKTEO12 604034 1512121 6.3 56.8 @ 4.1 1.1 48 1.8 17
SOKTEG21 604031 1512026 4.1 40.6 <@ 3.0 0.7 % 1.5 12
SOKTEOLT 603949 151184S 3.8 40.2 Q 2.8 1.0 34 1.2 15
SOKTEO4L2 603949 1511845 4.1 38.6 @ 3.0 0.5 3 1.7 12
SOKTEO31 604041 1511220 3.9 19.4 Q 1.4 0.5 2 1.2 7
SOKTE161 403830 1510340 6.6 28.0 @ 1.8 0.7 100 1.4 1
SOXTE162 603830 1510340 4.4 45.2 @ 3.2 0.9 100 1.5 17
SOKTES2) 603540 1504702 4.5 3.8 Q 2.5 0.7 4s 1.5 1
SOKTEGA1 602722 1501550 4.4 63.0 <2 4.6 1.8 59 2.0 21
SOKTEGL2 602722 1501550 4.1 61.4 Q 2.9 2.0 45 1.2 15
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Table A3.--Listing of analytical data for pH, ash yleld, and slement concentrations in samples of O-horizon seoils
collected according to berbell and transect designs (contfinued).

0111111
so111211
$0112111
$011212%
s$0112122
so12211
so121111
s0121121
$0121211
0122111
0122211
$0211111
so211121
s0214122
so211211
0212111
$02122119
s0221111
80221211
£0221212
s0R22111
$0222121
so2z22211
0222212

SOKTEQ11
SOXXEODT1
SOKTEO12
SOKTEQ21
SOKTEOSY
SOXTEQ42
SOKTECS1
SOXTE161
SOKTE 162

PV EUN VAN O NDD NV VD UWURNRNS U WWSIrW

O WV OO KO MO NOO

Barbell Sempling Desion

16 10 0.85 4 0.26
2 13 1.1 ] 0.18
2 13 0.77 <“ 0.28
15 1 0.75 4 0.18
19 12 0.7 4 0.20
31 13 1.4 B 0.16
19 12 0.73 5 0.32
13 11 0.53 «“ 0.24
10 11 0.54 <4 0.18
35 12 0.76 <“% 0.20
% 10 0.76 <4 0.2
9 12 0.71 < 0.14
42 15 1.3 7 0.16
16 14 1.4 [} 0.16
1" .13 0.83 4 0.16
3 2 2.6 12 0.10
)3 17 2.1 10 0.12
1% 10 1.3 0.4
17 10 R 6 0.20
10 10 1.4 é 0.24
9 9 0.61 <% 0.26
10 1 0.56 <% a.26
13 15 1.2 7 0.16
15 % 1.1 6 0.14

Eaat Yransect

a 13 1.5 9 0.22
21 15 1.5 9. 0.20
4t 17 1.7 10 0.20
27 6 1.4 6 0.22
20 1 19 7 9.14
15 13 1.3 7 0.44
14 12 0.65 <% 0.26
15 16 0.82 5 0.20
3 15 1.3 9 .16
20 12 1.1 14 0.10
3 9 2.2 12 0.16
- 17 1.5 7 0.18
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0.59
0.58
0.65
0.52
.53
0.48
B.26
0.43

W oW W >N

—_
(-]

OO > A ND OO O

- W - BTV B - - - - N - ]

0.2¢
0.35
0.28
0.26
0.27
0.46
0.32
0.22
0.20
0.23
0.25
0.30
0.47
0.50
0.3
0.94
0.48
0,42
0.40
0.33
0.26
0.2
0.42
0.39

6.57
0.3
0.62
0.52
0.39
0.54
0.3



Table A3.--Listing of snalytical data for pi, ssh yleld, and elemert concentrations in samples of O-horizon soils
collected according to barbe(l end traneect designs (continued).

Sasple ID Co, pm@ Cr, ppa Cu, ppm Fe, X Ga, ppm  ¥g, ppm K, X s, ppa Li, ppm Mg, X

North Vrgnsect
SOKTH.S1 & 19 17 0.29 <% 0.16 0.27 4 3 0.29
SOKTNOT1 6 17 15 1.4 6 0.12 0.45 7 5 0.56
SOKTHD12 6 13 17 1.2 6 0.28 0.35 5 5 0.46
LOONG 12 5 16 ¥4 1.4 6 0.12 0.36 6 4 0.41
SOKTNO21 6 18 % 1.4 a 0.14 0.54 9 7 0.57
SOKTNOS 1 8 n 18 2.0 3 0.4 0.80 1 1" 0.84
SOKTNO42 5 15 3 1.3 s 0.16 0.51 4 7 0.53
SOKTNGBY 5 17 15 1.3 s 0.26 0.44 6 3 0.49
SOKTN161 5 17 % 1.3 7 0.18 0.45 7 6 0.48
SOKTN162 5 15 13 1.1 é 0.18 0.49 7 6 0.47
SOKTN321 3 3% 10 0.78 5 0.28 0.40 6 4 0.25
SOKTNG4 1 3 35 12 0.76 < 0.20 0.29 5 3 0.3
SOXTNG42 3 12 0 0.66 “% 0.16 0.28 5 3 0.20
South Trensect
SOKT5011 7 2 16 1.6 8 0.24 0.54 8 7 0.5
SOKTS012 6 21 1S 1.7 9 0.20 0.61 10 8 0.40
SOKT§021 9 2 21 2.0 10 0.1 0.60 9 9 0.76
SOKTS04 1 8 i 20 1.6 8 0.24 0.53 7 6 0.63
SOXTS042 7 19 19 1.6 7 0.22 0.48 7 6 0.63
SOXTS081 3 16 15 0.85 6 .12 0,32 6 3 0.27
SIKT$161 I3 19 1% 1.6 ) 0.20 0.46 7 s 0.48
SON0IS161 5 19 15 1.6 ] 0.22 .44 7 7 0.46
SOKT$162 4 'S " 0.9 5 0.31 5 5 0.33
SOKTS321 0 17 16 1.9 9 0.18 0.56 8 14 0.60
SOKTS641 5 9 12 0.7 <% 0. 0.30 ] 3 0.30
SOKXS44 1 5 16 11 0.75 <@ 0.16 6.31 5 3 0.31
SOKT5642 7 I¥) 15 1.3 7 0.16 0.52 9 7 0.47
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Table AS.--Listing of snslytical data for pi, ash yleld, end element concentrations {n samples of 0-horizen sofls
collected nccording to barbell and transect designe (zontinued).

