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PERSPECTIVE

When phosphate ore is treated with sulfuric acid to produce phosphoric acid, which is
used primarily in the manufacture of phosphate fertilizers, a cacium sulfate byproduct is
dso produced, known as phosphogypsum. More than 800 million tons of phosphogypsum
have accumulated in Florida, and about 30 million tons are added annualy. A high

priority research topic at the Florida Ingtitute of Phosphate Research has been to
investigate potential uses of this byproduct in agriculture and industry. This project is one
of severd funded by the Institute to examine the use of phosphogypsum as an agricultural
soil amendment.  The first volume of the report gives the results of the authors' research
on the agronomic benefits of using phosphogypsum as a source of cacium and sulfur for
enhancing bahiagrass and ryegrass forage production on native sandy soils in centra

peninsular Florida. The second volume contains research results addressing the potential
environmental impacts of applying phosphogypsum to the land. The environmental work
has been expanded in a subsequent project, “Impact of Phosphogypsum on Radon
Emissions and on Radioactivity and Heavy Metas in the Soil, Groundwater and
Bahiagrass Forage" (FIPR Project # 92-03-038R), which is till in progress as this report
goes to press.

The reader is dso referred to additiond FIPR reports on the subject:

Miller, W.P. 1989. Use of Gypsum to Improve Physical Properties and Water Relations in
Southeastern Soils. FIPR Publ. No. 01-20-082. 42p.

Mullins, G.L. and C.C. Mitchell, Jr. 1990. Use of Phosphogypsum to Increase Yied and
Quaity of Annua Forages. FIPR Publ. No. 01-048-084. 56p.

Sumner, M.E., et d. 1990. Gypsum as an Ameliorant for the Subsoil Acidity Syndrome.
FIPR Publ. No. 01-024-090. 56p.

Sumner, M.E. 1995, Literature Review on Gypsum as a Cacium and Sulfur Source for
Crops and Soils In the Southeastern United States. FIPR Publ. No. 01-118-118.
89p.

An additiona related topic is the reclamation of phosphogypsum piles, or “stacks’ as they
are commonly known in the phosphate industry. The following FIPR publication
addresses thistopic:

Richardson, S.G. 1995. Establishing Vegetation Cover on Phosphogypsum in Florida.
FIPR Publ. 01-086-116. 60p.
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EXECUTI VE  SUMVARY

Phosphogypsum (PE), a by-product of phosphoric acid
manuf acture,” is primarily gypsum (CaSQ,.2H,0. Mned gypsum as
wel | as PG have been established to be good sources of S and Ca
for crops (Shainberg et al., 1989; A cordo and Rechcigl, 1993
and Alcordo and Rechcigl, 1995). Unlike nined gypsum PG may
contain As, Ba, Cd, O, Pb, Hy, Se, Ag, and_F, any one of which
can be toxic at high concentrafion levels. Phosphogypsum is also
highly acidic (pH>Z2 to <5) conpared with mned gypsum (pH7), and
the high solubility of PG (2.6 g L) relative to that of calQ|um
carbonate (0.015°g L 2 may affect the quality of surficia
roundwater in ternms of electrical conductivity (E ) or total
issolved solids (TDS). However, it is primarily because of the
presence of spmll amounts of radionuclides in PG particularl
ragdi um226 (“'Ra) which is the source of the gas radon-22
R@ , that the United States Environnental Protection Agency
USEPA) has inposed severe restrictions on PG use

Four field experiments were conducted using forage grasses.
Two experinents (one agronom c-environnental and one solely
agronomc) were conducted using Pensacola bahiagrass SD;
notatum Flugge) on an established pasture.” Two simlar
exPerinents were conducted wusing annual ryegrass (Lolium
multiflorumLam) on an annually seeded field. Al four
experiments were conducted to determne the effect of PG applied
as a source of S and Ca, on forage yields and quality. Non-
radi ol ogi cal environmental and radiological data were collected
from the agronom c-environmental experinments to evaluate the
environmental inpacts associated with PG use in agricultyre on
soil, groundwater, plant tissue, and on the emanation of “““Rn to
the atnosphere. The studies were conducted by the.UnlverS|t¥ of
Florida (UF), Institute of Food and Agricul tural Sciences (IFAS)
at the Range Cattle Research and Education Center (RCREC) at Ona,
Florida. The soils used were Florida Spodosols (Myakka series in
the case of the bahiagrass field_and Ponona series in the case
of the annual Zyegrass field). The experimental rates of 0.0,
0.4, 2.0, and 4.0 My (My = negagram = 10" granms) PG ha'! were
broadcast by hand over the experimental plots. [In the bahiagrass
experinents, the PG was not mxed with the soil but was left on
the surface and allowed to dissolve and |each naturally down the
soil profile by rain. In the ryegrass plots, the PG was m xed
with the top 15-cm of the soil USjng a disk prior to seeding. The
0.4 My PG ha " treatment was applle annually for 3 years and the
2.0 and 4.0 My PG ha ™ treatnents were applied only at the
begi nning of the study.

The experiments ran from 1990 to 1993. The radi ol ogi ca
anal yses, except for anbient Rn and gamma radiation, were
performed by commercial environnental [aboratories. The non-
radi ol ogi cal anal yses were done by various UF-1FAS |aboratories.
Anbi ent” Rn and gamma radiation, which were neasured using

XVi



el ectret ion chanbers (EIC) were determned at the RCREC | ab.
f U(IJI:atI %A\g/ere statistically analyzed by the Statistics Departnent
0

This report (Volume 11) covers the agro-environnental and
radi ol ogi cal aspects of the study. The agronomc results are
reported in Volune I.

Agr o- enwronment al  Aspects. The pH in water of the PG used
in the study (1:1) was 4.6. The P_(ﬁ dissolved at a constant rate
0f26I\/PHC1In water and 4.3 g L |namxed acid solution of

0.025 and 0.0125 M H,SO (I\/Ehl ich 1). It contai ned srraII
amounts (mg k 3 of As (5. 03 a (46.0), (0.7-1. 1) Cr
Pb (4.0), 01), Se (<0.05-1.6), and Agmg<o 2;2.0). Fl uo;lbde
content was about 0.43 % The level s o Ra, Pb and
activities were 18, 31, and 24 pG g, respectlvely

The heavy netals (HVWs) As, Ba, Cd, C, Ph, Hy, Se, and Ag are

used by USEPA to determ ne whether a solid wasté is hazardous or
not under its "toxicity characteristic" (TC) category based on
each netal's leaching potential (LP) from a solid waste,

determ ned according to USEPA procedure. "Using the extensive data
of May and Sweeney (1983) on neasured LPs or TCs of the HVW in
Florida PG sanples from9 PG stacks, the LP or TC for each heavy
metal in any Florida PG may be esti mat ed by:

Estimafed LP or TC (unit: ng HM L of | eachate) = Llrreasyr
mlg HM kg of PG used in the study)/ rreasured avg ng

Fl ori da PGs with neasured avg LP or X [measured avg LP or
TC of Florida PGs].

The estimated LPs or TCs of the vari ous HI\/B in the PG used in

the study were 0.12 6 2) 0.09 Bag 0.02 , 0.02 (O), 0.03
6 3 <O 001 (Hg), 1 Ee O 30 iAg Oonpared W|th the
EPA' s TCI|mts of50 100 ( Cr)

bl}es (aH%) HI\/Il ﬁg PG useg In fﬁ% studL sh%\ngdetshetnat e IBE

did not faII under the "toxicity character|st|c category of a
USEPA hazar dous waste.

The projected increases in heavy netal concentrations at the
0-15 cm surface soil (assumed bulk density = 1.5 g cm') jn the

ryegrass plots due to appllcatlon of 4.0 PG ha vvere

estimated to be 0.010 (As), O 092 g 0. 002 8 0. 006 CE
0.008 (Pb), <0.0001 (Hg , 0.003 (Se), and 0 O E)
soil. Twelve nonths after PG ap I|cat| on, Cd, : Se

were determined in the soil profile down to 90 cm depth at 15 cm
depth intervals. The neasured ranges of concentrations in plots
that received 4.0 Mgy PG ha~ for Cd, C, Pb, Hg, and Se vverq
0.04-0.10, 0.40-0.80, 0.14-0.58, 0.00-0.16, and 0.00-0.16 ng k

soi |, respect|vely The statistics showed no difference between
treatnents at é soi | depth. These indicated that the HM
contamnants in PG used in the study would not present any real
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short-term or long-term environnental concern for the soil.

Assum ng that the LPs of the HV6 in PG now m xed with the soil
were the same as in pure PG the TCs of the top 0-15 cmsoil were
estimated to increase by 0.0002 (As), 0.0002 Ba&, 0.00003 (Cd),
0.00003 (), 0.p0005 {Ph), 0.0 00003|£5?),_0. 00006 (Se), and
0.0003 (Ag) nmy L. Relati've to the USEPA primary standards for
drinking water which are 0.05 (As), 1.00 (Ba), 0.01 (Cd), 0.05
(Cr), 0.05 (Pb), 0.002 (Hg), 0.01 (Se), and 0.05 (Alg% g L' the
projected increments are sinply insignificant, nce, it Is
concluded that the estimated in&eases in the LPs or TCs due to
these heavy netal contam nants in PG woul d not present any
i mpact, short- or long-term on the quality of the surficia
groundwat er .

The statistical analysis of the pH of surficial groundwater
from the bahi agrass experinment averaged annually (1990, 1991,
1992) and over the 3-year ﬁer|od (1990-1992) indicated no effect
of PG treatments on the pH of surficial groundwater sanpled at
the surface (runoff) and at 60 and 90 cm depths. The annual
average pH of runoff during 3 years of sanpling ranged from 4.9
to 5.4 for the control plots and from4.3 to 6.3 for all treated
plots. Goundwater sanpled at 60 cm depth had pH ranglnP from4.5
to 4.8 for the control plots and from4.6 to 5.6 for all treated
plots. Goundwater sanpled at 120 cn1d%Pth had pH ranP|ng from
ﬂ.% to 5.2 for the control plots and 4.0 to 5.8 for all treated
pl ots.

The statistical analysis of the pH of groundwater sanples
averaged annual ly (1990-91 and 1991-92) and over the 2-year
period (1990-91 to 1991-92) at 60 and 120 cm depths from the
rKegrass experiment also showed no effect of PG applications.
The annual average pH of groundwater fromthe control plots
ranged from4.0 to 4.4 at 60 cmdepth and from4.3 to 4.9 at 120
cm depth. For all treated plots, groundwater pH ranged from 3.7
to 4.4 and from4.1 to 4.9 at 60 and 120 cm depths, respectively.

In the bahia%rass experiment, the highest annual (1991)
aver age of 1190 and 3-year average of 821 umho cm™ were noted
in groundwater, sanpled af 60 cm depth from plots that received
4.0 My PG ha In the ryegrass_experinent, the highest annual
(1990-91) and 2-year average E, of 1421 and 1137 unmho cm,
respectively, were aqa|n noted in groundwater from plots treated
wth 4.0 ha” sanpled at the 60 cm depth. The highest value
of 1421 unho cm” observed in the ryegrass experinent, however,
was still less than the upper E. Iimt of 1500 umho cm~ for
potable water in the United States.

Converting the highest E. value of 1421 unho cm' into TDS (E
x 0.66) gave 938 ng of dissolved solids L which, again, was
wel | below Florida's TDS standards of <3000 ng L~ for water for
agricultural use and <000 ng L™ for donmestic and industria

uses.
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In the case of F levels in groundwater fromthe bahiagrass
experinent, the highest annual "and 3-year average F |evels in
surficial groundwater from all depths were 0.83 and 0.36 nmg L -,
res anlvelx Both values were observed in water sanples
collected at 60 cm depth fromplots that received 2.0 My PG ha™".

In the tilled ryegrass plots, the highest annual and 2-year
average F levels in groundwater from all treated plots and for
all depths (60 cm and 120 cn) were 0.53 and 0.43 ng L,
respectively. The highest annual” average F |evels in groundwater
sanpled at 60 cmand at 120 cmdepths fromthe control plots were
0.31 and 0.19 nmg L, respectively.

It is widely accepted that approximately 1.0 My F L' in
drinking water can erfectively reduce dental caries wthout
harnful "effects on health. The Florida drinking water primar
standards al low for a maxi mum contamination |evel (MCL) for
from1.4 to 2.4 ng L. None of the individual neasured F val ues
i n the bahi agrass and rye%rass experinents exceeded the MCL
val ues. The annual and the 3-year (bahiagrass) or 2-year

ryegrass) average values were even less than 1.0 ng F L.

heretore,” it is concluded that application of PG up to 4.0 My
ha” to an established pasture or tilled land would not lead to
unacceptable levels of F in surficial groundwater.

Radi ol ogi cal Aspects: Established Bahiagrass Pasture.
Phosphogypsum containing 18, 31, and 24 pC g~ of 2?%5Ra, 21Ph, and
Po, respectively, was applied to the experinmental plots which
al so contained neasured activities of 0.55, 0.61, and 0.53 pG
?'1| n the top 15-cmjayer of untreated soil. It _is calculated
[hat each PG ha ° added 1820, 3080, and 2430 pG m<? and
i ncreased the agtivities in the upper 15-cm |ayer (assumed
density 1.5 g cm®) by 0.008, Q.014, and 0.011 pG g . For the
maxi mum treatnent of 4.0 M @% , the cal culated increases in the
initial activities of “’Ra, Pb, and “"'Po, averaged over the 15-
cm layer, were 0.032, 0.055, and 0.043 pG g, respectively.
These "smal | additions to the naturg) activity in the soil coul d
not be detected. An increase in “"Pb due to the 4.0 My PG ha
treatment was detected in the top 15 cm layer in the first year
of sanpling, but it could not be detected in subsequent years.
Any downward transport of the three radionuclides over the three
years could not be detected.

- There was no consistent correlation of ganma-radiation |eve
with PG treatment. Any influence of PG at” treatment |evels up
to 4 My ha™ is insignificant in conparison to tenporal and
spatial variations in the |ocal ganma-radiation background.

There was |inited evidence of measurable increases in **°Ra
upt ake by bahiagrass due to PG application. However,
contributions by PG at the application levels used arg snall
relative to the variation in the background level of “’Ra,and
were difficult to measure. In regrowh forage, increases in “"Ra
upt ake by bahiagrass during the tirst three years were estimated
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to range from0.01 to 0.02 pd g ' per My PG ha’. In hay forage,
the data indicated an uptake in the order of 0.015 to 0.017 pd
8 per My PGha". No neasurable effect of PG on “"Pb uptake by
ahi agrass was observed. For Po, there was only limted
evi dence of increased uptake at the PG treatnent |evels used, and
any contribution was sygll relatjve to the variations in the
background |evels. For Pb and “"Po, the data were insufficient
to support calculation of an uptake factor.

Wt er sanplinﬂ inclyded runoff and also groundwater from 60-cm
and 120-cm depths. Ra appeared in runoff during the first
three years after PG application. The data suggested, but did
not confirm an effect at 60 cmand 120 cm However, the maxinum
activity observed,in water, 1.8 pG L, wgs well below the
current” (3 pGi,.L") and proposed, 20 pG L) drinking water
standards for ““Ra. The data for Pb in water were equivocal;
there was very limted evidence for an effect of PG treatment on
the well water. However, conparison of observed |evels (up to 2.5
pC L) to proposed criteria (1 pG L) indicated that the
potential for Pb in water deserves further evaluation. No
effect of PG on 2o in groundwater coyld be detected by this
experiment for treatnents up to 4 ha” . The maxinum val ues
for treated and control plots, 1.5 and 1.8 pG L, respectively,
were less than the current 15 pG L~ standards for gross alpha
activity in drinking water.

Radon flux is a sensitive parameter for evaluating Rn
potential of land. No significant effects of the PG treatnent

on Rn flux were detected. Any. increase attributable to PG
treatment at levels up to 4 My ha” is insignificant in relation
to the wvariations in the natural levels of Rn flux.

Consequently, any effect on indoor Rn in future structures built
over lands treated at this level wll be insignificant relative
to the variations experienced in indoor Rn levels.

Radi ol ogi cal Aspects: Tilled Land cropped to Annual egrass.
As wth the bahiagrass experinent, the small additions of Ra

210ph, and %°Po to the natural radioactivity of the soil could not
be consistently detected. No PG attributable increases in
background gamma radiation could be detected

As in the,case with bahiagrass, there was linmited evidence of
measurabl e ““Ra uptake by ryegrass forage related to the PG
treatment; the uptake factor was estinmated to be on the order of
0. 039 pG Per ha” for regrowth and mature forage. There
was an indication, but no statistically-significant evidence, of
Eg}ﬁtyrlbutable Pb and “"Po uptake for treatment rates up to 4

a .

Goundwater at a 120-cm depth was sanpled five times. _Jlhe
data suggested that PG treatment of the soil increased the “"Ra
activity in groundwater; however, effects were statistically
significant only during the first year after treatnent, and the
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treated plot jesults did not correlate well with treatment |evel.

The maximum “"Ra activity, 2.35 pG L~ was belqw the current and
proposed drinking water standards of 3 pC L~ and 20 pG L -,

respectively. The treated plots tended to have higher activities
of Pb than the controls: however, after the first year there
was no consistent, neaningful correlation of activity wth
treatngnt level. Conparison of the observed levels (up to 2.5
pC L) to proposed criteria (1 pG L) indicated that the
Eoteﬂ5|aL for Pb in groundwater deserves further attention.

or ““Po in ground water, no significant effects of PG treatment
u% to 4 My ha” were observed, and al| activities were well bel ow
the current and proposed 15 pC L~ standards for gross al pha
activity in drinking water.

Soil surface Rn flux was determined six tines at the test
plots. PG treatnment increased Rn flyx: ~the estimated
contribution is on the order of 0.002 pG m® s per My PG ha".

Anbi ent atnospheric Rn activities 1 m above the soil surface
were determined 13 times after treatnment application for periods
ranging from30 to 90 days. No effects of PG treatnment were
observed; however, Rn activity 1 m above an individual small plot
is probably not representative of the Rn emssion fromthat plot
because of " atmospheric m xing.

Overall, the radioIoPicaI | mpact on the environnment from
applicatjon of Central Florida PGto tilled land at levels up to
4 R@ ha™ was mninmal when conpared to levels and variations of
the natural background. Phosphogypsun}attrlbutable addi tions
were typically at or below the limts of detection by
contenporary conventional radiation and radioactivity monitoring
techniques.” Thus, it is recomrended that the restrictions on
agricultural use be relaxed for application to tilled Iand.

Wth regard to relational data for future assessnents,
quantitative relationships were obscured because of the |ow |evel
of radioactivity involved and the natural variability of the
parameters being neasured. Therefore, it was recommended that
further studies incorporate higher treatment |evels, additiona
replication, and nodified procedures in order to inprove the
statistical power,  provide  neasures of quantitative
rel ationshi ps, and describe tine-dependent behavior. Such a study
(Phase I1) using a maximumrate of 20 My PG ha'l is presently in
progress.

In view of the mniml environmental effects of PG application
0 either established bahiagrass pasture or tilled agricultural
and cropped to annual ryegrass up to 4 N? ha " of PG used in the
tudy applied once in’'three years, it is recommended that
estrictions on the agricultural use of such PG at less than 4
PG hg " be relaxed. “Application of PGwth (23 pG Ra at
My ha™ once every three years or 0.65 My ha™ annually would be
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conpar abl e to the USEPA al | owabl e rate of 2, 700 pounds PG acre’
(3.024 M‘i aplleg biennially (1.51 My ha annually) for PG
haV|ng <10 p
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| NTRCDUCT! ON

PhosphogyPsum (PG, a by-product of the wet-process
manufacture of phosphoric acid from phosphate rock, is primrily
gypsum (CaS0,. 2H,0) . M ned gypsunlan PG have been used in
agriculture as (1) sources of S and Ca for crops, (2) aneliorants
for Al toxicity and subsoil acidity and infertility, (3
anmel iorants for sodic and non-sodic dispersive soils, (4
conditioners for hard-setting clay soils and hardpans, (5) bulk
carriers for mcronutrients or fillers in 'low analysis
fertilizers, (6) additives to modify cation-to-Ca ratios such as

:Ca ratio of soils, and (22 absorbents for NH-N in urea and
other volatiles in manures (Shainberg et al., 1989; A cordo and
Rechcigl, 1993; and A cordo and Rechcigl, 1995).

Nat ural | y-occurring uranium (La and its radioactive decay
series are associated wth "phosphate mnergl deposits.
Consequently, the U-series nmenber radium226 (““Ra) and its
progeny appear in the PG  Radionuclide levels vary depending
upon the source of thg%ggos hate rock; PG derived from Centra
Florida rqck contains at concentrations on the order of 21-
33 pCG g~ each (USEPA, 1978). Because of the radionuclide
content, the U S Environnmental Protection Agengy éUSEPA) al | ows
only limted uses of PG (Federal Register, 19 2%. First,
distributjon for agricultural use is permtted if the_certified
average ““Ra concentration does not exceed 10 pCG g . This limt
is intended to prevent unacceptable risks from,indoor airborne
radon or Rn~ (a radioactive decay product of Ra) and direct
gamma  radi ati on exposure in residences constructed on |and
previously treated wth PG  Secondly, distribution of quantities
up to about 320 kg (700 pounds% or research and devel opment
(R&D) is permitted. Thirdly, the USEPA may grant approval for
other uses on a case-by-case basis if the proposed use wll be
at |least as protective of public health as disposal of the PG in
a stack or mne. The application for such approval nust be
acconmpani ed by a proposed control program description and a risk
assegsment. "Each of these uses has requirements for measuring
the ““Ra content of the PG and certification by the distributor
R&D and specifically-permtted uses also require record keeping
by the end user.

~ The environmental inpact of certain non-radioactive elementa
inpurities also needs to be considered. PG may contain as man
as 50 elenents orlglnally present in various forns in roc
phosphate (Borris and Boody, 1980). Nﬁy and Sweeney (1980, 1983)
detected 30 elemental inpurities in Florida PG using em ssion
spectrographic analysis and 44 el ements using neutron activation

‘In this repaps, the term "radon” and "Rn" are used to designate
the isotope ““Rn.
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analysis. O rTgor concern, however, are the eight heavy netals
As,” Ba, Cd, , Pb, Hy, Se, and Ag) that the United States
nvironmental Protection Agency (USEPﬁ? uses to determ ne whether
a solid waste is hazardous or not under its so-called "toxicity
characteristic" category (USEPA, 1992).

Al 't hough of mnor concern, fluorides (F) in PG the usually
low pH of PG and the effect of the hi solubility of gypsum
itself on the electrical conductivity (E;) and on total dissolved

solid? (TDS) may also have some inpact on surficial groundwater
qual i ty.

The general objective of the project was to evaluate the
effect of PG applied at agronomc rates as a source of S and Ca
to agricultural crops and to assess the environnental inpacts of
the freatments. The specific objectives of the field experinents
are given in the appropriate sections of the report.

~ Two fertility and two environmental field experinents
involving the application of PG as a source of S and Ca to an
establ i shed bahi agrass (Paspalum notatum Flugge) pasture and to
annual ryegrass (LQI|um multiflorum Lam) were conducted durin
1990 to 1993 by the University of Florida, Institute of Food an

Agricultural Sciences (IFAS), 'Range Cattle Research and Education
Center at Ona, Florida.

~Volume | of the report covers the agrononic aspects (forage
Ylelds and quality), and Volume Il covers the radiological and
he non-radiol ogi cal environnental aspects.



EXPERI MENTAL PLAN OF THE PRQIECT

A | I fic Chiect] C 1) .

The general objective of the 8£oject was to evaluate the
effect of PG as a source of S and Ca on forage yield and quality
and to assess the environnental inpacts of the treatnents, at
agronom ¢ rates, on an established pasture (bahiagrass) and on
a tilled land cropped annually to annual ryegrass.

The specific objectives of the environmental aspect of the
study were

(a) to evaluate the potential inpact of the USEPA "toxicity
characteristic" heavy netal inpurities in PG on the soil and on
the surficial groundwater

ﬁb) to determne the effect of PG on surficial groundwater
quality in terms of pH E, and F;

ﬁg) to evaluate the potential radiological inpact of the
application of PG to an established pasture (bahiagrass) and to
a tilled agricultural land cropped to annual ryegrass; and

(d) to develop data to supPort conpr ehensi ve assessment of the
potential radiological inpact through three potential exposure
rgutes: (1) airborne Rn progeny inhalation - by evaluating soi
Ra (the Rn production source), soil surface Rn flux, and
anbient airborne Rn; (2) radionucljdes in the water and food
pathway (ingestign) - by peasuring “"'Ra and its two |ong-lived
decay ‘products, Pb and ““Po, in soil, water, and forage;, and
(3) external gamma-radiation exposure - by direct neasurenent.

B. Experimental Site, Design, and Treatnents.

The bahi agrass experiment was conducted on an established
Pensacol a bahi agrass pasture on an area that spraw ed over a

Myakka (sandy, siliceous, hypertherm c Aeric Haplaquods) fine
sand soil. A ground penetrating radar (GPR) was run over the

site by personnel of the USDA Soil Conservation Service. The test
establ’i shed the presence of a hardpan or spodic horizon,
characteristic of Spodosols, as a continuous |ayer between 60 to
120 cm beneath the surface. Al so established by the test was the
presence a broken argillic horizon just beneath the 120 cm depth.

The annual ryegrass experiment was conducted on virgin |and
that sprawl ed over Pormona (sandy. siliceous. hyperthernmic Utic
Hapl aguods) fine sand soil and Myakka fine sand.  Soil core
sanpling established the presence of a hardpan or spodic horizon,
characteristic of Spodosols, as a continuous |ayer between 60 to
120 cm beneath the surface. A so established by soil core




sanpling was the presence a broken _arPi l1ic horizon just beneath
the 120 cm depth. The land was tilled and cropped to annual
ryegrass (Qulf variety) each year for three years.

The rates of PG used, on a dry-wei ght basis, were 0.0, 0.4,
2.0, and 4.0 My PG ha = which were applied by hand to the plots,
The 0.4 My PG ha = treatment was, applied annually for three years
while the 2.0 and 4.0 My PG ha_~ treatments weré applied ong at
the beginning of the study. The PG contained 25% Ca and 19% S
on a dry-weight basis.

A random zed conplete block design with two replicates and
experinmental plots each neasuri nlg; 32 mx 32 m were used.
Fertilizers N (ammonium nitrate), P (triple superphosphate), K
épotasm um chloride), and a comercial mcronutrient mx (2.4%
, 2.4% Cu, 14.4% Fe, 6.0% M, 0.06%_M, and 5.6% Zn) weje
applied at the rate of 180, 45, 67.5 and 28.0 kg ha ™,
respectively, at the start of the grow ng season each year.

The first year of the bahiagrass experinment ran fromJuly
(first application of PG to Decenber, 1990 (last harvestable
regrowth). The succeeding years (1991 and 1992) ran from March
or April to Decenber. or the annual ryegrass, the grow ng
period in the locality runs fromlate October-early Novenber
(seeding) to March/April (last regrowth harvest) of the follow ng
year. For the environmental data, however, for both bahiagrass
and ryegrass, the by-year (crop-year) analysis consisted of data
collected within a 12-nmonth cycle, fromthe beginning of one
grow ng (bahiagrass) or seeding (ryegrass) season to next grow ng
or seeding season.

C. I [l ection, Analysi nd Fiel renents.

Sanpling and neasurements for both bahiagrass and ryegrass
experiments included:

Soil sanpling. Soil sanples were collected at the end of the
grow ng season each year to a depth of 90 cmat 15-cmintervals,
air-drred and crushed to pass a 2-nmm sieve.

Forage sanpling. For regrowth forage, a portion of each plot
was cut evere/ 30 to 35 days and allowed to grow for subsequent
sanpl i ng. or hay forage sanples, a portion of each plot was
| eft uncut and sanpled near the end of the growing period (mddle
of autum for bahiagrass and |l ate February to early March for
ryegrass) each year Tor three years. Tissue sanples” were oven-
dried at 60°C and ground to pass a 0.84-nm sieve.

Runoff water sanpling. Runoff was collected only from the
bahi agrass experiment.  Connected shallow ditches, 30 cm w de
with the cut sloping outward fromthe ground level to a depth of
15 cm were constructed at the edge of and around each plot.
Runof f sanplers, each consisting  of two collector plastic
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containers set one after the other, were installed at the |owest
spot of the ditches surrounding each plot.

Runoff fromthe plot first drained into the ditches, then
flowed toward the | owest spot on the ditches around the plot, and
was collected in the first collector unit. The first collector
unit, with inflow and outflow w ndows, was covered to keep the
rain out to avoid dilution of the runoff. Wen the water |evel
in the first unit rose to the level of the outflow w ndow, free
flow to the outside of the plot begun, A certain volune of the
outfl ow passed through a rigid |-cm dianeter plastic pipe placed
at the outflow | evel parallel to the direction of the flow ng
water and into the second collector unit buried right next to the
first. A breather consisting of a 1.25 cm di aneter PVC plﬁe
extendi ng down to the bottom of the container and 30 c¢m above the
ground was built into the second collector.  This breather
allowed the enptying of the collector using a siphon punp. The
runoff collectors were enptied after each heavy rain.

