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PERSPECTIVE

Gordon D. Nifong, Ph.D.

Florida Institute of Phosphate Research

It has long been known that elevated levels of uranium occur
naturally associated with the sedimentary phosphate deposits
found in central Florida. Mainly because of its low solubility,
uranium is not generally considered to be a major environmental
hazard, but many of the members within the uranium decay series
are more of a cause for concern. These would include radium-226,
a radioactive element chemically similar to calcium; radon-222, a
gas that is chemically inert but radioactive; several "short-
lived" daughter products of radon; and finally two longer-lived
decay products--lead-210 and polonium-210. All of the above are
naturally occurring radioactive materials that are ubiquitous in
the environment but tend to be elevated in phosphate-related
materials. In general, lands containing waste clays or sand-
phosphate "debris" tend to have the highest levels of radiation,
followed by lands reclaimed generally with overburden and sand,
next followed by mineralized unmined lands, and finally non-
mineralized lands.

Since its inception, the Florida Institute of Phosphate Research
has been interested in the environmental aspects of the phosphate
industry. It is believed that all phases of ore mining, minerals
processing, and land reclamation can be accomplished in an
environmentally acceptable manner. Because of the array of
radionuclides found in phosphate ores, much of that concern for
the environment has been focused on the issue of radiation. Well
over a dozen projects have been conducted or sponsored that
directly address the topic of radiation, and numerous other
projects have had radiological components as secondary issues.
Strong interest exists not only in characterizing natural
radionuclides as to their nature,, extent, and magnitude, but also
in determining their effects on the population that lives and
works in the phosphate region. The Institute has addressed both
concerns.

Because inhalation of radon daughters likely accounts for half or
more of human exposure to natural radiation, considerable effort
has gone into this area. In 1987 the Institute completed a
state-wide study of levels of indoor radon in Florida. Conducted
by Geomet Technologies, the study confirmed that while radon was
related to the prevalence of phosphate in the ground, levels were
generally lower than those found in most other parts of the
country. Also, it was determined that radon was not a problem
solely on reclaimed lands; homes with elevated radon were found
from north Florida to southeast Florida. Other work at about the
same time, done by American Atcon Corporation, demonstrated that
with little extra effort homes could be built so as to prevent
the entry of most radon from the soil into the structure, even if
the land were elevated in soil radium content.
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Assessing the quality of water has been a goal of several
Institute-sponsored studies. In 1981 the Institute sponsored a
study by the state Department of Health and Rehabilitative
Services to study radiochemical contamination in shallow drinking
water wells in the phosphate region. Later this study was
expanded to be state-wide in scope. Further water quality
studies, done mainly at the University of South Florida and at
Florida State University, have looked in detail at the
radiological components of groundwater. An important finding has
been that much radiation in many well waters in central Florida
is due to polonium-210, a finding that helps explain the
discrepancy that exists in many waters of high alpha radiation
levels but low radium-226 levels.

In order to ensure that its radiation research program is
comprehensive, the Institute has devoted much attention to the
human food chain. In 1986 a study was completed by Post,
Buckley, Schuh & Jernigan entitled "Radioactivity in Foods Grown
on Florida Phosphate Lands." Its purpose was to characterize and
quantify levels of radionuclides in foods grown on these lands,
and to project radiation doses to consumers of these foods.
Results found were that radionuclide content of some foods,
especially leafy vegetables, were higher if the crop had been
grown on reclaimed land versus control or non-mineralized land,
but that total quantities of radionuclides were small even under
worst case conditions. A typical individual eating foods grown
on reclaimed lands would experience at most an increase of a few
percent in his total yearly radiation dose from all environmental
sources combined, and also total increased intake of
radionuclides from these foods would still be only a few percent
of the limits suggested by several scientific and regulatory
authorities. One anomaly found in this earlier study was that
radioactivity in foods did not always correlate with
radioactivity in the soils on which the foods were grown. Foods
grown on clays produced by phosphate beneficiation had lower
levels of radionuclides than did similar foods grown on "debris"
lands, even though soil radionuclides were higher in clays than
in "debris." Part of the purpose of this current study was to
investigate this discrepancy.

From a more general standpoint, however, as phosphate mining
moves south within central Florida, reclaimed mined land becomes
increasingly available. Agricultural production, either for
forage or food production, undoubtedly will become a significant
use for reclaimed land. Invariably the question arises as to the
radionuclide content of crops grown on such lands, not only in
foods grown for direct human consumption, but even in beef when
cattle have grazed on forage from these lands. Work is currently
in progress by Bromwell and Carrier, Inc., investigating
vegetable production on sand/clay mixtures in the phosphate
region. An even larger study, entitled "Polk County Mined Lands
Agricultural Demonstration Project," and conducted by a
consortium of interests under county direction, is now
investigating the potential for agriculture on reclaimed clay
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settling areas. The growing of vegetables, grains, forage, and
even ornamentals is under study in this multi-year project.
Cattle are included as one component of this work. In both these
latter studies, while the prime goal is to determine the
feasibility of crop production on the restored land,
environmental safety as to radiation is the major adjunct issue.

Another important consideration of the radiological safety of
agricultural products is related to the use of phosphogypsum as
an agricultural amendment. Phosphogypsum is an excellent source
of calcium and sulfur to the soil, but the material contains a
level of radium-226 some 20 to 30 times the value of most soils.
Studies of this aspect of radionuclide uptake by crops have been
done at several universities, the most recent being a current
study underway in central Florida and conducted by the University
of Florida. Early work has shown that radionuclide uptake by
foods grown on lands to which phosphogypsum has been added is
minimal, well within established dietary tolerances.

A central theme that runs through all the studies mentioned above
is an evaluation of human exposure to radiation dose as
contributed by some phase of the natural environment. As far as
that dose contributed by foods ingestion is concerned, it seems
not to be very cost-effective to re-study radiation every time
some new crop is planted on some type of reclaimed land. This
current study by Post, Buckley, Schuh & Jernigan represents an
attempt to delve more deeply into the mechanisms of radionuclide
uptake by crops and use the findings to better assess the
contribution of foods to total radiation dose. It complements
their earlier study of 1986 by adding significantly to the total
database. It is now known that while radium content of soil is
important in determining uptake by crops, the greatest variable
is the nature of the crop itself. Moreover, a number of other
soil parameters affect uptake,
capacity.

notably pH and cation exchange
Perhaps even more important, this work further

confirms the belief that ingestion of foods grown on reclaimed
lands contributes only a small fraction of total human radiation
dose. It is only with the type of information contained in this
report that the public can make an informed decision on the
impact of radionuclides in foods as compared to other
radiological impacts common to our society. This work is most
consistent with the societal goal of
to "as low as reasonably achievable."

keeping radiation exposures
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SUMMARY

Post, Buckley, Schuh & Jernigan, Inc. (PBS&J) was retained by the
Florida Institute of Phosphate Research to study the radioactivity in
foods grown on mined phosphate lands in the central Florida phosphate
district. This study was a follow-up to a previous study of
radioactivity in foods in which over one hundred food samples were
collected from sixty two land parcels. While the initial study surveyed
radioactivity in foods on a variety of land types including unmined lands
and mined lands, this current study concentrated on lands which were
reclaimed after phosphate mining. Since lands reclaimed from clay
settling areas will constitute the majority of lands to be reclaimed,
this current study concentrated mostly on foods grown on reclaimed clay
lands.

Approximately seventy individual food samples were collected from
five land parcels in the central Florida phosphate district and subjected
to radioassay for radium-226, lead-210 and polonium-210. Corresponding
soil samples were collected and analyzed for these radionuclides and also
for a variety of soil chemistry parameters, The results of the
radioactivity and soil chemistry analyses of these samples were
integrated into the data base which had been created from the initial
study and a variety of statistical analyses were conducted on this
integrated data set. The results of these analyses indicated, as in the
initial study, that concentrations of radium-226 and lead-210 observed in
foods grown on mined phosphate lands were statistically higher than
concentrations of these radionuclides exhibited in foods grown on unmined
phosphate lands. Concentrations of polonium-210 observed in these foods
were found to be extremely low; in fact, a substantial number of the
measurements for polonium-210 were below the limit of detection of the
analytical methodology.

Although the radioactivity concentrations measured in foods grown on
mined phosphate lands were found to be statistically higher than in foods
grown on other lands, the radiation dose to the consumers of these foods
was found to be only a small fraction of the dose received by an average
individual from other environmental sources of radioactivity. The study
evaluated the dose to a hypothetical person who obtains all of the foods
sampled in this study from reclaimed clay lands and the remainder of his
diet from the general food pool. This person is estimated to receive
19.1 mrem per year in committed effective dose equivalent from the
ingestion of the radionuclides reported in this study, This is only 2.7
mrem per year more than the estimated radiation dose to a similar
individual who obtains all of his foods from lands unaffected by
phosphate deposits or phosphate mining. Both of these dose levels are
quite low and are not considered to be a health hazard.



INTRODUCTION

In 1986, a research team headed by Post, Buckley, Schuh & Jernigan,
Inc. (PBS&J) under the sponsorship of the Florida Institute of Phosphate
Research (FIPR) completed a study entitled "Radioactivity in Foods Grown
on Florida Phosphate Lands." In this study, radioactivity concentrations
measured in foods grown on mined phosphate lands were found to be higher
than radioactivity concentrations measured in similar foods grown on
unmined lands (Guidry, et. al., 1986). The radiation doses from these
enhanced radioactivity levels were, however, estimated to be small.  In
this study, it was observed that on one of the land types studied, debris
land, radioactivity concentrations were measured which suggest substantial
uptake of radioactivity in foods. (Debris lands are those upon which the
-14 mesh phosphate ore fraction has been disposed.) This study is a
follow-up to the previous study of radioactivity in foods.

The single highest radium-226 concentration measured in the initial
study was for spinach sampled on a parcel of debris land. Other food
samples collected from this debris parcel also exhibited relatively high
concentrations of radium-226 and other radionuclides. The foods from this
parcel appeared to concentrate radioactivity significantly more than foods
grown on the clay settling area sampled, despite the significantly higher
soil radioactivity observed on the clay settling area. This suggests the
possibility that other factors not measured in the debris land soil could
contribute to the uptake observed.

The initial study also found no significant difference between foods
grown on the clay settling area sampled and other mined parcels, despite
the substantial difference in soil radium concentrations between these
land types. Other studies of plant uptake on clay settling areas
(Roessler, et. al., 1986) also indicate that radium uptake is not in
proportion to the elevated soil radium on these lands. Since clay
settling areas will account for substantial acreages in future reclaimed
lands, and since sand-clay mixes are gaining acceptance as a reclamation
technique, radioactivity uptake mechanisms on these lands is a source of
public concern.

The observations noted suggest that relatively smaller quantities of
radium are taken up from these higher radioactivity clays, even though
more radium is present in the soil. The chemistry of the clays may, in
fact, inhibit plant uptake. If this hypothesis can be substantiated, and
if the same effect can be demonstrated for other radionuclides, the
potential for agricultural use of these lands would be substantially
enhanced.

It should be noted that few debris parcels exist, and no new debris
lands are going to be created. The purpose of this study is not to study
foods grown on debris lands per se, but to study the mechanisms by which
radioactivity is taken up into the foods being grown on all lands. The
debris lands and the clay settling areas are of particular interest in
this current study, since: (1) both of these land types contain elevated

2



radioactivity concentrations; (2) the foods to be collected on these lands
are likely to contain more detectable levels of natural radioactivity than
foods grown on low radioactivity soils; and (3) the higher concentrations
that are expected will allow for more meaningful and more powerful
statistical analyses of the data.

The initial study concentrated on evaluating radium-226 and isotopes
of uranium and thorium as potential radiation dose contributors. To a
lesser extent, lead-210 and polonium-210 were also studied. The study
confirmed that radium-226 contributes a substantial fraction of the
radiation dose received via consumption of the foods studied. This is
consistent with previous findings from other studies. It was further
determined that the uranium and thorium isotopes also contributed, but to
a lesser degree.

While the lead and polonium results in the initial study were
inconclusive, the limited data and the literature (Eisenbud, 1973; Hill,
1962; Napier, 1980; Pennington, 1983; UNSCEAR, 1977) suggest that these
radionuclides can contribute substantially to the radiation dose from food
consumption. Therefore, this study includes lead and polonium analyses.

The current study was conducted as a follow-up to augment the initial
study's data and analysis. Since the radiation dose estimated from the
consumption of foods grown on the lands evaluated in the initial study was
low, this study did not duplicate any of the evaluations conducted in the
first study. This second study did, however, use the same sampling,
analysis, and evaluation methodologies, so that the data generated and the
evaluations conducted could be integrated with the initial study, thereby
producing a more sound basis for the conclusions reached.

OBJECTIVES

The objectives of the current study were to:

1. Identify debris parcels and reclaimed clay
settling areas in the central Florida phosphate
district on which goods were being grown, or on
which food crops could be planted.

2. Obtain foods from these lands and submit them for
radioassay for radium-226, lead-210, and polonium-
210.

3. Evaluate the food:soil radioactivity ratios and
the relationship of some soil chemical properties
to these ratios.

4. Evaluate the radionuclide uptake by plants grown
on phosphatic clays as it relates to soil
concentrations.
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5. Estimate the radiation dose to the affected
population from the consumption of these foods.

6. Integrate these data with the data base developed
in the initial study and determine the effect (if
any) on the conclusions reached by the initial
study.

DISCUSSION

Foods targeted for the current study included leafy vegetables, root
crops, and legumes (peas and beans), since these foods exhibited the
highest concentrations in the initial study. Of particular interest are
the leafy vegetables, since these foods have been shown to be key
indicators of radioactivity uptake.

The selection of radionuclides is based on the findings of the
initial study. Radium-226 was shown to be a key contributor to the
radiation dose, both from the concentrations measured and the dose
conversion factors for radium-226. The uranium and thorium isotopes were
found to contribute substantially less to the overall dose and, therefore,
are not included here, Lead-210 and polonium-210 were considered in the
initial study; but the cost for these analyses prohibited analysis of all
samples. Some samples were assayed, but without definitive conclusions.
These two radionuclides have been added to the current study.

In addition to the foods targeted for study, soil samples were
collected from each of the sampled parcels and analyzed for the
radionuclides discussed above, as well as for pH, cation exchange capacity
and several other soil chemistry parameters. These additional parameters
are reported to be factors in radioactivity uptake (Kangas, 1979).
Samples of irrigation water, fertilizer, soil amendments, and other
potential contributors to soil radioactivity were also sampled, assayed,
and integrated into the study's data base. In addition, selected soil
samples from the initial study were assayed for cation-exchange capacity
and lead-210, since these samples were available without sampling cost.

At the time of this study, two other studies which relate to food
production on phosphate lands were being conducted:

0 Polk County Mined Land Agricultural Research
Project

0 Vegetable Production Potential of Selected
Mixtures of Waste Phosphatic Clay and Tailings
Sand.

Many of the samples which were collected for this study were obtained
from those two on-going FIPR-sponsored projects, and the authors wish to
acknowledge their cooperation.
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LITERATURE REVIEW

Prior to commencement of the initial study of radioactivity in foods
in 1983, most of the studies which addressed human exposure to phosphate-
related radioactivity focused on exposures to industry personnel and to
people residing in homes built on reclaimed phosphate lands (Bolch, et.
al., 1977; Guimond, et. al., 1979; Kaufman, et. al., 1977; Kirchmann, et.
al., 1980; Lindeken, et. al., 1977; Menzel, 1968; Roessler, et. al., 1980;
USEPA, Reconnaissance, 1973). At that point, very little information had
been developed to evaluate the impact of phosphate related radioactivity
on human exposures through the food chain (Kangas, 1979; Witherspoon,
1982). Since 1983, a number of studies have been completed and several
are currently underway which address the potential of radiation exposure
to natural members of the uranium and thorium radioactivity series through
the food chain. Because of the nature of reclaimed soil materials and the
location of most of the reclaimed phosphate lands, agriculture is likely
to be a major use for reclaimed phosphate lands.

TRANSFER OF RADIUM FROM SOIL TO PLANTS

Radioactivity uptake from soil is influenced by plant species; by
soil factors such as type, pH, content of other alkaline earth elements,
clay content, and exchangeable calcium and potassium; and by the chemical
form of the radium (McDowell-Boyer, et al., 1979; Watson, et al., 1983).
The transfer of a radionuclide from soil to a plant tissue of interest may
be described in terms of the "concentration ratio" (CR), the unitless
ratio of the activity concentration in the dry plant matter to the
activity concentration in dry soil. Alternatively, this is called the
"soil-to-plant transfer factor" when the concentration in the plant is
expressed on a fresh weight basis (Till and Meyer, 1983). The
radioactivity concentration on a dry weight basis is the most reproducible
quantity; the concentration on a fresh weight basis enters directly into
diet models; the two are interrelated by the moisture content.

It is often assumed that there is a linear relationship between
radionuclide concentration of a given part of a specific plant type and
the concentration of that radionuclide in the soil. Report 77 of the
National Council on Radiation Protection and Measurements (NCRP) (NCRP,
1984b) quotes a study of 11 types of root and leafy vegetables grown on
soil contaminated with uranium tailings in which a linear relationship was
observed between radium-226 concentrations in vegetation and soil.

On the other hand, there is evidence that soil factors may
significantly affect the transfer factor. Lindekin and Coles (1978)
reported a garden experiment involving soils with radium-226
concentrations on the order of 0.5 picocuries per gram (pCi/g). The
concentration factors for broccoli and turnips were on the order of 0.056
for a garden with a soil calcium level of 3,100 parts per million (ppm)
and only about 0.025 for a garden with a soil calcium level of 5,200 ppm.
In other words, the concentration factors were a factor of 2 lower for the
soil with the higher calcium level.
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The preliminary results of another study (Roessler et al., 1986),
involving forages and grains, indicate a significant difference between
two land types. The increase in radium-226 concentrations in crops grown
on a former phosphate clay settling area with 20 pCi/g soil radium-226 was
less than would be predicted by a direct proportion to the soil radium.
Concentration ratios were an order of magnitude lower for forage crops
grown on the clay settling area as compared to control areas with soil
radium concentrations on the order of 0.3 pCi/g. Possible explanations
include (1) an effect of the higher calcium level in the test area, (2)
a difference in radium availability between the settled phosphatic clays
and the natural soil of the control area, and/or (3) some regulatory
mechanism limiting the uptake from the higher radium soils.

Soil-to-plant transfer factors for radium fall in the range of
0.00011 to 0.2 (fresh plant/dry soil) for the edible portion of food crops
and in the range of 0.0011 to 1.4 (dry plant/dry soil) for pasture plants
(NCRP, 1984a). In summarizing the literature, Watson, et al. (1984),
report average transfer factors on the order of 0.01 for vegetables, 0.003
for fruit, and 0.6 for grain (all fresh plant/dry soil) and concentration
ratios of about 0.1 for forages and hay (dry plant/dry soil).

As indicated above, Watson, et al. (1984) reported transfer factors
on the order of 0.6 for grain. They state that grain tends to concentrate
radium more than vegetables and fruit. On the other hand, the ratio of
the typical radium-226 concentration in whole grain products, 2.3 pCi/kg
(McDowell-Boyer, et al., 1989), to the typical value in U.S. soils, 0.6
pCi/g (NCRP, 1984b), suggests a transfer factor on the order of only
0.004.

The Florida study referenced above (Roessler, et al. 1986) determined
radium-226 concentrations and plant:soil concentration ratios in forages
and grains (corn, sunflower, and sorghum) grown on a former phosphate clay
settling area (20 pCi/g soil radium-226) and in forage from control plots
(0.3 pCi/g soil radium). The study indicated that:

1. The concentration ratios for forages were about
an order of magnitude lower for the phosphate clay
settling area (with elevated soil radium) than for
the control area; and

2. The concentration ratios for the grain on the clay
settling area were about an order of magnitude
lower than for the forages and averaged about
0.001.

Unfortunately, to date this study has not determined radium-226 in grains
from control areas. However, interpolation from the available data
suggests that the concentration ratio for grains would not be greater than
0.01 for the control areas.
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TRANSFER OF LEAD AND POLONIUM FROM SOIL TO PLANTS

Most soil radioactivity is concentrated in the upper 15 cm (humus
layer) with intermediate values in the middle layer.  It is possible that
the acidity as well as the saturation condition at sites tend to enhance
the solubility and availability of radionuclides for plant uptake.

The definition of the plant: soil concentration ratio (CR) as a
constant value assumes that the concentration in the plant increases with
increasing soil concentrations. This assumption is not substantiated by
data for many plant types and elements. The Ibrahim and Whicker (1987)
study of the uptake of lead-210 and polonium-210 vs. soil activity
provides evidence of non-linearity of uptake.

These studies indicate a wide variation in concentration ratios for
the radionuclides of interest in this study. They also suggest that these
variations may be a function of food type and soil chemistry. The current
study of radioactivity in foods on mined phosphate lands investigates
these potential relationships.
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PARCEL RECONNAISSANCE AND SELECTION

A major source of information used in the identification of debris
parcels and reclaimed clay settling areas in the central Florida phosphate
district were Florida Department of Natural Resources (FDNR) records,
particularly, the Old Lands Reclamation Program.  As part of the old lands
program, a detailed survey of the central and northern Florida phosphate
districts identified pre-1975 mined and disturbed areas and provided
descriptions for each site. A total of 213 records were used to construct
a master reference list (MRL) containing 24 known and 47 potential debris
parcels.

The MRL was used as the basis for field reconnaissance of the old
mined lands. All of the parcels were plotted on maps of Polk and
Hillsborough counties. Then, these work maps were used to establish the
most efficient routes for visiting the 71 parcels. During reconnaissance,
each site was assessed to determine present land use and potential
availability for gardening. Scintillometer surveys were conducted on
accessible parcels to determine relative radiation levels.