S0111111 18 0.60 5 6 0.15 4 0.08 4 0.20 4
0111241 54 0.83 3 3 0.13 4 0.9 5 0.20 130
112111 120 0.38 6 ) 0.1 3 0.12 3 0.30 110
0112121 W 0.58 5 3 0.16 <% 0.12 3 0.10 87
s0112122 30 0.59 5 9 a.1? 5 0.14 3 0.20 5
so112211 38 1.2 9 12 0.13 5 0.07 7 .20 170
80124111 350 0.51 <% 10 .15 1 0.13 3 0.20 130
s0121121 48 0.35 <~ 8 0.13 10 0.17 2 0.20 T
so121211 38 0.39 3 s 0,17 12 0.12 3 0.20 72
s0122111 30 0.52 3 12 0.11 10 0.13 3 6.20 100
sot22211 18 0.53 <% 6 0.14 7 0.12 4 0.30 110
SORI111Y 46 0.53 <% 3 0.11 6 0.12 3 0.20 140
$0211121 180 0.99 8 15 0.1? é 0.10 5 0.20 190
50211122 180 1.0 8 8 0.17 4 0.09 5 0.30 150
so211211 &7 0.58 <% 7 0.14 «% 0.14 3 0.40 170
$0212111 S5 1.4 11 14 - 0.14 < 0.08 ) 0.20 270
0212211 49 1.4 10 1" T 0.12 <% 0.08 8 0.20 190
$0221111 47 0.98 9 6 0.13 5 0.10 6 0.20 130
so221211 43 1.0 10 7 0.15 4 0.11 6 0.20 130
s0221212 42 0.9 7 5 0.15 4 0.12 6 0.20 120
S0222111 &4 0.41 <% 4 0.14 ) 0.14 3 0.10 ~
$0222121 &9 9.41 <% & 0.13 <% 0.1% 2 8.10 92
so222211 98 0.86 5 5 0.13 <% 0.11 5 c.10 130
0222212 96 0.2 5 5 0.13 <4 0.11 5 0.10 120
East Yrensect
SOKTEOYY 52 1.2 9 10 0.09 16 9.09 3 0.20 180
SOKXEQ11 52 1.2 8 9 0.09 114 0.10 6 9.10 180
SOKTED12 &6 1.4 ) 13 0.10 18 0.09 7 0.20 200
SOKTEQ21 45 1.0 é 12 0.1 15 0.10 5 0.30 150
SOKTEDL! 41 0.9%4 5 8 0.11 73 0.10 5 0.30 140
SOKTEO42 78 0.99 5 8 0.12 4 0.12 5 0.20 150
SOKTEOB1 4 0.45 5 7 0.13 < 0.13 2 0.20 120
SOKTE1AY1 120 0.63 7 a 0.15 ] 0.14 4 0.20 140
SOKTE142 100 1.1 9 9 0.17 9 0.10 6 0.10 170
SOKTES2! 1460 0.8% 7 ] 0.13 8 0.10 5 0.10 150
SOKTES4Y 53 1.6 1% 1% 0.14 6 0.04 9 0.30 230
SOKTEEAZ 75 0.92 3 13 0.13 10 0.08 6 0.30 150
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Table A3,.--Listing of snalytical data for pH, esh yleld, and element concentrations {n samples of D-horfzon sails
collected mccording to barbell and transect designs (continued).

Sample 1D Wn, ppm Ha, % W, ppe Ni, ppm P, X Pb, ppm Total 8, £ Sc, ppem Sea, ppm  Sr, ppm
Norgh Trangect
SIXTN.S1 &k 0.59 <% 10 0.10 21 0.16 3 0.30 87
SOKTNO11 59 1.1 7 8 0.10 13 0.12 5 0.20 140
SOKTNO12 &3 0.87 5 [ 0.11 12 0.15 13 0.20 130
soND12 81 0.84 7 8 0.11 14 0.16 4 0.20 120
SOKTNO2Y  S4 1.2 8 3 0.10 10 0.10 [ 0.10 160
SOKTND4Y 21D 1.8 8 8 0.10 6 0.06 8 0.10 270
SOKTNG42 T4 1.1 7 3 0.09 <% 0.10 5 0.20 70
SOKTNOS1 170 0.92 6 7 0.13 H 0.11 5 0.10 140
SOKTNA1 78 0.95 6 8 0.1 <% 0.10 5 6.10 140
SOKTNIG2 ™ 0.% I3 6 0.13 5 0.1 5 .0.10 160
SOKTN32Y 20 0.65 7 13 0.12 5 0.12 3 0.20 110
SOKTHG41 30 0.52 6 12 0.1 10 0.13 3 0.20 100
SOKTNGA2 16 0.45 4 s 0.13 1 ¢.08 3 0.20 £
Soyth Transect
SOKTS011 43 1.4 8 10 0.1 2 0.1% 6 6.20 160
SOKTSO12 64 1.3 1 9 0.11 15 0.09 7 0.20 200
SOKTS021 84 1.5 9 13 0.12 1 0.09 7 0.20 200
SOKTSO41 94 1.2 9 10 0.12 8 0.1t 6 0.10 170
SOKTS042 78 1.1 7 ) 0.12 10 0.10 6 0.20 150
SOKTS081 20 0.62 6 14 0.10 5 0.19 4 0.50 100
SOKTS161 48 0.98 7 8 0.13 2% 0.09 5 0.30 170
SOKXS161 47 0.9 7 8 0.14 r4] 0.10 5 0.20 160
soxtsis2 73 0.61 5 7 0.13 1] 0.13 4 0.20 130
SOKTS321 240 1.3 ] ? 0.1? 4 0.08 7 0.20 200
SOKTSA4Y 46 0.53 “ 6 0.11 6 0.12 3 0.20 140
SOKNS641 48 0.55 5 9 0,11 ¢ 0.1 3 0.10 140
SOKTSE42 180 0.99 8 15 0.1? 6 0.10 5 0.20 190
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Table A3.--Listing of enslytical data for p, esh yield, and element concentrations in samples of O-horizon soils
collected according to berbell and transect designs (continued).

