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This report was prepared in large part by D. F. Reid. In addition 
to the progress reported below, ORO-3852-19 included as part of last 

years report was presented by R. F. Spalding at the "Fourth National 

Synposium on Radioecology" at Corvallis. Qregon r Mgy i?-"Mr 1975, it 
will be published in the symposium volume. 

Budget for 228Ra and 226Ra in the Gulf of Mexico (GQM) 

We have not yet published our radium profiles and surface radium 
values, which were reported in last years' progress report. Vie are 
making some of our measurements a second time and also analyzing previously 
unreported samples inorder to check the reproducibility of our data, 

228 

which indicate 50% more Ra than found by Kaufman et al (1973). 
Further, we have obtained more recent (Nov. 1974) samples which were 
collected using both the Mn-inpregnated fiber method and the BaS04 228 .226 
coprecipitation method. These will tell us what the present ' Ra/ Ra 

ratio is, and also serve to check whether the two methods give the same 

results. 

In relation to evaluating the radium inputs from potentially 226 significant sources, we have determined Ra on several brine samples 
228 

from the GOM production area, and have preliminary Ra values for two 
of them (Table 1). Based on data for brine discharges provided by the 
USGS and various state agencies, we have calculated that the discharge of 
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production brines could not account for more than approximately 10% of 
opo the difference between the 1972 and 1968 Ra concentrations, (using a 

228 
suitable mean of the data in Table 1). Although our Ka data are 
preliminary values, they should be correct to within 15% and therefore 
suitable for such a calculation. We therefore will not pursue the brine 
neasurements further in relation to a radium budget. 

The potential influence of rivers on the radium budget is taken 
to be negligible. The Texas State Department of Health, Division of 
Occupational Health and Radiation Control (Austin, Texas) made envi-
ronmental surveys for seme south Texas rivers and streams in 1961 and 
again in 1972 (Wurasch and Cook, 1972). None were fount to have « or & 
activity high enough to be of interest to us for the purposes of this 
work. Since several of the waters sampled flow through uranium mining 
districts, these data represent maxirra in the fresh water supply of 
uranium and radium to the GOM, and since they were negligible, we 
propose that none of the rivers entering the GOM are likely to supply 
enough radium to be significant to our study. Therefore we do not plan 
further studies of fresh water inputs. 

Although we proposed also to study radium isotopes in pore waters 
of the sediment underlying the GOM, it has become evident that to do 
so would require a major effort beyond the scope of support for this 
project. However, we also proposed and have started to investigate the 
mixing of coastally derived water into the open Gulf. It has occured to 
us that if there is an abnormally high flux of radium out of the sediment, 
it will show up in our coastal water values. Therefore we need not 
directly examine the sediment pore water to- (qualitatively) obtain this 
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TABLE 1 

Radium Content of Scne "Production Water" Sanples from the QQM Region 

Identification 226Ra dpnv/-€ 228Ra dpnv^ Ratio 

Texaco Bay de Chene, filtered, 
acidified 727 + 10 

Texaco Garden Island, filtered, 
acidified 873 + 14 

Texaco Houma La., filtered, 
acidified 290 + 5 

Exxon Pelican Island Term., 
filtered, acidified 3 5 + 3 

Exxon Pelican Island Term., 
unfiltered, acidified 102 + 3 

Exxon Lafayette La., unfiltered, 
acidified 662 + 10 1413 + 8 7 2.1 

Exxon Grand Island, Term., 
unfiltered, unacidified 319 + 7 

ABQO High Is B, filtered, 
unacidified. 695 + 9 1053 + 67 1.5 
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information. On a recent cruise (July, 1975) a transect of four 

stations were made across the continental shelf into the open Gulf. 

Several other stations were made on the shelf. Sarnples for vertical 

radium profiles were taken. These data (228Ra, 226Ra, 222Rn, CH ) will 4 
be used by Mr. Reid to determine the magnitude and rates of advection of 
coastal waters into the open Gulf. Other cruises are planned for 
October and February and more sanples will be collected for these purposes 
at that time. 

Finally, as proposed, we have sucessfully built and used a submersible 
punping system in conjunction with the Mn-fiber/Ra sanpling. On a recent 
(July 1975) cruise this system was operated at a 1000m depth and pumped 
approximately 200 gallons of sea water through a glass wool prefilter, 
glass fiber filter, and Mn-flber. The punping system is similar to that 
described by Laird et al (1967), but includes sane nodifications de-
scribed to us by the U of Hawaii. A timer was built following a design 
from U of Hawaii. Used in combination with Mn-impregnated acrylic fiber, 
this punping system, vAiich is carpletely self contained and siirply hangs 
on the hydrographic wire, represents a significant advancement to the 

228 
technology of obtaining Ra sanples. We plan to obtain seme more 
sanples with it in October and after the results are available, publish 
a brief report describing its advantages and use for radian sarrpling. 
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Radium and Uranium in Animal Feed Supplements 
Our two year old program to evaluate the radium and uranium content 

of cattle feed supplements and phosphate fertilizers has been completed 
and we are preparing a report for publication. The results are presented 
in Tables 2 and 3 and Figures 1 and 2. Figure 1 reveals the existence 
of two distinct families for the 24 feed supplements analyzed, one which 
we call Group A, has radium-226 contents which are, on the average, about 
73% of the equilibrium (with U parent) values; the second, Group B, lias 
radium-226 contents which average only about 7% of the equilibrium values. 