The Polk County Cooperative Extension Service has existing gardens
at two locations in Polk County: (1) IMC Fertilizer, Inc. (IMCF)
Phosphoria Mine, and (2) Agrico Chemical Company's Ft. Green Mine.  A
concurrent FIPR study conducted by Bromwell and Carrier has experimental
gardens on a reclaimed settling area at C.F. Industries' North Pasture
mine in Hardee County. Each of these gardens contained targeted vegetable
crops.

Field reconnaissance eliminated all but two potential locations for
a garden on debris: Mulberry High School, at Mulberry, Florida, and
Noranda's Hopewell Mine near Keysville, Florida.  Many of the parcels were
eliminated because they did not contain debris. Some were eliminated
because heavy industry at the site would interfere with gardening.
Several existing gardens were observed on potential debris parcels, but
they were small backyard plots which did not have the targeted leafy and
root vegetables. The Williamson lease on debris land at the Hopewell
Mine, which had provided samples for the initial study, also provided
collard green samples for the current study. However, the lease was
terminated after June 1987 and no further planting occurred.

Initially, the Mulberry High School site was thought to be the best
location because of the availability of students enrolled in the school's
agriculture curriculum. Soil samples were obtained from this and other
locations and subjected to grain size and chemical analyses to determine
soil constituents. Compared results (Tables 1 and 2) show that the high
school garden is predominantly clay and not debris. At the Hopewell site
the soil is primarily +150 mesh (approximately 0.1 millimeter average
diameter) and has a relatively high phosphate content. Hopewell
management granted permission to garden on the Section-4 debris pile.

8



TABLE 1

SCREEN ANALYSIS RESULTS

Samples % Moisture % +150 Mesh % -150 Mesh

IMCF #l 25.0 5.8 94.2
IMCF #2 22.8 2.7 97.0
Mulberry High School 30.4 10.7 89.3
Hopewell-Williamson Lease 14.2 86.2 13.8
Hopewell-Section 4 Debris Pile 9.8 95.0 5.0
Hopewell-Big Debris Pile 7.6 96.6 3.4
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FIELD SAMPLING

Sampling for this current study was conducted at six locations (see
Figure 1). External gamma radiation, as measured with an EDA Model GRS-
500 Spectrometer/Scintillometer, and associated land types are presented
in Table 3. Table 4 summarizes the vegetables sampled and their
respective locations.

Table 3
Sampling Location Descriptions

When available, two replicates of at least five kilograms each were
collected to represent each vegetable sample.  However, when this quantity
was not available, smaller samples were obtained. If foods were grown in
large quantities, the samples were collected (by hand picking) from
different sections of the field. At smaller plots, where there was only
one or two rows and quantities were limited, all of the plants were taken.
Under these circumstances approximately half of the plants would be
selected at random along the entire length of the row as the first
replicate. The remaining plants comprised the second replicate.

For nearly all vegetable samples, at least one surface soil sample
was collected. This was accomplished by cornpositing grab samples from the
upper six inches of soil adjacent to each plant sampled. Grab samples
were taken with a hand trowel which was washed with deionized water
between replicate samples and between different parcels.
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Irrigation water and fertilizer samples were acquired for the gardens
at Ft. Green, Phosphoria, and Hopewell Section 4. Irrigation water was
placed in one-quart vessels containing 2.5 milliliters of 16 N nitric
acid.

FT. GREEN AND PHOSPHORIA

At Ft. Green and Phosphoria, Polk County's Cooperative Extension
Service is maintaining large gardens to determine yields of various crops
on reclaimed clay settling areas. In addition, they prepared a smaller,
separate plot at Phosphoria to grow targeted foods for this study. With
the exception of okra, all of the vegetable samples from Phosphoria were
collected from this smaller garden. Preparation of these garden plots
entailed clearing existing growth with a grader and planting crops into
the tilled, moist clay. Wells at each site provide water for irrigation.

MULBERRY HIGH SCHOOL

Gardening at Mulberry High School is conducted as part of the
agriculture curriculum. The plot has been cleared and tilled by
conventional methods. Over the years, soil amendments such as sand and
peat have been placed in the garden area. Records are not available
concerning the quantities and exact locations of these amendments.
Irrigation water is provided by the local water supply system.

CFI NORTH PASTURE

A vegetable production study conducted by Bromwell and Carrier for
FIPR was designed to determine how different sand:clay ratios affect
growth and nutrient uptake. The parcel was divided into four areas of
varying sand:clay ratios: 2, 4, 6, and 8:1. Within each of these areas,
three separate rows were developed: one with no peat added as a soil
amendment, one with peat added at a rate of 45 tons per acre, and one with
peat added at a rate of 90 tons per acre. Phosphogypsum was added to some
of the individual plots as an additional soil amendment. The study design
provided a variety of different soil mixes for vegetable sampling.

Sampling for this study took place at the same time that Bromwell and
Carrier was sampling for the vegetable production study. Bromwell
personnel would harvest and weigh the vegetables and collect enough sample
for their analytical needs. The remainder of the harvested sample from
selected plots was collected, bagged, and labeled as the Bromwell project
team completed their sampling.

HOPEWELL SECTION-4 DEBRIS GARDEN

In April 1987, management of the Hopewell Mine granted permission to
plant a garden on the Section-4 debris pile. A winter garden was planned
because it would be able to yield the greatest number of targeted foods
during a single season. Preparation over the ensuing months consisted of
preparing a garden plot plan, establishing a planting schedule, and
determining the most cost-effective alternative for garden irrigation.
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An individual with appropriate experience was retained to manage the
gardening effort.

Site clearing and irrigation system installation began during the
last week of August. The garden site is on grassy pastureland, so a
commercially available product was used to clear existing vegetation. By
mid-September, irrigation was installed and planting completed. Cabbage
and broccoli were planted as transplants and the other vegetable plants
were nurtured from seed. The debris is a well-drained medium and required
daily watering. Fertilizer and insecticide were applied weekly.

The first crops to mature, mustard and turnips, were sampled at the
end of October. Because of the mild winter that year, the garden did not
produce anticipated yields of the remaining vegetables. A large animal
intrusion and an unexpected freeze in late February also contributed to
reducing the yield. Despite these problems, the most important foods
which had been targeted for production on the debris garden were
collected.

15



SAMPLE PREPARATION AND RADIOASSAY

SAMPLE PREPARATION

All foods were prepared as for normal human consumption, except that
no foods were cooked. Drying was accomplished at 100°C for approximately
24 hours. Individual food types were prepared as follows:

1. Leafy Vegetables - All leaves were washed with cold tap water
to remove dirt and foreign matter, patted dry with paper
towels, then dried. In the case of collard and mustard
greens, the excess stems were removed.

2. Root Foods - Root foods were washed of dirt and foreign matter
using cold tap water and a vegetable brush. Skins were not
removed before slicing and drying. In the case of radish and
turnips, the tops and roots were removed.

3. Garden Fruits - Garden fruits were washed of visible foreign
matter using cold tap water, patted dry, then sliced and diced
before drying. No peels were removed.

4. Legumes - Legumes were rinsed with cold tap water, patted dry,
then either shelled or diced, depending on the normal method
of human consumption.

5. Rice - Husks were removed but no drying was done.

RADIUM-226 IN SOILS

Radium-226 was determined in the dried sample by high resolution
gamma-ray spectrometry, according to the procedure published by Bolch, et
al. (1977). In this method, a portion of the sample is weighed into a
0.5-liter Marinelli beaker which is then capped and sealed with a bead of
cement. The sealed sample is stored at least two weeks to allow ingrowth
of gaseous radon-222 (and its short-lived decay products) to radioactive
equilibrium with the long-lived parent radium-226 in the sample. The
sample is then counted on a high resolution gamma-ray spectrometer. The
radium-226 content of the sample is calculated from the counts associated
with the 295.2, 352.0 and 609.4 keV peaks of the lead-214 and bismuth-214
radon daughters. Results are reported as picocuries of radium-226 per
gram of dry soil (pCi/g).

RADIUM-226 IN FOODS

A portion of dried food sample was weighed into a 250 ml container
which was then capped and sealed. The sealed sample was stored for a
minimum of two weeks to allow ingrowth of gaseous radon-222 and its
daughter products to equilibrium with the parent radium-226 in the sample.
The sample was then counted on a high resolution gamma-ray spectrometer
in the same manner as the soil sample. Results are reported as picocuries
of radium-226 per kilogram of fresh food (pCi/kg).
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LEAD-210/POLONIUM-210 IN FOODS AND SOILS

Bismuth-207 and polonium-209 tracers and lanthanum carrier were added
to an appropriate aliquot of dried sample. The sample was then
solubilized with a combination of nitric acid, hydrochloric acid and
hydrogen peroxide. The analytes of interest were then coprecipitated with
ammonium hydroxide. The precipitate was redissolved in acid and the
bismuth and polonium spontaneously deposited on a nickel disc.

The disc was beta counted for bismuth-210, gamma assayed for bismuth-
207 and assayed by alpha spectroscopy for polonium-209 and polonium-210.
The lead-210 is determined from the bismuth-210 ingrowth and bismuth-207
fractional recovery. Results are reported as picocuries of lead-210 or
polonium-210 per gram of dry soil or per kilogram of fresh food.

SOIL CHEMISTRY ANALYSIS

Selected soil samples were composited and submitted to A & L Southern
Agricultural Laboratories in Pompano Beach, Florida for basic test S1A.
This analysis provided the following results which were used in this
study:

0 Organic matter (OM) expressed as a percent

0 Potassium (K) in parts per million (ppm)

0 Magnesium (Mg) in ppm

0 Calcium (Ca) in ppm

0 pH

0 Hydrogen (H) in milliequivalents per one hundred
grams (meq/100g)

0 Cation exchange capacity (CEC) in meq/100g
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STATISTICAL ANALYSIS

EXPERIMENTAL DESIGN

The objectives of the statistical analysis were as follows:

0 Analyze food radioactivity concentrations to
identify differences between foods and lands.

0 Determine the relationship, if any, between the
concentration level in the food and: (1) the
concentration in the soil, (2) the soil type, (3)
the chemistry of the soil, and (4) the food type.
Of special interest is the relationship for
radium-226.

0 Test and augment the conclusions of the initial
study.

The experimental design utilized to accomplish these objectives is
a two-way factorial, with the factors being land types and food types.
The factorial is 6x5, using 6 land types and 29 foods grouped into 5 food
types. Replication within the factor level combinations (that is,
combinations of land and food types) occurred on two levels:

1. Some of the land-food type combinations were sampled more than
once. These samples are referred to as parcels.

2. Samples selected within parcels were almost always replicated
either two or three times.

Three within-parcel replicates were selected for most of the parcels
in the initial study, but the number of replicates was reduced to two in
the current study. The initial study revealed that the parcel-to-parcel
variability exceeded that among replicates. Therefore, the within-parcel
replication for food samples was reduced, and more resources were devoted
to increasing the number of parcels for each land-food type combination,
especially those on which mean food radium levels were found to be
relatively high in the initial study.

To improve the power of the statistical analysis and to facilitate
reference to the food evaluations, foods were combined into several
categories as shown in Table 5. The category names listed under "Food
Type" will be used throughout the text to refer to the listed foods.
Since few of the foods sampled in the initial study were analyzed for
polonium-210 and lead-210 and since concentrations for these radionuclides
were desirable as controls for the current study, several food samples
were collected from three grocery stores in the Orlando area and analyzed
for radioactivity. It was theorized that these results could be used in
the dose evaluation of the control. It was presumed that, if the
radioactivity concentrations in these samples were similar to those
exhibited by control and mineralized parcels in the initial study, then
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TABLE 5
LANDS/FOOD MATRIX



the polonium and lead results could be used for the control evaluation.
This, however, was not the case and, since the origin of these foods could
not be determined, most of the analyses do not include the grocery store
samples.

Because the emphasis for this current study was on certain land-food
type combinations, not all land-food type combinations were sampled with
equal frequency. The number of samples for each land-food type
combination is shown in Table 5. Notice that the samples collected from
local grocery stores are treated as a land type for comparison purposes.

The analysis of unbalanced factorial designs requires special care.
Analyses of the food measurements discussed in the following sections
carefully partition the variability attributable to parcel-to-parcel
differences and that attributable to within-parcel replication. Then the
appropriate statistical tests are conducted to determine which land-food
type differences are statistically significant.  Replicates of the within-
parcel soil concentration (radium-226, polonium-210, lead-210) and
chemistry (pH, hydrogen, cation exchange capacity, organic matter,
potassium, magnesium, calcium) measurements were composited prior to
analysis, resulting in one measurement per parcel. Therefore, when soil
parameters were analyzed, only parcel-to-parcel variability was estimated.
When regression analyses were performed to relate food and soil
parameters, the geometric means of the within-sample replicates of the
food parameters were computed for each parcel, generating one measurement
per parcel for both food and soil parameters.

ANALYSIS

The first step in the statistical analysis was to compare land types
according to each soil concentration and soil chemistry parameter. Then,
the land types, food types, and foods were compared utilizing the measured
radium, lead and polonium concentrations. The second major component of
the statistical analysis was to relate radioactivity concentrations
measured in foods to the concentration measured in the soil, the soil
chemistries, and the corresponding soil and food type designations. Of
special interest is the relationship of radium-226 in the food with the
radium-226 in the soil, the soil chemistry, the land type, and the food
type. It should be emphasized that the objective of evaluating this
relationship was to determine the probable nature and strength of the
relationships, and not to establish a precise predictive mechanism,
although mechanisms to estimate food concentrations were developed.

Analysis of variance (ANOVA) was utilized to determine statistically
significant differences between land types, food types, and individual
foods within food types. Two types of ANOVA were conducted. The first
was performed on the logarithmic transform of the parameters, except for
hydrogen and pH. This transform has the effect of comparing the geometric
means of the parameters, and the arithmetic means of hydrogen and pH. The
primary reason for the transformation is to account for the rightward
skewness in the frequency distributions of most of the parameters. That
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is, standard ANOVA on untransformed values requires that the distribution
of the parameter be approximately normal. However, most biological and
chemical measurements possess distributions that are rightward skewed.
The pH values are already logarithmic transforms, so no further
transformation is necessary. The hydrogen values are calculated
percentages of the binding sites in the soil which are taken up by
hydrogen ions (Griffith, 1989); since these values are not calculated
when the pH is greater than 7.0, they are reported as zero and the
logarithmic transform does not apply.

The use of logarithmic transformed ANOVA requires the assumption that
the parameter's frequency distribution is lognormal. This means that,
while the distribution of the values themselves may be rightwardly skewed,
the logarithms of the values are assumed to possess a normal distribution.
Of course, the fact that the distribution associated with a parameter is
rightwardly skewed does not guarantee that the distribution is lognormal.
For this reason, a second ANOVA that requires no distributional
assumptions about the parameters was performed. This nonparametric
analysis of variance is performed on the ranks of the measurements, rather
than on the measurements themselves. That is, the measurements are ranked
from largest to smallest, and the ANOVA is conducted utilizing the ranks
of the measurements. Of course, the greatest disadvantage to the
nonparametric ANOVA is that magnitudes of the differences between
measurements play little role in the analysis; only the rank order
matters. Nevertheless, when distributional assumptions are in doubt, the
nonparametric ANOVA provides an alternative analysis that requires no such
assumptions.

Analysis of residuals was used to test the lognormality assumption
(and normality in the case of pH and hydrogen) necessary for the validity
of the parametric ANOVA. The distributions of the residuals of the
transformedvariables appeared to be approximately normal for nearly every
parameter. In addition, both parametric and nonparametric ANOVAs were
performed for several of the parameters in order to determine the
robustness of the results. In almost every case the nonparametric and
parametric analyses were in agreement. Therefore, the lognormal
assumption appears to be reasonable, and the following results are all
based on parametric ANOVAs.

If the ANOVA indicates a difference among the means for the various
factor combinations (land type and food type, for example), a multiple
comparison procedure is applied to determine which pairs of means are
significantly different from a statistical standpoint. The least squares
multiple comparison procedure was used to compare pairs of means from
groups determined by the ANOVA to contain pairs of means that differ.
Pairwise comparisons were made only if the ANOVA revealed a significant
effect at the 0.05 level. The multiple comparisons were declared
significant at several levels: less than 0.01, 0.01 to 0.02, and 0.02 to
0.05. The (less than) 0.01 level of significance provides maximum
protection against concluding that differences are significant, when in
fact they are not (Type I error). However, the 0.01 to 0.02 and 0.02 to
0.05 levels of significance provide useful information, since the error

21



of not declaring real differences statistically significant (Type II
error) is also of concern in this study.

For the purpose of the statistical analysis, food concentration
values for the current study that were measured at less than the detection
limit or at zero were estimated at one-half the detection limit. This
provides a more reasonable result for the statistical analysis for those
results which were below detection limits and also provided a result which
could be logarithmically transformed for those results which were reported
as zero. Food concentration values that were measured at less than the
detection limit or at zero for the initial study were estimated by the
methodology utilized in that study, which was at one-half the lowest value
reported for the corresponding food. No estimation was necessary for the
soil concentrations and chemistry parameters since none of the reported
results were reported below the detection limits of the analytical
procedure.

LAND TYPE DIFFERENCES BASED ON SOIL PARAMETERS

The soil concentration and chemistry parameters were analyzed to
determine if the land types differed according to each measured soil
characteristic. The first step was to determine if the Bromwell parcel
should be treated as a separate land type, or if it could be combined with
the reclaimed or clay parcels. While most of the foods from the Bromwell
parcel were collected from 8:1 sand:clay plots, some 2:1 sand:clay samples
were included in the study to supplement the design matrix. Soils
collected from the Bromwell parcel exhibited radiological and chemical
characteristics which, for almost all parameters, were statistically
similar to samples collected from the clay settling areas. Therefore, the
Bromwell soils were grouped with the clay soils, providing a more balanced
and complete experimental design.

Once the Bromwell data had been classified as clay, the next step was
to determine whether land types could be grouped according to the soil
characteristics. Table 6 presents the results of the multiple comparison
tests, and Table 7 gives the adjusted geometric means on which these
comparisons are based. (These results are computer generated and include
several decimal places. Results should be considered accurate to two
significant figures.) All multiple comparisons follow an ANOVA which
indicates a significant difference between land types at the 0.05 level.
Each difference shown in Table 6 is significant at the 0.01 level of
significance unless otherwise noted. If the significance of the multiple
comparisons is low, at the 0.02 or 0.05 level, the difference is
footnoted. The differences listed in Table 6 are ordered by the magnitude
of the geometric means, providing a ranking for comparison purposes.

The soil radium-226 results suggest grouping the mineralized and
control land types. The ranking of the geometric means agrees with the
results for food radium from the initial study. Clay and debris parcels
exhibit higher average concentrations of radium-226 than the other land
types, and their concentrations are not significantly different from each
other. The reclaimed parcels exhibit the next highest concentrations of
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TABLE 6 

MULTIPLE COMPARISON ANALYSIS 
SOIL RADIOACTIVITY AND CHEMISTRY 

Soil Radium-226: 
DEBRIS > RECLAIMED, CONTROL, MINERALIZED 
CLAY > RECLAIMED, CONTROL, MINERALIZED 
RECLAIMED > CONTROL, MINERALIZED 

Soil Polonium-210: (CLAY, DEBRIS, RECLAIMED) 
DEBRIS > RECLAIMED 
CLAY > RECLAIMED 

Soil Lead-210: (CLAY, DEBRIS, RECLAIMED) 
DEBRIS > RECLAIMED 
CLAY > RECLAIMED 

pH: 
CLAY > CONTROL, MINERALIZED, DEBRIS, RECLAIMED 
CONTROL > RECLAIMED' 
MINERALIZED > RECLAIMED2 

Hydrogen: 
CONTROL > RECLAIMED, DEBRIS, MINERALIZED, CLAY 

Cation Exchange Capacity: 
CLAY > RECLAIMED, DEBRIS, MINERALIZED 
CONTROL > RECLAIMED, DEBRIS, MINERALIZED 

Organic Matter: 
CONTROL > MINERALIZED, RECLAIMED, DEBRIS, CLAY 
MINERALIZED > DEBRIS, CLAY 
RECLAIMED > CLAY2 

Potassium: 
CLAY > CONTROL2, DEBRIS, MINERALIZED, RECLAIMED 
CONTROL > MINERALIZED, RECLAIMED 
DEBRIS > MINERALIZED2, RECLAIMED1 

Magnesium: 
CLAY > CONTROLl, DEBRIS, RECLAIMED, MINERALIZED 
CONTROL > DEBRIS, RECLAIMED, MINERALIZED 

Calcium: 
CLAY > RECLAIMED, DEBRIS, MINERALIZED 
CONTROL > RECLAIMED, DEBRIS, MINERALIZED 

'Significant at 0.02 level 
2Significant at 0.05 level 
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soil radium, and they are significantly greater than concentrations
measured on both the control and the mineralized parcels.  The geometric
means of the radium concentrations measured in the soils from the control
and mineralized parcels are nearly equal, and are therefore not
significantly different.

These results are illustrated in Figure 2. The adjusted geometric
means are represented by a symbol within the two standard error range for
the mean. Notice the extremely low values and tight ranges for the
control and mineralized lands and the high values and broad ranges for
the clay and debris lands.

The polonium-210 and lead-210 results shown in Table 6 should be
viewed with caution since they are based on a limited number of
measurements (mostly during the current study) on the three land types
shown. However, the findings for these two parameters are consistent with
each other and with the radium-226 results: soils from the clay and debris
parcels exhibit significantly higher levels of radioactivity, on average,
than soils from the reclaimed parcels.