so11%11t
0111211
801912111
so112121
80112122
sol1z21t
01211114
80121121
so121211
0122111
s0122211
so2111114
soR11121
so211122
0211211
0212111
$0212211
sa221111
0221211
so221212
$02221119
saz22121
SO02221 1
80222212

SOKTEOY1
SOXXED Y
SOKTED12
SOKTE021
SOKTEG41
SOKTEGL2
SOKTEQSY
SOXTE161
SOXTE162
SOXTES2Y
SOXTESL
SOKTES42

0.3%
0.14
0.09
0.10
0.10
0.20
0.09
0.06
0.07
0.09
0.10
0.08
0.15
0.17
0,08
0.26
0.2¢
0.17
0.18
0.18
0.07
0.06
0.1
0.14

0.18

8.5

9.07

0.13

By > > W N>~
A
-

-
o

[ e

1
«
«1
<1

O WO O

-
O 4 DN V1 & NP NN~
A
=

Sarbel| Sempling Design
2
43
™
“%
43
32
140
7
30
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Table A3.--Listing of anelytical data for pH, ash yleld, and elesent concentrations in semples of 0-horizon sofls
collected according to barbell and transect designs (continued).

TEumRvesvowisLs AR swrevwmwY vevUvsssesmcmERmaunnuvy P N L L T sonmcansnmanan—nee P L LR LY P R Y X

Semple 1D ", % vV, ppom Y, ppa Yb, ppm n, pom

North Trensect
SOKTR.51 0.0 7 4 < 54
SOKTNO11 0.15 “ ? 1 It]
SOKTNO12 0.13 42 7 « 130
SOON012 0.12 3% 6 < 120
SOKTNO21 0.18 48 7 « 43
SOKTNO4 1 0.25 & 10 1 &0
SOKTNO42 0.16 46 7 < &
SOKTNOB! 0.13 I\ 7 < 8
SOKTN161 0.15 & 7 < &
SOKTN162 0.1 38 6 < &
SOKTN321 0.10 2 s « %
SOKTH641 0.09 2 : < 3
SOKTNAS2 0.08 21 3 < 18
ansect
SOKT£011 0.17 51 7 1 51
SOKTS012 0.20 55 8 1 43
SOKTE029 0.20 6 9 1 51
SOKTS041 0.15 51 [} 1 ™
SOKTS042 0.16 51 8 < "
SOKTS081 0.12 P 5 < 19
SOX15181 0.15 8 5 < 52
SOKXS 161 0.15 7 5 q 52
SOKTS162 0.10 30 ‘ 4 44
SOK18321 0.19 54 Y < 82
SOKTS841 0.08 2 4 <1 50
SONOXS44 1 0.03 1) ‘ «1 51
SOXTS442 0.15 0 ? " 88
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Table Aé.--Listing of analytical data for pH end element concentrations in semples of B-horizon soils collected
sccording to transect sampling designs.

Saxple 1D

SBXTEO11
$8KTE012
SBKTEC21
88KXE0R1
SBKTEO41
SBKTE042
SBXTEDR1
SBXTE 161
SBKTE162
SBKTES21
SBKTESA
S8KTE642

SBKTN.51
SBXTNO1Y
$SBKTND12
$8KTNO21
SBIONG21

SBKTNO42
SBKTNO81
S8KTH161
SBKTH 162
$8KTN324
$BNN321
SBKTNGA
SBKTRGAL

SBKTSO11
$8KT$012
$BKTS021
SBKTSO04 1
SBKTS042
SBXTS 141
SBKTS 1482
S8KTS321
SBKTS841

Lutitude

603949

603252
602732
601514
6015168

1512121
1512121
1512024
1512024
1511845
1511845
(EARF)
1510340
1510340
1504702
1501550
1501550

1512228
1512137
1512137
1512106
1512106
1511853
1511853
1511338
1510706
1510706
1504430
1504430
1501028
1501028

1512149
1512449
1512127
1511443
1511443
1311253
1511253
1505735
1511049
1511049

5.3
5.5
5.2
5.3
5.9
5.3
5.0
5.6
5.5
5.1
5.6
5.8

4.6
5.3
5.3
5.6
S.a
5.3
5.2
$.3
5.4
5.3
5.1
5.2
5.2
5.1

5.1
5.1
5.1
5.2
5.7
5.3
5.6
5.2
5.6

7.6
7.7
7.5
8.2
8.4
7.6
2.6
1.7
7.7
2.7
8.6
6.9
7.1
7.1

1.7
1.4
6.6
7.2
8.1
7.5
8.5
6.8
1.9
7.8

As, ppm  Ba, ppm Be,
E2st Yransect
4.3 500 1
4.3 550 1
4.6 480 «
4.1 430 <1
4.5 580 1
8.3 530 1
4.0 520 <
11 500 1
6.3 530 <1
12 530 «1
9.6 560 1
9.3 $70 1
Mocth
6.4 530 <1
4.9 500 1
4.0 500 «f
4.1 560 1
4.2 550 1
4.6 530 B3|
5.7 90 <4
8.2 520 1
12 535 1
6.4 130 <1
14 580 1
5.2 580 |
12 530 1
1 500 1
South Transect
4.8 520 1
5.3 540 «t
a3 370 «
r.7 500 «1
5.1 $30 1
10 4% 1
8.2 660 1
5.1 §70 «
8.8 %10 <1
6.2 540 3|
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2.5
2.5
2.5
2.3
2.5
1.7
2.2
1.6
1.7
1.6
1.6
1.6

2.4
2.4
2.6
2.4
2.3
2.7
2.5
2.2
1.6
0.4
t.t
2.0
1.4
1.4

2.5
2.3

-------------------

2 10
24 10
21 8
23 8
26 11
26 14
2h ]
5 18
23 8
24 14
3 1"
28 13
24 14
23 8
a2 9
30 13
30 12
el 8
3 14
2 10
27 1?
14 4
2?7 13
27 8
7 12
ol 1
24 9
24 8
2 7
FAJ 10
28 10
2 18
26 13
sl 7
re] 12
] 1"



Table A4.-~Listing of analytical data for pH and elament concentretions in samples of 8-horizon soits collected

Sample 1D

SBXTE011
$BXTE012
SBXTED24
SBKXEO21
SBKTEDS 1
$BKTED42
SBXTEC81
SBXTE161
SBKTE 162
SBKTE321
$BKTEAL 1
SBXTEA42

SBXTH.51
SBKTNO114
SBKTNO12
SBKTNO21
SBIOMNO21
SBXTNO4 Y
SBKTNO4Z
SBKTNOA1
SBXTN141
SBKTN182
SBKTN321
SB0I321
SBKTHAA
SBKTNGL2

S8XTSO11
$8KTS012
$8KTS021
SBKTS041
SBKTS042
S8KTS 141
$8KTS142
SBKTS321
SBKTS641
$BKTS642

according to transect sempling designs (continued).

