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PERSPECTIVE
David J. Robertson, Ph.D.

Florida Institute of Phosphate Research Project Manager

Uranjum is usually found associated with sedimentary phosphate
ores, and the deposits of phosphate in Florida are no exception. The
uranium is present as an inscluble component of the matrix that is
released only upon acidulation in the manufacture of phosphoric acid.
Although the uranium in the phosphate ore is relatively sequestered
from the biosphere because of its low solubility, several of its
radioactive decay products are more problematic. The isotope of most
concern is radium-226. Radium is far more soluble than its uranium
parent and biogeochemically, radium behaves 1like calcium, an integral
component of vertebrate skeletons.

Several decay products of radium-226 itself are also of concern.
Radium-226 decay progress through several short-1ived isotopes to
radon-222. The chemical reactivity of radon is of Tittle inherent
concern because it has a short half-1ife and for all practical pur-
poses is inert. But radon is a gas that seeps from the soil and can
accumulate in poorly ventilated structures. Radon decay products
(particularly polonium-210 and lead-210, referred to as "progeny" or
"daughters") are reactive radioisotopes that quickly adsorb onto
particulates.

The radiological quality of reclaimed phosphate-mined land
depends a great deal on the type of material that was used to fill the
mining excavations. The average radium-226 activity in unaltered
surface soil in Polk County is 0.6 pCi/g. Where the mining pits have
been filled with sand tailings from the beneficiation of the phosphate
matrix, the activity averages 3.2 pCi/g. Only slightly higher levels
are found in areas reclaimed with overburden, where the average
activity is 5.0 pCi/g.

Mining areas containing "debris" tend to have the highest radium
activities. Prior to the universal adoption of flotation technology
in the 1940"s, much of the phosphate in the ore was discarded as
waste; the pebble-sized particles were removed by washing and
screening but the sand-sized phosphate could not be segregated from
the quartz sand. This mixture of sand tailings and sand-sized phos-
phate was known as "debris" and was used to fill mining excavations.
Because the debris contained significant quantities of phosphate, it
was also enriched in uranium and its daughter products. The average
radium-226 activity on debris lands is 9.5 pCi/g. Areas reclaimed
with debris tended to be small and many have already been remined to
recover the phosphate values; debris land is no longer a significant
reclaimed landform.
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Recognizing the concern over technologically enhanced radiation
levels associated with reclaimed land, several organizations have
supported or directly performed research to examine the issue. Among
the most active have been the state's Department of Health and Rehabil-
jtative Services (DHRS), the Florida Phosphate Council, the Department
of Environmental Engineering Sciences at the University of Florida,
and the Florida Institute of Phosphate Research. To date, the
Institute has provided support for 13 projects that directly address
the topic of radiation. Numerous other Institute projects have radio-
logical components as secondary issues.

The Institute's research program approaches the radiation problem
from two perspectives: public policy, and safety and health. Most
research has been concentrated on health and safety issues, although
the Institute has been active in providing information to support the
development of reasonable public policy on radiation associated with
phosphate mining. The most comprehensive treatment of policy issues
was conducted by the Health and Safety Research Division of Oak Ridge
National Laboratories. The goal of their project, "Radiological
Studies Relating to the Florida Phosphate Industry" (Project #DFP-81-
002), was to identify and quantify the risks to the public from
radioactive materials associated with the phosphate industry.
Following a review of available information, Oak Ridge produced four
reports dealing with radon dosimetry, radium in the biosphere, and
polonium-210 and lead-210 in foods. Oak Ridge also issued a final
report indicating that levels of several radionuclides in the natural
and human food chains have not been adequately investigated.

In an effort to set reasonable, scientifically valid regulations,
the Institute has funded two separate studies with the National
Council on Radiation Protection and Measurement. The first, "Popu-
lation Exposure from Technologically Enhanced Radiation Sources”
(Project #81-05-011) was aimed at setting permissible concentrations
for specific radionuclides in indoor air and potable water in phosphate-
rich areas. The results of this project served as a guide to the DHRS
in its efforts to promulgate regulations. The second study, “Control
and Measurement of Radon" (Project #85-05-024), will make recommen-
dations regarding equipment and methods for standardizing the
measurement of radon and its daughters.

Unlike the projects that are designed to provide information that
will help regulators set policy, the Institute's health and safety
research efforts involve direct assessment of the radiological quality
of mined land and techniques to reduce public contact. The Institute
has addressed these issues from the perspectives of indoor radon
concentrations, surface and groundwater quality, radionuclide concen-
trations in the natural foodchain, and radioactivity in agricultural
products.

Because nearly 90% of all radiation exposure to humans occurs
through respiratory routes, the Institute has made a special effort to
address the issue of radon in housing built on reclaimed land.
American Atcon is working with the Institute on a two-phased project
to "Demonstrate Construction of Radon Resistant Housing on Florida
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Phosphate Lands" (Project #82-05-012). The first phase of the project
has been completed. 1Its goal was to reach a consensus among federal,
state, and local agencies on techniques that are acceptable for
construction of radon-resistant foundations. The second phase is an
actual demonstration of these techniques in order to train local
tradesmen to reduce the methods to practice.

The Institute has supported numerous investigations of the
radiological quality of groundwater. The Institute sponsored a DHRS
project to measure "Natural Radiochemical Contamination of Shallow
Drinking Water Wells in Florida's Phosphate Region" (Project #81-05-
004) and Florida State University's investigation of the exchange of
radioelements between phosphatic strata and the surficial and deep
aquifers ("Radioelement Migration in Natural and Mined Phosphate
Terrains,"” Project #80-05-002).

In addition to concern over natural sources of radiocontami-
nation, there is a persistent uncertainty over water quality in
recharge wells connecting the surficial aquifer to the artesian
Floridan aquifer. Some phosphate mining companies use wells to siphon
water out of the surficial aquifer as a way of dewatering their
minesites. The water is discharged into the lower aquifer to
replenish water removed for mining purposes. Water quality monitoring
of these wells often shows an inconsistency between gross alpha
radioactivity and the activity that can be attributed to radium-226.
The University of South Florida the Southwest Florida Water Management
District are conducting two projects to determine “The Source of Gross
Alpha Anomalies in Recharge Wells" (Project #82-05-014) and the
"Chemical Fate of Uranium-daughter Radionuclides in Recharge Wells"
(Project #85-05-022).

Assessing the quality of surface water has been part of several
projects sponsored by the Institute, but two investigations have had
as their primary goal the determination of radijocactivity levels in
surface water associated with phosphate mining. Environmental Science
and Engineering's “Ecological Considerations of Reclaimed Lakes in
Central Florida's Phosphate Region" (Project #81-03-018) compared the
radiological quality of reclaimed lakes with that of natural lakes in
the phosphate mineralized region and correlated lake quality with
physical and chemical characteristics of the lake basins. Florida
State University is examining the "Mechanisms of the Release of Radium
and COther Decay Series Isotopes from Florida Phosphate Rock" (Project
#83-05-016). This work is being conducted on naturally weathered rock
expesed in the watershed of the Suwannee River in north Florida.

Two projects that have received support from the Institute have
developed information on the concentrations of radionuclides in
wildlife associated with mining-altered lands. The first of these
studies, "Levels of Selected Envionmental Contaminants in Birds from
Phosphate Mined Wetlands" (Project #81-05-003) was conducted by the
School of Forest Resources and Conservation at the University of
Florida. In addition to examining levels of radionuclides in several
species of game waterfowl, this project also provided information on
concentrations of heavy metals and other potentially toxic trace



elements in the food items of birds. The second project was performed
by the Florida Audubon Society. Audubon developed data on bony
vertebrates other than birds. Audubon's research ("Radionuclides and
Heavy Metal Concentrations in Wildlife on Phosphate Mined and
Reclaimed Lands,” Project #85-05-022) involved work similar to that
performed by the University of Florida but focused on terrestrial
mammals and aquatic reptiles.

In order to ensure that its radiation research program is compre-
hensive, the Institute has devoted special attention to the human food
chain. Specifically, the Institute is interested in the radiological
quality of foods that are grown on reclaimed land. As phosphate
mining operations continue to move southward in central Florida and
mined land is increasingly available, agricultural production will
become one of the principal uses for reclaimed land. The purpose of
the present investigation was to characterize and quantify the levels
of naturally-occurring radioactivity in foods grown on Florida phos-
phate lands and to project radiation doses to consumers. The foods
studied were those that could be found on reclaimed land (e.g. citrus,
some vegetables, and beef) and which are typically raised by farmers
in central Florida.

Radiation research sponsored by the Institute has covered at
least a portion of all facets of the radiation issue. Results
prcduced by these and other investigations indicate that more research
is needed in some areas such as groundwater quality and the levels of
radionuclides in some foods grown on specific landforms. Other
studies have indicated the relative insignificance of the technologi-
cally enhanced levels of radioactivity associated with phosphate
mining. Nonetheless, all future research should be consistent with
the goal of reducing exposure levels to as low as reasonable
achievable,
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Section 1

SUMVARY

Post, Buckley, Schuh and Jernigan, Inc. (PBS&) was retained by the Florida
Institute of Phosphate Research to study the radioactivity in foods grown on
Florida phosphate lands. Mre than 90 land parcels in central Florida were
identified and evaluated for potential food production. Over 100 food sanples,

replicated up to 3 times (over 300 individual replicates) were collected from
62 of these |and parcels and subjected to radi oassay for isotopes of radium

uranium and thorium Sel ected sanples were al so anal yzed for |ead-210 and
pol oni um 210.  Correspondi ng soil sanples were also collected and anal yzed for

radi um 226 and pH.

The results of the radioactivity analyses indicate that foods grown on contro

parcel s and phosphate mneralized parcels exhibit simlar concentrations of the
radionuclides studied. These two |and types were conbined into one category
(unmned lands) for subsequent evaluations. Foods grown on a single reclaimed
clay settling area exhibited simlar radioactivity concentrations to those
foods grown on other reclaimed and mined lands. These land types were combi ned
into one category (mned |ands) for subsequent evaluations. Some of the foods
collected froma unique parcel of debris |and exhibited substantially higher
| evel s of radioactivity than simlar foods collected fromboth mned and
unmned lands. Due to the uniqueness of the debris parcel, these foods were
treated separately. The results of the |ead-210 and pol oni um 210 anal yses are

inconclusive due to the few data values which were avail abl e.
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Statistical analysis of the radium226 data has shown that the average concen-
trations exhibited by foods grown on mined | ands was significantly higher than
the average concentrations exhibited by foods grown on unmned |ands. Descrip-
tive analyses of the other radionuclides support this conclusion. A hypotheti-
cal individual who obtains 100 percent of the foods sanpled in this study from
m ned | ands and the remainder of his diet fromthe general food pool is esti-
mated to receive 4 nrem per year in commtted effective dose equival ent
fromingestion of the radionuclides reported in this study. This is 0.3 nrem
(8 percent) per year nore than a simlar individual who obtains 100 percent of
the foods sanpled in this study fromunmned |ands. These dose |levels are

quite low and are not considered to be a health hazard.
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Section 2

| NTRCDUCT! ON

The Florida Institute of Phosphate Research (FIPR) has funded this study of
radioactivity in foods grown on Florida phosphate |ands. The purpose of the
study was to collect foods grown on phosphate-related and non-phosphate | ands,
to determne the radioactivity content of these foods, and to determne if dif-
ferences exist between the radioactivity concentrations of foods grown on the
different types of |ands. Based on the concentrations measured, radiation

doses and associated risks to consuners can then be estinated.

The lands targeted for study included reclained phosphate |ands, |ands poten-
tially available for future nmining (mneralized), and |lands with no mning
potential (control). Foods targeted for study included citrus, other fruit and
vegetabl e crops, beef, and any other foods currently being grown on the
identified lands. Collected foods were anal yzed for radi um 226 and i sotopes of
uranium and thoriumin the uranium and thorium radioactivity decay series.
Sel ected sanples were also analyzed for |ead-210 and pol oni um 210. Soi |

sanples were also collected at each food sanpling |ocation and anal yzed for

radium 226 and soil pH

A rigorous statistical analysis was conducted on the food radium 226 data to
determne if differences exist between foods and between |and types. Finally

estimates were made of the radiation dose to food consuners.
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Section 4 of this report describes the |ands which were surveyed during the
study and the nethod used for classifying these lands, Section 5 explains the
pi lot study conducted on a select number of parcels to determne the repli-
cation requirenments of the sanpling. The field sampling and anal yti cal
met hodol ogi es are detailed in Sections 6 and 7, and the statistical analysis of
the generated data is explained in Section 8. The dose evaluation is described
in Section 9, and the results, conclusions and reconmrendati ons are contained in
the remai ning sections. Land parcel listings and data tables as well as

details on the diet and dose evaluations are contained in the appendices.



Section 3

LI TERATURE REVI EW

Over the past several years, a nunber of studies have been conducted to
characterize and quantify the radioactivity associated with phosphate process-
ing in Central Florida. Mning and mlling phosphate ores redistribute |arge
quantities of naturally-occurring radioactive materials in the environnent.
Most of the studies that have been conducted have concentrated on the phosphate
ore, products, and wastes associated with the mlling process, and radioacti-
vity levels in the environment (7, 21, 35, 36, 39, 45, 59, 79%). Those studies
whi ch have addressed human exposure to phosphate-rel ated radioactivity have
focused on exposures to industry personnel and to people residing in honmes
built on reclained phosphate |ands (20, 77, 88). Very little information has
been devel oped to assess the inpact of phosphate-related radioactivity on human

exposures through the food chain (33, 92).

Approxi mately 210,000 acres of land have been mned or disturbed by phosphate
mning activities in Florida. To date, approximately 55,000 acres of this land
have been recl ai ned. Based on the Florida Adm nistrative Code, Chapter
16.C- 16, reclamation is nmandatory for all lands mned for phosphate since July
1, 1975. In addition, nonetary incentives are being created to encourage the
reclamation of land disturbed prior to July 1, 1975.  Such regul ations and
incentives will likely result in the increased reclamation of disturbed land in

the future

®Bi bl i ogr aphy source nunbers
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Al though disturbed phosphate |and has been reclained for a variety of uses
(including residential, industrial, and recreational areas), by far the

predom nant use of reclained |and has been agriculture. Because of both the
nature of the reclainmed soil materials and the |ocation of nost disturbed

phosphate land, agriculture will probably continue to be the major use of

reclai ned |and.

Due to the natural occurrence of uranium and its decay products in overburden
and phosphate rock, the three materials which account for the vast majority of
reclained soils - sand tailings, overburden, and phosphatic clay - contain
level s of radioactivity generally higher than natural Florida surface soils (7,
20, 59, 77). It has been suggested that foods grown on these |ands may contain
el evated levels of naturally-occurring radioactivity (87). The potential
heal th hazard associated with these radioactivity levels in reclained |and has

created considerable controversy.
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Section 4

FLORI DA PHOSPHATE LANDS

Surface mning of sedinentary phosphate deposits in Florida has a history of
continuous growth since the turn of the century. The mned areas remained, for
the nmost part, in a disturbed state until 1975 when |egislation was enacted

requiring reclamation of all lands nmined from that year forward

Approxi mately 150,000 acres disturbed prior to 1975 were “orphaned” wthout a
mechanismto effect reclamation (15). In 1978, the Florida State Legislature
established a fornula for setting aside (in a trust fund) a portion of the
severance tax inposed on phosphate sales, for the purpose of funding the cost

of reclaimng the “orphaned” lands (17).

Today, all disturbed surfaces are being reclaimed on a schedul e inposed at the
tine mning permts are granted. “Orphaned | ands” are being reclained with
proceeds fromthe trust fund on an annualized schedule, to limt expenditures

to the interest generated from the principal.

Since July 1975, phosphate mning activities have expanded into Manatee and
Har dee Counti es. Figure 4-1 (16) identifies the various Florida phosphate
resource districts. Currently, all mning activity is being conducted in the
central and southern districts, with the exception of one operation in Hamlton

County located in the northern resource district.
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4.1 PARCEL TYPES

The parcels targeted in this study were based on availability, accessibility
and representativeness to three defined |and types: (1) control, (2) mnera-
lized, and (3) reclained. A fourth category, debris, was added because of
avail abl e foods being grown on these unique lands. No parcels were targeted in

the northern resource district.

4.1.1  Control
Control parcels are those lands which contain little or no phosphate mnera
and will not be mined. Since nost of the west central Florida area is consid-

ered mneralized, control parcels were |ocated far enough outside the phosphate

region to ensure that they were non-mneralized.

4.1.2 Mneralized

M neralized parcels are those |ands which contain a relatively high concen-
tration of phosphate mnerals and could be mned in the future. Lands in this
category are easily identified through ownership of mning conpanies and
confirmed prospect drilling. In HIlsborough County, some parcels have been
classified as mneralized and are privately owned. These particular parcels

are included in this category due to their proximty to the phosphate m ning

region.
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4.1.3 Reclaimed

Reclaimed parcels are those lands which have been disturbed as a result of
phosphate ore extraction, and reclaimed to a near natural state in accordance
with requirements set forth in the Florida Statutes. Three general by-products
result from current phosphate mining reclamation: overburden, phosphatic clay,

and sand tailings.

Overburden consists of all the material stripped off to expose the phosphate
ore. This material is usually stacked in windrows and placed on the reclaimed

surface at a later date.

Phosphatic clay consists of very fine soil materials that are separated from
the ore during the enrichment process. These clays are stored in impoundments

and consolidated to a stable land form after approximately seven years.

Sand tailings consist of sand-sized wastes from the milling process. These
sands are usually placed into the mined pits to return the disturbed land
to near natural elevation. Usually one to two feet of overburden material is

placed over the sand tailings to improve soil fertility for revegetation.

4.1.4 Debris

Debris parcels are those lands upon which the -14 mesh phosphate ore fraction
has been disposed. In early phosphate mining operations, technology was not
yet available to economically recover the sand-sized fraction (-14 mesh)
of the phosphate mineral. This fraction was discarded along with the over-
burden, and is termed “debris” throughout the industry. Some mining companies

disposed of debris directly on unmined land.
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This land type is unique and will not occur as a result of current or future
mning operations, since the -14 nesh phosphate fraction is now recovered in
the flotation process. Only two or three debris land forns currently exist, and

at least one of themis scheduled to be re-nined in the future.

4.2 PARCEL CHARACTERI ZATI ON

Parcel characterization consisted of conpiling all available data into a
common list to provide a basis for parcel selection and sanpling. The parcel
list includes : the county in which the parcel is located, a parcel reference
nunber, land classification, available food type, and general remarks about the
parcel . Throughout the study, this list was continually updated as new parcels
were identified, achieving a final parcel count of 90. At the end of sanpling,
this list was nodified to show all parcels sanpled, and is included in Appen-

dix A

Research for this effort was begun by first reviewing: (1) studies conducted by
various mning conpanies and submtted in support of permtting activities
(e.g., environnental inpact studies and applications for developnent approval);
(2) past studies for the Florida Departnent of Natural Resources; and (3)
mning and reclamation plans for various mning conpanies. Data such as |and
type and agricultural usage were extracted fromthese reports, along with a
general location of the study parcels. The majority of this research was
acconpl i shed by reviewi ng the vegetation maps and aerials included in the

above studies.

Land owners or |essees were then contacted to verify the land type, food type
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and availability, and sampling potential. A field trip to the prospective
parcel was then conducted to meet the local contact person and to faniliarize

the sanpling teamwith the site

Based on the information obtained from the owner/lessee and the site inspect-
ion, the parcel was included on the characterization list and classified
accordingly. Those parcels for which only visual inspection was available for
characterization purposes were tentatively added to the parcel list and noted
accordingly. This occurred with some of the parcels identified in Polk and
Hi | | sborough Counti es. Several parcels were unmined, not owned by nining
conpanies, and not previously prospected. Wth few exceptions, these parcels
were identified as being mineralized, based on close proximty to mning
operations or mined-out lands, and inclusion in the area referenced in Figure
4-1. The exceptions are four parcels sanpled in Hillsborough County, which
were classified as control parcels due to their |ocation near the GQulf coast

west of the edge of the central Florida phosphate district.

External gamma-ray surveys were conducted on nost parcels to assist in land
classification. Both mneralized and control parcels exhibited simlar
background | evels. However, the survey neasurenments provided additiona
support for classification of reclained |ands, since these |ands typically
exhi bited higher external gamma readings (see Appendix A). In parcels that
were reclainmed under current regulations, it was sonmetimes difficult to
visual ly determne the extent of reclamation with relation to surrounding

lands. By using the survey neter, this could be established quite readily by

conpari son.
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4.3 PARCEL SELECTION

The criteria used in parcel selection consisted of: (1) pernmission to sanple;
(2) food availability; (3) land type; and (4) food type. Except for sanpling
perm ssion, the priority of the criteria varied throughout the study, depending
on time of year, sanpling episode, and the continually increasing data base. A
| ands/foods matrix was devel oped (See Table 4-1) to visually display the nunber
of sanples collected by food type and by | and type. Foods were initially
listed separately, and all land types were shown. As the study progressed,
simlar foods were grouped and |and types were conbined based on the statisti-
cal evaluation (See Section 9). During the later phases of the study, parce

sel ection was often nade to hetter balance the matrix.

Perm ssion to sanple was usually obtained during initial contact or field
reconnai ssance. On the whole, permssion to sanple was granted willingly. Both
property owners and |essees were very receptive and helpful in sanpling. They
al so proved to be an invaluable source of information on the parcels and for

| ocating other potential sanpling sites

Food availability was projected through the seasonal grow ng periods for each
particular type of food. Row crops (such as lettuce, carrots, cucunbers

etc.) were available alnost year-round, with the majority comng fromthe
spring and fall harvests. Citrus was available fromearly Decenber to late
March, depending on location and type of citrus. Strawberries were sanpled

during the early spring.
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Using the above guidelines, contacts were made fromthe parcel characterization
list to identify time of harvesting and duration. Fromthe list of crop
harvesting tines, it was possible to develop a table of crops available during
any given week or nmonth. \Were necessary, the status of any particular food
was nonitored closely by naintaining weekly phone contact with the appropriate
property owner. This information was used in planning the nonthly sanpling

schedul e

Enphasi s on parcel type varied as the study progressed, although identification
and | ocation of any reclained parcel was vigorously pursued. During the pilot
study (See Section 5) and first sanpling episode, nost avail able foods and
parcel s were sanpl ed. However, at the start of the second sanpling episode,
land type (with respect to food type) played an inportant role in an attenpt to
bal ance the | ands/foods sanple natri x. Identification of mneralized |ands
with row crops and reclained lands with citrus became the priority task at the
start of the second sanpling episode, since few of these were |ocated and

sanpled during the first episode

4.4 MANATEE/ SARASOTA COUNTY PARCEL SELECTI ON

Since several studies of groundwaters in west central Florida reveal ed el evated
level s of radium226, the study was amended to include sanpling in Manatee and
Sarasota Counties (10,41). Parcel selection for this addendumto the study was
undertaken in a sonewhat different nanner than the phosphate-related |ands
study. The predominent criteria for parcel selection were: (1) existence of
an irrigation source with elevated radium content, and (2) proxinity of

fruit trees or gardens to this water source. Infornmation regarding well sites
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with elevated radiumcontent was found in two earlier studies of drinking water
conducted by the Environmental Health Services Section of the Manatee County

Public Health Unit (41).

A report of these tw studies was obtained which listed | ocations of sanpled
shal low welI's in Manatee County. These wells were scattered throughout the
county, so a field survey of the sites was undertaken. Coordination wth
personnel from the Manatee County Agricultural Extension Service reveal ed that
no conmercial groves or farns were available for sanpling in the area contain-

ing the wells with elevated radi um content.

A house-to-house field survey was conducted to determne the existence of any
private gardens or fruit trees near the identified well sites. Upon conpletion
of this survey, a target list of potential sanpling |ocations was conpil ed.

Perm ssion to sanple was then obtained by letter

Parcel selection for Sarasota County was carried out in a simlar manner. The
USGS report on groundwater quality (10) served as the starting point for site
| ocation/ sel ection. Meetings with USGS personnel provided a list of potentia

sites for a field survey, which was conducted imediately thereafter

The field investigators identified 30 out of 50 possible parcels in Sarasota
county where elevated radium concentrations mght be found. Only 17 of these
sites had wells used for drinking water supply or irrigation. N ne of these
parcels were at private homes and eight were at trailer parks or nulti-famly

conplexes. A site visit to each parcel determned that none of these |ocations
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had fruit or other foods that could be sanpled. In addition, the multi-famly
conpl exes all had water treatment systems associated with their water supply

well's.  Consequently, no parcels were sanpled in Sarasota County.

4.5 SPECI AL CASES

4.5.1 | MC_Garden

At the conclusion of the first sanpling episode, a review of the |ands/foods
matrix indicated a paucity of foods grown on reclainmed lands. Since few foods
were currently being grown on reclained |ands, and the possibility of obtaining
such foods during the course of the study was slight, the study team decided to
| ocate a reclained |and parcel and plant those foods which would better bal ance
the data base and provide additional vegetables on reclained land. As part of
anot her on-going study, International Mnerals and Chemical Corporation (IM)
was growi ng vegetables on a reclaimed clay settling area and offered to provide
sanpl es for this study. In addition to the 15 crop varieties that were
currently being grown, five additional crops were planted to conplete the

projected requirenments of the second sanpling episode

The naturally reclaimed pond was crusted over (having no sand cap) with a
noderate cover of indigenous vegetation. Preparation of the garden plot
consisted of clearing the existing growh with a grader. Crops were planted
directly into the noist clay, using both starter plants and seeds. A list of
the 20 crop varieties planted is shown on Table 4-2. \Watering the garden was

acconplished via an irrigation systemtied into a shallow well on site. The

4-11


Gary Albarelli



N el Y SN SN T

Vegetable

Cabbage
Turni ps
Celery

Oni ons

Radi shes
Cant al oupes
Cucunbers
Ckra

G een peppers
Yel | ow squash
Zucchinis
Tonmat oes

Wt er el ons
Corn

Peas

Beans
Spi nach
Broccol
Carrots
Col | ards

Table 4-2
| MC GARDEN

Nurtured from

Pl ant
Seed
Seed
Pl ant
Seed
Seed
Seed
Pl ant
Pl ant
Pl ant
Seed
Pl ant
Seed
Seed
Seed

Addi ti ons

Seed
Seed/ Pl ant
Seed/ Pl ant
Seed
Seed/ Pl ant
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fertilizer used was of a high nitrogen base, wth no phosphate content.
Spraying with insecticides was conducted at a higher than normal rate, due to
the high rate of insect infestation. Several types of pesticides were tried,
giving good short-termresults. A nmixture of several types at high strength

provided the best results.

O the 20 crop varieties planted, 11 yielded sanples. In some cases severa

plantings were necessary to get a variety started, because certain species grew

poorly in the clay.

4-13



Section 5

PI LOT STUDY

5.1 METHODOLOGY

A pilot study was conducted in the fall of 1983 to determ ne the nunber of
replicates necessary to obtain statistically reliable conparisons of the
vari ous foods. The pilot study consisted of statistical analysis of 39
radi um 226 observations on 11 different parcels. The design is shown on Table
5-1, with the nunbers in the table representing the nunber of replicates for
each land/food conbinati on. The table nakes the design inbal ance obvious;
however, this affects only the ability to make statistical conparisons of the
land types and foods, and not the estimation of the within-sanple (replication)
error. The within-sample error is the inportant ingredient to determne the
number of replicates necessary to achieve the desired statistical reliability.
Different food types were not singled out for analysis for the same reason

the goal was to obtain a reliable estimate of wthin-sanple variability.

The | ognormal distribution was assumed in the pilot study analysis, and the
resi dual anal yses indicated that the assunption was plausible. The use of
| ogarithmic values results in an estimte of percent dispersion rather than
absol ute dispersion, and of geometric neans rather than arithnetic neans.
Thus, the follow ng discussion focuses on the percent difference between
geormetric neans that is detectable, given a specified nunber of replicates.
Wth all 11 parcels and 39 observations, the estinmate of the within-sanple
standard deviation of the logarithnmc values is 0.474. This corresponds to a

geormetric standard deviation of 1.61, which is used to nultiply and divide the
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Table 5-1

PI LOT STUDY DESI GN
REPLI CATES BY FOCD AND LAND TYPE

Gop Control Mneralized Debris M ned Tot al
Carrots 3 3
Corn 3 3
G apefruit 3 3
Oranges 9 3 12
Pol e Beans 3 3
Pot at oes 3 3
Radi shes 3 3
Spi nach 3 3
Squash 3 3
Tomat oes 3 3
TOTAL 9 15 3 12 39
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geonetric mean to describe the distribution. If the nost variable parce
(the debris parcel) is renoved, the estimate of standard deviation is reduced

to 0.417, which is a geonetric standard deviation of 1.52.

One of the primary objectives of this study is to conpare the geonetric neans
of various |and/food conbinations. The estimated standard error of the

difference between two |ognormal distribution neans is:

s.e. (diff) = s 2
r

where "s" is the within-sanple estinmate of the standard deviation and "r" is
the nunber of replicates. To be detectable at the 95 percent confidence |evel

the lognormal neans nust differ by 1.96 standard errors, or

1.96 s 2

r

Equivalently, the ratio of geometric means nmust be at |east

exp ) 1.96 s 2
r

which can be interpreted as the snallest percent difference that will be

declared significant at the 95% confidence |evel

5.2 RESULTS AND RECOMVENDATI ONS

Using the two estimates of "s" (with and without the debris parcel) and
substituting various values for "r" (the nunber of replicates), a graph of
percent differences detectable with 95% confidence, versus the nunber of
replicates, was generated and is shown in Figure 5-1. Apparently, three or
more replicates are necessary to detect differences of 100% or nore between
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geonetric neans. Since one goal of the project was to sanple as many foods on
each land type as possible, the nunber of replicates was set at three.
Contributing to this decision was the know edge that more than one sanple woul d
be conbined for many of the inportant conparisons (e.g., land types), in effect
creating many nore replicate observations for that conparison. As a result,

i mportant conparisons mght detect even snmaller differences than 100% as

statistically significant.

The full-scale study yielded a within-sanple standard devi ation nore than
twce that estimated in the pilot study (See Section 10). However, the total
number of observations used in the statistical analysis was 274, so that nost
conparisons were made with enough observations to permt the statistical

detection of geometric neans that differ by 100% or nore.
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Section 6

FIELD SAMPLI NG

6.1 CGENERAL METHODOLOGY

Two separate sanpling episodes were conducted in addition to the pilot study.
The first episode was conducted from January to Septenber 1984; and the second
was conducted from Decenber 1984 to May 1985, and included Mnatee and
Sarasota Counties. Al foods sanpled for radioassay were collected by hand-
picking. In nost cases, three replicate sanples of each food were collected.
Field data and observations nade during the sanmpling events were recorded in a
field notebook. Wen possible, the farmers or land owners were interviewed for

their local know edge of the property being sanpled.

In nmost cases, a soil sanple was collected with each food sanple. Soil's
associated with citrus sanples were separated into surface sanples (top six
inches of soil) and root sanples (conposited fromthe top three feet of soil).
Soi| sanples were collected using a hand trowel (for surface sanples) and a
post hole digger or auger (for root sanples). These sanpling devices were
cl eaned with deioni zed water between replicate sanples and between different

parcel s

6.2 PILOT STUDY
Pilot study sanples were collected primarily to determne the replication
requirements for the main sanpling effort, and were chosen on the basis of

availability.
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Ctrus sanples and their associated soils were collected fromfive mneralized

parcels and one reclaimed parcel. The fruit was not conpletely ripe, and was

approxi mately two nonths from harvest.

Row crops were collected fromcontrol parcels in the Lake Apopka area. Crops
grown on reclainmed parcels were also collected. A total of 13 pilot study

sanpl es were col | ected.

6.3 EPI SODE 1

Due to a major freeze and wi despread freeze damage to central Florida crops,
there was a four-nmonth delay in starting Episode 1 sanpling. Ctrus was
especially damaged. Row crops were al so damaged, and sanples were not readily
avail able for collection. Sone citrus groves, located further south in

the study area, were available for sanpling in late winter.

In April, the row crops planted after the freeze were available for sanpling.
However, these crops were linmted in quantity, and sanples were again collected
on the basis of availability. Some row crop sanples were collected in My from
reclaimed parcels. Beef sanples from both reclaimed and control parcels were

obtained in July.

Epi sode 1 ended in Septenmber with the collection of sone control row crops. The

control parcels were located in the same general area (Lake Apopka) as in the

pil ot study.

6-2



6.4 EPI SODE 2

Food variety and availability were much better in Episode 2. A |arger number of
sanpl es were collected fromeach | and category. Sone parcels were private home
gardens, but nost were commercial farms. During this episode, the citrus crop
had again been damaged by freeze. Also, the sanpling teamwas denied access to
many groves because of restrictions inposed by the USDA in response to the
citrus canker outbreak. By Decenber, sone restrictions were ended and the team
was granted access to sone groves. Due to a good grow ng season the fruit was
ripe early, and several sanples were obtained. Control citrus sanples were

obtained from several groves in the Olando area during Decenber.

Epi sode 2 also targeted parcels in Manatee and Sarasota Counties identified as
having irrigation wells with elevated concentrations of radium  Sanples were
collected fromindividual home gardens and citrus trees |ocated on seven
privately owned parcels in Minatee county. These sanples included a variety of
citrus, cabbage, collards and green onions. No sanples were obtained from
Sarasota County for the reasons described in Section 4. Episode 2 ended with

spinach sanpling at the end of May. These sanples were collected exclusively

from mneralized parcels.

6.5 C TRUS SAMPLES
Citrus sanples were collected by hand-picking from individual trees. Each tree
was considered to be one replicate, and three trees were chosen within the

grove to represent the parcel
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Approximately five to ten pounds of fruit were obtained for each replicate.
Root and soil sanples were collected imediately adjacent to the trees sanpled.
Gamma surveys were conducted within the grove during the sanpling event. Al
data were recorded in the field notebook. Al sanples were individually stored
in plastic storage bags |abeled with the sanple tine, date, parcel nunber,

replicate nunber, site location and associated sanples.

6.6 ROWCROPS

If the farmwas large, and if the foods to be sanpled were grown in |arge
quantities, the replicates were collected (by hand-picking) from different
sections of the field. Each replicate was a conposite of several rows and nmany
individual plants. The associated surface soil sanple was a conposite of the
top six inches of soil collected adjacent to the plants sanpled in that

replicate.

If the farmwas small, and if only one or two rows of a crop were avail abl e,
the row was divided equally in three sections; and the plants in each section
were sanpled and conposited into one replicate. The surface soil sanples were

simlarly divided. Each replicate was stored in a plastic bag and | abel ed.

Cccasionally, only one or two plants were available for sanpling. |f the plant
was |arge enough, three replicates were collected fromthe same plant. This
occurred only a few times, and only one soil sanple was collected in that

situation

6- 4



Section 7
RADI CASSAY
7.1 SAVPLE PREPARATI ON
Al foods were prepared for normal human consunption, except that no foods were

cooked. Individual food types were prepared as follows:

—_

Leafy Vegetables - Al |eaves were washed with cold tap water to renove
dirt and foreign matter, patted dry with paper towels,
then freeze dried. In the case of collard and nustard
greens, the excess stems were renoved.

2. Root Crops - Root crops were washed of dirt and foreign matter using
cold tap water and a vegetable brush. Skins were not
renoved before freeze drying. In the case of radish
and turnips, the tops and roots were renoved.

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

4. Legunes - Legunes were rinsed with cold tap water, patted dry,
then either shelled or diced, depending on the nornal
met hod of human consunption.

5. Citrus - Gtrus comodities were washed, juiced, and frozen.

Ctrus peels were frozen and subsequently freeze dried.

6. Beef - Beef sanples were separated from the bone, frozen,

then freeze dried.
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7.2 pH MEASUREMENTS
Measurements of pH in soil sanples were perfornmed by adding 50 grams (50g) of
deioni zed water to 50g of the soil material and stirring until honmogenous.

Measurenents of pH were then taken on the resultant slurry.

7.3 RADIUM 226 IN SO L
Soi| sanples were forwarded from Post, Buckley, Schuh & Jernigan, Inc. to the
University of Florida (UF) for analysis. Upon receiving the sanples, |og book

entries were made and sanple bags were labeled with the UF |aboratory nunber

A portion of each sanple was oven dried for at |least 24 hours at 100 to 110
degrees Celsius. Radium 226 was then determined in the dried sanple by high
resolution gamma-ray spectrometry, according to the procedure published
by Bolch, et al. (7). 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 |east two weeks to allow ingrowh
of gaseous radon-222 (and its short-lived decay products) to radioactive
equilibriumwith the long-lived parent radium?226 in the sanple. The sanple is
then counted on a high resol uti on gamma-ray spectrometer (shielded GeLi or high
purity Ge crystal detector coupled to a nultichannel analyzer). The radium 226
content of the sanple is calculated fromthe counts associated with the 295.2,

352.0 and 609.4 keV peaks of the l|ead-214 and bisnuth-214 radon daughters
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7.4 RADI UM 226 | N FOOD

A 50g aliquot of freeze-dried sample was digested with concentrated nitric and
hydrochloric acids after addition of polonium 209, thorium 234 and urani um 232
tracers. The digestate was filtered after dissolution of the organic nmatter
and split into two fractions. Fraction | was analyzed for radium 226 and
| ead-210. Fraction Il was analyzed for uranium 238, uranium 234, thorium 230,
pol oni um 210, thorium 232 and thorium228, as described in sections 7.5 and

1.6.

Fraction | was diluted with deionized water. Barium carrier was added, and
radi um 226 and | ead-210 were co-precipitated with barium as the sulfate.
The precipitate was dissolved in ethyl enedi am netetraacetic acid (EDTA) and
transferred to a radon bubbler for radon-222 ingrowh. After suitable in-
growth, the radon-222 was de-enanated into a radon cell and counted on a
radon cell reader. After de-enmanation, the EDTA solution was stored for

| ead-210 analysis, as described in section 7.8.

7.5 URANI UM ANALYSI S

Fraction Il was evaporated and 50 m of dilute HO added for pol oni um 210
anal ysis, as described in section 7.7. After polonium210 renoval, the sanple
was partitioned with 10% Triisooctylamne (TIQA) in para-xylene. The aqueous
phase was drawn off for thoriumisotope analysis. The thorium i sotopic

analysis is described in section 7.6.

The urani um was washed from the organic phase with 0.1N nitric acid, and

partitioned agai nst para-xylene to renove residual TIOA. The | ower aqueous
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phase was again collected and evaporated to near dryness. The sanple was then
ashed with nitric and hydrochloric acids to near dryness. The residue was
dissolved in 50 m of dilute HJ and heated. Ascorbic acid was added to reduce
the iron, and Tid; was added to reduce the uranium present in the sanple.
Lant hanum carrier and HF were added to co-precipitate the uraniumisotopes with
LaF. The collected precipitate was collected on a filter and nounted for
counting by al pha spectroscopy. Resultant activities were corrected based on

tracer recoveries.

7.6 THORI UM ANALYSI S

The collected thorium fractions fromthe previous step were evaporated to near
dryness, and HNO, was added and evaporated. The residue was dissolved in 6N
HNO, and transferred to an anion exchange colum. The thoriumwas then el uted
with 6N HO, and the elute was collected and evaporated to near dryness. The
sanple was dissolved in dilute HJ, then heated. Lanthanum carrier and 3N HF
were added to co-precipitate the thoriumisotopes with LaF. The precipitate
was collected on a filter and nounted for counting by al pha spectroscopy. The
sanpl e was al so counted for beta activity on a | ow background gas proportional
counter to determine the thorium 234 tracer recovery which was used to correct

for the chemcal vyield.

7.7 POLONI UM 210 ANALYSI S

Pol oni um 210 anal ysis was performed on the Fraction Il sanple prior to uranium
and thoriumisotopic analysis. After filtering the digested material and
working the sanple into dilute HO, the polonium210 was renoved from the

sol ution by deposition onto a copper foil which was coated on one side to
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prevent deposition on both sides. The deposition was perforned by stirring in
a hot water bath at 80°C for two hours with the copper foil in the solution.
After deposition was conplete, the foil was dried and nounted on a pl anchet for
al pha counting by al pha spectroscopy. The pol oni um 209 tracer was used in

correcting the chemcal yield of the polonium210 activity.