The groupings of the land types by soil chemistry parameters are not
as consistent as for the soil radioactivity parameters. For example,
control and mineralized parcels could be combined according to the pH
levels, but not for any of the other soil chemistry parameters. All of
the means of the soil chemistry parameters for control lands rank
relatively high. Note that many of the control lands were muck lands near
Lake Apopka, where local farming provided an abundance of foods on low
radioactivity soils. The means of the soil chemistry parameters for clay
lands also rank high, except for hydrogen and organic matter. However,
caution should be exercised when drawing conclusions from the analysis of
the soil chemistry parameters. Since the soil samples were composited for
each parcel, the sample sizes for all but pH are quite small: Control 6,
Debris 8, Mineralized 10, Reclaimed 12, and Clay 27.

LAND TYPE, FOOD TYPE, AND FOOD DIFFERENCES BASED ON FOOD RADIOACTIVITY
CONCENTRATIONS

The statistical evaluation of the differences in food radioactivity
concentrations between land types, food types, and individual foods are
described in the following sections. As with the previous analyses, some
comparisons are significant at the 0.02 and 0.05 levels. Actual
significance levels are indicated on each of the comparison tables.

Radium-226

Comparisons of the geometric means of radium-226 revealed that the
land-food type interaction is significant. The presence of interaction
means that the differences in food radioactivity concentrations between
land types depends on the food type, and conversely the difference in food
radioactivity concentrations between food types depends on the land type.
Thus, certain food types may have different mean levels of radium-226 on
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Figure 2
LAND  

Radium-226 In Soil



the clay land type, while not differing significantly on control or
mineralized lands. To determine how the interaction is manifested in
terms of differences among the adjusted geometric means, land types were
compared by food type, and food types were compared by land type. The
significant differences are shown in Tables 8 and 9. Figure 3 graphically
displays these differences, and Table 10 lists the adjusted geometric
means being compared.

Table 8 shows that the control and mineralized land types cluster in
the lowest group for all food types. The clay, debris, and reclaimed
lands cluster at the high end, with the only exception being the
roots/tubers food type. The roots/tubers foods grown on reclaimed land
yield, on the average, lower concentrations of radium than the debris and
clay land types. For this food type the reclaimed land type groups with
the control and mineralized lands. The limited number of grocery store
samples exhibited radioactivity concentrations which were found to be not
significantly different from the other land types. The grocery results
for radium-226 are drawn from a very small sample size consisting of a
sample of potatoes and a sample of green beans.

Figure 3 graphically displays these differences by plotting the
adjusted geometric mean along with the two standard error range for the
mean. Notice for leafy foods that concentrations observed on reclaimed,
clay, and debris lands are significantly higher than those observed on
control and mineralized lands.

Table 9 shows that food type differences are dependent upon the land
type. The roots/tubers foods have higher mean levels of radium-226 than
the general foods when grown on clay and debris lands. The leafy foods
exhibit radium-226 levels which are greater than those for general foods
on all land types but the control. The mean levels for leafy foods are
also greater than for seeds/grains foods grown on clay, mineralized, and
reclaimed lands. The leafy and roots/tubers food types cluster on all but
the reclaimed land type, where the leafy mean level exceeds that for
roots/tubers. No significant differences are found on control lands and
with the grocery samples.

Adjusted geometric means by land type and food type are listed in
Table 10. Similar data by land type and specific food are shown in Table
11 and in Figures 4 through 8. The only food sampled on all land types
was turnip roots; turnip greens were sampled on all except the grocery
store land type. (Note that the grocery store samples were treated as a
separate land type.) Of the two, only turnip greens showed significant
differences among land types. Table 11 and Figure 5 illustrate that the
mean level of radium-226 in turnip greens is significantly greater for
clay and reclaimed lands than for mineralized and control lands. This
finding is in agreement with the initial study.
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MULTIPLE COMPARISON ANALYSIS 
FOOD RADIUM-226 

COMPARE LAND TYPES WITHIN FOOD TYPES 

CAUL/BROC DEBRIS > MINERALIZED2 
CLAY > MINERALIZED2 

GENERAL CLAY > MINERALIZED, CONTROL' 

LEAFY RECLAIMED > MINERALIZED, CONTROL 
DEBRIS > MINERALIZED, CONTROL 
CLAY > MINERALIZED, CONTROL 

ROOTS/TUBERS DEBRIS > RECLAIMED, MINERALIZED, CONTROL 
CLAY > RECLAIMED, MINERALIZED, CONTROL 

SEEDS/GRAINS RECLAIMED > MINERALIZED 

'Significant at 0.02 level 
2Significant at 0.05 level 

TABLE 9 

MULTIPLE COMPARISON ANALYSIS 
FOOD RADIUM-226 

COMPARE FOOD TYPES WITHIN LAND TYPES 

DEBRIS LEAFY > GENERAL 
ROOTS/TUBERS> GENERAL 

CLAY LEAFY > GENERAL, SEEDS/GRAINS 
ROOTS/TUBERS> GENERALl, SEEDS/GRAINS1 

RECLAIMED LEAFY > SEEDS/GRAINS2, ROOTS/TUBERS, GENERAL 
SEEDS/GRAINS> GENERAL 

GROCERY NO SIGNIFICANT DIFFERENCES 

MINERALIZED LEAFY > GENERALI, SEEDS/GRAINS1 

CONTROL NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 

TABLE 8
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Figure 3
LAND/FOOD  TYPE COMPARISONS

Radium-226 In Foods
(pCi/kg)



TABLE 10

RADIUM-226 IN FOOD (pCi/kg)
ADJUSTED GEOMETRIC MEANS

BY LAND TYPE AND FOOD TYPE

FOOD CONTROL
TYPE LAND

GROCERY
SAMPLES

MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
LAND LAND LAND LAND LAND

CAUL/BROC 6.02535 3.00330 4.25393 22.5845 34.6747

LEAFY 4.15986 8.02255 6.23171 90.8566 42.7642 79.9758

SEEDS/GRAINS 5.35992 1.87165 3.77439 11.5933 6.75768

ROOTS/TUBERS 4.50359 9.85000 5.23945 4.80538 5.03671 22.6096 39.9200

GENERAL 2.66626 9.12300 3.03256 2.97154 5.50152 9.83585 7.09830

3
0
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Figure 5
SPECIFIC  FOOD COMPARISONS

Radium-226 In Foods
(pCi/kg)

Food Type = Leafy



Figure 6
SPECIFIC FOOD COMPARISONS

Radium-226 In Foods

Food Type = Seeds/Grains
(pCi/kg)



Figure 7
SPECIFIC FOODCOMPARISONS

Radium-226 In Foods
(pCi/kg)

Food Type = Roots/Tubers



Figure 8

SPECIFIC FOOD COMPARISONS
Radium-226 In Foods

(pCi/kg)
Food Type = General
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TABLE 11

RADIUM-226 IN FOOD (pCi/kg)
ADJUSTED GEOMETRIC MEANS

BY LAND TYPE AND SPECIFIC FOOD

FOOD
TYPE FOOD

CONTROL GROCERY MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
LAND SAMPLES LAND LAND LAND LAND LAND

CAUL/BROC BROCCOLI
CAULIFLOWER

LEAFY CABBAGE
COLLARD GREENS
LETTUCE
MUSTARD GREENS
PARSLEY
SPINACH
SWISS CHARD
TURNIP GREENS

SEEDS/GRAINS LIMA BEANS
PEAS
RICE
YELLOW CORN

ROOTS/TUBERS CARROTS
RADISH
POTATOES
TURNIP ROOT

GENERAL CUCUMBER
EGGPLANT
GREEN BEANS
GREEN PEPPER
OKRA
ONIONS
STRAWBERRIES
TOMATO
WATERMELON
YELLOW SQUASH
ZUCCHINI

3.00330
6.02535

2.93444

1.34406

4.82499

8.09052

4.85228
7.10000
4.89456

8.52376
3.37745

4.23085

3.21597

2.10426

2.80088

2.0961
8.1726

1.5326

56.4802

13.1625

1.87165

4.87716
9.85000

5.43057

4.05297
9.12300 5.15674

1.65500

3.21597
4.05297
5.15674
1.86616

3.12174 3.12174
2.80825 2.80825
3.08403 2.93905
1.24477 1.24477
4.11339 4.11339
4.30550 4.30550

3.00330
6.02535

2.0961
6.3263

1.4352

16.5081

10.3195

2.57117
7.10000
4.89456

8.52376
3.81752

4.99696

90.8566

65.7100
7.9148

8.6326

4.33982
7.87361

5.5975

3.6824

1.8688
11.2159
5.5740

22.5845 34.6747

10.5339
46.0683
40.4084
69.6092

20.8126

89.5455

32.195
86.234
45.412
64.225

540.260

55.473

3.9646
14.6969
5.2962

113.071
14.898

13.849

113.829

23.641

9.78889
1.256

30.097
9.908

120.797
2.822

6.076 5.14725
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Other foods showed significant differences between land types; these
differences are listed in Table 12. The majority of the foods listed are
mainly from the leafy food type with the concentrations in foods collected
from clay and debris lands being significantly greater than those
collected from control and mineralized lands.

Comparing the foods within a land type produced the significant
differences listed in Table 13. Among foods grown on debris land, spinach
produced the highest mean level, significantly higher than the levels from
a number of other foods. Levels in collard greens and carrots exceed
those in green beans and yellow squash. Mustard and turnip greens have
significantly higher levels than yellow squash.

Mean levels of radium-226 found on clay lands are highest for
strawberries.  Several other foods grown on clay land exhibit significantly
higher levels of radium-226; in particular, carrots, turnip greens,
mustard greens, and collard greens, as in the debris land. All of the
foods listed in Table 13 for the clay lands had a significantly higher
level than green peppers. Strawberries, turnip greens, mustard greens,
collard greens, and lettuce all have significantly higher levels than
yellow squash. Strawberries, carrots, turnip greens, collard greens, and
lettuce all have significantly higher levels than peas, tomatoes, and
cabbage.

Among foods grown on reclaimed land, only turnip greens, lima beans,
and yellow squash have significantly higher levels of radium-226 than
other foods grown on that land. Turnip greens and lima beans both exhibit
higher levels than zucchini, potatoes, greens beans, and watermelon at the
0.01 significance level.

When comparing foods grown on mineralized land, spinach, turnip
greens, collard greens, turnip roots, and peas show higher levels of
radium-226. The only difference between foods grown on control land was
for turnip greens; however, that difference is at the 0.05 significance
level.

In summary, the land types grouped as in the initial study. The
foods grown on clay, reclaimed, and debris lands generally have higher
mean radium-226 levels than those grown on control and mineralized lands.
The leafy food type again exhibited higher radium content, and the general
food type (which includes garden fruit) had a low average, as in the
initial study. A number of foods were found to be significantly different
within land type, especially among the leafy and roots/tubers food types.

Lead-210

The measurements of lead-210 in the food were limited to grocery,
clay, debris, and some reclaimed and control lands (no mineralized
observations). There were some values at the detection limit, but not to
the extent of limiting the statistical analysis. The adjusted geometric
means are presented in Tables 14 and 15. The ANOVA and multiple
comparison results are listed in Tables 16 through 19.
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TABLE 12 

MULTIPLE COMPARISON ANALYSIS 
FOOD RADIUM-226 

COMPARE LAND TYPES WITHIN FOODS 

BROCCOLI 

STRAWBERRIES 

CABBAGE 

COLLARD GREENS 

MUSTARD GREENS 

SPINACH 

TURNIP GREENS 

CARROTS 

PEAS 

ALL OTHERS 

DEBRIS > 
CLAY > 

CLAY > 

DEBRIS > 
CLAY > 

DEBRIS > 
CLAY > 

CLAY > 
DEBRIS > 

DEBRIS > 
MINERALIZED > 

RECLAIMED > 
CLAY > 

DEBRIS > 
CLAY > 

RECLAIMED > 

MINERALIZED2 
MINERALIZED2 

MINERALIZED 

MINERALIZED' 
MINERALIZED2 

MINERALIZED, CONTROL 
MINERALIZEDl, CONTROL 

MINERALIZED, CONTROL 
MINERALIZED, CONTROL 

MINERALIZED2, CLAY, CONTROL 
CONTROL1 

MINERALIZED2, CONTROL 
MINERALIZED, CONTROL 

CONTROL2 
CONTROL 

MINERALIZED2 

NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 
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TABLE 13 

MULTIPLE COMPARISON ANALYSIS 
FOOD RADIUM-226 

COMPARE FOODS WITHIN LAND TYPES 

DEBRIS 

CLAY 

SPINACH 

CARROTS 
COLLARD GREENS 
MUSTARD GREENS 
TURNIP GREENS 

STRAWBERRIES 

CARROTS 

TURNIP GREENS 

MUSTARD GREENS 

COLLARD GREENS 

LETTUCE 

OKRA 
BROCCOLI 
SPINACH 
RADISH 
RICE 
TURNIP ROOT 
CABBAGE 
ONIONS 

RECLAIMED TURNIP GREENS 

LIMA BEANS 

YELLOW SQUASH 

> 

> 
> 
> 
> 

> 

> 

> 

> 

> 

> 

> 
> 
> 
> 
> 
> 
> 
> 

> 

> 

> 

TURNIP GREENS2, LETTUCE2, BROCCOLI1, 
CABBAGEI, TURNIP ROOT, GREEN BEANS, 
YELLOW SQUASH 

GREEN BEANS2, YELLOW SQUASH 
GREEN BEANS2, YELLOW SQUASH 
YELLOW SQUASH2 
YELLOW SQUASH2 

CABBAGE, TURNIP RODTl, ONIONS2, 
YELLOW SQUASH, YELLOW CORNI, PEAS, 
TOMATO, GREEN PEPPER 

BROCCOLI1, RADISH', RICE2, 
TURNIP ROOT, CABBAGE, ONIONS, 
YELLOW SQUASH, YELLOW CORN, PEAS, 
TOMATO, GREEN PEPPER 

BROCCOLI1, RICE2, TURNIP ROOT, 
CABBAGE, ONIONS, YELLOW SQUASH, 
YELLOW CORN, PEAS, TOMATO, 
GREEN PEPPER 

TURNIP ROOT, CABBAGE, ONIONl, 
YELLOW SQUASH, YELLOW CORN, PEAS, 
GREEN PEPPER 

CABBAGE2, YELLOW SQUASH2, 
YELLOW CORN2, PEAS, TOMATO, 
GREEN PEPPER 

CABBAGE2, YELLOW SQUASH2, 
YELLOW CORN2, PEAS, TOMATO, 
GREEN PEPPER 

TOMAT02, GREEN PEPPER 
PEAS2, TOMATOI, GREEN PEPPER 
GREEN PEPPER' 
MUSTARD GREENS2, GREEN PEPPER' 
GREEN PEPPER2 
TOMAT02, GREEN PEPPER1 
GREEN PEPPER 
GREEN PEPPER2 

YELLOW SQUASH2, YELLOW CORNl, PEASl, 
TURNIP ROOT', CUCUMBER, ZUCCHINI, 
POTATOES, GREEN BEANS, 
WATERMELON 

YELLOW CORN2, PEAS2, TURNIP ROOT2, 
CUCUMBERl, ZUCCHINI, POTATOES, 
GREEN BEANS, WATERMELON 

WATERMELON2 

GROCERY NO SIGNIFICANT DIFFERENCES 
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TABLE 13 (CONTINUED) 

MINERALIZED SPINACH > TURNIP ROOT, GREEN BEANSl,RADISHl, 
EGGPLANT, ONIONS, TOMATO, BROCCOLI, 
STRAWBERRIES, PEAS, GREEN PEPPER, 
WATERMELON 

TURNIP GREENS > ONIONS2, STRAWBERRIES2, CABBAGE2, 
GREEN PEPPERl, MUSTARD GREENSl, 
WATERMELON 

COLLARD GREENS > MUSTARD GREENS2, ZUCCHINI, 
YELLOW SQUASH, CABBAGE, PEAS2, 
MUSTARD GREENS, WATERMELON 

TURNIP ROOT > WATERMELON2 
PEAS > MUSTARD GREENS 

CONTROL TURNIP GREENS > MUSTARD GREENS2 

'Significant at 0.02 level 
2Significant at 0.05 level 
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TABLE 14

LEAD-210 IN FOOD (pCi/kg)
ADJUSTED GEOMETRIC MEANS
BY LAND TYPE AND FOOD TYPE

FOOD
TYPE

CAUL/BROC

LEAFY

SEEDS/GRAINS

ROOTS/TUBERS

GENERAL

CONTROL
LAND

61.5650

GROCERY MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
SAMPLES LAND LAND LAND LAND LAND

9.25800 16.0733 60.0933

14.8828 29.6366 32.0319

117.124 61.5650 0.500000 30.3901

8.25542 2.0000 2.45161 7.81005

6.59115 0.707107 5.63994



TABLE 15

LEAD-210 IN FOOD (pCi/kg)
ADJUSTED GEOMETRIC MEANS

BY LAND TYPE AND SPECIFIC FOOD

FOOD
TYPE FOOD

CONTROL GROCERY MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
LAND SAMPLES LAND LAND LAND LAND LAND

CAUL/BROC BROCCOLI
CAULIFLOWER

LEAFY CABBAGE
COLLARD GREENS
LETTUCE
MUSTARD GREENS
PARSLEY
SPINACH
SWISS CHARD
TURNIP GREENS

SEEDS/GRAINS LIMA BEANS
PEAS
RICE
YELLOW CORN

ROOTS/TUBERS CARROTS
RADISH
POTATOES
TURNIP ROOT

GENERAL CUCUMBER
EGGPLANT
GREEN BEANS
GREEN PEPPER
OKRA
ONIONS
STRAWBERRIES
TOMATO
WATERMELON
YELLOW SQUASH
ZUCCHINI

9.25800 16.0733 60.0933

9.1290
24.2630

61.5650 61.5650
117.124 0.500000

0.5000

35.8530 2.0000
31.3850

0.5000

12.6550

45.9430
15.7320

2.7200 1.00000
0.50000

5.502
42.675
17.623
35.842
51.804
71.135
118.320
70.728

122.609
33.293
75.561
0.500

166.490

40.475

51.1228
18.0654

2.08571 5.9657

2.55270 10.2245

27.8435

49.0408

0.8608



TABLE 16 

MULTIPLE COMPARISON ANALYSIS 
FOOD LEAD-210 

COMPARE LAND TYPES WITHIN FOOD TYPES 

CAUL/BROC NO SIGNIFICANT DIFFERENCES 

GENERAL CLAY > RECLAIMED 
GROCERY > RECLAIMED2 

LEAFY NO SIGNIFICANT DIFFERENCES 

ROOTS/TUBERS NO SIGNIFICANT DIFFERENCES 

SEEDS/GRAINS GROCERY > RECLAIMED 
CONTROL > RECLAIMED1 
CLAY > RECLAIMED 

'Significant at 0.02 level 
2Significant at 0.05 level 

TABLE 17 

MULTIPLE COMPARISON ANALYSIS 
FOOD LEAD-210 

COMPARE FOOD TYPES WITHIN LAND TYPES 

DEBRIS NO SIGNIFICANT DIFFERENCES 

CLAY LEAFY > ROOTS/TUBERS 
SEEDS/GRAINS > ROOTS/TUBERS 
CAUL/BROC > ROOTS/TUBERS 
GENERAL > ROOTS/TUBERS2 

RECLAIMED NO SIGNIFICANT DIFFERENCES 

GROCERY NO SIGNIFICANT DIFFERENCES 

CONTROL NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 
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TABLE 18 

MULTIPLE COMPARISON ANALYSIS 
FOOD LEAD-210 

COMPARE LAND TYPES WITHIN FOODS 

CABBAGE DEBRIS > CLAY 

MUSTARD GREENS CLAY > DEBRIS 

YELLOW CORN GROCERY > RECLAIMED 
CLAY > RECLAIMED1 

ALL OTHERS NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
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TABLE 19 

MULTIPLE COMPARISON ANALYSIS 
FOOD LEAD-210 

COMPARE FOODS WITHIN LAND TYPES 

CLAY 

DEBRIS SPINACH 
CABBAGE 
LETTUCE 
BROCCOLI 
TURNIP GREENS 
COLLARD GREENS 
TURNIP ROOT 

SWISS CHARD 

SPINACH 

TURNIP GREENS 

PARSLEY 

RICE 
STRAWBERRIES 
COLLARD GREENS 
MUSTARD GREENS 

OKRA 

YELLOW CORN 
LETTUCE 
BROCCOLI 

> 
> 
> 
> 
> 
> 
> 

> 

> 

> 

> 

> 
> 
> 
> 

> 

> 
> 
> 

MUSTARD GREENS 
CARROTS2, MUSTARD GREENS 
MUSTARD GREENS 
MUSTARD GREENS 
MUSTARD GREENS 
MUSTARD GREENS 
MUSTARD GREENS2 

CABBAGE, TURNIP ROOT, CARROTS, 
YELLOW SQUASH 

CABBAGE2, TURNIP ROOT, CARROTS, 
YELLOW SQUASH 

CABBAGE, TURNIP ROOT, CARROTS, 
YELLOW SQUASH 

CABBAGE2, TURNIP ROOT, 
CARROTSl, YELLOW SQUASH 

TURNIP ROOT, CARROT+, YELLOW SQUASH 
TURNIP ROOTI, CARROTSl, YELLOW SQUASH1 
TURNIP ROOTl, CARROT+, YELLOW SQUASH 
CABBAGE, TURNIP ROOT, CARROTS, 
YELLOW SQUASH 
TURNIP ROOT2, CARROTS2, 

YELLOW SQUASH2 
YELLOW SQUASH2 
TURNIP ROOT, CARROTS2, YELLOW SQUASH' 
TURNIP GREENS2, TURNIP ROOTl, 

CARROTS2, YELLOW SQUASH1 

RECLAIMED 

GROCERY 

CONTROL 

NO SIGNIFICANT DIFFERENCES 

YELLOW CORN > CUCUMBERl, CARROTS1 
STRAWBERRIES > CUCUMBER2, CARROTS2, 
POTATOES > CUCUMBER2, CARROTS2 

NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 
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Table 16 shows that the seeds/grains foods grown on control and clay
land and from the grocery store samples have a significantly higher level
of lead content than seeds/grains foods grown on reclaimed land. However,
the validity of this result is questionable, since the number of reclaimed
and control observations was small, and most were at or below the
detection limit. The significant difference between grocery store and
reclaimed lands for the general food type is at the 0.05 significance
level, and is therefore even more questionable than the seeds and grains
result.