Cr, ppm Cu, ppm

Ywwevasssevamanana swwwan ewmwndoasssssssANACurE v RETTY veaansae

3

w
urs

SRLSLEERBE IJILBRIVWEFNURBE BS28E

18
13
20
17
20
18

9
16
13
13
13
20

19
21
16
24
26
1%
17
17
16

é
16
12
14
14

20
14
21
19
18
15
12
12
14
14

Fe, %

3.7
3.5
3.4
3.3
3.5
4.1
2.9
4.5
3.4
4.6
3.9
3.8

4.1
3.5
3.3
3.6
3.5
3.3
4.0
3.6
4.7
2.3
4.1
2.7
[ )
4.2

3.2
3.0
2.7
3.9
3.5
4.9
4.4
2.7
4
3.4

Ga,

18
20
18
13
19
17
18
19
16
19
20
17

20
17
18
18
20
18
20
19
20
10
15
18
18
19

17
18
14
17
19
19
19
17
19
19

Hg, Ppm K X
Sast Trengect
0.10 0.8
0.08 6.92
0.12 0.80
0.14 0.7
0.08 0.97
0.12 0.90
0.10 0.5
0.12 0.78
0.10 0.83
0.08 0.7?
0.02 0.95
0.04 0.92
North Transect
0.04 0.92
0.10 0.8
0.10 0.85
0.06 0.98
0.06 0.98
0.10 0.88
0.10 0.95
0.10 0.85
0.10 0.84
0.03 0.1
0.04 0.97
0.04 0.98
.02 0.85
0.04 0.89
South Transect
0.08 0.92
0.08 0.91
.08 0.68
0.14 0.8
0.03 0.90
g.08 .74
0.12 0.70
0,04 0.97
0.02 0.74
0.04 0.92

14
14
14
17
1?7
14
16
14
15

8
16
17
16
16

15
1%
12
1%
15
%
%
1é
15
15

gt S el

24

0.92
0N
2.83
0.81
1.0

0.9
0.95
0.85
0.73
0.72
0.98
0.93

0.96
0.87
0.91
0.93
0.96
0.36
0.90
0.92
0.87
0.13
0.67
0.80
0.80
0.83

0.86
0.83
0.79
0.84
g.88
0.70
0.76
0.79
0.75
0.92

150
S40
520
520
450

530
510
470
490
570
1100
300
510
S0
820

---------------- D R R R R T T N L L T R L R L R L L L L L R P T N
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Table A4.--Listing of analytical date for pH and element concentrstions in samples of B-horizon soils collected
sccording to trensect sampling designs (continued).

Enst Trangect
SBXTEDY1 2.6 < 1" 7 0.10 ) 0.05 9 0.4 389
SBXTED12 2.1 5 12 6 0.08 9 <0.05 9 0.6 350
SBKTEO21 1.9 5 12 7 0.10 ® 0.06 9 0.6 340
SBIOEQ2} 1.9 4 12 3 0.10 8 0.06 9 0.7 320
SBKTEO4 1 2.2 s 13 7 0.08 10 <0.05 10 0.7 70
SBKTEDS2 1.7 5 1 16 0.1 10 «0.05 1" 0.7 250
SBKTEORY 2.0 <% % 6 . 0.09 <% <0.05 10 0.5 310
SBKTE161 1.6 5 12 15 0.18 10 <0.05 10 0.9 220
SBKTE162 1.7 6 13 10 0.08 10 <0.05 9 0.5 250
SBKTE321 1.7 7 12 10 0.33 10 .05 10 0.5 230
SBKTEAL) 1.9 s 15 18 0.09 1" <0.05 12 0.5 220
SBKTEGA2 1.9 6 15 20 0.06 10 <0.05 13 0.4 240

Morth Trangect
SBXTN.51 2.1 5 13 3 0.09 9 <0.05 9 0.4 380
SBKTNO11 1.9 5 9 6 0.10 9 0.06 9 0.7 330
SBKTNOY2 2.1 5 1" 6 0.10 1" 0,05 9 0.5 400
SBKTND21 2.1 6 15 9 0.08 11 <0.05 1" 0.5 390
SBIOINO21 2.2 5 15 9 0.08 1" .05 1" 0.8 380
SBKTNG4 | 2.1 3 10 6 0.09 " <0.05 9 0.4 350
SBKTHO42 2.1 5 13 5 0.16 9 <0.05 9 0.4 190
SBXTHOS1 1.9 5 " 7 0.13 10 «0.05 10 0.7 130
SBKTN16Y 1.7 4 12 17 0.20 9 <0.05 1. 0.8 230
SBXTN162 0.1 <% 5 4 0.07 6 <0.05 ‘ 0.4 52
SBrTN321 1.5 10 % 21 0.15 12 <0.05 9 0.4 130
SBXTNAL 1 1.8 6 14 18 0.07 12 0,05 11 0.3 220
SBKTHALZ 1.8 <“% 13 21 0.08 10 .05 11 0.5 200

South lrensect
SBKTSO11 2.1 <% 12 7 0.08 9 <0,05 ¢ 0.4 359
$BKTS012 2.1 ¢ 12 é 0.08 9 - «0.05 9 0.6 380
SBKTS021 1.5 <4 10 s 0.11 7 0.06 8 0.8 260
SBKTSO04 1.8 “ 12 10 0.10 10 0.06 10 0.6 290
SBXTS042 2.0 6 1% s 0.08 9 «0.05 10 0.8 330
$8K7$141 1.5 7 10 1 0.14 12 «0.05 9 0.8 230
SEKTS162 1.6 ‘ 12 10 0.11 8 «0.05 10 1.0 230
SBKTS32Y 2.1 12 13 7 0.16 () <©.05 10 0.4 310
SBION321 2.1 6 13 8 0.15 10 .05 10 0.3 310
SBKTSALY 1.7 [ % 10 0.19 9 «0.03 9 0.6 270
SBKTSE42 2.1 ¢ 13 9 0.21 8 <0.05 10 0.5 U0
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Teble A4.--Listing of snalytical date for pif and element concentratians in semples of B-horizon soils collected
according to trensect sampling designs (continued).