7.8 LEAD- 210 ANALYSI S
The EDTA solution fromthe radium 226 determ nation was evaporated, and HBr and
Pb carrier were added. The HBr solution was then partitioned with 30% Al i quat -

336 in toluene, and the |ower aqueous |ayer discarded.

The organic phase was washed with 0.1N HBr, then the |ead-210 was stripped from
the organic phase using 12N HO . Concentrated HNO;, was added to the collected
| ead solution, and any reaction was allowed to subside. The sanple was then

reduced and transferred to a centrifuge tube.

Bismuth carrier was added and the sanple pH adjusted to pH 8 with ammmonium
hydroxide. The sanple was heated, cooled and centrifuged, with the supernate
being discarded. The precipitate was dissolved in HJ, and 40 nl of deionized
wat er was added. The sanple was heated, cooled and centrifuged, with the
supernate containing the Pb being collected in a beaker. The precipitate
was redissolved in HJ; 40 m of deionized water was added, heated, cooled and

centrifuged; and the supernate containing the |ead was added to the beaker.
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The coll ected solution was anal yzed for |ead content by atom c absorption
spectroscopy (283nn). Suitable time was allowed for bismuth ingrowth, after
which the sanple was transferred to a centrifuge tube. The pH was adjusted to
8, the bisnuth precipitated, and the sanple centrifuged. The precipitate was
collected on a nenbrane filter and beta counted on a | ow background gas
proportional counter. Lead-210 activity was corrected for chem cal recovery
using the atom c absorption data and bisnuth recovery based on the gravinetric

yield of the final precipitate.



Section 8

STATI STI CAL  ANALYSI S

8.1 EXPERI MENTAL DESI GN
The design of the experinent was a factorial, using four [and types and 29

foods.® Replication occurred on two |evels:

1. Some of the land/food conbinations were sanpled nore than
once.

2. A nost every sanple was replicated three tines.

The design was unbal anced due to the difficulties associated with obtaining
sanpl es of every food on each land type. The final design is shown on Table
8-1, with the nunbers in the table representing the nunber of replicates for
each land type/food conbination. Note that beef and citrus are shown separat-
ely, since they were analyzed as distinct experiments. Only radium 226
concentrations were included in the analysis and results for a few of the

sanples collected late in the study were not available for the analysis.

8.2 ANALYSI S
The analysis of the radium 226 data for the experiment(s) sunmarized on Table

8-1 was acconplished using the SAS” sof tware package (63).

°A fifth land type, “disturbed unnmined” or “debris,” was observed on a single
parcel. Only four foods were sanpled on this parcel and the results were
anal yzed separately (See Section 10.2.4). Also, sone foods represent conbina-
Eions of several varieties.

Tradenar k
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Table 8-1

NUMBER OF RADIUM-226 OBSERVATIONS
BY FOOD AND LAND TYPE

Crop Type Control Mineralized Mined Total

1. Beef 3 0 3 6
3 0 3 6

2. Citrus
Orange 11 32 19 62
Grapefruit 0 3 3 6
Satsuma Citrus 11 3 0 3
11 38 22 71

Unmined Mined Total

Control Mineralized Reclaimed Other
Clay Reclaimed

3. Non-Citrus

Leafy/Cole Vegetables

Broccoli 0 3 0 0 3
Cabbage 0 0 3 0 3
Cauliflower 3 0 0 0 3
Collard Greens 3 3 3 0 9
Mustard Greens 3 3 0 0 6
Spinach 3 3 0 0 6
Turnip Greens 6 6 3 3 18
Legume/Grains
Blackeyed Peas 3 6 3 9 21
Corn 6 0 0 3 9
Green Beans 0 3 0 3 6
Lima Beans 0 (¢} 0 3 3
Root Crops
Carrots 3 0 0 0 3
Onions 0 3 3 0 6
Radishes 6 3 3 0 12
Potatoes o 0 4] 6 6
Turnip Roots 3 6 3 3 15
Garden Fruits
Citrons 0 3 0 3 6
Cucumbers 3 0 0 3 6
Eggplants 0 3 0 0 3
Green Peppers 3 3 3 0 9
Okra 0 0 1 0 1
Tomatoes 3 3 3 0 9
Watermelons 0 6 0 3 9
Yellow Squash 0 9 1 3 13
Zucchinis 0 6 0 6 12
TOTAL: 48 72 29 48 197
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Several tools were used in the statistical analysis:

L The Generalized Linear Mdel (GM is an analysis of variance
procedure that yields appropriate statistical analyses of unbal-

anced desi gns.

2. Least squares multiple conparison is a procedure that provides
compari sons of a set of neans based on an unbal anced design and
unequal sanple sizes. Conparisons are made only if the GLM
analysis reveals a significant effect at the 0.05 level; then the
mul tiple conparisons are nade at the 0.01 level of significance.
The net result is sufficient protection against concl uding
that differences are significant, when in fact they are not, even

though many such conparisons were nmade.

3. Analysis of residuals is a graphical and distributional analysis
of the residuals (actual values mnus predicted values) to test
for normality, lognormality, or the necessity of nonparametric

t echni ques.

The analysis was structured to: (1) use GLMto identify which factors signifi-
cantly affect levels of radium226; (2) use the |east squares multiple conpari-
son procedure to identify the levels within each factor that differ signifi-
cantly, and (3) use the analysis of residuals to test the assunptions that

drive the anal yses.
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Section 9

DOSE EVALUATI ON

9.1 | NTRCDUCTI ON

Eval uation of potential dose to humans fromradioactivity in foods requires the
fol | owi ng: (1) scenarios describing the individuals or populations for which
the dose is to be estimated, (2) a diet nodel describing the average intake of
various food itens, and (3) a dosimetry nmodel to convert radionuclide intake to
radiation dose. The dose cal cul ation scenario describes the individual for
whi ch the dose is being calculated and specifies the source of that indivi-
dual's food. For the purpose of this study, foods are separated into “study”
foods and “other” foods. “Study” foods are those potentially affected by the
| and types under study. Thus, the sinplifying assunption is nade that these
foods are the foods sanpled in this study. The radioactivity concentrations in
these foods are available from the study neasurements. “Qher” foods are those
not sanpled in this study, and are assumed to be derived from a general food
pool available to the popul ation. Radi onucl i de concentrations for *“other”

foods and drinking water nust be taken fromthe literature (8, 11, 28, 61, 84).

The “study” foods consumed by a typical individual are likely to be a conbi-
nation of those grown on mned lands and those originating el sewhere. However

an accurate assignment of acreages, production, and contributions to the food
mar ket were beyond the scope of this study. For the purpose of dose assess-
ment, three individuals have been defined for the purpose of estimating

radi ati on dose:
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L Control individual - an individual in the phosphate mning region
who consunes “study” foods from unm ned |ands.

2. Local individual - an individual in the phosphate mning region whose
“study” foods are a mxture of foods from both m ned and unm ned
lands.  This individual can be considered an average for the region.
For the local individual’s diet, 90 percent of the “study” foods were
taken from unmned lands. Although the authors believe that only a few
percent of the local individual’'s diet would conme frommned |ands, 10
percent was assumed to be conservative

3. Maxi mum i ndi vi dual - obtains 100 percent of his diet of “study” foods

from mned | ands.

The “local” and “maxi nuni individuals can be conmpared to the “control” individ-

ual to determne incremental doses

9.2 D ET MODEL

9.2.1 Food Itens Sanpled

As described in previous sections of this report, a primary factor in the
selection of a diet nmodel is the type of food itens observed and sanpled on the
various land categories. Table 9-1 presents the finalized matrix of food itens
sanpl ed by general |and category and nunbers of sanples taken from each
category. Sone |land types and food categories were conbined as a result of the
statistical analysis (see Sections 4 and 10). There are 31 food items wthin

six general food groups.
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TABLE 9-1

FINALIZED IANDS/FOODS MATRIX

ALl UNMINED MINED DERRIS
LANDS
REEF 2 i i
LEAFY/COLE VEGETABLES 2@ 15 4 i
Spinach 3 2 1
Cabbage 2 i 1
Collard Greens 5 4 i
Mustard Greens & s
Turnip Greens (=) 4 =2
Brocoolli i 1
Cauliflower 1 i
LEGUMES & CORN 14 6 7 1
Blackeye Peas 7 3 4
Green Beans 3 1 1 1
Lima Bears 1 1
Corn 3 2 i
ROOT CROPS 19 i1 7 1
Carrot 3 = i
Radish 4 3 1
Potata 2 P
Oriiom 4 3 1
Turnip 6 3 2 1
GARDEN FRUITS 27 16 12 1
Towmato 3 2 i
Okra i i
Y. Squash &6 3 P 1
Citron e 1 1
Zucchini 4 & =
Green pepper 3 2 i
Cucumber 2 1 1
Egg Plant 1 1
Strawberry 2 P=)
Watermalon 3 = 1
CITRUS 4z 33 : 9 @
Orawvge , 31 23 8
Satsuma Orange 1 1
L.emor 3 3
Grapefruit 7 1) i
GRAND TOTAL iz4 &z i8 4
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9.2.2 Range of Diet Mdels

One of the sinplest diet nodels involves taking each sanpled item and cal cul a-
ting the dose (mlliremor mcroren per serving (100 grams) for both the m ned
areas and the unmned areas. Then the differential dose per serving of each
item can be cal cul ated and ranked from highest to | owest. This approach nmay be
considered a sensitivity analysis, and can lead to identification of those
| ands best suited for a specific food and those |ands for which sone foods nmay

be discouraged.

Anot her di et nodel considers only those items that were sanpled, and groups
theminto sone limted nunber of food groups, such as |egumes or |eafy vegeta-
bles. Concentrations of radionuclides in each of the items within the food
group are then averaged, and the dose per yearly intake of each itemis
calculated for both the mned |ands and the unmned lands. In such a nodel

foods having the highest and |owest concentrations are averaged out; thus the
dose differences are |ess dependent upon a single sanple. Any weighting
factors that woul d express the fraction of the food group obtained froma given
| and type could al so be added. A variation of this nodel assunes that all
foods froma given [and type are consumed by someone, and that the differentia

dose will occur in sone fraction of the population. This variation on the
model would require the current and/or expected yield of the food group grown

on the given land type

The nost conpl ex nodel considers the consunption of all food itens, including

such specific items as nmeats, mlk and mlk products, condinments, and bever-
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ages. Mbst of the itens sanpled in this study are vegetables, although beef
and potential beverage items (such as orange juice) are also included. The
benefit of this diet nodel is that it puts the total intake of radioactivity
and the dose from both the mned |ands and the unmned | ands into proper
perspective. The difficulty with this nodel is that a considerable amunt of
basel i ne data must be obtained for the non-sanpled items. For exanple, the

model would require the control concentration of thorium230 in mlk products.

Even with the aforementioned difficulty, this “total diet” nodel concept was
used for this study. The developnent, justification and assunptions made with
regard to selecting the diet for the individuals considered are discussed in
Appendi x C. Many diets have a nunber of selections for age and/or sex.
However, for the purpose of this study, the individual considered is an adult

male. Attenpts to adjust the diet for southeast Florida were not successful.

9.2.3 Conparison of Diets

Six diet nodels fromthe literature were reviewed:
1) The Rupp diet (60)
2) ICRP diet for the reference man (31)
3) Nuclear Regulatory Commission Regulatory Guide 1.109 (80)
4) Nuclear Regulatory Comm ssion Regulatory Guide 3.51 (81)
5 Food and Drug Administration (FDA) Total Diet Program (69)
6) Revised Food and Drug Administration (FDA) diet (54)

These diets are conpared on Table 9-2. Consunption totals and subtotals are
one nethod of verifying the values adopted for this study. One difficulty in
cross-referencing the various diets is finding a nethod of conbining detailed
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Table 9-2

COMPARISON OF DIET MODELS

(g/day)

Source of Diet

‘ Reg. Guide Reg.Guide . Revised
Diet Item Rupp ICRP 1.109 3.51 FDA FDA
Milk 261 457 301 355 280.99
Milk products 306 17 129 22.40
Subtotal Milk 567 474 184 756 303.30
Eggs 41 a7 30.95
Meats
Beef 86 175 129.27
Pork 76 39 39.54
Other 70 69.00
Subtotal Meats 232 227 214 237.81
Poultry 26 137
(Meat & Poultry) (258) (227) 260 (351) (238.00)
Fish 16 22 22 20.06
(Meat, Fish & Poultry)(274) (249) (282) (351) 290 (258.00)
Potatoes 69 88 180 204 85.22
Vegetables
Leafy 50 40 59 35.67
Yellow 8 0.63
Legumes 25 74 63.58
Other veg. 99 178 122 44 .08
Subtotal Vegetables 182 202 218 255 143.96



Table 9-2 (Continued)

COMPARISON OF DIET MODELS
(g/day)

Source of Diet

Reg. Guide Reg. Guide Revised
Diet Item Rupp ICRP 1.109 3.51 FDA FDA
Fruit
Citrus/Tomatoes 99
Citrus 103.75
Tomatoes 25.18
Other Fruit 87 60.36
Dried Fruit 1
Subtotal Fruit 187 184 135 217 189.29
Grain 97 166 248 369 207 .37
(Fruit, Vegetable &
Grain) (466) (522) 520 (601) (841) (541.00)
Nuts, butter 5
Fats, Oils 32 49 52
Sugars, swt 40 66 82 78.30
SUBTOTAL 1494 1525 1103 1616 2225 1296.26
Water [1650] [1650] 1013 [1650] 512.00
Beverages 697 1172 .44
Soup & Condiments 90.94
TOTAL [3144] [3175] 2116 [3266] 2922 3071.64

Brackets indicate water intake for reference man [ ]
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items into a broader category; another is the placement of sone fluid itens

into a food category.

The revised FDA diet shows 303 g/day of mlk and m |k products, and appears to
be lower than the other diets. However, this diet has been devel oped nore
recently, and mlk/mlk product consunption may actually be lower than it used
to be. Another explanation may be that the FDA diet also includes mlk and
mlk products in the beverage and soup categories. Egg consunption is also

| ower than that shown in two other diets, perhaps for simlar reasons.

Meat val ues are consistent anong the diets when fish is also considered in the
totals, The potato intake of 85 g/day in the FDA diet appears to be consistent
with the Rupp and ICRP values, but much lower than the NRC diet. The FDA
diet subtotal for vegetables appears to be much |Iower than the other diets;
however, the total of all vegetables, potatoes, fruits and grains (626 g/day)

Is consistent with the range of all five of the other diets

The diet subtotal for all food groups (excluding water, beverages, soups and
condi nents) has a narrow range. This should give credibility to all the
assunptions that went into the FDA cornpositing. Wen the “liquid” groups are
added to the FDA nmale intake values, the total intake is a little over three

kg/ day.

9.2.4 D et Mdel Selected

The diet nodel selected for this study is shown on Table 9-3. It is patterned

primarily after the recent FDA diet, and is organi zed around the food groupings
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Table 9-3
DI ET MODEL SELECTED

Di et | nt ake Sanpl ed?
| tem (g/ day)
DAI RY
M1k 280. 99
Cheese 22.41
TOTAL 303. 40
MEAT
Beef 129. 27 Sanpl ed
Por k 39. 54
Q her 69. 00
TOTAL 237.81
FI SH 20. 06
EGGS 30.95
CEREAL FOOD
Corn & 5.18
Gains 27. 49
Cer eal s/ Bread 174.70
TOTAL 207. 37
LEAFY/ COLE VEGETABLES
Spi nach 3.28 Sanpl ed
Col I ards 0.45 Sanpl ed
Mist ar d 0.45 Sanpl ed
Tur ni ps 0.45 Sanpl ed
Cabbage 7.04 Sanpl ed
Caul i f | ower 0.71 Sanpl ed
Broccol i 2.80 Sanpl ed
Q her 0.76
Lettuce 23.38
Cel ery 0.62
TOTAL 39.94
LEGUMES/ CORN
G een Beans 8.74 Sanpl ed
Bl ackeye Peas 3.36 Sanpl ed
Li ma Beans 2.25 Sanpl ed
Corn 14. 41 Sanpl ed
G een Peas 7.29
QG her Beans 25.71
Nut s 4,94
Q her 11.28
TOTAL 77.99
POTATCES 85. 22 Sanpl ed
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Tabl e 9-3 (Continued)

D ET MODEL SELECTED

Di et | nt ake Sanpl ed?
|tem (g/ day)
ROOT VEGETABLES
Carrots 2.92 Sanpl ed
Radi shes 0.32 Sanpl ed
Oni ons 4.20 Sanpl ed
Tur ni ps 0.42 Sanpl ed
Qt her 1.10
TOTAL 8.95
GARDEN FRUI TS
Wt er el ons 3.44 Sanpl ed
G trons® 0. 00 Sanpl ed
Tonat oes 25.18 Sanpl ed
Strawberries 1.23 Sanpl ed
Cucunbers 2.62 Sanpl ed
Yel | ow Squash 0.63 Sanpl ed
Zucchi ni 0.63 Sanpl ed
Ckra 0. 06 Sanpl ed
G een Peppers 1.29 Sanpl ed
Egg Plants 0.70 Sanpl ed
Qt her 7.78
TOTAL 42. 27
TREE FRU TS
Cl TRUS
Oranges 85. 26 Sanpl ed
G apefruit 7.78 Sanpl ed
Lenons 10.71 Sanpl ed
OTHER 60. 36
TOTAL 164.11
SQOUPS 36. 82
CONDI MENTS 54.12
DESSERTS 78. 30
BEVERAGES 1172. 44
WATER 512.00
GRAND TOTAL 3071.75
“Data used to generate average concentration for melons; not considered

part of human diet.
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sanpled in this study. Subgroups have been conpiled fromthe 201-item FDA
diet. Al sanpled itens are retained as unique itenms. G oupings were devel op-
ed fromboth a general plant type basis and froma diet substitution basis.
Corn is not a legume, but a likely substitution for a “bean” in a neal. Corn
as a grain (nmeal, flakes, etc.) is treated separately and not considered a

sanpled item Cole and leafy vegetables were conbined.

Food intake volumes were derived from the FDA values for a young adult nale.
Val ues are avail abl e for ot her age groups and for femal es inthe same group.
However, the dose conversion factors chosen for the cal culations were for adult
mal es, and other sex or age group calculations would involve additional

assunptions and corrections in the calculations.

9.3 DOSE COVPUTATI ON

9.3.1 Dose Conversion Factors

Doses from intake were calculated using dose conversion factors (DCFs), which
are comonly used to transform exposure to radioactivity from ingestion,
inhal ation or submersion in air or water to dose. The nuclear industry uses
many such conversion factors for common situations involving the fission
product and activation product radionuclides. The DCFs available in the

literature are discussed and conpared in Appendix D

The DCFs used for this study are those for committed effective dose equival ent
(CEDE) per unit intake (nrem pC), as derived fromthe recent reconmendations

of the ICRP in Report No. 30 (29). This particular form was chosen because
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| CRP-30 represents the nost recently published conpilation of dosinetry data

and because CEDE is achieving prom nence as the accepted nethod for assessing
radi ati on dose from radionuclide intake. The CEDE allows summ ng of the
effects of various radionuclides that have different distributions in the body

and different biological turnover rates

9.3.2 Dose Calculation

Doses were conputed with the aid of a conputerized Lotus 1-2-3 spread sheet
(40). A worksheet was prepared for each exposure scenario and each radio-
nuclide. Table 9-4 shows a typical dose calculation for one radionuclide. The
table includes all the essential elements necessary to nake a wide variety of
cal culations and to draw nunerous conclusions. The discussion that follows

will detail the various elenments of the table.

9.3.3 Heading and Note

Information contained in the heading includes: (1) date of the calculation,
since any single piece of new information can be added, and the entire spread-
sheet can be rapidly recalculated; (2) the diet, as described in Section 9.2.4;
(3) the “DCF", as discussed above; (4) the radionuclide of interest; and (5)
the case under study and the associated weighting factor; these are a general
description and a mathenmatical function for the sane concept. The “naxinum
individual” woul d take 100 percent of all sanpled food itens from mned |ands.
Mat hematical ly, this gives the mned concentrations a weight of 1.00. [If any
other weighting factor is used (for exanple 0.10), then the individual for the
cal cul ation woul d take only 10% of his diet fromthe mned |ands and 90% from

unmned lands, as is the case for the local individual.
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DATE: 7/18/83

TABLE 9-4
TYPICAL DOSE CAICULATION

DIET:

RADIONUC:

Ra-226

KEYS: (M)-MINED, (U)-UNKINED
"MINED* - CROPS ON CLAYS, NINED AND RECLAINED LANDS

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PM}-PREDICTED FROM MINED, (PU)-PREDICTED FRON UNMINED

{R)-RUSSELL, (L}-LITERATURE (see Footnotes)

"UNNINED"

DIET  SAM- INTAKE [0 S CCN K INTARKE INTAKE  DELTA i OF
ITEM PLED? OF ITEM UNMINED E  MINED E UNMINED MINED  INTAKE  TOTAL
Y/N (g/day} (pCi/Kg) Y (pCi/Kg} Y ({pCi/yr} {pCi/yr) (pCi/yr) DIFF

DAIRY i

Hilk N 280.99 2,51 (La) 2.5t (La) 2,57E+02 2.57E+02

Cheese N 22.41 22 (R) 0.22 (R} 1.B0E+00 1.90E+00

MEAT

Beet Y 129.27 3.98 {U) 3.41 (M) 1,8BE+02 1.61E+02 -2,48E+01  -T7.411
Pork N 39.94 0.91 {R) 0.91 (R) 1.31€+01 1.31E+01

Other N 69.00 0.91 (R 0.91 (R} 2.29E+01 2.29E+01
FISH N 20,06 .30 {R) £.30 (R} 9.52E+00 9.52E+00

E66S N 30.95 5.00 (R) 5.00 (R} 5.65E+01 3.45E+01
CEREAL FD

Corn 6r N 3.18 2.00 {R) 2.00 (R} 3.78E+00 3.78E+00

Grains N 21.49 2.00 (R) 2:00 (R} 2,01E+01 2,01E+01

Cris/Brd N 174.70 2,00 (R) 2.00 (R} 1.28E4+02 1,28E+02
LEAFY/COLE VES

Spinach Y 3.28 14,31 (U} 37.53 (PM) 1.9BE+0{ 4.49E+01 2,52E+0{ 6.98%
Collards Y 0.43 5.65 (U} 16,34 (M) 9.28E-01 2.71E+00 1.79E+00 0.49%
Mustard Y 0.43 1,10 {4} 37.53 (PM) 1,BOE-01 6.16E+00 5,98E+00 1,651
Turnip § Y 0.43 9,03 () 83.16 (M} 1.48E+00 1.30E+Q1 1,25E+01 3. 481
Cabbage Y 7.04 2.10 (W) J.68 (M) 5.39E400 9.45E+00 4.05E+00 1.124
Caulifwr Y 0.71 6,03 () 3.68 (PH) 1.S7E+00 9.56E-01 -4,10E-01  -0.171
Broce ¥ 2.80 3.00 (W) 3.68 (PM) 3.06E+00 3.75E+00 6.91E-01  0.19%
{ther N 0.74 4,50 (R} 4,50 (R} 1.24E+00 1.24E+00

Lettuce N 23.38 4,50 {R) 4,50 (R} 3.BAE+01 3.B4E+01

Celery N 0.62 4,530 (R) 4,50 (R} 1.02E+00 1,02E+00

LEGUMES/CORN

Sreen Bn Y 8.74 3.16 () J.68 (M) 1.63E+01 L. 1TE+01 -4,71E400  -1.30%
Blckeyes Y 3.36 1.87 () b.66 (M) 2,29E400 8.16E+00 5,84E+00 1.621
Liea Bn Y 2,25 .01 {PU) 85,71 (M) 2.56E+00 5.41E+01 5.15E+01 14,241
Corn Y 14,41 4,90 {U) 9.19 (M) 2,58E+01 4.84E+01 2.28E+01 8.29%
Grn Peas N 7.2% 4,50 (R) 4,50 (R} 1.20E401 1.20E+0%

QOther Bn N 5.7t 5,30 (R 4,50 (R} 4.22E+01 4,22E+01

Nuts N 4,94 4,30 {R) 4,50 (R} B.12E+00 8.12E+00

Other N 11.28 4.50 {R) 4,50 (R} 1.85E+01 1.83E+01

POTATOES ¥ 85.22 4,46 (PU) 3,67 (N 1.39E+02 {,14E402 -2,45E+01  -4.781
ROGT VEG

Carrgt ¥ 2.92 8.52 (U} 181.61 (M) 9.0BE+00 1.936+02 1,.84E+02  50.97%
Radish Y 0.32 3.82 () 14,90 (M) 4.41E-01 L. 72E400 1.28E+00 0.331
finion Y 4.19 2.91 i 9.91 (M} 4,46E+00 1.52E401 1.07E+01 2.95%
Turpip Y 0.42 418 () 11,58 (M) 6.44E-01 1.78E+00 1.14E+00 0.32%
ther N 1.10 2,00 (R) 2,00 (R} B.00E-01 8.00E-01

CASE:

FDA/SANPLED DCF:

1.1E-03 {(erem/pCi)

Hax Indiv

WT FCTR: 1.00
FILENANE: RA2Z6MAY

Saspled Itemss Only
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DATE: 7/18/83
RADIONUC: Ra-224
KEYS: {M)-MINED, (t}} -UNMINED
"NINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS
"UNMINED® - CROPS ON EITHER MINERALIZED OR CONTRDL LANDS

(PH)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED

TABLE 9-4 (Continued)
TYPICAL DOSE CALCULATION =~

DIET: FOA/SAMPLED DCF:
CASE: Max Indiv WT FCTR:

FILENANE:

(R)-RUSSELL, (L}-LITERATURE (see Footnotes)

DIET  5AM- INTAKE
ITER PLED? OF ITEM UNMINED E  MINED
Y/N (g/day) (pCifKg) Y ({pCi/Kg)

ey K CCN

K INTAKE
E  UNMINED
Y (plifyr)

1.1E~03 (mrea/pCi)
1.00
RAZ26HAY

Saapled Iteas Only

INTAKE  DELTA
MINED  INTAKE
(pCifyr} {(pCilyr)

GRON FRT
Hateraln
Citron
Tomato
Strawbry
Cucuabr
Y. Sgsh
Iuchin
Okra
Br Ppor
Egg Plnt
(thers

R R . e e ]

TREE FTRS
Citrus
Jrange
Grpfrt
Lemon
Other

R A

Saups
CONDIMENT
DESSERTS
BEVERAGE
WATER

= s a =
~4
o

TOTALS: 3071,

3.
.00
23,
W23

e O e KD S M2
. M H

44

18

62

.83
.43

06

.29

70

.53

26
18
i
36

.82
42
.30
44
00

80

DOSES:  mrea/year

1.24 (1) 3.77
2.19 (1) 4,48
2.94 {U) 1.99
2.81 {9 3.93
3.22 (W) 5.60
L1 3.12
4,20 h 3.98
2.6 (PUL 2118
1.87 {U) 1.14
2.37 (1 3.93
8.50 (R} 4,50

165 i) 4.2
L3 W 3.8
.52 (U 3.6
4,50 {R) 4.5

:

2.25 {kay .25
0.01 (E) 0.01
0.22 iB) 0.22
1.00 {E) 1.00
1,13 (L) 1.13

) 1.56E400
(M 7.99E-04
(M) 2.70+01
(PH) 1. 26£+00
(M) 3.08E+00
(M) 9.40E-01
M) 9.50E-01
M) 5.23E-02
(M 8.77E-01
(PH) 6. 06E-01
(R} 1,0BE+D1

(M1 3. 14E+01
(M) 4.63E+00
(PH) 5.94E+00
(R} 3.91E+04

{Ea} 3.03E+
{E} 1.98E-01
{(E}  6,29E+00
(E)  4,28E+02
(Lb) 2.11E+02

Sampled ltems Only -»  5.37E+02
Total Modeled Diet -» 1.94E+03

£.74E400 3.18E+0
1.64E-03  8.36E-04
1.83E+01 -8.73E+00
1.76E+00 5.01E-01
5.36E400 2.2BE+00
7.138-01 -2.26E-01
7.10E-01 -3.03E-02
4,25E-01  3.72E-01
3.353E-01 ~3.43E-01
L.O0E+00  3.97E-01
1. 08E+01

1326402 B.06E+0!
8.92E400  4.29E+00
1436401 8.32E+00
3. 91E+04

3. 03E+01
1.98E-01
5. 29E400
4,28E+02
2.11E402

8.99E+02 3.62EH02
2.30E+03

LOF
TOTAL
DIFF

0.88%
.00
-2.411
0.14%
0,634
-9, 041
0,011
0,104
-0.09%
0.1

-

Ea e B o |
- - -
Cod wwn P

S O
E I

100,007

Sampled Items Only -

Total Modeled Diet ->  2.13E+00

FOOTNOTES: La Dairy samples from Polk Co. (HaB4, p 822
Lb Average of 38 values for Florida (Wa8%, p 318-819)
Ea Geometric Mean of Russell Vegetables and Water
E  Estimated free general data trends
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9.3.4 D et Colums

The first three colums indicate the diet selected for this study as discussed
in Section 9.2.4. Specific food itens are listed in the first colum. The
second colum indicates whether or not the particular item was sanpled during
this investigation. Some crops may not have been sanpled on both the mned and
unnmined lands. A “Y” indicates a positive answer for either type of land; an
“N' indicates that the food was not sanpled in this study. The third colum

indi cates the assigned intake values (g/day) for each of the discreet food

itens in the nodel.

9.3.5 Concentration, Unm ned Colum

The fourth colum contains the geonetric nean concentrations of the radio-
nuclide under investigation for each specific diet item grown on unmined |ands.
The letter (or letters) in parentheses beside the concentration value is a code
for the data source. For exanple, the code (U nmeans that all data for this
item came fromanalysis of a food grown on one of the unnmined |and types. For
beef, the value of 3.98 pG/kg would indicate that this level was neasured in
cattl e known to have grazed on at |east one of the unmned land types. The
concentrations for carrots (8.52 pCi/kg), radishes (3.82 pCi/kg), onions
(2.91 pG/kg), and turnips (4.18 pCi/kg) are recorded opposite the proper food
item then the geonetric nean of these four values (4.46 pC/kg) is used to
predict (PU) the concentrations for potatoes on unnmined lands. Al other root

vegetabl es are assigned the literature value of 2.0 pG/kg.
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Whenever the item was not sanpled, but an acceptable value was |ocated in the

literature, the literature value (61) was recorded to make up the conplete

diet.

9.3.6 Concentration Mned Colum

The fifth colum follows a simlar logic to the “unm ned” colum. The concen-
trations shown are the geonetric neans of any values obtained for the item
grown on either the clay settling area or the other reclainmed |ands. Statis-

tical analysis has shown that clay areas and other mned lands can be treated

simlarly.

For collards and turnip greens, the values of 16.54 and 85.16 pC/kg are
numbers neasured on mined lands. For the other two items not sanpled on nined
| ands (spinach and mustard greens), an estimate of the “mned | and” concentra-
tion was made using the geometric nmean (37.53) of the concentrations of the two

items that were sanpled on mned |ands.

9.3.7 Intake Colums

Colums six and seven show the predicted yearly intake (pC/yr) for itenms grown
on the unmned and mined |ands, respectively. The equations used for calculat-
ing these values are as follows:
A Unmi ned | and:
lu = 1*365.25*0. 001* CCNU

where lu = yearly intake of the radionuclide, pG/yr by the individua
| = diet itemintake in grans per day
365.25 = days per year
0.001 = kg/gram
CCNU = concentration in the food grown on unnined | and, pG/kg
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B. M ned | and:
I'm = 1*365.25*%0. 001* (COCNMFWF + CCNU* (| - WF))
where I'm = yearly intake of the radionuclide, pC/yr by the individua
CCNM = concentration in the food grown on mned |and, pG/kg
W = weighting factor, fraction of diet frommined |ands
The colums are then summed for a total dietary intake of this particular

radi onucl i de. The last four lines of the worksheet summarize the intake and

dose from unm ned and mned |ands

9.3.8 D fference Colums

The last two colums in the table highlight the differences between the unm ned
and mned colums for sanpled foods. Columm eight is the sanple difference
bet ween col ums six and seven for sanpled itens only. I'n colum nine, the
individual differences are calculated on a percent of the total difference
between the unmned and mined scenario. One can then readily point to critica
food items. For exanple, in this calculation, carrots account for about 50
percent of the total difference in the cal cul ated radi um226 intake between the
two individuals, and |lim beans account for another 14 percent of the differ-
ence. As expected, there are sonme negative values (such as green beans), since
the mned concentration is | ess than the unm ned concentration. A check on

the cal cul ations can be made by totaling the percent differences.

9.3.9 Dose Summary

At the bottom of Table 9-4, intake is converted from picocuries to dose in
mllirems (nmenm) on a yearly basis. In this exanple the “unnmined lands diet”
results in a yearly dose of 2.13 nrem while the “mned |ands diet” predicts a

yearly dose of 2.53 nremfromthe total dietary intake of radium226. This
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exanpl e represents the radi um 226 scenario for the maxi mum i ndividual since al
study foods are obtained from mned |ands (weighting factor = 1.0 as descri bed

is Section 9.3.3).

For this study, one diet calculation table is generated for each of the eight
radi onuclides.  This approach gives the investigation as nuch flexibility as

possible, allowing data to be added or subtracted at any point
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Section 10

RESULTS

10. 1 FOOD PRCDUCTI ON ON PHOSPHATE- RELATED LANDS

To date, nmost reclainmed phosphate |and has been used for agricultural purpo-
Ses. Poor |oad-bearing characteristics of clay settling areas and renote
di stances of new nmines to urban areas will likely result in these |ands
continuing as a mainstay for agriculture. Agricultural uses for reclaimed |and

include inproved pasture, citrus and row crops.

Cattle production is increasing in Central Florida, and reclained inproved
pasture is in demand by the Central Florida cattle industry. Mbst nined |ands
have been reclainmed into inproved pasture since July 1975 when recl amation

becane mandat ory.

Due to Central Florida s population growth, considerable prime citrus acreage
has been lost to urban devel opment. Mning activities have also reduced |and
available for citrus groves. These factors have created a strong demand in

Central Florida for lands favorable to citrus production.

Gtrus is not a typical use for reclaimed |and. However, the potential for
replacing citrus land with reclainmed land needs to be evaluated. For exanple,
el evated clay settling areas capped with waste tailings from the phosphate
beneficiation process may prove to be acceptable, since citrus requires a
wel | -drained soil and can be produced in soils with low fertility (24).
Gowing citrus on reclainmed settling areas would be a desirable use, since this
land is not suitable for urban devel opnent.
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Row crops are produced commercially on a snmall scale, but these are nostly on
mneralized land. The agricultural potential for row crops is dependent on the
surface soils used in the reclamation process. In nmany instances, the surface
soil of mned lands can be inproved to have a higher fertility and responsive-
ness to management by blending soils available for reclamation (waste clays,
tailings and overburden). Success of row crops will likely depend on conbina-
tion ratios of these soils. The future of row crops on reclaimed land is yet
to be determned, particularly in relation to the demand for pasture and citrus

| and.

10.2 RADIUM 226 IN SO L

The results of radium 226 anal yses of surface soil sanples fromrow crop
parcels are summarized on Table 10-1. On the basis of radium 226 content,
there is no apparent difference between the near-surface soils of control |ands
and mneralized lands. This observation supports combining these lands into
one category (unmned). Wth the exception of one observation at 8.9 pG/g,
i ndi vidual observations fell in the range of 0.1 to 2.2 pG/g, and the average
value was less than 1.0 pCG/g. The nmined |lands had higher average radi um 226
|l evel s (approximately 5 pC/g) than the unmned lands. In general, the m ned
cat egories showed considerable variation from parcel to parcel (and occasion-
ally from sanple to sanple within parcels); individual observations ranged
fromless than 1 to 25 pC/g. Wthin the nmined | ands, the six observations
fromthe clay parcel were quite uniform ranging from22 to 24 pG/g with an
average of 23 pC/g. The twelve observations from the debris parcel were

relatively uniform ranging from5 to 16 pG/g and averaging 11 pG/g.

10-2



Table 10-1
SURFACE SOIL RADIUM-226 (pCi/g)
ROW CROP PARCELS

Land Type Number of Number of Geometric Range
Observations Parcels Mean
All Unmined 100 28 0.5 (0.2-8.9)
Control 42 11 0.6 (0.2-1.5)
Mineralized 58 17 0.5 {(0.2-8.9)
All Mined 51 5 4.9 (0.2-24.5)
Clays 6 1 23.4 (21.9-24.5)
Other Mined 45 4 4.0 (0.2-21.4)
Debris 12 1 10.9 (5.4-16.0)
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The citrus soil data shown on Table 10-2 are summarized by depth, since soil
was sanpled both at the surface and through the root zone. On unnmined |ands,
the radium 226 content of the root zone soil was generally 1 pC/g or |ess
and lower than in the surface soil. There were two exceptions on mneralized
land. On one parcel, radium 226 concentrations in the root zone were one to
two tines those in the surface soil but still 0.5 pG/g or less. On another
parcel, root-zone concentrations were 1.0 to 5.0 pG /g, surface concentrations
were in the range of 0.5 to 1.3 pC/g, and the root/surface ratios were on the
order of 2 to 4. Wth this one possible exception, nineralized |and does not

appear to present the trees with a source of elevated radioactivity.

On nmined lands, the radioactivity was highly variable with depth, as well as

from location to location. Individual observations ranged fromless than 1 to

approxi mately 50 pCi/g.

Wiile soil radionuclide content is one paraneter expected to affect uptake by
plants, radionuclide uptake nay also be affected by other characteristics not
summarized here.  These include soil mneral type, calcium and other cation

content, ion exchange capacity, and acidity, anong others.

10. 3 RADI QACTIVITY CONCENTRATIONS IN FOCD

Concentrations (by radionuclide) of radioactivity found in the foods sanpled
are presented on summary tables appearing in subsections 10.3.1 through 10.3.6
imediately following. An entry of “NS’ indicates that the food was not

sanpled on this land type. Summary tables for |ead-210 and pol onium 210 are
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Table 10-2

SOIL RADIUM-226 (pCi/g)

CITRUS PARCELS

Root Zone (0.5-3 feet)

Land Surface Soil (Top 6 inches)
Type Number of Number of Geometric Number of Number of Geometric
Observations Parcels Mean Range Observations Parcels Mean Range
All Unmined 36 14 0.6 (0.2-1.7) 48 16 0.4 (0.1-4.8)
Control 12 4 0.7 (0.6-1.6) 12 4 0.3 (0.1-0.9)
Mineralized 24 10 0.6 (0.2-1.7) 36 12 0.4 (0.1-4.8)
Mined 21 5 6.4 (0.8-39.) 24 5 7.0 {0.6-49.)



Gary Albarelli



not included, since so few data values were available for these radionuclides.
Data val ues for these radioactivity concentrations in food--and all other
pertinent data values--are listed in Appendix B. These sunmaries do not
i nclude food concentrations measured on debris |ands since (1) few debris
parcel s exist, (2) some of the existing parcels will be re-mned, and (3)
current mning techniques will not produce any nore of these land types. The

debris foods are treated separately in the statistical and dose anal yses.

Statistical analysis of the radium226 data has shown that the food concentrat-
ions are lognormally distributed (see Section 10.4). Thus, the data will be
statistically described using geonetric mean concentrations (the n'" root of
the product of n nunmbers). Since zero values or val ues bel ow the detection
limt of the analytical procedure pose a probl em when cal cul ating geometric

neans, zeros were replaced by non-zero val ues according to the following rules:

1) If the set of observations to be averaged contained any non-zero
values, the zeros in the set were replaced with ten percent of the
| owest non-zero value in the set.