Table 17 shows that food types grown on clay lands yield significant
differences, with the roots/tubers food type ranking significantly lower
than all others. Table 18 gives the significant comparisons between lands
for a given food. Cabbage, mustard greens, and yellow corn yield
significantly different levels of lead when grown on the various land
types. The significant comparisons are few and reveal no overall pattern.

Table 19 lists the significant comparisons between foods for a given
land. The food differences of significance were found mainly on the
debris and clay lands. Remember that for lead-210, only a limited number
of food samples were available from reclaimed lands and that no
measurements were available from mineralized lands.

Examination of Table 19 reveals that among foods grown on debris
land, spinach, cabbage, lettuce, broccoli, turnip greens, collard greens,
and turnip roots exhibit higher levels of lead than mustard greens. This
finding is of limited value, however, since it is based on only one
mustard green sample.

Many foods grown on clay lands yielded significant differences.
Notice that spinach, turnip greens, collard greens, lettuce, and broccoli
again exhibit higher levels of lead-210. Interestingly, turnip roots,
carrots, and yellow squash exhibit significantly lower levels and mustard
greens significantly higher levels. The significant differences between
foods from the grocery store samples are all at the 0.02 and 0.05
significance levels, and therefore are not discussed in any further
detail.

Any summary of the lead results should be made with care since the
number of samples was limited, producing a design that was extremely
unbalanced. However, some patterns did emerge from the lands and foods
sampled in this study. The clay lands exhibited significantly lower
concentrations of lead for the roots/tubers foods versus all other food
types. This result is supported by the specific food comparisons of
turnip roots and carrots.

Polonium-210

The measurements of polonium-210 in foods were limited to grocery
store, clay, debris and some reclaimed and control lands (no mineralized
observations). The polonium-210 levels in food grown on control lands and

46



from the grocery samples were always at or below the detection limit.
Thirty-four percent of the clay, 43 percent of the reclaimed, and 58
percent of the debris land observations were at or below the detection
limit. The necessity of estimating values for the detection limit
observations coupled with the already small number of parcels with
polonium measurements limited the power of the statistical tests. The
adjusted geometric means are listed in Tables 20 and 21.

The ANOVA declared a difference between foods, with the multiple
comparisons indicating that the differences occurred on the clay lands.
Parsley, Swiss chard, spinach, turnip greens, lettuce, and mustard greens
yielded higher mean concentrations. Notice that the leafy foods of
spinach, turnip greens, and mustard greens yielded higher concentrations
for all radionuclides. The ANOVA and multiple comparison results are
listed in Tables 22 through 25.
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TABLE 20

POLONIUM-210 IN FOODS (pCi/kg)
ADJUSTED GEOMETRIC MEANS
BY LAND TYPE AND FOOD TYPE

FOOD CONTROL
TYPE LAND

GROCERY
SAMPLES

MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
LAND LAND LAND LAND LAND

CAUL/BROC 0.500000 3.35703 0.500000

LEAFY 0.500000 5.07806 2.59916

SEEDS/GRAINS 0.500000 0.500000 0.500000 1.62122 1.72190

ROOTS/TUBERS 0.500000 2.05100 1.32041 1.07983

GENERAL 0.500000 0.606995 0.962892



TABLE 21

POLONIUM-210 IN FOODS (pCi/kg)
ADJUSTED GEOMETRIC MEANS

BY LAND TYPE AND SPECIFIC FOOD

FOOD
TYPE FOOD

CONTROL GROCERY MINERALIZED UNMINED RECLAIMED CLAY DEBRIS
LAND SAMPLES LAND LAND LAND LAND LAND

CAUL/BROC BROCCOLI 0.500000 3.35703 0.500000
CAULIFLOWER

LEAFY CABBAGE
COLLARD GREENS
LETTUCE
MUSTARD GREENS
PARSLEY
SPINACH
SWISS CHARD
TURNIP GREENS

0.500000
0.500000

SEEDS/GRAINS LIMA BEANS
PEAS
RICE
YELLOW CORN

0.500000
0.500000

0.500000 0.50000
1.62122 5.92986

ROOTS/TUBERS CARROTS
RADISH
POTATOES
TURNIP ROOT

0.500000 1.76106 2.33206

0.500000 2.05100
0.500000 1.21612 0.50000

0.7368 1.3345
0.5000 0.7257
7.5659 5.9963
5.3938 13.4870

34.1560
19.5702 28.1970
22.4004
18.8863 0.5000

GENERAL CUCUMBER 0.500000
EGGPLANT
GREEN BEANS 0.500000
GREEN PEPPER
OKRA 1.07238
ONIONS
STRAWBERRIES 0.500000
TOMATO 0.500000
WATERMELON
YELLOW SQUASH 0.500000 0.736885 0.91241
ZUCCHINI 0.500000
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TABLE 22 

MULTIPLE COMPARISON ANALYSIS 
FOOD POLONIUM-210 

COMPARE LAND TYPES WITHIN FOOD TYPES 

LEAFY CLAY > GROCERY2 

ALL OTHERS NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 

TABLE 23 

MULTIPLE COMPARISON ANALYSIS 
FOOD POLONIUM-210 

COMPARE FOOD TYPES WITHIN LAND TYPES 

DEBRIS NO SIGNIFICANT DIFFERENCES 

CLAY LEAFY > ROOTS/TUBER@, GENERAL2 

RECLAIMED NO SIGNIFICANT DIFFERENCES 

GROCERY NO SIGNIFICANT DIFFERENCES 

CONTROL NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 
2Significant at 0.05 level 
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TABLE 24 

MULTIPLE COMPARISON ANALYSIS 
FOOD POLONIUM-210 

COMPARE LAND TYPES WITHIN FOODS 

TURNIP GREENS CLAY > DEBRIS' 

ALL OTHERS NO SIGNIFICANT DIFFERENCES 

'Significant at 0.02 level 

TABLE 25 

MULTIPLE COMPARISON ANALYSIS 
FOOD POLONIUM-210 

COMPARE FOODS WITHIN LAND,TYPES 

DEBRIS NO SIGNIFICANT DIFFERENCES 

CLAY PARSLEY > CARROTS2, TURNIP ROOTI, 
YELLOW SQUASH2, CABBAGE, 
COLLARD GREENSI, RICE' 

SWISS CHARD > TURNIP ROOT2, CABBAGEl, 
COLLARD GREENS2, RICE2 

SPINACH > TURNIP ROOT2, CABBAGEl, 
COLLARD GREENS2, RICE2 

TURNIP GREENS > CARROTS1, TURNIP ROOT, OKRA2, 
YELLOW SQUASH2, CABBAGE, 
COLLARD GREEN+, RICE' 

LETTUCE > CABBAGE2 
MUSTARD GREENS > TURNIP ROOT2, CABBAGE 

RECLAIMED NO SIGNIFICANT DIFFERENCES 

GROCERY NO SIGNIFICANT DIFFERENCES 

CONTROL NO SIGNIFICANT DIFFERENCES 

bignificant at 0.02 level 
2Significant at 0.05 level 
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REGRESSION ANALYSIS INTRODUCTION

The intent of the regression analysis is to determine whether the
food concentration content can be modeled as a function of the soil
parameters, the land type, and the food type. Ideally, the value of the
concentration in food could be projected by knowing only the soil
characteristics and the food type.

A multiplicative model is postulated, which means that changes in the
level of food concentration occur as multiples of changes in soil
parameters. For example, a multiplicative model relating food radium to
soil radium has the form:

Food Radium = a x (Soil Radium)b

where a and b are constants to be estimated using available data. This is
to be contrasted with the more common additive model, which has the form:

Food Radium = a + b x (Soil Radium)

The multiplicative model is generally more useful in biological and
ecological modeling. The reasons are several: changes in biological
parameters are often measured in terms of orders of magnitude, which is
more consistent with multiplicative models. Also, the statistical support
for multiplicative models is the lognormal distribution, which often more
adequately fits biological parameters than the normal distribution, which
is the support for additive models.

For each of the food radioactivity parameters (radium-226, polonium-
210, and lead-210), the regression analysis followed approximately the
same procedure. As an example, using food radium-226 as the dependent
variable, the purpose of the regression analysis was to determine what
other variables (independent variables) were related to food radium-226
and what model might best describe that relationship. First, an analysis
was conducted which allowed only soil parameters (such as soil radium-226,
pH, cation exchange capacity, etc.) as independent variables if they were
statistically significant. Then the analysis allowed food type and soil
parameters to enter the model. A third evaluation allowed only food type
and soil radium-226 as independent variables. Then, a relationship was
investigated which involved only food type and land type as the
independent variables. Finally, food type, land type, and soil parameters
were allowed to enter the model.

This procedure was repeated for polonium-210 and lead-210. Each
analysis generated a family of equations which can be used to estimate
food radioactivity concentrations for a variety of food types, land types,
and soil parameters. It must be noted that the models which are presented
are only a few of those which can be generated from the data. Also, the
models are based on the specific data collected in this study, mostly from
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clay lands. Care must be exercised if they are used for foods, lands, or
other parameters which are different from those specifically sampled in
this study.

Radium-226 Results

A total of 88 observations were available for this analysis. Each
observation includes measurements on the following parameters: food and
soil radium (radium-226), food and soil polonium (polonium-210), food and
soil lead (lead-210), cation exchange capacity (CEC), organic matter (OM),
potassium (K), magnesium (Mg), calcium (Ca), pH, and hydrogen (H).

The radium measurements were made on 29 foods planted on 5 types of
land. The matrix in Table 26 shows the number of measurements for each
food and land type. Notice that the majority of the measurements were
made on the clay lands and leafy foods.

Simple Correlations

The simple correlation matrix for the logarithmic transforms
(consistent with the multiplicative model assumption) of food radium and
soil parameters is shown in Table 27. The letter "L" preceding a
parameter refers to the logarithm of the parameter. That is, L CEC refers
to the logarithm of cation exchange capacity. Note that the simple
correlation of food and soil radium is at 0.54, which is higher than any
other soil parameter's correlation with food radium. The value is
especially remarkable in light of the fact that this simple correlation
does not take either the food or land type explicitly into account. Other
statistically significant positive simple correlations with food radium
include: potassium (0.32), pH (0.46), magnesium (0.31), calcium (0.25)
and CEC (0.24). Two parameters are significantly negatively correlated
with food radium: hydrogen (-0.34) and organic matter (-0.34).

Many of the soil parameters are significantly intercorrelated,
indicating a kind of statistical "redundancy" in the parameters. This
means that one must be cautious in the interpretation of the regression
results: the fact that one soil parameter is excluded from a model does
not necessarily imply that it is uncorrelated with the food radium. The
intercorrelations may indicate that another parameter with which the
excluded parameter is highly correlated is acting as its proxy in the
model. For example, because soil radium content is so closely correlated
with land type, the land type might replace soil radium in the model.

Stepwise Regression

A number of stepwise regression procedures were utilized to ascertain
the models with the most power in this sample of 88 observations. Any
model determined using stepwise regression may be significantly altered
if a different sample is used; stepwise regression is most useful as a
screening device to determine those factors most highly correlated with
the dependent variable, food radium. One also learns about the
intercorrelations among the parameters as the model becomes more complex.
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Any parameter that was statistically significant at the 0.15 level
was admitted to the model. As soon as no new parameter can be added to
the model at that level of significance, the variable selection stops.
Note that a parameter may enter the model at an early step, and later be
eliminated because its significance has dropped below the 0.15 level.
This happens because different combinations of the intercorrelated
parameters may result in dramatic changes in the pairwise relationships
between food radium and any one parameter in the model.

Since pH is a function of hydrogen, hydrogen was not allowed to enter
the stepwise regressions models. It was determined that of the two, pH
was not only a better indicator of soil chemistry but also a more commonly
measured parameter.

Soil Parameter Model

The first stepwise regression relates the food radium to the soil
parameters, without regard to the food or land type. Table 28 shows that
two parameters were significant: soil radium and pH. The estimated model
is

ln(FRa) = 0.37 + 0.39 x ln(SRa) + 0.29 x pH + error

where FRa is the level of radium-226 in the food, and SRa is the level of
radium-226 in the soil. Converting this logarithmic equation to the
corresponding multiplicative model, the estimated model for calculating
the radium-226 level in food becomes:

FRa = 1.45 x SRa0.39 e 0.29 x pH x error

where e = 2.71828..., the so called "natural number." The error term on
the end of the model is included as a reminder that this equation is an
estimate based on 88 sample points, and that the use of the model for
estimating levels of food radium must be accompanied by a recognition of
the potential error associated with such estimates.

The implication of this model is that food radium increases in
proportion to roughly the square root of soil radium, and increases by
additional pH in the soil, all other things held constant. This last
phrase is an important constraint, since we have seen from the simple
correlation matrix that the soil parameters are highly intercorrelated,
implying that most of them vary together (either directly or inversely),
so that "all other things held constant" is not a realistic condition to
impose. Nevertheless, these data indicate that this relationship best
describes the overall variation of food radium across all land types.

Figure 9 presents the food to soil radium regression equation,
adjusting for the pH parameter in the model. Notice that the food radium
increases more slowly than the soil radium (approximately as the square
root), as implied by the regression coefficient between zero and one. The
presence of the adjusted (to a common pH value) data values allows a
visual assessment of the model's fit. The standard error of the model is
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TABLE 28

STEPWISE REGRESSION
SOIL PARAMETER MODEL

RADIUM-226

R SQUARE = 0.31923572

DF SUM OF SQUARES MEAN SQUARE F PROB>F

REGRESSION 2 45.08815841 22.54407920 19.93 0.0001
ERROR 85 96.14966440 1.13117252
TOTAL 87 141.23782281

B VALUE STD ERROR TYPE II SS F PROB>F

INTERCEPT 0.36986332
LSRA 0.38935500 0.10707405 14.95725481 13.22 0.0005
PH 0.29007117 0.14524722 4.51151425 3.99 0.0490
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the square root of the Mean Square Error given in Table 28. That is:

To see how this affects the model's usefulness for estimation, we can
calculate an approximate 95 percent confidence factor by exponentiating
twice the standard error:

This factor implies that one can be approximately 95 percent confident
that the true food radium content will be within the interval:

The multiple R-square for this model is 0.32, indicating that this model
accounts for 32 percent of the total sample variability in food radium.

Thus the food radium model over all land and food types shows a
significant positive correlation with soil radium and soil pH. The
utility of the model for estimation is limited, however, since it accounts
for only 32 percent of the observed variability in food radium, and the 95
percent confidence factor exceeds 8. We next try to improve the model by
accounting for the specific food type in which the radium is measured.

Food Type and Soil Parameter Model

The next model is shown in Table 29, wherein the food type is taken
into account prior to the introduction of the soil parameters. This has
the effect of accounting for the mean level of food radium in each food
type prior to introducing the soil parameters into the model. A
convenient way of interpreting effects of the soil parameters in this
model is that they are adjustments to the mean levels found in each food
type.

The net effect of the introduction of food type to the model is that
five different models are estimated, one for each food type, as follows:
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TABLE 29

STEPWISE REGRESSION
FOOD TYPE AND SOIL PARAMETER MODEL

RADIUM-226

R SQUARE = 0.51190945

DF SUM OF SQUARES MEAN SQUARE F PROB>F

REGRESSION 7 72.30097680 10.32871097 11.99 0.0001
ERROR 80 68.93684601 0.86171058
TOTAL 87 141.23782281

B VALUE STD ERROR TYPE II SS F PROB>F

INTERCEPT 1.19116934
CABR -1.00195069
GNRL -1.08756680
RTTB -0.94196158
SDGR -1.59108891
LEFY 0.00000000
LSRA 0.40466817
LCEC -0.28115977
PH 0.35672280

0.44881018 4.29465940 4.98 0.0284
0.28574106 12.48325998 14.49 0.0003
0.25823193 11.46589373 13.31 0.0005
0.44018972 11.25824096 13.06 0.0005
0.00000000 0.00000000 0.00 1.0000
0.09809378 14.66481511 17.02 0.0001
0.12532320 4.33715415 5.03 0.0276
0.14107654 5.50951784 6.39 0.0134

Gary Albarelli


Gary Albarelli




These models imply that food radium still varies roughly as the
square root of soil radium. Additionally, food radium appears to decrease
by additional CEC in the soil. Finally, the addition of pH to the soil
increases the amount of radium in the food.

Note that the only difference among the models is that the leading
constant differs; the exponents of the soil parameters in the model are
the same for all models. This is an assumption associated with this no
interaction model; we will examine interaction models, allowing varying
parameter coefficients and exponents, in a later section. These leading
constants imply that the leafy vegetables are associated with the highest
geometric mean level of food radium, with all cauliflower/broccoli, roots
and tubers, and general food types significantly less on the average.
Seeds and grains exhibit the lowest mean levels.

Figure 10 shows the regression equation for each food type adjusted
for the CEC and pH parameters in the model. Notice how the estimate of
food radium depends roughly on the square root of the soil radium, and how
the level of soil radium varies among food types. This model accounts for
significantly more variability than the previous one, with a model R-
square of 51 percent. However, the 95 percent confidence factor is still
relatively high, at 6.40.

Food Type and Soil Radium

A regression allowing only food type and soil radium in the model is
given in Table 30. The estimated models are similar to the above, with
the leafy vegetables again associated with the highest geometric mean
level of food radium and the coefficient for soil radium approximately the
same.

This model is clearly an improvement over the traditional plant:soil
ratios. The model accounts for 46 percent of the total sample variability
in food radium, with a 95 percent confidence factor of 6.8.

Food Type and Land Type Model

The stepwise regression relating food radium as a function of only
food type and land type is given in Table 31. Since no soil parameters
are considered in this model, the estimated models are constants differing
by the food and land type times the error term. The constants and
therefore the estimated values are given in Table 32.
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Table 32

Food-Type/Land-Type Model
Radium-226

Food Type Land Type

Debris Clay Reclaimed Mineralized Control

Leafy 61.58 50.85 20.02 15.62 7.28
Caul/Broc 24.26 20.03 7.89 6.15 2.87
Roots/Tubers 24.41 20.15 7.94 6.19 2.89
General 22.88 18.89 7.44 5.80 2.70
Seeds/Grains 19.34 15.97 6.29 4.91 2.29

These results are in general agreement with the ANOVA results
previously discussed. The debris lands are associated with the highest
geometric mean levels of food radium, followed closely by the clay lands.
The leafy vegetables are again associated with the highest geometric mean
level of food radium, even when grown on the control lands. The model
accounts for 50 percent of the total sample variability in food radium,
with a 95 percent confidence factor of 6.6. This model accounts for only
one percent less variability than the food type and soil parameter model.
The following food type, land type, and soil parameter model investigates
the possible correlation between the land type and soil radium content.

Food Type Land Type and Soil Parameter Models

The next regression model takes the mean levels of both food type and
land type into account prior to testing the soil parameters for their
contribution to the model. An example of the estimated models is given
below for the food type caul/broc, and for all land types. These results
are derived from the regression analysis given in Table 33 and can be
produced for all food type and land type combinations.
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The model coefficients reveal about the same results for the food
type effects. The soil type coefficients reveal that the control samples
have the lowest average levels of food radium,followed by the mineralized
samples. The reclaimed samples are next, and the clay and debris samples
are significantly higher than all others. These results are generally
consistent with the ANOVA results described in previous sections. Three
soil parameters are significant after the food and land type have been
taken into account: organic matter, magnesium, and pH. Interestingly, the
soil radium does not contribute significantly once the soil type has been
introduced, probably because the land type is a proxy for the soil radium
level. That is, because soil radium content is so closely correlated with
land type, the land type replaces soil radium in the model. Organic
matter and pH are positively correlated, while the magnesium parameter is
negatively correlated after food and land type are in the model. The R-
square value for this model is at 56 percent, with the 95 percent
confidence factor still high at 6.12.

Interaction Models

The previous models have postulated relationships between the amount
of food radium found in foods and the various soil parameters found to be
significantly correlated with food radium. Because the soil parameters
were introduced independently of the food type and land type, the above
models all tacitly assume that the relationships found between food radium
and the soil parameters are the same for each food and land type. That
is, although the introduction of food and land type adjusts the level of
the food radium geometric mean, the slopes of the relationships with the
soil parameters are assumed to be constant across both food and land type.

To determine whether the assumption of constant slopes (in the log-
log domain) is reasonable, we must introduce interaction into the models.
Interaction terms permit the slopes of the relationships between food
radium and soil parameters to differ for different food and land types.
For example, the relationship between food radium and soil radium might
be stronger (i.e., a greater slope) for leafy vegetables than for other
food types. This can only be examined by interacting soil radium with
food type.