Referring to Group A, a best fit linear-regression was calculated: 
Ra(dpro/gm) = 0.94 + 0.53 U (ppm), and the related correlation coefficient 
is 0.99. Of the Group A samples we were able to identify three of then: 
PROFOS, a defluorinated phosphate (P>18%) manufactured by the Olin Co., 
Little Rock, Ark.; VAW-SC and VAW-FC, two mineral supplements manufactured 
by Vit-A-Way, Inc., Fort Worth, Texas. Vit-A-Way, Inc. indicated that 
they use PROFOS extensively (but not exclusively) in their feed sup-
plements. Based on this information we suggest that the Group A samples 
all represent feed supplements for which PROFOS is the major parent 
phosphate source. We have been unable to identify any of the Group B 
saitples so far and therefore cannot define a parent phosphate material 
quite so readily. Howaver, we suspect that the phosphate in these sanples 
is primarily what we shall call "fertilizer phosphate," that is, mono-
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SABLE 2 

U and Ra Content of Livestock Feed Supplements 

Sanple P 226Ra Cranium (dpn 226Ra/dpni 2380)100 
% dpn/gm ppm dpi/gm % equilibrium 

3305* 0.9 1.14+0.10 VI. 7 1.3 
5103 18.2 36.61+2.76 68.95+1.23 51.02 71.8 
5195* 2.0 0.38+0.01 6.43+0.21 4.76 8.0 
5245 9. 18.35+0.03 38.35+2.33 28.38 64.7 
5321 10.5 3.4+1.5 95.68+2.00 70.80 4.8 
5424 9. 4.04+0.48 89.05+1.71 65.90 6.1 
5487 3.0 8.18+0.23 15.21+3.41 11.26 72.7 
5533 19.3 95.95+2.66 178.80+1.58 132.31 72.6 
7101* 1.5 1.58+0.13 4.73+0.45 3.50 45.1 
7195* 2.4 6.73+0.29 8.82+0.57 6.53 103.1 
12101 16.1 84.55+2.46 165.19+4.12 122.24 69.2 
13060* 4.8 2.67+0.09 15.19+0.93 11.24 23.8 
13079 11.0 5.84+0.14 112.44+1.42 83.21 7.0 
13082 8.5 4.12+0.21 94.93+4.04 70.25 5.9 
13144 2.0 0.75+.02 29.63+0.87 21.93 3.4 
13249 14.6 2.88+.06 60.77+2.39 44.97 6.4 
13250 16.6 3.01+0.10 53.41+3.22 39.52 7.6 
14050 12.0 7.04+0.26 106.25+0.98 78.63 9.0 
14229 12.4 60.19+1.69 98.57+2.22 72.94 82.5 
14235 12.9 6.80+0.27 125.45+2.53 92.83 7.3 
15142* 9.6 0.79+0.06 <2 - -

16088 14.7 9.10+0.16 166.56+1.83 123.25 7.4 
PfiQPOS* >18 78.51+0.64 146.85+2.15 108.67 72.3 
VMW-SC* 1 4 9.53+0.50 13.39+0.43 9.91 96.1 
vaw-rc* 1 6 24.58+0.60 42.68+0.70 31.58 77.8 
Texas Lone 
Star Bene 
Mean 

>10 0.59+.05 <2 - -

NOTE: Values for o indicate the precision (reproducibility) of the 
neasurement-; for Ra the accuracy is taken be lo = + 5% for 
U the accuracy is taken to be la = + 1.7. rxi for most sanples, but 
la = +2.9 ppn for (*) sanples. 
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TABLE 3 
U and Ra Content of Save Phosphate Fertilizers 

226 Sanple % P 0 %P Ra (dpn/gm) U(ppn)* % equilibrium 

Liquid Acid la 54 23.6 .13+.01 98.5+1.7 0.2 
Liquid Acid 2^ 53 23.1 .19+. 02 250+5 0.1 
Super Acida 70 30.5 .19+.02 140.6+2.2 0.2 

F6, 20 46 20.1 4.78+.06 184+6 3.5 
F9, 22 6 2.2 3.28+0.23 28+3 15.9 
F14, 25 24 10.5 10.03+0.25 91+3 14.9 

F16, 12 15 6.5 7.10+0.03 57+3 16.8 
Gypsum? - - 17.49+0.57 7.13+0.20 331.5 

a) From Texas Gulf Sulfur Lee Creek Open Pit Mine and Fertilizer Plants, 
Aurora, N. C. 