2) If the set of observations to be averaged contained only zero val ues
(all below the detection limt), then the geonetric mean of the set. was
taken to be the | owest observed concentration for that radionuclide,

regardless of food type or land type.

These rules were established to retain the input fromthe |ow values, to
utilize the positive results, and to provide a usable non-zero average. In
addition, this procedure provides a conservative approach to the dose cal cul a-

tion since it will tend to overestimate averages for |ow concentration foods.
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10. 3.1 Urani um 238

Tabl e 10-3 summarizes the food concentrations for uranium238. Mst of the
concentrations for the unmned case are a fraction of a pG/kg. This is
consistent with literature values that range from 0.2 to 0.7 pC/kg. The value
that stands out as being atypical is spinach (2.69 pG/kg); however, no

literature value for spinach as a single food was |ocated.

For the mned concentration, a nunber of foods appear to be statistically
higher (turnip greens, green beans, corn, and carrots). Cucunber appears to be
the single food itemthat is lower in the mned category. The citrus concen-
trations are both |ow and appear not to be related to land type. Note that

there are alnost 100 analyses involved in the citrus data.

10.3.2 Uranium 234

Table 10-4 contains the sunmary for the uranium234 data. ldeally, concentrat-
ions should be simlar to the uranium?238 data; but given the statistical
range of the two data sets, the values shown in the unmned and mned col ums
are reasonabl e. Literature values are given in microgranms of uranium per
kilogram and conversion to picocuries would yield equal activities for both

urani um 238 and uranium 234, or about 0.2 to 0.7 pG/kg.
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Table 10-3

CONCENTRATIONS OF URANIUM-238 IN FOOD

(pCi/kg)*
Food Unmined Lands - Mined Lands
Number of Geometric Number of Geometric
Observations Mean Range Observations Mean Range
MEAT c
Beef 3 0.08 (LLD-0.384) 3 0.41 {LLD-0.930)
LEAFY/COLE VEGETABLES
Spinach 6 2.69 (0.286-29.7) 0 NS NS
Collards 11 0.40 (LLD-7.88) 3 0.16 (LLD-0.163)
Mustard 6 0.90 (LLD-6.15) 0 NS NS
Turnip Greens 12 0.32 {LLD-4.28) 6 29.73 (6.15-282.)
Cabbage 3 0.02 (LLD-LLD) 3 0.17 ({LLD-0.770)
Cauliflower 3 0.02 (LLD-LLD) 0 NS NS
Broccoli 3 0.39 (LLD-1.11) 0 NS NS
LEGUMES/CORN
Green Beans 3 0.17 (LLD-0.775) 3 1.95 (1.185-2.67})
Blackeyes 6 0.41 (LLD-4.29) 12 0.13 (LLD-3.65)
Lima Beans 0 NS NS 3 Q.80 (0.378-1.32)
corn 6 0.06 (LLD-0.388) 2 2.65 (2.29-3.06)
POTATOES 0 NS NS 6 4.87 (0.241-50.0)
ROOT VEGETABLES )
Carrots 3 1.38 {1.02-2.16) 3 12.43 {8.84-16.5)
Radish 9 0.45 {LLD-12.0) 3 0.35 {LLD-1.62)
Onions 4 0.82 (LLD-8.01) 3 Q.20 (LLD-0.761)
Turnips 9 0.18 (LLD-2.08) 6 1.01 (LLD-4.30)
GARDEN FRUIT
Watermelons (3} 0.17 {LLD-0.847) 3 0.14 (LLD-0.330)
Citrons 3 0.02 (LLD-LLD) 3 0.51 (0.127-1.40)
Tomatoes 6 0.29 {LLD-5.95) 3 1.94 ({LLD-0.895)
Strawberries 6 0.33 (LLD-1.95) 0 NS NS
Cucumbers 3 2.33 {LLD-10.8) 2 0.01 (LLD-0.06)
Yellow Squash 9 0.07 (LLD-8.82) 4 0.43 (LLD-2.03)
Zucchini 6 0.16 ({LLD-1.08) 6 0.80 (LLD-6.98)
Okra 0 NS NS 1 0.02 (N/A)
Green Peppers 6 0.13 (0.113-0.850) 3 0.24 (LLD-1.13)
Egg Plant 3 1.08 (LLD-5.02) 0 NS NS
TREE FRUITS
Citrus
Orange 61 0.04 (LLD-1.23) 20 0.04 (LLD-3.99)
Grapefruit 10 0.06 (LLD-0.597) 3 0.08 (LLD-0.362)
Lemon 3 0.02 (LLD-0.089) 0 NS NS

¥Citrus concentrations in pCi/liter.
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Table 10-4

CONCENTRATIONS OF URANIUM-234 IN FOOD

(pCi/kg)*
Food Unmined Lands Mined Lands
No. of Geometric No. of Geometric
Observations Mean Range Observations Mean Range
MEAT
Beef 3 0.75 (0.384-7.72) 3 0.27 (LLD-0.605)
LEAFY/COLE VEGETABLES
Spinach 6 3.97 (0.572-21.2) 0 NS NS
Collards 11 0.40 (LLD-3.94) 3 0.89 (LLD-4.80)
Mustard 6 1.84 (1.03-2.87) 0 NS NS
Turnip Greens 12 0.93 (LLD-11.8) 6 30.11 (LLD-302.)
Cabbage 3 0.43 (LLD-1.1.97) 3 0.55 (LLD-1.18)
Cauliflower K] 0.62 (LLD-1.66) 0 NS NS
Broccoli 3 1.25 (0.737-1.12) 0 NS NS
LEGUMES/CORN
Green Beans 3 1.67 (LLD-8.13) 3 1.57 {(1.34-1.78)
Blackeyes 6 1.28 (LLD-3.34) 12 1.65 {LLD-4.17)
Lima Beans 0 NS NS 3 1.11 (0.660-2.21)
Corn 6 0.15 (LLD-14.2) 2 2.35 (1.8-3.05)
POTATOES 0 NS NS 6 3.81 ({LLD-48.9)
ROOT VEGETABLES .
Carrots 3 1.02 (0.893-1.62) 3 11.35 (5.89-26.0)
Radish 9 0.38 (LLD-7.80) 3 1.05 {LLD-4.86)
Onions 4 0.68 (LLD-6.87) 3 1.22 (0.661-1.78)
Turnips 9 0.77 (LLD-2.08) 6 1.27 (0.382-4.14)
GARDEN FRUIT
Watermelons 8 1.04 (0.565-1.61) 3 0.83 (0.575-1.02)
Citrons 3 1.52 {LLD~9.54) 3 0.47 (0.318-1.01)
Tomatoes 6 1.25 (0.469-4.98) 3 0.25 (LLD-1.68)
Strawberries 6 1.67 (LLD~1.76) 0 NS NS
Cucumbers 3 3.06 (1.91-4.24) 3 0.01 (LLD-0.06)
Yellow Squash 9 0.58 (LLD~10.0) 4 0.83 (LLD-1.60)
Zucchini 6 2.18 (1.03-4.77) 6 0.77 (LLD-4.19)
Okra 0 NS NS 1 0.05 (N/A)
Green Peppers 6 0.33 {LLD~2.15) 3 0.19 (LLD-0.566)
Egg Plant 3 1.27 {0.477-5.98) 0 NS NS
TREE FRUITS
Citrus
Orange 61 0.09 (LLD~7.39) 20 0.01 (LLD-2.98)
Grapefruit 10 0.08 (LLD-0.398) 3 0.01 (LLD-0.272)
Lemon 3 0.02 (LLD-0.019) 0 NS NS

*Citrus concentrations in pCi/liter.
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The sane general trends exist in the data, wth spinach being high in the
unm ned case and turnip greens and carrots obviously higher in the mned |ands
data. The citrus values remain low, and although the mined data are |ower than

the unmned data, the difference is probably not significant

10. 3.3 Thorium 230

Tabl e 10-5 summarizes the food concentrations for thorium230. The literature
searches have not revealed any thorium?230 data. For this radionuclide, the
spinach on the unmned land and the carrots on the mned land do not stand out
as in the uraniumdata. The highest geonetric nmean for unmned |lands was in

corn, and the highest single sanple was in green peppers.

Once again, the mned | ands yielded apparently higher concentrations for turnip
greens, green beans, and carrots. Ctrus values are low and at this leve

they are not likely to be statistically different on either land type

10. 3. 4 Radi um 226

The concentration data for radium226 by food type are sunmarized on Table
10- 6. It should be stated that the detailed statistical analysis reported
el sewhere in this report utilized different assunptions in the handling of

“zeros;” thus, the geonetric neans nmay be sonewhat different. Radiumis a very
sensitive analysis because of the |ow background al pha counting procedure;

thus, few “zero” values are reported. The literature values for radium226 are
nmore abundant, and they range fromabout 2.0 to 5.0 pG/kg for a nunber of food

types. The data reported in this study for the unmned lands is consistent
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Table 10-5

CONCENTRATIONS OF THORIUM-230 IN FOOD

(pCi/kg)*
Food Unmined Lands Mined Lands
No. of Geometric No. of Geometric
Observations Mean Range Observations Mean Range
MEAT
Beef 3 0.97 (0.371-3.22) 3 0.05 - (LLD-0.217)
LEAFY/COLE VEGETABLES v
Spinach 6 0.65 (LLD-4.41) 0 NS NS
Collards 11 0.32 (LLD-10.3) 3 0.15 (LLD-1.71)
Mustard 6 0.35 (LLD-1.08) 0 NS NS
Turnip Greens 12 0.21 (LLD-2.04) 6 5.64 (LLD-29.9)
Cabbage 3 0.04 (LLD-LLD) 3 0.04 {LLD-LLD)
Cauliflower 3 0.07 (LLD-0.341) 0 NS NS
Broccoli 3 1.45 (LLD-4.40) 0 NS NS
LEGUMES/CORN
Green Beans 3 0.18 (LLD-0.442) 3 1.22 {0.905-1.61)
Blackeyes 6 0.14 {(LLD-0.92) 12 0.50 (LLD-9.35)
Lima Beans 0 NS NS 3 0.37 (LLD-1.51)
Corn 6 1.59 (LLD-6.44) 2 0.04 {LLD-LLD)
POTATOES 0 NS NS 6 0.62 (LLD-17.7)
ROOT VEGETABLES .
Carrots 3 0.52 (LLD-1.83) 3 1.09 (LLD-5.04)
Radish 9 0.06 (LLD-0.910) 3 0.55 (0.392-0.738)
Onions 4 1.54 (0.788-2.99) 3 0.11 (LLD-0.508)
Turnips 9 0.31 (LLD-5.96) 6 0.66 (LLD-3.02)
GARDEN FRUIT
Watermelons 6 0.33 (LLD-9.42) 3 0.04 (LLD-LLD)
Citrons 3 0.39 (LLD-1.186) 3 0.25 (LLD-1.16)
Tomatoes 6 1.25 (LLD-10.0) 3 0.52 (LLD-0.1.30)
Strawberries 6 0.20 (LLD-1.39) 0 NS NS
Cucumbers 3 0.43 (0.235-0.956) 0 0.01 (LLD-0.06)
Yellow Squash 9 0.57 (LLD-3.73) 4 0.57 (0.405-1.21)
Zucchini 6 0.20 (LLD-0.534) 6 0.33 (LLD-1.28)
Okra 0 NS NS 1 0.04 (N/A)
Green Peppers’ 6 1.08 (LLD-19.4) 3 0.29 (LLD-1.32)
Egg Plant 3 0.18 (LLD-0.589) 0 NS NS
TREE FRUITS
Citrus
Orange 61 0.08 (LLD-15.1) 20 0.003 (LLD-1.31)
Grapefruit 10 0.06 (LLD-1.33) 3 0.04 (LLD-0.162)
Lemon 3 0.10 (LLD-0.268) 0 NS NS

*Citrus concentrations in pCi/liter.
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Table 10-6

CONCENTRATIONS OF RADIUM-226 IN FOOD

(pCi/kg)*
Food __Unmined Lands Mined Lands
No. of Geometric No. of Geometric
Observations Mean Range Observations  Mean Range
MEAT
Beef 3 3.98 (2.5-14.2) 3 3.41 (2.31-4.79)
LEAFY/COLE VEGETABLES
Spinach 6 16.51 (3.46-103.4) 0 NS NS
Collards 11 5.65 (0.140-42.3) 3 16.54 {(11.3-20.1)
Mustard 6 1.10 (LLD-8.55) 0 "NS NS
Turnip Greens 12 9.03 (LLD-27.3) 6 83.16 (54.3-221)
Cabbage 3 2.10 (0.177-5.91) 3 3.68 (2.89-5.01)
Cauliflower 3 6.03 (4.77-7.85) 0 NS NS
Broccoli 3 3.00 (2.84-3.14) 0 NS NS
LEGUMES/CORN
Green Beans 3 5.16 (4.80-5.64) 3 3.68 (3.39-4.00)
Blackeyes 6 1.87 (0.700-3.84) 12 6.66 (2.27-16.7)
Lima Beans 0 NS NS 3 65.71 (54.2-72.7)
Corn 6 4.90 (2.90-12.5) 2 9.19 (7.14-11.8)
POTATOES 0 NS NS 6 3.67 (0.733-13.7)
ROOT VEGETABLES
Carrots 3 8.52 {7.36-10.8) 3 181.61 (74.7-391)
Radish 9 3.82 (2.22-8.75) 3 14.90 (10.7-26.0)
Onions 4 2.91 (LLD-6.25) 3 9.91 (6.04-19.86)
Turnips 9 4.18 (LLD-12.3) 6 11.58 {5.44-17.8)
GARDEN FRUIT
Watermelons 6 1.24 {0.180-3.10) 3 3.717 {LLD-9.81)
Citrons 3 2.19 (LLD-5.28) 3 4.48 (1.48-11.8)
Tomatoes 6 2.94 (1.49-7.34) 3 1.99 (LLD-11.6)"
Strawberries 6 2.81 (0.249-7.50) 0 NS NS
Cucumbers 3 3.22 (2.82-3.68) 3 5.60 (2.68-8.74)
Yellow Squash 9 4.11 (0.995-9.97) 4 3.12 (LLD-8.62)
Zucchini ;] 4.20 (LLD-7.90) 6 3.98 (1.29-10.6)
Okra 0 NS NS 1 21.16 (N/A)
Green Peppers 6 1.87 (0.324-5.07) 3 1.14 (LLD-10.1)
Egg Plant 3 2.37 (LLD-11.0) o] NS NS
TREE FRUITS
Citrus .
Orange 61 1.65 (LLD-8.90) 20 4.24 (LLD-16.0)
Grapefruit 10 1.63 (0.705-2.45) 3 3.14 (2.39-3.89)
Lemon 3 1.52 (0.419-3.05) 0 NS NS

*Citrus concentrations in pCi/liter.
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with these observations. Spinach was found to exhibit the highest radi um 226
concentration for the foods grown on unnined |ands; although concentrations in

turnip greens and carrots were also significant.

The foods whose concentrations are substantially higher on the mned |lands are
collards, turnip greens, and carrots. Both the |ina bean and the okra data
stand out; but there are no unmned data with which to compare them  The
citrus concentrations are higher on the mned | ands, but all the concentrations

are relatively |ow

Because of the concentrations observed and the known ability of the human body
to accumulate radium it is expected that radiumw Il be the critical radio-

nuclide of the six for which a conplete set of data was obtained.

10. 3.5 Thorium 232

The other naturally occurring radioactive decay series is the radioactive chain
beginning with thorium232, and includes thorium 228. In many parts of the
United States, thorium exceeds uranium as a chemcal in near-surface soil
strata; but because of the difference in specific activity, the equilibrium
concentrations expressed in pG/kg for each of the daughters in either series
are about equal. However, in southwest Florida, thorium as a chemcal is
found in |ower concentrations than uranium by one or two orders of nagnitude.
Because of this, it is expected that thorium 232 concentrations would be | ower
by an order of nagnitude than the thorium 230 concentrations resulting fromthe

decay of uranium 238, as shown previously in Table 10-5.

10-13


Gary Albarelli



Tabl e 10-7 summarizes the thorium232 data for the two land types: unmned and
m ned. In general, the data are consistent with the discussion above, wth
overall concentrations |ower than those of thorium 230 by about an order
of magnitude. The data are also consistent with the fact that a nunber of food
types have a literature value of less than 2.7 pG/kg for other parts of the

United States.

All of the values listed are relatively low and the differences between the
concentrations observed on unmned and mined |ands are not substantial. The
citrus values are also conparable and uniformy low. It is unlikely that this
radi onuclide will contribute much to the overall radioactivity intake and

radi ati on dose.

10. 3.6 Thorium 228

From a radioactive equilibriumpoint of view, as well as the fact that all
thorium atons should be identical froma chemi cal standpoint, it is expected
that thorium 228 data should be simlar to thorium 232 data. Tabl e 10-8
sumarizes the concentrations for foods obtained from both unm ned and m ned
land for thorium228. COverall, the thorium 228 data appear to be about an
order of magnitude higher than the thorium232 data. Since thorium228 is the
decay product of radium228, a possibility for thorium228 occurring in excess
of the predecessor thorium232 mght involve enhancenment of radium 228 and
subsequent ingrowh of thorium 228. Radi um 228 concentrations m ght be
enhanced relative to thorium 232 either through |ower nobility of the radiumas
the thoriumis removed by |eaching and weathering or through increased mobility

of the radium Mobility of the radium mght occur as (1) plant uptake of
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Table 10-7

CONCENTRATIONS OF THORIUM-232 IN FOOD

(pCi/kg)*
Food Unmined Lands Mined Lands o
No. of Geometric No. of Geometric
Observations Mean Range Observations Mean Range
MEAT o
Beef 3 0.28 (LLD-1.29) 3 0.09  (LLD-0.427)
!
LEAFY/COLE VEGETABLES
Spinach 6 0.04 (LLD-LLD) 0 NS NS
Collards 11 0.07 (LLD-0.571) 3 0.10 (LLD-LLD)
Mustard 6 0.08 (LLD-0.567) 0 NS NS
Turnip Greens 12 0.19 (LLD-2.55) 6 0.18 (LLD-2.88)
Cabbage 3 0.04 (LLD-LLD) 3 0.04 (LLD-LLD)
Cauliflower 3 0.04 (LLD-LLD) 0 NS NS
Broccoli 3 0.04 (LLD-LLD) 0 NS NS
LEGUMES/CORN ,
Green Beans 3 0.04 (LLD-LLD) 3 0.28 {0.181-0.418)
Blackeyes 6 0.04 (LLD-LLD) 12 0.08 (LLD-0.466)
Lima Beans 0 NS NS 3 0.19 {LLD-0.904)
Corn 6 0.04 (LLD-LLD) 2 0.04 (LLD-LLD)
POTATOES 0 NS NS 6 0.31 (LLD-2.67)
ROOT VEGETABLES
Carrots 3 0.03 {LLD-0.122) 3 0.36 (LLD-1.68)
Radish 9 0.02 (LLD-0.224) 3 0.22 (LLD-0.738)
Onions 4 0.13 (LLD-0.733) 3 0.04 (LLD-LLD)
Turnips 9 0.20 (LLD-1.55) 6 0.08 {LLD-0.533)
GARDEN FRUIT
Watermelons 6 0.12 (LLD-0.697) 3 0.04 (LLD-LLD)
Citrons 3 0.12 (LLD-0.558) 3 0.05 (LLD-0.232)
Tomatoes 6 0.02 (LLD-0.153) 3 0.20 (LLD-2.36)
Strawberries 6 0.04 (LLD-LLD) 0 NS NS
Cucumbers 3 0.04 (LLD-LLD) 0 0.01 {LLD-0.06)
Yellow Squash 9 0.13 (LLD-1.027) 4 0.22 (LLD-1.22)
Zucchini 6 0.07 {LLD-0.48) 6 0.06 {LLD-0.256)
Okra o NS NS 1 0.04 (N/A)
Green Peppers 6 0.05 (LLD-0.313) 3 0.04 (LLD-LLD)
Egg Plant 3 0.07 (LLD-0.321) 4] NS NS
TREE FRUITS
Citrus
Orange 61 0.03 {LLD-0.352) 20 0.04 (LLD-0.669)
Grapefruit 10 0.03 ({LLD-0.121) 3 0.01 (LLD-0.054)
Lemon 3 0.09 (0.089-0.089) 0 NS NS

*Citrus concentrations in pCi/liter.
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Table 10-8

CONCENTRATIONS OF THORIUM-228 IN FOOD

{(pCi/kg)*
Food Unmined Lands Mined Lands -
No. of Geometric No. of Geometric
Observations Mean Range Observations Mean Range
MEAT
Beef 3 5.51 {1.55-29.0) 3 0.12 (LLD-7.186)
LEAFY/COLE VEGETABLES
Spinach 6 0.46 (LLD-3.14) 0 NS NS
Collards 11 0.55 (LLD-16.9) 3 0.34 (LLD-2.256)
Mustard 6 0.51 {LLD-3.86) 0 NS NS
Turnip Greens 12 3.70 (LLD-22.5) 6 4.26 (0.963-38)
Cabbage 3 0.34 (LLD-1.95) 3 2.83 (1.79-6.52)
Cauliflower 3 0.65 (0.341-1.09) 4] NS NS
Broccoli. 3 4.30 {2.08-7.12) 0 NS NS
LEGUMES/CORN
Green Beans 3 0.39 (LLD-1.05) 3 7.92 (5.37-14.3)
Blackeyes 6 0.43 (LLD-10.1) 12 1.15 (LLD-32.7)
Lima Beans 0 NS NS 3 0.63 (LLD-3.31)
Corn 6 17.19 (LLD-148.) 2 8.96 (7.93-10.1)
POTATOES 0 NS NS 6 3.23 {LLD-33.2)
ROOT VEGETABLES :
Carrots 3 28.80 (20.0-45.4) 3 0.22 (LLD-1.01}
Radish 9 2.34 (LLD-11.86) 3 4.54 {LLD-17.7)
Onions 4 6.39 {2.20-13.4) 3 0.80 (LLD-2.24)
Turnips 9 1.58 (LLD-9.63) 6 1.69 (LLD-7.73)
GARDEN FRUIT
Watermelons 6 6.75 (1.72-13.1) 3 1.42 (0.952-2.27)
Citrons 3 3.44 {1.68-7.03) 3 0.13 (LLD-LLD)
Tomatoes 6 2.58 {0.853-10.9) 3 1.94 (LLD-0.895)
Strawberries 6 1.01 (LLD-5.58) 0 NS NS
Cucumbers 3 1.18 (0.705-1.67) 1 0.01 (LLD-0.06)
Yellow Squash 9 1.32 {LLD-27.9) 4 1.66 (0.529-4.84)
Zucchini 6 1.46 {0.477-1.93) 6 2.18 (LLD-9.98)
Okra 0 NS NS 1 4.63 {N/A)
Green Peppers 6 2.72 (0.67-10.2) 3 0.10 (LLD-0.439)
Egg Plant 3 1.08 {0.643-1.47) 0 NS NS
TREE FRUITS
Citrus
Qrange 61 0.36 (LLD-26.3) 20 0.68 (0.068-17.6)
Grapefruit 10 1.28 (LLD-48.9) 3 1.99 (1.69-2.96)
Lemon 3 0.75 (0.626-1.073) 0 NS NS

*Citrus concentrations in pCi/liter.
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radi um 228 with ingrowth of thorium 228 or (2) enhancement of radium228 in the
soil, ingrowh of thorium228 in the soil, and plant uptake of the thoriumin

response to the soil concentration.

The hypothesis of plant uptake of radium 228 and subsequent ingrow h of

thorium 228 has some nerit because the observed concentrations of radi um 226
indicate a nmuch higher uptake for radium than for thorium  Radium 228 behavior
should be simlar to that of radium226. Mean radium226 concentrations for
the various crop categories fell in the range of 1 to 100 pG/kg with an
overal | average on the order of 4 to 7 pC/kg. Radium228 concentrations woul d
be expected to be an order of magnitude or so lower in the range of 0.1 to 10
pC/kg with an average around 0.5 pG /kg. Ingrowth of thorium228 would be
governed by its 1.9 year half life. Since nost of the sanpled crops are
annuals with a life span of a fraction of a year, thorium228 could reach only
a fraction of equilibriumwth radium228 by this nmechani sm and concentrations
on the order of 0.1 pC/kg would be expected. The observed thorium 228
concentrations were in the range of 0.1 to 10 pG/kg and clustered around
several pC/kg. Thus, the hypothesis of selective radiummobility, radium 228
upt ake and thorium228 ingrowh in the plant mght account for some of the
observed thorium228. However, observed |evels appear to be several tines to

an order of magnitude higher than would be predicated.

If it is assumed that thorium?228 in the soil is in the sane formand has the
sane biological nobility as thorium232, it would require an enrichment in the
soil of 10 to 100 times equilibriumwth thorium232 in order to explain the

vegetation thorium 228 concentrations through radi um 228/thorium 228 enrichment
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in the soil. This seems too high to be credible. This is especially so since
radium 228 has a half-life of only 6.7 years and the entire enhancenent would

have to be a recent process rather than one occurring over geol ogical tines.

A nunber of quality assurance checks on the procedures and cal cul ations were
undertaken and no errors have been found. A conbination of (1) selective
upt ake of radium 228 with subsequent ingrowth of thorium 228 and (2) radi um 228
enhancement in the soil with subsequent uptake of ingrown thorium 228 nay
account for some of the observed thorium228. However, these processes do not
seemto provide a plausible explanation for all of the thorium 228 seen and

this data set remains an enigma

It is also interesting that the concentrations of thorium 228 on unnined |ands
are often higher than the concentrations on mned lands. Note, for exanple,
the carrot values which previous data have shown to be higher on the m ned
lands. Here the geometric nean for the unnmined land is two orders of magnitude
hi gher than the same food grown on the mined land. Likewise, the corn data
appear to be opposite than what was expected. The dose calculation would be
predicted to yield a negative but small inpact, since the dose conversion
factor for thorium228 is an order of magnitude |ower than that for

t horium 232.

10.3.7 Summary

The data summarized in Tables 10-3 through 10-8 are consistent with previously
publ i shed data which are available for radioactivity concentrations in food.

Because of its ability to concentrate in the human body, radium226 will likely
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be the critical radionuclide with respect to radiation dose. The thorium data
on the other hand, are not likely to be an inportant dose contributor, despite

the unusual thorium 228 results.

The concentration data show considerable variability from sanple to sanple
within the sanme food groupings, and even between replicates of the sanme
sanple.  This variation is not unconmon and underscores the need for replica-

tion of sanples of this type.

10. 4 STATI STI CAL ANALYSI S OF RADI UM 226 |IN FOOD
10.4.1 Non-Citrus Foods

The purpose of the statistical analysis was to determne significant differ-
ences between foods and land types, and to determ ne whether |and types could
be conbined. Geometric neans are conpared throughout, since the analysis of
residuals reveals that the |ognormal assunption is reasonable, and since
geonetric neans are the focus of a lognornal analysis. For the statistica

analysis, zero radium 226 neasurenents in the data were converted to half the
| owest measurements in the corresponding food, so that the logarithmc trans-

formation could be applied.

Compari sons of the geonetric means of radium 226 concentrations by |and type
reveal ed no significant differences between the control and mneralized types,
and between the clay settling area and other mned types (see Table 10-9

and Figure 10-1).
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Table 10-9
LAND TYPE GEOVETRI C MEANS
NON- CI TRUS
Ra-226 (pGi/kg)

Cont r ol 4.02

No significant difference
M neralized 3.51
Cay Settling Area 6. 59

No significant difference
QG her Mned Lands 7.12

Therefore, before proceeding to conpare food types, control and mineralized
sanpl es were conbined as “unm ned”; and reclaimed clay and other reclained
sanpl es were conbined as “mned”. This yielded better balance in the design,

and permtted nore powerful conparisons of both land types and food types.

After conbining these land types, the analysis of variance reveal ed that the
land type/food type interaction was significant, and that l[and types differed

significantly overall. The inplication is that food types differ, but the
nature of the difference depends on the land type. Moreover, the unm ned
and mned land types differ, but the extent of the difference depends on the
food. Conparisons reveal that the nmean level of radium226 in foods on m ned
land is significantly greater than that on unmned land, with geonetric means
of 6.92 and 3.71, pG/kg respectively. To determne which food types contri-
bute nost to this difference, the adjusted geonetric neans were conpared by
land type and food type to yield the significant differences shown on Table

10-10.  Figure 10-2 graphical |y displays these differences.
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Table 10-10
GEOVETRI C MEANS®
BY LAND TYPE AND FOOD TYPE

Ra-226 (pCi/kg)

Land Type
Food Type Unm ned Mned
Leafy/ Col e Veget abl es 5.10 17. 17
Legune/ G ai ns 4.02 10. 82
Root Crops 5.04 8.90
Garden Fruits 2.20 3.23

Fromthe data above, the follow ng | and/food rel ationships are derived:

Ra- 226 Concentration Ra- 226 Concentration

M ned Leafy/ Col es > Unm ned Leafy/ Col es
M ned Legune/ G ains Unm ned Legunes/ G ains

A4

M ned Leafy/ Col es > M ned Garden Fruit
M ned Legune/ G ains M ned Garden Fruit
M ned Root Crop Mned Garden Fruit

AVARV4

v

Unm ned Garden Fruit
Unm ned Garden Fruit

Unnined Leafy/ Col es
Unnined Root Crop

A4

andj usted for design inbal ance.

"At the 0.02 level of si gni fi cance.
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Adj usted geonetric nmeans by land type and specific food are shown on Table

10-11 and in Figures 10-3 through 10-6.

m ned and unnined | and, only one significant difference was found:

Ra- 226 concentration

M ned turnip greens

It should be noted, however,
were sanpled on both |and types:

the foods sanpled on mned |and,

Ra- 226 concentration

> Unnined turnip greens

turnip greens and collard greens.

found (0.01 level of significance, except as noted):

Ra- 226 Concentrati on

Turnip Geens

Li ma Beans

Collard Geens

Bl ackeyed Peas
Ckra
Radi shes

Turnip Roots

Ra-226 Concentration

Cabbage, Bl ackeyed Peas, Corn, Geen Beans
Gtrons, Cucunbers, Geen Peppers, Tomatoes,
Waternel on, Yellow Squash, Zucchini, Onions,
Potat oes, Turnip Roots

Cabbage, Bl ackeyed Peas, Geen Beans, Ctrons,
Cucunbers, Geen Peppers, Tomatoes, Wternelon,
Yel | ow Squash, Zucchini, Potatoes

Green Peppers, Tomatoes, Watermelon® Yellow
Squash®

G een Peppers
Green Peppers®

Tormat oes, G een Peppers, Vaternelon® Yellow
Squash®

G een Peppers, Tomatoes, Watermelon® Yellow
Squash®

°At the 0.02 level of significance.
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- Table 10-11
GEOMETRIC MEANS?
BY LAND TYPE AND SPECIFIC FOOD

Radium-226 (pCi/kg)

Land Type
Crop Type Crop ‘ Unmined Mined
Leafy/Cole Vegetables Broccoli 3.00 -
Cabbage - 3.68
Cauliflower 6.03 ——
Collard Greens 6.41 16.54
Mustard Greens 1.18 -
Spinach 16.51 e
Turnip Greens 7.83 83.16P
Legume/Grains Blackeyed Peas 2.57 6.66
Corn 4.89 8.49
Green Beans 5.16 3.88
Lima Beans - 65.71
Root Crops Carrots 8.52 -
Onions 5.40 9.91
Radishes 3.82 14.90
Potatoes - 3.67
Turnips 3.66 11.58
Garden Fruits Citrons 1.29 4.48
e Cucumbers 3.22 5.60
Eggplants ’ 1.51 —_
Green Peppers 1.87 1.03
Okra e ' 21.186
Tomatoes 2.94 1.40
Watermelons 1.24 1.87
Yellow Squash 4.11 2.10
Zucchinis 3.10 3.98

aAdjusted for design imbalance.

bStatistically different at 0.01 level
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Specific Food Comparisons
Radium-226 in Foods
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Specific Food Comparisons
Radium-226 in Foods
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Conparing the foods sanpled on unmined land, the following significant diffe-
rences were found (0.01 level of significance, except as noted):

Ra- 226 Concentration Ra- 226 Concentration

Spi nach > Mistard Greens, Blackeyed Peas, Citrons, Eggplant,
G een Peppers, Tomatoes, Waternelon, Turnip Roots,
Zucchini, Yellow Squash®, Radi shes?

Turnip Geens > Mistard Greens, Gtrons®, Geen Peppers, Waternelon

Collard G eens > Miustard G eens, Waternel on

In summary, the reclaimed clay land type was statistically simlar to the other
reclainmed parcels, and the control and mneralized |and types were also
simlar. The conbined mned type (which includes all reclained parcels)
exhibited significantly higher overall average |evels of radium 226 than the
unmned type. The Leafy/Cole food type apparently is the primary cause of this
difference, since it exhibited significantly higher average |evels on the m ned
land than on the unmined land. However, the levels for the Legume/ Grains food
category was also significantly higher in mned sanmples at the 0.02 | evel of
signi ficance. Garden Fruits were significantly lower than all other food
types on the mined land, and |ower than Leafy/Coles and Root Crops on the
unmined land. O the individual foods sanpled on both mined and unnined |and

only turnip greens were significantly higher on nmned |and than they were on

unm ned | and.

°At the 0.02 level of significance.
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A nunber of foods were found to be significantly different within the mned
land type, wth Leafy/Coles and Legune/Gains tending to be higher than the
ot hers. Anong root foods, radishes and turnip roots had relatively high
levels. The only Garden Fruit with a relatively high level was okra; however

its value was based on a single observation

On unnmined |and, spinach, turnip greens, and collard greens (anong the Leafy/
Coles) have relatively high levels, as do carrots among the Root foods. The
hi ghest Legunme/Grain on nmined land (lima beans) was not available on unm ned

| and.

10. 4. 2 Beef

Two beef sanples were analyzed, one frommined |and and one from unm ned | and.
Each sanple was replicated three tinmes, yielding a total of six beef obser-
vations. The geonetric neans for radium226 were 3.98 and 3.41 for mned and
unmned |and, respectively. This is considered to be a statistically insigni-

ficant difference

10.4.3 ditrus

Results of the citrus sanple analyses are reported as picocuries per liter
(pG1l). Li ke the non-citrus foods, no significant differences were found
between control and mneralized land types, wth geonetric nmeans of 1.61 and
2.24 pG /1, respectively. (No citrus foods were sanpled on reclainmed clay.)
Therefore, these two land types were conbined as unnined |and, and the citrus

anal ysis was conducted using the two basic land types: unm ned and m ned.
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The adj usted geonmetric means of these |and types are shown on Table 10-12 bel ow
and in Figure 10-7.
Table 10-12

GEOVETRI C MEANS®
BY LAND TYPE AND Cl TRUS FOOD

Radi um 226 (pGi/kg)

Land Type
Food Type Unmi ned M ned
O ange 2.11 3.84
Grapefruit 1.92 3.14
Satsuma CGitrus 1.57 --

®Adj usted for design inbal ance.

The analysis of variance on the citrus data revealed one inportant difference
between it and the non-citrus analysis: the variation among sanples of the
same food was significantly greater than the variation among replicates. Note
that each sanple usually consists of three replicates. Best estimates are that
the “between” sanple (sanple-to-sanple) variation exceeds the “wthin” sanple
(replicate-to-replicate) variation by a factor of about 2.5. In contrast, the
non-citrus analysis yielded approximtely equal estimtes of “between” and
“within” sanple variance, so that the two could be (and were) comnbined when

conducting the various conparisons.

The replicate (within sanple) error in the citrus analyses is about half that
in the non-citrus analyses, inplying that the replicates in the citrus sanple
are significantly nore homogenous. The problemthis poses is that only one of
two sources of variation may be used to conpare the crops: “between” sanple or
“within” sanple. It is more statistically appropriate to use the “between”

sanple variability when making the food conparisons. This yields no signifi-
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cant differences anong the geonmetric neans on Table 10-3. However, if the
replicate variability is used, the mned and unm ned orange neans wll be
significantly different at the 0.01 level. Athough nore sanpling may he
warranted, none of the nmeans can be said to differ significantly on a statisti-

cal basis alone.

10.4.4 Sanples From Debris Lands

Four foods were sanpled on the debris land: green beans, spinach, turnip
roots, and yellow squash. Each sanple was replicated three tinmes, yielding a

total of 12 observations. The geonetric means (pG/kg) for radium226 were:

G een Beans 9.79
Spi nach 540. 26
Turnip Roots 19. 22
Yel | ow Squash 5.15

These means are high relative to most of the rest of the land/food conbinations
sampled in this study. Inclusion of these data in the statistical analyses
results in the following statistically significant differences (using the sane

significance levels as in the main body of the analyses):

Ra- 226 Concentration Ra- 226 Concentrati on

Debri s > Unnmi ned
Debri s > M ned
Debris Leafy/Coles > Al Qther Land/ Food type conbinations

The spinach sanple is clearly the primary cause of the statistical signifi-

cance; and while the other nmeans are relatively high, there are insufficient
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sanple sizes to infer statistical significance. Also, the fact that the debris
samples are froma single parcel is of concern, since we have no neasure of

parcel -to-parcel variability on debris I|and.

In conclusion, the crops grown on debris |and apparently have appreciably
hi gher concentrations of radi um 226. However, additional sanpling would be
necessary before the statistical significance of this statenment can be accur-

ately neasured.

10.4.5 Nonparanetric Anal yses

The anal yses described in the previous sections were repeated, using the ranks
of the observations rather than the radium 226 val ues thenselves; that is, al
radi um val ues were ranked from |owest to highest; then the analyses of variance
and multiple conparisons were perforned on the ranks. This nonparanmetric pro-
cedure was conducted to determ ne whether the results using the | ognorna
assunption were robust, or whether the conclusions were heavily dependent on

the assunption of |ognornality.

Anal ysis of the rank data supports every major conclusion reported above. The
conbi nations of land types were affirmed, as were the differences between |and
types and food types. Only at the food |evel were some discrepancies found,
but these woul d produce no major changes in the conclusions of the statistica
anal ysi s. The net result is that both the analysis of residuals and the
nonparanetric analysis provide strong support for the |ognormal analysis and
the resulting concl usions. In contrast, an analysis that is based on an

assumed normal distribution of the radium nmeasurenments is not supportable.
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10.5 RADI CACTI VI TY | NTAKE AND RADI ATI ON DOSE

Tabl es 10-13 and 10-14 sunmarize (by radionuclide) the radioactivity intake and
cal cul ated doses to the individuals studied. Results for the |ead-210 and
pol oni um 210 anal yses are not included in the intake and dose estimation since
so few data values are available for these radionuclides. The available
concentrations are listed in Appendix B. I nt akes and doses for i ndi vi d-

uals are listed for sanpled foods only and for total diet. As shown, nost of
the dose to the maxinum individual from sanpled foods (88 percent) is fromthe
urani um series radionuclides, and the majority of that dose (89 percent) is
from radium226. The maxi numindividual is expected to receive 4 nrem per year
from the listed radionuclides, which is only 0.3 nremnore than the control

individual. This represents only an eight per cent increase in an already |ow
radiati on dose. These doses can be considered conservative estinmates since (1)

most foods woul d be cooked and peeled prior to consunption, thus reducing the
radi oactivity remaining in the processed food, and (2) the nethod used for
treating concentrations which were below detection limts would tend to

overestimate food concentrations and, thus, intake and dose

Despite the paucity of data from debris lands, a sinmlar calculation was made
where the concentration of foods sanpled on debris |ands was substituted for
all simliar foods. The total dose for this individual, who would obtain al

study foods from debris and mined | ands (whi chever exhibited the higher
concentrations), was estimated to be 6.1 nrem per year--2.5 nrem (68 percent)

greater than the control individual
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Table 10-13

RADIONUCLIDE INTAKE (pCi/year)*

Sampled Foods Total Diet
Local Maximum Local Maximum
Control Individual Individual Control 1Individual 1Individual
Uranium Series
U-238 38 56 218 786 804 966
U-234 96 105 184 844 853 932
Th-230 99 94 49 518 513 468
Ra-226 537 573 899 1940 1976 2301
Thorium Series
Th-232 18 18 19 103 103 104
Th-228 613 576 248 1492 1456 1128

*Values only considered accurate to 2 significant figures.
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Table 10-14

RADIONUCLIDE DOSE (mrem/year)*

Sampled Foods Total Diet
Local Maximum Local Maximum
Control Individual Individual Control 1Individual Individual
Uranium Series
U-238 0.009 0.013 0.050 0.181 0.185 0.222
U-234 0.025 0.027 0.048 0.219 0.222 0.242
Th-230 0.053 0.051 0.026 0.280 0.277 0.253
Ra-226 0.591 0.631 0.989 2.133 2.173 2.531
SUBTOTAL 0.678 0.722 1.113 2.813 2.857 3.248
Thorium Series
Th-232 0.048 0.048 0.052 0.277 0.277 0.281
Th-228 0.233 0.219 0.094 0.567 0.553 0.428
SUBTOTAL 0.281 0.267 0.146 0.844 0.830 0.709
Total Dose 0.959 0.989 1.259 3.657 3.687 3.957

*Values only considered accurate to 2 significant figures.
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Radi onucl i de concentrations for |ead-210 and pol onium 210 are available in the
literature (28) and indicate that, wusing the diet nodel for this study,

the intakes for these nuclides are approxi mately 500 picocuries each. Thi s
intake would result in an additional CEDE of approximately 3.5 nrem per year,

which is conparable to the dose from the other nuclides. The few concentra-
tions listed in Appendix B are not conclusive in that, for some foods, the
m ned concentration exceeds the unmned concentration, and for other foods, the
opposite is true. A statistical analysis may not be appropriate due to the
smal | size of the data set and the few sets of paired mned/unm ned concentra-
tions. In addition, the authors feel that to estimate doses from these data
woul d invol ve assunptions which woul d deviate substantially fromthe dose
estimation methods used for the other data. It is inmportant to note that (1)
the dose from | ead-210 and pol oni um 210 may be substantial, (2) the data for

these nuclides generated in this study are too inconplete to allow valid
conparisons of mned versus unmned concentrations in foods, and (3) subsequent
studi es should consider the potential dose contribution from these two radio-

nucl i des.