$BKTEO T
SBXTED12
SBKTEO24
SBrE021
SBXTEOL
SBXTED42
SXTR0A Y
SBXTE161
S8KTE162
SSXTE321t
SBXTESLY
SBKTEGAR

SBXTN. 51
(=" q 4 DIR]
SBKTRO1Z
SaXTN02Y
SRIOGI02 1

SEXTNO42
SBKTNOAY
SBKTH161

AT
SBXT8012
$3KTS021
S8XTS041
SRKTS042
SIXTE161
SRXTS162
BTSN
SBI00I321

SBXT18642

vuulsblRrRLARRS farbfbudhabtRA

Lo bbbt s

0.33
0.36
0.38
0.37
0.39
0.3
0.40
D.47
0.43

0.37
0.35
0.33
0.37
0.37
0.35
0.36
0.37
0.39
0.20
0.33
0.46
0.43

0.33
0.3
0.29
0.37
0.37
0.37
0.3
0.39
0.3%
0.37
0.33

110
150
130
130

120
110

100
100
110
110
110
140

120
150
140

100
120
110

120
120

130

11
11
1"
13
13
10
10
1
10

11
1

11
1"
10
10
12
10
11
1
12
1
12

Yb, ppm 2,
East Tracsect

? “

2 49

? 37

1 k13

2 47

2 59

1 b}

1 51

1 40

1 54

2 46

2 42
North Yransect

2 41

2 44

r] 40

2 50

2 50

2 47

2 53

1 51

1 59

<} »

1 48

R 42

2 A4
South Transect

r} &

1 48

1 3

1 50

2 45

1 48

2 43

2 V3

2 &4

1 41

2 56
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Table AS.--Listing of snalytical dats for pH and element concentrations {n samples of C-horizon soils collected

according to barbell and transect sampling designs.

sci11111
scit112t1
sc112114
sc112112
sc112121
$C112211
$C112212
sc12t111
sC121121
sc121219
sC122119
£c122211
§C122212
sc21113%1
sc2i1121
gc211211
£c212411
sc21221\
scA1R12
221111
8C221211
BL222111
$c222124
8C222211

SCKTEOTY
SCXTEO12
SCXTEO21
SCKTEOL1
ECKTEQL2
SCKTEQS1
SCXTE161
SCKTEY62
SCKTE3ZY
SCXTESL)
SCIOLE6L 1

Latitude

604528

604359
604359
604359

4604354

604257
04257
604257
601515
601516
601507
601720
601700
601459
595916
595907
S95934

595917

1500424
1500426
1500458
1500849
1500848
1500848
1511049
1511049
1511154
1511459
1511420
1511420
1512235
1512720
1512206
1512206
1512312

1512121
1512121
1512024
1511843
1511845
1511220
1510340
1510340
1504702
1501350
1501350
1501550

5.9
5.7
3.3
3.7
5.5
5.3
3.5
3.5
$.4
5.5
5.2
5.5
5.6
5.5
5.5
5.7
5.6
5.4
5.5
5.3
5.8
5.4
5.4
5.5

5.8
6.2
5.8
6.0
5.6
5.8
5.6
3.7
5.8

5.8

AL, %
Barbel| $applim Degfgn
8.9 9.9 650
7.0 n 620
8.9 1 500
7.7 10 &0
1.3 10 650
6.8 10 620
7.0 9.4 410
6.8 10 570
6.5 9.1 620
6.9 9.9 530
6.9 12 570
7.4 19 590
7.1 11 570
7.5 71 550
7.3 5.5 510
7.6 6.8 530
7.3 7.2 550
7.3 5.0 530
7.5 4.8 520
7.6 3.3 580
7.9 4.9 520
7.3 4.0 570
7.3 2.2 530
7.2 4.3 500
Esst Tragect
8.0 1.7 520
8.2 8.4 570
8.5 7.4 500
8.4 6.2 580
7.8 6.6 570
8.2 8.3 570
7.7 1 590
3.0 8.2 600
7.2 9.1 610
7.4 12 570
7.0 12 570
7.2 9.5 610

80

As, pm  Be, ppm  Be, ppm

A A A A A A
A A ah mk D oA e A P e

s B D ol i ol ol B D D uh oA

- eh wd b b = = b ad —A —d ap =l ak

ca, X

1.4
1.5
1.4
1.5
1.4
1.5
1.5
1.4
1.0
1.3
1.4
1.4
t.4
2.0
2.9
2.1
1.8
2.2
2.3
2.4
2.1
2.1
2.3
1.8

2.0
1.8
1.9
2.1
1.9
1.8
1.8
1.8
1.3
1.2
1.1



Table AS.--Listing of enalytical data for pH and element concentrations in samples of C-horizon soils colliected

according to barbell and trarnsect sampling designs (continued).

----------------------------------------------------------------------------------------------------------------------

SCXTN.51
SCOM . 51
SCKINOTY
SCIOMN011
SCXTND12
8CXTNO21
SCI0M021
SCXTNG4 1
SCKTHOL2
SCKTNOBY
SCKTK16%
SCKTN 162
$CKTN321
SCKTRG4 1
SCXTH642

SCKTS011
SCXTS012
SCXTS021
SCXTS041
SCKTS042
SCKT5081
$CKTS161
SCTT8162

SCKTS64 1

1512228
1512228
1512187
1512137
1512137
1512106
1512106
1511853
1511853
1511338
1510706
1510706
1504430
1501028
1501028

1512149
1512149
1512024
1511943
1511943
1531949
1511253
1511253
1505735
1511049
1511049

5.2
5.1
5.9
6.0
3.8
5.1
5.4
6.0
5.7
5.8
6.0
5.9
5.8
5.6
6.0

6.6
7.1
7.6

E3EEE8EEEEEEE

(V]
o

5

South Trangect

6.3

SZHEESEE

----------------------------------------------------------------------------------------------------------------------
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Table AS5.--Liating of analytical dets for pi and element corcentrations in samples of C-horizen soils collected
according to barbell and transect sampling designs (continued).