QG oundwater sanpling. For subsurface water sanples, wells
were installed at the center of the plots at two depths. The
wells consisted of 5.0 cm diameter PV PlpeS with the |ower ends
joined to 30-cm long well tips that allowed percolating and/or
standi ng subsurface water to flow into the pipes. The upper ends
of the pipes extended 30 cm above ground and were | oosely capped.
The "shal |l ow' wells had their water collection zones at 30 to 60
cm bel ow the soil surface; those of the "deep" well at 90 cmto
120 cn} Duplicate "shallow' and "deep" wells were installed 2.5
m apart.

Begi nning 1991, external control wells were set up 100 to 200
m from the nearest edge of the bahiagrass and the ryegrass plots
totheip determ ne possible contamnation of the interna
controls.

Wells were sanpled or enptied using a siphon punﬁ. Vat er
sanples were collected two to three days after each heavy rain
during the first year and at longer intervals thereafter.

Al water samples were immediately analyzed for pH, electrica
conductivity (éS{ and F at the Center's l'aboratory. One-gallon

water sanples were prepared for storage (Standard Methods, 1985)
for radionuclide analysis.

tBadignugllide analysi%.tPhospho%Yﬁium soil, ?Iant tissw& and
wat er,.sanpl es mere s 0 e Laboratgories of Casper, omn
for - 25Radi um (%¥Ea), QRLead é;%bb), and t29JPoIonium(ZloE’o) anaIyS|g

according to procedures in use in that |aboratory.

Radon fl ux r nt . Large-area activated charcoa
canisters (LAACC) (Hartley and Freeman, 1985) were used to
measure Rn fluxes emanating from the experimental pasture plots.



The grasses were first cut down to 2 cmfromthe ground and the
activated charcoals in the canisters were set over these spots.
The guidelines set by USEPA for Rn sanpling over PG stacks
(Federal Register, 1989) were strictly observed. The charcoals
In the canisters were exposed for 24 hr to Rn erranatl_ng fromthe
soil, then taken out from the canisters, placed inside plastic
containers, sealed, and brought wthin hours to Penbroke
Laboratory at Fort Meade, Florida which was contracted to do Rn
analysis 1n accordance with USEPA procedure.

: ., Both ganma radiation and Rn
gas concentrations were neasured at the height of 1 mfrom the
pasture surface of each experinental plot u5|n% el ectret ion
chamber %FICE (Kotrappa et al., 1988; Matuszek, 1990; Hopper et
al., 1990; Rechcigl, et al., 1992). Wooden posts with wood
crossbars were erected at the center of the plots. Four EIC
units were hung on these crossbars 1 m above the ground. Three
of the four EIC units were exposed to the atnosphere for Rn gas
measurenments and one EIC unit was placed inside a Rn-proof
plastic bag for the gamma-radi ation measurement. Since the EIC
Is an integrating device, gammm radiation and Rn nmeasurenents
were interpreted in ternms of the average exposure rate (UuR hr
and average concentration (pCG L), respectively, over the
depl oyment ~period. Deployment tinmes ranged from 30 to 90 days,
more or less. Duplicate external control stations 200 m apart,
denoted as external control C,; were set up west of the
experinental plots for each of the two studies. The external
sanpling stations were |ocated 50 to 100 m from the edge of the
nearest treated bahiagrass or rye%rass plot. A single externa
control station |ocated about km west of the bahi agrass
experinmental field but east of the ryegrass location served as
a comon external control G,, . Pre-PG application measurenents
were nade at the general location of the bahiagrass experinenta
site but not at the ryegrass site.

Non-radiological analysis. Mbst of the non-radiol ogical
anal yses were done at the UF-IFAS |aboratories, unless indicated

otherwise. The heavy metals in the soil were extracted using
Mehlich 3 and anal yzed using inductively coupled plasma (ICP)
met hods (Mehlich 3, 1984; Standard Methods, 1985). Fluorides in
plant tissue, PG and water were analyzed using F-el ectrode
method (Wltz, 1980; Standard Methods, 1985). ter pH and E
were determned using pH and conductivity neters, respectively.
Except for Al which was determned using the alumnon nethod
éthean, 1965), the various elenents for the PG solubility

eterm nation were anal yzed using a Perkin-El mer 3030B atomc
absorption spectrometer (Al cordo and Rechcigl, 1992).

D Statistical Analysis and Data Presentation

Al statistical analyses were done by the UF-IFAS Depart ment
of Statistics. The data were first "anal yzed by i ndi vidual
collection or harvest (by-sanpling), then averaged over PG
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application period or crop year (by-year), and finally averaged
over all collections or harvests over the 3-year period of the
study (by-3-year analysis).

Treatnment effects were analyzed using analysis of variance
ANJ#?. Pair conparison analySis was al'so done using Duncan's
|tiple Range test (DWR test at P < 0.05) (CGomez and Comez, 1984).

Tests for linear (P{linear}) and quadratic SP{quad.}) effects
(P<0.10 for both) for the first year data (1990) for by-sanPllng
and by-year analysis were done using all four treatnents. Tests
for the subsequent years' data (1991 and 1992) for by-sanpling,

by-year, as well as” the by-3-year anak¥5|s were done using_onl

the three treatnents of 0.0, 2.0, and 4.0 PG ha . The

values for treatnent effects are presented in the tables, whether
significant or not. The absence of P(linear), E#quadratlc), or
DVR test entries in the table indicates non-significance (ns) at
the levels of significance indicated above.

Unl ess noted otherwi se, data presented for individual sanpling
represent the average of the results fromthe two replicate plots
for the particular treatnent |evel



RESULTS AND DI SCUSSI ONS

A AGRO ENVI RONVENTAL  ASPECTS ASSCCI ATED WTH PG AND PG
APPL| CATI ON TO AGRI CULTURAL LAND CROPPED TO BAHI AGRASS
AND ANNUAL RYEGRASS AS A SOURCE OF S AND Ca

A1l
Constituents

The PG used in the study was anal yzed by two independent
| aboratories. The analyses are shown in Table Al. For purposes
of conparison, the average concentrations of sone of the elements
in sanples obtained from several Florida PG stacks as reported
by May and Sweeney (1980, 1983) are also presented.

Chem cal analysis of PG Phosphogypsum wth about 25% Ca and
19% S, can be a major source of Ca and S for crops. The small
quantities of the other essential macronutrients P, K and My are
not likely to make any significant contribution to crop needs.
Also, the small quantities of the various essential trace
el enents present in PG are not going to neet the needs of crops.
These snall anounts of trace plant nutrients as contampants in
PG even at large PG application rates, are also not likely to
present any real environmental concern.

Table Al shows the presence of F and Al in concentrations
which are much higher than nost of the contamnants. Al though
both are known to become phytotoxic in |arge concentrations, only
F .rrayl ble. fof some real concern as its toxicity is known to affect
animal life.

The elenments which are of major environmental concerns are the
so-called USEPA  "toxicity  characteristic"  netals  and
radi onuclides. Their concentrations are listed in Table Al.

Solubility of PG and of sone of its constituents. The
solubilities of PG used in the study and of the Ca/My, P, K F,
A, and Fe constituents were determned by dissolving 4.0 g of
moi sture-free PG in 200 nL of deionized water and in acid
solution (0.05 N HC1 + 0.025 N HSO,, Mehlich 1, 1953, 1953a).
Mehlich 1 was used because this was the solution used to extract
the various soil plant nutrients in the study (Table A2).

~ Phosphogypsum di ssol ved at a constant average rates of 0.26 g
in 100 M in water and at 0.43 g in 100 m_Mehlich 1 (Table A2).

The purity of PG in terns of dissolved PG and Ca, was in excess
of 90% on noisture-free basis.



Table Al.

Chemical analyséé of phoSphogypsum (PG) used in the

study and of other PG samples from Florida PG stacks.

Elements Concentration (Unit)
U.S. Agri. Pembroke Average in
Chem. Corp.? Laboratory® Florida PG?
Major Nutrient: ————————————— (Percent) ===—m=————cee--
Calcium (Ca) 24.5 25.6 26.2
Sulfur (S) 19.8 -b 19.5
Phosphorus (P) -b 0.3 0.7
Minor: = 00@——emeeeee—ee- (mg kg'!) =—mmmmmemeeeem
Iron (Fe) 690.0 460.0 860-1,000+300-600
Sodium (Na) 260.0 260.0 520+79
Potassium (K) 38.0 110.0 200-230+83-94
Molybdenum (Mo) b 17.0 2.2-11+1.4-2.2
Magnesium (Mg) 16.0 13.0 <940+<27
Boron (B) -b <10.0 <3.0
Zinc (Zn) 6.0 6.2 <340+21
Copper (Cu) 0.6 2.1 <82+<9.6
Manganese (Mn) -b 1.9 25+14
Chloride (Cl) -b -b <150+<4.7
Nickel (Ni) -b -b <2.0
Phytotoxic:
Fluorides (F) 4,300 -b 5,000
Aluminum (Al) -b 1,100 2,000+540
USEPA toxic metals for
"toxicity characteristic"
determination:
Arsenic (As) 5.0 5.0 0.76-0.91+0.26-0.3
Barium (Ba) 46.0 45.0 <210+<24
Cadmium (Cd) 0.7 1.1 3.4-4.0
Chromium (Cr) -b 2.9 6.0+1.4
Lead (Pb) -b 4.0 2.0-13.0
Mercury (Hg) -b <0.01 0.3-0.4+0.25-0.28
Selenium (Se) <0.05 1.6 0.7-2.1+0.44-0.72
Silver (Aqg) 2.0 <0.2 <1.3+<0.64
Radionuclides:® =  ———=—m~m——em- pCi g —mmmmemeee e
22%6pa 18.1° 21-33¢4
210pp, 30.8° 26.4°
210pg 24.3¢ 26.4°

"Moisture-free basis. PNot determined in the analysis; °‘As

determined by Core Laboratory.

dUSEPA (1978); SUSEPA (1991);
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Table A2, Solubility of PG used in the study and of some of its major mineral
constituents expressed in terms of their elements.

Solubility PG F Ca Mg P K Al Fe
Run

Mehlich 1: g 100mL™!' -- g kg'! == e mg kg! —emmmmmmmee e
1 0.43 2.94 60.9 1.5 305 44.7 5.6 39.3
2 0.42 1.25 55.2 1.0 284 11.6 7.3 32.5
3 0.44 0.21 58.5 2.0 283 8.6 7.8 35.7
4 0.43 0.21 55.1 1.7 245 7.3 7.4 26.3
5 0.07 0.22 3.3 1.7 17 4.2 4.7 15.3
6 0.07 0.01 2.3 1.3 8 5.5 3.3 5.7
Total dissolved? 1.86 4.63 235.0 9.2 1142 81.9 36.0 155.0
Total in PG5 2.00 4.30 256.0 13.0 2450 110.0 1100.0 436.0
% dissolved 93.0 108.0 92.0 71.0 47 74.0 3.3 34.0
Water:

1l 0.27 0.28 32.7 0.0 125 26.0 4.0 0.0
2 0.25 0.38 32.4 0.0 122 7.5 4.0 0.0
3 0.26 0.37 32.0 0.0 136 6.0 5.1 0.0
4 0.26 0.40 33.0 0.0 144 6.2 3.8 0.0
5 0.26 0.27 31.7 0.0 154 6.3 4.3 0.0
6 0.26 0.42 31.4 0.0 172 6.0 4.9 0.0
Total dissolved?® 1.56 2.12 193.0 0.0 853 58.0 26.0 0.0
Total in PG5 2.00 4,30 256.0 13.0 2450 113.0 1100.0 460.0
% dissolved 78.00 49.00 75.0 0.0 35 53.0 2.4 0.0

*Total PG or element dissolved after solubilizing 4.0 g PG in 200 mL solvent by shaking
the mixture for 1 hr at each run using an Eberbach reciprocating shaker at low speed.
brotal PG or total element in PG dissolved.



The F in PG ranged from 4000 to 5000 ngy kg'1 or 0.4 to 0.5 %
Table A2). The F appeared to come from two sources with
ifferent "solubility in Mhlich 1 - a hi ghlﬁ/ sol ubl e one
di ssolving at about 3.0 g kg~ and the other at 0.21 g kg! of PG
Both sources appeared to have sinjlar_and constant solubility in
water which was about 0.35 g kg ~. The F-sources were totally
soluble in acid $108 % and on!?/_ partially soluble in water 5:49
% . In view of the high solubility of the F-sources, hence F's
high availability to plants and animals, F in PG would appear to

present some environmental concern.

Alum num in PG ranged from 1000-2000 m]g klg'l_or 0.1to 0.2 %
The Al -source was found to be highly insoluble in both water and
acid solvents. Total Al that dissolved in water and Mehlich 1
averaged only 2.4 and 3.4 % of total A, respectively, after 6
successive dissolution runs (Table A2). The insolubility of the
Al source in PG even in such an acid nediumas Mehlich 1 (pH
<1.5) (Alcordo and Rechcigl, 1992) rules out any adverse effect
of Al in PG on crops.

A 2. USEPA "toxicity characteristic" Mtals and Their
Leaching Potentials (LP) in PG

The elements which are used by the USEPA as indices of toxic
metal contam nations of solid wastes are As, Ba, Cd, Cr, Pb, Hg,
Se, and Ag (Table A3). The USEPA may classify such contan nated
waste as a "toxicity characteristic" waste (USEPA, 1992) if the
concentration of any one of the netals in the |eachate - the
| eaching and the analysis of the netals being determ ned
according to USEPA procedures - equals or “exceeds the
corresponding limts listed in Table A3.

For Florida PGs, extensive data on toxic metal concentrations
and | eaching potentials have already been collected and eval uated
by May and Sweeney (1980, 1983). "Their data are presented in
Table A3 for reference. Miy and Sweeney's data are useful in
determning the toxicity characteristic of the Florida PG used
in the present study wthout doing the actual analytical USEPA
procedure.  Table A3 showed that none of the sanples obtained
from9 PG stacks in Florida indicated a |eaching potential of a
USEPA "toxicity characteristic" waste. For the sanples from 9
PG stacks, As, Ba, Cd, Cr, Pb, Hg, Se, and Ag concentrations nR
L") in the I'eachates were found to be well bel ow the USEP
contamnation limts (in parenthesis), nanely, 0.02 (5.0), 0.2

109 507 66 0 of. 04 fGull o P 0 o) 001 (027 0.00
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Table A3. USEPA heavy netals (H concentrat| ons in |leachate
for "toxicity charac erlstlcs" f( for solid Wastesa thejr
concentrations in PG s rom Florida PG stacks,? the
measured "I eaching potentlal (LP of PG for these netals, and

the estimated LP of PG used in the study.

EPA "toxicity characteristics" metals
Sample As Ba ¢d Cr Pb Hg Se Ag

Limits for USEPA
TC solid waste: - - ~=mg L mmmmmm e

5.0 100 1.0 5.0 5.0 0.2 1.0 5.0

LP of Florida PG stack samples:

Stack A: 1 0.02 0.2 0.01 0.04 0.01 0.000 0.002 0.08
2 0.02 0.2 0.01 0.05 0.03 0.000 0.003 0.07
3 0.03 0.0 0.01 0.07 0.01 0.000 0.004 0.01
Stack B: 1 0.01 0.0 0.01 0.01 0.00 0.001 0.003 0.04
2 0.01 0.2 0.01 0.01 0.00 0.001 0.005 0.04
Stack C: 1 0.02 0.2 0.02 0.02 0.00 0.001 0.005 0.04
2 0.01 0.4 0.03 0.05 0.00 0.001 0.003 0.10
Stack D 0.01 0.0 0.01 o0.11 0.01 0.001 0.003 0.09
Stack E 0.01 0.2 0.03 0.03 0.03 0.001 0.004 0.06
Stack F 0.00 0.1 0.01 0.01 0.04 0.001 0.002 0.05
Stack G 0.01 0.3 0.01 0.01 0.01 0.001 0.002 0.04
Stack H 0.02 0.3 0.01 0.05 0.00 0.001 0.003 0.04
Stack I 0.02 0.2 0.01 0.02 0.01 0.004 0.002 0.07

Avg. stack LP: 0.02 0.2 0.01 0.04 0.01 0.001 0.003 0.06

Leachability of HM in PG samples from Florida PG stacks:

Total TM in PG° 0.85 105 0.59 6.00 1.30 0.34 1.40 0.67
Amount Leached 0.24 3.2 0.28 0.80 0.36 0.01 0.06 0.96

$ leachable: 28 3 47 13 28 4 4 -d

Estimated ILP of PG used in the study:

Estimates:® 0.12 0.09 0.02 0.02 0.03 <0.001 0.003 0.30

“USEPA (1199233) "Ma and , Sneeney (1983). ‘Averages for PG stacks
Al, Bl, E, F, an H. Indeterm nate (Total In PG and anount
| eached were 0.67 and 0 kg respectively, giving a
IteacL\ablpl ity >100 %. ({HM | n PG used}/{HV i n PG stdcks}) x Avg.

stac :
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The |eaching potential (LP) for any HMin or the "toxicity
characteristic' J%() of any Florida PG may be estimated by using
the average total concentrations of these metals neasured in
sanples from 5 PG stacks and the average LP of these metals in
9 PG stacks sanples (Table A3). In the case of the PG used in
the study, the LP for any heavy netal wll then be:

Estimated |eaching potential (LP) of nmetal in PG = [(Measured
concentration of metal in PG used in the study)/(Average
measured metal concentration in PG stack sanples)] x Average
measured stack sanple LP for the netal

The estimated LP values of the metals in the PG used in the
study are thus found to be 0.12 (As), 0.09 (Ba), 0.02 (Cd), 0.02
(C), 0.03 (Pb), <0.001 (t?) <0.001 (Se), and.0.30 (Ag). From
these values, it is concluded that the PG'used in the study, as
with the other Florida PGs studied and eval uated by My and
Sweeney, does not fall under the "toxicity characteristic" of a
hazar dous waste.

A 3. Measured lnpact of PG on Toxic Metal levels in Soil

The projected increases in toxic netal concentrations at the
0-15 cm surface soil due to PG application of 4.0 My ha! are
given in Table A4.  The measured concentrations of five heav
metals in a Florida Spodosol soil profile down to 90 cm dept
determ ned at 15-cn1de?th intervals as influenced by four rates
of PG applications up to 4.0 ha~ are presented in Table Ab.
The various amounts of PG were broadcast at the surface and then
mxed with the soil to a depth of 15 cm  The land was then
prepared for seeding with annual ryegrass. _Soil sanples were
collected about 12 nonths after application. The statistics show
no indication of any inpact of PG on heavy netal concentrations
at any PG rate and soil depth. There was also no consistent
trend in toxic metal concentrations with PG rates for any of the
met al s. The neasured concentrations of heavy nmetals ‘in soil
treated with PG up to 4.0 My ha! indicated that the heavy neta
contamnants in PG used in the study do not present any short-
term or long-term environmental concern to the soil.

13



vl

Table A4. Projected increases in concentrations of toxic netals
due to PG if applied to crops as a source of S and Ca.

In

agricultural land

EPA Toxicity index metals

Parameter As Ba cd Cr Pb Hg Se Ag
————————————————————————————— mg kKg! PG ~mmmm e e

Concentration

in PG used: 5.0 46.0 1.1 2.9 4.0 <0.001 1.6 2.0

Projected® = = —m—mmmmemmemmeeem e mg kg™! 801l —=mmmmmm e e

increase in

the top 0-15

cm soil due to

4.0 Mg PG ha™’ 0.010 0.092 0.002 0.006 0.008 0.000 0.003 0.004

Projected® =  memmmmmm—memme e MG L m e e

Leaching

Potential (LP)

due to 4.0 Mg

PG ha™ 0.0002 0.0002 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Based on a soil bulk density of 1.5 g cm™.

3

bBased on the projected increases in the 0-15 cm surface soil.
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Table A5. Measured concentrations of toxic netals in a Florida Spodosol anmended with
g? a plhedtﬁs a source of S and Ca to annual ryegrass after one cropping season, 1990-
, Dy daeptn.

Depth/ EPA Toxicity index metals

Treatment As Ba cd Cr Pb Hg Se Ag

Measured

concentration

by depth: = =  ———ecemmmee e mg kg! s0il —mmmmmmmm e

0-15 cm:

Mg PG ha™

0.0 - - 0.020 0.020 0.520 0.040 0.000 -

0.4 - - 0.020 0.040 0.420 0.040 0.000 -

2.0 - - 0.000 0.040 0.560 0.020 0.000 -

4.0 - - 0.040 0.040 0.580 0.000 0.000 -

Statistics: _

P - - 0.2918 0.5000 0.4915 0.8164 -2 -

15~30 CM: = =mee——eceee e cece e mg kg! s0il ~m=mmmmmcmmce e ———————-
Mg PG ha™’

0.0 - - 0.000 0.020 0.220 0.000 0.000 -

0.4 - - 0.000 0.020 0.240 0.060 0.000 -

2.0 - - 0.000 0.040 0.200 0.000 0.000 -

4.0 - - - 0.060 0.040 0.140 0.000 0.000 -

Statistics:

P - - 0.5000 0.7082 0.2101 0.5000 -2 -

Continued to next page:
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Tabl e A5. Measured concentrations of toxic netals in a Florida Spodosol soil amended
with PG applied as a source of S and Ca (Continuation).

Depth/ EPA Toxicity index metals

Treatment As Ba cd Cr Pb Hg Se Ag
30-45 cm:

Mg PG ha’

0.0 - - 0.040 0.100 0.400 0.180 0.140 -
0.4 - - 0.000 0.020 0.220 0.000 0.000 -
2.0 - - 0.000 0.040 0.140 0.000 0.000 -
4.0 - - 0.020 0.040 0.180 0.000 0.000 -
Statistics:

P - - 0.5000 0.6927 0.6778 0.5000 0.5000 -
45-60 cm:

Mg PG ha

0.0 - - 0.080 0.300 0.730 0.440 0.400 -
0.4 - - 0.040 0.080 0.300 0.080 0.000 -
2.0 - - 0.020 0.060 0.220 0.000 0.000 -
4.0 - - 0.040 0.140 0.360 0.100 0.020 -
Statistics:

P - - 0.6858 0.6012 0.6105 0.5713 0.5000 -

Continued to next page:
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Table A5. Measured concentrations of toxic metals in a Florida Spodosol soil anmended
with PG applied as a source of S and Ca (Continuation).

. Depth/ EPA Toxicity index metals
Treatment As Ba cd Cr Pb Hg Se Ag
60-75 cm: - mg kg'! soil -— - -
Mg PG ha’!
0.0 - - 0.100 0.300 0.720 0.460 0.440 -
0.4 - - 0.060 0.180 0.560 0.300 0.200 -
2.0 - - 0.020 0.100 0.340 0.060 0.040 -
4.0 - - 0.100 0.220 0.460 0.100 0.160 -
Statistics:
P - - 0.3999 0.7157 0.8914 0.7392 0.7345 -
75-90 cm:
Mg PG ha’!
0.0 - - 0.060 0.280 0.620 0.320 0.300 -
0.4 - - 0.060 0.200 0.460 0.140 0.120 -
2.0 - - 0.040 0.140 0.300 0.040 0.000 -
4.0 - - 0.060 0.200 0.320 0.160 0.140 -
Statistics:

P -~ - 0.8429 0.6065 0.3422 0.4452 0.3656 -
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A 4. Heavy Metal Concentrations, pH E . and F Standards in
G oundwat er

groundwat er . For reference, Florida's primary drinking water
standards or naxi num contam nation level (ML) for heavy netals
(which are the sane as USEPA's) and F are given in Table AG.

Assune that the netals in PG now nmixed with the top sai
behave sinilarly as in pure PG It is, however, nore |ikely that
their leachabilities are going to decrease rather than remain the
sane as in pure PG Consi dering only the increases in
concentrations due to 4.0 My PG ha", the LP of the netals at the
t08 0-15 cmsoil are estimted to be on the order of 0.0002 (As),
0. 0002 (Bﬂg, 0. 00003 (Cd), 0.00003 (Cr), 0.00005 (Pb), 0.0000003

Hg), 0.000006 (Se), and 0.0003 (Ag) ng L! "Hence, it is
concl uded that the concentrations Of these USEPA "toxicity
characteristic" heavy metal contamnpants in PG used in the study,
as with the other Florida PGs, do not present any reasonable
environmental concern to surficial groundwater now or in the
foreseeable future.

Table A6. Florida primary drinking water maxinmum contam nation
| evel s (MCL) standards® for F and heavy netals and their
projected "leaching potential" (LP) in pure PG and in soil upon
application at 4.0 My hal rate.

Elements Florida MCL LP in PG LP in PG
standards (pure PG) (in soil)®

Inorganic: = = = = s==—mmm—mee—m—eeeo MG L1 mmmmmmmee e
As 0.05 0.12 0.0002
Ba 1.00 0.09 0.0002
ca 0.010 0.02 <0.0001
Cr 0.05 0.02 <0.0001
Pb 0.05 0.03 <0.0001
Hg 0.002 0.00003 <0.0001
Se 0.01 0.003 <0.0001
Ag 0.05 0.30° <0.0001
F 1.4-2.4 - -

“Herr and Shaw (1989). bFrom4.0 My PG ha applied to the 0-15
cmtopsoil. “Based on the higher determned value of 2.0 in the
range of <0.02 to 2.0 ng kg~ PG (See Table Al).
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| npact on pH of groundwater. The pH is define as the negative
logarithm of the H ion concentration (activity). The standard
for Florida drinking water is a mnimmpH of 6.5 measured at the
point of collection (Herr and Shaw, 1989).

For the bahiagrass study, the by-sanpling data for pH of
surficial groundwater coll'ected during the 3-year period are
iven in Tables I1AB-1, |IAB-2 and I1AB-3 (Appendix) for runoff
0-cm and 120 cm depths, respect|ve2y. In 1991, external
control (Gy) wells for the 60-cm and 120-cm depths were set up

to check the readings of the internal controls.

For the control, runoff pH values ranged from4.7 to 5.5
during the 3 years of saqgllqg. For the treated plots, runoff
pH ranged from 3.9 to 6. 3. | by-sanpling analysis during 3
years of sanpling indicated no statistically differentiable
effect of treatnments on pH of runoff. The by-year and 3-year
?¥ﬁ;agaw?naly3|s al so indicated no effect of PG on runoff pH

abl e :

- Goundwat er at 60,cn1be|om13round surface was sanpled three
times in 1990, twice in 1991 and three tines in 1992 (Table IIAB-
2, Appendix). The b -sanplln% pH val ues for the internal control
ranged from4.3 to 5.6 and the treated from4.1 to 7.1 during 3
ears of sanpling with no statistically neasurable difference.
he by-year and 3-year analysis also indicated no effect of
treatment on runoff "pH for the internal plots (Table A7).

Four sanplings of surficial groundwater at 120 cm depth were
done in 1990, three in 1991, and four in 1992. For the interna
controls, the pH values ranged from4.2 to 5.5, for the treated,
pH ranged from3.5 to 6.5 (Table I1AB-3, Appendix) during 3 years
of sampling, with no significant differences, and no consistent
trend as function of PG rates. The by-year and 3-year average
data al so showed no statistically measurable effect of PG on the
pH of ?roundmater from a bahi agrass pasture sanpled at 120 cm

depth (Table A7).
In the ryegrass experinment no runoff was collected fromthe
plots. For “subsurface water, sanples at 60 cm depth were

collected tw ce durina 1990-91 and 1991-92, but none during 1992-
93. The by-sanpling pH ranged from3.7 to 4.7 for the control and
from3.7 to 4.6 for the treated plots (Table I1AR 1, Appendix).
No significant differences anmong treatments were noted. wever
sanples from plots that received 4.0 My PG ha ™ showed depressed
pH relative to those from the internal control in three out of
four collections. Simlar results were indicated in the by-year
and 3-year average analysis (Table A8).
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Tabl e A7.

wth

] runof f and surfici al
bahi agrass pasture anmended

averaged by year and over a 3-year period,

gr oundwat er
PG as source of

1990- 1992.

from a
S and Ca,

Depth(cm) /
Treatment

Crop year

1991

1992

Mean

A. Runoff:
Mg PG ha’
0.0(C)

0.4

2.0

4.0

Statistics:

P
DMRT

B. 60 cm:

Statistics:

P(w/C,)
P(w/o C

ex)

C. 120 cm:
Mg PG ha’
0.0(C..)
0.0(c}
0.4

2.0

4.0

Statistics:

P(w/C,)
P(w/o C

ex)

D — — U . —— - ——— - — = — ——

- — D o — - - G Sy TED W SN S W

- ——— iy . — G, - - T i G G S S GER NS S W G

0.0493
0.2404

'ns=not significant. ®No external control wells at this time.
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Table A8. pH of surficial groundwater from an annual ryegrass
pasture amended with PG as source of S and Ca, averaged by crop
year and over 3 crop years, 1990-91 to 1992-93, by depth.