The first interaction model, shown in Table 34, forces food type into
the model, and then enables stepwise selection from any soil parameter and
any of the pairwise interactions between the soil parameters and the food
types. Examination of the selected variables reveals that soil radium and
pH again appear in the model, with food radium still varying approximately
as the square root of each. Soil radium and pH do not appear in the model
with an interaction term indicating the same positive relationship for all
food types.

Cation exchange capacity, organic matter, and magnesium appear in the
model with interaction terms. The CEC soil parameter is present
interacting with the caul/broc food type (LCECCABR). CEC has a negative
correlation with food radium for caul/broc.
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The roots/tubers food type is present in an interaction term with
organic matter (LORGRTTB). Organic matter has a positive correlation with
food radium for roots/tubers.

Two magnesium interactions are present in this model.  The first with
the leafy food type reveals a negative relationship between food radium
and magnesium (LMGLEFY), and the second also shows a negative relationship
between these parameters for the seeds/grains food type (LMGSDGR).  Thus,
the relationship between radium in the food and magnesium in the soil
depends on the food type. This model has an overall R-square of 58
percent, with a 95 percent confidence factor of 5.8.

A second interaction model is presented in Table 35. In this model
both food type and land type are forced into the model prior to the
introduction of the interaction between the soil parameters and the food
types. As in the similar non-interaction model (Table 33), no soil radium
terms are found significant. Again, the land types apparently act as a
sufficient proxy for this parameter.

Magnesium and pH now appear with interaction effects while organic
matter is introduced having the same positive correlation over all food
and land types. Magnesium is significantly positively correlated with
food radium for the general food type and negatively correlated for the
leafy food type, as in the previous interaction model. The leafy food
type also interacts with pH, being significantly positively correlated
with food radium. The model's R-square is 60 percent, with a 95 percent
confidence factor of 5.7.

Great care must be exercised in the interpretation of these
interaction models. The introduction of interaction terms creates even
more intercorrelation among the parameters, and thus increases the
possibility of redundancy and substitutability of variables. It is often
tempting to over-interpret these somewhat complex models, assuming that
terms not included are unimportant. Therefore, these interaction models
are not necessarily used for the estimation of radium in food, but for the
investigation of the relationship between food radium and the soil
parameters dependent upon the food type.

Calcium Models

Soil calcium is generally considered to have a significant, negative
influence on the uptake of radium-226 by plants. Surprisingly, in the
analysis of the data from this study, soil calcium was not found to be
statistically significant in the stepwise regression analyses. It is
possible that the calcium effect is proxied by some other parameter.
Because it is generally accepted that calcium does indeed affect radium
uptake, an analysis was conducted which forced it into a food type model.
This analysis suggests that soil calcium has a negative influence
comparable in magnitude to soil magnesium. The model is shown in Table
36. The regression equations are as follows:
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Both calcium and magnesium appear in the model at relatively high
significance levels of 0.14 and 0.15, respectively.  The coefficients are
both negative with food radium appearing to decrease by additional calcium
and magnesium in the soil. Soil radium and pH are highly significant at
the 0.01 level, with organic matter significant at 0.08. This model
accounts for approximately the same amount of variability as the
previously discussed models. The R-square is 53 percent, generating a 95
percent confidence factor of 6.3.

Discussion

We should examine all the models discussed, and try to see whether
certain patterns repeat often enough to warrant further investigation.
First, none of the models has great estimating power. Even the most
complex model has a standard error of 0.87, which means that if the model
were to be used to estimate the level of food radium in some future
sample, the range of potential error would be a factor of 6. That is, an
estimation of 8 pCi/kg would have a 95 percent confidence interval of
approximately 1 to 48. Note also that the model could only be used for
samples drawn from locations similar to those utilized in this study, for
foods grown in this study, and for methods of analysis identical to those
used in this study.

Despite the failure of the model to provide precise estimations,
several interesting patterns emerged from the analysis. The correlation
of food radium-226 and soil radium-226 is quite strong, and strongest for
leafy foods. The models show that food radium increases in proportion to
roughly the square root of soil radium.  However, when land type is
introduced into the model first, the soil radium level becomes redundant
and is dropped from the model.

The soil parameter pH is always found in the model, with the
correlation consistently being positive with food radium. The models
imply that with the addition of pH, the food radium concentration
increases.  Organic matter, magnesium,and cation exchange capacity also
appear in several models,with organic matter always positively correlated
with food radium. Both of the stepwise interaction models show a
significant negative correlation between magnesium and food radium for the
leafy food type.
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Lead-210 Results

A total of 62 observations were available for the lead-210 analysis.
The matrix in Table 37 shows the number of measurements for each food and
land type. Notice that there are no measurements for the control and
mineralized lands and that the majority of the measurements were of leafy
foods on clay lands. This limits the usefulness of the lead-210 models
since they are based on a narrow range of lead results.

Simple Correlations

The simple correlation matrix for the logarithmic transforms of food
lead and soil parameters is shown in Table 38.  The simple correlation of
food and soil lead is at 0.29, the only statistically significant
correlation between food lead and the soil parameters. The other soil
parameter with a correlation exceeding 0.1 (in absolute value) is organic
matter at -0.13.

Stepwise Regression

The regression methodology used for the analysis of lead was the same
as that used for the radium analysis. That is, the same models have been
analyzed and are discussed in the following sections.

Soil Parameter Model

The first stepwise regression relates food lead to the soil
parameters, without regard to the food or land type. Table 39 shows that
only soil lead was significant at the 0.15 level. The estimated model is

The model shows a significant positive relationship between food lead
and soil lead. The slope is positive, as was indicated by the simple
correlation. This model also indicates that as soil lead increases, so
does lead in the food, roughly a one-to-one correspondence.  The R-square
for this model is 0.08, indicating that only 8 percent of the total sample
variability of the lead measurements is accounted for by this simple
model. The use of this model is extremely limited since the model
accounts for only 8 percent of the observed variability in food lead, and
the 95 percent confidence factor is 30.

Figure 11 gives the regression equation in the log domain. Notice
the clustering of the soil lead values between 2.5 and 4.0. This
illustrates the fact that the soil lead samples are primarily from the
clay lands. Therefore the regression models will be limited since the
variability in the soil lead reflects samples from clay lands only and the
results are limited in range.
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Figure 11

SOIL PARAMETER  MODEL
Food Lead-210 (pCi/kg) vs Soil Lead-210 (pCi/g)

Log Domain



Food Type and Soil Parameter Model

The next model is shown in Table 40, wherein the food type is taken
into account prior to the introduction of the soil parameters.
Examination of Table 40 reveals that after food type has been taken into
account, no soil parameters are statistically correlated with food lead.
The model coefficients imply that the leafy vegetables are associated with
the highest geometric mean level of food lead. This finding is in
agreement with the food type and soil parameter model for radium. The
caul/broc food type has the next highest geometric mean level of food
lead, with the seeds and grains next, and the general and roots/tubers
food types having the lowest mean levels of food lead. The model's R-
square is 38 percent with a 95 percent confidence factor of 18.

Food Type and Soil Lead

A regression allowing only food type and soil lead in the model is
given in Table 41. We know from the previous regression that the soil
lead effect will not be significant at the 0.15 level. Investigation of
Table 41 shows that soil lead is significant at the 0.29 level. The
estimated models are:

These models imply that food lead varies roughly as the square root
of soil lead. The leading constants imply that leafy vegetables are
indeed associated with the highest geometric mean level of food lead.
This model accounts for 39 percent of the variability, only one percent
more than the previous model. The 95 percent confidence factor is still
high at 17.

Food Type and Land Type Model

The stepwise regression relating food lead as a function of only food
type and land type is given in Table 42. Since no soil parameters are
considered in this model, the estimated models are constants differing by
the land and food type times the error term. The constants and therefore
the estimated values are given in Table 43.
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Table 43

Food-Type/Land-Type Model
Lead-210

Food Type Land Type

Debris Clay Reclaimed Mineralized Control

Leafy 41.04 27.92 3.82 - -
Caul/Broc 29.84 20.30 2.78 - -
Seeds/Grains 22.05 15.00 2.05 - -
General 8.05 5.48 0.75 - -
Roots/Tubers 4.66 3.17 0.43 - -

These results are in general agreement with the ANOVA results
previously discussed. The leafy food type again exhibits the highest
geometric mean level of food lead. The land type coefficients reveal that
debris has the highest average level of food lead, followed by clay, and
then reclaimed. Remember that there are no measurements on control and
mineralized lands.  The R-square for this model is 45 percent, with a 95
percent confidence factor of 16.

Food Type, Land Type, and Soil Parameter Model

The next regression model takes the mean levels of both food type and
land type into account prior to testing the soil parameters for their
contribution to the model (Table 44). No soil parameters were significant
after taking the food and land type into account. Notice that this model
is identical to the previously discussed food type and land type model.

Interaction Models

The first interaction model, shown in Table 45, forces food type into
the model, and then enables stepwise selection from any soil parameter and
any of the pairwise interactions between the soil parameters and the food
types. Examination of Table 45 reveals that several interaction terms are
significantly correlated with food lead. Two terms in the model are
interactions with the soil parameter organic matter: leafy (positive) and
roots/tubers (negative). Potassium is found to have a negative
correlation with food lead for the caul/broc food type. This interaction
as well as the organic matter interactions have significance levels
exceeding 0.10, suggesting the results may be an anomaly of the data.
Magnesium enters the model, having a positive correlation with food lead
for the general and seeds/grains food types. The soil parameter pH is
also found to have a negative correlation for the general food type. The
other significant parameter in the model is the interaction of cation
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exchange capacity (CEC) with the roots/tubers. CEC has a negative
relationship with food lead for this food type. The model's R-square is
62 percent, with a 95 percent confidence factor of 11.

A second interaction model is presented in Table 46. Both food type
and land type are forced into the model prior to the introduction of the
interaction terms. CEC, organic matter, potassium, and magnesium again
enter the interaction model. CEC has a positive correlation with the
seeds/grains food type and potassium has a negative correlation with the
caul/broc foods. However, both of these effects are significant at the
0.12 and 0.14 levels, respectively. Organic matter and magnesium appear
as in the previous regression model, this time with both being positively
correlated with the general food type. The only other significant term in
the model indicates a negative relationship between calcium and food lead
for the roots/tubers. The model's R-square is 59 percent, with a 95
percent confidence factor of 12.

Calcium Models

As discussed above, calcium is generally considered to have an effect
on the uptake of radioactivity by foods. While this effect is believed to
be strongest for radium uptake, a regression analysis was also conducted
for food lead with soil calcium being forced as an independent variable.
Since the majority of the samples were drawn from clay lands, this
relationship of food to soil lead was investigated for this land type
only.  The relationship between food lead and the soil parameters of lead,
pH, organic matter, and calcium gave the following estimated models:

The regression coefficient suggests that food lead varies roughly as
the square root of soil lead (see Table 47). However, this relationship
is not statistically significant at the 0.15 level. pH, organic matter,
and calcium are significant at the 0.05, 0.06, and 0.17 levels,
respectively. Notice that pH and calcium were not significant at the 0.15
level in the food type and soil lead model previously discussed. This
could be due to either the fact that this model is based solely on clay
land values or due to the possible multicollinearity of the independent
variables. The possibility of multicollinearity is emphasized by the
effect of adding magnesium to this model. Once magnesium is added, the
significance of organic matter and calcium is much less. This further
illustrates the caution needed in the interpretation of these exploratory
models.
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Discussion

The complex regression models for lead account for a significant
amount of variability. However, interpretation of these results should
be made with extreme caution, since it is tempting to infer too much from
these complex models, especially when there are several significant
interaction terms. It is also easy to forget that the sample is
concentrated on the clay lands, with some debris samples, and very few
from reclaimed lands.

Food and soil lead contents are positively correlated, although the
strength of the correlation does not approach that for radium levels. The
estimated values based on even the best interaction model would have 95
percent confidence intervals indicating potential variability by a factor
of 11.

Polonium-210 Results

A total of 51 observations were available for the polonium-210
analysis. The matrix in Table 48 shows the number of measurements for
each food and land type. The design matrix is almost identical to the
matrix for lead-210. There are no measurements for control and
mineralized lands and the majority of the measurements were made of leafy
foods on clay lands.

Simple Correlations

The simple correlation matrix for the logarithmic transforms of food
polonium and soil parameters is shown in Table 49. Note that the simple
correlation of food and soil polonium is not statistically significant
with a correlation coefficient of 0.02. No soil parameters show any
statistically significant correlation with polonium in the food; however,
the two highest are: pH (0.15) and calcium (0.08).

Stepwise Regression

The regression methodology used for the analysis of polonium was as
in the above discussion for radium and lead. The same models were
postulated, and the results are discussed in the following sections.

Soil Parameter Model

The first stepwise regression relates food polonium to the soil
parameters, without regard to the food or land type. There were no soil
parameters significant at the 0.15 level to allow admittance to the model.
Thus, these data reveal no ability to estimate the polonium concentration
in the food based on the soil radioactivity concentration and soil
chemistry.
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Food Type and Soil Parameter Model

Examination of the model in Table 50 reveals that after food type has
been taken into account, no soil parameters are statistically correlated
with food polonium. The model coefficients infer that the leafy
vegetables are associated with the highest geometric mean level of food
polonium (as in food radium), with all other food types significantly less
on the average. The general and roots/tubers food types exhibit the
lowest mean levels. The model's R-square is 0.15, indicating that only
15 percent of the polonium variability is accounted for by food type.  The
95 percent confidence factor is 20. The model is not statistically
significant at the 0.1 level, thus providing insufficient evidence to
infer that the differences among the geometric means for the six food
types are real.

Food Type Land Type and Soil Parameter Model

The next regression model takes the mean levels of both food type and
land type into account prior to testing the soil parameters for their
contribution to the model (Table 51). The leafy food type again exhibits
the highest geometric mean level of food polonium. The soil type
coefficients reveal that clay has the highest average level of food
polonium, followed by reclaimed, and then debris.  Remember that there are
no measurements on control and mineralized lands. It is interesting that
potassium is significant after the food and land type effect have been
taken into account. Potassium is negatively correlated with food
polonium. The R-square for this model is only 22 percent, and the model
as a whole is not statistically significant. The 95 percent confidence
factor drops slightly to 19.5.

Interaction Models

The first interaction model, shown in Table 52, forces food type into
the model, and then enables stepwise selection from any soil parameter and
any of the pairwise interactions between the soil parameters and the food
types. Examination of Table 52 reveals that several interaction terms are
significantly correlated with food polonium. Two terms in the model are
interactions with the leafy food type: organic matter (positive) and pH
(positive). Organic matter is also significantly positively correlated
with food polonium for the caul/broc food type. This model accounts for
slightly more variability than the previous one, with a model R-square of
29 percent, and the model is statistically significant. The 95 percent
confidence factor is 17. Clearly, variable interactions play an important
role in the determination of food polonium.

A second interaction model is presented in Table 53.  Both food type
and land type are forced into the model prior to the introduction of the
interaction terms. No interactions entered the model at the required
significance level. Therefore, the model is identical to the food type,
land type, and soil parameter model in Table 51.
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Discussion

The results of the polonium regression analysis should be viewed with
caution. The modeling process was limited by the small number of
observations, with the majority of these observations being leafy foods
on clay lands.

The correlation of food and soil polonium is very weak. Organic
matter and pH are significantly correlated with food polonium for the
leafy foods in the interaction model when adjusted for only food.
Potassium was negatively correlated with food polonium after taking into
account the food and land type.
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DATA EVALUATION

CHARACTERISTICS OF THE LAND PARCELS

Radionuclide Characteristics

Measurements of soil radioactivity and soil chemistry are summarized
for the various land classes in Table 54.  The five land classes present
three major radioactivity concentration categories:

(1) Low (<1 to 2 pCi/g):
- Control
- Mineralized

(2) Intermediate/Variable (average 5 pCi/g, range 1 to 50 pCi/g):
- Reclaimed

(3) Elevated (>10 pCi/g):
- Clays
- Debris.

Radium-226 analyses were performed on soil samples associated with
most food samples; lead-210 and polonium-210 analyses were performed on
a sub-set of soil samples (those collected in the current study). Where
the data were available, the lead-210/radium-226 and the polonium-
210/radium-226 ratios were examined to determine the extent to which these
radionuclides were in radioactive equilibrium, the degree of uniformity
within a land type, and whether there were differences between land types.
If the ratios are relatively constant within land types, then conclusions
can be drawn about the lead-210 and the polonium-210 source presented to
the food, even when only radium-226 data are available.

For the reclaimed lands, the ratio for both radionuclides was on the
order of 80 percent; individual ratios were as low as approximately 50
percent and all ratios were less than 100 percent except for one lead-
210/radium-226 value of 1.40 for the lowest activity soil (3 pCi/g radium-
226) and a single polonium-210/radium-226 value of 1.03 for a soil with
moderately elevated radioactivity (9 pCi/g radium-226).

By contrast, ratios tended to be higher for clay lands and debris
lands. Lead-210/radium-226 ratios were on the order of 140 to 150 percent
with only one value less than 90 percent and maximum values approaching
300 percent. Polonium-210/radium-226 ratios were on the order of 116
percent; four clays and no debris samples had values less than 90 percent
and maximum values ranged to nearly 200 percent. Lead-210 and polonium-
210 analyses were not performed for control and mineralized lands; ratios
for these lands types should be comparable to what is generally reported
for U.S. soils.

From these observations it can be concluded that phosphate mining-
related lands that have elevated radium-226 are likely to have elevated
lead-210 and polonium-210 and hence consideration should be given to these
daughter radionuclides as well as to radium-226. For reclaimed lands, the
daughter nuclides are likely to be present in the soil at levels on the
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order of 80 percent of the radium-226 concentration; while for clay and
debris lands, the daughter radionuclide concentrations are likely to
exceed the radium-226 concentration.

Chemical Characteristics

Soil chemistry measurements are also summarized in Table 54. The
various land classes present a range of values for the chemical
characteristics, thus offering the opportunity to examine the effect of
various soil characteristics on the transfer of the several radionuclides
to the plant types studied.

Summary of Radionuclide and Chemical Characteristics

Table 55 presents a descriptive summary of the lands in this study.
The values of the chemical characteristics are described as low, medium,
and high in the context of the overall range of values observed; this does
not necessarily represent adequacy or deficiency for plant requirements.

1. Low radioactivity lands (Control and Mineralized) In these lands, soil
concentrations of radium-226 averaged about 0.5 pCi/g and individual
samples ranged from 0.1 to 2.0 pCi/g. All samples from these lands were
collected during the initial study and they were not analyzed for lead-
210 and polonium-210; however, concentrations of these radionuclides would
be expected to be similar to radium-226 (i.e., in approximate radioactive
equilibrium). These lands exhibited a wide range of organic matter
content. All five samples from Orange and Lake Counties (presumably muck
lands) had organic matter concentrations of 9.9 percent. All the other
samples had much lower concentrations, ranging from 2.1 to 6.0 percent.
The values of pH were generally in the slightly acid to neutral range
(average 6.0, ranging from 4.8 to 8.0). The two land classes generally
exhibited two levels of cation concentration and CEC:

Control lands:
cation concentrations: a wide range of values;

generally medium to high.
CEC: generally high.

Mineralized Lands:
cation concentrations: generally low.
CEC: generally low.

2. Intermediate/variable radioactivity lands (Reclaimed) The average soil
radium-226 concentrationwas intermediate (5 pCi/g) but individual samples
results were highly variable, ranging from low (<1 pCi/g) to elevated (49
pCi/g). Lead-210 and polonium-210 were present at comparable levels but
at slightly less than equilibrium with the radium-226. Organic matter
concentrations were generally low and pH was in the slightly acid range.
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TABLE 55 

SUMMARY OF LAND CHARACTERISTICS 

LOW RADIOACTIVITY LANDS 

Ra-226: Low; 0.5 (0.1 to 2.0) pCi/g 
Pb-210 and PO-210 not measured but expected to be in approximate radioactive 

equilibrium with Ra-226. 
pH: Slightly acid to neutral; 6.0 (4.8 to 8.0). 

Control Lands 

Organic Matter: Three sites high (9.9%); one low (2.9%) 
Cations: Wide range; generally medium to high levels. 

Ca: 2200 (300 - 3600) ppm High (Low to High) 
Mg: 380 (110 - 520) ppm Medium 
K: 100 ( 42 - 210) ppm Medium (Medium to High) 

CEC: 19 (3 - 30) meq/lOO g High (Low to High) 

Mineralized Lands 

Organic Matter: Generally low (2-6%) 
Cations: Generally low to medium levels. 

Ca: 340 (150 - 850) ppm Low (Low to Medium) 
Mg: 73 ( 29 - 270) ppm Low (Low to Medium) 
K: 26 ( 5 - 140) ppm Low (Low to Medium) 

CEC: 3 (2 - 9) meq/lOO g Low (Low to Medium) 

INTERMEDIATE/VARIABLE RADIOACTIVITY LANDS - RECLAIMED LANDS 

Ra-226: Intermediate with a wide range; 5 (<l - 49) pCi/g. 
Pb-210 and PO-210: Generally less than radioactive equilibrium with Ra-226: 

Pb-210/Ra-226: 0.8 (0.5 - 1.4) 
Po-210/Ra-226: 0.8 (0.4 - 1.0) 

Organic Matter: Generally low; 1.4 (0.8-4.6)% 
pH: Generally acid; 5.5 (4.5 - 7.3) 
Cations: Variable; generally low to medium levels. 