b) From Grace Chemical Company Fertilizer Plants, Bartow, Florida 
c) From Texas Gulf Sulfur Lee Creek, Bartow, Florida Waste Gypsum 

^Samples, U, .and P values were provided by R. Spalding 
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and f-licalcium pl-xx̂ phate and/or sodium tripolyphosphate. We know from 
a survey of "guarantee tags" that these types of phosphates are used in 
feed supplements. Spalding (1972) presented data for uranium and radium 
in phosphate fertilizers and showed that while uranium is concentrated 
along with the phosphorus, most (̂ 90%) of the radium is separated out. 
Table 2 gives the U and Ra data for several fertilizers we analyzed, 
and our results shew that while the radium does tend to be lew, the % 
equilibrium value is variable. The Gypsum in Table 2 is frcm a Texas 
gulf sulfur fertilizer plant and is a major by-product of phosphate 
fertilizer production. Noting that it is high in Ra relative to U, and 
based on our Jcncwledge of Ra chemistry, it follows that the radium is 
separated out because it goes into the sulfate phase during processing, 
whereas U stays in the phosphate phase. In the production of monocalcium 
phosphate, knewn as "ordinary superpliosphate," gravimetrioally equal parts 
of sulfuric acid and rock phosphate are reacted as follows: 

lCa3(P04)2l3 CaP2 + 7 H2S04 = 3 Ca{H2P04)2 + 7 CaS04 + 2HF 
We suggest that nonocalcium and discalcium phosphates produced in this 
manner will have a high U:Ra ratio and that this type material is the 
"parent phosphate material" for the Group B feed supplements, in further 
support of this hypothesis, we have reference to a high phosphate material 
called BIOPHOS which is a mixture of mono- and dicalcium phosphates, and 
apparently has a phosphorus content on the order of 18-20%. This, or 
a similar product is, we predict, the Group B parent phosphate material. 

Figure 2 shews the U vs %P for the 24 feed supplements analyzed. 
It is evident that the generic relationships seen in Figure 1 do not 
carry over for U vs P. If all of the Group A samples were made by 



decreasing the ainuunt of PFOPOS with no other phosphate source, and all 
of the Group B samples were made by decreasing the amount of its parent 
phosphate material with no additional phosphate source, wo would expect 
either 1) two groups retaining the relationships of Figure 1, or 2) all 
samples to fall on the same line, indicating that while the Ra retention i 
obviously different for Group A and B, the uranium is concentrated with 
the phosphorus to about the same degree in the two parent materials. 
Hie fact that we get tv.*2 U vs%P curves but with a mixing of Group A and 
B samples suggests possibility that some of the feed supplements 
include a phosphate source with very low U and Ba. Bonemeal is such a 
material (see Table 2) but we cannot prove this hypothesis with the 
information at hand. Since all the feed supplements with U > 80 ppm 
appear to fall on the same U vs P line, we suggest that during production, 
both parent phosphate materials for Groups A and B of Figure 1 undergo 
a similar concentrations of U with P, so they start out at similar U and 
%P values. Other than these hypotheses, we enphasize that they are 
only unproven hypotheses, we cannot explain the relationships seen in 
Figure 2. 

A review of the literature reveals that at the levels contained in 
the feed supplements neither U or Ra presents a potential hazard to 
either livestock or men. Chapman and Harmons (1963) studied the in-
gestion and excretia of U, via feed concentrates, of six Holstein heifers. 
Ihey estimated an ingestion of about 15000 ug U per day per cow, and 
found that, on the average, .2% was transferred to milk, .4% was excreted 
with urine, and >99% was excreted in the fecies. Sanson and Garner (1966) 
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224 studied the metabolism of radium in dairy ocws, using a Ra tracer, 

and determined that the peak concentration in milk occured within 24 hours 
of ingestion and amounted to only .0065% dose/1 milk. According to the 

226 
Federal Ractiation Council (1961), the penrdssable dose of Sa for 
humans is 20 pCi/day. Using the supplement with the high st Ra content 
(#5533, 35.95 dpVgm) and the above values, a dairy cow would have to 
ingest approxinetely 7200 grams of pure supplement per day inorder to 
just exceed the permissable dose. Assurring that most oows east on the 
ovder of 20 lbs mixed feed per day, the fe- J supplement (#5533) would hive 

to be approximately 79% of the oows diet. In reality, based an phosphorus 
requirements indicated in a survey of local feed stores (Spalding, pers. 
ccrnnunication), the actual percentage would ba closer to 1 to 1.5% of the 
daily diet. We conclude that the U and Ra contents in phosphate feed 
supplements, although high in some cases, is not a potential hazard to 
human beings. 
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