Depth (cm)/ Crop year

Treatment 1990-91 1991-92 1992-93 '~ 'Mean
A. 60 cm: = mememmem——m——e—e PH === mmmmmme e
Mg PG ha™

0.0(C) 4.4 4.0 -8 4.2
0.4 4.3 3.7 -2 4.0
2.0 4.4 3.9 -2 4.1
4.0 4.1 3.8 ~a 4.0
Statistics:

P 0.7283 0.9287 ~a 0.8725
B. 120 cmi; = =mmmemememmmce—ee—meeee PH ~=mm—mm e
Mg PG ha’

0.0(C,) 4.7 4.6 4.3 4.6
0.0(c) 4.9 4.4 4.3 4.6
0.4 ’ 4.9 4,3 4.1 4.5
2.0 4.6 4.3 4.2 4.4
4.0 4.7 4.2 4.1 4.4
Statistics:

P(w/C,) 0.8834 0.9622 0.9368 0.9795
P(w/0 C,,) 0.8054 0.9625 0.9353 0.9542

2No water in the wells.

~ Groundwat er sanples from 120 cm depth were col | ected nine

times from April, 1991 to February, 1993 (Table |IIAR-2,
Appendi x). The pH values ranged from4.1 to 5.1 for the internal
control ‘and from 4.0 to 5.6 for the treated plots. Onldy in one
i nstance (April 26, 1991) was there a slight evidence of
differences (P=0.0291) anong treatnents, wth pH linearly
(P{l'inear}<0.05) decreasing with PG rates. By-crop year and 3-
crop year analysis, however, indicated no effect of PG on
groundwater pH at 120 cm depth (Table AS8).

| npact on Ec of groundwater. The E. is a neasure of the
quantity of electricity transferred across a unit area per unit
potential gradient per unit tinme. For water, it is related to
t he amount of charged particles dissolved init. For potable
waters in the U S, ~“the E ranges generally from 50 to 1500 umho
cm- (Standard Methods, 1985). The E, is converted to another
quantltdy “TDS" or "total dissolved solids" b% mul tiplying the
measur e by a,given factor. In this study the E, in mcronho
per c¢m (unmho cm”), may be nultiplied by 0.66 to get a
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cprres?ondi ng value for TDS. The TDS represents all the solid
mnerals in solution except suspended solids col I oids, or
di ssol ved gases. Fpr Florida, the recommended TDS for drinkijng
water is <500 L'~ For domestic and industrial use and for
agricultural use the TDS should be <1000 and <3000 ng L,
respectively (Herr and Shaw, 1989).

The by-sanpling data for runoff for the bahiagrass experinent
over the 3-year period indicated ranges of E. values from 132 to
430 and from 99 to 624 umhos cm?® for the control and the treated
plots, respectively. Al though not significant, 3 out of 5 runoff
sanpl es col |l ected over the IB-Kear period indicated elevated E; in
runoff fromplots treated with 4.0 My ha~. Two sanples (Cctober,
1990 and July, 1992 both with P{linear}<0.05) showed increasin
linear trend”with PG rates. The July, 1992 sanple showed sligh
(P=0.0632) evidence that application of 4.0 My PG ha'! woul d rai'se
the of the runoff over those from plots that received 2.0 or
| ess PG ha ™ (Table I1AB-1, Appendix). The by-year analysis
of the runoff data indicated evidence of a linearly increasing
E. (P{linear}=0.0449) trend with PG rates in 1990 but none in the
ot her years. Wen averaged over 3 years, the results showed no
effect of PG on E of runoff (Table A9).

During three years of sanpling, the highest E. of groundwater
sampl ed at 60 cm depth were 357, 444, and 1583 umho cm-, for the
external control, the internal control, and the treated plots,
respectively. Excl udi nP the external controls, 7 out of 8
groundwater sanpl es ,col I'ected over 3 years from plots that
received 4.0 My PG ha ™ had elevated E, relative to those fromthe
control wells.  Sanples collected in Cctober, 1990, June, 1991,
and  April, 1992  showed that E. increased linearly
(P{linear}<0.05) with PG rates (Table |l1AB-2, AppendiXx).

The 1990 and the 1991 by-year analysis with P{linear} values
of 0.0623 and 0.0179, respectively,” as well as the 3-year
analysis (P{linear}=0.0014) provide strong evidences of E
increasing linearly with PG rates in groundwater at 60 cm depth
(Tabl e A9%1. The ANOVA of the 1991 and the 3-year data also
showed that the treatments increased the E_ of ‘the_ groundwater
with P values of 0.0439 and P=0.0040, respectively The DWR test
of the 3-%/ear data showed that the 4.0 My PG ha " application,
with E. of 821 umho cm”, effectively raised E. over all other
rates with E ranging from 236 to 334 unmho cm (Table A9).
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Tabl e A9. E. of runoff and surficial groundwater from a
bahi agr ass pasture amended with phos hogypsum (PG as source of
S and Ca, averaged by year and over the 3-year perlod 1990- 1992.

Depth(cm) / Crop vear

Treatment 1920 1991 1992 Mean
A. Runoff: = = =  =mememeemeeeeeee— umho cm’! ——mecmmee e
Mg PG ha’!

0.0(C) 319.0 344.5 214.5 287.4
0.4 259.0 241.3 312.0 276.7
2.0 453.0 256.8 140.5 249.5
4.0 624.5 459.0 279.5 420.3
Statistics:

P 0.1462 0.5829 0.1057 0.4651
P(Linear) 0.0449 ns ns ns
P(Quad.) ns' ns 0.0802 ns
DMRT ns ns 0.4>2.0 ns

B. 60 cm: —eeemeeemeceeeee—= umho cM! mmmm—— e
Mg PG ha‘|

0. O(C -8 295.0 176.8 235.9
0.0(C 210.6 300.3 170.5 239.9
0.4 348.0 354.9 292.0 339.1
2.0 369.6 367.8 163.7 334.4
4.0 660.1 1190.3 364.5 821.1
Statistics:

P(w/C,,) -8 0.0343 0.6163 0.0041
P(W/0O c ) 0.1891 0.0439 0.5771 0.0040
P(Llnear) 0.0623 0.0179 ns 0.0014
P(Quad.) ns ns ns 0.0183
DMRT ns 4.0>all ns 4.0>all
C. 120 cm:  —ememmemeeeeemmeeeee umho cm™! ———cecmme e
Mg PG ha’

0.0(C,,) 494.5 537.5 528.8 527.4
0.0(c) 170.5 253.3 214.5 203.3
0.4 265.9 395.9 416.3 355.4
2.0 308.4 1081.3 567.8 580.8
4.0 301.1 653.3 852.6 521.5
Statistics:

P(w/C,,) 0.6420 0.0913 0.2008 0.2354
P(w/o C ) 0.5724 0.1178 0.0591 0.1561
P(Llnear) ns ns 0.0172 0.0890
P(Quad.) ns 0.0545 ns ns
DMRT ns 2.0>C 4.0>C,0.4 ns

'ns=not significant. ®No external control wells at this time.
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El even collections for groundwater at 120 cm depth were done
during the study period. The highest E values for the external
control, the internal control, and the treated plots were 716,
275, and 1,219 umho cml, respectively éTabIe | | AB-3, AppendiXx).
Al'l sanples fromtreated plots showed elevated E conpared to
sanples from the control plots. Al sanples collected during
1990 indicated no significant difference between treatnents. In
late 1991 two groundwater sanples indicated slight evidences
(P{linear/quadratic}<0.10) of linear or quadratic trend.
four  sanples collected in 1992 I ndi cat ed l'i near
(P{l'inear}=0.0533, 0.0764, 0.0408, and 0.0080) increases in E
with PG rates. The DVR test showed that application of 2.0 or 4.0
I\/% PG ha~ could effectively increase the I£ of groundwater at the
/&po cdm Sjepth sone three years after application (Table I1AB-3,

pendi x) .

~The 1990 and 1991, by-year (annual) ANOVA showed that
differences among treatments in E of groundwater sanpled at 120
cm depth were not significant. By 1992 a slight effect of
treatment (P=0.0591) was indicated, with an increasing |inear
(P{linear}=0.0172) ‘trend with PG rates. In 1991, the DW\R test
showed that plots that received 2.0 My PG ha" had higher E.  than
the control. . In 1992, the DMR test showed that application of
4.0 My PG ha' had higher E, than the control and the plots that
received 0.4 My PG ha ™ annual I%/. \WWen averaged over 3 years, the
anal ysis showed no significant effect of treatnent, but only a

slight (P{linear}=0.0890) increasing linear trends with rates
(Table A9).

For the ryegrass experinent, four collections of groundwater
sanples at 60 cm depth were nmade over a 2-year period as there
was no water in the wells at this depth during crop year 1992-93.
The E. for the internal control wells sanples ranged from 463 to
895 and for the treated from 273 to 1469 unho cm?®” During 1990-
91, individual sanpling data showed slight evidences of
increasingly |inearl August , P{Ii near%R:O. 0589;  Cctober,
P{l'inear}=0.0482) with PG rates (Table IlAR-1, Appendix). By-
year average anal%gl_s of the data also indicated a simlar trend
(Tabl e A10). During 1991-92, the treated plots indicated
elevated E. relative to the control, but statistical tests showed
non-significant differences anong the treatnents both in the
I ndi vi dual sampling or when averaged bK year. The 2-year average
data showed the control with 713 and the’ 4.0 My PG ha't plots wth
1137 umho cm”, but the statistical analysis showed the difference
to be not significant (Table Al10).

Nine collections of groundwater sanples at 120 cm depth were
done over the 3-year period. The E, for the internal control
wel I's sanples ranged from 131 to 429 and for the treated from 105
to 1211 unho cm®. None of the individual collection indicated
any significant effect of treatnments (Table I1AR-2, Appendix).
The by-year and the 3-year data also showed that the differences
in E anong the treatnents were not significant (Table AlLQ)
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Tabl e A10. of surficial groundwater from an annual rgegrass
pasture amended with PG as source of S and Ca, averaged by crop
year and over 3 crop years, 1990-91 to 1992-93, by dépth.

Depth (cm)/ Crop year

Treatment 1990-91 1991-92 1992-93 Mean
A. 60 cm: i ——————— umho cm’! —=—memmem——e
Mg PG ha’

0.0(C) 678.8 747 .3 ~a 713.0
0.4 395.5 1212.3 ~a 803.9
2.0 1045.8 1071.5 -2 1058.6
4.0 1420.5 854.0 ~a 1137.3
Statistics:

P 0.1527 0.6517 ~a 0.6060
P(Linear) 0.0519 ns' ~a ns

B. 120 cm: = mme—eem e umho cm! ==weeme——- ——
Mg PG ha’ |

O‘O(Cx) 114.6 166.3 165.0 136.6
0.0(C 141.1 355.0 357.5 270.2
0.4 170.6 492.3 559.3 383.8
2.0 169.8 521.2 785.2 459.8
4.0 281.8 625.2 528.0 458 .7
Statistics:

P(w/C,,) 0.3667 0.3094 0.4260 0.4577
P(w/0 C_) 0.4807 0.2800 0.5501 0.5783

'ns=not significant. ®No water in wells.

Considering all the individual values, only few val ues
aﬁproached the upper limt of 1500 umho cm?! of potable water in
the U S., and only one value (1583 umho cm” collected in June,
1991 at 60 cm deﬂth from bahi agrass plots treated with 4.0 M’i PG
ha-l), exceeded this limt. The highest hy-year average of 1190
(1991) and 3-year average of 821 unho cm™ were also neasured in

sanples from plots that received 4.0 My PG ha'! and collected at

60 cm dept h. In the ryegrass experinent, the highest by-year
(1990-91) and 2-year average E. of 1421 and 1137 unmho cm-,
respectively, were again noted |n6groundvvater from plots treated
with 4.0 hal sanpled at the 60 cm depth. Converting the

hi ghest neasured individual, the highest annual average, and the
hi %hest myl ti-year average E; values into TDS give 1045, 938, and
750 ng L~ of  dissolved mnerals. Using TDS values, it is
concl uded that runoff and subsurface waters from established
bahi agrass and tilled land anended with PG at as nuch as 4.0 My
ha” once every 3 years do neet water quality requirenent for
agricultural, 1ndustrial, donestic uses.
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|npact _on F in groundwater. Runoff from the bahiagrass plots
was sanpled only once in 1990. The lowest F level was 0.22 for

the control and'the highest was 0.69 ny L for plots treated with
4,0 My PG ha ™ (Table 11AB-1, Appendix). The difference was not
significant., The test for a linear trend, however, indicated a
sl rght evidence (P{linear}=0.0566) of F levels increasing wth
PG rates. The F in runoff collected in June, 1991 to July, 1992
ranged from0.07 to 0.16 ng L'". No differences ,anong treatnents
were noted, but plots treated with 0.4 My PG ha annually t ended
to have elevated values relative to all the others. n 1992,

runoff fromplots treated with 0.4 My PG ha4-annua[IK had the
hi ghest F content of 0.96 and the control the least with 0.30 ng
L'Y”  Treatnent effects were in the order of 0.4>4.0>2.0>C (Table
|1 AB-1, Appendix).

The 1990 Qy%year average analysis showed slight evidence
éP{Ilnear}:O: 566) of F levels in runoff tending to Increase with
G rates, while the 1992 by-year and the 3-year analysis showed
that treatnent differences were significant (Table AIl). The 3-
ear analysis indicated further that F in runoff increased
inearly wWith PG rates (P{linear}=0.0002) from 0.15 in the
control to 0.35 ny L'~ in plots that received 4.0 My PG hal.

The highest by-sanpling F levels in groundwater from 60 cm
depth were 0.43,  0.36, and 2.0 ng L for the external control
the internal control, and the treated plots, respectively. Seven
out of 8 collections made over the 3-year period showed elevated
F levels in groundwater fromtreated plots relative to those from
the control. However, only the COctober, 1990 (P=0.0902;
P{linear}<0.05)  and  Cctober, 1992 sanplln?s (P<0. 05
P{linear}<0.05) indicated significant treatment effects (Table
| I AB-2, "Appendi x).

The 1990 by-year and the 3-year average analysis wth P=0.0316
and P=0.0841, Tespectively presented further ‘evidences that PG
i ncreased the F contents of groundwater at the 60-cm depth.
Also, the 1990 and 1991 by-year and 3-year average anal ysis
X?fyed that the F levels increased linearl'y with PG rates (Table

The highest by-sanpling F levels in groundwater at 120 cm
depth were 1.44, "0.29, and 0.60 ng L~ for the external control,
the internal control, and the treated plots, respectively (Table
|1 AB- 3, Appmuhx?. Al'l 11 sanplings over the 3-year period
showed all sanples fromthe treated plots with elevated F
contents relative to those fromthe internal control. However
only the September, 1990 (P=0.0660) and June, 1991 (P=0.0683)
sanples indicated slight evidences of the effects of PG on F in
groundwater at 120 cmdepth. Both sanplings also showed F |evels
|ncreaS|ngB]|nearIy (P{linear}=0.0254 and 0.0522) with rates
(Table 11 3, Appendix). The by-year and 3-years statistics
showed no effect of PGon F levels in groundwater at 120 cm depth
under an established bahiagrass pasture (Table All).
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Table All.

F contents in runoff and surficial

groundwat er from

a bahi agrass pasture anended with PG as source of S and Ca,
averaged by year and over a 3-year period, 1990-1992.
Depth(cm) / Crop year
Treatment 1990 1991 1992 Mean
A. Runoff: ———————————— e Mg F L' =~
Mg PG ha’
0.0(C) 0.22 0.09 0.17 0.15
0.4 0.27 0.13 0.56 0.35
2.0 0.42 0.13 0.29 0.25
4.0 0.69 0.12 0.41 0.35
Statistics:
P 0.1914 0.8979 0.0478 0.0005
P(Linear) 0.0566 ns ns 0.0002
P(Quad.) ns' ns ns 0.0377
DMRT ns ns 0.4>C,2.0; 0.4,
4.0>C 4.0>
2.0>C
B. 60 cm: = o meme—me—memmemeeee ng F L ——meemmmmeemee e
Mg PG ha™!
0.0(C,, -8 0.18 0.25 0.22
0.0(c) 0.11 0.14 0.23 0.15
0.4 0.14 0.15 0.43 0.20
2.0 0.17 0.33 0.83 0.36
4.0 0.22 0.30 0.71 0.36
Statistics:
P(w/C,,) -8 0.0883 0.2270 0.0505
P(w/o C,) 0.0316 0.1269 0.3008 0.0841
P(Linear) 0.0086 0.0887 ns 0.0498
DMRT ' 4,.0>C, ns ns 4.0>C
0.4;2.0>C
C. 120 cm:  wmmmm——emememmmeee mg F L' —ecmmmmeeeeee
Mg PG ha’’
0.0(C,,) 0.24 0.30 0.85 0.50
0.0(C) 0.10 0.08 0.16 0.11
0.4 0.21 0.14 0.28 0.21
2.0 0.19 0.27 0.35 0.25
4.0 0.20 0.22 0.32 0.23
Statistics:
P(w/C,) 0.4628 0.3540 0.6085 0.5475
P(w/o C,) 0.4359 0.1466 0.5053 0.3305
DMRT ns 2.0>C ns ns
'ns=not significant. °No external control wells at this tine.
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~In the ryegrass experinent, the by-sanpling F concentrations
in groundwater at 60 cm depth raq?ed from0.14 to 0.32 for the
control plots and from0.13'to 0.70 nmg L for the treated plots.
Al though the treated plots had consistently elevated F [evels
relative to the control, the differences were not significant
(Table I1AR-1), Appendix). Simlar values and trends were noted
in the by-year and 3-year averaqe anal ysis, with no significant
difference anong treatnments (Table 12A).

Table A12. F of surficial groundwater from an annual ryegrass
pasture amended with PG as source of S and Ca, averaged by crop
year and over 3 crop years, 1990-91 to 1992-93, by depth.

Depth (cm)/ Crop year

Treatment 1990-91 1991-92 1992-93 Mean
A. 60 cm: 0 o6 ———meemm—e—ee mg F L' ——mmmmmee e

Mg PG ha™!

0.0(C) 0.15 0.31 -2 0.23
0.4 0.15 0.31 -8 0.23
2.0 0.17 0.38 -2 0.28
4.0 0.34 0.53 -8 0.43
Statistics:

P 0.7290 0.7818 ~a 0.7443
B. 120 cm: = —=———————eo Mg F L mmmmmmemmeee e

Mg PG ha

0.0(C 0.01 0.04 0.28 0.07
0.0(c} 0.03 6.09 0.19 0.10
0.4 0.04 0.15 0.27 0.14
2.0 0.04 0.12 0.26 0.13
4.0 0.04 0.14 0.29 0.15
Statistics:

P(w/C,,) 0.7697 0.3371 0.9099 0.7371
P(w/o C,) 0.8088 0.4497 0.8686 0.7995

®No water in wells.

The by-sanplin% values for F in groundwater at 120 cm depth
were much lower than those at 60 cm depth, ranﬂlng,fron10.01 to
0.53 ng L' (Table I1AR-2, Appendix). i ne of the eight sanplings
done over the 3-year period showed any significant effect of
treatments. The highest by-year and 3-year avera%e F levels for
the internal control sanp/es were 0.19 and 0.10 and for the
treated 0.29 and 0.15 ng L °, respectively (Table Al2)
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The inmpact of PG on F in surficial groundwater in relation to
certain values and standards may now be considered

~In an established pasture of bahiagrass, the highest F levels
in individual sanple from the treated plots during three years
of sanpling were 0.96 ng L for runoff, 2.00 ng L~ for sanples
at the 60-cmdepth (recorded fromplots that received 2.0 but not
from4.0 Mp PG ha"), and 0.60 ny L' at the 120-cm depth. The
hi ghest single year and 3-year average F levels for all types of
surficial groundwater sanples were 0.83 and 0.36 ng L', and both
from plots that received 2.0 My PG ha!l and at 60 cm depth.

In a tilled land where PG was mxed with the soil to a depth
of 15 cmand the land planted to annual ryegrass, the highest by-
sanpling F levels in groundwater for the treated plots at 60 and
120 cm depths were 0.70 and 0.53 L. The highest by-year and
B-Eear averages for all treated plots were for 'both depths were
0.53 and_0.29 ng L. It is wdely accepted that approxinatel
1.0 Mg F L™ in drinking water can effectively reduce denta
caries without harnful effects on health (Standard Mt hods,
1985). Also, the Florida drinking water primary standards allow
for a maxi mum contam nation |level (MCL) for F from1l.4 to 2.4 ny
L-L. None of the individual measured F values in the bahiagrass
and ryegrass experinents exceeded the 2.4 ML, and the by-year
and 3-year average values were even less than 1.0 ng F L' L.

h_Iherefore, it is concluded that application of PGup to 4.0 My
a

0
to an established pasture or tilled |and does not lead to
unacceptable levels of F in surficial groundwater.
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B. RADI OLOE CAL ASPECTS ASSOCI ATED WTH PG APPLI CATI ON
AS A SOURCE CF S AND Ca TO AN ESTABLI SHED BAH AGRASS
PASTURE AS A SOQURCE OF S AND Ca

B. 1. Radi onuclides in PG

The concentrations reported for the three neasured
radi onuclides are given in Table Bl. The ““"Ra value of 18.2 pQ
‘L is at the lower end of the range of values reported by USEPA
%1992b) for Central Florida PG (5-stack average: 31, range_of
stack neans: 25-34, range of individual sanples: 16-81). ° The
>10PP Mglue of 30.8 pG g, “"Po value of 24.3 pG g, and the

Po/ “Pb ratio of 0.79 are conparable to the EPA-reported val ues
(36, 27 and 0. 74, respect|velg?.

Tabl e Bl. Radionuclide concentrations in PG used in the study.

Radionuclides

Concentration pci g!
210Pb 30.8
210pg 24.3

B.2 Soil Radionuclides

Radi onucl i de concentrations by treatnent and sanpling depth,
averaged over the 3-year study period, are summarized I1n Table
B2. he results of analyses and statistical testing by year for
1990, 1991, and 1992 are presented in Appendix Tables I1B-1, |IB-
2, and I1B-3, respectively.

Radi um 226. Results are conpared by treatnment and depth for
1990, 1991, and 1992 in Figures II'B-1, 11B-2, and 11B-3,
respectively.,  The nmost striking observation is that the year-
to-year variability is greater than any treatment and depth
differences. This effect was observed in the control plot (0.0
My ha'l) which should be relatively invariant and indicates a
considerable analytical variability associated wth this
measurement. Using the control plot 3-year averages (Table B2)
as the best available estimates of thé baseline radioactivity
indicates that the natural radioactivity of this soil is low (<1
p and relatively uniform wt dePth over the 90-cm
sanmpling depth. For these plots, presumably unaffected by the
PG treatnent, the 3-year averages at eagh depth have standard
errors on the order of 0.1 to 0.2 pG g~ and relative standard
errors on the order of 20%
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Table B2. “*Ra, “°Pb, and **°Po concentrations in a Florida Spodosol soil cropged to
bahi agrass whi ch was anended with PG as a source of S and Ca, averaged over a 3-year
period, 1990-1992, by depth.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha! = ceeemmmem pCi ?Ra g' =—mmmmm e
0.0(C) 0.55 _ 0.67 0.56 0.53 0.55 0.75
6.4 0.46 0.43 0.58 0.58 0.75 0.70
2.0 0.65 0.63 0.43 0.58 0.53 0.35
4.0 0.58 0.80 0.40 0.47 0.48 0.48
Statistics:
P 0.6428 0.5187 0.3663 0.9637 0.1801 0.4517
P(Linear) ns' ns ns ns ns ns
Mg PG hal = = —eeemmme pCi 20pp gV —mm e
0.0(C) A 0.61 0.55 0.42 0.32 0.45 0.42
0.4 0.59 0.28 0.22 0.42 0.48 0.33
2.0 0.63 0.43 0.38 0.37 0.60 0.34
4.0 0.59 0.30 0.22 0.08 0.28 0.32
Statistics:
P 0.9128 0.5666 0.1235 0.4896 0.3987 0.9636
DMRT ns ns C>0.4,4.0 ns ns ns
Mg PG ha! = = e pCi 490 g ! mmm e
0.0(C) 0.53 0.28 0.23 0.24 0.21 0.23
0.4 0.58 0.68 0.75 0.64 0.40 0.32
2.0 0.90 0.32 0.44 0.49 0.31 0.44
4.0 0.79 0.45 0.23 0.64 0.79 1.07
Statistics:
p 0.8437 0.4090 0.1547 0.2688 0.5478 0.0279
P(Linear) ns ns ns ns ns 0.0088
DMRT ns ns ns ns ns 4.0>all

'ns=not significant.
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Soil Ra-226 (pCi/g) (1991)
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Soil Ra-226 (pCi/g) (1992)
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No nmeaningful effects of treatment were observed. Althou%h
the treatment differences were statistically significant at, the
30-45 cm depth in 1990 and the 60-75 cm depth in 1992, soil Ra
concentrations in plots treated with 4.0 Mj PG ha™ were actually
lower than in all the others including the control plots.

The inability to detect a treatnment effect .is not surprising.
The maxi num treatment |evel of 4.0 PG ha ", when distributed
over a 15-cm soil colum, gives a calculated soil radioactivity
I ncrease of only 0.03 pG . Thus, any increase in
radi oactivity due to the treatment would not be detected by this
sanpling and anal ytical procedure.

By conparisap, the study of Millins and Mtchell, Jr. (1990)
reported soil Ra concentrations in PG experimental plots which
were sampled down to 102 cm ranging from 0.08 to 0.35 pG g,
with no neaningful treatnment differences.

Lead-210.  Conparisons of “’Pb concentrations are given in
Figures 11B-4, 1I1B-5, and |I1B-6 for 1990, 1991, and 1992
respectively. The valueg for the control plots (Table B2)
indicate that the_natural " 'Pb concentration of the soil was |ow
(< 0.6pG g). The activity was relatively uniform with depth,
but the data suggest that the activity was higher in the fipst
15 ¢cm an effect that could be _attributed to deposition of ““Pb
ﬁroduced by atnospheric Rn. The 3-year averages at egach depth
ad standard errors on the order of 0.03 to 0.1 pG ¢ .

The data in general are highly variable, The 1990 sanples for
the 0-15 cm depth (Table I1B-1, Appendix) showed a significant
treatnent difrerence (P=0.03, 4.0>all, P{linear} = 0.02),
suggesting an initial effect on the uppernost layer; this effect
was not observed in subsequent years. No significant treatnent
effects were observed in 1991 (Table IIB-2, Appendix). The 1992
data (Table 11B-3, Appendix) indicated a significant, |inear
treatnent effect at the 15-30 cm dept h. However, this
observation is suspect since it is driven by a 1992 average
control plot value at this depth that was atypically low - 0.1
a and 20% of the 0-15 cmvalue vs. previous neasurements
hat "were 0.4 to 0.6 pC ¢~ and conparable to the O 15 cm val ue.

Again, the very limted evidence of treatnent effects is not
surprising. ~ For the maximum treatnment level of 4.0 My PG,
and averaging over a 15-¢mdepth, the calculated soil Pb
increase is only 0.05 pC g . The sanpling procedure used would

not detect such,an increase in the presence of the natural
variability of “"Pb in the control plots.
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Soil Pb-210 (pCi/g) (1992)
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Pol oni um 210. Average soil “0pg conggntrations in the control

plots (Table B2) indi cate, that natural Po concentration for the
soil was low (<1.0 pG, g ) in the top 15-cmlayer and re| atlvelﬁ
uniformat <0.2 pG g from 15- down to 90-cm.depth. This dept
effect was consistent with deposition of o produced by
atmospheric Rn.  The 3-year averages showed standard errors on
the order of 0.2 pG g~ in the 0 to 15-cm depth and from0.03 to
0.1 in the other layers. ~Millins and Mtchell, Jr. (1990) in
their study reported a soil Po range of from 0.17 to 0.48 pG

g’ fromthe top soil down to the 46-cm depth.

Concentrations by treatment and by depth for 1990, 1991, and
1992 are presented in Figures I'IB-7, 1I1B-8 and |IB-9,
respectively. The data are |ghIP/ variable and, except for the
75-90 cm sanmpling in 1992 (Table [IB-3, endix) and in the 3-
year average for that depth (Table B2), no statisticall
signifjcant treatnent effects were observed. The value of 2.1
PCI g reported at 75 to 90 cmin 1992 for the 4.0 I\/H ha
reatment (and the 3-year average based on this value) is highly
suspect - it is considerably higher than all other reported
val ues and re&resegts a PGattributable addition to baseline of
about 2.0 p g  wiile the calculated increase for that
treatment would be 0.04 pG %1 I f the radioactivity is
transported in total from the surface to the 75-90 cm | ayer.
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Soil Po-210 (pCi/g) (1991)
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Soil Po-210 (pCi/g) (1992)
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B.3. Ganma_Radi ation.