10.6 ESTI MATED RI SK

Because the radiation doses estinmated above are low, and are only a snal
fraction of the typical background radiation dose experienced by Centra
Florida residents (approxinmately 200 nrem per year), risk estimates were not
nade. It is further believed that risk estinmates at these dose |levels would
have little val ue. However, the increnental risk due to radiation exposure
from consunption of foods grown on Florida phosphate |ands can be stated as
being less than the risk due to radiation exposure fromairline travel (5), and

within the range of random fluctuations in natural background
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Section 11

CONCLUSI ONS/ RECOMMENDATI ONS

11.1 CONCLUSI ONS

Based on the results described in the previous sections, it can be concl uded
that foods grown on mned phosphate |ands (including reclained, debris, and
unrecl ai med |ands) exhibit higher concentrations of radium 226, uranium and
thorium than foods grown on unmned |ands (including phosphate mneralized and
unmneralized lands). The higher food concentrations result in higher rates of
ingestion for these radionuclides and, subsequently, slightly higher radiation
doses to those individuals ingesting the foods. The doses, however, are
quite low, even for the hypothetical maxinum individual who consumes all study
foods frommned lands. Al estinmated radiation doses would be a snal
fraction of natural exposure to environmental radioactivity, and are not

considered to be a health hazard.

Results of the lead and pol onium anal yses are inconclusive, due to the few
data values which were available. The potential dose from these nuclides could
be conparable to the doses shown on Table 10-14. Assuming that foods grown on
mned lands exhibited sinmilarly higher levels of these two radionuclides as the
radi onucl i des shown, the total difference in dose between the maxi numindi-

vidual and the control individual should still be less than 1 nrem per year.
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The data listed in Tables 10-3 through 10-8 represent an inportant contribution
to the understanding of the uptake of naturally-occurring radionuclides, not
only for Florida, but in general. In reviewing the literature it is clearly
evident that this body of data is an extrenely unique set. Nowhere is there a
more conplete set of data on these radionuclides in food crops and associ ated
soils with the degree of replication. This data will be analyzed and re-analy-
ized a number of times. There are a number of ways in which the data can be
correlated, presented and incorporated into nodels and prograns, The data set
shoul d provide the basis for deciding which radionuclides should be investi-
gated in nmore detail and which can be “laid to rest” without further concern.
The dose calculations with the single diet nodel that was used is one of nany

inputs that can utilize this very inportant data set.

11. 2 RECOMVENDATI ONS

Based on the | ow doses estimated fromthis study, a recomrendation to limt
food production on nost reclained | ands does not appear to be warranted. Sone
foods sanpled on debris lands did exhibit substantially higher |evels of
several radionuclides than simlar foods grown on other |and types; however
the significance of the differences cannot be established because of the snal

nunber of sanples collected from debris Iands

It is recoomended that additional parcels of debris and control |ands be
|l ocated and their characterization confirned. The parcels should be surveyed
for external gamma radiation and soil sanples should be collected and anal yzed
for radium 226, |ead-210, polonium210, cation exchange capacity, renovable

calcium and pH  Foods currently being grown or crops planted on these parcels
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should be collected and analyzed for radium226, |ead-210, and pol onium210. A
range of foods should be sanpled; however, if this is not possible, leafy
vegetabl es, legumes, and root crops should be given primary enphasis. Due to
the few beef sanples which were obtained in this study, sanples of beef and

forage should al so be obtained.

The results of this followp study should be integrated into the existing data
base so that sound statistical conclusions can be made regarding the debris
l'and foods . In addition, the soil paraneters measured should be conpared to
the food concentrations to provide a better understanding of the uptake
mechani sm for these radionuclides. It is also recommended that these eval ua-

tions be conpleted before restrictions on use are considered for these |ands.
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PARCEL LI STI NG

Table Al lists the land parcels which were investigated during the study. The
land type listed is the original categorization for the parcel; as described in
the body of the report, sonme of the parcels were grouped into the ‘mned and
‘“unmned” land categories. Also shown are the results of the external gama
radi ati on survey and any pertinent notes on the parcel. The gama survey
numbers are raw readings in microroentgens per hour, uncorrected for extended

field calibration.
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TABLE A-1
PARCEL LISTING

Background
Parcel Number Location Sampling Gamma Survey
P4 PBSJ (County) Land Type Food Type Date Time High Low Avg. Notes
Episode 1 (cont)
264 24 Polk Reclaimed Zipper Cream Peas 5-24-84 9:34 a.m.
Z64 24 Polk Reclaimed Corn 5-24-84  10:30 a.m.
64 24 Polk Reclgimed Conch Peas 5-24-84  11:30 a.m.
Z85 44 Polk Mineralized Yellow Squash 5-24-84  12:45 a.m.
64 24 Polk Reclaimed Lima Beans 5-24-84 1:00 p.m
z71 25 Manatee Mineralized Green Pepper 5-24-84 3:00 p.m.
Z72 26 Manatee Mineralized Watermelon 5-24-84 4:00 p.m.
273 26 Manatee Mineralized Watermelon 5-24-84 4:10 p.m.
Zth 1" Hillsborough Reclaimed Turnip Greens 7-5-84 9:45 a.m.
214 11 Hillsborough Reclaimed Turnip Roots 7-5-84 9:45 a.m.
Z73 28 Hillsborough  Reclaimed Beef 7-5-84 1:00 p.m.
- 99 Hillsborough Control Beef 7-5-84 1:00 p.m.
- 29 Lake Control Turnip Greens 9-17-84  11:02 a.m.
- 30 Lake Control Collard Greens 9-17-84  11:18 a.m.
- 31 Lake Control Radishes 9-17-84  11:42 a.m.
- 32 Orange Control Black-eyed Peas 9-18-84%  10:10 a.m.
- 33 Orange Control Yellow Corn 9-18-84  10:43 a.m.
- 33 Orange Control Turnip Root 9-18-84  11:10 a.m.
- 33 Orange Control Turnip Greens 9-18-84  11:10 a.m.
Episode 2
282 34 Polk Mineralized Citron 9-21-84 1:00 p.m.
Z60 36 Hillsborough Mineralized Satsumo Oranges 11-8-84 1:00 p.m.
279 35 Polk Reclaimed Radishes 11-9-84  10:20 a.m.
Zih 11 Hillsborough Reciaimed Cucumbers 11-9-84  10:20 a.m.
Z80 37 Hillsborough Mineralized Green Onions 11-9-84 12:15 a.m.
280 37 Hillsborough Mineralized Purple Hull 11-9-84  12:15 a.m.
Crowder Peas
280 37 Hillsborough Mineralized Yellow Squash 11-9-84  12:45 a.m.
280 37 Hillsborough Mineralized Mustard Greens 11-9-84  12:50 a.m.
z85 Ly Polk Mineralized Purple Hull 11-9-84 2:50 p.m.

Crowder Peas



Background
Parcel Number Location . Sampling Gamma_Survey

v P8SJ (County) Land Type Food Type Date Time High Low Avg. Notes

Episode 2 (cont)

287 38 Hillsborough  Control Tomatoes 11-19-84 11:00 a.m 3 b2

z88 39 Hillsborough Control Cauliflower 11-19-84 11:30 a.m. 4 2 3

Z89 40 Hillsborough Control Cucumbers 11-19-84 12:16 a.m, 2 1 0

Z89 40 Hillsborough Control Green Peppers 11-19-84 12:35 a.m. 3 1 2

278 Iy Hillsborough Mineralized Zucchini 11-19-84  2:00 p.m. 4 2 3

278 ) Hillsborough Mineralized Radishes 11-19-84  2:21 p.m. 5 2 4

z78 LY Hillsborough Mineralized Bush Pole Beans 11-19-84  2:50 p.m. 5 1 3

Z79 42 Hillsborough Mineralized Yellow Squash 11-19-84  3:55 p.m. 4 1 2

278 43 Hillsborough Mineralized Eggplant 11-19-84  Lk:31 p.om. 6 2 4

22 45 Hillsborough Reclaimed Yellow Squash 11-19-84  5:20 p.m. 60 45 55

79 35 Polk Reclaimed Yellow Squash 12-2-84  12:00 a.m.

Z14 11 Hillsborough Reclaimed Potatoes 12-3-84 9:36 a.m. 29 16 22

214 1 Hillsborough Reclaimed Purple Hull 12-3-84 9:54 a.m. 30 16 24

Crowder Peas
Z91 36 Hillsborough Mineralized Hamlin Oranges 12-3-84  12:24 a.m. 10 6 8
260 Le Hillsborough Reclaimed Pink Grapefruit 12-3-84 1:25 p.m. 30 10 22,14 Average of lst two
’ replicates was 22,
avg. of 3rd was b

Z60 47 Hillsborough Reclaimed Hamlin Oranges 12-3-84 2:52 p.m. 60 20 35

z60 47 Hillsborough Reclaimed Hamlin Oranges 12-3-8% 3:15 p.m. 16 6 8

Z1 6 Hillsborough Disturbed Green Beans 12-3-84 4:20 .p.m. 80 60 65

Z79 35 Polk Reclaimed Black-eyed Peas 12-4-84 9:40 . a.m. 50 50 50

279 35 Polk Reclaimed Turnip Greens 12-4-84 9:45 a.m.

79 35 Polk Reclaimed Turnip Roots 12-4-84 9:45 a.m.

286 13 Polk Reclaimed Oranges 12-4-84  11:21 a.m. 40 20 30

Z46 14 Polk Reclaimed Oranges 12-4-84  12:02 a.m. 40 20 30

239 10 Potk Rec laimed Oranges 12-4-8%  12:58+a.m. 130 95 110

Z79 35 Polk Reclaimed Green Peppers 12-7-84 2:00 p.m.

Z79 35 Polk Reclaimed Okra 12-7-84 2:00 p.m.

Z79 35 Polk Reclaimed Tomatoes (Green) 12-7-84 2:00 p.m. Still green,
sampled early due
to freeze warning

Z64 24 Polk Rec laimed Watermelon 12-7-84 4:15 p.m.
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TARLE A-1
P2RCEL LISTING

Parcel Number Location
y47] PBSJ (County) Land Type Food Type
Episode 2 (cont)
785 by Polk Mineralized Collard Greens
785 Ly Polk Mineralized Turnip Greens
285 4y Polk Mineralized Turnip Roots
79 35 Polk Reclaimed Cabbage
Z79 35 Polk Reclaimed Green Onions
292 48 Hillsborough Mineralized Zucchini
78 4 Hillsborough  Mineralized Turnip Greens
z78 i1 Hillsborough Mineralized Turnip Roots

Ly Orange Control Oranges

50 Orange Control Oranges

51 Orange Control Oranges

52 Orange Control Oranges

30 Lake Control Spinach

30 Lake Control Mustard Greens
z30 61 Polk Mineralized Collard Greens
290 61 Polk Mineralized Carrots
79 35 Polk Reclaimed Carrots
29} 48 Hillsborough  Mineralized Strawberries
92 60 Hillsborough Mineralized Strawberries
292 60 Hillsborough Mineralized Onions
Z93 62 Polk Mineralized Spinach

Sampling

Date Time

12-7-84 4:20 p.m.
12-7-84 ba:45 pom.
12-7-84 4:45 p.m,
12-12-84 10:00 a.m.
12-12-84 10:00 a.m.
12-18-84  1:21 p.m.
12-18-84  2:35 p.m.
12-18-84  2:35 p.m,
12-21-84  9:30 a.m.
12-21-84  9:57 a.m.
12-21-84 10:25 a.m.
12-21-84 11:00 a.m.
3-25-85  10:16 a.m.
3-25-85  10:25 a.m.
3-14-85 6:15 a.m,
3-14-85 4:30 p.m.
3-29-85  10:45 a.m.
3-29-85 1:15 p.m.
3-29-85 1:45 p.m,
3-29-85 2:20 p.m,
4-24-85  3:21 p.m.

Background

Gamma Survey
High Low Avg.

5 13
5 2 3
5 2 3
8 4 6
7 4 6
3 2 2.
6 3 4
v o2 3
¥ 2 3

Notes
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ANALYTI CAL DATA

Table B--1 lists the analytical data for the radioactivity nmeasured in the foods
sanpl ed during the study. Data are listed to three decimals for ease of
evaluation in the data base; however, these data can only be considered

accurate to three significant figures.

Note that surface soil pH and radium 226 data are listed only for certain

citrus sanples, since these were the only sanples for which surface and root

zone soil differed and for which both were coll ected. [f no result is listed,

then no analysis was conduct ed. If the result is listed as zero, then the

anal ysis was conducted but no radioactivity was detected.

B-



RADIDACTIVITY IN FUODS DROWN ON FLORIDA PHOSFHATE LANDS

DESCRIPTION CATEGDRY  j———- S0t pH-—-1-80IL KA (pli/p}--}-------—-v RADICACTIVITY CONCENTRATION (pCi/Kpg o liter)-—--=e--—mmmmmmme
PARCEL FODD  SURFACE ROOT  SURFACE RODT  U-238  U-234 TH-Z3@ RA-226 PE-218  PD-P1@  TH-232 TH-22B
_ min - NTF 5. 748 2.631 Q@@ 1,013 7.3t 2.98) 8,103 12.4%5
TOWATD MIN  NTF ‘ 3. 85@ 8.623 h.0A2 0.360 9.646  2.148 2.202  1@.853
MIN  NTF 6. 548 8.470  &.123 4,984 10.823  4.581 8.008  @.833
MIN  CIT 4, 850 2. 401 2. 455
[GRANBE #IN LT o 168 B. 456 3.873
wiN - LIT 5. 350 0,168 a.000 8.833 2831 1445 8. 171 15.958
BN CIT 5. 519 8. 391 1,585
DRANBE BIN  CIT 3. 940 e.284 @a.829 1831 @515 491 &, 200 12,569
HiN  CIY 5,510 8,266 0.080 1,829 15.0586 1,285 b.214 2b.250
HIN - EIT b. 262 0.1802 B0 .02 1630 2.463 B.843 22782
ORANGE MmN CIT 5. 560 8,111 0.008 1.704 0,472  1.558 g.002 13.593
MiN  CIT 5. 30 8117 .57 5,#75 @729 2.215 g.000 9.738
MIn - CIT 5. 419 2.390 0.008 0000  1.329 2342 d.08¢ 17.117
BRAPEFRUTT BWIN - CIT 5. ede 8.200 0.397  8.398 L5 L7 g.0d2 12,281
¥IN CIT 5. 150 8.382 Q.80 Q.08 11538 L.7I6 0.885 48,709
DEB  LEAF 5,652 13.78@ 257.152 2B4.449 168,128 753,131 B 824 103,132
SPINACH DEB  LEAF . 3. 540 13. 208 314.B47 369,176 £85.637 1091.335 9.459 134,478
DEB  LEAF 5. 109 13.880 182,578 183.857 140,158 191.B54 4303 D58.975
CTRL  LEG 5. Bea : @.%40  0.000 14,202 4679 3.8B3 0,008 139,359
CORN CTRL LEB f. 858 .01@  e.@e 6080 4311 12,455 &, 000 148,377
CTRL  LEG 6.240 2,916 Q.00 Q.0 2,384 5.7 , 8,800 129,742
CTRL  ROOT b, 30@ &6  2.157 1618  nA3@ 7,821 0. 122 45.385
CRARROT CTRL  ROOT 6. 852 g.823 Le17 8.7 Q876 10.760@ p.eee 6. 487
CTRL  ROOT 2. 942 8.772 LI1W @833 &  7.339 .20 19.3%

1-9 JIavlL



RADIDACTIVITY IN FOODS GROWN ON FLORIDA PHDSPHATE LANDS

DESCRIPTION CATEGORY - S0IL pH----i-S0IL RA (pfi/gli—]-—-—mmmm -—RADIDACTIVITY CONCENTRATION {pli/Kg or liter)-—----~-—=w——-—-
PARCEL FODD  SURFACE ROOT  SURFACE ROOT  U-2sB U-234 TH-23e -2 PB-210  PO-210  TH-23¢  TH-228
CTRL  ROOT 7.292 @.800 @060 3057 e.we 2729 doade  7.95@
RADISH CTRL  ROOT 7,348 @565  A777 4,535 .08 b, 342 g.128 11614
CTRL  ROOT 7.308 2.515 L1171 @878 @0 4.591 d.226 b, 442
REC T 13,400 Q.08 @8 0086  3.298 d.e86 17.589
RANGE REC 17 12,200  @.000 Q.00  0.042  2.BBI @.885  9.738
REC  CiT 36800 Q000 Q.00 0.42% 9.407 0,886  6.943
BEC  LEB 15908 2,678 1,335  nLbi2 3715 2,296  B.451
BULE BEANS REC  LEB 21,400 1185 1777 4.980 3.3 2,181 5.373
* REC  LEB 4.h80  2.33  1.637  1.23%  3.93 B. 418 14,305
REC  ROOT B.049 13.319 16.963  L.0B3  4.572 2.391 11041
RED BLISS REC  RODT 7.74%0 14,971 B0.829 17.739  4.8B4 1.252 33,183
FGTRTOES REC  ROOT 7.17%  GQ.@41  4B.BBE G008 2.976 8.431 18,135
REC  NTF L7380 2345 @477 LE3 L2839 8.256  3.973
ZUCCHINT REC  NIF 2,378 0000 0.080  @0.248 294! 0,248  6.439
REC NTF 1L.B22  8.514 1,286 @456 3.243 8,002  6.387
REC  NIF 4,558 8.217 0.7k @327 .88 1.476 2.088  B.oMw
CITRON REC  WNTF 4, S 4932 R127 3B M@ 5,156 0,000 @020
REC  NIF o.850 B.870  1.338 1,089 1,159 1L.83f 8.232 0,000
et CIT b 380  3.I3a  7.850
ORFGE REC  CIT LW 4,370 8,510 @335 6.263 @000 8.065 @518
REL LT B.A28 14 L7S@ M@ Q028 1383 1478 0,845 8,528
REC  LIT
ORANGE geC LI
AL CIT

CGINNTINCD
-8 JI89L



RADIDACTIVITY 1IN FOODS GROWN ON FLORIDA PHOSPHATE LANDS

DESCRIFTION CRIEGORY  j-~—- S0IL pH--—-1-SOIL RRA {pCi/g)=-]---—mmvmemv RADIDACTIVITY CONCENTRATION (pCi/Kg or liter)
PARCEL FOOD  SURFACE RDOT  SURFACE RDOT  U-238  U-234  TH-230 RA-226 PB-210 PO-21@  TH-23%  TH-228
#IN  LCIT 4500 .79 B.365 5. 382
BRANGE MIN  CIT 4048 . B701 @392 Q.83 0200 3B 3.995 8,151 0.0
HIN - CIT 4,246 9,761 0,37t B.@57 Q2115 0.000 2186 0.3
min  LIT £330 A28 Q350 M3 069 @@ 1.3 0,800 0, 000
GRANGE Wi CIT 4.2 R.249 2337 R.093 0,093 Qo090 1.0 2.25!  b.00e
in - CIT 4,600 8.5  0.2% Q.03 .37 .00 1203 o.@00  0.282
niv  CIT 5,940 w476 B.2ED o.008  @.39% 8,152 0.%00
{RANBE MiN - CIT %550  2.383 2231 d.@3%  .M@  d.l0B  2.029 2.181 @000
mIN o LIT 5 8.275 8367 2023 2.046  Q.020 1234 0.000 o.M
*NCIT 7818 @410 @271 2833 0279 Q.Ed@ 3192 8.182  0.200
{RANGE Min  EIT 6.85¢ @5t 8295 Q.89 .03 .00 2778 e.000 0,000
HWIN L7 b.i#@ @23 2376 @M@ @08 M@ 2572 0.000  8.647
MIN - CIT 5100 1,890 .63 0.200  @.Q00  3.418 6.535 8. 117 08.667
{RANBE BN CIT .04 1B Q671 B255 @368 1.241  4.068 8.868 1746
HIN  CIT %710 LA 0782 2,253 o.080 0.e90 4612 d.800  o.000
aiN LI B.I20 LA LIZ0 8000 @121 9,808 4.682 8.175  @.52%
DRANGE MIN o EIT .83  B.BSB @452 0,192 @385 @.000  B.89 e.008  Q.000
MiN - CIT 5700 A767 @485 @236 0177 2,000 5.3 6.129 & e
Min LI 6,470  RE9F 2.281  Q.000 @Q.0E2 0,208 2.206 0.88z 2.0
ORANE min CI7 5.298  0.838 0,388  Q.103  @.17F 0.M@ 1167 & 15 & a0l
AN LI7 5,828 L@2  2.427 Qo000 0.020  d.80 3.7 8.008 .0
REC  NTF ’ b. 458 LN 6,976 41B% . d.W@  5.289 g.e02 0. 290
UTTHIND REC  NTF 3. 728 2.548  0.829 1,884 B.357  10.645 0,008 @, 209

REC  NTF g.400 2.2% Q.88 8.9 8661 TR .00 0. 200

CINNTINCGO
-9 TIgvL



RADIGACTIVITY IN FOODS GROWN ON FLORIDA PHOSFHATE LANDS

GESCRIPTION CRTEGORY fmmmem S0IL pr----1-50IL RA {pli/gl--j~--—n-mmmmm RRDIOACTIVITY CONCENTRATION (pLi/Hg or liter)-—--——=-=—--—-—
PARCEL FOOD  SURFRCE ROOT  SURFACE ROOT  U-238 U-234 TH-230 RA-236 PB-210 PD-210 TH-Z32  TH-228
fck  ROOT L0304 14,400 2351 3,103 2932 15.808 pogd  1.548

TURKIPF ROOT bEB  ROOT R 1,208 S.872 6,435 B.867  13.76B 0.418  5.331
DER  ROGT 5. 75R {5,388  7.289  7.289 5,344 32.65@ g.08¢  0.000

YELLGW DEE  NIF 527 15.18@¢ 1,59 L@sS @8.ed  5.263 @.331  B.601

SGUASH DEBR  NTF & 330 16,802 8333 2,78 1432  5.660 8.200  8.592
DER  wIF 4, 5B 1208 857 L756 D.483 0 4578 .08  B.251
MIN  LERF £. 108 2410 AT L6 QW0 2.837 a.08@  2.07%

BROCCOLT niIN - LEAF 6. 100 2.376 L1835 @Q.737 4.4e2 3.839 g.%80 5. 360
MIN  LEAF £, o 2,336 Q.8 2,377 2637 3142 B.oe0  7.ice

IIFRER REC  LEB S.bi@ 4,618 @780 1575  B.ed® 6,777 B.457  6.3%2

PEAS REC  LEG 3.928 4,068 @882 2,117 d.0e8  B.041 © 8.318  18.181
REC  LEG &, dod J.o40  3.631 4,172 9.34  16.679 2.581  9.180
REL  LEB L. oad 4,432 4863  LBd1  9.3@80 11,848 .00  7.930

CORN REC  LEB 4,508 4,260 2291 &.0%4 e 7.139 g.oee 10,322
REC  LEG 5. 200 5,280 1381 2341  0.%00 7.246 d.000 10.650
REL  LEG 5. 780 .23 @.5% .29 0.000 12.528 g.e@d 11.332

PERS REC  LEG 3. 300 5,759 .M 468 G200 16,826 e  9.7%5
HEC  LEG 4. 500 %776 9,330 0.989  B8.864 3,186 2.466 32.656

YELL D HIN  NTF b. kg L2 @366  @8.865 2,935  7.4B0 . g.ed@ 27,680

Sy BIN  NTF 5. 500 1.3 0.188 @751 b.00@ 4,840 1.827  1.369
nIN N 5. 85 2816 d.%8@ 1,137 1580 .97 R Y
REC  LEG 5. 18R 1,460 @378 @.946  Q.0@@ 72.630 2.000  2.000

LImG BEANG HEC  LEG 5. 400 2,480 L3 205 LS8R Dh.219 ‘ 2.984 3,314
REC  LEG 5. 200 39 1,319 Q.66 0.582 72004 0.028  0.673

THENNTINCD

T-9 JIg9VL
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WRATERMELEN

s )
o}
(]

WATERMELON

e

EEN

(2]

TURNIP &5

EEEF

EENS

Pl

TURNIP &

PATONOY
LHICbUNY

BIN
HIN
BIN

RN
HIN
HIN

NTF
NTF
NTF

NTF
NTF
NTF

NTF
NTF
NTF

ROOT
ROOT
RDDY

LEAF

LERF
LEAF

RADIDACTIVITY IN F
AOOT  SURFACE ROOT
7,000 2. 208
£. 500 8,223
7.100 2.170
£, 700 . 187
5, 700 2,297
5. 400 2,152
&, 100 2. 152
6. 192 . 143
6,500 8.1%
5, 249 3. 100
6. 68R 5440
5. 450 4,210
5. 240 3. 100
5. 662 3. 440
5,450 4,210
5, 350 2. 704
5, 560 2. 753
5.353 .372

f====-SIL phi-~~-i-80IL RA {pl1/g)==f=mmmmmmmmm :
PARCEL FODD  SURFACE

y-238

@113
8. 55a
0. e0d

8. 0@
2. edw
2 436

2,959
4. 309
1.232

1.731
45. 497
5. 366

]
o

2. Bl
&.93
. g

2. 029
@, 384
o, D02

2. pd2
0, dee
2, apa

4,139
1.911
2.834

362, b4
34,399
113,666

8.579
0. 0@
8. 605

7.7%%
B. 384
0. 144

. 22
8.62@
1.375

00DS GROWN ON FLORIDR PHOSPHATE LANDS

TIVITY CONCENTRATION (pCi/Kg or liter)
TH-230  fA-226  PB-210  PD-210  TH-232
2.008 3.9 2. 229
3597 3.588 . 202
19.384  @.324 8.313
8.182 1,963 0. 202
.42 1730 2,200
L7119 @833 0. 202
8.008 2199 2. 008
2.2  0.180 & 554
1,393 3.4%9 8.697
1.143  13.678 8. 1591
8.552  5.439 8.276
2.451  6.565 2. 000
£8.488 220.667 8, dee
29.906 61,482 2. 876
28,582 55,334 8,520
8.7 473 2. #90
d.ee8  3.562 8.437
a0 23 2. da
371 1762 . 222
8,775 14,247 2. a0a
3,218 2.505 1.287
2.2 8774 2. 49
2,780 4.936 1,352
8.535  5.500 2.535

TH-228

6. 822
18.199
7.191

13,115
§.858
1,719

v ASG
/e 583

8.315
7,664

6. 836
7725

6. 543

8,363
37.958
15,637

1,157
2. 202
2. 846

EaAg
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DESCRIATION

{0LRRD GREENS

ARDISH

TURNIF GREENS

RADIDACTIVITY IN FOGDS GROWN ON FLORIDR PHDSPHATE LANDS

CATERDRY  §-—---801L gH---—1-S0IL AR {pi/g)—-f=mm=m-m===n RADIOACTIVITY COMCENTRATION (pCi/Kg or liter)——m-m-mm=—-m—mmmv
PARCEL FOOD GSURFACE  ROOT  SURFACE  RODT  U-238  U-23¢ TH-238 RA-E26  FE-210  PO-210  TH-232
CTRL LEFF - £.567 2836 @.B%  0.000 0.200  7.008 2. 300
CTRL  LEAF 8,723 0756  7.882  3.941 10.288 .63 0. 008
CTRL  LEAF £.645 0.8%5  0.337 213 8715 5.8 2. 200
CTRL  RODT 7,199 Lee D000 0278 0.000 2223 0. 000
CTAL  ROOT 7.182 Lo D000 o002  2.207  3.05 0. 202
TR, ROOT £. B35 L2 2000 .000 Q.08 2,748 0. 009
CTRL  LEB 5. 338 370 2080 .80 Q.00 4.288 2. a0a
U LEG 5, 370 0.899 132  0.000 .80  4.213 0. 200
CTRL  LEB 5. 350 2.839 @000 Q.30 0000  6.3% 2. 000
CTRL  LEG £.515 1170 8.388 .38 6.443  5.569 0. 000
CTRL  LEG L1197 Los2 Q000 0.000 2.000  3.89% 0. 200
CTRL  LEG £.861 1,130 Q.00 0.000 0.000 2,903 2. 000
CTRL RODT 5. 655 1560 0.000 0.0 .09 S.282 2. 202
CTRL  ROGT 5, 761 1,450  0.800 Q.36 ©0.B% 2,948 0. 000
CTRL  ROOT 5,853 1.460 0.0 0.725 .000 S5.255 2. 000
CTRL  LERF _ 5, BES L5 0.295 .53 L8 9.387 0. 000
CTRL  LEAF 5,781 1.450 .53 8.7 0.244 16,093 0. 244
CTRL  LEAF 5,653 L4680 0.351 1,755 o.0ed  7.7% 0.000
MIN  NTF 5, 835 B.EI0  BOBD 0000 1156 0.000 . 2. 200
WIN  NTE . 48} 0.346  0.000 0.540 .00  5.285 2.556
WIN  NTF £. 076 B.920  2.000 1927 0703 4.467 2. 000
REC  ROOT g. 248 72,600 0.000 Q.200 .73 25967 18.9%1  2.000  0.738
REC  ROOT 7.790 23,700 e.000 0.000 @50 11.89  0.000 1069 .00

REC  ROOT 7.79% 21,990 1.621  4.863  @.3%2  10.706  0.080  1.42h 0.3

14.016
16.90¢
2. 388

7.813
4,757

3.555

S.672
. 820
43.135

4,927
2. a2
5.914

3.633
8,227
6.679

QHANTINCD
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RADIOACTIVITY IN FOODS GROWN ON FLORIDA PHOSFHATE LANDS

__________________

DESLRIFTION LATEDBURY f{-----GZIL pH---—t-B0IL RA {pli/g)—i—=mm—m=mmm RADIGACTEIVITY CONUENTRATION (pCi/Kg or liter)-————~-mmooommee

g
PARCEL FODD  SURFACE AOOT  SURFACE ROOT  L-238  U-234 TH-238 RA-E26  PB-21@  PO-21@  TH-232  TH-228

Wiy CIT b.BER  D.@42  L17R 4,820 Q.bed 2000 Q.22 1.245 a.226  3.273
SATSUMO CITRUS nin - CIT D.880 4.8%  @&.5l@ L@@ @243 &9y A3 La7 8.352 .52
BIN  CIT LTS 40528 5% L7% 112 Bl e 2,179 g.202  @.132
REC NTF .98 2198 @.0d  doedd 4,573 8.743 Q. q80  £.299
CullnEEN REC  WTF . 9602 1.562  @.e@¢ @@ 3122 7.482 g.eee 17,178
REC NTF 5. 760 2.35¢ a0 Q0@ 3113 Z.681 d.0e0  8.562
MIN  ROOT B, 49 2,449  B.B11  6.B67 @788 6.247 p.ad2  7.885
bREEN ONIONS mIN  ROOT £.768 2.431 MW@ &.46B 1,973 5,585 2.0 7.153
MIN  ROOT £.81@ 8.443 Q.86 Q@00 2,987  4.547 2.808 13,441
PURRLE HULL CROWDER MIN  LEB o000  dodP@  o.0@ 2278 . pe 6802
FERS MIN  LEB 8,200 0.0080 9.008 2700 2.80¢  o.000
MIN  LEG 8.726 2,996  8.920 1,684 doe00 10,119
min  NIF 2.080  0.Q00 B9 4.933 2.000  0.Q00
YELLOW SiUPSH mik  NTF g.80¢ @782 3726  3.952 g.ee2 11,798
MIN - NTF 2.000 0.000 .53  1.532 2.080  o.20@
WIN  LERF 20080 2140 @.BB4 2976 p.e0@ 1767
MUGTARD GHEENS min  LEAF 2.200 P.B6B  @.567 2,833 0.567 0,000
MIN  LEAF 2,020 2,838 1.@77 @535 .82  L.bi6
FURFLE HULL CROWDER MIN  LEB S.178 8.690 4,851 2621  0.000  3.B4S g.000  0.244
PERS miN  LEG S.1z2 8.525 Q.80 2,384 Q.00  3.583 0.000  B.543
MiN LER 5. ¢4 2.583 4,292 3,338  o.000 1162 0,000 0.0
i WTF £. 838 2.2066 0.469 @469 QM@ 1,483 Q.80 1867
TMATD CTae NTF £.150 8.237 @08 2,377  0.259 7.3 a. 008  1.5852
CTRL  NTF £. 148 2295 593 L4 A783  z.au d.808  1.5827

1-9 JIgVL
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DESCRIFTION

o
~—t
—

CAUL TFLOKWER

CUCUMBER

BREEN FEPPER

IHECHIN]

BUSH
BOLE SEANS

CATEGDRY
PARCEL FOOD
CTRL  LEAF
CTRL  LEAF
CTRL  LEAF
CTRL  NTF
CIRL  NTF
CTRL  NTF
TR NTF
CTAL  NTF
CTHL  NTF
win  NTF
MIN  NTF
MIN NIF
wiN ROOT
WIN  ROOT
miN - ROOT
MiN LEG
wIN  LEG
MIN LED
MIN NTF
MIN  NTF
MmN NTF
min  NTF
WIN  NIF

Min

NTF

RADIOACTIVITY IN FOODS GROWN ON FLORIDA PHOSPHATE LANDS

DIL ph-—--1-801L RA (pCa/g) == =mrmmmmmmmn RADIOACTIVITY CONCENTRATION (oCi/Kg or liter)
ROOT  SURFACE  RODT  U-238  U-23¢ TH-230 RA-826 PE-210 PO-210  TH-232
7,210 0.779  Q.000 0.000 2.000  7.85 0, a0
. 540 0.297  0.000 1.183  0.000  4.770 0, 000
6. 750 0.280 a0 L.E57T  8.360 5833 0. 000
7,660 0.185  o.000 1911 0.9 3686 0. 000
7.742 Q.206  0.000 ALSH 0235 2817 2, 200
7,400 0.203 0.5 4,237 0.3 3205 2. 000
b. 240 0.255 o000 .72 2.000 2665 2. 00
b. 470 0.315  0.000 2145 0.0 5066 0. 000
6. 140 .25  0.000 1163 0.000 0.685 0. 000
7,300 B.413 .00 4772 8.5%  5.574 0. 000
7. 360 0350 oW 3108 0.000  S.671 0. 000
6,950 B.468  0.000 309  .275  6.763 2. 000
7,560 0.502 12044  7.793  0.800  4.651 0. 600
7,560 2.480  2.697 B.6%7 0272 2851 0. 000
6.570 2666  D.000  0.000 0.9 B.743 2. 000
8. 230 0462 ©.775 D008 0.8  5.638 2. 000
7.970 446 0.000 8133 0.372  5.065 0. 802
8, 030 0.511  0.000 2,391 B.42 4,602 0. 000
5. 260 0.253  e.000 2863  0.79  0.995 0. 000
6,720 0.285 G818 10010 B.474  7.835 0. 200
6. 50 0.206  D.000 .80 0.0  5.459 2. 00
5,520 0.513  o.0@  0.477 M5B9 0.000 2. 002
5. 120 .52  S.e@  S5.977 0.0 10.976 0. 000
4,810 0.821  0.000 @719 0.3 3.483 8. 321

e et o e e 0 o

1.362
8.679
8,933

8. 002
8.816
8. 697

1. 043
0. 744
2. 08

1.473
1. 345
0.643

QENNT.INCGO
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RADIOACTIVITY In FODDS GROWN DN FLORIDA PHOSPHATE LANDS

DESCRIFTION CRTEGORY  )-———- SUIL pH-——-1-80IL RA {pCi/g)-~t-—-—-=-=m=v RADIOACTIVITY CONCENTRATION (pCi/Kg or liter)-—-—=——————meee
PARCEL FODD  SURFACE ROOT  SURFACE ROOT  U-238  U-234 TH-230 RA-226 PB-21@ PD-210  TH-232  TH-28B
REC  NTF 5. 062 13,700 2,938 B.000 G485 B.623 2.000 3,646
YELLDW SRUASH REC  NIF 5. 328 14,300 @%@ 1,383 @487 5779 1,222 8.815
REC NI 5. 250 14908 L5097 LEW L28Y 4,373 D.B02 4,837
REC RODT b. 708 3.3 d24 B35 MR B.733 8.02¢  @A.@Q
POTATO REC  ROOT 5. 868 S.22¢ LM 1988 0.8 3.684 g.000  ©.000
REC  ROOT 4,938 Lol 2.8 e &89 1373 2074 3120
FURPLE HULL CROWDER REC  LEG 5,630 4Lo40 BB 2.547  L.474 3642 g.e00 0,000
FEAS fEC  LEB 5. 6600 B.450  A.000 B0 9867 B.BYT7 poodR 053
REC  LEB 5. 468 2.340 Q.008 Q.08 Q.000 2267 8,000  Q.000
Min - LI7 e.%80  2.156 8.0@  1.9% R B
URANGE MIN  EIT @.002 @.00@ 3622  0.986 8.878 @778
MIN  CIT 2.000  Q.080 B.485 2476 o.¢2 2513
REC  CIT 4,810 L.848  S.628  7.048 .00 Q.20 @.0@B@ 3,333 s 2,957
GRAPEFRUIT REC  CIT 4,738 5.530  6.010  19.80@¢ @362 8272 A6 2.387 2.854  1.675
REC  LI7 LEs  Ges 2.57F @0 0.02@ 000 B.0M0  3.047 o000 1,530
L LIT 5.520 4,360 14700 23.800 .00 2977 1.1B4  16.858 22,450 DM@ - 2000 &332
ORBNGE REC T 40600 4.270  bB.4%  1.530  0.000  2.000  0.800 12.PRY  2.0B0  1.4B89 0.188 1136
L T 3.360  4.630 12,800 47.400 Q000 1,727 Q.00  B.341 5215 Q.08 Q.80 2.578
REC CIT 4,570 4,460 2,1 @591 Q.08 R.298  Q.0@@ 1,848 ~ g.e82  0.4%%
ORANGE REC  CIT 4,498 4,040 Lled  L.B0@ A5 Q.0 &.454 1,939 a.ede .15t
REC  CIT 4,520 4,180 B.Ba¢ B.463  8.358 2,119 e.ee® 2.525 0.860 1,013
DEE LER o458 22000 R.00Q 2080 Q.200 14,143 125430 J.000 2.0 Q477
BREEN HEANS DER  LEB 3,540 28,500 Q000 3239 Q.02 4097 Q.20 0.7B2 .00 G.849
DEE  LES 5.379 21,800 Q.00 8.58F 2,896 16.1BB  BL AT B0 %488 0.448