8C11111Y
sci11211
sci12111
$C112112
sc112121
sCi1221s
sti12292
sci2111
sC121121
$c121211
sci122119
sc122z211
SC122212
sC211111
$C1112Y
sc211211
sQ12111
$C212214
$C212212
sc21111
8C221211
$C222111
sce2121
222211

SCKTEO
SCKTEOG12
SCKTE021
SCKTEO4L 1
SCXTEDL2
SCXTEOS
SCXTE161
SL(TE162
SCXTES2Y
SCKTESL T
SCIOES4 1
SCKTEG42

g¥zUUNCERrREIJITEIT RGNS R

| -

»
-

SELLEITBEERY

-3.8
1.6
3.6
3.5
35
3.6
3.7
4.2
3.a
3.5
3.5
3.2
3.6
3.6
3.3
3.6
3.1
3.5
3.2
2.8
3.3

4.9
4.1
4.2
3.8
3.9
4.2
4.1
3.8
3.8
4.0
4.1

P Ng, ppm K, X
Barbe{| Sempling Pesign
0.04 1.0
0.04 0.95
0.04 0.95
0.64 1.0
0.04 1.9
0.04 1.0
.02 1.0
0.04 0.86
0.04 1.1
0.04 0.86
0,02 0.87
0.02 0.96
0.04 0.9
0.02 0.91
0.02 0.98
0.02 0.86
.02 0.87
0.02 0.28
0.04 0.9
0.04 1.0
0.08 0.87
1.1
0.04 0.97
0.06 0.89
feot Trengeet
.08 0.9
0.0 0.91
0.10 0.85
0.08 0.98
0.06 0.98
0.04 0.97
0.04 0.93
0.06 0.95
0.04 0.97
0.04 0.95
.02 0.92
<0.02 1.0

82

15
13

20
17
18
17
18
15
15
16
\I4
16
14
17

18
19

18
18
17

1.1

0.84
0.86
6.97
0.92
0.93
0.9%
0.99
1.0

0.98
1.0

g.88
0.83

0.92

0.53
0.88

S50
5%0
55¢

Jd%EE

490

1000

£28

gre
740
1100

Bagzg

690



Table AS.--Listing of analytical dets for pH and element concentrations In samples of C-horizon gsoils collacted
according to barbel{l and transact sampling designe (continued).

Sample 1D Cr, ppa Cu, ppm Fe, X Ga, pm NG, ppm K, £ La, ppm LY, ppm Mg, X Hn, pem
North Trangect
=) R} A8 21 3.6 16 0,06 1.0 15 21 1.0 710
SCKXN .31 (14 2% 3.4 16 0.04 1.0 13 21 1.0 700
SOTHO11 &4 r14 4.0 1® . 0.06 0.87 18 26 0,80 600
SOOXNO 43 27 4.1 20 0.04 0.88 17 26 0.86 €30
SCXTNO12 33 29 3.9 20 0.06 0.93 17 rd 0.83 410
SCKTN021 27 15 3.3 18 0.08 0.80 1% 15 60.77 510
SCO0I021 2 14 3.3 19 0.18 0.80 13 16 0.85 520
SCKTRO4 43 - 4.1 19 0.10 0.86 17 26 0.% 780
SCKTNO42 44 22 4.0 19 0.08 0.93 16 27 0.54 1100
SCXTNOBT n ) 4.5 17 0.06 0.9 19 n © 0.9 1000
SCXTH161 74 28 4.5 17 8.06 0.92 19 37 0.98 730
SCXTN162 a1 27 4.5 19 0.02 0.97 19 32 0.95 800
sCxTu321 ¢4 19 2.9 13 0.04 1.3 18 32 0.80 430
SCKTHGA 78 19 4.3 16 " 0.02 0.88 1 3 0.93 590
SCXTUGA2 & 4.4 18 0.04 0.87 19 36 0.98 560
south Trensect
SCXTS011 33 3 3.7 18 0.06 0.58 18 2% 0.98 650
$CXT8012 49 2 3.7 19 0.06 0.9¢ 18 25 0.93 750
SCXTS021 =] 23 2.2 12 0.06 0.4 12 14 0.65 610
SCKT$041 43 24 3.8 18 0.08 0.50 18 24 0.86 8%0
SCKTS042 52 s 3.9 17 0.08 0.86 18 a4 0.92 640
SC(TS081 14 1.2 13 0.D4 0.64 10 11 0.68 360
sCXTS161 I} 29 1.8 14 0.04 0.59 18 30 1.0 930
SCTT1S162 48 3.7 17 0.06 0.79 19 28 0.85 670
SCXTE321 & 16 3.4 13 0.02 0.9t 17 21 0.91 &30
SCKTS641 52 19 3.8 17 0.02 0.89 16 r~ 1.1 710
SCXTE642 14 18 3.4 18 0.02 1.0 1% 27 1.0 80
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Tabte AS.--Listing of analytical deta for pi and element concentrations in samples of C-herizon soils collected
sccording to barbell and trensect sampling desfons (continued).

sc111111
sc11121
sci12111
$c112112
sC112121
8C112211
sc112212
§C121114
$C121121
sc121211
sc122111
sg12221%
5C122212
sc211111
sc211121
sc211211
sc2121t1
sc212211
§C212212
8C2211114
s§C221211
sc22111
sc222121
$C222211

SCXTEON
SCXTE012
SCKTEO21
SCKTEOM
SCKTEQ42
SCKTEO81
SCXTE169
SCXTE142
SCXTE32Y

2.0

1.8

= q
- O O - 0 0 9O

N NN -
a a2 a » » a
O NO O OO

2.2

miAlworvvwovuunboarluovuwmiaBAuwe

-
~

O OR> WDV

0.04 11
0.07 11
0.07 9
0.08 1
0.0é 1
0.68 1"
0.05 9
0.05 12
0.08 8
.10 9
0.05 12
0.04 11
0.05 i
0.14 8
0.13 8
0.10 8
0.07 9
0.07 9
0.07 14
0.11 9
0.13 8
0.11 10
0.10 8
0.1 ®
Eost Transect
0.%0 1"
0.08 10
0.10 9
0.09 12
0.09 1"
0.07 13
0.09 10
0.0? 1"
0.07 o
0.04 8
0.06 . 12
0.06 8