Gamma radi ation was neasured over the control plots for two
consecutive tinme intervals during 74 days prior to application
of the PG Follow ng PG application, neasurements were made over
all plots for 13 tinme intervals of 30 to 75 days each during the
3-year study period. Annual and 3-year average ganma radiation
exposure levels are presented in Table B3. Results by individua
sanpl i ng ?erlod are presented in Figure [IB-10 and in the
Appendi x (Table 11B-4).

to bahiagrass which was amended with PG as a source of S and

Table B3. Gamma radiation over a Florida Spodosol soil croegfd
averaged by year and over a 3-year period, 1990- 1992.

Treatment Crop year

1990-91 1991-92 1992 mean
Mg PG ha! = = —eeeememmeeeeo UR hr! ——eemmmmeee—
0.0(C,,,) 4.96 5.28 5.61 5.23
0.0(C,,,) 5.59 5.89 6.53 5.92
0.0(c) 4.29 5.28 5.48 4.81
0.4 4,54 5.06 5.45 5.09
2.0 4.55 5.37 5.35 5.04
4.0 4.71 5.08 5.23 4.99
Statistics:
P(W/Cyq 2) 0.0314 0.1167 0.0197 0.0130
P(w/0 c;dl) 0.4523 0.4908 0.6450 0.8672

Baseline | evels over the study period averaged 4.8 uR ht
érange of 3.85 to 6.4) for the internal control C 5.2 (4.2 to
.0) for Gy, and 5.9 (4.8 to 7.4) for C,,. This suggests there
may be sone |ocal spatial variation in Easellne anmma- radi ation
|evels. By conparison, state averages in the US. range from
3.3 UR hr ™ in Texas to 14 in Col orado, Nevada, and Woming, wth
i ndi vi dual measurements ranging from <l to 34_éhyr|ck, et al.
1981). Previous studies have reported Florida values on the
order of 5 to 10 uR hr'* (Roessler, 1987).

Anal ysis of the data showed differences across treatments were
statistically significant for about one third of the tests
erformed; however, there was no consistent trend with treatnent.
he greatest difference was typically between the external
controls (highest values) and some treatnent |evel anong the
contiguous plots. Thus, any influence of the PG treatnent is
insignificant in conparison to the tenporal and spatial
variations in the local background.
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B.4. Radionuclides in Plant Tissue.

Three regrowth harvests and one hay or nature forage harvest
frg_m eaclh_ dof the years 1990, 1991, and 1992 were analyzed for
radi onucl i des.

- Radium226. Annual average and 3-year average concentrations
in regrowth forage and annual concentrations and 3-year average
concentrations for the annual harvests of the mature forage are
presented in Table B4. Results for individual regrowth harvests
are presented in Figure |1B-11. Anal ytical and statistical
testing results for 1ndividual harvests during 1990, 1991, and
1992 are presented in Tables [IB-5 [1B-6, and™I1B-7 (Appendix),
respectively, for all three radionuclides.

One of .the nost striking features of these data (see Figur

|1B-11) is the variability and, In particular, the genéra
increases from 1990 to 1991 to 1992, including in the control
sanpl es. Baseline (control plot) concentrations in regrowh

forage averaged 0.05 pd ? . W th annual averages ranging from
0.01 to 0,13 and individual harvests ranging frombelow the |imt
of detection to 0.15.  The concentration in control plot mature
forage was 0.03 pG g for each of the two years sanpl gd. By
conparison, average tissue concentrations of 0.04 pCG g~ were
reported by Mslevy, et al. (1989) for various biomass plants
rowing on unmned, Florida soil and concentrations ranging from
.04 to 0.13 pG were reported by Millins and Mtchell ?1990)
for wheat forage from untreated plots in Al abana.

The regrowth data present limted evidence of a treatnent
effect. he 3-year nean indicated a significant treatnent effect
éTP = 0.06, P Iinear% = 0, 022. O .th(ﬁ ot her h?nd, tr?atme t
effects were generally not statistically significant for the
i ndi vidual harvests or for the annual averages. One limted
exception was at the end of the 1990 season when there was
evidence of a linear effect at the January 1991 harvest
(Appendi x, Table 11B-5 P{linear} = 0.07). Another exception was
in 1991 when the August harvest showed a significant treatnent
effect (Appendix, Table I1B-6, P = 0.3, P{linear} = 0,2) and the
annual average had evidence of a linear effeect (Table B4,
P{linear} = 0.07).

The mature forage data (Table B4, B) are limted in quantity
(most of the 1992 data are nmissi ng:t1 and show consi derabl e
variability). Statistically-significant treatnent effects were
observed for 1990 (P = 0.05) and for the study average (P = 0.03,
P{Ilnear?1 = 0.02). There is no obvious explanantion of why the
0.4 My ha! annual treatment resulted in consistently higher
ti ssue concentrations than single treatment at the two higher
rates. Considering only the two single-application treatnents,
the 3-year average results indicated a concentration in mature
forage that increased linearly with PG treatment rate.
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Tabl e B4. **°Ra concentrations in bahiagrass regrowh and hay
forage froma pasture amended with PG as a source of S and Ca and
rowing on a Florida Spodosol soil, averaged by year and over a
-year period, 1990-1992.

Treatment Crop vear
1990° 1991° 1992° Mean®
A. Regrowth: =  ===—-c-—cmeeo-- pCi ?%Ra g'! —————mmmmeee -
Mg PG ha’
0.0(C) 0.01 0.04 0.13 0.05
0.4 0.02 0.04 0.17 0.06
2.0 0.01 0.06 0.13 0.05
4.0 0.03 0.09 0.23 0.10
Statistics:
P 0.4583 0.1783 0.5758 0.0583
P(Linear) ns' 0.0679 ns 0.0185
DMRT ns ns ns 4,0>all
B. Hay: = emmememmmemeo pCi %Ra g1 —~——mm e
Mg PG ha’’
0.0(C) 0.03 0.03 -b 0.03
0.4 0.10 0.13 -b 0.11
2.0 0.03 0.10 -b 0.06
4.0 0.09 0.09 0.20 0.09
Statistics:
P 0.0539 0.4030 -b 0.0327
P(Linear) ns ns -b 0.0215
DMRT 0.4,4.0> ns -b 0.4,
c,2.0 4.0>C;
0.4>2.0

'ns=not significant, °“Statistics conputed based solely on those
harvests where each treatnent had at |east one detected val ue
associated with it. "No analysis due to mssing data.

In sumary, 22%Ra upt ake by bahiagrass regrowth forage durin
the first three years followng PG treatment was on the order o
0.01 to 0.02 pG g /M PG ha . Upt ake in the annual
accumul ative (hay) growh during each of the first three years
was on the order of 0.015 to 0.017 pG g /My PG ha”™ wth the
hE?heg application rate supporting a value on the order of 0.02

pY g
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Lead-210. Annual average and 3-year average concentrations in
regrowth forage and annual concentrations "and 3-year average
concentrations for the annual harvests of the mature forage are
presented in Table B5. Results for individual regrowh haryests
are presented in Figure |IB-12. As indicated for Ra,
anal ytical and statistical test results for individual harvests
are presented in Appendix Tables IIB5 [1I1B6, and IIB-7.

Table B5.  “Pb concentrations in bahiagrass regrowth and hay
forage from alpast.ure anended with PG as a source of S and Ca and
rowing on a Florida Spodosol soil, averaged by year and over a
-year period, 1990-1992.

Treatment Crop vear

' 1990° 1991° 19922 Mean?®
A. Regrowth: =  ——=———————emeeo pCi 20pp g —emmm e
Mg PG ha’
0.0(C) 0.20 0.50 2.53 0.93
0.4 0.13 0.73 2.13 0.93
2.0 0.14 0.62 2.10 0.87
4.0 ' 0.13 0.46 2.22 0.81
Statistics:
P 0.0719 0.0925 0.8259 0.7117
P(Linear) 0.0590 ns! ns ns
DMRT Cc>all 0.4>4.0 ns ns
B. Hay: =  memeem—emeeeeeo pCi 29pb g1 mm e
Mg PG ha™'
0.0(C) 0.80 0.75 2.95 1.33
0.4 0.95 0.85 3.05 1.45
2.0 0.75 0.90 2.20 1.28
4.0 0.87 0.40 2.75 1.23
Statistics:
P 0.8397 0.2874 0.7625 0.7513

'ns=not significant. “Statistics conmputed based solely on those
harvests where each treatnent had at |east one detected val ue
associated with it.

Again, a striking feature is the increases, including in the
control data, for regrowth forage from 1990 to 1991 to 1992
(Figure 11B-12), for mature forage from 1990 to 1992 (Table BS).
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Control plot concentrations in regrowh foragbe averaged 0. 93
pCG g, wth annual averages rangl ng from0.2 to 2.5 and
I ndi vidual harvests ranging from0.15 to 3.65. Concentrations in
mature forage harvested annually averaged 1.33 pCG g~ and ranged
from0.75 to 2.95. However, the ordef of magnitude increase in
control plot concentrations from 1990 to 1992 raises questions

about possible bias by year in the anal yses.

Statistically-significant differences were noted in regrowh
forage for three of the nine harvests and two of the three annual
averages, but there was no consistency and the values appeared
to have little relation to PG rates. For the mature forage
(Table B5, B), there was no apparent trend with treatnent |eyel
and no statistically-significant differences. No effect of “"Pb
upt ake by bahiagrass regrowth or mature forage from PG
application could be observed from these data.

Pol oni um 210. Annual average and  3-year average
concentrations in regrowh forage and annual concentrations and
3-year average concentrations for the mature foragﬁ are presented
in Table B6.  Results for individual regrowmh harvests are
presented in Figure 11B-13. Analytical and statistical testing
results for individual harvests are presented in Appendix Tables
l1B-5 11B-6, and IIB-7.

Control plot values were hi gh|¥| variable from year to year.
Basel i ne concentrations in regrowth forage averaged 0.33 pC ,
wi th annual averages ranging from0.04 to 0.52 and indi vidual
harvests ranging frombelow the limt of detection to 0.64.
Concentrations in annual mature forage harvests averaged 0.57 pC
g! and ranged from below the limt of detection to 0.73.,For
conparison, Millins and Mtchell (1990), reported Po
concentrations ranging from0.08 to 0.44 pG g in wheat forage
fromplots not treated wth PG

There is limted evidence for a treatment effect in the first

year after treatment. By inspection, the concentration in
regromth tissue appears to increase with PG in the 1990 (and
possi bly 1992) sanplings. Differences were statistically

significant for two of the three 1990 cro!:])-year harvests
(Appendix Table 11B-5) and the 1990 avera%e showed evi dence of
l'i near response (Table B6, P{linear} = 0.06). , In addition, the
1992 annual average for the maxinum (4.0 ha ") treatnent |evel
was significantly greater than for the other treatnents.

The 1991 regrowth forage results appear to be anonal ous - the
val ues observed for the control and treated plots were, for the
most part, considerably higher than for the other two crop years
and the concentrations increased from the control to the 0.4 M
r~ treatment, and then decreased with treatnment Ievel for the
I gher treatnent val ues!
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Table B6. *'°Po concentrations in bahiagrass regrowh and hay
forage fron1alpasture amended with PG as a source of S and Ca and
rowing on a Florida Spodosol soil, averaged by year and over a
-year period, 1990-1992.

Treatment : Crop vear

1990° 1991° 19922 Mean?
A. Regrowth: —————————— pCi 2W¥po gt —mmm e
Mg PG ha’
0.0(C) 0.04 0.52 0.10 0.33
0.4 0.10 0.73 0.10 0.48
2.0 0.19 0.51 0.10 0.38
4.0 0.22 0.37 0.20 0.30
Statistics:
P 0.1713 0.1754 0.0001° 0.3304
P(Linear) 0.0594 ns ns ns
DMRT ns' ns 4.0>all® ns
B. Hay: = mmmemmm—eeee pCi 210po g1 mm e
Mg PG ha’’ :
0.0(C) 0.73 0.27 -c 0.57
0.4 0.62 0.59 0.20 0.61
2.0 0.50 0.78 0.10 0.61
4.0 0.87 0.85 0.10 0.86
Statistics:
P 0.6506 0.3957 0.0001° 0.4750
DMRT ns ns 0.4>2.0, ns

4.0

'ns=not significant. “Statistics conmputed based solely on those
harvests where each treatment had at |east one detected val ue
associated with it. “Significance was due to MSE being very
close to zero. Not detected in sanple.

Wth regard to hay forage (Table B6, B), the highest treatnent
| evel (4.0 My ha ") appears to produce an effect. However,
differences were either not statistically significant (1990,
1991, and the 3-year average) or not meaningful in terms of PG
| evel (1992).
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B.5. Radionuclides in Surficial Goundwater.

Surficial roundwater fromthe experinental plots was
collected at three depths: at the surface as runoff, at 60 cm
and 90 cm bel ow the pasture surface, For the 60 cm depth, only
one sanple fromeach plot (July 1991) was anal yzed for
radi onuclides. For the 3-year period, sanples collected at 120
cmdepth at six different tines were analyzed for radionuclides.

Radi um 226. Annual average and 3-year average concentrations
are presented in Table B7. Concentrations are presented by
i ndi vidual sanpling date for runoff, the 60-cm depth, and the
120-cm depth in Figures |IB-14, I1B-15, and [1B-16, respectively,
and Appendi x Tables I1B-8, I1B-9, and I1B-10, respectively.

For runoff, 'baseline (control plot) concentrations averaged
0.19 pG L~ with individual sanplings ranging fromQ0.11 to 0.40.

Concentrations fromPGtreated plots ranged from0.07 to 0.80 pG

L. Inspection of the data suggests effects following a single
application that persist into the third year and effects from
annual application that cunmulate into the third year.

Differences were statistically significant for the first tw of

four sanpling.

At the 60-cm depth, the control plot concentrations for the
single sanpling were slightly higher than for runoff - 0.30 and
0.40 pG L for the external and internal controls,
respectively. Concentrations in saqPIes from PGtreated plots
ranged fromO0.40 to 0.70 pC_ L. hese data suggest a smal |
effect wth treatnment (see Figure I1B-15) but the differences
were not statistically significant.

At the 120-cm depth, control plot concentrations were slight
higher than at the surface and at 60 cm Concentrations from
external control plot averaged 0.63 pC L °, wth the fi
i ndi vidual sanplings ranging from 0.35 to 0.80. Concentratio
from the internal control plots were conparable, averaging O.
pCG L with the six individual sanplings ranging from0.55 t
1.17.  Concentrations at PGtreated plots ranged fromO0.65 t
1.80 pG L. Concentrations for the treated plots  wer

r

t

oS <o—

< SO MDMOOOWV MDD

generally higher than for the control plots through the thi
ear (Fig. 11B-16); however, averages did not correlate well w
reatment level and the differences were not statistical
significant.

The maxi mum “®Ra concentrations observed in runoff and shal | pw
well water fromtreated plots were 0.8 and 1.8 pG L -,
respectively. Thesg val ues ‘are bel ow the current drjnking water
standard of” 5 pG L~ (Federal Register, 1976) and wel| below the

roposed Maxi mum Contam nant Level (ML) of 20 pG L (Federal
egl ster, 1991).
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Tabl e BY. 226pa concentrations in groundwater from a Florida

Spodosol soi | crﬂgfed to bahi agrass which was anmended with PG as
S and Qa,

source of averaged Dby year and over a 3-year period,
1990- 1992.
Depth (cm)/ Crop year
Treatment 1990 1991 1992 Mean
A. Runoff: = = ==m—eccemeeeeee- pCi #Ra L1 —=——mmmemmee
Mg PG ha’
0.0(C) - 0.11 0.20 0.27 0.19
0.4 0.13 0.35 0.50 0.37
2.0 0.07 0.40 0.20 0.19
4.0 0.42 0.35 0.47 0.42
Statistics:
P 0.0329 0.0001° 0.4547 0.5353
P(Linear) 0.0165 ns' ns ns
P(Quad.) 0.0359 ns ns ns
DMRT 4.0>all 0.4,4.0> ns ns
C:;2.0>all
B. 60 cm depth: = =-==———c————e——u- pCi #Ra L' === mmeee
Mg PG ha’
0.0(cC,) -b 0.30 -b 0.30
0.0(cy b 0.40 -b 0.40
0.4 ~b 0.60 -b 0.60
2.0 -b 0.55 -b 0.55
4.0 -b 0.70 -b 0.70
Statistics:
P(w/C,,) -0 0.4117 -b 0.4117
P(w/0 C,) ~b 0.4642 -b 0.4642
C. 120 cm depth:  ===-——-—-——- pCi ?%Ra L' === mmmee —————
Mg PG ha’
0.0(c,,) 0.70 0.65 0.57 0.63
0.0(C 0.69 0.86 0.73 0.80
0.4 1.35 1.36 0.97 1.23
2.0 0.93 1.59 0.87 1.13
4.0 1.12 1.11 1.75 1.33
Statistics:
P(w/C,,) 0.7096 0.1111 0.3518 0.4495
P(w/o C,) 0.6111 0.2868 0.4024 0.5931
P(Quad.) ns 0.0611 ns ns

ns=not significant. ®Difference due to estimated error being too
small. PAt the 60-cm depth, only the 1991 samples were analyzed
for radionuclides.
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source of S and Ca, 1990-1992, by sampling.
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Lead-210. Annual average and 3-year average concentrations
are presented in Table BS. Concentrations are presented by
i ndi vi dual sanpling date for runoff, the 60-cm depth, and the
120-cm depth in Figures 11B-17, 11B-15 and |1B-18, respectively,
and Appendix Tables I1B-8, 11B-9, and IIB-10, respectively.

For runoff, baseline (control plot) concentrations averaged
0.45 pG L~ but the four individual sanplings were quite
variable, ranging from 0.05 to 1.10.  Concentrations from PG
treated plots ranged from 0.00 to 1.25 pG L. No significant
differences were observed. Effects, if any, were transient. A
the first sanpling, the concentration reported for the maxinum
treatment level was eight times the very |ow control value but
the difference was not statistically significant and was not seen
in later sanplings. At the 7/01/92 sanpling, the value for plots
treated annually at 0.4 My ha'l was about six times the
relatively low control value but the difference was not
statistically significant and was not supported by any of the
ot her sanplings.

At the 60-cm depth, the control plot concentrations for the
Si nfle sampling were conparable to those for runoff - 0.10 and
0.45 pCG Lt for the external and internal controls,
respectively. Concentrations in sanples_from PGtreated plots
ranged from0.45 to 2.50 pG L . The data indicated a
statistically significant effect with Iinear response with PG
level (P = 0.03, P{linear} = 0.008), 4.0 > all); however, this
single sanpling, not strongly supported by observations in the
runoff, is a limted basis for any definite conclusion.

At the 120-cm depth, ~control plot concentrations were
conparable to those at the other sangllng | evel s. ~Values from
the external control plot averaged 0.54 pCG L wth the five
i ndi vidual sanplings ranging from0.00 to 1.09 and those fromthe
internal control plots averaged 0.42 pCG L wth the six
i ndi vidual sanplings ranging from 0.15 to 0.80. Concentrations
at PGtreated plots ranged from0.05 to 2.40 pG L. The data
(Figure I1B-18 sug?gest that the treated plots had higher |evels
than the control plots in the second and third years: however,
t hese sudggest ed effects did not correlate well 'with treatnent
| evel and the only statistically-significant differences were for
the 2.0 My ha™ level at the 4/26/91 sanpling (Table B10) and in
the 3-year average (Table B8).

Currently there is no drinking water standard for “°Pb ga
natural | y-occurring beta emtter). The proposed MCL for beta
enmtters is the concentratiop resultlngfQ in an annual effectjve
dose equivalent of 4 nremyr ~ (Federal Register, 1991). The “"Pb
concentration that corresponds to this dose limt is 1 pd L,
based on conterrporarg/ dosi rretri/ and a 2 L day " ingestion. O
the four runoff, two 60-cm and 11 1205cm control plot sanplings,

Pb concentrations exceeded 1 pG L for one external control
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Table B8. ?10py concentrations in groundwater froma Florida
Spodosol soi | cro&oed to bahi agrass which was anmended with PG as
source of S and Ca, averaged Dy year and over a 3-year period,

1990- 1992.

Depth (cm)/ . Crop year

Treatment 1990 1991 : 1992 Mean
A. Runoff: = = =  —=e——ememmemeeeeo pCi 2¥0pb L —mm e
Mg PG ha

0.0(C) 0.05 1.00 0.50 0.45
0.4 0.17 1.10 1.10 0.87
2.0 0.00 0.60 0.60 0.36
4.0 0.41 0.60 0.20 0.40
Statistics:

P 0.2455 0.3579 0.1179 0.1981
DMRT ns! ns 0.4>4.0 ns

B. 60 cm depth:  —=———eccecm———- pCi 2pp L —mmmmmm e
Mg PG ha’

0.0(C,) -2 0.10 -2 0.10
0.0(C) -8 0.45 - 0.45
0.4 -8 1.05 ~a 1.05
2.0 -8 0.80 -2 0.80
4.0 -8 2.50 -2 2.50
Statistics:

P(w/C,) =2 0.0308 -2 0.0308
P(w/o C,) -8 0.0261 -2 0.0261
P(Linear) -8 0.0083 -2 0.0083
DMRT -8 4,0>all -a 4.0>all
C. 120 cm depth:  ~===——=————me——- pCi 2P L1 mmmm e
Mg PG ha’

0.0(Cx) 0.00 0.87 0.30 0.54
0.0(c} 0.31 0.57 0.45 0.42
0.4 0.36 0.86 0.55 0.60
2.0 0.34 1.63 1.13 1.03
4.0 0.25 1.02 1.03 0.77
Statistics:

P(w/C,) 0.3109 0.4793 0.5928 0.2450
P(w/o C_) 0.6734 0.2620 0.4903 0.1582
P(Quad.) ns ns ns 0.0731
DMRT ns ns ns 2.0>C

'ns=not significant. ©°At the 60-cm depth, only the 1991 samples
were analyzed for radionuclides.
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sanplin 51-1.pC11L Y. For PGtreated plots, “°Pb concentrations
exceeded 1 pC L~ for two of the three sanplings at 60 cm (1.1-
2,5 pG L) and five of the 18 sanplings at 120 cm (1.1-2.4 pd
L).  Wile there was very little statistical evidence for a
treatment effect, these data indicate that potential for ““Pb in
wat er deserves continued evaluation.

Pol oni um 210. Annual  average and _ 3-year _ average
concentrations are presented in Table B9. Concentrations are
presented by individual sanpling date for runoff, the 60-cm
depth, and the 120-cm depth in Figures I1B-19, 1IB-15 and |IB-
20, respectively, and Appendix Tables |IB-8, [1B-9, "and I1B-10
respectively.

For runoff, control plot concentrations averaged 0.44 pG L
and the four individual sanplings ranged from0.37 to 0.60.
Concentrations from PGtreated plots ranged from0.10 to 1.30 pG
L. No significant effects were observed

At the 60-cm depth, the control plot concentrations for the
single sanpling were slightly lower than observed for runoff -
0.30 and 0.35 pC L~ for the external and internal controls,
respectively. Concentrations in sanples from PGtreated plots

ranged from 0.24 to 0.40 pC L": no treatnent effects were
obser ved.

At the 120-cm depth, concentrations from the external control
pl ot averaged 0.59 pG L wth the five individual sanplings
rang|n% from bel ow the detection linit to 0.90 and goncentrations
fromthe internal control plots averaged 1.3 pG L~ with the six
i ndi vidual sanplings ranging from0.10 to 2.85. The nost striking
feature at this depth is the variation in control plot
concentrations - the values for the internal controls varied
considerably from year to Xear, had yearly averages that were
several tines the corresponding values for the external control,
and, for three of the sanplings, exceeded the values for the
treated plots. Concentrations at PGtreated plots ranged from
below the Iimt of detection to 1.80 pd L~ ~The data show no
meani ngful effects of PG treatnent on 21%Po.

There are ng current or proposed explicit drinking water
standards for “"Po (a naturally-occurring alpha emtter); rather
this radionuclide is included under limts for gross alpha
emtters. The current standard specifies a limt for gross alpha
emtters of 15 pC L~ (Federal Register, 1976). Under proposed
rul es (Federal Register, ,1991), the MCL faop, "adjusted" gross
al pha activity, (exc udln? Ra, uranium and "“"Rn) is also 15 pG
L™ Al the 0 concentrations reported in this study were well
below this value. The maxi num observed was 2.8 pC L in an
internal control sanpling at 120 cm The maximums for PGtreated
plots were 1.3 and 1.5 pC L~ for runoff and shal |l ow ground
wat er, respectively.
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Tabl e B9. ?mPo concentrations in groundwater froma Florida
Spodosol soi | cr%gfed to bahi agrass which was amended with PG as
source of S and Ca, averaged by year and over a 3-year period,

1990- 1992.

Depth (cm)/ Crop vear

Treatment 1990 1991 1992 Mean
A. Runoff: = ==emecmeem—eee———e pCi 2%po L' —mmmmmem e
Mg PG ha”

0.0(C) 0.37 0.40 0.50 0.44
0.4 0.25 1.30 0.23 0.54
2.0 0.29 0.60 0.23 0.31
4.0 0.41 0.40 0.27 0.35
Statistics:

P 0.8963 0.4925 0.7359 0.6171
B. 60 cm depth:  =-—=———=————ceee-- pci 2%po L1 —mmmmmmmee—
Mg PG ha’

0.0(C,,) -2 0.30 -a 0.30
0.0(C) -8 0.35 - 0.35
0.4 -a 0.25 -a 0.25
2.0 -8 0.35 -8 0.35
4.0 -8 0.40 ~a 0.40
Statistics:

P(w/C,,) -2 0.5201 -2 0.5201
P(w/0 C,,) -2 0.5000 -2 0.5000
C. 120 cm depth: —----- ————— pCi #0po L ~mmem e
Mg PG ha''

0.0(C,,) 0.75 0.57 0.45 0.59
0.0(C}) 1.13 1.51 1.93 1.30
0.4 0.50 0.79 0.15 0.55
2.0 0.57 0.94 0.55 0.72
4.0 1.28 1.01 0.53 0.98
Statistics:

P(w/C,) 0.0459 0.7017 0.6301 0.4505
P(w/0 Cx) 0.1103 0.7537 0.5860 0.4655
P(Quad.) 0.0376 ns' ns ns
DMRT 4,0>0.4, ns ns ns

2.0

'ns=Not significant. ®For the 60-cm depth, only the 1991 samples
were analyzed for radionuclides.
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FIG. 118-19. 2'0u, concentrations in runoff From a Florida Spodosol soil
cropped to bahiagrass which was amended with PG as

source of S and Ca, 1990-1892, by sampling.
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B.6. Soil Surface Rn Flux.

The Rn flux fromthe surface of the bahiagrass pasture was
determned seven tinmes during the 3-year period. Average val ues
by cr%p year and for the 3-year period are presented in Table
B10. he by-sanpling statistics are given in the Appendix STabIe
|1B-11). The trends are graphically shown in Figure |IB-21.

Table B10. Soil surface Rn flux over a Florida Spodosol soil
cropped to bahiagrass which was amended with PG as a source of
S and Ca, averaged by year and over a 3-year period, 1990-1992.

Crop year

Treatment 1990-91 1991-92 1992 mean
Mg PG ha! @ =  —eeemmemeeee- pCi M2 81 memmmee e
0.0(C) 0.04 0.03 0.02 0.03
0.4 0.03 0.03 0.03 0.03
2.0 0.04 0.05 0.03 0.04
4.0 0.04 0.04 0.04 0.04
Statistics:

P _ ‘0.2154 0.5120 0.2497 0.3211

The baseline Rn flux values for the control plots averaged
0.03 pG m® s over the entire observation period and ranged
from0.01 to 0.05.

. a%' the PGtreated plots, the values ranged from0.02 to 0.08
pC s*. The data for six of the seven neasurements, two of
the three crop-year averages, and the 3-year averaPe suggest ed
slightly hl%per values for the higher treatment level plots (2.0
and 4.0 M PG ha'”) than for the control. However, none of the
differences were statistically significant.

The val ues obtained for Rn flux were well within the range
reported in the literature. Surface flux measurements have been
reported to vary by a factor of 250, ran%lng.frquQWOOSIto 1.41.
The reported average for the U S is 0.43 pCG m® s (WIkening,
et al., 1972; NCR 1989) .
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B.7. Anbient At nospheric Rn.

Airborne Rn concentrations were neasured over control plots
twmce prior to application of the PG and over all plots
determned 13 tines after treatnent application for periods
ran?|n%3fron130 to 90 days, nore or |ess, over the 3-year period.
Tabl e B11 summari zes the data by crop year and for the 3-year
study: data for individual sanpling periods are presented in
Figure 11B-22 and in Appendix Table 11B-12.

Table B1l. Anbient atnospheric Rn over a Florida Spodosol soi
cropped to bahiagrass which was anmended with PG as source of S
and Ca, averaged by year and over a 3-year period, 1990-1992.