THANT.INGCO
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RADIDACTIVITY IN FOODS GROWN On FLORIDA PHOSPHATE LANDS

BESCRIFTION CATEGORY fomm S01L pH--—-1 -S:DI'L RA {pli/g)— |-~ RRDIDACTIVITY CONCENTRATION {pCi/Kg or liter)----——-——-—"—=-
PARCEL FOOD  SURFACE ROOT  SURFACE ROOT  U-238  LU-234 TH-230 RA-226 PB-210  PD-2I@  TH-232  TH-2a8
RC LEG 7.8%0 23900 @@ 2937 L6l 2.4B p.odd 1614
HLACKEYE FEAS REC  LEB b. ook 26,500 Q.00 2.078 0.080  4.195 2000 020
REC  LEB 7. 608 3.9 R0 L1932 2.8 6.181 e.e09 o.M
REC  ROOT 2.200 36686 2,082 17.556 34.448 Q.00  0.533  1.%b
TURNIF RODT REC  ROOT 8.9  B.452 2112 17.B15 0.8 .93 .00 .84
REC  ROOT 1,166  0.38% 3.015 15.819 Q.00 6.301 @.088  0.008
REC  LEAF 6.165 4,91  0.800 94738 73722 11932 Q.M L42
TURNIF GREENS REC  LEAF 12,128 13.861  5.038 BS.643  0.002 91466 2,337 337
REC  LEAF 6.2 9.825  0.080 56.341 43.979 7.259 o.M@ .67
REC EIT 7.688  6.930  S.B2  1.590  @&.891  0.0%1  Q.615 3.8 2,318 309
[RANGE REC  LIT O B.3@ 5,98 .25 0874 0387 @193 Q619 983 8.31¢ 1233
REC  LIT 6. 770 E.150 12500  14.480  O.008 Q.20 Q.0@0  2.483 008 0.3
REC LT 7.068  £.450  E.Q50  B.81B 3992 Q.06 W0 2.7 268  @.0ed
URANGE ReC. CIT 7.2%  7.03%  £.022 11,520 2.000 @136 @218 4430 8,208  @.145
] 7.360 T.888  £.990¢  J.470 Q252 Qe @ 2.433 o082 @382
REC LI E.410  £.230 35700 4Z.000  e.000  9.119 .08 7.7z A.786 .28 @.23] 8,231
ORANGE AL CIF .73 5.9@ 36.600 45900  0.000 0000  2.000 14,003  6.435 2000 0,000  0.000
REC  EIT £.500 6.030 37.600 46,990 @171  @.0B6 Q.00  9.169  6.312 Q.00  0.669 @167
YELLOW SOURSH REC  NTF 2315 1,575 @529 o.Me 2,008 8529
REC  NiF 5.oee L9 .33 0 @99t e 0.000 2,000  2.274
WATERMELON REC  NTF 5. 454 2,690 202 L3S W@ 9.811 T R
REC  KIF 5. 20w 4,220 @8.28B  B.575  dew 7.3%: b.o0d 1,321

JQEONTINCO
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RADIDACTIVITY IN FOODS GROWN ON FLORIDA PHOSPHATE LANDS

DESCRIPT 10N CATEBDRY  4~-——- S0IL pH-—-1-80IL RA (pLi/g)~~i-m—mmmmmeer] RADIDACTIVITY CONCENTRATION {pCi/Kg or liter)=—~—————meee—
PARCEL FOQD  SURFACE ROOT  SURFACE ROOT  U-238  U-23%4 TH-238 RA-226 FB-21@ PO-210  TH-232 TH-228

MIN  LEAF w13 @383 @383 5276 G.0@R 1340 13,997 35.971 Q.00 0,020 0,447
COLLARD GREENS WIN  LEAF ‘ 5180 4% 0.490 2B LIMQ  &.90@  9.688 AR 17.123  0.008  O.000
niN  LEAF 4850 2478 @478 @000 Q.08  B.571 20.288  2.449  B.110 0.571 5,138

wIN - RDOT b, B5@ 8085 d.We 2432 5.5 6325 W0 529 W0 0000
TURNIR RUCT RIN - ROOT 4,750 8,532  @.0@ 8,322 A8 12,256 RDB@  1.822  D.080  0.000
WIN - ROOT 4,858 615  Z.984 2,084 R.EI3 S.462 G.602 G000 Q.2 2.45@
MIN  LERF 4, B0 8.585  4.281  2.446 Q619 I5.BR37  6.352 30.495 2549 12745
TURNIF GREENS mIN  LEAF 4. 758 2,592 0872 3498  2.000 27.348 12.141 69,786  Q.800  0.280
mIN  LEAF 4. 659 8.615  @8.B3% 3,329 2035 2i.266 30.94% G000 Q008  3.488
MIN  ONTF £. 378 .83 L0288 L8 2477  1.899 g.000 @477
LUCCHING nIN NIF 5,699 1,020 8,808 2136 0,800 5.833 2.5680  4.321
MIN  NIF 6, 859 2,95 M@ Ledd  d.427 0.000 .00 1281
MIN  RODT 8.667 1,801  1.0@3  0.000 a.e00 1.083
TURNIF ROOT MIN  RDOT L322  L32  4.h41  7.914 1.547 1,160
BIN  ROOT D.o80  1.848 Q.08 5,193 g.o02 3972
WIN  LEAF 3.1 doeed 1,532 D.ode 8511 4,086
TURNIF GREENS MIN  LEAF . 0.000  2.563 Q.800 20735 8,404 1,212
MIN  LEAF 2,961 11,843 Q008 11.637 .80 2793
REC  NTF 131 @566  1.31B L.204 e.e00  0.439
GREEN PEFFER REC  NIF f.000 2200 Q%00 10148 U N
REC  NTF 8,346 8.348 Q000 0.000 o.022 0,000

AR REC  WNTF .00 a0 Boaee 21,157 0,200 4,834

JENNTINGO
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RADIDACTIVITY IN FOODS GROWN ON FLORIDA PHOSPHATE LANDS

DESCRIPTION CATERORY |-—---50IL pH----1-B0IL RA (pli/g)—-i-—-mmmmr RADIDACTIVITY CONCENTRATION (pCi/Kg or liter)-——————m—==w——om-

PARCEL FOOD  SURFRCE RODT  SURFRLE ROOT  u-238  U-234  TH-238 RR-226  PR-21Q  PD-21@  TH-232 - TH-228

REC  LEAF B77@ L1535 @800 3.432 : o.o 6,517

CABBAGE REC  LERF g.000 200 0.00@ 2.8% 0.000 1,944
L LEAF a.268  1.241  2.%@  5.000 000 1.7%

REC  NTF 2,008 1.678 2.000 Q.2 g.e000  2.35%7

TOMATO REC  NTF .00 .000 1066 2602 2.000  R.349
-REC  WIF 8.895 @.298  f.382 11599 2.868  @.868

REEC  AOOT 8,331 @.Bbt  Q.508 . 230 0.8080 1024

GREEN ONIUNS REC  HOUT 8.761 1,776 0.00@ 19.572 p.ogd 2,239
REC  RODT f.o00 1,538 @.%30 6.038 g.200  0.000

CThe  CIT 608  5.430 1630 @920 0.539  8.449 @330 D.4Ee g.000 @437

ORANBE TR CIT h.498  5.330 1.338 8843 L2853 R185 dzie AT767 2.141  8.212
TR CIT 6.240  4.82 1.278¢  0.791 2.408  B.267 @8.369 4. 32 2.184  @.18%

CThe  CIT 6,360 5.7 1158 @615 113 19 @.e83  2.388 0.208 @ 983

DRANGE CtRL EIT b.420  5.38®  i.@7¢  @.451 Q.00  @.000 @345 OG0B0 B.172  B.345
CTRL  CIT 5.97¢ 5558 L@ @334 @72t G240 .08 1,288 8.316 &7%

{TRL T 7420 5,830 8,322 0133 Q.000  Q.0@8  0.146  O.008 g.ep0 0.2

ORANGE CraL  CIT T3 6,518 @402 8147  8.868  @.268 800 Q.439 pooge 1,859
ETRL  CIT 7.35¢  5.87@ @288 Q.991 Q.96  @.060 0.8%7 777 B.00%  @.143

CTRE LT £.530 4,958 8.2 8229 A0 Q.90 8.283 3.953 .20 @283

DRANGE ETRL 017 7.17¢ 5,168 8,337 @185 L3t 7.3 A1l 899 .08  1.188
CTRL.  CiT 7.7  B.940 Q.42 0,379 A.527 0.0 @116 2.883 8.232  0.249

ORANGE nin  CIT T.650 4728 2.008  0.8% e.e®  1.37% 8. 151 8.151

TENNT.INCO
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DESCRIFTION

WATER

ORANGE

CARBAGE

COLLARD. GREENS

GREEN DNIDNS

BRAREFRUIT

ORANGE

BRAPEFRUIT

RADIDACTIVITY IN FODDS GROWN ON FLORIDA PHOSPHATE LANDS

CATEGDRY  §~-—-BD0IL pH-—-1-G0IL RA {pCi/g)——}-——m——=ms] RADIDACTIVITY CONCENTAATION {pCi/Kg or liter)
PARCEL FODD  SURFACE RDOT  SURFACE RODT  U-2338  U-234 TH-230 RA-Z226 FB-210 PD-210  TH-232
MIN  WAT p.07¢  9.0¥9 Q.88 2.513 2. 009
HIN  CIT 8.62% 0583 Q.80 2.534 8.133
MIN  LEAF 7.6% .08 1,973  @.088  B.B81 0. 008
mIN  LEAF 7.498 o.008 2.2 Q.MB 5.912 &, 029
KIN  LERF 8.040 2.od0 Q.08 0. 0.177 0. 220
MIN  LEAF g.002 2583 a.000 @.140 0. 622
MIN  LERF g.0e8  3.798  1.885 9.938 8. 208
MIN  LEAF 2.698 3.488 @916 4,112 . d0a
MIN - ROOT @81t @611 2.198  o.0M 8.733
mIN LI 2000 B.162 2.0 1724 8. 121
mIN  CIT 7.0680  6.230 2.113 0o.080 0.008 @.000 B, 800
WIN  CIT 0283 0.447  B.00@ 1,741 0. 400

8.663

0. ¢80
1.950
. 442

8. a2
3.235
2. 916

2. 198

8. 583

8. 483

. 245

CIONTINCO
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RADIOACTIVITY IN FODDS GROWN DN FLORIDA PHOBPHATE LANDS

DESCRIPTION CATERORY  i-—-—- SOIL pH----1-80IL RA (pCi/g)—|-—--mm—m— RADIDACTIVITY CONCENTRATION {(pCi/Kg or liter)---—-——-----m—r
PARCEL FOOD  SURFACE ROOT  SURFACE ROOT  U-P38  U-23% TH-23@ RA-2%6 PB-219  PD-210  TH-232  TH-22B
WATER MIN  WAT 2823 0084 4,293
WATER MIN  WAT 0.051  2.869  &.843  6.459 g.000  0.000
MiN - LI £.358 4,718 0.289 @085 Q.M  L.AM43 2,089 .71
RANGE MIN  CIT 0.358 178 .0@@  2.034 0.008  ©.417
MIN - LIT 2.0 0.173 B¢  0.748 .88 .23
MIN  LIT 6. 340 4.9 8162 Q800 @179 o.0% B.008  0.447
TANGELD MIN  CIT 8.089 @0 o.M2 2098 goe@ 1231
miN  CIT 2.626  0.447  B.085  @Q,637 0.08%  8.894
BRAPEFRUTY HIN  CIT 5.798  b.17@ 268 @173 oM@ L7 2,883 @715
MWIN  CIT f. 322  D.57@ 0.089 @.358  0.989 1,948 8.5 1,341
GRAPEFRUIT min - EI7 2,179 0000 Q.33 1106 .00 1.788
MiN - LIT 9.268 0,089 0.0 .78 g.080 @.ee0
hWin  LIT b. 442  b6.080 a.000 @280 G2 @812 : g.0e0 2.0
RANGE min - CIT 6,099 @8.197 G000  3.026 B.283  8.338

MIN  LIT %268 B.358 W% Q.74 d.800 @447

LEMON MIN - LIT 0.028  0.089 B.268  0.413 8.085 L0753

CINNT.INGD
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RADIDACTIVITY IN FOODS GROWN ON FLORIDA PHOSPHATE LANDS

DESCRIPTION CATEGORY  j---—8DIL pH-———1-50IL AR (pCi/g)--]—-———"—v] RADIDACTIVITY CONCENTRATION (pLi/Kg or liter)-——=——-—-——um—-
PARCEL FODD  SURFACE RODT  SURFACE RODT  U-238  U-234 TH-238 RA-226 PB-Z1Q FO-Z10  TH-232  TH-22B
WATER KIN  WAT 8179  Q.185 @163  7.85¢ g.000 0.204
LEMDN nIN - CIT L3 1.39% b.%ge Q.080 8179 .47 2.289 @626
WATER BIN  WAT 2,012 @.0%@  2.857 18.7%9 2.829 0.0
TANGERINE MiIN - LIT ' 0.8 0.9 e 2.29 o.114 @572
(ORANGE N CIT 0.808 @.358 8.176 1.8% 0.289 2.8
BRAPEFRUIT MmN LT 0.000 .389 0.889 2.446 8.289  0.5084
LEHON Min  CIT | .20 8.7 8.089 Q.200 o000 2736 8.089  0.626
CTRL  LEAF 5. 370 8.831 0.7 1135 e®e 3.3 .2d0 3140
SFINACH CTRL . LEAF 5. 458 2.825 @.286 0.572 0.808  3.459 g.088 2,200
CTRL  LEAF 3. 398 8.653 0379 1136 M0 5.23 o.222  D.eda

 QENNTINCD
1-9 TIEVL



RADIDACTIVITY IN FOODS GROWN DN FLORIDA PHOSPHATE LANDS

DESCRIPTION CATEBORY  f--——- SDIL pH----1-50iL RA {pCi/g)—]-———m—m=m- RADIOACTIVITY CONCENTRATION {pCi/Kg or liter)———--——-—-=r—
PARCEL FOOD  SURFACE ROBT  SURFACE RODT  U-238 U-234 TH-238 RA-226 PB-218 P0-218 TH-232 TH-226
CTRL  LEAF a.000 L B3] A0 0.2 d.ed¢  3.B57
MUSTRRD GREERS CTRL  LERF ' .00 1.149 Q.08  B.346 6.000  ©.000
CTRL  LEAF b.154 1826 .0 0.5 .20  2.540
REC  ROOT 16,534 25,983 Q.00 285,889 11,488 27.73%4  e.0kd  Q.002
CRRROTS REC  ROOT 13124 9.56%  Q.00@ 391,044 4,847 16,577 L6739 O.000
REC  ROOT B.G42 5,89  5.037 74.6% Q.00 9.611 0,080 1007
MIN  NTF .00 3,383 1.39% 7.543 e.ae 5577
STRAWBERRIES MIN  NIF 1,952 1,952 @.83% 3065 B.o0d2  0.000
HIN  NTF a0 0.152 oM@ 0.249 g.000 4,091
MIN  NTF 7.630 .58z @882 1,763 Q.00  G.783 d.000 0.0
STRAWBERRIES MIN  NTF 7.70@ 8.433 o2 2.8 d.@e@  3.899 d.e0e  d.o00
MIN  NTF 7.3 0452  1.1B@  0.000  D.088  3.066 g.028  1.666
MIN  RODT 2.080  1.950 B.%80 Q.0 d.008  1.3%
ONIONS MIN  ROOT v 8.962 8.962 @.788 2.762 2.000  4.25¢
MIN - RODT g.002 @a.&@ 291  3.58! 0,008 2.854
HIN  LEAF 4,959 8.57% 1425 D@00 0.0088 42.348 b.e2e  2.000
COLLARD BREEWS HIN  LERF . 2.800 Q.00 Q.00 11,203 fd.ed2 .00
CARROT MIN  ROOT NA NR
HIN  LEAF b. B30 2070 13,346 12,451 8.0 53.761 65,997 39.39  o.000  0.000
SFINACH HIN  LEAF 7,450 2,130 18.9%6 19,631  Q.000 103.434 22.227 6B.171  O.000 0.0
BIN  LEAF 7,438 2,150 29.731 21.237 4,413 32.481 27.285 53.03% Q.208  0.000

TEANTINGD
1€ UI9VL



RADIDACTIVITY IN FODDS GROMN ON FLORIDA PHOSPHATE LANDS

DESCRIPTION CATEGORY  f---—- S0IL pH----1-50IL RA (pL1/g) ==} =—--~~-——~-RADIDACTIVITY CONCENTRATION {pCi/Kg or liter)—=--—-—eemeemee o
PRACEL FODD  SURFACE ROOT  SURFACE ROOT  U-238  U-34 TH-23® RA-226 PE-219 PO-e18  TH-232  TH-2eB
REC  LEAF 8.139  3.400 2,356 11765 65.250  o.000 8.564  2.256

COLLARD BREENS REC  LEAF 0.008  2.080 1711 20110 2,000 3485 0.000  @.000
RC  LEAF e.000  4.73%  0.080 19.985 11.827  £.997 2000 .00

TEINNLINCD
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Appendi x C
DI ET EVALUATION

C1 DI ET MODELS IN THE LI TERATURE
C1.1 Ref erence Man

The 1 CRP docunent on Reference Man (31) is a recognized standard in health
physics applications of dosimetry, and contains a limted table on daily
dietary intake. Table G| summarizes the data and includes a recal cul ation of
the intakes based upon nore recent diet information. The itens sanpled in this
study would fit into about five of the 11 food groups. This diet was not given
any further consideration, other than to note the general totals (grans/day)

for each group and the grand total of 1,525 grans/day.

C1.2 Rupp Diet

A diet with considerably nore detail within the food groups was devel oped by
Rupp (60). Daily intake values are given for four age groups; however, only
the diet for those 18 years of age and older is shown on Table C2. For the
purpose of simplicity, the Rupp values for mlk and mlk products given in

units of milliliters per day (m/day) (and m/day Ca equivalent) have been

converted to grams per day (g/day) wthout nodification of the value.

C1.3 Regul atory Quide Diets

Two Nucl ear Regul atory Conmi ssion documents contain diets which were considered
for this study. Regul atory Quide 1.109 (80) is concerned with diet-related
dose inpacts from nucl ear reactor effluents. Table CG3 is taken fromthis
document , but does not present a total diet. Regul atory Guide 3.51, a nore
recent publication concerned with releases from uranium mlling operations

o
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Table C|

PHYSI OLOG CAL DATA FOR REFERENCE MAN
UNI TED STATES DI ETARY | NTAKE

Consumption (grams/day)

Food Groups 1955 1965
Milk (as liquid) 508 457
Cheese 19 17
Meat - products 206 227
Fish - seafood 22 22
Eggs 47 47
Fats 49 49
Sugar + preserves 69 66
Potatoes ) 103 88
Other vegetables 202 202
Fruit 184 184
Cereals 207 166

TOTAL 1616 1525

G2



Table G2

"BEST ESTI MATES' AVERAGE DAILY INTAKE OF VAR QUS FOODS BY ACE

Age 18 and Older

(grams/day)

Milk, as liquid 261
Milk and milk products 306

(Ca equivalent)
Eggs 41
Meats

Beef 85

Pork 76

Other and mixtures 70
Poultry 26
Fish 16
Potatoes 69
Vegetables

Leafy, mixtures 50

Deep vellow, mixtures 8

Legumes, mixtures 25

Other, mixtures _ 99
Fruit

Citrus, tomatoes 99

Other, mixtures 87

Dried 1
Grain (flour equivalent) 97
Nuts, nut butter 5
Fats, oils 32
Sugar, sweets .40

Total 1494

G3



Table C3

RECOMMENDED VALUES FOR U,, TO BE USED
FOR THE AVERAGE | NDI VI DUAL
IN LIEU OF SITE-SPEC FIC DATA

Pathway Adult (g/day)

Fruits, vegetables, & grain 520
Milk 301
Meat & poultry | 260
Fish 19
Seafood 3
Drinking water 1013

TOTAL 2116

G4



(81), contains a nore conplete diet. Table G4 is the adult colum of the food
consunption rate table from Regulatory Quide 3.51. Data are converted from
kg/day to g/day in each case. The fresh vegetable versus processed vegetable
fractionation may prove to have some value during nore sophisticated diet

cal cul ations.

C 1.4 Food and Drug Admnistration (FDA) Diet

The FDA diet shown on Table C5 is taken froma recent publication in Health
Physi cs (69). The paper deals primarily with strontium90 and cesium 137
concentrations in foods. Twelve food groups were conposites of ten adult diet
studies collected during the year prior to the reported data. The total

consunption value indicates a rather conplete diet.

C.1.5 Revised Food and Drug Administration (FDA) Diet

The diets discussed above are not sufficiently detailed to allow precise input
of the individual food items sanpled in the study. On the other hand, a very
detailed diet has been prepared by the Food and Drug Admi nistration (54) that
has nore than 200 entries for each of five age groups. Three of the groups are
divided into male and female values. A very small sanpling of this detailed

diet is presented on Table C6.

The detail of this diet presents the problem of conbining entries into snaller
groups.  For exanple, does chili con carne go with beans or neat; or does the
value divide equally into |egunmes and beef? This diet was used extensively in
conjunction with the Rupp and FDA diets in preparing the final diet for this
study. The revised FDA diet is given to three decinmal place accuracy, however,
for this study, additions were made to obtain group values which were then
rounded.

G5
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Table C-4

FOOD CONSUMPTION RATES USED FOR CALCULATING
DOSES TO POPULATIONS

Food Category Adults (p/day)
Fresh Milk 355
Milk Products 128

Subtotal: 483
Meat
Beef and Lamb 175
Unprocessed Pork 39
Poultry and Processed Pork 136
Subtotal: 350
Vegetables
Potatoes
Fresh 165
Processed 14
Subtotal: 179
Leafy
Fresh 38
Processed 2
Subtotal: 40
Root
Fresh 14
Processed 4
Subtotal: 18
Other
Fresh 71
Processed 90
Subtotal: 161
Berries and Tree Fruit 135
Grain, Rice and Wheat 249
TOTAL CONSUMPTION: 1615

C-6



Table C-5

FOOD AND DRUG ADMINISTRATION (FDA) DIET

Composite

Dairy Foods

Meat, Fish, Poultry
Cereal Foods
Potatoes

Leafy Vegetables
Legumes

Root Vegetables
Garden Fruits
Fruits

0Oils, Fats

Sugar and Adjuncts

Beverages

TOTAL:

Consumption Average
(g/day)

756
290
369
204
59
74
34
88
‘217
52
82
eon

2922



Table C-6

TOTAL DIET STUDY FOOD LIST WITH GRAM
QUANTITIES FOR SPECIFIED AGE-SEX GROUPS
(grams per day)

Food 6-11 2 14 - 16 yr. 25 - 30 yr. 60 - 65 yr.

mo . yr. F M F M F M

001 whole milk, fluid 254.846 249.285 227.379 371.862 104.484 187.877 88.013 127.02

002 low-fat milk, 106.631 68.725 61.233 100.502 52.991 73.843 34.700 50.14
2% fat, fluid

003 chocolate milk, 1.725 10.673 36.801 61.054 10.384 14.336 3.736 5.07
fluid, low-fat milk

004 skim milk, fluid 33.939 19.483 17.564 19.649 15.010 13.283 20.670 19.97

005 buttermilk, fluid 0.209 0.488 0.000 0.656 1.136 1.613 5.698 8.69

006 yogurt,plain, 0.646 1.095 1.064 0.430 2.508 1.792 1.340 0.54
low-fat -

007 milkshake, chocolate, 0.451 1.286 5.625 9.097 3.125 4.349 0.328 1.08
fast-food type

008 evaporated milk, 6.196 1.874 0.710 0.433 0.428 0.968 1.342 3.01
canned

009 yogurt, sweetened, 1.325 1.749 1.043 0.649 3.096 2.932 2.203 0.24
strawberry, pre-
stirred

010 cheese, American, 1.382 5.4863 4.789 7.787 6.448 8.910 3.709 5.05
processed

011 cottage cheese, 2.098 1.470 2.209 1.707 4.698 2.749 7.064 6.43
creamed, 4% milkfat

012 cheese, Cheddar, 0.194 1.815 3.326 3.185 5.482 10.746 3.930 4.83

(sharp/mild)

013 beef,ground,regular 2.282 10.973 19.693 32.515 16.609 18.098 12.211 17.48
hamburger,cooked in
patty shape

014 beef chuck roast, 0.613 4.754 9.226 15.290 11.004 18.845 10.835 19.97
oven roasted
015 beef, round steak, 0.953 0.549 1.210 1.701 1.487 2.688 1.085 1.99

stewed in water

016 beef(loin/sirloin) 0.018 4.073 9.937 16.648 15.427 49.476 11.970 21.76
steak,pan cooked
with added fat

201
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Appendi x D

DOSE  CONVERSI ON FACTORS

D1 BACKGROUND

Dose conversion factors (DCFs) are used as a calculational tool to estimate
radiation dose that is expected to result from radiation exposure or radionu-
clide intake. DCFs have been devel oped for various means of exposure, inclu-

ding ingestion, inhalation and subnersion

DCFs for radionuclide intake incorporate the follow ng: (1) biological
factors, (2) radionuclide decay characteristics, (3) absorption of the energy
emtted in radioactivity decay, and (4) conversions to the appropriate units.
The biol ogical factors involved in dose follow ng ingestion include absorption
fromthe gastrointestinal tract, distribution in the body, relocation in the

body, and excretion.

Dose from radi onuclides taken into the body can be expressed a nunber of

different ways. These include:

L The initial annual dose rate corresponding to a single intake of a
radi onucl i de,

2. The annual dose rate fromthe body burden that is eventually estab-
lished after continuous prolonged intake of a radionuclide, or

3. The long-term cunul ative dose that will result froma single intake of

a radionuclide. This is known as the dose conmitnent.

It is comon practice to assess intake of radionuclides, such as through

D



consunption of food, in terns of the dose or (dose equivalent) commtnent
resulting froma one-year intake. The ICRP has adopted a 50-year integration

time for this purpose and has defined this quantity as the conmtted dose

equi val ent .

The potentially useful DCFs for radionuclide intake fall into two general
categories: (1) those based on the factors and nethodol ogies in |ICRP reports 2
and 10A (30, 32%: and (2) those based on ICRP report 30 (29). Two specific
sets of DCFs for uranium and thorium series radionuclides were found: those in

NRC Regul atory Cuide 3.51 (81) and those in | CRP-30.

D.2 NRC REGULATORY GUIDE 3. 51 DCFs

NRC Regul atory Cuide 3.51 contains DCFs based on | CRP-B/ 10A met hodol ogy.  DCFs
based on this nethodol ogy have been widely used in various forns for a nunber
of years. These factors calculate the dose to various individual organs
(including the total body) from radionuclides deposited in those organs.

Regul atory Cuide 3.51, issued in 1982, contains calculational nodels used by
the NRC staff to estimate radiation doses resulting fromradioactive naterials

rel eased from uranium mlling operations

D. 3 DCFs BASED ON | CRP-30
The dosinetry factors and nethod used in preparing |ICRP-30 represent an update

fromthose of |CRP-2/10A The | CRP-30 net hodol ogy recognizes that a given

“Bi bl i ography reference nunber(s)

D-2
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radi onuclide may be distributed anong a nunber of source organs in the body,
and the dose to each inportant target organ is conputed as the sum of contribu-
tions fromall significantly contributing source organs. [|CRP-30 also utilizes
updat ed netabolic data for radionuclide behavior in the body, updated radioact-
ive decay for the radionuclides, and an inproved nethod for estinmating the

fraction of energy originating in the source organ that is deposited in the

target organ.

| CRP-30 al so incorporates another innovation, the “conmitted effective dose

equivalent” (Hesg). An individual tissue is assigned a weighting factor (W)
that represents the risk per unit dose equivalent resulting fromirradiation of
that tissue relative to the risk fromuniformy irradiating the whole body.
Wi ghted dose equivalents (WH;) can then be calculated for the various

tissues, and the weighted tissue doses can be sunmed to conmpute a whol e- body
“effective dose.” \Wen committed dose equivalents (H;s) are conputed for the
tissues, the weighting and summing yields the conmtted effective dose equival-

ent:
Hg,50 = :z: WrlT, 50

Table D-1 contains DCFs based on | CRP-30 and expressed in nrempG . For each
radionuclide, the commtted dose equivalents per unit intake are given for
those tissues making a significant contribution to the conmtted effective dose
equi val ent . |CRP-30 onits the non-significant contributors. Thus, an inspect-
ion of the table provides a quick indication of the significantly irradiated
tissues for each radionuclide. In addition, the table provides the factors for
estimting doses to these individual tissues, if this is desired. The respect-

ive DCFs for conputing conmtted effective dose equivalent fromingestion

D-3
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TABLE D-1
INGESTION DOSE CONVERSION FACTORS (mrem/pCi)

Target Weighting  COMMITTED DOSE EQUIVALENT PER UNIT INTAKE (Hy,s50)
Tissue Factor

(T) (Wr) U-238 U-234 TH-230 Ra-226 Pb-210 Po-210 Th-232 Th-228
Red Marrow 0.12 2.5E-04  2.7E-04  1.1E-03  2.2E-03  5.6E-03 — 5.5E-03 7.0E-04
Bone Surfaces  0.03 3.7E-03  4.1E-03  1.3E-02  2.5E-02  8.1E-02 - 7.0E-02 8.9E-03
Kidney 0.06 1.5E-03 1.7E-03 —- - 1.0E-02  9.2E-03 _—- ——
Liver 0.06 - — -— ——— 2.3E-02  1.6E-03 - -—
Spleen 0.06 - - -—= -—= -—= 1.6E-02 --- -—=
Gonads 0.25 - - - 3.4E-04 - - -—= -—-
LLI Wall 0.06 -_— — - - -— —— - 4.8E-04
Other#* 0.36 -——= - -—- -—= - —== ——= -
Committed Effective 2.3E-04  2.6E-04  5.4E-04 1.1E-03  5.0E-03  1.6E-03  2.7E-03  3.8E-04

Dose Equivalent Z:WT Hr 50

*Other includes breast (0.15), lung (0.12), thyroid (0.03), remainder not included above (0.06).



intake are presented at the bottom of each radionuclide col um.

The factors in ICRP-30 are for adults only. Wile age-specific factors (based
on the latest radionuclide and netabolic data) and the | CRP-30 nethodol ogy are

bei ng developed for at |east some radionuclides, the authors of this report are
not aware of any published set of age-specific factors using these data and

met hodol ogy for the array of nuclides examned in this study.

D4 DCFs USED FOR THI S STUDY
The committed effective dose equival ent DCFs based on | CRP-30 were selected for

the dose assessnent in this study. This decision was based on two factors:

L. | CRP-30 represents the nost recently published conpilation of dosinetry
data for the entire set of radionuclides of interest. These dosimetry
data are based on radioactive decay data, radionuclide netabolism
information, and energy-absorbed fraction calculational nethodol ogies

that are updated relative to earlier works

2. Conmitted effective dose equivalent is a quantity that allows direct
conparison and summing of the effects of various radionuclides that (1)
may have different distributions in the body; (2) follow different bio-
| ogical turnover rates; and (3) are characterized by different sets of

significantly irradiated tissues.

D-5
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DOSE CALCULATI ON TABLES

The following pages contain the dose cal culati on worksheets used for conputing

commtted effective does equivalent as described in Section 9. 3.



DATE: 7/24/8% DIET:  FDA/SAMPLED DCF: 2.3E-04 {erem/pCi}
RADIONUC: -238 CASE:  Max Indiv T FCTR: 1,00
KEYS: (M}-MINED, {U)-UNMINED FILENAME: U238MAX
*MINED* - CROPS ON CLAYS, MINED AND RECLAINED LANDS
"UNMINED® - CROPS ON EITHER MINERALIZED OR CONTROL LANDS
(PH)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{L)-LITERATURE (see Footnotes)
Saapled Iteas Only
DIET  SAM- [INTRKE N K CON K INTAKE INTAKE  DELTA 1 OF
ITEM PLED? OF ITEM UNMINED E  MINED E  UNHINED MINED  INTAKE  TOTAL
Y/N  {g/day) (pCi/Kg) Y (pCi/Kg) ¥ (pCi/yr) (pCi/yr) (pCilyr) DIFF

DAIRY

Hilk N 280.99 .00 {La) .00 (La) 3.08E-0f 3.0BE-01
Cheese N 22.41 0.67 (La)  0.67 (La) 3.48E+00 3,4BE+00
HEAT

Beet Y 129.27 0.08 (W 0.41 (M) 3.87E+00 1.95E+01 1{.56E+(1 8. 66%
Pork N 39.54 0.13 (La)  0.13 {La) 1.88E+00 1.8BE+(0
Other N 69.00 0.13 {tat  0.13 (La) 3.27E+00 3.27E+00
FISH N 20.04 0.67 {La}  0.47 (La) 4.90E+00 4.90E+00
EGBS N 30.95 0.67 tLa}  0.47 (La) 7.57E+00 7,57E+00
CEREAL D

Larn Gr 5.18 9.17 {La}  0.17 {La) 3.21E-01 3.21E-01

N
Grains N 27.49 0.17 tkal  0.17 (La) 1.71E400 1. 71E+0D
Cris/Brd N 174,70 0.17 {La) 0.17 (La) 1.0BE+01 {.0BE+01

LEAFY/COLE VEG

Spinach ¥ 3.28 2.69 {h 2,20 (PM) 3.22E+00 2.43E400 -3.84E-01  -0.32)
Collards Y 0.43 0.40 () 0.16 (M} 5.48E-02 2.68E-02 -3.81E-02  -0.02
Mustard Y 0.43 0.90 (U) 2,20 (PM) 1.4BE-01 3.61E-01 2.13E-01 0.12¢
Turnip 6 Y 0.43 0,32 (1 29,73 (M) S5.226-02 4.88E+00 4.83E+00 2,681
Cabbage Y 7.04 0.02 {U) 0.17 (R} 5.91E-02 4.32E-01 3.73E-0t 0.21%
Caulifwr Y 0.71 0.02 (W 0.17 (PM) 5.98E-03 4.37€-02 3.77E-02 0.02%
Brocc ¥ 2.80 9.39 (U} 0,17 (PM) 4,01E-01 1.71E-01 -2,30E-01  -0.13)
Qther N 0.76 0.27 (Lal  0.27 (La) 7.44E-02 7.46E-02

Lettuce N 23.38 0.27 (La)  0.27 {La} 2.30E+00 2.30E+00

Celery N 0.62 0.27 (La)  0.27 {ta} b6.126-02 6.126-02
LEBUMES/CORN

Green Bn Y 8.74 0.17 W 1,95 (M) 5,30E-01 6.22E+00 5.469E+0D 3.151
Blckeyes ¥ 3.38 0.41 4 0,13 (B} 5,05E-00 1.57E-01 -3.48E-01  -0.19%
Lima Bn ¥ 2,25 0.26 (PU)  0.80 (M) 2.15E-01 4.57E-01 4,41E-01 0.24%
Corn Y 14,41 0.06 () 2,63 (M) 3.00E-01 1.39E+01 1.36E+01 7.561
Brn Peas N 7.29 0.27 tal  0.27 (La) 7.19E-0f 7.19E-04

Other Bn N 5.7 0.27 fLa} 0,27 (La) 2,53E+00 2,53E+00

Nuts N 4.94 0.27 {Lay  0.27 {La} 4,87E-01 4.67E-04

Other N 11.28 0.27 {La} . 0.27 {La} L.11E#GO L 11E400
POTATOES Y 85.22 0.55 (PU) 4,87 (M) 1, 71E+01 1.32E+02 1.34E402 74,531
ROOT VeB

Carrat ¥ 2.92 1.38 W 12.43 (M) 1.47E+00 1.32E+01 1.1BE+01 6.52%
Radish Y. .32 0.45 ) 0.35 (M} 5.21E-02 4,03E-02 -1.18E-02  -0.0L
Orion b 4.19 0.82 ) 0.20 (M} 1,26E+00 3.11E-01 -9.4BE-01  -0,53I
Turnip Y 0.42 0.18 (b 0.17 (M} 2,77E-02 2.57E-02 -2.03E-03 0%
Other N 1.10 0.33 tLa) 0,35 (la} 1.326-01 1,32E-01
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DATE:
RADIONUC:

7724785

y-238

DIET:
CASE:

KEYS: (M)-MINED, {U)-UNMINED
"MINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

"UNMINED®

FDA/SAMPLED DCF:

Max Indiv

WT FCTR: 1,00
FILENANE: U23BMAX

~ CROPS ON EITHER MINERALIZED OR CONTROL LANDS

(PH}-PREDICTED FROM KINED, (PU)-PREDICTED FROM UNMINED
{L)-LITERATURE (see Fuotnotes)

DIET
ITEN

GRON FRY
Hateraln
Citron
Tomato
Strawbry
Cucumbr
Y. Sagsh
Tuchin
Okra
Br Fppr
Egg Plnt
Others

TREE FIRS
Citrus
frange
Grpfrt
Leman
Other

54UPS
CONDIMENT
DESSERTS
BEVERAGE
WATER

TOTALS:

2.3E-04 (area/pCi)

Sampled Iteas Only

SAM-  INTAKE gN X CCN K INTAKE INTAKE  [ELTA L OF
PLED? OF ITEM UNMINED E  MINED E  UNMINED MINED  INTAKE  TOTAL
Y/N (giday} (pCi/Kql Y (pCi/Kg) ¥ (pCifyr) (pCi/yr} (pCifyr) DIFF
Y 3.44 0.17 (W 0.14 (M} 2,18E-01 L.76E-08 -3.77E-02  -0.021
Y 00 9.02 () 0.31 (M} 7.30E-06 {,86E-04 1.79E-04 001
Y 25.18 0.28 (W) 0.19 (M} 2.57E+00 1.75E+00 -8.276-01  -0.46%
¥ 1.23 0.33 0.15 (PM} 1.48E-01 6.72E-02 -8.10£-02  -0.04Y
¥ 2.82 2,33 0.01 (M) 2.23e+00 9.57E-03 ~2.22E+00  -1.23X
Y 0.43 0.07 () 0.42 (M) 1.60E-02 9.50E-02 8.00E-02 0.04%
Y 0.63 0.16 {h 0.B0 (M) 3.646E-02 1.B3E-01 1.44E-01 0.08%
¥ 0.0 0.18 (P11 0,02 (M) 4,08E-03 2.04E-04 -3.33E-03 .00
¥ 1.29 9,13 0.24 (M) 6.10E-02 L.13E-01 35.14E-02 0.03%
¥ 0.70 1.08 () 0.15 {PM) 2.76E-01 3.83E-02 -2,38E-01  -0.13X
N 6,53 0.27 tLal  0.27 (La) b.4AE-D1 &.46E-01
¥ 5.2 0.04 {1} 0.04 (M) 1,24E400 1.24E400 0.00E+00 0.00%
y 7.78 0.06 (), 0.08 (M) 1.70E-01 2,276-01 5.68E-G2 0.03%
Y 10.74 0.42 ) 0.06 (PM) 1.64E+00 2,21E-01 -1.42E+00  -0.79%
N 50,38 £.00 (La) 1,00 tLa) 2,20E+01 2.20E+01
N 36,82 0.23 {E) 0.25 {E} 3.42E400 3.42E+00
N 4,12 10,00 {Lal  10.00 (La) 1.98E+02 1.98E+02
N 78.30 0.27 {La) 0,27 (La) 7.72E+00 7.72E+60
N 172,44 100 (La) 1,00 {Lal 4.28E+02 4,28E+02
N S2.00 - 0.24 (Lb) 0,24 (Lb) 4,49E+01 4.49E+01
3071.80  Samspled Iteas Only ->  3.79E+01 2,18£402 1.80E+02  100.00%
Total Nodeled Diet ->  7.846E+02 9.6bE+02
arem/year Sampled Iteas Only ->  8.72E-03 3.02£-02 4,15E-02