84

.05
«0.05
T .05
<0,05
«0.05
.05
.05
.05
.05
@,05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
Q.05
«0.0%
<0.05
.05
<0.05
.05

.05
.05
.05
49.05
<0.05
<0.05
.05
<0.05
<0.05
©.05
€D.05

12
12
12
13
12
1
12
11
n
1
12
13
13
10
10
12
12
10
H
10
1"
10

11

0.4
0.6
0.5
0.5
0.4
0.5
0.5
0.6
0.4
0.5
0.4
0.4
0.4
0.5
0.4
0.5
0.4
0.5
0.5
0.3
0.5
0.3
0.3
0.5

0.8
0.8
1.1
0.6
0.7
0.7
0.7

........

240
210

220
210
210
220
210
220

B2EEyEER



Yable AS.--Listing of analytical data for pH and element concentrations in samples of C-horixon soils collected
sccording to berbell snd transect sampling desipns (continued).

SCXT48011
SCKXT1$012
sCxTS021
SCXTSO4 1
SCXTS042
SCK15081
SCXT8169
scrrs182
SCXTS321
SCATSH4Y
5CKT8642

1.8
2.0
2.0
2.0
1.8
1.9
1.7
1.6
1.8
1.8
1.8
1.8

2.2
2,0
1.4
1.9
1.8
1.3
1.8

mu‘-ﬂ&Ohgg\aﬂulonbu

corsrcblouvituan

Nt, ppm P, % Pb, ppm
North Trangect
.07 13
0.07 12
0.07 10
0.07 10
0.09 10
0.09 10
0.09 7
0.08 7
0.13 10 .
0.13 11
0.09 12
0.06 13
0.13 11
0.18 9
0.05 12
South Jransectg
0.08 11
.08 10
0.09 ]
0.09 10
0.08 10
0.07 5
0.07 10
0.07 9
0.10 9
0.13 9
0.11 9

85

<4,05
«0.05
<0.05
<¢.05
<0.05

.05
<0.05
<0.05
0,05
D,05
<0.05
«<0,05
<0.05
<0,05
«0.05

<0,05
<0,05
Q.05
<0.05
0,05

0.12
«<0.05

11
1"
13

13

1

13
12
13
14
14

14
14

sr, pom
0.7 330
0.5 130
0.9 230
1 230
0.9 130
0.4 3
0.8 370
1.2 260
0.8 290
0.7 220
0.9 190
8.6 20
0.3 190
0.4 200
0.5 200
0.8 400
0.8 310
0.6 220
0.9 280
0.8 230
0.3 250
0.6 240
0.9 240
0.5 280
0.5 280
0.4 350



Yehle A5.--Listing of analytical data for pH end element concentrations i{n samples of C-horizon sofls collected
acrording to bartell and transect sempling designs (continued).

Barbell Sompling Desfon
SC1T11 <4 0.42 120 12 2 58
sc111211 4 0.41 120 13 2 58
$C112111 S 0.40 120 13 2 62
sc112112 5 0.44 130 % 2 100
$C112121 5 0.40 120 11 2 &5
sc112211 4 0.41 120 1 2 49
$C112212 < 0.40 120 1 2 46
se121111 s 0.43 130 1 2 56
sc121121 < 0.34 110 11 1 &3
sc121211 5. 0.42 130 10 1 48
sC122111 5 0.46 140 12 2 134
$£122211 5 0.4 120 14 2 62
€c122212 4 0.40 120 13 2 57
$c211111 “% 0.37 110 1" 2 48
$c211121 4 0.37 ¢8 12 2 60
sc211211 <% 0.37 110 13 2 51
5212111 <% 0.39 10 13 2 56
sc212211 <« 0.36 110 12 2 50
212212 <% 0.37 110 12 2 50
SC22111 <% 0.37 88 13 2 so
£C221211 <~ 0.37 100 14 2 535
sc222111 <% 0.37 100 12 2 (4]
sgzz2129 273 0.33 8 n" 2 52
88222211 <% 0.36 100 13 2 59
Easg YTrongect
$CXTEO N 5 0.60 130 13 2 60
SCXTE012 5 0.43 138 1S 2 68
SCKTEO21 5 0.41 140 15 2 54
SCXTEOLY 4 0.39 120 13 2 45
SCKTED42 <% 0.43 130 1% 2 53
SCKXTEOBY <% 0.45 140 13 2 &9
SCXTE161 6 0.43 130 13 2 s
SCXTE162 5 0.42 120 14 2 &
SCATER2Y I 0.42 120 13 2 70
SCKTEGH 1 5 0.45 140 1 2 &6
SCOXE64 1 273 0.45 140 1 2 &7
SCKTE642 s 6.44 130 12 2 55



Tebla AS.--Listing of analytical dats for pH and element concentrations In samples of C-horizon soils collected
according to berbell and transect sampling designs (continued).

North Transect
SCKTN. 51 <4 0.32 110 12 2 &6
ST 54 <4 0.37 10 12 2 73
SCKTND11 3 0.42 130 15 2 I\
STIONOT 1 4 0.42 130 15 2 45
SCKTNO12 <% 0.40 120 13 2 “
SCKTNO21 <% 6.32 ® 10 1 41
SCXXNO21 <“% 0.32 ) 10 1 73
SCXTNO41 5 0.39 130 1% 2 s7
SCXTNOA2 1 D.41 130 12 2 83
SCXTNGS1 5 0.43 140 3 2 88
SCKTN161 6 0.42 130 12 2 n
SCXTH162 6 0.44 140 13 2 85
scxTH321 5 0.2 [ 9 1 51
SCKTNG41 5 0.44 130 13 2 53
SCKTHAL2 5 0.43 130 % 2 55
South Transect
SCXTS011 <% 0.38 110 15 2 51
SCXT5092 4 0.40 1220 % 2 T2
SCKTS021 <% 0.26 & 9 | 3%
SCXTS04 1 <4 0.39 120 14 2 &3
SCKT5042 5 0.39 120 13 2 59
SCKTS081 <% 0.22 51 8 1 27
SCXT$141 < 0.39 120 13 2 65
SCTTS162 <% 0.32 120 13 2 55
scxg321 <% 0.40 110 14 2 '
SCXTS641 <% 0.40 120 11 2 56
SCKTS642 3 0.38 100 12 2 80
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Table AS.--Listing for snalytical dats for ash content and slement concentrations {n agh of eiderberry samples
collected in and near the Kensi Mational Wildlife Refuge.