Treatment Crop vear

1990-91 1991-92 1992 mean
Mg PG ha"' ———————————— PCi L™ el
0.0(C,q) 0.18 0.22 0.18 0.19
O.O(CXQ 0.19° 0.19 0.18 0.18
0.0(c) 0.22 0.22 0.20 0.20
0.4 0.27 0.26 0.19 0.24
2.0 0.19 0.24 0.20 0.21
4.0 0.20 0.21 0.21 0.20
Statistics:
P(W/C”12) 0.0006 0.7810 0.9110 0.4557
P(w/0 C,, 5) 0.0016 0.3910 0.8725 0.2891
P(Linear)’ 0.0015 ns' ns ns
P(Quadratic) 0.0758 ns ns ns
DMRT : 0.4>all; ns ns ns

c>2.0,4.0

'ns=Not significant.

The background Rn concentration tends to vary with tine, even
when averaged over periods on the order of 30 to 90 days.  During
the two successive measurenent periods in the gre-agpllgatypn

eriod, concentrations were 0.22-0.23 and 0.12-0.13 pCG L ;
here was no difference between the various external and interna
control station measurenents. During the post-application
period, the averages and ranq?g for control station neasurements
were 0.19 (0.05 to 0.32) pd for Cuy, 0.18 (0.04 to 0.3%? pC
L™ for Gy and 0.20 (0.09 to 0.43) for internal control C
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Concentrations over the PGtreated plots ranged from 0.06 to
0.40 pG L . Data were analyzed for treatnent effects with and

without the external controls for the 3-year average, crop-year
averages, and individual sanpling periods. Differences were
statistically significant for about one third of the tests
erfFrnEd; however, there was no consistent trend wth treatment
evel .

| nspection of the averages in Table Bl1l sugﬂests that the
concentrations at the external controls were slightly |ower than
for the internal control plots, indicates that within the
contiguous plots there was no meaningful pattern with treatnent
| evel ; and suggests that the concentrations over the contiguous
plots in aggregate ﬁcontrol and treated) were slightly higher
than for the external controls. Consequently, it is speculated
that the treatnment effect at the 1-melevation, if any, I's shared
by the contiguous plots due to the relatively small "area of the
plots and the effect or air nmovenent and m Xl ng.

~ For conparison wth another study that also used EIC s,
i ndi vi dual outdoor anbient atnospheric Rn values for the U S
were reported to range from 0.0 to 1.11 pG L wth a median
concentration of 0.39 ?O L~ Mean outdoor values ranged from
0.16 to 0.57 (Hopper et al., 1990
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C. RADI OLOG CAL ASPECTS ASSOCl ATED WTH PG APPLI CATION TO
A TILLED LAND AS A SOURCE OF S AND Ca TO ANNUAL RYEGRASS

C.1. Radionuclides in PG

The same PG used in the bahi agrass experinment was used in the
ryePrass study. The comments in the bahiagrass section B.1 also
apply here and may be referred to.

C.2. Soil Radionuclides

~ Radionuclide concentrations by depth for the sarrBI es collected
in 1990 prior to PG application are given in the Table Cl; 3-year
averages for post-treatnent sanpling are presented in Table Q.
The results of analyses and statistical testing for post-
treatnent sanpling for 1991, 1992, and 1993 are presented in
Appendi x Tables [1CG1, 11CG2, and I1C3, respectively.

Radi um 226. Results are conpared by treatnent assignment and
depth for 1990 (pre-treatment), 1991, 1992, and 1993 in Figures
I1G1, I1CG2, 11CG3, and |1G4, Trespectively.

Table Cl1 and Figure 1G] indicate that, with one possible
exception, the natural “"Ra concentrations prior to PG
application were <1 pCG g~ and conparabl e between the pl ot
groups assigned to the various treatnents. The value of 1.55 pG
g at 75-90 cmfor plots designated for the 4.0 My ha " treatnent
appears to be an "outlier". Statistical Idy It was not
significantly different fromthe other values and concentrations
were <1 pG g in all subsequent sanpling. The concentrations
reported for the control plots (see Figures I1C1 through I1C4
show consi derable variability with tinme ; values reported for
1991 were in the range of 0.8 to 2.0 pG g~ whjle those for 1992
were in the range of 0.2 to 0.3 pC. g'. . Since these
concentrations should be relatively invariant, this suggests a
considerable _analytical variability associated with this
measurenent. Taking the average of all sanples fromuntreated
plots (pre-treatment sanples from all plots and three years of
post-treatment sanples from contrgl plots) as the best ‘estimate
I ndi cates that the baseline soil “’Ra concentration for the |ands
used in this study was |low and relatively uniform over the 90-cm
profile - about 0.6 pC g~ with individual 15-cm layers ranging
from0.5 to 0.7.
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Table Cl. 2%Ra, %%pb, and ?"YPo concentrations in a Florida Spodosol soil before PG
application, by depth, 1990.

, Depth (cm)
Treatment 0-15 15-30 30~-45 45-60 60-75 75-90
Mg PG ha! & e pCi Ra g1 ———me e
0.0(C) 0.70 0.80 0.60 0.50 0.75 0.65
0.4 0.85 0.45 0.45 0.85 0.60 0.70
2.0 0.70 0.70 0.65 0.65 0.95 0.40
4.0 0.60 0.65 0.80 0.65 0.65 1.55
Mean 0.71 0.65 0.62 0.66 0.74 0.82
Statistics:
P 0.8215 0.9458 0.6598 0.4728 0.1941 0.3962
Mg PG ha! = el pci ?%pp g ------------------------
0.0(C) 0.90 -a -a 0.70 0.30 1.60
0.4 1.00 1.30 0.80 1.45 1.90 1.60
2.0 - 0.60 -a 1.00 1.30 0.40 -a
4.0 -8 0.90 0.60 0.30 1.60 -8
Mean 0.64P 0.58b 0.61° 0.94 1.05 0.82°
Statistics:
P -¢ ~¢ ~¢ 0.0584 0.2721 -¢
Mg PG ha! = e pCi 20 g1 — o
0.0(C) (2.25)9 0.80 0.45 0.75 0.25 0.55
0.4 0.80 0.65 1.40 1.30 0.36 0.70
2.0 1.05 0.80 0.80 1.10 0.35 ©0.20
4.0 0.30 0.50 1.25 0.45 0.75 1.20
Mean 0.72¢ 0.69 0.98 0.90 0.43 0.66
Statistics:
P 0.6796 0.6949 0.4704 0.7446 0.3306 0.6402

aNot detected in samples. °In calculating the mean, non-detectible values were a551gned
% the lowest reported value. °No error term for analysis due to missing data. dThis
value is unusually high and not supported in subsequent year; extrapolating for years
and depth estimates a value of 0.74 pCi g'. ¢calculated using extrapolated value for 0.0
treatment. :
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Table C2.

2%pa, 2%pb, and 2o concentrations in a Florida Spodosol soil

cropped to annual ryegrass which was amended with phosphogypsum (PG) as a
source of S and Ca, averaged over a 3-year period, 1991-1993, by depth.

Treatment Depth (cm)

0~-15 15-~30 30-45 45-60 60~75 75-90
Mg PG ha! = = —eemmmme e pCi 2Ra g™ =—mmm o
0.0(C) 0.43 0.47 0.60 0.82 0.57 0.48
0.4 0.43 0.50 0.55 0.43 0.35 0.58
2.0 0.25 0.42 0.37 0.43 0.52 0.48
4.0 0.37 0.38 0.32 0.37 0.45 0.43
Statistics:
P 0.7805 0.7781 0.7177 0.8185 0.8063 0.9571
Mg PG ha! @ =  ———mmmm pCi 20pp g = e
0.0(C) 0.76 0.40 0.78 0.70 0.40 0.56
0.4 0.77 0.85 0.90 0.66 0.84 0.62
2.0 0.85 0.78 0.47 0.50 0.65 0.45
4.0 0.64 0.42 0.33 0.53 0.92 0.42
Statistics:
P 0.9279 0.5073 0.2719 0.7827 0.3561 0.7586
Mg PG ha! = =  ——cemmmmmm pCi 20 g =
0.0(C) 0.38 0.30 0.30 0.15 0.28 0.30
0.4 0.37 0.30 0.23 0.42 0.34 0.26
2.0 0.68 0.22 0.23 0.15 0.33 0.15
4.0 0.45 0.27 0.18 0.17 0.35 0.28
Statistics:
P 0.1705 0.7421 0.2964 0.6634 0.6858 0.8768
P(Quadratic) 0.0716 ns! ns ns ns ns
DMRT 2.0>0.4 ns ns ns ns ns

1

ns=not significant.
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For the treated plots, concentrations reported for all depths
of the 1991 sampling (Figure I1G2) were |ower than those
reported for control plots and there was no meaningful trend with
treatnent level - there is no obvious explanation for this
observati on. For 1992 (Figure 11C3), reported treatment and
control plot values were consi st entlf/ | ow and there was no
evidence of a treatment effect. The 1993 data (Figure 11G4)
suggest a treatnent effect, particularly at the deeper depths,
but none of the differences were statistically significant.

The inability to detect a treatnent effect js not surprising.
The maxi mumtreatment |evel of 4.0 My PG ha ™ when distributed
over a 15-cm soil colum giyes a calculated soil,radioactivity
increase of only 0.03 p g . Any increase in “"Ra due to PG
treatnent at the levels used could not be detected with these
sanpling and anal ytical procedures.

For conparisgon, the study of Millins and Mtchell (1990)
reported soil “*Ra concentrafions in phosphogypsum experimental
pl ots_which were sanpled down to 102 cmranging from0.08 to 0.35
pC g~ and found no neaningful treatment differences.

Lead-210. Results are conpared by treatnent assignnent and
depth for 1990 (pre-treatment), 1991, 1992, and 1993 in Figures
11C5, I1CG6, IIG7, and I1C8, respectively.

The pre-treatnent “ph data for all plots (Table A and Figure
|1G5) exhibit considerable variability with no obvious pattern
by plot group or depth. The pre- and post-treatnment control plot
data (Figures I1C5 through 11C-8) also show considerable
variabi lity and no consistent pattern from year to year. Pre-
treat nent val ues ranged from non-detectible to 1.90 pC % :
ost-treatment control plot values ranged from 0.20 to 1.90.
n the pooled data for untreated plots (all pre-treatnment plots
FI us post-treatment controls), averages for individual 15-cm
ayers ranged from 0.50 to 0.84 pG g~ the average for the top
| ayer was 0.70 pG g .

Results for the treated plots were equivocal. Inspection of
the data (Figures I1G6 through I1C8) suggest a limted nunber
of cases where the concentrations for treated plots were higher
than for control plots; however, typically there was no
meani ngful correlation of concentration wth treatnent |evel and
the differences wer e not statistically significant.
Statistically-significant differences and a trend generally
consistent with treatment level were seen only for the 60-75 cm
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depth for 1992 and 1993. In two other cases, statistically-
significant differences corresponded to an inverse relationship
between treatnent |evel and reported concentration in the soil!
Overall, no effect of PG treatment on soil Pb was detected.

Again, the |ack of evidence of treatnment effects is not
surpr|3|nP. For the maximum treatment level of 4.0 My PG ha'l,
the calculated soil Pb increase over a 15-cmdepth is only 0.05
?O g . This increase could not be detected in the presence of

he variations associated with the natural background and wth
the neasurenents.

Pol oni um 210.  Results are conpared by treatment assignment
and depth for 1990 (pre-treatnent), 1991, 1992, and 1993 in
Figures 11CG9, I1G10, 11G11, and 11C12, respectively.

The 1990 pre-treatnment result reported for the control plots
upper layer (2.25 pG g) aepears 0 be anomalous. It is 4 to
7 tines the values reported in subsequent years and, unlike
subsequent years, 3 to 9 tines the values reported for other
depths. A nore consistent value for this depth |ayer, obtaingd

by extrapolating across depths and years, would be 0.74 pG g .

the “Po data for untreated plots (all pre-
Plus.post;treatnent controls) suggested a
variability between years and between depths

| nspection of
treatnent plots
conpar abl e degree o

2

wWith no consistent pattern by depth. Pre-treatnent values
ranged from0.20 to 1.40 pG g, post-treatnment control plot
sanples ranged from 0.10 to 0.55. I'n,the pooled data for

untreated plots (all pre-treatnent plots® plus post-treatnent
controls), averages for individual 15-cmlayers ranged from 0.37
to 0.69 pCG %U; ‘the average for the top layer was 0.57. By
compari son, I'lins and Michell (1990) reported a soil *°Po
range of 0.17 to 0.48 pG g~ fromthe top soil down to 46 cm

There was very limted, if any, evidence for treatnent
effects. The data for 1991 suggest a treatnent effect at 60-75
cm however, the differences were not statistically significant
and a very simlar trend was seen at this depth before treatnment
(1990). The data suggest a treatnent effect in the 0-15 cm
I%yer. The 3-year average data (Table C2) indicate a trend
(P{Quadratic} = 0.07) and the differences were statistically
significant 1n 1992 (P = 0.03, 2.0>all). , However, the 3-year
avera?e and 1992 values for the 4.0 My ha” treatnent were |ess
than for the 2.0 ha - treatnent. There was no indication of an
effect in 1991, and the apparent differences of 1993 (Figure IIC
12) were not statistically significant. For the maxinum treat ment
level (4.0 My ha’), the calculated soil 2o increase over a 15
cmdepth is only 0.04 pG g . This increase could not be
detected in the presence of the variations associated with the
natural background and with the measurenents.

2Using the extrapol ated value of the 0-15 cm layer, 1990.
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C.3. Ganmmm Radiation

Gamma radiation 1 m above the experimental plots was neasured
during 13 tinme intervals of 30 to 75 days each over the 3-year
peri od. Only partial data was collected during the first
sampling period; the subsequent 12 sanpling gave conplete sets
of data. = Annual and 3-year average ?anna radi ati on exposure
level s are presented in Table C3. Results by individual sanpling
period are %raphlcally presented for the 12 conpl ete neasurenents
kq alguG?Cl4f}13 and given for all neasurements in the Appendix

abl e -4).

Table C3. Ganma radiation over a Florida Spodosol soil cropped
to annual ryegrass which was anmended with p ospho%ypsum (PG as

a source of "S and Ca, averaged by year and over a 3-year period,
1990-91 to 1992-93.
Treatment Crop vear

1990-91 1991-92 1992-93 mean
Mg PG ha™’ ———m—meeeee= UR hr"! —cemm -
0.0(C,,q) 4.69 5.55 5.83 5.39
0.0(C,,,) -2 6.34 6.50 6.39
0.0(c) 5.02 5.71 5.73 5.45
0.4 4.77 5.45 6.23 5.38
2.0 5.10 5.50 6.38 5.54
4.0 4.86 5.23 5.35 5.13
Statistics:'
P(w/C 5) 0.3349 0.1672 0.6645 0.2452
P(w/0 Cyy 5) 0.5553 0.5866 0.4803 0.4970

aNo external control at this time.

Background gamma radiation |evels over the study period
averaged 5.45 TpR hr-t (range of 4.45 to 6.15) for internal
control C, 5.4 [uR hr grange of 4.10 to 6.45) for externa
control Gy, and 6.4 (5.75 to 7.05) for external control C...
This suggests that there is some |ocal spatial variation'in
basel i ne gamma radiation levels. A higher background existed at
CGexo Which was |ocated outside the vicinity of the experinenta
site and right beside an asphalt-paved road, than in the
i mrediate vicinity of the test plots. By conparison, state
averages in the U'S. vary from3.3 in Texas to 14 uR hr ™ in
Col orado, Nevada, and Womng with neasurenents rang|ng_from <1
to 34 uR hr (Myrick, et al., 1981). Previous studies have
reported Florida values on the order of 5 to 10 uR hr’
(Roessl er, 1987).
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For the treated plots, %?nna radiation levels ranged from 4.50
to 7.20 uR hr'~ (Figure 111G 13 and Table 11G4, Appendix). There
were no statistically-significant differences when the data were
anal yzed without the external controls, When the data were
analyzed with the external controls, differences were
statistically significant for about one-third of the tests -
typically because the C,, value was higher than the treated plot
values. ~Thus, at the rates and frequency used, any influence of
PG on the levels of ganmma radiation over a tilled land cropped
to annual ryegrass was insignificant in conparison to the
tenporal and spatial variations in the local background

C.4. Radionuclides in Plant Tissue

Two regrowm h harvests during cro ear 90-9],.three in,1991-
92, and fwo in 1992-93 were anal yzgdyf or JQ%Ra, g'lOPb, and 213’Po

- Radium 226. Annual average and 3-¥ean average concentrations
inregrowth forage and annual concenfrations and 3-year average
concentrations for the annual harvests of the maturé forage are
presented in Table C4. Results for individual regrowth harvests
are presented in Figure |1C 14, Anal ytical and statistica

test|n? results for individual harvests are presented in Appendix
Table TIG5 for all three radionuclides.

Baseline (control plot) Ra concentrations in regrowh forage
averaged 0.13 pC g, wth annual averages ran?lng from0.10 to
0.16 and individual harvests ranging frombelow the limt of
detection to 0.19. The average concentration in control plot
mature forage was 0.23 pC g~ wth individual annual harvests
ranging from 0.19 to 0.30. By conparison, average tissue
concentrations of 0.04 pG ? were reported by Mslevy, et al.
(1989) for various bionmass plants growing on unmined Florida soi
and concentrations ranqln from0.04 to 0.13 pCG ™~ were reported
bY Mil [ins and Mtchel ?1990) for wheat forage from untreated
plots in A abama

226

For the tregted plots, concentrations of **°Ra ranged from 0.09
to 0.31 pG % in regrowth forage and from0.20 to 0.45 pG ¢
for annual harvest of the mature hay.  The data suggest a
treatnment effect that persists into the'third year (Figure 11C 14
and Table C4); however, statistically-signifi'cant effects were
limted (Tables C4 and I1G5). There was evidence (P=0.06) of
treatnent effects in the \Janqgg%a 1992 harvest and the February
1992 data support a model of In tissue increasing linearly
with phosphogypsum rates. The data suggest a PG attributable
uptake in reqromth and mature forage on the order of 0.039 pG

g per My ha'
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Tabl e C4. *°Ra concentrations in annual [yegr ass regrowth and
hay forage from a pasture amended with phosphogypsum (PG as a
source of S and Ca and growing on a Florida Spodosol soil,
averaged by year and over a 3-year period, 1990-91 to 1992-93.

Treatment Crop year

1990-91° 1991-92° 1992-9382 Mean?®
A. Regrowth: =  =——-e———e—e- pCi ?%Ra g! ——mmmmmm e
Mg PG ha’
0.0(C) 0.10 0.16 0.10 0.13
0.4 0.10 0.16 0.13 0.14
2.0 0.15 0.23 0.20 0.20
4.0 0.15 0.23 0.40 0.25
Statistics:
) o 0.2580 0.3950 0.7180 0.4376
B. Hay: = —memmeemeee—- pCi ?%Ra g1 —=—mmm e
Mg PG ha™’
0.0(C) 0.30 0.19 0.20 0.23
0.4 0.30 0.22 0.25 0.26
2.0 0.35 0.31 0.20 0.29
4.0 0.45 0.24 0.30 0.33
Statistics:
P 0.6265 0.7139 0.6677 0.4621

“Statistics conputed based solely on those harvests where each
treatment had at |east one detected value associated with it.

Lead-210. Annual average and 3-year average concentrations in
regrowth forage and annual concentrations and 3-year average
concentrations for the mature forage are presented in Table C5.
Results for individual regrowh harvests are presented in Figure
|l C15. As indicated for “°Ra, analytical and statistical
gl_egltm Ircegults for individual harvests arepresented in Appendix
abl e - 5.
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Table C5. *°Pb concentrations in annual ryegrass regrowh and
hay forage from a pasture amended with phosphogypsum (PG as a
source of S and Ca and growi ng on a Florida Spodosol soil,
averaged by year and over a 3-year period, 1990-91 to 1992-93.

Treatment Crop year

1990-91° 1991~92° 1992-932 Mean?®
A. Regrowth: =  —==—c———o————o pCi 2Wpp g1 —mmmmmmmmee e
Mg PG ha’
0.0(C) 0.07 0.43 0.27 0.27
0.4 0.05 0.34 0.27 0.23
2.0 .23 0.31 0.25 0.26
4.0 0.17 0.26 0.43 0.28
Statistics:
P 0.6865 0.4384 0.2055 0.9006
B. Hay: = mmmmmmmmmeee—e pci 9pp g ~mmmmmm
Mg PG ha™'
0.0(C) 0.70 0.56 0.50 0.59
0.4 0.90 0.41 0.40 0.57
2.0 0.80 0.43 0.35 0.53
4.0 0.85 0.33 0.25 0.48
Statistics:
P 0.6608 0.7156 0.2267 0.2901
P(Linear) ns' ns 0.0714 ns

'ns=not significant. ®Statistics conputed based solely on those
harvests where each treatnent had at |east one detected val ue
associated with it.

A striking feature of these data is the w de range of _Zwa
concentrations observed in control plot regrowh forage &Flgure
g

IIC-15). Untreated plot concentrations averaged 0.27 pG q
wi th annual averages raqglng from0.07 to 0.43 and indivi dual
harvests ranging from0.0f to 0.56. In control plot mature hay,

the concentrations were |ess variable and general |y higher,
?vera |% 0.58 ;%] g~ wth individual annual” harvesfs ranging
rom 0. to 0.70.
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The *°Pb val ues reported for individual regrowth harvests from
treated plots ranged from0.0 to 0.45 pG g~ and were highly
variable with no consistent trend with treatment |evel. or
1990-91 and 1992-93, annual averages in fora?es from plots
treated with 4.0 My PG ha~ appeared to be elevated relative to

the control. However, there were no statistically significant
differences anong the individual harvests, the annual averages,
or the 3-year nmean. In the case of mature hay, tissue *°Pb

ranged from0.25 to 0.90 pC g for the treated plots (Table
C_6)f; there were no statistically-significant treatnent
differences and the 1992-93 data suggested an inverse
rel ationship between concentration in tissue and treatment |evel
(P{Linear} = 0.070).

Pol oni um 210. Annual average and 3-year average
concentrations in regrowth forage and annual concentrations and
3-year average concentrations for the mature forage are
sunmarized in Table C6. Results for individual regrowth harvests
are presented in Figure I1CG16 and Appendix Table I1C5.

A striking, and unexplained, feature of the *°Po data is
progressive yearly increase in concentrations reported for
control plot regrowth forage (Table C6 and Figure I1C-16).
Untreated plot concentrations averaged 0.20 pG over 3 years,
wi th annual averages ranging from0.05 to 0.50 and indi vidual
harvests ranging from undetected to 0.50. In control plot Mmature
h . the values were quite variable and_ averaged 1.40 pG g
V\/Ia¥h | ngl Vi (?ual annual qharv_ests ranging from ngondet ect |%?e %0
2. 35. By conparjson, Millins and Mtchell (1990) reported a
range of "tissue “"Po from 0.08 to 0.44 pG g in wheat forage
harvested from plots not treated with phosphogypsum

The regrowth and mature f_oralge %o data for treated plots
showed a hi %h degree of vari abi |t¥ from sampling to sanpling.
The regrowth forage val ues reported for individual harvests
ranged from non-detectible to 0.50 pCG g gFI ure 11C16) and
cal cul ated annual averages ranged from 0.04 to 2.35 (Table C6).
The data suggest a possible treatnent effect in the 1991 and the
January 1993 sanpling. However, annual averages and the 3-year
average showed no evidence of a treatment effect and none of the
differences were statistically significant. In the case of
mature hay, there was no evidence of a treatment effect.

C. 5. Lonucl N rficial ndwat er
Surficial groundwater at 120 cm depth was sanpled five tines
over the 3-year period for radionuclide analysis. Results are

sunmarized in Table C7 and data by sanpling are presented in the
Appendi x, Table I1C6.
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Table C6. “°Po concentrations in annual ryegrass regrowth and
hay forage from a pasture anended with Ié)hos_phogy sum (PG as a
source of S and Ca and growi ng on a Florida Spodosol soil,
averaged by year and over a 3-year period, 1990-91 to 1992-93.

Treatnment , Crop year
1990-912 1991-92° 1992-932 Mean®

A. Regrowth: =  —=—==-——ee—e————o pCi Wpo gl —-mmmmeeeee
Mg PG ha’

0.0(C) 0.05 0.19 0.50 0.20
0.4 0.14 0.11 0.30 0.19
2.0 0.06 0.09 0.23 0.13
4.0 0.09 0.08 0.25 0.13
Statistics:

P 0.5536 0.6505 0.8501 0.8903
B. Hay: = memmmmmmmmemeee- pCi 2¥po g1 ——mmmmmeee
Mg PG ha”’

0.0(C) 2.35 -b 0.45 1.40
0.4 2.35 0.09 0.45 1.14
2.0 1.40 0.09 0.70 0.86
4.0 1.15 0.04 0.45 0.65
Statistics:

P 0.2978 - 0.5322 0.3042

“Statistics conputed based solely on those harvests where each
freatnment had at |east gne detected value associated with it.
Not detected in sanple. "No source of error for appropriate test
due to mssing data.

- Radium 226. The trends in the values are graphically shown in
Figure I1C17. Concentrations at the external control plots G,
averaged 0.52 pG L7, ranged from 0.20 to 0.90, and appeared to
have a decreasing trend over the study period. Concgntrations at
the internal control plots C averaged 0.85 pC L~ and ranged
from0.15 to 1.55; concentrations were originally lower than for
Cex and tended to increase with time.

The data suggest a treatment effect for “°Ra (Figure 11G 17
and Table C7). ~ However, statistically-significant differences
were observed only for the first “collection (P=0.09,
P{Linear}=0.03) and the 1991 crop-year average tested w thout G,
é_ém/o «) =0. 07, P{L|nearg:0.01); and the treated plots results
id not correlate well with treatment |evel
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Tabl e C7. Radionuclide concentrations in groundwater sanpled at
120 cm depth from a Florida Spodosol soil cropped to annua

rYe%rass which was amended wth J)hosphogy sum (PGEJ as a source
0 and Ca, averaged by year and over a 3-year period, 1990-91

to 1992-93.

Depth (cm)/ Crop yvear

Treatment 1991 1992 1993 Mean
Mg PG ha'! = =  —————e———o pCi #Ra L' =—=——emmmme e
c,, 0.90 0.47 0.20 0.52
0.0(C) 0.33 1.23 1.15 0.85
0.4 0.85 2.52 2.35 1.82
2.0 0.53 2.02 1.65 1.35
4.0 1.20 1.09 1.15 1.15
Statistics:

P(W/Cﬂ) 0.1578 0.2446 0.4432 0.2110
P(w/0 C“) 0.0723 0.1436 0.7075 0.3661
P(Linear) 0.0427 ns! ns ns

Mg PG ha! = =  —meemmmee—e pci 2%b L' ——mmmmmmeeee o
0.0(C,,) 0.45 0.84 0.55 0.67
0.0(c} 0.37 0.37 0.95 0.49
0.4 0.55 2.50 2.15 1.44
2.0 0.63 0.90 2.45 1.12
4.0 0.83 0.51 2.10 1.00
Statistics:

P(W/Cﬂ) 0.4082 0.0452 0.3484 0.5702
P(w/0 C,) 0.3831 0.0846 0.5473 0.6013
Mg PG ha! = = ——c—cemoen pCi 2%po L —mmmmmmee e
0.0(C,,) 0.80 0.18 0.65 0.49
0.0(c) 0.63 0.34 0.50 0.49
0.4 0.77 0.92 0.40 0.74
2.0 1.00 0.89 0.45 0.85
4.0 0.57 0.60 0.40 0.53
Statistics:

P(w/C,,) 0.8312 0.4097 0.7442 0.5351
P(w/o0 C“) 0.7137 0.5966 0.8801 0.4225

'ns=not significant.
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The naxtpun12%Ra concentration observed in groundwater was
3.35 pG L. This value is below the current drinking water
standard of 5 pG L~ (Federal Register, 1976) and well  below the

roposed Maxi num Contam nant Level (ML) of 20 pG L~ (Federa
egi ster, 1991).

There is no obvious explapation for the apparent inverse
relationship of ground water ““Ra concentration wth treatment
| evel on the treated plots after the first collection. The data
do raise the question as to whether there is sufficient
communi cation in the ground water so that all the contiguous
lots (including internal control) are affected by the total
reatment. Cbservations suggesting such an effect 1nclude

(a) the general increase with time of the ?%Ra concentratj ons
for the internal controls in the absence of an increase at G,

(b) the sinilar behavior with tinme for all contiguous plots
(control and treated), and

(c) the departure from a consistent relationship of
concentration wth treatnment |evel.

This question of internal control contam nation cannot be
answered at this tine.

~Lead-210. The trends across treatments over time are given in

Figure 11C-18. Concentrations at the external control ots Gy
averaged 0.67 pG L~ and ranged from0.45 to 1.03 w thout any
strong trend over the study period. Conceptrations at the
internal control plots C averaged 0.49 pG L~ and ranged from
0.05 to 0.95 without any strong trend with tine.

The treated plots as a group tended to have higher *°Pb
concentrations than the controls and statistically-srignificant
di fferences were observed for three of the four collections in
1991 and 1992 and for the 1992 annual average. However, after
the first year, there was no consistent, neaningful correlation
of concentration with treatment |evel.