BHOSES:

Total Modeled Diet -7

FOOTNDTES: La Diet Uranium (Ha72)
Lb Florida Aquitfer Water (CoBD)
E Geometric Mean of Vegetables and Water

Fage 2

1.81E-01 2.22E-01

FDA/U-238/EB  REV &

24-Jui-85



DATE:
RADIONUC:

7124/83
4-234

KEYS: (M3-MINED, (U)-UNMINED
"HINED® - CROPS ON CLAYS, MINED AND RECLAINMED LANDS
*UNNINED® - CROPS ON EITHER MINERALIZED OR CONTROL LANDS
(PN} -PREDICTED FROM MINED, {PU)-PREDICTED FROM UNMINED
{L)-LITERATURE (see Footnotes)

DIET:
CASE:

DIET  SAM- INTAKE CCN K
ITEN PLED? OF ITEM UNMINED E
Y/N  {qg/day} (pli/Kq) ¥
DAIRY
Milk N 280.99 .00 (La)
Cheese N 22,41 0.47 {La)
MEAT
Bea{ Y ooo129.27 0.75 ()
Park N 39.54 0.13 {La)
QOther N 59,60 0.13 {La}
FISH N 20,04 0.47 tLa)
E6BS N 30.95 0.47 (La}
CEREAL FD
Corn Gr N 5.18 7 iLa)
Grains N 27.49 7 {La}
Cris/Brd N 174,70 7 iLa)
LEAFY/COLE VEG
Spinach Y 3.28 3.97 (W)
follards Y .45 0.40 ()
Mustard Y 0.45 1.84 )
Turnip § Y .45 0.93
Latibage Y 7.04 0.43 )
Caulifuwr Y 0.71 0.42 ()
Brocc ¥ 2,80 1.25 (U
Other N §.76 0.27 (La)
Lettuce N 23.38 0.27 (La)
Celery N 9,62 0.27 (Lal
LEGUMES/CORN
fireen Bn ¥ 8.74 1.67 (U
Bickeyes Y 3.36 £.23 ()
Limg Bn ¥ 2,25 1,43 (pti
Corn Y i4.41 §.15 (W
Grn Peas N 7.29 0.27 {tai
Qther Bn N 25.71 0.27 (Lal
Nuts N 4,94 (.27 {Lal
(ther N 11.28 0.27 {La}
POTATOES Y 85,22 0.467 (P}
ROOT VEG
Carrat ¥ 2.%2 1.02 i
Radish Y .32 §.38 ()
{nion Y 4,19 0.68 (U
Turnip ¥ 0.42  0.77 W)
{Jther N [.10 .33 (La)
Fage 1

FDA/SAMPLED DLF:

Max Indiv

ceN
MINED
{pCi/Kg)

00
G.67

0.27
0.13
0.13
0.47
0.47

K
E
Y

{La}
{La}

{4}

{La}
{La}
{La}
{La}

7 (La}
7 {La}
7 (La}

P R R )
Pt e S
3 3 B B3 G e S CA
— o~ £ o= Sy

FDA/U-234/EB

{PM)
(1

(PH}
(M

(M)

(PM)
{PH}
{La)
{La}
{La}

{H}
{H}
(K}
(M}
{La}
{La)
{La)
{Lal

{1

i
M
(¥}
(M}
{Lal

2.6E-04
NT FCTR: .00
FILENAME: U234MAX

INTAKE  INTAKE
UNMINED  MINED
(plifyr) (pCilyr)

3. 08E-01 3.08E-01
3.48E+00 3.48E+00

3.53E+01 1.29E+01
1.88E+00 1.88E+00
3. 27E+00 3.27E400
4,90E+00 4.90E+00
T.57E+00 7.57E+00

3.21E-01 3.21E-01
L7EER00 1. 71E+00
1, 08E+01 1.08E+01

4,75E+00 4, 19E+00
5.03E-02 1, 456E-01
3.02E~01 8.49E-01
1,33E-01 4.94E+00
[,09E+00 1.41E+00
1.60E~01 1.43E-0!
1,2BE+00 5.41E-01
7.46E-02 7.46E-02
2.30E+G0 2.30E+00
8. 126-02 6.42E-02

3.32E400 5.02E+00
{.30E+00 1.28E+00
1. 18E40C 7. 16E-01
7.896-01 1.23E+01
719601 7.19E-01
2.53E+400 2.53E+00
4,87E-01 4.87e-01
L 1LE+00 1L 11E+Q0
2.,08E+01 1, 19E+G2
1. 08E+00 1L 21E+G1
4,36E-02 1.21E-0t
1, 04E+00 1.B4E+00
{.19€-01 1.93E-01
1, 32E-01 1,32E-01

REV &

{area/pCi)

Saapled Ilteas Only

DELTA 10F

INTRKE  TOTAL

{plifyr)  DIFF
-2. 26401 -25.731
L ME+0 1.64%
7.94£-02 0.091
5. 46E-01 0.62%
4, 79E+00 5.44]
3. 21E-08 0.271
-1.726-02 ~0.021
-7.14E-01 ~0.81%
-3.09E-01 -0,35%
-2, 20E-01 -0,251
~2.462E-01 -0.30%
1. 13E+01 13.12%
9.78E+01  111.10%
1. 10E+01 12.50%
7.78E-02 0.09%1
8.27E-01 0.947
7.64E-G2 0.091

24-Jul -85



DATE:
RABIONUC:

7124783
U-234

DIET:
CASE:

FDA/SAMPLED
#ax Indiv

KEYS: (M)-BINED, (U}-UNMINED
"NINED" - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

"UNMINED®

DCF: 2.6E-04 (area/pli)
WT FCTR: 1.99
FILENAME: U234MA%

~ CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PH}-PREDICTED FROM WINCD,(PU)-PREDICTED FROM UNMINED
{LY-LITERATURE (see Footnotes)

BIET  SAM- INTAKE [R5 B CN K
ITEM PLED? OF ITEM UNMINED E  HWINED E
Y/N  {gfday) {plif¥g} ¥ (pCi/Kg) ¥
BRON FRT
Hateraln Y 3.44 1.04 (B 0.83 (W)
Litron ¥ 00 1.52 () 0.47 (M)
Togate ¥ 25.18 1.2 0.25 M)
Strawbry 1.23 1.67 () 0.27 (PH)
Cucumbr Y 2.62 3.06 0.03 (W)
Y. 5gsh ¥ 0.43 0.38 ) 0.83 M)
Iuchin ¥ 0.3 - 2,18 () 0.77 (M)
fkra 0.06 1.21 (P 0,03 (H)
Gr Popr Y 1.2% .33 (W) 0.19 )
Egg Plnt Y 0.70 1,27 () 0.27 (PH)
Others N 5.93 0.27 {La) 0.27 (La)
TREE FTRS
Litrus
Orange ¥ 85,26 0,909 (U} 0.01 (W)
frofrt ¥ 7.74 0.08 0.01 (M}
Lemon ¥ 10.71 0.02 0.01 (PH)
Other N 80,34 1,00 (La) 1.00 (La}
50UPS N 36.82 0.25 {E) 0.25 (E)
CONDIMENT N 34,12 10.00 {La}  10.00 {La}
DESSERTS N . 78.30 .27 {La) 0.27 {La}
BEVERAGE N 1172.44 1,00 iLa) 1,00 (La}
WATER N 512.00 .24 (Lb) 0.24 (Lb)
TOTALS: 3071.80¢  Sampled Items Oaly -}
Total Modeled Diet -}
DOSESy  mrem/year Saapled Items Only -»
Total Modeled Diet -
FOOTNOTES: La Diet Uraniva (Hal72)

Lb Florida Aquifer Water (Co80)
£ Geometric Mean af Vegetables and Mater

Page

FDA/U-234/ER

Sampled Items Dnly

INTAKE
UNMINED
{pLifyr)

INTAKE
HINED
{(pCifyr)

DELTA
INTAKE
{pCi/yr)

1.J1E+00
9. 55E-04
1. 15E+01
7.52E-01
2.93E+00
1.33E-01
4,99E-01
2.68E-02
1.35E-01
3. 24E~01
6. 46E~01

1.04E+00
172804
2.30E+00
1. 21E-01
4.79E-02
1. 90E-01
1.76E-01
1.01E-03
8.91E-02
4.90E-02
6. 46E-01

-2.64E-01
-3.83E-04
-9, 19E+00
-6, 31E-01
-2.88E+00
3.72E-02
-3.22E-01
~2.54E-02
-6.97E-02
-2.33E-01

2. 80E+00
2,27E-01 2.84E-02
7.82E-02 3.91E-02
2. 20E+01 2.20E+01

3.11E-01 -2,49E+00
-1.99E-01

-3.91E-02

3.36E+00 3.36E+00
{.98E+02 1.98E+02
1.72E+00 7.72E+00
4, 28E+02 4.28E+(2
4,49E+01 4.49E+01

9.39E+01 1.34E+02
B.44E+02 9.32E+02

8.80E+01

4.78E-02
2.428-01

2.29E-02

REV &

1OF
TOTAL
DIFF

-0, 301
001
-10.44%
-0.72
~3.27%
0.06%
=0,371
-0, 031
-0.07%
-0.291

-2.831
-0.23%
-0.04X%

100,001

24-3ui-85



DATE: 7421783 IIET: FLA/SANFLED  DCF: 5.4E-04 (wvem/pLi}
RALIONUCS TH-230 CASE:  HMax Indiv  WT FCTR: 1.00
KEYS: (H)-WINED, (U -UNSINED FILENAME : THZIONAX
“HINED® - CROFS ON CLAYS, MINED ANI RECLAIMED LANDS
MUNMINED" - CROPS OW EITHER HINERALIZED OR CONTROL LANBS
{F# -PREDICTED FRON WINED,(FU)-PREDICTED FROM UNMINED
(E-ESTIMATEL, (L)-LITERATURE
Sampled Items Only
BIET GAM- INTAKE . CON K CLN K INTAKE INTAKE  DELTA IOF
ITEM FLED? OF ITEM UNWINED E  HMINED E  UNSINED  MINED INTAKE  TOT4L

Y/4  ta/day) (pCifkg) Y (pli/Ke) Y {pCisyr) (plidyrd (pfidye}d  DIFF
DAIRY
Milk N 280,99 4.10 (€} 0.16 (E) 1.03E+01 1.03E+01
Lheese N 22.41 ¢.10 (£} 0.10 (£} 8.1BE-01 B.1BE-01
HEAT
Beet Y i3z 0.97 (U} 0.05 (H) 4.40E401 2,22E+00 -4,37E401  87.BOY
Fark N 39,54 0.50 (E) 0.50 {E) 7.22E400 7.22E+00
Mther N £2.00 0.50 (E) $.50 (£ 1.26E+01 1,26E+01
FISH N 20.04 0.50 {E) 0,50 (£} 3.46E+00 3.46E+00
EGE5 N 30,95 2,50 (B} 0.50 (E) 3.63E+0¢ 5,465E+00
CEREAL FD
Corn Gr N 5.18 0.30 (E} 0.90 {E)} 9.45E-01 7.45E-01
Grains N 27.49 .50 (£} 9,50 (£} 5.02E+00 5.02E+00
Lrls/Bed N 17470 8,530 (£} 0.50 (£} 3.17E+01 3.19E+01
LEAFY/COLE VEG :
Spinach Y 3.8 0,43 (U) 0.91 (PM) 7.75E-01 1.09E400 3.11E-01  -0.8%%
{allards ¥ 0,43 0.32 () 0.15 (M) 5.25E-02 2.40E-02 -2.84E-02 0.061
Hustard Y 0.45 .35 (U; 0,91 (FM) 5.70E-02 1.49E-01 9.19E-02  -0.181
Turnip 6 Y .43 4.21 (b 5.64 (H) 3.36E-02 9.28E~01 B.FIE-O1  -1.79%
[ahbage Y 7.04 $.04 (1) 0.04 (M) 1.0BE-0i 1.0BE-01 0.00E+00 0.00%
Caulifur Y 4.71 §,07 () 0.04 (PH) 1,90E-0Z 1.09E-0Z -8.04E-03 0.02%
Broce Y 2.80 1,45 (1) 0.04 (FH) 1.48E+00 4.2BE-02 -1.44E+00 .89
dther f .74 ¢.50 () 0.50 (£) 1.3BE-0! 1.3BE-01
Lettuce N 23,38 0,50 {E) 0,50 (B} 4,27E+00 4,27E+00
Celery N 0.462 0,50 (E) 0.50 (E) 1.13E-01 1.13E-04
LEGUMES/CORN

Green Bn Y 8.74 ¢.18 (I 1.22 (H) 5.B4E-01 3.90E+00 3.32E+00  -6.461
Blckeyes ¥ 3.34 0.14 (W) 0.50 (M) 1.45E-01 4.15E-01 4.50E-01  -0.%0
Lina Bn ¥ 2.2 0.16 (FUY 037 (f) L.EPE-01 Z.04E-01 LL7SE-01 0 -0.33

Lorn Y 14.41 1.59 () 0.04 (B} B.I4E+00 2,21E~01 -B.12E+00 14,29
Ern Feas N 7.7 .50 (E) 0,50 (E1 1.33E+00 1.33E400

Other Bn N 2571 4,50 (E) 0.50 (£} 4.49E+00 4 45E+00

Nuts N 5.%4 4.56 (£} 0.50 (E} 2.020-01 9.G2E-0L

fther N 11.78 0.50 (B3 0.50 (E) 2.08E+00 2.06E+00
FOTATOES Y g5.22 0.34 (FUY 0,62 (M) 1.Q7E+OL 1.93E401 8.472E400 -17.3UX
ROOT VER '

Carrot, ¥ .92 4.52 () 1,09 (W) 5.53E-01 1.14E+00 &.02E-01  -L.21X
Radish ¢ 0,32 0.06 (1) 0.55 (M) 4.35E-03 4.30E-02 5.44E-02  -0.1%
{Inion 1 4.19 1.5 () 0.1 () 2.35E+00 1.6BE-0L -2.18E+00 4.38%
Tupnip Y 4.42 4,31 () 0.66 (M} 4.84E-02 1.026-01 5.31£-02  -0,1i%
{ither N t.1¢ ¢.50 (B} 0.50 (£} 2.00E-01 2.00E-01

Fape 1 FUA/Th-230/ER  REV 4§ 22-Jui-85



IATE: 7721785 DIET:  FDA/SAMPLED DCF: 3.4E-04 (nren/pli)
RADIONUC: TH-230 [ASE:  Max Indiv T FCTR: .00
KEYS: (H)-MINED,(U)-UNKINED FILENABE TH2Z0MAX
"MINED® - CROPS ON LCLAYS, NINED AND RECLAIMEL LANDS
UUNMINED" - CROFS ON EITHER MINERALIZED OR CONTROL LANDS
(PH}-PREDICTER FROM HINED, (FU)-PREDICTED FROM UNMINED
(EJ-ESTINATED, (LI~LITERATURE
Sarpled Itews Only
DIET  SAM- INTAKE oON X CON K INTAKE INTAKE  DELTA L 0F
ITEM  PLED? OF ITEW UNMINER E  MINED E  UNMINED MINED  INTAKE  TOTAL
Y/N (afday) (pli/Kg) Y (plisKg) Y (plifyr) (pli/yr) (pCifyr}  DIFF

GRIN FRT
Watermin Y 3. 44 0.33 () 0,04 {N) 4,15E-01 5.03E-02 -3, 44E-01 0.73%
Citron ¥ L0 §.38 () 0.25 (M) 1.39E-04 9.13E-05 -4.75E~05 001
Tomate Y 25,18 1.25 () 0.52 (M3 1.1SE+01 4.7BE+00 -4.71E+00  13.47%
Strawhry ¥ 1.2 0.20 (U} 0,26 (PH) B,97E-02 1.16E-01 2.59E-02  -0.0%%
Cucumbr Y 2.62 0.43 (U) 1,77 (MY 4.120-01 1.69E+400 1.28E+00  -2.57%
Y. Sgsh ¥ 0,43 0.57 (1) 0.57 (4} 1.30E-01 1.30E-01 0.00E+00 0.00%
Zuchin ¥ 0,63 4.20 (U} 0.33 (H) 4.57E-02 7.55E-02 2.97E-02  -0.04%
Okra Y G.06 0.40 (PU?  0.04 (M) B.10E~03 B.O3E-04 -7.20E-03 0.011
Gr Pppr Y 1.2¢ 1.03 () 0.28 (M) 4.B3E-01 1.3iE-01 -3.5ZE-01 0.7i%
Eqo Fint ¥ 3,70 .48 (D) 0.26 (FHY 4.60E-02 6.64E-02 2.04E-07  -0.04%
Others N $.55 4.50 (E} 0.50 (E) 1.70E+00 1.20E+00
TREE FTRS
Citrus
firange Y 55,24 4.08 () A0 (K1 2.49E400 9.34E-02 -7.40E400 4.81%
Grpfet ¥ 7.78 6,046 (1) 0.04 (#) 1.70E-01 1,14E-01 -5.5BE-D2 0.11%
Lewmm ¥ 10,71 §.10 () 8.01 (PN} J.91E-QL 4.2BE-02 -3.4BE-0f 0.704
Other N 60,34 0.5¢ (E} 0.50 (£} 1.10E+01 1.i0E+01
sours | 36.82 4,30 (B} 0.50 (B} 4.72E+00 4.72E+00
CONDIMENT W 54,12 4.5¢ (£} 0.50 (£} 9.BBE+00 7.BBE+00
DESSERTS W 78.30 .10 (E) 0.10 {£3 2.BSE+00 2.BAE+(D
BEVERAGE N 1172.44 ¢.50 (E) 0,50 (E) Z.14E+02 2.14F+02
WATER N 512.00 0.5¢ (E) 0.50 (£} 9.24E+01 9.34E+08
TOTALS: 3071.80 Sampled Itsws Only - 9.B5E+01 4.B7E+401 ~4.98E+01  100,00%
Total Hodeled Diet -3 5,{BE+02 4.4BE+02
DOSES:  mrem/year Sampled Iems Only -} TFe32E-02 2,63E~02 ~2.49E-02
2.80E-01 2,53E-01

Total Modeled Diet -)

NOTE: Since the delta intake for sawpled items is necative, the
perzent difference is "negative” if the mined concentration
axceeds the unMined concentration.

Fage 2 FBA/Th-230/EB  REV 4 22-Jul-B5



DATE: 7/18/83 DIET:  FDA/SAMPLED DCF: 1.1E-03 (mrea/pCi}
RADIONUC: Ra-224 CASE:  Max Indiv W7 FCTR: 1,90 ’
KEYS: {M)-MINED, {U}-UNMINED FILENAME: RAZ22&MAX
"HINED® - CROPS OK CLAYS, MINED ARD RECLAIMED LANDS
"UNMINED® - CROPS ON EITHER MINERALIZED OR CONTROL LANDS
{PM)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{R)-RUSSELL, (L)-LITERATURE (see Footnotes)
Sampled ltems Only
DIET  §AM- [NTAKE 0 T CCN K INTAKE [NTAKE  DELTA 10F
ITEM PLED? OF ITEM UNMINED E  HINED E UNMINED HINED  INTAKE  TOTAL
Y/N  (g/day) (pCi/Kg) Y ({pli/Kg} Y ({eCi/yr} (pCifyr} ({pli/yr) DIFF

{La} 2,57€+02 2,57E402

Hilk N 280.99 2,81 tta} 2,54
0,22 (R} 1,B0E+00 1.BOE+0D

22.41 0.22 {])

()
-
(1]
f1:]
Ll
o
=

129.27 3.98 (W J.41 (M) 1.88E+02 1.61E402 -2,60E401  -T.411
39.54 9.91 (R} 0.91 (R} 1.31€+01 L.31E#01

69.60 0.91 () 0.91 (R} 2.29E+01 2.29E+01

20.06 130 (/) 1.30 (RI 9.52E+00 9.52E+00

30,93 5.00 R} 5.00 (R} 5.63E+01 5.65E+01

<3

—

=

m

1
-~ A SR

CEREAL FD
Corn Br W 3,18 2,00 {R) 2
Grains N 7.4 2.00 (R) 2.
Cris/Brd N 174,70 .00 (R) 2

0 (R) 3,78E+00 3.78E+0D
0 (R 2.01E+01 2,01E+401
2,00 (R) 1.28E402 1.28E+02

LEAFY/COLE VER

Spinach Y 3,28 16,51 ) 37.53 (PM) L.98E+01 4.49E+01  2,52E+01 6.96%
Collards Y 0.43 3,65 () 16.54 (M) 9.28E-01 2.71E+00 1.79E+00 4,491
Mustard Y 0.43 LEO ) 37,53 (PM) 1.BOE-01 4.16E+00 3.9BE+0D 1.65%
Turnip § Y 0.43 9.03 W 85.16 (M) 1.48E+¢00 1.80E#Q1 1.23E+01 3. 46%
Cabbage Y 7.04 2.10 (b 3.68 (M) G.39E+400 9.45E+00 4. 06E+0D 1.121
Caulifwr Y 0.71 5.03 (W) 3,68 {PM) 1.57£400 9.36E-01 -6.10E-0F  -0.171
Broce Y 2.80 3.00 () 3.68 (PM) 3.06E+00 3.73E+00 6.91E-01 0.19%
Other N 0.74 £.50 (R) 4.30 (Rl [.24E+00 1.24E+00

Lettuce N 23.38 4.50 (R} 4,50 R} 3.B4E+0! 3.84E+0}

Celery N .62 4,530 (R) £.30 (R} 1.02E+D0 1.02€+00

LEGUMES/CORN

Breen Bn Y 8.74 .18 W 3,68 (M) L1.&3E+0L 1L ITEHO1 -4, 71400 -1.30%
Bickeyes Y 3.3 £.87 ) b.b6 (M) 2,29E+00 8.16E400 5.86E+00 1624
Lima Bn Y 2,25 3.1t (PU) 65.T7L (M} 2,56E+00 5.41E+01  5,15E+01 14,24%
Corn Y 14,41 4,90 (U) 9.19 (M) 2.58E+01 4.84E+01 2.28E+01  6.25%
Grn Peas N 7.29 4,50 {R) 4,50 {R} 1.20E+01 1.20E+01

Other Bn N 25.7¢ 4,50 (R) §.50 (R} 4.22E401 4,228+01

Nuts R 4.94 4.30 (R} 4,30 (R} B.12E+00 8.12E+00

Other N 11.28 4,30 (R} 4.50 (R} 1.85E+01 1.8SE+0!

PGTATOES Y 85.22 4.46 {PU) 3.67 (M) 1,39E402 1.14E402 -2,45E+01 ~6.781
RBOT VER

Carrat ¥ 2.92 8,32 (W) 181.61 (M) 9.08E+00 1.93E+02 {.84E+G2  56.97%
Radish Y 0.32 382 4 14.90 (0 4,41E~01 1.72E+00 1,28E+00 0.331
Onion ¥ 4,19 2.5 i F.91 (M} 4.46E+00 1.52E+01 1.07€+01 2.961
Turnig ¥ §.42 4.18 11,38 (M) 6 44E-01 1.78E+00 1.14E+00 0.32%
Gther N 1.10 2,00 (R) 2,00 {R) 8.00E-01 B.0OE-01
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DATE: 7/18/83 DIET:  FDA/SAMPLED DLCF: 1. 1E-03 (erem/pCi)
RADIONUC: Ra-226 CASE: Hax Indiv  WT FCTR: 1,00
KE¥S: (MI-KINED, (U)-UNMINED FILENAME: RAZ24HAX
"MINED" - CROPS ON CLAYS, HMINED AND RECLAIMED LANDS
*UNMINED" - CROPS ON EITHER MINERALYZED OR CONTROL LANDS
(PH)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
(R)-RUSSELL, {L)-LITERATURE (see Footnotes)
Sampled Itess Only
BIET  SAM- INTAKE ey K CCN K INTAKE INTAKE  DELTA L0F
ITEM  PLED? OF ITEM UNMINED €  HINED E  UNMINED WINED  INTAKE  TOTAL
Y/N  (gfday) (pCi/Kg) ¥ {(pCi/Kg) Y (pCifyr} (pCi/yr} (plifyr}  DIFF

GRON FRT
Wateraln Y .44 1.24 .77 (M1 1,36E+00 4.74E+00 3.18E+00 0.88%
Citran ¥ .00 2.19 (h 4,43 (M) 7.99E-04 1,464E-03 B8.34E-04 0%
Tomato Y 25.18 2.94 () 1.99 (M} 2,70E+01 {.G3E+01 -8.73E+00  -2.4{%
Strawbry Y 1.23 2.81 (W 3.93 (PH) 1, 26E¢00 1.74E+00 5,01E-01 0.14%
Cucuabr Y 2.42 3.2z W S.60 (M) 3.0BE+00 5.36E+00 2.2BE+00 0,631
Y. Sgsh Y .63 .11 U 342 (M) 9.40E-01 7.13E-01 -2.26E-01 -0, 061
Zuchin ¥ 0.63 4,20 (U 3.98 (M} 9.50E-01 9.10E-0f -5.03E-02  -0.01%
Gkra ¥ 4.08 2.61 (P 21,06 (1) 5.23E-07 4.25E-01 3.72E-01 0. 101
8¢ Pppr Y 1,29 1.87 1.14 {#} B.77£-0! 5.35E-01 -3.43€-01 -0.09%
Egg Plnt ¥ §.70 2.37 3.93 (PM) 6.06€-01 1.00E+00 3.97e-01 0.111
Others N 6,53 4,50 (R) §.50 (R} 1,0BE+01 1.0BE+01
TREE FTRS
Citrus
Jrange ¥ 85.26 1,65 {U3 4,24 (M) 5.14E+01 328402 B, (AE401 22.29%
Grpfrt ¥ 7.78 1,63 {4} I (M) 4L A3EH00 9.92E400  4,29E+0D 1,191
Leson ¥ 10.71 1.82 (U 3.65 (PM} S.94E+00 1435401 8.32C+00 2,30%
Other b 80,36 4.30 (fu 4,30 (R} 9.91E+01 9.91E+01
S0UPS N 36.82 2.25 (Ea) 2.25 (Ea) 3.03E+01 3.03E+01
CONDINENT N a4.12 0.0t (£} 0.01 (€} 1.98E-01 1.98E-01
DESSERTS N 78.39 0.22 (£} $.22 (B} 56.29E+00 6.29E+00
BEVERAGE N 1172.44 1,00 (E) 1.00 (E) 4.23E+02 4.28E+Q2
HATER N 51Z.00 1,13 (Lh} 1,13 {Lb} Z.11E402 2. 41E+02

TGTALS: 3071.80  Sampled Items Only ->  5.37€402 8,99E+02 3.62E402  100.00%
Total Modeled Diet -»  1.94E+03 2.30E+03

DOSES:  mrem/year Sampled Items Only ->  5.91E-01 9.89E-01 3,98E-0!
fotal Hodeled Diet ->  2,(3E+00 2,33E+00

FOOTNGTES: La Dairy samples from Polk Co. (WaB4, p 822)
Lb fverage of I8 values for Florida (Wad4, p 818-819)
Ea Geometric Mean of Russall Vegetables and Water
E  Estimated froe general data trends
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DATE: 7/24/85 DIET:  FDA/SAMPLED DCF: 3.0E-03 (mrea/pCi)
RADIONUC: £B-210 CASE:  Max Indiv W1 FCIR: .00
NOTE: (M-BINED, (U} -UNHINED FILENAME: PB21GHAK

"NINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

*UNMINED® -~ CROPS ON EITHER HINERALIZED OR CONTROL LANDS

{PH)-PREDICTED FROM MINED, {PU)-PREDICTED FROM UNMINED

{L}-LITERATURE, (E)-ESTIMATED

Sampled ltems Only

DIET  SAM- [NTAKE  CCON CCN INTAKE INTAKE  DELTA % OF
ITEN  PLED? OF ITEM UNMINED MINED UNMINED MINED  INTAKE  TOTAL

Y/N  (g/day) {pCi/Kg)  {pCi/Kg) {pCi/yr} (pCifyr) (pCifyr} DIFF
pMIRY T T T e

Milk N 280.99 0.34 (E} 0.34 (B} 3.49E40] 3.49E+01 0.00E+00 ERR
Cheese N 22.41 0.34 {E) 0.34 (E} 2.78E+00 2.78E+00 0.00E+00 ERR
MEAT

Beef Y 19.77 0.34 {E) 0.34 (E) 1.560E+01 1.60E+0] 0.00E+00 ERR
Park N 39.54 0.27 (La)  0.27 {La) 3.90E+00 3.90E+00 0.00E+00 ERR
Jther N 69.00 0.27 (La)  0.27 {La} 46.BOE+00 6.80E+00 0.00E+00 ERR
FISH N 20,08 0.27 tLal  0.27 (La) 1.98E+00 1.98E+00 0.00E+00 ERR
E66S N 35.95 0.27 (Lab  0.27 {La} 3.00E+00 3.05E+00 0.00E+00 ERR

CEREAL FD

forn 6r N 5.18 .98 (Lal 1,98 (Lal 3.74E+00 3.74E+00 0.00E+00 ERR
Grains N 27.4% .98 (La) £.98 (La) 1.99E+01 1.99E401 0.00E+GO ERR
Eris/Brd N 174,70 1.98 iLa} 1.98 {La) 1.26E+02 1,26E402 Q.00E+00 ERR

LEAFY/COLE VEG

Spinach Y 3.28 0.43 {E) 0.43 (E} 5.15E-01 5.15E-01 0.00E+00 ERR
Collards Y 0.43 0.43 () 0,43 (£} 7.06E-02 7.06E-02 0.00E+00 ERR
Wustard ¥ 0.43 3.43 (&} 0,43 (E) 7.06E-02 7.06E-02 0.00E+00 ERR
Turnip & Y .43 6.43 {E) 0.43 (E) 7.06E-02 7.06E-02 9.00£+00 ERR
Cabhage ¥ 7.04 0.43 (E) 0.43 (£) 1. 11E+00 L L1E+00 0.00E+00 ERR
Caulifur Y ¢.7¢ 0.43 (E) 0.43 (£} 1.12e-01 [.12E-01 0.00E+00 ERR
Brocc ¥ 2.80 0.43 (£} 0.43 (B} 4.39E-01 4.39E-01 G.00E+00 ERR
Qther N 0.76 0.33 {La)  4.33 (Lal) 9.12E-02 9.126-02 0.00E+00 ERR
Lettuce N . 23.38 0.33 tkat 0,33 (La) 2.82E+00 2,82E400 0.00E+00 ERR
Celery N .62 0,33 (La) 0.33 {la) 7.48E-02 7.48E-02 0.0GE+00 ERR
LEGUMES/CORN ‘
Green Bn Y 8.74 0.43 {E) 0.43 {E) 1.37E+00 1.37E+00  0.00E+00 E&R
Blckeyes ¥ 3.34 .43 {E) 0,43 {E) 5.27E-01 5.27€-01 0.00E+00 ERR
Lima Bn ¥ .25 9.43 {E) 0.43 (E} 3.54E-01 3.34E-01 0,00E+00 ERR
Corn ¥ 14,41 3.43 (E) 0.43 (€)  2.26E+00 2.26E400 0.00E+00 ERR
frn Peas N 7.29 0.33 {Lal  0.33 {La} B.78E-01 8.78E-01 0.00E+00 ERR
Other Bn N 25,74 G.33 (La}  0.33 (La) J.10E+00 J.I0E+00 0.00£+00 ERR
Nuts R 1,94 0.33 (La) 0.33 {La) 5.93E-01 3.95E-01 O0.00E+00 ERR
Other N 11.28 0.33 tka) 0,33 (La) 1.36E+00 [,36E+00 0.G0E+0Y) ERR
POTATOGES Y 85.22 4.26 (B) 4,26 (B} 1.33E402 1.33E+02  0.00E+0D ERR
ROQT VEG
Carrot ¥ 2.92 4,26 ) 4,26 (E)  4,58E+00 4.58E+00 0.00E+00 ERR
Radish ¥ 0,32 4,25 (B) 4,26 (€} &.92E-91 4,92E-01 0.00E+G0 ERR
Gnien I 4,19 §.26 i) 4,26 (E) 6.52E+400 6.32E+00 0.00E+00 ERR
Turaip Y §,42 4,26 (8) 4.26 {E) 6.56E-01 6.56E-01 0.00E+00 ERR
Other N 1.10 3.40 fLa)  3.40 fLa) L.3JAE4D0 1.36E+00  0,00E+00 ERR
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DATE:
RADIONUC:

7724783
PB-210

DIET:
CASE:

NOTE: (M)-MINED, (U)-UNHINED
"MINED® - CROPS ON CLAYS, NINED AND RECLAIMED LANDS

"UNMINED®

FDA/SANPLED DCF:

Max [ndiv

5.0E-03
HT FCTR: 1.00
FILENAME: PB210KAX

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PM)-PREDICTED FROM WINED, (PU)-PREDICTED FROM UNMWINED
{L}-LITERATURE, (E)-ESTIMATED

{mrea/pli)

Sampted Items Only

DIET  SAM- INTAKE CCH CoN INTAKE  INTAKE  DELTA 10F
ITEM PLED? OF ITEM UNMINED MINED UNNINED MINED  INTAKE  TOTAL
Y/N  {g/day) {pCi/Kg} {pLi/Kg) {pCifyr} (pCi/yr} (pCi/yr} DIFF

GRON FRY

Wateraln Y 3.44 0.43 {E) 0.43 (B} 5.40E-01 5.40E-01 0.00E+00 ERR
Citron Y 00 0.43 {E) 0.43 (E} 1.57E-04 1.57E-04 0.00E+00 ERR
Tosate ¥ 25,18 9,43 (E) 0.43 (E} 3.93E+00 3.95E+400 0.00E+00 ERR
Strawbry Y 1.23 0.43 {B) 0.43 (B} 1.93E-0L 1.93E-01 0.00E+00 ERR
Cucumbr ¥ 2.62 0.43 (B 0.43 (E} #4,12E-01 4.12E-01 0.00E+00 ERR
Y. Sgsh Y 0.63 8.43 {E) 0.43 {E} 9.83E-02 9.83E-02 0.00E+00 ERR
Tuchin ¥ - 0.63 0.43 (£) 0.43 (E} 9.B3E-07 9.B3E-02 0.00£+00 ERR
Qkra ¥ .04 0,43 (€} 0.43 (€1 9.426-03 9.42€-03 0.00E+00  ERR
& Pppr Y .29 0.43 (&) 0.43 (E} 2.02E-01 2,02E-01 0.00E+0Q ERR
Egq Plnt Y 0.70 5.43 (E) 0.43 (B} 1.10E-01 1.10E-01 0.00E+00 ERR
Others N 6.53 0,33 (kal 0,33 {La) 7.B9E-01 7.B9E-01 0.00E+00 ERR
TREE FTRS

Citrus .