Ca: 630 ( 50 - 3900) ppm Medium (Low to High) 
Mg: 87( 8- 1200) ppm Low (Low to High) 
K: 22 ( 1 - 210) ppm Low (Low to High) 

CEC: 6 (1 - 37) meq/lOO g Medium (Low to High) 
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TABLE 55 (CONTINUED) 

SUMMARY OF LAND CHARACTERISTICS 

ELEVATED RADIOACTIVITY LANDS 

Ra-226: Elevated; 16 (9 - 22) pCi/g 
Pb-210 and PO-210 generally in excess of radioactive equilibrium with Ra-226: 

Pb-210/Ra-226: 1.4 (0.8 - 2.9) 
Po-210/Ra-226: 1.2 (0.6 - 2.0) 

Organic Matter: Low concentrations; (1.7 - 3.8%) 

Clav Lands 

pH: Acid to neutral: 7.2 (5.9 - 8.0) 
Cations: Wide range; generally high levels. 

Ca: 3100 (330 - 3900) ppm High (Low to High) 
Mg: 960 (110 - 2200) ppm High (Medium to High) 
K: 250 ( 34 - 390) ppm High (Low to High) 

CEC: 26 (3 - 42) meq/lOO g High (Low to High) 

Debris Lands 

pH: Generally acidic; 5.9 (4.7 - 7.6) 
Cations: Wide range: generally medium levels. 

Ca: 550 (370 - 3500) ppm Medium (Low to High) 
Mg: 110 ( 37 - 2000) ppm Medium (Low to High) 
K: 62 ( 17 - 280) ppm Medium (Low to High) 

CEC: 5 (3 - 36) meq/lOO g Medium (Low to High) 

CRITERIA FOR OUALITATIVE RANKING OF SOIL CHARACTERISTICS 

& Medium High 

Radioactivity (pCi/g) <2 2- 10 >lO 
Organic Matter (percent) <5 5- 10 >lO 
Calcium (ppm) <500 500 - 1000 >lOOO 
Magnesium (ppm) <lOO 100 - 500 >500 
Potassium (ppm) <50 50 - 150 >150 
CEC (meq/lOOg) <5 5- 10 >lO 
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Cation concentrations were highly variable but on the average tended to be low
to medium. CEC also was variable but was at a medium level on the average.

3. Elevated Radioactivity Lands (Clay and Debris) Radium-226 concentrations
were on the order of 10 to 20 pCi/g and lead-210 and polonium-210 concentrations
were of comparable magnitude but generally in excess of radioactive equilibrium
with the radium-226. Organic matter concentrations were low. The two classes
showed slight differences in pH and noticeable differences in cation
concentration and CEC.

Clay lands:
pH: generally neutral.
cation concentrations: wide range, high on the average.
CEC: wide range, high on the average.

Debris lands:
pH: generally acidic.
cation concentrations: wide range, medium on the average.
CEC: generally low to medium.
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FACTORS AFFECTING RADIONUCLIDE TRANSFER

While 29 different foods were examined in this study, neither the
planting practices at the land parcels available for study or the
resources allocated to this study permitted a study of all foods on all
land types. As mentioned previously, for the purpose of examining
radionuclide transfer from soil to food and for developing models, the
data were examined on the basis of the five food categories that had been
designated on the combined basis of plant type and portion of plant
harvested for consumption:

1. Leafy,
2. Cauliflower and broccoli (i.e. flowering Brassica),
3. Seeds and grains,
4. General (largely garden fruit), and
5. Roots and tubers

Radium-226

Soil Radium-226

Radium-226 in the foods was indeed strongly correlated to the soil
radium-226 concentration. As indicated in the statistical analysis, plant
radium-226 concentration varied as approximately the square root of the
soil radium concentration, with the exact coefficient depending upon the
model employed. This is contrary to the statement in NCRP Report 77 that
cites a linear effect with soil concentration. On the other hand, this
is consistent with findings in the initial study (Guidry, et al. 1986),
University of Florida studies of radionuclides in forages raised on a
reclaimed settling area (Roessler et.al. 1986), and a report by Simon and
Ibrahim (1987) in which the increased radium-226 in foods was not linearly
proportional to the increased radium-226 in soil.

Food Category

The most influential factor affecting the relationship between plant
radium-226 and soil radium-226 was the food category. The statistical
relationship depended upon the model used. In general, other factors
being equal, leafy foods exhibited the highest concentrations of radium-
226. Foods in the roots/tubers and caul/broc categories exhibited
substantially lower radium-226 levels. The lowest observed concentrations
were found in the seeds/grains and the general categories.
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Soil Chemistry

As discussed in the statistical analysis, a number of the regression
models identified various soil parameters as having a potential influence
on food radium-226. In approximate order of influence, these included:

- pH: positive; all models,
- CEC: negative; selected models,
- Organic matter: positive, selected models, and
- Magnesium: negative; some models.

The most influential soil chemistry factor was pH which was
significant each time it appeared in a model. Several of the models
suggest that the radium-226 concentration in the foods increases roughly
40 percent per unit increase in pH.

Several of the statistical models suggest that CEC has a negative
effect on food radium-226; that is, radium-226 concentration in the food
decreases as CEC increases. The interaction model indicated that this
effect is largely observed within the caul/broc category. The lower
radioactivity mineralized lands had generally low values of CEC while the
clay lands had generally medium to high CEC levels. Thus high CEC appears
to limit the uptake of radium-226 from the clay lands.

The factor that appeared next most often in the regression models was
Organic Matter (OM) which had a positive effect on food radium-226
content. The interaction model indicated that this effect was manifest
in the roots/tubers category. Except for some of the control parcels,
levels of OM were generally low. Thus low OM also appears to limit the
uptake of radium-226 from the clay and debris lands.

In some models, soil magnesium had a significant influence on food
radium-226. The overall effect was a negative influence. Interaction
models indicated that this effect was manifest in the leafy and the
seeds/grains categories with a possible positive influence in the general
category. Control and mineralized lands had generally low to medium levels
of magnesium while the levels in debris and clay lands were medium to
high. Here again, magnesium appears to limit the radium-226 uptake from
the elevated radioactivity lands.

Soil calcium is generally considered to have a significant, negative
influence on the uptake of radium-226 by plants. Surprisingly, in the
analysis of the data from this study, soil calcium did not enter as a
significant factor in the stepwise regression analyses. However, when
forced into the model, soil calcium had a negative influence comparable
in magnitude to soil magnesium. CEC, which is calculated from the
concentrations of various exchangeable cations, pre-empts calcium in the
statistical model. This suggests that, in a simplified model, CEC is a
better factor in the estimation of potential radium-226 uptake than the
concentration of any individual cation.
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Lead-210

Lead-210 analyses were limited to food-soil sample pairs from the
reclaimed, clay, and debris land categories. Furthermore, the majority
of the measurements were of leafy foods on clay lands. Thus the levels
of radioactivity were observed over a limited range, levels of soil
chemistry were somewhat limited in range, and the data for the categories
other than leafy are limited. Consequently, the data present only limited
opportunity to define the factors influencing lead-210 uptake by foods.

Soil Lead-210

Food lead-210 is correlated positively with soil lead-210 but this
correlation is not as strong as was the case for radium-226. Again the
food radioactivity varies roughly with the square root of the soil
radioactivity.

Food Category

When food type was introduced as a factor in the model, it was the
strongest factor influencing food lead-210 (even to the exclusion of soil
lead-210). As with radium-226, the ranking depended on the model. But,
in general, the leafy foods exhibited the highest lead-210 concentrations.
Foods from the caul/broc category contained intermediate concentrations
followed by foods from the seeds/grains and general categories. The
roots/tubers foods contained the lowest concentrations of lead-210.

This ranking was similar to that observed for radium-226 except that
the roots/tubers category had the lowest concentrations of lead-210 as
contrasted with intermediate concentrations of radium-226.

Soil Chemistry

The soil chemistry data did not present a clear picture of the
factors which may influence lead-210 uptake in foods. Some of the
statistical evaluations suggested an effect from pH, OM, and calcium, but
the relationships were not strong and the models often suggested
contradictory effects. No clear-cut relationships were found.

Potential Effect of Atmospheric Deposition

It has been reported that a major source of lead-210 in plants is
deposition from the atmosphere (lead-210 resulting from the decay of
airborne radon-222). In this study, the highest concentrations were
observed in the above-ground plant parts with the greatest surface area.
This suggests that deposition from the atmosphere may be the major source
of lead-210 in the foods in this study, possibly even overshadowing the
effect of soil lead-210 and soil chemistry factors.
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Polonium-210

Polonium-210 analyses were limited to food-soil sample pairs from
the reclaimed, clay, and debris land categories. Furthermore, as was the
case for lead-210, the majority of the measurements were of leafy foods
on clay lands. Thus the levels of radioactivity were observed over a
limited range, levels of soil chemistry were somewhat limited in range,
and the data for the categories other than leafy are limited. Since
almost 40 percent of the food measurements were below the limit of
detection for the analytical method, the data present an even more limited
opportunity to define the factors influencing polonium-210 uptake by
foods. There was no significant correlation of food polonium-210 with
any soil factors including soil polonium-210.

Again, the food category was the major factor correlated with food
radioactivity. The highest concentrations were observed in the leafy
category and the lowest in the roots/tubers category. These observations
again suggest that deposition from the atmosphere may be more significant
than soil polonium-210 and other soil parameters.

ESTIMATION OF FOOD RADIOACTIVITY

The statistical analysis considered a variety of models which attempt
to relate food radioactivity to various parameters such as food type, land 
type,and soil parameters. As mentioned in those analyses, numerous other
models can be constructed from the regression parameters which are listed
in the various model tables. It may be beneficial, however, to provide
a family of models for a variety of situations. When soil radioactivity
data are not available and a simple screening model would be useful for
screening lands for potential food production, a simple Land-Type/Food-
Type Model might suffice. If more detailed information is available on
the soil chemistry, a Soil Parameter Model might be useful. For this
reason, the authors have compiled a summary of suggested models for
estimating food radioactivity concentrations. As mentioned previously,
caution must be exercised in using these models since the sampling design
was not balanced. Also, most of the lead-210 and polonium-210 results
were obtained from clay lands. Note also that the model could only be
used for samples drawn from locations similar to those utilized in this
study and for foods grown in this study.

Since food type can always be selected as an independent variable,
all of the models which are discussed here include food type. The
remaining parameters vary with degree of model complexity. Three levels
of complexity are discussed here. The successive levels require
increasing amounts of information about the land. The choice of level
will depend on the amount of available information and the desired degree
of sophistication. The types of estimators, in order of increasing
complexity, are those based on (1) land type, (2) soil radioactivity, and
(3) multiple soil parameters.

These estimators are only discussed for radium-226 and lead-210
because of the limited amount of food polonium-210 data above the limit
of detection of the analytical procedure. Fortunately, this is not a
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serious omission since, as described below in the dose assessment,
polonium-210 is not a significant dose contributor relative to radium-226
and lead-210 for any of the land categories or any of the foods.

Food-Type/Land Type Model

This is the simplest type of estimator, requiring only land type as
input information. It might be employed for preliminary, scoping estimates
for specific land types.

Radium-226

The observed geometric mean values serve as one form of estimator.
These results are summarized in Table 56 and presented in Figure 12. Note
that no data were reported for several food-type/land-type categories and
some means are based on only one observation. If the assumption is made
that there is a simple systematic effect of land type and food type
without interaction, then a simple food-type/land-type model can be fit
to the data and estimated values obtained to provide values for the
missing cells and to smooth out the response in a systematic fashion.
The results of using this simplified modeling technique are summarized as
the second set of entries in each cell in Table 56 and plotted in Figure
13. Note that the estimated concentrations in foods reflect the general
levels of soil radioactivity in the various land classes:

a) generally low for control and mineralized lands,
b) somewhat increased for reclaimed lands, and
c) highest for clay lands and debris lands.

However, levels were generally higher for debris lands than for clay
lands, possibly due to the fact that cation concentrations were generally
lower in debris soil than in clay soil.

Superimposed on the land-type effect is a food-type effect. There
was a general trend for increasing concentrations from the general
(largely garden fruit) to the seeds/grains to the roots/tubers to the
flowering Brassica (cauliflower/broccoli) to the leafy categories. When
the food and land categories are arranged as in Figure 13, it results in
a response surface with the steepest rise along the diagonal from
"general-on-control" to "leafy-on-debris".

It should be noted that the estimated geometric means shown in Table
56 are based on a larger data set than those listed in Table 32. This is
due to the difference between the methodology used for the statistical
analysis and that used in determining the proposed models for estimating
radioactivity concentrations. In the statistical analysis, various models
were developed to demonstrate the types of models which can be available
to the analyst in the use of these data. To permit direct comparison of
all the models, the data set for the statistical analysis was restricted
to the subset of samples for which soil chemistry data were available.
In the case of radium-226, this required the exclusion of some radium-226
observations from the initial study since soil chemistry information for
those observations were not available. For the purpose of suggesting a
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preferred radium-226 model which does not use the soil chemistry
parameters, the entire radium-226 data set was used. Thus, the estimated
geometric means are different, but similar in value.

Lead-210

For this radionuclide, samples were collected from reclaimed, clay
and debris lands. The observed geometric mean concentrations are
presented in Table 57; the three sampled land categories are presented in
Figure 14. Data are missing for even more food-type/land-type cells than
for radium-226. Again, assuming a systematic effect, a simple food-
type/land-type model was fitted to the data and estimated values were
obtained for each of the food-type/land-type cells; these results are also
presented in Table 57 and are depicted in Figure 15. There was not as
close a correspondence between observed and estimated values as for
radium-226; the lead-210 estimates were based on fewer data and a less
complete design than for radium-226.

Again the estimated concentrations in foods reflect the general level
of soil radioactivity in the various land classes with the highest
concentrations in foods from debris lands. The superimposed food effect
is similar to that for radium-226 with a slightly different order of
foods. In this case the steepest increase is along the diagonal from the
"roots/tubers-on-reclaimed" cell to the "leafy-on-debris" cell.

Soil Radioactivity Model

This type of estimator represents the next degree of complexity and
might be used when soil radioactivity levels are known but no additional
soil data are available. Estimation of food radioactivity from soil
radioactivity is commonly used in radiological assessment.
Conventionally, a simple plant:soil ratio is applied for various food
types. However, the multiplicative model introduced for this study allows
the investigation of relationships other than the simple linear ratio.

Radium-226

Table 58 lists the models which are suggested for the five food
categories. Note that food radium-226 is approximately a square root
function of soil radium-226.

Lead-210

Table 58 lists the models which are suggested for the five food
categories. Again food radioactivity is approximately a square root
function of soil radioactivity.
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TABLE 58 

SUGGESTED MODELS FOR ESTIMATING FOOD RADIOACTIVITY CONCENTRATIONS1 

RADIUM-226l 

FOOD-TYPE/LAND-TYPE MODEL 

Food Type Concentration in pCi/kg for Indicated Land Type 

Debris Clay Reclaimed Mineralized Control 

Leafy 65.6 39.9 20.9 9.2 9.1 
Caul/Broc 34.4 20.9 11.0 4.8 4.8 
Roots/Tubers 33.3 20.3 10.6 4.7 4.6 
General 18.6 18.6 5.9 2.6 2.6 
Seeds/Grains 25.6 15.5 8.1 3.6 3.5 

SOIL RADIOACTIVITY MODEL' 

Leafy: FRa = 16.42 x SRa0*42 

Caul/Broc: FRa = 7.25 x SRa0'42 

Roots/Tubers: FRa = 5.78 x SRa0-42 

General: FRa = 4.46 x SRa0.42 

Seeds/Grains: FRa = 4.12 x SRa0*42 

SOIL PARAMETER MODEL3 

Leafy: FRa = 3.29 x SRa"*41 x CEC-"*2a x e"*36 'm 

Roots/Tubers: FRa = 1.28 x SRaoa41 x CEC-"*2a x e"*36xpH 

Caul/Broc: FRa = 1.21 x SRaoe41 x CEC-om2a x e"*36xPH 

General: FRa = 1.11 x SRa0.41 x CEC-0.28 x eo.36 XPH 

Seeds/Grains: FRa = 0.68 x SRa"*41 x CEC-"-2a x e"*36 xpH 

l95 percent co nfidence interval is multiplicative using a factor ranging from 
6 to 8 

2FRa = food radium-226 concentration in pCi/kg 
SRa = soil radium-226 concentration in pCi/g 

3CEC = cation exchange capacity in meq/lOOg 
pH is expressed in pH units 
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TABLE 58 (continued) 

LEAD-2101 

FOOD-TYPE/LAND-TYPE MODEL 

Food Type Concentration in pCi/kg for Indicated Land Type 

Debris Clay Reclaimed 

Leafy 41.0 27.9 3.8 
Caul/Broc 29.8 20.3 2.8 
Seeds/Grains 22.1 15.0 2.1 
General 8.1 5.5 0.8 
Roots/Tubers 4.7 3.2 0.4 

SOIL RADIOACTIVITY MODEL2 

Leafy: FPb = 6.87 x SPb0.47 

Caul/Broc: FPb = 5.03 x SPb".47 

Roots/Tubers: FPb = 0.71 x sPb".4' 

General: FPb = 0.87 x SPb"-47 

Seeds/Grains: FPb = 1.67 x SPb".47 

l95 percent confidence interval is multiplicative using a factor ranging from 
16 to 17. 

2FPb = food lead-210 concentration in pCi/kg 

SPb = soil lead-210 concentration in pCi/g 
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Multiple Parameter Model

This represents the third level of complexity and could be used when
detailed soil radioactivity and chemistry data are available. While many models
are possible, this set was selected as the best representation based on the
available data in this study.

Radium-226

Table 58 lists the multiple parameter models which are suggested.

Lead-210

As discussed above, no soil parameters correlatedwith food lead at the 0.15
level. Therefore, no models are suggested for estimating food lead with a
multiple parameter model.
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DOSE EVALUATION

INTRODUCTION

The biological effects which may occur from exposure to radioactivity
are assumed to be linearly proportional to the radiation dose received by
the exposed individual. In this context, the radiation dose absorbed by
an individual is expressed in thousandths of a rem (mrem). The evaluation
of potential radiation doses to humans from radioactivity in foods
requires the following:

1. scenarios describing the individuals or populations for which
the dose is to be estimated,

2. a diet model describing the average intake of various food
items, and

3. a dosimetry model to convert radionuclide intake to dose.

The dose calculation scenario describes the individual for which the
dose is being calculated and specifies the source of that individual's
food. For the purpose of this study, foods are separated into "sampled"
foods and "non-sampled" foods. "Sampled" foods are those potentially
affected by the several land types under study. The radioactivity
concentrations in these foods are available from laboratory measurements.
"Non-sampled" foods are those not sampled in this study, and are assumed
to be derived from a general food pool available to the population.
Radionuclide concentrations for "non-sampled" foods and drinking water are
taken from the literature.

INTAKE SCENARIOS

The "sampled" foods consumed by a typical individual are likely to
be a combination of those grown on mined lands and those originating
elsewhere. Since debris lands are no longer being created, these lands
were not considered in the definition of the intake scenarios. Reclaimed
and clay lands will continue to be created by phosphate reclamation
procedures. Since, of these two, the average food concentrations observed
on clay lands were higher than on reclaimed lands, the intake scenarios
were defined for foods obtained from clay lands to be conservative. For
the purpose of the dose assessment, three individuals were defined:

1. Control individual - a reference individual who consumes
"sampled" foods that do not originate on mining-related lands.

2. Local individual - an individual in the phosphate mining
region whose "sampled" foods are a mixture of foods from both
clay and unmined lands. This individual can be considered an
average for the region. For the local individual's diet, it
is assumed that ninety percent of the "sampled" foods were
obtained from unmined lands. Although the authors believe
that only a few percent of the local individual's diet would
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come from clay lands, ten percent was assumed to be
conservative.

3. Maximum individual - obtains one hundred percent of his diet
of "sampled" foods from clay lands. The authors do not expect
that any individual reflects this worst-case scenario.

The "local" and "maximum" individuals can be compared to the
"control" individual to determine incremental doses.

DIET MODEL

The "total diet" model used for this study considers the consumption
of all food items, including such specific items as meats, milk and milk
products, condiments, and beverages. The diet model used for this
assessment is shown in Table 59. It is based on the revised FDA diet with
regrouping from the 201 items in that diet (Pennington, 1983). All
sampled items are retained as unique items. Groupings were developed on
a general plant-type basis with considerations made for diet substitution.

Food intake quantities were derived from the FDA values for a young
adult male. Values are available for other age groups and for females in
the same groups. However, the dose conversion factors selected for the
dose analysis are for adult males, and other sex or age group calculations
would involve additional assumptions and corrections in the calculations.

DOSE COMPUTATION

Radiation doses were calculated in terms of committed effective dose
equivalent (CEDE). The CEDE is a dose quantity that expresses the long-
term dose received from an annual intake of radioactivity and provides for
summing the effects of ingestion of various radionuclides that have
different distributions in the body and different biological turnover
rates. CEDES were calculated from the estimated annual radionuclide
intakes using dose conversion factors (DCFs) expressed as CEDE per unit
intake (mrem/pCi) from Federal Guidance Report No. 11 (USEPA, 1988). This
is the latest compilation of ingestion DCFs and is based on the dosimetry
methodology of ICRP Publication Number 30 (ICRP, 1977).