Currently there is no drinking water standard for *°Pb ga
natural ly-occurring beta enitter). The proposed MCL for beta
emtters is the concentratlonlresultln? in an annual effectjve
dgse equivalent of 4 nremyr ~ (Federal Register{ 1991).  For
Pb, using contenporary dosinetry and a 2 L day Ingestion, a
concentration of 1 pC 'L~ corresponds to this dose Timt. A
four of the five collections, one or more sanple sets exceeded
(rangg,of 1.03 to 2.50). These data indicate that the

1 pG L
popentim for “"Pb in water deserves continued eval uation.
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Pol oni um 210. The trends with treatments and time are given
in Figure 11C19. Concentrations at the external control plots
C averaged 0.49 pCG L~ and ranged from 0.04 to 0. 80.
Concentrations at the internal control plots C were sinilar,
averaging 0.49 pG L~ and ranging from 0.29 to 0.80. Neither
fxternal nor internal controls exhibited any strong trend wth

I me.

,Vhile the treated plots as a group appeared to have higher

Po levels than the control plots for several collections, the
treated plot concentrations did not correlate well with treatment
levels. There were no statistically-significant differences
observed for individual collections, annual averages, or the 3-
year average.

There are no current or proposed explicit drinking water
standards for ?%Po (a nqturalby-occurring_aipha emtter): rather
this radionuclide is included under limts for gross alpha
emtters. The current standard specifies a limt for gross alpha
enmitters of 15 pC L (Federal Register, 1976). Under proposed
rules (Federal Register,,1991), the MCL fqr, "adjusted" gross
al_,ha act|V|t¥ &exc uding ““Ra, uranium and ““Rn) 1s also 15 pGC
L Al'l the %P0 concenfrations reported in this study were well
bel ow this value

C.6. Soil Surface Rn Flux

The Rn flux fromthe surface of a tilled soil cropped to
annual ryegrass was determned six tinmes during the 3-year
period. ~The data are sunmarized in Table C8; the results for
I ndi vidual sanpling periods are shown 8raph|cally in Figure I1G
20 and presented in Appendix Table I1C7.

,The baseline (control plot) Rn flux values averaged 0.02 pQ
m® s~ and ranged from 0.015 to 0.030.

For,the treated plots, the values ranged from 0.017 to 0.040
pCG m® s. The data for all six readings suggested a treatnent
effect (Figure 111G 20). Differences were statistically
significant for the 3-yr average (P=0 Q05, P{linear}=0.002,
4.0>all, 2.0>0.0), the 1991-92 crop year average, and two of the
i ndividual sanpling periods. There was evidence to support a
| inear treatment-response nmpdel for the 3-year nean, twy of the
annual averages, and one of the individual sanpling. Over the
first three years followng application of PG to a tilled Iand
cropped to annual ryegrass, the PGaftributable increase in Rn
flux was on the order of 0.002 pG m® s per My ha".

The val ues obtained for Rn flux were well within the range
reported in the literature. Surface flux measurenents have been
reported to vary by a factor of 250, ranging from0.005 to 1.41
The reported average for the U S is 0.43 pCG m® s~ (WIkening,
et al., 1972; NCR 1989).
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Table C8. Soil surface Rn flux over a Florida Spodosol soi
cropped to annual ryegrass which was anmended w th phosphogypsum
(PG as a source of 'S and Ca, averaged by year and over a 3-year
period, 1990-1992.

Crop year

Treatment 1990-91 1991-92 1992-93 mean
Mg PG ha! = =  ——ecmmmmmmmeeee- pCi m?s™! ———eeo
0.0(C) 0.020 0.020 0.025 0.022
0.4 0.024 0.020 0.028 0.024
2.0 0.021 0.021 0.034 0.025
4.0 0.030 0.034 0.033 0.032
Statistics:
P 0.1410 0.0380 0.2979 0.0054
P(Linear) 0.0660 0.0162 ns ‘ 0.0015
P(Quadratic) ns' ns ns ns
DMRT ns ' 4,.0>all ns 4.0>all;
2.0>C

'not significant.

C.7. Anbient Atnospheric Rn

Following the initial treatment application, airborne Rn
monitors were depl oyed continuously from 12/10/90 through 7/18/91
and from 10/07/91 through 04/30/93; during these tines, average
concentrations were reported for 43 time Intervals ranging from
30 to 90 days, nore or less. The data are sunmarized in Table
C9; the results for individual sanpling periods are shown in Fi
gure 11G21 and presented in Appendix Table 11CG8

The averages and ranges of Rn concentrations measured at
control stations were 0.20 (0.12 to 0.29) pg L  for G 0.23
(0.05 to 0.37) pG LY for C., and 0.22(0.11 to 0°32) ftor
internal control C  The bacﬁground.anblent Rn concentration
varied with time but there was no significant difference between
the various external and internal control station neasurenents.

Concentrgtions over the PGtreated plots ranged from 0.08 to
0.37 pG L. There were no significant treatment effects for
i ndividual _nonitoring periods, annual averages, or the 3-year
average. For conparison with another study that also

used EICs, individual outdoor anbient atmospheric Rn values for
the U S. were reported to range from0.0 to 1.11 pG L wth a
nedi an concentration of 0.39 pC L. Mean outdoor values ranged
from0.16 to 0.57 (Hopper et al., 1990).
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Table C9. Anbient atnospheric Rn over a Florida Spodosol soil

cr%?ped to annual ryegrass which was amended with P OSPhO psum
source of "'S and Ca, averaged by year and OVer - year
perlod 990 91 to 1992-93.

Treatment Crop year

1990-91 1991-92 1992-93 mean
Mg PG ha'! = = —-—mmemmmmeee- pCi L' ==
0.0(C“Q 0.19 0.20 0.20 0.20
0.0( -a 0.24 0.22 0.23
0.0( 3 0.20 0.25 0.15 0.22
0.4 0.18 0.23 0.21 0.21
2.0 0.17 0.23 0.17 0.20
4.0 0.14 0.18 0.24 0.17
Statistics:'
P(W/C”12) 0.4083 0.6190 0.7355 0.3141
P(W/0 Cogy 2) 0.3424 0.5068 0.5529 0.2283

8No external control at this time.
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SUMVARY, CONCLUSI ONS, AND RECOMVENDATI ONS

A. Ceneral Summary

Four field experiments were conducted to determne the effect
of PG application to an established Pensacol a bahi agrass
(Paspal um not at um Fl ugge) pasture and to annual ryegrass (Lolium
multiflorum Lam),as a source of S and Ca, on forage yieldS and
quality and on radiol ogi cal and non-radi ol ogi cal “environnenta
aspectS associated W th PG use. They were conducted by UF-1FAS,
at RCREC, Ona, Florida. The soil was a t&ylcal Fl ori da Spodosol
soi]. The experinmental PG rates of 0.0, 0.4, 2.0, and 4.0 My PG
ha~ were broadcast by hand over the experinmental plots. The 0.4

treatnent was applied annually for 3 years and the 2.0 and 4.0

PG ha" treatments applied only at the beginning of the StUdY-
The PG was al |l owed to dissolve and |leach into the soil profile
by rain in the bah|%grass experiment. In ryegrass study, PG was
n1x§d into the top 15-cm of the soil using a disk harrow before
seedi ng.

The experinents ran from 1990 to 1993. The radiol ogica
anal yses, except for anmbient Rn and ganma radi ati on, were done
by commercial environmental |aboratories; the non-radiol ogical
anal yses at the various UF-IFAS facilities. All data were
?L2é|st|cally anal yzed by the Department of Statistics of UF-

1. Aagro-environnental Aspects

a. Summary results:

Heavy netals and "toxicity characteristic”". The pH of the PG
used in the study was 4.6 in water, (1:1). It dissolved at a
constant rate of 2.6 and 4.3 g L'~ in water and in Mehlich 1
sol ution, respectively. Fluoride content was 0.43%

The PG contained ninute anounts (my kg of As (5-0), Ba
(46.0), Cd (0.7-1.1), O (2.9), Pb (4.0), Hg (<0.01), Se (<O.05-
1.6?, and Ag (<0.2-2.0). The leaching potentials (LPs) of the
toxic netals in PG used in the study used by USEPA to determ ne
the "toxicity characteristic" (TC) of solid wastes, as estimated,
were 0.12 (As), 0.09 (Ba), 0.02 (Cd), 0.02 (Cr), 0.03 (Pb),
<0.001 (Hg), <0.001 (Se?, and 0.30 (Ag) ng L~ of leachate. The
maxi mum contam nation level (MCL) allowed by USEPA for solid
wastes to exhibit "toxicity characteristic" for As, Ba, Cd, O,
Pb, Hg, Se, and Ag are 5.0, 100, 1.0, 5.0, 5.0, 0.2, 1.0, and 5.0
mg L%, respectively.

"Toxicity Characteristic" increments due to PG In ryegrass
plots treated wth 4.0 N% PG ha'!, the neasured soil heavy neta
extracted using Mehlich gwbhl|ch, 1984) solution, in ny kg!,
were 0.04-0.10 for Cd, 0.4-0.8 for Cr, 0.14-0.58 for Pb, 0.0-0.16
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for Hy, and 0.0-0.16 for Se, sanpled at 15 cm.intervals down to
90 cm one year after application. The statistics showed no
statistical "difference between treatments at any soil depth.

~If it is assume that the LPs of the metals in PG now m xed
with the soil were the same as in pure PG the TCs of the top O-

15 cmsoil were estimated to increase by 0.0002 (As), 0.0002
éBa’ 0.00003 (Cd), 0.00003 (Cr), 0.00005 (Pb), 0.0000003 (Hg),

. 000006 (Se), and 0.0003 (Ag) n? L . The increments in soil

"toxicity characteristics" Tevels are well below the USEPA
primary standards for drinking water of 0.05 gAs), 1.00 (Ba),

0.01 (Cd) , 0.05 (Cr), 0.05 (Pb), 0.002 (Hg), 0.01 (Se), and 0.05

(Ag) mg L
pH, Ec, (TDS), and F. In bahiagrass, the by-year average pH

ranges durin? 3 years of sanpling were 4.9 to 5.4 (control) and
4.3°to 6.3 (treated) for runoff; 4,5 to 4.8 (control) and 4.6 to
5.6 (treated) for sanples at 60 cmdepth: and 4.9 to 5.2
(control) and 4.0 to 5.8 (treated) for samples at 120 cm depth

C
I'n ryegrass, the by-year average PH ranges of groundwater sangles
fromthe control plots were 4.0 to 4.4 (60 cmdepth) and 4.3 to
4,9 (120 cm depth), The gH ranges for sanples fromthe treated
plots were 3.7 to 4.4 (60 cmdepth) and 4.1 to 4.9 (120 cm
depth). In both bahiagrass and ryegrass experinents, PG had no
Sf Fﬁt on the by-year and 3-year average pH of groundwater at al
ept hs.

The highest Dby-year (1990-91) and nulti-year average E; of
1421 and 1137 unmho cm®, respectively, were noted in groundwater
fromplots treated with 4.0 My ha ™ sanpled at the 60 cm depth
from the ryegrass experinment. Al other water sanples at al
depths and treatnments had much | ower Es than these val ues.
These high values, however, are |less than the upper limt of
1500 umho cm” for potable water in the United States. nverting
the highest neasured annual (1421 umho cm') and multi-year
average (1137 unho cm') E values into TDS (E x 0.66) gave 938
and 750 of dissolved solids L~ which remined well bel ow
Florida's 1DS standards of <3000 ng L~ for agricultural use and
<1000 ng L for domestic and industrial uses.

The hi ghest by-¥Far and 3-year average F levels in surficia
roundwater from the bahiagrass plots for all depths were 0.83
?by-year mean) and 0.36 (3-year nean) ngy L. Both were observed
in sanmples from plots that received 2.0 NE.PG ha” and at 60 cm
depth. In the tilled ryegrass plots, the |?hest byayear and 3-
gear F level averages in groundwater fromall treated plots from
oth ,60 and 120 cm depths were 0.53 (by-year) and 0.43 (2-year)

ng L', respectively.

It is widely accepted that approximately 1.0 My F L'" in
drinking water can erfectively reduce dental caries w thout
harnful effects on health. A so, the FIorJda_drlnkln? wat er
primary standards allow for a maxi num contam nation [evel (ML)
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for Ffrom1.4 to 2.4 ng L'". None of the individual measured F
values in the bahiagrass and ryegrass experiments exceeded the
MCL val ues, and the by-year and 3-year average values were even
less than 1.0 ng F L' .

2. Radiological Aspects

a. Summary Results: Bahiagrass

Effect on soil. PG containing *°Ra, “°Pp, and **°Po at
measured concentrations of 18, 31, and 24 pC_ g -, respectivel %
was applied to and for which the top 15-cm | ayer of the
untreated soil contained neasured concentrations of 0.55, O0.61,
and 0.53 pC . It is calculated that each My PG ha ~ added
1820, 3080, and 2430 pG m? and increased the concentration in
the upper 15-cm |ayer (at density = 1.5 g cm”) by 0.008, 0.014,
and 0.011 pd g, respectively. For the maxinum treatnent of
4.0 Mg ha ', the ~calculated increases in the initial
concentration, averaged over the 15-cmlayer, were 0.032, 0.055,
and 0.043 pG g, respectively (5.2% 9.0% and 8.1%.

Measurenents of “Ra in the upper layer of the coptrol plots
had standard errors on the order of 0.1°to 0.2 pG g~ (20% ,gnd
the treatment effect could not be detected. Measurements of ““Pb
detected an effect of PGtreatment in the top layer for the first
year of sanpling but it,could not be detected in subsequent
years.  Measurenents of Po in the upper layer of the control
plots had standard errors on the order of 0.2 pGC and the
treatment effect could not be detected. Any downward transport
8ft tr{e OIthree radi onuclides over the three years could not be
et ect ed.

Gamma radiation. There was no consistent correlation of
gamma-radiation level with PG treatnent.

Effect on plant tissue. There was limted evidence of
measur abl e #?°Ra upt ake by forage. Treatnent effects were
statistically significant for the 3-year nmean of the regrowh
forage, two of the nine harvests of the regrowth forage, and the
3-year average of the mature forage. Uptake by forage during the
first three years follow ng PG treatment was on the order of "0.01

to 0.02 pG g per My ha .

~ For *°Pb, nmeasured concentrations in regrowth forage had
little consistent relationship to PG treatnent |levels; and in
mature forage there were no suggested trends or sta}lbstlcallﬁ-
significant treatnent effects. Thus, no effect of “Pb uptake
by “bahi agrass regrowth or mature forage from PG application could
be observed from these data.
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For *°Po, there was [imted evidence of a treatnent effect in
regrowth forage, particul ar_Ify_ inthe first year, and a suggested,
but not statlstlca_llg-m gnificant, effect on mature forage. The
data were too variable to provide a basis for calculating an
upt ake factor.

Effect on surficial groundwater. Radium 226 was observed in
the runoff durlng% the first two samplings followi ng PG
e

aﬁpllcatlon: this effect appeared to Persist into the third year.
The data suggest a small| treatnent effect at the 60-cm depth, but
di fferences were not statistically significant. Results for the
120-cm depth were equivocal -- concentrations for the treated
plots vvere_dgenerally hi gher than for the control plots but the
results did not correlate well with treatnent |evel and the
differences were not statistical|y significant. The maxi num
concentration observed, 1.8 pd L " was well below the, current
and proposed drinking water standards of 5 and 20 pG L.

For *°Phb, no statistically-significant differences were
observed for runoff and any apparent effect was transient. The
single sanpling at 60 cmindicated a statistical |(}/-SI gni ficant
effect, linear with PG level: but this is l[imted data on which
to base a conclusion. Data for the 120-cm depth sugﬁested t hat
treated plots as a group had higher concentrations than control
lots, but the suggested effects did not correlate well wth
reatment |evel and statistically-significant differences were
limted and equivocal. Concentrations in sanmples fromthe wells
in PGtreated plots ranged up to 2.5 pG L '; 1/3 of these
samplings exceeded 1 pG L', the concentration corresponding to
the proposed dose limt for beta emtters in drinking water.

Data for % exhi bited consi der abl e variability and no
meani ngful treatment effects were observed in runoff oy from the
wells.  The maximumtreated plot value of 1.5 pd L was |ess
than the naximum control plot value of 2.8 pG L °; and both of
these val ues were below the current and proposed 15 pG L

standards for gross alpha activity in drinking water.

Radon flux and atmospheric Rn. Rn flux values for control and
treated plots wmere quite low, reported values ranged from 0.01
to 0.05 pG m” s°. The data su?gested slightly higher values
for the higher treatnent level plots than for the control (on the
order of 0.003 pC m® s~ per My ha~ applied PG, but differences
were not statistically significant.

The background at nospheric Rn concentration, averaged over
periods of 30 to 90 days, varied with tine. There was no
meani ngful treatment effect. It was speculated that, due to
atnospheric mxing, any small effect at 1 m above the surface
that mght have occurred was shared by the contiguous plots.
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b. Summary Results: Annual Ryegrass

Effect on sail, Phosphogypsum containing ““Ra, *°Pb, and *“Po
at nmeasured concentrations of 18, 31, and 24 pd ¢
respectively, was applied to land for which the top 15-cm | ayer
of the untreated soil  contained neasured concentrations of 0.59
0.69, and 0,57 pG % 0|t is calculated that ,each My PG ha'l
added 1820 ““Ra, 308 Pb, and 2430 ““Po pG m“ and increased
the, concentration in the upper 15-cm |layer (at density = 1.5 g
cm”) by 0.008, 0.014, and 0.011 pG g , respectively.” For the
maxi num treatnent of 4.0 My ha ', the calculated increases in the
initial concentration, averaged over the upper 15-cm |ayer, were
0.032, 0.055, and 0.043 pCG g (5.4% 8.0% and 7.5%),
respectively.

No effect of PG treatnent on soil *°Ra was observed in 1991
and 1992. The 1993 data suggested an effect with downward
mgration but none of the differences, by treatnent were
statistically significant. Results for Pb were equivocal:
overall, no meaningful relationship between concentrations in
soil and treatnent Tevel could be deduced from the dgta. There
was very limted evidence for a treatment effect for “"Po in the
uﬁper soil layer. However, the effect was not seen in 1991

Ile the 1992 differences were statistically significant, the
concentration for the 2.0 My ha~ treatnent was higher than for
the 4.0 treatnent; and the apparent effect in 1993 was not
statistically significant. In general, ,,the BGattributghle
additions to the soil concentrations of Ra, Pb, and “Po
could not be measured consistently in presence of the variations
associated with the natural background and with the measurements.

Ganme radiation. No PGattributable increases in background
radiation were detected.

Effect on plant tissue. The data su%gest a PGattributable
““Ra uptake by ryegrass regrowth and mature forage persisting
into the post-application vyear: however , statistically-
significant effects were limted. The estimated uptake factor
is on the order of 0.039 pG g per My ha.

Annual average *°Pb values for regrowth forages from plots
treated with 4.0 My PG ha ™ appeared to be elevated. However,
there were no statistically-significant differences with respect
to treatment |level for regrowth or mature forage harvests or
averages. There was very limted suggestive indication, and no
shatistical evidence, of a neasurable effect of PG treatment on

Po in regrowth and mature ryegrass forage.

Effect on surficial groyndwater. The data suggest that PG

treatnment 1ncreased the Ra concentration in groundwater
collected at 120 cm however , statistically-significant
di fferences were observed only for the first post-treatnent
col lection and the 1991 crop-year average and the treated plots

226
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results did not correlate well wth treatnent level. The data
rai sed the question as to whether there mght be sufficient
communi cation in the ground water so that all the contiguous
plots (including internal confrol) were affected by the total
treatment. The maxi mum Ra concentration observed in
groundwater, 3.35 pG L, is below the current drinking water
standard of 5 pG L' and well below the proposed Maxinmum
Contam nant Level (MCL) of 20 pG L.

For 21°P.b, the treated plots as a group tended to have higher
concentrations than the controls: however, after the first year,
there was no consistent, meaningful correlation of concentration
wth treatnment |evel. Concentrations ranged up to 2.5 pG L
at four of the five collections, one or nore sanple sets exceeded
1 pG L', the concentration corresponding to the proposed dose
limt for beta emtters in drinking water.

~ No neaningful effects of PG treatment were observed for *°Po
in groundwater. Al cqncentrations were well below the current
and proposed 15 pG L~ standards for gross alpha activity in
drinking water.

treatment: the evidence was statistically significant for the :
year average, the 1991-92 crop year average, and two of the six
I ndi vidual  sanpling. Statistically-significant evidence to
support a linear treatnent-response rodel was presented by the
3-year average and the first two annual averages.

Radon flux and atmospheric Rn.  Rn was flux. increased by PG
e

Anbi ent at mospheric Rn concentrations measured at 1 mover the
test plots and external control plots varied with tine but no
effects of PG treatnent were detected.

B. Concl usi ons

1. Agro-environmental aspects

a. Heavy netals. Ap?lication of PG used in the study to soil
at 7 My PG'ha’™ had no effect on the levels of 5 of the 8 USEPA
"toxicity characteristic" nmetals at the top 015 c¢cm down to 90
cm of the soil profile, determ ne one year fromthe tine of
aﬁpl_| cation. The other three were not determined in the soil, but
their concentrations in PG were also extrenmely |ow. The
estimated increments in “"toxicity characteristics" of the 8
metals in soils to which PG was applied are well below the ML
| evel s standards for drinking water. Hence, it is concluded that
the heavy netals concentrations in PG the increnents in their
concentrations in the soil upon PG application, and their
| eaching potentials in the soil are extremely low to be of any
concern to the soil and to the surficial groundwater.
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b. pH E. (TDS), and F. The pH E., and F levels of runoff
and gfoundwat er sanpl ed at 60 and 120 cm depths had not been
I npacted by PG application. Mean E, converted to TDS showed t hat
the various water sanples met the Florida water quality for
donestic, industrial, and agricultural uses. The nean F Jevels

in the various water sanples were less than 1.0 ng F L', the
| evel which is known to prevent dental caries.

2. Radiol ogical Aspects

Establ i shed bahi agrass pasture. The follow ng conclusions are
drawn about the radiological effects of the application of PG to
an established bahiagrass pasture:

(1) Effect on soil - Radioactivity contributions by PG
treatnents up to 4.0 My ha” are small relative to the natural
activity of even |owbackground soils. (Any addition cannot be
detected by conventional analytical techniques in a well-m xed
sanple collected froma O 15 cm depth).

(2) Gamma radiation - Any influence of PG at treatnent
levels up to 4 My ha”, iS insignificant in conparison to
tegpotr.al and spatial variations in the local background
radi ation.

I(-%) Radi um 226 uptake by bahiagrass forage - Contributions

by PG at the application levels used are,small relative to the

variation in the background |evel of Ra and difficult to

rl\r/ga%térﬁ._l A crude estimate of uptake is 0.01 to 0.02 pG g~ per
a’.

(4) Lead-210 uptake by bahiagrass forage - No uptake in
regrowth or mature forage of Pb from PG treatment could be
observed and no uptake factor can be cal cul ated.

(5) Polonium 210 uptake _b%/ bahi agrass forage - Thisg,
e>éper|rrent detected only limted evidence of uptake of Po from
PG at the treatment |evels used, anK contribution was smal |
relative to the variations in the background levels. The data
were too variable to support calculation of an uptake factor.

~ (6) Radium 226 in groundwater - This radionuclide appears
in runoff during the first three years after PG apP.I|cat|on. The
data from this experiment suggest, but do not confirm an effect
at 60 cmand 120 cm  Concentrations in runoff and shallow well
water during the first three years follow ng PG application up
to 4 My ha™ should be well below current and proposed drinking
wat er standards.

(7) Lead-210 in groundwater - The data were equivocal; there
was very limted evidence for an effect of PG treatment up to 4
My ha " on the well water,. However, conparison of observed
levels (up to 2.5 pG L) to proposed criteria (1 pG L)
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210

indicates that the potential for Pb in water deserves further

eval uati on.

(8) Polonium210 in groundwater - No effect of PG treatnent
up to 4 My ha coul d be detected by this experinent.
Concentrations in runoff and shallow wel | water during the first
three years after PG treatment up to 4 My ha ™ should be well
bflgrlghe 15 pG L exi sting and proposed drinking water
st andar ds.

(9) Rn flux - Any increase in Rn flux attributable to PG
treatment at levels up to 4 My ha” is insignificant in relation
to the variations in the natural Ievels of Rn flux.
Consequent |y, any effect on indoor Rn in future structures burlt
over lands treated at this level will be insignificant relative
to the variations experienced in indoor Rn Ievels. The treatnent
l evels used in this experinment were not sufficient to provide
reliable enpirical data for nodeling Rn em ssions from PG
application practices.

10)t At nospheric Rn - Because of air novenent and nixing,
concentrations at 1 m over individual plots of the size used in
this experiment are probably not uniquely representative of the
Rn emssion of the respective plots.

(11) Overall, the radiological inpact on the environnent of
application of Central Florida PG to an established bahiagrass
asture at levels up to 4.0 My ha™ was mninal when conpared to
he levels and variations of the natural occurrence of the
radi onucl i des studied. Additions attributable to the PG
application were typically at or below the limt of detection by
contenporary conventional radiation and radioactivity nonitoring
t echni ques.

Tilled land cropped to annual ryegrass. On the basis of this
work, the folTow ng conclusions are %rawn about the radiologica
effects of the application of PGto tilled Iand cropped to annua
ryegrass:

én Effect on soil -  Radioactivity contributions by PG
treatnents up to 4.0 My ha” are small relative to the natural
activity of even |owbackground soils. (Any addition cannot be
det ect ed by conventional analytical techniques in a well-mxed
sanple collected froma O 15 cm depth).

(2) CGamma radiation - Any influence of PG at treatnent |evels
up to 4 My ha ™ is insignificant in conparison to tenporal and
spatial variations in the local gamma-radiation background.

(3) Radium 226 uptake by ryegrass forage - Contributions by
PG at the rates used,are small relative to the variation in the
background |evel of Ra and djfficult to measure. The uptake
Is estimated to be 0.039 pG g~ per My PG ha .
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4) Lead-210 upt by ryegrass forage - take by regrowth
or gragure forage opf azli5)Pb )f/ro% threatner?t up tU,EJ 4 My %/a'g igs t 00
small to be detected by the nethods enployed in this study and
no uptake factor can be cal cul ated.

(5) Polonium 210 uptake bX ryegrass forage - Uptake b
regrowth or mature forage of 2%Po from PG treatnment up to 4
ha™ is too small to be detected by the methods enployed in this
study and no uptake factor can be cal cul ated.

~ (6) Radium 226 in groundwater - This radionuclide appeared
in 120-cm groundwat er durln% the first year after PG treatment
but the data are equivocal tor subsequent years. Concentrations
in 120-cm depth groundwater during the first three years
follow ng PG application up to 4 ha~ should be well Del ow
current and proposed drinking water standards.

_é?) Lead-210 in groundwater - There is linited but equivoca
evidence for an effect of PG treatment up to 4 My ha” on 120-cm
depth ground water. Conparison of pbserved levels (up to 2.5 pQG
L'1) 19 proposed criteria (1 pG L indicate that the potentia
for Po in water deserves further eval uation

&8) Pol onium 210 in groundwater - No effect of PG treatnent
on 120-cm ground water could be detected by this experinent.
Concentrations, during the first three years after, PG treatnent
up to 4 Ng ha® shoul'd be well below the 15 pG L~ existing and
proposed drinking water standards.

(59) Rn flux - Rn flux attributable to PG apBIied to tilled
| and cropped tg annual r egrassils estimated to be on the order
of 0.002 pCG m° s per N%. G ha ™ during the first several years
following the PG application.

&1% At nospheric Rn - Because of air novement and nixin%
concentrations at 1 mover individual contl%yous plots of the
size used in this experinment are probably not uniquely
representative of the Rn emssion of the respective plots.

fll) Overal |, the radiological inpact on the environnent of
application of Central Florida PGto tilled |and cropped to
annual ryegrass at levels up to 4.0 ha” was m ni mal when
conpared to the levels and variations of the natural occurrence
of the radionuclides studied. Additions attributable to the PG
application were tyP!caIIy at or below the limt of detection by
contenporary conventional radiation and radioactivity nonitoring
t echni ques.
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C. Recommendati ons

Based on the experinmental data from both the established
bahi agrass pasture and the tilled land cropped to annual ryegrass
experiments, the follow ng reconmendations are nade

Non-radi ol ogi cal Aspects

At rates up to 4 My PG hal, the heavy metal inmpuritjes Cd, Cr,
Pb, Hy, and Se had no inpact in the soil due to their very |ow
concentrations in PG The evaluation of the |eaching potentials
of the heavy netals, including As, Ba, and Ag, using the
extensive experimental data of My and Sweeney (1983) and their
measured concentrations in the PG used in the study, precluded
any neasurabl e inpact of these netals in surficial groundwater.
The CaSO,. 2H,0 itself and F had little effect on the quality of
surficial groundwater. To put the heavy metal issue to rest, it
Is reconmended that their determnations in soil, groundwater,
and plant tissue be jncluded in future studies using PG at rates
hi gher than 4 My ha".