Orange Y 85.26 0.43 (E) 0.43 (B} 1.J4E+01 (.34E+01 0.00E+00 ERR

Grpfrt ¥ 7.78 0.43 (E) 0.43 {E) .22E400 1.22E400 0.00E+00 ERR

teman Y 10,71 0.43 (E} 0.43 (E} 1.6BE+00 £.4BE+00 0.00E+00 ERR
Dther N 80,34 0.33 Lay 0,33 (La) 7.27E+00 7.27E+00  0.00E+00 ERR
50UPS N 36.82 0.16 (Ea) Q.16 (Ea) 2.13E+00 2.15E+00 0,00E+00 ERR
CONDIMENT N 54,12 ¢.43 (E) 0.43 (€} 8.49E+00 8.49E+00 0.00E+00 ERR
DESSERTS N 78,30 0.43 {E} 0.43 (B} 1.23E¢01 {.23E401 0.00E+00 ERR
BEVERAGE N 1172.44 0,14 (Ea)  0.14 (Ea) &6.83E+01 4.83E+01 0.00£+00 ERR
HATER N 512,00 0.05 {La)  0.05 (La) 9.34E+00 9.34E+00 0.00E+00 ERR
TOTALS: 3071.80  Total Modeled Diet -->  S.12E402 3.12E402 0.00E+00 ERR
DOSES:  (area/yr) Total Modeled Diet --3  2,36E+00 2,36E+00 0.00E+00

FOOTNOTES: La Listed intake {pCLi/day) by food group divided by rate
of food intake (Kg/day) in this model io yield *literature’
concentrations ( Holtzman, NRE [If, p 755)

E Total intake rate for US citizen well documented at about
{.4 pli/day. Estimated values adjusted fros sisilar food
groups {La) upward until total intake (312 pCi/y / 345.25 d/y)
equaled the 1.4 pCi/day quoted by Holtzman.
Ea Geometric mean of water and vegetables
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DATE: 7125/85 DIET: FDA/SAWPLED DCF: 1.6E-03
RADIONUC: Po-210 CASE: Max Indiv WT FCTR: 1.00
NGTE: (M)~MINED, (L)) -UNHINED FILENANE:PO210MAY

"MINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS
"UNMINED® - CROPS ON EITHER MINERALIIED OR CONTROL LANDS
{PM}-PREDICTED FROM KINED, (PU}-PREDICTED FROM UNKINED
(LY-LITERATURE, (E)-ESTIMATED

DIET  SAM- INTAKE CON CIN INTAKE  INTAKE
ITER PLED? OF ITEM UNMINED MINED UNHINED  MINED
Y/N  {g/day) (pCi/Kg) {pCi/Kq) {pCi/yr} {plifyr)

DAIRY

Milk N 280,99 0.3% () 0.39 (E)} 4.00E+01 4.00E+0)
Cheese N 22,41 0.39 {E) 0.39 (B} 3.19E+00 3.19£400
HERT

Beef Y 129,27 9.39 (E) 0.39 {E} 1.B4AE+01 1.B4E+01
Pork N 39.54 0.31 (La)  0.31 {La) 4.47E+00 4.47E+00
CGther N 69,00 0.31 tta) 0.3t (La) 7.81E+00 7.81E+00
FISH K 20,04 0.31 (Lal 0,31 (La} 2.27E+00 2.27E+00
EGES K 30.95 9.31 tLa)  0.31 tLa) 3.3QE+00 3.50E+00
CEREAL FD

Corn Br N 3.18 2:26 tLal 2,26 (La) 4.27E+400 4.27E+00
Grains N 27.49 2.26 (La) .26 (Lab 2.27E+01 2.27E+01
Cris/Brd K 174,70 2.26 {lal 2,26 (La) 1.44E+02 1.44E+02
LEAFY/COLE YES

Spinach ¥ 3.28 0.49 (E) 0.49 (E) G.87E-01 5.87E-0¢
Coflards Y .43 0.49 (£} 0.49 (€] 8.04€-02 §.04E-02
Mustard Y .43 0.49 {E) 0.49 (E} B.04E-02 8.04E-02
Turnip 6 ¥ 0,43 0.49 (E) 0.49 (£} 8.04E-02 8.04E-02
Cabbage ¥ 7.04 0.49 (E) 0.49 (£} 1.26E+00 1.26E+00
Caulifwr Y 0,71 0.49 (E) 0.49 (B) 1.27e-01 1.27€-01
Bracc ¥ 2,80 0.49 {E) 0.49 (E} 5.00E-01 5.60E-01
Other N 0.76 0.38 {La)  0.38 (La) 1.03E-01 1.0SE-01
Lettuce N 23.34 0.38 (Lal 0,38 (La) 3.24E+00 3.24E+00
Celery N 0,62 - 0.38 (La)  0.38 (La) 8.61E-02 8,41€-02
LEGUMES/CORN

Green Bn Y 8.74 0.49 {E) 0,49 (£} 1.56E+00 1.356E+00
Blckeyes Y 3.36 0.49 {E) 0.49 (€} &.00E-01 5.00E-01
Lima Bn ¥ 2.25 9.49 (E) 0.49 {E) 4,03E-01 4.03E-01
Corn Y 14,41 .49 (] 0.49 (E) 2.58E+00 2.38E+00
Grn Peas N 7.29 0,38 {La}  0.38 {La} 1,01E+00 1.01E+00
Other Bn N 25,71 0.38 {La) 0,38 {La) 3,37E+00 3.57E+09
Nuts N 4.94 0.38 (La)  0.38 (La) 4.B4E-01 4.B&E-01
Other N 11.28 3.38 (La)  0.38 (La) 1.SAE+00 1.36E+00
POTATOES Y . 85.22 1.87 (k) 4,87 (B} 1.51E+02 1.51E+02
ROOT VES

Carrot Y 2.92 4,87 {E) 4,87 (E] 3.19E400 5.19E+00
Radish Y 3 4,87 (E) 4.87 (E)  5.63E-01 5.43E-01
CGaien i 4.1 4,87 (E) 4,87 {E} 7.4hE+00 7.46E+00
Turpip Y 0.42 4.97 (B 4.87 (£} 7.50E-01 7.30E-01
Page | FDA/Po-210/EB  REV 3

{nrea/pLi}

Sampled Itees Only

DELTA 10F
INTAKE  TOTAL
{plifyr}  DIFF
0. 00E+D0 ERR
0. 00E+00 ERR
4. 00E+00 ERR
0. 00E+00 ERR
0. 00E+00 ERR
0.00E+00 ERR
0. 00E+00 ERR
0. 00E+00 ERR
0.00E+00 ERR
0. 00E+(0 ERR
0. 00E+00 ERR
. 00£+00 £RR
0, 00E+00 ERR
4. 00£+00 ERR
0.00E+00 ERR
0.00E+00 ERR
0.00E+(0 ERR
0. 00E+00 ERR
0. 00E+00 ERR
0. 00E+00 ERR
(. 00E+00 ERR
0. 00E+Q0 ERR
0.00E400 ERR
{0, 00E+00 ERR
0.00E+00 ERR
¢, 00E+00 ERR
0.00E+00 ERR
0. 00E+00 ERR
0. 00E+00 ERR
0, 00E+00 ERR
0.00E+00 E£RR
0. 00E+00 ERR
0, 00E+00 ERR
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bATE:
RADIONUC:
NOTE: (M)

7/25/85
Po-210
-MINED, (U) -UNMINED

DIET:
CASE:

FDA/SAMPLED DCF:

Hax Indiv

1.6E-03
WT FCTR: .00
FILENAME: POZ1OMAX

"MINED" -~ CROPS ON CLAVS, MINED AND RECLATHED LANDS

N

My

MINEDY
™

LR R 341

~- CROPS
W W

N CITHER MIMEAAL TIED 08 COMTROL {ANDS

WY LA IO DARRRLa LGy U LUt UL

LFHY

{PH)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{LY-LITERATURE, (E)}-ESTINATED

{area/pCi)

Sampled iteas Only

DIET  SAM- INTAKE £CN CCN INTAKE  INTAKE  DELTA 10F
ITEM  PLED? OF ITEM UNMINED HINED UNMINED MINED  INTAKE  TOTAL
YN (g/day} {pLi/Kq) {pliKg) {pCi/yr) (pCiJyr} (pCi/yr} DIFF
Qther N 1.10 3.89 (La) 3.89 {La} 1,56E+00 1,36E+00 0.00E+00 ERR
GRON FRT
Wateraln Y 3.44 0,49 (E) 0.49 (B} 6.16E-01 &.16E-01 0.00E+00 ERR
Citran Y .00 0.49 (£} 0.49 (£} 1.79E-04 {,79E-04 Q,00E+00 ERR
Tomato Y 35.18 0.49 {E) 0.49 (E}  4.50E+00 4.30E+00 0.00E+00 ERR
Strawbry Y 1.23 0.49 (E) 0.49 (£} 2.20E-01 2.20E-01 0.00E+00 ERR
Cucusbr Y 2.462 0.49 (E) 0.49 (E) 4,49E-01 4,49E-01 0.00E+0D ERR
Y. Sqsh ¥ 0.63 0.49 (E) 0.49 (£} 1.12E-01 1.12E-01 0.00E+00 ERR
luchin ¥ 0.63 0.49 {E) 0.49 (B} 1.12E-01 (.12E-01 0.00E+00 ERR
fkra Y 0.06 0.49 (E} 0.49 (E) 1,07E-0Z 1.07E-02 0.00E+00 ERR
6r Pppr Y 1,29 0.49 () 0.49 {E) Z2.30E-0f 2.30E-01 0.00E+00 ERR
Eqg Plnt Y 0.70 0.49 (£} 0.49 (E) 1,23E-01 1.25E-01 0.00E+00 ERR
Others N 6,33 0.38 iLal 0.38 (La) 9.08E-01 9.0BE-01 0.00E+00 ERR
TREE FTRS
Citrus
Drange ¥ 85.26 4,49 {E) 0.4% {E} 1.32e+01 1.52E+01 0.00E+00 ERR
Grptrt ¥ 7.78 9.49 () 0.49 (B} [.39E+00 1.39E+00 0.00E+00 ERR
teapn ¥ 10.74 0.49 (£} 0.4% {E} 1.91E+00 1.91E+00 0.00E+00 ERR
Other N 80,36 0.38 {La) 0.38 (La) B.37E+00 8.37E+00 0.00E+00 ERR
50UPS N 36.82 0.18. {Ea} 0.18 {Ea) 2.426+00 2.42E+00 G.00E+00 ERR
CONDIMENT N G4.12 0.49 (E) 0.49 (E} 9.58E+00 9.68E+00 0.00E+00 ERR
DESSERTS W 78.30 0.49 (E) 0.49 (E) 1.40E+0] 1.40E+01 0.00E+00 ERR
BEVERAGE N 1172.44 0.18 (Ea) 0.18 {(Ea} 7.70E+01 7.70E+01 0.00E+00 ERR
WATER N 512.00 0.06 {La) 0.04 {La} [.12E+#01 1.12E+01 0.00E+00 ERR
TOTALS: 3071.80 Total Modeled Diet --3  5.84€+02 S.84E+02 0,00E+00 ERR
DESES:  {arem/yr} Total Modeled Diet --»  9.33E-01 9.35E-01 0.00E+00
FODTNOTES:  Total intake rate for US citizen well docusented at about
1.4 pCi/day, Estimated values adjusted from similar food
groups for Pb-210 upward until total intake (584 plify / 363.25 d/y)
equaled the 1.4 pli/day Po-210 quoted by Holtzman, NRE III, p 755
Page 2 FDA/Po-210/EB REV 3 25-Jul-83



DATE: 7124185
RADIONULC: TH-232

DIET:
CASE:

KEYS: {M)-MINED, {U)-UNNINED
"MINED" - CROPS ON CLAYS, MINED AND RECLAIMED LANDS
TUNMINED® - CROPS ON EITHER MINERALIZED OR CONTROL LANDS

[P¥)-PREDICTED FROM HINED, (PU)-PREDICTED FROM UNMINED

{LY-LITERATURE, (E)-ESTIMATED

DIET  SAN- INTAKE

ITEN  PLED? OF ITEM UNMINED E
Y/N  tg/day) {pCi/Kg)

Milk N 280.99
Cheese N 22,44

Beet Yy o19.77
Park N 39.54
Gther N 69.00
FISH N 20.06
£665 N 30.93
CEREAL FD

Corn Gr N 5.18
Grains N 27.49
Crls/Brd N 174,70

LERFY/COLE VES

Spinach Y .28
follards Y 0.45
Hustard ¥ 0.45
Turnip 6 Y 0,45
{abhage ¥ 7.04
Caulifur Y 0.71
Brecc Y 2.80
Other N 0.74
Letiuce N 23.38
Celery N 0,62
LEGUMES/CORN
Green Bn ¥ g.74
Bickeyes ¥ 3.36
Lima Bn ¥ 2,25
Corn ¥ 14.41
Brn Peas N 7.29
Other 8n N 25.71
Nuts N 4,94
Qther N 11.28
POTATOES ¥ 83.22
ROOT VEG '
Carrot ¥ 2.92
fladish Y 0,32
fnion Y §.19
Turnip Y 0,42
Other N {.10
fage |

FDA/ Th-232/EB

LN K CCN K
MINED E
Y (pCi/Kg} ¥
.01 {E) 01 {E)
0.01 {E) 1 {E)
.28 (U 0.09 )
0.10 (E) 0.10 (E)
.10 {E) 0.10 {E)
9.10 (B 0.10 {E)
0.10 (E) 0,10 (&)
) 0 {E)
9 (E) 0 (£)
0 {E) 0 (E}
0.04 {h 0.14 (PH)
0.07 (I 0.10 (M)
0.08 0 0.14 (PW)
0.19 (W) 0.18 (M)
0.04 () 0.04 {H)
0.04 () 0.04 (PH)
0.04 (U} 0.04 (PH)
0,10 {£) 0.10 (E)
0,10 (E) 0.10 {E)
9.10 (E) 0.10 {£)
0.08 (1) 0.28 (M)
.04 (W) 0.08 {0
0.04 (PU} 0,19 (M
0.04 {1 0.04 (M)
0.10 (E} 0.10 {E}
9.10 (E) .10 {E)
0.0 (E) 0,10 (Ei
0.10 (E) 0,10 (E)
0.06 (PUI 031 W)
0.03 i 0.36 (M)
0.02 () §.22 (M
0.13 1) 0.04 (H)
9,20 {1 0.08 (M)
0,10 (E) 0.10 (E)

FDA/SAMPLED DCF:
Max Indiv

T FCTR:

FILENANE:

INTAKE
UNMINED
{pCi/yr)

2,7€-03
1.00
THZIZMAX

INTAKE
MINED
{pCi/yr)

{area/pC1)

Sampled ltems Only

DELTA
INTAKE
{pCi/yr)

1, 31E+01
1. 44E+00
2.52E400
7.326-01
1. 13E400

1.8B9E-01
1.00E+00
6. 38E+00

3.13E-02
1. 15E-02
1.38E-02
3.09E-02
1. HE-0!
1. 12E-02
4,39E-02
2,76E-02
8.53E-01
2.27e-02

1.37E-01
9.27E-02
3.54E-02
2. 26E-04
2.66E-01
7.38E-01
{.BOE-0t
4,12€-0¢

1.89E+00

2.77e-92

2,303 2.

1.99E-01
3.08E-02
4.00E-02

1. 036440
8.18E-02

4, 34E400
1. 48E4+00
2.92E+00
7.32E-01
1 13E+00

1. §9E-01
£ 00E+00
4.3BE+00

1.62E-01
1. 66E-02
2.22E-02
2.97E-02
1. HE-01
1.09E-02
4.28E-02
2.76E-02
8.33E-01
2.27e-02

9.03E-01
9.31E-02
1. 860E-01
2, 26E-01
2.66E-G1
9.38E-01
1. 80E-01
4,128-01

9.58E+00

REV &

-8.78E+00

£ 10E-01
5. 09-03
8.37€-03
-1 15E-03
9. 00E+00
-2.60E-04
~1.02E-03

7.66E-01
§,04E-02
1. 24E-01
0. GOE+00

7.49E+00

3.58E-01
2.36E-02
-1.33E-61

? -1, 91E-02

LOF
TOTAL
DIFF

-539.574

6. 711
0.344
0.51%
-0.07%
0.00%
-0.021
~0.06%

47,087
2.49%
7.64%
0.00%

473,051

22.00%

I 14
-8.19%
~1,17

24-Jul-83



DATE: 7/24/83 DIET:  FDA/SAMPLED DCF: 2.7E-03 (mrea/pCi)
RADIONUC: TH-232 CASE:  Max Indiv  WT FCTR: 1,00
KEYS: (M)-MINED, {U)-UNMINED FILENAME: TH232MAX

"MINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS
"UNMINED" - CROFS ON EITHER MINERALIZED OR CONTROL LANDS
(PM}-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
(LY-LITERATURE, (E)-ESTINATED

Sampled Items Only

DIET  SAM- INTAKE (N K CCN K INTAKE  INTAKE DELTA 1 0F
ITEM PLED? OF ITEM UNMINED E  MINED E  UNMINED  MINED INTAKE  TOTAL
Y/N  (g/day} {pCi/Kg) Y (pCi/Kg) Y ({(pCi/yr) {pCifyr) ({pCi/yr} DIFF
GRDN FRT
Watersin ¥ 3.44 8,12 0.04 (M) 1.33E-0% 3.03E-02 -1.04E-01 -5, 4t
Citron ¥ .00 0.12 {0 §.05 (M) 4.42E-05 1.83E-05 -2.59E-05 001
Tomate Y 25.18 0.02 (i 0.19 (M} 2.026-01 1,726+00 1.52E+00  93,24%
Strawbry Y 1.23 0.04 (1) 0.07 (PM) 1.93E-02 2,94E-02 1.03E-02 0.63%
Cucumbr Y 2.62 0.04 (U) 0.04 (M) 4,126-02 4.12E~02 0.00E+O0 0.00%
Y. 5gsh Y 0.63 0.13 ) 0,22 (M) 3.04E-02 8.96E-02 1.92E-02 1.18%
Zuchin ¥ 0.63 - 0.07 {h 0.06 (M} 1,40E-02 1.26E-02 -3.43E-03  -0,21%
Okra Y 0.06 0.06 (PU) 0.04 (M) 1,40E-03 9.42E-04 -4.39E-04  -0.03%
Gr Pppr Y 1.29 0.05 {U) 0.04 (M} 2,16E-02 2.02E-02 -[.41E-03  -0.09%
Egg Pint Y 0.70 0.07 0 §.07 (PW) 1.75E-0Z 1.79E~02 2.34E-04 0.02%
Gthers 6.39 0.10 (E) 0.10 (E) 2.39E-01 2.39E-01
TREE FTRS
Citrus
frange Y §5.26 0.03 ) 0.04 (M) B.40E-01 1.15E+00 3.11E-01 19.13%
Grpfrt ¥ 7.74 0.03 () 8.01 (M} §,24E-02 3.128-02 -5.11E-02 -%.141
Leapn ¥ 10.71 0.09 (W) 0.02 (PM) 3.4BE-01 7.BBE~02 -2.69E-01 -16.34%
Other = N 50,36 0.10 () 0.10 (€} 2.20E+00 2.20E+00
50UFS N 36.82 0.10 {E} 0.10 (E) 1.33E+0¢ 1.34E+00
CONDIMENT N 4.12 0.10 (E) 0.10 (EY 1.98E+00 1.98E+00
DESSERTS N 78.30 0.01 {E} .01 {E}  Z2.BHE-01 2,86E-01
BEVERAGE N {172.44 9.10 (E) 0.10 (E) 4,28E+01 4,28E+01
HATER N 512,00 0.10 (E) 0,10 (E1 1.87E+01 1.87E+01
TOTALS: 3071.80  Sampled Iteas Only -} {.78E+01 1,.94E+01 [,63E+00  100.00%
Total Modeled Diet > 1,03E+02 1.04E402
DOSES:

NOTE: & nusber of literature analyses were located in Drury, et, al. 1963
However, all were “less than” values. Some typical results were:

Page 2

nrem/year Sampled Iteas Only -»  4.B0E-02 5.23E-02 4,39E~03

Total Kodeled Diet -> 2.778-01 2.81E-0¢

2.7 pli/Kg --> breccoli, cabbage, corn, cucumber, eqgplant,

lettace, melon, yellow sguash, tangelo, and tangerine

{3.4 pCi/Kg --» dry beans, carrots, orange, and bell pepper

¢8.1 pCi/Kg --» celery, pear and sweet potats

{10.8 pli/Kg --» grapes, grapefruit and tomato

It appears that the estimated value of 0.10 pCi/Kg Th-232 is not an
overestimation of the concentration in a norsal diet.

FDA/Th-232/EB  REYV b
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DATE: 7/21/85 DIEY:  FDA/SAMPLED DCF: 3.8E-04 (mrem/pCi)
RADIONUC: TH-228 CASE:  Max Indiv T FCTR: 1.00
KEYS: (M)-MINED, (L)-UNRINED FILENARE: TH228MAX

"MINED® - CROPS ON CLAYS, NINED AND RECLAIMED LANDS

“UNMINED® -~ CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PM)~PREDICTED FROM NINED, (PU)-PREDICTED FRON UNMINED

{L}-LITERATURE, (E)-ESTIMATED

Sampled Itess Only

DIET  SAM- INTAKE  CON CON INTAKE  INTAKE  DELTA 1 OF
ITEM  PLED? OF ITEM UNMINED HINED UNMINED MINED  INTAKE  TOTAL

YN (g/day) {pCi/Kg)  {pCi/Kg) (pCisyr) (pCisyr) (pCifyr)  DIFF
pALRY T e o

Milk N 280,99 0.31 {E} 0.31 {E} 3.16E+01 3.18E+01
Cheese N 2.4 0.3t (&) 0.31 (B} 2.52E+00 2,52E+00

MEAT

Beef Y oo129.27 3.51 (U 0.12 (Bl 2.40E402 5.37E+00 -2.54E+0Z 89,701
Pork N 39.94 3.08 (&} 3.08 (£) 4.4GE+01 4.45E+0¢

Other N 69.00 3.08 (B 3.08 (B} 7.76E+01 7.76E+0%

FISH N 20.04 3.08 (E) 3.08 (B} 2.23E+01 2,25E+01

EG6S N 30.95 3.08 (&) 3.08 (€] 3.48E+01 3.48E+01

CEREAL FD

Corn Gr ® 3.18 3.08 (&} 3.08 (E} 5.82E+00 3.82E+00

Grains N 27.49 3.08 {E) 3.08 (E] 3.09E+01 3.09E+01

Uris/Brd N 174.70 3.08 (B) 3,08 (E) 1.96E+02 1.96E+02

LEAFY/COLE YEG

Spinach Y 3.2 0.4 W) 1,20 {PH} 5.52E-01 1.R4E+00 9.85E-0%1  -0.241
Collards Y 0.45 0.33 (1 0.34 (M) 9.08E-02 5.58E-02 -3.488-02 0.01%
Mustard ¥ 0.45 0,31 W 1,26 (PM) B.35E-02 [.97E-01 L. 13E-0t  -0.031
Turpip 6 ¥ 0.43 3.67 W) 4,26 (M} 6.02E-01 6.98E-0t 9.82E-02  -0.03%
Cabbage ¥ 7.04 0.3¢ () 2.83 (M) B.od4E-01 7.28E+00 6.42E+00  -1.78%
Caulifwr ¥ 0.71 .43 (U} 2.83 (PM) 1,696-01 7.36E-01 G.67E-01  -0.141
Broce Y 2.80 4,30 () 2.83 (PM) 4,39E400 2.89E+00 -1.30E+00 0,414
{ther K 0.78 3.08 {B) 3.08 (£) 8.31E-0f 8,51E-01

Lettuce N 23.38 3.08 {E) 3,08 {E)  2.63E401 2.43E+01

Celery N .42 3.08 (&) 3.08 (B} 6.98E-01 £.98E-01

LEGUHES/CORN

Green Bn Y 8.74 0.39 {h 7.92 (K} 1.23E+00 2.53E+01 2,40E+01  -4.39%
Blckayes ¥ 3.36 0.43 () 1,13 (M} 35.25E-01 1.41E+00 8.80E-01  -0.24%
Lima Bn Y 2.23 9.41 (PO 0.63 (M} 3.35E-01 S.19E-~01 1.B4E-01  -0.05%
Carn Y 14,41 17,19 (B 8.96 (M 9.04E+01 4.71E+01 -4.33E+0 1.87%
Grn Peas N 7.29 3.08 {E} 3.08 (E} 8.20E+00 B.20E+00

Other Bn N 25.71 3.08 (B} 3.08 (E) 2.89E+01 2.89E+0!

Huts N 4,94 3.08 (&) 3.08 (£} 5.36E+00 3.56E+00

Other N 11.28 3.08 (D) 3.08 (B} L.27E401 1.27E+01

POTATOES ¥ 83.22 S. i1 (P! 3,23 (BI 1.39E+02 1.00E+02 ~5.85E+01 16.05%
ROOT VEG

Carrot Y 2,92 28.83 (B 0.22 (M) 3.07E+01 2.31E-01 -3.05E+01 8.36%
Radish Y 0.32 2,34 <) 4,54 (M) Z.71€-0f 5.236-01 2.54E-01  -0.071
Bnion Y 4.19 6,39 i) 0.B0 (M} 9.78E+00 1.23E+00 -8,55E+00 2,351
Turnip Y .42 1.58 () 1,89 (M 2.43E-01 2.80E-01 1.76E-02 004
Jther N 1,10 3.08 (&) 3.08 (B) 1238400 1.23E400
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BATE: 7121785 DIET:  FDA/SAMPLED OCF: 3.8E-04 (area/pCi)
RADIONUC: TH-228 CASE:  Max Indiv  WT FCTR: 1.00
KEYS: (M)-MINED, () -UNMINED FILENAME: TH22BNAK

"MINED" - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

*UNMINED" - CROPS ON EITHER MINERALIZED OR CONTROL LANDS

(PN)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED

(L)-LITERATURE, (E)-ESTIMATED

Sampled ltems Only

DIET  SAM- INTAKE LEN CEN INTAKE  INTAKE  DELTA L OF
ITEM PLED? OF ITEM UNMINED MINED UNMINER MINED  INTAKE  TOTAL
Y/N  (g/fday) (pCi/Kg) {pCi/Kg) {pCi/yr) (pCifyr} (pCi/yr)  DIFF
GRON FRT
Hatereln ¥ 3.4 6,75 (U} 1,42 (M} 8.48E+00 1.78E+00 -4.70E+00 1.84%
Citron Y 00 3.44 (U) 0.13 (M) 1.25E-03 4.82E-0F -1,21E-03 L00%
Tomato Y 25.18 2.38 1) 0.89 (M} 2.57E+D1 B.22E+00 -1.35E+01 4.25%
Strawbry Y 1.23 1,01 W 1.12 (PM) 4.33E-01 3.04€-01 5,06E-02  -0.01%
Cucumbr Y 2,62 .18 () 9.47 (M} 1.13E400 9.07E+00 7,.94E+00  -2.1B%
Y. Sgsh Y 0.563 £.32 (I 1.66 (M) 3.01E-01 3.80£-01 7.91E-02  -0.02%
Iuchin ¥ 0.63 {.46 (W) 2,18 (W) 3.34E-01 4.9BE-01 1.44E-01  -0,08
Okra ¥ 0.08 0.96 {PU) 4,63 (M) 2.108-02 1.01E-0¢ 8.05E-02  -0.021
8r Pppr ¥ 1.29 2.72 ) 0.10 (K} 1.28E+00 4.44E-02 -1.23E+00 0.341
Egg Pint Y 0.70 £.08 () 1.12 (PM) 2.77E-01 2.86E-01 9.20E-03 00X
Others N 6.55 3.08 (E) 3.08 (E) 7.36E+00 7.36E+00
TREE £TRS
Citrus
frange Y 85,24 §.36 (h <0.68 (M) 1.11E401 2.11E+01 9.93E400  -2.721
Grofrt ¥ 7.78 1.28 D 1.99 (M) 3.63E+00 5.65E+00 Z2.01E+00  -0.351%
Leman Y 10.71 0.75 () 1,16 (PH) 2.93E+00 4,.54E+00 L.61E+00  -0.44%
Gther N 40,34 3.08 (E) 3.08 (E) 4.79E+01 4,79E+01
50UPS N 36.42 0.98 {E) 0.98 (B} 1.31E+0! {,31E+01
COMDIMENT N 34,12 3.08 (&) 3.08 (£} 6.03E+01 4.08E+01
DESSERTS N 78.30 0.31 (E) 0.31 (E} B.BAE+00 B.85E+00
BEVERAGE N 1172.44 g.31 (B} 0.31 (B} 1,33E402 {,33E+02
WATER N 512,00 0.31 {E) 0.31 {E) 5.79E+01 3.79E+01
TOTALS: 3071.80  Sampled Iteas Only -  4.13E+0Z 2,48E+02 -3,43E+402  100.00%
Total Modeled Diet -»  1.49E+03 1,13E+03
DOSES:  arem/year Sampled Items Only -  2.33E-01 9.42E-02 -1,39E-01
Total Modeled Diet ->  3,47E-01 4,28€-01

NDTE: Since the delta intake for sampled items is negative, the
percent difference is “negative” if the mined concentration
exceeds the unmined concentration.
Literature values are very sparse. Drury et, al 1783 contains
some "less than” values:
¢2.7 pLi/Kg --» corn, melon, sguash, and tomato {two entries)
Thus the estimated value in the table (3,08 pli/Kg) froa the
grand average of all sampled foods may be conservative {overestiamation).
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DATE:
RADIONUC:

1/23/83
4-238

DIET:
CASE:

FDA/SAMPLED DCF:
Debris Indiv.WT FCIR:

KEYS: (D)-DEBRIS LANDS, (M}-NINED, (U} -UNNINED
"MINED" - CROPS ON CLAYS, MINED AND RECLATHED LANDS

"UNNINED®

2.3E-04
1.00
FILENAHME: U238DED

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{(PM)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{PD}-PREDICTED FROM DEBRIS, {L)-LITERATURE

DIET
ITEM

CEREAL FD
Lorn br
grains
Crls/Brd

LERFY/COLE VER

Spinach
Collards
Hustard
Turnip G
Labbage
Caulifwr
Brocc
Other
Lettuce
Celery

SAH-

INTAKE CCN

K

PLED? OF ITEM UNMINED E

YN

N
N
N

Y

S S e e e

LEGUKES/CORN

Green Bn
Blckeyes
Lima Bn
Corn

Brn Peas
Qther Bn
Nuts
Other

POTATOES
ROQT VES
Carrat
Radish
Onion

Turnip
Other

Page i

¥
¥
Y

-l S E A =<

B . -l

{g/day) (pCi/Kg) ¥
280.99 .00 {La)
22,41 0.87 {Lal
129,27 0.08 (U)
39.54 0,13 {La)
£9.00 0.13 (La)
20,06 0.67 (La)
30,935 0.67 {La)
3.18 7 {La)
7.4 7 {La)
174.70 7 (La)
3.26 2,69
0.43 g.40 (W)
0.45 0.90 (U}
0.43 0.32 W)
7.04 4.02 {1}
9.71 0.02 ()
2.80 0.39
0.76 0.27 {Lal
23.38 0.27 (La)
0.42 0,27 (La)
8.74 ¢.47
1.3 0.41 ()
2.23 0.26 (P}
14,41 0.06 (W)
7.29 0.27 {Lal
23.71 0.27 (tLa)
4,94 0.27 fLa}
11,28 0.27 {Lal
85,22 0,35 (PU}
2.92 1.38 ()
0.32 43 (1
4,19 .82 )
.42 0.18 )
1.10 9.33 (La)

{area/pCi)

Saspled Iteas Only

CCN K INTAKE INTAKE  DELTA X OF
DEBRIS  E  UNMINED DEBRIS  INTAKE  TOTAL
(pCifKgl ¥ (pCifyr) (pCifyr) (pCifyr)  DIFF

.00 (La} 3.0BE-01 3.08E-01
0.67 (La) 5.48E+00 5.4BE+00
0.41 (M} 3,.B7E+00 1.95E+01 1.5hE+(1 2,54%
0.13 (La) 1,88E+00 1.88E+00
0.13 (La) 3.27E+00 3.27E400
0.67 {La} 4.90E+00 4,90E+00
0.47 (La) 7.97E+00 7.57E+00
0.17 (La) 3.21E-01 3,21E-01
0.17 (La) L.71E+00 1.71€400
0.17 {La) 1.08E+01 1,08E+01
245,42 (D) 3.22E+00 2,94E+02 2,91E+02  47.31%
285,42 {PD) 6.4BE-02 4.03E+01 4,02E+01 6,351
245.42 (PD} 1.4BE-01 4.03E+01 4.01E+0] 6.531
245,42 (PD) 3.226-02 4.03E+01 4.02E+01 4.331
0.17 M} 5.91E-02 4,32E-01 3.73E-0% 0.06%
0.17 (PR} 5.98E-03 4.37E-02 3.77E-02 0.01%
0.17 (PM) 4.01E-01 {.71E-01 -2,30E-01  -0.04
0.27 (La) 7.46E-02 7.456E-02
0.27 {La} 2,30E+00 2,30E+00
0.27 (La) 6.12E-02 &.12E-02
2,15 {Da) 3.30E-01 6.86E+00 4.33E+0D 1,031
2.15 (PD) 5.05€-01 2.43E+00 2.13E+00 0.35X
2,15 {PD)} 2.13E-01 1.77E+G0 1.55E+00 0,251
2,63 (M) 3,00E-01 [.39E+01 1,34E+01 2.2
0,27 (La) 7.19E-01 7.19€-01
0.27 (La) 2.53E+00 2.53E+00
0.27 (La) 4.87e-01 4.67E-01
0.27 (La) 1.11E400 1.11E+00
5.02 {FD) 1.71E401 1.56E+02 1.39E+02 22,63
12.43 (M} 1.47E+00 1.32E+401 1.18E+01 1.92%
5.02 (PD} 5.21£-02 5.80E-01 35.28E-01 0.09%
5.02 (PD) 1.26E400 7.69E+00 6.43E+00 1.08%
5.02 (D) 2,776-02 7.73E-01 7.46E-01 0.124
0.33 {La} 1.32E-01 1.32E-01

FOA/U-238-Debris/EB

AEV 1
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DATE:
RADIONUC:

*UNHINED®

7/23/83
u-238

DIET:
CASE:

FDA/SANPLED DCF: 2,3E-04
Debris Indiv.WT FCIR: 1.00
KEYS: (D)-DEBRIS LANDS, (M)-MINED, (U)-UNMINED

"MINED® - CROPS ON CLAYS, NINED AND RECLAIMED LANDS

FILENANE: U238DEB

- CROPS ON EITHER MINERALIZED DR CONTROL LANDS

{PM)-PREDICTED FROM MINED, (PU)-PREDICTED FRON UNMINED
{PD}-PREDICTED FROM DEBRIS, (L}-LITERATURE

DIET
ITEM

GRON FRT
Watereln
Citron
Tosato
Strawbry
Cucuabr
Y. Sqsh
Iuchin
Qkra
r Pppr
£gg Pint
Others

TREE FTRS
Citrus
Orange
frpfrt
Leacn
fither

50UPS
CONDINENT
DESSERTS
BEVERAGE
HATER

TOTALS:

SAN-

INTAKE

PLED? OF ITEM UNMINED E
{g/day) (pCi/Kq) Y

Y/N

B G o A il ol e R C

3.4
00
25.18
1.23
2,82
9.63
0.63
0.06
1.29
0.79
6,55

5.24

7.78
10.71
60.36

36.82
.12
78.30
1172.44
512,00

3671.80

{mrem/pCi)

Sampled Iteas Only

Total Maodel

FODTNOTES: La Diet Uranius (Ha72)
Lh Florida Aquifer Water (Co80)
E Geometric Mean aof Vegetables and Water
Da Reported as (LLD, Geoe. Mean of Turnip and Y. Sguash Utilized

Page 2

ed Diet

-2

1.81E-01 3.22E-01

FDA/U-238-Debris/€B  REV

N K CCN K INTAKE INTAKE  DELTA L oF
DEBRIS  E  UNMINED DEBRIS  INTAKE  TOTAL
fpCi/kg) Y (pCifyr} (pCi/syr) {pCi/yr} DIFF

0.17 {h 0.92 (PD) 2.14E-01 1.16E+00 9.42€-01 0.19%
0.02 (Ui 0.92 (PD) 7.30E-06 3.36E-04 3.29€-04 001
0.28 (W) 0.32 (PD) 2.57E+00 B.46E+00 5.88E+00 0.961
0.33 0.92 {PD)} 1.48E-01 4.13E-01 2.45E-01 0.041
2.33 W 0.92 (PD) 2.23E+00 8,B1E-01 -1,35E+00  -0.224
0.07 (W) 0.92 (D) 1,60E-02 2,10€-01 1.94E-01 0.903%
g.16 (U} 0.92 (PD) 3.66E-02 2.10E-01 1.74E-01 0.031
4.92 (PY) 0.92 (PBY 2.01E-02 2,01E-02 0.00E+00 0.001
0.13 (U) 0.92 (PD) &.10E-02 4.32E-01 3.71E-0t 0.08%
1.08 (W 0.92 {PD) 2,76E-01 2.35E-01 -4.09€-02  -0.01%
0,27 (La) 0.27 {La} 6.46E-01 b.4bE-01
0.04 (U} 0.04 (H) 1.24E+00 1.24E400 0.00E+00 0,001
0.06 (1) 0.08 (B) 1.70E-01 2,27E-01 5.68E-02 0.01%
0.42 () 0.06 (PH) 1.68E+00 2.21E~01 -1,42E+00  -0.23)
1.00 (La) 1.00 (La) 2.20E+01 2.20E+01
0.25 (£} 0,25 (E) 3.42E+00 3.42E+00
10.00 {La}l 10,00 (La) 1.98E+02 1.98E+02
9.27 {Lal 0.27 (La} 7.726+00 7.72E+00
1.00 (La} 1,00 {La) 4.28E+02 4.28E+02
0.24 (Lb)  0.24 (Lb) 4.49E+01 4.49E+01

Sampled Items Only - 3.79E+01 4.32E+02 &.14E402  100.001

Total Modeled Diet ->  7.88E+02 1.40E+03

Sampled Itess Only ->  8.72E-03 1.50E-01 1.41E-01

23-Jul-43



DATE:
RADIONUC:

"UNMINED®

1123783
U-234

DIET:
CASE:

FDA/SANPLED DCF:

Debris Indiv WT FCIR: 1.00
KEYS: (D)-DEBRIS LANDS, (H!-MINED, (U} -UNMINED
“NINED® - CROPS ON CLAYS, MINIED AND RECLAINED LANDS

FILENAKE: U234DEB

~ CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PN}-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{PD)~PRECICTED FROM DEBRIS, (L}-LITERATURE

DIET  SAM- INTAKE oy X
ITEM PLED? OF ITEM UNMINED E
Y/N  f{g/day) {pCi/Kg) ¥
DAIRY
Milk N 280.99 00 (La)
Cheese N 22.41 0.47 tLa}
MEAT
Beef Y 129.27 0.75 ()
Park N 39.54 0.13 (La}
Gther N 69.00 0.13 (La)
FISH N 20.04 0.47 {La}
EG6S N 30.95 ° 0.467 (La)
CEREAL FD
forn6r N 3.18 A7 Lal
Grains N 27.49 A7 (La)
Crls/Brd N 174.70 0.17 (La}
LEAFY/COLE VEG
Spinach ¥ 3.28 3.97 ()
Collards Y 0.43 9.40 ()
Mustard ¥ 0.45 1.84 (U}
Turnip § ¥ 4,43 ¢.93 ()
Labbage Y 7.04 0.43 (U}
Caulifwr ¥ 0.71 0.42 t)
Brocc Y 2,80 1.25 (B
Other N 0.74 0.27 {La)
Lettuce N 23.38 9.27 (La)
Celery N 0.42 0.27 {La)
LEGUMES/CORN
Green Bn ¥ 8.74 1.67 (U}
Blckeyes ¥ 3.3 1.23
Liga Bn ¥ 2.25 1.43 (P
Corn Y 14.41 0.13 (4}
frn Peas N 7.29 0.27 {La}
Other 8n N 25.71 0.27 (La}
Nuts N 4,94 0.27 iLal
Other N 11,28 0.27 (La)
POTATOES Y 85,22 0.67 (P
ROOT VEG
Larrot Y 2.92 1,02 ()
Radish ¥ 0.32 0.38 ()
Onion Y 4,19 0.468 (1)
Turnip Y 0.42 9.77 )
dther N .10 0.33 (Lal
Page |

CeN
DEBRIS
(pCi/Kg)

00
0.87

0.27
0.13
0.13
0.47
0.67

K
E
Y

{La}
{La)

(M}

{Lal
{La)
{La}
{La}

7 (La)
7 (La)
7 (La)

268.27
268.27
268.27
268.27
0,35
0.55
0.55
0.27
0,27
0.27

[ == o TR I o B & B el
° - - - - - . -

3 BRI BR3 R L4 o <O H
Y L "R IR & B )

5.26

11,35
.26
3.24
3.26
0.33

(b}

rh
{PD}
{FD)
#)

{PH)
{PM)
{La)
{La)
{La)

(Ma)
(M}
(1)
(M}
(La)
{La)
{La}
{La)

{PD)

M)
(PD)
{PD}
{D)
{La}

INTAKE  INTAKE
UNMINED DEBRIS
{pCi/yr) (pCifyr)

.0BE-01 3.0BE-01
.48E+00 3.48E+00

w4

3.55E+01 1.29E+01
1.98E+00 1.98E+00
3. 276400 3.27E+400
4.90E+00 4.90E+00
7.57E+00 7.57E+00

3.21E-01 3.21E-01
1. 71E400 1. 7T1E400
1,0BE+01 1,08E+01

4,75E400 3.21E+02
6.63E-02 4, 808401
3.026-01 4.40E+01
[.33E-01 4.40E+0¢
[.O9E+00 1. 41E+00
1.60E-01 1.43E-01
1.2BE+00 5. 61E-01
7.45E-02 7.4b6E-02
2.J0E+00 2.30E400
6. 126-02 6.12€-02

3.32E400 5.02E+00
1. 30E+00 1,28E+00
1.18E400 9.16E-01
7.89€-01 1.23t+01
7.19E-01 7.19E-~01
2,33E+00 2.33E+00
4,87E-01 4.87E-01
£.HIER00 1. LIE+0D

2.0BE+01 1.64E+02

1.08E+00 1. 21E4)1
§,36E-02 5.08E-01
1.04E+00 8.05E400
1.19€-01 8.10€-01
1.32€-01 1.32E-01

FDA/U-234-Debris/EB  REV |

2,b6E-04 (mrea/pCi)

Saapled Iteas Only

DELTA
INTAKE
tpCifyr)

-2.26E+01

3. 16E+02
4. 40E+01
4,37E401
4. 39E+01
3. 21E-01
~1,72E-02
-7. HE-01

-3.09E-01

-2.20€-01

-2.62E-01
1. 15E+01

1.43E402

1. 10E+01
5.64E-01
7.02E+00
6.91£-01

1 OF
TOTAL
DIFF

~3.77%

52.74%
7.331
7.29%
7.31%
0.054

0%

-0, 12

-0, 052
-0.041
-0.041
1.92%

23.80%

1.83%
0,091
117
0.12%

23-Jul -85



DATE:
RAD [ONUC:

7423/83
§-234

DIET:
CASE:

KEYS: (D)-DEBRIS LANDS, (N)-MINED, (U)-UNMINED
"HINED" - CROPS ON CLAYS, MINIED AND RECLAIMED LANDS

"UNMINED®

FOA/GAMPLED DCF:
febris Indiv WY FCTR: 1.00

FILENANE: U234DEB

- CROF3 ON EITHER WINERALIZED OR CONTROL LANDS

{PH}-PREDICTED FROM MINED, {PU)-PREDICTED FROM UNMINED
{PD)-PRECICTED FROM DEBRIS, (L)-LITERATURE

DIET  GAM-  INTAKE
ITEM  PLED? OF ITEM UNHWINED E  DEBRIS

Y/
GRON FRT
Watereln ¥ 3. 84
Citron Y .00
Tomato Y 25.18
Strawbry 1.23
Cucusbr ¥ 2.62
Y. Sgsh ¥ 0.463
Tuchin ¥ 0.43
Okra 0.06
Gr Pppr Y 1.29
Egg Plnt ¥ 0.70
Others N 6.55
TREE FTRS
Citrus
Orange Y 85.26
Brpfrt Y 7.78
Leman Y 10.71
Gther N 80,38
50UPS N 36.82
CONDIMENT N 94,12
DESSERTS N 78.30
BEVERAGE N {172.44
WATER N 512,00
TOTALS:

3071.80

DOSES:  arem/year

FOBINATES:

Page 2

CON

{g/day} {pCi/Kg)

1.04
1.52
1.25
1.67

3.08

0.58
2.18
1.21
0.33
1.27
0.27

0.09
6.08
0.02
£.00

0.25
10,00
.27
1.0
0.24

K £CK

Y {pfi/Kg)
] 1.73
)] 1.73
{h 1.73
thi 1.73
{n 1.73
i) 1.73
it 1.73
{PU) 1.73
i) 1.73
{ 1.73
{La} 0.27
{ 0.01
(i 0.01
i 0.0t
{La} 1.900
{E) 0.23
{La}  10.00
{lat  0.27
{ta) £.00
(Lh)  0.24

K
E
¥

{PD)
{PD)
{PD)
{PD)
{PD)
]

{PD)
{PH)
{PD}
{PD}
(La)

(M}
{H}
{PR)
{La)

(E}

{La)
{La}
{La)
{Lb}

Sampied [teas Only -
Total Modeled Diet -

INTRKE  INTAKE
UNMINED DEBRIS
{pCifyr) (pCijyr)

2.6E-04 (mrea/pCi)

Sampled Itess Only

DELTA
INTAKE
{gCi/yr)

% oF
TOTAL
DIFF

1.31E+00 2,17E+00
5.53E-08 4.31E-04
1. 15E401 1.59E+0]
7.32E-01 7.77€-01
2.93E+00 1.46EH00
[.33E-01 3.96E-01
4,99E-01 3.96E-01
2.64E-02 3.79E-02
1.55E-01 8.12E-01
3.24e-01 4.42E-01
6.86E-01 6.46E-01

2.80E+00 3.11E-01
2.27E-01 2.94£-02
7.82E-02 3.91E-02
2, 20E+01 2. 20E+01

3.36E+00 3. 36E+00
1.98E+02 1.98E+02
T.72E400 7,72E400
4,28E+02 4.28E+02
4.49E+01 4.49E+01

9.59E+01 £.96E+02
8.44E402 1. 448407

Sappied Itess Only -
Total Hodeled Diet -)

La Diet Uraniua (Ha72)

Lb Florida Aquifer Water (CoBO)
E Geometric Mean of Vegetables and Water

Ma Mined value higher than debris, mined value retained

2,49E-02 1.91E-04
2.19€-01 3.75€-01

FDR/U-234-Debris/EB  REV 1t

B.47E-01
7.4bE-05
4, ME+00
2.31E-02
~1.27E+00
2.63E-01
-1.03E-01
1. 15€-02
4.37-01
1.18E-01

-2.49E+00
-1.99E-01
-3.91E-02

4.00E+(2

0.141

001
0.741

00X
-0.211
0.04%
-0.021%

. 001
0.1
0.021

-0.41%
~0.03%
-0.014

102.00%

© 23-Jul-83



DATE:
RADIONUC:

7423185
TH-230

DIET:
CASE:

FDA/SAMPLED BCF:
Debris Indiv WT FCTR:

KEYS: (D)-~DEBRIS LANDS, (M) -NINED, (U} -UNMINED
"MINED® - CROPS ON CLAYS, MINED AND RECLAIMED "LANDS
*UNNINED" - CROPS ON EITHER MINERALIZED OR CONTROL LANDS
{PN)-PREDICTED FROM MIMED, (PU)-PREDICTED FROM UNMINED
{PD)-PREDICTED DEBRIS, (E)-ESTIMATED, (L)}-LITERATURE

£ON
DEBRIS
1pCi/Kg)

18 (E)
0 (B

0.05
0.50
0.50
0.50
0,50

0.50
0.50
0.50

193,20
193.20
193.20
193.20
0.04
0.04
0.04
0.30
0.50
0.50

.22
0.50
0.37
0.04
0.50
.90
0.90
0.50

5.14
5. 14
3.1
3.1
3.1
0.3

L
4
§
0

DIET  SAN- INTAKE CCN X
ITEH PLED? OF ITEM UNMINED E
Y/N  (g/day} {pCi/Kg) Y
DAIRY
Milk N 280.99 10 (E}
Cheese N 22.41 0 (B}
¥EAT
Baef ¥ 129.27 6.97 {1
Pork K 39.54 0.30 (£}
Other N 69.00 0.30 (E)
FISH N 20,06 0.30 (E)
EBRS N 30.93 0.50 (E
CEREAL FO
Corn 6r N 5.18 0.50 (E)
Grains N 21.49 0.50 (E}
Cris/Brd N 174.70 0.90 (E)
LEAFY/COLE VEG
Spinach " Y 3.28 0.65 (U}
Coliards Y 0.43 0.32 (U}
Mustard ¥ 0.43 0.35 )
Turnip 6 ¥ 9,43 0.21 (U}
Cabbage Y 7.04 0,04 (W)
Caulifwr ¥ g.71 0.07 (U
Broce { 2.80 1.45 ()
{Other N 0.76 0.30 ()
Letture W 23.38 0.30 {E}
Celery N 0.62 0.30 {E)
LEGUMES/CORN
Green Bn Y B.74 0.18 U}
Blckeves Y 3.36 0.1% ()
LimaBn ¥ 2.25 0.16 (PU)
farn Y 14,44 1,39 ()
Grn Peas N 7.9 0.90 {E)
Qther Bn N 29.71 0.50 (E)
Nuts N §.94 0.50 (E)
Other N 11.28 0.30 (£} .
POTATOES Y 85.22 0.34 {PW)
ROGT VER
Carrot ¥ 2.92 0.52 (U
Radish ¥ 0,32 0.04 {h
nion Y £,19 1.94 (1)
Turnip ¥ 0.42 9.3t (U
Other N 1,10 0.50 (E)
Page |

FDA/Th-230-Debris/ER

3. 4E-04
1.00
FILENAME: TH2Z30DED

K INTAKE  INTAKE
E  UNMINED DEBRIS
Y (pCi/yr) {pCityr}

1.03E+01 1.03E+01
8,18E-01 8.18E-01

")
{E)
(E}
{E)
{E)

4. 60E+01 2,22E400
7.22E400 7,22E+00
1.26E+01 1,26E+01
3.66EHO0 3, 46E+00
3.63E+00 3.63E+00

{E)
(E)
{E)

9.43E-01 9.45€-01
5.02E+00 5.02E+00
J.19E+01 3. 19E+01

(D)
{rD)
{PD)
e
M)
(PN}
{PN)
(€}
{E}
{E)

T.75E-01 2.31E402
5.25E-02 3. 176401
5.70E-02 3.17E+01
3.36E-02 3. 176401
1.08E-01 1.08E-04
1.90E-02 1.09E-02
1. 48E400 4.286-02
1.386-01 1.38E-01
8, 27E+00 4.27E400
1 13E-01 1. 13E-01

{Ha)
{¥}
M
)]
{E}
(€}
{E}
{E)

5.84E-01 3.90E+00
1.63E-01 6. 13E-01
1,29€-01 3.04E-01
8. 34E400 2.21E-01
1.33E+00 1,33E+00
§.69E+00 4.49E400
9.02E-01 9.02E-01
2.06E400 2,06E+00
{Ph 1.07E+01 1.60E402
(PO} 5.53E-01 5.47E+00
{PD} 5.35E-03 5.94E-01
(P} 2,35E+00 7.97E+400
(0} 4.B4E-02 7.92E-01
{E}  2,00E-01 2.00E-01

REY 1

{ares/pCi)

Sampled Iteas Only

DELTA 1 0F
INTAKE  TOTAL
(pCifyr}  DIFF
-4, 37401 -9,711
2.31E+02  51.18%
3.17E+01 7.03%
3 ATEHOE 1.03%
J.ATE+ 1.03%
0. 00E+00 0.00%
-8.06E-03 0%
-1. 446400 -0.321
3.32E460 0.74)
4.50€-01 0.10%
1.75E-01 0.04%
-B. 126400  -1.80%

1498402 33.12%

4. 92E+00 1.09%
3.87e-01 0.131
3.92E400 1.23%
7.43E-04 0.17%

23-Jul-85



DATE:
RADIONUC:

"UNMINED"

7123183
TH-230

DIET:
CASE:
KEYS: {(D)-DEBRIS LANDS, {M)-MIKED, (V) -UNMINED

*MINED® - CROPS ON CLAYS, HINED AND RECLAIMED LANDS

FDA/SANPLED DCF:
Debris Indiv WT FCTR:

S.4E-04
1,00
FILENANE: TH230DEB

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

(PH}-PREDICTED FROM HINED,(PUI-PREDICTED FROM UNMINED
{PD}-PREDICTED DEBRIS,(E)-ESTIMATED, (L)-LITERATURE

DIET
ITEM

GRDN FRT
Wateraln
Litron
Tomato
Strawbry
Cucumbr
Y. Sgsh
Zuchin
Okra
Gr Pppr
Egq Plnt
Others

TREE FTRS
Citrus
Orange
Grpfrt
Leaon
Other

50UPS
CONDIMENT
DESSERTS
BEVERAGE
WATER

TATALS:

DOSES:

SAN-  INTAKE &N X CCN K INTAKE INTAKE  DELTA - L OF
PLED? OF ITEM UNMINED E DEBRIS E UNMINED DEBRIS - INTAKE  TOTAL
Y/N  (g/day) {pCifkKgl Y (pCi/Kg) Y {pCi/yr} (pCi/yr) (pCifyr}  DIFF
Y 3. 44 0.33 (1 2.24 (PD) 4.13E-01 2.81E+00 2,40E+00 0,334
Y .00 0.38 (W 2,24 (PD) 1.39E-04 9.18E-04 4.79E-04 . 00X
Y 25.18 1.25 (W) 2.24 {PD) 1.15E+01 2.08E+01 9.10E+00 2.021
¥ 1.23 0.20 (W) 2,24 {PD) B.99E-02 1.01E+00 9.17E-01 0.20%
Y 2.82 0.43 2,28 (PDY 4.12E-01 2.14E+00 1.73E+00 0.38%
Y .43 0.37 2,24 (D) 1.30E-01 5.12E-01 3.82E-0i 0.081
14 0.43 0.20 {ih 2,24 (PD) 4.57E-02 5.12E-01 4.46E-01 0.10%
¥ 0.0 0.40 (PU}  2.24 (PD) 8.10E-03 4.50£-02 3.49E-02 0.01%
Y 1.29 1,03 2,24 (PD) 4.B3E-01 1.05E+00 3.48E-01 0.13%
Y 0.70 ¢.18 2.24 (PD) 4.60E-02 5.72E-01 35.26E-01 0121
N 6.55 0.30 {E) 0.50 (B} 1.20E+00 1.20E+00
¥ 85.26 0.08 (U 00 (M) 2,49E+00 9.34E-02 -2.40E¢00  -0.331
Y 7.78 0.06 () 0.04 (M} 1.70E-01 1.14E-01 -5.68E-02  -0.01%
b 10,71 0.10 (W) 0.01 (PM) 3.91E-01 4.2BE-02 -3.4BE-01  -D.08i
N 50,34 0.50 (£) 0.50 (E} 1,10E+01 1.10E+01
N 34.82 0.30 (E} 0.50 (E} &.72E+00 4.72E+00
N 34,12 0.30 {E) 0.30 (€} 9.88E+00 9.88E+(0
i 78.30 0.10 {E) 0.10 {E) 2.BAE+00 2.84E+00
NoHT72.44 0,30 (E) 0.30 (E) 2.18E+02 2,14E+02
N 312,00 0.50 (E) 0.30 (E) 9.34E+01 9.34E+01
3071.80  Sampled Iteams Only -»  9.85E+01 5.49E402 4.S0E402 100,001
Total Modeled Diet ->  5.18E+02 9.49E402
aren/year Sampled Items Only ->  3.326-02 2.96E-01 2.43E-01

{ares/pCi)

Sampled 1teas Only

Total Modeled Diet -»

2.80£-01 3.23E-01

NOTE: Since the delta intake for sampled items is negative, the
percent ditference is "negative" if the sined concentration
exceeds the unsined concentration,
Wrenn gives body burden of Th-230 in avg individual (NRE III)
Can this be used with Ra-224 body burden te estimate Th-230 intake?

Ha - Mined value larger than debris value, ained value retained

Page 2

FOA/Th-230-Debris/EB

REV 1

23-Jul-83



DATE:
RADIONUC:

7723783
Ra-224

"UNMINED®

DIET:
CASE:
KEYS: (U)-UNMINED, (D)-DEBRIS LANDS, {(M)-NINED

FDA/SAMPLED DLF:
Debris Indiv WT FCTR:

{.1E-03 larem/pCi}
.00

FILENAME: RA224DEB

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

*MINED® ~CROPS OW CLAYS, MINED AND RECLATMED LANDS
{PD}-PREDICTED FROM DEBRIS LANDS, (PU)-PREDICTED FROM UNMINED
{PM)-PREDICTED FROM WINED, (R)-RUSSELL, (L)-LITERATURE

DIET  5AM- INTAKE

N K
ITEN PLED? OF ITEM UNMINED E
Y/N  {g/day) (pCi/Kg) Y
DAIRY
Milk N 280.99 2.31 (La}
Cheese N 22,41 22 Ry
MEAT
Beef Y 129.27 3.98 ()
fork N 39.54 0.91 (R}
Qther N 69.00 0.91 {R)
FisH N 20,04 1.30 (R)
EGES N 30,93 3.00 (R)
CEREAL FD
Corn 6r N 5.18 2.00 (R)
Grains N 27.49 2.00 (R)
Cris/Brd N 174,70 2.00 (R}
LEAFY/COLE VEB
Spinach Y 3.28  16.51 )
Collards Y 0.143 3.63 {U)
Mustard Y 0.45 1.10 )
Turnip 6 ¥ 0.45 9.03 (1
Cabbage 7.04 2.10 (U}
Caulifwr Y 0.71 5,03 (W)
Bracc Y 2.80 3.00 (U
Other N 0.74 4,50 (R)
Lettuce N 23.38 4,50 (R}
Celery N 0.42 4,30 (R}
LEGUMES/CORN
Green Bn Y 8.74 5.16 (1)
Blckeyes Y 3.36 1.87 )
Lima Bn Y 2,25 3.1 Pl
Corn ¥ 15.44 §.90
frn Peas N 7.29 4.50 (R}
Other Bn N 23.71 4,50 (R}
Nuts N 4.94 4.30 (R}
Qther N 11.24 4,30 (R}
POTATOES ¥ 89.22 4,46 (PI)
ROOT VES
Larrot Y 2,92 8.52 {
Radish Y 0.32 3.82 ()
Onion Y 4,19 2,91
Turnip ¥ 0.42 4,18 W
{Other N 1,10 2.60 (R}
Page !

CCN
DEBRIS
{pLi/Kg)

3.4t
0.91
0.91
1,30
3,00

(R SR K ]
- - -
S O

320.26
320.26
320.26
520.26
3.48
3.64
3.68
.30
4,50
4.50

.79
79
71
.19
30
.50
50
30

b

e B e e SO A O SQ
- - -

19.22
181.61
19.22
19.22
19.22

FDA/Ra-224-Debris/EB

K INTAKE  INTAKE
E  UNMINED DEBRIS
Y {pCityr) {pCilyr)

{La) 2.57E+02 2,57E+02
(R} 1.80E+00 {,80E+00

m
R}
(R}
{])
{R}

1.BBE+02 1.561E+02
1.31E+01 1. 31E+0Y
2.29e+01 2.29E+01
9.52E+00 9.52E+00
3.65E+01 5.45E+01

it
{R)
{R}

3.78E+00 3.78E+00
2,01E+01 2,01E+01
1.2BE402 1.2BE+02

(b}
{PD)
{PD}
{PD)
(H}
{PN)
(PH)
(R)
(R
{R)

1. 98E+01 6.23E+02
9.28E-01 8.54E+01
1.80E-01 B.54E+01
1. 486400 8.54E+01
5.39E+400 9.45E+00
1,976+00 9.36E-01
3.06E+00 3.73E+00
1.24E400 1.24E+00
3.B4E+01 3.84E+01

1.65E+01 3.12E401
2,29E+00 1,20£+01
2.54E+00 5.41E401
2.58E+01 4.84E+01
1.20E+01 {.20E+01
4, 226+01 4.226+01
8.12E+00 8.12E+00
1.85€401 1,85€+01

(B)
{Fh)
{H)
(M)
{R}
{R)
(R)
(R}
(PD) 1.39E402 5.98E+02
M)
{FD}
(PD)
(B}
{R}

9.08E+00 1.93E+02
4,41E-01 2,22E+00
4, 45E400 2.94E4+0!
b, 44E-01 2.96E+00
8.00E-01 8.00E-01

REV 1

1026400 1.076400

Sampled Items Only

DELTA
 INTAKE
{pCifyr)

-2, 68E401

6. 03E+02
8, 45E+01
8.52E401
8.39e+01
4,04E+00
-6, 10E-01
4.91E-01

1. 48E+01
7. 70E+00
5. 15E+01
2.26E+01

4,39E+02

1. B4E+02
1.78E+00
2,50E+01
2.32E400

10F
T0TAL
DIFF

-1.55%

34.84%
4.881
4,931
4,851
0.23%

-0.04%
0.04%

0.851
0,361
2.98%
1314

26,541

10.63%
6.101
1,44
0.13X

23-Jul -85



DATE:
RADIONUC:

"UNBINED®

7423785
Ra-226

DIET:
CASE:
KEYG: (U)-UNMINED, (D)-DEBRIS LANDS, (M}-MINED

FDA/SANPLED DCF:
Debris Indiv WT FCTR:

1. 1E-03
1,00

{mrea/pCi)

FILENAME: RAZ26DEB

- CROPS ON EITHER MINERALIZED OR CONTROL LANDS

"MINED" -CROPS ON CLAYS, MINED AND RECLAINED LANDS
(PD)-PREDICTED FROM DEBRIS LANDS, (PU)-PREDICTED FROM UNMINED
(PMI-PREDICTED FROM MINED, {R)-RUSSELL, (L}-LITERATURE

DIET
ITEN
Y/N

GRDN FRT
Watereln
Citron
Tomato
Strawbry
Cucumbr
¥, Sgsh
Tuchin
Okra
6r Pppr
Egg Plnt
Others

B el o e

TREE FTRS
Citrus
firange Y
Brpfrt ¥
Lemon Y
Gther N

SuPs N
CONDIMENT N
DESSERTS N
BEVERAGE N
WATER N

TaTALS:

DOSES:

FOOTNOTES: La
Lb
Ea
E

Page 2

SAN-
PLED? OF ITEN UNKINED E

INTAKE

CCN

{g/day} {pCi/Kq)

3.44
00
25.18
1.23
2,82
0.63

0.83 -

0.06
1.29
0.70
.55

85.26

7.79
10.71
60.36

36.82
54.12
78.30
1172.44
512,00

3071.80

area/year

1.24
2.19
2.94
2.81
3.22
Ll
20
2.61
1.87
2.37
4.50

K

Y

)
tth
)
)
W
i
)
{P)
{H
{4}
{R}

5 (U
340
2 i)
0 (R

2.25
0.1
0.22
1.00
L.13

{Ea)
(E}
{E}
{E}
L)

eeN
DEBRIS
{pCi /Kg)

3.15
3.15
5.15
3.18
3.60
3.13
3.13
2118
3.13
3.13
4,50

4.24
3.14
3,63
4,50

2.25
0.0t
0.22
1.00
1.13

K
E
Y

(PD)
(PD)
(PD)
9]
"
"
{PD)
)]
{Pp)
{PD)
{R]

{#)
(M
{PH)
{R}

(Eal
{E)
{E}
(E}
{Lb}

Saapled [teas Oaly -3
Total Wodeled Diet ~>

INTAKE  INTAKE
UNMINED DEBRIS
{plisyr) (pCilyr)

1,34E+00 4.47E+00
7.99E-04 1.88E-03
2.70E+01 4.73E+01
1. 26E+00 2.31E+00
3.08E+00 5.38E+00
9.40E-01 1.18E+00
9.60E-01 1,18E+00
3.23E-02 4.25E-01
8.77E~01 2.42E400
5.06E-01 1.32E+00
1.0BE+01 1.08E+01

3. 146401 1.32€402
4.63E+00 8.92E400
5.94E+400 1.43E+08
9.91E401 9.91E+01

3.03E+01 3.03E+01
1.986-01 1.98€-0¢
5.29E400 6.29E400
4.28E+02 4,28E+02
2. 11E402 2. 11E402

3. 376402 2,27E403

Sampled Itees Only ->
Total HModeled Diet -

S.91E-01 2.49E+00
2. 136400 4.04E+00

Dairy samples from Polk Co. (NaB4, p 822}

fverage of 38 values for Florida (Wa84, p 816-819)
Geametric Mean of Russell Vegetables and MWater
Estimated from general data trends

FDA/Ra-226-Debris/EB

REV 1

Sampled Items Only

DELTA LOF

INTRKE  TOTAL
{pfifyr)  DIFF
4,91E+00 0.28%
1.08E-03 00X
2,03E+01 1471
1.05E+00 0.061
2,28E+00 0.131
2.38E-01 0.01%
2.17E-01 0,014
3.728-01 0.02%
1.54E+00 0.09%
7.10E-01 0,041
8.06E+01 4,661
4,29E+00 0.251
8.32E+00 0.481%
1736403 100.00%
L 90E+00

o 0 o e S B e et g 0 e e e o o o e

23-Jul-83



DATE:
RADIONUC:

7123185
TH-232

DIET:
CASE:

FDA/SAMPLED DCF:
Debris Indiv W7 FCTR:

KEYS: (D)-DEBRIS LANDS, {(¥}-MINED, (U} -UNHINED
"MINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

"UNMINED"

2.7€-03
1.00
FILENARE: TH232DEB

~ CROPS ON EITHER MINERALILED OR CONTROL LANDS

{PN)-PREDICTED FROM MWINED, (PU)-PREDICTED FROM UNMINED
{PD) -PREDICTED DEBRIS, (LI-LITERATURE, (E)-ESTIMATED

DIET  GAM- INTAKE N K
ITEM PLED? OF ITEM UNMINED E
Y/N  {g/day) (pCi/Kg) Y
DAIRY
Milk N 280.99 0.01 (E)
Cheese N 22.41 0.901 {E}
MEAT
Beef y 129.27 0.28 U}
Pork N 39.54 0.10 (E)
Other N §9.00 0.10 {E)
FISH N 20,06 0.10 (E}
EGBS N 30.95 0.10 {E}
CEREAL FD
Corn Br N 5.18 10 &)
Grains N 27.49 0 (E)
Eris/Brd N 174,70 ¢ (E)
LEAFY/COLE VEG
Spinach Y 3.28 0.04 (W)
Collards Y 0.43 0.07 (U)
Mustard ¥ 0.45 0.08 (W)
Turnip 6 ¥ 0.45 0.19 (U}
Cabbage ¥ 7.04 0.04 (U}
Caulifwr ¥ 0,71 0.04 ()
Broce Y 2.80 ¢.04 )
Other K 0.76 0.10 {E)
Letture N 23.38 0.10 {E}
Celery N 0,462 0.10 (E)
LEGUMES/CORN
Greea Bn Y - 8.74 0.04 {1
Blckeyes Y 3.34 ¢.04 (U}
lima Bn Y 2.25 0.04 (P
Corn ¥ 14.41 0.04 (1)
Grn Peas N 7.29 0.10 {E)
Other Bn N 25.71 0.10 {£)
Nuts N 4.94 0.10 (E}
(Other N 11.28 0.10 (E)
POTATOES ¥ 85.22 0.06 (FU)
ROGT VEG
Carrot ¥ 2.92 0.03 (W
fadish ¥ 0.32 0.02 {if)
{inion Y 4,19 0.13 (I
Turpip ¥ .42 0.20 ()
ther N 1,10 0.10 (E)
Page 1

LN
DEBRIS
tpCi/Kg)

0.01
0.01

0.09
0.10
0.10
g.10
0.10

K
E
Y

{E}
(E}

M
{E)
(E)
{E)
{E)

0 (E)
0 (E}
g (B}

6.82
6.82
6.82
6.82
0.04
0.04
0.04
0.10
0.10
0.19

0.43
0.43
0.43
0.04
0.10
0.10
0.10
0.10

0.42

0.42
0.42
0.42
0.42
0.10

FDA/Th-232-Debris/EB

{D)
(PD)
{FD)
(FH)
(M}
(FM)
(PH)
{E)
(E)
{E)

{D}
{PD
{PD)
(#)
{E)
(£}
(£}
3

{(PD}

(PD)
{FD)
(PD)
(0}
(£)

INTAKE  INTAKE
"UNMINED DEBRIS
tpCifyr) {pCi/yr)

{area/pCi)

Sampled Itemes Only

———

1.03E+00 1,03E+00
8.186-02 8.18E-02

1.31E+01 4.34E+00
1. 44E+400 1. 44E+00
2.52E+00 2.52E400
7.326-01 7.326-01
1. 138400 1.13E+00

1.89E-01 1.89E-01
1,00E+00 1.00E+00
6.38E400 5.3BE+00

3. 15E~02 8.16E+00
1 13E-02 1,128+00
1,38E-02 1,12E400
3.09E-02 1.12E+00
1. 11E-01 1.11E-01
1. 126-02 1.09E-02
4,39E-02 4,28E-02
2,76E-02 2.76E-02
8,53E-01 8.53E-01
2.27E-02 2.27E-02
1.37E-01 1.43E+00
3.27€-02 5.49€-01
3.38E-02 3.69E-01
2.26E-01 2.26E-01
2.66E-01 2.86E-04
9,38E-01 9.38E-01
1,80e-01 1.80E-01
4,12€-01 4,12E-01

1.B9E+00 1.31E+01

2.77E-02 4, 47E-01
2.31E-03 4.83E~02
1.99E-0) 6.43E-01
3.08E-02 6.47€-02
4,00E-02 4.00E-02

REV 1

DELTA L OF
INTAKE  TOTAL
{pCifyr)  DIFF
-B.78E+00  -42,44]
g.11E+00  39.24%
1.11E+GO 5.361%
LIE#00  5.35%
1.09£400 5,264
0.00E+00 0.00%
-2, 60E-04 .00
-1, 02E-03 001
1. 29E400 6.25%
4, 96E-01 2,401
3.33E-04 1,611
0.00E+00 0.00%
1L12E+01 54,081
4, 20E-01 2,03%
4.62E-02 0.221
4, 44£-01 2,151
3.39E-02 0.141

23-Jul-85



DATE:
RADIGNUC:
KEYS:

"UNMINED"

1/23/83
TH-232

DIET:
CASE:

FDA/SAHPLED DCF:
Debris Indiv WT FCTR:
(D}-DEBRIS LANDS, (M) -NINED, (U}-UNMINED
“MINED® - CROPS ON CLAYS, NINED AND RECLAIMED LANOS

- CROPS ON CITHER MINERALIZED OR CONTROL LANDS

2.7E-03
; 1,00
FILENANE: TH232068

(PH) -PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{PD}-PREDICTED DEBRIS, (L)-LITERATURE, (E)-ESTIMATED

(uren/pCi)

Sampled Items Only

DIET  SAM- INTAKE LN X CON K INTAKE INTAKE  DELTA 1oF
ITEM PLED? OF ITEM UNMINED E DEBRIS E UNMINED DEBRIS  INTAKE  TOTAL
YIN  (gfday) (pCi/Kgd Y (pCisKg) ¥ (pli/yr) (pCi/syry (pCi/yr)  DIFF
ERON FRT
Wateraln ¥ 3.44 0.12 ) 0.33 (PD) 1,55E-01 4.13E-01 Z.460E-0f 1.26%
Citron Y .00 0.12 {h 0,33 (PD) 4.42E-03 1.20E-04 7.53E-05 .00%
Tosato Y 25.18 0.02 0.33 (PD} 2,02E-01 3.03E+00 2.83E400  13.49%
Strawbry Y 1.23 0.04 (W) 0.33 (PD} 1.93€-02 {.4BE-01 1.29€-0% 0.624
Cucusbr ¥ 2,42 0.04 1) 0.33 (PD} 4,12E~02 3.16E-01 2,75E-01 1,331
Y. Sgsh ¥ 0.63 0,13 0.33 (D) 3.04E-02 7,55€-02 4.50E-02 0.221
luchin ¥ 0.63 0,07 0.33 (PD) 1.40E-02 7.55E-02 35.95E-02 0.291
kra Y 0.04 0.06 (PU}  0.33 (PD} 1.40E-03 7.23E-03 5.83E-03 0.03¢
Gr Pppr ¥ 1.29 0.03 0.33 (PD} 2,14E-02 1.55E-01 1{.33E-04 0.641
€gg Plnt Y 0.70 0.07 (N 0.33 (PD} 1.76E-07 8.43E-02 6.67E-02 9,321
gthers N .53 0.10 {E) 0.10 (B} 2.39E-01 2,39E-01
TREE FTRS
Citrus
Orange Y 85.24 0.03 (1 0.04 (N} 8.40E-01 {.15E+00 3.liE-01 1514
Grpfrt ¥ 7.78 9.03 ) 0.01 (M) 8.24E-02 3.126-02 -5.11E-02  -0.251%
Lemon ¥ 10.74 0.09 (W) 0,02 (PM) 3.488-01 7.88E-02 -2.89E-01  ~1.30%
Other N 60,34 9.10 {E) 0.10 {E) 2.20E+00 2.20E+0D
5GUPS N 36.82 0.10 (E) 0.10 (E) 1,34E+00 1.34E+00
CONDIMENT N 34.12 0.10 (B} 0.10 (&) 1.98E+00 1.98E+0¢0
DESSERTS N 78.30 0.01 (E) 0,01 (B} 2.86E-01 2.84E-01
BEVERAGE N 172,44 0.10 {E) 0.10 (£} 4,28E+01 4,28E+01
WATER N 512,00 0.10 {E) 0.10 (E) 1.B7E+0L 1.B7E+01
TOTALS: 3071.80  Sampled Items Only ->  (.78E+01 3.84E+01 2.07E+01 100,00
Total Modeled Diet -»  1.03E+02 1.23£+02
DOSES: - mrea/year Sampled Itess Only ->  4.80E-02 1.04E-0f 5.58E-02

Total Modeled Diet ->

2.77E-01 3.33E-01

NOTE: & number of literature analyses were located in Drury, et. al. 1983

However, ail were "less than® values.

{2.7 pLi/Kg --> Eruccnii, cabbage, torn, cucuaber, eggplant,
lettace, aelon, yellow squash, tangelo, and tangerine

(3.4 pli/Kg -~ dry heans, carrots, orange, and bell pepper

{8.1 pCi/Kg --> celery, pear and sweet potato

{10.8 pCi/Kg --» grapes, grapefruit and tosmato

It appears that the estimated value of 0.10 pCifKg Th-232 is not an

overestimation of the concentration im a norsal diet.

Page Z

FDA/Th-232-Debris/EB

REV 1

Sose typical results were:

23-Jul -85



DATE: 7/25/83 DIET:  FDA/SAMPLED DCF: 3.8E-04 (area/pfi)
RADIONUC: TH-228 CASE:  Debris Indiv WY FCTR: 1,00
KEYS: (D)-DEBRIS LANDS, (M) -NINED, (U)-UNNINED FILENAME: TH228DEB
"NINED® - CROPS ON CLAYS, MINED AND RECLAIMED LANDS
"UNWINED® - CROPS ON EITHER MINERALIZED GR CONTROL LANDS
(PM)-PREDICTED FROM MINED, (PU)-PREDICTED FROM UNMINED
{PD)-PREDICTED FORM DEBRIS,(L)-LITERATURE, (E)-ESTIMATED
Sampled itemss Only
DIET  SAM- INTAKE CCN CCN INTAKE INTAKE  DELTA L OF
ITEM PLED? OF ITEM UNHMINED DEBRIS UNMINER DEBRIS  INTAKE  TOTAL
YN (g/day) (pCi/Kg) {pCi/Kg) {pCi/yr) (pCi/yr) (pCifyr) DIFF

DAIRY
Milk N 280.99 0.31 (E) 0.31 {E]  3.16E+01 3.16E+(4
Cheese. N 2.41 0.31 (E) 0.31 (E} 2.52E+00 2.32E+00

HERT
Beef Yy o (33.27 5.51 i) 0.12 (M) 2.40E+02 5.57E+00 -2.54E402 206,791
Park N 39.54 3.08 (E) 3.08 (B} 4.45E+01 4.45E+01
Other N 69.00 3.08 (E) 3.08 (B} 7.76E+01 7.76E+01
FISH N 20.04 3.08 (E) 3.08 (€} 2,25E+01 2.25E+01
E6BS | 30.93 3.08 (E) 3.08 (E) 3.4BE+01 3.4BE+0!
CERERL FD
Corn Br N 5.18 3.08 (&) 3.08 (B} 5.82E400 5.82E+00
brains N 27.49 3.08 48} 3.08 (B} 3,09E+01 3.09E+01
CrisfBrd N 174,70 3.08 (E) 3.08 {E) 1.96E+#02 1.96E+02
LEAFY/COLE VEG .
Spinach Y 3.28 ¢.46 {4} 88,37 (D} 35.32E-01 1.06E+02 [.03E4#02 -B5.82L
Callards ¥ 0.45 0,53 {U) 89,37 (PD) 9.06E-02 1.45E+01 1.44E+01 -11.75X
Mustard Y 0.43 0.3 (U} 88.57 (PD) B.35E-02 1.45E+01 1.40E+01 -11.761
Turnip & Y 6,43 3.67 (U 83.57 (PD 4.02E-01 1.45E+0f [.39€401 -11.34X
Cabbage Y 7.04 0.34 () 2,83 (M) B.64E-01 7.2BE+00 &4.42E400  -5.224
Caulitwr Y 9.71 0.485 2,83 (PM) 1,69€-01 7.36E-01 35.67E-01  ~0.46)
Broce ¥ 2.80 4,30 {1 2,83 (PM) 4,39E400 2.89E+00 -1.50E+00 1.22%
Gther N 0.74 3.08 {E) 5.08 (&} 8.51E-0t 8.51E-01
Lettuce N 23.38 3.08 (E) 3.08 (E) 2.63E+01 2.43E+0!
Celery N 0,62 3.08 (&) 3.08 (E) 4.98E-0f 6.98E-01
LEGUMES/CORN
Green Bn Y g.74 ¢.39 (i) 7.92 (Ma) 1.23E+00 2.093E+01 2.40E401 -19.54%
Blckeyes Y 3.34 0.43 ) 113 (M) 5.25E-01 {.41E+00 48.80E-01  -0.72(
Lima Bn Y 2.23 0.41 (P) (.63 (M) 3.35E-01 5.19E-0! 1.84E-01  -0,15%
Carn ¥ f4.41 17,19 (W 8.94 (NI 9.04£+01 4.71E+01 -4.33E401  35.20)
Brn Peas W 7.29 3.08 {E) 3.08 (E} B,20E+00 8.20E+00
Other Bn N 25.71 3.08 {€) 3.08 (E) 2,89E+01 2.89E+01
Nuts i 4,94 3.08 (E) 3.08 (£} 5.346E+00 3.56E+00
Other N 11.24 3.08 D) 3.08 (E) 1.27E+01 1,27E401
POTATOES Y 85,22 3.1 {pU) 3.23 (M) 1.59E407 1.00E+02 -3.B5E+01  47.82
ROBT VEB
Carrot ¥ 2,92 8.8 W 2,33 (PD) 3.07C+01 2,4BE+00 -2.82E401 22,9561
Radish Y §.32 .34 Un 4,54 (M} 2,71E-0! 5.25E-01 2.34E-01  -0.20X
Gnion ¥ 4.19 6,39 () 2,33 (PD} 9.78E+00 3.57E+00 -4.21E+00 3.06%
Turnip Y 3.42 1.98 ) 2,33 1) 243601 3.39E-01  LL1&E-01 -0.09%

Page | FOR/Th-228-Debris/EB  REV 2 26-Jul-83



DATE:
RADIONUC:

7/25/88
TH-224

DIET:
CASE:

FDA/SAMPLED OCF:
Debris Indiv WT FCTR:

KEYS: (D)-DEBRIS LANDS, (M)-MINED, (U) -UNMINED
"MINED" - CROPS ON CLAYS, MINED AND RECLAIMED LANDS

"UNNINED®

3.8€-04
1.00
FILENAME: TH224DEB

~ CROPS ON EITHER MINERALIZED OR CONTROL LANDS

{PM)-PREDICTED FROM MINED, {PU)-PREDICTED FROH UNMINED
(PD)-PREDICTED FORM DEBRIS,(L)-LITERATURE, (E}-ESTIMATED

INTAKE  INTAKE
UNMINED DEBRIS
{pCi/lyr) (pCifyr)

LL23E+00 1.23E+00

8.48E+00 1, 06E+01
1.26E-03 3.07€-03
2.37E401 7.73E401
4.53E-01 3.78E+00
1. 13E+00 9.07E+00
3.OLE-01 1.92E+00
3.34E-01 1.92E+00
1.87E-01 1.84E-01
1.28E400 3.95E400
2.77E-01 2.158+00
7.36E+00 7.36E+G0

1L HE+01 2, LIE+0Y
3.65E+00 5.45E+00
2.93E+00 4.54E+00
5. 79E+01 5, 79E+01

1. 31E+01 £.31E+08
6.08E+01 4.08E+01
8.84E+00 8.84E+400
1.336+02 {.33E4Q2
S.79E+01 5.79E+01

6. 13E+02 4.90E402
1. 49E+03 1.37E+03

DIET  SAM- INTAKE RN | CCK
ITEM PLED? OF ITEM UNMINED DEBRIS
Y/N  {g/day} (pCi/Kg) {pCi/Kg)

Other N 116 3.08 {B) 3.08 (E}
GRON FRY

Watersin Y 3.44 6.75 ) 8.41 (FD)
Citron ¥ .00 3.44 () 8.41 (PD)
Tosats Y 23,18 2.38 () g.41 (PD}
Strawbry ¥ 1.23 1.01 () 8.41 (PD)
Cucumbr Y 2.42 {.18 (U 9.47 )
Y. Sqsh ¥ 6,63 1.32 () g.41 (D)
Iuchin Y 0.63 1.46 (1) 8.41 (P
Gkra Y 0.06 8.32 (PW) 8.41 (PD
6r Pppr Y 1.29 2.72 (i 8.41 (P}
Egq Plnt ¥ 70 1.08 () 8.4t <PD)
Others N 3.08 {E} 3.08 (E}
TREE FTRS

Citrus .

Drange ¥ 85.26 0.36 0.48 (M}

grofrt ¥ 7.78 1.28 (0) 1.99 ()

Lemon ¥ 10,71 0.75 1.16 (PH}
Other N 40.36  3.08 (E) 3.08 (E)
S0upPs H .36.82 0.98 (E) 0.98 (E)
CONDIHENT N 34.12 3.08 (E} 3.08 (£}
DESGERTS N 78.30 0.31 (E) 0.31 (E)
BEVERAGE N 117244 .31 (E) .31 (&)
WATER N 512,00 9.3 (E) 0.31 (E)
TOTALS: 3071.80 Sampled Items Only -»

Total Modeled Diet ->

DOSES:  area/year Sampled Iteas Only -)

Total Modeled Qiet -

2.33E-01 1.86E-01
3.67E-01 5.20E-01

FOOTNOTES: Ma Mined value higer than debris, mined value retained

Page 2

FDA/Th-228-Debris/EB

REV 2

(area/pli}

Sampled Itess Only

DELTA 1 0OF
INTAKE  TOTAL
{pCi/yr} DIFF
2,09E400 -1.70%
1.81E-03 . 00%
3.36E401  -43.611
3.328400  -2.70%
T.94E400  -6.48%
1.62E400  -1.32%
[.59e400 -1.29%
-2,45E-03 00
2.87E400  -2.17%
1.87E+60  -1.52%
9,93E+00  -B.08%
2,01E400  -1.83%
LolE#00  -1.31
-123E402 100,001
-4.67E-02

26-Ju} -85
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