Doses were calculated with the aid of a computerized Lotus 1-2-3R

spreadsheet. A worksheet was prepared for each mining-related land
category and radionuclide combination. Table 60 shows an example
worksheet for one such combination. The table includes all the essential
elements necessary to make a wide variety of calculations and to draw
numerous conclusions. The heading of the worksheet displays the land
category of interest, radionuclide, and dose conversion factor. Each
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TABLE 59 

TOTAL DIET MODEL 

INTAKE 

(g/day) 

SAMPLED 

DAIRY 
Milk 
Cheese 

MEAT 
Beef 
Pork 
Other 

FISH 
EGGS 
CEREAL FOOD 

Corn Grain 
Grain 
Cereals/Bread 

CAULIFLOWER/BROCCOLI 
Cauliflower 
Broccoli 

LEAFY/COLE VEGETABLES 
Cabbage 
Collard Greens 
Lettuce 
Mustard Greens 
Spinach 
Turnip Greens 
Other 
Celery 

LEGUMES 
Green Peas 
Other Beans 
Nuts 
Other 

SEEDS/GRAINS 
Blackeyed Peas 
Rice 
Yellow Corn 

TUBERS/ROOTS 
Carrot 
Onion 
Radish 
Turnip 
Potatoes 

280.99 NO 
22.41 NO 

129.27 NO 
39.54 NO 
69.00 NO 
20.06 NO 
30.95 NO 

5.18 NO 
4.55 NO 

174.70 NO 

0.71 YES 
2.80 YES 

7.04 YES 
0.45 YES 

23.38 YES 
0.45 YES 
3.28 YES 
0.45 YES 
0.76 NO 
0.62 NO 

7.29 NO 
25.71 NO 

4.94 NO 
11.28 NO 

5.61 YES 
22.94 YES 
14.41 YES 

2.92 YES 
4.19 YES 
0.32 YES 
0.42 YES 

85.22 NO 
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TABLE 59 (CONTINUED) 

INTAKE 

(g/day) 

SAMPLED 

GARDEN FRUIT 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Yellow Squash/Zucchini 
Other 

TREE FRUIT 
Citrus 

Orange 
Grapefruit 
Lemon 
Other 

SOUPS 
CONDIMENTS 
DESSERTS 
BEVERAGE 
WATER 

2.62 YES 
8.80 YES 
1.99 YES 
1.23 YES 

25.18 YES 
3.44 YES 
1.26 YES 
6.55 NO 

85.26 NO 
7.78 NO 

10.71 NO 
60.36 NO 
36.82 NO 
54.12 NO 
78.30 NO 

1172.44 NO 
512.00 NO 

TOTAL: 3071.80 

'Developed from 201-category revised FDA diet (Pennington, 1983). 
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worksheet is designed to calculate the dose for the "maximum" individual.
The first column contains the diet items selected for this study followed
by their respective intake quantities (g/day from Table 59) in the second
column. The third column indicates the geometric mean concentrations in
pCi/kg for the specific food item from the mining-related land category of
interest. Only clay lands are discussed here. Worksheets for other land
types are included in the appendix. The radioactivity concentration for
unmined land is given in the fourth column. The unmined category includes
food from both control and mineralized lands since these foods exhibited
radioactivity concentrations which were not statistically different.
Columns five and six show calculated intakes in pCi/yr for the mining-
related and unmined lands, respectively. These values are the products of
the dietary intake (second column),the respective concentrations, and a
conversion factor of (365.25 days/year)/(1000 g/kg) = 0.36525 to reconcile
units. The final column displays the contribution of each food item to
the total intake for the mined land category. Since dose is directly
proportional to intake for a particular radionuclide, these percentages
can easily be used to determine specific food items and general food
categories that are major contributors to the dose from sampled foods.

Gaps in the database for unmined lands were filled with values taken
directly or derived from literature sources and are correspondingly coded.
Missing data for the mining-related lands were estimated (E) by
considering trends in the overall data set. In most cases, a simple food-
type/land-type model was adequate for these estimations. However, some
foods exhibited much higher concentrations than others in their category
on other lands where measurements were available. In such situations, the
ratio of the concentration in that food to the geometric mean of the
concentrations of the other measured foods was applied as a multiplier to
the modeled value for the deficient land-type.  Data for specific foods
from Tracy et al (1983) were used where available, and geometric means for
analagous categories in the Tracy data set were used otherwise (T).  Where
analagous categories were not available,values were estimated by taking
the ratio of the modeled values for the category of interest and the leafy
category on reclaimed land. This ratio was multiplied by the Tracy value
for the leafy category on unmined land to yield the estimate (RT).

Intake totals for non-sampled foods (from Table 61) and for sampled
foods from mining-related and unmined lands are listed at the bottom of
each worksheet. Concluding the worksheets are the dose totals for the
three intake scenarios. For the local individual, the dose from sampled
foods is calculated as follows:

Dose = 0.9 x (dose from control) + 0.1 x (dose from clay)

This reflects the definition of the local individual as obtaining ten
percent of his diet of sampled foods from mining-related lands and the
remainder from unmined lands.

Radionuclide intake from non-sampled foods was calculated from
concentrations derived from the literature.  Table 61 lists the food
intakes, radioactivity concentrations, calculated radioactivity intakes,
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and doses for foods not sampled in this study. These values are compiled
from the food intakes from Table 59 and the radionuclide concentrations
as derived from the literature.

Table 62 lists foods sampled in this study that were either
insignificant in the diet or for which insufficient quantities were
sampled for dose calculations.  Where appropriate, they were used to
estimate values in other foods.  Cauliflower and eggplant were sampled
only once and only from unmined land. Other foods sampled on only one
land type with no corresponding control samples were also omitted from
consideration. The decision to omit potatoes was augmented by the
unlikely use of clay lands for its production.

RESULTS

Radionuclide intakes and doses for radium-226 and lead-210 are
summarized in Tables 63 and 64 from the calculational worksheets A-1
through A-6 in Appendix A.  Results are presented for the control
individual (sampled foods from unmined land) and for both the local
individual and the maximum individual. In Table 64, the dose
contributions for these two radionuclides and contributions from uranium
and thorium radionuclides estimated in the initial study are summed.
Tables A-7 and A-8 list the intakes and doses for all of the land types
studied.

Table A-9 shows the analysis for the grocery store samples collected
in the Orlando area. The worksheet displays lead-210 concentrations with
values for other radionuclides and foods noted at the bottom. These data
are insufficient to allow further analysis.  Information concerning the
locations of origin for the sampled foods was not available. Initially,
these samples were intended to provide lead-210 results to augment the
radium-226 results on control lands, assuming that the grocery store
samples would exhibit radionuclide levels similar to those on control
lands.   This assumption appears to have been unfounded.   The geometric
means of the grocery store samples for the general food category ranged
from two to two hundred times higher than the literature values.
Moreover, the grocery measurements were generally higher than measurements
of samples from reclaimed lands, casting further doubt on their
reliability as controls.

Control values for radium-226 in the non-sampled diet were derived
from the literature as noted in Table 61. The total intake of lead-210
for that portion of the diet was assigned the same total as radium-226
assuming a 1:1 ratio according to Holtzman (1980).  That estimated intake
for a Florida resident is much higher than the well-documented intake for
the U.S. citizen accepted in NCRP Report No. 94 (NCRP, 1987) from a
compilation of extensivedata from the same publication by Holtzman.
Those data show a normal value of about 1.4 pCi/day with little
variability (+/- 0.3 pCi/day).
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TABLE 62 

OTHER SAMPLED FOODS 

RADIOACTIVITY CONCENTRATION (pCi/kg) 

NO. OF 
SAMPLES 

RADIO- 
NUCLIDE UNMINED RECLAIMED CLAY 

CAULIFLOWER' 1 Ra-226 
Pb-210 
PO-210 

6.02 

PARSLEY112 1 

SWISS CHARD1J2 1 

LIMA BEANS' 1 

POTATOES314 3 

EGGPLANT1 1 

Ra-226 
Pb-210 
PO-210 

Ra-226 
Pb-210 
PO-210 

Ra-226 
Pb-210 
PO-210 

Ra-226 4.34 
Pb-210 2.00 
PO-210 2.05 

Ra-226 
Pb-210 
PO-210 

4.05 

65.71 

51.80 
34.16 

118.32 
22.40 

OKRA3 2 Ra-226 30.10 
Pb-210 27.84 
PO-210 1.07 

'Insufficient sampling 
21tem is an insignificant contributor to the diet 
31tem sampled on only one land type 
41tem is not likely to be grown on mining-related lands 
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Results for polonium-210 are displayed in Table A-10. The data were
insufficient for dose assessment.   Generally low food concentrations
coupled with a small DCF indicate that the doses from this radionuclide
would not be significant in this study. The polonium-210 to lead-210
activity ratio in the average total diet for the U.S. citizen is about 1.3
according to NCRP Report Number 94; however, foods measured for both
radionuclides in this study indicate that polonium-210 levels are much
lower.

DISCUSSION

As shown in Table 64,the majority of the dose is due to lead-210.
Attributable doses from the uranium and thorium series were 0.3 mrem per
year for the local individual and 2.7 mrem per year for the maximum
individual.

The NCRP established in Report Number 91 (NCRP, 1987) a "negligible
individual risk level" (NIRL) considered to be a trivial risk that can be
dismissed from consideration.   According to the NCRP, "the utilization of
the NIRL is especially important in regard to environmental issues
involving exposure of populations".   The NIRL corresponds to an annual
effective dose equivalent of 1 mrem which represents an annual risk for
fatal health effects of one in ten million. Certainly many of the specific
food items considered independently (as would be appropriate for parcels
of land used to grow a specific food item for distribution in the general
food pool) would fall below the NIRL.  As an upper limit, the NCRP
suggests that continuous exposure to sources in addition to natural
background should not exceed 100 mrem/yr.  The EPA uses a limit of 25
mrem/yr for individual pathways.   These reference levels can be used to
interpret the dose assessment results listed in Table 64.

The total attributable dose due to clay lands for the local
individual is below the NIRL.   For the maximum individual, that dose is
2.7 mrem/yr, which is much less than the 25 mrem/yr upper reference level.
It represents a sixteen percent increase over the control dose.   Based on
NCRP 91, this dose would represent an annual risk of less than one in a
million.

To further put these doses in perspective, Table 65 lists a composite
of information presented in NCRP Report Number 93 (NCRP, 1987b).   Total
annual average effective dose equivalents to a member of the U.S.
population are shown by source for comparison to the 39 mrem attributable
to radionuclides in the body. Of that amount, the lead-210 - polonium-
210 pair and potassium-40 contribute most of the annual dose with radium-
226 and all other radionuclides contributing much less.   The doses shown
on Table 64 which are attributable to foods grown on clay lands represent
a small fraction of the annual average dose received by a member of the
U.S. population, even in the case of the hypothetical maximum individual.
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Table 63 

RADIONUCLIDE INTAKE FROM FOOD CONSUMPTION (pCi/yr) 

Control Local 
Individual Individual 

Maximum 
Individual 

Ra-226 1915 1987 (72)l 2586 (671) 

Pb-210 2315 2348 (33) 2646 (331) 

'Values in parentheses are the intakes attributable to foods grown on clay lands 
and is equal to the difference between the intake beside it and the intake of 
the control individual. (Rounding may cause discrepancies.) 
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Table 64 

RADIONUCLIDE DOSE (mrem/yr) 

Control Local 
Individual Individual 

Maximum 

Individual 

Ra-226 2.5 2.6 (O.l)l 3.4 (0.9) 

Pb-210 12.4 12.6 (0.2) 14.2 (1.8) 

U-238, U-2342 0.4 0.4 (ND)3 0.5 (0.1) 

Th-230, Th-232, Th-22a2 1.1 1.1 (ND)3 1.0 (ND)3 

Total 16.4 16.7 (0.3) 19.1 (2.7) 

'Values in parentheses are the doses attributable to foods grown on clay lands 
and is equal to the difference between the dose beside it and the dose to the 
control individual. (Rounding may cause discrepancies.) 

2From Guidry et al. (1986) 

3Difference not detectable at the 0.1 mrem/yr level 
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Table 65 

ANNUAL AVERAGE TOTAL EFFECTIVE DOSE EQUIVALENT 
(mrem/yr > 

Man-Made 
Diagnostic X-Rays 
Nuclear Medicine 
Other 

Subtotal 60 

Natural 
Inhaled Radon 
Cosmic Radiation 
Cosmogenic 
Terrestrial Radiation 
In the Body 

Pb-210, PO-210 
K-40 
Ra-226 
All Others 

Subtotal 

39 
14 

7 

200 
27 

1 
28 

15 
19 

1 
4 

295 

Rounded Total 360 
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CONCLUSIONS/RECOMMENDATIONS

CONCLUSIONS

Based on the results described in the previous sections, it can be
concluded that foods grown on mined phosphate lands (including reclaimed,
debris and clay lands) exhibit higher concentrations of radium-226 than
foods grown on unmined lands (including phosphate mineralized and
unmineralized lands). This is consistent with the findings of the initial
study. Since this study did not investigate levels of lead-210 and
polonium-210 in foods grown on unmined lands, conclusions regarding
relative concentrations of these radionuclides in foods grown on mined and
unmined lands cannot be drawn. The higher concentrations exhibited by
those foods grown on mined phosphate lands result in higher rates of
ingestion for radium-226 and higher radiation doses to those individuals
ingesting these foods. The doses however are quite low, even for the
hypothetical maximum individual who consumes all study foods from clay
lands. The estimated doses, even to the maximum individual, would be a
small fraction of natural exposure to environmental radioactivity and
would not be considered to be a health hazard.

The statistical analyses which were conducted on the data generated
from this and the previous study indicate that radium-226 and lead-210 in
foods vary approximately as the square root of radium-226 and lead-210 in
soil. The results for polonium-210 were inconclusive due to the large
number of measurements which were below the limit of detection of the
analytical methodology. The effects of soil chemistry on the uptake of
radium-226 and lead-210 by foods depended on the statistical model
employed. However, in the case of radium-226, food concentrations were
positively correlated with pH in all of the models employed and negatively
correlated with cation exchange capacity for selected models. For lead-
210, the soil chemistry data did not present a clear picture of those
factors which might affect lead-210 uptake in foods.

It is important to note that the models which were developed from the
statistical data base generated for this and the previous study can only
be used for samples drawn from locations similar to those utilized in
these studies and for foods grown in these studies. These models
represent only a few of the models which are available from the analysis
of these data. The integrated data base which was used in this study has
been provided to the Florida Institute of Phosphate Research in a form
suitable for analysis on the Statistical Analysis System.

RECOMMENDATIONS

Based on the low radiation doses which have been estimated from the
data collected in this and the previous study, a recommendation to limit
food production on mined phosphate lands does not appear to be warranted.
Although the foods collected from mined lands did exhibit statistically
higher levels of radium-226 than similar foods collected on unmined lands,
the resulting radiation doses from the consumption of these foods are low.
The authors do however recommend that, all other things being equal, if
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clay lands are to be used for commercial food production, preference be
given to those foods (such as garden fruits and those in the general
category) which exhibited the lowest concentrations of radioactivity.
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APPENDIX A

DOSE WORKSHEETS



TABLE A-l 

RECLAIMED LAND Ra-226 DCF: 1.3E-03 (mrem/pCi) 
=======================-=5======================================================= 

DIET 
ITEM 

INTAKE CCN 
OF ITEM REC 

(g/day) (pCi/kg) 

BROCCOLI 

LEAFY 
Cabbage 
Collard Grns. 
Lettuce 
Mustard Grns. 
Spinach 
Turnip Grns. 
--mm-> 

SEEDS/GRAINS 
BLackeyed Pea 
Rice 
Yellow Corn 
-----> 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
-----> 

GENERAL 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Squash / Zucc 
-----> 

3.51 

7.04 
0.45 

23.38 
0.45 
3.28 
0.45 

35.05 

5.61 
22.94 
14.41 
42.96 

2.92 
4.19 
0.32 
0.42 
7.85 

2.62 
8.80 
1.99 
1.23 

25.18 
3.44 
1.26 

44.53 

9.23 E 3.00 

20.90 E 2.10 
20.90 E 6.33 
20.90 E 5.04 E 
20.90 E 1.44 
20.90 E 16.51 
90.86 10.32 

7.91 2.57 
26.00 E 7.10 

8.63 4.90 

94.42 E 8.52 
10.60 E 3.12 
10.60 E 3.82 

7.87 5.00 

5.60 3.22 
3.68 5.16 
5.90 E 1.87 

255.90 E 2.81 
5.90 E 2.94 
1.87 1.24 
7.90 4.11 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

INTAKE: NON-SAMPLED FOODS 1.68E+03 
pCi/yr UNMINED, SAMPLED FOODS 2.33E+02 

TOTAL 1.92E+03 
MINED, SAMPLED FOODS 8.86E+02 

TOTAL 2.57E+O3 

CCN INTAKE INTAKE % OF TOTAL 
UNMN REC UNMN INTAKE 

@X/kg) (pCi/yr) (pCi/yr) REC 

l.l8E+Ol 3.85E+OO 1.33 

5.38E+Ol 5.40E+OO 6.07 
3.43E+00 l.O4E+OO 0.39 
1.78E+02 4.30E+Ol 20.13 
3.43E+OO 2.37E-01 0.39 
2.50E+Ol 1.98E+Ol 2.82 
1.49E+Ol 1.69E+OO 1.68 
2.79E+02 7.12E+Ol 31.48 

1.62E+Ol 5.27E+OO 1.83 
2.18E+02 5.95E+Dl 24.58 
4.54E+Ol 2.58E+Ol 5.12 
2.80E+02 9.06E+Ol 31.53 

l.O1E+02 9.08E+OO 11.35 
1.62E+Ol 4.78E+OO 1.83 
1.23E+OO 4.42E-01 0.14 
1.21E+OO 7.71E-01 0.14 
l.l9E+02 1.51E+Ol 13.46 

5.36E+OO 3.08E+OO 0.61 
l.l8E+Ol 1.66E+Ol 1.33 
4.29E+OO 1.36E+OO 0.48 
l.l5E+02 1.26E+OO 12.97 
5.43E+Ol 2.70E+Ol 6.12 
2.35E+OO 1.56E+OO 0.27 
3.64E+OO 1.89E+OO 0.41 
1.97E+02 5.28E+Ol 22.19 

DOSE: NON-SAMPLED FOODS 2.22E+OO 
mrem/yr CONTROL INDIV, SAMPLED FOODS 3.08E-01 

TOTAL 2.53E+OO 
MAX INDIV, SAMPLED FOODS l.l7E+OO 

TOTAL 3.39E+OO 
LOCAL INDIV, SAMPLED FOODS 3.94E-01 

TOTAL 2.61E+OO 

8.86E+02 2.33E+02 100.00 



TABLE A-2 

CLAY LANDS Ra-226 DCF: 1.3E-03 (mrem/pCi) 
====================~===r-I-====================================================== 

DIET 
ITEM 

INTAKE CCN CCN INTAKE INTAKE % OF TOTAL 
OF ITEM CLAY UNMN CLAY UNMN INTAKE 
(g/day) @Ci/kg) WCi/kg) (pCi/yr) (pCi/yr) CLAY 

BROCCOLI 3.51 22.58 3.00 2.89E+Ol 3.85E+OO 3.20 

LEAFY 
Cabbage 7.04 10.53 
Collard Grns. 0.45 46.07 
Lettuce 23.38 40.41 
Mustard Grns. 0.45 69.61 
Spinach 3.28 20.81 
Turnip Grns. 0.45 89.55 
-----> 35.05 

2.10 
6.33 
5.04 E 
1.44 

16.51 
10.32 

2.71E+Ol 5.40E+OO 3.00 
7.57E+OO l.O4E+00 0.84 
3.45E+02 4.3DE+Ol 38.18 
1.14E+Ol 2.37E-01 1.27 
2.49E+Ol 1.98E+Ol 2.76 
1.47E+01 1.69E+OO 1.63 
4.31E+02 7.12E+Ol 47.67 

SEEDS/GRAINS 
Blackeyed Pea 5.61 3.96 
Rice 22.94 14.70 
Yellow Corn 14.41 5.30 
-----> 42.96 

2.57 
7.10 
4.90 

8.11E+OO 5.27E+OO 0.90 
1.23E+02 5.95E+Ol 13.63 
2.79E+Ol 2.58E+Ol 3.09 
1.59E+02 9.06E+Ol 17.61 

ROOTS 
Carrot 2.92 113.07 
Onion 4.19 9.91 
Radish 0.32 14.90 
Turnip 0.42 13.85 
-----> 7.85 

8.52 
3.12 
3.82 
5.00 

1.20E+02 9.08E+OO 13.33 
1.52E+Ol 4.78E+OO 1.68 
1.72E+OO 4.42E-01 0.19 
2.13E+OO 7.71E-01 0.24 
1.40E+02 1.51E+Ol 15.44 

GENERAL 
Cucumber 2.62 11.30 E 
Green Beans 8.80 11.30 E 
Green Pepper 1.99 1.26 
Strawberries 1.23 120.80 
Tcinato 25.18 2.82 
Uatermelon 3.44 11.30 E 
Squash / Zucc 1.26 6.08 
-----> 44.53 

3.22 
5.16 
1.87 
2.81 
2.94 
1.24 
4.11 

l.O8E+Ol 3.08E+OO 1.20 
3.63E+Ol 1.66E+Ol 4.02 
9.16E-01 1.36E+OO 0.10 
5.43E+Ol 1.26E+OO 6.00 
2.59E+Ol 2.70E+Ol 2.87 
1.42E+Ol 1.56E+OO 1.57 
2.80E+OO 1.89E+OO 0.31 
1.45E+02 5.28E+Ol 16.07 

