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Abstract 

Gypnun (CaSO. . 2H 0 ) , used 30 o floll aweiid«e."t for inline-A Ilia t l oofla Is 

t r a i n e d either by quarrying or as a by-product in tti* phosphate fer t i l izer 

industry. 'Hi* l a t t e r , tena«d "phoepho gypsum" contains variable amounts of 

tta, depending on Ctiu uraniun content of the phosphate rock. Radlum-226 

cuottnts of both quarried and phospho gypsum were dftenBiaed by gannta cotmt-

ittK in a low-backnround Ce(Ll) spectrometer equipped with Compton Ruppiusslon. 

Quarried 0ample* from Nova Scotia, Iowa, Texas, and California were compared 

with phoapho gypsum derived from Fiortaa land pebelc phosphates, pa r r i ed 

Kypawns showed an average radium content of 0.21 pCJ/g. The average radium 

in phospho ftypaun was 14.b pCi/g. UranJun-238 Deasuremcr.ts shoved ihot near 

secular cqultttorlun «hiated between the urantun and radtuo in the quarried 

flacples. DlHBqulllbt l«o In tfie phoapho gyps'ina, occurred bt-caune of prefer­

ential Htrparael.'-i of radium during chemical processing. At the lovvlu ob­

served, no lioulth haiard is Implied from uptake of radiua by plants grown in 

ph«>spho itypsiim treated s M i . 

Work informed :indur the juspleoa of the U.S. Knergy Kosearch E. Development 
AUnfnlutr.it ion untiar contract No, W'-Un5-EnE-4B. 
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Gypson (CaSO, .2H.O) Is widely used as an aaendecrit to isprove water stove-

aone in uallne-alkali ao l l s , and way also be substituted for limestone or 

limn to supply c-ulcluto to soi ls Chut are alkaline. Moot agricultural gypoion 

Is obtained by quarrying the mineral, bat substantial quantities are also 

produced as a by-product in various chemical processes. In 1975, 1,682,000 

tona of agricultural gyr f l U E were Bold In the United States; by-product gypsum 

acL-ounted lor 369,080 tons, or about 251 of the to ta! aold for agricultural 

use (Minerals Ytorbuok, 1975a). 

At present, the principal scurce of by-pc?<iuct gypsum ia the phosphate 

fe r t i l i zer industry, and In the United Statea, Florida In the mojor source 

t-r phosphate rock (Minerals Yearbook, 1975b). To produce phosphoric acid, 

th« phosphate rock — commonly fluorapatlte [Ca^FO'O )-J — in treated with 

sulfuric acid and the CoSO^ (termed phoapho gypsua) ia filtered from the ucld, 

Florida phosphate rock nay contain from less thnn 10 to more than 200 ppo of 

urnnlum (Culnond ct a l . , 1975a). In a previous study, It was found that aoila 

heavily treated with phosphate f e r t i l i se r " contained elevated levsln of ** S 

over those expected from Ra measuroMntfc (LlndcVen et a l . , 1975). In the 

so i l , the relative immobility of uranlun with respect to ,ilant uptake i s well 

recognized (Spalding ct a l . , 19?2>, However, since the properties of radius 

In the uranium decay chain are similar to those of calcium, the radium content 

of phoapho gypsum is of greater health physics intercut, This paper coapaiaa 

th« Ra and thG H content of ijuarried and phoapho gypeuni. 
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Sample Sources 

Kanples of quarrltd gypsum were obtained from Nova Scat in, Iowa, Texas, 

and California. Phoaphg gypsija samples were derived from Florida land pebble 

phosphates. Connercially active land pebble areas are found principally In 

north Florida In Columbia and Hamilton Counties, and In west cenTal Florida 

(the Bono Volley formation) In Polk, Hillsborough, Hantee, Hardee, and flcsoto 

Counties (Rocssler et al., 19/6). Figure 1 is a map shoving the location of 

these phosphate districts In Florida. 

Heasueomenta 

An aliquot of approximately 250 g from each sample uourco wan sealed in a 

200-ml thin-walled, aluminua can. These samples w«rc gamma-counted unlng 

an flO-ol , low-bockftround Ge(Ll) spectrometer equipped with a Compcon suppree-

aion system (Camp oc a l . , 1974). Counting periods were nominally 6 - 1 0 s . 

The Rn activity car. be determined from the counts In the gamim-ray 

spectrum at the energies shown in Table 1. Kurm;illy, the samples are atored 

after sealing in the container to allow secular equilibrium to be established 

between the radium and radon since the Ra measurements urc usually bused 

on the act ivi t ies of the radon daughters, • Pb and HI. The 186.14-V.eV 

gamma ray directly associated with the Ra alpha decay to '"' Rn Is ft Idem 

employed because of I t s lower abundance and occnu.ie of Interference from the 



185.72-keV gaiata ray associated with the *cny of L*. However, In th* 

[ireuiMit samples, Che concentration of U \n so lou that this Interference 

Is ucgl Iglble, and ronipaiison of the 186.14-keV Ra decay gamua with those 

of : i 6 p h «nd Z l a S I servos as n check for " 6 R a - " Z Rn equilibrium. 