[Total 5, As, Mg, snd Se determined on the dry plent materisl; ELDER1 corresponds with site KTN.5, near the
industrial complex; ELDER2 corresponds with site KTK32, 52km east of the inchmtrial complex)

Sanple 1D Latitude Long!tude Total, 8X Ash, ¥ AL, % ca, % Fe, % K, X Mg, X No, X
ELDER12 604053 1512228 0.48 10.6 0.22 4.40 0.26 23, 2.8 3.3
ELDER2b 804406 1504430 0.28 3.8 8.06 .50 0.09 18. 2.7 1.8

L TH,X Mo, pm Sa,pm Cd,ppm Co, ppa Co, pm Cr, ppm Cu, prm  Oa, ppe
ELDER1A 3.8 0.01 6800 210 <% <@ 2 7 32 <
ELDERZD 3.0 <«0.09 740 410 <4 g L-4 5 39 .}

La, ppm Li, ppa Mo, ppm Nd, ppm N, ppm Pb, ppm gc, ppm Sr, ppm Th, ppm vV ppm

ELDERT 5 1 <% <3 4 -] <4 250 <a <4
ELDER2 5 “% 13 10 <% < <4 430 <8 <4

ELBER1 < <% < 340 <0.05 0.07 <0,05
ELDER2 <3 <4 < 400 .05 0.06 <0.05
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Table A7.--Listing for analytical data for ash content and elemsnt toncentrations in ash for the »ge study
of white spruce takan nesar the Xena{ {ndustrial area.

[Total S, As, Kg, end 3¢ determinad on the dry plant material; KTN.33-5 1s a semple of 3-to-5 year-old twigs;
KTN.51-2 {9 @ semple of 1-t0-2 year-old twigs from the same tree near the industrial complex; The remaining
three samples are from 1-20-2 year-old twigs of from three ssparate trees near the industrisl camplex)

Sample 1D (ati{tude Longitude Total §, X Ash, X AL, X% ca, X Fe, X K, X ng, X
XTK.53-% AD4LOSY 1512228 0.06 1.99 1.4 11 0.67 16 1.4
KTN.51-2 604053 1512228 0.08 2.21 0.37 7.8 0.23 25 1.9
PKTN.51 604053 1512228 0.11 2.02 0.93 10 0.54 20 2.9
PKTN.52 604058 1512228 0.09 2.3 1.2 1 0.69 18 2.8

PKTR.53 604053 1512228 0.08 1.92 1.9 9.2 0.61 18 2.7

Na, % P, % Ti, % Mo, pem Ba, ppm Cd, ppm Ce, ppm  Co, ppm Cr, ppm Cu, ppm

A N ] ARm—am P T N L L L T L L T R N L L L L L L L “r—o—moevan

XTK,.33-5 0.43 4.8 0.04 21000 200 % <8 ] 36 120
KTN.51-2 0.18 6.3 g.o1 17000 390 <“4 < é 13 120
PICTN . 51 1.5 8.6 g.02 24000 21e <4 <4 6 28 130
PKTN.52 1.3 5.0 0.0 27000 380 < 1" 7 £ 82
PKTN.33 1.t 6.3 0.3 27000 480 <A 7 31 110

Ga, ppm La, pm Li, pom No, ppm dd, pm #{, ppm Pb, ppm Sc, pem Sr, ppm

U ®fesescvrsssrrrruvanrmuuan——an=== PSSP Amcesccnnnca P L N L Lk T T T R D A

KTX.53-5 10 7 7 <% 9 44 20 <4 590
KTN.S1-2 < 5 <% <% 3t <8 <% 340
PETN, 51 1 7 $ «“% - k 20 <4 550
KTN.52 7 é <% 11 40 32 <% 510
PXTN.53 <3 7 4 <4 < 50 18 <4 380

KTK.53-5 10 16 -] <h <@ 1400 <0.05 0.03 <0.05
KTN.51-2 <4 < <3 <4 < 1200 <0.05 0.01 <0.05
PKTN.51 11 15 2 <4 ? 950 <0.05 0.02 «0.05
PXTN.52 15 18 -] <4 L4 710 <0.0% 6.02 .05
PKTN.53 < 3 a3 < ? 900 <0.05 0.04 <0.05
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Table A8.--Extraction anion data on selected
soil samples.

(A1l determinations done by ion chromatography
on & 1:5 (sample:water) extraction of soil, and
reportad as ppmn in the extracting solution,]

SAMPLE 1D Chloride Sulfate Nitrate
SCKTEO11 1 1 <0.5
SCKTEO21 2 1 <0.5
SCKTEO41 1 h <0.5
SCKTEO81 2 3 <0.5
SCKTE161 1 2 <0.5
SCXTE32% i 1 <0.5
SCKTN. 51 2 <1 4.0 -
SCKTN161 1 <1 <0.5
SCKTS011 2 1 <0.5
SCKTS021 2 2 0.6
SCRTS041 1 1 <0.5
SCKTS081 4 4 5.0
SCKTS161 1 1 <0.5
SCKTIS321 1 1 <0.5
SCKTS641 1 <1 <0.5
SOKTEO11 14 13 <0.5
SOKTEO021 23 35 <0.5
SOKTEO41 28 25 <0.5
SOKTEO81 24 30 <0.5
SOKTE161 30 35 2.0
SOKTE321 47 28 <0.5
SOKTN. 51 15 23 55
SOKTIN161 20 24 <0.5
SOKTSO011 15 17 1.0
SOKTS021 11 14 1.0
SOKTS041 70 43 1.0
SOKTS081 10 14 6.0
SOKTS161 13 9 <0.5
SOKTS321 12 18 <0.5
SOKTS6&41 18 33 <0.5
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