-- 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

INTAKE: NON-SAMPLED FOODS 

pCi/yr UNMINED, SAMPLED FOODS 
TOTAL 

MINED, SAMPLED FOODS 
TOTAL 

9.04E+02 2.33E+D2 100.00 

1.68E+03 
2.33E+02 
1.92E+03 
9.04E+02 
2.59E+03 

DOSE : NON-SAMPLED FOODS 2.22E+OO 
3.08E-01 
2.53E+OO 
1.19E+OO 
3.41E+OO 
3.97E-01 
2.62E+OO 

mrem/yr CONTROL INDIV, SAMPLED FOODS 
TOTAL 

MAX INDIV, SAMPLED FOODS 
TOTAL 

LOCAL INDIV, SAMPLED FOODS 
TOTAL 



TABLE A-3 

DEBRIS LAND Ra-226 DCF: 1.3E-03 (mrem/pCi) 
_____-___--------------------------------------------------------------------- ____________________---------------------------------------------------------- 

DIET 
ITEM 

INTAKE CCN CCN INTAKE INTAKE % OF TOTAL 
OF ITEM DEB UNMN DEB UNMN INTAKE 
(g/day) W/kg) W/kg) (pCi/yr) (pCi/yr) DEB 

BROCCOLI 3.51 34.67 3.00 4.44E+Ol 3.85E+OO 1.55 

LEAFY 
Cabbage 7.04 
Collard Grns. 0.45 
Lettuce 23.38 
Mustard Grns. 0.45 
Spinach 3.28 
Turnip Grns. 0.45 
-..---> 35.05 

SEEDS/GRAINS 
Blackeyed Pea 5.61 
Rice 22.94 
Yellow Corn 14.41 
-----> 42.96 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 

2.92 113.83 8.52 
4.19 33.30 E 3.12 
0.32 33.30 E 3.82 
0.42 23.64 5.00 

32.20 2.10 
86.23 6.33 
45.41 5.04 E 
64.22 1.44 

540.25 16.51 
55.47 10.32 

25.60 E 2.57 
82.18 E 7.10 
25.60 E 4.90 

-----> 7.85 

1.21E+02 9.08E+OO 4.22 
5.10E+Ol 4.78E+OO 1.78 
3.85E+OO 4.42E-01 0.13 
3.64E+OO 7.71E-01 0.13 
1.80E+02 1.51E+Ol 6.26 

GENERAL 
Cucumber 2.62 18.60 E 
Green Beans 8.80 9.79 
Green Pepper 1.99 18.60 E 
Strawberries 1.23 806.68 E 
Tcnnato 25.18 18.60 E 
Uatermelon 3.44 18.60 E 
Squash / Zucc 1.26 5.15 
-----> 44.53 

3.22 
5.16 
1.87 
2.81 
2.94 
1.24 
4.11 

1.78E+Ol 3.08E+OO 0.62 
3.15E+Ol 1.66E+Ol 1.09 
1.35E+Ol 1.36E+OO 0.47 
3.62E+02 1.26E+OO 12.61 
1.71E+02 2.70E+Ol 5.95 
2.34E+Ol 1.56E+OO 0.81 
2.37E+OO 1.89E+OO 0.08 
6.22E+02 5.28E+Ol 21.65 

-- 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

2.87E+O3 2.33E+02 100.00 

INTAKE: NON-SAMPLED FOODS 1.68E+03 

pCi/yr UNMINED, SAMPLED FOODS 2.33E+02 
TOTAL 1.92E+03 

MINED, SAMPLED FOODS 2.87E+O3 
TOTAL 4.56E+03 

DOSE: NON-SAMPLED FOODS 2.22E+OO 
mrem/yr CONTROL INDIV, SAMPLED FOODS 3.08E-01 

TOTAL 2.53E+OO 
MAX INDIV, SAMPLED FOODS 3.79E+OO 

TOTAL 6.01E+oo 
LOCAL INDIV, SAMPLED FOODS 6.57E-01 

TOTAL 2.88E+OO 

8.28E+Ol 5.40E+OO 2.88 
1.42E+Ol l.O4E+OO 0.49 
3.88E+Ot 4.30E+Ol 13.49 
1.05E+01 2.37E-01 0.37 
6.47E+02 1.98E+Ol 22.52 
9.11E+OO 1.69E+OO 0.32 
1.15E+03 7.12E+Ol 40.07 

5.25E+Ol 5.27E+OO 1.83 
6.89E+02 5.95E+01 23.96 
1.35E+02 2.58E+Ol 4.69 
8.76E+02 9.06E+Ol 30.48 



TABLE A-4 

RECLAIMED LAND Pb-210 DCF: 5.4E-03 (mrem/pCi) 
======e===zr=====================m=rn=e-==================================== 

DIET 
ITEM 

INTAKE CCN 
OF ITEM REC 

(g/day) (pCi/kg) 

CCN INTAKE INTAKE % OF TOTAL 
UNMN REC UNMN INTAKE 

W-i/kg) (pCi/yr) (pCi/yr) REC 

BROCCOLI 3.51 24.23 4.00 RT 3.36E+Ol 5.13E+OO 19.88 

3.80 E 5.43 T 
3.80 E 5.43 T 
3.80 E 5.43 T 
3.80 E 5.43 T 
3.80 E 5.43 T 
3.80 E 5.43 T 

2.10 E 3.00 RT 
5.94 E 61.56 
0.50 3.00 RT 

0.40 E 1.90 T 
0.40 E 1.40 T 
0.40 E 1.73 T 
0.40 E 1.73 T 

0.70 E 1.00 RT 
0.70 E 1.00 RT 
0.70 E 1.00 RT 

39.91 E 1.00 RT 
0.70 E 1.00 RT 
0.70 E 1.00 RT 
0.71 1.00 RT 

9.78E+OO 1.40E+Ol 5.78 
6.24E-01 8.92E-01 0.37 
3.25E+Ol 4.64E+Ol 19.19 
6.24E-01 8.92E-01 0.37 
4.55E+OO 6.51E+OO 2.69 
6.24E-01 8.92E-01 0.37 
4.87E+Ol 6.95E+Ol 28.76 

4.30E+OO 6.15E+OO 2.54 
4.98E+Ol 5.16E+02 29.43 
2.63E+OO 1.58E+Ol 1.56 
5.67E+Ol 5.38E+02 33.53 

4.26E-01 2.02E+OO 0.25 
6.13E-01 2.14E+OO 0.36 
4.62E-02 2.00E-01 0.03 
6.17E-02 2.67E-01 0.04 
l.l5E+OO 4.64E+OO 0.68 

6.71E-01 9.58E-01 0.40 
2.25E+OO 3.21E+OO 1.33 
5.09E-01 7.27E-01 0.30 
1.79E+Ol 4.49E-01 10.60 
6.44E+OO 9.20E+OO 3.81 
8.80E-01 1.26E+OO 0.52 
3.27E-01 4.60E-01 0.19 
2.90E+Ol 1.63E+Ol 17.15 

LEAFY 
Cabbage 
Co1 lard Grns. 
Lettuce 
Mustard Grns. 
Spinach 
Turnip Grns. 
-----> 

7.04 
0.45 

23.38 
0.45 
3.28 
0.45 

35.05 

SEEDS/GRAINS 
Blackeyed Pea 
Rice 
Ye1 low Corn 

5.61 
22.94 
14.41 
42.96 -----> 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
--*--> 

2.92 
4.19 
0.32 
0.42 
7.85 

GENERAL 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Squash / Zucc 
-----> 

2.62 
8.80 
1.99 
1.23 

25.18 
3.44 
1.26 

44.53 

-- 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

1.69E+02 6.33E+O2 100.00 

INTAKE: NON-SAMPLED FOODS 1.68E+03 
pCi/yr UNMINED, SAMPLED FOODS 6.33E+02 

TOTAL 2.32E+03 
MINED, SAMPLED FOODS 1.69E+02 

TOTAL 1.85E+03 

DOSE : NON-SAMPLED FOODS 9.02E+OO 
mrem/yr CONTROL INDIV, SAMPLED FOODS 3.40E+OO 

TOTAL 1.24E+Ol 
MAX INDIV, SAMPLED FOODS 9.07E-01 

TOTAL 9.93E+OO 
LOCAL INDIV, SAMPLED FOODS 3.15E+OO 

TOTAL 1.22E+Ol 



TABLE A-5 

CLAY LAND Pb-210 DCF: 5.4E-03 (mrem/pCi) 
===r=======I=================================================================== 

DIET INTAKE CCN CCN INTAKE INTAKE % OF TOTAL 
ITEM OF ITEM CLAY UNMINED CLAY UNMINED INTAKE 

(g/day) (pCi/kg) (pCi/kg) (pCi/yr) (pCi/yr) CLAY 

BROCCOLI 3.51 16.07 4.00 RT 2.06E+Ol 5.13E+OO 2.14 

LEAFY 
Cabbage 
Collard Grns. 
Lettuce 
Mustard Grns. 
Spinach 
Turnip Grns. 
---me> 

7.04 
0.45 

23.38 
0.45 
3.28 
0.45 

35.05 

5.50 5.43 T 
42.68 5.43 T 
17.62 5.43 T 
35.84 5.43 T 
71.14 5.43 T 
70.73 5.43 T 

1.41E+Ol 1.40E+Ol 1.47 
7.01E+OO 8.92E-01 0.73 
1.50E+02 4.64E+Ol 15.61 
5.89E+OO 8.92E-01 0.61 
8.52E+Ol 6.51E+OO 8.84 
l.l6E+ol 8.92E-01 1.21 
2.74E+02 6.95E+Ol 28.46 

SEEDS/GRAINS 
Blackeyed Pea 
Rice 
Yellow Corn 
-----> 

5.61 
22.94 
14.41 
42.96 

15.00 E 3.00 RT 
51.12 61.56 
18.06 3.00 RT 

3.07E+Ol 6.15E+OO 3.19 
4.28E+02 5.16E+O2 44.44 
9.51E+Ol 1.58E+Ol 9.86 
5.54E+02 5.38E+02 57.49 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
-----> 

2.92 
4.19 
0.32 
0.42 
7.85 

2.09 1.90 T 
3.20 E 1.40 T 
3.20 E 1.73 T 
2.55 1.73 T 

2.23E+OO 2.02E+OO 0.23 
4.90E+OO 2.14E+OO 0.51 
3.70E-01 2.00E-01 0.04 
3.93E-01 2.67E-01 0.04 
7.89E+OO 4.64E+OO 0.82 

GENERAL 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Squash / WCC 
---mm> 

2.62 
8.80 
1.99 
1.23 

25.18 
3.44 
1.26 

44.53 

5.50 E 1.00 RT 
5.50 E 1.00 RT 
5.50 E 1.00 RT 

49.04 1.00 RT 
5.50 E 1.00 RT 
5.50 E 1.00 RT 
0.86 1.00 RT 

5.27E+oo 9.58E-01 0.55 
1.77E+Ol 3.21E+OO 1.83 
4.00E+OO 7.27E-01 0.41 
2.20E+Ol 4.49E-01 2.29 
5.06E+Ol 9.20E+OO 5.25 
6.92E+OO 1.26E+OO 0.72 
3.96E-01 4.60E-01 0.04 
l.O7E+O2 1.63E+Ol 11.09 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

IWTAKE: NON-SAMPLED FOODS 1.68E+03 
pCi/yr UNMINED, SAMPLED FOODS 6.33E+02 

TOTAL 2.326+03 
MINED, SAMPLED FOODS 9.64E+02 

TOTAL 2.65E+03 

DOSE: NON-SAMPLED FOODS 9.02E+OO 
mrem/yr CONTROL INDIV, SAMPLED FOODS 3.40E+OO 

TOTAL 1.24E+Ol 
MAX INDIV, SAMPLED FOODS 5.17E+OO 

TOTAL 1.42E+Ol 
LOCAL INDIV, SAMPLED FOODS 3.58E+OO 

TOTAL 1.26E+Ol 

P -  

9.64E+02 6.33E+02 100.00 



TABLE A-6 

DEBRIS LAND Pb-210 DCF: 5.4E-03 (mretn/pCi) 
_______-____-_---_------------------------------------------------------------ ___________-_----------------------------------------------------------------- 

DIET 
ITEM 

INTAKE CCN CCN INTAKE INTAKE % OF TOTAL 
OF ITEM DEB UNMN DEB UNMN INTAKE 
(g/day) (pCi/kg) (pCi/kg) (pCi/yr) Wi/yr) DEB 

BROCCOLI 3.51 60.09 4.00 RT 7.70E+Ol 5.53E+OO 3.38 

LEAFY 
Cabbage 7.04 122.61 
Collard Grns. 0.45 33.29 
Lettuce 23.38 75.56 
Mustard Grns. 0.45 0.50 
Spinach 3.28 166.49 
Turnip Grns. 0.45 40.48 
m-w--> 35.05 

5.43 T 
5.43 T 
5.43 T 
5.43 T 
5.43 T 
5.43 T 

3.15E+02 1.40E+Ol 13.a4 
5.47E+OO 8.92E-01 0.24 
6.45E+02 4.64E+Ol 28.31 
8.21E-02 8.92E-01 0.00 
1.99E+02 6.51E+OO a.75 
6.65E+OO 8.92E-01 0.29 
1.17E+03 6.95E+Ol 51.44 

SEEDS/GRAINS 
Blackeyed Pea 5.61 22.00 E 
Rice 22.94 62.26 E 
Yellow Corn 14.41 22.00 E 
-*---> 42.96 

3.00 RT 
61.56 

3.00 RT 

4.51E+Ol 6.15E+OO 1.98 
5.22E+02 5.16E+02 22.89 
l.l6E+O2 l.SaE+Ol 5.08 
6.83E+O2 5.38E+O2 29.95 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
---mm> 

2.92 5.97 
4.19 4.70 E 
0.32 4.70 E 
0.42 10.22 
7.85 

1.90 T 
1.40 T 
‘I.73 T 
1.73 T 

6.36E+OO 2.02E+OO 0.28 
7.20E+OO 2.14E+OO 0.32 
5.43E-01 2.00E-01 0.02 
1.58E+OO 2.67E-01 0.07 
1.57E+Ol 4.64E+OO 0.69 

GENERAL 
Cucusber 2.62 8.00 E 
Green Beans 8.80 8.00 E 
Green Pepper 1.99 8.00 E 
Strawberries 1.23 456.19 E 
Tcmeto 25.18 8.00 E 
Uatermelon 3.44 8.00 E 
Squash / 2ucc 1.26 8.00 E 
-----> 44.53 

1.00 RT 

1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 

7.66E+OO 9.58E-01 0.34 
2.57E+Ol 3.21E+00 1.13 
5.81E+OO 7.27E-01 0.26 
2.05E+02 4.49E-01 a.99 
7.36E+Ol 9.20E+OO 3.23 
l.OlE+Ol 1.26E+OO 0.44 
3&E+OO 4.60E-01 0.16 
3.31E+02 1.63E+Ol 14.54 

-- 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

2.28E+03 6.33E+02 100.00 

INTAKE: NON-SAMPLED FOODS 

pCi/yr UNMINED, SAMPLED FOODS 
TOTAL 

MINED, SAMPLED FOODS 
TOTAL 

1.6aE+03 
6.33E+02 
2.32E+03 
2.2aE+03 
3.96E+O3 

DOSE: NON-SAMPLED FOODS 9.02E+OO 
mrem/yr CONTROL INDIV, SAMPLED FOODS 3.40E+OO 

TOTAL 1.24E+Ol 
MAX INDIV, SAMPLED FOODS 1.22E+Ol 

TOTAL 2.12E+Ol 
LOCAL INDIV, SAMPLED FOODS 4.2aE+oo 

TOTAL 1.33E+Ol 



TABLE A-7 

RADIONUCLIDE INTAKE FROM FOOD (pCi/yr) 

LOCAL INDIVIDUAL MAXIMUM INDIVIDUAL 
-===ii=========i===~=-- ------ -===========-------=i__= 

SAMPLED TOTAL ATTRIB. SAMPLED TOTAL ATTRIB. 
FOODS DIET FOODS DIET 

CONTROL 
Ra-226 233 1915 233 1915 
Pb-210 633 2315 633 2315 

MINING-RELATED 
m===zs=*=-- 

RECLAIMED 
Ra-226 298 1985 65 886 2568 653 
Pb-210 587 2269 0 169 1851 0 

CLAY 
Ra-226 300 1987 67 904 2586 671 
Pb-210 666 2348 33 964 2646 331 

DEBRIS 
Ra-226 497 2184 264 2874 4556 2641 
Pb-210 798 2480 165 2279 3961 1646 

NOTE: "ATTRIB." is the intake attributable to the mining-related land 
of interest, and is equivalent to the difference of the sampled 
value and the corresponding control value. Zero entries indicate 
that no additional intake was detected. 



TABLE A-8 

RADIONUCLIDE DOSE FROM FOOD (mrem/yr) 

LOCAL INDIV. MAXIMUM INDIV. 
=-~==--======~======-= -===========I========== 

SAMPLED TOTAL ATTRIB. SAMPLED TOTAL ATTRIB. 
FOODS DIET FOODS DIET 

CONTROL 
Ra-226 0.3 2.5 0.3 2.5 
Pb-210 3.4 12.4 3.4 12.4 
TOTAL 3.7 14.9 3.7 14.9 

MINING-RELATED 
=e========I_= 

RECLAIMED 
Ra-226 0.4 2.6 0.1 1.2 3.4 0.9 
Pb-210 3.2 12.2 0.0 0.9 9.9 0.0 
TOTAL 3.6 14.8 0.0 2.1 13.3 0.0 

CLAY 
Ra-226 0.4 2.6 0.1 1.2 3.4 0.9 
Pb-210 3.6 12.6 0.2 5.2 14.2 1.8 
TOTAL 4.0 15.2 0.3 6.4 17.6 2.7 

DEBRIS 
Ra-226 0.7 2.9 0.4 3.8 6.0 3.5 
Pb-210 4.3 13.3 0.9 10.2 21.7 6.8 
TOTAL 5.0 16.2 1.3 16.0 27.2 12.3 

NOTE: "ATTRIB." is the dose attributable to the mining-related land 
of interest, and is equivalent to the difference of the sampled 
value and the corresponding control dose. Zero entries indicate 
that no additional dose was detected. 



TABLE A-9 

GROCERY Pb-210 
m-========---==P==--E 

DCF: 5.43-03 (mrem/pCi) 

DIET 
ITEM 

INTAKE CCN 
OF ITEM GROC 
(g/day) (PWW 

CCN INTAKE INTAKE 
UNMN GROC UNMN 

(PWW (pWyr> (pWyr> 

BROCCOLI 

LEAFY 
Cabbage 
Collard Grns. 
Lettuce 
Mustard Grns. 
Spinach 
Turnip Grns. 
----- > 

SEEDS/GRAINS 
Blackeyed Pea 
Rice 
Yellow Corn 
---- -> 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
----- > 

GENERAL 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Squash / Zucc 
----- > 

3.51 9.26 4.00 RT 

7.04 9.13 
0.45 24.26 

23.38 
0.45 
3.28 
0.45 

35.05 

5.61 
22.94 
14.41 117.12 
42.96 

2.92 0.50 
4.19 
0.32 
0.42 31.38 
7.85 

2.62 0.50 
8.80 12.66 
1.99 
1.23 45.94 

25.18 15.73 
3.44 
1.26 2.72 

44.53 

5.43 T 
5.43 T 
5.43 T 
5.43 T 
5.43 T 
5.43 T 

3.00 RT 
61.56 

3.00 RT 

1.90 T 
1.40 T 
1.73 T 
1.73 T 

1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 
1.00 RT 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

l.l9E+Ol 5.13E+OO 

2.353+01 1.40E+Ol 
3.983+00 8.923-01 

4.643+01 
8.923-01 
6.51E+OO 
8.923-01 
6.953+01 

6.15E+OO 
5.163+02 

6.163+02 1.58E+Ol 
5.383+02 

5.333-01 2.02E+OO 
2.14E+OO 
2.00E-01 

4.843+00 2.673-01 
4.643+00 

4.793-01 9.583-01 
4.07E+Ol 3.21E+OO 

7.273-01 
2.06E+Ol 4.493-01 
1.453+02 9.20E+OO 

1.26E+OO 
1.25E+OO 4.60E-01 

1.63E+Ol 

6.333+02 

NOTE: Potatoes had 35.85 pCi/kg Pb-210 and 9.85 pCi/kg Ra-226. 
All crops analyzed for PO-210 had levels less than detectable. 
Green beans had 9.12 pCi/kg Ra-226. 



TABLE A-10 

PO-210 DCF: 1.9E-03 (mrem/pCi) 
=====mm=====s= ==s= -======3=======-====----=========--===== 

DIET 
ITEM 

INTAKE CCN 
OF ITEM REC 
(g/day) (W-/kg) 

CCN 
CLAY 

(W-/kg) 

BROCCOLI 3.51 3.36 0.50 

LEAFY 
Cabbage 
Collard Grns. 
Lettuce 
Mustard Grns. 
Spinach 
Turnip Grns. 
----- > 

7.04 
0.45 

23.38 
0.45 
3.28 
0.45 

35.05 

0.74 1.33 
0.50 0.73 
7.57 6.00 
5.39 13.49 

19.57 28.20 
18.89 0.50 

SEEDS/GRAINS 
Blackeyed Pea 
Rice 
Yellow Corn 
----- > 

5.61 
22.94 
14.41 
42.96 

1.62 
0.50 
5.98 

ROOTS 
Carrot 
Onion 
Radish 
Turnip 
-_-_ -> 

2.92 
4.19 
0.32 
0.42 
7.85 

1.76 2.33 

1.22 0.50 

GENERAL 
Cucumber 
Green Beans 
Green Pepper 
Strawberries 
Tomato 
Watermelon 
Squash / Zucc 
---we > 

2.62 
8.80 
1.99 
1.23 

25.18 
3.44 
1.26 

44.53 
0.61 0.91 

TOTALS: 133.90 
TOTAL DIET: 3071.81 

CCN 
DEB 

(PWW 

CCN 

0.50 



APPENDIX B

RAW DATA
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