Ur.intura-238 uas determined by measuring the 63,3-keV rranaltion from th* 

decay of ' Th (Coles C. a l» , 1976), Such a measurement, although depending 

on equilibrium between the 24 d decay of Th and I ts parent Vt avoids 

the potential equilibrium problems associated with U uher neasurements 

depend on daughters subsequent to the long-lived t r io U, Th, and 

RA. Because many of the samples contained U at levels below 1 ppm, 

several of these samples were also analyzed for U by Isotoplc dilution 
233 auiftB spectrometry using U aj, a tracer (Ijindrum et a).., 1969). 

Results and Discussion 

Table 2 shewe the Ra and U act iv i t ies in the samples analyzed. 

Snmplea 1 through 4 represent quairlud Gypsum, and i t Is clear that the 

natural mineral la generally cborocfcrlied by lev Ra levels. By 

cotoparlscn, the average uranium content of the continental crust is ahout 

3 ppm (Phalr et a l . , 1964). Assuming that the uranium decoy series Is in 

secular equilibrium, the .iss^clnted Ra activi ty would be about 1 pCl/g, 

Evermore Valley so ' l s contain about 0.6 pCi/g of 2 Z 6 Ra (Silver et o l . , 1974). 

As indicated by the activity ratios In the quari'lcd gypsum, HPJJV secular 

equilibrium exists between :hc parent tl and the Ra. In thi' phaspho 



gypsuma. Illustrated by natoples 5 and b, th is equilibrium Is disrupted. Dur­

ing the chcvicaL processing of the raw tcaterlai, the uranium tends to go Into 

the acid phase ~ probably as a uranyl sulfate, while the radium cnpreclpltatea 

with the gypsum aa ftaSO,. Aa the sulfate, the radium la cssentlolly Insoluble 

in vnter - 2 * 10" 6 g,'100 ml at 25"C, or two orders of magnitude less soluble 

than the very Insoluble BaSO, (Handbook of Chemistry aim Physics, 1969). 

The Z 2 6 Ba content of the phospho gypsum samples compares well with the 

approximately K pCi/g observed by Bolch £t_ al_. < 197f>) In typical phuspho 

gypsums, hut Is tower th<in the 33 pCl/g reported by Gulmond et a l . , 0975b). 

Again, assuming that the uranium decay series la in equilibrium and the 

reooval of radium Is quantitative, then 33 pCl/g of radium act ivi ty In the 

gypsum would correspond to about 100 ppm of uranium In the land pebble. It 

turns out that the parti t ion of radium and uranium Is quite variable, 

Culmond et a l . (I97ic) found that approximately 801 of the product Ra was 

In the phospho gypsum. However, the fact Is that the radium content of 

phospho gypsum cannot bt reliably predicted from the uranium content of the 

phosphate rock. 

Any consideration of radiological hazard associated with the use >f phospho 

gypsum must be based on how It Is applied to tin- so i l , as well as i t s radium 

content. In California, where most of the gypsum Is used, applications art 

seldom at rates greater than 2.2 kg/n", and are usually 0,2-0.6 kg/ci . Since 

the principal reason for adding gypsum Is to Improve drainage by replacing 

the adsorbed sodium on clay particles by the divalent .-alcium. It is inpor-



taut to thoroughly mix the nvpeun Into the noil . This nixing Is usualIv 

accomplished hy disking to n depth of .ibout 15 cm. When gru.it i-r t i l l depths 

arc required, plowing Is employed. As lung ns the clay particles remain 

Flocculated, a pranular soil s ta te and good drainage will prevail. Regularly 

cultivated, this noil should not require annual applications of gypsum; and 

when applied, such gypsum appl lent Ions arc norc for sol] quality maintenance 

than for noil reclamation. 

Bafied on the ubuve application practices and the average 15 pCl/g Ra 

content from Table ' , the radium contribution from extended usage of phospho 

gypsum can be estimated. 

Assume 

• gypsum application • 0.66 kt,/m 

• till depth - 15 cm 

• soil density -1.5 g/cm 

• number of applications - 10, 

Using these assumptions, 0.45 pCl/g of Fa will be added to the soil as 

a result of the ten gypsum applications. 