Radi ol ogi cal _Aspects

1. The radiation and the radionyclide,levels attributable to
PG used in the study with 18 FO g of Ra applied up to 4 My
PG ha~ were not statistically differentiable from natura
background | evel s. Thus, current restrictions on the agricultura
use of PG should be reiaxed

2. Further radiol ogical studies to produce statistically
measurabl e effects and define tine-dependent behavior and thus
provide the solid data on which to base risk assessments should
I nclude the follow ng:

* Extend the range of treatnents to higher application rates to
inprove the chances of observing effects and providing
measurenents of quantitative relationships.

* Increase the replication (number of plots per treatment) to
compensate for variability, increase the sensitivity for
d?tgct|ng differences, and i1nprove the statistical power of the
st udy.

* To evaluate contributions to anbient atnospheric Rn, further
studi es should sinulate an extended treated field and/or isolate
the air colums over the plots.

* After the initial tw or three years, continue observations
on treated and control plots for those paraneters ShOMAn%
measurabl e effects. This should be done for periods |ong enoug
to quantitatively describe the tine-dependent behavior. This
woul d provide the basis for nodeling the long-termeffects of
single and repetitive PG application prograns.
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3. Wiile the work provides su%gesti ons of certain trends,
quantitative relationships are obscured by the Iow | evel of
radi oactivity involved and the natural variability of the
parameters being neasured. To derive quantitative and Kinetic
relationships to use in nmodeling to support future assessnents,
further studies would require higher PG application rates, nore
replication, and/or more sensitive analytical techniques.

A study using PG rates up to 20 My ha’ and a greater nunber
of replicates to inprove neasurability of the radiol ogical
paraneters and reliability of the neasured data is now Dbeing
conducted by UF-1FAS under the support of FIPR
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Table [I1AB-1. El ectrical conductivity (E?, fluoride content
éF), and pH of runoff from a Florida Spodosol soil cropped to
ahi agrass which was anended with PG as source of S and Ca, by
sanplng, 1990-1992.

Sampling date Treatment E, F pH
10-04-1990 Mg PG ha™ umho cm’’ mg L’
0.0(C) 319.0 0.22 5.4
0.4 259.0 0.27 6.3
2.0 453.0 0.42 5.5
4.0 624.5 0.69 5.9
Statistics:
P 0.1462 0.1914 0.5680
P(Linear) 0.0449 0.0566 ns'
06-19-1991 Mg PG ha™ umho cm’’ mg L
0.0(C) 430.0 0.07 5.5
0.4 227.5 0.11 5.7
2.0 233.5 0.11 5.2
4.0 347.5 0.11 4.7
Statistics:
P 0.7353 0.9365 0.4841
10-04-1991 Mg PG ha'' umho cm™’ mg L
0.0(C) 259.0 0.10 5.3
0.4 269.0 0.15 6.2
2.0 280.0 0.14 5.5
4.0 570.5 0.13 3.9
Statistics:
P 0.5006 0.8826 0.2185
07-01-1992 Mg PG ha’ umho cm™ mg L
0.0(C) 132.0 0.11 5.1
0.4 171.0 0.16 5.9
2.0 182.5 0.12 5.9
4.0 334.0 0.12 5.3
Statistics:
P 0.0632 0.5466 0.3796
P(Linear) 0.0207 ns ns
DMRT 4.0>all ns ns

Continued to next page:
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Table I1AB-1. Electrical conductivity (E), fluoride content
(F), and pH of runoff froma Florida Spodosol soil cropped to
bahi agrass which was amended with PG (Continuation).

Sampling date Treatment E, F pH
10-01-1992 Mg PG ha’’ umho cm’’ mg L
0.0(C) 297.0 0.30 4.7
0.4 453.0 0.96 6.0
2.0 °8.5 0.47 4.9
4.0 225.0 0.71 4.7
Statistics:
P 0.1829 0.0099 0.3460
DMRT ns 0.4>4.0 ns
>2.0>C

'ns=not significant.
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Table IIAB-2.

Electrical conductivity (E;), fluoride content

(F), and pH of groundwater sampled at 60 cm depth from a Florida
Spodosol soil cropped to bahiagrass which was amended with PG as

source of S and Ca, by sampling, 1990-1992.

Sampling date Treatment E_ F pH
09-12-1990 Mg PG ha’’ umho cm'  mg L'
0.0(C) 168.0 0.13 4.6
0.4 201.0 0.16 5.0
2.0 89.0 0.18 5.8
4.0 113.0 0.29 5.3
Statistics:
P 0.0685 0.2588 0.0759
DMRT 0.4>C; ns' ns
c>2.0, ‘
4.0
09-19-1990 Mg PG ha’ umho cm™ mg L
0.0(C) 126.0 0.06 4.5
0.4 192.0 0.07 4.5
2.0 167.5 0.07 5.2
4.0 305.5 0.07 4.7
Statistics:
P 0.9208 0.6550 0.6674
10-04-1990 Mg PG ha™ umho cm™ mg L'
0.0(C) 253.0 0.13 4.6
0.4 460.5 0.17 4.5
2.0 540.8 0.23 4.9
4.0 974.3 0.28 4.5
Statistics:
P 0.0902 0.1069 0.8675
P(Linear) 0.0271 0.0311 ns
DMRT 4.0>C 4.0>C ns

Continued to next page:
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Table IIAB-2.

Electrical conductivity (E;), fluoride content

(F), and pH of groundwater sampled at 60 cm depth from a Florida

Spodosol soil cropped to bahiagrass (Continuation).

Sampling date Treatment E, F pH
06-19-1991 Mg PG ha™ umho cm™ mg L
0.0(C) 273.0 0.15 4.7
0.4 499.0 0.21 4.2
2.0 450.5 0.40 4.8
4.0 1582.5 0.33 4.1
Statistics:
P 0.0214 0.1240 0.5201
P(Linear) 0.0075 ns' ns
P(Quad.) 0.0727 ns ns
DMRT 4.0>all ns ns
10-04-1991 Mg PG ha™ umho cm™ mg L
0.0(C_) 357.5 0.11 5.5
0.0(C) 444.0 0.09 5.6
0.4 192.5 0.10 5.3
2.0 316.0 0.15 7.1
4.0 774.5 0.15 6.4
Statistics:
P(w/C,) 0.3214 0.8316 0.5960
P(w/o Ca) 0.2860 0.6360 0.5883
04-01-1992 Mg PG ha™' umho cm’’ mg L’
0.0(C,,) 232.5 0.25 5.1
0.0(c) 211.0 0.18 4.4
0.4 229.0 0.11 4.7
2.0 254.0 0.30 5.6
4.0 821.5 0.31 5.1
Statistics:
P(w/C,) 0.0720 0.4899 0.8216
P(w/o0 Cﬂ) 0.0998 0.4387 0.5928
P(Linear) 0.0427 ns ns
DMRT 4.0>C, ns ns
0.4

Continued to next page:
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Table IIAB-2. Electrical conductivity (E ), fluoride content
(F), and pH of groundwater sampled at 60 cm depth from a Florida
Spodosol soil cropped to kahiagrass (Continuation).

Sampling date Treatment E, F pH
07-01-1992 Mg PG ha™’ umho cm™’ mg L
0.0(C,) 177.5 0.08 4.9
0.0(C) 145.0 0.11 4.5
0.4 366.5 0.16 4.1
2.0 157.5 0.25 5.5
4.0 277.5 0.39 5.0
Statistics:
P(w/C_) 0.1776 0.1095 0.6573
P(w/o C,,) 0.1548 0.1922 0.3444
P(linear) ns - 0.0663 ns
10-01-1992 Mg PG ha™' umho cm’’ mg L’
0.0(C,,) 176.0 0.43 4.1
0.0(c} 196.0 0.36 4.3
0.4 217.5 0.69 5.1
2.0 176.0 2.00 5.0
4.0 451.5 1.02 5.3
Statistics:
P(w/C,,) 0.7916 0.0329 0.5050
P(w/0 C,) 0.7900 0.0304 0.5337
P(linear) ns 0.0418 ns
DMRT ns 2.0>all ns

'ns=not significant.
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Table IIAB-3. Electrical conductivity (E)), fluoride content
(F), and pH of groundwater sampled at 120 cm depth from a Florida
Spodosol soil cropped to bahiagrass which was amended with PG as
source of S and Ca, by sampling, 1990-1992.

Treatment E F pH

Sampling date c
09-05-1990 Mg PG ha’’ umho cm’’ ng L’
0.0(C) 149.0 0.12 5.1
0.4 238.8 0.26 5.7
2.0 250.5 0.20 5.4
4.0 272.8 0.25 4,7
Statistics:
P 0.5387 0.4818 0.4124
09-12-1990 Mg PG ha’ umho cm™’ mg L
0.0(C) 181.5 0.13 5.5
0.4 284.3 0.26 6.5
2.0 269.0 0.30 5.4
4.0 304.5 0.26 5.5
Statistics:
P 0.5711 0.4421 0.4444
09-19-1990 Mg PG ha™ umho cm™ mg L
0.0(C) 163.0 0.06 5.2
0.4 241.0 0.07 5.7
2.0 257.5 0.07 5.2
4.0 322.8 0.09 4.9
Statistics:
P 0.1908 0.0660 0.6543
P(Linear) 0.0693 0.0254 ns
DMRT ns 4,0>C ns
10-04-1990 Mg PG ha™ umho cm™’ mg L' pH
0.0(C) 192.8 0.10 5.1
0.4 290.3 0.25 5.5
2.0 279.8 0.20 4.9
4.0 335.5 0.18 4.6
Statistics:
P 0.5360 0.4785 0.3438

Continued to next page:
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Table IIAB-3. Electrical conductivity (E;), fluoride content
(F), and pH of groundwater sampled at 120 cm depth from a Florida
Spodosol soil cropped to bahiagrass (Continuation).

Sampling date Treatment E, F pH
04-26-1991 Mg PG ha™ umho cm™ ng L'
0.0(C,,) 494.5 0.24 5.5
0.0(C) 162.0 0.08 5.0
0.4 285.0 0.17 5.6
2.0 662.5 0.20 5.1
4.0 238.5 0.21 5.0
Statistics:
P(w/C,,) 0.5259 0.4580 0.8327
P(w/o C,) 0.5329 0.4094 0.6353
06-19-1991 Mg PG ha™ umho cm™’ mg L™
0.0(C,,) 678.5 0.33 6.4
0.0(c) 275.5 0.08 4.2
0.4 504.5 0.14 5.0
2.0 1218.5 0.39 4.3
4.0 508.0 0.29 5.4
Statistics:
P(w/C,,) 0.1687 0.1606 0.0377
P(w/o C,) 0.1959 0.0743 0.1431
P(Linear) ns 0.0683 0.0661
P(Quad.) 0.0653 0.0522 ns
DMRT ns 2.0>C, ns
0.4
10-04-1991 Mg PG ha™’ umho cm™ mg L
0.0(C,,) 558.5 0.48 6.5
0.0(c) 252.5 0.06 5.4
0.4 , 287.5 0.11 5.7
2.0 1042.8 0.13 4.9
4.0 749.5 0.16 5.5
Statistics:
P(w/C,,) 0.1175 0.5527 0.1216
P(w/o C,,) 0.0607 0.5055 0.3167
P(Linear) 0.0930 ns ns
P(Quad.) 0.0461 ns ns
DMRT 2.0>C, ns ns
0.4

Continued to next page:
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Table IIAB-3.

Electrical conductivity (E)),

fluoride content

(F), and pH of groundwater sampled at 120 cm depth from a Florida

Spodosol soil cropped to bahiagrass (Continuation).

Sampling date Treatment E, F PH
04-01-1992 Mg PG ha’’ umho cm’’ ng L'
0.0(C,,, 374.0 0.08 5.6
0.0(c) 210.5 0.11 5.0
0.4 395.5 0.19 4.9
2.0 884.0 0.28 4.0
4.0 751.5 0.19 4.8
Statistics:
P(W/Cﬂ) 0.0841 0.2421 0.2221
P(w/o0 C“) 0.0813 0.3055 0.2876
P(Linear) 0.0533 ns' ns
P(Quad,) 0.0760 ns ns
DMRT 2.0>C ns ns
07-01-1992 Mg PG ha™’ umho cm’’ mg L'
0.0(C,,) 343.5 0.28 5.4
0.0(c) 249.0 0.08 4.9
0.4 471.5 0.15 5.1
2.0 824.0 0.32 4.5
4.0 790.0 0.25 4.0
Statistics:
P(w/C”) 0.1311 0.5551 0.4106
P(w/0 C“) 0.1593 0.3543 0.2822
P(Linear) 0.0764 ns 0.0977
10-01-1992 Mg PG ha™’ umho cm™ mg L
O‘O(Cx) 526.5 1.13 5.0
0.0(c) 206.0 0.29 4.6
0.4 428.5 0.45 5.3
2.0 451.5 0.60 5.1
4.0 773.0 0.55 4.9
Statistics:
P(w/C“) 0.4377 0.5896 0.6210
P(w/0 C,) 0.1404 0.5373 0.1559
P(Linear) 0.0408 ns ns
DMRT 4,0>C ns ns

Continued to next page:
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Table IIAB-3.

Electrical conductivity (E)),

fluoride content

(F), and pH of groundwater sampled at 120 cm depth from a Florida

Spodosol soil cropped to bahiagrass (Continuation).

Sampling date Treatment E, F pH
12-07-1992 Mg PG ha’ umho cm’’ mg L'
0.0 Cx) 716.5 1.44 7.1
0.0(C) 201.5 0.14 5.5
0.4 382.5 0.27 5.8
2.0 497.8 0.25 4.9
4, 923.8 0.23 3.5
Statistics: '
P(w/C,,) 0.1788 0.0428 0.1903
P(w/o C,,) 0.0274 0.7133 0.1653
P(Linear) 0.0080 ns 0.0820
DMRT 4.0>all ns ns

1

ns=not significant.
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Table IIAR-1.

Electrical conductivity

(E.) .

fluoride (F)

content, and pH of groundwater sampled at 60-cm depth from a
Florida Spodosol soil cropped to annual ryegrass which was
amended with PG as source of S and Ca, by sampling, 1991-1993.

Sampling date Treatment E, F pH
08-05-1991 Mg PG ha’ umho cm’’ mg L'
0.0(C) 895 0.16 4.7
0.4 519 0.17 4.6
2.0 1045 0.22 4.5
4.0 1469 0.37 4.3
Statistics:
P 0.1512 0.7597 0.7591
P(Linear) 0.0589 ns' ns
10-04-1991 Mg PG ha’’ umho cm’ mg L'
0.0(C) 463 0.14 4.1
0.4 273 0.13 4.0
2.0 1046 0.13 4.3
4.0 1371 0.30 3.9
Statistics:
P 0.1491 0.6951 0.6739
P(Linear) 0.0483 ns ns
07-01-1992 Mg PG ha’’ umho cm’’ ng L
0.0(C) 744 0.30 3.7
0.4 1218 0.27 3.8
2.0 1247 0.47 3.9
4.0 576 0.35 3.8
Statistics:
P 0.4972 0.9051 0.9790
10-02-1992 Mg PG ha™ umho cm™ mg L
0.0(C) 751 0.32 4.3
0.4 1207 0.35 3.7
2.0 897 0.29 3.9
4.0 1132 0.70 3.8
Statistics:
P 0.7236 0.3031 0.5778

1

ns=not significant.
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Table IIAR-2. Electrical conductivity (E)), fluoride (F)
content, and pH of groundwater sampled at 120-cm depth from a
Florida Spodosol soil cropped to annual ryegrass which was
amended with PG as source of S and Ca, by sampling, 1991-1993.

Sampling date Treatment E, F PH
04-23-1991 Mg PG ha™ umho cm™’ mg L'
0.0(C,) 85 0.00 4.9
0.0(c) 131 0.01 5.1
0.4 105 0.01 5.6
2.0 109 0.02 4.8
4.0 229 0.02 4.9
Statistics:
P(w/C,) 0.5989 0.5000 0.3123
P(w/0 C_) 0.6411 0.5000 0.2801
04-26-1991 Mg PG ha™ umho cm™ mg L
0.0(C,) 88 0.00 4.9
0.0(c) 128 0.01 4.9
0.4 110 0.01 5.1
2.0 111 0.02 4.7
4.0 220 0.02 4.7
Statistics:
P(w/C,,) 0.5359 0.5000 0.0554
P(w/0 C,,) 0.6002 0.5000 0.0672
P(Linear) ns' ns 0.0291
08-05-1991 Mg PG ha’ umho cm™ mg L'
0.0(C,,) 147 0.03 4.3
0.0(C) 155 0.03 4.9
0.4 295 0.09 4.3
2.0 221 0.08 4.7
4.0 293 0.05 5.1
Statistics:
P(w/C,) 0.5260 0.7957 0.4065
P(w/o C,) 0.6504 0.7643 0.5253

Continued to next pade:
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Table TIIAR-2.

Electrical

conductivity

(E.) ,

fluoride (F)

content, and pH of groundwater sampled at 120-cm depth from a
Florida Spodosol soil cropped to annual ryegrass which was
amended with PG (Continuation).

Sampling date Treatment E, F pH
10-04-1991 Mg PG ha’! umho cm™ mg L
0.0(C,,) 138 0.01 4.7
0.0(c) 151 0.04 4.5
0.4 173 0.07 4.5
2.0 237 0.04 4.4
4.0 385 0.06 4.1
Statistics:
P(w/C,) 0.3118 0.5688 0.8423
P(w/o0 C,) 0.3927 0.8096 0.8481
04-01-1992 Mg PG ha™ umho cm™ mg L
0.0(C,,, 180 0.06 4.7
0.0(c) 239 0.09 4.7
0.4 377 0.15 4.5
2.0 231 0.09 4.5
4.0 557 0.18 4.3
Statistics:
P(w/C,,) 0.4578 0.3677 0.8515
P(w/0 C_) 0.4716 0.3253 0.7185
07-01-1992 Mg PG ha™' umho cm™ mg L
0.0(C,,) 153 0.03 4.5
0.0(c) 397 0.12 4.3
0.4 502 0.19 4.1
2.0 484 0.15 4.3
4.0 459 0.13 4.3
Statistics:
P(w/C,,) 0.3604 0.4123 0.9231
P(w/o C_) 0.8231 0.5132 0.9556

Continued to next paqge:

134



Table IIAR-~-2.

Electrical conductivity (E)),

fluoride (F)

content, and pH of groundwater sampled at 120-cm depth from a
Florida Spodosol soil cropped to annual ryegrass which was

amended with PG (Continuation).

Sampling date Treatment E, F pH
10-04-1992 Mg PG ha™ umho cm™ mg L
0.0(C,,) -2 -2 -2
0.0(C) 429 0.08 4.3
0.4 : 598 0.11 4.1
2.0 849 0.11 4.1
4.0 861 0.13 4.1
Statistics:
P(W/Cex) b b b
P(w/0 C,) 0.0124 0.6663 0.9767
P(Linear) 0.0052 ns ns
P(Quad.) 0.0275 ns ns
DMRT 4.0,2.0> ns ns
0.4>C
12-07-1992 Mg PG ha™ umho cm™ mg L
0.0(C,,) -2 -2 -2
0.0(C) 229 0.05 4.2
0.4 478 0.17 4.1
2.0 1211 0.38 4.0
4.0 632 0.53 4.3
Statistics:
P(w/cex) b b =P
P(w/o C_) 0.1841 0.5016 0.5182
02-10-1993 Mg PG ha™' umho cm’’ ng L
0.0(C,,, 165 0.28 4.3
0.0(c) 420 0.27 4.1
0.4 575 0.38 4.1
2.0 761 0.27 4.1
4.0 493 0.19 4.0
Statistics:
P(w/C,,) 0.3819 0.4773 0.9259
P(w/o C_) 0.6839 0.3620 0.9946

1
missing data.

ns=not significant.
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135

PNo error term due to



gEl

Table IIB-1. 2%Ra, 2'9pb, and ?'%Po concentrations in a Florida Spodosol cropped
to bahiagrass which was amended with PG as a source of S and Ca, by depth, 1990.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha! = = s - pCi Ra g —~———mmemm e o
0.0(C) ; 0.30 0.40 0.40 0.40 0.50 0.35
0.4 0.30 0.25 0.40 0.50 0.50 0.40
2.0 0.30 0.35 0.35 0.30 0.50 0.35
4.0 0.35 0.55 0.20 0.30 0.45 0.20
Statistics:
P 0.9410 0.6709 0.0275 0.7764 0.9932 0.7881
P(Linear) ns' ns 0.0078 ns ns ns
DMRT ns ns all>4.0 ns ns ns
Mg PG ha' = = —eememmmemmee pCi 29pp g mmmmmr e
0.0(C) 0.59 0.61 0.27 0.31 0.40 0.15
0.4 0.71 0.40 0.30 0.50 0.25 0.25
2.0 0.50 0.35 0.45 0.27 0.71 0.47
4.0 1.07 0.30 0.25 0.00 0.35 0.42
Statistics:
P 0.0310 0.5000 0.9219 0.8516 0.7721 0.3361
P(Linear) 0.0213 ns ns ns ns ns
P(Quad.) 0.0299 ns ns ns ns ns
DMRT 4.0>all ns ns ns ns ns
Mg PG ha! = = —eemmmmmmeo pCi 2P0 g1 wmmmmm
0.0(C) 0.62 0.19 0.29 0.38 0.34 0.21
0.4 0.64 0.34 0.54 0.20 0.36 0.20
2.0 0.57 0.25 0.33 0.27 0.32 0.32
4.0 0.52 0.43 0.33 0.52 0.13 0.27
Statistics:
P 0.9844 0.5902 0.6930 0.6608 0.3266 0.2245

Ths=not significant.
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Table IIB-2. 2*Ra, ?2'"pb, and ?'°Po concentrations in a Florida Spodosol cropped
to bahiagrass which was amended with PG as a source of S and Ca, by depth, 1991.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha!l = e pC1i 226Ra g'1 ----------------------
0.0(C) 0.60 0.75 0.75 0.55 0.50 0.70
0.4 0.25 0.30 0.50 0.45 0.85 0.80
2.0 0.65 0.55 0.45 0.55 0.45 0.25
4.0 0.55 0.80 0.490 0.45 0.35 0.65
Statistics:
P 0.6911 0.4060 0.6672 0.9873 0.1026 0.2188
DMRT ns' ns ns ns 0.4>4.0 ns
Mg PG ha'! = = =  ——mmmmmmmmemeeeeeee pCi 20pp g1 ——mmmm e
0.0(C) 0.35 0.40 0.40 0.20 0.50 0.60
0.4 0.45 0.20 0.15 0.45 0.75 0.50
2.0 0.45 0.30 0.30 0.50 0.70 0.00
4.0 0.20 0.10 0.15 0.00 0.20 0.15
Statistics:
P 0.8705 0.5000 0.6476 0.3564 0.6532 0.4427
Mg PG hat = = oo pCi 2%po g —mmmmmme e
0.0(C) 0.25 0.10 0.00 0.05 0.10 0.10
0.4 0.70 0.70 0.75 0.85 0.25 0.15
2.0 0.40 0.05 0.20 0.20 0.35 0.65
4.0 0.90 0.45 0.00 0.55 0.95 0.80
Statistics:
P 0.5000 0.5000 0.5000 0.3545 0.6047 0.5492

'ns=not significant.
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Table IIB-3.

to bahiagrass which

20pp, and ?'%Po concentrations in a Florida Spodosol cropped
was amended with PG as a source of S and Ca, by depth, 1992.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha'! = o pCl.Z%Ra g'1 ------------------------
0.0(C) 0.90 0.85 0.75 0.70 0.95 0.70
0.4 0.75 0.75 0.85 0.80 0.90 0.90
2.0 1.00 1.00 0.50 0.75 0.65 0.45
4.0 0.85 1.05 0.60 0.65 0.65 0.60
Statistics:
P 0.9797 0.8174 0.3986 0.9592 0.0797 0.5000
P(Linear) ns! ns ns ns 0.0434 ns
DMRT ns ns ns ns c>2.0, ns

4.0
Mg PG hat = —ememmmmmmmeee e pCi %P g1 mmmm e
0.0(C) 0.50 0.10 0.35 0.45 0.45 0.50
0.4 0.60 0.25 0.20 0.30 0.45 0.25
2.0 0.95 0.65 0.40 0.30 0.20 0.55
4.0 0.50 0.50 0.25 0.40 0.30 0.40
Statistics:
P 0.7458 0.0270 0.9374 0.3505 0.1052 0.5000
P(Linear) ns 0.0220 ns ns 0.0667 ns
P(Quad.) ns 0.0215 ns ns ns ns
DMRT ns 2.0>C, ns ns 0.4,C>2.0 ns
0.4;4.0>C

Mg PG ha! = mmmmmmmmmmemeeeee- pci %0 g e
0.0(C) 0.80 0.30 0.30 0.20 0.20 0.15
0.4 0.20 1.00 1.20 1.10 0.60 0.60
2.0 1.70 1.00 0.80 1.30 0.20 0.35
4.0 0.95 0.50 0.35 0.85 1.30 2.15
Statistics:
P 0.8175 - 0.5921 -2 0.5530 0.0988
P(Linear) ns - ns -2 ns 0.0361
DMRT ns - ns -2 ns 4.0>C,2.0

'ns=not significant. ®No analysis due to no degrees of freedom for error.
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over a Florida Spodosol so0il cropped to
by sampling period,

Table IIB-4. Gamma radiation (uR hr")
bahiagrass which was amended with PG as a source of S and Ca,

(month/day), 1990-1992.
Treatment 1990 (Pre-PG) 1990~1991
06/11/90 07/16/90 08/24/90 09/24/90 10/30/90 11/27/90 02/20/91
07/16/90 08/24/90 09/24/90 10/30/90 11/27/90 02/13/91 03/29/91
Mg PG ha'! = ———em e UR hr™! — e
0.0(C_) 4.00 4.76 4.43 4.25 5.15 5.80 5.00
0.0(C_,) -2 5.40 5.20 5.70 5.65 5.50 6.20
0.0(c) 4.30 4.58 4.00 3.85 4.45 4.70 4.45
0.4 -b -b 4.30 4.40 -b 5.00 4.50
2.0 -b -b 4.40 3.95 4.75 4.80 4.85
4.0 -b -b 5.20 4.60 3.95 - 5.60 4.20
Statistics:
P(W/C_, ,) - - 0.1052 0.0236 0.2421 0.0907 0.2759
P(W/0 C, ) ~C -c 0.2020 0.0896 0.5377 0.2971 0.7393
P(Llnear) -° - 0.0778 0.0364 ns ns ns
DMRT -c -c ns' 4.0>C ns ns ns

Continued to next page:
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Table IIB-4. Gamma radiation, by sampling (Continuation).

Treatment 1991-1992 1992
04/09/91 05/13/91 110/07/91 01/08/92 03/17/92 05/15/92 07/14/92 09/21/92
05/13/91 07/16/91 01/02/92 03/16/92 05/15/92 07/13/92 09/18/92 11/23/92

Mg PG ha! =  ~cememe e UR hr ! e e
0.0(C,,) © 4.30 4.67 5.80 5.73 5.95 5.78 5.10 5.63
O'O(Caz) 6.10 4.85 6.50 6.10 5.75 6.60 6.35 7.45
0.0(C) 4.40 4.10 5.20 6.40 5.80 5.65 5.35 5.10
0.4 4.50 4.00 6.00 5.45 5.55 5.50 5.15 5.60
2.0 4.05 4.30 6.25 6.35 5.20 5.65 5.10 5.45
4.0 4.55 4.75 5.45 5.55 4.35 5.65 5.85 5.05
Statistics:
P(w/Cﬂ12) 0.1422 0.5038 0.3332 0.3358 0.0054 0.6652 0.5332 0.1415
P(w/o C,, ,) 0.4310 0.2364 0.0051 0.3061  0.0072 0.98818  0.8261 0.3503
P(Linear)’ ns ns 0.0877 ns 0.0022 ns ns ns
P(Quad.) © ns ns 0.0018 ns Cc>2.0; ns ns ns
DMRT ns ns 0.4,2.0> ns all>4.o0

4.0,C

'ns=not significant. ®No external control #2 at this time; PNo electret readings. °®No analysis due
to missing data.



Table IIB-5. 2%Ra, 2'pb, and 2’Po concentrations in bahiagrass
regrowth forage from a pasture amended with PG as a source of S
and Ca and growing on a Florida Spodosol soil, by harvest
(month/day), 1990-91.