When applied to the soil in a matrix containing calcium In such excess, 

the use of gypsum can be expected to block the plant uptake of radium, sir.ee 

It has been demonstrated that Increasing the calcium of plant nutrients 

reduces the uptake of other alkaline earth cations present (Elungate et al., 

1958). This coraaon ion phenoccnor, Is Illustrated by the data In Table 3 

which tumpares the r.idlun uptake in hoth root and leaf vegetables g:own in 

test garden:-, containing two different levels of calcium. 

http://gru.it
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The r.idluD uptake by I hi* vi.RI-lat Inn Is taken .in the ratio nf tin- rnJiim 

i^ (he Yeftetatlon to the r.idlun In the noil . Tho lata for n-irdcn So. 1 !n 

: i l Ic '- Hives the higher, mori; .-nnarrvatlvc uptake. Tills ra t io . 5.6 • 10" 2, 

1'. then 'ined with the °" RJI lontent of the soil after (en RVpsuin appltfatlnnn 

t'< '-MttErtte the radluo In vegct.it (on grown on th.it soil which can bf a t t r tb-

•tti-d to the phospho Rypeum. The xiil^atcd dry-weight rfldlun content ol this 

v.getation 1 3 > therefore, 5.6 » 10"Z * 0.45, or 2.5 > 10 _ Z pCI/g. 

The radiation dose .in Indl/ldu.il would rervtvc If Ms t«t.il ui-gi-tabli- d(*>C 

• r>iifllsted of ltens grown In noil i-ontainlng 0,i5 pl"i/g of " fin was calculat­

ed ijalnji Methods outlined In ITRP-? fTrRP, l«59n), Tlic muirtnuii' "rgan hurdrrtN 

ft.r the bone were obtained using the following .iHM'iopt lonn: 

• Radius In the vegetation 1* soluble In biological f luids. 

• Radius concentration In the vegetation In 1.5 - 10" pCl/g. 

• A hypothetical person couHtmes 400 g/day (wet weight) (Agriculture 

S ta t i s t i cs , 1969) or 60 g/d.iy (dry weight) of vegernblef: over a 

50-year period. 

• Absorption fractions, lrnnnfer cocfficlcntn , and other * 'da factor* 

nre as given in ICRP-2 (ICRP, 1959b) and TCRP-lOn (ICRP, 19<>9). 

Under these asBUmptlone, the total 50-year Integrated done to the bone, 

which lo the c r i t i c a l organ. Is i.fi * ! 0 - 1 rec . or 1,1 * IU - J expressed an a 

fraction of Che guide value (ERDAH Chap. t)5?4, :07Z). 
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TIIIB r .H! l,n I mi J^i-e ii!,s«ris=»rt In probably too .-on'.«-rvat Jvo, but .it present 

It Is ttiptiHMlM* (c i-v.->Ki.ite thr jrcbnblc reduction In rfldUic plant uptake 

due either to tiw low solubility o! tWSÔ  or the effect or th<- prenancc of 

(.nlctuc. Duwuvrr, the conetTV.it Ivc approach taken does trnil TO jM»urr thai 

the rfldlatIon done should ho Ivan tli.in ..llculnced. It K<Uow» then (hat , at 

present, thtre i« l i t t l e basin for com-orr. regarding a radiological hazard 

froa uptnkc of Ha by pl.intn KTOUI: on phonprin tfypsuc treated nolle. 

A. kt,r>ul.'dfcT.i'nt* 

Tbt .lutliorM vifh co acknowledge the contribution of Ktnneth V. Hi rah for 

his .ifl^lntjncf Jn gam.1 inuntinj; o.inv of itw simples and CurtlB L. Crntiaa 

for performing Hie rndlnEltin done cnKul.it lonn. 
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Tnbl. 1. Prominent Raima rcyn fron Ra and ltn dought 

Energy 
(keV 

Intensities 
(RAUAlls/dlB) 

Source 
nuclide 

186.14 0.040 " * « . 
295.20 0.202 2 1 4 P b 

351.92 0.401 2 1*Ph 

609.27 0.484 2 l 4 B i 

U20.28 0.160 2 1 \ i 

1764.49 0.166 " S i 



itent of agricultural Rypsuaa. 

Activity pCl/g 

0.500 • SI C 

0.064 • 

0.090 • 

0.509 * 1.2Z 

0.163 i l . i ! 

0.067 i 1.47 

0.076 i 1.41 

A mass specttoia*try measurements 

h JJJBSK Bpcrtrumetty ncasurments 

0.414 t 311 

Q.2Q0 i 30X 

3.6fi 1 33S 

0.6X8 1 745 

ti bt-iov fainirauo detection l i a i t 



Tdblo 3. Effect of calcium on " Ra uptake by plants. 

SoU Ra In plants, pCl/n (dry wt) 

Gdcdcn fnl . lua. ppm "_ in, pCl/ft i rociol l Turnip 

1 3,100 0.477 Z.83 * U>~1 * 3 « 2.55 x 10"2 • 39X 

* 5,200 0.412 1.09 * 10 - Z -• UlU 1,12 " \Q~2 : 70Z 



E & j northern land-pot)ble distr ict 

CJHdfarock distr ic t 

[^TlCer.t.al land-pel»&le distr ict 
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Flfturp Caption 

Fig. 1. Phosphale deposits In Florida. (Fron Bureau ol Mines Circular 

"653, EconoBlc Significance of th<> Florida Phogphate Induntry.) 