Treatment Date of harvest

10/01 11/13 01/07
Mg PG ha' = —e—meee——- pci %Ra g! —-—=——mm-
0.0(C) 0.01 0.01 0.01
0.4 0.01 0.04 0.01
2.0 0.01 0.01 0.03
4.0 0.01 0.05 0.04
Statistics:
P 0.5094 0.3971 0.2112
P(Linear) ns' ns 0.0672
Mg PG ha'! 0 eeme———- pci ¥%pb gt ———eemmm e
0.0(C) 0.34 0.14 0.13
0.4 0.14 0.09 0.17
2.0 0.20 0.14 0.07
4.0 0.15 0.21 0.03
Statistics:
P 0.6890 0.7844 0.5262
Mg PG ha'? = eemeeme——- pci ?Ypo g e
0.0(C) 0.08 0.01 0.01
0.4 0.05 0.20 0.05
2.0 0.28 0.24 0.07
4.0 0.39 0.07 0.22
Statistics:
P 0.5146 0.0418 0.0750
P(Linear) ns ns 0.0233
P(Quad.) ns 0.0155 ns
DMRT ns 2.0>4.0, 4.0>0.4,

C;0.4>C C

'ns=not significant.
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Table IIB-6. 2%Ra, 2%Pb, and 2'’Po concentrations in bahiagrass
regrowth forage from a pasture amended with PG as a source of S
and Ca and growing on a Florida Spodosol soil,by harvest
(month/day), 1991.

Treatment Date of harvest
05/06 06/24 08/08
Mg PG had? = @ eemeemeeee- pCi #Ra g' ——===m———eo
0.0(C) -2 0.03 0.05
0.4 0.10 0.05 0.04
2.0 -2 0.02 0.09
4.0 0.19 0.08 0.11
Statistics:
P -b 0.3707 0.0327
P(Linear) -b ns' 0.0225
DMRT =b ns 4.0>C,
0.4;
2.0>0.4
Mg PG ha' = —eemeeeeee- pci ¥pp g! ——m—me -
0.0(C) 0.40 . 0.53 0.57
0.4 0.73 0.73 0.73
2.0 0.30 0.93 0.63
4.0 0.45 0.47 0.45
Statistics:
P 0.0366 0.0414 0.3034
P(Quad.) ns 0.0117 ns
DMRT 0.4>all 2.0>C,4.0 ns
Mg PG ha' = —emeee—ee- pci ?Ypo g! —m—mmm-
0.0(C) 0.31 0.64 0.62
0.4 0.59 0.84 0.76
2.0 0.26 0.47 0.82
4.0 0.18 0.47 0.44
Statistics:
P 0.1857 0.3689 0.4509

'ns=not significant. ©2Not detected in duplicate samples. bNo
analysis due to missing data.

142



Table IIB-7. 2*Ra, ?pb, and 2"YPo concentrations in bahiagrass
regrowth forage from a pasture amended with PG as a source of S
and Ca and growing on a Florida Spodosol soil, by harvest
(month/day), 1992.

Treatment Date of harvest

04/30 07/10 09/22
Mg PG ha? = eeme———e—- pCi #Ra g! —————em-—-
0.0(C) 0.10 0.15 , -2
0.4 0.30 0.10 0.10
2.0 0.15 0.10 -a
4.0 0.20 0.25 0.15
Statistics:
P 0.1815 0.7858 -b
DMRT 0.4>C ns' -b
Mg PG hal! = @ —emmm——ee- pci 2W0pp g! —m—mm—— e
0.0(C) 1.75 3.65 2.20
0.4 , 2.25 2.25 1.90
2.0 1.80 1.90 2.60
4.0 ‘ 2.40 1.75 2.50
Statistics:
P 0.6771 0.1053 0.7846
P(Linear) ns 0.0389 ns
DMRT ns c>2.0,4.0 ns
Mg PG ha' @ eeemmeeee- pci po g —-———-
0.0(C) -a 0.10 0.10
0.4 -a 0.10 0.10
2.0 0.10 0.10 0.10
4.0 0.10 0.20 0.20
Statistics:
P b ~C _c

'ns=not significant. ®Not detected in duplicate samples.
PNo analysis due to missing data. “No degrees of freedom
for error.
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Table IIB-8.

22%6pa, 2pp, and 2’Po concentrations in runoff

from a Florida Spodosol soil cropped to bahiagrass which
was amended with PG as a source of S and Ca, by sampling, 1990-

1992.

Sampling date Treatment 226Ra 210pp 210pg

10-04-1990 Mg PG hat =  ——-=—--- pCi L' ————mm—-

~ 0.0(C) 0.11 0.05 0.37

0.4 0.13 0.17 0.25
2.0 0.07 0.00 0.29
4.0 0.42 0.47 0.41
Statistics:
P 0.0329 0.2455 0.8963
P(Linear) 0.0165 ns' ns
P(Quad.) 0.0359 ns ns
DMRT 4,0>all ns ns

06-19-1991 Mg PG ha' =  —————---- pci L' ——m————o
0.0(C) 0.20 1.00 0.40
0.4 0.35 1.10 1.30
2.0 0.40 0.60 0.60
4.0 0.35 0.60 0.40
Statistics:
P 0.00012 0.3579 0.4925
DMRT 2.0>all; ns ns

0.4,4.0>C

07-01-1992 Mg PG ha! = ———-—eee- pCi L' ===
0.0(C) 0.15 0.20 0.60
0.4 0.20 1.25 0.30
2.0 0.10 0.60 0.25
4.0 0.70 0.10 0.15
Statistics:
P 0.1395 0.1441 0.5030

10-01-1992 Mg PG ha! = ——=e=emmm pCi L' ——mmmmee
0.0(C) 0.40 1.10 0.40
0.4 0.80 0.95 0.10
2.0 0.25 - 0.20
4.0 0.35 0.30 0.50
Statistics:
P 0.2188 - -d

'ns=not significant.
being so small.

apjfference due to estimated

error term

bNot detected in duplicate samples. °No analysis

due to missing data. dNo degrees of freedom for error.
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Table IIB-9. 2%Ra, 2"%pb, and ?'’Po concentrations in groundwater
sampled at 60 cm depth from a Florida Spodosol soil cropped to
bahiagrass which was amended with PG as a source of S and Ca, by
sampling, 1991°.

Sampling date Treatment 2%Ra 210pp 210pg

07-01-1991 Mg PG ha'! = —--omeee- pCi L' =
0.0(C,,) 0.30 0.10 0.30
0.0(C 0.40 0.45 0.35
0.4 0.60 1.05 0.25
2.0 0.55 0.80 0.35
4.0 0.70 2.50 0.40
Statistics:
P(w/C,) 0.4117 0.0308 0.5201
P(w/0 C_) 0.4642 0.0261 0.5000
P(Linear) ns' 0.0083 ns
DMRT ns 4.0>all ns

'Ths=not significant. ®Not originally included in the sampling
program for radionuclides but a 1991 sample was run to see the
range of nuclide values in water samples at this depth.
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Table IIB-10.

2%6Ra, 21%pp, and 2'°Po concentrations in groundwater

sampled at 120 cm depth from a Florida Spodosol soil cropped to
bahiagrass which was amended with PG as a source of S and Ca, by

sampling, 1990-1992.

Sampling date Treatment 226Ra 210pg
10-04-1990 Mg PG ha! = ——ccmee pCi L' ~——mmoee e
0.0(C) 0.83 0.48 0.61
0.4 1.39 0.67 0.29
2.0 0.96 0.17 0.25
4.0 1.14 0.51 0.75
Statistics:
P 0.4160 0.1760 0.2740
04-26-1991 Mg PG ha! = ——-eceeuo pCi L1 e e
0.0(C,,) 0.70 0.00 0.75
0.0(C} 0.55 0.15 1.65
0.4 1.30 0.05 0.90
2.0 0.90 0.50 0.90
4.0 1.10 0.00 1.80
sStatistics:
P(w/C,,) 0.9207 0.0217 0.0519
P(w/0 C_) 0.8810 0.0346 0.1606
P(Quad.) ns' 0.0126 0.0647
DMRT ns 2.0>all ns
06-19-1991 Mg PG ha'! =  —ccememe pCi L' —mmmm
0.0(C,) 0.55 0.65 0.90
0.0(C 0.55 0.70 2.85
0.4 1.10 1.40 1.10
2.0 1.50 2.40 1.15
4.0 1.10 1.05 1.50
Statistics:
P(w/C,) 0.1607 0.1515 0.5628
P(w/o C,) 0.2721 0.1640 0.5747
P(Quad.3 ns 0.0497 ns

Continued to next page:
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Table IIB-10. 2%Ra, 29pb, and ?'Po in groundwater sampled at 120
cm depth (Continuation).

Sampling date Treatment 2%Ra 210pp 210pg
04-01-1992 Mg PG ha! = ~—-———o pCi L' e
0.0(C,,) 0.75 1.09 0.25
0.0(c) 1.17 0.44 0.18
0.4 1.61 0.32 0.48
2.0 1.69 0.85 0.73
4.0 1.12 0.99 0.53
Statistics:
P(w/C,,) 0.0696 0.6249 0.3097
P(w/0 C,) 0.2488 0.3665 0.3123
07-01-1992 Mg PG ha! = ~——cme—o pCi L' —mmmmmmemn
0.0(C_) 0.35 -2 0.45
0.0(c) 0.75 0.25 0.10
0.4 0.95 0.80 0.10
2.0 1.10 1.60 0.55
4.0 1.70 1.35 0.30
Statistics:
P(w/C,) 0.4598 0.2417 0.0001°
P(w/o C_) 0.6052 0.2417 -
10-01-1992 Mg PG ha! =  —-——mm—o pCi LV —mmmm
0.0(C,) 0.80 0.30 -2
0.0(c) 0.70 0.65 2.85
0.4 1.00 0.30 0.20
2.0 0.65 0.65 -a
4.0 1.80 0.70 0.65
Statistics:
P(w/C,) 0.1638 0.9040 0.5962
P(w/0 C,) 0.1878 0.8721 0.5962
P(Linear) 0.0815 ns ns

'ns=not significant. °®Not detected in duplicate samples.
bpifference due to estimated error term being so small. °No
degrees of freedom for error.
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Table IIB-11. Soil surface Rn flux over a Florida Spodosol soil cropped to bahiagrass
which was amended with PG as a source of S and Ca, by sampling, (month/day), 1990-1992.

Treatment 1990-91 1991-92 1992

10/30 02/19 04/10 09/18 01/15 07/29 12/03
Mg PG ha! = <= pCi m? s —emmmmm e
0.0(C) 0.03 0.04  0.03 0.01 0.05 0.01 0.04
0.4 v 0.03 0.04 0.02 0.02 0.05 0.02 0.05
2.0 0.04 0.04 0.04 0.02 0.08 0.02 0.05
4.0 0.04 0.03 0.03 0.03 0.06 0.02 0.05
Statistics:
P 0.3179 0.3984 0.4671 0.7072 0.5018 0.5772 0.3073
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Table IIB-12.

which was amended with PG as a source of S and Ca, by sampling,

Ambient atmospheric Rn over a Florida Spodosol soil cropped to bahiagrass
(month/day), 1990-1992.

Pre-application

Treatment 1990 1990-1991

06/11~- 07/16- 08/24~ 09/24- 10/30- 11/27- 02/20-

07/16 08/24 09/24 10/30 11/27 02/13 03/29
Mg PG ha! = = e PCi L'~
0.0(C,,) 0.23 0.12 0.16 0.21 0.21 0.16 0.20
0.0(C_,) -a 0.12 0.11 0.18 0.24 0.29 0.15
0.0(c) 0.22 0.13 0.14 0.20 0.29 0.24 0.24
0.4 -b -b 0.14 0.21 0.29 0.29 0.40
2.0 -b -b 0.12 0.19 0.24 0.25 0.18
4.0 -b -b 0.14 0.19 0.29 0.25 0.15
Statisties:'
P(w/C,, ,) 0.9682 0.7802 0.4764 0.8450 0.2297 0.0112 0.0158
P(w/o C,, ) ~c =¢ 0.0382 0.8418 0.3603 0.0676 0.0241
P(Linear)’ - -c ns' ns ns ns 0.0154
P(Quad.) -¢ - 0.0116 ns ns ns ns
DMRT ~€ ¢ all>2.0 ns ns 0.4>all 0.4>all

Continued to next page:
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Table IIB-12. Ambient atmospheric Rn (Continuation).

Treatment 1991-1992 1992

04/09- 05/13- 10/07- 01/08- 03/17- 05/15- 07/14- 09/21~-

05/13 07/16- 01/02 03/16 05/15 07/13 09/18 11/23
Mg PG ha! = ——ecmmmmmm pCi L1 mmmmmmmmee e e ———— e
0.0(C_4) 0.20 0.05 0.31 0.32 0.23 0.19 0.09 0.20
0.0(C,,,) 0.04 0.06 0.22 0.37 0.21 0.12 0.06 0.21
0.0(Cs 0.12 0.09 0.34 0.43 0.25 0.18 0.13 0.21
0.4 0.20 0.13 0.34 0.31 0.21 0.20 0.10 0.21
2.0 0.14 0.16 0.29 0.41 0.22 0.29 0.12 0.26
4.0 0.15 0.06 0.27 0.29 0.24 0.22 0.13 0.28
Statistics:
P(W/C_ 5) 0.0397 0.0276 0.8062 0.8015 0.9771 0.1464 0.4329 0.9389
P(w/o0 C&12) 0.0051 0.0905 0.2190 0.5002 0.9160 0.2174 0.3677 0.8620
P(Linear)’ 0.0459 ns' ns ns ns ns ns ns
P(Quad.) ns 0.0327 ns ns ns ns ns ns
DMRT 0.4>4.0, 2.0>4.0 ns ns ns ns ns

4.0>C

'ns=not significant. ®No external control at this time. PNot detected in duplicate samples. °No
analysis due to missing data.
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Table IIC-1. 2*Ra, 2Pb, and 2'"Po concentrations in a Florida Spodosol soil
cropped to annual ryegrass which was amended with PG as source of S and Ca, by
depth, 1991.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha! = s pCi #Ra g —mmmmmme e
0.0(C) 0.80 0.80 1.15 1.95 1.20 1.05
0.4 0.70 0.65 0.85 0.55 0.40 0.85
2.0 0.20 0.35 0.45 0.70 0.75 0.55
4.0 0.45 0.45 0.45 0.40 0.60 0.60
Statistics:
P 0.6369 0.5000 0.6615 0.1904 0.5046 0.8007
P(Linear) ns' ns ns 0.0735 ns ns
Mg PG ha! = = —eeemmmmmmeeme o pCi 2%pp g e
0.0(C) 0.80 0.35 0.60 1.00 0.30 0.95
0.4 0.80 1.15 1.40 0.65 1.90 1.00
2.0 0.80 1.70 0.75 0.20 0.80 0.20
4.0 0.75 0.45 0.25 0.70 0.60 0.45
Statistics:
P 0.6805 0.4847 0.1965 0.7311 0.1738 0.5412
Mg PG ha' = —mmmmmmmemeeneeee pci ?%po g! —mmmmmmm e
0.0(C) 0.50 0.55 0.35 0.20 0.15 0.30
0.4 0.35 ~a -a 0.15 0.10 0.30
2.0 0.20 0.50 0.30 0.10 0.25 0.10
4.0 0.40 0.30 0.20 0.10 0.45 0.35
Statistics:
P 0.9981 ~b 0.6944 0.4557 0.4827 0.9591

Tns=not significant. °®Not detected in samples. °No error terms for appropriate
analysis due to missing data.
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Table IIC-2.

2%pa, ?9pb, and?'%Po concentrations in a Florida Spodosol soil cropped

to annual ryegrass which was amended with PG as source of S and Ca, by depth, 1992.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha! = = e pCi %Ra g =-——mmmmmme -
0.0(C) 0.25 0.25 0.30 0.20 0.20 0.25
0.4 0.25 0.25 0.25 0.25 0.20 0.20
2.0 0.25 0.40 0.35 0.25 0.20 0.20
4.0 0.30 0.25 0.15 0.20 0.20 0.25
Statistics:
P 0.9480 0.0520 0.4181 0.8904 1.0000 0.9480
Mg PG ha! = s pCi 20pp g e
0.0(C) 0.50 0.50 1.60 1.00 0.70 0.20
0.4 0.65 0.70 0.80 0.75 0.60 0.65
2.0 0.95 0.40 0.25 0.40 0.50 0.50
4.0 0.30 0.45 -2 -2 2.30 0.40
Statistics:
P 0.8982 -b 0.0525 0.0875 0.0803 -
P(Linear) ns' -b ns ns 0.0561 -
Mg PG ha!' = = e pCi 2o g1 memme
0.0(C) 0.30 0.25 0.50 0.20 0.25 0.25
0.4 0.50 0.35 0.25 0.95 0.50 0.30
2.0 1.20 0.10 0.30 0.20 -2 -2
4.0 0.20 0.20 0.10 -2 0.20 0.20
Statistics:
P 0.0279 0.6221 -b -b 0.9083 0.9186
DMRT 2.0>all ns - -b ns ns

'ns=not significant. ®Not detected in Samples. °®No

replicated observations.
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Table IIC-3. 2%Ra, 2%pb, and 2?""Po concentrations in a Florida Spodosol soil
cropped to annual ryegrass which was amended with PG as source of S and Ca, by
depth, 1993.

Treatment Depth (cm)

0-15 15-30 30-45 45-60 60-75 75-90
Mg PG ha! = = —eeccmcmmme e pCi #Ra g =——emmmmmeemee
0.0(C) 0.25 0.35 0.35 0.30 0.30 ' 0.15
0.4 0.35 0.60 0.55 0.50 0.45 0.70
2.0 0.30 0.50 0.30 0.35 0.60 0.90
4.0 0.35 0.45 0.40 0.50 0.50 0.45
Statistics: _
P 0.9419 0.7365 0.5615 0.6205 0.4331 0.4105
Mg PG ha! = @ —emmmmmem pCi 29pb g e
0.0(C) 0.85 0.40 0.45 0.25 0.30 0.35
0.4 0.85 0.40 0.10 0.50 0.55 0.40
2.0 0.80 0.50 0.40 1.00 0.65 0.90
4.0 0.70 0.35 0.50 0.35 0.55 0.40
P 0.8345 0.7562 0.3657 0.3844 0.0001° 0.7979
Mg PG ha! = = sememmemmemmee pCi 20po g mmmm e
0.0(C) 0.35 0.10 0.15 0.10 0.45 0.35
0.4 0.25 0.20 0.20 0.15 0.30 0.20
2.0 0.65 0.20 0.15 0.20 0.40 0.20
4.0 0.75 0.30 0.20 0.30 0.30 0.25
Statistics:
P 0.3578 0.00012 0.9423 0.3837 0.1224 0.6897

3pue to estimated mean square error (MSE) being zero.
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Table IIC-4. Gamma radiation (uR/hr) over a Florida Spodosol soil cropped to annual
ryegrass which was amended with PG as source of S and Ca, by sampling period
(month/day), 1990-1993.

1990-1991

Treatment 12/10/90 02/06/91 03/13/91 04/12/91 05/16/91

02/06/91 03/13/91 04/12/91 05/16/91 07/18/91
Mg PG ha! = = UR hr™! =
0.0(C,,) 5.40 4.65 4.45 5.20 4.10
0 . o (C xz) =8 -8 ~a - =a
0.0(c) 5.10 6.00 4.90 4.45 4.70
0.4 -b : 4.55 5.00 4.70 " 4.90
2.0 =b 5.40 4.85 5.65 4.65
4.0 5.10 4.75 4.85 4.90 4.80
Statistics:
P(w/C,,, =c 0.0558 0.4782 0.5989 0.6940
P(W/0 Cgq) -¢ 0.1276 0.9602 0.6053 0.2876

Continued to next padge:
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Table IIC-4.

Gamma radiation, by sampling (Continuation).

1991-92 1992-93

Treatment 10/07/91 01/08/92 03/18/92 05/18/92 07/14/92 09/24/92 11/25/92 02/10/93

01/07/92 03/17/92 05/18/92 07/13/92 09/22/92 11/23/92 02/08/93 04/30/93
Mg PG ha'! =  —=cmmemmmm e uRhr! ——- - ——————————— - -
O.O(Cﬂ1) 6.45 5.93 6.28 5.95 4.38 4.95 5.43 6.37
0.0(sz) -a 6.10 5.75 6.60 6.35 7.05 6.95 6.05
0.0(C 6.05 6.15 5.75 5.65 5.10 5.55 5.90 5.40
0.4 5.20 5.65 6.75 5.25 4.80 5.05 7.00 5.45
2.0 6.00 6.05 5.80 5.30 -b 4.50 7.20 5.55
4.0 5.35 6.35 5.30 5.10 5.15 5.15 4.85 5.85
Statistics:
P(W/C“12) 0.0305 0.9572 0.7486 0.0095 0.3075 0.2105 0.3919 0.06414
P(w/0 C&12) 0.1181 0.8863 0.4765 0.1891 0.3294 0.6916 0.4043 0.4924
P(Linear)’ ns' ns ns 0.0605 ns ns ns ns

1

source of error.

ns=not significant.®No external control #2 at this time. PNo electret reading obtained. °No
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Table IIC-5. 2%Ra, 2'%Pb, and ?""Po concentrations in annual ryegrass regrowth forage from
a pasture amended with PG as source of S and Ca and growing on a Florida Spodosol soil, by
harvest (month/day), 1990-91 to 1992-~93.

Treatment 1990-91 1991-92 1992-93
02/11 03/21 01/17 02/21 03/18 01/13 02/18
Mg PG ha! = = e pCi ?Ra g! ———mm e
0.0(C) 0.09 0.11 0.14 0.14 0.19 -2 0.10
0.4 0.11 0.09 0.10 0.16 0.22 0.20 0.10
2.0 0.16 0.15 0.20 0.19 0.31 0.20 0.20
4.0 0.15 0.14 0.17 0.28 0.24 0.55 0.25
Statistics:
P 0.3352 0.5708 0.0632 0.1717 0.7139 -b 0.8126
P(Linear) ns' ns ns 0.0594 ns ns ns
Mg PG ha'!' = s pCi 20pp g1 ——mmm
0.0(C) 0.01 0.13 0.24 0.40 0.56 0.25 0.30
0.4 0.00 0.11 0.22 0.33 0.41 0.20 0.35
2.0 0.07 0.39 0.15 0.35 0.43 0.20 0.30
4.0 0.03 0.33 0.09 0.36 0.33 0.40 0.45
Statistics:
P 0.4544 0.7595 0.7949 0.4572 0.7156 0.1462 0.7477
Mg PG ha'! = =~ pCi ?po g ——m e
0.0(C) 0.04 0.06 -8 0.19 -2 -8 0.50
0.4 0.18 0.09 -2 0.12 0.09 0.10 0.40
2.0 0.08 0.04 -a -a 0.09 0.20 0.30
4.0 0.06 0.12 -2 0.11 0.04 0.30 0.20
Statistics:
3 0.4417 0.8049 -b -k -k -b 0.8412

'ns=not significant. ®Not detected in duplicate samples. °No source of error for
appropriate test due to missing data.



Table IIC-6. 2%Ra, 2"%Pb and ?'Po concentrations in groundwater
sampled at 120-cm depth from a Florida Spodosol soil cropped to
annual ryegrass which was amended with PG as source of S and Ca,
by sampling, 1990-91 to 1992-93.

Sampling date Treatment 22%Ra 210pp 210pg
04-23-1991 Mg PG ha! = ———-meeeeo pCi L' mmmmmmme
0.0(C) 0.15 0.70 0.80
0.4 0.40 0.65 0.95
2.0 0.30 1.05 0.50
4.0 1.35 1.15 0.90
Statistics:
P 0.0932 0.0557 0.8888
P(Linear) 0.0346 0.0176 ns'
08-05-1991 Mg PG ha! = ——————e—- pCi LV m—mmmmee -
0.0(C,,) 0.90 0.45 0.80
0.0(C) 0.50 0.05 0.45
0.4 1.30 0.45 0.60
2.0 0.75 0.20 1.50
4.0 1.05 0.50 0.25
Statistics:
P(w/C,,) 0.6829 0.7103 0.4544
P(w/o C,_) 0.6124 0.6817 0.3560
04-01-1992 Mg PG ha'! = —————em—- pCi L' ————mm——-
0.0(C,,) 0.42 1.03 0.04
0.0(C) 0.90 0.58 0.29
0.4 1.69 2.50 0.49
2.0 1.04 0.40 0.14
4.0 1.33 0.12 -b
Statistics:
P(w/C,,) 0.7899 0.0041 0.8140
P(w/o C_) 0.6931 ns 0.6801
P(Quad.3 ns ns ns

Continued to next page:
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Table IIC-6.

sampled at 120-cm depth (Continuation).

226pa, 29pp and ?'°Po concentrations in groundwater

Sampling date Treatment 225Ra 210pp 210pg

07-01-1992 Mg PG ha! = —————u- pCi L' ——mmmme -
0.0(C,) 0.50 0.65 0.25
0.0(c} 1.55 0.15 0.40
0.4 3.35 2.50 1.80
2.0 3.00 1.15 1.65
4.0 0.85 0.70 0.60
Statistics:
P(w/C,,) 0.2597 0.0167 0.1322
P(w/o C) 0.2064 0.0482 0.3570
P(Quad.) ns 0.0665 ns
DMRT ns 0.4>all ns

02-10-1993 Mg PG ha! = ————eev pCi L' ——mmmme e
0.0(C,) 0.20 0.55 0.65
0.0(c) 1.15 0.95 0.50
0.4 2.35 2.15 0.40
2.0 1.65 2.45 0.45
4.0 1.15 2.10 0.40
Statistics:
P(w/C,,) 0.4432 0.3484 0.7442
P(w/0 C,,) 0.7075 0.5473 0.8801

1

ns=not significant.
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Table IIC-7. 222Rn soil surface flux over a Florida Spodosol soil cropped to annual
ryegrass ryegrass which was amended with PG as source of S and Ca, by sampling
period (month/day), 1990-91 to 1992-1993.

Treatment 90-91 1991-92 1992-93
11/14/90 03/12/91 11/18/91 06/22/92 12/07/92 05/12/93
11/15/90 03/13/91 11/19/91 06/23/92 12/08/92 05/13/93

Mg PG ha! = =  ——-mmmmmmmmemmeeeee pCi Mg ——mmmm e
0.0(C) 0.015 0.025 0.025 0.015 0.030 0.020
0.4 0.025 0.022 0.017 0.023 0.030 0.025
2.0 0.023 0.019 0.023 0.020 0.035 0.033
4.0 0.029 0.031 0.028 0.040 0.033 0.033
Statistics:

P 0.4924 0.1059 0.5253 0.0045 0.9345 0.1955
P(Linear) ns' ns ns 0.0013 ns ns
P(Quad.) ns 0.0467 ns 0.0341 ns ns
DMRT ns ns ns 4.0>all; ns ns

0.4>C

'ns=not significant.
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Table IIC-8.
ryegrass which was amended with PG as source of S and Ca,

(month/day), 1990-91 to 1992-93.

Ambient atmospheric #2Rn over a Florida Spodosol soil cropped to annual
by sampling period

1990-91

Treatment 12/10/90 02/06/91 03/13/91 04/12/91 05/16/91

02/06/91 03/13/91 04/12/91 05/16/91 07/18/91
Mg PG ha'! = ——cemm———————;. ;. ;.—,.(;,. , — pCi L'V mmmmmmm
0.0(C...) -a 0.23 0.12 0.25 0.19
0.0(C:;) _b _b _b _b _b
0.0(C) 0.26 0.23 0.21 0.11 0.18
0.4 0.31 0.15 0.13 0.15 0.16
2.0 0.31 0.16 0.11 0.12 0.20
4.0 0.19 0.14 0.08 0.09 0.17
Statistics:
P(w/Cﬂ1) - 0.2503 0.2163 0.8195 0.8678
P(w/o0 Cﬂj) 0.3663 0.3855 0.2619 0.2610 0.4920

Continued to next page:
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Table IIC-8. Ambient atmospheric %?Rn over a Florida Spodosol soilll cropped to annual ryegrass

(Continuation).

1991-92 1992-93

Treatment 10/07/91 01/08/92 03/18/92 05/18/92 07/14/92 09/24/92 11/25/92 02/10/93

01/07/92 03/17/92 05/18/92 07/13/92 09/22/92 11/23/92 02/08/93 04/30/93
Mg PG ha! =  =m—mmemmemeeee —————————————— PCi L7 e e
0.0(C,) 0.17 0.23 0.25 0.29 0.13 0.18 0.20 0.19
0.0(C,,,) -b 0.37 0.21 0.28 0.05 0.21 0.24 0.19
0.0(C) 0.25 0.29 0.28 0.32 0.15 0.31 0.13 0.17
0.4 0.21 0.29 0.21 0.19 0.18 0.37 0.22 0.19
2.0 0.21 0.25 0.21 0.31 0.13 0.29 0.22 0.09
4.0 0.16 0.13 0.17 0.28 0.08 0.30 0.28 0.17
Statistics:
P(W/Cppy ») 0.3877 0.4346 0.8808 0.1725 0.4116 0.1760 0.4977 0.4134
P(w/0 Cyy ,) 0.3973 0.4497 0.8127 0.1280 0.2626 0.5549 0.4019 0.7608

aNo electret reading obtained. PNo external control #2

at this time.
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